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1. General Details

Toluene, triethylamine and dichloromethane were dried and distilled from calcium hydride.
1,2-Dimethoxyethane (DME), tetrahydrofuran (THF), 1,4-dioxane were dried and distilled from
metal sodium and benzophenone. Column chromatographic purification of products was carried
out using silica gel 60 (200~300 mesh). The reagents were used without further purification. The
NMR spectra were recorded on a Varian MERCURY plus-400 (400 MHz, 1H; 100 MHz, 13C; 162
MHz, *'P) spectrometer with chemical shifts reported in ppm relative to the residual deuterated
solvents or the internal standard tetramethylsilane. Mass spectrometry was performed on a
Shimadzu LCMS-2020 Single Quadrupole Liquid Chromatograph Mass Spectrometer. HRMS
was performed on a Waters Micromass Q-TOF Premier Mass Spectrometer at the Instrumental
Analysis Center of Shanghai Jiao Tong University. IR was measured with PerkinElmer Spectrum
100 FT-IR Spectrometer. Melting points were measured with SGW X-4 micro melting point
apparatus.

2. Preparation of Starting Materials

General Procedure for Preparation of 2-(Trimethylsilyl)aryl Trifluoromethanesulfonate
(According to the method of Glorius' and Liulb)

A mixture of 2-bromophenol (0.97 g, 5.7 mmol) and 1,1,1,3,3,3-hexamethyl-disilazane (1.6 mL,
7.5 mmol) in THF was heated at 85 °C for 2 h. The mixture was dried in vacuo to give the
compound 2-bromophenoxy)trimethylsilane as a yellow oil (94%). Without further purification,
2-bromophenoxy)trimethylsilane (2.1 g, 8.6 mmol) was dissolved in THF (20 mL), and the
solution was cooled to —80 °C before n-BuLi (4.9 mL, 2.5 M, 12.2 mmol) was added. The reaction
was maintained at the same temperature for a further 20 min before T£,0 (1.7 mL, 12.2 mmol)
was added dropwise. The reaction was stirred for 30 min at room temperature. The solution was
quenched with NaHCOs;, and extracted with ethyl acetate. After removal of the solvent in vacuo,
the crude material was purified by flash column chromatography on silica gel to afford
2-(trimethylsilyl)aryl triflate.

2-(Trimethylsilyl)pheny] trifluoromethanesulfonate.'® (CAS number: 88284-48-4) Colorless oil;
'"H NMR (400 MHz, CDCls): 8 = 7.53~7.50 (m, 1H), 7.44~7.40 (m, 1H), 7.34~7.30 (m, 2H), 0.35
(s, 9H).

4,5-Dimethyl-2-(trimethylsilyl)phenyl trifluoromethanesulfonate.'” Yellow oil; 'H NMR (400
MHz, CDCl3): 6 =17.21 (s, 1H), 7.07 (s, 1H), 2.26 (s, 3H), 2.24 (s, 3H), 0.32 (s, 9H).

6-(Trimethylsilyl)benzo[d][1,3]dioxol-5-yl trifluoromethanesulfonate.'” (CAS number:
717903-52-1) Pale yellow oil; 'H NMR (400 MHz, CDCl;) 6 = 6.86 (d, J = 14.1 Hz, 2H), 6.03 (s,
1H), 0.33 (s, 9H).

1-(Trimethylsilyl)naphthalen-2-yl trifluoromethanesulfonate.'* (CAS number: 252054-88-9)
Colorless oil; 'H NMR (400 MHz, CDCl3) = 8.23 (d, J = 8.2 Hz, 1H), 7.96~7.86 (m, 2H), 7.57
(ddd, J=7.2 Hz, 5.5 Hz, 1.5 Hz, 2H), 7.42 (d, /= 9.1 Hz, 1H), 0.61 (s, 9H).

4,5-Difluoro-2-(trimethylsilyl)phenyl trifluoromethanesulfonate.' (CAS number: 217813-00-8)
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Pale yellow solid; 'H NMR (400 MHz, CDCl3) 6 = 7.29~7.19 (m, 2 H), 0.33 (s, 9 H).

General Procedure for Preparation of N-aryl Diphenylphosphinic Amide

Aniline (12 mmol) was dissolved in anhydrous dichloromethane (20 mL) and then triethylamine
(20 mmol) was added. The solution was cooled to 0 °C in an ice bath, then the corresponding
diarylphosphinic chloride (10 mmol) was added dropwise into the solution. After the reaction
mixture was stirred for overnight at ambient temperature, dichloromethane (25 mL) and water (40
mL) were added. The organic layer was separated, washed with an aq HCI solution (1 N, 10 mL)
and brine (30 mL), dried over Na,SO,, and evaporated. The crude material was purified by
column chromatography on silica gel to afford N-phenyl diphenylphosphinic amide.

N, P, P-Triphenylphosphinic amide.” (CAS number: 6190-28-9) 91% yield, white solid; 'H
NMR (400 MHz, CDCl3) § = 6.9 (t, J = 7.6 Hz, 1H), 7.0 (d, J = 7.6 Hz, 2H), 7.1 (m, 2H), 7.4 (m,
4H), 7.5 (m, 2H), 7.9 (m, 4H); *'P NMR (162 MHz, CDCL;) & = 19.65.

P,P-Diphenyl-N-p-tolylphosphinic amide.” (CAS number: 36163-88-9) 87% yield, white solid;
melting point range: 196~198 °C; 'H NMR (400 MHz, CDCl;): 6 = 2.21(s, 3H), 6.88 (d, J = 8.8
Hz, 2H), 6.95(d, J = 8.0 Hz, 2H), 7.48~7.43 (m, 4H), 7.55~7.51 (m, 2H), 7.91~7.86(m ,4H); *'P
NMR (162 MHz, CDCl;): & = 19.48; FT-IR (KBr pellet) 3112, 2923, 2859, 1615, 1516, 1187,
1177, 1125, 1108, 946, 692 cm™ ; ESI-MS for [M-H] 306.10; ESI for [M+H]" 308.10.

N-(4-Methoxyphenyl)-P, P-diphenylphosphinic amide.” (CAS number: 29882-18-6) 96% yield,
white solid; melting point range: 173~176 C; 'H NMR (400 MHz, CDCl;) 6 =3.69 (s, 3H), 6.68
(d, 2H, J=9.6 Hz), 6.95 (d, 2H, J=9.2 Hz), 7.46~7.41 (m, 4H), 7.52~7.49 (m, 2H), 7.91~7.86 (m,
4H); *'P NMR (162 MHz, CDCl;) & = 19. 80; FT-IR (KBr pellet) 3067, 2905, 2837, 1588, 1510,
1460, 1438, 1196, 1281, 1107, 1034, 938, 841, 720, 694, 526 cm’'; ESI-MS for [M-H] 322.10.

N-(4-Fluorophenyl)-P, P-diphenylphosphinic amide. 79% yield, white solid; melting point
range: 163~165 °C; 'H NMR (400 MHz, CDCl;) 6 = 6.81(t, J= 8.8 Hz, 2H), 6.99(m, 2H), 7.45(m,
4H), 7.53(m, 2H), 7.87(m, 4H); *'P NMR (162 MHz, CDCl;) & = 20.08; *C NMR (100 MHz,
CDCl;) 6 =158.5 (d, J=238.1 Hz), 136.70, 132.5 (d, /= 2.8 Hz), 132.3 (d, /= 10.1 Hz), 131.9 (d,
J=128.5 Hz), 129.0 (d, J = 12.9 Hz), 128.0 (d, J=12.2 Hz), 116.1 (d, J= 22.7 Hz); FT-IR (KBr
pellet) 3116, 3073, 3946, 2860, 1510, 1179, 1156, 1127, 944, 838, 691 cm’'; ESI-MS for [M-H]
310.05; HRMS (ESI) calcd for CsH;(NOP [M+H]" 312.0954, found 312.0956.

N-(4-Chlorophenyl)-P,P-diphenylphosphinic amide.” (CAS number: 7473-27-0) 83% yield,
white solid; melting point range: 188~191 °C; "H NMR (400 MHz, CDCly) § = 6.91 (d, J=9.2 Hz,
2H), 7.07 (d, J= 8.8 Hz, 2H), 7.44 (m, 4H), 7.51 (m, 2H), 7.85 (m, 4H); >'P NMR (162 MHz,
CDCls) 8 =19.97; °C NMR (100 MHz, CDCl;) & = 139.3, 132.6 (d, J=2.7 Hz), 132.2 (d, J=10.3
Hz), 131.6(d, J = 10.1 Hz), 130.9, 129.4, 129.0 (d, J = 12.9 Hz), 127.9 (d, J = 11.9 Hz), 127.2,
120.1 (d, J = 6.4Hz); FT-IR (KBr pellet) 3099, 2918, 2849, 1594, 1491, 1438, 1198, 1186 934,
832, 725, 694 cm™'; ESI-MS for [M-H] 326.05; ESI for [M+H]" 328.05.

P,P-Diphenyl-/V-(4-(trifluoromethyl)phenyl)phosphinic amide. 80 % yield, white solid; melting
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point range: 196~197 °C; "H NMR: (400 MHz, CDCl;) & = 7.06 (d, J = 8.8 Hz), 7.42 (d,J=84
Hz), 7.53~7.49 (m, 4H) 7.59~7.57 (m, 2H), 7.92~7.87 (m, 4H); *'P NMR (162 MHz, CDCL;) =
20.18; °C NMR (100 MHz, dg-DMSO) & = 146.8, 133.0 (d, J = 125.8 Hz), 132.8, 132.3 (d, J =
10.0 Hz), 129.5 (d, J =13.0 Hz), 126.8 (d, J = 3.5 Hz), 1253 (q, J = 269.2 Hz), 121.4 (q, J =
32.1Hz), 118.6 (d, J = 7.2 Hz); FT-IR (KBr pellet) 3103, 3055, 2940, 2865, 1619, 1334, 1299,
1193, 1178, 1128, 1112, 1070, 938, 727 em™'; ESI-MS for [M-H] 360.05; HRMS (ESI) calcd for
C1oH 6FsNOP [M+H]" 362.0922, found 362.0954.

N-(3,5-Bis(trifluoromethyl)phenyl)- P, P-diphenylphosphinic amide. 65% yield, white solid;
melting point range: 231~232 °C; 'H NMR: (400 MHz, CDCls) & = 7.37 (s, 1H), 7.39 (s, 2H),
7.46~7.50 (m, 4H), 7.57~7.55 (m, 2H), 7.89~7.84 (m, 4H); *'P NMR (162 MHz, CDCl;) & = 20.70;
C NMR (100 MHz, d;-DMS0) & = 145.1, 132.9, 132.4 (d, J= 151.1 Hz), 131.4 (q, J = 32.6 Hz),
132.2 (d, J=10.2 Hz), 129.6 (d, J = 12.4 Hz), 128.9 (d, J =12.9 Hz), 123.8 (q, J = 271.4 Hz),
118.4 (q, J = 6.0 Hz), 113.9 (q, J = 6.0 Hz); FT-IR (KBr pellet) 3150, 3112, 2909, 1622, 1383,
1275, 1182, 1126, 982, 730, 695 cm™'; ESI-MS for [M-H] 428.10; ESI for [M+H]" 430.10; HRMS
(ESI) calcd for CoH;sFgNOP [M+H]" 430.0795, found 430.0818.

N-(4-Bromophenyl)-P, P-diphenylphosphinic amide. (CAS number: 101318-12-1) 79% yield,
white solid, melting point range: 236~238 °C; 'H NMR (400 MHz, CDCl;) = 6.87 (d, J = 8.4
Hz), 7.24 (d, J = 8.8 Hz), 7.49~7.45 (m, 4H), 7.55~7.53 (m, 2H), 7.89~7.83 (m, 4H); *'P NMR
(162 MHz, CDCl;) & = 19.88; FT-IR (KBr pellet) 3107, 2919, 2849, 1488, 1198, 1120, 936, 834,
725, 549, 519 cm’™'; ESI-MS for [M-H] 370.00; ESI-MS for [M+H]" 372.05.

N-(3-Bromophenyl)-£, P-diphenylphosphinic amide. 90% yield, white solid; melting point range:
243~247 °C; "H NMR (400 MHz, CDCl3) & 7.89~7.84 (m, 4H), 7.58~7.53 (m, 2H), 7.50~7.46 (m,
4H), 7.05 (t, J= 7.6 Hz, 1H), 6.97 (t, J = 2.0 Hz, 1H), 6.90~6.86 (m, 2H) ; *'P NMR (162 MHz,
CDCl;) 8 = 19.99; °C NMR (100 MHz, d;-DMSO) & = 144.6, 133.1 (d, J=126 Hz), 132.8 (d, J =
3.3 Hz), 132.3 (d, J=9.9 Hz), 131.4, 129.5 (d, J =13.2 Hz), 123.9, 122.3, 121.2 (d, J = 6.9 Hz),
117.7 (d, J = 6.6 Hz); FT-IR (KBr pellet) 3126, 2975, 1594, 1474, 1189, 1126, 1049, 943, 728,
692cm’’; ESI-MS for [M-H] 370.00; HRMS (ESI) caled for C;sH;(BrNOP [M+H]" 372.0153,
found 372.0136.

N-(3-Chlorophenyl)-P, P-diphenylphosphinic amide.’ (CAS number: 36163-87-8) 84% yield,
white solid; melting point range: 239~241 °C; 'H NMR (400 MHz, CDCl3) 6 = 6.91~6.86 (m, 2H),
6.97 (t,J = 1.6 Hz, 1H), 7.05 (t, J = 7.6 Hz), 7.50~7.46 (m, 4H), 7.57~7.54(m, 2H), 7.89~7.84(m,
4H); *'P NMR (162 MHz, CDCl3) & = 19.97; FT-IR (KBr pellet) 3112, 2946, 2856, 1597, 1495,
1182, 1126, 947, 729, 691cm™ ESI-MS for [M-H] 326.05.

P,P-Diphenyl-N-(2-(trifluoromethoxy)phenyl)phosphinic amide. 67% yield, white solid,;
melting point range: 86~87 °C; 'H NMR (400 MHz, CDCL;) 6 = 5.64 (d, J = 9.6 Hz, 1H),
6.91~6.87 (m ,1H), 6.94 (t, J= 6.8 Hz, 1H), 7.03~6.99 (m, 1H), 7.21 (d, J = 7.6 Hz, 1H), 7.31 (d,
J=28.4Hz, 1H), 7.51~7.42 (m ,4H), 7.58~7.54 (m, 2H), 7.91~7.85 (m ,4H); *'P NMR (162 MHz,
CDCly) & = 19.81; >C NMR (100 MHz, de-DMSO) & = 139.6 (d, J = 7.5 Hz), 134.9, 133.3 (d, J =
127.2 Hz), 132.6, 132.3 (d, J = 10.3 Hz), 1319 (d, J=9.5 Hz ), 129.3 (d, J = 13.4 Hz), 128.1,
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122.9, 122.3 (d, J = 16.0 Hz), 122.3 (q, J = 256.7 Hz); FT-IR (KBr pellet) 3109, 2913, 2811, 1607,
1504, 1439, 1421, 1197, 933, 904, 719, 693cm™; ESI-MS for [M-H] 376.05; HRMS (ESI) calcd
for C1oH,sFsNO,P [M+H]" 378.0871, found 378.0876.

N-(4-Chlorophenyl)-P, P-di-p-tolylphosphinic amide. 85% yield, white solid; melting point:
147~149 °C; "H NMR (400 MHz, CDCl;) & = 2.37 (s, 6H), 6.90 (d, J = 8.8 Hz, 2H), 7.07 (d, J =
8.4, 2H), 7.25 (dd, J = 3.2, 7.6 Hz, 4H), 7.74~7.69 (m ,4H); >'P NMR (162 MHz, CDCl;) § =
20.56; °C NMR (100 MHz, ds-DMSO) & = 142.6 (d, J = 2.4 Hz), 142.0, 132.3 (d, J = 9.2 Hz),
130.3 (d, J = 127.3 Hz), 130.0 (d, J = 12.8 Hz), 129.3, 124.9, 120.3 (d, J = 6.9 Hz), 21.7; FT-IR
(KBr pellet) 3103, 2923, 2846, 1598, 1495, 1277, 1185, 1176, 1126, 1106, 935, 829, 716, 676,
507cm™; ESI-MS for [M+H]" 356.15; ESI-MS for [M-H]  354.10; HRMS (ESI) caled for
C,oH,0CINOP [M+H]" 356.0971, found 356.0977.

N-(4-Chlorophenyl)-P,P-bis(3,5-dimethylphenyl)phosphinic amide. 82% yield, white solid;
melting point: 158~159 °C; '"H NMR (400 MHz, CDCls) & = 7.46 (d, J = 12.8 Hz, 4H), 7.15 (s,
2H), 7.09 (d, J= 9.2 Hz, 2H), 6.90 (d, J = 9.2 Hz, 2H), 2.32 (s, 12H); >'P NMR (162 MHz, CDCls)
8 =120.87; >C NMR (100 MHz, d-DMSO) & = 142.1, 138.6 (d, J = 12.0 Hz), 134.1, 133.6 (d, J =
147 Hz), 129.8 (d, J=9.0 Hz), 129.4, 125.0, 120.4 (d, J= 7.0 Hz), 21.62; FT-IR (KBr pellet) 3104,
3030, 2921, 1600, 1494, 1274, 1182, 1167, 1126, 946, 935, 697, 563cm™ ; ESI-MS for [M+H]"
384.15; ESI-MS for [M-H] 382.10; HRMS (ESI) calcd for Cp,H,,CINOP [M+H]" 384.1284,
found 384.1291.

3. Insertion of Aryne into Arylphosphoryl Amide
Table S1. Optimizations for o-Amino Phosphorylation by Benzyne Insertion into
N-phenyldiphenylphosphinic Amide”

OTf 9 FO P(O)Ph,
OO w1
T™MS Ph NHPh

1a 2a 3a
Entry F Additive Solvent Reaction Temperaure Yield
time (h) (¥O)
1 3.0 equiv CsF - Toluene 12 80 NR
2 3.0 equiv CsF - DME 12 80 12%
3 3.0 equiv CsF - MeCN 12 80 NR
4 3.0 equiv CsF - 1,4-dioxane 12 80 NR
5 3.0 equiv CsF - THF 12 80 NR
6 3.0 equiv - DME 12 80 NR
TBAF

7 3.0 equiv CsF 2.0 equiv Cs,CO; DME 12 80 17%
8 3.0 equiv CsF 2.0 equiv Cs,CO; DME 12 25 NR
9 3.0 equiv CsF 1.0 equiv NaH DME 12 80 15%
10 3.0 equiv CsF 1.0 equiv n-BuLi DME 12 80 18%
11 3.0 equiv CsF 2.0 equiv Cs,CO; DME 12 120 37%
12 3.0 equiv CsF 2.0 equiv Cs,CO; DME 12 140 38%
13 3.0 equiv CsF 2.0 equiv Cs,CO; DME 24 120 40%
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14¢ 3.0 equiv CsF 2.0 equiv Cs,CO; DME 12 120 36%

15 3.0 equiv KF - DME 12 80 NR

16 3.0 equiv KF 3.0 equiv 18-crown-6 + 2.0 equiv THF 12 25 8%
Cs,CO;

17 3.0 equiv KF 3.0 equiv 18-crown-6 + 2.0 equiv THF 12 80 44%
Cs,CO;

18 3.0 equiv KF 3.0 equiv 18-crown-6 THF 12 80 17%

19 3.0 equiv KF 3.0 equiv 18-crown-6 + 2.0 equiv THF 12 120 48%
Cs,CO;

20 3.0 equiv KF 3.0 equiv 18-crown-6 + 2.0 equiv 1,4-dioxane 12 80 31%
Cs,CO;

21 3.0 equiv KF 3.0 equiv 18-crown-6 + 2.0 equiv DME 12 80 28%
Cs,CO;

22 2.0 equiv KF 2.0 equiv 18-crown-6 + 2.0 equiv THF 12 80 44%
Cs,CO;

23 2.0 equiv KF 2.0 equiv 18-crown-6 + 2.0 equiv THF 8 80 44%
Cs,CO;

24 1.0 equiv KF 1.0 equiv 18-crown-6 + 2.0 equiv THF 8 80 37%
Cs,CO;

“Unless otherwise stated, reactions were carried out on a 0.10 mmol scale with 3.0 mL solvent in
sealed tube with Teflon plug valve. Reactant ratio was 1.0 equiv 1la, 1.2 equiv 2a. DME =
Dimethoxyethane. =~ TBAF =  Tetra-n-butylammonium  fluoride. 18-crown-6 =
1,4,7,10,13,16-hexaoxacyclooctadecane. ’Isolated yield. NR = No reaction. ‘Reactant ratio was
2.0 equiv 1a and 1.0 equiv 2a.

General Procedure for Insertion of Aryne into Arylphosphoryl Amide

An oven-dried 25 mL sealed tube with Teflon plug valve was charged with Cs,CO; (65mg, 0.20
mmol), KF (12 mg, 0.20 mmol), 18-crown-6 (53 mg, 0.20 mmol), N-aryl diphenylphosphinic
amide (0.12 mmol), aryne precursor 2-(trimethylsilyl)aryl trifluoromethanesulfonate (0.10 mmol)
and 3.0 mL solvent under air conditions. The mixture was heated to 80 °C. After being stirred for
12 h, the reaction mixture was cooled to room temperature. Then water (5 mL) was added into the
mixture to dissolve the residue. The mixture was extracted with ethyl acetate (3 x 5 mL). The
combined organic layers were dried over anhydrous Na,SO,, filtered, and concentrated under
reduced pressure. Purification by column chromatography on silica gel gave the desired product.

2-(Diphenylphosphoryl)-N-phenylaniline (3a). 44% yield, white solid; melting point range:
84~86 °C; 'H NMR (400 MHz, CDCLy) & = 6.73~6.69 (m ,1H), 6.88~6.83 (m, 1H), 6.94 (t, J =
6.8Hz, 1H), 7.09 (d, J = 7.2 Hz, 2H), 7.22 (t, J = 7.6 Hz, 2H), 7.38~7.30 (m, 2H), 7.48~7.44 (m,
4H), 7.56~7.52 (m, 2H), 7.68~7.63 (m, 4H), 8.78 (br, 1H); *'P NMR (162 MHz, CDCl;) & = 37.40;
C NMR (100 MHz, CDCls) & = 150.2 (d, J = 3.9 Hz), 141.8, 134.1 (d, J = 10.2 Hz), 133.6 (d, J
=2.2Hz),132.4, 132.4 (d, J=104.6 Hz), 132.3, 129.5, 128.9 (d, J= 12.1 Hz), 122.6, 120.8, 118.6
(d,J=13.1 Hz), 115.8 (d, J=7.6 Hz), 115.4 (d, J= 103 Hz) ; FT-IR (KBr pellet) 3224, 2926, 2857,
1589, 1572, 1519, 1497, 1464, 1447, 1315, 720, 693, 549 cm’™'; ESI-MS for [M+H]": 370.15;
HRMS (ESI) caled for Co4H, NOP [M+H]" 370.1361, found 370.1360.
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2-(Diphenylphosphoryl)-N-p-tolylaniline (3b). 47% yield, white solid; melting point range:
92~93 °C; '"H NMR (400 MHz, CDCL): & =2.28 (s, 3H), 6.69~6.64 (m, 1H), 6.87~6.81 (m, 1H),
7.06~6.99 (m, 4H), 7.31~7.24 (m, 2H), 7.48~7.44 (m, 4H), 7.57~7.52 (m, 2H), 7.69~7.64 (m, 4H),
8.68 (br, 1H); *'P NMR (162 MHz, CDCl;) § = 37.35; °C NMR (100 MHz, CDCl;) & = 150.8 (d,
J =49 Hz), 139.0, 134.0 (d, J= 11.8 Hz), 133.4 (d, J = 2.0 Hz), 132.4 (d, J = 104.8 Hz), 132.4,
132.3 (d,J=10.1 Hz), 132.2, 129.9, 128.7 (d, J= 12.2 Hz), 121.6, 117.7 (d, J= 12.8 Hz), 115.0 (d,
J=17.6Hz), 114.4 (d, J = 104.0 Hz), 21.0; FT-IR (KBr pellet) 3275, 3018, 2918, 2852, 1591, 1520,
1450, 1436, 1318, 1120, 770, 724, 546 cm™'; ESI-MS for [M+H]": 384.20; HRMS (ESI) calcd for
C,5H,3NOP [M+H]" 384.1517, found 384.1533.

2-(Diphenylphosphoryl)-NV-(4-methoxyphenyl)aniline (3¢). 42% yield, white solid; melting
point range: 128~129 °C; 'H NMR (400 MHz, CDCl3) 6 = 3.77 (s, 3H), 6.65~6.61 (m, 1H),
6.86~6.80 (m, 3H), 7.08~7.02 (m, 3H), 7.28~7.24 (m, 1H), 7.50~7.45 (m ,4H), 7.58~7.53 (m, 2H),
7.70~7.64 (m, 4H), 8.69 (br, 1H); *'P NMR (162 MHz, CDCl3) & = 37.49; *C NMR (100 MHz,
CDCl3) 6 =156.2, 151.9 (d, J= 3.8 Hz), 134.6, 134.0 (d, J = 10.0 Hz), 133.6, 132.6 (d, J = 104.2
Hz), 132.3, 132.4 128.8 (d, J = 12.1 Hz), 124.7, 117.3 (d, J = 13.0 Hz), 114.8, 1144 (d, J = 6.8
Hz), 113.4 (d, J = 104.1 Hz), 55.8; FT-IR (KBr pellet) 3252, 3060, 2929, 1590, 1575, 1512, 1448,
1436, 1244, 1118, 747, 727, 544 cm’'; ESI-MS for [M+H]": 400.20; HRMS (ESI) calcd for
CysHysNO,P  [M+H]" 400.1466, found 400.1457.

2-(Diphenylphosphoryl)-N-(4-fluorophenyl)aniline (3d). 69% yield, white solid; melting point
range: 119~121 °C; 'H NMR (400 MHz, CDCl3) & = 6.71~6.67 (m, 1H), 6.89~6.83 (m, 1H),
6.95~6.91 (m, 2H), 7.06~7.02 (m, 2H), 7.15 (dd, J = 4.8, 8.2 Hz, 1H), 7.30 (t, J = 8.0 Hz, 1H),
7.49~7.45(m, 4H), 7.58~7.54(m, 2H), 7.69~7.64(m, 4H), 8.69 (br, 1H); *'P NMR (162 MHz,
CDCl3) & =37.48; °C NMR (100 MHz, CDCls) 6 = 159.0 (d, J = 239.6 Hz), 150.8 (d, J = 4.3 Hz),
137.6 (d, J= 1.9 Hz), 134.0 (d, J = 11.9 Hz), 133.5 (d, /= 1.8 Hz), 132.3, 132.3 (d, J = 9.8 Hz),
1322 (d, J=104.6 Hz), 128.8 (d, J=12.2 Hz), 123.4 (d,J= 7.7 Hz), 118.1 (d, J=13.2 Hz), 116.0
(d, J=21.5 Hz), 115.0 (d, J = 7.6 Hz), 114.6 (d, J = 104.3 Hz); FT-IR (KBr pellet) 3263, 3055,
2917, 1585, 1492, 1474, 1440, 1325, 1123, 751, 727, 699, 515 cm™; ESI-MS for [M+H]": 388.15;
HRMS(ESI) calcd for Co,HyFNOP [M+H]" 388.1267, found 388.1253.

N-(4-Chlorophenyl)-2-(diphenylphosphoryl)aniline (3e). 71% yield, white solid; melting point
range: 111~112 °C; 'H NMR (400 MHz, CDCl;) 8 = 6.77~6.72 (m, 1H), 6.90~6.85 (m, 1H), 7.00
(d, J=8.4Hz, 2H), 7.16 (d, J= 8.4 Hz, 2H), 7.35~7.28 (m, 2H), 7.49~7.48 (m, 4H), 7.55~7.53 (m,
2H), 7.67~7.62 (m, 4H), 8.79 (br, 1H); *'P NMR (162 MHz, CDCl3) & = 37.27; *C NMR (100
MHz, CDCl;) 6 = 149.6 (d, J = 3.9 Hz), 140.5, 134.0 (d, J = 11.5 Hz), 133.5, 132.6, 132.4, 132.3
132.2 (d, J = 9.7 Hz), 132.1 (d, J = 105 Hz), 127.0, 121.5, 118.9 (d, J = 11.9 Hz), 116.0 (d, J =
102.5 Hz), 116.0(d, J = 7.4 Hz) ; FT-IR (KBr pellet) 3266, 3060, 2922, 1587, 1490, 1452, 1437,
1319, 1119, 747, 725, 694, 545 cm'l; ESI-MS for [M+H]+: 404.15; HRMS (ESI) calcd for
C,4H,CINOP [M+H]" 404.0971, found 404.0965.

N-(4-Chlorophenyl)-2-(di-p-tolylphosphoryl)aniline (3f). 70% yield, white solid; melting point
range: 126~127 °C; 'H NMR (400 MHz, CDCls) & =8.81 (br, 1H), 7.54~7.49 (m, 4H), 7.31~7.29
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(m, 2H), 7.25~7.23 (m, 4H), 7.15 (d, J = 8.4 Hz, 2H), 7.00 (d, J = 8.4 Hz, 2H), 6.89~6.84 (m, 1H),
6.75~6.70 (m, 1), 2.38 (s, 6H); *'P NMR (162 MHz, CDCl;) & = 37.73; *C NMR (100 MHz,
CDCls) 6= 149.5 (d, J = 4.0 Hz), 142.9 (d, J = 3.7 Hz), 140.7, 1342 (d, J= 11.8 Hz), 133.4 (d, J
= 1.6 Hz), 132.4 (d, J=10.4 Hz),129.7, 129.5, 129.3, 129.1 (d, J = 107.6 Hz), 126.9, 121.5, 119.0
(d, J=13.3 Hz), 116.0 (d, J = 7.6 Hz), 21.9; FT-IR (KBr pellet) 3249, 2921, 2853, 1588, 1490,
1453, 1317, 1148, 1130, 849, 763, 565 cm™'; ESI-MS for [M+H]": 432.15; HRMS (ESI) calcd for
C26H,4CINOP [M+H]" 432.1284, found 432.1294.

2-(Bis(3,5-dimethylphenyl)phosphoryl)-N-(4-chlorophenyl)aniline (3g). 68% yield, white solid;
melting point range: 140~141°C; 'H NMR (400 MHz, CDCL3) & = 8.76 (br, 1H), 7.35~7.30 (m,
2H), 7.23 (d, J = 12.8 Hz, 4H), 7.15 (d, J = 8.4, 2H), 7.14 (s, 2H), 6.99 (d, J = 8.4 Hz, 2H),
6.93~6.86 (m, 1H), 6.78~6.74 (m, 1H), 2.30 (s, 12H); *'P NMR (162 MHz, CDCly) & = 37.92; *C
NMR (100 MHz, CDCl;) & = 149.4 (d, J= 3.6 Hz), 140.9, 138.5 (d, /= 12.7 Hz), 134.4, 134.2 (d,
J=29Hz), 133.3, 132.0 (d, /= 103.1 Hz), 129.9 (d, /= 10.8 Hz), 129.3, 126.8, 121.3, 119.2 (d, J
=12.4 Hz), 116.8 (d, J = 102.7 Hz), 116.4 (d, J = 7.5 Hz), 21.6; FT-IR (KBr pellet) 3230, 2954,
2876, 1542, 1488, 1467, 1310, 1142, 860, 754, 550cm™'; ESI-MS for [M+H]": 460.20; HRMS
(ESI) caled for C,gH,sCINOP [M+H]" 460.1597, found 460.1606

N-(4-Bromophenyl)-2-(diphenylphosphoryl)aniline (3h). 63% yield, white solid; melting point
range: 142~143 °C; "H NMR (400 MHz, CDCl3) & = 6.78~6.73 (m, 1H), 6.90~6.85 (m ,1H), 6.95
(d, J=8.4 Hz, 2H), 7.30 (d, J = 8.8Hz, 2H), 7.34~7.29 (m, 2H), 7.48~7.44 (m, 4H), 7.57~7.53 (m,
2H), 7.67~7.62 (m, 4H), 8.80 (s, 1H); *'P NMR (162 MHz, CDCl;) & = 37.26; *C NMR (100
MHz, CDCl;) & = 149.4 (d, J= 4.5 Hz), 141.0, 134.0 (d, /= 11.0 Hz), 133.5 (d, /= 2.8 Hz), 132.4
(d,J=2.5Hz),132.3 (d,/J=3.7 Hz), 132.2, 132.1 (d, J=103.7 Hz), 128.8 (d, /= 12.3 Hz), 121.7,
119.1 (d, J = 12.5 Hz) 116.2 (d, J = 103.7 Hz), 116.1 (d, J = 7.6 Hz), 114.3; FT-IR (KBr pellet)
3268, 2922, 2853, 1583, 1521, 1486, 1451, 1436, 1319, 1156, 1121, 724, 693, 545 cm™; ESI-MS
for [M+H]": 450.10; HRMS (ESI) calcd for C,4H,,BrNOP [M+H]" 448.0466, found 448.0468.

2-(Diphenylphosphoryl)-NV-(4-(trifluoromethyl)phenyl)aniline (3i). 72% yield, pale yellow
solid; melting point range: 174~175 °C; "H NMR (400 MHz, CDCls) & = 8.99 (br, 1H), 7.66~7.61
(m, 4H), 7.56~7.52 (m, 2H), 7.49~7.44 (m, 4H), 7.40 (d, J = 8.8 Hz, 2H), 7.08 (d, /= 8.4 Hz, 2H),
6.95~6.83 (m, 2H); *'P NMR (162 MHz, CDCLy) & = 36.95; *C NMR (100 MHz, CDCl;) 6 =
148.0 (d, /=8.9 Hz), 145.3, 134.1 (d,J=11.0 Hz), 133.4, 132.4,132.2 (d,J=9.7 Hz), 131.8 (d, J
=105.3 Hz), 128.8 (d, J = 12.2Hz), 127.2 (q, J = 241.0 Hz), 126.6 (d, /= 2.7 Hz), 123.0 (g, J =
30.4 Hz), 1204 (d, J=13.1 Hz), 118.8, 117.9 (d, J = 7.5 Hz), 117.7;, FT-IR (KBr pellet) 3274,
3064, 2923, 2852, 1590, 1528, 1448, 1322, 1304, 1170, 1110, 1103, 1063, 721, 543cm™; ESI-MS
for [M-H]: 436.15; HRMS (ESI) calcd for C,sH,,F;NOP [M+H]+ 438.1235, found 438.1224.

N-(2-(Diphenylphosphoryl)phenyl)-3,5-bis(trifluoromethyl)aniline (3j). 56% yield, pale
yellow solid; melting point range: 178~179 °C; 'H NMR (400 MHz, CDCL;) & = 9.09 (br, 1H),
7.66~7.61 (m, 4H), 7.55~7.51 (m, 2H), 7.49~7.44 (m, 4H), 7.43~7.39 (m, 2H), 7.35 (s, 2H), 7.26
(s, 1H), 6.98~6.94 (m ,2H); *'P NMR (162 MHz, CDCl;) 5 = 36.66; *C NMR (100 MHz, CDCl;)
6=147.7 (d,J=3.5Hz), 144.1, 1343 (d,J=10.7 Hz), 133.8 (d, /= 2.7 Hz), 133.1, 132.6 (d, J =
33.6 Hz), 132.6 (d, J=2.1 Hz), 132.2 (d, /= 10.1 Hz), 131.1, 128.9 (d, /= 12.4 Hz), 123.5 (q, J =
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271.0 Hz), 121.5 (d, J = 12.6 Hz), 119.8 (d, J = 101.7 Hz), 119.5, 118.5 (d, /= 7.4 Hz); FT-IR
(KBr pellet) 3262, 3064, 2925, 1618, 1580, 1474, 1451, 1438, 1388, 1277, 1174, 1120, 726, 546
cm’'; ESI-MS for [M+H]": 506.20; HRMS (ESI) caled for CogH;sFgNOP [M+H]" 506.1108, found
for 506.1104.

N-(3-Bromophenyl)-2-(diphenylphosphoryl)aniline (3k). 53% yield, white solid; melting point
range: 138~139 °C; '"H NMR (400 MHz, CDCls) & = 8.84 (br, 1H), 7.67 (m, 4H), 7.55~7.53 (m,
2H), 7.48~7.44 (m, 4), 7.39~7.37 (m, 2H), 7.22 (t, J = 2.0 Hz, 1H), 7.05~7.01 (m, 2H), 6.97~6.95
(m, 1H), 6.91~6.86 (m ,1H), 6.80~6.77 (m, 1H); *'P NMR (162 MHz, CDCly) & = 37.14; °C
NMR (100 MHz, CDCl3) 8 = 148.9 (d, J = 4.1 Hz), 143.5, 134.0 (d, /= 11.4 Hz), 133.5 (d, J=2.0
Hz), 132.4 (d, J = 1.6 Hz), 132.2 (d, J = 10.2 Hz), 132.0 (d, J = 104.2 Hz), 130.6, 128.8 (d, J =
12.0 Hz), 124.8, 122.9, 122.1, 119.5 (d, J= 13.3 Hz), 118.4, 116.8 (d, /= 103.3 Hz), 116.8 (d, J =
7.5 Hz); FT-IR (KBr pellet) 3290, 3056, 2922, 1582, 1479, 1448, 1319, 1170, 1120, 761, 726, 542
cm™'; ESI-MS for [M+H]": 450.10; HRMS (ESI) caled for C,4H0BrNOP [M+H]" 448.0466, found
448.0469.

N-(3-Chlorophenyl)-2-(diphenylphosphoryl)aniline (31). 55% yield, white solid; melting point
range: 127~129 °C; 'H NMR (400 MHz, CDCl3) & = 8.84 (br, 1H), 7.67~7.61 (m, 4H), 7.55~7.52
(m, 2H), 7.48~7.44 (m, 4H), 7.39~7.37 (m, 2H), 7.10 (t, /= 7.6 Hz, 1H), 7.07 (t, /= 2.0 Hz, 1H),
6.93~6.85 (m, 3H), 6.80~6.77 (m, 1H); *'P NMR (162 MHz, CDCLy) & = 37.13; *C NMR (100
MHz, CDCl;) 6 = 148.4, 143.3, 134.8, 134.0 (d, /= 10.3 Hz), 133.5, 132.4, 132.2 (d, /= 9.8 Hz),
132.0 (d, J=103.5 Hz), 130.3, 128.8 (d, /= 13.4 Hz), 121.9, 119.5 (d, J=12.2 Hz), 119.2, 117.9,
116.8 (d, J=102.2 Hz), 116.7 (d, J = 7.7 Hz); FT-IR (KBr pellet) 3299, 3061, 2923, 2852, 1584,
1449, 1317, 1171, 1121, 762, 726, 542cm’; ESI-MS for [M+H]": 404.15; HRMS (ESI) calcd for
C,4H,CINOP [M+H]" 404.0971, found 404.0964.

2-(Diphenylphosphoryl)-N-(2-(trifluoromethoxy)phenyl)aniline (3m). 40% yield, pale yellow
solid; melting point range: 113~114 °C; 'H NMR (400 MHz, CDCL;) & = 8.28 (br, 1H), 7.70~7.64
(m, 4H), 7.55~7.50 (m, 2H), 7.47~7.42 (m, 4H), 7.38~7.34 (m, 1H), 7.28~7.23 (m, 2H), 7.20 (dt, J
=84, 1.6 Hz , 1H), 7.12~7.10(m, 1H), 6.96~6.89 (m, 2H), 6.83~6.78 (m, 1H) ; *'P NMR (162
MHz, CDCl;) & = 36.28; *C NMR (100 MHz, CDCl;) & = 148.6 (d, J = 3.5 Hz), 140.5, 135.0,
133.9 (d, J=10.5 Hz), 133.3 (d, J=2.7 Hz), 132.3 (d, /= 10.0 Hz), 132.3 (d, J= 3.6 Hz), 132.1
(d, J=104.2 Hz), 128.8 (d, J = 12.2 Hz), 127.3, 122.2 (d, J = 27.7 Hz), 120.8 (q, J = 256.4 Hz),
120.5, 119.7 (d, J=13.2 Hz), 119.6 (d, J=12.9 Hz), 117.8 (d, /= 102.0 Hz), 116.9 (d, J= 7.7 Hz);
FT-IR (KBr pellet) 3265, 3063, 1615, 1589, 1453, 1329, 1251, 1210, 1164, 1154, 754, 726, 548,
542 cm'l; ESI-MS [M+H]+: 454.20; HRMS (ESI) calcd for C,5sHy0F3NO,P [M+H]+ 454.1184,
found 454.1176.

2-(Diphenylphosphoryl)-4,5-dimethyl-V-phenylaniline (3n). 42% yield, white solid; melting
point range: 104~105 °C; 'H NMR (400 MHz, CDCL;) & = 848 (s, 1H), 7.68~7.63 (m, 4H),
7.52~7.50 (m, 2H), 7.46~7.42 (m, 4H), 7.21~7.17 (m, 3H), 7.04 (d, J= 7.2 Hz, 2H), 6.88 (t, J =
8.0 Hz, 1H), 6.60 (d, J = 14.4 Hz, 1H), 2.19 (s, 3H), 2.05 (s, 3H) ; *'P NMR (162 MHz, CDCl;) &
=36.64 ; C NMR (100 MHz, CDCl;) & = 147.7 (d, J = 3.3 Hz), 142.7 (d, J = 2.7 Hz), 142.4,
134.4 (d, J=11.4 Hz), 132.7 (d, J=106.2 Hz), 132.3 (d, /=9.7 Hz), 132.1 (d, J= 2.0 Hz), 131.7
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(d, J=9.8 Hz), 129.3, 128.7 (d, J = 12.2 Hz), 121.6, 119.8, 117.7 (d, J = 8.2 Hz) 121.6, (d, J =
105.8 Hz), 20.5, 19.2; FT-IR (KBr pellet) 3266, 2921, 2852, 1594, 1567, 1495, 1436, 1397, 1311,
1149, 1117, 753, 728, 692, 629, 549cm™’; ESI-MS for [M+H]": 398.20; HRMS (ESI) calcd for
C,HsNOP [M+H] " 398.1674, found 398.1673.

2-(Diphenylphosphoryl)-N-(4-fluorophenyl)-4,5-dimethylaniline (30). 60% yield, white solid;
melting point range: 114~116 °C; '"H NMR (400 MHz, CDCl;) & = 8.42 (br, 1H), 7.67~7.63 (m,
4H), 7.55~7.52 (m, 2H), 7.47~7.43 (m, 4H), 7.00~6.97 (m, 3H), 6.90 (t, J = 8.4 Hz, 2H), 6.59 (d, J
= 14.8 Hz, 1H), 2.17 (s, 3H), 2.04 (s, 3H); >'P NMR (162 MHz, CDCl;) 5 = 36.88; °C NMR (100
MHz, CDCl;) 6 = 158.5 (d, J=238. 1 Hz), 148.6 (d, /J=3.9 Hz), 142.8 (d, /=2.0 Hz), 138.4 (d, J
=2.6 Hz), 133.4 (d, J=10.7 Hz), 132.7 (d, J=104.1 Hz), 132.3 (d, J = 10.1 Hz), 132.2, 128.7 (d,
J=12.1 Hz), 126.8 (d,J=13.0 Hz), 122.4 (d, J="7.1 Hz), 117.0 (d, /= 8.3 Hz), 115.9 (d, J=22.8
Hz), 112.5 (d, /= 105.3 Hz), 20.5, 19.1; FT-IR (KBr pellet) 3266, 3059, 2923, 2854, 1574, 1506,
1216, 1216, 1153, 1118, 728, 704, 599, 533cm™'; ESI-MS for [M+H]": 416.25; HRMS(ESI) caled
for C,6H,NOFP [M+H]" 416.1580, found 416.1569.

N-(4-Chlorophenyl)-2-(diphenylphosphoryl)-4,5-dimethylaniline (3p). 64% yield, white solid;
melting point range: 176~177 °C; 'H NMR (400 MHz, CDCL;) & = 8.49 (br, 1H), 7.66~7.61 (m,
4H), 7.54~7.51 (m, 2H), 7.46~7.42 (m, 4H), 7.12 (s, 1H), 7.12 (d, J = 8.8 Hz, 2H), 6.94 (d, /= 8.4
Hz, 2H), 6.61 (d, J = 14.4 Hz, 1H), 2.20 (s, 3H), 2.05 (s, 3H); *'P NMR (162 MHz, CDCl;) & =
36.62 ; °C NMR (100 MHz, CDCl;) & = 147.2, 142.8 (d, J = 3.0 Hz), 1412, 134.4 (d, J = 10.6
Hz), 132.5 (d, J = 104.1 Hz), 132.3, 132.2, 132.1, 129.2, 128.7 (d, J = 11.4 Hz), 126.1, 120.6,
118.2 (d, J = 7.3 Hz), 114.0 (d, J = 104.8 Hz), 20.5, 19.2; FT-IR (KBr pellet) 3265, 2923, 2854,
1592, 1491, 1463, 1311, 1157, 1118, 811, 693, 577, 529cm™"; ESI-MS for [M+H]": 432.20; HRMS
(ESI) caled for CpsH,4CINOP [M+H]+ 432.1284, found 432.1281.

N-(4-Bromophenyl)-2-(diphenylphosphoryl)-4,5-dimethylaniline (3q). 57% yield, white solid;
melting point range: 198~199 °C; 'H NMR (400 MHz, CDCL;) & = 8.49 (br, 1H), 7.66~7.60 (m,
4H), 7.53~7.51 (m, 2H), 7.46~7.42 (m, 4H), 7.26 (d, J = 8.8 Hz, 2H), 7.15 (d, J = 5.2 Hz, 1H),
6.89 (d, J=8.4 Hz, 2H), 6.61 (d, J = 14.4 Hz, 1H), 2.20 (s, 3H), 2.05 (s, 3H); *'P NMR (162 MHz,
CDCls) 8 =36.59 ; *C NMR (100 MHz, CDCL3) & = 147.0 (d, J= 3.7 Hz), 142.8, 141.7, 134.4 (d,
J=11.8 Hz), 132.5 (d, J= 104.5 Hz), 132.3, 132.2 (d, J= 2.0 Hz), 132.1 (d, J= 2.9 Hz), 131.7 (d,
J=9.6 Hz), 128.7 (d, J = 12.2 Hz), 120.8, 118.4 (d, J = 9.1 Hz), 114.3 (d, J = 105.7 Hz), 113.3,
20.5, 19.2; FT-IR (KBr pellet) 3272, 2922, 2853, 2586, 1486, 1462, 1437, 1308, 1154, 1117, 813,
729, 697, 566, 525 cm'l; ESI-MS for [M+H]+: 478.10; HRMS (ESI) calcd for CysHpsBrNOP
[M+H]" 476.0779, found 476.0778

N-(3,5-Bis(trifluoromethyl)phenyl)-2-(diphenylphosphoryl)-4,5-dimethylaniline (3r). 55%
yield, pale yellow solid; melting point range: 165~166 °C; 'H NMR (400 MHz, CDCl;) & = 8.68
(br, 1H), 7.65~7.60 (m, 4H), 7.52~7.48 (m, 2H), 7.44~7.39 (m, 4H), 7.24 (s, 2H), 7.21 (s, 1H),
7.20 (s, 1H), 6.70 (d, J = 14.4 Hz, 1H), 2.26 (s, 3H), 2.12 (s, 3H); >'P NMR (162 MHz, CDCl;) &
=35.69; °C NMR (100 MHz, CDCl5) § = 144.8, 144.5 (d, J = 3.8 Hz), 143.1, 134.6 (d, J = 9.0
Hz), 132.3 (q, J = 32.7 Hz), 132.3, 132.1 (d, J = 9.0 Hz), 131.8 (d, J = 104.0 Hz), 130.7 (d, J =
12.8 Hz), 128.8 (d, J=11.1 Hz), 123.5 (q, /= 270.3 Hz), 121.4 (d, J=8.3 Hz), 118.4 (d, J=104.0
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Hz), 116.2 (g, J = 6.0 Hz), 113.4 (q, J = 6.0 Hz), 20.5, 19.4; FT-IR (KBr pellet) 3265, 3061, 2927,
1618, 1580, 1473, 1452, 1439, 1394, 1283, 1179, 1124, 725, 545 cm’'; ESI-MS for [M+H]":
534.20; HRMS (ESI) calcd for CosH,3FNOP [M+H]" 534.1421, found 534.1432.

N-(4-Chlorophenyl)-2-(di-p-tolylphosphoryl)-4,5-dimethylaniline (3s). 67% yield, pale yellow
solid; melting point range: 160~161 °C; "H NMR (400 MHz, CDCl3) 6 = 8.54 (br, 1H), 7.54~7.49
(m, 4H), 7.23 (d, J = 6.8 Hz, 4H), 7.13 (s, 1H), 7.12 (d, J = 9.2 Hz, 2H), 6.95 (d, J = 8.0 Hz, 2H),
6.62 (d, J=14.0 Hz, 1H), 2.38 (s, 6H), 2.19 (s, 3H), 2.06 (s, 3H); *'P NMR (162 MHz, CDCl;) &
=37.03; °C NMR (100 MHz, CDCl;) § = 147.1 (d, J = 4.0 Hz), 142.6 (d, J=3.0 Hz), 142.5 (d, J
=3.0 Hz), 141.4, 134.5 (d, J=11.7 Hz), 132.2 (d, J = 11.2 Hz), 129.5, 129.4, 129.3 (d, J = 107.1
Hz), 129.2, 125.9, 120.5, 118.1 (d, J = 8.2 Hz), 114.5 (d, J = 104.8 Hz), 21.8, 20.5, 19.2; FT-IR
(KBr pellet) 3241, 2960, 2872, 1540, 1481, 1465, 1310, 1142, 860, 753, 552cm™; ESI-MS for
[M+H]": 460.20; HRMS (ESI) calcd for CosH,sCINOP [M+H]" 460.1597, found 460.1597.

6-(Diphenylphosphoryl)-N-phenylbenzo[d][1,3]dioxol-5-amine (3t). 39% yield, pale pink solid;
melting point range: 95~96 °C; "H NMR (400 MHz, CDCl;) & = 8.49 (br, 1H), 7.67~7.62 (m, 4H),
7.53~7.50 (m, 2H), 7.46~7.42 (m, 4H), 7.17 (t, J= 7.6 Hz, 2H), 6.97 (d, J = 8.4 Hz, 2H), 6.91 (d,
J=4.0 Hz, 1H), 6.88 (t, J = 7.6 Hz, 1H), 6.28 (d, J = 13.2 Hz, 1H), 5.90 (s, 2H); *'P NMR (162
MHz, CDCl3) & = 36.58; °C NMR (100 MHz, CDCl;) & = 152.1 (d, J = 3.3 Hz), 146.78 (d, J =
4.6 Hz), 142.2, 140.7 (d, J = 19.7 Hz), 132.4 (d, /= 106.6 Hz), 132.2, 132.1, 129.3, 128.8 (d, J =
12.0 Hz), 121.9, 119.7, 112.1 (d, /= 13.7 Hz), 107.8 (d, /= 108.4 Hz), 101.6, 99.1 (d, /= 9.4 Hz);
FT-IR (KBr pellet) em’'; ESI-MS for [M+H]": 414.15; HRMS (ESI) caled for C,sH, NOsP
[M+H]" 414.1259, found 414.1269.

6-(Diphenylphosphoryl)-N-(4-fluorophenyl)benzo[d][1,3]dioxol-5-amine (3u). 59% yield,
white solid; melting point range: 131~132 °C; 'H NMR (400 MHz, CDCl;) & = 8.48 (br, 1H),
7.67~7.62 (m, 4H), 7.54~7.52 (m, 2H), 7.48~7.43 (m, 4H), 6.92 (d, J= 5.2 Hz, 2H), 6.90 (d, J =
8.0 Hz, 2H), 6.72 (d, J =4 Hz, 1H), 6.27 (d, J= 13.6 Hz, 1H), 5.89 (s, 2H) ; *'P NMR (162 MHz,
CDCls) & = 36.73; °C NMR (100 MHz, CDCL3) & = 158.7 (d, J = 238.3 Hz), 157.5, 152.2, 147.7
(d, J=3.9 Hz), 138.2, 1324, 132.3 (d, J = 10.5 Hz), 132.5 (d, J = 105.0 Hz), 128.8 (d, J = 13.0
Hz), 122.4 (d, J= 7.2 Hz), 116.1 (d, J=22.8 Hz), 112.1 (d, J= 14.9 Hz), 106.9 (d, /= 106.3 Hz),
101.7, 98.4; FT-IR (KBr pellet) 3278, 2890, 1609, 1509, 1470, 1221,1210, 1038, 1164, 1015, 931,
728, 716, 702, 693, 521 cm™'; ESI-MS for [M+H]": 432.15; HRMS (ESI) calcd for C,sH,0FNO;P
[M+H]" 432.1165, found 432.1160.

N-(4-Chlorophenyl)-6-(diphenylphosphoryl)benzo[d][1,3]dioxol-5-amine (3v). 62% yield,
white solid; melting point range: 183~185 °C; 'H NMR (400 MHz, CDCly) & = 8.53 (br, 1H),
7.66~7.61 (m, 4H), 7.55~7.51 (m, 2H), 7.47~7.42 (m, 4H), 7.11 (d, J = 8.8 Hz, 2H), 6.88 (d, J =
9.2 Hz, 2H), 6.84 (d, J = 4.8 Hz, 1H), 6.29 (d, J = 13.6 Hz, 1H), 5.92 (s, 2H) ; >'P NMR (162 MHz,
CDCl;) & = 36.42; *C NMR (100 MHz, CDCL3) 6 = 152.2 (d, J= 2.1 Hz), 146.2 (d, J = 4.2 Hz),
1412 (d, J=18.6 Hz), 141.1, 132.3 (d, J= 105.1 Hz), 132.4 (d, J= 2.5 Hz), 132.2 (d, J = 9.6 Hz),
129.4, 128.9 (d, J= 12.3 Hz), 126.4, 120.5, 112.2 (d, J= 14.1 Hz), 108.8 (d, J = 107.8 Hz), 101.8,
99.6 (d, J = 9.8 Hz); FT-IR (KBr pellet) 3272, 2923, 2892, 1611, 1595, 1517, 1489, 1473, 1434,
1226, 1179, 1037, 1015, 928, 709, 691, 560 cm™'; ESI-MS for [M+H]": 448.15; HRMS (ESI)
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calcd for CsHyoCINO;P [M+H]" 448.0869, found 448.0857.

N-(4-Bromophenyl)-6-(diphenylphosphoryl)benzo[d][1,3]dioxol-5-amine (3w). 56% yield,
pale yellow solid; melting point range: 140~141 °C; 'H NMR (400 MHz, CDCl;) & = 8.53 (br, 1H),
7.65~7.60 (m, 4H), 7.55~7.51 (m, 2H), 7.46~7.42 (m, 4H), 7.24 (d, J = 10.4 Hz, 2H), 6.86 (d, J =
4.4 Hz, 1H), 6.82 (d, J= 2.0 Hz, 2H), 6.29 (d, J=13.2 Hz, 1H), 5.92 (s, 2H); *'P NMR (162 MHz,
CDCls) 8 =36.36 ; °C NMR (100 MHz, CDCly) & = 152.1 (d, J = 2.0 Hz), 145.9 (d, J= 5.0 Hz),
141.7, 141.3 (d, J=19.4 Hz), 132.4 (d, J = 2.8 Hz), 132.2, 132.1, 132.2 (d, J = 105.6 Hz), 128.9
(d,J=12.0 Hz), 120.6, 113.6, 112.2 (d, /= 13.4 Hz), 109.1 (d, /= 108 Hz), 101.8,99.8 (d,/=9.8
Hz); FT-IR (KBr pellet) 3254, 2923, 1616, 1589, 1487, 1476, 1431, 1224, 1032, 920, 815, 718,
693, 529 cm’; ESI-MS for [M+H]": 491.40, 492.15; HRMS(ESI) caled for C,sH,oBrNO;P
[M+H]" 492.0364, found 492.0352.

N-(3-Chlorophenyl)-6-(diphenylphosphoryl)benzo[d][1,3]dioxol-5-amine (3x). 46% yield,
light brown solid; melting point range: 153~155 °C; "H NMR (400 MHz, CDCl;) 6 = 8.55 (br, 1H),
7.66~7.60 (m, 4H), 7.54~7.50 (m, 2H), 7.46~7.41 (m, 4H), 7.05 (t, /= 8.0 Hz, 1H), 6.92 (d, /=4.0
Hz, 1H), 6.91 (d, J= 1.6 Hz, 1H), 6.79 (dd, J = 7.6, 1.2 Hz, 2H), 6.30 (d, J=13.2 Hz, 1H), 5.94 (s,
2H); *'P NMR (162 MHz, CDCl3) & = 36.15; °C NMR (100 MHz, CDCl;) & = 152.0 (d, J =
2.5Hz), 145.2 (d, /= 4.9 Hz), 143.9, 141.6 (d, J = 18.9 Hz), 134.8, 132.1 (d, J= 104.8 Hz), 132.3
(d, /J=2.8 Hz), 132.1 (d,J=10.1 Hz), 130.3, 128.8 (d, /= 12.4 Hz), 121.2, 118.0, 116.8, 112.1 (d,
J=13.4 Hz), 110.0 (d, /= 107.8 Hz), 101.8, 100.6 (d, J= 9.8 Hz); FT-IR (KBr pellet) 3297, 3065,
2919, 1593, 1510, 1480, 1470, 1237, 1166, 1119, 1102, 1032, 720, 698, 524 cm’'; ESI-MS for
[M+H]': 448.15; HRMS (ESI) calcd for CosH,0CINOsP [M+H]" 448.0869, found 448.0859.

N-(3-Bromophenyl)-6-(diphenylphosphoryl)benzo[d][1,3]dioxol-5-amine (3y). 45% yield, pale
yellow solid; melting point range: 128~129 °C; 'H NMR (400 MHz, CDCl;) & = 8.53 (br, 1H),
7.65~7.60 (m, 4H), 7.54~7.50 (m, 2H), 7.46~7.42 (m, 4H), 7.06 (t, J=2.0 Hz ,1H), 7.00~6.95 (m,
2H), 6.91 (d, J = 4.0 Hz, 1H), 6.83 (d, J =8.0 Hz, 1H), 6.30 (d, J= 13.2 Hz, 1H), 5.94 (s, 2H); *'P
NMR (162 MHz, CDCl3) & = 36.15; °C NMR (100 MHz, CDCl3) & = 152.0 (d, J = 2.5 Hz), 145.2
(d, J=5.0 Hz), 144.1, 141.6 (d, J= 19.2 Hz), 132.3 (d, J= 3.5 Hz), 132.1 (d, J = 106.0 Hz), 132.1
(d, J=9.7 Hz), 130.6, 128.8 (d, /= 12.4 Hz), 124.1, 122.9, 120.9, 117.2, 112.1 (d, J = 14.3 Hz),
110.1 (d, J=107.6 Hz), 101.8, 100.5 (d, J = 9.9 Hz); FT-IR (KBr pellet) 3298, 3064, 2921, 2852,
1592, 1508, 1479, 1469, 1237, 1164, 1118, 1101, 1032, 524cm™; ESI-MS for [M+H]": 492.10;
HRMS (ESI) calcd for C,5sH,0BrNO;P [M+H]+ 492.0364, found 492.0361.

4. Scale-up of the Reaction and Derivation of Reaction Product

General Procedure for Scale-up of the Reaction

An oven-dried 100 mL sealed tube with Teflon plug valve was charged with Cs,CO; (975mg, 3.0
mmol), KF (690mg, 3.0 mmol), 18-crown-6 (793mg, 3.0 mmol), N-(4-chlorophenyl)
diphenylphosphinic amide (754mg, 2.3 mmol), 2-(trimethylsilyl)phenyl trifluoromethanesulfonate
(1.5 mmol) and 45 mL THF under air conditions. The mixture was heated to 80 °C. After being
stirred for 8 h, the reaction mixture was cooled to room temperature. Then water (50 mL) was
added to the mixture to dissolve the residue. The mixture was extracted with ethyl acetate (3 x 15
mL). The combined organic layers were dried over anhydrous Na,SQ,, filtered, and concentrated
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under reduced pressure. Purification by column chromatography on silica gel gave the product in
62% yield.

Derivation of Reaction Products

2-(Diphenylphosphoryl)-N-phenylaniline (37 mg, 0.10 mmol), triethylamine (0.44 mL, 3.0 mmol)
and degassed toluene (10 mL) were added to a flame-dried two-neck round-bottom flask under a
nitrogen atmosphere and cooled to 0 °C. Trichlorosilane (0.12 mL, 1.0 mmol) was added into the
solution and the mixture was heated under reflux for 2h. After cooling to 0 °C, the reaction was
quenched with saturated aq. sodium bicarbonate solution (10 mL). The insoluble residue in the
mixture was then filtered with kieselguhr. The organic product was extracted with degassed
dichloromethane. The combined organic layer was washed with water (2 x 10 mL), brine and
dried over anhydrous Na,SO,. The organic layer was concentrated under reduced pressure. The
residue was purified by flash chromatography on silica gel to afford the product
N-phenyl-2-diphenylphosphinoaniline in 96% yield.

N-Phenyl-2-diphenylphosphinoaniline’ (4). White solid; melting point range: 86~87 °C; 'H
NMR (400 MHz, CDCly): & = 6.26 (br, 1H), 6.83~7.01 (m, 6H), 7.20~7.42 (m, 13H); *'P NMR
(162 MHz, CDCl;) & = -18.3; ESI-MS for [M+H]": 354.15; HRMS (ESI) caled for Cp4H, NP
[M+H]" 354.1412, found 354.1403.

The reduction procedure of N-(4-chlorophenyl)-2-(diphenylphosphoryl)aniline is similar with the
aboved process. The product N-phenyl-2-diphenylphosphinoaniline was afforded in 90% yield.

N-(4-Chlorophenyl)-2-(diphenylphosphino)aniline (5). White solid; melting point range: 98~99
°C; "H NMR (400 MHz, CDCls): § = 7.37~7.31 (m, 10H), 7.26~7.25 (m, 2H), 7.14 (d, J=9.2 Hz,
2H), 6.89~6.88 (m, 2H), 6.84 (d, J = 8.8 Hz, 2H), 6.13 (br, 1H); >'P NMR (162 MHz, CDCl3) § =
-18.12; ESI-MS for [M+H]+: 388.15; HRMS (ESI) caled for C,4H,oCINP [M+H]+ 388.1022, found
388.1026.

Reference

1. (a) Biju, A. T.; Glorius, F. Angew. Chem. Int. Ed. 2010, 49, 9761. (b) Shaibu, B. S.; Kawade, R.
K.; Liu, R.-S. Org. Biomol. Chem. 2012, 10, 6834.

2. Dey, N. K.; Kim, C. K.; Lee, H. W. Org. Biomol. Chem. 2011, 9, 717.

3. Eggenstein, M.; Thomas, A.; Theuerkauf, J.; Francio, G.; Leitner, W. Adv. Synth. Catal. 2009,
351,725.
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6. Spectra of Compounds
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