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EXPERIMENTAL SECTION 

General Information All the reagents were of reagent grade (AR grade) and were used as 

purchased without further purification. Silica gel (60-120 mesh size) was used for column 

chromatography. Reactions were monitored by TLC on silica gel GF254 (0.25 mm). Melting points 

were recorded with a Büchi B-540 melting point apparatus. Fourier transform-infra red 

(FTIR)spectra were recorded on Nicolet Impact-410 instrument either as neat liquid or KBr pellets 

NMR spectra were recorded in CDCl3 with tetramethylsilane as the internal standard for 1H (400 

MHz) or 13C (100 MHz). Chemical shifts (δ) are reported in ppm and spin-spin coupling constants 

(J) are given in Hz. HRMS spectra were recorded using Q-TOF premier mass spectrometer. The 

ratio of enantiomers was determined by HPLC analysis using Chiracel OD columns on Waters 

1525 Binary   HPLC system. The starting material ortho-alkynyl alcohols (1a, 1b, 1d, 1h, 1i),1 1j,2 

1k,3 1l,4 1m5, and 2c6 were prepared as per the literature procedure and the spectroscopic data 

are in good agreement with the literature one. 

General Experimental procedure for synthesis of o-alkynyl benzyl alcohols (1): 

To a stirred solution of substituted 2-iodobenzylalcohol (1.0 mmol, 1.0 equiv.), palladium (II) 

chloride (2 mol%, 0.02 equiv.), triphenylphosphine (4 mol%, 0.04 equiv.) and copper(I) iodide (8 

mol%, 0.08 equiv.) in triethylamine (4 mL) was added 1-ethynyl-benzene derivatives (1.2 mmol, 

1.2 equiv.) under nitrogen atmosphere. Then, the reaction was heated at 60 oC for 12h. After 

completion of the reaction, the solvent was removed under reduced pressure and diluted with 

saturated NH4Cl solution. The organic layer was extracted with EtOAc (3x20 mL). The organic 

layer was further washed with brine solution for 2-3 times. The combined organic layers were 

dried over Na2SO4 and concentrated in rotary evaporator. The crude was subjected to column 

chromatography over silica gel to give the o-alkynyl benzyl alcohols (1). 
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Experimental procedure for synthesis of (2-((2-methoxyphenyl)ethynyl)phenyl)methanol 

(1c): 

To a stirred solution of (2-iodophenyl)methanol (234 mg, 1.0 mmol), palladium(II) chloride (3.5 

mg, 2 mol%), triphenylphosphine (10.4 mg, 4 mol%) and copper(I) iodide (15 mg, 8 mol%)  in 

triethylamine (4 mL) was added 1-ethynyl-2-methoxybenzene (158 mg, 1.2 mmol) under nitrogen 

atmosphere. Then, the reaction was heated at 60 oC for 12h. After completion of the reaction, the 

solvent was removed under reduced pressure and diluted with saturated NH4Cl solution. The 

organic layer was extracted with EtOAc (3x20 mL). The organic layer was further washed with 

brine solution for 2-3 times. The combined organic layers were dried over Na2SO4 and 

concentrated in rotary evaporator. The crude was subjected to column chromatography over silica 

gel to give the (2-((2-methoxyphenyl)ethynyl)phenyl)methanol (1c). 

Colorless oil; Rf (hexane/EtOAc 5:1) 0.50; yield 209 mg, 88%; 1H NMR (400 MHz, CDCl3) δ 3.68 

(t, J = 7.2 Hz, 1 H), 3.92 (s, 3 H), 4.83 (d, J = 7.2 Hz, 2 H), 6.90 (d, J = 8.0 Hz, 1 H), 6.96 (t, J = 

7.6 Hz, 1 H), 7.25-7.36 (m, 4 H), 7.48 (dd, J = 7.6 and 1.6 Hz, 1 H), 7.54 (dd, J = 8.0 and 2.4 Hz, 

1 H); 13CNMR (100 MHz, CDCl3) δ 55.9, 64.9, 90.8, 91.9, 110.7, 112.3, 120.9, 122.3, 127.8, 

128.3, 128.7, 130.2, 132.0, 132.7, 143.5, 160.2; HRMS (ESI) calcd. for C16H15O2 (M + H)+ 

239.1067, found 239.1066.  

Methyl 4-((2-(hydroxymethyl)phenyl)ethynyl)benzoate (1e): 

Colorless solid; Rf (hexane/EtOAc 5:1) 0.40; mp 108-110 oC; yield 220 mg, 83%; 1H NMR (600 

MHz, CDCl3) δ 2.06 (t, J = 5.4 Hz, 1 H), 3.96 (s, 3 H), 4.95 (d, J = 6.6 Hz, 2 H), 7.33 (dt, J = 7.6 

and 1.2 Hz, 1 H), 7.42 (dt, J = 7.6 and 1.2 Hz, 1 H), 7.54 (d, J = 7.6 Hz, 1 H), 7.58 (dd, J = 7.6 and 

1.0 Hz, 1 H), 7.61 (d, J = 8.6 Hz, 1 H), 8.06 (d, J = 8.6 Hz, 1 H); 13C NMR (150 MHz, CDCl3) 
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δ52.5, 64.1, 89.9, 93.5, 121.0, 127.5, 127.8, 129.5, 129.8, 130.0, 131.7, 132.6, 142.9, 166.7; HRMS 

(ESI) calcd. for C17H15O3 (M + H)+ 267.1016, found 267.1034.  

(2-((3-Methoxyphenyl)ethynyl)phenyl)methanol (1f): 

Colorless oil; Rf (hexane/EtOAc 5:1) 0.50; yield 207 mg, 87%; 1H NMR (400 MHz, CDCl3) δ 2.69 

(s, 1 H), 3.78 (s, 3 H), 4.87 (s, 2 H), 6.88 (dd, J = 8.4 and 2.4 Hz, 1 H), 7.03 (s, 1 H), 7.10 (d, J = 

7.6 Hz, 1 H), 7.20-7.25 (m, 2 H), 7.31 (t, J = 7.6 Hz, 1 H), 7.45 (d, J = 7.6 Hz, 1 H), 7.50 (d, J = 

7.6 Hz, 1 H); 13CNMR (100 MHz, CDCl3) δ 55.4, 63.8, 86.7, 94.2, 115.2, 116.4, 121.2, 124.0, 

124.3, 127.2, 127.5, 128.9, 129.6, 132.2, 142.7, 159.5; HRMS (ESI) calcd. for C16H15O2 (M + H)+ 

239.1067, found 239.1067. 

(2-(Benzo[d][1,3]dioxol-5-ylethynyl)phenyl)methanol (1g): 

Colorless oil; Rf (hexane/EtOAc 5:1) 0.60; yield 216 mg, 86%; 1H NMR (400 MHz, CDCl3) δ 2.24 

(bs, 1 H), 4.87 (s, 2 H), 5.98 (s, 2 H), 6.78 (d, J = 8.0 Hz, 1 H), 6.96 (s, 1 H), 7.05 (dd, J = 8.0 and 

1.5 Hz, 1 H), 7.25 (t, J = 7.4 Hz, 1 H), 7.33 (t, J = 7.4 Hz, 1 H), 7.45 (d, J = 7.6 Hz, 1 H), 7.50 (d, 

J = 7.6 Hz, 1 H); 13CNMR (100 MHz, CDCl3) δ 64.2, 85.4, 94.4, 101.6, 108.8, 111.7, 116.3, 121.6, 

126.5, 127.4, 127.7, 128.7, 132.2, 142.6, 147.8, 148.4; HRMS (ESI) calcd. for C16H13O3 (M + H)+ 

253.0859, found 253.0839. 

1-(2-(Naphthalen-1-ylethynyl)phenyl)ethanol (1n): 

Brown solid; Rf (hexane/EtOAc 4:1) 0.50; mp 105-107 oC; yield 244 mg, 90%; 1H NMR (400 

MHz, CDCl3) δ 1.64 (d, J = 6.4 Hz, 3 H), 2.19 (bs, 1 H), 5.53-5.59 (m, 1 H), 5.98 (s, 2 H), 7.30 

(dt, J = 7.6 and 1.5 Hz, 1 H), 7.41 (dt, J = 7.6 and 1.5 Hz, 1 H), 7.47 (t, J = 7.6 Hz, 1 H), 7.54 (t, J 

= 7.6 Hz, 1 H), 7.58-7.65 (m, 3 H), 7.76 (d, J = 7.6 Hz, 1 H), 7.87 (t, J = 7.6 Hz, 2 H), 8.40 (d, J = 

7.6 Hz, 1 H); 13CNMR (100 MHz, CDCl3) δ 24.5, 68.9, 92.0, 92.8, 120.8, 121.0, 125.0, 125.5, 
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126.3, 126.7, 127.2, 127.4, 128.6, 129.2, 129.3, 130.7, 132.7, 133.4, 133.5, 147.8; HRMS (ESI) 

calcd. for C20H17O (M + H)+ 273.1274, found 273.1284. 

 

Experimental procedure for synthesis of 9H-dibenzo[3,4:6,7]cyclohepta[1,2-a]naphthalene 

(3a): 

To a solution of (2-(phenylethynyl)phenyl)methanol (100 mg, 0.5 mmol) and phenylacetaldehyde 

(66 mg, 0.55 mmol) in toluene was added BF3
.OEt2 (0.12 mL, 0.5 mmol) dropwise at 0 oC under 

nitrogen atmosphere. The reaction was stirred at 0 oC for 15 minutes and then brought to room 

temperature over a period of 15 minutes and then heating at 100 oC for 1h. After completion of the 

reaction, the solvent was removed under reduced pressure and diluted with saturated NaHCO3 

solution. Then the organic layer was extracted with EtOAc (3x10 mL). The organic layer was 

further washed with brine solution for 2-3 times. The combined organic layers were dried over 

Na2SO4 and concentrated in rotary evaporator. The crude was subjected to column 

chromatography over silica gel eluted with hexane to give the 9H-dibenzo[3,4:6,7]cyclohepta[1,2-

a]naphthalene. 

Colorless solid; Rf (hexane) 0.60; mp 75-77 oC; yield 102 mg, 70%; 1H NMR (400 MHz, CDCl3) 

δ 3.80 (d, Jab = 3.6 Hz, 2 H), 7.33-7.35 (m, 1 H), 7.40-7.43 (m, 4 H), 7.51-7.53 (m, 1 H), 7.61-7.68 

(m, 3 H), 7.80-7.82 (m, 1 H), 7.89-7.91 (m, 1 H), 8.05-8.10 (m, 2 H), 8.32 (d, J = 8.0 Hz, 1 H); 

13CNMR (100 MHz, CDCl3) δ 40.7, 125.2, 126.0, 126.3, 126.5, 126.6, 126.7, 127.7, 127.9, 128.0, 

128.1, 128.2, 128.3, 129.6, 132.0, 132.7, 133.4, 134.2, 135.8, 136.2, 138.2, 143.6, 144.4; HRMS 

(ESI) calcd. for C23H17 (M + H)+ 293.1325, found 293.1323.  

15-Methyl-9H-dibenzo[3,4:6,7]cyclohepta[1,2-a]naphthalene (3b): 
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Colorless solid; Rf (hexane) 0.60; mp 74-76 oC; yield 76 mg, 50%; 1H NMR (400 MHz, CDCl3) δ 

2.80 (s, 3 H), 3.66 (d, Jab = 2.8 Hz, 2 H), 7.20 (t, J = 7.6 Hz, 1 H), 7.24-7.32 (m, 4 H), 7.38 (d, J = 

7.6 Hz, 1 H), 7.44-7.50 (m, 2 H), 7.56 (t, J = 8.0 Hz, 1 H), 7.63 (s, 1 H), 7.67-7.70 (m, 1 H), 8.08 

(d, J = 8.4 Hz, 1 H), 8.17 (d, J = 8.4 Hz, 1 H); 13CNMR (100 MHz, CDCl3) δ 20.0, 40.8, 124.4, 

125.2, 125.9, 126.0, 126.4, 126.5, 126.6, 127.9, 128.0, 128.4, 128.9, 129.5, 132.2, 132.6, 132.9, 

134.0, 134.3, 134.4, 135.8, 138.2, 143.7, 144.3; HRMS (ESI) calcd. for C24H19 (M + H)+ 307.1481, 

found 307.1488.  

7-Methyl-9H-dibenzo[3,4:6,7]cyclohepta[1,2-a]naphthalene (3c): 

Colorless solid; Rf (hexane) 0.70; mp 182-184 oC; yield 92 mg, 60%; 1H NMR (600 MHz, CDCl3) 

δ 2.53 (d, J = 5.4 Hz, 3 H), 3.79 (s, 2 H), 7.20 (d, J = 7.2 Hz, 1 H), 7.36-7.39 (m, 1 H), 7.40-7.44 

(m, 2 H), 7.45-7.48 (m, 1 H), 7.58-7.67 (m, 3 H), 7.82-7.85 (m, 1 H), 7.91-7.94 (m, 1 H), 8.04-

8.08 (m, 2 H), 8.37 (t, J = 7.8 Hz, 1 H); 13CNMR (150 MHz, CDCl3) δ 21.3, 40.7, 125.9, 126.1, 

126.2, 126.4, 126.6, 127.3, 127.7, 127.8, 127.9, 128.1, 128.3, 129.6, 131.3, 132.1, 132.6, 133.4, 

135.8, 136.1, 137.9, 138.3, 143.7, 144.3; HRMS (ESI) calcd. for C24H22N (M + NH4)
+ 324.1747, 

found 324.1755.  

7,15-Dimethyl-9H-dibenzo[3,4:6,7]cyclohepta[1,2-a]naphthalene (3d): 

Colorless solid; Rf (hexane) 0.70;  mp 87-89 oC; yield 64 mg, 40%; 1H NMR (400 MHz, CDCl3) 

δ 2.38 (s, 3 H), 2.81 (s, 3 H), 3.64 (s, 2 H), 7.03 (d, J = 7.6 Hz, 1 H), 7.21 (s, 1 H), 7.27-7.32 (m, 

3 H), 7.38 (d, J = 11.4 Hz, 1 H), 7.47 (t, J = 6.8 Hz, 1 H), 7.56 (t, J = 6.8 Hz, 1 H), 7.63 (s, 1 H), 

7.68-7.71 (m, 1 H), 8.08 (d, J = 8.0 Hz, 1 H), 8.20 (d, J = 8.4 Hz, 1 H); 13CNMR (100 MHz, 

CDCl3) δ 20.0, 21.4, 40.9, 124.4, 125.8, 125.9, 126.1, 126.5, 126.6, 127.3, 127.9, 128.5, 129.0, 

129.6, 131.5, 132.2, 132.6, 132.8, 133.7, 134.4, 135.8, 137.8, 138.4, 143.7, 144.2; HRMS (ESI) 

calcd. for C25H24N (M + NH4)
+ 338.1903, found 338.1885.  
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5-Methoxy-9H-dibenzo[3,4:6,7]cyclohepta[1,2-a]naphthalene (3e): 

Colorless solid; Rf (hexane/EtOAc 98:2) 0.50; mp 187-189 oC; yield 77 mg, 48%; 1H NMR (400 

MHz, CDCl3) δ 3.52 (s, 3 H), 3.53-3.63 (m, 2 H), 6.79 (d, J = 8.0 Hz, 1 H), 7.02 (d, J = 7.2 Hz,  1 

H), 7.22-7.32 (m, 4 H), 7.40 (t, J = 8.0 Hz, 1 H), 7.47 (t, J = 6.8 Hz, 1 H), 7.70 (t, J = 8.4 Hz, 2 

H), 7.74 (d, J = 8.4 Hz, 1 H), 7.90 (t, J = 8.4 Hz, 2 H); 13C NMR (100 MHz, CDCl3) δ 40.8, 55.4, 

109.1, 119.0, 122.8, 125.6, 125.7, 126.5, 126.7, 127.8, 128.0, 128.2, 128.4, 129.2, 129.3, 131.7, 

132.2, 132.6, 136.9, 138.6, 143.8, 146.7, 157.7; HRMS (ESI) calcd. for C24H19O (M + H)+ 

323.1430, found 323.1419.  

7-Methoxy-9H-dibenzo[3,4:6,7]cyclohepta[1,2-a]naphthalene (3f): 

Colorless solid; Rf (hexane) 0.40; mp 168-170 oC; yield 81 mg, 50%; 1H NMR (400 MHz, CDCl3) 

δ 3.73-3.75 (m, 2 H), 3.91 (s, 3 H), 6.87-6.89 (m, 1 H), 7.05 (s, 1 H), 7.37-7.42 (m, 3 H), 7.53-

7.61 (m, 3 H), 7.76-7.79 (m, 1 H), 7.85-7.87 (m, 1 H), 7.98-8.02 (m, 2 H), 8.26-8.29 (m, 1 H); 13C 

NMR (100 MHz, CDCl3) δ 41.0, 55.4, 110.8, 111.8, 125.9, 126.2, 126.5, 126.7, 126.8, 127.5, 

127.8, 127.9, 128.1, 128.3, 129.6, 132.1, 133.4, 133.7, 135.6, 136.0, 138.4, 143.3, 145.7, 159.7; 

HRMS (ESI) calcd. for C24H19O (M + H)+ 323.1430, found 323.1438.  

6-Methoxy-9H-dibenzo[3,4:6,7]cyclohepta[1,2-a]naphthalene (3h): 

Colorless solid; Rf (hexane/EtOAc 98:2) 0.50; mp 124-126 oC; yield 77 mg, 48%; 1H NMR (400 

MHz, CDCl3) δ 3.61 (s, 2 H), 3.70 (s, 3 H), 6.85 (dd, J = 8.4 and 2.4 Hz, 1 H), 7.08 (d, J = 2.0 Hz, 

1 H), 7.25-7.29 (m, 4 H), 7.44-7.52 (m, 2 H), 7.65-7.68 (m, 1 H), 7.75 (d, J = 8.4 Hz, 1 H), 7.92 

(d, J = 8.4 Hz, 2 H), 8.23 (d, J = 8.0 Hz, 1 H); 13C NMR (100 MHz, CDCl3) δ 39.8, 55.5, 114.1, 

118.0, 126.0, 126.3, 126.4, 126.6, 127.4, 127.6, 128.0, 128.2, 128.3, 129.6, 131.9, 133.4, 135.1, 

135.7, 136.3, 137.3, 138.2, 144.0, 157.1; HRMS (ESI) calcd. for C24H19O (M + H)+ 323.1430, 

found 323.1437.  
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8-Methoxy-9H-dibenzo[3,4:6,7]cyclohepta[1,2-a]naphthalene (4h): 

Colorless solid; Rf (hexane/EtOAc 98:2) 0.55; mp 158-160 oC; yield 46 mg, 29%; 1H NMR (400 

MHz, CDCl3) δ 3.14 (d, Jab = 12.5 Hz, 1 H), 3.91 (s, 3 H), 4.39 (d, Jab = 12.5 Hz, 1 H), 6.90-6.93 

(m, 1 H), 7.14-7.19 (m, 2 H), 7.28-7.34 (m, 2 H), 7.42-7.45 (m, 1 H), 7.47-7.56 (m, 2 H), 7.71-

7.73 (m, 1 H), 7.80 (d, J = 8.4 Hz, 1 H), 7.96 (d, J = 8.4 Hz, 2 H), 8.21 (d, J = 8.4 Hz, 1 H); 13C 

NMR (100 MHz, CDCl3) δ 31.1, 56.1, 109.7, 125.1, 125.2, 125.9, 126.2, 126.5, 126.8, 127.8, 

127.9, 128.0, 128.1, 128.2, 129.4, 132.0, 133.0, 133.3, 135.8, 135.9, 136.3, 138.6, 143.8, 155.5; 

HRMS (ESI) calcd. for C24H19O (M + H)+ 323.1430, found 323.1428.  

7-Methoxy-15-methyl-9H-dibenzo[3,4:6,7]cyclohepta[1,2-a]naphthalene (3i): 

Colorless oil; Rf (hexane/EtOAc 98:2) 0.5; yield 81 mg, 48%; 1H NMR (400 MHz, CDCl3) δ 2.79 

(s, 3 H), 3.60-3.71 (m, 2 H), 3.83 (s, 3 H), 6.77 (dd, J = 8.8 and 2.8 Hz, 1 H), 6.93 (d, J = 2.8 Hz, 

1 H), 7.25-7.32 (m, 3 H), 7.39 (d, J = 8.4 Hz, 1 H), 7.45-7.49 (m, 1 H), 7.53-7.57 (m, 1 H), 7.62 

(s, 1 H), 7.67-7.69 (m, 1 H), 8.08  (d, J = 8.0 Hz, 1 H), 8.18 (t, d = 8.0 Hz, 1 H); 13CNMR (100 

MHz, CDCl3) δ 19.9, 41.1, 55.5, 110.9, 111.8, 124.4, 125.8, 126.6, 126.7, 127.1, 127.9, 128.4, 

128.9, 129.6, 132.3, 132.6, 133.5, 133.9, 134.1, 135.6, 138.4, 143.3, 145.6, 159.5; HRMS (ESI) 

calcd. for C25H21O (M + H)+ 337.1587, found 337.1606.  

5-Methoxy-15-methyl-9H-dibenzo[3,4:6,7]cyclohepta[1,2-a]naphthalene (3j): 

Colorless solid; Rf (hexane/EtOAc 99:1) 0.60; mp 196-198 oC; yield 50 mg, 30%; 1H NMR (400 

MHz, CDCl3) δ 2.83 (s, 3 H), 3.55 (s, 3 H), 3.58-3.66 (m, 3 H), 6.82 (d, J = 8.2 Hz, 1 H), 7.05 (d, 

J = 7.6 Hz, 1 H), 7.27-7.34 (m, 3 H), 7.45 (t, J = 7.6 Hz, 1 H), 7.55 (t, J = 7.6 Hz, 1 H), 7.64 (s, 1 

H), 7.75 (d, J = 7.6 Hz, 2 H), 8.09 (d, J = 8.2 Hz, 1 H); 13C NMR (100 MHz, CDCl3) δ 19.9, 40.8, 

55.4,109.0, 119.0, 123.0, 124.1, 125.3, 125.6, 126.5, 126.7, 127.8, 128.9, 129.0, 129.1, 129.2, 
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130.9, 131.5, 131.7, 134.1, 136.5, 138.5, 143.8, 146.6, 157.7; HRMS (ESI) calcd. for C25H21O (M 

+ H)+ 337.1587, found 337.1607.  

5-Methyl-11H-benzo[4',5']naphtho[2'',1'':6',7']cyclohepta[1',2':4,5]benzo[1,2-d][1,3]dioxole 

(3k):  

Colorless solid; Rf (hexane, eluted twice) 0.2; mp 102-104 oC; yield 44 mg, 25%; 1H NMR (400 

MHz, CDCl3) δ 2.80 (s, 3 H), 3.56 (s, 2 H), 5.87 (d, J = 1.2 Hz, 1 H), 6.00 (d, J = 1.2 Hz, 1 H), 

6.88 (s, 1 H), 6.95 (s, 1 H), 7.29-7.32 (m, 3 H), 7.50 (t, J = 6.8 Hz, 1 H), 7.56 (t, J = 6.8 Hz, 1 H), 

7.62 (s, 1 H), 7.69-7.71 (m, 1 H), 8.08 (d, J = 8.0 Hz, 1 H), 8.21 (t, J = 8.0 Hz, 1 H); 13CNMR (100 

MHz, CDCl3) δ 20.0, 40.5, 101.3, 106.9, 112.8, 124.4, 125.9, 126.0, 126.2, 126.7, 127.6, 128.0, 

128.3, 128.9, 129.5, 132.2, 132.6, 133.7, 134.1, 135.7, 138.2, 138.3, 143.9, 145.4, 147.6; HRMS 

(ESI) calcd. for C25H22NO2 (M + NH4)
+ 368.1645, found 368.1657.  

16-Methyl-10H-benzo[5',6']naphtho[1'',2'':3',4']cyclohepta[1',2':3,4]benzo[1,2-

d][1,3]dioxole (4k): 

Colorless solid; Rf (hexane, eluted twice) 0.3; mp 188-190 oC; yield 26 mg, 15%; 1H NMR (400 

MHz, CDCl3) δ 2.85 (s, 3 H), 3.43 (d, Jab = 12.8 Hz, 1 H), 4.02 (dd, Jab = 12.8 and 1.6 Hz, 1 H), 

6.07 (d, J = 3.6 Hz, 2H), 6.75 (dd, J = 8.0 and 2.8 Hz, 1 H), 7.02 (dd, J = 8.0 and 2.0 Hz, 1 H), 

7.35 (t, J = 7.2 Hz, 1 H), 7.42 (d, J = 6.8 Hz, 1 H), 7.55 (t, J = 6.8 Hz, 1 H), 7.61 (t, J = 8.0 Hz, 1 

H), 7.65 (s, 1 H), 7.74 (d, J = 7.2 Hz, 1 H), 8.13 (d, J = 8.4 Hz, 1 H), 8.28 (d, J = 8.4 Hz, 1 H),; 

13C NMR (100 MHz, CDCl3) δ 19.9, 32.5, 101.3, 105.5, 124.3, 125.9, 126.0, 126.1, 126.2, 126.8, 

126.9, 127.8, 128.5, 129.1, 129.3, 129.8, 132.5, 132.7, 133.7, 133.9, 135.7, 139.0, 142.6, 143.9, 

146.7; HRMS (ESI) calcd. for C25H22NO2 (M + NH4)
+ 368.1645, found 368.1659.  

7-Chloro-15-methyl-9H-dibenzo[3,4:6,7]cyclohepta[1,2-a]naphthalene (3l): 
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Colorless solid; Rf (hexane) 0.60; mp 130-132 oC; yield 24 mg, 15%; 1H NMR (400 MHz, CDCl3) 

δ 3.67 (d, Jab = 2.8 Hz, 2 H), 7.23 (dd, J = 8.4 and 2.0 Hz, 1 H), 7.33-7.37 (m, 3 H), 7.43-7.58 (m, 

4 H), 7.70-7.73 (m, 1 H), 7.79 (d, J = 8.4 Hz, 1 H), 7.96-7.99 (m, 2 H), 8.12 (d, J = 8.4 Hz, 1 H); 

13C NMR (100 MHz, CDCl3) δ 40.5, 125.5, 126.2, 126.5, 126.6, 126.7, 127.0, 127.4, 128.1, 128.3, 

128.4, 129.7, 131.9, 132.7, 133.4, 133.8, 133.9, 134.6, 136.3, 138.1, 143.0, 145.8; HRMS (ESI) 

calcd. for C23H19ClN (M + NH4)
+ 344.1201, found 344.1209.  

11-Methoxy-9H-dibenzo[3,4:6,7]cyclohepta[1,2-a]naphthalene (3m): 

Colorless gum; Rf (hexane) 0.50; yield 140 mg, 85%; 1H NMR (400 MHz, CDCl3) δ 3.68 (d, Jab = 

2.8 Hz, 2 H), 3.86 (s, 3 H), 6.87 (dd, J = 8.4 and 2.6 Hz, 1 H), 6.91 (d, J = 2.6 Hz, 1 H),  7.27 (t, J 

= 8.4 Hz, 1 H), 7.34 (t, J = 7.2 Hz, 1 H), 7.43 (d, J = 7.2 Hz, 1 H), 7.48-7.55 (m, 4 H), 7.63 (d, J = 

8.4 Hz, 1 H), 7.77 (d, J = 8.4 Hz, 1 H), 7.94 (d, J = 8.4 Hz, 2 H), 8.16 (d, J = 8.4 Hz, 1H); 13C 

NMR (100 MHz, CDCl3) δ 41.1, 55.6, 112.0, 112.1, 125.3, 125.8, 126.3, 126.7, 127.7, 127.9, 

128.1, 128.2, 128.3, 130.7, 131.1, 132.2, 133.2, 134.5, 135.2, 136.0, 144.0, 145.0, 159.7; HRMS 

(ESI) calcd. for C24H19O (M + H)+ 323.1430, found 323.1432.  

11-Methoxy-15-methyl-9H-dibenzo[3,4:6,7]cyclohepta[1,2-a]naphthalene (3n): 

Colorless gum; Rf (hexane) 0.50; yield 130 mg, 78%; 1H NMR (400 MHz, CDCl3) δ 2.80 (s, 3 H), 

3.63 (d, Jab = 2.8 Hz, 2 H), 3.82 (s, 3 H), 6.83 (dd, J = 8.4 and 2.6 Hz, 1 H), 6.87 (d, J = 2.6 Hz, 1 

H),  7.21 (t, J = 8.4 Hz, 1 H), 7.28 (t, J = 7.4 Hz, 1 H), 7.38 (d, J = 7.4 Hz, 1 H), 7.44-7.49 (m, 2 

H), 7.54 (t, J = 7.4 Hz, 1 H), 7.60 (s, 1 H), 7.61 (d, J = 8.4 Hz, 1 H), 8.07 (d, J = 8.4 Hz, 2 H), 8.15 

(d, J = 8.4 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 20.0, 41.2, 55.5, 111.9, 112.1, 124.3, 125.3, 

125.7, 125.9, 126.6, 127.9, 128.3, 128.9, 130.6, 131.1, 132.3, 132.4, 132.9, 133.7, 133.9, 134.7, 

135.6, 143.9, 145.0, 159.7; HRMS (ESI) calcd. for C25H21O (M + H)+ 337.1587, found 337.1589. 

15-Phenyl-9H-dibenzo[3,4:6,7]cyclohepta[1,2-a]naphthalene (3o): 
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Colorless gum; Rf (hexane) 0.50; yield 74 mg, 40%; 1H NMR (400 MHz, CDCl3) δ 3.76 (s, 2 H), 

7.25-7.33 (m, 4 H), 7.35-7.38 (m, 2 H), 7.44-7.51 (m, 4 H), 7.54-7.62 (m, 4 H), 7.72-7.74 (m, 1 

H), 7.77 (s, 1 H), 8.01-8.04 (m, 1 H), 8.23-8.26 (m, 1 H); 13C NMR (100 MHz, CDCl3) δ 40.9, 

125.3, 126.1, 126.2, 126.4, 126.5, 126.7, 127.6, 128.1, 128.2, 128.3, 128.6, 129.2, 129.7, 130.4, 

131.7, 132.5, 132.8, 134.3, 135.4, 135.7, 138.1, 140.0, 141.0, 143.8, 144.5; HRMS (ESI) calcd. 

for C29H21 (M + H)+ 369.1638, found 369.1645.  

7-Methyl-15-phenyl-9H-dibenzo[3,4:6,7]cyclohepta[1,2-a]naphthalene (3p): 

Colorless gum; Rf (hexane) 0.50; yield 92 mg, 48%; 1H NMR (400 MHz, CDCl3) δ 2.43 (s, 3 H), 

3.73 (d, Jab = 6.7 Hz, 2 H), 7.10 (d, J = 8.0 Hz, 1 H), 7.28-7.34 (m, 3 H), 7.36-7.39 (m, 1 H), 7.47-

7.51 (m, 4 H), 7.57 (t, J = 7.2 Hz, 2 H), 7.64 (d, J = 7.2 Hz, 2 H), 7.78 (s, 1 H), 8.01-8.04 (m, 1 

H), 8.27-8.30 (m, 1 H); 13C NMR (100 MHz, CDCl3) δ 21.4, 40.9, 126.0, 126.1, 126.2, 126.4, 

126.6, 126.7, 127.4, 127.6, 128.1, 128.3, 128.6, 129.2, 129.7, 130.4, 131.4, 131.7, 132.6, 132.7, 

135.5, 135.6, 138.1, 138.2, 139.8, 141.0, 143.8, 144.3; HRMS (ESI) calcd. for C30H23 (M + H)+ 

383.1794, found 383.1792.  

11H-Benzo[5,6]cyclohepta[2,1-a:3,4-a']dinaphthalene (3q):  

Colorless solid; Rf (hexane) 0.80; mp 190-192 oC; yield 60 mg, 35%; 1H NMR (400 MHz, CDCl3) 

δ 3.73 (d, Jab = 13.4 Hz, 1 H), 4.45 (d, Jab = 13.4 Hz, 1 H), 6.90 (d, J = 8.6 Hz, 1 H), 7.08 (dd, J = 

7.2 and 1.0 Hz, 1 H), 7.14-7.17 (m, 2 H), 7.22-7.28 (m, 2 H), 7.35-7.47 (m, 4 H), 7.53 (d, J = 8.4 

Hz, 1 H), 7.61 (d, J = 7.2 Hz, 1 H), 7.74 (d, J = 8.4 Hz, 1 H), 7.83 (dd, J = 8.4 and 1.0 Hz, 1 H), 

7.91 (d, J = 8.4 Hz, 1 H), 7.97 (d, J = 8.4 Hz, 1 H); 13C NMR (100 MHz, CDCl3) δ 42.0, 124.7, 

125.7, 125.8, 126.1, 126.6, 127.0, 127.3, 127.4, 127.6, 127.7, 127.8, 127.9, 128.1, 128.6, 129.3, 

132.9, 133.1, 133.6, 133.7, 134.8, 135.0, 135.4, 136.1, 136.9, 137.3, 138.3, 139.2, 139.5, 140.5, 

141.4, 142.1;  HRMS (ESI) calcd. for C27H19 (M + H)+ 343.1481, found 343.1463.  
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5-(Naphthalen-1-yl)-11H-benzo[b]fluorene  (4q): 

Colorless solid; Rf (hexane) 0.80; mp 90-92 oC; yield 76 mg, 45%; 1H NMR (400 MHz, CDCl3) δ 

3.74 (d, Jab = 12.6 Hz, 1 H), 3.79 (d, Jab = 12.6 Hz, 1 H), 7.10-7.12 (m, 1 H), 7.17 (d, J = 8.4 Hz, 

1 H), 7.22 (dd, J = 7.2 and 1.5 Hz, 1 H), 7.25 (d, J = 7.2 Hz, 1 H), 7.27-7.30 (m, 1 H), 7.32 (d, J = 

7.2 Hz, 1 H), 7.40 (d, J = 8.4 Hz, 1 H), 7.44-7.51 (m, 2 H), 7.56 (d, J = 8.4 Hz, 1 H), 7.72 (dd, J = 

7.2 and 1.5 Hz, 1 H), 7.79-7.88 (m, 3 H), 7.96 (d, J = 8.4 Hz, 1 H), 8.00 (d, J = 8.4 Hz, 1 H); 13C 

NMR (100 MHz, CDCl3) δ 41.2, 124.8, 125.6, 125.8, 125.9, 126.0, 126.4, 126.8, 127.9, 128.0, 

128.1, 128.2, 128.3, 128.4, 128.8, 129.0, 129.1, 130.0, 130.5, 132.4, 132.5, 133.2, 134.0, 137.8, 

138.5, 142.8, 144.1;  HRMS (ESI) calcd. for C27H19 (M + H)+ 343.1481, found 343.1481.  

9-Methyl-9H-dibenzo[3,4:6,7]cyclohepta[1,2-a]naphthalene (diastereomeric mixture; 

3r:4r:: 4:1): 

Colorless gum; Rf (hexane) 0.80; yield 60 mg, 40%; 1H NMR (400 MHz, CDCl3) δ 1.07 (d,  J = 

7.2 Hz, 3 H, minor), 1.86 (d, J = 7.2 Hz, 3 H, major), 3.79 (q, J = 7.2 Hz, 1 H, major), 4.18 (q, J = 

7.2 Hz, 1 H, minor), 7.22-7.34 (m, 2 H), 7.36-7.44 (m, 3 H), 7.48-7.58 (m, 4 H), 7.72 (d, J = 7.8 

Hz, 1 H), 7.82 (d, J = 8.4 Hz, 1 H), 7.95-8.00 (m, 2 H), 8.21 (d, J = 8.4 Hz, 1 H); 13C NMR (100 

MHz, CDCl3) δ 13.9, 37.4, 121.6, 121.8, 124.8, 126.0, 126.1, 126.4, 127.8, 127.9, 128.0, 128.1, 

128.4, 129.5, 131.7, 131.8, 132.4, 133.4, 134.3, 135.8, 136.2, 138.4, 146.7, 147.5; HRMS (ESI) 

calcd. for C24H19 (M + H)+ 307.1481, found 307.1462.  

9-Ethyl-15-methyl-9H-dibenzo[3,4:6,7]cyclohepta[1,2-a]naphthalene (diastereomeric 

mixture; 3s:4s:: 2:1): 

Yellow gum; Rf (hexane) 0.60; yield 162 mg, 85%; 1H NMR (400 MHz, CDCl3) δ 0.61 (t,  J = 7.2 

Hz, 3 H, minor), 1.01 (t, J = 7.2 Hz, 3 H, major), 1.34-1.41 (m, 2 H, minor), 2.36-2.41 (m, 2 H, 

major), 2.77 (s, 3 H, minor), 2.80 (s, 3 H, major), 3.44 (t, J = 8.0 Hz, 1 H, major), 3.81 (t, J = 8.0 
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Hz, 1 H, minor), 7.12-7.37 (m, 11 H), 7.43-7.56 (m, 5 H), 7.60-7.71 (m, 3 H), 8.04-8.15 (m, 2 H), 

8.22 (d, J = 8.4 Hz, 1 H); 13C NMR (100 MHz, CDCl3) δ 12.6, 13.6, 19.9, 20.0, 20.9, 22.6, 45.2, 

57.9, 121.9, 122.1, 124.3, 124.4, 124.6, 125.3, 125.8, 125.85, 125.9, 126.0, 126.8, 127.8, 127.85, 

127.89, 127.9, 128.4, 128.5, 128.7, 128.8, 128.9, 129.0, 129.6, 130.6, 131.9, 132.3, 132.6, 132.65, 

132.7, 133.7, 133.8, 133.9, 134.0, 134.3, 134.5, 134.9, 135.4, 135.8, 137.5, 138.7, 145.7, 146.5, 

146.7, 147.2 ; Anal. Calcd for C26H22: C, 93.37; H, 6.63. Found: C, 93.32; H, 6.70.  

15-Methyl-9-phenyl-9H-dibenzo[3,4:6,7]cyclohepta[1,2-a]naphthalene (3t): 

Yellow gum; Rf (hexane) 0.60; yield 118 mg, 55%; 1H NMR (400 MHz, CDCl3) δ 2.51 (s, 3 H), 

5.35 (s, 1 H), 6.48 (d, J = 7.8 Hz, 1 H), 7.01 (t, J = 7.6 Hz, 1 H), 7.15 (d, J = 7.4 Hz, 1 H), 7.18(d, 

J = 7.6 Hz, 2 H), 7.21-7.26 (m, 1 H), 7.32 (d, J = 7.2 Hz, 1 H), 7.40 (d, J = 8.4 Hz, 1 H), 7.44-7.51 

(m, 2 H), 7.56 (d, J = 8.4 Hz, 1 H), 7.27-7.32 (m, 3 H), 7.41-7.47 (m, 2 H), 7.50-7.58 (m, 2 H), 

7.62-7.68 (m, 4 H), 8.09 (d, J = 8.4 Hz, 1 H); 13C NMR (100 MHz, CDCl3) δ 15.8, 54.1, 123.8, 

123.9, 125.3, 125.5, 126.7, 127.1, 127.2, 127.7, 128.0, 128.3, 129.0, 129.3, 130.2, 130.6, 130.7, 

132.1, 132.6, 133.6, 137.3, 139.5, 140.4, 143.0, 143.2, 149.4;  HRMS (ESI) calcd. for C30H23 (M 

+ H)+ 383.1794, found 383.1801.  

17-Methyl-11H-benzo[5,6]cyclohepta[2,1-a:3,4-a']dinaphthalene (3u) and 10-Methyl-5-

(naphthalen-1-yl)-11H-benzo[b]fluorine (4u) (3u:4u::2:3):  

Yellow solid; Rf (hexane) 0.60; mp 180-182-92 oC; yield 140 mg, 84%; 1H NMR (400 MHz, 

CDCl3) δ 2.78 (s, 3 H, 3u), 2.84 (s, 3 H, 4u), 3.67 (d, J = 13.2 Hz, 1 H, 3u), 3.71 (d, J = 12.6 Hz, 

1 H, 4u),  3.78 (d, J = 12.6 Hz, 1 H, 4u),  4.44 (d, J = 13.2 Hz, 1 H, 3u), 6.90 (d, J = 8.6 Hz, 1 H), 

7.02-7.12 (m, 3 H), 7.15-7.36 (m, 11 H), 7.38-7.62 (m, 7 H), 7.67-7.72 (m, 3 H), 7.78 (t, J = 8.0 

Hz, 3 H), 8.02 (d, J = 8.4 Hz, 1 H), 8.10 (d, J = 8.4 Hz, 1 H); 13C NMR (100 MHz, CDCl3) δ 14.0, 

20.0, 37.0, 37.9, 120.4, 121.3, 121.6, 124.0, 124.3, 124.4, 124.7, 125.3, 125.4, 125.5, 125.6, 125.7, 
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125.74, 125.8, 125.9, 126.2, 126.3, 127.0, 127.2, 127.7, 127.8, 128.0, 128.1, 128.3, 128.4, 128.7, 

128.76, 128.8, 129.3, 129.5, 130.3, 131.7, 132.1, 132.3, 132.5, 132.9, 133.1, 133.6, 134.0, 134.2, 

134.9, 135.2, 136.1, 136.7, 137.2, 138.7, 141.0, 143.2, 145.1, 145.4, 147.2;  HRMS (ESI) calcd. 

for C28H21 (M + H)+ 357.1638, found 357.1636. 
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1H Spectrum of 1c
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13C Spectrum of 1c 
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1H Spectrum of 1e 
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13C Spectrum of 1e 
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1H Spectrum of 1f
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13C Spectrum of 1f 
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1H Spectrum of 1g 
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13C Spectrum of 1g 
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1H Spectrum of 1n 
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13C Spectrum of 1n 
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1H Spectrum of 3a 
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13C Spectrum of 3a 
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1H Spectrum of 3b 
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13C Spectrum of 3b 
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1H Spectrum of 3c 
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13C Spectrum of 3c 
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1H Spectrum of 3d 
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13C Spectrum of 3d 
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1H Spectrum of 3e 
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13C Spectrum of 3e 
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1H Spectrum of 3f 
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13C Spectrum of 3f 
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1H Spectrum of 3h 
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13C Spectrum of 3h 
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1H Spectrum of 4h 
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13C Spectrum of 4h 
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1H Spectrum of 3i 
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13C Spectrum of 3i 
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1H Spectrum of 3j 
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13C Spectrum of 3j 
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1H Spectrum of 3k
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13C Spectrum of 3k 
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1H Spectrum of 4k 
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13C Spectrum of 4k 
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1H Spectrum of 3l 
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13C Spectrum of 3l 
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1H Spectrum of 3m 
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13C Spectrum of 3m 
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1H Spectrum of 3n 
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13C Spectrum of 3n 
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1H Spectrum of 3o 
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13C Spectrum of 3o 
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1H Spectrum of 3p 
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13C Spectrum of 3p 
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1H Spectrum of 3q 
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13C Spectrum of 3q 
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1H Spectrum of 4q 
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13C Spectrum of 4q 
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1H Spectrum of 3r and 4r 
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13C Spectrum of 3r and 4r 
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1H Spectrum of 3s and 4s 
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13C Spectrum of 3s and 4s 
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1H Spectrum of 3t 
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13C Spectrum of 3t 
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1H Spectrum of 3u and 4u 
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13C Spectrum of 3u and 4u 
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                                   The crystal parameters of compound 3a 

 CCDC 1873106 

Formula 

Formula weight 

T/K 

Crystal system 

Space group 

a/Å 

b/Å 

c/Å 

α/º 

β/º 

γ/º 

V/Å3 

Z 

Abs. Coeff./mm-1 

Abs. Correction 

GOF on F2 

Final R indices [I> 2σ(I)] 

 

R indices [all data] 

 

C23H16  

292.36  

293(2)  

Triclinic 

P-1 

8.7105(6)  

9.7870(7)  

10.2324(12)  

107.954(7)  

100.920(7)  

104.829(5) 

767.28(12)  

2 

0.072  

Multi-Scan 

1.031 

R1 =  0.0606 

wR2 = 0.1172 

R1 = 0.1672 

wR2 = 0.1977 
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ORTEP diagram of compound 3a, thermal ellipsoids are drawn on 35% probability level 
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The crystal parameters of compound 3c 

 CCDC 1873107 

Formula 

Formula weight 

T/K 

Crystal system 

Space group 

a/Å 

b/Å 

c/Å 

α/º 

β/º 

γ/º 

V/Å3 

Z 

Abs. Coeff./mm-1 

Abs. Correction 

GOF on F2 

Final R indices [I> 2σ(I)] 

 

R indices [all data] 

 

C24H18 

306.38  

293(2)  

Monoclinic 

P2(1)/n 

9.8016(6)   

12.5556(7)   

14.0526(8)  

90.00   

108.162(3)  

90.00 

1643.22(17)  

4 

0.070  

Multi-Scan 

1.074  

R1 =  0.0517 

wR2 = 0.0715 

R1 = 0.1455 

wR2 = 0.1611 
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 ORTEP diagram of compound 3c, thermal ellipsoids are drawn on 35% probability level 
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Table 1: Energy optimized structure of 3a at [DFT-B3LYP/6-311++G(d,p)] level of theory 

 

Compound Name Method used Energy (Hartree) 

3a DFT-B3LYP/6-31+G(d,p) -886.168565 

3a DFT-B3LYP/6-311++G(d,p) -886.325690 

 

Optimized Structure of compound 3a 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Compound 3a [DFT-B3LYP/6-311++G(d,p)] 
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Table 2: Energy optimized structures of compounds 3q and 4q and their comparison 

Compound Name Method used Energy (Hartree) 

3q DFT-B3LYP/6-31+G(d,p) -1039.815027 

4q DFT-B3LYP/6-31+G(d,p) -1039.820533 

E = E3q – E4q DFT-B3LYP/6-31+G(d,p) 0.005506 (3.45 kcal/mol) 

   

3q DFT-B3LYP/6-311++G(d,p) -1039.998898 

4q DFT-B3LYP/6-311++G(d,p) -1040.004372 

E = E3q – E4q DFT-B3LYP/6-311++G(d,p) 0.005474 (3.43 kcal/mol) 

As we can see from Table 1, in DFT-B3LYP/6-31+G(d,p) method, Compound 3q is 0.005506 Hartree (3.45 kcal/mol) higher in energy 

than that of the Compound 4q. Similarly, in DFT-B3LYP/6-311++G(d,p) method, Compound 3q is 0.005474 Hartree (3.43 kcal/mole) 

higher in energy than that of the Compound 4q. In other words, Compound 4q is more stable than that of Compound 3q.  (1 Hartree = 

627.51 kcal/mole) 

 
Optimized Structure of compounds 3q and 4q 

 

 

 

 

 

 

 

 

 

Compound 3q [DFT-B3LYP/6-311++G(d,p)]  
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Compound 4q [DFT-B3LYP/6-311++G(d,p)] 
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HPLC spectrum of compound 3a 
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HPLC spectrum of compound 3f 
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HPLC spectrum of compound 3q 
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HPLC spectrum of compound 4q 
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