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1. General Statement

'H NMR, C NMR, and "’F NMR spectra were recorded on a Bruker Avance 500 spectrometer
at 500 MHz (‘"H NMR), at 126 MHz (°C NMR), and 470 MHz (*°F NMR). Chemical shift values
are given in ppm relative to internal MesSi (for 'H NMR: § = 0.00 ppm), CDCl; (for °C NMR: § =
77.0 ppm), and C¢Fs (for ’F NMR: & = 0.00 ppm). IR spectra were recorded on a Horiba FT-300S
spectrometer by the attenuated total reflectance (ATR) method. Mass spectra were measured on a
JEOL JIMS-T100GCV spectrometer. Gel permeation chromatography (GPC) was performed on a
Japan Analytical Industry LC-908 apparatus equipped with a JAIGEL-1H and -2H assembly.

Column chromatography was conducted on silica gel (Silica Gel 60 N, Kanto Chemical Co., Inc.).
Toluene, dichloromethane, and tetrahydrofuran (THF) were purified by a solvent-purification
system (GlassContour) equipped with columns of activated alumina and supported-copper catalyst
(Q-5) before use. 1,1,1,3,3,3-Hexafluoropropan-2-ol (HFIP) was distilled and stored over activated
molecular sieves 4A. Cyclohexane was distilled from MgSO4 and stored over activated molecular
sieves 4A. 1-Bromo-2-(2-phenylethynyl)benzene,' [2-(phenylethynyl)phenyl]boronic  acid,’
I-bromonaphthalen-2-yl trifluoromethanesulfonate,’ [2,2'-binaphthalen]-1-yl
trifluoromethanesulfonate,” 2-[(4-methylphenyl)ethynyl]-1,1'-biphenyl (1r), 2-[(4-
methoxyphenyl)ethynyl]-1,1'-biphenyl (1s),° 2-[(4-chlorophenyl)ethynyl]-1,1'-biphenyl (1t),” and
2-[(4-bromophenyl)ethynyl]-1,1'-biphenyl (1u)® were prepared according to the literature
procedures. Unless otherwise noted, materials were obtained from commercial sources and used

directly without further purifications.

2. Preparation of 2-(Phenylethynyl)biaryls

[Procedure A]
s &

Y/ PACly(PPhg), (5-7 mol%) Vi
Vi Na,CO3 (1.2—1.7 equiv)
R :
FG Toluene—EtOH—H,O (2/1/1) O / \\
70°C,2-6 h —/"FG
(1.2-1.3 equiv) 1

A toluene (3.0 mL), ethanol (1.5 mL), and H,O (1.5 mL) solution of
1-bromo-2-(phenylethynyl)benzene (1.2 mmol) was degassed by using the freeze-pump-thaw
method three times. To the mixture were added PdCIy(PPhs), (5—7 mol%), Na,COs (1.2—1.7 equiv),
and an arylboronic acid (1.2-1.3 equiv). After stirring at 70 °C for 2—6 h under nitrogen, the
reaction was quenched with an aqueous NH4Cl solution. Organic materials were extracted with
ethyl acetate three times. The combined extracts were washed with brine and dried over Na,SOs.
After the solvent was removed under reduced pressure, the residue was purified by silica gel

column chromatography to give the corresponding 2-(phenylethynyl)biaryl 1.
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[Procedure B]

PdCl,(PPh3), (5—-6 mol%) //
@ Na,COj3 (1.6-2.0 equiv)
X >
B(OH), FG Toluene-EtOH-H,O0 (2/1/1) O / \\
80°C,6h —/"FG
(1.2 equiv) =1, Br 1

A toluene (3.0 mL), ethanol (1.5 mL), and H,O (1.5 mL) solution of an aryl halide (1.5 mmol)
was degassed by using the freeze-pump-thaw method three times. To the mixture was added
PdCIy(PPhs), (5 mol%), Na,COs (1.5 equiv), and [2-(phenylethynyl)phenyl]boronic acid (1.2 equiv).
After stirring at 80 °C for 2-6 h under nitrogen, the reaction was quenched with an aqueous NH4Cl
solution. Organic materials were extracted with ethyl acetate three times. The combined extracts
were washed with brine and dried over Na,SO,4. After the solvent was removed under reduced
pressure, the residue was purified by silica gel column chromatography to give the corresponding
2-(phenylethynyl)biaryl 1.

2-(Phenylethynyl)-1,1'-biphenyl (1a)

4

Compound 1a was prepared according to Procedure A using 1-bromo-2-(phenylethynyl)benzene
(316 mg, 1.23 mmol), PdCl,(PPhs), (43 mg, 61 wmol), Na,CO; (162 mg, 1.5 mmol), and
phenylboronic acid (176 mg, 1.4 mmol) at 70 °C for 2 h. Purification by silica gel column
chromatography (hexane) gave 1a (235 mg, 75%) as a pale yellow oil.

'H NMR (500 MHz, CDCls): & 7.27-7.29 (m, 3H), 7.32-7.35 (m, 3H), 7.38-7.48 (m, 5H), 7.64—
7.68 (m, 3H). °C NMR (126 MHz, CDCl;): § 89.7, 92.6, 121.9, 123.8, 127.4, 127.8, 128.2, 128.4,
128.6, 128.9, 129.7, 129.8, 131.7, 133.2, 140.9, 144.3.

Spectral data for this compound showed good agreement with literature data.”

2-Methyl-2'-(phenylethynyl)-1,1'-biphenyl (1b)

4

Compound 1b was prepared according to Procedure A using 1-bromo-2-(phenylethynyl)benzene
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(312 mg, 1.21 mmol), PdCl,(PPhs), (43 mg, 61 wmol), Na,CO; (160 mg, 1.5 mmol), and
(2-methylphenyl)boronic acid (201 mg, 1.48 mmol) at 70 °C for 6 h. Purification by silica gel
column chromatography (hexane/chloroform = 100/3) gave 1b (182 mg, 56%) as a pale yellow oil.
"H NMR (500 MHz, CDCl3): & 2.20 (s, 3H), 7.11-7.13 (m, 2H), 7.15-7.17 (m, 3H), 7.22-7.33 (m,
7H), 7.58-7.60 (m, 1H). °C NMR (126 MHz, CDCls): & 20.0, 88.9, 92.3, 122.8, 123.3, 125.2,
127.0, 127.5, 127.9, 128.06, 128.10, 129.4, 129.6, 129.8, 131.3, 131.6, 136.2, 140.7, 144.7. IR
(neat): v 3059, 3020, 1491, 1442, 752, 746, 687 cm . HRMS (EI): m/z Caled. for Cy;Hys M]":
268.1247; Found: 268.1247.

3',5'-Dimethtyl-2-(phenylethynyl)-1,1'-biphenyl (1¢)

V4
O~
Compound 1¢ was prepared according to Procedure A using 1-bromo-2-(phenylethynyl)benzene
(312 mg, 1.21 mmol), PdCl,(PPhs), (47 mg, 66 wmol), Na,CO; (177 mg, 1.7 mmol), and
(3,5-dimethylphenyl)boronic acid (228 mg, 1.52 mmol) at 70 °C for 6 h. Purification by silica gel
column chromatography (hexane) gave 1c¢ (219 mg, 64%) as a pale yellow oil.
'H NMR (500 MHz, CDCls): § 2.39 (s, 6H), 7.04 (s, 1H), 7.28-7.29 (m, 3H), 7.30-7.31 (m, 3H),
7.32-7.35 (m, 2H), 7.38 (ddd, J=17.5, 7.5, 1.2 Hz, 1H), 7.42 (dd, J= 7.5, 1.2 Hz, 1H), 7.63 (dd, J =
7.5,0.9 Hz, 1H). °C NMR (126 MHz, CDCl;): 8 21.4, 89.6, 92.2, 121.4, 123.6, 126.8, 127.2, 128.0,
128.2, 128.4, 129.1, 129.4, 131.3, 132.8, 137.3, 140.4, 144.0. IR (neat): v 3059, 3032, 3022, 2916,

1603, 1493, 850, 750, 687 ¢cm . HRMS (ED): m/z Calcd. for CxnHig [M]": 282.1403; Found:
282.1411.

4'-Methyl-2-(phenylethynyl)-1,1'-biphenyl (1d)

4

OO
Compound 1d was prepared according to Procedure A using 1-bromo-2-(phenylethynyl)benzene

(312 mg, 1.21 mmol), PdCIy(PPhs), (43 mg, 61 umol), Na,CO; (163 mg, 1.5 mmol), and

(4-methylphenyl)boronic acid (210 mg, 1.54 mmol) at 70 °C for 6 h. Purification by silica gel

column chromatography (hexane) gave 1d (232 mg, 71%) as a pale yellow oil.

"H NMR (500 MHz, CDCls): § 2.43 (s, 3H), 7.25-7.32 (m, 6H), 7.35-7.42 (m, 4H), 7.58 (d, J= 8.1

Hz, 2H), 7.63-7.65 (m, 1H). °C NMR (126 MHz, CDCl3): § 21.2, 89.5, 92.1, 121.4, 123.5, 126.8,
128.0, 128.2, 128.5, 128.6, 129.2, 129.4, 131.3, 133.0, 137.2, 137.6, 143.7.
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Spectral data for this compound showed good agreement with the literature data.’

4'-(tert-Butyl)-2-(phenylethynyl)-1,1'-biphenyl (1e)

7

asa

Compound 1e was prepared according to Procedure A using 1-bromo-2-(phenylethynyl)benzene

(310 mg, 1.20 mmol), PdCl,(PPhs), (44 mg, 62 wmol), Na,CO; (168 mg, 1.6 mmol), and
[4-(tert-butyl)phenyl]boronic acid (262 mg, 1.47 mmol) at 70 °C for 6 h. Purification by silica gel
column chromatography (hexane) gave 1e (279 mg, 75%) as a pale yellow oil.
'H NMR (500 MHz, CDCl3): & 1.38 (s, 9H), 7.24-7.27 (m, 3H), 7.28-7.32 (m, 3H), 7.35 (ddd, J =
7.6, 7.6, 1.4 Hz, 1H), 7.42 (dd, J = 7.6, 1.3 Hz, 1H), 7.47 (d, J = 8.4 Hz, 2H), 7.60-7.63 (m, 3H).
BC NMR (126 MHz, CDCls): & 31.4, 34.6, 89.7, 92.2, 121.6, 123.6, 124.8, 126.8, 128.0, 128.2,
128.4, 129.0, 129.3, 131.3, 132.7, 137.6, 143.9, 150.3. IR (neat): v 3057, 2962, 2902, 2866, 1493,
1475, 833, 750, 733, 688 cm'. HRMS (EI): m/z Caled. for Cp4Hyy [M]": 310.1716; Found:
310.1716.

2'-(Phenylethynyl)-[1,1'-biphenyl]-4-ol (1f)

V4
I Hon

Compound 1f was prepared according to Procedure B using 4-bromophnol (262 mg, 1.52 mmol),
PdCIy(PPhs), (56 mg, 80 wmol), Na,CO; (292 mg, 2.75 mmol), and
[2-(phenylethynyl)phenyl]boronic acid (403 mg, 1.82 mmol) at 80 °C for 6 h. Purification by silica
gel column chromatography (hexane/ethyl acetate = 5/1) and GPC (chloroform) gave 1f (74 mg,
18%) as a red oil.
"H NMR (500 MHz, CDCl3): § 5.61 (br s, 1H), 6.90 (d, J = 8.5 Hz, 2H), 7.24-7.28 (m, 4H), 7.31-
7.36 (m, 4H), 7.54 (d, J = 8.5 Hz, 2H), 7.61 (d, J = 7.6 Hz, 1H). >C NMR (126 MHz, CDCl;): &
89.5,92.1,114.8, 121.3, 123.4, 126.6, 128.1, 128.2, 128.5, 129.3, 130.7, 131.3, 132.9, 133.2, 143.3,

155.0. IR (neat): v 3355, 3059, 3022, 1610, 1516, 1491, 1250, 1215, 1173, 748, 688 cm '. HRMS
(ED): m/z Caled. for Co0H140 [M]": 270.1039; Found: 270.1040.
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4'-Fluoro-2-(phenylethynyl)-1,1'-biphenyl (1g)

4
O~

Compound 1g was prepared according to Procedure A using 1-bromo-2-(phenylethynyl)benzene
(315 mg, 1.22 mmol), PdCl,(PPhs), (57 mg, 80 wmol), Na,CO; (178 mg, 1.7 mmol), and
(4-fluorophenyl)boronic acid (213 mg, 1.52 mmol) at 70 °C for 6 h. Purification by silica gel
column chromatography (hexane) gave 1g (244 mg, 73%) as a pale yellow oil.
'H NMR (500 MHz, CDCls): & 7.12—7.17 (m, 2H), 7.28-7.32 (m, 3H), 7.32-7.36 (m, 3H), 7.38—
7.40 (m, 2H), 7.61-7.65 (m, 3H). °C NMR (126 MHz, CDCl;): & 89.1, 92.4, 114.8 (d, Jcr = 21 Hz),
121.6, 123.3, 127.2, 128.2, 128.3, 128.6, 129.4, 131.0 (d, Jcr = 8 Hz), 131.3, 132.9, 136.6 (d, Jcr =

3 Hz), 142.8, 162.4 (d, Jcr = 247 Hz). "’F NMR (470 MHz, CDCl;): 8 46.5-46.6 (m).
Spectral data for this compound showed good agreement with literature data.”

4'-Chloro-2-(phenylethynyl)-1,1'-biphenyl (1h)

4
OO

Compound 1h was prepared according to Procedure A using 1-bromo-2-(phenylethynyl)benzene
(313 mg, 1.22 mmol), PdCl,(PPhs), (44 mg, 63 wmol), Na,CO; (164 mg, 1.5 mmol), and
(4-chlorophenyl)boronic acid (231 mg, 1.48 mmol) at 70 °C for 6 h. Purification by silica gel
column chromatography (hexane) gave 1h (256 mg, 73%) as a pale yellow solid.
'H NMR (500 MHz, CDCls): § 7.23-7.29 (m, 4H), 7.31-7.33 (m, 4H), 7.38 (d, J = 8.4 Hz, 2H),
7.56 (d, J= 8.4 Hz, 2H), 7.61 (d, J= 7.3 Hz, 1H). °C NMR (126 MHz, CDCl3): § 89.0, 92.5, 121.4,
123.1, 127.3, 128.0, 128.2, 128.3, 128.5, 129.2, 130.6, 131.3, 133.0, 133.5, 138.9, 142.4. IR (neat):

v 3059, 1489, 1471, 1088, 827, 750, 687 cm . HRMS (EI): m/z Calcd. for CaHisCl [M]":
288.0700; Found: 288.0695.

1-{2'-(Phenylethynyl)-[1,1'-biphenyl]-4-yl}ethan-1-one (1i)

V4

Sads

Compound 1i was prepared according to Procedure B using 4'-bromoacetophenone (302 mg,
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1.52 mmol), PdCIy(PPhs), (62 mg, 88 umol), Na,CO; (290 mg, 2.74 mmol), and
[2-(phenylethynyl)phenyl]boronic acid (406 mg, 1.83 mmol) at 80 °C for 6 h. Purification by silica
gel column chromatography (hexane/ethyl acetate = 10/1) gave 1i (402 mg, 89%) as an orange oil.
"H NMR (500 MHz, CDCLs): § 2.54 (s, 3H), 7.20-7.22 (m, 3H), 7.25-7.34 (m, 5H), 7.61 (d, J=17.2
Hz, 1H), 7.69 (d, J = 8.5 Hz, 2H), 7.97 (d, J = 8.5 Hz, 2H). >C NMR (126 MHz, CDCl;): & 26.3,
88.6, 92.5, 121.2, 122.8, 127.5, 127.7, 128.07, 128.07, 128.4, 129.1, 129.3, 131.0, 132.8, 135.6,
142.1, 144.9, 197 4.

Spectral data for this compound showed good agreement with literature data.’

Ethyl 2'-(phenylethynyl)-[1,1'-biphenyl]-4-carboxylate (1j)

4

asave

Compound 1j was prepared according to Procedure B using ethyl 4-bromobenzoate (344 mg,
1.50 mmol), PdCIy(PPhs), (59 mg, 84 umol), Na,CO; (283 mg, 2.67 mmol), and
[2-(phenylethynyl)phenyl]boronic acid (407 mg, 1.83 mmol) at 80 °C for 6 h. Purification by silica
gel column chromatography (hexane/ethyl acetate = 30/1) gave 1j (429 mg, 87%) as a yellow solid.
'H NMR (500 MHz, CDCl3): & 1.45 (t, J = 7.2 Hz, 3H), 4.45 (q, J= 7.2 Hz, 2H), 7.31-7.33 (m, 3H),
7.35-7.44 (m, 5H), 7.71 (d, J = 7.5 Hz, 1H), 7.80 (d, J = 8.0 Hz, 2H), 8.22 (d, J = 8.0 Hz, 2H). °C
NMR (126 MHz, CDCl;): § 14.1, 60.7, 88.7, 92.5, 121.3, 122.9, 127.5, 128.06, 128.08, 128.4,
128.9, 129.1, 129.2, 131.1, 132.8, 142.3, 144.8, 166.2. IR (neat): v 3059, 2981, 1711, 1269, 1109,
1097, 752, 687 cm L. HRMS (EI): m/z Calcd. for C3H;50, [M]": 326.1301; Found: 326.1304.

2'-(Phenylethynyl)-[1,1'-biphenyl]-4-carbonitrile (1k)

4

Sl

Compound 1k was prepared according to Procedure B using 4-bromobenzonitrile (275 mg, 1.51
mmol), PdCI(PPh;), (55 mg, 78 wmol), Na,CO; (253 mg, 2.38 mmol), and
[2-(phenylethynyl)phenyl]boronic acid (401 mg, 1.80 mmol) at 80 °C for 6 h. Purification by silica
gel column chromatography (hexane/ethyl acetate = 15/1) gave 1k (412 mg, 98%) as a yellow solid.
'H NMR (500 MHz, CDCls): § 7.26-7.30 (m, 5H), 7.31-7.37 (m, 3H), 7.62 (d, J = 7.0 Hz, 1H),
7.65 (d, J= 8.2 Hz, 2H), 7.69 (d, J = 8.2 Hz, 2H). °C NMR (126 MHz, CDCls): § 88.2, 92.8, 110.9,
118.7, 121.2, 122.6, 128.0, 128.2, 128.3, 128.5, 129.0, 129.8, 131.0, 131.4, 132.9, 141.4, 144.8. IR
(neat): v 3059, 3020, 2227, 1493, 837, 750, 725, 688 cm . HRMS (EI): m/z Calcd. for CyHj3N
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[M]": 279.1043; Found: 279.1041.

4'-Nitro-2-(phenylethynyl)-1,1'-biphenyl (11)

/

7

O~

Compound 11 was prepared according to Procedure B using 1-iodo-4-nitrobenzene (377 mg, 1.51
mmol), PdCI(PPh;), (53 mg, 75 wmol), Na,CO; (326 mg, 3.07 mmol), and
[2-(phenylethynyl)phenyl]boronic acid (408 mg, 1.84 mmol) at 80 °C for 6 h. Purification by silica
gel column chromatography (hexane/ethyl acetate = 50/1) gave 11 (398 mg, 88%) as a yellow solid.
'H NMR (500 MHz, CDCls): § 7.33-7.35 (m, 3H), 7.37-7.44 (m, 5H), 7.71 (ddd, J= 6.2, 1.7, 1.7
Hz, 1H), 7.83 (d, J = 8.8 Hz, 2H), 8.31 (d, J = 8.8 Hz, 2H). °C NMR (126 MHz, CDCl;): § 88.2,
93.0, 121.4, 122.6, 122.9, 128.22, 128.24, 128.4, 128.6, 129.1, 130.0, 131.1, 133.1, 141.0, 146.8,
146.9.

Spectral data for this compound showed good agreement with literature data.®

2-(Phenylethynyl)-4'-(trifluoromethyl)-1,1'-biphenyl (1m)

4

O~

Compound 1m was prepared according to Procedure A using 1-bromo-2-(phenylethynyl)benzene

(314 mg, 1.22 mmol), PdCIy(PPh3), (61 mg, 86 umol), Na,CO; (217 mg, 2.05 mmol), and
[4-(trifluoromethyl)phenyl]boronic acid (285 mg, 1.50 mmol) at 70 °C for 6 h. Purification by silica
gel column chromatography (hexane/dichloromethane = 25/1) gave 1m (260 mg, 66%) as a white
solid.
"H NMR (500 MHz, CDCl3): § 7.28-7.31 (m, 5H), 7.35-7.38 (m, 1H), 7.39-7.41 (m, 2H), 7.66 (d,
J=17.6 Hz, 1H), 7.70 (d, J = 8.1 Hz, 2H), 7.76 (d, J = 8.1 Hz, 2H). °*C NMR (126 MHz, CDCl;): §
88.7,92.8, 121.7, 123.0, 124.3 (q, Jor = 272 Hz), 124.8 (q, Jcr = 4 Hz), 127.8, 128.3, 128.4, 128.6,
129.3, 129.5 (q, Jor = 33 Hz), 129.7, 131.3, 133.0, 142.3, 144.2. "F NMR (470 MHz, CDCl;): &
99.6 (s). IR (neat): v 3060, 1321, 1165, 1119, 1109, 1066, 839, 750, 733 cm'. HRMS (EI): m/z
Calcd. for C,1H 3F; [M]': 322.0964; Found: 322.0963.
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2-[2-(Phenylethynyl)phenyl]naphthalene (1n)

()
//
OO

Compound 1n was prepared according to Procedure A using 1-bromo-2-(phenylethynyl)benzene

(313 mg, 1.22 mmol), PdCl,(PPhs), (45 mg, 64 umol), Na,COs (164 mg, 1.55 mmol), and
naphthalen-2-ylboronic acid (252 mg, 1.47 mmol) at 70 °C for 6 h. Purification by silica gel column
chromatography (hexane) gave 1n (281 mg, 76%) as a yellow oil.
'H NMR (500 MHz, CDCls): & 7.20-7.21 (m, 3H), 7.27-7.29 (m, 2H), 7.33 (dd, J = 7.6 Hz, 1H),
7.40 (dd, J=17.6, 7.6 Hz, 1H), 7.47-7.49 (m, 2H), 7.51 (d, J=7.6 Hz, 1H), 7.68 (d, /= 7.6 Hz, 1H),
7.82-7.91 (m, 4H), 8.12 (s, 1H). °C NMR (126 MHz, CDCl;): & 89.4, 92.4, 121.7, 123.3, 126.0,
126.1, 127.1, 127.2, 127.6, 127.7, 128.1, 128.19, 128.19, 128.3, 128.6, 129.8, 131.3, 132.7, 133.0,
133.2,138.0, 143.7.

Spectral data for this compound showed good agreement with literature data.’

2-[2-(Phenylethynyl)phenyl]benzo[b]thiophene (10)

4
O~
s

Compound 10 was prepared according to Procedure A using 1-bromo-2-(phenylethynyl)benzene
(315 mg, 1.22 mmol), PdCl,(PPhs), (45 mg, 65 wmol), Na,CO; (165 mg, 1.6 mmol), and
benzo[b]thiophen-2-ylboronic acid (266 mg, 1.49 mmol) at 70 °C for 6 h. Purification by silica gel
column chromatography (hexane) gave 10 (313 mg, 82%) as a yellow oil.
'H NMR (500 MHz, CDCl5): & 7.28-7.37 (m, 7H), 7.48-7.50 (m, 2H), 7.65 (dd, J = 6.9, 6.9 Hz,
2H), 7.79 (d, J = 7.5 Hz, 1H), 7.84 (d, J = 7.8 Hz, 1H), 7.93 (s, 1H). °C NMR (126 MHz, CDCl;):
0 89.3,93.9, 121.2, 122.1, 123.3, 123.6, 123.7, 124.3, 124.4, 127.7, 128.37, 128.37, 128.6, 129.5,

131.4, 133.7, 135.8, 140.0, 140.2, 142.2. IR (neat): v 3055, 1491, 1441, 1425, 748, 737, 721, 687,
667 cm . HRMS (EI): m/z Caled. for Co,H4S [M]™: 310.0811; Found: 310.0810.

S9



1-Phenyl-2-(phenylethynyl)naphthalene (1p)

Pd(OAC), (40 mol%) Q

PCys (80 mol%) n-BuLi (2.0 equiv)
ot PhB(OH), (2.0 equiv) oTf phenylacetylene //

O Br K3PO, (4.3 equiv) Q Q (2.0 equiv)
> [ >
Toluene, 40 °C, 72 h THF, 0°C, 1 h O O
< ) S ) ren70°G.3h

78% 1o 48%

A toluene (15 mL) solution of 1-bromonaphthalen-2-yl trifluoromethanesulfonate (1.18 g, 3.31

mmol) was degassed by using the freeze-pump-thaw method three times. To the solution were
added Pd(OAc), (295 mg, 1.32 mmol), PCy; (743 mg, 2.65 mmol), K5PO,4 (3.03 g, 14.3 mmol), and
phenylboronic acid (806 mg, 6.61 mmol). After stirring at 40 °C for 72 h, the reaction was
quenched with an aqueous NH4CI solution. Organic materials were extracted with ethyl acetate
three times. The combined extracts were washed with brine and dried over Na,SO4. After the
solvent was removed under reduced pressure, the residue was purified by silica gel column
chromatography  (hexane/chloroform = 100/3-25/2) to give l-phenylnaphthalen-2-yl
trifluoromethanesulfonate (906 mg, 78%) as a colourless liquid.
'H NMR (500 MHz, CDCls): § 7.39-7.41 (m, 2H), 7.46-7.58 (m, 6H), 7.64 (d, J = 8.5 Hz, 1H),
7.93 (d, J= 7.4 Hz, 1H), 7.95 (d, J = 8.9 Hz, 1H). °C NMR (126 MHz, CDCl3): 8 118.3 (q, Jcr =
321 Hz), 119.4, 126.8, 126.9, 127.4, 128.1, 128.4, 128.5, 129.9, 130.7, 132.5, 132.6, 133.0, 133.3,
144.1. ”F NMR (470 MHz, CDCLs): § 87.4 (s). IR (neat): v 3060, 1419, 1201, 1136, 943, 831, 808,
750 cm . HRMS (EI): m/z Calcd. for Ci7H;F303S [M]+: 352.0376; Found: 352.0362.

To a THF (15 mL) solution of phenylacetylene (0.43 mL, 4.0 mmol) was added n-BuLi (1.6 M in

hexane, 2.5 mL, 4.0 mmol) at 0 °C. After stirring at 0 °C for 1 h, a THF (15 mL) solution of
I-phenylnaphthalen-2-yl trifluoromethanesulfonate (702 mg, 1.99 mmol) was added to the reaction
mixture. After being refluxed for 3 h, the reaction was quenched with an aqueous NaHCOj; solution.
Organic materials were extracted with ethyl acetate three times. The combined extracts were
washed with brine and dried over Na,SO4. After the solvent was removed under reduced pressure,
the residue was purified by silica gel column chromatography (hexane/chloroform = 20/1) to give
1p (293 mg, 48%) as a colourless hard oil.
'H NMR (500 MHz, CDCl3): & 7.33-7.41 (m, 5H), 7.53 (ddd, J = 8.4, 6.8, 1.4 Hz, 1H), 7.60 (ddd, J
=8.1, 6.8, 1.2 Hz, 1H), 7.62-7.65 (m, 1H), 7.66—7.69 (m, 4H), 7.85 (d, /= 8.5 Hz, 2H), 7.94 (d, J =
8.4 Hz, 1H), 7.98 (d, J = 8.1 Hz, 1H). °C NMR (126 MHz, CDCl;): & 90.0, 93.2, 120.1, 123.4,
126.3, 126.4, 126.6, 127.41, 127.43, 127.89, 127.94, 127.94, 128.1, 128.2, 130.6, 131.3, 132.1,
133.0, 138.9, 143.0. IR (neat): v 3057, 818, 744, 731, 696, 688, 679 cm'. HRMS (EI): m/z Calcd.
for Co4Hj6 [M]": 304.1247; Found: 304.1246.
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1-(Phenylethynyl)-2,2'-binaphthalene (1q)

PACl,(PPhg), (25 mol%) O

Cul (33 mol%)
C oTf O phenylacetylene (1.5 equiv) //
O O DMF—EtsN (1/1), 80 °C, 9 h OO OO
1p 83%

A DMF (75 mL) and EtN (7.5 mL) solution of [2,2-binaphthalen]-1-yl

trifluoromethanesulfonate (1.23 g, 3.05 mmol), PdCl,(PPhs), (527 mg, 0.751 mmol), and Cul (190
mg, 1.0 mmol) was degassed by using the freeze-pump-thaw method three times. To the mixture
was added phenylacetylene (0.49 mL, 4.5 mmol). After stirring at 80 °C for 9 h, the reaction was
quenched with aqueous NaHCOj; solution. Organic materials were extracted with ethyl acetate three
times. The combined extracts were washed with brine and dried over Na,SO4. After the solvent was
removed under reduced pressure, the residue was purified by silica gel column chromatography
(hexane/chloroform = 20/1-10:1) to give 1q (902 mg, 83%) as a pale yellow hard oil.
'H NMR (500 MHz, CDCls): § 7.50-7.53 (m, 3H), 7.75-7.82 (m, 5H), 7.91 (d, J = 8.5 Hz, 1H),
7.95-7.98 (m, 1H), 8.06 (d, J = 8.4 Hz, 1H), 8.10 (d, J = 8.1 Hz, 1H), 8.17-8.19 (m, 2H), 8.21 (d, J
= 8.5 Hz, 1H), 8.29 (dd, J= 8.5, 1.8 Hz, 1H), 8.57 (d, J= 1.3 Hz, 1H), 9.06 (d, J= 8.5 Hz, 1H). °C
NMR (126 MHz, CDCls): 8§ 87.6, 97.8, 118.4, 123.4, 125.99, 125.99, 126.2, 126.6, 127.1, 127.2,
127.56, 127.56, 128.0, 128.06, 128.06, 128.15, 128.15, 128.6, 128.8, 131.2, 132.1, 132.6, 133.1,
133.6, 138.4, 142.1. IR (neat): v 3055, 1489, 904, 814, 808, 725, 646 cm '. HRMS (APCI+): m/z
Calcd. for C,5H o [M + H]": 355.1481; Found: 355.1488.

3. Synthesis of Phenacenes 2
[Procedure C]

7 N\
- ()

Vi TsOH-H,0 (10 mol%)

@ @ HFIP—c-CgH45 (1/2), 11, 9 f’T @O@

1 2

To a cyclohexane (3.0 mL) solution of a 2-(phenylethynyl)biaryl 1 (0.3 mmol) was added HFIP
(0.8 mL). To the reaction mixture was added a HFIP (0.7 mL) solution of TsOH-H,O (5.7 mg, 30
umol). After stirring vigorously at room temperature for 9 h under air, dichloromethane (5 mL) was
added and the resulting mixture was filtered through a pad of NaHCO; (dichloromethane). After the
solvent was removed under reduced pressure, the residue was purified by silica gel column

chromatography to give the corresponding phenacene 2.
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9-Phenylphenanthrene (2a)

Compound 2a was synthesised according to Procedure C using la (76 mg, 0.30 mmol),

TsOH-H,0 (6.1 mg, 32 umol), cyclohexane (3.0 mL), and HFIP (1.5 mL). Purification by silica gel
column chromatography (hexane/chloroform = 100/3) gave 2a (58 mg, 77%) as a white solid.
'H NMR (500 MHz, CDCls): & 7.40-7.44 (m, 1H), 7.46-7.53 (m, 5H), 7.55-7.58 (m, 1H), 7.60—
7.63 (m, 2H), 7.65 (s, 1H), 7.84 (dd, J= 7.7, 1.0 Hz, 1H), 7.90 (dd, J = 8.2, 0.9 Hz, 1H), 8.67 (d, /=
8.2 Hz, 1H), 8.72 (d, J= 8.2 Hz, 1H). C NMR (126 MHz, CDCls): § 122.5, 122.9, 126.4, 126.46,
126.54, 126.8, 126.9, 127.3, 127.5, 128.3, 128.6, 129.9, 130.0, 130.6, 131.1, 131.5, 138.7, 140.8.

Spectral data for this compound showed good agreement with literature data.”

4-Methyl-10-phenylphenanthrene (2b)

Compound 2b was synthesised according to Procedure C using 1b (81 mg, 0.30 mmol),

TsOH-H,0 (5.9 mg, 31 umol), cyclohexane (3.0 mL), and HFIP (1.5 mL). Purification by silica gel
column chromatography (hexane/chloroform = 20/1) and GPC (chloroform) gave 2b (67 mg, 82%)
as a colourless oil.
"H NMR (500 MHz, CDCls): 8 3.15 (s, 3H), 7.36-7.39 (m, 1H), 7.40-7.43 (m, 1H), 7.45-7.50 (m,
5H), 7.55-7.62 (m, 2H), 7.63 (s, 1H), 7.77 (d, J = 8.2 Hz, 1H), 7.87 (dd, J= 7.5, 1.6 Hz, 1H), 8.87
(d, J = 8.1 Hz, 1H). °C NMR (126 MHz, CDCl;): § 27.6, 125.4, 125.59, 125.62, 126.1, 127.2,
127.5, 127.9, 128.2, 128.7, 130.1, 130.6, 131.10. 131.10, 132.84, 132.84, 135.5, 139.2, 141.5. IR
(neat): v 3057, 2960, 1597, 1489, 1450, 1390, 1215, 891, 808, 744, 723, 698 cm . HRMS (EI): m/z
Calcd. for Cy1H; [M]": 268.1247; Found: 268.1250.

1,3-Dimethtyl-10-phenylphenanthrene (2¢)

Compound 2¢ was synthesised according to Procedure C using lc¢ (86 mg, 0.30 mmol),
TsOH-H,O (6.1 mg, 32 umol), cyclohexane (3.0 mL), and HFIP (1.5 mL). Purification by silica gel
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column chromatography (hexane/chloroform = 20/1) gave 2¢ (69 mg, 80%) as a pale yellow solid.
"H NMR (500 MHz, CDCl3): § 1.93 (s, 3H), 2.47 (s, 3H), 7.10 (s, 1H), 7.28=7.31 (m, 5H), 7.43 (s,
1H), 7.44-7.47 (m, 1H), 7.49-7.53 (m, 1H), 7.70 (dd, J = 7.8, 1.1 Hz, 1H), 8.40 (s, 1H), 8.60 (d, J =
8.3 Hz, 1H). °C NMR (126 MHz, CDCls): § 21.6, 25.2, 121.1, 122.9, 126.3, 126.6, 126.7, 127.7,
128.0, 128.1, 129.1, 129.3, 130.1, 130.9, 131.9, 132.5, 135.6, 135.9, 138.6, 145 4.

Spectral data for this compound showed good agreement with literature data.’

2-Methyl-10-phenylphenanthrene (2d)

Compound 2d was synthesised according to Procedure C using 1d (82 mg, 0.30 mmol),

TsOH-H,O (6.1 mg, 32 umol), cyclohexane (3.0 mL), and HFIP (1.5 mL). Purification by silica gel
column chromatography (hexane/chloroform = 20/1) 2d (76 mg, 93%) as a pale yellow oil.
'H NMR (500 MHz, CDCls): § 2.43 (s, 3H), 7.43-7.55 (m, 7H), 7.58-7.61 (m, 1H), 7.62 (s, 1H),
7.67 (s, 1H), 7.82 (d, J= 7.8 Hz, 1H), 8.61 (d, J = 8.7 Hz, 1H), 8.62 (d, J= 9.2 Hz, 1H). °C NMR
(126 MHz, CDCls): 6 21.7, 122.3, 122.8, 126.36, 126.36, 126.5, 127.3, 127.6, 128.2, 128.3, 128.4,
128.6, 129.98, 130.02, 131.16, 131.19, 136.2, 138.5, 141.0.

Spectral data for this compound showed good agreement with literature data.”

2-(tert-Butyl)-10-phenylphenanthrene (2e)

atas"

Compound 2e was synthesised according to Procedure C using le (94 mg, 0.30 mmol),

TsOH-H,0 (5.7 mg, 30 umol), cyclohexane (3.0 mL), and HFIP (1.5 mL). Purification by silica gel
column chromatography (hexane/chloroform = 20/1) gave 2e (84 mg, 90%) as a white solid.
"H NMR (500 MHz, CDCL): & 1.32 (s, 9H), 7.41-7.45 (m, 1H), 7.48-7.62 (m, 6H), 7.65 (s, 1H),
7.71 (dd, J = 8.7, 2.0 Hz, 1H), 7.84 (d, /= 7.8 Hz, 1H), 7.94 (d, /= 2.0 Hz, 1H), 8.65 (d, J = 8.8 Hz,
2H). C NMR (126 MHz, CDCls): § 31.3, 34.9, 122.4, 122.6, 122.7, 124.6, 126.39, 126.44, 127.3,
127.5,128.2, 128.4, 128.6, 129.9, 130.0, 130.8, 131.3, 138.9, 140.9, 149.2. IR (neat): v 3057, 2962,
2902, 1614, 1485, 1454, 1373, 1269, 1215, 897, 827, 787, 744, 700, 592 cm . HRMS (EI): m/z
Calcd. for Co4Ha, [M]": 310.1716; Found: 310.1718.

Spectral data for this compound showed good agreement with literature data."
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10-Phenylphenanthren-2-ol (2f)

ales

Compound 2f was synthesised according to Procedure C using 1f (66 mg, 0.24 mmol),

TsOH-H,O (4.6 mg, 24 umol), cyclohexane (2.4 mL), and HFIP (1.2 mL). Purification by silica gel
column chromatography (hexane/chloroform/ethyl acetate = 10/1/1) gave 2f (34 mg, 52%) as a pale
yellow solid.
'H NMR (500 MHz, CDCls): 8 5.07 (s, 1H), 7.20-7.23 (m, 2H), 7.42-7.44 (m, 1H), 7.47-7.55 (m,
5H), 7.61-7.64 (m, 2H), 7.84 (d, J= 7.8 Hz, 1H), 8.58 (d, /= 8.3 Hz, 1H), 8.64 (d, J = 8.6 Hz, 1H).
C NMR (126 MHz, CDCl3): 8 110.5, 116.4, 122.0, 124.9, 125.0, 125.9, 126.7, 127.4, 128.2, 128 4,
128.7, 129.9, 130.0, 130.5, 132.7, 137.8, 140.7, 154.1. IR (neat): v 3511, 3354, 3057, 3024, 1614,
1454, 1214, 744, 698, 590 cm . HRMS (APCI+): m/z Calcd. for Co0H 140 [M]": 270.1039; Found:
270.1046.

2-Fluoro-10-phenylphenanthrene (2g)

atat

Compound 2g was synthesised according to Procedure C using 1g (82 mg, 0.30 mmol),
TsOH-H,0 (5.7 mg, 30 umol), cyclohexane (3.0 mL), and HFIP (1.5 mL). Purification by silica gel
column chromatography (hexane/chloroform = 20/1) gave 2g (74 mg, 91%) as a white solid.
'H NMR (500 MHz, CDCls): & 7.33-7.37 (m, 1H), 7.42-7.46 (m, 1H), 7.48-7.49 (m, 4H), 7.53—
7.58 (m, 2H), 7.60-7.64 (m, 1H), 7.68 (s, 1H), 7.84 (dd, J = 7.8, 1.1 Hz, 1H), 8.57 (d, J = 8.3 Hz,
1H), 8.66-8.69 (m, 1H). °C NMR (126 MHz, CDCls): 8 111.3 (d, Jer = 22 Hz), 115.3 (d, Jcr = 24
Hz), 122.3, 125.2 (d, Jor = 9 Hz), 126.6, 126.9, 127.21, 127.22, 128.5, 128.6, 128.8, 129.6, 129.9,
131.0, 132.7 (d, Jor = 8 Hz), 138.1 (d, Jor = 4 Hz), 140.2, 161.4 (d, Jcr = 246 Hz). '°F NMR (470
MHz, CDCls): 6 47.5-47.6 (m).

Spectral data for this compound showed good agreement with literature data.”'’

2-Chloro-10-phenylphenanthrene (2h)

ats™

Compound 2h was synthesised according to Procedure C using 1h (87 mg, 0.30 mmol),
TsOH-H,0O (6.0 mg, 32 umol), cyclohexane (3.0 mL), and HFIP (1.5 mL). Purification by silica gel
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column chromatography (hexane/chloroform = 20/1) gave 2h (77 mg, 89%) as a pale yellow solid.
'H NMR (500 MHz, CDCl3): & 7.41-7.50 (m, 5H), 7.52 (dd, J = 8.9, 2.2 Hz, 1H), 7.54-7.61 (m,
2H), 7.64 (s, 1H), 7.81 (dd, J= 7.7, 0.9 Hz, 1H), 7.85 (d, J = 2.2 Hz, 1H), 8.54 (d, J = 8.1 Hz, 1H),
8.57 (d, J= 8.9 Hz, 1H). °C NMR (126 MHz, CDCLy): § 122.4, 124.5, 125.9, 126.8, 126.9, 127.1,
127.6, 128.5, 128.6, 128.7, 128.9, 129.4, 129.9, 131.3, 132.2, 132.5, 137.8, 140.0.

Spectral data for this compound showed good agreement with literature data."

1-(10-Phenylphenanthren-2-yl)ethan-1-one (2i)

sl

Compound 2i was synthesised according to Procedure C using 1li (91 mg, 0.31 mmol),

TsOH-H,O (6.1 mg, 32 umol), cyclohexane (3.0 mL), and HFIP (1.5 mL). Purification by silica gel
column chromatography (hexane/chloroform/ethyl acetate = 10/1/1) gave 2i (71 mg, 78%) as a
yellow oil.
'H NMR (500 MHz, CDCls): § 2.59 (s, 3H), 7.49-7.56 (m, 5H), 7.66-7.70 (m, 2H), 7.74 (s, 1H),
7.89-7.91 (m, 1H), 8.20 (dd, /= 8.7, 1.7 Hz, 1H), 8.56 (d, /= 1.7 Hz, 1H), 8.69-8.71 (m, 1H), 8.77
(d, J= 8.7 Hz, 1H). ®C NMR (126 MHz, CDCl3): § 26.5, 123.1, 123.3, 124.8, 126.9, 127.7, 127.9,
128.2, 128.3, 128.5, 128.7, 129.2, 129.9, 130.4, 132.4, 133.7, 134.7, 139.1, 139.9, 197.9.

Spectral data for this compound showed good agreement with literature data."'

Ethyl 10-phenylphenanthrene-2-carboxylate (2j)

(5 y-oo

Compound 2j was synthesised according to Procedure C using 1j (98 mg, 0.30 mmol),

TsOH-H,0 (6.0 mg, 32 umol), cyclohexane (3.0 mL), and HFIP (1.5 mL). Purification by silica gel
column chromatography (hexane/chloroform/ethyl acetate = 15/1/1) gave 2j (77 mg, 79%) as a
white solid.
"H NMR (500 MHz, CDCls): 8 1.42 (t, J= 7.1 Hz, 3H), 4.42 (q, J = 7.1 Hz, 2H), 7.50-7.60 (m, 5H),
7.65-7.70 (m, 2H), 7.75 (s, 1H), 7.90-7.92 (m, 1H), 8.29 (dd, J = 8.6, 1.5 Hz, 1H), 8.71-8.74 (m,
2H), 8.78 (d, J= 8.2 Hz, 1H). °C NMR (126 MHz, CDCLs): § 14.2, 61.0, 123.0, 123.1, 126.2, 126.8,
127.6, 127.8, 128.16, 128.23, 128.4, 128.7, 129.1, 129.2, 130.0, 130.5, 132.3, 133.5, 139.1, 140.0,
166.6. IR (neat): v 3053, 2978, 1716, 1371, 1275, 1238, 1120, 1024, 742, 700 cm . HRMS (EI):
m/z Calcd. for C23H 30, [M]": 326.1301; Found: 326.1304.
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10-Phenylphenanthrene-2-carbonitrile (2k)

ales

Compound 2k was synthesised according to Procedure C using 1k (84 mg, 0.30 mmol), TfOH
(4.8 mg, 32 umol), cyclohexane (3.0 mL), and HFIP (1.5 mL). Purification by silica gel column
chromatography (hexane/chloroform/ethyl acetate = 20/2/1) gave 2k (60 mg, 72%) as a white solid.
'H NMR (500 MHz, CDCl3): & 7.48-7.57 (m, 5H), 7.69-7.75 (m, 2H), 7.78 (s, 1H), 7.81 (dd, J =
8.6, 1.2 Hz, 1H), 7.91-7.93 (m, 1H), 8.25 (d, /= 1.6 Hz, 1H), 8.68 (d, /=9.0 Hz, 1H), 8.79 (d, J =
8.6 Hz, 1H). >C NMR (126 MHz, CDCls): § 109.8, 119.3, 123.0, 124.0, 127.3, 127.7, 128.0, 128.5,
128.7, 128.86, 128.88, 129.2, 129.9, 130.8, 132.2, 132.4, 133.1, 138.0, 139.2.

Spectral data for this compound showed good agreement with literature data.'®'?

2-Nitro-10-phenylphenanthrene (21)

aZa™™

Compound 21 was synthesised according to Procedure C using 11 (90 mg, 0.30 mmol), TfOH
(5.1 mg, 34 umol), cyclohexane (3.0 mL), and HFIP (1.5 mL). Purification by silica gel column
chromatography (hexane/chloroform/ethyl acetate = 20/4/1) gave 21 (72 mg, 80%) as a yellow solid.
"H NMR (500 MHz, CDCls): 8 7.51-7.54 (m, 3H), 7.56-7.59 (m, 2H), 7.72-7.76 (m, 2H), 7.82 (s,
1H), 7.94-7.95 (m, 1H), 8.41 (dd, J=9.1, 2.4 Hz, 1H), 8.70-8.72 (m, 1H), 8.83 (d, /= 2.4 Hz, 1H),
8.85 (d, J=10.0 Hz, 1H). >C NMR (126 MHz, CDCl;): & 120.1, 122.8, 123.4, 124.3, 127.5, 128.1,
128.76, 128.81, 128.81, 129.0, 129.6, 129.9, 130.8, 132.8, 134.6, 139.0, 139.2, 145.9.

Spectral data for this compound showed good agreement with literature data.'?

10-Phenyl-2-(trifluoromethyl)phenanthrene (2m)

ata™

Compound 2m was synthesised according to Procedure C using 1m (97 mg, 0.30 mmol),
TsOH-H,0 (6.0 mg, 32 umol), cyclohexane (3.0 mL), and HFIP (1.5 mL). Purification by silica gel
column chromatography (hexane/chloroform = 20/1) gave 2m (91 mg, 94%) as a pale yellow solid.
"H NMR (500 MHz, CDCLs): § 7.43-7.51 (m, 5H), 7.59—7.64 (m, 2H), 7.70 (s, 1H), 7.78 (d, J= 8.6
Hz, 1H), 7.83 (d, J = 7.8 Hz, 1H), 8.21 (s, 1H), 8.60 (d, J = 8.4 Hz, 1H), 8.73 (d, J = 8.6 Hz, 1H).
BC NMR (126 MHz, CDCls): 8 122.2 (q, Jor = 3 Hz), 122.9, 123.8, 124.1 (q, Jor = 4 Hz), 124.4 (q,
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Jor =273 Hz), 127.1, 127.8, 127.9, 128.2 (q, Jcr = 32 Hz), 128.6, 128.8, 128.9, 129.1, 129.9, 130.5,
132.2, 132.7, 138.6, 139.7. "’F NMR (470 MHz, CDCls): 8 99.9 (s).
Spectral data for this compound showed good agreement with literature data.'®'?

5-Phenylchrysene (2n)

Compound 2n was synthesised according to Procedure C using 1n (93 mg, 0.30 mmol),

TsOH-H,0 (5.9 mg, 31 umol), cyclohexane (3.0 mL), and HFIP (1.5 mL). Purification by silica gel
column chromatography (hexane/chloroform =20/1) gave 2n (61 mg, 65%) as a yellow solid.
'H NMR (500 MHz, CDCl3): § 7.11 (ddd, J = 8.5, 7.0, 1.4 Hz, 1H), 7.42-7.47 (m, 6H), 7.62 (dd, J
=7.8,7.0 Hz, 1H), 7.68 (ddd, /= 8.4, 6.9, 1.3 Hz, 1H), 7.78 (d, J = 8.6 Hz, 1H), 7.83 (s, 1H), 7.90—
7.94 (m, 2H), 8.00 (d, J = 9.0 Hz, 1H), 8.76 (d, J = 9.0 Hz, 2H). >C NMR (126 MHz, CDCL): §
122.2, 123.1, 124.6, 125.7, 126.67, 126.74, 127.0, 127.4, 128.0, 128.1, 128.4, 128.8, 128.9, 129.0,
129.9, 130.0, 130.6, 130.8, 131.4, 133.3, 138.4, 145.5.

Spectral data for this compound showed good agreement with literature data.’

6-Phenylbenzo[b]naphtho|2,1-d|thiophene (20)

a
alas

Compound 20 was synthesised according to Procedure C using 1o (93 mg, 0.30 mmol),
TsOH-H,0 (5.9 mg, 31 umol), cyclohexane (3.0 mL), and HFIP (1.5 mL). Purification by silica gel
column chromatography (hexane/chloroform = 25/1) gave 20 (65 mg, 69%) as a pale yellow solid.
"H NMR (500 MHz, CDCl3): & 7.09-7.13 (m, 2H), 7.34 (ddd, J = 7.9, 6.3, 1.8 Hz, 1H), 7.52-7.62
(m, 7H), 7.65 (s, 1H), 7.91 (dd, J = 8.0, 7.4 Hz, 2H), 8.18 (dd, J = 8.0, 0.6 Hz, 1H). °C NMR (126
MHz, CDCl5): 6 122.7, 123.9, 124.3, 124.8, 125.5, 126.6, 126.7, 126.8, 127.8, 128.1, 128.5, 128.6,
129.3, 130.7, 131.3, 136.6, 137.3, 138.2, 139.2, 141.3.

Spectral data for this compound showed good agreement with literature data."

5-Phenylbenzo|[c]phenanthrene (2p)
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Compound 2p was synthesised according to Procedure C using 1p (91 mg, 0.30 mmol),

TsOH-H,0 (5.9 mg, 31 umol), cyclohexane (3.0 mL), and HFIP (1.5 mL). Purification by silica gel
column chromatography (hexane/chloroform = 20/1) and GPC (chloroform) gave 2p (53 mg, 58%)
as a yellow solid.
'H NMR (500 MHz, CDCls): & 7.44-7.47 (m, 1H), 7.51-7.55 (m, 3H), 7.57-7.63 (m, 3H), 7.65—
7.70 (m, 2H), 7.77 (s, 1H), 7.80 (d, J = 8.5 Hz, 1H), 7.89 (d, J = 8.5 Hz, 1H), 8.00-8.05 (m, 1H),
9.13 (d, J = 8.4 Hz, 1H), 9.17 (d, J = 8.2 Hz, 1H). >C NMR (126 MHz, CDCls): & 125.8, 125.88,
125.92, 126.2, 126.7, 126.8, 126.9, 127.39, 127.39, 127.8, 127.9, 128.2, 128.4, 128.6, 130.05,
130.05, 130.3, 130.7, 132.2, 133.5, 139.1, 140.6.

Spectral data for this compound showed good agreement with literature data.'*

13-Phenylpicene (2q)

Compound 2q was synthesised according to Procedure C using 1q (104 mg, 0.29 mmol),

TsOH-H,0 (6.0 mg, 32 umol), cyclohexane (4.0 mL), and HFIP (1.5 mL). Purification by silica gel
column chromatography (hexane/chloroform = 20/1) and GPC (chloroform) gave 2q (45 mg, 43%)
as a yellow solid.
"H NMR (500 MHz, CDCl;): § 6.91 (ddd, J = 8.3, 6.9, 1.4 Hz, 1H), 7.17-7.20 (m, 4H), 7.34-7.36
(m, 2H), 7.39 (d, J = 8.5 Hz, 1H), 7.43 (ddd, J = 8.1, 6.9, 1.0 Hz, 1H), 7.61 (ddd, J = 8.5, 6.9, 1.4
Hz, 1H), 7.74 (d, J = 8.3 Hz, 1H), 7.80-7.85 (m, 2H), 7.86-7.89 (m, 2H), 7.90 (d, J = 8.1 Hz, 1H),
8.24 (s, 1H), 8.63 (d, J= 8.5 Hz, 1H). °C NMR (126 MHz, CDCls): § 118.16, 118.22, 124.3, 124.5,
124.7, 125.3, 127.2, 127.82, 127.82, 128.36, 128.38, 128.60, 128.62, 128.7, 129.9, 130.1, 130.7,
133.1, 133.9, 134.7, 135.0, 137.1, 137.7, 137.9, 140.3, 140.6. IR (neat): v 3051, 2922, 2852, 1585,
1518, 1491, 1444, 1365, 1309, 1215, 1024, 862, 806, 737, 688 cm'. HRMS (APCI+): m/z Calcd.
for CogHjo [M + H]': 355.1481; Found: 355.1477.

9-(4-Methylphenyl)phenanthrene (2r)

Compound 2r was synthesised according to Procedure C using 1r (81 mg, 0.30 mmol),
TsOH-H,O (5.7 mg, 30 umol), cyclohexane (3.0 mL), and HFIP (1.5 mL) at room temperature for 3
h. Purification by silica gel column chromatography (hexane/dichloromethane = 100/1) gave 2r (69
mg, 86%) as a white solid.
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"H NMR (500 MHz, CDCls): § 2.43 (s, 3H), 7.28 (d, J = 7.8 Hz, 2H), 7.41 (d, J = 7.8 Hz, 2H), 7.49
(dd, /=17.8, 7.6 Hz, 1H), 7.55 (dd, J= 7.5, 6.8 Hz, 1H), 7.58-7.62 (m, 2H), 7.64 (s, 1H), 7.83 (d, J
=7.5Hz, 1H), 7.93 (d, J= 7.8 Hz, 1H), 8.66 (d, J= 8.2 Hz, 1H), 8.71 (d, J= 8.3 Hz, 1H). >C NMR
(126 MHz, CDCls): 6 21.2, 122.5, 122.8, 126.3, 126.40, 126.43, 126.8, 126.9, 127.4, 128.6, 129.0,
129.85, 129.90, 130.6, 131.2, 131.6, 137.0, 137.8, 138.7.

Spectral data for this compound showed good agreement with literature data.'®"!
9-(4-Methoxyphenyl)phenanthrene (2s)

OMe

Compound 2s was synthesised according to Procedure C using 1s (85 mg, 0.30 mmol),
TsOH-H,0 (5.8 mg, 30 umol), cyclohexane (3.0 mL), and HFIP (1.5 mL) at room temperature for 1
h. Purification by silica gel column chromatography (hexane/dichloromethane = 5/1) gave 2s (82
mg, 96%) as a white solid.
"H NMR (500 MHz, CDCl3): § 3.86 (s, 3H), 7.02 (d, J = 8.6 Hz, 2H), 7.45 (d, J = 8.6 Hz, 2H), 7.45
(ddd, J=17.8,6.8, 1.1 Hz, 1H), 7.58 (ddd, /= 8.2, 7.0, 1.1 Hz, 1H), 7.61-7.64 (m, 2H), 7.64 (s, 1H),
7.85(d, J=7.8 Hz, 1H), 7.94 (d, J = 8.2 Hz, 1H), 8.68 (d, /= 8.2 Hz, 1H), 8.74 (d, /= 8.2 Hz, 1H).
BC NMR (126 MHz, CDCly): § 55.3, 113.7, 122.5, 122.9, 126.3, 126.40, 126.41, 126.8, 126.9,
127.4,128.5, 129.8, 130.6, 131.1, 131.4, 131.6, 133.1, 138.4, 159.0.

Spectral data for this compound showed good agreement with literature data.'®"!

9-(4-Chlorophenyl)phenanthrene (2t)

Compound 2t was synthesised according to Procedure C using 1t (87 mg, 0.30 mmol),

TsOH-H,O (12 mg, 60 umol), cyclohexane (3.0 mL), and HFIP (1.5 mL) at 60 °C for 3 h.
Purification by silica gel column chromatography (hexane/dichloromethane = 100/1) gave 2t (64
mg, 73%) as a white solid.
"H NMR (500 MHz, CDCly): & 7.43 (d, J = 8.7 Hz, 2H), 7.46 (d, J = 8.7 Hz, 2H), 7.51 (ddd, J = 8.1,
7.0, 0.6 Hz, 1H), 7.57-7.66 (m, 4H), 7.83 (d, /= 8.1 Hz, 1H), 7.85 (d, J = 7.8 Hz, 1H), 8.68 (d, J =
8.2 Hz, 1H), 8.74 (d, J = 8.2 Hz, 1H). >C NMR (126 MHz, CDCl3): § 122.5, 123.0, 126.55, 126.57,
126.60, 126.8, 126.9, 127.6, 128.5, 128.6, 130.0, 130.6, 130.8, 131.35, 131.35, 133.4, 137.4, 139.2.

Spectral data for this compound showed good agreement with literature data.'®"!
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9-(4-Bromophenyl)phenanthrene (2u)

Compound 2u was synthesised according to Procedure C using lu (99 mg, 0.30 mmol),

TsOH-H,O (11 mg, 60 umol), cyclohexane (3.0 mL), and HFIP (1.5 mL) at 60 °C for 3 h.
Purification by silica gel column chromatography (hexane/dichloromethane = 100/1) gave 2u (71
mg, 71%) as a white solid.
"H NMR (500 MHz, CDCl3): & 7.37 (d, J = 8.2 Hz, 2H), 7.51 (dd, J = 7.6, 7.6 Hz, 1H), 7.57-7.66
(m, 6H), 7.83 (d, /= 8.0 Hz, 1H), 7.84 (d, /= 8.2 Hz, 1H), 8.68 (d, J= 8.2 Hz, 1H), 8.73 (d, /= 8.2
Hz, 1H). C NMR (126 MHz, CDCl;): § 121.5, 122.5, 123.0, 126.5, 126.58, 126.60, 126.8, 126.9,
127.5, 128.6, 130.0, 130.6, 130.7, 131.3, 131.4, 131.7, 137.4, 139.6.

Spectral data for this compound showed good agreement with literature data."

4. Recycling of HFIP Solution Containing TsOH for Sequential Hydroarylation

To a cyclohexane (3.0 mL) solution of 1a (76 mg, 0.30 mmol) was added HFIP (0.8 mL). To the
reaction mixture was added a HFIP (0.7 mL) solution of TsOH-H,O (5.7 mg, 30 umol). After
stirring vigorously at room temperature for 9 h under air, the cyclohexane (upper) and HFIP (lower)
layers were separated by extracting the cyclohexane layer. The combined extracts were filtered
through a pad of silica gel (hexane/chloroform = 20/1). After the solvent was removed under
reduced pressure, the yield of 2a was determined by '"H NMR measurement using CH,Br, as an
internal standard. The second cycle was conducted by adding another cyclohexane (3.0 mL)
solution of 1a (0.3 mmol) to the remained HFIP solution containing TsOH. Thus, the same

experiment was continuously conducted up to the fifth cycle.
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6. 'H, °C, and "°F NMR Charts
2-(Phenylethynyl)-1,1'-biphenyl (1a)

£EFEP1012

20140
2

av500
5 mm PHONP Swi
0

g

295.6 X
1.00000000 sec

CHAMMEL £1

32768
500.1300173 MHz
M

0
0.10 Hz
10.00
JL__
10 9 8 7 6 5 4 3 2 1 ppm
ofw|w|v|N
O~ | | |
(e (oo} [apll (o] (2]
(321 [SV ] [oV ] (V] [N}
ti-140Y16-Sonogashira
DOTUVULVLVLOTMNO®O £21RpPLO12
VLN ODVDORNOMM OO o~ 2
AN ATDOMNOD N o 20140914
NN A OO D TNDM®D N O o
PSRt A O~ 235
TOMANNADOVDOOM-~™M A * o gmm';a{a“gég
TFTOMONNNNNNNNNN N N 2gpg30
= i
—

T T T T
200 180 160 140 120 100 80 60 40 20 ppm

S22



2-Methyl-2'-(phenylethynyl)-1,1'-biphenyl (1b)
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3',5'-Dimethtyl-2-(phenylethynyl)-1,1'-biphenyl (1¢)
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4'-Methyl-2-(phenylethynyl)-1,1'-biphenyl (1d)
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4'-(tert-Butyl)-2-(phenylethynyl)-1,1'-biphenyl (1e)
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2'-(Phenylethynyl)-[1,1'-biphenyl]-4-ol (1f)
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4'-Fluoro-2-(phenylethynyl)-1,1'-biphenyl (1g)
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2-[2-(Phenylethynyl)phenyl]naphthalene (1n)
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2-[2-(Phenylethynyl)phenyl]benzo[b]thiophene (10)
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1-(Phenylethynyl)-2,2'-binaphthalene (1q)
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9-Phenylphenanthrene (2a)
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4-Methyl-10-phenylphenanthrene (2b)
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1,3-Dimethty

10-phenylphenanthrene (2c)
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2-Methyl-10-phenylphenanthrene (2d)
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2-(tert-Butyl)-10-phenylphenanthrene (2¢)
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10-Phenylphenanthren-2-ol (2f)
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2-Fluoro-10-phenylphenanthrene (2g)
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ti-181029-Calkyne-4-Ac
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s1 32768

B 500.1300130 MEz
wow EM
358 0

1B 0.10 Hz
cB

Bc 10.00

1.009
1.082
2.041
3.985
1.056

CO,Et

y. -

L I B B B L B B L N B S B B S LI I B

10 9 8 7 6 5 4 3 2 1 ppm

™M || oo [c|—|n]w o o
N || |©V|O|o|=r|w© (v o w
(=] (] B (o)} (=] (=] [=] ()] (=) o o
=] O] || o o™
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i-181029-Calkyne-4-COZE

H NN EMAADOONDTON TN O s renpans:
- DA A DO AN N AN TNTAON - - EXPNO 2
o~ O AN TOOAIMNDOVDOOOW ™ - PROCNO cvoa)
YW NOVMMITONOVLNANFHTNONOO Y - Data_ ]
W OO MNO OGO ®®®D®E - OWMmmM . . PRGGHD. 5 m PBOTS Bus
o MMM NNNNNNNNNNNNN o - PULPROG 130
Ll e R e R e R e e R e R e R R e e e e e ] o - 536
Sowvent 13
| TRSsSsSe—
bs
£ 30581.039 Bz
FIDRES 0.466630 Bz
AQ 1.0715799 sac
B 18390, ¢
ok 16,350 umec
o 20.00 usc
b3 296.
o1 1.00000000 sac
o1 003000000 3ac
00 1
g S p—
wocy 3c
| P 7.10 ume
PL1 1201
£ 1257718339 MHz
Ph A ———
CPDPRG2 waltzlé
NuC2 H
vero: 80.00 usac
P -2.00
PLiz 16:00 a8
PL13 16.00 dB
S0z 5001320005 Mz
81 12768
T 125.7578069 MHz
oK B
=8 o
CO,Et : e
2 @ 0
w 1.40
[“I
| |
|
l H l
T T T T T T T T T T T T T T T T T T T !
200 180 160 140 120 100 80 60 40 20 ppm
10-Phenylphenanthrene-2-carbonitrile (2k)
FHTOOTONANCNDITDNNNTODNDNOMACONEDATONO
NOWAMAYVTOOVNNODMNMONODITINOONOOMETOMU -0
VO AANNOO N TTNANAAOON VDOV IMNAN O ®
R R R e e e e e N L L R R R R RV R R R R
L e e e e o et o o o o o ol o o o ol ol el £EEep3052
EROCHO 1
Data_ 20181031
Tima 2.14
INSTRUM av500
PROBHD 5 mm PHONP Swi
BULPROG 2230
™ 65536
SOLVENT coc13
NS 8
bs 2
| SWE 7507.507 Hz
FIDRES 0.114555 Hz
ag 4.3648143 sec
RC 7
ow 66,600 usec
DE £.00 usec
= 295.2 x
o1 1.00000000 zec
00 1
| = CHAMNEL £1
| e
Pl 9.80 usec
eL1 -2.00 d8
sro1 500.1332508 Mz
st 32768
sF 500.1300153 Mz
wow =
ss8 ]
18 0.10 5z
cs
PC 10.00

CN

1.000
1.006

0.944
1.004
1.006
1.017
2.153

T
10 9 6 5 4 3 2 1 ppm

S50



ti-181031-Calkyne-4-CN

N TOTNANNC NI O T O e ferepa0s2
NNODAON A~ NDO T 0D ) 2
FOONVMVNVEVVE-OMYOIr WO o o
HOA A~ OADOOITA~MOO N ooy
AEMANNONNDDODDD [~ MO PR
MMM NNNNNNNNNNN A O 1 29p930
e R e e e e R e R e N e e e R R e e R R ] T 536

2 cocis
0s s
s 30581039 Bz
FIDRES 0.464630 Ez
AQ 1.0715799 sac
| B 18390. 4
| o 16,330 umc
o
™
o1
o1 0.03000000 sac
™0 B
e CHAMNEL £1
wct
n
PL1 -
so1 125.7718339 Mz
CEAMNEL £2 ——
waltzlé
]
Ph 80.00 umc
-2.00 dB
18200 @B
16.00 dB
= 500.1320005 Miiz
E 125.7578013 Mz
W x
SSB 0
18 1.00 Bz
@ ]
CN | : -
[N
|
! |
4 "
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
2-Nitro-10-phenylphenanthrene (21)
CONNNDAVOMPOANTCONNONE T A o d 1D
MEAOVMNOANATADMMOONT A =D OWW
MANAONHOOWNTNANODTIMMNDE= MO
LR R R R R R R Rl e e e e ol o O R RO RO R RV R )
Lol R ol o I ol ol ol ol el el el ol ol ol el el ol ol ol :::;o ffftp305§
PROCNO 1
Date_ 20181031
Time 18.16
INSTRUM 2v500
PROBHD 5 mm PHONP Swi
PULPROG 2930
™ 65536
SOLVENT coc13
NS 8
DS 2
swi 7507.507 Hz
FIDRES 0.114555 Hz
aQ 4.3648183 sec
G 90.5
| o 66,600 usec
DE £.00 usec
= 295.7 K
D1 100000000 sec
™0 1
CHANNEL £1 =

9.80 uzec
-2.0
500.1332508 MHz
32768
500.1300132 MHz
EM
0
0.10 Hz

0
10.00

| Il]ll'l]l'llll'l'l'l!'l'
9.0 8.5 8.0 7.5 ppm
Ph
o |[w o WO |™M (0
O |y o | |00
oo o (o] (o] (o] (o] (=)
\ al=l s Al

NO,

ML e

—

L B B I B B B ) L L L B L LI B LI IS I

10 9 8 7 6 5 4 3 2 1 ppm
o|w|o|f-H[wun]|o|m|w
o N[O |w|w|o
(=] (=] le]|(e] (o] (o] (o] (=]
FNY | | ) P) P P
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ti-181031-Calkyne-4-NO2

NV TOFRNOODNVYTOM™ rerep30s2
HOHOMH-VOMO®®O®©D®- 2
HNVOVHNAVEOVONMO O rol
NHOAOE~OVAD~HATMM DO ooy
NONOTNOO G ®®ODD M T MO 5 m pHOND Ses
TOMMOMOMONNNNNNNNNNN 2gpg30
e e R e e R e e e R e e e R e N R e e R 536
coci3
\\W us 151
o8 8

e 30581039 Bz

FIDRES 0.466630 Bz

AQ 1.0715799 sac
[ 18390.4

o 16.350 umc

ox 20.00 usc

= 6.7 K

o1 1.00000000 sac

o1 0203000000 sac
™0 1

7.10 umc

-1.00 gB
1257718239 Mz

)
o CHANNEL £2 ——— e
CooRcz waltzle
| wcz 11
verbz 80.00 usc
Lz ~2.00 dB
pLiz 100 a8
pL13 16200 aB
oz 5001320005 Miz
NO & 125757797 Muz
W B
2 s 0
18 1.00 B2
@ 2
= 1.40
|
III
| |
U
| \ \
T T T T T T T T T T T T T T T T T T T T T '
200 180 160 140 120 100 80 60 40 20 ppm
.
10-Phenyl-2-(trifluoromethyl)phenanthrene (2m)
LSHATOOOVHANOANOVIHILNAHONTVONTNTOT
ANOANONON~NOF~OMMEMDONDODONDDOT
MNONOTANDVOMANAAOODANDE= VDT O
FEOLAOOOE™~O0WOOOOWMD DT
@ @ @ @ O~ [~ [~ [~ [~ [~ [~ [~ [~ [~~~ [~~~ 0~ 0~~~ e £EELp2276
ROCNO
Tima 15.30
INSTRUM 2v500
PROBHD 5 mm PHONP Swi
FULPROG 2230
™ 65536
MOONC-O0O0XEMEMODMNA—ONDNOW Souvent el
TANOFOMNMANNAATOOWHNOMS WO TM i H
WOOEE-WWYWYWYWYWWWWW S S sWH 7507.507 Hz
| e o o o o o o o s s s s s s s s 6 6 6 s s e = 10RES 0.114555 Az
e o T a0 4.3648343 sec
NN SIS\ N\ == : i
DE .00 usec
= 205.4 x
o1 1.00000000 sec
00 1
- CchANNEL f£1 =
9.80 usec
-2.00 dB
500.1332508 MEz
32768
500.1300668 Muz
EM
0
LB 0.10 Hz
cs 0
£c 10.00
|
T T T T T T
7.9 7.8 7.7 7.6 7.5 7.4 ppm Ph
|
v ~ < © ©
< — ~ 0 ©
o o o — —
||| — — — N Ty} CF
' 3
o~ 1
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
o | |[o[n [~ =) w0)w
o|o|fe|w|—|a]v|v
olo|o|o|o|o|—|~
—=llol=l==lafn
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ti-170516-Calkyne-

o

139.7293
138.6204

-CF4

132.6765

130.5213

128.3415
128.0858
127.8877
127.7965

125.5254
124.1917
124.1608
124.1262

WOoOMmA®W W rerp22r6
TOM-T EXPRO 2
OO 1
Data_ 20170516
R e
MOMONNN HIS‘K.;.IJEK
NANANANNN
D I I e ]

NN WO oo N ANAOITVOMHL = 3
O~ T ®w©N® D N VN~V WLOAN O = g
~IMO M W®Oo W A HO~MOANN o B 3
0 0 ® W~~~ W TTTTOONNN CRAREL 1 5
NNNNNNNN N ANNNANNNNNN o By 710 ume
| R - A A A A A A A~ L [P
N\ | NV g
CPDPRG2 waltzlé
W i
Ph PCrD2 80.00 usac
oz %3:00 a
PL1Z 16.00 dB
PL13 16.00 dB
g0 500.1328008 iz
E 1257575035 Mz
o ]
=
i 1.00 Bz
a8
CF 2 Lad
T T T T T T T T T
129 128 127 126 125 124 123 122 ppm
|
|
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
w
@ T
@« Tim
N
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Ph

L
i e

“
R

HEHRER

1

=
o

AEERE

CF3

110

100
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30 20 10 0 -10 -20 -30 -40 ppm
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5-Phenylchrysene (2n)

8.7475
8.0058
7.9878
7.9389
7.9231
7.9143
7.8984
7.8254
7.7926
7.7753
7.6995
7.6969
7.6857
7.6831

|
|

/
X
N
\
\
~

8.006
7.988
7.939
7.923
7.914
7.898
7.825
7.793
7.775
7.686
7.683
7.635
7.619
7.466
7.458
7.448
7.440
7.433
7.423
7.419
7.112
7.109

8.0 7.8 7.
h ~ < ||~ w| M (a2l el
i1 < ['2} = | |0 ~ vy
| (=] ()] || (=] N[} (=2} (o)
— | [H]|[© | |O {Is] o
T T T T T T T
10 9 8 7 6 5
O [~ [ [w|r~[vmM|m|w
O| |0 |O|H (||~ |
o (el (o)} Lol (o)) [e] (o)) (o)) (o)}
N —|H|[H|[O|H|O|n|O
0613-Calkyne-b-Naph-trl
CETCE AN TNOTT TN OANONOMO
ANONOOTNMEHMTMHMAMODONS—HO™
HOATANTONTHAIOOLDMTOLMMEAHNOO
NMOMTONONNDOMNMAHOTOAFO~AN
BBHHAOO SO DD DD DD ™GO F
TOMMOOOONNNNNNNNNNNNNNN
RIS TR [t i il i o I [ I [ S [ i [ [ e o

Ph

é
|

NAME £E£Lp2276
EXPNO 1
PROCNO 1
Data_ 20170613

i 21.31
INSTRUM av500
PROBHD 5 mm PHONP Swi
PULPRO g
™ €5536
SOLVENT coc13
NS E]
DS 2
SWE 07.507 sz
¥ IDRES 0.118555 Hz
20 4.3648143 zec
RC .5
ow 66,600 usec
DE 6.00 usec
TE 295.5 X
b1 1.00000000 sec
™0 1

CHANNEL f1

9.80 usec
-2.00 dB
500.1332508 Mz
500.1300303 Mz
X

[
0.10 Hz
0
10.00
o rerep2276
BXNo 2
PROCNO 1
Data_ 20170613
o 21.36
INSTROM avi00
PROGHD 5 m PHNP Su1
PULPROG 290330
o 36
SowvENT coc13
ns a2
o8 8
E 30581039 Bx
FIDRES 0.464630 Bz
20 1.0715799 zac
[ 18390,
R 16.350 usac
oE 20.00 umc
= 2964 K
o1 1.00000000 sac
o1t 0.03000000 sac
00 1
e CHARNEL f1 e
mc 13c
n 7.10 usac
PLL -1.00 aB
=01 1257718239 Mz
e CHARNEL 12 e
CPOPRC2 waltzig
mcz 18
P02 80.00 usc
L2 -2.00 aB
pL12 16200 aB
PLI3 16,00 gB
ECH 500.1320005 MHz
=1 2768
= 125.7577957 Mnz
Wi Ex
=58 o
18 1.00 Bz
@ o
W 1.40

T T
200 180

T
160

T
140

T
120

T
100
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6-Phenylbenzo[b]naphtho|2,1-d|thiophene (20)

MONHDAANMNMDNOVOVWOIVHNDNHNADONO ™ N
TOOEONDADOVNODOID AN ANDIDONO T 1D
VOOVOVNHATHODCVTAVDITOMAN® O D
AHAAARROOVODVVVWVMMMMOMO M A A A O
L e ol ol e et ol ot ol ol o ol o ol ol ol ol o e EEELR2276
BROCHO 1
Data_ 20170606
Time 13.51
INSTROM av500
PROBHD 5 mm PHONF Swi
BULPROG 2930
™ €5536
< ™M O~ NNV ONMTVWOOVWAAHMOOEMO SOLVENT coc13
W W W W N—THOAT O~ OTANANNNTONONONNM A NS 8
o ANV WVWOWOVUUNWVLWVWVNMMNMOMMNMOMNONOM A A ::H 7,‘”‘03}“
o« e e e e o o o o o o s o s o s e o s s o s o s e
© 0 Lol ol ol ol o o ol ol ol ol ol ol S S S Y e e a0 4.3648143 zec
’C 90.5
ow €6.600 usec
DE £.00 usec
1= 295.2 %
b1 1.00000000 sec
™0 1

CHANNEL £1

9.80 v
-2.00 d&
500.1332508 Miz
500.1300336 Miz
=

0
M ‘l:_: D..g Hz
BC 10.00
T T T T T T T T T T T T T
8.2 8.0 7.8 7.6 7.4 7.2  ppm
— ~ N ) o o
w0 ~ m| | o ©
o o (=] o ©
o — — ~ — — O
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
oo |o]o
wn|r-|mwlo|wo
oo |—H|o|o|w
ol =[]~
_I0606-Calkyne-Sphene-t1
VNN HNOVNTVOOVETONW OO NVE re10p2276
VHNHONOANNHOVOVANMUOLMOANAMN O EXPNO 2
O ANHAONOTNDO OO0 M ®© PROCD 2017060%
Nt A MNMOMNMOUMOE~OE~N®Y 92:, ..lL"lgEi
A OR YA ®OD™ OO OW TN PAGGHD. 5 = pHOND. Su1
OO NNNNNNNNNNNNN PULPROG 2gpg30
e e R R R e R R e e R e e e e R e e N ] ™ 536
SouENT cocis
e\ &
08 s
T 30581039 Bz
FIDRES 0.466630 Bz
AQ 1.0715799 sac
o 18390.4
oW 16.
o
= 296.5 K
D1 1.00000000 sac
o1 0203000000 sac
™0 1
o CHAMNEL £1 ———-
woct ¢
| n 7.10 umc
PL1 -1.00 dB
| £ 125.7718339 MHz
Ph o —— CHAMMEL £2 ———o
CPDPRG2 waltzlé
wcz ]
vCv02 80.00 usc
12 -2.0,
PL1Z 16.00 dB
PL13 16.0
o2 $00.1320005 iz
4 125.7577967 MHz
won B
ss8 o
18 1.00 B2
@

S wc 1.40

T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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5-Phenylbenzo|[c]phenanthrene (2p)

8.0539
8.0374
8.0181
8.0163
8.0004
7.9029
7.8859
7.8102
7.7932
7.7669
7.6821
7.6677
7.6512
7.6274
7.6119
7.6043
7.6000
7.5963
7.5862
7.5722
7.5547
7.5385
7.5237
7.5079
7.4725
7.4712
7.4685
7.4607
7.4573
7.4533
7.4433
7.4418

NAME FEELP2276
1

Homm

584

T

°28
3

1
20180724
14.57

INSTRUM av500
PROBHD 5 mm PHQONP Swi
FULPROG zg
TEOOVWOMOWOMMENOHMSNTOWWO T 65536
NN A1TO0O®ANWOOVNNTOONDMNOW soLvenT coc13
< own® COO0O0O0NPWEE-VVOVOVVVOVNNVVLY ue H
. 1507500
moad @000 M M~~~ [~~~ [~~~ 0~~~ Flones ERttELE
AR AQ 43648343 zoc
RC .5
doca TS TENSETSSN\W\WE = .
DE €.00 usec
1 TE 296.3 X
| o1 1.00000000 sec
. ' ™0 1
| ! | CHANNEL £1
| 9.80 usec
-2.00 dB
| 500.1332508 MEz
32768
500.1300356 MEz
9.2 9.1 ppm 2
i -1 PP 0.0 5z
10.00
o
=4 I
= 1! Pf]
. T T T T T T T T
o 8.1 8.0 7.9 7.8 7.7 7.6 7.5 ppm
] I
< o o (|~ of Jef Juf |~ /
w0 — ~ ||y o | ol |«
=N o o | |o o |lo| |o |o
— — o ||~ = || || |~
T T T T T T T T T T T
10 9 8 6 5 4 3 2 1 ppm
o s [ofof—|o
o |||
o alola|o|o
~N | |O|H|H
-—1807/24-Calkyne-Helicer
VOLALALTAANANNOANA NN NVE reep2276
HANOMNTOMODOVOVONAITNOWAHNNW EXPNO 2
VWONODDHADNOENA DDA O @O PROCNO. 1
VOVHVMOVMMANSMDOHONON®® e zosaznad
OCOMNOOOMOOMEM™VWWYWYWNNN PRoRHD. 5 = pHOND Sed
TOMMOMOMOMONNNNNNNNNNNNN PULPROG 2gpg30
e e R e R e e R e e R e e e e N e e R e e e e e ] ™ 536
souvET cocis
ns s01
TTe———\le— H :
o 30581039 B
FIDRES 0.466630 Bz
AQ 1.0715799 sac
B 18390. 4
o 16.350 usac
o 20.00 umc
2973
o1 100000000 sac
ou 003000000 zac
00 1
o CHAMMEL £1 ———-
wc Hc
P 7.10 ume
oLy -1:0
0 £ 1257718339 Muz
Ph : i
verb2 80.00 umc
oLz 2000 a8
PL1Z 16.00 dB
PL13 16.00 dB
s¥oz 500.1320005 MHz
s1 3276
4 125.7577967 MHz
W B
= 0
1 1.00 Bz
@ 0
w 140
It
T T T T T | T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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13-Phenylpicene (2q)

VCHAT OV H TN I TONICETADVOVDVOMNNONAOVNAOD T DN DN
WOFHOANNHAOD T AN AN~ ONDAMOM A~ A~ T ADN DO TN
TANHAOIMNANHAOONNTIMONMNAAN DN ITOONND NN OO A A
DDVO~~ O OVVDDNNITITTTLTMNMNMMMANAAA A O O DD
S 000000 e £££Lp3052

EXFNO

PROCNO 1
Data_ 20180720
i 10.56
INSTRUM 2v500
ROBHD 5 mm PHONF Swi
PULPROG 2330
™ 536
SOLVENT cocl3
NS 8
DS 2
suE 07.507 sz
FIDRES 0.11d555 Bz
ag 4.3648143 sec
RC 181
oW 66.600 usec
DE .00 usec
1= 296.3 K
D1 1.00000000 sec
™0 1
CHANNEL
500
500
EM
0
0.10 Hz
0
10.00
T I T T
8.5 8.0 7.5 7.0 ppm
o | oo |T || ||M]|— o
o o |m|=|o|a|a ||| |n| |
(=] ol |lo|H|alo|lo|lo|—H|e|o] |[o
— | [N ||| o
L
T T T T I T T
6 5 4 3 2 1 pPpm
ti-180720-picene
DLTOOT~VNDDME=O = A NO O TOTODM o renp30s2
CVNEFIVOCTOROWVOAMOMV MM B0 2
NI TANNOVNO A O A DONDO DM N PROCNO L1
WO AOVOOEH®OWWNMM® MO TN e zoaome
COrFErUIMMNOOO ®W®O®M M-I T T T DD i - .|
TITOMOMMOMNONOONNNN NN NN NN NN A PULPROS 2gpa30
e e e I e R I e e e e e e R e e R e R e e R e e e e N e ] ™ 536
sovENT coci3
TTTeESS—S——— 3
o8 8
T 30581039 Bz
FIDRES 0.466630 Bz
AQ sac
BG
o umc
oz umc
= X
o1 sac
o1 0.03000000 sac
™0 1
! 7
1257718339 MHz
e CHANMEL 12
Ph CrpRGz alt
mcz
vCvD2
vL2
pLiz
pL13
oz
st
4
W x
ssE o
13 1.00 Bz
= 0
pc 140
| |
A |
I
|
[
|
T T T T T T I I I T T
200 180 160 140 120 100 80 60 40 20 ppm
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9-(4-Methylphenyl)phenanthrene (2r)

8.7060
8.6663
8.6500
7.9387
7.9226
7.8417
7.8264
7.6398
7.6220
7.6197
7.6144
7.6056
7.6032
7.6009
7.5917
7.5873
7.5840
7.5692
7.5672
7.5534
7.5397
7.5037
7.5021
7.4877
7.4734
7.4718
7.4201
7.4043
7.2888
7.2732

%

8.723
8.706
8.666

™\8.650

/

7.939

7.923
7.842

7.826
7.640
7.606

7.603
7.601
7.587

7.553
7.488
7.420

7.404
7.289
7.273

1.000
1.017

1.007
1.007

2.4312

NAME
EXPNO
PROCNO
Data_
Time
INSTRUM
PROBHD
PULPROG
™
SOLVENT
NS

ns-190518-587-col

20190520

1.45

av500

5 mm PHONP Swi

g

65536

cocl3

2

2
7507.507 Hz
0.114555 Hz
4.3648143 sec

€6.600 usec
€.00 usec

295.3 K
1.00000000

~ —

10

1.024
2.074
2.046

o~
v~
oo
~©
@ r~
M ™
e

\

136.9804
131.5873
131.2245
130.5945
129.9045
129.8533
128.9722

;

S 128.5760

§

127.3947
126.9306
126.7520
126.4270
126.3978
126.3481

122.8451
122.4759

3.114

21.2443

ppm

T T
180 160 140

T
120

T
100

80

S58

60

40

-2.00 dB
500.1332508 MEz

32768
500.1300757 MEz
EM
0
0.10 Hz
10.00

ns-190518-587-col
2

1
20190520
1.58

30521.039 Bz
0.466630 Ex

16,350 usac
20,00 umc
7K
1.00000000 zac
0.03000000 3ac
1
CHARNEL £1
13¢
7.10 umc
1.0
125.7718339 MHz

CHARNE!

L £2 .
waltzlé
18
80.00 umc
00 dB
16200 dB
16,00 dB
500.1320005 Mz

125.7578088 MHz
EX

0
1.00 Bz
1.40



9-(4-Methoxyphenyl)phenanthrene (2s)

MODVNOVNONWNAHVNNITHACADODVF VW HONDAN OO 0
NOAATANMNOVUNEHONANCETOAVEHAINEHAIANODNOVOEMNMMAMO W -
TANTTITTLTOONONONNNAAOCONDEDVDOANNAANTAN TN 0
O WOOOVOVLWOLVVLVLVLLVLLVVVVVLVVLVNIITIITITITIOOOO ® N ns-190523-592-col
L e e o e e N R ™ BROCNO 1
Data_ 20190523
Time 12.55
INSTRUM av500
PROBHD 5§ mm PHONF Swi
BULPROG g
65536
SOLVENT cocl3
S 8
s 2
~oow VN EHMNMOWNESTO MO Wi 7507.507 Hz
OMe TOOCNIITONNC AT TN A e e e
FOVOVONDVOVOUTTTOO 22 S
L T T T o €6.600 usec
| @© o 0 0 [l el el 0 Ll Sl DE 6.00 uzsec
= 295.5 x
o1 1.00000000 sec
™0 1
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9-(4-Chlorophenyl)phenanthrene (2t)
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9-(4-Bromophenyl)phenanthrene (2u)
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