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1. General information

Copper pivalate (Cu(OPiv),) was prepared according to the reported procedurel’ without any modification.
Hexamethylphosphoramide (HMPA), N,N-Dimethylacetamide (DMAc), N, N-dimethylformamides (DMF), N-
Methylpyrrolidone (NMP), 1,3-Dimethyl-2-imidazolidinone (DMI), dimethypropyleneurea (DMPU) and DMSO
(Dimethyl sulfoxide) was distilled from CaH, under reduced pressure and stored over 3A or 4A molecular
sieves in glovebox before use. Dioxane and xylene was distilled from Na. The solvent used to prepare starting
material was purchased from commercial vendors and used without purification. Unless otherwise noted, all
model reactions were performed under nitrogen with the exclusion of moisture using Schlenk techniques.
Column chromatography or preparative thin layer chromatography (prep-TLC) was performed on silica gel
300-400 mesh, and visualization was accomplished with UV light. 'H, 3C, and '°F NMR spectra of all
compounds were recorded at 400, 101, and 377 MHz with CDCI; as the solvent, respectively. All coupling
constants (J values) were reported in Hertz (Hz). Chemical shifts (8) are given in ppm. The residual solvent
signals were used as references (CDCl;: & H = 7.26 ppm, 6 C = 77.00 ppm), the following abbreviations were
used: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; dd, doublet of doublet; td, triplet doublet; and br,
broad. HRMS data were recorded on instrument equipped with an ESI source. The absolute geometry of the E
and Z isomer for TPE was confirmed by 2D NOESY spectruml@ or single crystal X-ray diffraction.
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2. Experimental procedure.

The 1-benzyl-4-nitrobenzenel® (s-1, 1817-77-2), 4-benzylbenzonitrile (s-22, 23450-31-9), 4,4'-
methylenedibenzonitrilel® (s-23, 10466-37-2), 1,1'-(methylenebis(4,1-phenylene))bis(ethan-1-one)f! (s-24,
790-82-9), di(pyridin-2-yl)methanel”! (s-26, 1132-37-2) were known compound. The preparation of these
compounds was adapted from the reported procedure without large modification.

bis(4-nitrophenyl)methanel®! (s-2, 1817-74-9), 4-(4-nitrobenzyl)benzonitrilel® (s-3, 850223-44-8), 4-(4-
nitrobenzyl)benzaldehyde (s-4, 1874222-07-7), 1-(4-(4-nitrobenzyl)phenyl)ethan-1-onel'd (s-5, 181935-82-0),
1-chloro-4-(4-nitrobenzyl)benzenel' (s-8, 30203-94-2), 1-bromo-4-(4-nitrobenzyl)benzenel'? (s-9, 1351376-
94-7), 1-fluoro-4-(4-nitrobenzyl)benzenel'd! (s-10, 38695-23-7), 1-(tert-butyl)-4-(4-nitrobenzyl)benzenel'4 (s-13,
2411959-64-1), 1-methoxy-4-(4-nitrobenzyl)benzenel'5] (s-14, 22865-59-4), methyl(4-(4-
nitrobenzyl)phenyl)sulfanel'® (s-15, 199916-54-6), 2-(4-nitrobenzyl)naphthalenel'®! (s-16, 3042-62-4), 4-(4-
nitrobenzyl)-1,1'-biphenyll''l (s-18, 1316859-67-2), 4-benzylbenzaldehydel'”! (s-20, 67468-65-9), 4,4'-
methylenedibenzaldehydel'® (s-21, 67-37-8), bis(4-(methylsulfonyl)phenyl)methanel'® (s-25, 22183-07-9),
di(pyridin-4-yl)methane (s-27, 60776-05-8) were known compound, but synthesized from a new procedure.
methyl 4-(4-nitrobenzyl)benzoate (s-6, 181935-85-3), N,N-dimethyl-4-(4-nitrobenzyl)benzamide (s-7), 1-nitro-
4-(4-(trifluoromethyl)benzyl)benzene (t-11, 1304788-88-2), 1-nitro-4-(4-(trifluoromethoxy)benzyl)benzene (s-
12), 3-(4-nitrobenzyl)-1,1'-biphenyl (s-17), bis(4'-nitro-[1,1'-biphenyl]-4-yl)methane (s-19), were unknown
compound. The preparation and characterization of these compounds are provided below. bis(4-
iodophenyl)methane that used to prepare the bis(4-(methylsulfonyl)phenyl)methane (s-25) and bis(4'-nitro-
[1,1'b-iphenyl]-4-yl)methane (s-19), was synthesized by a reported procedurel??! without modification.

Table S1. Known compound synthesized by procedure described in literature without any modification.

'-(methylenebis(4,1-phenylene))

1-benzyl-4-nitrobenzene 4-benzylbenzonitrile 4,4'-methylenedibenzonitrile bis(ethan-1-one)

di(pyridin-2-yl)methane

s-1,1817-77-2 s-22, 23450-31-9 s-23, 10466-37-2 s-24, 790-82-9 526, 1132-37-2
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Table S2. Compounds prepared by new procedure.

OZNNOZ OzNCN OZNCHO 02N° 0N O

OMe

bis(4-nitrophenyl)methane 4-(4-nitrobenzyl)benzonitrile 4-(4-nitrobenzyl)benzaldehyde 1-(4-(4-nitrobenzyl)phenyl)ethan-1-one methyl 4-(4-nitrobenzyl)benzoate
s-2,1817-74-9 s-3, 850223-44-8 s-4, 1874222-07-7 s-5, 181935-82-0 s-6, 181935-85-3
o Q.
O,N O,N Cl O,N Br O,N F O,N CF,
NMe,

N,N-dimethyl-4-(4-nitrobenzyl)benzamide 1-chloro-4-(4-nitrobenzyl)benzene  1-bromo-4-(4-nitrobenzyl)benzene  1-fluoro-4-(4-nitrobenzyl)benzene 1-nitro-4-(4-(trifluoromethyl)benzyl)benzene

-8, 30203-94-2 -9, 1351376-94-7 510, 38695-23-7 511, 1304788-88-2
O,N” I I “OCF, O,N” / I t-Bu O,N” l I ~OMe O,N” l I “SMe O,N” l I .t

1-nitro-4-(4-(trifluoromethoxy)benzyl)benzene  1-(tert-butyl)-4-(4-nitrobenzyl)benzene 1-methoxy-4-(4-nitrobenzyl)benzene  methyl(4-(4-nitrobenzyl)phenyl)sulfane  2-(4-nitrobenzyl)naphthalene

s-12 s-13, 2411959-64-1 s-14, 22865-59-4 $-15,199916-54-6 s-16, 3042-62-4

OZNPh O,N O Q O O O g O OHC OHCCHO

3-(4-nitrobenzyl)-1,1'-biphenyl 4-(4-nitrobenzyl)-1,1"-biphenyl bis(4'-nitro-[1,1"-biphenyl]-4-yl) methane 4-benzylbenzaldehyde 4,4'-methylenedibenzaldehyde
s-17 s-18, 1316859-67-2 t-19 $-20, 67468-65-9 s-21,67-37-8
\O \s
Xy 2 o o L ‘O pe ‘G - 7
? O,N O,N
bis(4-(methylsulfonyl)phenyl)methane  di(pyridin-4-yl)methane 4-(4-nitrobenzyl)benzoic acid 4-(4-nitrobenzyl)benzamide 2-(4-nitrobenzyl)furan 2-(4-nitrobenzyl)thiophene
s-25, 22183-07-9 s-27, 60776-05-8 s-35, 13304-22-8 5-36 s-37 5-38,172508-14-4

Caution: dangerous! Caution should be taken when handling 4-Nitrobenzyl bromide and 4-nitrobenzyl
chloride used to prepare diphenylmethane derivatives, which were sensitizing chemicals and may cause
serious skin irritation when exposed to. Standard chemical safety protocols to minimize exposure and prevent
accidental ingestion, inhalation, or dermal contact should be carefully taken.

2.1. Synthesis of starting materials

bis(4-nitrophenyl)methane (s-2, known compound, 1817-74-9)

m-CPBA (7.5 eq.)

HoN NH, CH,Cl,, 1t O,N NO,

A solution of 4,4'-methylenedianiline (3.97 g, 20 mmol, 1.0 eq.) was added to a stirred suspension of m-
CPBA in dichloromethane (25.88 g suspended in 40 mL CH,Cl,, 150 mmol, 7.5 eq.) dropwise with constant
pressure dropping funnel, during which the solid gradually dissolved and the mixture turns to greenish and
finally yellowish from colorless. After the addition was complete, the mixture was stirred at room temperature
(approximately 30 °C) for additional 4 h, resulting in the colorless precipitate formation. The solid was removed
by filtration, and two portions of dichloromethane (50 mL x 2) were used to rinse the filter cake. The filtrate
was transferred to a separatory funnel and diluted with petroleum ether (100 mL) followed by sequential wash
with saturated aqueous Na,CO; (50 mL x 5) (after that, the organic layer became colorless), diluted
hydrochloride acid (1 M, 50 mL x 2), water (50 mL), and brine (50 mL), the resulting solution was filtered with
a short pad of silica gel and concentrated by vacuum, and the crude material was further purified by silica gel
chromatography, affording the title compound (4.23 g, 81% yield) as a colorless solid. '"H NMR (400 MHz,
CDCl;) 5 8.17 (d, J = 7.8 Hz, 4H), 7.34 (d, J = 7.9 Hz, 4H), 4.19 (s, 2H). '*C NMR (101 MHz, CDCIl;) 5 147.0,
146.8, 129.9, 124.1, 41.4.

Characterization data conforms with the literature.(®!
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4-(4-nitrobenzyl)benzonitrile (s-3, known compound, 850223-44-8)

Nay,COj3 (2.0 eq.)
Pd(OAc), (2 mol%)

B(OH), PPh; (6 mol%)

B 2 3

/©/\ r * /©/ >
O.N NC O,N CN

Toluene / HyO (4 /1), Ny, 70 °C,12 h

To a 250 mL Schlenk tube was added (4-cyanophenyl)boronic acid (955 mg, 6.5 mmol, 1.3 eq.), Pd(OAc),
(22.5 mg, 2 mol%), PPh; (78.6 mg, 6 mol%), and a stirred bar. The mixture was evacuated and backfilled with
N, for three cycles. Then, under N, flow, the Na,CO; aqueous solution (1.06 g Na,CO; dissolved in 5 mL
water, 10.0 mmol, 2.0 eq.) and 1-(bromomethyl)-4-nitrobenzene (1.08 g, dissolved in 20 mL toluene, 5.0 mmol,
1.0 eq.) was sequentially added with Pasteur pipette. The tube was capped, and the mixture was stirred in an
oil bath preheated at 70 °C for 12 h. The reaction mixture was cooled to room temperature and then filtered
with a short pad of celite. The filter cake was washed with additional ethyl acetate. The filtrate was transferred
to a separatory funnel, and the collected organic phase was washed with brine. After removing the solvent by
vacuum, the remaining mixture was purified by silica gel chromatography, affording the 4-(4-
nitrobenzyl)benzonitrile as a colorless solid. R; = 0.2 (eluent = dichloromethane/petroleum ether = 1/2), 'H
NMR (400 MHz, CDCl;) 6 8.16 (d, J = 8.6 Hz, 2H), 7.60 (d, J = 8.2 Hz, 2H), 7.33 (d, J = 8.4 Hz, 2H), 7.29 (d, J
= 8.0 Hz, 2H), 4.14 (s, 2H). '*C NMR (101 MHz, CDCI;) 5 147.0, 144.7, 132.7, 129.8 (129.86), 129.8 (129.81),
124.0, 118.7, 110.9, 41.7.

Data conforms with the literature well.[!

4-(4-nitrobenzyl)benzaldehyde (s-4, known compound, 1874222-07-7)

K,COj3 (ag., 2.0 eq.)
PdCly(PPh3), (2 mol%)

B(OH) PPhs (2.4 mol%)
O2N OHC

) dioxane, N, 70 °C, 12 h ON CHO

A 250 mL Schlenk tube was charged with 1-(bromomethyl)-4-nitrobenzene (1.08 g, 5.0 mmol, 1.0 eq.), (4-
formylphenyl)boronic acid (890 mg, 5.9 mmol, 1.18 eq.), PdCI,(PPh3), (70.2 mg, 2 mol%), PPh; (32 mg, 2.4
mol%), and a stirred bar. The mixture was evacuated and backfilled with N, for three cycles. Then, under N,
flow, aqueous K,COj; (1.38 g dissolved in 5 mL water, 10.0 mmol, 2.0 eq.) and dioxane (20 mL) were added
with a Pasteur pipette. The tube was capped, and the resulting mixture was stirred in an oil bath preheated at
70 °C for 12 h. After cooling to room temperature, the mixture was filtered through a short pad of silica gel,
which was washed with additional ethyl acetate. After concentration of the collected filtrate by vacuum, the
remaining solid was brought into silica gel chromatography to give the 4-(4-nitrobenzyl)benzaldehyde as a
yellowish solid. Rs = 0.2, eluent = dichloromethane/petroleum ether = 1/1. "H NMR (400 MHz, CDCI;) 5 9.97 (s,
1H), 8.14 (d, J = 8.4 Hz, 2H), 7.83 (d, J = 7.8 Hz, 2H), 7.34 (d, J = 8.1 Hz, 4H), 4.16 (s, 2H). '*C NMR (101
MHz, CDCI;) 5 191.8, 147.4, 146.8, 146.3, 135.2, 130.3, 129.8, 129.7, 124.0, 41.8.

Characterization data conforms with the literaturel?' well.

1-(4-(4-nitrobenzyl)phenyl)ethan-1-one (s-5, known compound, 181935-82-0)

Na,CO; (aq., 2.0 eq.)
Pd(OAc); (2 mol%)

Br B(OH), X-Phos (4 mol%)
o - T - J 0O
O,N dioxane, Ny, 100 °C, 12 h ON Ac

A 250 mL Schlenk tube was charged with 1-(4-(bromomethyl)phenyl)ethan-1-one (0.53 g, 2.5 mmol, 1.0 eq.),
(4-nitrophenyl)boronic acid (0.50 g, 3.0 mmol, 1.2 eq.), Pd(OAc), (11.2 mg, 2 mol%), X-Phos (47.7 mg, 4
mol%), and a stirred bar. The mixture was evacuated and backfilled with N, for three cycles. Then, under N,
flow, the Na,COj3; aqueous solution (0.53 g Na,COj dissolved in 2.5 mL water, 5.0 mmol, 2.0 eq.) and dioxane
(10 mL) were sequentially added with Pasteur pipette. The tube was capped, and the mixture was stirred in an
oil bath preheated at 100 °C for 12 h. After cooling to room temperature, needle crystalline was precipitated,
and ethyl acetate (20 mL) was added to dissolve the crystal under ultrasound. The mixture was filtered
through a short pad of celite, which was washed with additional ethyl acetate (50 mL). The filtrate was
collected, and most of the dioxane and ethyl acetate was removed by vacuum. Additional ethyl acetate was
added to resolve the mixture, and the resulting biphasic solution was transferred to a separatory funnel. The
collected organic layer was washed with brine (10 mL), filtered with a short pad of silica gel, and concentrated
under vacuum. The remaining solid was purified by silica gel chromatography, affording the title compound as
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a yellowish solid (255 mg, 40% vyield). R¢= 0.5 (eluent= dichloromethane). '"H NMR (400 MHz, CDCl;) & 8.15

(d, J = 8.3 Hz, 2H), 7.91 (d, J = 7.9 Hz, 2H), 7.33 (d, J = 8.3 Hz, 2H), 7.26 (d, J = 7.9 Hz, 2H), 4.13 (s, 2H),

2.58 (s, 3H).13C NMR (101 MHz, CDCl) 5 197.7, 147.8, 144.7, 135.9, 129.8, 129.3, 129.0, 124.0, 41.7, 26.7.
Characterization data conforms with literature well.['0]

methyl 4-(4-nitrobenzyl)benzoate (s-6, 181935-85-3)

Na,COj (aq., 2.0 eq.)
PdCl,(PPhs), (2 mol%)

+
MeOOC O,N 2N

| 2-MeTHF, N,, 70°C, 18 h O

COOMe

A 250 mL Schlenk tube was charged with methyl 4-(bromomethyl)benzoate (1.15 g, 5.0 mmol, 1.0 eq.), (4-
nitrophenyl)boronic acid (1.00 g, 6.0 mmol, 1.2 eq.), PdCI,(PPh;), (70.2 mg, 2 mol%), PPh; (26.2 mg, 2 mol%),
and a stirred bar. The mixture was evacuated and backfilled with N, for three cycles. Then, under N, flow, the
Na,CO3; aqueous solution (1.06 g Na,CO; dissolved in 5 mL water, 10.0 mmol, 2.0 eq.) and 2-MeTHF (20 mL)
was sequentially added with Pasteur pipette. The tube was capped and stirred in an oil bath preheated at 70
°C for 18 h. After cooling to room temperature, the mixture was filtered through a short pad of celite. The tube
was washed with additional ethyl acetate (ca. 50 mL), which was used to rinse the short pad of celite. The
filtrate was transferred to a 125 mL separatory funnel, the aqueous layer was removed, the organic layer was
washed with brine (20 mL) and concentrated by vacuum. The remaining solid was dissolved in 20 mL
dichloromethane and filtered through a short pad of silica gel, which was rinsed with additional
dichloromethane. The solvent was removed by vacuum, and the remaining solid was brought into silica gel
chromatography, giving the methyl 4-(4-nitrobenzyl)benzoate as a colorless solid (1.15 g, 84%), Ry = 0.19
(eluent = dichloromethane/petroleum ether = 1.0/1.5). 'TH NMR (400 MHz, CDCI;) 5 8.14 (d, J = 8.7 Hz, 2H),
7.98 (d, J = 8.3 Hz, 2H), 7.32 (d, J = 8.6 Hz, 2H), 7.24 (d, J = 8.3 Hz, 2H), 4.12 (s, 2H), 3.90 (s, 3H)."*C NMR
(101 MHz, CDCI) 6 166.8, 147.8, 146.7, 144.5, 130.2, 129.8, 129.0, 128.8, 123.9, 52.2, 41.7. HRMS (ESI)
m/z: [M+H]* calculated for C15H4,NO4* 272.0917, found 272.0919. Melting point :125 — 128 °C.

N,N-dimethyl-4-(4-nitrobenzyl)benzamide, (s-7, )

Na,CO; (aq., 2.0 eq.)

B(OH), PACI,(PPhs), (2 mol%)
al PPh; (4 mol%) O g
+ 0 > ON 0
ON dioxane, N, 70 °C, 12 h

NMe, NMe,

A 250 mL Schlenk tube was charged with (4-(dimethylcarbamoyl)phenyl)boronic acid (2.32 g, 12.0 mmol,
1.2 eq.), PdCIy(PPh3), (140.4 mg, 2 mol%), PPh; (105.0 mg, 4 mol%), and a stirred bar. The mixture was
evacuated and backfilled with N, for three cycles. Then, under N, flow, the Na,CO; aqueous solution (2.12 g
dissolved in 10 mL water, 20 mmol, 2.0 eq.) and 1-(chloromethyl)-4-nitrobenzene (1.72 g, dissolved in 40 mL
dioxane, 10.0 mmol, 1.0 eq.) was sequentially added with Pasteur pipette. The tube was capped, and the
mixture was stirred in an oil bath preheated at 70 °C for 12 h. After cooling to room temperature, the mixture
was filtered through a short pad of celite, which was washed with additional ethyl acetate. The filtrate was
collected, and the volatile was removed by vacuum. The remaining solid was brought into silica gel
chromatography to give the N,N-dimethyl-4-(4-nitrobenzyl)benzamide as a colorless solid. Ry = 0.1, eluent:
ethyl acetate/dichloromethane = 1/100. 'TH NMR (400 MHz, CDCl;) 5 8.12 (d, J = 8.3 Hz, 2H), 7.36 (d, J=7.9
Hz, 2H), 7.31 (d, J = 8.4 Hz, 2H), 7.18 (d, J = 7.9 Hz, 2H), 4.08 (s, 2H), 3.08 (s, 3H), 2.97 (s, 3H). '*C NMR
(101 MHz, CDCls) 6 171.3, 148.2, 146.6, 140.7, 134.9, 129.7, 128.9, 127.7, 123.8, 41.5, 39.6, 35.4. HRMS
(ESI) m/z: [M+H]* calculated for C4sH16N2O5* 285.1234, found 285.1225. Melting point :69 — 74 °C.

1-chloro-4-(4-nitrobenzyl)benzene (s-8, known compound, 30203-94-2)

K,CO3 (ag. 2.0 eq.)
PdCl,(PPh3), (2 mol%)

B(OH), PPh; (4 mol%)
- O
+ >
CI/©/\ O,N O,N Q Cl

| THF, Ny, 65°C,12 h

A 350 mL Schlenk tube was charged with 1-(bromomethyl)-4-chlorobenzene (3.08 g, 15.0 mmol, 1.0 eq.),
(4-nitrophenyl)boronic acid (3.00 g, 18.0 mmol, 1.2 eq.), PdCI,(PPhs), (210.6 mg, 2 mol%), PPh; (157.4 mg, 4
mol%), and a stirred bar. The mixture was evacuated and backfilled with N, for three cycles. Then, under N,
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flow, aqueous K,CO; (4.15 g dissolved in 10 mL water, 30 mmol, 2.0 eq.) and THF (60 mL) were sequentially
added with Pasteur pipette. The tube was capped, and the mixture was stirred in an oil bath preheated at 65
°C for 12 h. The reaction mixture was cooled to room temperature and transferred to a separatory funnel
(additional ethyl acetate was used to rinse the tube), the organic layer was separated, and the aqueous layer
was extracted with ethyl acetate (10 mL). The combined organic phase was concentrated under vacuum,
during which few precipitate formed, additional dichloromethane was added, and the solid did not dissolve.
The suspension was filtered to remove the solid, and the filirate was concentrated under vacuum, the
remaining solid was purified with silica gel chromatography to give the 1-chloro-4-(4-nitrobenzyl)benzene (3.53
g, 95%) as a colorless solid, eluent: dichloromethane/petroleum ether = 1/5. (Rf = 0.19, eluent:
dichloromethane/petroleum ether = 1/6). "H NMR (400 MHz, CDCl;) 5 8.13 (d, J = 8.5 Hz, 2H), 7.31 (d, J = 8.3
Hz, 2H), 7.28 (d, J = 8.3 Hz, 2H), 7.10 (d, J = 8.3 Hz, 2H), 4.04 (s, 2H). 3C NMR (101 MHz, CDCl;) & 148.3,
146.7,137.7, 132.7, 130.3, 129.7, 129.0, 123.9, 41.0.
Characterization data conforms with the literature well.[']

1-bromo-4-(4-nitrobenzyl)benzene (s-9, known compound, 1351376-94-7)

Na,CO; (ag. 2.0 eq.)
PdCl,(PPhj), (2 mol%)

B(OH), PPh; (4 mol%)
o Y : -
Br O,N

dioxane, Ny, 70°C,12 h OoN Br

A 350 mL Schlenk tube was charged with 1-bromo-4-(bromomethyl)benzene (10.0 g, 40.0 mmol, 1.0 eq.),
(4-nitrophenyl)boronic acid (7.34 g, 44.0 mmol, 1.1 eq.), PdCI,(PPhs), (562.0 mg, 2 mol%), PPh; (420.0 mg, 4
mol%), and a stirred bar. The mixture was evacuated and backfilled with N, for three cycles. Then, under N,
flow, Na,CO; (8.48 g dissolved in 40 mL water, 80 mmol, 2.0 eq.) and dioxane (160 mL) were sequentially
added with Pasteur pipette. The tube was capped and stirred in an oil bath preheated at 70 °C for 12 h. After
cooling to room temperature, the mixture was filtered with celite. The tube was rinsed with additional ethyl
acetate (50 mL x 2) and filtered. The filtrate was concentrated under vacuum to oil, which was dissolved with
ethyl acetate, transferred to a separatory funnel, and washed with brine (30 mL x 4). The organic layer was
filtered with a short pad of silica gel, and the solvent was removed by the vacuum. After silica gel
chromatography, the 1-bromo-4-(4-nitrobenzyl)benzene (8.72 g, 74%) was obtained as a colorless solid. R¢=
0.2, eluent = dichloromethane/petroleum ether = 1/6. '"H NMR (400 MHz, CDCl;) 5 8.14 (d, J = 8.6 Hz, 2H),
7.44 (d, J = 8.3 Hz, 2H), 7.31 (d, J = 8.5 Hz, 2H), 7.05 (d, J = 8.3 Hz, 2H), 4.03 (s, 2H). '*C NMR (101 MHz,
CDCI;) 5 148.2, 146.6, 138.2, 132.0, 130.7, 129.7, 123.9, 120.8, 41.1.

Characterization data conforms with the literature well.['2

1-fluoro-4-(4-nitrobenzyl)benzene (s-10, known compound, 38695-23-7)

K;CO3 (ag. 2.0 eq.)
PdCly(PPh3), ( 2 mol%)

B(OH), PPhj (4 mol%)
o -
F O,N O,N F

THF, N,, 65 °C, 19 h.

A 250 mL Schlenk tube was charged with 1-(bromomethyl)-4-fluorobenzene (1.27 g, 6.7 mmol, 1.0 eq.), (4-
nitrophenyl)boronic acid (1.34 g, 8.0 mmol, 1.2 eq.), PdCI,(PPh3), (94.1 mg, 2 mol%), PPh;(70.3 mg, 4 mol%),
and a stirred bar. The mixture was evacuated and backfilled with N, for three cycles. Aqueous K,CO; (1.85 g
dissolved in 6 mL water, 13.4 mmol, 2.0 eq.) and THF (25 mL) were added, then the tube was capped and
brought into an oil bath preheated at 65 °C and stirred for 19 h. After cooling to room temperature, the reaction
mixture was transferred to a separatory funnel, and additional ethyl acetate (30 mL) was used to rinse the tube.
The organic layer was separated, and the aqueous layer was extracted with ethyl acetate. The combined
organic layer was filtered with a short pad of celite. The filtrate was concentrated by vacuum, and the residual
was dissolved in 40 mL dichloromethane and filtered through a short pad of silica gel. After concentration of
the filtrate, the crude material was further purified by silica gel chromatography to afford the 1-fluoro-4-(4-
nitrobenzyl)benzene (1.30 g, 83%) as a colorless solid. Rs = 0.25, Eluent = dichloromethane/petroleum ether =
1/8.'H NMR (400 MHz, CDCl;) 5 8.14 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.4 Hz, 2H), 7.14 (dd, J = 8.4, 5.4 Hz,
2H), 7.00 (t, J = 8.7 Hz, 2H), 4.05 (s, 2H). 13C NMR (101 MHz, CDCIl;) 5 161.8 (d, J = 245.3 Hz), 148.7, 146.7,
135.0 (d, J = 3.4 Hz), 130.5 (d, J = 8.0 Hz), 129.6, 123.9, 115.7 (d, J = 21.4 Hz). "°F NMR (376 MHz, CDCl;) 5
-116.04 — -116.13 (m).

characterization data conform to literature well.l3]
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nitro-4-(4-(trifluoromethyl)benzyl)benzene (s-11, 1304788-88-2)

Na,CO;3 (aq., 2.0 eq.)
Pd(OAc), (2 mol%)

B(OH), PPh; (6 mol%)

B 3

o= -
O,N FsC

Toluene, Ny, 70 °C, 6 h OzN CF3

A 250 mL Schlenk tube was charged with (4-trifluoromethyphenyl)boronic acid (1.23 g, 6.5 mmol, 1.3 eq.),
Pd(OAc), (22.5 mg, 2 mol%), PPh; (78.6 mg, 6 mol%), and a stirred bar. The mixture was evacuated and
backfilled with N, for three cycles. Then, under N, flow, the Na,CO; aqueous solution (1.06 g Na,CO;
dissolved in 5 mL water, 10 mmol, 2.0 eq.) and 1-(bromomethyl)-4-nitrobenzene (1.08 g, dissolved in 20 mL
toluene, 5.0 mmol, 1.0 eq.) was sequentially added with Pasteur pipette. The tube was capped, and the
mixture was stirred in an oil bath preheated at 70 °C for 6 h. The reaction mixture was cooled to room
temperature and then filtered with a short pad of celite, which was washed with additional ethyl acetate. The
aqueous layer was removed, and the organic phase was washed with brine. The volatile was removed by
vacuum, and the remaining mixture was purified by silica gel chromatography, affording the 1-nitro-4-(4-
(trifluoromethyl)benzyl)benzene as a colorless solid. Rs = 0.17, eluent: dichloromethane/petroleum ether = 1/8.
"H NMR (400 MHz, CDCI3) 5 8.15 (d, J = 8.7 Hz, 2H), 7.58 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.6 Hz, 2H), 7.30
(d, J=8.1 Hz, 2H), 4.15 (s, 2H). '*C NMR (101 MHz, CDCl;) & 147.6, 146.7, 143.3, 129.7, 129.3, 129.1 (q, J =
32.9 Hz), 125.7 (q, J = 3.8 Hz), 124.1 (q, J = 272.1 Hz), 123.9, 41.4. '°F NMR (376 MHz, CDCl;) & -62.51.
HRMS (ESI) m/z: [M+H]* calculated for C14H11NO2F3+ 282.0736, found 282.0739. Melting point :59 — 62 °C.

1-nitro-4-(4-(trifluoromethoxy)benzyl)benzene (s-12, )

Na,COj3 (2.0 eq.)
Pd(OAc), (2 mol%)

B(OH), PPh; (6 mol%)
o T : -
F;CO O,N

Toluene/H,0 (4/1), Ny, 70 °C,14 h O,N OCF4

A 250 mL Schlenk tube was charged with 1-(bromomethyl)-4-(trifluoromethoxy)benzene (1.28 g, 5.0 mmol,
1.0 eq.), (4-nitrophenyl)boronic acid (1.0 g, 6.0 mmol, 1.2 eq.), Na,CO; (1.06 g, 10.0 mmol, 2.0 eq.), Pd(OAc),
(22.5 mg, 2 mol%), PPh3 (78.6 mg, 6 mol%), and a stirred bar. The mixture was evacuated and backfilled with
N, for three cycles. Then, under N, flow, water (5 mL) and toluene (20 mL) were sequentially added with
Pasteur pipette. The tube was capped, and the mixture was stirred in an oil bath preheated at 70 °C for 14 h.
The reaction mixture was cooled to room temperature and then filtered with a short pad of celite, which was
washed with additional ethyl acetate (ca. 80 mL). The aqueous layer was removed, and the organic phase
was washed with brine (20 mL x 2). The solvent was removed by vacuum, and the remaining mixture was
purified by silica gel chromatography to afford the 1-nitro-4-(4-(trifluoromethoxy)benzyl)benzene (1.34 g, 90%)
as a colorless solid. R; = 0.17, eluent: dichloromethane/petroleum ether = 1/8. "H NMR (400 MHz, CDCI;) &
8.15(d, J = 8.6 Hz, 2H), 7.33 (d, J = 8.6 Hz, 2H), 7.23 — 7.14 (m, 4H), 4.09 (s, 2H). '*C NMR (101 MHz, CDCl;)
5 148.2, 148.1 (q, J = 1.7 Hz), 146.7, 138.0, 130.3, 129.7, 123.9, 120.7 (d, J = 257.0 Hz), 41.0. '°F NMR (376
MHz, CDCI;) 5 -57.96. HRMS (ESI) m/z: [M+Na]* calculated for C14H1oNO3F3;Na* 320.0505, found 320.0499.
Melting point :30 — 34 °C.

1-(tert-butyl)-4-(4-nitrobenzyl)benzene (s-13, known compound, 2411959-64-1)

Na,COj3 (2.0 eq.)
Pd(OAc), (2 mol%)

B(OH) PPh; (6 mol%)

Cl 2 3

/©/\ ’ /©/ >
O,N t-Bu O,N t-Bu

Toluene / H,O (4/1), Ny, 70 °C,13 h

A 250 mL Schlenk tube was charged with 1-(chloromethyl)-4-nitrobenzene (858 mg, 5.0 mmol, 1.0 eq.), (4-
(tert-butyl)phenyl)boronic acid (1.07g, 6.0 mmol, 1.2 eq.), Na,CO; (1.06 g, 10.0 mmol, 2.0 eq.), Pd(OAc),
(22.0 mg, 2 mol%), PPh3 (78.0 mg, 6 mol%), and a stirred bar. The mixture was evacuated and backfilled with
N, for three cycles. Then, under N, flow, water (5 mL) and toluene (20 mL) were sequentially added with
Pasteur pipette. The tube was capped, and the mixture was stirred in an oil bath preheated at 70°C for 13 h.
After cooling to room temperature, the reaction mixture was transferred to a separatory funnel, the tube was
washed with additional ethyl acetate (20 mL) and brine (10 mL), and all rinse was transferred to the separatory
funnel. The aqueous layer was removed, and the organic phase was washed with saturated brine (10 mL).
The volatile was removed by vacuum, and the remaining mixture was purified by silica gel chromatography,
affording the 1-(tert-butyl)-4-(4-nitrobenzyl)benzene (1.13 g, 83%) as a colorless solid. Rf = 0.20, eluent:
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dichloromethane/petroleum ether = 1/8, 'TH NMR (400 MHz, CDCl;) 5 8.14 (d, J = 8.7 Hz, 2H), 7.38 — 7.30 (m,
4H), 7.10 (d, J = 8.2 Hz, 2H), 4.05 (s, 2H), 1.31 (s, 9H). 3C NMR (101 MHz, CDCl;) 5 149.8, 149.2, 146.6,
136.2, 129.8, 128.7, 125.8, 123.87, 41.3, 34.5, 31.4.

Characterization data conforms with the literature.['4]

1-methoxy-4-(4-nitrobenzyl)benzene (s-14, known compound, 22865-59-4)

Na,COj3 (2.0 eq.)
Pd(OAc), (2.0 mol%)

Br B(OH), PPh; (6.0 mol%) ’/‘
* >
AT T CAs

) Toluene/H,0 (4/1), Ny, 70 °C, 11 h O:N OMe

A 250 mL Schlenk tube was charged with 1-(bromomethyl)-4-nitrobenzene (2.16 g, 10.0 mmol, 1.0 eq.), (4-
methoxyphenyl)boronic acid (1.82 g, 12.0 mmol, 1.2 eq.), Na,CO; (2.12 g, 20.0 mmol, 2.0 eq.), Pd(OAc),
(44.0 mg, 2 mol%), PPh; (157.0 mg, 6 mol%), and a stirred bar. The mixture was evacuated and backfilled
with N, for three cycles. Then, under N, flow, water (10 mL) and toluene (40 mL) were sequentially added with
Pasteur pipette. The tube was capped, and the mixture was stirred in an oil bath preheated at 70°C for 11 h.
After cooling to room temperature, the reaction mixture was transferred to a separatory funnel, and the tube
was washed with additional ethyl acetate (10 mL) and water (10 mL) and all rinse was transferred to the
separatory funnel. The aqueous layer was removed, and the organic phase was washed with brine (20 mL),
filtered through a short plug of celite, and dried with anhydrous Na,SO,. The solvent was removed by vacuum,
and the remaining mixture was purified by silica gel chromatography, affording the 1-methoxy-4-(4-
nitrobenzyl)benzene (2.00 g, 82%) as a yellowish oil. R¢ = 0.21, eluent: ethyl acetate/petroleum ether=1/60. 'H
NMR (400 MHz, CDCl;) 6 8.13 (d, J = 8.2 Hz, 2H), 7.32 (d, J = 8.2 Hz, 2H), 7.09 (d, J = 8.2 Hz, 2H), 6.86 (d, J
= 8.2 Hz, 2H), 4.02 (s, 2H), 3.80 (s, 3H). 13C NMR (101 MHz, CDCl;) 5 158.5, 149.5, 146.5, 131.3, 130.0,
129.6, 123.8, 114.3, 55.4, 40.9.

Characterization data conforms with the literature.l9]

methyl(4-(4-nitrobenzyl)phenyl)sulfane (s-15, known compound, 199916-54-6)

Na,COj3 (2.0 eq.)
Pd(OAc), (2 mol%)

B(OH) P(8-Tol)s (6 mol%)
o o -
O2N MeS'

) Toluene/H,0 (4/1), Ny, 70 °C, 12 h O;N SMe

A 250 mL Schlenk tube was charged with 1-(chloromethyl)-4-nitrobenzene (858 mg, 5.0 mmol, 1.0 eq.), (4-
(methylthio)phenyl)boronic acid (1.00 g, 6.0 mmol, 1.2 eq.), Na,CO; (1.06 g, 10.0 mmol, 2.0 eq.), Pd(OAc),
(22.0 mg, 2 mol%), P(d-Tol); (91.0 mg, 6 mol%), and a stirred bar. The mixture was evacuated and backfilled
with N, for three cycles. Then, under N, flow, water (5 mL) and toluene (20 mL) were sequentially added with
Pasteur pipette. The tube was capped, and the mixture was stirred in an oil bath preheated at 70°C for 12 h.
After cooling to room temperature, the reaction mixture was transferred to a separatory funnel, and the tube
was washed with additional ethyl acetate (20 mL) and water (10 mL). All rinse was transferred to the
separatory funnel. The aqueous layer was removed, and the organic phase was washed with saturated brine
(10 mL). The volatile was removed by vacuum, and the remaining mixture was purified by silica gel
chromatography to afford the methyl(4-(4-nitrobenzyl)phenyl)sulfane as a colorless solid. (R¢= 0.25, eluent =
dichloromethane/petroleum ether = 1/6). '"H NMR (400 MHz, CDCl;) 5 8.12 (d, J = 8.7 Hz, 2H), 7.32 (d, J= 8.7
Hz, 2H), 7.21 (d, J = 8.3 Hz, 2H), 7.10 (d, J = 8.3 Hz, 2H), 4.03 (s, 2H), 2.46 (s, 3H). '*C NMR (101 MHz,
CDCI;) 5 148.8, 146.5, 136.8, 136.1, 129.6, 129.5, 127.1, 123.7, 41.1, 15.9.

Characterization data conforms with the literature well.[']

2-(4-nitrobenzyl)naphthalene (s-16, known compound, 3042-62-4)

Na,COj3 (2.0 eq.)
Pd(OAc), (2 mol%)

Br /©/B(OH)2 PPh3 (6 mol%)
. > ®
O,N Toluenen / HyO (4 /1), Ny, 70°C, 6 h O2N

A 250 mL Schlenk tube was charged with 2-(bromomethyl)naphthalene (1.11 g, 5 mmol, 1.0 eq.), (4-
nitrophenyl)boronic acid (1.00 g, 6.0 mmol, 1.2 eq.), Na,CO; (1.06 g, 10.0 mmol, 2.0 eq.), Pd(OAc), (22.0 mg,
2 mol%), PPh; (78.0 mg, 6 mol%), and a stirred bar. The mixture was evacuated and backfilled with N, for
three cycles. Then, under N, flow, water (5 mL) and toluene (20 mL) were sequentially added with Pasteur
pipette. The tube was capped, and the mixture was stirred in an oil bath preheated at 70 °C for 6 h. After
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cooling to room temperature, the reaction mixture was transferred to a separatory funnel, and the tube was
washed with additional ethyl acetate (20 mL) and water (20 mL). All rinse was transferred to the separatory
funnel. The organic layer was collected, and the organic phase was washed with saturated brine (20 mL x 2).
The organic layer was combined and filtered with a short plug of celite. The volatile was removed by vacuum,
and the remaining mixture was purified by silica gel chromatography, affording the 2-(4-
nitrobenzyl)naphthalene (1.2 g, 91% yield) as a yellowish solid. Rf= 0.16, Eluent: dichloromethane/petroleum
ether = 1/5). "H NMR (400 MHz, CDCl;) 5 8.15 (d, J = 8.7 Hz, 2H), 7.86 — 7.78 (m, 3H), 7.65 (s, 1H), 7.53 —
7.45 (m, 2H), 7.37 (d, J = 8.5 Hz, 2H), 7.29 (dd, J = 8.4, 1.8 Hz, 1H), 4.24 (s, 2H). 13C NMR (101 MHz, CDCl;)
0 148.8, 146.6, 136.7, 133.6, 132.3, 129.8, 128.6, 127.8, 127.6, 127.5, 127.3, 126.4, 125.9, 123.8, 41.9.
The characterization data conforms with the literature well.[6]

3-(4-nitrobenzyl)-1,1'-biphenyl (s-17, )

Na,COj3 (aq., 2 eq. )
PdCly(PPhs), (2 mol%)

@\/ /©/B(OH)2 PPh; (2.4 mol%) Ph
. >
Ph Br ON ON

dioxane, N,, 70 °C,12 h

A 250 mL Schlenk tube was charged with 3-(bromomethyl)-1,1'-biphenyl (1.24 g, 5.0 mmol, 1.0 eq.), (4-
nitrophenyl)boronic acid (1.00 g, 6.0 mmol, 1.2 eq.), PdCl,(PPhs), (70.2 mg, 2 mol%), PPh; (32.0 mg, 2.4
mol%), and a stirred bar. The mixture was evacuated and backfilled with N, for three cycles. Then, under N,
flow, Na,COj3; (1.06 g dissolved in 5 mL water, 10.0 mmol, 2.0 eq.) and dioxane (20 mL) were sequentially
added with Pasteur pipette. The tube was capped, and the mixture was stirred in an oil bath preheated at 70
°C for 12 h. After cooling to room temperature, the mixture was filtered through a short pad of celite, which
was washed with additional ethyl acetate (10 mL x 3). The filtrate was collected, and the volatile was removed
by vacuum. The remaining oil was dissolved in 30 mL ethyl acetate and washed with brine (5 mL). After
removing the solvent, the crude product was purified by silica gel chromatography, affording the 3-(4-
nitrobenzyl)-1,1'-biphenyl (1.06 g, 73% vyield) as a colorless solid. Ry = 0.19 (Eluent =
dichloromethane/petroleum ether = 1/6). "H NMR (400 MHz, CDCl;) 5 8.17 (d, J = 8.3 Hz, 2H), 7.59 (d, /= 7.6
Hz, 2H), 7.52 (d, J = 7.7 Hz, 1H), 7.50 — 7.34 (m, 7H), 7.18 (d, J = 7.5 Hz, 1H), 4.16 (s, 2H). 13C NMR (101
MHz, CDCl;) 6 148.8, 146.6, 141.9, 140.9, 139.7, 129.7, 129.3, 128.8, 127.9, 127.8, 127.5, 127.2, 125.7,
123.8, 41.8. HRMS (ESI) m/z: [M+Na]* calculated for C4gH1sNO,Na* 312.0995, found 312.1000. Melting point
:90-93 °C.

4-(4-nitrobenzyl)-1,1'-biphenyl (s-18, known compound, 1316859-67-2)

Na,CO3 (2.0 eq.)
Pd(OAc), (2 mol%)

B(OH) PPh, (6 mol%) \
o ot = -
ON Ph

Toluene / H,0 (4 /1),N,, 70°C, 4 h O2N Ph

A 250 mL Schlenk tube was charged with 1-(bromomethyl)-4-nitrobenzene (2.16 g, 10.0 mmol, 1.0 eq.),
[1,1'-biphenyl]-4-ylboronic acid (2.38 g, 12.0 mmol, 1.2 eq.), Na,CO; (2.12 g, 20 mmol, 2.0 eq.), Pd(OAc),
(44.0 mg, 2.0 mol%), PPh3 (157.0 mg, 6.0 mol%), and a stirred bar. The mixture was evacuated and backfilled
with N, for three cycles. Water (10 mL) and toluene (40 mL) were added. The tube was capped, brought into
an oil bath preheated at 70 °C, and stirred for 4 h. After cooling to room temperature, the reaction mixture was
transferred to a separatory funnel. The tube was washed with additional ethyl acetate (20 mL) and water (20
mL), and all rinse was transferred to the separatory funnel. The aqueous layer was removed, and the organic
phase was washed with saturated aqueous Na,CO; three times, dried with Na,SO,, and filtered. The volatile
was removed by vacuum, and the remaining mixture was purified by silica gel chromatography, affording the
4-(4-nitrobenzyl)-1,1'-biphenyl (2.10 g, 72% yield) as a colorless solid. R = 0.32, eluent: ethyl
acetate/petroleum ether = 1/60. '"H NMR (400 MHz, CDCl;) 5 8.15 (d, J = 8.2 Hz, 2H), 7.61 — 7.51 (m, 4H),
7.46 — 7.40 (m, 2H), 7.40 — 7.29 (m, 3H), 7.27 — 7.20 (m, 2H), 4.11 (s, 2H). 13C NMR (101 MHz, CDCl;) &
148.8, 146.6, 140.7, 139.8, 138.3, 129.8, 129.4, 128.9, 127.6, 127.4, 127.1, 123.9, 41.4.

Characterization data conforms with the literature.l'!]
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bis(4'-nitro-[1,1'-biphenyl]-4-yl)methane (s-19, )

KoCO; (4.0 eq.)

PACl,(PPhs), (4 mol%)
B(OH), PPhs (4 mol%) )
e - Y ©
| I O,N
O,N NO,

2-MeTHF/H,0 (4/1), Ny, 80 °C, 12 h.

A 250 mL Schlenk tube was charged with bis(4-iodophenyl)methane (841 mg, 2.0 mmol, 1.0 eq.), (4-
nitrophenyl)boronic acid (1.00 g, 6.0 mmol, 3.0 eq.), K,CO3(1.11 g, 8.0 mmol, 4.0 eq.), PdCIy(PPh;), (56.1 mg,
4 mol%), PPh3 (20.9 mg, 4 mol%) and a stirring bar, pumped under high vacuum and backfilled with N, for
three cycles, 2-MeTHF (20 mL) and water (4 mL) were added under N, flow. The tube was capped, and the
reaction mixture was stirred in an oil bath preheated at 80 °C for 12 h. After cooling to room temperature, the
mixture was transferred to a 125 mL separatory funnel (additional ethyl acetate (10 mL x 3) and water (10 mL)
was used to rinse the tube). The top organic layer was retained, washed with brine (10 mL), filtered through a
short pad of silica gel, and concentrated by vacuum. The residual was finally purified with silica gel
chromatography, affording the title compound (641 mg, 78% vyield) as a colorless crystalline. Eluent:
dichloromethane/petroleum ether = 1.0/2.5, Ry = 0.16. 'TH NMR (400 MHz, CDCls) & 8.28 (d, J = 8.8 Hz, 4H),
7.72 (d, J = 8.8 Hz, 4H), 7.58 (d, J = 8.0 Hz, 4H), 7.36 (d, J = 8.0 Hz, 4H), 4.12 (s, 2H)."3C NMR (101 MHz,
CDCI;) 5 147.3, 147.1, 141.7, 136.9, 129.8, 127.7, 127.6, 124.2, 41.4. HRMS (ESI) m/z: [M-H]- calculated for
Ca5H17N204 409.1194, found 409.1187. Melting point :149 — 150 °C.

4-benzylbenzaldehyde (s-20, known compound, 67468-65-9)

Na,COj3 (2.0 eq.)
Pd(OAc), (2 mol%)

\/@/\Br . ©/B(OH)2 PPhj3 (8 mol%) _
Ox OHC

Toluene/H,0 (4/1), N, 70 °C, 10 h

A 250 mL Schlenk tube was charged with 4-(bromomethyl)benzaldehyde (995.0 mg, 5.0 mmol, 1.0 eq.),
phenylboronic acid (793 mg, 6.5 mmol, 1.3 eq.), Na,CO; (1.06 g, 10 mmol, 2.0 eq.), Pd(OAc), (22.0 mg, 2.0
mol%), PPh; (105.0 mg, 8.0 mol%), and a stirred bar. The mixture was evacuated and backfilled with N, for
three cycles, followed by water (5 mL) and toluene (20 mL) addition. The tube was capped, brought into an oil
bath preheated at 70 °C, and stirred for 10 h. The reaction mixture was cooled to room temperature and then
transferred to a separatory funnel. The tube was washed with additional toluene and water, and all rinse was
transferred to the separatory funnel. The aqueous layer was removed, and the organic phase was washed
with water (15 mL x 2) and filtered through a short pad of celite. The volatile was removed by vacuum, and the
remaining mixture was purified by silica gel chromatography to afford the 4-benzylbenzaldehyde (882.0 mg,
89%) as a red-orange oil. Rs = 0.19, eluent: dichloromethane/petroleum ether = 3/1. '"H NMR (400 MHz, CDCl,)
0 9.95 (s, 1H), 7.78 (d, J = 8.2 Hz, 2H), 7.36 — 7.26 (m, 4H), 7.23 (d, J = 8.3 Hz, 1H), 7.17 (d, J = 6.9 Hz, 2H),
4.04 (s, 2H). 3C NMR (101 MHz, CDCl;) 5 191.9, 148.4, 139.8, 134.7, 130.1, 129.6, 129.0, 128.7, 126.5, 42.1.

The characterization data conforms with the literature well.['7]

4,4'-methylenedibenzaldehyde (s-21, known compound, 67-37-8)

DIBAL( 3.3 eq)

NC CN dichloromethane (0.1M) »NO0°C -rt OHC CHO

A 100 mL flask equipped with a rubber septum and glass stopper was charged with 4,4'-
methylenedibenzonitrile (655.0 mg, 3.0 mmol, 1.0 eq.) and a stirred bar. The mixture was evacuated and
backfilled with N, for three cycles. Then, dry dichloromethane (30 mL) was added with a syringe. The mixture
was cooled with ice bath to approximately 0°C, after which DIBAL (10 mL, 1M in hexane, 3.3 eq.) was slowly
added with a syringe, during which the reaction mixture was maintained below 10°C. After addition, the
reaction mixture was stirred at room temperature for additional 12 h. The reaction mixture was quenched with
hydrochloric acid (60 mL, 2M) and stirred for 2 h, and the reaction mixture was transferred to the separatory
funnel. The organic layer was collected, the aqueous layer was extracted with dichloromethane (20 mL x 2),
and the combined solution was passed with a short pad of silica gel and concentrated by rotary evaporator.
The crude material was purified by silica gel chromatography, affording the 4,4'-methylenedibenzaldehyde
(477.3 mg, 70%) as a colorless solid. R; = 0.35. Eluent = dichloromethane. "H NMR (400 MHz, CDCI;) 5 9.98
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(s, 2H), 7.83 (d, J = 8.0 Hz, 4H), 7.35 (d, J = 7.8 Hz, 4H), 4.14 (s, 2H). 13C NMR (101 MHz, CDCl;) 5 191.9,
147.0, 135.0, 130.3, 129.7, 42.2.
Characterization data conforms with the literature well.['8]

bis(4-(methylsulfonyl)phenyl)methane (s-25, known compound, 22183-07-9)

MeSO,Na (4.0 eq.)

ll Cul (2.0 eq.) _ SMS

DMSO (0.1 M), 120°C, Ny, 12 h M

A 250 mL Schlenk tube was charged with bis(4-iodophenyl)methane (2.10 g, 5.0 mmol, 1.0 eq.), MeSO;Na
(2.04 g, 20.0 mmol, 4.0 eq.), Cul (1.90 g, 10.0 mmol, 2.0 eq.) and a stirred bar. The mixture was evacuated
and backfilled with N, for three cycles. Then, under N, flow, DMSO (used as received without any purification,
50 mL) was added. The tube was capped, and the mixture was stirred at room temperature for 5 min and then
brought to an oil bath preheated at 120 °C with stirring for 12 h. After cooling to room temperature, the
reaction mixture was diluted with ethyl acetate (250 mL) and petroleum ether (25 mL), which was filtered with
a short pad of silica gel (additional ethyl acetate was used to rinse the filter cake). The filtrate was transferred
to a separatory funnel, the solution was washed with brine (50 mL x 5), and the organic layer was collected
and filtered with a short pad of silica gel again (rinse with ethyl acetate). The volatile was removed by vacuum,
during which colorless crystal was precipitated, washed with petroleum ether, and dried under vacuum,
affording the bis(4-(methylsulfonyl)phenyl)methane (1.39 g, 85%) as a colorless crystalline. 'H NMR (400 MHz,
CDCI;) 5 7.88 (d, J = 8.0 Hz, 4H), 7.37 (d, J = 8.1 Hz, 4H), 4.15 (s, 2H), 3.04 (s, 6H). '*C NMR (101 MHz,
CDCl;) 6 145.9, 139.1, 129.9, 127.9, 44.6, 41.6.

The characterization data conforms with the literature well.[°]

di(pyridin-4-yl)methane (s-27, known compound, 60776-05-8)

1. n-BuLi (1.6M in butane, 3.0 eq.)

cl N 2. NH,Cl (a
Nz Z THF, -70 °C - 60 °C N =N

Under N, 4-picoline (23.4 mL, 240 mmol, 3.0 eq.) was added to dry THF (140 mL) under ambient
temperature, and the solution was cooled below -70 °C followed by addition of n-BuLi (1.6 M in butane,150 mL,
3.0 eq.) in 110 min while maintaining the internal temperature below -50 °C. the mixture was stirred for
another 30 min, after which was warned to -20 °C and 4-chloropyridine hydrochloride (12 g, 80 mmol. 1.0 eq.)
was added. The resulting mixture was warmed to room temperature and refluxed under 50 — 60 °C for 45 min,
and the reaction was monitored by TLC, which shows all the 4-chloropyridine was consumed. The mixture was
cooled to room temperature and quenched with saturated aqueous ammonia chloride (500 mL). The volatile
was removed by vacuum, and the remaining mixture was extracted with ethyl acetate (500 mL x 3) and dried
with anhydrous Na,SO,. The solvent was removed by vacuum to give an oil, which was put on reduced
distillation, giving di(4-pyridyl)methane as a colorless oil (8.02 g, 58% yield based on 4-chloropyridine
hydrochloride). 'TH NMR (400 MHz, CDCI;) 5 8.50 (d, J = 4.6 Hz, 4H), 7.07 (d, J = 4.5 Hz, 4H), 3.93 (s, 2H).
13C NMR (101 MHz, CDCIl;) 5 150.1, 147.7, 124.2, 40.5.

Characterization data conforms with the literature well.[?2

\

4-(4-nitrobenzyl)benzoic acid (s-35, , 13304-22-8)

Na,CO;3 (aq., 2.0 eq.)

Br PdCly(PPhs), (2 mol%)
ol o _Prtenetd o, m . g
+ > _
O,N ON o)
ON OH

O dioxane, N,, 70 °C, 11 h O. dichloromethane
>r P N, } \ﬁ

Step1: To a 250 mL Schlenk tube was added tert-butyl 4-(bromomethyl)benzoate (1.36 g, 5.0 mmol, 1.0
eq.), (4-nitrophenyl)boronic acid (1.00 g, 6.0 mmol, 1.2 eq.), PdCIy(PPhs), (70.2 mg, 2 mol%), PPh; (32.0 mg,
2 mol%), and a stirred bar. The mixture was evacuated and backfilled with N, for three cycles. Then, under N,
flow, the Na,COj; solution (1.06 g Na,CO; dissolved in 5 mL water, 10.0 mmol, 2.0 eq.) and dioxane (20 mL)
was sequentially added with Pasteur pipette. The tube was capped, and the mixture was stirred in an oil bath
preheated at 70 °C for 11 h. The reaction mixture was cooled to room temperature and then filtered with a
short pad of celite. The filter cake was washed with additional ethyl acetate. The filtrate was transferred to a
separatory funnel, and the collected organic phase was washed with brine. After removing the solvent by
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vacuum, the remaining mixture was purified by silica gel chromatography, affording the tert-butyl 4-(4-
nitrobenzyl)benzoate as a colorless solid. Ry = 0.14, (eluent = dichloromethane/petroleum ether = 1/2), 'H
NMR (400 MHz, CDCl;) 6 8.18 (d, J = 8.4 Hz, 2H), 7.99 (d, J = 8.1 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H), 7.27 (d, J
= 8.0 Hz, 2H), 4.17 (s, 2H), 1.63 (s, 9H)."*C NMR (101 MHz, CDCI;) 5 165.5, 148.0, 146.7, 143.9, 130.7,
130.0, 129.7, 128.9, 123.9, 81.1, 41.6, 28.2. HRMS (ESI) m/z: [M+Na]* calculated for C1gH1gNO4Na* 336.1206,
found 336.1204. Melting point: 38 — 40 °C.

Step 2: tert-butyl 4-(4-nitrobenzyl)benzoate (918 mg, 2.93 mmol, 1.0 eq.) was dissolved in dichloromethane
(12 mL) and stirred at room temperature (ca. 10°C) , trifluoroacetic acid (4 mL) was slowly added, the resulting
mixture was stirred for 40 min, thin-layer chromatography (TLC) analysis indicated the formation of the target
product, and large amount of starting material remained. Subsequent stirring of the mixture at 30°C in an oil
bath for 4 hours led to the TLC confirmation that all reactants were fully converted. The solvent was then
removed under reduced pressure using a rotary evaporator, resulting in the isolation of a colorless solid, which
was further purified by slurry in dichloromethane, yielding the pure product (680 mg, 90% yield) as a colorless
powder. 1H NMR (400 MHz, DMSO) & 12.87 (s, 1H), 8.16 (d, J = 8.4 Hz, 2H), 7.88 (d, J = 7.9 Hz, 2H), 7.52 (d,
J = 8.4 Hz, 2H), 7.38 (d, J = 8.0 Hz, 2H), 4.17 (s, 2H). '3C NMR (101 MHz, DMSO) 5 167.1, 148.7, 146.0,
145.0, 130.0, 129.7, 129.0, 129.0, 123.7, 40.4. HRMS (ESI) m/z: [M-H] calculated for C14H1,NO4 256.0615,
found 256.0613. Melting point: 219 — 222 °C.

4-(4-nitrobenzyl)benzamide (s-36, )

Na,COj; (aq., 2.0 eq.)
PdCl,(PPh3), (2 mol%)

B(OH), )2
/©/\CI OY©/ PPPs (4 mot®)
+ > =0
N
ON dioxane, Ny, 100 °C, 13 h. 02 N

z NH, Hy

A 250 mL Schlenk tube was charged with (4-carbamoylphenyl)boronic acid (1.98 g, 12 mmol, 1.2 eq.),
PdCI,(PPhs), (140.4 mg, 2 mol%), PPh; (105.0 mg, 4 mol%), and a stirred bar. The mixture was evacuated
and backfilled with N, for three cycles. Then, under N, flow, the Na,CO; solution (2.12 g dissolved in 10 mL
water, 20 mmol, 2.0 eq.) and 1-(chloromethyl)-4-nitrobenzene (1.72 g, dissolved in 40 mL dioxane, 10.0 mmol,
1.0 eq.) was sequentially added with Pasteur pipette. The tube was capped, and the mixture was stirred in an
oil bath preheated at 100 °C for 3 h. After cooling to room temperature, the mixture was filtered through a
short pad of celite, which was washed with additional ethyl acetate. The filtrate was collected, and the solvent
was removed by vacuum. The remaining solid was brought into silica gel chromatography to give the 4-(4-
nitrobenzyl)benzamide as a colorless solid. Ry =0.29, (eluent = methanol/dichloromethane = 1/40). '"H NMR
(400 MHz, DMSO) 6 8.15 (d, J = 8.6 Hz, 2H), 7.92 (s, 1H), 7.82 (d, J = 8.1 Hz, 2H), 7.51 (d, J = 8.6 Hz, 2H),
7.34 (d, J = 8.1 Hz, 3H), 4.14 (s, 2H). '3C NMR (101 MHz, DMSO) 5 167.6, 149.0, 146.0, 143.2, 132.5, 129.9,
128.7, 127.9, 123.6, 40.3. HRMS (ESI) m/z: [M-H]- calculated for C44H;N,O5 255.0775, found 255.0777.
Melting point: 111 — 115 °C.

2-(4-nitrobenzyl)furan (s-37, )

Na,COj3( aq., 2.0 eq)
Pd(OAc), (2 mol%)

S-Phos (6 mol%) O,
O,N O,N

2-MeTHF, Ny, 80°C, 5 h

A 250 mL Schlenk tube was charged with 1-(bromomethyl)-4-nitrobenzene (2.16 g, 10.0 mmol, 1.0 eq.),
furan-2-ylboronic acid (1.45 g, 13 mmol, 1.3 eq.), Pd(OAc), (44.9 mg, 2 mol%), S-Phos (246.3 mg, 6 mol%),
and a stirred bar. The mixture was evacuated and backfilled with N, for three cycles. Then, under N, flow, the
Na,COj; solution (2.12 g dissolved in 10 mL water, 20 mmol, 2.0 eq.) and 2-MeTHF (40 mL) was sequentially
added with Pasteur pipette. The tube was capped, and the mixture was stirred in an oil bath preheated at 80
°C for 5 h. After cooling to room temperature, the mixture was transferred to a separatory funnel (the reaction
tube was washed with few ethyl acetate), the collected organic layer was washed with brine (10 mL) and
filtered through a short pad of celite, the filtrate was collected, and the solvent was removed by vacuum. The
residue was brought into silica gel chromatography to give the 2-(4-nitrobenzyl)furan as a colorless oil, which
slowly solidified upon storage at room temperature. Rf = 0.35, (eluent = ethyl acetate/petroleum ether =
1/100.), 'TH NMR (400 MHz, CDCl;) 5 8.19 — 8.12 (m, 2H), 7.42 — 7.32 (m, 3H), 6.36 — 6.29 (m, 1H), 6.11 —
6.06 (m, 1H), 4.08 (s, 2H). 3C NMR (101 MHz, CDCl;) 5 152.4, 145.9, 142.2, 129.5, 123.9, 110.5, 107.2, 34.3.
HRMS (ESI) m/z: [M+H]* calculated for C14H1oNO3* 204.0655, found 204.0648. Melting point: 34 — 35 °C.
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2-(4-nitrobenzyl)thiophene (s-38, known compound, 172508-14-4)

K,CO4( aq., 2.0 eq)
Pd(OAc), (2 mol%)

dtbpf (5 mol%) S,
Br S
O,N 2-MeTHF, N, 50 °C, 11 h O,N

A 250 mL Schlenk tube was charged with 1-(bromomethyl)-4-nitrobenzene (2.16 g, 10.0 mmol, 1.0 eq.),
thiophen-2-ylboronic acid (1.92 g, 15 mmol, 1.5 eq.), Pd(OAc), (44.9 mg, 2 mol%), dtbpf (237.2 mg, 5 mol%),
and a stirred bar. The mixture was evacuated and backfilled with N, for three cycles. Then, under N, flow, the
K;CO3 aqueous solution (2.76 g dissolved in 10 mL water, 20 mmol, 2.0 eq.) and 2-MeTHF (50 mL) was
sequentially added with Pasteur pipette. The tube was capped, and the mixture was stirred in an oil bath
preheated at 50 °C for 11 h. After cooling to room temperature, the mixture was transferred to a separatory
funnel (the reaction tube was washed with few ethyl acetate), the collected organic layer was washed with
brine (10 mL) and filtered through a short pad of celite, the filtrate was collected, and the solvent was removed
by vacuum. The residue was brought into silica gel chromatography to give the 2-(4-nitrobenzyl)thiophene as
a colorless oil, this oil slowly solidified upon storage at room temperature. Ry = 0.33, (eluent = ethyl
acetate/petroleum ether = 1/100.) '"H NMR (400 MHz, CDCl;) 5 8.15 (d, J = 8.1 Hz, 2H), 7.40 (d, J = 8.0 Hz,
2H), 7.22 - 7.18 (m, 1H), 6.99 — 6.94 (m, 1H), 6.87 — 6.83 (m, 1H), 4.26 (s, 2H). '*C NMR (101 MHz, CDCl;) 6
147.99, 141.56, 129.42, 127.18, 126.03, 124.79, 123.88, 35.78. HRMS (ESI) m/z: [M+H]* calculated for
C11H1oNO,S* 220.0427, found 220.0418. Melting point: 23 — 26 °C.

Characterization data conforms with the literature well.[2%

2.2. Reaction optimization

General procedure

O,N
Copper source (2.5 eq.) @ @
base (2.5 eq.) N>

‘e > I

O,N solvent (1 M)
NO,

In the glovebox, a 25 mL Schlenk tube was added 4-benzylnitrobenzene (64 mg, 0.30 mmol, 1.0 eq.),
Copper source (0.75 mmol, 2.5 eq.), and base (0.75 mmol, 2.5 eq.). The tube was capped, and the solvent
was added via a syringe under N, flow. The mixture was stirred in an oil bath preheated at 120 °C for 12 h.
The mixture was cooled to room temperature, followed by addition of diluted aqueous hydrochloride (1 M, 10
mL) and ethyl acetate (10 mL). The mixture was transferred to a separatory funnel, and the tube was rinsed
with another potion of ethyl acetate (40 mL). All rinse was transferred to the separatory funnel, the aqueous
layer was removed, and the organic layer was sequentially washed with diluted aqueous hydrochloride (1 M,
10 mL x 2), saturated aqueous NaHCO; (10 mL), and brine (10 mL). The volatile was removed under vacuum
to afford the crude material, which was further purified by prep-TLC (dichloromethane/petroleum=1/1) to give a
yellowish solid as the corresponding TPE as a mixture of the E and Z isomers. The vyield refers to the total
yield of two isomers.

Table S3. Effect of solvents.

entry Solvent (5 mL) Cu source base yield(%)
1 DMAc Cu(OAc), None n.d. or trace
2 DMAc Cu(OAc), t-BuOK 71 (83)°
3 DMF Cu(OAc), t-BuOK 52
4 DMSO Cu(OAc), t-BuOK 64
5 HMPA Cu(OAc), t-BuOK 77
6 NMP Cu(OAc), t-BuOK 36
7 DMI Cu(OAc), t-BuOK 55
8 DMPU Cu(OAc), t-BuOK 66
9 Dioxane Cu(OAc), t-BuOK n.d. or trace
10 xylene Cu(OAc), -BuOK n.d. or trace
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Reaction condition : a. Cu(OPiv); (2.5 eq.), t-BuOK (2.5 eq.), PivOK (2.5 eq.), N5, 120 °C, 12 h.

Table S4. Effect of the copper sources.

entry copper salt base Solvent (3 mL) yield(%)
1 Cu(OAc), t-BuOK HMPA 78
2 Cu(TFA), t-BuOK HMPA 27
3 Cu(OPiv), t-BuOK HMPA 89
4 Cu(PhCOO0), t-BuOK HMPA 73
5 CuCl, t-BuOK HMPA n.d. or trace
6 CuBr, t-BuOK HMPA 18
7 Cu(OTf), t-BuOK HMPA 23
8 CuSO, t-BuOK HMPA n.d. or trace
9 Cu3(POy), t-BuOK HMPA n.d. or trace
10 CuO t-BuOK HMPA 14

Table S5. Effect of base.

entry copper source bases Solvent (3 mL) yield(%)
1 Cu(OPiv), t-BuOK HMPA 89
2 Cu(OPiv), t-BuONa HMPA (5mL) 88
4 Cu(OPiv), t-BuOLi HMPA 80
5 Cu(OPiv), KsPO, HMPA 67
6 Cu(OPiv), KOAc HMPA 61
7 Cu(OPiv), KOPiv HMPA 66
8 Cu(OPiv), CsF HMPA 66
9 Cu(OPiv), K,COs, HMPA 72
10 Cu(OPiv), pyridine HMPA n.d. or trace
1" Cu(OPiv), EtsN HMPA n.d. or trace
12 Cu(OPiv), DBU HMPA 28

Table S6. Effect of temperature and catalytic loading on the reaction efficiency.

Cu(OPIv), (2.5 eq.) O,N
tBUOK (2.5 eq.) @ O
PIVOK (2.5 eq) .-
‘s > |
O,N HMPA, Ny, 120 °C, 12 h

NO,
entry Variation from standard condition yield(%)
1 none 93%
2 100 °C instead of 120 °C 95%
4 80 °C instead of 120 °C 90%
5 60 °C instead of 120 °C 56%
6 10 mol% Cu(OPiv), used instead of 2.5 eq. n.d. or trace
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2.3. Mechanism consideration

H

Lo

diarylmethyl carbonion
BUOK use of strong base Cu(OPiV),

! e, L0 "0 0 QO
} O o0

Cu(OPiv), NO, NO, NO, NO,

r a stabilized by steric hindrace b

stabilized by NO, group from dimerization
from over oxidation)

Cu(OPiv), Ln(InCu

O X<H JhomolyssofC-Cu(ll)bond

O,N
Cu(ll) species

Scheme S1. Plausible mechanism.

A proposed mechanism for the described reaction is shown in Scheme S1. Taking 1-benzyl-4-nitrobenzene
(s-1) as demonstration, the reaction was started with facile deprotonation by -BuOK to produce a resonance-
stabilized carbanion (pKj, for 1-benzyl-4-nitrobenzene;15.8 in DMSO, pK, for t-BuOH; 32.2 in DMSO), followed
by the single electron oxidation by Cu(OPiv), to produce a resonance-stabilized carbon radical, at which point
two reaction pathways may proceed: 1) radical-radical recombination to afford the tetraphenylethane (a) owing
to insufficient steric inhibition by two benzene rings. 2) Overoxidation by Cu(OPiv), to the resonance-stabilized
carbocation (not showed), which was trapped by the nucleophiles such as pivalate anion or adventitious water
(or OH) in the solvent to produce the corresponding additives. In our case, the incorporation of a strong
electron-withdrawing group undoubtedly disfavors the overoxidation pathway by destabilizing the proposed
carbocation intermediate, which was manifest in that higher half-wave oxidation potential have the
diphenylmethyl radicals with strong electron-withdraw group adored in the para position of the phenyl ring,[24
such that the dimerization pathway predominates to give the 1,2-bis(4-nitrophenyl)-1,2-diphenylethane (a), for
which benzylic C-H has the similar polarity with the starting material (s-1), and is expected to be capable of
undergoing two-step, successive C-H single electron oxidation process to give a diradical (b), which is
isoelectronic with the alkene (t-1). When weak base was used in our procedure, the partially dehydrogenative
product may isolated as the byproduct. For example, using K;PO, as the base in the gram preparation of
tetracyanophenylethene (t-23), the cyano-substituted tetraphenylethane (i-1) can be isolated as a side product,
which can be transferred to the corresponding TPE in 80% yield (Scheme S2-a). An example of
dehydrogenation of tetraphenylethane by AIBN giving tetraphenylethene (TPE) was documented (Scheme
S$2-b),1251 which can be illuminated via the radical-mediated benzylic H abstraction. The most compelling
evidence for free radical participation is derived from radical trapping experiments (Scheme S2-c): at 80 °C, s-
1 undergoes dehydrogenative homocoupling affording the TPE with 90% yield. Incorporation of the radical
scavenger, Tempo, into the reaction led to a profound reaction suppression, diminishing the yield to 16%, with
isolation of the radical adduct a-r with 77% yield.
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a. intermediacy of tetraarylethane b. dehydrogenation mediated by radical initiator

standard condition E AIBN (1.0 eq
dlchloroethane 80 °C,
H 24h
ref.

80% yield ' 8% yield

c. dehydrogenation mediated by radical initiator (AIBN)

T OQ OQ

MeO OMe MeO’ OMe
d. radical trapping experiments

Cu(OPiv), (2.5 eq.)
t-BuOK (2.5 eq.)

5eq. O,N
PIVOK (2.5 eq.) \Q @
Tempo (1.0 eq.) N _N.
> I
OyN HMPA, N5, 80 °C, 12 h
NO,

16% (without Tempo: 90% yield.) 77% yield

:
"

Scheme S2. The clue as to intermediacy of tetraphenylethane derivatives.

The latent organocopper(ll) species

Under base-free condition, benzyl-4-nitrobenzene (s-1) producing dimer (a) (16% yield), bis(4-
nitrophenyl)methane (s-2) undergo dehydrogenation to give the corresponding TPE in 69% vyield, 4-
benzylpyridine, 2-benzylpyridine, and di(pyridin-2-yl)methane were reported to undergo partial
dehydrogenation giving the corresponding tetraarylethane,[?¢! implying that the activated diarylmethane may
directly reacts with the cooper(ll) carboxylic to give an organocopper(ll) species,’?”] subsequent homolysis of
C(sp3)-Cu(ll) bond to provide the radical (r) and Cu(l) species, with the concomitant formation of carboxylic
acid, which was believed by us as the culprit for the reaction stall at the tetraphenylethane (a) formation stage
by protonating the organic copper(ll) species or driving the reaction backward.

The influence of electronic characterization of substrate on the reaction

The electron-neutral diphenylmethane, which has weak acidified benzylic C-H bond with pK, of 32.3 in
DMSO, is an invalid substrate in our protocol, for which dehydrogenative coupling fails, and a large amount of
starting material remains with few amounts of diphenylmethanone observed. In principle, it can be
deprotonated reversibly by the t-BuOK (pK, = 32.2 for t-BuOH in DMSO) to afford the diphenylmethyl
carbanion, unlike its nitro-activated counterpart, the absence of electron-withdrawing group on para or ortho
position make the overoxidation by Cu(ll) carboxylate easily producing a resonance-stabilized diphenylmethyl
carbocation, which was then captured by the water (or OH") to give the diphenylmethanol and finally observed
diphenylmethanone.l28 This procedure was expected to be facilitated by the electron-donating group
presented on the para position of the benzylic C-H bond, which was supported by the isolation of
diphenylmethanone derivatives (i-2 and i-3) as the main side product in the scale preparation of 1,2-bis(4-
methoxyphenyl)-1,2-bis(4-nitrophenyl)ethene (s-14) and 1,2-bis(4-(methylthio)phenyl)-1,2-bis(4-
nitrophenyl)ethene (s-15).2% In contrast to diphenylmethane, 9H-fluorene was dehydrogenated to [9,9'-
bifluorenylidene (t-28) with moderate efficiency (45% yield). This can be tentatively explained by comparison
with half-wave oxidation potential of the corresponding radical (E,°* for Ph,CH radical: 0.35 V versus SCE in
MeCN, E4;,°* for 9-fluorenyl radical: 0.76 V versus SCE in MeCN).[39

The role of carboxylate anion

The paramount role the carboxylate anion plays in our dehydrogenation process was further demonstrated
by the successful use of CuCl,, -BuOK, and PivOK combination for the dehydrogenation of s-1 (Scheme S3-
a), which is in strict contrast to the case in the absence of PivOK. We hypothesized that their disparate
reactivity for different copper(ll) sources can be related to their different reductive potential and, hence the
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compatibility with the base. Lei and coworkers have elucidated a single electron transfer event between CuCl,
and t-BuONa in polar aprotic solvent (DMF, DMA, and NMP) (Scheme S3-b),B"l which was believed by us as
the culprit of the failure to use this type of copper(ll) source alone in combination with t-BuOK for the
dehydrogenation of our substrates. Copper(ll) salt with weak ligands like CuCl,, CuBr,, Cu(OTf),, Cu(SQO,), et
al. are high oxidative species, the SET between Cu(ll) source and the -BuOK may compete with the
productive pathway, resulting a low yield. Incorporation of a bidentate ligand with good electron donation was
expected to stabilize the high valent copper(ll) species, and elevated selectivity of the Cu(ll) oxidation can be
achieved by using the copper(ll) carboxylate. To test this hypothesis, we carried out a control experiment
(Figure S1): under N, mixing Cu(OPiv), (2.5 eq.), -BuOK (2.5 eq.), produce a blackish green solution
(solution A). CuCl, (2.5 eq.) and t-BuOK in HMPA result in a brown solution (solution B). After heating in N,
at 120 °C for 12 hours, it was found that the color of CuCl, faded to form yellowish transparent solution b,
indicating a possible reaction between CuCl, and t-BuOK, while the Cu(OPiv), in HMPA (solution A) have no
clear color change. The resulting solution a and b was added to the substrate (s-1) respectively (for solution
b, additional 2.5 eq. PivOK was added to retain the reactivity, see Scheme S3-a) and heated for another 12 h
in N, at 120 °C (step 2). The corresponding TPE can still be obtained with 74% yield with solution a, while the
solution b produces trace amount of product, indicating that Cu(OPiv), is much more stable than CuCl,
toward -BuOK, and CuCl, is consumed in step 71 for solution B before engaging in the productive
dehydrogenation process.

a. paramount influence of PivOK on reaction efficiency.

CuCl, (2. 5€eq.)
Cu(OPiv), (2.5 eq.) t-BuOK (2.5 eq.)
t-BuOK (22 5eq.) \® O PivOK (2.5 eq.)

O,N HMPA, N,, 120 °C, 12h O Q HMPA, N,, 120 °C, 12 h NO,
) , 2.5eq. PivOK: 77% yield
89% vyield 5.0 eq. PivOK: 93%

with out PivOK: n.d or trace

b. deactivated pathway of Cu(ll) observed by Lei and coworker.

S, | ]

09(5u \o)< I O—Cu—O>L + \|/é —=
~

c. The proposed influence of addional PivOK on preventing of Cu(ll) from degredation by t-BuOK.

BuOK +-BuOK \l/ .
Cu(OPiv), —— \ / + PWVOK /—/——= \ / K + PivOK

Scheme S3. The role of PivOK play and decay of CuCl, in the presence of -BuONa.

It is important to use additional 2.5 eq. PivOK for achieving good yield when less reactive substrate is used.
For example, 4-benzylbenzonitrile produce the corresponding TPE in 70% yield under standard condition (2.5
eq. PivOK was used as additive). Otherwise, only 46% yield of TPE can be obtained. This can be explained by
that the additional PivOK prevents the Cu(OPiv), from degradation by shifting the equilibrium backward, as
shown above.

In general, our preliminary experiments coupled with Lei’'s work, suggest that the stability of Cu(OPiv), to t-
BuOK is one of the key factors for the success of our procedure, and addition of ligands to enhance the
stability of Cu(ll) toward reducing agents can play a vital role in the reaction.
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for Cu(OPiv),

s-1 (1.0 eq))
_— o
120°C, 12 h. For CuCl,
s-1 (1.0 eq), PivOK (2.5 eq.)
120 °C, Ny, 12 h
step 1 step 2
A B a b
Cu(ll) (2.5 eq.), t-BuOK (2.5 eq) For Cu(OPiv),: 74% vyield.
in HMPA, rt. For CuCly: trace.

Figure S1. Comparison of stability of Cu(OPiv), and CuCl, toward -BuOK.

2.4. Additional example for tandem dehydrogenative homocoupling

Cu(OPiv), (2.5 eq.)

t-BuOK (2.5 eq.)
PivOK(2.5 eq.) Ar: Ar
A A - I
HMPA (1M), 120 °C, 12 h. Ar Ar

O,N COOH O,N

< |'g | | |
T O 3 TQ,

HOOC NO, H,NOC! NO, NO,
-35, 74%2P (1.0/2.6) 1-36, 55%° (1.0/1.3) t-37, 61%° t-38, 59% (1.8/1.0) -39, 42%
Table S7. Additional examples for benzylic C-H trifluoromethylation. All yields are isolated, see product
characterizations section for full experimental details. a. Isolated as their methylation product. b. Isolated as

the structurally undefined mixture of E/Z mixture, whose ratio was estimated by NMR. c. The Z-isomer

spontaneously converts to the E-isomer during the purification and storage.
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2.5. Unsuccessful substrates

a. Electron-neutral or Weak activated substrates

Tl 0/ AT O

Note: Low conversion of starting materials or slow dehydrogenation observed, and side reaction compete.

b. Steric-demand substrate

standard condition
O @ » complicated product

conv: 100%

standard
R condition
. uncharacterized R = CHO: 41%, as a diasteriometric mixture of 1.4/1

O @ 140°C mixture. R = CN: 56%, as a diasteriometric mixture of 1/1

conv. 100%
Note: full conversion and partial dehydrogenation observed.

c. Sensitive functional group
O,N l /‘/\“s
HO O,N OH

Note: complicated product observed.

Scheme S4. selected example of unsuccessful substrates.

2.6. Oxygen as terminal oxidant (adopt from reported procedure)

The previous documented method for tandem dehydrogenation of benzylpyridine is found to be unable to
prepare the TPE derivatives, although full conversion of starting material, no detectable product was found as
indicated by the TLC analysis).
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eluent: dichloromethane/petroleum ether = 1/1.

t-BUOK (4.0 eq.) O:N
Cul (5 mol%) @
1,10-phen (JO mol%) >
O,N 4 -
2 THF (3 mL), O,, 60 °C 24 h. O
1 mmol scale n.d

staring matenal reaction mixture

standard sample of TPE

eluent: dichloromethane/petroleum ether = 1.5/1.0.

t-BuOK (4.0 eq.) NC. :
Cul (5 mol%) @
1,10-phen 51/0 mol%)
77 >
" e oL e s O ‘5 :\/(:
1 mmol scale /:\/(

staring matenal reaction mixture

standard sample of TPE

Scheme S5. Attempt to prepare the TPE with O, as oxidant.

General procedure

Reactions were adopted from reported procedures, literature using water to quenching the reaction,
whereas we used saturated ammonium chloride. A Schlenk tube charged with diarylmethane (1 mmol, 1.0 eq),
Cul (9.5 mg, 5 mol%), 1,10-phenanthroline (18.0 mg, 10 mol%) and a stir bar was evacuated and backfilled
with O, for three cycles. under O, flow, dry THF (3 mL) was added. The tube was capped and stirred in an oil
bath preheated at 60 °C for 24 h. after cooling to room temperature, the mixture was quenched with saturated
aqueous ammonium (20 mL) and extracted with ethyl acetate (10 mLx3). The organic layer was used to
perform TLC analysis.

2.7. Product characterization

General procedure

In the glovebox, a 25 mL Schlenk tube was added diarylmethane (0.30 mmol,1.0 eq.), Copper source (0.75
mmol, 2.5 eq.), and base (0.75 mmol, 2.5 eq). The tube was capped, and the solvent was added via a syringe
under N, flow. The mixture was stirred in an oil bath preheated at 120 °C for 12 h. The mixture was cooled to
room temperature, followed by addition of diluted aqueous hydrochloride (1M, 10 mL) and ethyl acetate(10
mL). The mixture was transferred to a separatory funnel, and the tube was rinsed with another potion of ethyl
acetate (40 mL). All rinse was transferred to the separatory funnel, the aqueous layer was removed, and the
organic layer was sequentially washed with diluted aqueous hydrochloride (1 M, 10 mL x 2), saturated
aqueous NaHCO; (10 mL), and brine (10 mL). The organic layer was filtered through a short pad of silica gel
with ethyl acetate as eluent. The solvent was removed under vacuum to afford the crude material, which was
further purified by prep-TLC or silica gel chromatography to give the desired product.

Comment

In principle, the determination of the absolute configuration of unsymmetric TPE can be achieved based on
2D H-H NOESY (Figure S2),12 in which the absolute configuration was established by the fact that the phenyl
ring in the same side of the double bond (ring a and b) have shorter space distance compared with ring a and
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d, thus providing a basis for differentiating the two isomers by comparing the NOE of the H atom attached to,
such that the correlation signal of and in E isomer can be detected (green line), the H2- has a
longer distance, and the NOE cannot detected (blue line). In the Z isomer, only the H2-H3’ correlation exist,
so the NOE is invisible. In the previous report, the Overhauser effect (NOE) was reported to be observed only
between the hydrogen atom (H2 and H3) in the trans isomer (E) of the unsymmetric TPE. on the contrary, no
such a NOE was detected in the Z isomer.

However, in our research, the NOE was found in both E and Z isomers when magnifying the correlation
signal, in such cases, qualitative comparison of the correlation signal seems to be inaccurate and may make
the structural assignment arbitrary when unequally magnifying the signal to make one correlation invisible or
visible. So, we use a method described previously,*d where the relative volume integration of the cross peak
is taken as the indicator for the H-H distance, in our case, the distance of neighboring and in a phenyl
ring was expected to be invariable in all cases, and their NOE volume integration was artificially normalized to
100 as the basis for comparison. By quantitative comparison of the volume integration related to the H1-
correlation, we attribute the larger correlation to the E isomer and the small correlation to the Z isomer, as see
below for details.

apart from each other, NOESY correction not observed

close each other, NOESY correction observed

Figure S2. Differentiating E/Z isomer by NOESY.

1,2-bis(4-nitrophenyl)-1,2-diphenylethene (t-1)

The reaction was conducted on 0.30 mmol scale according to the general procedure. Heating the mixture of
1-benzyl-4-nitrobenzene (64.0 mg, 0.30 mmol, 1.0 eq.), Cu(OPiv), (199.0 mg, 0.75 mmol, 2.5 eq.), -BuOK
(84.0 mg, 0.75 mmol, 2.5 eq.), PivOK (105 mg, 0.75 mmol, 2.5 eq.) in HMPA (3 mL) under N, for 12 h. The
titte compound was purified by prep-TLC. Eluent = dichloromethane/petroleum ether = 1/1.

(E)-1,2-bis(4-nitrophenyl)-1,2-diphenylethene (t-1-E, )
O,N ) As a yellowish solid (40.8 mg, 64% yield) Rf = 0.37 (eluent =
@ O dichloromethane/hexane = 1/1), "H NMR (400 MHz, CDCl;) 5 7.97 (d, J = 8.6 Hz, 4H),
| 7.24 — 7.14 (m, 10H), 6.98 (d, J = 7.8 Hz, 4H)."3*C NMR (101 MHz, CDCl;) 5 149.9,
O Q o 146.4, 141.6, 141.5, 132.0, 131.2, 128.6, 128.1, 123.2. HRMS (ESI) m/z: [M+Na]*
NO,

calculated for CyH1sN,OsNa* 445.1159, found 445.1161. Melting point: 227 - 230°C.
(Z)-1,2-bis(4-nitrophenyl)-1,2-diphenylethene (t-1-Z, known compound, 102687-88-7)

@ O As a colorless solid (19.6 mg, 30% yield). R¢ = 0.27 (eluent = dichloromethane/hexane =
1/1), "H NMR (400 MHz, CDCl;) 5 8.01 (d, J = 8.8 Hz, 4H), 7.23 — 7.12 (m, 10H), 7.02 —
O @ 6.96 (m, 4H). 3C NMR (101 MHz, CDCl;) 5 149.8, 146.6, 141.7, 141.5, 132.1, 131.1,
ON 128.3, 127.8, 123.5.
Its characterization data match the one found in the literature well.[33
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stacked 1H NMR spectra of two isomer.
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1,1,2,2-tetrakis(4-nitrophenyl)ethene (t-2, known compound, 47797-98-8)
O,N NO, According to the general procedure, heating the mixture of bis(4-
@ O nitrophenyl)methane (77.5 mg, 0.30 mmol, 1.0 eq.), Cu(OPiv), (199.0 mg, 0.75 mmol,
| 2.5 eq.), t-BuOK (84 mg, 0.75 mmol, 2.5 eq.), PivOK (105 mg, 0.75 mmol, 2.5 eq.) in
O @ HMPA (3 mL) under N, for 12 h, after silica gel chromatography affording the 1,1,2,2-
ON NO2|  tetrakis(4-nitrophenyl)ethene (76.0 mg, 98% vyield) as yellow-beige solid. R¢ = 0.50

(eluent: dichloromethane/petroleum ether = 3/1). "H NMR (400 MHz, CDCI;) 5 8.07 (d, J = 8.1 Hz, 8H), 7.19 (d,
J=8.2 Hz, 8H).13C NMR (101 MHz, CDCl,) 5 147.4, 147.2, 141.6, 131.9, 124.0.
Characterization data conforms with those reported well.[34
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4,4'-(1,2-bis(4-nitrophenyl)ethene-1,2-diyl)dibenzonitrile (t-3, as mixture of E/Z isomer, )

ON oN According to the general procedure with a little modification (at 100 °C) by heating

@\ ’@/ the 4-(4-nitrobenzyl)benzonitrile (71.4 mg, 0.30 mmol, 1.0 eq.), Cu(OPiv), (199 mg,

| 0.75 mmol, 2.5 eq.) t-BuOK (84 mg, 0.75 mmol, 2.5 eq.), PivOK (105 mg, 0.75 mmol,

O Q 2.5 eq.) in HMPA (3 mL) under N, at 100°C for 12 h. Prep-TLC affording the 4,4'-

NC NO:2 | (1,2-bis(4-nitrophenyl)ethene-1,2-diyl)dibenzonitrile was obtained as yellow-beige

solid (57.0 mg, 80% vyield). Ry = 0.39, eluent = dichloromethane/petroleum ether = 3/1."H NMR (400 MHz,

CDCI3) 6 8.05 — 7.99 (m, 4H), 7.51 — 7.45 (m, 4H), 7.20 — 7.14 (m, 4H), 7.14 — 7.08 (m, 4H). '*C NMR (101

MHz, CDCls) 6 147.4 (147.48), 147.4 (147.46), 147.1, 145.4, 145.3, 141.5, 132.4, 132.3, 132.2, 131.9, 131.6,

123.8 (123.86), 123.8 (123.82), 118.1, 118.0, 112.1 (112.18), 112.1 (112.14). HRMS (ESI) m/z: [M+Na]*
calculated for CogH1gN;,O4Na* 495.1064, found 495.1059.

4,4’-(1,2-diphenylethene-1,2-diyl)dibenzaldehyde (t-4, as mixture of E/Z isomer )

ON cHo According to the general procedure, heating the 4-(4-nitrobenzyl)benzaldehyde
2!

Q. (72.4 mg, 0.30 mmol, 1.0 eq.), Cu(OPiv), (199 mg, 0.75 mmol, 2.5 eq.) t-BuOK (84

| mg, 0.75 mmol, 2.5 eq.), PivOK (105 mg, 0.75 mmol, 2.5 eq.) in HMPA (3 mL)

O g under N, for 12 h. Prep-TLC affording the 4,4'-(1,2-bis(4-nitrophenyl)ethene-1,2-

OHC NO: | diyl)dibenzaldehyde as a yellow solid. (50.5 mg, 70% yield). R; = 0.29, eluent =

dichloromethane/petroleum ether = 5/1. 'TH NMR (400 MHz, CDClI3) 5 9.96 — 9.89 (m, 2H), 8.06 — 7.97 (m, 4H),

7.73 — 7.65 (m, 4H), 7.23 — 7.14 (m, 8H). '*C NMR (101 MHz, CDCI;) 5 191.4, 191.3, 148.1, 148.0, 147.1

(147.17), 1471 (147.11), 147.0 (147.09), 147.0 (147.05), 141.9, 135.7, 135.6, 132.0, 131.9, 131.7 (131.73),

131.7 (131.72), 129.8, 129.7, 123.8, 123.6. (1 overlapped peaks), HRMS (ESI) m/z: [M+H]* calculated for
CasH19N206* 479.1238, found 479.1247.

1,1'-((1,2-bis(4-nitrophenyl)ethene-1,2-diyl)bis(4,1-phenylene))bis(ethan-1-one)

The reaction was conducted on 0.30 mmol scale according to the general procedure, Heating the mixture of
1-(4-(4-nitrobenzyl)phenyl)ethan-1-one (76.6 mg, 0.30 mmol, 1.0 eq.), Cu(OPiv), (199.0 mg, 0.75 mmol, 2.5
eq.), t-BuOK (67.3 mg, 0.60 mmol, 2.0 eq.), PivOK (84.0 mg, 0.60 mmol, 2.0 eq.) in HMPA (3 mL) under N, for
12 h. the title compound was purified by the prep-TLC, eluent = ethyl acetate/dichloromethane =1/60.

(E)-1,1'-((1,2-bis(4-nitrophenyl)ethene-1,2-diyl)bis(4,1-phenylene))bis(ethan-1-one) (t-5-E, )

0N Ac As a yellowish solid (28.8 mg, 37% vyield), Ry = 0.63, eluent: ethyl

@ O acetate/dichloromethane = 1/60. '"H NMR (400 MHz, CDCI;) 5 8.01 (d, J = 8.7 Hz,

| 4H), 7.77 (d, J = 8.2 Hz, 4H), 7.17 (d, J = 8.6 Hz, 4H), 7.09 (d, J = 8.2 Hz, 4H), 2.56

O @ (s, 6H). 3C NMR (101 MHz, CDCl;) d 197.2, 148.4, 147.0, 145.8, 141.7, 136.5,

Ac NO2| 132.0, 131.3, 128.6, 123.6, 26.7. HRMS (ESI) m/z: [M+Na]* calculated for
CaoH22N206Na* 529.1370, found 529.1364. Melting point: 170 - 171°C.

(2)-1,1'-((1,2-bis(4-nitrophenyl)ethene-1,2-diyl)bis(4,1-phenylene))bis(ethan-1-one) (t-5-Z, )

0N Ac As a yellowish foamy solid (25.5 mg, 33% yield), Ry = 0.40 (eluent = ethyl

@ O acetate/dichloromethane = 1/60). 'TH NMR (400 MHz, CDCl;) 5 8.03 (d, J = 8.7 Hz, 4H),

| 7.76 (d, J = 8.1 Hz, 4H), 7.18 (d, J = 8.7 Hz, 4H), 7.09 (d, J = 8.1 Hz, 4H), 2.55 (s, 6H).

J O 3C NMR (101 MHz, CDCl;) 5 197.4, 148.4, 147.1, 145.9, 141.7, 136.4, 132.0, 131.3,

ON Ac| 128.5, 123.8, 26.7. HRMS (ESI) m/z: [M+Na]* calculated for C3H,N,OgNa* 529.1370,
found 529.1378. Melting point: 102 -103 °C.
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Stacked 1H NMR spectra differential of the E and Z isomer.
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Dimethyl 4,4'-(1,2-bis(4-nitrophenyl)ethene-1,2-diyl)-dibenzoate (t-6, as mixture of E/Z isomer, new

The reaction was conducted on 0.30 mmol scale according with a slight
modification (80 °C). Heating the mixture of methyl 4-(4-nitrobenzyl)benzoate (81.4

mg, 0.30 mmol, 1.0 eq.), Cu(OPiv), (199.0 mg, 0.75 mmol, 2.5 eq.), t-BuOK (84
mg, 0.75 mmol, 2.5 eq), PivOK (105.0 mg, 0.75 mmol, 2.5 eq.) in HMPA (3 mL)
under N, for 12 h. The title compound was purified by the prep-TLC as a yellow

[ 10
/ﬁu lo" 790 7, [7.70 760 750 740 7.30 7. TF 7.00
2 (ppm)
compound)
(0]
OzN\: @)‘\o/
|
A0 ! NO,
(0]

solid (68.8 mg, 85% vyield as the mixture of E/Z isomer), R; = 0.52, 0.45. (the two
spots were too close to one another, making their separation by preparative thin-
layer chromatography (prep-TLC) challenging), eluent = ethyl acetate/petroleum ether = 1/6, "H NMR (400
MHz, CDCI;) 6 8.08 — 7.95 (m, 4H), 7.91 — 7.77 (m, 4H), 7.23 - 7.12 (m, 4H), 7.11 — 7.00 (m, 4H), 3.93 — 3.84
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(m, 6H).13C NMR (101 MHz, CDCl;) 5 166.3, 166.2, 148.3 (148.38), 148.3 (148.34), 146.9, 146.8, 1457,
145.6, 141.6 (141.67), 141.6 (141.65), 141.6, 131.9, 131.8, 131.0, 130.9, 129.7, 129.6, 123.6, 123.4, 52.2
(52.28), 52.2 (52.24). HRMS (ESI) m/z: [M+Na]* calculated for CoHz,N,OsNa* 561.1269, found 561.1268.

Method 2

\Q\ Jg/ SOCl, (4.0 eq.)

) NCOOH general procedure | |
MeOH
2 o Q : o Q

step 1 step 2

step 1: The reaction was conducted on 0.30 mmol scale according to general procedure without large
modification. Heating the mixture of 4-(4-nitrobenzyl)benzoic acid (77.2 mg, 0.30 mmol, 1.0 eq.), Cu(OPiv),
(199.0 mg, 0.75 mmol, 2.5 eq.), t-BuOK (84 mg, 0.75 mmol, 2.5 eq.), PivOK (105.0 mg, 0.75 mmol, 2.5 eq.) in
HMPA (3 mL) under N, for 12 h. After workup (the step involving washing with saturated NaHCOj solution was
replaced by washing with saturated brine), the crude product was treated under high vacuum at 120°C for 6 h
to remove the residual pivalic acid.

Step 2: the crude product obtained in step 1 was then dispersed in 6 mL methanol and stirred. thionyl
chloride (87ul, 1.2 mmol, 4.0 eq.) was added to the mixture at ambient temperature. Subsequently, the mixture
was refluxed for 6 h in an oil bath preheated at 70 °C. After cooling to room temperature, methanol was
removed from the reaction mixture by rotary evaporator. The remaining solid was dissolved in 25 mL ethyl
acetate and placed into a separatory funnel. After washing the organic phase with saturated NaHCO; (aq., 5
mL) and brine (5 mL), it was filtered through a brief silica gel column. The solvent was then removed via rotary
evaporation, and the crude product was purified by prep-TLC, producing the title compound as a colorless
solid (60.0 mg, 74% yield) as the mixture of E/Z isomer (1.0/2.6, absolute configuration was not assigned).

4,4'-(1,2-bis(4-nitrophenyl)ethene-1,2-diyl)bis(N,N-dimethylbenzamide)

The reaction was conducted on 0.30 mmol scale according to the general procedure with a bit of
modification. Heating the mixture of N,N-dimethyl-4-(4-nitrobenzyl)benzamide (85.3 mg, 0.30 mmol, 1.0 eq.),
Cu(OPiv), (199.0 mg, 0.75 mmol, 2.5 eq.), -BuOK (67.3 mg, 0.60 mmol, 2.0 eq.), PivOK (84.0 mg, 0.60 mmol,
2.0 eq.) in HMPA (3 mL) at 100 °C for 12 h. After cooling to room temperature, the mixture was diluted with
ethyl acetate (10 mL) and diluted hydrochloric acid (ag. 10 mL, 0.25 M), the mixture was transferred to a
separatory funnel, the tube was washed with additional ethyl acetate (40 mL), and combined to the separatory
funnel, the aqueous layer was removed, and the organic layer was sequentially washed with hydrochloric acid
(ag., 10 mL x 2, 0.25 M), saturated NaHCO; (10 mL) and brine (10 mL). The volatile was removed under
vacuum. The remaining mixture was further purified by the prep-TLC to afford the title compound (eluent =
THF/dichloromethane =1/10, prep-TLC).

(E)-4,4’-(1,2-bis(4-nitrophenyl)ethene-1,2-diyl)bis(N,N-dimethylbenzamide) (t-7-E, )

o) As a colorless solid (31.6 mg, 37% vyield), Ry = 0.39 (eluent =

ON @ O hll/ tetrahydrofuran/dichloromethane =1/15), "H NMR (400 MHz, CDCI;) 5 8.00 (d, J =
8.8 Hz, 4H), 7.26 (d, J = 8.3 Hz, 4H), 7.20 (d, J = 8.7 Hz, 4H), 7.03 (d, J = 8.2 Hz,

| O l @ 4H), 3.08 (s, 6H), 2.94 (s, 6H). '*C NMR (101 MHz, CDCl;) 5 170.7, 149.0, 146.8,
N NO, 142.5, 141.4, 136.0, 132.1, 131.1, 127.5, 123.4, 39.6, 35.5. HRMS (ESI) m/z:

e

o) [M+Na]* calculated for C3,H2sN4OgNa* 587.1901, found 587.1905. Melting point:
302 - 305 °C.
(Z2)-4,4'-(1,2-bis(4-nitrophenyl)ethene-1,2-diyl)bis(N,N-dimethylbenzamide) (t-7-Z, )
0 As a yellowish solid (35.8 mg, 42% yield), Ry = 0.07, (eluent =

ON Q. ) lil/ tetrahydrofuran/dichloromethane = 1/15), 'TH NMR (400 MHz, CDCl;) 5 8.01 (d, J
| 8.5 Hz, 4H), 7.22 (d, J = 8.0 Hz, 4H), 7.18 (d, J = 8.5 Hz, 4H), 7.02 (d, J = 8.0 Hz,

O ‘s | 4H), 3.06 (s, 6H), 2.92 (s, 6H). 13C NMR (101 MHz, CDCI;) 5 170.8, 148.9, 146.9,
O,N NG| 1426, 141.4, 135.8, 132.1, 131.1, 127.3, 123.6, 39.6, 35.4. HRMS (ESI) m/z:
o [M+Na]* calculated for Cj3,HsN,OgNa* 587.1901, found 587.1905. Melting point:

218 - 222°C.
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Method 2

lo lo
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| —_— |
O,N CONH, O Q DMF, 5-37°C O @
HaN, NO, MezN< NO,
O O
step 1 step 2

step 1: The reaction was conducted on 0.30 mmol scale according to general procedure, Heating the
mixture of 4-(4-nitrobenzyl)benzamide (76.9 mg, 0.30 mmol, 1.0 eq.), Cu(OPiv), (199.0 mg, 0.75 mmol, 2.5
eq.), t-BuOK (84.0 mg, 0.75 mmol, 2.5 eq.), PivOK (105.0 mg, 0.75 mmol, 2.5 eq.) in HMPA (3 mL) under N,
for 12 h. After workup, the crude product was treated under high vacuum at 120°C for 1 h to remove the
residual pivalic acetic acid.

Step 2: The crude product obtained in step 1 was then dissolved in 6 mL dry DMF. Under stirring, NaH (60%
w/w, dispersed in mineral oil, 96.0 mg, 2.4 mmol, 8.0 eq.) was added to the mixture at ambient temperature
(ca. 5°C). the mixture was stirred at room temperature for 2 min followed by addition of Mel (149 nl, 2.4 mmol,
8.0 eq.). The reaction mixture was stirred at room temperature for another 30 min and quenched with brine (15
mL) and ethyl acetate (60 mL) and transferred to a separatory funnel. The collected organic layer was washed
with brine (10 mL x 5) and filtered thought a short pad of silica gel. The solvent was removed by vacuum, the
residue was brought into prep-TLC to afford the t-7-E (20.4 mg, 24% yield) and t-7-Z (26.5 mg, 31% yield).

Stacked 1H NMR spectra differential of the E and Z isomer.
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comparison of 2D H-H NOESY the E and Z isomer

Isomer H-label H-label NOESY Isomer H-label H-label NOESY
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1,2-bis(4-nitrophenyl)-1,2-bis(4-chlorophenyl)ethene

The reaction was conducted on 0.30 mmol scale with minor modification, heating the mixture of 1-chloro-4-
(4-nitrobenzyl)benzene (74.3 mg, 0.30 mmol, 1.0 eq.), Cu(OPiv), (199 mg, 0.75 mmol, 2.5 eq.), t-BuOK (84.0
mg, 0.75 mmol, 2.5 eq.), PivOK (105.0 mg, 0.75 mmol, 2.5 eq.) in HMPA (3 mL) under N, for 12 h. The title
compound was purified by the prep-TLC, eluent = dichloromethane/petroleum ether = 1/1.

(E)-1,2-bis(4-nitrophenyl)-1,2-bis(4-chlorophenyl)ethene (t-8-E, )
ON cl As a bright yellowish solid (40.8 mg, 55% vyield), Ry = 0.47, eluent =
@ O dichloromethane/petroleum ether = 1/1. "TH NMR (400 MHz, CDCl;) 5 8.02 (d, J = 8.7

| Hz, 4H), 7.18 (d, J = 8.7 Hz, 4H), 7.15 (d, J = 8.5 Hz, 4H), 6.91 (d, J = 8.4 Hz, 4H).

® ) 13C NMR (101 MHz, CDCl;) 5 149.03, 146.80, 140.84, 139.71, 134.36, 132.44,

a NO2|  132.05, 129.04, 123.62. 'TH NMR (400 MHz, CD,Cl,) 5 8.00 (d, J = 8.8 Hz, 4H), 7.19

(d, J = 8.8 Hz, 4H), 7.15 (d, J = 8.5 Hz, 4H), 6.92 (d, J = 8.5 Hz, 4H). 13C NMR (101 MHz, CD.Cl,) 5 149.3,

147.0, 141.1, 140.1, 134.2, 132.8, 132.3, 129.0, 123.7. HRMS (ESI) m/z: [M+Na]* calculated for
Ca6H16N204CloNa* 513.0380, found 513.0372. Melting point: 221 — 222 °C.

(Z2)-1,2-bis(4-nitrophenyl)-1,2-bis(4-chlorophenyl)ethene (t-8-Z, )

O,N cl As a bright yellowish solid (31.2 mg, 42% yield). R = 0.35, eluent =

Q O dichloromethane/petroleum ether = 1/1. 'TH NMR (400 MHz, CDCl;) 5 8.01 (d, J = 8.8

| Hz, 4H), 7.23 — 7.13 (m, 8H), 6.96 — 6.87 (m, 4H). '3C NMR (101 MHz, CDCI;) 5 148.9,

O @ 146.9, 140.8, 139.8, 134.1, 132.4, 132.0, 128.9, 123.7. HRMS (ESl) m/z: [M+H]*
oaN 1 calculated for CosH1N,047491.0560, found 491.0558. Melting point: 126 — 127 °C.
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Stacked 1H NMR spectra of the E and Z isomer.
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1,2-bis(4-nitrophenyl)-1,2-bis(4-bromophenyl)ethene

The reaction was conducted on 0.30 mmol scale according to the general procedure, heating the mixture of
1-bromo-4-(4-nitrobenzyl)benzene (87.6 mg, 0.30 mmol, 1.0 eq.), Cu(OPiv), (199 mg, 0.75 mmol, 2.5 eq.), t-
BuOK (84 mg, 0.75 mmol, 2.5 eq.), PivOK (105.0 mg, 0.75 mmol, 2.5 eq.) in HMPA (3 mL) under N, for 12 h.
the title compound was purified by the prep-TLC, eluent = dichloromethane/petroleum ether = 1/1. Melting

point:

(E)-1,2-bis(4-nitrophenyl)-1,2-bis(4-bromophenyl)ethene (t-9-E, new compound)

ON

&

&

|
Br O Q NO,

Br

As a yellowish colorless solid (45.5 mg, 52% yield). Rf = 0.46, eluent
dichloromethane/petroleum ether = 1 /1. "TH NMR (400 MHz, CDClI5) 5 8.02 (d, J = 8.2
Hz, 4H), 7.31 (d, J = 8.1 Hz, 4H), 7.18 (d, J = 8.4 Hz, 4H), 6.84 (d, J = 8.2 Hz, 4H).
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13C NMR (101 MHz, CDCI;) 5 148.9, 146.8, 140.8, 140.2, 132.6, 132.0, 131.9, 123.6, 122.6. HRMS (ESI) m/z:
[M+Na]* calculated for CgH16N20,"°Br,Na* 600.9369, found 600.9372. Melting point: 233 - 236 °C.

(Z2)-1,2-bis(4-nitrophenyl)-1,2-bis(4-bromophenyl)ethene (t-9-Z, new compound)

O,N Br As a yellowish solid (34.8 mg, 39% yield) Rf = 0.34, eluent =
@ O dichloromethane/petroleum ether = 1/1). '"H NMR (400 MHz, CDCI;) 5 8.00 (d, J = 8.7

| Hz, 4H), 7.32 (d, J = 8.5 Hz, 4H), 7.16 (d, J = 7.9 Hz, 4H), 6.86 (d, J = 7.5 Hz, 4H).3C

O @ NMR (101 MHz, CDCI;) & 148.8, 146.9, 140.8, 140.2, 132.6, 132.0, 131.8, 123.71,

OaN B 122.4. HRMS (ESI) m/z: [M+Na]* calculated for CosH1N2047BroNa* 600.9369, found

600.9373. Melting point:166 - 167 °C.

Stacked 1H NMR spectra of the E and Z isomer.
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X
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1,2-bis(4-fluorophenyl)-1,2-bis(4-nitrophenyl)ethene

The reaction was conducted on 0.30 mmol scale according to the general procedure, heating the mixture of
1-fluoro-4-(4-nitrobenzyl)benzene (69.4 mg, 0.30 mmol, 1.0 eq.), Cu(OPiv), (199 mg, 0.75 mmol, 2.5 eq.), t-
BuOK (84 mg, 0.75 mmol, 2.5 eq.), PivOK (105.0 mg, 0.75 mmol, 2.5 eq.) in HMPA (3 mL) under N, for 12 h.
the title compound was purified by the prep-TLC, eluent = dichloromethane/petroleum ether = 1.5/1.0.

(E)-1,2-bis(4-fluorophenyl)-1,2-bis(4-nitrophenyl)ethene (t-10-E, new compound)

O,N

Q

e

IIE

Q

NO,

F NMR (376 MHz,
Ca6H16N204F4sNa* 481.0970, found 481.0965. Melting point: 220 — 222 °C.

As a yellow foamy solid (37.9 mg, 55% vyield). Rg¢ 0.4 (eluent
dichloromethane/petroleum ether = 1/1), 'TH NMR (400 MHz, CDCIl;) & 8.02 (d, J
8.7 Hz, 4H), 7.17 (d, J = 8.8 Hz, 4H), 6.95 (dd, J = 8.7, 5.5 Hz, 4H), 6.88 (t, J = 8.6
Hz, 4H). 3C NMR (101 MHz, CDCI;) 5 163.5, 161.0, 149.4, 146.7, 140.7, 137.3
(137.38), 137.3 (137.35), 132.9 (132.99), 132.9 (132.90), 132.0, 123.5, 116.0, 115.7.
CDCl;) & -112.18 - -112.29 (m). HRMS (ESI) m/z: [M+Na]* calculated for

(Z2)-1,2-bis(4-fluorophenyl)-1,2-bis(4-nitrophenyl)ethene (t-10-Z, new compound)

O,N

O,N

&
J

= As a vyellow solid (289 mg, 42% yield. Ry = 0.3, (eluent =

O dichloromethane/petroleum ether = 1/1) '"H NMR (400 MHz, CDCI;) 6 8.01 (d, J = 8.8

| Hz, 4H), 7.17 (d, J = 8.7 Hz, 4H), 6.96 (dd, J = 8.6, 5.5 Hz, 4H), 6.88 (t, J = 8.6 Hz, 4H).
@ 13C NMR (101 MHz, CDCI;) 5 163.4, 160.9, 149.3, 146.8, 140.6, 137.5(137.55), 137.5
F| (137.52), 132.9, 132.8, 132.0, 123.6, 115.7, 115.5. "F NMR (376 MHz, CDCI;) 5 -

112.59 — -112.69 (m). HRMS (ESI) m/z: [M+Na]* calculated for CysH1sN,O4F4sNa* 481.0970, found 481.0967.
Melting point: 239 — 242 °C.

Stacked 1H NMR spectra of the E and Z isomer.
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NOESY

Isomer H-label H-label NOESY Isomer H-label H-label NOESY
(F1) (F2) correlation (F1) (F2) correlation
E 3 2 36.78 z 3 2 16.96
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1,2-bis(4-nitrophenyl)-1,2-bis(4-(trifluoromethyl)phenyl)ethene

The reaction was conducted on 0.30 mmol scale according to the general procedure, heating the mixture of
1-nitro-4-(4-(trifluoromethyl)benzyl)benzene (84.4 mg, 0.30 mmol, 1.0 eq.), Cu(OPiv), (199 mg, 0.75 mmol, 2.5
eq.), t-BuOK (84.0 mg, 0.75 mmol, 2.5 eq.), PivOK (105.0 mg, 0.75 mmol, 2.5 eq.) in HMPA (3 mL) under N,
for 12 h. the title compound was purified by the prep-TLC, eluent = dichloromethane/petroleum ether = 1/1.

(E)-1,2-bis(4-nitrophenyl)-1,2-bis(4-(trifluoromethyl)phenyl)ethene (t-11-E, )
o,N CFs As a vyellowish solid (385 mg, 45% yield. R = 0.47, eluent =
@ O dichloromethane/petroleum ether = 1 /1."TH NMR (400 MHz, CDCI;) 5 8.03 (d, J =
I 8.8 Hz, 4H), 7.46 (d, J = 8.0 Hz, 4H), 7.18 (d, J = 8.8 Hz, 4H), 7.13 (d, J = 8.1 Hz,
J O 4H). 13C NMR (101 MHz, CDCl;) & 148.2, 147.0, 144.7, 141.4, 132.0, 131.4, 130.3
FsC NO,

(q, J = 32.7 Hz), 125.7 (q, J = 3.8 Hz), 123.7 (132.79) (q, J = 272.3 Hz), 123.7
(132.72). '*F NMR (376 MHz, CDCl;) 5 -62.77. HRMS (ESI) m/z: [M+Na]* calculated for C,gHsN,O4FgNa*
581.0907, found 581.0902. Melting point: 192 -193 °C.

(Z2)-1,2-bis(4-nitrophenyl)-1,2-bis(4-(trifluoromethyl)phenyl)ethene (t-11-Z, )
O,N CFs As a yellowish solid (40.0 mg, 47% yield) Rf = 0.32, eluent =
@ O dichloromethane/petroleum ether = 1 /1."H NMR (400 MHz, CDCl;) 5 8.03 (d, J = 8.8
| Hz, 4H), 7.45 (d, J = 8.1 Hz, 4H), 7.19 (d, J = 8.6 Hz, 4H), 7.13 (d, J = 8.0 Hz, 4H).
0 ‘s 3C NMR (101 MHz, CDCI;) 5 148.3, 147.1, 144.6, 141.4, 132.0, 131.4,130.2 (q, J =
O,N CFs3

32.7 Hz), 125.6 (g, J = 3.8 Hz), 123.8 (132.84) (d, J = 272.3 Hz), 123.8 (132.82). °F
NMR (376 MHz, CDCl;) & -62.77. HRMS (ESI) m/z: [M+Na]* calculated for C,sH:sN,0.FsNa* 581.0907, found
581.0902. Melting point: 218 -221 °C.
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Stacked 1H NMR spectra of the E and Z isomer.
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1,2-bis(4-nitophenyl)-1,2-bis(4-(trifluoromethoxy)phenyl)ethene

The reaction was conducted on 0.30 mmol scale according to the general procedure, heating the mixture of
1-nitro-4-(4-(trifluoromethoxy)benzyl)benzene (89.2 mg, 0.30 mmol, 1.0 eq.), Cu(OPiv), (199 mg, 0.75 mmol,
2.5 eq.), -BuOK (84.0 mg, 0.75 mmol, 2.5 eq.), PivOK (105.0 mg, 0.75 mmol, 2.5 eq.) in HMPA (3 mL) under
N, for 12 h. the title compound was purified by the PreTLC, eluent = dichloromethane/petroleum ether = 1 /1.

(E-)-1,2-bis(4-nitrophenyl)-1,2-bis(4-(trifluoromethoxy)phenyl)ethene (t-12-E, )
o,N OCF,4 As a yellow solid (457 mg, 51% vyield). R = 0.62, eluent =
@ O dichloromethane/petroleum ether = 1/1. 'TH NMR (400 MHz, CDCl) 5 8.03 (d, J =
| 8.8 Hz, 4H), 7.19 (d, J = 8.7 Hz, 4H), 7.07 - 6.98 (m, 8H). '3C NMR (101 MHz,
@ CDCl;) 6 148.9 (q, J = 1.8 Hz), 148.8, 146.9, 140.8, 139.7, 132.6, 132.0, 123.6,
F3CO NO,
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121.7 (q, J = 258.4 Hz), 120.9. '*F NMR (376 MHz, CDCl;) 6 -57.84. HRMS (ESI) m/z: [M+Na]* calculated for
CasH1sN20gFsNa* 613.0805, found 613.0808. Melting point: 129 — 130 °C.

(Z-)-1,2-bis(4-nitrophenyl)-1,2-bis(4-(trifluoromethoxy)phenyl)ethene (t-12-Z, )
O,N OCF, As a yellow solid (384 mg, 43% yield) Ry = 045, eluent =
@ O dichloromethane/petroleum ether = 1/1. '"H NMR (400 MHz, CDCI;) 5 8.03 (d, J =
| 8.8 Hz, 4H), 7.19 (d, J = 8.8 Hz, 4H), 7.06 — 6.98 (m, 8H). '*C NMR (101 MHz,
O @ CDCl;) 6 148.8 (q, J = 1.8 Hz), 148.7, 147.0, 139.8, 132.5, 132.0, 123.7, 120.8,
OaN 9| 120.4 (d, J = 258.1 Hz). "F NMR (376 MHz, CDCIl;) 5 -57.91. HRMS (ESI) m/z:

[M+Na]* calculated for C,sH16N2OgFsNa* 613.0805, found 613.0804. Melting point: 118 - 120 °C.

Stacked 3C NMR spectra of the E and Z isomer.
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1,2-bis(4-(tert-butyl)phenyl)-1,2-bis(4-nitrophenyl)ethene

The reaction was conducted on 0.30 mmol scale according to the general procedure, heating the mixture of
1-(tert-butyl)-4-(4-nitrobenzyl)benzene (80.8 mg, 0.30 mmol, 1.0 eq.), Cu(OPiv), (199 mg, 0.75 mmol, 2.5 eq.),
t-BuOK (84.0 mg, 0.75 mmol, 2.5 eq.), PivOK (105.0 mg, 0.75 mmol, 2.5 eq.) in HMPA (3.0 mL) under N, for
12 h. the title compound was purified by the prep-TLC, eluent = dichloromethane/petroleum ether = 1 /1.

(E)-1,2-bis(4-(tert-butyl)phenyl)-1,2-bis(4-nitrophenyl)ethene (t-13-E, new compound)

O,N t-Bu
2! @ O
|
J Q
t-Bu NO,
O,N t-Bu
QO
|
J Q
O,N t-Bu
°C.

As a yellow solid (49.3 mg, 61% yield). R¢= 0.7, "H NMR (400 MHz, CDCl;) 5 7.97
(d, J = 8.8 Hz, 4H), 7.18 (d, J = 8.8 Hz, 4H), 7.15 (d, J = 8.4 Hz, 4H), 6.86 (d, J = 8.4
Hz, 4H), 1.26 (s, 18H). 3C NMR (101 MHz, CDCl;) 5 151.2, 150.5, 146.3, 141.1,
138.6, 132.1, 130.9, 125.4, 123.1, 34.7, 31.3. HRMS (ESI) m/z: [M+Na]* calculated
for Ca4HasN,O4Na* 557.2411, found 557.2416. Melting point: 225 — 226 °C.

(2)-1,2-bis(4-(tert-butyl)phenyl)-1,2-bis(4-nitrophenyl)ethene (t-13-Z, new compound)

As a yellow solid (29.0 mg, 36% vyield), R¢ = 0.53, 'TH NMR (400 MHz, CDCl;)
7.99 (d, J=8.5Hz, 4H), 7.20 (d, J = 8.5 Hz, 4H), 7.14 (d, J = 8.2 Hz, 4H), 6.87 (d, J
= 8.3 Hz, 4H), 1.26 (s, 18H). '*C NMR (101 MHz, CDCI;) 6 150.8, 150.2, 146.5,
141.1, 138.8, 132.2, 130.8, 125.0, 123.4, 34.6, 31.3. HRMS (ESI) m/z: [M+Na]*
calculated for C34H34N,O4Na* 557.2411, found 557.2417. Melting point: 218 - 220

Stacked 1H NMR spectra of the E and Z isomer.
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NOESY

Isomer H-label H-label NOESY Isomer H-label H-label NOESY
(F1) (F2) correlation (F1) (F2) correlation
E 3 1 3.82 z 3 1 1.51
1 3 4.47 1 3 2.03
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1,2-bis(4-methoxyphenyl)-1,2-bis(4-nitrophenyl)ethene (t-14, as mixture of E/Z isomer, )
O,N OMe The reaction was conducted on 0.15 mmol scale according to the general
@\ O/ procedure, heating the mixture of 1-methoxy-4-(4-nitrobenzyl)benzene (36.5 mg, 0.15
| mmol, 1.0 eq.), Cu(OPiv), (99.0 mg, 0.37 mmol, 2.5 eq.), -BuOK (43.0 mg, 0.37
O @ mmol, 2.5 eq.), PivOK (52.0 mg, 0.37 mmol, 2.5 eq.) in HMPA (1.5 mL) under N, for
MeO N2 | 12 h. the title compound was purified by the prep-TLC, (eluent =

dichloromethane/petroleum ether = 1/1), affording the title compound as the inseparable mixture of E and Z
isomer (34.7 mg, 95% yield), During our gram preparation, the pure E isomer was successfully isolated as a
yellow crystalline and characterized by NMR and single crystallography independently, but the isolation of
pure Z isomer failed. "H NMR (400 MHz, CDCl;) & 7.98 (dd, J = 8.9, 2.6 Hz, 2H), 7.23 — 7.14 (m, 2H), 6.93 —
6.84 (m, 2H), 6.73 — 6.65 (m, 2H), 3.78 — 3.74 (m, 3H). 3C NMR (101 MHz, CDCl;) 5 159.2, 159.0, 150.6,
150.4, 146.5, 146.3, 140.4, 140.2, 134.4, 134.0, 132.6, 132.5, 132.2, 132.1, 123.4, 123.2, 113.9, 113.7, 55.3.

(E)-1,2-bis(4-methoxyphenyl)-1,2-bis(4-nitrophenyl)ethene (t-14-E, )
ON oMo As a yellow crystalline, 'TH NMR (400 MHz, CDCl;) 5 7.98 (d, J = 8.8 Hz, 4H), 7.20
@ O (d, J = 8.8 Hz, 4H), 6.87 (d, J = 8.8 Hz, 4H), 6.68 (d, J = 8.8 Hz, 4H), 3.76 (s, 6H). 13C
| NMR (101 MHz, CDCI;) & 159.2, 150.6, 146.3, 140.4, 134.0, 132.6, 132.1, 123.2,
O @ 113.9, 55.3. HRMS (ESI) m/z: [M+Na]* calculated for CysH,,N,OgNa* 505.1370,
MeO NO: | found 505.1371. Melting point: 215 - 217°C.

1,2-bis(4-nitrophenyl)-1,2-bis(4-methylthiophenyl)ethene

The reaction was conducted on 0.30 mmol scale according to the general procedure. Heating the mixture of
methyl(4-(4-nitrobenzyl)phenyl)sulfane (77.8 mg, 0.30 mmol, 1.0 eq.), Cu(OPiv), (199.0 mg, 0.75 mmol, 2.5
eq.), t-BuOK (84.0 mg, 0.75 mmol, 2.5 eq.), PivOK (105.0 mg, 0.75 mmol, 2.5 eq.) in HMPA (3 mL) under N,
for 12 h. the title compound was eventually purified by the prep-TLC, eluent = dichloromethane/petroleum
ether = 1.5/1.0.

(E)-1,2-bis(4-nitrophenyl)-1,2-bis(4-methylthiophenyl)ethene (t-15-E, )
O,N SMe The title compound was isolated as a yellow powder (47.1 mg, 61% yield). Ry =
@ O 0.38 eluent = dichloromethane/petroleum ether = 1/1). '"H NMR (400 MHz, CDCl;) 5
| 8.00 (d, J = 8.8 Hz, 4H), 7.20 (d, J = 8.8 Hz, 4H), 7.01 (d, J = 8.5 Hz, 4H), 6.85 (d, J
O \s = 8.5 Hz, 4H), 2.44 (s, 6H). '*C NMR (101 MHz, CDCl;) 5 149.9, 146.5, 140.8, 139.2,
MeS NO: | 137.9, 132.1, 131.6, 125.8, 123.4, 15.2. HRMS (ESI) m/z: [M+Na]* calculated for

CysH2oN,04SoNa* 537.0913, found 537.0903. HRMS (ESI) m/z: [M+Na]* calculated for CogHooN,0O4S,Na*
537.0913, found 537.0912. Melting point:185 - 187 °C.
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(Z2)-1,2-bis(4-nitrophenyl)-1,2-bis(4-methylthiophenyl)ethene (t-15-Z, new compound)

O,N

&
J

O,N

SMe

&

Q

SMe

The title compound was isolated as a yellow foamy solid (28.2 mg, 36% yield), R¢
= 0.33, eluent = dichloromethane/petroleum ether = 1/1). "H NMR (400 MHz, CDCl;)
5799 (d, J =8.8Hz, 4H), 7.17 (d, J = 8.8 Hz, 4H), 7.03 (d, J = 8.5 Hz, 4H), 6.90 (d,
J = 8.5 Hz, 4H), 2.45 (s, 6H). '*C NMR (101 MHz, CDCI;) 5 149.8, 146.7, 140.7,
138.8, 138.1, 132.2, 131.5, 125.7, 123.5, 15.2. HRMS (ESI) m/z: [M+Na]* calculated
for CgH22N,0,4S;,Na* 537.0913, found 537.0907. Melting point: 218 - 221 °C.

Stacked 1H NMR spectra of the E and Z isomer.
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1,2-di(naphthalen-2-yl)-1,2-bis(4-nitrophenyl)ethene

The reaction was conducted on 0.30 mmol scale according to the general procedure, heating the mixture of
2-(4-nitrobenzyl)naphthalene (79.0 mg, 0.30 mmol, 1.0 eq.), Cu(OPiv), (199 mg, 0.75 mmol, 2.5 eq.), -BuOK
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(84.0 mg, 0.75 mmol,
titte compound was pu

(E)-1,2-di(naphthalen

2.5 eq.), PivOK (105.0 mg, 0.75 mmol, 2.5 eq.) in HMPA (3 mL) under N, for 12 h. the
rified by the prep-TLC, eluent = dichloromethane/petroleum ether = 1 /1.

-2-yl)-1,2-bis(4-nitrophenyl)ethene (t-16-E, new compound)

02N OO
OO NO

2

As a yellowish powder (50.2 mg 64% vyield). Ry = 0.52 (eluent =
dichloromethane/petroleum ether = 1 /1, analysis TLC plate), 'TH NMR (400 MHz,
CDClI3) 6 7.94 (d, J = 8.7 Hz, 4H), 7.78 (d, J = 7.9 Hz, 2H), 7.66 (d, J = 8.5 Hz, 2H),
7.61 (d, J = 7.8 Hz, 2H), 7.52 — 7.40 (m, 6H), 7.26 (d, J = 8.7 Hz, 4H), 7.11 (d, J =
8.5 Hz, 2H). 13C NMR (101 MHz, CDCl;) 5 149.9, 146.5, 141.9, 139.1, 133.1, 132.6,

132.3, 130.9, 128.6,

128.3, 128.1, 127.8, 126.9, 126.7, 123.4. HRMS (ESI) m/z: [M+Na]* calculated for

CasH2N,04Na* 545.1472, found 525.1472. Melting point: 244 - 245 °C.

(Z2)-1,2-di(naphthalen-2-yl)-1,2-bis(4-nitrophenyl)ethene (t-16-Z, new compound)

O | <@
LT

As a yellow foamy solid (27.0 mg, 34% vyield). R = 0.42, eluent =
dichloromethane/petroleum ether = 1 /1. '"H NMR (400 MHz, CDCls) 5 8.03 (d, J =
8.5 Hz, 4H), 7.71 (d, J = 8.0 Hz, 2H), 7.59 — 7.52 (m, 4H), 7.50 (s, 2H), 7.47 — 7.34
(m, 4H), 7.27 (d, J = 8.4 Hz, 4H), 7.13 (d, J = 8.5 Hz, 2H). 13C NMR (101 MHz, CDCl,)

6 150.1, 146.7, 141.7, 139.2, 133.1, 132.6, 132.3, 130.9, 128.7, 128.2, 127.9, 127.7,

126.7, 126.4, 123.6.

HRMS (ESI) m/z: [M+Na]* calculated for C34;H;,N,OsNa* 545.1472, found 545.1474.

Melting point: 156 - 157 °C.

Stacked 1H NMR spectra.
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NOESY

Isomer H-label H-label NOESY Isomer H-label H-label NOESY
(F2) (F1) correlation (F2) (F1) correlation
E 2 3 15.25 V4 3 2 10.98
3 2 14.91 2 3 10.80

-100.30
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2 (ppm)

1,2-di([1,1'-biphenyl]-3-yl)-1,2-bis(4-nitrophenyl)ethene

The reaction was conducted on 0.30 mmol scale according to the general procedure, heating the mixture of
3-(4-nitrobenzyl)-1,1'-biphenyl (86.8 mg, 0.30 mmol, 1.0 eq.), Cu(OPiv), (199 mg, 0.75 mmol, 2.5 eq.), t-BuOK
(84.0 mg, 0.75 mmol, 2.5 eq.), PivOK (105.0 mg, 0.75 mmol, 2.5 eq.) in HMPA (3 mL) under N, for 12 h. the
titte compound was purified by the prep-TLC, eluent = dichloromethane/petroleum ether = 1.5 /1.0.

(E)-1,2-di([1,1'-biphenyl]-3-yl)-1,2-bis(4-nitrophenyl)ethene(t-17-E, )

ON As a yellow solid (50.0 mg, 58% vyield) Ry = 0.60, eluent =

@ O O dichloromethane/petroleum ether = 1/1. "H NMR (400 MHz, CDCI;) 5 8.05 (d, J =

Q | 8.8 Hz, 4H), 7.48 (d, J = 8.0 Hz, 2H), 7.41 — 7.27 (m, 18H), 7.02 (d, J = 8.0 Hz, 2H).

0 @ 13C NMR (101 MHz, CDCl;) 5 149.8, 146.6, 141.8 (141.89), 141.8 (141.82), 141.6,

NO: | 140.3, 132.1, 130.0 (130.07), 130.0 (130.06), 129.1, 128.9, 127.7, 127.0, 126.9,

123.3. HRMS (ESI) m/z: [M+Na]* calculated for CzsHysN.O4Na* 597.1785, found 597.1783. Melting point:
199 - 200 °C

(2)-1,2-di([1,1'-biphenyl]-3-yl)-1,2-bis(4-nitrophenyl)ethene(t-17-Z, )

0N As a yellow solid (33.6 mg, 38% yield. Ry = 046, eluent =

@ O dichloromethane/petroleum ether = 1/1. '"H NMR (400 MHz, CDCl) 5 8.03 (d, J =

| O 8.4 Hz, 4H), 7.43 (d, J = 7.7 Hz, 2H), 7.35 — 7.20 (m, 19H, overlap with chloroform

O Q @ signal), 7.01 (d, J = 7.7 Hz, 2H). 13C NMR (101 MHz, CDCl;) 5 149.4, 146.8, 142.2,

2N 141.8, 141.5, 140.6, 132.1, 130.4, 129.9, 128.9, 128.8, 127.6, 127.1, 126.7, 123.6.

HRMS (ESI) m/z: [M+Na]* calculated for C3gH26N2OsNa* 597.1785, found 597.1781. Melting point: 111-113
°C.
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Stacked 1H NMR spectra.
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1,2-bis(4-nitrophenyl)-1,2-bisphenylethene

The reaction was conducted on 0.30 mmol scale according to the general procedure, heating the mixture of
4-(4-nitrobenzyl)-1,1'-biphenyl (86.8 mg, 0.30 mmol, 1.0 eq.), Cu(OPiv), (199 mg, 0.75 mmol, 2.5 eq.), -BuOK
(84.0 mg, 0.75 mmol, 2.5 eq.), PivOK (105.0 mg, 0.75 mmol, 2.5 eq.) in HMPA (3 mL) under N, for 12 h. the
titte compound was purified by the prep-TLC, eluent = dichloromethane/petroleum ether = 1.5 /1.0.

(E)-1,2-bis(4-nitrophenyl)-1,2-bisphenylethene (t-18-E, new compound)

O,N

&

Ph

&

|
Ph O @ NO,

As a vyellow solid (53.0 mg, 61% yield), Rf = 0.57, eluent =
dichloromethane/petroleum ether = 1.5/1.0. '"H NMR (400 MHz, CDCI3) & 8.03 (d, J
= 8.6 Hz, 4H), 7.56 (d, J = 7.5 Hz, 4H), 7.47 — 7.40 (m, 8H), 7.35 (t, J = 7.2 Hz, 2H),
7.29 (d, J = 8.6 Hz, 4H), 7.06 (d, J = 8.1 Hz, 4H). 3C NMR (101 MHz, CDCl;) 5
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150.0, 146.6, 141.3, 140.7, 140.5, 140.0, 132.2, 131.7, 129.0, 127.8, 127.1, 127.0, 123.4. HRMS (ESI) m/z:
[M+Na]* calculated for C3sH2sN,O4Na* 597.1785, found 597.1789. Melting point: 265 — 269 °C.

(E)-1,2-bis(4-nitrophenyl)-1,2-bisphenylethene (t-18-Z, new compound)

O,N

QO
J

O,N

<@

Q

Ph

Ph

As a yellow solid (319 mg, 37% yield), Ry = 0.35 eluent =
dichloromethane/petroleum ether = 1.5/1.0. "H NMR (400 MHz, CDCI3) 5 7.95 (d, J =
8.4 Hz, 4H), 7.48 (d, J = 7.7 Hz, 4H), 7.38 — 7.30 (m, 8H), 7.25 (t, J = 7.1 Hz, 2H),
7.17 (d, J = 8.3 Hz, 4H), 7.02 (d, J = 7.9 Hz, 4H). *C NMR (101 MHz, CDCI;) 5 149.9,
146.7, 141.1, 140.7, 140.4, 140.1, 132.2, 131.7, 128.9, 127.7, 127.0, 126.9, 123.5.

HRMS (ESI) m/z: [M+Na]* calculated for C3sHosN,O4Na* 597.1785, found 597.1784. Melting point: 120 — 125

°C.

Stacked 1H NMR spectra.
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1,1,2,2-tetrakis(4'-nitro-[1,1'-biphenyl]-4-yl)ethene (t-19, known compound, 2177279-46-6)

O,N NO, The reaction was conducted on 0.30 mmol scale according to the
O O general procedure but at 140°C. Under N, stirring the mixture of bis(4'-
@ O nitro-[1,1'-biphenyl]-4-yl)methane (123.1 mg, 0.30 mmol, 1.0 eq.),
| Cu(OPiv), (199 mg, 0.75 mmol, 2.5 eq.), t-BuOK (84.0 mg, 0.75 mmol,
O @ 2.5 eq.), PivOK (105.0 mg, 0.75 mmol, 2.5 eq.) in HMPA (3 mL) at 140
O O °C for 12 h. the title compound was purified by the prep-TLC affording the
NOz| title compound (102.7 mg, 83% vyield) as yellow powder. eluent =
dichloromethane/petroleum ether = 3.0 /1.0. "H NMR (400 MHz, CDCl;) 6 8.27 (d, J = 8.8 Hz, 8H), 7.71 (d, J =
8.9 Hz, 8H), 7.47 (d, J = 8.4 Hz, 8H), 7.24 (d, J = 8.4 Hz, 8H). 13C NMR (101 MHz, CDCI;) 6 147.2, 146.8,
143.9, 140.9, 137.3, 132.3, 127.6, 127.1, 124.2.
The characterization data conforms with the literature well.[3%

O,N

4,4'-(1,2-diphenylethene-1,2-diyl)dibenzaldehyde

The reaction was conducted on 0.30 mmol scale according to the general procedure, heating the mixture of
4-benzylbenzaldehyde (65.4 mg, 0.33 mmol, 1.0 eq.), Cu(OPiv), (219 mg, 0.82 mmol, 2.5 eq.), t-ArmylOK
(104.0 mg, 0.82 mmol, 2.5 eq.), PivOK (116.0 mg, 0.82 mmol, 2.5 eq.) in HMPA (3 mL) under N, for 12 h. the
titte compound was purified by the prep-TLC, eluent = dichloromethane/petroleum ether = 3/1.

(E)-4,4'-(1,2-diphenylethene-1,2-diyl)dibenzaldehyde (t-20-E, known compound, 2181790-84-9)

As a colorless solid (253 mg, 43% yield), R = 0.32, eluent =

OHC
@ O dichloromethane/petroleum ether = 3/1. "H NMR (400 MHz, CDCl;) 5 9.91 (s, 2H),

| 7.63 (d, J = 8.2 Hz, 4H), 7.20 (d, J = 8.1 Hz, 4H), 7.18 — 7.10 (m, 6H), 7.04 — 6.97

o @ (m, 4H). *C NMR (101 MHz, CDCl;) 5 191.9, 149.8, 142.2, 141.8, 134.7, 131.9,

CHO| 131.3, 129.3, 128.3, 127.5.
The characterization data conforms with the literature well.[3¢]

(2)-4,4'-(1,2-diphenylethene-1,2-diyl)dibenzaldehyde (t-20-Z, , 1421321-70-1)

oHC As a colorless solid (16.1 mg, 27% vyield), R = 0.16, eluent =

@ O dichloromethane/petroleum ether = 3/1, 'TH NMR (400 MHz, CDCI;) & 9.91 (s, 2H), 7.64

| (d, J =7.8Hz, 4H), 7.20 (d, J = 7.9 Hz, 4H), 7.17 — 7.09 (m, 6H), 7.05 — 6.97 (m, 4H). 3C

O @ NMR (101 MHz, CDCl;) d 191.8, 149.7, 142.3, 141.7, 134.8, 132.0, 131.2, 129.4, 128.1,

OHC 127.4. HRMS (ESI) m/z: [M+H]* calculated for CygH,0O,* 389.1536, found 389.1531.
Melting point:160 - 163°C.
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Stacked 1H NMR spectra of the E and Z isomer.
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4,4' 4" 4"'-(ethene-1,1,2,2-tetrayl)tetrabenzaldehyde (t-21, known compound, 2170451-48-4)

OHC

@O
HC CHO

CHO

(0]

The reaction was conducted on 0.30 mmol scale according to the general
procedure, heating the mixture of 4,4'-methylenedibenzaldehyde (67.3 mg, 0.30
mmol, 1.0 eq.), Cu(OPiv), (199 mg, 0.75 mmol, 2.5 eq.), t-BuOK (84.0 mg, 0.75
mmol, 2.5 eq.), PivOK (105.0 mg, 0.75 mmol, 2.5 eq.) in HMPA (3 mL) under N, for
12 h. the title compound was purified by the prep-TLC, as a yellowish powder (45.0

mg, 67%), R¢ = 0.2, eluent = ethyl acetate/dichloromethane = 1.0 /100.0. '"H NMR (400 MHz, CDCl;) 5 9.96 —
9.90 (m, 4H), 7.67 (d, J = 8.3 Hz, 8H), 7.18 (d, J = 8.1 Hz, 8H). 3C NMR (101 MHz, CDCl;) 5 191.6, 148.0,

142.2,135.3, 131.8, 129.7.

Characterization data conforms with those reported well.[37]
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4,4'-(1,2-diphenylethene-1,2-diyl)dibenzonitrile

The reaction was conducted on 0.30 mmol scale with a modified procedure. Heating the mixture of 4-
benzylbenzonitrile (58.0 mg, 0.30 mmol, 1.0 eq.), Cu(OPiv), (199 mg, 0.75 mmol, 2.5 eq.), --BuOK (84.0 mg,
0.75 mmol, 2.5 eq.), PivOK (105.0 mg, 0.75 mmol, 2.5 eq.) in HMPA (3 mL) at 160°C for 12 h. the title
compound was purified by the prep-TLC, eluent = dichloromethane/petroleum ether = 1.5 /1.0.

(E)-4,4’-(1,2-diphenylethene-1,2-diyl)dibenzonitrile (t-22-E, known compound, 2244891-05-0)
The title compound was isolated as a colorless solid (24.0 mg, 41% yield), Rs = 0.28
(eluent = dichloromethane/petroleum ether = 1.5/1.0). '"H NMR (400 MHz, CDCl) &
7.39 (d, J = 8.5 Hz, 4H), 7.20 — 7.09 (m, 10H), 6.99 — 6.93 (m, 4H)."3*C NMR (101
MHz, CDCl,;) 6 147.9, 141.6, 141.5, 131.8, 131.7, 131.2, 128.4, 127.8, 118.8, 110.5.
Characterization data matched those previously reported. 3l

(Z2)-4,4'-(1,2-diphenylethene-1,2-diyl)dibenzonitrile (t-22-Z, known compound, 78024-99-4)
The title compound was isolated as a colorless solid (16.3 mg, 28% yield), Rs = 0.19,
@ O (eluent = dichloromethane/petroleum ether = 1.5/1.0), 'TH NMR (400 MHz, CDCl;) 5 7.43
| (d, J = 8.4 Hz, 4H), 7.17 — 7.08 (m, 10H), 6.99 — 6.94 (m, 4H). '3C NMR (101 MHz,
CDCI;) 5 147.8, 141.8, 141.4, 132.0, 131.9, 131.1, 128.2, 127.6, 118.7, 110.8.
Characterization data matched those previously reported.38l
1,1,2,2-tetrakis(4-cyanophenyl)ethene (t-23, known compound, 78024-99-4)
The reaction was conducted on 0.30 mmol scale according to the general procedure,
heating the mixture of 4,4'-methylenedibenzonitrile (65.5 mg, 0.30 mmol, 1.0 eq.),
Cu(OPiv), (199 mg, 0.75 mmol, 2.5 eq.), t-BuOK (67.3 mg, 0.60 mmol, 2.0 eq.), PivOK
(84.0 mg, 0.60 mmol, 2.0 eq.) in HMPA (3 mL) under N, for 12 h. the title compound
was purified by the prep-TLC, (eluent = ethyl acetate/dichloromethane = 1/150, R =
0.39) as a colorless solid (57.8 mg, 89% yield). 'TH NMR (400 MHz, CDCl;) 5 7.48 (d, J = 8.2 Hz, 8H), 7.07 (d,

J=8.2 Hz, 8H).13C NMR (101 MHz, CDCl;) 5 145.6, 141.6, 132.4, 131.7, 118.1, 112.1.
Characterization data conforms with those reported well.[39

CN

Tetrakis(4-acetylphenyl)ethylene (t-24, known compound, 4780-53-4)

The reaction was conducted on 0.30 mmol scale according to the general procedure,

heating the mixture of 1,1'-(methylenebis(4,1-phenylene))bis(ethan-1-one) (75.7 mg,
0.30 mmol, 1.0 eq.), Cu(OPiv), (279 mg, 1.05 mmol, 3.5 eq.), t-BuOK (117.8 mg, 1.05
O @ mmol, 3.5 eq.), PivOK (147.2.0 mg, 1.05 mmol, 3.5 eq.) in HMPA (3 mL) under N, for

12 h. the title compound was purified by the prep-TLC as a colorless solid (25.4 mg, 33%
yield). R = 0.40, eluent = ethyl acetate/dichloromethane = 1/15, '"H NMR (400 MHz, CDCl;) 5 7.72 (d, J = 8.4
Hz, 8H), 7.08 (d, J = 8.1 Hz, 8H), 2.53 (s, 12H). '*C NMR (101 MHz, CDCl;) 5 197.6, 147.0, 141.7, 135.9,
131.4, 128.2, 26.6.
Characterization data conforms with those reported well.[40]

1,1,2,2-tetrakis(4-(methylsulfonyl)phenyl)ethene (t-25, )

Ms According to the general procedure on 0.30 mmol scale, stirring mixture of bis(4-
@ O (methylsulfonyl)phenyl)methane (97.3 mg, 0.3 mmol, 1.0 eq.), Cu(OPiv), (199 mg, 0.75

| mmol, 2.5 eq.), t-amylOK (95.0 mg, 0.75 mmol, 2.5 eq.) in HMPA (3 mL) under N, for

12 h, affording the title compound (47.4 mg, 49% vyield) as a colorless solid after prep-

Ms| TLC. Rf= 0.4 (eluent =methanol /dichloromethane = 1/ 25). '"H NMR (400 MHz, CD,Cl,)

57.74 (d, J = 8.1 Hz, 8H), 7.23 (d, J = 8.0 Hz, 8H), 3.02 (s, 12H). '*C NMR (101 MHz, CDCl;) 5 147.1, 141.8,

140.4, 132.3, 127.8, 44.6. HRMS (ESI) m/z: [M+Na]* calculated for C3oH,sN,O4Na* 667.0559, found 667.0550.
Melting point: >320°C.

Tetrakis(2-pyridyl)ethylene (t-26, known compound, 627533-39-5)

The reaction was conducted on 0.30 mmol scale with a litle modification of the general
procedure. Heating the mixture of di(pyridin-2-yl)methane (52.1 mg, 0.306 mmol, 1.0 eq.),
Cu(OPiv), (203.3 mg, 0.765 mmol, 2.5 eq.), t-BuOK (85.8. mg, 0.765 mmol, 2.5 eq.), PivOK
(107.3 mg, 0.765 mmol, 2.5 eq.) in HMPA (3 mL) under N, for 12 h. After cooling to room

44/168



temperature, the reaction mixture was transferred to a 25 mL round bottom flask, and the HMPA was removed
on high vacuum, after which ethyl acetate (50 ml), agueous ammonium (5 mL) and brine (5 mL) was added to
dissolve the crude and transferred to a separatory funnel, the blue aqueous layer was removed, the organic
layer was sequentially washed with a mixture of ammonium and brine(v/v = 1/1, 10 mL, x 2) and brine (10 mL
x 2 ), the volatile was removed on rotary evaporation, the remaining oil was dried on high vacuum to remove
the few HMPA, the remaining solid was further purified by prep-TLC to afford the title compound as a colorless
solid (45.9 mg, 89% yield). eluent = methanol/dichloromethane = 1/20, R¢ = 0.39), 'H NMR (400 MHz, CDCl5)
4 8.52 — 8.46 (m, 4H), 7.40 (td, J = 7.7, 1.8 Hz, 4H), 7.10 — 7.06 (m, 4H), 7.06 — 7.01 (m, 4H). 13C NMR (101
MHz, CDCI;) 6 160.0, 149.4, 144.2, 135.9, 126.5, 121.9.
Characterization data conforms with those reported well.[4!]

Tetrakis(4-pyridyl)ethylene (t-27, known compound, 2040295-11-0)

The reaction was conducted on 0.30 mmol scale with a little modification of the general
procedure, heating the mixture of di(pyridin-4-yl)methane (50.9 mg, 0.30 mmol, 1.0 eq.),
Cu(OPiv), (199.0 mg, 0.75 mmol, 2.5 eq.), -BuOK (84.0 mg, 0.75 mmol, 2.5 eq.), PivOK
(105.0 mg, 0.75 mmol, 2.5 eq.) in HMPA (3 mL) under N, for 12 h. After cooling to the room
temperature, the reaction mixture was transferred to a 25 mL round bottom flask, the HMPA
was removed on high vacuum, after which ethyl acetate (50 mL), aqueous ammonium (5 mL) and brine (5 mL)
was added to dissolve the crude and transferred to a separatory funnel, the blue aqueous layer was removed,
the organic layer was sequentially washed with mixture of ammonium and brine(5 mL/5 mL, x 2) and brine (10
mL x 2 ), the volatile was removed on rotary evaporation, the remaining oil was dried on high vacuum to
remove the few HMPA, the remaining solid was further purified by prep-TLC to afford the title compound as a
colorless solid (40.0 mg, 79% yield). eluent = methanol/dichloromethane = 1/10, R¢ = 0.30). "H NMR (400 MHz,
CDCl;) 5 8.45 (d, J = 6.1 Hz, 8H), 6.89 (d, J = 6.1 Hz, 8H). '*C NMR (101 MHz, CDCl;) 5 150.2, 148.2, 140.2,
125.2.

Characterization data conforms with the literature well.#21

9,9'-bifluorenylidene (t-28, known compound, 746-47-4)

The reaction was conducted on 0.3 mmol scale with a little modification of the general

O‘O procedure. Heating the mixture of 9H-fluorene (49.9 mg, 0.30 mmol, 1.0 eq.), Cu(OAc), (136

| mg, 0.75 mmol, 2.5 eq.), KsPO, (159 mg, 0.75 mmol, 2.5 eq.) and in DMAc (3 mL) at 120 °C for

0.0 12 h. after purification by silica gel chromatography, the titte compound was obtained as

orange solid (22.5 mg, 45% vyield). R¢ = 0.20, eluent = petroleum ether. '"H NMR (400 MHz,

CDCI3) 58.39 (d, J=7.9 Hz, 4H), 7.71 (d, J = 7.5 Hz, 4H), 7.33 (t, J = 7.4 Hz, 4H), 7.21 (t, J = 7.6 Hz, 4H). 13C
NMR (101 MHz, CDCl,;) 5 141.4, 141.1, 138.3, 129.2, 127.0, 126.8, 120.0.

Characterization data conforms with the literature well.[*3

4,4’-(2-(4-nitrophenyl)-2-(p-tolyl)ethene-1,1-diyl)dibenzonitrile (t-29, )
NG CN Conducted on 0.15 mmol scale. Heating the mixture of 4,4'-methylenedibenzonitrile
@ O (32.7 mg, 0.15 mmol, 1.0 eq.), 1-methyl-4-(4-nitrobenzyl)benzene (68.2 mg, 0.30
| mmol, 2.0 eq.), Cu(OPiv); (253 mg, 0.95 mmol, 6.3 eq.), t-BuOK (107mg, 0.95 mmol,
O Q 6.3 mmol), PivOK (133 mg, 0.95 mmol, 6.3 eq.) in 3 mL HMPA at 120°C for 12h. After
O,N

workup by general procedure, the remaining solid was further purified with silica gel
chromatography to afford the title compound as a colorless solid. (38.8 mg, 58% yield based on 4,4'-
methylenedibenzonitrile), R = 0.48, eluent: dichloromethane/petroleum ether = 4.0/1.0. '"H NMR (400 MHz,
CDCI;) 5 8.00 (d, J = 8.7 Hz, 2H), 7.48 — 7.40 (m, 4H), 7.17 (d, J = 8.4 Hz, 2H), 7.13 - 7.06 (m, 4H), 6.98 (d, J
= 7.8 Hz, 2H), 6.82 (d, J = 7.7 Hz, 2H), 2.29 (s, 3H). *C NMR (101 MHz, CDCIl;) d 149.1, 146.8 (146.86),
146.8 (146.84), 146.6, 143.4, 139.3, 138.5, 137.8, 132.2, 132.0, 132.0, 131.9, 131.8, 130.9, 129.3, 123.4,
118.6, 118.3, 111.4, 111.1, 21.3. HRMS (ESI) m/z: [M+Na]* calculated for CyH19N3O,Na* 464.1370, found
464.1374. Melting point:140 - 142 °C.

4,4'-(2-(4-methoxyphenyl)-2-(4-nitrophenyl)ethene-1,1-diyl)dibenzonitrile (t-30, )
NC. CN Conducted on 0.15 mmol scale. Heating the mixture of 44
@ O methylenedibenzonitrile (32.7 mg, 0.15 mmol, 1.0 eq.), 1-methoxy-4-(4-
| nitrobenzyl)benzene (73.0 mg, 0.30 mmol, 2.0 eq.), Cu(OPiv), (253 mg, 0.95 mmol,
J QO 6.3 eq.), t-BUOK (107mg, 0.95 mmol, 6.3 mmol), PivOK (133 mg, 0.95 mmol, 6.3 eq.)
O,N OMe

in 3 mL HMPA at 120 °C for 12 h. After workup by general procedure, the remaining
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crude was further purified with silica gel chromatography to afford the title compound (24.7 mg, 36% yield
based on 4,4'-methylenedibenzonitrile) as a yellow foamy solid, R = 0.36, eluent: dichloromethane/petroleum
ether = 3/1. "H NMR (400 MHz, CDCl;) 5 8.00 (d, J = 8.2 Hz, 2H), 7.49 — 7.41 (m, 4H), 7.17 (d, J = 8.3 Hz,
2H), 7.13 — 7.06 (m, 4H), 6.85 (d, J = 8.3 Hz, 2H), 6.69 (d, J = 8.4 Hz, 2H), 3.77 (s, 3H). '*C NMR (101 MHz,
CDCl;) 5 159.6, 149.2, 147.0, 146.9, 146.7, 143.1, 138.8, 133.0, 132.5, 132.2, 132.1 (132.13), 132.1 (132.10),
131.9, 131.8, 123.5, 118.6, 118.3, 114.0, 111.4, 111.1, 55.3. HRMS (ESIl) m/z: [M+Na]* calculated for
Ca9H19N3O3Na* 480.1319, found 480.1318. Melting point: 122 - 123 °C.

4,4’-(2-(4-nitrophenyl)-2-(4-(trifluoromethoxy)phenyl)ethene-1,1-diyl)dibenzonitrile (t-31, )
NG N Conducted on 0.15 mmol scale, stirring the mixture of 44'-
@ O methylenedibenzonitrile  (32.7 mg, 0.15 mmol, 1.0 eq.), 1-nitro-4-(4-
| (trifluoromethoxy)benzyl)benzene (89.2 mg, 0.30 mmol, 2.0 eq.), Cu(OPiv), (253 mg,
O @ 0.95 mmol, 6.3 eq.), -BuOK (107mg, 0.95 mmol, 6.3 mmol), PivOK (133 mg, 0.95

O,N OCF;

mmol, 6.3 eq.) in 3 mL HMPA at 120 °C for 12 h. After workup by general procedure,
the remaining crude was further purified with prep-TLC to afford the title compound as a yellowish solid (29.0
mg, 37% yield based on 4,4'-methylenedibenzonitrile), R; = 0.4, (eluent = dichloromethane/hexane = 3/1). 'H
NMR (400 MHz, CDCI;) 6 8.03 (d, J = 8.8 Hz, 2H), 7.47 (d, J = 8.3 Hz, 4H), 7.17 (d, J = 8.9 Hz, 2H), 7.10 (d, J
= 8.5 Hz, 4H), 7.01 (q, J = 8.9 Hz, 4H). 3C NMR (101 MHz, CDCl;) d 149.0 (q, J = 1.8 Hz), 148.3, 147.1,
146.1, 146.0, 141.7, 140.7, 139.2, 132.5, 132.3, 132.2, 131.9, 131.8, 131.7, 123.7, 120.8, 120.3 (q, J = 258.3
Hz), 118.3, 118.2, 111.9, 111.7. '°F NMR (376 MHz, CDCI;) 5 -57.82. HRMS (ESI) m/z: [M+Na]* calculated for
Ca9H16N303F3Na* 534.1035, found 534.1039. Melting point: 96 - 98 °C.

4,4'-(2-(naphthalen-2-yl)-2-(4-nitrophenyl)ethene-1,1-diyl)dibenzonitrile (t-32, )

NG oN Conducted on 0.15 mmol scale, heating the mixture of 4,4'-methylenedibenzonitrile
Q O (32.7 mg, 0.15 mmol, 1.0 eq.), 2-(4-nitrobenzyl)naphthalene (79.0 mg, 0.30 mmol,

| 2.0 eq.), Cu(OPiv), (253 mg, 0.95 mmol, 6.3 eq.) t-BuOK (107mg, 0.95 mmol, 6.3

O @G mmol), PivOK (133 mg, 0.95 mmol, 6.3 eq.) in 3 mL HMPA at 120 °C for 12 h. After

ON workup by general procedure, the remaining crude was further purified with silica gel
chromatography to afford the titte compound as a brown solid. (34.6 mg, 48% yield based on 4,4'-

methylenedibenzonitrile), R = 0.4, eluent =dichloromethane/petroleum ether = 2/1). 'TH NMR (400 MHz, CDCl;)
6 8.03 (d, J=8.7 Hz, 2H), 7.78 (d, J = 8.0 Hz, 1H), 7.65 (d, J = 8.5 Hz, 1H), 7.60 (d, J = 7.9 Hz, 1H), 7.54 —
7.37 (m, 7H), 7.22 (d, J = 8.7 Hz, 2H), 7.18 — 7.12 (m, 4H), 7.04 (dd, J = 8.5, 1.8 Hz, 1H). 13C NMR (101 MHz,
CDCI,;) 5 148.9, 146.9, 146.5 (146.55), 146.5 (146.50), 143.2, 140.1, 138.2, 133.0, 132.7, 132.3, 132.1, 131.9,
131.8, 130.8, 128.3, 128.1 (128.15), 128.1 (128.12), 127.7, 127.1, 126.8, 123.5, 118.4, 118.3, 111.6, 111.3.
HRMS (ESI) m/z: [M+Na]* calculated for C3,H19N3O,Na* 500.1369, found 500.1367. Melting point: 192 — 197

°C.
4,4',4"-(2-(4-(trifluoromethyl)phenyl)ethene-1,1,2-triyl)tris(nitrobenzene) (t-33, )
o,N NO, Conducted on 0.15 mmol scale, stirring the mixture of 1-nitro-4-(4-
@ O (trifluoromethyl)benzyl)benzene (422 mg, 0.15 mmol, 1.0 eq.), bis(4-
| nitrophenyl)methane (77.4. mg, 0.30 mmol, 2.0 eq.), Cu(OPiv), (253 mg, 0.95 mmol,
O @ 6.3 eq.), t-BuOK (107mg, 0.95 mmol, 6.3 eq.), PivOK (133 mg, 0.95 mmol, 6.3 eq.)
O.N CFs3

in 3 mL HMPA at 120 °C for 12 h. After workup by general procedure, the remaining
crude was further purified with prep-TLC to afford the title compound (18.0 mg, 22% yield based on 1-nitro-4-
(4-(trifluoromethyl)benzyl)benzene) as a yellow solid. Rs = 0.38, eluent: dichloromethane/petroleum ether =
1.5/1.0. 'TH NMR (400 MHz, CDCIl;) 5 8.07 — 8.00 (m, 6H), 7.46 (d, J = 8.1 Hz, 2H), 7.23 — 7.17 (m, 6H), 7.14
(d, J = 8.0 Hz, 2H)."*C NMR (101 MHz, CDCl) 5 147.7, 147.6 (147.67), 147.6 (147.64), 147.1, 147.0, 144.2
(144.24), 144.2 (144.23), 142.4, 140.5, 131.9 (131.91), 131.9 (131.92), 131.3, 130.4 (d, J = 32.6 Hz), 125.7 (q,
J =3.7 Hz), 123.8, 123.7, 123.6 (q, J = 272.5 Hz). '°F NMR (376 MHz, CDCl;) 5 -62.79. HRMS (ESI) m/z: [M]
calculated for C,7H47F3N306* 536.1064, found 536.1060. Melting point: 109 - 112 °C.

4,4',4"-(2-phenylethene-1,1,2-triyl)tris(nitrobenzene) (t-34, )
O,N NO, Conducted on 0.15 mmol scale, stirring the mixture of 1-benzyl-4-nitrobenzene
@ O (32.0 mg, 0.15 mmol, 1.0 eq.), bis(4-nitrophenyl)methane (77.4. mg, 0.30 mmol, 2.0
| eq.), Cu(OPiv), ( 253 mg, 0.95 mmol, 6.3 eq.), t-BuOK (107mg, 0.95 mmol, 6.3 eq.),
O Q PivOK (133 mg, 0.95 mmol, 6.3 eq.) in 3 mL HMPA at 120 °C for 12 h. After workup
ON by general procedure, the remaining crude was further purified with prep-TLC to
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afford the title compound (16.4 mg, 23% yield based on 1-benzyl-4-nitrobenzene) as a yellow solid. R¢ = 0.29,
Eluent = dichloromethane/petroleum ether = 1.5/1.0. 'TH NMR (400 MHz, CDCl;) 5 8.07 — 7.98 (m, 6H), 7.25 —
7.15 (m, 9H), 7.01 — 6.96 (m, 2H). 3C NMR (101 MHz, CDCl;) 5 148.6, 148.5, 148.3, 147.0, 146.8, 144.2,
140.7, 139.1, 132.0 (132.09), 132.0 (132.03), 131.0, 128.8, 128.7, 123.9, 123.6, 123.6. HRMS (ESI) m/z:
[M+H]* calculated for CysH1sN3Og* 468.1190, found 468.1195. Melting point: 79 - 81 °C.

2,2'-(1,2-diphenylethane-1,2-diyl)dibenzonitrile (i-4, )

CN According to the general procedure on 0.30 mmol scale, heating the mixture of 2-

@ O benzylbenzonitrile (60 mg, 0.31 mmol, 1.0 eq.), Cu(OPiv), (206 mg, 0.77 mmol, 2.5 eq.), t-

BuOK (87.0 mg, 0.77 mmol, 2.5 eq.), PivOK (109 mg, 0.77 mmol, 2.5 eq) to afford the title

O N @ compound as a colorless solid. (32.6 mg, 56% vyield), The product was characterized as a

mixture of diastereomers (1:1). Ry = 0.57 (eluent = dichloromethane/petroleum ether =

1.5/1.0), '"H NMR (400 MHz, CDCl;) 5 7.76 — 7.67 (m, 2H), 7.53 — 7.31 (m, 8H), 7.23 — 7.01 (m, 8H), 5.45 (s,

2H). 3C NMR (101 MHz, CDCIl;) 5 146.4 (146.48), 146.4 (146.42), 140.3 (140.36), 140.3 (140.32), 1334,

133.2, 132.9, 132.8, 128.9, 128.8, 128.4, 128.3, 128.0 (128.09), 128.0 (128.00), 127.1 (127.19), 1271

(127.13), 127.0 (127.07), 127.0 (127.00), 118.4 (118.48), 118.4 (118.47), 112.8, 112.6, 53.2 (53.29), 53.2
(53.25). HRMS (ESI) m/z: [M+Na]* calculated for C,gHoNoNa* 407.1519, found 407.1523.

2,2'-(1,2-diphenylethane-1,2-diyl)dibenzaldehyde (i-5, )

cHO According to the general procedure on 0.30 mmol scale, heating the mixture of 2-

‘8 O benzylbenzaldehyde (60.8 mg, 0.31 mmol, 1.0 eq.), Cu(OPiv), (206 mg, 0.77 mmol, 2.5 eq.),

t-BuOK (70 mg, 0.62 mmol, 2.0 eq.), PivOK (87 mg, 0.62 mmol, 2.0 eq.) to afford the title

H @ compound (244 mg, 41% vyield) as a colorless solid. Ry = 0.35, eluent =

dichloromethane/petroleum ether = 1/1. The product was characterized as a mixture of

diastereomers (1.0:1.4). "H NMR (400 MHz, CDCl;) 5 10.13 (s, 1H), 10.06 (s, 1H), 7.75 (d, J = 7.9 Hz, 2H),

7.65(d, J=79Hz, 1H),7.52 (d, J=7.8 Hz, 3H), 7.44 (d, J=7.3 Hz, 1H), 7.35 (t, J = 7.6 Hz, 1H), 7.28 — 7.15

(m, 8H), 7.03 (ddt, J = 28.2, 17.1, 7.4 Hz, 8H), 6.50 (d, J = 15.7 Hz, 3H). '*C NMR (101 MHz, CDCl;) 5 193.8

(193.87), 193.8 (193.86), 145.7, 145.6, 142.3, 134.7, 134.6, 133.8 (133.88), 133.8 (133.80), 133.5, 133.3,

129.5, 129.2, 129.0, 128.9, 128.3, 128.2, 126.5 (126.58), 126.5 (126.56), 126.3 (126.35), 126.3 (126.32), 47.8,
47.5. HRMS (ESI) m/z: [M+Na]* calculated for CgH,,0,Na* 413.1512, found 413.1518.

1,2-di(furan-2-yl)-1,2-bis(4-nitrophenyl)ethene

The reaction was conducted on 0.30 mmol scale according to the general procedure. Heating the mixture of
2-(4-nitrobenzyl)furan (61.0 mg, 0.30 mmol, 1.0 eq.), Cu(OPiv), (199 mg, 0.75 mmol, 2.5 eq.), --BuOK (84.0
mg, 0.75 mmol, 2.5 eq.), PivOK (105.0 mg, 0.75 mmol, 2.5 eq.) in HMPA (3 mL) at 120 °C for 12 h. Prep-TLC
(Rf = 0.56, eluent = dichloromethane/petroleum ether = 1.5/1.0) provide the (E)-1,2-di(furan-2-yl)-1,2-bis(4-
nitrophenyl)ethene (t-37-E) and the crude (Z2)-1,2-di(furan-2-yl)-1,2-bis(4-nitrophenyl)ethene (t-37-Z), which
was further purified by the prep-TLC (eluent = ethyl acetate/petroleum ether = 1/3.

(E)-1,2-di(furan-2-yl)-1,2-bis(4-nitrophenyl)ethene (t-37-E, )

The title compound was isolated as an orange solid (30.9 mg, 51% yield), R¢ =

0.56 (eluent = dichloromethane/petroleum ether = 1.5/1.0). '"H NMR (400 MHz,

CDCI3) 5 8.21 (d, J = 8.4 Hz, 4H), 7.47 (d, J = 8.4 Hz, 4H), 7.13 (s, 2H), 6.30 — 6.24

(m, 2H), 5.81 (d, J = 3.4 Hz, 2H). '*C NMR (101 MHz, CDCI;) d 153.1, 147.4, 147 .2,

NO:| 143.2, 131.3, 128.3, 123.5, 114.2, 111.7. HRMS (ESI) m/z: [M-H] calculated for
C2H13N,0¢ 401.0779, found 401.0782. Melting point: 221 — 222 °C.

(2)-1,2-di(furan-2-yl)-1,2-bis(4-nitrophenyl)ethene (t-37-Z, )

We discovered that the Z-isomer spontaneously converts to the E-isomer during the purification process and
storage, thus, we were unable to obtain a pure compound.

The title compound was isolated as an orange solid (6.4 mg, 10% yield, Contains a

@ Io\ small amount of the E-isomer.), Rf = 0.61 (eluent = dichloromethane/petroleum ether =

| 1.5/1.0). '"H NMR (400 MHz, CDCI;) 5 8.02 (d, J = 8.7 Hz, 4H), 7.39 (d, J = 0.9 Hz, 2H),

O \O, 7.27 (d, J = 8.6 Hz, 4H), 6.47 — 6.43 (m, 2H), 6.11 (d, J = 3.3 Hz, 2H). '*C NMR (101 MHz,

ON CDCI;) 5 153.6, 147.1, 146.5, 143.2, 132.2, 129.9, 123.5, 113.4, 111.8. HRMS (ESI) m/z:

[M-H]- calculated for C,,H13N,O6" 401.0779, found 401.0782.

O,N
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NOESY (stack)
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1,2-bis(4-nitrophenyl)-1,2-di(thiophen-2-yl)ethene

The reaction was conducted on 0.30 mmol scale according to the general procedure. Heating the mixture of
2-(4-nitrobenzyl)thiophene (65.8 mg, 0.30 mmol, 1.0 eq.), Cu(OPiv),; (199 mg, 0.75 mmol, 2.5 eq.), t-BuOK
(84.0 mg, 0.75 mmol, 2.5 eq.), PivOK (105.0 mg, 0.75 mmol, 2.5 eq.) in HMPA (3 mL) at 120°C for 12 h. Prep-
TLC provide the (E)-1,2-bis(4-nitrophenyl)-1,2-di(thiophen-2-yl)ethene (t-38-E) and the crude (Z2)-1,2-bis(4-
nitrophenyl)-1,2-di(thiophen-2-yl)ethene (t-38-Z), which was further purified by the prep-TLC (eluent = ethyl
acetate/petroleum ether = 1/3.

(E)-1,2-bis(4-nitrophenyl)-1,2-di(thiophen-2-yl)ethene (t-38-E, new compound)

The title compound was isolated as an orange solid (25.1 mg, 38% vyield), Rs = 0.57
(eluent = ethyl acetate/petroleum ether = 1/10). 'TH NMR (400 MHz, CDCl5) 5 8.19 (d,
J =8.3 Hz, 4H), 7.52 (d, J = 8.4 Hz, 4H), 7.20 (d, J = 5.1 Hz, 2H), 6.79 (dd, J = 5.0,
3.7 Hz, 2H), 6.49 (d, J = 3.6 Hz, 2H). '*C NMR (101 MHz, CDCl3) 5 149.02, 147.59,
143.41, 133.50, 131.98, 130.77, 128.17, 126.90, 123.98. HRMS (ESI) m/z: [M-H]
calculated for C;,H13N>0,4S, 433.0322, found 433.0328. Melting point: 203 - 204 °C.

(2)-1,2-bis(4-nitrophenyl)-1,2-di(thiophen-2-yl)ethene (t-38-Z, new compound)

O,N The title compound was isolated as an orange solid (13.9 mg, 21% yield, contains a

@ Is\ small amount of an unknown impurity that cannot be removed by Pre-TLC), Rf = 0.5

| S (eluent = ethyl acetate/petroleum ether = 1/10). "H NMR (400 MHz, CDCl;) 5 8.02 (d, J =

O \_»| 8.3Hz 4H), 7.37 (d, J = 5.1 Hz, 2H), 7.28 (d, J = 8.4 Hz, 4H), 6.97 — 6.93 (m, 2H), 6.83 —

ON 6.80 (m, 2H). 3C NMR (101 MHz, CDCl;) & 148.72, 146.96, 143.49, 134.89, 131.84,

130.65, 128.57, 127.18, 123.53. HRMS (ESI) m/z: [M-H]- calculated for C,,H;3N,04S, 433.0322, found
433.0328. Melting point: 60 - 61 °C.
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Stacked 1H NMR spectra of the E and Z isomer.
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1,1,2,2-tetrakis(benzo[d]thiazol-2-yl)ethene (t-39, new compound)

Sy
S

5

The reaction was conducted on 0.30 mmol scale with a modified procedure. Heating
the mixture of bis(benzo[d]thiazol-2-yl)methane (84.7 mg, 0.30 mmol, 1.0 eq.), Cu(OPiv),
(199.0 mg, 0.75 mmol, 2.5 eq.), t-BuOK (84.0 mg, 0.75 mmol, 2.5 eq.), PivOK (105.0 mg,
0.75 mmol, 2.5 eq.) in HMPA (3 mL) at 120°C for 12 h. The mixture was diluted with
ethyl acetate (50 mL), ammonium (aq. 25%, 15 mL), and brine (5 ml) and filtered through
a short pad of Celite (50 mL ethyl acetate was used to rinse the filter cake), the mixture was transferred to a
separatory funnel, the collected organic layer was washed with mixture of ammonium (aq. 25%, 15 mL) and
brine (5 mL), and additional brine (20 mL x 5). The organic layer was filtered through a short pad of silica gel,
the solvent was removed on vacuum, Pre-TLC afford the title compound as a yellow solid (36.1 mg, 42% yield).
H NMR (400 MHz, CDCl;) 5 7.99 (d, J = 8.1 Hz, 4H), 7.82 (d, J = 8.0 Hz, 4H), 7.47 (t, J = 7.7 Hz, 4H), 7.40 (t,
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J =7.6 Hz, 4H). '*C NMR (101 MHz, CDCl;) 5 163.7, 153.1, 137.0, 135.8, 126.5, 126.3, 124.5, 121.7. HRMS
(ESI) m/z: [M+H]* calculated for C3,H17N4O4* 561.0331, found 561.0315. Melting point: 285 - 288 °C

2,2,5,5-tetramethyl-1-((4-nitrophenyl)(phenyl)methoxy)pyrrolidine (i-6, new compound)

the mixture of 1-benzyl-4-nitrobenzene (64.0 mg, 0.30 mmol, 1.0 eq.), Cu(OPiv), (199.0
mg, 0.75 mmol, 2.5 eq.), t-BuOK (84.0 mg, 0.75 mmol, 2.5 eq.), PivOK (105.0 mg, 0.75
mmol, 2.5 eq.) and Tempo (46.9 mg, 0.3 mmol, 1.0 eq.) in HMPA (3 mL) at 80°C for 12 h.
ON After workup (general procedure), prep-TLC (dichloromethane/petroleum ether = 1/1)
afford the mixture of t-1-E and title compound, which was further purified by prep-TLC (R = 0.65, ethyl
acetate/ petroleum ether = 1/25), giving the pure title compound (86.1 mg, 77% yield) as a colorless oil. "H
NMR (400 MHz, CDCls) 5 8.13 (d, J = 8.2 Hz, 2H), 7.54s (d, J = 8.3 Hz, 2H), 7.34 (d, J = 7.6 Hz, 2H), 7.28 (t, J
=7.5Hz, 2H), 7.19 (t, J = 7.3 Hz, 1H), 5.75 (s, 1H), 1.61 — 1.25 (m, 6H), 1.16 (d, J = 6.1 Hz, 6H), 0.72 (d, J =
10.2 Hz, 6H). '*C NMR (101 MHz, CDCl;) 5 151.82, 146.38, 142.95, 128.31, 127.08, 126.94, 126.43, 123.46,
89.85, 40.08, 33.69, 20.20, 16.79. HRMS (ESI) m/z: [M+H]* calculated for CyH,9N,O3* 369.2173, found
369.2167.

\ig The reaction was conducted on 0.30 mmol scale with a modified procedure. Heating
_N

2.8. Gram synthesis

Reaction setup (take the preparation of 1,2-bis(4-methoxyphenyl)-1,2-bis(4-nitrophenyl)ethene as the
demonstration)

1. stiring and heating 2. addltlon of HCI (aq )

4,4',4".4"-(ethene-1,1,2,2-tetrayl)tetrabenzonitrile

Cu(OPiv), (2.5 eq.) NC CN
t-BUOK @5 eq) @ O

PivOK (2.5 eq.)
NCCN HMPA (1M), N, 120°C, 12 h > O | @

NC CN

In a glove box, a flame-dried, 350 mL Schlenk tube charged with 4,4'-methylenedibenzonitrile (1.25 g, 5.73
mmol, 1.0 eq.), copper pivalate (3.81 g, 14.33 mmol, 2.5 eq.), and a Teflon-coated stir bar was added t-BuOK
(1.61 g, 14.33 mmol, 2.5 eq.), and PivOK (2.01 g, 14.33 mmol, 2.5 eq.), and HMPA (57 mL), after which the
tube was placed out of the glove box and brought into stir in an oil bath preheated at 120 °C for 12 hours. After
cooling to room temperature, diluted hydrochloride acid (1M, 190 mL) was added, producing a large amount of
precipitate. The mixture was filtered, and the cake was dissolved in ethyl acetate (150 mL) and transferred to
a separatory funnel. The top organic layer was retained and washed with saturated aqueous solution of
NaHCO; (30 mL) and brine (30 mL). After filtration through a short plug of silica gel, the filtrate was
concentrated by vacuum. The remaining brownish solid was further purified by silica gel chromatography,
providing the title compound as a pale solid (0.95 g, 76% yield), eluent = dichloromethane.
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Note:

If the dehydrogenation (1.5 g scale) was conducted with Cu(OAc); (3.0 eq.), KsPO, (3.0 eq.), and 18-crown-
6 (20 mol%) in DMAc (1M), the title compound was produced with 64% yield, with 19% vyield of 4,4'4",4™"-
(ethane-1,1,2,2-tetrayl)tetrabenzonitrile being isolated as a side product.

4,4'4".4"'-(ethane-1,1,2,2-tetrayl)tetrabenzonitrile (i-1, new compound)

NG N The side product (288 mg, 19% yield) was isolated as a colorless solid, '"H NMR
@ O (400 MHz, CDCI;) 5 7.49 (d, J = 8.0 Hz, 8H), 7.21 (d, J = 8.1 Hz, 9H), 4.84 (s, 2H). 3C
NMR (101 MHz, CDCI;) 6 145.7, 132.9, 129.0, 118.1, 111.6, 55.7. R¢ = 0.22, eluent =
O g ethyl acetate/dichloromethane = 1/100, HRMS (ESI) m/z: [M-H]- calculated for

NC CNJ  CaoH17N4 433.1459, found 433.1465. Melting point: >320°C.

1,1,2,2-tetra(pyridin-4-yl)ethene

Cu(OAc), (2.5 eq.)

t+-BuOK (2.5 eq.)
18-crown-6 (16 mol%)
7 ~ \ N -
N =N HMPA (2M), Ny, 24 h

A flame-dried flask charged with di(pyridin-4-yl)methane (5.10 g, 30 mmol, 1.0 eq.), Cu(OAc), (13.6 g, 75
mmol. 2.5 eq.), t-BuOK (8.4 g, 75 mmol, 2.5 eq.), and 18-crown-6 (1.3 g, 4.9 mmol, 16 mol%) and a stirred bar
was evacuated and backfilled with N,, Under N, flow protection, dry HMPA (150 mL) was added with one
portion. The mixture was stirred under 120 °C for 24 h under N, balloon protection. After cooling to room
temperature, the flask was connected to high vacuum to remove the solvent with heating. A mixture of
dichloromethane and ammonium (aq. 25%) was used to dissolve the remaining solid. The biphasic solution
was transferred to a separatory funnel. The deep blue aqueous layer was removed, and the organic layer was
washed with water twice. After drying with Na,SO,, the solution was filtered and concentrated under vacuum.
The crude material was further purified with silica gel chromatography to afford the title compound (3.7g, 73%
yield) as a brownish solid (with a trace of impurity with blue fluorescence under UV lump).

1,2-bis(4-chlorophenyl)-1,2-bis(4-nitrophenyl)ethene

Cu(OPiv), (2.5 eq.)

t-BuOK (2.5eq.)
' PivOK (2.50 eq.)
OoN Cl HMPA (1M), N, 120 °C, 12 h.

In glove box, a flame-dried, 350 mL Schlenk tube charged with 1-chloro-4-(4-nitrobenzyl)benzene (1.50 g,
6.0 mmol, 1.0 eq.), copper pivalate (3.99 g, 15.0 mmol, 2.5 eq.) and a Teflon-coated stir bar was added
potassium tert-butoxide (1.68 g, 15.0 mmol, 2.5 eq.), potassium pivalate (2.10 g, 15.0 mmol, 2.5 eq.), and
hexamethylphosphoramide (60 mL), after which the tube was placed out of the glove box and brought into stir
on an oil bath preheated at 120 °C for 12 hours. After cooling to room temperature, diluted hydrochloride acid
(1M, 200 mL) was added, during which a large amount of precipitate was produced. The mixture was filtered,
and additional diluted hydrochloride acid (1 M, ca. 200 mL) was used to rinse the tube. The solid was collected
and dried under air and vacuum. Further purification by silica gel chromatography provided the title compound
as a yellow solid (1.41 g, 95% yield, as a mixture of E and Z isomer), eluent = dichloromethane/petroleum
ether = 1/2.

1,2-bis(4-methoxyphenyl)-1,2-bis(4-nitrophenyl)ethene

Cu(OPiv), (2.5 eq.) O,N

t-BuOK (2.5 eq.) Q\ ,O/
J

~ | PivOK (2.5 eq.)
O,N OMe HMPA (1M), N, 120°C, 12h
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In glove box, a flame-dried, 350 mL Schlenk tube was charged with 1-methoxy-4-(4-nitrobenzyl)benzene
(1.46 g, 6 mmol, 1.0 eq.), copper pivalate (3.99 g, 15.0 mmol, 2.5 eq.), -BuOK (1.68 g, 15 mmol, 2.5 eq.),
PivOK (2.10 g, 15.0 mmol, 2.5 eq.) and a Teflon-coated stirred bar. After the addition of HMPA (60 mL), The
tube was capped, and the reaction mixture was stirred in an oil bath preheated at 120 °C for 12 h. After
cooling to room temperature, diluted hydrochloric acid (200 mL, 1M) was added in one portion. At this point,
yellow precipitate was formed. The precipitate was collected by filtration, the filtrate was extracted with ethyl
acetate (40 mLx2), the aqueous layer was removed, and the organic layer was combined and washed with
diluted hydrochloric acid (1 M, 20 mL x 3). The precipitate was dissolved in the organic layer, which was then
sequentially washed with saturated aqueous NaHCOj3; (20 mL) and brine (20 mL) and filtered with a short pad
of silica gel after removing the volatile by rotary evaporation. The residual was brought into silica gel
chromatography to afford the title compound (1.37 g, contaminated by pivalate acid), the crude material was
dissolved in ethyl acetate (100 mL) and washed with saturated NaHCO3; (20 mL x 2) and brine (20 mL) to
remove residual pivalate acid. The volatile was removed on vacuum to afford yellow solid as the E and Z
mixture of the 1,2-bis(4-methoxyphenyl)-1,2-bis(4-nitrophenyl)ethene (1.24 g, 85% yield). During the
purification of the title compound by silica gel chromatography, a few amounts of (4-methoxyphenyl)(4-
nitrophenyl)methanone was isolated and characterized by 'H and '3C NMR spectroscopy.

(4-methoxyphenyl)(4-nitrophenyl)methanone (i-2, known compound, 1151-94-6)

o "H NMR (400 MHz, CDCI;) 5 8.33 (d, J = 8.7 Hz, 2H), 7.88 (d, J = 8.8 Hz, 2H),
/‘)\ 7.81 (d, J = 8.9 Hz, 2H), 6.99 (d, J = 9.0 Hz, 2H), 3.91 (s, 3H). '3C NMR (101 MHz,
o O @ CDCIs) 6 193.6, 164.1, 143.9, 132.8, 130.4, 129.0, 123.6, 114.1, 55.7.

Characteristic data match the literature well.[4]

1,2-bis(4-(methylthio)phenyl)-1,2-bis(4-nitrophenyl)ethene

Cu(OPiv), (2.5 eq.) O,N

t-BUOK (2.5 eq.) @’
/‘/\.\ PivOK (2.5 eq.) .
O,N i SMe HMPA (1M), N, 120 °C, 12h O Q

/

In glove box, a flame-dried, 350 mL Schlenk tube was charged with methyl(4-(4-nitrobenzyl)phenyl)sulfane
(1.46 g, 5.6 mmol, 1.0 eq.), copper pivalate (3.72 g, 14.0 mmol, 2.5 eq.), -BuOK (1.57 g, 14 mmol, 2.5 eq.),
PivOK (1.96 g, 14.0 mmol, 2.5 eq.) and a Teflon-coated stirred bar. After the addition of HMPA (56 mL), the
tube was capped, and the reaction mixture was stirred in an oil bath preheated at 120 °C for 12 h. After
cooling to room temperature, diluted hydrochloric acid (186 mL, 1M) was added in one portion. At this point,
yellow precipitate was formed. The precipitate was collected by filtration (a small amount of water was used to
rinse the tube). The precipitate was dissolved in ethyl acetate (100 mL), which was then sequentially washed
with saturated aqueous NaHCO; (20 mL) and brine (20 mL) and filtered with a short pad of silica gel. After
removing the volatile by rotary evaporation. 1.34 g (92% yield) 1,2-bis(4-(methylthio)phenyl)-1,2-bis(4-
nitrophenyl)ethene was obtained as the mixture of E and Z isomer after silica gel chromatography (eluent =
dichloromethane/petroleum ether = 1/1). During the purification of the title compound by silica gel
chromatography, a trace amount of (4-(methylthio)phenyl)(4-nitrophenyl)methanone was isolated and
characterized by 'H and 3C NMR spectroscopy.

(4-(methylthio)phenyl)(4-nitrophenyl)methanone (i-3, known compound, 127615-48-9)

5 'H NMR (400 MHz, CDCl;) & 8.33 (d, J = 8.7 Hz, 2H), 7.89 (d, J = 8.6 Hz, 2H),
7.72 (d, J = 8.5 Hz, 2H), 7.31 (d, J = 8.5 Hz, 2H), 2.55 (s, 3H). 13C NMR (101 MHz,
ON O Q e CDCl;) 6 193.9, 149.7, 147 .1, 143.3, 132.3, 130.7, 130.5, 125.0, 123.6, 14.8.

The characteristic data conforms with the literature well.[49]

1,2-bis(4-fluorophenyl)-1,2-bis(4-nitrophenyl)ethene

Cu(OPiv), (2.5 eq.)

t-BuOK (2.5 eq.)
PivOK (2.5 eq.)
O,N F HMPA (1M), N5, 120 °C, 12 h
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In glove box, a flame-dried, 350 mL Schlenk tube was charged with 1-fluoro-4-(4-nitrobenzyl)benzene (1.27
g, 5.5 mmol, 1.0 eq.), copper pivalate (3.65 g, 13.7 mmol, 2.5 eq.), t-BuOK (1.54 g, 13.7 mmol, 2.5 eq.), PivOK
(1.92 g, 13.7 mmol, 2.5 eq.) and a Teflon-coated stirred bar. After the addition of HMPA (55 mL), the tube was
capped, and the reaction mixture was stirred in an oil bath preheated at 120 °C for 12 h. After cooling to room
temperature, the addition of diluted hydrochloric acid (183 mL, 1M) to the reaction mixture produced a
suspension from which the crude product was successfully isolated by filtration as a yellow solid. (few amount
of water was used to rinse the tube), the filtrate was extracted with ethyl acetate (40 mL x 2), the aqueous
layer was removed, and the organic layer was combined and washed with diluted hydrochloric acid (1M, 20
mL x 3). The precipitate was dissolved in the organic layer (during the transfer of solid, additional ethyl acetate
was used to rinse the funnel), which was then sequentially washed with saturated aqueous NaHCO3; (20 mL)
and brine (20 mL) and filtered with a short pad of silica gel, after removing the volatile by rotary evaporation.
1.15 g (90% yield) 1,2-bis(4-fluorophenyl)-1,2-bis(4-nitrophenyl)ethene was obtained as the mixture of E and Z
isomer after silica gel chromatography (eluent = dichloromethane/petroleum ether = 1/1).

1,1,2,2-tetrakis(4-nitrophenyl)ethene

Cu(OPiv), (2.5 eq.)

t-BuOK (2.5 eq.)
/‘/\‘\ii PivOK (2.5 eq.)
O;N NO, HMPA (1M), 120 °C, 12 h

In the glove box, a flame-dried, 350 mL Schlenk tube charged with bis(4-nitrophenyl)methane (2.00 g, 7.75
mmol, 1.0 eq.), copper pivalate (5.15 g, 19.4 mmol, 2.50 eq.) and a Teflon-coated stir bar was added -BuOK
(2.17 g, 19.4 mmol, 2.5 eq.), potassium pivalate (2.72 g, 19.4 mmol, 2.5 eq.), and HMPA (77 mL), after which
the tube was placed out of the glove box and brought into stir on an oil bath preheated at 120 °C for 12 hours.
After cooling to room temperature, diluted hydrochloride acid (1M, 230 mL) was added, during which a large
amount of precipitate was produced. The mixture was filtered, and the solid was collected and dissolved in
ethyl acetate (170 mL), which was transferred to a 500 mL separatory funnel. The organic layer was washed
with brine (20 mL x 2) and passed through a short pad of silica gel. After removing the solvent by the rotator
evaporator, further silica gel chromatographic purification provides the tite compound as a yellow crystalline
(1.94 g, 97% yield), eluent = dichloromethane/petroleum ether = 2/1.

2.9. Derivatization of nitro group

For aromatic nucleophilic substitution of nitro group in TPE, preliminary attempt to use following nucleophile
or nucleophile/base combination failed.

S\ w
=
I
=
O
\Z

ZVO
=
I
=
v}
2}

<

Q

[
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4,4',4"-(2-(4-nitrophenyl)ethene-1,1,2-triyl)tris(methoxybenzene) (d-1, )

0N OMe O,N OMe

@\ ,O/ MeONa (1.5 eq.) @ O

| |

O @ HMPA (1M) ’2Nrtv15h' O @

MeO NO, MeO OMe

A 10 mL Schlenk tube was charged with 1,2-bis(4-methoxyphenyl)-1,2-bis(4-nitrophenyl)ethene (48.2 mg,
0.10 mmol, 1.0 eq., the mixture of E/Z isomer), sodium methoxide (8.1 mg, 0.15 mmol, 1.5 eq.) and a stir bar.
The mixture was evacuated and backfilled with N, for 3 cycles, under N, flow, dry HMPA (1 mL) was added
with syringe. The tube was capped, and the mixture was stirred at room temperature (ca. 25 °C) for 15 h. The
mixture was partitioned with hydrochloride acid (5 mL, 1M) and ethyl acetate (25 mL) and transferred to a 125
mL separatory funnel. The aqueous layer was removed, and the organic layer was successively washed with
hydrochloric acid (5 mL x 2, 1M) and brine (5 mL x 2) filtered through a short pad of silica gel. The solution
was concentrated on vacuum, and the resulting residue was brought into silica gel chromatography to afford
the title compound (33.0 mg, 70% yield) as a yellow solid. Rs = 0.23, Eluent = ethyl acetate/petroleum ether =
1/25."H NMR (400 MHz, CDCl3) 5 7.94 (d, J = 8.6 Hz, 2H), 7.16 (d, J = 8.6 Hz, 2H), 6.98 — 6.86 (m, 6H), 6.71
—6.62 (m, 6H), 3.77 — 3.74 (m, 9H). 3C NMR (101 MHz, CDCl;) 5 158.8, 158.6, 158.4, 152.2, 145.7, 142.5,
136.8, 135.7, 135.6, 135.5, 132.8, 132.7, 132.6, 132.2, 123.1, 113.6, 113.5, 113.3, 55.2. HRMS (ESI) m/z:
[M+Na]* calculated for C,sH,5NOsNa* 490.1625, found 490.1624. Melting point: 138°C - 139°C.

1,1,2,2-tetrakis(4-methoxyphenyl)ethene (d-2, known compound, 361345-02-0)

O,N OMe MeO OMe
Q\ ,O/ MeONa (3.5 eq.) @ O
I > I
HMPA (1M) »N50°C - 24 h O Q
MeO NO, MeO OMe

A 10 mL Schlenk tube was charged with 1,2-bis(4-methoxyphenyl)-1,2-bis(4-nitrophenyl)ethene (48.2 mg,
0.10 mmol, 1.0 eq., mixture of E/Z isomer), sodium methoxide (19.0 mg, 0.35 mmol, 3.5 eq.) and a stir bar.
The mixture was evacuated and backfilled with N, for 3 cycles, under N, flow, dry HMPA (1 mL) was added
with syringe. The tube was capped, and the mixture was stirred on an oil bath preheated on 50 °C for 24 h. the
mixture was transferred to a 125 mL separatory funnel, and 25 mL ethyl acetate was used to rinse the tube.
The organic layer was washed successively with diluted hydrochloric acid (5 mL x 3, 1M) and brine (5 mL) and
filtered through a short pad of silica gel, the solution was concentrated on vacuum, and the resulting residue
was brought into silica gel chromatography to afford the title compound (41.2 mg, 90% yield) as a yellowish
solid. Eluent = dichloromethane/petroleum ether = 1.0/1.0. R; =0.24. 'TH NMR (400 MHz, CDCI3) 5 6.94 (d, J =
8.2 Hz, 8H), 6.65 (d, J = 8.2 Hz, 8H). 3C NMR (101 MHz, CDCI;) 5 157.9, 138.5, 137.0, 132.6, 113.1, 55.2.

Characterization data conforms with the literature#sl.

4,4',4"-(2-(4-phenoxyphenyl)ethene-1,1,2-triyl)tris(nitrobenzene) (d-7, )

O,N NO, O,N
QO QO
K,CO4( 3.0 eq)
| > |

O Q HMPA (1M), Ny, 150 °C, 12 h O @

o,N NO, o,N OPh

NO,

A 10 mL Schlenk tube was charged with 1,1,2,2-tetrakis(4-nitrophenyl)ethane (51.2 mg, 0.10 mmol, 1.0 eq.),
phenol (24 ul, ca. 26.0 mg, 2.7 eq.), K,CO; (41.5 mg, 0.3 mmol, 3.0 eq.) and a stir bar was added. The
mixture was evacuated and backfilled with N, for 3 cycles, under N, flow, dry HMPA (1 mL) was added with
syringe. The tube was capped, and the mixture was stirred on an oil bath preheated on 150 °C for 12 h. the
mixture was transferred to a 125 mL separatory funnel, and 25 mL ethyl acetate was used to rinse the tube.
The organic layer was washed successively with diluted hydrochloric acid (5 mL x 3, 1M) and brine (5 mL) and
filtered through a short pad of silica gel. The solution was concentrated on vacuum, and the resulting residue
was brought into prep-TLC to afford the title compound (29.0 mg, 47% yield) as a yellowish foamy solid.
Eluent = dichloromethane/petroleum ether = 1.5/1.0. R; = 0.36. '"H NMR (400 MHz, CDCI;) 5 8.09 — 8.00 (m,
6H), 7.40 — 7.32 (m, 2H), 7.25 — 7.10 (m, 7H), 7.00 (d, J = 7.8 Hz, 2H), 6.91 (d, J = 8.3 Hz, 2H), 6.79 (d, J =
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8.4 Hz, 2H). 13C NMR (101 MHz, CDCl;) 56 158.1, 155.9, 148.7 (149.77), 148.7 (148.71), 148.4, 147.1, 147.0,
146.9, 143.7, 138.7, 134.9, 132.6, 132.1, 132.0, 130.0, 124.3, 123.9, 123.7 (123.76), 123.7 (123.72), 119.8,
118.1. HRMS (ESI) m/z: [M] calculated for C3,H,1N3O; 559.1385, found 559.1377. Melting point: 105 °C —
109 °C.

((2-(4-nitrophenyl)ethene-1,1,2-triyl)tris(benzene-4,1-diyl))tris(methylsulfane) (d-3, )
SMe O,N SMe

@\ ,O/ MeSNa (1.5 eq.) @ O

I > I

O Q HMAP (1M), Ny, t, 13 h O @

MeS NO, MeS SMe

A 10 mL Schlenk tube was charged with 1,2-bis(4-(methylthio)phenyl)-1,2-bis(4-nitrophenyl)ethene (51.5 mg,
0.10 mmol, 1.0 eq., mixture of E/Z isomer), sodium methanethiolate (10.5 mg, 0.15 mmol, 1.5 eq.) and a stir
bar was added. The tube was evacuated and backfilled with N, for 3 cycles, under N, flow, dry HMPA (1 mL)
was added with syringe. The tube was capped, and the mixture was stirred at room temperature (ca. 20 °C)
for 13 h. 25 mL ethyl acetate and diluted hydrochloric acid (1M, 5 mL) was used to rinse the tube. The mixture
was transferred to a 125 mL separatory funnel, the aqueous layer was removed, and the organic layer was
washed successively with additional diluted hydrochloric acid (5 mL x 2, 1M), brine (5 mL x 2) and filtrate
through a short pad of silica gel, the solution was concentrated on vacuum, and the resulting residue was
brought into silica gel chromatography to afford the title compound (36.7 mg, 71% yield) as a colorless solid.
Eluent = dichloromethane/petroleum ether = 1.0/1.0. R; =0.45. "TH NMR (400 MHz, CDCI;) 56 7.96 (d, J = 8.6
Hz, 2H), 7.17 (d, J = 8.6 Hz, 2H), 7.04 — 6.96 (m, 6H), 6.95 — 6.86 (m, 6H), 2.46 — 2.40 (m, 9H)."3C NMR (101
MHz, CDCI;) 6 151.1, 146.0, 142.6, 139.3, 139.2 (139.26), 139.2 (139.23), 138.2, 137.8 (137.88), 137.8
(137.83), 137.7, 132.2, 131.8, 131.7 (131.79), 131.7 (131.73), 125.7, 125.6, 125.5, 123.2, 15.3 (15.38), 15.3
(15.36), 15.3 (15.34). HRMS (ESI) m/z: [M+Na]* calculated for CygH,5sNO,S3Na* 538.0940, found 538.0945.
Melting point: 186 °C — 190 °C.

1,1,2,2-tetrakis(4-(methylthio)phenyl)ethene (d-4, known compound, 361345-02-0)

O,N SMe MeS. SMe
Q\ ,g MeSNa (4.0 eq.) @ O
HMAP (1M), Ny, rt, 24 h O l Q

Me$S' NO, eS SMe

M

A 10 mL Schlenk tube was charged with 1,2-bis(4-(methylthio)phenyl)-1,2-bis(4-nitrophenyl)ethene (51.5 mg,
0.10 mmol, 1.0 eq., mixture of E/Z isomer), sodium methanethiolate (28.0 mg, 0.35 mmol, 3.5 eq.) and a stir
bar. The mixture was evacuated and backfilled with N, for 3 cycles, under N, flow, dry HMPA (1 mL) was
added with syringe. The tube was capped, and the mixture was stirred at room temperature (ca. 20 °C) for 24
h. the mixture was transferred to a 125 mL separatory funnel, and 25 mL ethyl acetate was used to rinse the
tube. The organic layer was washed successively with diluted hydrochloric acid (5 mLx3, 1M) and brine (5 mL)
and filtered through a short pad of silica gel. The solution was concentrated on vacuum, and the resulting
residue was brought silica gel chromatography, affording the title compound (26.6 mg, 51% vyield) as a
colorless solid. Eluent = dichloromethane/petroleum ether = 1/2. R¢ = 0.19. '"H NMR (400 MHz, CDCl;) 5 6.98
(d, J = 8.1 Hz, 4H), 6.92 (d, J = 8.3 Hz, 4H), 2.43 (s, 6H)."*C NMR (101 MHz, CDCIl;) 5 140.4, 139.5, 136.7,
131.9, 125.6, 15.5.

Characterization data conforms with the literature well.[3°

(4-methoxyphenyl)(4-(1,2,2-tris(4-nitrophenyl)vinyl)phenyl)sulfane (d-8, )

O,N NO, O,N NO,

2
@ O 4-methoxybenzenethiol (1.5 eq.) @ O
Cs,C0O3 (2.0 eq.)

h
Y o

O ‘e HMPA (1M), N, 130 °C, 12h . O ‘5 S/@OMe

o,N NO, 0,

A 10 mL Schlenk tube was charged with 1,1,2,2-tetrakis(4-nitrophenyl)ethene (51.2 mg, 0.1 mmol, 1.0 eq.
as mixture of E/Z isomer), Cs,CO; (65.0 mg, 0.2 mmol, 2.0 eq.) and a stir bar, the tube was evacuated and
backfilled with N, for 3 cycles, under N, flow, 4-methoxybenzenethiol (19 uL, 0.15 mmol, 1.5 eq.) and dry
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HMPA (1 mL) was added with syringe, the tube was capped, and the mixture was heated on an oil bath
preheated on 130 °C for 12 h. The reaction mixture was cooled to room temperature and transferred to a 125
mL separatory funnel, and 25 mL ethyl acetate was used to rinse the tube. The organic layer was washed
successively with diluted hydrochloric acid (5 mL x 3, 1M) and brine (5 mL x 2) and filtered through a short
pad of silica gel. The solution was concentrated on vacuum, and the resulting residue was brought into prep-
TLC to afford the title compound (37.0 mg, 61% vyield) as a colorless solid. Eluent =
dichloromethane/petroleum ether = 3.0/1.0. R = 0.23. 'H NMR (400 MHz, CDCI;) 5 8.05 — 7.98 (m, 6H), 7.40
(d, J=8.6 Hz, 2H), 7.22 — 7.12 (m, 6H), 6.93 — 6.85 (m, 4H), 6.79 (d, J = 8.4 Hz, 2H), 3.82 (s, 3H). 3C NMR
(101 MHz, CDCl;) d 160.5, 148.5, 148.3, 147.0 (147.08), 147.0 (147.00), 146.8, 143.6, 141.0, 138.8, 137.4,
136.4, 132.0 (132.09), 132.0 (132.07), 132.0 (132.02), 131.5, 126.7, 123.8, 123.7, 123.6, 122.0, 115.3, 55.5.
HRMS (ESI) m/z: [M] calculated for C33H23N3;07S- 605.1262, found 605.1251. Melting point: 210 — 213 °C.

4,4',4"-(2-(4-nitrophenyl)ethene-1,1,2-triyl)tris(fluorobenzene) (d-5, )
O,N F O,N F

\®\ O/ CsF (3.0 eq.) @ O

| |

O @ HMAP (1M), N, 185 °C, 24 h O Q

F NO, F F

A 10 mL Schlenk tube was charged with 1,2-bis(4-fluorophenyl)-1,2-bis(4-nitrophenyl)ethene (45.8 mg, 0.1
mmol, 1.0 eq. mixture of E/Z isomer), CsF ( 45.6 mg, 0.30 mmol, 3.0 eq.) and a stir bar. The tube was
evacuated and backfilled with N, for 3 cycles, under N, flow, dry HMPA (1 mL) was added with syringe, the
tube was capped, and the mixture was heated on an oil bath preheated on 185 °C for 24 h. the reaction
mixture was cooled to room temperature and transferred to a 125 mL separatory funnel, and 25 mL ethyl
acetate was used to rinse the tube. The organic layer was washed successively with diluted hydrochloric acid
(5 mL x 3, 1M) and brine (5 mL x 2) and filtered through a short pad of silica gel. The solution was
concentrated on vacuum, and the resulting residue was brought into silica gel chromatography to afford the
title compound (21.3 mg, 49% vyield) as a colorless solid. Eluent = dichloromethane/petroleum ether = 1.0/1.0.
R; = 0.23. eluent = ethyl acetate/petroleum ether = 1/5. 'TH NMR (400 MHz, CDCl;) 5 7.99 (d, J = 8.3 Hz, 2H),
7.15 (d, J = 8.3 Hz, 2H), 7.00 — 6.91 (m, 6H), 6.89 — 6.80 (m, 6H). '*C NMR (101 MHz, CDCl;) 5 163.3, 163.2,
163.1, 160.8, 160.7, 160.6, 150.4, 146.3, 141.9, 138.4 (138.46), 138.4 (138.43), 138.3 (138.36), 138.3
(138.33), 138.3 (138.32), 138.2 (138.28), 138.2 (138.23), 133.0, 132.9 (132.98), 132.9 (132.95), 132.9
(132.90), 132.0, 123.4, 115.6 (115.63), 115.6 (115.60), 115.4, 115.3, 115.1. °F NMR (376 MHz, CDCl;) o -
113.29 (hept, J = 4.6 Hz), -113.65 (hept, J = 4.9 Hz), -113.72 (hept, J = 5.2 Hz). HRMS (ESI) m/z: [M+K]*
calculated for C,6H16NO,FK* 470.0765, found 470.0756. Melting point: 184 - 185 °C.

1-(4-(1,2,2-tris(4-nitrophenyl)vinyl)phenyl)-1H-pyrazole (d-6, )
O,N NO,

N=
QO mmry oo

o
|

O Q HMPA, N,, 130 °C, 12 h.

O,N NO, N NO,

A 10 mL Schlenk tube was charged with 1,1,2,2-tetrakis(4-nitrophenyl)ethene (51.2 mg, 0.1 mmol, 1.0 eq.),
pyrazole (13.6 mg, 0.20 mmol, 2.0 eq.), -BuOK (16.8 mg, 0.15 mmol, 1.5 eq.) and a stir bar. The tube was
evacuated and backfilled with N, for 3 cycles, under N, flow, dry HMPA (1 mL) was added with syringe, the
tube was capped, and the mixture was heated on an oil bath preheated on 130 °C for 12 h. the reaction
mixture was cooled to room temperature and transferred to a 125 mL separatory funnel, and 25 mL ethyl
acetate was used to rinse the tube. The organic layer was washed successively with diluted hydrochloric acid
(5 mL x 3, 1M) and brine (56 mL x 2) and filtered through a short pad of silica gel. The solution was
concentrated on vacuum, and the resulting residue was brought into silica gel chromatography to afford the
titte compound (32.4 mg, 60% yield) as a colorless solid. Eluent = dichloromethane/petroleum ether = 1.0/1.0.
R; = 0.45, eluent = ethyl acetate/dichloromethane =1/150. 'TH NMR (400 MHz, DMSO) & 8.47 (d, J = 2.6 Hz,
1H), 8.13 — 8.06 (m, 6H), 7.75 — 7.70 (m, 3H), 7.38 — 7.30 (m, 6H), 7.17 — 7.12 (m, 2H), 6.53 (t, J = 2.0 Hz,
1H). 13C NMR (101 MHz, DMSO) 5 149.0, 148.9, 148.7, 146.8 (146.89), 146.8 (146.81), 146.7, 142.7, 141.7,
139.5, 139.4, 138.8, 132.6, 132.5, 132.4, 128.2, 124.0, 123.9 (123.97), 123.9 (123.95), 118.4, 108.6. HRMS
(ESI) m/z: [M+H]* calculated for C,9H,0NsO6* 534.1408, found 534.1405. Melting point: 264- 265 °C.
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2.10. X-ray crystallographic data

(E)-1,2-bis(4-nitrophenyl)-1,2-diphenylethene (t-1-E)

O,N

Q.
J Q

Table S6. Crystal data and structure refinement for t-1-E.

Identification code t-1-E
Empirical formula Co6H1sN2Oy4
Formula weight 422.42
Temperature/K 293(2)
Crystal system monoclinic
Space group P24/n
alA 20.3504(18)
b/A 10.4953(9)
c/A 20.6433(15)
a/° 90
p/° 90.595(7)
y/° 90
Volume/A3 4408.8(6)
z 8
Peaicg/cm? 1.273
p/mm-? 0.087
F(000) 1760.0
Crystal size/mm?3 ?7x?x?
Radiation MoKa (A = 0.71073)
20 range for data collection/° 3.946 to 59.988
Index ranges 26 <h<27,-14<k<14,-27<1<28
Reflections collected 22454
Independent reflections 11189 [Rint = 0.0484, Rgigma = 0.0923]
Data/restraints/parameters 11189/0/577
Goodness-of-fit on F2 0.967
Final R indexes [I>=20 (l)] R4 =0.0723, wR, = 0.1839
Final R indexes [all data] R;=0.1686, wR, = 0.2350
Largest diff. peak/hole/e A-3 0.39/-0.30

(E)-1,2-bis(4-nitrophenyl)-1,2-bis-4-fluorophenylethene (t-10-E)

The crystal was obtained by diffusion of hexane into the chloroform solution of the title compound in an
NMR tube.

Table S7. Crystal data and structure refinement for t-10-E.
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Identification code t-10-E

Empirical formula CasH16F2N204

Formula weight 458.41

Temperature/K 296.15
Crystal system monoclinic
Space group P24/n
alA 20.411(2)
b/A 10.2727(10)
c/A 21.090(2)
a/° 90
p/° 90.997(2)
y/° 90
Volume/A3 4421.4(8)
4 8
Peaicgd/cm? 1.377
p/mm-! 0.105
F(000) 1888.0
Crystal size/mm3 ?2x?x?
Radiation MoKa (A = 0.71073)

4.828 to 55.396

20 range for data collection/°
-26<h<26,-12<k<13,-20<1<27

Index ranges

Reflections collected 26062
Independent reflections 10067 [Rint = 0.0799, Rgigma = 0.1150]
Data/restraints/parameters 10067/22/623
Goodness-of-fit on F2 1.011
Final R indexes [I>=20 (I)] R; =0.0849, wR, = 0.1440

Final R indexes [all data] R4 =0.2127, wR, = 0.1847
Largest diff. peak/hole/e A3 0.30/-0.26

(Z2)-1,2-bis(4-nitrophenyl)-1,2-bis-4-fluorophenylethene (t-10-Z)
The crystal was obtained by diffusion of hexane into the chloroform solution of the title compound in an
NMR tube.

Table S8. Crystal data and structure refinement for t-10-Z.
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Identification code t-10-Z
Empirical formula CosH16F2NoO4
Formula weight 458.41
Temperature/K 293(2)
Crystal system orthorhombic
Space group P2:242,
a/A 9.9508(13)
b/A 14.825(2)
c/A 15.415(2)
a/° 90
p/° 90
y/° 90
Volume/A3 2274.0(5)
z 4
Peaicg/cmd 1.339
p/mm- 0.102
F(000) 944.0
Crystal size/mm3 ?x?x?
Radiation MoKa (A =0.71073)
20 range for data collection/° 3.812 to 59.146
Index ranges -11<h<18,-16 <k<19,-17<1<19
Reflections collected 14550
Independent reflections 5522 [Rint = 0.0976, Rsigma = 0.1603]
Datal/restraints/parameters 5522/0/308
Goodness-of-fit on F2 1.000
Final R indexes [I>=20 (1)] R4 =0.0653, wR, = 0.1503
Final R indexes [all data] R4 =0.1968, wR, = 0.2060
Largest diff. peak/hole / e A3 0.27/-0.18
Flack parameter -0.1(10)

(E)-1,2-bis(4-(tert-butyl)phenyl)-1,2-bis(4-nitrophenyl)ethene (t-13-E)
The crystal was obtained by diffusion of hexane into the chloroform solution of the title compound in an

NMR tube.

Table S9. Crystal data and structure refinement for t-13-E.
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Identification code

t-13-E.

Empirical formula
Formula weight
Temperature/K
Crystal system

Space group

a/A
b/A
c/A
a/®
B/
v/°

Volume/A3

z
pcalcg/cm3
p/mm-!
F(000)
Crystal size/mm?3
Radiation
20 range for data collection/°
Index ranges
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2
Final R indexes [I>=20 (1)]
Final R indexes [all data]
Largest diff. peak/hole / e A3

Ca4H3uN20,
534.63
293(2)

orthorhombic
Pccn
16.5741(17)
17.7593(18)
10.1074(9)
90
90
90
2975.1(5)
4
1.194
0.078
1136.0
?2x?x7?
MoKa (A =0.71073)
4.588 to 62.342

-23<h<19,-19<k<25,-12<1<13

15522

3898 [Rint = 0.0721, Rgigma = 0.0715]

3898/87/215
1.046
R4 =0.0610, wR, = 0.1393
Ry =0.1782, wR, = 0.1940
0.15/-0.21

(E)-1,2-bis(4-methoxyphenyl)-1,2-bis(4-nitrophenyl)ethene (t-14-E)

The crystal was obtained by slow evaporation of the titte compound in ethyl acetate/petroleum ether.

Table S10. Crystal data and structure refinement for t-14-E

Identification code t-14-E
Empirical formula CogH2oN>0g
Formula weight 482.47
Temperature/K 293(2)
Crystal system monoclinic
Space group P21/c
alA 11.7545(6)
b/A 9.3869(6)
c/A 22.4744(11)
a/® 90
p/° 97.626(4)
y/° 90
Volume/A3 2457.9(2)
z 4
Pcaicd/cm3 1.304
p/mm-1 0.093
F(000) 1008.0
Crystal size/mm3 ?x?x%x?
Radiation MoKa (A =0.71073)

20 range for data collection/°
Index ranges
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2
Final R indexes [I>=20 (I)]
Final R indexes [all data]
Largest diff. peak/hole/e A-3

4.708 to 61.602
-15<h<15,-12<k<8,-29<1<30
17441
6136 [Rint = 0.0237, Rsigma = 0.0299]
6136/6/337
1.063
R1=0.0452, wR2 = 0.1178
R1=0.0687, wR2 = 0.1299
0.18/-0.19




(E)-1,2-di([1,1'-biphenyl]-4-yl)-1,2-bis(4-nitrophenyl)ethene (t-18-E )

The crystal was obtained by slow evaporation d-chloroform solution of the title compound in an NMR tube.

Table S11. Crystal data and structure refinement for t-18-E

Identification code t-18-E
Empirical formula C39H27CI3N,O4
Formula weight 693.97
Temperature/K 293.15
Crystal system triclinic
Space group P-1
a/A 9.8501(3)
b/A 17.0296(6)
c/A 21.4505(7)
a/° 86.140(3)
pre 82.858(3)
y/° 76.587(3)
Volume/A3 3470.1(2)
4 4
Peacg/cm3 1.328
M/mm- 0.308
F(000) 1432.0
Crystal size/mm?3 ?x?x7?
Radiation MoKa (A = 0.71073)

20 range for data collection/°
Index ranges
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2
Final R indexes [I>=20 (1)]
Final R indexes [all data]
Largest diff. peak/hole/e A3

3.83 t0 62.204
-13<h<13,-23<k<23,-4<1<30
17476
17476 [Rin; = ?, Reigma = 0.0611]
17476/120/903
0.994
R;=10.0677, wR, = 0.1936
R =10.1408, wR;, = 0.2285
0.49/-0.54

(2)-1,2-di([1,1'-biphenyl]-4-yl)-1,2-bis(4-nitrophenyl)ethene (t-18-Z)

The crystal was obtained by slow evaporation d-chloroform solution of the titte compound in an NMR tube.

Table S12. Crystal data and structure refinement for t-18-Z
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Identification code

T-18-Z

Empirical formula C39H25CI3N,O4
Formula weight 694.98
Temperature/K 293(2)
Crystal system monoclinic

Space group C2/c
a/A 22.6110(16)
b/A 15.7246(9)
c/A 10.9215(8)
a/° 90
p/° 118.760(7)
y/° 90
Volume/A3 3404.1(4)
z 4
Peaicg/cmd 1.356
d/mm- 0.314
F(000) 1436.0
Crystal size/mm3 ?x?x?
Radiation MoKa (A = 0.71073)

20 range for data collection/°

Index ranges
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2
Final R indexes [I>=20 (1)]
Final R indexes [all data]
Largest diff. peak/hole/e A3

4.11 to 62.324

-28<h<31,-22<k<20,-15<1<12

10179

3908 [Rint = 0.0237, Rgigma = 0.0324]

3908/114/273
1.061

R4 =0.0590, wR, = 0.1658
R, =0.0875, wR, = 0.1845

0.28/-0.28
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3. Copy of NMR spectra

Parameter
1 Comment
2 Solvent

4 Nucleus

3 Spectrometer Frequency 399.87

Value
s-2
CcDCl

1H

O,N

8.16
7.35

[ 7.33
| 7.26 CDC

,8.18

/

—4.19

400 3—

11

0

1 Cpmment

381
oplye

3 Spectrometpr|

46 83 —

4N!_|rln|— 1NN

o,N

NO,

—129.90

C o W, IC )

224500

—41.47

230|224 [210/2dp

—_
%
P —
==
—
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2Solvent cDbCi3 WBlod NNNNNNN <
3 Spectrometer Frequency 399.87 — |
4 Nucleus 1H

OZNCI

. S Ioa . a .
4 ol ")
g Salo o
o N | N
130 120 110 100 90 [0 [0 60 50 40 30 20 1.0
1 (ppm)
| [ s
Parametd b/lld N ool o ol E
1 Cgmment - NN YN 9|9 = ;
© N g g )
25qfeft e 3 ¥ o2 AR : :
3 Spectrometper Freiquency 10016 5 S——NA—=HA |
4 Nudlelus 13|

230 220 21)0|2d

5 "'r(nwlwfso 1ho [1do rzn 1 1‘01) 90 | 8d| ffo| 60 sm 410 30 20
il {(ppm)

o
—
©
iy

69/168

—



(4
Parameter Value 8
1 Comment s-9 99"3@%88888 8
2 Solvent CDCI3} NN ~NNN~NNNIN <
3 Spectrometer Frequency 399.87 D T N I
4 Nucleus 1H
OENB,
| q o
d ol & o
< oS- e «
NN N N
140 130 120 110 100 90 80 | 720 60 50 40 30 20 10 00
1 (ppm)
| | Il 1l [ ]
Iaraﬂete tu ol + 2 H =)
NIl ¢ N B/ o 8]
1 qgmment 9 Ll d 5 s Hil & -
2 Splivent DE| 1_2: !; S\_l n
3 Sjpectrqrpegert| Frefuéndgy 10d.5 H \ 1 |
4 leu 134
230|420 211:0019M) 811‘7 Hmr 1‘0”2) 01“ 0 sﬂ) Bl [leo a0 Bp 20 10
f m

70/168




SOV —
86’9
00°L
€0°L
cl’L
1A
vi'L
Sl'L
a0 92/

XA

861

1 (ppm)

LE'L Y

Bz

LO'GLL~
88°GLL

y-xr-vm

nona

€e’L
€18~

S1'8

Value
s-10
CDCI3

Parameter

1 Comment

2 Solvent
3 Spectrometer Frequency 399.87

4 Nucleus

1H

O,N

-]
@
N

eletr]

M

Har

O,N

1 Cgmmient
2 Sq|vent
3 Spectriome|
4 Nygleys

230 p20| 2

71/168



Parameter Value ,‘2 ,‘2 ,‘2 ,‘2 “2 ,‘2 ,‘2
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3 Spectrometer Frequency 376.22
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/
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—41.16
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230 220 210200 190 180 170 160 150 1
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40 130 1

20

7.46
7.38
7.37
7.36
7.30

110100 90 80 70 60 50 40
1] (ppm)

7.29
7.28
423

Parameter Value
1 Comment s-16

2 Solvent CDCI3
3 Spectrometer Frequency 399.87

4 Nucleus 1H

17.47

o
Q
o

9.4

1.04
2.1

2

13.513.012.512.011.5(1.00.510.00.5 9.0 8.5

1 1.0

00 |

f

7.06.56.055

5.0 4.5

1 (ppm)

78/168




.

7.15

wv.h/ r
61L°L~\ i 60 [
€10d0 wN.h.,,, _._20
9e'L < IR
8€°L L
ov'L 1B
ov'L <IN
6 Lk — = —
— e ——
— B
Yl — NS
ab'/ 7] ) =
w#.n\ = koL 0T
15 \ L[N
oo L= eg /] —= a0z
= L 8] JW 8
9l — 09°L | M= T
8L, N
G8'eZ11 200 mmﬁm ®
A TA qg-” m
SOzl » = g
[XAA N wm.h = ul.\
ec' /21 O.VN -
QO /21 = o.v.“
O CtE e s = 2oy
/Q'Q71 k;\_w =
vv'L 02
'L ogk
8L
V£ oct - Fm.n
R e s
- TS0 85.]2 =8 g
e S = ;
—08'8F|— 09/1> 08| -
m . > o
n m w_..w m Q
,mw , e ———— 81’8 H
mw m g =
Iy ['8
o o 1S 5
—— s 2
o £ E .,
c S = o gegs Z
: 252 o
o > 58S
53 > O 0 Q3
- -

79/168



0
N FO
4 1
ogert - ——— [ - =
. _ _ — © - n
oLszl < F 2 3
T LT} — = R e
co/zL -~ =5 (X \m 0
88 17— = = ]
0 _ BN
687821 _ — [8F o= H
SR TA) o3 ~a S
= N Fen
- - 10
6LGEL - > o
e - P —
5 eee—
16t ‘”4“ re F<
'3 L 12
O YUL 77— , T [ 5
2900 — = B 6
~— o ~
-y ro E
29°8%L — — ,,m4 n W
oe C
(IJASTA? o F
Y A mN.N [~
-1 & E—
i AAN - —
88'LZl bev [ Q
—G6°/2] 00T M
LQ'QZ1 \&
= = = (=)
EE 62l - = o 12
STALTA -— 1n
6/ 6CL [
e — == y5/| s @& 8
60Vl /5 o ® GG/ 2002 \M
I il — S 50
i >5aa = o og/] 1Zw08F ¢ )
= i
akidd g 9s°L g °©
() e —  95s s () o
g = 8ss| |5 g B
mmm”" == 8G'L m v S
© 2 f 8G°L © 2 f in
T Q M . G = o N
- ; 0 6sL| [&E _E L
o—=—6—2 =z, i o g 0 % > =]
= S — v1'8 E§E2 o =
5 5 & S K] 91’8 528 o
S H o = S8&z2 [
-aN oS -aN oS -

80/168



m“ LO L
1 i
=4 ] - ro
$ I s =y [
i - seL N i
1 rN LEL 0 ‘ \m
o ] ™~ 1
& Lok i
— 6L = S
—_— 0L, I =
= €L e — i
|® E )
N g (2
= Qo L
-2 o2
m I~ [
T o . <
ZLy— re 4oz [¥
anoL/l— —_ o - i
L2 15
. S
S B Fin
: B .
[y~ N. r ) ~
== 4 GE
\& [ (D.\
SeL
ShZZT N 161 %
co /7] - ™~
[=] ——t Bl
O 8CL = o 55T i
6V 6CT 1 S 0LL oy 'S
12'62] == L TATE 00t
IE8ET — S . i
98°6ET - > %8 =
. ro
G UL o— 62’8 s
o1l . — p— wE z o
==-==—=:= S00% 2
= o — ST Q&I
0 = = £ (o — > n0OeoF [
T— — ) e
——— s | O R
& = 5 =
o0— = . o
@ — [ 2 lo
IC w ° w A
= £ 5 O Lo
s——a— \ = s 3
B £ = @t _E r
ik HRs :
£ w 5 =) = )
eig 2 - S £E2%3 e
O 0 o 3
o OCnwz z, L
- N ™ < % - N ™ < o]

81/168



<
LN Lo
sTvet m
o
LN Le=
L= * o
- 6974Ct+ \MN_ roN
[YAVAAN = o
iromeTenn M = {5e)
3 o2
Ot L& — o =] <t
1 (=)
m = o)
: : = o—

‘., )..
'\-.\lNF /r LG LV A :ﬁ1 [~ =
B bd
eL et —
98-6¢t =)
RO _ \A
=8+ o=
. /i ay
T i
27 74 — 2
~
EBYV——1 e}
o O @
=eres O =
[ o ™
-~ o—
o .2 . —
<
& o
o
o~ -
o O
Am 0w m
——— =
o
o - A
0 - - C O\
= O
= O :
- O — Ol
o= N
O O Z| =, [=]
-aN ™9 o] \%

N1 000 —

vo'v —

9lL'L
8L'L
[4AA
ve'L
8¢'L

S

Te'T

|4
%c.—.

1 (ppm)

8¢'L

A4

6C’L
ce'L
ve'L
LLL
6L°L

lue

Parameter

1 Comment
2 Solvent

s
3 Spectrometer Frequency 399.87
1

4 Nucleus

OHC

“00°t

82/168



=] NIH © g
1- stl= 0 |4d 3
& bt gl £ AR ‘
Rara g ”u T
1 Conpr it -0
2 Solyent Cl
3 Spectiometel Fre n 5&
4Nu]le E
" l |
230 20 m'[ D | ] 170([1Bo 150 [1lab 150 1:m 114 [1oo| o im) hﬂ T]: ) "4 ]m 20 10 0 -1C
1] (PEI™)
4
[a)
(¢]
TN OIS © <
@ o 9 | N -
NNKNEKN~ <
[ — [
Parameter Value
1 Comment s-2
2 Solvent CD¢I3
3 Spectrometer Frequency 399,87
4 Nucleus 1H
OHCCHO
W . | e |
of N )
l‘. G. -
A o N
130 120 110 100 90 8p |70 60 50 40 30 20 1.0 0.0
1 (ppm)

83/168



[an)
N N||H N
I 1(R] ERII <P
1 )| || |
| 1<) B iy
1l [ Il I} b || I'T
Pargmate 1
1 Cc"n nent \ﬂ1
2S D4|3
3S bmetdr |Frddue 46
e ) | :
OHC ﬁ @ CHO
] | | [ il ”Hl”N i T
230 'z") 21p !Ncl T( 18p ‘no 1 I]HM rmd“‘ idl(1Ro oiﬂﬂ ém rﬂ) 70 é" 4tﬂ 30 20 10 0
1| (pAm)
)
Parameter Value 8
1 Comment s-25 DN 0 © © o <
0o ™™ N - -
2 Solvent CDCI3 NNNKNKN < o
3 Spectrometer Frequency 399.87 N I
4 Nucleus 1H
1 1
il . . |
4 4 r.} ob
4 S T @
o < o ©
130 120 110 100 90 80 70 60 50 40 30 20 1.0 00
1 (ppm)

84/168




3913
127.99

-y
s

1l

-'({jo
..-(nO

G
wm* I
Bt B B

|
Parameter Value 8
1 Comment s-27 - o ©ON© [5e]
10 1D N oo o
2 Solvent CDCI3 00 oo NNN o
3 Spectrometer Frequency 399.87 ~\ |
4 Nucleus 1H
» LS
N =N
4 d o
q - ™
~i < N
13.513.012.512.011.511.00.510.09.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 51.00.50.0-0.5
f1 (ppm)

85/168

) -




N 0
Lo . r~ Lo
€10a0 92°L\ <
o 9TL7 =0 0 o
=4 . L L
8Z'L 3 it
o A = Tm; < 0
RS wm.h\ — N Iy
8€’L o
0 e
FN
© 3 :
- d — Y
€O 1T T R4
£ J o
NS ‘ K
Il &
= 0
o * [
L °
Ou. ren
G 0
K]
_ oo Qe / T o
= 008 T % i
O LY — A *1C
= — ] v
&= <~ g
[ a /1°Q . W
== o - =2
= 0 =
J‘ Fue
=)
e Vo F Sd .
) Lo
8
. 0
=) 20 9Z°L) |
= 92'L o
8L Lt B 8z'L [~
— 'z
m— - s =t
= = 8€L s - 0%
= . S A 4
T YOS & [=] wmh/m%mmi \ P b
B RN = 0087 = 6O 6= o e
[ =z 1= c Foo
e ( _; |2 618 e ©
O = d
z 3 g [®
= = £ 5 0
d s — © ] ro
: PR 2
o < E Sz N o € £ d
sy g > sz58 e
= o b m [T =z, m
s T~ > ° 15 )
% S 55 & 3 =)
OwnwwnzZ o OwwnzZ -
- N ® < \ﬂ - N ™

86/168



N
o
) L
Lo )
K . '~ o
- = LE L~ B \kTN.N < [
_J ;] 6e'L” T~ L
€678CT u Ea o ) 10 o
9,621 =4 N LS L —— T.N FN [ =
:9zSU0E] e L |9 gL’ e ]
. b . 2 F~ L
o = o
) == R roN
yA® i 72 T — e M~ m.
= : m — OSWa o0sc— XS u [
o
=
=
™
. Tl \4
868
) T
£
% g
~J.:..ﬂ....w.. 2 — 1€t e
T - = . O 4
rre A o mm; FN
: _—
== P L =| zzz [
il €5°L" Bz [ o
v 187 TTC Lo
—aroet g L8207 d w0z
— T o 2 B — 68Z i
1 SL'g o
= -0 J Iy
GO RYE L1'8 2]
S
e— =]
0 - O D I on g
O o @ o
———o = Swn® L
-] = 582z -
- —— o LB = Bt B A4 T T
>
> v S— 3 blo .nlv
" 3 =) xu — L
o \ \v o
= z — S — . g \ 7 L
2 b o @ v i
E 5 S € 5 =
EE T o ‘ fr, 5.
o
£E _E — H
n ¢ = O ¥ 1 o
ESE D z, N 6 A N = <[ 080 o
B--3E Ry I-E
Cnnz N Cnwz L
- N M < - N M <

87/168



N LO LO
=~ L k =) =)
— Ml n M r~ L e
. — L
9P-OSWazcsee———-, 3 i 2 '
2, ]
o
- ™M
OSNA 25°6€ \ — 1=
LA =~ A~A /"yc p lhv = Lo UV
- oL 3 0 1
/0671 I Loy
= — ———
vm 7Y \m
1L6CT — ~

jL
w

4 = —
o =
JAS M A MR o
Al —
3 o U6 ZCF v o
1621 ¢ = oy S = o
P
SO0t E T 96621 7L e
90°GYL j S TS cer =
stz = =2 FeeVF = T
= M"lﬂ — - T =
| I —ou 5
ERN 2
s—e—=—2-0-. ==
> 2 B [=]
£ 4 — =z 00—
= S

it
@

er

1Con
2 Sqglvgnt

1

O.N

tr

ofpm
3 Sp
4 Nuff]eu|

1C
2 Solyen

MW

|

2

88/168



2
80°Y =—fe1z| o i S
. o
LS ] 2 o
609 K L
609 S N o. L&
Nm.m% \M R
ze9 e h L -
£€'9 Ule ~ o e vE—
£ Fe _—
N &
o g L =
801000 mw.nw. \ —~ = o e
== = =i == =
. hm”h\ o
609 oty © L
609 N ] = =
FN\ “ \;w o Va laWaY y =
ce9 -ﬂ/v L QoL \80|
ze9 12 o = = —
ze'9 4 > [ &
€c O =13 M\ oT Foo = =
geo| L1 e =
ve9 #60 [© 8§ " ez/0L~ o5
86°0 2 . = r— a
2a09Z°L oo 2CG°0LL —
S€°L| N B
LE/ — —06E&— o—
6e'L T, =eT== ==
vL'8 L g
m—..WN e [ 27— —
LL'8 o = =5
fo Fidneraz =
i —2—
o
™~ 4 @ 5 e} o
Srpo2 = T -
>508% [ S soo % =)
> (=} o —r— e
g - T A =
nnv @) N = g O\ [e)
=] = E Lo
N g [ - = =
[ - I I - o
@ w N ] L o
E 8 PN = .
S_ % S_ % =4
o g v nmv a =z lo e—o = Mz ==
ES & o' [ =: =— =
£E2%3 - R N
O 0 o 3 O 0 o 3
Onwmw2zZ E On w2z o
- N ™ < - N ™M < \B

89/168



10 L
589 © B
mw.m% L& = Lo
e8'9 =60 | bt °
mw.wx reo ro r—
98'9 —keo |2 = ']
969 i~ 0
L6°9 e e =)
oLL ~E Foi 8L SE _ — o
6L L~ =—keol~ & 0 =——=
ON.h\ ) = - o \M S
0z'L I~ = LS B
6€°L 10
e g / e —" T.d N o)
L o S -+
I 1 o
9TV BT
89 = X S5oFE —4———
[oeu - [
2 218 \MﬂLmL .__.aco [ -M FO
$8'9 T8 ¥ & B 3
. o——
G8'9 ™ o = m
G589 oo 4 g ==
68’9 e e =
98’9 ¥60 o ¥ 88'€Cl 1 o
98°9 dM.M W O Vet a—
G6'9 oz N —goxt
G6°9 o =EFES
Q6°9 maz | P
ozt : |
96'9 - o6 3
L6°9 < ==6 =+
. ro
L6°9 0 F
869 - 8
5598, 55 s 3 .
M E 2 3
6L°L Y e =
6LL < N = 7
oz'L]l . g ‘w =
rAVA | B = 5 |
lee| £ I
)AD9CL]| & = m N M
A - Z, 5 =
. ESE B o o =
L £ > o b L =
. 65 & S )
14%] Qnwmwz LoD
- N ® < -

L1'8

90/168



o n \uul\.
) @ = i
L6°9 8 T 3 lo
. o i F O
869\ 'S = ¢ [e =)
609 28] = TS i PR I
66'9 B S o
00, i3 2 $ e a
oL & u 0 — =
LY | = S =
OTHOTL™ gy 5 ) - - 2 E
DF.\\.JQM \ '~ o Fal [ 70 MK 2 5
e T TR m— SF 7=
ar.h\ _ \W. — [ =
owh\ Q o —= o
beL’, - S Lo ——
£10a0 9zZ°L’ K 0 —
ren
) = a0 9L LL— : 2
96L| L o ¥ E——
16'L7 =]  ~=== [V <t £ =
6oL N [ o~ T W
| [ 8 E ==
IZHO 0€'S — ] 28 =)
L69 o & CAAN =
86°9 Fo [AR: T4\ [—
669 v ——=etr— o—
669 - - =
00°L e |2 sOrZEE =
_ T S ==
HOoL — ey vyl i o
SLL f N s —— e
olL’L __[e =SESE= o
8L L o ™~ VOV T oo _ . T -
0TLIZYWQ o [0 —2 —
izLP T8 8E 5 > - 2389 _ =
10ad 92'L > z o 2 =
96°L £ 0 = =
- = Lo =1 \m"
96°L |, g @ B Q 3 — @ Q =
16°L g b 'S e _ —
L6°L||E 5 o - =
L6L|5 . @ () QS 2 5 g Q & e
| [ S £ 5 Hﬂlmmlmq =
86'L| ¢ S8 < - = = Z =
6L S& oz B T oanz =
- N ™ < - N M < \%

91/168



92/168

N
869 o - 8
669 m _ sseet — ‘m
69 | 8 ezl 'S
SL'L T.Fo. ‘w
oL 8 8
aL'L m S
L = =
LneL S
DTHSEE " 4t m 2 — :
869 Ve olo & =
geo| sl X2 W
. . N o o 0
86'9 8l h\ Qv
669 6L°L S = 2
) X443
e69] LzL 3 —
669 ~
00°L 008 ]
00°L oo.ww s
0 008 wm Y- A ”71
SLL L0°8 7 g'c| % LI
. . = =———pgor—
SLL 20 w\ Lo g =
91'L (AR e
aL'L = === 2
v =t =
. —
hhl-f h\l\ - Jrﬁ\f ,/
1L 824~
h—‘”h LE Ll
olr STZET
gLy e
MMM CL IVE \\s
23 X m 2 ,
R R R S =
Lz'L g ———— mo
30 9Z'L g =—
66°L] 5 4
0081 @ « : : ‘
008 § 8 = 5 ‘wm
008{ &r € d ; :
el £E23 S EE =
. 5 2 = v 5
z08f EZ 87 = ax S
20'8 OCnmnwnmw2zZz % M i
- N ™M < 2 oz o
- ™ < I
N
N




v
Parameter Value 8

1 Comment t-2 00 O ©O O ®
OOANAN ™

2 Solvent CDCI3 0 00~ I~ I~

3 Spectrometer Frequency 399.87 N =

4 Nucleus 1H

O,N NO,

L

J Q

O,N NO,

130 120 11.0 100 90 80 70 60 50 40
1 (ppm)

1 I 1l
: vael il 19 8 gzi 3
1C n t-2 NN EES =
2sqg cDCI3 H# & 0| -]
T T T | ~
38 mpdter|fneqUengy 100.56||
4N 13C
O,N NO,
|
O,N I i NO,

230(g 2[1({1|20d 1190 |1 01‘7 50 140 [130 1‘20 110} 1 90| B
1 (fpny

93/168

o0




S.h/ i ‘e o
oL'L B . P . L
. o 8LTLEN =] 7
ehLy b= NI e
MM [ OL'8LL~ =] W{
) [=]
- . 00 FN
9L, \m \.nlv. c8 MN_./ . poc
8L'L < 0 =5 . -8
8L°L N B =
clnanaz/ - ‘N ot S Nl 12
. - oYy [ .- <+
L =" T L 0 =T =
Ly'L & o A > 5 13
6v'L T~ o eeIe——-——" =
N 4 ()
6L I~ I LzeeL — = o
~ o5 6EZEL \ X o
L2 e [ T — o
Y acersr = = e
g © 85 Lyl — -~ I3 i
FN r< Pz =+
L0'8 o VECET ] - =
. o e CI1 —— W & =24
o_..m <08 = u.m:cq = =5u| [TaM-al| = /W H
oL'L c0'g - [0 ~ e = = —S—
rANA . L oo 0 m. =otrsit — =——
. vo'e Ssa c8ETBir LTt = - S
rANA Lt te = 1 ==
WFB 5 ﬁ O ¢ 1 o H
oL'L o 99'kEL || F
8L, ﬁ N E6'LEL ) 3 =)
8T h\v MH D | NA# X T\ ) [ ™
e FIN . o
>a0 9z oy [~ 6¢ le g
\.—“.\ oo f’h GV UOF
LyL ﬁ 10 . e
6v'L ) 8€'SYl o
- = Q ov'syt = o
6v'L o N ™ N~ Fo B o ™ ©
L0'8 m u s “ 0 w—.h.v_‘. “ w m ” o ”
208|> 288 S 3 SLbl o> 9 500 S =
€08 g | ° Z m 8b Lyl z |8 2 2
vo'8 8 . < ®
3 0 () S S @ & %
g £ ; . s e Y= ~
Q = ’ L= m . . [«
D 2 s £ D B
gt E B gE E o
o= 09 o = SO | =
E§E 3| 2 B o~ Z, Q v
Ez373|° ] 29735 ° o
Sonz LN oCwnwnzZ FN
- N M < - N M <

94/168



Parameter Value
1 Comment t-4 (E/Z)
2 Solvent CDCI3
3 Spectrometer Frequency 399.87
4 Nucleus 1H
O,N CHO
OHC i NO,

7.21
7.21
7.20

7. 179
7.18
717
7.16

_7.26 CDC

9.93
9.92

8.03

\7.99
7.71

®
(@]
[a)]
(@]
™~ OO MM~ O
ﬁ@ SAI[ER=2
™~ [l T T R N D N
~ —

T T T T T 4
776 747372 717.0
(ppm)

.0

5.0

N 0] I-OL i 2 NI { E
|H B P i P NI R
¢l NI {4 (b (s | —| & d
: sifsftel i [ Rei Rl
V e it ee 8
1Cpn N N 3 n O M o
2 Splvg 0O il N i [ NN oo
3 Sped / [ | |
4Nuc|ﬁ F
O,N CHO
OHC @ Q NO. ‘ r ﬂ “
2 i | U A \
AN ) —/l\v:\
T 7 AT AT T
191381 wﬂi ¥ 129.8 123.7
2\30 T : U Tl T U T T T

—0
—_—

—
—
===

95/168

(s




‘6 ‘
oo )R )
o1ty ——= a E

£19a0 om.h\ N i 0492

76
f1 (ppm)
!
N
" 20

il Q/ /o . o AP

o1
m)

W

il

q

9l'L

96/168

1
14

. E
80°L s
oL FS oo

D[

H
3

I 2 TN £98¢t
S+¢— I\Mumml| —oeict _
plafo T L 007CEl L

9L°L IW uac....w. oo ocqel -
8L h\

d 1Eﬂ 40 1

Value
t-5-E
1H

Parameter

TR

.Zﬁ)ﬂ

3 Spectrometer Frequency 399.87

4 Nucleus

1 Comment
2 Solvent

230




97/168

[ <
o — ro
Fro
) L
] L_ o
- \—/. [
802N -
Sv £ E— w ~ i TZ9C
17 — e e —
Y YRYi ” — [N
A" =) 3
e laYa taXevad] s~ b L
€8T NS =89
N & o
5 8 -
©x i
'R o
Lo I~
VL L\ ALI&_F o
LLL \W F oo
g Q
5 Fio
20°R S oo
-/ B - [ =)
0'8 y Lo o =
. x [ =
80, » © £ ==
oL'L > [~
h—‘.h 0. ﬁ Ta1oM & I %
LLL < by GG 8CL e
m:\ i gt ToToT =
T
)ao9g’L 3 LY [Q £0°Z¢1 e
E.n\ o0V [® —IVOcr S
L T =
208 12 = B
¥0'8 Lyl ] o
L £0——
=) TV OV —
I ® ~ d
gygs = : e—
- i m—men
2Lloe+| 4 0 K =
> = o =)
) ™
e -
[ e -
: W O 5
5 g — i >
- = o
5 r N ov'z6L+ 3
£ ] @ Fr — &~
s 3 ==
T T S r
Tsgsal 2 z 2 =
Eof o o o) K) E o * <)
€200 - = L&
00 a3 AN
Cwnwnz L (8] <]
- N ® < - w%




S0°L o i N L
90°L FeS 2
L0°L S ] I B -
80°L ¢ - Tc.v = i sosa) i =
) [ o 82°2S
Sl hw _ T ~ < [ o
SLL TSPV IR < : [
e L i I e L
L i 1<
yAWA N
. n £ L
6LL ' g =
78t © & ‘m = S —
L8°€ 8L N
88'c 8L [ ] et e -
68 \ cQ/ t | wm > W ww — —
e — = = = =
20/ 86°L = T.r LS L3
- 86°L = s 1o
L0L 10°8 % E
MM.M Fo-w \M 0. - u-f > i- @‘ ”ﬂ
. €08 ™ e &
GL'L - o a
SL'L rz = ==
. O 4= =
9L/ — | #0v FN [WE-TH -
Ly — = OTF | CRR7Y o
hr.h r - B0y [ =
6L°L — Doy [0 TSVE =—
z8'L [ Ok Julr
z8'L " ) === ==
8L | [ R ‘ﬂ
v8'L i - ,
LS EE% . = zoaT N2 —
> Lom+ = ~ = W =
98'L 2 5 S o : 5 )
86'L g : 2 « = CE = =—
662 H () | i z =
e6L]l @ o 3 r —_ Q
. o e Q Y
66 & = ‘ By 3 = ; =
oos{/E_ % W v - 5 _ —
logl & mm Sy O- o = @ 0 S
el EEFE G JO & == - - =
20’8 66 a s o e s a5 © 2 N
onwnz = SRR = o
mow - N ™M < [ °sez =
- N ™M < w
L [N

98/168



o I
) r lo
© o
NL 000~ 20'2 Q 7 ro 3 =]
~N _ ~ 3 L
vo'L” ] = ke I ] o
6LL ~ 1 = |
k-1 / T oy nU_ — o
e - IPWI\J bt L 2
ST =R B oeae = =
LeL <= 7 N 99'6€ — i 2 i
~ § ‘ =
—kEZ 0 S bano [
e =
80°¢€ N AR 2
~ o —
~ Lot P~
~ anoal/l— —
© r : wW
~ o
L o—
o it - —
~ —
20'L| 66L~ o+ 2 o~ =
- = = 00+60 E
¥0'L] 108 - © m =
6L'L o« [ — - ==
let Loy [2F —gm &=
L 7\ Fe
-t —t
OV.\ J’ M” 1 1€1 /r M oo
L \0 QL ZCT U P
B> e L0°9ET ] g
Qb 1l — = 1 [ —
r T =)
o
[@ =080 =
- oon o—
© ® ~ d Ea——L — ]
SwoX N LO —————prpa— & 33—t
S0 QT & - LLOLL TS ~ 2 289 = o — -
> LO0e,F = ~ L - O v Z o) 1=
> m o = z 0
o = : )=
[= [ ™ =
: - W ¢ g
=} = 124
| QO ; -
2 2 — o o 2 = o
2 s 2 o s K=
£ o M- S e
8 s @ [T O O o
] £ L —— -
EEE - ] L S ——6a : o
Eof o =z, O Lo =& y 2 =
E200 o =z, - E—> O & TN
0% a3 5 6 0 2 3 2
Cnwnz = F onwnz 3 o
- N ™M < - N ™ < \%

99/168



4
Parameter Value 8
1 Comment t-7-Z NDON = DNO = © N
OCONANNT~~O OO o m
2 Solvent COCBl N~ NNNINNKNKN o N
3 Spectrometer Frequency 399.87 — ——— — N
4 Nucleus 1H
'O
ON Q O NMe,
|
Neacun
(0]
] ...J L L A |
¢ ot 'S
® COrnA NT
™ <+ 7 < © {0
T T T T T T T T T T T T T T
13 12 11 10 8 7 6 5 3 2 0 -1
1 (ppm)
e A2k il ikl 2 Jﬂ
= B0 fko | oM 1| e witng il N
™ ol slbs i bl 7 NN y
A0 LT e L g
Parameter Vdide T
1 Com 1t t47}2
2 So| 1 CECj
3Sp bmgte! efitlency 100.
4Nup| r 18C
'O
oot
|
O,N ‘ E INMe2
o]
| “ | | Hl‘“” | “W*W | | | B
T T T |. ‘ Tl T T T T
230 2 40 “ & D 20 10 0 -1(

~

100/168

’1‘ \ ‘2(1%0(
F 11| (PR




\ v
Parameter Value 8
1 Comment t-8-E ™= © N OSSN OoO
oo N 00
2 Solvent CcDCI3 Bl NI NNN O O
3 Spectrometer Frequency 399.87 Sp———1
4 Nucleus 1H
o)
O,N cl 8
SYe o
[s0 20 =l O Mo AN O
| S P N == Ee ]
00 po NSNS NS o ©
C Q (% ~ 5/ N
cl NO,
) At J'q
L "
= P =
=) | o =]
il 0| <1 <
80 79 73 72| 14 70 69
f1 (ppm)
A 1
3 hots
9 QL S
L o <
3 12 11 10 9 8 7 6 5 4 3 D 4 0 -
1 (ppm)
L;,' q
DI ~— Nl <t q
D (49111 (1) <P ko g
bi o ||| N > [ N
Al af oo (atfuicl Re f
HHEH I O
[«
ly
[y
a
|
cl O Q NO,
” —
1330 Blla 3. & 3p|lh 32 Wﬂl la31.631.431.2°
1((
A Al ‘ e
230|42d| 2 2db b 170 {4 136 12)|i1c 100 80| [rol (6ol | 4a 20 10 0
I [(RAr)

101/168



0

L FO

g 3

] d

. @ =

e == :

. re

N S

Vo3 ON._./ - e

voia ezt 7 40N FN = ]

voigsglyy 9VLXN ==l - — [T

OCHEET— ST VTS £ —] =

vOi3 66'L 0z’L 28 [

b= e

o] re

P T

VO +0'¥ o Fon

. o

voia mo.w\N T~ . '3

vyOoild /0'v 66°L i 1o )

VOIZ 607 108~ == ® =

) Fuo

yZaoCe's \M
169 - oz
€6'9 o &
vLL le 2
9L/ o =

=¥ Ll [

&+ r =

0Z'L rey 2

" o

mm.hv ‘IL 00 oo

10’8 0

e

o

ro

Te]

~ '8

E w & % K=}

S$03zT o

Lo+ S K=

g o 7z 2

s -

S i)

N m. O Q =

§ d = 2

£ 5 L

© - [7e)

m = £ Q 0 [

o= O @ o]

£ c < 3|z - .

[T ~ o Lon

£323° B

Cwnwwnm2Z LoD

- N M < -

O,N
Cl

P‘ rar IE{EI
3 Spegtrometer Freq|

1 Commen
2 Solvent
4 Nu :Ipus

/4 E 3 LO
LLeel — —_— m o
[N ] |
%) E o
B ¥ 'R
soezL- ————— |3 i °
R } 'S
€CCEL = =)
z8eeL” 1 [ £ i i
ozvel” Qs L3
1200 ¥8°€G — B~ —
K= 3
5
e St o
N N
L LvL~ (<
3 - 1Q
B i 8
aU LVE \m “| \m
h
61t [ ¥ [=) =
3T 1 - g
LLEZL o=
50621 N
€ECET o
Z8CEl _ r—
ozveL” L[S
D.oiw lL S
eLLPL ! | B
N /41 \\ —
A -I-«r\ =]
6§ : e
N
S,08 R
S o0° < -
> mm o m ﬂ _ 02 o
g | ° z L2
—_—
—=w U g
(=]
o
Ol
o
N
[=]
N
N
o
(2]
N

102/168



103/168

2 .
L6’ ro L
o0
£6'9 L g | o
€6'9 ) e | °
69~ 1 o
SL'L N -
=y
— —
St g BN
8L°L] J¥ N /W\ o M
€10a2 9z°L’ 5 = i
\m. o
\—/. ™
N [
00'8 I o
mm.w 00'8 5 ¥
16’ z0'8 P L
MMM 208 — = ~ o4 \m o ol 77 —
€0'8 1 i [
€6°9 mo.w& © L
¥6°9 o~
SL°L o m
aL'L L e
2L .S
* - = ®BI'g
/ [ TZect
>a0 9L . iakeidd M/,
00'8 A w— oz
oow PV O : F——
20'8 [ r——
20'8 = — =
o :
€0'8 wo. ce'0kl T
£y S Reriyiis :
= N T o L
S25¢8:z i £¢0Sw _
> — — o ”
@ & O [
) - [
=] 3 (@)
g m \Q o > : =
Q - — \MM = o [=]

m m m ok wm
e m . m » Q O lo a—t —E— s—
EsEd = z e == &
65 88|° o A =]
oOnwzZ r O0nwnZ ]

- N ™ < - N ™M <




0
\o. LO
o o .
€8'9~ kv | - 12
G8'9” R )] ro o
Lo o 1
o - 0 e
g ] L 2]
Qe o
- rod 3
N 0
L g 'S =
5T h/ \I&\U;ﬁn.w N 2 w
_ g -
€10a0 92 L~ . u - 12 —
0L~ — o o
eeL” =T Y
\M \:4.~ 9o ﬂ \ooT
S |
“ e ‘
Q 0
L0'8 \I"’k._.bn..v. [ Fin m
€08~ — ) i 0 =
€89 Lo o8 ==
mw.o/ e =3
LV L S0y O & - %
. w FIN 29°€Cl | Py
6L°L —— DEY = = I N
L - = B0y [ 66°LEL o
200 9Z'L _ N o =
om.h 00y [0 =Ho=E 5
ceL 0 — ——
10’8 ' AROTT = =
€08 Loy 98°9%] | M”
2 =sEwee e =
B 8 ESHRCE =
fugs g e :
>203% _ S \w =— & g S—
> s3] z = —
3 ;
= L= -
5 5 —w =
: v O 2 5 _
g 2 _ B —_— m.mrwm
2 — \nl. < o T
E o —= ) O S—
.ot OO ' S ¢ 2
a © £ & = o Z \ a
¢z 04 5 T = = o
ETE2 % & [ o3 =252 g >
E2>29 0 0O in & 0 O N
O 0 o 3 3 D S
Ownwmw2zZ [ ™
- N ™ < - N ™ < S

104/168



N
LN
L i — ] o
o orzz. .
S8'9~ = 5 ) e LLeet B o
£L8'9 ro L o
N o L o
L | = Y
SLLy N L 88'LEl 8 o
= — ol 32 oot T ==
bt JHT. O =
1000 92'L ~ — ™ 1S SooeT =
107 — ._.nvD.w L = o <
Fos I T N r =
ee G 5 oc =
r - |- . @l duf AT = I —
- o == = =
N i FETE =
=
] o —
FS ) L
0 r< \m ™~
'S L Qool77= — =
J 6 9VT ] d
~ o z =
66°L T |t run ~oo — — =
208 —=fporr =
oo r L [=)
o \m/ —
mw.o/ © g m
L8'9 L <=
m—..h/ J By [ e ” =
\_\.\ 2 e - QO 11 t —
= o——
)ao9t’L \ 4 v £O2C} / £D
—
—m.h% ) BOH \M 2Q'2¢ | =
€€°L R n
. L 8¢ o.v_.\
il ¥R 0bL -—] 2
’ = 0
20’8 = ;
(<] —GoOpL \ D
L 68 8VT r&—
™~ o i 7y
ERVE S o 2
Si88%F = ‘
=227 & & L - | & & %
g o S
RS T T Q0 =—
= _ S | 2
s g e
g o = L ; —
] w o ) o =5——
£ ° LN c =
-] - — 'y
§. @ 0 Q e — 7y 5
o m = 0 9 = =z K=} H —— = z e
ESs3 & o - I,"%-[Hﬂ Z, z, =
£$8 G ° © Fe E>95© © I
O 0 Q 3 O O > ™
OwnwmzZ L CwnwwnzZ N
- N ™ < - N ™ < \%

105/168



v g
Parameter Value 8 S
1 Comment t-10-E NMOOOOI FM—0 O ®©© LW N
QOANA"Fm QRPN A RN KN KN KN 1
2 Solvent cDCI3 XBBNNN GG G0 ECELS 66 -
3 Spectrometer Frequency 399.87 NS )
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3 Spectrometer Frequency 399.87 ~ s ™
4 Nucleus 1H 8
o,N F O
2 @ O N o ool NNOWLTTO 0O
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| / ——— S
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« < <
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e
13
3
Rdrameter alue
1 CU i 10'2
2 Solven DC|
3 Spectrometer Frepguengy 1/00.4
4 Nugleg up| 3C
O,N F
|
O,N I i F
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140 A
132 94
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- 1T9a. U/
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i
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Parameter Value
1 Comment t-11-E
2 Solvent CDCI3
3 Spectrometer Frequency 376.22
4 Nucleus 19F
O,N @ @ CF;
|
FsC O O NO,

3
585 -59.5 -60.5 -61.5 -62/5 -635 -645 -655 -66.5 -67.5 -685 -69.5 -70.5
1 (ppm)
(4
Parameter Value 8
1 Comment t-11-Z ONOFT OO0 TN
OO T ITANN™ ™ v
2 Solvent CDCI3 BONNNNNNKN
3 Spectrometer Frequency 399.87 el for)
4 Nucleus 1H (&}
o
O’N CF3 e, «9# © O N
=K S NN==
o NIK NNNKNKN
| N
O,N O @ CFy I |
|
IUM bﬂ L
A yi A J
¥ ¢y
o i <+ <
ST T T T T T T T T T T A/
8.8 79 7.8 7.7 7.6 75|74 7.3 7.2 7.17.0
1 (ppm
A .
4 oty
P =me
< < | <
130 120 11.0 100 90 80 | 70 6d| |50 40 30 |[2o 10 o0
1 (ppm
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1 Comment t-11-2 HIRF TGP O NNNNNNANAN T~
R Bl ol ol o B o o T rfrr T
2 Solvegnt CDCI3 l— N /
3 Spectrometer Frequency 100.56
4 Nucleus 13C
O,N CF,
| |
O,N I i CF,
I
l ] LN Jl ;
150 145 144 185 130 125 120 115
(ppm)
H ‘ ‘N ] l I
190, 180|170 160 150 14p |130 (120 [11¢| 1pO| 90 (80| 70 40 |30 (20 10 O
1 (ppm)
N
Parameter Value o
1 Comment t-11-Z @
2 Solvent cbeis ‘
3 Spectrometer Frequency 376.22
4 Nucleus 19F
O,N CF;
|
O,N I i CF,
A(s
-62.7y
]

—

30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100-110-120-130-140-150-160-170-180-190-20
1 (ppm)
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Parameter Value ~
1 Comment t-12-E v
2Solvent coci3 ‘
3 Spectrometer Frequency 376.22
4 Nucleus 19F
o,N Q O OCF,
|
F,CO O Q NO,
30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100-110-120-130-140-150-160-170-180-190-201
1 (ppm)
|9} O
Parameter Value 8 \L %
1 Comment t-12-Z g N © O|00 D O NANTT—T00 0D n
SRR Y[R R-F " R-R-R-R-R-R- - N 0
2 Solvent CDCI3 BONNKNNNENNNNNE@ G © -
3 Spectrometer Frequency 399.87 B B e | S o |
4 Nucleus 1H 8
O,N OCF; IS QRR2EHE8855883
) £ o3[ NFRRRRERRRRRG O
i / B it o SRR
o,N O Q OCF,
- i
f I A
l—‘_'_—‘
3 i &
i M 0
T T T T T T —/
81|80 7.9 7.3 7R 71 7.0 6.9
f1 (ppm)
J { |
4 oK !
s =g
A < 0
130 120 110 100 90 80 7J.0 6Jp 50 40 3.0 ||20 10 00
1 (ppm)
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Parameter Value
1 Comment t-12-Z
2 Solvent CDCI3
3 Spectrometer Frequency 376.22
4 Nucleus 19F
O,N OCF,

QO

J Q

O,N OCF,

30 -35 -40 -45 -50 -55 -60 -65 -70 -75 -80 -85 -90 -95 -100 -105 -110 -115 -120 -125
1 (ppm)
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Parameter
1 Comment
2 Solvent

4 Nucleus

Value
t-14-(E/Z
CDCI3

3 Spectrometer Frequency 399.87

1H

7.99
7.99
7.97

i

7.97

CRLY-WaY=Y4

1.7.26
7.26
7.21

7.21
7.18
7.17
6.92
690
6.88
6.87
6.86
6.86

6.70
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669
66’9
00°L
00°L
00°L
00°L
L0°L
L0°L
10°L
c0’L
LLE'L
44
cl’L
€L'L
vi'L
vi'L
SIL'L
Sl'L

7.0 65

6.0 55 5.0 45 4.0 35 3.0 25 2.0(1.5 1.0 0.5 0.0 -0.5

1 (ppm)

T

ze'azl L

o7
=L

SL°L

91'L
91'L
LV'L
61°L
XAV
)0 9L |
29’L
v9'L
16°6

Value

Parameter

1 Comment
2 Solvent

t-20-E
CDCI3

3 Spectrometer Frequency 399.87

4 Nucleus

1H

6’

10.510.09.5 9.0 85 80 7.5

L2 21]

c8'6vL

067161 T

+
t

T T

OHC

CHO

()
0 Q

1Comme
2 Solye

4N .I(ﬂlﬁl'ls
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7.26 CDC

NON DOONOOODdDDINN
[o2 o2 <> B o B Ue J{e B (o Iy {o] N (o] -
GO NNNNKRKNNNNNKN
— —
Parameter Value
1 Comment t-21
2 Solvent CDCI3
3 Spectrometer Frequency 399.87
4 Nucleus 1H
OHC. @ O CHO
|
OHC O Q CHO
A o
o 4 df
o @
o« of ~
130 120 110 100 90 80/ 70 60 50 40 30 20 10 0.0
1 (ppm)
()]
o ‘ o[ d|do| od [lev @
% DNl o IS @
] op [ oN|lio] v [ NE
& I3 Qe T
} -~ [
arameter [IT=
1 Commant 1
2 SolvEr Cl3
3 Spe 1eter Frequenc 56
4Nuc'lulﬂlm
OHC. @ O CHO
|
OHC O G CHO
230 2‘:m) m1oéon 90 180170 16p| 15d ({40 ”30 120 f10 1o 9p éT 'H) ol 5pll4p [Bb 20 10
1 (gpm)
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MR R A O A A AR Q
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\
Parameter Value
1 Comment t-22-E
2 Solvent CDCI3
3 Spectrometer Frequency 400.13
4 Nucleus 1H
heYe
|
0 Q CN
|
J)I A I
SR )
S s
< g
T T T T T T T T T 1] T T T T T T T T T T T T T T T
11.511.010.510.09.5 9.0 85 8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5
1 (ppm)
[a) ()]
4 8 g
MO N 0| 1O =
olQ N (N 10| L) ©|
N[~ 00N 9O N Q
HITRFOODPANN T ™~
Y M v v Y| [ -
i B e e | I
aramdter Vqlue
1 Comment t12R-E
2 Solven cDcCli3
3 Spegtrometer fFrequency 100.62|
4NucIPuP 1BC

NC

210 2d0 fod 180 170 fiso [18d 40 190 120 ”10 100 90| 80/l 70 #o 50 [40 [3d 20 10 ©
1 (ppm)
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G6'9
G6'9
969
969
L6'9
L6'9
86'9
oL'L
oL'L
L'L
LL'L
[4A
rd 4

ad9olLL—

1 (ppm)

VI L

LFUL

VL

Vi L
SIL'L
SL'L
9lL'L
LL'L
)ads9c’L
WL
44
44
ev'L
L
L

Value

Parameter

1 Comment
2 Solvent

t-22-Z
CDCI3

3 Spectrometer Frequency 400.13

1H

4 Nucleus

al

22‘%
3C

g

ncyl floo

aramet

nt

lomefgr
S

il

C

1C

2 Sojvefit

3 Spe
4 Nucl
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e—e N f—— | |
Parameter Value
1 Comment t-23
2 Solvent CDCI3
3 Spectrometer Frequency 399.87
4 Nucleus 1H
NC Q O CN
|
NC O @ CN
q‘l I i
4 d
g o
o9 0
12.011.511.010.510.09.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
1 (ppm)
o
@ T D |[Ip o
2191 T T ©
[N v D [[Ic) -
(P o ~
| Ff1 *T| r ~
{ \ |

Pardmete Valulé
1Cq UIen -p3
2 Sqlvent PC|3

t
Cc
3 Spec¢trame Frequl y [100.56)
4 Nyclgus F ﬂ n3c
NC. CN
QL)
|
J

I ~.
20 ]90 ]rzo |17 164 |150 -4n) 13r 1‘|1z 1‘1Oq|11|T:pr? 80 |[frol || s0 IT) 40 (30| 20 10 o
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Parameter Value 8
1 Comment t-24 OANT™™ OO OWN o
NNMNMNAN~OOOO L
2 Solvent CcDCI3 NNNNNNNNNN o
3 Spectrometer Frequency 399.87 T e N———
4 Nucleus 1H
(o] o]
1
|
o' 0
i A, A
4 2
< & -
o ~ =
13.5/3.012.512.011.5(1.00.50.09.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.00.5 0.0-0.5
1 (ppm)
Lu [a)
IO\ P 1| N 90 o
© M~ Oy & N © [e2]
N M+ | + - ©
) s o ¢ N ~ ©
— M (vl T+~ T ™~ N
} \ | |
Pargameter ue
1 Comment tH24
26l for1ofE]
3 Sp m Frgq 1cy 10(.56
4 Nu qus 1
Q (o]
1
|
o o)
[ l
230 2:1 21 moo 1dd 18d|[{70 ||‘60 |||To 14p 1‘To 120 i1t bo off [sof 70160 é(r Tl: d 20 10 0
1 {gp!

134/168



=
Parameter Value E
1 Comment t-25 N
MmN 3 N
2 Solvent CD2CI2 NN N o o
3 Spectrometer Frequency 399.87 ~ 7 '\\ ~ u" ‘?
4 Nucleus 1H
Ms Q O Ms
I
Ms' Ms
1% J\ J
13T
D g
po o
13.0 12.0 1.0 100 90 8. 7.0 6.0
1 (ppm)
{1 Y AN
| IT:
1Cqm D i 5 s i;
2 sqIy F: N = o |dl
3Sge 00].54 f—' E:- ls
4NgJc 5
Ms
|
Ms Ms

=PI I T 1

135/168




136/168

38
€0°L M~ r
YO'L| = =
10°L E__ (mv| 8 ©
Loz, ot [® i
20°L160°L\ - A =) 2
202160~ h\I\I\IJ o;\m i N °
£0°L & L K]
. P _ ~N o
€0'£000 92'L { [nE o A
YOL) gey = ! —
vo'L oy » - 4 r 3
ootz wﬁ.\v M.v w
= A= Nt/ > F
S0 i == [Fv~ -3
F -] = I
LU~ . =~ [Te) =) o
101 VL K iE e
80°L 818 » L Go-ot 1t o
mmr p— —— BT < o
607 058 ~ © i o )
oL'L . S
>a0 92'L N o~ ==
8¢e'L o § o=
8€°L L £ -
ov'L Ll \m = W_ =
oV Yoy - =3
LT By - S6-lzl —B
VL [2 S59<H R | m
81’8 © 06'sel” 3
818 ot LZhyl~ o
6v'8 ] 2 SV EPT o=
6v'8 L0'091 2
6v'8 _— o ° e
CEEH TR R =
058 SYG G Sdgsa o
05’8 > o > e
s e 4§ | o
w. _ 3 | [&
5 o PN S -
- w A N [ |
E 3 RolE S
- - St _E B3
o g 268 o o S._.35 ) N
£ 05 o LN £ ._nv W [ o
m 2 00 - E>200 \ﬂ
0 Q 35 O 0 o 3
CwnwnzZ L OCnwnz =)
- N ™M < - N ™ < \%




137/168

\)
Parameter Value 8
1 Comment t-27 2333888%%
2 Solvent CDCI3| o o o o6 1~ S © G O
3 Spectrometer Frequency 399.87 T~ S
4 Nucleus 1H
I
l
3 3
Q -
[} -]
13.0 120 11.0 100 90 80 70 60 50 40 30 20 1.0 00
f1 (ppm)
(1A [N d
y Py % o q
. ol Fil & g
. E D T
CRET |1 bl N
56 /
N
| | I
I
2 :mz‘oT sm> 10| 1 NEN 140 1Hd 1 1 Joc ()M sT vl 5 20 10 0
bRMm)



138/168

-
Parameter Value 3
1 Comment t28 DO NOLW®M—flom—o
SORNKN®O®OONNN—
2 Solvent CDCBGY g N N~~~ N NN
3 Spectrometer Frequency 399.87 — ——— ——\—
4 Nucleus 1H
|
' | . M 7 S E—
d %
S ? © 1L
< <
130 120 110 100 90 80 ‘ 70 60 [50 40 30 20 10 00
1 (ppm)
(TN
Gl
1 Cpmmeng 8 Hitlos o PS]"'
2Sglyep oile M N NI
3 Spec ! Fir que| ym 5 | N S
4 Nudlells r
|
| | | _‘ Il ‘IHI| I
224 [2fi¢ 190 150[ 70| {60 a0 18 (124 [t 1o [ elllzalll BH {5l 48((3p 20 10
r 11/(ppn



- 8 PLLLL - — T {
9\ ] Toper [ © r = Lo
b e L ” = 8rLLL— U B !
L6°9 o © 09'8LLY s Rt o
669\ —_— o L — =
. — TNN g o ; o ] \m
st ) e 21T LTl 4 |8 1
60°LN == lezy L ; L ; ﬁa. i & K=
11z ) — €621 — — m ™
[Tz N N = =
i | r— = ~——
62°C «_,.h\ —==] e =] 262 | R S -
wr.n\ ~= o =~ o
£10a0 92°L ). IxF Lo o
I
A HTE F o—
Sﬁx ) R = __
Sy'L © < = L
'L FN F LS o s 1 n ,ﬁ S—
189 o = C
MMW @@.\ —_——— 1 wo i mW.\.‘.‘. L Cds) wll!w ﬁ” - w
s - == ?ow 0 N o e . —
669 108 - 98Tt N p =)
. ; 2T 00 QL[ 1 U9 9PT 7 = =
60°L r o0 © s — Jn =
= o3 =
60°L L e : —— = —c
LL/ ) BoT | _ -~ LE6CLZL'6YL -
wMJ A4 _. =<6 Ut N
T—..nl . - “ T r ul ﬂ. h
. m w " NG | 2915 - 4
9lL'L ﬁ 3 gz | e $ =
8L°L AL -
>a09z'L] Ny 00Z [
eV’L L
YL wM CAAAAd — <
ove ‘ —z
o
mmi g 2w B3 S =
108’ $88 8= - £
> Lo0omF = [ ~
) Q o &)
< -~ ﬁ
[ [
. s Q0 —— O —
] “ [ @ — —
- 3 0 ]
i < BRA
® 3 - N
] m @ @ L il & =
22 d =z o ge o s J z, ] B
E2%3 ° ) Lo === =
0o a3 5o & = o—
cCwnanz _ H OO0 n 2 N
- N ™ < - N ™ <

139/168



89'9~ ‘W koz g
- 0C - r \E LO
0L'9” J o i
bod ro B =
B == |, ” 3 H 2
98'9" : %o i ;NS o
o 2 90 VLL— — 7 B
o
10'L FN L S _ H —
» / ———— .~ o Ilw % -
60 i T m. =] — o~ <
cL’L ‘IHHUuulT Lo 2 0L ZEL S — =t -
9L’L TN T T ; e o1
- o O Y
2.& ] o K& 98:66— IS =
£1000 92'L _ = i —=3 =
. ] = %ﬁ. —
- ——= —
M = o0
i )
0L'9 o | || — T = 1=
89 J— i 7 e i % ”
98’9 T —%EEE —— S—
LOL a —Z20 8 O O
60°L =
e = -
Sl S6 IET T
m—-.h ﬁ alL-zZol \dwcl\l)
plato R rAVA o)
V'L -
Yy L \0 y—
Sv'L L& =
oL i =)
6L oK =
108 228 a -2 S
V..".Cm.w1 ) ﬁcu_\rlhi ° pny
= = r = =z =
g |9 o 2 aiwaa: — O, o S —
o F— V| E—— i
=
5 m. O g [ #EM O Q WM%NM
g U = 5 Ko— = —
s 2 [~ s 8 1
St ¢ L) @ i — £ /) O
S .50 o |ﬂ M
ESZ 3| Z == =g z =
£ > % o =z Ie) [+ |% =z [°)
O 0 a3 =
OnwwnmzZ L OCwnwwmwZzZz N
- N ™ < - N ™ <

140/168



N
mm r 26°LLL ~ HMAI i lo
©0
S yS9LL — 4 I= k=
<} %
] zz'8ll B J 5 2
~ gesLL” IM s

0 " ()
'S - SO — = ﬂ
@ o OLTTE R F

Now OC CCF
0’8 r =—HEFE W

.0

0
1l
1
dl3

1

Value
t-31

? r— =

. N

Xa09z'L 08 TET _ S
oL o = = —
sv'L L o o—
Qo
= ——

p=J

- =
F— W—
O—

11.0

|
12.0

Parameter

Comment
2 Solvent

t

T

©O

Q

(]

<

-

1 Copf{m
2So
3Sp

Q
J
NC
pe
Wﬂ

NC.

3 Spectrometer Frequency 399.87

4 Nucleus

4NucmH

141/168



Parameter Value :g
1 Comment t-31 »
2 Solvent coci3 ‘
3 Spectrometer Frequency 376.22
4 Nucleus 19F
NC. CN

QL

J QO

o,N OCF,

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

1 (ppm)
W
[a]
O
TSNONOIT-—O—m=O0 000NN T — O © N|fi- © © TP W n ©
Qo'\.'\.‘o.“’.“?“’.“’.“’.“?“"f‘t‘f‘ﬁ"fﬂf"!‘\!“‘!"“.“."'.oc3. N
WONNNKNNNNNNNNNDNN NNNNNBFSNNNRNS N L~
P P S i o
Parameter Value g
1 Comment t-32 D
2 Solvent cbci3 I IIFRIMIMPIRIIC2I
3 Spectrometer Frequency 399.87 0O IS IS My N N NI M-S NSNS NN
4Nucleus 1H B |
NC. cN i,
' Ny J*\
| | A
LT i JLHW
2
"é|" wgﬂ- i gt g’
) Pl A - < e
q - | N S -
T T T T ] T T T 7/
“0797!7 16 5“4737.2 7.17.0
i1 (ppim

142/168



VELLL~

LYV'8LL ~
¢8'9¢l —
Ds Ly L
T
4 X435
ad 9L’ LL .
UG GV
Vet
(AR 11 ELERLAS
J— o A
—= 668t
O3 ¢CF

—FF =<

|..“ 1) s
—VECet s T oo
g/zel |2 L O0OF ©
|ww|wm.T. —h—

- =1
A I

ST e e

0S9YL | & 2

S

T -‘H. WH
86-91+ E =—a

1C

o
3
¥
T
2 Salven

38
4N

€LL
mtny
8L°LA\
6LL
oNNN
zL)
€10a0 92’
Sy L~
LrL”
€LY ¢og
S €08
8LL il
OF.“) mo-w
0Z'L|
FNBA
-
Sv'L
ntn\
z20°9”
€08
meu
S0'8 |
S08/g =g
- - c.
085888
>
Qo
<
Q
3
o
) o
° w
cE_E,
E§E D
E200
O 0 o 3
OnwmwZzZ
- N ™M <

1

1 (ppm)

)

1 (pp!
143/168

120 11.0 10.0

13.0




'\E PH P NNE PSPPIl NEE<C 2N NS P
N ~r~&<r=-~<>1—.-rooﬂo\w%umvonfﬁmf % ®38 3
I Hir SRR AN PN RN S S g + ) . © y
It Ht —| - - M-~~~ | TN N ~oN < <
- NG hia =23 T2
Pargmetelr Value E ® o+ | ‘ ! hd
1 Cgmment t-3 IS H 2 1’_’_ ‘ (\
25diven cogial|l ||8 $ oP i ‘
3 Spedtromefier Aréquefjdy(100.62 | N ) , /*
_ZNlﬁﬂﬁ 13 /\L >V
O:N QO NO, / 147 8| 147 714 7% _1- :
.\/‘. A N Ll M
I P[] N ~
v : +| oo © 19
J O 14l 3M0.614 Iﬂanszmsn.m P 2IPP N &
oM o 1 (pm) s isa
i i
131|[1do [[124[| 125~ 123" 121" 11¢
1 (ppm)
i 1|
_,_!L.u( |
210 d|{eo f{ra 16 hq 130|12p 11a|{po od 7D |l6p| 30 20 10 0
F m)
K
Parameter Value o
1 Comment t-33 Q@
2 Solvent cbci3 ‘
3 Spectrometer Frequency 376.22
4 Nucleus 19F
O,N @ O NO,
|
on J Q .
<
o
o

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

1 (ppm)

144/168



L6°9 R N
L6'9 [© i soeel - ————=| | =
=Ty | © Qe -
669~ ==z 3 = S o
oLy - i ey Wm i
8L'LY AN o = '
. ——— Loy
8L ——=_ T.m‘_/. ] O e — T
6% = w5 g . : 82—
0zL i~ o
1L NS [N
69 el n § I
. €CL N > <
L6°9 £z'L © = re
66'9 . FN o
. 00’8 r
9l'L . N =
. 108 FN 1< =
8L 20'8 <
. [>e]
8Lz 208 i~ i g—
6L°L €0'8 o Q . Lo
0z'L . FN rn R4 T )
. €0'8 - ™~
gL cn'9 — \m r
Ao —— Mﬂ = o= _ Soect N ==
€L mo.w\ _» oo S5 06°€Ct m
[ AVA L & —=== —
€C'L | _[e% PRt S=
. ————— 802 N 3 -
ve'L - %ze ST =—
>a09z'L’ i o
00'8 o = i
_‘ow U0 9 hod == m. e—
20’8 r =
20’8 1S === —
€0'8 = =
€0°'8 - K=} 107t : —
08| 5 3% s ==t e —
ollTsSag - ; 0 AM
G081 > AT} % m o~ T OV rd (&1 — o) w
G0'8 > g K= [eTe M1 > = W
(=] -~
[ I
: QO — \
] 2 _ =) I —
g Y B |
[ 2 - -1 & I
. 8O Q ‘ /)
L To60 o [
- ) =
Es g ol% Z, K2) ~
E2>29 70O o A E > o
O 0 Q3
oOnwmw2zZz L oOnwnw2zZz
- N M < - N M <

145/168



o
Parameter Value 8
1 Comment t-37-E N OO ®©WOOMOOWIIININN— —
NNTTA~NNNNN 0 0
2 Solvent CDCI3 WONNNNG O[5 © 61616
3 Spectrometer Frequency 399.87 N N A =
4 Nucleus 1H N © 0 {® o] ONN &%
S < R 4 oA :
O,N o ) N N © oo 0w
/ S \ ~e— N7

mq '!\ J f“ |
| |
i L
) o | 3 3
< I v- - -
AT T T T T T T = T T T T i T 7/
820 8.10 7.50| 7.49.15.10 6.25 575
1 (ppmp)
r_u:ﬂJ_LJ‘J;_:.. - - ok l
& B 4 +
e 94 %
< o o
130 120 110 100 90 80 70 |efl 50 40 |[[30 20 10 00
f1 (gpm
[T} 1] {11110
R (B “i
1 Comjne & | o | HE !H
2 So| P & R i
A — 1| ™ - o0
38p / i i N N
4Nug 'i? E E
|

11t
Al g
| H
| il .
I AT .
R ([l 1gty| [[{22s 113 1o
i
| | .
T e |
- bl s R I = o
()

146/168



N N
n .
T8 4 < S MS Lo
ueg HM..,Wm.o rn o . HS
SWL 000~ —_ = - s =
- - T _ ] .
OF U 0
. ] T ———— | . 8
ad ~]k60 2 - A
C n
| =T ‘0
e o X
@ I~
-] Q
. Rg ~=—{®%80 )
08°'S ! = rol
18°S = o
aLa SnB — Fon
A EI e SR
LL'9 7 r~ n
9z9| =73 < Fes
[z9 | s | o
e —— | T ~F
— &5 e \N:.Wd.r ) o
L29 I~ L =
zo|mEn . I3 o &
BT I t i £ e
vr'9 o o
Sv'9 _“mmw_ ——\be1 [® [0
Srof — = — E
HQ.“ "GO F
- 1 n
e} — e
EUL\ 12
L/ %8 m m I = - LYY o
oz f55 88 ——ETaK
8zL| ~ N <y
8EZ < ~ DA
6L ) 0
e g oo
oLls 2
8L g o + B
108] g g 2
r_m - m n
L1082 G« 5 9 Lob
cog| Egge o
ozgll G896 &S =
O wmwZ Lo
W8 - o 2

147/168



n
< ) < o
. Fo i L P
8y'9 . oL | B 86'¢Zl I =]
6¥'9 g o Q aa
8L'9 w Ba kS
6L'9 . P e 06'92L — - ®
ow.m\ ,_ o 10 A - |~ .2
08'9 | R — A —® S——
6L'L B ~NE \25” 7 = 3 L
OcL” N r 86 TEL — — = £ o
€10a09z°L’ INE= 12 ; —
16 L == =
iy o e — 2
€5°L NG i =
© F< ——
|- - 5
™ F< ToO9Ir LAV evF e L%
o o
| o
. — n
8’9 al'g I N L [0
ﬂ“; ONw = —— =i \nU. \ml
8L'9 . g
6L°9 e S
08'9 L |2+
089 — YA W
6L°L LY | oC
oz'L’ 12
a0 9zL’ 00 | o
LS, oo
€5°L 12
8L'8 0
0C'8 s
owoy o
20 O p 5
So0Qg T 4
> Lo - K=}
I S
© -
s i
S -
] 2 B
8 ]
5. ¢ [
a 5.5 5
ESE D K]
Ez239 7]
§8&2 &
- N M <

148/168



8. 3 °
=——"les1 | © _ ]
18'9 e ] 'S o
N1 00°0- 189 LS °
189 _ |2 'S
) —="les © {
z8'9 o o 4 2
289 a =
60 _ o _ —
569 1 N S i ‘
G6'9 o 132
S6'9 TR - N : =
969 A g ] e
lVl”.“Ul‘ﬁar = S (=]
6C'L b= ) ==, ———
9FL I TN T moiss =
LEL ~ o == mu
0 bt =
18°9 4 N I =
18'9 LR ==
189 Yo i m.
z8'9 ~ L3 8 i it
28’9 = ﬁ
pead =t = =
= 0% .
G6°9
G6°9
96°9
e ——————— BL |
6oL . = ummw
o L w.—‘ :
T TENEE o ===
Fo.wv M m w m z B0y [0 mu.mmmrm
£0'8 2 = 10 e ——
e W S\/ rod MW-”TM
S _ o -
5 8 12 :
H F 0 E 5
m m s O ro ol =
o ] et == =
[ =z = 5 =
5545 o 5= =
m g K L = = mw ©
6% as e OCnwnZ
eaag meos v

149/168



o A

vL'lcl

dd

~
v

100

m

il

il

ZOZET
6L°€ESL —
= arog) O o B
d LS/ 2~ ) ] [& i
oY S o 0 o =
=2 L O0m= > L0+« «~

requ

T

4,

NN
e
i
Wr 191”8 119 60”

omeie

ment

|
|

ivent

Pafpa
nent
biMEnt
omeitdr|Fire
S
S
&
T
210

:

1C
2S
38
4N

1l

1 Cor
2

3 Sp¢
4 Nu

150/168



N (3]
- © n -
) L T e, .
9~ . 2 o Go'ELL E— <
SNL 000~ 999 —= J*5 = s
. n
999 © LS &
£9°9 F© (=] -
699 [
==+ = =
o T
16°9 7 IRE —
16’9 e FoN
£6'9 N (2
mhm% vo.u_\\\ IJHWQN o Te} = =
sLe 969 s E G
mv.slﬂ§ E - 826 m = — — > : ﬂ
wh.m\ t.[ FN [ = —
799 o M = _
G99 €6°L\ B u”.m o~ Fis i
999 V6L =40 i
99'9 s61/ @ g —y-o-vw : S—
Nw.w N \6. m- ﬁ\f\ﬂl_ = “ m
699 188 —ewmert— — =35
689 e \%% —9'ZEL \nuw =
689 - W| ot —
169 FI~ (h{ 1] Foo—
16°9 o2
€6°9 =
0 — L ]
¥6°9 oo GL'SEL - 3
96'9 B —
-T2 o ==
LI F— - per — =
LILlISs o2 Lo veTeT S o =
3a097L][S 388, 0 o mmerEsTew . g
. <= s L = = =2
€6°L 2 |© 5 =] it 2 0, [ e
ve'L g L TR RGL = =
in
S6'L°| = @ Q - — £ @ @ Sz

w m —_— \m .M = — J

2 . N £ - R

© 2 K]

L AR —= 0 Q =
EE£3 2 Q ) E 5 & 8 & 2 =]
E2835| O — K =S 8.2 O 2 S
O 0 Q3 : 4o m—1
onwnwz L O nwnw < [=)
-N ™ - - N ® < M \%

151/168



v
Parameter Value 8
1 Comment d-2 (R ToN s N o] [{o M)
N @ o oo ©
2 Solvent cDCI3 ~ © & ksls o
3 Spectrometer Frequency 399.87 i B e
4 Nucleus 1H
MeO @ O OMe
|
MeO 0 Q OMe
WV - L l " J
& 4
D d
o o
13.5/3.012.512.011.511.0/0.510.00.5 9.0 8.5 8.0 7.5 7,0/6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.00.5 0.0-0.5
1 (ppm)
I
Aar3 e (i b
1Com n 2 E 4 ﬁf ! &
ZSov (l o P p 3
3 Spe Freq [~ |
4Nu:| s "
230 220 [210[2po wro W || 14h Tl ‘ 1‘1&1‘00 “m Tr 50 bl 20 10 0 -1C
il derrn)

152/168




153/168

N
s ; /
Zres Teve [ o 9E'SL~ M
. C'6 _ LS
e 0 )
(0 VE'Shgooo) — —
iy o mm.mmww 9
88’9 o - 8E'Sly, .z, 0
069 | B - < i | -
7679 \hlw pg-9 <O — =) !
L6'97 == - F :
exe 0 = P C S— ===+ !
. -a/l - — L - €26 |
vv'e 66'9 -2 o E&W
66'9 N -
L0°L ~"L, H CC CcEl —
J— 1z | N
wo.n\ T < o -
9L'L . o F<f JAVA -
8L NG [ OS5 SEE8IET
: N o
889 4\‘ H [ SC Cot |
06'9 . - i . .
26°9 S6°L~ = T:.v o = T
. L6L e 'S E
v6'9 s ===
NQ@ N B (D.\ CL FGCF
669 _ 9 [© % =R 10T
569 | m M@.M . 8rEr
66'9 ? be |
0L L [e
T 0T
c0'L ﬁ ] © co /o — 3
aL'L - . —
8L°L] =
)A0 9Z'L |
S6°L fo
e gh E= e —
=~ S L oo ol
>308F| N i = —=—— =
2 = = Q soeet = z—
= ) w
m \“H S = o
- W. O Q L — > —
[ m o Q = o
° w _ d |
£ 5 L 2 S
© = - [ =
® < 2 L ® = —
i, 00 e— 1
£ ° ﬂ 9| Y Kx) e = o—
E20¢00| & ] — —_ |
6 oas O = ]
OunwmZ - O 0 0 Z
- N ™ < 7 - N ™ <




"
Parameter Value 8
1 Comment d-4 © N = o]
N O oo o b
2 Solvent CDCI3 ~ © ©llo © oi
3 Spectrometer Frequency 399.87 ==
4 Nucleus 1H
MeS SMe
|
MeS SMe
B |
S|S
0 |00

1 Commier|t
2 Sqlyvent

()

4

2
A9F oy
TZ29.0Z

136.72
\131.93

P
Li

@
2
==
3
49—
13054

4N

w
o
-y
P=3
—
=
m

7 O

7716 €D
—15.55

1

MeS @ | SMe
MeS O SMe
230 21T 21p(204 n)O 8Qiiit 7o ||60 1T 1D |13 1115 M}

154/168

e




28’9

155/168

v8'9
N
989 N
L8°9 6EGHLY _ -
889~ LPGLL - 0 w
€69\ )
JCH 9GS v6°9 = \ ﬁm

" - . L
289 v6°9 N B0ZEL = — 1
v8'9 G6'9 S6ecy e
98'9 96°9 T —=
L8°9 96'9 2 ——

. = REaet
889 /691 kﬂw
€6°9 86°9 N -
v6'9 86'9 —
MMM yLL OC o = ]

9lL'L | = S S =]
96'9 QO Pett —5
96'9 Aot 5
L6°9 1 4 Uriyr T m
sas Sars —~ —O09SHgi oy —fQ
869 008~ £ T — u
66'9 £ =zre=
vLL — mmw T
ol - L J S
I Yz ————
>ao9z'L’ o oel ]
86°L 00z 86°CTEL T
008’ cocel
oG Sl
Zeeer
() ™1
S o %®
$983 =
g 9€°9p| <
=] =
s v ) —wresr——=
g £ _ e
s 2 ===
© -
§r /) =svoer :
m £ .m 3 = £
mem % 74 51)" mvw.m
S3452 €SIl | S o » =2
- N ™ < - N ™ <




o
ry
=)
<)
rm
o
©
v
o
N
rm
mm__ [ - o
r B ﬂa ) T
et Sa28%0 i i -
- W ¢
[
. [=)
oL~ - 2
- k] w o
= ™~ )
=) A==
s = o 1=
Yeri- L 5 & Z N N
Tl = y_. O T —
E=> 0 O = =
e — S -
= O = =) (=)
Fomn
=ai T O 1=
| ol
Jekl-gr - - o E
e L'ELE iy 85
Stt=—pr-e = =
TetgLTTIT ) \80ﬂ
et h.«rr _ )y -
7ell-gLell- )
T — = o M—
SEFF 6ottt — s —o—
N ~ —— [=]
29°¢cl| - =B o—
LI°ELL- = © [t
L ~
GO Il £ (=)
T e w—— )
A IR o @
e =
== =
= v =)
mh.lﬂl—.—- 1 4 4
e e 2
— =
- ] o
= =
[CELL-T =1 TN I |
H= P =
VCErL- T

N
N
N

OSa 0s'c —

“00°t

1 (ppm

roe
%£l'9
0L

Value
d-6

Parameter

1 Comment
2 Solvent

DMSO

3 Spectrometer Frequency 400.13

4 Nucleus

1H

13.513.012.512.011.511.00.510.09.5 9.0 §.5

156/168



157/168

it
66'9
%
le S.h” 8
w% oL~ ~
M1 rAWA 3
10 . '~
) eL'L ~
) iz e
qL/ [~
o/ e
BT —— SCHOBS T 2
£ 8L'L~ o §
s 6L L P
= 8ES aad o
08'9] cz _
omf@n\v«.l p
— z6'9¢12dD 92, L@
|E | . 0
10/ vEL™ @
— ST ~
AVE LE'L E
€L'L] o
— gL/ <t
91L'L I~
ql/
c_\ VA
ol L
6L°L]
2L
NN.L
veL
200 92 1 —
veL]S o®
cs]S388¢=
LEL g | ¢
No.ﬂ g
£0'|
e i ¥
08 3 o
508 E 8
L08 |8 = ¢
“5:5¢ &
[T
XIS
oCwnwmw2zZ
- N ™ <




N
. m e ° 8L9 S
LE'8LE— - WM 08’9~ reo
G8'6LL — - S =4 98'9 (o
IR} 1 3 mw.wN o
" _— 8 069 =
aL'ect / m MO 26°9 ﬂ
O . F~
pm———_ === viL o
— — — oLL [
— r iz 25
——= = ——— 8L°L =
g/8eL — - - L . 0z'L ° .
T WMW 02/ I~ =G0°¢
=== = = . 66°L ~
S o o] ¥ <5 0891 N FIN
e == 9891 LL ®
Jumuuummlmw 1891 00°8 ‘W
R 7 - 4 ——— — — MM”MQ mm.w/ ‘M.
= = oeo1CO8 =
= ogo| 20%8] o .
= Lot ¥0'8 I — £02
= 69 %29
= vL'L] %6
L9728l - v o
SLL] 3
9lLL
LL'L
=i 2.3
—0L =c 513 h; @ o
TR S 0TLl= 83 3
%J . ozL|SEGQE
— mm.& By 0
Somen 5 Wi ) b
EB GGl | ; 00'8 | z
ei-gat T oowg ° fra Q
z 3 108 | £ g
= 20815 = ¢
= L
20’8 eE 25
s £ -
i e £228 )
T OB 0B Z v0'8 S8 &2 Z z,
- N M < - N M < O @]

158/168




NC-) r
g © :
V9'€CL ~ - [+~ [ J Q
] — = AL 000~ — 2 =
vLeTL > Lo = I
. - —_— )
98'¢cl < r
L \m L o
& Jr 1R I
] A o o [N
— = L— = B = =
CSITT 1 | 3 “ e = TTEY
— N — F =]
= w = ZeL— - < Ft
— IS ==
<3 g | o ~NE L
= clINanNQz L — ~——— [ o [=)
o 7
o N
+ = — =
——  S—— N S
[~ <t
—] N —t o F
= i 3= 7 — ey F
= et >0 1R o
X = — e s =7
=— L 1 L
© i
(378 i "o - ‘M.u. ST
g8 ECT s E S = ~ © s
e . — s _——
o= 0T o=
”Nﬂﬂ]uM(.‘ M — CC 7 —— I
aizay : 2 20D 9277 T |
s taeaoa s - == glg=————
I AWAN = oV =T =4
= - — 057 o
—9Foctk = i m—
CV LTt - -
cegor I 1 Fr [
= 1o
r S © T > T 1 =) PR I <
%LTB” ; = — == m =S
] [ 5 2~ O o =
O, E 3 J Q& T
— o > rL0o+ L
= =k 7 =
=== O} = —— 1} ~—
OV E = g . S
—on A i © £ § —
== ) O ——=
S T —
© = = - =
13 = 0 O | A o 7, S
=T g O o cE S S 32 Q O on
& % Wﬂm E > 90 2 4 T
S o—= O 0 & 3
OnmzZ|Z Z, o onwnz L
- N ®<|O0 o L@ -N©®Y
| L

159/168



=
[
>
=
70—
=
-

1 CpmmegMt i

2 SPIvs £
38 tell Frequdndy

i

=

132
129.03

=

— 159

iy

T
it di il

230 (220 10mTC 15[

201

3.90
—-0.01 TM:

Il LDJ
Paramete Valud O
1 Comment i-2 < N > D © O W
™M M | o N O
2 Solvent CDCH 0 O|NININ N~ Nk
3 Spectrometef Frequency 399.8 11—
4 Npcleus 1H
o]
O,N7 ‘I .i ~o”
N -
Y i di
2 [P -
Y N N
18.0 |14 11.0 10Jp 9.0 8. 7.0 B
f1 (PP

160/168

%]




q
9 91 |11 | 9
: w13 el =
DI d 40 (B3| §
h s lhe ™ LiD{
| Il b l I = | {1 l\‘ [
Parafjité vailg
1 Commgnt I
2 Splvent L
3 Spedtrpmetg| Nay
4Nu:IFt|s
g
OZNO/
L1 Ll
230|22p| 210/ 80 iAD 164 150 {4b] |20 Mi d| sd PHllbdHd 40]Bo 20 10 0
1 w| )
4
Parameter Value 8
1 Comment i-3 TNQOQOMM™ANO© i
DNODOINNMOA 1
2 Solvent CDCIB soo NNINNNN I~ o
3 Spectrometer Frequency 399.87 T\
4 Nucleus 1H
o]
OZNS,
A -
X Rl &
S N
NN N N [}
130 120 110 100 90 8jo |70 60 50 40 30 20 10 00
1 (ppm)

161/168




= N
© L
lo Fio o
ro
<
12 T Fo i
. _ GG — —— ] 0'C ™ o
28l 9 e 2
o— L
= 80°L ° =
= v:/ FN o
al'L > -7 i
o . % '~ o
= B P
20 G/ . I - [
E____ A IS =
AW —_ r =
=y — = \m v L~ unﬁ\d.\U 08 F~ L
4 = T i 5
3 1487 LvL \ .Pf ._. ” 00T
——— o0z, SVL N o ~
== R -
— 60T 5,7, - oz P =
T A — oL'L E~ 2+
nHr‘\v-wM'H\ M|w|‘ 3 W.II <00-%
S Y} = ol'L ‘M
I I — sL'L i
oL = 0L o
PRy e 2a0 9L ro
e e— g€l ‘
5 — €L o= S
= = |8 83 2
S oSO = S¥8Sgz
>~ 10 v «— \ o rL]Z Lt oe = L
» — vyL g e
= = Ly'L s O L -

; = @ = 6L = L
e —— ——= |3 &8 : S
— — [ LN

- —— O E—= 0L'L m 3 Q O -
e —_— = ey e €, -
@ £ 0 5 . 2L L m £t 25 <
ST 5 T oyl E2gd o
g 2
S ha= S S8 a2z i
- N ™ < \% - N ™ <

162/168



\ i NL0007%% ¥ / 8
62°€S ~ —_— ﬁm Lo 8v9 | “Aﬂﬂwo.m Fo
€9CLL~ 3 wn ] ° 29l o |
5 A §6'9{20°L J. 18
< 1w ] ° L691r0°L | = | IR
= 18 } B 66'910L°L\ = |z
0021 — — I ¥ 00°L{0Z°L = N —

mer
o
7.4

f1 (pp

—80L P —===
olL'L _.m.h\\ J

r I pi—_ .“--_u_. .
CH St = ™
il LI

y =y = T——— YU

163/168

% 6L'L ﬁn.n 5
q 0c'L =]
el i ] o #3001 ;Lnﬁ b
3 LO zz oL e [T
SVOLl ¢ UFL _ VVM - £ o
PP . oo L 9z
UUTLTCF — < =
—topp AP OFL 3 = = czL WQ
== o= i 2AVA _ ow
T BCE = ) 12w — — Wu.o
—B08Z] I11|1 SEL WM"
—LE-82] # e Le'L
—_YV 8CT = evL
18'8¢Cl ﬂ Fe Sy'L
VA WA
L — .
e ———— — Sillg =3
2o == 5.2z o
zzee > Y O o < = voL]>208% ot
TV Eet © O s : JM 99°L m
. g - ——— ] g
el e 5 = el F A K
ey orlL [ 2 q = ) 90'0l | g e |5 O N
%M @ @ i —_— [ R] ] .m Q Q -
© + - M - ml & m . m " °
Z 1 = ESE 8 ®
e = E>870 -
N O 0 Q3
- N M < + - N ™M <




< o L
L ~ 3
Te] o r . Sp=
ce9Cl ~ © e L oo%w /
95921 — = ° " m.m.MM Mm feor [ X i
. o ] v ‘ = bes |2
®N wN—‘ ™ ) m%m.b/ - ] v '\I"hl ow T
< T o
F~ _ [N
To) m. [
b~ @ \M
© -
\—l. \0
F<f
o o
oo rw
L B80T O
o o
- ro
. FAN:] o
e ] | — pgls 25 =
O = .83, S
>Tocov 3 i > Ilome~+ L
ST eVl > =] > o
f— - Wi an O Q S — < O L=
owmtera O = N m. N. i
#M g 2 o) 2
70 Ot £ ° Fa
mi afs; n Q ‘
EEE = o
Eog B2 o) Lo
r >—7—© = E200 -
[} % Q S 3 A 0O 0 o 3
o w2 E 3 3 Cnunz _ L
- N ™ < g - N ™ <

164/168



18 Lo
; -~
ov mﬁ'J < K=
[N
6L9L~ T Q
(AL A 0
B o
= 2y
i <o}
Q.
= o
sU Uy [™ N
-
tV'oct N =y
692l ] ol o
e S
[0 W AAN o
I Tal
Y
LN P
O oL 77— - [ —
= —t r= —
B [=)
——S868 i
o
e
T E
o Qa
- O
=
2V CLEF | [ew] W
(ol MoV Al 4/ LN
Fadlab- Al /_ o
VU IUF o™

iy S

que!
q

Al

|

b

rgr

bu

|
1Co nmI]

2 Solvient
3 Spg
4 Nu

165/168



3.1. References

L.-H. Xie and M. P. Suh, Flexible Metal-Organic Framework with Hydrophobic Pores, Chem. - Eur. J., 2011, 17, 13653.

(a) X. Fang, Y.-M. Zhang, K. Chang, Z. Liu, X. Su, H. Chen, S. X.-A. Zhang, Y. Liu and C. Wu, Facile Synthesis,
Macroscopic Separation, E/Z Isomerization, and Distinct AIE properties of Pure Stereoisomers of an Oxetane-Substituted
Tetraphenylethene Luminogen, Chem. Mater., 2016, 28, 6628-6636; (b) H.-Q. Peng, X. Zheng, T. Han, R. T. K. Kwok, J.
W. Y. Lam, X. Huang and B. Z. Tang, Dramatic Differences in Aggregation-Induced Emission and Supramolecular
Polymerizability of Tetraphenylethene-Based Stereoisomers, J. Am. Chem. Soc., 2017, 139, 10150-10156; (c) X. Yu, Y.
Meng, H. Zhang, J. Guo, S. Wang, H. Li, J. Hu and M.-H. Li, Trans/cis-sterecisomers of triterpenoid-substituted
tetraphenylethene: aggregation-induced emission, aggregate morphology, and mechano-chromism, Nanoscale, 2021, 13,
15257-15266; (d) C.-J. Zhang, G. Feng, S. Xu, Z. Zhu, X. Lu, J. Wu and B. Liu, Structure-Dependent cis/trans
Isomerization of Tetraphenylethene Derivatives: Consequences for Aggregation-Induced Emission, Angew. Chem., Int.
Ed., 2016, 55, 6192-6196.

(a) B. P. Bandgar, S. V. Bettigeri and J. Phopase, Palladium catalyzed ligand-free Suzuki cross-coupling reactions of
benzylic halides with aryl boronic acids under mild conditions, Tetrahedron Lett., 2004, 45, 6959-6962; (b) S. Chowdhury
and P. E. Georghiou, Palladium catalyzed cross-coupling between phenyl- or naphthylboronic acids and benzylic
bromides, Tetrahedron Lett., 1999, 40, 7599-7603.

S. M. Nobre and A. L. Monteiro, Synthesis of diarylmethane derivatives from Pd-catalyzed cross-coupling reactions of
benzylic halides with arylboronic acids, Tetrahedron Lett., 2004, 45, 8225-8228.

J. Doiron, A. H. Soultan, R. Richard, M. M. Toure, N. Picot, R. Richard, M. Cuperlovic-Culf, G. A. Robichaud and M.
Touaibia, Synthesis and structure-activity relationship of 1- and 2-substituted-1,2,3-triazole letrozole-based analogues as
aromatase inhibitors, Eur. J. Med. Chem., 2011, 46, 4010-4024.

B. A. Zaitsev and |. D. Shvabskaya, Divinyl aromatic compounds and Di(methacrylates) prepared by acid-catalyzed
transformations of bis[4-(1-hydroxyethyl)phenyllalkanes, Russ. J. Appl. Chem., 2011, 84, 1783-1794.

G. Dyker and O. Muth, Synthesis of methylene- and methine-bridged oligopyridines, Eur. J. Org. Chem., 2004, DOI:
10.1002/ejoc.200400435, 4319-4322.

A. G. Giumanini, P. Geatti and G. Verardo, Nitration of Diphenylmethane and the Isomeric Nitrodiphenylmethanes in
Dichloromethane, Ind. Eng. Chem. Res., 2002, 41, 1929-1934.

K. Kisiel, J. Brzeskiewicz, R. Loska and M. Makosza, Transition Metal Free Nucleophilic Benzylation of Nitroarenes.
Umpolung of the Friedel Crafts Reaction, Adv. Synth. Catal., 2019, 361, 1641-1646.

M. K. Singh and M. K. Lakshman, Diarylmethanes through an Unprecedented Palladium-Catalyzed C-C Cross-Coupling of
1-(Aryl)methoxy-1H-Benzotriazoles with Arylboronic Acids, ChemCatChem, 2015, 7, 4156-4162.

R. Shang, Z. Huang, L. Chu, Y. Fu and L. Liu, Palladium-Catalyzed Decarboxylative Coupling of Potassium Nitrophenyl
Acetates with Aryl Halides, Org. Lett., 2011, 13, 4240-4243.

G. La Regina, A. Coluccia, V. Famiglini, S. Pelliccia, L. Monti, D. Vullo, E. Nuti, V. Alterio, G. De Simone, S. M. Monti, P.
Pan, S. Parkkila, C. T. Supuran, A. Rossello and R. Silvestri, Discovery of 1,1'-Biphenyl-4-sulfonamides as a New Class of
Potent and Selective Carbonic Anhydrase XIV Inhibitors, J. Med. Chem., 2015, 58, 8564-8572.

E. B. McLean, V. Gauchot, S. Brunen, D. J. Burns and A.-L. Lee, Dual copper- and photoredox-catalysed C(sp2)-C(sp3)
coupling, Chem. Commun. , 2019, 55, 4238-4241.

Z. Zhu, J. Liu, S. Dong, B. Chen, Z. Wang, R.-y. Tang and Z. Li, Copper-Catalyzed Cross-Coupling of Benzylic Bromides
with Arylboronic Acids: Synthesis of Diarylalkanes and Preliminary Antifungal Evaluation Against Magnaporthe Grisea,
Asian J. Org. Chem., 2020, 9, 631-636.

K. Endo, T. Ishioka, T. Ohkubo and T. Shibata, One-Pot Synthesis of Symmetrical and Unsymmetrical Diarylmethanes via

Diborylmethane, J. Org. Chem., 2012, 77, 7223-7231.

166/168



20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

H. I. Mosberg, L. Yeomans, A. A. Harland, A. M. Bender, K. Sobczyk-Kojiro, J. P. Anand, M. J. Clark, E. M. Jutkiewicz and
J. R. Traynor, Opioid Peptidomimetics: Leads for the Design of Bioavailable Mixed Efficacy y Opioid Receptor (MOR)
Agonist/d Opioid Receptor (DOR) Antagonist Ligands, J. Med. Chem., 2013, 56, 2139-2149.

D. Srimani, A. Bej and A. Sarkar, Palladium Nanoparticle Catalyzed Hiyama Coupling Reaction of Benzyl Halides, J. Org.
Chem., 2010, 75, 4296-4299.

K.-Y. Peng, S.-A. Chen and W.-S. Fann, Efficient Light Harvesting by Sequential Energy Transfer across Aggregates in
Polymers of Finite Conjugational Segments with Short Aliphatic Linkages, J. Am. Chem. Soc., 2001, 123, 11388-11397.

A. Streitwieser, Jr., E. A. Vorpagel and C. C. Chen, Carbon acidity. 66. Equilibrium ion pair acidities of substituted
diphenylmethanes in cyclohexylamine, J. Am. Chem. Soc., 1985, 107, 6970.

W. Sharmoukh, K. C. Ko, C. Noh, J. Y. Lee and S. U. Son, Designed Synthesis of Multi-Electrochromic Systems Bearing
Diaryl Ketone and Isophthalates, J. Org. Chem., 2010, 75, 6708-6711.

J. Wei, L. Zhao, C. He, S. Zheng, J. N. H. Reek and C. Duan, Metal-Organic Capsules with NADH Mimics as Switchable
Selectivity Regulators for Photocatalytic Transfer Hydrogenation, J. Am. Chem. Soc., 2019, 141, 12707-12716.

M. P. Moon, A. P. Komin, J. F. Wolfe and G. F. Morris, Photostimulated reactions of 2-bromopyridine and 2-
chloroquinoline with nitrile-stabilized carbanions and certain other nucleophiles, J. Org. Chem., 1983, 48, 2392.

E. J. Stoner, D. A. Cothron, M. K. Balmer and B. A. Roden, Benzylation via tandem Grignard reaction - lodotrimethylsilane
(TMSI) mediated reduction, Tetrahedron, 1995, 51, 11043.

B. A. Sim, P. H. Milne, D. Griller and D. D. M. Wayner, Thermodynamic significance of p* and p- from substituent effects
on the redox potentials of arylmethyl radicals, J. Am. Chem. Soc., 1990, 112, 6635.

Y. Tojo, Y. Arakwa, J. Watanabe and G.-i. Konishi, Synthesis of high refractive index and low-birefringence acrylate
polymers with a tetraphenylethane skeleton in the side chain, Polym. Chem., 2013, 4, 3807-3812.

M. Itoh, K. Hirano, T. Satoh and M. Miura, Copper-Catalyzed a-Methylenation of Benzylpyridines Using
Dimethylacetamide as One-Carbon Source, Organic Letters, 2014, 16, 2050-2053.

(a) L.-P. Xu, B. E. Haines, M. J. Ajitha, J.-Q. Yu and D. G. Musaeyv, Unified Mechanistic Concept of the Copper-Catalyzed
and Amide-Oxazoline-Directed C(sp2)-H Bond Functionalization, ACS Catal., 2021, 11, 12620-12631; (b) I. M. Blythe, J.
Xu, J. S. Fernandez Odell, J. W. Kampf, M. A. Bowring and M. S. Sanford, Characterization and Reactivity of Copper(ll)
and Copper(lll) o-Aryl Intermediates in Aminoquinoline-Directed C-H Functionalization, J. Am. Chem. Soc., 2023, 145,
18253-18259; (c) G.-Y. Ruan, Y. Zhang, Z.-H. Qi, D.-X. Ai, W. Liu and Y. Wang, The mechanism of Cu-catalyzed C-N
cyclization from N-phenylbenzamidine to 2-phenylbenzimidazole: A DFT study, Comput. Theor. Chem., 2015, 1054, 16-21;
(d) J. Li, H. Gu, C. Wu and L. Du, The mechanism of transition-metal (Cu or Pd)-catalyzed synthesis of benzimidazoles
from amidines: theoretical investigation, Dalton Trans., 2014, 43, 16769-16779; (e) T. L. Wootton, J. A. Porter, K. S.
Grewal, P. G. Chirila, S. Forbes, S. J. Coles, P. N. Horton, A. Hamilton and C. J. Whiteoak, Merging Cu-catalysed C-H
functionalisation and intramolecular annulations: computational and experimental studies on an expedient construction of
complex fused heterocycles, Org. Chem. Front.,, 2020, 7, 1235-1242; (f) A. Gray, A. Tsybizova and J. Roithova,
Carboxylate-assisted C-H activation of phenylpyridines with copper, palladium and ruthenium: A mass spectrometry and
DFT study, Chem. Sci., 2015, 6, 5544-5553; (g) Y. Yang, F. Cao, L. Yao, T. Shi, B. Tang, Y. Kuninobu and Z. Wang, C-N
and C-O Bond Formation in Copper-Catalyzed/Mediated sp3 C-H Activation: Mechanistic Studies from Experimental and
Computational Aspects, J. Org. Chem., 2020, 85, 9713-9726.

L. Meng, J. Su, Z. Zha, L. Zhang, Z. Zhang and Z. Wang, Direct Electrosynthesis of Ketones from Benzylic Methylenes by
Electrooxidative C-H Activation, Chem. - Eur. J., 2013, 19, 5542-5545.

(a) The combination of oxygen in the solvent with the proposed diphenylmethyl radical to the hydroperoxide, followed by
dehydration may also contributes to the formation of diarylketon. see: H. Wang, Z. Wang, H. Huang, J. Tan and K. Xu,
KOtBu-Promoted Oxidation of (Hetero)benzylic Csp3-H to Ketones with Molecular Oxygen, Org. Lett., 2016, 18, 5680-

5683; (b) X. Li, F. Bai, C. Liu, X. Ma, C. Gu and B. Dai, Selective Electrochemical Oxygenation of Alkylarenes to

167/168



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Carbonyls, Org. Lett., 2021, 23, 7445-7449; (c) B. Maillard, K. U. Ingold and J. C. Scaiano, Rate constants for the
reactions of free radicals with oxygen in solution, J. Am. Chem. Soc., 1983, 105, 5095.

D. D. M. Wayner, D. J. McPhee and D. Griller, Oxidation and reduction potentials of transient free radicals, J. Am. Chem.
Soc., 1988, 110, 132.

H. Yi, G. Zhang, J. Xin, Y. Deng, J. T. Miller, A. J. Kropf, E. E. Bunel, X. Qi, Y. Lan, J.-F. Lee and A. Lei, Homolytic
cleavage of the O-Cu(ll) bond: XAFS and EPR spectroscopy evidence for one electron reduction of Cu(ll) to Cu(l), Chem.
Commun. , 2016, 52, 6914-6917.

H. Grundberg, J. Eriksson-Bajtner, K.-E. Bergquist, A. Sundin and U. Ellervik, Absence of Reverse Anomeric Effect in
Furanosides, J. Org. Chem., 2006, 71, 5892-5896.

CN113307727, 2021.

R. L. Donkers and M. S. Workentin, Elucidation of the Electron Transfer Reduction Mechanism of Anthracene
Endoperoxides, J. Am. Chem. Soc., 2004, 126, 1688-1698.

J. Jiao, Z. Li, Z. Qiao, X. Li, Y. Liu, J. Dong, J. Jiang and Y. Cui, Design and self-assembly of hexahedral coordination
cages for cascade reactions, Nat. Commun., 2018, 9, 1-8.

Q. Gao, X. Li, G.-H. Ning, H.-S. Xu, C. Liu, B. Tian, W. Tang and K. P. Loh, Covalent Organic Framework with Frustrated
Bonding Network for Enhanced Carbon Dioxide Storage, Chem. Mater., 2018, 30, 1762-1768.

W. Drozdz, C. Bouillon, C. Kotras, S. Richeter, M. Barboiu, S. Clement, A. R. Stefankiewicz and S. Ulrich, Generation of
Multicomponent Molecular Cages using Simultaneous Dynamic Covalent Reactions, Chem. - Eur. J., 2017, 23, 18010-
18018.

Y. Tu, Y. Yu, Z. Zhou, S. Xie, B. Yao, S. Guan, B. Situ, Y. Liu, R. T. K. Kwok, J. W. Y. Lam, S. Chen, X. Huang, Z. Zeng
and B. Z. Tang, Specific and Quantitative Detection of Albumin in Biological Fluids by Tetrazolate-Functionalized Water-
Soluble AlEgens, ACS Appl. Mater. Interfaces, 2019, 11, 29619-29629.

N. B. Shustova, B. D. McCarthy and M. Dinca, Turn-On Fluorescence in Tetraphenylethylene-Based Metal-Organic
Frameworks: An Alternative to Aggregation-Induced Emission, J. Am. Chem. Soc., 2011, 133, 20126-20129.

M. Zhang, Y. Yao, P. J. Stang and W. Zhao, Divergent and Stereoselective Synthesis of Tetraarylethylenes from
Vinylboronates, Angew. Chem., Int. Ed., 2020, 59, 20090-20098.

D. M. D'Alessandro, F. R. Keene, P. J. Steel and C. J. Sumby, Ruthenium(ll) complexes of multidentate ligands derived
from di(2-pyridyl)methane, Aust. J. Chem., 2003, 56, 657-664.

M. T. Gabr and F. C. Pigge, A selective fluorescent sensor for Zn2+ based on aggregation-induced emission (AIE) activity
and metal chelating ability of bis(2-pyridyl)diphenylethylene, Dalton Trans., 2016, 45, 14039-14043.

H. U. Kim, J.-H. Kim, H. Suh, J. Kwak, D. Kim, A. C. Grimsdale, S. C. Yoon and D.-H. Hwang, High open circuit voltage
organic photovoltaic cells fabricated using 9,9'-bifluorenylidene as a non-fullerene type electron acceptor, Chem.
Commun., 2013, 49, 10950-10952.

Y. Suzuki, S. Ota, Y. Fukuta, Y. Ueda and M. Sato, N-Heterocyclic Carbene-Catalyzed Nucleophilic Aroylation of
Fluorobenzenes, J. Org. Chem., 2008, 73, 2420-2423.

S. Sithebe and P. Molefe, Base free Suzuki acylation reactions of sodium (aryl trihydroxyborate) salts: A novel synthesis of
substituted aryl ketones, J. Organomet. Chem., 2017, 846, 305-311.

G. Hua, Y. Li, A. M. Z. Slawin and J. D. Woollins, Stereoselective synthesis of olefins by a reductive coupling reaction,

Dalton Trans., 2007, DOI: 10.1039/b702818k, 1477-1480.

168/168



