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I. General considerations

Unless otherwise stated, commercially available chemicals were used without
treatment. Solvents were degassed by bubbling Ar for 10 minutes before use.
Reactions were monitored by Thin Layer Chromatography (TLC) using silica gel
F254 plates. Products were purified by column chromatography over 300-400 mesh
silica gel under a positive pressure of air. 'H NMR, '°F NMR, *C NMR and DEPT
NMR spectra were recorded at 25 °C on a Bruker Ascend™ 400 spectrometer using
tetramethyl silane (TMS) as internal standard. High-resolution mass spectra (HRMS)
were obtained using a Bruker microTOF II Focus spectrometer (ESI). Cyclic
voltammetry studies were carried out on a CHI600E electrochemical workstation
(Shanghai CH Instruments Co., China). UV-Vis measurements were carried out on a
UV-2450 UV-Visible spectrophotometer (Shimadzu, Japan). The emission spectra
were recorded on a Cary Eclipse Fluorescence Spectrophotometer (Agilent
Technologies). The photoelectrochemical setup used in this research is shown in
Figure S1. Photoreactors were bought from GeAo Chem (containing 24 small LEDs,
1 W for every LED, and every reaction tube is irradiated by 6 LEDs), and electrolysis

was performed using a DJS-292B dual display potentiostat (Shanghai Xinrui
Instruments Co., China). Allylated (1a, 1c-11, 4a, 8a-8c, 12a and 16) or homoallylated
substrates (10)''! and methacryloylated substrates (1b, 1m, 4b-4e, 6, 8d-8f, 12b and

14)?! were prepared according to literature procedures.

[1] G. Kundu, T. Sperger, K. Rissanen and F. Schoenebeck, Angew. Chem. Int. Ed.
2020, 59, 21930-21934.

[2] Y. Yuan, Y. Zheng, B. Xu, J. Liao, F. Bu, S. Wang, J.-G. Hu and A. Lei, ACS
Catal., 2020, 10, 6676—6681.
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Figure S1 Photoelectrochemical setup

I1. Optimization of reaction conditions

Table S1 Electrolyte screening®

N\ CF3SO5Na (2a, 2 equiv)
N Mes-Acr*CIO4 (5 mol%)
(+) Ccloth | Pt (-), 1. 5mA
1 electrolyte (1 equiv), 455 nm

a

CHZCN, Ar, rt, 11 h

entry supporting electrolyte yield (%)°
1 BuwNBF, 29
2 Et4NBF4 14
3 BusNPFs 33
4 BuwNOACc 26
5 BwNClO;4 34
6 LiClO4 37
7 KPF; 43
8 TBAI 2

Reaction conditions: 1a (0.3 mmol), 2a (0.6 mmol), Mes-Acr'ClOs (0.015 mmol),
electrolyte (0.3 mmol), MeCN (9.0 mL), 6 W blue LEDs (455 nm), carbon cloth anode (15
mm X 15 mm x 0.33 mm, WOS1009, Taiwan CeTech), platinum plate cathode (15 mm x 15
mm % 0.3 mm), undivided cell, constant current = 1.5 mA, Ar, room temperature, 11 h.

"Yields were determined by '°F NMR analysis using trifluorotoluene as an internal standard.

Table S2 PC screening®

N\ CF3SOsNa (2a, 2 equiv)
N PC (5 mol%)
(+) C cloth | Pt (-), 1. 5mA
KPFg (1 equiv), 455 nm

1a CH5CN, Ar, 1t, 11 h
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entry PC yield (%)°

1 4CzIPN 54
2 Ir(ppy)s 48
3 [Ir(dtbbpy)(ppy)2]PFs 49
4 (Ir[dF(CF3)ppy]2(dtbpy))PFe 59
5 Ru(bpy);Cl» 22
6 eosin Y 74
7 eosin Y disodium 70
8 eosin B 66
9 rose bengal 10
10 rhodamine B 34
11 fluorescein 64
12 methylene blue 20
13 thioxanthone 34
14 - 27

®Reaction conditions: 1a (0.3 mmol), 2a (0.6 mmol), PC (0.015 mmol), KPFs (0.3 mmol),
MeCN (9.0 mL), 6 W blue LEDs (455 nm), carbon cloth anode (15 mm x 15 mm x 0.33 mm,
WOS1009, Taiwan CeTech), platinum plate cathode (15 mm x 15 mm x 0.3 mm), undivided
cell, constant current = 1.5 mA, Ar, room temperature, 11 h. “Yields were determined by "

NMR analysis using trifluorotoluene as an internal standard.
Table S3 Electrode screening®
N\ CF3SO5Na (2a, 2 equiv)
N eosin 'Y (5 mol%)

anode | cathode, 1.5 mA
1 KPFg (1 equiv), 455 nm
a

CHZCN, Ar, rt, 11 h

entry anode cathode yield (%)"
1 C felt Pt plate 62
2 C rod Pt plate 34
3 RVC Pt plate 6
4 Pt plate Pt plate 36
5 C cloth Ni plate 62
6 C cloth Ni foam 3
7 C cloth stainless steel 68
8 C cloth C cloth 62
9 C cloth C felt 3
10 C cloth Crod 57

Reaction conditions: 1a (0.3 mmol), 2a (0.6 mmol), Mes-Acr'ClOs (0.015 mmol),
electrolyte (0.3 mmol), MeCN (9.0 mL), 6 W blue LEDs (455 nm), anode (15 mm % 15 mm),
cathode (15 mm % 15 mm), undivided cell, constant current = 1.5 mA, Ar, room temperature,

11 h. “Yields were determined by '"F NMR analysis using trifluorotoluene as an internal
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standard.

Table S4 Optimization of the solvent and proton source®

protic additive

N, CF3SO,Na (2a, 2 equiv) N,
N eosin Y (5 mol%) N

\\( (+) C cloth | Pt(-), 1.5 mA CF,
KPFg (1 equiv), 455 nm

1a solvent, Ar, rt, 11 h 3a

entry solvent protic additive (equiv) yield (%)"
1 DCE - 48
2 CH3NO; - 19
3 acetone - 68
4 THF - 5
5 DMA - 16
6 DMSO - 69
7 MeOH - 24
8 HFIP - 7
9 CH3CN/H,0 (9 : 1, v/v) - 50
10 CH;CN H>0O (2) 67
11 CH;CN MeOH (2) 58
12 CH;CN HFIP (2) 36
13 CH;CN TFA (2) 26

®Reaction conditions: 1a (0.3 mmol), 2a (0.6 mmol), eosin Y (0.015 mmol), KPFg (0.3 mmol),
solvent (9.0 mL), 6 W blue LEDs (455 nm), carbon cloth anode (15 mm X 15 mm % 0.33 mm,
WOS1009, Taiwan CeTech), platinum plate cathode (15 mm X 15 mm % 0.3 mm), undivided
cell, constant current = 1.5 mA, Ar, room temperature, 11 h. ®Yields were determined by F

NMR analysis using trifluorotoluene as an internal standard.

Table S5 Current and time optimization®

Bl CF3SO,Na (2a, 2 equiv) N,
N eosin'Y (5 mol%) N N

(+) C cloth | Pt (-), /, t CFs
KPFg (1 equiv), 455 nm
1a CH4CN, Ar, rt 3a
entry I (mA), t (h) yield (%)°
1 1, 16.5 68
2 2,825 70
3 3,55 64
4 4,4.125 62
5 5,33 47
6 1.5,10.73 72
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7 1.5,12 71

®Reaction conditions: 1a (0.3 mmol), 2a (0.6 mmol), eosin Y (0.015 mmol), KPFg (0.3 mmol),
MeCN (9.0 mL), 6 W blue LEDs (455 nm), carbon cloth anode (15 mm % 15 mm X 0.33 mm,
WOS1009, Taiwan CeTech), platinum plate cathode (15 mm X 15 mm % 0.3 mm), undivided
cell, constant current, Ar, room temperature. "Yields were determined by "’F NMR analysis

using trifluorotoluene as an internal standard.

Table S6 LED screening®

N CF3SO;Na (2a, 2 equiv)
\>_© eosin Y (5 mol%) @
N\\( (+) C cloth | Pt (-), 1.5 mA
F3

KPFg (1 equiv), LEDs

1a CH3CN, Ar, rt, 11 h
entry LEDs yield (%)”
1 violet (395 nm) 59
2 white 72
3 green (525 nm) 55
4 yellow (585 nm) 32

®Reaction conditions: 1a (0.3 mmol), 2a (0.6 mmol), eosin Y (0.015 mmol), KPFg (0.3 mmol),
MeCN (9.0 mL), 6 W LEDs, carbon cloth anode (15 mm x 15 mm x 0.33 mm, WOS1009,
Taiwan CeTech), platinum plate cathode (15 mm % 15 mm x 0.3 mm), undivided cell,
constant current = 1.5 mA, Ar, room temperature, 11 h. ®Yields were determined by F NMR

analysis using trifluorotoluene as an internal standard.

Table S7 Optimization of the loadings of 2a, eosin Y and the electrolyte®

N CF3SO,Na (2a, X equiv)
\>_© eosin Y (Y mol%) @
N\\( (+) Ccloth | Pt (-), 1. 5mA

KPFg (Z equiv), 455 nm

1a CH3CN, Ar, rt, 11 h
entry X Y z yield (%)"
1 1.1 5 1 38
2 1.5 5 1 56
3 2.5 5 1 83
4 3 5 1 80
5 2.5 1 1 62
6 2.5 2.5 1 73
7 2.5 7.5 1 82
8 2.5 10 1 80
9 2.5 0 67
10 2.5 0.3 71
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11 2.5 5 0.5 79
12 2.5 5 1.5 83
13 2.5 5 2 71

*Reaction conditions: 1a (0.3 mmol), 2a, eosin Y, KPFs, MeCN (9.0 mL), 6 W blue LEDs
(455 nm), carbon cloth anode (15 mm x 15 mm X 0.33 mm, WOS1009, Taiwan CeTech),
platinum plate cathode (15 mm x 15 mm X% 0.3 mm), undivided cell, constant current = 1.5
mA, Ar, room temperature, 11 h. "Yields were determined by '"F NMR analysis using

trifluorotoluene as an internal standard.

Table S8 Other control experiments®

N CF3SO,Na (2a, 2.5 equiv) N
\>—© eosin 'Y (5 mol%) @ N
N N

(+) Ccloth | Pt (-), 1.5 mA

KPFg (1 equiv), 455 nm CF3
1a CH3CN, Ar, rt, 11 h 3a
"standard conditions"
entry variation from the standard conditions yield (%)”
1 no electric current 6
2 no light 38
3 no PC and in the dark 33
4 under an air atmosphere 76
5 no electricity and under air 20

*Reaction conditions: 1a (0.3 mmol), 2a (0.75 mmol), eosin Y (0.015 mmol), KPFs (0.3
mmol), MeCN (9.0 mL), 6 W blue LEDs (455 nm), carbon cloth anode (15 mm x 15 mm X
0.33 mm, WOS1009, Taiwan CeTech), platinum plate cathode (15 mm x 15 mm x 0.3 mm),
undivided cell, constant current = 1.5 mA, Ar, room temperature, 11 h. °Yields were

determined by "’F NMR analysis using trifluorotoluene as an internal standard.
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II1. Unsuccessful substrates

F N
Ph F N /©/
Cl l =
N with 2a
Ph Ph
The product was isolated in 83% yield
(104.5 mg, yellowish solid, mp. 126-127 °C),

yet we failed to obtain its NMR spectra
due to its poor solubility in various solvents.

O o
/\/
N N
©)LH ©)LH\

with 2a, complex with 2a, complex

with 2a, complex

with 2a, complex with 2a, complex o .
quinine with 2a, complex  quinidine with 2a, complex
nC4FQSOQNa nCsF13SOZNa MeSOzNa EtSOQNa TsNa
with 1a, nr with 1a, nr with 1a with 1a with 1a

substrate 1a recovered
trace amounts of an unidentified product

IV. Experimental procedures

1. General procedure for the photoelectrochemical synthesis (3a as an example)

A custom-made undivided cell, equipped with a magnetic stirring bar, a C cloth anode (15
mm X 15 mm % 0.33 mm) and a platinum plate cathode (15 mm % 15 mm x 0.3 mm, carefully
polished until shining), was charged sequentially with N-allylated 2-arylbenzoimidazole 1a
(0.3 mmol, 74.5 mg), CF3SO:Na 2a (2.5 equiv, 0.75 mmol, 117.1 mg), eosin Y (5 mol%,
0.015 mmol, 9.7 mg) and electrolyte KPFs (1 equiv, 0.3 mmol, 55.2 mg) under argon,
followed by the addition of MeCN (9.0 mL). The mixture was electrolyzed with stirring using
a constant current of 1.5 mA under blue LED irradiation at room temperature for 11 h (2.05
F/mol). The residue obtained after evaporation of the solvent was purified by column
chromatography on silica gel (petroleum ether—ethyl acetate = 20:1) to afford
5-methyl-5-(2,2,2-trifluoroethyl)-5,6-dihydrobenzo[4,5]imidazo[2,1-a]isoquinoline 3a as a
colorless oil (79.1 mg, 83% yield).
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2. Gram-scale synthesis

A 100-mL two-necked flask, equipped with a magnetic stirring bar, a C cloth anode (15 mm x
15 mm X 0.33 mm) and a platinum plate cathode (15 mm x 15 mm x 0.3 mm, carefully
polished until shining), was charged sequentially with N-allylated 2-arylbenzoimidazole 1a (5
mmol, 1241.7 mg), CF3SO:Na 2a (2.5 equiv, 12.5 mmol, 1950.7 mg), eosin Y (5 mol%, 0.25
mmol, 162.0 mg) and electrolyte KPF¢ (1 equiv, 5 mmol, 920.3 mg) under argon, followed by
the addition of MeCN (150.0 mL). The mixture was electrolyzed with stirring using a
constant current of 20.0 mA under blue LED irradiation (25 W x 2, 455 nm, Figure S2) at
room temperature for 14 h. The residue obtained after evaporation of the solvent was purified
by column chromatography on silica gel (petroleum ether—ethyl acetate = 15:1) to afford
5-methyl-5-(2,2,2-trifluoroethyl)-5,6-dihydrobenzo[4,5imidazo[2,1-a]isoquinoline 3a as a
colorless oil (1214.9 mg, 77% yield).

o —

: 901-3.”

Figure S2 Setup for gram-scale synthesis

3. Sunlight experiment

A custom-made undivided cell, equipped with a magnetic stirring bar, a C cloth anode (15
mm % 15 mm x 0.33 mm) and a platinum plate cathode (15 mm % 15 mm X 0.3 mm, carefully

polished until shining), was charged sequentially with N-allylated 2-arylbenzoimidazole 1a
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(0.3 mmol, 74.5 mg), CF3SO:Na 2a (2.5 equiv, 0.75 mmol, 117.1 mg), eosin Y (5 mol%,
0.015 mmol, 9.7 mg) and electrolyte KPF¢ (1 equiv, 0.3 mmol, 55.2 mg) under argon,
followed by the addition of MeCN (9.0 mL). The mixture was electrolyzed with stirring using
a constant current of 1.5 mA under sunlight irradiation (2021-09-11 (5.5 h, 11:56-17:26) and
2021-09-12 (5.5 h, 11:50-17:20), Kunming, Figure S3) at room temperature for 11 h. The
residue obtained after evaporation of the solvent was purified by column chromatography on
silica gel (petroleum ether—ethyl acetate = 20:1) to afford
5-methyl-5-(2,2,2-trifluoroethyl)-5,6-dihydrobenzo[4,5]imidazo[2,1-a]isoquinoline 3a as a
colorless oil (81.4 mg, 86% yield).

2021-09-11 . HR
B8 26°C 17°C B bl
2021-09-12 . AN
b 27°C 16°C B o

Figure S3 Setup for natural sunlight experiment
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V. Mechanistic investigations

1. Quenching experiments

N CF3SO,Na (2a, 2.5 equiv)
\>—© eosin Y (5 mol%), scavenger @
N (+) C cloth [ Pt (-), 1.5 mA

\\( KPFs (1 equiv), 455 nm

1a CH3CN, rt, 11 h

quencher (1 equiv) scavenger for yield of 3a (%

TEMPO radical 0

BHT radical trace CF5
DPE radical trace |
pDNB SET 0

CuCl, single electron trace Ph™ Ph
CCly single electron trace 18, 36%

A custom-made undivided cell, equipped with a magnetic stirring bar, a C cloth anode (15
mm x 15 mm x 0.33 mm) and a platinum plate cathode (15 mm % 15 mm x 0.3 mm, carefully
polished until shining), was charged sequentially with N-allylated 2-arylbenzoimidazole 1a
(0.3 mmol, 74.5 mg), CF3SO:Na 2a (2.5 equiv, 0.75 mmol, 117.1 mg), eosin Y (5 mol%,
0.015 mmol, 9.7 mg), KPF¢ (1 equiv, 0.3 mmol, 55.2 mg) and a scavenger (1.0 equiv, 0.3
mmol) under argon, followed by the addition of MeCN (9.0 mL). The mixture was
electrolyzed with stirring using a constant current of 1.5 mA under blue LED irradiation at
room temperature for 11 h. In the case of DPE experiment, the residue obtained after
evaporation of the solvent was purified by column chromatography on silica gel using
petroleum ether to afford (3,3,3-trifluoroprop-1-ene-1,1-diyl)dibenzene 18 as a colorless oil

(26.8 mg, 36% yield).

2. Reaction profiles

(Trifluoromethyl)benzene (1 equiv) was added to the reactions of 1a and 2a as an internal
standard before reaction. 0.05 mL of the crude reaction solution was taken out each time via a
syringe and was subjected to '’F NMR analysis after filtered by a filter membrane with pore

size of 0.45 um.

2a, eosin Y, 455 nm 2a 2a, eosin Y, 455 nm
a 3a 1a 3a 1a
(+)C|Pt(-), 1.5 mA (+)C|Pt(-), 1.5 mA (+)C|Pt(-)
KPFg, CH3CN KPFg, CH3CN KPFg, CH3CN
"std conditions" "no PC, no light" "no electricity"
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—8— 1a + 2a, standard conditions

80 1 —e— no PC, no light
—&— no electricity

70

60

[4)]
o
|

"F NMR vyield (%)
w B
o o
] ]

N
o
]

—_—
o
]

| T
12 13 14

0 1 2 3 4 5 6 7 8 9 11
Time (h)
A(X) D1(Y) | C1(Y) B(Y)
Long Name Time 19F NMR yield 19F NMR yield = 19F NMR yield
Units h % % %
Comments 1a + 2a, standard conditions | no PC, no light no electricity

1 0 0.00 0.00 0.00
2 1 5.04 2.39 1.34
3 2 10.35 4.85 1.76
4 3 17.05 8.55 2.20
5 4 25.32 10.96 2.96
6 5 33.84 12.83 3.44
7 6 4415 14.86 4.06
8 7 55.00 17.83 4.84
9 8 66.78 19.01 5.01
10 9 77.29 21.48 562
11 10 82.15 24.91 5.92
12 11 83.35 26.65 6.44
13 12 83.89 28.40 6.83
14 13 84.51 31.25 7.57
15 14 84.45 32.24 8.65

Figure S4 Reaction kinetic profiles
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3. On-off experiments

A(X) B(Y) G1(Y) D1(Y)
Long Name| Time 19F NMR yield 19F NMR yield 19F NMR yield
Units h % % %
Comments both on-off electricity on-off light on-off
1 0 0 0 0
2 1 5.07 5.59 4.88
3 2 5.05 7.73 8.8
4 3 12.11 16.03 20.5
5 4 12.26 18.48 24.84
6 5 25.68 27.42 4528
7 6 25.16 29.88 52.12
50 _ —— both on-off (1a + 2a, standard conditions)
| —e@—electricity on-off (but with ongoing photo-irradiation)
45 —a&— light on-off (but with ongoing electrolysis)
40 -
< 35 4
5 50-
> .
o
s 25 4
=z 4
g 20 A
15 -
10 -
5
. T ' |
0 1 2 3 4 5 6
Time (h)

Figure S5 On-off experiments
Benzotrifluoride (1.0 equiv) was added as an internal standard to the reactions of 1a with 2a
before reaction. 0.05 mL of the crude reaction solution was taken out each time via a syringe
and was subjected to '’F NMR analysis after filtered by a filter membrane with pore size of

0.45 pm.
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4. Cyclic

General procedure: Cyclic voltammetries were performed in a three-electrode cell at room
temperature. The working electrode was a glassy carbon (GC, d = 3 mm) disk electrode, and
the counter electrode was a platinum wire. The reference was an Ag/AgCl electrode
submerged in a saturated aqueous KCl solution, and separated from reactions by a salt bridge.
12 mL solution containing 1.2 mmol nBusNBF4 was poured into the electrochemical cell in

voltammetry studies

all experiments. The scan rate was 0.05 V/s.

Current (mA)

-0.03

-0.04

-0.02

0.02

0.01

0.00

-0.01 +

1a (10° M)
background (MeCN)

0.05

i I T I T I T I T I T I T I T I T I
2.0 -15 -1.0 -05 0.0 0.5 1.0 15 2.
Potential (V)

Figure S6 Cyclic voltammograms of 1a (10~ M) in CH;CN

——CF,SO,Na (2a, 107 M)
background (MeCN)

0.015 +

0.005 +

00 02 04 06 08 1.0 12 14 1.6 18 20
Potential (V)

Figure S7 Anodic cyclic voltammograms of 2a (10~ M) in CH;CN
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Current (mA)

——CF,SO_Na (2a, 10° M)
background (MeCN)

T £(50) =-0.712
[+ 2

I T I T I T I T I T I T I T I T I
20 -1.5 -1.0 -05 0.0 0.5 1.0 15 2.0
Potential (V)

Figure S8 Cyclic voltammograms of 2a (10~ M) in CH;CN ranging from -2 to 2 V

0.010 —EY (10"3 M) with blue light irradiation
' ——EY (10° M)
background (MeCN)

0.008
0.006 ~

0.004 ox
E = 0.997 V

|
0.0 0.2 04 06 038 1.0 1.2 1.4 1.6 1.8 20
Potential (V)

Figure S9 Anodic cyclic voltammograms of eosin Y (107 M) in CH;CN
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0.016 ——EY (10°M)

—— EY with blue light irradiation
background (DCE)

| T T T T T T

00 02 04 06 08 10 12 14 16 18 20
Potential (V)

Figure S10 Anodic cyclic voltammograms of eosin Y (10~ M) in DCE ranging from -2 to 2

v

—FEY (10‘2 M) E:X= 1.050
0044 ——EY(10°M)
background (DMA)

0.01 4

0.00 4~

0.8 1.0 1.2 14 1.6
Potential (V)

Figure S11 Anodic cyclic voltammograms of eosin Y in DMA
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1a
2a
—FEY
—— EY with blue light irradiation

0.015

0.010

Current (mA)

0.005

0.000

1.4

T
16

1.8

T
12 2.1

]
1.0
Potential (V)

Figure S12 Anodic cyclic voltammograms of 1a (10~ M), 2a (10~ M), eosin Y (10~ M) in

Current (mA)

CH;CN

0.02 H ——EY (10° M)

background (MeCN)

0.00 +

-0.02

-0.04

E™’1.329

112

-14 -02 00

-12 10 08
Potential (V)

-06 -04

Figure S13 Cathodic cyclic voltammograms of eosin Y (107 M) in CH;CN
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0.00 — —EY (10'3 M) in MeCN
—— EY with blue light irradiation

-0.02

-0.08

20 -18 -16 -14 -12 10 -08 -06 -04 -02 00
Potential (V)

Figure S14 Cathodic cyclic voltammograms of eosin Y (107 M) in CH;CN with or without
blue light irradiation

0.000 - ——EY (10° M)
background (DCM)

-0.005 H
-0.010 H

-0.015 4

-0.020

Current (mA

E:‘“ =.0.823V

-0.025
-0.030 H

-0.035

| ! |
20 -18 -16 -14 -12 -10 -08 -06 -04 -02 00
Potential (V)

Figure S15 Cathodic cyclic voltammograms of eosin Y (10° M) in CH,Cl,
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0004 ——EY(10° M)
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Figure S16 Cathodic cyclic voltammograms of eosin Y (107 M) in DCE
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Figure S17 Anodic cyclic voltammogram of 2a (10~ M) and an equimolar mixture of 2a and

EY (10 M) with or without 10 min of blue light irradiation
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5. Fluorescence spectra

Fluorescence spectra were collected on a Cary Eclipse Fluorescence Spectrophotometer
(Agilent Technologies). It has been established that 2a could attenuate eosin Y fluorescence,!

although those experiments were troubled by aggregation-induced emission (AIE).
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Figure S18 Fluorescence quenching of eosin Y (2*107 M) in the presence of 2a in
CH3;CN/H2O (1:9, v/v). The solution was excited at 455 nm (ex. slit 10 nm, em. slit 10 nm).
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Figure S19 Fluorescence quenching of eosin Y (2*107 M) in the presence of 2a in

EtOH/H»O (1:9, v/v). The solution was excited at 455 nm (ex. slit 10 nm, em. slit 10 nm).

[3]1a)J. Jeon, Y.-T. He, S. Shin and S. Hong, Angew. Chem. Int. Ed., 2020, 59, 281-285; b) Y.-T. He, D. Kang, L.
Kim and S. Hong, Green Chem., 2018, 20, 5209-5214.
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Figure S20 Fluorescence of eosin Y (10° M) in CH;CN. The solution was excited at 366 nm
(ex. slit 10 nm, em. slit 10 nm)

6. UV-Vis spectroscopic measurements

The UV-Vis absorption spectra were collected on a UV-2450 UV-Visible spectrophotometer
(Shimadzu, Japan). A significant bathochromic shift was observed upon mixing eosin Y with
2a.
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Figure S21 UV-vis spectra of EY (102 M) and an equimolar mixture of EY and 2a (10~ M)
in CH3CN

S22



7. Determination of the excited-state reduction potential of eosin Y in MeCN

The excited-state reduction potential of eosin Y (E[EY*/EY"]) is estimated to be 1.51 V vs.

Ag/AgCl according to the following equations:

E* (EY*/EY") = E®! (EY*/EY") + Eqp

where E® (EY*/EY", -0.741 V) was obtained from its cyclic voltammetry spectrum (Figure

S13); Eoyp is caculated from its photoluminescence maximum (550 nm as shown in Figure S20)

using the equation Eqo = h¢/Amax = 1240 nm/550 nm.
8. Hydrogen detection tests

The hydrogen detection tests were conducted with a H, detector (XLA-BX-H2), which was
connected with the model reaction under standard conditions by a syringe with the pump on.

The detector readings were recorded (Figure S22).
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S24



VI. Spectral data of products and new compounds

L)
L/ CF;

5-Methyl-5-(2,2,2-trifluoroethyl)-5,6-dihydrobenzo[4,5]imidazo[2,1-a]isoquinoline
(3a),[ isolated by flash column chromatography (petroleum ether/EtOAc = 20:1, v/v)
in 83% yield (79.1 mg), colorless oil. Rt (petroleum ether/EtOAc = 5:1, v/v) 0.33. 'H
NMR (400 MHz, CDCl3) 6 8.37 — 8.35 (m, 1H), 7.87 — 7.83 (m, 1H), 7.52 — 7.45 (m,
3H), 7.41 — 7.36 (m, 1H), 7.35 — 7.29 (m, 2H), 4.47 (d, J = 13.0 Hz, 1H), 3.98 (d, J =
12.9 Hz, 1H), 2.43 — 2.23 (m, 2H), 1.74 (d, J = 1.4 Hz, 3H). 3C{'H} NMR (101 MHz,
CDCl) o 148.4, 143.9, 140.7, 134.6, 130.9, 128.4, 126.3, 126.0 (q, J = 277.4 Hz),
125.3, 124.8, 123.1, 122.8, 119.9, 109.1, 49.4 (q, J = 2.1 Hz), 41.6 (q, J = 26.9 Hz),
36.3 (q,J = 1.6 Hz), 22.6 (q, J = 1.9 Hz). "’"F NMR (376 MHz, CDCl3) § -59.65 (t, J =
11.8 Hz, 3F). HRMS (ESI-TOF) Calcd for CisHi6F3N2" ([M+H]") 317.1260. Found
317.1258.

CLO)
g [—CF

5-Methyl-5-(2,2,2-trifluoroethyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-one
(3b),"l isolated by flash column chromatography (petroleum ether/EtOAc = 20:1, v/v)
in 64% yield (63.3 mg), colorless oil. Rt (petroleum ether/EtOAc = 5:1, v/v) 0.33. 'H
NMR (400 MHz, CDCls) 6 8.52 (dd, J=7.8, 1.5 Hz, 1H), 8.38 — 8.33 (m, 1H), 7.85 —
7.82 (m, 1H), 7.62 — 7.58 (m, 1H), 7.55 — 7.51 (m, 1H), 7.49 — 7.42 (m, 3H), 3.54 —
3.42 (m, 1H), 3.00 — 2.89 (m, 1H), 1.77 (s, 3H). *C{'H} NMR (101 MHz, CDCl3) §
171.0, 149.2, 144.0, 138.4, 131.6, 131.4, 128.4, 126.5, 126.3, 126.2, 125.8, 125.4,
124.9 (q, J = 277.0 Hz), 122.4, 120.0, 115.7, 45.2 (q, J = 2.3 Hz), 43.9 (q, J = 27.5
Hz), 31.0. F NMR (376 MHz, CDCl3) § -61.36 (t, J = 9.0 Hz, 3F). HRMS (ESI-TOF)
Calcd for Ci1sH14aF3N20™ ([M+H]") 331.1053. Found 331.1041.

[4] R. Kong, T. Fu, R. Yang, D. Chen, D. Liang, Y. Dong, W. Li and B. Wang, ChemCatChem, 2021, 13,
2952-2958.
[51K. Sun, G. Li, S. Guo, Z. Zhang and G. Zhang, Org. Biomol. Chem., 2021, 19, 375-378.
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[~ CFs

3,5-Dimethyl-5-(2,2,2-trifluoroethyl)-5,6-dihydrobenzo[4,5]imidazo[2,1-a]isoquinoli
ne (3cl), isolated by flash column chromatography (petroleum ether/EtOAc = 20:1,
v/v) in 72% yield (71.7 mg), pale yellow solid: mp 97 — 98 °C. Rt (petroleum
ether/EtOAc = 5:1, v/v) 0.33. 'H NMR (400 MHz, CDCl3) § 8.24 (d, J = 7.8 Hz, 1H),
7.85 - 7.81 (m, 1H), 7.39 — 7.35 (m, 1H), 7.32 — 7.28 (m, 3H), 7.26 (d, J = 1.4 Hz,
1H), 4.46 (d, J=12.9 Hz, 1H), 3.94 (d, J=12.9 Hz, 1H), 2.45 (s, 3H), 2.40 — 2.25 (m,
2H), 1.73 (d, J= 1.3 Hz, 3H). ’C{'H} NMR (101 MHz, CDCl3) § 148.7, 143.9, 141.3,
140.8, 134.6, 129.2, 126.3, 126.0 (q, J = 277.4 Hz), 125.4, 122.9, 122.7, 122.5, 119.7,
109.0,49.3 (q, J=2.2 Hz), 41.5 (q, J=26.8 Hz), 36.2 (¢, J= 1.8 Hz), 22.5(q, J=1.9
Hz), 21.9. F NMR (376 MHz, CDCl3) § -59.66 (t, J = 10.8 Hz, 3F). HRMS
(ESI-TOF) Calcd for C1oH18F3N2" ([M+H]") 331.1417. Found 331.1420.

3-Methoxy-5-methyl-5-(2,2,2-trifluoroethyl)-5,6-dihydrobenzo[4,5]imidazo[2,1-a]iso
quinoline (3¢2), isolated by flash column chromatography (petroleum ether/EtOAc =
20:1, v/v) in 77% yield (63.9 mg), pale yellow solid: mp 124 — 125 °C. Rt (petroleum
ether/EtOAc = 5:1, v/v) 0.33. 'H NMR (400 MHz, CDCI3) § 8.30 (d, J = 8.4 Hz, 1H),
7.83 = 7.79 (m, 1H), 7.36 — 7.33 (m, 1H), 7.31 — 7.28 (m, 2H), 7.01 — 6.97 (m, 2H),
4.45(d,J=12.9 Hz, 1H), 3.93 (d, J=12.9 Hz, 1H), 3.90 (s, 3H), 2.42 — 2.21 (m, 2H),
1.71 (d, J = 1.3 Hz, 3H). ®C{'H} NMR (101 MHz, CDCl3) & 161.7, 148.7, 143.9,
142.8, 134.6, 128.1, 126.0 (q, J = 279.0 Hz), 122.6 (q, J = 3.0 Hz), 119.5, 118.0,
112.8, 111.6, 108.9, 55.5, 49.31 (q, J = 2.1 Hz), 41.5 (q, J = 27.1 Hz), 36.38 (q, J =
1.8 Hz), 22.5 (q, J = 1.4 Hz). '°F NMR (376 MHz, CDCls) § -59.64 (t, J = 11.2 Hz,
3F). HRMS (ESI-TOF) Caled for CioHisFsN2O" ([M+H]") 347.1366. Found
347.1370.

CLOr

—cr

3-Chloro-5-methyl-5-(2,2,2-trifluoroethyl)-5,6-dihydrobenzo[4,5]imidazo[2,1-a]isoqu
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inoline (3¢3), isolated by flash column chromatography (petroleum ether/EtOAc =
20:1, v/v) in 68% vyield (71.1 mg), white solid: mp 142 — 143 °C. R¢ (petroleum
ether/EtOAc = 5:1, v/v) 0.33. 'H NMR (400 MHz, CDCl3) & 8.28 (dd, J = 7.0, 0.8
Hz,1H), 7.85 — 7.80 (m, 1H), 7.44 (d, J = 8.0 Hz, 2H), 7.38 — 7.29 (m, 3H), 4.45 (d, J
=13.0 Hz, 1H), 3.95 (d, J = 13.0 Hz, 1H), 2.41 — 2.22 (m, 2H), 1.72 (d, J = 1.5 Hz,
3H). BC{'H} NMR (101 MHz, CDCls) § 147.5, 143.8, 142.3, 136.8, 134.6, 128.8,
127.7, 125.8 (q, J = 277.3 Hz), 125.4, 123.9, 123.4, 123.0, 120.0, 109.1, 49.3 (d, J =
2.2 Hz), 41.4 (q, J = 27.2 Hz), 36.5 (q, J = 1.6 Hz), 22.5 (q, J = 1.9 Hz). ’F NMR
(376 MHz, CDCl3) & -59.63 (t, J = 10.5 Hz, 3F). HRMS (ESI-TOF) Calcd for
CisHisCIFsN2" ([M+H]") 351.0870. Found 351.0872.

3-Bromo-5-methyl-5-(2,2,2-trifluoroethyl)-5,6-dihydrobenzo[4,5]imidazo[2,1-a]isoqu
inoline (3¢4), isolated by flash column chromatography (petroleum ether/EtOAc =
20:1, v/v) in 81% yield (95.9 mg), white solid: mp 143 — 144 °C. Rt (petroleum
ether/EtOAc = 5:1, v/v) 0.33. 'H NMR (400 MHz, CDCl3) § 8.20 (d, J = 8.1 Hz, 1H),
7.85 —7.80 (m, 1H), 7.63 — 7.58 (m, 2H), 7.38 — 7.28 (m, 3H), 4.44 (d, J = 13.0 Hz,
1H), 3.93 (d, J = 13.0 Hz, 1H), 2.40 — 2.21 (m, 2H), 1.72 (s, 3H). *C{'H} NMR (101
MHz, CDCl) 6 147.5, 143.8, 142.5, 134.6, 131.7, 128.3, 127.8, 125.8 (q, J = 277.3
Hz), 125.1, 124.3, 123.4, 123.0, 120.0, 109.2, 49.2 (q, J = 2.2 Hz), 41.4 (q, J = 27.1
Hz), 36.4 (q, J = 1.6 Hz), 22.4 (q, J = 1.9 Hz). ’F NMR (376 MHz, CDCl3) & -59.62
(t, J=11.1 Hz, 3F). HRMS (ESI-TOF) Calcd for CisHisBrF3N2" ([M+H]") 395.0365.
Found 395.0361.

5-Methyl-5-(2,2,2-trifluoroethyl)-3-(trifluoromethyl)-5,6-dihydrobenzo[4,5]imidazo[2
,1-a]isoquinoline (3c¢5), isolated by flash column chromatography (petroleum
ether/EtOAc = 20:1, v/v) in 87% yield (100.2 mg), white solid: mp 160 — 161 °C. Rs
(petroleum ether/EtOAc = 5:1, v/v) 0.33. 'TH NMR (400 MHz, CDCl3) & 8.47 (d, J =
8.1 Hz, 1H), 7.89 — 7.84 (m, 1H), 7.74 (d, J = 8.2 Hz, 1H), 7.70 (s, 1H), 7.43 — 7.39
(m, 1H), 7.39 — 7.32 (m, 2H), 4.51 (d, J = 13.1 Hz, 1H), 4.01 (d, J = 13.0 Hz, 1H),
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2.45 —2.26 (m, 2H), 1.79 (s, 3H). 3C{'H} NMR (101 MHz, CDCl3) & 146.9, 143.9,
141.1, 134.6, 132.3 (q, J = 32.6 Hz), 128.6 (q, J = 1.6 Hz), 126.7, 125.4 (q, J = 3.7
Hz), 125.8 (g, J = 279.0 Hz), 123.8, 123.7 (q, J = 272.6 Hz), 123.3, 122.1 (q, J = 3.8
Hz), 120.3, 109.3, 49.4 (q, J = 2.0 Hz), 41.5 (q, J = 27.4 Hz), 36.5 (g, J = 1.6 Hz),
22.5(q, J = 2.1 Hz). '°F NMR (376 MHz, CDCl3) § -59.66 (t, J = 11.2 Hz, 3F), -62.79
(s, 3F). HRMS (ESI-TOF) Calcd for CioHisFsN2* ([M+H]") 385.1134. Found
385.1135.

Methyl
5-methyl-5-(2,2,2-trifluoroethyl)-5,6-dihydrobenzo[4,5]imidazo[2,1-a]isoquinoline-3-
carboxylate (3¢6), isolated by flash column chromatography (petroleum ether/EtOAc
= 20:1, v/v) in 75% yield (84.5 mg), white solid: mp 186 — 187 °C. Rs (petroleum
ether/EtOAc = 5:1, v/v) 0.33. 'H NMR (400 MHz, CDCl3) & 8.42 (d, J = 8.0 Hz, 1H),
8.15 — 8.12 (m, 2H), 7.88 — 7.84 (m, 1H), 7.43 — 7.31 (m, 3H), 4.51 (d, J = 13.0 Hz,
1H), 4.02 (d, J = 13.1 Hz, 1H), 3.97 (s, 3H), 2.46 — 2.28 (m, 2H), 1.79 (s, 3H). *C{'H}
NMR (101 MHz, CDCI3) 6 166.3, 147.3, 144.0, 140.7, 134.7, 131.9, 129.5, 129.3,
126.32, 126.28, 125.9 (q, J = 277.2 Hz), 123.7, 123.2, 120.3, 109.3, 52.5, 49.3 (d, J =
2.0 Hz), 41.5 (q, J = 27.0 Hz), 36.5 (d, J = 1.7 Hz), 22.7 (d, J = 2.0 Hz). "F NMR
(376 MHz, CDCl3) 6 -59.63 (t, J = 10.7 Hz, 3F). HRMS (ESI-TOF) Calcd for
Co0H1sF3N202" ([M+H]") 375.1315. Found 375.1313.

Cl
X,
N\
9%
~. ClI
FsC
2,4-Dichloro-5-methyl-5-(2,2,2-trifluoroethyl)-5,6-dihydrobenzo[4,5]imidazo[2,1-a]is
oquinoline (3d), isolated by flash column chromatography (petroleum ether/EtOAc =
20:1, v/v) in 62% yield (71.4 mg), white solid: mp 219 — 220 °C. Rt (petroleum
ether/EtOAc = 5:1, v/v) 0.33. 'H NMR (400 MHz, CDCl3) & 8.38 (d, J = 2.3 Hz, 1H),
7.84 — 7.80 (m, 1H), 7.49 (d, J = 2.3 Hz, 1H), 7.42 — 7.38 (m, 1H), 7.37 — 7.31 (m,
2H), 4.55 (d, J = 13.3 Hz, 1H), 3.97 (d, J=13.4 Hz, 1H), 2.70 — 2.49 (m, 2H), 1.95 (s,
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3H). BC{'H} NMR (101 MHz, CDCl3) § 147.0, 143.9, 135.9, 135.0, 134.5, 134.1,
133.2, 129.3, 125.8 (q, J = 277.4 Hz), 125.3, 123.8, 123.3, 120.1, 109.4, 49.5 (q, J =
2.3 Hz), 38.7 (q, J = 27.1 Hz), 38.0 (q, J = 1.9 Hz), 24.3 (q, J = 1.8 Hz). °F NMR
(376 MHz, CDCl3) & -59.63 (t, J = 10.7 Hz, 3F). HRMS (ESI-TOF) Calcd for
Ci1sH14CLF3N2" ([M+H]") 385.0481. Found 385.0484.

Cl
Crs~)
e

1-Chloro-5-methyl-5-(2,2,2-trifluoroethyl)-5,6-dihydrobenzo[4,5]imidazo[2,1-a]isoqu
inoline (3e), isolated by flash column chromatography (petroleum ether/EtOAc = 20:1,
v/v) in 62% yield (65.0 mg), white solid: mp 157 — 158 °C. Rf (petroleum
ether/EtOAc = 5:1, v/v) 0.33. '"H NMR (400 MHz, CDCl3) § 7.98 — 7.95 (m, 1H),
7.58 —7.54 (m, 1H), 7.40 (s, 1H), 7.39 (d, J = 2.2 Hz, 1H), 7.38 — 7.30 (m, 3H), 4.44
(d, J=13.1 Hz, 1H), 3.99 (dd, J = 13.1, 1.1 Hz, 1H), 2.20 - 2.11 (m, 2H), 1.72 (d, J =
1.3 Hz, 3H). BC{'H} NMR (101 MHz, CDCls) & 145.5, 143.7, 143.5, 133.6, 133.4,
131.5, 130.5, 125.8 (q, J = 277.3 Hz), 123.9, 123.8, 123.6, 122.8, 120.9, 108.9, 49.1
(g, J=1,9 Hz), 40.8 (q, J = 27.2 Hz), 37.1 (q, J = 1.8 Hz), 22.5 (q, J = 2.0 Hz). F
NMR (376 MHz, CDCl3) 8 -59.56 (t, J = 11.7 Hz, 3F). HRMS (ESI-TOF) Calcd for
C1sHi1sCIFsN2" ([M+H]") 351.0870. Found 351.0868.

NG —
L0
\\/ CFs

5-Methyl-5-(2,2,2-trifluoroethyl)-5,6-dihydrobenzo[4,5]imidazo[2,1-a][ 2,6 Jnaphthyri
dine (3f), isolated by flash column chromatography (petroleum ether/EtOAc = 20:1,
v/v) in 88% yield (83.5 mg), brown solid: mp 128 — 129 °C. Rf (petroleum
ether/EtOAc = 5:1, v/v) 0.33. '"H NMR (400 MHz, CDCl3) § 8.79 — 8.74 (m, 2H),
8.15 (d, J=4.9 Hz, 1H), 7.90 — 7.86 (m, 1H), 7.44 — 7.34 (m, 3H), 4.51 (d, J = 13.1
Hz, 1H), 4.05 (d, J = 13.0 Hz, 1H), 2.49 — 2.32 (m, 2H), 1.83 (d, J = 1.3 Hz, 3H).
BC{'H} NMR (101 MHz, CDCI3) § 150.0, 147.0, 145.7, 143.9, 134.7, 134.4, 132.3,
125.7 (q, J = 277.1 Hz), 124.3, 123.5, 120.6, 118.9, 109.5, 49.7 (q, J = 2.1 Hz), 41.6
(q, J=27.2 Hz), 35.3,22.4 (q, J = 1.9 Hz). ’F NMR (376 MHz, CDCl3) § -59.63 (t, J
= 10.6 Hz, 3F). HRMS (ESI-TOF) Calcd for Ci17HisF3N3" ((M+H]") 318.1213. Found
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318.1216.

4-Methyl-4-(2,2,2-trifluoroethyl)-4,5-dihydrobenzo[4,5]imidazo[ 1,2-a]thieno[2,3-C]p
yridine (3g), isolated by flash column chromatography (petroleum ether/EtOAc =
20:1, v/v) in 42% yield (40.4 mg), pale yellow oil. Rf (petroleum ether/EtOAc = 5:1,
v/v) 0.33. "TH NMR (400 MHz, CDCl3) § 7.80 — 7.78 (m, 1H), 7.47 (d, J = 5.1 Hz, 1H),
7.35 —-7.26 (m, 3H), 7.09 (d, J = 5.1 Hz, 1H), 4.41 (d, J = 12.9 Hz, 1H), 3.95 (d, J =
12.9 Hz, 1H), 2.42 (q, J = 11.2 Hz, 2H), 1.68 (s, 3H). 3C{'H} NMR (101 MHz,
CDCl) o 145.9, 145.3, 143.9, 134.4, 128.8, 126.2, 126.0 (q, J = 277.1 Hz), 124.8,
123.2,122.7, 119.8, 109.0, 51.0 (q, J = 2.2 Hz), 41.4 (q, J =27.0 Hz), 36.0 (q, J = 1.9
Hz), 23.3 (q, J = 1.9 Hz). '°F NMR (376 MHz, CDCl3) § -59.74 (t, J = 10.8 Hz, 3F).
HRMS (ESI-TOF) Calcd for Ci6H14F3N2S™ ([M+H]") 323.0824. Found 323.0829.

/ CF3

5,9,10-Trimethyl-5-(2,2,2-trifluoroethyl)-5,6-dihydrobenzo[4,5 imidazo[2,1-a]isoquin
oline (3h1), isolated by flash column chromatography (petroleum ether/EtOAc = 20:1,
v/v) in 72% yield (74.6 mg), yellowish solid: mp 133 — 134 °C. Rs (petroleum
ether/EtOAc = 5:1, v/v) 0.33. 'H NMR (400 MHz, CDCl3) § 8.33 — 8.30 (m, 1H),
7.60 (s, 1H), 7.49 — 7.42 (m, 3H), 7.14 (s, 1H), 4.41 (d, J = 12.9 Hz, 1H), 3.93 (d, J =
12.9 Hz, 1H), 2.41 (s, 3H), 2.40 (s, 3H), 2.37 — 2.24 (m, 2H), 1.72 (d, J = 1.4 Hz, 3H).
BC{'H} NMR (101 MHz, CDCI3) § 147.6, 142.5, 140.4, 133.2, 132.4, 131.7, 130.4,
128.3, 126.1, 126.0 (q, J = 277.3 Hz), 125.6, 124.7, 119.9, 109.3, 49.4 (q, J = 1.6 Hz),
41.5 (q, J =26.9 Hz), 36.3 (q, J = 1.4 Hz), 22.5 (q, J = 1.3 Hz), 20.6, 20.4. ’F NMR
(376 MHz, CDCI3) 6 -59.64 (t, J = 11.4 Hz, 3F). HRMS (ESI-TOF) Calcd for
CooH20F3N2" ([M+H]") 345.1573. Found 345.1588.

N
\
N>\©\CF3

—_cr

5,9,10-Trimethyl-5-(2,2,2-trifluoroethyl)-3-(trifluoromethyl)-5,6-dihydrobenzo[4,5]i
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midazo[2,1-a]isoquinoline (3h2), isolated by flash column chromatography
(petroleum ether/EtOAc = 20:1, v/v) in 69% yield (84.8 mg), white solid: mp 180 —
181 °C. Rf (petroleum ether/EtOAc = 5:1, v/v) 0.33. '"H NMR (400 MHz, CDCls) §
8.42 (d, J=8.1 Hz, 1H), 7.73 — 7.70 (m, 1H), 7.67 (d, J = 1.6 Hz, 1H), 7.61 (s, 1H),
7.16 (s, 1H), 4.45 (d, J=13.0 Hz, 1H), 3.96 (d, J=13.0 Hz, 1H), 2.42 (s, 3H), 2.40 (s,
3H), 2.38 — 2.24 (m, 2H), 1.77 (d, J = 1.4 Hz, 3H). *C{'H} NMR (101 MHz, CDCls)
0 146.1, 142.5, 140.8, 133.3, 133.2, 132.4, 131.9 (d, J = 32.4 Hz), 128.9, 126.4, 125.8
(q,J=277.2 Hz), 125.3 (q, J = 3.8 Hz), 123.8 (q, J =270.8 Hz), 122.0 (q, J = 3.8 Hz),
120.2, 109.4, 49.3 (q, J = 2.1 Hz), 41.4 (q, J = 27.1 Hz), 36.5 (q, J = 1.8 Hz), 22.4 (q,
J = 1.9 Hz), 20.7, 20.4. F NMR (376 MHz, CDCl3) § -59.64 (t, J = 11.8 Hz, 3F),
-62.73 (s, 3F). HRMS (ESI-TOF) Calcd for C21H19FsN2" ([M+H]") 413.1447. Found
413.1451.

9,10-Difluoro-5-methyl-5-(2,2,2-trifluoroethyl)-5,6-dihydrobenzo[4,5]imidazo[2,1-a]i
soquinoline (3i), isolated by flash column chromatography (petroleum ether/EtOAc =
20:1, v/v) in 83% yield (87.3 mg), white solid: mp 178 — 179 °C. Rt (petroleum
ether/EtOAc = 5:1, v/v) 0.33. 'H NMR (400 MHz, CDCl3) § 8.30 — 8.27 (m, 1H),
7.60 (dd, J = 10.5, 7.2 Hz, 1H), 7.54 — 7.46 (m, 3H), 7.16 (dd, J = 9.6, 6.8 Hz, 1H),
4.38 (d, J=13.0 Hz, 1H), 3.96 (d, J = 12.9 Hz, 1H), 2.41 —2.23 (m, 2H), 1.75 (s, 3H).
BC{'H} NMR (101 MHz, CDCl3) & 149.8 (d, J = 3.3 Hz), 149.4 (q, J = 13.9 Hz),
147.0 (q, J = 11.1 Hz), 140.4, 139.0 (g, J = 9.4 Hz), 131.1, 130.0 (d, J = 11.0 Hz),
128.5, 126.1, 125.8 (q, J = 277.3 Hz), 124.75, 124.70, 107.1 (q, J = 19.8 Hz), 97.0 (d,
J=23.0Hz),49.4 (q, J=2.2 Hz), 41.6 (q, J=27.1 Hz), 36.2 (q, J = 1.4 Hz), 22.5 (d,
J = 2.0 Hz). F NMR (376 MHz, CDCl3) § -59.82 (t, J = 10.7 Hz, 3F), -140.77 —
-140.87 (m, 1F), -142.79 — -142.89 (m, 1F). HRMS (ESI-TOF) Calcd for C1sH14FsN2"
(IM+H]") 353.1072. Found 353.1071.
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9,10-Dichloro-5-methyl-5-(2,2,2-trifluoroethyl)-5,6-dihydrobenzo[4,5]imidazo[2,1-a]
isoquinoline (3j1), isolated by flash column chromatography (petroleum ether/EtOAc
=20:1, v/v) in 81% yield (93.7 mg), yellowish solid: mp 184 — 185 °C. Rt (petroleum
ether/EtOAc = 5:1, v/v) 0.33. 'H NMR (400 MHz, CDCl3) § 8.29 — 8.27 (m, 1H),
7.87 (s, 1H), 7.56 — 7.46 (m, 4H), 4.39 (d, J = 13.0 Hz, 1H), 3.95 (d, J = 12.9 Hz, 1H),
2.41 —2.23 (m, 2H), 1.73 (s, 3H). “C{'H} NMR (101 MHz, CDCl3) & 150.2, 143.2,
140.7, 133.9, 131.5, 128.6, 127.0, 126.8, 126.5, 125.9 (q, J =277.3 Hz), 124.8, 124.5,
120.9, 110.5, 49.5 (q, J = 2.0 Hz), 41.7 (q, J = 27.1 Hz), 36.2 (q, J = 1.7 Hz), 22.7 (q,
J = 2.0 Hz). "F NMR (376 MHz, CDCl3) & -59.69 (t, J = 11.7 Hz, 3F). HRMS
(ESI-TOF) Calcd for CisH14Cl2F3N2™ ([M+H]") 385.0481. Found 385.0488.

9,10-Dichloro-5-methyl-5-(2,2,2-trifluoroethyl)-3-(trifluoromethyl)-5,6-dihydrobenzo
[4,5]imidazo[2,1-a]isoquinoline (3j2), isolated by flash column chromatography
(petroleum ether/EtOAc = 20:1, v/v) in 92% yield (125.0 mg), white solid: mp 209 —
210 °C. Rt (petroleum ether/EtOAc = 5:1, v/v) 0.33. '"H NMR (400 MHz, CDCls) §
8.45 - 8.43 (m, 1H), 7.93 (s, 1H), 7.76 (ddd, J=8.1, 1.7, 0.8 Hz, 1H), 7.71 (d, J=1.6
Hz, 1H), 7.52 (s, 1H), 4.45 (d, J = 13.1 Hz, 1H), 4.01 (d, J = 13.1 Hz, 1H), 2.41 —
2.30 (m, 2H), 1.79 (s, 3H). *C{'H} NMR (101 MHz, CDCl3) & 148.7, 143.2, 141.2,
133.8, 133.1, 132.8, 128.0, 127.5, 127.1, 125.63 (q, J = 277.2 Hz), 125.58 (9, J = 3.9
Hz), 123.6 (q, J=271.1 Hz), 122.1 (q, J =4.0 Hz), 121.4, 110.7, 49.5 (q, J = 1.6 Hz),
41.6 (q, J =27.5 Hz), 36.5 (q, J = 1.0 Hz), 22.6 (q, J = 1.3 Hz). ’F NMR (376 MHz,
CDCl) & -59.68 (t, J = 10.3 Hz, 3F), -62.88 (s, 3F). HRMS (ESI-TOF) Calcd for
C1oH13CLaFeN2™ ([M+H]") 453.0354. Found 453.0355.

/ CF3

9,10-Dibromo-5-methyl-5-(2,2,2-trifluoroethyl)-5,6-dihydrobenzo[4,5]imidazo[2,1-a]
isoquinoline (3K), isolated by flash column chromatography (petroleum ether/EtOAc
= 20:1, v/v) in 72% yield (101.7 mg), white solid: mp 196 — 197 °C. Rt (petroleum
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ether/EtOAc = 5:1, v/v) 0.33. 'H NMR (400 MHz, CDCl3) § 8.30 — 8.28 (m, 1H),
8.07 (s, 1H), 7.66 (s, 1H), 7.56 — 7.46 (m, 3H), 4.39 (d, J = 13.0 Hz, 1H), 3.94 (d, J =
13.0 Hz, 1H), 2.38 — 2.26 (m, 2H), 1.73 (d, J = 0.3 Hz, 3H). 3C{'H} NMR (101 MHz,
CDCl) o 150.1, 144.2, 140.8, 134.8, 131.6, 128.6, 126.6, 125.8 (q, J = 277.2 Hz),
124.9, 124.5, 124.2, 118.2, 118.0, 113.6, 49.5 (q, J = 2.0 Hz), 41.7 (q, J = 27.0 Hz),
36.2 (q, J = 1.8 Hz), 22.7 (q, J = 1.9 Hz). ’F NMR (376 MHz, CDCl3) § -59.67 (t, J =
11.0 Hz, 3F). HRMS (ESI-TOF) Caled for CisHisBr2FsN2™ ([M+H]") 472.9470.
Found 472.9466.

CF3

5-(2,2,2-Trifluoroethyl)-5,6-dihydrobenzo[4,5]imidazo[2,1-a]isoquinoline 31),
isolated by flash column chromatography (petroleum ether/EtOAc = 20:1, v/v) in
79% yield (71.8 mg), colorless oil. Rt (petroleum ether/EtOAc = 5:1, v/v) 0.33. 'H
NMR (400 MHz, CDCIl3) 6 8.34 — 8.31 (m, 1H), 7.86 — 7.84 (m, 1H), 7.52 — 7.45 (m,
2H), 7.41 — 7.35 (m, 2H), 7.34 — 7.30 (m, 2H), 4.57 (dd, J = 13.0, 2.2 Hz, 1H), 4.28
(dd, J =13.0, 4.2 Hz, 1H), 3.67 — 3.62 (m, 2H), 2.47 — 2.24 (m, 2H). “C{'H} NMR
(101 MHz, CDCI3) o 148.3, 144.0, 136.3, 134.9, 130.8, 128.8, 127.7, 126.2 (q, J =
276.2 Hz), 126.1, 125.9, 123.2, 122.8, 120.0, 109.1, 43.7, 37.5 (q, J = 27.8 Hz), 33.4
(g, J = 2.9 Hz). F NMR (376 MHz, CDCI3) & -63.54 (t, J = 10.6 Hz, 3F). HRMS
(ESI-TOF) Calcd for C17H14F3N2" ([M+H]") 303.1104. Found 303.1105.

E

(L0
N
S / CF3

1-Fluoro-5,12-dimethyl-5-(2,2,2-trifluoroethyl)indolo[2,1-a]isoquinolin-6(5H)-one
(3m), isolated by flash column chromatography (petroleum ether/EtOAc = 20:1, v/v)
in 69% yield (75.0 mg), white solid: mp 96 — 97 °C. Rt (petroleum ether/EtOAc = 5:1,
v/v) 0.33. '"H NMR (400 MHz, CDCI3) § 8.51 — 8.48 (m, 1H), 7.63 — 7.61 (m, 1H),
7.45 —7.35 (m, 3H), 7.26 — 7.24 (m, 1H), 7.17 — 7.12 (m, 1H), 3.29 — 3.17 (m, 1H),
2.82 -2.71 (m, 1H), 2.51 (d, J=10.0 Hz, 3H), 1.72 (s, 3H). 3C{'H} NMR (101 MHz,
CDCl) 6 169.6, 159.2, 156.7, 138.1 (d, J = 3.2 Hz), 135.1, 132.8, 129.3 (d, J =9.1
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Hz), 126.4, 125.1 (q, J = 277.3 Hz), 124.5, 122.0 (d, J = 3.1 Hz), 119.1, 118.8 (d, J =
1.8 Hz), 116.3, 115.5 (d, J = 23.6 Hz), 114.9 (d, J = 15.5 Hz), 45.5 (p, J = 2.2 Hz),
43.5 (q, J = 27.7 Hz), 28.2, 11.7 (d, J = 21.3 Hz). ’F NMR (376 MHz, CDCl3) §
-60.33 (t, J = 10.3 Hz, 3F), -105.40 — -105.52 (m, 1F). HRMS (ESI-TOF) Calcd for
C20H16F4sNO™ ([M+H]") 362.1163. Found 362.1175.

=)
[ ~CFaH

5-(2,2-Difluoroethyl)-5-methyl-5,6-dihydrobenzo[4,5]imidazo[2,1-a]isoquinoline
(3n1), isolated by flash column chromatography (petroleum ether/EtOAc = 20:1, v/v)
in 83% yield (74.2 mg), brown oil. Rt (petroleum ether/EtOAc = 5:1, v/v) 0.33. 'H
NMR (400 MHz, CDCls) 6 8.39 — 8.36 (m, 1H), 7.86 — 7.82 (m, 1H), 7.52 — 7.43 (m,
3H), 7.39 — 7.35 (m, 1H), 7.33 — 7.29 (m, 2H), 5.75 — 5.45 (m, 1H), 4.29 (d, J = 12.7
Hz, 1H), 4.02 — 3.98 (m, 1H), 2.15 — 2.05 (m, 2H), 1.66 (s, 3H). 3C{'H} NMR (101
MHz, CDCls) 6 148.3, 143.9, 139.9, 134.7, 130.8, 128.3, 126.5, 125.5, 124.9, 123.0,
122.8, 119.9, 115.9 (t, J=238.1 Hz), 109.0, 50.8, 42.6 (t, J = 20.8 Hz), 36.2 (t, J=4.5
Hz), 23.5. ”F NMR (376 MHz, CDCl3) & -112.01 — -112.27 (m, 2F). HRMS
(ESI-TOF) Calcd for CisHi7F2N2" ([M+H]") 299.1354. Found 299.1352.

\j CF,H

5-(2,2-Difluoroethyl)-3,5-dimethyl-5,6-dihydrobenzo[4,5]imidazo[2,1-a]isoquinoline

(3n2), isolated by flash column chromatography (petroleum ether/EtOAc = 20:1, v/v)
in 68% yield (63.8 mg), colorless oil. Rr (petroleum ether/EtOAc = 5:1, v/v) 0.33. 'H
NMR (400 MHz, CDCIl3) & 8.26 (d, J= 7.9 Hz, 1H), 7.85 — 7.81 (m, 1H), 7.38 — 7.34
(m, 1H), 7.32 — 7.28 (m, 3H), 7.24 (d, J = 1.5 Hz, 1H), 5.76 — 5.46 (m, 1H), 4.28 (d, J
=12.7 Hz, 1H), 3.99 — 3.96 (m, 1H), 2.45 (s, 3H), 2.14 — 2.04 (m, 2H), 1.64 (s, 3H).
BC{'H} NMR (101 MHz, CDCI3) § 148.6, 143.9, 141.1, 139.9, 134.7, 129.1, 126.5,
125.5, 122.80, 122.78, 122.7, 119.7, 115.9 (t, J = 238.0 Hz), 108.9, 50.8, 42.6 (t, J =
20.8 Hz), 36.1 (q, J = 1.2 Hz), 23.5, 22.0. '’F NMR (376 MHz, CDCl3) § -111.98 —
-112.25 (m, 2F). HRMS (ESI-TOF) Calcd for CioHi9FaN2™ ([M+H]") 313.1511.
Found 313.1500.
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\\/ CFoH

5-(2,2-Difluoroethyl)-3-methoxy-5-methyl-5,6-dihydrobenzo[4,5]imidazo[2,1-a]isoqu
inoline (3n3), isolated by flash column chromatography (petroleum ether/EtOAc =
20:1, v/v) in 84% vyield (82.8 mg), white solid: mp 97 — 98 °C. Rt (petroleum
ether/EtOAc = 5:1, v/v) 0.33. 'H NMR (400 MHz, CDCl3) § 8.31 (d, J = 8.5 Hz, 1H),
7.83 —7.78 (m, 1H), 7.36 — 7.26 (m, 3H), 7.01 — 6.95 (m, 2H), 5.77 — 5.46 (m, 1H),
4.25(d,J=12.7 Hz, 1H), 3.96 — 3.93 (m, 1H), 3.90 (s, 3H), 2.13 — 2.03 (m, 2H), 1.63
(s, 3H). BC{'H} NMR (101 MHz, CDCls) § 161.6, 148.6, 143.9, 141.9, 134.7, 128.3,
122.6, 119.5, 118.3, 115.9 (t, J = 238.0 Hz), 112.7, 111.7, 108.8, 55.5, 50.8, 42.4 (t, J
= 20.7 Hz), 36.3 (t, J = 4.0 Hz), 23.4. F NMR (376 MHz, CDCl3) & -112.00 —
-112.26 (m, 2F). HRMS (ESI-TOF) Caled for Ci9Hi19F2N20" ([M+H]") 329.1460.
Found 329.1463.

Ly~

\\/ CF,H

3-Chloro-5-(2,2-difluoroethyl)-5-methyl-5,6-dihydrobenzo[4,5]imidazo[2,1-a]isoquin
oline (3n4), isolated by flash column chromatography (petroleum ether/EtOAc = 20:1,
v/v) in 75% yield (75.0 mg), pale yellow solid: mp 101 — 102 °C. Rt (petroleum
ether/EtOAc = 5:1, v/v) 0.33. 'H NMR (400 MHz, CDCI3) § 8.30 (d, J = 8.3 Hz, 1H),
7.86 — 7.81 (m, 1H), 7.46 (dd, J = 8.3, 2.0 Hz, 1H), 7.42 (d, J = 2.0 Hz, 1H), 7.39 —
7.29 (m, 3H), 5.81 — 5.51 (m, 1H), 4.32 (d, J = 12.8 Hz, 1H), 4.01 — 3.97 (m, 1H),
2.15 — 2.04 (m, 2H), 1.66 (s, 3H). “C{'H} NMR (101 MHz, CDCl3) & 147.5, 143.9,
141.9, 136.8, 134.7, 128.7, 127.8, 125.4, 124.1, 123.3, 123.0, 120.0, 115.6 (t, J =
238.4 Hz), 109.1, 50.5, 42.4 (t, J = 20.8 Hz), 36.4 (t, J = 4.7 Hz), 23.3. ’F NMR (376
MHz, CDCl3s) & -112.09 — -112.34 (m, 2F). HRMS (ESI-TOF) Caled for
Ci1sHi6CIF2N2" ([M+H]") 333.0965. Found 333.0979.

CL,
N\
N>\©\Br

\\/ CF,H
3-Bromo-5-(2,2-difluoroethyl)-5-methyl-5,6-dihydrobenzo[4,5]imidazo[2,1-a]isoquin
oline (3nS), isolated by flash column chromatography (petroleum ether/EtOAc = 20:1,
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v/v) in 89% yield (100.7 mg), pale yellow solid: mp 131 — 132 °C. Rs (petroleum
ether/EtOAc = 5:1, v/v) 0.33. 'TH NMR (400 MHz, CDCI3)  8.30 (d, J = 8.3 Hz, 1H),
7.88 —7.85 (m, 1H), 7.63 (dd, J = 8.3, 1.9 Hz, 1H), 7.59 (d, J = 1.8 Hz, 1H), 7.41 —
7.32 (m, 3H), 5.84 — 5.54 (m, 1H), 4.36 (d, J = 12.9 Hz, 1H), 4.03 — 3.99 (m, 1H),
2.16 —2.05 (m, 2H), 1.67 (s, 3H). *C{'H} NMR (101 MHz, CDCls) § 147.1, 142.1,
134.2, 131.8, 128.31, 128.27, 125.7, 123.7, 123.5, 119.6, 115.5 (t, J = 238.5 Hz),
109.3, 50.4, 42.4 (t, J = 21.1 Hz), 36.4 (t, J = 4.5 Hz), 23.3. 'F NMR (376 MHz,
CDCl3) 8 -112.17 — -112.41 (m, 2F). HRMS (ESI-TOF) Calcd for CisHisBrFaN2"
([M+H]") 377.0459. Found 377.0463.

ﬁ CF,H

5-(2,2-Difluoroethyl)-5-methyl-3-(trifluoromethyl)-5,6-dihydrobenzo[4,5]imidazo[ 2, 1
-aJisoquinoline (301), isolated by flash column chromatography (petroleum
ether/EtOAc = 20:1, v/v) in 88% yield (96.2 mg), white solid: mp 97 — 98 °C. Rs
(petroleum ether/EtOAc = 5:1, v/v) 0.33. 'H NMR (400 MHz, CDCl3) & 8.48 (d, J =
8.1 Hz, 1H), 7.89 — 7.84 (m, 1H), 7.75 — 7.73 (m, 1H), 7.67 (d, J = 1.6 Hz, 1H), 7.43
—7.32 (m, 3H), 5.82 — 5.52 (m, 1H), 4.38 (d, J = 12.8 Hz, 1H), 4.06 — 4.02 (m, 1H),
2.22 —2.03 (m, 2H), 1.71 (s, 3H). *C{'H} NMR (101 MHz, CDCls) & 146.9, 143.9,
140.9, 134.7, 132.3 (q, J = 32.4 Hz), 128.8 (q, J = 0.4 Hz), 126.8, 1253 (q, J =3.9
Hz), 125.1, 123.753 (q, J = 270.9 Hz), 123.752, 123.2, 122.0 (q, J = 3.9 Hz), 120.3,
115.5 (t, J = 238.5 Hz), 109.3, 50.4, 42.4 (t, J = 20.8 Hz), 36.5 (t, J = 4.6 Hz), 23.3.
YF NMR (376 MHz, CDCl3) & -62.75 (s, 3F), -112.22 — -112.46 (m, 2F). HRMS
(ESI-TOF) Calcd for Ci9Hi16FsN2" ([M+H]") 367.1228. Found 367.1230.

Cl N
:@: \>\©\CF
cl N :

\\/ CF,H
9,10-Dichloro-5-(2,2-difluoroethyl)-5-methyl-3-(trifluoromethyl)-5,6-dihydrobenzo[4
,5]imidazo[2,1-a]isoquinoline (302), isolated by flash column chromatography
(petroleum ether/EtOAc = 20:1, v/v) in 85% yield (110.5 mg), white solid: mp 223 —
224 °C. Rt (petroleum ether/EtOAc = 5:1, v/v) 0.33. "H NMR (400 MHz, DMSO-ds) &

8.34 (d, J = 8.0 Hz, 1H), 8.03 (d, J = 9.5 Hz, 2H), 7.92 (d, J = 1.6 Hz, 1H), 7.85 (dd, J
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= 8.1, 1.6 Hz, 1H), 6.29 — 5.99 (m, 1H), 4.62 (d, J = 13.2 Hz, 1H), 4.22 (d, J = 13.1
Hz, 1H), 2.26 — 2.16 (m, 2H), 1.60 (s, 3H). *C{'H} NMR (101 MHz, DMSO-ds) &
149.4, 143.3, 142.9, 134.8, 131.4 (q, J = 31.7 Hz), 128.5 (d, J = 0.8 Hz), 126.9, 126.0,
125.5, 1253 (q, J = 3.8 Hz), 124.4 (q, J = 271.1 Hz), 123.3 (q, J = 3.7 Hz), 120.9,
116.6 (t, J = 235.9 Hz), 112.8, 49.8, 42.5 (t, J = 20.7 Hz), 36.5 (t, J = 5.2 Hz), 23.4.
19F NMR (376 MHz, DMSO-ds) & -61.19 (s, 3F), -110.63 — -110.91 (m, 2F). HRMS
(ESI-TOF) Calcd for C1oH14CLFsNa2* ([M+H]") 435.0449. Found 435.0445.

X Cl
0 |
PNY
\’__\ CF3

1-(5-Chloro-3-methyl-3-(2,2,2-trifluoroethyl)indolin-1-yl)ethanone (5al),[®] isolated
by flash column chromatography (petroleum ether/EtOAc = 20:1, v/v) in 77% yield
(67.5 mg), pale yellow oil. Rf (petroleum ether/EtOAc = 5:1, v/v) 0.33. 'TH NMR (400
MHz, CDCl3) 6 8.15 (d, J = 8.7 Hz, 1H), 7.22 (dd, J = 8.7, 2.2 Hz, 1H), 7.08 (d, J =
2.2 Hz, 1H), 4.13 (d, J=10.7 Hz, 1H), 3.84 (d, J = 10.8 Hz, 1H), 2.59 — 2.39 (m, 2H),
2.24 (s, 3H), 1.47 (s, 3H). BC{'H} NMR (101 MHz, CDCl3) § 168.6, 140.0, 139.3,
128.9, 128.7, 126.0 (q, J = 276.8 Hz), 122.4, 118.3, 61.1 (d, J = 1.9 Hz), 43.1 (q,J =
26.8 Hz), 41.1, 26.1, 24.1. ’F NMR (376 MHz, CDCl3) § -60.44 (t, J = 10.6 Hz, 3F).
HRMS (ESI-TOF) Calcd for C13H14CIFsNO™ ([M+H]") 292.0711. Found 292.0712.

X Br
o |
0y
N\___\ CF3

1-(5-Bromo-3-methyl-3-(2,2,2-trifluoroethyl)indolin-1-yl)ethanone (5a2),%! isolated
by flash column chromatography (petroleum ether/EtOAc = 20:1, v/v) in 82% yield
(82.7 mg), colorless oil. Rf (petroleum ether/EtOAc = 5:1, v/v) 0.33. 'H NMR (400
MHz, CDCl3) 6 8.10 (d, J = 8.6 Hz, 1H), 7.36 (dd, J = 8.6, 2.1 Hz, 1H), 7.23 (d, J =
2.0 Hz, 1H), 4.13 (d, J=10.8 Hz, 1H), 3.83 (d, J=10.8 Hz, 1H), 2.57 — 2.42 (m, 2H),
2.24 (s, 3H), 1.47 (s, 3H). BC{'H} NMR (101 MHz, CDCI3) § 168.7, 140.4, 139.6,
131.6, 126.0 (q, J = 276.7 Hz), 125.3, 118.7, 116.3, 61.0 (q, J = 2.4 Hz), 43.1 (q, J =
27.0 Hz), 41.1 (d, J = 1.4 Hz), 26.1 (d, J = 0.8 Hz), 24.1. "°F NMR (376 MHz, CDCl3)

[6] J. Wang, K. Sun, X. Chen, T. Chen, Y. Liu, L. Qu, Y. Zhao and B. Yu, Org. Lett., 2019, 21, 1863-1867.
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8 -65.18 (t, J = 10.4 Hz, 3F). HRMS (ESI-TOF) Calcd for C13H14BrFsNO* ([M+H]")
336.0205. Found 336.0203.

/

MeO / CF;
5-Methoxy-1,3-dimethyl-3-(2,2,2-trifluoroethyl)indolin-2-one (5b),l 7! isolated by
flash column chromatography (petroleum ether/EtOAc = 20:1, v/v) in 91% yield (74.7
mg), white solid: mp 105 — 106 °C. Rf (petroleum ether/EtOAc = 5:1, v/v) 0.33. 'H
NMR (400 MHz, CDCI3) 6 6.88 (d, J = 2.4 Hz, 1H), 6.84 (dd, J = 8.4, 2.5 Hz, 1H),
6.78 (d, J = 8.4 Hz, 1H), 3.80 (s, 3H), 3.21 (s, 3H), 2.87 — 2.75 (m, 1H), 2.68 — 2.57
(m, 1H), 1.40 (s, 3H). *C{'H} NMR (101 MHz, CDCl3) § 178.1, 156.1, 136.4, 132.4,
125.2 (q, J =276.5 Hz), 112.6, 111.3 (q, J = 1.6 Hz), 108.7, 55.8, 44.8 (q, J = 2.2 Hz),
40.6 (q, J = 28.2 Hz), 26.5, 25.0. ’F NMR (376 MHz, CDCl3) 6 -61.87 (t, J = 10.4 Hz,

3F). HRMS (ESI-TOF) Caled for Ci3HisFsNO2* ([M+H]") 274.1049. Found
274.1036.

X
| =0
Me0” 7 [ ~CFH

3-(2,2-Difluoroethyl)-5-methoxy-1,3-dimethylindolin-2-one (5¢),’®! isolated by flash
column chromatography (petroleum ether/EtOAc = 20:1, v/v) in 89% yield (68.5 mg),
pale yellow oil. Rt (petroleum ether/EtOAc = 5:1, v/v) 0.33. '"H NMR (400 MHz,
CDCl) 6 6.84 — 6.81 (m, 2H), 6.79 — 6.76 (m, 1H), 5.77 — 5.46 (m, 1H), 3.81 (s, 3H),
3.20 (s, 3H), 2.55 — 2.43 (m, 1H), 2.32 — 2.19 (m, 1H), 1.40 (s, 3H). “C{'H} NMR
(101 MHz, CDCl3) 6 178.8, 156.2, 136.4, 133.5, 115.1 (t, J =238.3 Hz), 112.4, 110.6,
108.7, 55.8,45.0 (g, J = 0.9 Hz), 41.4 (t, J = 21.8 Hz), 26.4, 24.4. 'F NMR (376 MHz,
CDCl3) & -114.08 — -114.36 (m, 2F). HRMS (ESI-TOF) Calcd for Ci3HisF2NO2"
([M+H]") 256.1144. Found 256.1145.

[71 W. Fu, F. Xu, Y. Fu, C. Xu, S. Li and D. Zou, Eur. J. Org. Chem., 2013, 2014, 709-712.
[8] H. Sun, Y. Jiang, Y.-S. Yang, Y.-Y. Li, L. Li, W.-X. Wang, T. Feng, Z.-H. Li and J.-K. Liu, Org. Biomol.
Chem., 2019, 17, 6629—6638.
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5-Chloro-1,3-dimethyl-3-(2,2,2-trifluoroethyl)indolin-2-one (5d1),/°! isolated by flash
column chromatography (petroleum ether/EtOAc = 20:1, v/v) in 68% yield (56.9 mg),
white solid: mp 74 — 75 °C. R¢ (petroleum ether/EtOAc = 5:1, v/v) 0.33. 'H NMR
(400 MHz, CDCI3) 6 7.29 (dd, J = 8.3, 2.1 Hz, 1H), 7.24 (d, J = 2.1 Hz, 1H), 6.81 (d,
J=8.3 Hz, 1H), 3.23 (s, 3H), 2.89 — 2.77 (m, 1H), 2.69 — 2.57 (m, 1H), 1.41 (s, 3H).
BC{'H} NMR (101 MHz, CDCl3) & 177. 9, 141.4, 132.7, 128.5, 128.1, 125.1 (q, J =
278.1 Hz), 124.1 (q, J = 1.6 Hz), 109.4, 44.6 (q, J = 2.1 Hz), 41.6 (q, J = 28.5 Hz),
26.6, 24.9. F NMR (376 MHz, CDCl3) § -61.97 (t, J = 10.4 Hz, 3F). HRMS
(ESI-TOF) Calcd for C12H12CIFsNO™ ([IM+H]") 278.0554. Found 278.0557.

/

NC = / CF;
1,3-Dimethyl-2-0x0-3-(2,2,2-trifluoroethyl)indoline-5-carbonitrile (5d2),!'°! isolated
by flash column chromatography (petroleum ether/EtOAc = 20:1, v/v) in 72% yield
(57.9 mg), white solid: mp 105 — 106 °C. Rs (petroleum ether/EtOAc = 5:1, v/v) 0.33.
'H NMR (400 MHz, CDCls) & 7.66 (dd, J = 8.2, 1.6 Hz, 1H), 7.53 (d, J = 1.5 Hz, 1H),
6.97 (d, J = 8.1 Hz, 1H), 3.28 (s, 3H), 2.93 — 2.81 (m, 1H), 2.74 — 2.63 (m, 1H), 1.44
(s, 3H). BC{'H} NMR (101 MHz, CDCl3) § 178.1, 146.7, 133.9, 132.0, 127.0 (g, J =
1.6 Hz), 124.9 (q, J=276.3 Hz), 119.0, 109.0, 106.0, 44.2 (q, J = 2.3 Hz), 40.5 (q, J =
28.4 Hz), 26.7, 24.9. F NMR (376 MHz, CDCl3) § -62.04 (t, J = 10.4 Hz, 3F).
HRMS (ESI-TOF) Calcd for Ci3H12F3sN20" ([M+H]") 269.0896. Found 269.0899.

/ /
Cl N x—N
X
T - O
[_CFs | ~—~CFs
Cl
6-Chloro-1,3-dimethyl-3-(2,2,2-trifluoroethyl)indolin-2-one and
4-chloro-1,3-dimethyl-3-(2,2,2-trifluoroethyl)indolin-2-one (5e),l”’ isolated by flash

column chromatography (petroleum ether/EtOAc = 20:1, v/v) in 65% yield (54.0 mg),

1:1 mixture of regioisomers, colorless oil. Rt (petroleum ether/EtOAc = 5:1, v/v) 0.33.

[9] L. Li, M. Deng, S.-C. Zheng, Y .-P. Xiong, B. Tan and X.-Y. Liu, Org. Lett., 2013, 16, 504-507.
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'H NMR (400 MHz, CDCl3) & 7.28 — 7.24 (m, 1H), 7.17 (d, J = 7.9 Hz, 1H), 7.07 (dd,
J=7.9,1.9 Hz, 1H), 7.02 (dd, J=8.2, 0.9 Hz, 1H), 6.89 (d, J= 1.8 Hz, 1H), 6.79 (dd,
J=17.8, 0.8 Hz, 1H), 3.23 (s, 3H), 3.22 (s, 3H), 3.18 — 3.10 (m, 1H), 2.93 — 2.76 (m,
2H), 2.69 — 2.57 (m, 1H), 1.53 (s, 3H), 1.39 (s, 3H). '*C{'H} NMR (101 MHz, CDCI3)
0 178.4, 177.8, 144.6, 144.1, 134.4, 131.2, 129.8, 129.3, 127.2, 125.1 (q, J = 276.4
Hz), 125.0 (q, J =276.4 Hz), 124.5 (q, J = 1.5 Hz), 123.6, 122.5, 109.3, 107.0, 45.4 (q,
J =23 Hz), 44.1 (q, J = 2.2 Hz), 40.6 (q, J = 28.2 Hz), 38.7 (q, J = 28.2 Hz), 26.7,
26.5,24.9, 22.2. "F NMR (376 MHz, CDCls) § -64.00 (t, J = 10.2 Hz, 3F), -61.96 (t,
J = 10.3 Hz, 3F). HRMS (ESI-TOF) Calcd for C12H12CIFsNO" ([M+H]") 278.0554.
Found 278.0551.

|\
pZ
Bu—
“N}/ CF,
g\

1-Butyl-3-methyl-3-(2,2,2-trifluoroethyl)indolin-2-one  (7a),/”) isolated by flash
column chromatography (petroleum ether/EtOAc = 20:1, v/v) in 56% yield (47.9 mg),
colorless oil. Rf (petroleum ether/EtOAc = 5:1, v/v) 0.33. 'H NMR (400 MHz, CDCl3)
0 7.32 —7.25 (m, 2H), 7.09 — 7.05 (m, 1H), 6.90 (d, J = 7.8 Hz, 1H), 3.85 — 3.75 (m,
1H), 3.71 — 3.62 (m, 1H), 2.94 — 2.81 (m, 1H), 2.74 — 2.59 (m, 1H), 1.69 — 1.61 (m,
2H), 1.44 — 1.34 (m, 5H), 0.95 (t, J = 7.3 Hz, 3H). *C{'H} NMR (101 MHz, CDCls)
0 178.3, 142.3, 131.1, 128.4, 125.3 (q, J = 276.6 Hz), 123.7 (d, J = 1.3 Hz), 122.3,
108.7, 44.3 (q, J = 2.2 Hz), 40.6 (q, J = 28.1 Hz), 39.9, 29.3, 25.3, 20.1, 13.8. °F
NMR (376 MHz, CDCls) 6 -61.89 (t, J = 10.6 Hz, 3F). HRMS (ESI-TOF) Calcd for
C1sH19oFsNO™ ([M+H]") 286.1413. Found 286.1415.

N CFs
| o)
Z N

1,3,6-Trimethyl-3-(2,2,2-trifluoroethyl)indolin-2-one (7b),”! isolated by flash column
chromatography (petroleum ether/EtOAc = 20:1, v/v) in 60% yield (47.1 mg),
yellowish oil. Rf (petroleum ether/EtOAc = 5:1, v/v) 0.33. 'TH NMR (400 MHz, CDCls)
07.14(d,J="7.5Hz, 1H), 6.91 — 6.89 (m, 1H), 6.71 (dd, J = 0.9, 0.8 Hz, 1H), 3.22 (s,
3H), 2.86 — 2.74 (m, 1H), 2.69 — 2.55 (m, 1H), 2.40 (s, 3H), 1.39 (s, 3H). ’C{'H}
NMR (101 MHz, CDCI3) & 178.8, 142.9, 138.7, 128.1, 125.3 (q, J = 276.3 Hz), 123.3
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(q, J = 1.4 Hz), 123.2, 109.4, 44.2 (q, J = 2.3 Hz), 40.7 (q, J = 28.0 Hz), 26.4, 25.1,
21.8. 9F NMR (376 MHz, CDCl3) § -61.93 (t, J = 10.9 Hz, 3F). HRMS (ESI-TOF)
Calcd for Ci3HisFsNO* ([M+H]") 258.1100. Found 258.1096.

2,4-Dimethyl-4-(2,2,2-trifluoroethyl)-3,4-dihydroisoquinolin-1(2H)-one (9a),°]
isolated by flash column chromatography (petroleum ether/EtOAc = 20:1, v/v) in
62% vyield (47.7 mg), colorless oil. Rf (petroleum ether/EtOAc = 5:1, v/v) 0.33. 'H
NMR (400 MHz, CDCl3) 6 8.13 (dd, J = 7.8, 1.5 Hz, 1H), 7.50 (ddd, J = 1.52, 6.1, 7.6
Hz, 1H), 7.39 (ddd, J = 1.2, 6.3, 7.5 Hz, 1H), 7.30 (d, J = 7.8 Hz, 1H), 3.55 (d, J =
12.9 Hz, 1H), 3.40 (d, J =13.0 Hz, 1H), 3.18 (s, 3H), 2.58 — 2.46 (m, 1H), 2.39 —2.27
(m, 1H), 1.55 (s, 3H). 3C{'H} NMR (101 MHz, CDCl3) § 164.4, 144.2, 132.3, 128.9,
128.0, 127.7, 126.1 (q, J = 277.0 Hz), 123.7, 57.2 (q, J = 1.7 Hz), 41.33 (q, J = 27.1
Hz), 35.2 (q, J = 1.8 Hz), 35.1, 22.1 (q, J = 1.9 Hz). 'F NMR (376 MHz, CDCl3) §
-59.99 (t, J = 11.2 Hz, 3F). HRMS (ESI-TOF) Calcd for Ci3HisFsNO™ ([IM+H]")
258.1100. Found 258.1101.

6-Methoxy-2,4-dimethyl-4-(2,2,2-trifluoroethyl)-3,4-dihydroisoquinolin-1(2H)-one
(9b), isolated by flash column chromatography (petroleum ether/EtOAc = 20:1, v/v)
in 64% yield (54.8 mg), white solid: mp 73 — 74 °C. Rt (petroleum ether/EtOAc = 5:1,
v/v) 0.33. '"H NMR (400 MHz, CDCl3) & 8.09 (d, J = 8.7 Hz, 1H), 6.88 (dd, J = 8.7,
2.5 Hz, 1H), 6.78 (d, J = 2.4 Hz, 1H), 3.86 (s, 3H), 3.52 (d, J = 12.9 Hz, 1H), 3.37 (d,
J=13.0 Hz, 1H), 3.15 (s, 3H), 2.58 —2.45 (m, 1H), 2.36 — 2.23 (m, 1H), 1.61 (s, 3H).
BC{'H} NMR (101 MHz, CDCl3) § 164.4, 162.7, 146.4, 131.2, 126.1 (q, J = 277.1
Hz), 120.9, 112.1, 110.0, 57.2, 55.5, 41.2 (q, J = 27.0 Hz), 35.3 (q, J = 1.4 Hz), 34.9,
22.1 (g, J = 1.5 Hz). "F NMR (376 MHz, CDCl3) & -59.96 (t, J = 11.8 Hz, 3F).
HRMS (ESI-TOF) Calcd for C14H17F3NO2" ([M+H]") 288.1206. Found 288.1215.
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6-Bromo-2,4-dimethyl-4-(2,2,2-trifluoroethyl)-3,4-dihydroisoquinolin-1(2H)-one
(9¢),! isolated by flash column chromatography (petroleum ether/EtOAc = 20:1, v/v)
in 75% yield (75.3 mg), white solid: mp 56 — 57 °C. Rt (petroleum ether/EtOAc = 5:1,
v/v) 0.33. '"H NMR (400 MHz, CDCl3) & 7.99 (d, J = 8.3 Hz, 1H), 7.53 (dd, J = 8.3,
1.9 Hz, 1H), 7.44 (d, J = 1.9 Hz, 1H), 3.54 (d, J = 13.0 Hz, 1H), 3.39 (d, J = 13.0 Hz,
1H), 3.16 (s, 3H), 2.57 — 2.45 (m, 1H), 2.38 — 2.26 (m, 1H), 1.54 (d, J = 1.3 Hz, 3H).
BC{'H} NMR (101 MHz, CDCI3) § 163.6, 146.0, 131.1, 130.8, 127.2, 127.1, 127.0,
1259 (q, J=277.1 Hz), 125.7,57.0 (d, J=2.0 Hz), 41.2 (q, J =27.1 Hz), 353 (d, J =
1.7 Hz), 35.1, 22.0 (d, J = 2.0 Hz). "°F NMR (376 MHz, CDCls) § -59.97 (t, J=11.8
Hz, 3F). HRMS (ESI-TOF) Calcd for CisH14BrFsNO* ([M+H]") 336.0205. Found
336.0203.

e,
2,4-Dimethyl-4-(2,2,2-trifluoroethyl)isoquinoline-1,3(2H,4H)-dione  (9d),””) isolated
by flash column chromatography (petroleum ether/EtOAc = 20:1, v/v) in 65% yield
(56.6 mg), white solid: mp 66 — 67 °C. Rt (petroleum ether/EtOAc = 5:1, v/v) 0.33. 'H
NMR (400 MHz, CDCl3) 6 8.29 (ddd, J=7.9, 1.5, 0.5 Hz, 1H), 7.67 (ddd, J=7.9, 7.3,
1.5 Hz, 1H), 7.49 (ddd, J = 7.9, 7.3, 1.1 Hz, 1H), 7.43 (d, J = 7.9 Hz, 1H), 3.41 (s,
3H), 3.40 — 3.29 (m, 1H), 2.86 —2.75 (m, 1H), 1.66 (s, 3H). '*C{'H} NMR (101 MHz,
CDCl3) & 174.6, 163.7, 140.4, 133.8, 129.3, 128.1, 125.6, 125.0 (q, J = 278.7 Hz),
124.2, 44.4 (q, J = 27.6 Hz), 43. 6 (q, J = 2.3 Hz), 31.2, 27.4. ’F NMR (376 MHz,
CDCl3) 6 -61.66 (t, J = 9.7 Hz, 3F). HRMS (ESI-TOF) Calcd for Ci3H13F3NO2"
([M+H]") 272.0893. Found 272.0881.
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6-Methoxy-2,4-dimethyl-4-(2,2,2-trifluoroethyl)isoquinoline-1,3(2H,4H)-dione (9e),"!
isolated by flash column chromatography (petroleum ether/EtOAc = 20:1, v/v) in
65% yield (59.0 mg), yellowish solid: mp 113 — 114 °C. R (petroleum ether/EtOAc =
5:1, v/v) 0.33. 'H NMR (400 MHz, CDCl3) & 8.24 (d, J = 8.8 Hz, 1H), 7.00 (dd, J =
8.9, 2.4 Hz, 1H), 6.85 (d, J = 2.4 Hz, 1H), 3.90 (s, 3H), 3.38 — 3.29 (m, 4H), 2.82 —
2.71 (m, 1H), 1.65 (s, 3H). *C{'H} NMR (101 MHz, CDCIl3) § 174.6, 164.0, 163.4,
142.6, 131.7, 125.0 (q, J=277.1 Hz), 117.2, 113.6, 111.1, 55.6, 44.4 (q, J = 27.4 Hz),
43.7 (q, J = 2.3 Hz), 31.3, 27.3. ’F NMR (376 MHz, CDCl3) § -61.61 (t, J = 10.3 Hz,
3F). HRMS (ESI-TOF) Calcd for CisHisFsNOs* ([M+H]") 302.0999. Found
302.0996.

CF3
6-Bromo-2,4-dimethyl-4-(2,2,2-trifluoroethyl)isoquinoline-1,3(2H,4H)-dione (9f), "]
isolated by flash column chromatography (petroleum ether/EtOAc = 20:1, v/v) in
73% yield (76.6 mg), white solid: mp 137 — 138 °C. Rs (petroleum ether/EtOAc = 5:1,
v/v) 0.33. '"H NMR (400 MHz, CDCl3) & 8.15 (d, J = 8.5 Hz, 1H), 7.63 (dd, J = 6.7,
1.8 Hz, 1H), 7.57 (d, J = 1.8 Hz, 1H), 3.40 (s, 3H), 3.38 — 3.30 (m, 1H), 2.82 — 3.71
(m, 1H), 1.67 (s, 3H). 3C{'H} NMR (101 MHz, CDCl3) § 173.8, 163.0, 142.1, 131.7,
130.9, 129.1, 128.9, 124.8 (q, J =277.0 Hz), 123.2,44.4 (q, J =27.6 Hz), 43.5 (q, J =
2.3 Hz), 31.0, 27.5. ’F NMR (376 MHz, CDCls) § -61.68 (t, J = 10.0 Hz, 3F). HRMS
(ESI-TOF) Calcd for C13H12BrF3NO2" ((M+H]") 349.9998. Found 349.9999.

0]
@ﬁ*?
N//
CF3

3-(2,2,2-Trifluoroethyl)-2,3-dihydropyrrolo[2,1-b]quinazolin-9(1H)-one ~ (11),[ ! |
isolated by flash column chromatography (petroleum ether/EtOAc = 20:1, v/v) in
44% yield (35.8 mg), white solid: mp 118 — 119 °C. Rt (petroleum ether/EtOAc = 5:1,
v/v) 0.33. 'TH NMR (400 MHz, CDCI3) § 8.29 (d, J = 7.9 Hz, 1H), 7.75 (ddd, J = 1.5,

[10] Z. Zhang, L. Zhang, Y. Cao, F. Li, G. Bai, G. Liu, Y. Yang and F. Mo, Org. Lett., 2019, 21, 762-766.
[11]J. Zheng, Z. Deng, Y. Zhang and S. Cui, Adv. Synth. Catal., 2016, 358, 746-751.
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7.1, 8.6 Hz, 1H), 7.67 (d, J = 8.1 Hz, 1H), 7.48 (dd, J = 7.6, 7.4 Hz, 1H), 4.43 — 4.37
(m, 1H), 3.99 — 3.91 (m, 1H), 3.58 — 3.49 (m, 1H), 3.34 — 3.21 (m, 1H), 2.72 — 2.65
(m, 1H), 2.36 — 2.22 (m, 1H), 2.10 — 1.99 (m, 1H). 3C{'H} NMR (101 MHz, CDCI;)
5 160.8, 158.5, 148.9, 134.3, 127.1, 126.7, 126.6 (q, = 276.8 Hz), 126.5, 120.8, 44.7,
38.4 (q, J = 2.8 Hz), 36.0 (q, J = 29.1 Hz), 27.5. '°F NMR (376 MHz, CDCls) §
-64.68 (t, J = 10.5 Hz, 3F). HRMS (ESI-TOF) Calcd for Ci3H12FsN.0" ([M+H]")
269.0896. Found 269.0898.

6-Methyl-2-phenyl-6-(2,2,2-trifluoroethyl)-5,6-dihydropyrazolo[5,1-a]isoquinoline
(13a), isolated by flash column chromatography (petroleum ether/EtOAc = 20:1, v/v)
in 86% yield (88.8 mg), white solid: mp 107 — 108 °C. Rt (petroleum ether/EtOAc =
5:1, v/v) 0.33. "H NMR (400 MHz, CDCl3) & 7.87 — 7.85 (m, 2H), 7.65 — 7.63 (m,
1H), 7.47 — 7.30 (m, 6H), 6.88 (s, 1H), 4.42 (d, J = 13.3 Hz, 1H), 4.11 (dd, J = 12.3,
1.0 Hz, 1H), 2.40 (d, J = 11.2 Hz, 1H), 2.34 (dd, J = 10.4, 0.7 Hz, 1H), 1.66 (d, J =
1.3 Hz, 3H). *C{'H} NMR (101 MHz, CDCl3) § 151.6, 139.2, 137.5, 133.2, 128.74,
128.67, 128.1, 127.8, 126.1 (q, J = 277.1 Hz), 125.8, 125.6, 125.3, 124.7, 98.0, 56.1
(g, =12 Hz), 41.2 (q, J = 26.9 Hz), 37.2 (d, J = 1.7 Hz), 22.5 (d, J = 1.9 Hz). °F
NMR (376 MHz, CDCls) & -59.45 (t, J = 11.8 Hz, 3F). HRMS (ESI-TOF) Calcd for
C20H18F3N2" ([M+H]") 343.1417. Found 343.1413.

6-Methyl-2-phenyl-6-(2,2,2-trifluoroethyl)pyrazolo[5,1-a]isoquinolin-5(6H)-one

(13b), isolated by flash column chromatography (petroleum ether/EtOAc = 20:1, v/v)
in 67% yield (72.0 mg), white solid: mp 59 — 60 °C. Rt (petroleum ether/EtOAc = 5:1,
v/v) 0.33. '"H NMR (400 MHz, CDCI3) § 8.05 — 8.03 (m, 2H), 7.84 — 7.82 (m, 1H),
7.52 — 7.42 (m, 6H), 7.15 (s, 1H), 3.57 — 3.45 (m, 1H), 2.98 — 2.87 (m, 1H), 1.76 (s,
3H). BC{'H} NMR (101 MHz, CDCls) § 168.3, 158.2, 143.7, 136.4, 131.0, 130.0,
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129.9, 128.8, 128.3, 126.91, 126.86, 125.0 (q, J = 277.2 Hz), 124.8, 122.1, 101.8, 45.6
(q, J = 2.2 Hz), 44.0 (q, J = 27.5 Hz), 31.0. '°F NMR (376 MHz, CDCl3) & -61.26 (p,
J = 5.2 Hz, 3F). HRMS (ESI-TOF) Calcd for CaoHisF3sN20" ([M+H]") 357.1209.
Found 357.1210.

H/j AN
) N)g@o F
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CF;

7-(Cyclopropylmethoxy)-2-(3,5-dichloropyridin-4-yl)-6-(difluoromethoxy)-4-methyl-
4-(2,2,2-trifluoroethyl)-3,4-dihydroisoquinolin-1(2H)-one (15), isolated by flash
column chromatography (petroleum ether/EtOAc = 20:1, v/v) in 66% yield (106.2
mg), white solid: mp 183 — 184 °C. Rf (petroleum ether/EtOAc = 5:1, v/v) 0.33. 'H
NMR (400 MHz, CDCls) 6 8.69 (s, 1H), 8.67 (s, 1H), 7.79 (s, 1H), 7.28 (s, 1H), 6.83
(t, J = 74.6 Hz, 1H), 4.03 — 3.95 (m, 2H), 3.52 — 3.40 (m, 1H), 2.93 — 2.82 (m, 1H),
1.76 (s, 3H), 1.39 — 1.29 (m, 1H), 0.72 — 0.68 (m, 2H), 0.41 — 0.37 (m, 2H). 3C{'H}
NMR (101 MHz, CDCl3) 6 172.2, 160.6, 150.4, 148.6 (d, J = 46.8 Hz), 145.4 (t,J =
3.1 Hz), 139.1, 133.7, 132.3, 131.3, 124.7 (q, J = 277.1 Hz), 121.3, 120.1, 115.4 (t, J
=261.3 Hz), 113.5, 74.3, 44.7 (q, J = 2.3 Hz), 42.7 (q, J = 27.9 Hz), 32.3, 9.9, 3.38,
3.34. F NMR (376 MHz, CDCl3) § -60.41 (t, J = 9.4 Hz, 3F), -82.16 — -82.41 (m,

2F). HRMS (ESI-TOF) Calcd for C22HisCL2FsN2O4™ ([M+H]") 539.0558. Found
539.0566.

. U

8-(4-(1-Cyclohexyl-1H-tetrazol-5-yl)butoxy)-1-methyl-1-(2,2,2-trifluoroethyl)-5,6-di

hydro-1H-pyrrolo[3,2,1-ij]quinolin-4(2H)-one  (17), isolated by flash column
chromatography (petroleum ether/EtOAc = 20:1, v/v) in 75% yield (110.8 mg),
colorless oil. Rt (petroleum ether/EtOAc = 5:1, v/v) 0.33. 'H NMR (400 MHz, CDCls)
3 6.61 — 6.60 (m, 1H), 6.57 (d, J =2.2 Hz, 1H), 4.17 — 4.09 (m, 2H), 3.98 (t, J = 6.0
Hz, 2H), 3.87 (d, J=12.3 Hz, 1H), 3.31 (q, J = 7.2 Hz, 1H), 2.98 — 2.90 (m, 3H), 2.68
(t, J = 7.7 Hz, 2H), 2.60 — 2.39 (m, 2H), 2.08 — 1.98 (m, 7H), 1.93 — 1.87 (m, 3H),
1.46 — 1.30 (m, 7H). *C{'H} NMR (101 MHz, CDCl3) § 166.8, 156.2, 153.5, 135.8,

o) N
IODREET.
0 N = N-N
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133.7, 126.0 (q, J = 277.1 Hz), 121.3, 112.9, 107.9, 68.1, 58.0 (q, J = 2.1 Hz), 57.6,
43.4(q, 3 =26.9 Hz), 42.4 (q, J = 1.9 Hz), 32.9, 31.3, 28.6, 26.7 (d, J = 1.3 Hz), 25.3,
24.8, 24.6, 24.0, 23.0. '°F NMR (376 MHz, CDCls) & -60.50 (t, J = 11.8 Hz, 3F).
HRMS (ESI-TOF) Caled for CasH33F3NsO2" ([M+H]") 492.2581. Found 492.2580.

CF3

(3,3,3-Trifluoroprop-1-ene-1,1-diyl)dibenzene (18),[ isolated by flash column
chromatography (pure petroleum ether) in 36% yield (26.8 mg), colorless oil. Rf(pure
petroleum ether) 0.50. '"H NMR (400 MHz, CDCl3) § 7.41 — 7.37 (m, 3H), 7.36 — 7.30
(m, 3H), 7.27 — 7.22 (m, 4H), 6.12 (q, J = 8.3 Hz, 1H). 3C{'H} NMR (101 MHz,
CDCl3) 8 152.5 (q, J = 5.6 Hz), 140.1, 137.3, 129.4, 129.1 (q, J = 1.9 Hz), 128.5 (d, J
= 1.5 Hz), 128.03, 127.96, 123.1 (q, J = 269.0 Hz), 115.4 (q, J = 33.9 Hz). ’F NMR
(376 MHz, CDCl3) ¢ -55.60 (d, J = 8.5 Hz, 3F). HRMS (ESI-TOF) Calcd for
CisHi2F3" ([M+H]") 249.0886. Found 249.0885.

L0
»

1-(2-Mthylallyl)-2-phenyl-1H-benzo[d]imidazole (1a),!'?! white solid: mp 100 —
101 °C. '"H NMR (400 MHz, CDCl3) § 7.87 — 7.83 (m, 1H), 7.79 — 7.75 (m, 2H), 7.52
— 7.49 (m, 3H), 7.34 — 7.27 (m, 3H), 5.02 (p, J = 1.5 Hz, 1H), 4.69 (s, 2H), 4.64 (s,
1H), 1.81 (s, 3H). “C{'H} NMR (101 MHz, CDCl3) § 154.0, 143.0, 139.8, 136.1,
130.2, 129.9, 129.1, 128.7, 122.9, 122.5, 119.9, 112.2, 110.5, 50.4, 20.2. HRMS
(ESI-TOF) Calcd for C17H17N2" ([M+H]") 249.1386. Found 249.138]1.

O
ﬁ)

1-(2-Methylallyl)-2-(p-tolyl)-1H-benzo[d]imidazole (1cl1), white solid: mp 110 —

[12] R. Kong, T. Fu, R. Yang, D. Chen, D. Liang, Y. Dong, W. Li and B. Wang, ChemCatChem, 2021, 13,
2952-2958.
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111 °C. '"H NMR (400 MHz, CDCl3) § 7.74 (dd, J = 3.9, 2.0 Hz, 1H), 7.56 (d, J = 8.0
Hz, 2H), 7.21 — 7.14 (m, 5H), 4.89 (s, 1H), 4.56 (s, 2H), 4.53 (s, 1H), 2.32 (s, 3H),
1.68 (s, 3H). C{'H} NMR (101 MHz, CDCl3) § 154.2, 143.0, 140.0, 139.8, 136.1,
129.4, 129.0, 127.3, 122.7, 122.4, 119.8, 112.1, 110.4, 50.3, 21.5, 20.2. HRMS
(ESI-TOF) Calcd for CisHioN2" ([M+H]") 263.1543. Found 263.1541.

Lo
\\\<

2-(4-Methoxyphenyl)-1-(2-methylallyl)-1H-benzo[d]imidazole (1¢2), white solid: mp
108 — 109 °C. '"H NMR (400 MHz, CDCl3) § 7.75 — 7.73 (m, 1H), 7.63 (d, J = 8.8 Hz,
2H), 6 7.24 —7.16 (m, 3H), 6.94 (d, J = 8.8 Hz, 2H), 4.93 (s, 1H), 4.58 (s, 2H), 4.55 (s,
1H), 3.79 (s, 3H), 1.73 (s, 3H). *C{'H} NMR (101 MHz, CDCls) § 160.9, 154.0,
143.0, 139.9, 136.1, 130.5, 122.6, 122.5, 122.4, 119.6, 114.2, 112.1, 110.3, 55.4, 50.4,
20.2. HRMS (ESI-TOF) Calcd for CisHi19N20" ([M+H]") 279.1492. Found 279.1480.

CL—Ore
2

2-(4-Chlorophenyl)-1-(2-methylallyl)-1H-benzo[d]imidazole (1¢3), white solid: mp
108 — 109 °C. 'H NMR (400 MHz, CDCl3) & 7.85 — 7.82 (m, 1H), 7.71 (ddd, J = 8.5,
2.5, 2.0 Hz, 2H), 7.48 (ddd, J = 8.5, 2.5, 2.0 Hz, 2H), 7.34 — 7.29 (m, 3H), 5.02 (s,
1H), 4.65 (s, 2H), 4.61 (s, 1H), 1.81 (s, 3H). *C{'H} NMR (101 MHz, CDCl3) §
152.8, 142.9, 139.7, 136.1, 130.3, 129.0, 128.6, 123.2, 122.7, 119.9, 112.3, 110.4,
50.3, 20.2. HRMS (ESI-TOF) Calcd for Ci17H16CIN2" ([M+H]") 283.0997. Found
283.0999.

O
i

2-(4-Bromophenyl)-1-(2-methylallyl)-1H-benzo[d]imidazole (1c4), white solid: mp
91 — 92 °C. 'H NMR (400 MHz, CDCl3) § 7.77 — 7.72 (m, 1H), 7.58 — 7.53 (m, 4H),
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7.25—7.18 (m, 3H), 4.92 (dd, J = 1.5, 1.6 Hz, 1H), 4.56 (s, 2H), 4.51 (s, 1H), 1.72 (s,
3H). BC{'H} NMR (101 MHz, CDCls) § 152.8, 142.9, 139.7, 136.2, 132.0, 130.6,
129.1, 124.5, 123.2, 122.7, 120.0, 112.3, 110.4, 50.3, 20.2. HRMS (ESI-TOF) Calcd
for C17H16BrN2™ ([M+H]") 327.0491. Found 327.0494.

O
T{

1-(2-Methylallyl)-2-(4-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole (1¢5), white
solid: mp 97 — 98 °C. 'H NMR (400 MHz, CDCl3) § 7.92 (d, J = 8.1 Hz, 2H), 7.88 —
7.85 (m, 1H), 7.78 (d, J= 8.2 Hz, 2H), 7.37 — 7.32 (m, 3H), 5.04 (s, 1H), 4.69 (s, 2H),
4.63 (s, 1H), 1.84 (s, 3H). 3C{'H} NMR (101 MHz, CDCl3) § 152.3, 142.9, 139.6,
136.2, 133.7 (q, J = 1.5 Hz), 131.7 (q, J = 32.4 Hz), 129.4, 125.7 (q, J = 3.7 Hz),
123.9 (q, J = 270.8 Hz), 123.5, 122.9, 120.1, 112.4, 110.5, 50.4, 20.2. '’F NMR (376
MHz, CDCl3) 8 -62.79 (s, 3F). HRMS (ESI-TOF) Caled for CisHisF3N2™ ([M+H]")
317.1260. Found 317.1271.

CLr-<O~
k(

Methyl 4-(1-(2-methylallyl)-1H-benzo[d]imidazol-2-yl)benzoate (1¢6), white solid:
mp 96 — 97 °C. "H NMR (400 MHz, CDCl3) & 8.19 — 8.16 (m, 2H), 7.88 — 7.85 (m,
3H), 7.36 — 7.30 (m, 3H), 5.03 (t, J = 1.3, 1H), 4.70 (s, 2H), 4.63 (s, 1H), 3.97 (s, 3H),
1.82 (s, 3H). PC{'H} NMR (101 MHz, CDCls) & 166.5, 152.7, 143.0, 139.6, 136.2,
134.4,131.2, 129.9, 129.1, 123.4, 122.9, 120.1, 112.4, 110.5, 52.4, 50.4, 20.2. HRMS
(ESI-TOF) Calcd for C19H19N202" ((M+H]") 307.1441. Found 307.1445.

2-(3,5-Dichlorophenyl)-1-(2-methylallyl)-1H-benzo[d]imidazole (1d), pink solid: mp
79 — 80 °C. 'H NMR (400 MHz, CDCl3) § 7.86 — 7.82 (m, 1H), 7.70 (d, J = 1.9 Hz,
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2H), 7.50 (dd, J = 1.9, 1.8 Hz, 1H), 7.37 — 7.31 (m, J = 4.4, 2.1 Hz, 3H), 5.06 (s, 1H),
4.69 (s, 2H), 4.60 (s, 1H), 1.84 (s, 3H). *C{'H} NMR (101 MHz, CDCl3) § 150.9,
142.8, 139.5, 136.2, 135.5, 133.0, 129.8, 127.4, 123.7, 123.0, 120.2, 112.7, 110.5,
50.4, 20.1. HRMS (ESI-TOF) Caled for Ci7HisCLN>" ([M+H]") 317.0607. Found
317.0609.

CI0
\\(

2-(2-Chlorophenyl)-1-(2-methylallyl)-1H-benzo[d]imidazole (1e), pale yellow oil. 'H
NMR (400 MHz, CDCl3) 6 7.88 — 7.83 (m, 1H), 7.54 — 7.51 (m, 2H), 7.49 — 7.44 (m,
1H), 7.43 — 7.37 (m, 2H), 7.35 — 7.28 (m, 2H), 4.86 (p, J = 1.4 Hz, 1H), 4.61 (t, J =
1.2, 1.3 Hz, 1H), 4.58 (s, 2H), 1.54 (s, 3H). *C{'H} NMR (101 MHz, CDCl3) § 151.3,
143.0, 139.4, 134.9, 134.3, 132.3, 131.3, 130.0, 129.8, 126.9, 123.0, 122.4, 120.2,
113.2, 110.7, 50.4, 19.9. HRMS (ESI-TOF) Calcd for Ci7HisCIN2" ([M+H]")
283.0997. Found 283.0999.

1-(2-Methylallyl)-2-(pyridin-4-yl)-1H-benzo[d]imidazole (1f), brown solid: mp 115 —
116 °C. '"H NMR (400 MHz, CDCl3) § 8.78 — 8.75 (m, 2H), 7.88 — 7.85 (m, 1H), 7.70
—7.68 (m, 2H), 7.34 — 7.31 (m, 3H), 5.02 (s, 1H), 4.69 (s, 2H), 4.57 (s, 1H), 1.83 (s,
3H). *C{'H} NMR (101 MHz, CDCl3) § 150.9, 150.3, 142.8, 139.4, 137.7, 136.3,
123.8, 123.1, 123.0, 120.3, 112.4, 110.6, 50.3, 20.2. HRMS (ESI-TOF) Calcd for
Ci6H16N3"™ ([M+H]") 250.1339. Found 250.1335.

G
2

1-(2-Methylallyl)-2-(thiophen-2-yl)-1H-benzo[d]imidazole (1g), pale yellow solid:
mp 121 — 122 °C. 'H NMR (400 MHz, CDCl3) & 7.74 — 7.71 (m, 1H), 7.37 (dd, J =
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5.1, 1.1 Hz, 1H), 7.32 (dd, J = 3.8, 1.1 Hz, 1H), 7.20 — 7.13 (m, 3H), 7.03 (dd, J = 5.1,
3.7 Hz, 1H), 4.86 (s, 1H), 4.67 (s, 2H), 4.41 (s, 1H), 1.75 (s, 3H). 3C{'H} NMR (101
MHz, CDCLs) § 148.0, 142.9, 139.3, 136.2, 132.1, 128.7, 127.9, 127.7, 123.1, 122.7,
119.7, 112.0, 109.9, 50.0, 20.2. HRMS (ESI-TOF) Calcd for CisHisN2S* ([M+H]")
255.0950. Found 255.0951.

T,

oY,

N\\(
5,6-Dimethyl-1-(2-methylallyl)-2-phenyl-1H-benzo[d]imidazole (1hl), yellowish
solid: mp 237 — 238 °C. 'H NMR (400 MHz, CDCl3) § 7.77 — 7.72 (m, 2H), 7.59 (s,
1H), 7.51 — 7.46 (m, 3H), 7.07 (s, 1H), 5.00 (t, J=1.5, 1.6 Hz, 1H), 4.63 (s, 3H), 2.40
(s, 6H), 1.81 (s, 4H). *C{'H} NMR (101 MHz, CDCls) § 153.2, 141.6, 140.0, 134.7,

132.0, 131.4, 130.5, 129.6, 129.0, 128.6, 119.9, 112.0, 110.5, 50.3, 20.6, 20.3, 20.2.
HRMS (ESI-TOF) Calcd for CioH21N2" ([M+H]") 277.1699. Found 277.1709.

e
\\(

5,6-Dimethyl-1-(2-methylallyl)-2-(4-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole
(1h2), white solid: mp 123 — 124 °C. 'H NMR (400 MHz, CDCI3) § 7.93 — 7.85 (m,
2H), 7.75 (d, J = 8.3 Hz, 2H), 7.60 (s, 1H), 7.08 (s, 1H), 5.03 (dt, J=2.7, 1.4 Hz, 1H),
4.63 (dd, J=2.1, 1.0 Hz, 2H), 4.61 (dd, J= 1.8, 1.0 Hz, 1H), 2.40 (d, J = 1.1 Hz, 6H),
1.83 (t, J = 1.1 Hz, 3H). *C{'H} NMR (101 MHz, CDCls) § 151.5, 141.6, 139.8,
134.8, 134.0 (d, J= 1.2 Hz), 132.8, 131.9, 131.4 (q, J = 32.7 Hz), 129.3, 125.6 (q, J =
3.7 Hz), 123.9 (q, J = 272.4 Hz), 120.1, 112.2, 110.6, 50.3, 20.7, 20.3, 20.2. '°F NMR
(376 MHz, CDCl3) & -62.78 (s, 3F). HRMS (ESI-TOF) Caled for CaoH20F3N2"
(IM+H]") 345.1573. Found 345.1571.

5,6-Difluoro-1-(2-methylallyl)-2-phenyl-1H-benzo[d]imidazole (1i), white solid: mp
103 — 104 °C. '"H NMR (400 MHz, CDCl3) & 7.75 — 7.69 (m, 2H), 7.59 (dd, J = 10.4,
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7.3 Hz, 1H), 7.53 — 7.50 (m, 3H), 7.11 (dd, J = 9.8, 6.9 Hz, 1H), 5.05 (q, J = 1.4 Hz,
1H), 4.64 (s, 3H), 1.79 (s, 3H). *C{'H} NMR (101 MHz, CDCl3) § 155.5 (d, J = 3.1
Hz), 149.3 (dd, J = 4.1, 15.6 Hz), 146.9 (dd, J = 2.0, 15.6 Hz), 139.2, 138.1 (d, J =
10.4 Hz), 131.4 (d, J = 10.6 Hz), 130.2, 129.6, 128.9, 128.8, 112.6, 107.2 (d, J = 19.4
Hz), 98.5 (d, J = 22.8 Hz), 50.7, 20.1. °F NMR (376 MHz, CDCL3) & -141.24 —
14134 (m, 1F), & -143.32 — -143.42 (m, 1F). HRMS (ESI-TOF) Calcd for
C17HisF2N2* ([M+H]") 285.1198. Found 285.1196.

BOSSY
k.(

5,6-Dichloro-1-(2-methylallyl)-2-phenyl-1H-benzo[d]imidazole (1j1), brown solid:
mp 158 — 159 °C. 'TH NMR (400 MHz, CDCls) & 7.89 (s, 1H), 7.75 — 7.70 (m, 2H),
7.55 —7.48 (m, 3H), 7.40 (s, 1H), 5.04 (s, 1H), 4.63 (s, 2H), 4.60 (s, 1H), 1.79 (s, 3H).
BC{'H} NMR (101 MHz, CDCI3) § 155.9, 142.4, 139.2, 135.3, 130.4, 129.3, 129.0,
128.9, 126.8, 126.6, 121.0, 112.6, 111.8, 50.6, 20.1. HRMS (ESI-TOF) Calcd for
C17H1sCI2N2" ([M+H]") 317.0607. Found 317.0611.

PO @S
k(

5,6-Dichloro-1-(2-methylallyl)-2-(4-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole
(1j2), yellowish solid: mp 147 — 148 °C. 'H NMR (400 MHz, CDCls) § 7.92 (s, 1H),
7.90 — 7.85 (m, 2H), 7.79 (d, J = 8.2 Hz, 2H), 7.43 (s, 1H), 5.08 (q, J = 1.6 Hz, 1H),
4.64 (s, 2H), 4.60 (p, J = 1.1 Hz, 1H), 1.83 (s, 3H). *C{'H} NMR (101 MHz, CDCI3)
0 154.2, 142.2, 139.0, 135.4, 132.8 (q, J = 1.1 Hz), 132.3 (q, J = 32.9 Hz), 1294,
127.5,127.1,125.9 (q, J = 3.8 Hz), 123.7 (q, J = 272.5 Hz), 121.3, 112.8, 111.9, 50.6,
20.1. F NMR (376 MHz, CDCI3) & -62.91 (s, 3F). HRMS (ESI-TOF) Calcd for
CisH14CLF3N2™ ([M+H]") 385.0481. Found 385.0476.



5,6-Dibromo-1-(2-methylallyl)-2-phenyl-1H-benzo[d]imidazole (1k), white solid: mp
193 — 194 °C. '"H NMR (400 MHz, DMSO-ds) & 8.14 (s, 1H), 8.07 (s, 1H), 7.77 (dd, J
= 6.6, 2.9 Hz, 2H), 7.58 (dd, J = 5.1, 1.9 Hz, 3H), 4.88 (t, J = 1.6 Hz, 1H), 4.86 (s,
2H), 4.26 (s, 1H), 1.71 (s, 3H). *C{'H} NMR (101 MHz, DMSO-d¢) § 155.7, 143.2,
141.1, 136.9, 130.8, 129.6, 129.4, 129.3, 123.9, 117.3, 117.0, 116.4, 111.2, 50.1, 20.3.
HRMS (ESI-TOF) Calcd for C17H15BraN2™ ([M+H]") 404.9597. Found 404.9609.

F
(L~
N
el

1-(2-(2-Fluorophenyl)-3-methyl-1H-indol-1-yl)-2-methylprop-2-en-1-one (1m),
brown solid: mp 87 — 88 °C. 'H NMR (400 MHz, CDCl3) § 8.02 (dd, J=7.7, 1.3 Hz,
1H), 7.59 — 7.57 (m, 1H), 7.38 — 7.34 (m, 1H), 7.32 (dd, J = 4.4, 1.6 Hz, 1H), 7.30 —
7.26 (m, 1H), 7.25 — 7.23 (m, 1H), 7.20 (ddd, J=1.2, 6.1, 7.5 Hz, 1H), 7.13 — 7.09 (m,
1H), 5.34 (q, J = 1.7 Hz, 1H), 5.28 (s, 1H), 2.22 (s, 3H), 1.86 (t, J = 1.2 Hz, 3H).
BC{'H} NMR (101 MHz, CDCI3) § 170.5, 160.8, 158.3, 140.8, 136.9, 131.6 (d, J =
12.2 Hz), 129.9 (q, J = 75.9 Hz), 124.8, 124.6, 124.1 (d, J = 14.2 Hz), 122.8, 121.8 (d,
J=60.5Hz), 119.0, 118.0, 115.7 (d, J = 86.5 Hz), 114.5, 18.5, 9.3 (d, J = 5.8 Hz). '°F
NMR (376 MHz, CDCI3) ¢ -112.64 — -112.69 (m, 1F). HRMS (ESI-TOF) Calcd for
C1oH17FNO" ([M+H]") 294.1289. Found 294.1289.

O
oY
MeO K’/
4-Methoxy-N-methyl-N-(2-methylallyl)benzamide (8b),[!*) 2:3 mixture of rotamers
due to the restricted rotation of the N-(CO) bond, pale yellow oil. '"H NMR (400 MHz,
CDClIs) 6 7.42 (d, J = 8.6 Hz, 2H), 6.89 (d, J = 8.2 Hz, 2H), 4.98 (s, 1H), 4.92 (s, 1H),
4.11 (brs, 1H), 3.82 (s, 4H), 3.01 (brs, 3H major), 2.94 (brs, 3H minor), 1.76 (brs, 3H
minor), 1.63 (brs, 3H major). *C{'H} NMR (101 MHz, CDCI3) § 172.2 (br, major),
171.3 (br, minor), 160.6, 140.6, 128.7 (br), 128.4 (br), 113.6, 112.3 (br, minor), 112.0
(br, major), 57.5 (br, major), 55.3, 53.1 (br, minor), 37.1 (br, minor), 33.6 (br, major),
20.0. HRMS (ESI-TOF) Calcd for C13H1sNO2" ([M+H]") 220.1332. Found 220.1330.
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4-Bromo-N-methyl-N-(2-methylallyl)benzamide (8¢),l'?! 2:3 mixture of rotamers due
to the restricted rotation of the N-(CO) bond, pale yellow oil. 'H NMR (400 MHz,
CDCl3) & 7.52 (dd, J = 13.2, 7.9 Hz, 2H major and 2 H minor), 7.41 — 7.17 (m, 2H
major and 2 H minor), 4.97 — 4.87 (stack, 2H major and 2 H minor), 4.11 (s, 2H
minor), 3.74 (s, 2H major), 3.03 (s, 3H major), 2.87 (s, 3H minor), 1.76 (s, 3H minor),
1.60 (s, 3H major). C{'H} NMR (101 MHz, CDCI3) § 171.2 (major), 170.3 (minor),
140.3 (major), 140.0 (minor), 135.3 (minor), 135.0 (major), 131.5, 128.6 (minor),
128.4 (major), 123.9 (major), 123.8 (minor), 112.7 (minor), 112.2 (major), 57.2

(major), 52.9 (minor), 36.8 (minor), 33.5 (major), 19.9. HRMS (ESI-TOF) Calcd for
Ci2HisBrNO™ ([M+H]") 268.0332. Found 268.0335.

O O
SAR1
|
N-Methacryloyl-N-methylbenzamide (8d),!!*! yellowish oil. 'H NMR (400 MHz,
CDCL) & 7.48 (ddd, J = 6.9, 6.9, 1.2 Hz, 3H), 7.40 (dddd, J = 7.0, 7.0, 1.0, 1.0 Hz,
2H), 5.27 (s, 1H), 5.14 (q, J = 1.6 Hz, 1H), 3.40 (s, 3H), 1.67 (s, 3H). 3C{'H} NMR

(101 MHz, CDCls) ¢ 175.3, 174.3, 143.0, 137.1, 131.9, 128.8, 128.5, 122.0, 33.4,
18.6. HRMS (ESI-TOF) Calcd for C12H14NO2" ([M+H]") 204.2485. Found 204.248]1.

4-Bromo-N-methacryloyl-N-methylbenzamide (8f), white semisolid. 'H NMR (400
MHz, CDCls) 8 7.62 — 7.48 (m, 2H), 7.43 — 7.30 (m, 2H), 5.31 (s, 1H), 5.21 (q, J =
1.6 Hz, 1H), 3.39 (s, 3H), 1.71 (t, J = 1.3 Hz, 3H). *C{'H} NMR (101 MHz, CDCls)
0 174.9,173.1, 142.7, 135.9, 132.0, 129.9, 126.6, 122.6, 33.5, 18.7. HRMS (ESI-TOF)
Calcd for C12H13BrNO2" ([M+H]") 282.0124. Found 282.0125.

[13] X.-F. Xia, S.-L. Zhu, D. Wang and Y.-M. Liang, Adv. Synth. Catal., 2017, 359, 859-865.
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1-(2-Methylallyl)-3,5-diphenyl-1H-pyrazole (12a), white solid: mp 38 — 39 °C. 'H
NMR (400 MHz, CDCls) 6 7.87 — 7.84 (m, 2H), 7.47 — 7.38 (m, 7H), 7.32 — 7.27 (m,
1H), 6.63 (s, 1H), 4.91 (dd, J = 1.4, 1.5 Hz, 1H), 4.69 (s, 2H), 4.57 (s, 1H), 1.71 (s,
3H). *C{'H} NMR (101 MHz, CDCl3) § 150.8, 145.4, 141.7, 133.5, 130.8, 128.7,

128.62, 128.60, 127.6, 125.7, 112.2, 103.4, 55.2, 20.2. HRMS (ESI-TOF) Calcd for
CioH19N2" ([M+H]") 275.1543. Found 275.1540.

Ph
1-(3,5-Diphenyl-1H-pyrazol-1-yl)-2-methylprop-2-en-1-one (12b), colorless oil. !
NMR (400 MHz, CDCls) 6 7.89 — 7.86 (m, 2H), 7.46 — 7.36 (m, 9H), 6.79 (s, 1H),
6.09 (t, J = 1.1 Hz, 1H), 5.88 (p, J = 1.5 Hz, 1H), 2.18 (t, J = 1.2 Hz, 3H). BC{'H}
NMR (101 MHz, CDCls) 6 168.8, 153.4, 148.1, 138.8, 131.9, 130.8, 129.1, 128.78,
128.77, 128.4, 128.31, 128.28, 126.3, 108.8, 19.7. HRMS (ESI-TOF) Calcd for
Ci19H17N20" ([M+H]") 289.1335. Found 289.1339.

3-(Cyclopropylmethoxy)-N-(3,5-d1ch10ropyr1d1n-4-y1)-4-(diﬂuoromethoxy)-N-methac
ryloylbenzamide (14), colorless oil. 'H NMR (400 MHz, CDCl3) & 8.59 (s, 2H), 7.35
—7.30 (m, 2H), 7.16 (d, J = 8.3 Hz, 1H), 6.71 (t,J = 74.6 Hz, 1H), 5.79 (d, J= 1.2 Hz,
1H), 5.49 (q, J = 1.5 Hz, 1H), 3.88 (d, J = 7.0 Hz, 2H), 1.94 (s, 3H), 1.30 — 1.23 (m,
1H), 0.67 — 0.62 (m, 2H), 0.37 — 0.33 (m, 2H). 3C{'H} NMR (101 MHz, CDCI3) §
172.0, 170.3, 150.5, 149.0, 143.98, 143.95, 143.91, 143.1, 140.4, 132.3, 131.4, 123.9,
121.72, 121.69, 115.6 (t, J = 1039.0 Hz), 114.6, 74.0, 18.5, 9.9, 3.2. '’F NMR (376
MHz, CDCl3s) & -81.98 (d, J = 74.4 Hz, 2F). HRMS (ESI-TOF) Calcd for
C21H1sCLF2N204" ([M+H]") 470.0612. Found 470.0611.

S54



(0] /N\
) NK{ Q/ A

6-(4-(1-Cyclohexyl-1H-tetrazol-5-yl)butoxy)-1-(2-methylallyl)-3,4-dihydroquinolin-2
(1H)-one (16), yellowish oil. '"H NMR (400 MHz, CDCl3) § 6.84 (d, J = 8.5 Hz, 1H),
6.71 (d, J = 8.9 Hz, 2H), 4.87 (p, J = 1.5 Hz, 1H), 4.70 (s, 1H), 4.43 (s, 2H), 4.20 —
4.12 (m, 1H), 3.99 (t, J = 6.0 Hz, 2H), 2.96 — 2.87 (m, 4H), 2.69 — 2.65 (m, 2H), 2.07
—1.98 (m, 7H), 1.95 — 1.87 (m, 3H), 1.75 (s, 4H), 1.46 — 1.30 (m, 3H). *C{'H} NMR
(101 MHz, CDCI3) & 169.6, 154.4, 153.6, 139.7, 133.4, 127.7, 116.5, 114.2, 112.5,
110.6, 67.4, 57.5, 48.0, 32.9, 31.7, 28.5, 25.8, 25.2, 24.8, 24.0, 22.9, 20.0. HRMS
(ESI-TOF) Calcd for C24H3aNs02" ([M+H]") 424.2707. Found 424.2715.
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VII. Copies of NMR spectra for products and new compounds
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DEPT 90 and DEPT 135
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3b, 'H NMR
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3cl, 'H NMR
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3c2, 'H NMR
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DEPT 90 and DEPT 135
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3c3, 'H NMR
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DEPT 90 and DEPT 135

06€1L'60L —

omom.m:
mmoo.mﬁ/
LL9g°€TL
8GLE'6ZL
£199°42) .\
£L6L°8Z1

CDN E-21 (1) C.12.fid

a0

99¥¥'Te
mmm.w.wwv.

h:o._xv
mmmm.;
0199°L¥

Nmmm._..v
Nmnm.m.v.\,

96€1'601—

Eom.m:
88.8_/
L295°€eh
L81€°6ZL
Smm.hﬁ\
£161°82)

CDN E-21 (1) C.13.fid

135

N

Cl

CF;

-10

0

210 200 190 180 170 160 150 140 130 120 110 100 90

60 50 40 30 20 10

70

80

f1 (ppm)

YF NMR

659965~
9¥€9'65-
990965

CDN K-21 (1).2.fid

F, M0 DC

/

659966~
949 66—
9909 65~

-50.60 -59.70 -59.8

-59.50

Cl

CF;

-150 -200 -250 -300 -350 -4(

-100
f1 (ppm)

50

100 50

150

00

S65



3c4, 'H NMR

8sLi’)
€012°C
¥8€Z°T1
L6+Z'T
1992°2
¥1iT'T
1822
6+62°27
SG0€'Z|
Z60€Z-y
102€2]
$9€€'T
18¥E'T
oroEZ]
85.£°7]
GE0V'Z
LEL6E,
GGYEE
GOZY P,
Z65¥ v
9642°1
$182° 1
1162 L
050€" 4|
TLLE L]
PELE L]
50Z¢°L
182¢°L
zieeL
yoEEL
SEVE L
G6VE L]
886E' L
¥86€" L
04982
19841
8185 L]
1985 L]
1885°L
8€65'L
1609'L
8c19°4
£re9' /]
0208'4 ]
12184 ]
8618°4 ]
#4281 ]
3828 L]
8+e8'L]
ac
9918,
2i81°8
B.0¢'8

eoLee—

PBET T,
LBYZ T
19922,
VLT T
vi8zz—
Bv6T T
580877
es0e T’y
1ze e,
v988',
revee/,
9v98'Z

8siee’

seov'e—

o6z’
vi9z 1’
1162 L~
050€" 2
TE LA
PELE L~
GOZE' L~
1828 L
Zhee' L~
yoEE L
£EVE L~
GBYE L~
9g5€" L —
$85€° L~
0£9€" 2~
VOLE £y

81851,
198G £~
188627
ge6g s
16092~
8ELO L

eVE9L—

0208 L~
Lzl

mmvm.»
BYZ8 L
7028 1—
8ves L
vZve1—
oovg L

Ci81'8—
9202'8—

—oee

“L6'C

rloe

860

734 732 730 72 240 2.35 2.30 2.25 2.2(

7.36

7.84 7.82 780 64 7.62 7.60 7.58

8.1

— o

8G1LL—
L
LELEE— , .
GG E— M _wmm 0
S9TH p— — .
) 860
T6GY v— -

=
m

)
M\MC
=7 "=

Fooe

Foez

k660

F86'0

WE.N

10z
850
560

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0

12.0

f1 (ppm)

BC NMR

LIvYEe
6v91'CT
6v.1C'9¢
Ge8e9¢
0L0¥'9t
1801'9€
cL00'LY
L8LT LY
L6YSLY
s0z8'Ly
Ly8l6Y
0e0Z'6¥
8vzz6v
Leve'er

SLLYTT
.vmw.v.NNW

02117601 —
0916611
G859° 5/
LZE0'ETH
860¥° €21/
€947 ¥
S0P YTl
ovvL sz
8202 LT}
verr iz
veizazy
6G.6°6C1 1
G622'LE1 |
611571
LeSP vl
0LZ8°Evl]
161G LpL!

CDN E-23 (1)-2 C.2.fid

mtv.wu/
1A A A
F...ww.NNM
6v9V'TC

6PLE 98
G58E°9E~
0L0+'9¢ N
180¥'9€

zL00' 1y
1842 Lv—
LBYG Ly~
G0Z8 Lt~

LVBLBY
DE0Z 67~
BYZZ 6Y—
Levzer’

0cLL60L—

09/6'611—
G8G9' LTI~
LZE0'ETLA
860¥ €21~
£9LZHTL 7
0S¥ ¥TL
oFbL STl
8202 L2}
YZLLIZL
YZLZ'8TL
6516621~
GBEL LEL~

61LGVEL—

LEST YL —
0428'erl—

L6LG L¥L—

36.36 22.40

415 41.0

140 135 130 125 120 115 110 49.21

145

N

Br

-10

10

50 40 30 20

60

70

80

f1 (ppm)
S66

210 200 190 180 170 160 150 140 130 120 110 100 90



DEPT 90 and DEPT 135

vril 601 —

mvhm.m_._. ,/
0€E0°€Z1
60LY¥ECt—
m_:..h.hw_‘.ﬂ
mm...w.mw_‘.\
90rL'LEL

CDN E-23 (1)-2 C.5.fid

80

3

mnN.v.NNv.
1e¥¥'Te

9G¥ LY
€918 -.v\
¥8LT6¥

9€00'L¥
mvhm.vvw

SLL60L—

2

9
6
6
JA
El

CDN E-23 (1)-2 C.4.fid

135

mwo.wﬂ#
0lyect—
chh.hw_‘w
mhw.mw_‘\
ovLLEL

al

210 200 190 180 170 160 150 140 130 120 110 100 90

N

30 20 10 0 -10

60 50 40

70

80

f1 (ppm)

YF NMR

Nmmw.mm.
mon.mm‘W

2259'65-"
6029'65-—
GL6G 6G H

-59.65 -59.75

-58.55

G1656G-

CDN E-23 (1)-2.30.fid

no do

CF3

-150 -200 -250 -300 -350 -4(

-100
f1 (ppm)

-50

100 50

150

00

S67
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301, 'H NMR
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302, 'H NMR
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5al, 'H NMR
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5a2, 'H NMR
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13b, 'H NMR

mSE
ommm.m/
1£68T
0L06'C

€L16T

ZIE6'Z

FIPET

€556

£6167
985 €,
T6LFE
SLEP'E
6405
zi15¢
L0€5°€
LEVGE
1895°€
0L¥l Ly
zeTy L
09TF L
62E L
00%F L
YorP L
8T5t L
L95% 1
L09% L
LLL¥ 1
ezov L3
1G6% L]
1105 2
8v1G L]
881G L
10281
16281
91€8'L
60%8" /|
Thhe L]
5820°21
12€0°81
G9£0'8 |
08408 |
08+0°8
Bzeog

.

CDN K-72(2)-10.12

06982
1£68°2~
04062~
€LL6T—
zLe6T—
PLFET
£666°C
£6L6T

9gGh e
ZELY S
SLEF e~
670G €~
zrLge—
1086°€~
Lepe e
1896'¢~

0Lvl'L—

zeTvin,
09z¥ 1~
6Ty I~
0Pt 21—
Yoby L
8Ty I
195¥ L
i00¥'1

iV
czav s’
iS6¥ 1~
LG L
8rlgL

AT

1028 L
15281~
91€8'L%
6078 L~
e L

5820'8
12808
9808~
0sP0'8
08h0'8 7
9250'8

L0°L

—g8's

660

2.8

2.90

355 350 3.4¢ 295

71

752 750 748 746 7.44 742

784 7.82

8.02

8.06

L =00'¢
U FsoL
FLO'L

————— Moo
——=— Tzgg
—J /860

— e

110 10.0 9.0 8.0 7.0 6.0 50 4.0 30 2.0 1.0 0.0 -1.0
f1 (ppm)

12.0

BC NMR

G186'0E—
0/19'er
r168'¢Y
0991 b~
Levyvy
¥195°Sh
0285°Gh
S9e09'sh
Teo'sy

I

¥1LE°101

vmﬁ.aﬁ%
LIELTTH

BEL5 ETL1
5982 'vEL
PoPE9ZL
6198'9Z41
1106921
191E°8ZL
7594821
6911 621
6+98'621
mEm.mN&
PLLO LEL
YeLE OEL |
zizlerl

9€0Z'851 —

==

810e'891 —

CDN E-72(2)-10 C.16.fid

¥66.L°0C1 —

Llelezl—

6€L9'€C1 —

S98L'PCL—

¥SPe 9Tl ~
6198°9C1
LL06'9ZL

£91e'821
e9L'8g1 ~
6911621~

6498 621 .
SrL6'62L

FLLOLEL—

RV T D

130 129 128 127 126 125 124 123 122 121

131

-10

30 20 10

60 50 40

70

80

210 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)

S144



DEPT 90 and DEPT 135

Li1g oL —

m.vmh..vw_‘
mmmm.ow_‘
5906°9¢)
€9 _\m.mw_‘w
0¥9.°8¢1
GE08'6C )
6C.L6'6C)

CDN E-72(2)-10 C.17.fid

a0

€

A
0
L
3
G
L
0

CDN E-T2(2)-10 C.18.fid

136

£986'0E—

.vmww.m.w
mmmm.m.w
199l v
80vY' ¥

218101 —

mmh.vmv
_‘om.om_‘
906'9C1
alesct y:
¥9L'8C1
£08'6C1
CLE'6T)

-10

0

10

20

210 200 190 180 170 160 150 140 130 120 110 100 90

60 50 40 30

70

80

f1 (ppm)

YF NMR

S16T'19-
0812719~
6v9C°19-
¢LST’19-
08ET19-

CON E-72(2)-10.13. fid

F N0 DC

G162 19~
084219~
6¥9Z'19-—
[AR TR
08€Z'19-"

61.30 -61

-61.20

-150 -200 -250 -300 -350 -4(

-100
f1 (ppm)

-50

100 50

150

00

S145



15, '"H NMR

6€2£0
£9€0

£€8€°0

¥98€°0

568€0

SY6E0

¥66€°0

210¥°07
250t°0
ozLy0]
25290
8289°0 1
29890 1
06890
02690 1
5690 1
200270
9202°0]
#9020
¥602°0
€210
80220
zole'L
8gLe’
zvee
6.2
90ee’
Loge’
aLve
Yhve
18ve’
LbGE
L96€'L
v6SLL
69v8'Z
91982
1082
£588'2
26062
Lezv'e
BLYYE
BYSY'E
1197
vEBY'E
z2s6'e
8696'€
zL16'
G1L66'E
8166'€
0600
9910'%
ovE0 Y
5699
BSze'9
£z10L
z182L
95622
0999'8

Rl ittt R I

——

—

20698

25290
82890
29890
omw@o%
02690~
5690 —
L0020~
mmoho%
v9020 7
Y6020
€2LL0
gozz0”

€282 —
69Y8°Z\
91982\
10/8T—
£588°C —
evegz
260627
1286C—

YEOV'E ~
16ZY'E
BLYPE
6YSH'E ~
LL9v'E
908¥'€

veeve
06L5'€ —

2256'€
8696°€
zLL6'E~
S166°E
8v66°€
0600 77
o910
oreoy

g6e997
6528'9 —
€2L0°L

8T L —
066.°L—

0999'8 —
90698 —

160

60

0.69 0.6

0.71

3.50 3.45 340295 290 285

3.95

4.00

6.6

8.64 7.78 7.28 7.0

6€2£°0
85.0%
£882°0
$98€°0
G68€°0 —
G¥6£0
vmmm.ow
21070 \
250%°0 \
9zL¥°0

¥6SL 'L —

998Z'L —
9867°}

Som,rﬂ
2901
SOLE L\
zoleL

goLe
Tvee b\
6128k~
908eL —
Loge L —
oLpe L ~
boveL
revet
LpGeL 77
roseL /-
8lLog"}

geost I
€89¢'}

8eLe’ L /
6588L —

e

ree6’t

[80°L

CFs

i

Fe6'L
68°L

8°0
80

3.0 2.0 1.0 0.0 -1.C

5.0 4.0

1 (ppm)

11.0 10.0 9.0 8.0 7.0 6.0

12.0

BC NMR

08ee’e
mmhm.mw
71686

zL9228 —
vS62°2h
€5.5°2Y
nmmm.mv\
ogeL ey
9,891
UL Yy
8EEL VY
¥9SL vb

8¥ee VL —

296241 |
YELVELL |
S80b°SHL |
¥120'8L1 |
881102 ]
5165021 |
199Z' 121 |
1Z9E'€ZL |
szeL ozl |
££06'821 |
€162 LEL |
ISLEZEL
oLvLEEl
¥850°6E1
zseesyl
£998°SHL W
6,6°SHL
soze'svl 7
v¥6.°8pL \
Lzevost
0/+9°09) —

LreTeLL —

CDN K-101-1 C.32.fid

I

50 40

cseL e —~
veLYELL —

g80¥'GLL —

v1208LL —

881102t ~
G16s0cL —
Looz'izL

Leogect —

geeloch —

TrUD BCk

ss6z1EL”
ez~
OLYLEEL

134 132 130 128 126 124 122 120 118 116 114 112

0
o)
CF,

20 10 0 -10

30

70 60

80

210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)

S146



DEPT 90 and DEPT 135

€068'6 —

zs6LZLL
LeovelL X
080¥'SLL~ =
z0zo'8LL w

8611021

68ZE'8FL
15628717

CDN K-101-1 C.34. fid
=
e

16€€°€ —
0686 —

1892'2€ —
ze6z'2h
SLIG Ty
9058°zY \
6621 €y

8€CE VL —

vS6LZLL
6LOVELL
L8Ob'SIL
L0Z0'8LL \

68LL'0Ct

z628'8bL
0962871 7~

CDN K-101-1 C. 35. fid

T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90

20 10 0 -10

70 60 50 40 30

80

1 (ppm)

YF NMR

L0Lv'e8- —
L19€28- —

8clees- —
€€91°¢8-—

YOYP 09~
ZELP'09-—
288€°09- 7

8clees-

L0L¥'z8-
L19€°¢8- W.
£E9ILC8

-82.3 -825

-82.1

-60.6

-60.4

YOy 09-
ey 09- W

288€°09-

. 20. fid

CDN K-101-1
F NO DC

O
O
CF;

-100 -150 -200 -250 -300 -350 -4

1 (ppm)

-50

150 100 50

00

S147



17, '"H NMR

SYSTL
€oLE'L |
prEE’l |
STse’l |
S.6€°L
£08€'} |
186€'L ]
050} |
8YEY'
2L5h L
v09Y'L
5598'}
2628°L

W

§598°L .
26181\
zze8’L —
6968°L ~
9v06'L —
yZLeL 7,
eareL
gee L 7

9196°)L
0067}~
Z6.6'L
6.66'L

2,002 /
0£L0'Z\
50202\
15202~
06202 w
¥8€0°C

rmvo.mw
06¥0°C \
1150

6v90°C

9e80z”

868€°C ~
6.Lv'C

€8ev'c

o9vye \S
€9G¥'C

ov.i¥'e N
LCVARARN
yy8vy'c
990G°¢C
SeLsT
LL _\m.NW
LEES N\
[i44°K4 yA
6099 N\
[X7AKA

€66SC

L£06°T
12262\
99662\
zIv6T w
2956'C

css62”

1822°€~\
£962°€ ~
eriee—
vzeee”

e W

eee

riee

1.90 1.8

2.082.062.042.022.001.981.96 1.94

250 245 240

2.55

2.95 2.90 2.65 2.60

3.30

856271\
golet

zoze’L

preet M
szse't

sooe
SvoeL —
€08E"} ~
1868}
050%" | ~
ezirL
vizyL—
sverL
2LSt L~
voor L <

re9

o8t

r8o

Fieo

ﬁm.m
VL
WMO.N

8L

Fiee

180
80

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.(

12.0

1 (ppm)

BC NMR

FUVU vC

YTLE'ET
6v09'¥
11087
£6£€'ST | ®
18699z LOvO'€T~ I\ 7
AVL-X-TA R AT A AN <
€66582|  6V09VT~\ N
109Z' L€ § 1108 ¥ — Y
1go6'ze|  €6£€°5C ©
. N
wwwmwg £899°927, ~ B —— |
P ooz N —
zsoe Ty © —
LzeeTy | N
L5TTev|  €665°8C — I
SYEP'EY N _
oLy~ ]
-
V22925 yogzie — @
zL10'85 o [
2.£0'85 -
185085 1806°2€ — ® g
2620'85 [
£090'89
08zeTy ©
Lovezy ~
wam.wv\ <
L2882y o
cos6zy Q?
6888°L0L — s6zZ'Ch — 0
GO88'ZLL — SYBYEV ~ Mv,
615212 9g9L'Er .
L6V8'iTi N\ R
16L9'vTL — —
168€°L2) M =,
8Lg1°0EL 7, © W _
9,99°€EL e ~ —
YOLESEL T zeus [ =
[¢0)
5
wwmmmmw ~ zi1088 \ o J—
TL£0°8G ]
1850°8S N N
€€2L°99L — T6L0°'8S © o
[Te)
(@]
16¥8'1LZL —
J
- 16L9'¥CL — -
& ® =
= 168€°22) — N
g -
I 8.51°0€L — O
g
z

20 10 0 -10

30

50 40

70 60

80

210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)

S148



DEPT 90 and DEPT 135

I

§8C9°LS —

128201 —

LLogech —

CDN K-95-4 C.33.fid

90

1992 —

sepo'ez
9L16'€Z
$609'vZ
1L08'vZ
9ove'sZ
62.9'9Z "
6009'8Z —
299z 1E F
szieze
£0S6ZY
veLZey
o8svcy
zisLer
18295 ~
zvsoes

¥6€0'89 —

0,820 —
9098¢CLL —

CDN K-95-4 C. 34. fid

v0'€C—

86'€Z
Love~
08've—
ge'ge~

0982 —

Lee —
L6'ce —

CF3

€9°LS —
S0'8G —

20 10 0 -10

30

50 40

70 60

80

210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)

YF NMR

612509~
166¥°09-
¥89%°09-

CDN K-95-4. 21. fid

F NO DC

612509 —

166¥°09- —

¥89%°09- —

-60.40 -60.45 -60.50 -60.55 -60.60

CFs

-100 -150 -200 -250 -300 -350 -4

1 (ppm)

-50

150 100 50

00

S149



18, 'H NMR

8860'9
GhLL'g
Nmﬂ.&
gaet?
mmaw.@
00¥2 L
gvve Ly
eIV L
g1z L
19621
16521
Y108 L]
80z¢ 1
0£ze 1]
0128 L]
298¢ 1]
665¢ ]
6LPE L]
aeve L]
Z9ve L
086¢',
08281
Z6LEL
Yb3e L]
Brae 1
q:%:
568 L
Bgse
=

g
5}

8€60'9"
SPLL9—
2eeL'o—~
66619~

191g' 1 —

0Lzz L
€582 L.
00¥Z L~
8YYT L~
SLPT L~
€15 L—
196Z L~
1652 L—
£99Z L~

6008 L
805 L\
PLOE LA
1ZLE Ly
1S1E 4
80Z€ L~
0ETE L~
04T€ 1~
1088 1—
89EE L
GBEE L
Evn.ﬁ\\
8EvE L

zere L)
szee L
995¢ £

ZV9E L

mmwm.ﬁ
0eLEL

T6LE L
7ree L
B18€L

:%._Q
Y968 L
896€ L

zsov L

-00°L

co'y

8'c

7407.397387.377.367.357347.337.327.317307.297.287277267.257.247.237.227.21

6.15 6.10

CF;

oot

o'y
18T
¥6'C

11.0 10.0 9.0 8.0 70 6.0 50 4.0 3.0 2.0 1.0 0.0 -1.0

12.0

f1 (ppm)

BC NMR

LLEBVLLY
9ELT'GLL]
S609'SLL 1
2ov6'SlLl
96S0°61L1 1
L6v.L'12l
18EV' VTl
08¢l Lcl
1€96°LC)
0ce0'scl
90.Lv'8¢Cl
LG8¥'8¢Cl
1920°62l
GG60'62C1
LyLL'62l

szeL 6zl 7
LL6E 62}
Smmxm_‘w
oSzl oVl
zSLE°2S1
ZLEP'ZSE
S/81'2S1
L0SS'ZS

CDN J-3-5-1 C.2.fid

LLEBPLLA
9ELTGLL N
G609°GLL w
Z9v6°GLL

96S0°6LL —
Levilecl —

18¢ev'vel —
oscl'lcl
L€96°L2CL /
oceo'selh /
90.Lv'8¢l V
LS8v'8¢Cl
19.0°6¢t
GG60°'6¢h
Lvilecl
geel'eclh
LLeeeclh

L6ST°LEL —

osclovl —

clevest
G/8v'cSlL N
versest

csleest /

—=

152 150 148 146 144 142 140 138 136 134 132 130 128 126 124 122 120 118 116 11

W

CF3

-10

1 (ppm)

210 200 190 180 170 160 150 140 130 120 110100 90 80 70 60 50 40 30 20 10 O

S150



DEPT 90 and DEPT 135

69E6 ¥
€ELT'GLL
¥609'GLL
1G¥6'GLL
mmmm.hw_.V
Leeosct
€Livacl
£€981'821
¢5L0'62)
6€60'6C1
0sLl'6Ct
8eel'6cl
€C6E6T)

CDN J-3-6-1 C.3.fid

80

CLEG VL
8ELT'SLL
9609'S11L
96¥6'SLL
mmmm.hw_‘V
6ze0'8ct
8LIYy'8TL
LL8¥'8CL
6€60°6C)
LyLL6Cl
8zel'6cl
026¢'6C1

CDN J-3-5-1 C.d.fid

138

60 50 40 30 20 10 0O -10

80 70

210 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)

YF NMR

<809'65-—

8689'65-—

Nmom.mm‘v.

868555

CDN J-3-6-2.1.fid

-150 -200 -250 -300 -350

-100
f1 (ppm)

CF;

-4(

-50

50

100

150

00

S151



1a, '"H NMR

09081 —

m_‘vo.w
cmmm.vk
1800°G
8LL0'G
Felo'G
0610'S

£980 7
0V6T L
1082
LLOE L
L
02181
b0ZE L
0628 L]
662% L
928'L
Ze6¥ L
VLGP L
11052
2605 L
6805 L
9cLg'L
88152
69GL'L
6eoLL
9190t
RLEL
99111
018LL
£0eg'L
88ea'L
vveL
geseL
6958 L
4658,

T

1800°G
m:_u.mk
YSLO'G
ng.m\
1220°C

18T L~
88T L~
Y682 L~
0¥6T L~
€108 L,
LLDE LA,
ELLE Lo
0LLE I~
L0ZE L~
052e L~
62 L —
mmmm.ﬂ
oLce L,
YTre L

yigyL
zeey L
L6V I3
110G 20
25062 —
mm%;_u\x
9eLS LY
98152

8825'L

€9%L L
mamEM
896 L
§€94 1~
91942
RR.Q
89142

01842

siers’

9528 L~
0089’ L—
€688 L~
mmnm._@
Lrre L

659 L
ogsg 1
6658'L

1218 l”

e ANV N

o8¢

r0g'e

regt

r60

.04 5.01

7.28

L -

732 7.30

7.34

7.52 7.50 7.48

80 7.78 7.76 774

88 786 784 782

4.0 30 2.0 1.0 0.0 -1.0

f1 (ppm)

11.0 10.0 9.0 8.0 7.0 6.0
BC NMR

12.0

2s02'0e—

99806 —

-10

30 20 10

50 40

60

70

CLGOLL
mcmw.mee/
€206'6LL
6¥v5' Tl
¥288'tTl
0LL2'821
LO0L'6ZL-
[AZA N4
9LL10E)
52.@2\
1691'6E1
1966°2PL

100 ¥51 —

CDN D& C.21.fid

80

f1 (ppm)
S152

210 200 190 180 170 160 150 140 130 120 110 100 90




DEPT 90 and DEPT 135

LESYOLL—
G006'61LL
wovm.ww_.V.
agsgezl
¥8 _‘h.mw_‘v
600 r.mmw.\
0L18'621

CDN D& C.22.fid

20

L,

9clezoz—

CL9E05—

mmmv.o_._‘/
882 T
c006'611
mm.vm.wm_‘,/
8£88czl
98 _L..mw_‘v.
L00 _\.mw_‘.\\
SLI86C)

CDN DB C.25 fid

138

-10

0

10

60 50 40 30 20

70

80

210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)

S153



1cl, '"H NMR

12891 —

Leeee—

1525 b
peeg
oL68 b

o
09512
1591 L
LesLd
z8iLL
zasL'L
Le6lLL
9024
wam..&
1595 L
6ozl L
oLes L
PLbLL
orvIl
ZISLL

CDN D13-1 C.32.fid

LZhlL
09G1'L
16912
Lol 1
z8LL L~
%E.J\\,
Ve6L'Ly
9402 L

c5PeL—
16957, —

S9Z1 L
22.2
FLyL LS
9L¥L LT
ZIGL L

I

6L

rlok

720 715 7.0

7.25

7.757.70 765 7.60 7.55 7.£

Me

Fooe

Fog8'e

10
Mmm.e

Fo

Toog
161
10l

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0

12.0

f1 (ppm)

BC NMR

8/91°02~
065¥'L.Z"

9ee05—

688011
momvw:/
LPGLBLL
62eV Tl
Z0LL2TL
0082 LT~
5816'8ZL
SPLY6TL
9871981
¥Zea'6el
18L6'6EL \
9ze0' eVl

WLV PG —

CDN D13-1 C.38.fid

688¢°0LL—
80€gL el —

LPSL6LL—

6ZEV T~
zokLeeL”

008T°Lc)~
G8.6'8C)
8rLvecl—

98Z1'9¢L —

YTEEBEL~,
1826'6EL7

9zeoerl —

Me

80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

210 200 190 180 170 160 150 140 130 120 110 100 €90

S154



DEPT 90 and DEPT 135

6e0LL—

SL6LL—

eV el
Leeer”

86'8C1~
4413

168€°0LL—

SPSLBLLN
hmm.w.mw_‘v.
60Llccl
hmhm.mw_‘w
9SI¥'6C)

CDN D13-1 C.40.fid

a0

ol

99102~
LBSF 1T

9¥ee 05—

S68E 04~
S0ELTH~
BPSL 6L
OVEFTTL
0bLLeel

¥626°8Z1
1816z

CDN D13-1 C.41.fid

135

Me

210 200 190 180 170 160 150 140 130 120 110 100 90

0 -10

10

40 30 20

70 60 50

80

f1 (ppm)

S155



1¢c2, '"H NMR

ereLll—

626L°€—

18657~
1zeg v’
18267
9826'97
6££6'97
05¥6'91
506691
1291 L
86912
96L1'L
e |
761 L

96 F.L
0102 L)
9902 L]
ZLz ]
1617 L
€627 11
0LET 11
LT L
eELo' L
6029°L
1929°L
615911
8zv9 L |
5069/ |
06241
veeL L]
LO¥L L
96¥L L]
mﬁh.t

CDN D1d. 10.

LEGG b~
L28s v

1826'v—

98¢6'9

mmmm.mV
06v6'9
momm.m\

129l L~
8691 L

96L1L°L"
598} 21—
Te6L L
Y9612~
010z’ L
9902~
zIL

szt
€677 1~
0LET L~
LIST L~

€eLY’L
6029 L\
1929'L—
ey
82Y9 L7
5069'L

06ZL L
PEEL LY
L0vLL—
SE..Q
LEGLL

M

_,j\ “/q‘\_i /E/\J\f“a‘f‘g

DA

o'l
8l

ook

rS6'0

r86'¢

-G6°0

88’0

-96'0

50 49 48 47 46 45 44

6.95 6.90

7.1

721 719 7.7

723

770 7685 760

7.75

|

|

5.0

OMe

Fooe

Fooe

Z0'l
et
koot

¥6'0
Nmm.c
86'¢
S6°0
88’0
96'0

-1.0

0.0

3.0 2.0 1.0

4.0

6.0

1.0 10.0 9.0 8.0

12.0

f1 (ppm)

BC NMR

8lecoc—

lse0s—
Z68E'6G—

BL6Z 0L
SELLZLLY
R
1GLOBLL~
6vTh IT)

vﬁ.wmﬂw
6LI9TTL
59060 4

omﬂ.mm_‘w
6198°6EL
99.6Z5 )

1000 ¥5L —
cL18°09L—

CDN Did C.16.fid

8.6Z°0H —

SEHCLE—

80SL v — ——

1S19'6L —

mvwv.ww_‘w
vwhv.ww_‘\
6L19°2Z1L

—

|
ova s —=
6Ll9gel— l

§905°0€t— ——

0gelocl— —
6198621 — I
99.6°¢¥l — —
1000°+51 — —
TLLB09L— -

160 158 156 154 152 150 148 146 144 142 140 138 136 134 132 130 128 126 124 122 120 118 116 114 112 110

OMe
|

Y

N
N

80 70 60 50 40 30 20 10 0 -10

T T T T T

210 200 190 180 170 160 150 140 130 120 110 100 €90

f1 (ppm)

S156



DEPT 90 and DEPT 135

986C°0LL—

SeLLgL—

L0GL°¥LL—

S¥L9'6LL—

BYZY Tl
0e19'ZeL"

8505 0¢ ) —

9862011~
GZITL—
20517
SPLOBLL—
mewe.wmﬁ
0gL9ZeL

8506051

CDN D14 C.17.fid

a0

6Le€C°0C—

L6¥e°06—
P68E°GG—

98627011~
8zZLLTI—
8061 ¥LL"
OrLGLL—
mvmw.mw_.%
8z19°Ze)

2905051

CDN D14 C.18.fid

135

OMe

-10

0

10

210 200 190 180 170 160 150 140

40 30 20

70 60 50

80

130 120 110 100 90

f1 (ppm)

S157



1¢3, '"H NMR

SCig'l—

1909 ¥~
V597
6910°G—
61821
8¥6Z L1
6£0€°L
$L0€°L
660€"L
8TIEL
9L1€ L
Yree L
mmmm..?_.
66€E" L
Srov L]
iy
094+
G181
GZ6¥ L
186%'1
1669°L
61041
690421
€814 1]
zeTs 1]
G674 1]
81291
£928'1
12e8'1]
$6E8° L]
G0V8 L]
Bives

CDN D15. 20

1909 %~
6¥59" ¥

6910°6—

mEN.;
8Y6T L.
608 L
PLOE L
660€° 27
8zLe L \
9iLeL \
vrzeL

6ZEE L

B6EEL

mvov.._./
[A73 AN
09L¥'L—
mhm.v.._.ﬂ
Se6v'L

hmm.v....\

15692
BL0L L
690L L~
€8lLL—
Nmﬁ.@
g62LL

8lee’L
€9¢8'L
1ge8'L
6€8°L
G0v8°L
Live'L

e

AN

0L
98|
%oo._‘

e8'c

96}

L6}

4.7

4.9

7.80 7.75 7.70 TE 52 748 744 T40 736 732 7.28 1

7.85

Cl

d_

2.0

F68'C

M...o. 3
gL
Foo'L

58T
To6'L

e

-1.0

0.0

1.0

3.0

4.0

11.0 10.0 9.0 8.0 7.0 6.0

12.0

f1 (ppm)

BC NMR

€v0C0Cc—

LB62E05—

Fm.vw.ow_‘/
0zLezll~

l

.vN.vm.m:‘,/.
.vmoh.mw_‘/

gel'ecl—~

0EE9'8T 1,
SPPO6ZL .A
GZTYE0EL

GeEL'9EL
2009°681 77

A

806°CrL
8C6L°C8L—

CDN D15 C.2.fid

LerroLL—

ocLeei—

LACK T

veeLZel~
LggLegt—

omnm.mmFM
Gyvo'6elt
Geve oel~

GBEL'9EL —

09968l —

2s06'evl —

82642581 —

Ll

|

I

—

1"

112

114

130 128 126 124 122 120 118 116

132

142 140 138 136 134

152 150 148 146 144

N

Cl

N

-

| IH

80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

T T T T T

210 200 190 180 170 160 150 140 130 120 110 100 €90

S158



DEPT 90 and DEPT 135

|
PP oLl — d
90LeCcH —

90¥6'6H — -
C6EL T~ —
9551°€2L "

LG¥0°6C1 —
civeoch— M

SHFF 0L~
Q0LEZIL—
90¥6'6LL~,
T6ELTTL
9551€zL~"
1SY06ZL~
eLpeoel”

CDN D15 C.5.fid

a0

080C°0c—

§628°05—

P OLL~,
L0LETI—
90¥6'6LL~
AN ARN
8551ee L
09¥0'6Z L~
gLpeost”

CDN D15 C.4.fid

136

Cl

-10

0

10

210 200 190 180 170 160 150 140 130 120 110 100 €90

40 30 20

70 60 50

80

f1 (ppm)

S159



1c4, '"H NMR

9111 —

8015
LE13 e
0195 %
08L6't

cwwm.vw
LGTB'Y
108L°L
2661°L
8161°L
0€0z’L
€102°L
o0clel
evle'L
86LC'L
€92¢'L
8cee’ L
SLye' L
98Yve’L
ez L
§6¢5°L
02es’L
61¥5°L
9285’ L
G666"L
9C.L8'L
§616°L
8vel'lL
19€L°L
eovL’L

SN

801G b,
PELG P
01957

08L6't
cwwm.vv
LG26'Y

108l L—

256 L
8L6L' L
0£0Z L~
€202 L
QNFN.Q
griT L

9617’1

woww.ﬁ\\
B7ET L

SLbZ L1
98bZ L~
Wz L

mmmm.h
ommm.hV
6L L~
929%'L—~
mmmm.h\
9ZLG'LT
SGLG°L

aveL L
9L
8&.%
(TN
1052277
15622

msm%

6lLLLL

e N

F86'C

o8¢

160

4.6

4.8

722 720 718

7.24

7.75 7.70 7.65 7.60 7.55

B0

Br

Fooe

iy
181
Foot

kg6z
98°¢
L6

-1.0

o
o
o
)
o
o™
o
[30)
o
<
o
0 ~
~
£ >
3 Z
= @)
© o
e
)
~
o
o
o
(2]
o
o
=
o
2
=
o
o™
o

§6L102—

692¢05—

Eiq.o:
EILET :W
PLOE'BLL
6181721
099}°€21
0L9%'TL—
8611621~
8865051 7/
GE86°LEL
L15LOEL
0099'6€E1
SPYEZHL
1608251 —

CDN D16-1 C.2.fid

0LP¥'0LL—
LI CH —

PLO6'6LL —

6LEL°TTL~-
0991°€21~"
0.9 ¥gL~

8611621
8865°0¢€L —
GE86°LEL~

LiSL9EL—

0099°6€lL —

S¥yeevl —

138 134 130 126 122 118 114 11

142

Br

210 200 190 180 170 160 150 140 130 120 110 100 90

60 50 40 30 20 10 -10

70

80

f1 (ppm)

S160



DEPT 90 and DEPT 135

SFoLL—

96'6L1—

vLTCL~
Lreer

95°0¢€1—
86'1EL—

L9%¥'0LL—

66G6'6LL~,
9LELTLL
1901°€2

765508 b~
686 151"

CDN D16-1 C.3.fid

50

L6LL0C—

962e05—

69¥P OLL~
Z9LETH
65661
£124°22L~
1991°¢zL”
£68G°08) ~.
6£86'1EL "

Br

CDN D16-1 C.4.fid

135

-10

0

10

20

210 200 190 180 170 160 150 140 130 120 110 100 90

70 60 50 40 30

80

f1 (ppm)

S161



1¢5, '"H NMR

89¢8'1 —

1529'p—
6897
LG

181€°L)
02" L |
688E°L
GIEEL
9THe'L
86+e L
1€6E L
$£9€" L
¥69€°L
€99.°L
EE.NV
Namm.ﬁ_“
1668
685821
6£98'L
£698'L
¥6.8°L
£106°L
91262’

CDN D17-2.1.fid

18LE L~
0eTE L—
BEEE Lo,
GLEE L~
0zrE L
gove L’
Lege s’
ye0e" L~
¥69€" L~

€99L° L —
19811 —

c0s8°L
_‘mmm.h%
mmmm.hw
G€98°L
mmmm.h%
618°L
€L06°L—

91¢6'L—

38 736 T7.34 732 T2

785 780 775

7.90

AV AV,

95

CF,

-1.0

2.0 1.0 0.0

30

4.0

f1 (ppm)

11.0 10.0 9.0 8.0 70 6.0
BC NMR

12.0

SHBLBLL— ! <
£LEL0EL— — | -
|| =
Ve
i
86102 — m o
[ -
6661221 11 e
yZL6°TTL o
819¥€ZL~
I3
. [
ELSE0SY [ |~
6ECG 0 9102°5T} | w
LZBECLL ITveseL e
SYELGH 5089°GZ ) —
ELEL'OCE LivrezLy VL8
666¥'2CL G¥G1 ST L m —
vZLBZTl |
8.9V €T L
910C Geb 1+
1ZYo'STL . M ©
5089'GZL G616 L8 — | o~
LILLGTL N
ErEIREA | 2
5516121 ) e
coseaeld  soesesi—  ————
BG6L LEL -
PLZS LEL w -
8sre'LEL [ | =
BLILZELR  ggel1el~ e
OZEQEELE  ylzgielL— M
00S9EEL  ggpg Ll — b
6099 €Sl g1 ) zel— e =
8519681 [l i
kel ozegeEl I re
momm.wi\ 0059°€E} J
6099°€€} -
PegzeGLl—  go9EEl - g —
i lw e
H [agd
m ~—
|
8
89919EL— -

CDN D17-2 C.2.fid

-10

0

10

30 20

T

80 70 60 50 40

f1 (ppm)
S162

T

T

210 200 190 180 170 160 150 140 130 120 110 100 90




DEPT 90 and DEPT 135

CDN D17-2 C. 3. fid

+O®—®=1n
90 TOETRO S
~FO00MODn
EENRTRT 0
DWW HONS O
NN NE =
et
5 |
CDN D17-2 C.4.fid T~ OO O0Wwo
135 TORFTOO F — o ©
TYOoOFTOOW < =3}
R A 5 &
QuUONONS « )
ANNNNNE= = S =}
T ) I
| |

z .=z
[igj
i
\
v

/g
v

T T T T T T T

T T T T T T T

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0O -10
f1 (ppm)

YF NMR

CDW D17-2.2.fid

[=]
F, N0 IO 2
~
&
|
(=1
0w
w
~
&g
N
N -
g{/
o
-62.75 -62.80 -62
00 150 100 50 0 -50 -100 -150 -200 -250 -300 -350 -4(

f1 (ppm)

S163



1¢c6, '"H NMR

G181 —

G96'E—
L6Z9'F

nmmm.}
6620°G

1£20°G
¥9£0°g
6622
980€'L
80LE L]
GGLE L]
65TE LT
Gees s
z8ee L
Thbe Ly
vam.i
£568L ]
186€L
vzoe Ly
6Lv8 L]
vzes's
1968°1
z198'L]
§+98'L1
269841
6218'L]
L0181
£288 L1
6€9} 81
89181
LeLL'8
6v8L8

CDN D18-7.21.

Y662 L—
9808 L+,
801 L~
S6LE L
6528 L,
SEEE Ly
ZBEE' L
ZhE Ly
Z8YE LN
£8GE'L7
1868 L~
298 L—

6LV8'L—
298 L~
£998'L—
clog'i—~
G¥98'L—
26984~
6CL8°L
LLL8 L
€288 —

6€91'8~
891'8—
Lell’g—

6v81'8~
681'8—
161’8~

N N e o~

r¥ec

08¢

o8’}

7.84 37 735 733 731

7.86

7.88

8.17

8.19

Fooe

e8'c
M...m.o

98’}
=160

=¥8c

08¢
=08'L

20 1.0 0.0 -1.0

30

1.0 10.0 9.0 8.0 70 6.0

12.0

f1 (ppm)

BC NMR

¥6LL02—

6LI¥ 05~
818€7¢5

SOLGOLL
Nmmv.N:%
S6¢L°0ZL
6858221
£68°€C1
6£90°621
$LZ66TLL
LL0Z'LEL
1%135\\
LYEZ9EL ]
29L5°6EL
£2O6°CHL
9G€.°251L—

86€6°991 —

CDN D18-T C.2.fid

O]
o]

W
N
\//\\

80 70 60 50 40 30 20 10 0O -10

T T T T T

210 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)

S164



DEPT 90 and DEPT 135

8LLG 0L —

LBEL0Z I
109822~
606€°€21~
9PO0'6ZL
0cZ6'621

CDN D18-7 C. 3. fid

50

62810 —

P

6¥LY0S~
;. 958€75

E caLG ML,
8BLYZIL~
LIEL0ZLy
809821
7268 €Tl
SP90°6Z1~
0526'6217

O
O

Xy

e
CDN D18-7 C.4.fid

135

-10

0

10

30 20

60 50 40

70

80

210 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)

S165



1d, '"H NMR

reve' L —

1909V~
£069°+”
0/50°6—
98082,
811821
80Z¢ /1
188811
99¢¢ '/ |
eZ¥e L
L0sg" 1
96582
9¥9¢' s
189¢" 1
G06Y 2]
Bmt&
666¥ 2

1269°1
16911
161821
162841
11e8 2
G988'/
16282
6¥¥E'L
Live's
0258'21
$958° 21
£299'2’

—

S

CDN D18-7.30. fid

98011
81152

PRIAAS
18552

99552
£TrE L
LosE L~
986E" L~
9vag L
1995 2”

S06¥'L~
LG6Y' L—
666%'L—

LCBY L~
¥L69°L

1618°L—

1628 L~
LLER' L
GOE8'L—
1689L”"
BYre’ L
LivgL
0zg8't”
v968'27
£298'L"

/ .
M 180

— higl

N -66'0 |
)

7.38 7.36 7.34 7.32 7.30

7.4

7.85 7.83 7.8 7.68 7.50

7.87

Cl

Fooe

560
M/mm._.
*96°0

18T
>180
=18l
660

3.0 2.0 1.0 0.0 -1.0

4.0

11.0 10.0 9.0 8.0 70 6.0

12.0

f1 (ppm)

BC NMR

gleloe—

#19€°05—

G86¥'0LL
0L19CLL
_ENN.QN_./
Nowo.mw_./
8 _‘mo.mw_./
L¥6E L2l
£2E8 6T
[AZ1 X410
mwm.v.mwFV
_.._.v_.._w.mw_‘\
_‘omm.mm_‘\.
evlieyl
LLE6'051 —

CDN D19-7 C.2.fid

70 60 50 40 30 20 10 0O -10

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

f1 (ppm)

S166



DEPT 90 and DEPT 135

2105°0LL —

Z2LTT 0TI
9£Z0°€T
FFGO'ETL
Emm.hﬂm
89e8'6Z}

CDN D19-7 C. 5. fid

90

992102 —

965€°05—

020504~
0L9TH~
LZZOTLy
LSZ0ETLA
9vSo ezl -
0868221
A

CDN D19-7 C.4.fid

136

210 200 190 180 170 160 150 140 130 120 110 100 90

-10

50 40 30 20 10

70 60

80

f1 (ppm)

S167



le, '"H NMR

LLES L
6285+
€209'%
9509
1809
0158
S8y
8/58't
Logy
8v98'Y |
ze0ge L
z80€°L
geLes
LoLeL
oLze'L
eszeL
LizeL
Lbee L
68€EE "L ]
10.€4 1
vrLe L
628€°L |
z68¢. |
126€°L1
¥66€°L 1
820t L |
6.0V°L 1
bbb 2
Ly LA
€L L
vy L
99ty L
S09v' L)
8z9v L
6992 1
oLer s |
68 L
9615 ]
€225 1
99z5°L |
€0vS L
YvS L
LL8'L
GeveL
Sv8'L
8L
0658°Z
8v98'2

4998,

10L€°L
vrLE L /
G6.E°L /
628¢°L %
z68¢€L

Lz6E LA\
V66€ LY\
820V L\
6L0V L~
Ly L —
LolbL w
EOLY L
8zzy' L’
LoEy L

Yery L
99VP L~
)T
S09b L\
829V’ L —
69927

oLey’L—
ssevL
6567 L~

vOLG'L~
96152\
€225'L~
99252~

€0vs L~
YyvS LT

z8ee’L”
6ve8’ L —
IR AN
SEV8 L —
SLv8 LT
LGS L\
06582~
8982\
19982 —
$528°27
28181

[c6'lL

[66°0

88’1

[v6°0

748 746 744 742 740 7.38 7.36

7.50

2

-
Y.

7.5

7.54

7.85 7.83

7.87

62857\
€209'7\
9509'% 7
1809t
oLs8'v
PrSe P\
858V —
:ow.vw
8v98'v

o8’

ro’t

860

-1

0.0

1.0

oveT L —
V06T L~
5G62 L~
Z€0€' L\
Z80€°2\
EELE L
LoLE L~
oLze L~
£52e L~
vezer’
Lpee L~
69€EL~
LGYE L~

rs6'L

2.0

3.0

4.0

o
® O ®
o~ v
5.0

1 (ppm)

6.0

RIS R
O+~ O v «—
10.0 9.0 8.0 7.0
BC NMR

11.0

12.0

169861 —

9€0¥'0G —

6049011
oool €Ll
ovileoch
60cv'cecl
9ceoech
1188°9¢C1L /
0008'6¢t
8.00°0¢t
198¢'LEl
6llccel
606CvEl
Y0E6'vEL
29lv'eel
l620°cvl
6SLELSL

CDN D20-7 C.2. fid

-10

1 (ppm)
S168

210 200 190 180 170 160 150 140 130 120 110100 90 80 70 60 50 40 30 20 10 O




DEPT 90 and DEPT 135

0€L9°0L1 /
Leleoch

6lcvcecl /
PANAVRNAS %
0¥88'9¢C1 \
1008'62L ~

068z L€} w
velLZZEL

CDN D20-7 C.3. fid

90

959861 —

61L0¥°0G —

ceL90LL

L
9
iI4
9
4
4
14
14

D20-7 C. 4. fid

CDN
135

owr.m: /
€lLeoch

ccrecl /
€C0'eCl
¥88°9¢1l ~
008'6ZL F
68C°LEL \
clezeL

Oy
3

210 200 190 180 170 160 150 140 130 120 110100 90 80 70 60 50 40 30 20 10 O

-10

1 (ppm)

S169



1f, '"H NMR

Gees’l —

—

s

0LLS' v —
0269'v—

SPe0's—

19082
66082
BELE L~
96LE L~
082E L
ENE%
80827
BYEE L),
sTHeL

0089'2
532
689°2-
€169°2]
1669'1 \
0669'L

b8’ L
mE‘m;ﬁ
£€68°2

ommm.%//
1298'2—
ammm.f\\
62.8'L \
1818°2

0258

655.8
00928~
28948~
E.ﬁ.mw
Wisgls
9941°8

DL jL [l

J

8.78 876 874

Fe60
Fve

Fee0

-06'2

riet

7.33 731 72t 504846

7.35

7.84 7.80 7.76 7.72 7.68 7.6¢

7.88

e

Fooe

1660
Npgry
£Z60

Fosz
¥l
1260

Fig

3.0 2.0 1.0 0.0 -1.0

4.0

11.0 10.0 9.0 8.0 70 6.0

12.0

f1 (ppm)

BC NMR

LLS102—

0v9Z'05—

SLISOLL
a80v'zLL -~
88./2°0CL
whmm.ww_‘V
ommo.ww_‘\
jrAR:RvA

916T 981
GLLLIEL—
oﬂv.mﬂm
eIV THL
ovLE 01
9€59°051

CDW D22 C.2.fid

G/9S°0LL—
880¥'CLL —

88.¢c0cl—

8L66°221
08G0°EZL -
pzLeezl”

9162981~
GLLLIEL—
EELYBEL

eLvaevl —

arLe 0S5t~
958051

146 142 138 134 130 126 122 118 114 11C

150

30 20 10 0 -10

50 40

70 60

80

210 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)

S170



DEPT 90 and DEPT 135

1842°0CL—

8.66'CC)~
TSS0'ETL

Lergeet—

I S

19501 —
hwhw.om_‘/
mhmm.wm_‘V
Nmmo.mme\
LELgect

SS1E051—

CDN D22 C.3.fid

50

L6G1°0C—

8€97°05—

mmam.o?/
L AA TN
mmhm.ow_‘/
Nmmm.mw_‘u.

3

G960 mN_‘\

rig'ect

651€°05L—

CDN D22 C.4.fid

135

210 200 190 180 170 160 150 140 130 120 110 100 90

-10

50 40 30 20 10

70 60

80

f1 (ppm)

S171



1g, '"H NMR

(447N

Sy v—
LA99' ¥~
€968V —
L8104
6%20°14
80021
L180°29
¥eel iy
¥avl Ly
616129
€9G1° L
[44: 1A
9691" 1+
CLAL'L
SLLVL
8c8l’L
8061°2
€961°L]
S¥0T L
951€° L1
¥8LE L]
CSCe L
642¢° L]
659¢/ 1
989¢°L
98.¢°L
¥18¢€°L
SLLL'L

SLb e
1299 b~
£958° 1,

161072~
6¥Z0°L~
¥820°L"
18017

vzelLL
wmv:/
Em:/
£961°L
zzol'L
A
VL
mE.Q
Sy
806L°L
£961°L
SK0Z'L

9GLe'L

wm_‘m.hW
TeTeLy
m...ww.._.\

BGOE L,
989 L~
9818 'L
vLees

SLLL 2
LGLi L
91244~
66244~
¥98LL—
YOrL L

MMJ\\AAAK JJgL

VAL

A

Too._.
F10e
00’k

riok

roo'e

660

<60

~G6'0

7.30 725 7.20 7.15 710 7.05 7.0(0 4.8 45

7.35

773 1.7

— L,.J,L A

Fooe

Foo't
10°¢
00l

1.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0

12.0

f1 (ppm)

BC NMR

8€L1'00—

LLE0°05—

08¥6'601
£TLOTLIA
LIEL 6L
69vLeTh
8680°€T)
2€89°121
Lisg igl 7
1669'82}
caLLeel
8.2 9E1 .\,
6ZLEBEL
vemzyl [
7616111

CDN D21.2.fid

08¥6°'601—

eLoch—

Liel'sll—

69%LCCL~
8680°€CL

7€89'LTL~
11681217
1669'8Z1-"

e€8lgel—

8LVT9EL—

6Cleeel—

¥598°Crl—

CBLE L¥L—

|

147 145 143 141 139 137 135 133 131 129 127 125 123 121 19 M7 115 113 111 10

49

T

-10

0

10

T T T T T T T T T T T T

20

60 50 40 30

70

80

210 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)

S172



DEPT 90 and DEPT 135

€816'60L —
goloeh—

LOEL'BLL—

YivLTel~
F060'EZL

¥299' 1TL~,
€868 /2L
1869'82)~

£8¥6'601
80L0°CLLA:
L0EL'6LL
vivi'eTl
¥060°€C}
vmmm.hwev
mmmm.hw_.\
1869°8C1

CDN D21.3.f1d

a0

voLL0C—

0.,£0'05—

68¥6'601
60LO°CLLA:
862.°611L
91Tl
6060°€C)
wwwo....NFv

| 9868'1C1 \

869821

CDN D21 4.fid

135

70 60 50 40 30 20 10 0 -10

80

f1 (ppm)

210 200 190 180 170 160 150 140 130 120 110 100 90

S173



1h1, '"H NMR

0508 | —

96EC—

PLEO P~
LL66'F
:S.mw
6700'

P690°L
LIoV'L
Tyl
oy
gveyL
£88p'L
LE6Y'L
696 L
0605'L
9z15 L
165 L ﬁ
VZzL L

WELL
19802
B6ShLL
£56L°L
vioL'L

—

CDN D34-8. 10.fid

119¥1
N:E/
ﬁti/
aveY L
AR
Em:w
696+ L
am%.%
9z151

YI6SL—

1zeLl
:2.%//
1980 1—
mmﬁ.hw
EGGL 4%
Y1911

98'c

M

< Feeo

161

e

7.4

770 765 760 755 750 745

7.75

.80

NS

v

lg'e

F08's

=$8'C
Foot

=e60

98'¢
%Nm.c
=16

30 2.0 1.0 0.0 -1.0

4.0

11.0 10.0 9.0 8.0 7.0 6.0

12.0

f1 (ppm)

BC NMR

S¥ee0e

c.wcm.cww
LZY9'0C

L6205 —

08€G°0LLF
leeozLL/
SELE'6LL~
9629°8Z1
9LLO 6T}
£28G'6C)F
GGG OEL
0r9e’ILEL
ZIvozel
SELLYEl
£656'6E)
Z989' LYl \
9z0Z'€51

CDN D34-8 C.2.fid

NS

AN
-~ Lv\

T

-10

0

10

210 200 190 180 170 160 150 140 130 120 110 100 90

60 50 40 30 20

70

80

f1 (ppm)

S174



DEPT 90 and DEPT 135

98¢e5' 0L —

SLL66H —
m_\no.mw_\/

mo_‘o.mw_‘w
£585'6C1

CDH D34-8 C.3.fid

j=ul

loLzoz
vovm.ONW —_—

06¥9'0C

S062'05—

BEG0LL 7
vomo.wz‘\

£806°611~ —

_\.vno.mm_\/

X — —_—
6600 mm_‘.\

CL8G'6C)

>,
NS

J

CDH D34-8 C.4.fid

138

70 60 50 40 30 20 10 O -10

80

210 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)

S175



1h2, '"H NMR

[4erA NS
88ce’ _‘V
81e8’l
CB6E'T
61L0V'C
9vo¥'c

6L09'%
SoLo'¥
0ELo'y
€S19'¥
viLO'Y
SSTo'¥
S829'¥
0lLeo'y
£eeo'y
95E9'¥
88l0's
A4
G820’
£820°S
[4AXIR

9¢80'L—
ceoo'L
oL’
68¢L°L
0LSLL
€8.18'L
8€68'L
2968°L
G868°L
6006'L

CDN DB2-1.10.fid

6L09'F
S0L9Y

oﬂo.%
EGLO P
PLLO b
GGZ9 P
5829 %~
0leg
€EE0'F \
95€9'¥

mms.m/
¥ETO'GL
§GT0' G~
Emo.mw
TTL0'G

9280°L—
e09'L—

29el’ L~
6882
046821~

€818'L—
mmmm.h/
C968 L~
mmmm.hN
6006'L

S

~L60

F¥6L

75 7.C .04 5.02 4.64 4.62 4.60

7.74

790 788 738

CF;

N

R//\
“

L

L

F¥6'E

Fooe

101
eg'l
160

=960
760
g6l
AL

110 10.0 9.0 8.0 70 6.0 4.0 30 20 10 0.0 -10
1 (ppm)

12.0

BC NMR

oume.cm
hvoo.cmv
0L2902

0Cleos—

€855°0LL
SSCT'TLL
82.8'6LL
190101
1619°CCL
LL8T' ST
£095°5CL
6965'5C)
EYe9'scl
LTLO'STL
L6621
¥E8T'6C1
LyI60EL
00vZ'LEL
YrogIElL
6198°1EL
68 LEL
966.L°CEL
SL96'¢E)

L6L6'EEL
creveEl Y
029L'6EL
LGB YL
PSSP LS —

CDW-DB2-1 C.15.fid

8CL8'6LL~
1901021

L6L57C8L—

1182621
€095°621
69656
Ere9'sel
LCLO'GE L

L266°L8)—

ve8e6gL—
h.v_.m._.._m_‘,/
00+ LEL
PrOSLEL~
6.L98°1EL
C68’IEL
966.°¢E)
Gl96°¢el
1616°€EL
acre el

02968l —

LG6S Pl —

140 138 136 134 132 130 128 126 124 122 120

142

CF;

| J’ I {

T

-10

0

10

T T T T T T T T T T T T

210 200 190 180 170 160 150 140 130 120 110 100 90

70 60 50 40 30 20

80

f1 (ppm)

S176



DEPT 90 and DEPT 135

CDN DE2-1 80.11. fid

~ M~ O M~ ©
sand B
N O ) — w
g88s o
Voo
L |
CDN-DE2-1 C. 16, fid O M~ P~ 00 o 1D
136 PEe8R3 bS] S8
N O ™ NW - ~aom W
[LRENS 2 g
— T 0 NN N
Ve N I ~-
N
N »
Lﬂ(
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 3 20 10 0 -10
1 (ppm)
YF NMR
CDN-Dg2-1 C.11.fid ==}
£, no de ,_nn_
M~
&
|
[==]
n
~
~
o
|
N
N -
xﬁ(
2.72 -62.78 -62.i
00 150 100 50 0 -50 -100 -150 -200 -250 -300 -350 -4(
f1 (ppm)

S177



1i, '"H NMR

LIBL)L

80v9'y
0¥PO'S
BLPO'G
710G
L¥S0'S
£880'2
95012
6CLLL
Z0EL'L
9.6¥L
£106L
5902
56052
0zLG'L
LS
L5252
ZeesL
veLsL
90662
3652
19192
8¥69'L
16692
19042
96012
veLLL
zZoLLL
63122
95zLL
ZIeLL
TOPLL
BevLL

CDN D3T-5.

)

€880~
95011~
6CLLL"
2oeL’ L

916% L.
€106 L~
G905 L—
G605 L7
0TLG' L

11152

seze s
zees L’

YeLG L —
906G~
866" L
1919°2—

8v69° 2~
1669'2~
19022~
9604'L—
§:.hm
Z9LLL

681L L
96zL'L)y
ZIEL L

YOvL LT
65%L L

A AN,
TN M JJM AMA.

S6'0

[c8'c

-26°0

~Z6'L

7.127.08

I

752 7.50

7.54

760 75

773 771 7.69

7.75

Fooe

o6'¢
=160

660
8e
160

=261

30 2.0 1.0 0.0 -1.0

4.0

1.0 10.0 9.0 8.0 70 6.0

12.0

f1 (ppm)

BC NMR

$L0L0ZT—
W o~
98Y8'8ZL ., -
8G16'8ZL 7
81096217 a8
szLLoel”” -
086905— 68LELEL~ o _—
zGTrIEL" o
>
(=]
@
[2e]
vegcgs,  HOUBEL R
tlioma)  be6LBElL
2500 01, LELTBEL 2
£662°L01 -
PLO9TLL
98+8'8Z1 o
86+6°8Z1 s
8109621
STLLOEL— <
68LE LEL <
26ZF I1EL -
L160°8E}
LGBL'BEL]  ygiropL S
lelceel mﬁm.miw -
LSLLOV) Ly¥6 9vL 1
6¥Z69v) L00L L *
Lyv6 ovl LLILBFL w -
L00L L¥L - ]
Wirer ]| eroean o ™
. 7 e
€02 67k PLLG BPL -~
5196k e
PLLG BFL [ [ e
1T97°661L o
9¢67'6GL w
A D=
g e
o L29Y'S51, .w w
g 9¢61 551 118
]

T

-10

0

10

20

210 200 190 180 170 160 150 140 130 120 110 100 90

30

50 40

70 60

80

f1 (ppm)

S178



DEPT 90 and DEPT 135

298¢£'86

L5 Fo.mmv.
mmmc.ho_ﬁv.
0092° 201

mm.vm.mw_‘v.
Fh.vm.mw_‘.\
8Lil 0l

CDN D37-6 C.22.fid

20

L
3

8
€
L

CDN D37-5 C.23 fid

135

146002

£169°05—

18€'86
¥ Fm.mmv.
£90°20L
omm.hc_‘v

m.wm.mw_‘v.
h.wm.mw_‘.\
LLL0EL

F

-10

0

10

210 200 190 180 170 160 150 140 130 120 110 100 90

60 50 40 30 20

70

80

f1 (ppm)

YF NMR

rleyerl-
6L6EEFL-
ELLE ErL-
8eveerL-
S0Ze erL-
8Lee vl
[As1% 04
LG8T LFL-
P09Z L¥L-
LLET LFL-

CDW D37-5.11.fid

PLTyerl-y
BLEE EPL-
ELLEEPL-—
mm«m.g%

§oze'evl-

BLEE Wby
ZGHE bpL-L
1682 LpL-—
092" _‘Sg\a
LIST LpL-

-350

-143.4 -143¢

-143.2

-141.3 1415

-141.1

-4(

-150 -200 -250 -300

-100
f1 (ppm)

-50

100 50

150

00

S179



1j1, 'H NMR

Lv6eL L —

88657 ~
neoy’
Z8€0'6
166€°L1
S6LY L
geE8y L |
€L6V L
SP6Y L
€205°L
2205 LA
veisL
v025°L ]
612527
oLes L
ozvs i
0LYS 'L

0L69°L
6v0L°L |
80LL L]
08122
vezL L
20€2°L 1

166€°L —

S6LV 'L
ge8Yr L
€lerL
mevN%
€20S° L\
cL0SL—
YSLS L
¥02S°L ¥
G.2S° N\
olegL
0crs L
0L¥S L

0469°L

mvoﬁ#/
80LLL AN
0814\
veelL N\
c0eL’ L

1GeL h \

vevL N\
96v.L° L

9688°L —

7.40
0.0 -1

7.45
1.0

7.55 7.50
3.0 2.0

7.65 7.60
50 4.0
1 (ppm)

6.0

BC NMR

7.70
7.0

7.80 7.75
10.0 9.0 8.0

7.85

11.0

7.90
Cl
Cl
12.0

ccel oc—

004G5°0S —

geoo'lel
0GGG'9cL
VAZSVR TAY /

.vwhw 8¢l

GlesLLL
G6.G° N_‘_‘/

6¥06°'GSL —

CDN D38-8 C. 2. fid

-10

1 (ppm)
S180

Cl

Cl
210 200 190 180 170 160 150 140 130 120 110100 90 80 70 60 50 40 30 20 10 O




DEPT 90 and DEPT 135

CDN D38-8 C.3. fid ONT O
90 < © O A Q
¢ OO ®O M
Y O®Qw
O WO
O N NN -
PCERA SR SR S
\ = |
‘ ' A ]
CDN D38-8 C. 4. fid ONT OO N~
25 TOO- NN ~ ©
135 OOWON M © ©
BRCK ReRPR © ®
ANANST =} =}
PR IPL R Irs} «
N2 NS I I

C-O

210 200 190 180 170 160 150 140 130 120 110100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)

S181



1j2, '"H NMR

0628’1 —

665 ¥
8166
0009'¥
¥209'¥
509V \
LO¥9' ¥
0210°¢
1610°G
1610°G
0+80'S

mvmv.h
mmhh.h/
CTLBLL
0Li8'L
0688'L
168 L
9€68'L
6€C6'L

CDN DE4-3 C.2.fid

Cl
Cl

3.0 2.0 1.0 0.0 -1.0

4.0

6.0 |
f1 (ppm)

11.0 10.0 9.0 8.0 7.0
BC NMR

12.0

62zl 0c—

0€09'0S

9926'LLL
668L°CLL
CCLO'GLL
88ee’lll
eleeect
£680'6CL
8818'5C)
8559'6C1
2e68'SCL
0le6'6Cl
9860'L21
P6ES LTL
0161121
920 621
SCOL'IEL
680°cElL
99lyeel
Livlzel
felerasyas )
jeieltepraod ¥
€LY8CEL
¥858°¢cEl

ovse mme\

8v.L6'8E1
c9zeerl

LPGL v6L—

CDN D&4-3 C.3.fid

CZL96LL—

88ee’ Izl —

e1eecel—

1245 1235 1225 1215 1205 119
70 60 50 40 30 20 10 -10

£680°SCL—

mEm.mﬂ/
866861~
Nmmm.mﬂw
0186621

9860°421"
¥BEG LT
0462121~

9c0+'6CL —

mwmh._‘m_\
wmmc.mm_./
99L¥'TEL
L _.._R.Nme/
96e8'cel
89€8'cel

€L¥8CEL
¥858°CEL

80

T

1255

f1 (ppm)
S182

T

126.5

-
1275

[l

1295

T

130.5

210 200 190 180 170 160 150 140 130 120 110 100 90

1315

132.5
Cl
Cl

RN O —t




DEPT 90 and DEPT 135

CDN D84-3 C.4.fid

TOWO
&0 8282 =
oM o
RERE =
SN
CDN D84-3 C.6.fid WO~ WS =
13 22L2 28 ] 2
TR0 o S [
SEEERE 2 E
NN SN
Cl N
cl N
H/;/
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 0
f1 (ppm)
F NMR
CDN D84-3 C.1.fid =2
F, WO DC g
@
8
|
3
&
o
|
Cl N
:©: \>_©70F3
o] N
\j&//
52.88 -62.92 -62.¢
00 150 100 50 0 -50 -100 -150 -200 -250 -300 -350 -4(
f1 (ppm)

S183



1k, '"H NMR

|
oLLLL— \LM
S
|
J
-
159G 2 o
il —
GE9s't X 4 o= |
roggp| 8BS LY el g J
opegy] L4891 4 r~ —
ceegy/ 0865 2
Y665 L e
Z809'L Py
I~
~
] 0¥8L Ly 10
L5062 YEOL L s
00494 mwhh.hﬂ o
GGLG'L 6LLLL F o
8615L ~
11850 L B
0E65'L ~
Y665 L | g
Ze09'L NG
ovGL L 0
veol L re
9zLLL phy
BLLLL -2
£090°8
zeel's 18 N
£990'8— 580 © N
| o p \N«\
zecL'8— Tm.a | e z° =
o
@ i}

CDN D&Tb-1.11. fid

Foo'e

86’0

8l
«.Amm.a

#V6'Z
=661
580
980

3.0 2.0 1.0 0.0 -1.0

4.0

1.0 10.0 9.0 8.0 7.0 6.0

12.0

f1 (ppm)

BC NMR

¥692°0e—

GEPL0G—

oPIZ LI
mmmm.@:/
m:o.t@
162€°LLL
GODB'ETL
0982 62}
@Em.mﬁv
LLBG6ZL
E6PE 0L/
9288'9¢1 7
06L0°L¥L .\
GOET'EPL

¥269°951 —

CDN D&Tb-1.12.fid

o

AN
“ \w.\

Br
Br

N 1 [ A

T

-10

0

210 200 190 180 170 160 150 140 130 120 110 100 90

30 20 10

50 40

60

70

80

f1 (ppm)

S184



DEPT 90 and DEPT 135

CDN DETb-1.13.fid
80

2836
9063
3989

!

_~130
129
129
123

~116

3
—

Y oy

CDN DBTb-1.14.fid

138
Br N
\
Br : N :

—130
129
129
123

!

~116

—50.1417

1
j 2

—20.2690

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

S185

50 40 30 20



1m, '"H NMR

CDN Ddd C.1.f

1680° L~
8480°L7

8501 L~
Z601 L—
6zLLL”

80¢€l L~
9g8eL L

€621 L~
8LV LT

0¥6L L~
6961°L

LT Ly
EN;,.\
812T1—
0g€T L~
ST LA
66+ L~

GYOT L~
Y697 1—
68T L.
8187 1
TL6TL

£005-2-
9G1E'L

omS.;
z9zeL

mamm.}
08€€'L

YEVE L\
0LYE L
906€ L~
GGE L~
Emm.hw
WeELy
189€L,
69L5 L
818g s

9LLG L
€GLG° L
768G°L

_\Nmm.hM
165

~00'L

7090 7.(

7149 747 745 743 7.1

729 727 725 723 721

L My

39 737 735 733 731
F

7.1

7.59

Fosz

Fooe

G560
%._.m.c

860
66°0
660
8’0
¥8'0
Lyl

¥6'0

50 4.0 30 2.0 1.0 0.0 -1.0

1 (ppm)

11.0 10.0 9.0 8.0 6.0
BC NMR

12.0

[A4R
hwwm.mV

985¥'8L —

98t rLL
SLPO'SLL
8168'GLL
cren'sll
¥GL6'8LL
¥819°'LCL
1628'1T)
sere'cTh
9rs0vCL
C060°¥C1
6LI9VCL
CZBLYCL
869621

_‘mmm.mN_‘#
G696'6C1

€Lse el
9l¥eLEL
CCLISLEL
€916'9E1
8Cre 0rl
052¢'851~
(A TN

0GLY'0LL—

CDH D44 C.2.fid

-10

0

10

30 20

50 40

A1 ] A

SLPO'GLL~
8168'SLL"

crengll—
veL6' 8L —

819 _.N_‘M
1628°1ZL
sereesl —

m.vmc..vw_‘V
¢060°vEL
6L _‘m..vm_‘N
[44:78 A%

emmm.mm;
188862}~
mmmm.mm_‘w
£L6Z'0EL
oLPEIEL,
AL A LA

80 70 60

126 124 122 120 118 116
f1 (ppm)
S186

128

130
210 200 190 180 170 160 150 140 130 120 110 100 90

T T B 't

32




DEPT 90 and DEPT 135

658Y ¥l
CLPO'SLL
SLGE'GLL
8vL6'8LL
68¥8'cl
8ys0vCL
0060'vC1

E.E.EQ

€C6L 1L
$889'6C1
2696'621
CIPSIEL
CCLSIEL

CDN Ddd C.3.fid

50

CDN Ddd C.4.fid

136

cole'e—

955’8l —

9g8¥ il
0LPO'GLL
9158511
8v16°81L
mmwm.wﬁ/
83&@»
9680 #T1
Nms.vﬂ%
€261 21
888621
5696621
WPSLEL
9z.G LEL

L

-10

210 200 190 180 170 160 150 140 130 120 110 100 90

0

10

20

30

50 40

60

(=]
~
(=]
<«
0r69'ZLL-
A & corozil-
E S el
g z 6ES9TLL-
e 19£9'Z4L-
= S
w

CDN D44.11.fid
F, N0 DC

P89 ThL
G9L9°ThL
£P99°TLL—
mmmmd:%
L99°ZLL-

-250 -300 -350 -4(

-112.55 -112.65 -112.75 -112

-200

-150

-100

1 (ppm)
S187

50

100 50

150

00



8b, 'H NMR

€G2C9L
65SL°L 7

LoYBT
sioe”

2.3 mixture of rotamers
of the N-(CO) bond

due to the restricted rotation

L€T8E
2601 —

8916V~
85.6'v 7

0889\
010697
BLLY LA
geev s’

20. fid

7.

CDN D39

MeO

WE.F
raAl)

Fee1

ve'L

-1

5.0 4.0 3.0 2.0 1.0 0.0

6.0

11.0 10.0 9.0 8.0 7.0

12.0

1 (ppm)

BC NMR

Y6566 —

198G°€€ ~
0G80°LE —

¥690°€5 \
620€°55 —
6160257

6G.6°LLL \
g60€Cll N
9/SS°ELL

YL0P'8Z)
ssiLezL”

GL29 0Vl —

8029091 —

900 LLL
eveeeLL”

CDN D39-7 C. 2. fid

C

0]
2:3 mixture of rotamers

due to the restricted rotation
of the N-(CQ) bond

MeQ’

6G.6°LLL —
g60€Cll —

vi0ov'8cl ~
ggLL'8clt —

900€"LLL —
crec el —

/€T
eg'L

8L
62

-10

1 (ppm)

210 200 190 180 170 160 150 140 130 120 110100 90 80 70 60 50 40 30 20 10 O

S188



DEPT 90 and DEPT 135

CDN D39-7 C.3. fid

—128.7169
— 113.5570

(@]
/d\[\l,
MeO '\(

A

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70
1 (ppm)

50 40 30 20 10 O -10

(]
o

CDN D39-7 C. 4. fid
135

_ 128.6596
113.5573
+2-3459

\ 111.9443
57.5261

/ 55.3040

\ 53.2404

_37.0289

335531
19.9619

Wwwwmwwmwmwmmmmm

10100 90 80 70 60 50 40 30 20 1
1 (ppm)

210 200 190 180 170 160 150 140 130 120 1 0o 0 -10

S189



8¢, 'H NMR

<
N L YPLLTLL ~
7 o z8LLZLL
O. )'..' I 0
\ /. L
, ,__ =
=/ o a2
Y B 9526°61 — 58
& £oE
oL @
086G'L ~ (S8’ . 582
12911~ bvz'L| © 9651 €€ ~ .mmm
o 9£28'9¢ ~ o8
5=
| Xpe
. 6L L £S5 <
v598'Z~ g 988825 ~ ©2% 700
leo’e 8L 2502°2.6 — & oo *G60'e
L =}
z6eL'€— [T¢H o
€801 — -2 rogo| ¥
. L 6EGLETL \ J
8eL8'y . . ogsgezl ”
0€06'% o 0ok o ﬁoo_‘o.
91967 | 8eL8 Y < Z0'L[ 6~ &
6986 0€06't E =
91967\ | & Z
69867 =} o7 @)
[eok e Lo S bbLTHA ]
L - . va .
— z8iLziL” pzoeezl ~ ﬂ
aLe s o 6€sL€2L  eslogeL”
hoad | TN 98g8€zL
€86¥°L~ fooz| v29¢'82L 1 —
Soov . J Wﬁm,—. . £519'82Z1 ]
LLESL 0 o TS VEL Y Zapgy g — ———————— 7
605S"L N 85L0°GEL
~ - H S09z'sEl
S60E'L N\ - »o o LSLOOPL
BLIEL 00z 8 585 F o 208z 0¥ L \
v62eL F £9 5 A D
B P o, o D A
0 528 = LesLLLL o=
L < BT - by
N~ .m 53 @
. o @ r h
- S8LG L~ LeLl o co% | = z \_
: LIES'LY 1674 1n G - e 5
® 606G ~ =] L °
it F o 4 LS1L0°07)
z Fo 3 z08z ovL Mw
z -~ Z
8 8

-10

1 (ppm)
S190

210 200 190 180 170 160 150 140 130 120 110100 90 80 70 60 50 40 30 20 10 O




DEPT 90 and DEPT 135

CDN D42-8 C. 3. fid
90

131.5423
128.6151
\ 128.3603

/

210 200 190 180 170 160 150 140 130 120 110100 90 80 70 60 50 40 30 20 10 O

-10

1 (ppm)

CDN D42-8 C. 4. fid 0NN N~
N O v M o 00 n N 0

135 < — © N~ N © lele) ©
DO®Mm K~ o © o © I
—0® & N ®© © o
™ NN — - ~ A © M (o]
- - - - - [ToTe) IR -
~ N Vol N ‘

‘ \
[I
210 200 190 180 170 160 150 140 130 120 110100 90 80 70 60 50 40 30 20 10 O -10

1 (ppm)

S191



8d, '"H NMR

8049} —

€oelL’s
OVm_..mW

CDN DO03-8. 60. fid

€0EL'S
ovelg\
L8eL'S T
Nmi.m\

LvlT'S—

reo'L

co'L

528 524 520 516 5.12 5.C

vmmm.n/
1G8E° LA\
698€° L ~
666€ L\
LYOY L~
L8ovL
el L’
m&v.nw
6E2h L

885Y°L\
8Z9b L~
299v' L~
S6LY L\
ev8b L ~
0S6%°L\
S660°L~
€205°L w
9,052

[46°1L

o6'c

7.52 7.50 7.48 7.46 7.44 7.42 7.40 7.38 7.36

F00'€

Tooel

720 L[
Szo'L

16°}
6'C

-1

5.0 4.0 3.0 2.0 1.0 0.0

6.0

11.0 10.0 9.0 8.0 7.0

12.0

1 (ppm)

BC NMR

151981 —

G66E'EE —

00L0°ZZL
YOLY'8ZL N\
01528217
ozes'LeL .
zevL-eL
8856'2vL

6982 VL1
9e6z's.L 7

CDN DO3-8 C. 2. fid

-10

1 (ppm)

210 200 190 180 170 160 150 140 130 120 110100 90 80 70 60 50 40 30 20 10 O

S192



DEPT 90 and DEPT 135

CDN DO3-8 C. 3. fid
90

131.9348
128.7584
\ 128.4705

/
e

o o0
NJH(
I

210 200 190 180 170 160 150 140 1

0 120 110100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)

»

CDN DO3-8 C. 4. fid
135

131.9351
—~128.7585

\ 128.4705
\ 122.0169
_33.4014
_18.6171

210 200 190 180 170 160 150 140 130 120 110100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)

S193



8f, 'H NMR

SLLL'L
Nv_‘h._.v

6LLL°L

188€°C —

€Loc's

¢s0e’s

€60C'S

ceLe’s \
690€°S
S8veL
SrseL
26SeL
80LE°L
8G.E°L
818¢L
0Ses'.L
60vSL
[Siea 4
9/LSS°L
€C95°L
2895,

CDN D43. 20. fid

SLLLLA
LobLL
6LLLL

€L0T'S Y\
Z50Z2°6 ~
mmom.mw
zeLTS

(OB

co’lL

5.18 172 1.70

5.22

A

690€°G —

seve'L
Syee L\
2658°L —
808 —
wmﬁmsw
gLee’L

08eSZ |
60VS L\
65YS L —
9.85°L—
mmomsw
2895,

D Y N

[66°0

rLoe

r86°L

5.30

754 750 746 742 738 7.34

7.58

Br

Feoe

Fooe

rioe

-1

0.0

1.0

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0

12.0

1 (ppm)

BC NMR

80,981 —

6CLV'EE —

688G°¢cl \
0G2c9'9ct ~
olLgg'6cl —
.v.vmm._‘m_‘w
Lv68'SEl

zsLLevL”

€TLLELL
S698'vLL

CDN D43.22. fid

Br

-10

1 (ppm)

210 200 190 180 170 160 150 140 130 120 110100 90 80 70 60 50 40 30 20 10 O

S194



DEPT 90 and DEPT 135

CDN D43. 23. fid
90

_~131.9949
- 129.8512

o O)\K

I
T

210 200 190 180 170 160 150 140 130 120 110100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)

CDN D43. 24. fid
135

—131.9950
\ 129.8508
— 122.5942
—33.4741
— 18.6722

10 0 -10

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

1 (ppm)

S195



12a, 'H NMR

95041 —

£895°F
5989 4\
8906'%
m_:m.vw
VLB

68822
z00€' L
660€" L
PELEL
0LLEL
16181
8618 L
8¥6E L
ROV L
860% L
FrLE L
LGZH L
ZIEF L
Tovb L
86vF L
PESH L
609% L
£09% L
STIV L
Shre L
vivE L
BiegL
8668 L
85982
2898/

€eLT'L

mwhw.hM
008T'L—
L6828 L~
0862 L—
z00€ L
mmow.hw
rele'l

otm.h\

LGLE L~
86.L8 L

8v6e L—
POy L~
860% L —
ey L
LSy L~
cley'l—

TP Lo
86vt L~
Y51 L—
609% L~
83.@
€ZLv'L

2688 L~
SrreL
YivEL

oreeL”
8688 L~
8198 L~
8898 L —

SAE

NN

IV el N W

460

~¥8'9

6L

748 746 744 742 740 738 736 734 732 730 7.28 7.26

7.85 7.83

7.87

Ph _N
o
-

Ph

Tooe

» 160
*96')
160

=60

wa.o
¥8'9
6L

3.0 2.0 1.0 0.0 -1.0

4.0

11.0 10.0 9.0 8.0 7.0 6.0

12.0

f1 (ppm)

BC NMR

9661°0C—

65€C'65—

809¢°€0L —

LLILTLL
oLV
£6¥9'1Z1L
1709821
1629921
1189'6Z}
mmﬁ.cﬂw
$98GEEL

0699°L¥L—
LEYY GPL—
£¥re'05L ~

CDN D76.4.fid

9LLLSTL—

£6v9°LTL—

hvom.mm_../.
—mwm.mm_\\
1189821

869L°0€1 —

¥9eseel —

128 127 126

129

13

133

Ph._n

=
Sy

Ph

210 200 190 180 170 160 150 140 130 120 110 100 90

-10

70 60 50 40 30 20 10

80

f1 (ppm)

S196



DEPT 90 and DEPT 135

€09¢e°e0L—

[4: 1A
.vomo.hw_‘%
vmoo.mw_‘w

§€¢9°8CL
0289°8¢1

0% 08—

CDN D76. 6. fag

20

6161L02—

82EC'95—

€09e°¢0l —

YA

L

sLLszlL
.vomm.hw_.kz

mmom.mw_.
wmwm.mN_‘W
0289'821

CDN D76. 6. fid

136

-10

0

10

210 200 190 180 170 160 150 140 130 120 110 100 90

70 60 50 40 30 20

80

f1 (ppm)

S197



12b, '"H NMR

08LL'e
o_‘m_..NW
0v8lL'e

zLI8'G
67.8'G
v818'G
0288'G
9588'G
9£80°9
Nmms.&ﬁ
6880'9
paBed
526¢°L
968 L)
666€ L
ze0¥ 1
LLOV L
L0LF L
051+ L
S0z L
fXaads
692 L]
S0+ 4]
EEEY 4]
59+ ]
L0P¥ L]
09 ]
185+ L1
zTo¥ L
5698°L
Boog's
dzigL
$088°L]

Bcag') |
B068'L’
2

[AA: 34
mE.m.m.M
vm...m.m\m
0288'G
wmmm.m\

9€80'9
Nomo.oW
6880'9

088L'9—

L8984 —
bL9EL
S0L€L

zeres”
srigs”
¥G8E L~
52684\
POBE L
8668 4"
ZE0P L
VIOV 4~
L0LF L~
0Sh L,
S02¥ L
LZev i
BITH L.
S0E¥ L~
eeey L—
S9Ev L~
LO¥F L~
09bF L~
B0GH L~
9EGH L
18511 —
Zzovi—

mmmm.;
5698 L+
8899~
1218
50992
mmmm.f\\
0068'L

e

'90 7.88 7.86

588 5.

6.

6.7¢

47 7.46 7.45 7.44 743 742 7.41 7.40 7.39 7.38 737 7.36

Foog

=860
=860

=960

Fies

=i0c

30 2.0 1.0 0.0 -1.0

4.0

50

1.0 10.0 9.0 8.0 7.0

12.0

f1 (ppm)

BC NMR

950461 —

mmm._..mo_‘/.
v6le9Cl
Le8c'8ct
0goeact
JARA 4141
c0.2°821
$68.°8C)
0650°6C1
9¥vze0el
90L6’LEL
griaeet
0zL0'8kL—

FATA A=) B

Cl64'891—

CDN E-78-12 C.21.fid

v6leocl—

LE8Z8TL,
0808°82}
LETF8ZL
c0LL'8zh7
S68L°8Z1
0660'6217

9ve8 el —

90L6'LEL—

128.0 127.0 12¢

U | I

129.0

130.0

A
131.0

—
320

0

-10

30 20 10

60 50 40

70

80

210 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)

S198



DEPT 90 and DEPT 135

)
!
]
961L€'9Z1— |HLJW
!
i

SZ87'8ZL~
£ETYOTL—
169181~
08818217
0650°621

§89.°801L—

mmew.wme
mNmN.mNe
g£eey'aTl

hmoh.mm_\
088.'821
0650621

CDH E-78-12 C.22.fid

80

8e0L'6L—

88917801 —

16L€°9CL
0z8z'8gl
60€°8C1
rezy'act
969.°8C1
088.°821
¥6S0'62L

CDN E-78-12 C.23.fid

136

|

-10

0

10

210 200 190 180 170 160 150 140 130 120 110 100 90

40 30 20

60 50

80 70

f1 (ppm)

S199



14, '"H NMR
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16, 'H NMR
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