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Content

1. General Information

All chemicals were obtained from commercial sources and were used as received without
any purification. Analytical thin-layer chromatography (TLC) was performed on pre-coated,
glass-backed silica gel plates. Starting materials benzamides were synthesized according to
corresponding acid or acid chloride reacting with 8-aminoquinoline.!-® Visualization of the
developed chromatogram was performed by UV absorbance (254 nm). 'H NMR spectra
were recorded at 400 MHz and 500 MHz NMR spectrometers using TMS as an internal
standard, 3C NMR spectra were recorded at 100 MHz spectrometers using TMS as an
internal standard, and were fully decoupled by broad band proton decoupling. The

multiplicities are reported as follows: singlet (s), doublet (d), triplet (t), doublet of doublets
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(dd), triplet of doublets multiplet (td), quarter (q), and broad (br). High-resolution mass
spectra (HRMS) were recorded on Waters TOFMS GCT Premier using ESI ionization. GC-
MS spectra were recorded using a HP6890 gas chromatograph with a HP5973 mass
spectrometric detector equipped with an electron ionization source and a single-stage
quadrupole. Melting points were measured with WRR digital point apparatus. Column
chromatography was performed on silica gel column using ethyl acetate (EA)/petroleum

ether(PE).

2. Experimental Section

2.1.General procedure for the preparation of benzamides from carboxylic acids.!-6

o) 0 NH, o)
N
5 :_(j)\OH (Cocl), R A cl, N EtsN N S ” |
% DMF, CH,Cl, % Z CH,Cl, N N

To a stirred solution of a carboxylic acid (15 mmol) and DMF (5 drops) in CH,Cl, (10

mL), (COCI), (1.5 mL, 18 mmol) was added dropwise. The solution was stirred at room
temperature for 2 h. The solvent was then removed by evaporation under reduced pressure,
and the resulting residue was dissolved in CH,Cl, (15 mL). After cooling the reaction
mixture to 0 °C, a solution of 8-aminoquinoline (17 mmol) and triethylamine (30 mmol) in
10 mL of the same solvent was added dropwise. The resulting mixture was allowed to
warm to r.t. and stirred overnight. The solution containing the crude product was washed
with saturated aqueous NaHCO; (20 mL), and CH,Cl, (3%20 mL). The combined organic
phase was washed with 1 M HCI aq. (20 mL).The organic phase was dried over anhydrous
Na,S0;, and the solvent removed by evaporation. The resulting crude amide was purified by
flash chromatography on silica gel (eluent: hexane/EtOAc = 5/1) to give the corresponding
benzamides.

2.2. Optimization of reaction conditions.

Table S1. Optimization of catalysts.“

catalyst (20 mol %) Q
) NaOPiv (2.0 equiv) NHQ
Ag,S0Oy4 (2.0 equiv)
NHQ O O
0O,, DMAc, 140 °C, 24 h
1a H Q = 8-quinolyl NHQ
2a
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entry catalyst oxidant additive solvent yield(%)?
1 Ni(OAc), Ag:SO, NaOPiv DMAc 36
2 Ni(OAc), Ag:SO, - DMAc trace
3 Ni(OTf), Ag>SO, NaOPiv DMAc 28
4 Ni(acac), Ag,SO, NaOPiv DMAc nr

5 NiBr, Ag,SO, NaOPiv DMAc 22
6 Ni(OH), Ag,SO, NaOPiv DMAc nr

7 Ni,CO3 Ag,SO, NaOPiv DMAc nr

8 Ni,Cl(PPhs);  Ag,SO, NaOPiv DMAc 20
9 Ni,CL(PCys);  AgrSO, NaOPiv DMAc 21

“Reactions were carried out by using 1a (0.20 mmol), catalyst (20 mol %), Ag,SO4 (2.0 equiv), NaOPiv (2.0 equiv),
in solvent DMAc (2.0 mL), under O, atmosphere at 140 °C for 24 h. DMAc = N,N-dimethyl acetamide. ®Isolated

yield. nr = no reaction.

Table S2. Optimization of oxidants.”

Ni(OAc), (20 mol %) Q
(e} NaOPiv (2.0 equiv) NHQ
Ag-salt (2.0 equiv)
NHQ 0O,, DMAc, 140 °C, 24 h ? 9
1a H NHQ
2a

entry catalyst oxidant additive solvent yield(%)?
1 Ni(OAc), Ag,S0y NaOPiv DMAc 36
2 Ni(OAc), Ag;POy NaOPiv DMAc 45
3 Ni(OAc), Ag,CO; NaOPiv DMAc 25
4 Ni(OAc), AgOAc NaOPiv DMAc 21
5 Ni(OAc), AgNO; NaOPiv DMAc trace
6 Ni(OAc), AgNO, NaOPiv DMAc trace
7 Ni(OAc), Agl NaOPiv DMAc 18
8 Ni(OAc), AgOPiv NaOPiv DMAc 18
9 Ni(OAc), PhCOOAgH,0 NaOPiv DMAc trace
10 Ni(OAc), AgO NaOPiv DMAc 16
11 Ni(OAc), AdCOOAg NaOPiv DMAc 23
12¢ Ni(OAc), Ag;POy NaOPiv DMAc trace

“Reactions were carried out by using 1a (0.20 mmol), Ni(OAc), (20 mol %), Ag salt (2.0 equiv), NaOPiv (2.0 equiv), in

solvent DMAc (2.0 mL), under O, atmosphere at 140 °C for 24 h. ’Isolated yield. €0.2 equiv Ag;PO, was used.

Table S3. Optimization of additives.“

o
NHQ
H

1a

Ni(OAc); (20 mol %)
additive (2.0 equiv)
Ag3POy4 (2.0 equiv)

NHQ

0,, DMAc, 140 °C, 24 h
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entry catalyst oxidant additive solvent yield(%)?

1 Ni(OAc), AgsPO, NaOPiv DMAc 45
2 Ni(OAc), AgsPO, NaOAc DMAc 38
3 Ni(OAc), Ag;PO, HCOONa DMAc nr
4 Ni(OAc), AgsPO, PhCOONa DMAc 25
5 Ni(OAc), Ag;PO, Na,CO; DMAc nr
6 Ni(OAc), Ag;PO, NaHCO; DMAc nr
7 Ni(OAc), Ag;PO, Na;PO, DMAc nr
8 Ni(OAc), Ag;PO, Na,HPO,4 DMAc nr
9 Ni(OAc), Ag;PO, KOrBu DMAc nr
10 Ni(OAc), AgsPO, LiOAc DMAc 29
11 Ni(OAc), AgsPO, CF3COOK DMAc nr
12 Ni(OAc), AgsPO, PhOK DMAc 36
13 Ni(OAc), AgsPO, KOPiv DMAc 50
14 Ni(OAc), AgsPO, CsOPiv DMAc 45
15 Ni(OAc), AgsPO, AdCOONa DMAc 62
16 Ni(OAc), Ag;PO, AdCOOK DMAc 72
17 Ni(OAc), Ag;PO, AdCOOCs DMAc 60
18 Ni(OAc), AgsPO, AdCOOH DMAc trace

9Reactions were carried out by using 1a (0.20 mmol), Ni(OAc), (20 mol %), AgzPO, (2.0 equiv), additive (2.0 equiv), in
solvent DMAc (2.0 mL), under O, atmosphere at 140 °C for 24 h. ’Isolated yield. AACOOK = Potassium amantadate. nr =

no reaction.

Table S4. Optimization of solvents.?

Ni(OAC); (20 mol %) Q
0 AdCOOK (2.0 equiv) NHQ
Ag3POy4 (2.0 equiv)
NHQ 0O,, solvent, 140 °C, 24 h e 9
H NHQ
1a 2a
entry catalyst oxidant additive solvent yield(%)?
1 Ni(OAc), Ag;PO4 AdCOOK DMAc 72
2 Ni(OAc), Ag;PO4 AdCOOK DMF 50
3 Ni(OAc), Ag;PO, AdCOOK toluene nr
4 Ni(OAc), Ag;PO4 AdCOOK NMP 48
5 Ni(OAc), Ag;PO, AdCOOK THF nr
6 Ni(OAc), Ag;PO, AdCOOK 1,4-dioxane nr
7 Ni(OAc), Ag;PO, AdCOOK GDE nr
8 - Ag;PO, AdCOOK DMAc nr
9 Ni(OAc), - AdCOOK DMAc nr
10¢ Ni(OAc), Ag;PO4 AdCOOK DMAc 55
114 Ni(OAc), Ag;PO4 AdCOOK DMAc 51
12¢ Ni(OAc), Ag;PO4 AdCOOK DMAc 53
13/ Ni(OAc), Ag;PO4 AdCOOK DMAc 50
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14¢ Ni(OAc), Ag:PO, AdCOOK DMAc 33(20)

15" Ni(OAc), AgiPO, AdCOOK DMAc 70
16/ Ni(OAc), AgiPO, AdCOOK DMAc 62
17 Co(OAc),4H,0  AgiPO, AdCOOK DMAc nr

“Reactions were carried out by using 1a (0.20 mmol), Ni(OAc), (20 mol %), Ag;PO4 (2.0 equiv), AACOOK (2.0 equiv),
in solvent (2.0 mL), under O, atmosphere at 140 °C for 24 h. ?Isolated yield. DMF = N,N-dimethyl formamide. NMP = N-
methylpyrrolidone. THF = tetrahydrofuran. GDE = 1,2-Dimethoxyethane. nr = no reaction. <10 mol % Ni(OAc), was used.
1.0 equiv. AgzPO4 was used. 1.0 equiv. AACOOK was used. funder air atmosphere. funder N, atmosphere, the alkylated
product was obtained in 20% yield. #T = 150 °C. ‘T = 130 °C.

Table S5. The effect of diverse Bidentate directing groups.”
Ni(OAc), (20 mol %) DG
AdCOOK (2.0 equiv) @
©/DG AgsPO, (2.0 equiv) o
0,, DMAc, 140 °C, 24 h @/DG
,

o O o 0 o
CLY0 G0 GO GOV
Ny SMe N~
Hope H o nr Ho o H nr
H o 7
N o |
LY v
o -
H N‘ H o
nr _ nr

2.3. General procedure for the synthesis of symmetrical diaryl ether.
o}

o Ni(OAc); (20 mol %) N NHQ
AdCOOK (2.0 equiv) RT _
N A ” | AgsPO;, (2.0 equiv) O O
|
& Ns 0,, DMAG, 140 °C, 24 h rZ Y NHQ
1 X~ 2

To a 25 mL seal tube with a stir bar was added benzamide (1, 0.20 mmol), Ni(OAc),

(0.04 mmol, 7.0 mg), Ag;PO4 (0.40 mmol, 166 mg) and AdCOOK (0.40 mmol, 90 mg) in
DMACc (2.0 mL), the vial was evacuated and filled with O, atmosphere and stirred by oil
bath at 140 °C for 24 h, then cooled to room temperature, filtered through a pad of celite,
and then washed with EtOAc (10 mLx3), washed by 1 mol/L. NaOH solution (20 mL) three
times and saturated NaCl (20 mL), then dried with sodium sulfate. Organic solvents were
removed under reduced pressure and the crude reaction mixture was purified by column
chromatography on silica gel column with EtOAc/petroleum ether (1:10~1:5, v/v) as an

eluent to afford the desired product 2.

2.4. Scale-up experiment for the synthesis of symmetrical diaryl ether.
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0
o Ni(OAc), (20 mol %) NHQ
AdCOOK (2.0 equiv)
N AgaPO, (2.0 equiv) o 0
H |
N

0O,, DMAc, 140 °C, 24 h @i‘\NHQ
1a 2a

To a 50 mL seal tube with a stir bar was added benzamide (1a, 1.0 mmol), Ni(OAc),
(0.20 mmol, 35.0 mg), AgzPO,4 (2.0 mmol, 830 mg) and AdCOOK (2.0 mmol, 450 mg) in
DMACc (10.0 mL), the vial was evacuated and filled with O, atmosphere and stirred by oil
bath at 140 °C for 24 h, then cooled to room temperature, filtered through a pad of celite,
and then washed with EtOAc (20 mLx3), washed by 1 mol/L NaOH solution (30 mL) three
times and saturated NaCl (30 mL), then dried with sodium sulfate. Organic solvents were
removed under reduced pressure and the crude reaction mixture was purified by column
chromatography on silica gel column with EtOAc/petroleum ether (1:10~1:5, v/v) as an
eluent to afford the desired product 2a (yield 82%, 441.2 mg).

2.5. General procedure for the synthesis of unsymmetrical diaryl ether.

(0]
NHQ
0 0 Ni(OAc), (20 mol %)
NHQ @ NHQ AgsPOy4 (2.0 equiv) O O
AdCOOK (2.0 equiv) NHQ
1 1 0,, DMAc, 140 °C, 24 h @ 3

To a 25 mL seal tube with a stir bar was added benzamide (1, 0.20 mmol), and another
benzamide (1°, 0.24 mmol), Ni(OAc), (0.04 mmol, 7.0 mg), AgzPO,4 (0.40 mmol, 166 mg)
and AdCOOK (0.40 mmol, 90 mg) in DMAc (2.0 mL), the vial was evacuated and filled
with O, atmosphere and stirred by oil bath at 140 °C for 24 h, then cooled to room
temperature, filtered through a pad of celite, and then washed with EtOAc (10 mLx3),
washed by 1 mol/L. NaOH solution (20 mL) three times and saturated NaCl (20 mL), then
dried with sodium sulfate. Organic solvents were removed under reduced pressure and the
crude reaction mixture was purified by column chromatography on silica gel column with

EtOAc/petroleum ether (1:10~1:5, v/v) and recrystallization to afford the desired product 3.
3. Characterization of the Products

6,6'-oxybis(2-methyl-N-(quinolin-8-yl)benzamide) (2a)
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Sees
e

(CDCls, 400 MHz) § 9.94 (s, 2H), 8.74 (d, J = 7.6 Hz, 2H), 8.10 (dd, J, = 4.0 Hz, J, = 1.2

Yield: (38.8 mg, 72%); White solid; mp: >230 °C. 'H NMR

Hz, 2H), 7.79 (dd, J; = 8.0 Hz, J, = 1.2 Hz, 2H), 7.35 (t, /= 8.0 Hz, 2H), 7.28-7.23 (m, 4H),
7.05 (dd, J; = 8.4 Hz, J, = 4.4 Hz, 2H), 6.99 (d, J = 7.6 Hz, 2H), 6.93 (d, J = 8.0 Hz, 2H),
2.40 (s, 6H). 3C NMR (CDCl3, 100 MHz) & 165.4, 153.8, 147.7, 137.9, 137.8, 1354,
134.3, 130.4, 129.6, 127.4, 126.9, 125.8, 121.5, 121.1, 116.5, 116.4, 19.5. HRMS (ESI-
TOF) caled for C34H»7N4O5* [M+H]:539.2078, found:539.2083.
2,2'-oxybis(/NV-(quinolin-8-yl)benzamide) (2b)

S
Z Z Yield: (33.2 mg, 65%); White solid; mp: 214.4-214.9 °C. H
NMR (CDCl;, 400 MHz) 6 12.37(s, 2H), 8.96 (dd, J; = 7.6 Hz, J, = 1.2 Hz, 2H), 8.52 (dd,
J;=8.0Hz, J, = 1.6 Hz, 2H), 8.16 (dd, J;, = 4.4 Hz, J, = 1.6 Hz, 2H), 7.92 (d, J = 8.4 Hz,
2H), 7.53-7.48 (m, 4H), 7.40-7.37 (m, 4H), 7.17-7.13 (m, 4H). 13C NMR (CDCl;, 100
MHz) 6 162.8, 154.7, 148.1, 138.9, 135.7, 135.3, 133.4, 132.4, 127.8, 127.2, 126.1, 124.8,
121.7, 121.5, 119.8, 116.9. HRMS (ESI-TOF) calcd for C;,H,3N4O05" [M+H]":511.1765,
found:511.1770.
3,3""-oxybis(/NV-(quinolin-8-yl)-[1,1'-biphenyl]-2-carboxamide) (2¢)

e
selfve

(CDCls, 400 MHz) & 9.81 (s, 2H), 8.56 (d, J= 7.2 Hz, 2H), 8.11 (s, 2H), 7.77 (d, J = 8.0 Hz,

ZO

Yield: (40.4 mg, 61%); White solid; mp: >230 °C. 'TH NMR

2H), 7.48-7.43 (m, 6H), 7.24-7.12 (m, 14H), 7.01 (dd, J; = 7.6 Hz, J> = 4.0 Hz, 2H). 13C
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NMR (CDCl;, 100 MHz) 6 164.9, 154.4, 147.5, 141.9, 139.6, 137.9, 135.3, 134.3, 130.6,
129.2, 128.5, 128.3, 127.5, 127.3, 126.9, 125.7, 121.3, 120.9, 118.4, 116.5. HRMS (ESI-
TOF) calcd for Cy4H31N4O5" [M+H]:663.2391, found:663.2396.
6,6'-oxybis(2-fluoro-N-(quinolin-8-yl)benzamide) (2d)

HN O O NH

Z Z Yield: (30.6 mg, 56%); White solid; mp: 202.5-203.2 °C. 'H
NMR (CDCl;, 400 MHz) 6 10.29 (s, 2H), 8.76 (dd, J; = 7.6 Hz, J, = 1.2 Hz, 2H), 8.26 (dd,
J; =44 Hz, J,=1.6 Hz, 2H), 791 (dd, J; = 8.4 Hz, J, = 1.6 Hz, 2H), 7.44-7.35 (m, 6H),
7.13 (dd, J; = 8.4 Hz, J, = 4.4 Hz, 2H), 6.98 (d, J = 8.4 Hz, 2H), 6.93 (d, J = 8.4 Hz, 2H).
13C NMR (CDCl;, 100 MHz) 6 160.1 (d, Jc.r = 251.0 Hz), 159.5, 154.4 (d, Jc.r = 6.3 Hz),
147.5, 137.7, 135.2, 133.7, 131.3 (d, Jc.r = 9.9 Hz), 127.1, 126.6, 121.5, 120.8, 117.8 (d,
Jer = 19.0 Hz), 116.5, 114.7 (d, Jo.r = 3.6 Hz), 111.5 (d, Jc.r = 21.6 Hz). HRMS (ESI-
TOF) caled for C3,H, 1 F,N4O3" [M+H]:547.1576, found:547.1578.
6,6'-oxybis(2-chloro-N-(quinolin-8-yl)benzamide) (2e)

Z Yield: (26.0 mg, 45%); White solid; mp: 203.4-204.5 °C. 'H

NMR (CDCls, 400 MHz) § 9.92 (s, 2H), 8.72 (dd, J, = 7.6 Hz, J, = 1.2 Hz, 2H), 8.19 (dd,

@)

J; =44 Hz, J,=1.6 Hz, 2H), 7.84 (dd, J; = 8.4 Hz, J, = 1.6 Hz, 2H), 7.36 (d, J = 7.6 Hz,
2H), 7.31 (d, /= 8.4 Hz, 2H), 7.27 (dd, J; = 8.0 Hz, J, = 1.2 Hz, 2H), 7.22 (dd, J; = 8.4 Hz,
J>=0.8 Hz, 2H), 7.10 (dd, J; = 8.0 Hz, J, = 4.0Hz, 2H), 7.04 (dd, J; = 8.0 Hz, J, = 0.8 Hz,
2H). 13C NMR (CDCl;, 100 MHz) 6 162.1, 154.4, 147.8, 137.9, 135.5, 133.9, 132.6, 131.2,
129.4, 127.4, 126.9, 125.5, 121.9, 121.2, 117.6, 116.8. HRMS (ESI-TOF) calcd for
C3,Hy CLLN4O5* [M+H]":579.0985, found:579.0988.
6,6'-oxybis(2-bromo-/N-(quinolin-8-yl)benzamide) (2f)
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Yield: (28.0 mg, 42%); White solid; mp: 205.0-206.7 °C. 'H
NMR (CDCl;, 400 MHz) 6 9.88 (s, 2H), 8.71 (dd, J; = 7.6 Hz, J, = 1.2 Hz, 2H), 8.19 (dd,
J;=4.4Hz J,=1.6 Hz, 2H), 7.83 (dd, J; = 8.4 Hz, J, = 1.6 Hz, 2H), 7.39 (dd, J; = 8.0 Hz,
J>=0.8 Hz, 2H), 7.34 (t, J = 8.0 Hz, 2H), 7.28-7.24 (m, 4H), 7.11-7.08 (m, 4H). 13C NMR
(CDCl;, 100 MHz) 6 163.1, 154.3, 147.8, 137.9, 135.5, 133.9, 131.5, 128.6, 127.4, 126.9,
1219, 121.2, 1209, 118.2, 116.8. HRMS (ESI-TOF) caled for C;H;Br,N4O;5"
[M+H]":666.9975, found:666.9978.

6,6'-oxybis(/V-(quinolin-8-yl)-2-(trifluoromethyl)benzamide) (2g)
\
=

NMR (CDCl;, 400 MHz) 6 9.91 (s, 2H), 8.69 (dd, J; = 7.6 Hz, J, = 1.2 Hz, 2H), 8.11 (dd,

Z Yield: (29.1 mg, 45%); White solid; mp: 169.9-171.0 °C. 'H

J; =44 Hz, J,= 1.6 Hz, 2H), 7.83 (dd, J; = 8.0 Hz, J, = 1.6 Hz, 2H), 7.54-7.51 (m, 4H),
7.36-7.32 (m, 4H), 7.26 (dd, J; = 8.4 Hz, J, = 1.2 Hz, 2H), 7.06 (dd, J; = 8.0 Hz, J, = 4.0
Hz, 2H). 3C NMR (CDCl;, 100 MHz) § 162.2, 154.2, 147.7, 137.8, 135.5, 133.9, 131.1,
129.3 (q, Jer = 32.5 Hz), 1283 (q, Jer = 2.7 Hz), 127.3, 126.9, 122.9, 122.8 (q, Jer =
330.4 Hz), 122.1 (q, Jor = 4.5 Hz), 122.0, 121.2, 116.8. HRMS (ESI-TOF) calcd for
Ci4Ha FN,O5" [M+H]":647.1512, found:647.1516.

6,6' -0xyb1s(3 -methoxy-2-methyl-V-(quinolin-8-yl)benzamide) (2h)

9

O
N

AN

Z Yield: (28.8 mg, 48%); White solid; mp: 197.8-198.1 °C. 'H
NMR (CDCls, 400 MHz) § 9.85 (s, 2H), 8.74 (dd, J; = 7.6 Hz, J, = 0.8 Hz, 2H), 8.13 (dd,

@ﬂi
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J;=4.0Hz, J, = 1.6 Hz, 2H), 7.81 (dd, J; = 8.0 Hz, J, = 1.2 Hz, 2H), 7.33 (t, / = 8.0 Hz,
2H), 7.23 (dd, J; = 8.4 Hz, J, = 1.2 Hz, 2H), 7.06 (dd, J; = 8.0 Hz, J, = 4.4 Hz, 2H), 6.89 (d,
J=9.2 Hz, 2H), 6.82 (d, /= 8.0 Hz, 2H), 3.80 (s, 6H), 2.22 (s, 6H). 13C NMR (CDCl;, 100
MHz) 6 165.4, 153.8, 147.7, 147.6, 137.9, 135.4, 134.3, 130.9, 127.3, 126.9, 125.8, 121.4,
121.1, 116.7, 116.5, 111.9, 56.0, 12.9. HRMS (ESI-TOF) caled for C;sH3;N4Os"
[M+H]":599.2289, found:599.2292.

6 6'-oxybis(3-chlor0-2-methyl-N-(quinolin-S-yl)benzamide) (2i)

N
©/\)Yield: (33.9 mg, 56%); White solid; mp: >230 °C. 'H NMR

(CDCl;, 400 MHz) 6 9.83 (s, 2H), 8.69 (dd, J; = 7.6 Hz, J, = 1.2 Hz, 2H), 8.17 (dd, J; = 4.0

SQ%S

Hz, J, = 1.6 Hz, 2H), 7.84 (dd, J; = 8.0 Hz, J, = 1.2 Hz, 2H), 7.37 (d, J = 8.8 Hz, 2H), 7.33
(t, J = 8.0 Hz, 2H), 7.25 (dd, J; = 8.0 Hz, J, = 1.2 Hz, 2H), 7.11 (dd, J; = 8.0 Hz, J, = 4.0
Hz, 2H), 6.89 (d, J = 8.8 Hz, 2H), 2.38 (s, 6H). '3C NMR (CDCls, 100 MHz) & 164.3,
151.9, 147.8, 137.8, 135.5, 135.4, 133.9, 131.4, 130.9, 130.2, 127.4, 126.9, 121.8, 121.2,
117.6, 116.6, 17.3. HRMS (ESI-TOF) calcd for Cs;4H,sCIh,N4O3" [M+H]":607.1298,
found:607.1301.

6,6'-0xybis(3-brom0-2-methyl—N-(quinolin-S-yl)benzamide) 2j)

%

N

N

9%%5

Z Yield: (36.1 mg, 52%); White solid; mp: >230 °C. 'TH NMR
(CDCls, 400 MHz) § 9.82 (s, 2H), 8.68 (d, J = 7.6 Hz, 2H), 8.17 (d, J = 2.8 Hz, 2H), 7.83 (d,
J= 8.0 Hz, 2H), 7.55 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.25 (t, J = 8.4 Hz, 2H),
7.11 (dd, J; = 8.0 Hz, J, = 4.0 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 2.40 (s, 6H). 13C NMR
(CDCl;, 100 MHz) o 164.4, 152.5, 147.8, 137.8, 137.0, 135.5, 134.2, 133.9, 131.4, 127.3,
126.9, 121.9, 121.2, 120.3, 117.9, 116.6, 20.3. HRMS (ESI-TOF) calcd for
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C34H25BI'2N4O3+ [M+H]+6950288, found:695.0289.
6,6'-oxybis(2,4-dimethyl-/N-(quinolin-8-yl)benzamide) (2k)

e

N

AN

8%@

Z Yield: (31.2 mg, 55%); White solid; mp: >230 °C. 'H NMR
(CDCls, 400 MHz) § 9.99 (s, 2H), 8.78 (d, J = 7.2 Hz, 2H), 8.08 (dd, J, = 4.4 Hz, J, = 1.6
Hz, 2H), 7.83 (dd, J, = 8.4 Hz, J, = 1.6 Hz, 2H), 7.40 (t, J = 8.0 Hz, 2H), 7.28 (dd, J; = 8.0
Hz, J, = 0.8 Hz, 2H), 7.05 (dd, J, = 8.4 Hz, J, = 4.4 Hz, 2H), 6.82 (s, 2H), 6.74 (s, 2H),
2.38 (s, 6H), 2.29 (s, 6H). 3C NMR (CDCl;, 100 MHz) & 165.6, 154.1, 147.6, 140.8, 138.0,
137.6, 135.4, 134.5, 1274, 127.0, 126.8, 126.7, 121.4, 121.1, 117.2, 116.5, 21.4, 19.6.
HRMS (ESI-TOF) calcd for C3¢H31N4,O5" [M+H]":567.2391, found:567.2390.

6,6'-oxybis(4-meth0xy-2-methyl-N—(quinolin-S-yl)benzamide) 2D

©/\)Yield: (36.5 mg, 61%); White solid; mp: 185.5-186.4 °C. 'H

NMR (CDCls, 400 MHz) § 10.04 (s, 2H), 8.76 (d, J = 7.6 Hz, 2H), 8.11 (d, J = 2.8 Hz, 2H),

9@

7.83 (dd, J; = 8.4 Hz, J, = 1.6 Hz, 2H), 7.40 (t, J = 7.6 Hz, 2H), 7.28 (d, J = 7.2 Hz, 2H),
7.07 (dd, J; = 8.4 Hz, J, = 4.4 Hz, 2H), 6.55 (d, J = 2.0 Hz, 2H), 6.47 (d, J = 2.4 Hz, 2H),
3.80 (s, 6H), 2.40 (s, 6H). 13C NMR (CDCl;, 100 MHz) 8 165.2, 161.0, 155.1, 147.7, 139.6,
138.1, 1354, 134.6, 127.5, 127.0, 122.3, 121.4, 121.1, 116.5, 112.0, 102.3, 55.5, 20.2.
HRMS (ESI-TOF) calcd for C54H31N4O5™ [M+H]": 599.2289, found:599.2291.

6,6'-oxybis(4-fluoro-2-methyl-V-(quinolin-8-yl)benzamide) (2m)
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9%@

©/\)Yield: (30.0 mg, 52%); White solid; mp: 144.4-144.7 °C. 'H

NMR (CDCl;, 400 MHz) 6 9.92 (s, 2H), 8.71 (dd, J; = 7.6 Hz, J, = 0.8 Hz, 2H), 8.19 (dd,
J;=4.4Hz, J,=1.6 Hz, 2H), 7.86 (dd, J; = 8.0 Hz, J, = 1.6 Hz, 2H), 7.37 (t, J = 8.0 Hz,
2H), 7.29 (dd, J; = 8.4 Hz, J, = 1.2 Hz, 2H), 7.12 (dd, J; = 8.0 Hz, J, = 4.0 Hz, 2H), 6.76
(dd, J; =9.2 Hz, J, = 2.4 Hz, 2H), 6.69 (dd, J; = 9.6 Hz, J, = 2.0 Hz, 2H), 2.39 (s, 6H). 13C
NMR (CDCl;, 100 MHz) 6 164.3, 163.2 (d, Jco.r = 248.3 Hz), 154.5 (d, Jc.r = 10.8 Hz),
147.8, 140.3 (d, Jc.r = 9.0 Hz), 137.9, 135.5, 134.1, 127.4, 127.0, 125.9 (d, Jc.r = 3.6 Hz),
121.7,121.2, 116.6, 113.3 (d, Jc.r=21.6 Hz), 104.4 (d, Jc.r = 25.2 Hz), 19.7. HRMS (ESI-
TOF) caled for C34H,sF,N4O5* [M+H]™:575.1889, found:575.1894.

6,6'-oxybis(4-bromo-2-methyl-NV-(quinolin-8-yl)benzamide) (2n)

©/\)Yield: (41.7 mg, 60%); White solid; mp: 162.6-164.2 °C. 'H

NMR (CDCls, 400 MHz) § 9.94 (s, 2H), 8.73 (d, J = 7.2 Hz, 2H), 8.21 (s, 2H), 7.88 (d, J =

@r@

8.0 Hz, 2H), 7.39 (t, J = 8.0 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.18 (s, 2H), 7.14-7.09 (m,
4H), 2.37 (s, 6H). 13C NMR (CDCl;, 100 MHz) & 164.1, 153.8, 147.9, 139.7, 137.9, 135.6,
134.1, 129.3, 128.6, 127.4, 127.0, 123.7, 121.8, 121.3, 119.8, 116.6, 19.4. HRMS (ESI-
TOF) caled for C34H»sBroN4O;* [M+H]™:695.0288, found:695.0293.

6,6'-oxybis(5-fluoro-2-methyl-V-(quinolin-8-yl)benzamide) (20)
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©/\) ©/\)Yield: (23.0 mg, 40%); White solid; mp: 171.2-172.8 °C. 'H

NMR (CDCls, 400 MHz) & 10.17 (s, 2H), 8.81 (dd, J; = 7.6 Hz, J, = 0.8 Hz, 2H), 8.32 (dd,
J; = 4.0 Hz, J, = 1.6 Hz, 2H), 7.98 (dd, J; = 8.0 Hz, J, = 1.6 Hz, 2H), 7.46 (t, J = 7.6 Hz,
2H), 7.42 (dd, J; = 8.0 Hz, J, = 1.2 Hz, 2H), 7.22 (dd, J; = 8.0 Hz, J> = 4.0 Hz, 2H), 7.01
(dd, J; = 11.2 Hz, J, = 8.8 Hz, 2H), 6.91 (d, J = 4.4 Hz, 2H), 2.36 (s, 6H). 3C NMR
(CDCls, 100 MHz) & 163.9 (d, Jer = 2.7 Hz), 151.8 (d, Jo.r = 247.4 Hz), 147.9, 141.6 (d,
Jer=9.0 Hz), 138.3, 135.8, 134.4, 132.9 (d, Jo.r = 3.6 Hz), 130.4, 127.7, 127.1, 126.3 (d,
Jer =72 Hz), 121.9, 121.4, 117.3 (d, Jor = 18.1 Hz), 116.9, 19.1. HRMS (ESI-TOF)

calcd for C34H,5F,N4O5* [M+H]:575.1889, found:575.1888.
6,6'-oxybis(2,3-dichloro-N-(quinolin-8-yl)benzamide) (2p)

©/\) ©/\)Yield: (29.1 mg, 45%); White solid; mp: 170.5-171.2 °C. 'H

NMR (CDCls, 400 MHz) § 9.93 (s, 2H), 8.69 (dd, J, = 7.6 Hz, J, = 1.2 Hz, 2H), 8.25 (dd,
J; =44 Hz, J,= 1.6 Hz, 2H), 7.88 (dd, J, = 8.4 Hz, J, = 1.6 Hz, 2H), 7.47 (d, J = 8.8 Hz,
2H), 7.36 (t, J = 8.0 Hz, 2H), 7.30 (dd, J; = 8.4 Hz, J, = 1.6 Hz, 2H), 7.15 (dd, J; = 8.4 Hz,
J> = 4.0 Hz, 2H), 7.02 (d, J = 8.8 Hz, 2H). *C NMR (CDCls, 100 MHz) § 161.2, 152.3,
147.9, 137.9, 135.7, 133.6, 131.7, 131.0, 131.0, 129.2, 127.4, 126.9, 122.2, 121.3, 118.7,
116.9. HRMS (ESI-TOF) calcd for C3,H;oCLN,O5* [M+H]*:647.0206, found: 647.0215.

6,6'-oxybis(2-fluoro-4-methoxy-/N-(quinolin-8-yl)benzamide) (2q)
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OMe OMe
F i ~O”~ i F
HN @] O NH
N N
Z Z Yield: (23.1 mg, 38%); White solid; mp: >230 °C. 'H NMR

(CDCl3, 400 MHz) 6 10.48 (s, 2H), 8.80 (d, J= 7.6 Hz, 2H), 8.30 (dd, J;, =44 Hz, J,= 1.6
Hz, 2H), 7.93 (dd, J; = 8.4 Hz, J, = 1.6 Hz, 2H), 7.46 (t, J = 8.0 Hz, 2H), 7.38 (dd, J, = 8.4
Hz, J,=1.2 Hz, 2H), 7.14 (dd, J;, = 8.4 Hz, J, = 4.4 Hz, 2H), 6.53 (dd, J;, = 11.6 Hz, J, =
2.4 Hz, 2H), 6.46 (d, J = 1.6 Hz, 2H), 3.77 (s, 6H). 13C NMR (CDCl;, 100 MHz) 8 162.4 (d,
Jer=13.5 Hz), 162.1 (d, Jor = 250.1 Hz), 155.8 (d, Jc.r = 9.0 Hz), 147.9, 138.4, 135.7,
134.5,127.7,127.1, 121.8, 121.3, 117.0, 110.8 (d, Jc.r = 17.1 Hz), 101.7 (d, Jc.r = 3.6 Hz),
98.6 (d, Jcr = 262 Hz), 559. HRMS (ESI-TOF) caled for Cs4HpsF,N4O5"
[M+H]*:607.1788, found:607.1793.

2,2'-oxybis(4-methyl-N-(quinolin-8-yl)benzamide) (2r)

HN (6] O NH
soloe

N N

Z Z Yield: (24.3 mg, 45%); White solid; mp: >230 °C. 'H NMR

(CDCl;, 400 MHz) 6 12.42 (s, 2H), 8.98 (d, J = 7.6 Hz, 2H), 8.42 (d, J = 8.0 Hz, 2H), 8.18
(d, J=3.2 Hz, 2H), 7.89 (t, J = 8.0 Hz, 2H), 7.50 (t, J = 8.0 Hz, 2H), 7.36 (d, J = 8.4 Hz,
2H), 7.18 (d, J = 8.0 Hz, 2H), 7.13 (dd, J; = 8.0 Hz, J, = 4.0 Hz, 2H), 6.91 (s, 2H), 2.33 (s,
6H). 13C NMR (CDCl;, 100 MHz) 6 162.9, 154.7, 148.0, 144.6, 138.9, 135.7, 135.4, 132.2,
127.8, 127.2, 125.8, 123.3, 121.5, 120.2, 116.8, 21.5. HRMS (ESI-TOF) caled for
C34H27N4O5* [M+H]":539.2078, found:539.2079.
2,2'-oxybis(4-(tert-butyl)-N-(quinolin-8-yl)benzamide) (2s)
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tBu tBu
o
HN 0] NH

O

solee
S S
Z Z Yield: (32.4 mg, 52%); White solid; mp: >230 °C. 'H NMR

(CDCl;, 400 MHz) 6 12.35 (s, 2H), 8.97 (dd, J; = 7.6 Hz, J, = 0.8 Hz, 2H), 8.46 (d, /= 8.4
Hz, 2H), 8.19 (dd, J; = 4.0 Hz, J, = 1.6 Hz, 2H), 7.88 (dd, J; = 8.0 Hz, J, = 1.6 Hz, 2H),
7.48 (t, J=8.0 Hz, 2H), 7.39 (dd, J; = 8.0 Hz, J, = 1.6 Hz, 2H), 7.34 (dd, J;, = 8.0 Hz, J, =
0.8 Hz, 2H), 7.13(t, J = 4.0 Hz, 2H), 7.11 (d, J = 1.6 Hz, 2H), 1.25 (s, 18H). 3C NMR
(CDCl3, 100 MHz) & 163.0, 157.5, 154.6, 148.0, 138.9, 135.6, 135.5, 132.2, 127.7, 127.1,
123.1, 121.6, 121.5, 116.7, 116.6, 35.2, 31.0. HRMS (ESI-TOF) calcd for CyoH39N4O5"
[M+H]":623.3017, found:623.3018.
3,3""-oxybis(/NV-(quinolin-8-yl)-[1,1'-biphenyl]|-4-carboxamide) (2t)

Ph Ph
HN (@] (@) NH
solse
AN AN
Z Z Yield: (27.9 mg, 42%); White solid; mp: 204.0-205.0 °C. 'H

NMR (CDCl;, 400 MHz) 6 12.45 (s, 2H), 9.00 (dd, J; = 7.6 Hz, J, = 1.2 Hz, 2H), 8.59 (d, J
= 8.0 Hz, 2H), 8.22 (dd, J; = 4.0 Hz, J, = 1.6 Hz, 2H), 7.93 (dd, J; = 8.4 Hz, J, = 1.6 Hz,
2H), 7.64 (dd, J; = 8.0 Hz, J, = 1.6 Hz, 2H), 7.54-7.50 (m, 6H), 7.41-7.33 (m, 10H), 7.16
(dd, J; = 8.4 Hz, J, = 4.4 Hz, 2H). 3C NMR (CDCl;, 100 MHz) § 162.7, 155.0, 148.1,
146.6, 138.9, 138.8, 135.7, 135.3, 133.0, 128.9, 128.5, 127.8 127.2, 124.7, 123.5, 121.7,
121.6, 118.1, 116.9. HRMS (ESI-TOF) calcd for Cy4H;N4O;% [M+H]":663.2391,
found:663.2394.

(2,2'-oxybis(4-methoxy-/N-(quinolin-8-yl)benzamide) (2u)
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HN @] NH
Z Yield: (28.0 mg, 49%); White solid; mp: 205.2-205.4 °C. 'H

NMR (CDCl;, 400 MHz) 6 12.32 (s, 2H), 8.96 (dd, J; = 7.6 Hz, J, = 0.8 Hz, 2H), 8.48 (d, J
= 9.2 Hz, 2H), 8.21 (dd, J; = 4.4 Hz, J, = 1.6 Hz, 2H), 7.91 (dd, J; = 8.4 Hz, J, = 1.6 Hz,
2H), 7. 50 (t, J = 8.0 Hz, 2H), 7.36 (dd, J; = 8.4 Hz, J, = 1.2 Hz, 2H), 7.14 (dd, J; = 8.0 Hz,
J,=4.0 Hz, 2H), 6.91 (dd, J; = 8.8 Hz, J, = 2.4 Hz, 2H), 6.61 (d, J = 2.4 Hz, 2H), 3.77 (s,
6H). 13C NMR (CDCl;, 100 MHz) 6 163.6, 162.7, 155.8, 148.0, 138.9, 135.7, 135.5, 133.8,
127.8, 127.2, 121.5, 121.4, 118.7, 116.7, 110.7, 105.3, 55.8. HRMS (ESI-TOF) calcd for
C34H7N4O5* [M+H]*:571.1976, found:571.1980.

dimethyl 3,3'-oxybis(4-(quinolin-8-ylcarbamoyl)benzoate) (2v)

COOMe COOMe

©/\) ©/\JY161(1 (21.6 mg, 35%); White solid; mp: 208.9-209.8 °C. 'H

NMR (CDCl;, 400 MHz) 6 12.31 (s, 2H), 8.95 (dd, J; = 7.6 Hz, J, = 1.2 Hz, 2H), 8.61 (d, J
= 8.4 Hz, 2H), 8.14 (dd, J;, = 4.4 Hz, J, = 1.6 Hz, 2H), 8.08 (dd, J; = 8.4 Hz, J, = 1.2 Hz,
2H), 7.95 (dd, J; = 8.4 Hz, J, = 1.6 Hz, 2H), 7.76 (d, J = 1.2 Hz, 2H), 7.52 (t, J = 8.0 Hz,
2H), 7.42 (dd, J; = 8.0 Hz, J, = 0.8 Hz, 2H), 7.17 (dd, J; = 8.4 Hz, J, = 4.4 Hz, 2H), 3.87 (s,
6H). 13C NMR (CDCl;, 100 MHz) 6 165.4, 161.6, 154.2, 148.2, 138.8, 135.9, 134.9, 134.8,
132.9, 1299, 127.8, 127.2, 125.9, 122.2, 121.6, 120.7, 117.1, 52.6. HRMS (ESI-TOF)
calcd for C36H,7N4O; [M+H]™:627.1874, found:627.1883.

6,6'-oxybis(3-methyl-/N-(quinolin-8-yl)benzamide) (2w)
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band
e

NMR (CDCls, 400 MHz) & 12.41 (s, 2H), 8.96 (d, J = 7.6 Hz, 2H), 8.30 (s, 2H), 8.19 (d, J

8@

Yield: (34.0 mg, 63%); White solid; mp: 201.1-202.7 °C. 'H

= 2.4 Hz, 2H), 7.92 (d, J = 8.0 Hz, 2H), 7.51 (t, J = 8.0 Hz, 2H), 7.38 (d, J = 8.0 Hz, 2H),
7.28 (d, J=8.0 Hz, 2H), 7.14 (dd, J; = 8.0 Hz, J, = 4.0 Hz, 2H), 7.01 (d, /= 8.0 Hz, 2H ),
2.45 (s, 6H). 3C NMR (CDCl;, 100 MHz) & 163.1, 152.8, 148.1, 139.0, 135.7, 1354,
134.3, 133.9, 132.5, 127.8, 127.2, 125.5, 121.6, 121.5, 119.6, 116.9, 20.8. HRMS (ESI-
TOF) caled for C34H»7N4O5* [M+H]:539.2078, found:539.2080.

4"-0xyb1s(N—(qu1nolln 8-yl) [1,1'-biphenyl]-3-carboxamide) (2x)

©/\)Yield: (29.8 mg, 45%); White solid; mp: >230 °C. 'TH NMR

(CDCls, 400 MHz) & 12.43 (s, 2H), 8.99 (dd, J; = 7.6 Hz, J, = 0.8 Hz, 2H), 8.79 (d, /= 2.4

ZO

Hz, 2H), 8.22 (dd, J; = 4.0 Hz, J, = 1.6 Hz, 2H), 7.93 (dd, J; = 8.4 Hz, J, = 1.6 Hz, 2H),
7.76 (dd, J; = 8.4 Hz, J, = 2.4 Hz, 2H), 7.71 (d, J = 7.6 Hz, 4H), 7.54-7.47 (m, 6H), 7.41-
7.37 (m, 4H), 7.27 (d, J= 8.8 Hz, 2H), 7.16 (dd, J; = 8.4 Hz, J, = 4.0 Hz, 2H). 3C NMR
(CDCl3, 100 MHz) 8 162.7, 154.0, 148.2, 139.4, 138.9, 137.9, 135.8, 135.3, 131.7, 130.9,
129.0, 127.8, 127.7, 127.2, 127.1, 126.3, 121.8, 121.6, 120.2, 116.9. HRMS (ESI-TOF)
calcd for C44H;3N4O3* [M+H]*:663.2391, found:663.2394.

6 6'—0xyb1s(3 methoxy—N— quinolin-8-yl)benzamide) (2y)

C@J foe
N
Z Yield: (24.0 mg, 42%); White solid; mp: 228.0-229.2 °C.

H NMR (CDCLs;, 400 MHz) § 12.50 (s, 2H), 8.97 (dd, J; = 7.6 Hz, J, = 1.2 Hz, 2H), 8.21

©)
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(dd, J; = 4.4 Hz, J, = 2.0 Hz, 2H), 8.01 (t, J = 1.6 Hz, 2H), 7.93 (dd, J; = 8.0 Hz, J, = 1.6
Hz, 2H), 7.51 (t, J = 8.0 Hz, 2H), 7.39 (dd, J; = 8.4 Hz, J, = 1.2 Hz, 2H), 7.16 (dd, J; = 8.0
Hz, J, = 4.0 Hz, 2H), 7.04 (d, /= 1.2 Hz, 4H), 3.92 (s, 6H). 13C NMR (CDCl;, 100 MHz) 3
162.7, 156.2, 148.8, 148.1, 138.9, 135.7, 135.3, 127.8, 127.2, 126.4, 121.7, 121.5, 120.9,
120.3, 116.9, 115.0, 55.9. HRMS (ESI-TOF) calcd for C33H,7N4O5* [M+H]":571.1976,
found:571.1981.

6,6'-0xybis(3-fluoro-N-(quinolin-S-yl)benzamide) (2z)

©/\J ©/\JYield: (25.2 mg, 46%); White solid; mp: 207.6-208.9 °C. 'H

NMR (CDCl;, 400 MHz) & 12.35 (s, 2H), 8.93 (dd, J; = 8.0 Hz, J, = 1.2 Hz, 2H), 8.22-8.19
(m, 4H), 7.95 (dd, J; = 8.0 Hz, J, = 1.6 Hz, 2H), 7.51 (t, J = 8.0 Hz, 2H), 7.42 (dd, J; = 8.0
Hz, J, = 1.2 Hz, 2H), 7.24-7.17 (m, 4H), 7.10 (dd, J; = 9.2 Hz, J, = 4.4 Hz, 2H). 3C NMR
(CDCl3, 100 MHz) 6 161.3 (d, Jc.r = 1.8 Hz), 159.3 (d, Jc.r = 243.8 Hz), 150.6 (d, Jor =
2.8 Hz), 148.1, 138.8, 135.9, 134.8, 127.8, 127.7 (d, Jc.r = 6.4 Hz), 122.1, 121.7, 121.1(d,
Jer = 8.1 Hz), 120.3 (d, Jo.r = 24.4 Hz), 118.7 (d, Jc.r = 24.3 Hz), 117.1. HRMS (ESI-
TOF) caled for C3,H, F,N4O5* [M+H]™:547.1576, found:547.1571.

6,6'-oxybis(3-chloro-N-(quinolin-8-yl)benzamide) (2aa)

?UE?

O

\
2 Yield: (24.3 mg, 42%); White solid; mp: 213.5-214.6 °C. 'H

NMR (CDCls, 400 MHz) & 12.21 (s, 2H), 8.92 (dd, J; = 7.6 Hz, J, = 1.2 Hz, 2H), 8.63 (d, J
= 2.8 Hz, 2H), 8.19 (dd, J; = 4.0 Hz, J, = 1.2 Hz, 2H), 7.96 (dd, J, = 8.4 Hz, J, = 1.6 Hz,
2H), 7.62 (dd, J; = 8.8 Hz, J, = 2.4 Hz, 2H), 7.52 (t, J = 8.0 Hz, , 2H), 7.43 (dd, J, = 8.4 Hz,
J> = 1.2 Hz, 2H), 7.20 (dd, J; = 8.0 Hz, J, = 4.4 Hz, 2H), 7.02 (d, J = 8.8 Hz, 2H). 3C
NMR (CDCl;, 100 MHz) & 161.0, 153.3, 148.2, 138.8, 136.2, 135.9, 135.3, 134.8, 127.8,
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127.2, 122.1, 121.7, 121.3, 118.2, 117.1. HRMS (ESL-TOF) caled for Cs,H,,CLN,O5*
[M]":579.0985, found:579.0992.

6,6'-oxybis(3-iodo-N-(quinolin-8-yl)benzamide) (2ab)

ard

O~ 'NH

|
O
solse
AN AN
Z Z Yield: (26.7 mg, 35%); White solid; mp: 228.6-229.6 °C. 'H

NMR (CDCls, 400 MHz) § 12.18 (s, 2H), 8.91 (dd, J; = 7.6 Hz, J, = 1.2 Hz, 2H), 8.80 (d, J
= 2.0 Hz, 2H), 8.19 (dd, J, = 4.0 Hz, J, = 1.6 Hz, 2H), 7.96 (dd, J; = 8.4 Hz, J, = 1.6 Hz,
2H), 7.80 (dd, J; = 8.8 Hz, J, = 2.4 Hz, 2H), 7.52 (t, J = 8.0 Hz, 2H), 7.43 (dd, J, = 8.4 Hz,
J, = 1.2 Hz, 2H), 7.20 (dd, J; = 8.4 Hz, J, = 4.4 Hz, 2H), 6.88 (d, J = 8.8 Hz, 2H). BC
NMR (CDCl;, 100 MHz) & 160.9, 154.1, 148.2, 142.1, 141.2, 138.8, 135.9, 134.8, 128.0,
127.8, 127.2, 122.1, 121.7, 121.5, 117.1, 88.6. HRMS (ESI-TOF) calcd for C3,Hs,[,N,O5"

[M+H]*:762.9698, found:762.9705.

2-(3-fluoro-2-(quinolin-8-ylcarbamoyl)phenoxy)-4-methyl-V-(quinolin-8-yl)benzamide
(3a)

F i 0]
N~ "0 O
N

H NH
N

N N
= @Yield: (30.4 mg, 28%); White solid; mp: 180.5-181.2 °C. 'H

NMR (CDCls, 400 MHz) & 12.04 (s, 1H), 10.85 (s, 1H), 8.93-8.87 (m, 2H), 8.38 (dd, J;, =
4.0 Hz, J, = 1.6 Hz, 1H), 8.23 (d, J = 8.0 Hz, 1H), 8.01-7.95 (m, 2H), 7.77 (dd, J, = 4.0 Hz,
J> = 1.6 Hz, 1H), 7.56-7.38 (m, SH), 7.20 (dd, J, = 8.0 Hz, J, = 4.0 Hz, 1H), 7.13 (dd, J; =
8.4 Hz, J, = 4.0 Hz, 2H), 7.08 (t, J =8.8 Hz, 1H), 6.98 (s, 1H), 6.85 (d, J = 8.4 Hz, 1H),
2.36 (s, 3H). 3C NMR (CDCl;, 100 MHz) § 162.6, 162.5, 160.1, 159.9, 155.3, 155.2,
154.5, 148.3, 147.7, 144.7, 139.1, 138.5, 135.9, 135.8, 135.4, 134.4, 132.1, 132.0, 131.9,
127.9, 127.7, 127.3, 127.1, 126.0, 123.1, 122.1, 121.6, 121.5, 121.4, 120.8, 118.3, 117.2,
117.2, 114.9, 114.8, 112.1, 111.9, 21.4. HRMS (ESI-TOF) caled for Cs3HpFN4O5*
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[M+H]":543.1827, found:543.1823.

4-methyl-V-(quinolin-8-yl)-2-(2-(quinolin-8-ylcarbamoyl)-3-
(trifluoromethyl)phenoxy)benzamide (3b)

©/\) ©/\JYleld (39.1 mg, 33%); White solid; mp: 185.2-187.8 °C. 'H

NMR (CDCls, 400 MHz) § 11.93 (s, 1H), 10.60 (s, 1H), 8.89-8.84 (m, 2H), 8.27 (dd, J; =
4.4 Yz, J,=2.0 Hz, 1H), 8.22 (d, J = 8.0 Hz, 1H), 8.04 (dd, J; = 8.0 Hz, J, = 1.2 Hz, 1H),
7.93 (dd, J; = 8.0 Hz, J, = 1.6 Hz, 1H), 7.61 (d, J = 7.6 Hz, 1H), 7.56-7.46 (m, 5H), 7.42
(dd, J; = 8.4 Hz, J, = 1.2 Hz, 1H), 7.25-7.21 (m, 2H), 7.13 (d, J = 8.0 Hz, 1H), 7.08 (dd, J;
= 8.4 Hz, J, = 4.4 Hz, 1H), 6.98 (s, 1H), 2.35 (s, 3H). 3C NMR (CDCls, 100 MHz) § 162.5,
162.4, 154.9, 154.3, 148.1, 147.5, 144.9, 139.2, 138.5, 136.0, 135.8, 135.3, 134.3, 132.1,
131.1, 130.0, 129.7, 128.1, 128.1, 127.9, 127.7, 127.3, 127.1, 126.3, 123.3, 122.5, 122.3
122.1, 121.9, 121.8, 121.8, 121.7, 121.6, 121.3, 121.2, 117.5, 117.4, 27.0, 26.9, 21.3.

HRMS (ESI-TOF) calcd for C34H24F3N403+ [M+H]+5931795, found:593.1792.

methyl3-(5-methyl-2-(quinolin-8-ylcarbamoyl)phenoxy)-4-(quinolin-8-
ylcarbamoyl)benzoate (3c)

COOMe
©/\) ©/\)Yleld (30.3 mg, 26%); White solid; mp: 216.6-219.6 °C. 'H

NMR (CDCls, 400 MHz) & 12.43 (s, 1H), 12.29 (s, 1H), 8.98-8.94 (t, J = 6.8 Hz, 2H), 8.60
(d, J=8.0 Hz, 1H), 8.42 (d, J = 8.4 Hz, 1H), 8.18 (dd, J, = 4.4 Hz, J, = 1.6 Hz, 1H), 8.14
(dd, J, = 4.4 Hz, J, = 1.6 Hz, 1H), 8.03 (dd, J; = 8.0 Hz, J, = 1.6 Hz, 1H), 7.95 (dd, J, = 3.6
Hz, J,= 1.6 Hz, 1H), 7.93 (dd, J, = 4.0 Hz, J, = 2.0 Hz, 1H), 7.78 (d, J = 1.6 Hz, 1H), 7.51
(td, J; = 8.0 Hz, J, = 1.2 Hz, 2H), 7.43-7.38 (m, 2H), 7.22 (d, J = 8.0 Hz, 1H), 7.18-7.13 (m,
2H), 6.88 (s, 1H), 3.87 (s, 3H), 2.35 (s, 3H). 3C NMR (CDCLs, 100 MHz) § 165.6, 162.7,
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161.9, 154.6, 154.3, 148.2, 147.9, 144.8, 138.9, 135.8, 135.7, 135.3, 134.9, 134.7, 132.6,
132.5, 130.3, 129.8, 129.2, 127.8, 127.7, 127.2, 127.1, 126.2, 125.4, 123.4, 122.1, 121.6,
121.6, 121.5, 1209, 120.0, 117.1, 116.9, 52.6, 21.5. HRMS (ESI-TOF) calcd for

C;5H27N4O5" [M+H]*:583.1976, found:583.1975.
4-methyl-2-(3-methyl-2-(quinolin-8-ylcarbamoyl)phenoxy)-/V-(quinolin-8-
yl)benzamide (3d)

o

@)
HN® "O O~ NH
N

Cﬂ) N
AN AN
= Z Yield: (32.2 mg, 30%); White solid; mp: 140.4-143.6 °C. 'H

NMR (CDCls, 400 MHz) 6 12.20 (s, 1H), 10.52 (s, 1H), 8.85-8.82 (m, 2H), 8.32 (dd, J; =
4.4 Hz, J,=1.6 Hz, 1H), 8.18 (d, J = 8.4 Hz, 1H), 8.03 (dd, J; = 8.4 Hz, J, = 1.6 Hz, 1H),
7.93 (dd, J; = 8.0 Hz, J, = 1.6 Hz, 1H), 7.56 (dd, J; = 4.4 Hz, J, = 1.6 Hz, 1H), 7.51-7.39
(m, 4H), 7.32 (t, J/ = 8.0 Hz, 1H), 7.25 (dd, J; = 8.0 Hz, J, = 4.4 Hz, 1H), 7.17 (d, J = 7.2
Hz, 1H), 7.09-7.05 (m, 2H), 6.95 (s, 1H), 6.93 (d, J = 8.4 Hz, 1H), 2.66 (s, 3H), 2.34 (s,
3H). 3BC NMR (CDCl;, 100 MHz) 6 165.0, 162.8, 155.4, 153.7, 148.2, 147.4, 144.5, 139.3,
138.8, 138.5, 135.8, 135.7, 135.6, 134.5, 131.9, 130.7, 129.7, 127.8, 127.7, 127.3, 127.1,
126.5, 125.3, 122.5, 121.9, 121.5, 121.4, 121.2, 120.3, 117.1, 117.0, 21.4, 19.9. HRMS
(ESI-TOF) caled for C34H»7N4O3" [M+H]*:539.2078, found:539.2074.
3-(5-methyl-2-(quinolin-8-ylcarbamoyl)phenoxy)-/N-(quinolin-8-yl)-[1,1'-biphenyl]-2-

carboxamide (3e)

Y
N N
Z Z Yield: (36.0 mg, 30%); White solid; mp: 193.2-195.0 °C. 'H

NMR (CDCls, 400 MHz) & 12.22 (s, 1H), 10.47 (s, 1H), 8.89 (dd, J; = 7.6 Hz, J, = 0.8 Hz,
1H), 8.63 (dd, J; = 7.2 Hz, J, = 1.6 Hz, 1H), 8.35 (dd, J, = 4.4 Hz, J, = 1.6 Hz, 1H), 8.21 (d,
J=28.0 Hz, 1H), 8.01 (dd, J; = 8.0 Hz, J, = 1.6 Hz, 1H), 7.92 (dd, J, = 8.0 Hz, J, = 1.6 Hz,
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1H), 7.67 (d, J = 7.2 Hz, 2H), 7.58 (dd, J; = 4.0 Hz, J, = 1.6 Hz, 1H), 7.55 (t, J = 8.0 Hz,
1H), 7.50-7.45 (m, 2H), 7.41-7.35 (m, SH), 7.31 (d, J= 7.2 Hz, 1H), 7.19 (dd, J, = 8.0 Hz,
J, = 4.4 Hz, 1H), 7.08 (d, J = 8.4 Hz, 2H), 7.07 (d, J = 8.4 Hz, 1H), 7.03(s, 1H), 2.35 (s,
3H). 13C NMR (CDCls, 100 MHz) & 164.7, 162.9, 155.3, 154.2, 148.2, 147.4, 144.6, 142.6,
139.9, 139.3, 138.4, 135.8, 135.7, 135.6, 134.4, 131.9, 130.9, 129.2, 128.6, 127.9, 127.8,
127.7, 127.3, 127.1, 126.2, 125.5, 122.8, 121.8, 121.4, 121.2, 120.7, 118.4, 117.2, 117.0,

21.4. HRMS (ESI-TOF) calcd for C39H,9N4O5" [M+H]":601.2234, found:601.2230.

3-(3-methyl-2-(quinolin-8-ylcarbamoyl)phenoxy)-/N-(quinolin-8-yl)-[1,1'-biphenyl]-4-
carboxamide (3f)

N
©/\)Yield: (33.6 mg, 28%); White solid; mp: 215.2-217.7 °C. 'H

NMR (CDCls, 400 MHz) § 9.99 (s, 1H), 9.72 (s, 1H), 8.76 (dd, J; = 7.6 Hz, J, = 0.8 Hz,

8@

1H), 8.53 (dd, J, = 7.2 Hz, J, = 1.2 Hz, 1H), 8.14 (dd, J; = 4.4 Hz, J, = 1.6 Hz, 1H), 8.08
(dd, J; = 4.0 Hz, J,= 1.6 Hz, 1H), 7.79 (td, J; = 8.8 Hz, J, = 1.6 Hz, 2H), 7.46-7.40 (m, 3H),
7.36-7.26 (m, 3H), 7.23-7.16 (m, 5H), 7.13-7.01 (m, 6H), 2.42 (s, 3H). ¥C NMR (CDCl;,
100 MHz) § 165.4, 164.9, 154.6, 153.6, 147.7, 147.5, 141.9, 139.6, 138.0, 137.9, 137.8,
135.4, 135.3, 134.3, 134.2, 130.5, 130.4, 129.9, 129.4, 128.8, 128.5, 128.2, 127.5, 127.4,
127.3, 126.9, 126.1, 125.3, 121.5, 121.2, 121.1, 120.9, 117.5, 117.2, 116.6, 116.4, 19.5.

HRMS (ESI-TOF) calcd for C39Hy9N4O5" [M+H]":601.2234, found:601.2232.

4-methoxy-2-(5-methyl-2-(quinolin-8-ylcarbamoyl)phenoxy)-/N-(quinolin-8-
yl)benzamide (3g)

©/\) ©/\)Yleld (44.4 mg, 40%); White solid; mp: 210.7-211.2 °C. H

NMR (CDCls, 400 MHz) § 12.38 (s, 1H), 12.35 (s, 1H), 8.97 (d, J = 7.6 Hz, 2H), 8.48 (d, J
= 8.8 Hz, 1H), 8.41 (d, J= 8.0 Hz, 1H), 8.21-8.19 (m, 2H), 7.91 (d, J = 8.4 Hz, 2H), 7.50 (t,
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J= 8.0 Hz, 2H), 7.38 (dd, J, = 3.2 Hz, J, = 1.2 Hz, 1H), 7.36 (dd, J, = 3.2 Hz, J, = 1.2 Hz,
1H), 7.19 (d, J = 8.4 Hz, 1H), 7.16-7.12 (m, 2H), 6.94 (s, 1H), 6.91 (dd, J, = 8.8 Hz, J, =
2.4 Hz, 1H), 6.59 (d, J = 6.4 Hz, 1H), 3.77 (s, 3H), 2.34 (s, 3H). *C NMR (CDCls, 100
MHz) § 163.6, 162.9, 162.8, 156.2, 154.4, 148.0, 148.0, 144.6, 138.9, 135.7, 135.6, 135.4,
133.8, 132.3, 127.8, 127.2, 127.1, 125.9, 123.3, 121.5, 121.4, 121.3, 120.2, 118.7, 116.8,
116.7, 110.5, 1053, 55.8, 21.5. HRMS (ESI-TOF) caled for CsHyN,O4"

[M+H]*:555.2027, found:555.2029.

4-methoxy-2-(3-methyl-2-(quinolin-8-ylcarbamoyl)phenoxy)-/N-(quinolin-8-
y)benzamide (3h)
OMe

NH

0
AN
Z Yield: (35.5 mg, 32%); White solid; mp: 146.8-148.1 °C. 'H

NMR (CDCls, 400 MHz) § 12.14 (s, 1H), 10.51 (s, 1H), 8.97 (d, J = 7.6 Hz, 2H), 8.84-8.80

O
HN O )
N
N
o0

(m, 2H), 8.34 (dd, J; =4.0 Hz, J, = 1.6 Hz, 1H), 8.24 (d, J = 8.8 Hz, 1H), 8.03 (dd, J; = 8.4
Hz, J,=1.6 Hz, 1H), 7.93 (dd, J; = 8.4 Hz, J, = 1.6 Hz, 1H), 7.55 (dd, J; =4.0 Hz, J,= 1.6
Hz, 1H), 7.52-7.39 (m, 4H), 7.34 (t, /= 8.0 Hz, 1H), 7.26 (dd, J; = 8.4 Hz, J, = 4.0 Hz, 1H),
7.18 (d, J = 7.6 Hz, 1H), 7.07 (dd, J; = 8.0 Hz, J, = 4.0 Hz, 1H), 6.97 (d, J = 8.0 Hz, 1H),
3.79 (s, 3H), 2.65 (s, 3H). 13C NMR (CDCl;, 100 MHz) 8 164.9, 163.7, 162.6, 156.9, 153.4,
148.2, 147.4, 139.3, 138.8, 138.5, 135.8, 135.7, 135.6, 134.5, 133.4, 130.7, 129.8, 127.8,
127.7, 127.3, 127.1, 126.8, 121.9, 121.4, 121.2, 121.2, 117.8, 117.2, 117.0, 110.4, 104.9,
55.7, 19.9. HRMS (ESI-TOF) caled for C34Hy7N,O4" [M+H]:555.2027, found:555.2026.

4. Crystal Structure of Product 2a and 2b

The ORTEP diagram and Crystal Parameters of 2a and 2b wherein thermal ellipsoids are
drawn at 30% probability level. The crystals of suitable quality were obtained from EA/PE
within 2 days under aerobic conditions, and were analyzed by single crystal diffractometer
(Varian, Gemini A Ultra). Atomic coordinates, bond lengths, bond angles, and thermal
parameters have been deposited at the Cambridge Crystallographic Data Centre. CCDC
deposit number of 2a and 2b is 1952681 and 1907742 respectively.
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Figure S1: Crystal XRD image of 2a
Datablock: 190603 Inn_4 17 4 0m
Bond precision: C-C = 0.0035 A Wavelength=0.71073
Cell: a=12.1345(3) b=14.3083(3) c=20.8054(6)
alpha=90 beta=104.081 (1) gamma=90
Temperature: 170 K
Calculated Reported
Volume 3503.78(15) 3503.78(15)
Space group P 21/c P12l/c1
Hall group -P 2vybc -P 2ybc
Moiety formula C34 H26 N4 03, 2(C H C13) 2(C H Cl13), C34 H26 N4 03
Sum formula C36 H28 Cle N4 03 C36 H28 Cle N4 03
Mr 777.32 777.32
Dx,g cm-3 1.474 1.474
Z 4 4
Mu (mm-1) 0.534 0.534
F000 1592.0 1592.0
F00O0" 1596.07
h, k, lmax X547, 26 15517 ,25
Nref 7163 7156
Tmin, Tmax 0.784,0.843 0.683,0.745
Tmin’ 0.782
Correction method= # Reported T Limits: Tmin=0.683 Tmax=0.745
AbsCorr = MULTI-SCAN
Data completeness= 0.9%99 Theta (max)= 26.386
R(reflections)= 0.0509( 6398) wR2 (reflections)= 0.1308( 7156)
S =1.035 Npar= 444

Figure S2: Crystal data of 2a
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Figure S3: Crystal XRD image of 2b

Datablock: 190326_Inn_3_160_13_0m

Bond precision: C-C = 0.0026 A Wavelength=0.71073

Cell: a=11.0659(3) b=20.0575(6) c=11.9398(3)
alpha=90 beta=110.868(1) gamma=90

Temperature: 170 K
Calculated Reported

Volume 2476.25(12) 2476.25(12)

Space group P 21/c P1l2l/c1

Hall group -P 2ybc -P 2ybc

Moiety formula C32 H22 N4 03 C32 H22 N4 03

Sum formula C32 H22 N4 03 C32 H22 N4 03

Mr 510.54 510.53

Dx,g cm-3 1.369 1.369

Z 4 4

Mu (mm-1) 0.090 0.090

FO00 1064.0 1064.0

F000* 1064.45

h, k, lmax 14,25,15 14,25,15

Nref 5463 5446

Tmin, Tmax 0.963,0.969 0.698,0.746

Tmin’ 0.963

Correction method= # Reported T Limits: Tmin=0.698 Tmax=0.746
AbsCorr = MULTI-SCAN

Data completeness= 0.997 Theta (max)= 27.107
R(reflections)= 0.0463( 4689) wR2 (reflections)= 0.1237( 5446)
S = 1.059 Npar= 352

Figure S4: Crystal data of 2b
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5. The Mechanistic Investigations

5.1. H/D exahcange and Kinetic isotopic effect experiments of synthesis of diaryl ether

5.1.1. H/D exahcange of synthesis of diaryl ether

D=61%
(0] H/D O
N standard conditions N
Ho | N |
X t=4h, D,0 (20 equiv.) YSSELON
1b D=61% p-1b

To a 25 mL seal tube with a stir bar was added benzamide (1b, 0.20 mmol), Ni(OAc),
(0.04 mmol, 7.0 mg), AgzPO,4 (0.40 mmol, 166 mg), AJCOOK (0.40 mmol, 90 mg) and
D,0 (4.0 mmol, 80 mg) in DMAc (2.0 mL), the vial was evacuated and filled with O,
atmosphere and stirred by oil bath at 140 °C for 4 h, then cooled to room temperature,
filtered through a pad of celite, and then washed with EtOAc (10 mL*3), washed by 1
mol/L NaOH solution (20 mL) three times and saturated NaCl (20 mL), then dried with
sodium sulfate. Organic solvents were removed under reduced pressure and the crude
reaction mixture was purified by column chromatography on silica gel column with
EtOAc/petroleum ether (1:10 v/v) as an eluent to afford the desired product D-1b (H/D D =
61%).

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
R R L e e P FERE R RE
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

e

1663
474
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5.1.2. Competitive kinetic isotopic effect of synthesis of diaryl ether

e S & ﬁ @*
A
S ikaHQ @NHQ standard conditions o o
H t =4 h, competitive KIE = 1 85
0.20 mmol Ds-1b 0.20 mmol 1b
Dg-2b D4-2b

To a 25 mL seal tube with a stir bar was added benzamide (Ds-1b, 0.20 mmol),

benzamide (1b, 0.20 mmol), Ni(OAc), (0.04 mmol, 7.0 mg), Ag;PO,(0.40 mmol, 166 mg)
and AdCOOK (0.40 mmol, 90 mg) in DMAc (2.0 mL), the vial was evacuated and filled
with O, atmosphere and stirred by oil bath at 140 °C for 4 h, then cooled to room
temperature, filtered through a pad of celite, and then washed with EtOAc (10 mLx3),
washed by 1 mol/L NaOH solution (20 mL) three times and saturated NaCl (20 mL), then
dried with sodium sulfate. Organic solvents were removed under reduced pressure and the
crude reaction mixture was purified by column chromatography on silica gel column with
EtOAc/petroleum ether (1:10~1:5~1:2 v/v) as an eluent to afford the desired product Dg-2b,
D4-2b and 2b, the value of competitive KIE is 1.85.

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

S

KIE = Ky/Kp = 1.3/0.7= 1.85
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5.1.3. Parallel kinetic isotopic effect of synthesis of diaryl ether

D dLNHQ or NHQ standard conditions
LN " t=ah, parallel KE =122
0.20 mmol Ds-1b 0.20 mmol 1b - \
Dg-2b

To a 25 mL seal tube with a stir bar was added benzamide (Ds-1b, 0.20 mmol),
Ni(OAc), (0.04 mmol, 7.0 mg), AgzPO,4 (0.40 mmol, 166 mg) and AJCOOK (0.40 mmol,
90 mg) in DMAc (2.0 mL), the vial was evacuated and filled with O, atmosphere and
stirred by oil bath at 140 °C for 4 h, then cooled to room temperature, filtered through a pad
of celite, and then washed with EtOAc (10 mLx3), washed by 1 mol/L NaOH solution (20
mL) three times and saturated NaCl (20 mL), then dried with sodium sulfate. Organic
solvents were removed under reduced pressure and the crude reaction mixture was purified
by column chromatography on silica gel column with EtOAc/petroleum ether
(1:10~1:5~1:2 v/v) as an eluent to afford the desired product Dg-2b.

To a 25 mL seal tube with a stir bar was added benzamide (1b, 0.20 mmol), Ni(OAc),
(0.04 mmol, 7.0 mg), Ag;PO,4 (0.40 mmol, 166 mg) and AACOOK (0.40 mmol, 90 mg) in
DMACc (2.0 mL), the vial was evacuated and filled with O, atmosphere and stirred by oil
bath at 140 °C for 4 h, then cooled to room temperature, filtered through a pad of celite, and
then washed with EtOAc (10 mLx3), washed by 1 mol/L NaOH solution (20 mL) three
times and saturated NaCl (20 mL), then dried with sodium sulfate. Organic solvents were
removed under reduced pressure and the crude reaction mixture was purified by column
chromatography on silica gel column with EtOAc/petroleum ether (1:10~1:5~1:2 v/v) as an

eluent to afford the desired product 2b, the value of parallel KIE is 1.22.
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360
8973
8970
8.954

2,042
1714

12.

2
T 1254
o081
—————-0.000

KIE = Ky/Kp = 1.1/0.9 = 1.22

5.2. Mechanistic control experiments of synthesis of diaryl ether

5.2.1. Radical-trapping experiment of of synthesis of diaryl ether

0

0

Ni(OAc), (20 mol %) NHQ

N .

H R | AdCOOK (2.0 equiv) - o o
H Ag3POy4 (2.0 equiv)

0.2 mmol 1a 0,, DMAc, 140 °C, 24 h NHQ

Conditions A: with 2 equiv TEMPO, yield 65%
Conditions B: with 4 equiv TEMPO, yield 60%
Conditions C: with 2 equiv DPE, yield 68%
Conditions D: with 4 equiv DPE, yield 62%

To a 25 mL seal tube with a stir bar was added benzamide (1a, 0.20 mmol), Ni(OAc),
(0.04 mmol, 7.0 mg), AgzPO,4 (0.40 mmol, 166 mg), AJCOOK (0.40 mmol, 90 mg) and
with different equivalents TEMPO or DPE in DMAc (2.0 mL), the vial was evacuated and
filled with O, atmosphere and stirred by oil bath at 140 °C for 24 h, then cooled to room
temperature, filtered through a pad of celite, and then washed with EtOAc (10 mLx3),
washed by 1 mol/L. NaOH solution (20 mL) three times and saturated NaCl (20 mL), then
dried with sodium sulfate. Organic solvents were removed under reduced pressure and the

crude reaction mixture was purified by column chromatography on silica gel column with
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EtOAc/petroleum ether (1:10~1:5~1:2 v/v) as an eluent to afford the desired product 2a, the
yield of the 2a hasn’t decreased.

5.2.2. Control experiments of of synthesis of diaryl ether

NHQ
o @ 0 i
@NHQ standard conditions O NHQ + CﬁLNHQ
on @o OH

4, 0.2 mmol 2b, 0% 4, recovery 80%

To a 25 mL seal tube with a stir bar was added benzamide 47 (0.20 mmol), Ni(OAc),

(0.04 mmol, 7.0 mg), Ag;PO,4 (0.40 mmol, 166 mg), AACOOK (0.40 mmol, 90 mg) in
DMACc (2.0 mL), the vial was evacuated and filled with O, atmosphere and stirred by oil
bath at 140 °C for 24 h, then cooled to room temperature and analyzed by TLC, only 4 was
observed in this system, indicating that 2b is not formed through dehydration of 4.
4; "TH NMR (CDCls, 400 MHz) 6 12.33 (s, 1H), 10.93 (s, 1H), 8.85 (dd, J; = 4.0 Hz, J, =
1.6 Hz, 1H), 8.79 (dd, J; = 6.4 Hz, J, = 2.8 Hz, 1H), 8.16 (dd, J; = 8.0 Hz, J, = 1.2 Hz, 1H),
7.83 (dd, J; = 8.0 Hz, J, = 0.8 Hz, 1H), 7.58-7.53 (m, 2H), 7.49-7.44 (m, 2H), 7.05 (d, J =
8.0 Hz, 1H), 6.99 (t, J= 8.0 Hz, 1H).

(0] (0]
@ANHQ E:ﬁLNHQ standard conditions
+ nr
OH

1a, 0.2 mmol 4, 0.2 mmol

To a 25 mL seal tube with a stir bar was added benzamide (1a, 0.20 mmol) and
benzamides (4, 0.20 mmol), Ni(OAc), (0.04 mmol, 7.0 mg), Ag;PO, (0.40 mmol, 166 mg),
AdCOOK (0.40 mmol, 90 mg) in DMAc (2.0 mL), the vial was evacuated and filled with
O, atmosphere and stirred by oil bath at 140 °C for 24 h, only substrate 1a and 4 was

detected in this system, the corresponding diaryl ether product hasn’t been observed.

(0]
o
Ni(OAc); (20 mol %) @NHQ
NHQ NHQ  A4COOK (2.0 equiv 0
OPiv Ag3P0O4 (2.0 equiv) NHQ
1b, 0.2 mmol 5, 0.24 mmol 0O,, DMAc, 140 °C, 24 h 3i

Conditions A: standard conditions, yield 52%
Conditions B: without Ni(OAc),, no reaction
Conditions C: without Ag3POy, trace
Conditions D: without AdCOOK, yield 56%

To a 25 mL seal tube with a stir bar was added substrate benzamide (1b, 0.20 mmol) and

acyloxylated benzamides (5, 0.24 mmol), in DMAc (2.0 mL) under O, atmosphere
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according to the condition A to D. The reaction mixture was stirred at 140 °C for 24 h,
cooled to room temperature, filtered through a pad of celite, and then washed with EtOAc
(10 mLx3), washed by 1 mol/L NaOH solution (20 mL) three times and saturated NaCl (20
mL), then dried with sodium sulfate. Organic solvents were removed under reduced
pressure and the crude reaction mixture was purified by column chromatography on silica
gel column with EtOAc/petroleum ether (1:10~1:5~1:2 v/v) as an eluent to afford the diaryl
ether product of 3i. As for condition B and C, no or trace of product 3i was observed. As
for condition A and D the desired product 3i was isolated in 52%, 56% respectively.

5; TH NMR (CDCl;, 400 MHz) 8 10.00 (s, 1H), 8.94 (dd, J; = 7.2 Hz, J, = 1.6 Hz, 1H),
8.77 (dd, J, =4.0 Hz, J, = 1.6 Hz, 1H), 8.15(dd, J; = 8.4 Hz, J, = 1.6 Hz, 1H), 7.60-7.53 (m,
2H), 7.43 (dd, J; = 8.0 Hz, J, = 4.0 Hz, 1H), 7.35 (t, /= 7.6 Hz, 1H), 7.16 (d, J = 7.6 Hz,
1H), 7.01 (d, J= 8.0 Hz, 1H), 2.47 (s, 3H), 1.08 (s, 9H).

3i; White solid; mp: 189.8-192.1°C. 'TH NMR (CDCl;, 400 MHz) 6 12.19 (s, 1H), 10.45 (s,
1H), 8.89 (d, /= 7.6 Hz, 2H), 8.34 (dd, J; = 4.4 Hz, J, = 1.6 Hz, 1H), 8.27 (dd, J; = 8.0 Hz,
J,=1.2Hz, 1H), 8.01 (d, /= 8.0 Hz, 1H), 7.90 (d, /= 8.0 Hz, 1H), 7.56 (dd, J; = 4.0 Hz, J;
= 1.2 Hz, 1H), 7.51-7.43 (m, 4H), 7.40-7.32 (m, 2H), 7.27-7.22 (m, 2H), 7.18-7.13 (dd, J,; =
13.2 Hz, J, =7.6 Hz, 2H), 7.05 (dd, J; = 8.4 Hz, J, = 4.4 Hz, 1H), 6.97 (d, J = 8.4 Hz, 1H),
2.63 (s, 3H). 3C NMR (CDCl;, 100 MHz) 8 164.4, 162.2, 155.1, 153.0, 147.8, 147.0,
138.7, 138.4, 137.9, 135.3, 135.2, 135.0, 133.9, 132.8, 131.5, 130.2, 129.4, 127.3, 127.2,
126.8, 126.6, 126.3, 124.6, 123.6, 121.4, 121.0, 120.7, 119.1, 116.9, 116.7, 116.5, 19.9.
HRMS (ESI-TOF) calcd for C33H,sN4O5" [M+H]":525.1921, found:525.1920.

0
0
Ni(OAC), (20 mol %) @NHQ
NHQ @\ AdCOOK (2.0 equiv) o
H OPiv Ag3PO4 (2.0 equiv)
1b, 0.2 mmol 7, 0.24 mmol 0O,, DMAc, 140 °C, 24 h no reaction

To a 25 mL seal tube with a stir bar was added substrate benzamide (1b, 0.20 mmol) and
phenyl pivalate (7, 0.24 mmol), Ni(OAc), (0.04 mmol, 7.0 mg), Ag;PO,4 (0.40 mmol, 166
mg), AdCOOK (0.40 mmol, 90 mg) in DMAc (2.0 mL), the vial was evacuated and filled
with O, atmosphere and stirred by oil bath at 140 °C for 24 h, only substrate 1b and 7 was

detected in this system, the corresponding diaryl ether product hasn’t been observed.
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7; 'TH NMR (CDCl;, 400 MHz) 8 7.39-7.35 (m, 2H), 7.25-7.19 (m, 1H), 7.06 (dd, J = 8.8
Hz, J=1.2 Hz, 1H), 1.36 (s, 9H).
5.3. The substances detected by GC-MS

0]
0 Ni(OAF:)z (20 mol. %) NHQ
KOPiv (2.0 equiv)
N | Ag3PO4 (2.0 equiv) O O
Nx 0, DMAc, 140 °C, 24 h @i‘\NHQ
1a 2a

To a 25 mL seal tube with a stir bar was added benzamide (1a, 0.2 mmol), Ni(OAc),

(0.04 mmol, 7 mg), AgzPO, (0.4 mmol, 166 mg) and KOPiv (2.0 mmol, 56 mg) in DMAc
(2.0.0 mL), the vial was evacuated and filled with O, atmosphere and stirred by oil bath at

140 °C for different time, then cooled to room temperature, filtered through a pad of celite,

and then washed with EtOAc (20 mLx3). The samples were detected by GC-MS

respectively.
0
o Ni(OAG), (20 mol %) NHQ
KOPiv (2.0 equiv)
N | Ag3PO4 (2.0 equiv) O O
Nx 0, DMAc, 140 °C, 24 h ©)LNHQ
1b 2b

To a 50 mL seal tube with a stir bar was added benzamide (1b, 0.2 mmol), Ni(OAc),
(0.04 mmol, 7 mg), AgzPO, (0.4 mmol, 166 mg) and KOPiv (2.0 mmol, 56 mg) in DMAc
(2.0.0 mL), the vial was evacuated and filled with O, atmosphere and stirred by oil bath at
140 °C for different time, then cooled to room temperature, filtered through a pad of celite,

and then washed with EtOAc (20 mLx3). The sample was detected by GC-MS respectively.
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Figure S5: GC-MS information of compound 5
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Figure S7: GC-MS information of Pivalic anhydride

6. Removal of 8-quinolyl Auxiliary

o} O

NHQ ) NH,
IBX (4.0 equiv)
O O o o
HFIP/H,0, 60 °C
NHQ NH,

2b, 0.2 mmol 6, 75%

To a 25 mL round-bottom flask with a stir bar was added diaryl ether (2b, 0.20 mmol),

IBX (0.80 mmol, 224 mg), in the mixed solvent of HFIP/H,O (3.0 mL, Vypp/Vizo = 1:1)
and stirred by oil bath at 60 °C for 6 h.? Then cooled to room temperature, the reaction was
quenched by the addition of NaHCO; (aq10 mL); the resulting mixture was extracted with
dichloromethane (3x5 mL). Organic solvents were removed under reduced pressure and the
crude reaction mixture was purified by column chromatography on silica gel column with
EtOAc/petroleum ether (1:1, v/v) as an eluent to afford the primary benzamide product 6 in
75% yield.

6; (75%, 38.4 mg); White solid; mp: >220 °C. 'TH NMR ((CD;),SO, 500 MHz) & 8.05 (s,
2H), 7.76 (d, J = 7.0 Hz, 2H), 7.56 (s, 2H), 7.47 (t, J = 8.0 Hz, 2H), 7.24 (t, /= 7.0 Hz, 2H),
6.87 (d, J = 8.0 Hz, 2H). 3C NMR ((CD;),SO, 100 MHz) & 166.8, 153.3, 132.2, 130.5,
126.6, 123.8, 118.5. HRMS (ESI-TOF) calcd for Ci4H;,N,O3;Na* [M+Na]":279.0740,
found:279.0743.
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8. Copies of 'H and '*C NMR Spectra
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6,6'-oxybis(2-fluoro-N-(quinolin-8-yl)benzamide) (2d)
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6,6'-oxybis(2-bromo-/N-(quinolin-8-yl)benzamide) (2f)
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6,6'-oxybis(/V-(quinolin-8-yl)-2-(trifluoromethyl)benzamide) (2g)
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6,6'-oxybis(3-chloro-2-methyl-N-(quinolin-8-yl)benzamide) (2i)
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6,6'-oxybis(5-fluoro-2-methyl-/V-(quinolin-8-yl)benzamide) (20)
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2,2'-oxybis(4-(tert-butyl)-N-(quinolin-8-yl)benzamide) (2s)
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methyl3-(5-methyl-2-(quinolin-8-ylcarbamoyl)phenoxy)-4-(quinolin-8-
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4-methyl-2-(3-methyl-2-(quinolin-8-ylcarbamoyl)phenoxy)-N-(quinolin-8-
yl)benzamide (3d)
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3-(3-methyl-2-(quinolin-8-ylcarbamoyl)phenoxy)-/N-(quinolin-8-yl)-[1,1'-biphenyl]-4-

carboxamide (3f)
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4-methoxy-2-(5-methyl-2-(quinolin-8-ylcarbamoyl)phenoxy)-/NV-(quinolin-8-

yl)benzamide (3g)
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4-methoxy-2-(3-methyl-2-(quinolin-8-ylcarbamoyl)phenoxy)-/V-(quinolin-8-
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