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1. General Method

1.1 Materials and methods

All air- and moisture-sensitive manipulations were carried out using standard Schlenk
techniques or in an M. Braun inert atmosphere glovebox containing an atmosphere of purified
nitrogen. Solvents for air- and moisture sensitive manipulations were dried and deoxygenated using
literature procedures. Reagents were purchased from Energy Chemical, Bidepharm, Aladdin, TCI,
Adamas-Beta, and Alfa used without further purification unless otherwise stated. Commercially
available terminal alkynes were used before recrystallization or distillation, and stored at -20 °C.
DMF was purchased from Alfa (Stock No.: 43465, anhydrous, amine free), used without further
purification and stored in dark at -20 °C. Gas chromatography-mass spectrometry analysis was
performed on an Agilent 5977B and Agilent GC/MSD 8890 GC system. High resolution mass
spectra were obtained from Orbitrap LC/MS (Q Exactive). *H NMR spectra were recorded at 400
MHz or 600 MHz, 3C NMR spectra were recorded at 101 MHz or 151 MHz, on a Bruker AVANCE
I11 400 (400 MHz) or Bruker AVANCE IIl 600 (600 MHz). 'H NMR chemical shifts were
determined relative to the signal of the residual protonated solvent: CDCls & 7.26. 13C NMR
chemical shifts were determined relative to CDCls at § 77.16. Data for *H NMR are reported as
follows: chemical shift (6 ppm), multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet, q =
quartet, br = broad), integration, coupling constant (Hz). *C NMR spectra was reported as chemical

shifts in ppm and multiplicity where appropriate.

1.2 Synthesis of Ligand
Synthesis of CNC-Pr

Br. _N_ _Br neat \\\ “’
= + Ny ——— Q/ N 2 \/)
U ’\{;/N 122 ;C BrT \Cj:—

CNC-Pr
99%
The title compound was synthesized according to a reported procedure with modifications!!l.
In a nitrogen atmosphere, a pressure tube with the 1-isopropyl-1H-imidazole (66 mmol, 7.3 g) and
2,6-diboromopyridine (31 mmol, 7.6 g) was sealed and heated for 48 h at 160 °C. After cooling to
room temperature, the brown mixture was triturated several times with DCM and Et,0O. The product
was obtained as an off-white powder in 99% yield (14.3 g). See spectrum
"H NMR (600 MHz, DMSO-d6) & 10.63 (s, 2H), 8.91 (s, 2H), 8.63 (t, J = 8.1 Hz, 1H), 8.32
(m, 4H), 4.88 (hept, J = 6.7 Hz, 2H), 1.63 (d, J = 6.7 Hz, 12H). The data is in accordance with the
published resultst'l.
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Synthesis of CNC-H

16 mol% Cul

3 equiv. K,CO4 NQ\ FN
Br. N Br B
N 32 mol% L-proline «/ \)
AN
=S . | NN NoN Y
\\_-NH _ DMSO, 90 °C, 12 h |

=
CNC-H

95%

The title compound was synthesiszed according to a reported procedurel?l. In a nitrogen
atmosphere, a pressure tube with 2,6-dibromopyridine (590 mg, 2.5 mmol), imidazole (375 mg, 5.5
mmol), Cul (71 mg, 0.4 mmol), L-proline (87 mg, 0.8 mmol), K,COs (1.03 g, 7.5 mmol) and DMSO
(3 mL) was sealed and heated for 12 h at 90 °C. After cooling to room temperature, 250 mL H,O
was added into the reaction mixture. The reaction mixture was extracted with dichloromethane
(3%250 mL). The combined organic layers were washed with H O (5%x300 mL) and dried with
Na2S04. The solvent was removed using reduced pressure and the residual solid was recrystallized
from a mixture of dichloromethane and ether; the title compound was afforded as a white solid (500
mg; yield: 95%). See spectrum

"H NMR (400 MHz, Chloroform-d) & 8.39 (s, 2H), 7.97 (t, J = 8.0 Hz, 1H), 7.67 (s, 2H), 7.30
—7.24 (m, 4H). The data is in accordance with the published results!.

Synthesis of CNC-Me

\N N/
B N_ _B

r N r \N« neat \“+ +/I/
| + N —> N_NI NN/

P> \k/ 160 °C | Xy

B
48 h r e
CNC-Me

84%

The title compound was synthesized using the identical methodology as CNC-"Pr. The reaction
of 1-methyl-1H-imidazole (2.4 g, 30 mmol) and 2,6-dibromopyridine (2.96 g, 12.5 mmol) afforded
CNC-Me as a white solid (4.2 g, 84%). See spectrum

'H NMR (400 MHz, DMSO-dg) & 10.49 (s, 2H), 8.77 (s, 2H), 8.59 (t, J = 8.1 Hz, 1H), 8.21
(d, J =8.1 Hz, 2H), 8.05 (s, 2H), 4.02 (s, 6H). The data is in accordance with the published
resultst®l.

Synthesis of CNC-Et

Br. N Br
A /\N/% neat \“ /I/
N + +
| _ : w/ 160 °C Q\/’j N N\)

CNC-Et
87%

The title compound was synthesized using the identical methodology as CNC-Pr. The reaction
of 1-ethyl-1H-imidazole (2.9 g, 30 mmol) and 2,6-dibromopyridine (2.96 g, 12.5 mmol) afforded
CNC-Et as a white solid (4.6 g, 87%). See spectrum
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IH NMR (400 MHz, DMSO-ds) 5 10.59 (s, 2H), 8.84 (s, 2H), 8.62 (t, J = 8.0 Hz, 1H), 8.27
(d, J = 8.1 Hz, 2H), 8.20 (s, 2H), 4.40 (q, J = 7.2 Hz, 4H), 1.57 (t, J = 7.2 Hz, 6H). The data is in
accordance with the published results(l.

Synthesis of CNC-"Bu

CNC-Bu
7%

The title compound was synthesized using the identical methodology as CNC-"Pr. The reaction
of 1-(tert-butyl)-1H-imidazole (3.7 g, 30 mmol) and 2,6-dibromopyridine (2.96 g, 12.5 mmol)
afforded CNC-"Bu as a pale yellow solid (4.9 g, 77%). See spectrum
H NMR (400 MHz, DMSO-ds) & 10.15 (s, 2H), 8.97 (s, 2H), 8.64 (t, J = 8.1 Hz, 1H), 8.44-8.41
(m, 4H), 1.73 (s, 18H). The data is in accordance with the published results!.

Synthesis of CNC-Mes

Br. N Br neat ’Q
J @Q IEER S
|§/ N Na N Y%

72h

Br | _ Br

CNg;/?Ies

The title compound was synthesized using the identical methodology as CNC-"Pr. The reaction
of 1-mesityl-1H-imidazole (1.86 g, 10 mmol) and 2,6-dibromopyridine (0.95 g, 4 mmol) afforded
CNC-Mes as a pale yellow solid (0.2 g, 8%). See spectrum

'H NMR (400 MHz, Chloroform-d) & 11.89 (s, 2H), 9.83 (s, 2H), 9.10 (d, J = 8.1 Hz, 2H),
8.29 —8.25 (m, 1H), 7.32 (s, 2H), 7.01 (s, 4H), 2.32 (s, 6H), 2.17 (s, 12H). The data is in
accordance with the published resultsl.
1.3 Synthesis of substrate

synthesis of N-(4-ethynylphenyl)acetamide 5a

4-Ethynylaniline (1.1 mL, 10 mmol) and acetic anhydride (1.2 mL, 13 mmol) were dissolved
in dichloromethane (20 mL) and stirred at rt for 12 h. Flash chromatography on silica gel (eluent:
petroleumether/ethyl acetate =100/1—5/1) afforded the corresponding alkyne (1.4 g, 90%). See
spectrum

'H NMR (400 MHz, Chloroform-d) & 7.51-7.45 (m, 4H), 7.41 (br, 1H), 3.06 (s, 1H), 2.20 (s,
3H). The data is in accordance with the published resultst®l.

General procedure for synthesis of alkyne 6a, 16a, 22a, 23a, 24a, 26al’!
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a. 3 mol% Pd(PPhs),
9 mol% Cul

1 equiv. Et3N
Toluene, r.t., 24 h
T™S s It P
! //
e +
R % b. 1.6 equiv. KF R
DMF:H,0=10:1

rt,12h
Pd(PPh3)4 (347 mg, 0.3 mmol), Cul (171 mg, 0.9 mmol), iodide (10 mmol), toluene (25 mL),
EtsN (1.4 mL, 10 mmol) and ethynyltrimethylsilane (2.1 mL, 15 mmol) were added into a flask
under nitrogen atmosphere. The resulting solution was stirred for 24 h at rt. Flash chromatography
on silica gel (eluent: petroleumether/ethyl acetate =100/1—5/1) afforded the trimethylsilyl alkyne.
The obtained alkyne was transfer into a flask with KF (926 mg, 16 mmol), DMF (100 mL), water
(10 mL). The reaction mixture was stirred for 12 h at rt. and water (50 mL) was added. The resulting
mixture was extracted with ethyl acetate (3 x50 mL), the combined organic phase was washed with
saturated solution of NaCl and dried with Na2SO4. Flash chromatography on silica gel (eluent:
petroleumether/ethyl acetate =100/1—5/1) afforded the corresponding alkyne.
synthesis of 4-ethynylphenyl acetate 6a
The reaction of Pd(PPhs)4 (140 mg, 0.12 mmol), Cul (69 mg, 0.36 mmol), 4-iodophenyl acetate
(1.0 g ,4 mmol), toluene (10 mL), EtsN (0.6 mL, 4 mmol), ethynyltrimethylsilane (0.8 mL, 6 mmol)
and KF (370 mg, 6.4 mmol) afforded 6a as a white solid (0.6 g, 94%). See spectrum
'H NMR (600 MHz, Chloroform-d) & 7.53 (d, J = 8.6 Hz, 2H), 7.08 (d, J = 8.6 Hz, 2H), 3.08
(s, 1H), 2.33 (s, 3H). The data is in accordance with the published results!].
synthesis of methyl 5-ethynyl-2-methoxybenzoate 16a
The reaction of Pd(PPh3)s4 (525 mg, 0.45 mmol), Cul (259 mg, 1.35 mmol), methyl 5-iodo-2-
methoxybenzoate (4.4 g, 15 mmol), toluene (38 mL), EsN (2.1 mL, 15 mmol),
ethynyltrimethylsilane (3.2 mL, 22.5 mmol) and KF (1.4 g, 24 mmol) afforded 16a as a white solid
(1.9 g, 72%). See spectrum
'H NMR (400 MHz, Chloroform-d) & 7.96 (s, 1H), 7.60 (d, J = 8.4 Hz, 1H), 6.95 (d, J=8.5
Hz, 1H), 3.94 (s, 3H), 3.91 (s, 3H), 3.04 (s, 1H). The data is in accordance with the published
resultsfel.
synthesis of 1-ethynyl-2-isopropylbenzene 22a
The reaction of Pd(PPhs)s (3.5 g, 3 mmol), Cul (1.7 g, 9 mmol), 1-iodo-2-isopropylbenzen
(24.6 g, 100 mmol), toluene (250 mL), EtsN (14 mL, 100 mmol), ethynyltrimethylsilane (21 mL,
150 mmol) and KF (9.3 g, 160 mmol) afforded 22a as a colorless liquid (10.1 g, 71%). See spectrum
'H NMR (400 MHz, Chloroform-d) & 7.51 (d, J = 7.6 Hz, 1H), 7.38 — 7.31 (m, 2H), 7.20 -
7.15 (m, 1H), 3.54 (hept, J = 6.9 Hz, 1H), 3.29 (s, 1H), 1.31 (d, J = 6.9 Hz, 6H). The data is in
accordance with the published results(®l.
synthesis of 2-ethynyl-1-fluoro-3-methoxybenzene 23a
The reaction of Pd(PPhs)4 (266 mg, 0.23 mmol), Cul (129 mg, 0.68 mmol), 1-fluoro-2-iodo-3-
methoxybenzene (1.9 g, 7.5 mmol), toluene (20 mL), EtN (1.1 mL, 7.5 mmol),
ethynyltrimethylsilane (1.5 mL, 11 mmol) and KF (698 mg, 12 mmol) afforded 23a as a colorless
liquid (0.7 g, 62%). See spectrum
IH NMR (600 MHz, Chloroform-d) & 7.31 — 7.27 (m, 1H), 6.75 (t, J = 8.5 Hz, 1H), 6.71 (d, J =
8.5 Hz, 1H), 3.94 (s, 3H), 3.55 (s, 1H). The data is in accordance with the published results°l.
synthesis of 2-ethynyl-1,3-dimethoxybenzene 24a
The reaction of Pd(PPhz)s (150 mg, 0.13 mmol), Cul (72 mg, 0.38 mmol), 2-iodo-1,3-
dimethoxybenzene (1.1 g, 4.2 mmol), toluene (10 mL), EtsN (0.6 mL, 4.2 mmol),
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ethynyltrimethylsilane (0.9 mL, 6.3 mmol) and KF (390 mg, 6.7 mmol) afforded 24a as a white
solid (0.3 g, 31%). See spectrum
H NMR (400 MHz, Chloroform-d) 6 7.25 (t, J = 8.4 Hz, 1H), 6.54 (d, J = 8.4 Hz, 2H), 3.89 (s,
6H), 3.56 (s, 1H). The data is in accordance with the published results!].
synthesis of 2-ethynyl-1,3-diisopropylbenzene 26a
The reaction of Pd(PPhs)s (229 mg, 0.2 mmol), Cul (112 mg, 0.59 mmol), 2-iodo-1,3-
diisopropylbenzene (1.9 g, 6.6 mmol), EtzN (16 mL, 115 mmol), ethynyltrimethylsilane (1.4 mL,
10 mmol) was heated at 90 °C and then react with KF (636 mg, 11 mmol) afforded 23a as a colorless
liquid (460 mg, 38%). See spectrum
'H NMR (400 MHz, Chloroform-d) & 7.33 (t, J = 7.8 Hz, 1H), 7.17 (d, J = 7.8 Hz, 2H), 3.61
(hept, J = 6.9 Hz, 2H), 3.51 (s, 1H), 1.31 (d, J = 6.9 Hz, 12H). The data is in accordance with the
published results!*,
synthesis of (E)-but-1-en-3-yn-1-ylbenzene 41a

a. 2 equiv. CBry

4 equiv. PPhy
WO DCM, 0°C, 3 h S F
b. 2.5 equiv. "Bu-Li
THF, -78°C, 1 h
then NH,4Cl(aq.) 51%

Under a nitrogen atmosphere, carbon tetrabromide (3.8 g, 11.6 mmol) and dichloromethane
(10 mL) was added to a solution of triphenylphosphine (6.1 g, 23.2 mmol) in dichloromethane (40
mL) at 0 °C. After 15 min of stirring, a solution of (E)-cinnamaldehyde (0.73 mL, 0.77 g, 5.8 mmol)
in dichloromethane (10 mL) was added dropwise and the resulting mixture was stirred for 3 h. After
adding petroleum ether (300 mL), the mixture was filtered through a pad of silica. The solvent was
evaporated and the obtained crude dibromo compound was used without further purification.

The obtained dibromo compound was dissolved in dry THF (15 mL), and n-butyllithium (5.8
mL, 14.5 mmol, 2.5 M in THF) was added and stirred for 1 h at -78 °C. Saturated solution of NH4Cl
(30 mL) was added and the resulting mixture was extracted with ethyl acetate (3>60 mL). The
combined organic layer was evaporated and purified by flash chromatography on silica gel (eluent:
petroleumether) afforded 41a as colorless liquid (0.38 g, 51%). See spectrum

'H NMR (400 MHz, Chloroform-d) & 7.40-7.38 (m, 2H), 7.36 — 7.30 (m, 3H), 7.05 (d, J =
16.3 Hz, 1H), 6.14 (dd, J = 16.3, 2.3 Hz, 1H), 3.05 (s, 1H). The data is in accordance with the
published results!*2,

synthesis of (E)-1-(but-1-en-3-yn-1-yl)-4-methylbenzene 42a

The title compound was synthesized using the identical methodology as 41a. 4-
methylcinnamaldehyde (0.8 g, 5.5 mmol) was treated with carbon tetrabromide (3.6 g, 11 mmol)
and triphenylphosphine (5.8 g, 22 mmol) in dichloromethane (60 mL) at 0 <C. The diboromo
compound was dissolved in dry THF (15 mL) and n-butyllithium (5.6 mL, 14 mmol, 2.5 M in
THF) was added at -78 <C. Purification by flash chromatography on silica gel (eluent:
petroleumether) afforded 42a as colorless liquid (0.4 g, 53%).

2. General procedure for condition optimization

In a nitrogen atmosphere, a vail was charged with cobalt salt, ligand, and base. The mixture
was dissolved in solvent and stirred for 5 min, followed by adding HBpin. The mixture was further
stirred for 5 min and phenylacetylene (0.2/0.4 mmol) was added rapidly. The resulting mixture was
stirred for a certain time. The reaction was then quenched by adding water. Yield was obtained by
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GC-Ms using mesitylene as internal standard or by 'H-NMR using methylene bromide as internal

standard.

Supplementary Table 1 Initial screening of ligand

5 mol% CoCl,,
5 mol% Ligand

=z 20 mol% BuOK X BPin BN
+ HBPin —m8m8m > +
DMFrt, 12h BPin

(3 equiv.)
1a E-1b Z-1b
Entry Ligand Yield (E-1b: Z-1b)
1 CNC-H Trace
2 CNC-Me 71% (97:3)
3 CNC-Et 78% (64:36)
4 CNC-Pr 99% (98:2)
5 CNC-'Bu 7%
6 CNC-Mes Trace

Conditions: 5 mol% CoCl,, 5 mol% Ligand, 20 mol% tBuOK, Solvent: DMF, [1a] =0.2 M, 3 eq.
HBpin, r.t.

Nﬁ F N \N N/ \\N Nf/
g\/N Ny N\/) @+ Ny t[/) @* Ny NE/)
| _ o | PN o | P +Br_
CNC-H CNC-Me CNC-Et

O D O D
B_r | Z B B_" | Z B y U+
Br Z Br

CNC-Pr CNC-Bu

SO A I v S|
| . o

CNC-Mes

Supplementary Table 2 Initial screening of base

5 mol% CoCl,,

= 5 mol% CNC-Pr BPin BPin
Z . 20 mol% Base X A
+ HBPin —_— + +
DMF, rt., 4 h BPin
E-1b

1a (3 equiv.)
Z-1b 1c
Entry Base Yield (1c: E-1b: Z-1b)
1 ‘BuOK >99% (3:62:35)
2 K2COs 0
3 ‘BuONa 96% (3:88:9)
4 EtONa Trace
5 MeONa 0
6 NaH 0

Conditions: 5 mol% CoCly, 5 mol% CNC-"Pr, 20 mol% Base, Solvent: DMF, [1a] =0.2 M, 3 eq.
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HBpin, r.t.

Supplementary Table 3 Initial screening of time

5 mol% CoCl,,
5 mol% CNC-Pr

=z 20 mol% ‘BuOK X BPin SN
+ HBPin —_— +
DMFrt., t BPin

(3 equiv.)
1a E-1b Z-1b
Entry t Yield (E-1b: Z-1b)
1 8h >99% (95:5)
2 6h 99% (95:5)
3 30 min >99% (51:49)
4 10 min >99% (4:96)

Condition: 5 mol% CoCl,, 5 mol% CNC-iPr, 20 mol% ‘BuOK, Solvent: DMF, [1a]=0.2 M, 3 eq.
HBpin, r.t.

Supplementary Table 4 Initial screening of equivalent of HBpin

5 mol% CoClj,,
5 mol% CNC-Pr

=Z 20 mol% BuOK X BPin BN
+ HBPin —_— +
DMFr.t., t BPin

1a E-1b Z-1b
Entry HBPin t Yield (E-1b: Z-1b)
1 1.5eq. 10 min 65% (<1:99)
2 1.5 eq. 24 h 70% (<1:99)
3 2 eq. 10 min 87% (<1:99)
4 2 eq. 24 h 95% (66:34)
5 3 eq. 10 min >99% (4:96)
6 3eq. 12h 99% (98:2)

Conditions: 5 mol% CoCl,, 5 mol% CNC-"Pr, 20 mol% ‘BuOK, Solvent: DMF, [1a] =0.2 M, HBpin,
r.t.

Supplementary Table 5 Screening of different ligand in low catalyst loading.

0.2 mol% CoCly,
0.2 mol% Ligand

= 0.8 mol% 'BuOK X _BPin N

+ HBPin _— +

DMF, 30 °C,12 h BPin
(3 equiv.)

1a E-1b Z-1b

Entry Ligand E-1b Z-1b
CNC-H Trace  Trace
CNC-Me Trace  Trace
CNC-Et Trace 5%
CNC-Pr  Trace  30%
CNC-'Bu Trace  Trace
S8
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6 CNC-Mes Trace Trace

Conditions: 0.2 mol% CoCl,, 0.2 mol% ligand, 0.8 mol% base, solvent: DMF, [1a] =0.2 M, 3 eq.
HBpin, t=12h, 30 °C.

Supplementary Table 6 Screening of reaction concentration

x mol% CoCls,
x mol% CNC-'Pr

4x mol% BuOK X BPin N
+ HBPin —m8Mm + )
DMF, 25 °C,12h BPin

%

(3 equiv.)

1a E-1b Z-1b
Entry Metal [1a] E-1b Z-1b
1 0.4 mol% CoCl, 0.05M Trace 7%
2 0.4 mol% CoCl, 0.1M 4% 96%
3 0.4 mol% CoCl, 0.2M 76% 24%
4 0.4 mol% CoCl, 04 M 97% 4%
5 0.2mol% CoCl, 0.05M Trace Trace
6 0.2 mol% CoCl; 0.1M Trace Trace
7 0.2 mol% CoCl; 02M Trace 8%
8 0.2 mol% CoCl; 0.3 M Trace 22%
9 0.2 mol% CoCl; 04 M Trace 44%
108 0.5mol% CoCl; neat Trace Trace
11b 0.5 mol% CoCl; neat Trace Trace

Conditions: x mol% CoCl,, x mol% CNC-Pr, 4x mol% BuOK, Solvent: DMF, 3 eq. HBpin, t= 12
h, 25 °C. a: 200 pl of DMF to dissolve the Cat., 4 mmol scale; b: 200 pl of DMF to dissolve the Cat.,
10 mmol scale.

Supplementary Table 7 Screening of solvent

x mol% CoCl,,
x mol% CNC-'Pr

A 4x mol% BuOK X BPin N
+ HBPN —m™ ™ > + )
Solvent, 25 °C BPin
(

3 equiv.) 12h

1a E-1b Z-1b

Entry Metal Solvent E-1b Z-1b
1 0.2 mol% CoCl; DMA Trace 9%
2 0.2 mol% CoCl; NMP Trace 6%
3 0.2 mol% CoCl; DMSO Trace Trace
4 0.2 mol% CoCl; DMF Trace 44%
5 0.3 mol% CoCl; DMA Trace 17%
6 0.3 mol% CoCl; NMP Trace 13%
7 0.3 mol% CoCl; DMSO Trace Trace
8 0.3 mol% CoCl; DMF Trace 58%

Conditions: x mol% CoCl,, x mol% CNC-"Pr, 4x mol% ‘BuOK, Solvent, [1a] =0.4 M, 3 eq. HBpin,
t=12h, 25°C.
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Supplementary Table 8 Screening of Metal Precursor

x mol% Metal
1.1x mol% CNC-'Pr

=z 4x mol% 'BUOK X BPin N
+  HBPin + .
DMF, 25 °C BPin

(3 equiv.) 12h
1a E-1b Z-1b
Entry Metal E-1b Z-1b
1 0.3 mol% CoCl, Trace 91%
2 0.2 mol% CoCl, Trace 27%
3 0.4 mol% CoBr» Trace 48%
4 0.3 mol% CoBr» Trace 35%
5 0.3 mol% Co(acac). 52% 46%
6 0.2 mol% Co(acac): 48% 50%
7 0.1 mol% Co(acac). Trace 50%
8 0.05 mol% Co(acac), Trace Trace
9 0.3 mol% Co(OAc)2 50% 52%
10 0.2 mol% Co(OAc); 14% 83%
11 0.1 mol% Co(OAc). Trace 45%
12 0.05 mol% Co(OAc):, Trace 12%

Conditions: x mol% Metal, 1.1x mol% CNC-Pr, 4x mol% ‘BuOK, Solvent: DMF, [1a] =0.4 M, 3
eq. HBpin, t= 12 h, 25 °C.
Supplementary Table 9 Screening of equivalent of Ligand

x mol% Metal
y mol% CNC-Pr

= 4y mol% ‘BuOK X BPin N
+ HBPin —_— + .
DMF, 25 °C BPin
E-1b Z1b

(3 equiv.) 12h

1a

Entry Metal Ligand (eq. of Metal) E-1b Z-1b
1 0.2 mol% Co(acac). 0.5 eq. Trace 22%
2 0.2 mol% Co(acac). leq. Trace 45%
3 0.2 mol% Co(acac) 1.3 eq. 54% 46%
4 0.2 mol% Co(acac), 1.4 eq. 86% 8%
5 0.2 mol% Co(acac). 1.5eq. 71% 26%
6 0.2 mol% Co(acac) 1.6 eq. 54% 38%
7 0.2 mol% Co(acac), 2 eq. 43% 56%
8 0.1 mol% Co(acac), 0.5 eq. Trace 6%
9 0.1 mol% Co(acac), 1eq. Trace 8%
10 0.1 mol% Co(acac). 1.3 eq. 8% 78%
11 0.1 mol% Co(acac). 1.4 eq. 5% 89%
12 0.1 mol% Co(acac). 1.5e€q. 4% 48%
13 0.1 mol% Co(acac). 1.6 eq. 6% 35%
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14 0.1 mol% Co(acac) 2 eq. Trace 26%

Conditions: x mol% Co(acac),, y mol% CNC-iPr, 4y mol% ‘BuOK, Solvent: DMF, [1a] =0.4 M,
3 eq. HBpin, t=12 h, 25 °C.

Supplementary Table 10 Screening of concentration using Co(acac)

x mol% Metal
1.4x mol% CNC-Pr

5.6x mol% BuOK X _BPin N
+ HBPin . -
DMF, 25 °C BPin

%

(3 equiv.) 12h
1a E-1b Z-1b
Entry Metal [1a] E-1b Z-1b
1 0.1 mol% Co(acac). 0.8M 5% 95%
2 0.1 mol% Co(acac): 1.0M Trace 93%
3 0.1 mol% Co(acac). 1.6 M Trace 64%
4 0.05 mol% Co(acac): 0.8M Trace 16%
5 0.05 mol% Co(acac): 16 M Trace 14%

Conditions: x mol% Co(acac),, 1.4x mol% CNC-"Pr, 5.6x mol% ‘BuOK, Solvent: DMF, 3 eq.
HBpin, t=12h, 25 °C.
Supplementary Table 11 Screening of equivalent of Base

x mol% Metal
1.4x mol% CNC-'Pr

y mol% BuOK X BPin B
+ HBPin > + )
DMF, 25 °C BPin

%

(3 equiv) 12h
1a E-1b Z-1b
Entry Metal 'BUOK (eq. of Ligand) E-1b Z-1b
1 0.05 mol% Co(acac): 4 eq. Trace 16%
2 0.05 mol% Co(acac): 3 eq. Trace Trace
3 0.05 mol% Co(acac): 2.5 eq. Trace Trace
4 0.05 mol% Co(acac) 2 eq. Trace Trace
5 0.08 mol% Co(acac): 4 eq. Trace 48%
6 0.08 mol% Co(acac), 3eq. Trace 36%
7 0.08 mol% Co(acac): 2.5 eq. Trace 15%
8 0.08 mol% Co(acac): 2 eq. Trace Trace

Conditions: x mol% Co(acac),, 1.4x mol% CNC-iPr, y mol% ‘BuOK, Solvent: DMF, [1a] =0.8 M,
3 eq. HBpin, t=12 h, 25 °C.
Supplementary Table 12 Screening of other boranes

0.5 mol% Metal
0.7 mol% CNC-Pr

= 2.8 mol% ‘BuOK SN
+ H[B —m—— ———
DMF, 25 °C [B]
(3 equiv.) 12h

1a

Entry H-[B] Yield
1 HBCat 0
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2 HBdan 0

3 9-BBN 0
o, §
B—H B—H
L o
HBCat HBdan 9-BBN

3. Substrate investigation and characterization

CNC-Pr -
O Co(acac), (0.1-1 mol%) R /B-o
R———H + B—H o
o ‘BuOK, DMF, r.t. K

General procedure A: In a nitrogen atmosphere, a vail was charged with Co(acac), (4.1 mg, 0.016
mmol), CNC-"Pr (10.2 mg, 0.022 mmol), ‘BuOK (10.1 mg, 0.09 mmol) in dry DMF (2 mL) and was
stirred for 5 mins. The freshly prepared stock solution of the in situ prepared active catalyst ([Co] =
8.0 mM in DMF) was added via a micro-syringe (50-500 pL, 0.0004-0.004 mmol, 0.1-1 mol%, as
noted) to a vial charged with HBpin (75pL, 0.52 mmol, 1.3 equiv., unless otherwise noted) and

DMF([alkyne]=0.8 M). The mixture was stirred for 5 mins. Alkyne (0.4 mmol, unless otherwise
noted) was added rapidly and the resulting mixture was stirred for 12 hours. The reaction was then
quenched by adding water. 20 mL EtOAc was added and the organic phase was washed with 10 mL
brine twice to remove most of DMF. Pure product was isolated by column chromatography over
silica gel deactivated with 2% NEt; in petroleum ether using petroleum/EtOAc as the eluent.

afe

[¢)

XS

(2)-4,4,5,5-tetramethyl-2-styryl-1,3,2-dioxaborolane (1b): The title compound was prepared
following general procedure A (0.1 mol% of [Co], 0.8 mmol scale). Dibromomethane (DBM) was
added as internal standard and NMR yield (>99%) was obtained. Purification by flash column
chromatography on silica gel (eluent: petroleumether— petroleumether/EtOAc =20/1) afforded the
product as a colorless oil in 90% yield (166.5 mg, Z:E = 98:2). See spectrum

The title compound can also be synthesized according to general procedure A (0.5 mol% of [Co]),
resulting in a>99% NMR yield (Z:E=98:2) when dibromomethane was used as the internal standard.
TH NMR (400 MHz, Chloroform-d) & 7.53 (d, J = 6.7 Hz, 2H), 7.33 — 7.26 (m, 3H), 7.22 (d, J =
15.0 Hz, 1H), 5.59 (d, J = 14.9 Hz, 1H), 1.29 (s, 12H).

1B NMR (128 MHz, CDCls) 6 29.4.

All recorded spectroscopic data matched those previously reported in the literaturel*2l,

B—o

2b
(Z2)-4,4,5,5-tetramethyl-2-(4-methylstyryl)-1,3,2-dioxaborolane (2b): The title compound was
prepared following general procedure A (1 mol% of [Co]). DBM was added as internal standard and
NMR vyield (93%) was obtained. Purification by flash column chromatography on silica gel (eluent:
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petroleumether— petroleumether/EtOAc =20/1) afforded the product as a pale-yellow oil in 90%
yield (87.8 mg, Z:E = 99:1). See spectrum

'H NMR (400 MHz, Chloroform-d) & 7.46 (d, J = 7.6 Hz, 2H), 7.19 (d, J = 14.9 Hz, 1H), 7.12 (d,
J=7.7Hz, 2H), 553 (d, J = 14.9 Hz, 1H), 2.35 (s, 3H), 1.31 (s, 12H).

All recorded spectroscopic data matched those previously reported in the literaturel3l,

(2)-2-(4-methoxystyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (3b): The title compound was
prepared following general procedure A (0.1 mol% of [Co]), the reaction mixture was stirred for 3
hours. Purification by flash column chromatography on silica gel (eluent: petroleumether—
petroleumether/EtOAc =20/1) afforded the product as a colorless oil in 99% yield (99.9 mg,
7:E=98:2)). See spectrum

The title compound can also be synthesized according to general procedure A (0.5 mol% of [Co]),
resulting in a>99% NMR yield (Z:E=97:3) when dibromomethane was used as the internal standard.
Reaction with low catalyst loading: In a nitrogen atmosphere, a vail was charged with Co(acac)
(4.1 mg, 0.016 mmol), CNC-"Pr (10.2 mg, 0.022 mmol), ‘BuOK (10.1 mg, 0.09 mmol) in dry DMF
(2 mL) and was stirred for 5 mins. The freshly prepared stock solution of the in situ prepared active
catalyst ([Co] = 8.0 mM in DMF) was added via a micro-syringe (0.05 mol%) to a vial charged with
HBpin (1.3 equiv.) and DMF (0.5 mL, [alkyne]=3.2 M). The mixture was stirred for 5 mins. Alkyne
(1.6 mmol) was added rapidly and the resulting mixture was stirred for 24 or 48 hours. The resulting
mixture was diluted with EtOAc and sent for GC-MS analysis, leading to the title compound with
a 77% GC-MS yield (Z:E>99:1, 24 h) and 84% GC-MS yield (Z:E>99:1, 48 h), respectively.

'H NMR (400 MHz, Chloroform-d) 6 7.57 (d, J = 8.7 Hz, 2H), 7.18 (d, J = 14.9 Hz, 1H), 6.86 (d,
J=8.8Hz, 2H), 5.48 (d, J = 14.9 Hz, 1H), 3.84 (s, 3H), 1.33 (s, 12H).

1B NMR (193 MHz, CDCls) 6 30.4.

All recorded spectroscopic data matched those previously reported in the literaturelsl,

(2)-2-(4-(tert-butyl)styryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4b): The title compound was
prepared following general procedure A (1 mol% of [Co]). Purification by flash column
chromatography on silica gel (eluent: petroleumether— petroleumether/EtOAc =20/1) afforded the
product as a pale-yellow oil in 82% yield (91.8 mg, Z:E=99:1)). See spectrum

The title compound can also be synthesized according to general procedure A (0.5 mol% of [Co], ),
resulting in a 86% NMR yield, Z:E=98:2) when dibromomethane was used as the internal standard.
'H NMR (400 MHz, Chloroform-d) & 7.54 (d, J = 8.1 Hz, 2H), 7.36 (d, J = 8.2 Hz, 2H), 7.20 (d, J
=14.9 Hz, 1H), 5.55 (d, J = 14.9 Hz, 1H), 1.34 (s, 9H), 1.33 (s, 12H).

All recorded spectroscopic data matched those previously reported in the literaturel*2l,
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(Z)-N-(4-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)vinyl)phenyl)acetamide (5b): The title
compound was prepared following general procedure A (0.5 mol% of [Co]). S5a (63.7 mg, 0.4 mmol)
was added into a vail with Co(acac)> (0.5 mg, 0.002 mmol), CNC-"Pr (1.3 mg, 0.0028 mmol), ‘BuOK
(1.3 mg, 0.0112 mmol), HBpin (75uL, 0.52 mmol, 1.3 equiv.) and DMF (0.5 mL). The reaction
mixture was stirred for 10 minutes. DBM was added as internal standard and NMR yield (>99%)
was obtained. Purification by flash column chromatography on silica gel (eluent: petroleumether—
petroleumether/EtOAc =10/1) afforded the product as a white solid in 87% yield (99.7 mg,
Z7:E=97:3)). See spectrum

'H NMR (400 MHz, Chloroform-d) & 7.53 (d, J = 8.6 Hz, 2H), 7.45 (d, J = 8.6 Hz, 2H), 7.30 (s,
1H), 7.14 (d, J = 14.9 Hz, 1H), 5.52 (d, J = 14.9 Hz, 1H), 2.17 (s, 3H), 1.29 (s, 12H).

13C NMR (101 MHz, CDCl3) 6 168.2, 147.7, 137.8, 134.5, 129.6, 119.0, 83.6, 24.8, 24.8.

1B NMR (128 MHz, CDCls) § 29.5.

HRMS (ESI+) m/z calculated for C16H22BNO3Na* ([M+Na]+) 310.1585; found 310.1582.

) K 6b

(Z2)-4-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)vinyl)phenyl acetate (6b): The title

compound was prepared following general procedure A (0.5 mol% of [Co]). 6a (64.1 mg, 0.4 mmol)

was added into a vail with Co(acac): (0.5 mg, 0.002 mmol), CNC-"Pr (1.3 mg, 0.0028 mmol), ‘BuOK

(1.3 mg, 0.0112 mmol), HBpin (75puL, 0.52 mmol, 1.3 equiv.) and DMF (0.5 mL). The reaction

mixture was stirred for 10 minutes. Purification by flash column chromatography on silica gel

(eluent: petroleumether— petroleumether/EtOAc =10/1) afforded the product as a white solid in 88%

yield (101.6 mg, Z:E>99:1)). See spectrum

'H NMR (400 MHz, Chloroform-d) 4 7.58 (d, J = 8.5 Hz, 2H), 7.18 (d, J = 14.9 Hz, 1H), 7.03 (d,

J=8.6 Hz, 2H), 5.58 (d, J = 14.9 Hz, 1H), 2.29 (s, 3H), 1.28 (s, 12H).

13C NMR (101 MHz, CDCls) 6 169.4, 150.4, 147.3, 136.2, 129.8, 121.0, 83.6, 24.8, 21.2.

1B NMR (193 MHz, CDCls) 6 30.2.

HRMS (ESI+) m/z calculated for ClI6H22BO4+ ([M+H]+) 289.1606; found 289.1603.
ags

F,C—0 >€T 7b

(Z2)-4,4,5,5-tetramethyl-2-(4-(trifluoromethoxy)styryl)-1,3,2-dioxaborolane ~ (7b):  The title

compound was prepared following general procedure A (1 mol% of [Co]). 7a (74.5 mg, 0.4 mmol)

was added into a vail with Co(acac), (1.0 mg, 0.004 mmol), CNC-Pr (2.6 mg, 0.0056 mmol), BuOK

(2.5 mg, 0.0224 mmol), HBpin (75puL, 0.52 mmol, 1.3 equiv.) and DMF (0.5 mL). The reaction

mixture was stirred for 12 hours. Purification by flash column chromatography on silica gel (eluent:

petroleumether— petroleumether/EtOAc =20/1) afforded the product as a yellow oil in 83% yield

(104.3 mg, Z:E>99:1)). See spectrum
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The title compound can also be synthesized according to general procedure A (0.5 mol% of [Co] ),
resulting in a 70% NMR yield (Z:E=96:4) when dibromomethane was used as the internal standard.
!H NMR (600 MHz, Chloroform-d) & 7.58 (d, J = 8.5 Hz, 2H), 7.18 (d, J = 14.9 Hz, 1H), 7.15 (d,
J =8.3Hz, 2H), 5.64 (d, J = 14.9 Hz, 1H), 1.29 (s, 12H).

F NMR (565 MHz, CDCl3) § -57.8.

13C NMR (151 MHz, CDCl3) 5 148.8, 146.7, 137.1, 130.1, 123.0, 121.3, 120.3, 119.6, 117.9,
83.6, 24.7.

1B NMR (193 MHz, CDCls) 5 30.1.

HRMS (APCI+) m/z calculated for CISH19BF303+ ([M+H]+) 315.1374; found 315.1366.

age
o%
F 8b

(Z)-2-(4-fluorostyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (8b): The title compound was
prepared following general procedure A (1 mol% of [Co]), the reaction mixture was stirred for 10
minutes. DBM was added as internal standard and NMR yield (81%) was obtained. Purification by
flash column chromatography on silica gel (eluent: petroleumether— petroleumether/EtOAc =20/1)
afforded the product as a colorless oil in 67% yield (76.6 mg, Z:E=96:4). See spectrum
'H NMR (400 MHz, Chloroform-d) & 7.60 — 7.49 (m, 2H), 7.17 (d, J = 14.8 Hz, 1H), 6.99 (t, J =
8.8 Hz, 2H), 5.56 (d, J = 14.9 Hz, 1H), 1.29 (s, 12H).
13C NMR (101 MHz, CDCl3) 6 163.8, 161.4, 147.2, 134.6, 134.6, 130.5, 130.4, 114.9, 114.7,
83.5,24.8.
1B NMR (128 MHz, CDCls) 6 30.3.

F NMR (377 MHz, CDCls) § -113.9.
All recorded spectroscopic data matched those previously reported in the literaturelsl,

cl 9b
(Z)-2-(4-chlorostyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (9b): The title compound was
prepared following general procedure A (1 mol% of [Co], 2.5 eq. HBpin, 0.2 mmol scale), the
reaction mixture was stirred for 12 hours. DBM was added as internal standard and NMR yield
(84%) was obtained. Purification by flash column chromatography on silica gel (eluent:
petroleumether— petroleumether/EtOAc =20/1) afforded the product as a colorless oil in 74% yield
(40.3 mg, Z:E=97:3). See spectrum
The title compound can also be synthesized according to general procedure A (0.5 mol% of [Co] ),
resulting in a 73% NMR yield (Z:E=98:2) when dibromomethane was used as the internal standard.
'H NMR (400 MHz, Chloroform-d) & 7.41 (d, J = 8.5 Hz, 2H), 7.20 (d, J = 8.6 Hz, 2H), 7.07 (d, J =
14.9 Hz, 1H), 5.54 (d, J = 14.9 Hz, 1H), 1.21 (s, 12H).
All recorded spectroscopic data matched those previously reported in the literaturel*2l,
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(Z2)-2-(4-bromostyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (10b): The title compound was
prepared following general procedure A (1 mol% of [Co], 2.5 eq. HBpin), the reaction mixture was
stirred for 12hours. DBM was added as internal standard and NMR yield (77%) was obtained.
Purification by flash column chromatography on silica gel (eluent: petroleumether—
petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 66% yield (82.3 mg,
Z:E>99:1). See spectrum
The title compound can also be synthesized according to general procedure A (0.5 mol% of [Co] ),
resulting in a 73% NMR yield (Z:E=98:2) when dibromomethane was used as the internal standard.
Purification by flash column chromatography on silica gel (eluent: petroleumether—
petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 63% yield (78.1 mg,
Z:E>99:1).

'H NMR (400 MHz, Chloroform-d) & 7.42 (s, 4H), 7.13 (d, J = 14.9 Hz, 1H), 5.62 (d, J = 14.9 Hz,

1H), 1.29 (s, 12H).

13C NMR (151 MHz, CDCls) 5 147.0, 137.3, 131.1, 130.3, 122.1, 83.6, 24.8.

1B NMR (193 MHz, CDCls) § 30.2.
All recorded spectroscopic data matched those previously reported in the literaturet4l,

B—o

/% 11b
Methyl (Z)-4-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)vinyl)benzoate (11b): The title
compound was prepared following general procedure A (1 mol% of [Co], 3 eq. HBpin). DBM was
added as internal standard and NMR yield (86%) was obtained. Purification by flash column
chromatography on silica gel (eluent: petroleumether— petroleumether/EtOAc =10/1) afforded the
product as a white solid in 76% yield (87.6 mg, Z:E>99:1)). See spectrum
'H NMR (600 MHz, Chloroform-d) 6 7.98 (d, J = 7.6 Hz, 2H), 7.58 (d, J = 7.7 Hz, 2H), 7.23 (d, J
=149 Hz, 1H), 5.72 (d, J = 14.9 Hz, 1H), 3.91 (s, 3H), 1.29 (s, 12H).
13C NMR (151 MHz, CDCls) 6 167.0, 146.9, 142.9, 129.3, 129.3, 128.5, 83.7, 52.1, 24.8.
1B NMR (193 MHz, CDCls) 6 30.3.
All recorded spectroscopic data matched those previously reported in the literaturelsl,

/©/\

B

F3C o/ \O
A~ 12b

(Z2)-4,4,5,5-tetramethyl-2-(4-(trifluoromethyl)styryl)-1,3,2-dioxaborolane ~ (12b):  The title
compound was prepared following general procedure A (1 mol% of [Co], 3 eq. HBpin) , the reaction
mixture was stirred with 10 mol% diphenylacetylene for 12 hours. DBM was added as internal
standard and NMR vyield (42%) was obtained. Purification by flash column chromatography on
silica gel (eluent: petroleumether— petroleumether/EtOAc =20/1) afforded the product as a
colorless oil in 36% yield (42.9 mg, Z:E=99:1)). See spectrum

The title compound can also be synthesized according to general procedure A (0.5 mol% of [Co]),
resulting in a 16% NMR yield ( Z:E=88:12) when dibromomethane was used as the internal standard.
When conditions were modified to 1.0 mol% of [Co], an NMR vyield of 50% with a Z:E ratio of
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83:17 was obtained. Furthermore, by employing a condition consisting of 1.0 mol% of [Co], 3 eq.
HBpin, an NMR yield of 80% with a Z:E ratio of 75:25 was achieved.

IH NMR (600 MHz, Chloroform-d) § 7.63 (d, J = 8.1 Hz, 2H), 7.58 — 7.53 (d, J = 8.2 Hz, 2H), 7.22 (d,
J=14.8 Hz, 1H), 5.73 (d, J = 14.9 Hz, 1H), 1.29 (s, 12H).

13C NMR (151 MHz, CDCls) § 146.6, 141.8,129.8, 129.6, 128.8, 124.9, 124.9, 124.9, 124.8,
83.7,24.8.

1B NMR (193 MHz, CDCl3) 8 30.1.

9F NMR (565 MHz, CDCl3) & -62.5.

All recorded spectroscopic data matched those previously reported in the literaturet4l.

— -
O,
04,

(2)-4.,4,5,5-tetramethyl-2-(3-methylstyryl)-1,3,2-dioxaborolane (13b): The title compound was
prepared following general procedure A (0.2 mol% of [Co]). DBM was added as internal standard
and NMR vyield (99%) was obtained. Purification by flash column chromatography on silica gel
(eluent: petroleumether— petroleumether/EtOAc =20/1) afforded the product as a colorless oil in
80% yield (78.5 mg, Z:E>99:1)). See spectrum
The title compound can also be synthesized according to general procedure A (0.5 mol% Of
[Co]), resulting in a >99% NMR vyield ( Z:E>99:1) when dibromomethane was used as the
internal standard.
'H NMR (400 MHz, Chloroform-d) & 7.31 (s, 1H), 7.22 (d, J = 7.4 Hz, 1H), 7.15-7.06 (m, 2H),
7.04 —6.96 (m, 1H), 5.49 (d, J = 14.8 Hz, 1H), 2.26 (s, 3H), 1.21 (s, 12H).
13C NMR (151 MHz, CDCls) 5 148.2, 138.4, 137.4, 129.1, 128.8, 127.9, 125.9, 83.4, 24.8, 21.3.
1B NMR (193 MHz, CDCls) 6 30.4.
All recorded spectroscopic data matched those previously reported in the literaturet4l.

-,
/ <:§ °>€T
14b

(2)-2-(3-methoxystyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (14b): The title compound was
prepared following general procedure A (1 mol% of [Co],2 eq. HBpin). Purification by flash column
chromatography on silica gel (eluent: petroleumether— petroleumether/EtOAc =20/1) afforded the
product as a pale yellow oil in 91% yield (97.1 mg, Z:E=97:3)). See spectrum

The title compound can also be synthesized according to general procedure A (0.5 mol% Of

[Co]), resulting in a 56% NMR yield ( Z:E=95:5) when dibromomethane was used as the internal
standard.

!H NMR (400 MHz, Chloroform-d) & 7.25 (s, 1H), 7.14 — 7.05 (m, 2H), 6.96 (d, J = 7.5 Hz, 1H),
6.73 (d, J =8.1 Hz, 1H), 5.50 (d, J = 15.0 Hz, 1H), 3.72 (s, 3H), 1.19 (s, 12H).

All recorded spectroscopic data matched those previously reported in the literaturel*2l,
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(2)-2-(3-bromostyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (15b): The title compound was
prepared following general procedure A (1 mol% of [Co],2 eq. HBpin). 15a (72.4 mg, 0.4 mmol)
was added into a vail with Co(acac)> (1.0 mg, 0.004 mmol), CNC-"Pr (2.6 mg, 0.0056 mmol), ‘BuOK
(2.5 mg, 0.0224 mmol), HBpin (115 pL, 0.8 mmol, 2 equiv.) and DMF (0.5 mL). The reaction
mixture was stirred for 24 hours. Purification by flash column chromatography on silica gel (eluent:
petroleumether— petroleumether/EtOAc =20/1) afforded the product as a yellow oil in 61% yield
(74.7 mg, Z:E=99:1)). See spectrum

'H NMR (400 MHz, Chloroform-d) 5 7.82 (s, 1H), 7.37 (dd, J = 12.8, 7.9 Hz, 2H), 7.21 - 7.09
(m, 2H), 5.66 (d, J = 14.8 Hz, 1H), 1.31 (s, 12H).

13C NMR (151 MHz, CDCl3) 6 146.5, 140.5, 131.2, 130.8, 129.5, 127.6, 122.2, 83.7, 24.9.

1B NMR (193 MHz, CDCls) & 30.1.

HRMS (APCI+) m/z calculated for CI4H19BBrO2+ ([M+H]+) 309.0656; found 309.0651.

16b

methyl (Z)-2-methoxy-5-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)vinyl)benzoate (16b):
The title compound was prepared following general procedure A (1 mol% of [Co]). 16a (76.1 mg,
0.4 mmol) was added into a vail with Co(acac), (1.0 mg, 0.004 mmol), CNC-"Pr (2.6 mg, 0.0056
mmol), BuOK (2.5 mg, 0.0224 mmol), HBpin (75 pL, 0.52 mmol, 1.3 equiv.) and DMF (0.5 mL).
The reaction mixture was stirred for 12 hours. DBM was added as internal standard and NMR yield
(99%) was obtained. Purification by flash column chromatography on silica gel (eluent:
petroleumether— petroleumether/EtOAc =10/1) eluent afforded the product as a white solid in 95%
yield (120.3 mg, Z:E=99:1)). See spectrum

'H NMR (600 MHz, Chloroform-d)  8.13 (d, J = 2.3 Hz, 1H), 7.64 (dd, J = 8.6, 2.3 Hz, 1H),
7.13(d, J =149 Hz, 1H), 6.91 (d, J = 8.7 Hz, 1H), 5.52 (d, J = 14.9 Hz, 1H), 3.90 (s, 3H), 3.87 (s,
3H), 1.29 (s, 12H).

13C NMR (151 MHz, CDCls) 6 166.4, 159.0, 147.1, 134.2, 132.1, 130.7, 119.5, 111.4, 83.5, 56.1,
51.8, 24.8.

1B NMR (193 MHz, CDCls) 6 30.3.

HRMS (ESI+) m/z calculated for C17H24BO5+ ([M+H]+) 319.1711; found 3191710.

aps

(2)-4,4,5,5-tetramethyl-2-(2-methylstyryl)-1,3,2-dioxaborolane (17b): The title compound was
prepared following general procedure A (0.2 mol% of [Co]). DBM was added as internal standard
and NMR vyield (92%) was obtained. Purification by flash column chromatography on silica gel
(eluent: petroleumether— petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil
in 74% yield (74.7 mg, Z:E>99:1)). See spectrum
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The title compound can also be synthesized according to general procedure A (0.5 mol% of [Co]),
resulting in a >99% NMR yield ( Z:E>99:1) when dibromomethane was used as the internal
standard.

'H NMR (400 MHz, Chloroform-d) & 7.46 — 7.33 (m, 2H), 7.23-7.09 (m, 3H), 5.72 - 5.67 (d, J =
14.8, 1H), 2.33 (s, 3H), 1.24 (s, 12H).

All recorded spectroscopic data matched those previously reported in the literaturel3l,

—O0 —

aps
(2)-2-(2-methoxystyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (18b): The title compound was
prepared following general procedure A (0.1 mol% of [Co], 0.8 mmol scale). DBM was added as
internal standard and NMR yield (95%) was obtained. Purification by flash column chromatography
on silica gel (eluent: petroleumether— petroleumether/EtOAc =20/1) afforded the product as a pale
yellow oil in 89% yield (185.7 mg, Z:E=98:2)). See spectrum
The title compound can also be synthesized according to general procedure A (0.5 mol% of [Co]),
resulting in a 95% NMR yield ( Z:E=99:1) when dibromomethane was used as the internal
standard.
'H NMR (400 MHz, Chloroform-d) 4 7.52 (d, J = 7.6 Hz, 1H), 7.48 (d, J = 14.9 Hz, 1H), 7.25 (t,
J=17.7Hz, 1H), 6.90 - 6.81 (m, 2H), 5.61 (d, J = 14.7 Hz, 1H), 3.81 (s, 3H), 1.25 (s, 12H).
All recorded spectroscopic data matched those previously reported in the literaturelsl,
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(Z2)-2-(2-fluorostyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (19b): The title compound was
prepared following general procedure A (1 mol% of [Co]). 19a (48.1 mg, 0.4 mmol) was added into
a vail with Co(acac), (1.0 mg, 0.004 mmol), CNC-Pr (2.6 mg, 0.0056 mmol), ‘BuOK (2.5 mg,
0.0224 mmol), HBpin (75 pL, 0.52 mmol, 1.3 equiv.) and DMF (0.5 mL). The reaction mixture was
stirred for 12 hours. DBM was added as internal standard and NMR yield (96%) was obtained.
Purification by flash column chromatography on silica gel (eluent: petroleumether—
petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 82% yield (93.6 mg,
Z:E=97:3)). See spectrum

'H NMR (400 MHz, Chloroform-d) 4 7.61 (td, J = 7.7, 1.7 Hz, 1H), 7.32 (d, J = 14.8 Hz, 1H),
7.27-7.21 (m, 1H), 7.09 — 7.04 (m, 1H), 7.03-6.97 (m, 1H), 5.74 (d, J = 14.9 Hz, 1H), 1.27 (s,
12H)

13C NMR (151 MHz, CDCl3) 6 161.2, 159.6, 140.3, 130.2, 130.2, 129.6, 129.6, 126.5, 126.4, 123.3,
123.3,115.2,115.0, 83.5, 24.8.

B NMR (193 MHz, CDCls) 6 30.0.

F NMR (565 MHz, CDCl3) & -116.4.

HRMS (APCI+) m/z calculated for C14H19BFO2+ ([M+H]+) 249.1457; found 249.1454.
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(Z2)-2-(2-chlorostyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (20b): The title compound was
prepared following general procedure A (1 mol% of [Co], 2 eq. HBPin, 0.5 mmol scale). 20a (68.3
mg, 0.5 mmol) was added into a vail with Co(acac) (1.3 mg, 0.005 mmol), CNC-Pr (3.3 mg, 0.007
mmol), BuOK (3.1 mg, 0.028 mmol), HBpin (144 pL, 1 mmol, 2 equiv.) and DMF (0.5 mL). The
reaction mixture was stirred for 12 hours. DBM was added as internal standard and NMR yield
(97%) was obtained. Purification by flash column chromatography on silica gel (eluent:
petroleumether— petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 87%
yield (46.0 mg, Z:E>99:1). See spectrum
!H NMR (400 MHz, Chloroform-d) § 7.55 (d, J = 7.3 Hz, 1H), 7.44 (d, J = 14.6 Hz, 1H), 7.33 (d,
J=7.6 Hz, 1H), 7.19 (p, J = 7.3 Hz, 2H), 5.74 (d, J = 14.6 Hz, 1H), 1.24 (s, 12H).
13C NMR (101 MHz, CDCls)  145.1, 136.9, 133.6, 130.3, 129.2, 129.1, 126.0, 83.5, 24.8.
1B NMR (128 MHz, CDCls) 5 30.2.
HRMS (APCI+) m/z calculated for C14H19BC102+ ([IM+H]+) 265.1161; found 265.1159.
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(Z)-2-(2-bromostyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (21b): The title compound was
prepared following general procedure A (1 mol% of [Co], 2.5 eq. HBPin, 0.2 mmol scale). 21a (36.2
mg, 0.2 mmol) was added into a vail with Co(acac)> (0.5 mg, 0.002 mmol), CNC-Pr (1.3 mg, 0.0028
mmol), ‘BuOK (1.3 mg, 0.0112 mmol), HBpin (72 pL, 0.5 mmol, 2.5 equiv.) and DMF (0.5 mL).
The reaction mixture was stirred for 12 hours. DBM was added as internal standard and NMR yield
(77%) was obtained. Purification by flash column chromatography on silica gel (eluent:
petroleumether— petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 74%
yield (46.2 mg, Z:E=97:3). See spectrum

The title compound can also be synthesized according to general procedure A (0.5 mol% of [Co]),
resulting in a 29% NMR yield ( Z:E=27:2) when dibromomethane was used as the internal standard.
When conditions were modified to 1.0 mol% of [Co], 2 eq. HBPin, an NMR vyield (60%) was
obtained. Purification by flash column chromatography on silica gel (eluent: petroleumether—
petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 45% yield (56.2 mg,
Z:E=95:5).

'H NMR (400 MHz, Chloroform-d) 4 7.53 (d, J = 7.9 Hz, 2H), 7.37 (d, J = 14.6 Hz, 1H), 7.22 (t,
J=75Hz, 1H), 7.13 (td, J =7.8, 1.5 Hz, 1H), 5.71 (d, J = 14.6 Hz, 1H), 1.23 (s, 12H).

13C NMR (151 MHz, CDCls) 6 147.4, 138.6, 132.3, 130.5, 129.3, 126.6, 123.8, 83.5, 24.8.

1B NMR (193 MHz, CDCls) & 30.1.

HRMS (APCI+) m/z calculated for C14H19BBr102+ ([IM+H]+) 309.0656; found 309.0649.
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22b

S20



(Z)-2-(2-isopropylstyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (22b): The title compound was
prepared following general procedure A (0.5 mol% of [Co]). 22a (57.7 mg, 0.4 mmol) was added
into a vail with Co(acac)> (0.5 mg, 0.002 mmol), CNC-Pr (1.3 mg, 0.0028 mmol), ‘BuOK (1.3 mg,
0.0112 mmol), HBpin (75uL, 0.52 mmol, 1.3 equiv.) and DMF (0.5 mL). The reaction mixture was
stirred for 30 minutes. DBM was added as internal standard and NMR yield (83%) was obtained.
Purification by flash column chromatography on silica gel (eluent: petroleumether—
petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 78% yield (84.9 mg,
Z:E>99:1)). See spectrum

'H NMR (400 MHz, Chloroform-d) & 7.49 (d, J = 14.4 Hz, 1H), 7.30 (d, J = 7.9 Hz, 1H), 7.26 —
7.21 (m, 2H), 7.11-7.04 (m, 1H), 5.66 (d, J = 14.4 Hz, 1H), 3.15 (hept, J = 6.9 Hz, 1H), 1.21 (d, J
= 6.9 Hz, 6H), 1.17 (s, 12H).

13C NMR (101 MHz, CDCl3) 5 147.4, 146.2, 137.4,129.3, 128.1, 124.9, 124.2, 83.2, 29.7, 24.7,
23.3.

1B NMR (128 MHz, CDCls) & 30.6.

HRMS (ESI+) m/z calculated for C17H26B0O2+ ([M+H]+) 273.2020; found 273.2017.
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(Z2)-2-(2-fluoro-6-methoxystyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane ~ (23b): The title
compound was prepared following general procedure A (0.5 mol% of [Co]). 23a (60.1 mg, 0.4 mmol)
was added into a vail with Co(acac): (0.5 mg, 0.002 mmol), CNC-"Pr (1.3 mg, 0.0028 mmol), ‘BuOK
(1.3 mg, 0.0112 mmol), HBpin (75uL, 0.52 mmol, 1.3 equiv.) and DMF (0.5 mL). The reaction
mixture was stirred for 12 hours. DBM was added as internal standard and NMR yield (99%) was
obtained. Purification by flash column chromatography on silica gel (eluent: petroleumether—
petroleumether/EtOAc =20/1) afforded the product as a white solid in 88% yield (98.2 mg,
Z:E=99:1). See spectrum

'H NMR (600 MHz, Chloroform-d) 4 7.16 (q, J = 8.0 Hz, 1H), 7.04 (d, J = 14.8 Hz, 1H), 6.68 —
6.61 (m, 2H), 5.88 (d, J = 14.8 Hz, 1H), 3.81 (s, 3H), 1.21 (s, 12H).

13C NMR (151 MHz, CDCls) 6 161.1, 159.5, 158.2, 136.3, 128.7, 128.6, 116.6, 116.5, 107.9,
107.8, 106.0, 106.0, 83.1, 56.0, 24.8.

1B NMR (193 MHz, CDCls) & 29.6.

F NMR (565 MHz, CDCl3) § -113.4.

HRMS (ESI+) m/z calculated for CISH21BFO3+ ([M+H]+) 279.1562; found 279.1565.
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(2)-2-(2,6-dimethoxystyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (24b): The title compound
was prepared following general procedure A (0.5 mol% of [Co], 0.2 mmol scale, 3 eq. HBpin). 24a
(32.4 mg, 0.2 mmol) was added into a vail with Co(acac), (0.25 mg, 0.001 mmol), CNC-"Pr (0.65
mg, 0.0014 mmol), ‘BuOK (0.6 mg, 0.0056 mmol), HBpin (87 uL, 0.6 mmol, 3 equiv.) and DMF
(0.5 mL). The reaction mixture was stirred for 1 hours. DBM was added as internal standard and

S21



NMR yield (>99%) was obtained. Purification by flash column chromatography on silica gel (eluent:
petroleumether— petroleumether/EtOAc =20/1) afforded the product as a white solid in 90% yield
(52.3 mg, Z:E>99:1). See spectrum

!H NMR (400 MHz, Chloroform-d) § 7.16 (t, J = 8.3 Hz, 1H), 7.06 (d, J = 14.8 Hz, 1H), 6.53 (d,

J =8.3Hz, 2H), 5.84 (d, J = 14.8 Hz, 1H), 3.77 (s, 6H), 1.18 (s, 12H).

13C NMR (101 MHz, CDCl3) § 157.7, 138.2, 128.4, 117.7, 104.2, 82.6, 56.0, 24.9.

1B NMR (128 MHz, CDCls) & 29.0.

HRMS (ESI+) m/z calculated for CI6H24BO1+ ([M+H]+) 291.1762; found 291.1759.
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(Z2)-4.,4,5,5-tetramethyl-2-(2,4,6-trimethylstyryl)-1,3,2-dioxaborolane (25b): The title compound
was prepared following general procedure A (0.5 mol% of [Co]). 25a (57.7 mg, 0.4 mmol) was
added into a vail with Co(acac), (0.5 mg, 0.002 mmol), CNC-"Pr (1.3 mg, 0.0028 mmol), ‘BuOK
(1.3 mg, 0.0112 mmol), HBpin (75uL, 0.52 mmol, 1.3 equiv.) and DMF (0.5 mL). The reaction
mixture was stirred for 12 hours. DBM was added as internal standard and NMR yield (98%) was
obtained. Purification by flash column chromatography on silica gel (eluent: petroleumether—
petroleumether/EtOAc =20/1) afforded the product as a white solid in 90% yield (98.3 mg,
7:E=98:2). See spectrum

'H NMR (600 MHz, Chloroform-d) 8 7.17 (d, J = 14.5 Hz, 1H), 6.81 (s, 2H), 5.84 (d, J = 14.5

Hz, 1H), 2.28 (s, 3H), 2.20 (s, 6H), 1.08 (s, 12H).

13C NMR (151 MHz, CDCls) 6 148.4, 136.4, 135.7, 135.1, 127.4, 82.8, 24.6, 21.0, 20.5.

1B NMR (128 MHz, CDCls) & 28.8.

HRMS (ESI+) m/z calculated for C17TH26B102+ ([M+H]+) 273.2020; found 273.2018.
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(2)-2-(2,6-diisopropylstyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (26b): The title compound
was prepared following general procedure A (0.5 mol% of [Co]). 26a (74.5 mg, 0.4 mmol) was
added into a vail with Co(acac), (0.5 mg, 0.002 mmol), CNC-"Pr (1.3 mg, 0.0028 mmol), ‘BuOK
(1.3 mg, 0.0112 mmol), HBpin (75pL, 0.52 mmol, 1.3 equiv.) and DMF (0.5 mL). The reaction
mixture was stirred for 12 hours. DBM was added as internal standard and NMR yield (92%) was
obtained. Purification by flash column chromatography on silica gel (eluent: petroleumether—
petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 88% yield (111.2 mg,
Z:E>99:1). See spectrum

'H NMR (400 MHz, Chloroform-d) 4 7.36 (d, J = 14.5 Hz, 1H), 7.25 - 7.18 (m, 1H), 7.09 (d, J =
7.7Hz, 2H), 5.91 (d, J = 14.5 Hz, 1H), 3.19 (hept, J = 6.9 Hz, 2H), 1.17 (d, J = 6.5 Hz, 12H), 1.05
(s, 12H).

13C NMR (101 MHz, CDCls) 6 148.6, 145.6, 137.1, 126.9, 121.6, 82.8, 30.0, 24.6, 23.4.

1B NMR (128 MHz, CDCls) & 29.6.

HRMS (ESI+) m/z calculated for C20H32BO2+ ([M+H]+) 315.2490; found 315.2487.
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(2)-4,4,5,5-tetramethyl-2-(2-(thiophen-2-yl)vinyl)-1,3,2-dioxaborolane (27b): The title compound
was prepared following general procedure A (0.5 mol% of [Co], 2 eq. HBPin). DBM was added as
internal standard and NMR yield (89%) was obtained. Purification by flash column chromatography
on silica gel (eluent: petroleumether— petroleumether/EtOAc =20/1) afforded the product as a pale
yellow oil in 81% yield (76.4 mg, Z:E=99:1). See spectrum
'H NMR (400 MHz, Chloroform-d) & 7.40 (d, J = 3.6 Hz, 1H), 7.28 (d, J = 5.0 Hz, 1H), 7.23 (d, J
=15.0 Hz, 1H), 6.99 (dd, J =5.1, 3.6 Hz, 1H), 5.44 (d, J = 15.1 Hz, 1H), 1.34 (s, 12H).
All recorded spectroscopic data matched those previously reported in the literaturelsl,
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(Z2)-4.,4,5,5-tetramethyl-2-(2-(thiophen-3-yl)vinyl)-1,3,2-dioxaborolane (28b): The title compound
was prepared following general procedure A (0.5 mol% of [Co]). DBM was added as internal
standard and NMR yield (99%) was obtained. Purification by flash column chromatography on
silica gel (eluent: petroleumether— petroleumether/EtOAc =20/1) afforded the product as a pale
yellow oil in 93% yield (92.25 mg, Z:E>99:1). See spectrum

'H NMR (400 MHz, Chloroform-d) & 7.62 (dd, J = 38.7, 3.8 Hz, 2H), 7.23 (dd, J = 5.0, 3.0 Hz,
1H), 7.17 (d, J = 15.1 Hz, 1H), 5.48 (d, J = 15.1 Hz, 1H), 1.32 (s, 12H).

13C NMR (151 MHz, CDCls) 8 141.9, 140.7, 128.6, 126.2, 124.9, 83.5, 24.9.

1B NMR (193 MHz, CDCls) & 30.0.

All recorded spectroscopic data matched those previously reported in the literaturelsl,

S
(Z2)-4.,4,5,5-tetramethyl-2-(2-(phenanthren-9-yl)vinyl)-1,3,2-dioxaborolane ~ (29b): The title
compound was prepared following general procedure A (1 mol% of [Co], 2 eq. HBpin). 29a (80.9
mg, 0.4 mmol) was added into a vail with Co(acac), (1.0 mg, 0.004 mmol), CNC-Pr (2.6 mg, 0.0056
mmol), ‘BuOK (2.5 mg, 0.0224 mmol), HBpin (115 pL, 0.8 mmol, 2 equiv.) and DMF (0.5 mL).
The reaction mixture was stirred for 12 hours. DBM was added as internal standard and NMR yield
(83%) was obtained. Purification by flash column chromatography on silica gel (eluent:
petroleumether— petroleumether/EtOAc =20/1) afforded the product as a white solid in 82% yield
(107.8 mg, Z:E=98:2). See spectrum
The title compound can also be synthesized according to general procedure A (0.5 mol% of [Co]),
resulting in a 51% NMR yield ( Z:E>99:1) when dibromomethane was used as the internal standard.
When 1.0 mol% of [Co] was used, an NMR yield of 60% with a Z:E> 99:1 was obtained.
'H NMR (600 MHz, Chloroform-d) & 8.73 (d, J = 8.1 Hz, 1H), 8.68 (d, J = 8.1 Hz, 1H), 8.11 (d, J
=8.0Hz, 1H), 7.91 (d, J = 14.2 Hz, 1H), 7.87 (d, J = 7.7 Hz, 1H), 7.84 (s, 1H), 7.69 — 7.60 (m,
4H), 5.98 (d, J = 14.2 Hz, 1H), 1.18 (s, 12H).
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13C NMR (151 MHz, CDCls) 6 146.5, 135.0, 131.5, 130.9, 130.5, 130.2, 128.6, 127.1, 126.6,
126.6, 126.5, 126.3, 125.4, 122.9, 122.6, 83.3, 24.7.

1B NMR (193 MHz, CDCl3) 8 30.6.

HRMS (ESI+) m/z calculated for C22H24BO2+ ([M+H]+) 338.1864; found 331.1862.

e
30b

1,4-bis((2)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)vinyl)benzene ~ (30b):  The title
compound was prepared following general procedure A (0.5 mol% of [Co], 0.2 mmol scale, 2 eq.

HBpin) , the reaction mixture was stirred for 1 hours. DBM was added as internal standard and
NMR vyield (85%) was obtained. Purification by flash column chromatography on silica (eluent:
petroleumether— petroleumether/EtOAc =20/1) afforded the product as a white solid in 82% yield
(62.2 mg, Z:E=95:5). See spectrum

'H NMR (400 MHz, Chloroform-d) 4 7.51 (s, 4H), 7.18 (d, J = 14.9 Hz, 2H), 5.58 (d, J = 14.9

Hz, 2H), 1.30 (s, 24H).

All recorded spectroscopic data matched those previously reported in the literaturel6l,

4/_/_/=\/B‘O
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(2)-4.,4,5,5-tetramethyl-2-(oct-1-en-1-yl)-1,3,2-dioxaborolane (31b): The title compound was
prepared following general procedure A (1 mol% of [Co]), the reaction mixture was stirred for 24
hours. DBM was added as internal standard and NMR yield (76%) was obtained. Purification by
flash column chromatography on silica gel (eluent: petroleumether— petroleumether/EtOAc =20/1)
afforded the product as a colorless oil in 74% yield (68.2 mg, Z:E=98:2). See spectrum

!H NMR (400 MHz, Chloroform-d) § 6.43 (dt, J = 14.3, 7.5 Hz, 1H), 5.32 (dt, J = 13.5, 1.3 Hz,
1H), 2.38 (m, 2H), 1.41 - 1.27 (m, 8H), 1.26 (s, 12H), 0.88 (t, J = 6.8, 3H).

1B NMR (193 MHz, CDCls) 5 29.8.

All recorded spectroscopic data matched those previously reported in the literaturelsl,

Ay
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(2)-4,4,5,5-tetramethyl-2-(4-phenylbut-1-en-1-yl)-1,3,2-dioxaborolane (32b): The title compound
was prepared following general procedure A (1 mol% of [Co]). DBM was added as internal standard
and NMR vyield (72%) was obtained. Purification by flash column chromatography on silica gel
(eluent: petroleumether— petroleumether/EtOAc =20/1) afforded the product as a colorless oil in
60% yield (61.8 mg, Z:E=98:2). See spectrum
'H NMR (400 MHz, Chloroform-d) & 7.34 — 7.16 (m, 5H), 6.49 (dt, J = 13.3, 6.0 Hz, 1H), 5.39
(d, J=13.5Hz, 1H), 2.81 - 2.68 (m, 4H), 1.27 (s, 12H).
All recorded spectroscopic data matched those previously reported in the literaturel*],
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(Z)-tert-butyldimethyl((3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)allyl)oxy)silane (33b): The
title compound was prepared following general procedure A (1 mol% of [Co], 2 eq. HBpin). DBM
was added as internal standard and NMR yield (52%) was obtained. Purification by flash column
chromatography on silica gel (eluent: petroleumether— petroleumether/EtOAc =20/1) afforded the
product as a colorless oil in 48% yield (56.7 mg, Z:E=97:3). See spectrum
'H NMR (400 MHz, Chloroform-d) & 6.50 (dt, J = 12.9, 5.9 Hz, 1H), 5.38 (d, J = 13.8 Hz, 1H),
4.49 (d, J=6.1 Hz, 2H), 1.25 (s, 12H), 0.90 (s, 9H), 0.07 (s, 6H).

All recorded spectroscopic data matched those previously reported in the literaturelel,
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(Z)-2-(6-chlorohex-1-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (34b): The title compound
was prepared following general procedure A (1 mol% of [Co]). 34a (46.6 mg, 0.4 mmol) was added
into a vail with Co(acac), (1.0 mg, 0.004 mmol), CNC-Pr (2.6 mg, 0.0056 mmol), ‘BuOK (2.5 mg,
0.0224 mmol), HBpin (75 pL, 0.52 mmol, 1.3 equiv.) and DMF (0.5 mL). The reaction mixture was
stirred for 12 hours. DBM was added as internal standard and NMR yield (71%) was obtained.
Purification by flash column chromatography on silica gel (eluent: petroleumether—
petroleumether/EtOAc =20/1) afforded the product as a colorless oil in 63% yield (61.6 mg,
Z:E=95:5). See spectrum

'H NMR (400 MHz, Chloroform-d) 4 6.37 (dt, J = 14.3, 7.5 Hz, 1H), 5.34 (dt, J = 13.5, 1.2 Hz,
1H), 3.53 (t, J = 6.8 Hz, 2H), 2.40 (m, 2H), 1.76 (p, J = 6.9 Hz, 2H), 1.51 (p, J = 7.3 Hz, 2H), 1.24
(s, 12H).

13C NMR (101 MHz, CDCl3) 6 154.1, 82.9, 44.9, 31.8, 31.1, 26.5, 24.9.

1B NMR (128 MHz, CDCls) & 29.8.

HRMS (APCI+) m/z calculated for C12H23BCl102+ ([M+H]+) 245.1474; found 245.1470.

NC OK
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(2)-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)hex-5-enenitrile (35b): The title compound was
prepared following general procedure A (1 mol% of [Co]). 35a (37.3 mg, 0.4 mmol) was added into
a vail with Co(acac), (1.0 mg, 0.004 mmol), CNC-Pr (2.6 mg, 0.0056 mmol), ‘BuOK (2.5 mg,
0.0224 mmol), HBpin (75 pL, 0.52 mmol, 1.3 equiv.) and DMF (0.5 mL). The reaction mixture was
stirred for 12 hours. DBM was added as internal standard and NMR yield (99%) was obtained.
Purification by flash column chromatography on silica gel (eluent: petroleumether—
petroleumether/EtOAc =10/1) afforded the product as a colorless oil in 99% yield (85.3 mg,
Z:E>99:1). See spectrum

'H NMR (400 MHz, Chloroform-d) § 6.35 (dt, J = 14.1, 7.4 Hz, 1H), 5.45 (d, J = 13.4 Hz, 1H),
2.53 (m, 2H), 2.33 (t, J = 7.3 Hz, 2H), 1.77 (p, J = 7.2 Hz, 2H), 1.27 (s, 12H).
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13C NMR (101 MHz, CDCl3) 6 151.5, 119.9, 83.2, 31.0, 25.2, 24.9, 16.4.
1B NMR (193 MHz, CDCls) § 29.5.
HRMS (ESI+) m/z calculated for C12H20BNO2Na+ ([M+Na]+) 244.1479; found 244.1476.

O 5%
° 36b

tert-butyl  (Z)-4-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)vinyl)piperidine-1-carboxylate
(36b): The title compound was prepared following general procedure A (1 mol% of [Co]). 36a (83.7
mg, 0.4 mmol) was added into a vail with Co(acac), (1.0 mg, 0.004 mmol), CNC-Pr (2.6 mg, 0.0056
mmol), BuOK (2.5 mg, 0.0224 mmol), HBpin (75 pL, 0.52 mmol, 1.3 equiv.) and DMF (0.5 mL).
The reaction mixture was stirred for 12 hours. DBM was added as internal standard and NMR yield
(99%) was obtained. Purification by flash column chromatography on silica gel (eluent:
petroleumether— petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 95%
yield (128.3 mg, Z:E>99:1). See spectrum

IH NMR (600 MHz, Chloroform-d) & 6.22 (dd, J = 13.4, 9.2 Hz, 1H), 5.31 (d, J = 13.5 Hz, 1H), 4.21 —
3.92 (m, 2H), 2.93 — 2.82 (m, 1H), 2.75 (M, 2H), 1.60 (d, J = 12.7 Hz, 2H), 1.45 (s, 9H), 1.26 (s, 14H).
13C NMR (151 MHz, CDCls) § 158.3, 155.1, 83.1, 79.3, 43.7, 38.9, 32.2, 28.6, 25.0.

1B NMR (193 MHz, CDCl3) § 29.8.

HRMS (APCI+) m/z calculated for C18H32BNO4Na+ ([M+H]+) 360.2316; found 360.2315

Yok
NP7 37p

(2)-2-(3,3-dimethylbut-1-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane ~ (37b): The title
compound was prepared following general procedure A (1 mol% of [Co]). DBM was added as
internal standard and NMR yield (46%) was obtained. Isolated yield was unobtainable due to its
low boiling point (Z:E=97:3). See spectrum

!H NMR (400 MHz, Chloroform-d) § 6.24 (d, J = 15.0 Hz, 1H), 5.16 (d, J = 15.0 Hz, 1H), 1.25
(s, 12H), 1.08 (s, 9H).

All recorded spectroscopic data matched those previously reported in the literaturel8l,

A 38b

(2)-2-(2-cyclopropylvinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (38b): The title compound was
prepared following general procedure A (1 mol% of [Co]). DBM was added as internal standard and
NMR yield (87%) was obtained. Purification by flash column chromatography on silica gel (eluent:
petroleumether— petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 81%
yield (78.3 mg, Z:E=98:2). See spectrum
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IH NMR (400 MHz, Chloroform-d) & 5.73 — 5.58 (m, 1H), 5.18 (d, J = 13.5 Hz, 1H), 2.35 — 2.23
(m, 1H), 1.27 (s, 12H), 0.87 — 0.78 (m, 2H), 0.45 — 0.36 (m, 2H).
All recorded spectroscopic data matched those previously reported in the literaturell.

(2)-2-(2-cyclohexylvinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (39b): The title compound was
prepared following general procedure A (1 mol% of [Co]). DBM was added as internal standard and
NMR vyield (89%) was obtained. Purification by flash column chromatography on silica gel (eluent:
petroleumether— petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 75%
yield (66.3 mg, Z:E=97:3). See spectrum

!H NMR (400 MHz, Chloroform-d) § 6.25 (dd, J = 13.3, 9.4 Hz, 1H), 5.22 (dd, J = 13.5, 0.8 Hz,
1H), 2.78 — 2.62 (m, 1H), 1.72 — 1.62 (m, 4H), 1.36-1.27 (m, 2H), 1.26 (s, 12H), 1.23-1.01 (m,
4H).

IH NMR spectra are consistent with previously reported datal*7l.

ols

O,

(Z2)-2-(2-(cyclohex-1-en-1-yl)vinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane  (40b): The title
compound was prepared following general procedure A (1 mol% of [Co], 2 eq. HBpin). DBM was
added as internal standard and NMR yield (99%) was obtained. Purification by flash column
chromatography on silica gel (eluent: petroleumether— petroleumether/EtOAc =20/1) afforded the
product as a colorless oil in 91% yield (86.7 mg, Z:E=99:1). See spectrum

'H NMR (400 MHz, Chloroform-d) & 6.64 (d, J = 14.9 Hz, 1H), 5.83 (s, 1H), 5.17 (d, J = 14.9
Hz, 1H), 2.29 — 2.21 (m, 2H), 2.17 — 2.08 (m, 2H), 1.67 — 1.55 (m, 4H), 1.28 (s, 12H).

13C NMR (101 MHz, CDCls) 6 149.8, 138.0, 132.0, 83.3, 26.3, 26.0, 24.8, 22.5, 22.1.

1B NMR (128 MHz, CDCls) & 30.1.

All recorded spectroscopic data matched those previously reported in the literaturel20,

41b
4,4,5,5-tetramethyl-2-((1Z,3E)-4-phenylbuta-1,3-dien-1-yl)-1,3,2-dioxaborolane (41b): The title
compound was prepared following general procedure A (1 mol% of [Co]) , the reaction mixture was
stirred for 40 mins. DBM was added as internal standard and NMR yield (86%) was obtained.
Purification by flash column chromatography on silica gel (eluent: petroleumether—
petroleumether/EtOAc =20/1) afforded the product as a colorless oil in 80% yield (82.2 mg,
Z:E=99:1). See spectrum
!H NMR (600 MHz, Chloroform-d) § 7.67 (dd, J = 15.3, 11.4 Hz, 1H), 7.46 (d, J = 7.4 Hz, 2H),
7.35(t,J=7.3Hz, 2H), 7.26 (t, J = 7.1 Hz, 1H), 7.03 (t, J = 12.1 Hz, 1H), 6.66 (d, J = 15.7 Hz,
1H), 5.48 (d, J = 13.2 Hz, 1H), 1.33 (s, 12H).
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13C NMR (151 MHz, CDCls) § 150.4, 137.2, 136.4, 129.4, 128.6, 127.9, 126.9, 83.1, 24.9.
1B NMR (193 MHz, CDCls) § 29.6.
All recorded spectroscopic data matched those previously reported in the literaturel20l,

42b
4,4,5,5-tetramethyl-2-((1Z,3E)-4-(p-tolyl)buta-1,3-dien-1-yl)-1,3,2-dioxaborolane (42b): The title
compound was prepared following general procedure A (1 mol% of [Co]), the reaction mixture was
stirred for 10 mins. DBM was added as internal standard and NMR vyield (99%) was obtained.
Purification by flash column chromatography on silica gel (eluent: petroleumether—
petroleumether/EtOAc =20/1) afforded the product as a colorless oil in 92% yield (99.8 mg,
Z:E>99:1). See spectrum
'H NMR (600 MHz, Chloroform-d) 4 7.63 (dd, J = 15.6, 11.1 Hz, 1H), 7.35 (d, J = 7.9 Hz, 2H),
7.15(d, J=7.8 Hz, 2H), 7.02 (t, J = 12.1 Hz, 1H), 6.63 (d, J = 15.6 Hz, 1H), 5.45 (d, J = 13.3 Hz,
1H), 2.36 (s, 3H), 1.33 (s, 12H).
13C NMR (151 MHz, CDCls) & 150.6, 137.9, 136.4, 134.5, 129.3, 128.6, 126.8, 83.1, 24.9, 21.3.
1B NMR (193 MHz, CDCls) 6 29.9.
All recorded spectroscopic data matched those previously reported in the literaturel20l,

4. Time-dependent Z/E selective transformation

General procedure B: In a nitrogen atmosphere, a vail was charged with Co(acac), (4.1 mg, 0.016
mmol), CNC-Pr (10.2 mg, 0.022 mmol), ‘BuOK (10.1 mg, 0.09 mmol) dissolved in dry DMF (2
mL) and was stirred for 5 mins. The freshly prepared stock solution of the in situ prepared active
catalyst ([Co]=8.0 mM in DMF) was added via a micro-syringe (50-500 pL, 0.0004-0.004 mmol,
0.1-1 mol%) to a vial charged with HBpin (174pL, 1.2 mmol) and DMF([alkyne]=0.8 M). The
mixture was stirred for 5 mins. Alkyne (0.4 mmol) was added rapidly and the resulting mixture was
stirred for 5 s -24 h. The reaction was then quenched by adding water. 20 mL EtOAc was added and
the organic phase was washed with 10 mL brine twice to remove most of DMF. Pure product was
isolated by column chromatography over silica gel deactivated with 2% NEt; in petroleum ether
using petroleumether/EtOAc as the eluent.

General procedure C: In a nitrogen atmosphere, a vail was charged with Co(acac), (5.1 mg, 0.02
mmol, 5 mol%), CNC-"Pr (12.8 mg, 0.028 mmol), ‘BuOK (12.6 mg, 0.112 mmol) dissolved in dry
DMF (1 mL). The mixture was stirred for 5 mins followed by adding HBpin (174uL, 1.2 mmol).
the mixture was stirred for further 5 mins and alkynes (0.4 mmol) was added rapidly. the resulting
mixture was stirred for 5 s -24 h. The reaction was then quenched by adding water. 20 mL EtOAc
was added and the organic phase was washed with 10 mL brine twice to remove most of DMF. Pure
product was isolated by column chromatography over silica gel deactivated with 2% NEt3 in

petroleum ether using petroleumether/EtOAc as the eluent.
& 5
Z-1b

S28



(2)-4,4,5,5-tetramethyl-2-styryl-1,3,2-dioxaborolane (Z-1b): The title compound was prepared
following general procedure B (0.5 mol% of [Co]), the reaction mixture was stirred for 5 min before
quenched. Purification by flash column chromatography on silica gel (eluent: petroleumether—
petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 92% yield (80.7 mg,
Z:E>99:1).
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Cf b1

(E)-4,4,5,5-tetramethyl-2-styryl-1,3,2-dioxaborolane (E-1b): The title compound was prepared
following general procedure B (0.5 mol% of [Co]), the reaction mixture was stirred for 24 h before
quenched. Purification by flash column chromatography on silica gel (eluent: petroleumether—
petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 97% yield (89.3 mg,
E:Z>99:1). See spectrum

'H NMR (400 MHz, Chloroform-d) & 7.49 (d, J = 6.9 Hz, 2H), 7.40 (d, J = 18.5 Hz, 1H), 7.36 —
7.26 (m, 3H), 6.17 (d, J = 18.4 Hz, 1H), 1.32 (s, 12H).

'H NMR spectra are consistent with previously reported datal?3.

B—o

e
Z-2b

(2)-4,4,5,5-tetramethyl-2-(4-methylstyryl)-1,3,2-dioxaborolane (Z-2b): The title compound was
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prepared following general procedure B (1 mol% of [Co]), the reaction mixture was stirred for 5 s
before quenched. DBM was added as internal standard and NMR vyield (>99%) was obtained.
Purification by flash column chromatography on silica gel (eluent: petroleumether—
petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 83% yield (80.4 mg,
Z:E=98:2).
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(E)-4,4,5,5-tetramethyl-2-(4-methylstyryl)-1,3,2-dioxaborolane (E-2b): The title compound was
prepared following general procedure B (1 mol% of [Co]), the reaction mixture was stirred for 24 h
before quenched. Purification by flash column chromatography on silica gel (eluent:
petroleumether— petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 93%
yield (88.3 mg, E:Z>99:1). See spectrum
'H NMR (400 MHz, Chloroform-d) & 7.48 — 7.34 (m, 3H), 7.14 (d, J = 8.0 Hz, 2H), 6.12 (d, J =
18.5 Hz, 1H), 2.35 (s, 3H), 1.32 (s, 12H).

'H NMR spectra are consistent with previously reported datal?3.

—0 Z-3b
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(2)-2-(4-methoxystyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (Z-3b): The title compound was
prepared following general procedure B (0.5 mol% of [Co]), the reaction mixture was stirred for 5
s before quenched. DBM was added as internal standard and NMR yield (>99%) was obtained.
Purification by flash column chromatography on silica gel (eluent: petroleumether—
petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 92% yield (96.0 mg,
Z:E=97:3). TOF = 132480 h'!
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(E)-4,4,5,5-tetramethyl-2-(4-methylstyryl)-1,3,2-dioxaborolane (E-3b): The title compound was
prepared following general procedure B (0.5 mol% of [Co]), the reaction mixture was stirred for 24
h before quenched. Purification by flash column chromatography on silica gel (eluent:
petroleumether— petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 92%
yield (95.0 mg, E:Z>99:1). See spectrum
'H NMR (400 MHz, Chloroform-d) & 7.43 (d, J = 8.7 Hz, 2H), 7.35 (d, J = 18.4 Hz, 1H), 6.85 (d,
J=8.7Hz, 2H), 6.01 (d, J = 18.4 Hz, 1H), 3.79 (s, 3H), 1.30 (s, 12H).

'H NMR spectra are consistent with previously reported datal?3.
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Z-13b

(2)-4,4,5,5-tetramethyl-2-(3-methylstyryl)-1,3,2-dioxaborolane (Z-13b): The title compound was
prepared following general procedure B (0.5 mol% of [Co]), the reaction mixture was stirred for 5
s before quenched. DBM was added as internal standard and NMR yield (>69%) was obtained.

Purification by flash column chromatography on silica gel (eluent:

petroleumether—

petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 63% yield (80.0 mg,

Z:E>99:1).
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(E)-4,4,5,5-tetramethyl-2-(4-methylstyryl)-1,3,2-dioxaborolane (E-13b): The title compound
was prepared following general procedure B (0.5 mol% of [Co]), the reaction mixture was stirred
for 24 h before quenched. Purification by flash column chromatography on silica gel (eluent:
petroleumether— petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 93%
yield (89.3mg, E:Z>99:1). See spectrum
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IH NMR (400 MHz, Chloroform-d) & 7.30 (d, J = 18.4 Hz, 1H), 7.21 (d, J = 5.6 Hz, 2H), 7.14 (t,
J=7.8Hz, 1H), 7.02 (d, J = 7.5 Hz, 1H), 6.07 (d, J = 18.4 Hz, 1H), 2.26 (s, 3H), 1.22 (s, 12H).
'H NMR spectra are consistent with previously reported datal?3l.

Z-4b
(2)-2-(4-(tert-butyl)styryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (Z-4b): The title compound
was prepared following general procedure C (5 mol% of [Co]), the reaction mixture was stirred for
3 mins before quenched. DBM was added as internal standard and NMR yield (>98%) was obtained.
Purification by flash column chromatography on silica gel (eluent: petroleumether—
petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 94% yield (107.6 mg,
Z:E>99:1).
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E-4b

(E)-2-(4-(tert-butyl)styryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (E-4b): The title compound
was prepared following general procedure C (5 mol% of [Co]), the reaction mixture was stirred for
24 h before quenched. Purification by flash column chromatography on silica gel (eluent:
petroleumether— petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 82%
yield (91.6mg, E:Z>99:1). See spectrum
'H NMR (400 MHz, Chloroform-d) & 7.46 — 7.34 (m, 5H), 6.12 (d, J = 18.4 Hz, 1H), 1.32 (s,
21H).
IH NMR spectra are consistent with previously reported datal??l.

Z-14b
(Z2)-2-(3-methoxystyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (Z-14b): The title compound was
prepared following general procedure C (5 mol% of [Co]), the reaction mixture was stirred for 5
mins before quenched. Purification by flash column chromatography on silica gel (eluent:
petroleumether— petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 80%
yield (76.7 mg, Z:E=92:8).
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Z/E ratio of Z-14b
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E-14b

(E)-2-(3-methoxystyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (E-14b): The title compound
was prepared following general procedure C (5 mol% of [Co]), the reaction mixture was stirred for
24 h before quenched. Purification by flash column chromatography on silica gel (eluent:
petroleumether— petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 88%
yield (86.9 mg, E:Z>99:1). See spectrum
'H NMR (400 MHz, Chloroform-d) & 7.29 (d, J = 18.4 Hz, 1H), 7.15 (t, J = 7.9 Hz, 1H), 6.99 (d,
J=7.7Hz, 1H), 6.94 (s, 1H), 6.76 (d, J = 8.2 Hz, 1H), 6.07 (d, J = 18.4 Hz, 1H), 3.70 (s, 3H),
1.22 (s, 12H).

IH NMR spectra are consistent with previously reported datal?.

oY
Z-30b

1,4-bis((2)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)vinyl)benzene (Z-30b): The title
compound was prepared following general procedure B (0.5 mol% of [Co], 0.2 mmol scale) , the
reaction mixture was stirred for 1 hours. DBM was added as internal standard and NMR yield
(85%) was obtained. Purification by flash column chromatography on silica gel (eluent:
petroleumether— petroleumether/EtOAc =20/1) afforded the product as a white solid in 82% yield
(62.2 mg, Z:E=95:5).
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E-30b
1,4-bis((E)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)vinyl)benzene  (E-30b): The title
compound was prepared following general procedure B (0.5 mol% of [Co], 0.2 mmol scale), the
reaction mixture was stirred for 24 h before quenched. DBM was added as internal standard and
NMR yield (84%) was obtained. Purification by flash column chromatography on silica gel (eluent:
petroleumether— petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 76%
yield (58.2 mg, E:Z>99:1). See spectrum
'H NMR (400 MHz, Chloroform-d)  7.45 (s, 4H), 7.37 (d, J = 18.4 Hz, 2H), 6.17 (d, J = 18.4
Hz, 2H), 1.31 (s, 24H).

'H NMR spectra are consistent with previously reported datal?2l.

os:
o%
Z-39b

(Z)-2-(2-cyclohexylvinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (Z-39b): The title compound
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was prepared following general procedure C (5 mol% of [Co]), the reaction mixture was stirred for
1 hours. DBM was added as internal standard and NMR yield (90%) was obtained. Purification by
flash column chromatography on silica gel (eluent: petroleumether— petroleumether/EtOAc =20/1)
afforded the product as a white solid in 88% yield (83.1 mg, Z:E=98:2).
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(E)-2-(2-cyclohexylvinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (E-39b): The title compound
was prepared following general procedure B (0.5 mol% of [Co]), the reaction mixture was stirred
for 24 h before quenched. DBM was added as internal standard and NMR yield (91%) was
obtained. Purification by flash column chromatography on silica gel (eluent: petroleumether—
petroleumether/EtOAc =20/1) afforded the product as a pale yellow oil in 92% yield (58.2 mg,
E:Z=97:3). See spectrum

'H NMR (400 MHz, Chloroform-d) § 6.57 (dd, J = 18.2, 6.2 Hz, 1H), 5.37 (dd, J = 18.2, 1.4 Hz,
1H), 2.07-1.96 (m, 1H), 1.77-1.68 (m, 4H), 1.67 — 1.64 (m, 1H), 1.26 (s, 12H), --1.20 — 1.03 (m,
4H), 0.99 — 0.70 (m, 1H).

'H NMR spectra are consistent with previously reported datal?3.

5. Large scale reaction
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General procedure for large scale catalytic Z-selective hydroboration of terminal alkynes: In
nitrogen atmosphere, a 100 mL Schlenk vial was charged with alkyne (30 mmol) and dry DMF (20
mL), the alkyne solution was placed in an ice path. In another vial charged with Co(acac), (38.6 mg,
0.15 mmol), CNC-iPr (96.0 mg, 0.21 mmol), ‘BuOK (94.3 mg, 0.84 mmol), dry DMF (15 mL) was
stirred for 5 min and HBpin (5.6 mL, 39 mmol) was added and stirred for a further 5 min. The
catalyst solution was added dropwise into the alkyne solution under ice bath during 10 mins. After
that, ice bath was removed and the mixture was stirred at room temperature for a certain time. The
reaction was then quenched by adding water. 300 mL EtOAc was added and the organic phase was
washed with 3*100 mL water and 2*100 mL brine. the organic phase was passed through a short
pad of silica gel. Pure product was obtained after removing volatiles under reduced pressure.

6. Mechanistic Study

6.1 Procedure for monitoring the hydroboration of phenylacetylene

In a nitrogen atmosphere, a vail was charged with Co(acac), (4.1 mg, 0.016 mmol), CNC-iPr
(10.2 mg, 0.022 mmol), BuOK (10.1 mg, 0.09 mmol) dissolved in dry DMF (4 mL) and was stirred
for 5 min. 500 pL of the freshly prepared stock solution of the in sifu prepared active catalyst
([Co]=4.0 mM in DMF) was added via a micro-syringe (500 puL) to a vial charged with HBpin
(116puL, 0.8 mmol) and the mixture was stirred for 5 min. 1a (0.4 mmol) was added rapidly.
Periodically, an aliquot was removed from the vial and analyzed by GC-Ms.
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Supplementary Figure 1. Kinetic profile of the hydroboration of phenylacetylene (1a) with an
equally distributed time axis

6.2 Procedure for kinetic experiments of catalyst concentration

In a nitrogen atmosphere, a vail was charged with Co(acac), (4.1 mg, 0.016 mmol), CNC-Pr
(10.2 mg, 0.022 mmol), ‘BuOK (10.1 mg, 0.09 mmol) dissolved in dry DMF (4 mL) and was stirred
for 5 min. The freshly prepared stock solution of the in situ prepared active catalyst ([Co]=4.0 mM
in DMF) was added via a micro-syringe (200 puL, 300 puL, 350 pL, 400 uL,450 uL, 500 puL) to a
vial charged with HBpin (174pL, 1.2 mmol) and DMF (300 pL, 200 pL, 150 pL, 100 puL, 50 puL, 0
pL). The mixture was stirred for 5 min. Alkyne (0.4 mmol) was added rapidly. Periodically, an
aliquot was removed from the vial and analyzed by GC-Ms.
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Supplementary Figure 2. The original kinetic data of 1a with different cobalt concentrations.

6.3 Deuterium labeling experiments
Procedure for Z-selective hydroboration of 3a-d:

D (>99% D)

4 0.2 mol% Co(acap)z A
0.28 mol% CNC-Pr
1t B
+ HBPin 1.1 mol% ‘BuOK MeO o Yo
MeO —_—
DMF, 25 °C,

3a-d 10 min
Z-3b-d, 96%

In nitrogen atmosphere, a vail was charged with Co(acac): (4.1 mg, 0.016 mmol), CNC-iPr (10.2
mg, 0.022 mmol), ‘BuOK (10.1 mg, 0.09 mmol) dissolved in dry DMF (4 mL) and was stirred for
5 min. The freshly prepared stock solution of the in situ prepared active catalyst ([Co]=4.0 mM in
DMF) was added via a micro-syringe (200 puL) to a vial charged with HBpin (75 pL, 0.52 mmol)
and DMF (300 pL). The mixture was stirred for 5 mins. 3a-d (0.4 mmol) was added rapidly and the
resulting mixture was stirred for 10 min. The reaction was then quenched by adding water. 20 mL
EtOAc was added and the organic phase was washed with 10 mL brine twice to remove most of
DMF. Purification by flash column chromatography on silica gel (eluent: petroleumether—
petroleumether/EtOAc =20/1) over silica gel deactivated with 2% NEt3 afforded the product as a
pale yellow oil in 96% yield (100.3 mg, Z:E=98:2).
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1H NMR (400 MHz, CDCl3) § 7.55 (d, J = 8.7 Hz, 2H), 6.84 (d, J = 8.7 Hz, 2H), 5.45 (s, 1H),

3.82 (s, 3H), 1.30 (s, 12H).

-—545

1.30

D
@
B
0 O/ \0

\
CHy
H:C CH,

T HiC  CHy
L]
] o
- =
T L B S B
6.2 6.1 6.0 59 5.8 5.7 5.6 3.5 5.4 5.3 5.2 51
1 (ppm}
™
o
o
|
I
2% 8%
(S \og b
~
\I/ v -
i ) e .
T L | T 1 by
@
= - = @ - o
= = b} = el
L] = L] = Ll -
T T
K]

T T T T T T
9.3 8.0 B3 8.0 7.3 7.0 6.3 6.0

T T T T T T T
4.3 4.0 3.5 3.0 2.3 2.0 1.3

o

5.0
1 (ppm)

Supplementary Figure 3 '"H NMR of Z-3b-d

Procedure for isomerization of Z-3b-d:

D (>99% D

1 mol% Co(acac),

D (46% D)
1.4 mol% CNC-Pr o
5.6 mol% ‘BuOK |
B
HBpin 1 equiv. AN ~0
——
% DMF 25 °C, MeO
E-3b-d

Z-3b-d

In a nitrogen atmosphere, a vail was charged with Co(acac) (4.1 mg, 0.016 mmol), CNC-Pr
(10.2 mg, 0.022 mmol), BuOK (10.1 mg, 0.09 mmol) dissolved in dry DMF (2 mL) and was stirred
for 5 mins. The freshly prepared stock solution of the in situ prepared active catalyst ([Co]=8.0 mM
in DMF) was added via a micro-syringe (500 pL) to a vial charged with HBpin (58 pL, 0.4 mmol).
The mixture was stirred for 5 mins. Z-3b-d (0.4 mmol) was added rapidly and the resulting mixture
was stirred for 1 h. The reaction was then quenched by adding water. 20 mL EtOAc was added and
the organic phase was washed with 10 mL brine twice to remove most of DMF. Purification by flash

column chromatography on silica gel (eluent: petroleumether— petroleumether/EtOAc =20/1) over
silica gel deactivated with 2% NEt3 afforded the product as a pale yellow oil in 77% yield (80.4 mg,

Z:E=98:2).

IH NMR (600 MHz, Chloroform-d) & 7.43 (d, J = 7.8 Hz, 2H), 7.35 (d, J = 18.2 Hz, 0.46 H), 6.86
(d, J = 7.5 Hz, 2H), 6.01 (d, J = 15.4 Hz, 1H), 3.80 (s, 3H), 1.30 (s, 12H).
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Supplementary Figure 4 '"H NMR of E-3b-d
H
F 0.2 mol% i 1 mol% D (32% D)
catalyst system AN D (96% D) catalyst system Bpin
—- —— X
Bpin .
MeO DBPin 1.3 eq. MeO DBPin 1 eq. D (90% D)
10 min 6h MeO
3a Z-3b-d', 90% E-3b-d’, 87%

Supplementary Figure 5 Deuterium labeling experiments with DBpin

Procedure for Z-selective hydroboration of 3a with DBpin:

D (96% D)
H 0.2 mol% Co(acac), =
Z ,
0.28 mol% CNC-'Pr LN
, 1.1 mol% BUOK MeO S
+ DBPin
MeO >
DMF, 25 °C,
3a-d 10 min
a Z-3b-", 90%

In a nitrogen atmosphere, a vail was charged with Co(acac), (4.1 mg, 0.016 mmol), CNC-iPr
(10.2 mg, 0.022 mmol), ‘BuOK (10.1 mg, 0.09 mmol) dissolved in dry DMF (4 mL) and was stirred
for 5 min. The freshly prepared stock solution of the in situ prepared active catalyst ([Co]=4.0 mM
in DMF) was added via a micro-syringe (200 pL) to a vial charged with DBpin (75 pL, 0.52 mmol)
and DMF (300 pL). The mixture was stirred for 5 mins. 3a (0.4 mmol) was added rapidly and the
resulting mixture was stirred for 10 min. The reaction was then quenched by adding water. 20 mL
EtOAc was added and the organic phase was washed with 10 mL brine twice to remove most of
DMF. Purification by flash column chromatography on silica gel (eluent: petroleumether—
petroleumether/EtOAc =20/1) over silica gel deactivated with 2% NEt; afforded the product as a

colorless oil in 90% yield (94.1 mg, Z:E>99:1).
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1H NMR (400 MHz, CDCl3) & 7.55 (d, J = 8.7 Hz, 2H), 7.15 (s, 1H), 6.84 (d, J = 8.8 Hz, 2H), 3.82
(s, 3H), 1.30 (s, 12H).
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Supplementary Figure 6 'H NMR of Z-3b-d’

Procedure for isomerization of Z-3b-d’ with DBpin:

o D (32% D
D (96% D) 1 mol% Co(acac), (32%
A 1.4 mol% CNC-"Pr
5.6 mol% ‘BuOK
/B\ \
MeO [e} (o) DBpln 1 equiv.
DMF 25 °C, D(90% D
Z-3b-d', 90%
E-3b-d"

In a nitrogen atmosphere, a vail was charged with Co(acac) (4.1 mg, 0.016 mmol), CNC-Pr
(10.2 mg, 0.022 mmol), ‘BuOK (10.1 mg, 0.09 mmol) dissolved in dry DMF (2 mL) and was stirred
for 5 mins. The freshly prepared stock solution of the in situ prepared active catalyst ([Co]=8.0 mM
in DMF) was added via a micro-syringe (500 pL) to a vial charged with DBpin (58 pL, 0.4 mmol).
The mixture was stirred for 5 mins. Z-3b-d”’ (0.4 mmol) was added rapidly and the resulting mixture
was stirred for 6 h. The reaction was then quenched by adding water. 20 mL EtOAc was added and
the organic phase was washed with 10 mL brine twice to remove most of DMF. Purification by flash
column chromatography on silica gel (eluent: petroleumether— petroleumether/EtOAc =20/1) over
silica gel deactivated with 2% NEt3 afforded the product as a pale yellow oil in 87% yield (91.3 mg,
Z:E>99:1).

'H NMR (400 MHz, Chloroform-d) § 7.46 (d, J = 8.7 Hz, 2H), 7.37 (s, 1H), 6.89 (d, J = 8.7 Hz, 2H),
3.83 (s, 3H), 1.33 (s, 12H).
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Supplementary Figure 7 '"H NMR of E-3b-d’
Procedure for competition experiment:
0.5 mol% Co(acac), (47% D D (46% D
H D 0.7 mol% CNC-Pr
FZ F 2.8 mol% BuOK
+
HBPin 1.3 equiv.
MeO 10 min %_(\ %_(\
3a, 1 equiv 1a-d, 1 equiv
2-3b-d, 81% Z-b-d, 75%

In a nitrogen atmosphere, a vail was charged with Co(acac), (4.1 mg, 0.016 mmol), CNC-iPr
(10.2 mg, 0.022 mmol), BuOK (10.1 mg, 0.09 mmol) dissolved in dry DMF (4 mL) and was stirred
for 5 mins. The freshly prepared stock solution of the in situ prepared active catalyst ([Co]=4.0 mM
in DMF) was added via a micro-syringe (500 puL) to a vial charged with HBpin (75 pL, 0.52 mmol).
The mixture was stirred for 5 mins. A mixture of 1a-d (0.2 mmol) and 3a (0.2 mmol) was added
rapidly and the resulting mixture was stirred for 10 min. The reaction was then quenched by adding
water. 20 mL EtOAc was added and the organic phase was washed with 10 mL brine twice to remove
most of DMF. Purification by flash column chromatography on silica gel (eluent: petroleumether—
petroleumether/EtOAc =20/1) over silica gel deactivated with 2% NEt; afforded the Z-3b-d in 81%
yield and Z-1b-d in 75% yield.
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H/D 0.5 mol% H/D
4 catalyst system
—— X
HBPin 1.3 equiv. Bpin
cl KIE = 1.07 cl

9a or 9a-d Z-9b or Z-9b-d

In a nitrogen atmosphere, a vail was charged with Co(acac) (4.1 mg, 0.016 mmol), CNC-Pr
(10.2 mg, 0.022 mmol), ‘BuOK (10.1 mg, 0.09 mmol) dissolved in dry DMF (4 mL) and was stirred
for 5 min. The freshly prepared stock solution of the in situ prepared active catalyst ([Co]=4.0 mM
in DMF) was added via a micro-syringe (500 pL) to a vial charged with HBpin (0.52 mmol). The
mixture was stirred for 5 min. 9a or 9a-d (0.4 mmol) was added rapidly. Periodically, an aliquot was
removed from the vial and analyzed by GC-Ms. The amount of the alkynes was traced

0.35
+9a A9ad
0.3 A ‘

(Supplementary Figure 10).

= 0.25 - "
= ‘Q
g 0.2 T & * ‘
T3
] S * &
2 015 Taal
= S
® 0.1 1 9a: 9a-d:
0.05 y=-0.00174x+0.31701 y=-0.00162 x+0.31823
R?= 0.99284 R?=0.98989
0 T T T T T T T
] 25 50 75 100 125 150 175

time(s)

Supplementary Figure 10 Kinetic profile of the hydroboration of 9a and 9a-d

0.1 mol% Co(acac),
0.14 mol% CNC-Pr

/©/ 0.56 mol% ‘BuOK /©/Y"”D=O%:1
HBpin/DBpin (1:1) 1.3 iv. B
pin. p|n1(h ) equiv. MeO

KIE = 0.96

MeO

14%, Z-3b-d'
3a

In a nitrogen atmosphere, a vail was charged with Co(acac), (4.1 mg, 0.016 mmol), CNC-iPr
(10.2 mg, 0.022 mmol), BuOK (10.1 mg, 0.09 mmol) dissolved in dry DMF (4 mL) and was stirred
for 5 mins. The freshly prepared stock solution of the in situ prepared active catalyst ([Co]=4.0 mM
in DMF) was added via a micro-syringe (100 pL) to a vial charged with H/D-Bpin (H:D=1:1, 0.52
mmol) and DMF (400 pL). The mixture was stirred for 5 mins. 3a (0.4 mmol) was added rapidly
and the resulting mixture was stirred for 1 h. The reaction was then quenched by adding water. 20
mL EtOAc was added and the organic phase was washed with 10 mL brine twice to remove most
of DMF. Purification by flash column chromatography on silica gel (eluent: petroleumether—
petroleumether/EtOAc =20/1) over silica gel deactivated with 2% NEt; afforded the product as a
pale yellow oil in 22% yield (22.6 mg, Z:E=98:2).

'H NMR (600 MHz, Chloroform-d) 6 7.54 (d, J = 8.5 Hz, 2H), 7.15 (t, J = 7.0 Hz, 1H), 6.84 (d, J
= 8.0 Hz, 2H), 5.45 (d, J = 14.9 Hz, 0.49H), 3.82 (s, 3H), 1.30 (s, 12H).
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Supplementary Figure 11 '"H NMR of Z-3b-d’

6.5 Inhabitation experiment with inert alkyne:

0.5 mol% Co(acac),

_ 0.7 mol% CNG-Pr X
4 2.8 mol% ‘BuOK B
+ Ph———Ph > MeO o” o
MeO %

Pt o

HBpin 3 equiv.

3a, 1 equiv. 0.1 equiv.
120s-24h
Z:E=>99:1- 94:6
In a nitrogen atmosphere, a vail was charged with Co(acac), (4.1 mg, 0.016 mmol), CNC-Pr
(10.2 mg, 0.022 mmol), BuOK (10.1 mg, 0.09 mmol) dissolved in dry DMF (4 mL) and was stirred
for 5 mins. The freshly prepared stock solution of the in situ prepared active catalyst ([Co]=4.0 mM
in DMF) was added via a micro-syringe (500 pL) to a vial charged with HBpin (174 pL, 1.2 mmol)
and diphenylacetylene (7.1 mg, 0.04 mmol). The mixture was stirred for 5 mins. 3a (0.4 mmol) was

added rapidly. Periodically, an aliquot was removed from the vial and analyzed by GC-Ms.

6.6 Kinetic trace of Z-selective products:

0.5 mol% Co(acac),

0.7 mol% CNC-Pr —
2.8 mol% ‘BuOK B—o
/A J.
e HBPin 1.3 equiv.
t

1b: R=H
9b: R=Cl

2% R=C

In a nitrogen atmosphere, a vail was charged with Co(acac), (4.1 mg, 0.016 mmol), CNC-Pr
(10.2 mg, 0.022 mmol), ‘BuOK (10.1 mg, 0.09 mmol) dissolved in dry DMF (4 mL) and was stirred
for 5 mins. The freshly prepared stock solution of the in situ prepared active catalyst ([Co]=4.0 mM
in DMF) was added via a micro-syringe (500 puL) to a vial charged with HBpin (174 pL, 1.2 mmol).
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The mixture was stirred for 5 mins. 1a (0.4 mmol) or 9a (0.4 mmol) or a mixture of 1a (0.2 mmol)
and 9a (0.2 mmol) was added rapidly. Periodically, an aliquot was removed from the vial and
analyzed by GC-Ms.

0.10 -
S 0.091 _
IS 1 - W - Z-1b (mixed)
€ 0.08 - @ - 7-9b (mixed)
= i —=—Z-1b
& 007 2
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Supplementary Figure 12 The first 600 seconds of Fig. 5c
6.7 HRMS of in situ formed (CNC-"Pr)Co(II) complex:

— —+

\( >/ Br Br

\ } ~ N BUOK \( l >,

oBry + \\\ Br B H/ CHaCN N @ N

- Q\/T\ENj/T\/) Reflux Q\/iN( r\\l\\’N/C)
- oy

CNC-Pr L _

Found by HRMS

In a nitrogen atmosphere, a vail was charged with CoBr, (4.37 mg, 0.02 mmol), CNC-Pr (10.2
mg, 0.022 mmol), ‘BuOK (10.1 mg, 0.09 mmol) dissolved in dry acetonitrile and was stirred under
80 °C. After cooling down, the mixture was filtrated and the residue was washed with acetonitrile,
pentane. A grass green solid was obtained after dried in vacuo. The solid was dissolved in DMF
and HRMS(APCI+) showed a (CNC-Pr)Co(II) complex was formed.
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Supplementary Figure 13 HRMS(APCI+) of (CNC-iPr)Co(II) complex founded(up) and
calculated(down)
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6.8 Single crystal of (CNC-"Pr)2Co(III) complex

Method A: Single-crystals of (CNC-"Pr),Co(III)Brs; suitable for X-ray diffraction were obtained by
slow vapor diffusion of diethyl ether into a 200 uL. MeOH solution of the aforementioned grass
green solid for two weeks*. The X-ray diffraction structure is shown in Supplementary Figure 14.
See also the data in Supplementary Table 13-15. The X-ray crystallographic coordinate for the
structure reported has been deposited at the Cambridge Crystallographic Data Centre (CCDC),
under deposition number CCDC 2288260. No CheckCif file A- or B-level alerts was found.

* Note: the Co(IlI) complex crystal can also be obtained using alternative solvent systems such as
EtOAc/DMF or EtOAc/DMSO.

C35 X

Supplementary Figure 14 X-ray structure of (CNC-"Pr);CoBr; complex. Hydrogen atoms
are omitted for clarity.

Supplementary Table 13 Crystal data and structure refinement for (CNC-"Pr),Co(I11)Br;

Identification code (CNC-Pr),Co(III)Brs3
Empirical formula CssHa6BrsCoN100
Formula weight 921.48
Temperature/K 250.00(10)
Crystal system monoclinic

Space group P2i/n

alA 10.34180(10)
b/A 22.2032(2)

c/A 16.6291(2)

a/° 90

p/e 96.1060(10)

v/° 90

Volume/A3 3796.73(7)

4 4
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pcalcglCm3 1.612

wmm 7.587

F(000) 1864

Crystal size/mm?3 0.2 x0.15 x0.15

Radiation CuKo (A =1.54184)

20 range for data collection/< 6.666 to 144.846

Index ranges -12<h<12,-21<k<27,-2051<20
Reflections collected 21911

Independent reflections 7394 [Rint = 0.0669, Rsigma = 0.0469]
Data/restraints/parameters 7394/6/461

Goodness-of-fit on F2 1.065

Final R indexes [[>=2c (I)] R: = 0.0683, Wr, = 0.1858

Final R indexes [all data] R1=0.0742, Wr, =0.1934

Largest diff. peak/hole / e A 1.86/-1.33

Supplementary Table 14 Bond Lengths for (CNC-Pr),Co(I1I)Br;
Atom Atom  Length/A  Atom Atom  Length/A

Co04 N1 1.893(3) N8 C26  1.389(7)

Co04 N10  1.895(4) N9 cé 1.363(6)

Co04 C2 1.961(4) N9 C19  1.391(6)

Co04 Cc3 1.968(5) N9 C24  1.402(7)

Co04 c4 1.9775)  N10 C24  1.339(7)

Co04 C6 1.965(4)  N10 C26  1.347(7)
N1 c1 1.335(5) c1 C10  1.382(6)
N1 C5 1.340(5) C5 C9 1.376(6)
N2 c1 1.390(5) c7 C18  1.326(7)
N2 c4 1.377(5) c8 Cll  1.333(7)
N2 cs 1.395(6) C9 C16  1.360(7)
N3 c2 1.331(5)  C10 C16  1.392(7)
N3 c7 1.408(6)  C12 C19  1.350(8)
N3 C13  1489(6)  C13 C22  1.519(8)
N4 C3 1.376(6)  C13 C28  1.517(8)
N4 C5 1.398(5)  Cl4 C15  1.339(7)
N4 Cl4  1.383(6)  CI17 C27  1.516(8)
N5 C6 1.337(6)  C17 C32  1.504(8)
N5 Cl2  1.390(6) C20 C25  1.507(7)
N5 Cl7  1477(6)  C20 C33  1.504(8)
N6 c3 1.340(6)  C21 C23  1.514(9)
N6 c15  1.387(7)  C21 C31  1.518(9)
N6 C21  1500(6)  C24 C29  1.395(8)
N7 c4 1.335(6)  C26 C30  1.401(8)
N7 Cll  1.398(7)  C29 C34  1.387(10)
N7 C20  1.482(6)  C30 C34  1.404(10)
N8 C2 1.372(5) o1 C35  1.314(17)
N8 C18  1.389(6)

Supplementary Table 15 Bond Angles for (CNC-"Pr),Co(111)Br;
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Atom Atom Atom Angle/’ Atom Atom Atom Angle/’
N1 Co04 N10 177.98(18) N3 C2 Co04 143.1(3)
N1 Co04 C2 100.80(16) N3 Cc2 N8 104.5(4)
N1 Co04 C3 80.47(16) N8 Cc2 Co04 112.1(3)
N1 Co04 C4 80.38(16) N4 C3 Co04 111.8(3)
N1 Co04 C6 98.69(16) N6 C3 Co04 144.2(3)
N10 Co04 C2 80.19(17) N6 C3 N4 103.6(4)
N10 Co04 C3 101.25(19) N2 c4 Co04 111.2(3)
N10 Co04 C4 97.89(19) N7 c4 Co04 144.5(3)
N10 Co04 C6 80.34(17) N7 c4 N2 104.1(4)
C2 Co04 C3 94.08(18) N1 C5 N4 110.1(3)
C2 Co04 C4 89.88(18) N1 C5 C9 121.8(4)
C2 Co04 C6 160.52(18) C9 C5 N4 128.1(4)
C3 Co04 C4 160.85(17) N5 C6 Co04 143.2(3)
C6 Co04 C3 89.30(18) N5 C6 N9 104.7(4)
C6 Co04 C4 93.19(18) N9 C6 Co04 111.7(3)
C1 N1 Co04 120.1(3) C18 Cc7 N3 107.9(4)
C1 N1 C5 119.7(3) C11 c8 N2 105.4(4)
C5 N1 Co04 120.1(3) C16 C9 C5 117.4(4)
C1 N2 C8 130.6(4) C1 C10 C16 115.8(4)
C4 N2 Cl 117.9(4) C8 C11 N7 108.2(4)
C4 N2 C8 111.4(4) C19 C12 N5 108.3(4)
C2 N3 Cc7 110.4(4) N3 C13 C22 109.6(4)
C2 N3 C13 126.0(4) N3 C13 C28 110.1(4)
C7 N3 C13 123.5(4) C28 C13 C22 112.6(5)
C3 N4 C5 117.5(4) C15 C14 N4 105.2(4)
C3 N4 C14 111.9(4) C14 C15 N6 108.2(4)
C14 N4 C5 130.4(4) C9 C16 C10 122.6(4)
C6 N5 C12 110.4(4) N5 C17 C27 110.6(4)
C6 N5 C17 125.7(4) N5 C17 C32 109.8(5)
C12 N5 C17 123.9(4) C32 C17 C27 109.9(5)
C3 N6 C15 111.0(4) C7 C18 N8 105.7(4)
C3 N6 c21 125.4(4)  C12 C19 N9 104.6(4)
C15 N6 Cc21 123.6(4) N7 C20 C25 111.0(4)
C4 N7 C11 110.9(4) N7 C20 C33 110.7(5)
C4 N7 C20 126.4(4) C33 C20 C25 111.0(5)
C11 N7 C20 122.7(4) N6 c21 C23 109.3(5)
C2 N8 C18 111.4(4) N6 Cc21 C31 109.8(5)
C2 N8 C26 117.7(4) C23 Cc21 C31 111.8(5)
C26 N8 C18 129.9(4) N10 Cc24 N9 109.2(4)
C6 N9 C19 111.9(4) N10 Cc24 C29 123.1(6)
C6 N9 C24 118.0(4) C29 Cc24 N9 127.5(5)
C19 N9 C24 130.0(4) N8 C26 C30 127.1(6)
Cc24 N10 Co04 119.8(3) N10 C26 N8 109.5(4)
Cc24 N10 C26 119.2(5) N10 C26 C30 122.5(6)
C26 N10 Co04 119.9(3) C34 C29 C24 116.6(6)
N1 C1 N2 110.3(3) C26 C30 C34 116.3(6)
N1 C1 C10 122.6(4) C29 C34 C30 122.0(6)
C10 C1 N2 127.0(4)
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Method B: In a nitrogen atmosphere, a vail was charged with Co(acac), (4.37 mg, 0.02 mmol),
CNC-Pr (10.2 mg, 0.022 mmol), ‘BuOK (10.1 mg, 0.09 mmol) dissolved in dry DMF. Single-
crystals of (CNC-"Pr),Co(III)Brs; suitable for X-ray diffraction were obtained by slow vapor
diffusion of toluene into the DMF solution. HRMS of (CNC-"Pr),Co(III) was also collected as
shown in Supplementary Figure 15. The collected (CNC-"Pr),Co(III)Br; crystals, totaling less than
0.5 mg, were utilized for catalyzing the transformation of 1a, showing promising catalytic activity
similar to the model reaction (Supplementary Figure 16).
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Supplementary Figure 15 HRMS of (CNC-Pr),Co(III)

<0.3 mol%Co(CNC-Pr),Bry A
2 mol% BuOK B ?
— > o~ Yo + B
3 equiv. HBpin ~o
DMF, r.t.

1a, 0.2 mmol 21b E1b
?J§< t Z-1b: E-1b2  Yield (%)°
B~o 30 min 95:5 >99
oo 16" 24h 0:100 80°
%_<\ 37/E ratio based on GC-Ms analysis. °\GC-Ms yield using

mesitylene as internal standard. °20% of the byproduct
1b' was observed.

Supplementary Figure 16 Catalytic performance of (CNC-"Pr);CoBr;

6.9 HRMS of in situ formed (CNC-Pr)Co(I)H complex:
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.~ \li/ \li/

\SI THF S S
CoCl  + ,jl — 111 ’I‘ _
_siT 12h _si” Neg” s
I I I
Co(HMDS),
3.0, 40%

Preparation of Co(HMDS),: The title compound was synthesized according to a reported
procedure with modifications!?3l. LIHMDS (1 M in THF, 40 mmol) was added to a vigorously stirred
suspension of CoCl, (2.6 g, 20 mmol) in THF (40 mL) while being cooled in an ice bath. After 1 hour,
the ice bath was removed and stirring was continued for an additional 12 hours, resulting in the formation
of a green solution. The THF was then evaporated under reduced pressure, and the remaining residue
was extracted with pentane (50 mL) and subsequently filtered. The pentane was evaporated under
reduced pressure, leaving behind a green, oily solid that was further purified by sublimation at 70 °C
under reduced pressure. This purification step yielded bright green crystals of the product, with a total
weight of 3.0 g and a yield of 40%.

H
i e ~ L
| . m . M THF NaHBEt, . \ N
>Si’ \Co/N\Si< g\_/N N\ ’l‘\/) -78 °C -rit. Toluene @N( '\\‘\’Nf\/)
| | Br | — - liquid nitrogen U
Br _
Detected by HRMS
Co(HMDS), (986 mg, 2.6 mmol) and CNC-"Pr (1.2 g, 2.26 mmol) were combined in a Schlenk tube.
The tube was then placed in a -78°C environment, and precooled THF (100 mL) was slowly added

via syringe. As the suspension gradually warmed up, it transitioned from red-orange to eventually
forming a green solution at room temperature. The reaction mixture was stirred at room temperature
for 8 hours, during which dark green precipitates began to form. After removing the volatile
components under vacuum, a green residue remained and was washed with ether and subsequently
dried under vacuum.

Next, a 20 mL Schlenk tube was filled with a solution of 0.154 g of the green residue in
approximately 3 mL of toluene. The mixture was cooled in a liquid nitrogen-cooled cold well for
approximately 5 minutes, and with vigorous stirring, 315 pL (0.315 mmol) of a 1 M solution of
NaHBEt; in THF were added dropwise. The mixture was then stirred at room temperature for 12
hours before being filtered. The residue was washed twice with toluene and three times with pentane
(in 5 mL portions each time), resulting in the acquisition of 58 mg of a dark green powder. This
powder was then subjected to HRMS testing, leading to the detection of (CNC-Pr)Co(I)H (as shown
in Figure S17).
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Supplementary Figure 17 HRMS of (CNC-"Pr)Co(l)H

6.10 Detection of H2 by gas chromatography
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Supplementary Figure 18 GC of the gas from the headspace of the model reaction

S54



7. NMR spectra

"H NMR (600 MHz, DMSO-d6) of CNC-"Pr (See procedure)
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"H NMR (400 MHz, DMSO-d6) of CNC-Me (See procedure)
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"H NMR (400 MHz, Chloroform-d) of 2b (See procedure)
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"B NMR (193 MHz, Chloroform-d) of 3b (See procedure)

B—o
/
O, CH,
o HC cHy
\
CHs

30. 4

S64

T
-70

T
-80

T
-90

T
-100



"H NMR (400 MHz, Chloroform-d) of 4b (See procedure)

hp-wjl-638-3-CHR. 10. fid

\
I [
|
|
B—o
/
O, CHy
CHy
Hy
HC  chy
Il I} Cli
H,C "
—— —r
3 <
= E
T T T T T T
6.2 6.1 6.0 5.9 5.8 5.7 5.6 5.5
r1 (ppm)
/\_A/JL A
&
a4 =
N =
T T T T T T T T T T T T T T T T
8.0 7.0 6.5 6.0 5.5 5.0 1.5 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

1.0
£1 (ppm)

"H NMR (400 MHz, Chloroform-d) of 5b (See procedure)

hp-wjl1-684-2-chr-H. 12. fid
s 3 -
[ I
B—o
L /
(e} CHy
(o} CH,
>—NH MG cH,
] H,C ]
] —1
° 3
] ©
“ &
T T T T T T T T 1
6.2 6.1 6.0 59 58 57 56 55 54
£1 (ppm)
3 = . 1
NN kY
i \/
ML i I
A A EAY T T iy
a e e o - S
Saa 2 < < o
NS e - « -
T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3. 2.5 2.0 1.5 1o 0.5 0.0 0.
£1 (ppm)

S65



13C NMR (101 MHz, Chloroform-d) of 5b (See procedure)
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"H NMR (400 MHz, Chloroform-d) of 6b (See procedure)
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B NMR (193 MHz, Chloroform-d) of 6b (See procedure)
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9F NMR (565 MHz, Chloroform-d) of 7b (See procedure)
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B NMR (193 MHz, Chloroform-d) of 7b (See procedure)
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13C NMR (101 MHz, Chloroform-d) of 8b (See procedure)
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19F NMR (377 MHz, Chloroform-d) of 8b (See procedure)
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'H NMR (400 MHz, Chloroform-d) of 10b (See procedure)
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"B NMR (193 MHz, Chloroform-d) of 10b (See procedure)
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3C NMR (151 MHz, Chloroform-d) of 11b (See procedure)
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'H NMR (400 MHz, Chloroform-d) of 12b (See procedure)
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"B NMR (193 MHz, Chloroform-d) of 12b (See procedure)
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'H NMR (400 MHz, Chloroform-d) of 13b (See procedure)
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B NMR (193 MHz, Chloroform-d) of 13b (See procedure)

=+
b
f=3
a
B—o
HyC e} CH,
CHy
HC  cH,
T v
T T T T T T T T T T T T T T T T T T T T
100 90 80 70 60 50 40 30 20 10 0 -10 -20 -30 —40 -50 ~60 =70 -80 -90
£1 (ppm)

"H NMR (400 MHz, Chloroform-d) of 14b (See procedure)

hp-wj1-632-2-H-CHR. 15. fid

G &
I | —
¥
B—o
/
o CH
/ 3
HyC CH,
HC  cH,
!
T 4
- B
3 <
“ ES
T T T T T T T T T T
6.3 6.2 6.1 6.0 5.9 5.8 5.7 5.6 5.5 5.4
£1 (ppm)
\/
H J L_a_l—
A T T iy
[l sl =3 = <
S S = =5 & p]
S A= - ~ =
T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 1 3.5 3.0 2.5 2.0 1.5 1.0 0.5

S79



'H NMR (400 MHz, Chloroform-d) of 15b (See procedure)
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"B NMR (193 MHz, Chloroform-d) of 15b (See procedure)
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'H NMR (400 MHz, Chloroform-d) of 16b (See procedure)

6C'1 =

CHy
Hy

B—o
SN
CHy
>
{
“

7 ~ot % 06'€”
o
L
o o T e~ __J
| gss”
[¢)
©
Fe .
069
169 ===
s~ - ¥ L= =
s ——=hew|" a7 -
- L
s\
§ s~
o b Q.wv
-
-

09~
LO9—

F oot

=<'t

7 00°€
Neoe

F 001

=001
F001

=001

=160

£1 (ppm)

3C NMR (151 MHz,Chloroform-d) of 16b (See procedure)

ILYT—

081§ —
909§ —

9P E8 —

PP —

Sy6ll —

ZL0E1
el —
61vel

90°LYT —

00°6ST —

€991 —

5 e
&)
.y
%LWA

~o

H,c— O

o
©

H,G— O

110

T
120

T
130

140

150

T
160

T
170

T
180

£1 (ppm)

S82



B NMR (193 MHz, Chloroform-d) of 16b (See procedure)
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'H NMR (400 MHz, Chloroform-d) of 18b (See procedure)
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13C NMR (151 MHz, Chloroform-d) of 19b (See procedure)
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YF NMR (565 MHz, Chloroform-d) of 19b (See procedure)
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3C NMR (101 MHz, Chloroform-d) of 20b (See procedure)
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'H NMR (400 MHz, Chloroform-d) of 21b (See procedure)
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1B NMR (193 MHz, Chloroform-d) of 21b (See procedure)
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3C NMR (101 MHz, Chloroform-d) of 22b (See procedure)
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'H NMR (600 MHz, Chloroform-d) of 23b (See procedure)

kS
o
e
L
8HT—
LS
Lieﬁ
o
[ei
£ =
*F [ 655 —
9% o_
KR
. ., r
18°¢ =o0e [ .W
= Q
n@v o
L= N 0'€8 — pf
~ ©
E 3
o
Fa. A
hal N
. &
- A 0901
s~ o oo 4 0901
e 00°1
6857 Fe o $L017
S 6Lt
E @ . DY
It e .
€0°L 0T m 9911
. mo.h/ . =
L2 PIL\== ¥ 66°0 [ o
o SILA™™ 101 o 98Tl
L85 . =2 T
s | 91°L | e = L
68°S — Ls 8I'L = Q
“ o €981 —
z LS N
& 5
g ” an)
Mo M
S [« i
86'S AL s Vo)
Al B —
109 — ~ ® B =
o TSI
|2 R S6ST—
K Fa W rior”
° @)
13 -~

£1 (ppm)

S91

120




B NMR (193 MHz, Chloroform-d) of 23b (See procedure)
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'H NMR (400 MHz, Chloroform-d) of 24b (See procedure)
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"B NMR (128 MHz, Chloroform-d) of 24b (See procedure)
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13C NMR (151 MHz, Chloroform-d) of 25b (See procedure)
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'H NMR (400 MHz, Chloroform-d) of 26b (See procedure)
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B NMR (128 MHz, Chloroform-d) of 26b (See procedure)
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'H NMR (400 MHz, Chloroform-d) of 28b (See procedure)
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B NMR (193 MHz, Chloroform-d) of 28b (See procedure)
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13C NMR (151 MHz, Chloroform-d) of 29b (See procedure)
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'H NMR (400 MHz, Chloroform-d) of 30b (See procedure)
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"H NMR (400 MHz, Chloroform-d) of 31b (See procedure)
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"B NMR (193 MHz, Chloroform-d) of 31b (See procedure)
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'"H NMR (400 MHz, Chloroform-d) of 32b (See procedure)
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'H NMR (400 MHz, Chloroform-d) of 34b (See procedure)
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"B NMR (128 MHz, Chloroform-d) of 34b (See procedure)
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13C NMR (101 MHz, Chloroform-d) of 35b (See procedure)
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'"H NMR (600 MHz, Chloroform-d) of 36b (See procedure)
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"B NMR (193 MHz, Chloroform-d) of 36b (See procedure)
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"H NMR (400 MHz, Chloroform-d) of 37b (See procedure)
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'H NMR (400 MHz, Chloroform-d) of 38b (See procedure)
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"H NMR (400 MHz, Chloroform-d) of 39b (See procedure)
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'H NMR (400 MHz, Chloroform-d) of 40b (See procedure)
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"B NMR (128 MHz, Chloroform-d) of 40b (See procedure)
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3C NMR (151 MHz, Chloroform-d) of 41b (See procedure)
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"B NMR (193 MHz, Chloroform-d) of 41b (See procedure)
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'H NMR (600 MHz, Chloroform-d) of 42b (See procedure)
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"B NMR (193 MHz, Chloroform-d) of 42b (See procedure)
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'"H NMR (400 MHz, Chloroform-d) of E-2b (See procedure)
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'"H NMR (400 MHz, Chloroform-d) of E-13b (See procedure)
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'"H NMR (400 MHz, Chloroform-d) of E-14b (See procedure)
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"H NMR (400 MHz, Chloroform-d) of E-39b (See procedure)
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