Electronic Supplementary Material (ESI) for Chemical Communications.
This journal is © The Royal Society of Chemistry 2018

Electronic supplementary information (ESI)

Directed ortho C-H borylation catalyzed using Cp*Rh(I11)-NHC
complexes

Jompol Thongpaen,?® Thibault E. Schmid,* Loic Toupet,” Vincent Dorcet,® Marc Mauduit® and
Olivier Baslé*?

2 Univ Rennes, Ecole Nationale Supérieure de Chimie de Rennes, CNRS, ISCR - UMR 6226,
F-35000 Rennes, France,
b Univ Rennes, CNRS, ISCR - UMR 6226, F-35000 Rennes, France.
¢ Univ Rennes, CNRS, IPR - UMR 6251, F-35000 Rennes, France.

E-mail for O.B.: olivier.basle@ensc-rennes.fr



Table of Contents

1. General Remarks S3
2. Preparation of Cp*RhCI/NHC Complexes____ . .. . . . .. S4
2.1. Preparation of the imidazoliumssalts______ ... S4
2.2. Preparation of Ag.NHC intermediate complexes___ . . S5
2.3. Preparation of Cp*RhCI/NHC complexes____ . ... .. . .. S6
3. Preparation of Substrates S8
4. Optimization Studies S9
5. Catalytic C-H Borylation and Characterization of Products S10
6. Preliminary Mechanistic Studies______ S14
6.1. Kinetic study for 3a-catalyzed C-H borylation of 4a___ S14
6.2. Stoichiometric experiments S15
6.3. Catalytic C-F borylation______ S16
6.4. H/D kinetic isotope effect study S17
6.5. Radical scavenger experiment_______ . S19
6.6. Mercury poisoning test S19
7. C-H Borylation of n-Octane S19
8. R CreNCeS S20
0. Spectroscopic Data, S21

10.Crystallographic Data S46



1. General Remarks

Unless indicated otherwise, all reactions requiring an inert atmosphere were
conducted in an argon-filled Braun glove box. All solvents were distilled and degassed
prior to use. [RhCp*Clz2]> was purchased from Strem Chemicals. Bis(pinacolato)diboron
(B2pinz) was purchased from Fluorochem. Pinacolborane (HBpin) was purchased from
Sigma-Aldrich. Other chemicals were used as received unless otherwise noted. Several
starting materials were synthesized according to modified literature procedures (vide infra).
Silica gel chromatography was performed with Sigma-Aldrich’s silica gel high-purity
grade, pore size 60 A, 230-400 mesh particle size, 40-63 pm particle size. Products were
visualized using a 254 nm UV lamp on TLC plates unless otherwise noted. NMR spectra
were acquired on 400 MHz Bruker instruments at the Ecole Nationale Supérieure de
Chimie de Rennes. Chemicals shifts were reported relative to residual solvent peaks
(CDCls = 7.26 ppm for 'H and 77.2 ppm for *C; Benzene-ds = 7.16 ppm for 'H). Coupling
constants are reported in Hertz (Hz). Abbreviations are used as follows: s = singlet, d =
doublet, t = triplet, m = multiplet, dd = doublet of doublets, ddd = doublet of doublets of
doublets, br = broad, h = heptets. NMR yields were determined by "H NMR spectroscopy
with 1,3,5-trimethybenzene as an internal standard unless otherwise noted. Mass
spectrometric analyses were performed at Centre Régional de Mesures Physiques de
I’Ouest (CRMPO), Université de Rennes 1. Gas Phase Chromatography analysis was
conducted on SHIMADZU GCMS-QP2010 SE with SH-RXi-5ms column equipped with
QP5000 detector. Optical rotations were recorded on a Perkin Elmer 341 polarimeter.
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2. Preparation of Cp*RhCI/NHC complexes

2.1. Preparation of the imidazolium salts

NH, 1. Glyoxal, Formaldehyde o)
HOAc, 60 °C, 10 min —\ PFGR
2. KPF, N _N
: : -
o

R O HO

H.N  OH

The imidazolium salts 2a.PFg, 2b.PFs and 2¢.PF¢ were prepared according to the
reported procedure by our laboratory.! Mixture A: In a round-bottomed flask were placed 2,4,6-
trimethylaniline (4.0 mmol), a corresponding L-amino acid (4.0 mmol) and HOAc (18.0
mmol). The mixture was stirred at 60 °C for 5 min. Mixture B: In another round-bottomed flask
were placed glyoxal (4.0 mmol), formaldehyde (4.0 mmol) and HOAc (18.0 mmol). The
mixture was stirred at 60 °C for 5 min. Then B was added into A. The combined mixture was
stirred at 60 °C for 10 min. After cooled down, the mixture was evaporated to remove HOAc.
Then H>O (20 mL) and CH>Cl> (20 mL) were added. The aqueous layer was extracted by
CH:ClI> (20 mL x 2). To the combined organic layer was added brine (20 mL) was added. Then
the organic layer was separated.

Then KPF¢ (4.0 mmol) and water (50 mL) was added to the organic layer. The mixture
was stirred at room temperature for 1 h. Then organic layer was separated, dried over MgSOa,
and concentrated under reduced pressure. Then imidazolium-PF salts were isolated by flash
column chromatography on silica gel (CH2Cl: EtOH = 9:1).

Imidazolium salt 2a.PF¢! (pale yellow solid, 52 % yield) 'H-NMR
72\ ) S| (400 MHz, CDCL): §9.73 (br. s, 1H), 9.02 (s, 1H), 7.82 (s, 1H), 7.26
ﬁ 8 (s, 1H), 7.00 (s, 2H), 5.46-5.42 (m, 1H), 2.33 (s, 3H), 2.16- 2.04 (m,
Ho O 1H), 2.02 (s, 3H), 2.00 (s, 3H), 1.48-1.39 (m, 1H), 0.96 (d, J = 6.4
Hz, 3H), 0.93 (d, J = 6.4 Hz, 3H). 3C NMR (101 MHz, CDCls): &
173.6, 141.0, 136.4, 134.3, 130.9, 129.7, 123.6, 122.9, 63.6, 41.7, 25.1, 22.9, 21.0, 17.0. 3'P
NMR (162 MHz, CDCl;) & -144.4 (h, J = 732.6 Hz). 'F NMR (376 MHz, CDCls) 6 -71.9 (d,
J=1732.0 Hz).

S Imidazolium salt 2b.PF¢! (pale yellow solid, 46 % yield) 'H- NMR

N N__A—PFs| (400 MHz, CDCLy): 8 9.31 (br. s, 1H), 7.88 (s, 1H), 7.1 (s, 1H), 691

ﬁ Vo (s, TH), 6.90 (s, 1H), 4.84 (m, 1H, J = 6.8 Hz), 2.45-2.40 (m, 1H),

HO"® ) 224 (s, 3H), 1.93 (s, 6H), 0.91 (d, J = 6.6 Hz, 3H), 0.75 (d, J = 6.6

Hz, 3H). *CNMR (101 MHz, CDCls): 6 170.1, 141.0, 137.0, 134.4, 134.1, 131.0, 129.7, 129.6,

124.4,121.6, 72.2,32.2, 21.1, 19.7, 18.2, 17.2. 3'P NMR (162 MHz, CDCl;) & -144.4 (h, J =
732.0 Hz). '°F NMR (376 MHz, CDCly) & -71.9 (d, J = 732.1 Hz).

— 5 Imidazolium salt 2¢.PFs (pale yellow solid, 42 % yield) 'H- NMR
/&N\?g\g PFs | (400 MHz, CDCl5): 6 8.57 (s, 1H), 7.76 (s, 1H), 7.18 (s, 1H), 6.98 (s,
o 2H), 5.37 (br. s, 1H), 2.32 (s, 3H), 2.00 (s, 3H), 1.98 (s, 3H), 1.85 (d,

HO J=6.4Hz, 1H). 3C NMR (101 MHz, CDCl3) § 172.0, 141.4, 136.5,

134.6,130.7, 129.9, 123.4, 123.1,29.8, 21.2, 17.9, 17.2. 3'P NMR (162 MHz, CDCls) § -144.4
(h, J=712.6 Hz). ’F NMR (376 MHz, CDCl;) 4 -71.9 (d, J = 713.0 Hz). HRMS (ESI) calcd
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for C1sHioN205" (M — PFe"): m/z 259.1441 found 259.1440 (0 ppm). [a]2° = +11.2 (¢ = 2.5 x
1073, chloroform).

2.2. Preparation of Ag.NHC intermediate complexes

PFs

— PFe N__N_R

N - N_ R 1. Doxew-Cl _ /& Y \/L
o) . > Ag o
2. Ag,0 (2.5 equiv.) > O

'n

The pure imidazolium-PFs was loaded on the ion exchange resin Dowex® 1x2 chloride
form (10 mL/ 1.0 mmol) with Milli Q water/Acetone = 2/1.5 as an eluent. After removal of
acetone and water under reduced pressure, the residue was dissolved in CH>Cl, dried over
MgSOs, filtered and concentrated under reduced pressure to afford the desired 2a.Cl, 2b.Cl, or
2¢.Cl salts.

In a flame-dried round-bottomed flask were placed Ag>O (2.5 equiv.), 2a.Cl, 2b.Cl, or
2¢.C1 (1 equiv.), CH2Cl> (0.077 M), and 4 A molecular sieves. The mixture was stirred at room
temperature for 24 h under Ar excluding from the light. Next, CH>Cl> was removed under
reduce pressure. Then, acetone was added, and the mixture was filtered through a celite pad
using acetone as eluent. The filtered solution was concentrated. Then pentane was added to
induce precipitation. The precipitate was washed twice with pentane. The desired silver
intermediate complex was obtained upon the removal of solvent under vacuum.

=\ Ag.2a (light brown solid, 99 % yield). 'TH-NMR (400 MHz, CDCl3):
ﬁ“y” & 'H NMR (400 MHz, CDCl3) § 7.41 (br. s, 1H), 6.90 (s, 2H), 6.88
Ag oSO (s, 1H), 5.24 (br. s, 1H), 2.33 (s, 3H), 2.05 (br. s, 2H), 1.93 (s, 3H),
- 1.84 (br. s, 3H), 1.28 (br. s, 1H), 0.95 (br. s, 3H), 0.89 (s, 3H).
4 — N Ag.2b (light brown solid, 97 % yield). 'H NMR (400 MHz, CDCls)
ﬁNYN §7.76 (br. s, 1H), 6.92 (s, 2H), 6.88 (br. s, 1 H), 4.81 (br. s, I H), 2.48
Ag o0 (br. s, 1H), 2.32 (s, 3H), 1.95 (br. s, 6H), 1.11 (br. s, 3H), 0.82 (s,
+~3 3H).
- 'n 4
4 /\ N Ag.2¢ (light brown solid, 90 % yield). '"H NMR (400 MHz, CDCls)
ﬁ“f‘ﬁ 8 7.40 (s, 1H), 6.91 (s, 2H), 6.84 (s, 1H), 5.24 (s, 1H), 2.32 (s, 3H),
ng o O | 2.02-1.84(m, 7H), 1.7 (d, J = 7.2 Hz, 3H).
< 1
\ h
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2.3. Preparation of Cp*RhCI/NHC complexes

A e At
N_ N

g 1 [Cp*RNCl, (1 equiv.) T j:o
Ag o770 CH,Cl, (0.077 M) / Rh=0
T RT, Dark, 24 h, Ar cl

In a dry round-bottomed flask were placed an equivalence of silver complex Ag.2a,
Ag.2b or Ag.2¢ (which is considered as a dimer), [RhCp*Cl;]> (1 equiv.) and CH>Cl (0.077
M). The mixture was stirred for 24 h under Ar atmosphere excluding from the light. Next,
CH>ClI» was removed under reduce pressure. Then, acetone was added, and the mixture was
filtered through a celite pad using acetone as eluent. The filtered solution was concentrated.
Then pentane was added to induce precipitation. The precipitate was washed twice with
pentane. After removal of volatility, the complex was obtained after crystallization in bilayer
of acetone and cyclohexane.

Complex 3a (red solid, 92% yield, 9:1 d.r.). For major
N/:\N diastereomer; '"H NMR (400 MHz, CDCl3) 4 7.04 (d, J= 1.7 Hz,
ﬁ T Lo IH, NCHeterocycte), 7.01 (5, 1H, CHyesitg), 6.96 (s, 1H, CHyesity),
%/\tho 6.78 (d, /= 1.9 Hz, 1H, NCHkHetcrocycle), 4.80 (dd, J= 9.3, 5.0 Hz,
cl 1H, NCHCH;), 2.43 (s, 3H, 0-CH3wmesity1), 2.34 (s, 3H, o-
CH3Mesityl), 2.02 — 1.96 (m, 1H, CHCH,CH), 1.96 (s, 3H, p-
CH3Mesity1), 1.84 — 1.74 (m, 1H, CHCH,CH), 1.60 — 1.49 (m, 1H,
CH(CHas)2), 1.31 (s, 15H, Cp*), 1.00 (d, J = 6.5 Hz, 3H, CH(CHz3)2), 0.95 (d, /= 6.5 Hz, 3H,
CH(CHs)2). For minor diastereomer; 'H NMR (400 MHz, CDCl3) 6 7.04 (d, J= 1.7 Hz, 1H,
NCHgeterocyele), 6.98 (s, 1H, CHwesityl), 6.96 (s, 1H, CHwmesiy), 6.78 (d, J = 1.9 Hz, 1H,
NCHpgeterocyele), 4.60 (t, J = 7.9 Hz, 1H, NCHCH2>), 2.34 (s, 3H, 0-CH3wmesity1), 2.27 (s, 3H, o-
CH3mesityl), 2.06 (s, 3H, p-CH3mesity1), 2.02 — 1.96 (m, 1H, CHCH,CH), 1.84 — 1.74 (m, 1H,
CHCH,CH), 1.60 — 1.49 (m, 1H, CH(CHjs)2), 1.31 (s, 15H, Cp*), 1.00 (d, J = 6.5 Hz, 3H,
CH(CHa)»), 0.95 (d, J = 6.5 Hz, 3H, CH(CH3)). For both diastereomers; '°C NMR (101
MHz, CDCls) 6 173.1, 170.7 (d, J= 54.7 Hz), 139.7, 139.6, 138.6, 138.1, 136.6, 136.5, 130.3,
130.1, 128.6, 124.0, 123.4, 96.7 (d, J = 7.8 Hz, minor diastereomer), 96.4 (d, J = 7.6 Hz, major
diastereomer), 64.7, 45.7, 31.1, 27.0, 25.1, 24.8, 23.3, 22.9, 22.7, 21.9, 21.2, 21.1, 20.0, 19.9,
18.9, 18.3, 9.2. HRMS (ESI) calcd for CsH3oN20>¥CIRh*™ (M + HY): m/z 573.1750, found
573.1753 (1 ppm). The crystallization in bilayer of acetone and cyclohexane provides the
crystal which suitable for X-ray crystallography.

) 4 : ) 4
>—. o | —., c
— 3 '0—Rh—Cl 2 5 3 YO—Rh—=Cp*1
p* : ¢l
1 : 2
(S)c(S)an E (S)c(R)gn

Fig. S1 The absolute configuration of Crystal.3a (left) and its corresponding diastereomer
(right).?
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ﬁ diastereomer; 'H NMR (400 MHz, CDCl3) 6 7.01 (s, 1H), 6.99
T (d, J=1.9 Hz, 1H), 6.95 (s, 1H), 6.78 (d, J= 1.9 Hz, 1H), 4.18
%\Rh ‘0 (d, J=9.6 Hz, 1H), 2.48 (s, 3H), 2.34 (s, 3H), 2.21 (td, J = 6.8,

2.7 Hz, 1H), 1.98 (s, 3H), 1.32 (s, 15H), 1.17 (d, J= 6.8 Hz, 3H),
0.86 (d, J=6.7 Hz, 3H). For minor diastereomer; 'H NMR (400
MHz, CDCl3) 6 7.01 (s, 1H), 7.00 — 6.97 (m, 2H), 6.75 (d, J = 2.0 Hz, 1H), 4.10 (d, J = 10.5
Hz, 1H), 2.35 (s, 3H), 2.27 (s, 3H), 2.26 — 2.18 (m, 1H), 2.11 (s, 3H), 1.26 (s, 15H), 1.06 (d, J
= 6.6 Hz, 3H), 0.76 (d, J= 6.6 Hz, 3H). For both diastereomers; *C NMR (101 MHz, CDCl5)
0 171.9, 170.1 (d, Jri-c = 55.0 Hz), 169.9, 139.7, 138.2, 136.6, 136.5, 130.3, 128.4, 125.3,
123.8, 96.2 (d, Jri-c = 7.7 Hz), 73.9, 34.7, 29.8, 21.1, 20.2, 20.1, 19.7, 18.5, 9.2. HRMS (ESI)
calcd for C27H36N202*°CINaRh™ (M + Na*): m/z 581.1413, found 581.1414 (0 ppm). The
crystallization in bilayer of acetone and cyclohexane provides the crystal which suitable for X-
ray crystallography.

{\ Complex 3b (red solid, 82% yield, 9:1 d.r.). For major

] Ny

¢ 5 7 ¢
— 3 \0—Rh—=Cl 2 5 3 YO—Rh—Cp*1
6p’ i (:JI

| | -

(S)c(S)an | (S)c(RJan

Fig. S2 The absolute configuration of Crystal.3b (left) and its corresponding diastereomer
(right).?

Complex 3c (red solid, 94% yield, 7.5:2.5 d.r.). For major

/& diastereomer; '"H NMR (400 MHz, CDCl3) 6 7.19 (d, ] = 2.0 Hz,
T \g 1H), 7.01 (s, 1H), 7.00 (s, 1H), 6.75 (d, ] = 2.0 Hz, 1H), 5.19 (q,
Rh—0 J=7.0 Hz, 1H), 2.36 (s, 3H), 2.21 (s, 3H), 2.09 (s, 3H), 1.66 (d,
jﬁ\ J =7.1 Hz, 3H), 1.26 (s, 14H). For minor diastereomer; 'H

NMR (400 MHz, CDCl3) § 7.11 (d, J = 2.0 Hz, 1H), 7.00 (s, 1H),
6.95 (s, 1H), 6.80 (d, J = 2.0 Hz, 1H), 4.72 (q, J = 7.2 Hz, 1H), 2.34 (s, 3H), 2.26 (s, 3H), 2.07
(s, 3H), 1.84 (d, J = 7.2 Hz, 3H). For major diastereomer; '°C NMR (101 MHz, CDCls) §
173.7, 169.5(d, Jri-c= 54.5 Hz), 139.9, 137.9, 136.9, 136.0, 130.1, 129.1, 123.3, 120.8, 97.0
(d, Jri-c=7.0 Hz) , 59.2,21.2, 19.2, 18.4, 18.2, 9.1. For minor diastereomer; '*C NMR (101
MHz, CDCl3) 6 173.4, 169.0 (d, Jri-c = 54.5 Hz), 139.6, 138.6, 136.5, 135.7, 130.1, 128.5,
124.7, 121.8, 96.7 (d, Jra-c= 8.1 Hz), 62.2, 21.8, 21.2, 19.8, 18.8, 9.2. HRMS (ESI) calcd for
CasH33N202*3CIRhY (M + H*): m/z 531.1280, found 531.1282 (0 ppm).
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3. Preparation of Substrates
Except compound 4a (CAS: 1008-89-5) and 4q (CAS: 2116-65-6) which are purchased
from Alfa Aesar, other substrates were synthesized according to procedure reported in the

literature.

3.1. Preparation of 2-arylpyridines and 1-arylisoquinolines?

To a solution of 2-bromopyridines (2 mmol) (or 2,4-dibromopyridine (1 mmol) for 4I)
in toluene (7 mL), ethanol (1.5 mL), and H>O (7 mL) was added Na>COs3 (14.8 mmol) followed
by Pd(PPh3)4 (0.06 mmol) and corresponding boronic acid (2.6 mmol) under argon in a 50 mL
Schlenk tube. The reaction mixture was refluxed at 120 °C for 12 h, and then cooled to room
temperature. To the reaction mixture was added aqueous NH4ClI (15 mL), extracted by EtOAc
for three times, dried over MgSQOs, and evaporated in vacuum to afford the crude product,
which was further purified by flash chromatography on silica gel with n-pentane/EtOAc to give
the corresponding substrates. Compounds 4b (CAS: 5957-90-4), 4¢ (CAS: 4357-28-2), 4d
(CAS: 98061-21-3), 4e (CAS: 4385-61-9), 4f (CAS: 203065-88-7), 4g (CAS: 10273-89-9), 4h
(CAS: 4373-61-9), 4i (CAS: 76759-26-7), 4j (CAS: 3475-21-6), 4k (CAS: 940289-80-5), 41
(CAS: 15827-72-2), 4m (CAS: 3297-72-1), 4n (CAS: 36710-74-4), and 4q (CAS: 525598-48-
5) were previously reported.

() Compound 40
O Yellow off-white solid (70 % yield). "H NMR (400 MHz, CDCl3) 5 8.66 (d, .J

= 5.7 Hz, 1H), 8.21 (dd, J = 8.5, 1.0 Hz, 1H), 7.90 (d, J = 8.3 Hz,1H), 7.85 —
O 7.76 ( m, 4H), 7.73 — 7.68 (m, 3H), 7.66 (dd, J = 5.7, 0.9 Hz, 1H), 7.57 (ddd,
J=83,6.8,1.3 Hz, 1H), 7.53 — 7.47 (m, 2H), 7.43 — 7.38 (m, 1H). 3C NMR
(101 MHz, CDCl3) & 160.4, 142.4, 141.5, 140.8, 138.6, 137.0, 130.5, 130.1,
O 129.0, 127.6, 127.6, 127.3, 127.2, 127.1, 126.8, 120.0. HRMS (ES]I) calcd for

\ ) CoHisNO (M + H*): m/z 282.12772, found 282.1278 (0 ppm).

3.2. Preparation of Compound 4r (CAS: 3678-70-4)

Compound 4r was prepared according to the reported procedure* and

B obtained as off-white solid (0.820 g) Yield: 74%. 'H NMR (400 MHz,

7 CDCl3) 6 8.62 (ddd, J =4.9, 1.9, 0.9 Hz, 1H), 7.60 (td, J = 7.7, 1.9 Hz, 1H),

7.35-7.29 (m, 4H), 7.27 - 7.18 (m, 6H), 7.14 (ddd, ] = 7.5, 4.8, 1.2 Hz, 1H),

O O 7.11 (dt, J = 7.8, 1.1 Hz, 1H), 5.74 (s, 1H). 3C NMR (101 MHz, CDCls) &
163.3, 149.6, 142.8, 136.5, 129.5, 128.5, 126.6, 123.8, 121.5, 59.5.

3.3. Preparation of Compound 4s (CAS: 12216-00-1)

Compound 4s was prepared according to the reported procedure® and
| obtained as red solid. Yield: 21%. '"H NMR (400 MHz, CDCl3) & 8.50 (ddd,
N J=4.9,1.8, 1.0 Hz, 1H), 7.56 (ddd, J = 8.0, 7.4, 1.9 Hz, 1H), 7.40 (ddd, J =
Fe 8.0, 1.3, 1.1 Hz, 1H), 7.06 (ddd, J = 7.4, 4.9, 1.2 Hz, 1H), 4.94 — 4.90 (m,
<= 2H), 4.41 — 4.37 (m, 2H), 4.05 (s, 5H). 3*C NMR (101 MHz, CDCl3) & 159.3,
149.4, 136.0, 120.6, 120.2, 83.8, 70.0, 69.7, 67.3. Analytical data for this

compound were consistent with previously reported data.’
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4. Optimization Study

Catalyst (5 mol%), Base (10 mol%)

Y

0.2 mmol

B,pin, or HBpin (2 equiv.)

Solvent (2 mL)
Temp. 16 h

Bpin

The studies were carried out on 0.2 mmol scale. Except indicated otherwise, the
optimization studies were carried out as followed. In a glove box, in a dry Schlenk tube was
placed catalyst (5 mol% of rhodium). Corresponding base (10 mol%) and solvent (2 mL) were
added respectively. Next, the mixture was stirred for 10 min followed by the addition of B2pinz
(2 equiv. based on boron). The mixture was stirred for another 10 min, and the 2-
phenylpyridine (0.2 mmol, 1 equiv.) was added afterward. The tube was closed with septum
and sealed with parafilm. Outside the glovebox, the mixture was stirred at indicated
temperature for 16h. After cooled down, the mixture was concentrated under reduce pressure
and dried under vacuum. The residue was analyzed by "H-NMR spectroscopy, and the NMR
yield was calculated using 1,3,5-trimethylbenzene as an internal standard.

Table S1 Optimization studies

1 0
Entry Catalyst Base Boaréggng Solvent Tem(l?)e(::r)a ture Yift)l d
1 3a KOAc Bopino toluene 80 0
2 3a K>COs Bopino toluene 80 8
3 3a NaO'Bu Bopiny toluene 80 12
4 3a NaO'Pr Bapin, toluene 80 61
5 3a NaOEt Bopino toluene 80 66
6 3a NaOMe Bopino toluene 80 71
7 3a NaHMDS Bopiny toluene 80 43
8 3a NaOMe Bopino m-Xylene 80 n.r.
9 3a NaOMe Bopiny MTBE 80 71
10 3a NaOMe Bapiny THF 80 34
11 3a NaOMe Bapiny n-octane 80 9
12 3a NaOMe Bopin, benzene 80 86
13 3a NaOMe Bopino benzene 70 43
14 3a NaOMe Bapiny benzene r.t. n.r.
15 3a NaOMe HBpin benzene 80 20
16 3b NaOMe Bapiny benzene 80 80
17 3c NaOMe Bopin, benzene 80 54
18 . 1[15[1; SI() 5* (r;l(z)]l%%) NaOMe Bopino benzene 80 29
19 [RhCp*Clz]» NaOMe Bopino benzene 80 25
20 [RhCp*Clz]» - Bopino benzene 80 n.r.
21 [RhCp*Cl>]» NaOMe HBpin benzene 80 8
22 2a (5 mol%) NaOMe Bopino benzene 80 n.r.
23 3a - Bopino benzene 80 n.r.
24 - NaOMe Bopino benzene 80 n.r.
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5. Catalytic C-H Borylation

General procedure for C-H borylation

In a glove box, in a dry Schlenk tube was placed 3a (5 mol%). Then NaOMe (10 mol%)
and C¢Hs were added respectively. Next, the mixture was stirred for 10 min followed by the
addition of Bapinz (2 equiv.). The mixture was stirred for another 10 min, and the substrate (1
equiv.) was added afterward. The tube was closed with a septum and sealed with parafilm.
Outside the glove box, the mixture was stirred at 80 °C for 16h. After cooled down, the mixture
was concentrated under reduce pressure and dried under vacuum. To the residue were added
1,3,5-trimethylbenzene (as an internal standard) and 2 mL of CDCIs. Then the aliquot was
analyzed by '"H NMR which reveal the NMR yield.

To the crude residue was added acetone (10 mL). Next, Oxone® (2 equiv.) in 2 mL of
water was added dropwise within 2-4 min. Upon the complete addition, the mixture was
vigorously stirred for 2 hours. Then an aqueous solution of NaHSO; (ca. 25 mL) was added
until the formed precipitates dissolved. Then the aqueous layer was extracted by EtOAc (3x30
mL). The combined organic layer was washed with brine then water. After the removal of
solvents, the crude residue was purified by column chromatography on silica gel using
pentane/ethylacetate as eluent.

Compound 6a

Yellow oil (77 % isolated yield, 86 % NMR yield as borylated product) 'H
[ NMR (400 MHz, CDCl;3) 6 14.24 (s, 1H), 8.50 (ddd, /=5.1, 1.9, 1.0 Hz, 1H),
N 7.91 (d, J= 8.3 Hz, 1H), 7.85 — 7.78 (m, 2H), 7.31 (ddd, /=8.2, 7.2, 1.6 Hz,
OH 1H), 7.23 (ddd, J= 7.4, 5.0, 1.1 Hz, 1H), 7.04 (dd, J= 8.3, 1.3 Hz, 1H), 6.91
(ddd, J=17.8, 7.1, 1.3 Hz, IH). 3C NMR (101 MHz, CDCI3) é 160.1, 158.0,
145.9,137.9,131.6, 126.2, 121.6, 119.1, 118.9, 118.9, 118.7. Analytical data

for this compound were consistent with previously reported data.’

Compound 6b
N Yellow oil (67 % isolated yield, 75 % NMR yield as borylated product). 'H
LN NMR (400 MHz, CDCl3) 6 14.72 (s, 1H), 8.43 (ddd, /=5.0, 1.8, 1.4 Hz, 1H),
oH 7.80 —7.72 (m, 2H), 7.68 (d, J= 8.8 Hz, 1H), 7.18 — 7.10 (m, 1H), 6.55 (d, J

= 2.7 Hz, 1H), 6.48 (dd, J = 8.8, 2.7 Hz, 1H), 3.83 (s, 3H). '°C NMR (101
MHz, CDCl3) 6 162.4,162.0, 157.9, 145.6, 137.7,127.2, 120.6, 118.3, 112.2,
OMe 106.7, 102.2, 55.4. Analytical data for this compound were consistent with
previously reported data.’

Compound 6¢

Yellow oil (64 % isolated yield, 77 % NMR yield as borylated product). 'H
LN NMR (400 MHz, CDCls3) 6 14.70 (s, 1H), 8.42 (ddd, J=5.1, 1.5, 1.3 Hz, 1H),
7.78 = 7.71 (m, 2H), 7.67 (d, J = 8.8 Hz, 1H), 7.17 - 7.10 (m, 1H), 6.53 (d, J
= 2.6 Hz, 1H), 6.47 (dd, J = 8.8, 2.6 Hz, 1H), 4.06 (q, /= 7.0 Hz, 2H), 1.42
(t,J=7.0 Hz, 3H). *C NMR (101 MHz, CDCl3) 8 161.9, 161.8, 158.0, 145.6,
OEt 137.7, 127.2, 120.5, 118.3, 112.0, 107.1, 102.7, 63.6, 14.9. Analytical data
for this compound were consistent with previously reported data.®

OH
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Compound 6d

OH

COzMe

Compound 6e

CO,Et

Compound 6f

CF3

Compound 6j

OH

Off-white solid (70 % isolated yield, 81 % NMR yield as borylated product).
'"H NMR (400 MHz, CDCl3) & 14.41 (s, 1H), 8.51 (ddd, /= 5.0, 1.8, 0.9 Hz,
1H), 7.93 (d, J = 8.5 Hz, 1H), 7.87 — 7.80 (m, 2H), 7.66 (d, /= 1.8 Hz, 1H),
7.53 (dd, J = 8.3, 1.8 Hz, 1H), 7.28 (ddd, J = 7.5, 5.0, 1.1 Hz, 1H), 3.91 (s,
3H). *CNMR (101 MHz, CDCI3) 6 166.7, 159.9, 156.9, 146.1, 138.1, 132.6,
126.2, 122.6, 122.5, 119.9, 119.8, 119.6, 52.3. Analytical data for this
compound were consistent with previously reported data.’

Off-white solid (67 % isolated yield, 80 % NMR yield as borylated product).
'"H NMR (400 MHz, CDCl3) 6 14.40 (s, 1H), 8.51 (ddd, /= 5.1, 1.9, 0.9 Hz,
1H), 7.93 (d, J = 8.4 Hz, 1H), 7.88 — 7.79 (m, 2H), 7.67 (d, J = 1.8 Hz, 1H),
7.54 (dd, J=8.3, 1.7 Hz, 1H), 7.28 (ddd, /= 7.5, 5.0, 1.1 Hz, 1H), 4.37 (q, J
=7.1 Hz, 2H), 1.39 (t,J= 7.1 Hz, 3H). 3C NMR (101 MHz, CDCl3) § 166.2,
159.8, 156.9, 146.1, 138.1, 132.9, 126.1, 122.5, 119.9, 119.8, 119.6, 61.2,
14.4. Analytical data for this compound were consistent with previously
reported data.’

Yellow solid (44 % isolated yield, 60 % NMR vyield as borylated product).
'"H NMR (400 MHz, CDCls) & 14.63 (s, 1H), 8.52 (ddd, /= 5.1, 1.8, 1.0 Hz,
1H), 7.91 (dt, J= 8.3, 1.2 Hz, 1H), 7.89 — 7.83 (m, 2H), 7.31 (ddd, J = 7.3,
5.0, 1.3 Hz, 1H), 7.28 (s, 1H), 7.11 (ddd, J=8.3, 1.9, 0.8 Hz, 1H). '*C NMR
(101 MHz, CDCl3) & 160.2, 156.6, 146.1, 138.2, 133.0 (q, J = 32.7 Hz),
126.7, 123.9 (q, J = 273.7 Hz), 122.6, 121.6, 119.6, 115.9 (q, J = 3.9 Hz),
115.1 (g, J = 3.8 Hz). 'F NMR (376 MHz, CDCls) & -63.2. Analytical data
for this compound were consistent with previously reported data.'”

Off-white solid (40 % isolated yield, 45 % NMR yield as borylated product).
'"H NMR (400 MHz, CDCls) 4 14.56 (s, 1H), 8.35 (dd, /= 5.2, 0.8 Hz, 1H),
7.80 (dd, J = 8.0, 1.7 Hz, 1H), 7.72 (s, 1H), 7.30 (ddd, J = 8.3, 7.2, 1.6 Hz,
1H), 7.06 (ddd, J=5.1, 1.5, 0.7 Hz, 1H), 7.02 (dd, J = 8.3, 1.3 Hz, 1H), 6.90
(ddd, J=17.9, 7.2, 1.3 Hz, 1H), 2.44 (s, 3H). 3C NMR (101 MHz, CDCls) §
160.3, 157.7, 149.1, 145.6, 131.4, 126.1, 122.8, 119.7, 118.9, 118.7, 118.7,

21.8. Analytical data for this compound were consistent with previously
reported data.'®
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Compound 6k

Compound 61

Compound 6m

Yellow solid (40 % isolated yield, 48 % NMR yield as borylated product). 'H
NMR (400 MHz, CDCl3) & 13.59 (s, 1H), 8.70 (d, J = 5.2 Hz, 1H), 8.11 (s,
1H), 7.82 (dd, J = 8.1, 1.7 Hz, 1H), 7.46 (dd, J = 5.3, 1.5 Hz, 1H), 7.37 (ddd,
J=28.5,72,1.6 Hz, 1H), 7.06 (dd, J = 8.3, 1.2 Hz, 1H), 6.96 (ddd, J = 8.2,
7.1, 1.3 Hz, 1H). *C NMR (101 MHz, CDCl3) 6 160.1, 159.4, 147.4, 140.1
(q, J/=34.0 Hz), 132.7, 126.5, 122.8 (q, J = 274.7 Hz), 119.4, 119.0, 118.1,
117.0 (g, J = 3.4 Hz), 1152 (q, J = 3.8 Hz). YF NMR (376 MHz,
CDCl3) 6 -65.1. HRMS (ESI) calcd for Ci2HsNOF3;Na" (M + Na®): m/z
262.04502, found 262.0452 (1 ppm).

Pale yellow solid (45 % isolated yield, 56 % NMR yield as borylated
product). '"H NMR (400 MHz, CDCl3) & 14.29 (s, 1H), 8.76 (dd, J =2.4, 0.9
Hz, 1H), 8.05 (dd, J = 8.6, 2.4 Hz, 1H), 7.99 (d, ] = 8.3 Hz, 1H), 7.84 (dd, J
=8.0, 1.6 Hz, 1H), 7.66 — 7.61 (m, 2H), 7.56 — 7.47 (m, 2H), 7.47 — 7.40 (m,
1H), 7.33 (ddd, J = 8.3, 7.2, 1.6 Hz, 1H), 7.05 (dd, J = 8.3, 1.3 Hz, 1H), 6.94
(ddd, J=8.0, 7.2, 1.3 Hz, 1H). 3C NMR (101 MHz, CDCls) 6 160.1, 156.7,
144.3, 137.2, 136.1, 134.6, 131.6, 129.4, 128.5, 127.0, 126.3, 119.2, 119.0,
118.8, 118.8. HRMS (ESI) calcd for Ci7Hi4aNO* (M + HY): m/z 248.10699,
found 248.1067 (1 ppm).

Yellow solid (46 % isolated yield, 51 % NMR yield as borylated product).
'"H NMR (400 MHz, CDCl3) § 11.91 (s, 1H), 8.51 — 8.42 (m, 2H), 7.89 (dd,
J=28.3, 1.1 Hz, 1H), 7.77 - 7.71 (m, 2H), 7.67 — 7.58 (m, 2H), 7.39 (ddd, J
= 8.8, 7.3, 1.7 Hz, 1H), 7.18 (d, J = 8.2 Hz, 1H), 7.02 (td, J = 7.6, 1.3 Hz,
1H). *CNMR (101 MHz, CDCl3) § 158.7, 157.9, 139.4, 138.0, 131.7, 131.1,
130.6, 127.8,127.7, 127.5, 126.3, 121.4, 120.3, 118.8, 118.2. Analytical data
for this compound were consistent with previously reported data.!”

Yellow solid (60 % isolated yield, 76 % NMR yield as borylated product). 'H
NMR (400 MHz, CDCl;) 6 12.53 (s, 1H), 8.42 (dd, J = 21.7, 7.1 Hz, 2H),
7.85 (d, J=8.0 Hz, 1H), 7.76 — 7.65 (m, 2H), 7.63 - 7.51 (m, 2H), 6.71 (d, J
= 2.6 Hz, 1H), 6.58 (dd, J = 8.7, 2.7 Hz, 1H), 3.88 (s, 3H). *C NMR (101
MHz, CDCl3) 6 162.0, 160.2, 158.8, 139.0, 138.0, 132.7, 130.5, 127.8, 127.5,
127.4, 126.0, 119.4, 114.3, 106.0, 102.5, 55.5. HRMS (ESI) caled for
Ci6H1sNO2" (M + H"): m/z 252.1019, found 252.1018 (0 ppm).
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Compound 60

Compound 6r

Off-white solid (64 % isolated yield, 81 % NMR yield as borylated product).
'"H NMR (400 MHz, CDCl3) 8 10.24 (s, 1H), 8.52 (d, J = 8.6 Hz, 1H), 8.48
(d, J=5.7 Hz, 1H), 7.89 (dt, J= 8.2, 0.9 Hz, 1H), 7.84 (d, J = 8.1 Hz, 1H),
7.77 — 7.69 (m, 3H), 7.66 — 7.61 (m, 2H), 7.52 — 7.45 (m, 3H), 7.43 — 7.37
(m, 1H), 7.28 (dd, /= 8.1, 1.9 Hz, 1H). 3*C NMR (101 MHz, CDCl3) 6 158.4,
158.4, 143.9, 140.4, 139.3, 138.0, 132.0, 130.7, 128.9, 127.9, 127.8, 127.7,
127.5, 127.2, 126.3, 120.3, 120.2, 117.6, 116.6. HRMS (ESI) calcd for
C21HisNO™ (M + H"): m/z 298.12264, found 298.1229 (1 ppm).

Yellow off-white solid (41 % isolated yield, 54 % NMR yield as borylated
product). 'H NMR (400 MHz, CDCls) 8 9.37 (s, 1H), 8.50 (d, J = 8.5 Hz,
1H), 8.44 (d, /= 5.7 Hz, 1H), 7.87 (d, J = 8.3 Hz, 1H), 7.75 — 7.68 (m, 2H),
7.63 —7.57 (m, 2H), 7.22 (d, J = 2.0 Hz, 1H), 7.05 (dd, J = 8.3, 2.0 Hz, 1H),
1.39 (s, 9H). *C NMR (101 MHz, CDCls) & 158.8, 157.8, 155.0, 139.3,
138.0, 131.3, 130.6, 128.0, 127.5, 127.4, 126.3, 119.9, 118.6, 116.2, 115.3,
35.0, 31.3. HRMS (ESI) calcd for CioH20NO"™ (M + H'): m/z 278.15394,
found 278.1540 (0 ppm).

Off-white solid (33 % isolated yield, 37 % NMR yield as borylated product)
'"H NMR (400 MHz, CDCl3)  11.62 (s, 1H), 8.50 — 8.44 (m, 1H), 7.69 (tdd,
J=17.7,18,0.6 Hz, 1H), 7.32 (d, J= 7.7 Hz, 1H), 7.22 — 7.13 (m, 3H), 7.03
— 6.97 (m, 1H), 6.85 — 6.77 (m, 1H), 4.10 (s, 2H). '*C NMR (101 MHz,
CDCl3) 6 161.0, 156.7, 147.8, 138.4, 130.3, 128.8, 126.3, 122.9, 122.0, 120.1,
118.6, 41.8. Analytical data for this compound were consistent with
previously reported data.!!

White solid (7 % isolated yield, 12 % NMR yield as borylated product). 'H
NMR (400 MHz, CDCl3) 6 12.02 (s, 1H), 8.50 (ddd, /=4.9, 1.9, 0.9 Hz, 1H),
7.76 (td, J = 7.7, 1.8 Hz, 1H), 7.46 (dt, J= 7.8, 1.1 Hz, 1H), 7.27 — 7.09 (m,
7H), 6.96 — 6.88 (m, 3H), 6.83 (td, J = 7.4, 1.3 Hz, 1H), 5.27 (s, 1H). 13C
NMR (101 MHz, CDCI3) 8 162.7, 156.7, 148.3, 141.4, 138.6, 132.1, 129.6,
128.3, 127.8, 127.8, 126.6, 124.8, 122.7, 119.9, 119.8, 59.3. HRMS (ESI)
calcd for CisHisNO™ (M + H"): m/z 262.12264, found 262.1227 (0 ppm).
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6. Preliminary Mechanistic Study

6.1. Kinetic study for 3a-catalyzed C-H borylation of 4a

| = Cat. (5 mol%) | X
_N NaOMe (10 mol%) _N
Bopin, (2 equiv.)
H > Bpin

CeDg, 80 °C, 16h
1,3,5-trimethoxybenzene (0.33 equiv.)

4a (1.0 mmol) 5a

In a glove box, in a dry Schlenk tube was placed 3a (5 mol%). Then NaOMe (10 mol%)
and CsDs (10 mL) were added respectively. Next, the mixture was stirred for 10 min followed
by the addition of Bzpinz (2.0 mmol). The mixture was stirred for another 10 min. Then 4a (1.0
mmol) and 1,3,5-trimethoxybenzene (56 mg) was added afterward. The tube was closed with
a septum and sealed with parafilm. Outside the glove box, the mixture was stirred at 80 °C.
Under the argon flow, the aliquot (ca. 0.5 mL) was taken after 15, 30, 45, 60, 75, 90, 105 and
120 minutes. The study was monitored by 'H-NMR method, and the yield was calculated
versus 1,3,5-trimethoxybenzene. The kinetic plot is shown below.

Dark brown
Red Dark green
L C T : T U T u T ) T L 4|
100 | -\-
60 |-
40
20
I -\-\
{ J | |
0 o ° ® o/
X 1 " 1 " 1 1 1 " 1 " 1
0 20 40 60 80 100 120

Reaction time (min)

Scheme S1 Kinetic plot of 3a-catalyzed C-H borylation of 4a
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6.2. Stoichiometric experiments

/d T NaOCHs or NaOCDs(1 equiv.)
Rh S Bopin, (1 equiv.) CoH
_ - Gp
%\ CeDs (0.6 mL), 80 °C, 45 min

in NMR tube

[Rh-H]

Y

3a (0.025 mmol) ‘ MeO-Bpin

Dark green solution

In a glove box, in a dry J. Young valve NMR tube was placed a red dispersion of 3a
(0.025 mmol in 0.6 mL of C¢Ds). Then an equivalent of NaOCH;3 or NaOCD; and Bzpin: (1
equiv.) were added respectively. The tube was sealed. Outside the glove box, the mixture was
allowed to react at 80 °C for 45 minutes then subjected to NMR analysis. After NMR analysis,
in the glovebox, the residue was sampled and subjected to the GCMS analysis.

In "H NMR spectra, a signal at 3.51 ppm was observed corresponding to CH;OBpin.!2
This signal disappeared when NaOCD3 was used. In "B NMR spectra, a signal at 22.7 ppm
for CH30OBpin was observed in both cases. Furthermore, key signals at 1.81 and 1.74 ppm were
observed which refer to Cp*H.!* This compound was also detected in GCMS analysis; GCMS
(ED): m/z 136 (50), 121 (100), 105 (50).

A. 1H NMR 11B NMR

=
~

3.51
181
-1087
10.93
3152
277

O Cp*H
@ CH;0-Bpin
A szinz

(]
7 3.6 . —10 8 —10 o —11 o o 30 20
L) (ppm) 1 (ppm) 1 (Pppm) 1 (ppm)
B. 1H NMR 118 NMR
b=y = 8 8 S =
T e g » &
i
O o
O CD;0-Bpin
O A B;pin,

]

7 3.6 . 1 -10 8 -10 o -11 o o 30 20
1 (ppm) 1 (ppm) 1 (ppm) 1 (ppm)

Fig. S3 Spectra of stoichiometric reaction with A) NaOCH3 and B) NaOCD:;
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6.3. Catalytic C-F borylation with 3a

Conditon A
B B
Standard Condition
F F > F Bpin
<1 % conversion
F F F F
F F
0.5 mmol Not detected
Conditon B
X XX
| _N 3a (5 mol%) | _N
Bopin, (2.0 equiv.)
F F > F Bpin
KOACc (2 equiv.)
toluene (2.0 mL), 80 °C, 12h
F F F F
F <1 % conversion F
0.4 mmol Not detected

Scheme S2: Catalytic C-F borylation with 3a

Condition A: Standard condition

In a glove box, in a dry Schlenk tube was placed 3a (5 mol%). Then NaOMe (10 mol%)
and C¢Hs were added respectively. Next, the mixture was stirred for 10 min followed by the
addition of Bpiny (2 equiv.). The mixture was stirred for another 10 min, and 2-
(pentafluorophenyl)-pyridine!* (0.5 mmol) was added afterward. The tube was closed with a
septum and sealed with parafilm. Outside the glove box, the mixture was stirred at 80 °C for
16h. After cooled down, the mixture was concentrated under reduce pressure and dried under
vacuum. To the residue were added fluorobenzene (as an internal standard) and 2 mL of CDCls.
Then the aliquot was analyzed by '°F NMR. The ortho functionalized product was not detected
in the spectrum.

Condition B: Reported condition!?

The procedure was followed the one reported in the literature.!* In a glove box, a dry
Schlenk tube was charged with 2-(pentafluorophenyl)-pyridine (0.4 mmol, 1.0 equiv), Bopinz
(0.8 mmol, 2.0 equiv.), followed by addition of KOAc¢ (0.8 mmol, 2.0 equiv) and 3a (5 mol%).
Toluene (2 mL) was then added. The Schlenk tube was sealed and heated to 80 °C (oil bath)
for 12h. After cooled down, the mixture was concentrated under reduce pressure and dried
under vacuum. To the residue were added fluorobenzene (as an internal standard) and 2 mL of
CDCls. Then the aliquot was analyzed by '°F NMR. The ortho functionalized product was not
detected in the spectrum.
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6.4. H/D kinetic isotope effect Study

a. Synthesis of 2-pentadeuteriophenylpyridine

A
D B(OH N
—
D D H2804 1 n-BuLi
4> D D
D D NaBr03 2. B( IOPI' d(OAc),
3. HCI
D D D
Step | Step Il Step Il

Step I: The reported procedure was applied.! To a vigorously stirred
solution of sulfuric acid (16.65 g, 9.05 mL) in H.O (33.3 mL),
deuteriobenzene (4.21 g, 4.43 mL, 50 mmol) was added in one portion at 0
°C. Thereafter, NaBrOs (8.30 g, 55.0 mmol) added in two portions with an
interval of 1 h at the same temperature. The reaction mixture was stirred for
an additional 10 h at ambient temperature, poured into ice- cold water (100
mL) and extracted with n-pentane (3 x 40 mL). The combined extracts were washed with ice-
cold water (2 x 50 mL), sat. aq. NaHCO3 solution (2 x 50 mL), brine (40 mL), and dried. n-
Pentane was carefully evaporated, and the residue was distilled at 45 °C under reduce pressure
(0.1 Torr) into a cold (=78 °C) trap to give 6.614 g (70 %) of pure 1-
bromopentadeuteriobenzene as a colorless liquid.

'"H NMR (400 MHz, CDCls3) no signal. '>*C NMR (101 MHz, CDCl3): § = 131.0 (t, J = 25.3
Hz), 129.5 (t, J=24.5 Hz), 126.2 (t, J = 24.5 Hz), 122.0.

Step II: The reported procedure was applied.!® A two-neck 500 mL flask
fitted with a magnetic stirring bar, and low-temperature thermometer was
charged with bromobenzene-ds (8.1 mL, 40.0 mmol) under nitrogen
atmosphere. Dry THF (100 mL) was added, and the solution was cooled to -
78°C. To this solution was added n-butyllithium (25.0 mL, 1.6 M, 40.0
mmol) using a slow addition pump over 30 min. The solution was stirred at
-78°C for 2 h whereupon triisopropyl borate (6.3 g, 60.0 mmol) dissolved in 10 mL of dry THF
was added drop wise to the reaction system. The solution was allowed to warm to room
temperature overnight. After that the reaction was quenched with dilute HCI (20%, 70 mL),
and the reaction mixture was stirred for 3 h at room temperature. The resulted biphasic solution
was extracted with Et20 (2 X 50 mL). The ethereal solution was washed twice with H,O and
concentrated by rotary evaporation. To the crude product (viscous liquid), n-hexane 75 ml was
added. The white (ds-phenyl)boronic acid solid precipitated in pentane was filtered, dried and
used without further purification (80% isolated yield).

Step III: The reported procedure was applied.!” A mixture of 2-
bromopyridine (500 mg, 3.16 mmol), pentadeuteriophenylboronic acid (600
mg, 4.74 mmol), K»CO3 (873 mg, 6.32 mmol), Pd(OAc) (10 mg, 0.04
mmol), distilled water (12 mL) and ethanol (36 mL) was stirred at 80 °C in
air for 1 h. The reaction mixture was added to brine (15 mL) and extracted
with ethyl acetate (4 x 15 mL). The solvent was concentrated under vacuum,
and the product was isolated by column chromatography on a short silica
gel column to give 2-phenylpyridine-ds in 95% yield.
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'H NMR (400 MHz, CDCl3) & 8.72 — 8.69 (m, 1H), 7.78 — 7.71 (m, 2H), 7.23 (ddd, J = 6.1,
4.8,2.5 Hz, 1H). 3C NMR (101 MHz, CDCl3) § 157.6, 149.8, 139.4, 136.8, 128.4 (t, J = 24.2
Hz), 126.6 (t, J = 24.2 Hz), 122.2, 120.7. HRMS (ESI) caled for CiiHsDsN* (M + HY): m/z
161.11216, found 161.1122 (0 ppm).

b. Kinetic isotopic effect study

3a (5 mol%)

N A B,pin, (1.0 mmol)
| | 2PN
_N _N NaOMe (10 mol%)
+
— benzene (5 mL)
p 80 °C, 90 min
1] “5
X

39 % yield

kH/kD =13

In a glove box, in a dry Schlenk tube was placed 3a (5 mol%). Then NaOMe (10 mol%)
and C¢Ds were added respectively. Next, the mixture was stirred for 10 min followed by the
addition of BoPin, (2 equiv.). The mixture was stirred for another 10 min, and an equimolar of
2-phenylpyridine (0.25 mmol) and 2-phenylpyridine-ds (0.25 mmol) and 1,3,5-
trimethoxybezene (28 mg) were added. The tube was closed with a septum and sealed with
parafilm. Outside the glove box, the mixture was stirred at 80 °C for 90 minutes. Then the
aliquot was taken and analyzed by 'H-NMR. Integration of the peaks at 7.96 ppm revealed the
ku/kp. At 90 min; the NMR yield is 39 % and kn/kp = 1.3.
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Fig. S4 The spectra for H/D kinetic isotope effect experiment
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6.5. Radical scavenger experiment

i BHT = butylated hydroxytoluene

| |
N 3a (5 mol%), NaOMe (10 mol%) =N
OH

Y

B,pin, (2 equiv.) Bpin

BHT (0.5 equiv.) CgDg (2 mL)
80°C, 16 h

82 %

In a glove box, in a dry Schlenk tube was placed 3a (5 mol%). Then NaOMe (10 mol%)
and C¢Ds were added respectively. Next, the mixture was stirred for 10 min followed by the
addition of Bopins (2 equiv.). The mixture was stirred for another 10 min, and an equimolar of
2-phenylpyridine (0.20 mmol), BHT (0.5 equiv.) and 1,3,5-trimethoxybezene (28 mg) were
added. The tube was closed with septum and sealed with parafilm. Outside the glove box, the
mixture was stirred at 80 °C for 16 hours. Then the aliquot was taken and analyzed by 'H-
NMR. The NMR yield is 82 % which showed that the radical reaction is likely non-operative.

6.6. Mercury poisoning test

X X
N 3a (5 mol%), NaOMe (10 mol%) =N

Y

Bopin, (2 equiv.) Bpin
Mercury (5 equiv.) CgDg (2 mL)
80°C, 16 h

50 %

In a glove box, in a dry Schlenk tube was placed 3a (5 mol%). Then NaOMe (10 mol%)

and C¢Ds were added respectively. Next, the mixture was stirred for 10 min followed by the

addition of Bopins (2 equiv.). The mixture was stirred for another 10 min, and an equimolar of

2-phenylpyridine (0.20 mmol), mercury (5 equiv.) and 1,3,5-trimethoxybezene (28 mg) were

added. The tube was closed with septum and sealed with parafilm. Outside the glove box, the

mixture was stirred at 80 °C for 16 hours. Then the aliquot was taken and analyzed by 'H-
NMR. The NMR yield is 50 % which showed that the nanocatalysis is likely non-operative.

7. C-H Borylation of n-Octane

PN\
3a (5 mol%)
+ - NN P
150 °C, 16 h, Ar BPin
(o'zzﬂ”mzol) 86 % yield

Inside the glovebox, to a dry Schlenk tube were added 3a (5 mol%), Bapin, (0.2 mmol).
Then n-Octane (2 mL) was added, and the tube was closed with septum and sealed with
parafilm. Outside the glovebox, the resulting biphasic solid-liquid mixture was stirred at 150
°C for 16h. After cooled down, the volatiles were remove. The crude residue was subjected to
silica gel chromatography using dichlomethane as eluent. After removal of solvent, 4,4,5,5-
tetramethyl-2-octyl-1,3,2-dioxaborolane was obtained as colorless oil.
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4.4.5,5-tetramethyl-2-octyl-1,3,2-dioxaborolane

'H NMR (400 MHz, CDCl3) § 1.44 — 1.33 (m, 2H), 1.27 — 1.24 (m,

o)

/\/\ME‘S% 10H), 1.24 (s, 12H), 0.92 — 0.80 (m, 3H), 0.76 (t, J = 7.7 Hz, 2H).

3C NMR (101 MHz, CDCl3) § 82.96, 32.59, 32.05, 29.53, 29.41,

24.96, 24.16,22.83, 14.27. GCMS (EI): m/z 240 (2), 225 (58), 183

(7), 154 (14), 111 (17), 129.1 (100). Analytical data for this compound were consistent with

previously reported data.

18,19
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9. Spectroscopic Data
'"H NMR Spectrum in CDCl;s for 2¢.PFg
B 2 e 3 & 88883
[s+} ~ ~ © [Te NN = = -
| i I g
/ [ S [ j
o
— PFq
ﬁwg
Ho  ©
\ ) L ' AU
T Y o b i
o A M N — O O
o o O O o o O O
— = o dn - Mmoo
0 105 100 95 90 85 80 75 70 65 6.0”(5.5) 50 45 40 35 30 25 20 15 10 05
ppm
13C NMR Spectrum in CDCl; for 2¢.PFg
g TERIE s cen
e COFOB MM N®Q
S Sooaddd & N
NS NV | NN
o
— PFq
ﬁ“v/g
Ho O
|
I |
I| I| 1
A ” . - ) " l )
30 220 210 200 190 180 170 160 150 140 130 120 1f']|0( 10)0 9 80 70 60 50 40 30 2 10 0 -10 -2
ppm

S21



3P NMR Spectrum in CDCI; for 2¢.PF¢
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'"H NMR Spectrum in CDCl; for Ag.2a
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"H NMR Spectrum in CDCl; for Ag.2¢
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13C NMR Spectrum in CDCls for 3a
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13C NMR Spectrum in CDCl5 for 3b
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13C NMR Spectrum in CDCls for 3¢
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13C NMR Spectrum in CDCI; for 40
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13C NMR Spectrum in CDCls for 6a
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13C NMR Spectrum in CDCl5 for 6b
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13C NMR Spectrum in CDCls for 6¢
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13C NMR Spectrum in CDCIs for 6d
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13C NMR Spectrum in CDCls for 6e
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13C NMR Spectrum in CDClI5 for 6f
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'"H NMR Spectrum in CDCls for 6j
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'"H NMR Spectrum in CDCl; for 6k
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19F NMR Spectrum in CDCls for 6k
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13C NMR Spectrum in CDCls for 61

€10d0 vm,om/
€10d0 w_‘.mmw
€10a0 8y’LL

arsiL
Nm.w:/
L0'6LL—¥
areu’
sz'ozL

00221\
15'8TL—
wm.mﬁ%
zoleL,
8SVELY:
PLOEL \
S0'LEL

9T rrL—

G9'9GL—
90°09L—

40

T T T T T T T T
150 140 130 120 110 100 90 80 70
f1 (ppm)

T
160

'"H NMR Spectrum in CDCl; for 6m

‘o

Foog

86 84 82 80 78 76 74 72 70 68
1 (ppm)

0o Y
00
L0/
T0°L1
€0/ L0
0L c0'L
yAWA LUL
yAWA LVL
yawa 6l
6L/ 6L,
6l°L1 0g.
0z €100 92 L~
€1000 9Z'£ 1 8€'L
1811 68- V.
1811 29°L
8¢/ €9,
6€°L ww&%
651 /qfﬁ
oL 9L
v/ vl
09'/1 VL
19'/1 9L,
29/ oLt
29/ 88'L
€9'/1 88'L
CYA 062
9L 06°L
9L Sv'8
5921 mqqu
CL L \M
e Lr'8
2L ('8
v L 8v'8
VL LA 817’8
S L
9/
oL L g _—
CEPA e
88'/F —_—
(o ——————
(0L 3 e —

{ LJL@ n . l L )

gv'8
i

o9v'8
LV'8
(V'8
8v'8
87’8

v Lol
660
= L0l
00T
00T
660

=00¢C

€60

1.0 05 0.0

1 (ppm)

3.5 13.0 12.5 12.0 11.5 11.0 10.510.0 95 9.0 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20 15

S38



13C NMR Spectrum in CDCls for 6m
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13C NMR Spectrum in CDClI5 for 6n
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13C NMR Spectrum in CDCI; for 60
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13C NMR Spectrum in CDCI; for 6q
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13C NMR Spectrum in CDCls for 6r
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13C NMR Spectrum in CDCls for 6s
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3C NMR Spectrum in CDCl; for 4.4,5,5-tetramethyl-2-octyl-1,3,2-dioxaborolane
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10. Crystallographic Data

e ORTEP of 3a; CCDC n° 1405507

> NOMOVE FORCED Prob = 50
o Temp = 150
m
N
@
o
o
= 021
|
L0
o
AN
<
LN
¥
o
<
00
c
>
I
=
o
—
a
—
a
Z -74 shel x P21 21 21 R = 0.02 RES= 0 -26 X
Empirical formula C28 H40 Cl N2 O3 Rh
Formula weight 590.98
Temperature 150(2) K
Wavelength 1.54184 A
Crystal system, space group Orthorhombic, P 21 21 21
Unit cell dimensions a = 10.05640(10) A alpha = 90 deg.
b = 15.75740(10) A beta = 90 deg.
c =17.17330(10) A gamma = 90 deg.
Volume 2721.33(4) A"3

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique

Completeness to theta = 67.684

4, 1.442 Mg/m"3

6.224 mm~-1

1232

0.301 x 0.271 x 0.121 mm

3.807 to 70.631 deg.

—21<=1<=19

-12<=h<=12, -18<=k<=19,

32210 / 5224 [R(int) = 0.04009]

100.0 %
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Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F"2

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

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

Semi-empirical from equivalents

1.00000 and 0.43986

Full-matrix least-squares on F"2

5224 / 0 / 330

1.072

R1

0.0211, wR2 0.0555
R1 = 0.0211, wR2 = 0.055¢6
-0.009(3)
0.00115(8)

0.496 and -0.737 e.A"-3
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Table 2. Atomic coordinates ( x 1074) and equivalent isotropic
displacement parameters (A"2 x 1073) for jj086 cu 150k.

U(eq) is defined as one third of the trace of the orthogonalized
Uij tensor.

X y z U (eq)
Rh (1) 4941 (1) 9110 (1) 1508 (1) 13(1)
Cl(1) 3440 (1) 9088 (1) 417 (1) 25(1)
0(1) 5216 (2) 6422 (1) 1463 (1) 24 (1)
0(2) 4678 (2) 7776 (1) 1497 (1) 20 (1)
N(1) 6946 (2) 8141 (2) 543 (2) 16(1)
N(2) 6942 (3) 9425 (2) 130 (2) 18(1)
C(1) 5753 (3) 10026 (2) 2335 (2) 19(1)
C(2) 4612 (3) 10366 (2) 1952 (2) 18(1)
C(3) 3475 (3) 9860 (2) 2173 (2) 20 (1)
C(4) 3918 (3) 9183 (2) 2635 (2) 20 (1)
C(5) 5350 (3) 9269 (2) 2731 (2) 19(1)
C(6) 7068 (4) 10449 (2) 2400 (2) 30 (1)
C(7) 4555 (4) 11185 (2) 1517 (2) 30 (1)
C(8) 2070 (3) 10045 (3) 1944 (2) 34 (1)
C(9) 3099 (4) 8482 (2) 2960 (2) 33 (1)
C(10) 6171 (4) 8744 (2) 3271 (2) 32 (1)
C(11) 6454 (3) 8925 (2) 710 (2) 14 (1)
C(12) 7704 (3) 8150 (2) -126(2) 23 (1)
C(13) 7716 (3) 8956 (2) -382(2) 24 (1)
C(14) 6840 (3) 10334 (2) 54 (2) 18(1)
C(15) 7801 (3) 10835 (2) 422 (2) 19(1)
C(1lo) 7707 (3) 11712 (2) 345 (2) 23 (1)
C(17) 6725 (4) 12093 (2) -109(2) 25(1)
C(18) 5856 (3) 11567 (2) -514(2) 25(1)
C(19) 5897 (3) 10686 (2) -453(2) 21 (1)
C(20) 8970 (3) 10445 (2) 835 (2) 25(1)
C(21) 6639 (4) 13046 (2) -182(2) 34 (1)
C(22) 5025 (4) 10158 (2) -978(2) 29 (1)
C(23) 5474 (3) 7179 (2) 1345 (2) 16(1)
C(24) 6867 (3) 7373 (2) 1033 (2) 18(1)
C(25) 7848 (3) 7390 (2) 1718 (2) 26 (1)
C(26) 9348 (3) 7350 (2) 1511 (2) 34 (1)
C(27) 9913 (4) 8218 (3) 1328 (3) 47 (1)
C(28) 10122 (5) 6970 (3) 2181 (3) 52 (1)
0(21) 6218 (3) 4982 (2) 702 (2) 37 (1)
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for jj086 cu 150k.

S49

[deg]

[A] and angles

Bond lengths

Table 3.

o —

~_~ o~~~ ~ ~ [~~~ ~ o~~~ o~~~ N~~~ e~~~ —~ e~~~ —~ —~ —_— o~ —~ —

M~=MOMO MM =L TDN ST D Te) ESNTORES IS Yol [ToRES To} Te)

— e — = — — — N = e e oo OO OO OO O OO OO0 —0O0 — ——— — O e e O — OO0 OO0
WO~ OFTNDOOSETANNDO AT NOAODTANMOOSCENOODODODODODODODODODOOODOONOOANANILTITOAOMONVOOOOO OO O
O AT OO OOMmWOWWOUME~T VWO TNMOOT OO O L O O O 0O O O 0 O O OOWOWOWOOWODDTHWHHLL O OO OO O O O 0 O O O
OA A A A NLTNNNDNITONIIHILTLITITLTLTTLTLTDODDADDADDDDANDNDADDANDNDNDADDADNDNMAOADNT MM MM MAL DD DO D
NN AN aNaNaNANAN A A A A A A A A A A A A A A " " 1O O OO OO0 A0 A A d A 10 A d 1 O+ O OO0 OO
— — M O o~ o~~~ o~ o~~~ o~~~ o~~~ < MU MUCM
o~~~ o~ o~ —~ o~ o~ e~ e e~~~ e e e o o e~ COOMAMOAOANWOMSWOWWOWHNONOOO — - — NN
HANNL AT~ AN A L~ o~~~ o~~~ o~ —~ O MUMULUAMOUOUMO A~ A A AAAAANA A AN ANNNNNNNNN
((((((( 1221121112563748591666777888999(((((((((((((((((((((((((
[ONCHONONONONONOE-d didiediediadiediadi diediedi diedidiediedie ittt ettt T oD TCDoO@DITDooOL0OLLLENLVLLITD LI T D D T T
T ooV VLVLVLLVDLVDLVULDLVDLDLD D DD E D D D D DD TS DT T L
)))))))) [T T T T T e T T T e T T T O R T T T e e T T R R e R R T R e e e N e S e S e
D i B e B e B e B e B e B e B T T T T T T N T e T T T e e T e O OO AN NMTE T OO~ OO = NN
(((((((( AN A A NNN A AN NI OO0OO T~ A A A A A A A A NNNNNNNN
OO C O OO C~— ~— — — — — — — — — — — — — — — — — — e e e e e e e e
oy OO0 ZZ2 222 =2000D0LL0LLDLLLLLLLLLLLLLLLLLLLDLLLLLLLLLLLLLLLLLLLLLLL DD



< < Te} o n —_— O ONO A A ANNNONNNNON-HNN ~ ~ ~ ~ ~ ~ —~ o) ©o ~ ~
O~ "0 0O " —00O0O0 OO O VY A A A A A A A~ A A~ A A A A~ 00OONOODO DA ~ ~ ~ ~ ~ ~  ~ ~ —~ o~~~ ~ — — ~
O N WOOOODOLTTTO O OO OO O —— ~—— — — — — — — — — — — — — — — — — — — — ~— ~— ~— ~— — — ~— N NN OO~~~
OMMOL DO — — O W W W O~ O MO T OO A~ VO ODNF HOO TN O WO WO == ——— — — — — VoY — —— — M —
AWM OWNMADAALW OO O O O) O W W N OAILNOTFOIDTONOMNMPTASNNOATMHOOWAFTONNOCOSNTWOANMWOMSOOM O~
O 14 41 OO dA 11 OO0 OO O oo O OMHO < T VDO OOMNMMEEO A AOMDAATO OO OWOHOON™LWLW NN O
O AN NDANOVOMMMIAOMWOIO AMWOWOMOOOOMAHDMN ANNANNONNWOMONN ™™~ N
e B | — — — — o D B e B e B e O e R s O e B e B e B s | — o —
—_ — — — — o~~~ N~~~ o~~~ o~~~
NN~~~ o~~~ o~~~ —~ )~ o~~~ o~ L B B B R B MR B QAL s S U O O IS U S —_— —_— —~
N T A A AT TN NN N M T T A NN A A A~~~ A A~~~
QU -V~ —— 0V ———D —~—— —— OA A A+ O~ ~——— — — DO W———MN~~— - —
—~ ~~ A s~ s~~~ FTO1TOOTOLOLLVLIVDLLLIVLLLLIVLLLLLULKLDLDLDLLDLLL—-T—-—4g.c.g—>—>—.g.cC.qg
O~~~ —~d M~~~ MUCMmOUA [ ~—~ 1 —~ 1 I —~1 1 & ~01 11 0= ~1 1T 1T 1T 1T~—~1T 1T 1T 1T 1 1111111l lrnnovuomprmrxooLLMMLM
N <O <TOWNLWOIMS OIS~ 00 0 0 — —f oA o~ o~ o~~~ o~ o~~~ o~~~ o~~~ o~~~ o~~~ o~~~ o~~~ —~ [ R R e e e N
N NN NNNNNNNNNNNNNNN — A A A~ A Ad A A A A A=A A A4 = A A A ANAAANNN  ~ ~ ~ o~ o~~~ o~ o~~~ —~
(((((((((((((((((( hh(h((h(((h((((h(((((h(((((((((((((llll11222222
ToovTmoTnTnoouo@nmTETTD oo D@D DD rMm oM g9 g g oM g g o g S g g o gMmSgg 9o g Oz DT 7T T T —
[ T T T A e e e T e e e e e e T [ I 7 N o 7 e 7 B a /i a7l A N o /i o /i a A o /B B e A A a i a A A B i a A a A e A A R R O OO OO OH O N O RO NG NG G)
)))))))))))))))))) ~—~ o~ o~~~ e~ e~~~ e~~~ —~ T
NN I T OWOLW O OO~~~ 00 00 0 A A~~~ A~~~ A~ ~N N~~~ N~~~ N~~~ ~ ~ ~ M A AN M~~~ ~  ~ ~ ~ ~ ~ ~ ~ —~
N NN NNNNNNNNNNNNNNN A AN A NN ANND ANND A A NN AT ANNLD ATTONAAAAAANNDNLOAAO AN
DooOLLLLLLLLLLLLLLL OO DoouLvLOoOuvVLOULLLOLLLLOVLLLDLDLDLDLDOVDLDLDLDLDLDLDDLDLDLDLDLDLDDLDOLDDLDDLDLDDLDLDOLDDOLDOLD O

S50



130.3(2)

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

126.7
126.7

106.9(3)

126.5

126.5

~ o~ o~~~ o~ —~

—_— — — — — — —

O NHNO dH AN O A A
— O 00 00 O  — O O
N~~~ NN N
D I s B T e B e B O B e B
L) ~ ~< O O™~ WO
— NN — NN A A

—_—— — — — — — — —

~ o~ o~~~ o~~~ —~

—_—— — — — — — — —

~ o~ o~~~ o~~~ —~

— e e e e e e e e e e e v e e e v e e e e v e e v e e e v v e e v v v e v v v v v v e e v v v v v e v e e e e e e e o — —

™~ © ™~ © ~ o~
~ e~~~ A~~~ ~dH ~~ ~ ~
MMM =N MMHM=—"NMMMN =~
— e - N0 ———— MO ————
HDWOWAAAMOOO = — OO~ O 0D
WO OWWMNSIMSLW—MDS O A
ONANMSONONNMSONONN ™™
— — —
~~m~A A A~~~ A H A~ O O
NWOM—"——100 O — — — o — —
DLVDLLEAKEAKLDLDLAHELEAELEAKODOLDL MM
[T T T e e e T e R e e e e T B I
MO O MMM T T TS0 LW0n W0
OOooLoLVLLLLLLLLLLOLULLD
[T T T T T T T R R S A Y T I B
TN NOMMO MO AT A
OooLvoLvLLLLLLLLLLLULLDOD

oM O O
NN O
N Mo
— o
— o
S g =
~orod
[N
—~ ~
— o
— —
((C
O O |
T~
—_—m
— N
zZz O

C
C
C
C
C
C
C
C
C

S51



118.8
118.8

117.5(3)
119.2(3)

123.1(3)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

~ o~~~ o~~~ o~ —~

—_— — — = — — — — — — —

~ o~~~ o~~~ o~~~ —~

—_— — — = — — — — — — —

~ o~~~ o~~~ o~~~ —~

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

o~ o~~~ o~ —

—_— — — — — —

106.8
106.8

24)
24)

—_— = — — — — —

~ o~ o~ o~~~ —~

—_— = — — — — —

~ o~ o~ o~~~ —~

106.8

116.7(3)

108.1

108.1

108.1

108.1

107.3

108.8(3)
110.1(3)
112.1(3)

108.6

PRy

108.6
108.6

109.5
109.5
109.5
109.5
109.5

27R)

27B)

—_— — — — — — — ~—

~ o~~~ o~~~ —

—_— — — — — — — ~—

~ o~~~ o~~~ —

109.5
109.5
109.5
109.5
109.5
109.5
109.5

104 (5)

— e e e e e e e e e e e v e e e v e e i e e v i e e - e e e e e e v v v e v v v v e e e v e v v v e e v e — — — — — —

C
C
C

C
C

C

C

O N M S 0 o
M WO T N
N =N A O
e B s M B
~— 10
~ SN 0N
N NN NN
((((( C
O OLOLOLOU I
[ O R
))))) <t
M MO < N
N NN NN
((((( C
O OOLLOU I
[ R
))))) ™
— N N
oo =zZ=20

C
C
C
C
C
C

C
C
C
C
C
C
C
C

Symmetry transformations used to generate equivalent atoms:
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for 33086 cu 150k.

Anisotropic displacement parameters (A"2 x 1073)

Table 4.

The anisotropic displacement factor exponent takes the form:
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Table 5. Hydrogen coordinates ( x 1074) and isotropic
displacement parameters (A"2 x 1073) for jj086 cu 150k.

X % Z U (eq)
H(6A) 7105 10776 2885 45
H(6B) 7194 10831 1956 45
H(6C) 7772 10019 2401 45
H(7A) 4331 11646 1877 44
H(7B) 3875 11149 1110 44
H(7C) 5422 11299 1278 44
H(8A) 2045 10557 1620 51
H (8B) 1711 9565 1649 51
H (8C) 1533 10136 2413 51
H(9A) 2189 8525 2760 49
H (9B) 3086 8523 3529 49
H(9C) 3482 7935 2806 49
H(10A) 7116 8834 3158 48
H(10B) 5951 8143 3200 48
H(10C) 5985 8910 3810 48
H(12) 8135 7678 -360 27
H(13) 8168 9166 -828 29
H(1l6) 8331 12062 610 27
H(18) 5209 11818 -845 30
H(20A) 9633 10264 452 38
H(20B) 8672 9953 1137 38
H(20C) 9367 10865 1187 38
H(21A) 06445 13198 =724 51
H(21B) 7487 13300 -26 51
H(21C) 5928 13259 156 51
H(222) 4090 10299 -882 44
H(22B) 5174 9555 -870 44
H(22C) 5245 10278 -1523 44
H(24) 7128 6883 695 21
H(25R) 7641 6906 2064 31
H(25B) 7689 7916 2019 31
H(26) 9462 6979 1044 40
H(27R) 9417 8471 895 70
H(27B) 9835 8584 1788 70
H(27C) 10851 8163 1184 70
H(28A) 9764 06407 2304 77
H(28B) 11061 6917 2035 77
H(28C) 10044 7338 2639 77
H(21D) 6000 (50) 5460 (40) 920 (30) 50
H(21E) 6850 (50) 5130 (30) 370(30) 50
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[deg] for jj086 cu 150k.

Torsion angles

Table 6.
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Table 7. Hydrogen bonds for jj086 cu 150k [A and deg.].

D-H...A d (D-H) d(H...A) d(D...A) < (DHA)
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e ORTEP of 3b; CCDC n° 1818181

> NOMOVE FORCED Prob = 50
n Temp = 150
ik
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©
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e}
LN
N
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=
0
)
et
=
o
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@
)
o
/ -98 JT7342 P 21 21 21 R = 0.04 RES= 0 -30 X

(Cz7 Hz3e C1 N2 O Rh, O); M = 574.94. D8 VENTURE Bruker AXS diffractometer
[*], Mo-K« radiation (A = 0.71073 Ay, T = 150 (2) K;
orthorhombic P 2; 2; 2; (I.T.#19), a = 9.8757(4), b = 15.8497(5), c =
17.3332(7) A, v = 2713.11(18) A*. z = 4, d = 1.408 g.cm™®, u = 0.757 mm’.
The structure was solved by dual-space algorithm using the SHELXT program
(11, and then refined with full-matrix least-square methods based
on F? (SHELXL-2014) [2]. All non-hydrogen atoms were refined with anisotropic
atomic displacement parameters. H atoms were finally included in their
calculated positions. A final refinement on F? with 6134 unique intensities
and 317 parameters converged at wR(F?) = 0.0832 (R(F) = 0.0393) for 5055

observed reflections with I > 20(I).

[1] G. M. Sheldrick, Acta Cryst. A71 (2015) 3-8
[2] Sheldrick G.M., Acta Cryst. C71 (2015) 3-8
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Structural data

Empirical formula
Extended formula
Formula weight

Temperature

Wavelength

Crystal system,
Unit cell dimensions

Volume

Z, Calculated density

Absorption coefficient
F(000)
Crystal size

Crystal color
Theta range for data collection
h min, h max
k min,
1 min,
Reflections collected / unique

Reflections

k max
1 max

[I>20]

space group

Completeness to theta max
Absorption correction type

Max.

and min.

Refinement method
Data / restraints / parameters
Flack parameter
PGoodness-of-fit

Final R indices
R indices

[I>20]
(all data)

transmission

Largest diff. peak and hole

a
Rint

bs

{Z

Rl = ¥

dwR2 =

Table 2. Atomic coordinates,

1

=2

|Fo? = < Foo>|
[w(Fo? -
I [ Fol = [Fcl |
(L [w(F” -
/

/ Y IFo?]

Cz7 Hsg C1 N, O3 Rh
Cz7 Hsg C1 N, O Rh, O

574.94
150(2)
0.7107

K
3 A

orthorhombic, P

a = 9.
b
c =17
2713.1
4, 1.4
0.757
1192

15.8497(5) A,
A

8757 (4) A,

.3332(7)
1(18) A3
08 (g.cm™)
mm—l

4

21 21 21
o = 90 °
B = 90
vy = 90

0.520 x 0.340 x 0.080 mm

red

2.350
-12, 1
-16, 2
-22, 2
18101
5055

0.997

to 27.484 °

2
0
2

/ 6134 [R(int)® =

multi-scan

0.941

, 0.759

o

o

0.0717]

Full-matrix least-squares on F?

6134 /
-0.02(
1.034
R1c =
R1c =

F?)?] / (n - p)}'/?

/% I Fol

F2)?] /% [w(F?) 2132

[0(Fs?) + aP?> + bP] where P = [2F.?

site occupancy

0/ 317
3)

0.0393, wR2
0.0570, wR2

+ MAX (F.2,

d

d =

0)1]

0.0832

0.0899
0.800 and -0.946 e . A3

/3

(%) and equivalent isotropic

displacement parameters (A?). U(eq) is defined as one third of the trace of
the orthogonalized Uj; tensor.

Atom

Rh1l
Cl1l
Cl
C2
C3
c4
C5
Cco
H6A
H6B
H6C
C7
H7A
H7B
H7C

b

O O O OO ODODOOOOOoooo

.50248(5)
.35664 (16)
.5343(6)

.5706
.4549
.3419
.3920
L6222 (
.602555
717557
.604230
L7001 (7)
. 715766
. 775515
.693805

(6)
(6)
(6)
(6)
7)

Yy

0.58883(2)
0.59925(10)
0.5682(3)
0.4917
0.4642
0.5190
0.5824
0.
0
0
0
0
0
0
0

(3)
(3)
(3)
(3)
4)

6168 (

.599635
.605376
. 677267
.4431 (4)
.409876
.482490
.405255

.182196
.2636(3)
.310410
.256035
.219032

occC.

e e N e N el e e e

[eoloNoNoNoNoNoNoNoRolNolNoNolNoNe]

.044
.0295(15)
.044
.044
.044
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Cc8
H8A
H8B
H8C
C9
HOA
HO9B
HOC
Cl0
H10A
H10B
H10C
Cl1l
Clz
H12
Cl3
H13
Cl4
H14A
H14B
H14C
Cl5
H15A
H15B
H15C
Cle
H16
cl7
H17
Cl8
Cl9
C20
c21
H21
Cc22
C23
H23
c24
C25
H25A
H25B
H25C
C26
H26A
H26B
H26C
c27
H27A
H27B
H27C
N1
N2
ol
02
01l1

Table 3. Bond lengths

Rhl - C18
Rhl - 01
Rhl - C3

O O OO O OO ODODODOODOODODODODODODOODODODODODODOODOODODOHOODOOOODODODODODODOOOLOOOLObODOOOoOOoOo

L4453 (6)
.414970
.380283
.534421
.1989 (6)
.161403
.195939
.145306
.3152(7)
.301339
.366712
.227187
.5776(6)
. 7154 (6)
.748102
.8225(6)
. 790729
.8388(8)
. 751335
.904688
.870847
.9612(7)
.025571
.953955
.993104
.7863(6)
.833391
L7798 (6)
.821576
.6553(
.6874 (
L5921 (
.5867 (
.522202
L6711 (6)
.7698 (6)
.831220
. 7816 (5)
.5040 (8)
.409073
.514855
.531110
.6585(7)
.645994
.740924
.580316
.9000 (6)
.868172
.941478
.967170

6)
6)
6)
6)
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.3850(3)
.338652
.392975
.371355
.5107 (4)
.566816
.476899
.482836
.6548 (4)
.645320
.707021
.659666
L7785 (3)
. 7545 (3)
.803610
L7382 (4)
.689840
.8145(4)
.828507
.801831
.862534
.7155(4)
.706965
.663531
761461
.6798 (3)
.725871
.6007 (3)
.579721
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L4646 (
L4294 (
L3417 (
.316210
.2902 (3)
.3280(3)
.293285
L4155 (3)
.4820 (3)
.465629
.541810
.472692
.1952 (3)
177135
.169454
.177391
.4551 (3)
.503308
.413363
.474397
.6812 (3)
.5550(2)
.72183(18)
.8546(2)
.0007 (3)

3)
3)
3)
3)

2.056(5)
2.112(3)
2.146(5)

.3591 (4)
.325898
.401173
.380654
.3186(4)
.328832
.365938
.278402
.2100(3)
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.217567
.235727
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.426978
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.5134 (4)
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.34851(19)
.3520(2)
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3)
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eooNoNoNoNoNoNoRoNoNoNoNoNoBoNoRolBoNoNoNoNoNoRoNoNoNoNoNooNoloBoNoNoNoNoNoloNoNoNoloNoloNoRololNoNoNoNolNeololNe]
o e e e o e e e P o e e e

.0274(13)
.041

.041

.041
.0288(14)
.043

.043

.043
.0296(15)
.044

.044

.044
.0177(11)
.0177(12)
.021
.0278(14)
.033
.0429(19)
.064

.064

.064
.045(2)
.068

.068

.068
.0215(13)
.026
.0220(12)

.0286(15)
.043
.043
.043
.0227(13)
.034
.034
.034
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Rhl
Rhl
Rhl
Rhl
Rhl
Cl
Cl
Cl
C2
C2
C3
C3
c4
c4
C5
Cco6
Cco
Cco
C7
C7
C7
Cc8
Cc8
Cc8
C9
C9
C9
Cl0
Cl0
Cl0
Cl1l
Cl1l
Cl1l
Clz
Clz
Clz
Cl3
Cl3
Cl3
Cl4
Cl4
Cl4
Cl5
Cl5
Cl5
Cle
Cle

Cl
C5
C2
c4
Cl1l
C5
C2
Co6
C3
C7
c4
Cc8
C5
C9
Cl0
H6A
H6B
H6C
H7A
H7B
H7C
H8A
H8B
H8C
HOA
HO9B
HOC
H10A
H10B
H10C
02
ol
Clz
N1
Cl3
H12
Cl4
Cl5
H13
H14A
H14B
H14C
H15A
H15B
H15C
Ccl7
N1

P P O O O O o O Fr P P P P P P P P OOOOOOO OO o oo  oO oo o o o kP P P P P P P P B P DD DD D DD DN
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Cle - Hlé6 = 0.9500

Cl7 - N2 = 1.391(6)

cl7 - H17 = 0.9500

Cl8 - N1 = 1.356(6)

Cl8 - N2 = 1.378(6)

Cl9 - C24 = 1.391(7)

Cl9 - C20 = 1.411(7)

Cl9 - N2 = 1.442(6)

c20 - cC21 = 1.392(7)

c20 - C25 = 1.511(8)

C21 - C22 = 1.383(8)

Cc21 - H21 = 0.9500

C22 - C23 = 1.389(8)

C22 - C26 = 1.511(7)

C23 - C24 = 1.395(7)

C23 - H23 = 0.9500

cz24 - C27 = 1.512(7)

C25 - H25A = 0.9800

C25 - H25B = 0.9800

C25 - H25C = 0.9800

C26 - H26A = 0.9800

C26 - H26B = 0.9800

C26 - H26C = 0.9800

C27 - H2TA = 0.9800

C27 - H2TB = 0.9800

Cc27 - H2TC = 0.9800

Table 4. Angles [°]

C1l8 - Rhl - 01 = 86.47(18)
C1l8 - Rhl - C3 = 119.40(2)
o1 - Rhl - C3 = 153.54(19)
C1l8 - Rhl - C1 = 124.40(2)
o1 - Rhl - C1 = 96.99(16)
C3 - Rhl - C1 = 64.90(2)
C1l8 - Rhl - C5 = 161.70(2)
o1 - Rhl - C5 = 89.39(17)
C3 - Rhl - C5 = 64.30(2)
Cl - Rhl - C5 = 38.60(2)
C1l8 - Rhl - C2 = 106.90(2)
o1 - Rhl - C2 = 133.84(18)
C3 - Rhl - C2 = 38.00(2)
Cl - Rhl - C2 = 38.90(2)
C5 - Rhl - C2 = 64.10(2)
C1l8 - Rhl - C4 = 155.50(2)
o1 - Rhl - C4 = 116.59(18)
C3 - Rhl - C4 = 39.10(2)
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Cl
C5
C2
Cl8
ol
C3
Cl
C5
C2
c4
C5
C5
C2
C5
C2
Cco6
C3
C3
Cl
C3
Cl
C7
C2
C2
c4
C2
c4
Cc8
C5
C5
C3
C5
C3
C9
c4
c4
Cl
c4
Cl
Cl0
Cl
Cl
H6A
Cl
H6A
H6B
C2

Rhl
Rh1l
Rh1l
Rhl
Rhl
Rh1l
Rhl
Rhl
Rh1l
Rhl
Cl
Cl
Cl
Cl
Cl
Cl
C2
C2
C2
C2
C2
C2
C3
C3
C3
C3
C3
C3
c4
c4
c4
c4
c4
c4
C5
C5
C5
C5
C5
C5
Cco
Cco
Cco
Cco
Cco
Cco
C7

c4
c4
c4
Ccl1l
Cl1l
Cl1l
Ccl1l
Cl1l
Cl1l
Ccl1l
C2
Cco
Cco6
Rhl
Rh1l
Rhl
Cl
C7
C7
Rhl
Rh1l
Rhl
c4
Cc8
Cc8
Rh1l
Rh1l
Rhl
C3
C9
C9
Rh1l
Rh1l
Rh1l
Cl
Cl0
Cl0
Rh1l
Rh1l
Rh1l
H6A
H6B
H6B
H6C
H6C
H6C
H7A

64.
37.
63.
84.
85.
101.
151.
113.
138.
89.
107.
125.
126.
71.
71.
128.
107.
125.
126.
69.
69.
133.
108.
125.
125.
72.
72.
127.
107.
125.
126.
71.
68.
125.
109.
127.
123.
71.
69.
123.
109.
109.
109.
109.
109.
109.
109.
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C2 - C7 - H7B = 109.50

H7A - C7 - H7B = 109.50
C2 - C7 - H7C = 109.50
H7A - C7 - H7C = 109.50
H7B - C7 - H7C = 109.50
C3 - C8 - H8A = 109.50
C3 - C8 - HE8B = 109.50
H8A - C8 - HS8B = 109.50
C3 - C8 - H8C = 109.50
H8A - C8 - H8C = 109.50
H8B - C8 - H8C = 109.50

—
o
—

Table 5. Torsion angles

C5 - Cl - C2 - C3 = -4.10(6)
Cco - Cl - C2 - C3 = -176.40(5)
Rhl - Cl - C2 - C3 = 58.90 (4)
C5 - Cl - C2 - C7 = 167.90(5)
Cco - Cl - C2 - C7 = -4.50(9)
Rhl - Cl - C2 - C7 = -129.10(6)
C5 - Cl - C2 - Rhl = -63.00(3)
Cco - Cl - C2 - Rhl = 124.60(5)
Cl - C2 - C3 - C4 = 5.00 (6)
C7 - C2 - C3 - C4 = -167.00(5)
Rhl - C2 - C3 - C4 = 64.30(3)
Cl - C2 - C3 - C8 = 176.20(5)
C7 - C2 - C3 - C8 = 4.20(9)
Rhl - C2 - C3 - C8 = -124.50(5)
Cl - C2 - C3 - Rhl = =-59.30(3)
C7 - C2 - C3 - Rhl = 128.70(5)
C2 - C3 - C4 - C5 = -4.10(6)
Cc8 - C3 - C4 - C5 = -175.30(5)
Rhl - C3 - C4 - C5 = 60.40(3)
C2 - C3 - C4 - C9 = 176.70(5)
Cc8 - C3 - C4 - C9 = 5.50(8)
Rhl - C3 - C4 - C9 = -118.90(5)
C2 - C3 - C4 - Rhl = -64.50(4)
Cc8 - C3 - C4 - Rhl = 124.30(5)
C3 - C4 - C5 - Cl = 1.60(6)
C9 - C4 - C5 - Cl = -179.20(5)
Rhl - C4 - C5 - Cl = 60.30(4)
C3 - C4 - C5 - C10 = -177.60(5)
C9 - C4 - C5 - C10 = 1.70(8)
Rhl - C4 - C5 - C10 = -118.90(5)
C3 - C4 - C5 - Rhl = =58.70(3)
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C9 - C4 - C5 - Rhl = 120.50(5)
C2 - Cl - C5 - C4 = 1.50(6)
Cco - Cl - C5 - C4 = 174.00(5)
Rhl - Cl - C5 - C4 = -61.50(3)
C2 - Cl - C5 - C10 = -179.30(5)
Cco - Cl - C5 - C10 = -6.90(8)
Rhl - Cl - C5 - C10 = 117.70(5)
C2 - Cl - C5 - Rhl = 63.00(3)
Cco - Cl - C5 - Rhl = -124.60(5)
02 - Cl1l1 - C12 - N1 = 146.00(5)
ol - Cl1l1 - C12 - N1 = =35.50(7)
02 - Cl1l1 - C12 - C13 = -88.80(6)
ol - Cl1l1 - C12 - C13 = 89.70(6)
N1 - C12 - C13 - Cl4 = -175.80(5)
Cl1l - C12 - C13 - Cl4 = 57.10(6)
N1 - C12 - C13 - C15 = =-53.90(6)
Cl1l - Cl12 - C13 - C15 = 179.00(5)
N1 - Cleo - C17 - N2 = 0.00(7)
c24 - C19 - C20 - Ccz21 = -6.60(8)
N2 - C19 - C20 - Ccz21 = -179.20(5)
c24 - C19 - C20 - C25 = 170.00(5)
N2 - C19 - C20 - C25 = -2.60(8)
Cl9 - C20 - Cc21 - C22 = 1.30(8)
C25 - C20 - Cc21 - C22 = -175.50(5)
C20 - Cc21 - C22 - C23 = 3.30(8)
C20 - Cc21 - C22 - C26 = -177.40(5)
c21 - C22 - C23 - C24 = -2.90(8)
C26 - C22 - C23 - C24 = 177.90(6)
C20 - C19 - C24 - C23 = 7.00(8)
N2 - C19 - C24 - C23 = 179.80(5)
C20 - C19 - C24 - C27 = -167.50(5)
N2 - C19 - C24 - C27 = 5.30(7)
Cc22 - C23 - C24 - C19 = -2.10(8)
Cc22 - C23 - C24 - C27 = 172.40(5)
N2 - C18 - N1 - Cleo = -0.30(6)
Rhl - C18 - N1 - Cleo = 164.90(4)
N2 - C18 - N1 - C12 = 167.90(5)
Rhl - C18 - N1 - Cl12 = =-26.80(7)
cl7 - Cleo - N1 - C18 = 0.20(7)
Ccl7 - Cleo - N1 - C12 = -168.70(5)
Cl1l - Cl12 - N1 - C18 = 53.90(7)
Cl3 - C12 - N1 - C18 = =73.30(7)
Cl1l - C12 - N1 - Cleo = -138.90(5)
Cl3 - C12 - N1 - Cleo = 93.90(6)
N1 - C18 - N2 - C17 = 0.30(6)
Rhl - C18 - N2 - C17 = -163.00(4)
N1 - C18 - N2 - C19 = -171.00(5)
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Rhl - C18 - N2 - C19 = 25.70(8)
Cle - C17 - N2 - C18 = -0.20(7)
Cle - C17 - N2 - C19 = 171.70(5)
c24 - C19 - N2 - C18 = 81.30(7)
C20 - C19 - N2 - C18 = -105.70(6)
c24 - C19 - N2 - C17 = =-89.10(6)
C20 - C19 - N2 - C17 = 83.80(7)
02 - Cl1l1 - 01 - Rhl = 174.40(4)
Clz - Cl1l1 - 01 - Rhl = -4.10(7)
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