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1 General remarks 

The following includes general experimental procedures, specific details for representative reactions and 

spectroscopic information for new compounds. Palladium catalysts and ligands were commercially 

available and used as received. The reactions were carried out in oil bath using microwave vials (2-5 mL). 
1H NMR spectra were recorded at room temperature on 400, 300 and 250 MHz spectrometers, using CDCl3 

and DMSO-d6 as the NMR solvents. 1H NMR spectra are referenced to tetramethylsilane (0.00 ppm) and 
13C NMR spectra are referenced from the solvent central peak (77.23 and 39.51 ppm for CDCl3 and DMSO-

d6 respectively). Chemical shifts are given in ppm. 
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2 Regioselective arylation of phenanthrene 

2-1 Screening of reaction conditions 

Table S1 Screening of reaction conditions for construction of 9-arylphenanthrene 3a 

 

 
Entrya Catalyst [O] Solvent Yield (%)b 

1 Pd(OAc)2 K2S2O8 1-propanol 0% 

2 Pd(OAc)2 K2S2O8 2-propanol 0% 

3 Pd(OAc)2 K2S2O8 t-Butanol 0% 

4 Pd(OAc)2 K2S2O8 TFE 25% 

5 Pd(OAc)2 K2S2O8 AcOH 10% 

6 Pd(OAc)2 K2S2O8 PivOH 20% 

7 Pd(OAc)2 K2S2O8 TFAA 28% 

8 Pd(OAc)2 K2S2O8 TCA 36% 

9 Pd(OAc)2 K2S2O8 CH3SO3H 27% 

10 Pd(OAc)2 K2S2O8 CF3SO3OH 30% 

11 PdCl2 K2S2O8 TFA 15% 

12 Pd(acac)2 K2S2O8 TFA 28% 

13 Pd(dba)2 K2S2O8 TFA 12% 

14 Pd(OAc)2 K2S2O8 TFA 62% 

15 Pd(OAc)2 Na2S2O8 TFA 75% 

16 Pd(OAc)2 (NH4)2S2O8 TFA 60% 

17 Pd(OAc)2 AgOAc TFA    40% 

18 Pd(OAc)2 DDQ TFA 40% 

19 Pd(OAc)2 BQ TFA 20% 

20 Pd(OAc)2 BP TFA 50% 

21 Pd(OAc)2 DTBP TFA 64% 

22 Pd(OAc)2 TBHP TFA 

 

50% 

aAll reactions were run under the following conditions: Phenanthrene (0.1 mmol, 1.0 equiv), Arene (5 equiv), Pd catalyst (10 

mol %), Oxidant (1equiv), Solvent (10 equiv), 80 °C, 12 h. 

BQ= Benzoquinone, BP= Benzoyl peroxide, DTBP= Di-t-Butyl peroxide, TBHP= t-Butyl hydrogen peroxide, TFE= 

Trifluoroethanol, PivOH= Pivalic acid, TFAA= Trifluoroacetic anhydride, TCA= Trichloroacetic acid, TFA= Trifluoroacetic 

acid. 

 

 

 

2-2 General experimental procedure for direct arylation of phenanthrene 
A vial equipped with a stir bar was charged with phenanthrene (0.1 mmol, 1 equiv), arene (5 equiv), 

Pd(OAc)2 (10 mol %), Na2S2O8 (1 equiv), TFA (10 eqiuv) and capped. The resulting mixture was heated 

in an oil bath at 80 °C for 12 h, cooled then filtered through a short plug of silica. Removal of the solvent 

gave a crude mixture which was purified by column chromatography (n-hexane and n-hexane/EtOAc 

gradient).  
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2-3 Experimental characterization data 

 

Mixture of 9-(4-methoxyphenyl)phenanthreneand 9-(2-methoxyphenyl)phenanthrene (3a-mixture) 

Light yellow solid, as an isomeric mixture of regioisomers. The isomeric 

ratio was found to be 1/3.8 (o/p) as per NMR, 53 mg (75% combined yield); 1H NMR (400 MHz, CDCl3) 

δ (isomeric mixture) 8.80-8.73 (m, 4H), 7.97-7.89 (m, 4H), 7.70-7.46 (m, 14H), 7.14-7.07 (m, 4H), 3.93 (s, 

3H, p-isomer), 3.71 (s, 3H, o-isomer); 13C NMR (100 MHz, CDCl3) δ (isomeric mixture) 157.9, 156.4, 

137.3, 132.0, 130.8, 130.6, 130.3, 130.0, 129.6, 128.8, 128.1, 127.5, 126.7, 126.4, 126.1, 125.9, 125.7, 

125.5, 125.4, 125.1, 121.8, 121.6, 121.4, 119.6, 112.7, 109.8, 54.5, 54.3. 

 

9-(4-methoxyphenyl)phenanthrene (3a-para isomer) 

White solid, mp 156-157 °C (157-159 °C)[1]; 1H NMR (300 MHz, CDCl3) δ 8.79 (d, J = 

8.2 Hz, 1H), 8.74 (d, J = 8.1 Hz, 1H), 7.98 (d, J = 8.2 Hz, 1H), 7.91 (d, J = 7.5 Hz, 1H), 7.71-7.49 (m, 7H), 

7.08 (d, J = 8.1 Hz, 2H), 3.93 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 158.0, 137.3, 132.1, 130.6, 130.3, 

130.2, 130.01, 129.6, 128.9, 127.5, 126.4, 125.9, 125.8, 125.4, 125.3, 121.8, 121.5, 112.7, 54.3. Anal. Calcd 

(%) for C21H16O: C, 88.70; H, 5.67. Found: C, 88.98; H, 5.83. 

 

9-(2-methoxyphenyl)phenanthrene (3a-ortho isomer) 

Oil[2], 1H NMR (300 MHz, CDCl3) δ 8.66 (d, J = 8.3 Hz, 1H), 8.63 (d, J = 8.3 Hz, 1H), 

7.79 (dd, J = 7.4, 1.2 Hz, 1H), 7.59 (s, 1H), 7.58–7.50 (m, 4H), 7.42–7.35 (m, 2H), 7.27 (dd, J = 7.4, 1.2 

Hz, 1H), 7.02 (td, J = 7.4, 1.2 Hz, 1H), 6.98 (dd, J = 8.3, 0.9 Hz, 1H), 3.60 (s, 3H); 13C NMR (75 MHz, 

CDCl3) δ 156.4, 134.8, 130.8 130.7, 130.4, 129.2, 129.1, 128.5, 128.1, 127.6, 126.8, 126.1, 125.5, 125.4, 

125.2, 125.1, 121.7, 121.5, 119.7, 109.9, 54.5. Anal. Calcd (%) for C21H16O: C, 88.70; H, 5.67. Found: C, 

88.95; H, 5.79. 
 

9-(3-methoxyphenyl)phenanthrene (3a-meta isomer) 

 White solid, mp 91-92 °C (92-94 °C)[1]; 1H NMR (500 MHz, CDCl3) δ 8.82 (d, J = 8.1 

Hz, 1H), 8.76 (d, J = 8.0 Hz, 1H), 8.03 (d, J = 8.0 Hz, 1H), 7.94 (d, J = 8.0 Hz, 1H), 7.78−7.59 (m, 5H), 

7.50−7.47 (m, 1H), 7.22−7.18 (m, 2H), 7.07 (d, J = 8.0 Hz, 1H), 3.91 (s, 3H); 13C NMR (125 MHz, CDCl3): 

δ 159.6, 142.3, 138.7, 131.6, 131.1, 130.7, 130.0, 129.4, 128.7, 127.4, 127.0, 126.9, 126.7, 126.6, 126.5, 

122.9, 122.6, 122.6, 115.7, 113.1, 55.4. Anal. Calcd (%) for C21H16O: C, 88.70; H, 5.67. Found: C, 89.01; 

H, 5.81. 
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Mixture of 9-(4-methylphenyl)phenanthrene and 9-(2-methylphenyl)phenanthrene (3b-mixture)

Light yellow solid, as an isomeric mixture of regioisomers. The isomeric 

ratio was found to be 1/2 (o/p) as per NMR, 54 mg (80% combined yield); 1H NMR (300 MHz, CDCl3)  

(isomeric mixture) 8.82-8.76 (m, 4H), 7.99-7.90 (m, 3H), 7.77-7.35 (m, 19H), 2.51 (s, 3H, p-isomer), 2.10 

(s, 3H, o-isomer); 13C NMR (100 MHz, CDCl3)  (isomeric mixture) 137.7, 136.8, 136.0, 131.4, 130.6, 

130.2, 129.8, 128.9, 127.9, 127.7, 127.5, 127.1, 127.0, 126.6, 126.3, 125.9, 125.7, 125.5, 125.4, 125.4, 

125.3, 124.6, 121.8, 121.5, 121.4, 22.7, 21.9. 

 

9-(4-methyphenyl)phenanthrene (3b-para isomer) 

White solid, mp 89−91 °C (90−92 °C)[1]; 1H NMR (400 MHz, CDCl3) δ 8.65 (d, J = 8.4 Hz, 

1H), 8.60 (d, J = 8.2 Hz, 1H), 7.84 (d, J = 8.2 Hz, 1H), 7.77 (dd, J = 7.8, 0.8 Hz, 1H), 7.57-7.53 (m, 3H), 

7.59-7.41 (m, 1H), 7.44-7.40 (m, 1H), 7.34 (d, J = 7.9 Hz, 2H), 7.21 (d, J = 7.9 Hz, 2H), 2.37 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 137.7, 136.8, 136.0, 130.6, 130.2, 129.6, 128.9, 128.8, 127.9, 127.6, 126.4, 

125.9, 125.7, 125.4, 125.4, 125.3, 121.8, 121.5, 20.2. Anal. Calcd (%) for C21H16: C, 93.99; H, 6.01. Found: 

C, 93.71; H, 5.85. 

 

9-(2-methyphenyl)phenanthrene (3b-ortho isomer) 

Oil, 1H NMR (400 MHz, CDCl3) δ 8.66 (d, J = 8.4 Hz, 1H), 8.62 (d, J = 8.2 Hz, 1H), 7.77 

(dd, J = 7.8, 1.2 Hz, 1H), 7.59-7.50 (m, 4H), 7.42-7.36 (m, 2H), 7.30-7.21 (m, 4H), 1.96 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ 139.1, 137.3, 135.9, 130.6, 130.3, 129.3, 129.3, 128.9, 128.8, 127.5, 126.6, 126.1, 

125.8, 125.7, 125.6, 125.4, 125.3, 124.7, 121.8, 121.5, 19.0. Anal. Calcd (%) for C21H16: C, 93.99; H, 6.01. 

Found: C, 93.68; H, 5.83. 

 

9-(4-chlorophenyl)phenanthrene (3c-para isomer) 

White solid, mp 122-124 °C (131-133 °C)[3]; 1H NMR (250 MHz, CDCl3) δ 8.81 (d, J = 8.2 

Hz, 1H), 8.76 (d, J = 8.1 Hz, 1H), 7.94-7.87 (m, 2H), 7.77-7.58 (m, 6H), 7.51-7.47 (m, 3H); 13C NMR (62.5 

MHz, CDCl3) δ 139.2, 137.5, 131.4, 130.1, 128.7, 128.7, 128.5, 128.3, 127.7, 127.6, 127.5, 127.0, 126.8, 

126.6, 126.6, 123.0, 122.7, 122.6. Anal. Calcd (%) for C20H13Cl: C, 83.19; H, 4.54. Found: C, 83.60; H, 

4.72. 
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9-(2-chlorophenyl)phenanthrene (3c-ortho isomer) 

White solid, mp 108-110 oC (118.9-120.1 oC)[4]; 1H NMR (250 MHz, CDCl3) δ 8.83-8.76 

(m, 2H), 7.93 (d, J = 8.0 Hz, 1H), 7.81-7.65 (m, 5H), 7.62-7.54 (m, 3H), 7.47-7.44 (m, 2H); 13C NMR (62.5 

MHz, CDCl3) δ 139.4, 136.2, 132.1, 131.4, 130.8, 130.3, 129.6, 129.1, 128.8, 127.9, 126.9, 126.9, 126.8, 

126.7, 126.7, 126.6, 122.9, 122.6. Anal. Calcd (%) for C20H13Cl: C, 83.19; H, 4.54. Found: C, 82.97; H, 

4.40. 
 

9-(2,5-dimethylphenyl)phenanthrene 3d 

Light yellow oil; 1H NMR (250 MHz, CDCl3) δ 8.75-8.69 (m, 2H), 7.87-7.84 (m, 2H), 7.67-

7.46 (m, 6H), 7.21-7.19 (m, 2H), 2.37 (s, 3H), 2.01 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 139.0, 137.5, 

134.0, 132.8, 130.6, 130.4, 130.0, 129.3, 128.9, 128.7, 127.5, 127.3, 126.0, 125.9, 125.7, 125.5, 125.4, 

125.3, 121.8, 121.5, 19.9, 18.5; MS m/z (%) 282 (M•+, 100), 265 (40), 252 (21); IR (KBr) 2919, 2851, 2326, 

2160, 2034, 1992, 1685, 1537, 1458, 1076, 799, 725, 683, 629 cm-1. Anal. Calcd (%) for C22H18: C, 93.57; 

H, 6.43. Found: C, 93.81; H, 6.55. 

 

9-(3,4-dimethylphenyl)phenanthrene 3e 

Light orange oil, 1H NMR (400 MHz, CDCl3) δ 8.66 (d, J = 8.2 Hz, 1H), 8.60 (d, J = 8.5 

Hz, 1H), 7.87 (dd, J = 8.2, 1.1 Hz, 1H), 7.77 (dd, J = 7.7 Hz, 1.4 Hz, 1H), 7.57 (s, 1H), 7.40-7.56 (m, 5H), 

7.23 (s, 1H), 7.18 (m, 1H), 2.28 (s, 3H), 2.26 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 137.8, 137.2, 135.4, 

134.6, 130.5, 130.2, 130.1, 129.5, 128.8, 128.4, 127.5, 126.4, 126.2, 126.0, 125.7, 125.3, 125.2, 121.8, 

121.4, 18.8, 18.5; MS m/z (%) 282 (M•+, 100), 267 (48), 252 (40); IR (KBr) 2921, 2316, 2016, 1737, 1496, 

1449, 746, 725 cm-1. Anal. Calcd (%) for C22H18: C, 93.57; H, 6.43. Found: C, 93.87; H, 6.59. 

 

9-(2,4-dimethylphenyl)phenanthrene 3f 

Light yellow oil, 1H NMR (400 MHz, CDCl3) δ 8.91-8.85 (m, 2H), 8.03-8.01 (d, J = 7.6 Hz, 

1H), 7.81-7.73 (m, 5H), 7.66-7.64 (m, 1H), 7.41-7.28 (m, 3H), 2.61 (s, 3H), 2.21 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 137.3, 136.6, 136.2, 135.6, 130.6, 130.5, 129.6, 129.2, 128.9, 127.9, 127.4, 126.8, 126.2, 

125.8, 125.6, 125.4, 125.3, 125.2, 121.7, 121.4, 20.1, 18.9. MS m/z (%) 282 (M•+, 100), 267 (67), 252 (41); 

IR (KBr) 2922, 2853, 1600, 1450, 818, 747, 725 cm-1. Anal. Calcd (%) for C22H18: C, 93.57; H, 6.43. 

Found: C, 93.85; H, 6.57. 
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9-(4-hydroxyphenyl)phenanthrene (3g-para isomer) 

White solid, mp 146-148 °C (150-152 °C)[5]; 1H NMR (400 MHz, CDCl3) δ 8.70 (d, J = 8.2 

Hz, 1H), 8.64 (d, J = 8.2 Hz, 1H), 7.86 (dd, J = 8.3, 1.2 Hz, 1H), 7.81 (dd, J = 8.2, 1.4 Hz, 1H), 7.61-7.45 

(m, 5H), 7.35 (d, J = 8.5 Hz, 2H), 6.91 (d, J = 8.5 Hz, 2H), 4.85 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 

154.9, 138.3, 133.3, 131.6, 131.3, 129.8, 128.5, 127.4, 126.9, 126.8, 126.4, 126.4, 122.9, 122.5, 115.2; MS 

m/z (%) 270 (M•+, 100 ) 252 (15), 239 (25), 149 (15); IR (KBr) 3386, 2922, 2854, 1457, 1148, 1076 cm-1. 

Anal. Calcd (%) for C20H14O: C, 88.86; H, 5.22. Found: C, 89.13; H, 5.37. 

 

9-(2-hydroxyphenyl)phenanthrene (3g-ortho isomer) 

Yellowish oil[6], 1H NMR (400 MHz, CDCl3) δ 8.80 (d, J = 8.4 Hz, 1H), 8.75 (d, J = 8.2 Hz, 

1H), 7.92-7.90 (m, 1H), 7.79 (s, 1H), 7.74-7.63 (m, 4H), 7.58-7.55 (m, 1H), 7.45-7.39 (m, 1H), 7.35-7.33 

(m, 1H), 7.14-7.07 (m, 2H), 4.89 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 152.3, 131.6, 130.4, 130.2, 129.9, 

129.7, 129.4, 128.6, 128.2, 127.8, 126.2, 126.1, 126.0, 125.5, 125.2, 122.0, 121.6, 119.6, 114.6; MS m/z 

(%) 270 (M•+, 30), 239 (25), 167 (27), 149 (43), 97 (48), 83 (52), 71 (73), 57 (100); Anal. Calcd (%) for 

C20H14O: C, 88.86; H, 5.22. Found: C, 89.18; H, 5.41. 

 

4-(tert-butyl)-2-(phenanthrene-9-yl)phenol 3h 

Yellowish solid, mp 158-160 oC; 1H NMR (250 MHz, CDCl3) δ 8.82 (d, J = 8.2 Hz, 1H), 

8.76 (d, J = 8.2 Hz, 1H), 7.95 (dd, J = 7.8, 1.3 Hz, 1H), 7.83-7.60 (m, 6H), 7.46 (dd, J = 8.3, 2.5 Hz, 1H), 

7.38 (d, J = 2.5 Hz, 1H), 7.07 (d, J = 8.5, 1H), 4.62 (bs, 1H), 1.39 (s, 9H); 13C NMR (62.5 MHz, CDCl3) δ 

151.0, 143.4, 133.4, 131.5, 130.9, 130.9, 129.1, 128.8, 128.1, 127.2, 127.1, 127.1, 126.7, 126.5, 125.6, 

123.1, 122.6, 115.1, 31.6; MS m/z (%) 326 (M•+, 77), 311 (100), 295 (10), 281 (18); IR (KBr) 3749, 3499, 

2923, 2277, 2176, 2047, 1984, 1683, 1602, 1446, 1201, 1140, 803, 753 cm-1. Anal. Calcd (%) for C24H22O: 

C, 88.31; H, 6.79. Found: C, 88.05; H, 6.60. 
 

9-(2,5-dimethoxyphenyl)phenanthrene 3i 

Light yellow solid, mp 150-152 oC; 1H NMR (250 MHz, CDCl3) δ 8.79-8.72 (m, 2H), 7.90 

(d, J = 7.5 Hz, 2H), 7.77-7.48 (m, 5H), 7.01-7.00 (m, 2H), 6.97 (d, J = 1.8 Hz, 1H), 3.81 (s, 3H), 3.65 (s, 

3H); 13C NMR (62.5 MHz, CDCl3) δ 135.7, 151.8, 135.7, 131.7, 131.3, 130.2, 130.2, 128.8, 128.7, 127.7, 

127.2, 126.6, 126.5, 126.3, 126.3, 122.7, 122.6, 117.6, 113.8, 112.4, 56.4, 55.9; MS m/z (%) 314 (M•+, 100), 

299 (22), 284 (15), 271 (37) 255 (18) 239 (19); IR (KBr) 3060, 2934, 2829, 1491, 1455, 1420, 1216, 1046, 

1020, 798, 749, 721 cm-1. Anal. Calcd (%) for C22H18O2: C, 84.05; H, 5.77. Found: C, 84.29; H, 5.88. 
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9-phenylphenanthrene 3j 

Light yellow solid, mp 101-102 oC (100-102 oC)[1]; 1H NMR (400 MHz, CDCl3) δ 8.62 (d, J  

= 8.2 Hz, 1H), 8.57 (d, J = 8.2 Hz, 1H), 7.82 (d, J = 8.2 Hz, 1H), 7.75 (d, J = 7.8 Hz, 1H) 7.57-7.50 (m, 

1H), 7.42-7.32 (m, 9H); 13C NMR (100 MHz, CDCl3) δ 139.7, 137.7, 130.5, 130.0, 129.5, 129.0, 128.8, 

127.6, 127.2, 126.4, 126.2, 125.8, 125.7, 125.5, 125.4, 125.3, 121.8, 121.4. Anal. Calcd (%) for C20H14: C, 

94.45; H, 5.55. Found: C, 94.74; H, 5.68. 

 

9-(4-fluorophenyl)phenanthrene (3k-para isomer) 

 Yellow solid, mp 147-149 °C; 1H NMR (400 MHz, CDCl3): δ 8.70 (d, J = 8.2 Hz, 1H), 8.72 

(d, J = 8.2 Hz, 1H), 7.81 (m, 2H), 7.62-7.45 (m, 5H), 7.35 (d, J = 8.5 Hz, 2H), 6.91 (d, J = 8.5 Hz, 2H); 13C 

NMR (125 MHz, CDCl3) δ 162.3 (d, JC-F = 244.8 Hz), 137.7, 136.7 (d, JC-F = 3.4 Hz), 131.6 (d, JC-F = 7.8 

Hz), 131.5, 131.1, 130.7, 130.0, 128.6, 127.6, 126.9, 126.7, 126.7, 126.6, 126.5, 122.9, 122.5, 115.2 (d, JC-

F = 21.2 Hz). Anal. Calcd (%) for C20H13F: C, 88.21; H, 4.81. Found: C, 87.97; H, 4.66. 

 

9-(2-fluorophenyl)phenanthrene (3k-ortho isomer) 

Light yellow oil, 1H NMR (400 MHz, CDCl3) δ 8.69 (d, J = 8.3 Hz, 1H), 8.65 (d, J = 8.2 Hz, 

1H), 7.81 (d, J = 8.2 Hz, 1H), 7.64 (s, 1H), 7.63-7.51 (m, 4H), 7.49-7.43 (m, 1H), 7.41-7.35 (m, 2H), 7.23-

7.13 (m, 2H); 13C NMR (100MHz, CDCl3) δ 159.3 (d, JC-F = 245.2 Hz), 131.7, 131.3 (d, JC-F = 2.7 Hz), 

130.3, 129.8, 129.3, 128.5, 128.5, 127.8, 127.7, 127.4, 125.8, 125.8, 125.6, 125.5, 123.1, 121.8, 121.5, 

114.6 (d, JC-F = 22.1 Hz); MS m/z (%) 272 (M•+, 40), 239 (12), 167 (20), 149 (50), 97 (48), 57 (100); IR 

(KBr) 2923, 1456, 1375, 1278, 1125, 1072cm-1. Anal. Calcd (%) for C20H13F: C, 88.21; H, 4.81. Found: C, 

87.92; H, 4.64. 

 

9-(naphthalen-1-yl)phenanthrene 3l 

White solid, mp 124-126 oC (126-127 oC)[7]; 1H NMR (400 MHz, CDCl3) δ 8.71 (t, J = 

8.0 Hz, 2H), 7.88 (t, J = 8.0 Hz, 2H), 7.81 (d, J = 7.7 Hz, 1H), 7.69 (s, 1H), 7.65-7.61 (m, 1H), 7.57-7.47 

(m, 4H), 7.40-7.28 (m, 4H), 7.20-7.18 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 137.4, 136.1, 132.5, 131.9, 

131.1, 130.6, 129.3, 129.2, 127.6, 127.4, 127.1, 126.9, 126.8, 126.4, 125.8, 125.7, 125.6, 125.5, 125.4, 

125.0, 124.8, 124.4, 121.7, 121.6. Anal. Calcd (%) for C24H16: C 94.70, H 5.30. Found: C 95.02, H 5.48.  
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Mixture of 9-(naphthalene-2-yl)phenanthrene and 9-(naphthalen-1-yl)phenanthrene (3l-mixture) 

White solid, as an isomeric mixture of regioisomers. The isomeric ratio 

was found to be 1/4.3 (α/β) as per NMR, 1H NMR (400 MHz, CDCl3) δ (isomeric mixture) 8.74-8.71 (m, 

2H, β-isomer), 8.69-8.67 (m, 2H, α-isomer), 7.96-7.81 (m, 5H), 7.78-7.70 (m, 2H), 7.68-7.52 (m, 4H), 7.50-

7.28 (m, 4H), 7.24-7.17 (m, 1H); 13C NMR (62.5 MHz, CDCl3) δ (isomeric mixture) 138.5, 133.5, 131.6, 

128.9, 128.7, 128.5, 128.2, 128.1, 128.0, 127.9, 127.8, 127.5, 126.9, 126.7, 126.6, 126.6, 126.5, 126.0, 

125.9, 125.5, 122.8, 122.6; MS m/z (%) 304 (M•+, 100), 289 (14), 268 (13), 254 (84) 151 (32); IR (KBr) 

3369, 2923, 1636, 1473, 1202, 1142, 853, 801, 724, 633 cm-1. 

 
2-(phenanthrene-9-yl)pyridine1-oxide 3m 

Brownish orange solid, mp 143-145 °C; 1H NMR (400 MHz, DMSO-d6) δ 8.97-8.92 (m, 2H), 

8.52-8.45 (m, 1H), 8.24-8.16 (m, 1H), 8.12-8.06 (m, 2H), 7.97-7.93 (m, 2H), 7.79-7.72 (m, 4H), 7.55-7.52 

(m, 1H); 13C NMR (100 MHz, DMSO-d6) δ 166.9, 147.8, 140.1, 140.0, 131.5, 131.1, 129.3, 128.6, 128.5, 

128.1, 127.7, 127.4, 127.0, 126.9, 126.3, 125.5, 123.9, 123.0, 122.4; MS m/z (%) 271 (M•+, 13), 255 (95), 

225 (35), 127 (45), 69 (83), 57 (100); IR (KBr) 3408, 2923, 1675, 1456, 1294, 1138 cm-1. Anal. Calcd (%) 

for C19H13NO: C, 84.11; H, 4.83; N, 5.16. Found: C, 84.43; H, 5.01; N, 5.39. 

 
9,9 ̀ -biphenanthrene 3n 

Colorless solid, 75 mg (85%); mp 176-178 oC (186-187 oC)[7];1H NMR(400 MHz, CDCl3) 

δ 8.76-8.72 (m, 4H), 7.85-7.83 (m, 2H), 7.78-7.73 (m, 2H), 7.67-7.62 (m, 2H), 7.61-7.55 (m, 4H), 7.45-

7.41 (m, 2H), 7.33-7.28 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 136.1, 131.1, 130.6, 129.3, 129.2, 127.6, 

127.5, 126.5, 125.9, 125.8, 125.6, 125.5, 121.7, 121.6. MS m/z (%) 354 (M•+, 100), 339 (8), 281 (9), 221 

(9), 176 (12). Anal. Calcd (%) for C28H18: C, 94.88; H, 5.12. Found: C, 95.14; H, 5.26. 
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