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1. Experimental Details 

General. All anaerobic and/or moisture-sensitive manipulations were carried out with standard Schlenk 

techniques under nitrogen atmosphere or with glovebox techniques under argon atmosphere. Analytical 

thin-layer chromatography (TLC) was performed using Silicagel 70 F254 TLC Plate-Wako. The developed 

chromatogram was analyzed by UV lamp (254 nm). The silica gel column chromatography was performed 

with Wako-gel® 60N (150-425 mm, irregular). Preparative gel permeation chromatography (GPC) was 

performed with an YMC LC-forte/R instrument equipped with YMC-GPC T2000 and T4000 columns 

using chloroform as an eluent. The 1H (400 MHz), 13C (100 MHz), and 31P NMR (162 MHz) spectra were 

measured in CDCl3 with a JEOL JNM-ECS400 spectrometer. Signals due to tetramethylsilane (0.0 ppm) in 

1H NMR and CDCl3 (77.16 ppm) in 13C NMR were used as internal references, and chemical shifts are 

reported in ppm downfield. 31P NMR chemical shifts are externally referenced to 85% H3PO4 (0 ppm). 

Low- and high-resolution mass spectra were recorded on a JEOL JMS-700 spectrometer at EI mode. All 

melting points were determined on a Yanaco micro melting point apparatus (MP-J3) and were uncorrected. 

The melting points of 1d and 7d were measured under an argon atmosphere in a sealed tube.  

 

Reagents. Et2O, THF, toluene, and CH2Cl2 (Wako, Super dehydrated grade) were purchased and used as 

received. Tri(2-furyl)phosphine (TCI), n-BuLi (Mitsuwa), oxone (Aldrich), elemental sulfur (Wako), 

elemental selenium (Wako), Grubbs 2nd (Aldrich), 4-methylmorpholine N-oxide (Oakwood), MS 4A 

(Wako), sodium carbonate (Kishida), potassium tert-butoxide (nacalai), ethanol (Wako), and acetonitrile 

(Wako), and CDCl3 (CIL) were purchased and used as received. Phosphorus trichloride and 

tris(dimethylamino)phosphine were distilled prior to use. 1-Bromo-2-(2,2-dibromovinyl)benzene (4),S1 

tributyl(vinyl)tin,S2 tris(dibenzylideneacetone)dipalladium(chloroform) (Pd2(dba)3ĀCHCl3),S3 

1-bromo-2-vinylbenzene,S4 trimethylphosphine,S5 1-bromo-2-bromomethyl-4-iodobenzene,S6 

mesitylboronic acid,S7 tetrakis(triphenylphosphine)palladium,S8 and methyltriphenylphosphonium iodideS9 

were synthesized according to the reported procedures.  

 

Synthesis of dichloro(dimethylamino)phosphine (S1) 

 

 

To phosphorus trichloride (6.40 mL, 73.2 mmol) charged into 50 mL flask was added dropwise 

tris(dimethylamino)phosphine (6.71 mL, 36.6 mmol) at 0 °C. The mixture was stirred at room temperature 

for 2.5 h, and then distilled under reduced pressure (40-41ęC, 16 mmHg; lit.S10 57-59 ęC, 24 mmHg) to give 

S1 as colorless liquid (14.1 g, 96.6 mmol, 88%). 1H NMR (400 MHz, CDCl3) d = 2.86 (d, J = 12.4 Hz, 6H). 

13C {1H} NMR (100 MHz, CDCl3). d = 37.7 (d, J = 21.2 Hz, CH3). 31P {1H} NMR (162 MHz, CDCl3) d = 

165.9.  
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Synthesis of 2-bromo-1-(2-bromophenyl)-1,3-butadiene (5) 

 

 

This compound was prepared according to the synthetic procedures reported by Shen and co-worker.S11 To 

a solution of 1-bromo-2-(2,2-dibromovinyl)benzene (4, 5.20 g, 15.3 mmol), Pd2(dba)3ĀCHCl3 (386 mg, 

0.373 mmol), and tri(2-furyl)phosphine (522 mg, 2.25 mmol) in toluene (75 mL) was added 

tributyl(vinyl)tin (4.60 mL, 15.8 mmol) at 0 ęC. The reaction mixture was stirred at 60 ęC for 21 h. Water 

and ethyl acetate were added, and then the organic layer was separated. The aqueous layer was extracted 

with AcOEt. The combined organic layer was washed with brine, dried over MgSO4, filtered through a pad 

of CeliteÈ, and then evaporated under reduced pressure. The residue was chromatographed on silica gel 

with hexane (Rf = 0.48) to give 5 as pale-yellow liquid (3.24 g, 11.3 mmol, 74%). 1H NMR (400 MHz, 

CDCl3) d = 5.41 (d, J = 10.6 Hz, 1H), 5.78 (d, J = 16.1 Hz, 1H), 6.57 (dd, J = 16.1, 10.6 Hz, 1H), 7.04 (s, 

1H), 7.18 (dd, J = 7.8, 7.4 Hz, 1H), 7.34 (dd, J = 7.8, 7.4 Hz, 1H), 7.60 (d, J = 7.8 Hz, 1H), 7.75 (d, J = 7.8 

Hz, 1H). 13C {1H} NMR (100 MHz, CDCl3) d = 120.3, 124.2, 126.7, 126.9, 129.6, 131.3, 131.8, 132.6, 

136.2, 136.5. HRMS (EI, 70 eV) m/z found: 285.8987 ([M]+), calcd for C10H8
79Br2 285.8993.  

 

Synthesis of 2-vinyl-1-(2-vinylphenyl)benzophosphole-P-oxide (2a)  

 

To a solution of 5 (2.59 g, 8.99 mmol) in Et2O (86 mL) was added n-BuLi in hexane (1.56 M; 12.7 mL, 

19.8 mmol) at 0 ęC. After the reaction mixture was stirred at room temperature for 1 h, 

dichloro(dimethylamino)phosphine (1.40 mL, 12.1 mmol) was added dropwise at 0 ęC. The reaction 

mixture was stirred at room temperature for 1 h. Phosphorus trichloride (1.02 mL, 11.7 mmol) was added 

dropwise at 0 ęC, and then the reaction mixture was stirred at room temperature for 1 h. After the volatiles 

were removed under reduced pressure at 0 ęC, THF (20 mL) was added. To this solution at ī78 ęC was 

added 1-lithio-2-vinylbenzene, which was prepared from 1-bromo-2-vinylbenzene (2.00 g, 10.9 mmol) and 

n-BuLi in hexane (1.56 M; 7.20 mL, 11.2 mmol) in THF (30 mL) at ī78 ęC for 20 min. After the reaction 

mixture was stirred at room temperature for 1.5 h, the mixture was quenched with NH4Cl aq. at ī30 ęC. 

The organic layer was separated, and then the aqueous layer was extracted with ethyl acetate. The 

combined organic layer was washed with brine, dried over MgSO4, filtered through a pad of Celite, and 

then evaporated under reduced pressure. The residue was chromatographed on silica gel with hexane/ethyl 
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acetate = 50/1 (Rf = 0.43) to give benzophosphole as orange oil (511 mg). A suspension of benzophosphole 

(511 mg, 1.95 mmol) and oxone (1.44 g, 2.34 mmol) in CH2Cl2 (50 mL) and MeOH (10 mL) was refluxed 

for 23 h. Water was added, and then the organic layer was separated. The aqueous layer was extracted with 

and CH2Cl2. The combined organic layer was washed with brine, dried over MgSO4, filtered through a pad 

of CeliteÈ, and then evaporated under reduced pressure to give 2a as pale-yellow liquid (500 mg, 1.80 

mmol, 20% from 5).  

Mp. 150-151 ęC. 1H NMR (400 MHz, CDCl3) d = 5.27 (dd, J = 11.1, 1.2 Hz, 1H), 5.37 (d, J = 11.1 Hz, 1H), 

5.62 (dd, J = 17.5, 1.2 Hz, 1H), 5.64 (d, J = 17.5 Hz, 1H), 6.66 (ddd, J = 23.0, 17.5, 11.1 Hz, 1H), 7.16 (d, 

J = 35.4 Hz, 1H), 7.25-7.35 (m, 3H), 7.42-7.53 (m, 3H), 7.59 (dd, J = 7.2, 4.4 Hz, 1H), 7.64 (dd, J = 9.0, 

8.1 Hz, 1H), 7.87 (ddd, J = 14.2, 7.8, 1.2 Hz, 1H); 13C {1H} NMR (100 MHz, CDCl3) d = 118.0 (CH2), 

121.7 (d, J = 5.8 Hz, CH2), 124.9 (d, J = 9.6 Hz, CH), 127.1 (d, J = 9.6 Hz, CH), 127.4 (d, J = 92.5 Hz), 

127.8 (d, J = 12.6 Hz, CH), 129.0 (d, J = 10.6 Hz, CH), 129.2 (d, J = 10.6 Hz, CH), 130.0 (d, J = 9.6 Hz, 

CH), 132.3 (d, J = 11.5 Hz, CH), 132.7 (d, J = 2.9 Hz, CH), 133.1 (d, J = 1.9 Hz, CH), 133.6 (d, J = 107 

Hz), 134.9 (d, J = 5.7 Hz, CH), 138.1 (d, J = 95.3 Hz), 140.0 (d, J = 20.2 Hz, CH), 141.6 (d, J = 27.9 Hz), 

142.7 (d, J = 8.6 Hz);  31P {1H} NMR (162 MHz, CDCl3) d = 39.7. HRMS (EI, 70 eV) m/z found: 

278.0860 ([M]+), calcd for C18H15PO 278.0861.  

 

Synthesis 2-vinyl-1-(2-vinylphenyl)benzophosphole-P-sulfide (2b) 

 

To a solution of 5 (1.52 g, 5.28 mmol) in Et2O (50 mL) was added n-BuLi in hexane (1.56 M; 7.40 mL, 

11.6 mmol) at 0 ęC dropwise for 5 min. After the reaction mixture was stirred at room temperature for 100 

min, dichloro(dimethylamino)phosphine (0.80 mL, 6.9 mmol) was added at 0 ęC. The reaction mixture was 

stirred at room temperature for 10 min. Phosphorus trichloride (0.59 mL, 6.7 mmol) was added at 0 ęC, and 

then the reaction mixture was stirred at room temperature for 60 min. After the volatiles were removed 

under reduced pressure, THF (20 mL) was added. 1-lithio-2-vinylbenzene, which was prepared from 

1-bromo-2-vinylbenzene (1.26 g, 6.86 mmol) and n-BuLi in hexane (1.56 M; 4.6 mL, 7.2 mmol) in THF 

(20 mL) at ī78 ęC for 30 min, was added at ī78 ęC. After the reaction mixture was stirred at room 

temperature for 45 min, elemental sulfur (291 mg, 9.08 mmol) was added in one portion. The reaction 

mixture was stirred at room temperature for 24 h. Aqueous NH4Cl solution was added, and then the organic 

layer was separated. The aqueous layer was extracted with ethyl acetate. The combined organic layer was 

washed with brine, dried over MgSO4, filtered through a pad of Celite, and then evaporated under reduced 

pressure. The residue was chromatographed on silica gel with hexane/ethyl acetate = 10/1 (Rf = 0.30) to 

give 2b as orange oil (482 mg, 1.81 mmol, 34% form 5). The highly pure compound 2b tended to give the 

insoluble material likely due to oligomerization, which prevent the isolation of 2 in highly pure form.  
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1H NMR (400 MHz, CDCl3) d = 5.03 (d, J = 11.0 Hz, 1H), 5.31 (d, J = 10.6 Hz, 1H), 5.38 (d, J = 17.0 Hz, 

1H), 5.55 (d, J = 17.9 Hz, 1H), 6.60 (ddd, J = 23.5, 17.9, 10.6 Hz, 1H), 6.83 (dd, J = 17.0,11.0 Hz, 1H), 

7.15 (d, J = 34.9 Hz, 1H), 7.27-7.33 (m, 1H), 7.38-7.54 (m, 5H), 7.57 (dd, J = 10.3, 7.6 Hz, 1H), 8.58 (ddd, 

J = 17.4, 7.4, 1.4 Hz, 1H); 13C NMR (100 MHz, CDCl3) d = 118.0 (CH2), 121.4 (d, J = 6.7 Hz, CH2), 125.2 

(d, J = 8.7 Hz, CH), 125.3 (d, J = 71.2 Hz), 127.6 (d, J = 9.7 Hz, CH), 128.0 (d, J = 13.5 Hz, CH), 128.4 (d, 

J = 11.6 Hz, CH), 129.0 (d, J = 11.6 Hz, CH), 129.3 (d, J = 11.5 Hz, CH), 132.4 (d, J = 1.9 Hz, CH), 132.7 

(d, J = 2.9 Hz, CH), 134.4 (d, J = 5.7 Hz, CH), 134.9 (d, J = 14.5 Hz, CH), 137.1 (d, J = 91.5 Hz), 138.1 (d, 

J = 17.3 Hz, CH), 140.2 (d, J = 78.1 Hz), 141.8 (d, J = 2.0 Hz), 141.9 (d, J = 13.5 Hz); 31P {1H} NMR (162 

MHz, CDCl3) d = 44.0. HRMS (EI, 70 eV) m/z found: 294.0632 ([M] +), calcd for C18H15PS 294.0632.  

 

Synthesis 2-vinyl-1-(2-vinylphenyl)benzophosphole-P-selenide (2c) 

 

To a solution of 5 (1.51 g, 5.24 mmol) in Et2O (50 mL) was added n-BuLi in hexane (1.56 M; 7.40 mL, 

11.6 mmol) at 0 ęC dropwise for 5 min. After the reaction mixture was stirred at room temperature for 40 

min, dichloro(dimethylamino)phosphine (0.79 mL, 6.8 mmol) was added at 0 ęC. The reaction mixture was 

stirred at room temperature for 30 min. Phosphorus trichloride (0.60 mL, 6.8 mmol) was added at 0 ęC, and 

then the reaction mixture was stirred at room temperature for 60 min. After the volatiles were removed 

under reduced pressure, THF (20 mL) was added. 1-lithio-2-vinylbenzene, which was prepared from 

1-bromo-2-vinylbenzene (1.34 g, 7.33 mmol) and n-BuLi in hexane (1.56 M; 4.7 mL, 7.4 mmol) in THF 

(25 mL) at ī78 ęC for 50 min, was added at ī78 ęC. After the reaction mixture was stirred at room 

temperature for 60 min, elemental selnium (497 mg, 6.29 mmol) was added in one portion. The reaction 

mixture was stirred at room temperature for 13 h. Aqueous NH4Cl solution was added, and then the organic 

layer was separated. The aqueous layer was extracted with ethyl acetate. The combined organic layer was 

washed with brine, dried over MgSO4, filtered through a pad of Celite, and then evaporated under reduced 

pressure. The residue was chromatographed on silica gel with hexane/ethyl acetate = 10/1 (Rf = 0.25) to 

give 2c as yellow oil (474 mg, 1.39 mmol, 27% from 5). The isolation of 2c in highly pure form was 

unsuccessful likely due to its low stability under ambient condition.  

1H NMR (400 MHz, CDCl3) d = 5.00 (d, J = 11.0 Hz, 1H), 5.31 (d, J = 11.1 Hz, 1H), 5.36 (d, J = 17.0 Hz, 

1H), 5.54 (d, J = 17.5 Hz, 1H), 6.61 (ddd, J = 23.4, 17.5, 11.0 Hz, 1H), 6.70 (dd, J = 17.0, 11.1 Hz, 1H), 

7.14 (d, J = 35.0 Hz, 1H), 7.29-7.51 (m, 6H), 7.56 (dd, J = 10.6, 7.4 Hz, 1H), 8.66-8.73 (m, 1H); 13C NMR 

(100 MHz, CDCl3) d = 118.2 (CH2), 121.5 (d, J = 6.8 Hz, CH2), 123.2 (d, J = 62.6 Hz), 125.3 (d, J = 7.7 

Hz, CH), 127.6 (d, J = 9.7 Hz, CH), 128.2 (d, J = 14.4 Hz, CH), 128.7 (d, J = 12.5 Hz, CH), 128.9 (d, J = 

12.5 Hz, CH), 129.3 (d, J = 11.5 Hz, CH), 132.7 (d, J = 1.9 Hz, CH), 132.9 (d, J = 2.8 Hz, CH), 134.7 (d, J 

= 5.8 Hz, CH), 136.83 (d, J = 16.4 Hz, CH), 136.85 (d, J = 84.8 Hz), 137.3 (d, J = 16.4 Hz, CH), 140.0 (d, 
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J = 71.2 Hz), 141.7 (d, J = 4.8 Hz), 141.9 (d, J = 11.5 Hz); 31P {1H} NMR (162 MHz, CDCl3) d = 29.9 (d, 

1JPSe = 728 Hz) . HRMS (EI, 70 eV) m/z found: 342.0073 ([M] +), calcd for C18H15P80Se 342.0077.  

 

Synthesis of dibenzo[b,e]phosphindolizine-P-oxide (1a) 

 

 

A solution of 2a (400 mg, 1.44 mmol) and Grubbs 2nd (97.8 mg, 115 mmol) in CH2Cl2 (24 mL) was stirred 

at reflux for 88 h. The reaction mixture was filtered through a pad of Celite with CHCl3, and then the 

volatile of the filtrate was evaporated under reduced pressure. The residue was chromatographed on silica 

gel with ethyl acetate/THF = 5/1 (Rf = 0.25), and then purified by GPC (eluent, CHCl3). The residual solid 

was washed with hexane to give 1a as yellow solid (78.5 mg, 0.314 mmol, 22%). 

Mp. 210-211 ęC. 1H NMR (400 MHz, CDCl3) d = 6.53 (dd, J = 10.1, 3.3 Hz, 1H), 6.76 (dd, J = 16.5, 10.1 

Hz, 1H), 6.96 (d, J = 35.4 Hz, 1H), 7.25-7.32 (m, 3H), 7.37 (ddd, J = 6.9, 6.9, 4.1 Hz, 1H), 7.42-7.46 (m, 

1H), 7.46-7.51 (m, 1H), 7.85 (dd, J = 12.8, 7.3 Hz, 1H), 7.96 (dd, J = 8.2, 8.2 Hz, 1H). 13C {1H} NMR (100 

MHz, CDCl3) d = 124.2 (d, J = 4.8 Hz, CH), 126.1 (d, J = 10.6 Hz, CH), 127.9 (d, J = 11.6 Hz, CH), 129.5 

(d, J = 9.6 Hz, CH), 130.0 (d, J = 96.3 Hz), 130.4 (d, J = 9.6 Hz, CH), 131.01 (d, J = 9.7 Hz, CH), 131.03 

(d, J = 112 Hz), 131.3 (d, J = 6.8 Hz, CH), 131.6 (d, J = 10.6 Hz, CH), 133.0 (d, J = 1.9 Hz, CH), 133.3 

(CH), 135.9 (d, J = 92.5 Hz), 138.9 (d, J = 18.3 Hz, CH), 139.6 (d, J = 6.7 Hz), 143.0 (d, J = 30.8 Hz); 31P 

{1H} NMR (162 MHz, CDCl3) d = 24.5. HRMS (EI, 70 eV) m/z found: 250.0547 ([M] +), calcd for 

C16H11PO 250.0548.  

 

Synthesis of dibenzo[b,e]phosphindolizine-P-sulfide (1b). 

 

A solution of 2b (200 mg, 0.679 mmol) and Grubbs 2nd (46.1 mg, 54.3 mmol) in CH2Cl2 (7 mL) was 

stirred at reflux for 36 h. The reaction mixture was filtered through a pad of Celite with CHCl3, and then 

the volatile of the filtrate was evaporated under reduced pressure. The residue was chromatographed on 

silica gel with hexane/ethyl acetate = 5/1 (Rf = 0.30), and then purified by GPC (eluent, CHCl3) to give 1b 

as yellow solid (12.7 mg, 47.7 mmol, 7%).  

Mp. 180 ęC (decomp.). 1H NMR (400 MHz, CDCl3) d = 6.59 (dd, J = 10.5, 3.7 Hz, 1H), 6.79 (dd, J = 17.0, 

10.5 Hz, 1H), 7.00 (d, J = 35.9 Hz, 1H), 7.21-7.30 (m, 2H), 7.36 (dd, J = 7.2, 3.2 Hz, 1H), 7.39-7.50 (m, 
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3H), 7.76 (dd, J = 14.3, 7.3 Hz, 1H), 8.01 (dd, J = 10.1, 7.8 Hz, 1H); 13C {1H} NMR (100 MHz, CDCl3) d 

= 123.4 (d, J = 5.8 Hz, CH), 126.2 (d, J = 9.6 Hz, CH), 128.5 (d, J = 12.6 Hz, CH), 129.5 (d, J = 11.6 Hz, 

CH), 130.4 (d, J = 10.6 Hz, CH), 130.6 (d, J = 7.7 Hz, CH), 131.1 (d, J = 9.6 Hz, CH), 132.11 (d, J = 78.1 

Hz), 132.12 (CH), 132.2 (d, J = 11.6 Hz, CH), 132.9 (CH), 135.6 (d, J = 90.5 Hz), 137.54 (d, J = 15.5 Hz, 

CH), 137.57 (d, J = 6.0 Hz), 138.1 (d, J = 77.1 Hz), 142.9 (d, J = 27.9 Hz); 31P {1H} NMR (162 MHz, 

CDCl3) d = 31.8. HRMS (EI, 70 eV) m/z found: 266.0316 ([M]+), calcd for C16H11PS 266.0319.  

 

Synthesis of dibenzo[b,e]phosphindolizine-P-selenide (1c). 

 

A solution of 2c (114 mg, 0.334 mmol) and Grubbs 2nd (22.4 mg, 26.4 mmol) in CH2Cl2 (5 mL) was stirred 

at reflux for 2.5 days. The reaction mixture was filtered through a pad of Celite with CHCl3, and then the 

volatile of the filtrate was evaporated under reduced pressure. The residue was chromatographed on silica 

gel with hexane/ethyl acetate = 5/1 (Rf = 0.18) to 3/1, and then purified by GPC (eluent, CHCl3) to give 1c 

as yellow solid (13.2 mg, 42.1 mmol, 13%).  

Mp. 201-205 ęC. 1H NMR (400 MHz, CDCl3) d = 6.60 (dd, J = 10.5, 3.7 Hz, 1H), 6.80 (dd, J = 17.4, 10.5 

Hz, 1H), 6.99 (d, J = 35.4 Hz, 1H), 7.23 (dd, J = 7.4, 5.1 Hz, 1H), 7.26-7.31 (m, 1H), 7.36-7.49 (m, 4H), 

7.74 (dd, J = 15.1, 6.9 Hz, 1H), 8.01 (dd, J = 10.9, 7.2 Hz, 1H); 13C {1H} NMR (100 MHz, CDCl3) d = 

123.2 (d, J = 6.8 Hz, CH), 126.3 (d, J = 8.7 Hz, CH), 128.5 (d, J = 13.5 Hz, CH), 129.5 (d, J = 11.5 Hz, 

CH), 130.64 (d, J = 6.8 Hz, CH), 130.72 (d, J = 10.6 Hz, CH), 131.1 (d, J = 9.6 Hz, CH), 131.5 (d, J = 69.4 

Hz), 132.1 (d, J = 2.8 Hz, CH), 132.2 (d, J = 11.6 Hz, CH), 132.8 (d, J = 1.9 Hz, CH), 135.8 (d, J = 81.0 

Hz), 137.0 (d, J = 4.8 Hz), 137.36 (d, J = 70.3 Hz), 137.41 (d, J = 15.4 Hz, CH), 142.8 (d, J = 27.0 Hz); 31P 

{1H} NMR (162 MHz, CDCl3) d = 15.1 (d, 1JPSe = 719 Hz). HRMS (EI, 70 eV) m/z found: 313.9766 ([M] +), 

calcd for C16H11P80Se: 313.9764. 

 

Synthesis of dibenzo[b,e]phosphindolizine (1d). 

 

To a solution of 1c (23.2 mg, 74.1 mmol) in CHCl3 (2.5 mL) was added PMe3 (22.6 mL, 222 mmol). The 

volatiles were removed under reduced pressure (~1 mmHg) at 70 ęC to give 1d as yellow solid (17.3 mg, 

74.1 mmol, 100%). 

Mp. 117-118 ęC. 1H NMR (400 MHz, CDCl3) d = 6.58 (dd, J = 10.1, 1.9 Hz, 1H), 6.99 (dd, J = 10.1, 10.1 

Hz, 1H), 7.01 (d, J = 11.0 Hz, 1H), 7.16-7.26 (m, 3H), 7.26-7.32 (m, 1H), 7.43 (ddd, J = 7.3, 7.3, 1.4 Hz, 
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1H), 7.57 (d, J = 7.8 Hz, 1H), 7.59-7.64 (m, 1H), 8.01 (dd, J = 7.4, 5.0 Hz, 1H); 13C {1H} NMR (100 MHz, 

CDCl3) d = 124.7 (d, J = 2.9 Hz, CH), 125.0 (d, J = 9.6 Hz, CH), 125.3 (d, J = 15.4 Hz, CH), 127.2 (d, J = 

5.8 Hz, CH), 127.6 (CH), 128.80 (CH), 128.85 (d, J = 15.4 Hz, CH), 130.0 (d, J = 18.3 Hz, CH), 130.6 (d, 

J = 2.0 Hz, CH), 131.3 (d, J = 15.4 Hz, CH), 132.9 (d, J = 3.8 Hz, CH), 134.3 (d, J = 21.2 Hz), 135.8 (d, J 

= 7.7 Hz), 139.0 (d, J = 12.5 Hz), 146.5 (d, J = 7.7 Hz), 147.5 (d, J = 2.9 Hz); 31P {1H} NMR (162 MHz, 

CDCl3) d = 3.9. HRMS (EI, 70 eV) m/z found: 234.0598 ([M]+), calcd for C16H11P: 234.0598. 

 

Synthesis of 3-mestityl-dibenzo[b,e]phosphindolizine (7d).  

Compound 7d was synthesized by the route shown in Scheme S1.  

 

Scheme S1. Synthesis of 7d. 

 

Synthesis of 2-bromo-5-iodobenzaldehyde (S2) 

This compound was prepared according to the synthetic procedures reported by Tovar and co-worker.S12 To 

a suspension of 4-methylmorpholine N-oxide (9.45 g, 80.7 mmol) and MS 4A (64.6 g) in MeCN (260 mL) 

was added 1-bromo-2-bromomethyl-4-iodobenzene (9.69 g, 25.8 mmol) at 0 ęC. The reaction mixture was 

stirred at 0 ęC for 4 h, and then was filtered through a pad of Celite. The volatile of the filtrate was 

evaporated under reduced pressure. The residue was chromatographed on silica gel with hexane/ethyl 

acetate = 20/1 (Rf = 0.38) to give S2 as colorless solid (6.34 g, 20.4 mmol, 79%). 1H NMR (400 MHz, 

CDCl3) 7.39 (d, J = 8.3 Hz, 1H), 7.74 (dd, J = 8.3, 2.3 Hz, 1H), 8.20 (d, J = 2.3 Hz, 1H), 10.25 (s, 1H). The 

analytical data are agreement with the ones in the literature.S13  

 

Synthesis of 4-bromo-2ô,4ô,6ô-trimethyl[1,1ô-biphenyl]-3-carbaldehyde (S3) 
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A suspension of S2 (6.34 g, 20.4 mmol), mesitylbononic acid (3.35 g, 20.4 mmol), K2CO3 (5.64 g, 40.8 

mmol), and Pd(PPh3)4 (2.36 g, 2.04 mmol) in toluene (140 mL), EtOH (36 mL), and H2O (18 mL) was 

stirred at 90 ęC for 24 h. The organic layer was separated and then the aqueous layer was extracted with 

ethyl acetate. The combined organic layer was washed with brine, dried over MgSO4, filtered through a pad 

of Celite, and then evaporated under reduced pressure. The residue was chromatographed on silica gel with 

hexane/AcOEt = 30/1 (Rf = 0.35) to give S3 as colorless solid (6.40 g, >99%).  

Mp. 134-136 ęC. 1H NMR (400 MHz, CDCl3) d = 1.98 (s, 6H), 2.33 (s, 3H), 6.94 (s, 2H), 7.25 (dd, J = 7.9, 

2.3 Hz, 1H), 7.71 (d, J = 7.9 Hz, 1H) 7.72 (d, J = 2.3 Hz, 1H), 10.41 (s, 1H); 13C {1H} NMR (100 MHz, 

CDCl3) d = 20.9, 21.7, 125.4, 128.5, 130.9, 133.6, 134.1, 135.7, 136.5, 136.7, 137.6, 141.4, 192.0. HRMS 

(EI, 70 eV) m/z found: 302.0305 ([M] +), calcd for C16H15O79Br: 302.0306. 

 

Synthesis of 4-bromo-2ô,4ô,6ô-trimethyl-3-vinyl-1,1ô-biphenyl (S4) 

To a suspension of Ph3PMeI (10.98 g, 27.2 mmol) in THF (170 mL) was added t-BuOK (3.52 g, 31.4 

mmol). To this suspension, a solution of S3 (6.34 g, 20.2 mmol) in THF (10 mL). After the reaction mixture 

was stirred at room temperature for 75 min, hexane (100 mL) was added. The mixture was filtered through 

a pad of Celite and silica gel. The solvent of the filtrate was removed under reduced pressure. The residue 

was chromatographed on silica gel with hexane (Rf = 0.40) to give S4 as colorless solid (4.00 g, 13.3 mmol, 

65% from S2).    

Mp. 100-102 ęC. 1H NMR (400 MHz, CDCl3) d = 2.01 (s, 6H), 2.33 (s, 3H), 5.35 (dd, J = 11.0, 0.9 Hz, 1H), 

5.66 (dd, J = 17.5, 0.9 Hz, 1H), 6.91 (dd, J = 8.1, 1.8 Hz, 1H), 6.95 (s, 2H), 7.09 (dd, J = 17.5, 11.0 Hz, 

1H), 7.34 (d, J = 1.8 Hz, 1H), 7.59 (d, J = 8.1 Hz, 1H); 13C {1H} NMR (100 MHz, CDCl3) d = 20.9, 21.2, 

116.8, 122.0, 127.8, 128.3, 130.4, 133.1, 135.9, 136.0, 137.2, 137.5, 137.8, 140.6. HRMS (EI, 70 eV) m/z 

found: 300.0513 ([M]+), calcd for C17H17
79Br: 300.0514.  

 

Synthesis of 1-(2ô,4ô,6ô-trimethyl-3-vinyl[1,1ô-biphenyl]-4-yl)-2-vinyl-benzo[b]phosphole-P-selenide 

(S5).  

This compound was synthesized according to the method for the synthesis of 2c by using S4 instead of 

1-bromo-2-vinylbenzene. 4-Lithio-2ô,4ô,6ô-trimethyl-3-vinyl-1,1ô-biphenyl was prepared from S4 (1.74 g, 

5.76 mmol) and n-BuLi in hexane (1.56 M; 3.9 mL, 6.1 mmol) in THF (25 mL) at ī78 ęC for 60 min. The 

crude mixture was purified by column chromatography on silica gel with hexane/ethyl acetate = 10/1 (Rf = 

0.30). Yield of S5. 807 mg (1.76 mmol, 34%) from 1.51 g (5.24 mmol) of 5 and 1.74 g (5.76 mmol) of S4. 

Mp. 59-60 ęC. 1H NMR (400 MHz, CDCl3) d = 1.96 (s, 3H), 2.01 (s, 3H), 2.33 (s, 3H), 5.00 (d, J = 11.0, 

1H), 5.34 (d, J = 17.0 Hz, 1H), 5.36 (d, J = 11.1 Hz, 1H), 5.61 (d, J = 17.4 Hz, 1H), 6.64 (ddd, J = 23.4, 

17.4, 11.0 Hz, 1H), 6.77 (dd, J = 17.0, 11.1 Hz, 1H), 6.95 (s, 2H), 7.16 (d, J = 34.4 Hz, 1H), 7.21 (d, J = 

3.7 Hz, 1H), 7.26-7.29 (m, 1H), 7.33-7.38 (m, 1H), 7.44-7.50 (m, 2H), 7.67 (dd, J = 10.5, 7.4 Hz, 1H), 8,69 

(dd, J = 18.4, 8.2 Hz, 1H); 13C {1H} NMR (100 MHz, CDCl3) d = 20.8 (CH3), 20.9 (CH3), 21.2 (CH3), 

118.0 (CH2), 121.4 (d, J = 63.5 Hz), 121.5 (d, J = 6.7 Hz, CH2), 125.4 (d, J = 8.6 Hz, CH), 128.4 (CH), 

128.5 (d, J = 9.6 Hz, CH), 128.9 (d, J = 8.7 Hz, CH), 129.0 (d, J = 8.7 Hz, CH), 129.3 (d, J = 2.9 Hz, CH), 
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129.4 (CH), 132.4 (CH), 134.3 (d, J = 4.8 Hz, CH), 135.7 (d, J = 4.8 Hz), 136.9 (d, J = 50.1 Hz), 137.1 (d, 

J = 18.3 Hz, CH), 137.2 (d, J = 16.4 Hz, CH), 137.4, 137.5 (d, J = 4.8 Hz), 140.1 (d, J = 72.1 Hz), 141.7 (d, 

J = 2.9 Hz), 141.9 (d, J = 19.3 Hz), 146.2 (d, J = 2.9 Hz). 31P {1H} NMR (162 MHz, CDCl3) d = 29.7 (d, 

1JPSe = 724 Hz). HRMS (EI, 70 eV) m/z found: 460.0865 ([M]+), calcd for C27H25P80Se: 460.0859.  

 

Synthesis of 3-mesityl-dibenzo[b,e]phosphindolizine-P-selenide (7c). 

A solution of S5 (37.9 mg, 82.5 mmol) and Grubbs 2nd (5.6 mg, 6.6 mmol) in THF (1.8 mL) was stirred at 

50 ęC for 61 h. The reaction mixture was filtered through a pad of Celite with CHCl3 and then the volatile 

of the filtrate was evaporated under reduced pressure. The residue was separated by preparative TLC (silica 

gel) with hexane/ethyl acetate = 5/1 (Rf = 0.25), and then purified by GPC (eluent, CHCl3), followed by 

washing with hexane to give 7c as yellow solid (5.3 mg, 12 mmol, 15%).  

Mp. 222-223 ęC. 1H NMR (400 MHz, CDCl3) d = 1.90 (s, 3H), 2.05 (s, 3H), 2.32 (s, 3H), 6.58 (dd, J = 10.1, 

3.7 Hz, 1H), 6.83 (dd, J = 17.5, 10.5 Hz, 1H), 6.90 (s, 1H), 6.95 (s, 1H), 7.025 (d, J = 35.8 Hz, 1H), 7.028 

(d, J = 4.6 Hz, 1H), 7.08-7.11 (m, 1H), 7.39-7.52 (m, 3H), 7.80 (dd, J = 14.5, 7.5 Hz, 1H), 8.05 (dd, J = 

10.3, 7.1 Hz, 1H); 13C {1H} NMR (100 MHz, CDCl3) d = 20.8 (CH3), 21.0 (CH3), 21.2 (CH3), 123.4 (d, J = 

5.8 Hz, CH), 126.4 (d, J = 8.7 Hz, CH), 128.3 (CH), 128.5 (CH), 129.3 (d, J = 68.4 Hz), 129.5 (d, J = 10.6 

Hz, CH), 129.6 (d, J = 12.5 Hz, CH), 130.7 (d, J = 10.6 Hz, CH), 130.9 (d, J = 7.7 Hz, CH), 132.1 (d, J = 

9.7 Hz, CH), 132.3 (d, J = 11.6 Hz, CH), 132.8 (CH), 135.7, 135.9, 136.1 (d, J = 82.8 Hz), 137.2 (d, J = 5.8 

Hz), 137.3, 137.44 (d, J = 14.5 Hz, CH), 137.49, 137.58 (d, J = 72.2 Hz), 142.8 (d, J = 26.9 Hz), 145.5 (d, J 

= 2.9 Hz); ; 31P {1H} NMR (162 MHz, CDCl3) d = 15.1 (d, 1JPSe = 719 Hz). HRMS (EI, 70 eV) m/z found: 

432.0542 ([M+H]+), calcd for C25H21P80Se: 432.0546.  

 

Synthesis of 3-mesityl-dibenzo[b,e]phosphindolizine (7d). 

To a solution of 7c (16.9 mg, 39.2 mmol) in CHCl3 (2.5 mL) was added PMe3 (12.0 mL, 118 mmol). The 

volatiles were removed under reduced pressure (~1 mmHg) at 90 ęC to give 7d as yellow solid (13.4 mg, 

38.0 mmol, 97%).  

Mp. 70-71 ęC. 1H NMR (400 MHz, CDCl3) d = 1.89 (s, 3H), 2.07 (s, 3H), 2.32 (s, 3H), 6.58 (d, J = 10.1 Hz, 

1H), 6.91 (br s, 1H), 6.95 (br s, 1H), 6.98-7.07 (m, 4H), 7.31 (dd, J = 6.9, 6.4 Hz, 1H), 7.45 (dd, J = 7.8, 7.8 

Hz, 1H), 7.60 (d, J = 7.8 Hz, 1H), 7.68 (dd, J = 7.8, 7.8 Hz, 1H), 8.05 (dd, J = 6.0, 6.0 Hz, 1H); 13C {1H} 

NMR (100 MHz, CDCl3) d = 124.8 (d, J = 1.9 Hz, CH), 125.0 (d, J = 9.7 Hz, CH), 125.4 (d, J = 15.4 Hz, 

CH), 128.26 (CH), 128.31 (d, J = 8.7 Hz, CH), 128.8 (CH), 129.0 (d, J = 15.4 Hz, CH), 130.0 (d, J = 18.3 

Hz, CH), 131.2 (d, J = 16.4 Hz, CH), 131.5 (d, J = 1.9 Hz, CH), 132.2 (d, J = 21.2 Hz), 133.1 (d, J = 2.9 

Hz, CH), 135.9 (d, J = 7.7 Hz), 136.1 (br), 136.2 (br), 137.0, 138.3, 139.2 (d, J = 13.5 Hz), 140.8, 146.5 (d, 

J = 8.7 Hz), 147.7 (d, J = 2.0 Hz); 31P {1H} NMR (162 MHz, CDCl3) d = 4.1. HRMS (EI, 70 eV) m/z 

found: 352.1377 ([M]+), calcd for C25H21P: 352.1381.  
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Figure S1. 1H NMR Spectrum of 1a.  

 

Figure S2. 13C NMR Spectrum of 1a.   

2. Spectral Data 
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Figure S3. 31P NMR Spectrum of 1a.  

 

Figure S4. 1H NMR Spectrum of 1b. 
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Figure S5. 13C NMR Spectrum of 1b. 

 

Figure S6. 31P NMR Spectrum of 1b.   
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Figure S7. 1H NMR Spectrum of 1c. 

 

Figure S8. 13C NMR Spectrum of 1c. 



S15 

 

 

Figure S9. 31P NMR Spectrum of 1c. 

 

Figure S10. 1H NMR Spectrum of 1d.  
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Figure S11. 13C NMR Spectrum of 1d. 

 

Figure S12. 31P NMR Spectrum of 1d.   


