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1. General information

1.1. Instrumentation

Analytical thin-layer chromatography was performed on glass plates coated with 0.25 mm silica gel
containing a fluorescent indicator (Merck #1.05715 TLC Silica gel 60 Fzs4). The borylated fluoroarenes were
developed on TLC plates visualized by UV irradiation, or by placing in an iodine chamber, or by staining
with p-anisaldehyde in H>SO4. Preparative column chromatography was performed on silica gel 60N (Kanto,
spherical and neutral, 40-50 um). Gel-permeation chromatography (GPC) was performed on Shimadzu
LC-20A equipped with FP-2002 columns and using chloroform as an eluent.

H NMR and 13C{'H} NMR spectra were recorded on a JEOL 500 spectrometer operating at 500 MHz
for 'TH NMR and 126 MHz for 13C{H} NMR and were referenced to the residual proton resonances of the
corresponding deuterated solvent: CDCls ('H: 7.26 ppm, 13C: 77.2 ppm), THF-ds (H: 3.58 ppm, 13C: 67.6
ppm). 1°F NMR spectra were recorded on a JEOL 500 spectrometer operating at 471 MHz and were
referenced to CeFs: —164.9 ppm. 1B NMR spectra were recorded on a JEOL 500 spectrometer operating
at 160 MHz and were referenced using the unified scale?l, the = = 32.083974. The multiplicity of signals is
indicated using the following abbreviations: s = singlet, d = doublet, t = triplet, dd = doublet of doublets, ddd
= doublet of doublets of doublets, dt = doublet of triplets, td = triplet of doublets, m = multiplet and br =
broad.

Gas chromatography (GC) analyses were performed at SHIMADZU GC-2025 equipped with a FID
detector and a capillary column (HR-1, 0.25-mm i.d. x 25 m). Mass spectra (GC-MS) analysis were
performed at SHIMADZU QP2010SE equipped with a capillary column (Rxi-5Sil MS, 0.25-mm i.d. x 30 m)
(the temperature range was set from 50 to 300 °C, the spectra recording started after 3 min). High resolution
mass spectra were taken at Bruker microTOF-Q 1l (APCI).

The melting points were determined using a Yanaco MP-500 apparatus and were uncorrected.

1.2. Materials

All reagents were purchased from commercial sources and used as received unless otherwise noted.
Anhydrous THF, 1,4-dioxane (stabilizer-free), hexane, toluene and DCM were purified by a solvent
purification system (GlassContour) equipped with columns of activated alumina and supported copper
catalyst (Q-5) prior to use.

THF-ds was distilled from Na/benzophenone mixture under atmosphere of argon and stored over MS
3A in a glove box unless otherwise noted. A trace amount of deuterated benzene was detected in THF-dg
after distillation ("H NMR (500 MHz, THF-ds), 8 7.30 (s); '3C{'H} NMR (126 MHz, THF-ds), 5 129.1 (t, J =
13.0 Hz)).

B2Pin2 was purchased from BLDpharm and recrystallized from hexane prior to use.
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Distillation set-up

Figure S1. Distillation equipment for THF-dk.

1.3. General considerations

All the reactions using air- or moisture-sensitive compounds were carried out in a dry reaction vessel
under an atmosphere of nitrogen or argon.

We recommend that the iridium-catalyzed borylation reactions to be conducted in a dry solvent, because
we observed decrease in yield when wet solvent was used.

The ratio of isomers for isolated compounds was determined either by GC, 19F NMR, or 'H NMR,
depending on which one is more convenient for a certain compound, and was almost identical to the isomer
ratio in the crude material, unless otherwise noted.

The NMR data are reported for the major isomer, except 1°F NMR data that are reported for both the
major and minor isomers, if assigned. The carbon directly attached to the boron atom was not detected due
to quadrupolar broadening.

The yield of borylated fluoroarenes is calculated based on the fluoroarene starting material.
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2. Reaction development

2.1. Ligands screening

Scheme S1. Effect of the ligand on the borylation of fluorobenzene (comprehensive list of ligands).

E Bopin, (100 mol %)
[IrOMe(cod)], (1.5 mol %)
ligand (3 mol %)

dioxane, 80 °C, 24 h

F

©/Bpin

R=H H-OleTpy 16%, 57:35:8 R=H
Me Me-OleTpy 36% (18%°) 87:10:3 Ph
30% (3%), 84:14:2°
Ph Ph-OleTpy 44% (12%) 93:6:1 4-MeOCgH,

29% (2%), 91:8:1° CeFs
Mes
SiMe3

3,5-(CF3),CeH3
6-OMenaph
2-pyrene
3,4-(OMe),CgH3
4-CNCgH4

L7 35% (62%P) 62:30:8
36% (17%9) 66:28:6°

1%,

(
28% (2%)
33% (2%)
23% (1%)
31% (2%)
36% (8%")
28% (2%)
L13 5%,

L14 30% (2%)
L15 27% (2%)
L16 29% (2%)
L17 34% (3%)

54:38:8

35% (12%9) 91:8:1

90:9:1¢
90:9:1¢
91:8:1¢
90:9:1¢
91:8:1
89:10:2¢
90:9:1¢
91:8:1¢
90:9:1¢
90:9:1¢
88:10:2¢

L10 29% (32%/) 70:25:5

R=H L8 15%, 52:40:8 R =H L1137% (11%) 74:21:5
Ph L9 16% (2%) 69:27:4 40% (5%) 74:22:4°
4-MeOCgHy L12 11% 62:31:7

21% (2%)

47:45:8¢

dtbpy 45%, (16%k) 38:50:12¢ R2 =H bpy 46% (21%m), 41:48:11°¢ R3 =Ph L23 31% (23%0), 45:45:10¢
34% (6%)  57:38:59 Me L18 30% (65%") 31:54:15  2-(Bpin)CeHy L24 43% (4%), 36:49:15
35% (4%) 34:54:12b
4-MeOCgH4 L19 11% 50:39:11
3-(Bpin)CqHas L20 5% 51:39:10° AN
2-(Bpin)CgH4 L21 13% 44:46:10 | _
2-(Si(Me)3)CgHs L22 26% (4%) 32:52:16

phpy
10%, 48:40:12

aReaction conditions: fluorobenzene (1a, 0.20 mmol), Bzpinz (100 mol %), [IrOMe(cod)]z (1.5 mol %), ligand (3 mol %) in dioxane
(0.8 mol/L), 80 °C, 24 h. The yield and selectivity (reported as ortho/metalpara) were estimated by GC using tridecane or
hexadecane as internal standard. The yield of the diborylated product is shown in parentheses. If the diborylated product is
obtained in more than 5% the selectivity (2,6-/2,5-/2,4-/3,5-) is determined by GC and reported at the footnotes (e) to (q). ?Bzpinz
(50 mol%), dioxane (0.2 mol/L). ¢Fluorobenzene (0.40 mmol), Bzpinz (50 mol%), [IrOMe(cod)]2 (0.75 mol%), ligand (1.5 mol%) in
dioxane (0.4 mol/L). 9Conditions at footnote (c) at 15 °C, 12 h. ¢25:68:6:<1. '38:50:12:<1. 932:62:6:<1. h32:62:6:<1. 119:70:8:3.
10:77:7:6. k7:50:19:24; 1'5:78:7:10. "4:58:17:21. "2:71:10:17.°5:57:19:19. p11:69:15:5. 912:70:13:5.
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2.2. Conditions screening

Variation from the standard reaction conditions with the best ligand Ph-OleTpy:
aStandard reaction conditions (Scheme S1): fluorobenzene 1a (0.20 mmol), Bopin, (100 mol %), [IrOMe(cod)]. (1.5 mol %), ligand (3 mol %) in

dioxane (0.8 mol/L), 80 °C, 24 h. Yield was estimated by GC or 9F NMR.

Boron source

Entry

Standard
1

Ir source
Entry
Standard

1
2

Boron source

Bopinz 100 mol% 44 (12)

Bopinz 50 mol% 28 (4)

HBpin 100 mol% 14 (1)

HBpin 200 mol% 20 (2)

Ir source Yield, mono (di), %

Yield, mono (di), %

[IrOMe(cod)l. 44 (12)
[IrCl(coe)sl. 39 (17)
[IrCl(cod)]a 46 (19)

Ratio, o:m:p

93:6:1
90:9:1
86:12:2
87:11:2

Ratio, o:m:p

93:6:1
94:5:1
95:4:1

Solvent, concentration, time, reaction set up

Entry

Standard

N o o0 hWN

9
10

Solvent

dioxane

THF
hexane
dioxane
dioxane
dioxanea
dioxane

dioxane

dioxane
no solvent?

dioxane

C (S), mol/L

0.8

0.8
0.8
0.5
0.2
0.2
0.8
0.8

0.8
neat
0.4¢

t,h
(if varied)
24

Reaction set up

(if varied)

mix all the solids, add dioxane
at rt following by addition of
substrate if liquid

premix [IrOMe(cod)],, Bopin,
Ph-OleTpy in dioxane at 80 °C
for 105 min

H.O one drop?

no ligand

Yield, mono
(i), %
44 (12)

Ratio, o:m:p

93:6:1

90:8:2
84:13:3
93:6:1
90:9:1
91:8:1
93:6:1
89:9:2

92:7:1
79:18:3
37:47:15

aB,pin, (50 Mol%). P1a (12 mmol, 1.1 mL). c1a (0.40 mmol), Bopin, (50 mol%), [IrOMe(cod)]. (0.75 mol%), dioxane (0.4 mol/L), 14 h. ddrop was
added by 50 pl syringe. ¢1a (0.60 mmol).
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2.3. Control experiments with dtbpy ligand

F F F
i Bpin Cl. i Bpin Br- i Bpin
2a 2b 2c
47% (49%), 93:6:1 70% (84%), 97:3:<1 68% (81%), 94:5:1
Ph-OleTpy 16% (17%) di@

(45%) + (16% di), 38:50:12 (48%) + (7% di), 38:37:25¢ (52%) + (6% di), 41:35:24¢
dtbpy (44%) + (17% di), 45:47:8° (20%) + (55% di), 8:72:21 (24%) + (55% di), 5:82:13
(34%) + (6% di), 57:38:59

Reaction conditions: fluoroarene (1, 0.40 mmol), Bzpinz (100 mol %), [IrOMe(cod)]2 (1.5 mol %), ligand (3 mol %) in dioxane (0.8
mol/L), 80 °C, 24 h. For Ph-OleTpy the yield of the isolated product (2) is reported; the yield in parentheses was determined by
9F NMR using trifluorotoluene as internal standard. For dtbpy the reported yield was estimated by GC using tridecane as internal
standard. The isomer ratio is reported as ortho/metalpara for monoborylated fluoroarene and it was determined by GC or '°F NMR.
Regioisomers of the diborylated product are reported as 2,6-/2,5-/2,4-/3,5- at footnotes (a) to (c). #1a (0.60 mmol), 44 h; 36:56:8:<1.
bBapin2 (50 Mol%), [IrOMe(cod)]2 (0.75 mol%), dtbpy (1.5 mol%) in dioxane (0.4 mol/L); 7:50:19:24. ¢1a (0.2 mmol), Bzpinz (50
mol%), dioxane (0.2 mol/L), 30 °C, 14 h; 5:70:10:15. dConditions at footnote (b), 15 °C, 12 h; 5:77:7:11. eConditions at footnote (c),
50 °C, 15 h; 3,5-isomer is the major diborylated product. fluoroarene (0.20 mmol); 3,5-isomer is the major diborylated product.

Figure S2. Comparison of regioselectivity of Ph-OleTpy vs dtbpy in the borylation of fluoroarenes 1a-1c.

3. Mechanistic experiments
Scheme S2. NMR experiment in a gas-tight tube using Me-OleTpy.

0.98 ppm (CHy)

[IrOMe(cod)], (50 mol%)
B,pin, (500 mol%)

THF-dg, 80 °C, 105 min

Bu Bu
Me-OleTpy Me-OleTpy_Bpin
L (5.4 mg, 1 equiv) ca. 60% conversion? _J

('H, 13C NMR, APCI MS)

B,pin, (3300 mol%)
fluorobenzene (3300 mol%)
THF-dg, 80 °C, 15 h

F

©/Bpin

(56%), 89:9:2
(22%) dib

aEstimated by 'H NMR using mesitylene as internal standard. ®Conversion of fluorobenzene and isomer ratio were determined
by °F NMR.
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After heating at 80 °C for
105 min

After addition of THF-ds at rt Heating
Figure S3. Experiment in a gas-tight NMR tube.

Me-OleTpy (5.4 mg, 0.015 mmol), [IrOMe(cod)]z (5.0 mg, 0.0075 mmol) and Bgpinz (19 mg, 0.075 mmol) were
placed into an oven dried (70 °C) gas-tight NMR tube and transferred into a glove box. THF-ds was added, the tube
was sealed and taken out from the glove box. At this point, 'TH NMR indicated no changes to the ligand. The NMR
tube was placed in an oil bath at 80 °C and left at this temperature for 105 min. At this point, the NMR was recorded
and the borylated ligand was detected as a major species both by NMR and by mass spectrometry. After the NMR
measurements, the NMR tube was transferred into a glove box, and Bapinz (126 mg, 0.495 mmol) and fluorobenzene
(0.046 mL, 0.495 mmol) were added. The tube was sealed, taken out from glove box and placed in an oil bath at
80 °C, where the reaction mixture was heated for 15 h. At this point, the conversion of fluorobenzene and the ratio
were determined by 9F NMR. Note 1: The probe for mass spectroscopy was prepared inside a glove box. An aliquot
was taken from the NMR tube, followed by dilution with dry THF containing BHT stabilizer. The vial was tightly closed
and opened directly before injection of the sample into the mass spectrometer. Note 2: In order to estimate the
conversion of Me-OleTpy to Me-OleTpy-Bpin, we repeated the experiment with mesitylene as internal standard. In
this case, mesitylene was added inside the glove box directly to the NMR tube containing the solution of Me-OleTpy,
[IrOMe(cod)]2 and Bgpin, in THF-ds. This was defined as the 0 h point, and the sample was measured by 'H NMR.
After 3 h at 80 °C, the '"H NMR spectrum was identical to the experiment without mesitylene, and the conversion of
the ligand was estimated as ca. 60%. Note 3: The THF-ds was dried by storing over MS 3 A. Me-OleTpy: 'H NMR
(500 MHz, THF-d5) 6 8.70 (d, J = 2.0 Hz, 1H), 8.62 (d, J= 1.9 Hz, 1H), 8.60 (d, J = 1.9 Hz, 1H), 8.55 (d, J= 5.1 Hz,
1H), 8.46 (d, J= 7.7 Hz, 1H), 7.76 (t, J= 7.7 Hz, 1H), 7.37 (dd, J=5.1, 2.0 Hz, 1H), 7.21 (d, J= 7.7 Hz, 1H), 2.61 (s,
3H), 1.45 (s, 9H), 1.42 (s, 9H). 13C{'H} NMR (126 MHz, THF-ds) § 162.3 (C), 161.3 (C), 158.6 (C), 157.5 (C), 156.90
(C), 156.85 (C), 156.6 (C), 150.0 (CH) 137.8 (CH), 123.9 (CH), 121.6 (CH), 118.9 (CH), 118.7 (CH), 118.51 (CH),
118.47 (CH), 36.0 (C), 35.7 (C), 31.2 (3CHs), 31.1 (3CHj3), 25.2 (CHg)2. Me-OleTpy-Bpin: TH NMR (500 MHz, THF-
ds) 5 8.53 (dd, J=5.2, 0.8 Hz, 1H), 8.44 (d, J= 1.9 Hz, 1H), 8.36 (dd, J= 2.0, 0.8 Hz, 1H), 8.11 (d, J= 1.9 Hz, 1H),
7.81 (d, J=7.5 Hz, 1H), 7.33 (dd, J = 5.2, 2.0 Hz, 1H), 7.18 (d, J = 7.5 Hz, 1H), 2.58 (s, 3H), 1.45 (s, 9H), 1.35 (s,
9H), 0.98 (s, 12H). 13C{'H} NMR (126 MHz, THF-ds) 5 163.3 (C), 161.6 (C), 161.0 (C), 159.9 (C), 159.0 (C), 158.2
(C), 157.2 (C), 150.0 (CH), 142.8 (CH), 122.1 (CH), 121.6 (CH), 120.1 (CH), 119.6 (CH), 119.1 (CH), 84.0 (4C)?, 35.9
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(C), 35.7 (C), 31.2 (3CHs3), 31.1 (3CHa), 25.3 (4CHg)ab; 24.8 (CHas)ar. MS, APCI, m/z: calcd for CaoH41BN3zO2*, [M+H]*,
486.33. Found: 486.32.

aSignal overlapes with signal of THF-ds. The shift was determined by 2D experiments. Signal overlaps with signals of boron
derivatives present in the reaction mixture. The shift was determined by 2D experiments.

/" correlation found by COSY experiment H Position of cross-peaks in 13C dimension
_— correlation found by HMBC experiment HMQC HMBC
0.98 25.3 25.3, 84.0
0.98 1.35 31.1(31.2) 35.7,161.0
. 1.45 31.2(31.1) 35.9,161.6
853 ... 781 2.58 24.8 122.1, 159.0
. ™\ 7.18 122.1 159.0
738, 1500 1428 1| 7.18 7.33 121.6 119.6
1216 ﬂm N 7.81 142.8 159.0, 163.3
811N 1610 1582 1633 590" pes  8.11 120.1 119.1
135 17 ey 113.6)4 157.2 NTi50.9 a8 8.36 119.6 121.6, 157.2
1616 8.44 119.1 120.1, 158.2
8.36 \__H o4 1201 H g.11 8.53 150.0 158.2, 161.0
8.44 5.9 A
1.45
31.2

Figure S4. The NMR chemical shifts of Me-OleTpy-
Bpin found by 2D experiments (COSY, HMQC,
HMBC) and the selected correlations found by
COSY and HMBC experiments (Solvent: THF-d).

Table S1. The list of heteronuclear correlations TH-13C,
founded for compound Me-OleTpy-Bpin in HMQC and
HMBC spectra (Solvent: THF-ds).

! “ I I |(1 I I .

P X M g —

N
I [
e NN AN ~, ” )
o . I T
- . J L Ju \\,J“ng)t"; 7M _ Hun'_ z
Rz 87 86 8!5 84 a 'JIB . 7'7 7'4 13 7,‘2 11
)
U A [l - | ‘ . N
OK NMR exp L83-Ir-Bpin Oh
single pulse 1
N N,
I I .
P AL NN N [IrOMe(cod)]> (50 mol%)
! : 'l/ \“ N Me  Bgpins (500 mol%)
» No detectable changes
~, rt, 0 h, THF-dg
=1
1 equiv R,
R'=R?=Bu
17 A 1 J W {
1 (;0 9‘5 9[0 8'5 8‘0 7‘5 7‘0 6‘5 6‘0 5!5 5‘0 4‘5 4‘0 3‘5 3‘0 2'5 2‘0 |‘5 ||0 0!5

1 (ppm)

Figure S5. Comparison of the shifts in TH NMR of Me-OleTpy (top, blue) and Me-OleTpy after premixing with
Bzpinz and [IrOMe(cod)]. at rt (bottom, maroon).
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OK L83 THF-d8

single pulse
P N,
[ I
SN A NN
A
N
Flzz

| lJU L\,J

H10,12

H’4 H1 e e H6 H16
JI‘JLJ \_\‘n‘w\ H_i J‘k _M_
H12 . o H15

H1 I H I He H16 L,

R R e R R L R e g i
B8 87 86 85 84 83 82 81 80 79 78 17 14 15 714 13 |1 71
1 (ppm)
| | L

+2

2

| L
OK NMR exp L83-1r-Bpin_105 min
snge pulss 52 HZ‘ . 75Hz
i) i 2 T
I, : ) | : [ |
AN A SN N AN [IrOMe(cod)]> (50 mol%) | | | i
RO T T Y e Bapina (500 mote) o NNAN NN
A 80°C, 105 min, THF-d; |\ /“f
1
1 equiv F|zz FL
2
R'=R2=Bu
Al L l ) uUJ
10‘ 0 9'5 9,’0 8'5 a'o 7‘5 7,'0 6 \5 6!0 5,' 5 y 4,’5 4!0 3}5 3,' 0 LI5 2'0 1 !5 05 0!0

50
1 (ppm)

Figure S6. Comparison of the shifts in 'TH NMR of Me-OleTpy (top, blue) and Me-OleTpy_Bpin after heating at

80 °C for 105 min (bottom, maroon).

JKNMR exp LE3-Ir-Bpin_106 mn
ingle pulse

75Hz
52Hz, .
5 Bpi .
e|/'\NJ TI/‘ \‘Ia YNy pln\u/‘\w'
I I : [
! 7 IrOMe(cod)], (50 mol%) ! ! g
NS NPT (IrON 2 N P N B A
R, ‘ '|/ i N e Bopin, (500 mol%) RS \i/ s\l/ N N
18
‘2\]‘/“ 80°C, 105 min, THF-ds ~,
) R. R
1 equiv
R'=R?='Bu
H16
H6
D~
<+ ~
S Y
\5”//
I{{
o e
n g - n b8 «@ o
= & ) = = S S )
o o - o o - - 4 CHs of Bpin
86 85 24 83 82 a1 80 1f5|) Goom) 71 17 16 14 13 712 % 5 g
\ Y °|
CH3 | i
2
TTONTRCOVIT T —O TTOND~ o~
LOWLVLITOMOM T OD OMMOMm— —
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8358 & 88 8 88 §
OO—~O O — =) > o —
N;.O 9.‘5 9:0 8.‘5 8.‘0 15 7.‘0 6.‘5 6!0 5.‘5 y 4?5 4.’0 315 3.‘0 Z‘ 5 LIO 1 .|5 1 .IO 0:5 0.‘0

50
1 ppm)

Figure S7. 'H NMR spectra of Me-OleTpy_Bpin (THF-ds).

S9



JK'NMR exp L83-1-Bpn_ 105 min
ingle pulse decoupled gated NOE

o
© — -
8 ~ e 2."29—"
™ mgmgww | = ﬁ‘ﬁl '_\Tv/_
= ~ |
g B2SBERR ‘ | Lo
- |
adbs J M
vu»wammme JJwawav a—— - b v “ A o R S— TRTRPE TP DL VLY PRTI
T T T T T T T T T T T T ]
164 162 160 158 156 154 152 150 142 148 144 142 140 132 138 134 132 130 128 126 124 122 120
f1 (ppm)
Bpin
/\N N
I [
/\/ \,/N\/ \N/ N
© | e
N
R'=R?=Bu
2
<}
[
¥
~N—
o @ —o—©— ™o
:fe::;ﬁ 2 o~ N-—Ema ar~ 2
BOOBVLBL — s NNNT T B N
jpciciery S\ Y
= | !
SRR 11 SR N N NS WA | N N S Y | S
T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (om)

Figure S8. 13C{'H} NMR spectra of Me-OleTpy-Bpin (THF-d).

Borylation of Ph-OleTpy in a Schlenk tube
Scheme S3. Conversion of Ph-OleTpy to Ph-OleTpy-Bpin under the same conditions with the NMR experiment.

1.03 ppm (CHg)
Bpin

[IrOMe(cod)]» (50 mol%)

B,pin, (500 Mol%) Ba Ph
THF-dg, 80 °C, 180 min

Bu By
Ph-OleTpy Ph-OleTpy-Bpin
(50 mg, 1 equiv) ('H, APCI MS)

Ph-OleTpy (50 mg, 0.12 mmol), [IrOMe(cod)]2 (39 mg, 0.06 mmol) and Bzpinz (151 mg, 0.59 mmol) were placed into
a Schlenk flask under an atmosphere of N.. Dry THF was added to the solids, the flask was sealed, and the reaction
mixture was stirred at 80 °C for 180 min. At this point, an aliquot was taken from the reaction mixture, the volatiles
were removed under reduced pressure, CDCI; was added, and 'TH NMR was recorded to indicate the formation of the
borylated ligand as the major species. 'TH NMR (500 MHz, Chloroform-d) 6 8.61 (d, J= 5.3 Hz, 1H), 8.25 — 8.31 (m,
3H), 8.11 —8.18 (m, 2H), 8.05 (d, J= 7.8 Hz, 1H), 7.77 (d, J = 7.8 Hz, 1H), 7.48 — 7.53 (m, 2H), 7.41 — 7.46 (m, 1H),
7.30 (dd, J = 5.3, 2.0 Hz, 1H), 1.48 (s, 9H), 1.35 (s, 9H), 1.03 (s, 12H). MS, APCI, m/z: calcd for CasH43sBN3O-+,

[M+H]+, 548.34. Found: 548.34.

Attempt to synthesize 4'-(fert-butyl)-6-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,2':6',2"-
terpyridine (L2-Bpin)
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In order to prove the catalytic activity of borylated ligand, we tried to isolate the borylated ligand L2-Bpin. Although
isolation of this compound failed because of fast protodeborylation, we compared the obtained 'H NMR spectra of
L2-Bpin (mixture with L2) with Ph-OleTpy-Bpin obtained in situ (Scheme S3) to further confirm the structure of the

borylated ligand produced in situ.

Scheme S4. Synthesis of 4'-(tert-butyl)-6-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,2":6',2"-
terpyridine (L2-Bpin).
1) BulLi (1.1 equiv), =78 °C, THF, 1 h

2) B(OMe)5 (1.2 equiv), =78 °C to rt,
overnight

NBS (120 mol%)
Ph Pd(OAc), (15 mol%)

MeCN, 120 °C, 5 days 3) HCI 1M
4) pinacol (3 equiv), 60 °C, 1,2-DCE, By

ight
overnig L2-Bpin

Was not isolated. Deborylation
happens during isolation by GPC.

32%

Synthesis of 3-bromo-4'-(fert-butyl)-6-phenyl-2,2':6',2"-terpyridine (L2-Br)
L2-Br was synthesized following the procedure adopted from the literature.2 L2 (250 mg, 0.68
mmol), N-bromosuccinimide (146 mg, 0.82 mmol) and Pd(OAc)2 (23 mg, 0.102 mmol) were

suspended in MeCN (0.1 mol/L). The Schlenk flask was sealed with a screw cap and heated

at 120 °C for 5 days. The reaction mixture was cooled down to rt, diluted with H,O and
extracted with EtOAc (x3). The organic layers were collected, dried over MgSQsy, filtered and concentrated by rotary
evaporation. The product (96 mg, 0.22 mol, 32%) was obtained as a white solid after column chromatography: hexane
to hexane—-EtOAc 95:5. L2 was recovered in 44% (109 mg, 0.30 mmol).

Synthesis of 4'-(fertbutyl)-6-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,2":6',2"-terpyridine (L2-
Bpin)

To a solution of L2-Br (50 mg, 0.11 mmol) in THF (0.025 mol/L) BuLi (0.082 mL, 1.5 mol/L
in hexane) was added dropwise via syringe at =78 °C resulting in a deep orange solution,
which was stirred for 1 h. Then, B(OMe)3 (0.032 ml, 0.23 mmol, 0.932 g/mL) was added in

one portion via syringe and stirring continued for another 5 min. The solution was allowed
to warm slowly to rt overnight. At this point, 1M HCI was added and stirring continued for another 30 min. The aqueous
layer was extracted with Et;O (x 3), then neutralized with ag. NaHCO3; and extracted with DCM (x2). The organic
layers were collected (separately the Et>O extract and the DCM extract), washed with brine, dried over MgSO., filtered
and concentrated by rotary evaporation. The residues were dried under reduced pressure, suspended in 1,2-
dichloroethane, and pinacol (27 mg, 0.23 mmol) was added. The reaction mixture was heated overnight at 60 °C,
then cooled down to rt and concentrated by rotary evaporation. 'H NMR spectra indicated the presence of the mixture
of L2 and L2-Bpin. The ratio was found to be as follows: (from the DCM extract): L2-Bpin/L2, 75:25; (from the Et.O
extract): L2-Bpin/L2, 43:57. "H NMR (500 MHz, Chloroform-qd) & 8.70 (ddd, J=4.8, 1.8, 1.0 Hz, 1H), 8.49 (dt, J= 8.0,
1.1 Hz, 1H), 8.41 (d, J= 1.8 Hz, 1H), 8.39 (d, J= 1.8 Hz, 1H), 8.17 —8.12 (m, 2H), 7.98 (d, J = 7.7 Hz, 1H), 7.79 (dd,
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Figure S9. Comparison of the shifts in TH NMR of Ph-OleTpy-Bpin obtained by [Ir] catalysis (third spectrum) and
L2-Bpin obtained from L2-Br (second spectrum).'H NMR spectra of L2 and Ph_OleTpy are placed as the

references (CDCls).
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J=7.6,1.8Hz, 1H),7.77 (d, J= 7.7 Hz, 1H), 7.50 (dd, J= 8.3, 6.8 Hz, 2H), 7.46 — 7.41 (m, 1H), 7.30 (ddd, J= 7.6,
4.8, 1.3 Hz, 1H), 1.49 (s, 9H), 1.10 (s, 12H). The residues were combined and purification by GPC using chloroform
as the eluent was attempted. However, L2-Bpin was protodeborylated and L2 was recovered together with minor
byproducts. The TH NMR spectrum with the ratio of isomers L2-Bpin/L2 = 75:25 was used to make a comparison

with Ph-OleTpy-Bpin obtained in situ (Scheme 3).

4. Reaction Profile

E B,pin, (100 mol %) E
[IrOMe(cod)], (1.5 mol %) Boi
Ph-OleTpy (3 mol %) pin
dioxane, 80 °C, time
1 2
31 pl, 1 equiv

Reaction was performed in a gas-tight NMR tube

Reaction profile of the borylation reaction catalyzed by
Ph-OleTpy/[IrOMe(cod)]2

100%
90%
80%
70%

60%

50%

\\

conversion, %

40%

30%

. =0
20%
10%
0%
25 30 35 40 45 50
time, h
—@—ortho, % —@—meta,% efmmono, % wmmdi, % Fbenzene, %

Figure S10. Kinetic profile of the borylation reaction catalyzed by Ph-OleTPy/[IrOMe(cod)]..

Ph-OleTpy (4.2 mg, 0.01 mmol), [IrOMe(cod)]> (3.3 mg, 0.005 mmol) and Bzpin; (84 mg, 0.33 mmol) were placed
into an oven dried (70 °C) gas-tight NMR tube and transferred into a glove box. THF-ds (0.4 mL, 0.8 mol/L) was added
to the solids, followed by addition of fluorobenzene (0.031 mL, 0.33 mmol). The tube was sealed and taken out from
the glove box. At this point, the NMR was recorded as the zero point. The NMR tube was placed in an oil bath at
80 °C, and the NMR was recorded after: 1 h,2h,3h,4h,5h,6h,7h,8h,9h, 21 h, 28 h, 43 h. The data shown in
Figure S10 were determined by the integration of the corresponding peaks in 1°F NMR spectra.

The reaction profile indicates that the ortho-isomer is dominant already after 1 h and remains the dominant species
along the reaction course. The conversion is slowing down upon consumption of Bzpinz (at 9 h the dominant borylation

species is HBpin): 0 h — 9 h, 60% conversion, 50% mono, 10% di; 9 h — 21 h, 18% conversion, 7% mono, 11% di
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and remains almost unchanged in the presence of HBpin as solely borylation source (21 h — 43 h, 3% conversion,
0% mono, 3% di).

5. Synthesis and characterization data for ligands
Scheme S5. Synthesis of 4,4'-di-tert-butyl-6”-R-2,2"6',2"-terpyridines (R-OleTpy).

1) H,0,, 30% aq solution
Acetic acid, 100 °C, 10 h

56%

2) POClg, reflux, 4 h

H-OleTpy: R =H, 45%
Me-OleTpy: R = Me, 80%
Ph-OleTpy: R = Ph, 74%

HBr 30% in HOAc
HOAGC, reflux, 48 h

73%

NS
BuzSn N” 'R

P4:R=H
P4 -P6 P5: R = Me
PA(PPhg), (6 m0I%) | pg- R = Ph

toluene, reflux, 18h

1) BuLi (1 equiv)
THF, =78 °C, 1 h

2) MeOH (10 equiv)
—78 °C then rt, overnight

P9:R=H, 41%
P10: R = Me, 31%
P11: R = Ph, 42%

P1 was synthesized according to the procedure reported in the literature? in 56% yield (3.18 g, 9.43 mmol) starting

from dtbpy (4.5 mg, 1.68 mmol).

Synthesis of 6,6'-dibromo-4,4'-di-fert-butyl-2,2'-bipyridine (P2).

Bu
reaction was monitored by GC and was run until completion (approximately 24 h). The reaction mixture was cooled

P2 was synthesized following the procedure adopted from the literature.# In a two-necked flask
equipped with a reflux condenser with CaCl, tube on a top and dropping funnel, P1 (3.18 g, 9.43
mmol) was placed. AcOH (0.2 mol/L) was then added and the reaction mixture was heated to
reflux. At this point, the dropwise addition of HBr (9 mL, 30% solution in AcOH) started. The

down to rt, and then it was added portionwise to an aqg. solution of K.COs. The amount of K.CO3; was adjusted to

reach a basic pH. The precipitate was collected by filtration and washed with hexane. After drying under open air,

87% yield (3.51 mg, 8.24 mmol) of P2 was obtained as a white-grey solid. Note: Additional amount of HBr has to be

added if the reaction is not completed. Slow continuous addition of HBr solution is mandatory to achieve high
conversion. TH NMR (500 MHz, Chloroform-d) 6 8.32 (d, J= 1.6 Hz, 2H), 7.46 (d, J = 1.6 Hz, 2H), 1.37 (s, 18H).
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Scheme S6. Synthesis of 2-bromo-6-phenylpyridine (P3).

PhB(OH), (1 equiv)
Cs,CO3 (1.2 equiv)

7 =
| Pd(PPhg)4 (2.5 mol%) |
NS
> Br” "N
Br N Br dioxane/H,0 5:1
2 equiv 100 °C, overnight P3

69%
A solution of phenylboronic acid (1.03 g, 8.40 mmol), 2,6-dibromopyridine (4.0 g, 16.90 mmol) and Cs>COs (3.3 g,
10.1 mmol) in dioxane/H20 5/1 (40 mL/8 mL, 0.18 mol/L) was thoroughly degassed by bubbling N> gas. Pd(PPhs)as
(0.24 g, 0.21 mmol) was subsequently added to the reaction mixture under a N flow. The Schlenk flask was sealed
with a screw cap, placed in a 100 °C oil bath and stirred overnight. After cooling to room temperature, the reaction
mixture was diluted with H>O, and extracted with EtOAc (x 3). The organic layers were collected, dried over MgSOQsa,
filtered and concentrated by rotary evaporation. The product (1.33 g, 5.68 mmol, 69%) was obtained as a white solid
after purification by GPC. The spectral data are in accordance with those reported in the literature.5TH NMR (500
MHz, Chloroform-d) & 8.01 — 7.95 (m, 2H), 7.68 (dd, J=7.8, 0.8 Hz, 1H), 7.59 (t, J = 7.8 Hz, 1H), 7.49 — 7.42 (m, 3H),
7.41 (dd, J=7.8, 0.8 Hz, 1H).

Scheme S7. Synthesis of tributylstannyl derivatives (P4—P6).

= 1) BuLi (1.1 equiv) =
| 2) SnBu,Cl (1.2 equiv) o
Br N™ "R BusSn™ 'N” 'R
THF, ~78 °Ctort, 2 h

auan PR~ Me

P6:R=Ph
Compounds P4-P6 were synthesized according to the procedure reported in the literature® with some modifications.
To a solution of 2-bromopyridine/ 2-bromo-6-methylpyridine/2-bromo-6-phenylpyridine P3 (10 mmol) in THF (25 ml,
0.25 mol/L), BuLi (7.1 ml, 11 mmol, 1.57 M in hexane) was added at —78 °C and the resulting solution was stirred for
1 h. At this point, tributyltin chloride (3.9 g, 12 mmol) was added quickly and the mixture was allowed to warm slowly
to rt and was stirred overnight. The reaction was diluted with water and extracted with Et>O (x 3). The organic layers
were collected, dried over MgSQ,, filtered and concentrated by rotary evaporation. Products were obtained

quantitatively and used in the next step without any additional purification.

General procedure for the synthesis of 6-bromo-4,4'-di-fert-butyl-6"-R-2,2':6',2"-terpyridines (P9-P11).

To a suspension of 6,6'-dibromo-4,4'-di-tert-butyl-2,2'-bipyridine P2 (100 mol%) in toluene (0.1 mol/L) 2-R-6-
(tributylstannyl)pyridine P4—P6 (100 mol%) was added. The mixture was thoroughly degassed by bubbling N2 gas,
followed by the addition of Pd(PPhs)s (5 mol%). The Schlenk flask was sealed with a screw cap and the reaction
mixture was refluxed overnight. Then the reaction mixture was diluted with water and was poured into a concentrated
ag. solution of CsF (500 mol%). After 30 min stirring at rt, the biphasic mixture was filtered through Celite ®. The

aqueous phase was extracted with toluene (x 3). The organic layers were collected, dried over MgSO., filtered and
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concentrated by rotary evaporation. Pure products were obtained in 31—-42% vyield after column chromatography or
GPC.

6-Bromo-4,4'-di-fert-butyl-2,2':6',2"-terpyridine (P9)

Starting from P2 (250 mg, 0.59 mmol). The product (101 mg, 0.24 mmol, 41% yield) was
obtained as a white solid after column chromatography: hexane to hexane/EtOAc (98:2 —
95:5). 'TH NMR (500 MHz, Chloroform-qd) 6 8.72 (ddd, J= 4.8, 1.8, 0.9 Hz, 1H), 8.57 (d, J=1.7
Hz, 1H), 8.56 (dd, J = 7.9, 1.2 Hz, 1H), 8.51 (d, J= 1.8 Hz, 1H), 8.42 (d, J= 1.8 Hz, 1H), 7.87
(td, J=7.7, 1.8 Hz, 1H), 7.48 (d, J= 1.6 Hz, 1H), 7.33 (ddd, J= 7.4, 4.8, 1.2 Hz, 1H), 1.46 (s, 9H), 1.41 (s, 9H).

6-bromo-4,4'-di-fert-butyl-6"-methyl-2,2':6',2"-terpyridine (P10)

Starting from P2 (300 mg, 0.70 mmol). The product (96 mg, 0.22 mmol, 31% vyield) was
obtained as a white solid after column chromatography: hexane to hexane—EtOAc (98:2 —
95:5). 'TH NMR (500 MHz, Chloroform-d) 6 8.57 (d, J=1.6 Hz, 1H), 8.52 (d, J= 1.8 Hz, 1H),
8.40 (d, J= 1.8 Hz, 1H), 8.35 (d, J= 7.8 Hz, 1H), 7.74 (t, J= 7.7 Hz, 1H), 7.47 (d, J= 1.6
Hz, 1H), 7.19 (d, J= 7.5 Hz, 1H), 2.67 (s, 3H), 1.47 (s, 9H), 1.41 (s, 9H).

6-bromo-4,4'-di-fert-butyl-6"-phenyl-2,2':6',2"-terpyridine (P11)

Starting from P2 (643 mg, 1.51 mmol). The product (316 mg, 0.63 mmol, 42% yield) was
obtained as a white solid after purification by GPC. 'TH NMR (500 MHz, Chloroform-d) &
8.73 (d, J=1.8 Hz, 1H), 8.61 (d, J= 1.6 Hz, 1H), 8.53 (dd, J = 7.7, 1.0 Hz, 1H), 8.45 (d, J
=1.8 Hz, 1H), 8.17 = 8.21 (m, 2H), 7.94 (t, J= 7.8 Hz, 1H), 7.81 (dd, J = 7.8, 0.9 Hz, 1H),
7.52 —7.57 (m, 2H), 7.49 (d, J = 1.6 Hz, 1H), 7.45—7.48 (m, 1H), 1.50 (s, 9H), 1.43 (s, 9H).

General procedure for the synthesis of 4,4'-di-fertbutyl-6"-R-2,2':6',2"-terpyridine (R-OleTpy).

To a solution of 6-bromo-4,4'-di-tert-butyl-6"-R-2,2".6',2"-terpyridine P9-P11 (100 mol%) in THF (0.05 mol/L) at =78 °C,
BuLi (110 mol%, 1.5 M in hexane) was added dropwise. The resulting solution was stirred for 40 min. Then, MeOH
(1000 mol%) was added in one portion via syringe and stirring continued for another 15 min. The solution was allowed
to warm slowly to rt overnight. The reaction was quenched with saturated H-O, and the aqueous layer was extracted
with EtOAc (x 3). The organic layers were collected, washed with brine, dried over MgSO, filtered and concentrated

by rotary evaporation. Pure products were obtained in 45-80% yield after column chromatography or GPC.

4,4'-di- fert-butyl-6"-phenyl-2,2':6',2"-terpyridine (H-OleTpy)
Starting from P9 (101 mg, 0.24 mmol). The product (37 mg, 0.11 mmol, 45% yield) was
H obtained as a white solid (mp 111-112 °C) after column chromatography: hexane to
hexane—EtOAc (95:5 — 9:1). TH NMR (500 MHz, Chloroform-d) & 8.72 (ddd, J = 4.9, 1.8,
0.9 Hz, 1H), 8.65 —8.59 (m, 3H), 8.50 (d, J=1.8 Hz, 1H), 8.47 (d, J= 1.8 Hz, 1H), 7.87 (id,

S16



J=77,18Hz, 1H), 7.35 - 7.31 (m, 2H), 1.47 (s, 9H), 1.43 (s, 9H). 13C{'H} NMR (126 MHz, Chloroform-d) 5 162.3
(C), 160.9 (C), 156.9 (C), 156.7 (C), 156.0 (C), 155.4 (C), 149.2 (CH), 149.2 (CH), 137.0 (CH), 123.7 (CH), 121.4
(CH), 120.9 (CH), 118.54 (CH), 118.45 (CH), 118.1 (CH), 35.5 (C), 35.1 (C), 30.9 (3CHs), 30.8 (3CHs). HR-MS, APCI,
m/z: calcd for CosHasNs+, [M+H]+, 346.2278. Found, 346.2292.

4,4'-di-fert-butyl-6"-methyl-2,2':6',2"-terpyridine (Me-OleTpy)

Starting from P10 (96 mg, 0.22 mmol). The product (63 mg, 0.18 mmol, 80% yield) was
Me obtained as a white solid (mp 154-156 °C) after GPC. TH NMR (500 MHz, Chloroform-d)

5 8.63 — 8.60 (m, 2H), 8.51 (d, J= 1.9 Hz, 1H), 8.45 (d, J=1.9 Hz, 1H), 8.39 (d, J=7.8

Hz, 1H), 7.75 (t, J= 7.7 Hz, 1H), 7.32 (dd, J=5.2, 2.0 Hz, 1H), 7.19 (d, J = 7.5 Hz, 1H),
2.67 (s, 3H), 1.47 (s, 9H), 1.43 (s, 9H). 13C{'H} NMR (126 MHz, Chloroform-d) § 162.1 (C), 160.9 (C), 158.0 (C),
156.8 (C), 156.2 (C), 155.9 (C), 155.7 (C), 149.1 (CH), 137.1 (CH), 123.2 (CH), 120.9 (CH), 118.5 (CH), 118.4 (2CH),
118.0 (CH), 35.5 (C), 35.1 (C), 30.9 (3CHs), 30.8 (3CHs), 24.9 (CHs). HR-MS, APCI, m/z: calcd for CosHogN3s*, [M]*,
359.2356. Found, 359.2349.

4,4'-di- fert-butyl-6"-phenyl-2,2':6',2"-terpyridine (Ph-OleTpy)

Starting from P11 (310 mg, 0.62 mmol). The product (193 mg, 0.46 mmol, 74% yield) was
Ph  obtained as a white solid (mp 145-146 °C) after column chromatography: hexane to

hexane/EtOAc 95:5. TH NMR (500 MHz, Chloroform-d) 6 8.72 (d, J= 1.9 Hz, 1H), 8.65 (dd,

J=2.0,0.7 Hz, 1H), 8.63 (dd, J = 5.3, 0.8 Hz, 1H), 8.58 (dd, J = 7.8, 1.0 Hz, 1H), 8.48 (d,
J=1.8 Hz, 1H), 8.22 —8.17 (m, 2H), 7.95 (t, J= 7.8 Hz, 1H), 7.81 (dd, J=7.8, 1.0 Hz, 1H), 7.58 — 7.51 (m, 2H), 7.49
—7.44 (m, 1H), 7.34 (dd, J = 5.2, 2.0 Hz, 1H), 1.50 (s, 9H), 1.44 (s, 9H). 13C{1H} NMR (126 MHz, Chloroform-qd) &
162.1 (C), 160.9 (C), 156.8 (C), 156.44 (C), 156.42 (C), 155.9 (C), 155.6 (C), 149.2 (CH), 139.6 (C), 137.8 (CH),
129.1 (CH), 128.9 (2CH), 127.1 (2CH), 120.9 (CH), 120.3 (CH), 119.7 (CH), 118.5 (CH), 118.5 (CH), 118.2 (CH),
35.5 (C), 35.1 (C), 30.9 (3CHs), 30.8 (3CHg). HR-MS, APCI, m/z: calcd for CaoHsoNs+, [M+H]*, 422.2591. Found,
422.2593.

Scheme S8. Synthesis of 4'-(tert-butyl)-2,2":6',2"-terpyridine (L1).

1) KOBu (2 equiv)

THF, rt, 30 min
| AN 2) PvH (1.1 equiv)
1, ight
_ Me rt, overnig

o} 3) NH40ACc (20 equiv),
AcOH, reflux, 8 h

Bu
L1

32%

L1 was synthesized according to the procedure reported in the literature.” 1-(Pyridin-2-yl)ethan-1-one (3.6 g, 0.03
mol) was added to a solution of KOBu (3.3 g, 0.03 mol) in THF (150 ml, 0.2 mol/L), resulting in a pinkish suspension.
After 30 min stirring at rt, pivalaldehyde (1.8 ml, 0.02 mol, 0.793 g/ml) was added and the deep-red mixture was stirred
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overnight. Solid NH4sOAc (23 g, 0.3 mol) was dissolved in glacial HOAc (90 mL, 1.6 mol, 1.05 g/ml) and was added
to the deep-red suspension; the resulting mixture was heated at 100 °C for 8 h. Solvents were removed by rotary
evaporation and the pH of the residue was adjusted to neutral with K.COs. The aqueous layer was extracted with
ether (x 3). The organic layers were collected, dried over MgSQs., filtered and concentrated by rotary evaporation.
The product (1.39 g, 0.005 mol, 32%) was obtained as a whitish solid after column chromatography: hexane/Et,0 1:2
and subsequent recrystallization from hexane/EtOAc 20:1. The spectral data are in accordance with those reported
in the literature.” TH NMR (500 MHz, Chloroform-d) 6 8.72 (ddd, J = 4.8, 1.8, 0.9 Hz, 2H), 8.62 (dt, J= 7.9, 1.1 Hz,
2H), 8.50 (s, 2H), 7.85 (td, J= 7.7, 1.8 Hz, 2H), 7.33 (ddd, J= 7.5, 4.8, 1.2 Hz, 2H), 1.47 (s, 9H).13C{'H} NMR (126
MHz, Chloroform-d) § 162.3 (C), 156.8 (2C), 155.5 (2C), 149.2 (2CH), 136.9 (2CH), 123.7 (2CH), 121.5 (2CH), 118.3
(2CH), 35.5 (C), 30.9 (3CHs).

Scheme S9. Synthesis of 4'-(tert-butyl)-6-aryl-2,2".6',2"-terpyridines (L2, L3, L5, L13—-L17).

1) KOBu (2.2 equiv)

THF, rt, 30 min ) .
2) PvH (1.1 equiv) 1) BuLi (1 cequw)
A rt, overnight THF, -78°C, 1 h
| = Me ]
Br™ N 3) NH,OAc (20 equiv), 2) MeOH (10 equiv)

—78 °C then rt, overnight
38%

pi2 O AcOH, reflux, 8 h

33%
ArB(OH), (1.1 equiv)
Cs,CO3 (1.2 equiv)
Pd(PPhg),4 (2.5 mol%)
dioxane/H,0 5:1

100 °C, overnight

77 — 100%

L2, L3, L5, L13-L17

Synthesis of 6,6'"-dibromo-4'-(fert-butyl)-2,2":6',2"-terpyridine (P13)

P13 was synthesized following the procedure adopted from the literature.” 1-(6-Bromopyridin-2-
yl)ethan-1-one P12 (3.7 g, 0.019 mol) was added to a solution of KOBu (2.34 g, 0.021 mol) in
THF (100 mL, 0.2 mol/L). The mixture turned bright orange. After 30 min stirring at r,

pivalaldehyde (1.1 ml, 0.01 mmol, 0.793 g/mL) was added and the mixture was stirred overnight.
Solid NH4OAc (14.3 g, 0.19 mol) was dissolved in glacial HOAc (50 mL, 0.87 mol, 1.05 g/ml) with slight heating, and
was added to the deep orange suspension; the resulting orange solution was refluxed for 8 h. Solvents were removed
by rotary evaporation and the pH of the residue was adjusted to neutral with K2COs. The aqueous layer was extracted
with EtOAc (x 3), then DCM (x 3). The organic layers were collected, dried over MgSO., filtered and concentrated by
rotary evaporation. The product (1.37 g, 0.003 mol, 33%) was obtained as a whitish solid after trituration with hot
hexane-EtOAc 5/1 and subsequent filtration of the suspension cooled down to rt. TH NMR (500 MHz, Chloroform-q)
58.53 (dd, J=7.7, 0.9 Hz, 2H), 8.46 (s, 2H), 7.69 (t, J= 7.8 Hz, 2H), 7.50 (dd, J=7.8, 0.9 Hz, 2H), 1.47 (s, 9H).
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Synthesis of 6-bromo-4'-(fert-butyl)-2,2':6',2"-terpyridine (P14)
To a solution of 6,6"-dibromo-4'-(tert-butyl)-2,2".6',2"-terpyridine P13 (2 g, 4.5 mmol) in THF (100
mL, 0.05 mol/L), BuLi (3.3 mL, 1.5 mol/L in hexane) was added dropwise via syringe over 10 min

at —78 °C, resulting in a deep-violet solution. The solution was stirred for 40 min, then MeOH (2

mL, 49 mmol, 0.791 g/mL) was added in one portion via syringe and stirring continued for another
15 min. The solution was allowed to warm slowly to 0 °C, and then it was stirred in an ice bath overnight. Upon heating
up solution changed color to a light yellow. The reaction was quenched with saturated NH4Cl, and the aqueous layer
was extracted with EtOAc (x 3). The organic layers were collected, washed with brine, dried over MgSO, filtered and
concentrated by rotary evaporation. The product (0.63 g, 1.7 mmol, 38%) was obtained as a yellowish solid after
column chromatography: hexane-EtOAc (95:5). TH NMR (500 MHz, Chloroform-d) 4 8.71 (ddd, J = 4.8, 1.8, 0.8 Hz,
1H), 8.61 — 8.56 (m, 2H), 8.51 (d, J = 1.8 Hz, 1H), 8.45 (d, J= 1.8 Hz, 1H), 7.84 (td, J= 7.7, 1.8 Hz, 1H), 7.69 (t, J =
7.8 Hz, 1H), 7.50 (dd, J = 7.8, 0.8 Hz, 1H), 7.33 (ddd, J= 7.4, 4.8, 1.2 Hz, 1H), 1.47 (s, 9H).

General procedure for the synthesis of 4'-(fert-butyl)-6-aryl-2,2':6',2"-terpyridines

The procedure for the synthesis was adopted from the literature.®8 A solution of 6-bromo-4'-(tert-butyl)-2,2".6',2"-
terpyridine P14 (50 mg, 0.14 mmol), the corresponding boronic acid (0.15 mmol) and Cs2CO3 (52 mg, 0.16 mmol) in
dioxane/H20 5/1 (2.5 mL/0.5 mL, 0.05 mol/L) was thoroughly degassed by bubbling N2 gas. Pd(PPhs)4 (4 mg, 0.0035
mmol) was subsequently added to the reaction mixture under a Nz flow. The Schlenk flask was sealed with a screw
cap, placed in a 100 °C oil bath and stirred overnight. After cooling to room temperature, the reaction mixture was
diluted with H2O, and extracted with DCM (x 3). The organic layers were collected, dried over MgSQO, filtered and

concentrated by rotary evaporation. Pure products were obtained in 77-100% yield after column chromatography.

4'-(tert-butyl)-6-phenyl-2,2':6',2"-terpyridine (L2)

The product (47 mg, 0.13 mmol, 94% yield) was obtained as a white solid (mp 129 °C) after
column chromatography: hexane—EtOAc (9:1). TH NMR (500 MHz, Chloroform-d) 6 8.73
(dd, J=4.8, 1.8, 0.9 Hz, 1H), 8.72 (d, J = 1.8 Hz, 1H), 8.65 (dt, J= 7.9, 1.2 Hz, 1H), 8.59
(dd, J=7.8, 1.0 Hz, 1H), 8.52 (d, J= 1.8 Hz, 1H), 8.21- 8.16 (d, J = 7.0 Hz, 2H), 7.92 (t, J
=7.8 Hz, 1H), 7.86 (td, J= 7.7, 1.8 Hz, 1H), 7.80 (dd, J= 7.8, 1.0 Hz, 1H), 7.59 — 7.51 (m, 2H), 7.49 — 7.43 (m, 1H),
7.33 (ddd, J=7.4, 4.8, 1.2 Hz, 1H), 1.50 (s, 9H). 13C{'H} NMR (126 MHz, Chloroform-d) 5 162.1 (C), 156.9 (C), 156.4
(2C), 155.7 (C), 155.4 (C), 149.2 (CH), 139.6 (C), 137.7 (CH), 137.0 (CH), 129.1 (CH), 128.9 (2CH), 127.1 (2CH),
123.7 (CH), 121.6 (CH), 120.3 (CH), 119.8 (CH), 118.4 (CH), 118.3 (CH), 35.5 (C), 30.9 (3CHs). HR-MS, APCI, m/z:
calcd for CasH24N3*, [M+H]+, 366.1965. Found, 366.1958.
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4'-(tert-butyl)-6-(4-methoxyphenyl)-2,2':6',2"-terpyridine (L3)

The product (54 mg, 0.14 mmol, 100% yield) was obtained as a white solid (mp

133-134 °C) after column chromatography: hexane—-EtOAc (9:1). TH NMR (500 MHz,
OMe  Chloroform-d) § 8.72 — 8.70 (m, 1H), 8.70 (d, J = 1.9 Hz, 1H), 8.66 — 8.63 (m, 1H),

8.51 (dd, J=7.8, 0.7 Hz, 1H), 8.50 (d, J= 1.9 Hz, 1H), 8.14 (d, J = 8.7 Hz, 2H), 7.86
(t, J=7.8 Hz, 1H), 7.84 (dd, J= 7.7, 1.9 Hz, 1H), 7.72 (dd, J = 7.8, 1.0 Hz, 1H), 7.32 (ddd, J = 7.4, 4.8, 1.2 Hz, 1H),
7.05 (d, J = 8.7 Hz, 2H), 3.89 (s, 3H), 1.49 (s, 9H). 13C{'H} NMR (126 MHz, Chloroform-d) & 162.0 (C), 160.6 (C),
156.9 (C), 156.2 (C), 156.1 (C), 155.8 (C), 155.4 (C), 149.2 (CH), 137.6 (CH), 136.9 (CH), 132.2 (C), 128.3 (2CH),
123.7 (CH), 121.5 (CH), 119.5 (CH), 119.1 (CH), 118.3 (CH), 118.2 (CH), 114.3 (2CH), 55.5 (CHj3), 35.5 (C), 30.9
(3CHs). HR-MS, APCI, m/z: calcd for CzsH2sNsO+, [M+H]+, 396.2070. Found, 396.2081.

4'-(tert-butyl)-6-mesityl-2,2':6',2"-terpyridine (L5)

The product (50 mg, 0.12 mmol, 91% yield) was obtained as a white solid (mp 173-175
°C) after column chromatography: hexane-EtOAc (9:1 — 8:2). TH NMR (500 MHz,
Chloroform-d) & 8.72 (ddd, J= 4.8, 1.8, 0.9 Hz, 1H), 8.66 (dt, J=7.9, 1.1 Hz, 1H), 8.55
(dd, J=7.9,1.1 Hz, 1H), 8.48 (d, J= 0.6 Hz, 2H), 7.89 (t, J=7.7 Hz, 1H), 7.86 (dd, J=
7.8, 1.8 Hz, 1H), 7.33 (ddd, J = 7.5, 4.8, 1.2 Hz, 1H), 7.25 (dd, J = 7.6, 1.0 Hz, 1H), 7.00 (s, 2H), 2.37 (s, 3H), 2.15
(s, 6H), 1.42 (s, 9H). 13C{'H} NMR (126 MHz, Chloroform-d) 6 162.2 (C), 159.1 (C), 156.9 (C), 156.6 (C), 155.9 (C),
155.3 (C), 149.2 (2C), 138.2 (C), 137.5 (C), 136.94 (CH), 136.87 (CH), 136.3 (CH), 128.6 (2CH), 124.9 (CH), 123.7
(CH), 121.5 (CH), 119.2 (CH), 118.7 (CH), 118.1 (CH), 35.5 (C), 30.9 (3CH3), 21.3 (CH3), 20.7 (2CHs). HR-MS, APCI,
m/z: calcd for CogHsoNs+, [M+H]*, 408.2434. Found, 408.2444.

6-(3,5-bis(trifluoromethyl)phenyl)-4'-(fert-butyl)-2,2':6',2"-terpyridine (L13)
The product (66 mg, 0.13 mmol, 97% yield) was obtained as a white solid (mp 162—

163°C) after column chromatography: hexane-EtOAc (9:1 — 8:2). TH NMR (500 MHz,
Chloroform-qd) & 8.73 (ddd, J = 4.8, 1.8, 0.9 Hz, 1H), 8.71 — 8.68 (m, 2H), 8.67 (br s,
2H), 8.64 (dt, J=8.0, 1.0 Hz, 1H), 8.55 (d, J = 1.8 Hz, 1H), 8.01 (t, J = 7.8 Hz, 1H),
7.96 (s, 1H), 7.90 — 7.84 (m, 2H), 7.35 (ddd, J = 7.4, 4.8, 1.2 Hz, 1H), 1.50 (s, 9H). 13C{'H} NMR (126 MHz,
Chloroform-d) & 162.4 (C), 156.9 (C), 156.7 (C), 155.7 (C), 154.9 (C), 153.0 (C), 149.3 (CH), 141.4 (C), 138.3 (CH),
137.0 (CH), 132.3 (C) (q, J = 33.4 Hz), 127.1 (2CH), 123.8 (CH), 123.6 (C) (q, J = 272.3 Hz), 122.7 — 122.5 (CH) (m),
121.5 (CH), 121.2 (CH), 120.2 (CH), 118.8 (CH), 118.4 (CH), 35.5 (2C), 30.8 (4CHj). 19F NMR (471 MHz, Chloroform-
d) 8 —66.1. HR-MS, APCI, m/z: calcd for Co7H22FsNs+, [M+H]+, 502.1712. Found, 502.1716.

CF3

tBU CF3
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4'-(tert-butyl)-6-(6-methoxynaphthalen-2-yl)-2,2':6',2"-terpyridine (L14)

The product (55 mg, 0.12 mmol, 92% vyield) was obtained as a white solid (mp
212-213 °C) after column chromatography: hexane—EtOAc (9:1 — 8:2). TH NMR
(500 MHz, Chloroform-qd) 6 8.77 (d, J = 1.8 Hz, 1H), 8.73 (ddd, J = 4.8, 1.8, 0.9
Hz, 1H), 8.67 (dd, J = 8.0, 1.1 Hz, 1H), 8.60 — 8.56 (m, 2H), 8.53 (d, J = 1.8 Hz,
1H), 8.34 (dd, J=8.5, 1.8 Hz, 1H), 7.97 — 7.84 (m, 5H), 7.34 (ddd, J=7.4, 4.8, 1.2 Hz, 1H), 7.22 — 7.19 (m, 2H), 3.97
(s, 3H), 1.53 (s, 9H). 13C{1H} NMR (126 MHz, Chloroform-d) § 162.1 (C), 158.4 (C), 156.9 (C), 156.4 (2C), 155.8 (C),
155.4 (C), 149.2 (CH), 137.7 (CH), 137.0 (CH), 135.2 (C), 134.8 (C), 130.4 (CH), 129.1 (C), 127.4 (CH), 126.3 (CH),
125.3 (CH), 123.7 (CH), 121.6 (CH), 120.2 (CH), 119.6 (CH), 119.3 (CH), 118.4 (CH), 118.3 (CH), 105.8 (CH), 55.5
(CH3), 35.5 (C), 30.9 (3CHs). HR-MS, APCI, m/z: calcd for C3B0H28N30+, [M+H]+, 446.2227. Found, 446.2218.

4'-(tert-butyl)-6-(pyren-1-yl)-2,2':6',2"-terpyridine (L15)
The product (66 mg, 0.14 mmol, 100% vyield) was obtained as a light yellow solid

(mp 175—-177 °C) after column chromatography: hexane-EtOAc (8:2). TH NMR (500
MHz, Chloroform-d) & 8.76 — 8.69 (m, 5H), 8.53 (d, J = 1.8 Hz, 1H), 8.32 (s, 2H),
8.23 (td, J=7.6, 1.2 Hz, 2H), 8.14 (s, 2H), 8.11 (d, J=9.3 Hz, 1H), 8.05(q, J=7.8
Hz, 2H), 7.90 (id, J=7.6, 1.8 Hz, 1H), 7.81 (dd, J=7.7, 1.0 Hz, 1H), 7.35 (ddd, J= 7.5, 4.8, 1.2 Hz, 1H), 1.44 (s, 9H).
13C{1H} NMR (126 MHz, Chloroform-d) 8 162.3 (C), 158.8 (C), 156.9 (C), 156.5 (C), 155.7 (C), 155.5 (C), 149.2 (CH),
137.5 (CH), 137.0 (CH), 135.9 (C), 131.65 (C), 131.60 (C), 131.1 (C), 129.0 (C), 128.1 (CH), 128.0 (CH), 127.8 (CH),
127.6 (CH), 126.2 (CH), 125.6 (CH), 125.5 (2CH), 125.4 (C), 125.2 (CH), 125.1 (C), 125.0 (CH), 123.7 (CH), 121.6
(CH), 119.5 (CH), 118.7 (CH), 118.3 (CH), 35.5 (C), 30.9 (3CHg). HR-MS, APCI, m/z: calcd for CasHzsNs*, [M+H]+,
490.2278. Found, 490.2282.

4'-(tert-butyl)-6-(3,4-dimethoxyphenyl)-2,2':6',2"-terpyridine (L16)

The product (54 mg, 0.13 mmol, 94% yield) was obtained as a white solid (mp 142—

143 °C) after column chromatography: hexane-EtOAc (9:1 — 8:2). TH NMR (500
OMe  MHz, Chloroform-d) & 8.74 (d, J= 1.8 Hz, 1H), 8.72 (ddd, J= 4.8, 1.8, 0.9 Hz, 1H),

8.65 (dt, J=7.9, 1.1 Hz, 1H), 8.53 (dd, J=7.7, 0.9 Hz, 1H), 8.51 (d, J= 1.8 Hz, 1H),
7.97 (d, J=2.0 Hz, 1H), 7.89 (t, J= 7.8 Hz, 1H), 7.85 (td, J= 7.7, 1.8 Hz, 1H), 7.76 (dd, J = 7.8, 0.9 Hz, 1H), 7.69
(dd, J= 8.3, 2.0 Hz, 1H), 7.33 (ddd, J=7.5, 4.8, 1.2 Hz, 1H), 7.02 (d, J = 8.4 Hz, 1H), 4.06 (s, 3H), 3.98 (s, 3H),
1.49 (s, 9H). 13C{'H} NMR (126 MHz, Chloroform-d) & 161.9 (C), 156.9 (C), 156.0 (C), 155.8 (C), 155.7 (C), 155.4
(C), 150.2 (C), 149.4 (C), 149.2 (CH), 137.7 (CH), 136.9 (CH), 132.4 (C), 123.7 (CH), 121.6 (CH), 119.5 (CH),
119.4 (CH), 119.1 (CH), 118.3 (2CH), 111.2 (CH), 110.0 (CH), 56.1 (CH3), 55.9 (CH3), 35.4 (C), 30.8 (3CHs). HR-
MS, APCI, m/z: calcd for Co7H2sNsO2+, [M+H]+, 426.2176. Found, 426.2188.

Bu OMe
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4-(4'-(fert-butyl)-[2,2":6',2"-terpyridin]-6-yl)benzonitrile (L17)

The product (41 mg, 0.10 mmol, 77% yield) was obtained as a white solid (mp 205 °C)

after column chromatography: hexane-EtOAc (8:2). TH NMR (500 MHz, Chloroform-d)
CN' §8.73 (ddd, J=4.7, 1.9, 0.9 Hz, 1H), 8.67 (dd, J=7.8, 0.9 Hz, 1H), 8.65 (d, J= 1.9 Hz,

1H), 8.64 (dt, J= 8.0, 1.1 Hz, 1H), 8.54 (d, J = 1.8 Hz, 1H), 8.32 — 8.27 (m, 2H), 7.97
(t, J=7.8 Hz, 1H), 7.87 (td, J = 7.7, 1.8 Hz, 1H), 7.85 — 7.80 (m, 3H), 7.34 (ddd, J = 7.5, 4.8, 1.2 Hz, 1H), 1.50 (s,
9H). 13C{'H} NMR (126 MHz, Chloroform-d) § 162.3 (C), 156.9 (C), 156.7 (C), 155.6 (C), 155.1 (C), 154.2 (C), 149.3
(CH), 143.7 (C), 138.1 (CH), 137.0 (CH), 132.8 (CH), 127.6 (2CH), 123.8 (2CH), 121.5 (CH), 121.1 (CH), 120.7 (CH),
119.1 (C), 118.6 (CH), 118.3 (CH), 112.5 (C), 35.5 (C), 30.9 (3CHjs). HR-MS, APCI, m/z: calcd for CosHosN4*, [M+H]*,
391.1917. Found, 391.1925.

Scheme S10. Synthesis of 4'-(tert-butyl)-6-(perfluorophenyl)-2,2":6',2"-terpyridine (L4).

CgF5CO5K (1.5 equiv)
phen (10 mol%)
Cul (10 mol%)

diglyme, 130 °C, overnight

81%
P14 L4
The synthetic procedure was adopted from the literature.® Cul (2.6 mg, 0.014 mmol), phen (2.4 mg, 0.013 mmol),

potassium 2,3,4,5,6-pentafluorobenzoate (51 mg, 0.20 mmol) and 6-bromo-4'-(tert-butyl)-2,2":6',2"-terpyridine (50 mg,
0.14 mmol) were placed in 10 mL Schlenk flask. The flask was evacuated and back filled with N2 (x 3), then diglyme
(1.4 ml, 0.1 mol/L) was added. The reaction vessel was sealed with a screw cap and stirred at 130 °C for 24 h. The
reaction mixture was diluted with ethyl acetate and filtered through Celite ® to remove insoluble materials. The crude
liquid was concentrated by rotary evaporation. Product (50 mg, 0.11 mmol, 81%) was obtained as a white solid (mp
179-180 °C) after column chromatography: hexane—EtOAc (9:1). 'TH NMR (500 MHz, Chloroform-d) & 8.72 (ddd, J =
4.8,1.8,0.9 Hz, 1H), 8.69 (dd, J=7.9, 1.0 Hz, 1H), 8.63 (dt, J= 8.0, 1.1 Hz, 1H), 8.52 (d, J = 1.8 Hz, 1H), 8.49 (d, J
=1.8 Hz, 1H), 7.98 (t, J = 7.8 Hz, 1H), 7.88 — 7.84 (m, 1H), 7.50 (dd, J=7.7, 1.2 Hz, 1H), 7.34 (ddd, J=7.5, 4.8, 1.2
Hz, 1H), 1.46 (s, 9H). 13C{'H} NMR (126 MHz, Chloroform-d) § 162.4 (C), 157.4 (C), 156.7 (C), 155.6 (C), 154.8 (C),
149.3 (CH), 146.3 (C), 137.6 (CH), 137.0 (CH), 125.7 (CH), 123.8 (CH), 121.50 (CH), 121.46 (CH), 118.65 (CH),
118.63 (CH), 35.5 (C), 30.8 (3CHS3). Cq attached to F or next to F are not detected in 13C{'H} NMR spectra due to
coupling on the neighboring 1°F. 19F NMR (471 MHz, Chloroform-d) & —146.34 (d, J = 22.5 Hz), -157.45 (t, J=22.3
Hz), -165.25 (t, J = 22.1 Hz). HR-MS, APCI, m/z: calcd for CasH19FsNg*, [M+H]*, 456.1494. Found, 456.1483.

Scheme S11. Synthesis of 4'-(tert-butyl)-6-(trimethylsilyl)-2,2":6',2"-terpyridine (L6).

1) BuLi (1.1 equiv)
THF, =78 °C, 1 h

2) Si(Me)3Cl (1.2 equiv)
—78 °Cthenrt, 3 h

24%

S22



To a solution of 6-bromo-4'-(tert-butyl)-2,2".6',2"-terpyridine P14 (187 mg, 0.51 mmol) in THF (5 mL, 0.1 mol/L), BuLi
(0.37 mL, 1.5 mol/L in hexane) was added dropwise via syringe at =78 °C, resulting in a deep-violet solution that was
stirred for 1 h. Then, Si(Me)sClI (0.77 ml, 0.61 mmol, 0.856 g/mL) was added in one portion via syringe and stirring
continued for another 5 min. The solution was allowed to warm slowly to rt and was stirred for 3 h. Upon heating, the
color of the solution changed to orange. The reaction was quenched with H2O, the aqueous layer was extracted with
Et.O (x 3). The organic layers were collected, washed with brine, dried over MgSQ,, filtered and concentrated by
rotary evaporation. The product (44 mg, 0.12 mmol, 24%) was obtained as a white solid (mp 77-79 °C) after column
chromatography: hexane to hexane—-EtOAc (98:2 — 95:5) and further separation of a byproduct by GPC. 'TH NMR
(500 MHz, Chloroform-d) 8 8.71 (ddd, J=4.8, 1.8, 0.9 Hz, 1H), 8.70 (d, J= 1.9 Hz, 1H), 8.63 (dt, J=8.0, 1.1 Hz, 1H),
8.51 (dd, J=8.0, 1.2 Hz, 1H), 8.47 (d, J=1.9Hz, 1H), 7.84 (id, J=7.7, 1.8 Hz, 1H), 7.71 —7.77 (m, 1H), 7.52 (dd,
J=7.3,1.2Hz, 1H), 7.31 (ddd, J=7.4, 4.8, 1.2 Hz, 1H), 1.47 (s, 9H), 0.40 (s, 9H). 13C{TH} NMR (126 MHz, Chloroform-
d) 5 167.6 (C), 161.9 (C), 157.0 (C), 156.15 (C), 156.14 (C), 155.3 (C), 149.2 (CH), 136.9 (CH), 134.8 (CH), 128.6
(CH), 123.6 (CH), 121.6 (CH), 120.2 (CH), 118.4 (CH), 118.0 (CH), 35.4(C), 30.8 (3CHs), -1.6 (3CHj3). HR-MS, APCI,
m/z: calcd for CooHosNsSi+, [M+H]+, 362.2047. Found, 362.2050.

Scheme S12. Synthesis of 4'-(tert-butyl)-6-phenyl-3-(trimethylsilyl)-2,2":6',2"-terpyridine (L7).

N MesSi
1) BuLi (1.1 equiv), -78 °C, THF, 1 h
Ph 2 Si(Me)sCl (1.2 equiv), =78 °C to rt, 2 h Ph
61% Bu
L2-Br L7

Synthesis of 4'-(fert-butyl)-6-phenyl-3-(trimethylsilyl)-2,2':6',2"-terpyridine (L7)
N MesSi To a solution of 3-bromo-4'-(tert-butyl)-6-phenyl-2,2":6',2"-terpyridine L2-Br (Scheme S4) (34
ph Mg, 0.08 mmol) in THF (3 mL, 0.025 mol/L), BuLi (0.06 mL, 1.5 mol/L in hexane) was added

dropwise via syringe at —78 °C resulting in an orange solution that was stirred for 1 h. Then,
SiMesCl (0.015 mL, 0.12 mmol, 0.856 g/mL) was added in one portion via syringe and stirring
continued for another 5 min. The solution was allowed to warm slowly to rt and left stirring for 2 h. Upon heating up
solution changed color to yellowish. The reaction was quenched with H>O, the aqueous layer was extracted with Et.O
(x 3). The organic layers were collected, washed with brine, dried over MgSOQ,, filtered and concentrated by rotary
evaporation. The product (20 mg, 0.05 mmol, 61%) was obtained as a white solid (mp 57-59 °C) after GPC. 'H NMR
(500 MHz, Chloroform-d) & 8.72 (ddd, J = 4.8, 1.8, 0.9 Hz, 1H), 8.48 (d, J = 1.8 Hz, 1H), 8.38 (dd, J = 7.9, 1.0 Hz,
1H), 8.15—8.10 (m, 2H), 8.08 (d, J = 7.9 Hz, 1H), 7.89 (d, J= 1.8 Hz, 1H), 7.77 (d, J= 7.7 Hz, 1H), 7.77 (dd, J= 7.8,
1.8 Hz, 1H), 7.55 — 7.46 (m, 2H), 7.45 — 7.39 (m, 1H), 7.30 (ddd, J = 7.5, 4.8, 1.2 Hz, 1H), 1.47 (s, 9H), 0.05 (s, 9H).
13C{1H} NMR (126 MHz, Chloroform-d) 6 163.9 (C), 161.6 (C), 160.5 (C), 156.7 (C), 156.5 (C), 155.2 (C), 149.2 (CH),
144.5 (C), 139.5 (CH), 136.7 (CH), 132.4 (C), 129.1 (CH), 128.8 (2CH), 127.2 (2CH), 123.6 (CH), 122.3 (CH), 121.6
(CH), 118.8 (CH), 118.0 (CH), 35.4 (C), 30.9 (3CHg), 0.4 (3CHs). HR-MS, APCI, m/z: calcd for CogH32N3Si+, [M+H]*,
438.2360. Found, 438.2339.
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Scheme S13. Synthesis of 4,4'-di-tert-butyl-6-phenyl-2,2'-bipyridine (L8).
PhLi (1.1 equiv)
toluene, reflux, overnight

48%
path 1

1) Bopin, (2 equiv)
[IrOMe(cod)], (5 mol%)
dtbpy (10 mol%)

dtbpy hexane, 80 °C, overnight

2) Phl (1.2 equiv)
K3POy4 (2 equiv)
Pd(dppf)Cl, (10 mol%)
DMF, 80 °C, 5 h

26%
path 2

Path 1. The compound was synthesized according to the procedure reported in the literature.’® A solution of PhLi in
Et20 (14.5 ml, 1.23 mmol, 0.085 mol/L in Et,O) was slowly added to a solution of 4,4'-di-tert-butyl-2,2'-bipyridine (300
mg, 1.12 mmol) in toluene (6 ml, 0.2 mol/L), and the reaction mixture turned red immediately. The mixture was stirred
at 110 °C overnight. During this time, the color changed to deep purple. The mixture was cooled down, filtered, and
the solvent was removed upon rotary evaporation. Pure product (184 mg, 0.54 mmol, 48%) was obtained as a white
solid after column chromatography: hexane-EtOAc (95:5). Note: phenyllithium was synthesized according to the
procedure reported in the literature with some modifications.’ Bromobenzene (1.4 ml, 13.2 mmol, 1.495 g/ml) was
dissolved in hexane and cooled to —78 °C, followed by dropwise addition of BuLi (8.2 ml, 13.1 mmol, 1.6 mol/L in
hexane) and allowed warm slowly to rt. After stirring for 48 h a white precipitate had formed and was isolated by
filtration in the atmosphere of inert gas. The white solid was washed with hexane and dissolved in ether (50 mL). After
titration of the obtained solution the concentration of phenyllithium was found to be 0.085M (4.3 mmol, 32%).

Path 2.
The compound was synthesized according to the procedure reported in the literature.'2 [IrOMe(cod)]2 (42 mg, 0.063

mmol) and dtbpy (29 mg, 0.127 mmol) was dissolved in hexane (11 mL, 0.01 mol/L) and transferred to a solution of
dtbpy (300 mg, 1.12 mmol) and Bzpinz (568 mg, 2.235 mmol) in hexane (19 mL, 0.06 mol/L) under an atmosphere of
N2. The Schlenk flask was sealed with a screw cap and heated at 80 °C overnight. The solvent was removed in vacuo,
followed by addition of Phl (274 mg, 1.34 mmol), KsPO4 (475 mg, 2.24 mmol), Pd(dppf)Cl. dichloromethane adduct
(92 mg, 0.11 mmol) and DMF (44 mL, 0.025 mol/L). The mixture was stirred for 5 h at 80 °C. The product was
extracted with hexane (x 3), dried over MgSOQ, filtered and concentrated by rotary evaporation. The product (99 mg,
0.29 mmol, 26%) was obtained as a white solid after column chromatography: hexane—EtOAc (95:5). The spectral
data are in accordance with those reported in the literature.’3 TH NMR (500 MHz, Chloroform-d) & 8.63 (d, J= 2.0 Hz,
1H), 8.61 (dd, J=5.2, 0.7 Hz, 1H), 8.39 (d, J=1.7 Hz, 1H), 8.19-8.11 (m, 2H), 7.77 (d, J= 1.7 Hz, 1H), 7.56 — 7.48
(m, 2H), 7.47 — 7.40 (m, 1H), 7.32 (dd, J = 5.2, 2.0 Hz, 1H), 1.44 (s, 9H), 1.41 (s, 9H). 13C{1H} NMR (126 MHz,
Chloroform-d)  161.8 (C), 160.9 (C), 156.9 (C), 156.6 (C), 156.4 (C), 149.1 (CH), 140.2 (C), 128.9 (CH), 128.8 (2CH),
127.2 (2CH), 120.9 (CH), 118.6 (CH), 117.6 (CH), 116.9 (CH), 35.4 (C), 35.1 (C), 30.9 (3CHj3), 30.8 (3CHj).
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Scheme S14. Synthesis of 6-([1,1'-biphenyl]-3-yl)-4,4'-di- tert-butyl-2,2'-bipyridine (L9).

Bpin/©\ Ph (1.1 equiv)

P15

Cs,CO3 (1.2 equiv)
Pd(PPhg)4 (2.5 mol%)
dioxane/H,0 5:1

100 °C, overnight

1) BuLi (1 equiv)
THF, -78°C, 1 h

Ph
2) MeOH (10 equiv)
—78 °C then rt, overnight

P2

74%
Synthesis of 2-([1,1'-biphenyl]-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (P15)

Q The synthetic procedure was adopted from the literature.’* A mixture of 3-bromo-1,1'-biphenyl (200
Bpin Ph  mg, 0.86 mmol), bis(pinacolato)diboron (218 mg, 0.86 mmol), KOAc (250 mol%) and Pd(dppf)Clz
dichloromethane adduct (25 mg, 0.031) in dioxane (9 mL, 0.1 mol/L) was thoroughly degassed by bubbling a stream
of N2. The resulting solution was refluxed for 24 h. After cooling down to rt, the reaction was filtered through Celite ®.
The filtrate was then diluted with water and extracted with EtOAc (x 3). The organic layers were collected, dried over
MgSO., filtered and concentrated by rotary evaporation. The product (158 mg, 0.564 mmol, 66%) was obtained as a
white solid after column chromatography: hexane to hexane—-EtOAc 95:5. The spectral data are in accordance with
those reported in the literature.’1H NMR (500 MHz, Chloroform-d) & 8.06 — 8.04 (m, 1H), 7.79 (dt, J= 7.3, 1.2 Hz,
1H), 7.69 (ddd, J=7.7, 2.1, 1.3 Hz, 1H), 7.64 — 7.61 (m, 2H), 7.48 — 7.40 (m, 3H), 7.37 — 7.31 (m, 1H), 1.36 (s, 12H).

Synthesis of 6-([1,1'-biphenyl]-3-yl)-6'-bromo-4,4'-di- fert-butyl-2,2'-bipyridine (P16)
The synthetic procedure was adopted from the literature.8 A suspension of 6,6'-dibromo-
4,4'-di-tert-butyl-2,2"-bipyridine P2 (170 mg, 0.399 mmol), 2-([1,1'-biphenyl]-3-yl)-4,4,5,5-
Ph  tetramethyl-1,3,2-dioxaborolane P15 (112 mg, 0.399 mmol) and Cs.COs; (156 mg,
0.479 mmol) in dioxane/H>O 5/1 (7 mL/1 mL, 0.05 mol/L) was thoroughly degassed by

bubbling N2 gas. Pd(PPhs)s (12 mg, 0.010 mmol) was subsequently added to the reaction
mixture under a N, flow. The Schlenk flask was sealed with a screw cap, placed in a 100 °C oil bath and stirred
overnight. After cooling to room temperature, the reaction mixture was diluted with H>O, and extracted with EtOAc (x
3). The organic layers were collected, dried over MgSQy, filtered and concentrated by rotary evaporation. The product
(32 mg, 0.064 mmol, 16%) was obtained as a white solid after GPC. Note: the material was partly lost due to mistake.
TH NMR (500 MHz, Chloroform-d) & 8.63 (d, J = 1.6 Hz, 1H), 8.38 (t, J= 1.8 Hz, 1H), 8.37 (d, J = 1.7 Hz, 1H), 8.09
(ddd, J=7.7,1.8,1.2 Hz, 1H), 7.81 (d, J=1.6 Hz, 1H), 7.75-7.70 (m, 2H), 7.68 (ddd, J= 7.6, 1.8, 1.1 Hz, 1H), 7.59
(t, J=7.7 Hz, 1H), 7.51 — 7.46 (m, 2H), 7.48 (d, J = 1.6 Hz, 1H), 7.40 (dt, J = 7.4, 1.1 Hz, 1H), 1.45 (s, 9H), 1.40 (s,
9H).

Synthesis of 6-([1,1'-biphenyl]-3-yl)-4,4'-di-fert-butyl-2,2'-bipyridine (L9)
To a solution of 6-([1,1'-biphenyl]-3-yl)-6'-bromo-4,4'-di-tert-butyl-2,2'-bipyridine P16 (32
Ph  mg, 0.064 mmol) in THF (3 mL, 0.025 mol/L) at —=78 °C, BuLi (0.047 mL, 1.5 mol/L in

hexane) was added dropwise via syringe, resulting in an orange solution that was stirred
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for 1 h. Then, MeOH (0.026 mL, 0.64 mmol, 0.791 g/mL) was added in one portion via syringe and stirring continued
for another 5 min. The solution was allowed to warm slowly to rt and was stirred for 1 h. Upon heating up, the color
of the solution changed to light-green. The reaction was quenched with H>O, and the aqueous layer was extracted
with EtOAc (x 3). The organic layers were collected, washed with brine, dried over MgSO, filtered and concentrated
by rotary evaporation. The product (20 mg, 0.048 mmol, 74%) was obtained as a white solid (mp 154—155 °C) after
column chromatography: hexane to hexane-EtOAc (97:3 — 95:5). TH NMR (500 MHz, Chloroform-d) 6 8.69 (dd, J =
2.0,0.7 Hz, 1H), 8.62 (dd, J=5.2, 0.8 Hz, 1H), 8.42 (t, J=1.8 Hz, 1H), 8.41 (d, J=1.8 Hz, 1H), 8.12 (dt, J=7.7, 1.4
Hz, 1H), 7.81 (d, J=1.7 Hz, 1H), 7.73 (dd, J= 8.2, 1.3 Hz, 2H), 7.68 (dt, J= 7.6, 1.5 Hz, 1H), 7.60 (t, J= 7.7 Hz, 1H),
7.52 — 7.45 (m, 2H), 7.42 — 7.37 (m, 1H), 7.33 (dd, J=5.2, 2.0 Hz, 1H), 1.46 (s, 9H), 1.42 (s, 9H). 13C{'H} NMR (126
MHz, Chloroform-d) & 162.0 (C), 161.0 (C), 156.8 (C), 156.4 (C), 156.3 (C), 149.1 (CH), 141.7 (C), 141.4 (C), 140.7
(C), 129.3 (CH), 129.0 (2CH), 127.7 (CH), 127.5 (CH), 127.4 (2CH), 126.3 (CH), 126.1 (CH), 121.0 (CH), 118.7 (CH),
117.6 (CH), 117.0 (CH), 35.4 (C), 35.1 (C), 30.9 (3CHs), 30.7 (3CHs). HR-MS, APCI, m/z: calcd for CsoHssNo+, [M+H]+,
421.2638. Found, 421.2634.

Scheme S15. Synthesis of 6-(4-methoxyphenyl)-2,2":6',2"-terpyridine (L12).

4-OMeCgH4B(OH),
(1.1 equiv)

Cs,CO3 (1.2 equiv)
Pd(PPh3), (2.5 mol%)

1) BuLi (1.1 equiv)
2) SnBusCl (1.2 equiv)
THF, -78 °Ctort,2h

3) 2,6-dibromopyridine (1 equiv) dioxane/H,0 5:1

Pd(PPhg), (5 mol%) 100 °C, overnight OMe
P17 toluene, reflux, 18h
28% 95%

Synthesis of 6-bromo-2,2':6',2"-terpyridine (P18).
Br  The synthetic procedure was adopted from the literature.6 To a solution of 6-bromo-2,2'-
bipyridine P17 (353 mg, 1.5 mmol) in THF (15 ml, 1.5 mol/L), BuLi (1.1 mL, 1.65 mmol, 1.5 M in

hexane) was added at —78 °C, and the resulting solution was stirred for 1 h. Tributyltin chloride

(586 mg, 1.80 mmol) was added quickly and the mixture was allowed to warm slowly to rt and
was stirred overnight. The reaction was diluted with water and extracted with EtO (x 3). The organic layers were
collected, dried over MgSOQ., filtered and concentrated by rotary evaporation. The product was obtained quantitatively
as a brown oil and used in the next step without any additional purification.

To a solution of 2,6-dibromopyridine (351 mg, 1.48 mmol) and Pd(PPhg)s (87 mg, 0.07 mmol) in toluene (15 mL,
0.1 mol/L), 6-(tributylstannyl)-2,2'-bipyridine (660 mg, 1.48 mmol) was added. The mixture was thoroughly degassed
by bubbling a N2> gas, sealed with a screw cap and refluxed overnight. Then the reaction mixture was diluted with
water and poured into a concentrated ag. solution of CsF (1.1 g, 7.4 mmol). After 30 min stirring at rt, the biphasic
mixture was filtered through the plug of Celite ®. The aqueous phase was extracted with toluene (x 3). The organic
layers were collected, dried over MgSQs., filtered and concentrated by rotary evaporation. The product (128 mg, 0.41
mmol, 28%) was obtained as a white solid after column chromatography: hexane-EtOAc (95:5 — 9:1). TH NMR (500
MHz, Chloroform-d) § 8.71 (ddd, J=4.8, 1.8, 0.9 Hz, 1H), 8.59 (dd, J=7.7, 0.8 Hz, 1H), 8.58 (dt, J=7.9, 1.1 Hz, 1H),
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8.49 — 8.43 (m, 2H), 7.96 (t, J= 7.8 Hz, 1H), 7.86 (td, J = 7.7, 1.8 Hz, 1H), 7.71 (t, J= 7.8 Hz, 1H), 7.51 (dd, J=7.8,
0.9 Hz, 1H), 7.34 (ddd, J = 7.5, 4.8, 1.2 Hz, 1H).

Synthesis of 6-(4-methoxyphenyl)-2,2':6',2"-terpyridine (L12)
The synthetic procedure was adopted from the literature.8 A solution of 6-bromo-
2,2"6',2"-terpyridine P18 (50 mg, 0.16 mmol), (4-methoxyphenyl)boronic acid (27 mg,
OMe  0.18 mmol) and Cs,CO; (68 mg, 0.19 mmol) in dioxane/H20 5/1 (2.5 ml/0.5 ml, 0.05

mol/L) was thoroughly degassed by bubbling N2 gas. Pd(PPhs)4 (5 mg, 0.004 mmol) was subsequently added to the
reaction mixture under N.. The Schlenk flask was sealed with a screw cap, placed into a 100 °C oil bath and stirred
overnight. After cooling to room temperature, the reaction mixture was diluted with H>O, and extracted with DCM (x
3). The organic layers were collected, dried over MgSQy, filtered and concentrated by rotary evaporation. The product
(52 mg, 0.15 mmol, 95% yield) was obtained as a white solid (mp 168-169 °C) after column chromatography:
hexane-EtOAc (9:1). TH NMR (500 MHz, Chloroform-d) & 8.71 (ddd, J = 4.8, 1.8, 0.9 Hz, 1H), 8.69 — 8.64 (m, 2H),
8.53 (dd, J=7.7,0.9 Hz, 1H), 8.46 (dd, J=7.8, 1.1 Hz, 1H), 8.17 -8.11 (m, 2H), 7.99 (t, J=7.8 Hz, 1H), 7.89 (t, J=
7.8 Hz, 1H), 7.89 — 7.86 (m, 1H), 7.74 (dd, J = 7.8, 0.9 Hz, 1H), 7.34 (ddd, J = 7.5, 4.8, 1.2 Hz, 1H), 7.08 — 7.02 (m,
2H), 3.90 (s, 3H). 13C{'H} NMR (126 MHz, Chloroform-d) & 160.7 (C), 156.5 (C), 156.2 (C), 155.8 (2C), 155.4 (C),
149.3 (CH), 137.9 (CH), 137.7 (CH), 137.0 (CH), 132.2 (C), 128.4 (2CH), 123.9 (CH), 121.3 (CH), 121.1 (CH), 119.7
(CH), 118.8 (CH), 114.3 (CH), 55.5 (CHs). HR-MS, APCI, m/z: calcd for CxoH1gNsO+, [M+H]+, 340.1445. Found,
340.1453.

Scheme S16. Synthesis of 6-methyl-2,2'-bipyridine (L18).

=
|
= N~ “SnBug
| P4 (1 equiv)

Me™ "N "Br "y (PPha), (5 mol%)

toluene, reflux, 18 h
36% L18

To a solution of 2-bromo-6-methylpyridine (400 mg, 2.3 mmol) and Pd(PPhs)4 (134 mg, 0.12 mmol) in toluene (12 mL,
0.2 mol/L), 2-(tributylstannyl)pyridine P4 (847 mg, 2.30 mmol) was added. The mixture was thoroughly degassed by
bubbling N2 gas, sealed with a screw cap and refluxed overnight. Then the reaction mixture was diluted with water
and poured into a concentrated aq. Solution of CsF (1.7 g, 11.50 mmol). After 30 min stirring at rt, the biphasic mixture
was filtered through the plug of Celite ®. The aqueous phase was extracted with toluene (x 3). The organic layers
were collected, dried over MgSO., filtered and concentrated by rotary evaporation. The product (138 mg, 0.82 mmol,
36%) was obtained as a colorless solid after column chromatography: hexane — hexane-EtOAc (955 — 9:1 —
85:15) and keeping in a freezer (-30 °C) over weekend. The spectral data are in accordance with those reported in
the literature.'s TH NMR (500 MHz, Chloroform-d) & 8.67 (ddd, J = 4.8, 1.8, 0.9 Hz, 1H), 8.40 (dt, J=7.9, 1.1 Hz, 1H),
8.16 (dt, J= 7.9, 0.8 Hz, 1H), 7.80 (td, J = 7.7, 1.8 Hz, 1H), 7.70 (t, J = 7.7 Hz, 1H), 7.29 (ddd, J = 7.5, 4.8, 1.2 Hz,
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1H), 7.17 (d, J = 7.6 Hz, 1H), 2.64 (s, 3H). 13C{tH} NMR (126 MHz, Chloroform-d) & 158.1 (C), 156.7 (C), 155.7 (C),
149.3 (CH), 137.2 (CH), 137.0 (CH), 123.6 (CH), 123.4 (CH), 121.3 (CH), 118.2 (CH), 24.8 (CHs).

Scheme S17. Synthesis of 6-R2-2,2-bipyridine (L19, P21, P22).
R2B(OH), (1.1 equiv)
Cs,CO5 (1.2 equiv)

Pd(PPhg), (2.5 mol%)

dioxane/H,0 5:1
100 °C, overnight

L19: R? = 4-MeOCgH,, 97%

P21: R? = 2-BrCgH,, 45%

P22: R2 = 3-BrCgHy, 86%

General procedure for the synthesis of 4,4’-di-fert-butyl-6"-R-2,2’:6’,2”-terpyridine (R-OleTpy).

The synthetic procedure was adopted from the literature.®8 A solution of 6-bromo-2,2-bipyridine (1 equiv)
corresponding boronic acid (1.1 equiv) and Cs>COs (2 equiv) in dioxane/H-O 5/1 (0.1 mol/L) was thoroughly degassed
by bubbling N2> gas. Pd(PPhs). (2.5 mol%) was subsequently added to the reaction mixture under Nao. The Schlenk
flask was sealed with a screw cap, placed at 100 °C oil bath and left overnight. After cooling to room temperature, the
reaction mixture was diluted with H>O, and extracted with DCM (x 3). The organic layers were collected, dried over

MgSO., filtered and concentrated by rotary evaporation. Pure products were obtained after column chromatography.

6-(4-methoxyphenyl)-2,2’-bipyridine (L19)
OMe  Starting from P17 (117 mg, 0.5 mmol). The product (127 mg, 0.49 mmol, 97% vyield) was

obtained as a white solid after column chromatography: hexane-EtOAc (9:1). The spectral

data are in accordance with those reported in the literature.’” TH NMR (500 MHz, Chloroform-
d) 6 8.69 (ddd, J=4.8, 1.8, 0.9 Hz, 1H), 8.63 (dt, J=8.0, 1.1 Hz, 1H), 8.31 (dd, J= 7.8, 1.0 Hz, 1H), 8.17 — 8.09 (m,
2H), 7.85 (t, J= 7.8 Hz, 1H), 7.85 (td, J= 7.7, 1.8 Hz, 1H), 7.72 (dd, J = 7.9, 1.0 Hz, 1H), 7.33 = 7.31 (m, 1H), 7.06 —
7.01 (m, 2H), 3.89 (s, 3H). 13C{'H} NMR (126 MHz, Chloroform-d) 6 160.7 (C), 156.6 (C), 156.3 (C), 155.7 (C), 149.2
(CH), 137.8 (CH), 137.0 (CH), 132.2 (C), 128.4 (2CH), 123.8 (CH), 121.4 (CH), 119.7 (CH), 118.7 (CH), 114.2 (2CH),
55.5 (CHg).

6-(2-bromophenyl)-2,2’-bipyridine (P21)

Starting from P17 (200 mg, 0.85 mmol). The product (79 mg, 0.26 mmol, 30% yield) was obtained
as a white solid after column chromatography: hexane-EtOAc (95:5). TH NMR (500 MHz,
Chloroform-d) § 8.69 (ddd, J=4.8, 1.8, 0.9 Hz, 1H), 8.52 (dt, J= 8.0, 1.1 Hz, 1H), 8.42 (dd, J =
7.9,1.0Hz,1H), 7.90 (t, J=7.8 Hz, 1H), 7.81 (1d, J=7.7, 1.8 Hz, 1H), 7.71 (dd, J=8.0, 1.2 Hz, 1H), 7.68 — 7.57 (m,
2H), 7.44 (td, J=7.5,1.2 Hz, 1H), 7.31 (ddd, J= 7.8, 4.9, 1.4 Hz, 1H), 7.30 — 7.26 (m, 1H).
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6-(3-bromophenyl)-2,2’-bipyridine (P22)
Starting from P17 (117 mg, 0.50 mmol). The product (134 mg, 0.43 mmol, 86% yield) was
gr Obtained as a colorless oil after column chromatography: hexane—-EtOAc (9:1). 'TH NMR (500
MHz, Chloroform-qd) 6 8.70 (ddd, J= 4.8, 1.8, 1.0 Hz, 1H), 8.61 (dt, J=8.0, 1.1 Hz, 1H), 8.40
(dd, J=7.8, 0.9 Hz, 1H), 8.33 (t, J = 1.9 Hz, 1H), 8.04 (ddd, J= 7.8, 1.7, 1.0 Hz, 1H), 7.89 (t, J = 7.8 Hz, 1H), 7.86
(td, J=7.8, 1.8 Hz, 1H), 7.74 (dd, J = 7.8, 1.0 Hz, 1H), 7.56 (ddd, J = 7.9, 2.0, 1.0 Hz, 1H), 7.37 (t, J = 7.9 Hz, 1H),
7.33 (ddd, J=7.5, 4.8, 1.3 Hz, 1H).

Scheme S18. Synthesis of 6-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-2,2’-bipyridine (L20).

B,Pin, (1.1 equiv)
KOACc (2.5 equiv)

Br  Pd(dppf)Cl, (3.5 mol% ) Bpin

dioxane, reflux, 24 h

P22 64%

The synthetic procedure was adopted from the literature.’* A mixture of P22 (136 mg, 0.44 mmol),
bis(pinacolato)diboron (123 mg, 0.48 mmol), KOAc (108 mg, 1.10 mmol) and Pd(dppf)Cl. dichloromethane adduct
(13 mg, 0.015 mmol) in dioxane (4.5 mL, 0.1 mol/L) was mixed and thoroughly degassed by bubbling a N> stream.
The resulting solution was refluxed for 24 h. After cooling down to rt, the reaction mixture was passed through Celite ®.
The filtrate was then diluted with water and extracted with EtOAc (x 3). The organic layers were collected, dried over
MgSO., filtered and concentrated by rotary evaporation. The product (99 mg, 0.28 mmol, 64% yield) was obtained as
a viscous oil after column chromatography: hexane—-EtOAc (95:5 — 85:15). TH NMR (500 MHz, Chloroform-d) & 8.69
(ddd, J=4.8, 1.8, 0.9 Hz, 1H), 8.66 (dt, J=7.9, 1.1 Hz, 1H), 8.46 (t, J= 1.8 Hz, 1H), 8.39 — 8.34 (m, 2H), 7.94 - 7.75
(m, 4H), 7.55 - 7.51 (m, 1H), 7.33 (ddd, J=7.4, 4.8, 1.2 Hz, 1H), 1.38 (s, 12H). 13C{'H} NMR (126 MHz, Chloroform-
d) 5 156.7 (C), 156.6 (C), 155.9 (C), 149.2 (CH), 138.9 (C), 137.8 (CH), 137.0 (CH), 135.6 (CH), 133.2 (CH), 130.3
(CH), 128.4 (CH), 123.8 (CH), 121.6 (CH), 120.7 (CH), 119.4 (CH), 84.1 (2C), 25.1 (4CHs). 1B NMR (160 MHz,
Chloroform-d) 6 37.3. HR-MS, APCI, m/z: calcd for C22H1sN3O+, [M+H]+, 359.1925. Found, 359.1930.

Scheme S$19. Synthesis of 6-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)- (L21) 6-(2-
(trimethylsilyl)phenyl)-2,2’-bipyridine (L22).

1) BulLi (1.1 equiv), =78 °C, THF, 1 h
2) B(OMe);3 (1.2 equiv), —78 °C to rt, overnight

3) HCI 1M
4) pinacol (3 equiv), 57 °C, CHClI3, overnight

R 25%

1) BuLi (1.1 equiv), =78 °C, THF, 1 h
2) Si(Me)3Cl (1.2 equiv), =78 °C to rt, 2 h

59%
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Synthesis of 6-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-2,2’-bipyridine (L21).

To a solution of P21 (250 mg, 0.81 mmol) in THF (5 mL, 0.16 mol/L), BuLi (0.56 mL, 0.89 mmol,
1.59 mol/L in hexane) was added dropwise via syringe at —78 °C, resulting in a dark-green
solution that was stirred for 1 h. Then, B(Ome)s (0.108 mL, 0.97 mmol, 0.932 g/mL) was added

in one portion via syringe and stirring continued for another 5 min. The solution was allowed to warm slowly to rt
overnight, when its color changed to pale yellow. At this point 1M HCI ag. was added and stirring continued for another
30 min. The solution was neutralized with aq. NaHCO3 and extracted with DCM (x3). The organic layers were
collected, dried over MgSO, filtered and concentrated by rotary evaporation. The residues were triturated with hexane
and the yellow solid was filtered off, resulting in 110 mg of crude material that was suspended in CHCI; (20 mL)
followed by addition of pinacol (141 mg, 0.56 mmol). The reaction was heated overnight at 57 °C, then cooled down
to rt and concentrated by rotary evaporation. The product (73 mg, 0.20 mmol, 25%) was obtained as an off-white
solid (mp 120-122°C) after GPC. 'TH NMR (500 MHz, Chloroform-d) & 8.69 — 8.66 (m, 1H), 8.59 — 8.55 (m, 1H), 8.36
(dd, J=7.9,0.9 Hz, 1H), 7.87 (t, J= 7.8 Hz, 1H), 7.78 (td, J= 7.7, 1.8 Hz, 1H), 7.72 (dd, J = 7.3, 1.5 Hz, 1H), 7.65 —
7.63 (m, 1H), 7.61 (dd, J=7.7, 1.0 Hz, 1H), 7.49 (td, J= 7.5, 1.4 Hz, 1H), 7.42 (td, J = 7.3, 1.2 Hz, 1H), 7.29 (ddd, J
=7.4,4.8,1.2 Hz, 1H), 1.08 (s, 12H). 13C{1H} NMR (126 MHz, Chloroform-d) § 159.7 (C), 156.5 (C), 155.6 (C), 149.1
(CH), 145.9 (C), 137.4 (CH), 136.8 (CH), 134.0 (CH), 129.8 (CH), 128.2 (CH), 127.8 (CH), 123.8 (CH), 122.7 (CH),
122.3 (CH), 119.2 (CH), 83.8 (2C), 24.8 (4CH3). 11B NMR (160 MHz, Chloroform-d) 5 37.4. HR-MS, APCI, m/z: calcd
for C22H1gN3sO+, [M+H]+, 359.1925. Found, 359.1919.

Synthesis of 6-(2-(trimethylsilyl)phenyl)-2,2'-bipyridine (L22).

To a solution of P21 (100 mg, 0.32 mmol) in THF (3 mL, 0.1 mol/L) BuLi (0.22 mL, 0.35 mmol
1.59 mol/L in hexane) was added dropwise via syringe at —78 °C resulting in a dark green
solution that kept stirring for 1 h. Then, Si(Me)sClI (0.49 mL, 0.39 mmol, 0.856 g/mL) was added

in one portion via syringe and stirring continued for another 5 min. Solution was allowed to warm slowly to rt overnight,
when its color changed to yellow. The reaction was quenched with H>O, the aqueous layer was extracted with Et.O
(x 3). The organic layers were collected, washed with brine, dried over MgSO,, filtered and concentrated by rotary
evaporation. The product (58 mg, 0.19 mmol, 59%) was obtained as a white solid (mp 114-116 °C) after GPC. H
NMR (500 MHz, Chloroform-d) & 8.72 — 8.68 (m, 1H), 8.47 — 8.40 (m, 2H), 7.87 (t, J = 7.8 Hz, 1H), 7.81 — 7.75 (m,
1H), 7.71 (dd, J = 7.6, 1.7 Hz, 1H), 7.49 — 7.39 (m, 4H), 7.34 — 7.29 (m, 1H), 0.01 (s, 9H). 13C{'H} NMR (126 MHz,
Chloroform-d) § 161.9 (C), 156.2 (C), 155.4 (C), 149.2 (CH), 148.0 (CH), 139.3 (C), 137.2 (C), 136.9 (CH), 135.2
(CH), 129.3 (CH), 128.8 (CH), 127.4 (CH), 124.1 (CH), 123.9 (CH), 121.8 (CH), 119.6 (CH), 0.6 (3CHs). HR-MS,
APCI, m/z: calcd for C19H21N2Si+, [M+H]+, 305.1469. Found, 305.1474.
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Scheme S20. Synthesis of 5-phenyl- (L23)/ 5-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-2,2'-bipyridine
(L24).

PhB(OH), (1.1 equiv)

93%
Cs,CO3 (1.2 equiv)
Pd(PPhg)4 (2.5 mol%)
dioxane/H,0 5:1
100 °C, overnight

o
Bpin (1.1 equiv) L24

P23
65%

General procedure for the synthesis of 5-phenyl- (L23)/ 5-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)-2,2'-bipyridine (L24)

The synthetic procedure was adopted from the literature.8 A solution of 5-bromo-2,2'-bipyridine (1 equiv), the
corresponding boronic acid (1.1 equiv) and Cs2COs (1.2 equiv) in dioxane/H.O 5/1 (0.1 mol/L) was thoroughly
degassed by bubbling N2 stream. Pd(PPhs)s (2.5 mol%) was subsequently added to the reaction mixture under No.
The Schlenk flask was sealed with a screw cap, placed in a 100 °C oil bath and stirred overnight. After cooling to
room temperature, the reaction mixture was diluted with H-O, and extracted with DCM (x 3). The organic layers were
collected, dried over MgSQs, filtered and concentrated by rotary evaporation. Pure products were obtained after
column chromatography.

5-Phenyl-2,2'-bipyridine (L23)
Starting from 5-bromo-2,2'-bipyridine (100 mg, 0.43 mmol). The product (92 mg, 0.40 mmol, 93%

yield) was obtained as an off-white solid after column chromatography: hexane-EtOAc (9:1). The
spectral data are in accordance with those reported in the literature.’® TH NMR (500 MHz,
Chloroform-d) 6 8.93 (dd, J=2.3, 0.8 Hz, 1H), 8.71 (ddd, J=4.8, 1.9, 0.9 Hz, 1H), 8.48 (dd, J=
8.2, 0.8 Hz, 1H), 8.44 (dt, J=8.0, 1.1 Hz, 1H), 8.03 (dd, J = 8.2, 2.3 Hz, 1H), 7.84 (td, J= 7.7, 1.8 Hz, 1H), 7.69 —
7.63 (m, 2H), 7.53 — 7.49 (m, 2H), 7.46 — 7.40 (m, 1H), 7.32 (ddd, J = 7.5, 4.8, 1.2 Hz, 1H). 13C{'H} NMR (126 MHz,
Chloroform-d) § 156.1 (C), 155.1 (C), 149.4 (CH), 147.8 (CH), 137.8 (C), 137.1 (CH), 136.6 (C), 135.4 (CH), 129.3
(2CH), 128.3 (CH), 127.2 (2CH), 123.8 (CH), 121.2 (CH), 121.1 (CH).

5-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-2,2'-bipyridine (L24)
Starting from 5-bromo-2,2'-bipyridine (49 mg, 0.21 mmol). The product (49 mg, 0.14 mmol, 67%

Bpin yield) was obtained as an off-white solid after column chromatography: hexane—-EtOAc (9:1—8:2).
The spectral data are in accordance with those reported in the literature.’* TH NMR (500 MHz,
Chloroform-d) 6 8.71 (ddd, J = 4.8, 1.8, 0.9 Hz, 1H), 8.69 (dd, J = 2.3, 0.8 Hz, 1H), 8.45 (dt, J =
8.0, 1.1 Hz, 1H), 8.41 (dd, J= 8.2, 0.8 Hz, 1H), 7.87 — 7.81 (m, 3H), 7.52 (td, J= 7.5, 1.5 Hz, 1H), 7.44 — 7.37 (m,
2H), 7.32 (ddd, J=7.5, 4.8, 1.2 Hz, 1H), 1.22 (s, 12H). 13C{'H} NMR (126 MHz, Chloroform-d) § 156.5 (C), 154.6 (C),
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149.5 (CH), 149.3 (CH), 144.3 (C), 138.8 (CH), 137.6 (CH), 137.1 (CH), 135.6 (CH), 130.8 (CH), 129.5 (CH), 127.3
(CH), 123.7 (CH), 121.2 (CH), 120.0 (CH), 84.1 (2C), 24.8 (4CHs). 1B NMR (160 MHz, Chloroform-d) 6 37.1. Note:
1,2-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzene P23 was synthesized according to the procedure

reported in the literature.20

6. Synthesis and characterization data for substrates
Scheme S21. Synthesis of 3-fluoro-1,1'-biphenyl (1k).

F PhB(OH), (1.1 equiv) F

DIPEA (3 equiv)
Pd(dppf),Cly (2 Mol%) O
Br
1n 2-propanol/H,0, 100 °C, 21 h

92% 1k
This compound was synthesized according to the procedure reported in the literature.2! To a solution of phenylboronic

acid (732 mg, 6.00 mmol) and Pd(dppf)Cl- dichloromethane adduct (8 mg, 0.100 mmol) in 2-propanol (5 mL) and H-O

(2.5 mL) was added 1-bromo-3-fluorobenzene (875 mg, 5.00 mmol) and diisopropylethylamine (2.61 mL, 15.00 mmol)
at rt. After stirring for 21 h at 100 °C, the mixture was cooled down to rt, diluted with H.O and extracted with EtOAc
(x 3). The organic layers were collected, dried over MgSQs., filtered and concentrated by rotary evaporation. The
product (796 mg, 4.62 mmol, 92% yield) was obtained as a colorless solid after column chromatography: hexane to
hexane-EtOAc (95:5). The spectral data are in accordance with those reported in the literature.2! TH NMR (500 MHz,
Chloroform-d) & 7.60 — 7.55 (m, 2H), 7.48 — 7.35 (m, 5H), 7.33 — 7.27 (m, 1H), 7.10 — 6.98 (m, 1H). 13C{TH} NMR (126
MHz, Chloroform-qd) & 163.3 (C) (d, J = 245.6 Hz), 143.7 (C) (d, J = 7.6 Hz), 140.1 (C), 130.4 (CH) (d, J = 8.4 Hz),
129.0 (2CH), 128.0 (CH), 127.3 (2CH), 122.9 (d, J = 2.9 Hz), 114.3 (CH), 114.1 (CH) (d, J = 2.4 Hz). 1*F NMR (471
MHz, Chloroform-d) 8 —116.4.

Scheme S22. Synthesis of 3'-fluoro-[1,1'-biphenyl]-3-ol (11).
OH

(1.1 equiv)
F B(OH), F

Cs,CO3 (1.2 equiv)
O,
Pd(PPhg)4 (2.5 mol%) HO O
Br
dioxane/H,0 5:1

n 100 °C, overnight 1l

98%
The synthetic procedure was adopted from the literature.8 A solution of 1-bromo-3-fluorobenzene (397 mg, 2.27 mmol),
(3-hydroxyphenyl)boronic acid (328 mg, 2.38 mmol) and Cs>COs (887 mg, 2.72 mmol) in dioxane/H20 5/1 (25 ml/5
ml, 0.075 mol/L) was thoroughly degassed by bubbling N2> gas. Pd(PPhs)4 (66 mg, 0.057 mmol) was subsequently
added to the reaction mixture under No. The Schlenk flask was sealed with a screw cap, placed into a 100 °C oil bath
and stirred overnight. After cooling to room temperature, the reaction mixture was diluted with H2O, and extracted
with EtOAc (x 3). The organic layers were collected, dried over MgSQs, filtered and concentrated by rotary

evaporation. The product (420 mg, 2.23 mmol, 98% yield) was obtained as a viscous colorless oil after column
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chromatography: hexane to hexane—-EtOAc (95:5—9:1). The spectral data are in accordance with those reported in
the literature.22 1H NMR (500 MHz, Chloroform-d) & 7.43 — 7.29 (m, 3H), 7.29 — 7.24 (m, 1H), 7.15 (ddd, J=7.7, 1.8,
0.9 Hz, 1H), 7.08 —7.00 (m, 2H), 6.84 (ddd, J=8.1, 2.6, 0.9 Hz, 1H), 4.82 (s, 1H). 13C{'H} NMR (126 MHz, Chloroform-
d) 8 163.3 (C) (d, J = 245.6 Hz), 156.0 (C), 143.1 (C) (d, J=7.7 Hz), 141.8 (C) (d, 1.8 Hz), 130.4 (CH) (d, J=8.4
Hz), 130.3 (CH), 122.9 (CH) (d, J=2.9 Hz), 119.9 (CH), 114.9 (CH), 114.4 (CH) (d, 21.4 Hz), 114.2 (CH) (d, J=52.2
Hz), 114.2 (CH) (d, 21.4 Hz). 1°F NMR (471 MHz, Chloroform-d) & -116.3.

Scheme S23. Synthesis of fert-butyl 4-(2-fluorophenyl)piperazine-1-carboxylate (1i).

HNTYOF Boc,O (0.9 equiv) BooN™™  F
K/N\Cj NEts (1.5 equiv) K/N\Cj
DCM, rt, overnight

S1 86% 1i

This compound was synthesized according to the procedure reported in the literature.2® Boc2O (220 mg, 1.01 mmol)
was dissolved in DCM (6 mL, 0.2 mol/L) under N2, and S1 (200 mg, 1.11 mmol) was added. The mixture was cooled
down to 0 °C, followed by dropwise addition of NEt; (0.23 mL, 1.67 mmol, 0.726 g/mL), and the resulting reaction
mixture was stirred overnight, then poured into HCI 1M and extracted with DCM. The organic layer was washed with
NaHCO; ag. and brine. The organic layer was collected, dried over MgSQs, filtered and concentrated by rotary
evaporation. The product (268 mg, 0.96 mmol, 86% yield) was obtained as a white solid after column chromatography:
hexane-EtOAc (95:5). The spectral data are in accordance with those reported in the literature.24 TH NMR (500 MHz,
Chloroform-d) & 7.10 — 7.01 (m, 2H), 6.99 — 6.90 (m, 2H), 3.60 (t, J = 4.0 Hz, 4H), 3.02 (t, J = 4.0 Hz, 4H), 1.48 (s,
9H). 13C{'H} NMR (126 MHz, Chloroform-d) & 155.9 (C) (d, J = 246.0 Hz), 154.9 (C), 140.1 (C) (d, J=8.5Hz), 124.6
(CH) (d, J=8.5 Hz), 123.0 (CH) (d, J=7.9 Hz), 119.3 (CH) (d, J = 2.9 Hz), 116.3 (CH) (d, J = 20.7 Hz), 80.0 (C),
50.71 (CH), 50.68 (CH.) 28.6 (3CHs).1%F NMR (471 MHz, Chloroform-d) § —126.1.

7. Synthesis and characterization data for ortho-to-F borylated arenes

7.1. Representative procedure
Scheme S24. Borylation of fluoroarenes (1) catalyzed by PhOle-Tpy/[IrOMe(cod)].

E Bopin, (100 mol %) E
[IrOMe(cod)], (1.5 mol %) Boi
@ Ph-OleTpy (3 mol %) ©/ pin
R R
dioxane, 80 °C, 24 h
1 2
1 equiv

[IrOMe(cod)]z (4 mg, 0.006 mmol, 3 mol% Ir), Ph-OleTpy (5.1 mg, 0.012 mmol, 3 mol% L) and Bgpinz (0.40 mmol,
102 mg) were placed into a Schlenk tube equipped with a stir bar under N.. Dioxane was added (0.5 mL, C
(fluoroarene) = 0.8 mol/L), followed by addition of the fluoroarene (0.40 mmol). The reaction vessel was sealed with
a screw cap, and heated at 80 °C using a metal block. After stirring for 24 h, the reaction mixture was diluted with
EtOAc, followed by addition of ag. NH4CI. An aliquot was taken from organic layer and passed through a plug of

Florisil ® with EtOAc. The resulting solution was analyzed by GC to estimate the yield and the ratio.
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Reaction set-up Reaction mixture before  Stirring at 80 °C using a Reaction mixture after
heating metal block 24 hat80°C

Figure S11. The iridium-catalyzed borylation reaction.

Selected compounds were isolated by the following procedure: the aqueous layer was extracted with EtOAc (x 3
times), the organic extracts were passed through a plug of MgSO.4 and Florisil ® and the resulting solution was
combined with the aliquot taken for GC beforehand. The volatiles were evaporated. The resulting mixture was
analyzed by °F NMR using trifluorotoluene as internal standard or by 'H NMR using 1,1,2,2-tetrachloroethane as
internal standard to determine the yield. Then the products were separated by GPC or by silica gel column

chromatography. The details are specified for each substrate.

7.2. Characterization data

1 F F F 1l

F [IrOMe(cod)], (1.5 mol%) F L . ) o
Ph-OleTpy (3 mol%) Bpin + Bpin Bpin Bpin Bpin |

B,pin, (100 mol%) . . . :

Bpin

Dioxane 0.8 M, 80 °C, 44 h .
1a : Bpin

1 equiv i 2,6 2,5 2,4

47% (49%) 16% (17%)
o/m/p, 93:6:1 2,6-/12,5-/2,4-/3,5-, 36:56:8:<1

The reaction was conducted for 44 h on 0.60 mmol scale. Mono- and diborylated compounds were separated by

GPC. The yield determined by 1°F NMR prior to isolation is 49% for mono- and 17% for diborylated product.

F ~ (2a): The compound was obtained as a mixture of o/m/p isomers and boron containing byproduct. In
©/Bpm order to remove the traces of the byproduct column chromatography was performed. Elution system:
gradient hexane to hexane/dichloromethane, 6:4. The compound was obtained as a colorless oil in 47%

yield (62 mg, 0.28 mmol), o/m/p selectivity is 93:6:1.26 Note: the compound easily evaporates under reduced pressure.
The spectral data are in accordance with those reported in the literature.25 TH NMR (500 MHz, Chloroform-d) 6 7.77
—7.70 (m, 1H), 7.46 — 7.40 (m, 1H), 7.17 — 7.10 (m, 1H), 7.05 — 6.99 (m, 1H), 1.36 (s, 12H). 13C{'H} NMR (126 MHz,
Chloroform-d) § 167.3 (C) (d, J = 250.7 Hz), 137.0 (CH) (d, J= 7.9 Hz), 133.4 (CH) (d, J=8.7 Hz), 123.7 (CH) (d, J

= 3.3 Hz), 115.4 (CH) (d, J = 23.7 Hz), 84.0 (2C), 25.0 (4CHs). 1°9F NMR (471 MHz, Chloroform-d) & ortho: -105.9;
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para: —111.6; meta -117.4. 1B NMR (160 MHz, Chloroform-d) 6 35.3. GC-MS, El, m/z (retention time): ortho: [M+]
222, 207, 179, 160, 137, 123 (10.755); meta: [M+] 222, 207, 179, 165, 136, 123 (10.290); para: [M+] 222, 207, 179,
165, 136, 123 (10.185).

F ~ (2a): The compound was obtained as a mixture of 2,6-/2,5-/2,4-/3,5- isomers. Beige solid, 16% yield (33
| : eein mg, 0.09 mmol) 2,6-/2,5-/2,4-/3,5-, 36:56:8:<1.26 The 'H NMR spectral data for 2,5-isomer is in
Bpin accordance with those reported in the literature.2” 2,6-isomer: TH NMR (500 MHz, Chloroform-d) & 7.81
(dd, J=7.2,5.9 Hz, 2H), 7.13 (td, J= 7.2, 0.9 Hz, 1H), 1.33 (s, 12H); 13C{TH} NMR (126 MHz, Chloroform-d) & 171.7
(C) (d, J=255.8 Hz), 140.2 (2CH) (d, J=8.7 Hz), 123.4 (CH) (d, J = 3.4 Hz), 83.9 (2C), 25.0 (8CHg). 2,5-isomer: 'H
NMR (500 MHz, Chloroform-d) &: 7.72 (dd, J = 7.2, 5.8 Hz, 1H), 7.54 (dt, J= 7.2, 1.0 Hz, 1H), 7.44 (d, J = 9.6 Hz,
1H), 1.36 (s, 12H), 1.34 (s, 12H). 13C{'H} NMR (126 MHz, Chloroform-d) § 166.9 (C) (d, J=251.2 Hz), 136.3 (CH) (d,
J=7.3Hz),129.7 (CH) (d, J = 3.3 Hz), 121.0 (CH) (d, J = 22.4 Hz), 84.3 (C), 84.1 (C), 25.0 (4CHs), 24.96 (4CHs).
19F NMR (471 MHz, Chloroform-d) 6 2,6-isomer: —95.0; 2,5-isomer: —107.4; 2,4-isomer: —101.3. 1B NMR (160 MHz,
Chloroform-d) & 35.3. GC-MS, El, m/z (retention time): 2,6 and 2,5-isomers are overlapped: [M+] 348, 333, 287, 262

(19.155).

F ~ (2b): The compound was obtained as a mixture of o/m/p isomers after column chromatography:
CI\Eijm elution system is gradient of hexane to hexane/dichloromethane 1:1. Colorless oil, 70% yield (71 mg,
0.28 mmol), o/m/p selectivity is 97:3:<1.26 The yield determined by 'F NMR prior to isolation is 84%
for mono- and 11% for diborylated product, o/m/p selectivity is 93:7:<1. The spectral data are in accordance with
those reported in the literature. 28 TH NMR (500 MHz, Chloroform-d) 6 7.64 — 7.59 (m, 1H), 7.51 — 7.45 (m, 1H), 7.08
(t, J=7.6 Hz, 1H), 1.36 (s, 12H). 13C{'H} NMR (126 MHz, Chloroform-d) & 162.2 (C) (d, J = 253.6 Hz), 135.0 (CH) (d,
J=7.83Hz), 133.8 (CH), 124.6 (CH) (d, J= 4.1 Hz), 121.3 (C) (d, J=19.8 Hz), 84.4 (2C), 24.9 (4CHjs). 1°F NMR (471
MHz, Chloroform-d) & ortho: —108.4; meta: —120.2. 1B NMR (160 MHz, Chloroform-d) 6 35.0 (br s). GC-MS, EIl, m/z
(retention time): ortho: [M+] 256, 241 (13.290); meta: 256, 241, 170, 157 (12.765).

F ~ (2c): The compound was obtained as a mixture of o/m/p isomers after column chromatography:
Br\©/3pm elution system is gradient of hexane to hexane/dichloromethane 1:1. White solid (after 1 night at
-30 °C), 68% yield (81 mg, 0.27 mmol), o/m/p selectivity is 94:5:1.29 The yield determined by 19F NMR
prior to isolation is 81% for mono- and 5% for diborylated product. 'TH NMR (500 MHz, Chloroform-d) 6 7.68 — 7.61
(m, 2H), 7.02 (t, J= 7.6 Hz, 1H), 1.36 (s, 12H). 13C{TH} NMR (126 MHz, Chloroform-d)  163.0 (C) (d, J = 252.1 Hz),
136.8 (CH), 135.8 (CH) (d, J=7.3 Hz), 125.0 (CH) (d, J=4.0 Hz), 109.5 (C) (d, J = 23.4 Hz), 84.4 (2C), 25.0 (4CHj3).
19F NMR (471 MHz, Chloroform-d) & ortho: —99.9, meta: —112.0. 1B NMR (160 MHz, Chloroform-d) & 34.9 (br s). GC-
MS, EIl, m/z (retention time): ortho: [M+] 300, 285, 238, 196 (14.440); meta: [M+] 300, 285, 214, 201 (13.985). HR-MS,
APCI, m/z: calcd for C12H16BBrFO2+, [M+H]+, 301.0405. Found, 301.0399.
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F ~ (2d): The yield and selectivity were determined by analyzing the crude reaction mixture: 18% yield (25
I\©/Bpm mg, 0.07 mmol), o/m/p selectivity is 90:6:4.2° The compound was isolated for characterization purposes
as a colorless oil by column chromatography: elution system is gradient of hexane to
hexane/dichloromethane 1:1. TH NMR (500 MHz, Chloroform-d) 8 7.84 (ddd, J=7.9, 6.2, 1.8 Hz, 1H), 7.69 (ddd, J =
7.3,5.4,1.7 Hz, 1H), 6.90 (t, J= 7.5 Hz, 1H), 1.36 (s, 12H). 13C{'H} NMR (126 MHz, Chloroform-d) § 165.5 (C) (d, J
=250.3 Hz), 142.7 (CH) (d, J= 2.3 Hz), 137.0 (CH) (d, J=7.5 Hz), 125.5 (CH) (d, J = 3.6 Hz), 84.4 (2C), 82.0 (C) (d,
J=28.2 Hz), 26.0 (4CHS3). 1F NMR (471 MHz, Chloroform-q) 5 ortho: —-85.8, para: -92.4, meta: -98.4. 11B NMR (160
MHz, Chloroform-d) 6 34.9. GC-MS, El, m/z (retention time): ortho: [M+] 348, 333, 286, 248 (14.440). HR-MS, APCI,
m/z: calcd for C12H17BFIO2*, [M+H]+, 349.0267. Found, 349.0279.

F . (2e): This reaction was performed with 150 mol% (0.60 mmol) of Bgpin,. The compound was
F Bpin

6
Bpin

obtained as a mixture of 3,6-/3,5-isomers after GPC with chloroform as an eluent. White solid, 65%
yield (96 mg, 0.26 mmol), 3,6-/3,5- selectivity is 98:2.29 The yield estimated by GC prior to isolation
is 68% for di- and 14% for monoborylated product. The spectral data are in accordance with those reported in the
literature.®0 TH NMR (500 MHz, Chloroform-d) 8 7.42 (s, 2H), 1.36 (s, 24H). 13C{1H} NMR (126 MHz, Chloroform-qd) &
154.5 (C) (dd, J=250.2, 15.3 Hz), 130.4 (CH) (t, J=5.2 Hz), 84.4 (2C), 25.0 (4CHg). 1F NMR (471 MHz, Chloroform-
d) 5 -133.2.11B NMR (160 MHz, Chloroform-d) 5 35.1 (br s). GC-MS, El, m/z (retention time): [M+] 366, 351, 323, 307,
262 (19.530). HR-MS, APCI, m/z: calcd for C1gH27B2F204+, [M+H]*, 367.2058. Found, 367.2055.

o F ~ (2f): The compound was obtained as a 96:4 mixture of mono and diborylated products after
Meo)K©/Bpln column chromatography: elution system is gradient of hexane to hexane/EtOAc 9:1. Colorless oil,
67 mg total mass (63 mg of monoborylated product, 0.22 mmol, 56% vyield), o/m/p selectivity is
65:33:2.2° The yield determined by 1°F NMR prior to isolation is 75% for mono- and 7% for diborylated product, o/m/p
selectivity is 60:36:4. For the ortho-isomer the spectral data are in accordance with those reported in the literature.3
ortho-isomer: TH NMR (500 MHz, Chloroform-d) 6 8.02 (dd, J=7.5, 2.0 Hz, 1H), 7.93 - 7.89 (m, 1H), 7.20 (t, J=7.5
Hz, 1H), 3.91 (s, 3H), 1.36 (s, 12H). 13C{'H} NMR (126 MHz, Chloroform-d) & 166.1 (C) (d, J = 264.3), 165.5 (C) (d,
J=38.2Hz), 141.5 (CH) (d, J=9.2 Hz), 135.5 (CH), 123.7 (CH) (d, J=4.0 Hz), 118.7 (C) (d, J=12.4 Hz), 84.4 (2C),
52.4 (CHj3), 25.0 (4CHj3). 1%F NMR (471 MHz, Chloroform-d) 5§ —102.3. 11B NMR (160 MHz, Chloroform-d) § 34.9. GC-
MS, El, m/z (retention time): 280, 266, 260, 249, 218, 181 (16.215). meta-isomer: TH NMR (500 MHz, Chloroform-d)
§ 7.94 — 7.87 (m, 1H), 7.60 (dd, J = 7.7, 1.0 Hz, 1H), 7.54 (dd, J = 11.1, 1.0 Hz, 1H), 3.93 (s, 3H), 1.35 (s, 12H).
13C{1H} NMR (126 MHz, Chloroform-d) & 165.1 (C) (d, J = 3.8 Hz), 161.5 (C) (d, J = 259.1 Hz), 131.5 (CH), 130.0
(CH) (d, J= 8.4 Hz), 122.8 (CH) (d, J = 18.7 Hz), 120.8 (C), (d, J = 9.5 Hz), 84.6 (2C), 52.5 (CHs), 25.0 (4CHjs). 19F
NMR (471 MHz, Chloroform-d) 8 -114.6. 1B NMR (160 MHz, Chloroform-d) 5 34.9. GC-MS, El, m/z (retention time):
[M+] 280, 265, 249, 237, 194, 181 (15.870).
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F ~ (29): The compound was obtained as a 99:1 mixture of mono and diborylated products after column

o o chromatography: elution system is gradient of hexane to hexane/dichloromethane 5:5. Colorless oil,

69 mg total mass (68 mg of monoborylated product, 0.23 mmol, 59% yield), o/m/p selectivity is

86:14:<1.29 The yield determined by 'F NMR prior to isolation is 88% for mono- and 10% for diborylated product. The

spectral data are in accordance with those reported in the literature.3' TH NMR (500 MHz, Chloroform-d) 6 7.96 — 7.88

(m, 1H), 7.72 = 7.66 (m, 1H), 7.26 — 7.21 (m, 1H), 1.37 (s, 12H). 13C{TH} NMR (126 MHz, Chloroform-d) & 164.2 (C)

(d, J=262.6 Hz), 140.9 (CH) (d, J=8.7 Hz), 130.3 (CH) (d, J= 4.4 Hz), 123.7 (CH) (d, J= 4.0 Hz), 122.9 (C) (9, J=

272.8 Hz), 118.4 (C) (qd, J=33.0, 14.8 Hz), 84.5 (2C), 25.0 (4CHs). 1F NMR (471 MHz, Chloroform-d) & ortho: —64.7

(3F), -107.3 (1F), meta: —64.8 (3F), —119.3 (1F). 1B NMR (160 MHz, Chloroform-d) 6 34.8 (br s). GC-MS, EIl, m/z
(retention time): ortho: [M+] 290, 275, 228, 191 (10.810); meta: 290, 275, 204, 191 (10.380).

F ~ (2h): The reaction was conducted for 67 h. The compound was obtained as a mixture of o/m/p
Meo\©/3pm isomers after column chromatography: elution system is gradient of hexane to
hexane/dichloromethane 1:1 to dichloromethane. Colorless oil, 61% yield (62 mg, 0.25 mmol), o/m/p
selectivity is 98:1:1.29 The yield determined by °F NMR prior to isolation is 73% for mono- and 6% for diborylated
product. The spectral data are in accordance with those reported in the literature.3' TH NMR (500 MHz, Chloroform-
d) 8 7.30 — 7.24 (m, 1H), 7.07 — 7.05 (m, 2H), 3.87 (s, 3H), 1.36 (s, 12H). 13C{'H} NMR (126 MHz, Chloroform-d) &
157.0 (C) (d, J=250.9 Hz), 147.7 (C) (d, J=12.2 Hz), 127.6 (CH) (d, J = 7.3 Hz), 25.0 (4CHj3), 123.9 (CH) (d, J=4.1
Hz), 117.1 (CH) (d, J = 2.3 Hz), 84.1 (2C), 56.7 (CHs). 19F NMR (471 MHz, Chloroform-d) & —-128.4. 11B NMR (160
MHz, Chloroform-d) & 35.1 (br s). GC-MS, EIl, m/z (retention time): [M+] 252, 237, 192, 179, 167 (14.145).

Boc. E (2i): The reaction was conducted for 65 h on 0.20 mmol scale. The compound was obtained
K/N@Bpi" as a 95:5 mixture of mono and diborylated products after column chromatography: elution
system is gradient of hexane to hexane/EtOAc 4:1. White solid, 50 mg total mass (46 mg of
monoborylated product, 0.113 mmol, 57% yield), o/m/p selectivity is 84:13:3.26 The compound was collected in 3
fractions. The first one contained meta and para isomers as a dominant specie (7 mg total mass, o/m/p selectivity is
22:55:23) and the third ortho isomer (39 mg total mass, o/m/p selectivity is 95:5:<1). The yield determined by 19F
NMR prior to isolation is 59% for mono- and 3% for diborylated product. Note: Compound is not stable under GC
conditions. TH NMR (500 MHz, Chloroform-d) 6 7.35 (ddd, J=7.1, 4.9, 1.9 Hz, 1H), 7.09 — 7.05 (m, 1H), 7.02 (td, J =
8.0, 1.9 Hz, 1H), 3.56 (t, J=5.1 Hz, 5H), 3.02 (t, J= 5.1 Hz, 5H), 1.48 (s, 9H), 1.35 (s, 12H). 13C{'H} NMR (126 MHz,
Chloroform-d) & 160.3 (C) (d, J = 251.2 Hz), 154.9 (C), 139.9 (C) (d, J = 10.5 Hz), 129.6 (CH) (d, J = 8.2 Hz), 124.2
(CH) (d, J=3.6 Hz), 122.6 (CH) (d, J= 3.4 Hz), 84.0 (C), 80.0 (C), 50.8 (CH>), 50.7 (CH>), 28.6 (3CHg), 24.9 (4CHs).
HR-MS, APCI, m/z: calcd for C21H33sBFN2O4+, [M+H]+, 407.2512. Found, 407.2524.

F (2j): The compound was obtained as a mixture of o/m isomers after GPC. Yellowish oil, 65% yield

Bpin
(71 mg, 0.26 mmol), o/m selectivity is 86:14.29 The yield determined by 'F NMR prior to isolation is

69% for mono- and 12% for diborylated product. TH NMR (500 MHz, Chloroform-d) 6 8.16 (d, J=8.5
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Hz, 1H), 7.84 (d, J=7.6 Hz, 1H), 7.72 (dd, J= 8.2, 5.7 Hz, 1H), 7.60 (d, J= 8.1 Hz, 1H), 7.50 — 7.58 (m, 2H), 1.41 (s,
12H). 13C{'H} NMR (126 MHz, Chloroform-d) 6 164.3 (C) (d, J = 258.7 Hz), 137.0 (C) (d, J = 5.5 Hz), 130.9 (CH) (d,
J=8.9 Hz), 128.1 (CH), 127.5 (CH) (d, J= 3.2 Hz), 126.3 (CH), 123.5 (C) (d, J= 18.4 Hz), 123.1 (CH) (d, J=4.1 Hz),
121.6 (CH) (d, J=6.1 Hz), 84.1 (2C), 25.0 (4CH3).1%F NMR (471 MHz, Chloroform-d) & ortho: —113.8; meta: —-128.1.
11B NMR (160 MHz, Chloroform-d) & 35.5 (br s). GC-MS, EIl, m/z (retention time): ortho: [M+] 272, 257, 212, 187, 172
(17.535); meta: [M+] 272, 257, 186, 172 (17.175). HR-MS, APCI, m/z: calcd for CisH19BFO2*, [M+H]+, 273.1451.
Found, 273.1449.

F ~ (2k): The compound was obtained as a mixture of o/m isomers after column chromatography with

O o dichloromethane as an eluent and further separation of mono- and diborylated isomers by GPC.

O Yellowish oil, 48% yield (57 mg, 0.19 mmol), o/m selectivity is 90:10.26 The yield determined by 1°F

NMR prior to isolation is 66% for mono- and 3% for diborylated product. The spectral data are in

accordance with those reported in the literature. 33 TH NMR (500 MHz, Chloroform-d) 8 7.80 (dd, J= 7.7, 6.4 Hz, 1H),

7.63 — 7.58 (m, 2H), 7.48 — 7.42 (m, 2H), 7.41 — 7.37 (m, 2H), 7.28 (dd, J = 10.7, 1.5 Hz, 1H), 1.38 (s, 12H). 13C{1H}

NMR (126 MHz, Chloroform-d) 5 167.8 (C) (d, J=250.8 Hz), 146.7 (C) (d, J=8.5 Hz), 139.8 (C) (d, J=1.6 Hz), 137.4

(CH) (d, J=8.7 Hz), 129.0 (2CH), 128.3 (CH), 127.3 (2CH), 122.4 (CH) (d, J=2.8 Hz), 113.9 (CH) (d, J = 25.1 Hz),

84.1 (2C), 25.0 (4CHs). 1°9F NMR (471 MHz, Chloroform-d) & ortho: —105.9; meta: -117.6. 1B NMR (160 MHz,

Chloroform-d) & 35.8 (br s). GC-MS, EIl, m/z (retention time): ortho: [M+] 298, 283, 238, 213, 198 (19.565); meta: 298,
283, 212, 198 (18.830).

F ~ (21): The reaction was conducted on 0.37 mmol scale. The substrate was premixed with HBpin

o O oein (120 mol%) for 10 min at rt, dioxane as a solvent in the Schlenk flask under Nz in order to
O protect the hydroxyl group in situ. Upon reaction, gas evolved. After 10 min, the other
components (Bgpinz, [IrOMe(cod)]., Ph-OleTpy) were added to the reaction mixture. The

compound was obtained as a mixture of o/m isomers and boron containing byproducts, presumably 2-(cyclooct-4-en-
1-yI)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane and 2,2'-oxybis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (Bpin)20)
after isolation by GPC. In order to remove the traces of the byproducts column chromatography was performed:
elution system is gradient of hexane to hexane/EtOAc 8:2. The compound was obtained as a viscous white oil in 68%
yield (79 mg, 0.25 mmol), o/m selectivity is 93:7.26 The yield determined by °F NMR prior to isolation is 84% for
mono- and <1% for diborylated product. TH NMR (500 MHz, Chloroform-d) & 7.78 (dd, J= 7.7, 6.4 Hz, 1H), 7.34 (dd,
J=7.7,1.6 Hz, 1H), 7.30 (t, J= 7.9 Hz, 1H), 7.22 (dd, J = 10.6, 1.6 Hz, 1H), 7.17 — 7.14 (m, 1H), 7.06 — 7.05 (m, 1H),
6.87 — 6.84 (m, 1H), 5.35 (s, 1H), 1.38 (s, 12H). 13C{'H} NMR (126 MHz, Chloroform-d) § 167.7 (C) (d, J = 250.7 Hz),
156.2 (C), 146.3 (C) (d, J = 8.6 Hz), 141.4 (C), 137.3 (CH) (d, J = 8.7 Hz), 130.3 (CH), 122.4 (CH) (d, J = 2.8 Hz),
119.7 (CH), 115.3 (CH), 114.2 (CH), 113.9 (CH) (d, J = 25.2 Hz), 84.2 (2C), 24.9 (4CHs). 1°F NMR (471 MHz,
Chloroform-d) 6 —117.4 (ortho), —105.8 (meta). "B NMR (160 MHz, Chloroform-d) & 35.0 (br s). GC-MS, EIl, m/z
(retention time): meta: [M+] 314, 299, 228, 214 (21.835); ortho: [M+] 314, 299, 254, 241, 229, 214 (22.535). HR-MS,

APCI, m/z: calcd for C1gH21BFOs*, [M+H]+, 315.1562. Found, 315.1571.
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F ~ (2m): The compound was obtained as a mixture of o/m isomers after GPC. Colorless oil, 61% yield

oo (71 mg, 0.24 mmol), o/m selectivity is 90:10.26 The yield determined by 'F NMR prior to isolation is

FsC 86% for monoborylated product. Diborylated product was not observed. The spectral data are in
accordance with those reported in the literature.®® TH NMR (500 MHz, Chloroform-d) 6 7.86 (dd, J=7.6, 6.3 Hz, 1H),
7.40 (ddd, J=7.6, 1.6, 0.8 Hz, 1H), 7.29 (d, J=9.0 Hz, 1H), 1.37 (s, 12H). 13C{'H} NMR (126 MHz, Chloroform-d) §
166.9 (C) (d, J=253.2 Hz), 137.8 (CH) (d, J = 8.4 Hz), 135.2 (C) (dqg, J=33.1, 8.2 Hz), 122.1 (C) (q, J = 273.9 Hz),
120.3 — 120.6 (CH) (m), 112.7 (CH) (dq, J = 27.5, 4.1 Hz), 84.6 (2C), 25.0 (4CHg). 19F NMR (471 MHz, Chloroform-
d) 8 ortho: —-66.4 (CF3), —103.8 (F); meta: —65.7 (CF3), —115.4 (F). "B NMR (160 MHz, Chloroform-d) & 34.9 (br s).

GC-MS, El, m/z (retention time): ortho: [M+] 290, 275, 231, 191 (10.084); meta: [M+] 290, 275, 204, 191 (9.500).

F ~ (2n): The compound was obtained as a mixture of o/m isomers after column chromatography: elution
/©/Bpm system is gradient of hexane to hexane/dichloromethane 1:1. Colorless oil, 58% yield (70 mg, 0.23
Br mmol), o/m selectivity is 77:23.2° The compound was collected in 4 fractions. The first two contained
metaisomer as a dominant specie and the other two ortho-isomer. The yield determined by 1°F NMR prior to isolation
is 82% for monoborylated product. Diborylated product was not observed. The spectral data are in accordance with
those reported in the literature.32 ortho-isomer: TH NMR (500 MHz, Chloroform-d) & 7.60 (dd, J = 8.0, 6.4 Hz, 1H),
7.29 (dd, J=8.0, 1.7 Hz, 1H), 7.23 (dd, J = 8.8, 1.7 Hz, 1H), 1.35 (s, 12H). 13C{TH} NMR (126 MHz, Chloroform-d) §
167.0 (C) (d, J = 255.8 Hz), 137.9 (CH) (d, J = 8.9 Hz), 127.3 (CH) (d, J= 3.4 Hz), 126.6 (C) (d, J=10.0 Hz), 119.2
(CH) (d, J = 27.2 Hz), 84.3 (2C), 24.9 (4CHg). 19F NMR (471 MHz, Chloroform-d) & -103.5. 11B NMR (160 MHz,
Chloroform-d) 6 35.0. GC-MS, EIl, m/z (retention time): [M+] 300, 285, 241, 201 (13.965). meta-isomer: 'TH NMR (500
MHz, Chloroform-d) § 7.71 (dd, J= 1.8, 0.8 Hz, 1H), 7.41 (ddd, J= 8.5, 2.5, 0.8 Hz, 1H), 7.32 (ddd, J=8.3, 2.5, 1.8
Hz, 1H), 1.34 (s, 12H). 13C{'H} NMR (126 MHz, Chloroform-d) § 162.4 (C) (d, J = 251.5 Hz), 133.4 (CH) (d, J = 3.1
Hz), 122.5 (C) (d, J = 8.5 Hz), 121.8 (CH) (d, J = 24.4 Hz), 119.9 (CH) (d, J = 19.1 Hz), 84.6 (2C), 25.0 (4CHg). 1°F
NMR (471 MHz, Chloroform-d) 8 -114.8. 11B NMR (160 MHz, Chloroform-qd) 4 35.2. GC-MS, El, m/z (retention time):
[M+] 300, 285, 214, 201 (13.450).

F ~ (20): The compound was obtained as a mixture of o/m isomers after column chromatography:
Eto\(©/5pm elution system is gradient of hexane to hexane/EtOAc 9:1. White solid (after 1 night at -30 °C),
) 80% vyield (94 mg, 0.32 mmol), o/m selectivity is 95:5.2° The yield determined by °F NMR prior to
isolation is 90% for monoborylated product. Diborylated product was not observed. The spectral data are in
accordance with those reported in the literature.33 TH NMR (500 MHz, Chloroform-d) § 7.80 — 7.79 (m, 2H), 7.67 (dt,
J=29.7,0.9 Hz, 1H), 4.38 (q, J = 7.1 Hz, 2H), 1.40 (t, J = 7.2 Hz, 3H), 1.37 (s, 12H). 3C{'H} NMR (126 MHz,
Chloroform-d) 6 167.0 (C) (d, J = 251.5 Hz), 166.0 (C) (d, J = 2.3 Hz), 137.0 (CH) (d, J= 8.1 Hz), 135.3 (C) (d, J =
8.3 Hz), 124.6 (CH) (d, J = 3.3 Hz), 116.3 (CH) (d, J = 26.0 Hz), 84.4 (2C), 61.6 (CH>), 25.0 (4CHs3), 14.4 (CHs). 19F

NMR (471 MHz, Chloroform-d) 6 ortho: —105.6; meta: —117.0. 1B NMR (160 MHz, Chloroform-d) 6 35.4 (br s). GC-
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MS, El, m/z (retention time): ortho: [M+] 294, 279, 249, 232, 224, 209, 190 (16.705); meta: [M+] 294, 279, 251, 223,
205, 195 (16.135)

o F2 Bpin (2p): This reaction was performed with 200 mol% (0.80 mmol) of Bzpinz. The compound was obtained
6 3 solely as an 3,5-isomer after GPC with chloroform as an eluent. Beige solid, 76% yield (136 mg, 0.31
Fjgzg mmol). The vyield determined by 'F NMR prior to isolation is 80% for diborylated product.

Monoborylatied product was not observed. TH NMR (500 MHz, Chloroform-d) & 8.05 (t, J = 7.0 Hz,
1H), 1.36 (s, 24H). 13C{'H} NMR (126 MHz, Chloroform-d) § 166.4 (2C) (dd, J = 259.0, 5.4 Hz), 143.5 (CH) (t, J =
10.0 Hz), 84.4 (4C), 25.0 (8CHs). 19F NMR (471 MHz, Chloroform-d) & —-92.1. 11B NMR (160 MHz, Chloroform-d) &
35.1 (br s). GC-MS, El, m/z (retention time): [M+] 444, 429, 415, 385, 340 (21.295). HR-MS, APCI, m/z: calcd for

C18H2s5B2BrF204+, [M+H]+, 445.1163. Found, 445.1165.

cl (3): The reaction was conducted on 0.20 mmol scale. The yield and selectivity were determined by
analyzing the crude reaction mixture: 41% yield of monoborylated product (19 mg, 0.08 mmol) and 4%

Bein of diborylated one (3 mg, 0.008 mmol)34, m/p selectivity is 82:1835. The compound was isolated for
characterization purposes as a colorless oil: elution system is gradient of hexane to hexane/dichloromethane 1:1 to
dichloromethane. meta-isomer: TH NMR (500 MHz, Chloroform-d) 6 7.78 — 7.76 (m, 1H), 7.66 (dt, J = 7.7, 1.1 Hz,
1H), 7.42 (ddd, J=7.7, 2.3, 1.1 Hz, 1H), 7.30 (t, J= 7.7 Hz, 1H), 1.34 (s, 12H). 13C{'H} NMR (126 MHz, Chloroform-
d) & 134.7 (CH), 134.2 (C), 132.8 (CH), 131.4 (CH), 129.3 (CH), 84.3 (2C), 25.0 (4CHs). "B NMR (160 MHz,
Chloroform-qd) & 34.8 (br s). GC-MS, EIl, m/z (retention time): meta: [M+] 238, 223, 195, 181, 152, 139 (12.885); para:

[M+] 238, 223, 152, 139 (12.835). The spectral data are in accordance with those reported in the literature.36

CFg (4): The yield and selectivity were determined by analyzing the crude reaction mixture: 58% yield of
| t monoborylated product (63 mg, 0.23 mmol) and 4% of diborylated one (6 mg, 0.015 mmol)34, m/p selectivity
“ Bpin

is 65:352° which corresponds to a statistical distribution of isomers. The compound was isolated for
characterization purposes as a colorless oil after column chromatography: elution system is gradient of hexane to
hexane/ethyl acetate 9:1. The spectral data are in accordance with those reported in the literature.3” meta-isomer: 1H
NMR (500 MHz, Chloroform-qd) & 8.07 (s, 1H), 7.98 (d, J= 7.4 Hz, 1H), 7.73 — 7.67 (m, 1H), 7.48 (t, J= 7.6 Hz, 1H),
1.36 (s, 12H). 13C{'H} NMR (126 MHz, Chloroform-d) 6 138.1 (CH), 133.0 (C) (q, J =31.2 Hz ), 131.5 (CH) (q, J =
3.9 Hz), 128.2 (CH), 127.9 (CH) (q, J = 3.2 Hz), 124.3 (C) (q, J = 272.5 Hz), 84.4 (2C), 25.0 (4CHs). 19F NMR (471
MHz, Chloroform-d) 6 —-65.8. 11B NMR (160 MHz, Chloroform-d) & 35.8. GC-MS, El, m/z (retention time): [M+] 272,
257, 229, 186, 173 (10.155). para-isomer: 'TH NMR (500 MHz, Chloroform-d) 6 7.91 (d, J=7.8 Hz, 2H), 7.61 (d, J =
7.8 Hz, 2H), 1.36 (s, 12H). 13C{'H} NMR (126 MHz, Chloroform-d) 6 135.2 (2CH), 130.2 (C) (g, J = 32.1 Hz), 124.5
(2CH) (g, J=3.2 Hz), 124.4 (C) (9, J=271.3 Hz ), 84.4 (2C), 25.0 (4CHgz). 1%F NMR (471 MHz, Chloroform-d) & —66.2.
11B NMR (160 MHz, Chloroform-d) & 35.8. GC-MS, El, m/z (retention time): [M+] 272, 257, 229, 186, 173 (10.200).
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7.3. Other substrates

F F F
Jij/spm i /©/Bpin NC:©/Bpin
+
Bpin NC cl
B2 B3
(14%), 80:202 (17%) (<1%) (12%), 67:33
(29%) di?
Bpin i
. pi Bpin - Bpin
A | _ A
X | Br” "N F | /J
Bpm cl N N
B6 B7
(<1 %) (45%), 86:14 (45%), 37:63 (<1%)
O, OEt Bpin SMe
B Ej iB in
Bp|n pin Bpin p
B10 B11
(25%) ,m/p, 50:50 (1.5%), 69.31 (2.5%) (<1%) (<1%)

The yield and selectivity were determined by GC using tridecane as internal standard. aSelectivity was determined by'°F NMR.
b26% is presumably the isomer borylated both at aromatic ring and benzylic site. ¢Yield was determined by 'H NMR using 1,1,2,2-
tetrachloroetnane as internal standard.

Figure S12. Borylation of arenes catalyzed by PhOle-Tpy/[IrOMe(cod)].

7.4. Late-stage functionalization of haloperidol
Cl Haloperidol (75 mg, 0.20 mmol) was placed in a Schlenk tube, followed by
addition of dioxane (0.4 mol/L). To the resulting suspension, HBpin (35 pl, 0.24

mmol, 120 mol%) was added under Nz in order to protect the hydroxyl group in

situ. Upon reaction, gas evolved and a colorless solution formed. After 15
min, [IrOMe(cod)]2> (2.0 mg, 0.003 mmol, 3 mol% Ir), Ph-OleTpy (2.5 mg, 0.006 mmol, 3 mol% L) and Bzpinz (0.2
mmol, 51 mg) were added under Nz. The vessel was sealed with a screw cap and the reaction mixture was heated
at 80 °C using a metal block. After stirring for 24 h, an aliquot was sampled for NMR monitoring of haloperidol
conversion. The aliquot was diluted with EtOAc, followed by addition of ag. NH4ClI. The organic layer was separated
and the volatiles were evaporated. The resulting solid was analyzed by 19F NMR: 30% haloperidol, 50% ortho-to-F
monoborylated haloperidol, 12% diborylated haloperidol (presumably ortho, ortho-to-F), and 8% unidentified species
were detected. MS, APCI, m/z: calcd for C»1H24CIFNO2*, [M+H]+ 376.15. Found, 376.15 (haloperidol); calcd for
C27H3sBCIFNO4+, [M+H]+, 502.23. Found, 502.23 (mono); calcd for C33H4sB2CIFNOg*, [M+H]+, 628.32. Found, 628.32
(di). After the NMR analysis, the reaction mixture was concentrated in vacuo. A dioxane/H>O 5/1 (0.1 mol/L) was
degassed by N> bubbling in a separated flask and transferred to the Schlenk via a metal canula. At this point, Cs.CO3
(64 mg, 0.196 mmol), 4-BuCsH4Br (42 mg, 0.196 mmol) and Pd(PPhs)s+ (5 mg, 0.004 mmol) were added, the Schlenk
flask was sealed and heated at 100 °C using a metal block. After stirring for 14 h, the reaction was cooled down to rt,
diluted with water and ag. NH4ClI to adjust the pH to neutral and extracted with EtOAc (x3). The organic extracts were

passed via plug of Florisil ® and then dried over MgSO.. The volatiles were evaporated and a 37% yield (38 mg,
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0.075 mmol) of ortho-to-F arylated haloperidol was determined from 'H NMR. The compound was obtained
exclusively as ortho-to-F arylated isomer after column chromatography: elution system is EtOAc:MeOH:NH4OH,
20:0.5:0.1.38 White solid (mp 128—130 °C), 29% yield (29 mg, 0.057 mmol) after trituration with CH3CN. An additional
amount was eluted from the column as a mixture with haloperidol, 8 mg total mass (3 mg of product, 0.0065 mmol,
3% yield). Note: the amount of reactants required at the coupling step was calculated based on the estimated yield
of borylated products. TH NMR (500 MHz, Chloroform-d) & 8.12 (dd, J= 7.6, 2.3 Hz, 1H), 7.95 (ddd, J= 8.6, 4.7, 2.3
Hz, 1H), 7.54 — 7.47 (m, 4H), 7.38 — 7.34 (m, 2H), 7.28 — 7.25 (m, 2H), 7.22 (dd, J = 10.1, 8.6 Hz, 1H), 3.04 (t, J =
6.8 Hz, 2H), 2.86 (br s, 2H), 2.63 — 2.48 (m, 4H), 2.12 — 2.02 (m, 4H), 1.75 — 1.64 (m, 2H), 1.61 (br s, 1H), 1.37 (s,
9H). 13C{'H} NMR (126 MHz, Chloroform-d) § 198.4 (C), 162.8 (C) (d, J = 255.9 Hz), 151.5 (C), 146.5 (C) 134.0 (C),
133.0 (C), 132.0 (C), 131.4 (CH) (d, J=5.1 Hz), 129.4 (d, J = 14.0 Hz), 129.1 (CH) (d, J = 9.5 Hz), 128.8 (2CH) (d, J
= 3.0 Hz), 128.6 (2CH), 126.2 (2CH), 125.8 (2CH), 116.6 (CH) (d, J = 23.5 Hz), 71.1 (C), 57.9 (CH>), 49.4 (2CHy),
38.1 (2CH), 36.3 (CH.), 34.8 (C), 31.4 (3CHs), 23.0 (CH.). HR-MS, APCI, m/z: calcd for C31HzsCIFNO2+, [M+H]+,
508.2413. Found, 508.2409.
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8. DFT Studies

All calculations were performed with the Gaussian 16 program package.3® Structures were optimized using
B3LYP-D3 and a basis set consisting of the Stuttgart—Dresden (SDD) basis set and effective core potential (ECP) for
Ir and 6-31G(d,p) for the rest. Single point calculations were performed on the B3LYP-D3 geometries using M06
functional and a basis set consisting of the Stuttgart—Dresden (SDD) basis set and effective core potential (ECP) for
Ir and 6-311+G(d,p) for the rest. To take into account the solvent effects, M06 calculations with the SMD method (1,4-
dioxane as a solvent) as implemented in Gaussian 16 were performed. Each stationary point was adequately
characterized by normal coordinate analysis (no imaginary frequencies for an equilibrium structure and one imaginary
frequency for a transition structure) and thermal corrections were calculated under standard conditions (298.15 K, 1
atm).

The computational studies were performed using a simplified ligand model of Me-OleTpy and L2 (Figure S13,
S14, S15). The N,N,N-coordinated terpyridine IriBping complex (D’, 21.2 kcal/mol) undergoes rollover
cyclometalation via TSpa’ (33.3 kcal/mol) to afford the cyclometalated N,N,C-coordinated terpyridine Ir''Bpinz (A’, 0.0
kcal/mol). Five isomeric structures are considered for the oxidative addition of fluorobenzene to A’ (Figure S14),
where TSaortho (29.2 kcal/mol) and TSametaz (30.3 kcal/mol) are the lowest energy transition states leading to ortho
and meta borylated products, respectively, and thus ortho borylation is favored over meta borylation. These lowest
energy transition states are described in Scheme 5b. The oxidative addition of B2Pin, to A’ via TSac' (17.9 kcal/mol)
affords N,N,C-coordinated terpyridine IrVBpins (C’, 12.3 kcal/mol), which after C—B bond reductive elimination via
TSce (14.2 kcal/mol) and B’ (0.6 kcal/mol, isomer of B’) affords B’ (—4.4 kcal/mol) bearing a borylated terpyridine
ligand and its isomer B” (—1.6 kcal/mol). The lowest ortho and meta transition states with B”’, TSg~ortho (29.3 kcal/mol)
and TSe meta2 (30.6 kcal/mol) are lower in energy and have more energy difference than those with B’, TSg'ortho2 (32.4
kcal/mol) and TSemeta2z (32.5 kcal/mol). Therefore, the C—H oxidative addition with B’ is more plausible. B”

(AAG(meta—ortho): 1.3 kcal/mol) is as ortho selective as A’ (AAG(meta—ortho): 1.1 kcal/mol).

rollover

N Bpin cyclometalation

n
TSpc 17.9 (-0.5)

By — HBpin + Bopiny
D’ 21.2 (4.3) A 0.0 (0.0) C’ 12.3 (-4.5) B’ —4.4 (-21.8) B” -1.6 (-18.8)
AAG(meta—ortho): 1.1 kcal/mol AAG(meta—ortho): 0.2 kcal/mol AAG(meta—ortho): 1.3 kcal/mol
AG (AH)
keal/mol TSportho: 29-2 (15.7), TS porthoz: 31.3 (18.0) TSgortho: 34.5 (2.5), TSpiorthoz: 32.4 (=0.2) TSgrortho: 29.3 (=3.3), TS orthoz: 31.1 (—1.9)
TSpameta: 304 (17.2), TS pmetaz: 30-3 (17.4) TSemeta: 33.4 (1.0), TSgmetaz: 32:5 (0.1)  TSgrmeta: 31.0 (~1.3), TSg metaz: 30.6 (-1.5)
TSapara: 30.9 (17.9) TSgrpara: 34.0 (1.9) TS para: 31.9 (-0.5)
) H
=N, i Bpin
I
i \N/E\;,\Bpin N\l ,;-Boin
n r
= pil N7\
bpy 0.0 (0.0) g AN

AAG(meta—ortho): 0.3 kcal/mol
TSppyortho: 24.6 (10.3), TSppyorthon: 24.4 (10.2) E' 15.4 (-4.1)
TSppymeta: 24.6 (11.0), TSppymetan: 24.8 (10.9) ) .
TSppypara: 27.0 (12.9)

Bpin’

Figure S13. Gibbs free energies and enthalpies are given in kcal/mol, calculated at the
MO06/SDD:6-311+G(d,p)1,4-dioxane(smpy//B3LYP-D3/SDD:6-31G(d,p) level of theory.
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TS_A’ortho TS_A’orthoz '

ey
\| |||“Bpin :
1 71:0;S(A 3 5) ': -
.9 (-0. !
s P N TSce: ." B”orthofaﬂerOA
A'oriho_ ] / \ 14.2 (-4.1) ! 19.5 (-12.9)
18.0 (3.2) " +PhF  A’_ByPin, / o —
' 10.8 (-5.2) ,/ — T |
| a— C’ 12.3 (-4.5)

;
i n
i / +B,Pin,
;
/

B 0.6 (—16\3\.0)\\ -
N — "7 B”-1.6(-18.8)
B’ —4.4 (-21.8)

keal/mol

Figure S15. Energy profiles for the paths connecting complexes A’, B’, and B”’, and the ortho C-H oxidative addition

of fluorobenzene with A’ and B”’

Energies of Stationary Points

Table S2 Electronic Energies (E), Zero-point Energy Corrected Energies (E + ZPE), Electronic and Thermal
Enthalpies (H), Gibbs Free Energies (G) of Stationary Points (in hartrees) Calculated at the M06/SDD:6-311+G(d,p)1,4-
dioxane(SMD)//BsLYP-D3/SDD16-31 G(d,p) level of theory.
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E E+ZPE H G
B.Pin; -822.2520389 -821.8871869 -821.8666649 -821.9346429
HBpin -411.7220137 -411.5306787 4115203577 -411.5636097
CeHsF -331.363985 -331.271557 -331.26547 -331.300381

D' -2276.421349 -2275.502529 -2275.449306 -2275.585534
TSpar -2276.393412 -2275.480899 -2275.427152 -2275.566298
A'_HBpin -2276.432486 -2275.516774 -2275.462342 -2275.605035
A -1864.701957 -1863.979471 -1863.935792 -1864.055746
A'_B,Pin, -2686.965176 -2685.875241 -2685.810805 -2685.97323
TSac: -2686.956252 -2685.866945 -2685.803325 -2685.961848

c -2686.962922 -2685.874109 -2685.809692 -2685.970801
TSce: -2686.960753 -2685.872798 -2685.809008 -2685.967799
B™ -2686.982646 -2685.892379 -2685.827975 -2685.989475

B' -2686.99185 -2685.901364 -2685.837165 -2685.997356

B" -2686.987052 -2685.896725 -2685.832452 -2685.992928

E -2686.963561 -2685.872305 -2685.809016 -2685.96578
TSacortho -2196.038164 -2195.226121 -2195.176209 -2195.30959
A ortho,aftor0A -2196.060754 -2195.245926 -2195.196137 -2195.327517
TSatorthoz -2196.034496 -2195.222611 -2195.172638 -2195.306303
Alorthoz aftoron -2196.05508 -2195.240318 -2195.190496 -2195.322204
TS amota -2196.035905 -2195.223838 -2195.173921 -2195.307676

A s aftoron -2196.056095 -2195.241354 -2195.191535 -2195.323304
TS Armetaz -2196.035522 -2195.223551 -2195.173599 -2195.307774

A mats2 sfter0A -2196.056237 -2195.241506 -2195.191684 -2195.323526
TSapaa -2196.03466 -2195.222654 21951727 -2195.306907
Apara aftoron -2196.05437 -2195.23974 -2195.189869 -2195.322034
TSgrortho -3018.314753 -3017.134384 -3017.063977 -3017.235831

B’ ortho_sfter0A -3018.346226 -3017.163634 -3017.093152 -3017.265299
TSg'orthoz -3018.319448 -3017.138517 -3017.068318 -3017.239214
Bortho2_afteroA -3018.340116 -3017.158001 -3017.087451 -3017.259953
TSgmota -3018.317536 -3017.136731 -3017.066401 -3017.237589

B meta_sfteron -3018.339964 -3017.155663 -3017.085685 -3017.255763
TSemetaz -3018.318914 -3017.13808 -3017.067788 -3017.238931

B meta_after0A -3018.343524 -3017.160979 -3017.090459 -3017.262903
TSpara -3018.316092 -3017.135325 -3017.064963 -3017.236551

B’ para_sfteroh -3018.338464 -3017.154253 -3017.08421 -3017.255171
TSgrortho -3018.324264 -3017.14329 -3017.073214 -3017.244027
B ortho_afteron -3018.341952 -3017.158669 -3017.088542 -3017.259625
TSgrorthoz -3018.322569 -3017.140995 -3017.070993 -3017.241289
B" orthoz_after0A -3018.329905 -3017.14655 -3017.076388 -3017.246582
TSgmeta -3018.321616 -3017.140173 -3017.070012 -3017.241434
B meta_afteron -3018.325994 -3017.14279 -3017.072453 -3017.243685
TSgmota -3018.321834 -3017.140501 -3017.070349 -3017.242024
B" metaz after0A -3018.326335 -3017.143066 -3017.072732 -3017.244141
TSerpaa -3018.320199 -3017.138771 -3017.068646 -3017.23993

B para, aftor0A -3018.324246 -3017.140846 -3017.070551 -3017.241532
bpylIrBpins -1832.97974 -1832.27205 -1832.229149 -1832.347168
TShpyortho -2164.32439 -2163.527224 -2163.478167 -2163.608407
BPY ortho_stteron -2164.345941 -2163.546201 -2163.49725 -2163.625952
TSppyorthoz -2164.324577 -2163.527377 -2163.47831 -2163.608738
bPY orthoz_afteron -2164.349832 -2163.550397 -2163.501306 -2163.630365
TSppymeta -2164.323393 -2163.526172 -2163.477059 -2163.608303
BPY meta.afteron -2164.346007 -2163.546638 -2163.497487 -2163.627086
TSbpymeta2 -2164.323597 -2163.526274 -2163.477203 -2163.608027
DPY metaz._ster0A -2164.345857 -2163.54635 -2163.497257 -2163.626507
TSbpypara -2164.320527 -2163.523144 -2163.47409 -2163.604517
DPYpara atteron -2164.341468 -2163.541781 -2163.492697 -2163.62179
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Figure S$16. 'H NMR spectra (CDClIs) of H-OleTpy.
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Figure S17. 13C{'H} NMR spectra (CDCls) of H-OleTpy.




Ke-3-1fe-11

sirgle_puke

— L —1
I
= (g
811y i "
f m:/uJ.}oo._ Loy
NSM T o
/Nn.thL.l_oA_
oL -
5L n:/-lM 201 "
Nl —
Yore U Y
o
s &
Elv\ N
\\ //Nm
A— L
Ve
/AN e
=
\_7 L
zof
7\ 3
N/ [
\_ o~
I

=00¢E

=001
=10l

<

660
660

661

Figure S18. 'H NMR spectra (CDCls) of Me-OleTpy.

L
2 &
0811—- £
811 5 ks e
— .2 . 3
PN | 23 202 —— 80¢
5811 P 2 08
[l —
s coe/
L S
Lo
F L2
-8
Loy
-
£1000 7 4L = -
el ——
-8
g8
[~
-y
3
Lg
= 0811
w.m:/-T
L2 g8/ —
S e moe\-l
2 1'6v) s 2871
/ 2
7% o
w_\\ //N_.u = bLElTTT
\ /
= 2
/=R LG50~ _ | e E—
= N8 655175 8 Lo
g \_/ 295177 £56I
-4 \.‘ o 89617 _ L [t =
By 0851 = zoct] i
27\ 8051
s\ _/ ® G0ol
TR b= 6091 —- .
mm \_ O B 129l
o @ i
63 »

Fo

%0
1 (pprn)

Figure $19. 13C{'H} NMR spectra (CDCls) of Me-OleTpy.
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Figure S$20. 'H NMR spectra (CDClI3) of Ph-OleTpy.
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Figure S23. 13C{'H} NMR spectra (CDCls) of L1.
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Figure S29. 13C{'H} NMR spectra (CDCls) of L4.
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Figure S31. 'H NMR spectra (CDClIs) of L5.
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Figure S32. 13C{'H} NMR spectra (CDCls) of L5.
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Figure S33. 'H NMR spectra (CDClIs) of L6.
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Figure S34. 13C{'H} NMR spectra (CDCls) of L6.
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Figure $35. 'H NMR spectra (CDCIs3) of L13.
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Figure S37. 19F NMR spectra (CDCls) of L13.
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Figure S123. 'H NMR spectra (CDCls) of 4.
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Figure S124. 13C{'H} NMR spectra (CDCls) of 4.
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Figure S125. '9F NMR spectra (CDClIs) of 4.
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Figure S126. 'H NMR spectra (CDCls) of haloperidol derivative.
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Figure $127. 13C{'H} NMR spectra (CDClIs) of haloperidol derivative.

S101



JK72-9-T2 fra6-55 tRACN &y

%__-1136

\L'_\
7\
\N_/
N\ N
F_// \\;_// = A
A S .
N o

Figure S$128. 19F NMR spectra (CDCls) of haloperidol derivative.

S102



11. References

' Harris, R. K.; Becker, E. D.; Cabral de Menezes, S. M.; Goodfellow, R.; Granger, P. NMR
Nomenclature. Nuclear Spin Properties and Conventions for Chemical shifts. Pure and Appl. Chem.,
2001, 73,11, 1795-1818

2 Klein, A.; Rausch, B.; Kaiser, A.; Vogt, N.; Krest, A. The cyclometalated nickel complex [(Phbpy)NiBr]
(Phbpy- = 2,2'-bipyridine-6-phen-2-yl) — Synthesis, spectroscopic and electrochemical studies.

J. Organomet. Chem., 2014, 774, 86—-93.

3 Dubey, A.; Rahaman, W. S. M.; Fayzullin, R. R.; Khusnutdinova, J. R. Transfer Hydrogenation of
Carbonyl Groups, Imines and N-Heterocycles Catalyzed by Simple, Bipyridine-Based Mn'Complexes.
ChemCatChem, 2019, 11, 3844-3852

4 Barolo, C.; Nazeeruddin, Md. K.; Fantacci, S.; Di Censo, D.; Comte, P.; Liska, P.; Viscardi, G.; Quagliotto,
P.; De Angelis, Filippo; Ito, S.; Graetzel, M. Synthesis, Characterization, and DFT-TDDFT Computational
Study of a Ruthenium Complex Containing a Functionalized Tetradentate Ligand. Inorg. Chem., 2006, 45,
4642—-4653.

5 Vandromme, L.; ReiBBig H.-U.; Groper, S.; Rabe, J.P. Practical routes to 2,6-disubstituited pyridine
derivatives. Eur. J. Org. Chem. 2008, 2049—2055.

6 Shin, D.; Switzer, C. A metallo base-pair incorporating a terpyridyl-like motif: bipyridyl-pyrimidinone-Ag(l)-4-
pyridine. Chem Comm. 2007, 42, 4401-4403.

7 Constable, E.; Hostettler, N.; Housecroft, C.; Kopecky, P.; Neuburger, M.; Zampesse, J. A. 2,2".6',2"-
Terpyridine substituted in the 4'-position by the solubilizing and sterically demanding tert-butyl group: a
surprisingly new ligand. Dalton Trans., 2012, 41, 2890-2897.

8 Kuleshova, O.; Khilya, O.; Volovenko, Y.; Mallet-Ladeira, S.; Dyakonenko, V.; Gras, E. Expedited Route
to Fully Substituted Amino-Pyrazole Building Blocks and Their Further Transformations. ACS Omega,
2017, 2, 8911-8927.

9 Shang, R.; Fu, Y.; Wang, Y.; Xu, Q, Yu, H.-Z.; Liu, L. Copper-catalyzed decarboxylative cross-coupling
of potassium polyfluorobenzoates with aryl iodides and bromides. Angew. Chem. Int. Ed. 2009, 48, 9350—
9354,

10 Lin, J.; Zou, C.; Zhang, X.; Gao, Q.; Suo, S.; Zhuo, Q.; Chang, X.; Xie, M.; Lu, W. Highly phosphorescent
organopalladium(ll) complexes with metal-metal-to-ligand charge-transfer excited states in fluid solutions. Dalton.
Trans., 2019, 48, 10417—10421.

11 Procter, R.; Dunsford, J. J.; Rushworth, P. J.; Hulcoop, D. G.; Layfield, R. A.; Ingelson, M. J. A Zinc
Catalyzed C(sp3)-C(sp?) Suzuki—Miyaura Cross-Coupling Reaction Mediated by Aryl-Zincates

Chem. Eur. J. 2017, 23, 15889—-15893

12 Mkhalid, I. A. I.; Coventry, D. N.; Albesa-Jove, D.; Batsanov, A. S.; Howard, J. A. K.; Perutz, R. N.;
Marder, T. B. Ir-Catalyzed Borylation of C—H Bonds in N-Containing Heterocycles: Regioselectivity in the
Synthesis of Heteroaryl Boronate Esters. Angew. Chem. Int. Ed. 2006, 45, 489—-491.

13 Lu, W.; Mi, B.-X; Chan, M. C. W.; Hui, Z.; Che, C.-M.; Zhu, N.; Lee, S.-T. Light-Emitting Tridentate
Cyclometalated Platinum(ll) Complexes Containing o-Alkynyl Auxiliaries: Tuning of Photo- and
Electrophosphorescence. J. Am. Chem. Soc. 2004, 126, 4958—4971.

14 Tong, B.; Ku, H.-Y.; Chen, I.-J.; Chi, Y.; Kao H.-C.; Yeh, C.-C.; Chang, C.-H.; Liu, S.-H.; Lee, G.-H.; Chou,
P.-T. Heteroleptic Ir(iii) phosphors with bis-tridentate chelating architecture for high efficiency OLEDs. J. Mater.
Chem. C 2015, 3, 3460-3471.

15 Das, A.; Hota, P. K.; Mandal, S. K.; Nickel-Catalyzed C(sp2)—H Borylation of Arenes.

Organometallics 2019, 38, 3286—-3293

S103



16 Balaraman, E.; Granaprakasam, B.; Shimon, L. J. W.; Milstein, D. Direct Hydrogenation of Amides to
Alcohols and Amines under Mild Conditions. J. Am. Chem. Soc. 2010, 132, 47, 16756—16758.

7 Yoshinaga, Y.; Yamamoto, T.; Suginome, M. Stereoinvertive C—C Bond Formation at the Boron-Bound
Stereogenic Centers through Copper-Bipyridine-Catalyzed Intramolecular Coupling of a-
Aminobenzylboronic Esters. Angew. Chem. Int. Ed. 2020, 59, 7251-7255.

8 L u, X.; Yoshigoe, Y.; Ida, H.; Nishi, M.; Kanai, M.; Kuninobu, Y. Hydrogen Bond-Accelerated meta-
Selective C—H Borylation of Aromatic Compounds and Expression of Functional Group and Substrate
Specificities. ACS Catal. 2019, 9, 1705-1709.

19 Lij, H. L.; Kuninobu, Y.; Kanai, M. Lewis Acid-Base Interaction-Controlled ortho-Selective C-H Borylation
of Aryl Sulfides. Angew. Chem. Int. Ed. 2017, 56, 1495—1499.

20 Seven, O.; Qu, Z.-W.; Zhu, H.; Bolte, M.; Lerner, H.-W.; Holthausen, M. C.; Wagner, M. Synthesis,
Coupling, and Condensation Reactions of 1,2-diborylated benzenes: An Experimental and Quantum-
Chemical study. Eur. J. Org. Chem. 2012, 18, 11284—11295.

21 Takashi, N.; Hidenori, O.; Takamitsu, H. Copper-Catalyzed ipso-Borylation of Fluroarenes. ACS Catal.,
2017, 7, 45354541,

22 Mor, M.; Rivara, S.; Lodola, A.; Plazzi, P. V.; Tarzia, G.; Duranti, A.; Tontini, A.; Piersanti, G.; Kathuria,
S.; Piomelli, D. Cyclohexylcarbamic acid 3'- or 4'-substituted biphenyl-3-yl esters as fatty acid amide
hydrolase inhibitors: synthesis, quantitative structure-activity relationships, and molecular modeling
studies. J. Med. Chem., 2004, 47, 4998-5008.

23 Ferrazzano, L.; Viola., A.; Lonati, E.; Bulbarelli, A.; Musumeci, R.; Cocuzza, C.; Lombardo, M.,
Tolomeli, A. New isoxazolidinone and 3,4-dehydro-b-proline derivatives as antibacterial agents and MAO-
inhibitors: A complex balance between two activities. Eur. J. Med. Chem. 2016, 124, 906-919.

24 Hendrick, C.; Bitting, K. J.; Cho, S.; Wang, Q. Site-Selective Copper-Catalyzed Amination and
Azidation of Arenes and Heteroarenes via Deprotonative Zincation. J. Am. Chem. Soc. 2017, 139,11622—
11628.

25 Qiu, D.; Jin, L.; Zheng, Z.; Meng, H.; Mo, F.; Wang, X.; Zhang, Y.; Wang, J. Synthesis of Pinacol
Arylboronates from Aromatic Amines: A Metal-Free Transformation. J. Org. Chem. 2013, 78, 1923-1933.
26 Ratio was determined by integration of peaks in 9F NMR.

27 Park, J. H.; Jung, E. H.; Jung, J. W.; Jo, W. H. A Fluorinated Phenylene Unit as a Building Block for High-
Performance n-Type Semiconducting Polymer. Adv. Mater. 2013, 25 (18), 2583-2588.

28 Takaya J., Ito S., Nomoto H., Saito N., Kirai N., Iwasawa N. Fluorine-controlled C—H borylation of
arenes catalyzed by a PSiN-pincer platinum complex. Chem. Commun., 2015, 51, 17662-17665.

29 Ratio was determined by integration of peaks in GC.

30 Zhou J., Kuntze-Fechner M. W., Bertermann, R.; Paul, U. S. D.; Berthel, J. H. J.; Friedrich, A., Du Z.;
Marder, T. B.; Radius, U. Preparing (Multi)Fluoroarenes as Building Blocks for Synthesis: Nickel-
Catalyzed Borylation of Polyfluoroarenes via C-F Bond Cleavage. J. Am. Chem. Soc. 2016, 138, 16,
5250-5253.

31 Jayasundara, C. R. K.; Unold, J. M.; Oppenheimer, J.; Smith, M. R.; Maleczka, R. E. A catalytic
borylation/dehalogenation route to o-fluoro arylboronates. Org.Lett. 2014, 16, 6072-6075.

32 Miller, S. L; Chotana, G. A.; Fritz, J. A.; Chattopadhyay, B.; Maleczka, R. E. Jr.; Smith, M. R. C-H
Borylation Catalysts that Distinguish Between Similarly Sized Substituents Like Fluorine and Hydrogen
Susanne. Org. Lett. 2019, 21, 6388-6392.

33 Obligacion J. V.; Bezdek M. J.; Chirik P. J. (sp2)—H Borylation of Fluorinated Arenes Using an Air-
Stable Cobalt Precatalyst: Electronically Enhanced Site Selectivity Enables Synthetic Opportunities. J.
Org. Chem. Soc. 2017, 139, 2825-2832.

34 Yield was determined by '"H NMR using 1,1,2,2-tetrachloroethane as internal standard.

35 Ratio was determined by integration of peaks in 'TH NMR.

3 Mo, F.; Jiang, Y.; Qiu, D.; Zhang, Y.; Wang, J. Direct Conversion of Arylamines to Pinacol Boronates: A
Metal-Free Borylation Process. Angew. Chem. Int. Ed. 2010, 49, 1846—1849.

37 Esteruelas, M.A.; Martinez, A.; Olivan, M.; Onate, E. Direct C—H Borylation of Arenes Catalyzed by
Saturated Hydride-Boryl-Iridium-POP Complexes: Kinetic Analysis of the Elemental Steps. Chem. Eur. J.
2020, 26, 12632—-12644.

S104



38 Fyfe, T. J.; Kellam, B.; Sykes, D. A.; Capuano, B.; Scammells, P. J.; Lane, J. R. Charlton, S. J.; Mistry
S. N. Structure—Kinetic Profiling of Haloperidol Analogues at the Human Dopamine D2Receptor. J. Med.
Chem. 2019, 62, 9488—9520.

39 Gaussian 16, Revision C.01, Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A_;
Cheeseman, J. R.; Scalmani, G.; Barone, V.; Petersson, G. A.; Nakatsuiji, H.; Li, X.; Caricato, M.;
Marenich, A. V.; Bloino, J.; Janesko, B. G.; Gomperts, R.; Mennucci, B.; Hratchian, H. P.; Ortiz, J. V.;
Izmaylov, A. F.; Sonnenberg, J. L.; Williams-Young, D.; Ding, F.; Lipparini, F.; Egidi, F.; Goings, J.; Peng,
B.; Petrone, A.; Henderson, T.; Ranasinghe, D.; Zakrzewski, V. G.; Gao, J.; Rega, N.; Zheng, G.; Liang,
W.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.;
Kitao, O.; Nakai, H.; Vreven, T.; Throssell, K.; Montgomery, J. A., Jr.; Peralta, J. E.; Ogliaro, F.; Bearpark,
M. J.; Heyd, J. J.; Brothers, E. N.; Kudin, K. N.; Staroverov, V. N.; Keith, T. A.; Kobayashi, R.; Normand,
J.; Raghavachari, K.; Rendell, A. P.; Burant, J. C.; lyengar, S. S.; Tomasi, J.; Cossi, M.; Millam, J. M.;
Klene, M.; Adamo, C.; Cammi, R.; Ochterski, J. W.; Martin, R. L.; Morokuma, K.; Farkas, O.; Foresman, J.
B.; Fox, D. J. Gaussian, Inc., Wallingford CT, 2019.

S105



