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General experimental methods: 

Unless otherwise stated, all commercial reagents were used as received. All 

solvents were dried and distilled according to standard procedures. Flash column 

chromatography was performed using silica gel (60-Å pore size, 32–63µm, standard 

grade). Analytical thin–layer chromatography was performed using glass plates 

pre-coated with 0.25 mm 230–400 mesh silica gel impregnated with a fluorescent 

indicator (254 nm). Thin layer chromatography plates were visualized by exposure to 

ultraviolet light. Organic solutions were concentrated on rotary evaporators at ~20 

Torr at 25–35°C. Nuclear magnetic resonance (NMR) spectra are recorded in parts 

per million from internal tetramethylsilane on the δ scale. 1H and 13C NMR spectra 

were recorded in CDCl3 on a Bruker DRX-400 spectrometer operating at 400 MHz 

and 100 MHz, respectively. All chemical shift values are quoted in ppm and coupling 

constants quoted in Hz. High resolution mass spectrometry (HRMS) spectra were 

obtained on a micrOTOF II Instrument.  

 

General Procedure for the Synthesis of 2-haloaryl allene 112:  

 

  Substituted  propargylic alcohols were afforded via typical Sonogashira coupling 

reaction. Ph2PCl (2.7 mL, d = 1.229 g/mL, 3.3 g, 15.0 mmol) was added dropwisely 

to a solution of the above propargylic alcohol (10.0 mmol) and Et3N (2.1 mL, d = 

0.726 g/mL, 1.5 g, 15.1 mmol) in THF (30 mL) at -78 °C. After the addition, the 

reaction mixture was allowed to stir at room temperature for about 4 hours. After 

complete conversion of propargylic alcohol as indicated by TLC, the mixture was 

filtered. Evaporation of the solvent followed by purification on silica gel provided 

2-bromoaryl allene 1. 
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(1-(2-Bromophenyl)-3-phenylpropa-1,2-dien-1-yl)diphenylphosphine oxide (1a). 1H 

NMR (400 MHz, CDCl3 ): δ 7.90-7.77 (m, 5H), 7.50 (d, J = 7.9 Hz, 1H), 7.38-7.29 (m, 

6H), 7.21-7.16 (m, 6H), 7.03-7.01 (m, 1H), 6.27 (d, J = 10.5 Hz, 1H). 13C NMR (100 

MHz, CDCl3): δ 212.7 (d, JPC = 4.7 Hz), 133.2, 132.5 (d, JPC = 6.5 Hz), 132.1, 131.8, 

131.7, 131.7, 131.6, 131.5, 131.2 (d, JPC = 9.9 Hz), 130.6, 129.1, 128.3, 128.2, 128.1, 

127.9, 127.7, 127.4, 127.3, 123.8 (d, JPC = 5.7 Hz), 103.9 (d, JPC = 98.7 Hz), 97.7 (d, 

JPC = 12.9 Hz). HRMS (ESI) calcd for C27H20BrOPNa+: 493.0327 (M + Na+), found: 

493.0322. 

 
(1-(2-Bromo-4-methylphenyl)-3-phenylpropa-1,2-dien-1-yl)diphenylphosphine oxide 

(1b). 1H NMR (400 MHz, CDCl3 ): δ 7.89-7.77 (m, 5H), 7.40-7.29 (m, 7H), 7.22-7.12 

(m, 5H), 7.02 (d, J = 7.6 Hz, 1H), 6.25 (d, J = 10.8 Hz, 1H), 2.19 (s, 3H). 13C NMR 

(100 MHz, CDCl3): δ 212.7 (d, JPC = 5.2 Hz), 139.5, 133.7, 131.8, 131.7, 131.6, 131.6 

(d, JPC = 106.9 Hz), 131.5, 131.0, 129.3 (d, JPC = 6.5 Hz), 128.3, 128.2, 128.2, 128.1, 

128.1, 128.0, 127.6, 127.4, 123.5 (d, JPC = 5.9 Hz), 103.6 (d, JPC = 99.2 Hz), 97.5 (d, 

JPC = 13.0 Hz), 20.5. HRMS (ESI) calcd for C28H22BrOPNa +: 507.0484 (M + Na +), 

found: 507.0491. 

 
(1-(2-Bromo-4-chlorophenyl)-3-phenylpropa-1,2-dien-1-yl)diphenylphosphine oxide 

(1c). 1H NMR (400 MHz, CDCl3 ): δ 7.89-7.76 (m, 5H), 7.54-7.53 (m, 1H), 7.43-7.32 

(m, 6H), 7.23-7.18 (m, 4H), 7.11 (d, J = 7.4 Hz, 2H), 6.29 (d, J = 10.5 Hz, 1H). 13C 

NMR (100 MHz, CDCl3): δ 212.8 (d, JPC = 4.9 Hz), 134.3, 132.9, 132.0 (d, JPC = 9.3 

Hz), 131.6, 131.6, 131.5, 131.1 (d, JPC = 6.7 Hz), 130.8 (d, JPC = 105.7 Hz), 130.6 (d, 

JPC = 5.5 Hz), 128.4, 128.3, 128.2 (d, JPC = 1.8 Hz), 128.1, 127.9, 127.7, 127.5, 124.2 
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(d, JPC = 5.7 Hz), 103.1 (d, JPC = 98.8 Hz), 98.0 (d, JPC = 12.9 Hz). HRMS (ESI) calcd 

for C27H19BrClOPNa +: 526.9938 (M + Na +), found: 526.9929. 

 
(1-(2-Bromophenyl)-3-(4-methoxyphenyl)propa-1,2-dien-1-yl)diphenylphosphine 

oxide (1d). 1H NMR (400 MHz, CDCl3 ): δ 7.89-7.77 (m, 5H), 7.52 (d, J = 7.6 Hz, 

1H), 7.40-7.32 (m, 6H), 7.21 (m, 1H), 7.08-7.04 (m, 3H), 6.77 (d, J = 8.6 Hz, 2H), 

6.25 (d, J = 10.6 Hz, 1H), 3.75 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 213.0 (d, JPC 

= 4.5 Hz), 159.3, 133.2, 132.8 (d, JPC = 6.9 Hz), 132.0, 131.8, 131.8 (d, JPC = 106.0 

Hz), 131.7 (d, JPC = 9.0 Hz), 131.6, 131.0, 129.1, 128.8, 128.2, 128.1 (d, JPC = 4.3 Hz), 

128.0, 127.4, 123.8 (d, JPC = 5.7 Hz), 123.1 (d, JPC = 6.4 Hz), 113.9, 103.9 (d, JPC = 

99.7 Hz), 97.3 (d, JPC = 13.0 Hz), 55.1. HRMS (ESI) calcd for C28H22BrO2PNa+: 

523.0433 (M + Na +), found: 523.0429. 

 
(1-(2-Bromophenyl)-3-(o-tolyl)propa-1,2-dien-1-yl)diphenylphosphine oxide (1e). 1H 

NMR (400 MHz, CDCl3 ): δ 7.88-7.76 (m, 5H), 7.48 (m, 1H), 7.35-7.29 (m, 6H), 

7.18-7.16 (m, 2H), 7.06-7.00 (m, 4H), 6.47 (d, J = 10.6 Hz, 1H), 2.08 (s, 3H). 13C 

NMR (100 MHz, CDCl3): δ 212.7 (d, JPC = 4.8 Hz), 135.0, 133.1, 132.5 (d, JPC = 6.5 

Hz), 131.7, 131.5, 131.5, 131.4 (d, JPC = 106.7 Hz), 130.8, 130.7, 130.1, 129.4 (d, JPC 

= 6.1 Hz), 129.0, 128.0 (d, JPC = 12.9 Hz), 127.8, 127.5, 127.2, 125.8, 123.9 (d, JPC = 

5.6 Hz), 102.8 (d, JPC = 99.3 Hz), 95.1 (d, JPC = 12.8 Hz), 19.5. HRMS (ESI) calcd for 

C28H22BrOPNa +: 507.0484 (M + Na +), found: 507.0487. 

 
(1-(2-Bromophenyl)-3-(4-chlorophenyl)propa-1,2-dien-1-yl)diphenylphosphine oxide 

(1f). 1H NMR (400 MHz, CDCl3 ): δ 7.89-7.74 (m, 5H), 7.53-7.52 (m, 1H), 7.37-7.33 

(m, 6H), 7.21-7.18 (m, 3H), 7.06-7.04 (m, 3H), 6.23 (d, J = 10.4 Hz, 1H). 13C NMR 
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(100 MHz, CDCl3): δ 212.6, 133.4, 133.3, 132.3 (d, JPC = 6.3 Hz), 132.0 (d, JPC = 9.0 

Hz), 131.7, 131.6, 131.5, 131.5 (d, JPC = 103.6 Hz), 130.6, 129.6 (d, JPC = 6.5 Hz), 

129.3, 128.6, 128.3, 128.2, 128.1, 127.5, 123.8 (d, JPC = 5.7 Hz), 104.4 (d, JPC = 97.1 

Hz), 96.8 (d, JPC = 12.8 Hz). HRMS (ESI) calcd for C27H19BrClOPNa+: 526.9938 (M 

+ Na+), found: 526.9964. 

 
(1-(2-Bromophenyl)-3-(thiophen-3-yl)propa-1,2-dien-1-yl)diphenylphosphine oxide 

(1g). 1H NMR (400 MHz, CDCl3 ): δ 7.87-7.76 (m, 5H), 7.49 (d, J = 8.0 Hz, 1H), 

7.36-7.30 (m, 6H), 7.18-7.16 (m, 2H), 7.02-6.96 (m, 3H), 6.34 (d, J = 10.6 Hz, 1H). 
13C NMR (100 MHz, CDCl3): δ 213.2 (d, JPC = 4.6 Hz), 133.1, 132.5 (d, JPC = 6.7 Hz), 

131.7 (d, JPC = 8.6 Hz), 131.6 (d, JPC = 105.7 Hz), 131.5, 131.4, 131.3, 131.2, 130.8, 

130.7, 129.4, 128.0 (d, JPC = 4.3 Hz), 127.9 (d, JPC = 4.3 Hz), 127.2, 126.5, 125.7, 

123.7 (d, JPC = 5.7 Hz), 122.7, 103.1 (d, JPC = 98.7 Hz), 92.0 (d, JPC = 13.0 Hz). 

HRMS (ESI) calcd for C25H18BrOPSNa+: 498.9892 (M + Na+), found: 498.9876. 

 
(1-(2-Chlorophenyl)-3-phenylpropa-1,2-dien-1-yl)diphenylphosphine oxide (1h). 1H 

NMR (400 MHz, CDCl3 ): δ 7.93-7.77 (m, 5H), 7.33-7.29 (m, 7H), 7.23-7.19 (m, 2H), 

7.16-7.08 (m, 5H), 6.24 (d, J = 10.6 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 212.9, 

133.3 (d, JPC = 5.7 Hz), 131.7, 131.6 (d, JPC = 105.8 Hz), 131.5, 131.4, 131.3, 130.8, 

130.7, 130.6 (d, JPC = 6.5 Hz), 129.8, 128.8, 128.3, 128.0 (d, JPC = 5.7 Hz), 127.9, 

127.2, 126.7, 101.7 (d, JPC = 98.5 Hz), 97.1 (d, JPC = 13.0 Hz). HRMS (ESI) calcd for 

C27H20ClOPNa+: 449.0833 (M + Na+), found: 449.0832. 
 

General experimental procedure for the synthesis of phosphonated 

naphtho[2,3-c]chromenes by a palladium-catalyzed reaction of 2-bromoaryl allene 1 

with 2-alkynylphenol 2:  
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2-Bromoaryl allene 1 (0.44 mmol) was added to a mixture of  PdCl2(dppf) (5 

mol %), PCy3 (10 mol %), K2CO3 (0.80 mmol), and 2-alkynylphenol (0.40 mmol) in 

1,4-dioxane (4.0 mL). The mixture was stirred at 100 oC for 12-16hrs. After 

completion of the reaction as indicated by TLC, the reaction was cooled and the 

solvent was diluted by EtOAc (10 mL). The mixture was washed with saturated brine 

(2 × 10 mL), and dried by anhydrous Na2SO4. Evaporation of the solvent followed by 

purification on silica gel provides the phosphonated naphtho[2,3-c]chromene 3. 

 

 
(6,12-Diphenyl-6H-naphtho[2,3-c]chromen-7-yl)diphenylphosphine oxide (3a). 1H 

NMR (400 MHz, CDCl3 ): δ 8.22 (d, J = 8.7 Hz, 1H), 7.90 (s, 1H), 7.69-7.61 (m, 7H), 

7.48-7.40 (m, 3H), 7.35-7.26 (m, 6H), 7.15 (t, J = 7.4 Hz, 1H), 7.04-6.98 (m, 6H), 

6.85 (t, J = 7.2 Hz, 1H), 6.74 (d, J = 7.5 Hz, 1H), 6.59 (d, J = 7.3 Hz, 1H), 6.34 (t, J = 

7.2 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 154.4, 143.5 (d, JPC = 7.8 Hz), 141.5, 

139.5, 139.0, 134.7 (d, JPC = 103.2 Hz), 134.5 (d, JPC = 102.6 Hz), 133.5 (d, JPC = 9.0 

Hz), 132.8 (d, JPC = 9.5 Hz), 131.9, 131.8, 131.6, 131.5, 129.7, 129.5, 129.1, 128.8, 

128.6, 128.5, 128.4, 128.1, 128.0, 127.8, 127.7, 127.3, 127.3, 125.9, 125.8, 123.9, 

123.8 (d, JPC = 95.7 Hz), 120.6, 118.2, 76.1 (d, JPC = 4.4 Hz). HRMS (ESI) calcd for 

C41H30O2P+: 585.1978 (M + H+), found: 585.1988.  

Crystallographic data for the structure 3a has been deposited with the Cambridge 

Crystallographic Data Centre as supplementary publication no. CCDC-977123. 

Copies of the data can be obtained free of charge on application to CCDC, 12 Union 

Road, Cambridge CB2 1EZ, UK [fax.: (internat.) + 44 1223/336-033; e-mail: 

OH
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Br
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R2

POPh2 R4

POPh2O
R2
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R3
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+
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deposit@ccdc.cam.ac.uk]. 

 

Diphenyl(6-phenyl-12-(p-tolyl)-6H-naphtho[2,3-c]chromen-7-yl)phosphine oxide 

(3b). 1H NMR (400 MHz, CDCl3 ): δ 8.20 (d, J = 8.4 Hz, 1H), 7.88 (s, 1H), 7.68-7.54 

(m, 6H), 7.40-7.38 (m, 3H), 7.31-7.23 (m, 5H), 7.13-7.12 (m, 2H), 7.03 (m, 2H), 6.95 

(m, 3H), 6.87-6.81 (m, 2H), 6.73 (d, J = 7.6 Hz, 1H), 6.66 (d, J = 7.6 Hz, 1H), 6.34 (t, 

J = 7.1 Hz, 1H), 2.43 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 154.2, 143.4 (d, JPC = 

7.8 Hz), 141.7, 138.8, 137.3, 136.3, 134.4 (d, JPC = 103.3 Hz), 134.1 (d, JPC = 103.1 

Hz), 133.5, 132.7 (d, JPC = 9.5 Hz), 131.8, 131.7, 131.5, 131.4, 130.0, 129.4, 129.1, 

128.8, 128.6, 128.5, 128.5, 128.4, 128.3, 127.9 (d, JPC = 6.4 Hz), 127.7, 127.2, 127.2, 

125.7 (d, JPC = 10.0 Hz), 123.9, 123.2 (d, JPC = 96.5 Hz), 120.5, 118.1, 76.0 (d, JPC = 

3.8 Hz), 21.2. HRMS (ESI) calcd for C42H32O2P+: 599.2134 (M + H+), found: 

599.2148. 

 

11-(4-Chlorophenyl)-5-methyl-6-phenyl-5H-indeno[1,2-c]quinoline (3c). 1H NMR 

(400 MHz, CDCl3 ): δ 8.19 (d, J = 8.6 Hz, 1H), 7.92 (s, 1H), 7.73-7.55 (m, 6H), 

7.40-7.37 (m, 2H), 7.33-7.22 (m, 5H), 7.14-7.09 (m, 2H), 7.03 (m, 2H), 6.90-6.81 (m, 

3H), 6.73 (d, J = 7.8 Hz, 1H), 6.67 (d, J = 7.8 Hz, 1H), 6.37 (t, J = 7.4 Hz, 1H), 3.82 

(s, 3H). 13C NMR (100 MHz, CDCl3): δ 159.1, 154.3, 143.5 (d, JPC = 7.7 Hz), 141.3, 

138.9, 134.5 (d, JPC = 103.2 Hz), 134.2 (d, JPC = 103.0 Hz), 133.8, 132.7, 132.6, 131.7, 

131.6, 131.5, 131.4, 130.8, 129.0, 128.6, 128.4, 128.4, 128.3, 127.9, 127.8, 127.6, 

127.2, 127.1, 125.7 (d, JPC = 13.6 Hz), 124.0, 123.2 (d, JPC = 96.1 Hz), 120.6, 118.1, 

114.5, 113.9, 76.0 (d, JPC = 3.9 Hz), 55.1. HRMS (ESI) calcd for C42H32O3P+: 

615.2084 (M + H+), found: 615.2091. 

p-MeC6H4

POPh2O
Ph

p-OMeC6H4

POPh2O
Ph
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(12-(4-Chlorophenyl)-6-phenyl-6H-naphtho[2,3-c]chromen-7-yl)diphenylphosphine 

oxide (3d). 1H NMR (400 MHz, CDCl3 ): δ 8.24 (d, J = 8.9 Hz, 1H), 7.89 (s, 1H), 

7.65-7.60 (m, 6H), 7.43-7.26 (m, 9H), 7.15 (t, J = 8.0 Hz, 1H), 7.02-6.92 (m, 6H), 

6.87 (t, J = 7.6 Hz, 1H), 6.75 (d, J = 8.0 Hz, 1H), 6.61 (d, J = 8.0 Hz, 1H), 6.40 (t, J = 

8.0 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 154.5, 143.5 (d, JPC = 7.8 Hz), 140.0, 

138.8, 137.9, 134.5 (d, JPC = 103.3 Hz), 134.2 (d, JPC = 102.6 Hz), 133.8, 133.2, 133.1, 

132.7 (d, JPC = 9.4 Hz), 131.8, 131.7, 131.7, 131.6, 131.3, 129.7, 129.0, 128.6, 128.5, 

128.4, 128.2, 128.1, 127.8 (d, JPC = 11.6 Hz), 126.0 (d, JPC = 23.9 Hz), 124.1 (d, JPC = 

100.1 Hz), 120.8, 118.4, 76.1 (d, JPC = 4.3 Hz). HRMS (ESI) calcd for C41H29ClO2P+: 

619.1588 (M + H+), found: 619.1601. 

 

(12-(4-Fluorophenyl)-6-phenyl-6H-naphtho[2,3-c]chromen-7-yl)diphenylphosphine 

oxide (3e). 1H NMR (400 MHz, CDCl3 ): δ 8.24 (d, J = 8.7 Hz, 1H), 7.93 (s, 1H), 

7.69-7.60 (m, 6H), 7.41-7.39 (m, 2H), 7.33-7.25 (m, 6H), 7.14 (t, J = 7.8 Hz, 1H), 

7.03-7.02 (m, 3H), 6.96-6.95 (m, 4H), 6.84 (t, J = 7.3 Hz, 1H), 6.74 (d, J = 7.8 Hz, 

1H), 6.58 (d, J = 7.7 Hz, 1H), 6.37 (t, J = 7.4 Hz, 1H). 13C NMR (100 MHz, CDCl3): 

δ 162.3 (d, JCF = 246.4 Hz), 154.4, 143.5 (d, JPC = 7.7 Hz), 140.2, 138.8, 135.3, 135.1 

(d, JPC = 103.1 Hz), 134.2 (d, JPC = 102.7 Hz), 133.4, 133.2 (d, JCF = 7.5 Hz), 132.7 (d, 

JPC = 9.4 Hz), 131.7, 131.6, 131.6, 131.5, 131.4, 128.9, 128.9, 128.5, 128.4, 128.3, 

128.1, 128.0, 127.9, 127.2, 125.9 (d, JPC = 22.5 Hz), 124.0 (d, JPC = 95.4 Hz), 123.7, 

120.6, 118.3, 116.4 (d, JCF = 21.1 Hz), 115.3 (d, JCF = 21.4 Hz), 76.1 (d, JPC = 4.3 Hz). 

HRMS (ESI) calcd for C41H29FO2P+: 603.1884 (M + H+), found: 603.1892. 

p-ClC6H4

POPh2O
Ph

p-FC6H4

POPh2O
Ph
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(12-Butyl-6-phenyl-6H-naphtho[2,3-c]chromen-7-yl)diphenylphosphine oxide (3f). 
1H NMR (400 MHz, CDCl3 ): δ 8.23 (d, J = 8.5 Hz, 1H), 8.18 (d, J = 8.6 Hz, 1H), 

7.83 (s, 1H), 7.62-7.54 (m, 5H), 7.45 (t, J = 7.4 Hz, 1H), 7.39-7.35 (m, 2H), 7.31-7.23 

(m, 4H), 7.15 (t, J = 7.8 Hz, 1H), 7.06 (t, J = 7.6 Hz, 1H), 6.97-6.91 (m, 6H), 6.85 (d, 

J = 7.8 Hz, 1H), 3.46-3.34 (m, 2H), 1.58-1.57 (m, 2H), 1.26 (m, 2H), 1.02 (t, J = 7.0 

Hz, 1H) .13C NMR (100 MHz, CDCl3): δ 154.7, 144.3 (d, JPC = 7.7 Hz), 141.2, 138.8, 

134.7 (d, JPC = 103.4 Hz), 134.2 (d, JPC = 102.7 Hz), 133.1 (d, JPC = 9.0 Hz), 132.7 (d, 

JPC = 9.4 Hz), 131.7, 131.6, 131.4, 129.1, 128.5, 128.5, 128.4, 128.3, 128.2, 127.2, 

125.9, 125.5, 125.4, 124.8, 122.0, 121.1, 118.7, 76.5 (d, JPC = 4.2 Hz), 33.9, 30.5, 

22.8, 13.7. HRMS (ESI) calcd for C39H34O2P+: 565.2291 (M + H+), found: 565.2302. 

 
(12-(tert-Butyl)-6-phenyl-6H-naphtho[2,3-c]chromen-7-yl)diphenylphosphine oxide 

(3g). 1H NMR (400 MHz, CDCl3 ): δ 8.51 (d, J = 8.7 Hz, 1H), 8.16 (s, 1H), 7.71 (d, J 

= 8.6 Hz, 1H), 7.50-7.46 (m, 2H), 7.43-7.38 (m, 2H), 7.34-7.28 (m, 4H), 7.24-7.17 (m, 

4H), 7.02 (t, J = 7.2 Hz, 1H), 6.95 (t, J = 7.7 Hz, 1H), 6.87 (t, J = 7.4 Hz, 1H), 

6.77-6.76 (m, 6H). 13C NMR (100 MHz, CDCl3): δ 151.0, 148.0 (d, JPC = 6.7 Hz), 

138.9, 136.0 (d, JPC = 105.0 Hz), 134.9 (d, JPC = 8.6 Hz), 132.7 (d, JPC = 9.1 Hz), 

132.4 (d, JPC = 102.6 Hz), 131.8 (d, JPC = 10.1 Hz), 131.3, 131.1, 131.0, 130.9, 129.3, 

128.9, 128.6, 128.3, 128.1 (d, JPC = 7.2 Hz), 128.0, 127.9, 127.8, 127.2, 127.0, 126.5, 

123.7 (d, JPC = 25.3 Hz), 121.2, 119.1 (d, JPC = 98.9 Hz), 118.9, 75.6, 38.8, 34.8. 

HRMS (ESI) calcd for C39H34O2P+: 565.2291 (M + H+), found: 565.2304. 

nBu

POPh2O
Ph

tBu

POPh2O
Ph
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(2-Methyl-6,12-diphenyl-6H-naphtho[2,3-c]chromen-7-yl)diphenylphosphine oxide 

(3h). 1H NMR (400 MHz, CDCl3 ): δ 8.26 (d, J = 8.7 Hz, 1H), 7.81 (s, 1H), 7.73-7.60 

(m, 7H), 7.48-7.26 (m, 10H), 7.18-7.14 (m, 1H), 7.01-6.99 (m, 5H), 6.68-6.61 (m, 

2H), 6.28 (s, 1H), 1.73 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 152.1, 143.3 (d, JPC = 

7.9 Hz), 141.4 (d, JPC = 2.7 Hz), 139.7, 139.2, 134.8 (d, JPC = 102.9 Hz), 134.6 (d, JPC 

= 102.4 Hz), 129.8 (d, JPC = 27.2 Hz), 129.5 (d, JPC = 4.7 Hz), 129.4, 128.6, 128.6, 

128.5, 128.4, 128.1, 128.0, 127.7 (d, JPC = 7.7 Hz), 127.3, 127.2, 125.9, 125.7, 123.8 

(d, JPC = 97.0 Hz), 117.5, 75.9 (d, JPC = 4.6 Hz), 20.7. HRMS (ESI) calcd for 

C42H32O2P+: 599.2134 (M + H+), found: 599.2142. 

 
(2-Chloro-6,12-diphenyl-6H-naphtho[2,3-c]chromen-7-yl)diphenylphosphine oxide 

(3i). 1H NMR (400 MHz, CDCl3 ): δ 8.19 (d, J = 6.8 Hz, 1H), 7.98 (s, 1H), 7.65 (m, 

6H), 7.51-7.16 (m, 11H), 7.00 (m, 6H), 6.80 (m, 1H), 6.67 (d, J = 6.4 Hz, 1H), 6.47 (s, 

1H). 13C NMR (100 MHz, CDCl3): δ 153.0, 142.9 (d, JPC = 7.6 Hz), 142.0, 138.7 (d, 

JPC = 20.0 Hz), 134.5 (d, JPC = 103.4 Hz), 134.2 (d, JPC = 103.0 Hz), 133.3 (d, JPC = 

6.6 Hz), 133.0 (d, JPC = 9.4 Hz), 131.8, 131.7, 131.6, 131.5, 131.1, 129.5 (d, JPC = 

34.2 Hz), 129.0, 128.6, 128.5, 128.4, 128.4, 128.2, 128.0, 128.0, 127.8, 127.5, 126.6 

(d, JPC = 11.6 Hz), 126.1, 125.5, 125.1, 124.5, 123.0 (d, JPC = 96.5 Hz), 119.3, 76.0 (d, 

JPC = 3.8 Hz). HRMS (ESI) calcd for C41H29ClO2P+: 619.1588 (M + H+), found: 

619.1581. 

 

Ph

POPh2O
Ph

Ph

POPh2O
Ph

Cl

Ph
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(10-Methyl-6,12-diphenyl-6H-naphtho[2,3-c]chromen-7-yl)diphenylphosphine oxide 

(3j). 1H NMR (400 MHz, CDCl3 ): δ 8.10 (d, J = 8.9 Hz, 1H), 7.94 (s, 1H), 7.68-7.62 

(m, 5H), 6.34 (t, J = 7.2 Hz, 1H), 7.43-7.35 (m, 4H), 7.32-7.24 (m, 5H), 7.06-7.05 (m, 

2H), 6.98-6.93 (m, 5H), 6.82-6.77 (m, 1H), 6.73-6.71 (m, 1H), 6.57 (d, J = 7.2 Hz, 

1H), 6.82-6.77 (m, 1H), 2.22 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 154.3, 142.5 (d, 

JPC = 7.8 Hz), 140.8, 139.5, 139.0, 135.6, 134.6 (d, JPC = 103.0 Hz), 134.3 (d, JPC = 

102.6 Hz), 133.5 (d, JPC = 9.1 Hz), 131.7, 131.6, 131.6, 131.4, 131.3, 130.9 (d, JPC = 

9.6 Hz), 129.5 (d, JPC = 27.8 Hz), 129.0, 128.5, 128.4, 128.3, 128.2, 127.9 (d, JPC = 

6.9 Hz), 127.7, 127.7, 127.6, 127.2, 127.1, 126.5, 123.9, 123.2 (d, JPC = 96.0 Hz), 

120.4, 118.0, 76.8 (d, JPC = 4.2 Hz), 21.4. HRMS (ESI) calcd for C42H32O2P+: 

599.2134 (M + H+), found: 599.2151. 

 
(10-Chloro-6,12-diphenyl-6H-naphtho[2,3-c]chromen-7-yl)diphenylphosphine oxide 

(3k). 1H NMR (400 MHz, CDCl3 ): δ 8.32 (m, 1H), 7.74-7.60 (m, 8H), 7.42-7.25 (m, 

8H), 7.12 (m, 1H), 6.95 (m, 6H), 6.81-6.73 (m, 2H), 6.56 (m, 1H), 6.31 (s, 1H). 13C 

NMR (100 MHz, CDCl3): δ 154.3, 143.1 (d, JPC = 7.6 Hz), 140.5, 138.5 (d, JPC = 23.0 

Hz), 134.3 (d, JPC = 103.4 Hz), 134.6 (d, JPC = 8.8 Hz), 133.2 (d, JPC = 102.8 Hz), 

132.2, 131.8, 131.6, 131.5, 131.4, 131.3, 131.1, 130.0, 129.5, 129.0 (d, JPC = 6.8 Hz), 

128.4, 128.3, 128.0, 127.2, 126.3 (d, JPC = 31.6 Hz), 124.1 (d, JPC = 95.5 Hz), 123.4, 

120.6, 118.1, 75.9. HRMS (ESI) calcd for C41H29ClO2P+: 619.1588 (M + H+), found: 

619.1555. 

 

(2-Chloro-6-phenyl-12-(p-tolyl)-6H-naphtho[2,3-c]chromen-7-yl)diphenylphosphine 

oxide (3l). 1H NMR (400 MHz, CDCl3 ): δ 8.17 (d, J = 8.7 Hz, 1H), 7.97 (s, 1H), 7.77 

Ph

POPh2O
Ph

Cl

p-MeC6H4

POPh2O
Ph

Cl
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(d, J = 8.6 Hz, 1H), 7.68-7.61 (m, 4H), 7.55-7.53 (m, 1H), 7.43-7.43 (m, 3H), 

7.38-7.27 (m, 5H), 7.23 (d, J = 8.3 Hz, 1H), 7.18-7.14 (m, 1H), 7.01 (m, 5H), 

6.88-6.86 (m, 1H), 6.81 (dd, J = 8.5 Hz, 1H), 6.67 (d, J = 8.6 Hz, 1H), 6.48-6.47 (m, 

1H), 2.48 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 152.9, 143.0 (d, JPC = 7.9 Hz), 

142.2, 138.7, 138.1, 135.7, 135.0 (d, JPC = 103.4 Hz), 134.3 (d, JPC = 102.9 Hz), 133.4 

(d, JPC = 9.2 Hz), 133.0 (d, JPC = 9.5 Hz), 131.9, 131.7, 131.6, 131.5, 131.3, 130.4, 

129.3, 129.1, 128.6, 128.5, 128.4, 128.0, 128.0, 127.5, 127.3, 126.7 (d, JPC = 11.7 Hz), 

126.1 (d, JPC = 6.6 Hz), 125.5, 125.2, 123.7 (d, JPC = 95.8 Hz), 119.2, 76.1 (d, JPC = 

4.3 Hz), 21.3. HRMS (ESI) calcd for C42H31ClO2P+: 633.1745 (M + H+), found: 

633.1743. 

 

(12-(4-Chlorophenyl)-10-methyl-6-phenyl-6H-naphtho[2,3-c]chromen-7-yl)diphenylp

hosphine oxide (3m). 1H NMR (400 MHz, CDCl3 ): δ 8.12 (d, J = 8.9 Hz, 1H), 7.90 (s, 

1H), 7.67-7.58 (m, 6H), 7.42-7.29 (m, 8H), 7.04-6.95 (m, 6H), 6.91 (d, J = 8.2 Hz, 

1H), 6.84 (d, J = 7.1 Hz, 1H), 6.74 (d, J = 8.0 Hz, 1H), 6.58 (d, J = 8.0 Hz, 1H), 

6.41-6.37 (m, 1H), 2.28 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 154.5, 142.5 (d, JPC 

= 7.8 Hz), 139.4, 138.9, 138.1, 135.9, 135.0 (d, JPC = 103.1 Hz), 134.4 (d, JPC = 102.6 

Hz), 133.7, 133.4 (d, JPC = 9.1 Hz), 133.2, 131.8, 131.7, 131.5, 131.4, 131.3, 131.0 (d, 

JPC = 9.5 Hz), 129.7, 128.9 (d, JPC = 14.0 Hz), 128.5, 128.5, 128.4, 128.3, 128.1, 

127.9 (d, JPC = 6.6 Hz), 127.3, 127.2, 126.2, 123.9 (d, JPC = 95.4 Hz), 123.8, 120.7, 

118.3, 76.0 (d, JPC = 4.2 Hz), 21.5. HRMS (ESI) calcd for C42H31ClO2P+: 633.1745 

(M + H+), found: 633.1748.  

 

(2,10-Dimethyl-6,12-diphenyl-6H-naphtho[2,3-c]chromen-7-yl)diphenylphosphine 

p-ClC6H4

POPh2O
Ph

Ph

POPh2O
Ph
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oxide (3n). 1H NMR (400 MHz, CDCl3 ): δ 8.13 (d, J = 8.8 Hz, 1H), 7.86 (s, 1H), 

7.66-7.59 (m, 6H), 7.48-7.26 (m, 9H), 7.04-6.95 (m, 7H), 6.62 (m, 2H), 6.26 (s, 1H), 

2.24 (s, 3H), 1.70 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 152.0, 142.3 (d, JPC = 7.8 

Hz), 140.7, 139.7, 139.2, 135.5, 134.7 (d, JPC = 102.9 Hz), 134.5 (d, JPC = 102.5 Hz), 

133.5 (d, JPC = 9.2 Hz), 131.7, 131.7, 131.6, 131.5, 131.4, 130.9 (d, JPC = 9.5 Hz), 

129.7 (d, JPC = 25.8 Hz), 129.3 (d, JPC = 3.1 Hz), 129.2, 128.5, 128.4 (d, JPC = 7.3 Hz), 

128.2, 127.9, 127.7, 127.5, 127.2, 127.0, 126.5, 123.4 (d, JPC = 96.0 Hz), 123.3, 117.4, 

75.7 (d, JPC = 4.2 Hz), 21.4, 20.5. HRMS (ESI) calcd for C43H34O2P+: 613.2291 (M + 

H+), found: 613.2301. 

 

(2-Chloro-10-methyl-6,12-diphenyl-6H-naphtho[2,3-c]chromen-7-yl)diphenylphosphi

ne oxide (3o). 1H NMR (400 MHz, CDCl3 ): δ 8.08 (d, J = 8.9 Hz, 1H), 8.00 (s, 1H), 

7.68-7.61 (m, 6H), 7.53-7.47 (m, 2H), 7.43-7.40 (m, 3H), 7.38-7.28 (m, 4H), 

7.02-6.98 (m, 7H), 6.79 (dd, J = 8.6 Hz, 2.2 Hz 1H), 6.68 (d, J = 8.6 Hz, 1H), 

6.44-6.43 (m, 1H), 2.26 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 152.9, 141.0 (d, JPC 

= 7.9 Hz), 141.4, 138.9 (d, JPC = 16.3 Hz), 135.9, 134.6 (d, JPC = 103.2 Hz), 134.4 (d, 

JPC = 102.8 Hz), 133.4 (d, JPC = 9.1 Hz), 131.8, 131.7, 131.5, 131.5, 131.4, 131.2 (d, 

JPC = 9.6 Hz), 129.5 (d, JPC = 29.2 Hz), 129.0, 128.6, 128.5, 128.4, 128.3, 128.1, 

127.8 (d, JPC = 6.6 Hz), 127.4, 127.4, 126.7, 126.6 (d, JPC = 11.8 Hz), 125.3, 125.2, 

123.6 (d, JPC = 95.4 Hz), 119.2, 76.0 (d, JPC = 4.3 Hz), 21.5. HRMS (ESI) calcd for 

C42H31ClO2P+: 633.1745 (M + H+), found: 633.1768. 

 
(10-Chloro-12-(4-methoxyphenyl)-6-phenyl-6H-naphtho[2,3-c]chromen-7-yl)dipheny

lphosphine oxide (3p). 1H NMR (400 MHz, CDCl3 ): δ 8.31 (d, J = 9.3 Hz, 1H), 7.76 

Ph

POPh2O
Ph

Cl
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(s, 1H), 7.70-7.54 (m, 6H), 7.43-7.32 (m, 4H), 7.28-7.24 (m, 2H), 7.16-7.09 (m, 2H), 

6.99-6.95 (m, 5H), 6.87-6.82 (m, 3H), 6.72 (d, J = 7.4 Hz, 1H), 6.65-6.63 (m, 1H), 

6.38 (t, J = 8.0 Hz, 1H), 3.83 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 159.3, 154.3, 

143.2 (d, JPC = 7.7 Hz), 140.4, 138.5, 135.0, 134.5 (d, JPC = 116.0 Hz), 133.9 (d, JPC = 

102.6 Hz), 132.5, 132.1, 131.8, 131.7, 131.7, 131.6, 131.5 (d, JPC = 10.0 Hz), 131.1 (d, 

JPC = 9.3 Hz), 130.8, 130.6, 129.5 (d, JPC = 6.2 Hz), 129.0 (d, JPC = 10.2 Hz), 128.6, 

128.4, 128.4, 128.3, 127.2, 126.3 (d, JPC = 17.8 Hz), 123.8 (d, JPC = 95.3 Hz), 123.7, 

120.7, 118.1, 114.7, 114.1, 76.0 (d, JPC = 4.4 Hz), 55.1. HRMS (ESI) calcd for 

C42H31ClO3P+: 649.1694 (M + H+), found: 649.1696. 

 
(10-Chloro-12-(4-chlorophenyl)-6-phenyl-6H-naphtho[2,3-c]chromen-7-yl)diphenylp

hosphine oxide (3q). 1H NMR (400 MHz, CDCl3 ): δ 8.35 (d, J = 9.3 Hz, 1H), 7.72 (s, 

1H), 7.68-7.56 (m, 7H), 7.46-7.44 (m, 1H), 7.39-7.28 (m, 3H), 7.28-7.25 (m, 3H), 

7.13 (dd, J = 9.3 Hz, 2.2 Hz 1H), 6.96 (m, 5H), 6.91-6.85 (m, 2H), 6.73 (d, J = 7.3 Hz, 

1H), 6.58-6.56 (m, 1H), 6.41-6.38 (m, 1H). 13C NMR (100 MHz, CDCl3): δ 154.5, 

143.2 (d, JPC = 7.8 Hz), 139.0, 138.3, 137.2, 134.5, 134.3 (d, JPC = 103.4 Hz), 134.2 

(d, JPC = 25.9 Hz) 133.8 (d, JPC = 102.8 Hz), 132.9, 132.5, 131.9 (d, JPC = 5.6 Hz), 

131.7, 131.6, 131.5, 131.4, 131.2, 131.1, 129.9, 129.7 (d, JPC = 6.2 Hz), 129.3, 128.7, 

128.5 (d, JPC = 5.7 Hz), 128.4, 127.4, 127.3, 126.7, 125.8, 125.2, 123.8 (d, JPC = 95.1 

Hz), 120.8, 118.4, 76.1 (d, JPC = 4.4 Hz). HRMS (ESI) calcd for C41H28Cl2O2P+: 

653.1198 (M + H+), found: 653.1195. 

 
(10-Chloro-2-methyl-6,12-diphenyl-6H-naphtho[2,3-c]chromen-7-yl)diphenylphosphi

ne oxide (3r). 1H NMR (400 MHz, CDCl3 ): δ 8.37 (d, J = 9.3 Hz, 1H), 7.70-7.65 (m, 

p-ClC6H4

POPh2O
Ph
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5H), 7.62-7.56 (m, 3H), 7.47-7.42 (m, 2H), 7.37-7.31 (m, 4H), 7.26-7.22 (m, 2H), 

7.12 (dd, J = 9.3 Hz, 2.2 Hz, 1H), 6.97-6.95 (m, 6H), 6.65-6.59 (m, 2H), 6.26 (m, 1H), 

1.69 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 152.0, 142.9 (d, JPC = 7.8 Hz), 140.3, 

138.7 (d, JPC = 20.7 Hz), 134.5 (d, JPC = 103.0 Hz), 134.5 (d, JPC = 7.5 Hz), 133.9 (d, 

JPC = 102.5 Hz), 132.1, 131.7, 131.7, 131.6, 131.5, 131.3, 131.1 (d, JPC = 9.3 Hz), 

129.8, 129.6, 129.5, 129.4, 128.8, 128.6, 128.5, 128.4, 128.3, 128.3, 128.2, 127.9, 

127.2, 126.3 (d, JPC = 26.2 Hz), 124.2 (d, JPC = 95.1 Hz), 122.9, 117.5, 75.8 (d, JPC = 

4.6 Hz), 20.5. HRMS (ESI) calcd for C42H31ClO2P+: 633.1745 (M + H+), found: 

633.1761. 

 
(6-(4-Methoxyphenyl)-12-phenyl-6H-naphtho[2,3-c]chromen-7-yl)diphenylphosphine 

oxide (3s). 1H NMR (400 MHz, CDCl3 ): δ 8.22 (d, J = 8.2 Hz, 1H), 7.78 (s, 1H), 

7.68-7.60 (m, 7H), 7.43-7.33 (m, 9H), 7.14 (m, 1H), 6.99-6.93 (m, 3H), 6.85-6.83 (m, 

1H), 6.72 (d, J = 7.2 Hz, 1H), 6.61 (d, J = 7.2 Hz, 1H), 6.50 (d, J = 7.6 Hz, 2H), 6.35 

(d, J = 6.8 Hz, 1H), 3.60 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 158.6, 154.3, 143.6 

(d, JPC = 8.0 Hz), 141.5, 139.5, 134.7 (d, JPC = 103.1 Hz), 134.4 (d, JPC = 102.7 Hz), 

133.4 (d, JPC = 9.2 Hz), 132.7 (d, JPC = 9.3 Hz), 131.8, 131.7, 131.5, 131.4, 131.2, 

129.8, 129.7, 129.4, 129.0, 128.8, 128.6, 128.4, 128.3, 128.0, 127.9, 127.7, 127.6, 

125.8 (d, JPC = 11.7 Hz), 123.4 (d, JPC = 102.0 Hz), 120.5, 118.2, 112.7, 75.8 (d, JPC = 

4.2 Hz), 54.9. HRMS (ESI) calcd for C42H31O3PNa+: 637.1903 (M + Na+), found: 

637.1881. 

 
Diphenyl(12-phenyl-6-(o-tolyl)-6H-naphtho[2,3-c]chromen-7-yl)phosphine oxide (3t). 
1H NMR (400 MHz, CDCl3 ): δ 8.15-8.13 (m, 2H), 7.74-7.71 (m, 2H), 7.62-7.55 (m, 

5H), 7.47-7.24 (m, 9H), 7.13 (t, J = 7.6 Hz, 1H), 7.04 (d, J = 7.3 Hz, 1H), 6.97 (d, J = 
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7.2 Hz, 1H), 6.91 (t J = 6.8 Hz, 1H), 6.83 (t, J = 7.6 Hz, 1H), 6.69-6.63 (m, 3H), 

6.59-6.57 (m, 1H), 6.37 (d, J = 7.6 Hz, 1H), 2.48 (s, 3H). 13C NMR (100 MHz, 

CDCl3): δ 154.4, 144.6 (d, JPC = 7.6 Hz), 141.3, 139.5, 138.4, 136.6, 134.8 (d, JPC = 

103.5 Hz), 134.3 (d, JPC = 102.5 Hz), 133.4 (d, JPC = 9.2 Hz), 132.8 (d, JPC = 9.6 Hz), 

131.9, 131.7, 131.6, 131.5, 130.4, 129.5, 129.3, 129.1, 128.8, 128.6, 128.5, 128.4, 

128.4, 128.1, 128.0, 127.8, 127.7, 125.9, 125.7, 124.3, 124.1, 123.1 (d, JPC = 96.1 Hz), 

120.8, 117.3, 74.4 (d, JPC = 4.1 Hz), 19.9. HRMS (ESI) calcd for C42H31O2PNa+: 

621.1954 (M + Na+), found: 621.1955. 

 
(6-(4-Chlorophenyl)-12-phenyl-6H-naphtho[2,3-c]chromen-7-yl)diphenylphosphine 

oxide (3u). 1H NMR (400 MHz, CDCl3 ): δ 8.09 (d, J = 8.7 Hz, 1H), 8.01 (s, 1H), 

7.70-7.59 (m, 7H), 7.48-7.44 (m, 3H), 7.38-7.34 (m, 5H), 7.27 (t, J = 7.1 Hz, 1H), 

7.12 (t, J = 7.3 Hz, 1H), 7.04-6.95 (m, 5H), 6.90-6.86 (m, 1H), 6.75 (d, J = 7.0 Hz, 

1H), 6.60 (dd, J = 9.6 Hz, 1.2 Hz, 1H), 6.37 (t, J = 7.0 Hz, 1H). 13C NMR (100 MHz, 

CDCl3): δ 154.2, 143.5 (d, JPC = 7.6 Hz), 141.7, 139.3, 137.9, 134.4 (d, JPC = 103.0 

Hz), 133.4 (d, JPC = 9.2 Hz), 133.0, 132.6 (d, JPC = 9.6 Hz), 131.9, 131.8, 131.7 (d, 

JPC = 10.0 Hz), 129.9, 129.6 (d, JPC = 21.8 Hz), 129.0 (d, JPC = 17.3 Hz), 128.6 (d, JPC 

= 9.8 Hz), 128.1, 127.9, 127.8, 127.7, 127.6, 125.9 (d, JPC = 18.8 Hz), 123.8, 123.6 (d, 

JPC = 95.3 Hz), 120.8, 118.2, 75.4 (d, JPC = 4.0 Hz). HRMS (ESI) calcd for 

C41H29ClO2P+: 619.1588 (M + H+), found: 619.1563. 

 
Diphenyl(12-phenyl-6-(thiophen-3-yl)-6H-naphtho[2,3-c]chromen-7-yl)phosphine 

oxide (3v). 1H NMR (400 MHz, CDCl3 ): δ 8.20 (d, J = 8.6 Hz, 1H), 7.91 (s, 1H), 

7.68-7.61 (m, 5H), 7.46-7.25 (m, 10H), 7.16-7.14 (m, 1H), 7.00 (d, J = 7.6 Hz, 1H), 
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6.92-6.89 (m, 2H), 6.78-6.76 (m, 2H), 6.69 (s, 1H), 6.63 (d, J = 7.6 Hz, 1H), 6.40 (t, J 

= 7.5 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 154.3, 144.1 (d, JPC = 7.7 Hz), 141.6, 

140.0 (d, JPC = 97.5 Hz), 135.3 (d, JPC = 32.6 Hz), 134.9 (d, JPC = 106.4 Hz), 133.5 (d, 

JPC = 17.9 Hz), 133.3, 132.7 (d, JPC = 9.4 Hz), 131.7, 131.6, 131.5, 129.6 (d, JPC = 

24.8 Hz), 129.1, 128.8, 128.6, 128.5 (d, JPC = 5.0 Hz), 128.4, 128.1, 128.0, 127.9, 

127.8, 127.7, 127.2 (d, JPC = 11.1 Hz), 125.9, 125.8, 125.2, 124.4, 123.8, 122.7 (d, JPC 

= 96.0 Hz), 122.7, 120.7, 118.0, 72.2 (d, JPC = 3.9 Hz). HRMS (ESI) calcd for 

C39H28O2PS+: 591.1542 (M + H+), found: 591.1522. 
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Figure 1. ORTEP illustration of compound 3a (30% probability ellipsoids) 
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