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1. Chemicals and instrumentation

The starting materials were obtained from commercial suppliers and used as received.
Bis(pinacolato)diboron [B2(pin)2] was recrystallized from pentane prior to use.! All mechanochemical
reactions were carried out using grinding vessels in a Retsch MM400 mill (Figure S1). Both jars
(1.5 mL) and balls (5 mm) are made of stainless steel (SUS400B and SUS420J2, respectively)
(Figure S2). The heat gun Takagi HG-1450B with temperature control function was used for high-
temperature ball-milling reactions (Figure S3). NMR spectra were recorded on JEOL INM-EC X400P
and INM-ECS400 spectrometers ('H: 392 or 401 MHz, '3C: 99 or 101MHz). Tetramethylsilane ('H),
CDClIs (13C) were employed as standards, respectively. Multiplicity was recorded as follows: s =
singlet, brs = broad singlet, d = doublet, t = triplet, q = quartet, quint = quintet, sept = septet, o = octet,
m = multiplet. 1,1,2,2-Tetrachloroethane was used as an internal standard to determine NMR yields.
Thermography was recorded with an NEC Avio Thermo GEAR G120. High-resolution mass spectra
were recorded at the Global Facility Center, Hokkaido University.

Figure S1. Retsch MM400 used in this study.

Figure S2. Stainless steel jar (1.5 mL) and ball (5 mm) used in this study.
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Figure S3. The temperature controllable heat gun Takagi HG-1450B used in this study.
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2. General procedure for solid-state cross-coupling.

2 mol% Pd(OAc),

3 mol% tBuzP*HBF,
KOAc (3.0 equiv) o
Br o o H20 (60 uL) B.
(6] (6] 1.5 mL jar (stainless)
1 2 5 mm ball (stainless)
. ball milling (30 Hz) 3
0.3 mmol 1.2 equiv 60 °C or 110 °C (internal)

10 min

Aryl halide 1 (0.3 mmol), Bz(pin)2 (0.36 mmol, 1.2 equiv), Pd(OAc)2 (0.006 mmol, 2 mol %),
t-Bus-HBF4 (0.009 mmol, 3 mol %), and KOAc (0.9 mmol, 3.0 equiv) were placed in a ball-milling

vessel (stainless steel, 1.5 mL) loaded with one grinding ball (stainless steel, diameter: 5 mm). Then,
H20 (60 pL, 11 equiv) was added via syringe. After the vessel was closed in air without purging with
inert gas, it was placed in the ball mill (Retsch MM400, 10 min or 30 min at 30 Hz) and heated with
a heat gun (the preset temperature at 100 °C or 250 °C). After 10 min, the jar was opened after being
cooled rapidly with cold water. The mixture was filtrated with CH2Cl2/Et20 50% or EtOAc/Et20 50%
to remove the starting material and inorganic salts. The crude mixture was then purified by flash

column chromatography (SiO2, EtOAc/hexane, typically 0—10:90).

For gram-scale reaction.

2 mol% Pd(OAc),
3 mol% tBusP+HBF,
KOACc (3.0 equiv)

Br H,O (800 pL) /“llB(pin)
MeO 2 (1.2 equiv) MeO

25 mL jar (stainless)

1a 10 mm ball x 4 (stainless) 3a
5 mmol ball milling (25 Hz) >99% (NMR)
100 °C (internal) 89% (isolated, 1.27 g)
15 min

Aryl halide 1a (1.185 g, 5.0 mmol), B2(pin)2 (1.524 g, 6.0 mmol, 1.2 equiv), Pd(OAc)2 (22.5 mg,
0.10 mmol, 2 mol %), -Bus-HBF4 (43.5 mg, 0.15 mmol, 3 mol %), and KOAc (1.472 g, 15 mmol,
3.0 equiv) were placed in a ball-milling vessel (stainless steel, 25 mL) loaded with four grinding balls
(stainless steel, diameter: 10 mm). Then, H20 (1.0 mL) was added via syringe. After the vessel was
closed in air without purging with inert gas, it was placed in the ball mill (Retsch MM400, 15 min at
25 Hz) and heated by a heat gun (the preset temperature at 150 °C). The reaction was performed at
25 Hz because the use of the large jars at 30 Hz would overload the ball-mill equipment. After 15 min,
the jar was opened after being cooled rapidly with cold water. The mixture was extracted with CH2Clz
three times. Then, the organic layer was dried over MgSOu, filtered, and concentrated in vacuo. The
NMR vyield was determined by 'H NMR analysis with an internal standard. The crude mixture was
then purified by flash column chromatography (SiO2, EtOAc/hexane, 0—10:90) to give 3a in 89% yield

(127 g).
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3. Set-up procedure for high-temperature ball-milling reaction.

The heat gun was fixed with clamps and placed directly above the ball milling jar (distance between
the heat gun and ball milling jar: ca. 1 cm) (Figure S4). The set-up procedure for high-temperature
ball-milling reactions is shown in Figure S5. First, one grinding ball (stainless steel, diameter: 5 mm)
was placed in the ball milling jar (stainless steel, 1.5 mL). Then, solid and liquid materials were added
to the jar. After the ball milling jar was closed, the jar was placed in the ball mill (Retsch MM400),
and a heat gun was placed directly above the ball-milling jar. The mechanochemical borylation
reactions were conducted while applying heated air to the outside of the milling jar. When the preset
temperature of the heat gun is setto 100 °C, for a 1.5 mL stainless jar at 30 Hz for 10 min, the internal
temperature was determined to be 60 °C. When the preset temperature of the heat gun is set to 250 °C,
for a 1.5 mL stainless steel jar at 30 Hz for 10 min, the internal temperature was determined to be
110 °C. When the preset temperature of the heat gun is set to 250 °C, for 1.5 mL stainless steel jar at
30 Hz for 30 min, the internal temperature was determined to be 130 °C. When the preset temperature
of the heat gun is set to 150 °C, for a 25 mL stainless steel jar at 25 Hz for 15 min, the internal

temperature was determined to be 100 °C.

Figure S4. The set-up procedure for a heat gun on MM400.
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1. Aball was added .. Chemicals were 3. H20 was added.

in the milling jar. added.

6. Grinding was . The heat gun was 4. The jar was

started. . placed in Retch
MM 400:

Figure S5. The set-up procedure for the high-temperature solid-state cross-coupling.
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4. Thermography observation for reaction temperature.
The temperature inside the milling jar after the solid-state borylation reactions was confirmed by

observation with a thermography camera immediately after opening the milling jar (Figures S6-S9).

E-1.00 TA: 2251, AlaM: Ok ZOOM:OFF

Figure S6. Thermographically derived temperature (57.9 °C) inside of the milling jar (1.5 mL) after
grinding for 10 min at 30 Hz at a preset temperature of 100 °C.

E=1.00 TA: 24.8 ALAM: OFF Z00M:OFF

Figure S7. Thermographically derived temperature (111.6 °C) inside of the milling jar (1.5 mL) after
grinding for 10 min at 30 Hz at a preset temperature of 250 °C.

E=1.00 TA: 24.8 ALAM: OFF Z00M:OFF

Figure S8. Thermographically derived temperature (133.1 °C) inside of the milling jar (1.5 mL) after
grinding for 30 min at 30 Hz at a preset temperature of 250 °C.
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E=1.00 TA: 21.4 ALAM: OFF ZOOM:OFF

Figure S9. Thermographically derived temperature (98.3 °C) inside of the milling jar (25 mL) after
grinding for 15 min at 25 Hz at a preset temperature of 150 °C.
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5. Characterization of coupling products.

2-(6-Methoxynaphthalen-2-yl)-4,4,5,5-tetramethyl-[1,3,2]dioxaborolane (3a).

MeO

3a

The reaction was carried out with 71.1 mg (0.3 mmol) of 1a. The product 3a was obtained as a white
solid (57.3 mg, 0.202 mmol, 67% yield) after purification by silica-gel column chromatography (SiOz,
EtOAc/hexane, 0:100-8:92). 'H and '3*C NMR were in agreement with the literature.?

"H NMR (392 MHz, CDCls, 8): 1.38 (s, 12H), 3.90 (s, 3H), 7.09-7.15 (m, 2H), 7.71 (d, J = 8.2 Hz,
1H), 7.77 (d, J = 8.6 Hz, 1H), 7.81 (dd, J = 1.0 Hz, 8.0 Hz, 1H), 8.29 (s, 1H). *C NMR (99 MHz,
CDCls, 9): 25.0 (CHs), 55.4 (CH3), 83.9 (C), 105.7 (CH), 118.8 (CH), 126.0 (CH), 128.5 (C), 130.4
(CH), 131.2 (CH), 136.1 (CH), 136.5 (C), 158.6 (C). The carbon directly attached to the boron atom
was not detected, likely due to quadrupolar relaxation. HRMS-EI (m/z): [M]" caled for C17H21'°BOs,
283.1620; found, 283.1613.

N,N-Dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline (3b).

B(pin)
Me\N/©/

|
Me

3b

The reaction was carried out with 60.0 mg (0.3 mmol) of 1b. The product 3b was obtained as white
solid (49.2 mg, 0.199 mmol, 66% yield) after purification by silica-gel column chromatography (SiOz,
EtOAc/hexane, 1:99-6:94). 'H and '*C NMR were in agreement with the literature.?

'"H NMR (392 MHz, CDCls, 3): 1.32 (s, 12H), 2.99 (s, 6H), 6.69 (d, J = 9.0 Hz, 2H), 7.69 (d, J = 8.6
Hz, 2H). *C NMR (99 MHz, CDCls, §): 25.0 (CHs), 40.2 (CHs3), 83.3 (C), 111.3 (CH), 136.2 (CH),
152.6 (C). The carbon directly attached to the boron atom was not detected, likely due to quadrupolar
relaxation. HRMS-ESI (m/z): [M+H]" calcd for C14H2302N°B, 247.1853; found, 247.1853.
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4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenol (3¢).

/O/B(pin)
HO

3c
The reaction was carried out with 51.8 mg (0.3 mmol) of 1¢. The product 3¢ was obtained as a white
solid (36.9 mg, 0.168 mmol, 56% yield) after purification by silica-gel column chromatography (SiOz,
EtOAc/hexane, 0:100-12:88). 'H and '3C NMR were in agreement with the literature.’
"HNMR (392 MHz, CDCl3, 8): 1.33 (s, 12H), 5.02 (s, 1H), 6.83 (d, J = 11.2 Hz, 2H), 7.71 (d, J = 8.0
Hz, 2H). '3C NMR (99 MHz, CDCls, 8): 24.9 (CH3), 84.0 (C), 115.1 (CH), 136.9 (CH), 158.7 (C).
The carbon directly attached to the boron atom was not detected, likely due to quadrupolar relaxation.

HRMS-EI (m/z): [M]" calcd for C12H17'°BOs, 219.1307: found, 219.1299.

Methyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (3d).

/©/B(pin)
MeOZC

3d

The reaction was carried out with 64.6 mg (0.3 mmol) of 1d. The product 3d was obtained as a whie
solid (51.9 mg, 0.198 mmol, 66% yield) after purification by silica-gel column chromatography (SiOz,
EtOAc/hexane, 0:100-9:91). 'H and '3C NMR were in agreement with the literature.’

'"H NMR (392 MHz, CDCls, 8): 1.36 (s, 12H), 3.92 (s, 3H), 7.87 (d, J = 8.6 Hz, 2H), 8.02 (d, J = 8.2
Hz, 2H).3C NMR (99 MHz, CDCls, 3): 25.0 (CHs), 52.3 (CH3), 84.3 (C), 128.7 (CH), 132.4 (CO),
134.8 (CH), 167.2 (C). The carbon directly attached to the boron atom was not detected, likely due to
quadrupolar relaxation. HRMS-EI (m/z): [M]" caled for C1aH19'°BOs4, 261.1413; found, 261.1408.
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2-([1,1'-Biphenyl]-4-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (3e).

g B(pin)

3e

The reaction was carried out with 69.9 mg (0.3 mmol) of 1e. The product 3e was obtained as a white
solid (64.3 mg, 0.230 mmol, 77% yield) after purification by silica-gel column chromatography (SiOz,
EtOAc/hexane, 0:100-8:92). 'H and '3*C NMR were in agreement with the literature.?

"H NMR (392 MHz, CDCls, 8): 1.36 (s, 12H), 7.35 (tt, J= 1.6 Hz, 7.4 Hz, 1H), 7.44 (t,J = 7.3 Hz,
2H), 7.59-7.64 (m, 4H), 7.89 (d, J = 8.6 Hz, 2H). '*C NMR (99 MHz, CDCls, §): 25.0 (CHs), 83.9
(C), 126.6 (CH), 127.3 (CH), 127.7 (CH), 128.9 (CH), 135.4 (CH), 141.1 (C), 144.0 (C). The carbon
directly attached to the boron atom was not detected, likely due to quadrupolar relaxation. HRMS-EI
(m/z): [M]" caled for C1sH21'’BOz2, 279.1671; found, 279.1685.

N,N-Diphenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline (3f).

B(pin)
Ph{ /©/
N

|
Ph

3f

X = Br: The reaction was carried out with 97.4 mg (0.3 mmol) of 1f at 110 °C (The preset temperture
was 250 °C) in 10 min. The product 3f was obtained as a yellow oil (103.2 mg, 0.278 mmol, 93%
yield) after purification by silica-gel column chromatography (SiO2, EtOAc/hexane, 0:100-5:95).
X = I: The reaction was carried out with 111.4 mg (0.3 mmol) of 1f at 130 °C (The preset temperture
was 250 °C) in 30 min. The product 3f was obtained as a yellow oil (93.9 mg, 0.253 mmol, 84% yield)
after purification by silica-gel column chromatography (SiO2, EtOAc/hexane, 0:100-5:95). 'H and 3C
NMR were in agreement with the literature.*

'"HNMR (401 MHz, CDCls, 8): 1.33 (s, 12H), 7.01-7.06 (m, 4H), 7.10 (d, J = 7.6 Hz, 4H), 7.26 (t, J
= 8.0 Hz, 4H), 7.66 (d, J = 8.8 Hz, 2H). '*C NMR (99 MHz, CDCl3, §): 25.0 (CH3), 83.7 (C), 121.9
(CH), 123.5 (CH), 125.1 (CH), 129.4 (CH), 136.0 (CH), 147.5 (C), 150.7 (C). The carbon directly
attached to the boron atom was not detected, likely due to quadrupolar relaxation. HRMS-EI (m/z):
[M]" caled for C24H26'°BNO2, 370.2093; found, 370.2088.
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4,4,5,5-Tetramethyl-2-(pyren-1-yl)-1,3,2-dioxaborolane (3g).

3g

The reaction was carried out with 84.3 mg (0.3 mmol) of 1g at 110 °C (The preset temperture of the
heat gun was 250 °C) in 10 min. The product 3g was obtained as a yellow solid (59.9 mg, 0.183 mmol,
61% yield) after purification by silica-gel column chromatography (SiO2, EtOAc/hexane, 1:99-6:94).
'H and '*C NMR were in agreement with the literature.’

"HNMR (392 MHz, CDCls, 8): 1.49 (s, 12H), 8.00 (t, J = 7.6 Hz, 1H), 8.03-8.23 (m, 6H), 8.54 (d, J
=7.4 Hz, 1H), 9.07 (d, J = 9.0 Hz, 1H). *C NMR (99 MHz, CDCl;, §): 25.2 (CHs), 84.0 (C), 124.2
(CH), 124.5(C), 124.7 (C), 1253 (CH), 125.5 (CH), 125.8 (CH), 127.6 (CH), 127.9 (CH), 128.1 (CH),
128.7 (CH), 130.9 (C), 131.2 (0), 133.6 (C), 134.0 (CH), 136.5 (C). The carbon directly attached to
the boron atom was not detected, likely due to quadrupolar relaxation. HRMS-EI (m/z): [M]" calcd for
C22H21'°BO2, 327.1671; found, 327.1671.

2-[7-(tert-Butyl)pyren-2-yl]|-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (3h).

‘ B(pin)
tBu l ‘

3h

The reaction was carried out with 101.3 mg (0.3 mmol) of 1h at 110 °C (The preset temperture of the
heat gun was 250 °C) in 10 min. The product 3h was obtained as a white solid (58.4 mg, 0.152 mmol,
51% yield) after purification by silica-gel column chromatography (SiO2, EtOAc/hexane, 1:99—-6:94).
'H and '*C NMR were in agreement with the literature.?

"H NMR (392 MHz, CDCls, 8): 1.46 (s, 12 H), 1.58 (s, 9 H), 8.05 (g, J = 9.0 Hz, 4H), 8.20 (s, 2H),
8.60 (s, 2H). ®C NMR (99 MHz, CDCl3, §): 25.1 (CH3), 32.1 (CH3), 35.4 (C), 84.2 (C), 122.2 (CH),
123.0(0), 126.5 (C), 127.6 (CH), 127.8 (CH), 130.4 (C), 131.3 (CH), 131.6 (C), 149.7 (C). The carbon
directly attached to the boron atom was not detected, likely due to quadrupolar relaxation. HRMS-EI
(m/z): [M]" caled for C26H29'°BO2, 383.2297; found, 383.2294.
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2-(Fluoranthen-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (3i).

g B(pin)

3i

The reaction was carried out with 84.3 mg (0.3 mmol) of 1i at 110 °C (The preset temperture of the
heat gun was 250 °C) in 10 min. The product 3i was obtained as a yellow solid (69.1 mg, 0.211 mmol,
70% yield) after purification by silica-gel column chromatography (SiO2, EtOAc/hexane, 1:99-6:94).
'H and '*C NMR were in agreement with the literature.’

"H NMR (392 MHz, CDCls, 8): 1.44 (s, 12H), 7.33-7.41 (m, 2H), 7.65 (dd, J = 6.9 Hz, 8.4Hz, 1H),
7.86-7.96 (m, 4H), 8.22 (d, J= 7.1 Hz, 1H), 8.60 (d, J = 8.2 Hz, 1H). 3C NMR (99 MHz, CDCl;3, §):
25.1(CH3), 83.4(C), 119.3 (CH), 120.1 (CH), 121.5 (CH), 122.0 (CH), 127.5 (CH), 128.2 (CH), 128.3
(CH), 128.4 (CH), 132.2 (C), 133.9 (C), 137.1 (C), 137.5 (CH) 139.2 (C), 140.0 (C), 140.1 (C). The
carbon directly attached to the boron atom was not detected, likely due to quadrupolar relaxation.

HRMS-EI (m/z): [M]" caled for C22H21'°BO2, 327.1671; found, 327.1676.

2-[4'-(tert-Butyl)-[1,1'-biphenyl]-4-yl]-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (3j).

g B(pin)

3

tBu

The reaction was carried out with 86.9 mg (0.3 mmol) of 1j at 110 °C (The preset temperture of the
heat gun was 250 °C) in 10 min. The product 3j was obtained as a brown solid (75.4 mg, 0.224 mmol,
75% yield) after purification by silica-gel column chromatography (SiO2, EtOAc/hexane, 1:99-6:94).
'H and '*C NMR were in agreement with the literature.3

'"HNMR (392 MHz, CDCls, 8): 1.36 (s, 21H), 7.47 (d, J = 7.8Hz, 2H), 7.57 (d, J = 8.6 Hz, 2H), 7.61
(d,J= 6.3 Hz, 2H), 7.87 (d, J = 8.62 Hz, 2H). '*C NMR (99 MHz, CDCls, §): 25.0 (CHs), 31.5 (CH3),
34.7(C), 83.9 (C), 125.9 (CH), 126.4 (CH), 127.0 (CH), 135.4 (CH), 138.2 (C), 143.8 (C), 150.7 (C).
The carbon directly attached to the boron atom was not detected, likely due to quadrupolar relaxation.

HRMS-EI (m/z): [M]" caled for C22Hzo''BO, 335.2297; found, 335.2294.

S13



4,4,5,5-Tetramethyl-2-(triphenylen-2-yl)-1,3,2-dioxaborolane (3k).

3k

The reaction was carried out with 92.3 mg (0.3 mmol) of 1k at 110 °C (The preset temperture of the
heat gun was 250 °C) in 30 min. The product 3k was obtained as a white solid (59.7 mg, 0.169 mmol,
56% yield) after purification by silica-gel column chromatography (SiO2, EtOAc/hexane, 1:99-6:94).
'H and '>C NMR were in agreement with the literature.®

"HNMR (392 MHz, CDCls, 8): 1.43 (s, 12H), 7.63-7.70 (m, 4H), 8.06 (d, J = 8.2 Hz, 1H), 8.62-8.72
(m, 4H), 8.80-8.85 (m, 1H), 9.14 (s, 1H). '3C NMR (99 MHz, CDCl3, 3): 25.1 (CHs), 84.1 (C), 122.6
(CH), 123.3 (CH), 123.4 (CH), 123.8 (CH), 127.28 (CH), 127.32 (CH), 127.7 (CH), 129.1 (C), 129.7
(C), 129.8 (€), 130.0 (©), 130.4 (O), 130.7 (CH), 132.1 (C), 132.9 (CH). The carbon directly attached
to the boron atom was not detected, likely due to quadrupolar relaxation. HRMS-EI (m/z): [M]" calcd
for C24H23'°BO, 353.1827; found, 353.1822.

4,4,5,5-Tetramethyl-2-[4-(1,2,2-triphenylvinyl)phenyl]-1,3,2-dioxaborolane (31).

B(pin)

QO
OO

3l

The reaction was carried out with 123.4 mg (0.3 mmol) of 11 at 110 °C (The preset temperture of the
heat gun was 250 °C) in 10 min. The product 31 was obtained as a white solid (87.2 mg, 0.190 mmol,
63% yield) after purification by silica-gel column chromatography (SiO2, EtOAc/hexane, 1:99—-6:94).
'H and '*C NMR were in agreement with the literature.”

"HNMR (392 MHz, CDCl3, 8): 1.31 (s, 12H), 6.97-7.12 (m, 17H), 7.54 (d, J = 8.6 Hz, 2H). 3C NMR
(99 MHz, CDCl3, 3): 25.0 (CH3), 83.8 (C), 126.56 (CH), 126.64 (CH), 127.75 (CH), 127.85 (CH),
130.8 (CH), 131.4 (CH), 131.5 (CH), 134.2 (CH), 140.9 (C), 141.5 (C), 143.6 (C), 143.7 (C), 143.8
(0), 146.9 (C). The carbon directly attached to the boron atom was not detected, likely due to
quadrupolar relaxation. HRMS-EI (m/z): [M]" caled for C32H31''BO2, 457.2453; found, 457.2434.

S14



2-(Anthracen-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (3m).

3m

The reaction was carried out with 77.2 mg (0.3 mmol) of 1m at 110 °C (The preset temperture of the
heat gun was 250 °C) in 10 min. The product 3m was obtained as a white solid (59.8 mg, 0.197 mmol,
65% yield) after purification by silica-gel column chromatography (SiO2, EtOAc/hexane, 1:99-10:90).
'H and '*C NMR were in agreement with the literature.’

"H NMR (392 MHz, CDCl3, 3): 1.41 (s, 12H), 7.43-7.51 (m, 2H), 7.79 (dd, J = 1.2 Hz, 8.6 Hz, 1H),
7.97-8.03 (m, 3H), 8.40 (s, 1H), 8.47 (s, 1 H), 8.57 (s, 1H). *C NMR (99 MHz, CDCl3, §): 25.1 (CH3),
84.1 (C), 125.4 (CH), 125.9 (CH), 126.1 (CH), 127.3 (CH), 127.6 (CH), 128.3 (CH), 128.6 (CH),
129.3 (CH), 131.2 (C), 131.8 (), 132.5 (0), 132.8 (C), 137.5 (CH). The carbon directly attached to
the boron atom was not detected, likely due to quadrupolar relaxation. HRMS-EI (m/z): [M]" calcd for
C20H21'°BO2, 303.1671; found, 303.1666.

4.,4,5,5-Tetramethyl-2-(p-tolyl)-1,3,2-dioxaborolane (3n).

Me

3n
The reaction was carried out with 51.7 mg (0.3 mmol) of 1n. The product 3n was obtained as a white
solid (40.4 mg, 0.185 mmol, 61% yield) after purification by silica-gel column chromatography (SiOz,
EtOAc/hexane, 0:100-6:94). 'H and '*C NMR were in agreement with the literature.?
'"H NMR (392 MHz, CDCls, 8): 1.33 (s, 12H), 2.36 (s, 3H), 7.19 (d, J = 7.1 Hz, 2H), 7.70 (d, J = 7.1
Hz, 2H). 3C NMR (99 MHz, CDCls, 8): 21.9 (CH3), 25.0 (CHs), 83.7 (C), 128.6 (CH), 134.9 (CH),
141.5 (C). The carbon directly attached to the boron atom was not detected, likely due to quadrupolar
relaxation. HRMS-EI (m/z): [M]* calcd for C13Hi9'°'BO2, 217.1514; found, 217.1513.
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2-(4-Methoxyphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (30).

o™
MeO

30

The reaction was carried out with 55.9 mg (0.3 mmol) of 10. The product 30 was obtained as a white
solid (54.9 mg, 0.235 mmol, 78% yield) after purification by silica-gel column chromatography (SiOz,
EtOAc/hexane, 1:99-4:96). 'H and '*C NMR were in agreement with the literature.?

"H NMR (392 MHz, CDCls, 8): 1.33 (s, 12H), 3.82 (s, 3H), 6.89 (d, J = 9.0 Hz, 2H), 7.76 (d, J = 8.6
Hz, 2H). 3*C NMR (99 MHz, CDCls, §): 25.0 (CHs), 55.2 (CHs), 83.7 (C), 113.4 (CH), 136.6 (CH),
162.2 (C). The carbon directly attached to the boron atom was not detected, likely due to quadrupolar
relaxation. HRMS-EI (m/z): [M]" calcd for C13H19'°BOs3, 233.1464; found, 233.1460.

2-(4-Fluorophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (3p).

/©/B(Pin)
F

3p

The reaction was carried out with 52.6 mg (0.3 mmol) of 1p. The product 3p was obtained as a
transparent oil (36.2 mg, 0.163 mmol, 54% yield) after purification by silica-gel column
chromatography (SiO2, EtOAc/hexane, 0:100-8:92). 'H and '*C NMR were in agreement with the
literature .

"H NMR (392 MHz, CDCls, 8): 1.34 (s, 12H), 7.01-7.08 (m, 2H), 7.76-7.83 (m, 2H). 3C NMR (99
MHz, CDCls, 8): 25.0 (CHs3), 84.0 (C), 115.0 (d, Jer = 19.8 Hz, CH), 137.1 (d, Jc-r = 7.6 Hz, CH),
165.2 (d, Jer =250.3 Hz, C). The carbon directly attached to the boron atom was not detected, likely
due to quadrupolar relaxation. HRMS-EI (m/z): [M]" caled for C12Hi6'°BFO2, 221.1264; found,
221.1274.
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Phenyl[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl|methanone (3q).

a0

© 3r

The reaction was carried out with 64.9 mg (0.3 mmol) of 1r at 130 °C (The preset temperture of the
heat gun was 250 °C) in 30 min. The product 3q was obtained as a white solid (38.8 mg, 0.126 mmol,
42% yield) after purification by silica-gel column chromatography (SiO2, EtOAc/hexane, 1:99-4:96).
'H and '*C NMR were in agreement with the literature.!'°

"H NMR (401 MHz, CDCls, 8): 1.37 (s, 12H), 7.48 (t, J = 7.6 Hz, 2H), 7.59 (t,J = 7.6 Hz, 1H), 7.77
(d, J = 8.4 Hz, 2H), 7.80 (d, J = 7.2 Hz, 2H), 7.92 (d, J = 8.0 Hz, 2H). '3C NMR (101 MHz, CDCls,
d0): 25.0 (CHs), 84.3 (C), 128.4 (CH), 129.1 (CH), 130.2 (CH), 132.7 (CH), 134.7 (CH), 137.6 (C),
139.8 (C), 197.1 (C). The carbon directly attached to the boron atom was not detected, likely due to
quadrupolar relaxation. HRMS-EI (m/z): [M]" caled for C19H21'’BO3, 307.1620; found, 307.1617.
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7. NMR Spectra
"H NMR spectrum of 3a.
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"H NMR spectrum of 3c.
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"H NMR spectrum of 3d.
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"H NMR spectrum of 3e.
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"H NMR spectrum of 3f.
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"H NMR spectrum of 3g
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"H NMR spectrum of 3h.
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"H NMR spectrum of 3i.
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3C NMR spectrum of 3i.
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"H NMR spectrum of 3j.
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"H NMR spectrum of 3k.
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"H NMR spectrum of 31.
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"H NMR spectrum of 3m.

===+ PROCESSING PJ o
dc_balance( 0, PALSE )
sexp( 0.2(Mz), 0.0(s) )
trapezoidd( 0[%), 80([%), 100(%] )
zerofill( 1 )
= £fe( 1, TRUE, TRUE )
3'_ s machineph:
s ppm
A% : EMI-125_pure former-1.jdf
Filenane = EMI-125 pure former-3.jdt
Author = element
Experiment « single_pulse.ex2
& Sample_1d - 54333843
= s Solvent = CHLOROPORM-D
o] Seruad Btart Tine - 12-007-2071 16108112
] Revioion Time |+ L4-APR-2022 12137117
o & atptedes
Data,_rormat © o Courtax
I oy
* pomain g+
pin_Title = 18
Din Units = tppml
- Dimensions -X
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i
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o =1
’ = 0.44878791 [Hz)
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3C NMR spectrum of 3m
= o PROCSSING PARMRTERS -
- dc_balance( D, FALSE )
sexp( 2.0(Hz], 0.0(s) )
-~ trapezoid3( 0(%), 80[%], 100(%] )
22 zerofill( 1 )
- €fe( 1, TRUE, TRUE )
-3 & mact
-] ppm
] BUFEE%:: EMI-125 pure C13-1.df
> Filename = EMI-125_pure C13-3.jd¢
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o Experiment = single pulse_dec
. . Sample_Id -1
he Sol = CHLOROFORM-D
o Actual Start Time = 3-FEB-2022 17:40:43
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i © o Courtx
2 Zears
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i e,
«
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& I e
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= S(ppm]
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]
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Recvr_Gain 50
] . Gat < 17.91a0)
< X_90_Width = 8.7(us)
X_Acq_Time - 1.06430464 (a]
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"H NMR spectrum of 3n.

---- PROCESSING PARAMETERS ----
dc_balance( 0, PALSE )
sexp( 0.2[Rs], 0.0(s) )
trapezoid3( 0(%), 80(%), 100(%] )
zerofi1l( 1)

o] = ££e( 1, TRUE, TRUR )
=g machinephase

oo

BUFE@®:: BXI-195_pure-1.jaf

EMI-195_pure-3.3df
element

/q Filename
Author
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58504108
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3C NMR spectrum of 3n.

---- PROCESSING PARAMETERS ----
de_balance{ 0, FALSE )
sexp( 2.0(Hz], 0.0(s) )
‘trapezoid3( 0(%], 80[%], 100(%] )
o zerofill( 1 )
2 ££6( 1, TRUR, TRUR )
machineph
ppm
BUFC@E:: EMI.195_pure C13-1.Jdf
Filename = 5_pure_C13-3.3df
/2 Author - 3
Experiment -
o] z -0 -
- 1 -
~ - 0
- /‘o = 14-APR-2022 12:40:28
= single pulse decoupled ga
3 Data. Format * ip conpimx
Dim_Size - 26214
X Domain -1
Din_Title -1
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FS Spectromatar = o-Bes400
&
FPield Strength = 9.20197068(T) (390 [MHz))
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= 100 (ppm)
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"H NMR spectrum of 3o.

z 5ING PARAMETERS ----
ac_balance( 0, FALSE )
sexp( 0.2(Hz], 0.0(s) )
trapezoid3( 0[t], 80[%), 100(%] )
zerofill( 1)
£££( 1, TRUE, TRUE )
s machinephas
53 ppm
=4
Jo 5
~ CHLORS .
- 2.7RB-2022 20:32:52
= 14-APR-2022 14:28:04
24 - single_pulse
a - 1D CoMPLEX
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I Spectrometer = JWX-EC§400
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T T T T T T T T T T oot
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= 5.20197068[7] (330 (Miz])
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"H NMR spectrum of 3p.

---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )
) sexp( 0.2[a2), 0.0lal )
23 trapezoid3( 0(s], 80(a], 100(8] )
e . Lerofia1(1 )
& £6e( 1, TRUE, TRUE )
& machinophase
s pom
B BM1-089_pur
= .
= #M1-089_pure_re-2.3af
R = element
B - single pulse.ex
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E ---- PROCESSING PARAMETERS
dc_balance( 0, FALSE )
sexp( 2.0(#z], 0.0(s] )
3 trapezoid3( O[%], 80[%], 100[%] )
2 zerofill
4| 2 f£ee( 1, TRUE, TRUE )
% machinephase
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E =
[
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o -0 element

i
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single_pulse_dec
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i
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3 Total_scans - 42
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X_Angle -
g X_Atn = 4.9[aB]
g u X Pulse s
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"H NMR spectrum of 3q.

abundance

30

- PROCESSING PARAMETERS -
dc_balance( 0, PALSE )
sexp( 0.2(82], 0.0(s) )
trapezoid( 0[3], 0[], BOI%), 100(%) )

= zerofill( 1
@ ££6( 1, TRUE, TRUE )
machinephase
ppm
2 o
{
B-o
= = EMI-221 pure Proton-1-5.3
o = element
= proton. jxp
- EXI-221 pure
o = )FORM-D
= 11-MAR-2022 21:45:16
- 26-MAY-2022 16:28:29
2] 3q = single_pulse
i = - 1D ComPLEX
K -
Spectrometer -
Field_Strength = ) (400 (MHz))
, | xacaTpuration = 2.18103808(s)
X_Domain -
" = 400.53219825 [MHz)
= S(ppm)
i ) - 16384
o R e e iy
S ” )}\\ | | = 6.0096153 [xz)
S = Proton
§5 3REe F8E  EE% & - 400.53219825 [uitz)
X: iy S ] X i i P = 7 Stomm)
= 400.53219825 (MHz)
= Sippml
- FALSE
Scans =8
' Tota), Scans -8
Reldxation Delay = 5(s]
_Gain -3
X = 18.7(dC)
_Width = 6(us]
X Acg Time = 2.18103808 (a]
= 45(deg]
= 0.8(a8)
= 3[us]
e o = off
U T T T T T T = ote
9.0 8.0 7.0 6.0 4.0 30 20 1.0 0 Dante_Presat = PALSE
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N | 1 S -
HOBR2E2EEEERE g g
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dc_balance( 0, FALSE )
sexp( 2.0(Hz], 0.0(s) )

trapezoid( 0[], O[], 80[%], 100(%] )
zerofili( 1)

££6( 1, TRUE, TRUE )

machinephase

pom.

Pilenasne = EMI-221 pure 13C_Carbon-1
Author = element

Experiment = carbon. §xp

sample_Td = EMI-221 pure 13C

Solvent = CHLOROFORM-D
Actual_Start - 14-MAR-2022 10
Reviaion_Ti = 14-APR-2022 12:58:01

Comment: single pulse decoupled ga

1D COMPLEX

nawaraus
g
£
s

9.4073814 (7]
1.03809024 (8]

(400 Dtz))

13¢
100.71389092 Dauz]
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32768
4
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X : parts per Million : Carbonl13

T T T
0 70.0

84
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84314 ~_
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25.003

600 500 400 300 200 100 0 -100

_Sweep - 31.56565657 [kitz]
X_Sweep_Clipped = 25.25252525[kiz]
Irr_Domain = Proton

x_Fx = 400.53219825 MHz]

Irr_Offset = 5(ppm]
Clipped - PALSE
scans - 300
Total Scans = 300
Relaxation Delay = 2[al
Recvr, Gai: = 50

_Get: - 18.1[40)
X_90_width = 10.5(us)

Acq_T: - 1.03809024 (8]
X_Angle = 30(deg]
X Ata = 4las)

x_Pulse = 3.63333333us)
Irr_Atn_Dec = 26.45(dB]
Irz_Ata Noe = 26.45(aB)

Irs Noise - WALTZ

Irr_pwidth = 0.115[ms]
Decoupling = TRUB
Tnitial Wait - 1le)

= TRUR
¥os_Time

& (23]
Repetition Time 3.03809024 [a]
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