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1. Supplementary methods

1.1 General information

All chemicals were purchased from Leyan.com (BrCF,COOK, BrCF,COONa),
Energy chemical company (BrCF,COOEt, BrCF,PO(OEt),, CICF,COONa), Adamas
Reagent, Bide Pharmatech Ltd (TMSCF,Br,), and Shang Fluoro Company (CICF,H).
Unless otherwise stated, all experiments were conducted in a sealed tube under N,
atmosphere. Reactions were monitored by TLC or GC-MS analysis. Flash column
chromatography was performed over silica gel (200-300 mesh).

'H-NMR and 3C-NMR spectra were recorded in CDCl; and DMSO-dg on a Bruker
Avance 500 spectrometer (500 MHz 'H, 125 MHz 3C (CPD), 202 MHz 3'P, 470 MHz
19F) at room temperature. Chemical shifts were reported in ppm on the scale relative to
CDCl; (6 = 7.26 for 'H-NMR, 6 = 77.00 for 3C-NMR) as an internal reference. Coupling

constants (J) were reported in Hertz (Hz).

1.2 General process

General process 1: Preparation of allylic amines 1

o o}
™
X
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General process 1A:[11 NaOH (75 mg, 0.5 equiv) was added under stirring to a
solution of Acetophenone (3 mmol, 1 equiv) and Benzaldehyde (3 mmol, 1 equiv) in
ethanol (2 mL). The mixture was stirred for 24 h at room temperature. After, the
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reaction mixture was neutralized with HCI 5% until pH = 7 and extracted with ethyl
acetate (3 x 30 mL). Then, the organic layer was dried, concentrated, and purified by
flash column chromatography (silica gel, petroleum ether: EtOAc =30:1, v/v) to give
the desiredproducts

General process 1Bl: Under argon atmosphere, NaBH, (1.2 equiv.) was amed
to a stirred solution of chalcone (1.0 equiv) in dry THF and methanol at 0 °C. The
reaction mixture was stirred at 0 °C for 1 hour, and the reaction was quenched with
water. Then, water (20 mL) was amed and the mixture was extracted with EtOAc (3 x
30 mL). Then, the organic layer was dried, concentrated, and purified by flash column
chromatography (silica gel, petroleum ether: EtOAc =10:1, v/v) to give the desired
products.

General process 1C!?I: To a solution of the alcohol (1 equiv) and triethylamine (5
equiv) was amed Ethanesulfonyl chlorid (1 equiv) at 0 °C. The reaction was stirred for
1h at room temperature and then, a solution of dimethylamine (2 M in THF, 5 equiv)
was amed to the mixture. The temperature was raised to 50 °C and the reaction mixture
was stirred for 16 h. Then, the organic layer was dried, concentrated, and purified by
flash column chromatography (silica gel, petroleum ether: EtOAc =3:1, v/v) to give the

desired products.

General process 23!: Preparation of 1H-indol-3-yl methaneamines 1

/
—N

EtzN (1.1 eq)

H CH5COOH (1.1 eq)
+ HCHO + N HCI N @
S 1,4-dioxane/H,0 (1:1) N
H

rt, air

‘
&l

A three-necked round bottom flask equipped with a magnetic stirring bar and a
dropping funnel was charged with a mixture of formaldehyde (37 wt% in water, 1.1
equiv), water (15 mL), Et;N (1.1 equiv), dimethylamine hydrochloride (1.1 equiv),
indole (10 mmol, 1.1 equiv) and glacial acetic acid (1.5 equiv) in dioxane (15 mL). The
mixture was stirred for 24 h at room temperature. The mixture was extracted with

EtOAc (3 x 30 mL). Then, the organic layer was dried, concentrated, and purified by



flash column chromatography (silica gel, petroleum ether: EtOAc =1:1, v/v) to give the

desired products.

General process 3: For synthesis of diarylmethyl alkynes 2[4
NaHCO3, N82803 7

Ar8020I
Hzo, 80 OC, 4h Ar/ ONa

Sodium sulfite (20.0 mmol, 2.0 equiv), sodium bicarbonate (20.0 mmol, 2.0
equiv) and the corresponding aryl sulfonyl chloride (10.0 mmol, 1.0 equiv) were
dissolved in distilled water (10.0 mL). The reaction mixture was stirred for 4 h at 80
°C using oil bath. After cooling down to room temperature, water was removed in
vacuo. Ethanol (25 mL) was then added to this white residue and the resulting
heterogeneous solution was filtered. The filtrate was concentrated under reduced
pressure and the desired sodium sulfinates were obtained as white crystalline powders
in 82-96% yields.

General process 4: For synthesis of diarylmethylenes 4 and 5

\N/ Nu

A ’\)\A# + Nu +  BrOR,COOK CH5COOLi (3 equiv) A ’\)\A#
O,
argon, 100°C
MeCN
1a 2 3a 4orb5

In air, amines (0.20 mmol), BrCF,COOK (3.0 eq, 0.6 mmol) CH;COOLi (3.0 eq,
0.6 mmol (Only when Ph,P(O)H is used as a nucleophilic reagent, the base is
required)) and nucleophile (1.0 eq, 0.2 mmol) were amed to a Schlenk tube equipped
with a stir bar. The vessel was evacuated and filled with argon (three cycles). CH;CN
(2 mL) was added by syringe under argon atmosphere. The resulting reaction mixture
was stirred vigorously at 100 °C for 12 h. Upon completion of the reaction, the solvent
was evaporated under reduced pressure and the residue was purified by flash column
chromatography (silica gel, petroleum ether: ethyl acetate =5:1~1:1, v/v) to give the

desired products.

General process S: Gram-scale synthesis of 4a
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In air, propargyl amines 1a or allylic amines 5a (1.0 eq, 5.0 mmol), BrCF,COOK
(3.0eq, 15.0 mmol), CH3;COOLi (3.0 eq, 15.0 mmol) and diphenylphosphine oxide (1.0
eq, 5.0 mmol) were amed to a Schlenk tube equipped with a stir bar. The vessel was
evacuated and filled with argon (three cycles). CH3;CN (15 mL) was added by syringe
under argon atmosphere. The resulting reaction mixture was stirred vigorously at 100
°C for 24 h. Upon completion of the reaction, the solvent was evaporated under reduced
pressure and the residue was purified by flash column chromatography (silica gel,

petroleum ether: ethyl acetate = 3:1, v/v) to give the desired products.

General process 6: For synthesis of NV, N-dimethyl-4-phenylbut-3-yn-2-amine

Cul
" OH . ' Pd(PPh3),Cl,
—_—_—m
/\ i-PrNH, rt
OH EtN (5 eq)
= EtSO,CI (1 eq) dimethylamine (5 eq)
(8) THF, 0°C, 1h 50°C, 16 h

General process 6A: To an oven-dried round bottom flask was added the
corresponding aryl iodine (1.2 equiv), Pd(PPhs),Cl, (0.04 equiv) and copper(I) iodine
(0.08 equiv). The flask was connected to an argon-vacuum line, evacuated and
backfilled with argon (Three times). Diisopropylamine (2.8 mL/mmol alcohol) was
added and the reaction mixture was stirred at 0 °C for 5 min. 3-Butyn-2-ol (1 equiv)
was added dropwise at 0 °C and the reaction mixture was stirred for 16 h at room
temperature. Silica gel was added to the mixture and the solvent was removed under
reduced pressure. The crude product was purified by flash column chromatography
using the appropriate mixture of solvents.

General process 6B: Solution of phenylacetylene (10 mmol, 1.1 equiv) in
anhydrous THF (10 mL) was cooled to —78 °C, 2.5 M solution of z-butyllithium in
THF (4.8 mL, 12 mmol; 1.2 equiv) was amed dropwise, and solution was stirred with
cooling under an argon atmosphere for 1 h. Then, solution of corresponding aldehyde
(10 mmol, 1.0 equiv) in anhydrous THF (5 mL) was amed dropwise and solution was

warmed to room temperature for 1 h. Then, water (20 mL) was amed and the mixture



was extracted with EtOAc (3 x 30 mL). Then, the organic layer was dried, concentrated,
and purified by flash column chromatography (silica gel, petroleum ether: EtOAc

=10:1, v/v) to give the desired products.

General process 7: For synthesis of (S)-(4-phenylbut-3-yn-2-yl)(p-tolyl)sulfane

o o
N s
FZ + /©/ + BrCF,COOEt ___ KPOs =
HS toluene : MeCN = 1:1
19 1"

argon,90°C

o
X 3d 12, 56/: ,
e.e. =95% ee. =51%

In air, amines (0.20 mmol), BrCF,COOEt (3.0 eq, 0.6 mmol), K;PO,4 (3.0 eq, 0.6
mmol and p-Toluenethiol (1.5 eq, 0.3 mmol) were amed to a Schlenk tube equipped
with a stir bar. The vessel was evacuated and filled with argon (three cycles). CH;CN
(2 mL) was added by syringe under argon atmosphere. The resulting reaction mixture
was stirred vigorously at 90 °C for 12 h. Upon completion of the reaction, the solvent
was evaporated under reduced pressure and the residue was purified by flash column
chromatography (silica gel, petroleum ether: Dichloromethane =100:1, v/v) to give the

desired products.



2. Supplementary discussion

2.1 Optimization studies

1.1.1 The condition screening for the diarylmethyl alkynes synthesis

Supplementary Table 1. The effects of base

Base

O S O : Ph*E_Ph " BreracooK argon, 90°C
MeCN
1a 2a 3a
Entries Base Yield
(%0)*
1 Li,CO; 51
2 Na,COs 42
3 K,CO; 35
4 Rb,CO; 37
5 CS,CO3 27
6 K;5POy4 30
7 Na,HPO, 41
8 K;3POy 30
9 NazPO, 34
10 LiOH 40
11 LiF 42
12 KHF, 39
13 KF 58
14 CSF 45
15 HCOOLi 53
16 HCOONa 42
17 CH;COOLi 61
18 CH3;COONa 51
19 CH3COOCs 19
20 CH;0Li1 Trace
21 KO"Bu Trace
22 K,S Trace
23 NaOTf Trace
24 | NaBO; * 4H,0 | Trace
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Reaction condition: 1a (1.0 equiv., 0.2 mmol), 2a (1.5 equiv., 0.2 mmol), BrCF,COOK
(3.0 eq, 0.6 mmol) base (3 equiv.), CH;CN (2 mL) at 90 °C for 12 h under argon; ¢

isolated yields.

Supplementary Table 2. The effects of leaving group

Q
Ph—p—
H

ph * BICF,COOK

CH,COo0L

argon, 90°C

MeCN

SN SN NS L) O
b b b N N
b b
1a 1b 1c 1d 1e
Entries 1 Yield (%)“

1 1a 61

2 1b 59

3 1c 47

4 1d 29

5 le 31

6 1f 38

Reaction condition: 1 (1.0 equiv., 0.2 mmol), 2a (1.5 equiv., 0.3 mmol), BrCF,COOK
(3.0 eq, 0.6 mmol) CH3COOLi (3 equiv.0.6mmol), CH3;CN (2 mL) at 90 °C for 12 h
under argon; ¢ isolated yields.

Supplementary Table 3. The effects of solvent

\\N/ R S BrCF,COOK Base T \g/Ph
oo mee (0
1a 2a 3a 4a
Entries solvent Yield (%)“

1 CH;CN 61

2 Toluene NR

3 DME Trace

4 1,4-dioxane Trace

5 DMF ND

6 DMSO ND

7 CH;CN/ Toluene 43%

(1:1)




Reaction condition: 1a (1.0 equiv., 0.2 mmol), 2a (1.5 equiv., 0.3 mmol), BrCF,COOK
(3.0 eq, 0.6 mmol) CH3COOLi (3 equiv.0.6mmol), solvent (2 mL) at 90 °C for 12 h
under argon; ¢ isolated yields.

Supplementary Table 4. The effects of halodifluorinated reagents

SN Ph \9/ Ph
“~ . o R CH,COOLi B
O O Ph—P—Ph L2 — X
H argon, 90°C
wee O T
1a 2a 3a 4a

Br Br Br Br
FF)\COOEt FF)\ PO(OEY), FF)\ ™S F;“)\COOK
2a 2b 2c

2d

Br cl P*Ph,

e’ Scoona F,;')\COONa Fe? >coor
2 2f 2g
Entries Base Yield (%)“
1 2a 32
2 2b 47
3 2¢ ND
4 2d 61
5 2e 45
6 2f 53
7 2¢g ND

Reaction condition: la (1.0 equiv., 0.2 mmol), 2a (1.5 equiv., 0.3 mmol),
halodifluorinated reagents (3.0 eq, 0.6 mmol) CH;COOLi (3 equiv.0.6mmol), MeCN
(2 mL) at 90 °C for 12 h under argon; ¢ isolated yields. ND = not detected.
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Supplementary Table 5. The effects of temperature, equivalent of BrCF,COOK and

CH;COOL:.
o 0 CH,COOLi Ph\ﬁ/ i
O X O + Ph—P~Ph + BrCF,COOK m» O \ O
1a 2a 3a 4a
Entries | CH;COOLIi T°C BrCF,COOK Yield (%)
1 3eq 80 3eq 55
2 3eq 90 3eq 61
3 3eq 100 3eq 86
4 3eq 110 3eq 71
5 2eq 100 3eq 77
6 leq 100 3eq 64
7 Oeq 100 3eq 46
8 3eq 100 2eq 75
9 3eq 100 leq 57

Reaction condition: 1a (1.0 equiv., 0.2 mmol), 2a (1.5 equiv., 0.3 mmol), BrCF,COOK
(1-3 equiv.) CH3;COOQOLi (0-3 equiv.), CH;CN (2 mL) at 80 ~ 110 °C for 12 h under

argon; “isolated yields.
Experiments with leaving group monitoring

)

e}
Ph_I_Ph
B

o i CHO
CH3;COOL N
A + ph—B-ppn * BICF,COOK — —=re==el o . . ﬁN
H argon, MeCN O O 0.
100°C
1f 2a 3a 4a

50, detected by GC-MS
and HRMS: [M+H]*
Calcd: 114.0913
Found: 114.0912

In air, 1f (0.2 mmol), BrCF,COOK (3.0 eq, 0.6 mmol) CH3;COOLi (3.0 eq, 0.6
mmol and 2a (1.5 eq, 0.3 mmol) were amed to a Schlenk tube equipped with a stir bar.
The vessel was evacuated and filled with argon (three cycles). CH;CN (2 mL) was
added by syringe under argon atmosphere. The resulting reaction mixture was stirred
vigorously at 100 °C for 12 h. Upon completion of the reaction, the solvent was
evaporated under reduced pressure and the residue was purified by flash column
chromatography (silica gel, petroleum ether: ethyl acetate =1:1, v/v) to give the desired

products.
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x10 2 |*ESI Scan (it 0.790 min) Frag=120.0V 13.d

9.5

8 114.0912
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Counts vs. Mass-to-Charge (m/z)
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2.2 Crystal data

Crystallographic data for compound 4m (CCDC-2305694) has been deposited with
the Cambridge Crystallographic Data Centre, Copies of the data can be obtained, free

of charge, on application to CCDC (Email: deposit@ccdc.cam.ac.uk).

Bond precision:

0.0019 aA

c-C = Wavelength=1.54178

Cell: a=18.1661(7) b=5.6830(2) c=17.2863(7)
alpha=90 beta=97.593(1) gamma=90
Temperature: 100 K
Calculated Reported
Volume 1768.95(12) 1768.95(12)
Space group P 21/c P12l/c1
Hall group -P 2ybc -P 2ybc

Moiety formula
Sum formula

C22 H20 02 s
C22 H20 02 s

C22 H20 02 S
C22 H20 02 s

Mr 348.44 348.44
Dx,g cm-3 1.308 1.308

Z 4 4

Mu (mm-1) 1.712 1.711

FOOO0 736.0 736.0

Fooo’ 739.25

h,k, lmax 21,6,20 21,6,20
Nref 3221 3191

Tmin, Tmax 0.512,0.531 0.562,0.753
Tmin'’ 0.464

Correction method= # Reported T Limits:
MULTI-SCAN

AbsCorr =

Data completeness= 0.991

R(reflections)= 0.0357( 3132)

5 =1.078

Tmin=0.562 Tmax=0.753

Theta (max)= 68.191
wR2 (reflections)=

0.0900( 3191)
Npar= 227
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2.3 Characterization data for products

(E)-N,N-dimethyl-1,3-diphenylprop-2-en-1-amine(1a)

Following the general procedure 1 on 20 mmol scale, yellow oil, yield: 59% (2.8g), R¢= 0.3 (silica gel,
PE: EA =5:1, v/v), column chromatography (silica gel, PE: EA = 20:1, v/v).

'H NMR (500 MHz, Chloroform-d) & 7.48 — 7.44 (m, 2H), 7.44 — 7.36 (m, 4H), 7.36 — 7.29 (m, 3H),
7.29 —7.22 (m, 1H), 6.62 (d, J = 15.8 Hz, 1H), 6.44 (dd, ] = 15.8, 8.8 Hz, 1H), 3.76 (d, J = 8.7 Hz, 1H),
2.31 (s, 6H).

(E)-1,3-bis(4-fluorophenyl)-N,N-dimethylprop-2-en-1-amine(1b)

-

\N/
F F

1b, 63%

L

Following the general procedure 1 on 10 mmol scale, yellow oil, yield: 63% (1.7 g), R¢= 0.3 (silica
gel, PE: EA =5:1, v/v), column chromatography (silica gel, PE: EA =20:1, v/v).

'H NMR (500 MHz, Chloroform-d) & 7.34 (ddd, J = 18.1, 8.7, 5.5 Hz, 4H), 7.01 (dt, J = 24.0, 8.7 Hz,
4H), 6.51 (d, J=15.8 Hz, 1H), 6.24 (dd, J = 15.8, 8.7 Hz, 1H), 3.69 (d, J = 8.7 Hz, 1H), 2.26 (s, 6H).
(E)-1,3-bis(4-chlorophenyl)-N,N-dimethylprop-2-en-1-amine(1c)

-

\N/
Cl Cl

1c, 53%

L

Following the general procedure 1 on 10 mmol scale, yellow oil, yield: 53% (1.6 g), R¢= 0.3 (silica
gel, PE: EA =5:1, v/v), column chromatography (silica gel, PE: EA =20:1, v/v).

'H NMR (500 MHz, Chloroform-d) & 7.39 — 7.32 (m, 4H), 7.32 — 7.25 (m, 4H), 6.54 (d, J = 15.8 Hz,
1H), 6.31 (dd, J = 15.8, 8.7 Hz, 1H), 3.72 (d, ] = 8.7 Hz, 1H), 2.26 (s, 6H).

(E)-1,3-bis(4-bromophenyl)-N,N-dimethylprop-2-en-1-amine(1d)

14



\N/
Br Br

1d, 66%

Following the general procedure 1 on 10 mmol scale, yellow oil, yield: 66% (2.6 g), Ry = 0.3 (silica
gel, PE: EA = 5:1, v/v), column chromatography (silica gel, PE: EA = 20:1, v/v).

H NMR (500 MHz, Chloroform-d) 8 7.52 — 7.45 (m, 2H), 7.45 — 7.38 (m, 2H), 7.34 — 7.26 (m, 2H),
7.26 —7.18 (m, 2H), 6.52 (d, J = 15.8 Hz, 1H), 6.31 (dd, J = 15.8, 8.7 Hz, 1H), 3.70 (d, J = 8.7 Hz, 1H),
2.25 (s, 6H).

(E)-1,3-bis(4-iodophenyl)-N,N-dimethylprop-2-en-1-amine(1e)

-

\N/
| |

1e, 68%

J

Following the general procedure 1 on 10 mmol scale, yellow oil, yield: 68% (3.3 g), Ry = 0.3 (silica
gel, PE: EA = 5:1, v/v), column chromatography (silica gel, PE: EA = 20:1, v/v).

IH NMR (500 MHz, Chloroform-d) & 7.69 (d, J = 8.3 Hz, 2H), 7.62 (d, J = 8.5 Hz, 2H), 7.17 (d, I = 8.4
Hz, 2H), 7.10 (d, J = 8.5 Hz, 2H), 6.49 (d, J = 15.8 Hz, 1H), 6.31 (dd, J = 15.8, 8.7 Hz, 1H), 3.67 (d, ] =
8.7 Hz, 1H), 2.24 (s, 6H).

(E)-3-(4-ethylphenyl)-N,N-dimethyl-1-phenylprop-2-en-1-amine(1f)

~

\N/

DA

1f, 72%

L

Following the general procedure 1 on 10 mmol scale, yellow oil, yield: 72% (1.9 g), Ry = 0.3 (silica
gel, PE: EA = 5:1, v/v), column chromatography (silica gel, PE: EA =20:1, v/v).

'H NMR (500 MHz, Chloroform-d) & 7.48 — 7.44 (m, 1H), 7.44 — 7.39 (m, 1H), 7.39 — 7.31 (m, 4H),
7.31 —7.26 (m, 1H), 7.24 (dd, J=7.8, 3.1 Hz, 1H), 7.20 — 7.17 (m, 1H), 6.61 (dd, J = 15.8, 4.4 Hz, 1H),
6.42 (ddd, J = 25.6, 15.8, 8.7 Hz, 1H), 3.75 (dd, J = 8.8, 6.5 Hz, 1H), 2.68 (dq, J = 12.6, 7.6 Hz, 2H),
2.31(d,J=0.8 Hz, 6H), 1.28 (dt, J = 11.3, 7.6 Hz, 3H).

(E)-3-(4-fluorophenyl)-N,N-dimethyl-1-(p-tolyl)prop-2-en-1-amine(1g)

15



SN
F

19, 65%

Following the general procedure 1 on 10 mmol scale, yellow oil, yield: 65% (1.7 g), Ry = 0.3 (silica
gel, PE: EA = 5:1, v/v), column chromatography (silica gel, PE: EA = 20:1, v/v).

IH NMR (500 MHz, Chloroform-d) 6 7.45 —7.37 (m, 2H), 7.36 — 7.30 (m, 2H), 7.17 (d, J = 7.9 Hz, 2H),
7.11 - 6.99 (m, 2H), 6.58 (d, J = 15.7 Hz, 1H), 6.33 (dd, J = 15.7, 8.8 Hz, 1H), 3.75 (d, J = 8.8 Hz, 1H),
2.39 (d, J = 8.3 Hz, 3H), 2.30 (d, J = 5.6 Hz, 6H).
(2E,4E)-N,N-dimethyl-1,5-diphenylpenta-2,4-dien-1-amine(1h)

1h, 53%

J

Following the general procedure 1 on 10 mmol scale, yellow oil, yield: 53% (1.4 g), Ry = 0.3 (silica
gel, PE: EA = 5:1, v/v), column chromatography (silica gel, PE: EA = 20:1, v/v).

H NMR (500 MHz, Chloroform-d) & 7.42 — 7.34 (m, 6H), 7.35 — 7.30 (m, 2H), 7.30 — 7.26 (m, 1H),
7.26 —7.21 (m, 1H), 6.79 (ddd, J = 15.7, 10.5, 0.8 Hz, 1H), 6.54 (d, J = 15.7 Hz, 1H), 6.40 (dd, J = 15.1,
10.5 Hz, 1H), 6.01 (dd, J=15.1, 8.9 Hz, 1H), 3.66 (d, ] = 8.8 Hz, 1H), 2.27 (s, 6H).

N,N-dimethyl-4-phenylbut-3-yn-2-amine (1g)

\N/
Q/\

19, 87%

J

Following the general procedure 7 on 0.2 mmol scale, yellow oil, yield: 87% (1.5 g), Ry = 0.3 (silica
gel, PE: EA = 5:1, v/v), column chromatography (silica gel, PE: EA = 10:1, v/v).

HPLC analysis: The enantiomeric purity was determined by HPLC analysis (Daicel Chiralcel OD-H,
hexane/2-propanol = 90:10, 0.5 mL/min, A = 254 nm, TR (major) = 7.4 min and Tr(minor) = 7.9 min.
IH NMR (500 MHz, Chloroform-d) 6 7.45 — 7.41 (m, 2H), 7.29 (dt, J = 4.6, 2.8 Hz, 3H), 3.70 (q, J =7.0
Hz, 1H), 2.33 (s, 6H), 1.41 (d, J = 7.1 Hz, 3H).

sodium 4-isopropylbenzenesulfinate(5a)

16



L

Y©/302Na

5a, 93%

Following the general procedure 3 on 10 mmol scale, white solid, yield: 93% (1.9 g).
IH NMR (500 MHz, DMSO-d6) & 7.46 (d, ] = 8.1 Hz, 2H), 7.20 (d, J = 8.1 Hz, 2H), 2.88 (hept, ] = 6.9

Hz, 1H), 1.19 (d, ] = 6.9 Hz, 6H).

sodium cyclopropanesulfinate(Sb)

-

[>—s0,Na

5b, 95%

Following the general procedure 3 on 10 mmol scale, white solid, yield: 95% (1.2 g).
'H NMR (500 MHz, DMSO-d6) 6 1.58 (tt, J = 8.1, 5.0 Hz, 1H), 0.48 (dt, J = 5.6, 2.8 Hz, 2H), 0.37 —

0.19 (m, 2H).

sodium naphthalene-2-sulfinate(5c)

L

5c, 89%

J

Following the general procedure 3 on 10 mmol scale, white solid, yield: 89% (1.9 g).
IH NMR (500 MHz, DMSO-d6) 6 7.99 — 7.82 (m, 4H), 7.70 (d, J = 1.5 Hz, 1H), 7.56 — 7.42 (m, 2H).

sodium thiophene-2-sulfinate(5d)

-

s
USOZNa

5d, 82%

J

Following the general procedure 3 on 10 mmol scale, white solid, yield: 82% (1.4 g).
H NMR (500 MHz, DMSO-d6) 6 7.39 (dd, J=4.7, 1.5 Hz, 1H), 7.03 — 6.81 (m, 2H).
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(E)-(1,3-diphenylallyl)diphenylphosphine oxide (4a)

s a

O
Ph.I_Ph
P

4a, 86%

Following the general procedure 4 on 0.2 mmol scale, White solid (mp: 203-205 °C), yield: 86% (67.8
mg), Ry = 0.4 (silica gel, PE: EA = 1:1, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

IH NMR (500 MHz, Chloroform-d) 8 7.92 — 7.83 (m, 2H), 7.67 — 7.56 (m, 2H), 7.48 (ddd, J = 14.3, 7.3,
2.2 Hz, 3H), 7.42 — 7.34 (m, 3H), 7.30 (td, J = 7.6, 3.1 Hz, 2H), 7.25 — 7.20 (m, 6H), 7.20 — 7.13 (m,
2H), 6.61 (ddd, J =16.0, 9.2, 7.1 Hz, 1H), 6.34 (dd, ] = 15.7, 3.9 Hz, 1H), 4.40 (t, ] = 9.4 Hz, 1H).

13C NMR (126 MHz, Chloroform-d) & 136.7 (d, J = 2.4 Hz), 1359 (d, J = 5.9 Hz), 1344 (d,J=11.4
Hz), 132.0 (d, J =37.4 Hz), 131.8 (d, ] =2.8 Hz), 131.7 (d, ] = 8.4 Hz), 131.6 (d, J = 2.9 Hz), 131.3 (d,
J=8.7Hz), 131.1, 129.5 (d, ] = 5.8 Hz), 128.6 (d, J = 1.7 Hz), 128.5, 128.4 (d, ] = 1.7 Hz), 128.2 (d, J
=11.4 Hz), 127.6, 127.2 (d, ] = 2.7 Hz), 126.4 (d, ] = 1.4 Hz), 124.6 (d, ] = 7.2 Hz), 52.4 (d, ] = 65.0
Hz).

3P NMR (202 MHz, CDCI3) 8 31.52.

HRMS (ESI) m/z: [M+H]* Calcd. for C,7H,,OP* 395.1559.; Found: 395.1562

(E)-(1,3-diphenylallyl)di-p-tolylphosphine oxide (4b)

Following the general procedure 4 on 0.2 mmol scale, White solid (mp: 210-211 °C), yield: 68% (57.4
mg), Ry = 0.4 (silica gel, PE: EA = 1:1, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

H NMR (500 MHz, Chloroform-d) 6 7.76 — 7.66 (m, 2H), 7.44 (dd, J = 10.9, 8.1 Hz, 2H), 7.37 — 7.31
(m, 2H), 7.29 — 7.20 (m, 8H), 7.20 — 7.14 (m, 2H), 7.10 (dd, J = 8.0, 2.8 Hz, 2H), 6.59 (ddd, J = 16.0,
9.1,7.1 Hz, 1H), 6.33 (ddd, J=15.8, 3.8, 0.9 Hz, 1H), 4.34 (t, ] = 9.6 Hz, 1H), 2.38 (s, 3H), 2.30 (s, 3H).

13C NMR (126 MHz, Chloroform-d) § 136.9 (d, J = 2.5 Hz), 136.2 (d, J = 5.9 Hz), 1342 (d,J=11.3
Hz), 131.7 (d, J=8.7 Hz), 131.4 (d, ) = 9.1 Hz), 129.5 (d, J = 5.8 Hz), 129.2 (d, J = 11.8 Hz), 128.9 (d,
J=12.1Hz), 128.7, 128.5 (d, J = 1.8 Hz), 128.4, 128.3, 128.0, 127.5, 127.0 (d, J = 2.3 Hz), 126.4 (d, ] =
1.5 Hz), 125.0 (d, J=7.1 Hz), 52.5 (d, ] = 65.3 Hz), 21.6 (d, ] = 8.6 Hz).

3P NMR (202 MHz, Chloroform-d) § 31.85.

HRMS (ESI) m/z: [M+Na]* Calcd. for CyoHsOP*445.1692.; Found: 445.1686.
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(E)-bis(3,5-dimethylphenyl)(1,3-diphenylallyl)phosphine oxide (4¢)
Qg
\F\,
o0

4c, 71%

L

Following the general procedure 4 on 0.2 mmol scale, White solid (mp: 210-212 °C), yield: 71% (63.9
mg), Ry = 0.4 (silica gel, PE: EA = 1:1, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

!H NMR 1H NMR (500 MHz, Chloroform-d) 8 7.47 (dt, J = 11.2, 2.2 Hz, 2H), 7.44 — 7.35 (m, 2H),
7.30 — 7.23 (m, 6H), 7.20 (dp, J = 6.0, 4.1, 2.9 Hz, 4H), 7.14 (s, 1H), 7.03 (s, 1H), 6.61 (dddt, J = 13.1,
8.8,6.9,2.0 Hz, 1H), 6.34 (dt, ] = 15.8, 3.4 Hz, 1H), 4.38 (td, J = 9.6, 4.5 Hz, 1H), 2.34 (s, 6H), 2.22 (s,
6H).

13C NMR (126 MHz, Chloroform-d) & 138.0 (d, J = 12.2 Hz), 137.7 (d, J = 12.1 Hz), 136.9 (d, J = 2.6
Hz), 136.3 (d, J=5.9 Hz), 134.3 (d, )= 11.2 Hz), 133.5 (d, J = 2.8 Hz), 133.2 (d, J = 3.0 Hz), 131.7 (d,
J=32.6 Hz), 131.0 (d, ] = 32.7 Hz), 129.6 (d, J = 5.7 Hz), 129.4 (d, J = 8.4 Hz), 129.0 (d, J = 8.7 Hz),
128.5 (d, J = 1.9 Hz), 128.4, 127.5, 127.0 (d, J = 2.3 Hz), 126.4 (d, J = 1.4 Hz), 125.0 (d, J = 7.2 Hz),
52.3(d, J=64.4Hz),21.3 (d, ] = 14.6 Hz).

3P NMR (202 MHz, Chloroform-d) & 32.23.

HRMS (ESI) m/z: [M+H]* Calcd. for C5;H3,0P* 451.2185.; Found: 451.2182.

(E)-(1,3-diphenylallyl)bis(3-methoxyphenyl)phosphine oxide (4d)

MeO

Following the general procedure 4 on 0.2 mmol scale, White solid (mp: 164-165 °C), yield: 62% (56.3
mg), Re= 0.3 (silica gel, PE: EA = 1:1, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

H NMR (500 MHz, Chloroform-d) & 7.85 — 7.73 (m, 1H), 7.50 — 7.42 (m, 1H), 7.41 — 7.33 (m, 3H),
7.31-7.22 (m, 6H), 7.18 (ddd, J = 15.0, 7.7, 3.7 Hz, 5H), 7.04 (ddd, ] = 11.8, 8.3, 5.2 Hz, 2H), 6.78 (dt,
J=15.38, 8.9 Hz, 1H), 6.50 (dd, J = 15.9, 3.1 Hz, 1H), 4.53 (t, ] = 8.6 Hz, 1H), 2.37 (s, 3H), 2.19 (s, 3H).
13C NMR (126 MHz, Chloroform-d) 8 143.1 (d, J=7.2 Hz), 142.6 (d, J = 7.6 Hz), 137.0 (d, ] = 5.5 Hz),
136.9, 134.22 (d, J=11.5 Hz), 132.1 (d, J = 10.3 Hz), 131.9, 131.8, 131.7 - 131.5 (m), 131.3 (d, ] =2.5
Hz), 130.8 (d, ] =48.4 Hz), 129.6 (d, ] = 5.5 Hz), 128.5, 127.6, 127.0 (d, ] = 2.0 Hz), 126.4, 125.7 (d,J
=6.4 Hz), 125.2 (dd, ] =26.3, 11.9 Hz), 50.7 (d, J = 66.0 Hz), 21.2 (dd, J = 38.1, 3.7 Hz).

3P NMR (202 MHz, Chloroform-d) § 35.16.

HRMS (ESI) m/z: [M+H]* Calcd. for Co9H,303P* 455.1771.; Found: 455.1769.
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(E)-(1,3-diphenylallyl)bis(4-fluorophenyl)phosphine oxide (4e)

Following the general procedure 4 on 0.2 mmol scale, White solid (mp: 195-197 °C), yield: 59% (50.8
mg), Re= 0.3 (silica gel, PE: EA = 1:1, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

IH NMR (500 MHz, Chloroform-d) 6 7.91 — 7.77 (m, 2H), 7.64 — 7.49 (m, 2H), 7.34 (dt, J = 8.0, 1.7 Hz,
2H), 7.31 = 7.15 (m, 10H), 7.03 (tt, J = 8.7, 2.2 Hz, 2H), 6.59 (ddd, J = 16.2, 9.2, 7.2 Hz, 1H), 6.36 (dd,
J=15.8,3.9 Hz, 1H), 4.32 (t, ] = 9.4 Hz, 1H).

13C NMR (126 MHz, Chloroform-d)  166.0 (d, J= 3.4 Hz), 165.8 (d, J = 3.4 Hz), 164.0 (d, ] = 3.3 Hz),
163.8 (d, J =3.2 Hz), 135.5 (d, ] = 6.0 Hz), 134.7 (d, ] = 11.6 Hz), 134.1 (t, ] = 9.3 Hz), 133.9 — 133.6
(m), 129.4 (d, J = 5.7 Hz), 128.7 (d, J = 1.8 Hz), 128.5, 127.9, 127.6 (d, ] = 3.4 Hz), 127.4 (d,J =2.3
Hz), 127.1, 126.8 (d, ] = 3.3 Hz), 126.4, 124.0 (d, J = 7.3 Hz), 115.9 (ddd, J = 37.0, 21.3, 12.6 Hz), 52.6
(d, J=66.3 Hz).

3P NMR (202 MHz, Chloroform-d) & 30.42.

1'F NMR (471 MHz, Chloroform-d) & -106.48, -106.72.

HRMS (ESI) m/z: [M+H]* Calcd. for C,7H,,F,OP* 431.1371.; Found: 431.1374.

(E)-bis(3-chlorophenyl)(1,3-diphenylallyl)phosphine oxide (4f)

~

Cl

Qg L1,

P

oA

4f, 66%

L

Following the general procedure 4 on 0.2 mmol scale, White solid (mp: 233-235 °C), yield: 66% (61.0
mg), Re= 0.3 (silica gel, PE: EA = 1:1, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

IH NMR (500 MHz, Chloroform-d) & 7.76 (dd, J = 10.4, 8.1 Hz, 2H), 7.51 — 7.42 (m, 4H), 7.36 — 7.27
(m, 4H), 7.26 — 7.13 (m, 8H), 6.56 (ddd, J=16.2,9.2, 7.3 Hz, 1H), 6.37 (dd, J = 15.7, 3.8 Hz, 1H), 4.33
(t,J=9.3 Hz, 1H).

13C NMR (126 MHz, Chloroform-d) 8 138.7 (d, J = 3.4 Hz), 138.4 (d, J = 3.4 Hz), 136.4 (d, ] = 2.6 Hz),
1353 (d, J=6.1 Hz), 1349 (d, ] = 11.5 Hz), 133.4 (d, ] = 10.5 Hz), 133.0 (d, J = 9.2 Hz), 132.6 (d, ] =
9.5 Hz), 129.6 (d, ] = 3.6 Hz), 129.4 (d, ] = 5.9 Hz), 129.0 (d, J = 12.0 Hz), 128.8 (d, J = 1.8 Hz), 128.7
(d, J=12.2 Hz), 128.6, 127.91, 127.5 (d, ] = 2.4 Hz), 126.4 (d, ] = 1.5 Hz), 123.8 (d, ] = 7.3 Hz), 52.3
(d, J=66.2 Hz).

3P NMR (202 MHz, Chloroform-d) & 30.41.

HRMS (ESI) m/z: [M+H]* Caled. for C,,H,,Cl,OP* 463.0780.; Found: 463.0783.
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(E)-bis(2-bromophenyl)(1,3-diphenylallyl)phosphine oxide (4g)

Br
TG LT
P
Br
AR

4g, 63%

L J

Following the general procedure 4 on 0.2 mmol scale, White solid (mp: 241-243 °C), yield: 63% (69.3
mg), Re= 0.3 (silica gel, PE: EA = 1:1, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

H NMR (500 MHz, Chloroform-d) & 8.29 (ddd, J =11.6, 7.7, 1.7 Hz, 1H), 7.91 — 7.81 (m, 1H), 7.60 —
7.49 (m, 3H), 7.46 — 7.37 (m, 2H), 7.34 — 7.28 (m, 3H), 7.28 — 7.22 (m, 2H), 7.22 — 7.09 (m, 6H), 6.82
(dt, J=16.0,9.2 Hz, 1H), 6.67 (dd, J = 15.9, 3.0 Hz, 1H), 5.17 (t,J = 8.6 Hz, 1H).

13C NMR (126 MHz, Chloroform-d) & 137.0 (d, J = 7.0 Hz), 136.8 (d, J = 5.7 Hz), 136.7, 136.3 (d, ] =
8.2 Hz), 134.7 — 134.3 (m), 133.6 (d, J = 7.8 Hz), 133.1 (dd, J = 30.9, 2.2 Hz), 132.1 (d, J = 43.7 Hz),
129.2 (d, J = 6.1 Hz), 128.7, 128.5, 127.8, 127.3 (d, J = 2.1 Hz), 126.8 (d, ] = 10.6 Hz), 126.6, 126.5,
125.2 (d,J=4.1 Hz), 123.8 (d, J = 5.6 Hz), 48.0 (d, J = 71.0 Hz).

3P NMR (202 MHz, Chloroform-d) § 31.21.

HRMS (ESI) m/z: [M+H]* Calcd. for C,;H,,Br,OP* 550.9770.; Found: 550.9774.

(E)-(1,3-diphenylallyl)di(naphthalen-2-yl)phosphine oxide (4h)

s a

g
SRR

4h, 83%

L J

Following the general procedure 4 on 0.2 mmol scale, White solid (mp: 213-214 °C), yield: 83% (82.0
mg), Re= 0.3 (silica gel, PE: EA = 1:1, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

H NMR (500 MHz, Chloroform-d) & 8.52 (dd, J = 12.8, 1.4 Hz, 1H), 8.21 (dd, J = 13.2, 1.5 Hz, 1H),
7.97 —7.83 (m, 4H), 7.82 — 7.74 (m, 3H), 7.63 (td, J = 8.7, 1.6 Hz, 1H), 7.58 (ddd, J = 8.3, 6.8, 1.4 Hz,
1H), 7.53 (td, J = 8.0, 1.4 Hz, 2H), 7.48 (ddd, J = 8.1, 6.8, 1.3 Hz, 1H), 7.43 (dt, J = 8.0, 1.6 Hz, 2H),
7.25-7.12 (m, 8H), 6.68 (ddd, ] =16.0, 9.1, 7.2 Hz, 1H), 6.41 (dd, J = 15.8, 3.8 Hz, 1H), 4.61 (t, J=9.5
Hz, 1H).

13C NMR (126 MHz, Chloroform-d) 8 136.6 (d, J = 2.3 Hz), 135.9 (d, J = 5.9 Hz), 134.7, 134.6, 134.5
(d, J=2.2 Hz), 134.2 (d,J = 7.3 Hz), 133.7 (d, ] = 7.8 Hz), 132.64, 132.55, 132.4, 132.3, 129.6 (d, ] =
5.7 Hz), 129.4, 129.0 (d, J = 13.6 Hz), 128.7 (d, J = 1.6 Hz), 128.6, 128.4, 128.2, 128.1, 128.1, 128.0,
127.9,127.8, 127.7, 127.6, 127.3 (d, ] = 2.2 Hz), 126.9, 126.8, 126.4, 126.1 (d, J = 9.8 Hz), 124.6 (d, J
=7.2 Hz), 52.3 (d, ] = 65.3 Hz).

3P NMR (202 MHz, Chloroform-d) & 31.68.

HRMS (ESI) m/z: [M+H]* Calcd. for C3sH,sOP* 495.1872.; Found: 495.1869.
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(E)-(1,3-diphenylallyl)di(naphthalen-1-yl)phosphine oxide (4i)

Following the general procedure 4 on 0.2 mmol scale, White solid (mp: 235-237°C), yield: 76% (75.1
mg), Re= 0.3 (silica gel, PE: EA = 1:1, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

'H NMR (500 MHz, Chloroform-d) & 8.80 (d, J = 8.5 Hz, 1H), 8.62 (d, J = 8.6 Hz, 1H), 8.16 (dd, ] =
14.3, 7.1 Hz, 1H), 7.97 (d, J = 8.3 Hz, 1H), 7.91 — 7.84 (m, 2H), 7.83 — 7.71 (m, 2H), 7.49 (td, ] = 7.7,
2.6 Hz, 1H), 7.44 — 7.28 (m, 7H), 7.24 — 7.04 (m, 8H), 6.81 (dt, J = 15.6, 8.8 Hz, 1H), 6.41 (dd, J = 15.9,
3.3 Hz, 1H), 4.82 (t,J = 9.0 Hz, 1H).

13C NMR (126 MHz, Chloroform-d) 8 136.9 (d, J = 5.6 Hz), 136.8 (d, J = 1.8 Hz), 134.3, 134.23, 134.17,
134.0 (d,J=3.3 Hz), 133.9 (d, J = 2.0 Hz), 133.6 (d, J=9.1 Hz), 133.0 (d, J = 3.0 Hz), 132.8 (d, J = 3.0
Hz), 132.1 (d, J=2.8 Hz), 132.0 (d, ] = 2.8 Hz), 129.9 (d, J = 28.6 Hz), 129.6 (d, J = 5.9 Hz), 129.1 (d,
J=29.0 Hz), 128.8, 128.6, 128.5 (d, J = 1.7 Hz), 128.3, 127.6, 127.2, 127.1 (d, J = 4.6 Hz), 127.0, 126.6
(d,J=4.4Hz), 126.4, 126.2 (d, J =22.5 Hz), 125.8 (d, J = 6.4 Hz), 124.4, 124.25, 124.2, 124.1, 52.0 (d,
J=66.9 Hz).

3P NMR (202 MHz, Chloroform-d) & 36.10.

HRMS (ESI) m/z: [M+H]* Calcd. for C3sH,sOP* 495.1872.; Found: 495.1869.

dimethyl (E)-(1,3-diphenylallyl)phosphonate (4))

-

QMe
O=P-OMe

4j, 89%

J

Following the general procedure 4 on 0.2 mmol scale, yellow oil, yield: 89% (53.8 mg), R¢= 0.3 (silica
gel, PE: EA = 1:1, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

H NMR (500 MHz, Chloroform-d) 8 7.49 — 7.43 (m, 2H), 7.42 — 7.34 (m, 4H), 7.32 — 7.27 (m, 3H),
7.24 (d, J=7.7 Hz, 1H), 6.63 — 6.47 (m, 2H), 4.03 (dd, J =24.8, 8.2 Hz, 1H), 3.73 (d, J = 10.7 Hz, 3H),
3.55(d, J=10.6 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) & 136.6 (d, J = 2.7 Hz), 135.6 (d, J = 7.5 Hz), 133.9 (d, J = 14.0
Hz), 129.0 (d, J = 7.1 Hz), 128.8 (d, ] = 2.4 Hz), 128.6, 127.8, 127.5 (d, J = 2.8 Hz), 126.5 (d, ] = 1.8
Hz), 124.2 (d,1=9.6 Hz), 53.6 (d, ] = 7.2 Hz), 49.5, 48 .4.

3P NMR (202 MHz, Chloroform-d) § 27.14.

HRMS (ESI) m/z: [M+H]* Calcd. for C{7H,,O3P* 303.1145.; Found: 303.1143.
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diethyl (E)-(1,3-diphenylallyl)phosphonate (4k)

QEt

O=P-OEt

4k, 96%

L J

Following the general procedure 4 on 0.2 mmol scale, yellow oil, yield: 96% (63.4 mg), R¢= 0.3 (silica
gel, PE: EA = 1:1, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

H NMR (500 MHz, Chloroform-d) & 7.49 — 7.43 (m, 2H), 7.40 — 7.33 (m, 4H), 7.33 — 7.26 (m, 3H),
7.25—-17.19 (m, 1H), 6.63 — 6.47 (m, 2H), 4.14 — 4.04 (m, 2H), 4.03 — 3.93 (m, 2H), 3.81 (ddq, J = 10.2,
8.4,7.1 Hz, 1H), 1.26 (t,J = 7.1 Hz, 3H), 1.13 (t, ] = 7.1 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) & 136.8 (d, J = 2.9 Hz), 136.0 (d, J = 7.3 Hz), 133.7 (d, T = 13.9
Hz), 129.1 (d, J = 7.1 Hz), 128.7 (d, J = 2.2 Hz), 128.5, 127.69, 127.3 (d, J = 2.9 Hz), 126.5 (d,J =19
Hz), 124.7 (d, ] =9.6 Hz), 62.7 (dd, J = 15.7, 7.1 Hz), 49.5 (d, ] = 137.2 Hz), 16.4 (dd, J =23.7, 5.8 Hz).
3P NMR (202 MHz, Chloroform-d) & 24.83.

HRMS (ESI) m/z: [M+H]* Calcd. for C,9H,403P* 331.1458.; Found: 331.1456.

(E)-(3-(phenylsulfonyl)prop-1-ene-1,3-diyl)dibenzene (6a)

0=8=0

6a, 63%

L J

Following the general procedure 4 on 0.2 mmol scale, White solid (mp: 149-150°C), yield: 63% (42.1
mg), Ry= 0.3 (silica gel, PE: EA = 1:5, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

IH NMR (500 MHz, Chloroform-d) 6 7.75 — 7.66 (m, 2H), 7.59 (td, J=7.4, 1.4 Hz, 1H), 7.44 (t,J=7.8
Hz, 2H), 7.41 — 7.27 (m, 10H), 6.66 — 6.50 (m, 2H), 4.88 (d, J = 8.7 Hz, 1H).

13C NMR (126 MHz, Chloroform-d)d 138.2, 137.4, 135.9, 133.7, 132.3, 129.7, 129.3, 129.0, 128.74,
128.70, 128.66, 128.5, 126.7, 120.0, 75.4.

HRMS (ESI) m/z: [M+H]* Calcd. for C,;H;90,S* 335.1100.; Found: 335.1099.
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(E)-(3-tosylprop-1-ene-1,3-diyl)dibenzene (6b)

s N

0=8=0

6b, 64%

Following the general procedure 4 on 0.2 mmol scale, White solid (mp: 162-164 °C), yield: 64% (44.6
mg), Re= 0.3 (silica gel, PE: EA = 1:5, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

H NMR (500 MHz, Chloroform-d)  7.61 — 7.53 (m, 2H), 7.41 — 7.32 (m, 9H), 7.32 — 7.27 (m, 1H),
7.23 (d, J=8.0 Hz, 2H), 6.67 — 6.52 (m, 2H), 4.86 (d, J = 8.3 Hz, 1H), 2.42 (s, 3H).

13C NMR (126 MHz, Chloroform-d) & 144.6, 138.0, 136.0, 134.5, 132.5, 129.7, 129.4, 129.3, 128.9,
128.7, 128.6, 128.5, 126.8, 120.3, 75.4, 21.6.

HRMS (ESI) m/z: [M+H]* Calcd. for C5,H,;0,S* 349.1257.; Found: 349.1254.
(E)-(3-((4-isopropylphenyl)sulfonyl)prop-1-ene-1,3-diyl)dibenzene (6¢)

Following the general procedure 4 on 0.2 mmol scale, White solid (mp: 158-160 °C), yield: 68% (51.2
mg), Ry= 0.3 (silica gel, PE: EA = 1:5, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

IH NMR (500 MHz, Chloroform-d) & 7.58 (d, J = 8.0 Hz, 2H), 7.37 — 7.29 (m, 9H), 7.26 (t, ] = 8.0 Hz,
3H), 6.58 (dd, J = 15.7, 9.0 Hz, 1H), 6.49 (d, J = 15.7 Hz, 1H), 4.82 (d, J = 8.9 Hz, 1H), 2.94 (p, ] = 6.9
Hz, 1H), 1.23 (d, ] = 6.9 Hz, 6H).

13C NMR (126 MHz, Chloroform-d)8 155.3, 138.0, 136.0, 134.7, 132.4, 129.7, 129.5, 128.9, 128.7,
128.6, 128.5, 126.8, 126.8, 120.3, 75.5, 34.2, 23.6.

HRMS (ESI) m/z: [M+H]* Calcd. for C,4H,50,S* 377.1570.; Found: 377.1579.
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(E)-(3-((4-methoxyphenyl)sulfonyl)prop-1-ene-1,3-diyl)dibenzene (6d)

~

~o

0=8=0

|

6d, 67%

Following the general procedure 4 on 0.2 mmol scale, White solid (mp: 114-115°C), yield: 67% (48.8
mg), Re= 0.3 (silica gel, PE: EA = 1:3, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

H NMR (500 MHz, Chloroform-d) 6 7.58 (d, J = 8.9 Hz, 2H), 7.40 — 7.24 (m, 10H), 6.87 (d, J = 8.9
Hz, 2H), 6.68 — 6.48 (m, 2H), 4.83 (d, J = 7.8 Hz, 1H), 3.83 (s, 3H).

13C NMR (126 MHz, Chloroform-d) & 163.7, 137.9, 136.0, 132.7, 131.5, 129.7, 128.9, 128.9, 128.69,
128.65, 128.5, 126.8, 120.4, 113.9, 75.6, 55.7.

HRMS (ESI) m/z: [M+H]* Calcd. for C5,H,;03S* 365.1206.; Found: 387.1029.

(E)-(3-((4-fluorophenyl)sulfonyl)prop-1-ene-1,3-diyl)dibenzene (6¢)

F

0=8=0
'Ii[/QQ/L\IID

6e, 57%

J

Following the general procedure 4 on 0.2 mmol scale, White solid (mp: 115-117°C), yield: 57% (40.1
mg), Ry=0.3 (silica gel, PE: EA = 1:5, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

IH NMR 1H NMR (500 MHz, Chloroform-d) 6 7.82 (d, J = 8.1 Hz, 2H), 7.70 (d, J = 8.2 Hz, 2H), 7.40
—7.30 (m, 10H), 6.60 (d, ] = 4.1 Hz, 2H), 4.89 (t, J = 4.1 Hz, 1H).

13C NMR (126 MHz, Chloroform-d)d 141.0, 138.9, 135.6, 131.7, 129.9, 129.7, 129.3, 128.9, 128.79,
128.75,126.8, 125.8 (d, J = 3.8 Hz), 119.1, 75.6.

'F NMR (471 MHz, Chloroform-d) & -63.18.

HRMS (ESI) m/z: [M+H]* Calcd. for C,;H;sFO,S* 353.1006.; Found: 353.1002.
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(E)-(3-((4-chlorophenyl)sulfonyl)prop-1-ene-1,3-diyl)dibenzene (6f)

6f, 54%

Following the general procedure 4 on 0.2 mmol scale, White solid (mp: 138-139 °C), yield: 54% (39.8
mg), Re= 0.3 (silica gel, PE: EA = 1:5, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

H NMR (500 MHz, Chloroform-d) & 7.63 — 7.54 (m, 2H), 7.41 — 7.31 (m, 11H), 7.29 (d, J = 7.0 Hz,
1H), 6.62 — 6.53 (m, 2H), 4.84 (dd, J = 5.3, 3.0 Hz, 1H).

13C NMR (126 MHz, Chloroform-d) & 140.4, 138.6, 136.0, 135.7, 132.1, 130.8, 129.7, 129.1, 129.0,
128.9, 128.7, 126.82 119.5, 75.5.

HRMS (ESI) m/z: [M+H]* Caled. for C;H;3CI10,S* 369.0711.; Found: 369.0712

(E)-(3-((4-bromophenyl)sulfonyl)prop-1-ene-1,3-diyl)dibenzene (6g)

Br

0=S=0
'Iil/x§§/l\]lli

69, 60%

Following the general procedure 4 on 0.2 mmol scale, White solid (mp:153-155 °C), yield: 60% (49.4
mg), Ry=0.3 (silica gel, PE: EA = 1:5, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

'H NMR (500 MHz, Chloroform-d) & 7.63 — 7.47 (m, 4H), 7.43 — 7.28 (m, 10H), 6.66 — 6.53 (m, 2H),
4.85(dd, J=6.2,2.1 Hz, 1H).

13C NMR (126 MHz, Chloroform-d) & 138.6, 136.5, 135.7, 132.0, 132.0, 130.8, 129.7, 129.2, 129.1,
128.9, 128.7, 128.7, 126.8, 119.5, 75.5.

HRMS (ESI) m/z: [M+H]* Calcd. for C,;H;sBrO,S* 413.0205.; Found: 413.0207.
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(E)-(3-((4-(trifluoromethyl)phenyl)sulfonyl)prop-1-ene-1,3-diyl)dibenzene (6h)

-

CF3

0=8=0

6h, 49%

J

Following the general procedure 4 on 0.2 mmol scale, White solid (mp: 118-120°C), yield: 49% (39.4
mg), Re= 0.3 (silica gel, PE: EA = 1:3, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

IH NMR (500 MHz, Chloroform-d) é 7.74 (dd, J = 58.3, 8.2 Hz, 4H), 7.35 (dt, J = 7.1, 5.4 Hz, 9H), 7.30
(d,J=6.9 Hz, 1H), 6.63 — 6.52 (m, 2H), 4.92 — 4.82 (m, 1H).

13C NMR (126 MHz, Chloroform-d) & 141.1, 138.9, 135.6, 135.3 (d, J = 33.0 Hz), 131.7, 129.9, 129.7,
129.3, 128.9, 128.8, 128.7, 126.8, 125.8 (q, J = 3.6 Hz), 119.1, 75.6.

I9F NMR (471 MHz, Chloroform-d) 8 -63.17.

HRMS (ESI) m/z: [M+Na]* Calcd. for C,,H;3F30,S* 425.0974.; Found: 425.0792.

(E)-(3-((3-nitrophenyl)sulfonyl)prop-1-ene-1,3-diyl)dibenzene (6i)

~

NO,
0=8=0

6i, 46%

J

Following the general procedure 4 on 0.2 mmol scale, White solid (mp: 180-182 °C), yield: 46% (34.9
mg), Ry=0.2 (silica gel, PE: EA = 1:3, v/v), column chromatography (silica gel, PE: EA =3:1, v/v).

'TH NMR (500 MHz, Chloroform-d) § 8.50 (t, J = 2.0 Hz, 1H), 8.40 (ddd, J =8.2, 2.3, 1.1 Hz, 1H), 7.95
(dt,J=7.9, 1.4 Hz, 1H), 7.61 (t,J = 8.0 Hz, 1H), 7.39 — 7.31 (m, 9H), 7.31 — 7.27 (m, 1H), 6.60 (d, J =
7.7 Hz, 2H), 4.90 (dd, J=7.1, 1.1 Hz, 1H).

13C NMR (126 MHz, Chloroform-d) & 148.0, 139.7, 139.3, 135.5, 134.8, 131.5, 130.0, 129.7, 129.5,
129.0, 128.9, 128.8, 128.1, 126.9, 124.5, 118.7, 75.7.

HRMS (ESI) m/z: [M+H]* Calcd. for C,;H;sNO4S* 380.0951.; Found: 380.0953.

28



(E)-(3-((4-(trifluoromethoxy)phenyl)sulfonyl)prop-1-ene-1,3-diyl)dibenzene (6j)

CFa-
0

0=S=0
lli[/QQ/J\]lID

6j, 57%

Following the general procedure 4 on 0.2 mmol scale, White solid (mp: 134-136°C), yield: 57% (47.7
mg), Ry = 0.4 (silica gel, PE: EA = 1:5, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

IH NMR (500 MHz, Chloroform-d) 8 7.71 (dd, J = 8.6, 1.3 Hz, 2H), 7.38 — 7.31 (m, 9H), 7.31 — 7.27
(m, 1H), 7.23 (d, J = 8.4 Hz, 2H), 6.58 (d, J = 6.4 Hz, 2H), 4.85 (dd, J = 6.8, 1.5 Hz, 1H).

13C NMR (126 MHz, Chloroform-d) 152.9, 138.7, 135.7, 132.0, 131.6, 129.7, 129.2, 128.9, 128.7 (d, J
=1.5Hz), 128.6 (d, J = 7.3 Hz), 127.8, 126.8, 126.5 (d, ] = 32.7 Hz), 120.4, 119.4, 75.6.

IUF NMR (471 MHz, Chloroform-d) & -57.70.

HRMS (ESI) m/z: [M+H]" Calcd. for C,,H gF305S* 419.0923.; Found: 410.0922.

(E)-N-(4-((1,3-diphenylallyl)sulfonyl)phenyl)acetamide (6k)

A

(o)

NH

0=8=0

'Iil/‘§b/1\]lli
. J

6k, 46%

Following the general procedure 4 on 0.2 mmol scale, White solid (mp: 193-195 °C), yield: 46% (36.0
mg), Ry = 0.4 (silica gel, PE: EA = 1:1, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

H NMR (500 MHz, DMSO-d6) & 10.35 (s, 1H), 7.80 — 7.52 (m, 4H), 7.50 — 7.22 (m, 10H), 6.68 (dd, J
=15.6,9.6 Hz, 1H), 6.56 (d, ] = 15.6 Hz, 1H), 5.38 (d, J = 9.6 Hz, 1H), 2.08 (s, 3H).

13C NMR (126 MHz, DMSO-d6) & 169.7, 144.4, 137.8, 136.2, 133.3, 131.2, 130.5, 130.3, 129.2, 129.0,
128.85, 127.1, 121.4, 118.5, 73.7, 24.7.

HRMS (ESI) m/z: [M+H]" Calcd. for C,3H,,NO3S*™392.1315.; Found: 392.1312.

29



(E)-(3-(ethylsulfonyl)prop-1-ene-1,3-diyl)dibenzene (61)

~

0=8=0
III!(/§§/J\IIID

61, 65%

L

Following the general procedure 4 on 0.2 mmol scale, White solid (mp: 104-105 °C), yield: 65% (37.2
mg), Re= 0.3 (silica gel, PE: EA = 1:3, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

IH NMR (500 MHz, Chloroform-d) & 7.58 — 7.53 (m, 2H), 7.43 (tdd, J = 8.6, 5.9, 4.2 Hz, 5H), 7.37 —
7.31 (m, 2H), 7.31 — 7.26 (m, 1H), 6.77 (d, J = 15.7 Hz, 1H), 6.65 (dd, J = 15.7, 9.1 Hz, 1H), 4.88 (d, J
=9.1 Hz, 1H), 2.94 (q, J = 7.5 Hz, 2H), 1.36 (t, ] = 7.4 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) 6 137.7, 135.7, 132.3, 129.5, 129.18, 129.16, 128.72, 128.68, 126.9,
120.4,71.6,45.2, 6.5.

HRMS (ESI) m/z: [M+H]* Calcd. for C{7H;90,S* 287.1100.; Found: 287.1097.

(E)-(3-(cyclopropylsulfonyl)prop-1-ene-1,3-diyl)dibenzene (6m)

0=8S=0
'Iil/*§p/l\]lli

6m, 77%

L J

Following the general procedure 4 on 0.2 mmol scale, White solid (mp: 159-161 °C), yield: 77% (45.9
mg), Re= 0.3 (silica gel, PE: EA = 1:3, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

H NMR (500 MHz, Chloroform-d) 8 7.60 — 7.54 (m, 2H), 7.47 — 7.37 (m, 5H), 7.37 — 7.31 (m, 2H),
7.31 —7.26 (m, 1H), 6.80 (d, J = 15.7 Hz, 1H), 6.67 (dd, J = 15.7, 9.1 Hz, 1H), 4.89 (d, J = 9.1 Hz, 1H),
2.25 (tt, J=8.1,4.8 Hz, 1H), 1.29 — 1.11 (m, 2H), 1.02 — 0.85 (m, 2H).

13C NMR (126 MHz, Chloroform-d) & 137.7, 135.9, 132.6, 129.7, 129.1, 129.0, 128.7, 128.6, 126.9,
120.4, 73.1, 28.1, 5.20, 5.0.

HRMS (ESI) m/z: [M+H]* Calcd. for C13H;00,S*299.1100.; Found: 299.1106.
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(E)-2-((1,3-diphenylallyl)sulfonyl)naphthalene (6n)

6n, 52%°

Following the general procedure 4 on 0.2 mmol scale, White solid (mp: 172-174 °C), yield: 52% (39.9
mg), Ry = 0.4 (silica gel, PE: EA = 1:5, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

H NMR (500 MHz, Chloroform-d) & 8.28 (d, J = 1.8 Hz, 1H), 7.98 — 7.82 (m, 3H), 7.74 — 7.56 (m, 3H),
7.34 (dtdd, J = 19.8, 12.1, 8.2, 4.2 Hz, 10H), 6.67 (dd, ] = 15.7, 8.9 Hz, 1H), 6.58 (d, J = 15.7 Hz, 1H),
4.97 (d, J = 8.8 Hz, 1H).

13C NMR (126 MHz, Chloroform-d)8 138.3, 135.9, 135.2, 134.4, 132.4, 131.9, 131.3, 129.8, 129.4,
129.3, 129.0, 128.7, 128.7, 128.6, 128.5, 127.9, 127.5, 126.8, 124.0, 120.0, 75.6.

HRMS (ESI) m/z: [M+H]* Calcd. for C,sH,;0,S* 385.1257.; Found: 385.1259.

(E)-2-((1,3-diphenylallyl)sulfonyl)thiophene (60)

SNGZ

0=S=0

60, 56%

L

Following the general procedure 4 on 0.2 mmol scale, White solid (mp: 195-197 °C), yield: 56% (38.1
mg), Re= 0.3 (silica gel, PE: EA = 1:3, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

IH NMR (500 MHz, Chloroform-d) & 7.63 (dd, J = 4.9, 1.3 Hz, 1H), 7.44 — 7.31 (m, 10H), 7.31 —7.26
(m, 1H), 7.03 (dd, J = 4.9, 3.8 Hz, 1H), 6.68 — 6.58 (m, 2H), 4.95 (dd, J = 5.7, 2.6 Hz, 1H).

13C NMR (126 MHz, Chloroform-d) & 138.5, 138.1, 135.9, 135.4, 134.6, 132.4, 129.7, 129.1, 128.8,
128.7, 128.62, 127.56, 126.9, 119.9.

HRMS (ESI) m/z: [M+H]* Calcd. for C;9H;;0,S,* 341.0664.; Found: 341.0665.
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diethyl (E)-(1,3-bis(4-fluorophenyl)allyl)phosphonate (7a)

(?Et
O=P-OEt

F F

7a, 65%

L J

Following the general procedure 4 on 0.2 mmol scale, yellow oil, yield: 65% (47.6 mg), R¢= 0.3 (silica
gel, PE: EA = 1:1, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

'H NMR (500 MHz, Chloroform-d) 6 7.41 (ddd, J = 8.9, 5.2, 2.3 Hz, 2H), 7.36 — 7.30 (m, 2H), 7.07 —
7.01 (m, 2H), 7.01 — 6.95 (m, 2H), 6.51 (dd, J = 15.8, 4.3 Hz, 1H), 6.39 (dt, ] = 16.0, 8.3 Hz, 1H), 4.16
—4.03 (m, 2H), 4.03 — 3.89 (m, 2H), 3.83 (ddq, J = 10.1, 8.5, 7.1 Hz, 1H), 1.26 (t, J = 7.0 Hz, 3H), 1.14
(t, J=7.1 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) & 164.0 — 162.8 (m), 161.7 — 160.8 (m), 132.8 (t, J = 3.0 Hz), 132.6
(d,J=13.7Hz), 131.7 (dd, J = 7.3, 3.3 Hz), 130.6 (t, ] = 7.5 Hz), 128.0 (dd, J = 8.2, 1.7 Hz), 124.1 (dd,
J=9.5,2.3Hz), 115.5(d, J=21.7 Hz), 62.8 (dd, J = 15.6, 7.2 Hz), 48.4 (d, ] = 138.3 Hz), 16.4 (dd, J =
20.4,5.9 Hz).

3P NMR (202 MHz, Chloroform-d)  24.48 (d, J = 4.6 Hz).

1“F NMR (471 MHz, Chloroform-d) & -114.09 (d, J = 2.3 Hz), -115.15 (d, ] = 4.4 Hz).

HRMS (ESI) m/z: [M+H]* Calcd. for C9H,,F,03P* 367.1269.; Found: 367.1271.

diethyl (E)-(1,3-bis(4-chlorophenyl)allyl)phosphonate (7b)

(?Et
O=P-OEt

Cl Cl

b, 71%

L J

Following the general procedure 4 on 0.2 mmol scale, yellow oil, yield: 71% (52.5 mg), R¢= 0.3 (silica
gel, PE: EA = 1:1, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

H NMR (500 MHz, Chloroform-d)  7.40 — 7.30 (m, 4H), 7.30 — 7.23 (m, 4H), 6.52 — 6.39 (m, 2H),
4.13 —4.03 (m, 2H), 4.03 — 3.89 (m, 2H), 3.89 — 3.80 (m, 1H), 1.26 (t, J = 7.1 Hz, 3H), 1.15 (t,J =7.0
Hz, 3H).

13C NMR (126 MHz, Chloroform-d) 8 135.0 (d, J = 1.8 Hz), 134.3 (d, J = 6.9 Hz), 133.5, 133.3 (d,J =
2.6 Hz), 132.8 (d, ] = 13.4 Hz), 130.4 (d, ] = 6.4 Hz), 128.9, 128.8, 127.7, 124.8 (d, J = 9.1 Hz), 62.9
(dd, J=13.5, 6.6 Hz), 49.3, 48.2.

3P NMR (202 MHz, Chloroform-d) & 23.98.

HRMS (ESI) m/z: [M+H]* Calcd. for C1oH,,C1,05P* 399.0678.; Found: 399.0679.
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diethyl (E)-(1,3-bis(4-bromophenyl)allyl)phosphonate (7¢)

(?Et
O=P-OEt

Br Br

7c,75%

L J

Following the general procedure 4 on 0.2 mmol scale, yellow oil, yield: 75% (72.9 mg), R¢= 0.3 (silica
gel, PE: EA = 1:1, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

H NMR (500 MHz, Chloroform-d) 6 7.48 (d, J = 8.2 Hz, 2H), 7.45 — 7.39 (m, 2H), 7.32 (dd, J = 8.5,
2.3 Hz, 2H), 7.23 (d, J = 8.3 Hz, 2H), 6.53 — 6.38 (m, 2H), 4.14 — 4.03 (m, 2H), 4.03 — 3.89 (m, 2H),
3.85(dddd, J=10.0, 8.2, 7.0, 2.2 Hz, 1H), 1.26 (d, J = 5.1 Hz, 3H), 1.15 (t, = 7.1 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) & 135.4 (d, J=2.5 Hz), 134.8 (d,J = 7.3 Hz), 132.9 (d,J=13.6
Hz), 131.9. (d, J=1.8 Hz), 131.7, 130.7 (d, J = 6.8 Hz), 128.0, 124.9 (d, ] =9.4 Hz), 121.7, 121.4 (d, J
=3.5Hz), 62.9 (dd, J=12.9, 7.0 Hz), 49.3, 48.2.

3P NMR (202 MHz, Chloroform-d) § 23.72.

HRMS (ESI) m/z: [M+Na]* Calcd. for C9H»,Br,OsP* 508.9487.; Found: 508.9489.

diethyl (E)-(1,3-bis(4-iodophenyl)allyl)phosphonate (7d)

(?Et
O=P-OEt

foag el

7d, 69%

L J

Following the general procedure 4 on 0.2 mmol scale, yellow oil, yield:69% (80.3 mg), R;= 0.3 (silica
gel, PE: EA = 1:1, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

'H NMR (500 MHz, Chloroform-d) 8 7.67 (d, J = 8.1 Hz, 2H), 7.64 — 7.58 (m, 2H), 7.18 (dd, J = 8.5,
2.2 Hz, 2H), 7.09 (d, J = 8.2 Hz, 2H), 6.51 — 6.39 (m, 2H), 4.08 (dtd, J = 11.7, 7.2, 3.2 Hz, 2H), 4.03 —
3.80 (m, 3H), 1.26 (t, J="7.1 Hz, 3H), 1.15 (t, = 7.1 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) & 137.8 (d, J =2.2 Hz), 137.7, 136.0 (d, ] = 2.8 Hz), 135.5 (d, ] =
7.4 Hz), 133.0 (d, J = 13.7 Hz), 131.0 (d, J = 6.9 Hz), 128.2 (d, J = 1.9 Hz), 125.0 (d, J = 9.6 Hz), 93.2,
92.9(d,J=4.1Hz), 62.9 (dd, J=10.9, 7.2 Hz), 49.4, 48.3.

3P NMR (202 MHz, Chloroform-d) & 23.66.

HRMS (ESI) m/z: [M+H]* Calcd. for C;9H,,1,05P* 582.9390.; Found: 582.9385.
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diethyl ((2-phenyl-1H-indol-3-yl)methyl)phosphonate (7¢)

s N

EtO_ OEt

(o
Iz _ 0

Te, 76%

Following the general procedure 4 on 0.2 mmol scale, yellow oil, yield: 76% (52.2 mg), R¢= 0.3 (silica
gel, PE: EA = 1:1, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

IH NMR (500 MHz, Chloroform-d) & 9.12 (s, 1H), 7.81 — 7.72 (m, 3H), 7.40 (dd, J = 8.3, 7.0 Hz, 2H),
7.36 — 7.29 (m, 2H), 7.16 (dddd, J = 20.0, 8.1, 7.1, 1.2 Hz, 2H), 4.03 — 3.85 (m, 4H), 3.42 (d, ] = 20.3
Hz, 2H), 1.17 (t, J="7.1 Hz, 6H).

13C NMR (126 MHz, Chloroform-d) 8 136.5 (dd, J = 9.5, 4.6 Hz), 136.0 (d, J = 5.9 Hz), 132.7 (d,J =
3.3 Hz), 128.9 (d, J = 2.6 Hz), 128.8 (d, ] = 2.5 Hz), 128.4, 127.8 (d, J = 3.1 Hz), 122.3 (d, ] = 4.5 Hz),
120.0 (d,J=3.2 Hz), 119.6 (d, J=4.6 Hz), 111.1 (d, J=7.7 Hz), 103.2 — 99.4 (m), 62.1 (d, ] = 6.7 Hz),
23.7(d,J=145.2 Hz), 16.4 (d, J = 6.1 Hz).

3P NMR (202 MHz, Chloroform-d) § 27.56.

HRMS (ESI) m/z: [M+H]* Caled. for C19H,3NO3P* 344.1410.; Found: 344.14009.

diethyl (E)-(3-(4-ethylphenyl)-1-phenylallyl)phosphonate (7f)

QEt
O=P-OEt

7f, 85%
rr=59:41

Following the general procedure 4 on 0.2 mmol scale, yellow oil, yield: 85% (60.9 mg), R¢= 0.3 (silica
gel, PE: EA = 1:1, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

IH NMR (500 MHz, Chloroform-d)  7.50 — 7.46 (m, 1H), 7.43 —7.35 (m, 3H), 7.32 (td, J = 8.0, 3.0 Hz,
2H), 7.29 — 7.23 (m, 1H), 7.23 — 7.13 (m, 2H), 6.64 — 6.47 (m, 2H), 4.16 — 4.06 (m, 2H), 4.05 — 3.95 (m,
2H), 3.84 (ddt, 1 =10.2, 8.4, 7.0 Hz, 1H), 2.66 (h, ] = 7.6 Hz, 2H), 1.31 — 1.22 (m, 6H), 1.16 (td, J = 7.0,
5.4 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) & 143.9, 143.3 (d, J = 3.0 Hz), 136.9 (d, ] = 2.7 Hz), 136.2 (d, ] =
7.3 Hz), 134.3 (d, J = 2.8 Hz), 133.6 (dd, ] = 13.8, 11.9 Hz), 133.1 (d, ] = 7.4 Hz), 129.0 (dd, J = 13.8,
7.0 Hz), 128.7 (d, ] =2.3 Hz), 128.5, 128.2 (d, J = 2.3 Hz), 128.1, 127.6, 127.2 (d, J = 2.9 Hz), 126.4 (d,
J=19Hz), 1249 (d,J=9.4 Hz), 123.6 (d, ] = 9.6 Hz), 66.8 — 57.3 (m), 28.6 (d, J = 13.6 Hz), 16.5 (d,J
=59Hz), 16.3 (d,J=5.8 Hz), 15.5.

3P NMR (202 MHz, Chloroform-d) & 25.09, 24.97.

HRMS (ESI) m/z: [M+H]* Calcd. for C,;Hy303P* 359.1771.; Found: 359.1775.
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diethyl (E)-(3-(4-fluorophenyl)-1-(p-tolyl)allyl)phosphonate (7g)

(?Et
O=P-OEt

oo

79, 86%
rr=58:42

Following the general procedure 4 on 0.2 mmol scale, yellow oil, yield: 86% (62.3 mg), R¢= 0.3 (silica
gel, PE: EA = 1:1, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

H NMR (500 MHz, Chloroform-d) § 7.48 — 7.27 (m, 4H), 7.16 (dd, J = 25.2, 7.9 Hz, 2H), 7.03 (dt, J =
32.3, 8.7 Hz, 2H), 6.54 (dt, ] = 15.8, 4.2 Hz, 1H), 6.45 (dt, J = 15.9, 8.2 Hz, 1H), 4.17 — 4.05 (m, 2H),
4.05-3.91 (m, 2H), 3.85 (dddd, J=17.2, 10.1, 8.2, 6.9 Hz, 1H), 2.42 — 2.28 (m, 3H), 1.28 (dt, J = 7.0,
3.6 Hz, 3H), 1.16 (td, J = 7.1, 3.1 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) 8 162.3 (d, J =246.9 Hz), 137.7, 137.0 (d, J= 3.1 Hz), 133.8 (d,J
=3.3 Hz), 133.7, 133.0 (t, J = 3.0 Hz), 132.7 (d, ] = 7.3 Hz), 132.3 (d, = 13.8 Hz), 131.9 (dd, ] = 7.5,
3.2 Hz), 130.6 (t, J = 7.5 Hz), 129.5 (d, J = 2.3 Hz), 129.3, 128.9 (d, I = 6.9 Hz), 127.9 (dd, J = 7.9, 1.8
Hz), 126.4 (d, J = 1.8 Hz), 124.7 (dd, J = 9.5, 2.3 Hz), 123.2 (d, J = 9.5 Hz), 115.5 (dd, J = 21.6, 15.6
Hz), 65.5 —55.1 (m), 48.7 (dd, J=137.8, 48.1 Hz), 21.2 (d, J = 13.3 Hz), 16.4 (dd, ] =20.9, 5.8 Hz).
1“F NMR (471 MHz, Chloroform-d) & -114.38, -115.33 (d, J = 4.4 Hz).

3P NMR (202 MHz, Chloroform-d) & 24.99, 24.72.

HRMS (ESI) m/z: [M+H]* Calcd. for C,0H,sFO3P* 363.1520.; Found: 363.1521.

diethyl (E)-(3-(4-bromophenyl)-1-phenylallyl)phosphonate (7h)

QEt
O=P-OEt

Br

7h, 79%
rr=53:47

Following the general procedure 4 on 0.2 mmol scale, yellow oil, yield: 79% (64.5 mg), R¢= 0.3 (silica
gel, PE: EA = 1:1, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

H NMR (500 MHz, Chloroform-d)  7.71 — 7.39 (m, 3H), 7.39 — 7.27 (m, 4H), 7.25 — 7.07 (m, 2H),
6.63 — 6.38 (m, 2H), 4.15 — 4.04 (m, 2H), 4.04 — 3.90 (m, 2H), 3.90 — 3.74 (m, 1H), 1.26 (td, J=7.1,2.5
Hz, 3H), 1.14 (dt, ] =24.3, 7.0 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) 8 137.8 (d, J = 2.2 Hz), 137.6, 136.5 (d, J = 2.6 Hz), 136.1 — 135.5
(m), 135.1 (d, J = 7.3 Hz), 134.1 (d, J = 13.8 Hz), 132.5 (t, ] = 14.0 Hz), 131.8 (d, ] = 2.2 Hz), 131.7,
131.0 (d, J= 6.8 Hz), 130.8 (d, J = 7.0 Hz), 129.1 (d, J = 6.8 Hz), 128.8 (d, J = 2.2 Hz), 128.6, 128.2 (d,
J=1.7Hz), 128.0 (d,J =1.7 Hz), 127.9, 127.4 (d, T = 2.8 Hz), 126.5 (d,J = 1.7 Hz), 125.6 (dd, J = 14.5,
9.5 Hz), 123.9 (d, J = 9.5 Hz), 122.2 — 120.1 (m), 64.8 — 58.8 (m), 49.1 (dd, J=137.5, 81.1 Hz), 18.6 —
11.5 (m).

3P NMR (202 MHz, Chloroform-d) 8 24.47 (d, J = 5.1 Hz), 24.05.

HRMS (ESI) m/z: [M+H]* Calcd. for C;9H,3;BrOs;P* 409.0563.; Found: 409.0566.
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diethyl (E)-(3-([1,1'-biphenyl]-4-yl)-1-phenylallyl)phosphonate (7i)

-

QEt
O=P-OEt

Ph

7i, 79%
rr=64:36

Following the general procedure 4 on 0.2 mmol scale, yellow oil, yield: 79% (64.2 mg), R¢= 0.3 (silica
gel, PE: EA = 1:1, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

H NMR (500 MHz, Chloroform-d) 8 7.67 — 7.60 (m, 3H), 7.60 — 7.55 (m, 2H), 7.54 — 7.41 (m, 5H),
7.41 —7.31 (m, 3H), 7.31 — 7.24 (m, 1H), 6.71 — 6.56 (m, 2H), 4.15 (dddd, J = 12.3, 10.2, 6.2, 2.6 Hz,
2H), 4.12 — 3.97 (m, 2H), 3.97 — 3.82 (m, 1H), 1.32 (td, J = 7.0, 2.9 Hz, 3H), 1.19 (dt, J = 14.1, 7.0 Hz,
3H).

13C NMR (126 MHz, Chloroform-d) & 140.7 (d, J = 2.6 Hz), 140.5, 140.2 (d, J= 3.1 Hz), 136.8 (d,J =
2.7 Hz), 136.0 (d, ] = 7.3 Hz), 135.8 (d, ] = 2.8 Hz), 135.1 (d, ] = 7.6 Hz), 133.9 (d, J = 13.8 Hz), 133.3
(d, J=13.9 Hz), 129.5 (d, ] = 7.0 Hz), 129.1 (d, ] = 7.1 Hz), 128.8 (d, J = 2.3 Hz), 128.6, 127.8, 127.42
(d,J=2.4Hz), 127.37,127.3, 127.1, 126.9 (d, ] = 1.7 Hz), 126.5 (d, J = 1.8 Hz), 124.8 (d, ] = 9.6 Hz),
124.5(d,J=9.5Hz), 62.8 (t,J =7.7 Hz), 49.3 (dd, J = 137.2, 52.8 Hz), 16.5 (dd, ] =21.3, 5.8 Hz).

3P NMR (202 MHz, Chloroform-d) & 24.79 (d, J = 9.8 Hz).

HRMS (ESI) m/z: [M+H]* Calcd. for C,sH,303P* 407.1771.; Found: 407.1770.

diethyl ((2E,4E)-1,5-diphenylpenta-2,4-dien-1-yl)phosphonate (7j)

QEt
O=P—-OEt

75, 77%
rr=93:7

Following the general procedure 4 on 0.2 mmol scale, yellow oil, yield: 77% (54.8 mg), R¢= 0.3 (silica
gel, PE: EA = 1:1, v/v), column chromatography (silica gel, PE: EA = 3:1, v/v).

H NMR (500 MHz, Chloroform-d) & 7.45 — 7.39 (m, 2H), 7.39 — 7.33 (m, 4H), 7.32 — 7.26 (m, 3H),
7.24 —7.19 (m, 1H), 6.80 (ddt, J = 15.6, 10.3, 1.0 Hz, 1H), 6.50 (dd, J = 15.7, 2.2 Hz, 1H), 6.43 — 6.31
(m, 1H), 6.15 (dt, J = 15.0, 8.7 Hz, 1H), 4.09 (dq, J = 8.0, 7.0 Hz, 2H), 4.01 — 3.87 (m, 2H), 3.86 — 3.74
(m, 1H), 1.28 (t, ] =7.1 Hz, 3H), 1.12 (t, ] = 7.1 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) & 137.1 (d, J = 1.7 Hz), 135.9 (d, J = 7.5 Hz), 134.1 (d, J = 14.0
Hz), 132.6 (d, J = 3.9 Hz), 129.1 (d, J = 6.9 Hz), 128.8, 128.7 (d, J = 2.6 Hz), 128.64, 128.59, 128.5,
128.4,128.3 (d, ] =4.3 Hz), 128.2, 127.6, 127.3 (d, J = 2.9 Hz), 126.7 (d, ] = 13.1 Hz), 126.4, 62.8 (dd,
J=26.0,7.2 Hz), 62.0 (d, ] =5.4 Hz), 49.8, 48.8, 16.4 (dd, ] = 24.4, 5.9 Hz).

3P NMR (202 MHz, Chloroform-d) & 24.71, 24.62, 18.70.

HRMS (ESI) m/z: [M+H]* Calcd. for C,;H,c0O3P* 357.1614.; Found: 357.1609.

1-(difluoromethyl)-1H-benzo[d]imidazole
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CFH
N
2
N

9, 76%

H NMR (500 MHz, Chloroform-d) 6 8.14 (s, 1H), 7.94 —7.80 (m, 1H), 7.72 — 7.57 (m, 1H), 7.49 — 7.21
(m, 3H).

19F NMR (471 MHz, Chloroform-d) 8 -93.71.

HRMS (ESI) m/z: [M+H]* Calcd. for C,;H,603P* 169.0572.; Found: 169.0576.
N,N-dimethyl-4-phenylbut-3-yn-2-amine (12)

QL

=

12, 56%
L e.e=51%

Following the general procedure 6 on 0.2 mmol scale, yellow oil, yield: 87% (28.2 mg), R¢=0.7 (silica
gel, PE: DCM = 10:1, v/v), column chromatography (silica gel, PE: DCM = 100:1, v/v).

HPLC analysis: The enantiomeric purity was determined by HPLC analysis (Daicel Chiralcel AD-H,
hexane, 0.5 mL/min, A = 254 nm, Tr(major) = 19.8 min and Tg(minor) = 21.5 min.

H NMR (500 MHz, Chloroform-d) & 7.50 (d, J = 7.7 Hz, 2H), 7.38 — 7.34 (m, 2H), 7.28 (dd, J = 4.8,
2.1 Hz, 3H), 7.16 (d, ] = 7.7 Hz, 2H), 4.06 (q, J = 7.0 Hz, 1H), 2.36 (s, 3H), 1.59 (d, J = 6.8 Hz, 3H).
13C NMR (126 MHz, Chloroform-d) & 138.30, 134.25, 131.62, 129.88, 129.59, 128.20, 128.05, 123.15,
90.33, 83.68, 34.56, 21.86, 21.24.

HRMS (ESI) m/z: [M+H]* Caled. for C;7H;S* 253.1045.; Found: 253.1048.
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(E)-N,N-dimethyl-1,3-diphenylprop-2-en-1-amine

2.4 NMR spectroscopic data
'H NMR (500 MHz, Chloroform-d)
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-amine

(E)-1,3-bis(4-chlorophenyl)-N,N-dimethylprop-2-en-1

TH NMR (500 MHz, Chloroform-d)
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(E)-1,3-bis(4-bromophenyl)-N,N-dimethylprop-2-en-1

TH NMR (500 MHz, Chloroform-d)
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-amine

(E)-1,3-bis(4-iodophenyl)-N,N-dimethylprop-2-en-1

TH NMR (500 MHz, Chloroform-d)
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(E)-3-(4-ethylphenyl)-N,N-dimethyl-1-phenylprop-2-en-1

TH NMR (500 MHz, Chloroform-d)
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(E)-3-(4-fluorophenyl)-N,N-dimethyl-1-(p-tolyl)prop-2-en-1-amine

TH NMR (500 MHz, Chloroform-d)
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(2E,4E)-N,N-dimethyl-1,5-diphenylpenta-2,4-dien-1-amine

TH NMR (500 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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3P NMR (202 MHz, Chloroform-d)

612
[ 182
15y
€5y
L 55
8v'9
8v'9
L 159
259
19
[ 62'9
08'9
20l
202
£0'2
Y02
50'2
50°2
My
91’2
1wl
1l
8Ll
612
612
0z'2
0e'2
[T
el
el
]
]
522
5zl
9z,
1l
8zl
62'2
g2

1190 210 230 -2

470

F6l'e
F80¢€

" 450

ide (4d)

50 .70 -80  -110 130
f1 (ppm)
ine oxi

30

-10

Ep0')
gLl
6Lz
wﬁmo.m
€79
kele
Ly
EEo'L

10

9€" /|

30

£€Tee—

90

Oo=n.

4c, 71%

110

130 |

(E)-(1,3-diphenylallyl)bis(3-methoxyphenyl)phosph

TH NMR (500 MHz, Chloroform-d)
I3

.
50

49

f1 (ppm)




13C NMR (126 MHz, Chloroform-d)
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(E)-(1,3-diphenylallyl)bis(4-fluorophenyl)phosph

TH NMR (500 MHz, Chloroform-d)
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3P NMR (202 MHz, Chloroform-d)
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(E)-bis(3-chlorophenyl)(1,3-diphenylallyl)phosph

TH NMR (500 MHz, Chloroform-d)
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3P NMR (202 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d).
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(E)-(1,3-diphenylallyl)di(naphthalen-2-yl)phosph

TH NMR (500 MHz, Chloroform-d)
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3P NMR (202 MHz, Chloroform-d)
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(E)-(1,3-diphenylallyl)di(naphthalen-1-yl)phosph

TH NMR (500 MHz, Chloroform-d)

43
£r'9
£r'o
649
80'L
60'L
60'L
ouL
]
L
€Vl
rhL
L
S1L
912
91'L
1L
81L
61'L
0z'L
1zl
1zl
L
0L
0g'L
el
el
el
€€,
vef
se'L
Se'L
9g°L
9,
el
el
8L
a |
6E'L]
or'L
0¥ L
Wi
6¥'L
67 L
vl
YLl
si'L
082
8L
58'L
8.“#

181
181
88,
96,
L6L
198
€9'8
6.8
188

oot

45

55

f1 (ppm)

57



13C NMR (126 MHz, Chloroform-d)
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dimethyl (E)-(1,3-diphenylallyl)phosphonate (4j)

TH NMR (500 MHz, Chloroform-d)
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diethyl (E)-(1,3-diphenylallyl)phosphonate (4k)

TH NMR (500 MHz, Chloroform-d)
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3P NMR (202 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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(E)-(3-((4-chlorophenyl)sulfonyl)prop-1-ene-1,3-diyl)dibenzene (6f)
TH NMR (500 MHz, Chloroform-d)

N OOMMAEAOEAE® e e N0 0n QW R
L S e e S L L L R o N ) N S o - T ) = < < <
i _“‘*_\_/L%/—‘\V L\-\Z/
_
Cl
0=S=0
6f, 54% )
I L l . |
BN i n
o8~ o o
323 3 3
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0
f1 (ppm)
13C NMR (126 MHz, Chloroform-d)
IEEREERISERGIYY 2
CHWNS DD EE D L
TRopERANNNNNNNE I
MU
.
cl
0=8=0
L 6f, 54%
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

68



(E)-(3-((4-bromophenyl)sulfonyl)prop-1-ene-1,3-diyl)dibenzene (6g)
TH NMR (500 MHz, Chloroform-d)
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(E)-(3-((4-(trifluoromethyl)phenyl)sulfonyl)prop-1-ene-1,3-diyl)dibenzene (6h)

TH NMR (500 MHz, Chloroform-d)
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19F NMR (471 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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(E)-N-(4-((1,3-diphenylallyl)sulfonyl)phenyl)acetamide (6k)

TH NMR (500 MHz, DMSO-d6)
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(E)-(3-(ethylsulfonyl)prop-1-ene-1,3-diyl)dibenzene (61)

TH NMR (500 MHz, Chloroform-d)
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(E)-(3-(cyclopropylsulfonyl)prop-1-ene-1,3-diyl)dibenzene (6m)

TH NMR (500 MHz, Chloroform-d)
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(E)-2-((1,3-diphenylallyl)sulfonyl)naphthalene (6n)
TH NMR (500 MHz, Chloroform-d)
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TH NMR (500 MHz, Chloroform-d)
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TH NMR (500 MHz, Chloroform-d)
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3P NMR (202 MHz, Chloroform-d)
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diethyl (E)-(1,3-bis(4-chlorophenyl)allyl)phosphonate (7b)

TH NMR (500 MHz, Chloroform-d)
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3P NMR (202 MHz, Chloroform-d)
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TH NMR (500 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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diethyl (E)-(1,3-bis(4-iodophenyl)allyl)phosphonate (7d)

TH NMR (500 MHz, Chloroform-d)
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3P NMR (202 MHz, Chloroform-d)

23.66

QEt
O=P-OEt

SHAs
| |

7d, 69%

50 130 110 90 70 50 30 10  -10 30 50 -70  -80 -110 130 -150 170 -190 -210 -230 -2t
f1 (ppm)
diethyl ((2-phenyl-1H-indol-3-yl)methyl)phosphonate (7¢)
TH NMR (500 MHz, Chloroform-d)
AEELEEpNE T AR ARt sSLLEChns s na
L= T e S S e N e S R e e e S o S e e S ol S Sy N N S
; o] EEEnEE
EtO_OEt
o
I~
N
H
Te, 76%
)J\ JJL (S AJJL,._
\r P\ )l?\ 7\ I7I 1 \r- \[.
[=} VO F D <t [(=] [}
8 L33 & 8 3
i Seho ikl sy ; | ; ; —2 ; ‘ i
15 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0

f1 (ppm)

85



13C NMR (126 MHz, Chloroform-d)
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diethyl (E)-(3-(4-ethylphenyl)-1-phenylallyl)phosphonate (7f)

TH NMR (500 MHz, Chloroform-d)
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3P NMR (202 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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19F NMR (471 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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diethyl (E)-(3-([1,1'-biphenyl]-4-yl)-1-phenylallyl)phosphonate (7i)

TH NMR (500 MHz, Chloroform-d)
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3P NMR (202 MHz, Chloroform-d)
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TH NMR (500 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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1-(difluoromethyl)-1H-benzo|d]imidazole
TH NMR (500 MHz, Chloroform-d)
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(S)-(4-phenylbut-3-yn-2-yl)(p-tolyl)sulfane

TH NMR (126 MHz, Chloroform-d)

85’}
651 >

9gc—

vo'v
SOy
L0

80'%

Skl
Ty
8Z L
8zl
6.
621
e L
se'l
se'l

SE'L
9€'.
9¢’,
6¥'L
15'2

12, 56%

—80°¢

=£0¢

=00°L

10T
zo0e
2907
‘e

50 45

f1 (ppm)

55

6.0

6.5

7.0

5

7

0 85 80

8.0

95

13C NMR (126 MHz, Chloroform-d)
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2.5 HPLC spectra
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