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1. General Information

Reagents, solvents and analytical methods:

Unless otherwise noted, all reactions were carried out under a nitrogen atmosphere. All
reagents were from commercial sources and used as received without further purification. All
solvents were dried by standard techniques and distilled prior to use. Column chromatography was
performed on silica gel (200-300 meshes) using petroleum ether (bp. 60~90 °C) and ethyl acetate
as eluent. 'NMR spectra were recorded on a Bruker Avance operating at for 'H NMR at 500 MHz,
13C NMR at 126 MHz and '°F NMR at 471 MHz and spectral data were reported in ppm relative
to tetramethylsilane (TMS) as internal standard and CDCl; (‘"H NMR 8 7.27, '3C NMR § 77.0) as
solvent. High-resolution mass spectra (HRMS) is produced by Thermo Fisher Scientific. Its main
body is composed of two parts: Thermo Scientific's UltiMate 3000 Series liquid system and
Thermo Scientific Q-Exactive combined quadrupole Orbitrap mass spectrometer. All coupling
constants (J) are reported in Hz. The following abbreviations were used to describe peak splitting
patterns when appropriate: s = singlet, d = doublet, dd = double doublet, ddd = double doublet of
doublets, t = triplet, dt = double triplet, q = quatriplet, m = multiplet, br = broad.

2. Substrate Synthesis

2.1 Synthesis of 1,3-enynes derivatives
1,3-enynes 1 were synthesized according to the known method®!l by using alkyne and
ketone as the substrates(la — 10).
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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 -

Ry

78 °C again, ketone (5 mmol) in THF (10 mL) was added dropwise. The reaction mixture was
then allowed to warm to room temperature and was monitored by TLC. Once completion the
reaction was quenched with saturated aqueous NH4Cl and extracted with EtOAc three times.
The combined organic layer was dried over Na,SO, 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. 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,SO,, filtered, and concentrated under reduced pressure. The crude
material was purified by flash chromatography to yield the 1,3-enyne.

1al81, 1bBSY, 1d-1£S1,ThBS1, 152, 1§31 1k-1nS1 are known compounds.



2.2 Acid chloride 2a - 21 were purchased from commercial suppliers and used without further

purification.

ys

CeH13
1a

5
o
YA

CeH1ay
1d
Q)\
cl CeHis,
19

A
C4H9

Cl

/i/ =
V4

1m

Ph

Br
1h

e

1k

1n

CeH1s,

V4 Y4

CeH1s,

/i/ ’

CeH1s,

Q)\c H
Et 6H13,
1c

Q)\
E CeH1s,
1f

s
CeH1s,
1i
s O
11
O
Ph Q1 A
CeH1s
10

Figure S1 Substrates of 1,3-enynes derivatives
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Figure S2 Substrates of acid chlorides

3. Optimization of Reaction Conditions



Table S1. Optimization of the catalyst.[?]

(0]
) [Cu] (5 mol%)
% + ByPiny,  + cl
CeH1s NaOMe (3.0 eq.)
THF, rt, 12 h

1a 2a
Entry Catalyst Yield (%)t
1 IPrCuCl 15
2 CuTc trace
3 CuCl trace
4 None trace

[a] Reaction conditions: 1a (0.30 mmol), B,Pin, (0.45 mmol), 2a (0.30 mmol), catalyst (5 mol%),
NaOMe (3.0 equiv), THF (1 mL), N, atmosphere, rt for 10 h. [b] Isolated yield.

Table S2. Optimization of the ratio of B,Pin, and acid chloride.[?

O
) IMesCuCl (5 mol%)
% + ByPin, + cl
CeH13 NaOMe (3.0 eq.)
THF, rt, 12 h

1a 2a
Entry B,Pin, (x mmol) Acid chloride (x mmol) Yield (%)L
1 0.24 0.30 40
2 0.30 0.40 55
3 0.30 0.24 30
4 0.40 0.30 32

[a] Reaction conditions: 1a (0.30 mmol), B,Pin, (x mmol), 2a (x mmol), IMesCuCl (5 mol%),
NaOMe (3.0 equiv), THF (1 mL), N, atmosphere, rt for 10 h. [b] Isolated yield.

Table S3. Optimization of the solvent.[]

O
) IMesCuCl (5 mol%)
% + ByoPin, + cl
CeHis NaOMe (3.0 eq.)
solvent, rt, 12 h

1a 2a
Entry Solvent Yield (%)M
1 Dioxane 23
2 Et,O 14
3 DME 25
4 DCM 31
5 toluene 12
6 MeCN trace

[a] Reaction conditions: 1a (0.30 mmol), B,Pin, (0.45 mmol), 2a (0.60 mmol), IMesCuCl (5
mol%), NaOMe (3.0 equiv), solvent (1 mL), N, atmosphere, rt for 10 h. [b] Isolated yield.

Table S4. Optimization of the base.?!



(0]
) IMesCuCl (5 mol%)
% + ByPiny,  + cl
CeH1s base (3.0 eq.)
THF, rt, 12 h

1a 2a
Entry Base Yield (%)t
1 NaO’Bu 15
2 KOBu trace
3 Na,CO; trace
4 KOMe 30
5 LiOMe trace
6 TEA trace
7 NaOMe 55

[a] Reaction conditions: 1a (0.30 mmol), B,Pin, (0.45 mmol), 2a (0.60 mmol), IMesCuCl (5
mol%), base (3.0 equiv), THF (1 mL), N, atmosphere, rt for 10 h. [b] Isolated yield.

Table S5. Optimization of temperature.[?

(0]
) IMesCuCl (5 mol%)
% + ByPin, + cl
CeH1s NaOMe (3.0 eq.)

THF, T°C, 12 h
1a 2a
Entry Temp. (°C) Yield (%)L
1 0 52
2 rt 55
3 50 48
4 70 trace

[a] Reaction conditions: 1a (0.30 mmol), B,Pin, (0.45 mmol), 2a (0.60 mmol), IMesCuCl (5
mol%), NaOMe (3.0 equiv), THF (1 mL), N, atmosphere, T °C for 10 h. [b] Isolated yield.

Table S6. Optimization of ligand.!?!

O |MesCuCl (5 mol%)

Ligand (10 mol%
A + Bopin, + Cl i ( )
CeH13 NaOMe (3.0 eq.)

. 20 THF, 1t, 12 h
Entry Ligand Yield (%)M

1 PPh; 60
2 DPEphos 68
3 Xphos 55
4 DPPF 46
5 DPPB 48
6 P(4-FPh); 78
7 dtbpy 48
8 P(pentafluorophenyl); 47
9 P(4-CF;Ph); 73
10 P(o-tolyl); 45




[a] Reaction conditions: 1a (0.30 mmol), B,Pin, (0.45 mmol), 2a (0.60 mmol), IMesCuCl (5
mol%), NaOMe (3.0 equiv), ligand (10 mol%), THF (1 mL), N, atmosphere, rt for 10 h. [b]
Isolated yield.

Table S7. Optimization of additive.[!

e} IMesCuCl (5 mol%)
) P(4-FPh)3 (10 mol%)
% + ByPin, + cl
CeH1s NaOMe (3.0 eq.)

THF, rt, 12 h
1a 2a
Entry Additive Yield (%)L
1 5A MS 70
2 20% CsF 60
3 10% Ac,O 40
4 2eq H,0 49

[a] Reaction conditions: 1a (0.30 mmol), B,Pin, (0.45 mmol), 2a (0.60 mmol), IMesCuCl (5
mol%), NaOMe (3.0 equiv), P(4-FPh); (10 mol%), THF (1 mL), N, atmosphere, rt for 10 h. [b]
Isolated yield.

Table S8. Optimization of the equivalent of NaOMe.[?!

o) IMesCuCl (5 mol%)
. P(4-FPh)3 (10 mol%)
% + ByPin, + cl
CeH1s NaOMe (3.0 eq.)

THF, it, 12 h
1a 2a
Entry NaOMe (x eq.) Yield (%)M
1 1 7
2 2 12
3 4 60

[a] Reaction conditions: 1a (0.30 mmol), B,Pin; (0.45 mmol), 2a (0.60 mmol), IMesCuCl (5 mol
%), NaOMe (3.0 equiv), P(4-FPh); (10 mol%), THF (1 mL), N, atmosphere, rt for 10 h. [b]
Isolated yield.

Table S9. Further optimization of the reaction conditions. !

o) IMesCuCl (5 mol%)
. P(4-FPh)3 (10 mol%)
% + B,oPin, + cl
CeH1sz NaOMe (3.0 eq.)

THF, 1t, 12 h
1a 2a
Entry deviations from optimized conditions Yield (%)M
1 CuCl instead of IMesCuCl 31
2 CuCl, instead of IMesCuCl 28
3 Cu(OAc), instead of IMesCuCl 39
4 2a was added as the final component 78
5 Slow addition of 2a with a feeding pump (2 h) 28

[a] Reaction conditions: 1a (0.30 mmol), B,Pin, (0.45 mmol), 2a (0.60 mmol), IMesCuCl (5
mol%), NaOMe (3.0 equiv), P(4-FPh); (10 mol%), THF (1 mL), N, atmosphere, rt for 10 h.
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Figure S5 3'P NMR of IMesCuCl + P(4-FPh);

4. General Procedure

(0] IMesCuCl (5 mol%) B
\ P(4-FPh); (10 mol%) —P'"
cl
Ry Ng, * R Baping (1500) O
;

NaOMe (3.0 eq.)
1a 2a THF, rt, 12 h 3aa

In a nitrogen-filled glove box, a 15 mL Schlenk tube equipped with magnetic stir bar was
charged with B,Pin, (114.3 mg, 0.45 mmol, 1.5 eq.), IMesCuCl (6.1 mg, 0.015 mmol, 0.05 eq.),
P(4-FPh); (9.5 mg, 0.03 mmol, 0.1 eq.), NaOMe (48.6 mg, 0.9 mmol, 3.0 eq.). THF (1 mL) was
added to the reaction tube, and the mixture was stirred at room temperature for 10 minutes. Then
1a (63.6 mg, 0.3 mmol, 1.0 eq.) and 2a (84 mg, 0.6 mmol, 2.0 eq.) were sequentially added. The



Schlenk tube was sealed quickly and removed from the glove box. The reaction mixture was
stirred at room temperature for 10 hours. Then the solution was extracted with EtOAc. The
combined organic phase was dried over Na,SO,4 and concentrated under reduced pressure. The
residue was purified by flash chromatography on silica gel diluting with petroleum ether/EtOAc
(v/v=100:1) to afford the products 3aa.

5. Spectroscopic Data of Products

1,3-Diphenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)undec-4-yn-1-one (3aa)

The title compound was prepared from dec-1-en-3-yn-2-ylbenzene (63.6 mg, 0.3 mmol),
Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and Benzoyl chloride (84 mg, 0.6 mmol). The
crude residue was purified by flash chromatography (petroleum ether / ethyl acetate = 100:1, Rf =
0.75) to afford the products as a yellow liquid (general procedure: 103.8 mg, 78%).

'H NMR (500 MHz, CDCl;) 6 7.88 (d, /= 7.5 Hz, 2H), 7.54 (d, J = 7.4 Hz, 2H), 7.36 (t, J= 7.4
Hz, 1H), 7.29 (t, J = 7.7 Hz, 2H), 7.25 - 7.19 (m, 3H), 2.25 (td, /= 6.9, 1.2 Hz, 2H), 1.75 (d, J =
15.2 Hz, 1H), 1.52 (d, J=15.2 Hz, 1H), 1.48 - 1.43 (m, 2H), 1.29 (dd, J = 15.0, 7.5 Hz, 4H), 1.21
(d, J=11.3 Hz, 14H), 0.86 (t,J= 7.0 Hz, 3H).

13C NMR (126 MHz, CDCl;) 8 197.1, 143.5, 135.2, 132.0, 130.7, 128.7, 127.6, 127.0, 126.6,
90.0, 82.9, 81.5, 53.7, 31.5, 28.6, 28.5, 25.0, 24.9, 22.7, 19.2, 14.2.

HRMS (ESI) m/z: [M+Na]* Calcd for CyoH3;BO3;Na*467.2737; Found 467.2725.

3-Phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-(p-tolyl)undec-4-yn-1-one (3ab)
The title compound was prepared from dec-1-en-3-yn-2-ylbenzene (63.6 mg, 0.3 mmol),

Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and 4-methylbenzoyl chloride (92.4 mg, 0.6

mmol). The crude residue was purified by flash chromatography (petroleum ether / ethyl acetate =

100:1, Rf = 0.75) to afford the products as a yellow liquid (general procedure: 81.1 mg, 59%).

TH NMR (500 MHz, CDCl3) § 7.81 (d, J = 8.3 Hz, 2H), 7.57 - 7.49 (m, 2H), 7.28 (d, J= 7.5 Hz,

2H), 7.18 (t, J = 7.3 Hz, 1H), 7.02 (d, J = 8.2 Hz, 2H), 2.28 (s, 3H), 2.27 - 2.21 (m, 2H), 1.71 (d, J

=15.2 Hz, 1H), 1.49 (s, 1H), 1.48 - 1.41 (m, 2H), 1.31 (dt, J= 14.6, 7.2 Hz, 4H), 1.21 (d, /= 13.4

Hz, 14H), 0.86 (t, J= 7.0 Hz, 3H).

13C NMR (126 MHz, CDCl;) 8 196.5, 143.8, 142.7, 132.3, 130.9, 128.6, 128.3, 126.8, 126.5,

89.7, 82.8, 81.6, 53.6, 31.5, 28.6, 28.5, 25.0, 24.9, 22.7,21.6, 19.2, 14.2.

HRMS (ESI) m/z: [M+Na]* Calcd for C30H39BO3;Na*481.2895; Found 481.2886.



1-(4-(tert-Butyl)phenyl)-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)undec-4-yn-
1-one (3ac)

The title compound was prepared from dec-1-en-3-yn-2-ylbenzene (63.6 mg, 0.3 mmol),
Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and 4-(tert-butyl)benzoyl chloride (117.6 mg, 0.6
mmol). The crude residue was purified by flash chromatography (petroleum ether / ethyl acetate =
100:1, Rf = 0.75) to afford the products as a yellow liquid (general procedure: 88.6 mg, 59%).

'H NMR (500 MHz, CDCls) & 7.84 (d, J = 8.6 Hz, 2H), 7.54 (d, J= 7.4 Hz, 2H), 7.28 (d, J="7.9
Hz, 2H), 7.24 (d, J = 8.6 Hz, 2H), 7.19 (d, /= 7.3 Hz, 1H), 2.25 (td, /= 6.9, 1.2 Hz, 2H), 1.70 (d,
J=15.2 Hz, 1H), 1.48 (s, 1H), 1.46 - 1.42 (m, 2H), 1.32 - 1.29 (m, 4H), 1.25 (s, 12H), 1.21 (d, J =
13.5 Hz, 14H), 0.86 (d, J = 6.8 Hz, 3H).

13C NMR (126 MHz, CDCl;) 3 196.5, 155.6, 143.8, 132.3, 130.8, 128.7, 126.9, 126.5, 124.6,
89.8, 82.9, 81.7, 53.6, 35.0, 31.5, 31.1, 28.6, 28.5, 25.0, 24.8, 22.7, 19.3, 14.2.

HRMS (ESI) m/z: [M+Na]* Caled for C33H45BO;Na* 523.3366; Found 523.3359.

1-(4-Methoxyphenyl)-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)undec-4-yn-1-
one (3ad)

The title compound was prepared from dec-1-en-3-yn-2-ylbenzene (63.6 mg, 0.3 mmol),
Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and 4-methoxybenzoyl chloride (102.4 mg, 0.6
mmol). The crude residue was purified by flash chromatography (petroleum ether / ethyl acetate =
100:1, Rf = 0.75) to afford the products as a yellow liquid (general procedure: 91.1 mg, 64%).

'H NMR (500 MHz, CDCl;) 6 7.92 (d, J = 8.9 Hz, 2H), 7.52 (d, J= 7.7 Hz, 2H), 7.30 - 7.26 (m,
2H), 7.18 (t,J="7.3 Hz, 1H), 6.71 (d, J = 8.9 Hz, 2H), 3.76 (s, 3H), 2.26 (t, J = 6.9 Hz, 2H), 1.69
(d, J=15.2 Hz, 1H), 1.52 - 1.50 (m, 1H), 1.48 (dd, /=9.9, 5.7 Hz, 2H), 1.32 (dt, /= 14.5, 7.2 Hz,
4H), 1.21 (d, J=14.7 Hz, 14H), 0.86 (t, J = 6.9 Hz, 3H).

13C NMR (126 MHz, CDCl;) 3 195.4, 162.6, 144.0, 133.2, 128.6, 127.6, 126.8, 126.5, 112.8,
89.7, 82.8, 81.7, 55.3, 53.5, 31.5, 28.6, 28.6, 25.0, 24.9,22.7, 19.2, 14.2.

HRMS (ESI) m/z: [M+Na]* Caled for C;)H39BO4Na*497.2844; Found 497.2836.

1-(3,5-Dimethylphenyl)-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)undec-4-yn-
1-one (3ae)

The title compound was prepared from dec-1-en-3-yn-2-ylbenzene (63.6 mg, 0.3 mmol),
Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and 3,5-dimethylbenzoyl chloride (100.8 mg, 0.6



mmol). The crude residue was purified by flash chromatography (petroleum ether / ethyl acetate =
100:1, Rf = 0.75) to afford the products as a yellow liquid (general procedure: 99.2 mg, 70%).

TH NMR (500 MHz, CDCl3) 8 7.53 (dd, J=12.7, 5.4 Hz, 4H), 7.28 (d, J = 7.4 Hz, 2H), 7.18 (t, J
=17.3 Hz, 1H), 6.98 (s, 1H), 2.25 (q, J = 6.9 Hz, 2H), 2.20 (s, 6H), 1.73 (d, J = 15.2 Hz, 1H), 1.50
(d, J=11.9 Hz, 1H), 1.45 (dd, J = 15.7, 9.0 Hz, 2H), 1.33 - 1.27 (m, 4H), 1.20 (d, J = 11.2 Hz,
14H), 0.86 (t, J= 7.0 Hz, 3H).

13C NMR (126 MHz, CDCl;) 8 197.3, 143.6, 137.0, 135.1, 133.7, 128.6, 128.6, 126.9, 126.5,
89.7, 82.9, 81.7,53.7,31.5, 28.7, 28.6, 25.0, 24.9, 22.7,21.3, 19.3, 14.2.

HRMS (ESI) m/z: [M+Na]* Caled for C3H4;BO;Na* 495.3052; Found 495.3045.

1-(4-Fluorophenyl)-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)undec-4-yn-1-
one (3af)

The title compound was prepared from dec-1-en-3-yn-2-ylbenzene (63.6 mg, 0.3 mmol),
Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and 4-fluorobenzoyl chloride (72.1 mg, 0.6 mmol).
The crude residue was purified by flash chromatography (petroleum ether / ethyl acetate = 100:1,
Rf=0.75) to afford the products as a light yellow liquid (general procedure: 103.8 mg, 52%).

'H NMR (500 MHz, CDCl;) 8 7.96 — 7.88 (m, 2H), 7.52 (d, J = 7.4 Hz, 2H), 7.30 (t, /= 7.7 Hz,
2H), 7.21 (t, J = 7.3 Hz, 1H), 6.90 (t, J = 8.7 Hz, 2H), 2.26 (t, J = 6.8 Hz, 2H), 1.73 (d, J=15.3
Hz, 1H), 1.53 — 1.49 (m, 1H), 1.48 — 1.43 (m, 2H), 1.33 — 1.27 (m, 4H), 1.21 (d, /= 12.1 Hz, 14H),
0.86 (t, /= 6.9 Hz, 3H).

13C NMR (126 MHz, CDCl;) § 195.5, 164.9 (d, J = 252.0 Hz), 143.3, 133.4 (d, J = 12.6 Hz),
131.4 (d, J=2.5 Hz), 128.8, 127.1, 126.5, 114.7 (d, J=21.4 Hz), 90.2, 82.9, 81.4, 53.6, 31.5, 28.6,
28.6,25.0,24.9,22.7,19.2, 14.2.

HRMS (ESI) m/z: [M+Na]* Caled for C,,H;3NO,;Na* 346.0838; Found 346.0835.

19F NMR (471 MHz, CDCl3) 6 -106.7.

HRMS (ESI) m/z: [M+Na]* Caled for CyoH3sBFO3;Na*485.2643; Found 485.2638.

1-(4-Dromophenyl)-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)undec-4-yn-1-
one (3ag)

The title compound was prepared from dec-1-en-3-yn-2-ylbenzene (63.6 mg, 0.3 mmol),
Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and 1-(4-bromophenyl)ethan-1-one (119.7 mg, 0.6
mmol). The crude residue was purified by flash chromatography (petroleum ether / ethyl acetate =
100:1, Rf = 0.75) to afford the products as a yellow liquid (general procedure: 98.9 mg, 63%).

TH NMR (500 MHz, CDCl;3) 3 7.76 - 7.71 (m, 2H), 7.50 (dd, J = 8.3, 1.1 Hz, 2H), 7.37 - 7.34 (m,
2H), 7.29 (t, J = 7.6 Hz, 2H), 7.21 (t,J = 7.3 Hz, 1H), 2.24 (td, /= 6.9, 1.4 Hz, 2H), 1.73 (d, J =



15.3 Hz, 1H), 1.51 (d, J = 15.3 Hz, 1H), 1.46 (dd, J = 8.4, 5.8 Hz, 2H), 1.31 - 1.26 (m, 4H), 1.21
(dd, J=12.0, 7.4 Hz, 14H), 0.86 (t, J = 7.0 Hz, 3H).

13C NMR (126 MHz, CDCly) § 196.1, 143.1, 134.0, 132.2, 131.0, 128.9, 127.2, 126.5, 90.4, 83.0,
81.2,53.6,31.5,28.6, 24.9, 24.9, 22.7, 19.2, 14.2.

HRMS (ESI) m/z: [M+Na]* Caled for CooH3BBrOsNa* 545.1841; Found 545.1838.

1-(3-Chlorophenyl)-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)undec-4-yn-1-
one(3ah)

The title compound was prepared from dec-1-en-3-yn-2-ylbenzene (63.6 mg, 0.3 mmol),
Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and 1-(3-chlorophenyl)ethan-1-one (92.8 mg, 0.6
mmol). The crude residue was purified by flash chromatography (petroleum ether / ethyl acetate =
100:1, Rf = 0.75) to afford the products as a yellow liquid (general procedure: 64.6 mg, 45%).

TH NMR (500 MHz, CDCl;) & 7.88 (s, 1H), 7.69 (d, J = 7.9 Hz, 1H), 7.52 (d, J = 7.7 Hz, 2H),
7.30 (dd, J=12.6, 6.8 Hz, 3H), 7.21 (t, J=7.3 Hz, 1H), 7.13 (td, /= 7.9, 1.5 Hz, 1H), 2.25 (dd, J
=11.1, 6.8 Hz, 2H), 1.76 (d, J = 15.3 Hz, 1H), 1.51 (d, J = 15.4 Hz, 1H), 1.46 (dd, J = 10.9, 6.3
Hz, 2H), 1.31-1.27 (m, 4H), 1.20 (d, /= 9.5 Hz, 14H), 0.86 (t, /= 6.9 Hz, 3H).

13C NMR (126 MHz, CDCl;) 8 196.0, 142.8, 137.0, 133.8, 131.9, 130.5, 128.9, 128.7, 127.2,
126.5,90.5, 83.0, 81.1, 53.7, 31.5, 28.6, 24.9, 24.9,22.7, 19.2, 14.2.

HRMS (ESI) m/z: [M+Na]* Calcd for CyoH3¢BClO3Na* 501.2342; Found 501.2338.

1-(3-Bromophenyl)-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)undec-4-yn-1-
one (3ai)

The title compound was prepared from dec-1-en-3-yn-2-ylbenzene (63.6 mg, 0.3 mmol),
Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and 3-bromobenzoyl chloride (131.7 mg, 0.6
mmol). The crude residue was purified by flash chromatography (petroleum ether / ethyl acetate =
100:1, Rf = 0.75) to afford the products as a yellow liquid (general procedure: 54.9 mg, 35%).

TH NMR (500 MHz, CDCl3) § 8.05 (t, /= 1.8 Hz, 1H), 7.74 - 7.71 (m, 1H), 7.54 - 7.50 (m, 2H),
7.47 (ddd, J=17.9, 2.0, 1.0 Hz, 1H), 7.30 (dd, J = 13.6, 1.7 Hz, 2H), 7.24 - 7.20 (m, 1H), 7.07 (t, J
=17.9 Hz, 1H), 2.25 (td, J = 6.9, 4.5 Hz, 2H), 1.76 (d, J = 15.3 Hz, 1H), 1.51 (d, J = 15.3 Hz, 1H),
1.48 - 1.44 (m, 2H), 1.29 (dd, J=9.9, 5.2 Hz, 4H), 1.20 (d, J = 9.3 Hz, 14H), 0.86 (t, /= 7.0 Hz,
3H).

13C NMR (126 MHz, CDCl;) 8 195.9, 142.8, 137.2, 134.8, 133.4, 129.2, 129.1, 128.9, 127.2,
126.5, 121.9,90.5, 83.0, 81.1, 53.7, 31.5, 28.6, 28.6, 24.9, 24.9, 22.7, 19.2, 14.2.

HRMS (ESI) m/z: [M+Na]* Calcd for CyoH3¢BBrO;Na* 547.1826; Found 547.1827.



1-(2-Fluorophenyl)-3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)undec-4-yn-1-
one (3aj)

The title compound was prepared from dec-1-en-3-yn-2-ylbenzene (63.6 mg, 0.3 mmol),
Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and 2-fluorobenzoyl chloride (95.1 mg, 0.6 mmol).
The crude residue was purified by flash chromatography (petroleum ether / ethyl acetate = 100:1,
Rf=0.75) to afford the products as a yellow liquid (general procedure: 74.9 mg, 54%).

H NMR (500 MHz, CDCl;) 6 7.61 (d, J = 7.5 Hz, 2H), 7.36 - 7.28 (m, 4H), 7.24 (d, /= 7.4 Hz,
1H), 7.00 - 6.91 (m, 2H), 2.19 (td, J = 6.9, 4.6 Hz, 2H), 1.96 (d, /= 15.3 Hz, 1H), 1.57 (d, J=15.3
Hz, 1H), 1.41 - 1.35 (m, 2H), 1.27 - 1.23 (m, 4H), 1.20 (d, J = 3.2 Hz, 14H), 0.88 (t, /= 7.1 Hz,
3H).

13C NMR (126 MHz, CDCl;) 8 198.1 (d, /= 2.1 Hz), 161.1, 159.0, 141.5, 132.2 (d, J = 12.6 Hz),
130.5 (d, J = 2.5 Hz), 128.5, 127.2, 127.0, 122.9 (d, J = 21.4 Hz), 116.0 (d, J = 22.1 Hz), 89.3,
83.2, 80.7, 55.1, 31.5, 28.6, 28.5, 25.0, 24.8, 22.7, 19.1, 14.2.

F NMR (471 MHz, CDCl;) § -110.5.

HRMS (ESI) m/z: [M+Na]* Caled for C,9H3cBFO;Na* 485.2643; Found 485.2635.
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2-Phenyl-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)-1-(thiophen-2-yl)dec-3-yn-
1-one (3ak)

The title compound was prepared from dec-1-en-3-yn-2-ylbenzene (63.6 mg, 0.3 mmol),
Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and thiophene-2-carbonyl chloride (88.0 mg, 0.6
mmol). The crude residue was purified by flash chromatography (petroleum ether / ethyl acetate =
100:1, Rf = 0.75) to afford the products as a yellow liquid (general procedure: 91.9 mg, 68%).

TH NMR (500 MHz, CDCl;) § 7.63 (dd, J= 3.9, 1.0 Hz, 1H), 7.57 (dd, J = 8.2, 1.0 Hz, 2H), 7.44
(dd, J=4.9, 1.0 Hz, 1H), 7.29 (t, /= 7.7 Hz, 2H), 7.21 (t, J= 7.3 Hz, 1H), 6.88 (dd, /=4.9, 3.9
Hz, 1H), 2.31 (t, J= 7.0 Hz, 2H), 1.74 (d, J= 15.3 Hz, 1H), 1.57 (d, J=4.1 Hz, 1H), 1.54 (dd, J =
9.4, 4.3 Hz, 2H), 1.42- 1.36 (m, 2H), 1.27 (dd, J = 6.9, 3.3 Hz, 4H), 1.19 (d, J = 11.7 Hz, 12H),
0.88 (t, J= 6.9 Hz, 3H).

13C NMR (126 MHz, CDCl;) 8 190.0, 143.2, 141.1, 135.0, 133.0, 128.6, 127.4, 127.1, 126.8,
89.9, 82.9, 81.4, 53.8,31.5, 28.6, 28.6, 24.9, 24.9, 22.7, 19.3, 14.2.

HRMS (ESI) m/z: [M+Na]* Calcd for Cy;H35BO3;SNa*473.2292; Found 473.2307.
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1-(Furan-2-yl)-2-phenyl-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)dec-3-yn-1-
one (3al)

The title compound was prepared from dec-1-en-3-yn-2-ylbenzene (63.6 mg, 0.3 mmol),
Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and furan-2-carbonyl chloride (78.3 mg, 0.6
mmol). The crude residue was purified by flash chromatography (petroleum ether / ethyl acetate =
100:1, Rf = 0.75) to afford the products as a yellow liquid (general procedure: 78.2 mg, 60%).

H NMR (500 MHz, CDCl3)  7.56 - 7.51 (m, 2H), 7.44 (d, J= 1.0 Hz, 1H), 7.31 - 7.27 (m, 2H),
7.20 (t,J="7.3 Hz, 1H), 6.98 (d, J = 3.6 Hz, 1H), 6.30 (dd, /= 3.6, 1.7 Hz, 1H), 2.31 (t,J="7.0 Hz,
2H), 1.74 (d, J=15.3 Hz, 1H), 1.55 (dt, /= 7.0, 3.0 Hz, 3H), 1.44 - 1.37 (m, 2H), 1.30 - 1.25 (m,
4H), 1.18 (d, J=10.3 Hz, 12H), 0.88 (t, /= 5.0 Hz, 3H).

13C NMR (126 MHz, CDCl;) 8 185.6, 149.9, 146.0, 143.1, 128.5, 127.1, 126.6, 120.7, 111.6,
89.2, 83.0, 81.0, 52.7, 31.5, 28.7, 28.6, 24.9, 24.9, 22.7, 19.2, 14.2.

HRMS (ESI) m/z: [M+Na]* Caled for C,;H35BO4Na*457.2521; Found 457.2529.

1-Phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3-(p-tolyl)undec-4-yn-1-one (3ba)
The title compound was prepared from 1-(dec-1-en-3-yn-2-yl)-4-methylbenzene (67.9 mg,

0.3 mmol), Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and benzoyl chloride (84 mg, 0.6

mmol). The crude residue was purified by flash chromatography (petroleum ether / ethyl acetate =

100:1, Rf = 0.75) to afford the products as a yellow liquid (general procedure: 75.6 mg, 55%)..

TH NMR (500 MHz, CDCl3) & 7.88 (d, J = 8.4 Hz, 2H), 7.42 (d, /= 8.2 Hz, 2H), 7.35 (t, /=74

Hz, 1H), 7.22 (t, J= 7.7 Hz, 2H), 7.09 (d, J = 8.0 Hz, 2H), 2.29 (s, 3H), 2.23 (td, /= 6.9, 1.7 Hz,

2H), 1.73 (d, /= 15.2 Hz, 1H), 1.48 (d, /= 15.3 Hz, 1H), 1.45 - 1.41 (m, 2H), 1.30 - 1.25 (m, 4H),

1.22 (d, J=11.7 Hz, 14H), 0.85 (t, J= 7.0 Hz, 3H).

13C NMR (126 MHz, CDCl;) 8 197.3, 140.5, 136.5, 135.3, 131.9, 130.7, 129.4, 127.6, 126.4,

89.7,82.9, 81.7,53.4, 31.5, 28.6, 28.5, 25.0, 24.9,22.7,21.1, 19.2, 14.2.

HRMS (ESI) m/z: [M+Na]* Calcd for C30H39BO3;Na*481.2895; Found 481.2888.

3-(4-Ethylphenyl)-1-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)undec-4-yn-1-one
(3ca)

The title compound was prepared from 1-(dec-1-en-3-yn-2-yl)-4-ethylbenzene (72.1 mg, 0.3
mmol), Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and benzoyl chloride (84 mg, 0.6 mmol).
The crude residue was purified by flash chromatography (petroleum ether / ethyl acetate = 100:1,
Rf=0.75) to afford the products as a yellow liquid (general procedure: 76.5 mg, 54%)..

'H NMR (500 MHz, CDCl3) 6 7.87 (dd, J= 8.4, 1.2 Hz, 2H), 7.46 - 7.41 (m, 2H), 7.35 (t, J=7.4
Hz, 1H), 7.22 (t, J= 7.8 Hz, 2H), 7.11 (d, J = 8.3 Hz, 2H), 2.60 (q, J = 7.6 Hz, 2H), 2.23 (td, J =



6.9, 1.9 Hz, 2H), 1.73 (d, J = 15.2 Hz, 1H), 1.50 (d, J = 15.2 Hz, 1H), 1.46 - 1.42 (m, 2H), 1.28
(dd, J=13.7, 6.4 Hz, 3H), 1.20 (dd, J = 13.9, 4.7 Hz, 18H), 0.85 (t, J = 7.0 Hz, 3H).

1C NMR (500 MHz, CDCl5) § 197.3, 142.9, 140.6, 135.4, 131.9, 130.7, 128.2, 127.6, 126.5, 89.7,
82.9, 81.8, 53.4,31.5, 28.6, 28.5, 28.5, 25.0, 24.9, 22.7, 19.2, 15.5, 14.2.

HRMS (ESI) m/z: [M+Na]* Calcd for C3;H,BO;Na*495.3052; Found 495.3045.

3-(4-Methoxyphenyl)-1-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)undec-4-yn-1-
one (3da)

The title compound was prepared from 1-(dec-1-en-3-yn-2-yl)-4-methoxybenzene (72.7 mg,
0.3 mmol), Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and benzoyl chloride (84 mg, 0.6
mmol). The crude residue was purified by flash chromatography (petroleum ether / ethyl acetate =
100:1, Rf = 0.75) to afford the products as a yellow liquid (general procedure: 85.4 mg, 60%).
H NMR (500 MHz, CDCl;) 4 8.08 - 7.65 (m, 2H), 7.53 - 7.41 (m, 2H), 7.40 - 7.32 (m, 1H), 7.23
(t, J=17.8 Hz, 2H), 6.89 - 6.76 (m, 2H), 3.77 (s, 3H), 2.23 (td, /= 6.9, 1.7 Hz, 2H), 1.73 (d, J =
15.2 Hz, 1H), 1.50 (d, /= 15.2 Hz, 1H), 1.47 - 1.41 (m, 2H), 1.32 - 1.25 (m, 4H), 1.22 (d, J= 10.0
Hz, 14H), 0.86 (t, /= 7.0 Hz, 3H).
13C NMR (126 MHz, CDCl3) 5 197.2, 158.4, 135.4, 135.3, 131.8, 130.5, 127.6, 127.5, 113.9, 89.6,
82.8,81.7,55.2,52.9,52.9,31.4,28.5,28.4,24.9,24.8,22.6,19.1, 14.1.
HRMS (ESI) m/z: [M+Na]* Caled for C;)H39BO4Na*497.2833; Found 497.2835.

3-([1,1'-Biphenyl]-4-yl)-1-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)undec-4-yn-
1-one (3ea)

The title compound was prepared from 4-(dec-1-en-3-yn-2-yl)-1,1'-biphenyl (86.5 mg, 0.3
mmol), Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and benzoyl chloride (84 mg, 0.6 mmol).
The crude residue was purified by flash chromatography (petroleum ether / ethyl acetate = 100:1,
Rf=0.75) to afford the products as a yellow liquid (general procedure: 107.7 mg, 69%).

H NMR (500 MHz, CDCl3) & 7.92 (d, J = 8.3 Hz, 2H), 7.62 (d, J = 8.1 Hz, 2H), 7.57 (d, J= 8.0
Hz, 2H), 7.54 (d, J = 8.2 Hz, 2H), 7.42 (d, J = 6.5 Hz, 2H), 7.37 (t, /= 7.4 Hz, 1H), 7.31 (d, J =
7.4 Hz, 1H), 7.26 - 7.21 (m, 2H), 2.26 (t, J = 6.9 Hz, 2H), 1.79 (d, J = 15.3 Hz, 1H), 1.57 (d, J =
15.2 Hz, 1H), 1.50 - 1.45 (m, 2H), 1.34 - 1.28 (m, 4H), 1.22 (d, /= 11.3 Hz, 14H), 0.87 (t, J = 6.6
Hz, 3H).

13C NMR (126 MHz, CDCl;) 8 197.1, 142.5, 140.7, 139.7, 135.2, 132.1, 130.7, 128.8, 127.6,
127.4,127.1, 127.0, 90.0, 82.9, 81.5, 60.5, 53.4, 31.5, 28.6, 28.5, 25.0, 24.9, 22.7, 19.2, 14.2.
HRMS (ESI) m/z: [M+Na]* Calcd for C35HyBO3;Na* 543.3054; Found 543.3046.



3-(4-Fluorophenyl)-1-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)undec-4-yn-1-
one (3fa)

The title compound was prepared from 1-(dec-1-en-3-yn-2-yl)-4-fluorobenzene (69.1mg, 0.3
mmol), Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and benzoyl chloride (84 mg, 0.6 mmol).
The crude residue was purified by flash chromatography (petroleum ether / ethyl acetate = 100:1,
Rf=0.75) to afford the products as a yellow liquid (general procedure: 81.8 mg, 59%).

'H NMR (500 MHz, CDCl;) 3 7.85 (d, J = 7.4 Hz, 2H), 7.50 (dd, J = 8.8, 5.3 Hz, 2H), 7.37 (t, J
=7.4 Hz, 1H), 7.23 (t, J="7.8 Hz, 2H), 6.97 (t, /= 8.7 Hz, 2H), 2.23 (t, /= 6.7 Hz, 2H), 1.70 (d, J
=15.3 Hz, 1H), 1.51 (d, J = 15.3 Hz, 1H), 1.47 - 1.41 (m, 2H), 1.28 - 1.24 (m, 5H), 1.20 (d, J =
8.3 Hz, 13H), 0.85 (t, /= 7.0 Hz, 3H).

13C NMR (126 MHz, CDCl3) 3 196.9, 161.9 (d, J =245.7 Hz), 139.1 (d, /= 2.8 Hz), 135.1, 132.2,
130.7, 128.4 (d, J= 8.1 Hz), 127.7, 115.5 (d, J = 21.2 Hz), 90.2, 83.0, 81.4, 53.1, 31.5, 28.6, 25.0,
24.9,22.7,19.2, 14.2.

F NMR (471 MHz, CDCl;) 6 -116.2.

HRMS (ESI) m/z: [M+Na]* Caled for C,9H3cBFO;Na* 485.2643; Found 485.2635.

3-(4-Chlorophenyl)-1-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)undec-4-yn-1-
one(3ga)

The title compound was prepared from 1-chloro-4-(dec-1-en-3-yn-2-yl)benzene (74.0 mg, 0.3
mmol), Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and benzoyl chloride (84 mg, 0.6 mmol).
The crude residue was purified by flash chromatography (petroleum ether / ethyl acetate = 100:1,
Rf=0.75) to afford the products as a yellow liquid (general procedure: 74.7 mg, 52%).

TH NMR (500 MHz, CDCl3) & 7.86 (d, J = 8.2 Hz, 2H), 7.48 (d, J = 8.4 Hz, 2H), 7.37 (t, J = 6.9
Hz, 2H), 7.23 (dd, J = 14.0, 6.1 Hz, 3H), 2.23 (t, J = 6.9 Hz, 2H), 1.70 (d, J = 15.3 Hz, 1H), 1.48
(s, 1H), 1.46 - 1.41 (m, 2H), 1.29 (d, J = 7.6 Hz, 4H), 1.21 (d, J = 8.5 Hz, 14H), 0.86 (d, J = 6.6
Hz, 3H).

13C NMR (126 MHz, CDCl;) 8 196.7, 142.1, 134.9, 132.9, 132.2, 130.6, 128.8, 128.1, 127.7,
90.3, 83.0, 81.2, 60.5, 53.2,31.4, 28.5, 24.9,24.9,22.7,19.2, 14.2.

HRMS (ESI) m/z: [M+Na]* Calcd for CyoH3¢BClO3Na* 501.2342; Found 501.2340.

3-(4-Bromophenyl)-1-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)undec-4-yn-1-
one (3ha)



The title compound was prepared from 1-bromo-4-(dec-1-en-3-yn-2-yl)benzene (87.4 mg,
0.3 mmol), Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and benzoyl chloride (84 mg, 0.6
mmol). The crude residue was purified by flash chromatography (petroleum ether / ethyl acetate =
100:1, Rf = 0.75) to afford the products as a yellow liquid (general procedure: 78.5 mg, 50%).
TH NMR (500 MHz, CDCl3) § 7.71 (dd, J = 8.4, 1.1 Hz, 2H), 7.26 - 7.20 (m, 4H), 7.12 - 7.07 (m,
3H), 2.08 (td, J= 6.9, 1.0 Hz, 2H), 1.55 (d, /= 15.3 Hz, 1H), 1.34 (d, J = 15.3 Hz, 1H), 1.29 (ddd,
J=28.2,7.0,2.0 Hz, 2H), 1.14 - 1.10 (m, 4H), 1.06 (d, J = 8.4 Hz, 14H), 0.70 (t,J = 7.0 Hz, 3H).
IC NMR (126 MHz, CDCl3) 5 196.6, 142.6, 134.9, 132.3, 131.8, 130.7, 128.5, 127.7, 121.0, 90.4,
83.0, 81.1, 53.3,31.4, 28.5, 25.0, 24.9, 22.7, 19.2, 14.2.
HRMS (ESI) m/z: [M+Na]* Calcd for CyoH3¢BBrO;Na* 545.1833; Found 545.1835.

3-(Naphthalen-2-yl)-1-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)undec-4-yn-1-
one (3ia)

The title compound was prepared from 2-(dec-1-en-3-yn-2-yl)naphthalene (78.7 mg, 0.3
mmol), Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and benzoyl chloride (84 mg, 0.6 mmol).
The crude residue was purified by flash chromatography (petroleum ether / ethyl acetate = 100:1,
Rf=0.75) to afford the products as a yellow liquid (general procedure: 59.3 mg, 40%).

'H NMR (500 MHz, CDCl;)  8.12 (s, 1H), 7.92 (d, J = 8.2 Hz, 2H), 7.83 - 7.75 (m, 3H), 7.58 (d,
J=28.6 Hz, 1H), 7.44 (dd, J = 14.2, 6.9 Hz, 2H), 7.32 (t, J = 6.9 Hz, 1H), 7.19 (t, J = 7.4 Hz, 2H),
2.30 (t,J=6.8 Hz, 2H), 1.84 (d, J=15.3 Hz, 1H), 1.59 (d, /= 15.3 Hz, 1H), 1.52 - 1.47 (m, 2H),
1.38 - 1.31 (m, 4H), 1.21 (d, J= 14.5 Hz, 14H), 0.87 (t, /= 6.6 Hz, 3H).

13C NMR (126 MHz, CDCly) 8 197.1, 141.1, 135.2, 133.6, 132.5, 132.1, 130.7, 128.5, 128.2,
127.7, 127.6, 126.2, 125.9, 125.4, 124.7, 90.2, 82.9, 81.6, 53.9, 31.5, 28.6, 25.0, 24.9, 22.7, 19.3,
14.2.

HRMS (ESI) m/z: [M+Na]* Caled for C33H39BO;Na* 517.2896; Found 517.2892.
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3-(Furan-2-yl)-1-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)undec-4-yn-1-one
(ja)

The title compound was prepared from 2-(dec-1-en-3-yn-2-yl)furan (60.7 mg, 0.3 mmol),

Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and benzoyl chloride (84 mg, 0.6 mmol). The
crude residue was purified by flash chromatography (petroleum ether / ethyl acetate = 100:1, Rf =
0.75) to afford the products as a yellow liquid (general procedure: 49.5 mg, 38%).
'H NMR (500 MHz, CDCl3) $ 8.02 (d, J = 7.7 Hz, 2H), 7.42 (t, J = 7.5 Hz, 1H), 7.30 (t, J = 7.7
Hz, 3H), 6.43 (d, /= 3.2 Hz, 1H), 6.32 - 6.28 (m, 1H), 2.22 (t, /= 6.9 Hz, 2H), 1.86 (d, /= 15.2
Hz, 1H), 1.54 (d, J = 15.2 Hz, 1H), 1.45 (dd, J = 14.1, 7.1 Hz, 2H), 1.33 - 1.28 (m, 4H), 1.23 (d, J
=6.9 Hz, 12H), 0.88 - 0.83 (m, 3H).



13C NMR (126 MHz, CDCl;) 3 194.9, 155.6, 142.2, 135.6, 132.2, 130.0, 127.7, 110.7, 106.9,
87.8,83.1,79.9,49.0, 31.5, 28.5, 28.5, 24.9, 24.9, 22.7, 19.1, 14.2.
HRMS (ESI) m/z: [M+Na]* Calcd for Cy;H3sBO3;SNa* 473.2292; Found 473.2285.

1,3-Diphenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)non-4-yn-1-one (3ka)

The title compound was prepared from oct-1-en-3-yn-2-ylbenzene (55.3 mg, 0.3 mmol),
Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and benzoyl chloride (84 mg, 0.6 mmol). The
crude residue was purified by flash chromatography (petroleum ether / ethyl acetate = 100:1, Rf =
0.75) to afford the products as a yellow liquid (general procedure: 78.7 mg, 63%).

'H NMR (500 MHz, CDCl;) 6 7.86 (d, J = 7.5 Hz, 2H), 7.53 (d, J = 7.5 Hz, 2H), 7.35 (t, J= 7.4
Hz, 1H), 7.28 (t, J= 7.7 Hz, 2H), 7.21 (dd, J=13.9, 6.4 Hz, 3H), 2.24 (t,J = 6.9 Hz, 2H), 1.73 (d,
J=15.2 Hz, 1H), 1.51 (d, J=15.2 Hz, 1H), 1.46 - 1.40 (m, 2H), 1.34 - 1.30 (m, 2H), 1.20 (d, J =
11.8 Hz, 12H), 0.82 (t,J = 7.3 Hz, 3H).

13C NMR (126 MHz, CDCl;) 8 197.2, 143.5, 135.3, 132.0, 130.7, 128.7, 127.6, 127.0, 126.6,
90.0, 82.9, 81.5, 53.7, 30.7, 25.0, 24.9, 21.9, 18.9, 13.7.

HRMS (ESI) m/z: [M+Na]* Calcd for Cy;H33BO3Na* 439.2423; Found 439.2413.

5-Cyclopropyl-1,3-diphenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pent-4-yn-1-one
(3la)

The title compound was prepared from (4-cyclopropylbut-1-en-3-yn-2-yl)benzene (50.5 mg,
0.3 mmol), Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and benzoyl chloride (84 mg, 0.6
mmol). The crude residue was purified by flash chromatography (petroleum ether / ethyl acetate =
100:1, Rf = 0.75) to afford the products as a yellow liquid (general procedure: 60.0 mg, 50%).
'H NMR (500 MHz, CDCl;) 6 7.85 (d, J = 7.5 Hz, 2H), 7.50 (d, J = 7.6 Hz, 2H), 7.35 (t, J="7.3
Hz, 1H), 7.28 (d, /= 7.5 Hz, 2H), 7.24 - 7.17 (m, 3H), 1.72 (d, /= 15.2 Hz, 1H), 1.48 (d, J=15.2
Hz, 1H), 1.29 - 1.18 (m, 13H), 0.71 (dt, J= 6.1, 3.7 Hz, 2H), 0.61 (dt, J = 6.7, 3.9 Hz, 2H).
13C NMR (126 MHz, CDCl;) 8 197.0, 143.4, 135.2, 132.0, 130.6, 128.7, 127.6, 127.0, 126.5,
93.0, 82.9, 76.3, 53.6, 25.0, 24.9, 8.1, 0.1.
HRMS (ESI) m/z: [M+Na]* Calcd for C,sH90BO3Na*423.2109; Found 423.2104.




6-Cyclohexyl-1,3-diphenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)hex-4-yn-1-one
(3ma)

The title compound was prepared from (4-cyclohexylbut-1-en-3-yn-2-yl)benzene (63.0 mg,
0.3 mmol), Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and benzoyl chloride (84 mg, 0.6
mmol). The crude residue was purified by flash chromatography (petroleum ether / ethyl acetate =
100:1, Rf = 0.75) to afford the products as a yellow liquid (general procedure: 60.2 mg, 44%).
TH NMR (500 MHz, CDCl3) & 7.84 (d, J= 7.6 Hz, 2H), 7.54 (d, J= 7.5 Hz, 2H), 7.34 (t, J= 7.4
Hz, 1H), 7.29 (t, J = 7.7 Hz, 2H), 7.22 (t, J = 7.8 Hz, 3H), 2.13 (d, /= 6.5 Hz, 2H), 1.73 (d, J =
15.3 Hz, 1H), 1.69 - 1.56 (m, 6H), 1.53 (d, J = 15.3 Hz, 1H), 1.20 (d, J = 12.3 Hz, 12H), 0.96 -
0.82 (m, 3H).
13C NMR (126 MHz, CDCl;) 8 197.3, 143.5, 135.4, 132.0, 130.6, 128.7, 127.6, 127.0, 126.6,
126.3, 88.9, 82.9, 82.2, 78.0, 53.9, 53.8, 37.5, 32.6, 27.1, 26.3, 25.0, 24.9.
HRMS (ESI) m/z: [M+Na]* Calcd for C30H3;BO3;Na*479.2738; Found 479.2730.

8-Chloro-1-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3-(p-tolyl)oct-4-yn-1-one
(3na)

The title compound was prepared from 1-(7-chlorohept-1-en-3-yn-2-yl)-4-methylbenzene
(65.6 mg, 0.3 mmol), Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and benzoyl chloride (84 mg,
0.6 mmol). The crude residue was purified by flash chromatography (petroleum ether / ethyl
acetate = 100:1, Rf = 0.75) to afford the products as a yellow liquid (general procedure: 67.6 mg,
50%).

'H NMR (500 MHz, CDCl;) 8 7.87 - 7.79 (m, 2H), 7.39 (d, J = 8.2 Hz, 2H), 7.36 (d, /= 7.4 Hz,
1H), 7.23 (d, J = 7.5 Hz, 2H), 7.10 (d, J = 8.0 Hz, 2H), 3.58 - 3.46 (m, 2H), 2.43 (dd, /= 13.0, 6.7
Hz, 2H), 2.30 (s, 3H), 1.9 - 1.83 (m, 2H), 1.70 (d, J = 15.3 Hz, 1H), 1.48 (d, J = 15.3 Hz, 1H),
1.22 (d, J=17.4 Hz, 12H).

13C NMR (126 MHz, CDCl;) 8 197.2, 140.2, 136.7, 135.3, 132.1, 130.5, 129.6, 127.7, 126.3,
87.5,83.0, 82.9,53.5,43.7,31.4, 25.0, 24.8, 21.1, 16.6.

HRMS (ESI) m/z: [M+Na]* Caled for C,7H3,BCIO;Na*473.2037; Found 473.2028.

1,3,8-Triphenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)oct-4-yn-1-one (30a)

The title compound was prepared from hept-6-en-4-yne-1,6-diyldibenzene (49.3 mg, 0.3
mmol), Bis(pinacolato)diboron (114.3 mg, 0.45 mmol) and benzoyl chloride (84 mg, 0.6 mmol).
The crude residue was purified by flash chromatography (petroleum ether / ethyl acetate = 100:1,
Rf=0.75) to afford the products as a yellow liquid (general procedure: 74.6 mg, 52%).

'H NMR (500 MHz, CDCl;) 5 7.89 (dd, J= 8.4, 1.2 Hz, 2H), 7.56 (dd, J = 8.3, 1.1 Hz, 2H), 7.37-
7.34 (m, 1H), 7.31 (t,J= 7.7 Hz, 2H), 7.25 - 7.20 (m, 5H), 7.17 (d, J = 7.3 Hz, 1H), 7.07 - 7.03 (m,



2H), 2.63 (dd, J = 13.6, 7.1 Hz, 2H), 2.26 (td, J = 6.9, 1.4 Hz, 2H), 1.78 (dd, J = 8.7, 5.0 Hz, 2H),
1.75 (d, J= 4.1 Hz, 1H), 1.56 (d, J = 15.3 Hz, 1H), 1.20 (d, J = 11.2 Hz, 12H).

13C NMR (126 MHz, CDCls) § 197.1, 143.5, 141.9, 135.2, 132.1, 130.7, 128.8, 128.7, 128.4,
127.7, 127.0, 126.5, 125.9, 89.5, 83.0, 82.1, 53.8, 34.6, 30.3, 25.0, 24.8, 18.5, 18.2.

HRMS (ESI) m/z: [M+Na]* Calcd for C3,H;5sBO;Na* 501.2583; Found 501.2075.

6. Scale-up syntheses and further transformations

6.1 Scale-up reaction

Bpin
o IMesCuCl (5 mol%) = CeH1a
X ot B,Pin, ©)k0| P(4-FPh); (10 mol%)
2

NaOMe, THF, rt, 8h. e} Q

1a 2a 3aa
1.0 mmol 0.275 g, 62% yield

In a nitrogen-filled glove box, a 15 mL Schlenk tube equipped with magnetic stir bar was
charged with 1a (212.0 mg, 1.0 mmol, 1.0 eq.), B,Pin; (381 mg, 1.5 mmol, 1.5 eq.), 2a (281 mg,
2.0 mmol, 2.0 eq.), IMesCuCl (20 mg, 0.05 mmol, 0.05 eq.), P(4-FPh); (32 mg, 0.1 mmol, 0.1 eq.),
NaOMe (162 mg, 3 mmol, 3.0 eq.). THF (2 mL) was added to the reaction tube. and the Schlenk
tube was sealed quickly, removed from the glove box. The reaction mixture was stirred at room
temperature for 10 hours. Then the solution was extracted with EtOAc. The combined organic
phase was dried over Na,SO,4 and concentrated under reduced pressure. The residue was purified
by flash chromatography on silica gel diluting with petroleum ethet/EtOAc (v/v = 100:1) to afford
the products 3aa(0.275 g, 62% yield).

5.2 Further transformations

o
Bpin %
O \ O NaBO3 4H,0 (4 eq) O &
A THF:H20 = 1:1, 0 °C-rt
3aa CgHj3 4aa

3aa (0.3 mmol), NaBO;4H,0 (4.0 eq.) were transferred into an 15 mL tube under N,
atmosphere. THF/H,0O = 1:1 (2 mL) was added to the reaction tube. The reaction mixture was
stirred at room temperature for 10 hours. Then the solution was extracted with EtOAc. The
combined organic phase was dried over Na,SO4 and concentrated under reduced pressure. The
residue was purified by flash chromatography on silica gel diluting with petroleum ether/EtOAc
(v/v=100:1, Rf = 0.65) to afford the products 4aa as a dark yellow oily liquid (63.8 mg, 70%).

'H NMR (500 MHz, CDCl3) 4 7.92 (d, J = 7.2 Hz, 2H), 7.55 (t, ] = 7.4 Hz, 1H), 7.48 (d, ] = 7.5
Hz, 2H), 7.44 (t, ] = 7.7 Hz, 2H), 7.37 (t, ] = 7.6 Hz, 2H), 7.30 (d, J = 7.4 Hz, 1H), 5.70 (t, J = 7.2
Hz, 1H), 2.18 (dt, ] = 14.8, 7.4 Hz, 2H), 1.29 - 1.19 (m, 8H), 0.85 (t, ] = 6.7 Hz, 3H).

13C NMR (126 MHz, CDCl;) 8 211.2, 194.3, 138.7, 133.8, 132.7, 129.5, 128.6, 128.2, 128.2,
127.6, 109.0, 97.5, 31.7, 29.1, 28.8, 28.6, 22.7, 14.2.

HRMS (ESI) m/z: [M+Na]* Caled for C,,H4ONa* 327.1719; Found 327.1729.



CeH1s
3ab 4ab

o
Bpin %
O \ O NaBO, 4H,0 (4 eq) O

N\ THF:H20 = 1:1, 0 °C-rt O

Compound 4ab was prepared 3ab (137.5 mg, 0.3 mmol). The crude residue was purified by
flash chromatography (petroleum ether / ethyl acetate = 100:1, Rf = 0.65) to afford the products as
a dark yellow oily liquid (51.2 mg, 55%).

'H NMR (500 MHz, CDCl;) 5 7.87 (d, J = 8.1 Hz, 2H), 7.48 (d, ] = 7.6 Hz, 2H), 7.38 (t, J = 7.7
Hz, 2H), 7.32 - 7.28 (m, 1H), 7.26 (d, J = 8.0 Hz, 2H), 5.71 (t,J = 7.2 Hz, 1H), 2.44 (s, 3H), 2.21
(dt,J =14.6,7.3 Hz, 2H), 1.44 (dd, J = 14.3, 7.1 Hz, 2H), 1.31 - 1.21 (m, 6H), 0.88 (t, J = 6.6 Hz,
3H).

13C NMR (126 MHz, CDCls) 4 209.8, 184.9, 144.1, 134.0, 133.9, 133.6, 128.6, 128.1, 127.8,
127.7,109.2,98.2, 31.6, 29.0, 28.9, 28.9, 22.7, 14.2.

HRMS (ESI) m/z: [M+Na]* Caled for C,3HyONa* 341.1876; Found 341.1877.

0o
) 0o
Bpin s
\ W, NaBO3 4H,0 (4 eq) \\
S
A THF:H20 = 1:1, 0 °C-rt

3ak CoMhis 4ak

Compound 4ak was prepared 3ak (135.0 mg, 0.3 mmol). The crude residue was purified by
flash chromatography (petroleum ether / ethyl acetate = 100:1, Rf = 0.65) to afford the products as
a dark yellow oily liquid (51.2 mg, 55%).

'H NMR (500 MHz, CDCl;) $ 7.87 (d, J=3.0 Hz, 1H), 7.67 (d, J=4.9 Hz, 1H), 7.49 (d, J=7.4
Hz, 2H), 7.38 (t, J = 7.6 Hz, 2H), 7.33 - 7.27 (m, 1H), 7.16 - 7.12 (m, 1H), 5.87 (t, /= 7.2 Hz, 1H),
2.30(ddd, J=14.5,7.3, 4.1 Hz, 2H), 1.56 - 1.50 (m, 2H), 1.35 (dd, J=13.6, 7.9 Hz, 2H), 1.30 -
1.26 (m, 4H), 0.88 (t, /= 6.8 Hz, 3H).

13C NMR (126 MHz, CDCls) 4 209.8, 184.9, 144.1, 134.0, 133.9, 133.6, 128.6, 128.1, 127.8,
127.7,109.2,98.2, 31.6, 29.0, 28.9, 28.9, 22.7, 14.2.

HRMS (ESI) m/z: [M+Na]* Calcd for C50H,,OSNa* 333.1284; Found 333.1284.

o
Bpin
O O NaBOj3 4H,0 (4 eq) O
_NabOs4R0 (4 eq)
SN 0

0 ot THF:H20 = 1:1, 0 °C-tt
3da 4da O

Compound 4da was prepared 3da (137.5 mg, 0.3 mmol). The crude residue was purified by
flash chromatography (petroleum ether / ethyl acetate = 100:1, Rf = 0.65) to afford the products as
a dark yellow oily liquid (64.0 mg, 45%).
'H NMR (500 MHz, CDCl;) 5 7.85 (d, J= 8.1 Hz, 2H), 7.48 - 7.45 (m, 2H), 7.36 (dd, J= 10.4,
4.8 Hz, 2H), 7.28 (d, J=7.4 Hz, 1H), 7.24 (d, /= 8.0 Hz, 2H), 5.69 (t,J= 7.2 Hz, 1H), 2.42 (s,
3H), 2.19 (dt, J = 14.6, 7.3 Hz, 2H), 1.27 (dd, /= 14.9, 11.0 Hz, 8H), 0.86 (t, /= 6.8 Hz, 4H).
13C NMR (126 MHz, CDCl3) 4 210.4, 193.8, 143.6, 136.0, 134.0, 129.8, 129.0, 128.6, 128.1,
127.6, 108.9,97.4,31.7,29.1, 28.9, 28.7,22.7, 21.8, 14.2.

HRMS (ESI) m/z: [M+Na]* Calcd for Co3H,40,Na* 357.1825; Found 357.1832.



/

. o) O-B
Bpin NaBH, (2 equiv) O
O \\ O CH30H, rt, 6h Vi O
CeHiz CeHiz
5

3aa

3aa (0.3 mmol), NaBH, (2 eq.) were transferred into an 15 mL tube under N, atmosphere.
CH;O0H (2 mL) was added to the reaction tube. The reaction mixture was stirred at room
temperature for 6 hours. Then the solution was extracted with EtOAc. The combined organic
phase was dried over Na,SO,4 and concentrated under reduced pressure. The residue was purified
by flash chromatography on silica gel diluting with petroleum ether/EtOAc (v/v = 100:1, Rf =0.2)
to afford the products 5 as a yellow oily liquid (72.7 mg, 70%).
TH NMR (500 MHz, CDCl;) 8 7.13 - 6.99 (m, 8H), 6.93 (d, J = 7.3 Hz, 2H), 5.54 (s, 1H), 4.95 (s,
1H), 2.33 (t, /= 7.0 Hz, 2H), 1.90 (q, J = 16.7 Hz, 2H), 1.65 - 1.56 (m, 2H), 1.48 (dt, /= 14.4, 7.1
Hz, 2H), 1.35 (dd, J=17.1, 3.6 Hz, 4H), 0.92 (t, J = 6.9 Hz, 2H).
13C NMR (126 MHz, CDCls) 3 140.6, 138.0, 127.5, 127.5, 127.4, 127.4, 126.6, 126.0, 90.3, 85.0,
84.4,60.6, 51.0, 31.5, 29.1, 28.8, 22.8, 19.0, 14.2.
HRMS (ESI) m/z: [M+Na]* Caled for C,3H,7BO,Na* 369.1996; Found 369.2006.

Bpin 0 Pd(OH),/C (20 mol%)
+ H,
O \ CH3O0H, rt, 36h
3aa CeHis

3aa (0.3 mmol), Pd(OH),/C (0.06 mmol) were transferred into an 15 mL tube under H,
atmosphere. CH3;0H (2 mL) was added to the reaction tube. The reaction mixture was stirred at
room temperature for 36 hours. Then the solution was extracted with EtOAc. The combined
organic phase was dried over Na,SO,4 and concentrated under reduced pressure. The residue was
purified by flash chromatography on silica gel diluting with petroleum ether/EtOAc (v/v = 100:1,
Rf=0.5) to afford the products 6 as a yellow oily liquid (79.6 mg, 60%).

'H NMR (500 MHz, CDCl;) § 7.67 - 7.62 (m, 2H), 7.44 (d, J= 7.4 Hz, 2H), 7.34 (t, /= 7.4 Hz,
1H), 7.29 (d, J="7.5 Hz, 2H), 7.21 (dd, /= 14.8, 7.2 Hz, 3H), 6.53 (dt, J=11.7, 1.6 Hz, 1H), 5.44
(dt,J=11.7,7.5 Hz, 1H), 1.77 (dd, J = 34.8, 15.5 Hz, 3H), 1.32 (d, /=24.4 Hz, 1H), 1.28 - 1.23
(m, 2H), 1.20 - 1.15 (m, 2H), 1.11 (d, /= 1.2 Hz, 14H), 0.82 (t, /= 7.2 Hz, 3H).

13C NMR (126 MHz, CDCl3) 4 202.3, 144.1, 136.4, 133.1, 132.6, 131.3, 130.2, 128.3, 127.5,
127.5, 126.4, 82.8, 57.8, 31.7, 29.0, 28.8, 28.5, 24.8, 24.6, 22.5, 14.1.

HRMS (ESI) m/z: [M+Na]* Caled for C,9H39BO;Na* 469.2884; Found 469.2890.

Bpin
O EtCOOH, Et3N Bpin
O AN EtOH, 80 oM s0°c \\
CGH13

CSH13

3aa (0.3 mmol), (3,5-dinitrophenyl)hydrazine (0.4 mmol), Et;N (0.2 mL) and EtCOOH (0.2
mL) were transferred into an 15 mL tube under N, atmosphere. EtOH (2 mL) was added to the
reaction tube. The reaction mixture was stirred at 80 °C for 12 hours. Then the solution was
extracted with EtOAc. The combined organic phase was dried over Na,SO, and concentrated



under reduced pressure. The residue was purified by flash chromatography on silica gel diluting
with petroleum ether/EtOAc (v/v =100:1, Rf = 0.5) to afford the products 7 as a yellow oily liquid
(84.3 mg, 45%).

'TH NMR (500 MHz, CDCl;) 3 10.74 (s, 1H), 9.05 (d, J= 2.5 Hz, 1H), 8.35 (dd, J=9.6, 2.5 Hz,
1H), 8.26 (d, /=9.6 Hz, 1H), 7.62 - 7.57 (m, 2H), 7.42 (t,J= 7.4 Hz, 1H), 7.39 - 7.29 (m, 5H),
7.26 (dd, J=9.6,4.9 Hz, 2H), 2.21 (dd, J = 14.5, 7.4 Hz, 3H), 1.80 (d, /= 15.3 Hz, 1H), 1.45 (dd,
J=14.1,7.1 Hz, 2H), 1.36 - 1.26 (m, 6H), 1.18 (d, /= 16.0 Hz, 12H), 0.90 (t, /= 7.0 Hz, 3H).

13C NMR (126 MHz, CDCl3) 8 161.5, 145.1, 142.3, 137.9, 132.5, 130.0, 129.7, 128.9, 128.3,
127.4,127.2,123.5,117.1, 88.8, 83.1, 80.8, 50.0, 31.5, 28.7, 28.6, 25.3, 24.6, 22.7, 19.0, 14.3.
HRMS (ESI) m/z: [M+Na]* Calcd for C3sH41BN4OgNa* 647.3011; Found 647.3020.

Q KFB— ]
Bpin O MeOH, 70 °C s O
_— >
TR )
C6H13 8 CGH13

3aa
3aa (0.3 mmol), KHF, (7 eq.) were transferred into an 15 mL tube under N, atmosphere.

MeOH (2 mL) was added to the reaction tube. The reaction mixture was stirred at 70 °C for 14

hours. After the reaction was completed, it was cooled to room temperature, concentrated, and the

remaining solid was washed with hexane : ether for 15 minutes. After filtration, the solid was

washed with ether to afford the products 8 as a whits solid (70.0 mg, 55%).

TH NMR (500 MHz, CDCl3) § 7.82 (d, J= 7.7 Hz, 2H), 7.51 (d, J = 7.5 Hz, 2H), 7.26 - 7.02 (m,

6H), 2.27 - 1.99 (m, 2H), 1.19 (dd, J = 66.8, 30.0 Hz, 10H), 0.80 (t, /= 6.9 Hz, 3H).

13C NMR (126 MHz, CDCI3) § 200.2, 144.9, 136.1, 131.7, 130.7, 128.5, 127.4, 126.8, 126.4,

88.4,83.6,54.4,32.9,31.6,28.8, 28.7,22.7, 19.1, 14.2.

F NMR (471 MHz, CDCl;) 5 -134.3.
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8. Copies of NMR Spectra for Compounds
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Figure S1. 'TH NMR (500 MHz, CDCl;) spectrum of 3aa

— WNOM~M©O oW

I~ WM OO WD o o;mn - WD W OO N

g Ifosncan 285 B SREHINDST

| NP N x R

T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 80
£l (ppm

80 T0 60 50 40 30 20

Figure S2. 13C NMR (126 MHz, CDC]l;) spectrum of 3aa

o

0E+08

. 0E+08

. 5E+08

. OE+08

. BE+08

. OE+08

. BE+08

. DE-08

. DE-07

. OE+00

. 0E+08

. BE-08

. DE-08

. BE+08

. BE+08

0E+08

BE-D8

DE-07

0E+00

5. 0E+07




NO<STTNAODOoOOMR M~ QO M~ O W W < MO NG O~ O
geaaganseag BREESY reHonZgd
P o P L S S L R T L e NE\LINNNN —_— e 000
PR R T RS U RS

0,
Bpin Q e
N
aH

3ab
H NMR {500 MHz, CDCly)

13

R Y, e T
[=E R At A =] M == W
88325 38 Genaz 2
. T P TEOEChe T T T T : . . . ., = ene B T T
8.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 30 2.5 2.0 1.5 1.0 0.5 0.0 0.5
1 (ppw
Figure S3. 'TH NMR (500 MHz, CDCI;) spectrum of 3ab
'y MM ;WMo
o e et oo @ 000G ® e G oo
[=2) TTMOMONNNN & = [22] =D oW T N ® T
— R Bl B [va s alus] 0w OO NN NN —
| Y N [N =3 Vi
Bpirr
CSHiﬁ
3ab
3¢ NMR {126 MHz, CDCl3)
I
I
|
I
]
1
]
I
. "
T r T T r . T . T T T . T . T : T T T T y T T
210 200 180 180 170 160 150 140 130 120 110 100 80 B0 T0 60 50 40 30 20 10 o -10

£l (ppm

Figure S4. 13C NMR (126 MHz, CDCI;) spectrum of 3ab

3. 0E+08

2. BE+08

-1 0E+08

5. OE-07

F1. 20E+09

r1 10E+09

1. 00E+09

9. 00E+08

8. 00E+08

7. 00E+08

6. D0E+08

5. 00E+08

4. D0E+08

3. 00E+08

2. 00E+08

1. O0E+08

0. 00E+00

1. 00E+08



ST MWNM O WnM— 00 WO M OO0 LW N0 W
o 01 0 @ o4 Sdadacan IRdaaTEo D
P A N YR Py
|
|| 8. 0E-08
| | F7. 0508
i f I ! | |
1] / £l .‘.‘ |
o} —
Bpin wm (6. 0E-08
N
CeHa |
sac F5. 0E-08
TH NMR {500 MHz, CDCly)
F4. 0E-08
F3. 0E-08
F2. 0E-08
k1. 0E-08
i
[} W "
[ A L »Uj d
— e -0, 0E-00
T F— i A
cwono o worof e
O—=—00 =1 —ONNO g =
cipiciel o o= =
T T T y T T T T T T T T T T T } T T T T
g0 &5 &0 75 10 &5 60 55 50 45 40 35 30 25 20 L3 L0 0.5 0.0 0.5
£l (ppw
.
Figure S5. 'TH NMR (500 MHz, CDCl;) spectrum of 3ac
[+ 2=} 0 MOMOWN© 1. 40E+09
5 o B G bne @ o © ow—owon~ oo
[=2) w < MmO N & O — f22] W= — 000l T DT
— — — — v T [xalsala] 0w OOONNNONN ——
NSNS i SR p——
kL. 20E+00
FL. 10E+09
kL. 00E+09
F5. 00E-08
F8. 00E-08
13C NMR {126 MHz, CDCly)
F7. 00E-08
F6. D0E-08
F5. 00E-08
k4. 00E-08
I
b2, 00E=08
g F2. 00E-08
8 o)
‘ T F1. 00E=08
1 |
| | | | ] | ‘ ’ J
i I ] J L /\ J I L L k0. 00E=00
F-1. 00E-08
T T T T T T T T T r T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 S 80 70O 60 50 40 30 20 10 U]

£l (ppm

Figure S6. 13C NMR (126 MHz, CDCl;) spectrum of 3ac



o0 — M NG M 00O O w O W P MO OO~ WO
5o DRAREER 2 RE8 LGLESEAEER
L P\I‘\!‘\P\I“\L\lﬂ(ﬂ (3] NN v = D000 g, DE+08
Yo Y | S S e N
|
‘ FB. 0E~08
|
\
b7, 0E+08
‘ [ [ s ’| |
J J JI & J J | # M [ | I
1. 0E~08
o]
Bpin >—®70Me
CsHis
3ad
H NMR {500 MHz, GDCI
{ : 3 14, 0E-08
3. 0E-08
b2, 0E-08
‘ i F1. 0g-08
I I |
j J 1 ‘ﬁ i Ih'l il
[ jU |
N A l ] AL
e T N T PRy
=y o e @ o o o mo-ms =
o oNo (=] -— o ocooodm - o~
T T . T . T T T T T T T T . f . . T
8.5 5.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppw
Figure S7. 'TH NMR (500 MHz, CDCl;) spectrum of 3ad
< w O NWooW o 1. 10E+09
s - e L o =0 0 @00 o~ o
(=) w = NN -— & O — w M — DLW DT
— — . - @O O o [FyRts} MANANNONN ~— —
e | [N ¥ ~~
F1. DOE-D9
1. D0E-08
1. D0E=08
F7. DOE-08
B¢ NMR (126 MHz, CDCl,) (6. 00E=08
F5. D0E-DE
k4. D0E<D8
]
i I 13, D0E-08
| il F2. 00208
[
| ‘ | ‘ ! 1. D0E+08
‘ I . I . 0. D0E+00
F-1. 00E+08
T r T T r . T . T T T . r . T : T T T T y T T
710 200 190 180 170 160 150 140 130 120 110 100 S 8 70 60 5 40 30 20 1 0 -0

£l (ppm

Figure S8. 13C NMR (126 MHz, CDCl;) spectrum of 3ad



754
7 54
753
729
728

=
}
\

™7 51
7.20
718
698
228
226
225

H NMR [500 MHz, CDCly)

4o
P03
13 =

g1

i .JM_M

~172
151
—131
e
k¢

A5
148

w223
\2 20

L

o= oD
Q=G
=

2

o
=1
Q

124
4249
086
084

o

¥
@
o

F1. 30E+09

r1. 20E+09

F1. 10E+09

r1. 00E+09

9. 00E+08

8. 00E+08

F7. 00E+08

6. 00E+08

5. 00E+08

4. 00E+08

3. 00E+08

2. 00E+08

1. D0E+08

0. 00E+00

1. 00E+08

3.5 3.0

5103

-
=

T
1.0
£l (ppm

Figure S9. 'TH NMR (500 MHz, CDCl;) spectrum of 3ae

8.0

-
o
o

1973
1436
f13?0
‘ﬁt1351
1337
f1286
J£1286
126.9
1265
—B897
829
817

Y
4

Bpin
\\ e
aHia
3ae
3¢ NMR (126 MHz, CDCl3)

537

2.0 1

"

T T T T T
00 9% 8 T0 60
£l (ppm

Figure S10. 3C NMR (126 MHz, CDCl;) spectrum of 3ae

T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

FiusTuo

6. BE+08

6. 0E+08

5. SE-08

5. 0E+08

4. 5E+08

4. 0E-08

3. BE+08

3. 0E-08

2. BE+08

2. 0E+08

1. BE+08

1 0E+08

5. 0E+07

0. 0E+00

5. 0E+07




TOMON~—— MO~ —OWNO 0 P~ (0 < = MO — @O Q0 0
it e etk o LER EoRmsEEEe
Lol ol L S L L S L S el co e ] IO = v —— SO0
ST VIR R S =
5. 0E+08
[
| r4. BEH08
\
i 4. 0E+08
‘-". J :‘It / / !
3. BE+08
3. 0E+08
H NMR (500 MHz, CDCl5) Lo se-o8
2. DE+08
1. BE+08
: 1. 0E+08
f | ! | b, DE+07
L Lk Y i
I |
J J L J J‘J s 0. 0E-00
b B T ™ T
o  weer ta o oo
S I=EaR=1 =1 3 =8aey e
.‘E 8.‘0 ?.IE T'.ID E.I’S E..‘D 5.‘5 5.‘0 4.‘5 4.ID 3.‘5 3.‘0 2.‘5 2.0 1.‘5 l‘D D.‘E D‘D
£l e
Figure S11. 'TH NMR (500 MHz, CDCl;) spectrum of 3af
w G ® ] <t 0 < 0 ~— W 0
o i o TS ime T & S SR
(=) w0 =< M0 OO O — [=] o — [22] — O 0w T N® T
= i - e e & ©wm 0 @O oG T L o
V7 | NN i R 2. 008

o] 2. BE+08
Bpin \>_©7F
d\
CgHis

3af 2. DE-08
BC NMR (126 MHz, CDCl,)

1. BE+08

5. 0E+07

0. 0E+00

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 80 80 T0 60 50 40 30 20 10 0 -10
£l (ppm

Figure S12. 3C NMR (126 MHz, CDCl;) spectrum of 3af



—-106 69

18F NMR (471 MHz, CDCl;)

. OE+09

7. 0E+09

. 0E+09

. 0E+09

. OE+09

. OE+00

r—1. 0E+09

2. 0E+09

T T T T
-100 -110 -120 -130

fl (ppm

Figure S13. ’F NMR (471 MHz, CDCl;) spectrum of 3af

T
20 -30 40 -50 60 -70 -80 —90

775
775
226

=2
b

226
224
224
223
223

CsHia
3ag
H NMR {500 MHz, CDCly)

.

T
-140

T
-150

149
122

boo
P02
\e
1‘1
10 =
08 =

¥
I

4.25

T
-160

T T T
-170 ~180 -190

085

§

. OE+07

. OE-00

5. 0E+07

B22 =

T
4.0 =X
£l (ppm

Figure S14. TH NMR (500 MHz, CDCl;) spectrum of 3ag

o
=
=3

=03
p.1o



— O @mN®DO NN
T S S Der = an © Wooem N~
[=2) TOMONNN (=] o0 — [22] — oI N T Lg,
=  EREReEeE & o 1+ LR R A
| == e I 5 SN S
te
L
Fe.
3¢ NMR (126 MHz, CDCly) )
2.
F4.
ra.
1 I
el FZ
1
! |
| I 1.
|
[ j ] 1 |
| | el : :
; T T T T ; T . ; i T T T . T : T T T : T
210 20 190 180 170 160 150 140 130 120 110 100 S 80 70 60 50 40 30 2 W 0 -0
fl (prw
Figure S15. 3C NMR (126 MHz, CDCl;) spectrum of 3ag
DMOO0M~—N—ODM—OWWMONNN P~ =t M MO @0 — 0O
BRBRREsREaRRERRRNY HEIE B22EIZ:ED re
f}_l‘\f\l‘\l‘\f\l‘\l‘\f\l‘}l‘\f\l‘\l‘\l’\l‘\l‘\h\ IO = = — OO
e e Y
te
| kT
FT.
|
re
[ I |
) I /
f Jit il / 4 FI re
cl F5
(5]
Bpin ks
N L
c5H|S
3ah Ly
TH NMR (500 MHz, CDCly)
Fa.
ta.
k2.
F2.
51
]
FL
I
‘ I !l * | Ju ) k5
JLJL L/ l* e iJ A W) Lo.
top A e T ¥Ry
o= @iy © cwenS o
SN = = NNn=04 ®
T T s T T T T T T T T T — =T i T T T
&5 80 15 10 65 60 55 50 45 40 35 30 %5 20 1.5 L0 0.5 0.0 05
fl (ppw

Figure S16. TH NMR (500 MHz, CDCl;) spectrum of 3ah

0E+08

. DE-08

7. 0E+08

0E-DD

. BE-08

. 0E-08

7. BE+08

OE+08

. BE+08

. OE+08

SE+0B

. BE+08

. E-07

0E+00

5. 0E+07



4. (E+08
3. BE+08
3. 0E+08
2. BE+08
2. 0E+08
1. BE+08
1 0E+08
5. OE-07
0. 0E+00
6. GE+08
6. 0E+08
. BE:
5. 0E+08
4. BE+08
4. 0E+08
3. BE+08
3. 0E+08
2. BE+08
2. (E+08
F1. BE+08
1 0E+08
5. 0E+07
0. 0E+00
5. 0E+07

T
-10

T
o

F= r8 0
mmw/ i S— 980 —
B = .
> - i e
B b
5V
v l—

oo
Ba
N
|
EID
|
|
n *
/MIL_,;)\

= 0Eg

=6l
AoELy
- g

3
= pl

I

€2
F2 vee = poa
85— 1 reT 0
52T [
9z
el

a .

=
S04 [ed
204

Ll R F&
oes— A

0z 4 |
0z 2 ”
02 &
122
7z i
ze
£2 4
€74 @

80

G 06— ——]

T
40

£l (ppm

Figure S18. 'TH NMR (500 MHz, CDCl;) spectrum of 3ai

T
100
£l (ppm

Figure S17. 3C NMR (126 MHz, CDCl;) spectrum of 3ah

T
110

8z 4
6T 4
LEL [
CE 4
aF L
ap £
ap £
FA A

T
120

Socl

th_./

2ach £ = = 3
mmm_.v. —

mcm_.% T —

T
130

B1EL
mmﬁ\‘ =
0LEL o
ay i Fe

azrl o]
ay L
15 49 0
15 4 E
75 4
£5 /7
mmsw i

L

T T
160 150

T
1

1

T 4
T 4
T 4
€2 4
vl 4 -
vy

508

508

508

Cl

CgHis
T
180

CaHhia

T
190

0'96L—

Y

T
o
=t
8

T
200

A
3ah
3¢ NMR (126 MHz CDCl)

Bpin
3ai
THNMR {500 MHz, CDCl3)

5
=3
(1]

T
210

0




1958
428
372
348
334
292
291
289
272
265
219

—805

Q,
Bpin
6\
CaH3

3ai
3¢ NMR {126 MHz, CDCl3)

286
286
-(249
\249
227
192
142

3

_~83.0
~811
—537

315

f

e

2. 0E+08

5. DE-07

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 80

£l (ppm

Figure S19. 3C NMR (126 MHz, CDCl;) spectrum of 3ai

Bpin N
ﬁ\
CaHys

33
H NMR (500 MHz, CDCly)

221
220
220
219
218
217
187
184
127
125
124
121
b8
088
086

|
j
g

QU i

.
oo
=

RO0 =

B0 =

T T T T
7.5 7 4.0 3.5
£l (ppm

=
=1
-
o
o
=3
=)
o
o
o
=1
'S
o

Figure S20. '"H NMR (500 MHz, CDCl;) spectrum of 3aj

4. 5E+08

Ll 0E-08

8. 007

F5. 0E+07



1981
1981
—~161.0
~159.0
1415

vé
{
X
&

55.1
315
286
—285
250
248
227
191
142

<

B

Q, 4. 0E+08
Bpin

RN F3. 5E-08
c:EHIB
3aj
13C NMR {126 MHz, CDCl3) 3. 0E-08

r2. 5E-08

! F1. 5E-08

7
8

l
] ] 5. 0E+07

0. 0E+00

5. 0E+07

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 80 80 T0 60 50 40 30 20 10 0 -10
£l (ppm

Figure S21. 3C NMR (126 MHz, CDCl;) spectrum of 3aj

A

. 20E+09

-110 48

1. 10E+09

1. D0E+09

F
a F8. D0E-DE
Bpin

\\ |-8. DDE+08

CeMhia

3aj k7. 002208

9F NMR (471 MHz, CDCl)
6. D0E+08
I-5. DDE+08
=4, D0E+08
3. 00E+08

2. D0E+08

1. O0E+08

0. 00E+00

1. 00E+08

T T T T T T T T T T T T T T T T T T T T T T
0 10 0 -0 -20 -30 -4 50 60 -70 80 90 -100 -110 -120 -130 -140 -150 ~-160 170 180 180 200 210 220
£l (ppm

Figure S22. ’F NMR (471 MHz, CDC]l;) spectrum of 3aj



232
231
230

0, 5]

& |
W

CaHia
k

Bpin

3a
H NMR (500 MHz, CDCly)

<

7. 0E+08

176
173
-1 57
157
L1 55
154
153
139
L1208
1127
1126
L1205
1120
L1.18
togs
088
086

L
|

1

. 5E+08

. BE+08

. 0E+08

. GE-08

. 5E+08

. BE+08

. DE+08

. 00T

. 0E-00

5. 0E+07

7 T T T T T T T T T T
50 45 40 3.5
£l (ppm

Figure S23. 'TH NMR (500 MHz, CDCl;) spectrum of 3ak

o

9.0

190.0
J—1432
1411
‘[1350
f1330
1286
f12?4
{12?1
1268
-~B899
829
£81 4

o s
G
N

CeHia

Bpin

3ak
3¢ NMR {126 MHz, CDCly}

| I 1

537

315
286
286
24 9
249
227
193
142

BE-08

7
?
3

. BE+08

. 4E-08

2E-08

. OE+08

BE08

. BE+08

4E+0B

. ZEH08

. OE+08

. BE-08

. BE+08

. AE-08

. DE+08

. 00T

. OE+07

. 00T

. OE-07

0E+00

2. 0E+07

T T T T T
W0 8% 80 70
£l (ppm

Figure S24. 3C NMR (126 MHz, CDCl;) spectrum of 3ak

T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110



755
755
753
744
744
730
7230
729
722
720
7.19
599
698
630
630
30
629

el L AT L g

] o.

Bpin— w
©>\
CeHis
3al

H NMR (500 MHz CDCl3)

SN—® WO @O MO0 0o
Mo i0 40 e @ @
IO o oo
N S E Sy

P13 4  ———m—————

LLNLL bl Wy
oo oo - conal o
—o@oo (=1 N NO [}
E.ID ?.‘S ?AID ﬁ.‘n EID SAIS S‘D 4!5 4.‘0 3.‘5 EAID 2.‘5 2!0 1.‘5 llD D“S D.‘D
fl (prw
Figure S25. 'TH NMR (500 MHz, CDCl;) spectrum of 3al
8 583 BE88% ¢ 0w P Lomoooo
o oo oean o 285 3 58388c2
& s3d  BoAS o 885 ] REEANIT
[ N [N SNY A
[o N »]
Epin w
W
CBHH
3al
3G NMR {126 MHz, CDCI3)
|
]
] |
1
1
| 1 |
] 1
il nl UL
2‘10 260 l‘::cD J;}D lalD JéD I:SD 14‘0 lfliD léD IJID lbD QID B‘D x‘D EID 4‘0 EID 2‘0 l‘D Ell *‘JD
fl (prw

Figure S26. 3C NMR (126 MHz, CDCl;) spectrum of 3al

. BE+08

. OE+08

. BE+08

. 0E+08

. BE+08

. 0E+08

. 5E+08

. OE+08

. DE-07
0. 0E+00

5. 0E+07

. BE+08

. OE+08

1. BE+08

DE-07

. OE+00

5. 0E+07




A M—OWNMNT N—O 0 W WO NO P MM
BhosRenigson TEEITAN NE59RBmED
Lol e e o il ol o o S A CICIOICI I ONIDY v ~—0o o0
RSy MRS NP e 0z-08
;
\
| 8. 0208
}-7. DE-08
. [ I
J ol ol f ! |
6. DE-08
Q
5. DE-08
iy
Me CeHis
3ba
TH NMR {500 MHz, CDClg} P
3. DE+08
2. DE-08
1
1. 0E-+08
]
i I 1 \I
|l LA
—_— ~ e, e L losw
L LAY B L
o o —o owomd o
=1 I=y=R=-1=] P=N=1 [=R=%=Ep a
: S ey ; ; ; ‘ ‘ ; . ; A EEs ; ;
&5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 G et 30 2.5 2.0 L5 Lo 0.5 0.0 -0.5
fl (ppw
.
Figure S27. TH NMR (500 MHz, CDCl;) spectrum of 3ba
© WM d® M W0
2 Gwoarsnd o - AT Ey ey
[=2] TOOMOOMANNON [N R o =D oW N ® T
= B & oo o 0o OO O — L1. 30E+09
By P RGBS
H1. 205409
1. 10E+09
1. DOE+09
a 8. DDE+08
8. 0008
A\
CeH
Me o F7. 00E+08
3ba :
T3¢ NMR (126 MHz, CDCy)
6. DOE-08
5. DOE+08
H4, 00E<08
1
il !
}=3. DDE+08
I
| 2. DDE+08
]
' i i. i F1. 00208
‘ ‘ . l 0. 00E<00
}=—1. DOE+08
210 200 180 180 170 160 150 140 130 120 110 100 80 B0 T0 60 50 40 30 20 10 o -10

£l (ppm

Figure S28. 3C NMR (126 MHz, CDCl;) spectrum of 3ba



WO~ OODITOOWNOTN—NO ™NO @~ MM NN 3 O W
S e S b SSaG O8 UnNaonng
S s s S A RN
\
/ fedd o ol e"ll |
.
1H NMR [500 MHz, CDClg)
|
]
I
! | ( !
!
| L
| ¥
¥ MY R T T ool [ |
o —w-o = = coumod o
=] oooag o o 8=0A8g O
T T T T R | T T T T T T T T o e T
9.5 9.0 B.5 B.0 7.5 7.0 6.5 6.0 55 50 4.5 4.0 3.5 a0 2.5 Z0 L5 1.0 5 0.0
fl (prw
Figure S29. 'TH NMR (500 MHz, CDCl;) spectrum of 3ca
™ DO T DM DD
g Gos i e e T
= Sl o 6l ik BEE @ sREgLIN2ES
S N (N N
a
N
CBHH!
EY 3ca
B¢ NMR {126 MHz, CDCl3)
|
1
|
1
1
[N 1
| ‘l |
I L ;
210 200 190 180 170 160 150 140 130 120 110 100 80 80 0 60 50 40 20 20 10 0 -10
fl (prw
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Figure S64. TH NMR (500 MHz, CDCl;) spectrum of 5
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Figure S65. 3C NMR (126 MHz, CDCl;) spectrum of 5
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Figure S66. "TH NMR (500 MHz, CDCl;) spectrum of 6
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Figure S67. 3C NMR (126 MHz, CDCl;) spectrum of 6
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Figure S69. 3C NMR (126 MHz, CDCl;) spectrum of 7
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Figure S70. TH NMR (500 MHz, CDCl;) spectrum of 8
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Figure S71. 3C NMR (126 MHz, CDCl;) spectrum of 8
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Figure S72. ’F NMR (471 MHz, CDC]l;) spectrum of 8



