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1. General statement

H NMR, 3C NMR, °F NMR, and 3!P NMR were recorded on a Bruker Avance 500 or
a JEOL ECS-400 spectrometer. Chemical shift values are given in ppm relative to
internal MesSi (for *tH NMR: § = 0.00 ppm), CDClz (for 3C NMR: § = 77.0 ppm), CeFs
(for °F NMR: & = 0.0 ppm), and HsPOa4 (for 3P NMR: & = 0.0 ppm). IR spectra were
recorded on a Horiba FT-730 spectrometer. Mass spectra were measured on a JEOL
JMS-T100GCV or a JEOL JMS-T200GC spectrometer.

Column chromatography was conducted on silica gel (Silica Gel 60 N, Kanto Chemical
Co,, Inc.). Toluene and N,N-dimethylformamide (DMF) were purified by a solvent-
purification system (GlassContour) equipped with columns of activated alumina and
supported-copper catalyst (Q-5) before use. 1,4-Dioxane and methanol were distilled
from sodium, and stored over molecular sieves 4 A. Unless otherwise noted, materials

were obtained from commercial sources and used directly without further purifications.

2. Preparation of 2-fluorobenzofurans

2-Fluorobenzofuran (1a) [1], 2-fluoronaphtho[2,1-b]Jfuran (1b) [1], 2-fluoro-7-
methoxybenzofuran (1c) [1], 2-fluorobenzo[b]thiophene (4) [2], 5-bromo-2-
fluorobenzofuran (1e) [1], 2-chlorobenzofuran (1a-Cl) [3], 2-bromobenzofuran (1a-Br)
[4], and 2-iodobenzofuran (la-I) [5] were prepared according to the literature

procedures, and their spectral data showed good agreement with the literature data.
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7-Ethoxy-2-benzofuran (1d)

EtO

To a DMF (415 mL) solution of 2-(2,2-difluorovinyl)-6-ethoxyphenol (2.75 g, 13.7 mmol)
was added DBU (2.46 mL, 16.5 mmol). After stirring at 100 °C for 2 h, water (250 mL)
was added to the mixture. Organic materials were extracted with diethyl ether three
times. The combined extracts were washed with brine and dried over Na2SOa. After
removal of the solvent under reduced pressure, the residue was purified by silica gel
column chromatography (pentane/diethyl ether = 10:1) to give 1d (1.65 g, 67%) as a
colorless liquid.

'H NMR (500 MHz, CDClg): & 7.13 (dd, J = 8.1, 7.8 Hz, 1H), 7.04 (dd, J = 7.8, 1.0 Hz,
1H), 6.77 (d, J = 8.1 Hz, 1H), 5.83 (d, Jur = 6.7 Hz, 1H), 4.23 (q, J = 7.0 Hz, 2H), 1.50
(t, J = 7.0 Hz, 3H). 3C NMR (126 MHz, CDCls): & 160.2 (d, Jcr = 280 Hz), 144.1, 136.8,
129.6, 124.2, 112.9 (d, Jcr = 5 Hz), 107.3, 78.7 (d, Jcr = 13 Hz), 64.6, 14.9. °F NMR
(470 MHz, CDCl3): § 49.5 (d, Jrn = 7 Hz, 1F). IR (neat): 3136, 3060, 2983, 2933, 1643,
1496, 1439, 1396, 1340, 1296, 1196, 1082, 1018, 978, 893, 783, 727, 658, 607, 555

cm™t. HRMS (EI): m/z Calcd for C10HoFO2 [M]*: 180.0587; Found: 180.0592.

S3



3. Synthesis of 2-Arylbenzofurans
2-(3-Methylphenyl)naphtho[2,1-b]furan (3bb)
o L
[

9
To the mixture of 2-fluoronaphtho[2,1-b]furan (1b, 56 mg, 0.30 mmol), (3-
methylphenyl)boronic acid (2b, 41 mg, 0.30 mmol), Ni(cod)2 (4.2 mg, 0.015 mmol),
PCys (8.2 mg, 0.029 mmol), 1,5-cyclooctadiene (1.8 pL, 0.015 mmol), and K2COs (50
mg, 0.36 mmol) were added toluene (3.0 mL) and H20 (0.6 mL). After stirring at room
temperature for 13 h, the reaction mixture was diluted with H20. Organic materials
were extracted with diethyl ether three times. The combined extracts were washed with
brine and dried over Na2SOa. After removal of the solvent under reduced pressure, the
residue was purified by silica gel column chromatography (hexane/EtOAc = 10:1) to
give 3bb (76 mg, 98%) as a white solid.
'H NMR (500 MHz, CDClg): & 8.15 (d, J = 8.2 Hz, 1H), 7.93 (d, J = 8.2 Hz, 1H), 7.75-
7.67 (m, 4H), 7.58 (ddd, J = 8.2, 6.9, 1.2 Hz, 1H), 7.49—7.46 (m, 2H), 7.35 (dd, J = 7.7,
7.6 Hz, 1H), 7.16 (d, J = 7.6 Hz, 1H), 2.44 (s, 3H). 13C NMR (126 MHz, CDCls): § 155.6,
152.3, 138.5, 130.5, 130.4, 129.1, 128.8, 128.7, 127.6, 126.2, 125.3, 125.1, 124.6,
124.5,123.4,121.9,112.3,100.3, 21.5. IR (KBr): 3051, 1606, 1487, 1387, 1280, 1255,

1163, 1053, 991, 935, 789, 690 cm™. HRMS (El): m/z Calcd for CioH14O [M]":

258.1045; Found: 258.1035.
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2-Phenylbenzofuran (3aa)

Compound 3aa was synthesized by the method described for compound 3bb using 2-
fluorobenzofuran (1a, 28 mg, 0.20 mmol), phenylboronic acid (2a, 29 mg, 0.24 mmol),
Ni(cod)2 (2.8 mg, 0.010 mmol), PCys (5.6 mg, 0.020 mmol), 1,5-cyclooctadiene (1.2
ML, 0.010 mmol), K2COs (55 mg, 0.40 mmol), toluene (2.0 mL), and H20 (0.4 mL).

A white solid, 31 mg, 77% vyield.

'H NMR (500 MHz, CDCls): & 7.85 (d, J = 7.8 Hz, 2H), 7.57 (d, J = 7.8 Hz, 1H), 7.51
(d, J = 7.8 Hz, 1H), 7.43 (dd, J = 7.8, 7.5 Hz, 2H), 7.33 (t, J = 7.5 Hz, 1H), 7.29-7.20
(m, 2H), 7.00 (s, 1H). ¥3C NMR (126 MHz, CDCls): § 155.9, 154.8, 130.4, 129.2, 128.8,
128.5,124.9,124.2,122.9, 120.9, 111.1, 101.3.

Spectral data for this compound showed good agreement with literature data [6].

2-(3-Methylphenyl)benzofuran (3ab)

Compound 3ab was synthesized by the method described for compound 3bb using 2-
fluorobenzofuran (1a, 28 mg, 0.20 mmol), (3-methylphenyl)boronic acid (2b, 33 mg,
0.24 mmol), Ni(cod)2 (2.8 mg, 0.010 mmol), PCys (5.6 mg, 0.020 mmol), 1,5-
cyclooctadiene (1.2 pyL, 0.010 mmol), K2CO3s (55 mg, 0.40 mmol), toluene (2.0 mL),
and H20 (0.4 mL).

A white solid, 41 mg, 96% vyield.
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'H NMR (500 MHz, CDClz): & 7.69 (s, 1H), 7.67 (d, J = 7.9 Hz, 1H), 7.57 (d, J = 7.6
Hz, 1H), 7.52 (d, J = 8.1 Hz, 1H), 7.33 (dd, J = 7.6, 7.6 Hz, 1H), 7.29-7.21 (m, 2H),
7.16 (d, J = 7.6 Hz, 1H), 7.00 (s, 1H), 2.42 (s, 3H). *C NMR (126 MHz, CDCl3): §
156.1, 154.8, 138.4, 130.3, 129.3, 129.2, 128.7, 125.5, 124.1, 122.9, 122.1, 120.8,
111.1, 101.2, 21.5.

Spectral data for this compound showed good agreement with literature data [7].

2-(2,5-Dimethylphenyl)benzofuran (3ac)

Compound 3ac was synthesized by the method described for compound 3bb using 2-
fluorobenzofuran (1a, 27 mg, 0.20 mmol), (2,5-dimethylphenyl)boronic acid (2c, 36 mg,
0.24 mmol), Ni(cod)2 (2.8 mg, 0.010 mmol), PCys (5.6 mg, 0.020 mmol), 1,5-
cyclooctadiene (1.2 pL, 0.010 mmol), K2COs (55 mg, 0.40 mmol), toluene (2.0 mL),
and H20 (0.4 mL).

A white solid, 37 mg, 83% yield.

IH NMR (500 MHz, CDCls): § 7.68 (s, 1H), 7.60 (d, J = 7.7 Hz, 1H), 7.52 (d, J = 8.1
Hz, 1H), 7.30—7.22 (m, 2H), 7.17 (d, J = 7.8 Hz, 1H), 7.09 (d, J = 7.8 Hz, 1H), 6.87 (s,
1H), 2.53 (s, 3H), 2.39 (s, 3H). 13C NMR (126 MHz, CDCl3): § 155.8, 154.3, 135.5,
132.7,131.2,129.6, 129.3,129.2, 128.6, 124.1, 122.7,120.8, 111.0, 104.9, 21.4, 21.0.

Spectral data for this compound showed good agreement with literature data [6].
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2-[4-(tert-Butyl)phenyl]benzofuran (3ad)

-Bu

Compound 3ad was synthesized by the method described for compound 3bb using 2-
fluorobenzofuran (1a, 29 mg, 0.21 mmol), [4-(tert-butyl)phenyl]boronic acid (2d, 43 mg,
0.24 mmol), Ni(cod)2 (2.8 mg, 0.010 mmol), PCys (5.6 mg, 0.020 mmol), 1,5-
cyclooctadiene (1.2 pL, 0.010 mmol), K2COs (57 mg, 0.41 mmol), toluene (2.0 mL),
and H20 (0.4 mL).

A white solid, 53 mg, 99% vyield.

'H NMR (500 MHz, CDCls): & 7.79 (d, J = 8.3 Hz, 2H), 7.55 (d, J = 7.6 Hz, 1H), 7.51
(d, J = 8.1 Hz, 1H), 7.46 (d, J = 8.3 Hz, 2H), 7.27—7.19 (m, 2H), 6.96 (s, 1H), 1.35 (s,
9H). 13C NMR (126 MHz, CDCl3): & 156.1, 154.8, 151.8, 129.3, 127.7, 125.7, 124.7,
124.0,122.8,120.7,111.1, 100.7, 34.7, 31.2.

Spectral data for this compound showed good agreement with literature data [8].

2-(3,5-Dimethoxyphenyl)benzofuran (3ae)

Compound 3ae was synthesized by the method described for compound 3bb using 2-
fluorobenzofuran (1a, 28 mg, 0.20 mmol), (3,5-dimethoxyphenyl)boronic acid (2e, 44
mg, 0.24 mmol), Ni(cod)2 (5.5 mg, 0.020 mmol), PCys (11 mg, 0.040 mmol), 1,5-
cyclooctadiene (2.5 pL, 0.020 mmol), K2CO3s (55 mg, 0.40 mmol), toluene (2.0 mL),
and H20 (0.4 mL).

A colorless oil, 38 mg, 73% vyield.
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IH NMR (400 MHz, CDCls): § 7.58 (d, J = 7.6 Hz, 1H) 7.52 (d, J = 8.1 Hz, 1H), 7.30—
7.23 (m, 2H), 7.04-7.02 (m, 3H), 6.48 (t, J = 2.2 Hz, 1H), 3.88 (s, 6H). 2*C NMR (126
MHz, CDCls): & 161.0, 155.6, 154.7, 132.1, 129.0, 124.3, 122.9, 120.9, 111.1, 102.9,
101.8, 101.0, 55.4.

Spectral data for this compound showed good agreement with literature data [8].

2-Phenylnaphtho[2,1-b]furan (3ba)
o L)
(-
9

Compound 3ba was synthesized by the method described for compound 3bb using 2-
fluoronaphtho[2,1-b]Jfuran (1b, 56 mg, 0.30 mmol), phenylboronic acid (2a, 38 mg, 0.31
mmol), Ni(cod)2 (4.2 mg, 0.015 mmol), PCys (8.4 mg, 0.030 mmol), 1,5-cyclooctadiene
(2.8 pL, 0.015 mmol), K2CO3 (50 mg, 0.36 mmol), toluene (3.0 mL), and H20 (0.6 mL).
A white solid, 71 mg, 96% yield.

'H NMR (500 MHz, CDCls): & 8.16 (d, J = 8.2 Hz, 1H) 7.95-7.91 (m, 3H), 7.72 (d, J =
9.0 Hz, 1H), 7.68 (d, J = 9.0 Hz, 1H), 7.59 (ddd, J = 8.1, 7.0, 1.2 Hz, 1H), 7.51-7.45
(m, 4H), 7.35 (t, J = 7.4 Hz, 1H). 3C NMR (126 MHz, CDCls): & 155.3, 152.3, 130.6,
130.4, 128.80, 128.76, 128.2, 127.6, 126.2, 125.1, 124.6, 124.52, 124.48, 123.4,

112.2, 100.4.

Spectral data for this compound showed good agreement with literature data [8].
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2-[4-(tert-Butyl)phenyl]naphtho[2,1-b]furan (3bd)
o O tBu
(3

Compound 3bd was synthesized by the method described for compound 3bb using 2-
fluoronaphtho[2,1-bJfuran (1b, 55 mg, 0.30 mmol), [4-(tert-butyl)phenyl]boronic acid
(2d, 54 mg, 0.30 mmol), Ni(cod)2 (4.3 mg, 0.016 mmol), PCys (8.2 mg, 0.029 mmol),
1,5-cyclooctadiene (1.8 pL, 0.015 mmol), K2COs (51 mg, 0.37 mmol), toluene (3.0 mL),
and H20 (0.6 mL).

A white solid, 84 mg, 94% yield.

'H NMR (400 MHz, CDCls): & 8.15 (d, J = 8.2 Hz, 1H), 7.93 (d, J = 8.1 Hz, 1H), 7.86—
7.84 (m, 2H), 7.68-7.66 (M, 2H), 7.57—7.55 (m, 1H), 7.49-7.46 (m, 4H), 1.36 (s, 9H).
13C NMR (100 MHz, CDCls): § 155.6, 152.2, 151.5, 130.4, 128.8, 127.9, 127.6, 127.4,

126.1, 125.8, 124.8, 124.6, 124.5, 123.5, 112.3, 99.8, 34.7, 31.3.

Spectral data for this compound showed good agreement with literature data [9].

2-(4-Methoxyphenyl)naphtho[2,1-b]furan (3bf)
o O OMe
(3

Compound 3bf was synthesized by the method described for compound 3bb using 2-
fluoronaphtho[2,1-b]furan (1b, 39 mg, 0.21 mmol), (4-methoxyphenyl)boronic acid (2f,

38 mg, 0.25 mmol), Ni(cod)2 (2.8 mg, 0.010 mmol), PCys (5.6 mg, 0.020 mmol), 1,5-
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cyclooctadiene (1.2 pL, 0.010 mmol), K2COs (55 mg, 0.40 mmol), toluene (2.0 mL),
and H20 (0.4 mL).

A white solid, 54 mg, 94% vyield.

'H NMR (400 MHz, CDCls): 8 8.14 (d, J = 8.2 Hz, 1H), 7.93 (d, J = 8.1 Hz, 1H), 7.84
(d, J = 8.8 Hz, 2H), 7.70-7.65 (m, 2H), 7.59-7.47 (m, 2H), 7.36 (s, 1H), 6.99 (d, J =
8.8 Hz, 2H), 3.85 (s, 3H). 3C NMR (126 MHz, CDCls): & 159.8, 155.5, 152.0, 130.4,
128.7,127.5,126.12, 126.06, 124.7, 124.5, 124.4, 123.52, 123.45, 114.3, 112.2, 98.8,
55.3.

Spectral data for this compound showed good agreement with literature data [10].

2-[4-(Trifluoromethyl)phenyllnaphtho[2,1-b]furan (3bg)
o O CF,
(3

Compound 3bg was synthesized by the method described for compound 3bb using 2-
fluoronaphtho[2,1-b]furan (1b, 56 mg, 0.30 mmol), [4-(trifluoromethyl)phenyl]boronic
acid (2g, 57 mg, 0.30 mmol), Ni(cod)2 (17 mg, 0.060 mmol), PCy3 (34 mg, 0.12 mmol),
1,5-cyclooctadiene (7.4 pL, 0.060 mmol), KsPOa4 (76 mg, 0.36 mmol), toluene (3.0 mL),
and H20 (0.6 mL).

A white solid, 74 mg, 78% yield.

'H NMR (500 MHz, CDCls): & 8.17 (d, J = 8.0 Hz, 1H), 8.01 (d, J = 8.3 Hz, 2H), 7.96
(d, J = 8.2 Hz, 1H), 7.78=7.69 (m, 4H), 7.63=7.61 (m, 2H), 7.52 (dd, J = 8.0, 7.1 Hz,
1H). 3C NMR (100 MHz, CDCls): § 153.6, 152.8, 133.8, 130.5, 129.8 (q, Jcr = 32 Hz),
128.9, 127.6, 126.6, 126.2, 125.9 (q, Jcr = 4 Hz), 124.9, 124.6, 124.3, 124.1 (q, JcF =
271 Hz), 123.4, 112.3, 102.4. °F NMR (470 MHz, CDCls): § 100.3 (s). IR (KBr): 3066,

S10



2929, 1616, 1412, 1325, 1169, 1128, 1072, 1012, 922, 841, 802, 750, 675, 594 cm™.

HRMS (EIl): m/z Calcd for C19H11F30 [M]*: 312.0762; Found: 312.0770.

Ethyl 4-(naphtho[2,1-b]furan-2-yl)benzoate (3bh)

o/ O CO,Et
5

Compound 3bh was synthesized by the method described for compound 3bb using 2-
fluoronaphtho[2,1-b]furan (1b, 38 mg, 0.20 mmol), [4-(ethoxycarbonyl)phenyl]boronic
acid (2h, 47 mg, 0.24 mmol), Ni(cod)2 (2.9 mg, 0.011 mmol), PCys (5.7 mg, 0.020
mmol), 1,5-cyclooctadiene (1.2 pL, 0.010 mmol), K2COs (57 mg, 0.41 mmol), toluene
(2.0 mL), and H20 (0.4 mL).

A white solid, 35 mg, 54% vyield.

'H NMR (400 MHz, CDCls): & 8.19-8.13 (m, 3H), 7.99-7.95 (m, 3H), 7.77 (d, J = 9.4
Hz, 1H), 7.70 (d, J = 9.4 Hz, 1H), 7.65 (s, 1H), 7.62 (ddd, J = 8.4, 6.8, 0.8 Hz, 1H), 7.51
(ddd, J = 8.2, 6.8, 1.4 Hz, 1H). 3C NMR (100 MHz, CDCls): & 166.2, 154.2, 152.9,
134.5, 130.5, 130.2, 129.8, 128.9, 127.6, 126.6, 126.1, 124.8, 124.4, 124.3, 123.4,
112.3, 102.5, 61.1, 14.4. IR (KBr): 3057, 2981, 1712, 1608, 1410, 1367, 1279, 1178,
1105, 1022, 989, 856, 810, 768, 690 cm™t. HRMS (FD): m/z Calcd for C21H1603 [M]*:

316.1099; Found: 316.1105.
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2-(Naphthalen-2-yl)naphtho[2,1-b]furan (3bi)

Jes
5

Compound 3bi was synthesized by the method described for compound 3bb using 2-
fluoronaphtho[2,1-b]furan (1b, 56 mg, 0.30 mmol), 2-naphthylboronic acid (2i, 51 mg,
0.30 mmol), Ni(cod)2 (4.1 mg, 0.015 mmol), PCys (8.5 mg, 0.030 mmol), 1,5-
cyclooctadiene (1.8 pL, 0.015 mmol), K2COs (50 mg, 0.36 mmol), toluene (3.0 mL),
methanol (0.6 mL), and H20 (0.6 mL).

A white solid, 62 mg, 70% vyield.

'H NMR (500 MHz, CDCls): § 8.42 (s, 1H), 8.21 (d, J = 8.2 Hz, 1H), 8.01-7.92 (m, 4H),
7.86 (d, J=8.0Hz, 1H), 7.76 (d, J = 9.0 Hz, 1H), 7.74 (d, J = 9.0 Hz, 1H), 7.65 (s, 1H),
7.62 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H), 7.55-7.51 (m, 3H). 13C NMR (126 MHz, CDCl3): &
155.4, 152.5, 133.5, 133.1, 130.5, 128.8, 128.6, 128.4, 127.9, 127.8, 127.6, 126.7,
126.4, 126.3, 125.4, 124.63, 124.61, 123.5, 123.4, 122.7, 112.3, 101.1.

Spectral data for this compound showed good agreement with literature data [11].

7-Methoxy-2-phenylbenzofuran (3ca)

Compound 3ca was synthesized by the method described for compound 3bb using 2-
fluoro-7-methoxybenzofuran (1c, 56 mg, 0.33 mmol), phenylboronic acid (2a, 37 mg,

0.31 mmol), Ni(cod)2 (4.1 mg, 0.015 mmol), PCys (8.1 mg, 0.029 mmol), 1,5-
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cyclooctadiene (1.8 pL, 0.015 mmol), K2COs (50 mg, 0.36 mmol), toluene (3.0 mL),
and H20 (0.6 mL).

A white solid, 46 mg, 67% vyield.

'H NMR (500 MHz, CDCl3): & 7.89 (d, J = 7.4 Hz, 2H), 7.44 (dd, J = 7.9, 7.4 Hz, 2H),
7.36—7.33 (m, 1H), 7.19-7.13 (m, 2H), 7.01 (s, 1H), 6.80 (d, J = 6.7 Hz, 1H), 4.05 (s,
3H). 13C NMR (126 MHz, CDCls): & 156.0, 145.3, 144.1, 130.9, 130.3, 128.7, 128.5,
125.0, 123.6, 113.3, 106.6, 101.6, 56.1.

Spectral data for this compound showed good agreement with literature data [12].

7-Ethoxy-2-phenylbenzofuran (3da)

Compound 3da was synthesized by the method described for compound 3bb using 7-
ethoxy-2-fluorobenzofuran (1d, 54 mg, 0.30 mmol), phenylboronic acid (2a, 37 mg,
0.31 mmol), Ni(cod)2 (4.1 mg, 0.015 mmol), PCys (8.1 mg, 0.029 mmol), 1,5-
cyclooctadiene (1.8 pL, 0.015 mmol), K2COs (50 mg, 0.36 mmol), toluene (3.0 mL),
and H20 (0.6 mL).

A colorless oil, 46 mg, 65% yield.

'H NMR (500 MHz, CDCls): & 7.89 (d, J = 8.0 Hz, 2H), 7.44 (dd, J = 8.0, 7.5 Hz, 2H),
7.34 (t, J = 7.5 Hz, 1H), 7.17 (d, J = 7.6 Hz, 1H), 7.12 (dd, J = 7.8, 7.6 Hz, 1H), 7.00
(s, 1H), 6.80 (d, J = 7.8 Hz, 1H), 4.32 (g, J = 7.0 Hz, 2H), 1.54 (t, J = 7.0 Hz, 3H). 13C
NMR (126 MHz, CDCls): & 155.9, 144.5, 144.3, 131.0, 130.4, 128.7, 128.5, 125.0,
1235, 113.2, 108.1, 101.6, 64.7, 15.0.

Spectral data for this compound showed good agreement with literature data [12].
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2-Phenylbenzo[b]thiophene (5)

Compound 5 was synthesized by the method described for compound 3bb using 2-
fluorobenzo[b]thiophene (4, 45 mg, 0.29 mmol), phenylboronic acid (2a, 37 mg, 0.30
mmol), Ni(cod)2 (17 mg, 0.060 mmol), PCys (34 mg, 0.12 mmol), K2COs (50 mg, 0.36
mmol), toluene (3.0 mL), and H20 (0.6 mL).

A white solid, 29 mg, 48% yield.

'H NMR (500 MHz, CDCls): 8 7.82 (d, J = 7.8 Hz, 1H), 7.77 (d, J = 7.7 Hz, 1H), 7.71
(d, J = 7.5 Hz, 2H), 7.54 (s, 1H), 7.42 (dd, J = 7.9, 7.5 Hz, 2H), 7.36-7.29 (m, 3H). 13C
NMR (126 MHz, CDCls): ¢ 144.2, 140.7, 139.5, 134.3, 128.9, 128.2, 126.5, 124.5,
124.3,123.5,122.2,119.4.

Spectral data for this compound showed good agreement with literature data [13].

4. Orthogonal coupling reactions of aromatic C—F and C-Br bonds

2-Fluoro-5-[4-(trifluoromethyl)phenyllbenzofuran (1f)

F
(3
(
FsC
To the mixture of 5-bromo-2-fluorobenzofuran (le, 357 mg, 1.66 mmol), [4-
(trifluoromethyl)phenyl)]boronic acid (2g, 453 mg, 2.39 mmol), Pd(PPhs)s (92 mg,
0.080 mmol), KsPOa4 (1.27 g, 5.98 mmol), and H20 (0.18 mL, 10 mmol) was added 1,4-

dioxane (5.3 mL). After stirring at 80 °C for 12 h, the reaction mixture was diluted with
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H20. Organic materials were extracted with dichloromethane three times. The
combined extracts were washed with brine and dried over Na2SOa. After removal of
the solvent under reduced pressure, the residue was purified by silica gel column
chromatography (hexane) to give 1f (444 mg, 95%) as a white solid.

'H NMR (500 MHz, CDCl3): § 7.73-7.65 (m, 5H), 7.47—7.43 (m, 2H), 5.91 (d, Jur = 6.6
Hz, 1H). 3C NMR (126 MHz, CDCls): & 160.9 (d, Jcr = 281 Hz), 147.7, 144.9, 135.9,
129.2 (g, Jcr = 32 Hz), 128.6 (d, Jcr = 3 HZ), 127.6, 125.7 (q, Jcr = 4 Hz), 124.3 (q, JcF
= 272 Hz), 123.0 (d, Jcr = 4 Hz), 119.5 (d, Jcr = 6 Hz), 111.3, 78.6 (d, Jcr = 14 Hz).
192 NMR (376 MHz, CDCls): 6 100.5 (s, 3F), 52.3 (d, Jen = 7 Hz, 1F). IR (KBr): 3149,
1637, 1468, 1323, 1165, 1124, 1068, 976, 843, 810, 777, 671 cm™. HRMS (EI): m/z

Calcd for CisHsF4O [M]*: 280.0511; Found: 280.0522.

2-Phenyl-5-[4-(trifluoromethyl)phenyl]benzofuran (3fa)

Compound 3fa was synthesized by the method described for compound 3bb using 2-
fluoro-5-[4-(trifluoromethyl)phenyllbenzofuran (1f, 85 mg, 0.30 mmol), phenylboronic
acid (2a, 38 mg, 0.31 mmol), Ni(cod)2 (4.2 mg, 0.015 mmol), PCys (8.2 mg, 0.029
mmol), 1,5-cyclooctadiene (1.8 pL, 0.015 mmol), K2COs (50 mg, 0.36 mmol), toluene
(3.0 mL), and H20 (0.6 mL).

A white solid, 83 mg, 81% yield.

'H NMR (400 MHz, CDCls): 8 7.89 (d, J = 6.8 Hz, 2H), 7.78 (d, J = 1.6 Hz, 1H), 7.75-

7.69 (m, 4H), 7.60 (d, J = 8.8 Hz, 1H), 7.52—7.45 (m, 3H), 7.38 (t, J = 7.4 Hz, 1H), 7.08
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(s, 1H). 23C NMR (100 MHz, CDCls): § 157.0, 154.9, 145.2, 135.1, 130.2, 129.9, 129.0
(g, Jcr = 32 Hz), 128.85, 128.85, 127.6, 125.7 (q, Jcr = 4 Hz), 125.0, 124.5 (q, JcF =
270 Hz), 123.9, 119.6, 111.5, 101.3. °F NMR (376 MHz, CDCl3): & 99.4 (s).

Spectral data for this compound showed good agreement with literature data [14].

5. Formation of nickelacyclopropane Eb

o F

Q Ni(PCys),

To the mixture of 2-fluoronaphtho[2,1-bJfuran (1b, 18 mg, 0.098 mmol), Ni(cod)2 (28
mg, 0.10 mmol), PCys (56 mg, 0.20 mmol), 1,5-cyclooctadiene (12 yL, 0.098 mmol),
and K2COs (17 mg, 0.12 mmol) were added toluene (1.0 mL) and H20 (0.2 mL). After
stirring at room temperature for 13 h, the formation of nickelacyclopropane Eb was
confirmed by '°F and 3!P NMR measurement and HRMS analysis.

1F NMR (470 MHz, CDCls): § 55.0 (br dd, Jrp = 53, 42 Hz). 3P NMR (202 MHz, CDClz3):
0 40.5-38.6 (br s, 1P), 33.4-32.0 (br s, 1P). HRMS (FD): m/z Calcd for CasH73FNIOP2

[M]": 804.4474; Found: 804.4449.
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7.1H, 13C, and °F NMR charts

2-Phenylbenzofuran (3aa)
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2-(3-Methylphenyl)benzofuran (3ab)
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2-(2,5-Dimethylphenyl)benzofuran (3ac)
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2-[4-(tert-Butyl)phenyl]benzofuran (3ad)
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2-(3,5-Dimethoxyphenyl)benzofuran (3ae)
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2-Phenylnaphtho[2,1-b]furan (3ba)
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2-(3-Methylphenyl)naphtho[2,1-b]furan (3bb)
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2-[4-(tert-Butyl)phenyl]naphtho[2,1-b]furan (3bd)
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2-(4-Methoxyphenyl)naphtho[2,1-b]furan (3bf)
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= 3-MAR-2024 12:41:05

5-MAR-2024 12:06:55

= hy-240305-514_proton-1-5.3
= delta

-
-
<
— = single pulse
=} = 1D COMPLEX
24 = 52429
o = Proton
L - = Ippm]
= 25 -
11 1TE5= = TM-ECS400
g_ = DELTAZ MR
= 9.389766(T] (400 [MHz])
el = 8.73463808 [s]
=] = 18
- = 399.78219838 [MAz]
a = 5[ppa]
= 65536
-1
;_ = 0.11448671 (Hz]
= 7,5030012 [kifz]
- = 6.00240096 [kBz]
o = Prof
= 399,78215638 (Miiz]
o = 5(ppm}
=1 Tri_l = Proton
Tri_Freq = 399.782196838 [MEz)
- - Tri_Offset = 5[ppal.
-] M : .
=8
e - | - PN YR =8
T T i T T T T T T T T T Multinﬂ_b.lly = §[a]
10.0 9.0 8.0 7.0 6.0 50 4.0 30 20 10 0 Recvr_Gain = 42
»_Get. = 21.9[dC]
% AQI\%\ X_90 Wideh = 14,25(us]
X Aog_Time = 8.73463808[a]
;ﬁ'}gwﬁmnwma\\ncvm - X Angle = 4s[deq)
SAZCICACREER2 RS g Cr S rish
So8adREhRIREREG & Tr Modo Toa
9000 0~ B B~ I 0~ IS S S S S 8 L Tri Mode = off
X : parts per Million : Proton
13C
WME  hy-240312-53¢
o 1
Iz T
Data. 20200312
Time 13.46
OHO MY TWOWR W W N W e
COWXMAMNANDMON MO~ O~ oy eotrac | UReoe
NHO @NMAN M N WD~ 0N o~ o s
oM THONTONTNAM ™ i gL
I I R T R T ™ H
DN OO~ OOTTTOMT N - . s 30501030 1z
DWW NONNNNNNNNCN A A 0 et vine =
A A A A A A A A A O 0 & 183
oW 16.350 usec
oE 2500 usm
] sSs\g==/ g
o 1.00000000 sac
o1 4.03000000 sec
™0 1
S T p—
13
7.10 uses
-1.08 4B
1257718338 hz
O —
it
fri
80.00 usec
iz 90 @b
0 g8
P13 16100 a8
s 500.1320008 Mz
st 32768
s 128.7671972 iz
o ]
se8 o
ia 1.00 ke
B o
wc 140
\ Ml
" -
T T T T T T T T T
180 160 140 120 100 80 60 40 20 Ppm
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2-[4-(Trifluoromethyl)phenyllnaphtho[2,1-b]furan (3bg)

8.1826
B.1665
8.0212
8.0046
7.9685
7.9522
7.7779
7.7600
7.7236
7.6883
7.6334
7.6273
7.6198
7.6054
7.5329

é
§

7.5170
7.5028

CF;

NAME hy-240312-613
EXPNiO 1
PROCNO 1
Date_ 20240312
Time 13,34
INSTRUM avs00
PROBHD 5 mm PHONP Swi
PULEROG 2930
£ 65536
SOLVENT cpcl3
NS 8
DS 2
SHi 7507.507 He
FIDRES 0.114555 Hz

4.3648143 sec
322.5
66.600 usec
6.00 usec
285.3 K
1.00000000 sec
1

CHANNEL f1 mswemes=

P1 9.80 usec
PL1 -2.00 dB
SFOL 500.1332508 MHz
51 32768

SF 500.1300157 MHz
WDH EM

538 0

13 0.10 Hz
GB [l

BC 10.00

|
AR T T T T T T T T
10 9 8 7 6 4 3 2 ppm
Nt WO (|
Ol ||| |o
| (G| |
ol |o|m ||~
1hy-240312-613_carbon-1-4,jdf
0
v
'
ol
2] CF4
HFCh%: hy-240312-613_carbon-1-1, jdf
Filename = hy-240312-613_carbon-1-4.9
Author = delta .
Experiment = carbon. jxp
Sample_Id = by-240312-613
Solvent =
1 Creation Tims =
o Revision Time =
< Current_Time =
Comment. =
Data_Format -
: Dinm Size =
1 . Dim Title =
Dim Units =
Dimensions =
Site =
] Spectromater . = DELTAZ MR
9.389766(T] (400 [MHz])
2.08666624[s]
- 13c
=4 100.52530333 [MHz]
100 [ppm]
65536
4 4
0.47923332[Az]
31.40703818 k)
25.12562814 [kitz]
399, 76219038 [MEz]
& [ppm)
FALSE
. 1024
g l 1024
i : - foadh e R petar = 21
o 4 _Get. = 22.1[dC]
T T T T T T T T T T T T T A I B B A s R o WidbH = 8.5[us]
200.090.0 180.0 70,0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 700 60.01 500 40.0 300 200 100 o CAcq Time = 2.08666624 (]
 Angle = 30 [deg]
AN A iR - L
—Z <7 Hime.  Ihimee
¥§ §§§$£G E a 35%8 Irr_Atn Nos = 19.59(am]
g8 S22Z85 4 § 0 2g3s s Tmim
g8 B84338 2 § . Frre S i

X : parts per Million : Carbon
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19F

100.2817

CF;

T T
120 11

T
0 100

T
90

T
80

S28

T
-10

T
=20

T
-30

T
-40

T
=50

T
-60

ppm

HAME hy-230427-604~15¢
EXPN0 1
PROCHO 1
Date, 20230427
Time™ 10.41
INSTRIM avio0
PROBHD & mm QP 18/13
PULPRCG afl,

™ 200000
SOLVENT =t

S 8

s 4
s 94339, 625 Hz
FIDRES 0.471638 Hz
Ay 1.0600553 sec
RS 1290.2

o 5.300 usee
DE 6.00 usec
TE 295.0 K
b1 10.00000000 sec
00 1

memmmeme CHANNEL f] ms=smsces
HUC1 15F

Pl 4.50 usec
PLL -1,

SFO1 470.5267040 Mz
s1 131072

sF 470.5157541 Mz
WEW o

ssB 0

L8 1.00 Hr
a8 0

PC 3.00



Ethyl 4-(naphtho[2,1-b]furan-2-yl)benzoate (3bh)

S
- JEOL
2 Et
E CO;, RESONANCE
<
< [t o7 JROCESSING PARAMETERS ----
— [ dc b.unc-(
] [ogen sexp( 0.2[Hz], 0
o] S o t .puosd( o8], om, som, 100(%] )
- - < zerofill( 1 )
— ) ££t( 1, TRUE, TRUE )
machinepha:
S ppm
o
et BUFICE#%: : C6H4CO2Et_2_proton-1-1.jdf
<
<
S Filename = C6HACO2Et_2_proton-1-6.j
- Author = delta
] Experiment = proton. 3
o . Sample_Id C6HACO2EL_2
= = Solvent = CHLOROFORM-D
= Creation_Time = 20-SEP-2024 16:48:48
Revision Ti = 20-SEP-2024 18:23:13
o | Current_Time = 20-SEP-2024 18:37:22
oo
c t = single_pulse
Data_Format = 1D COMPLEX
< Dim Size = 13107
Lot Dim_Title = Proton
1 ‘ Dim Units = [ppm]
o | Dimensions X
O ‘ Site = JNM-ECS400
Spectrometer = DELTA2_NMR
s
S = n.u |_Strength = 9.389766[T] (400 [MHz])
w &= X_Acq Duration = 2.18365952(s]
— = X_Domain =18
‘ X_Freq 399.78219838 [MHz]
D= f X_Offset = 5[ppm]
~+ | X_Points = 16384
| X_Prescans =
o ‘ X_Resolution = 0.45794685 [Hz]
B X_Sweep = 7.5030012 [kHz]
f X_Sweep_Clipped = 6.00240096 [kHz]
Irz Domain = Proton
S Irr_Freq = 399.78219838 [MHz]
~ Irr_Offset = 5(ppm)
A A Tri_Domain = Proton
Tri_Freq = 399.78219838 [MHz]
8 Tri Offset = 5[ppm]
g Clipped = FALSE
= Scans =38
J Total_Scans =8
2o W " . -
« e S ———— S—— rr Relaxation_Delay = 5[s]
Recvr_Gain = 50
10.0 3.0 Temp_Get = 25.7[dC]
X_90_Width 6.87[us]
X_Acq_Time 2.18365952(s]
\ X_Angle = 45(deg]
@ - X_Atn = 1.8[dB]
3 3 X_Pulse = 3.435[us]
< e Irr_Mode = Off
Tri_Mode = off
X : parts per Million : Proton
o CO,Et RESONANCE
~--- PROCESSING PARAMETERS ----
de balance( 0, FALSE )
1 exp( 2.0[Hz], 0.0[s] )
1 trlpulnid( oft ] ‘0[], 80[%], 100(%] )
< zerofill( 1)
o ££t( 1, TRUE, TRUE )
) machinephase
ppm
RIT(Ch3E: : C6HACO2EE_2_carbon-2-1.jdf
1 Filename = C6HACO2Et 2 carbon-2-4.3
Author =
1 Exparimant = earbon_jx
o1 Sample_Id = CEHACO2EL 2
=4 Solvent =
& Creation_Time =
1 Revision Time =
Current_Time =
1 Comment. = single pulse decoupled g
1 Data Format = 1D COMPLEX
| Dim Size = 26214
Dim_Title = carbonl3
Dim _Units = [ppm]
mmuuuu =x
ite = JNM-ECS400
Epicr_zcmblz = DELTA2_NMR
= Field Strength = 9.389766[T] (400 [MHz])
= X Acq Duration = 1.04333312(s)
1 X in =
X_Fregq < 1a. 52530333 [MHz]
X_Offset = 100 [ppm]
X_Points = 32768
X_Prescans =4
X Resolution = 0.95846665 [Hz]
X_Sweep = 31.40703518 [kHz]
1 X_Sweep_Clipped = 25.12562814 [kAz]
] Irr_Domain = Proton
Irr Freq = 399.78219838 [MHz]
-~ 1 Irr Offset = S[ppam]
2 ] Clipped = FALSE
] N N Scans = 55000
E <y - - Total_Scans = 55000
) Relaxation Delay = 2[s]
8 Recvr_Gain =50
= Temp_Get = 25.5[dc]
T T T T T T T T T T T T T T x 90_width = 10.68[us]
210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0-10.0 } ::;T:m z ;c',';;f;;“u"]
Il | | X A = 5[dB]
‘ '\ | ‘ x_pm = 3.56[us]
/A \ ITr_Atn_| = 26.275[dB]
+ ar w N co o ~ Irr_Atn_Noe = 26.275[dB]
a & S = a3 2 2 Irr Noise = WALTZ
S S N o = - = < Irr_Pwidth = 0.115[ms]
] v =1 -~ -~ ) — Decoupling = TRUE
X : parts per Million : Carbon{3
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2-(Naphthalen-2-yl)naphtho[2,1-b]furan (3bi)

TOOOMMNITIENHTMNOINVOVOMATOO AV ION O
NOOVLOWVWOITITOVCRNODONOOWWINTHAN L LW "“N:m hv'23°313-503
NMHOVOVUILINTNMNHHOOIIMMANHA—HOO O OO ® i 3
AN~V OLVVVLVVNVWVOWVNNWG T I T Date 20240313
Thoe= 616
[ e o S S o o o o e ol St St Sl ut Sud S St ol ool o ol ol ol ol Sl ol ol ol o INSTRUM av500
PROBHD 5 mm PHQNP Swi
PULPROG g.
™ 65536
SOLVENT coe13
NS 8
DS 2
SWH 7507.507 Hz
FIDRES 0.114555 Hz
A 4.3648143 sec
RG 362
oW 66.600 usec
0 6.00 usec
TE 295.7 K
O D1 1.00000000 sec
™0 1
wmemene CHANNEL f] mmessses
NUC1 1K
Pl 9.80 usec
PL1 ~2.00 d8
SFol 500.1332508 MHz
S1 32768
SF 500.1300159 MHz
WOW EM
1 SSB 0
LB 0.10 Hz
] GB 0
PC 10.00
|
|
|
. L M
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
(I=IRI I RA R [
o0l
o|o|lo|ojoolo
o< |||,
13C
WO hy-230313-803-13¢
EXPNO 1
PROCHO i
Date_ 2024013
Time 16.24
CFOANSINMONWOW-rOVWODONA~OMAOAMO Lol
HONANODEDANOMOMANWD N NLWO ™ imca o agpga0
TTNMOUANVDN OV NN NHWYO®E W e
FUNAIFONMOODOVOMMMOOTIONO et oo
LANMMNMO@EEE-WOWOWWOTFMNOMNN - WL
DWOMMNNNNNNNNNNNNNNNAO 105939788 sec
A A A A A A A A A A A A A A A A A ] 163984
%W// % 5% we
= 2965 K
n 1.00080050 sec
1 9.03000000 38c
™ 1
T —
woct T3¢
Pl .10 usee
L -1.00 an
s 1257718239 M
mmems CHANNEL {2 smwmmmem
cromez walesie
wuez
ecpi 80.00 uzec
PL2 =2.00 dB
Pz 16100 o8
PLi3 16,00 a
i 500.1320605 Mz
a1 i
WOk ™
a5 o
5 1.00 ue

L
& 0
BC 1.40

T T T T T
180 160 140 120 100 80 60 40 20 ppm
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7-Methoxy-2-phenylbenzofuran (3ca)

FHAAAINONONRMNITHIOMN O AN ©
OO OATNOATOOWOAOI-NAHMWOO O~ ~ NAME hY'23°3‘3'51§
NOOMMNANINONO~EE~OOWLTTON A O < Exmo 1
COIILLTNNN AAAAA A A A A O 00~ o rhoc Seavisis
; Date_ soais
e o N N S e N o L L i R < THSTRON avi00
PROBHD 5 mm PHQNP Swi
‘W ‘ PULPROG 2930
65536
SOLVENT cne13
NS 8
DS 2
| SWH 7507.507 Hz
FIDRES 0.114555 Kz
A 4.3648143 sec
RG 114
oW 666683 usec
DE 5 usec
MeO TE 295.6 K
o1 1.00000000 sec
o 00 1
T T —
NUC1 1H
P1 9.80 usec
PL1 -2,
501 500.1332508 Miiz
s1 32768
SF 500.1300208 Mtz
WOW EM
8§88 0
1B 0.10 Hz
GB
PC 10.00
1
i I
|
| i
A L
T T T T T T T T T T T
10 9 8 6 5 4 3 2 1 ppm
<| (< |~|m|o ™
oo 2]
o|lo|lo|olo|o o
e o] ™
13cC
W bp-23n3-512-13
v f
Erocio H
Sate. 20200313
O OwOMI-ONM o Tistam il
— YN OO OO W W [< BNTe} o~ ms-pmggp:};
N WO~ ORNG = O 0 o Ee
S NoOMNWNAWN W n = souvm &l
© O NTOoOo@IMM W o f - 20501,038 1z
N TTOMANNNNH O O ©
—H oA HAAA A A A %)
MeO . 13 e
=
o ;
PCPDZ 80.00 usec
B 2200 m
Fiiz 16.00 a8
i3 16:00
Seo2 500.1330308 it
/ &
i 1259573994 e
o e
S8 ]
i 1.00 e
& 0
3 140
" ot ——— " ’ L . "
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 ppm
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7-Ethoxy-2-phenylbenzofuran (3da)

OO oV WVWOVWOONMM<PTATAM™ O WO wwn wn WO
NMOALVTONAITADWOWONHENOME N © < oW o WRME hy-240312-509
CODETOMHANMNMATEOOMNNOOON MmN o nmo Exeno H
NOEOXITITITMNMONA A A O @~ SRR R 10w Peoene 0340815
[l el ol el ol o e el Y e e R ) - < s o A THerame 1500
PROBHD 5 mm PHQNP Swi
PULPROG 2930
ke 65536
SOLVENT coc13
NS ]
DS 2
SWH 7507.507 Hz
FIDRES 0.114555 He
AQ 4.3648143 sec
I RG 114
oW 66.600 usec
DE 6.00 usec
TE 295.1 K
Dl 1.00000000 sec
DO 1
N S £ R —
NUC1 1H
Pl 9.80 usec
PL1 2.0
SFO1 500.1332508 MHz
s8I 32768
| sF 500. 1300205 Mz
WDW EM
ssB 0
LB 0.10 Hz
GB 0
»C 10.00
' EtO
‘ 0}
T T T T T T T T T T T
10 9 8 1 6 5 4 3 2 1 ppm
N|| O | |O O 0
[eo] o] (] (o] (o] (o] o~ el
Y ISIEIE =) o o
N [N [ ~N ™M
13C
£ hy-240312-509-13¢
Trio i
pate. 20200m3
Time 1518
— NAOWHMOAOADW O ™M INSTRIM avs00
N OMMYWNWn~~ o &~ I w0 e ™ e
— MITOoONVWY-AMmMo = O ~ @ Ess3s
A Mo MmMUIOonN H © ~ © sovet 13
. e e e e e e g b=
N TY—SOoO@OOUMM o o . . S 30581039 He
wn TITOONNNNH O O < - frones e
- el A A A A A A~ 0 — BG 90.4
] 15380 usec
o 35:00 ueec
VNV
o 100000000 sec
D1l 0.03000000 sec
o i
memmmems CHANNEL f] ==s=s=ees
ot e
b 10 wiec
il _iio0 a8
550 1257718339 e
J————
Sooeac
woer ft]
beroe 000 usec
v 5100 an
L2 16.00 dB
¥ i
sFo2 500.132000% Mz
i
H 1257577988 s
ou 1
= o
B 100
S
H: L4
Sttt e b g A . S R VA——
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 ppm

S32



2-Phenylbenzo[b]thiophene (5)

7.8314
7.8158
7.7746
T.71592
7.7206
7.7058
7.5407
7.4359
7.4209
7.4051
7.3602
7.3470
73353
7.3206
7.3038
7.2896

|
|

&

NAME hy-240314-625
EXENO 1
PROCNO 1
Date_ 20240314
Time 19.55
INSTRUM av500
PROBHD 5 mm PHONP Swi
PULEROG 2930
™ 65536
SOLVENT coc13
Ns 8
DS 2
SHH 7507.507 Hz
FIDRES 0.114555 Hz
AQ 4.3648143 sec
RG 181
oW 66.600 usec
DE 6.00 usec
TE 295.
b1 1.00000000 sec
™0 1
Y Y 3 (—
NUC1

9.80 usec
PL1 -2.00
sFo1 500.1332508 Mz
sI 7
SF 500.1300234 MHz
WOH M
ssB 0
L8 0.10 Hz
68
RC 10.00

T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
o[H|N|o|~]o
o |o|o|-
o|ojo|o|o|-
O || [N
13C
NAME hy-240314-625-13¢
) 1
Roco
MITLODNITONHO T WU
CoVVOWLIFOMNMHO
—FOVWOWLONMWOV~OMITN
NOTNONTTNNDNT
TOATOOOVWTITNNORN
LTLOMONNNNNNNA
L R o B B e B B e B B B B [
SNV g
S 5
0 1.00000000 sec
o1 0.03000000 sec
™0 1
= CHAMNEL {] ==meza=
13c
n 7.10 usec
L1 -1:00 a8
sfoL 125.7716239 Wz
[ —
CPOPRG2
c2
S PcPoz
2
P12
a3 16.00 d3
sroz 500.1320005 Wiz
sz 32768
wow ]
ss8 o
18 1.00 B2
G 0
i 1.40
T T T T T T T T
160 140 120 100 80 60 40 20 ppm
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2-Fluoro-5-[4-(trifluoromethyl)phenyl]benzofuran (1f)
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NME  hy-230313-cfipheny)2-fluoro
ExpHo 1
aoci0 1
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THSTRIM aviD
HD S mm pHgME st
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0

abundance

hy-2403 13-cf3pf2-fluero_-luorine- 1-11 jdf

296

JEOL
'« RESONANCE

de_balanca( 0,

sexp( 0.2[Hz], 0.0(s] )

trapezodd( O[%], 0[%], 80[%], 1CO[%] )
zerofill( 1)

£t( 1, TRUE, TRUE.)

machinephase

PR
phase( 0.88434, 50.12159, 37.49621[4] )

EUFICH#: hy-240313-cf3pf2-fluoro_fluorine-1-1

T T T T
2100 1900 1700 | 1500 1300

X : parts per Million : Fluorine19

1004627 ——

w@
&84
=}

>

52.2685
52.2512

= hy-240313-c£3p£2-flucre_fl
= delta
= single pulse.jxp

= hy-240313-c£3p£2-fluoro

= CHLOROFORM-D

= 11-MAR-2024 20:17
= 13-MAR-2024 19
= 13-MAR-2024 19

= single_pulse
= 1D COMPLEX
= 209715

= Fluorine19
= [ppm)

=X B
= JHM-ECS400
Spectrometer = DELTAZ MMR

Field Strength = 9,389766[T] (400 (MHz))
¥ _Aoq Duration = 1.84549376[s]

¥ Domain =197

¥ Freq = 376.17105383 [MAz)
X 0ffset = -100 [ppm]

X Points = 262144
¥_Prescans =1

¥ Rasolution = 0.54186041[Hz]
142, 55 [kBz ]
= 113.
Fluorinel9
376.17105393 [MHz]
Irr_Offset = 5(ppm]
Tri Domain = Fluorinel!
Tri_Freq = 376.17105393 [MEz]
Tri_Offset -5 1
1pped - palaE -

Total Scans =8
Relaxation Delay = 5[a]
Recvr_Gain =54

Temp Get = 21,2(4C]

= 23[us]
= 1.84549376(s]
= 45[deg]

¥ Atn = 3.2[dB]
X_Pulse = 11.5[us]
Irr Mode = Off
Tri_Mode = off




2-Phenyl-5-[4-(trifluoromethyl)phenyl]benzofuran (3fa)

JEOL

=
= RESONANCE
= ---- PROCESSING PARAMETERS ----
- de_balance( 0, FALSE
Al sexp( 0.2[Hz], 0.0[s] )
S trapezoid( O[%], 0[%], BO[%], 100[%] )
[ zerofill( 1 )
£££( 1, TRUE, TRUE )
machineph:
(o) PEm
reference( -0.00694 [ppm], 0(ppm] )
=] BUFICH%: : CF3C6H4-Ph-nmr_proton-1-1.3jdf
< [9 /
e
Filename = CFIC6H4-Ph-nmr_proton-1-
Author = delta
< Experiment = proten. jxp
g | Sample_Td = CF3C6H4-Ph-nmr
Solvent = CHLOI -D
Creation_Time = 19-SEP-2024 18:35:04
Revision Time = 20-SEP-2024 17:50:50
Current_Time = 20-SEP-2024 17:52:00
< [ of F3C Comment = single_pulse
~ T Data_Format = 1D COMPLEX
N Dim_Size = 13107
Dim Title = Proton
Dim_Units = (ppm]
Dimensions =X
site = JHM-ECS400
: 3 Spectrometer = DELTAZ_NMR
Field Strength = 9.389766[T] (400 ([MHz])
o 1 X_Acq_Duration 2.18365952(s]
AN X_Domain =1
=B = X Fre: = 399.78219838 [MHz]
- X Offset = 5[ppm]
: X_Points 16384
= X _Prescans 1
X_Resolution 0.45794685 [Hz]
X_Sweep = 7.5030012 [kHz]
X_Sweep_Clipped = 6.00240096 [kHe)
Irr_Domain = Proton
= Irr_Freq = 39978219838 [MHz]
=4 Irr Offset 5 [ppm]
Tri_Domain = Proton
© Tri_Freq = 399.78219838 [MHz)
51 Tri_Offset = 5[ppm]
£ Clipped = FaLsE
'E I Scans =8
£ N U, NL_ Total_Scans =8
« T T e | Relaxation Delay = 5[s]
Recvr_Gain = 50
5.0 4.0 3.0 2.0 1.0 0 et = 25.8[dc)
X_90 Width = 6.87[us]
| X Acq_Time = 2.18365952[s]
X AngTe = 45[deg]
= X_Atn 1.8[dB]
S X_Pulse 3.435[us]
=] ITz_Mode = off
7 Tri_Mode = Off
o JEOL
=4
=1 0 RESONANCE
] ---- PROCESSING PARAMETERS ----
] dc_balance( 0, FALSE )
sexp( 2.0[Hz], 0.0[s] )
< trapezoid( 0[%], O[%], 80(%], 100[%] )
< zerofill( 1 )
e £€¢( 1, TRUE, TRUE )
] machinephase
1 ppm
1 BUFIC#®:: CFIC6H4-Ph-nmr_carbon_copy2-1-1.
ol
=
] FsC
3 Filename = CF3C6H4-Ph-nmr_carben_co;
1 Author = delta
] Experiment
i Sample_Id
< Solvent = CHLOROFORM-D
= Creation_Time = 19-SEP-2024 18:37:25
= Revision Time = 20-SEP-2024 18:17:21
} Current_Time = 20-SEP-2024 18:18:32
1 Comment = single pulse decoupled g
] Data_Format = 1D COMPLEX
Dim_Size = 26214
2 Dim Title Carbonl3
= Dim Units = [ppm]
Dimensions X
Site = JNM-ECS400
Spectrometer = DELTA2_NMR
1 Field Strength = 9.389766[T] (400 [MHz])
o1 X Acq Duration = 0[s]
=1 X _Domain = 13
& X_Freq = 100.52530333 [MHz]
X Offset 100 [ppm]
1 X_Points 32768
1 X_Prescans =4
1 X_Resolution = 0.95846665 [Hz]
X = 31.40703518 [kHz]
o1 X_Sweep_Clipped = 25.12562814 [kHz]
=4 Irr_Domain = Proton
— Irr_Freq = 399.78219838 [MHz]
| Irr Offset = 5[ppm]
) Clipped = FALSE
g ] Incomplete Copy = TRUE
g 1 Scans = 16950
g Total_Scans = 16950
5
é < .L o) " H Relaxation Delay = 2[s]
| 50
B R SRR Bt e R R A RS R SRR R RAT e e e = 25.5[dc)
210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 0.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0-10.0 z 106:1;;;{2[-1
| | | = 300deg)
- A = 5qas
I A ~ N NN = 3.56[us]
25 £ $23233 3 o283 T
g8 = 2F & =g =R+ = 26.275[dB]
- ) o5 o= = ] = WALTZ
wn ot a == o =~ = 0.115[ms]
X : parts per Million : Carbon13
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abundance

200

FsC

JEOL
RESONANCE

---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0(s] )

trapezoid( O[%], O[%], 80[&], 100[%] )
zerofill( 1 )

f£ft( 1, TRUE, TRUE )

ppm

phase ( -47.67466, 113.44544, 65.45094[%] )
base_correct ( . Smooth )

None, 0
phasa( 0, -210, 50(%] )
EVFICE%:: CF3C6H4-Ph-nmr fluorine proton-1

T T T T T T T T T T
140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 400 30.0 200 10.0

99.396

X : parts per Million : Fluorine19

0

T T
-10.0 -20.0

27-SEP-2024 12
27-SEP-2024 12

Filename = CF3C6H4-Ph-nmr fluorine
Ruthor = delta

Experiment = proton. jxp

sample_Id = CF3C6H4-Ph-nmr_fluorine
Solvent = CHLOROFORM-D
Creation_Time = 27-SEP-2024 10

Revision_Time
Current_Time

Comment = single_pulse
Data_Format = 1D REAL
Dim_Size = 13107
Dim_Title = Fluorineld
Dim_Units = [ppm]
Dimensions =X

Site = JNM-ECS400
Spectrometer = DELTAZ_NMR

9.389766[T] (400 [MHz])

Field_Strength
86.50752 [ms]

X_Req_Duration

X_Domain = 19F

X _Freq = 376.17105393 [MHz]
X Offset = 0[ppm]

X_Points = 16384

X_Prescans =1

X Resolution = 11.55968868 [Hz]
X_Sweep = 189.39393939 [kHz]
X_Sweep_Clipped = 151.51515152 [kHz]
ITr_Domai = Fluorineld
Irr_Freq = 376.17105393 [MHz]
Irr_Offset = 5(ppm)
Tri_Domain = Fluorineld
Tri_Freq = 376.17105393 [MHz]
Tri_Offset = 5[ppm]

Clipped = FALSE

Scans =

Total_Scans =8
Relaxation_Delay = 5(s]

Recvr_Gain = 50

Temp_Get = 24.4[dC)]
X_90_Width = 6.75[us]
X_Acq_Time = 86.50752[ms]
*_AngTe = 45[deq]

X_Atn = 2.3[dB]

X_Pulse = 3.375[us]
Irr_Mode = Off

Tri_Mode = off
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8. NMR and HRMS charts of nickelacyclopropane Eb

9F NMR
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HRMS

MS: 0.3192-0.3925 / FT083 / FD+ / / (129)
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