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1 General considerations

General. Unless otherwise noted, all reactions were carried out under an air atmosphere. Analytical thin-layer
chromatography (TLC) was performed on glass plates coated with 0.25 mm 230—400 mesh silica gel containing a
fluorescent indicator. Visualization was accomplished by exposure to a UV lamp. All the products in this article are
compatible with standard silica gel chromatography. Column chromatography was performed on silica gel (200—300 mesh)
using standard methods.

Structural analysis. NMR spectra were measured on a Bruker Ascend 400 spectrometer and chemical shifts (d) are
reported in parts per million (ppm). '"H NMR spectra were recorded at 400 MHz in NMR solvents and referenced internally
to corresponding solvent resonance, and '*C NMR spectra were recorded at 101 MHz and referenced to corresponding
solvent resonance. Coupling constants are reported in Hz with multiplicities denoted as s (singlet), d (doublet), t (triplet),
q (quartet), m (multiplet) and br (broad). Infrared spectra were collected on a Thermo Fisher Nicolet 6700 FT-IR
spectrometer using ATR (Attenuated Total Reflectance) method. Absorption maxima (v max) are reported in wavenumbers

(cm™). High resolution mass spectra (HRMS) were acquired on Thermo Scientific LTQ Orbitrap XL with an ESI source.

Materials. Commercial reagents and solvent were purchased from Adamas, J&K, Energy, Sigma-Aldrich, Alfa Aesar,

Acros Organics, TCI and used as received unless otherwise stated.
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2 Preparation of photocatalysts

2.1 General procedure for synthesis of photocatalysts

)
BF3K n (3.0 equiv)
e - Ok
4-toluenesulfonyl chloride (2.5 equiv) [

Na,CO3 (0.5 equiv) ‘ =
CH3CN (1.5 mL) Z
(0.15 mmol) (5.0 equiv) 130 °C, 24 h
95%

General procedure A: A flame-dried 25 mL pressure column reaction tube was placed with a stirring bar. Then, 8-
aminoquinoline derivative (0.15 mmol, 1.0 equiv), aryl or vinyl trifluoroborate (0.75 mmol, 5.0 equiv), Mn (24.7 mg, 0.45
mmol, 3.0 equiv), 4-toluenesulfonyl chloride (71.5 mg, 0.375 mmol, 2.5 equiv), Na,COs3 (7.9 mg, 0.075 mmol, 0.5 equiv)
and CH3CN (1.5 mL) were added. The resulting mixture was stirred 130 °C for 24 hours. The reaction mixture was filtered,

concentrated and then purified by column chromatography on silica gel to give the target product.

o2 % fg@ fg@ 52 WG

PC1, 95% PC2, 96% PC3, 80% PC4, 76% PCS, 82%

DO oY
O ohe @ﬁﬂ A

PC6, 82% PC7, 83% PC8, 84% PC9, 67% PC10, 84%
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2.2 Absorption and emission spectra of Photocatalysts
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Figure 1. a. UV—visible absorption spectra of PC1 - PC5 in DMSO at a concentration of 1.7 x 10 M;

b. Fluorescence emission spectra of PC1 - PC5 in DMSO at a concentration of 5 x 10 M.
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Figure 2. a. UV—visible absorption spectra of PC1, PC6, PC7 in DMSO at a concentration of 1.7 x 104 M;
b. Fluorescence emission spectra of PC1, PC6, PC7 in DMSO at a concentration of 5 x 10 M.
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Figure 3. a. UV—visible absorption spectra of PC1, PC8, PC9, PC10 in DMSO at a concentration of 1.7 x 10 M;
b. Fluorescence emission spectra of PC1, PC8, PC9, PC10 in DMSO at a concentration of 5 x 10 M.
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Figure 4. The fluorescence emission spectra of PC1 in DMSO, CH;CN, 1,4-dioxane, toluene, DMF, DCM at a

concentration of 5 x 104 M.

Table S1. Summary of the measured photophysical properties of photocatalysts

Entry habs (NM) hem (NM) @ Quantum yield (%) ®  Life time (ns) ®
PC1 386 520 52.72 17.43
PC2 386 513 55.24 17.77
PC3 387 520 53.52 17.51
PC4 384 519 47.34 16.36
PC5 386 518 53.97 17.02
PC6 404 540 40.26 12.07
PC7 389 496 85.96 12.96
PC8 388 517 51.07 17.11
PC9 384 517 54.97 17.97
PC10 385 510 67.03 24.00

a. Excited at the longest absorption maximum wavelengths. b. The quantum yield and life time of PC in DMSO at a

concentration of 5 x 10 M.

4 /197



2.3 The test of photocatalyst stability

DMSO-dg (1.0 mL)
©\B—N .
/ 40 W, 456 nm kessil blue LEDs
N .
A 22 h, air

PC1 (0.1 mmol)

A flame-dried 25 mL quartz column reaction tube was placed with a magnetic stir bar. Then, PC1, and DMSO-d; (1.0
mL) were added. the reaction mixture was irradiated and stirred with two 40 W 456 nm Kessil blue LEDs. The reaction
tube was placed at approximately 2 cm away from the light source (Figure 6b). A fan was used to cool down the tube
during the irradiation. After stirring for 22 hours, 1,3,5-trimethoxybenzene was added to the reaction tube. Then, the
DMSO-d;s solution was transferred to an NMR tube and then characterized by 'H NMR (Figure 5a), no obvious
decomposition could be observed.

In addition, the photocatalyst was bench-stable and can be stored in the fume hood without further precaution at room
temperature. Figure 5b showed the 'H NMR characterization of PC1 after one month’s storage. Also, no obvious

decomposition could be observed.
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Figure 5a. The '"H NMR characterization after 22 hours’ irradiation
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Figure 5b. The '"H NMR characterization of PC1 after one month’s storage in the fume hood.
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2.4 Test on the possibility of photocatalyst to participate in Suzuki-Miyaura cross-

coupling as boronyl nucleophile

o]
: © j NiBr; (6 mol%) CN

B-N dtbbpy (5 mol%)
N\ K3POy4 (1.0 equiv) O
| P DMSO (1.3 mL)
0.2 mmol 10 W, 460 nm blue LEDs
0.1 mmol 25°C. 22 h. air not detected by TLC

A flame-dried 25 mL quartz column reaction tube was placed with a magnetic stir bar. Then, PC1 (44.0 mg, 0.1 mmol),
4-bromobenzonitrile (0.2 mmol), NiBr; (0.005 mmol), dtbpy (0.005 mmol), K3PO4 (0.1 mmol), and DMSO (1.3 mL) were
added. The reaction tube was placed on a photocatalytic parallel reactor with a 460 nm blue LEDs light source (10 W) at
the bottom (Figure 6a). Then the reaction mixture was irradiated with the 460 nm blue LEDs (at approximately 0.3 cm
away from the light source). After stirring for 22 hours at 25 °C, the assumed product of Suzuki-Miyaura reaction, [1,1'-

biphenyl]-4-carbonitrile, was not detected by TLC, when compared to a standard sample.
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3 Optimization of reaction conditions for synthesis of esters

3.1 Optimization tables for synthesis of ester

Table S2. The screening of nickel source!!

0 PC1 (2 mol%) o CN
@AOH @CN [Ni] (5 mol%)
+ o)
Br dtbpy (5 mol%)

1a 0.3 mmol 2a 2.0 equiv KS':AOS‘lo(l-Z(?OeiuLi‘)’) 3aa
10 W, 460 nm blue LEDs
25 °C, 22 h, air
Entry [Ni] source Yield (%)@
1 NiBrsDME 30
2 Nil N. D.
3 NiCl, 4
4 NiBr2 83
5 NiCl»DME 84
6 Ni(OAc)2+4H20 72
7 NiBr2¢3H,0 71
8 Ni(acac), 40
9 NiClx(PCys), 60
10 NiCLy(PPhs), 79

Reaction conditions: 1a (0.3 mmol, 1.0 equiv), 2a (0.6 mmol, 2.0 equiv), PC1 (0.006 mmol, 2 mol%), Ni source (0.015
mmol, 5 mol%), dtbpy (4,4"-di-tert-butyl-2,2'-dipyridyl, 0.015 mmol, 5 mol%), K3PO4 (0.3 mmol, 1.0 equiv), DMSO (2.0
mL), 10 W 460 nm blue LEDs, 25 °C, air, 22 h. ¥ Isolated yield. N. D. = not detected.

Table S3. The screening of photocatalystst?

0 PC (2 mol%) o CN
@AOH ©/CN NiBr, (5 mol%)
+ o
Br dtbpy (5 mol%)

1a 0.3 mmol 2a 2.0 equiv KIS':/IOS‘tO(l.Z(?Oe;uLi\)/) 3aa
10 W, 460 nm blue LEDs
25 °C, 22 h, air
Entry photocatalyst Yield (%)™
1 PC1 83
2 PC2 55
3 PC3 50
4 PC4 72
5 PC5 57
6 PC6 62
7 PC7 45
8 PC8 73
9 PC9 51
10 PC10 71

Reaction conditions: 1a (0.3 mmol, 1.0 equiv), 2a (0.6 mmol, 2.0 equiv), PC (0.006 mmol, 2 mol%), NiBr; (0.015 mmol,
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5 mol%), dtbpy (0.015 mmol, 5 mol%), K3PO4 (0.3 mmol, 1.0 equiv), DMSO (2.0 mL), 10 W 460 nm blue LEDs, 25 °C,
air, 22 h. [@]solated yield. N. D. = not detected.

Table S4. The screening of ligands!

0 PC1 (2 mol%) o CN
@AOH @CN NiBr, (5 mol%)
+ 0
Br ligand (5 mol%)
K3POy4 (1.0 equiv) 3
aa

DMSO (2.0 mL)
10 W, 460 nm blue LEDs

1a 0.3 mmol 2a 2.0 equiv

25 °C, 22 h, air
=
|
| N
_N
13% N.D
=
Z\ |
| N
N N
dtbbpy bpy
83% 44%

Reaction conditions: 1a (0.3 mmol, 1.0 equiv), 2a (0.6 mmol, 2.0 equiv), PC1 (0.006 mmol, 2 mol%), NiBr, (0.015 mmol,
5 mol%), ligand (0.015 mmol, 5 mol%), K3PO4 (0.3 mmol, 1.0 equiv), DMSO (2.0 mL), 10 W 460 nm blue LEDs, 25 °C,
air, 22 h. [@ Isolated yield. N. D. = not detected.

Table S5. The screening of bases!®

e PC1 (2 mol%) o CN
yOH ©/CN NiBr, (5 mol%)
+ o)
Br dtbpy (5 mol%)
base (1.0 equiv)
3aa

DMSO (2.0 mL)
10 W, 460 nm blue LEDs

1a 0.3 mmol 2a 2.0 equiv

25 °C, 22 h, air
Entry base Yield (%)™
1 t-BuONa 51
2 MeONa 7
3 K2CO3 53
4 K2HPO4 39
5 K3sPOa 83
6 Triethylamine 13
7 DIPEA 33
8 Pyridine trace
9 Diisopropylamine 26

Reaction conditions: 1a (0.3 mmol, 1.0 equiv), 2a (0.6 mmol, 2.0 equiv), PC1 (0.006 mmol, 2 mol%), NiBr, (0.015 mmol,
5 mol%), dtbpy (0.015 mmol, 5 mol%), base (0.3 mmol, 1.0 equiv), DMSO (2.0 mL), 10 W 460 nm blue LEDs, 25 °C,
air, 22 h. @solated yield. N. D. = not detected, DIPEA = N,N-diisopropylethylamine.
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Table S6. The screening of solvents!®

0 PC1 (2 mol%) o CN
yOH ©/CN NiBr, (5 mol%)
+ o)
Br dtbpy (5 mol%)

K4PO, (1.0 equiv)

1a 0.3 mmol 2a 2.0 equiv solvent (2.0 mL) 3aa
10 W, 460 nm blue LEDs
25 °C, 22 h, air
Entry solvent Yield (%)
1 DMF 42
2 DMA 11
3 DMSO 83
4 CH3;CN 5
5 1,4-dioxane trace
6 THF 18
7 DCM trace
8 toluene N. D.
9 isopropanol N. D.

Reaction conditions: 1a (0.3 mmol, 1.0 equiv), 2a (0.6 mmol, 2.0 equiv), PC1 (0.006 mmol, 2 mol%), NiBr, (0.015 mmol,
5 mol%), dtbpy (0.015 mmol, 5 mol%), K3sPO4 (0.3 mmol, 1.0 equiv), solvent (2.0 mL), 10 W 460 nm blue LEDs, 25 °C,
air, 22 h. [@ Isolated yield. N. D. = not detected.

Table S7. The screening of wavelengths(¥

0 PC1 (2 mol%)

o CN
yOH ©/CN NiBr, (5 mol%) ©/
+ o)
Br dtbpy (5 mol%)
) 3aa

K3POy4 (1.0 equiv
DMSO (2.0 mL)
10 W, wavelength LEDs

1a 0.3 mmol 2a 2.0 equiv

25 °C, 22 h, air
Entry Wavelength (nm) Yield (%)
1 445 32
2 455 59
3 460 83
4 470 N. D.
5 white light N. D.

Reaction conditions: 1a (0.3 mmol, 1.0 equiv), 2a (0.6 mmol, 2.0 equiv), PC1 (0.006 mmol, 2 mol%), NiBr; (0.015 mmol,
5 mol%), dtbpy (0.015 mmol, 5 mol%), K3;PO4 (0.3 mmol, 1.0 equiv), DMSO (2.0 mL), 10 W, LEDs, 25 °C, air, 22 h. [@
Isolated yield. N. D. = not detected.
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4 General procedure for the synthesis of esters

4.1 Control experiments for the used reaction conditions in ester synthesis

Table S8. The control experiments for the ester synthesis!?!

0 PC1 (2 mol%) o CN
@AOH ©/CN NiBr, (5 mol%)
+ 0
Br dtbpy (5 mol%)

K3POy4 (1.0 equiv)

1a 0.3 | 2a 2.0 i o
a mmo a equiv DMSO (20 mL) 3aa 83%
10 W, 460 nm blue LEDs
25 °C, 22 h, air
Entry Variations from the ‘standard’ conditions Yield (%)@
1 no PC1 N.D.
2 no NiBr, N. D.
3 no dtbpy trace
4 no light N.D.
5 no KsPO4 N.D.

Standard reaction conditions: la (0.3 mmol, 1.0 equiv), 2a (0.6 mmol, 2.0 equiv), PC1 (0.006 mmol, 2 mol%), NiBr;
(0.015 mmol, 5 mol%), dtbpy (0.015 mmol, 5 mol%), K3PO4 (0.3 mmol, 1.0 equiv), DMSO (2.0 mL), 10 W 460 nm blue
LEDs, 25 °C, air, 22 h. [# Isolated yield. N. D. = not detected.

4.2 General Procedure for the synthesis of esters
PC1 (2 mol%)

0 NiBr, (5 mol%) @RZ 0
Rqﬂ©)koH + @Rz dtbpy (5 mol%) @ @
B’N
X N.

K3POy4 (1.0 equiv)

0.3 mmol X=Br, 2.0 eqL{iv DMSO (2.0 mL)
X=1 15equiv 16\ 460 nm blue LEDs ~

25 °C, 22 h, air 3 PC1

General Procedure B1: A flame-dried 25 mL quartz column reaction tube was placed with a magnetic stir bar. Then,
aryl carboxylic acid (0.3 mmol, 1.0 equiv), aryl bromide (0.6 mmol, 2.0 equiv) / aryl iodine (0.45 mmol, 1.5 equiv), PC1
(2.6 mg, 0.006 mmol, 2 mol%), NiBr; (3.3 mg, 0.015 mmol, 5 mol%), dtbpy (4.0 mg, 0.015 mmol, 5 mol%), K3PO4 (63.7
mg, 0.3 mmol, 1.0 equiv) and DMSO (2.0 mL) were added. The reaction tube was placed on a photocatalytic parallel
reactor with a 460 nm blue LEDs light source (10 W) at the bottom (Figure 6a). Then the reaction mixture was irradiated
with the 460 nm blue LEDs (at approximately 0.3 cm away from the light source). After stirring for 22 hours at 25 °C, the
reaction mixture was added 20 mL H>O and then extracted with ethyl acetate (3 x 10 mL). The combined organic phase
was washed with brine (2 x 5.0 mL), dried over anhydrous Na,SOs, and concentrated under vacuum to afford the crude
product, which was purified by column chromatography on silica gel using petroleum ether/ethyl acetate as eluent to give
the target products.

General Procedure B2: After addition of reagents and solvent, the reaction tube was placed on a photocatalytic
parallel reactor with a 460 nm blue LEDs light source (10 W) at the bottom. Then, during the irradiation, the temperature
of the reaction mixture was adjusted to 80 ‘C. After stirring for 22 hours at 80 °C, the same workup procedure with
General procedure B1 was performed.

General Procedure B3: After addition of reagents and solvent, the reaction mixture was irradiated and stirred with

two 40 W 456 nm Kessil blue LEDs. The reaction tube was placed at approximately 2 cm away from the light source
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(Figure 6b). A fan was used to cool down the reaction tube and reaction mixture during the irradiation. After stirring for

22 hours, the same workup procedure with General procedure B1 was performed.

Figure 6a. WATTCAS parallel reactor Figure 6b. KESSIL Blue LEDs

Figure 6. picture of the reaction
4.3 The synthesis of 4-cyanophenyl benzoate on larger scale
PC1 (2 9
! (2 mol%) CN
NiBrs (5 mol%) 0
@/ dtbpy (5 mol%)
- o)

K3PO, (1.0 equiv)

1.0 mmol X =Br, 2.0 equiv DMSO (2.0 mL) b
X7 L 15equV 40w, 460 nm blue LEDs 333, Br, 46%/73%
25 °C, 22 h, air 1, 79%

yield of 3aa recovery yield of PC1
X=Br, 46%/73%" 38%1/42%"

=, 79%P 71%P
@ PC1

General Procedure B4: A flame-dried 25 mL quartz column reaction tube was placed with a magnetic stir bar. Then,
benzoic acid (122.1 mg, 1.0 mmol, 1.0 equiv), 4-bromobenzonitrile (364.0 mg, 2.0 mmol, 2.0 equiv) / 4-iodobenzonitrile
(343.5 mg, 1.5 mmol, 1.5 equiv), PC1 (8.8 mg, 0.02 mmol, 2 mol%), NiBr; (10.9 mg, 0.05 mmol, 5 mol%), dtbpy (13.4
mg, 0.05 mmol, 5 mol%), KsPO4 (212.3 mg, 1.0 mmol, 1.0 equiv), and DMSO (6.5 mL) were added. The reaction tube
was placed on a photocatalytic parallel reactor with a 460 nm blue LEDs light source (10 W) at the bottom (Figure 6a).
Then the reaction mixture was irradiated with the 460 nm blue LEDs (at approximately 0.3 cm away from the light source).
After stirring for 22 hours at 25 °C, the reaction mixture was added 30 mL H>O and then extracted with ethyl acetate (3 x
15 mL). The combined organic phase was washed with brine (2 x 5.0 mL), dried over anhydrous Na,SOs, and concentrated
under vacuum to afford the crude product, which was purified by column chromatography on silica gel using petroleum
ether/ethyl acetate as eluent to give the target product to recover the photocatalyst.

General Procedure B5: After addition of reagents and solvent, the reaction mixture was irradiated and stirred with
two 40 W 456 nm Kessil blue LEDs. The reaction tube was placed, at approximately 2 cm away from the light source
(Figure 6b). A fan was used to cool down the reaction tube and reaction mixture during the irradiation. After stirring for

22 hours, the same workup procedure with General procedure B4 was performed.
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5 General procedure for the synthesis of phenol

5.1 Control experiments for the used reaction conditions in phenol synthesis

Table S9. The control experiments for the phenol synthesis [#!
Br PC1 (3 mol%)
i OH
/@ NiBr, + 3H,0 (5 mol%)
dtbpy (5 mol%)
NC
DIPEA (2.0 equiv) NC
DMSO / H,O (2.6/0.4 mL)

4a 80%
(0.5 mmol) 10 W, 455 nm blue LEDs
25 °C, 22 h, air
Entry  Variations from the ‘standard’ conditions Yield (%)%

1 no PC1 N.D.

2 no NiBr*3H,0 N.D.

3 no dtbpy 44

4 no light N.D.

5 no DIPEA N.D.

Standard reaction conditions: 4-bromobenzonitrile (0.5 mmol, 1.0 equiv), PC1 (0.015 mmol, 3 mol%), NiBr,*3H,0 (0.025
mmol, 5 mol%), dtbpy (0.025 mmol, 5 mol%), DIPEA (1.0 mmol, 2.0 equiv), and DMSO/ H,O (2.6/0.4 mL), 10 W 455
nm blue LEDs, 25 °C, air, 22 h. ¥ Isolated yield. N. D. = not detected.

5.2 General procedure for the synthesis of phenol

PC1 (3 mol%)

X NiBry*3H,0 (5 mol%) HO,
HO, dtbpy (5 mol%)
& &
RS DIPEA (2.0 equiv) I
X =Cl,Br, | 10 W, 455 nm blue LEDs
25 °C, 22 h, air

General Procedure C1: A flame-dried 25 mL quartz column reaction tube was placed with a magnetic stir bar. Then,
aryl bromide / aryl iodine / aryl chloride (0.5 mmol, 1.0 equiv), PC1 (6.6 mg, 0.015 mmol, 3 mol%), NiBr,*3H>O (6.8
mg, 0.025 mmol, 5 mol%), dtbpy (6.7 mg, 0.025 mmol, 5 mol%), DIPEA (129.2 mg, 1.0 mmol, 2.0 equiv), and DMSO /
H>0 (2.6/0.4 mL) were added. The reaction tube was placed on a photocatalytic parallel reactor with a 455 nm blue LEDs
light source (10 W) at the bottom (Figure 6a). Then the reaction mixture was irradiated with the 455 nm blue LEDs (at
approximately 0.3 cm away from the light source). After stirring for 22 hours at 25 °C, the reaction mixture was acidified
with 0.3 N HCI and then extracted with ethyl acetate (3 x 10 mL). The combined organic phase was washed with brine (2
x 5.0 mL), dried over anhydrous Na>SOs, and concentrated under vacuum to afford the crude product, which was purified
by column chromatography on silica gel using petroleum ether/ethyl acetate as eluent to give the target products.
General Procedure C2: After addition of reagents and solvent, the reaction tube was placed on a photocatalytic
parallel reactor with a 455 nm blue LEDs light source (10 W) at the bottom. Then, during the irradiation, the temperature
of the reaction mixture was adjusted to 80 ‘C. After stirring for 22 hours at 80 °C, the same workup procedure with

General procedure B1 was performed.
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5.3 O labelling experiment

PC1 (3 mol%) "
Br NiBr,+3H,0 (5 mol%) H 'O,
H'®Q dtbpy (5 mol%)
.
H
DIPEA (2.0 equiv)
CN DMSO = (2.6 mL) CN

0.4 mL
0.5 mmol M- 40 W, 455 nm blue LEDs 4k, 90%
25 °C, 22 h, air

General Procedure C3: A flame-dried 25 mL quartz column reaction tube was placed with a magnetic stir bar. Then,
4-bromobenzonitrile (91.0 mg, 0.5 mmol, 1.0 equiv), PC1 (6.6 mg, 0.015 mmol, 3 mol%), NiBr,*3H,O (6.8 mg, 0.025
mmol, 5 mol%), dtbpy (6.7 mg, 0.025 mmol, 5 mol%), DIPEA (129.2 mg, 1.0 mmol, 2.0 equiv), and DMSO/ H,'*0
(2.6/0.4 mL) were added. The reaction tube was placed on a photocatalytic parallel reactor with a 455 nm blue LEDs light
source (10 W) at the bottom (Figure 6a). Then the reaction mixture was irradiated with 455 nm the blue LEDs (at
approximately 0.4 cm away from the light source). After stirring for 22 hours at 25 °C, the reaction mixture was acidified
with 0.3 N HCl and then extracted with ethyl acetate (3 x 10 mL). The combined organic phase was washed with brine (2
x 5.0 mL), dried over anhydrous Na>SOs, and concentrated under vacuum to afford the crude product, which was purified
by column chromatography on silica gel (PE/EA = 3:1) to give the target products 4k in 90% yield, the products was
determined by HRMS (Figure 7). The key peaks of 130 labeled 4-(hydroxy)benzonitrile was observed.

HRMS (ESI) m/z caled for C;HeN'BO* (M+H)* 122.0486, found 122.0485.
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Figure 7. The HRMS spectra of 4k
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6 General procedure for the synthesis of ethers

6.1 Control experiments for the used reaction conditions in ether synthesis

Table S10. The control experiments for the ether synthesis [@!

PC1 (2 mol%)

Br. NiBr, (5 mol%) MeQ
MeO dtbpy (5 mol%)
+
H
0.5mL DIPEA (2.0 equiv)
CN 10 W, 455 nm blue LEDs CN
0.3 mmol 25°C, 22 h, air 5a 75%
Entry  Variations from the ‘standard’ conditions Yield (%)@

1 no PC1 13

2 no NiBr, trace

3 no dtbpy 15

4 no light N.D.

5 no DIPEA trace

Standard reaction conditions: 4-bromobenzonitrile (0.3 mmol, 1.0 equiv), PC1 (0.006 mmol, 2 mol%), NiBr, (0.015 mmol,
5 mol%), dtbpy (0.015 mmol, 5 mol%), DIPEA (0.6 mmol, 2.0 equiv), and MeOH (0.5 mL), 10 W 455 nm blue LEDs,
25 °C, air, 22 h. ¥ Isolated yield. N. D. = not detected.

6.2 General procedure for the synthesis of ethers

PC1 (2 mol%)

NiBr, (5 mol%) RO
RO, dtbpy (5 mol%)
o o
R4 0.5 mL DIPEA (2.0 equiv) R4
0.3 mmol 10 W, 455 nm blue LEDs
X =Br, | 25 °C, 22 h, air

General Procedure D: A flame-dried 25 mL quartz column reaction tube was placed with a magnetic stir bar. Then,
aryl bromide /aryl iodine (0.3 mmol, 1.0 equiv), PC1 (2.6 mg, 0.006 mmol, 2 mol%), NiBr> (3.3 mg, 0.015 mmol, 5 mol%),
dtbpy (4.0 mg, 0.015 mmol, 5 mol%), DIPEA (77.5 mg, 0.6 mmol, 2.0 equiv), and alkyl alcohol (0.5 mL) were added.
The reaction tube was placed on a photocatalytic parallel reactor with a 455 nm blue LEDs light source (10 W) at the
bottom (Figure 6a). Then the reaction mixture was irradiated with the 455 nm blue LEDs (at approximately 0.3 cm away
from the light source). After stirring for 22 hours at 25 °C, the reaction mixture was filtered, and concentrated under
vacuum to afford the crude product, which was purified by column chromatography on silica gel using petroleum
ether/ethyl acetate as eluent to give the target products.
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7 Proposed reaction mechanisms

7.1 The preparation and application of Ni-A species

Br

Bu Bu
Bu Bu Bu Bu M
— COOMe =N N
_Ni
Br O\
Ni-A

/ N ) +NicoD), =%
=N N =N N
N
N COOMe
o) Br PC1 (2.0 mol%) COOMe
Ni-A (5.0 mol%) o
OH K3POy4 (1.0 equiv)
N 0
DMSO (1.0 mL) . .
COOMe 25°C. 22 h 3ha, 27% NMR yield

Preparation: The Ni-A species was prepared according to known procedure (Chu et al, Nat. Commun. 2018, 9, 4543).

In a nitrogen filled glove box, a 25 mL reaction tube containing a stirring bar was charged with Ni(COD), (276.0 mg,
1.0 mmol, 1.0 equiv), 4,4'-di-tert-butyl-2,2'-bipyridine (268 mg, 1.0 mmol, 1.0 equiv) and THF (10.0 mL) giving a dark
purple mixture which was stirred for 12 hours at room temperature. Methyl 4-bromobenzoate (2.2 g, 10.0 mmol, 10.0
equiv) was added and stirred for additional 4 hours. Dry pentane (60 mL) was added to the deep red colored mixture and
filtered. The resulting precipitate was washed with pentane (20 mL x 3) and dried under vacuum to afford Ni(II)-aryl
complex as a brown solid (531.1 mg). The product was used without further purification. The spectra data were also
consistent with the literature. The complex was stored in a nitrogen filled glove box at -30 °C. "H NMR (500 MHz, CD,Cl,)
09.22 (s, 1H), 7.84 (d, J = 14.0 Hz, 2H), 7.75-7.73 (br, 2H), 7.56-7.51 (m, 3H), 7.09 (d, J = 33.0 Hz, 2H), 3.84 (s, 3H),
1.41-1.34 (m, 18H).
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Figure 8. The copy of 'H NMR spectra of Ni-A.
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Application: A flame-dried reaction tube was placed with a magnetic stir bar. Then, benzoic acid (18.3 mg, 0.15 mmol,
1.0 equiv), methyl 4-bromobenzoate (48.4 mg, 0.225 mmol, 1.5 equiv), PC1 (1.3 mg, 0.003 mmol, 2 mol%) and K3PO4
(31.8 mg, 0.15 mmol, 1.0 equiv) were added. The tube was then taken into the glovebox, where Ni-A (4.1 mg, 5 mol%)
was added. After get out of the glovebox, 1.0 mL DMSO was injected into the tube. The reaction mixture was stirred and
irradiated with four Kessil A160WE Tuna Blue LED Lights. A fan was used to cool down the reaction tube and reaction
mixture during the irradiation. After stirring for 22 hours, the mixture was exposed to air. 1,3,5-Trimethoxybenzene (16.8
mg, 0.10 mmol), water, and ethyl acetate were added sequentially. A portion of organic layer was concentrated and
analyzed by '"H NMR to get the NMR yield (27%).
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Figure 9. The copy of 'H NMR spectra of the reaction mixture with 1,3,5-trimethoxybenzene as internal standard.
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7.2 Proposed mechanisms

tBu tBu
e\
R>:O \ NN /
Ar=G / [Ni°] \<Ar—Br
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\ N catalytic \ N, N
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Figure 10. A proposed mechanism via energy transfer pathway, taking the synthesis of esters as an example.
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8 Characterization data

(PC1) 1-(2,2-diphenyl-2 A 43 A 4-[1,3,2]diazaborolo[4,5,1-ij]quinolin-1(2H)-yl)-3-phenylpropan-1-one

1-(2,2-diphenyl-2A4,324-
[1,3,2]diazaborolo[4,5,1-jquinolin-1(2H)-yl)-3-
phenylpropan-1-one
Chemical Formula: C3gH25BN,0O
Exact Mass: 440.2060
Molecular Weight: 440.3530

Following the General Procedure A with 3-phenyl-N-(quinolin-8-
yl)propanamide (41.4 mg, 0.15 mmol), potassium phenyltrifluoroborate
(138.0 mg, 0.75 mmol), PC1 was obtained as yellow solid (62.7 mg,
95%).

This target product was purified by silica gel flash chromatography (PE:
EA=3:1).

Melting point (° C): 229.6 - 232.9.

'H NMR (400 MHz, CDCls) 6 8.99 (d, J = 7.6 Hz, 1H), 8.43 (dd, J =5.2,
0.8 Hz, 1H), 8.38 (d, J = 8.4 Hz, 1H), 7.80 (t, J = 8.4 Hz, 1H), 7.56 —
7.52 (m, 1H), 7.52 — 7.46 (m, 5H), 7.30 — 7.24 (m, 6H), 7.13 (t, J = 7.2
Hz, 2H), 7.10 — 7.03 (m, 1H), 6.83 (d, J = 6.8 Hz, 2H), 2.60 (dd, J = 9.5,
4.9 Hz, 2H), 2.57 — 2.49 (m, 2H).

BCNMR (101 MHz, CDCl3) § 176.2, 142.0, 141.5, 139.5, 139.1, 137.7, 133.5, 132.6, 128.5, 128.1, 127.9, 127.6, 127.2,

125.5,122.5,119.0, 117.2,39.9, 31.5.
"B NMR (128 MHz, CDCls) § 5.50.

IR (em™): 3065, 3009, 1634, 1512, 1399, 824, 693.
HRMS (ESI) m/z calcd for C30H2sBN,O" (M+H)*" 441.2133, found 441.2141.

(PC2) 1-(2,2-di-p-tolyl-2 A 43 A 4-[1,3,2]diazaborolo[4,5,1-ij| quinolin-1(2H)-yl)-3-phenylpropan-1-one
Following the General Procedure A with 3-phenyl-N-(quinolin-8-

o yl)propanamide (41.4 mg, 0.15 mmol), potassium 4-tolyltrifluoroborate (148.5
mg, 0.75 mmol), PC2 was obtained as yellow solid (67.7 mg, 96%).
\Q\ This target product was purified by silica gel flash chromatography (PE: EA =
N/B_N 3:1).
| ~ Melting point (°C): 201.1 - 206.4.
Z !H NMR (400 MHz, CDCls) § 8.96 (d, J = 7.8 Hz, 1H), 8.38 (d, J = 5.2 Hz, 1H),
1-(2,2-di-p-tolyl-22.4, 334 8.29 (d, J=8.4 Hz, 1H), 7.75 (t, J = 8.0 Hz, 1H), 7.47 — 7.41 (m, 2H), 7.36 (d, J

[1,3,2]diazaborolo[4,5,1-i]quinolin- =7.8 Hz, 4H), 7.13-7.03 (m, 7H), 6.81 (d, J = 7.0 Hz, 2H), 2.64 — 2.57 (m, 2H),
1(2H)-yl)-3-phenylpropan-1-one 2.57 —2.50 (m, 2H), 2.30 (s, 6H).

Chemical Formula: C35HpBN,O  13C NMR (101 MHz, CDCls) & 176.3, 142.1, 141.6, 139.5, 139.0, 137.6, 136.7,

Exact Mass: 468.2373 133.6, 132.6, 128.7, 128.5, 128.3, 127.6, 125.5, 122.4, 118.9, 117.1, 39.7, 31.5,

Molecular Weight: 468.4070 213,

"B NMR (128 MHz, CDCl3) § 5.54.

IR (em™): 3037, 2933, 1644, 1512, 1390, 1241, 1192, 1079, 834.
HRMS (ESI) m/z calcd for C3;H30BN,O" (M+H)" 469.2446, found 469.2455.
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(PC3) 1-(2,2-bis(4-methoxyphenyl)-21 A 431 A “-[1,3,2]diazaborolo[4,5,1-ij]quinolin-1(2H)-yl)-3-phenylpropan-1-

one

1-(2,2-bis(4-methoxyphenyl)-214,31*-
[1,3,2]diazaborolo[4,5,1-ijlquinolin-1(2H)-yl)-3-
phenylpropan-1-one
Chemical Formula: C35H9BN,O3
Exact Mass: 500.2271
Molecular Weight: 500.4050

Following the General Procedure A with 3-phenyl-N-(quinolin-8-
ylpropenamide (41.4 mg, 0.15 mmol), potassium 4-
methoxyphenyltrifluoroborate (160.5 mg, 0.75 mmol), PC3 was
obtained as yellow solid (59.7 mg, 80%).

This target product was purified by silica gel flash chromatography
(PE: EA=3:1).

Melting point (°C): 57.6 - 62.9.

"H NMR (400 MHz, CDCls) 6 8.99 (d, J = 7.6 Hz, 1H), 8.40 (d, J =
5.2 Hz, 1H), 8.35 (d, /= 8.0 Hz, 1H), 7.79 (t, /= 8.0 Hz, 1H), 7.54 —
7.46 (m, 2H), 7.40 (d, J = 8.4 Hz, 4H), 7.15 (t, J= 7.2 Hz, 2H), 7.10
(d, J=6.8 Hz, 1H), 6.88 (d, /= 7.2 Hz, 2H), 6.83 (d, J = 8.4 Hz, 4H),
3.78 (s, 6H), 2.69 - 2.63 (m, 2H), 2.59 - 2.53 (m, 2H).

BC NMR (101 MHz, CDCl5) J 176.3, 158.9, 142.0, 141.6, 139.5,

138.9,137.5,134.7, 132.6, 128.5, 128.1, 127.6, 125.5, 122.4, 118.9, 117.1, 113.4, 55.1, 39.6, 31 4.

"B NMR (128 MHz, CDCls) § 7.38.

IR (em™): 3026, 2914, 2832, 1646, 1596, 1508, 1389, 1244, 1175, 1031, 831.
HRMS (ESI) m/z calcd for C3;H30BN,O3" (M+H)* 501.2344, found 501.2352.

(PC4) 1-(2,2-bis(4-fluorophenyl)-2 M 4.3 A 4-[1,3,2]diazaborolo[4,5,1-ij]quinolin-1(2H)-yl)-3-phenylpropan-1-one

1-(2,2-bis(4-fluorophenyl)-214,314-
[1,3,2]diazaborolo[4,5,1-ij]quinolin-1(2H)-yl)-
3-phenylpropan-1-one
Chemical Formula: C3gH,3BF,N,O
Exact Mass: 476.1872
Molecular Weight: 476.3338

Following the General Procedure A with 3-phenyl-N-(quinolin-8-
yDpropenamide (414 mg, 0.15 mmol), potassium 4-
fluorophenyltrifluoroborate (151.5 mg, 0.75 mmol), PC4 was obtained
as yellow solid (54.1 mg, 76%).

This target product was purified by silica gel flash chromatography (PE:
EA=3:1).

Melting point (° C): 201.8 - 204.9.

!H NMR (400 MHz, CDCls3) § 9.01 (d, J = 8.0 Hz, 1H), 8.42 (d, J=8.0
Hz, 1H), 8.36 (d, J = 4.8 Hz, 1H), 7.82 (t, J = 8.0 Hz, 1H), 7.57 (dd, J =
8.4,5.6 Hz, 1H), 7.53 (d, J = 8.4 Hz, 1H), 7.41 (dd, J = 8.4, 6.0 Hz, 4H),
7.17 (t,J=7.2 Hz, 2H), 7.11 (dd, J = 8.5, 5.9 Hz, 1H), 6.96 (t, J = 8.8
Hz, 4H), 6.88 (d, J = 7.1 Hz, 2H), 2.74 — 2.64 (m, 2H), 2.54 — 2.46 (m,
2H).

13C NMR (101 MHz, CDCl5) § 175.9, 162.5 (d, J=247 Hz), 141.8, 141.4, 139.4, 139.4, 137.5, 135.0 (d, /= 7 Hz), 132.8,
128.4, 128.2, 127.7,125.7, 122.5, 119.1, 117.4, 114.8 (d, J = 19 Hz), 39.8, 31.3.

F NMR (376 MHz, CDCl3) § -115.33.
"B NMR (128 MHz, CDCl3) 6 4.88.

IR (em™): 3027, 1653, 1587, 1512, 1390, 1324, 1173, 816, 693.
HRMS (ESI) m/z calcd for C30H24BF2N,O (M+H)* 477.1944, found 477.1954.
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(PC5) 1-(2,2-di(naphthalen-2-yI)-2 A 43 A 4-[1,3,2]diazaborolo[4,5,1-ij|quinolin-1(2H)-yl)-3-phenylpropan-1-one

L,
0F

=

1-(2,2-di(naphthalen-2-yl)-21% 31.4-

Following the General Procedure A with 3-phenyl-N-(quinolin-8-
yl)propenamide (414 mg, 0.15 mmol), potassium 3-
naphthyltrifluoroborate (175.5 mg, 0.75 mmol), PCS was obtained
as yellow solid (66.7 mg, 82%).

This target product was purified by silica gel flash chromatography
(PE: EA=5:1).

Melting point (°C): 59.8 — 61.3.

"H NMR (400 MHz, CDCl3) § 9.07 (d, J= 7.2 Hz, 1H), 8.41 (dd, J
=5.2,0.8 Hz, 1H), 8.24 (dd, /= 8.4, 0.8 Hz, 1H), 8.06 (s, 2H), 7.85

[1,3,2]diazaborolo[4,5,1-iflquinolin-1(2H)-yl)-3-  —7.75 (m, 4H), 7.75 - 7.69 (m, 3H), 7.59 (dd, /= 8.4, 1.2 Hz, 2H),

phenylpropan-1-one
Chemical Formula: C3gHogBN,O
Exact Mass: 540.2373
Molecular Weight: 540.4730

7.48 —7.35 (m, 6H), 6.96 — 6.84 (m, 3H), 6.60 — 6.52 (m, 2H), 2.70
~2.63 (m, 2H), 2.59 — 2.51 (m, 2H).

13C NMR (101 MHz, CDCL3) 6 176.4, 142.5, 141.2, 139.7, 139.3,
137.8, 133.5, 133.4, 133.0, 132.7, 131.0, 128.3, 128.3, 128.0, 127.7,

127.60, 127.4, 125.8, 125.7, 125.5, 122.5, 119.2, 117.4, 40.0, 31.5.

"B NMR (128 MHz, CDCls) § 5.25.

IR (em™): 3056, 2924, 1644, 1503, 1399, 1173, 1070, 787.
HRMS (ESI) m/z calcd for C3sH30BN,O" (M+H)" 541.2446, found 541.2449.

(PC6) 3-phenyl-1-(2,2,7-triphenyl-2 A 4,3 A 4-[1,3,2]diazaborolo[4,5,1-ij|quinolin-1(2H)-yl)propan-1-one

o)

3-phenyl-1-(2,2,7-triphenyl-21* 314
[1,3,2]diazaborolo[4,5,1-ij]quinolin-1(2H)-
yl)propan-1-one
Chemical Formula: C3gH,9BN,O
Exact Mass: 516.2373
Molecular Weight: 516.4510

Following the General Procedure A with 3-phenyl-N-(5-phenylquinolin-
8-yl)propanamide (52.8 mg, 0.15 mmol), potassium
phenyltrifluoroborate (138.0 mg, 0.75 mmol), PC6 was obtained as
yellow solid (63.5 mg, 82%).

This target product was purified by silica gel flash chromatography (PE:
EA: TEA=3:1:0.3).

Melting point (°C): 180.8 — 184.2.

"H NMR (400 MHz, CDCls) 6 9.06 (d, J = 8.0 Hz, 1H), 8.50 (dd, J = 8.8,
1.2 Hz, 1H), 8.43 (dd, J=5.2, 1.2 Hz, 1H), 7.78 (d, J= 8.0 Hz, 1H), 7.58
—7.49 (m, 6H), 7.49 — 7.42 (m, 4H), 7.32 — 7.22 (m, 6H), 7.19 — 7.10 (m,
2H), 7.10 — 7.04 (m, 1H), 6.89 — 6.81 (m, 2H), 2.68 — 2.60 (m, 2H), 2.59
—2.53 (m, 2H).

BC NMR (101 MHz, CDCl3)  176.2, 141.6, 141.4,139.7, 138.1, 137.9,
137.7, 133.6, 132.8, 130.9, 129.8, 129.0, 128.5, 128.1, 128.0, 128.0,
127.2,126.1, 125.6, 122.5, 118.8, 39.9, 31.5.

"B NMR (128 MHz, CDCls) § 5.92.

IR (cm™'): 3084, 3018, 1653, 1503, 1399, 1182, 693.
HRMS (ESI) m/z caled for C36H30BN,O* (M+H)* 517.2446, found 517.2449.
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(PC7) 1-(2,2-diphenyl-7-tosyl-214,314-[1,3,2]diazaborolo[4,5,1-ij|quinolin-1(2H)-yl)-3-phenylpropan-1-one

(o)

1-(2,2-diphenyl-7-tosyl-21* 31*-

Following the General Procedure A with 3-phenyl-N-(5-
tosylquinolin-8-yl)propanamide (64.5 mg, 0.15 mmol), potassium
phenyltrifluoroborate (138.0 mg, 0.75 mmol), PC7 was obtained as
yellow solid (74.0 mg, 83%).

This target product was purified by silica gel flash chromatography
(PE: DCM: EA=4:1:1).

Melting point (°C): 208.3 —211.6.

"H NMR (400 MHz, CDCl3) 6 9.24 (d, J = 8.4 Hz, 1H),9.01 (d, J =
8.4 Hz, 1H), 8.63 (d, /= 8.8 Hz, 1H), 8.47 (d, /J=4.8 Hz, 1H), 7.84
(d, J=8.0 Hz, 2H), 7.65 (dd, /= 8.4, 5.2 Hz, 1H), 7.40 (dd, J= 6.8,
2.4 Hz, 4H), 7.31 — 7.21 (m, 8H), 7.31 - 7.23 (m, 3H), 6.81 (d, J =
6.8 Hz, 2H), 2.65 — 2.58 (m, 2H), 2.59 — 2.50 (m, 2H), 2.36 (s, 3H).

13
[1,3,2]diazaborolo[4,5,1-j]quinolin-1(2H)-y1)-3- C NMR (101 MHz, CDCl3) 6 176.9, 147.0, 144.6, 141.1, 140.5,

phenylpropan-1-one

138.6,137.7,137.4,136.9, 133.4,130.2, 128.4,128.1, 128.1, 127.6,

Chemical Formula: C37H31BN,03S 127.3,126.3,125.7,124.4, 1242, 116.5, 39.8, 31.1, 21.6.

Exact Mass: 594.2148

"B NMR (128 MHz, CDCls) § 5.91.

Molecular Weight: 594.5360 IR (cm™): 3074, 2924, 1662, 1503, 1370, 1314, 1136, 712.
HRMS (ESI) m/z caled for C37H3BN,03S* (M+H)* 595.2221, found 595.2218.

(PC8) 1-(2,2-diphenyl-2 A 43 A 4-[1,3,2]diazaborolo[4,5,1-ij]quinolin-1(2H)-yl)pent-4-en-1-one

1-(2,2-diphenyl-214 334-
[1,3,2]diazaborolo[4,5,1-ij]quinolin-
1(2H)-yl)pent-4-en-1-one
Chemical Formula: CogH53BN,O
Exact Mass: 390.1903
Molecular Weight: 390.2930

Following the General Procedure A with N-(quinolin-8-yl)pent-4-enamide (33.9
mg, 0.15 mmol), potassium phenyltrifluoroborate (138.0 mg, 0.75 mmol), PC8
was obtained as yellow solid (49.2 mg, 84%).

This target product was purified by silica gel flash chromatography (PE: EA =
3:1).

Melting point (°C): 196.5 — 198.4.

'HNMR (400 MHz, CDCls) 6 8.97 (d, J= 7.6 Hz, 1H), 8.42 (dd, J=5.2, 1.2 Hz,
1H), 8.37 (dd, J=8.4, 1.2 Hz, 1H), 7.78 (t, J= 8.4 Hz, 1H), 7.54 — 7.46 (m, 6H),
7.30 = 7.22 (m, 6H), 5.58 — 5.45 (m, 1H), 4.79 — 4.66 (m, 2H), 2.32 - 2.24 (m,
2H), 2.05 — 1.97 (m, 2H).

BC NMR (101 MHz, CDCl3) 6 176.4, 142.1, 139.5, 139.1, 137.8, 137.7, 133.5,
132.7,127.8,127.6, 127.1, 122.4, 118.9, 117.1, 114.4, 37.6, 29.3.

'B NMR (128 MHz, CDCl3) § 5.25.

IR (cm™): 3070, 3020, 1659, 1508, 1389, 1326, 1163, 831.
HRMS (ESI) m/z caled for CasHaBN,O* (M+H)* 391.1976, found 391.1986.
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(PC9) 1-(2,2-divinyl-214,314-[1,3,2]diazaborolo[4,5,1-ij|quinolin-1(2H)-yl)-3-phenylpropan-1-one

Following the General Procedure A with 3-phenyl-N-(quinolin-8-
\ O>_/—© yl)propanamide (41.4 mg, 0.15 mmol), potassium vinyltrifluoroborate
A BN (100.5 mg, 0.75 mmol), PC9 was obtained as yellow solid (33.5 mg,
N 66%).

| h This target product was purified by silica gel flash chromatography (PE:

= EA=5:1).

1-(2,2-divinyl-214,31*- Melting point (°C): 87.7 —90.8.

[1,3,2]diazaborolo[4,5,1-ij]quinolin-1(2H)- 'H NMR (400 MHz, CDCl;) 6 8.82 (d, J= 7.6 Hz, 1H), 8.39 (dd, J = 8.0,
yl)-3-phenylpropan-1-one 0.4 Hz, 1H), 8.32 (d, J = 4.4 Hz, 1H), 7.72 (t, J= 8.0 Hz, 1H), 7.62 (dd,
Chemical Formula: C2,H21BN20O J=28.4,52Hz, 1H), 7.44 (d, J = 8.0 Hz, 1H), 7.31 — 7.26 (m, 4H), 7.22
Exact Mass: 340.1747 ~7.15 (m, 1H), 6.40 (dd, J=19.6, 13.2 Hz, 2H), 5.58 (d, J = 3.6 Hz, 1H),

Molecular Weight: 340.2330 5.54 (d, J=3.2 Hz, 1H), 5.32 (d, J = 3.6 Hz, 1H), 5.27 (d, J = 3.6 Hz,

1H), 3.11 - 3.04 (m, 2H), 2.97 — 2.87 (m, 2H).

13C NMR (101 MHz, CDCLs) 6 175.7, 142.0, 141.7, 139.3, 138.8, 137.9, 132.5, 128.6, 128.5, 128.3, 127.8, 125.8, 123.8,
122.0, 118.4, 116.7, 39.2, 31.8.

1'B NMR (128 MHz, CDCls) 6 3.05.

IR (cm™): 3046, 2933, 1653, 1512, 1399, 1088, 947, 768.

HRMS (ESI) m/z caled for C2HyBN,O* (M+H)* 341.1820, found 341.1828.

(PC10) 2,2-diphenyl-1-tosyl-1,2-dihydro-2 A 4,3 A 4-[1,3,2]diazaborolo[4,5,1-ij|quinoline

Following the General Procedure A with quinolin-8-amine (21.6 mg, 0.15
mmol), potassium phenyltrifluoroborate (138.0 mg, 0.75 mmol), 4-
toluenesulfonyl chloride (57.2 mg, 0.3 mmol), PC10 was obtained as
Os yellow solid (58.2 mg, 84%).

B—N/S\\O This target product was purified by silica gel flash chromatography (PE:

N DCM: EA = 6:2:1).

| Melting point (°C): 240.1 — 246.2.

Z "H NMR (400 MHz, CDCls) § 8.44 (dd, J = 5.2, 1.2 Hz, 1H), 8.35 (dd, J

2,2-diphenyl-1-tosyl-1,2-dihydro-214,314- = 8.4, 1.2 Hz, 1H), 7.84 (d,J=7.2 Hz, 1H), 7.67 (t, J= 8.4 Hz, 1H), 7.56
[1,3,2]diazaborolo[4,5,1-ilquinoline (dd, J= 8.4, 5.2 Hz, 1H), 7.51 — 7.45 (m, 4H), 7.36 (d, J= 8.0 Hz, 1H),
Chemical Formula: C2gH23BN202S 7.31 - 7.26 (m, 6H), 6.97 (d, J = 8.4 Hz, 2H), 6.86 (d, J = 8.0 Hz, 2H),

Exact Mass: 462.1573 2.22 (s, 3H).
Molecular Weight: 462.3740 13 NMR (101 MHz, CDCls) 6 142.4, 140.6, 140.3, 139.2, 137.6, 137.3,

134.1, 132.1, 128.7, 128.1, 127.5, 127.3, 127.0, 122.9, 115.8, 113.2, 21.3.

''B NMR (128 MHz, CDCl3) é 8.77.

IR (cm™): 3056, 2999, 1512, 1390, 1324, 1154, 580.

HRMS (ESI) m/z caled for CosHa4BN,0,2S* (M+H)" 463.16461, found 463.16498.
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(3aa) 4-cyanophenyl benzoate (CAS: 16513-72-7) !
CN Following the General Procedure B1 with 4-bromobenzonitrile (109.2 mg, 0.6 mmol),
Q /©/ benzoic acid (36.6 mg, 0.3 mmol), 3aa was obtained as white solid (55.8 mg, 83%).
0 Following the General Procedure B3 with 4-bromobenzonitrile (109.2 mg, 0.6 mmol),
benzoic acid (36.6 mg, 0.3 mmol), 3aa was obtained as white solid (56.9 mg, 85%).
4-cyanophenyl benzoate Following the General Procedure B1 with 4-iodinebenzonitrile (103.1 mg, 0.45

Chemical Formula: C14HgNO, mmol), benzoic acid (36.6 mg, 0.3 mmol), 3aa was obtained as white solid (60.3 mg,
Exact Mass: 223.0633 90%).

Molecular Weight: 223.2310 Following the General Procedure B3 with 4-iodinebenzonitrile (103.1 mg, 0.45

mmol), benzoic acid (36.6 mg, 0.3 mmol), 3aa was obtained as white solid (60.1 mg, 90%).

Following the General Procedure B4 with 4-bromobenzonitrile (364.0 mg, 2.0 mmol), benzoic acid (122.1 mg, 1.0 mmol),
3aa was obtained as white solid (103.2 mg, 46%)).

Following the General Procedure B5 with 4-bromobenzonitrile (364.0 mg, 2.0 mmol), benzoic acid (122.1 mg, 1.0 mmol),
3aa was obtained as white solid (163.5 mg, 73%)).

Following the General Procedure B5 with 4-iodobenzonitrile (343.5 mg, 1.5 mmol), benzoic acid (122.1 mg, 1.0 mmol),
3aa was obtained as white solid (176.5 mg, 79%)).

This target product was purified by silica gel flash chromatography (PE: EA = 10:1).

Melting point (° C): 87.9-89.9.

'"H NMR (400 MHz, CDCl5)  8.19 (dd, J= 8.4, 1.4 Hz, 2H), 7.77 — 7.72 (m, 2H), 7.68 (t, /= 7.4 Hz, 1H), 7.54 (t, J= 7.8
Hz, 2H), 7.38 (d, /= 8.8 Hz, 2H).

3C NMR (101 MHz, CDCl;) 6 164.3, 154.3, 134.2, 133.8, 130.3, 128.8, 128.7, 123.0, 118.3, 109.8.

(3ab) 4-cyanophenyl 2-methylbenzoate (CAS: 89013-79-6) !

CN Following the General Procedure B1 with 4-bromobenzonitrile (109.2 mg, 0.6
Q /©/ mmol), o-toluic acid (40.8 mg, 0.3 mmol), 3ab was obtained as white solid (51.2
O mg, 72%).
Following the General Procedure B1 with 4-iodinebenzonitrile (103.1 mg, 0.45
4-cyanophenyl 2-methylbenzoate mmol), o-toluic acid (40.8 mg, 0.3 mmol), 3ab was obtained as white solid (62.4
Chemical Formula: C1gH44NO,  mg, 88%).
Exact Mass: 237.0790 This target product was purified by silica gel flash chromatography (PE: EA =
Molecular Weight: 237.2580 10:1).
Melting point (° C): 88.3-89.7.
'H NMR (400 MHz, CDCI3) ¢ 8.16 (dd, J = 8.0, 1.2 Hz, 1H), 7.78 — 7.69 (m, 2H), 7.56 — 7.48 (m, 1H), 7.38 — 7.31 (m,
4H), 2.67 (s, 3H).
BC NMR (101 MHz, CDCls) § 164.7, 154.3, 141.8, 133.7, 133.4, 132.2, 131.3, 127.5, 126.1, 123.1, 118.4, 109.7, 22.0.

(3ac) 4-cyanophenyl 3-methylbenzoate (CAS: 89434-74-2) !

CN Following the General Procedure B1 with 4-bromobenzonitrile (109.2 mg, 0.6
Q /©/ mmol), m-toluic acid (40.8 mg, 0.3 mmol), 3ac was obtained as white solid (21.9

(@) mg, 31%).
Following the General Procedure B3 with 4-iodinebenzonitrile (103.1 mg, 0.45
mmol), m-toluic acid (40.8 mg, 0.3 mmol), 3ac was obtained as white solid (64.1

4-cyanophenyl 3-methylbenzoate mg, 90%).
Chemical Formula: C45sH{{NO,  This target product was purified by silica gel flash chromatography (PE: EA =

Exact Mass: 237.0790 10:1).

Molecular Weight: 237.2580 Melting point (° C): 76.7-78.5.
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'H NMR (400 MHz, CDCL3) 6 8.00 (d, J = 0.4 Hz, 1H), 7.98 (s, 1H), 7.78 — 7.71 (m, 2H), 7.48 (d, J = 8.0 Hz, 1H), 7.42
(t,J = 8.0 Hz, 1H), 7.39 — 7.34 (m, 2H), 2.45 (s, 3H).
13C NMR (101 MHz, CDCL3)  164.5, 154.4, 138.7, 135.0, 133.7, 130.8, 128.7, 128.6, 127.5, 123.0, 118.3, 109.8, 21.3.

(3ad) 4-cyanophenyl 4-methylbenzoate (CAS: 32792-42-0) 2
CN Following the General Procedure Bl with 4-bromobenzonitrile (109.2 mg, 0.6
Q /©/ mmol), p-toluic acid (40.8 mg, 0.3 mmol), 3ad was obtained as white solid (50.5
O mg, 71%).
This target product was purified by silica gel flash chromatography (PE: EA =
4-cyanophenyl 4-methylbenzoate 10:1).
Chemical Formula: C45H{{NO,  Melting point (°C): 144.0-145.5.
Exact Mass: 237.0790 'H NMR (400 MHz, CDCls) ¢ 8.11 — 8.05 (m, 2H), 7.76 — 7.70 (m, 2H), 7.39 —
Molecular Weight: 237.2580 7 34 (1) 2H), 7.33 (d, J = 8.0 Hz, 2H), 2.46 (s, 3H).
BCNMR (101 MHz, CDCl3) 6 164.4, 154.4,145.2, 133.7, 130.4, 129.52, 125.9, 123.0, 118.4, 109.7, 21.8.

(3ae) 4-cyanophenyl 2-methoxybenzoate (CAS: 849902-76-7)
o CN Following the General Procedure B1 with 4-bromobenzonitrile (109.2 mg, 0.6
/©/ mmol), o-Anisic acid (45.6 mg, 0.3 mmol), 3ae was obtained as white solid
@ (51.8 mg, 68%).
O/ Following the General Procedure B1 with 4-iodinebenzonitrile (103.1 mg, 0.45

4-cyanophenyl 2-methoxybenzoate mmol), o-Anisic acid (45.6 mg, 0.3 mmol), 3ae was obtained as white solid

Chemical Formula: C5H{NO5  (66.3 mg, 87%).
Exact Mass: 253.0739 This target product was purified by silica gel flash chromatography (PE: EA =
Molecular Weight: 253.2570 10:1).
Melting point (° C): 80.3-82.9.
'H NMR (400 MHz, CDCl3) 6 8.01 (dd, J = 8.0, 1.8 Hz, 1H), 7.76 — 7.68 (m, 2H), 7.58 (ddd, J = 8.4, 7.6, 1.6 Hz, 1H),
7.42 —7.32 (m, 2H), 7.10 — 7.02 (m, 2H), 3.94 (s, 3H).
3C NMR (101 MHz, CDCl3) 6 163.3, 160.2, 154.4, 135.1, 133.6, 132.4, 123.1, 120.3, 118.4, 117.9, 112.3, 109.5, 56.1.
IR (cm™): 2970, 2845, 2229, 1746, 1596, 1495, 1202, 1031, 761, 554.
HRMS (ESI) m/z calcd for CisH12NO3™ (M+H)* 254.0812, found 254.0817.

(3af) 4-cyanophenyl 3-methoxybenzoate (CAS: 959295-26-2)
CN Following the General Procedure B1 with 4-bromobenzonitrile (109.2 mg, 0.6
Q /©/ mmol), 3-methoxybenzoic acid (45.6 mg, 0.3 mmol), 3af was obtained as white
(@) solid (45.3 mg, 60%).
Following the General Procedure B1 with 4-iodinebenzonitrile (103.1 mg, 0.45
4-cyanophenyl 3-methoxybenzoate mmol), 3-methoxybenzoic acid (45.6 mg, 0.3 mmol), 3af was obtained as white
Chemical Formula: C45H41NO3 solid (58.3 mg, 77%).
Exact Mass: 253.0739 This target product was purified by silica gel flash chromatography (PE: EA =
Molecular Weight: 253.2570 10:1).
Melting point (°C): 89.4-92.3.
'H NMR (400 MHz, CDC13) 6 7.81 — 7.77 (m, 1H), 7.76 — 7.71 (m, 2H), 7.68 (dd, J = 2.4, 1.6 Hz, 1H), 7.43 (t, J = 8.0
Hz, 1H), 7.39 — 7.34 (m, 2H), 7.21 (ddd, J = 8.0, 3.2, 0.8 Hz, 1H), 3.88 (s, 3H).
3C NMR (101 MHz, CDCls) § 164.2, 159.8, 154.3, 133.8, 129.9, 129.8, 123.0, 122.7, 120.6, 118.3, 114.7, 109.9, 55.6.
IR (em™): 3018, 2227, 1738, 1587, 1277, 1211, 731, 542.
HRMS (ESI) m/z calcd for C1sH12NO5;™ (M+H)* 254.0812, found 254.0816.
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(3ag) 4-cyanophenyl 4-methoxybenzoate (CAS: 74471-18-4) !

CN
0 (j/
0
~o

4-cyanophenyl 4-methoxybenzoate

Chemical Formula: C45H41NO3
Exact Mass: 253.0739
Molecular Weight: 253.2570

Melting point (° C): 89.3-91.2.

Following the General Procedure B1 with 4-bromobenzonitrile (109.2 mg, 0.6
mmol), 4-methoxybenzoic acid (45.6 mg, 0.3 mmol), 3ag was obtained as white
solid (49.2 mg, 65%).

Following the General Procedure B1 with 4-iodinebenzonitrile (103.1 mg, 0.45
mmol), 4-methoxybenzoic acid (45.6 mg, 0.3 mmol), 3ag was obtained as white
solid (63.7 mg, 84%).

This target product was purified by silica gel flash chromatography (PE: EA =
10:1).

'H NMR (400 MHz, CDCL3) 6 8.13 (d, J = 8.8 Hz, 2H), 7.72 (d, J = 8.8 Hz, 2H), 7.35 (d, J= 8.8 Hz, 2H), 6.99 (d, J= 8.8

Hz, 2H), 3.90 (s, 3H).

BC NMR (101 MHz, CDCl3) 6 164.4, 164.0, 154.5, 133.7, 132.5, 123.0, 120.8, 118.4, 114.1, 109.6, 55.6.

(3ah) 4-cyanophenyl 4-fluorobenzoate (CAS: 32792-47-5) !

CN
0] [I
O
F

4-cyanophenyl 4-fluorobenzoate
Chemical Formula: C14HgFNO,
Exact Mass: 241.0539
Molecular Weight: 241.2214

Following the General Procedure B1 with 4-bromobenzonitrile (109.2 mg, 0.6
mmol), 4-fluorobenzoic acid (42.0 mg, 0.3 mmol), 3h was obtained as white solid
(39.2 mg, 54%).

Following the General Procedure B3 with 4-iodinebenzonitrile (103.1 mg, 0.45
mmol), 4-fluorobenzoic acid (42.0 mg, 0.3 mmol), 3ah was obtained as white solid
(66.5 mg, 92%).

This target product was purified by silica gel flash chromatography (PE: EA=10:1).
Melting point (° C): 98.2-100.0.

'H NMR (400 MHz, CDCL3) 5 8.25 — 8.17 (m, 2H), 7.77 — 7.71 (m, 2H), 7.41 — 7.33 (m, 2H), 7.25 — 7.16 (m, 2H).

13C NMR (101 MHz, CDCLs) & 166.5 (d, J = 257 Hz), 163.4, 154.1, 133.8, 133.01 (d, J = 10 Hz), 124.9 (d, J = 3 Hz),
122.9, 118.2, 116.1 (d, J = 22 Hz), 110.0.

19F NMR (376 MHz, CDCls) 6 -103.11.

(3ai) 4-cyanophenyl 4-chlorobenzoate (CAS: 32792-53-3) !

CN
O [ ]
O
Cl

4-cyanophenyl 4-chlorobenzoate
Chemical Formula: C14HgCINO,
Exact Mass: 257.0244
Molecular Weight: 257.6730

Melting point (°C): 115.3-117.1.

Following the General Procedure B1 with 4-bromobenzonitrile (109.2 mg, 0.6
mmol), 4-chlorobenzoic acid (47.0 mg, 0.3 mmol), 3ai was obtained as white solid
(60.4 mg, 78%).

Following the General Procedure B3 with 4-iodinebenzonitrile (103.1 mg, 0.45
mmol), 4-chlorobenzoic acid (47.0 mg, 0.3 mmol), 3ai was obtained as white solid
(67.3 mg, 87%).

This target product was purified by silica gel flash chromatography (PE: EA =
10:1).

'H NMR (400 MHz, CDCl3) & 8.16 — 8.08 (m, 2H), 7.78 — 7.69 (m, 2H), 7.55 — 7.47 (m, 2H), 7.40 — 7.32 (m, 2H).
BBC NMR (101 MHz, CDCls) § 163.5, 154.0, 140.8, 133.8, 131.7, 129.2, 127.1, 122.9, 118.2, 110.0.

(3aj) 4-cyanophenyl 2-(trifluoromethyl)benzoate (CAS: ) 849190-82-5
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4-cyanophenyl 2-(trifluoromethyl)benzoate
Chemical Formula: C45HgF3;NO>
Exact Mass: 291.0507
Molecular Weight: 291.2292

Following the General Procedure B1 with 4-bromobenzonitrile (109.2
mg, 0.6 mmol), 2-(trifluoromethyl)benzoic acid (57.0 mg, 0.3 mmol),
3aj was obtained as white solid (66.9 mg, 77%).

Following the General Procedure B1 with 4-iodinebenzonitrile (103.1
mg, 0.45 mmol), 2-(trifluoromethyl)benzoic acid (57.0 mg, 0.3 mmol),
3aj was obtained as white solid (77.3 mg, 89%).

his target product was purified by silica gel flash chromatography (PE:
EA=10:1).

Melting point (°C): 60.2-61.8.

'H NMR (400 MHz, CDCls) 6 8.01 — 7.95 (m, 1H), 7.87 — 7.82 (m, 1H), 7.76 — 7.75 (m, 1H), 7.74 — 7.70 (m, 3H), 7.42 —

7.37 (m, 2H).

13C NMR (101 MHz, CDCL) 6 164.3, 153.7, 133.8, 132.4, 132.1, 130.9, 129.4 (q, J =2 Hz), 129.2 (q, J = 33 Hz), 127.1
(q,J="5Hz), 123.3 (q, J= 274 Hz), 122.6, 118.2, 110.3.

%F NMR (376 MHz, CDCls) & -59.17.

IR (em™): 3074, 2227, 1775, 1503, 1414, 1173, 768, 552.
HRMS (ESI) m/z calcd for CsHoF3NO>" (M+H)* 292.0580, found 292.0584.

(3ak) 4-cyanophenyl 3-(trifluoromethyl)benzoate (CAS: 556016-47-8)

CN
F 0]
; o
F 0

4-cyanophenyl 3-(trifluoromethyl)benzoate
Chemical Formula: C45HgF3NO>»
Exact Mass: 291.0507
Molecular Weight: 291.2292

7.43 —7.36 (m, 2H).

Following the General Procedure B1 with 4-bromobenzonitrile (109.2
mg, 0.6 mmol), 3-(trifluoromethyl)benzoic acid (57.0 mg, 0.3 mmol),
3ak was obtained as white solid (57.6 mg, 66%).

his target product was purified by silica gel flash chromatography (PE:
EA=10:1).

Melting point (°C): 47.9-49.1.

"H NMR (400 MHz, CDCls) 6 8.45 (s, 1H), 8.38 (d, J = 8.0 Hz, 1H),
7.93 (d, J=8.0 Hz, 1H), 7.80 — 7.74 (m, 2H), 7.70 (t, /= 7.8 Hz, 1H),

13C NMR (101 MHz, CDCls) § 163.1, 153.9, 133.9, 133.5 (q, J = 1 Hz), 131.6 (q, J = 33 Hz), 130.7 (q, J = 4 Hz), 129.6,
129.6, 127.2 (q, J= 4 Hz), 123.5 (q, J = 274 Hz), 122.8, 118.1, 110.3.

F NMR (376 MHz, CDCls) § -62.85.

IR (em™): 3102, 2227, 1738, 1503, 1333, 1239, 759, 562.
HRMS (ESI) m/z calcd for CsHoF3NO>" (M+H)* 292.0580, found 292.0578.

(3al) 4-cyanophenyl 2-naphthoate (CAS: 49583-89-3) !

mmol), 2-naphthoic acid (51.7 mg, 0.3 mmol), 3al was obtained as white solid (50.1

o : CN Following the General Procedure B1 with 4-bromobenzonitrile (109.2 mg, 0.6
(0]

mg, 61%).

OO Following the General Procedure Bl with 4-iodinebenzonitrile (103.1 mg, 0.45
4-cyanophenyl 2-naphthoate =~ mmol), 2-naphthoic acid (51.7mg, 0.3 mmol), 3al was obtained as white solid (58.1

Chemical Formula: C1gH1{NO, mg, 71%).

Exact Mass: 273.0790 This target product was purified by silica gel flash chromatography (PE: EA=10:1).

Molecular Weight: 273.2910

Melting point (°C): 115.3-117.5.

'H NMR (400 MHz, CDCL;) & 8.78 (s, 1H), 8.17 (dd, J= 8.6, 1.8 Hz, 1H), 8.05 — 7.89 (m, 3H), 7.78 — 7.72 (m, 2H), 7.70
~7.65 (m, 1H), 7.65 — 7.59 (m, 1H), 7.45 — 7.38 (m, 2H).
13C NMR (101 MHz, CDCL3) 6 164.5, 154.4, 136.0, 133.8, 132.5, 132.3, 129.6, 129.1, 128.7, 127.9, 127.1, 125.8, 125.3,

123.0, 118.4, 109.8.
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(3am) 4-cyanophenyl 1-naphthoate (CAS: 49583-90-6)
Following the General Procedure Bl with 4-bromobenzonitrile (109.2 mg, 0.6
0 mmol), I-naphthoic acid (51.7 mg, 0.3 mmol), 3am was obtained as white solid

O o (54.5 mg, 67%).
OOCN Following the General Procedure B1 with 4-iodinebenzonitrile (103.1 mg, 0.45

mmol), I-naphthoic acid (51.7 mg, 0.3 mmol), 3am was obtained as white solid
4-cyanophenyl 1-naphthoate  (68.3 mg, 83%).
Chemical Formula: C4gH{{NO,
Exact Mass: 273.0790
Molecular Weight: 273.2910

This target product was purified by silica gel flash chromatography (PE: EA=10:1).
Melting point (° C): 87.3-89.0.

'"H NMR (400 MHz, CDCl3) § 9.02 (d, J = 8.8 Hz, 1H), 8.48 (dd, J = 7.6, 1.2 Hz,
1H), 8.15 (d, J = 8.0 Hz, 1H), 7.95 (d, J = 8.0 Hz, 1H), 7.80 — 7.73 (m, 2H), 7.71 - 7.64 (m , 1H), 7.63 — 7.55 (m, 2H),
7.46 —7.39 (m, 2H).

BC NMR (101 MHz, CDCls) § 164.7, 154.3, 135.1, 134.0, 133.8, 131.8, 131.7, 128.9, 128.6, 126.7, 125.5, 124.7, 124.5,
123.2, 118.4, 109.8.

IR (em™): 2232, 1707, 1502, 1195, 978, 888, 587.

HRMS (ESI) m/z calcd for C1gH12NO,™ (M+H)* 274.0863, found 274.0871.

(3an) 4-cyanophenyl 3,4,5-trimethoxybenzoate (CAS: 284673-89-8)

—0 Following the General Procedure B1 with 4-bromobenzonitrile (109.2
OOCN mg, 0.6 mmol), 3.,4,5-trimethoxybenzenoic acid (63.7 mg, 0.3 mmol),

/O O 3an was obtained as white solid (30.1 mg, 32%).
—0 Following the General Procedure B1 with 4-iodinebenzonitrile (103.1 mg,
4-cyanophenyl 3,4,5-trimethoxybenzoate 0.45 mmol), 3,4,5-trimethbenzoic acid (63.7 mg, 0.3 mmol), 3an was
Chemical Formula: C47H45NO5 obtained as white solid (52.6 mg, 56%).
Exact Mass: 313.0950 This target product was purified by silica gel flash chromatography (PE:

Molecular Weight: 313.3090 EA=3:1).

Melting point (° C): 96.3-98.9.

'H NMR (400 MHz, CDCl3) 6 7.77 — 7.72 (m, 2H), 7.42 (s, 2H), 7.37 — 7.32 (m, 2H), 3.95 (s, 3H), 3.94 (s, 6H).
BC NMR (101 MHz, CDCls) § 164.0, 154.3, 153.2, 143.4, 133.8, 123.4, 123.0, 118.3, 109.9, 107.6, 61.1, 56.4.
IR (em™): 2945, 2229, 1727, 1596, 1420, 1226, 868, 755.

HRMS (ESI) m/z calcd for C17HsNOs™ (M+H)* 314.1023, found 314.1027.

(3a0) 4-cyanophenyl 3,5-difluorobenzoate (CAS: 849459-13-8)
CN Following the General Procedure B1 with 4-bromobenzonitrile (109.2 mg, 0.6
Q /©/ mmol), 3,5-difluorobenzoic acid (47.4 mg, 0.3 mmol), 3a0 was obtained as
o white solid (14.1 mg, 18%).
Following the General Procedure B1 with 4-iodinebenzonitrile (103.1 mg, 0.45
E mmol), 3,5-difluorobenzoic acid (47.4 mg, 0.3 mmol), 3a0 was obtained as

4-cyanophenyl 3,5-difluorobenzoate white solid (33.9 mg, 44%).
Chemical Formula: C14H;F,NO, This target product was purified by silica gel flash chromatography (PE: EA =

Exact Mass: 259.0445 10:1).
Molecular Weight: 259.2118 Melting point (°C): 138.4-139.2.
'H NMR (400 MHz, CDCls) § 7.78 — 7.74 (dt, J = 8.8 Hz, 2.0 Hz, 2H), 7.73 — 7.67 (m, 2H), 7.40 — 7.34 (dt, J = 8.8 Hz,
1.6 Hz, 2H), 7.13 (tt, J= 8.4, 2.4 Hz, 1H).
BCNMR (101 MHz, CDCls) 6 163.0 (dd, J =252 Hz, 12 Hz), 162.2 (t, /=36 Hz), 153.7, 133.9, 131.8 (t,J= 9 Hz), 122.7,
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118.1, 113.4 (dd, /=19 Hz, 8 Hz), 110.4, 109.7 (t, J = 24 Hz).

F NMR (376 MHz, CDCl;3) 6 -107.41.

IR (cm™): 2235, 1746, 1602, 1332, 1207, 868.

HRMS (ESI) m/z calcd for C14HsFoaNO>" (M+H)* 260.0518, found 260.0523.

(3ap) (E)-4-cyanophenyl cinnamate (CAS: 111864-03-0) 3

CN Following the General Procedure B1 with 4-bromobenzonitrile (109.2 mg, 0.6
Q /©/ mmol), trans-cinnamic acid (44.4 mg, 0.3 mmol), 3ap was obtained as white solid
N 0 (28.1 mg, 38%).

Following the General Procedure Bl with 4-iodinebenzonitrile (103.1 mg, 0.45

4-cyanophenyl cinnamate mmol), trans-cinnamic acid (44.4 mg, 0.3 mmol), 3ap was obtained as white solid
Chemical Formula: C4gH{{NO, (49.8 mg, 67%).
Exact Mass: 249.0790 This target product was purified by silica gel flash chromatography (PE: EA=10:1).

Molecular Weight: 249.2690  re1ing point (° C): 101.6-102.9.

'H NMR (400 MHz, CDCls) § 7.90 (d, J = 16.0 Hz, 1H), 7.71 (d, J = 8.8 Hz, 2H), 7.64 — 7.56 (m, 2H), 7.49 — 7.41 (m,
3H), 7.32 (d, J = 8.8 Hz, 2H), 6.62 (d, J = 16.0 Hz, 1H).
13C NMR (101 MHz, CDCls) § 164.5, 154.2, 147.9, 133.8, 133.7, 131.2, 129.1, 128.5, 122.8, 118.4, 116.3, 109.6.

(3aq) 4-cyanophenyl thiophene-2-carboxylate (CAS: 926557-71-3)

CN Following the General Procedure B1 with 4-bromobenzonitrile (109.2 mg,

O /©/ 0.6 mmol), 2-thiophenecarboxylic acid (38.4 mg, 0.3 mmol), 3aq was
G,)J\ (0] obtained as white solid (57.7 mg, 84%).

\ S Following the General Procedure B1 with 4-iodinebenzonitrile (103.1 mg,

4-cyanophenyl thiophene-2-carboxylate 0.45 mmol), 2-thiophenecarboxylic acid (38.4 mg, 0.3 mmol), 3aq was

Chemical Formula: C1,H7NOS obtained as white solid (49.9 mg, 73%).
Exact Mass: 229.0197

This target product was purified by silica gel flash chromatography (PE:
Molecular Weight: 229.2530 getp P y g graphy (

EA=10:1).
Melting point (°C): 117.1-118.2.
'H NMR (400 MHz, CDCl3) 6 7.99 (dd, J = 3.6, 1.2 Hz, 1H), 7.74 — 7.72 (m, 1H), 7.72 — 7.69 (m, 2H), 7.41 — 7.34 (m,
2H), 7.20 (dd, J=5.0, 3.8 Hz, 1H).
3BC NMR (101 MHz, CDCls) § 159.7, 153.9, 135.4, 134.5, 133.8, 131.8, 128.3, 122.9, 118.3, 109.9.
IR (em™): 3112, 2227, 1737, 1503, 1408, 1257, 731, 542.
HRMS (ESI) m/z calcd for C1,HsNO>S™ (M+H)* 230.0270, found 230.0273.

(3ar) 4-cyanophenyl thiophene-3-carboxylate (CAS: 1240742-51-1)

CN Following the General Procedure B1 with 4-bromobenzonitrile (109.2 mg,
/©/ 0.6 mmol), 3-thiophenecarboxylic acid (38.4 mg, 0.3 mmol), 3ar was
(@)

(]
(Sj)k Following the General Procedure B3 with 4-iodinebenzonitrile (103.1 mg,

obtained as white solid (35.8 mg, 52%).

4-cyanophenyl thiophene-3-carboxylate 0-45 mmol), 3-thiophenecarboxylic acid (38.4 mg, 0.3 mmol), 3ar was
Chemical Formula: C1,H;NO,S obtained as white solid (64.0 mg, 93%).
Exact Mass: 229.0197 This target product was purified by silica gel flash chromatography (PE:
Molecular Weight: 229.2530 EA=10:1).
Melting point (°C): 117.0-118.8.
'H NMR (400 MHz, CDCl3) 6 8.33 (dd, J= 3.2, 1.2 Hz, 1H), 7.76 — 7.70 (m, 2H), 7.65 (dd, J = 5.2, 1.2 Hz, 1H), 7.41 (dd,
J=5.2,3.2 Hz, 1H), 7.38 — 7.32 (m, 2H).
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13C NMR (101 MHz, CDCls) § 160.1, 154.0, 134.9, 133.7, 131.9, 128.2, 126.8, 122.9, 118.3, 109.8.
IR (cm™): 3102, 2229, 1746, 1508, 1481, 925, 736.
HRMS (ESI) m/z caled for C1oHsNO,S* (M+H)* 230.0270, found 230.0275.

(3as) 4-cyanophenyl 3,5-dimethylbenzoate (CAS: 849610-41-9) !

CN
O/@/
(0]

4-cyanophenyl 3,5-dimethylbenzoate
Chemical Formula: C1gH43NO,
Exact Mass: 251.0946
Molecular Weight: 251.2850

Following the General Procedure B1 with 4-bromobenzonitrile (109.2 mg, 0.6
mmol), 3,5-dimethylbenzoic acid (45.1 mg, 0.3 mmol), 3as was obtained as
white solid (22.4 mg, 30%)).

Following the General Procedure B3 with 4-iodinebenzonitrile (103.1 mg,
0.45 mmol), 3,5-dimethylbenzoic acid (45.1 mg, 0.3 mmol), 3as was obtained
as white solid (56.7 mg, 75%).

This target product was purified by silica gel flash chromatography (PE: EA
=10:1).

Melting point (° C): 63.9-65.5.

'H NMR (400 MHz, CDCls) 6 7.80 (s, 2H), 7.77 — 7.71 (m, 2H), 7.38 — 7.33 (m, 2H), 7.30 (s, 1H), 2.41 (s, 6H).
13C NMR (101 MHz, CDCls) 6 164.7, 154.4, 138.5, 135.9, 133.7, 128.5, 128.0, 123.0, 118.3, 109.7, 21.2.

(3at) 4-cyanophenyl 2-(methylthio)nicotinate (CAS: 1061854-05-4)

mmol), 2-(methylthio)nicotinic acid (50.8 mg, 0.3 mmol), 3at was obtained as

o CN Following the General Procedure B1 with 4-bromobenzonitrile (109.2 mg, 0.6
AN O/©/

| white solid (24.1 mg, 30%)).
N/ S/ Following the General Procedure B3 with 4-iodinebenzonitrile (103.1 mg, 0.45

4-cyanophenyl 2-

mmol), 2-(methylthio)nicotinic acid (50.8 mg, 0.3 mmol), 3at was obtained as

(methylthio)nicotinate white solid (41.2 mg, 51%).
Chemical Formula: C44H{oN,0O,S This target product was purified by silica gel flash chromatography (PE: EA
Exact Mass: 270.0463 =10:1).

Molecular Weight: 270.3060  p1e1ting point (°C): 167.9-169.5.

'H NMR (400 MHz, CDCls) J 8.68 (dd, J=4.8, 1.6 Hz, 1H), 8.41 (dd, J=7.8, 1.8 Hz, 1H), 7.78 — 7.71 (m, 2H), 7.42 —
7.34 (m, 2H), 7.15 (dd, J = 8.0, 4.8 Hz, 1H), 2.57 (s, 3H).

13C NMR (101 MHz, CDCls) 6 164.3, 162.9, 153.8, 153.0, 139.4, 133.8, 122.9, 121.3, 118.2, 118.1, 110.1, 14.0.

IR (cm™): 3093, 2924, 2227, 1738, 1559, 1229, 1032, 749.

HRMS (ESI) m/z caled for C14H;1N,0,S* (M+H)™ 271.0536, found 271.0540.

(3au) 4-cyanophenyl 4-(N,N-dipropylsulfamoyl)benzoate (CAS: 2351103-21-2) !

s
JQ@

4-cyanophenyl 4-(N,N-
dipropylsulfamoyl)benzoate
Chemical Formula: C5gH25N504S
Exact Mass: 386.1300
Molecular Weight: 386.4660

Following the General Procedure B1 with 4-bromobenzonitrile (109.2 mg, 0.6
mmol), probenecid (85.6 mg, 0.3 mmol), 3au was obtained as white solid (58.5
mg, 51%).
Following the General Procedure B3 with 4-iodinebenzonitrile (103.1 mg, 0.45
mmol), probenecid (85.6 mg, 0.3 mmol), 3au was obtained as white solid (67.6
mg, 58%).
This target product was purified by silica gel flash chromatography (PE: EA
=10:1).
Melting point (°C): 102.7-104.0.
'H NMR (400 MHz, CDCls) J 8.34 — 8.26 (m, 2H), 8.00 — 7.92 (m, 2H), 7.79
—7.72 (m, 2H), 7.42 — 7.34 (m, 2H), 3.18 — 3.08 (m, 4H), 1.63 — 1.49 (m, 4H),
0.87 (t,J= 7.4 Hz, 6H).
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BCNMR (101 MHz, CDCl3) 6 163.1, 153.9, 145.5, 133.9, 131.9, 130.9, 127.3, 122.8, 118.1, 110.3, 49.9, 21.9, 11.2.

(3ba) p-tolyl benzoate (CAS: 614-34-6) !

00@(

p-tolyl benzoate
Chemical Formula: C14H45,05
Exact Mass: 212.0837
Molecular Weight: 212.2480

Following the General Procedure B2 with 4-iodotoluene (98.1 mg, 0.45 mmol),
benzoic acid (36.6 mg, 0.3 mmol), 3ba was obtained as white solid (33.6 mg, 53%).
This target product was purified by silica gel flash chromatography (PE: EA = 50:1).
Melting point (°C): 70.6-72.1.

"H NMR (400 MHz, CDCl3) 6 8.25 — 8.20 (m, 2H), 7.64 (t, J= 7.4 Hz, 1H), 7.52 (t, J
=7.6 Hz, 2H), 7.24 (d, /= 8.0 Hz, 2H), 7.12 (d, J = 8.4 Hz, 2H), 2.39 (s, 3H).
BCNMR (101 MHz, CDCl3) § 165.4, 148.8, 135.5, 133.5, 130.2, 130.0, 129.7, 128.6,
121.4,20.9.

(3ca) 4-chlorophenyl benzoate (CAS: 2005-08-5) 4

Cl
0] []
0]

4-chlorophenyl benzoate
Chemical Formula: C43HgCIO,
Exact Mass: 232.0291
Molecular Weight: 232.6630

123.1.

Following the General Procedure B2 with 1-chloro-4-iodobenzene (107.3 mg, 0.45
mmol), benzoic acid (36.6 mg, 0.3 mmol), 3ca was obtained as white solid (38.1 mg,
55%).

This target product was purified by silica gel flash chromatography (PE: EA =40:1).
Melting point (° C): 82.4-83.8.

"H NMR (400 MHz, CDCl;3) 6 8.23 — 8.16 (m, 2H), 7.69 — 7.63 (m, 1H), 7.56 — 7.48
(m, 2H), 7.43 —7.36 (m, 2H), 7.21 — 7.14 (m, 2H).

BCNMR (101 MHz, CDCl3) 6 165.0, 149.5, 133.8, 131.3,130.2, 129.6, 129.2, 128.7,

(3da) 4-methoxyphenyl benzoate (CAS: 1523-19-9) ¢

O

4-methoxyphenyl benzoate
Chemical Formula: C14H,03
Exact Mass: 228.0786
Molecular Weight: 228.2470

114.6, 55.6.

Following the General Procedure B2 with 1-iodo-4-methoxybenzene (105.3 mg, 0.45
mmol), benzoic acid (36.6 mg, 0.3 mmol), 3da was obtained as white solid (26.1 mg,
40%).

This target product was purified by silica gel flash chromatography (PE: EA = 20:1).

Melting point (°C): 71.6-73.2.

"H NMR (400 MHz, CDCl3) § 8.21 (dd, J = 8.4, 1.2 Hz, 2H), 7.67 — 7.60 (m, 1H),
7.55—7.48 (m, 2H), 7.18 — 7.11 (m, 2H), 6.98 — 6.92 (m, 2H), 3.83 (s, 3H).

BCNMR (101 MHz, CDCl3) § 165.6, 157.4, 144.5, 133.5, 130.2, 129.7, 128.6, 122.5,

(3ea) 3-methoxyphenyl benzoate (CAS: 5554-24-5) 5

? Q.
o o~

3-methoxyphenyl benzoate
Chemical Formula: C14H4,03
Exact Mass: 228.0786
Molecular Weight: 228.2470

113.9, 111.9, 107.7, 55.5.

Following the General Procedure B2 with 1-iodo-3-methoxybenzene (105.3 mg, 0.45
mmol), benzoic acid (36.6 mg, 0.3 mmol), 3ea was obtained as colorless oil (39.4 mg,
58%).

This target product was purified by silica gel flash chromatography (PE: EA = 40:1).
"H NMR (400 MHz, CDCl3) § 8.25 — 8.19 (m, 2H), 7.68 — 7.62 (m, 1H), 7.56 — 7.49
(m, 2H), 7.34 (t, J = 8.2 Hz, 1H), 6.87 — 6.84 (m, 1H), 6.84 — 6.82 (m, 1H), 6.80 (t, J
=2.2 Hz, 1H), 3.83 (s, 3H).

BC NMR (101 MHz, CDCl3) 6 165.1, 160.6, 152.0, 133.6, 130.2, 129.9, 129.6, 128.6,

(3fa) ethyl 4-(benzoyloxy)benzoate (CAS: 7471-31-0) !
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ethyl 4-(benzoyloxy)benzoate

Chemical Formula: C1gH4404
Exact Mass: 270.0892

Molecular Weight: 270.2840

Following the General Procedure B1 with ethyl 4-bromobenzoate (137.8 mg, 0.6
mmol), benzoic acid (36.6 mg, 0.3 mmol), 3aa was obtained as corlorless solid (41.4
mg, 51%).

Following the General Procedure B1 with ethyl 4-iodobenzoate (124.2 mg, 0.45
mmol), benzoic acid (36.6 mg, 0.3 mmol), 3fa was obtained as white solid (66.0 mg,
81%).

This target product was purified by silica gel flash chromatography (PE: EA =20:1).
Melting point (°C): 85.1-86.5.

"H NMR (400 MHz, CDCl3) 6 8.23 — 8.18 (m, 2H), 8.16 — 8.10 (m, 2H), 7.69 — 7.62

(m, 1H), 7.55 — 7.47 (m, 2H), 7.34 — 7.28 (m, 2H), 4.39 (q, J = 7.2 Hz, 2H), 1.40 (t, J = 7.0 Hz, 3H).
13C NMR (101 MHz, CDCls) § 165.9, 164.7, 154.6, 133.9, 131.2, 130.3, 129.2, 128.7, 128.2, 121.7, 61.1, 14.4.

(3ga) methyl 3-(benzoyloxy)benzoate (CAS: 108011-99-0)

0]

)
o~

0]

methyl 3-(benzoyloxy)benzoate
Chemical Formula: C45H¢,04
Exact Mass: 256.0736
Molecular Weight: 256.2570

Following the General Procedure B3 with methyl 3-iodobenzoate (118.1 mg, 0.45
mmol), benzoic acid (36.6 mg, 0.3 mmol), 3ga was obtained as white solid (45.8
mg, 60%).

This target product was purified by silica gel flash chromatography (PE: EA=20:1).
Melting point (° C): 75.9-77.5.

"H NMR (400 MHz, CDCl3) J 8.21 (dd, J = 8.2, 1.0 Hz, 2H), 7.97 (dt, J= 7.6, 1.2
Hz, 1H), 7.93 — 7.88 (m, 1H), 7.70 — 7.62 (m, 1H), 7.57 — 7.48 (m,, 3H), 7.47 — 7.40
(m 1H), 3.93 (s, 3H).

BC NMR (101 MHz, CDCl) 6 166.2, 165.0, 150.9, 133.8, 131.8, 130.2, 129.5, 129.2, 128.7, 127.1, 126.5, 123.0, 52.3.
IR (em™): 3093, 2952, 1728, 1436, 1249, 1060, 703.
HRMS (ESI) m/z calcd for CisH3047 (M+H)" 257.0808, found 257.0812.

(3ha) methyl 4-(benzoyloxy)benzoate (CAS: 75915-29-6) !

0]

methyl 4-(benzoyloxy)benzoate
Chemical Formula: C45H1504
Exact Mass: 256.0736
Molecular Weight: 256.2570

Following the General Procedure B2 with methyl 4-bromobenzoate (129.0 mg, 0.6
mmol), benzoic acid (36.6 mg, 0.3 mmol), 3ha was obtained as colorless solid (30.9
mg, 40%).

Following the General Procedure B1 with methyl 4-iodobenzoate (118.1 mg, 0.45
mmol), benzoic acid (36.6 mg, 0.3 mmol), 3ha was obtained as white solid (38.7
mg, 50%).

This target product was purified by silica gel flash chromatography (PE: EA=20:1).
Melting point (°C): 131.0-131.9.

'H NMR (400 MHz, CDCl;3) § 8.24 — 8.18 (m, 2H), 8.16 — 8.09 (m, 2H), 7.70 — 7.62

(m, 1H), 7.52 (t, J = 7.8 Hz, 2H), 7.35 — 7.28 (m, 2H), 3.93 (s, 3H).
13C NMR (101 MHz, CDCL3) 6 166.4, 164.7, 154.6, 133.9, 131.3, 130.3, 129.1, 128.7, 127.8, 121.8, 52.2.
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(3ia) tert-butyl 4-(benzoyloxy)benzoate
Following the General Procedure B3 with tert-butyl-4-bromobenzoate (154.3 mg,

O
o o J< 0.6 mmol), benzoic acid (36.6 mg, 0.3 mmol), 3ia was obtained as white solid
(67.8 mg, 76%).
©)‘\O

This target product was purified by silica gel flash chromatography (PE: EA =
20:1).
tert-butyl 4-(benzoyloxy)benzoate Melting point (° C): 95.4-97.9.
Chemical Formula: C1gH1g04  'H NMR (400 MHz, CDCl;) 6 8.23 — 8.18 (m, 2H), 8.11 — 8.04 (m, 2H), 7.67 —
Exact Mass: 298.1205 7.61 (m, 1H), 7.51 (t, J = 7.6 Hz, 2H), 7.30 — 7.25 (m, 2H), 1.60 (s, 9H).
Molecular Weight: 298.3380 13 \\R (101 MHz, CDCl) 8 165.0, 164.7, 1543, 133.8, 131.1, 1303, 129.7,
129.2, 128.7, 121.6, 81.2, 28.2.
IR (cm): 2981, 1738, 1597, 1164, 1060, 683.
HRMS (ESI) m/z caled for CisH1904" (M+H)" 299.1278, found 299.1277.

(3ja) [1,1'-biphenyl]-4-yl benzoate (CAS: 2170-13-0) ¢
Following the General Procedure B2 with 4-bromobiphenyl (139.9 mg, 0.6 mmol),
O benzoic acid (36.6 mg, 0.3 mmol), 3ja was obtained as white solid (32.6 mg, 40%).
Q O Following the General Procedure B2 with 4-iodobiphenyl (126.1 mg, 0.45 mmol),
(0] benzoic acid (36.6 mg, 0.3 mmol), 3ja was obtained as white solid (57.2 mg, 70%).
This target product was purified by silica gel flash chromatography (PE: EA = 20:1).
[1,1'-biphenyl]-4-yl benzoate Melting point (°C): 146.5-147.9.
Chemical Formula: C4gH{4,0, H NMR (400 MHz, CDCl;) ¢ 8.28 — 8.23 (m, 2H), 7.69 — 7.64 (m, 3H), 7.64 — 7.58
Exact Mass: 274.0994 (m, 2H), 7.58 — 7.51 (m, 2H), 7.50 — 7.44 (m, 2H), 7.41 — 7.35 (m, 1H), 7.34 — 7.29
Molecular Weight: 274.3190 (m, 2H).

3C NMR (101 MHz, CDCls) § 165.3, 150.4, 140.4, 139.1, 133.7, 130.2, 129.6, 128.8, 128.6, 128.3, 127.4, 127.2, 122.0.
(3ka) 4-cyano-3-methylphenyl benzoate

CN Following the General Procedure B3 with 4-bromo-2-methylbenzonitrile
Q /E:( (177.6 mg, 0.6 mmol), benzoic acid (36.6 mg, 0.3 mmol), 3ka was obtained as
(@) white solid (40.4 mg, 57%).
This target product was purified by silica gel flash chromatography (PE: EA =
4-cyano-3-methylphenyl benzoate  20:1).
Chemical Formula: C45H{{NO,  Melting point (° C): 79.3-80.6.
Exact Mass: 237.0790 'H NMR (400 MHz, CDCl;) d 8.23 — 8.15 (m, 2H), 7.70 — 7.64 (m, 2H), 7.57 —
Molecular Weight: 237.2580 5 50 1y 2H), 7.02 (d, J = 2.0 Hz, 1H), 7.17 (dd, J = 8.4, 2.0 Hz, 1H), 2.58 (s,
3H).
13C NMR (101 MHz, CDCls) J 164.5, 154.1, 144.2, 134.1, 133.9, 130.3, 128.8, 123.8, 120.1, 117.6, 110.3, 20.6.
IR (cm"): 3093, 2227, 1747, 1229, 1060, 712, 590.

HRMS (ESI) m/z calcd for C1sH12NO,™ (M+H)* 238.0863, found 238.0862.
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(31a) methyl 4-(benzoyloxy)-3-methylbenzoate

o Following the General Procedure B2 with methyl 3-iodo-4-
_ methylbenzoate (124.2 mg, 0.45 mmol), benzoic acid (36.6 mg, 0.3

Q © mmol), 3la was obtained as white solid (38.6 mg, 48%).
(@) This target product was purified by silica gel flash chromatography (PE:

EA =20:1).
methyl 4-(benzoyloxy)-3-methylbenzoate ~Melting point (°C): 42.4-45.3.

Chemical Formula: C4gH1404 "H NMR (400 MHz, CDCI3) J 8.26 — 8.19 (m, 2H), 7.88 (dd, J=7.8, 1.8
Exact Mass: 270.0892 Hz, 1H), 7.83 (d, J = 1.6 Hz, 1H), 7.69 — 7.63 (m, 1H), 7.56 — 7.51 (m,

Molecular Weight: 270.2840 2H), 7.35 (d, J = 8.0 Hz, 1H), 3.90 (s, 3H), 2.29 (s, 3H).

3C NMR (101 MHz, CDCl;) § 166.3, 164.7, 149.4, 136.1, 133.8, 131.2, 130.2, 129.4, 129.1, 128.7, 127.3, 123.4, 52.2,
16.6.

IR (cm™): 3074, 2999, 2951, 1728, 1446, 1249, 1098, 712.

HRMS (ESI) m/z caled for Ci6H1504" (M+H)" 271.0965, found 271.0970.

(3ma) 3,5-bis(trifluoromethyl)phenyl benzoate (CAS: 2076460-93-8) !
CF,4 Following the General Procedure B3 with 1,3-bis(trifluoromethyl)-5-
bromobenzene (175.8 mg, 0.6 mmol), benzoic acid (36.6 mg, 0.3 mmol),
3ma was obtained as colorless oil (65.8 mg, 66%).
o) CF3 Following the General Procedure B3 with 3,5-
bis(trifluoromethyl)iodobenzene (153.0 mg, 0.45 mmol), benzoic acid
3,5-bis(trifluoromethyl)phenyl benzoate (36.6 mg, 0.3 mmol), 3ma was obtained as white solid (31.7 mg, 32%).
Chemical Formula: C15HgFgO, This target product was purified by silica gel flash chromatography (PE:
Exact Mass: 334.0428 EA=20:1).
Molecular Weight: 334.2174 'H NMR (400 MHz, CDCl3) & 8.25 — 8.17 (m, 2H), 7.81 (s, 1H), 7.75 (s,
2H), 7.69 (t, J= 7.4 Hz, 1H), 7.55 (t, J = 7.8 Hz, 2H).
BBC NMR (101 MHz, CDCl3) § 164.3, 151.5, 134.4, 133.0 (q, J = 34 Hz), 130.4, 128.8, 128.3, 122.8 (q, J= 273 Hz), 123.0
(q, /=3 Hz), 119.8 (m).
F NMR (376 MHz, CDCls) § -62.93.

(3na) 2-(trifluoromethyl)pyridin-4-yl benzoate (CAS: 2076460-92-7) !
o NN Following the General Procedure Bl with 2-(trifluoromethyl)-4-
bromopyridine (135.6 mg, 0.6 mmol), benzoic acid (36.6 mg, 0.3 mmol),
O = 3na was obtained as colorless oil (43.9 mg, 55%).
This target product was purified by silica gel flash chromatography (PE: EA
2-(trifluoromethyl)pyridin-4-yl benzoate = 20:1).

Chemical Formula: C13HgF3NO; 'H NMR (400 MHz, CDCl;) 6 8.78 (d, J = 5.6 Hz, 1H), 8.19 (dt, J = 8.0,

Exact Mass: 267.0507 1.6 Hz, 2H), 7.74 — 7.67 (m, 1H), 7.66 (d, J = 2.0 Hz, 1H), 7.59 — 7.51 (m,
Molecular Weight: 267.2072
2H), 7.47 (dd, J=5.2, 2.0 Hz, 1H).

3C NMR (101 MHz, CDCls) 6 163.5, 158.8, 151.8, 150.2 (q, J = 35 Hz), 134.6, 130.4, 128.9, 128.1, 121.1 (q, J = 275
Hz), 119.6, 114.5 (g, /=3 Hz).
F NMR (376 MHz, CDCl5) § -68.10.
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(4a) 4-hydroxybenzonitrile (CAS: 767-00-0) ’

H,O (0.4 mL), 4a was obtained as white solid (28.9 mg, 49%).
Following the General Procedure C2 with 4-chlorobenzonitrile (68.8 mg, 0.5 mmol),
4-hydroxybenzonitrile H,O (0.4 mL), 4a was obtained as white solid (42.3 mg, 71%).
Chemical Formula: C;HsNO  Following the General Procedure C1 with 4-bromobenzonitrile (91.0 mg, 0.5 mmol),
Exact Mass: 119.0371 H,0 (0.4 mL), 4a was obtained as white solid (47.4 mg, 80%).
Molecular Weight: 119.1230 Following the General Procedure C1 with 4-iodobenzonitrile (114.5 mg, 0.5 mmol),
H,O (0.4 mL), 4a was obtained as white solid (48.6 mg, 82%)).
This target product was purified by silica gel flash chromatography (PE: EA = 5:1).
Melting point (° C): 100.7-103.2.
"H NMR (400 MHz, CDCl3) 6 7.67 — 7.51 (m, 2H), 7.02 — 6.87 (m, 2H), 6.41 (s, 1H).
BC NMR (101 MHz, CDCls) 6 159.9, 134.3, 119.2, 116.4, 103.5.

OH Following the General Procedure C1 with 4-chlorobenzonitrile (68.8 mg, 0.5 mmol),
NC :

(4b) ethyl 4-hydroxybenzoate (CAS: 120-47-8) ’
o Following the General Procedure C1 with ethyl-4-bromobenzoate (114.5 mg, 0.5
O/\ mmol), H>O (0.4 mL), 4b was obtained as white solid (64.6 mg, 78%).
Following the General Procedure C1 with ethyl-4-iodobenzoate (138.0 mg, 0.5 mmol),
HO H,0O (0.4 mL), 4b was obtained as white solid (69.7 mg, 84%).
ethyl 4-hydroxybenzoate This target product was purified by silica gel flash chromatography (PE: EA = 5:1).
Chemical Formula: CgH1903  Melting point (°C): 116.6-117.7.
Exact Mass: 166.0630 1y MR (400 MHz, CDCl3) ¢ 7.98 — 7.93 (m, 2H), 6.94 — 6.85 (m, 3H), 4.36 (q, J =
Molecular Weight: 166.1760 7.2 Hz, 2H), 138 (t, J = 7.0 Hz, 3H),
BBC NMR (101 MHz, CDCls) § 167.1,160.4, 131.9, 122.5, 115.3, 61.0, 14.3.

(4¢) tert-butyl 4-hydroxybenzoate (CAS: 25804-49-3)
o Following the General Procedure C1 with tert-butyl-4-bromobenzoate (128.6 mg, 0.5
J< mmol), H>O (0.4 mL), 4¢ was obtained as white solid (69.5 mg, 72%).
/©)J\O This target product was purified by silica gel flash chromatography (PE: EA = 5:1).
HO Melting point (°C): 114.7-115.9.
tert-butyl 4-hydroxybenzoate 'H NMR (400 MHz, CDCl3) 6 7.95 — 7.85 (m, 2H), 7.04 (s, 1H), 6.91 — 6.83 (m,
Chemical Formula: C11H1403  2H), 1.59 (s, 9H).

Exact Mass: 194.0943 13C NMR (101 MHz, CDCl3) 6 166.6, 160.3, 131.8, 123.8, 115.2, 81.2, 28.3.
Molecular Weight: 194.2300

(4d) 1-(4-hydroxyphenyl)propan-1-one (CAS: 70-70-2) °
o Following the General Procedure C1 with 4'-bromopropiophenone (106.5 mg, 0.5
mmol), H>O (0.4 mL), 4d was obtained as white solid (60.1 mg, 80%).
This target product was purified by silica gel flash chromatography (PE: EA =
OH 5:1).
1-(4-hydroxyphenyl)propan-1-one  Melting point (° C): 147.0-148.6.
Chemical Formula: CgH400, 'H NMR (400 MHz, CDCl3) d 7.95 — 7.89 (m, 2H), 6.92 — 6.85 (m, 2H), 5.77 (s,
Exact Mass: 150.0681 1H), 2.96 (q, J = 7.2 Hz, 2H), 1.22 (t, J = 7.2 Hz, 3H).

Molecular Weight: 150.1770
g BC NMR (101 MHz, DMSO-dy) 6 199.03, 162.30, 130.77, 128.70, 115.62, 31.06,
8.86.
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(4e) [1,1'-biphenyl]-4-0] (CAS: 92-69-3) 1

OH Following the General Procedure C1 with 4-bromobiphenyl (116.6 mg, 0.5 mmol), H,O
O (0.4 mL), 4e was obtained as white solid (36.5 mg, 43%).

O Following the General Procedure C2 with 4-bromobiphenyl (116.6 mg, 0.5 mmol), H,O
(0.4 mL), 4e was obtained as white solid (53.2 mg, 63%).

[1,1'-biphenyl]-4-ol Following the General Procedure C1 with 4-iodobiphenyl (140.1 mg, 0.5 mmol), H,O

Chemical Formula: C15,H1qO (0.4 mL), 4e was obtained as white solid (51.0 mg, 60%).
Exact Mass: 170.0732 Following the General Procedure C2 with 4-iodobiphenyl (140.1 mg, 0.5 mmol), H,O
Molecular Weight: 170.2110 4 1), 4e was obtained as white solid (69.4 mg, 82%).
This target product was purified by silica gel flash chromatography (PE: EA = 5:1).
Melting point (° C): 162.4-163.1.
"H NMR (400 MHz, CDCl3) § 7.60 — 7.52 (m, 2H), 7.52 — 7.45 (m, 2H), 7.42 (t, J = 7.6 Hz, 2H), 7.31 (t, J = 7.2 Hz, 1H),
6.96 — 6.87 (m, 2H), 4.80 (s, 1H).
BC NMR (101 MHz, CDCls) 6 155.1, 140.8, 134.1, 128.7, 128.4, 126.7, 115.7.

(4f) p-cresol (CAS: 106-44-5) 7

(0.4 mL), 4f was obtained as yellow oil (35.6 mg, 65%).
This target product was purified by silica gel flash chromatography (PE: EA = 5:1).
p-cresol "H NMR (400 MHz, CDCl3) 6 7.08 — 7.02 (m, 2H), 6.78 — 6.73 (m, 2H), 5.23 (s, 1H),
Chemical Formula: C7HgO 5 29 (s, 3H).
Exact Mass: 108.0575
Molecular Weight: 108.1400

: ~ Following the General Procedure C2 with 4-bromotoluene (85.5 mg, 0.5 mmol), H,O
HO

BC NMR (101 MHz, CDCls) ¢ 153.3, 130.1, 130.0, 115.1, 20.5.

(4g) methyl 4-hydroxybenzoate (CAS: 99-76-3) 7

o~ Following the General Procedure C2 with methyl-4-chlorobenzoate (85.3 mg, 0.5

mmol), H>O (0.4 mL), 4g was obtained as white solid (27.3 mg, 36%).
This target product was purified by silica gel flash chromatography (PE: EA = 5:1).
HO Melting point (°C): 121.8-123.9.

methyl 4-hydroxybenzoate  'H NMR (400 MHz, CDCls) 6 8.00 — 7.89 (m, 2H), 6.93 — 6.85 (m, 2H), 6.52 (s, 1H),
Chemical Formula: CgHgO3 3 g (s, 3H).

Exact Mass: 152.0473
Molecular Weight: 152.1490

0]

BCNMR (101 MHz, CDCls) § 167.4, 160.3, 132.0, 122.3, 115.3, 52.1.

(4h) 2-(trifluoromethyl)pyridin-4-ol (CAS: 170886-13-2)

HO CFsy Following the General Procedure C2 with 2-(trifluoromethyl)-4-bromopyridine
= | (113.0 mg, 0.5 mmol), H,O (0.4 mL), 4h was obtained as white solid (68.1 mg,
XN 84%).

2-(trifluoromethyl)pyridin-4-ol  This target product was purified by silica gel flash chromatography (PE: EA = 5:1).

Chemical Formula: C¢HaF3sNO  Melting point (°C): 121.1-124.1.
Exact Mass: 163.0245 'H NMR (400 MHz, CDCL5) § 11.40 (s, 1H), 8.20 (d, J = 6.0 Hz, 1H), 7.19 (d, J =
Molecular Weight: 163.0992
2.4 Hz, 1H), 6.97 (dd, J = 6.0, 2.4 Hz, 1H).
13C NMR (101 MHz, CDCl3) 6 170.2, 147.5, 146.5 (q, J = 35 Hz), 120.9 (d, J = 275 Hz), 115.6, 111.4 (d, J = 3 Hz).
19F NMR (376 MHz, CDCl) 6 -67.60.
IR (cm™): 2772, 1625, 1587, 1324, 1135, 1023, 853.
HRMS (ESI) m/z caled for CsHsFsNO* (M+H)* 164.0318, found 164.0319.
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(4i) 4-bromophenol (CAS: 106-41-2) 7

o8
HO

4-bromophenol
Chemical Formula: CgHsBrO
Exact Mass: 171.9524
Molecular Weight: 173.0090

Following the General Procedure C2 with 1,4-dibromobenzene (118.0 mg, 0.5 mmol),
H,O (0.4 mL), 4i was obtained as brown solid (31.7 mg, 37%).

This target product was purified by silica gel flash chromatography (PE: EA = 5:1).
'"H NMR (400 MHz, CDCl3) 6 7.38 — 7.29 (m, 2H), 6.77 — 6.68 (m, 2H), 5.09 (s, 1H).
BCNMR (101 MHz, CDCl3) 6 154.7, 132.5, 117.2, 112.9.

(4j) 3-hydroxybenzonitrile (CAS: 873-62-1) 7

HO\©/CN

3-hydroxybenzonitrile
Chemical Formula: C;H5NO

Exact Mass: 119.0371
Molecular Weight: 119.1230

(4k) 4-(hydroxy)benzonitrile

'®0H

o

NC

4-(hydroxy)benzonitrile
Chemical Formula: C7H5N180

Exact Mass: 121.0414
Molecular Weight: 121.1232

Following the General Procedure C2 with 3,5-dibromobenzonitrile (130.5 mg, 0.5
mmol), H>O (0.4 mL), 4h was obtained as white solid (30.0 mg, 50%).

This target product was purified by silica gel flash chromatography (PE: EA=1:1).
Melting point (° C): 57.0-59.5.

"H NMR (400 MHz, CDCl3) 6 7.33 (t,J = 8.0 Hz, 1H), 7.21 (d, J = 7.6 Hz, 1H), 7.14
(s, 1H), 7.11 (d, J= 8.4 Hz, 1H), 6.60 (s, 1H).

BC NMR (101 MHz, CDCls) § 156.4, 130.6, 124.4, 120.8, 118.8, 118.7, 112.7.

Following the General Procedure C3 with 4-bromobenzonitrile (91.0 mg, 0.5 mmol),
H2'%0 (0.4 mL), 4k was obtained as white solid (54.6 mg, 90%).

This target product was purified by silica gel flash chromatography (PE: EA = 5:1).
Melting point (° C): 99.2-103.4.

'H NMR (400 MHz, CDCI3) 6 7.55 (d, J = 8.8 Hz, 2H), 6.94 (d, J = 8.8 Hz, 2H), 6.86
(s, 1H).

BC NMR (101 MHz, CDCls) § 160.35, 134.37, 119.30, 116.52, 102.91.

IR (em™): 3281, 2218, 1605, 1503, 834, 542.

HRMS (ESI) m/z calcd for C;HeN130™ (M+H)™ 122.0486, found 122.0485.

(5a) 4-methoxybenzonitrile (CAS: 874-90-8) !!

L
O/

4-methoxybenzonitrile
Chemical Formula: CgH;NO

Exact Mass: 133.0528
Molecular Weight: 133.1500

Following the General Procedure D with 4-bromobenzonitrile (54.6 mg, 0.3 mmol),
MeOH (0.5 mL), 5a was obtained as white solid (30.0 mg, 75%).

Following the General Procedure D with 4-iodobenzonitrile (68.8 mg, 0.3 mmol),
MeOH (0.5 mL), 5a was obtained as white solid (36.9 mg, 92%).

This target product was purified by silica gel flash chromatography (PE: EA = 10:1).
Melting point (°C): 54.2-56.0.

'H NMR (400 MHz, CDCl;3) 6 7.60 — 7.55 (m, 2H), 6.97 — 6.92 (m, 2H), 3.85 (s, 3H).

13C NMR (101 MHz, CDCls) 6 162.9, 134.0, 119.3, 114.8, 104.0, 55.6.
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(5b) ethyl 4-methoxybenzoate (CAS: 94-30-4) !

o)
o

~o

ethyl 4-methoxybenzoate
Chemical Formula: C4gH,03
Exact Mass: 180.0786
Molecular Weight: 180.2030

Following the General Procedure D with ethyl-4-bromobenzoate (68.7 mg, 0.3 mmol),
MeOH (0.5 mL), Sb was obtained as colorless oil (36.3 mg, 67%).

Following the General Procedure D with ethyl-4-iodobenzoate (82.8 mg, 0.3 mmol),
MeOH (0.5 mL), Sb was obtained as colorless oil (52.2 mg, 97%).

This target product was purified by silica gel flash chromatography (PE: EA = 10:1).
"H NMR (400 MHz, CDCls) & 8.03 — 7.97 (m, 2H), 6.95 — 6.87 (m, 2H), 4.34 (q, J =
7.2 Hz, 2H), 3.85 (s, 3H), 1.37 (t, J=7.0 Hz, 3H).

BC NMR (101 MHz, CDCls) § 166.4, 163.3, 131.5, 123.0, 113.5, 60.6, 55.4, 14.4.

(5¢) 1-(4-methoxyphenyl)propan-1-one (CAS: 121-97-1) 12

0]

o)
I

1-(4-methoxyphenyl)propan-1-

Chemical Formula: C4gH150,

Exact Mass: 164.0837

Following the General Procedure D with 4'-bromopropiophenone (63.9 mg, 0.3
mmol), MeOH (0.5 mL), S¢ was obtained as colorless oil (36.0 mg, 73%).
This target product was purified by silica gel flash chromatography (PE: EA =
20:1).
"H NMR (400 MHz, CDCls) § 7.96 — 7.90 (m, 2H), 6.94 — 6.88 (m, 2H), 3.84 (s,
one  3H),2.93 (q,J=7.3 Hz, 2H), 1.20 (t, J= 7.2 Hz, 3H).
BBCNMR (101 MHz, CDCls) 6 199.5, 163.3, 130.2, 130.0, 113.7, 55.4,31.4, 8 4.

Molecular Weight: 164.2040

(5d) 1-(4-methoxyphenyl)ethan-1-one (CAS: 100-06-1) !

_0O

Following the General Procedure D with 4'-iodoacetophenone (73.8 mg, 0.3
mmol), MeOH (0.5 mL), Sd was obtained as white solid (41.1 mg, 91%)).

This target product was purified by silica gel flash chromatography (PE: EA =
20:1).

1-(4-methoxyphenyl)ethan-1-one  Melting point (°C): 32.0-34.4.

Chemical Formula: CgH1¢05
Exact Mass: 150.0681
Molecular Weight: 150.1770

'H NMR (400 MHz, CDCls) 6 7.96 — 7.89 (m, 2H), 6.95 — 6.87 (m, 2H), 3.85 (s,
3H), 2.54 (s, 3H).
13C NMR (101 MHz, CDCls) 6 196.8, 163.5, 130.6, 130.3, 113.7, 55.5, 26.3.

(5e) 4-methoxy-1,1"-biphenyl (CAS: 613-37-6)

oh

4-methoxy-1,1'-biphenyl
Chemical Formula: C43H4,0

Exact Mass: 184.0888
Molecular Weight: 184.2380

Following the General Procedure D with 4-bromobiphenyl (69.9 mg, 0.3 mmol),
MeOH (0.5 mL), Se was obtained as white solid (28.0 mg, 51%).

Following the General Procedure D with 4-iodobiphenyl (84.0 mg, 0.3 mmol), MeOH
(0.5 mL), 5e was obtained as white solid (29.1 mg, 53%).

This target product was purified by silica gel flash chromatography (PE: EA =10:1).
Melting point (°C): 84.1-87.4.

"H NMR (400 MHz, CDCl3) § 7.62 — 7.53 (m, 4H), 7.48 — 7.41 (m, 2H), 7.37 — 7.30
(m, 1H), 7.05 — 6.98 (m, 2H), 3.87 (s, 3H).

3C NMR (101 MHz, CDCls) § 159.2, 140.9, 133.8, 128.8, 128.2, 126.8, 126.7, 114.3, 55.4.
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(5f) 4-ethoxybenzonitrile (CAS: 25117-74-2) !

L
o

4-ethoxybenzonitrile
Chemical Formula: CgHgNO

Exact Mass: 147.0684
Molecular Weight: 147.1770

Following the General Procedure D with 4-bromobenzonitrile (54.6 mg, 0.3 mmol),
EtOH (0.5 mL), 5f was obtained as white solid (29.0 mg, 66%%).

Following the General Procedure D with 4-iodobenzonitrile (68.8 mg, 0.3 mmol), EtOH
(0.5 mL), 5f was obtained as white solid (26.6 mg, 60%).

This target product was purified by silica gel flash chromatography (PE: EA = 10:1).
Melting point (° C): 57.4-59.4.

'"H NMR (400 MHz, CDCl3) d 7.59 — 7.52 (m, 2H), 6.95 — 6.88 (m, 2H), 4.07 (q, J =

7.1 Hz, 2H), 1.43 (t, J = 7.0 Hz, 3H).
13C NMR (101 MHz, CDCls) § 162.3, 134.0, 119.3, 115.2, 103.7, 63.9, 14.6.

(5g) ethyl 4-ethoxybenzoate (CAS: 23676-09-7) 13

(@]
o ™
/\O

ethyl 4-ethoxybenzoate
Chemical Formula: C44H403

Exact Mass: 194.0943
Molecular Weight: 194.2300

14.4.

Following the General Procedure D with ethyl 4-bromobenzoate (68.7 mg, 0.3 mmol),
EtOH (0.5 mL), 5g was obtained as colorless oil (33.9 mg, 58%).

Following the General Procedure D with ethyl-4-iodobenzoate (82.8 mg, 0.3 mmol),
EtOH (0.5 mL), 5g was obtained as colorless oil (46.1 mg, 79%).

This target product was purified by silica gel flash chromatography (PE: EA = 20:1).
"H NMR (400 MHz, CDCls) & 8.02 — 7.95 (m, 2H), 6.94 — 6.86 (m, 2H), 4.34 (q, J =
7.2 Hz, 2H), 4.08 (q, /= 7.2 Hz, 2H), 1.43 (t, /= 7.0 Hz, 3H), 1.37 (t,J= 7.2 Hz, 3H).
BC NMR (101 MHz, CDCls) § 166.5, 162.7, 131.5, 122.8, 114.0, 63.7, 60.6, 14.7,

(5h) 4-methoxy-2-methylpyridine (CAS: 24103-75-1) 4

= OMe

Ns

4-methoxy-2-methylpyridine

Chemical Formula: C;HgNO
Exact Mass: 123.0684

Molecular Weight: 123.1550

Following the General Procedure D with 4-bromo-2-methylpyridine (51.6 mg, 0.3
mmol), MeOH (0.5 mL), Sh was obtained as white solid (19.3 mg, 52%).

This target product was purified by silica gel flash chromatography (PE: EA =5:1).

"H NMR (400 MHz, CDCl;) 6 8.33 (d, J = 6.0 Hz, 1H), 6.68 (d, J = 2.4 Hz, 1H), 6.65
(dd, J=5.8, 2.2 Hz, 1H), 3.83 (s, 3H), 2.51 (s, 3H).

BC NMR (101 MHz, CDCls) 6 166.0, 159.9, 150.2, 109.0, 107.2, 55.0, 24.5.

(5i) 4-methoxy-2-(trifluoromethyl)pyridine (CAS: 1065103-97-0) 5

FaC_~ | OMe
N

Following the General Procedure D with 2-(trifluoromethyl)-4-
bromopyridine (67.8 mg, 0.3 mmol), MeOH (0.5 mL), 5i was obtained as
colorless oil (32.3 mg, 61%).

4-methoxy-2-(trifluoromethyl)pyridine  This target product was purified by silica gel flash chromatography (PE: EA
Chemical Formula: C;HgF3NO = 5:1).

Exact Mass: 177.0401

Molecular Weight: 177.1262

'"H NMR (400 MHz, CDCls) & 8.54 (d, J = 5.6 Hz, 1H), 7.19 (d, J = 2.4 Hz,
1H), 6.96 (dd, J= 5.6, 2.4 Hz, 1H), 3.91 (s, 3H).

BCNMR (101 MHz, CDCl3) 6 166.6, 151.4, 149.8 (q, J = 34 Hz), 121.4 (q, J = 275 Hz), 111.8, 107.4 (q, J = 3 Hz), 55.6.
F NMR (376 MHz, CDCls) § -68.31.
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9 X-ray diffraction data of PC1 (CCDC: 1978990)

Table S11. Crystal data and structure refinement for PC1

Identification code 11 a

Crystal data

Chemical formula C30H2sBN,O
M; 440.33
Crystal system, space group Monoclinic,
P2/c

Temperature (K) 173

a, b, c(A) 17.6430 (5),
8.5349 (3), 15.3612 (5)

B () 95.447 (1)

v (A3) 2302.66 (13)
Z 4

Radiation type Mo Ka

g (mm™) 0.08

Crystal size (mm) 0.27 x 0.25 %
0.22

Data collection

Diffractometer Bruker D8
Venture

Absorption correction Multi-scan
SADABS

Timin, Tmax 0.664, 0.745

No. of measured, independent and

observed [/ > 20(/)] reflections 27450, 4885,
3976

Rint 0.060

(sin 0/M)max (A1) 0.633
Refinement

R[F? > 20(F?)], wR(F?), S 0.043,0.102,
1.06

No. of reflections 4885

No. of parameters 307

H-atom treatment H-atom

parameters constrained

Apmax, Apmin (e A73) 023, -0.20
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Table S12. Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A2)

X y z Uiso*/Ueq
01  0.17159(6) 0.98532 (12) 0.34190 (8) 0.0441 (3)
NI 0.12901 () 0.45827 (13) 0.36799 (7) 0.0258 (2)
B1 0.20358 (8) 0.54879 (17) 0.33900 (10) 0.0245 (3)
c1 0.20407 (8) 0.85982 (16) 0.33286 (9) 0.0289 (3)
2 0.28741 (8) 0.85992 (16) 0.31697 (9) 0.0298 (3)
H2A 0.293181 0.907274 0.259133 0.036*
H2AB 0.305914 0.750500 0.315863 0.036*
N2 0.16713 (6) 0.71959 (13) 0.33525 (7) 0.0253 (2)
c3 0.33608 (8) 0.95140 (18) 0.38763 (9) 0.0337 (3)
H3A 0.312942 1.055820 0.394488 0.040*
H3AB 0.335801 0.895399 0.444042 0.040*
c4 0.41736 (8) 0.97241 (17) 0.36699 (9) 0.0305 (3)
C5  0.47531(9) 0.88216 (18) 0.40832 (10) 0.0384 (4)
H5 0.463526 0.804957 0.449503 0.046*
c7 0.56816 (9) 1.0139 (2) 0.33092 (11) 0.0443 (4)
H7 0.619522 1.027800 0.318707 0.053*
C6 0.55006 (9) 0.9027 (2) 0.39057 (12) 0.0440 (4)
H6 0.589085 0.839847 0.419614 0.053*
c8 0.51124 (10) 1.1051 (2) 0.28898 (12) 0.0498 (4)
H8 0.523360 1.182300 0.247956 0.060*
C9 0.43636 (9) 1.0839 (2) 0.30684 (11) 0.0420 (4)
H9 0.397428 1.146540 0.277471 0.050*
C10  0.11942 (9) 0.30889 (16) 0.38829 (9) 0.0307 (3)
H10 0.161618 0.239339 0.390924 0.037*
C1l  0.04797 (9) 0.25248 (18) 0.40587 (10) 0.0367 (4)
H11 0.042321 0.145795 0.421662 0.044*
C12  —0.01371(9) 0.35003 (19) 0.40045 (10) 0.0375 (4)
H12 —0.062237 0.310731 0.411564 0.045*
C13  —0.00530 (8) 0.50934 (18) 0.37830 (9) 0.0321 (3)
Cl4  0.06856 (7) 0.55806 (16) 0.36410 (8) 0.0263 (3)
C15  0.08860 (8) 0.71263 (16) 0.34425 (8) 0.0264 (3)
C16 0.03138 (8) 0.82278 (18) 0.33626 (10) 0.0336 (3)
H16 0.042097 0.928675 0.322834 0.040*
Cl7  —0.04382(9) 0.7752 (2) 0.34844 (11) 0.0409 (4)
H17 —0.083184 0.851390 0.341917 0.049*
C18  —0.06264 (9) 0.6255 (2) 0.36908 (11) 0.0407 (4)
H18 —0.113865 0.599510 0.377172 0.049*
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11_a%20_atom_site_label
11_a%20_atom_site_label
11_a%20_atom_site_label

C19 0.21792 (7) 0.48326 (15) 0.24361 (9) 0.0245 (3)
C20 0.24159 (8) 0.32789 (16) 0.23284 (9) 0.0297 (3)
H20 0.250253 0.262744 0.282940 0.036*
Cc21 0.25271 (8) 0.26664 (18) 0.15158 (10) 0.0355 (3)
H21 0.269412 0.161429 0.146833 0.043*
Cc22 0.23968 (9) 0.3576 (2) 0.07758 (10) 0.0398 (4)
H22 0.247631 0.315835 0.021833 0.048*
C23 0.21491 (9) 0.51006 (19) 0.08528 (10) 0.0390 (4)
H23 0.204851 0.572954 0.034470 0.047*
C24 0.20463 (8) 0.57196 (17) 0.16723 (9) 0.0309 (3)
H24 0.188133 0.677436 0.171309 0.037*
C25 0.27183 (8) 0.53250 (15) 0.41598 (9) 0.0261 (3)
C26 0.26388 (9) 0.59968 (17) 0.49787 (9) 0.0328 (3)
H26 0.216829 0.647412 0.507830 0.039*
ca27 0.32229 (10) 0.59879 (19) 0.56472 (10) 0.0412 (4)
H27 0.315724 0.649336 0.618587 0.049*
C28 0.38995 (10) 0.5246 (2) 0.55314 (11) 0.0445 (4)
H28 0.429850 0.522177 0.599219 0.053*
C29 0.39931 (9) 0.4540 (2) 0.47420 (11) 0.0430 (4)
H29 0.445490 0.401055 0.466159 0.052*
C30 0.34137 (8) 0.46007 (18) 0.40627 (10) 0.0343 (3)
H30 0.349389 0.413545 0.351715 0.041*

Table S13. Atomic displacement parameters (A2)

Ut U» Us U Ut U=

O1  0.0398 (6) 0.0215 (5) 0.0714 (8) 0.0051 (5) 0.0068 (6) —0.0018 (5)
N1 0.0259 (6) 0.0242 (6) 0.0275 (6) 0.0019 (5) 0.0033 (5) —0.0029 (5)
B1  0.0237 (7) 0.0196 (7) 0.0305 (8) 0.0022 (6) 0.0038 (6) —0.0010 (6)
Cl  0.0334(8) 0.0224 (7) 0.0307 (7) 0.0025 (6) 0.0022 (6) —0.0004 (5)
C2  0.0330(8) 0.0239 (7) 0.0333 (7) —0.0011 (6)  0.0071 (6) —0.0003 (6)
N2 0.0252 (6) 0.0206 (5) 0.0302 (6) 0.0030 (4) 0.0034 (5) —0.0019 (4)
C3  0.0336 (8) 0.0365 (8) 0.0315 (7) —0.0011 (6)  0.0060 (6) —0.0029 (6)
C4  0.0321(7) 0.0295 (7) 0.0302 (7) —0.0015 (6)  0.0042 (6) —0.0058 (6)
C5  0.0396 (9) 0.0347 (8) 0.0407 (8) —0.0003 (7)  0.0030 (7) 0.0056 (7)
C7  0.0309 (8) 0.0506 (10)  0.0523 (10)  —0.0038 (7)  0.0089 (7) —0.0020 (8)
C6  0.0345(8) 0.0436 (9) 0.0528 (10)  0.0057 (7) —0.0011 (7)  0.0044 (8)
C8  0.0411 (9) 0.0538 (11)  0.0559 (11)  —0.0042 (8)  0.0113 (8) 0.0189 (9)
C9  0.0356 (8) 0.0423 (9) 0.0484 (9) 0.0042 (7) 0.0047 (7) 0.0105 (8)
C10 0.0358 (8) 0.0231 (7) 0.0334 (7) 0.0002 (6) 0.0047 (6) —0.0020 (6)
C11 0.0441 (9) 0.0296 (8) 0.0371 (8) —0.0082 (7)  0.0083 (7) —0.0029 (6)
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Cl12
C13
Cl4
CI15
Clé6
C17
CI8
CI19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30

0.0328 (8)
0.0261 (7)
0.0237 (6)
0.0257 (7)
0.0328 (8)
0.0293 (8)
0.0239 (7)
0.0182 (6)
0.0261 (7)
0.0294 (8)
0.0383 (9)
0.0438 (9)
0.0308 (7)
0.0280 (7)
0.0387 (8)
0.0554 (10)
0.0423 (9)
0.0296 (8)
0.0299 (7)

0.0422 (9)
0.0396 (8)
0.0298 (7)
0.0280 (7)
0.0324 (8)
0.0477 (10)
0.0518 (10)
0.0258 (7)
0.0268 (7)
0.0320 (8)
0.0486 (10)
0.0435 (9)
0.0277 (7)
0.0194 (6)
0.0303 (7)
0.0419 (9)
0.0499 (10)
0.0481 (10)
0.0351 (8)

0.0385 (8)
0.0307 (7)
0.0251 (6)
0.0251 (6)
0.0348 (8)
0.0448 (9)
0.0464 (9)
0.0294 (7)
0.0358 (7)
0.0460 (9)
0.0339 (8)
0.0300 (8)
0.0343 (7)
0.0309 (7)
0.0299 (7)
0.0256 (7)
0.0381 (9)
0.0495 (10)
0.0373 (8)

~0.0103 (7)
~0.0016 (6)
0.0035 (6)
0.0034 (6)
0.0094 (6)
0.0152 (7)
0.0035 (7)
~0.0013 (5)
0.0012 (6)
~0.0018 (6)
~0.0122 (7)
~0.0103 (7)
~0.0040 (6)
~0.0015 (5)
~0.0015 (6)
~0.0115 (8)
~0.0126 (8)
0.0031 (7)
0.0023 (6)

0.0084 (6)
0.0032 (6)
0.0010 (5)
0.0005 (5)
~0.0013 (6)
~0.0017 (7)
0.0038 (7)
0.0014 (5)
0.0019 (6)
0.0078 (6)
0.0105 (7)
0.0043 (6)
0.0031 (6)
0.0025 (5)
0.0050 (6)
0.0007 (7)
~0.0122 (7)
~0.0052 (7)
~0.0009 (6)

~0.0061 (7)
~0.0072 (6)
~0.0041 (5)
~0.0047 (5)
~0.0028 (6)
~0.0048 (7)
~0.0073 (8)
~0.0024 (5)
~0.0040 (6)
~0.0143 (7)
~0.0143 (7)
0.0007 (7)
~0.0009 (6)
0.0025 (5)
0.0019 (6)
0.0042 (6)
0.0142 (7)
0.0071 (8)
~0.0011 (6)

Table S14. Geometric parameters (A, °)

01—C1
N1—C10
N1—C14
N1—Bl1
B1—N2
B1—C19
B1—C25
Cl—N\2
Ccl—C2
C2—C3
C2—H2A
C2—H2AB
N2—C15
C3—C4
C3—H3A
C3—H3AB
C4—C5
C4—C9
C5—C6
C5—H5
C7—C6

1.2287 (17)
1.3271 (18)
1.3618 (17)
1.6240 (18)
1.5921 (17)
1.611 (2)

1.612 (2)

1.3649 (17)
1.5133 (19)
1.532 (2)

0.9900
0.9900

1.4067 (17)
1.509 (2)

0.9900
0.9900

1.385 (2)
1.389 (2)
1.383 (2)

0.9500

1.378 (2)
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C7—CS8

C7—H7

C6—Ho6

C8—C9

C8—HS8

C9—H9

C10—C11
Cl10—HI10
Cl1—Cl12
Cl1—H11
C12—C13
Cl2—HI2
C13—Cl14
C13—C18
C14—C15
C15—C16
Cl6—C17
Cl6—Hl16
C17—C18
C17—H17
C18—H18
C19—C24
C19—C20
C20—C21
C20—H20
C21—C22
C21—H21
C22—C23
C22—H22
C23—C24
C23—H23
C24—H24
C25—C30
C25—C26
C26—C27
C26—H26
C27—C28
C27—H27
C28—C29
C28—H28
C29—C30
C29—H29
C30—H30

C10—N1—C14
C10—N1—BI1

1.381 (2)
0.9500
0.9500
1.386 (2)
0.9500
0.9500
1.399 (2)
0.9500
1.366 (2)
0.9500
1.413 (2)
0.9500
1.4045 (19)
1.414 (2)
1.4067 (19)
1.3764 (19)
1.417 (2)
0.9500
1.365 (2)
0.9500
0.9500
1.3973 (19)
1.4048 (19)
1.384 (2)
0.9500
1.378 (2)
0.9500
1.382 (2)
0.9500
1.393 (2)
0.9500
0.9500
1.394 (2)
1.4016 (19)
1.384 (2)
0.9500
1.378 (2)
0.9500
1.378 (2)
0.9500
1.391 (2)
0.9500
0.9500

119.63 (12)
130.25 (11)
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Cl4—NI1—BlI
N2—B1—CI19
N2—B1—C25
C19—B1—C25
N2—B1—NI1
Cl19—B1—NI
C25—B1—NI
O01—C1—N2
01—C1—C2
N2—C1—C2
Cl—C2—C3
Cl—C2—H2A
C3—C2—H2A
C1—C2—H2AB
C3—C2—H2AB
H2A—C2—H2AB
C1—N2—CI15
C1—N2—BlI
CI15—N2—BI1
C4—C3—C2
C4—C3—H3A
C2—C3—H3A
C4—C3—H3AB
C2—C3—H3AB
H3A—C3—H3AB
C5—C4—C9
C5—C4—C3
C9—C4—C3
C6o—C5—C4
C6—C5—H5
C4—C5—H5
C6—CT7—C8
Co—C7—H7
C8—C7—H7
C7—C6—C5
C7—C6—H6
C5—C6—H6
C7—C8—C9
C7—C8—H8
C9—C8—H8
C8—C9—C4
C8—C9—H9
C4—C9—H9
N1—C10—Cl11
N1—C10—H10
C11—C10—H10

109.99 (11)
112.51 (11)
112.12 (11)
117.81 (11)
96.35 (10)
106.59 (10)
109.03 (11)
122.17 (13)
119.23 (13)
118.59 (12)
111.94 (11)
109.2
109.2
109.2
109.2
107.9
121.13 (11)
127.71 (11)
110.85 (10)
113.05 (12)
109.0
109.0
109.0
109.0

107.8
118.13 (14)
120.84 (14)
121.03 (13)
121.02 (15)
119.5

119.5
119.63 (15)
120.2
120.2
120.27 (15)
119.9

119.9
119.91 (16)
120.0
120.0
121.05 (15)
119.5

119.5
120.87 (14)
119.6

119.6

45 / 197



C12—C11—C10
Cl12—C11—HI1
C10—C11—HI11
Cl1—C12—C13
Cl1—Cl12—HI12
CI13—C12—H]12
Cl14—C13—C12
C14—C13—C18
C12—C13—C18
N1—C14—C13

N1—C14—C15

CI13—C14—C15
Cl16—CI15—N2

Cl6—C15—Cl14
N2—C15—C14

C15—Cl16—C17
C15—Cl6—H16
Cl17—Cl6—H16
C18—C17—C16
C18—C17—H17
Cl6—C17—H17
C17—C18—CI13
C17—C18—H18
C13—C18—H18
C24—C19—C20
C24—C19—Bl1

C20—C19—Bl1

C21—C20—C19
C21—C20—H20
C19—C20—H20
C22—C21—C20
C22—C21—H21
C20—C21—H21
C21—C22—C23
C21—C22—H22
C23—C22—H22
C22—C23—C24
C22—C23—H23
C24—C23—H23
C23—C24—C19
C23—C24—H24
C19—C24—H24
C30—C25—C26
C30—C25—Bl1

C26—C25—Bl1

C27—C26—C25

120.36 (14)
119.8
119.8
119.99 (14)
120.0
120.0
116.27 (13)
116.27 (14)
127.47 (14)
122.84 (13)
112.59 (12)
124.57 (13)
133.10 (13)
117.55 (13)
109.34 (11)
118.71 (14)
120.6
120.6
123.42 (14)
118.3
118.3
119.46 (14)
120.3
120.3
116.14 (13)
123.19 (12)
120.60 (12)
122.13 (14)
118.9
118.9
120.30 (14)
119.9
119.9
119.30 (14)
120.4
120.4
120.27 (15)
119.9
119.9
121.84 (14)
119.1
119.1
116.19 (13)
124.29 (12)
119.46 (12)
122.19 (15)
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C27—C26—H26
C25—C26—H26
C28—C27—C26
C28—C27—H27
C26—C27—H27
C27—C28—C29
C27—C28—H28
C29—C28—H28
C28—C29—C30
C28—C29—H29
C30—C29—H29
C29—C30—C25
C29—C30—H30
C25—C30—H30

118.9
118.9
120.00 (15)
120.0
120.0
119.49 (14)
120.3
120.3
120.20 (15)
119.9
119.9
121.85 (15)
119.1
119.1

47 / 197



10 References

1. Zhu, D.-L,; Li, H.-X; Xu, Z.-M.; Li, H.-Y.; Young, D. J; Lang, J.-P., Visible light driven, nickel-catalyzed aryl
esterification using a triplet photosensitiser thioxanthen-9-one. Organic Chemistry Frontiers 2019, 6 (14), 2353-
2359.

2. Furkert, D. P.; Breitenbach, B.; Juen, L.; Sroka, |.; Pantin, M.; Brimble, M. A., Nonsymmetrical Azocarbonamide
Carboxylates as Effective Mitsunobu Reagents. European Journal of Organic Chemistry 2014, 2014 (35), 7806-
78009.

3. Lutjen, A. B.; Quirk, M. A,; Barbera, A. M.; Kolonko, E. M., Synthesis of (E)-cinnamyl ester derivatives via a
greener Steglich esterification. Bioorganic & Medicinal Chemistry 2018, 26 (19), 5291-5298.

4.  Zhang, L.; Zhang, G.; Zhang, M.; Cheng, J., Cu(OTf)@-mediated Chan-Lam reaction of carboxylic acids to
access phenolic esters. Journal of Organic Chemistry 2010, 75(21), 7472-4.

5. Chun, S, Chung, Y. K, Transition-Metal-Free Poly(thiazolium) lodide/1,8-Diazabicyclo[5.4.0]lundec-7-
ene/Phenazine-Catalyzed Esterification of Aldehydes with Alcohols. Organic Letters 2017, 19 (14), 3787-3790.

6. Chen, J; Peng, Y.; Liu, M.; Ding, J.; Su, W.; Wu, H., Palladium-Catalyzed Aerobic Oxidative Coupling of Acyl
Chlorides with Arylboronic Acids. Advanced Synthesis & Catalysis 2012, 354 (11-12), 2117-2122.

7. Yang, L; Huang, Z; Li, G; Zhang, W.; Cao, R.; Wang, C. Xiao, J; Xue, D., Synthesis of Phenols:
Organophotoredox/Nickel Dual Catalytic Hydroxylation of Aryl Halides with Water. Angewandte Chemie
International Edition 2018, 57 (7), 1968-1972.

8. Khotavivattana, T.; Calderwood, S.; Verhoog, S.; Pfeifer, L.; Preshlock, S.; Vasdev, N.; Collier, T. L.; Gouverneur,
V., Synthesis and Reactivity of (18)F-Labeled alpha,alpha-Difluoro-alpha-(aryloxy)acetic Acids. Organic Letters
2017, 19(3), 568-571.

9. Li, Y. Xue, D, Lu, W.; Wang, C,; Liu, Z. T; Xiao, J.,, DMF as carbon source: Rh-catalyzed alpha-methylation of
ketones. Organic Letters 2014, 16 (1), 66-9.

10. Fang, Y. Zhao, R;; Yao, Y,; Liu, Y.; Chang, D.; Yao, M.; Shi, L., Trichloroacetonitrile as an efficient activating
agent for the ipso-hydroxylation of arylboronic acids to phenolic compounds. Organic & Biomolecular Chemistry
2019, 17(32), 7558-7563.

11. Liu, Y.V, Liang, D.; Lu, L. Q.; Xiao, W. J,, Practical heterogeneous photoredox/nickel dual catalysis for C-N and
C-0 coupling reactions. Chemical Communications 2019, 55 (33), 4853-4856.

12. Vidal, C.; Tomas-Gamasa, M.; Gutierrez-Gonzalez, A.; Mascarenas, J. L, Ruthenium-Catalyzed Redox
Isomerizations inside Living Cells. Journal of the American Chemical Society 2019, 141 (13), 5125-5129.

13. Ahmed, M. N.; Ahmad, K;; Yasin, K. A,; Farooq, T.; Khan, B. A;; Roy, S. K., Ligand -free Cu(ii)-catalyzed aerobic
etherification of aryl halides with silanes: an experimental and theoretical approach. New Journal of Chemistry
2019, 43(28), 11316-11333.

14. Tung, Y. S, Coumar, M. S,; Wu, Y. S;; Shiao, H. Y.; Chang, J. Y,; Liou, J. P.; Shukla, P.; Chang, C. W,; Chang, C. Y.;
Kuo, C. C,; Yeh, T. K, Lin, C. Y.; Wu, J. S.; Wu, S. Y.; Liao, C. C.; Hsieh, H. P., Scaffold-hopping strategy: synthesis and
biological evaluation of 5,6-fused bicyclic heteroaromatics to identify orally bioavailable anticancer agents. Journal
of Medicinal Chemistry 2011, 54 (8), 3076-80.

15. O'Hara, F.; Blackmond, D. G.; Baran, P. S., Radical-based regioselective C-H functionalization of electron-
deficient heteroarenes: scope, tunability, and predictability. Journal of the American Chemical Society 2013, 135
(32),12122-34.

48 / 197



11 NMR spectra

L000—

F1S'Zy
07521
FES'T
LES'T
SPS'T
955'Z
985'C
965'C
209'C
Fa%,
9£8'9

690°L]
L8O’
GINE
CTANE
PST L
957" L1
092" L1
L9Z' L1
PLT L
78T
987" L1
LLb'LA
SLb' L
88b' L1
£6b' L1
018" L
925 'L W

—

FES LA
._H.Vm_._u.,r
I8L'L
T08'L

6lP'8y
1Zr'8
s

P68,
€006~

6189~
iR
8T1'L
KT Ly
9571
092 '¢
L9T'L
PLT'L
98zt~
LLb'Ln
Ly ~
88p'L

coved

otz

T8L LA

208'L—=
czse!

TLE'S
£0E8
_m:u_x‘/r

LZF'8
mmv.x*y
FEF'S

PRE"8~
£00'6-"

PC1, CDCl;

Fevoz

- 180°1
~9%0°Z
Fospa

~LLL'S
S980

Forot

Fooo't

6.9

73 7.1

7.7

7.9
f1 (ppm)

81

83

8.9 87

91

Wsho.m
€le

f1 (ppm)

49 / 197



OSF 1€~

CS8'GE—

091°L11A
LLE'SLL
SPFTZ1
TS STy
991 L2}
§09'LZ1
AR |
L9081
GhF8Z1
NE_NMLW
LOS'€EEL h”
GLO'LEL

Z60'6E
€55 '6E
PES It
kg

-

l
l
l
l

J

c0T9Ll—

091°LIL—

LLG8IL—

BTl —

ThS'STL—
991'LZ1
S09'£Z1
06 LT~
_So_xm&m
Ghb'SzL

ZF9ZELl—
LOS'EEl—

6LOLEL-"
Z60'6EL
£ES6el M

FPPSIRL~
EAINA

PC1, CDClI;

136 133 130 127 124 121 118
£1 (ppm)

139

142

-10

180 170 160 0 140 130 120 110 100 90 80 70 60
f1 (ppm)

190

50 / 197



5.501

f1 (ppm)

51 / 197

| A
=
PC1, CDCl;

120 110 100 90 80 70 60 50 40 30 20 10 0 -0 -20 30 -40 S50 -60 -70 -80 90 -110



600 0-—

Leg'e
(A3
Ipse
S65°T
G8S'T
G8S'T
ziee
Z19e
9Z9°L
9zu'g

86L'9
91891
810'L1
£90°L
780'L1
LOL'LT
PTL'LT
09241
€L
L€
91p'L
STY'L
LEV'L
Shp'L
8S'L
0€L'L

Gmn_ﬁw
0LL'L

LLT'8

S608->
PLES

BOL' O~
918'9~"

Br0°L
M.._wo_._w#r
Nxo_._u/.

hc_.“m.a\r
ﬁ_ﬁ

LLeL
E.w.._u)ﬁ

LLTS
867'8—
PLE S~
sesd

SS6'8~
FLE'R"

PC2, CDCI;

Fe66'0

Foro

0001

74

7.6

78

8.0

84

g8 86

9.0

f1 (ppm)

=596'S
£66'l
UROT

r,w.mc_m
BLrOL
Fo'y
8L
H‘lwmn__r

= E66'0
Bg1o1

E000°1

'
[}

3.0

4.5 4.0

f1 (ppm)

5.0

w

6.0

52 / 197



S9C'1E—

o
a
- O C
pRpIE— z mw
B/N\ \ &
£7L6E— _
GOLLLL— —_—
Z06'8L1— ——_—
SHFZZL— - —
601 L1 olesel= T
206 811 109221
SYPLClY  Lzoszi . —
Eﬁm_mm: ey |m
L9 LELY- 489871
LZ0'8T1
88F'8Z1
£R9'8T1
08621~
{ECEC] - O8S'CEL— ||u
omﬂ_ﬁm_Mm R <
LESLEL
$56'8€1
it 6E 1
629111 N
_ 059961~
90'Zt1 -
so0erl LE9 e — -—
SS6'8E1 B
PoFGE L~ —
629" LFL~ I
3 S90'ZkL - -
ZZE 9Ll —

118 116

120

[}

140 138 136 134 132 130 8 126 124
f1 (ppm)

142

|

|

{

10

30

40

90 80 70 60
f1 (ppm)

100

110

170 160 150 140 130

180

53 / 197



5.545

PC2, CDCl,

120

110

100

90

80 70 60 50 40 30 220 1 0 -0 -20 30 -40 50 -60 -70 -80 90
f1 (ppm)

-110

54 / 197



0Z0'0—

SFSC
095°Z
LLS'T
[8S'T
[F9°C
89t
z99'g
HL9'T

PRLE—
12897
2r8'97
€480
16801
160°L
8012
ANE
€51'L
ANE
092'L
16€'L1
AVIR
LLb'L
Z6kL

LOS'L

SIS'L

8Z§'L

[E8a

qu_?/f
CLR0—
i
801'L~
FELL—
M..m_..._r..\
LAE" L

TP
LLF L~
6% L-F
g _.m_._w\.
eLLL

Mmb_.ﬁV
crgid

EPES
M..@m_xM
TOL8-T
SOF'8

£86'8~
z00'6~"

PC3, CDCl;

890'F
Lale

el
LSOE

[e60p
F591g

£zo'l
LFO'L

Fooot

6.6

6.8

78 76

fl (ppm)

8.0

£4

88 86

8.0

Arie

E0E6's

10.5 10.0

11.0

L5

55 / 197



.
o a
= (8]
b 1E— nu,,AMHHHUv.,_ )
m__7 o
/ Z N 9
£9'6£— —
o
S0'SS— N\
etl— - -
0LLLl— -—A
LY']LL— —
£FZZL— —
Pl
OLLLL  €S°STI~,
nxx__é 09'L21~
£PTTL SO'STI~ - =
€552t opszl”
09'2214) ]
SOBTIN ..
opszl-+ OSCEIT -
65 TELN. 69PELl— -
GIpEL—
ISLel-7 LSLEIN -—
peselp POBEIN E—
m_u_m_m..t_\w SFeEl B
€o'rpLy E9LPLY S—

seipl)  S61PLS

GEESL—

8TO9Ll—

GRESl—

130

135

140

145

160

30

40

180 170 160 150 140 130 0 110 100 90 g0 70 60
f1 (ppm)

190

56 / 197



7380

(@]
O

(@]

/
/B—N
N
N
Pz
PC3, CDCl;

—_y
80 70 60 50 40 30 220 1 0 -0 -20 30 -40 50 -60 -70 -80 90 -110
f1 (ppm)

120 110 100 90

57 / 197



[2oo—

T8P'T
oom_mﬁ
1Zs'e—=

L9 T—F
xma.m“a
Q0L

G189
€689
P69
296'
PR6'9
0LLL
8T1'L
PS1'L
Ll
S6E'L
0LP'L
91p'L
LEP'L
LIs'L
8ES'L
95,
LL5'L-E
S

LOB'LA,
LI8'L—
:wx_h\

mmm_x
bm_m_x.r/r

0LF8-7
om?.x;\

0668~
9106

PC4, CDClI;

Fzio'l
ANl

Fooot

0 6.8 6.6

4

74

7.6

7.8
f1 (ppmy)

88

9.0

ERF0T
=6L0e

4.0

435
f1 (ppm)

5.0

0.0

58 / 197



26T 1€~

SPLGE—

:__:lT_
S06'FLLA
LLeLll

Ler'all

OLLTE L~
086'FE 1
Z50'SE14L
TLEP'LEL
FOF6E 1
TEF'6EL
L8€ LYl
8LL 1P
987161~
GZLEO1~

O8S'SLL—

®)
~-
L

LLLwLL -7
mom_w:\
LLe L=
lelall—

625221 —
669°STL~

mmm__bm;,
LLUETI~  _

PC4, CDClI;

B
N

AN
=

zigszl

9LLTEL~
086'FE 1
250'sE 1>
TLV'LEL,
pOp6EL
zEP6EL
18E TP~
SLL'LPL

98z 91—
6TLE9L—

120

W
=]

135 130

140
f1 (ppm)

145

160

165

u

Il
|
1]
140

i

30

40

100 90 80 70 60

110

130

180 170 160

190

f1 (ppm)

59 / 197



-115.331

N
| AN
Pz
| PC4, CDClI;
10 -0 20 -30 40 50 60 70 80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 200 -210
f1 (ppm)

60 / 197



4,884

f1 (ppm)

61 / 197

N
X
=
PC4, CDCI;
120 110 100 90 80 70 60 50 40 30 20 10 0 -0 -20 30 -40 S50 -60 -70 -80 90 -110



000 0-—

LIS'T
FFS'T
9952
SF9T
S
8e0'Z
L99'Z-
Z89'g
eheE
B6E'LA
FOF LA
80F' LA
LI¥'LA
S1I¥LA
LZF'L
b LA
LS
GLSLA
LGS LA
009'LA
FOL LA
CLLL
BCL'LA
Pl
0L
BOL'LA
LLL'Lq
[8LLT
E8L°L
lol'dl
£90°8
TET'S
FET'S
£6T'8
SST'8
90’8
0¥
6L
LZF'8

£90'6~,
1806~

GLE LT
Z6ELA
BOEL
FOF'L
B0¥'LA
LI#'LA
S1FLA
LZF'LT
PP LA
LS LA
GLS LA
L6S'LA
009'L
FPOL'L
ZILL
BCL'L
ZFLL
£9L°L
8OL'L
LLL'L
[BLL
£RL°L
[:TAFS
ROl
£ST'H

mmm_xu#
90%'8

B0F'8

GL¥'8
LIPS

9076~
L1806~

PC5, CDCl,

—fo.ﬁ

H.rmxm._.
Zole
Sol'y

—— hoooz

6.6

6.9

7.5

7.8

fl (ppm)

8.1

84

8.7

8.0

el
BOLG'T

EFZ0T

Fivoe

8919
=786'1

Z60'E

Sa0'F
0007
Fezotl
BL00'L

E000°L

5

0

0.0

4.0

435
f1 (ppm)

62 / 197



4
o _7 N\
19p' 1€— g A

996" 6E~—

8P LI
0616111
GLPTTI
Leb'STIA
G1LST1A
18711
09€ LTI
LS Lzl
oL'Lzid
120'3Z 1|
PSZ'ST 1
EM.__xN@
rootetf
czLzel
966'7€1 4
SIPEsl
RITTAL
CLLLE1
L1€'661
8LO'GE 11
817101
sl zpl

3

T

Lhe oLl —

(@]

SIFLIL—

oalall—

LT —

Lovsel
GLLSTL~

ez
@mm;

LOSTLE L~
LE08EL—

TR Tﬂ\.

LOO'[El—
M..mm..mmﬁ/
966°TEL~E
SIPEel
Sereel

ELLLEL—

LlEaEl~
BLIGEL

Bl lrl—
ZSLErl—

PC5, CDCl,

IS

118

120

126 124

128

140 138 136 134 132

142

|
._l;_m.l L

30

40

130 0 110 100 90 g0 70 60
f1 (ppm)

140

180 170 160

190

63 / 197



5.251

N
| N
Y4
PC5, CDCl,

120 110 100 90 80 70 60 50 40 30 20 10 0 -0 -20 30 40 50 -0 -70 -BO 90 -110

f1 (ppm)

64 / 197



0100

mvm_L
mmm_m;
955'T1

09521
99571
69571
LLS T
185 T
L19°Tq
LE9°T
AN
£E894
LS89
Fe8'91
0L0"LA
SROLA
880"LA
PLLLA
ANS
eel'iq
oSkl
ESLLA
LT LA
LET' LA
09T LA
PLT LA
€87 'L
(Al
Zog 'Ly
90g" LA
60E' L
EleL
gl
8hF LA
LSF'L
6sF'L
S9F'L
B9F'L
LiF'L
Log'L
LOS LA
Lis'L
R
9g8 'L
Ops'L
99L'L
98L'L
LTP'8

0EF'8

OFF'8

EFF8

£ok'8

Sob'8

FlE'8

L1587
6064
690'6

€68
1580
PSS9
0L0'LA
880°'L
Ll ___U/,f
el
LST'L
09Z'L
PLT'L
£8T'L
Z6T'L
90€"L,
PhbL
b
LStL
65F L]
SOp L]
89p L]
L't
10§ L]
L1s
1251
955 'L
0Fs L]
99L L
8L L]
LTF'8]
0EF'8
Obt'8-
£Fp8
£61'8
S6b8
158
L1s'g-
6106 W

690’6

="

il

-

=
O
[a]
o
©
o
o

502

9901
Megoz
TL6T'9

Festy
.1__5;_@

—5Z0°L

Flio
Lzl

Fooo't

6.8

7.0

[}

74

7.6

78

8.0
f1 (ppm)

82

84

86

88

9.0

[}

SZ0T
£T0'T

E=000°L

-0.5

0.0

Ll

1.0

[ ]

'
[}

3.0

w

4.0

435
f1 (ppm)

5.0

7.0

w

8.0

0.0

65 / 197



G8F 1E— \H\

006'6E—

0LL'811
SLPTT
185'ST
€01°9Z11
62T LTI
£96'LT 11
600'SZ1 4
soLszll
SRF'8T 1}
8L6'8T]
88L'6T1
6160€1
poLzelIr
Fas el
00L'LEL
STTAE
960'8€1
€99'6E1
!
LS 1L

l
[
&
l

—

A
A
A
J

TLLOLL—

(o)

OLLSLL—

SLPIll—

[8§'5T1~
£01°9Z1~
6ZT°LT1
E?EM
600°87 1L
So1'sz I\w
88p'8T1
8LGRTIAST
8RL6T1
616081~

FOLZEL—
FOSEEl—

00L'LELS
SHELEL—
9608 r\

£99°6E [ —

GOF TR~
SLS THL~"

-N
PC6, CDCl,

123

Ll
(o]

129 127
f1 (ppm)

131

133

139 137

141

30

40

100 90 20 70 60
f1 (ppm)

110

130

140

180 170 160

190

66 / 197



—5.923

PC6, CDCl,

120

110

100

90

80

o 10 0 -0 -20 30 -40 50 -60 -70 -80 90
f1 (ppm)

[

-110

67 / 197



000" 0—

mmm_m,,
615TH
QEs'g
LSS'T
Lose
LI9'E
£E9'Z

e

108'91
81891
0S0°L
£90'LA
S80'L
€0l
1Z1'L
HELLA
el LA
05T'Lq
HST'L
0L2"L
162"
068 "L
SHE L
FOF'L
(AR
CEQL
BFOL
959°L
6oL
LER'L
LS8
Fat'8
ALF'R
ZZ9'8—
vva_xl\
SHG'R—F
fc.m \

L8 9~
e
81
5L
85¢°L
0L L
[6T'L
omm_._u.__
SEE'L
gv.n#

Ilvi—

699 L=

[E8 L~
1S8L~"

FOF'8~,
9LF'8~"
7Z9'8~.
o8~

SG6'8~
910'6~"

97T 6~
LFT 6"

=S=

O

Fsg0'1

Fss60

€660

~000°L

PC7, CDCI,

7.1 6.9

7.3

7.7

79

8.1

f1 (ppm)

83

w

9.1 89 8.7

9.3

=
-

180E
w1z
“len

L6861
LS
£9SE'8
ELE0Y
#1201
wPI0T

ERE0'L
8860
EEa6l
=000'1

1.0

w

[ ]

0
oy

3.0

4.0

4.5

5.0
f1 (ppm)

10.0

68 / 197



865 1E—
EL0'E—

[P8'6E—

i
S0L'sel
98Z9T1
LECLTL
FPesLel
LOL8EL
erl8Cl
AR
Sal0el
6oLEel

l

l

e m——— |

£589€
FoLLE
al9'8E1
ZZ5 0% 1]
SPOLEL
0E9 i1 -

-
-
A

E06'9L1—

869l l—

€81 521
S9€ vTl
90L'STL
982 9214
LEELEL
qmm_nm_MF
LO1°8Z1
£p1 8zl
€6¢ 871
961 0EL—

698 EEl—

£68'08 1~
I
t8oesl
619°8¢1~"

s 0rl~
SO Ll

0E9 Pl -—

LRG9FL—

S

7

PC7, CDCI,

116

118

[}

126 124

128

138 136 134

140

144

146

148

£l (ppm)

30

40

90 80 70 60
f1 (ppm)

100

110

180 170 160 0 140 130

190

69 / 197



—5.912

o
P
N
| N
=
0=8=0
PC7, CDClI,
120 110 100 90 80 70 60 50 40 30 20 10 0 -0 -20 30 -40 S50 -60 -70 -80 90 -110

f1 (ppm)

70 / 197



000°0-
861 1
Z00'7
61074
220'7
8E0'T
P07
9221
RLT'T
8271
Z0€'2
889'F
269’k
969'F
00L'Y
PEL
6EL T
6SL'H
P8P’
P6'S
0051
0155
925’
255
LTT'L
1€Z'L1
9pT'L
€5T'L
LST'L
Z9T'L
$9T'L
PLT'L
18T'L
6T
967'L1
€06
LIV
6LY'L
8L
98'L.1
861 L1

Z0s'L
SIS'L
£TS'L
9eSL
£OLL
M..xh._._puv
FPO8'L
GSE'S
[9E'8
GLE'S
I8E'8
LIS
LIV
LTV
0Er's
LSO
LG8

EST'L
LST'L
Tt
S9T'L
[8T'L
L9¥'L
GLV'L
ERFL
S8F'L
BoR'L
osL

€9L'L,
ERL'L—
pos'

6SE'8
[9£78
GLE'S
I8E'8
FL¥'8
LI¥'8
LIV
OEF's

LEGE~
9L6'8~"

PC8, CDCl,

—SLEO

8519

—ERDL

Fvzo
Fzeot

Fooot

7.3

7.9 7.7

8.1
f1 (ppm)

83

87

89

9.1

E05ET
E950°¢

Ersoe

Agipo
E-861'9
€801

0L
zen’l

=000°L

-0.5

0.0

[}

W
[}

3.0

4.0

435
f1 (ppm)

5.0

71 / 197



FOC GE—

695 LE—

LOF P11
mg_t;
ZLS 8114
xmvmm_._,%
OFLLElq|
Z09'LT 1
£E8°LT1
Z99°ZE1
xmm_mm_v
6R9°LET
m%_._pm_v.
@G_gm&m
s1s6el
i

1
|
|

REE'9LI—

LOF FLL—

SHO'LLl—

TLR'Bll=—

SIFCTL—

ObL'LELA,
209'LT1~—
cenezl”

299TEl—
L TAS N e -

6R9°LE
EFRLEL
6o0°6E -
sls6el

S

6F0TEl—

PC8, CDCl,

118 116 114

120

[}
[}

142 140 138 136 134 132 130 128 126 124
£1 (ppm)

144

30

40

100 90 20 70 60
f1 (ppm)

110

180 170 160 150 140 130

90

72 / 197



5.251

0
N
| N
=
PC8, CDCl,
120 110 100 90 80 70 60 50 40 30 20 10 0 -100 -20 30 40 50 -e0 70 -BO 90 -110

f1 (ppm)

73 / 197



600" 0—

FO6E
S06'C
Zin't
L£6'T
£E6'T
St6'T
S50
690
LLO'E
Fa0'e

ey M

19€'9
€659
60%'9
erEl

Z87'L

%N_MK
9ZY L~

9FF L
6lL'L~

01E'8
@M.__x/
155

ZI8'8~
188

6LLL
E8LL
gal'l

09g'L
vﬁm_b/
T8T'L

o]
X
~)

-N

N
AN
=

PC9,CDCl,

8RT'L

OTF L~
oL

L09'L
@mﬁp%
870/ =
4oL
669'L4F
6 :l___ﬂ%

6EL'L

188~
1£8'8~"

7.1

73

7.9 7.7
f1 (ppm)

81

83

87

g9

=

F8EG'L
EaLe'l

LGB0
9860
Msxm.o
9660

Fsial

0460
=GS0LE
0660
LT0'L
LZo't

0Le0
6L6'0

ool

Ll
[}

3.0

4.0

50 45
f1 (ppm)

10.0

74 / 197



o =
om__7

SER1E— \\ﬂ Z
PLL6E—

80L9L1—

LLFRLL—

086121 —

69L°€TL— —
80L'O11Y
LLP 8Ly jop6z1—
0R6'12Z11
@__p_mm_,___? BOLLELY
LOLSTIA 662521
89LLT1 Wﬁ Lsrsel —_—
Em_xﬂuﬁ b00'8Z 1
ZSHSTL
FO9'8Z 17
Evmmﬁ
€9R'LEL e
omx.xﬁu\_ roreel—
LECGEL
929" 114
P66 111

€O8'LE—

0E8'RE [~
lso'ci]— LEEGEL—

9L9' 111~

P66 L~

PC9,CDCI;
30

40

&0

118
70

80

121
90
f1 (ppm)
75 / 197

124
100

27
0 110

130
f1 (ppm)

130

133
140

0

136
160

139
170

180

142

190




3.049

o)
X
Z BN
/
N
| N
=
PC9,CDCl,
120 110 100 a0 80 70 60 30 40 30 20 10 0 10 -0 300 400 500 60 700 -80 90 -110

f1 (ppm)

76 / 197



FO0'0— /@/

Lilt—

Z58'91
L899
95691
LLG9
092 'L
L9T'LA
94T L]
€871
76T (A
75 LA
TLE LA
£LF L
T8F' LA
06F" £
LGP LA
GFS LA
8651
99¢" L,
6LS'L
6191
699°L
069 L%
[£8°L
oS
7Fe's
£9£'8 ¢
6ZF'S
ZEF'8-
ZhF'8

758 9~
7L89"
95659,
LLG'9—

09Z'Ly

L9T'L
9Le'L
ERELE

68 L
A
s
Z8b L
06k L
Lob'L
905"/
6LS'L
699'L7r
069'L

LE8 L~
aFs'L”

0FE's

IreE's
G@m_x%
£9E'8
(ST
LERB-
Nww_x‘,\\_w
SPP'E

PC10, CDCl,

[ese0

Fisao

6.8

6.9

7.0

7.1

79 78 77 76 75 74 73 72
f1 (ppm)

8.0

1

F8I6T

Fra L
mmﬁi
[ZZL's
2rERnL
=4
L0t
190']
._..Jr n“_
JG 0l
000°L

= €860
186D

Ll
[}

35 3.0

4.0
f1 (ppm)

4.5

5.0

W

6.0

9.0

77 / 197



eeele—

ZLLELL—
6SLSII—
TLRTTL
0£0'LZ1
imsm_w
L0§'LEL \*
pLLSTLY
ga_xm@\
0L0°ZEL
SR80 'FE 1
658 LEL
8LGLEL
PSLGEL
65Z'0F1
809°0t1 4
6FE T

T

CLLEll—

GSLGI=—

TLRTCl—

9£0'LZ 1A
EM.._RT«
L0S LT1~,
plLLSCLYr
669'STL

OLO'ZEL—

SROFEL—

GEELEL-F
sic sl
PS16EL~
63201 —
80901~
GPE TR~

10

PC10, CDCl,

30

40

1 120 118 116 114 112
90 20 70 60
f1 (ppm)
78 / 197

124
100

126
110

128
f1 (ppm)}
0

130

132
130

142 140 138 136 134
160 140

144
170




8771

PC10, CDCl,

90

80

70

60

20 10 0 10 200 30 40 50 60 -70 -8 90 -100 -110 -1Z
f1 (ppm)

79 / 197



000 0=

0921
POE L1
98€"L]
61S'LT
RES 'L
8SS L1
659'L1
8LY'L7
969'L 1
0EL'LA
9EL'L
LPL'L
€SLL
8SLL
FOL'L
Z81'8
981'8
POZ'S
LOZ'8

CN

09g'L—

oL L~
a8 L—

618 L~
8ESL—
REG L

%@_T/
8LY'LA
969'L f
0EL'L
9EL L,
IPL'L7
€SL'L
8SL'L
PIL'L

Z8l'8
980’8
PO’
LOT'

(0]

3aa, CDCI;

—000°¢

73

74

7.6

77
f1 (ppm)

7.8

I

79

8.0

8.1

83

Tl
980T
=000']
sl

=000T

0
f1 (ppm)

10.0

80 / 197



Op8601—

ROC8L—

96T —
699'82
66L'8T
0z 0E
6SLEE
0L P

N

7

l
l
l
l
l
l

LETFS1—

EFEFIL—

CN

0]

3aa, CDCI;

95
f1 (ppm)

105

115

145

81 / 197



Q00 0—

£L9'T—

09Z'L1
876" LA
LFE LA
POE L]
69€"L
B 'L|
10§ "L

0Z5"L
ﬂ_mw_bW
6eS'L
cZLL
LEL'L
OFL'L
ShL'L
oFl's
IS8
8918
L8

L

CN

09 L—
8TEL

LFE _PM
FOL L+
69g ___u\.

Bov'L
Los L
g8 L—
Qe L
6ES'L

€Ll
LTL L~
OFL'L
SkL'L

orl'8
IS8
A8
L8

3ab, CDCl,

—8L0'F

=620'l

—0L0e

—000°L

73

74

7.6

7.7

f1 (ppm)
lll
|

7.9 7.8

8.0

81

Fseoe

FRL0Y
Egzol
=010T

E000°1

4.0

10.5

11.0

82 / 197



CN

LZ0'Ze—

LER'9L
mi_hhw
L9%LL

CLL60l—

mmm_x:
G%_mm:,/
AR TARN
S15°LZ 1A

LOEPST—

QEL'FOL—

3ab, CDCl,

I\

1

10

30

40

170 160 0 140 130 0 110 100 90 20 70 60
f1 (ppm)

80

83 / 197



LO0'0—

SSFT—

092 "L
W
SEE L
098" LA
LS
TLE LA
LLE'LA
CRE LA

L6E' LA
LIFL~E
L\n

LEV'L
NQ&T

Z6k'L
SANE
6ZL'L]
PEL LA
SIONE
15ee]
(s
1864
000°8

-

Lo

CN

092'L—
GhEL
CCEL
09€°L
99¢°L~¢
zeeLdf
LEE'L
€8E°L
L6E°L

LIF'L
Leb'L
TLF'L

Zor'L

ECLL
mmﬁ.h%
PEL'L~x

OpLL-F
En.n%«

LSL'L

186L~
000°8
L00'8

=
O
[m]
(&)
)
«
)

wy
[}

7.35

745

uw
w

7.65
1 (ppm)

7.75

7.85

8.05

=000°E

98G'L
Lo0']
S00°(

B0z

8RS0
90L’]

Ll
[ |

3.0

4.5 4.0

f1 (ppm)

5.0

w

6.0

84 / 197



CN

Zle'e—

3ac, CDCI;

GFLOL
SGHEW
FRELL

O8L601—
£TE 811N
LLGTELA
BLF'LT LA
LLSREL

LL9'8TL
O18'0€l
StLEEl
086'FEL
669'8E1

SN

OFLFSl—

ElSPOl—

30

40

170 160 0 140 130 120 110 100 90 g0 70 60
f1 (ppm)

180

85 / 197



Zoo'0—

E9FT—

09Z'L+
L1ELA
LEE LA
ChE LA
GPE'L
PSE L
99¢ "L+
LLE" L]
LLeL

OLLL
m__.__u___wmﬁ
_m__u___i_.

€Ll
xmbﬁ_
PhLL

po0's]
$90'81
0808

FR08-

CN

OLL'L
a_.h..__w/
LEL L~k

SELLF
8eL L
P

08
890 '8~
080 '8-T
FR0°8

3ad, CDCl,

Loos'l
L8617z

5861

~oone

73

74

7.6

7.9 7.8 7.7
£1 (ppm)

8.0

g1

ol

0
oy

3.0

4.0

4.5

5.0
f1 (ppm)

10.0

86 / 197



CN

BER'[T—

0
3ad, CDCl,

008"9L
Ll .__H.__H.W
9EVLL

S¥9G0L—

ESERLL—
LO6TTL
LOB'ST 1~
IS RTARN
S9L0EL—
LLLeEgl—

80Z'SFl—
GREPSL—

IREPI—

10

30

40

100 20 70 60
f1 (ppm)

110

170 160 150 140 130

180

87 / 197



S00°0-—

BEO'E—

PE0'L
9€0'L1
6E0'L]
Lb0' L
60" L1
090'L1
Z90°L1
TLO'L
FLO'L
092 'L
0bE" L1
b L
16E i

|

R
89¢ "L
PLE'L

955°L

L9G'L

PLS'L

Lis
6LS L
786'L1
965'L1
009'L1
169'L]
L69'L]
Z0L'L]
PLL L]
6LL LT
STLL
L66'L]
L0081
91081

LZ0'8-

CN

ey
o 8:
o~

FE0’L
9e0'L
ae0L
LFO'L
FSOL—
090°L
oL
cLoL
FLO'L
§peLy
_.mm.__u#
m.am.__pv
89E°L
Fum.__p\v
19s°L
FLE'L
LLSL
6LSL
T8S'L

La9L
h.m.a.bW
COL'L
FLL'L
6lLL
STLL

LoG'L
LOO'8
9108~
Fmo.m\‘

3ae, CDCl5

i

9e0'g

8E0'T

%mmo;
%Eﬂo_m

%Goo;

6.9

—

7.0

71

73

74

7.6 75
f1 (ppm)

77

7.8

g0 79

g1

I

=6kl

9807
80T
6201
Bpr0T
=000']

-1.0

40 35

50 45

f1 (ppm)

W
W

o

6.5

7.0

80 75

85

9.0

10.5

88 / 197



EL098—

£08°9L
PSP
Geb Lt

LES 60l —
aleTll—

£T6'LL
LZF'81
zzene
SH0ET

N2

l
L
L
L

99£TE 1~
LF9'EE]l—
990'6£1~"

TRE RS —

6l 09—
TTEEo—

CN

3ae, CDCl;

I

90

95

105
f1 (ppm)

115

145

w

165

89 / 197



¢o0'0-—

p8Y'E—
Z61'Ly
S61'L]
661'L1
102'L1
£1T'L1
S1T'L1
022'L1
220'L
092"L1
8L
PSE'LA
65 "L

LLE'L
9LE'L
786°L
SIPL
pep i
ssti
1L9'L]
Lo
LLO"
[80°(1
Lz
Lzl
6L L
"
6L L]
RINE
LU
9L
6LLL]
oL
96L L]
860 L

CN

LLOL
SLOL
LLY"L
L89°L
L'
LTLL
TeL'L
PrLL
_mv__u.hﬁ
SELL—
ELLL-F
@bﬁ.m%m
GLL'L
E6L'L
96L'L
BoL'L

(0]

3af, CDCl,

9860

2961

POl

—{a60

—SSal

~100'L

760 7355 750 745 740 735 730 725 7.20 715 710
f1 (ppm)

770 7.65

7.80 775

7.85

=000¢

[}

W

10

11

13

14

f1 (ppm)

90 / 197



SLSSS—

L9L'9A
w%?ﬂv
Z0b'LL

L9860 —
ZeL'rll

sol 8l _“,/.
0F9°0Z 1)
FROTTL
£S6'TTL

|r//r

£ZR6TL
FO6'6Z1
BELEEL

§

69 FS1—

FL8'GS1—
LEC P —

CN

3af, CDCl,

105 95

f1 (ppm)

115

w

135

145

175

91 / 197



=
#00"0-— Q _ |
o |
o a
) |
o) .
[e)]
[5°]
™
O L
/
L68'E— - =000°€ |
(=]
<
(=2
e
9 _
o -M Fotozt @ I
L ﬂ I
(e |
o~
097°L— - . |
LEETLA, Rl
L8669 GCE L — |k —Vm.xm__. -
€00\ o =910 F
09Z'L — L
hmm___u.,/w F g — L H
aseed o5 i
SOL L~ [ — EE10T
seeL! SOL L~ ﬁ - |
0718~ . |J cloz| o P
_ LTLL” =800
rLs w
™ =
L o
i
[ -
- o8
0218~ _ - o L
oeLE .ﬂ TSN %
L e
[==]

f1 (ppm)
92 / 197



EL9°65—

S08°0L
AN
LbbLsd

£95°601—
LLO LI~
6B BLLN
LEROT L~
FLOETL—

105 TEL~
FR9EEl -

LSFFSI—

070"~
LLEFa1~"

CN

|

10

30

40

90 g0 70 60
f1 (ppm)

100

110

130

140

170 160

180

93 / 197



SO0 0=

SLl'dn
Z81°L]
(81
961°L]
661" L]
02" L]
802'L1
112
022 L]
4R
762 L
092" L1
ShELA
166" L
95¢ L1
BOE'L1
€LE LT
6LELA
€TLA
6ZLL
SELL
9L L
LSLL
8SLL
(818
g%#
66184
Loz'sd
[1Z'8
ATA S
9173
pzz'8
6228
Lezgd

CN

Nx:n_
LEL'L
66lL
FPOTL
BOT LA
0geL
mmm.bV
09g'L—

SPE'LA
1SEL-E
ﬁmm_.ﬁk.n
89E°L
£LEL
GLE'L

€TLin
a__niﬂ
SEL'Lk

FL'L
[SL'L

BEL'L”

(818
poL'S
661°8
Lz's
lZ's
ziz's
91z'8f
bZZ'8
622'8
Lezs

3ah, CDCI;

P

—000°¢

—900C

7.1

73

74

7.6

77
f1 (ppm)

||l

78

il

7.9

8.0

8.1

83

ﬂ_,wmg_m
6202
0007

E900°g

0
o4

3.0

4.0

4.5

5.0
f1 (ppm)

94 / 197



CN

@)
6LL 9L ®)
SG_EH
SLP'LL

[T

196'601—
196'601—  BIG'SLI~

6819117

A e
896G~ 6ET'8LL
6819117 _
mmm_xr_u\ S06'ZT1~_

_ £06'FZ1
BO6TTIN.  cepprt
C6'FTL
£E6'FT1
ooz
LS0'EEL £l
mx__p_mm_% TRLEEL
LLLpST—

LLLEST—
8GE €0 —
961601
EPLLOT—

8CEEa1~"

961'591~"

EPLLOT~

3ah, CDCl,

L

135

115 110

140 130 120
fl (ppm)

145

165 160

170

|

wa
wi

60

130 125 120 115 110 105 100

135

5 170 165 160 155 150 145 140

180 17

fl (ppm)

95 / 197



-103.110

CN
o /©/
O

3ah, CDCl,

10

-10

-20

-30

40 50 60 70 80 -90 -100 -110 -120 -130 -140 -150 -160
f1 (ppm)

96 / 197

-170

-180 -190 -200 -210



z
o
900'0-—
)
a
O 3]
O”M e
©
(3]
O
- .
Bek-L
SSE'L
99¢ "L
eLe _ 2607
LEt—
pRYL
06b°L
N - ~6002
ém_%
L1S'L
098"LA tm_._u.__
€L
0S€"L1
$SE'LT

- 6lLL
99€" LA
£l mmb_ﬁﬁ
ThE

2LE'L] .

3 0ELE |M "
LLELT b 60T
paped  LPE __‘%

osbeq  LPLL
pobiLy  ESLL
905" L
L1S°L-
Lisied,
6LEL
STLL
0EL'L
INE
L L

RIE ETIE
_.o__x_ __Efxyw
A

LOL'SA LLL'S .
L1118 mmfo - boue

L

£T18 BIL'8
AR FEL'S
FEL'S-

73

74
4.0

4.5

f1 (ppm)
97 / 197

5
5.0

7.6

7.7

£l (ppm)

7.8

79

8.0

g1

10.0




CN
3ai, CDCl,

Cl

L1894
621 L
wvi

6looll—

68['6C
0L9'1€1
SOLEEL~

o080kl —

GE0PSI—

BeFEd—

30

40

100 90 80 70 60
f1 (ppm)

110

170 160 0 140 130

180

98 / 197



z
O
900'0-— % -
o
owuw ©
(@] L oﬂ
w
S |
09zt — -— -
8LEL w0
09Z'L wmm_Lﬁ =
- 1 68EL~E - = )
SLEL Lopi-r _ - Tmf R
Mmmw. év&ﬁ “
€L _ A
ANNS :
L0t LA -
901" L] i
AR
SOL'LT L
FATAE -
EINATE IS i
sTLLy TILL 3
ZeLly SILL g
LeLefl szee ?_M
oref TELL I o
PSLLAF  LELL S6T - LS6'T
09L'LY  6PLUAE 0 £o60
STR'L-p wmb__ﬁw —EE6D R 00
ok Y oot
HER'L oty -
P8 _ w
ShRL F ]
b S ~
ad IS
ISR B
BOB'LY  096'L
096'LA m_g_h)/r R m
CLO'L]  086'L~ - 000'1
086'LT vmm_h\w —= L
FROLA 6R6'L
GROL S66'L | M
S66'LY €008 o«
£00'8- |

f1 (ppm)
99 / 197

10.0

10.5

1.0



SLLOL
vmo_ﬁﬁw
_._.w_._u__u

60062
AR
3RE6T1-
Q0% 6T
FEF'GT 1
Lrr 6l
LIR0ET
E0LEEL
OLEZEL
LFREEL-

L L 1]

TFL'EST—

LT P91 —

CN

09g'6ll—

Lig'lgl—

965CL—

Se9FCL—

SPOLEL
B60°LEL
ZslLel-r
90g°LTl
£lL F\‘
FROETL
60062 _.w,.,
RSN TARY
B8EGTL
90F'6ael
PTGl
Fww.mmﬁx
LS9'GT1

3aj, CDCl;

——

124 123
f1 (ppm)

125

126

129

130

|

i

\

W
Wy

60

115 110 105 100

120

w
[}

135 130 1

140

170 165 160

175

f1 (ppm)

100 / 197



-59.173

CN
0] //[:::::r/
0]

F
F
F
3aj, CDCl,4
10 -0 20 -30 40 50 60 70 80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 200 -210
f1 (ppm)

101 / 197



£00°0-—

CN

09g'L—

mm.m..__.
_.xm.._pW
98—

BoL'L
0F'L
60F'L

BLO'L
Lol
LILL

NSL'L
9GL'L
LOL'L

ELLL-F
BLL'L
FPEL'L
POL'L
STOH'L~
ShG'L~

CLER—
cees
€SP R~

0
3ak, CDCl,

7.7

73

7.6 74

79 7.8
f1 (ppm)

g0

81

&3

g4

F666'1

1901
o0z
=000°1

Loo'L
0Le'0

4.0

435
f1 (ppm)

5.0

W
W

6.0

102 / 197



z
o
o
L
L
982011 —
LTLOL
PO’ RW
296 'LL
£E18LI—
9Zh611—
[ N J—
B At
££8°221
loL't21 J 561721 —
00z Lzl __ CERTTL—
LSS '6T1
019" a_ .
sooogtL STo Vel
SH9'0€ 1
_

£eliel
08908 LO1T°LEL
oorLel 00g°LEL

coiet| el

CBVEELT  groeiy|
06PEE1] o
L98'EE ] et
SPO0E 1
gegegl— 089°0El
SLLOE Zﬁ
00F' L€ 1
- LEL1E1
S60'€91— ot e
06b'€E L_
Los'€El

)

3ak, CDCl,

123 120 117 114 11

£l (ppm)

126

152

135

1

30

90 80 70 60
f1 (ppm)

100

110

160 0 140 130

170

103 / 197



—-02.848

CN
Peugl
o)
3ak, CDCl,
1
10 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150
f1 (ppm)

104 / 197



£100—

092" L
00F'L
90F' L1
LIFL
£TH'L7
8TF'LA
PP L
[8S'L]
GRS L1
665" LT
Z09'L
S09'L1
619'L
779"t
9L
Sro'L
659°L1
299'L1
§99'L1
6L9"LT
£89'L1
£EL' L
6EL (A
INE
95L'EA
19L°L
LOL'L
0Z6'L
LF6'L
1§6'L
TLe'L
966'L,
LG6'L
910'8

810'8

G518

6518

9L1'8

1818

£8L'8—

CN

S0F'L
LL¥L
ETF'L
8TV'L
FPerL—

z09'L
619'¢A
299'L7
$99'L

GEL'L

_%_D_L(
9SL'L~E
oLt
026'L1
76 'L
156°LL
UL
966°L

L66'L

SSL8
6518
9Ll
(818

ERLE—

)

3al, CDCl,

9€0°g

Fil e

0001

73

7.4

g0 79 78 17 76

fl (ppm)

8.1

83

g4

w

87 86

88

SOE0T
8Z1'l
850'1

wmg_m
s

0oL

=000°1

-0.5

0.0

W

1.0

Wy

o4

oy

3.0

w

4.0

[Ta

f1 (ppm)

il
W

6.0

Ll

7.0

8.0

w

105 / 197



ZI89L
omr_ﬁﬁww
Bl Ll

EERG01—

8PESLI—
S00°€T1y
94Z'ST1\
ﬂ_mm_mm_%
LELLZl

GE_EM
68987 1-F
890'621

1956214
LEETEL

Evmmﬂ_‘
GLLEET
pr0'og]

BLEPS]—

LA o

CN

(0]

3al, CDCl,

WM

130

115 110 105 100

f1 (ppm)

120

w
[}

140 135

145

165 160

170

106 / 197



L100—

092 't
SOF'L
LLP'Ls
9LF'L]
8TP'LA
EEP'LA
GEP'LS
69541
SLS'L
8LS'L1
8RS'L
685 L1
Z65'L
S6S'L1
RGS'L1
8091
€191
919°L]
£59'L1
L59'L7
0L9'L7
$LO'LA
6L9'L
269'L1
969'L7
LbL'L]
LbL L
ZSL'L
£9L'L7

69L'LA
SLLEA
8E6°L
8S6'L
GEL'S
SSL'8
ELF'8Y
SLF'S
A
S6F'8
s00°6
_wmo_gv

919t
€5o'L
£59'L
0L9'L
SLI'L
6LO 'L
269'L
LbL 'L
bl 'L
ZSL'L
oLt
6oL L]
866 L1
856 L]
ce1 s
518
cipsd
9tt'8]
z6b's]
S6t'sH

|

mco_&m

LG

CN

3am, CDClI,

0001

73

74

7.5

79 78 7.7 76

8.0

8.1

[}
(=]

pm)

=

85

§8 87 86

90 89

9.1

STL0T
5012
.w_mé__
B HR0'T
%H_NG__
Legol
1660

=000°1

W

7.0

107 / 197



[V — T h[~00 — < Oy O Ch V1 V100 O —
[ ] = O [~0CO <00 — \Ooo oM™ < < - — Wy [ O
= - Woenon o— — 00 00 MO W ST S 0N oo o oo
2 Ee s SEsEa E R g = cEe
s e S =l
O ’
OOCN
3am, CDCl;
[ |
|
1]
! I
170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 8 8O0 75 70 65 60

f1 (ppm)

108 / 197



800'0-—

BEO'E
LS6'E

n9g'L
FEE'L
ape'L
SPE'L
LSEL
Z9E'L
L9E'L
STYL
GTLL
SEL'L
OFL'L
ISL'L
LSL'L
£9L°L

.

CN

092 L~
pEE'L

qu_h/
HOTA:
LSELT
Ngm_%
L9E'L

3an, CDCI;

SZF'L

ﬁrmmm._

— %.ooc.m

ﬁvﬁxm._

745 740 735 730

7.50
f1 (ppm)

w

7.

780 775 770 7.65 7.60

7.85

6Iv'S
S0C'E

w2661
“Loon'g
=986'1

1.0 05 0.0

1.5

2.0

fl (ppm

7.0 65

7.5

8.0

13.5

109 / 197



[BE95—
8F0' 19—

FrL'9LA
Z90°LL
O8E'LL

SLS L0~
ERER R

FLT 811~
LTOETLA,
GOC'ETL-
00L EE1—
OpCCR]—

LLLES T~
00£'FS1~"

OF0'FO1—

CN

3an, CDCI;

AL

-10

180 170 160 150 140 130 120 110 100 90 80 70 &0
f1 (ppm)

190

110 / 197



S00'0-—

660'L7
SOL'L]
L1
0Z1'L]
9Z1'L1
TEl'L]
LPL'Lq
LyL'L
£51°L
092°L1
£5€'L1
09€ "¢
S9€"LA

L
9LE L%

TRE'L
SREL
689" L
569'LA
869'L
SOL'L
LoL e
E1L L
OFL LA
OFL LA
1SL LA
€941
894" L1

ﬁ

FPLLLS

CN

660°L
SOl'L
1L
0zl
971 L%
761 L
bl L
s
€51t
092 L—

£5E°L
n9g _bﬁ
SOE L~

9LEL-F
Z8E ___H%ﬂ

H8E'L

689'L
§60'L
860°L
SOL'L
LOL'L
SILL
ObL'L
Al
1S L4
oL’
89L'L
LL'L

3ao, CDCI;

%mmmd

%oco.m

7.0

7.1

7.3

74
fl (ppm)
|

l_

75

7.7 7.6

7.8

ERR60
=000°¢
6Le'L
8LG'L

4.0

111 / 197



F Oo/©/CN
Q)k

ShLOL
£a0’ ._u._h).\v
[RELL
089601+
mxmd:%
aZF a0 N?N_m_._]_’
089°60 RlEEll
nee: 8_ mmw_m_@.
ERENLLA [ISELL
rT Elly )
x_.mm_._. FLO'RLL—
SEFELL
LISELL LILZT—
FLOBLL—
LIL'ZEL—

F

3ao, CDCI,

x?:_
_. :x_:.@.
x:l:._ ._.
LS LEl S MWMMHR
€06'1€17r o
6L8EEY

869°ES

FE9 1S ROQ'ES—
L9

|-
8
_W v29'1914
£LL'T91
_
_

L ZpL191
pledady SNEZIR
68229 sﬁ Tz mﬁ
02w ol
sl (N
6z P9l

i

135 130
f1 (ppm)

140

145

160

165

|

115 110 105 100

120

w
[}

145 140 135 130 1

150

W

170 165 160

175

f1 (ppm)

112 / 197



—-107.409

o i _.CN
0]

3ao, CDCI;

10

-10

-20

-30

-40

-50

-60

-70

-80

-80

-100
f1 (ppm)

-110

113 / 197

-120

-130

-140

-150

-160

-170

-180

-190 -200 -210



Q00 0—

0099~
aF9'9-"

09gL
lle _PW
P L

E._v__p\ﬂ
sep LA
irr L AF
LSt L
8L
€65 'L
P09’ LA
(609" LA
£69" LA
61LL]
188,
126

CN

3ap, CDClI;

009 9—
09 9—

*_.83 [

6.5

6.7 6.6

70 69 68

7.1

72

73
fl (ppm)

78 77 76 75 74

79

8.0

81

e 1000

) == /1907
P620°€

Epp0T
- H_u.rmz_m
L10°]

4.0

50 4.5
f1 (ppm)

114 / 197



[ =] o [Pl = — =3
o = =] o~ h A [ = =
- — o 5 — — 0 toen
~ = [ i oed — oV od o o0 O
o Ts) = e a0, ©™ — =
I I ~ L

T6.825

—109.628
77461
77.143

/
N\

CN
LT
X 0}

3ap, CDCI;

170 165 160 155 150 145 140 135 130 125 120 115
f1 (ppm)

115 / 197

110 105 100 95 90 85 80 75 70 65



900 0-—

G811
ZANE
LG1'LA
LOT L
092'L 1
£6€'L
65E°L
FOE LA
9LE L
L8 L
LRE L
SOL LA,
80L'L]
FLL L
ATNE
0zL L
SINE
gL
_5.___“_1
986"
686'L
S66'L]
866

N E—

Z
(@]
-
(8]
[m]
(8]
o g
o @
\ wn
=
S8lL
PoL'L =
Lal'L -
bcm.ﬁ.\
09z 'L — —

EsEL
mmm.h%
| -

9LE'L-F -
_xm_m&w
L8EL

SOL'L

80L'L

WF_WWI

LILL =

0zl LF - =
STL'L
0EL'L
LEL'E

986'L
G86'L
S66'L
866'L

|

8.00

ﬁvomo._.
%Vx@o.m

_mio.m
7560

_VGGO._.

7.70 7.60 750 7.40 7.30
f1 (ppm)

7.80

7.90

— 70|

B-800°C
q umm.:u_m

u 2560
=000'L

4.0

435
f1 (ppm)

5.0

10.0

116 / 197



=T = L Il e i o (=3} -

) = R = i o oo [P =R

ol [=7:] = = [~ o0 ™ (=] (] =] = o

Py o vy o< oen o— o0 Il og = oo

i [P toohooaoea 0 o — = =]

— i i el — — — -~~~
| N | | -

CN
R T
~ (0]
\ S
3aq, CDCI;

170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 8 & 75 70 65 60 55 30
f1 (ppm)

117 / 197



CN

(0]

N\

GEEL
FE L
95eL
[9E°L
96E L
FOv'L
a0F LT
LIy’

6EYL
9L
FASY _ﬁv.

G59°L
LOL L~
ElL'L
SIL'L
OEL'L
SeEL'L
LPLL

=
O
o
o
Iy
©
3]

[Fooot]

7.6

7.9 7.8 77
fl (ppm)

8.0

8.1

83

84

9FL'Z
SL0°L
sl
qumfm

=000

-1.0

65 60 55 50
f1 (ppm)

7.0

Ll
[}

118 / 197



CN

@)

S9L°9L
vxo_ﬁﬁww
LOF'LL

L1860l —

L0 811~
szl

mmx.@m_u,,f
R TARN
806'1€1

M..E_mm?/,
SP8PE]

EL0FST—

L9009l —

3ar, CDCl3

30

40

100 90 g0 70 60
f1 (ppm)

110

170 160 150 140 130

180

119 / 197



L00'0—

092" L1
962" L1
GEC LA
SE'LA
16€L
29€ L
96 L
Cie'L
SLLL

qmiﬁ
2L LA
RN
SIINE
AINR
008'L)

N

CN

092 L—

967 'L—
6EE L
SPEL
e
29€'L7
L9€ _%
€LE'L

=
O
[a]
o
o
a
)

Wy
I |

775 770 765 760 755 750 745 740 735 730
fl (ppm)

7.80

0ZLT
6T

9660
00T
Lr0'T
000°2

4.0

435
f1 (ppm)

5.0

Ll
W

6.0

120 / 197



eal'le—

SPLOL
mﬁo_ﬁ.ﬁw
O8E'LL

FIL601—

€FE8I~
8LG'TZL

S10'821
66F'8T1
GZLEE T~
LLR'SEL~
GES'8E1—

-~

FOF Sl —

999791 —

CN

3as, CDCI;

-10

30

40

100 90 20 70 60
f1 (ppm)

110

130

140

180 170 160

190

121 / 197



S00°0-—

LLS'T—

0EL'L
ThlL]
0S1'L7
Z91'L
09Z'L1
69€'L]
bLE LA
98¢ "L
LGE L7
LGE 'L}

ZeLial
Lel'L
GFL'L
FEL'L
08
LOF'S
ZTr's
LTS
8909°8
ZL9'8
089°8
FRY'S

CN

£0F'8
LOF'S
L8
LTS

H99°8
ZLO'S
ELR
FEO'S

3at, CDCl,

= [esoz

= Fwol

J Fooot

7.0

7.1

74 73 712

fl (ppm)

§0 79 78 77 76 75

8.1

g4 83 812

87 86 85

Eelle

g0l
Bgo0'g
SG80'T

=F00'[
=000°1

4.0

5
f1 (ppm)

10.5

122 / 197



CN

Z00'F1— o)

STLOL
EF0LL
09g°LL-

FLLOLL—

€60'811
661 8L
162'121-;
867217

O8L'EE]l—
S9L6El—

166251~
994661~

LIGE~
LLEFIL~"

3at, CDCI,

30

40

60

70

80

90
f1 (ppm)

100
123 / 197

110

120

130

140

170 160

180

80



FLO0-—

eyl
mbxdw
£68'0
1Sl
Les'l
nes'l
6951
8861
909'1

LOLE
LTl _m/
arl'e

09247
POE L1
0LE 'L
SLE LT
L8E"L1
76641
86E'LY
SELL
Phe L
GhLL
L9L'L
én_ﬁ‘.
ZeLL!

Zh6'L ]
Ob6' L
656
co6'L
067’8
r62'8
LOE 'S
L1gg

r—

—n

09g'L—

FOE"L
cbm.b#
SLE L&

LBEL-F
Nmm.h*m

B6E'L

REL'L
Eﬂn.h%
OFLL~E
L9 LF
ocﬁ._w*m
CLL'L
IFe'L
@wm._w.ﬁ
686°L
£96°L

POEE~L
LOE'S-T
:m.x‘\.

CN

3au, CDCl,

|M ~100T

|M 5202
|M 5661

|J ~000'2

73

7.4

7.9 7.8 7.7 7.6
f1 (ppm)

8.0

g1

83

A

|

EZs09

Fisor

Eriotr

J Lon'e
ESIng
E506']
h%coc.m

4.0

435
f1 (ppm)

5.0

124 / 197



eLltl—

Le'lE—

6C6'6F—

6FL9LA
L90'LLF
sseee’

LET0Ll—

PLLSLT~
LGLTT
0zZeLe
PG 0E
oo6'LE

l
l
l
l
l
OLReel

N2

LESShl—

SFREST—

Q90'E91—

CN

0]

0
3au, CDCl,

-1C

30

40

180 170 160 0 140 130 0 110 100 90 80 70 60
f1 (ppm)

190

125 / 197



60—

£nLi—

80L'LA
6Z1°LA
€T L
TST'LA
092L
£0S"LA
_Nm___y”r
LbS'L

5791\
w%___pW

o9'L

L8
Sm_xv
T8

SO L~
6ll'L—

ZET LA
75T L~
0oz'L’

£0S 'L,
128 L—
Rl
§79'L
b9 L —
799t~

LT
Em_xw
PET'

=
o
[a]
o
o
K]
™

000

7.6

7.9 7.8 7.7
f1 (ppm)

8.0

g1

83

=

=lElE

50T
“RE6' T
#SE0T
Blzotl

=000°¢

4.0

435
f1 (ppm)

5.0

10.0

126 / 197



SF6'0E—

PLL'OL
mmo_hhw
mow___u__r

elFlel—
QLSHEL
SeL'6Tl
[FO0EL
LEL0EL
eseel
LFssel-

AT

LOL BRI —

Pl SOl—

3ba, CDCl,

|

30

40

130 0 110 100 90 80 70 60
f1 (ppm)

140

170 160

180

127 / 197



LLo0—

LSLLy
S9L'Ls
0LL 'L
z81'L1
L8I'L
S61°L
092 L1
18€°L]
68¢'L]
p6E L]
90F'L]
L0
617'L]
pOS L]
805 'L
ees 'L
8€S 'L
TS 'L
7€9'¢
S€9'L
8E€9'L
6v9'L
Pe9'L
8S9'L
699'L
TL'L
SLY'L
981'8
6818
P18
LOZ'8
60Z'8
01z’
rLz's

Cl

G99°L
TL9'L
SLOL

9818
G818
Fal's
LOT'8
6028
nLe's
LTS

3ca, CDClI;

e

—SL0e

—SL0°T
—SL0T

—000°1

0002

7.1

73

74

7.7 7.6

f1 (ppm)

7.8

8.0 79

81

&3

w510°Z
SSL0T
ESL0T
000

=000°¢

i
=]

3.0

W

f1 (ppm)

W
W

6.0

10.5 10.0

11.0

128 / 197



— = — =[O

- "l [ i B e B = oy

o =T GO om0 W O D e e

- o = S o o o8 M=

— — e e e ~ ~ [~
S | ~~

Cl
0] []
0]

3ca, CDClI;

180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 8 & 75 70 65 60 35
f1 (ppm)

129 / 197



oLoo—

g5

£th c._
P66'91
09691
0EL"LA
9g1 'L
Ll
esliq
09241
cob' i
Lov' L
TALSYR
RTS'LA
1£S"LA
£19°0A
L19°LA
0Z9'L
1£9°L
SEQL
k9L
3oL

Fal's
Lal's
S1T8
SLTH

N

8269
LEG'D
£F6'9
PSG 9~k
096'9-F

(A
Bee 7
f..__Lf
bt
g5/
002'L—
C6b'L
Lob'L
ZIs'L
825'L
l£5'L

eloL
bE...pW
0E9L
Leos
GEY'L
OF9'L
Fe9'L

Fol's
Lol's
A
I RA

)

=
(&}
(a]
(&)
o}
T
]

[o90e

Tmmo_m

Foooz

74

g0 79 78 77 76 75

g1

83

f1 (ppm)

=00l't

Az90'T
Reang

890°C
mm:z

=000°¢

W
[}

3.0

4.0

435
f1 (ppm)

5.0

W
W

6.0

130 / 197



EF9eS—

ZFL'9in,
090°LL—F
th_.?\

PSS Ll —

SLpgel—

LOS8E
6L9'6T
asl0g
ETASE

NN

l
l
l
l
TSP il —

e LSl —

LS SO —

)

3da, CDCl,

|

B —

90

95

110 105

f1 (ppm)

115

w

135

145

175

131 / 197



0Z00—

LERE—

L6491
LGL'9A
7089
7TR'9
FZ8'9
62891
GER'9
LER'9
AR
P80
0589
958'9-4
R,
1Zs'L
[FS'L
9F9 L~

S0
608
L8
9zT'8
8ZT'H
6ZT'8
el

16491
L6L'9
2089
22899
P78
6780
SER9)
LE8 9
P89
P89
0589+
9589
8689
092" L~
L1E L~
LEE LT
mmm.hx
£05°L

L0S'L

_Nm.h\
LES'L
IFS'L
pzo L
LT9 LA
1£9°L
139"
09" L1
159°LA
p99°L -
07’8

%m.m%
pIZ8—
922'8

822'8

622'8

=i

——r

(0]

3ea, CDCI3

48560
L9960

£sol

Foooz

6.7

6.9

7.9 77 7.5 73 71
f1 (ppm)

81

83

=160t

83560
Aﬁwmd
£50°L
e 1S0°]
r6k0e
B000'1

=000°¢

-1.0

0.0

w

1.0

b
=]

3.0

f1 (ppm)

132 / 197



BOF' S5 —

9LL'OL
EG_EJIV
AR

LeLtol-—
GER T~
Feo el —

mz_xﬁ./
896°6T1~:
916'681-]
80Z0E14r
gegeel

SLO'LSI—

L0909l —
TAR

O

3ea, CDCI3

30

40

100 80 80 70 60

f1 (ppm)

110

170 160 150 140 130

180

133 / 197



£00'0—

LRE']
SO0F'L
A

~

99¢'
PRE P

20b 'y

gee £
S6T 'L
L0 L1
ZIE'L
81€'L
bZE L
10§ "L
0Z8'L1
9€5 "L
0pS'L1
629'L7
Z€9'LA
9€9'L {
9F9'L
1S9°L
0L9'L

JAREE]
mﬁ_mu
6718
0184
18
Z61 8-
Z61 8
9618
1078
P17 8
917 '8
L1z's’

-

cwm_._p
mmm..ﬁ/
S6C'L
Log'L
FARNI
8LE'L
FTeL

ZE9'L
wm@_ﬁgﬁ
a9¥9'L
[S9°L
959°L
999°L
OLY°L
ELY'L

LIL'8
ECl's
6T
OFl'8
9FL's
A
Zol's
w@_._mk
L0Z'8—
LTS8
91g's
LIT'8
LZT'8

K
*

3fa, CDCl,

%Mcm._.

BLOL

_v%md

7.1

7.3

74

7.6

7.8 77
f1 (ppm)

§.0 79

81

[}

83

Eeanl

=000T

FEOG']
RG]
8960

686
661

'
[}

3.0

4.0

45

5.0
f1 (ppm)

10.0

134 / 197



85EFl—

ZLU19—

Nﬁh_ﬂ_.ﬁ/
oxo_hh.ﬂ
x_mm___u._r

el el
951'8E _/
SRYBT1A
os6el
85C0EL
Sal'lel
BESEC]

SONS

.

PSSl —

099 FI ~
LL8'So1-"

)

©io©*°“

3fa, CDCl,

—

-10

30

40

170 160 0 140 130 120 110 100 90 g0 70 60
f1 (ppm)

180

135 / 197



£00°0—

LZG'E—

092'L1
zzh'L
STy
8Tt L1
L€'
Ebt' L]
S
8t L1
1St'L1
Pt L]
905" L1
£15° 1
§ZS' L
€657
S L
SE9'LY
8E9'LA
PS9' L

0L9°L
m%i
GLO'L

L06'L

G06'L
016'L1
L56°L
096°L1
£96'L
946t
6L6'L]
786'L
6618
z0z's
072’8
zzzs?

L

g
8hbL
LSh'L
PabL
905 'L,
£1S'L
§ZS'L
£6S°L
PG LE

6618
zog's
0Ccg's
Zii's

3ga, CDCI;

ool

onoe

7.3

74

7.9 78 7.7 7.6
f1 (ppm)

8.0

8.1

83

ELR0E

7S00L
Epo0s
Bgzol
LS6'0
PLO'L
;cg_m

0.0

w

1.0

)
[}

3.0

Ll

4.0

45

5.0
f1 (ppm)

7.0

w

8.0

W

9.0

w

10.0

10.5

136 / 197



FEE TS

GRLOL
mco_ﬁ__u.w,..
PRELL

§Z0'€T 1A
Opp07 1|
LOL'LT1A
899'87
Z0z7'62
L7562
6E7°0€
0LL1E
ZES €€

L

S

L

Ey

b

0EG'08 ] =

TRO'FO1~
0oz 991"

O

0]

3ga, CDCI;

95 90
f1 (ppm)

105

115

145

w

165

137 / 197



Z000—

TEG'E—

0924
oz L
00g'Lq
SOE' LA
L1E' A
TTE' LA
HZLL
S08° LA
[TAE
[
FE9' LA
LEO' (A

0b9'L
$59'L
L9t
PLO'L
LLo'L
LLL8~

8118-F

2218
Ge1'84
Ge1's
Sl 8]
z61 84
9618

€184

g
S8
el
SEL'SE
6EL'S
Sh1'8

Zal's
_.am___m\
£lds

O

3ha, CDCl,

—FEQE

~000°¢

=

73

74

8.0 7.9 7.8 7.7 7.6
£l (ppm)

81

=r0le

=EE0'T
= F50'T
Berol

Fe0'T
Wcoc_m

4.0

5
f1 (ppm)

10.5 10.0

11.0

138 / 197



[£T'E8—

GFLOL
So_ﬁ.ﬁw
SRELL

BEL'LT
O08'LE
698
FZl'6L
19Z0¢
arzlEl
SO6EEl

[

S

T

~

[P FS1—

LFOFO L~
9ge'991—

3ha, CDCl,

95 90
f1 (ppm)

105

115

w

135

145

Wy
W

165

175

139 / 197



000 0=—

S0 —

£52°L1
952°L1
292'L1
L9T'L1
6LT'L]
PST LT
062'L1
26t'L]
01§'L]
0€5°L1
819'L1
129'L1
PT9'LA
S€9'Lb
0p9'L4

9L
S50

m@&_"
199'L
55084
1908
990°s
8L0'8]
£80'8
6808
8818
76181
9618
60281
11Z's-

£5T'L
88T'L
Zog'L

LITL—
mﬁm.ﬁ%
FRTL
06T'L

AN
01s'L—
ngs L

819°L
_mc_m.W
FZo'L

SE9'L
OF9L
FF9L
SE9L
359°L
1994

S50
[90°8
290’8

3ia, CDCl,

7.1

7.3

74

7.9 7.8 7.7 7.6
f1 (ppm})

8.0

8.1

83

=091'6

SLLOT
=0T
A666°0
SIP0T
=000°T

-3.0

0.0 -1.0

1.0

3.0
f1 (ppm)

4.0

5.0

6.0

10.0 9.0 8.0 7.0

11.0

140 / 197



[ZT8I—

FAL'OL
mxo___u__ru/..
6OELL
Oz’ _xk.\

SoslEl—
LO98T1

a1z'6zl
S69'6T1
S5C0EL
SPOLEL
ZFREEL-

P

0L FS 1~

TOL P91~
01§91~

3ia, CDCl,

30

40

60

70

80

90

100

110

130

140

160

170

f1 (ppm)

141 / 197



£6E'L
S6E'LT
teE'L
L5t'LA
PatLA
0LF L
FRELA
BEtL
ST&'L
6EZ5"LT
b L]
095°L1
£95° L9
009'L1
90911
809'L1
129°L7
S29°LA
6Z9'LA
9L
£89°L
BSO'L
199°L
999°L
0L9°L
SLY'L
8L
SRO'L
BRO'L

rT's
oFT'8
[5T'8
Iz’
99z '8

09z'L
._rn_m_._u”y

m:.__;(
bIEL

am_nw
8LE'L

M._a.__%,/r
96€'L

G6E'L

ISFL

PSE L

otui
88F'L

SZ6'L
T4
PHS'L
095
€95
909'L
809°L]
1294
579't]
629'L
7oL
€50t ]
xQL
199'L
999 -
0L9"LA
SLO'LA
789°(A
$89'L-
A
ObT'8

152'8-t
boz'8

992'8

=0
O
o
(&}
T
)

—OF0E

~990°L

F9LLE

—0Z1e

—LL0T
—980°¢

000°Z

[}

7.3

74

7.8 7.7 7.6
f1 (ppm)

79

8.0

g1

[ ]

g3

oroe
990°]
9LLE
oZlre
LL0'T
FOR0E

F000°¢

Wy
W

6.0

10.0

10.5

1.0

f1 (ppm)

142 / 197



vmb_a__u./.

CPO'LL—F
6SELL / O

eloee
6LlLE

Q9Z'8%
LT9'8T
GEN'RTL

l
l
QRELTL
l
l

==
il

095621 S |

ZFZ0E T_\_
699°€€ 1

FROGEL— —
Chp 0Fl— R

60 0ST— -——

0LT'S91— ——

70

115 110

120
f1 (ppm)

[}

140 135 130

145

165 160

170

143 / 197



000'0—

PRST—

LSy
9L
8LL'L
€81 'L
72T L
LTT'L
09Z"L1
60S "L
P1S 'L
82S'L]
PhS L1
8PS L]
b9
659"
759"
659'L7
£€99'L
899'L
ZLo'L
089'L
989'L
0LL'S
€LL'S
SLL'S
1618
P6L's

CN

6OS'L
Em_»
8T 'LAY

vvm_._u|
mvm_.ﬁ\.
%L
GF9°L
oL
G59°L
£99°L
399°L
ZLo'L
089°L
a89°'L

6]

=
o
o
(&
el
X
)

ﬁoco_m

7.1

73

7.4

7.6

80 79 7.8 77
fl (ppm)

g1

83

=elGe

S 6LED
2960
EO0P0T
B866']

E000°¢

Ll
=]

3.0

4.0

45
f1 (ppm)

5.0

W

6.0

10.0

144 / 197



aL90Z—

SLOL
Gbo_ﬁ.ﬁw
LBELL

QEC 0l =

G AN
SLL0ZL~
FISETI~
FILECL
FRC0E _urr
pheel
LZLPeEl

Lol Frl—

SS0FST—

TLF PO~

CN

3ka, CDCI;

10

30

40

90 80 70 60
f1 (ppm)

100

110

170 160 150 140 130

180

145 / 197



OO0 0—

6L T

L06E—

09Z'L1
SPE'LY
S9€ L1
€15
LIS
265 i
755
6£9°L1
79 LA
P9 L]
£L59° L
199°L1
99°L ]
949°L
089°L
€89°L
0E8'L
PER'L
%m___i_“
€L8'LY
888'L1
c68'L]
§17'8
81784
€278
9¢7°8 1
6£T'87

—

(0]

092 L—

SPE L~
oL L—

€15°L
Em___pw
Nmm.__ﬁlm

E.ﬂ_.h%ﬂ

089°L

3la, CDCl,

-000°C

7.3

74

7.6

7.7

7.8
£l (ppm)

8.0 7.9

8.1

83

EQ90g

=660E

R0l
60T
wloL
EL6D
ot

=000T

0.0

4.5 4.0

f1 (ppm)

5.0

W
W

6.0

9.0

146 / 197



LRSI —

LO1TE—

EL'OL
vmo_h.ﬁw
LLELL

SRT'LT J“__

1

____
LOL'8ZL"
621621
mxm_mm_dw
6220617
2oz LEL
g_x&m_ﬁ
ObL'9g14

SOF'ET

aEFarl—

10

0
3la, CDCl,

30

40

90 80 70 60
f1 (ppm)
147 / 197

100

110

130

160 140

170




L00'0—

09gL
EESL
SR
TLS'L
LLS'L
SH9'L
FLLL
BrLL
LLI8L
Lol
LOZ'8
alZ's

CF3

09g'L—

£ES L
788 L—
LS 'L

LLD LA
§69'L—
pLLL”
8PL'L

LI8'L—

L61'8,
107'8-
6178’

)

)

3ma, CDCI;

=EL0E

—000¢

73

74

7.6

77

7.8
£l (ppm)
|

7.9

8.0

g1

g3

SEL0T
€50']
6ol
9z0'1
"ooo'e

4.0

10.5 100

11.0

148 / 197



LOL9L
] _.G_E.Wr
amm_?ﬁ

£FL'81
6E9'61
1961
60L'61
LFLGLL
SSL6LL
zzs6ll
798611
SSEIT1-r
-

-

POL'ZZ

E..ENQ_
LOLEL

6L8'9Z1-
66781
8821
05€ D€
11szel
68'ZE 1
881°€€1
9z5°¢¢ 14
SLE el

11 1

T

FEF LSl —

EEE ROl —

CF3

EFLELLY
SE9'a1 T._
LL9"G1 L
GOL'G1L _,.
LGl
SRLGLL
Zegall
298'all
SS¥lEl—

FOLZEL
FELTEL

LOLPEl—

6L89Z1—

66I8TL—
FPFR8EL—

OsE gl —

[1S'ZE L
6FRTEL—
881EC1~F
@Nm_mﬁ\
sLepelr”

CF3

3ma, CDCI;

—
e ]
—

117

119

131 129 127

133

|

f1 (ppm)

115 110 105 100

120

Wy

140 135 130

145

f1 (ppm)

149 / 197



—-62,933

CF3

(0]
0] CF;
3ma, CDCI;
I
10 10 20 30 40 50 60 70 80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)

150 / 197



FO0 0-—

09241
pOp'L]
69'L1
LLY'L]
£8'L1
LTS'L]
L€6'L1
9S'L
298'L1
995'L1
859'L1
£99'L1
TL9'L]
SLY'LT
8L9'L1
069'L1
P69'L
869'L
60L'L
£lLL
2tk
2818
66157

SLL'
GEL'E

Pgg e
GO L
LLV'L
£8F'L
LIS'L
€5
9pG LF
Sm_&.
9964,
8594
£99°2
ZLO'L
SLO'L
8LO'L
#69'L
E1LL

LIS
mxﬁan
9818

G618
Z0Z'8
902’8

SLL8~,
68L'8~

=
(8}
(a]
(&)
]
c
)

Fesa .

72

88 87 86 85 84 83 82 81 80 79 78 77 76 15 74 13
fl (ppm)

8.9

ao’l
8Z0°C
P60
Lea't
=86l

E000°1

4.0

5
f1 (ppm)

151 / 197



GEL'OL
._pmo_._u__pw.
v__um_._u__p

5&:
%TE_W
80S P11
GES LT

ﬂ_mo_n:%
S09'61 Qﬂ
€9L 61177
ooF'zel

vzszi
GLO'ST1-F
G68'8Z1
ZIF'0El
LOS'PE—

NN

xmﬂ_%J
BLG'6Y L
LZE0S1-F
Lioostdf
mzﬁmL

S6L8SL—

6k el —

[SFFLL
UBFFLL
BOSFLL
SESFLL
SE0LLT—

SO9'6L 1~
€9L'611

verZel—
LI Sel—

6LO'BEL—
668'8Z1"
ARV

LOSFEl—

8Z9'6F1
8LG6FL
LTE0ST
LL90ST
SI8LSL

N

)

3na, CDCI;

114

118

138 134 130
£1 (ppm)

142

146

154

115 110 105 100
f1 (ppm)

120

140 135 130

145

152 / 197



68,100

0] /IN

N F

0]
F
F
3na, CDCI;
10 -0 200 30 40 50 60 70 -80  -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)

153 / 197



P00 0 —

0Ly'9—
£16'9
616'0
$26'9
9€6'9
Lb6'9
xg_i\
09z'L
LES'L
£vS'L
8pS'L
098'L
§9S°L
TLS'L

OH

09—

£16'9
6 Z.._.@W
P69
9E6'9
Lra's
869
09g'L—

LES'L
mwm.m&n
BPS'L

095'L
S95°L
zLs L

4a, CDCl,

NC

6LLD |

%coo_m

%coc_m

6.0

6.4

7.2 7.0 6.8 6.6
f1 (ppm}

74

7.6

7.8

A

AL

0880

Foooz

Fonog

4.0

50 45
f1 (ppm)

10.0

154 / 197



— [a] — 00 (]
oo =T o ™ o v~ o
[+ o] [ap o =t v LF o el |
Py - P T o Mmoo
el o — = =~
— — — — [l el

Vo ~

NC
4a, CDCl,
|
| |

190 180 170 160 150 140 130 120 110 100 90 20 70 60 50 40 30 20
f1 (ppm)

155 / 197



Zoo'o-

S9E'L
£8E°]
0oF'1

TEEY
nse'y
LoC'y
S8EF

£LRO
0889
S8R9
LGB
2069
6069
09g'L
9E6'L
IF6'L
LF6'L
686°L
FO6°L
LLo'L

~

ELR9
oxx_aww
GRY'Q

LGB
oG9
mom_{_

09g'L—

RLAS
mvm_bw
LFG'L

656'L
6L
LGl

HO

4b, CDCl,

-

Frosz

Fooog

6.9 6.7

7.1

73

75
fl (ppm)
|

7.9 17

g1

Fooze

Fezle

FLORT

=000T

4.0

435
f1 (ppm)

5.0

10.0

156 / 197



(] — (=% ] ey
Lo} = [ - ca o 04 = [ —
— =T o =T [} LAl | — [
[ = — I i Mmoo = i
o = o ™ — - =~ o — =T
— — — — — [ o o e —
I I ~
@]
O/\
HO
4b, CDCl;

190 180 170 160 150 140 130 120 110 100 90 g0 70 60 50 40 30 20 10
f1 (ppm)

157 / 197



68S [ —

0989
GoR'9
LLR9
Z8R9
HER'0
ro'L
09g'L
QLR'L
L88L
Pe8L
BO8'L

098's
mwm_w_#
LLR'9—=
Nmm_m_%
ERERY

Zp0'L—

n9g L—

GLR'L
[88'L
PO8L
B6Y'L

HO

4c, CDClI,

M

LSO

G080

—000°g

78 77 76 7.5 74 73 712 7.1 7.0 69 6.8

79

]

£l (ppm)

FEals

21507
Leoso

F000T

158 / 197



4 ~ = u =
[#a] (¥l O — [l = On 04 =T [
W o~ - o0 — [ =R W —
2 g b o v RN o
= = ot o = Pt a4 &
| | I R |
(@] /J<i
(0]
HO
4c, CDCI,
Il
|
| ! [ I
L |
a0 180 170 160 150 140 130 120 110 100 90 g0 70 60 30 40 30 20 10

f1 (ppm)

159 / 197



100°0-—
86171
alz'l W
FET'L o
RI6'T
96T
FO6'T
86T
90L'C—
9oL E—
998'0 Sx.j
€189 £L8'9
Q180 BLRO
689 689
706'9 06w
09g'L—
R68°L 09g'L—
S06'L
ola'L
o'l
LTa'L
FEG'L RE8'L
mom.._bwﬂ
oLe'L

Zao'l
LE6'L
FEO'L

OH

4d, CDCI,

J

—560'1

Fezoe

Foooe

68 66 64
£1 (ppm)

7.0

74

7.6

78

g0

L

EESEE

FOELE

EZZ0¢e

E000°¢

0.0

4.0

435
f1 (ppm)

5.0

w

6.0

160 / 197



(=) u =~ o o
L] () O oh — o T R R R BT ]
[ (] — o o = Oh G0 [ [ W (o]
= ci S od v T oo nn o o
(=3} o [aaia | — = 0o O Oy Oy — .
= — — e — T T a0 fnen o5
N4 B |
OH
4d, DMSO-dj
|
|
|
| |
210 200 190 180 170 160 150 140 130 120 110 100 90 20 70 60 50 40 30 20 10

f1 (ppm)

161 / 197



600'0—

E08—

6801
Z06'01
90604
81601
£26'01
0£6°91
092" L1
Z6Z'L7
01€'LA
8ZE'LA
L0 L
0ZF LA
6EF L]
Lip L
8LF'L
8t L
S6b'LA
6651
905" L]
Les i

—

)L

555 'L
RISSE

OH

§689

Nom_c/
m_om_cwyf
8L6'9-F
mmm_c%

0€6'9

4e, CDCl,

000°C

—LS0'L

—100°C

—901°Z

-9L1'E

7.20 7.10 7.00 6.90
f1 (ppm)

7.30

7.40

7.60

E8T'L

o000z
LE0'L

Lon'e
m@o L'e
9Ll'E

4.0

435
f1 (ppm)

5.0

162 / 197



(5} sl - 0o 9 —
Wy [¥a) sl = — = W 0w
= [ [ ] = =r [~ LY W o
i = 5 s v =N
sl = o [ e B | — = [~ O
— — — — — - [~
N e
O OH
4e, CDCl,
|
I}
! i |
| I |
165 160 55 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60
f1 (ppm)

163 / 197



SZ00—

687T—

STIS—

QeL's
ErL9
BRL9
65L9
FaL'e
LLL'D
LEO'L

LS0'L
Be0°L
09g'L

GCTS—

9EL™S
ERL'9
BRL'9

65L'9
FaLs
LLL'S

Ledrs
bmc.b/
8S0'L

092'L—

HO

4f, CDCI,

Foceo

Flast

Foooet

6.8 6.6 6.4 6.2 6.0
fl (ppm)

7.0

— —

EOSlE

F0L6'0

Eloo'l

E000T

Ll
o4

3.5 3.0
f1 (ppm)

4.0

4.5

8.0

164 / 197



L] o oD =T
WO o ND =T L B =T
(] = Oh — 20 [~ W oo
o] = o i M= =
u o0 — -~ =
— —— — [ ol o ™
e I ~ I
HO/©/
4f, CDCl,
1
I
I j |
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -l

f1 (ppm)

165 / 197



00 0-—

H6R'E—

915 9—

A
_mmm_._uw
Fr6L

__rmm_h%n
[96°L

4g, CDCI,

HO

—6Z8'0

Logoz

—000°¢

6.3

6.7

7.1 6.9
f1 (ppm)

73

79 77

8.1

ERI0E

%..mmxd

E9eng

E000T

4.0

10.5  10.0

11.0

166 / 197



oy =] [ag] ] =]
= W [ =T o =T O on —
5 2 m &9 “ o I
= = = =2 = A o
I I - 1
o)
HO
4g, CDCl,4
I
|
| |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 3020 10

f1 (ppm)

167 / 197



2] -
(=3} Lo I gl W o [ o 0 ND =
o — o O~ =
- oy — — — Oh Oh O Oh ~
= Bod S DS S g
B e I e |
Lo I i v Oh [~ — N O
— O oh OO = [ O wh
o - oo G &
oo oo -~ o~ [Ca YR,
N/ Vo SR HO -~ | CFs3
x~_N
i 4h, CDCl,
[
ﬂ
L — T L
[l (o ] [=,)
= (o) (-]
= = =]
T ‘_I T T T T T T T T T 1I_ T I‘_ T
83 82 81 80 79 78 77 76 75 74 73 72 71 70 69
f1 (ppm)
1
A ) A |
7 ok o
oo = o O
(o) = oo
- = =R=
13.5 12.5 115 10.5 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05
f1 (ppm)

168 / 197



o o o— o el = B Vo o
= [~ [~ O WS v Wieh o Sy o— — ;Mo
= A M M S N == E
e SNSNNSNT Y -
Y] 0 o— 0 e [Pl e B T W
& o= o= O b — — 0O
— T o oMo, S oo e S
= TS ERY dazZz2n —C
= EL_EEEE _____ -c= HO _ CF,
| AN SN Y |
I x~ _N
4h, CDCl,4
|
| |
i
I AN
T T T T T T T T T T T T
170 165 160 155 150 145 140 135 130 25 120 115 110
f1 (ppm)
|
| | |
| I Ll
185 175 165 155 145 135 125 115 105 95 90 B85 80 75 T0 65 60 355 350 45
f1 (ppm)

169 / 197



-67.602

HO A CFs
x~_N
4h, CDCI,
10 -0 20 -30 40 50 60 70 80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 200 -210
f1 (ppm)

170 / 197



£00'0—

col's—

POL "9
L9
LIL9
6ELY
FEL'S
L9
09z'L
mom.b/
LIEL
el
e L
m_mm.._m.._
ﬁvm_b

Br

£60'S—

FOL "9
L9
LIL9
6ZLY
PEL'D
ety
LIEL
AN
FEEL
6ECL
LFEL

— S

pe——

HO

4i, CDCI,

—596'0

Flioz

62 60 58
f1 (ppm)

6.4

6.6

6.8

7.0

74

—

ELI0E

E000¢

10.0

f1 (ppm)

171 / 197



= = = o 03
o =T L] [e_e] bl |
3;" ] - o R
i = - = =
| | [ ey
/©/Br
HO
4i, CDClI;
i
|
180 170 160 150 140 130 120 110 100 90 g0 70 60 50 40 30
f1 (ppm)

172 / 197



B659—
ooLL
Lzl _bwﬂn
OFlL'L~2
£0T'L
s
L1eL
LeeL
L5EL

CN

HO

BOS9—

001 L~
lZle—
OFL'L"
00 L~
eeT'L—

L€ L
€5 L—
1s¢ L~

4j, CDCl,

6080

—0860
—6E6'0

~Z96'0

—000°'L

6.6

6.7

6.8

73

74

—
4
L
———
P
g
&
&
Feo8'0
0860
~ 6E6°0
z 22960
000°1

'
[}

4.0 35 3.0

f1 (ppm)

4.5

Ll
W

6.0

9.0

173 / 197



(58] O = o MO D wy
™ ™ — = 0D ) O 0 —
=t [t} < oo - 8 [ &S
o = T O of od I R
i ak 99-= = ke

NV -

4j, CDCl,4
1]
I
[
175 165 155 145 135 125 115 110 105 95 90 85 B0 75 70 65 60 55 50
f1 (ppm)

174 / 197



S00'0-—

M..@m_m_/
Nmm_wj\r
FEG'9

¥ L,
£95 L~

'®0OH

£98'9
ZE6'9
P69~

LS L~
957"

NC

4k, CDCI,

—

s10°1

90T [

000°Z |

6.7

7.0 6.9

7.1

72
f1 (ppm}

7.3

7.4

7.6

7.7

8101
9s50°g

Foooe

0
[==]
i
<
[==]
it}
=
<
—
wy
—
[==]
[ |
!
[ ]
<
[aa]
1y
[sa]
==
&
=N
P
—
.ﬁ._ L]
=+
<
el
il
W
=]
b=l
0
b =]
<=
-
el
-
<=
[==]
1
(=]
<
(=)

175 / 197



—160.346

134.374

—119.303
—116.519
102,906

77,381
77.063

[

76,746

'®0H

o

NC
4k, CDCl;

190

180

170

160

150

140

130 120 110 100
f1 (ppm)

176 / 197

90



cLo0m=—

NC

0S8'E—

£26'9
mmm_.a%
SEQ'O~E

LFG'9
869
6569

£Ch'9
6269
SEG'D
LyG'9
2669
6569
09—
958'L
£95°L
896°L
08S'L
SHEL
Z6S'L

09g'L—

986°L
mmm.ﬁ%
BOGL~E

08 'L-F
mmm_h&m

Z6s'L

5a, CDCl,

——

6.8

73072 71 70 69
f1 (ppm)

74

7.6

77

=0Lll't

=EE0T

=000¢

4.0

435
f1 (ppm)

5.0

10.0

177 / 197



™ Wy [Ta [ r
o o =T O [ = O o0 =
= “ 23 & C =g “
= — —- = = [ "
—~
QL
~
(@)
5a, CDCl,
|
1]
I
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

f1 (ppm)

178 / 197



G689
0069
AR
L1169
owm_h\\
aLe’L
£86°L
BE6L
000
SO0
Loy

S68'9
0069
2l
LG9

09g'L—

9L6L
M..mm___uw
BE6'L

000’8
S00'8
ZLO'8

Fesoz

Foooz

8.1 79 7.7 7.5 7.3 7.1 6.9 6.7
£1 (ppm)

83

Fibsz

=EEne

Fogsl

FES0T

=000°C

W
[ ]

3.0

4.0

435
f1 (ppm)

5.0

179 / 197



= [~ (o] ] ]

oo v [} O =T on o— N [+, o —
oo™ W (=2} v oo W — [# 2] [#"e]
NER DER pt S e o
O o (o1 [} — - [~ o [ Ual =T
— — — — — [ o o = -~

(| | - | |

o
~
(@]
5b, CDCl,
Il
|
| .
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30

f1 (ppm)

180 / 197



L0 0-—

LT
gal'l
FlEL

-

S06¢
£Ch'e
Lo’
096°¢

FPRE—

£68'9
0069
5069
LG9
ZTe'9
6C6'9
n9g'L
Zl6'L
6l6°L
oL
9e6'L
LFe'L
BF6L

£OR9
Gom_ww
S06'9

L16'9
gza'y
6269

09g'L—

Zla'l
m;m__hwr
Fio'l

9E6'L
Lol
8F6'L

5¢c, CDCl,

Fooo

7.0 69 68

7.1

76 75 74 73 72
fl (ppm)

g0 79 78 77

8.1

FOELE

FL50T

Esole

E=C10T

=000T

4.0

45
f1 (ppm)

5.0

181 / 197



= = = = —_
- [ = o ] [~ o — - oh
=T oy [as Bwe] W = DI L] oh =T
= o == o =, = = o o
= [¥=) onoon — [~ [~ O i — =
— — — — [ ol u o o
N2 3
(0]
5¢c, CDCl,
I
| |
I
| [
210 200 190 180 170 le0 150 140 130 120 110 100 a0 80 60 50 40 30 20 10 -10

f1 (ppm)

182 / 197



SLO0-—

9eSe—

GFR'E—

£06'9
3069
0ge'9
5269

B06°L
elo'l
SCOL

Nee'L

O
IG\v
(94
(a]
(&
-]
0
O]
\
£069
8069 -
0ge9 B
5269
—
806'L
gla'L _
GZa'L -
0E6'L

~S10e

—000°e

7.1 70 69 68

2

79 78 77 76 75 74 73

8.0

f1 (ppm)

EZL0E

EIllE

=000

4.0

4.5
f1 (ppm)

5.0

183 / 197



196.773

— 163 488

= — =
oo N ]
e ¥
= o e
o N —

L B o oo —
— o [~ L"al oy
[ =] i g
[l o uny I
]

5d, CDCl,

190

180

170

160

150 140 130 120 110 100 90
f1 (ppm)

184 / 197

80 70 60 50 40 30 20 10 0



LFO0—

TLRE—

066'97
L6691
£00'LA
PLO'LA
610°L7
LT
092"
€16
SLELA
L€
SEE L
9pEL

GFEL

Z8EL

PP LA
87 L
L
85
€op L]
£FS L]
0551
65511
£95°L]
zis'L]
885°L ]
€65
955 L]

—T

066'9
8@%
£00°L—

PLOL N =
610°L
Lz0'L

9650

‘vm_mm__

—866°0

—000°

—EC0'R

7.30 7.20 7.10 7.00
£1 (ppm)

7.40

7.60

Egone

=086'1
_1 r866'

w_ﬁcg_m
FEE0'Y

n
o4

3.0

4.0

45
f1 (ppm)

5.0

il
w

6.0

10.0

185 / 197



OLEGE—

S9L9L
vxo_ﬁﬁw
LOF'LL

ESTPLL—

S0L'9z1
FEL9TL
ongsel
ELLETL
DZ8EEl—

AN

PLR OFl—

sal681—

90

95

105
f1 (ppm)

115

w

135

145

186 / 197



ZLoo-—

0Ll
8yl
SEiL

L

Or0't
80t
SLOf
60t

906°9
z16'9
pT6'9
626°9
$€6°9
092'L
6E5'L
SYS'L
0S5°L
295'L
LIS'L
PLS'L

NC

9069
Z Z__.c%n
FE6'9—
mmm..a%
§E6'9

09g'L—

6GES'L
mvm_ﬁ”r
0SS'L~E

795 L-F
hwm.h*m

PLS'L

5f, CDCl,

-

_vm_mc.m

Tuoc.m I

6.9 6.8

7.0

7.1

7.2
f1 (ppm)

7.3

74

7.6

7.7

Fuate

Foore

E6eng

=000

w
[}

40 3.5 3.0
f1 (ppm)

45

il
W

6.0

2.0

187 / 197



o= 3 o s

=] o — - - on o [~ o -
] o oo [¥=] — O [~ =t =l
- o PR o - o = e
[¥=) o — — o= 0= [~ O [ax =T

L
o

5f, CDCl,

180 170 160 150 140 130 120 110 100 90 20 70 60 50 40 30 20 10
f1 (ppm)

188 / 197



Gse'l
cLel
Log'l

vl
Rl
Byl

£SO
0L0't
880t

SOL't—

AR
gLy
BFE¥
Q9E ¥

SLR9
EER
LER9
6689
F06'9
L16'9
09g'L
Fo6"L
LGl
SLGL
BEGL
Fa6L
000’8

$L8'9
N%_@%
L8R'9

6689
FO6'9
L16'9

09 L—

Fo6'L
Fm_ﬁw
9Le’L

BE6'L
Fe6L
000’8

59, CDCl,

///\\()

Foooz

7.0 6.8

72

7.6 7.4
f1 (ppm)

78

8.0

<

m”mmc_m
986'C

Faa6'l
Fai0e

E8P0T

F000°T

3.0

45 40 35
f1 (ppm)

5.0

189 / 197



- o0 — o =]
= - L] =T g e B = = = =
= O Yy [ o el | WO o Oh
S o — i p S e &5 S o
—— — — — r-:rk‘r; = v ——
I ~)- Tl N
0]
O/\
/\O
5g, CDClI;

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

190 / 197



S00'0-—

FLS'T—

BIR'E—

Mm.c_m_w

mb.c_ng

09g'L—
9L9'9
09Z'L—
£1E'8
8TE'S
E1E'8~
sze8"

OMe

Ns

5h, CDCI,

A
£
L
-
Lo
b06'0 [ ©
8560 -
(=3}
ro
(o]
D
i el
)
="
R
| "o —
(=]
R
[
Fooot [
L=
(=]

=968'C

=168¢T

P60
8EG'0

E000°1

4.0

45
f1 (ppm)

5.0

10.0

191 / 197



= oh (] o N Wo=f 04 o] (o]
=R = o o = w
=TS un == [~ [~ O =T =T
- = — — [l ol o vy f3
I N/ S~
Z | OMe
N
5h, CDCl;
I
I
| |
|
|
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

192 / 197



8000

LI6'E

SR
FE6'9
£96'9
B96'9
Z81'L
B8LL
n9g'L

LTSS
[FS'8

/

6F6'9
FS6'9
£96'9
83969

LTS 8~
1#5'8~"

OMe

Fs;C

Ns

5i, CDCl,

Fsio1

Fzoo'l

Fooo't

6.8

7.0

74

7.6

7.8
£l (ppm)

8.4

8.6

8.8

=lEl'E

=R10°L
=Zo0'l

=000°1

11.5

f1 (ppm)

193 / 197



EF9EE—

ZLL9L
cmo_._u__pW
.__.vm_._u__n

09 L0l
LRELOT-
S1FLo
Py L0
Ze]'1L
LESLl
19002
s8LECL
F1SSel

l
l
l
l
l
l

A

FRTGF
FZ9aF

_
!
996611
_
_

a0g0s u.‘\_m

Bt R

0F999]—

OMe

F3C

09g°L01
LRELOL
Sy Lol
Py L01

ZERTLLL

LEELLL
1207021
BELTCL
Flssel

PR 6FL
FZ9'6kL
996611
a0e0sl
R

Na

4

1

/

Fa

R

K

|

-

!

5i, CDCl,

i

105

110

uwy
[}

135 130 1
fl (ppm)

140

145

30

40

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

.80

194 / 197



-68.305

FsC_~ | OMe
Na
5i, CDClI,
10 -0 20 -30 40 50 60 70 80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 200 -210
f1 (ppm)

195 / 197



