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Supplementary Materials

H, *C and "°F nuclear magnetic resonance (NMR) spectra were recorded on a Varian Mercury (400 MHz), calibrated using trimethylsilane
(TMS, 6 0.00 ppm), residual undeuterated solvent as an internal reference (CHCls, 0 77.0 ppm), and trifluoroacetic acid (TFA, ¢ -79.0 ppm).
IR spectra were measured on a JASCO FT/IR-410 spectrophotometer. Melting points were determined with a Yanagimoto micro melting
point apparatus without correction. High- and low-resolution mass spectra were measured on a JEOL JMS-DX-303, a JEOL JMS-700, or a
IJMS-T100GC spectrometer. Silica gel 60 (40-50 pm, Kanto Chemical CO., INC.) was employed for flash column chromatography.

Experimental Procedures

Synthesis of Symmetric Ethers

Typical experimental procedures: Synthesis of bis(2-naphthyl) ether 2a

In a two-necked flask equipped with a magnetic stirrer bar and a reflux condenser were placed 2-naphthol (1.00 mmol, 144.2 mg) and 4-
chlorobenzenesulfonic acid (10 mol%, 19.3 mg) in o-dichlorobenzene (1.0 mL) under an argon atmosphere, and the solution was stirred and
heated at reflux for 10 h. Solvent was removed in vacuo, and the residue was purified by flush column chromatography on silica gel
(Hexane/Toluene 10:1) giving bis(2-naphthyl) ether (2a) (85%, 115.4 mg).

Bis(2-naphthyl) ether (2a)!]

Colorless solid. Mp. 104.0-104.5 °C (Hexane), lit 104-105 °C.['l R¢= 0.44 (Hexane/Toluene 6:1). "H-NMR (400 MHz, CDCl3) §7.30 (2H,
d,J= 8.8 Hz), 7.36-7.42 (6H, m), 7.66 (2H, d, J= 8.0 Hz), 7.80 (2H, d, J = 6.4 Hz), 7.82 (2H, d, J = 8.4 Hz). *C-NMR (100 MHz, CDCl5)
61144, 120.1, 124.8, 126.5, 127.1, 127.7, 129.9, 130.2, 134.3, 155.0. IR (KBr) 3051, 1595, 1269, 806, 742 cm™'. MS (EI) m/z 270 (M*,
100%). HRMS Calcd for (C2oH;40)": 270.1045. Found: 270.1035.

Bis(6-bromonapht-2-yl) ether (2b)

Colorless solid. Mp. 178.0-179.0 °C (Hexane). Ry = 0.64 (Hexane/Toluene 6:1). "H-NMR (400 MHz, CDCl;) §7.31 (2H, s), 7.32 (2H, dd,
J=6.4,2.4Hz),7.52 (2H, dd, J= 8.8, 2.0 Hz), 7.56 (2H, d, J = 8.8 Hz), 7.77 (2H, d, J = 9.6 Hz), 7.99 (2H, s). *C-NMR (100 MHz, CDCl5)
61144, 118.6, 121.0, 128.8, 129.2, 129.8, 130.0, 131.3, 132.7, 155.0. IR (KBr) 3063, 1582, 1250, 1209, 878, 808, 638 cm™!. MS (EI) m/z
430 (M*+4, 46%), 428 (M*+2, 100%), 426 (M*, 47%). HRMS Calcd for (Cy0H;2Br,0)*: 425.9255. Found: 425.9250.

Bis(7-bromonaphth-2-yl) ether (2¢)

Colorless solid. Mp. 191.0-192.0 °C (Hexane). R; = 0.62 (Hexane/Toluene 6:1). 'H-NMR (400 MHz, CDCl3) §7.26 (2H, d, J = 3.6 Hz),
7.31 (2H, dd, J = 8.8, 2.4 Hz), 7.50 (2H, dd, J = 8.8, 2.0 Hz), 7.71 (2H, d, J = 8.4 Hz), 7.83 (2H, d, /= 8.8 Hz), 7.87 (2H, d, J = 2.0 Hz).
BC-NMR (100 MHz, CDCl3) §113.6, 120.4, 120.9, 128.3, 128.7, 129.2, 129.4, 130.1, 135.5, 155.5. IR (KBr) 3062, 1620, 1251, 833, 769
cml. MS (EI) m/z 430 (M*+4, 51%), 428 (M*+2, 100%), 426 (M*, 51%). HRMS Calcd for (CooH12Br,0)": 425.9255. Found: 425.9230.

Bis(6-methylnaphth-2-yl) ether (2d)

Colorless solid. Mp. 145.0-146.0 °C (Hexane/AcOEt = 10). Ry = 0.53 (Hexane/Toluene 6:1). '"H-NMR (400 MHz, CDCl;) §2.48 (6H, s),
7.26 (4H, dd, J=8.8,2.4 Hz), 7.31 (2H, d, J = 2.4 Hz), 7.57 (2H, d, J = 8.4 Hz), 7.58 (2H, s), 7.73 (2H, d,J =9.2 Hz). *C-NMR (100 MHz,
CDCl;) §21.5,114.2, 120.1, 126.7, 127.0, 128.8, 129.2, 130.4, 132.4, 134.3, 154.5. IR (KBr) 3056, 2915, 1600, 1257, 1236, 811 cm’". MS
(EX) m/z 298 (M*, 100%). HRMS Calcd for (C22H;30)*: 298.1358. Found: 298.1341.

Bis(6-chloronaphth-6-yl) ether (2¢)

Colorless solid. Mp. 163.0-164.0 °C (Hexane/Toluene = 6). Ry= 0.59 (Hexane/Toluene 6:1). 'H-NMR (400 MHz, CDCl;) §7.32-7.35 (4H,
m), 7.41 (2H, dd, J = 8.8, 2.0 Hz), 7.64 (2H, d, J = 8.8 Hz), 7.78 (2H, d, J = 9.6 Hz), 7.83 (2H, d, J= 2.0 Hz). *C-NMR (100 MHz, CDCls)
5114.4,121.1, 126.5, 127.5, 128.7, 129.2, 130.5, 130.8, 132.5, 155.0. IR (KBr) 3066, 1589, 1252, 1209, 879, 804 cm™'. MS (EI) m/z 338
(M*, 100%). HRMS Calcd for (C2H2CLO)*: 338.0265. Found: 338.0290.

Bi(1-naphthyl) ether (2f)1?!

Colorless solid. Mp. 109.0-110.0 °C (Hexane), lit 109.5 °C?1. R¢= 0.66 (Hexane/Toluene 6:1). "H-NMR? (400 MHz, CDCls) §6.90 (2H, d,
J=17.6 Hz), 7.36 (2H, t, J = 8.0 Hz), 7.50 (2H, td, /= 8.0, 1.2 Hz), 7.55 (2H, td, J= 8.0, 1.2 Hz), 7.64 (2H, d, J= 8.0 Hz), 7.91 (2H, d, /=
8.0 Hz), 8.31 (2H, d, J = 8.0 Hz). *C-NMR (100 MHz, CDCl;) §113.1, 122.0, 123.2, 125.9, 126.0, 126.5, 126.6, 127.8, 134.9, 153.4. IR
(KBr) 3057, 1233, 1092, 772 cm'. MS (EI) m/z 270 (M*, 100%). HRMS Calcd for (C20H140)*: 270.1045. Found: 270.1028.

Bis(6,7-dimethylnaphth-5-yl) ether (2g)

Colorless solid. Mp. 225.0-226.0 °C (Hexane). Ry = 0.68 (Hexane/Toluene 6:1). 'TH-NMR (400 MHz, CDCls) §2.42 (6H, s), 2.45 (6H, s),
6.77 2H, d, J= 7.2 Hz), 7.24 (2H, t, J = 8.0 Hz), 7.50 (2H, d, J = 8.4 Hz), 7.65 (2H, s), 8.06 (2H, s). *C-NMR (100 MHz, CDCls) §20.2,
20.4,112.2,121.4,122.1, 125.0, 125.4, 127.4, 133.9, 135.8, 136.4, 153.0. IR (KBr) 3060, 2939, 2916, 1565, 1230, 1140, 792, 744 cm’'. MS
(EX) m/z 326 (M, 100%). HRMS Calcd for (C24H220)*: 326.1671. Found: 326.1676.

Bis(4,6,7-trimethylnaphth-1-yl) ether (2h)
Colorless solid. Mp 182.0-183.0 °C (Hexane). Ry= 0.62 (Hexane/Toluene 6:1). "H-NMR (400 MHz, CDCl;) § 2.41 (6H, s), 2.48 (6H, s),
2.62 (6H, s), 6.65 2H, d, J = 7.6 Hz), 7.06 (2H, d, J = 7.6 Hz), 7.75 (2H, s), 8.09 (2H, s). 3C-NMR (100 MHz, CDCl;) & 19.0, 20.3, 20.6,



111.7,122.0, 124.1, 125.4, 125.4, 128.2, 132.6, 135.3, 136.0, 151.8. IR (KBr) 3024, 2963, 2938, 2913, 2853, 1430, 1247, 1208, 862 cm''.
MS (EI) m/z 354 (M*, 100%). HRMS Calcd for (Co6Ha60)*: 354.1984. Found: 354.1986.

Bis(4-methylnaphth-1-yl) ether (2i)

Colorless solid. Mp. 128.0-129.0 °C (Hexane). R; = 0.83 (Hexane/Toluene 6:1). 'H-NMR (400 MHz, CDCl3) §2.66 (6H, d, J = 0.8 Hz),
6.78 2H, d, J=17.6 Hz), 7.17 (2H, dd, J = 8.0, 0.8 Hz), 7.50 (2H, ddd, J = 8.0, 6.8, 1.2 Hz), 7.59 (2H, ddd, J = 8.4, 6.8, 1.6 Hz), 8.02 (2H,
d,J=8.4Hz), 8.34 (2H, d, J = 8.0 Hz). 3C-NMR (100 MHz, CDCl3) §19.0, 112.6, 122.6, 124.3, 125.6, 126.2, 126.4, 126.6, 129.3, 133.7,
152.1. IR (KBr) 3064, 2936, 1577, 1236, 758 cmr!. MS (EI) m/z 298 (M", 100%), 283 (M*-CHs, 24%), 268 (M*-C,Hs, 12%), 141 (M-
C13Hy0, 13%). HRMS Calcd for (C2;H;s0)*: 298.1358. Found: 298.1357.

Bis(6,7-dibromonaphth-5-yl) ether (2j)

Colorless solid. Mp. 238.5-239.5 °C (Hexane/Toluene = 2). Ry = 0.59 (Hexane/Toluene 6:1). "H-NMR (400 MHz, CDCl;) §6.88 (2H, dd, J
=17.6, 1.2 Hz), 7.40 (2H, d, J = 8.0 Hz), 7.54 (2H, d, J = 8.4 Hz), 8.22 (2H, s), 8.56 (2H, s). *C-NMR (100 MHz, CDCl3) §114.0, 122.5,
122.7, 123.4, 126.2, 126.7, 127.4, 132.3, 134.5, 152.2. IR (KBr) 3056, 1562, 1254, 1101, 785, 736 cm’'. MS (EI) m/z 590 (M'+8, 17%),
588 (M*+6, 59%), 586 (M*+4, 100%), 584 (M*+2, 69%), 582 (M*,15%). HRMS Calcd for (C20H;oBrsO)*: 581.7465. Found: 581.7464.

Bis(9-phenanthryl) ether (2k)©!

Colorless solid. Mp. 212.5-213.0 °C (Hexane), lit 202.5-203.0 °CBl. Ry = 0.47 (Hexane/Toluene = 6). "H-NMR (400 MHz, CDCl;) § 7.21
(2H, s), 7.51 (2H, ddd, J = 8.0, 8.0, 1.2 Hz), 7.58 (2H, ddd, J= 8.4, 6.8, 1.6 Hz), 7.63 (4H, td, J = 6.8, 1.2 Hz), 7.74 (2H, ddd, J = 8.4, 7.2,
1.6 Hz), 8.43 (2H, dd, J = 8.4, 1.2 Hz), 8.68 (2H, d, J = 8.4 Hz), 8.76 (2H, d, J = 8.4 Hz). *C-NMR (100 MHz, CDCl3) & 112.1, 122.6,
122.7,122.9, 125.5, 126.7, 126.9, 127.0, 127.5, 127.8, 127.9, 131.9, 132.2, 151.4. IR (KBr) 3054, 1625, 1227, 766, 727 cmi”'. MS (EI) m/z
370 (M*, 100%). HRMS Calcd for (CosH;30)*: 379.1358. Found: 370.1339.

Bis(2-phenanthryl) ether (21)

Colorless solid. Mp. 198.5-199.5 °C (Hexane/Toluene 10:1). Ry= 0.32 (Hexane/Toluene = 6). 'H-NMR (400 MHz, CDCl;) 67.45 (2H, d, J
=9.2 Hz), 7.48 (2H, s), 7.54 — 7.65 (6H, m), 7.71 (2H, d, J=9.2 Hz), 7.86 (2H, d, /= 8.0 Hz), 8.60 (2H, d, /= 8.0 Hz), 8.66 (2H, d, /= 8.8
Hz). *C-NMR (100 MHz, CDCl;) §116.1, 119.3, 122.4, 124.7, 126.2, 126.3, 126.5, 126.8, 127.8, 128.6, 130.2, 131.4, 133.4, 155.8. IR
(KBr) 3047, 1613, 1266, 744 cm™'. MS (EI) m/z 370 (M*, 100%). HRMS Calcd for (CpsH;50)*: 370.1358. Found: 370.1378.

Bis(4-pyrenyl) ether (2m)

Colorless solid. Mp. 234.0-235.0 °C (Hexane/Toluene 3:1). Ry = 0.52 (Hexane/Toluene = 6). 'H-NMR (400 MHz, CDCl;) § 7.65 (2H, s),
7.94 (2H, dd, J = 12.4, 8.0 Hz), 7.96 (2H, s), 8.05 (2H, t, J = 8.0 Hz), 8.14-8.17 (6H, m), 8.30 (2H, dd, /= 8.0, 1.2 Hz), 8.74 (2H, dd, J =
8.0, 1.2 Hz). 3*C-NMR (100 MHz, CDCl3) 6112.6, 119.9, 122.3, 124.2, 124.6, 125.9, 126.0, 126.0, 126.1, 126.3, 127.4, 127.6, 131.1, 131 4,
131.4,152.5. IR (KBr) 3041, 1593, 1269, 717 cm™!. MS (EI) m/z 418 (M", 100%). HRMS Calcd for (C3,H;30)": 418.1358. Found: 418.1329.

Synthesis of Unsymmetric Ethers

Typical experimental procedures: Synthesis of 9-(3-fluorophenoxy)phenanthrene

In a two-necked flask equipped with a magnetic stirrer bar were placed 9-phenanthrol(0.5 mmol, 97.1 mg), 3-fluorophenol (0.5 mmol, 56.1
mg), and 4-chlorobenzenesulfonic acid (0.1 mmol, 19.3 mg) in o-dichlorobenzene (1.0 mL) under an argon atmosphere, and the solution
was stirred and heated at reflux for 10 h. Solvent was removed in vacuo, and the residue was purified by flush column chromatography on
silica gel (Hexane/Toluene 10:1) giving 9-(3-fluorophenoxy)phenanthrene (4a) (68%, 97.9 mg).

9-(3-Fluorophenoxy)phenanthrene (4a)

Colorless solid. Mp. 82.5-83.0 °C (Hexane). Ry = 0.30 (Hexane/Toluene 6:1). '"H-NMR (400 MHz, CDCl3) §6.79-6.83 (2H, m), 6.86 (1H,
d,J=8.8 Hz), 7.20 (1H, s), 7.26 (1H, td, J = 8.4, 6.8 Hz), 7.50-7.61 (3H, m), 7.65-7.71 (2H, m), 8.22 (1H, dd, /= 8.4, 0.8 Hz), 8.61 (1H, d,
J=28.4Hz), 8.68 (1H, d,J = 8.4 Hz). *C-NMR (100 MHz, CDCl3) 6 106.1 (d, J=24.5 Hz), 110.1 (d, J=21.6 Hz), 113.1, 114.0 (d, J = 3.0
Hz), 122.6, 122.6, 122.9, 125.8, 126.7, 126.8, 127.0, 127.4, 127.9, 128.0, 130.6 (d, /= 9.7 Hz), 131.8, 132.0, 150.6, 159.0 (d, /= 10.4 Hz),
163.6 (d, J = 245.8 Hz). "F-NMR (376 MHz, CDCls) §-114.2. IR (KBr) 3065, 1609, 1485, 1271, 1125, 738, 726 cm'. MS (EI) m/z 288
(M*, 100%). HRMS Caled for (C2H;3FO)*: 288.0950. Found: 288.0935.

9-(4-Chlorophenoxy)phenanthrene (4b)

Colorless solid. Mp. 104.0-105.0 °C (Hexane). Ry = 0.59 (Hexane/Toluene 6:1). 'H-NMR (400 MHz, CDCl3) §6.99 (2H, d, J = 8.8 Hz),
7.06 (1H,s), 7.26 (2H, d, J=9.2 Hz), 7.48 (1H, dd, J="7.2, 1.2 Hz), 7.52 (1H, dd, /= 7.2, 1.6 Hz), 7.57 (1H, ddd, /=9.2, 8.0, 1.2 Hz), 7.64
(2H, ddd, J=9.6, 8.4, 1.6 Hz), 8.25 (1H, dd, J= 8.0, 1.2 Hz), 8.56 (1H, d,J = 8.0 Hz), 8.63 (1H, d, J = 8.4 Hz). *C-NMR (100 MHz, CDCl5)
0111.8,120.2, 122.5, 122.6, 122.8, 125.6, 126.6, 126.8, 127.0, 127.4, 127.75, 127.80, 128.4, 129.8, 131.7, 132.0, 151.2, 155.9. IR (KBr)
3054, 1589, 1238, 1063, 823, 726 cm™'. MS (EI) m/z 304 (M*, 100%). HRMS Calcd for (C0H;3ClO)": 304.0655. Found: 304.0647.

9-(4-Methoxyphenoxy)phenanthrene (4¢)

Colorless solid. Mp. 123.5-124.5 °C (Hexane/Toluene 10:1). Ry = 0.26 (Hexane/Toluene 6:1). 'TH-NMR (400 MHz, CDCl3) 63.84 (3H, s),
6.92 (1H, s), 6.95 2H, d, /=9.2 Hz), 7.12 (2H, d, J=9.2 Hz), 7.50 (1H, td, /= 7.2, 1.6 Hz), 7.54 (1H, td, /= 7.2, 1.6 Hz), 7.63 — 7.68 (2H,
m), 7.73 (1H, ddd, J = 8.4, 7.2, 1.6 Hz), 8.44 (1H, dd, J = 8.0, 1.2 Hz), 8.62 (1H, d, J = 8.0 Hz), 8.71 (1H, d, J = 8.0 Hz). >*C-NMR (100
MHz, CDCl3) §55.7, 108.9, 115.0, 121.2, 122.5, 122.6, 122.7, 125.0, 126.6, 126.7, 126.9, 127.2, 127.3, 127.6, 131.6, 132.4, 149.9, 153.1,
156.1. IR (KBr) 3075, 2832, 1504, 1207, 834, 726 cm’'. MS (EI) m/z 300 (M*, 100%). HRMS Calcd for (C21H;602)": 300.1150. Found:
300.1143.

9-((6-Chloronaphthalen-2-yl)oxy)phenanthrene (4d)

Colorless solid. Mp. 122.5-123.5 °C (Hexane). R¢= 0.53 (Hexane/Toluene 6:1). 'H-NMR (400 MHz, CDCl3) §7.20 (1H, s), 7.35 (1H, d, J
=2.4Hz),7.38 (1H, dd, J= 8.8, 2.4 Hz), 7.43 (1H, dd, J = 8.8, 2.4 Hz), 7.53-7.65 (4H, m), 7.70 (1H, dd, /= 7.2, 1.6 Hz), 7.73 (1H, ddd, J
=84,6.8,1.2 Hz), 7.80 (1H, d, J=9.2 Hz), 7.83 (1H, d, /= 2.0 Hz), 8.32 (1H, dd, /= 8.4, 1.2 Hz), 8.68 (1H, d, /= 8.4 Hz), 8.75 (1H, d, J



= 8.4 Hz). 3C-NMR (100 MHz, CDCl3) §112.6, 114.0, 120.9, 122.6, 122.7, 122.9, 125.7, 126.5, 126.8, 126.9, 127.1, 127.4, 127.5, 127.9,
1279, 128.7, 129.2, 130.4, 130.7, 131.8, 132.1, 132.6, 151.2, 155.6. IR (KBr) 3071, 1591, 1246, 1195, 1147, 726 cm’'. MS (EI) m/z 354
(M*, 100%). HRMS Calcd for (C24H;5ClIO)": 354.0811. Found: 354.0806.

9-((4-Chloronaphthalen-1-yl)oxy)phenanthrene (4e)

Colorless solid. Mp. 133.0-134.0 °C (Hexane). Ry = 0.60 (Hexane/Toluene 6:1). 'H-NMR (400 MHz, CDCl3) §6.96 (1H, d, J = 8.4 Hz),
7.07 (1H, s), 7.48 (1H, d, J = 8.0 Hz), 7.51-7.71 (6H, m), 7.76 (1H, ddd, /= 8.4, 7.2, 1.6 Hz), 8.33 (1H, d, /= 8.4 Hz), 8.34 (1H, d, J=8.8
Hz), 8.40 (1H, dd, J = 8.0, 1.2 Hz), 8.67 (1H, d, J = 8.0 Hz), 8.76 (1H, d, J = 8.0 Hz). *C-NMR (100 MHz, CDCl;) §111.4, 113.8, 122.5,
122.5, 122.6, 122.9, 124.7, 125.6, 125.9, 126.4, 126.7, 126.9, 126.9, 127.0, 127.5, 127.6, 127.8, 127.8, 127.9, 131.8, 131.9, 132.1, 151.7,
152.0. IR (KBr) 3060, 1589, 1228, 1079, 736 cm™'. MS (EI) m/z 354 (M", 100%). HRMS Calcd for (C24H;5Cl1O)": 354.0811. Found: 354.0844.

9-((6,7-Dibromonaphthalen-1-yl)oxy)phenanthrene (4f)

Colorless solid. Mp. 192.0-193.0 °C (Hexane/Toluene 2:1). Rr=0.56 (Hexane/Toluene 6:1). 'H-NMR (400 MHz, CDCl3) §6.93 (1H, dd, J
=17.6,0.8 Hz), 7.17 (1H, s), 7.37 (1H, t, J=8.0 Hz), 7.50 (1H, d, J = 8.4 Hz), 7.55 (1H, ddd, /= 8.4, 7.2, 1.2 Hz), 7.59 - 7.65 (2H, m), 7.69
(1H, dd, /= 8.0, 1.2 Hz), 7.75 (1H, ddd, /= 8.4, 7.2, 1.6 Hz), 8.22 (1H, s), 8.29 (1H, dd, J = 8.4, 0.8 Hz), 8.68 (1H, dd, J = 8.4, 0.4 Hz),
8.69 (1H, s), 8.76 (1H, d, J = 8.0 Hz). *C-NMR (100 MHz, CDCl;) §112.7, 113.6, 121.9, 122.5, 122.5, 122.7, 123.0, 123.3, 125.8, 126.1,
126.5, 126.9, 127.0, 127.1, 127.5, 127.6, 128.0, 128.1, 131.9, 132.0, 132.2, 134.5, 150.9, 152.7. IR (KBr) 3072, 1565, 1230, 1090, 738 cr
1. MS (EI) m/z 480 (M*+4, 50%), 478 (M*+2, 100%), 476 (M*, 50%). HRMS Calcd for (Co4H;4Br,O)": 475.9411. Found: 475.9405.

2-(Phenanthren-9-yloxy)phenanthrene (4g)

Colorless solid. Mp. 151.0-152.0 °C (Hexane/Toluene 2:1). Ry = 0.44 (Hexane/Toluene 6:1). "TH-NMR (400 MHz, CDCl3) 6 7.22 (1H, s),
7.51-7.76 (11H, m), 7.88 (1H, dd, J = 8.0, 1.2 Hz), 8.40 (1H, dd, /= 8.0, 1.2 Hz), 8.64 (1H, d, J = 8.4 Hz), 8.68 (1H, d, J= 8.0 Hz), 8.71
(1H, d, J=9.2 Hz), 8.76 (1H, d, J = 8.4 Hz). *C-NMR (100 MHz, CDCls) 5 112.1, 116.1, 119.3, 122.4, 122.6, 122.8, 122.8, 124.8, 125.5,
126.2, 126.4, 126.5, 126.8 (overlapped 2 peaks), 126.9, 127.0, 127.4, 127.8, 127.8, 127.9, 128.6, 130.2, 131.4, 131.8, 132.2, 133.5, 151.6,
156.0. IR (KBr) 3057, 1611, 1599, 1252, 750, 726 cm'. MS (EI) m/z 370 (M", 100%). HRMS Calcd for (CosH;30)*: 370.1358. Found:
370.1380. .

2-(Phenanthren-9-yloxy)triphenylene (4h)

Colorless solid. Mp. 195.0-196.0 °C (Toluene/Hexane 5:1). Ry = 0.30 (Hexane/Toluene 6:1). 'H-NMR (400 MHz, CDCl3) 67.22 (1H, s),
7.47 (1H, dd, J=9.2, 2.4 Hz), 7.53 (1H, ddd, /= 8.0, 7.2, 1.2 Hz), 7.58 (1H, dd, /= 7.2, 1.2 Hz), 7.62 (1H, dd, J=7.2, 1.6 Hz), 7.64-7.70
(5H, m), 7.77 (1H, ddd, J = 8.4, 6.8, 1.2 Hz), 8.39 (1H, d, J = 2.4 Hz), 8.46 (2H, t, /= 8.0 Hz), 8.61 (1H, d, /= 9.6 Hz), 8.65-8.71 (4H, m),
8.77 (1H, d, J = 8.0 Hz). *C-NMR (100 MHz, CDCl;) §111.5, 112.8, 119.4, 122.6, 122.8, 122.8, 123.1, 123.3, 123.4, 123.5, 125.4, 125.5,
126.0, 126.9 (overlapped 3 peaks), 127.0, 127.2, 127.4, 127.5, 127.6, 127.7, 127.9, 129.2, 129.2, 129.6, 130.1, 131.7, 131.8, 132.2, 151.9,
156.5. IR (KBr) 3073, 1612, 1225, 1199, 754, 729 cm™'. MS (EI) m/z 420 (M", 100%). HRMS Calcd for (C32H200)*: 420.1514. Found:
420.1521.

1-(Phenanthren-9-yloxy)pyrene (4i)

Yellow solid. Mp. 197.0-198.0 °C (Toluene/Hexane 2:1). R¢=0.45 (Hexane/Toluene 6:1). "H-NMR (400 MHz, CDCl;) 66.89 (1H, s), 7.44-
7.57 3H, m), 7.73 (1H, ddd, J = 8.4, 7.2, 1.2 Hz), 7.75 (1H, d, J = 8.4 Hz), 7.80 (1H, ddd, J = 8.4, 7.2, 1.6 Hz), 8.03 (1H, t, J = 7.6 Hz),
8.05(1H, d, /=9.6 Hz), 8.08 (2H, d, J=2.4 Hz), 8.17 (2H, d, /= 8.8 Hz), 8.21 (1H, d, /= 7.6 Hz), 8.40 (1H, d, /= 9.2 Hz), 8.67 (2H, d, J
= 8.0 Hz), 8.78 (1H, d, J = 8.4 Hz). *C-NMR (100 MHz, CDCls) § 109.8, 117.8, 121.1, 122.6, 122.7, 122.8, 123.0, 124.8, 125.0, 125.1,
125.2, 125.6, 126.1, 126.4, 126.5, 126.9, 126.9, 127.2, 127.4, 127.5, 127.7 (overlapped 2 peaks), 127.7, 128.1, 131.3, 131.4, 131.8, 132.3,
150.0, 153.2. IR (KBr) 3045, 1596, 1248, 831 cm!. MS (EI) m/z 394 (M", 100%). HRMS Calcd for (C3oH;50)": 398.1358. Found: 394.1357.

Synthesis '*0-labeled phenol™!: Aniline (0.91 mL, 10 mmol) was dissolved in water (3.5 mL) and 50% tetrafluoroboric acid (3.5 mL) was
added. The solution was cooled to 0 °C, and a solution of sodium nitrite (700 mg, 10.1 mmol) in water (1.5 mL) was added dropwise. The
suspension was stirred keeping 0 °C for 30 min, and the mixture was tfiltered, solid materials was purified by re-precipitation from
acetone/diethyl ether (5:1) solution. Benzenediazonium tetrafluoroborate was obtained in 78% yield (1.5g, 7.81 mmol) dried under vacuum.
Concentrated sulfuric acid (62.5 uL) was added to a stirred paste of benzenediazonium tetrafluoroborate (0.5g, 2.6 mmol) in 98% ['*O]water
(0.5 mL, TAIYO NIPPON SANSO Coporation). The mixture was then heated to 65 °C until evolution of nitrogen ceased. The solution was
extracted with diethyl ether several times. The ethereal layer was washed with 1 M HCI and saturated brine, dried over magnesium sulfate,
and concentrated under reduced pressure. The crystaline residue was purified by sublimation to give the '*0-labelled phenol as colourless
solid (158.8 mg, 64%). The '80-enrichment of phenol was found by ESI-MS to be 85%.

The reaction of 9-phenanthorol (1k) and '*O-labeled phenol: In a two-necked flask equipped with a magnetic stirrer bar were placed 9-
phenanthrol (0.125 mmol, 24.3 mg), '*0O-phenol (0.125 mmol, 12.0 mg), and 4-chlorobenzenesulfonic acid (0.025 mmol, 4.8 mg) in o-
dichlorobenzene (0.25 mL) under an argon atmosphere, and the solution was stirred and heated at reflux for 10 h. Solvent was removed in
vacuo, and the residue was purified by flush column chromatography on silica gel (Hexane/Toluene 50:1) giving 9-phenoxyphenanthrene
(4j) (63%, 21.4 mg) and 2k (28%, 6.4 mg). The '*O-enrichment of 4j was found by ESI-MS to be at least 83%. 2k was not labelled with
]80.

9-phenoxyphenanthrene (4j)

Colorless solid. Mp. 77.5-78.5 °C (Hexane). R¢= 0.2 (Hexane/Toluene 10:1). '"H-NMR (400 MHz, CDCl3) §7.10-7.20 (4H, m), 7.37 (2H,
t,J= 8.0 Hz), 7.49-7.57 (2H, m), 7.57-7.72 (3H, m), 8.34 (1H, d, J= 8.4 Hz), 8.62 (1H, d, J = 8.0 Hz), 8.69 (1H, d, J = 8.0 Hz). *C-NMR
(100 MHz, CDCl3) 6 111.4, 119.1, 122.6, 122.7, 123.5, 125.4, 126.7, 126.9 (overlapped 2 peaks), 127.3, 127.7, 127.8, 129.9, 131.7, 132.2,
151.7,157.3. IR (KBr) 3061, 1488, 1229, 1066 cm™'. MS (EI) m/z 270 (M", 100%). HRMS Calcd for (C20H;40)*: 270.1045. Found: 270.1037.
One carbon peaks were piled up in '>*C-NMR. The data consistent with that reported in the literature.[’]
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6,6'-Oxybis(2-methylnaphthalene) (2d) 'H-NMR
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1,1-Oxybisnaphthalene (2f) 'H-NMR
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5,5°-Oxybis(2,3-dimethylnaphthalene) (2g) 'H-NMR
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4,4’-Oxybis(1,6,7-trimethylnaphthalene) (2h) 'H-NMR
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& yyy th kL
= w al odc ph
apwx 42
ot 9592
- 2
gs 2
g ii 3
; IR
H
8
a
O ’ O
o s [
o i Ly " 4
f I
y W ) ¥ i s i
|.;;‘.v.,...]v...|" i L L I o e Tt T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 ppm
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4,4’-Oxybis(1-methylnaphthalene) (2i) 'H-NMR

expd Proton
BAMPLE BPECIAL
aste My 34 2039 temp not. used
olvest cac1) gain 0t used
file /media/alsx/S- spin 16
-12Rdata_Ethorifi- hat 0.008
catdon/d. $-Cayblat- p¥30 4.600
1. alta 20.000 anbhosnaeeynls
°)_1.£14 riacs SRRARAARAR G[S
AcqursTTION 1 a e RrRedenfer dln
m 6410.3 4o a [
ae 3.500 ap Y
o 4072 1o ma
n 4000 PROCRESDNG
o 1 .20 -
a 1.300 fa not used g
ot 16 DrovIAY - s
ot 16 e asge.z b4
TRAWDMTTTER v €795.3 \ T
ta Bl xfl 813.2 J
afrq 399.283 rip ° '
ot 199.3 72.7
o 50 1p °
-~ 7.300 »10m
EcouP wo 0
a c13 s 100
dof 0 wva 288
o mma th 1
& o al ofs
g “
ant ase12
r -
a
£
©
(0]
e g
LR g
TR : L .
g
g
-
|
ol
7.64 7.58 7.52 ppm
(e
2.2
2.09
1 L
— — — T — T r T ———
11 10 9 5 4 3 2 1 0 pEm
(SR W v - w
1.86 2.12 2.00 6.51
.08 2,09 1.97
, . o 13
4,4’-Oxybis(1-methylnaphthalene) (2i) "C-NMR
expd Carbon
SNTLS EPECIAL
date May 24 2019 temp oot used
solvant ote1s gain Dot used
£1le /nedia/aisk/u~ spin 16
-] 0.000
catiansé.-Onybis(- pwI0 13,100
0.
1-methylnaph 10.000 E g a E a E § E
a S dlals 5 K che
o = L3337 ] k; )'“
at ¥
o PROCEESTIG
be 1.00
at not used
ot
ot 1642.9
TRANGUTTTER 149461
ta 9446.2
otrg 7730.7
ot ~134.6
epwr 0
P
PRCOUPLER a7
én
aot 7181
an 10
G
apr
anf
23
E 38
E 2 \\
5
8
o}
Tt [T T T T I I e L B e e o e e e LA B

160 150 140 130 120 110 100 920 80 70 60 80 40 30 ppm
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5,5°-Oxybis(2,3-dibromonaphthalene) (2j) 'H-NMR

«pd  Proten

anme SPECTIAL
date Oun 27 2019 temp not uged
solvent odold gain not used
file /media/disk/5~ spin 16
‘T-2atRdal

-

at

=

o

b

a

ot

ot ]
2

[ .5

strq 399.263 =fp [

tof 399.3 1 -108.4

towr 58 ]

-~ 7.300 vior

" DECOUPLER we a0

& €13 se 90

dof 0 va 280

e ama th 3

a&m c al cc ph

amer “

e 29412

7.380
7.360

X
p
6890

TISIY
-7.420
6.890
6.887
TY

r

7.550
7.380

Br Br
Br. Br 3
o N
2 s S
O o} ‘ 23 2o 8 3
3'\\ ;:6
I T
R B s
7.5 7.4 7.3 7.2 7.1 7.0 6.9 ppm
a.10 2.02
2.14
L ASOC
—— T[T .
11 10 9 8 7 6 5 4 3 1 °
B v W w
1.85 2.10 2.02

5,5’-Oxybis(2,3-dibromonapht

214

halene) (2j) '3C-NMR

w4 Carbon
e svECTAL
dste qun 27 2019 temp not used
solveat cdcll gain not used
#ile /media/disk/8~ opin 16
T-13mdats_Etherifi~ hat ©0.008
cation/s.5-0xybist~ pwd0 . 23.200
2.3-dibremonaphtha- alfa 10.000
lens)_t3c.258 reacs
4 n
- 24509.8 4n a
at 1.300 dp ¥
o 63750 ho =
o 17000 PROCRSSING
b 16 b 1.00
a 0.700 #n act used s
nt 29000 DIBPLAY LR 9
et 19752 =p 7374.7 K a
TRANDETTER - 9179.2 8 o
[ c1s 1 4ae.7 b 3
atrq 100.410 =fp 771307 .
tor 1026.8 = 7.3 °
tome 60 1p ° ]
o 6.550 v
IXCOUPLER wo 370
an = s o
dott 300.0 v 16309
an oy th 2
am v i cdc ph
apwr 42
ant 9392
Br Br 8 <
? ]
Br I Br 3 g
" | - \ Y R ik
o ) o " » Yo
T RSO | T W T L T T T T
160 150 140 130 120 110 100 S0 80

15



9,9°-Oxybisphenanthrene (2k) 'H-NMR

oxpé Proton
anmLs 8PECIAL

date  Jul 17 2019 temp not used
solveat ©4c13 gain not used
£ile /media/aisk/s- apin 16
T-10mAata_Etherifi- hot o.c08
catien/9.9-Cuybisp- pwd0 14.600
henanthreno 1%.£4d alfa 10.000 - sagahsegs = 3 =

ACQUIBTTION A3 R S8SCRpeRs 5 3 8
o 6410.3 41 a fabreonncfkoernr o m o
at 3.500 dn a ) i |\|\ L\\k L
= 44873 & ¥ =7 NN
™ 4000 ha Y ™
bs 4
ar 1.500
at 1
ot 16

TRANBUITTER
ta
strq 395.203
e 399.3
o 58 /

o 7.300 2 8 3 3
DECOUYLER K30 I O PN
dn 13 Ja
aot o H a8
an non -
&m e /

apwr a
g 29412
i
] HE
- L
- ))F

LI S B S B T T T

=0.000

7.75 7.70 7.65 7.60 7.55 ppm
1.92 l":
6.12
I 1
L B A | B N0 T B e T e R s ey (MO e S I T S TN S B S B et et s L T
1 1c 9 8 ? 6 5 4 3 2 1
Yytyt L Yicly L g
2.00 1.95 6.12 2.00
2.07 1.922.15
9,9°-Oxybisphenanthrene (2k) *C-NMR
@opé  Caxben
date ::"l’l 2015 top 'mx::l used
solvent cdc13 galn 2ot used
e “;‘n 0.0::
a =
s i
TRANENITTER 5

TTUURTHYE

*"
4
132.257
131.870

\ hatat A uthﬂWWWWW- s A ek kbt A 3
L i Y eviel el ¥ e ikdiathad i

150 140 130 120 ' 110 100 90 80 ppm.
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2,2°-Oxybisphenanthrene (21) 'H-NMR

oxpé Proton
BAMPLE SPRCIAL
date  May 28 2039 temp not used
solvent cacld gain oot used
£ile /medin/dizk/S- cpin 16
2-wmanta_therdfi~ hat 0.000
oaticn/3.2-0xydiph~ pwd 14.600
enanthrene_iR.fi4 nalfa 10.000 = e
e ES A RIS
o 6410.3 41 n o L H
at 3.500 4n n 23 - =
E™Y 44872 & ¥ » e g
™ 4000 ba ma 2 ol 3
va ‘ PROCREETNG [S ]
a 1.500 1 0.30 8 &
ar 16 £ not used " 3
ot 16 DPISPIAY <
TRANSUITIER o - 2199.3 -
@ . om owp an.a 838 i
ofrg 399,283 rfl 828.3 . B )
tof 399.3 rfp ok i
o 38 7.7 @
o 7.300 1p 0
pecovPLER. rw0T i
dn C13 we 120 i ]
dot 0 s 90 < a
an ann  vs 2880 L L]
& ot 21 IS
dper 41 ai cfc pn
et 29412 |
o g
8 3
- <
°
H
3
7.95 7.85 7.65 7.55 7.45 ppm
1.98 6.21
a.06 3.97
A
— T T T T T —T —r T — T — :
11 10 9 8 7 6 4 e 0
e W
.00 2.90 6.21
2.03 2.06 3.97
’-Oxybi BC-N
2,2’-Oxybisphenanthrene (21 -NMR
@pd  Carbon
ans SPECIAL
date May 34 2015 temp Dot used
colvent odold gain not woed
£ile /medis/dlsk/G- epin 16
I-mMdata Etharifi- hst 0.008
eation/2.2-Oxydiph~ pwdl 13.100
onanthrene_13C.£14 alfs 20.000 o (]
AcquIsTTION rrace TaIpALGRA
- 24509.9 41 = end bleh «ln
at 1.300 4o a a3 9 5?55
= 63750 dp ¥
o 17000 hs o K\ )
be 16 PROCRSSTNG
a 0,700 1 T 1,00
nt 20000 £a ot wsed
ot 436 DIsvIAY
TRARSMITTER » 7516.1 S
@ €13 w 9051.3 LRI
ofrg 100.410 »f1 9449.2 I :' e
ot 1026.8 v 730.2 3
epwr 60 -ana 3
o 6.550 1o °
DECOUPLER. PLOT
an B ar
dot 300.0 oo o '
a Yvy vo 8310
&m » e 27
e 42 al cde s
L 9592

133,419
131,665

130.201

o~

160 150 140 130 120 110 100 90 80
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4,4’-Oxybispyrene (2m) 'H-NMR

Saeprx
date Jul 8 2015 tewp
Bolvent cdcl3 gain
file /medin/disk/S~ spin

TN

eationsd. 4-Carddoy- +eda -
rene_iH.fid alfa B 2
acgursTTION © ol e =
o 6410.3 41
at 3.500 4
= wmn e
©® 4000 B
b s
a 1.500 b
at 16
ot 16
TRaNRCTIIR w»
ta n w
sfrq 298,283 #22 o
) 395.3 rfp 3
toex 58w >
o 7.300 2p E
sxcoTPLER
£ o1 we
dof 9 s¢
a nan ve
ao o th i
e 4 a1 oo o
e asa12 S
o
]
= a
H
g /
-
E
®
a
3
®
] §
=
i L i b L L b |
8.18 8.14 8.10 8.06 8.02
5.56
2.20
iL .
Ut A §
— L B R e o e e e L e e o e e N e B e e e e B
11 10 9 8 7 6 5 4 3 2 1 0
w oy oy
2.00 5.964.37
’ : 13
4,4’-Oxybispyrene (2m) “C-NMR
cups  carsen
BRCLE SPECIAL
date  Jul 52019 tem Dot usod
solvent cacts gain not used
£ile /media/disk/o~ spin 16
2-9MRaata Bthorifi- Bot 0.008
cation/d. d-Oxydipy- pws0 13.100
zeme_13C.£id alfa 10.000
ACQUISITION FLAGS
aw 245088 41 n 2.
at 1.300 dn a B :. B -
= 63750 %o ¥ sgoas asBa
® 17000 hs m A388s.583830¢g
ba .16 pROCRESTNG "Kk]\'af,;"'ﬁaz
a 0.700 1.00 i s g E
ne v 25000 £n not used 3 /
ot 18289 DIsTLAY /
TRANEMITTER = 75305
tn €13 wp 5014.7
ofra 100,410 rf1 9844.7 o
tor 1026.8 xfp 7730.7 2
towr 6 = . ann :
™ 6.550 1p o g
DECOUPLER PLOT
a 2 ow a0
a0t 300.0 e
s wy v 32249
amn v 3
e 42 ai oo
&t 9592
o
a0
(0] a3

Yo

454
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not used
not used
0.008

SPECIAL
cdc13 gain

expd Proton

9-(3-Fluorophenoxy)phenanthrene (4a) 'H-NMR

|
00070 ———— — “ o

,
,
S92 T |
69" T |

-
w\ ==
~
™
-
T L B
foe" L
-\ o >
anu.rlﬂ I vo-
n oavE L ‘V
-nn._.H//
€L L-
et~/
oTrL—
o
= 082
4° 805°L:
~ o eEs L
S e sLE L
1528 o95°L
¥
o
Toa
@
8
“
158
S
5
o
g3 =ang 83 hnAsode pesy
g3 g3 nnwede gog
g2 i e 39328
8 33 zgs ¢ EEEH
is Boanis® 33 333
> g &y 1 Sss
§ i 8 § 2 S mmm
g g
: $
i
2 a8 [T
AT ©H882 A& pepHuRR pessy m
2382 a3 ee¥fea
288878%% HZDRE g 9Y - mgnevgee gomas nogvgn
Sk e g Sa 3 o] i §EgTEnn HE3AE §°@°93 o
e -1 "% - FL "
H i

date Jm 3 2019 tew

file /media/disk/8- spin
I-mmdata_Xeharifi. hst
cation/9-(3-Fluotor pwsl

expt Proton
snwLe

6.8
1.98

1.00

1.02

19

7.5




9-(3-Fluorophenoxy)phenanthrene (4a) 3C-NMR

expd Carbom
sarta aPECTAL
date Jul 17 2019 temp Dot uoed
nolvent e2e13 galn not used
file «o epin 16
hat 0,008
o 24509.8 w90 13.100
at 1.300 alfa 20.000
™ 63750 rnags
©® 17000 41 a
»o 16 in a y—
a1 0.700 &p ¥ 3258 .
at 10240 hs an e %oens
ot 2160 B EEERER
TRANSOTTER 3 §e 2 “I) a
ta €3 fo q //
atrq 100.420
tof 1026.3 sp -
o 6 wp o
™ 6.530 rf1 8
* pEcoTPLER rip b
én H p ) d
ot 300.0 1p
an wy
= v we
apws 2 s
dar 9592 va
th
ai ocdc b
s
(o) ol
o
3
@
3 "
s
F "
a

— | — T —T — T —T | EE—

150 140 130 120

9-(3-Fluorophenoxy)phenanthrene (4a) ’F-NMR

oxpd  Fluorine

BAPLE BPECIAL
date Jul 10 2019 Cesp not usad
solvest cdcld gain not used
file /media/disk/g~ spin 16
Xl £i~ hst 0.008
cation/9-(3-Fluoto- pwdl 18,000
phenoxy) phenanthle~- alfa 10.000
ne_197.£id FIAGH
41 a
- 119047.6 in n
at 0.600 dp ¥
op 24385¢ ho & =
o 51800 'PROCESEIXG
bs n 1.20
a1 4.400 fo aot used
Bt 16 DISPLAY
ot 16 wp ~46230.6
TRANSHITTER w5 6559.5 l
= 9 =fl 59276.8
afrq 373.671 xfp ~29680.3
tof 13624.2 p 68.5
tpwr 61 1p o
™ 6.000
DRCOUPLER wo 370
an €13 sc L
dof o vs 307
an man  th 52
. o ai =
dowr a1
ang 25412
o}
F
TRy " " TS N T [ R Rrs i e T Wy | PP o | x
L, Ll Sy b i W TN o ‘r-alwu.l..u Movphrnpinmingrgy
L e e et e B B B it T .' T
-106 -108 -110 -112 -114 -116 -118

20
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9-(4-Chlorophenoxy)phenanthrene (4b) 'H-NMR

expt  Proten %
BAPLE BYECIAL
date  Hay 30 2019 temp not used
solvent ool gain not used
£ila /medin/alex/S- spin 16
T-HDmRAal 4 het ©0.000 - g |
cation/9-(4-Chlovo~ pwdd 24.600 3 S8R SR
phancuy)phenasthre- alfa 10.000 o ol ikl s lels
no_18.£44 \ q
ACQUISITION o - §
aw 6410.3 o a R
at 3.300 dp ¥ 8%w
p 4872 hs = kY
r 4000 PROCEEEING
be « m 0.20
a 1.500 £ not used
nt 16 DIgRLAY
ot 16 =p a198.7
TRARSCITTER v 42958
ta m =1 858.7
ateq 399.283 sfp ° 2
tor 399.3 = 7.4 e
o 58 1p ° S
P 7.300 srom
DECOURLER. hid 110
e
aof
an
dom: ¢
agvr
ant ﬁ
Lo o o o L
7.6 7.5 7.4 7.3 7.2 7.1 ppm
—— [
1.96 1,99 0.98
I 1 1.8 1.50
NN S
— T T T T T T T T T T
11 10 9 8 7 6 5 2 1 o
. W G W (e
1.00 0.5 1.02 1.80 1.90
1.00 2.98.98  0.98
13
9-(4-Chlorophenoxy)phenanthrene (4b) "C-NMR
axps  Carbon
SAPLY BPICTIAL
dste my 30 2019 tem a0t used
solveat c8cld gain 2ot used
f£ile /media/aiok/d~ spin 16
" I-iDmdata therifi- hat 0.008
cation/s- (4-Chlero- pwI0 13,100 endgangnsatags
phenoxy)phenanthee~ alfa 10.000 2SERSARSERAAA
ne_13C.£44 TuAGE At R EeeBN NS
ACQUISTTION 10 = 3833 qAAAR
o~ 24309.8 in a
at 1.300 6 ¥ J\K\k )///) y
=p 63750 hs .
™ 37000 PROCESSING
»a 16 b 2.00
a 0,700 £a Dot used
e 20000 DIEPIAY
et un o 3223
TRARGMTTIRR v 9318.9 "
tn €13 rn1 9460.4
strq 100.410 =fp 7730.7
tof 1026.8 = -124.3
o 60 1p °
™ 6.550 »zor &
DECOUPLER we e ~
aa m s ° 1
aot 300.0 vs m
& vy th 16
o w al cds ph
o «
dat 9592
=
a4
o} 4 nk:_.L
cl g
a
H 8
O E f a :
. it
JL L__JUL J
T
-—T T T T T T T —— T T
160 150 140 130 120 110 100 S0 80 ppm
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9-(4-Methoxyphenoxy)phenanthrene (4c) "H-NMR

BMELE BPECIAL

date May 16 3019 temp a0t used
=0lvent edeld gain not used
£ile /media/disk/S- spin 16
I-EMRAnta _Etherifi- hst 0.000
caticn/9-(4-Methox~ pwil 14.600
yphenoxy) phenanthre alfa 10.000 o aomng T - &
onaiL190537. €14 e 232333335888 88832983888 243§
i o PR B K RO E R Aededdredlingtlen
™ 6410.3 n g afer - . B |\L
z : P g S
=p 44072 an M |\
£ 400¢

4

7.741
—~7.723

8,715

B

RS R RN AR AR A AR ERRRY T T

7.6 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 ppm
[N S R S — ——
0.97 2.02 3.98

2.00 1.94

1.5¢0

U

000

—7 — T T T | R e e o P B B T e B B

11 10 9 8 7 6 5 4 3 2 1
W ity W w
1,00 0.94 2.00 .58 PR
1.02 0.972.02 2.9
13
9-(4-Methoxyphenoxy)phenanthrene (4¢) °"C-NMR
@pd  Caxbon
BALE SPECIAL
dato Moy 16 2029 temp ot used
solveat cdcld gain 2ot used
£ile /mediasaisk/se svin 15
- rifi- kst 0.008
catica/9- (4-Hothox~ S0 13.100
yphenexy) thr- alfa 10.000 w46 2By
ene_23c_190517.£14 E:.:EH H b -1
‘Acquz a a 5885 3 clks
P 24509.0 4n a IR R ELE bl
at 1.300 & ¥ S48 N /‘
= 63750 ns o JJ
o 17000
s 16 1.00
aL 0,700 fa not used
ot 200000 DISPLAY
ot 10660 wp 5347.7
TRANENITTER w 12204.7
o ) s 9446.2 N
ofxq 100.410 xfp 7730.7
ot 2026.8 ~122.3
s & p o
I 6.530 n
‘DRcoURLER o 370 EEETY
a L sc 0 -
dof 300.0 va 7808 §95¢ E 8
o wy th 1 LR -
&m w al cfo ph
o a
anf 9592
a
&
o) is
e
i\
OMe , $ I
1 8
L
-
3 .
@
H
‘ L,Jb L - Nl_
—T —— e e L S e o e e I s s s S S I —
160 150 140 130 120 110 100 s0 80 70 60 ppm
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9-((6-Chloronaphthalen-2-yl)oxy)phenanthrene (4d) 'H-NMR

enoE
dste Qm S 2019 tem
solvent o8all guin
file /mediasaisk/g- spin
T-HomMata_Etherifi~ hat
eation/9={ (6-Chlor- pwsc
onaghthalen-2-yX)o- alfa
xy)pbenanthrene 18-
Jgla 41

ACQUIGTTION in
6410.3 dp
3.500 ha

aRp¥RERR
)

(L

g8

BPECIAL
not used
Bot used

16
0.008
14.600
10.000
rags

7.929.
808
<TTYTeS
750

No7.933

J

\—7.115

7.698

J

L

B LA AL L LS sabty A e Aty s L e

7.85 7.75 7.65 7.55 7.45 ppm
) i
8.67 18.37 2.9 8.68
.31 7. of
d 37.03 ) 9.01
——— : : — e ———y e T
11 10 [ 8 7 6 5 a 3 2 1 0 ppm
W L4 Yo Y
6.78 6.32 6.897.2%5.65.44
& 6.18.52 6.609
1
9-((6-Chloronaphthalen-2-yl)oxy)phenanthrene (4d) 3*C-NMR
expd  Carbon .
BAMPLE SPECIAL
date Jun 5 2019 temp not used
aolvent cdeld gain Tot used
file /medin/ais¥/S~ spin 16
I-EMm3ata Ktherifi~ hat 0.q008
i aaile. e el §3533822888333 igé
= etia 11 a S555558955858853 i“
- e . { )// M
24509.8
:: 1.300 : l:: E
D 63750 PROCESSTNG . x
b 17000 1% 1.00
be 16 fn Dot used o
a1 0.700 DISPLAY ﬂ
ot 20000 mp 7465.2 E
et 1836 wp $088.0
o m—— 0 Mo
afrq 100.410 xp -155.3
tof 1026.8 1p °
tpwr 60
o 6.550 we a7
B8O 0
an B vs 12621
dot 300.0 th a7
an yyy uf edc ph
amm -
v @2 o
ant 9592
Sey
Sa
gsash
d1998
O g 1 k&\
O O - ) \
L
O cl
!
M
i ik ik KD JRLL) Ja AR EH RO TR WALt ot b R Qe bt A AR
i A 1 o M T I
- 160 130 140 130 © a2 110 100 20 80  ppm
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9-((4-Chloronaphthalen-1-yl)oxy)phenanthrene (4e) 'H-NMR

axpé Proton

BAMPLE
date May 13 2019 temp
solvent cdals gain
f£ile /medin/disk/8~ spin
2-Rdata_Ktherifi~ bat

cation/$-( (4-Chlor= pwd0

onaphthalen-1-yl)o~ alfa v @ L ndomncinlew
xy)phenanthrone, if~ RR COREIRIIRISS
.fia 11 R ey A G, g K A
in
o 6420.3 ap ) J),/)
at 3.500 hs
- 44872
£ 4000 1b
b 4 tn
a 1.500 =
ot 16 ep
et 16 wp e~
TRANTETTER Pr3Y R
o = rfp £
‘afxq 399.283 rp
tof 399.3 1p
tpwr 56
it 7.300 wo
DECCUPLER sc
én €13 v —-
dof 0 en 3
an oon el 3
&m e ~
apeer (39
ot 29412 2
2%
.3 a
$ 3
"
s
8
J d J .'
T e
7.75  7.65  7.55 vem
"
0.97 3.13
3.02 1.01
— —r— T T T T —— — — T
11 10 7 6 5 4 3 2 1 [
LRy ey iy b e
1.00 0.95 0.973.13 0.59
1.03 1.93 3.02.01 1.01
13
9-((4-Chloronaphthalen-1-yl)oxy)phenanthrene (4¢) '>"C-NMR
axpd Caxbon
anoua svzmmaL
date ay 15 2019 tewp mot used
solvent énso gain not usod
file /media/disk/8~ spin 16
ta_Btherifi~ hat 0.008
caticn/9«((4~Chlor~ pwdd 13.100
len~1-yl)o~ alfa 10.000 a e
xv)pbensathrase_13- ruce LR £
cuf1a 11 a 2> ol ¢
ia a -~ ~
- 24509.0 ap ¥ L
nt 1.300 des -
w 63750 PROCRESING
£ 17000 1b 1.00
bs 16 £n not vaed
a 0.700 DIBPLAY
=t 20000 sp 7440.7 n2
ot 19264 v 93246 Esn _5;2254:
- as i T30 Fefg. d.533i55q40
strg 100.420 = -12.5 “5':'53.5":‘!5:‘ ]
tpwr 60
! 70
e 0 v ame L (
én = va 15284
dot 300.0 th
an yyy ol odo pb
= - ”
dper a2 b3 H
nt 592 . -
E
El
8e
g
S 34
b
ig
O ’ O 5
O : ‘J
WA L " k,m
T T T T T T T T
160 150 140 130 120 110 100 %0 80  ppm
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9-((6,7-Dibromonaphthalen-1-yl)oxy)phenanthrene (4f) '"H-NMR

expé  Protan
snoe BPECIAL
date Nm 28 2019 tem Dot used
aolvent cdc13 gain Bot: used
file /media/disk/S- spin 16
2-memAata Etherifi~ hot 0.008
caticn/9~({6.7-Dibe pwd0 14.600 sdaoazealdeinoweala
remonaphthalen-l-y- nlfa 10.000 . STRRES8STSRRERIGS
1) oxy) phenanthrene~ Tags Eeeene el nfd 0 8 & nln
in-ze.fid i1 = 1\
ACQUISTTION ia n l\l k Q\ f) J
- 6410.3 & ¥
at 3.500 ha an
3 oz PROCZESTNG
Y 4000 1 0.20
b 4 not used
a1 1.500 PIEPLAY
nt 16 sp 29999
ot 16 wp 2913
TRANGMITTER £ 811.5
tn H xfp
stxq 399.283 -97.5
tof 399.3 1p °
towe 20 eLor
b 2% 8
8o 1 )
= " I
o N
L]
s
o
n
siss
isdy
o
2
2
7.75 7.65 7.55 ppm
1.02 2.04
1.02 2.06
—— T T T T T T T T T T T T T T T T T T T T —r
11 10 - 8 7 6 5 4 3 2 0
iy e WP e Y
103 0.96 1.0204 1.06  1.00
192 0.96 1.02.06 3.01

9-((6,7-Dibromonaphthalen-1-yl)oxy)phenanthrene (4f) *C-NMR

SAMPLE SPECIAL
date Jun 28 2019 temp Dot used
solvent 3 Dot used
file /fmedia/disk/S- spin s
T-XAata_Rtharifi- hat 0.008
cation/9-((6.7-Dib~ pws0 13.100
thalen-1-y- alfa 30.900
1) cxy)phrnanthrene-~ nass
_13c-re.fid 11 n
o ia B
ow 24309.8 dp i
at 1.300 ha an
=p 63750 PROCESSING
o 17000 1b 1.00
bs a6 £a not used
aa 0.700 DISPLAY
nt asoee op 7519.8
et 18306 wp 9033.4
TRARSMITTER xre) 9445.3
-ea c13 rfp 7730.7
afeq 100,430 xp 57.8
tof 1026.8 1p °
oW 60 or
o 6,550 wo 370
TDRCOURLER se 0
e H va as9s 3
:: :nn.o;:m,h u < 3p .=§=
g ewB282 2. 580833
m 4 e pBEiRi8aifeBiigR
apvr a A2e%8r Y :5'!..'5,;35!
= HE I
Rs" o
1% l‘% ’ L3
i
33
. Br
Br
o
O (0] ‘ 2
E
a
o
“l! | 4
) Mesioon
——r— e T T —— —— e . ——
160 150 140 130 120 110 200 20 80 ppm



2-(Phenanthren-9-yloxy)phenanthrene (4g) 'H-NMR

expd  Protom

LR
date Jun 11 2019 temp
zolvent ©4cl3 gain
£{le /nedin/disk/s~ spin

zen-9-yloxy)phenan~ alfs wiOpEORARCIOwanrw ace
threno_1Z.£id g RBARERRAXTZANSSA 223
ACQUISITXOR 11 =E=.h-x~'.:.1..'.:§'1.5.ln'n'écl.in' D
” 64103 in 482 )
at 3.500 dp 2 gepev -
Py 44372 ha 3827 S &
e 4000 o521 T8
bs 4 > a;:‘t e
a1 1.500 fn gex=y ]
=t 1 g d n
e 1§ o = H
TRANENITTER w " S
ta m =m ‘: LA
strq 399,203 xfp i
ot 399.3 ~103.1 H
o 58 1p kit /
v 7.360 B 7 i
DECOUPLER wo o H
as €23 s 70 |
dof o vs ans
& zon th »
dam o 8 ol b S I
o 4 R il
ant avaz ",";gs ‘1|
eng
SR
1 1
s
3 !
< f /

7.758

534
.528
7.514

s

X

.000

L S i b T T i
7.78 7.74 7.70

T i T T
7.66 7,62 7.58 7.54

L 20.97 l
——T T T T T T — T
11 10 9 8 7 6 5 4 3
e W we— ¥
it.0803 0.99 1.01
2.03 0.98 10.97
13
2-(Phenanthren-9-yloxy)phenanthrene (4g) '"C-NMR
expd Carbon
sanvra svEcIAL
date Jun 11 3019 tem not used
solvent cdcl3 gain not used
£ilo /media/atak/8~ spin 16
I-RRdata_Btherifi- Bat 0.008
cation/2~ (Pheneathe pwdd 13.100 qgse
ren-3-yloxy)phenan- alfs 10.000 age
threne_13C.£id uAss edle
AcquzsrrIen 1 z ST
o 34509.9 in 3
at 1300 4 ¥
= 63750 hs =
» 7000 PROCEEETI
o 15 1 1.00
a 0.700 fa nat used
ot 20000 DIoPLAY
et w0 o 73724
TRARSMITTER o 9142.6
= c13 a1 sear.0
strq 100.420 zfp 77307
tot 1026.86 68.9
e 60 1p ° &
™~ 6.550 .28
DEcoUrLAR v 370 wn383
an H s 0 23 2seq
&of 300.0 va 6794 89 3
3
én yor tn 15 ]
ans w ai ofc ph
e a .
ant 9592 S e
a8
de
a
.
§
3
O ’ OO
]
a
« q
e
gaaaeuad '
e — [ —— T — T T T 7T
160 150 140 130 120 110 100
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2-(Phenanthren-9-yloxy)triphenylene (4h) 'H-NMR

axpd  Proton

BneLE SPECIAL
date Jul 10 2019 temp not used
solvent cdell gain not used
f£ile /media/disk/8~ opin 16
I-taRdata_Btharifi- hst 0.008
catien/a- (Phenanth~ pwdld ‘14.600
ren-9-yloxy)triphe~ alfa 10.000 :
nyleas 1H.£14 nage E
ACQUESTTION i [
™ €410,3 in
at 3.500 <&p
o 44672 be
Y 4000 o
b . 5 35
a 1.500 fa - bl
ot 16 y j [
ot .16 = i
TRANSMITTER e
tTa = rfl
strq 399.200 x#p
tof 399.3 mp
tper 58 1p
™ 7.300 =
v 22838 (e
én €13 sc 3 L] i - 5 = n
o= o = x5 £%9
an ann th /l e
s g ai
Spwz 41
ane 29412
'
- o g
S8gSge H
2o%s2%c88n
~ 9 - © D. w oA
e T 28 - -
1 Jea28s, 23, B
| T35 e e 8
72 TER <]
AN
N
\w u
\
f i
J A 7.80 7.75 7.70 7.65 7.60 7.55 PP
v r
f \ 1.01 3.08
ﬁ | L 4.99 1.02 J
B A
— T T T T T T T T 7 — —— T
il 10 9 8 6 5 4 3 2 0
Wi iy
1.08.001.02 4.991.02
4.021.99 1.013.05 1.00

2-(Phenanthren-9-yloxy)triphenylene (4h) '*C-NMR

«pé Carben
Ly

date Jul 9 2019 tem

aolvent 4013 gain

c.e4a
o8
-~ 24509.8
at X
o
o
vo
a
at 23000
ot
TRANDETTTER
e
atrq 100,420
tof 1036.8
o
- X
DEcoUPLER
an
aot
an
ams
A
- ant
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1-(Phenanthren-9-yloxy)pyrene (4i) 'H-NMR

expé Proton
oLz SPECIAL
date dwi 9 2019 temp Dot used
colvent cdel3 galn not uged
£ile /modia/dick/S~ spin 15
I-mmasta_Etherifi- hat 0.008
caticn/1-{Fhezanth~ pws0 4.600
ren-9-yloxy)pyrano~ afa 10.000 —
=14 reaca aa
acouisTTIOR n b
on 6410.3 in n
at 3.500 & ¥
™ 4972 hs m
o 4000 PROCESZTNG
b b 0.20
a1 1.500 € ° not used
nt 16 DISPIAY
ot 16 ep a850.2
TRAREHITTER v G
ta H £l 812.3
afrg 199.203 =fp [
ot 399.3 ™ -1209.7
tower 58 1p [}
o 7.300 o
DECOUPLER we az0
an c1 s 70
dof ° va 269
an oon th EY
&m c ai ofc ph
apwr 4
ot 23012

(o]

8.162
/~8.001
[/ —8.07%

7.254

=x
w
\-7 759

054
2.040
7.930

892

9.657
8.413

777

/—1-5(5
7.549
~7.528

\—7.759
7.7402
7.738

X

1.726
7,705

\;

7.513
7,457
1.;75\-'\

7,459

\_T_

.000

\ a

7.9
1.02 120
2.18
—— T —— - Tt - : . 1
11 10 9 8 7 6 5 a 3 0
WY W P e w
1.00 0.8 4.0 2.1 1.07
2.06  3.01 1.0z 3.28 s
= 13
1-(Phenanthren-9-yloxy)pyrene (4i) °"C-NMR
«xpé Carbon
snoLe svzczL
anto  Jul 82019 temp  mot woed
solvent edeld not used
file /media/dick/S- spia 16
I-IDmdata Etherifi- hat 0.000
oation/1- (hemsathe pwsd 13.200
ren-3-ylcay)pyrane~ aifa 10.000 "
-a3c.e4d rLAGE 3
a a e
o 24509.8 in a T
at 1300 do y
P 63750 ho =
9 17000  vRocEssm
be 16 1 1.0
a 0.700 fo 2ot used
ne 23000 DrsvIAY
ot 1544 op 7555.7
TRARSMITTER A 8010.9
o= o1y =n1 2446.2
nfrq 100.410 xfp 7730.7
tor 1026.6 5.9
o 60 1p o
e 6,350 ot
secoumLER we a0
@ s o
Aot 300.0 v 28999
a wy & 20
am w ai cte b
apvx a
ane 9392
a
T Ty T T T
150 140 130 120 110 100 90 80 Ppm
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9-phenoxyphenanthrene (4j) 'H-NMR

STANDARD PLUORINE PARAMETERS

Sample Name:

Data Collected on: OPh

Agilent-NUR-vamrsd00
Archive directory:

Sample directory:
FidPile: Taniiproduct-1H

Pulse Sequence: PROTON (s2pul)
Solvent: cdel3
Data collected on: Oct 26 2019

Operator: vamrl

Relax. delay 1.500 sec

16 repetitions
OBSERVE M1, 399.2640402 Miz
DATA PROCESSING

Line broadening 0.2 Hz

FT size 6553

Total time 1 min 20 sec

10 9 8 7 6

Sexple Name:

"
707
=

Data Collected ca:
Agiloat-MR-vanrad00

pronirs dusestony: OPh [

Sazple directory:

a7

PidPile: Taniiproduct-13¢

Pulse Sequence: CARBON (s2pul)
Solvent: cdeld
Data collocted ca: Oct 28 2019

.0 dogre

Acq. timoe 1.311 gec

Width 25000.0 e

976 repetitions

OBSERVE €13, 100.3950242 Mz
DECOUPLE H1, 399.2660165 ¥z

Line broadening 1.0 Hs

T 65536
Total tize 51 min

0176

157298

 —  am

9-phenoxyphenanthrene (4j) '*C-NMR

77,019

\re.eon

12,200

w116

XY

127346
126,130

222,748

.
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29

40

20



