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General: All operations were performed under an argon atmosphere. 'H, ®c, “F and *'P-NMR spectra were
recorded on a JEOL ECX-400 (400 MHz for 'H, 100 MHz for "*C, 160 MHz for *'P and 368 MHz for '’F) or a
JEOL ECS-400 (400 MHz for 'H, 100 MHz for "*C, 160 MHz for *'P and 368 MHz for '°F) or a Bruker DRX-500
(500 MHz for 'H, 125 MHz for 13C) spectrometer. 'H and 13C{1H} NMR chemical shifts are expressed in parts per
million (ppm) downfield from tetramethylsilane and are referenced to residual solvents (dy 7.26 and &¢ 77.0 for
chloroform, 8y 7.15 and 8¢ 128.6 for benzene). >'P NMR chemical shifts are expressed in ppm downfield from an
85% H3PO, external standard. ’F NMR spectra are referenced relative to hexafluorobenzene (—162.9 ppm). IR
spectra were recorded on an FT/IR-VIR-200 (JASCO Co., Ltd.). Silica Gel 60 (Kanto Chemical Co., Inc.) was used
for flash column chromatography. Merck Kieselgel 60 F254 (0.25 mm thickness, coated on glass 20%20 cmz) plate
was used for analytical thin layer chromatography (TLC), and Wakogel B-5F coated on glass in a thickness of 0.9
mm was used for preparative TLC. High resolution mass analyses (FD" and EI") were performed on a JEOL
JMS-T100 GSV mass spectrometer or a JEOL JMS-700 mass spectrometer. Elemental analyses were performed on
an Elementar Vario MICRO. Unless otherwise noted, arenes, diboron, and mesitylene were used after distillation or
recrystallization. THF, Et,O, pentane and toluene were purified by solvent purification system of Glass-Contour.
PSiP-platinum complex 1e were prepared according to the reported procedures.'

Preparation of PSiN-PtCI complex 1a
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Synthesis of chlorosilane 7
To a stirred solution of o—(N,N-dimethylaminomethyl)phenyllithium2 (571 g, 4.05 mmol) in THF (20 ml) was

added dichloromethylsilane (0.6 mL, 5.76 mmol) at —78 °C. The mixture was allowed to stand at room temperature
and was stirred for 6 h. The solvent was removed under reduced pressure, and the mixture was filtered with toluene
through a short pad of Celite. Evaporation of the solvent afforded a pale yellow solid, which was purified by
recrystallization from Et,O/pentane to give 7 as a white solid (0.774 g, 3.63 mmol) in 90% yield.3

'H NMR (CDCls, 400 MHz) & = 0.59 (s, 3H), 1.49 (s, 6H), 2.77 (d, J = 14.0 Hz, 1H), 2.95 (d, J = 14.0 Hz, 1H),
5.20-5.30 (m, 1H), 6.71 (d, J= 7.6 Hz, 1H), 7.10-7.50 (m, 2H), 8.66 (d, /= 6.8 Hz, 1H).

Synthesis of PN-mixed silanc 8

o-(Dicyclohexylphosphino)phenyllithium-diethylether (1.06 g, 3.0 mmol), which was prepared from
(o-bromophenyl)dicyclohexylphosphine and n-Buli, was added to a stirred solution of chlorosilane 7 (643 mg, 3.0
mmol) in toluene (5.0 mL) at room temperature. After 1 h, the mixture was filtered through a short pad of Celite to
give P,N-mixed silane 8 (1.33 g, 2.94 mmol) in 98% yield, which was used for the next step without further
purification.
IR (ATR) 2921, 2844, 2155, 1445 cm™; "H NMR (CDCls, 400 MHz) & = 0.91 (s, 3H), 1.05-2.00 (m, 22H), 2.14 (s,
6H), 3.40 (d, /= 12.8 Hz, 1H), 3.90 (d, /= 12.8 Hz, 1H), 5.80-5.90 (m, 1H), 7.01-7.32 (m, 4H), 7.38-7.42 (m, 1H),
7.49-7.56 (m, 1H), 7.66-7.72 (m, 1H), 7.74-7.80 (m, 1H).; *C NMR (CDCls, 125 MHz) 6 = 146.5 (d, J = 44.4 Hz),
145.5,142.9 (d, J=16.0 Hz), 136.9 (d, J = 3.9 Hz), 136.2 (d, /= 2.4 Hz), 135.3 (d, /= 14.8 Hz), 132.0 (d, /= 2.5
Hz), 128.4, 128.1, 127.9, 127.3, 125.6, 63.9, 44.4, 34.9 (d, /= 7.8 Hz), 34.8 (d, J/ = 7.6 Hz), 30.3 (d, J = 16.5 Hz),



30.1 (d, J = 15.6 Hz), 29.4 (d, J = 3.8 Hz), 29.3 (d, J = 3.8 Hz), 26.8-27.7 (m), 26.1 (d, J= 7.9 Hz), -3.2 (d, J = 9.6
Hz); *'P NMR (CDCls, 160 MHz) = ~7.48 (s); HRMS (FD") Calcd for CosHioPNSi, M 451.2824. Found m/z
451.2819.

Synthesis of PSiN-platinum complex 1a
To a stirred solution of silane 8 (0.678 g, 1.50 mmol) in toluene (9 ml) was added [PtCl,(C,Hy4)], (0.44 g, 0.75
mmol) and NEt; (250 pL, 1.79 mmol) at room temperature. After 1 h, the mixture was filtered through a short pad

of Celite, and the solvent was removed under reduced pressure. Extraction with Et,O and reprecipitation from
Et,O/pentane afforded 1a (0.676 g, 0.99 mmol) in 66% yield.

IR (ATR) 2928, 1466 cm™; "H NMR (CDCls, 500 MHz) & = 0.73 (s, 3H), 0.82-1.84 (m, 18H), 2.25-2.40 (m, 4H),
2.56 (d, J=1.5Hz, 3H), 2.99 (d, J= 1.5 Hz, 3H), 3.15-3.25 (m, 1H), 4.29 (d, /= 12.3 Hz, 1H), 6.82 (d, /= 8.0 Hz,
1H), 6.95-7.20 (m, 3H), 7.25-7.30 (m, 1H), 7.43 (t, /= 7.1, 1H), 7.80 (d, /= 7.0 Hz, 1H), 7.87 (d, J = 7.3 Hz, 1H);
C NMR (CD,Cl,, 100 MHz) § = 152.7 (d, J = 36.4 Hz), 141.8, 141.6, 141.2, 134.1 (d, J = 20.3 Hz), 131.7, 131.6,
131.1 (d, J= 6.4 Hz), 130.7, 129.4 (d, /= 7.5 Hz), 128.7, 128.4, 71.1, 51.8,47.7,36.3 (d, J=7.5), 36.0 (d, /= 7.5
Hz), 30.0-26.7 (m), 2.3; *'P NMR (C¢Ds, 160 MHz) = 52.4 (s, Jpp. = 4174 Hz); HRMS (FD") Caled for
CysH4 PPtSINCIL, M 681.2082. Found m/z 680.2115. Anal. Calcd for C,3H4PPtSINCI: C, 49.37; H, 6.07; N, 2.06.
Found: C, 48.70; H, 6.06; N, 2.06.

Formation of PSiN-pincer type structure was clearly supported by observation of the Jpp coupling and separately
observed two methyl protons on the nitrogen and benzylic methylene protons. Furthermore, the structure of a
PSiN-platinum triflate complex 1a’, derived from 1a and AgOTf, was confirmed by X-ray analysis (Figure S1,
CCDC 1419522).
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Figure S1. ORTEP drawings of the PSiN-platinum triflate complex 1a’ at 30% probability level. Hydrogen atoms

are omitted for clarity.
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Other platinum complexes were also synthesized according to the procedure for 1a. é/ Me

1b (R = i-Pr)

IR (ATR) 2961, 1448, 1234 cm™'; 'H NMR (CDCls, 400 MHz) 8 = 0.79 (t, Jo = 27.2, 3H), 0.97 (dd, J = 16.4, 6.8
Hz, 3H), 1.04 (dd, J = 13.6, 6.8 Hz 3H), 1.22 (dd, J = 14.0, 6.8 Hz 3H), 1.65 (dd, J = 16.0, 6.8 Hz 3H), 2.64 (s, 3H),
3.01 (s, 3H), 3.25-3.40 (m, 1H), 4.23 (d, J = 12.0, 3H), 6.92 (d, J = 7.6 Hz, 1H), 7.12-7.37 (m, SH), 7.83 (d, J = 8.0



Hz, 1H), 7.92 (d, J = 6.8 Hz, 1H); *C NMR (CD,CL, 125 MHz) = 151.6 (d, J = 35.0 Hz), 140.8, 140.6, 140.2,
133.3 (d, J = 19.3 Hz), 130.8, 130.7, 130.0, 129.9 (d, J = 3.6 Hz), 128.6 (d, J = 7.9 Hz), 127.8, 127.6, 70.2, 50.8,
46.7,25.9 (d, J = 33.5 Hz), 25.5 (d, J = 34.6 Hz), 18.9 (d, J = 1.4 Hz), 18.7 (d, J = 2.3 Hz), 18.2 (d, J = 2.1 Hz),
17.2 (d, J = 3.6 Hz), 1.19; *'P NMR (C¢Dg, 202 MHz) = 59.5 (s, Jop, = 4177 Hz); HRMS (FD") Caled for
C,,H33CINPPtSi, M 600.1456. Found m/z 600.1466.

lc (R =t-Bu)

IR (ATR) 2890, 1473, 1174, 1107 cm™'; "H NMR (CD,Cl,, 500 MHz) & = 0.60 (s, 3H), 1.35 (d, J = 14.2 Hz, 9H),
1.43 (d, J = 14.5 Hz, 9H), 2.64 (s, 3H), 3.23 (s, 3H), 3.55 (dd, J = 12.6, 6.2 Hz, 1H), 4.56 (d, J = 12.5 Hz, 1H),
7.20-7.30 (m, 3H), 7.41-7.48 (m, 2H), 7.52-7.57 (m, 1H), 7.90 (d, J = 7.3 Hz, 1H), 7.94 (dd, J = 8.1, 5.1 Hz, 1H);
C NMR (CD,Cl,, 125 MHz) & = 151.3 (d, J = 34.8 Hz), 141.1, 140.7 (d, J = 4.4 Hz), 140.6, 133.5 (d, J = 18.9 Hz),
133.1 (d, J= 5.5 Hz), 130.7, 130.5, 129.6 (d, J = 5.9 Hz), 127.7, 127.5, 127.4 (d, /= 6.9 Hz), 69.9, 50.8 (d, J=2.3
Hz), 47.0 (d, J=2.0 Hz), 36.9 (d, J = 26.3 Hz), 36.7 (d, J = 24.0 Hz), 30.5 (d, /J=7.9 Hz), 30.4 (d, /= 8.1 Hz), 1.1;
'P NMR (C¢Ds, 202 MHz) = 76.4; HRMS (FD") Caled for Ca4H37CINPPtSi, M 628.1769. Found m/z 628.1753.

1d (R = Ph)

IR (ATR) 2360, 1431, 1103 cm™; "H NMR (C¢Ds, 400 MHz) & = 0.73 (s, 3H), 2.57 (s, 3H), 2.69 (s, 3H), 2.90-3.10
(m, 1H), 4.20-4.40 (m, 1H), 6.80-7.40 (m, 14H), 7.60-8.20 (m, 6H); *'P NMR (C¢Ds, 202 MHz) = 36.1 (s, Jop =
4159 Hz); HRMS (FD") Caled for CosHyCINPPtSi, M 668.1143. Found m/z 668.1148.

Procedure for the C—H borylation of arenes

Bpin
1.5 mol% 1a
X . 1.5 mol% n-BulLi X
Ry + Bypin, Rn—r
= mesitylene, 150 °C, 4h =
10 equiv. 2-5

To a solution of 1a (4.08 mg, 0.0059 mmol) in mesitylene (2 mL) was added a n-hexane solution of #n-BuLi (1.56
M, 3.85 u L, 0.4 mmol) followed by addition of Bypin, (101.3 mg, 0.4 mmol) and arene (4 mmol) at room
temperature. The mixture was stirred at 150 °C for 4 h. After the solvent was removed under reduced pressure, the
obtained crude material was purified by silica gel column chromatography to give arylboronic esters as an
inseparable mixture of regioisomers. Silica gel column chromatography was carried out by cooling the column at —
30 °C to avoid decomposition of the arylboronic ester on silica gel. The ratios of regioisomers were determined by
'"H NMR or "’F NMR.

2a (82.9 mg, 0.345 mmol, 86%, 2-:4-:5- =74:22:4 (Entry 1, Table 1)). The ratio of regioisomers was determined by
F NMR of the isolated product, which was almost identical to that in the crude material. The ratio was slightly
improved to 2-:4-:5- =78:18:4 by carrying out the reaction at 120 °C (Entry 2, Table 1).

'H NMR (CDCls, 400 MHz) 2-2a: § = 1.38 (s, 12H), 6.81-6.87 (m, 2H), 7.31-7.39 (m, 1H); 4-2a: § = 1.35 (s, 12H),
6.73-6.80 (m, 1H), 6.83-6.90 (m, 1H), 7.69-7.76 (m, 1H); '°F NMR (CDCls, 368 MHz) 2-2a: § = —101.8; 4-2a: 5 =
—99.8,-106.3; 5-2a: 6 =—-112.0.

Spectral data were in good agreement with literature values.”



2b (45.7 mg, 0.206 mmol, 51%, 2-:3-:4- =80:17:3 (Entry 1, Table 2)). The ratio of regioisomers was determined by
F NMR of the isolated product, which was almost identical to that in the crude material. The ratio was slightly
improved to 2-:3-:4- =84:13:3 by carrying out the reaction at 120 °C (Entry 2, Table 2).

'H NMR (CDCls, 400 MHz) 2-2b: § = 7.71-7.76 (m, 1H), 7.40-7.60 (m, 1H), 7.13 (t, J= 7.6 Hz, 1H), 7.02 (br t, J
=9.4 Hz, 1H), 1.36 (s, 12H); 3-2a: 6 = 7.56 (d, J= 7.2 Hz, 1H), 7.50-7.55 (m, 1H), 7.30-7.37 (m, 1H), 1.35 (s, 12H)
(one aromatic proton was overlapped); 4-2a: § = 7.77-7.81 (m, 2H), 1.34 (s, 12H) (two aromatic protons were
overlapped); '’F NMR (CDCls, 368 MHz) 2-2b: § =—103.8; 3-2b: § = —115.4; 4-2b: 5 =—109.6.

Spectral data were in good agreement with literature values.’
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2¢ (66.0 mg, 0.275 mmol, 69%)
'H NMR (CDCls, 400 MHz) & = 7.38 (q, J = 4.0 Hz, 1H), 7.05-7.12 (m, 1H), 6.95-7.00 (m, 1H), 1.36 (s, 12H); PF
NMR (CDCl;, 368 MHz) 6 =-110.6, —121.8.

Spectral data were in good agreement with literature values.’®
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2d (79.4 mg, 0.33 mmol, 84%, 2-:3- =96:4). The ratio of regioisomers was determined by 'H NMR of the isolated
product, which was almost identical to that in the crude material. The borylated position (2- or 3-) was determined
by 'H NMR, in which the ortho-proton to the Bpin appeared to be doublet of doublet with smaller Jry (~5 Hz) in
2-2d than that in 3-2d (~10 Hz).

IR (ATR) 2983, 1613, 1492, 1409, 1347, 1216, 1144 cm'; 'H NMR (CDCls, 400 MHz) 2-2d: § = 7.52 (dd, J = 5.5,
2.3 Hz, 1H), 7.19-7.24 (m, 1H), 6.91 (t, J = 8.7 Hz, 1H), 1.36 (s, 12H);3-2d: 6 = 7.42 (dd, J = 9.4, 2.5 Hz, 1H),
7.11 (dd, J = 8.6, 4.9 Hz, 1H), 6.96-7.01 (m, 1H), 1.34 (s, 12H); C NMR (CDCls, 100 MHz) 2-2d: 6 =165.3 (d, J
=284 Hz), 136.9 (dd, J = 60.6, 20.9 Hz), 133.3 (m), 131.1 (d, /= 9.4 Hz), 114.9 (d, J = 24 Hz), 83.6 , 24.8, 20.4;
’F NMR (CDCl3, 368 MHz) 2-2d: 3 =—108.2; 3-2d: § =—119.6; HRMS (FD") Calcd for C;3H sBFO,, M 236.1384.
Found m/z 236.1411.

Bpin
2//|p

OMe

2e (92.8 mg, 0.39 mmol, 92%, 2-:3- =87:13). The ratio of regioisomers was determined by 'H NMR of the isolated
product, which was almost identical to that in the crude material. The borylated position (2- or 3-) was determined

3



by analyzing the Jpy value as described for 2d.

IR (KBr) 2979, 1492, 1418, 1349, 1207, 1145 cm'; 'H NMR (CDCl;, 400 MHz) 2-2e: & = 7.18-7.21 (m, 1H),
6.92-6.97 (m, 2H), 3.81 (s, 3H), 1.36 (s, 12H); 3-2e: 6 = 7.34 (dd, J = 12.0, 3.36 Hz, 1H), 7.02-7.09 (m, 1H), 6.78
(dd, J = 13.9, 4.03 Hz, 1H), 3.81 (s, 3H), 1.35 (s, 12H); °C NMR (CDCls, 100 MHz) 2-2e: & = 161.6 (d, J = 242
Hz), 155.2, 119.8 (d, J = 8.4 Hz), 119.3 (d, J = 8.4 Hz), 116.0 (d, J = 26 Hz), 83.9, 55.8, 24.8; '°’F NMR (CDCl;,
368 MHz) 2-2e: & = —113.9; 3-2e: & = —125.2; HRMS (FD") Calcd for C;3H;sBFO3, M 252.1333. Found m/z
252.13717.
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2f (43.9 mg, 0.157 mmol, 78% (from 0.20 mmol B;pin,), 2- only). The selective borylation at the 2-position was
confirmed by analyzing the Jry value as described for 2d.

IR (KBr) 2982, 1352 ¢cm™'; 'H NMR (CDCls, 400 MHz) & = 8.44 (dd, J = 3.52, 2.34 Hz, 1H), 8.03-8.08 (m, 1H),
7.07 (t,J = 10.6 Hz, 1H), 3.91 (s, 3H), 1.37 (s, 12H); °C NMR (CDCl;, 100 MHz) & = 169.9 (d, J = 259 Hz), 166.2,
138.9 (d, J = 9.4 Hz), 135.0 (d, J = 10.5 Hz), 125.9 (d, J = 3.1 Hz), 115.6 (d, J = 25.2 Hz), 84.2, 52.1, 24.8; "°F
NMR (CDCl;, 368 MHz) 6 =-95.2.

HRMS (FD") Caled for C4H;sBFO,4, M 280.1282. Found m/z 280.1276.
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2¢g (47 mg, 0.18 mmol, 91% (from 0.20 mmol Bypin,), 2-:3- =83:17). The ratio of regioisomers was determined by
"H NMR of the isolated product, which was almost identical to that in the crude material. The borylated position (2-
or 3-) was determined by analyzing the Jpy value as described for 2d.

IR (KBr) 2982, 1352, 1299, 1134 cm™'; '"H NMR (CDCls, 400 MHz) 2-2g: § = 7.68 (dd, J = 5.0, 3.8 Hz, 1H),
7.34-7.40 (m, 1H), 6.97 (t, J = 8.8 Hz, 1H), 1.36 (s, 12H); 3-2g: 6 = 7.34-7.40 (m, 1H), 7.30 (dd, J = 9.2, 4.8 Hz,
1H), 7.00-7.05 (m, 1H), 1.35 (s, 12H); °C NMR (CDCls, 100 MHz) 2-2g: 8 = 165.5 (d, J = 249 Hz), 136.2 (d, J= 5
Hz), 132.9 (d, J = 8.6 Hz), 116.8 (d, J = 36.3 Hz), 84.3, 24.8; '°’F NMR (CDCl;, 368 MHz) 2-2g: 5 = —105.8; 3-2g:
8=-117.1; HRMS (FD") Calcd for C;,H;sBFCI0,, M 256.0838. Found m/z 256.0843.
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2h (71.5 mg, 0.29 mmol, 74%, 2-:3- =91:9). The ratio of regioisomers was determined by '"H NMR of the isolated
product, which was almost identical to that in the crude material.

'H NMR (CDCl;, 400 MHz) 2-2h: § = 7.43-7.48 (m, 1H), 7.19-7.28 (m, 1H), 7.03-7.10 (m, 1H), 1.36 (s, 12H);
3-2g: 8 = 7.50-7.61 (m, 2H), 7.10-7.20 (m, 1H), 1.36 (s, 12H); ’F NMR (CDCls, 368 MHz) 2-2h: § = —130.2, —
140.2; 3-2h: 6 =-135.1, -140.8.

Spectral data were in good agreement with literature values.”®
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2i (35.2 mg, 0.13 mmol, 69% (from 0.2 mmol B,pin,), 2-:3-:4-:5-=65:6:8:21). The ratio of regioisomers was
determined by 'F NMR of the isolated product, which was almost identical to that in the crude material.
'H NMR (CDCls, 400 MHz) 2-2i: & = 7.62 (d,t, J = 1.60, 8.38 Hz, 1H), 7.48 (dt, J = 1.20, 7.58 Hz, 1H), 7.08 (t, J =
7.98 Hz, 1H), 1.39 (s, 12H); 3-2i: 6 = 7.56 (d, J = 9.62 Hz, 1H), 7.5 (dd, J=1.30, 7.80 Hz, 1H), 7.41 (t, J=7.06 Hz,
1H), 1.36 (s, 12H); 4-2i: 6 = 7.88 (d, /= 12.6 Hz, 1H), 7.7-7.68 (m, 1H), 7.17-7.13 (m, 1H), 1.36 (s, 12H); 5-2i: 6 =
7.45-7.50 (m, 1H), 7.17-7.22 (m, 2H), 1.37 (s, 12H) (aromatic protons are overlapped); '’F NMR (CDCls, 368
MHz) 2-2i: 6 =-105.8; 3-2i: 6 =—-117.1; 4-2i: 6 =—-111.1; 5-2i: 6 = —-114.4.
Spectral data were in good agreement with literature values of 2-2i, 3-2i, and 4-2i”" and those of authentic sample

of 5-2i derived from commercially available corresponding boronic acid.
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2j (73%, 2-:3-:4-:5-=75:16:9:-). The ratio of regioisomers was determined by '’F NMR of the crude product due to
partial decomposition of the products after column chromatography. The NMR yield of 2-2j in the crude mixture
was shown using 1,1,2,2-tetrachloroethane as an internal standard.

'H NMR (CDCls, 400 MHz) 2-2j: & = 7.89 (t, J = 8.0 Hz, 1H), 7.68 (t, J = 6.0 Hz, 1H), 7.18-7.26 (m, 1H), 1.36 (s,
12H); 3-2j: 6 = 7.55-7.65 (m, 3H), 1.32 (m, 12H); 4-2j: 6 = 8.03 (d, J = 7.6 Hz, 1H), 7.88-7.96 (m, 1H), 7.14-7.18
(m, 1H), 1.35 (s, 12H); "’F NMR (CDCls, 368 MHz) 2-2j: 8 = —61.5, —104.0; 3-2j: & = —61.5, —116.0; 4-2j: 6 = —
61.5,-110.3.

Spectral data were in good agreement with literature values.
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11,12,13

2k (23.4 mg, 0.99 mmol, 50% (from 0.2 mmol B;piny), 2-:3-:4-:5-=71:16:7:6). The ratio of regioisomers was
determined by 'F NMR of the isolated product, which was almost identical to that in the crude material.

'H NMR (CDCls, 400 MHz) 2-2k: & = 7.54 (t, J = 5.7 Hz, 1H), 7.27 (t, J = 7.8 Hz, 1H), 7.02 (t, J = 7.6 Hz, 1H),
2.25(d, J=2.0 Hz, 1H), 1.36 (s, 12H); 3-2k: 6 = 7.38-7.46 (m, 2H), 7.17 (t, J = 7.4 Hz, 1H), 2.28 (d, /= 1.8 Hz,
3H), 1.31 (s, 12H); 4-2k: 8 = 7.57-7.65 (m, 2H), 6.95-7.02 (m, 1H), 2.21 (s, 3H), 1.31 (s, 12H); '°’F NMR (CDCl,,
368 MHz) 2-2k: 6 =-106.8; 3-2k: 6 =—-119.0; 4-2k: 6 =-112.8; 5-2k: 6 =—-117.3.

Spectral data were in good agreement with literature values of 2-2k, 3-2k, and 4-2k.'*P

and those of authentic
sample of 5-2k derived from commercially available corresponding boronic acid.
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21 (116 mg, 0.449 mmol, 112%)
'H NMR (CDClLs, 400 MHz) & = 7.55-6.65 (m, 2H), 1.36 (s, 12H); "°F NMR (CDCls, 368 MHz) § = -98.4, ~105.1.

Spectral data were in good agreement with literature values.'

2m (83 mg, 0.32 mmol, 80%, 3-:5-:6-=73:19:8). The ratio of regioisomers was determined by F NMR of the
isolated product, which was almost identical to that in the crude material.

IR (KBr) 1634, 1482 cm™'; '"H NMR (CDCls, 400 MHz) 3-2m: & = 7.10-7.20 (m, 1H), 6.72-6.80 (m, 1H), 1.37 (s,
12H); 5-2m: & = 7.10-7.20 (m, 1H), 6.94-7.02 (m, 1H), 1.34 (s, 12H); 6-2m: 6 = 7.49 (ddd, J = 11.2, 9.7, 4.7 Hz,
1H), 6.82-6.90 (m, 1H), 1.33 (s, 12H); '’F NMR (CDCls, 368 MHz) 3-2m: & = —107.5 ~ —107.6 (m), —126.1 (dd, J
=21.0, 8.5 Hz), —144.8 ~ —145.0 (m); 5-2m: 6 = -117.4 ~ -117.5 (m), —126.1 (dd, J = 21.3, 8.5 Hz), —135.1 ~ —
1352 (m); 6-2m: & = -105.3 ~ -105.4 (m), —129.6 ~ —129.7 (m), —145.2 ~ —145.4 (m); Anal. Calcd for
CpH14BF;0;: C, 55.85; H, 5.47. Found: C, 55.23; H, 5.22. The structure of 3-2m was confirmed by NOE
measurement, which demonstrated the two aromatic protons are next to each other. The identity of 5-2m and 6-2m
was confirmed by independent synthesis of authentic samples by Pd-catalyzed borylation of
1-bromo-2,4,5-trifluorobenzene or 1-bromo-2,3,5-trifluorobenzene with B,pin,.

F F
Q—Bpin
F F

2n (74.4 mg, 0.270 mmol, 67%)

IR (KBr) 3057, 2985, 1479, 1379, 1336 cm '; '"H NMR (CDCls, 400 MHz) & = 7.05-7.15 (m, 1H), 1.41 (s, 12H);
F NMR (CDCls, 368 MHz) § = —-110.5, —118.9; >*C NMR (CDCl;, 100 MHz) & = 148.7 (br d, J = 253 Hz), 145.5
(br d, J =253 Hz), 108.5 (t,J = 22.5 Hz), 84.9, 24.7.

F F
FQBpin
F F

20 (77.9 mg, 0.26 mmol, 66%)

'H NMR (CDCls, 400 MHz) & = 1.37 (s, 12H); F NMR (CDCls, 368 MHz) 6 =-130.6 ~—130.7 (m, 2F), -150.1 ~
—150.9 (m, 1F), -162.3 ~-163.0 (m, 2F);

Spectral data were in good agreement with literature values.'” A small amount of 2,3,5,6-F4CcHBpin and
2,3,5,6-F4-1,4-(Bpin),benzene were observed in F NMR (<3%).

F

3
4

N Na
G\Z/S\Bpin

3a (77.4 mg, 0.344 mmol, 86%, 3-:4-:5-:6-=50:38:12:—). The ratio of regioisomers was determined by 'H NMR of

the isolated product. The 'H NMR of the crude mixture suggested the existence of an unidentified product, which

might be 6-3a, in less than 10% although it disappeared after column chromatography.



'H NMR (CDCls, 400 MHz) 3-3a: & = 8.28-8.31 (m, 1H), 8.14 — 8.20 (m, 1H), 7.15-7.20 (m, 1H), 1.36 (s, 12H);
4-3a: 6 =8.24 (d, J=4.7 Hz, 1H), 7.47-7.51 (m, 1H), 7.28 (d, /= 2.0 Hz, 1H), 1.36 (s, 12H); 5-3a: 6 = 8.59 (s, 1H),
8.12-8.20 (m, 1H), 6.91 (dd, J = 4.1, 2.5 Hz, 1H), 1.35 (s, 12H); "°F NMR (CDCls, 368 MHz) 3-3a: § = —57.6; 4-3a:
6 =-68.7; 5-3a: 6 = —63.8;

Spectral data were in good agreement with literature values of 3-, 4-, and 5-3a.'%"

Fl s
>:/\Bpin

E

3b (69 mg, 0.28 mmol, 72%, 3-:4- = 69:31). The ratio of regioisomers was determined by 'H NMR of the isolated

product, which was almost identical to that in the crude material.

IR (KBr) 1635, 1261 cm ™ '; 'H NMR (CDCls, 400 MHz) 3-3b: 6 = 8.24 (q, J = 8.2, 1H), 6.79-6.83 (m, 1H), d = 1.34

(s, 12H); 4-3b: & = 7.14 (s, 2H), 1.34 (s, 12H); F NMR (CDCls, 368 MHz) 3-3b: 6 = -57.0, —63.6; 4-3b: & = —

69.2; °C NMR (CDCl3, 100 MHz) 3-3b: & =165.6 (dd, J = 200, 11.3 Hz), 163.8 (dd, J =200, 11.3 Hz), 152.4 (t, J

=7.8 Hz), 105.7 (dd, J = 32.8, 5.4 Hz), 84.5, 24.6; 4-3b: 5 = 161.4 (dd, J = 198, 10.8 Hz), 110.8 (dd, J = 21.5, 8.5

Hz), 85.1, 24.6; HRMS (EI") Calcd for C;H;4BF,NO,, M 241.1086. Found m/z 241.1075.

F F

NQ*Bpin

F F

3¢ (115mg, 0.41 mmol, 104%)
'H NMR (C¢Ds, 400 MHz) & = 1.01 (s, 12H); "’F NMR (C¢Ds, 368 MHz) & = -92.5, —132.6.

Spectral data were in good agreement with literature values.”

Cl

N 2
E}Bpin
=3

4

4a (41.2 mg, 0.17 mmol, 43%, 2-:3-:4-:=46:37:17). The ratio of regioisomers was determined by 'H NMR of the
isolated product, which was almost identical to that in the crude material.

'H NMR (CDCl;, 400 MHz) 2-4a: § = 7.65 (d, J = 7.6 Hz, 1H), 7.30-7.36 (m, 2H), 7.19-7.24 (m, 1H), 1.36 (s,
12H); 3-4a: 6 =7.77 (br s, 1H), 7.67 (d, J= 7.6 Hz, 1H), 7.38-7.43 (m, 1H), 7.26-7.32 (m, 1H), 1.33 (s, 12H); 4-4a:
6=17.71(d, J=8.4 Hz, 2H), 7.30-7.34 (m, 2H), 1.33 (s, 12H);

Spectral data were in good agreement with literature values.”!

Cl
Cl 3
| ——Bpin
A4

4b (82.8 mg, 0.30 mmol, 76%, 3-:4- = 60:40). The ratio of regioisomers was determined by 'H NMR of the isolated
product, which was almost identical to that in the crude material.

'H NMR (CDCls, 400 MHz) 3-4b: § = 7.55 (dd, J= 7.6, 1.6 Hz, 1H), 7.50 (dd, J= 7.6, 1.6 Hz, 1H), 7.18 (t, J= 7.6
Hz, 1H), 1.37 (s, 12H); 4-4b: 6 = 7.86 (d, /= 1.4 Hz, 1H), 7.60 (d, J = 8.0, 1.4, 1H), 7.44 (d, J = 8.0, 1H), 1.34 (s,



12H);

Spectral data were in good agreement with literature values. ™

2

CL\E:?}:;Ln
= 4

5
4c (99.7 mg, 0.36 mmol, 92%, 2-:4-:5- = 23:40:37). The ratio of regioisomers was determined by 'H NMR of the
isolated product, which was almost identical to that in the crude material.
'H NMR (CDCls, 400 MHz) 2-4¢: § = 7.20-7.24 (m, 3H), 1.43 (s, 12H); 4-4¢: 5 = 7.62 (d, J = 8.2 Hz, 1H), 7.36 (d,
J=2.0 Hz, 1H), 7.20-7.24 (m, 1H), 1.34 (s, 12H); 5-4¢: 7.64 (d, J = 2.0 Hz, 2H), 7.43 (t, J = 2.0 Hz, 1H), 1.36 (s,
12H);
Spectral data were in good agreement with literature values.***2

C

[j:j/an

Cl
4d (93.7 mg, 0.34 mmol, 86%)
'"H NMR (CDCls, 400 MHz) 8 = 7.65 (d, J = 2.5 Hz, 1H), 7.34-7.27 (m, 2H), 1.35 (s, 12H);

Spectral data were in good agreement with literature values.”’

C

CIQBpin

C

4e (70.8 mg, 0.23 mmol, 58%)

IR(ATR) 1577, 1535, 1323, 1109; 'H NMR (CDCls, 400 MHz) & = 7.25 (s, 2H), 1.41 (s, 12H); *C NMR (CDCls,
100 MHz) 6 =138.6, 136.2, 127.0, 85.2, 24.7; Anal. Calcd for C;;H14BCL30;: C, 46.89; H, 4.59. Found: C, 47.10;
H, 4.77,

4f (83.0 mg, 0.244 mmol, 58%).
'H NMR (CDCls, 400 MHz) & = 8.23 (s, 1H), 7.93 (d, J = 14.8 Hz, 2H), 1.38 (s, 12H);

Spectral data were in good agreement with literature values.”

COOMe
-z |2
3
4 Bpin
4g (49.6 mg, 0.189 mmol, 47%, 2-:3-:4- = —:58:42). The ratio of regioisomers was determined by 'H NMR of the

isolated product, which was almost identical to that in the crude material.

10



'H NMR (CDCls, 400 MHz) 3-4g: 5 = 8.47 (s, 1H), 8.13 (dt, J = 8.0, 1.6 Hz, 1H), 7.98 (d, J = 8.0 Hz, 1H), 7.45 (t,
J=8.0 Hz, 1H), 3.92 (s, 3H), 1.36 (s, 3H); 4-4g: 5 = 8.02 (d, J = 8.0 Hz, 2H), 7.87 (d, J = 8.0 Hz, 2H), 3.92 (s, 3H),
1.36 (s, 3H);

Spectral data were in good agreement with literature values.”?’

O>

7, 2

;’\Bpin

5a (91.9 mg, 0.37 mmol, 94%, 2-:3- = 86:14). The ratio of regioisomers was determined by 'H NMR of the isolated
product, which was almost identical to that in the crude material.

'H NMR (CDCls, 400 MHz) 2-5a: & = 7.63 (d, J = 7.8 Hz, 1H), 7.57 (dd, J = 8.3, 0.9 Hz, 1H), 7.40 (d, J = 0.9 Hz,
1H), 7.32-7.36 (m, 1H), 7.20-7.26 (m, 1H), 1.39 (s, 12H); 3-5a: 6 = 7.95 (s, 1H), 7.91-7.94 (m, 1H), 7.47-7.52 (m,
1H), 7.23-7.29 (m, 2H), 1.37 (s, 12H);

Spectral data were in good agreement with literature values.’’

N> \

?Bpin
5b (69.7 mg, 0.27 mmol, 68%, 2-:3- = 91:9). The ratio of regioisomers was determined by 'H NMR of the isolated
product, which was almost identical to that in the crude material.
'H NMR (CDCls, 400 MHz) 2-5b: § = 7.64 (d, J= 8.3 Hz, 1H), 7.35 (dd, J = 8.3, 0.9 Hz, 1H), 7.26 (td, J= 8.3, 0.9
Hz, 1H), 7.13 (s, 1H), 7.08 (td, J = 8.3, 0.9 Hz, 1H), 3.97 (s, 3H), 1.37 (s, 12H); 3-5a: 6 = 8.04 (br d, / = 7.6 Hz,
1H), 7.52 (s, 1H), 7.25-7.35 (m, 3H), 3.80 (s, 3H), 1.36 (s, 12H);

Spectral data were in good agreement with literature values.*>*

S>

»2

;J\Bpin

5¢ (79.2 mg, 0.304 mmol, 76%, 2-:3- = 84:16). The ratio of regioisomers was determined by 'H NMR of the
isolated product, which was almost identical to that in the crude material.

'H NMR (CDCl;, 400 MHz) 2-5¢: 8 = 7.82-7.92 (m, 3H), 7.32-7.40 (m, 2H), 1.38 (s, 12H); 3-5¢: 8 = 8.37 (d, J =
7.8 Hz, 1H), 8.07 (s, 1H), 7.88-7.92 (m, 1H), 7.36-7.42 (m, 2H), 1.38 (s, 12H);

Spectral data were in good agreement with literature values.***’

Iridium-catalyzed borylation of 1,2,4-trifluorobenzene (Concerning the footnote d in Figure 1)

F 3.0 mol% dtbpy Fo o3 Boin
1.5 mol% [Ir(OMe)(cod)], )X P
F F + HBpin - F S—F
THF, 60 °C, 4h 6 =s
4 equiv. 2m 74%

(3-:5-:6- = 25:45:30)

To a solution of [Ir(OMe)(cod)], (5.0 mg, 0.0075 mmol) and dtbpy (4.0 mg, 0.015 mmol) in THF (2 mL) was
added HBpin (73 pL, 0.5 mmol) and 1,2,4-trifluorobenzene (208 pL, 2.0 mmol) at room temperature. After the

11



mixture was stirred at 60 °C for 4 h, the solvent was removed under reduced pressure to give a crude product. The
yield and ratio of regioisomers were determined by F NMR of the crude product using CgFg (10 puL, 0.087 mmol)

as an internal standard.

Borylation of 1,2,4,5-tetraflurorobenzene with HBpin instead of B,pin, (Concerning the comment in ref 16.)

1.5 mol% 1a Bpin
F F 1.5 mol% "BuLi F F
mesitylene
F F 150 °C, 4 h F F
(10 equiv.) 2n

15% (NMR yield)

To a solution of 1a (6.81 mg, 0.01 mmol) in mesitylene (2 mL) was added a n-hexane solution of n-BuLi (1.56
M, 6.4 L, 0.01 mmol) followed by addition of HBpin (25.9 mg, 0.2 mmol) and 1,2,4,5-tetrafuluorobenzene (2
mmol) at room temperature. The mixture was stirred at 150 °C for 4 h. After the solvent was removed under
reduced pressure, formation of 2n in 15% yield was confirmed by F NMR. Therefore, it was demonstrated that
HBpin instead of B,pin, could be utilized as an atom economical boron source for this reaction, and further

investigation on this is in progress.

I's. Mitton, R. McDonald and L. Turculet, Organometallics, 2009, 28, 5122.
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X : parts per Million : 1H

with 1,1,2,2-tetrachloroethane (5.9 ppm)

as an internal standard
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at 120 °C
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X : parts per Million : 19F
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X : parts per Million : 1H



T
120.0

T
130.0

—— S69911
—— TS6911

S89°811

—— 0e681l

06611

__—— LssTal
—— Ll

— £6'8Tl

8S8°0€1

___— tgoeel
= — 6loegl

__sslogl
= o0Lzosl

T TPy
iy

l l it i ahegod u M
WA Y

W AL

-10.620.0

0

10.0

260250.0 240.0 230.0 220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0

3
3
wTrot :;:
88[9& 3
5 3
0z ot 0 3
(syppuesnoy) é 3
LB L L L L B L L B L L B R B R R R R R R R R R R R R R R R AR RN R
¥To (440 0 810 910 ¥vI0o ¢TI0 1o 800 900 00 TO0 0
Jouepunqe

34

9100
= 11071

YrTre
— 68L1T
- \T50'9T

899°0L
— 8999,

/000°LL
= IzgLL
_PLTHS
SN 99% 8

S69°911

CS6'911
G89°8I1
Y06°611

_TrTY9l
—— 88L7991

— IsT16l

X : parts per Million : 13C



HANHI

pIepue)s [eUINUI UL S©
(wdd g°G) auey)90I0[YORIIN-ZTTT YPIM

35



dIANN H1

36



612uLon, : uoIIA Jod syed :

—— LT69II-
LOVVIT-
880°ITI-

—— 8¥8°901-

——960°501~-
a8y v0I-

——9¥S0lI-

— 628001~

0'6ClI- 0°LCI- 0°6CI- 0°¢Cl- 0'I¢I- 0'6I1- OLIT- 0SII- O0€Il- OTII- 060I- 0L0I- 0¢S0I- 0¢€0l- O0T0I- 066~ 0L6- 056~ 0¢€6 016~ 0068

é; =

’

wor'Leé

cro

\
0¢ 0¢ 01 0
oouepunge

0y

0s

37



dIAN HI

PpIepue)s [eUIIUT UL SB
(wdd 6°6) suey120I0[YOII-TTTT YIM

38



HIAN 461

39



dIAN HI

40



HIAN 461

41



dANHI

pIepue)s [eUINUI UL Se
(wdd 6°G) aURYI20IO[YIRIIN-TTTT PIM

42



STyl

019

-2.0

1.0

ko o 9o slo o o 7o 10

0

souepunqe

80I°L
re
€L
Pri'L
SSI'L
89I°L
8LI'L
161°L

ovTL

¥9T'L

SYEL
SSEL

86¥'L
0S'L

=

X : parts per Million : 1

Y N

2.0

3.0

4.0

5.0

00°C

6.0

8I°F;.

7.0

81

9.0

10.0

11.0

12.0

0Cl 01T 001 06 08 0L

09

0°¢

43

(1%

0¢

0cC 01 0

oouepunge

— 628l

X : parts per Million : 1H

with 1,1,2,2-tetrachloroethane (5.9 ppm)

as an internal standard
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X : parts per Million : 1H

with 1,1,2,2-tetrachloroethane (5.9 ppm)

as an internal standard
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