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1. General Information

Unless otherwise noted, all reactions were carried out in a flame-dried tubes under an atmosphere of air.
Materials. Unless otherwise noted, materials were purchased from Alfa-Aesar and J&K Scientific Ltd.
and used as received. All the solvents were purchased from commercial suppliers and purified by standard
procedures as specified in Purification of Laboratory Chemicals, 4th Ed (W. L. F. Armarego, D. D. Perrin,
Butterworth-Heinemann: 1997). Analytical thin layer chromatography (TLC) was performed on silica gel
plates with F-254 indicator and compounds were visualized by irradiation with UV light. Flash column
chromatography was carried out using silica gel (200-300 mesh) at increased pressure. The 'H, 3C NMR
spectroscopic data were recorded on Bruker Mercury Plus 400 MHz NMR spectrometers or Bruker
Mercury Plus 500 MHz NMR spectrometers or Bruker Mercury Plus 600 MHz NMR spectrometers.
Chemical shifts (8) for 'H and '3C are referenced to internal solvent resonances and reported relative to
SiMe,. 'TH NMR coupling constants were reported in Hz, and multiplicity was indicated as follows: s
(singlet); d (doublet); t (triplet); q (quartet); m (multiplet); dd (doublet of doublets); dt (doublet of triplets);
td (triplet of doublets). The diffraction data of crystals were collected on a Rigaku XtalLAB Synergy CCD
diffractometer with graphite monochromated Cu-Ka radiation (A = 1.54056 A) at 293 or 100 K.
Absorption corrections were applied by SADABS. All the structures were solved by direct methods and
refined by full-matrix least-squares method on F? using SHELXTL-2014. All non-hydrogen atoms were
refined with anisotropic displacement parameters. The hydrogen atoms of the ligand were generated
geometrically. High resolution mass spectra (HRMS) were recorded on the Thermo Scientific Exactive

Plus equipped with ESI ionization source.
2. Experimental Procedures

2.1 General procedure for preparation of substrate 1

8 mol % PdCI,(PPhs),

130 mol % arylboronic acid
R 200 mol % Na,CO; R 500 mol % NaOH 1
COOMe COOH

COOMe
CH30H:H,0 = 1:1, 50 °C
] ]

UBr THF:H,0 = 2:1, 60 °C
Step 1: Methyl 2-iodobenzoate or Methyl 2-bromobenzoate (17 mmol) was added to arylboronic acid (22

mmol) and Na,CO; (3.6 g, 34 mmol) dissolved in THF (68 mL) and water (34 mL) mixed solvents. The

reaction mixture was degassed three times and charged with argon, after which PdCl,(PPhs), (8 mol%, 1

g, 1.4 mmol) was added. The reaction mixture was heated to 60 °C in oil bath overnight. The resulting
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reaction mixture was cooled to room temperature and added to water, the product was extracted with
dichloromethane three times. The combined organic phases were dried with Na,SO,4 and the solvent was

evaporated via vacuo. The product was purified by column chromatography to give a colorless liquid.

Step 2: The methyl 2-arylbenzoate was dissolved in a solution of 3.4 g NaOH in 50 mL H,O and 50 mL
MeOH and stirred at 50 °C in oil bath for 6 h. MeOH was removed under vacuum and the reaction mixture
was diluted with H,O, and washed with Et,0. The aqueous phase was acidified with 3N HCI, then
extracted with Et,O three times. The combined organic phase was washed with H,O and brine, dried over
Na,SO,, filtered and the filtration was evaporated under reduced pressure to give the desired product as

a solid.

2.2 Optimization of reaction conditions

Scheme S1: The screen of solvents.
MeO,C
H Z>COO0Me 2a

O 10 mol % Pd(OAC), O O o
COOH 50 mol% NaOAc COOH

+

H 100 mol % AgOAc x_CO,Me 0
O Solvent, 100 °C, 12 h O O
1a 3aa 4
Entry Solvent %yield(3aa/4)

1 DMF 12/13
2 DCE 16/19
3 Toluene 14/23
4 CH3OH 71

5 Dioxone 15/15
6 HFIP 33/8

7 CH3;CN 18/8

[a] Reaction conditions: 1a (0.10 mmol, lequiv), 2a (0.5 mmol, 5.0 equiv), Pd(OAc), (10 mol %), NaOAc (50 mol %),
AgOAc (100 mol %), solvent (0.5 mL), 100 °C,12 h in air. "H NMR yield using CH,Br; as internal standard.

Scheme S2: The screen of amounts of bases.
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CL
COOH

MeO,C
Z>COO0OMe 2a

0,
10 mol % Pd(OAc), O COOH O 0O

NaOAc (X eq.)

O H
1a
Entry
1
2
3

4

> CO,M
100 mol % AgOAc O - 02Me 0

HFIP, 100 °C. 12 h O
4

3aa
equiv of NaOAc dyield(3aal4)
0 37/10
0.5 33/8
1.5 24/9
2.0 21/10

[a] Reaction conditions: 1a (0.10 mmol, 1equiv), 2a (0.5 mmol, 5.0 equiv), Pd(OAc), (10 mol %), NaOAc (X mol %), AgOAc (100 mol
%), HFIP(0.5 mL), 100 °C,12 h in air. "H NMR yield using CH,Br; as internal standard.

Scheme S3: The screen of oxidants.

CL
COOH
oy

1a

Entry

10
11

12

MeOzC
Z>CO0Me 2a O
10 mol % Pd(OAc), COOH . O 0
100 mol % Oxidant X CO,Me Y
HFIP, 100 °C, 12 h O O

3aal/3aa’ (mono/di) 4

Oxidant dyield(3aa/3aa'/4)
AgOAc 37/-110
BQ 15/-/-
MnO, trace
Cu(OAc), trace
AgsPO4 12/-/-
Ag,0 11/-/-
AgCF;CO0O 30/5/14
Ag,CO3 50/7/10
Ag,CO5(2) 20/20/8
Ag,CO5(2)/BQ(0.5) 40/13/8
Ag,CO3(2)/BQ(1) 45/14/8
Ag,CO3(2)/BQ(2) 32/11/8

[a] Reaction conditions: 1a (0.10 mmol, 1equiv), 2a (0.5 mmol, 5.0 equiv), Pd(OAc) (10 mol %), oxidant, HFIP(0.5 mL), 100 °C, 12 h
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in air. "H NMR yield using CH,Br; as internal standard.
Scheme S4: The screen of ligands.

H MeOzC
O Z>COOMe 2a
10 mol % Pd(OAc),
COOH 20 mol % Ligand _ O COOH O 0O
O : 200 mol % Ag,COy ~COOMe 5
100 mol % BQ O O

HFIP, 80 °C, 12 h

3aa/3aa’ (mono/di) 4
Entry Ligand dyield(3aa/3aa'/4)
1 - 32/12/trace
2 AcOH 44/14/trace
3 PivOH 32/14/trace
4 AdCOOH 48/14/trace
5 N-Ac-Gly-OH 46/15/trace
6 N-Ac-Ala-OH 64/22/trace
7 N-Ac-Phe-OH 42/11/trace
8 N-Ac-lle-OH 34/13/trace
9 N-Ac-Val-OH 42/13/trace

[a] Reaction conditions unless specified otherwise: 1a (0.10 mmol, 1equiv), 2a (0.5 mmol, 5.0 equiv), Pd(OAc), (10 mol %), Ligand

(20 mol %), Ag,CO3 (200 mol %), BQ (100 mol%), HFIP (0.5 mL), 80 °C, 12 h in air. '"H NMR yield using CHBr; as internal standard.
Scheme S5: The screen of temperature.

M602C

H
Z>CO0OMe 2a
10 mol % Pd(OAC), O
COOH O o

COOH 20 mol % N-Ac-Ala-OH

: 200 mol % Ag,COs COOMe 5
100 mol % BQ O O

HFIP, T (°C), 12 h

1a 3aa/3aa’ (mono/di) 4
Entry T ((°C) dyield(3aa/3aa'/4)
1 100 36/6/17
2 120 28/4/19
3 140 19/5/27

[a] Reaction conditions unless specified otherwise: 1a (0.10 mmol, 1equiv), 2a (0.5 mmol, 5.0 equiv), Pd(OAc), (10 mol %), Ligand

(20 mol %), Ag,CO3 (200 mol %), BQ (100 mol%) HFIP (0.5 mL), T °C, 12 h in air. "H NMR yield using CH;Br; as internal standard.
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2.3 General procedure for Pd(IT)-Catalyzed Remote Selective C(sp2)-H Olefination

Procedure A

In a 25 mL sealed tube, 0.5 mL HFIP was added to a mixture of carboxylic acid 1 (0.1 mmol, 1.0
equiv.), Pd(OAc); (2.2 mg, 0.01 mmol, 10 mol%), N-acetylalanine (2.6 mg, 0.02 mmol, 0.2 equiv.),
Ag,CO;5 (55.5 mg, 0.2 mmol, 2.0 equiv.), benzoquinone (10.8 mg, 1.0 equiv.), alkene (0.5 mmol, 5
equiv.) under air. The tube was sealed with a Teflon lined cap and the reaction mixture was stirred at
80 °C by heating metal mantle for 12 h. After cooling to room temperature, the mixture was filtered
over celite, concentrated under vacuum and the residue was purified by preparative chromatography
with a gradient eluent of petroleum ether, ethyl acetate and acetic acid to give the corresponding

products.

Procedure B

In a 25 mL sealed tube, 0.5 mL HFIP was added to a mixture of carboxylic acid 1 (0.1 mmol, 1.0
equiv.), Pd(OAc), (2.2 mg, 0.01 mmol, 10 mol%), N-acetylalanine (2.6 mg, 0.02 mmol, 0.2 equiv.),
Ag,COj3 (55.5 mg, 0.2 mmol, 2.0 equiv.), benzoquinone (10.8 mg, 1.0 equiv.), alkene( 0.5 mmol, 5
equiv.) under air. The tube was sealed with a Teflon lined cap and the reaction mixture was stirred at
60 °C by heating metal mantle for 24 h. After cooling to room temperature, the mixture was filtered
over celite, concentrated under vacuum and the residue was purified by preparative chromatography
with a gradient eluent of petroleum ether, ethyl acetate and acetic acid to give the corresponding

products.
Procedure C

In a 25 mL sealed tube, 0.5 mL HFIP was added to a mixture of carboxylic acid 1 (0.1 mmol, 1.0 equiv.),
Pd(OAc),; (2.2 mg, 0.01 mmol, 10 mol%), N-acetylalanine (2.6 mg, 0.02 mmol, 0.2 equiv.), Ag,CO3
(55.5 mg, 0.2 mmol, 2.0 equiv.), alkene (0.5 mmol, 5 equiv.) under air. The tube was sealed with a
Teflon lined cap and the reaction mixture was stirred at 60 °C by heating metal mantle for 24 h. After
cooling to room temperature, the mixture was filtered over celite, concentrated under vacuum and the
residue was purified by preparative chromatography with a gradient eluent of petroleum ether, ethyl
acetate and acetic acid to give the corresponding products.
Procedure D

In a 25 mL sealed tube, 0.5 mL tert-amyl alcohol was added to a mixture of carboxylic acid 1 (0.1
mmol, 1.0 equiv.), PA(OAc); (2.2 mg, 0.01 mmol, 10 mol%), N-acetylalanine (2.6 mg, 0.02 mmol, 0.2
equiv.), CH;COOAg (33.4 mg, 0.2 mmol, 2.0 equiv.), alkene (0.5 mmol, 5 equiv.) under air. The tube
was sealed with a Teflon lined cap and the reaction mixture was stirred at 60 °C by heating metal mantle

for 12 h. After cooling to room temperature, the mixture was filtered over celite, concentrated under
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vacuum and the residue was purified by preparative chromatography with a gradient eluent of petroleum

ether, ethyl acetate and acetic acid to give the corresponding products.
Procedure E for large scale reaction

In a 50 mL sealed tube, aromatic acid (4 mmol) was added to Pd(OAc), (88 mg, 0.4 mmol), N-
acetylalanine (104 mg, 0.8 mmol), Ag,CO; (2.2 g, 8 mmol) and benzoquinone (432 mg, 4 mmol)
dissolved in HFIP (10 mL). After Methyl acrylate (1.7 g, 20 mmol) was added. The reaction mixture
was heated to 80 °C in oil bath for 12 h. After cooling to room temperature, the mixture was filtered over
celite, then dissolved in 50 mL ethyl acetate. The organic phase was washed with H,O for 3 times and
brine for 3 times, dried over Na,SO,4 and the solvent was evaporated via vacuo. The corresponding
product was purified by column chromatography with a gradient eluent of petroleum ether, ethyl acetate

and acetic acid (PE/EA/HOAc = 20:1:0.05 to 5:1:0.05) to give corresponding products as white solids.

The general procedure E was applied to 1a (4 mmol, 1 equiv), 2a (20 mmol, 5 equiv), Pd(OAc), (10
mol %), N-acetylalanine (104 mg, 0.8 mmol), Ag,CO; (2.2 g, 8 mmol) and benzoquinone (432 mg, 4
mmol) in HFIP (10 mL) was stirred at 80 °C in oil bath for 12 h. Purification of the residue by column
chromatography (PE/EA/HOAc =20:1:0.05 to 5:1:0.05) to afford the 3aa as white solid (710.0 mg, 63%
yield) and di-alkenylated product (307 mg, 21%) .

The general procedure E was applied to 1b (2 mmol, 1 equiv), 2a (10 mmol, 5 equiv), Pd(OAc), (10
mol %), N-acetylalanine (52 mg, 0.4 mmol), Ag,CO; (1.1 g, 4 mmol) and benzoquinone (216 mg, 2
mmol) in HFIP (5 mL) was stirred at 80 °C in oil bath for 12 h. Purification of the residue by column
chromatography (PE/EA/HOAc =20:1:0.05 to 5:1:0.05) to afford the 3ba as white solid (434.0 mg, 70%
yield).

The general procedure E was applied to 1¢ (2 mmol, 1 equiv), 2a (10 mmol, 5 equiv), Pd(OAc), (10
mol %), N-acetylalanine (52 mg, 0.4 mmol), Ag,CO; (1.1 g, 4 mmol) and benzoquinone (216 mg, 2
mmol) in HFIP (5 mL) was stirred at 80 °C in oil bath for 12 h. Purification of the residue by column
chromatography (PE/EA/HOAc =20:1:0.05 to 5:1:0.05) to afford the 3ca as white solid (481.8 mg, 73%
yield).

The general procedure E was applied to 1d (2 mmol, 1 equiv), 2a (10 mmol, 5 equiv), Pd(OAc), (10
mol %), N-acetylalanine (52 mg, 0.4 mmol), Ag,CO; (1.1 g, 4 mmol) and benzoquinone (216 mg, 2
mmol) in HFIP (5 mL) was stirred at 80 °C in oil bath for 12 h. Purification of the residue by column
chromatography (PE/EA/HOAc =20:1:0.05 to 5:1:0.05) to afford the 3da as white solid (489.2 mg, 72%
yield).

The general procedure E was applied to 1n (2 mmol, 1 equiv), 2a (10 mmol, 5 equiv), Pd(OAc), (10
mol %), N-acetylalanine (52 mg, 0.4 mmol), Ag,CO; (1.1 g, 4 mmol) and benzoquinone (216 mg, 2
mmol) in HFIP (5 mL) was stirred at 60 °C in oil bath for 12 h. Purification of the residue by column
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chromatography (PE/EA/HOAc =20:1:0.05 to 5:1:0.05) to afford the 3na as white solid (494.5 mg, 67%
yield).

The general procedure E was applied to 10 (2 mmol, 1 equiv), 2a (10 mmol, 5 equiv), Pd(OAc), (10
mol %), N-acetylalanine (52 mg, 0.4 mmol), Ag,CO; (1.1 g, 4 mmol) and benzoquinone (216 mg, 2
mmol) in HFIP (5 mL) was stirred at 60 °C in oil bath for 12 h. Purification of the residue by column
chromatography (PE/EA/HOAc =20:1:0.05 to 5:1:0.05) to afford the 3o0a as white solid (493.1 mg, 67%

yield).
HO,C E NIS, K,CO4
>
@ xR MeCN, 100 °C
3

In a 25 mL sealed tube, 1 mL acetonitrile was added to a mixture of alkenylated carboxylic acid 3 (0.1

Procedure F

mmol, 1.0 equiv.), N-iodosuccinimide (90.0 mg, 0.4 mmol, 4 equiv.), K,CO5 (27.7 mg, 0.2 mmol, 2.0
equiv.) under air. The tube was sealed with a Teflon lined cap and the reaction mixture was stirred at 100
°C by heating metal mantle for 12 h. After cooling to room temperature, the mixture was filtered over
celite, concentrated under vacuum and the residue was purified by preparative chromatography with a

gradient eluent of petroleum ether and ethyl acetate to give the corresponding products 7.

2.4 Mechanism investigation

(a) H/D exchange

BH BHD — <5%D
E COOH ‘

COOH

O H + 10eq.D,0 Standard conditi(ln D/H SH/D — 20%D
&' > Cl '

1a D,-1a

Scheme S5a. The deuteration reaction of [1,1'-biphenyl]-2-carboxylic acid
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To the suspension of 1a (19.8 mg, 0.10 mmol), Pd(OAc); (2.3 mg, 0.01 mmol), N-Ac-Ala-OH (2.6 mg,
0.02 mmol), Ag,COj3 (55.5 mg, 0.20 mmol), benzoquinone (10.8 mg, 0.10 mmol) and HFIP (0.5 mL) in
a sealed tube was added D,O (1.0 mmol) under air atmosphere. The mixture was stirred at room
temperature for 5 min and then reacted at 80 °C by heating metal mantle for further 1 h. After being
cooled down to room temperature, it was purified by preparative chromatography to afford the starting
material, which was subject to 'H NMR test to determine the ratio of 1a and Dn-1a.

(b) competition experiment
Me Me

Standard condition COOH

H T 2>cooMe > X COOMe
‘ 8 1h &'
CF4/OMe CF4/OMe
1jMi=1:1 2a 3ja/3ia = 1:5.3

Scheme S5b. Intermolecular competition between the electron-rich and electron-deficient substrates.
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L R
a

To the suspension of Pd(OAc); (4.6 mg, 0.02 mmol), N-Ac-Ala-OH (5.2 mg, 0.04 mmol), Ag,CO5(110.0
mg, 0.40 mmol), benzoquinone (21.6 mg, 0.20 mmol), methyl acrylate (86.0 mg, 1.0 mmol) and HFIP
(1.0 mL) in a sealed tube was added 3j (0.1 mmol) and 3i (0.1 mmol) under air atmosphere. The mixture
was stirred at room temperature for 5 min and then reacted at 80 °C by heating metal mantle for further 1
h. After being cooled down to room temperature, it was purified by preparative chromatography to afford
mixed product, which was subject to 'H NMR test to determine the ratio of 3ja and 3ia.

(c) kinetic isotope effect

O COOH COOH

* A coome Standard conditi(lm D/H O X COOMe
D/H H/D
Hs/Ds H/D
D5-1a:1a=1:1 2a Ku/Kp = 1.7

Scheme S5c. Intermolecular competitive kinetic isotope effect

W

i | » I
Il WA

........................................
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To the suspension of Pd(OAc); (4.4 mg, 0.02 mmol), N-Ac-Ala-OH (5.2 mg, 0.04 mmol), Ag,CO5 (111.0
mg, 0.40 mmol), benzoquinone (21.6 mg, 0.20 mmol), methyl acrylate (86.0 mg, 1.0 mmol) and HFIP (1
mL) in a sealed tube was added 1a (0.1 mmol) and Ds-1a (0.1 mmol) under air atmosphere. The mixture
was stirred at room temperature for 5 min and then reacted at 80 °C by heating metal mantle for further 1
h. After being cooled down to room temperature, it was purified by preparative chromatography to afford

mixed product, which was subject to '"H NMR test to determine the ratio of 3aa and D4-3aa.

3. Characterization Data

9

COOH

O\

2'-(3-methoxy-3-oxoprop-1-en-1-yl)-[1,1'-biphenyl]-2-carboxylic acid (3aa)

COOMe

Prepared according to general procedure A, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (17.8 mg, 63% yield), 'H NMR
(501 MHz, CDCl;) 6 8.05 (d, J=7.5 Hz, 1H), 7.67 — 7.65 (m, 1H), 7.59 - 7.56 (m, 1H), 7.49 - 7.46 (m,
1H), 7.41 (d, J=16.0 Hz, 1H), 7.38 — 7.36 (m, 2H), 7.21 (d, /= 7.4 Hz, 1H), 7.18 — 7.14 (m, 1H), 6.28
(d, J=15.9 Hz, 1H), 3.68 (s, 3H). 3C NMR (101 MHz, CDCl3) 6 171.7, 167.3, 143.1, 142.3, 141.6,
132.6, 132.4, 131.8, 131.2, 129.7, 129.5, 128.0, 127.8, 126.2, 118.9, 51.6. HRMS (ESI+) exact mass
calculated for [M+Na]" (C,7H4NaQO,): 305.0784, found: 305.0787.

9,

COOH

O \_coome

2'-(3-methoxy-3-oxoprop-1-en-1-yl)-4,6'-dimethyl-[1,1'-biphenyl]-2-carboxylic acid (3ba)
Prepared according to general procedure A, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (24.8 mg, 80% yield),'H NMR
(501 MHz, CDCl3) 6 7.95 (s, 1H), 7.50 (d, J = 7.5 Hz, 1H), 7.42 (d, /= 7.5 Hz, 1H), 7.22-7.25 (m, 2H),
6.99 (d, J=17.5 Hz, 1H), 6.24 (d, J = 16.0 Hz, 1H), 3.66 (s, 3H), 2.45 (s, 3H), 1.93 (s, 3H). 3C NMR
(101 MHz, CDCl3) 6 171.0, 167.4, 143.8, 142.2, 138.0, 137.8, 136.4, 134.0, 132.7, 132.0, 131.2, 128.7,
127.3,123.5, 118.2, 51.6, 21.1, 20.5. HRMS (ESI+) exact mass calculated for [M+Na]* (C;9HsNaOy,):
333.1097, found: 333.1103.

9,

C
COOH

i W
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2'-chloro-6'-(3-methoxy-3-oxoprop-1-en-1-yl)-4-methyl-[1,1'-biphenyl]-2-carboxylic acid (3ca)
Prepared according to general procedure A, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (24.8 mg, 75% yield), 'H NMR
(501 MHz, CDCl;) 6 7.98 (s, 1H), 7.56 (d, J=7.9 Hz, 1H), 7.42 - 7.45 (m, 2H), 7.29 (t,J= 7.9 Hz, 1H),
7.23 (d,J=159 Hz, 1H), 7.01 (d, J= 7.9 Hz, 1H), 6.26 (d, /= 15.8 Hz, 1H), 3.68 (s, 3H), 2.46 (s, 3H).
3BC NMR (101 MHz, CDCl3) & 170.9, 167.0, 142.6, 141.0, 138.5, 135.9, 134.8, 134.0, 133.9, 132.1,
131.4, 130.2, 128.8, 128.3, 124.5, 119.7, 51.7, 21.1. HRMS (ESI+) exact mass calculated for [M+Na]*
(C1sH5CINaOy): 353.0551, found: 353.0543.

9,

COOH

oM
O

2'-(3-methoxy-3-oxoprop-1-en-1-yl)-6'-(methoxymethyl)-4-methyl-[1,1'-biphenyl]-2-carboxylic

M

COOMe

acid (3da) Prepared according to general procedure A, purification of the residue by preparative
chromatography (PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (25.8 mg, 76%
yield), '"H NMR (501 MHz, CDCls) & 7.88 (s, 1H), 7.60 (d, J = 7.5 Hz, 1H), 7.44 (d, J = 6.5 Hz, 1H),
7.41 —7.32 (m, 2H), 7.22 (d, J=16.0 Hz, 1H), 7.00 (d, /= 7.5 Hz, 1H), 6.25 (d, J=16.0 Hz, 1H), 4.01
(m, 2H), 3.66 (s, 3H), 3.10 (s, 3H), 2.44 (s, 3H). 3C NMR (101 MHz, CDCl;) 6 171.0, 167.2, 143.0,
141.6, 138.1, 136.0, 135.7, 133.3, 133.2, 131.6, 131.0, 130.1, 129.7, 127.6, 125.5, 118.7, 72.6, 57.9,
51.6,21.1. HRMS (ESI+) exact mass calculated for [M+Na]* (C,0H,0NaOs): 363.1203, found: 363.1197.

Me

9,

COOH

)
\_coone

5'-bromo-2'-(3-methoxy-3-oxoprop-1-en-1-yl)-4-methyl-[1,1'-biphenyl]-2-carboxylic acid (3ea)
Prepared according to general procedure A, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (23.2mg, 62% yield), 'H NMR
(501 MHz, CDCl3) 6 7.79 (s, 1H), 7.71 (d, J=16.1 Hz, 1H), 7.48 (d, J = 8.0 Hz, 1H), 7.46 (s, 1H), 7.30
- 7.39 (m, 3H), 7.23 (d, J= 8.0 Hz, 1H), 6.44 (d, J = 16.0 Hz, 1H), 3.79 (s, 3H), 2.42 (s, 3H). *C NMR
(101 MHz, CDCl3) 6 173.1, 167.6, 144.9, 141.8, 139.8, 137.6, 134.1, 133.0, 131.4, 131.1, 130.7, 128.9,
128.5, 128.2, 126.8, 117.9, 51.8, 20.9. HRMS (ESI+) exact mass calculated for [M+Na]"
(C1sH5BrNaO,): 397.0046, found: 397.0041.

Me

@,

COOH

s
\ COOMe

2'-(3-methoxy-3-oxoprop-1-en-1-yl)-4,5'-dimethyl-[1,1'-biphenyl]-2-carboxylic acid (3fa)
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Prepared according to general procedure A, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (22.0 mg, 71% yield), 'H NMR
(400 MHz, CDCls) 6 7.85 (s, 1H), 7.54 (d, J= 8.0 Hz, 1H), 7.40 (d, /= 16.0 Hz, 1H), 7.35 (s, 1H), 7.15
(d, J=28.0 Hz, 1H), 7.08 (d, J = 8.0 Hz, 1H), 6.96 (s, 1H), 6.24 (d, J=15.9 Hz, 1H), 3.67 (s, 3H), 2.43
(s, 3H), 2.35 (s, 3H). *C NMR (101 MHz, CDCl5) 8 171.7, 167.5, 143.2, 142.4, 139.7, 138.7, 137.7,
133.1,131.7,131.6, 130.4, 130.0, 129.3, 128.5, 126.0, 117.5, 51.5, 21.4, 21.0. HRMS (ESI+) exact mass
calculated for [M+Na]" (C;9H gNaOy): 333.1097, found: 333.1088.

9

COOH

O \ COOMe

Mé
2'-(3-methoxy-3-oxoprop-1-en-1-yl)-4'-methyl-[1,1'-biphenyl]-2-carboxylic acid (3ga)

Prepared according to general procedure A, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (19.5 mg, 66% yield), 'H NMR
(400 MHz, CDCl;) 6 8.03 (dd, /=7.8, 1.2 Hz, 1H), 7.54 (td, J= 7.5, 1.4 Hz, 1H), 7.46 — 7.38 (m, 3H),
7.20 — 7.15 (m, 2H), 7.06 (d, J= 7.8 Hz, 1H), 6.27 (d, J= 15.9 Hz, 1H), 3.66 (s, 3H), 2.40 (s, 3H). 13C
NMR (101 MHz, CDCl3) 6 171.9, 167.3, 143.2, 141.5, 139.4, 137.3, 132.3, 132.2, 132.0, 131.1, 130.3,
129.6, 129.6, 127.7, 126.7, 118.6, 51.5, 21.2. HRMS (ESI+) exact mass calculated for [M+Na]*
(C1sH1NaOy): 319.0941, found: 319.0937.

Me

@,

COOH

O \ COOMe
F

4'-fluoro-2'-(3-methoxy-3-oxoprop-1-en-1-yl)-4-methyl-[1,1'-biphenyl]-2-carboxylic acid (3ha)
Prepared according to general procedure A, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (19.2 mg, 61% yield), 'H NMR
(400 MHz, CDCls) 6 7.88 (s, 1H), 7.41 — 7.29 (m, 3H), 7.15 — 7.03 (m, 3H), 6.27 (d, /= 15.9 Hz, 1H),
3.69 (s, 3H), 2.44 (s, 3H). *C NMR (101 MHz, CDCl;) 6 171.9, 167.0, 163.3, 160.8, 142.1 (d, /=2.4
Hz), 138.3 (d, /=3.2 Hz), 138.2, 137.8, 134.6 (d, /= 7.7 Hz), 133.4, 131.9 (d, /=2.1 Hz), 131.4 (d, J
=8.1 Hz), 129.2,119.8, 116.5 (d, J=21.6 Hz), 112.4 (d, J=22.3 Hz), 51.8, 21.0. '°F NMR (377 MHz,
CDCl;) 6 -114.71. HRMS (ESI+) exact mass calculated for [M+Na]" (C,sH;5sFNaQ,): 337.0847, found:
337.0843.

Me

9

COOH

O \ COOMe
MeO
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4'-methoxy-2'-(3-methoxy-3-oxoprop-1-en-1-yl)-4-methyl-[1,1'-biphenyl]-2-carboxylic acid (3ia)
Prepared according to general procedure A, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (23.5 mg, 72% yield), 'H NMR
(501 MHz, CDCl;) 6 7.84 (s, 1H), 7.41 (d, /= 16.0 Hz, 1H), 7.36 (d, /= 8.0 Hz, 1H), 7.14 (d, J=2.5
Hz, 1H), 7.08 (q, /= 8.0 Hz, 2H), 6.93 (dd, /= 8.0, 2.5 Hz, 1H), 6.28 (d, /= 16.0 Hz, 1H), 3.86 (s, 3H),
3.69 (s, 3H), 2.43 (s, 3H). BCNMR (101 MHz, CDCl;3) 8 171.9, 167.3, 158.8, 143.3, 138.3, 137.6, 135.0,
133.7, 133.0, 132.1, 131.6, 131.00, 129.6, 118.8, 115.7, 110.6, 55.3, 51.6, 21.0. HRMS (ESI+) exact
mass calculated for [M+Na]*(C,9H;gNaOs): 349.1046, found: 349.1051.

Me

9

COCH

O \ COOMe
FsC

2'-(3-methoxy-3-oxoprop-1-en-1-yl)-4-methyl-4'-(trifluoromethyl)-[1,1'-biphenyl]-2-carboxylic
acid (3ja)

Prepared according to general procedure A, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (24.0 mg, 66% yield), 'H NMR
(400 MHz, CDCl3) 6 7.93 (s, 1H), 7.86 (s, 1H), 7.59 (d, J= 8.0 Hz, 1H), 7.43 — 7.36 (m, 2H), 7.27 (d, J
= 8.0 Hz, 1H), 7.06 (d, J= 8.0 Hz, 1H), 6.34 (d, J = 16.0 Hz, 1H), 3.70 (s, 3H), 2.45 (s, 3H). 13C NMR
(101 MHz, CDCls) 6 171.5, 166.8, 145.8, 141.7, 138.6, 137.6, 133.6, 133.5, 132.1, 131.3, 130.3, 129.9
(q,J=32.6 Hz), 125.7 (q, J = 3.5 Hz), 123.9 (q, J = 270.6 Hz), 122.9 (q, J = 3.7 Hz), 120.4, 51.8, 21.0.
YF NMR (377 MHz, CDCl;) & -62.63. HRMS (ESI+) exact mass calculated for
[M+Na]*(Cy9H;5F3NaOy): 387.0815, found: 387.0822.

Me

9,

COOH

Q \ COOMe

MeOOC
2'-(3-methoxy-3-oxoprop-1-en-1-yl)-4'-(methoxycarbonyl)-4-methyl-[1,1'-biphenyl]-2-carboxylic
acid (3ka)

Prepared according to general procedure A, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (20.3 mg, 54% yield), 'H NMR
(400 MHz, CDCl;) 6 8.31 (d, J= 1.1 Hz, 1H), 7.98 (dd, J = 8.0, 1.4 Hz, 1H), 7.88 (s, 1H), 7.42 — 7.36
(m, 2H), 7.21 (d, J= 8.0 Hz, 1H), 7.04 (d, J=7.7 Hz, 1H), 6.38 (d, /= 15.9 Hz, 1H), 3.94 (s, 3H), 3.68
(s, 3H), 2.43 (s, 3H). 3C NMR (101 MHz, CDCl3) 8 171.6, 167.0, 166.6, 146.9, 142.2, 138.4, 137.9,
133.4, 133.1, 131.9, 131.2, 130.0, 130.0, 129.4, 128.9, 127.4, 119.9, 52.3, 51.7, 21.0. HRMS (ESI+)
exact mass calculated for [M+Na]"( CoH;sNaOg): 377.0996, found: 377.0994.
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Me

®,

COCH

O

MeOC

COOMe

4'-acetyl-2'-(3-methoxy-3-oxoprop-1-en-1-yl)-4-methyl-[1,1'-biphenyl]-2-carboxylic acid (3la)
Prepared according to general procedure A, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (20.5 mg, 57% yield), 'H NMR
(400 MHz, CDCls) 6 8.22 (d, J= 1.4 Hz, 1H), 7.94 — 7.89 (m, 2H), 7.43 — 7.37 (m, 2H), 7.25 (d, J=9.4
Hz, 1H), 7.06 (d, J= 7.7 Hz, 1H), 6.38 (d, /= 16.0 Hz, 1H), 3.70 (s, 3H), 2.66 (s, 3H), 2.45 (s, 3H). 13C
NMR (101 MHz, CDCls) 6 197.6, 171.3, 167.0, 147.1, 142.3, 138.5, 137.9, 136.3, 133.5, 133.3, 132.0,
131.2, 130.2, 128.9, 126.1, 120.1, 51.7, 26.7, 21.1. HRMS (ESI+) exact mass calculated for [M+Na]*(
Cy0H;sNaOs): 361.1046, found: 361.1049.

Me

9

COOH

O \ COOMe

Mé

2-(2-(3-methoxy-3-oxoprop-1-en-1-yl)-4-methylnaphthalen-1-yl)-5-methylbenzoic acid (3ma)
Prepared according to general procedure B, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a yellow solid (24.1 mg, 67% yield), 'H NMR
(400 MHz, CDCl3) 6 7.96 (d, J = 8.5 Hz, 2H), 7.95 (s, 1H), 7.56 (s, 1H), 7.49 — 7.40 (m, 2H), 7.37 (d, J
=16.0 Hz, 1H), 7.26 (dd, J=4.5, 3.2 Hz, 1H), 7.19 — 7.14 (m, 1H), 7.06 (d, J = 7.7 Hz, 1H), 6.37 (d, J
=15.9 Hz, 1H), 3.67 (s, 3H), 2.72 (s, 3H), 2.46 (s, 3H). 13C NMR (101 MHz, CDCl;) 6 170.8, 167.4,
143.3, 139.5, 138.1, 136.7, 133.9, 133.6, 133.2, 132.8, 132.5, 132.0, 129.9, 128.9, 127.3, 126.5, 126.1,
124.1,123.2,118.0,77.3, 77.0, 76.7, 51.5, 21.0, 19.7. HRMS (ESI+) exact mass calculated for [M+Na]*
(Ca3Hy0NaOy): 383.1254, found: 383.1248.

Me

9

C COOH
O \ COOMe

2-(2-(3-methoxy-3-oxoprop-1-en-1-yl)naphthalen-1-yl)-5-methylbenzoic acid (3na)

Prepared according to general procedure B, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a yellow solid (21.1 mg, 61% yield), 'H NMR
(400 MHz, CDCl;) 6 7.95 (s, 1H), 7.79 (t,J= 7.9 Hz, 2H), 7.70 (d, /= 8.4 Hz, 1H), 7.44 — 7.37 (m, 3H),
7.29 —7.24 (m, 1H), 7.14 (d, /= 8.4 Hz, 1H), 7.07 (d, /= 7.6 Hz, 1H), 6.37 (d, J = 15.9 Hz, 1H), 3.66
(s, 3H), 2.45 (s, 3H). 3C NMR (101 MHz, CDCls3) 8 171.1, 167.4, 143.2, 141.1, 138.2, 136.6, 133.8,
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133.7, 132.7, 132.2, 132.0, 129.7, 129.4, 127.9, 127.8, 126.7, 126.7, 126.4, 122.6, 118.3, 77.3, 77.0,
76.7, 51.6, 21.1. HRMS (ESI+) exact mass calculated for [M+Na]" (C;,H;sNaOy): 369.1097, found:
369.1099.

3,4-difluoro-2-(2-(3-methoxy-3-oxoprop-1-en-1-yl)naphthalen-1-yl)benzoic acid (30a)

Prepared according to general procedure B, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a yellow solid (23.2 mg, 63% yield), 'H NMR
(400 MHz, CDCls) 6 8.00 (dd, J=10.7, 8.1 Hz, 1H), 7.84 (dd, J= 8.4, 2.9 Hz, 2H), 7.69 (d, J = 8.8 Hz,
1H), 7.48 (t, J=7.4 Hz, 1H), 7.35 - 7.29 (m, 2H), 7.10 (d, J = 8.4 Hz, 1H), 7.04 (dd, J=10.0, 7.5 Hz,
1H), 6.39 (d, J=15.9 Hz, 1H), 3.70 (s, 3H). 3C NMR (101 MHz, CDCls) 6 168.5, 167.3, 152.9 (dd, J
=259.7,12.6 Hz), 149.6 (dd, J=251.9, 12.5 Hz), 142.2, 138.4,137.6 (dd, /= 6.9, 4.1 Hz), 133.8, 132.2,
129.5, 128.6, 128.1, 127.0 (d, /= 4.4 Hz), 126.7 (dd, J = 5.1, 3.5 Hz), 126.1, 122.6, 121.5 (d, J=17.4
Hz), 121.1 (d, J=18.9 Hz), 119.3, 51.8. F NMR (377 MHz, CDCl;) 6 -128.69 (d, /=21.6 Hz), -136.10
(d, J=21.9 Hz). HRMS (ESI+) exact mass calculated for [M+Na]" (C,;H4F,NaQy,): 391.0752, found:
391.0757.

F

'O COOH

\

COOMe
5-fluoro-2-(2-(3-methoxy-3-oxoprop-1-en-1-yl)naphthalen-1-yl)benzoic acid (3pa)

Prepared according to general procedure B, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a yellow solid (24.5 mg, 70% yield), 'H NMR
(400 MHz, CDCl3) 6 7.88 — 7.81 (m, 3H), 7.72 (d, /= 8.8 Hz, 1H), 7.46 (t, J= 7.5 Hz, 1H), 7.40 — 7.28
(m, 3H), 7.19 (dd, /= 8.4, 5.4 Hz, 1H), 7.11 (d, J = 8.4 Hz, 1H), 6.39 (d, /= 15.9 Hz, 1H), 3.69 (s, 3H).
3C NMR (101 MHz, CDCly) 8 169.0, 167.3, 162.0 (d, J = 249.1 Hz), 142.7, 139.6, 135.5 (d, J = 3.6
Hz), 134.1 (d, J=7.5 Hz), 133.8, 132.6, 131.8 (d, /= 7.1 Hz), 129.6, 128.2, 128.0, 126.8, 126.7, 126.4,
122.6,120.2 (d,J=21.1Hz), 118.8,118.4 (d,J=23.4 Hz), 51.7. ?”F NMR (377 MHz, CDCl;) 6 -112.48.
HRMS (ESI+) exact mass calculated for [M+Na]" (C,;H;5FNaQ,): 373.0847, found: 373.0855.

Cl

CQ COOH

\ COOMe
4-chloro-2-(2-(3-methoxy-3-oxoprop-1-en-1-yl)naphthalen-1-yl)benzoic acid (3qa)

Prepared according to general procedure B, purification of the residue by preparative chromatography
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(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a yellow solid (24.5 mg, 67% yield), 'H NMR
(400 MHz, CDCl;) 6 8.12 (d, J = 8.5 Hz, 1H), 7.85 (d, J = 8.3 Hz, 2H), 7.72 (d, J = 8.6 Hz, 1H), 7.54
(d, J=7.0 Hz, 1H), 7.47 (t, J= 7.3 Hz, 1H), 7.38 — 7.30 (m, 2H), 7.23 (d, /= 1.5 Hz, 1H), 7.11 (d, J =
8.4 Hz, 1H), 6.41 (d, J=15.9 Hz, 1H), 3.70 (s, 3H). *C NMR (101 MHz, CDCl;) 6 169.1, 167.2, 142.4,
141.6, 139.4, 139.2, 133.8, 133.0, 132.3, 132.2, 129.4, 128.7, 128.4, 128.3, 128.0, 126.9, 126.8, 126.3,
122.6,119.1, 51.7. HRMS (ESI+) exact mass calculated for [M+Na]* (C,;H;5CINaO,): 389.0551, found:

389.0547.
Me Me
COOH + — COOH
/3 {
SO <\
COOMe COOMe

2-(2-(3-methoxy-3-oxoprop-1-en-1-yl) thiophen-3-yl)-5-methylbenzoic acid (3ra) + 2-(4-(3-
methoxy-3-oxoprop-1-en-1-yl) thiophen-3-yl)-5-methylbenzoic acid (3ra’)

Prepared according to general procedure C, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a yellow solid (16.9 mg, 56% yield), 'H NMR
(400 MHz, CDCl;) 6 7.88 (s, 0.77H, 3pa), 7.79 — 7.75(m, 0.46H, 3pa’), 7.48 (d, J = 15.7 Hz, 0.77H,
3pa), 7.40 (d, J = 7.6 Hz, 0.77H, 3pa), 7.35 (d, J = 7.8 Hz, 0.23H, 3pa’), 7.30 (d, J = 5.0 Hz, 0.77H,
3pa), 7.27 — 7.26(m, 0.23H, 3pa’), 7.26 — 7.24 (m, 0.46H, 3pa’), 7.14 (d, J= 7.7 Hz, 0.77H, 3pa), 6.94
(d, J=5.1 Hz, 0.77H, 3pa), 6.24 (d, /= 15.8 Hz, 0.23H, 3pa’), 6.20 (d, J = 15.6 Hz, 0.77H, 3pa), 3.79
(s, 0.69H,3pa’), 3.70 (s, 2.31H, 3pa), 2.45 (s, 2.31H, 3pa), 2.41 (s, 0.69H, 3pa’). *C NMR (101 MHz,
CDCl3)0171.4,167.4,144.8,142.2,138.7,138.4,137.8,137.5,136.4,134.7,133.7, 133.3, 133.0, 132.6,
132.0, 131.9, 131.3, 130.9, 130.8, 129.5, 126.2, 125.4, 116.6, 116.5, 51.8, 51.7, 21.1, 21.0. HRMS
(ESI+) exact mass calculated for [M+Na]* (C;cH;4NaO,4S): 325.0505, found: 325.0499.

Me

—( COOH
(ONgZ

COOMe
2-(4-(3-methoxy-3-oxoprop-1-en-1-yl)furan-3-yl)-5-methylbenzoic acid (3sa)

Prepared according to general procedure C, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a yellow solid (6.5 mg, 23% yield), 'H NMR
(400 MHz, CDCls) 6 7.86 (s, 1H), 7.46 (s, 1H), 7.39 (d, /= 7.6 Hz, 1H), 7.27 (d, /= 15.6 Hz, 2H), 7.18
(d, J=17.7 Hz, 1H), 6.49 (s, 1H), 6.33 (d, J = 15.7 Hz, 1H), 3.72 (s, 3H), 2.44 (s, 3H). 3C NMR (101
MHz, CDCl;) 6 171.1, 167.7, 146.8, 143.5, 138.4, 133.3, 132.0, 131.9, 130.4, 130.0, 129.9, 115.4, 114.9,
51.6,21.0. HRMS (ESI+) exact mass calculated for [M+Na]* (C;sH4NaOs): 309.0733, found: 309.0737.
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=~ “COOH

‘ X COOMe

(Z2)-3-(2-((E)-3-methoxy-3-oxoprop-1-en-1-yl)phenyl)-3-phenylacrylic acid (3ua)

Prepared according to general procedure A, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (20.6 mg, 67% yield), 'H NMR
(400 MHz, CDCl3) 6 7.70 — 7.63 (m, 1H), 7.55 (d, J = 15.9 Hz, 1H), 7.41 — 7.25 (m, 7H), 7.13 — 7.09
(m, 1H), 6.55 (s, 1H), 6.33 (d, J = 15.9 Hz, 1H), 3.69 (s, 3H). 3C NMR (101 MHz, CDCI;) 6 169.8,
167.2, 156.4, 142.2, 139.4, 139.2, 132.5, 130.1, 129.8, 129.2, 128.7, 128.4, 127.8, 126.2, 119.2, 118.2,
51.7. HRMS (ESI+) exact mass calculated for [M+Na]" (CoHsNaO,): 331.0941, found: 331.0937.

ve
© Z>COOH
‘ X, COOMe
Me

(Z2)-3-(2-((E)-3-methoxy-3-oxoprop-1-en-1-yl)-5-methylphenyl)-3-(m-tolyl)acrylic acid (3va)
Prepared according to general procedure A, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (24.5 mg, 73% yield), '"H NMR
(501 MHz, CDCl;) 6 7.57 (d, J= 8.2 Hz, 1H), 7.55 (d, J=15.9 Hz, 1H), 7.19 (m, 3H), 7.10 (s, 1H), 7.03
(d, J=6.9 Hz, 1H), 6.90 (s, 1H), 6.53 (s, 1H), 6.31 (d, J=15.9 Hz, 1H), 3.69 (s, 3H), 2.35 (s, 3H), 2.31
(s, 3H) 3C NMR (101 MHz, CDCl;) & 169.8, 167.4, 156.6, 142.3, 140.1, 139.5, 139.4, 138.4, 130.9,
129.8, 129.6, 129.2, 128.6, 128.2, 126.1, 125.2, 118.0, 51.6, 21.5, 21.4. HRMS (ESI+) exact mass
calculated for [M+Na]" (C,;HyoNaOy): 359.1254, found: 359.1261.

9,

COOH

‘ \ COOMe
6'-(3-methoxy-3-oxoprop-1-en-1-yl)-2',3',4',5'-tetrahydro-[1,1'-biphenyl]-2-carboxylic acid (3wa)
Prepared according to general procedure D, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (13.4 mg, 47% yield), '"H NMR
(400 MHz, CDCl3) 6 8.11 (d, J= 7.9 Hz, 1H), 7.55 (t,J= 7.5 Hz, 1H), 7.41 (t,J=7.6 Hz, IH), 7.11 (d,
J=17.6 Hz, 1H), 7.04 (d, /= 15.7 Hz, 1H), 5.79 (d, J = 15.7 Hz, 1H), 3.62 (s, 3H), 2.55 — 2.47 (m, 1H),
2.34 —2.22 (m, 3H), 1.93 — 1.86 (m, 1H), 1.80 — 1.70 (m, 3H). *C NMR (101 MHz, CDCl;) & 171.0,
168.0, 148.5, 144.6, 144.2, 133.1, 131.7, 130.3, 128.5, 127.8, 127.5, 114.9, 51.3, 34.0, 24.9, 22.7, 22.2.
HRMS (ESI+) exact mass calculated for [M+Na]* (C;7;H;gNaO,): 309.1097, found: 309.1101.
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Me

9

COOH
‘ \ COOMe
6'-(3-methoxy-3-oxoprop-1-en-1-yl)-4-methyl-2',3',4',5'-tetrahydro-[1,1'-biphenyl]-2-carboxylic
acid (3xa)
Prepared according to general procedure D, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (14.7 mg, 49% yield), 'H NMR
(400 MHz, CDCl3) 6 7.91 (s, 1H), 7.35 (d, J= 7.7 Hz, 1H), 7.07 (d, J = 15.8 Hz, 1H), 6.99 (d, J= 7.7
Hz, 1H), 5.77 (d, J=15.7 Hz, 1H), 3.63 (s, 3H), 2.41 (s, 3H), 2.31 — 2.19 (m, 4H), 1.90 — 1.73 (m, 4H).
BC NMR (101 MHz, CDCl3) & 170.7, 168.1, 148.7, 144.4, 141.7, 137.3, 133.8, 132.2, 130.2, 128.5,
127.5, 114.6, 51.3, 34.1, 24.9, 22.7, 22.2, 21.0. HRMS (ESI+) exact mass calculated for [M+Na]*
(C1sHy0NaOy): 323.1254, found: 323.1251.

Cl

9

COOH
\_coome

4-chloro-6'-(3-methoxy-3-oxoprop-1-en-1-yl)-2',3',4',5'-tetrahydro-[1,1'-biphenyl]-2-carboxylic
acid (3ya)

Prepared according to general procedure D, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (14.4 mg, 45% yield), 'H NMR
(400 MHz, CDCl3) 6 8.09 (d, J=2.2 Hz, 1H), 7.53 (dd, J = 8.2, 2.3 Hz, 1H), 7.07 (d, J = 8.2 Hz, 1H),
7.00 (d, J=15.7 Hz, 1H), 5.81 (d, J = 15.7 Hz, 1H), 3.64 (s, 3H), 2.50 — 2.43 (m, 1H), 2.31 — 2.19 (m,
3H), 1.90 — 1.84 (m, 1H), 1.78 — 1.69 (m, 3H). 3C NMR (101 MHz, CDCl;) 4 169.4, 168.0, 147.0, 143.7,
1429, 133.5, 133.1, 131.7, 131.6, 129.3, 129.1, 115.4, 51.4, 33.9, 24.9, 22.6, 22.1. HRMS (ESI+) exact

mass calculated for [M+Na]* (C;7H;7CINaO,): 343.0708, found: 343.0710.

Ph COOH + Ph COOH
PH \ COOMe \ o
MeOOC
2-((1E,3E)-5-methoxy-5-0x0-1,2-diphenylpenta-1,3-dien-1-yl)benzoic acid (3za) + 2-((1Z,3E)-5-
methoxy-5-0xo0-1,2-diphenylpenta-1,3-dien-1-yl)benzoic acid (3za’)
Prepared according to general procedure D, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (26.1 mg, 68% yield), 'H NMR
(400 MHz, CDCl;3) 6 8.12 (d, J=7.8 Hz, 0.8H, 3xa), 7.87 (d, /= 15.6 Hz, 0.2H, 3xa’), 7.77 (d, J = 7.7

Hz, 0.2H, 3xa’), 7.63 (td, J= 7.5, 1.1 Hz, 0.8H, 3xa), 7.49 (td, J = 7.7, 1.0 Hz, 0.8H, 3xa), 7.39 — 7.33
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(m, 1.6H, 3xa), 7.27 — 7.09 (m, 6.6H, 3xa + 3xa’), 7.00 — 6.86 (m, 4H, 3xa + 3xa’), 5.63 (d, J=15.6 Hz,
0.2H, 3xa’), 5.57 (d, J = 15.5 Hz, 0.8H, 3xa), 3.69 (s, 0.6H, 3xa’), 3.61 (s, 2.4H, 3xa). 3C NMR (101
MHz, CDCl;) 6 171.6,171.5, 168.0, 167.8, 149.1, 148.2, 145.7, 145.4, 144.3, 143.0, 140.3, 139.5, 139.1,
138.6, 136.5, 132.9, 132.2, 131.6, 131.1, 130.8, 130.8, 130.5, 128.3, 128.3, 128.0, 127.8, 127.2, 127.1,
125.2, 122.0, 121.4, 51.6, 51.5. HRMS (ESI+) exact mass calculated for [M+Na]" (C,5sH,oNaO,):
407.1254, found: 407.1247.

@,

COCH

O\

2'-(3-ethoxy-3-oxoprop-1-en-1-yl)-[1,1'-biphenyl]-2-carboxylic acid (3ab)

COOEt

Prepared according to general procedure A, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (19.2 mg, 65% yield), 'H NMR
(501 MHz, CDCls) & 8.06 (d, J = 8.0 Hz, 1H), 7.67 — 7.65 (m, 1H), 7.59 — 7.56 (m, 1H), 7.49 — 7.46 (m,
1H), 7.43 (d, /= 15.9 Hz, 1H), 7.38 — 7.36 (m, 2H), 7.22 (d, J = 8.0 Hz, 1H), 7.18 (d, J = 5.3 Hz, 1H),
6.29 (d,J=15.9 Hz, 1H), 4.14 (q,J=7.1 Hz, 2H), 1.23 (t, /= 7.1 Hz, 3H). 3C NMR (101 MHz, CDCl3)
0171.3,166.8, 142.8, 142.2, 141.6, 132.6, 132.3, 131.8, 131.1, 129.6, 129.4, 129.3, 127.9, 127.7, 126.0,
119.2, 60.3, 14.2. HRMS (ESI+) exact mass calculated for [M+Na]" (C;sH,NaQy): 319.0941, found:
319.0944.

9,

COOH
Q \ COOBn
2'-(3-(benzyloxy)-3-oxoprop-1-en-1-yl)-[1,1'-biphenyl]-2-carboxylic acid (3ac)
Prepared according to general procedure A, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (24.7 mg, 69% yield), 'H NMR
(501 MHz, CDCls) 6 8.05 (d, J= 7.1 Hz, 1H), 7.69 — 7.62 (m, 1H), 7.57 (td, J= 8.0, 1.2 Hz, 1H), 7.50 —
7.46 (m, 2H), 7.40 — 7.27 (m, 7H), 7.22 (d, J = 8.0 Hz, 1H), 7.18 — 7.16 (m, 1H), 6.35 (d, J = 15.9 Hz,
1H), 5.18 = 5.09 (m, 2H). *C NMR (101 MHz, CDCl3) 8 171.9, 166.7, 143.5, 142.4, 141.6, 136.1, 132.5,
132.4, 131.9, 131.2, 129.7, 129.6, 129.6, 128.5, 128.1, 128.0, 127.9, 127.8, 126.0, 118.8, 66.2. HRMS
(ESI+) exact mass calculated for [M+Na]* (C,3H;sNaOy): 381.1097, found: 381.1089.

9,

COOH

Q \ COOPh

2'-(3-0x0-3-phenoxyprop-1-en-1-yl)-[1,1'-biphenyl]-2-carboxylic acid (3ad)
Prepared according to general procedure A, purification of the residue by preparative chromatography

(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (24.4 mg, 71% yield), 'H NMR
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(501 MHz, CDCls) & 8.06 (d, J = 8.1 Hz, 1H), 7.78 — 7.70 (m, 1H), 7.59 (m, 2H), 7.47 (t, J = 7.5 Hz,
1H), 7.44 —7.38 (m, 2H), 7.35 (t, ] = 7.5 Hz, 2H), 7.26 — 7.18 (m, 3H), 7.07 (d, J = 7.8 Hz, 2H), 6.49 (d,
J=15.9 Hz, 1H). BCNMR (101 MHz, CDCl;3) 6 171.7, 165.2, 150.7, 144.7, 142.5, 141.4, 132.5, 132 .4,
131.8,131.2, 129.8, 129.7, 129.4, 129.3, 128.0, 127.8, 126.2, 125.7, 121.6, 118.3. HRMS (ESI+) exact
mass calculated for [M+Na]* (C,,HsNaOy): 367.0941, found: 367.0937.

?,

COOH

O \ COO(CH,),0Me

2'-(3-(2-methoxyethoxy)-3-oxoprop-1-en-1-yl)-[1,1'-biphenyl]-2-carboxylic acid (3ae)

Prepared according to general procedure A, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (20.5 mg, 63% yield), 'H NMR
(501 MHz, CDCls) & 8.03 (d, J=8.0 Hz, 1H), 7.66 — 7.64 (m, 1H), 7.58 — 7.55 (m, 1H), 7.47 — 7.44 (m,
2H), 7.36 — 7.42 (m, 2H), 7.20 (d, J = 8.0 Hz, 1H), 7.18 — 7.16 (m, 1H), 6.35 (d, J = 15.9 Hz, 1H), 4.24
(t, J = 5.0 Hz, 2H), 3.57 (t, ] = 5.0 Hz, 2H), 3.33 (s, 3H). 3C NMR (101 MHz, CDCl3) & 171.2, 166.8,
143.4, 142.4, 141.5, 132.5, 132.2, 131.8, 131.1, 129.7, 129.5, 128.0, 127.9, 127.7, 126.0, 118.7, 70.4,
63.5,59.0. HRMS (ESI+) exact mass calculated for [M+Na]* (C;9HgNaOs): 349.1046, found: 349.1039.

9

COOH

O

2'-(3-butoxy-3-oxoprop-1-en-1-yl)-[1,1'-biphenyl]-2-carboxylic acid (3af)

COOn-Bu

Prepared according to general procedure A, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (21.4 mg, 66% yield), 'H NMR
(400 MHz, CDCls) & 8.04 (d, J= 7.6 Hz, 1H), 7.68 — 7.61 (m, 1H), 7.58 — 7.55 (m, 1H), 7.48 — 7.33 (m,
4H), 7.25 - 7.11 (m, 2H), 6.29 (d, J = 15.9 Hz, 1H), 4.08 (t, J = 6.5 Hz, 2H), 1.66 — 1.50 (m, 2H), 1.37
— 1.25 (m, 3H), 0.89 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz, CDCl3) 8 171.4, 167.0, 142.8, 142.3,
141.4,132.5,132.1,131.7,131.0, 129.6, 129.3, 127.8, 127.6, 125.9, 119.0, 64.3, 30.5, 19.0, 13.7. HRMS
(ESI+) exact mass calculated for [M+Na]* (C,0H,0NaQOy): 347.1254, found: 347.1247.

9,

COOH

O

2'-(3-isobutoxy-3-oxoprop-1-en-1-yl)-[1,1'-biphenyl]-2-carboxylic acid (3ag)

COOi-Bu
Prepared according to general procedure A, purification of the residue by preparative chromatography

(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (20.1 mg, 62% yield), 'H NMR
(501 MHz, CDCl;) 6 8.05 (d,J= 7.7 Hz, 1H), 7.69 — 7.64 (m, 1H), 7.58 — 7.55 (m, 1H), 7.48 — 7.36 (m,
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4H), 7.23 - 7.16 (m, 2H), 6.30 (d, J= 15.9 Hz, 1H), 3.86 (d, /= 6.4 Hz, 2H), 1.94 — 1.82 (m, 1H), 0.87
(d, J = 6.6 Hz, 6H). 3C NMR (101 MHz, CDCl3) 8 171.4, 166.9, 142.7, 142.3, 141.6, 132.5, 132.3,
131.8,131.1,129.5,129.4, 129.4, 127.8, 127.7, 125.9, 119.1, 70.4, 27.7, 19.0. HRMS (ESI+) exact mass
calculated for [M+Na]" (C,0H,0NaQOy): 347.1254, found: 347.1247.

9,

COCH

O

2'-(2-(phenylsulfonyl)vinyl)-[1,1'-biphenyl]-2-carboxylic acid (3ai)

SO,Ph

Prepared according to general procedure A, purification of the residue by preparative chromatography
(PE/EA/ acetic acid = 3/1/0.05) afforded the product as a white solid (18.6 mg, 51% yield), 'H NMR
(501 MHz, CDCl,) 6 8.02 (d, J= 7.5 Hz, 1H), 7.76 (d, J= 7.5 Hz, 2H), 7.59 (t, J= 7.5 Hz, 1H), 7.55 —
7.32 (m, 8H), 7.19 (d, J= 7.5 Hz, 2H), 6.62 (d, J = 15.9 Hz, 1H). 3C NMR (101 MHz, CDCl;) 8 171.2,
142.6, 141.2, 140.9, 140.4, 133.3, 132.7, 131.8, 131.4, 130.9, 130.3, 129.8, 129.3, 129.2, 128.6, 128.3,
127.9, 127.6, 126.8. HRMS (ESI+) exact mass calculated for [M+Na]* (C,;H;4NaO,4S): 387.0662,
found: 387.0670.

I I COOMe

methyl phenanthrene-9-carboxylate (7a)

Prepared according to general procedure F, purification of the residue by preparative chromatography
(PE/EA = 10/1) afforded the product as a white solid (21.0 mg, 89% yield), 'H NMR (400 MHz,
CDCls) 6 8.97 - 8.90 (m, 1H), 8.75 —8.71 (m, 1H), 8.68 (d, J= 8.4 Hz, 1H), 8.48 (s, 1H), 7.96 (d, J =
8.3 Hz, 1H), 7.77 — 7.67 (m, 3H), 7.66 — 7.60 (m, 1H), 4.05 (s, 3H). 3C NMR (101 MHz, CDCl;) §
168.0, 132.4,132.1, 130.6, 130.0, 129.9, 129.0, 128.9, 127.4, 127.00, 126.9, 126.6, 126.1, 122.8, 122.6,
52.3. HRMS (ESI+) exact mass calculated for [M+Na]* (C;sH{,NaO,): 259.0730, found: 259.0726.

¥s
COOMe

methyl 4-chloro-7-methylphenanthrene-9-carboxylate (7b)

Prepared according to general procedure F, purification of the residue by preparative chromatography
(PE/EA = 10/1) afforded the product as a white solid (7.7 mg, 27% yield), "H NMR (400 MHz, CDCl;)
09.79 (d, J = 8.8 Hz, 1H), 8.61 (s, 1H), 8.31 (s, 1H), 7.85 (dd, J/=7.8, 1.1 Hz, 1H), 7.80 (dd, J = 7.7,
1.4 Hz, 1H), 7.52 (dd, J= 8.9, 1.8 Hz, 1H), 7.48 (t,J= 7.7 Hz, 1H), 4.05 (s, 3H), 2.59 (s, 3H). 3C NMR
(101 MHz, CDCl3) 6 167.9, 137.7, 132.8, 132.7, 132.0, 131.1, 130.2, 129.4, 129.2, 127.9, 127.7, 127.3,
127.0,126.3,125.7,52.4,29.7,21.8. HRMS (ESI+) exact mass calculated for [M+Na]* (C,7H3CINaO,):
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307.0496, found: 307.0491.

methyl 3,7-dimethylphenanthrene-9-carboxylate (7¢)

COOMe

Prepared according to general procedure F, purification of the residue by preparative chromatography
(PE/EA = 10/1) afforded the product as a white solid (16.9 mg, 64% yield), 'H NMR (400 MHz,
CDCl,) 6 8.72 (s, 1H), 8.59 (d, J= 8.5 Hz, 1H), 8.42 (s, 2H), 7.82 (d, /= 8.2 Hz, 1H), 7.50 (dd, J= 8.5,
1.6 Hz, 1H), 7.42 (d, J = 7.6 Hz, 1H), 4.04 (s, 3H), 2.62 (s, 3H), 2.60 (s, 3H). *C NMR (101 MHz,
CDCl3) 0 168.2,139.0,137.1, 132.4,132.3,129.7, 129.3, 128.4, 128.3, 128.2, 127.6, 126.0, 124.7, 122.6,
122.2, 52.1, 22.3, 21.9. HRMS (ESI+) exact mass calculated for [M+Na]" (C;sH;¢NaO;): 287.1043,
found: 287.1038.

methyl 2-methoxy-7-methylphenanthrene-9-carboxylate (7d)

MeO COOMe

Prepared according to general procedure F, purification of the residue by preparative chromatography
(PE/EA = 10/1) afforded the product as a white solid (16.5 mg, 59% yield), '"H NMR (400 MHz, CDCl;)
0 8.65 (s, 1H), 8.52 (d, J=9.1 Hz, 1H), 8.49 (d, J= 8.5 Hz, 1H), 8.36 (s, 1H), 7.48 (dd, /= 8.5, 1.6 Hz,
1H), 7.34 (dd, J=9.1, 2.7 Hz, 1H), 7.28 (d, J = 2.7 Hz, 1H), 4.04 (s, 3H), 3.95 (s, 3H), 2.58 (s, 3H). 13C
NMR (101 MHz, CDCl;) 6 168.2, 158.1, 136.2, 131.7, 130.9, 128.7, 128.1, 126.6, 126.4, 126.0, 124.0,
122.2,119.5, 109.3, 55.4, 52.2, 21.8. HRMS (ESI+) exact mass calculated for [M+Na]" (C,gHsNaO3):
303.0992, found: 303.0987.

F I COOMe

methyl 2-fluoro-7-methylphenanthrene-9-carboxylate (7e¢)

Prepared according to general procedure F, purification of the residue by preparative chromatography
(PE/EA = 10/1) afforded the product as a white solid (13.9 mg, 52% yield), 'H NMR (400 MHz,
CDCl,) 6 8.64 (s, 1H), 8.59 (dd, J=9.1, 5.2 Hz, 1H), 8.50 (d, /= 8.5 Hz, 1H), 8.31 (s, 1H), 7.56 — 7.49
(m, 2H), 7.44 (td, J=8.7, 2.7 Hz, 1H), 4.05 (s, 3H), 2.58 (s, 3H). 3C NMR (101 MHz, CDCl;) § 167.9,
161.1 (d, J=246.7 Hz), 137.1, 131.1 (d, /= 3.9 Hz), 130.9 (d, /= 8.9 Hz), 129.0, 128.7 (d, /=2.0 Hz),
128.6, 128.3, 127.3, 126.2, 124.8 (d, J = 8.5 Hz), 122.5, 117.7 (d, /= 23.6 Hz), 113.6 (d, J = 20.6 Hz),
52.3, 21.8. HRMS (ESI+) exact mass calculated for [M+Na]* (C;H;3FNaO,): 291.0792, found:
291.0787.
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FsC ‘ COOMe

methyl 7-methyl-2-(trifluoromethyl)phenanthrene-9-carboxylate (7f)

Prepared according to general procedure F, purification of the residue by preparative chromatography
(PE/EA = 10/1) afforded the product as a white solid (18.4 mg, 58% yield), '"H NMR (400 MHz, CDCl;)
0 8.69 (d, J= 6.6 Hz, 2H), 8.58 (dd, /= 8.5, 1.3 Hz, 1H), 8.43 (s, 1H), 8.19 (s, 1H), 7.87 (d, J= 8.7 Hz,
1H), 7.56 (d, J = 8.5 Hz, 1H), 4.06 (s, 3H), 2.61 (s, 3H). 3C NMR (101 MHz, CDCl;) 8 167.7, 138.6,
134.0, 131.7, 129.8, 129.2, 128.9, 128.4 (q, J = 32.8 Hz), 127.8, 127.4, 127.0 (q, J = 4.2 Hz), 126.3,
124.5 (q, J = 3.1 Hz), 124.2 (q, J = 272.2 Hz), 123.4, 123.1, 52.4, 22.0. HRMS (ESI+) exact mass
calculated for [M+Na]" (C;sH3F3;Na0O,): 341.0760, found: 341.0756.

I I COOEt

ethyl phenanthrene-9-carboxylate (7g)

Prepared according to general procedure F, purification of the residue by preparative chromatography
(PE/EA = 10/1) afforded the product as a white solid (19.5 mg, 78% yield), '"H NMR (400 MHz, CDCl;)
0 8.96 — 8.89 (m, 1H), 8.76 — 8.72 (m, 1H), 8.69 (d, J = 8.4 Hz, 1H), 8.46 (s, 1H), 7.97 (d, J=7.9 Hz,
1H), 7.77 - 7.73 (m, 1H), 7.72 — 7.67 (m, 2H), 7.66 — 7.61 (m, 1H), 4.53 (q, /= 7.1 Hz, 2H), 1.51 (t,J
= 7.1 Hz, 3H). BC NMR (101 MHz, CDCl;) 6 167.7, 132.1, 130.7, 130.1, 129.9, 129.0, 128.8, 127.4,
127.0, 126.8, 126.6, 122.8, 122.6, 61.2, 14.4. HRMS (ESI+) exact mass calculated for [M+Na]"
(C17H14NaO,): 273.0886, found: 273.0881.

I I COO"Bu

butyl phenanthrene-9-carboxylate (7h)

Prepared according to general procedure F, purification of the residue by preparative chromatography
(PE/EA = 10/1) afforded the product as a white solid (13.9 mg, 50% yield), '"H NMR (400 MHz, CDCl;)
0 8.96 —8.89 (m, 1H), 8.76 —8.71 (m, 1H), 8.69 (d, /= 8.4 Hz, 1H), 8.45 (s, 1H), 7.98 (dd, J=7.9, 1.2
Hz, 1H), 7.77 - 7.72 (m, 1H), 7.72 — 7.67 (m, 2H), 7.66 — 7.61 (m, 1H), 4.47 (t,J = 6.7 Hz, 2H), 1.92 —
1.82 (m, 2H), 1.59 — 1.52 (m, 2H), 1.04 (t, /= 7.4 Hz, 3H). *C NMR (101 MHz, CDCl;) 6 167.8, 132.1,
130.7,130.1, 129.9, 129.1, 128.8, 127.3, 127.0, 126.8, 126.7, 126.6, 122.8, 122.6, 65.1, 30.8, 19.4, 13.8.
HRMS (ESI+) exact mass calculated for [M+Na]* (C;9HgNaO,): 301.1199, found: 301.1195.

COO(CH,),0Me
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2-methoxyethyl phenanthrene-9-carboxylate (7i)

Prepared according to general procedure F, purification of the residue by preparative chromatography
(PE/EA = 10/1) afforded the product as a white solid (12.2 mg, 41% yield), 'H NMR (400 MHz, CDCls)
0 8.96 — 8.90 (m, 1H), 8.75 - 8.71 (m, 1H), 8.69 (d, J = 8.4 Hz, 1H), 8.51 (s, 1H), 7.98 (dd,J=7.9, 1.2
Hz, 1H), 7.77 - 7.73 (m, 1H), 7.72 — 7.66 (m, 2H), 7.66 — 7.61 (m, 1H), 4.63 — 4.60 (m, 2H), 3.85 — 3.81
(m, 2H), 3.49 (s, 3H). 13C NMR (101 MHz, CDCl;) 8 167.6, 132.5, 132.2, 130.7, 130.0, 129.9, 129.0,
128.9, 127.4, 127.0, 126.9, 126.6, 126.1, 122.8, 122.6, 70.6, 64.1, 59.1. HRMS (ESI+) exact mass
calculated for [M+Na]" (C,gH;¢NaO3): 303.0992, found: 303.0987.

I I COOPh

phenyl phenanthrene-9-carboxylate (7j)

Prepared according to general procedure F, purification of the residue by preparative chromatography
(PE/EA = 10/1) afforded the product as a white solid (11.9 mg, 40% yield), '"H NMR (400 MHz, CDCl;)
09.10-9.05 (m, 1H), 8.80 —8.75 (m, 2H), 8.73 (d, /= 8.3 Hz, 1H), 8.04 (dd, /= 7.9, 1.1 Hz, 1H), 7.83
—7.78 (m, 1H), 7.76 — 7.71 (m, 2H), 7.70 — 7.66 (m, 1H), 7.53 — 7.48 (m, 2H), 7.37 — 7.31 (m, 3H). 13C
NMR (101 MHz, CDCl;) 6 165.8, 151.0, 133.7, 132.5, 130.8, 130.2, 129.9, 129.6, 129.4, 129.1, 127.7,
127.2,127.1,126.6, 126.0, 125.0, 122.9, 122.7, 121.9. HRMS (ESI+) exact mass calculated for [M+Na]*
(C,1H14Na0,): 321.0886, found: 321.0880.

9-(phenylsulfonyl)phenanthrene (7k)

SO,Ph

Prepared according to general procedure F, purification of the residue by preparative chromatography
(PE/EA = 10/1) afforded the product as a white solid (13.4 mg, 42% yield), '"H NMR (400 MHz, CDCl;)
0 8.92 (s, 1H), 8.70 (d, J = 8.2 Hz, 1H), 8.67 (d, J = 8.4 Hz, 1H), 8.63 (dd, J = 8.4, 0.9 Hz, 1H), 8.10
(dd,J=7.9, 1.2 Hz, 1H), 8.03 —7.98 (m, 2H), 7.82 (ddd, /= 8.4, 7.1, 1.4 Hz, 1H), 7.74 — 7.69 (m, 1H),
7.67 (ddd, J = 8.3, 7.1, 1.4 Hz, 1H), 7.60 (ddd, J = 8.3, 7.1, 1.3 Hz, 1H), 7.55 — 7.50 (m, 1H), 7.49 —
7.44 (m, 2H). 3C NMR (101 MHz, CDCl;) 6 141.6, 134.1, 133.1, 133.0, 132.8, 131.2, 130.8, 130.1,
129.3, 129.1, 127.7, 127.5, 127.4, 125.9, 125.4, 123.3, 122.8. HRMS (ESI+) exact mass calculated for
[M+Na]* (C,H;4NaO,S): 341.0607, found: 341.0604.
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4. Crystallographic Data

General procedure for the crystal preparation
Ina 10 mm x 100 mm tube, 10 mg 3fa or 7a was dissolved in 0.5 mL DCM. Then 5 mL hexane was
added carefully and slowly. The tube was placed in a clean and stable environment to let the solvent

evaporate naturally until crystals appear.

X-ray data for 3fa (CCDC 1981722)

I COOH

A

/§
~_COOMe  — }/\/E\aﬂ\
9 AL A
compound 3fa
formula C19H304
formula weight 310.00
T (K) 100.00(10)
crystal system triclinic
space group P-1
a(A) 7.6320(2)
b(A) 9.3257(3)
c(A) 13.0604(4)
o (°) 69.364(3)
L) 89.097(2)
7 (°) 72.184(3)
V(A3) 823.76(5)
VA 2
D..(g cm™) 1.251
w (mm) 0.713
reflns coll. 8544
unique reflns 3288
Rint 0.0230
“aR; [1=20(D)] 0.0415
bwR, (all data) 0.1154
GOF 1.076

Ry = Z|Fo| - |[Fe|/ZIFo|, "wR> = [Ew(F,? - F2)Y/Zw(F,?)*]'?

X-ray data for 7a (CCDC 1981706)

C
CO,Me X
) o
O wod b S
J 7 \( \/*7%

T
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compound Ta

formula CisH120;

formula weight 236.26

T (K) 100

crystal system monoclinic

space group 2

a(A) 21.6144(5)

b(A) 5.84580(10)

c(A) 9.2932(2)

a(°) 90

L) 100.440(2)

7 (®) 90

V(A3 1154.79(4)

VA 4

D..(g cm?) 1.359

4 (mm) 0.712

reflns coll. 2951

unique reflns 1630

Rint 0.0238

“R; [1=20(1)] 0.0368

bwR, (all data) 0.1039

GOF 1.078

“R; = Z||F,| - [F[/ZIF,), PwR; = [Ew(F,? - F2P/Ew(F, )]

5. NMR Spectra
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6. Computational method

The density functional theory (DFT) calculations were performed using Gaussian 16, Revision B.010!]
The geometry optimizations were conducted using the B3LYP functional®!, with Lanl2dz basis set!’] for
Palladium and 6-31G(d,p) basis set for the other atoms. To confirm whether each optimized stationary
point is an energy minimum or a transition state, as well as evaluate the zero-point vibrational energy and
thermal corrections at 298 K, the vibrational frequencies were computed at the same level of theory as
for the geometry optimizations. On the basis of the gas-phase optimized structures, the single-point
energies and solvent effects were evaluated with the M06 functional®, SDD basis setl3! for Palladium,
and 6-311+G(2d,p) basis set for other atoms. The solvation energies were calculated using the self-
consistent reaction field (SCRF) with the SMD modell®], and hexafluoroisopropanol was chosen as the
solvent for consistency with the experiment. Intrinsic reaction coordinate (IRC) calculations were
undertaken to ensure transitions states connected the correct reactants and products. Energies reported are

free energies in kcal/mol. Geometries of the optimized structures shown were displayed with CYLview!®].

Scheme S6. Relative Gibbs free energy measured in kcal mol! for DFT modelling using HFIP solvent correction.
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Supplementary Computation Data
Cartesian coordinates, electronic energies and free energies of all stationary points. Numbers (and values) of imaginary

frequencies of all transition structures.

9
B3LYP/6-31G(d,p)(lanl2dz)(gas) Energy = -1006.52781
B3LYP/6-31G(d,p)( lanl2dz)(gas) Free Energy= -1006.340807
MO06/6-311+G(2d,p)(sdd)/SMD (HFIP) Energy = -1007.375437
B3LYP/6-31G(d,p) (lanl2dz)(gas) Geometry
C 2.14078  2.99392  1.21569

C 2.1556 1.60355  1.13199

C 2.7528 0.95992  0.03706

C 3.3429 1.74383 -0.96541
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3.3208
2.7205
1.6784
1.71228
3.80302
3.77126
2.70499
2.84512
4.12118
1.73603
4.30552
4.98217
1.93115
3.20722
5.30924
1.05921
3.34319
0.33037
-0.61526
-0.03923
-2.02379
-4.01879
-3.44893
-4.3793
-5.82307
-6.39694
-5.93145
-6.20875

3.13657
3.76567
3.47581
1.00991
1.25699
3.7285
4.84975
-0.52643
-1.10238
-1.40299
-2.484
-0.44328
-2.79476
-3.33786
-2.89196
-3.43589
-4.41476
-0.94675
-1.73395
0.20851
-0.28378
-0.7802
1.171
0.37427
0.75916
0.21479
1.8371
0.49364

B3LYP/6-31G(d,p)(lanl2dz)(gas) Energy =
B3LYP/6-31G(d,p)( lanl2dz)(gas) Free Energy=

MO06/6-311+G(2d,p)(sdd)/SMD (HFIP) Energy =

B3LYP/6-31G(d,p) (lanl2dz)(gas) Geometry

C
C

0.44397
1.51084

3.27791
2.36383

-0.88525

0.20583
2.07229
1.92597

-1.82062
-1.67688

0.27075

-0.02781
-0.13188
0.05806
-0.13367
-0.18492
0.07563
-0.01882
-0.21235
0.14413
-0.01086
0.05324
0.43069
-0.35964

-0.02327
0.31122
-0.47213
-0.10558
-0.18531

0.56666

-0.05196
-1.17555

-0.76274
-0.76603
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TS-1

1.52387
0.44165
-0.62331
-0.62842
0.45902
2.32745
0.52476
-1.40018
-1.4539
2.64774
3.97002
2.41539
5.03817
4.1565
3.49098
4.79942
6.0547
3.27924
5.62951
1.01224
0.65677
0.25984

-1.35929

-2.96435
-3.27882
-3.76821
-5.22438
-5.36289
-5.7999

-5.57417

1.26544
1.11404
2.03843
3.11502
4.11454
2.49535
0.38147
1.96352
3.81897
0.29277
0.75075
-1.09791
-0.14548
1.81643
-1.98989
-1.51979
0.22878
-3.05302
-2.21991
-1.6347
-2.64493
-0.8837
-0.14428
-1.36665
0.32607
-0.66638
-1.00528
-1.79465
-0.12909
-1.38457

B3LYP/6-31G(d,p)(lanl2dz)(gas) Energy =
B3LYP/6-31G(d,p)( lanl2dz)(gas) Free Energy=

MO06/6-311+G(2d,p)(sdd)/SMD (HFIP) Energy =

Number of Imaginary Frequencies =

0.08849
1.0083
1.00875
0.10218
-1.45532
-1.4691
1.80712
1.76283
0.10508
0.06385
0.16551
-0.03479
0.17244
0.26474
0.00392
0.09515
0.25199
-0.04792
0.1102
-0.16939
0.41856
-0.96451
-0.06141
-0.7123
0.63595
-0.01449
0.06882
0.81542
0.3721
-0.89361
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B3LYP/6-31G(d,p) (lanl2dz)(gas) Geometry
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H
TS-1°

0.25407
1.13109
0.71078

-0.6587

-1.52432

-1.0755
0.61424
2.16276

-1.24831

-2.56469

-1.74746
1.67534
2.13045
2.1871
3.03381
1.7498
3.12487
3.53048
3.35224
3.54108
4.24522
1.90854
2.79842
0.70282

-0.937

-2.69127

-2.1654

-2.88522

-4.06469

-4.34127

-4.90828

-3.77854

3.73828
2.68859
1.35823
1.09181

2.17929
3.49004
4.76177
2.90062
0.29508
1.96962
4.31489
0.26157
0.11727

-0.59405

-0.88587
0.78906

-1.57503

-1.73939

-0.99596

-2.18738

-2.51589

-0.44176

-0.66556

-0.06327

-0.53035

-1.20942

-0.4324

-1.10487

-1.87356

-1.48557

-1.82293

-2.9257

B3LYP/6-31G(d,p)(lanl2dz)(gas) Energy =

0.35363
0.636
0.53289
0.2259

-0.07553

-0.00987
0.41112
0.89892
1.01166

-0.30587

-0.22523
0.82244
2.14399

-0.1767
2.48623
2.90785
0.17788
1.49828
3.51871

-0.61476
1.75433

-1.6604

-2.46577

-2.0466

-1.05176

-0.23668
1.81092
1.02521
1.58435
2.56457
0.8933
1.68579
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B3LYP/6-31G(d,p)( lanl2dz)(gas) Free Energy=
MO06/6-311+G(2d,p)(sdd)/SMD (HFIP) Energy =

Number of Imaginary Frequencies =

B3LYP/6-31G(d,p) (lanl2dz)(gas) Geometry

C
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5.37361
4.02922
3.13709
3.62233
4.96656
5.8461
6.0487
3.66245
2.94773
5.32734
6.89272
1.72089
1.49267
0.59855
0.21146
2.35525
-0.7191
-0.89505
0.08529
-1.68097
-1.89794
0.69126
-0.27387
1.56316
-1.93113
-2.96454
-3.74011
-3.89034
-5.29488
-5.26947
-5.85601

0.89254
1.24939
0.45834

-0.69123

-1.04201

-0.25347
1.50926
2.13733

-1.30912

-1.93437

-0.53204
0.90284
2.17966
0.11673
2.65553
2.79331
0.62336
1.86875
3.63687
0.64089
2.23837

-1.33581

-2.06226

-1.80106

-1.04368
1.08399

-0.06499
0.72802
1.23918
2.14591
0.47054

-0.8369
-0.72809
0.01056
0.65054
0.54827
-0.19702
-1.42318
-1.23595
1.23445
1.05119
-0.27859
0.16935
0.7184
-0.1457
1.00529
0.96147
0.06953
0.71692
1.45236
-0.78921
0.89941
-0.55915
-0.01234
-1.26569
0.39432
-1.35039
0.42883
-0.57161
-0.81333
-1.41777
-1.35527
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-5.80261

1.41615

B3LYP/6-31G(d,p)(lanl2dz)(gas) Energy =
B3LYP/6-31G(d,p)( lanl2dz)(gas) Free Energy=
M06/6-311+G(2d,p)(sdd)/SMD (HFIP) Energy =
B3LYP/6-31G(d,p) (lanl2dz)(gas) Geometry

C

oo o=@z @O0 o000 @ D D T 00000

g
o
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-0.28214

0.68146
0.57109
-0.56452
-1.53071
-1.39298
-0.15919
1.55635
-1.8186
-2.38838
-2.1463
1.61941
1.97395
2.30977
2.96611
1.44711
3.33438
3.65217
3.20412
3.88722
4.43789
2.11915
3.10215
0.8986
-0.7513
-2.57516
-2.55793
-3.04159
-4.2254

3.67137
2.86931
1.46452

0.89962
1.69733
3.0888
4.75036
3.32595
0.72921
1.23905
3.70548
0.66223
1.04833
-0.41765
0.38251
1.87966
-1.05188
-0.67616
0.69385
-1.83995
-1.19663
-0.91873
-1.2095
-1.07938

-1.06754

-1.35205
0.46112

-0.69891

-1.17295

0.13653

-0.66526

-0.05685
-0.04186
-0.65057
-1.27526
-1.27521
-0.67053
0.39635
1.05214
-1.75843
-1.75683
0.65357
1.95895
0.05765
2.67414
2.41897
0.77604
2.07788
3.68726
0.27631
2.61772
-1.36384
-2.0284
-1.83874
-0.75288
0.30708
1.64782
1.24916
2.03871
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H
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-4.55985
-3.9502
-5.03238

-2.13904
-1.2507
-0.43809

B3LYP/6-31G(d,p)(lanl2dz)(gas) Energy =
B3LYP/6-31G(d,p)( lanl2dz)(gas) Free Energy=
MO06/6-311+G(2d,p)(sdd)/SMD (HFIP) Energy =
B3LYP/6-31G(d,p) (lanl2dz)(gas) Geometry

C

oo oo Tz OO OO0 0@ DT DT T 0000

©c oz

5.56064
4.20821
3.22798
3.63724
4.98813
5.95488
6.30325
3.90429
2.89301
5.28676
7.00731
1.79995
1.49594
0.72799
0.19348
2.30748

-0.58068

-0.87307
0.00054

-2.53545

-1.88645
0.83502

-0.34786
1.86375

-1.94475

-3.39819

-3.7967

0.7152
0.97691
0.49299

-0.25595

-0.50715

-0.0248
1.08836
1.54566

-0.64287

-1.0864

-0.22815
0.86016
2.22086

-0.0609
2.66308
2.94129
0.4131
1.75603
3.72101
0.47996
2.1006

-1.56488

-2.16554

-2.20421

-1.01574
0.93154
0.07927

1.66451
3.09464
1.96497

-0.58885
-0.81012
0.07085
1.18478
1.41164
0.52597
-1.28854
-1.68448
1.87102
2.28062
0.70273
-0.14782
-0.34787
-0.16787
-0.55967
-0.32149
-0.35317
-0.56141
-0.71683
1.51479
-0.73858
-0.12099
-0.24637
-0.01043
-0.36678
1.66501
-0.38035
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-4.15937  0.74076  0.60133
-5.50152  1.4021 0.67877
-5.36984  2.48134  0.80061
-6.07163  1.19159 -0.22443
H -6.03765  1.03792  1.55995
C2H3CO,Me
B3LYP/6-31G(d,p)(lanl2dz)(gas) Energy =
B3LYP/6-31G(d,p)( lanl2dz)(gas) Free Energy=
M06/6-311+G(2d,p)(sdd)/SMD (HFIP) Energy =
B3LYP/6-31G(d,p) (lanl2dz)(gas) Geometry
C 2.03933 -0.6714 0.00001

= T O O

H 2.36986 -1.7099 0.00035
H 2.40763 -0.1514 0.88787
H 2.40767 -0.15202 -0.88821
O 0.60466 -0.72083 -0.00002
C -0.0109 0.48493  0.00001
O 0.58868  1.54213  0.00001
C -1.49088  0.38254 -0.00002
H -1.98897  1.34707 -0.00002
C -2.17373  -0.7643 0.00002
H -1.66661 -1.72306  0.00002
H -3.25926 -0.77169  0.00001
12

B3LYP/6-31G(d,p)(lanl2dz)(gas) Energy =
B3LYP/6-31G(d,p)( lanl2dz)(gas) Free Energy=
MO06/6-311+G(2d,p)(sdd)/SMD (HFIP) Energy =
B3LYP/6-31G(d,p) (Ianl2dz)(gas) Geometry

C -2.8237  -3.44139 -1.29004
-3.22111  -2.20724 -0.77794
-2.29046 -1.25005 -0.32435
-0.92898 -1.59576 -0.40721
-0.52151 -2.82546 -0.92452
-1.46951 -3.75724 -1.36177
-3.57277 -4.14603 -1.64054
-4.27786 -1.95691 -0.75144

™ o O O 0 a0 QO
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-306.475324
-306.410378
-306.379739

-1312.981115
-1312.703757
-1313.782931
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0.5151
0.53481
-1.14258
-2.83548
-3.87673
-2.43642
-4.51851
-4.17472
-3.09923
-4.13286
-5.31235
-2.77449
-4.62478
-1.31227
-1.08347
-0.58476
0.44817
1.92265
1.51025
2.27418
3.71223
4.28626
4.13562
3.75961
5.14257
5.68419
5.29003
5.48322
3.74332
3.12581
3.67805
0.80068
1.68602
1.44038
1.1389

3.02331
-3.063
-4.71275
0.01427
-0.15185
1.34335
0.92676
-1.1614
2.41995
2.2274
0.74701
3.41877
3.08141
1.72841
2.93773
0.80463
-0.21293
1.49659
3.25729
2.49847
2.96098
2.33143
291075
4.007
-1.64422
-1.75213
-0.63066
-2.3811
-1.90863
-1.12445
-0.25669
-0.77344
-1.51401
-2.52442
0.14478

-1.36167
-1.01383
-1.76347
0.26811
1.20254
-0.03822
1.80583
1.4692
0.57438
1.48412
2.52613
0.30659
1.94123
-0.97243
-1.17693
-1.52206
-0.06929
0.01628
-1.36388
-0.62148
-0.58644
0.09418
-1.59579
-0.2679
0.05806
1.00157
-0.32441
-0.66932
0.24846
1.15907
1.79929
2.03736
1.27788
0.96905
2.51038
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H -0.1413  -1.19555  2.37045

TS-2

B3LYP/6-31G(d,p)(lanl2dz)(gas) Energy = -1312.958777
B3LYP/6-31G(d,p)( lanl2dz)(gas) Free Energy= -1312.681302
MO06/6-311+G(2d,p)(sdd)/SMD (HFIP) Energy = -1313.765503
Number of Imaginary Frequencies = -287.47
B3LYP/6-31G(d,p) (lanl2dz)(gas) Geometry

C -3.70446 -2.46819 -1.21941

-3.62841 -1.16155 -0.7377
-2.45305 -0.64843 -0.16259
-1.34593 -1.52137 -0.05557
-1.42889 -2.84027 -0.53239
-2.59727 -3.31284 -1.12574
-4.62764 -2.82288 -1.66923
-4.48516 -0.50121 -0.83744
1.43657  2.05191 -2.00398
-0.57527 -3.50411 -0.42093
-2.64505 -4.33255 -1.49743
-2.48058  0.76611  0.32121
-3.44259  1.07034  1.30068
-1.65748  1.81406 -0.16099
-3.59256  2.35997  1.80703
-4.07474  0.26947  1.67488
-1.82034  3.10615  0.36098
-2.77646 338661  1.33226
-4.34154  2.5573 2.56937
-1.17355  3.88543 -0.02552
-2.88193 439732  1.71659
-0.58493  1.6385 -1.21654
0.15409  2.62235 -1.46733
-0.44564  0.49964 -1.80124

oo o@D IO OO0 DT T 00000

Pd 0.50157 -0.67716 -0.31536
O 247137  0.0003  -0.92059
O 240072 1.79837 -2.32215
C 2.96406  0.77007 -1.76798
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4.3759
4.87205
4.33614
4.93811
4.21067
3.97002
4.18993
5.1881
3.27775
1.98637
1.60187
-0.298
1.11265
1.57817
-0.66712
-0.82275

0.52718
-0.21078
0.15289
1.46498
-0.04633
0.16985
0.8859
-0.52318
-0.98863
-0.59932
0.44208
-1.55908
-1.6208
-2.58705
-0.6827
-2.47908

B3LYP/6-31G(d,p)(lanl2dz)(gas) Energy =
B3LYP/6-31G(d,p)( lanl2dz)(gas) Free Energy=

MO06/6-311+G(2d,p)(sdd)/SMD (HFIP) Energy =

B3LYP/6-31G(d,p) (lanl2dz)(gas) Geometry

C

O oo T T @D & T OO0 0 a0

-3.68483

-3.5882
-2.76899
-2.02593
-2.16366
-2.97565
-4.31874
-4.15374
1.65643
-1.62058
-3.05376
-2.88295
-4.16479
-1.87711

-1.67217

-0.53278
-0.48872
-1.63805
-2.7872
-2.81672
-1.66653
0.35549
2.62697
-3.68642
-3.72472
0.75334
0.99648
1.71814

-2.25248
-1.62112
-3.28208
-2.26678
2.6368
3.68109
2.06596
2.55815
2.08603
2.11418
2.61141
1.71036
1.46809
1.28628
2.23664
1.93174

-2.51944

-1.72433
-0.58207
-0.23843
-1.02971
-2.16128
-3.40138
-1.98992
-0.15119
-0.74612
-2.7523
0.25714
0.78621
0.51262
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-4.45869  2.13706  1.52918
-4.9425 0.26068  0.60622
-2.18758  2.86686  1.26062
-3.46329  3.08527  1.76573
-5.46197  2.28152  1.92029
-1.39018  3.57953  1.43551
-3.67731  3.98159  2.34021
-0.44637  1.58485  0.07204

0.39573  2.38828  0.54664
-0.16997  0.63211 -0.74742

oc oo X - E Oa T 0

Pd 1.52689 -0.41766 -0.2397

O 3.13069  0.85867 -1.03971

O 2.51206  2.99499 -0.62873

C 3.30262  2.08814 -1.11556

C 451131  2.64402 -1.82895

H 5.19007  1.83982 -2.11049

H 4.18198  3.17793 -2.72595

H 5.02033  3.36879 -1.18813

C 3.80038 -2.00355 1.70144

H 4.62807 -1.75272  1.04012

H 3.94535 -2.988 2.15009

H 3.68634 -1.25483  2.48823

O 2.62402 -2.03463  0.86341

C 1.38453 -2.25327 1.52171

O 1.317 -2.52378  2.6907

C -1.07006 -1.7062 0.94172

C 0.36703 -1.93012  0.48981

H 0.44329 -2.62363 -0.35544

H -1.13941 -0.81208  1.56583

H -1.35319 -2.54858  1.5907
TS-3
B3LYP/6-31G(d,p)(lanl2dz)(gas) Energy = -1312.968105
B3LYP/6-31G(d,p)( lanl2dz)(gas) Free Energy= -1312.693761
MO06/6-311+G(2d,p)(sdd)/SMD (HFIP) Energy = -1313.778852

Number of Imaginary Frequencies = -572.34
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B3LYP/6-31G(d,p) (lanl2dz)(gas) Geometry
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-3.32649

-3.92892

-4.51245
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-0.39019
-0.22867
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-1.35997
-0.96661
-0.06715

0.22845
3.00071
-1.81493
-1.10884
-0.4712
-1.50089
0.67643
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-2.38596
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-0.26659
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2.85296
3.63912
2.96691
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-3.04005
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1.13858
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-0.84506
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-1.21636
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B3LYP/6-31G(d,p)(lanl2dz)(gas) Energy =
B3LYP/6-31G(d,p)( lanl2dz)(gas) Free Energy=

M06/6-311+G(2d,p)(sdd)/SMD (HFIP) Energy =

B3LYP/6-31G(d,p) (lanl2dz)(gas) Geometry
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1.42935
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3.15708
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2.82189
3.49724
3.67134
1.8708
1.92491
3.08867
4.28416
0.39818
0.74464
-0.95551
-0.22179
1.78716
-1.91914
-1.55877
0.07028
-2.9593
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3.56481
1.96179
2.74494
0.78153
-0.78176
-1.35138
-0.10151
-0.99097
-1.57221
-2.38601
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-6.0604
-5.10942
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-2.85975
-2.52352
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-2.42454
-0.2564
-0.53573
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0.17195
-1.99857
-1.33743

B3LYP/6-31G(d,p)(lanl2dz)(gas) Energy =
B3LYP/6-31G(d,p)( lanl2dz)(gas) Free Energy=
MO06/6-311+G(2d,p)(sdd)/SMD (HFIP) Energy =
B3LYP/6-31G(d,p) (lanl2dz)(gas) Geometry
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2.52274
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-2.92906
-3.41331
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-0.48777
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1.23704
-0.57271
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-0.39425
-1.05538
-2.08575
-0.50308
-1.03311
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-1.67271
-0.46554
0.08096
-0.89018
0.20228
1.25496
-1.19228
-2.01942
-0.01269
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H 3.02963  1.24515  0.86933
H -0.93133 -1.19785 -0.89321
Pd -2.80748 -0.40256  0.12965
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