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1. General information

Unless otherwise noted, all experiments were carried out under an atmosphere of
nitrogen and anhydrous conditions. *H NMR and *3C NMR spectra were recorded on
Bruker AMX 400 Spectrometer (*H 400 MHz and '*C 100 MHz, respectively) and
Bruker AMX 500 Spectrometer (*H 500 MHz and *C 125 MHz, respectively).
Chemical shifts (8) were given in ppm and were referenced to residual solvent or TMS
peaks. All high resolution mass spectra were obtained on a Bruker micrOTOFQ Il (ESI).
All the solvents were purified according to the standard procedures. Substrates of
sodium sulfinates were synthesized from the corresponding sulfonyl chlorides
according to the previous report.[l All other chemicals which are commercially

available were employed without further purification.
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2. Optimization of reaction conditions
2.1 1,4-Sulfonylarylation of 1,3-enynes

Table S1. Screening of the ratios of the starting materials and solvents 2]

Ru(bpy)sClp-6H,0 (1 mol/) CsH” CHO
/©/ /©/502Na NiCl,-glyme (10 mol%) Q,
dtbbpy (14 mol% s
c H” __ dtbbpy (14 mol%) _ %

solvent, Ny, rt, 20 h

Blue LEDs
2a e

Entry la(equiv) 2a (equiv) 3a (equiv) Solvent 4a: 42" Yield of 4a (%)
1 1.0 1.0 1.2 DMSO 9:1 37
2 1.0 2.0 1.2 DMSO 1.4:1 43
3 1.5 1.0 1.2 DMSO 18: 1 42
4 2.0 1.0 1.2 DMSO >20: 1 55
5 2.0 1.0 2.0 DMSO 5:1 40
6 2.0 1.0 1.2 DMA >20: 1 10
7 2.0 1.0 1.2 DMF >20: 1 39
8 2.0 1.0 1.2 NMP --- 0
9 2.0 1.0 1.2 MeCN - 0
10 2.0 1.0 1.2 MeOH - 0
11 2.0 1.0 1.2 THF --- 0

[a] Reaction conditions: Ru(bpy)sClz-6H20 (1 mol%), NiCl,-glyme (10 mol%), dtbbpy (14 mol%),
solvent (0.1 M), at room temperature, 30 W blue LEDs, 20 h. [b] Determined by '"H NMR analysis
of crude product. [c] Isolated yield.
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Table S2. Screening of photocatalysts, nickel sources and ligands 4]

PC (1 mol%) H
SO,Na [Ni] (10 mol%) H CsHiq /©/
/©/ /©/ Ilgand (14 mol%)
C Hu
DMSO, Ny, rt,20 h

Blue LEDs
2a

mm@oc@;o%

] La
>3 %J e @%
o FY A o o
L6 L7

Entry PC [Ni] Ligand 4a: 4a'lb! Yield of 4a (%)
1 Ru(bpy)sCl2-6H20 NiCl2-glyme L1 >20: 1 55
2 Ru(bpy)3(PFs)2 NiClz-glyme L1 >20: 1 45
3 [Ir(dFCFippy)a(dtbbpy)]PFs  NiClr-glyme LI >20: 1 62
4 4CzIPN NiClz-glyme L1 >20: 1 64
5 4CzIPN NiClz L1 >20: 1 35
6 4CzIPN NiCl2-6H20 L1 >20: 1 11
7 4CzIPN NiClz glyme L2 >20: 1 73
8 4CzIPN NiCl2-glyme L3 >20: 1 62
9 4CzIPN NiClz-glyme L4 - 0
10 4CzIPN NiClz-glyme L5 - 0
11 4CzIPN NiCl2-glyme L6 - 0
12 4CzIPN NiCl-glyme L7 7:1 30
13 4CzIPN NiCl2-glyme L8 - trace
14 4CzIPN NiCl-glyme L9 5:1 14
15 4CzIPN NiCl-glyme  L10 1: 1 12

164! 4CzIPN NiClz-glyme L2 >20: 1 72

[a] Reaction conditions: 1a (0.2 mmol), 2a (0.1 mmol) and 3a (0.12 mmol) in 1.0 mL DMSO, PC
(1 mol%), [Ni] (10 mol%), ligand (14 mol%), at room temperature, 30 W blue LEDs, 20 h. [b]
Determined by '"H NMR analysis of crude product. [c] Isolated yield. [d] 5 mol% NiCl,-glyme, 7
mol% diOMebpy.
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Table S3. Other screening and control experiments 2]

CHO
o 4CzIPN (1 mol%) —Qs CoHas
2Na NiCl,-glyme (5 mol%) S . Q
__ diOMebpy (7 mol%) _ + S
c5H11 /©/ o

DMSO, Ny, rt,20 h

Blue LEDs
2a MeO CHO

4 4z
Entry Deviations from the reaction conditions 4a: 4a' Yield of 4a (%)

1 None >20:1 72

2 No photocatalyst - 0

3 No light - 0

4 No [Ni] 0

5 No ligand - 0

6 In air — 0

7 Addition of 10 uL H20 >20: 1 54

[a] Reaction conditions: 1a (0.2 mmol), 2a (0.1 mmol) and 3a (0.12 mmol) in 1.0 mL DMSO,
4CzIPN (1 mol%), NiCl,-glyme (5 mol%), diOMebpy (7 mol%), at room temperature, 30 W blue
LEDs, 20 h. [b] Determined by "H NMR analysis of crude product. [¢] Isolated yield.
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2.2 3,4-Sulfonylarylation of 1,3-enynes

Table S4. Screening of the reaction conditions [#

4CzIPN (1 mol%) O CHO
CHo SONa  NiCl,-glyme (5 mol%) CHO Q
N ¢ + diOMebpy (7 mol%) o I + 8
Br = S, o)
DMSO, Ny, 1t, 20 h /©/ o W /©/
1a" 2a 3a Blue LEDs "

7a

Ratio Ligand PC Yield of E/Z of
Entry 7a: 4a'!
(1a'/2a/3a) (EnT energy (kcal/mol)) 7a(%)c! Ta(%)!
1 1:1:1.2 L2 4CzIPN 5:1 49 >20: 1
2 2:1:1.2 L2 4CzIPN 5:1 70 >20: 1
3 3:1:1.2 L2 4CzIPN 5:1 18 >20: 1
4 2:1:1.2 L1 4CzIPN 10: 1 47 >20: 1
5 2:1:1.2 L4 4CzIPN 5:1 50 >20: 1
6 2:1:1.2 LS 4CzIPN --- 0 ---
7 2:1:1.2 L2 Ru(bpy)sCl2-6H20 (46.5) 5:1 62 >20: 1
8 2:1:12 L2 Ru(bpy)s(PFe)2 (46.8) 7:1 61 >20: 1
9 2:1:12 L2 Ir(ppy)s (55.2) 31 50 >20: 1
10 2:1:12 L2 [I(dFCFsppy)a(dtbbpy)]PFs (59.4)  5: 1 56 7:1
11 2:1:12 L2 Ir(dFppy)s (60.1) 4:1 52 15:1

[a] Reaction conditions: 1a' (0.2 mmol), 2a (0.1 mmol) and 3a (0.12 mmol) in 1.0 mL DMSO,
4CzIPN (1 mol%), NiCl-glyme (5 mol%), diOMebpy (7 mol%), at room temperature, 30 W blue
LEDs, 20 h. [b] Determined by "H NMR analysis of crude product. [c] Isolated yield.

Table S5. Control experiments 2]

4CzIPN (1 mol%) O CHO
SONa  Nicl,glyme (5 mol%) CHO o,
__diOMebpy (7 mol%) _ O\\s S + /©/S\\o
DMSO, Ny, 1t, 20 h o b
Blue LEDs

2a

7a 4a'
Entry  Deviations from the reaction 7a: 4a'b] Yield of 7a (%)!! E/Z of Ta (%))
1 None 5:1 70 >20: 1
2 No photocatalyst - 0
3 No light - 0
4 No [Ni] 0
5 No ligand — 0
6 In air - 0




[a] Reaction conditions: 1a' (0.2 mmol), 2a (0.1 mmol) and 3a (0.12 mmol) in 1.0 mL DMSO,
4CzIPN (1 mol%), NiCl,-glyme (5 mol%), diOMebpy (7 mol%), at room temperature, 30 W blue
LEDs, 20 h. [b] Determined by '"H NMR analysis of crude product. [c] Isolated yield.

3. General procedure for the synthesis of 1,3-enynesl?l

0 n-Buli MsCl, TEA
1k r R= " 1/&\ 1
R THF R o o DCM R™ ™"\

1

R2

Procedure A: Under nitrogen atmosphere, n-BuLi (2.0 M in hexane, 5 mmol, 2.5
mL) was added dropwise to a solution of alkyne (5 mmol) in anhydrous THF (20 mL)
at -78 °C. After addition, the resulting solution was stirred at room temperature for one
hour. Then, cooled to -78 °C again, ketone (5 mmol) in THF (10 mL) was added
dropwise. The reaction mixture was allowed to warm to room temperature and was
monitored by TLC for completion. Once completion the reaction was quenched with
saturated aqueous NH4Cl and extracted with EtOAc three times. The combined organic
layer was dried over Na;SO4 and concentrated under reduced pressure to afford the
crude propargyl alcohol.

The resulting propargyl alcohol was dissolved in DCM (30 mL), and the mixture
was cooled to 0 °C. TEA (25 mmol, 5 equiv) was added to this solution and
methylsulfonyl chloride (12.5 mmol, 2.5 equiv) sequentially. After one hour the
reaction was monitored by TLC for completion. Once completion the reaction was
quenched with saturated aqueous NH4Cl. The aqueous layer was extracted with DCM
and the combined organic layers were washed with brine, dried over Na,SOys, filtered,
and concentrated under reduced pressure. The crude material was purified by flash
chromatography to yield the 1,3-enyne 1.

The analytical data of the new products are summarized below.

S7



~0 CsH1q CsHyq CsHi4 E CsHis al CsHi4
1a 1e

1b 1c 1d

A A O A Hscjl\/ H,C X
CsHyy CsHi4 Cshhs
1i
X
1o

1h 1i

HiC™ HiC™ AN
CsH;
1 1m Cl 1n
QJ\A/

C6H13

1f
X
1k
X
Ph
d\
1p
X
1u
A
Ph

1-methoxy-4-(non-1-en-3-yn-2-yl)benzene (1a): Pale

- /@J\%HH yellow oil, isolated yield 50%. 'H NMR (400 MHz,
° 1a CDClz)6 7.52 (d,J=9.2 Hz, 2H), 6.79 (d, J= 8.8 Hz, 2H),
5.65(d,J= 1.2 Hz, 1H), 5.40 (d, J= 1.2 Hz, 1H), 3.73 (s,

3H), 2.32 (t,J = 7.0 Hz, 2H), 1.56 — 1.49 (m, 2H), 1.40 — 1.25 (m, 4H), 0.85 (t,J=7.2
Hz, 3H). 3C NMR (100 MHz, CDCls) & 159.6, 130.5, 130.3, 127.3, 117.4, 113.6, 91.8,

79.9, 55.3,31.6, 28.5,22.2, 19.4, 14.0. MS (ESI): 229.2 [M+H]".

1-methyl-4-(non-1-en-3-yn-2-yl)benzene  (1b):  Pale
/@J\C5H11 yellow oil, isolated yield 50%. '"H NMR (400 MHz, CDCls)
b 8 7.56 (d, J = 8.0 Hz, 2H), 7.17-7.15 (m, 2H), 5.81 (d, J =

1.2 Hz, 1H), 5.54 (d, J = 1.2 Hz, 1H), 2.42 (t, J = 7.2 Hz,

2H), 2.37 (s, 3H), 1.65 — 1.56 (m, 2H), 1.49 — 1.34 (m, 4H), 0.94 (t, J = 7.2 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 137.9, 135.0, 130.8, 128.9, 125.9, 118.4, 91.8, 79.9,
31.2,28.5,22.2,21.1,19.4, 14.0. MS (ESI): 213.2 [M+H]".
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1-fluoro-4-(non-1-en-3-yn-2-yl)benzene (1d): Pale yellow
X bt oil, isolated yield 59%. 'H NMR (400 MHz, CDCl3) § 7.64
—7.61 (m, 2H), 7.05 — 7.00 (m, 2H), 5.77 (d, J = 1.2 Hz,
1H), 5.56 — 5.55 (m, 1H), 2.41 (t, J = 7.0 Hz, 2H), 1.64 —
1.58 (m, 2H), 1.46 — 1.33 (m, 4H), 0.93 (t, /= 7.0 Hz, 3H). 3C NMR (100 MHz, CDCl5)
§162.2 (d, J = 246.0 Hz), 133.9 (d, J = 3.0 Hz), 129.9, 127.8 (d, J = 8.0 Hz), 119.0 (d,
J=1.0Hz), 115.1 (d, J = 22.0 Hz), 92.3, 79.6, 31.2, 28.4, 22.2, 19.4, 14.0. MS (ESI):

217.1 [M+H]".

1-chloro-4-(non-1-en-3-yn-2-yl)benzene  (1le): Pale

A o yellow oil, isolated yield 68%. '"H NMR (400 MHz, CDCls)
51111
cl 57.54(d,J=8.4Hz 2H), 7.27 (d,J=8.4 Hz, 2H), 5.77 (d,

J=0.8 Hz, 1H), 5.55 (d, J = 0.8 Hz, 1H), 2.37 (t, J= 7.2
Hz, 2H), 1.59 — 1.52 (m, 2H), 1.43 — 1.29 (m, 4H), 0.89 (t, J = 7.2 Hz, 3H). 3*C NMR
(100 MHz, CDCls) & 136.3, 133.9, 129.9, 128.4, 127.4, 119.0, 92.5, 79.3, 31.2, 28.4,
22.2,19.3, 14.0. MS (ESI): 233.1 [M+H]".

1-methyl-3-(non-1-en-3-yn-2-yl)benzene (1f): Pale yellow oil,
A isolated yield 55%. 'H NMR (500 MHz, CDCl3)§ 7.51 — 7.48

CsH14
(m, 2H), 7.28 — 7.24 (m, 1H), 7.15 — 7.13 (m, 1H), 5.85 (d, J =

1f

1.5 Hz, 1H), 5.59 (d, J = 1.0 Hz, 1H), 2.44 (t, J = 7.0 Hz, 2H),

2.40 (s, 3H), 1.68 — 1.62 (m, 2H), 1.51 — 1.45 (m, 2H), 1.42 — 1.37 (m, 2H), 0.96 (t, J
=7.3 Hz, 3H). 3C NMR (125 MHz, CDCl3) § 137.8, 131.1, 128.8, 128.1, 126.8, 123.2,

119.2,91.9,79.9, 31.2, 28.4, 22.2, 21.4, 19.4, 14.0. MS (ESI): 213.2 [M+H]".

1-methyl-2-(non-1-en-3-yn-2-yl)benzene (1g): Pale yellow
A oil, isolated yield 46%. 'H NMR (400 MHz, CDCls) & 7.29-

CsH14

7.26 (m, 1H), 7.23-7.17 (m, 3H), 5.70 (s, 1H), 5.40 (s, 1H),
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2.46-2.45 (m, 3H), 2.37-2.32 (m, 2H), 1.59 — 1.53 (m, 2H), 1.42 — 1.31 (m, 4H), 0.95 —
0.90 (m, 3H). '*C NMR (100 MHz, CDCls) § 140.0, 135.4, 132.2, 130.26, 128.6, 127.6,
125.8, 123.8,91.9, 80.6, 31.1, 28.3, 22.2, 20.2, 19.4, 14.0. MS (ESI): 213.2 [M+H]".

1-chloro-4-(6-phenylhex-1-en-3-yn-2-yl)benzene

O N (1t): Pale yellow oil, isolated yield 51%. 'H NMR

(400 MHz, CDCIl3) 6 7.36 (d, J = 8.8 Hz, 2H), 7.28 —

7.21 (m, 2H), 7.21 —7.08 (m, 5H), 5.72 (d, /= 1.2 Hz,

1H), 5.48 (d, J = 0.8 Hz, 1H), 2.84 (t, J = 7.6 Hz, 2H), 2.64 (t, J = 7.6 Hz, 2H). 1*C

NMR (100 MHz, CDCls) 6 140.5, 136.0, 133.9,129.7, 128.5, 128.4,128.3,127.4, 126 .4,
119.8,91.4, 80.1, 34.9, 21.5. MS (ESI): 267.1 [M+H]".

0 n-Buli MsCl, TEA KoCO
k + MS— ———— —» ] —»2 : R
- RN MeOH X
™S

Procedure B: Under nitrogen atmosphere, n-BuLi (2.0 M in hexane, 5 mmol, 2.5 mL)
was added dropwise to a solution of trimethylsilylacetylene (5 mmol) in anhydrous
THF (20 mL) at -78 °C. After addition, the resulting solution was stirred at room
temperature for one hour. Then, cooled to -78 °C again, ketone (5 mmol) in THF (10
mL) was added dropwise. The reaction mixture was allowed to warm to room
temperature and was monitored by TLC for completion. Once completion the reaction
was quenched with saturated aqueous NH4Cl and extracted with EtOAc three times.
The combined organic layer was dried over Na>xSO4 and concentrated under reduced
pressure to afford the crude propargyl alcohol.

The resulting propargyl alcohol was dissolved in DCM (30 mL), and the mixture
was cooled to 0 °C. TEA (25 mmol, 5 equiv) was added to this solution and
methylsulfonyl chloride (12.5 mmol, 2.5 equiv) sequentially. After one hour the
reaction was monitored by TLC for completion. Once completion the reaction was
quenched with saturated aqueous NH4Cl. The aqueous layer was extracted with DCM

and the combined organic layers were washed with brine, dried over Na,SOys, filtered,
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and concentrated under reduced pressure.

The crude material was directly treated with anhydrous KoCOs (15 mmol, 3 equiv)
in MeOH (20 mL) and stirred at room temperature for two hours. Then, MeOH was
removed and water was added to the remaining residue. The aqueous layer was
extracted with EtOAc and the combined organic layers were washed with brine, dried
over Na;SOy, filtered, and concentrated under reduced pressure. The crude residue was
purified by flash chromatography to yield the 1,3-enyne 1'.

The analytical data of the new products are summarized below.

1-(but-1-en-3-yn-2-yl)-4-methylbenzene (1b'): Pale yellow oil,
isolated yield 59%. 'H NMR (400 MHz, CDCl3) & 7.57 (d, J = 8.0

Ve

" Hz, 2H), 7.21 — 7.14 (m, 2H), 5.96 (s, 1H), 5.72 (s, 1H), 3.11 (t, J =
0.6 Hz, 1H), 2.37 (s, 3H). 13C NMR (100 MHz, CDCls) § 138.4,

133.9,129.5,129.1, 125.9, 121.3, 82.9, 78.4, 21.2. MS (ESI): 143.1 [M+H]".

1-(but-1-en-3-yn-2-yl)-4-(tert-butyl)benzene (1c'): Pale yellow
N
N oil, isolated yield 57%. '"H NMR (400 MHz, CDCls) & 7.62 (d, J
1¢' =8.8 Hz, 2H), 7.41 (d, J = 8.8 Hz, 2H), 5.99 — 5.96 (m, 1H), 5.75

~5.71 (m, 1H), 3.11 (t, J = 0.6 Hz, 1H), 1.35 (s, 9H). '3C NMR
(100 MHz, CDCl3) & 151.6, 133.9, 129.5, 125.7, 125.3, 121.4, 82.9, 78.4, 34.6, 31.3.
MS (ESI): 185.1 [M+H]".
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1-(but-1-en-3-yn-2-yl)-4-chlorobenzene (le'): Pale yellow oil,
N isolated yield 55%. 'H NMR (400 MHz, CDCls) 3 7.59 (d, J = 8.8

Cl
1e' Hz, 2H), 7.33 (d, J = 8.8 Hz, 2H), 5.97 (s, 1H), 5.77 (s, 1H), 3.13

(t, J= 0.6 Hz, 1H). *C NMR (100 MHz, CDCls) § 135.1, 134.4,
128.7, 128.5, 127.3, 122.5, 82.3, 79.1. MS (ESI): 163.0 [M+H]".

1-(but-1-en-3-yn-2-yl)-3,5-dimethylbenzene (1f'): Pale yellow oil,
X isolated yield 54%. 'H NMR (400 MHz, CDCls) 8 7.34 — 7.30 (m,
2H), 7.02 — 6.98 (m, 1H), 6.00 (s, 1H), 5.76 (s, 1H), 3.14 (t, /= 0.4
1f

Hz, 1H), 2.38 (d, J = 0.8 Hz, 6H). 3C NMR (100 MHz, CDCL3)
137.9, 136.6, 130.1, 129.9, 123.8, 122.0, 83.0, 78.4, 21.3. MS (ESI): 157.1 [M+H]".

o 1-(but-1-en-3-yn-2-yl)-3-methoxybenzene (1g"): Pale yellow oil,
g \©)‘\% isolated yield 58%. '"H NMR (400 MHz, CDCl3) § 7.37 — 7.17 (m,
1g' 3H), 6.93 — 6.86 (m, 1H), 6.02 (s, 1H), 5.79 (s, 1H), 3.86 (s, 3H),

3.14 (t, J = 0.6 Hz, 1H). *C NMR (100 MHz, CDCls) § 159.6,

138.1, 129.6, 129.4, 122.5, 118.4, 113.9, 111.9, 82.7, 78.6, 55.3. MS (ESI): 159.1
[M+H]".

1-(but-1-en-3-yn-2-yl)-2-methylbenzene (1h'): Pale yellow oil,
X
N solated yield 54%. '"H NMR (400 MHz, CDCl3) § 7.25 — 6.92 (m, 4H),
1h 5.75(dd, J=1.6, 0.8 Hz, 1H), 5.42 (dd, J= 1.6, 0.8 Hz, 1H), 2.93 (t, J

=0.6 Hz, 1H), 2.31 (s, 3H). 3*C NMR (100 MHz, CDCls) & 138.7, 135.5,
130.9, 130.4, 128.7, 128.0, 126.9, 125.9, 83.4, 78.5, 20.1. MS (ESI): 143.1 [M+H]".

5-(but-1-en-3-yn-2-yl)benzo[d][1,3]dioxole (1i'): Pale yellow oil,
0
N isolated yield 53%. 'H NMR (400 MHz, CDCls) § 7.20 (dd, J =
0
1i

8.2, 1.8 Hz, 1H), 7.14 (dd, J= 1.8, 0.6 Hz, 1H), 6.80 (dd, J = 8.4,

VN

0.4 Hz, 1H), 5.97 (s, 2H), 5.85 (s, 1H), 5.67 (s, 1H), 3.11 (s, 1H).
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3C NMR (100 MHz, CDCl3) § 147.9, 147.8, 131.0, 129.1, 120.7, 120.3, 108.0, 106.1,
101.2, 82.8, 78.5. MS (ESI): 173.1 [M+H]".
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4. General procedure for 1,4-sulfonylarylation of 1,3-enynes

4CzIPN (1 mol%) 9

4_ 2
X o NiCl,-glyme (5 mol%) R™-% R
N I s diOMebpy (7 mol% 0 :
A 2 + T + R*S~ONa iOMebpy (7 mol%) R

DMSO, Ny, rt, 20 h
Blue LEDs

R3

General procedure : A dry reaction tube equipped with a Teflon-coated magnetic
stir bar was charged with 4CzIPN (1.6 mg, 0.002 mmol, 1 mol%), NiCl,-glyme (2.2
mg, 0.01 mmol, 5 mol%), diOMebpy (3.0 mg, 0.014 mmol, 7 mol%), aryl halide (0.2
mmol, 1 equiv., if solid), sodium sulfinate (0.24 mmol, 1.2 equiv.) and 1,3-enyne (0.4
mmol, 2 equiv., if solid). It was capped with a rubber septum, evacuated and backfilled
with argon. Then, degassed anhydrous DMSO (2.0 mL), aryl halide (0.2 mmol, 1 equiv.,
if liquid) and 1,3-enyne (0.4 mmol, 2 equiv., if liquid) were added via syringe. The
reaction mixture was stirred at room temperature under 30 W blue LEDs irradiation for
20 hours. After the reaction completion, the reaction mixture was diluted with EtOAc,
then washed with brine, dried over Na>SQOs, filtered, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel
(hexane/EtOAc) to afford the corresponding products.

The analytical data of the products are summarized below. 4m is known compound

in the references.!

S CsHy4
o) . yl)benzaldehyde (4a): Pale yellow oil, 70.3 mg,

C O 4-(2-(4-methoxyphenyl)-1-tosylnona-2,3-dien-4-
isolated yield 72%. 'H NMR (400 MHz, CDCl;3) §

-0 cHo 9.98 (s, 1H), 7.79 (d, J = 8.8 Hz, 2H), 7.69 (d, J =

- 8.0 Hz, 2H), 7.47 (d, J = 8.4 Hz, 2H), 7.26 (d, J =

8.8 Hz, 2H), 7.18 (d, J = 8.0 Hz, 2H), 6.81 (d, J = 8.8 Hz, 2H), 4.36 — 4.26 (m, 2H),
3.79 (s, 3H), 2.49 — 2.39 (m, 2H), 2.36 (s, 3H), 1.53 — 1.44 (m, 2H), 1.35 — 1.26 (m,
4H), 0.85 (t,J= 6.8 Hz, 3H). *C NMR (100 MHz, CDCl3) § 210.3, 191.7, 159.2, 144.6,

142.1, 136.1, 135.2, 129.9, 129.6, 128.4, 127.4, 126.9, 125.8, 114.1, 109.8, 99.3, 58.2,

S14



553, 31.7, 303, 27.6, 22.4, 21.6, 140. HRMS (ESI): m/z caled. for
C33H3304S ([M+H]") = 489.2094, found = 489.2095.

O 4-(2-(p-tolyl)-1-tosylnona-2,3-dien-4-
4< >—s CsHiy
o . yl)benzaldehyde (4b): Light yellow solid, 70.8 mg,

isolated yield 75%. '"H NMR (400 MHz, CDCls) §

cHo 9.98 (s, 1H), 7.79 (d, J = 8.4 Hz, 2H), 7.69 (d, J =

o 8.4 Hz, 2H), 7.48 (d, J = 8.4 Hz, 2H), 7.22 (d, J =

8.4 Hz, 2H), 7.17 (d, J = 8.4 Hz, 2H), 7.08 (d, J = 8.0 Hz, 2H), 4.40 — 4.25 (m, 2H),
2.52 — 2.38 (m, 2H), 2.35 (s, 3H), 2.32 (s, 3H), 1.56 — 1.43 (m, 2H), 1.35 — 1.26 (m,
4H), 0.85 (t,J=7.2 Hz, 3H). >*C NMR (100 MHz, CDCl3) § 210.5, 191.6, 144.6, 142.0,
137.6, 136.1, 135.2, 130.7, 129.9, 129.6, 129.3, 128.4, 126.9, 126.1, 109.9, 99.6, 58.1,
31.7, 30.2, 27.5, 224, 21.6, 21.1, 14.0. HRMS (ESI): m/z calcd. for

C30H3203SNa’([M+Na]") = 495.1964, found = 495.1962.

O 4-(2-phenyl-1-tosylnona-2,3-dien-4-
@S CsHi4 :
o . yl)benzaldehyde (4¢): Pale yellow oil, 64.1 mg,
isolated yield 70%. 'H NMR (400 MHz, CDCl3) &

oo 991 (s, 1H), 7.74 (d, J = 8.8 Hz, 2H), 7.63 (d, J =

4 8.4 Hz, 2H), 7.44 (d, J = 8.4 Hz, 2H), 7.29 — 7.24

(m, 2H), 7.23 — 7.13 (m, 3H), 7.10 (d, J = 7.6 Hz, 2H), 4.34 — 4.23 (m, 2H), 2.48 — 2.33
(m, 2H), 2.28 (s, 3H), 1.52 — 1.37 (m, 2H), 1.30 — 1.20 (m, 4H), 0.78 (t, /= 7.8 Hz, 3H).
13C NMR (100 MHz, CDCls3) § 210.8, 191.6, 144.6, 141.7, 136.0, 135.2, 133.7, 129.9,
129.6, 128.6, 128.3, 127.5, 126.9, 126.1, 110.0, 99.6, 58.0, 31.7, 30.2, 27.5, 22.4, 21.5,

14.0. HRMS (ESI): m/z calcd. for C2oH3103S ([M+H]") =459.1988, found = 459.1987.
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O

4-(2-(4-fluorophenyl)-1-tosylnona-2,3-dien-4-
< H—s CsHy4
o) . yl)benzaldehyde (4d): Pale yellow oil, 72.0 mg,

isolated yield 76%. 'H NMR (400 MHz, CDCls) &

F cHo 991 (s, 1H), 7.73 (d, J = 8.4 Hz, 2H), 7.62 (d, J =

4 8.4 Hz, 2H), 7.41 (d, J = 8.0 Hz, 2H), 7.22 (dd, J =

8.8,5.2 Hz, 2H), 7.12 (d, J= 7.6 Hz, 2H), 6.88 (t, J= 8.8 Hz, 2H), 4.29 — 4.18 (m, 2H),
2.47 — 2.33 (m, 2H), 2.29 (s, 3H), 1.49 — 1.36 (m, 2H), 1.27 — 1.19 (m, 4H), 0.78 (t, J
= 6.8 Hz, 3H). 3C NMR (100 MHz, CDCl3) § 210.6 (d, J = 2.0 Hz), 191.6, 162.2 (d, J
= 247.0 Hz), 144.8, 141.6, 136.0, 135.3, 129.9, 129.8 (d, J = 3.0 Hz), 129.7, 128.4,
127.9 (d, J=8.0 Hz), 127.0, 115.6 (d, J=21.0 Hz), 110.1, 98.9, 58.3, 31.6, 30.2, 27.5,

22.4,21.6,14.0. HRMS (ESI): m/z calcd. for C20H30FO3S"([M+H]") = 477.1894, found

=477.1896.
O 4-(2-(4-chlorophenyl)-1-tosylnona-2,3-dien-4-
4< >—s CsHoy
o . yl)benzaldehyde (4e): Pale yellow oil, 73.8 mg,
isolated yield 75%. 'H NMR (400 MHz, CDCl3) &
Cl CHO 9.92 (S, IH), 7.74 (d, J=284 HZ, 2H), 7.62 (d, J=

4e
8.0 Hz, 2H), 7.41 (d, J = 8.4 Hz, 2H), 7.21 — 7.08

(m, 6H), 4.30 — 4.16 (m, 2H), 2.47 — 2.32 (m, 2H), 2.30 (s, 3H), 1.48 — 1.35 (m, 2H),
1.27 — 1.21 (m, 4H), 0.68 (t, J = 6.8 Hz, 3H). 3C NMR (100 MHz, CDCls) § 210.8,
191.6, 144.9, 141.4, 136.0, 135.4, 133.50, 132.3, 130.0, 129.7, 128.8, 128.4, 127.5,
127.0, 110.4, 99.0, 58.1, 31.7, 30.2, 27.5, 22.4, 21.6, 14.0. HRMS (ESI): m/z calcd. for
C20H29ClO3SNa"([M+Na]") = 515.1418, found = 515.1414.
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(,? 4-(2-(m-tolyl)-1-tosylnona-2,3-dien-4-

4< >—s CsHyy
o . yDbenzaldehyde (4f): Pale yellow oil, 61.4 mg,
isolated yield 65%. 'H NMR (400 MHz, CDCl3) §
cHo 999 (s, 1H), 7.81 (d, J = 8.4 Hz, 2H), 7.69 (d, J =
4 8.4 Hz, 2H), 7.52 (d, J = 8.4 Hz, 2H), 7.19 — 7.10
(m, 4H), 7.05 — 6.99 (m, 2H), 4.40 — 4.27 (m, 2H), 2.55 — 2.39 (m, 2H), 2.35 (s, 3H),
2.26 (s, 3H), 1.58 — 1.47 (m, 2H), 1.39 — 1.24 (m, 4H), 0.86 (t, J = 7.2 Hz, 3H). *C
NMR (100 MHz, CDCl3) 6 210.8, 191.6, 144.5, 141.9, 138.1, 136.1, 135.2, 133.6, 129.9,
129.5,128.5,128.4,128.4,127.0,126.7, 123.4,109.8, 99.7, 58.1, 31.7, 30.2,27.5, 22 .4,
21.5,21.4, 14.0. HRMS (ESI): m/z calcd. for C30H3303S"([M+H]") = 473.2145, found

=473.2141.

O 4-(2-(o-tolyl)-1-tosylnona-2,3-dien-4-
@S CsHa )

. . yl)benzaldehyde (4g): Pale yellow oil, 65.4 mg,

isolated yield 69%. 'H NMR (400 MHz, CDCl;3) §

cro  10.02 (s, 1H), 7.86 (d, J = 8.8 Hz, 2H), 7.67 (d, J =

* 8.4 Hz, 2H), 7.63 (d, J = 8.4 Hz, 2H), 7.20 (d, J =

8.0 Hz, 2H), 7.17 — 7.05 (m, 4H), 4.36 — 4.22 (m, 2H), 2.51 — 2.43 (m, 2H), 2.40 (s,

3H), 2.26 (s, 3H), 1.59 — 1.47 (m, 2H), 1.39 — 1.26 (m, 4H), 0.88 (¢, J = 6.8 Hz, 3H).

3C NMR (100 MHz, CDCI3) § 209.1, 191.7, 144.5, 142.1, 136.4, 135.6, 135.1, 134.6,

130.6, 129.8, 129.6, 128.4, 128.0, 127.6, 127.2, 125.9, 107.3, 98.0, 60.8, 31.6, 30.2,

27.5, 22.4, 21.5, 20.7, 14.0. HRMS (ESI): m/z calcd. for C3H3303S"([M+H]") =

473.2145, found = 473.2144.

: (Isl) o 4-(2-(naphthalen-2-yl)-1-tosylnona-2,3-dien-4-
5111
o . yl)benzaldehyde (4h): Pale yellow oil, 54.9 mg,

isolated yield 54%. 'H NMR (400 MHz, CDCls) &

Q cHo 10.00 (s, 1H), 7.83 (d, J = 8.8 Hz, 2H), 7.78 — 7.73

4h
(m, 1H), 7.72 — 7.65 (m, 4H), 7.60 (d, J = 1.6 Hz,
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1H), 7.56 (d, J = 8.0 Hz, 2H), 7.48 — 7.38 (m, 3H), 7.08 (d, J = 8.0 Hz, 2H), 4.53 — 4.39
(m, 2H), 2.59 — 2.43 (m, 2H), 2.20 (s, 3H), 1.59 — 1.50 (m, 2H), 1.42 — 1.24 (m, 4H),
0.85 (t, J = 6.8 Hz, 3H). '3C NMR (100 MHz, CDCls) & 211.4, 191.6, 144.8, 141.8,
136.1, 135.3, 133.3, 132.6, 130.9, 130.0, 129.6, 128.4, 128.3, 128.1, 127.5, 127.0, 126.3,
126.2, 124.0, 124.4,110.3, 100.0, 58.2, 31.7, 30.3, 27.6, 22.4, 21.4, 14.0. HRMS (ESI):
m/z caled. for C33H3305S ([M+H]") = 509.2145, found = 509.2141.

9] 4-(5-methyl-6-tosylhexa-3,4-dien-3-

4©7§‘>:. yl)benzaldehyde (4i): Pale yellow oil, 50.7

mg, isolated yield 72%. '"H NMR (400 MHz,

CDCl3)89.96 (s, 1H), 7.78 (d, /= 8.4 Hz, 2H),

4i CHO 7.74 (d, J= 8.4 Hz, 2H), 7.32 (d, J = 8.4 Hz,

2H), 7.28 (d,J=8.0,2H), 3.91 —3.81 (m, 2H),

2.40 (s, 3H), 2.32 (q, J = 7.2 Hz, 2H), 1.99 (s, 3H), 0.99 (t, J = 7.2 Hz, 3H). *C NMR

(100 MHz, CDCI3) & 207.4, 191.7, 144.8, 142.8, 136.0, 134.8, 129.8, 129.7, 128.2,

126.7, 107.8, 93.9, 61.4, 23.1, 21.6, 18.9, 12.4. HRMS (ESI): m/z calcd. for
C21H2303S ([M+H]") = 355.1362, found = 355.1364.

0 4-(1-cyclopropyl-3-methyl-4-tosylbuta-1,2-dien-
4©7§_>:, 1-yl)benzaldehyde (4j): Pale yellow oil, 53.4 mg,
isolated yield 73%. 'H NMR (400 MHz, CDCls) &
4 SHO 9.97 (s, 1H), 7.79 — 7.72 (m, 4H), 7.49 (d, J = 8.4

Hz, 2H), 7.28 (d, J = 8.0 Hz, 2H), 3.88 — 3.77 (m,
2H), 2.40 (s, 3H), 1.95 (s, 3H), 1.51 — 1.43 (m, 1H), 0.91 — 0.76 (m, 2H), 0.47 — 0.36
(m, 2H). *C NMR (100 MHz, CDCl3) § 206.8, 191.7, 144.8, 143.2, 136.0, 134.9, 129.9,
129.6, 128.1, 127.0, 109.5,94.4, 61.2,21.6, 18.9, 11.0, 7.3, 7.0. HRMS (ESI): m/z calcd.

for C2xHa305S ([M+H]") = 367.1362, found = 367.1360.
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o o Ph (E)-4-(2-methyl-9-phenyl-1-tosylnona-
4@*(:53:_>:. 2,3,8-trien-4-yl)benzaldehyde (4k): Pale
yellow oil, 49.8 mg, isolated yield 53%. 'H

NMR (400 MHz, CDCls) 6 9.90 (s, 1H), 7.71

4k ere — 7.67 (m, 4H), 7.28 — 7.23 (m, 5H), 7.23 —

7.20 (m, 2H), 7.18 — 7.12 (m, 2H), 6.34 — 6.29 (m, 1H), 6.15 — 6.08 (m, 1H), 3.83 —
3.75 (m, 2H), 2.33 (s, 3H), 2.29 — 2.22 (m, 2H), 2.19 — 2.14 (m, 2H), 1.93 (s, 3H), 1.52
—1.51 (m, 2H). 3C NMR (100 MHz, CDCl3) § 207.6, 191.7, 144.8, 142.7, 137.5, 136.0,
134.9, 130.5, 129.9, 129.8, 129.7, 128.5, 128.2, 127.0, 126.8, 125.9, 105.9, 93.3, 61.3,
32.5,29.4,27.4, 21.6, 18.9. HRMS (ESI): m/z calcd. for C30H3003SNa'([M+Na]") =

493.1808, found = 493.1804.

q Q 4-(3-methyl-1-phenyl-4-tosylbuta-1,2-dien-1-
4©*§_>:. yl)benzaldehyde (41): Pale yellow oil, 50.7 mg,
Q isolated yield 63%. 'H NMR (500 MHz, CDCls) &

10.00 (s, 1H), 7.78 (d, J = 6.8 Hz, 2H), 7.69 (d, J =

41 CHO

6.8 Hz, 2H), 7.36 — 7.27 (m, 5H), 7.16 — 7.09 (m,

4H), 3.98 — 3.90 (m, 2H), 2.33 (s, 3H), 2.07 (s, 3H). '*C NMR (125 MHz, CDCls) 5
208.3,191.6,144.6,142.8, 135.4,135.3,135.2,129.7, 129.6, 129.0, 128.6, 128.5, 128.1,
127.8,109.7, 93.7, 61.1, 21.6, 19.1. HRMS (ESI): m/z calcd. for C2sHa30sS ([M+H]")

=403.1362, found = 403.1363.

cl 1-chloro-4-(3-methyl-1-phenyl-4-tosylbuta-1,2-
( ) (IS)I O dien-1-yl)benzene (4m): Pale yellow oil, 67.7 mg,
6_%- isolated yield 83%. 'H NMR (400 MHz, CDCl3) 8 7.67

O (d, J = 8.0 Hz, 2H), 7.32 — 7.26 (m, 3H), 7.23 (d, J =
4
" 8.4 Hz, 2H), 7.14 — 7.07 (m, 4H), 7.04 (d, J = 8.8 Hz,
2H), 3.98 — 3.86 (m, 2H), 2.35 (s, 3H), 2.05 (s, 3H). °C NMR (100 MHz, CDCl5) §

207.4,144.6,135.8,135.4,134.7,133.2,129.9, 129.7,128.5, 128.4, 128 .4, 128.1, 127.7,
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109.3, 93.2, 61.4, 21.6, 19.2. HRMS (ESI): m/z calcd. for C24Ha1Cl02SNa([M+Na]")
= 431.0843, found = 431.0841.

O 4-(2-(p-tolyl)-1-tosylhepta-2,3-dien-4-
— >—§ CsHz
yl)benzaldehyde (4n): Pale yellow oil, 73.7 mg,

isolated yield 83%. "H NMR (400 MHz, CDCls)

cHo  89.98 (s, 1H), 7.79 (d, J = 8.4 Hz, 2H), 7.69 (d,

“n J=8.4 Hz, 2H), 7.48 (d, J = 8.4 Hz, 2H), 7.23

(d,J = 8.4 Hz, 2H), 7.18 (d, J = 7.6 Hz, 2H), 7.08 (d, J = 8.0 Hz, 2H), 4.42 — 4.28 (m,
2H), 2.50 — 2.38 (m, 2H), 2.35 (s, 3H), 2.32 (s, 3H), 1.60 — 1.43 (m, 2H), 0.95 (t, J =
7.6 Hz, 3H). *C NMR (100 MHz, CDCl3) § 210.6, 191.6, 144.6, 141.9, 137.6, 136.1,
135.2, 130.6, 129.9, 129.6, 129.3, 128.4, 126.9, 126.1, 109.7, 99.6, 58.0, 32.3, 21.6,
21.1, 21.1, 14.0. HRMS (ESI): m/z calcd. for C2sH2303SNa’([M+Na]") = 467.1651,

found = 467.1648.

0 4-(2-(p-tolyl)-1-tosyldeca-2,3-dien-4-
@S CeHis3
. yl)benzaldehyde (40): Pale yellow oil, 69.0 mg,

isolated yield 71%. '"H NMR (400 MHz, CDCls) &

- cHo 998 (s, 1H), 7.79 (d, J = 8.4 Hz, 2H), 7.69 (d, J =

8.4 Hz, 2H), 7.48 (d, J = 8.0 Hz, 2H), 7.22 (d, J =

8.4 Hz, 2H), 7.17 (d, J = 7.6 Hz, 2H), 7.08 (d, J = 8.0 Hz, 2H), 4.39 — 4.26 (m, 2H),
2.54 —2.39 (m, 2H), 2.35 (s, 3H), 2.32 (s, 3H), 1.55 — 1.43 (m, 2H), 1.38 — 1.19 (m,
6H), 0.85 (t,J="7.2 Hz, 3H). 3C NMR (100 MHz, CDCl3) § 210.5, 191.6, 144.6, 142.0,
137.6, 136.1, 135.2, 130.7, 129.9, 129.6, 129.3, 128.4, 126.9, 126.1, 109.9, 99.6, 58.1,
31.6, 30.3, 29.2, 27.8, 22.6, 21.6, 21.1, 14.0. HRMS (ESI): m/z calcd. for

C31H3403SNa“([M+Na]") = 509.2121, found = 509.2119.
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C 0 4-(1-cyclopropyl-3-phenyl-4-tosylbuta-1,2-dien-

()]

0 . 1-yl)benzaldehyde (4p): Pale yellow oil, 51.4 mg,
isolated yield 60%. 'H NMR (400 MHz, CDCls) &

© cHo 998 (s, 1H), 7.80 (d, J = 8.4 Hz, 2H), 7.71 — 7.61
(m, 4H), 7.27 — 7.17 (m, 5H), 7.14 (d, J = 8.0 Hz,

2H), 4.38 —4.22 (m, 2H), 2.32 (s, 3H), 1.67 — 1.61 (m, 1H), 0.96 — 0.85 (m, 2H), 0.66
—0.58 (m, 1H), 0.57 —0.50 (m, 1H). '*C NMR (100 MHz, CDCl3) § 210.2, 191.7, 144.7,
142.3,136.1, 135.4,133.5,129.8, 129.7,128.7, 128.3,127.7,127.2,126.1, 113.3, 100.9,
58.0, 21.6, 11.4, 7.3. HRMS (ESI): m/z calcd. for C27H2503S"([M+H]") = 429.1519,

found = 429.1520.

C (IS)I 4-(1-cyclohexyl-4-phenyl-5-tosylpenta-2,3-dien-

o) . 2-yl)benzaldehyde (4q): Pale yellow oil, 74.5 mg,
isolated yield 77%. '"H NMR (400 MHz, CDCls) &

cHo 9.90 (s, 1H), 7.73 (d, J = 8.4 Hz, 2H), 7.60 (d, J =

a 8.4 Hz, 2H), 7.42 (d, J = 8.4 Hz, 2H), 7.26 — 7.21
(m, 2H), 7.21 - 7.11 (m, 3H), 7.09 (d, /= 8.4 Hz, 2H), 4.33 —4.18 (m, 2H), 2.34 - 2.13
(m, 5H), 1.69 — 1.49 (m, 5H), 1.42 - 1.30 (m, 1H), 1.13 - 0.98 (m, 3H), 0.89 —0.73 (m,
2H). 3C NMR (100 MHz, CDCls) § 211.3, 191.6, 144.6, 141.8, 135.9, 135.2, 133.7,
129.9,129.6, 128.5,128.4,127.5,127.1,126.2, 108.1, 98.7, 58.2, 38.1, 36.1,33.3,33.2,
26.2,26.0,21.5. HRMS (ESI): m/z calcd. for C31H3303S"([M+H]") = 485.2145, found

=485.2141.

o Cl 4-(7-chloro-2-phenyl-1-tosylhepta-2,3-dien-4-
@2 . yl)benzaldehyde (4r): Pale yellow oil, 56.6 mg,
isolated yield 61%. '"H NMR (400 MHz, CDCIs) &

" cHo 9.92 (s, 1H), 7.75 (d, J = 8.4 Hz, 2H), 7.64 (d, J =

8.4 Hz, 2H), 7.47 (d, J = 8.4 Hz, 2H), 7.25 - 7.14

(m, 5H), 7.12 (d, J = 8.0 Hz, 2H), 4.26 (s, 2H), 3.52 (t, /= 6.0 Hz, 2H), 2.71 — 2.56 (m,
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2H), 2.29 (s, 3H), 2.05 — 1.87 (m, 2H). '*C NMR (100 MHz, CDCls) & 210.5, 191.6,
144.8,141.2, 136.1, 135.4, 133.5,130.0, 129.7, 128.7, 128.3, 127.8, 126.9, 126.1, 108.9,
100.3, 57.9, 44.5, 30.4, 27.5, 21.6. HRMS (ESI): m/z calcd. for C27Ha6Cl03S ([M+H]")
= 465.1286, found = 465.1287.

: o Ph 4-(1,5-diphenyl-6-tosylhexa-3,4-dien-3-
('Sj' . yl)benzaldehyde (4s): Pale yellow oil, 53.1 mg,
isolated yield 54%. 'H NMR (400 MHz, CDCls) &

. cHo 992 (s, 1H), 7.75 (d, J = 8.4 Hz, 2H), 7.58 (d, J =

8.0 Hz, 2H), 7.45 (d, J = 8.4 Hz, 2H), 7.22 — 7.04

(m, 12H), 4.12 (d, J = 14.4 Hz, 1H), 3.86 (d, J = 14.4 Hz, 1H), 2.77 (s, 4H), 2.23 (s,
3H). *C NMR (100 MHz, CDCls) § 211.0, 191.6, 144.7, 141.4, 140.9, 136.1, 135.3,
133.5,130.0, 129.6, 128.6, 128.5, 128.4, 128.3, 127.6, 127.0, 126.2, 126.2, 108.9, 100.1,
57.6, 33.6, 31.7, 21.5. HRMS (ESI): m/z calcd. for C3:H2903S"([M+H]") = 493.1832,

found = 493.1835.

O Ph 4-(5-(4-chlorophenyl)-6-((4-
CI@E . chlorophenyl)sulfonyl)-1-phenylhexa-3,4-dien-
3-yl)benzaldehyde (4t): Pale yellow oil, 61.2 mg,

cl cHo  isolated yield 56%. 'H NMR (400 MHz, CDCls) 8

“ 9.76 (s, 1H), 7.59 (d, /= 8.4 Hz, 2H), 7.41 (d, J =

8.4 Hz, 2H), 7.20 (d, J = 8.4 Hz, 2H), 7.07 (d, J = 8.8 Hz, 2H), 7.04 — 6.92 (m, 5H),
6.85 (d, J=8.4 Hz, 2H), 6.79 (d, J = 8.8 Hz, 2H), 3.90 (d, J = 14.8 Hz, 1H), 3.59 (d, J
=14.8 Hz, 1H), 2.68 —2.52 (m, 4H). '*C NMR (100 MHz, CDCl3) § 210.9, 191.5, 140.9,
140.6, 140.5, 137.2, 135.6, 133.7,131.7, 130.1, 129.7,129.3, 128.8, 128.6, 128.4, 127 4,
127.0, 126.3, 109.3, 98.8, 57.6, 33.3, 31.7. HRMS (ESI): m/z caled. for

C31Ha5CLOsS ([M+H]") = 547.0896, found = 547.0894.
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: / : ('s? Ph 4-(6-((4-(tert-butyl)phenyl)sulfonyl)-5-(4-
o . chlorophenyl)-1-phenylhexa-3,4-dien-3-

yl)benzaldehyde (4u): Pale yellow solid, 48.8 mg,

Cl cHo isolated yield 43%. "H NMR (400 MHz, CDCls) &

4u 9.93 (s, 1H), 7.80 (d, J = 8.4 Hz, 2H), 7.60 (d, J =

8.8 Hz, 2H), 7.54 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.8 Hz, 2H), 7.20 — 7.17 (m, 2H),
7.12 (d,J="7.2 Hz, 1H), 7.08 — 7.04 (m, 2H), 7.00 (d, J = 8.8 Hz, 2H), 6.85 (d, /= 8.8
Hz, 2H), 4.05 (d, /= 14.4 Hz, 1H), 3.83 (d, /= 14.4 Hz, 1H), 2.88 — 2.77 (m, 4H), 1.20
(s, 9H). >*C NMR (100 MHz, CDCl3) § 211.2, 191.6, 157.9, 141.1, 140.7, 135.9, 135.5,
133.2,132.0, 130.1, 128.6, 128.5, 128.5, 128.2, 127.3, 127.1, 126.2, 126.0, 109.1, 99.1,
57.6, 35.2, 33.5, 31.7, 31.0. HRMS (ESI): m/z calcd. for C3sH34C103S"([M+H]") =

569.1912, found = 569.1915.

/) Ph (E)-4-(2,9-diphenyl-1-tosylnona-2,3,8-

0]
@— trien-4-yl)benzaldehyde (4v): Pale yellow oil,

40.4 mg, isolated yield 38%. 'H NMR (400

()]

o

MHz, CDCl3) § 9.99 (s, 1H), 7.81 (d, J = 8.4

av CHO Hz, 2H), 7.69 (d, J = 8.4 Hz, 2H), 7.52 (d, J =

8.4 Hz, 2H), 7.36 — 7.27 (m, 7TH), 7.24 — 7.18

(m, 3H), 7.15 (d, J = 8.0 Hz, 2H), 6.33 (d, J = 15.6 Hz, 1H), 6.17 (dt, J = 15.6, 7.2 Hz,
1H), 4.42 — 4.28 (m, 2H), 2.61 — 2.51 (m, 2H), 2.34 (s, 3H), 2.31 — 2.23 (m, 2H), 1.78
— 1.66 (m, 2H). *C NMR (125 MHz, CDCl3) § 210.8, 191.7, 144.7, 141.6, 137.5, 136.1,
135.3,133.7, 130.6, 130.0, 129.8, 129.7, 128.7, 128.5, 128.4, 127.7, 127.0, 127.0, 126 2,
125.9, 109.9, 99.9, 58.0, 32.7, 29.7, 27.4, 21.6. HRMS (ESI): m/z caled. for

C3sH32NaO3S*([M+Na]") = 555.1964, found = 555.1962.
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C o 4-(2,2-dimethyl-5-(p-tolyl)-6-tosylhexa-3,4-dien-

=

o} . 3-yl)benzaldehyde (4w): Pale yellow oil, 31.1 mg,
isolated yield 34%. 'H NMR (500 MHz, CDCls) &

cHo 10.02 (s, 1H), 7.80 (d, J = 6.8 Hz, 2H), 7.50 (d, J =

w 6.8 Hz, 2H), 7.36 (d, J = 6.4 Hz, 2H), 7.15 (d, J =

6.4 Hz, 2H), 7.05 (d, J = 6.0 Hz, 2H), 7.01 (d, J = 6.4 Hz, 2H), 4.27 (d, J = 11.6 Hz,
1H), 4.20 (d, J = 11.2 Hz, 1H), 2.31 (s, 3H), 2.28 (s, 3H), 1.17 (s, 9H). *C NMR (125
MHz, CDCl) 6 205.4, 191.8, 144.4, 142.9, 137.1, 135.7, 135.1, 131.4, 129.9, 129.4,
129.3,129.2, 128.4, 125.7, 119.1, 97.5, 58.8, 36.1, 29.6, 21.6, 21.0. HRMS (ESI): m/z

calcd. for C2oH3103S([M+H]") = 459.1988, found = 459.1987.

P 4-(3-(p-tolyl)-2-tosylundeca-3,4-dien-5-
S CeHu3 :
I o yl)benzaldehyde (4x): Pale yellow oil, 40.6

o)

mg, isolated yield 42%. 'H NMR (400 MHz,
CDCl3) 5 9.88 (s, 1H), 7.72 (d, J= 8.5 Hz, 2H),

CHO 7 64 (d, 7= 8.4 Hz, 2H), 7.41 (d, J = 8.4 Hz,

. 2H), 7.24 —7.09 (m, 7H), 4.32 (q, J= 7.2 Hz,
1H), 2.54 — 2.45 (m, 2H), 2.31 (s, 3H), 1.67 — 1.51 (m, 2H), 1.46 (d, J = 7.2 Hz, 3H),
1.40 — 1.30 (m, 2H), 1.30 — 1.21 (m, 4H), 0.81 (t, J= 6.8 Hz, 3H). '3C NMR (100 MHz,
CDCL) § 210.2, 191.6, 144.6, 141.7, 135.2, 134.9, 134.8, 130.0, 129.5, 129.2, 128.5,
127.3, 126.5, 126.4, 111.9, 105.9, 60.9, 31.6, 30.1, 29.4, 28.2, 22.7, 21.5, 14.7, 14.1.

HRMS (ESI): m/z calcd. for C3;H3403SNa*([M+Na]") = 509.2121, found = 509.2118.

C (,S? o 1-(4-(2-(4-methoxyphenyl)-1-tosylnona-2,3-
5111
o) . dien-4-yl)phenyl)ethan-1-one (5a): Pale yellow

oil, for the reaction of 4'-iodoacetophenone (84.3

-0 cOMe mg, isolated yield 84%), for the reaction of 4'-
5a

bromoacetophenone (79.3 mg, isolated yield 79%).

'H NMR (500 MHz, CDCls) § 7.89 (d, J = 6.8 Hz, 2H), 7.71 (d, J = 6.4 Hz, 2H), 7.42
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(d, J= 6.8 Hz, 2H), 7.28 (d, J = 7.2 Hz, 2H), 7.20 (d, J = 6.4 Hz, 2H), 6.82 (d, J = 6.6
Hz, 2H), 4.39 — 4.30 (m, 2H), 3.80 (s, 3H), 2.60 (s, 3H), 2.47 — 2.36 (m, 2H), 2.37 (s,
3H), 1.54 — 1.45 (m, 2H), 1.35 — 1.27 (m, 4H), 0.87 (t, J = 7.0 Hz, 3H). '3C NMR (125
MHz, CDCl) 6 210.1, 197.6, 159.2, 144.6, 140.6, 136.1, 135.8, 129.7, 128.6, 128.4,
127.5, 126.5, 126.0, 114.1, 109.8, 99.2, 58.3, 55.3, 31.7, 30.3, 27.6, 26.6, 22.5, 21.6,
14.1. HRMS (ESI): m/z calcd. for C31H3404SNa"([M+Na]") = 525.2070, found =

525.2072.
C 0 4-(2-(4-methoxyphenyl)-1-tosylnona-2,3-dien-4-
o . yl)benzonitrile (S5b): Pale yellow oil, for the reaction
of 4-iodobenzonitrile (80.5 mg, isolated yield 83%),
—g cN for the reaction of 4-bromobenzonitrile (82.5 mg,

5b
isolated yield 85%). '"H NMR (400 MHz, CDCls) &

7.69 (d, J = 8.4 Hz, 2H), 7.56 (d, J = 8.8 Hz, 2H), 7.45 (d, J = 8.8 Hz, 2H), 7.23 (d, J =
8.8 Hz, 2H), 7.19 (d, J = 8.0 Hz, 2H), 6.80 (d, J = 8.8 Hz, 2H), 4.36 — 4.24 (m, 2H),
3.78 (s, 3H), 2.49 — 2.34 (m, 5H), 1.54 — 1.43 (m, 2H), 1.33 — 1.23 (m, 4H), 0.85 (t, J
=6.8 Hz,3H). '3C NMR (100 MHz, CDCL) § 210.1, 159.3, 144.6, 140.6, 136.2, 132.2,
129.6, 128.3, 127.4, 127.0, 125.6, 118.9, 114.1, 110.6, 109.4, 99.6, 58.2, 55.3, 31.6,
30.1, 27.4, 22.4, 21.6, 14.0. HRMS (ESI): m/z caled. for C30HnNOsS*([M+H]") =
486.2097, found = 486.2095.

o 1-methoxy-4-(1-tosyl-4-(4-

— H—s CsHuq
- . (trifluoromethyl)phenyl)nona-2,3-dien-2-
yl)benzene (5c¢): Pale yellow oil, for the reaction of
-0 CF, 1-iodo-4-(trifluoromethyl)benzene (70.7 mg,

5c

isolated yield 67%), for the reaction of 1-bromo-4-
(trifluoromethyl)benzene (79.2 mg, isolated yield 75%). 'H NMR (400 MHz, CDCl;)
3 7.60 (d, J=8.4 Hz, 2H), 7.44 (d, J= 8.4 Hz, 2H), 7.32 (d, /= 8.4 Hz, 2H), 7.19 (d, J

= 8.8 Hz, 2H), 7.08 (d, J = 8.0 Hz, 2H), 6.73 (d, J = 8.8 Hz, 2H), 4.30 — 4.17 (m, 2H),
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3.71 (s, 3H), 2.41 — 2.29 (m, 2H), 2.27 (s, 3H), 1.44 — 1.35 (m, 2H), 1.24 — 1.17 (m,
4H),0.77 (t, J= 6.8 Hz, 3H). '°*C NMR (125 MHz, CDCl3) § 209.5, 159.2, 144.6, 139.3,
136.0, 129.6, 129.4 (q, J=32.5 Hz), 128.4, 127.4, 127.3 (q, J=348.8 Hz), 126.6, 125.9,
1253 (q, J=2.5 Hz), 114.1, 109.4, 99.2, 58.3, 55.3, 31.7, 30.3, 27.5, 22.4, 21.5, 14.0.
HRMS (ESI): m/z calcd. for C30H3 F303SNa*([M+Na]*) = 551.1838, found = 551.1839.

C O 1-chloro-4-(2-(4-methoxyphenyl)-1-tosylnona-2,3-
('85 . Sott dien-4-yl)benzene (5d): Pale yellow oil, for the
reaction of 1-chloro-4-iodobenzene (60.3 mg, isolated
—g ci yield 61%), for the reaction of 1-bromo-4-

5d

chlorobenzene (56.3 mg, isolated yield 57%). 'H NMR
(400 MHz, CDCl3) 6 7.59 (d, J= 8.0 Hz, 2H), 7.19 (d, /= 8.8 Hz, 2H), 7.17 — 7.10 (m,
4H), 7.08 (d, J = 8.0 Hz, 2H), 6.73 (d, J = 8.8 Hz, 2H), 4.30 — 4.17 (m, 2H), 3.71 (s,
3H), 2.36 — 2.19 (m, 5H), 1.42 — 1.32 (m, 2H), 1.24 — 1.16 (m, 4H), 0.77 (t, /= 7.2 Hz,
3H). 3C NMR (100 MHz, CDCI3) § 209.0, 159.1, 144.5, 136.0, 133.9, 133.0, 129.5,
128.5,128.3,127.7,127.3, 126.2, 114.0, 109.4, 98.8, 58.4, 55.3, 31.7, 30.4, 27.5, 22 4,
21.5, 14.0. HRMS (ESI): m/z calcd. for C20H31Cl103SNa"([M+Na]") = 517.1575, found
=517.1574.

o} . yl)benzene (5e): Pale yellow oil, for the reaction of
1odobenzene (54.3 mg, isolated yield 59%), for the

o 1-methoxy-4-(4-phenyl-1-tosylnona-2,3-dien-2-
@ﬁ CsH11
-0 reaction of bromobenzene (47.9 mg, isolated yield

5e
52%). '"H NMR (400 MHz, CDCls) & 7.60 (d, J = 8.0

Hz, 2H), 7.22 (d, J = 9.2 Hz, 2H), 7.20 -7.17 (m, 4H), 7.17 — 7.12 (m, 1H), 7.08 (d, J
= 8.0 Hz, 2H), 6.73 (d, J = 8.8 Hz, 2H), 4.24 (s, 2H), 3.71 (s, 3H), 2.40 — 2.18 (m, SH),
1.43-1.32 (m, 2H), 1.27 — 1.15 (m, 4H), 0.78 (t, J= 7.2 Hz, 3H); '*C NMR (125 MHz,
CDCl3) § 209.1, 158.9, 144.3, 136.0, 135.4, 129.5, 128.4, 128.4, 127.4, 127.3, 126.6,
126.4, 113.9, 110.1, 98.4, 58.5, 55.3, 31.7, 30.4, 27.6, 22.4, 21.6, 14.0. HRMS (ESI):
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m/z calcd. for C29H3303S ([M+H]") = 461.2145, found = 461.2147.

(,S? c 1-methoxy-4-(4-(p-tolyl)-1-tosylnona-2,3-dien-2-
— = sH11
0 . yl)benzene (5f): Pale yellow oil, for the reaction of 1-

i0odo-4-methylbenzene (54.0 mg, isolated yield 57%),

—0 for the reaction of 1-bromo-4-methylbenzene (36.9 mg,

of isolated yield 39%). "TH NMR (500 MHz, CDCls) § 7.69

(d, J= 6.8 Hz, 2H), 7.30 (d, J = 6.4 Hz, 2H), 7.16 (d, /= 6.4 Hz, 4H), 7.09 (d, /= 6.4
Hz, 2H), 6.81 (d, J = 6.8 Hz, 2H), 4.32 (s, 2H), 3.79 (s, 3H), 2.41 — 2.25 (m, 8H), 1.48
— 1.42 (m, 2H), 1.31 — 1.24 (m, 4H), 0.85 (t, J = 6.6 Hz, 3H). 1*C NMR (125 MHz,
CDCl3) 6 209.0, 158.9, 144.3, 137.1, 136.0, 132.3, 129.5, 129.1, 128.4, 127.3, 126.7,
126.3, 113.9, 110.0, 98.2, 58.6, 55.3, 31.8, 30.4, 27.6, 22.4, 21.5, 21.1, 14.0. HRMS

(ESI): m/z calcd. for C30H3403SNa"([M+Na]") =497.2121, found = 497.2115.

C % 3-(2-(4-methoxyphenyl)-1-tosylnona-2,3-
('85 . Cott dien-4-yl)benzaldehyde (5g): Pale yellow oil,
CHO 50.6 mg, isolated yield 52%. 'H NMR (400 MHz,

-0 CDCl3) 6 10.00 (s, 1H), 7.86 (t,J= 1.2 Hz, 1H),

> 7.77 = 7.73 (m, 1H), 7.69 (d, J = 8.4 Hz, 2H),

7.65 —7.60 (m, 1H), 7.45 (t, J= 7.6 Hz, 1H), 7.26 (d, J= 8.8 Hz, 2H), 7.16 (d, J= 8.0
Hz, 2H), 6.80 (d, J = 8.8 Hz, 2H), 4.40 — 4.24 (m, 2H), 3.78 (s, 3H), 2.55 — 2.37 (m,
2H), 2.34 (s, 3H), 1.54 — 1.43 (m, 2H), 1.35 — 1.25 (m, 4H), 0.85 (t, J = 6.8 Hz, 3H).
3C NMR (100 MHz, CDCls) § 209.2, 192.3, 159.1, 144.5, 136.8, 136.7, 136.2, 132.7,
129.6, 129.2, 128.6, 128.3, 127.4, 127.3, 126.1, 114.1, 109.5, 99.2, 58.4, 55.3, 31.7,
30.3, 27.5, 22.4, 21.5, 14.0. HRMS (ESI): m/z calcd. for C3oH3304S"([M+H]") =

489.2094, found = 489.2095.

S27



o

C X 1-(3-(2-(4-methoxyphenyl)-1-tosylnona-2,3-
('85 . Cott dien-4-yl)phenyl)ethan-1-one (Sh): Pale
coMe yellow oil, 55.2 mg, isolated yield 55%. 'H
—g NMR (400 MHz, CDCI3) 6 8.04 (t,J = 1.2 Hz,

5h

1H), 7.84 — 7.81 (m, 1H), 7.70 (d, J = 8.4 Hz,
2H), 7.57 — 7.53 (m, 1H), 7.39 (t, J = 8.0 Hz, 1H), 7.25 (d, J = 9.2 Hz, 2H), 7.17 (d, J
=17.6 Hz, 2H), 6.79 (d, J = 9.2 Hz, 2H), 4.36 — 4.25 (m, 2H), 3.78 (s, 3H), 2.61 (s, 3H),
2.51 - 2.38 (m, 2H), 2.35 (s, 3H), 1.53 — 1.43 (m, 2H), 1.35 — 1.27 (m, 4H), 0.85 (¢, J
= 6.8 Hz, 3H). 3C NMR (100 MHz, CDCl3) § 209.2, 198.3, 159.1, 144.5, 137.5, 136.3,
136.2, 131.3, 129.6, 128.7, 128.4, 127.4, 127.2, 126.4, 126.2, 114.0, 109.8, 99.0, 58.5,
55.3, 31.7, 30.4, 27.5, 26.8, 22.4, 21.6, 14.0. HRMS (ESI): m/z calcd. for
C31H3404SNa'([M+Na]*) = 525.2070, found = 525.2071.

C 0 1-chloro-3-(2-(4-methoxyphenyl)-1-tosylnona-
&S') . ot 2,3-dien-4-yl)benzene (5i): Pale yellow oil, 50.4
cl mg, isolated yield 51%. "H NMR (400 MHz, CDCls)
-0 67.60(d,J=8.0Hz, 2H), 7.22 - 7.16 (m, 3H), 7.15

5i

~7.10 (m, 3H), 7.08 (d, J = 8.0 Hz, 2H), 6.73 (d, J
— 8.8 Hz, 2H), 4.28 — 4.19 (m, 2H), 3.71 (s, 3H), 2.35 — 2.19 (m, 5H), 1.43 — 1.32 (m,
2H), 1.25—1.16 (m, 4H), 0.78 (t, /= 6.8 Hz, 3H). 3C NMR (100 MHz, CDCls) § 209.0,
159.1,144.4,137.6,136.0,135.4,129.6,129.5, 128.3,127.4,127.3,126.4, 126.2, 124.7,
114.0,109.4,99.0, 58.3,55.3,31.7, 30.4, 27.5,22.4,21.6, 14.0. HRMS (ESI): m/z calcd.
for C2oH31C103SNa"([M+Na]") = 517.1575, found = 517.1572.

C (IS? Catt. 5-(2-(4-methoxyphenyl)-1-tosylnona-2,3-dien-
o) . 4-yl)-2,3-dihydro-1H-inden-1-one (5j): Pale
O vellow oil, 94.6 mg, isolated yield 92%. 'H NMR
-3 O (400 MHz, CDCl3) § 7.82 (d,J=8.0 Hz, 1H), 7.70
5j

(d, J = 8.4 Hz, 2H), 7.55 (s, 1H), 7.50 (dd, J = 8.0,
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1.2 Hz, 1H), 7.26 — 7.22 (d, J = 8.8, 2H), 7.19 (d, J = 8.0 Hz, 2H), 6.80 (d, J = 8.8 Hz,
2H), 5.28 (s, 2H), 4.35 — 4.26 (m, 2H), 3.78 (s, 3H), 2.54 — 2.40 (m, 2H), 2.36 (s, 3H),
1,54 — 1.46 (m, 2H), 1.37 — 1.27 (m, 4H), 0.85 (t, J = 6.8 Hz, 3H). '*C NMR (100 MHz,
CDCl3) 0 210.2, 170.8, 159.3, 147.1, 144.6, 142.2, 136.2, 129.6, 128.3, 127.4, 127.3,
125.6, 125.6, 124.4, 119.9, 114.1, 109.8, 99.3, 69.6, 58.2, 55.3, 31.6, 30.4, 27.5, 22.4,
21.5, 14.0. HRMS (ESI): m/z calcd. for C31H3,0sSNa"([M+Na]") = 539.1863, found =

539.1862.
O 1-fluoro-4-(2-(4-methoxyphenyl)-1-tosylnona-2,3-
< H—s CsHaq
o . dien-4-yl)benzene (5k): Pale yellow oil, 57.4 mg,
isolated yield 60%. '"H NMR (400 MHz, CDCls) § 7.65
-0 (d, J= 8.4 Hz, 2H), 7.27 — 7.20 (m, 4H), 7.14 (d, J =

5k
8.0 Hz, 2H), 6.94 (t, J = 8.4 Hz, 2H), 6.78 (d, J = 8.8

Hz, 2H), 4.34 — 4.23 (m, 2H), 3.76 (s, 3H), 2.40 —2.26 (m, SH), 1.48 — 1.38 (m, 2H),
1.29 — 1.22 (m, 4H), 0.83 (t,J = 7.2 Hz, 3H). *C NMR (100 MHz, CDCls) § 208.8 (d,
J=2.0Hz), 162.1 (d, J=245.0 Hz), 159.0, 144.4, 136.1, 131.4, 129.5, 128.4, 128.0 (d,
J=28.0 Hz), 127.3, 126.5, 115.3 (d, J = 21.0 Hz), 114.0, 109.4, 98.6, 58.5, 55.3, 31.7,
30.6,27.5,22.4, 21.5, 14.0. HRMS (ESI): m/z calcd. for C20H3FO3SNa*([M+Na]*) =
501.1870, found = 501.1868.

C O methyl 4-(2-(4-methoxyphenyl)-1-tosylnona-
2 . Cat 2,3-dien-4-yl)benzoate (51): Pale yellow oil, 71.5
mg, isolated yield 69%. 'H NMR (400 MHz,

—g y co,Me CDCl)67.85(d,J=8.4Hz, 2H),7.59 (d,/=38.0

Hz, 2H), 7.24 (d, J= 8.4 Hz, 2H), 7.19 (d, J= 9.2
Hz, 2H), 7.08 (d, J = 8.0 Hz, 2H), 6.73 (d, J = 8.8 Hz, 2H), 4.30 — 4.19 (m, 2H), 3.83
(s, 3H), 3.70 (s, 3H), 2.39 — 2.24 (m, 5H), 1.44 — 1.34 (m, 2H), 1.25 — 1.16 (m, 4H),
0.76 (t, J = 6.8 Hz, 3H). 3C NMR (100 MHz, CDCls) § 209.8, 166.8, 159.1, 144.5,
140.3, 136.0, 129.7, 129.6, 128.7, 128.4, 127.4, 126.2, 126.0, 114.0, 109.7, 99.1, 58.3,
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552, 52.0, 31.6, 30.3, 27.5, 22.4, 21.5, 14.0. HRMS (ESI): m/z caled. for
C31H3505S ([M+H]") = 519.2200, found = 519.2198.

o 1-(tert-butyl)-4-(2-(4-methoxyphenyl)-1-
4< >—s CsHoy
o) . tosylnona-2,3-dien-4-yl)benzene (Sm): Pale yellow

oil, 58.8 mg, isolated yield 57%. '"H NMR (400 MHz,

-0 CDClz) ¢ 7.61 (d, J = 8.4 Hz, 2H), 7.24 — 7.20 (m,

o 4H), 7.14 (d, J = 8.4 Hz, 2H), 7.09 (d, J = 8.0 Hz,

2H), 6.71 (d, J = 8.8 Hz, 2H), 4.23 (s, 2H), 3.70 (s, 3H), 2.29 (s, 3H), 2.28-2.15 (m,
2H), 1.39 — 1.36 (m, 2H), 1.23 (s, 9H), 1.21 — 1.16 (m, 4H), 0.77 (t, J = 6.8 Hz, 3H).
13C NMR (100 MHz, CDCl3) § 209.2, 158.9, 150.3, 144.3, 136.1, 132.2, 129.5, 128.5,
127.4, 126.7, 126.1, 125.4, 113.9, 109.8, 98.4, 58.6, 55.2, 34.5, 31.8, 31.3, 30.2, 27.7,

22.4,21.6, 14.0. HRMS (ESI): m/z calcd. for C33H4103S"([M+H]") = 517.2771, found

=517.2765.
0 3-(2-(4-methoxyphenyl)-1-tosylnona-2,3-dien-
— H—=s CsH1q
o . 4-yl)benzonitrile (5n): Pale yellow oil, 62.1 mg,
CN isolated yield 64%. '"H NMR (400 MHz, CDCl3) &
—0 7.69 (d, J=8.0 Hz, 2H), 7.63 — 7.59 (m, 1H), 7.57

5n
—7.56 (m, 1H), 7.52 — 7.48 (m, 1H), 7.41 — 7.37

(m, 1H), 7.23 (d, J = 8.8 Hz, 2H), 7.18 (d, J = 8.0 Hz, 2H), 6.80 (d, J = 8.8 Hz, 2H),
4.35-4.26 (m, 2H), 3.78 (s, 3H), 2.47 — 2.28 (m, 5H), 1.53 — 1.43 (m, 2H), 1.35-1.23
(m, 4H), 0.85 (t, J = 6.8 Hz, 3H). 1*C NMR (100 MHz, CDCl3) § 209.2, 159.2, 144.6,
137.1,136.1, 131.0, 130.6, 129.6, 129.6, 129.2, 128.3, 127.3, 125.7, 118.8, 114.1, 112.6,
108.9, 99.6, 58.1, 55.3, 31.6, 30.2, 27.4, 22.4, 21.5, 14.0. HRMS (ESI): m/z calcd. for
C30H31NO3SNa'([M+Na]") = 508.1917, found = 508.1916.
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O 1-(2-(4-methoxyphenyl)-1-tosylnona-2,3-dien-4-
—< >—S CsH
o . o yl)-3-methylbenzene (50): Pale yellow oil, 56.9 mg,

isolated yield 60%. 'H NMR (400 MHz, CDCls) &

7.68 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.8 Hz, 2H),
>° 7.19 — 7.12 (m, 4H), 7.10 — 7.02 (m, 2H), 6.81 (d, J
— 8.8 Hz, 2H), 4.36 — 4.28 (m, 2H), 3.79 (s, 3H), 2.41 — 2.27 (m, 8H), 1.51 — 1.41 (m,
2H), 1.33 — 1.25 (m, 4H), 0.86 (t, /= 6.8 Hz, 3H). '3C NMR (100 MHz, CDCl3) § 209.1,
158.9, 144.3,138.0, 136.1, 135.4, 129.5, 128.4, 128.3, 128.1, 127.3, 127.1, 126.7, 123.6,
113.9,110.2,98.2, 58.6, 55.3, 31.8,30.4,27.7,22.4,21.5, 21.5, 14.0. HRMS (ESI): m/z

calcd. for C30H3403SNa"([M+Na]") = 497.2121, found = 497.2119.

O 1-methoxy-3-(2-(4-methoxyphenyl)-1-
@? CsHi4
tosylnona-2,3-dien-4-yl)benzene  (5p): Pale

o\ yellow oil, 59.8 mg, isolated yield 61%. 'H NMR

—d (400 MHz, CDCl3) § 7.60 (d, J = 8.4 Hz, 2H), 7.19

°P (d, J= 8.8 Hz, 2H), 7.11 (t, J = 8.0 Hz, 1H), 7.07
(d,J=8.0 Hz, 2H), 6.89 (s, 1H), 6.81 (d, J= 8.0 Hz, 1H), 6.71 (d, /= 8.8 Hz, 3H), 4.27
— 4.17 (m, 2H), 3.71 (s, 3H), 3.69 (s, 3H), 2.35 — 2.18 (m, 5H), 1.43 — 1.32 (m, 2H),
1.23 — 1.16 (m, 4H), 0.76 (t, J = 6.8 Hz, 3H). '3C NMR (100 MHz, CDCls) & 209.2,
159.7,158.9, 144.3,137.0, 136.2, 129.5, 129.3, 128.4, 127.3, 126.6, 118.8, 113.9, 112.8,
112.3,110.1,98.4, 58.6, 55.3,55.2,31.7,30.4,27.6, 22.4,21.5, 14.0. HRMS (ESI): m/z

calcd. for C30H3404SNa"([M+Na]") = 513.2070, found = 513.2069.

Q 1,3-dichloro-5-(2-(4-methoxyphenyl)-1-
<Y S CsH1s
i tosylnona-2,3-dien-4-yl)benzene (5q): Pale

Cl yellow oil, 91.9 mg, isolated yield 87%. '"H NMR

0 cl (400 MHz, CDCls) 8 7.68 (d, J = 8.4 Hz, 2H), 7.24
5

d (d,J=9.2 Hz, 2H), 7.22 —7.20 (m, 1H), 7.19—~7.16

(m, 3H), 7.16 (s, 1H), 6.81 (d, J = 8.8 Hz, 2H), 4.35 — 4.26 (m, 2H), 3.79 (s, 3H), 2.41

S31



~2.27 (m, 5H), 1.51 — 1.40 (m, 2H), 1.32 — 1.24 (m, 4H), 0.85 (t, J = 7.2 Hz, 3H). 1°C
NMR (100 MHz, CDCls) 6 209.0, 159.3, 144.5,139.1, 135.9, 135.0, 129.6, 128.3, 127 .4,
127.2, 125.7, 124.8, 114.1, 108.8, 99.5, 58.1, 55.3, 31.6, 30.4, 27.4, 22.4, 21.5, 14.0.
HRMS (ESI): m/z caled. for CaoH30Cl2O3SNa’([M+Na]") = 551.1182, found =

551.1185.
(IS? c 2-(2-(4-methoxyphenyl)-1-tosylnona-2,3-dien-4-
¢ > sH11
0 . yDnaphthalene (5r): Pale yellow oil, 87.7 mg,
O isolated yield 86%. "H NMR (400 MHz, CDCl3) 5
-0 Q 7.83 —7.77 (m, 2H), 7.73 — 7.67 (m, 4H), 7.50 —

5r
7.43 (m, 2H), 7.39 (dd, J = 8.4, 1.2 Hz, 1H), 7.35

(d,J=9.2 Hz, 2H), 7.08 (d, J = 8.0 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 4.42 — 4.32 (m,
2H), 3.80 (s, 3H), 2.59 — 2.39 (m, 2H), 2.22 (s, 3H), 1.58 — 1.47 (m, 2H), 1.38 — 1.28
(m, 4H), 0.87 (t, J = 6.8 Hz, 3H). *C NMR (100 MHz, CDCl3) 8 209.7, 159.0, 144.3,
136.0,133.5,132.9,132.7,129.5,128.4,128.1, 127.9, 127.5,127.4,126.5, 126.1, 125.9,
125.4, 124.4, 114.0, 110.5, 98.7, 58.5, 55.3, 31.8, 30.4, 27.7, 22.4, 21.4, 14.0. HRMS
(ESI): m/z calcd. for C33H3403SNa"([M+Na]") = 533.2121, found = 533.2125.

C ISOI .- 3-(2-(4-methoxyphenyl)-1-tosylnona-2,3-dien-4-
511
o} . yDthiophene (S5s): Pale yellow oil, 47.5 mg, isolated

«_§ vield 51%. 'H NMR (400 MHz, DMSO) 3 7.70 (d, J =

_g 8.4 Hz, 2H), 7.48 — 7.44 (m, 1H), 7.43 — 7.37 (m, 1H),

> 7.34 (d, J = 8.0 Hz, 2H), 7.25 (d, J = 8.8 Hz, 2H), 6.93

(dd, J= 4.8, 0.8 Hz, 1H), 6.83 (d, J = 8.8 Hz, 2H), 4.67 — 4.65 (m, 2H), 3.72 (s, 3H),
2.36 (s, 3H), 2.34 — 2.18 (m, 2H), 1.44 — 1.30 (m, 2H), 1.26 — 1.15 (m, 4H), 0.78 (t, J
= 6.8 Hz, 3H). '>C NMR (100 MHz, DMSO) § 208.6, 158.5, 144.2, 136.7, 136.3, 129.6,
127.9,127.5, 126.8, 126.7, 126.1, 120.9, 113.8, 105.2, 98.2, 56.8, 55.1, 31.1, 30.3, 27.0,
21.9,21.1, 13.9. HRMS (ESI): m/z calcd. for C27H3103S: ([M+H]") = 467.1709, found

=467.1704.
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0o 4-(2-(4-methoxyphenyl)-1-(phenylsulfonyl)nona-

Qg CsHy4 . .
5 o 2,3-dien-4-yl)benzaldehyde (6a): Pale yellow oil,
77.7 mg, isolated yield 82%. 'H NMR (400 MHz,
—d . CHO CDCl3) 8 9.91 (s, 1H), 7.79 — 7.67 (m, 4H), 7.48 — 7.43

(m, 1H), 7.41 (d, J = 8.4 Hz, 2H), 7.33 (t, J = 8.0 Hz,
2H), 7.18 (d, J = 8.8 Hz, 2H), 6.73 (d, J = 8.8 Hz, 2H), 4.33 — 4.20 (m, 2H), 3.71 (s,
3H), 2.45 — 2.28 (m, 2H), 1.48 — 1.36 (m, 2H), 1.28 — 1.20 (m, 4H), 0.78 (t, J = 7.2 Hz,
3H). 3C NMR (100 MHz, CDCls) & 210.4, 191.7, 159.2, 142.0, 139.1, 135.2, 133.6,
129.9,129.0, 128.4,127.4,126.9, 125.7, 114.1, 109.9, 99.2, 58.3, 55.3, 31.7,30.3, 27.5,
22.4, 14.0. HRMS (ESI): m/z caled. for C20H3104S"([M+H]") = 475.1938, found =
475.1937.

o 4-(1-((4-(tert-butyl)phenyl)sulfonyl)-2-(4-
S C5H 11

: C o . methoxyphenyl)nona-2,3-dien-4-
yl)benzaldehyde (6b): Pale yellow oil, 91.2 mg,
-0 isolated yield 86%. '"H NMR (400 MHz, CDCl;)

6b CHO

5 9.98 (s, 1H), 7.83 (d, J = 8.4 Hz, 2H), 7.74 (d,
J=8.4Hz, 2H), 7.59 (d, J = 8.4 Hz, 2H), 7.39 (d, J = 8.8 Hz, 2H), 7.18 (d, J = 8.8 Hz,
2H), 6.75 (d, J = 8.8 Hz, 2H), 4.31 (s, 2H), 3.76 (s, 3H), 2.57 — 2.37 (m, 2H), 1.63 —
1.46 (m, 2H), 1.39 — 1.30 (m, 4H), 1.28 (s, 9H), 0.85 (t,J = 6.8 Hz, 3H). *C NMR (100
MHz, CDCl) 6 210.5, 191.7, 159.0, 157.6, 142.0, 136.1, 135.2, 130.0, 128.3, 127.3,
127.0, 126.0, 125.9, 114.0, 109.8, 99.2, 58.2, 55.2, 35.1, 31.7, 31.0, 30.2, 27.5, 22.2,
14.0. HRMS (ESI): m/z calcd. for C33H3304SNa([M+Na]") = 553.2383, found =
553.2382.

S33



0 4-(1-((4-fluorophenyl)sulfonyl)-2-(4-
F O S CsH 11 .
1 methoxyphenyl)nona-2,3-dien-4-

yD)benzaldehyde (6¢): Pale yellow oil, 64.9 mg,

J & cho isolated yield 66%. 'H NMR (400 MHz, CDCls) &

9.98 (s, 1H), 7.84 — 7.77 (m, 4H), 7.48 (d, J = 8.0
Hz, 2H), 7.23 (d, J = 8.8 Hz, 2H), 7.03 (1, J = 8.4 Hz, 2H), 6.81 (d, J = 8.8 Hz, 2H),
439429 (m, 2H), 3.79 (s, 3H), 2.53 — 2.39 (m, 2H), 1.55 — 1.44 (m, 2H), 1.35 — 1.27
(m, 4H), 0.85 (t, J = 6.8 Hz, 3H). '3C NMR (100 MHz, CDCl3) & 210.3, 191.6, 165.7
(d, J = 255.0 Hz), 159.3, 141.9, 135.3, 135.0 (d, J = 3.0 Hz), 131.2 (d, J = 10.0 Hz),
129.9, 127.4, 126.9, 125.5, 116.2 (d, J=22.0 Hz), 114.2, 110.0, 99.1, 58.4, 55.3, 31.6,
30.4, 27.5, 22.4, 14.0. HRMS (ESI): m/z calcd. for CaoH290FOs4SNa"([M+Na]") =

515.1663, found = 515.1656.

0O 4-(1-((4-chlorophenyl)sulfonyl)-2-(4-
I

C|©—s CsHiq )
5 . methoxyphenyl)nona-2,3-dien-4-

yl)benzaldehyde (6d): Pale yellow oil, 70.1 mg,
¢ & cHo isolated yield 69%. "H NMR (400 MHz, CDCls) &

9.99 (s, 1H), 7.81 (d, J= 8.4 Hz, 2H), 7.71 (d, J =
8.4 Hz, 2H), 7.44 (d, J= 8.4 Hz, 2H), 7.31 (d, J= 8.4 Hz, 2H), 7.23 (d, J= 9.2 Hz, 2H),
6.81 (d, J=9.2 Hz, 2H), 4.40 — 4.29 (m, 2H), 3.80 (s, 3H), 2.52 — 2.37 (m, 2H), 1.54 —
1.44 (m, 2H), 1.36—1.27 (m, 4H), 0.85 (t, J=7.2 Hz, 3H). 3*C NMR (100 MHz, CDCl;)
§ 210.2, 191.6, 159.4, 141.9, 140.4, 137.3, 135.3, 130.0, 129.9, 129.3, 127.4, 126.9,
125.4, 114.2, 110.1, 99.1, 58.4, 55.3, 31.6, 30.4, 27.6, 22.4, 14.0. HRMS (ESI): m/z

calcd. for C2oH30Cl04S*([M+H]") = 509.1548, found = 509.1546.

(IDI 4-(2-(4-methoxyphenyl)-1-((4-
F3C@S C5H 11 .
o . (trifluoromethyl)phenyl)sulfonyl)nona-2,3-

dien-4-yl)benzaldehyde (6e): Pale yellow oil,

. . 1
—d CHO 64.0 mg, isolated yield 59%. '"H NMR (400 MHz,
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CDCl3) § 9.98 (s, 1H), 7.92 (d, J = 8.0 Hz, 2H), 7.81 (d, J = 8.4 Hz, 2H), 7.60 (d, J =
8.0 Hz, 2H), 7.50 (d, J = 8.8 Hz, 2H), 7.18 (d, J = 8.8 Hz, 2H), 6.77 (d, J = 8.8 Hz, 2H),
4.43 —4.33 (m, 2H), 3.77 (s, 3H), 2.53 — 2.36 (m, 2H), 1.58 — 1.44 (m, 2H), 1.35—1.26
(m, 4H), 0.85 (t, J = 7.2 Hz, 3H). >*C NMR (100 MHz, CDCls) § 210.2, 191.6, 159.3,
142.5, 141.7, 135.3, 135.2 (q, J = 34.0 Hz), 129.9, 129.0, 127.3, 126.9, 126.0 (q, J =
3.0 Hz), 125.3,123.0 (q, /= 272.0 Hz), 114.2, 110.2, 98.8, 58.3, 55.2, 31.6, 30.3, 27.5,
22.4,13.9. HRMS (ESI): m/z caled. for C30H29F304SNa*([M+Na]*) = 565.1631, found
=565.1627.

o

4-(2-(4-methoxyphenyl)-1-(m-tolylsulfonyl)nona-
S CsH
Q5 = 2,3-dien-4-yl)benzaldehyde (6f): Pale yellow oil,

67.3 mg, isolated yield 69%. 'H NMR (400 MHz,

—0 cho CDCl3) 8 9.91 (s, 1H), 7.73 (d, J = 8.4 Hz, 2H), 7.57

(d, J= 6.8 Hz, 1H), 7.53 (s, 1H), 7.42 (d, J = 8.4 Hz,
2H), 7.27 —7.20 (m, 2H), 7.17 (d, J=9.2 Hz, 2H), 6.73 (d, /= 8.8 Hz, 2H), 4.31 —4.20
(m, 2H), 3.71 (s, 3H), 2.45 — 2.30 (m, 2H), 2.24 (s, 3H), 1.49 — 1.35 (m, 2H), 1.29 —
1.20 (m, 4H), 0.78 (t, J = 6.8 Hz, 3H). 3*C NMR (100 MHz, CDCls) § 210.4, 191.7,
159.2,142.0, 139.3,139.0, 135.2, 134.4,129.9, 128.9, 128.7, 127.4, 126.9, 125.8, 125 .4,
114.1,109.8,99.3, 58.2, 55.3,31.7, 30.3, 27.5, 22.4, 21.2, 14.0. HRMS (ESI): m/z calcd.
for C30H3304S*([M+H]") = 489.2094, found = 489.2092.

0 4-(1-(mesitylsulfonyl)-2-(4-
(uS)| . CsH1i methoxyphenyl)nona-2,3-dien-4-

yl)benzaldehyde (6g): Pale yellow oil, 83.6 mg,

S isolated yield 81%. 'H NMR (400 MHz, CDCls) &
_ 6g
9.97 (s, 1H), 7.78 (d, J = 8.4 Hz, 2H), 7.47 (d, J =

8.4 Hz, 2H), 7.32 (d, J = 8.8 Hz, 2H), 6.82 (s, 3H), 6.80 (s, 1H), 4.39 — 4.29 (m, 2H),
3.78 (s, 3H), 2.56 (s, 6H), 2.48 — 2.34 (m, 2H), 2.22 (s, 3H), 1.53 — 1.44 (m, 2H), 1.33
~ 1.25 (m, 4H), 0.85 (t, J = 6.8 Hz, 3H). 13C NMR (100 MHz, CDCls) & 210.5, 191.6,
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159.2, 143.2, 142.0, 140.3, 135.1, 133.2, 132.1, 129.9, 127.4, 126.9, 125.7, 114.0, 109.5,
99.5, 58.2, 55.2, 31.6, 30.2, 27.6, 22.9, 22.3, 20.9, 14.0. HRMS (ESI): m/z calcd. for
C3:H3604SNa*([M+Na]") = 539.2227, found = 539.2220.

C 0 4-(2-(4-methoxyphenyl)-1-(naphthalen-2-
# CsHir ylsulfonyl)nona-2,3-dien-4-yl)benzaldehyde

(6h): Pale yellow oil, 77.6 mg, isolated yield 74%.

"H NMR (400 MHz, CDCl3) § 9.77 (s, 1H), 8.27

(d,J=0.8 Hz, 1H), 7.77 — 7.70 (m, 3H), 7.67 (dd,
J=28.8, 1.2 Hz, 1H), 7.58 — 7.53 (m, 1H), 7.52 — 7.47 (m, 1H), 7.45 (d, J= 8.4 Hz, 2H),
7.23 —7.17 (m, 4H), 6.69 (d, J = 8.8 Hz, 2H), 4.44 — 4.31 (m, 2H), 3.66 (s, 3H), 2.33 —
2.16 (m, 2H), 1.37 — 1.27 (m, 2H), 1.17 — 1.07 (m, 4H), 0.74 (t, J = 6.8 Hz, 3H). °C
NMR (100 MHz, CDCl3) 6 210.1, 191.6, 159.2, 141.8, 135.6, 135.2, 135.0, 132.0, 130.4,
129.7,129.4,129.3,129.2,127.9,127.5, 127.4, 126.6, 125.6, 122.8, 114.1, 109.9, 99 .4,
58.0, 55.2, 31.6, 30.3, 27.5, 22.3, 14.0. HRMS (ESI): m/z calcd. for
C33H3304S"([M+H]") = 525.2094, found = 525.2091.

o 4-(2-(4-methoxyphenyl)-1-(thiophen-2-
@g C5H 11
s 9 . ylsulfonyl)nona-2,3-dien-4-yl)benzaldehyde (6i): Pale

yellow oil, 62.4 mg, isolated yield 65%. '"H NMR (400
—d cno MHz, CDCL) 6 9.91 (s, 1H), 7.75 (d, J = 8.4 Hz, 2H),

7.53 —7.49 (m, 2H), 7.47 (d, J = 8.4 Hz, 2H), 7.18 (d, J
= 8.8 Hz, 2H), 6.90 (dd, J=4.8, 4.0 Hz, 1H), 6.74 (d, J= 8.8 Hz, 2H), 4.42 — 4.29 (m,
2H), 3.71 (s, 3H), 2.51 — 2.38 (m, 2H), 1.52 — 1.39 (m, 2H), 1.32 — 1.20 (m, 4H), 0.79
(t,J=7.2 Hz, 3H). *C NMR (100 MHz, CDCI3) 6 210.6, 191.7, 159.2, 142.0, 140.0,
135.2, 134.7, 134.3, 130.0, 127.7, 127.3, 127.0, 125.7, 114.1, 110.1, 99.2, 59.6, 55.3,
31.7,30.4, 27.6, 22.4, 14.0. HRMS (ESI): m/z caled. for C27H2304S,Na“([M+Na]") =

503.1321, found = 503.1322.
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0 4-(2-(4-methoxyphenyl)-1-(methylsulfonyl)nona-2,3-
—S CsH

5 . o dien-4-yl)benzaldehyde (6j): Pale yellow oil, 24.7 mg,

isolated yield 30%. 'H NMR (400 MHz, CDCl3) & 9.98 (s,

—d CHO 1H), 7.85 (d, /= 8.4 Hz, 2H), 7.63 (d, J = 8.4 Hz, 2H), 7.41

(d,.J=8.8 Hz, 2H), 6.91 (d,.J=9.2 Hz, 2H), 4.27 — 4.14 (m,
2H), 3.81 (s, 3H), 2.79 (s, 3H), 2.67 — 2.60 (m, 2H), 1.69 — 1.54 (m, 2H), 1.42 — 1.27
(m, 4H), 0.86 (t, J = 6.8 Hz, 3H). 3C NMR (100 MHz, CDCl3) § 210.0, 191.6, 159.6,
141.7,135.4,130.1, 127.5, 126.9, 125.8, 114.5, 110.6,99.4, 56.9, 55.4, 40.8, 31.7, 30.4,
27.6,22.4, 14.0. HRMS (ESI): m/z calcd. for C24H2004S"([M+H]") = 413.1781, found
=413.1783.

5. General procedure for 3,4-sulfonylarylation of 1,3-enynes

4CzIPN (1 mol%) X |
NiCl,:glyme (5 mol%) X
O/ O/SOZ"‘a _ dioMebpy (7 moi%) 5 R3
N N
DMSO Ny, rt, 20 h SN S\b
H
x Br, | Blue LEDs \//
R* 7

General procedure : A dry reaction tube equipped with a Teflon-coated magnetic
stir bar was charged with 4CzIPN (1.6 mg, 0.002 mmol, 1 mol%), NiCl>-glyme (2.2
mg, 0.01 mmol, 5 mol%), diOMebpy (3.0 mg, 0.014 mmol, 7 mol%), aryl halide (0.2
mmol, 1 equiv., if solid), sodium sulfinate (0.24 mmol, 1.2 equiv.) and 1,3-enyne (0.4
mmol, 2 equiv., if solid). It was capped with a rubber septum, evacuated and backfilled
with argon. Then, degassed anhydrous DMSO (2.0 mL), aryl halide (0.2 mmol, 1 equiv.,
if liquid) and 1,3-enyne (0.4 mmol, 2 equiv., if liquid) were added via syringe. The
reaction mixture was stirred at room temperature under 30 W blue LEDs irradiation for
20 hours. After the reaction completion, the reaction mixture was diluted with EtOAc,
then washed with brine, dried over Na>SQys, filtered, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel

(hexane/EtOAc) to afford the corresponding 1,3-diene products.
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The analytical data of the products are summarized below.

(E)-4-(3-phenyl-2-tosylbuta-1,3-dien-1-

O CHO ' yI)benzaldehyde (7a): Light yellow solid, 54.3 mg,

O\\s\\ N O isolated yield 70%. "H NMR (400 MHz, CDCl3) § 9.94
/©/ ° H (s, 1H), 8.03 (s, 1H), 7.74 (d, J = 8.4 Hz, 2H), 7.70 —
7a 7.66 (m, 4H), 7.22 — 7.14 (m, 7H), 5.91 (s, 1H), 5.18

(s, 1H), 2.36 (s, 3H). 3C NMR (100 MHz, CDCls)  191.4, 144.5, 144.3, 139.2, 138.4,
136.7,136.7, 136.3, 135.1, 130.7, 129.7, 129.4, 129.1, 128.4, 128.4, 126.1, 120.9, 21.6.
HRMS (ESI): m/z caled. for C24Hz105S ([M+H]") = 389.1206, found = 389.1205.

O 4-(3-(p-tolyl)-2-tosylbuta-1,3-dien-1-
O CHO yl)benzaldehyde (7b): Pale yellow oil, 56.3 mg,
(@)
SN isolated yield 70%, E/Z = 14:1. '"H NMR (400 MHz,
O H

CDCls) § 9.93 (s, 1H), 8.01 (s, 1H), 7.76 — 7.64 (m,

3

7b 6H), 7.19 (d, J= 8.0 Hz, 2H), 7.13 (d, /= 8.2 Hz, 2H),
6.96 (d, J= 8.0 Hz, 2H), 5.85 (s, 1H), 5.56 (s, 0.07H of Z isomer ), 5.40 (s, 0.07H of Z
isomer ), 5.06 (s, 1H), 2.37 (s, 3H), 2.26 (s, 3H). *C NMR (100 MHz, CDCl3) § 191.4,
144.4,139.1, 138.5, 138.4, 136.7, 136.6, 135.1, 133.4, 130.7, 129.6, 129.4, 129.2, 129.1,
126.0,119.8,21.6,21.1. HRMS (ESI): m/z calcd. for C25sH2303S*([M+H]") =403.1362,
found = 403.1360.

(E)-4-(3-(4-(tert-butyl)phenyl)-2-tosylbuta-1,3-

CHO
‘PN O mg, isolated yield 55%. 'H NMR (400 MHz, CDCl3)

S\
/©/ 0 H $9.94 (s, 1H), 8.02 (s, 1H), 7.78 — 7.70 (m, 4H), 7.62
T (d, J=8.0 Hz, 2H), 7.14 (s, 6H), 5.87 (s, 1H), 5.11 (s,

dien-1-yl)benzaldehyde (7c): Pale yellow oil, 48.8

1H), 2.34 (s, 3H), 1.24 (s, 9H). '*C NMR (100 MHz,
CDCl3) 6 191.3, 151.5, 144.6, 144.2, 139.0, 138.5, 136.7, 136.5, 135.3, 133.2, 130.7,
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129.7,129.3, 129.1, 125.8, 125.3, 120.1, 34.4, 31.1, 21.5. HRMS (ESI): m/z calcd. for
C2sH2005S ([M+H]") = 445.1832, found = 445.1836.

_0O (E)-4-(3-(4-methoxyphenyl)-2-tosylbuta-1,3-dien-

O CHO  1-yl)benzaldehyde (7d): Pale yellow oil, 64.4 mg,

Q\s,\\ X O isolated yield 77%. "H NMR (400 MHz, CDCl3) § 9.94

/©/ O H (s, 1H), 8.00 (s, 1H), 7.74 (d, J = 8.4 Hz, 2H), 7.72 —

7d 7.63 (m, 4H), 7.19 (t, J= 8.2 Hz, 4H), 6.68 (d, J = 8.8

Hz, 2H), 5.77 (s, 1H), 4.99 (s, 1H), 3.74 (s, 3H), 2.37

(s, 3H). *C NMR (100 MHz, CDCl3) § 191.4, 159.8, 144.5, 144.4, 138.6, 138.5, 136.7,

136.5, 135.2, 130.7, 129.6, 129.4, 129.1, 128.8, 127.4, 118.6, 113.8, 55.2, 21.6. HRMS
(ESI): m/z calcd. for C2sH2304S"([M+H]") = 419.1312, found = 419.1313.

Cl (E)-4-(3-(4-chlorophenyl)-2-tosylbuta-1,3-dien-1-
O CHO yl)benzaldehyde (7e): Pale yellow solid, 48.1 mg,

O\\s\\ N O isolated yield 57%. '"H NMR (400 MHz, CDCl3) § 9.95
/©/ © H (s, 1H), 8.02 (s, 1H), 7.75 (d, J = 8.4 Hz, 2H), 7.66 (d,
7e J= 8.4 Hz, 4H), 7.20 (d, J = 7.6 Hz, 2H), 7.16 — 7.09

(m, 4H), 5.90 (s, 1H), 5.18 (s, 1H), 2.39 (s, 3H). 1*C NMR (100 MHz, CDCls) § 191.3,
144.8,143.8,138.2,138.2, 137.0, 136.9, 135.0, 134.8, 134.4,130.6, 129.7, 129.5, 129.1,
128.7, 127.4, 121.4, 21.6. HRMS (ESI): m/z calcd. for C24H20ClOsS*([M+H]") =
423.0816, found = 423.0817.

(E)-4-(3-(3,5-dimethylphenyl)-2-tosylbuta-1,3-

O cHo dien-1-yDbenzaldehyde (7f): Pale yellow oil, 52.4
O\\S S~ O mg, isolated yield 63%. 'H NMR (400 MHz, CDCl5)
/©/ 0 59.94 (s, 1H), 8.01 (s, 1H), 7.77 — 7.64 (m, 6H), 7.16

- (d, J=7.6 Hz, 2H), 6.81 — 6.77 (m, 3H), 5.88 (d, J =

0.8 Hz, 1H), 5.15 (d,J= 0.8 Hz, 1H), 2.36 (s, 3H), 2.15
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(d, J= 0.8 Hz, 6H). *C NMR (100 MHz, CDCl) § 191.4, 144.7, 144.3, 139.3, 138.5,
137.8, 136.7, 136.7, 136.1, 135.5, 130.7, 130.1, 129.6, 129.3, 129.0, 124.0, 120.6, 21.5,
21.1. HRMS (ESI): m/z calcd. for C26Has03S ([M+H]") = 417.1519, found = 417.1520.

(E)-4-(3-(3-methoxyphenyl)-2-tosylbuta-1,3-dien-

~0 O O CHO ' 1_yl)benzaldehyde (7g): Pale yellow oil, 24.2 mg,
Q\'s\\ N isolated yield 29%. 'H NMR (400 MHz, CDCls) § 9.94
/©/ © (s, 1H), 8.02 (s, 1H), 7.75 (d, J = 8.4 Hz, 2H), 7.72 —
79 7.63 (m, 4H), 7.18 (d, /= 8.0 Hz, 2H), 7.07 (t, J= 8.4

Hz, 1H), 6.85 — 6.80 (m, 1H), 6.75 — 6.68 (m, 2H), 5.91 (s, 1H), 5.19 (s, 1H), 3.68 (s,
3H), 2.37 (s, 3H). *C NMR (100 MHz, CDCl3) & 191.4, 159.6, 144.5, 144.3, 139.1,
138.5,137.7,136.8, 135.2, 130.7, 129.7, 129.5, 129.4, 129.1, 121.3, 118.8, 113.8, 112.0,
55.1, 21.6. HRMS (ESI): m/z calcd. for CosH2304S"([M+H]") = 419.1312, found =

419.1311.
O (E)-4-(3-(o-tolyl)-2-tosylbuta-1,3-dien-1-
CHO
o I O yl)benzaldehyde (7h): Pale yellow oil, 32.2 mg,
/O/S\b I isolated yield 40%. 'H NMR (400 MHz, CDCls) § 9.98
(s, 1H), 7.97 (s, 1H), 7.86 — 7.76 (m, 4H), 7.50 (d, J =
7h

8.0 Hz, 2H), 7.14 — 7.02 (m, 4H), 6.89 — 6.80 (m, 2H),
5.64 (d,J=1.0 Hz, 1H), 5.56 (d, J= 1.0 Hz, 1H), 2.35 (s, 3H), 2.34 (s, 3H). 3*C NMR
(100 MHz, CDCl3) & 191.3, 146.5, 144.1, 138.9, 138.3, 137.0, 136.8, 136.6, 136.1,
136.0, 131.3, 130.5, 129.6, 129.3, 128.6, 128.4, 127.8, 126.3, 125.6, 21.5, 21.0. HRMS
(ESI): m/z calcd. for C2sH2303S ([M+H]") = 403.1362, found = 403.1360.
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/—Q (E)-4-(3-(benzo|d][1,3]dioxol-5-yl)-2-tosylbuta-1,3-
O dien-1-yl)benzaldehyde (7i): Pale yellow oil, 45.8

CHO
Q. ‘ mg, isolated yield 53%. 'H NMR (400 MHz, CDCl3)
H 0 9.95 (s, 1H), 7.99 (s, 1H), 7.80 — 7.73 (m, 2H), 7.72

S
%

. —7.60 (m, 4H), 7.22 (d, J = 8.0 Hz, 2H), 6.77 — 6.68
1

(m, 2H), 6.57 (d, J = 8.0 Hz, 1H), 5.90 (s, 2H), 5.75 (s,
1H), 4.99 (s, 1H), 2.38 (s, 3H). '3C NMR (100 MHz, CDCls) & 191.3, 147.9, 144.5,
144.4,138.7, 138.3, 136.8, 136.7, 135.1, 130.7, 130.5, 129.7, 129.4, 129.1, 120.6, 119.2,
108.1, 106.2, 101.2, 21.6. HRMS (ESI): m/z caled. for CasHzOsS*((M+H]Y) =
433.1104, found = 433.1108.

(|) (E)-4-(3-(4-methoxyphenyl)-2-(phenylsulfonyl)buta-

O CHO

0, O mg, isolated yield 57%. 'H NMR (400 MHz, CDCls) &
H

s
A

7]

1,3-dien-1-yl)benzaldehyde (7j): Pale yellow oil, 46.1

9.94 (s, 1H), 8.03 (s, 1H), 7.81 (dd, /= 8.4, 1.2 Hz, 2H),
7.76 — 7.69 (m, 4H), 7.55 — 7.50 (m, 1H), 7.41 (t, J =
7.6Hz, 2H), 7.17 (d, J= 8.8 Hz, 2H), 6.68 (d, /= 8.8 Hz,
2H), 5.79 (s, 1H), 5.00 (s, 1H), 3.73 (s, 3H). *C NMR (100 MHz, CDCls) § 191.4,
159.8,144.2,138.5,138.4,138.2, 137.0, 136.8, 133.4, 130.7, 129.7, 129.1, 128.8, 128.6,
127.4, 118.8, 113.9, 55.2. HRMS (ESI): m/z calcd. for C24H2004SNa"([M+Na]") =
427.0975, found = 427.0972.

(E)-4-(2-((4-(tert-butyl)phenyl)sulfonyl)-3-(4-
methoxyphenyl)buta-1,3-dien-1-yl)benzaldehyde
(7K): Pale yellow oil, 46.0 mg, isolated yield 50%. 'H

NMR (400 MHz, CDCls) § 7.89 (s, 1H), 7.60 (d, J =
8.6 Hz, 2H), 7.57 (d, J = 8.4 Hz, 2H), 7.45 (d, J= 8.4

7k

Hz, 2H), 7.29 (d, J= 8.6 Hz, 2H), 7.00 (d, J= 8.8 Hz,
2H), 6.55 (d, J = 8.8 Hz, 2H), 5.75 (s, 1H), 5.04 (s, 1H), 3.65 (s, 3H), 1.20 (s, 9H). 1*C
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NMR (100 MHz, CDCl3) § 159.7, 157.5, 145.1, 138.3, 137.2, 135.5, 134.9, 132.2, 130.5,
129.0, 128.5, 127.3, 125.8, 118.8, 118.2, 113.8, 113.3, 55.1, 35.1, 31.0. HRMS (ESI):
m/z caled. for CogHogNO3S*([M+H]") = 458.1784, found = 458.1786.

O (E)-4-(2-((4-fluorophenyl)sulfonyl)-3-phenylbuta-

o I O cHo 1,3-dien-1-yl)benzaldehyde (71): Pale yellow oil,

/©/S\b ! 49.3 mg, isolated yield 63%. '"H NMR (400 MHz,

F CDCI) 6 9.88 (s, 1H), 7.98 (s, 1H), 7.77 — 7.58 (m,
71

6H), 7.17 —7.03 (m, 5H), 6.97 (t, J= 8.6 Hz, 2H), 5.89
(s, 1H), 5.18 (s, 1H). '3C NMR (100 MHz, CDCl3) & 191.3, 165.6 (d, J = 255.0 Hz),
143.8, 139.1, 138.1, 137.2, 136.9, 136.0, 134.2 (d, /= 3.0 Hz), 131.9 (d, /= 10.0 Hz),
130.7, 129.7, 128.6, 128.6, 126.0, 121.3, 116.1 (d, J = 22.0 Hz). HRMS (ESI): m/z
calcd. for C23Hi7FO3SNa'([M+Na]") = 415.0775, found = 415.0773.

Cl (E)-4-(3-(4-chlorophenyl)-2-((4-
O O CHO chlorophenyl)sulfonyl)buta-1,3-dien-1-
O
\\S\\ X yl)benzaldehyde (7m): Pale yellow solid, 40.7 mg,
- /©/ O H isolated yield 46%. 'H NMR (400 MHz, CDCI3) &

7m 9.96 (s, 1H), 8.04 (s, 1H), 7.77 (d, J = 8.4 Hz, 2H),
7.72 (d,J= 8.8 Hz, 2H), 7.68 (d, J = 8.4 Hz, 2H), 7.40 (d, J = 8.8 Hz, 2H), 7.16 (s, 4H),
5.93 (s, 1H), 5.18 (s, 1H). 3C NMR (100 MHz, CDCls) § 191.2, 143.1, 140.5, 138.1,
137.9,137.8,137.1,136.5, 134.8, 134.5, 130.7, 130.5, 129.8, 129.2, 128.8, 127.3, 121.7.
HRMS (ESI): m/z caled. for C23HisCLOsSNa'([M+Na]") = 465.0089, found =
465.0093.
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(E)-4-(3-(4-methoxyphenyl)-2-(naphthalen-2-

cHo Ylsulfonyl)buta-1,3-dien-1-yl)benzaldehyde (7n):
Pale yellow oil, 61.7 mg, isolated yield 68%. 'H NMR

(400 MHz, CDCl3) 6 9.95 (s, 1H), 8.31 (d, J=2.0 Hz,

1H), 8.09 (s, 1H), 7.85 (d, J= 8.4 Hz, 3H), 7.79 - 7.71
(m, 5H), 7.66 — 7.54 (m, 2H), 7.15 (d, J = 9.2 Hz, 2H),
6.55 (d,J = 8.8 Hz, 2H), 5.75 (s, 1H), 4.98 (s, 1H), 3.61 (s, 3H). 3C NMR (100 MHz,
CDCl3) 0 191.4, 159.7, 144.4, 138.7, 138.4, 137.1, 136.9, 135.1, 135.1, 131.9, 131.2,
130.7,129.7,129.4, 129.2, 129.1, 128.6, 127.8, 127.4, 127.4, 123.5, 118.8, 113.8, 55.1.
HRMS (ESI): m/z calcd. for CogH2304S ([M+H]") = 455.1312, found = 455.1311.

O 4-(3-phenyl-2-(thiophen-2-ylsulfonyl)buta-1,3-dien-1-
CHO
5 O yl)benzaldehyde (70): Pale yellow oil, 45.6 mg, isolated
W\ NS
G’/S\b yield 60%, E/Z = 11:1. '"H NMR (400 MHz, CDCI3) §
\_3 H

9.94 (s, 1H), 8.05 (s, 1H), 7.77 — 7.67 (m, 4H), 7.60 (dd,

° J=5.0, 1.3 Hz, 1H), 7.53 (dd, /= 3.8, 1.3 Hz, 1H), 7.25
—7.14 (m, 5H), 6.96 (dd, J=4.9, 3.8 Hz, 1H), 6.03 (s, 1H), 5.71 (s, 0.09H of Z isomer ),
5.57 (s, 0.09H of Z isomer ), 5.39 (s, 1H). '*C NMR (100 MHz, CDCl3) § 191.3, 144.2,
139.2,138.9, 138.3,136.9, 136.8, 136.3, 135.6, 134.6, 130.8, 129.7, 128.6, 127.7, 125.9,
121.3. HRMS (ESI): m/z calcd. for C21H1603S:Na“([M+Na]") = 403.0433, found =

403.0427.

(|) (E)-4-(3-(4-methoxyphenyl)-2-tosylbuta-1,3-dien-1-
O CN
‘N O yield 75%. 'H NMR (400 MHz, CDCls) § 7.95 (s, 1H),
H

5
SR

7p

yl)benzonitrile (7p): Pale yellow oil, 62.3 mg, isolated

7.66 (d, J = 8.0 Hz, 2H), 7.62 (d, J = 8.0 Hz, 2H), 7.51
(d, J = 8.4 Hz, 2H), 7.20 (d, J = 8.0 Hz, 2H), 7.15 (d, J
= 8.8 Hz, 2H), 6.68 (d, J = 8.8 Hz, 2H), 5.77 (s, 1H),
4.97 (s, 1H), 3.74 (s, 3H), 2.37 (s, 3H). '*C NMR (100 MHz, CDCl3) & 159.9, 145.0,
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144.6,138.3,137.1, 135.7,134.9, 132.1,130.5, 129.4, 129.1, 128.5, 127.4, 118.6, 118.2,
113.9, 113.2, 55.2, 21.5. HRMS (ESI): m/z caled. for CasHnNOsS*([M+H]") =
416.1315, found = 416.1311.

O (E)-3-(3-phenyl-2-tosylbuta-1,3-dien-1-
5 O yl)benzaldehyde (7q): Pale yellow oil, 39.6 mg,
/@/\\S\\O \H CHO jisolated yield 51%. 'H NMR (400 MHz, CDCl3) § 9.87
(s, 1H), 8.04 (s, 1H), 8.00 (t,J= 1.6 Hz, 1H), 7.77 (dd,

7q

J=17.6,2.0 Hz, 2H), 7.69 (d, J = 8.4 Hz, 2H), 7.40 (d,
J=8.0 Hz, 1H), 7.25 - 7.07 (m, 7H), 5.93 (s, 1H), 5.21 (s, 1H), 2.37 (s, 3H). °C NMR
(100 MHz, CDCl3) 6 191.4, 144.5, 143.1, 139.3, 136.7, 136.5, 136.4, 135.5, 135.3,
133.7,131.7,130.6, 129.5, 129.3,129.1, 128.4, 128.3, 126.2, 121.0, 21.5. HRMS (ESI):
m/z calcd. for C24H2003SNa"([M+Na]") = 411.1025, found = 411.1027.

O (E)-1-(3-(3-phenyl-2-tosylbuta-1,3-dien-1-

5 O yl)phenyl)ethan-1-one (7r): Pale yellow oil, 45.6
/@)\S\\O \H COMe mg_ isolated yield 57%. "H NMR (400 MHz, CDCl)
57.92 —7.91 (m, 1H), 7.86 (s, 1H), 7.70 — 7.65 (m,

Tr
1H), 7.54 — 7.50 (m, 3H), 7.16 (t, J = 7.8 Hz, 1H),

7.10 — 7.06 (m, 2H), 7.04 — 6.95 (m, 5H), 5.76 (s, 1H), 4.98 (s, 1H), 2.23 (s, 3H), 2.19
(s, 3H). 1*C NMR (100 MHz, CDCl3) § 197.3, 144.4, 142.4,139.4, 137.3, 137.3, 136.3,
135.4,134.4,133.2,130.4, 129.5,129.4, 129.1, 128.9, 128.5, 128.4, 126.1, 120.6, 26 .4,
21.6. HRMS (ESI): m/z calcd. for CasH2203SNa'([M+Na]") = 425.1182, found =
425.1183.

O (E)-3-(3-phenyl-2-tosylbuta-1,3-dien-1-
yl)benzonitrile (7s): Pale yellow oil, 34.7 mg, isolated
X
H

Q
/©/S\\ CN  yield 45%. '"H NMR (400 MHz, CDCl3) § 7.95 (s, 1H),
@]
7.79 (s, 1H), 7.72 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 8.3

7s
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Hz, 2H), 7.53 (dt, J = 7.8, 1.3 Hz, 1H), 7.34 (t, J = 7.9 Hz, 1H), 7.22 — 7.09 (m, 7H),
5.92 (s, 1H), 5.21 (s, 1H), 2.37 (s, 3H). 13C NMR (100 MHz, CDCls) § 144.6, 144.1,
139.0, 136.2, 135.5, 135.0, 134.1, 134.0, 133.3, 133.1, 129.5, 129.4, 129.2, 128.5, 128.5,
126.1, 121.2, 118.0, 113.0, 21.6. HRMS (ESI): m/z calcd. for C24H20NO,S*([M+H]") =
386.1209, found = 386.1210.

O (E)-2-(3-phenyl-2-tosylbuta-1,3-dien-1-yl)benzaldehyde
5 O (7t): Pale yellow oil, 52.0 mg, isolated yield 67%. '"H NMR
N\ NS
S, (400 MHz, CDCIl3) 6 9.80 (s, 1H), 7.97 — 7.93 (m, 2H), 7.70
/©/ O H CHO
(dd, J=7.4,1.4 Hz, 2H), 7.62 (d, J=8.0 Hz, 2H), 7.32 (t, J

= 7.6 Hz, 1H), 7.18 — 7.02 (m, 7H), 5.86 (s, 1H), 5.14 (s,
1H), 2.30 (s, 3H). '*C NMR (100 MHz, CDCls) § 191.4, 144.5, 143.1, 139.3, 136.7,
136.5,136.4, 135.5, 135.3, 133.7, 131.7, 130.6, 129.5, 129.3, 129.1, 128.4, 128.3, 126.2,
121.0, 21.5. HRMS (ESI): m/z caled. for CasH2003SNa*([M+Na]*) = 411.1025, found

=411.1022.
O (E)-2-(3-phenyl-2-tosylbuta-1,3-dien-1-yl)benzonitrile
5 O (7u): Pale yellow oil, 44.7 mg, isolated yield 58%. 'H NMR

\ NS
/©/S\b (400 MHz, CDCl5) & 8.26 (s, 1H), 7.85 — 7.70 (m, 2H), 7.62
H CN
—7.50 (m, 2H), 7.36 — 7.27 (m, 2H), 7.24 (d, /= 8.0 Hz, 2H),
Tu

7.17 — 7.03 (m, 5H), 5.85 (s, 1H), 5.32 (s, 1H), 2.38 (s, 3H).
13C NMR (100 MHz, CDCls) § 146.5, 144.7, 138.7, 136.9, 136.4, 135.0, 134.4, 132.9,
132.3,129.6, 129.6, 129.2, 128.9, 128.4, 128.2, 126.1, 121.5, 116.9, 113.4, 21.5. HRMS
(ESI): m/z calcd. for C24H19NO,SNa*([M+Na]") = 408.1029, found = 408.1028.

Q

(E)-1,3-dichloro-5-(3-phenyl-2-tosylbuta-1,3-dien-1-

/©/S\\O 55%. '"H NMR (400 MHz, CDCls) § 7.84 (s, 1H), 7.68 (d,
J=8.4Hz, 2H), 7.37 (d, J = 2.0 Hz, 2H), 7.25 — 7.08 (m,

v

Cl
O yl)benzene (7v): Pale yellow oil, 47.1 mg, isolated yield
N
Cl
H
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8H), 5.90 (s, 1H), 5.23 (s, 1H), 2.37 (s, 3H). 3C NMR (100 MHz, CDCl3) & 144.6,
144.2,139.0, 136.4, 135.5, 135.2, 135.0, 129.7, 129.5, 129.2, 128.4, 128.4, 128.2, 126.2,
121.3, 21.6. HRMS (ESI): m/z caled. for Ca3HsCLO2SNa'([M+Na]*) = 451.0297,
found = 451.0294.

(E)-5-(3-phenyl-2-tosylbuta-1,3-dien-1-yl)-2,3-
dihydro-1H-inden-1-one (7w): Pale yellow oil, 53.0
mg, isolated yield 64%. '"H NMR (400 MHz, CDCls) &
8.04 (s, 1H), 7.67 (d, J= 8.4 Hz, 2H), 7.61 (s, 1H), 7.59

—7.51 (m, 2H), 7.22 — 7.11 (m, 7H), 5.90 (s, 1H), 5.21
(s, 1H), 3.04 — 2.99 (m, 2H), 2.66 — 2.60 (m, 2H), 2.36 (s, 3H). '*C NMR (100 MHz,
CDCIl3) 0 206.1, 154.9, 144.5, 143.9, 139.3, 138.7, 137.8, 137.2, 136.5, 135.2, 129.4,
129.1, 128.4, 128.4, 128.3, 126.2, 123.6, 121.1, 36.3, 25.6, 21.5. HRMS (ESI): m/z
calcd. for C26H2303S ([M+H]") = 415.1362, found = 415.1361.
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6. Scale-up syntheses and further transformations

6.1 Scale-up reactions

1 mol% 4CzIPN CsHis
SO;Na 5 mol% NiCl,-glyme ”
/©/ 7 mol% leMebpy
CsH11

DMSO, rt, 36 h
Blue LEDs

A dry reaction tube equipped with a Teflon-coated magnetic stir bar was charged with
4CzIPN (24 mg, 0.03 mmol, 1 mol%), NiClz-glyme (33 mg, 0.15 mmol, 5 mol%),
diOMebpy (45 mg, 0.21 mmol, 7 mol%), 4-bromobenzaldehyde 2a (555 mg, 3.0 mmol,
1 equiv.), sodium p-methylbenzene sulfinate 3a (641 mg, 3.6 mmol, 1.2 equiv.) and 1,3-
enyne 1b (1.272 g, 6.0 mmol, 2 equiv.). It was capped with a rubber septum, evacuated
and backfilled with argon. Then, degassed DMSO (30 mL) was added via syringe. The
reaction mixture was stirred at room temperature under 30 W blue LEDs irradiation for
36 hours. After the reaction completion, the reaction mixture was diluted with EtOAc,
then washed with brine, dried over NaxSQOy, filtered, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel
(hexane/EtOAc) to afford the corresponding product 4b (0.991 g, 70% yield) as light

yellow solid.

1 mol% 4CzIPN O
CHO SO;Na 5 mol% NiClyglyme CHO
©)§ . Br/©/ + /©/ 7 mol% diOMebpy ‘Q\S’K/‘/
DMSO, tt, 40 h /©/ o
1a’ 3a

Blue LEDs

2a 7a

A dry reaction tube equipped with a Teflon-coated magnetic stir bar was charged with
4CzIPN (32 mg, 0.04 mmol, 1 mol%), NiCl>-glyme (44 mg, 0.2 mmol, 5 mol%),
diOMebpy (60 mg, 0.28 mmol, 7 mol%), 4-bromobenzaldehyde 2a (712 mg, 4.0 mmol,
1 equiv.) and sodium p-methylbenzene sulfinate 3a (854 mg, 4.8 mmol, 1.2 equiv.). It

was capped with a rubber septum, evacuated and backfilled with argon. Then, degassed
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DMSO (40 mL) and 1,3-enyne 1a' (1.024 g, 8 mmol, 2 equiv.) were added via syringe.
The reaction mixture was stirred at room temperature under 30 W blue LEDs irradiation
for 40 hours. After the reaction completion, the reaction mixture was diluted with
EtOAc, then washed with brine, dried over NaxSOa, filtered, and concentrated under
reduced pressure. The residue was purified by column chromatography on silica gel
(hexane/EtOAc) to afford the corresponding product 7a (0.950 g, 61% yield) as light

yellow solid.
6.2 Further transformations

Further transformations of a-allenyl sulfones:

(a)
o CHO
o] * H,SO, CsHa4
DCM/EtOH (1:1) O’
1h
CHO 8 Ts

4b

Procedure %%): 4-(2-(p-tolyl)-1-tosylnona-2,3-dien-4-yl)benzaldehyde 4b (42.2 mg, 0.1
mmol, 1 equiv.) was dissolved in 1 mL DCM/EtOH (1:1), then 1 mL conc. H2SO4 was
added dropwise to the solution. The reaction mixture was stirred at room temperature
for 1h. After quenching with 10 mL H>O, the mixture was extracted with ethyl acetate
3 times. The combined organic layers were washed with brine, dried over Na>xSO4 and
concentrated under vacuum. The residue was purified by column chromatography to
afford desired product 8 in 95% yield.
4-(6-methyl-1-pentyl-3-(tosylmethyl)-1H-inden-1-

O CHo yl)benzaldehyde (8): Pale yellow oil, 44.8 mg, isolated
CsHs yield 95%. 'H NMR (400 MHz, CDCl3) § 9.88 (s, 1H), 7.66
O’ (d, J=8.4 Hz, 2H), 7.56 (d, J= 8.4 Hz, 2H), 7.24 (d, J= 8.4

8 —Ts Hz, 2H), 7.11 — 7.04 (m, 3H), 6.96 (d, J= 7.6 Hz, 1H), 6.91

(s, 1H), 6.17 (s, 1H), 4.35 — 4.24 (m, 2H), 2.29 (s, 3H), 2.26 (s, 3H), 2.21 — 2.08 (m,
1H), 1.84 — 1.72 (m, 1H), 1.22 — 1.00 (m, 6H), 0.74 (t, J = 6.8 Hz, 3H). 1*C NMR (100
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MHz, CDCLh) 6 191.7, 150.7, 149.4, 145.3, 144.7, 138.9, 136.2, 135.2, 134.9, 130.9,
129.8, 129.5, 128.5,127.9, 127.1, 123.9, 120.2, 60.3, 55.7, 37.0, 32.3, 24.8, 22.4, 21.6,
14.0. HRMS (ESI): m/z calcd. for C3H3,03SNa"([M+Na]") = 495.1964, found =
495.1957.

(b)

CHO

1.5 eql

CsH 2
50111 1eq K2C03 C5H11
?:} DCM, 24 h MeO O’ |

9 Ts

=

O

Procedure [**!: To a dry sealed tube charged with a magnetic stir bar was added K>COs
(13.8 mg, 0.1 mmol, 1 equiv), 4-(2-(4-methoxyphenyl)-1-tosylnona-2,3-dien-4-
yl)benzaldehyde 4a (49 mg, 0.1 mmol, 1 equiv), I> (38 mg, 0.15 mmol, 1.5 equiv), and
ImL DCM under inert atmosphere. The reaction mixture was stirred at room
temperature for 24 h. After quenching with saturated sodium thiosulfate solution, the
mixture was extracted with ethyl acetate 3 times. The combined organic layers were
washed with brine, dried over Na;SO4 and concentrated under vacuum. The residue

was purified by column chromatography to afford desired product 9 in 38% yield.

CHO 4-(2-iodo-6-methoxy-1-pentyl-3-(tosylmethyl)-1H-

CsH14 O inden-1-yl)benzaldehyde (9): Pale yellow oil, 23.3 mg,

Meo O’ | isolated yield 38%. '"H NMR (400 MHz, CDCl3) & 9.89
. T (s, 1H), 7.73 =7.61 (m, 4H), 7.39 (d, J = 8.4 Hz, 1H),

7.14 (d, J = 8.0 Hz, 2H), 7.06 (d, J = 8.4 Hz, 2H), 6.73

(dd, J= 8.4, 2.4 Hz, 1H), 6.51 (d, J= 2.0 Hz, 1H), 4.42 (s, 2H), 3.68 (s, 3H), 2.32 (s,
3H), 2.11 — 2.03 (m, 2H), 1.18 —1.04 (m, 6H), 0.75 (t, J = 7.2 Hz, 3H). 3C NMR (125
MHz, CDCl) & 191.7, 156.0, 152.3, 148.5, 145.1, 136.5, 135.7, 135.2, 134.9, 129.9,
129.7, 128.9, 127.5, 121.6, 118.9, 112.1, 110.2, 64.5, 58.7, 55.5, 34.8, 31.9, 22.3, 22.2,
21.7, 14.0. HRMS (ESI): m/z calcd. for C30H31104SNa’([M+Na]") = 637.0880, found

=637.0875.
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(c)

Q
< > b CsHq 3eqNIS
) . o
MeCN
80°C, 24 h
MeG CHO

4a
Procedure!?: To a 25 ml pressure tube charged with a magnetic stir bar was added NIS
(67.5 mg, 0.3 mmol, 3 equiv), ] mL CH3CN, and 4-(2-(4-methoxyphenyl)-1-tosylnona-
2,3-dien-4-yl)benzaldehyde 4a (49 mg, 0.1 mmol, 1 equiv) under inert atmosphere. The
reaction mixture was stirred at 80 °C for 24 hours. After completion of the reaction, the
mixture was concentrated under vacuum. The residue was purified by flash column

chromatography to afford desired product 10 in 95% yield.

CHO 4-(2,5-diiodo-6-methoxy-1-pentyl-3-(tosylmethyl)-
1H-inden-1-yl)benzaldehyde (10): Pale yellow oil, 70.3
mg, isolated yield 95%. 'H NMR (400 MHz, CDCls) §
9.91 (s, 1H), 7.71 = 7.62 (m, 4H), 7.36 (s, 1H), 7.18 (d, J

= 8.0 Hz, 2H), 7.10 (d, J = 8.4 Hz, 2H), 6.40 (s, 1H), 4.37
(s, 2H), 3.68 (s, 3H), 2.36 (s, 3H), 2.21 — 2.04 (m, 2H), 1.22 — 1.07 (m, 6H), 0.77 (t, J
= 6.8 Hz, 3H). '*C NMR (100 MHz, CDCL3) § 191.6, 157.0, 152.8, 147.8, 145.5, 136.4,
135.9, 135.5, 135.4, 130.8, 130.0, 129.9, 128.8, 127.5, 120.6, 106.3, 84.6, 64.8, 58.4,
56.6, 34.8, 319, 223, 222, 219, 140. HRMS (ESI: m/z caled. for
C30H301,04SNa*([M+Na]*) = 762.9846, found = 762.9840.

(d)
9
@S CsHy4 10 mol% PdCl,+glyme CsHqq
Io) . 10 mol% dppp P
T
2 eq LiBHEt; O O OH
THF,1.5h
CHO 1

4b
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Procedure!®: To a flame-dried 15 mL vial equipped with a stir bar was added
PdCL; * glyme (5.2 mg, 0.02 mmol, 10 mol%) and 1,2-bis(diphenylphosphino)propane
(8.0 mg, 0.02 mmol, 10 mol%) under argon, 0.5 mL DCM was added and the reaction
mixture was stirred for 10 mins. The solvent was removed by sparging with argon, then
a solution of 4-(2-(p-tolyl)-1-tosylnona-2,3-dien-4-yl)benzaldehyde 4b (94.4 mg, 0.2
mmol, 1 equiv.) in 2 mL THF was added. Then 2 mL Super-Hydride® solution (1 M, 2
equiv.) was added dropwise, and the reaction was stirred for 1.5 h. After quenching by
NaOH (2.5%), the mixture was extracted with DCM for three times. The combined
organic layers were dried over NaxSO4 and concentrated under vacuum. The residue

was purified by column chromatography to afford desired product 11 in 51% yield.

CsHi4 (4-(2-(p-tolyl)nona-1,3-dien-4-yl)phenyl)methanol

O i O oH (11): Pale yellow oil, 32.6 mg, isolated yield 51%. 'H

11 NMR (400 MHz, CDCl3) 6 7.22 (d, J= 8.0 Hz, 2H),

7.13-7.04 (m, 4H), 7.01 (d, /= 8.0 Hz, 2H), 6.11 (d,

J=12Hz, 1H), 5.16 (d, J= 1.6 Hz, 1H), 4.69 (t, J= 1.6 Hz, 1H), 4.54 (s, 2H), 2.41 (t,

J=6.4 Hz, 2H), 2.25 (s, 3H), 1.38 — 1.29 (m, 2H), 1.28 — 1.19 (m, 4H), 0.81 (t,J=7.2

Hz, 3H). *C NMR (100 MHz, CDCls) § 144.5, 144.5, 140.5, 139.0, 138.0, 137.1, 128.8,

128.4, 126.7, 126.6, 126.3, 115.2, 77.3, 77.0, 76.7, 65.3, 39.5, 31.4, 27.7, 22.4, 21.1,

14.1. HRMS (ESI): m/z caled. for Ca3HasONa'([M+Na]®) = 343.2032, found =
343.2031.

Utilization of tert-butyl bromide as radical precursor:

CsHy1
4CzIPN (5 mol%) .
CHO | NiClaglyme (10 mol%)
A + + Br -
CeHii Br \ dtbbpy (10 mol%)
CHO
12

) TMEDA, CH4CN, rt
1b a Blue LEDs, 20 h

Procedure: A dry reaction tube equipped with a Teflon-coated magnetic stir bar

was charged with 4CzIPN (3.9 mg, 0.005 mmol, 5 mol%), NiCl-glyme (2.2 mg, 0.01

S51



mmol, 10 mol%), dtbbpy (2.7 mg, 0.01 mmol, 10 mol%), 2a (0.2 mmol, 36 mg, 2 equiv.)
and 1,3-enyne 1b (0.1 mmol, 22 mg, 1 equiv.). It was capped with a rubber septum,

evacuated and backfilled with argon. Then, degassed anhydrous CH3CN (1.5 mL), tert-

butyl bromide (0.25 mmol, 28 ul, 2.5 equiv.) and TMEDA (0.3 mmol, 45 ul, 3 equiv.)

were added via syringe. The reaction mixture was stirred at room temperature under 30

W blue LEDs irradiation for 20 hours. After the reaction completion, the reaction

mixture was filtered and concentrated under reduced pressure. The residue was purified

by column chromatography on silica gel (hexane/EtOAc) to afford the product 12 in

67% yield.

c 4-(2,2-dimethyl-4-(p-tolyl)undeca-4,5-dien-6-

. o yl)benzaldehyde (12): Pale yellow liquld, 25.0 mg, isolated
?:} yield 67%. 'H NMR (400 MHz, CD3CN) & 9.94 (s, 1H), 7.83

12 cHo (d,J=8.8 Hz, 2H), 7.61 (d, J= 8.4 Hz, 2H), 7.37 (d, /= 8.4

Hz, 2H), 7.14 (d, J = 8.0 Hz, 2H), 2.60 — 2.55 (m, 2H), 2.52

(s, 2H), 2.30 (s, 3H), 1.61 — 1.53 (m, 2H), 1.37 — 1.26 (m, 4H), 0.91 (s, 9H), 0.83 (t, J
=7.0Hz, 3H). 3*C NMR (100 MHz, CD3sCN) § 209.5, 192.9, 144.7,137.8, 135.9, 130.7,

130.1, 127.5, 127.3, 108.2, 107.4, 44.5, 32.7, 32.4, 31.0, 30.3, 28.6, 23.2, 21.0, 14.3.
HRMS (ESI): m/z calcd. for C27H340ONa"([M+Na]") = 397.2507, found = 397.2506.

Further transformations of 1,3-dienyl sulfones:

(2)

CHO oH
N
L
H

S\
‘o TsOH-H,0
toluene, reflux

7a

Procedure: In a round bottom flask were introduced substrate 7a (388 mg, 1.0 mmol,
1 equiv.), toluene (20 mL), p-toluenesulfonic acid monohydrate (19 mg, 0.1 mmol, 10
mol%) and ethylene glycol (0.11 mL, 2.0 mmol, 2 equiv.). The reaction mixture was

refluxed overnight. After cooling to room temperature, the mixture was washed with
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brine, dried over Na;SO4 and concentrated under vacuum. The product 13 was obtained

in 92% yield.

(E)-2-(4-(3-phenyl-2-tosylbuta-1,3-dien-1-
yD)phenyl)-1,3-dioxolane (13): Pale yellow solid,
396.0 mg, isolated yield 92%. '"H NMR (400 MHz,
CDCl3) 6 7.99 (s, 1H), 7.64 (d, J= 8.0 Hz, 2H), 7.58

(d, J = 8.4 Hz, 2H), 7.36 (d, J = 8.4 Hz, 2H), 7.26 —
7.24 (m, 2H), 7.17 — 7.14 (m, 5H), 5.88 (d, J = 0.8 Hz, 1H), 5.74 (s, 1H), 5.09 (d, J =
0.8 Hz, 1H), 4.08 — 3.97 (m, 4H), 2.35 (s, 3H). 3C NMR (100 MHz, CDCls) & 144.1,
141.5, 140.0, 139.6, 138.0, 136.5, 135.6, 133.5, 130.5, 129.3, 129.0, 128.4, 128.2, 126.7,
126.2, 120.7, 103.0, 65.3, 21.5. HRMS (ESI): m/z calcd. for CasHa404NaS"([M+Na]")
= 455.1288, found = 455.1286.

(b)

CHO
m-CPBA o O
\\S AN
W
NaHCOs, CHCly/H,0 /©/ 0 H

Procedure: To a 10 mL tube were added substrate 7a (38.8 mg, 0.1 mmol, 1 equiv.),

m-CPBA (25.9 mg, 0.15 mmol, 1.5 equiv.), NaHCOs3 (12.6 mg, 0.15 mmol, 1.5 equiv.)
and CHCIz/H2O (v/v = 1/1, 1.0 mL). The resulting mixture was stirred at room
temperature until 7a was consumed as indicated by TLC. Then, the reaction was
quenched by adding a solution of Na>S>0; in water and the mixture was extracted by
DCM for three times. The combined organic layers were washed with brine, dried over
Na;SO4 and concentrated under vacuum. The residue was purified by column

chromatography to afford the corresponding product 14 in 73% yield.
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(E)-4-(2-(2-phenyloxiran-2-yl)-2-

CHO  tosylvinyl)benzaldehyde (14): Pale yellow oil, 29.5
mg, isolated yield 73%. 'H NMR (400 MHz, CDCls)
89.99 (s, 1H), 8.17 (s, 1H), 7.83 (d, J = 8.4 Hz, 2H),

14 7.76 (d, J = 8.4 Hz, 2H), 7.65 (d, J= 8.4 Hz, 2H), 7.28
726 (m, SH), 7.24 — 7.21 (m, 2H), 3.03 (d, J = 5.2 Hz, 1H), 2.84 (d, J = 5.6 Hz, 1H),
2.39 (s, 3H).'3C NMR (100 MHz, CDCl3) § 191.2, 144.6, 142.3, 141.4, 137.7, 137.6,
137.1, 136.4, 131.0, 129.8, 129.6, 128.6, 128.4, 125.7, 59.3, 56.0, 21.6. HRMS (ESI):
m/z calcd. for C24H2004NaS*([M+Na]") = 427.0975, found = 427.0978.

(©)

NaH, t-BuOOH

THF

Procedure: A 10 mL tube was charged with anhydrous THF (2.0 mL) and oil free NaH
(19.2 mg, 0.8 mmol, 4 equiv., washed with hexane). The mixture was cooled to 0 °C
and then +~-BuOOH (0.16 mL, 0.8 mmol, 4 equiv., 5.0 M in decane) was added. After
stirring at room temperature for 30 mins, the resulting solution was cooled to 0 °C and
a solution of 13 (86.4 mg, 0.2 mmol, 1 equiv.) in anhydrous THF (2.0 mL) was added
dropwise. The reaction mixture was stirred at 0 °C until 13 was consumed as indicated
by LCMS. Then, the reaction was quenched by adding a solution of Na,S,03 in water
and the mixture was extracted by ethyl acetate. The combined organic layers were
washed with brine, dried over NaxSO4 and concentrated under vacuum. The residue
was purified by column chromatography to afford the corresponding product 15 in 76%

yield.
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2-(4-(3-(1-phenylvinyl)-3-tosyloxiran-2-
yl)phenyl)-1,3-dioxolane (15): Colorless oil, 68.4
mg, isolated yield 76%. '"H NMR (400 MHz, CDCl5)
6 7.70 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H),

7.28 (d, J = 8.4 Hz, 2H), 7.24 (d, J = 8.4 Hz, 2H),
7.15 — 7.12 (m, 5H), 5.72 — 5.71 (m, 2H), 5.17 (s, 1H), 5.14 (s, 1H), 4.07 — 3.97 (m,
4H), 2.43 (s, 3H).!*C NMR (100 MHz, CDCls) & 145.3, 138.7, 136.2, 135.5, 132.9,
132.3, 130.0, 129.4, 128.1, 128.0, 127.0, 126.5, 126.3, 123.5, 103.1, 79.9, 65.2, 62.2,
21.7. HRMS (ESI): m/z calcd. for CaH24OsNaS"([M+Na]") = 471.1237, found =
471.1235.

(d)

Q) i
(©)
PhMgBr
NS
PdCI,(PPh3),, THF O H

Procedure: Under argon atmosphere, 13 (43.2 mg, 0.1 mmol, 1 equiv.), PdCI>(PPh3),

16

(7.0 mg, 0.01 mmol, 0.1 equiv.), and anhydrous THF (2.0 mL) were charged in a flask
and cooled to 0 °C. Then, phenyl magnesium bromide (3M in Et2O, 0.14 mL, 0.4 mmol,
4 equiv.) was added dropwise and stirred at 40 °C until 13 was consumed as indicated
by TLC. Then, the reaction was quenched by water and the mixture was extracted by
ethyl acetate. The combined organic layers were washed with brine, dried over Na>SO4
and concentrated under vacuum. The residue was purified by column chromatography

to afford the corresponding product 16 in 96% yield.

o (Z)-2-(4-(2,3-diphenylbuta-1,3-dien-1-yl)phenyl)-1,3-
O /o> dioxolane (16): Pale yellow oil, 34.0 mg, isolated yield
O N O 96%. '"H NMR (400 MHz, CDCl3) § 7.47 — 7.44 (m, 4H),
: 7.42—-7.40 (m, 2H), 7.26 —7.14 (m, 8H), 7.00 (s, 1H), 5.82

16

(d, J= 1.6 Hz, 1H), 5.68 (s, 1H), 5.21 (d, J= 1.2 Hz, 1H),
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4.03 —4.01 (m, 2H), 3.95 — 3.92 (m, 2H). *C NMR (100 MHz, CDCI3) § 146.0, 142.5,
141.2,138.6, 138.1, 136.5, 129.1, 129.0, 128.6, 128.4, 127.9, 127.6, 126.6, 126.5, 126.2,
116.9, 103.6, 65.3. HRMS (ESI): m/z caled. for CosH220,Na"([M+Na]") = 377.1512,
found = 377.1516.

(e)

Procedure: A 10 mL tube was charged with 13 (43.2 mg, 0.1 mmol), THF (2.0 mL)
and 10 % Pd/C (40 mg). Then the tube was filled with hydrogen gas using a balloon.
The mixture was stirred at room temperature until the starting material was consumed
as indicated by LCMS. After filtration, concentrated, the residue was purified by

column chromatography to afford the corresponding product 17 in 56% yield.

(E)-2-(4-(3-phenyl-2-tosylbut-1-en-1-yl)phenyl)-
1,3-dioxolane (17): Pale yellow solid, 24.5 mg,
isolated yield 56%. '"H NMR (500 MHz, CDCls) &

8.01 (s, 1H), 7.52 (d, J=8.5 Hz, 2H), 7.39 (d, J=8.5
Hz, 2H), 7.19 (d, /= 8.0 Hz, 2H), 7.16 (d, J= 8.0 Hz,
2H), 7.05 — 7.04 (m, 3H), 6.99 — 6.98 (m, 2H), 5.77 (s, 1H), 4.39 (q, J = 7.5 Hz, 1H),
4.12 — 4.09 (m, 2H), 4.04 — 4.01 (m, 2H), 2.38 (s, 3H), 1.55 (d, J = 7.5 Hz, 3H). 1’C
NMR (125 MHz, CDCl3) § 147.6, 143.6, 140.6, 139.6, 138.6, 137.7, 134.6, 129.5, 129.0,
128.0,127.9,127.5,126.5,126.2, 103.1, 65.3,37.0, 21.5, 18.0. HRMS (ESI): m/z calcd.
for Ca6H2604NaS™([M+Na]") = 457.1444, found = 457.1448.
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7. Mechanistic experiments

7.1 Stern-Volmer quenching experiment

Stern-Volmer quenching experiments were carried out using stock solutions of
photocatalyst 4CzIPN (1 x 10° M), sodium p-methylbenzenesulfinate 3a (6 x 102 M),
4-bromobenzaldehyde 2a (6 x 102 M) and 1,3-enyne 1a (6 x 102 M) in anhydrous
DMSO. In a gas-tight 3 mL quartz cuvette, samples were obtained by mixing a fix
volume of the stock solution of photocatalyst 4CzIPN and variable amount of the
substrate. Before the measurements, N2 was bubbled into the solution for 10 mins. Then,
samples were irradiated at 400 nm and emission spectras were recorded from

wavelength 450 nm to 800 nm for each sample, as shown in the following figures.

Emission intensisty [x10%a.u.]

450 500 550 500 650 700 750 200
Wavelength [nm]

v =0.1666x+1.0398
1.6 Stern-Violmer quenching R? = 0.9803 ®

1p/1

o 0.5 1 15 2 25 3 35

Figure S1: Fluorescence quenching of 4CzIPN with sodium p-methylbenzenesulfinate 3a.
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Emission intensisty [x10%a.u.]

Wavelength [nm]

Figure S2: Fluorescence quenching of 4CzIPN with 4-bromobenzaldehyde 2a.

Emission intensisty [x10%a.u.]

450 500 550 600 650 700 750 800
Wavelength [nm]

Figure S3: Fluorescence quenching of 4CzIPN with 1,3-enyne 1a.

These experiments clearly show that only sodium p-methylbenzenesulfinate 3a is an

effective quencher of the fluorescence of 4CzIPN.

7.2 Radical trapping experiment

18, 12% yield 4a, not detected

i o
1 mol% 4CzIPN ! 1]
CHO 5 mol% NiClyglyme Ts CsHis : 4@% . CsHiq

SO,Na 7 mol% diOMebpy | ! 0
X + * _— Z o) |
~ CsHi4 Br DMSO, rt, 20 h Y N :

8} ~,
Blue LEDs (0] H
1a 2a 3a TEMPO (1 eq) : —0 CHO

A dry reaction tube equipped with a Teflon-coated magnetic stir bar was charged with
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4CzIPN (8 mg, 0.01 mmol, 1 mol%), NiCl-glyme (11 mg, 0.05 mmol, 5 mol%),
diOMebpy (15 mg, 0.07 mmol, 7 mol%), 4-bromobenzaldehyde 2a (185 mg, 1.0 mmol,
1 equiv.), sodium p-methylbenzene sulfinate 3a (214 mg, 1.2 mmol, 1.2 equiv.),
TEMPO (156 mg, 1.0 mmol, 1 equiv.) and 1,3-enyne 1a (456 mg, 2.0 mmol, 2 equiv.).
It was capped with a rubber septum, evacuated and backfilled with argon. Then,
degassed DMSO (10 mL) was added via syringe. The reaction mixture was stirred at
room temperature under 30 W blue LEDs irradiation for 20 hours. Then the reaction
mixture was diluted with EtOAc, then washed with brine, dried over Na>SOu, filtered,
and concentrated under reduced pressure. Product 4a was not detected by crude 'H
NMR analysis. The residue was purified by column chromatography on silica gel

(hexane/EtOAc) to afford the diene product 18 (65.8 mg) in 12% yield.

Ts

| CsHisq 1-((2-(4-methoxyphenyl)-1-tosylnona-1,3-dien-4-
= Oy yl)oxy)-2,2,6,6-tetramethylpiperidine (18): Colorless
H
~o oil, 65.8 mg, isolated yield 12%. 'H NMR (400 MHz,

CDCls) 8 7.89 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 8.0 Hz,
2H), 7.20 (d, J = 8.8 Hz, 2H), 6.99 (d, J = 1.2 Hz, 1H), 6.84 (d, J = 8.8 Hz, 2H), 5.96
(d,J=1.2Hz, 1H), 3.82 (s, 3H), 2.43 (s, 3H), 1.68 — 1.66 (m, 2H), 1.62 — 1.58 (m, 4H),
1.32 — 1.26 (m, 4H), 1.17 — 1.15 (m, 12H), 1.08 — 1.04 (m, 2H), 0.93 — 0.89 (m, 2H),
0.78 — 0.75 (m, 3H); *C NMR (100 MHz, CDCl3) & 170.0, 160.6, 154.1, 143.3, 140.8,
134.4,129.7, 129.5, 127.1, 121.4, 114.0, 99.6, 60.5, 55.5, 39.7, 32.4, 31.8, 31.5, 26.9,
22.3, 21.7, 20.9, 17.2, 14.0. HRMS (ESI): m/z calcd. for C3:HaNO4S*([M+H]) =
540.3142, found = 540.3138.

1 mol% 4CzIPN
CHO 5 mol% NiCly.glyme CHO
SO,Na 7 mol% diOMebpy
[ + + _— > Q
A \ X
Br DMSO, rt, 20 h X

Blue LEDs O H

TEMPO (1 eq)

7a, not detected

1a’' 2a 3a
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A dry reaction tube equipped with a Teflon-coated magnetic stir bar was charged with
4CzIPN (1.6 mg, 0.002 mmol, 1 mol%), NiCly-glyme (2.2 mg, 0.01 mmol, 5 mol%),
diOMebpy (3.0 mg, 0.014 mmol, 7 mol%), 4-bromobenzaldehyde 2a (37 mg, 0.2 mmol,
1 equiv.) and sodium p-methylbenzene sulfinate 3a (43 mg, 0.24 mmol, 1.2 equiv.). It
was capped with a rubber septum, evacuated and backfilled with argon. Then, degassed
DMSO (2.0 mL) and 1,3-enyne 1a' (74 mg, 0.4 mmol, 2 equiv.) were added via syringe.
The reaction mixture was stirred at room temperature under 30 W blue LEDs irradiation
for 20 hours. Then the reaction mixture was diluted with EtOAc, then washed with
brine, dried over Na,SOg, filtered, and concentrated under reduced pressure. Product

7a was not detected by crude 'H NMR analysis.
7.3 Control experiments

Synthesis of Ni-AP!

CF3
| X ™ /©/ i \N
_N Ni(COD), ‘ Br 7™ >nig®
Ni—COD _— =N Q
~

.
N THF,rt, 1 h CF3
A Ni-A

_ =
N THF, rt, overnight 7

In an argon filled glove box, a 50 mL round bottom flash containing a stirring bar was
charged with Ni(COD), (276 mg, 1.0 mmol, 1.0 equiv.), 2,2'-dipyridy (156 mg, 1.0
mmol, 1.0 equiv.) and dry THF (10 mL). The dark purple mixture was stirred overnight
ar room temperature. Then 4-bromobenzotrifluoride (1.4 mL, 10 mmol, 10 equiv.) was
added and stirred for additional 1 h. Dry pentane (20 mL) was added to the orange
mixture and filtered. The resulting precipitate was washed with dry pentane (3 x 10 mL)
and dried under vacumm to obtain Ni-A as an orange solid, which was used without

further purification.

Stoichiometric experiment
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q
8 CHrs

) SO,Na 1 mol% 4CzIPN : 5 .
Snighr . A + /©/ —_—
N Q ~o CsHiy DMSO, rt, 20 h
= CFs3 1a 3a —0 CF,4

! Blue LEDs

Ni-A (1 equiv) 5c, not detected

A dry reaction tube equipped with a Teflon-coated magnetic stir bar was charged with
4CzIPN (1.6 mg, 0.002 mmol, 1 mol%), sodium p-methylbenzene sulfinate 3a (43 mg,
0.24 mmol, 1.2 equiv.), 1,3-enyne 1a (91 mg, 0.4 mmol, 2 equiv.) and Ni-A (93.6 mg,
0.2 mmol, 1 equiv.). It was capped with a rubber septum, evacuated and backfilled with
argon. Then, degassed DMSO (2.0 mL) was added via syringe. The reaction mixture
was stirred at room temperature under 30 W blue LEDs irradiation for 20 hours. Then
the reaction mixture was diluted with EtOAc, then washed with brine, dried over
NaxSOq, filtered, and concentrated under reduced pressure. Product 5¢ was not detected

by crude 'H NMR analysis.

Catalytic reaction with Ni-A

o

CsHiq

B 1 mol% 4CzIPN @ﬁ
™ + /©/ T, /@/SOZNa 10 mol% Ni-A 0 .
A
~o CsHaq FsC DMSO, rt, 20 h
—0 CF

Blue LEDs

1a 3a 5

5c, 58% yield
A dry reaction tube equipped with a Teflon-coated magnetic stir bar was charged with
4CzIPN (1.6 mg, 0.002 mmol, 1 mol%), sodium p-methylbenzene sulfinate 3a (43 mg,
0.24 mmol, 1.2 equiv.), 1,3-enyne 1a (91 mg, 0.4 mmol, 2 equiv.) and Ni-A (9.4 mg,
0.02 mmol, 10 mol%). It was capped with a rubber septum, evacuated and backfilled
with argon. Then, degassed DMSO (2.0 mL) and 4-bromobenzotrifluoride (28 uL, 0.2
mmol, 1.0 equiv.) were added via syringe. The reaction mixture was stirred at room
temperature under 30 W blue LEDs irradiation for 20 hours. Then the reaction mixture
was diluted with EtOAc, then washed with brine, dried over Na>SOa, filtered, and

concentrated under reduced pressure. Product 5¢ was obtained in 58% yield.
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The regioselectivity of 3,4-sulfonylarylation of 1,3-enynes

For our 3,4-sulfonylarylation of 1,3-enynes, migratory insertion of sulfonyl group took
place at the C3 atom of 1,3-enynes, and such regioselectivity is different from
Rueping’s report.®! We performed a few more experiments as followings. The 3,4-
sulfonylarylation of 1,3-enynes, proceeded smoothly under Rueping’s conditions,
furnishing the same product (7a). Furthermore, Rueping’s sulfonylarylation of
phenylacetylene under our catalytic conditions yielded the same regioisomer (7x). It is
therefore clear that the nature of substrates determines the different regioselectivities

observed in these two studies.

4CzIPN (1 mol%)
NiCl,-glyme (5 mol%) CHO
Br 2
. @/ . QSOZN*H diOMebpy (7 mol%) o O
B — A\ N
OHC DMSO, Ny, rt, 20 h S )
Blue LEDs O H
2a 3a

"our standard conditions" 7a, 70% yield

Ru(bpy)s(PFe)2 (1 mol%)
NiCl,-glyme (10 mol%) CHO
Br 2
o aRlS o gl SN s S
_ = ) .
OHC DMF, Ny, rt, 20 h S
Blue LEDs O H
2a 3a

"Rueping's conditions" 7a, 46% vyield

4CzIPN (1 mol%)

NiCl,-glyme (5 mol%) O
Br 2
. SOzNa diOMebpy (7 mol%) P
+ _— > /S Pz
OHC o

,
\ V4 - /i/

- DMSO, Ny, rt, 20 h / O ©
Blue LEDs CHO
2a 3a .
"our standard conditions" 7x, 53% yield
Ru(bpy)3(PFg), (1 mol%)
NiCl,-glyme (10 mol%)
Br 2
Z SOoNa L5 (10 mol%) L ©)
+ _ > //S =
~ OHC DMF, Ny, rt, 20 h o O
Blue LEDs CHO
2a 3a . L
"Rueping's conditions" 7x, 61% vyield

(A) procedure: A dry reaction tube equipped with a Teflon-coated magnetic stir bar
was charged with 4CzIPN (1.6 mg, 0.002 mmol, 1 mol%), NiCL-glyme (2.2 mg, 0.01
mmol, 5 mol%), diOMebpy (3.0 mg, 0.014 mmol, 7 mol%), 4-bromobenzaldehyde 2a
(36.8 mg, 0.2 mmol, 1 equiv.) and sodium p-methylbenzene sulfinate 3a (42.7 mg, 0.24

mmol, 1.2 equiv.). It was capped with a rubber septum, evacuated and backfilled with
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argon. Then, degassed anhydrous DMSO (2.0 mL) and 1,3-enyne 1a' (51.2 mg, 0.4
mmol, 2 equiv.) were added via syringe. The reaction mixture was stirred at room
temperature under 30 W blue LEDs irradiation for 20 hours. After the reaction
completion, the reaction mixture was diluted with EtOAc, then washed with brine, dried
over NaxSQqs, filtered, and concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel (hexane/EtOAc) to afford the

corresponding product 7a (54.3 mg, 70% yield) as light yellow solid.

(B) procedure: A dry reaction tube equipped with a Teflon-coated magnetic stir bar
was charged with Ru(bpy)s3(PFs)2 (1.4 mg, 0.002 mmol, 1 mol%), NiCl,-glyme (4.4 mg,
0.02 mmol, 10 mol%), L5 (4.7 mg, 0.02 mmol, 10 mol%), 4-bromobenzaldehyde 2a
(73.6 mg, 0.4 mmol, 2 equiv.) and sodium p-methylbenzene sulfinate 3a (35.6 mg, 0.2
mmol, 1 equiv.). It was capped with a rubber septum, evacuated and backfilled with
argon. Then, degassed anhydrous DMF (2.0 mL) and 1,3-enyne 1a' (51.2 mg, 0.4 mmol,
2 equiv.) were added via syringe. The reaction mixture was stirred at room temperature
under 30 W blue LEDs irradiation for 20 hours. After the reaction completion, the
reaction mixture was diluted with EtOAc, then washed with brine, dried over Na>SOa,
filtered, and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel (hexane/EtOAc) to afford the corresponding product 7a
(35.7 mg, 46% yield) as light yellow solid.

(C) procedure: A dry reaction tube equipped with a Teflon-coated magnetic stir bar
was charged with 4CzIPN (1.6 mg, 0.002 mmol, 1 mol%), NiClz-glyme (2.2 mg, 0.01
mmol, 5 mol%), diOMebpy (3.0 mg, 0.014 mmol, 7 mol%), 4-bromobenzaldehyde 2a
(36.8 mg, 0.2 mmol, 1 equiv.) and sodium p-methylbenzene sulfinate 3a (42.7 mg, 0.24
mmol, 1.2 equiv.). It was capped with a rubber septum, evacuated and backfilled with
argon. Then, degassed anhydrous DMSO (2.0 mL) and phenylacetylene (44 uL, 0.4
mmol, 2 equiv.) were added via syringe. The reaction mixture was stirred at room
temperature under 30 W blue LEDs irradiation for 20 hours. After the reaction

completion, the reaction mixture was diluted with EtOAc, then washed with brine, dried
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over NaxSQqs, filtered, and concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel (hexane/EtOAc) to afford the
corresponding product 7x (38.4 mg, 53% yield) as light yellow solid. 'H NMR (400
MHz, CDCI3) 6 10.00 (s, 1H), 7.81 (d, J= 8.4 Hz, 2H), 7.49 (d, /= 8.4 Hz, 2H), 7.41 —
7.31 (m, 5H), 7.17 (d, J = 7.6 Hz, 2H), 7.11 (d, J = 7.2 Hz, 2H), 7.05 (s, 1H), 2.39 (s,

3H). Data in accordance with the literature.!®

(D) procedure: A dry reaction tube equipped with a Teflon-coated magnetic stir bar
was charged with Ru(bpy)s3(PFs)2 (1.4 mg, 0.002 mmol, 1 mol%), NiCl,-glyme (4.4 mg,
0.02 mmol, 10 mol%), LS (4.7 mg, 0.02 mmol, 10 mol%), 4-bromobenzaldehyde 2a
(73.6 mg, 0.4 mmol, 2 equiv.) and sodium p-methylbenzene sulfinate 3a (35.6 mg, 0.2
mmol, 1 equiv.). It was capped with a rubber septum, evacuated and backfilled with
argon. Then, degassed anhydrous DMF (2.0 mL) and phenylacetylene (44 uL, 0.4 mmol,
2 equiv.) were added via syringe. The reaction mixture was stirred at room temperature
under 30 W blue LEDs irradiation for 20 hours. After the reaction completion, the
reaction mixture was diluted with EtOAc, then washed with brine, dried over Na>SOs,
filtered, and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel (hexane/EtOAc) to afford the corresponding product 7x
(44.2 mg, 61% yield) as light yellow solid.

8. X-ray crystallography data

CCDC 2052659 (4u) contains the supplementary crystallographic data for this paper.
These data can be obtained free of charge from The Cambridge Crystallographic Date

Centre via www.ccdc.cam.ac.uk/data_request/cif.
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Note:  The crystal is Monoclinic, space group P 2(1)/c. The asymmetric unit contains
one molecule of the compound C35H33CIO3S. The C(CH3)3 group was disordered
into two positions with occupancy ratio = 51:49. Restraints in bond lengths and thermal

parameters were applied to the disordered atoms.

Final R values are R1=0.0478 and wR2=0.1279 for 2- theta up to 140°.

Table 1.
Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

113.3930(10)°.

Volume
Z

Density (calculated)

Absorption coefficient
F(000)
Crystal size

Theta range for data collection
Index ranges
Reflections collected

Crystal data and structure refinement for K482.

K482
C35H33CI03S
569.12

100(2) K
1.54178 A
Monoclinic

P2i/c
a=11.6577(3) A
b =27.6265(8) A

¢ =10.2389(3) A
3026.51(15) A3
4

1.249 Mg/m3

2.021 mm-1
1200

a=90°.
b=

g =90°.

0.627 x 0.323 x 0.266 mm3

3.199 to 69.966°.

-14<=h<=13, -33<=k<=31, -12<=I<=12

22521
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Independent reflections
Completeness to theta = 67.679°
Absorption correction

Max. and min. transmission

Refinement method
Data / restraints / parameters

Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)
Extinction coefficient

Largest diff. peak and hole

CCDC 2052657 (7m) contains the supplementary crystallographic data for this paper.

These data can be obtained free of charge from The Cambridge Crystallographic Date

5717 [R(int) = 0.0358]

99.8 %

Semi-empirical from equivalents
0.7533 and 0.5957

Full-matrix least-squares on F2
5717139/ 395

1.067

R1 =0.0478, wR2 = 0.1256
R1 =0.0508, wR2 = 0.1279
n/a

0.701 and -0.377 e.A-3

Centre via www.ccdc.cam.ac.uk/data_request/cif.

Note:  The crystal is triclinic, space group P-1. The asymmetric unit contains one

molecule of the compound C23H16CI2S03.

The crystal is a non-merohedral twin and twin refinement performed with

BASF=0.42289.

Final R values are R1=0.0644 and wR2=0.1611 for 2- theta up to 57°.

Table 1. Sample and crystal data for K433.

Identification code K433
Chemical formula

C23H16Cl203S
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Formula weight
Temperature
Wavelength

Crystal size

Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient
F(000)

443.32 g/mol

100(2) K

0.71073 A

0.028 x 0.058 x 0.220 mm

triclinic

P-1

a=734455)A  «a=97.717Q2)°
b=75430(5) A B =95.887(2)°
c=18.6349(12) A y=105.087(2)°
977.50(11) A3

2

1.506 g/cm?®

0.462 mm™

456
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