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General Information

All manipulations with air-sensitive reagents were carried out under a dry nitrogen atmosphere.
Unless otherwise stated, all commercial reagents were used without additional purification.
Solvents were dried using standard methods and distilled before use. TLC was performed on
silica gel plates (Merck silica gel 60, f254), and the spots were visualized with UV light (254
and 365 nm) or by charring the plate dipped in KMnOjs or vanillin charring solution. '"H NMR
was recorded at 300 MHz (Bruker-DPX), 400 MHz (JEOL-JNM-ECZ400S/L1) and 600 MHz
(Bruker-Avance) frequency and '*C NMR spectra were recorded at 75 MHz (Bruker-DPX)
100 MHz (JEOL-JNM-ECZ400S/L1) and 150 MHz (Bruker-Avance) frequency in CDCl3
solvent using TMS as the internal standard. Chemical shifts were measured in parts per million
(ppm) referenced to 0.0 ppm for tetramethylsilane. The following abbreviations were used to
explain multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, quin = quintet, sex =
sextet, m = multiplet, br. = broad. Coupling constants, J were reported in Hertz unit (Hz).
HRMS (m/z) were measured using EI and ESI techniques (JEOL-JMS 700 and Q-Tof Micro
mass spectrometer respectively).

General Procedure for the C-Se Bond Formation

Method-A :

A mixture of arene (1 equiv) and benzeneselenol (1.2 equiv) with DMF as a solvent was taken
in a vessel under air. This reaction mixture was allowed to stir for 15 minutes to 6 h at room
temperature in open air. After completion (detected by TLC), the reaction mixture was
extracted with ethyl acetate and cold water. The organic layer was dried over anhydrous
NaxSO4 and the solvent was evaporated under reduced pressure. The crude product was
purified by column chromatography using ethyl acetate/hexane (5:95 to 15:85) as eluent to
afford the desired product.

Method-B :

A mixture of arene (1 equiv) and diaryldiselenide or diarylditellane (0.6 equiv) with DMF as a
solvent was taken in a vessel under air. This reaction mixture was allowed to stir for 15 minutes
to 6 h at room temperature in open air. After completion (detected by TLC), the reaction
mixture was extracted with ethyl acetate and cold water. The organic layer was dried over
anhydrous Na>SOs4 and the solvent was evaporated under reduced pressure. The crude product
was purified by column chromatography using ethyl acetate/hexane (5:95 to 15:85) as eluent

to afford the desired product.



General Procedure for the Se-P Bond Formation

Method-C :

A mixture of dialkyl phosphonate or diaryl phosphonate (1 equiv) and diaryldiselenide or
dialkyldiselenide (0.6 equiv) with DMF as a solvent was taken in a vessel under O, atmosphere.
This reaction mixture was allowed to stir for 36 h at room temperature in presence of O>
balloon. After completion (detected by TLC), the reaction mixture was extracted with ethyl
acetate and cold water. The organic layer was dried over anhydrous Na,SO4 and the solvent
was evaporated under reduced pressure. The crude product was purified by column
chromatography using ethyl acetate/hexane (10:90 to 20:80) as eluent to afford the desired
product.

Method-D :

A mixture of benzene selenol (1.0 equiv) and dialkyl phosphonate or diaryl phosphonate (1.2
equiv) with DMF as a solvent was taken in a vessel under Oz atmosphere. This reaction mixture
was allowed to stir for 36 h at room temperature in presence of Oz balloon. After completion
(detected by TLC), the reaction mixture was extracted with ethyl acetate and cold water. The
organic layer was dried over anhydrous Na>SO4 and the solvent was evaporated under reduced
pressure. The crude product was purified by column chromatography using ethyl

acetate/hexane (10:90 to 20:80) as eluent to afford the desired product.

Characterization Data for Seleno-Carbon Product:

3-(Phenylselanyl)-1H-indole, 4al'l:

The reaction is conducted for 15 minutes by using indole (0.2 mmol, 23.4 mg) with
benzeneselenol (1.2 equiv, 37.9 mg) or diphenyl diselenide (0.6 equiv, 37.4 mg) and afforded
the desired product as a white solid, 54.6 mg (100% by Method-A) and 50.2 mg (92% by
Method-B).



'H NMR (400 MHz, Ds-DMSO): § 11.68 (s, 1H), 7.73-7.72 (m, 1H), 7.49 (d, J = 8.0 Hz,
1H), 7.40 (d, J = 8.0 Hz, 1H), 7.18-7.04 (m, 7H); 3C NMR (100 MHz, D¢-DMSO): 5 136.6,
133.7, 1327, 129.5, 129.0, 128.1, 125.6, 121.98, 120.0, 118.98, 112.1, 95.0.
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5-Methoxy-3-(phenylselanyl)-1H-indole, 4b!'!:

The reaction is conducted for 30 minutes by using 5-methoxyindole (0.2mmol, 29.2 mg) with
benzeneselenol (1.2 equiv, 37.9 mg) or diphenyl diselenide (0.6 equiv, 37.4 mg) and afforded
the desired product as a white solid, 60.6 mg (100% by Method-A) and 57.6 mg (95% by
Method-B).

'H NMR (400 MHz, Ds-DMSO): 8 8.35 (br. s, 1H), 7.42 (d, J = 2.4 Hz, 1H), 7.31 (d, J = 8.8
Hz, 1H), 7.25-7.22 (m, 2H), 7.15-7.07 (m, 4H), 6.92 (dd, J = 8.8 Hz, 2.4 Hz, 1H), 3.80 (s,
3H); 13C NMR (100 MHz, De-DMSO): & 156.2, 134.0, 132.0, 131.3, 130.8, 129.1, 128.5,
125.6, 113.6, 112.4, 101.5, 97.6, 55.9.

3-(Phenylselanyl)-2-(p-tolyl)-1H-indole, 4c!?!:

The reaction is conducted for 2 hours by using 2-(p-tolyl)-1H-indole (0.2 mmol, 41.2 mg)
with benzeneselenol (1.2 equiv, 37.9 mg) or diphenyl diselenide (0.6 equiv, 37.4 mg) and
afforded the desired product as a white solid, 72.6 mg (100% by Method-A) and 71.1mg
(98% by Method-B).

'H NMR (400 MHz, CDCl3): & 8.52 (br. s, 1H), 7.69-7.65 (m, 1H), 7.62 (d, J = 8.0 Hz, 2H),
7.43 (d, J = 8.0 Hz, 1H), 7.29-7.17 (m, 6H), 7.16-7.08 (m, 3H), 2.40 (s, 3H); '*C NMR (100
MHz, CDCls): 5 142.5, 138.8, 136.2, 134.3, 132.2, 129.5, 129.23, 129.17, 128.5, 128.3,
125.5,123.2, 121.2, 120.9, 111.1, 95.4, 21.5.

Q

Se
MeO
O
N
MeO H

5,6-Dimethoxy-2-phenyl-3-(phenylselanyl)-1H-indole, 4d:




The reaction is conducted for 2 hours by using 5,6-dimethoxy-2-phenyl-1H-indole (0.2mmol,
50.4 mg) with benzeneselenol (1.2 equiv, 37.9 mg) or diphenyl diselenide (0.6 equiv, 37.4
mg)and afforded the desired product as a white solid, 81.8 mg (100% by Method-A) and
73.6mg (90% by Method-B).

'H NMR (300 MHz, Dg-DMSO): & 11.80 (br. s, 1H), 7.77 (d, J = 7.8 Hz, 2H), 7.44 (t, J = 7.5
Hz, 2H), 7.34 (t, J = 7.2 Hz, 1H), 7.20-7.08 (m, 5H), 7.01 (s, 1H), 6.89 (s, 1H), 3.83 (s, 3H),
3.69 (s, 3H); 3C NMR (75 MHz, De-DMSO): § 147.6, 145.7, 140.2, 133.9, 132.2, 130.7,
129.3, 128.4, 128.1, 127.8, 127.6, 125.5, 124.5, 101.4, 95.3, 92.8, 55.8; HRMS (ESI, m/z)
calcd. for C22Hi9NNaO2Se [M + Na]': 432.0479; found: 432.0485; 77Se NMR (76.3 MHz,
CDCls): 463.9.
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5-Fluoro-2-phenyl-3-(phenylselanyl)-1H-indole, 4e'5!:

The reaction is conducted for 2 hours by using 5-fluoro-2-phenyl-1H-indole (26.8 mg,
2mmol) with benzeneselenol (1.2 equiv, 37.9 mg) or diphenyl diselenide (0.6 equiv, 37.4 mg)
and afforded the desired product as a white solid, 58.0 mg (100% by Method-A) and 49.3 mg
(85% by Method-B).

'H NMR (400 MHz, D-DMSO): & 8.58 (br. s, 1H), 7.74-7.71 (m, 2H), 7.47-7.36 (m, 4H),
7.31 (dd, J=9.2 Hz, 2.4 Hz, 1H), 7.21-7.09 (m, 5H), 7.00 (td, J = 9.2 Hz, 2.4 Hz, 1H); 3C
NMR (100 MHz, Ds-DMSO): & 160.0, 157.7, 143.9, 133.7, 133.2, 133.1, 132.6, 131.8, 129.2,
12.97, 128.8, 128.6, 128.4, 125.7.
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3-(Phenylselanyl)-2-(thiophen-2-yl)-1H-indole, 4f:

The reaction is conducted for 2 hours by using 2-(thiophen-2-yl)-1H-indole (39.6 mg,
2mmol) with benzeneselenol (1.2 equiv, 37.9 mg) and afforded the desired product as a white
solid, 70.8 mg (100% by Method-A).

'H NMR (400 MHz, D-DMSO): 3 12.13 (br. s, 1H), 7.77 (dd, J = 3.6 Hz, 1.2 Hz, 1H), 7.61
(dd, J= 5.2 Hz, 1.2 Hz, 1H), 7.49 (t, J = 7.6 Hz, 2H), 7.24-7.08 (m, 8H); '3C NMR (100
MHz, Ds-DMSO): 6 136.8, 136.4, 133.2, 133.1, 131.5, 129.2, 127.94, 127.88, 127.1, 126.4,
125.7,122.9, 120.5, 119.3, 111.5, 93.6; HRMS (ESI, m/z) calcd. for CisHi3NNaSSe [M +
Na]": 377.9832; found: 377.9805; ”7Se NMR (76.3 MHz, CDCls): 206.7.
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6-Bromo-3-(phenylselanyl)-1H-indole, 4g'!:

The reaction is conducted for 4 hours by using 6-bromoindole (2mmol, 38.6 mg) with
benzeneselenol (1.2 equiv, 37.9 mg) or diphenyl diselenide (0.6 equiv, 37.4 mg) and afforded
the desired product as a white solid, 63.0 mg (90% by Method-A) 60.9 mg (87% by Method-
B).

'H NMR (400 MHz, Ds-DMSO): & 11.78 (br. s, 1H), 7.73 (s, 1H), 7.69 (d, J = 1.6 Hz, 1H),
7.32 (d, J=8.4 Hz, 1H), 7.17 (dd, J = 8.8 Hz, 1.6 Hz, 1H), 7.14-7.07 (m, 5H); 3C NMR (100
MHz, Ds-DMSO): 6 137.7, 133.9, 133.4, 129.3, 128.8, 128.4, 126.0, 123.2, 121.0, 115.1,
114.9, 95.8.
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6-Chloro-3-(phenylselanyl)-1H-indole, 4h'!:

The reaction is conducted by 5 hours using 6-chloroindole(0.2 mmol, 30.0 mg) with
benzeneselenol (1.2 equiv, 37.9 mg) and afforded the desired product as a white solid, 56.3
mg (92% by method-A).

'H NMR (300 MHz, Ds-DMSO): 5 11.82 (br. s, 1H), 7.79 (d, J = 2.1 Hz, 1H), 7.56 (d, J = 2.1
Hz, 1H), 7.39 (d, J = 8.4 Hz, 1H), 7.19-7.06 (m, 6H); 3C NMR (75 MHz, Ds-DMSO): 8
137.0, 133.99, 133.4, 129.2, 128.4, 128.3, 128.2, 126.9, 125.8, 120.5, 111.8, 95.5.

2-(3-Nitrophenyl)-3-(phenylselanyl)-1H-indole, 4i:

The reaction is conducted by 4 hours using 2-(3-nitrophenyl)-3-(phenylselanyl)-1H-indole
(44.8 mg, 0.2mmol) with diphenyl diselenide (0.6 equiv, 37.4 mg) and afforded the desired
product as a white solid, 70.9 mg (90% by method-B).



'H NMR (400 MHz, Ds-DMSO): § 12.33 (s, 1H), 8.67 (s, 1H), 8.24 (dd, J = 8.0 Hz, 1.2 Hz,
1H), 8.19 (dt, /= 1.2 Hz, 0.8 Hz, 1H), 7.73 (t, J = 8.4 Hz, 1H), 7.49 (d, J = 8.0 Hz, 1H), 7.45
(d, J=8.0 Hz, 1H), 7.21 (t, J= 6.8 Hz, 1H), 7.14-7.04 (m, 6H); *C NMR (100 MHz, D¢-
DMSO): § 148.3, 139.7, 137.2, 135.2, 133.6, 131.7, 130.6, 129.9, 128.4, 126.4, 123.9,
123.41, 123.38, 121.3, 120.5, 112.7, 95.6; HRMS (ESI, m/z) calcd. for C20H14N>NaO>Se [M
+ Na]*: 417.0118; found: 417.0111.
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3-(Phenylselanyl)-1H-indole-4-carbonitrile, 4j1:

The reaction is conducted for 2 hours by using 4-cyanoindole(28.2 mg, 0.2 mmol) with
benzeneselenol (1.2 equiv, 37.9 mg) and afforded the desired product as a white solid, 23.8
mg (40% by Method-A).

'H NMR (400 MHz, De-DMSO): & 12.27 (br. s, 1H), 7.98 (s, 1H), 7.83 (d, J = 8.4 Hz, 1H),
7.55 (d, J= 7.6 Hz, 1H), 7.30 (t, J = 8.0 Hz, 1H), 7.18-7.10 (m, 5H); 3C NMR (100 MHz,
Ds-DMSO): § 137.0, 136.9, 134.2, 129.1, 128.5, 127.9, 127.5, 125.8, 121.9, 117.7, 117.5,
101.6, 94.4.
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Ethyl 3-((4-chlorophenyl)selanyl)-1H-indole-2-carboxylate, 4k:

The reaction is conducted for 4 hours by using ethyl 1H-indole-2-carboxylate (37.6 mg,
0.2mmol) with bis(4-chlorophenyl) diselenide (45.7 mg, 0.6 equiv.) and afforded the desired
product as a white solid, 64.2 mg (85% by Method-B).

'H NMR (400 MHz, CDCls): 8 9.35 (br. s, 1H), 7.50 (dd, J = 8.0 Hz, 0.8 Hz, 1H), 7.44 (d, J
— 8.4 Hz, 1H), 7.34 (td, J = 7.2 Hz, 1.2 Hz, 1H), 7.26-7.23 (m, 2H), 7.15-7.10 (m, 3H), 4.41
(quin, J = 7.2 Hz, 2H), 1.36 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCls): 5 161.4, 136.2,
132.3, 131.7,130.8, 130.5, 129.2, 128.7, 126.2, 122.6, 121.6, 112.2, 105.7, 61.6, 14.4; HRMS
(ESI, m/z) calcd. for Ci7H4CINNaO,Se [M + Na]*: 401.9776; found: 401.9776; ”7Se NMR
(76.3 MHz, CDCl3): 258.0.
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3-(Phenylselanyl)-1H-indol-5-ol, 41'";

The reaction is conducted for 6 hours by using ethyl 5-hydroxy-indole (26.4 mg, 0.2 mmol)
with diphenyl diselenide (0.6 equiv, 37.4 mg)and afforded the desired product as a white
solid, 49.1 mg (85% by Method-B).

'H NMR (400 MHz, Ds-DMSO): 5 11.40 (s, 1H), 8.83 (s, 1H), 7.62 (d, J = 2.4 Hz, 1H), 7.31
(d, J= 8.8 Hz, 1H), 7.19-7.08 (m, 5H), 6.77 (d, J = 2.4 Hz, 1H), 6.70 (dd, J = 8.4 Hz, 2.4 Hz,
1H); *C NMR (100 MHz, De-DMSO): & 151.6, 133.9, 132.9, 130.9, 130.5, 129.0, 127.8,
125.4, 112.6, 112.4, 102.9, 93.8; HRMS (ESI, m/z) caled. for C1sHisNNaSSe [M + Na]*:
311.9904; found: 311.9886.
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3-(Phenylselanyl)-1H-pyrrolo[2,3-b]pyridine, 4m!!:

The reaction is conducted for 2 hours by using 7-azaindole (23.4 mg, 0.2 mmol) with
benzeneselenol (1.2 equiv, 37.9 mg) or diphenyl diselenide (0.6 equiv, 37.4 mg)and afforded
the desired product as a white solid, 50.9 mg (93% by Method-A) and 47.6mg (87% by
Method-B).

'H NMR (400 MHz, Ds-DMSO): § 12.25 (s, 1H), 8.28 (d, J = 4.4 Hz, 1H), 7.88 (s, 1H), 7.77
(d, J=8.0 Hz, 1H), 7.17-7.10 (m, 6H); '>*C NMR (100 MHz, De-DMSO): & 148.9, 143.5,
133.4, 133.1, 129.1, 128.3, 127.3, 125.8, 121.8, 116.5, 94.0.
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3-(Phenylselanyl)-1H-pyrrolo[3,2-b]pyridine, 4n:

The reaction is conducted for 2 hours by using 4-azaindole(23.4 mg, 0.2 mmol) with
benzeneselenol (1.2 equiv, 37.9 mg) or diphenyl diselenide (0.6 equiv, 37.4 mg) and afforded
the desired product as a white solid, 49.3 mg (90% by Method-A).



'H NMR (300 MHz, Ds-DMSO): & 11.88 (br. s, 1H), 8.37 (d, J = 4.5 Hz, 1H), 7.99 (d, /= 1.8
Hz, 1H), 7.87 (d, J = 8.1 Hz, 1H), 7.22-7.07 (m, 6H); *C NMR (75 MHz, Ds-DMSO): 5
147.5, 144.8, 137.5, 135.4, 130.5, 130.3, 129.7, 126.9, 120.7, 118.6, 97.6.

OH

1-(Phenylselanyl)naphthalen-2-ol, 40!':

The reaction is conducted for 36 hours by using 2-naphthol (28.6mg, 0.2 mmol) with
benzeneselenol (1.2 equiv, 37.9 mg) and afforded the desired product as a white solid, 51 mg
(85% by Method-A).

'H NMR (400 MHz, CDCl:): & 8.29 (d, J= 8.8 Hz, 1H), 7.89 (d, J = 8.8 Hz, 1H), 7.79 (d, J =
8.0 Hz, 1H), 7.52-7.47 (m, 1H), 7.38-7.34 (m, 2H), 7.17-7.12 (m, 6H); 13*C NMR (100 MHz,
CDCI3): 6 156.3, 135.9, 132.9, 130.6, 129.5, 129.2, 128.6, 128.0, 127.0, 126.7, 123.9, 116.7,
109.1; 77Se NMR (76.3 MHz, CDCls): 152.2.
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3-(p-tolylselanyl)-1H-indole, 4q'!):

The reaction is conducted for 2 hours by using ethyl indole (0.2 mmol, 23.4 mg) with bis(4-
methylphenyl) diselenide (41.0 mg, 0.6 equiv.) and afforded the desired product as a white
solid, 52.8 mg (92% by Method-B).

'H NMR (600 MHz, CDCls): & 8.46 (br.s, 1H), 7.65 (d, J = 9.0 Hz, 1H), 7.49 (d, J = 2.4 Hz,
1H), 7.45 (d, J = 7.8 Hz, 1H), 7.27 (td, J = 7.2 Hz, 1.2 Hz, 2H), 7.19-7.17 (m, 3H), 6.97 (d, J
— 7.8 Hz, 2H), 2.25 (s, 3H); 13C NMR (150 MHz, CDCls): 5 136.3, 135.4, 132.3, 130.9,
129.9, 129.7, 128.9, 122.8, 120.7, 120.4, 111.3, 98.6, 20.9.

MeQO

Q

Se

o

H

3-((4-methoxyphenyl)selanyl)-1H-indole, 4r!!l:
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The reaction is conducted for 2 hours by using ethyl indole (0.2 mmol, 23.4 mg) with bis(4-
methoxyphenyl) diselenide (44.9 mg, 0.6 equiv.) and afforded the desired product as a white
solid, 54.5 mg (90% by Method-B).

'H NMR (600 MHz, CDCls): & 8.39 (br.s, 1H), 7.68 (d, J = 7.8 Hz, 1H), 7.46 (d, J = 2.4 Hz,
1H), 7.42 (dd, J = 8.4 Hz, 1.2 Hz, 1H), 7.29-7.26 (m, 3H), 7.19 (t, J = 7.2 Hz, 1H), 6.74 (d, J
— 8.4 Hz, 2H), 3.74 (s, 3H); 3C NMR (150 MHz, CDCls): 5 158.3, 136.3, 131.2, 130.6,
129.8, 123.3, 122.8, 120.7, 120.3, 114.7, 111.3, 99.4, 55.2.
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3-((3-(trifluoromethyl)phenyl)selanyl)-1H-indole, 4s:

The reaction is conducted for 2 hours by using ethyl indole (0.2 mmol, 23.4 mg) with bis(3-
trifluoromethylphenyl) diselenide (53.9 mg, 0.6 equiv.) and afforded the desired product as a
white solid, 47.7 mg (70% by Method-B).

'H NMR (600 MHz, CDCl5): & 8.54 (br.s, 1H), 7.61 (d, J = 7.8 Hz, 1H), 7.55 (s, 1H), 7.53 (d,
J=2.4Hz, 1H), 7.47 (d, J = 8.4 Hz, 1H), 7.35 (d, J = 7.8 Hz, 1H), 7.33-7.28 (m, 2H), 7.22-
7.19 (m, 2H); 3C NMR (150 MHz, CDCL): § 136.4, 135.2, 131.7, 131.5, 131.1 (q, J = 32.1
Hz), 129.6, 129.2, 125.0 (q, J = 3.9 Hz), 123.8 (d,J = 271.0 Hz) 123.2, 122.3 (q, J = 3.9 Hz),
121.1, 120.1, 111.5, 97.2; HRMS (ESI, m/z) caled. for C1sH1F3NSe [M + H]*: 342.0009;
found: 342.0006; 7’Se NMR (76.3 MHz, CDCl3): 225.0.

2
Cr

H
3-(phenyltellanyl)-1H-indole, 4t:

The reaction is conducted for 2 hours by using ethyl indole (0.2 mmol, 23.4 mg) with 1,2-
diphenylditellane (49.7 mg, 0.6 equiv.) and afforded the desired product as a white solid, 16.1
mg (25% by Method-B).

'H NMR (600 MHz, CDCL): § 8.55 (br.s, 1H), 7.68 (d, J= 7.8 Hz, 1H), 7.58 (d, J= 1.8 Hz,
1H), 7.46 (d, J = 8.4 Hz, 1H), 7.43 (d, J= 7.2 Hz, 2H), 7.29 (t, J = 7.2 Hz, 1H), 7.22 (t, J =
7.2 Hz, 1H), 7.14 (t, J= 7.2 Hz, 1H), 7.09 (t, J = 7.2 Hz, 2H); '3C NMR (150 MHz, CDCls):
§136.3, 135.5, 134.3, 132.3, 129.1, 126.6, 122.9, 122.1, 120.9, 116.4, 111.1, 81.0.
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Characterization Data for Selenophosphorous Product:

5%%“@

0,0,Se-triphenyl phosphoroselenoate, 6a:

The reaction is conducted by using diphenyl phosphite with benzeneselenl or diphenyl
diselenide and afforded the desired product as a gummy liquid, 54.4 mg (70% by Method-C),
46.7 mg (60% by Method-D).

'"H NMR (400 MHz, CDCls): § 7.6-7.5 (m, 2H), 7.4-7.3 (m, 7H), 7.2-7.1 (m, 6H); 3*C NMR
(100 MHz, CDCl3): 6 150.3 (d, Jcp= 8.5 Hz), 136.3 (d, Jcp=4.8 Hz), 129.9 (d, Jcp= 1.3
Hz), 129.7 (d, Jc.p= 2.5 Hz), 129.4 (d, Jcp= 2.9 Hz), 125.7 (d, Jcp= 2.1 Hz), 122.7 (d, Jcp=
9.1 Hz), 120.7 (d, Jcp= 5.3 Hz); *'P NMR (160 MHz, CDCl5): 6 10.09; HRMS (EI, m/z)
calcd. For C1sH1s03PSe [M]*: 389.9924; found: 389.9926; 77Se NMR (76.3 MHz, CDCl;):
298.4 (d, Jse-p= 544.5 Hz).
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Se-(4-chlorophenyl) O,0-diphenyl phosphoroselenoate, 6b:

The reaction is conducted by using diphenyl phosphite (46.8 mg, 0.2mmol) with bis(4-
chlorophenyl) diselenide(45.7 mg, 0.6 equiv) and afforded the desired product as a gummy
liquid, 33.8 mg (40% by Method-C).

"H NMR (600 MHz, CDCls): § 7.45 (dd, J= 8.4 Hz, 1.8 Hz, 2H), 7.37(t, J = 7.8 Hz, 4H),
7.26 (d, J=9.0 Hz, 3H), 7.24-7.22 (m, 5H); 3C NMR (150 MHz, CDCl5): § 150.1 (d, Jcp=
8.7 Hz), 137.5 (d, Jc.p= 4.6 Hz), 135.9 (d, Jcp= 3.7 Hz), 129.8, 129.7 (d, Jcp = 2.4 Hz),
125.7, 120.6, 120.5; IR (neat): vmax 3069, 2924, 1589, 1483, 1180, 932, 764 cm!; *'P NMR
(120 MHz, CDCl3): 6 8.59; HRMS (EI, m/z) calcd. For CisH14ClO3PSe [M]": 423.9534;
found: 423.9532.

\/\/O \ _Se

0,0-Dibutyl Se-phenyl phosphoroselenoate, 6¢!6!:
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The reaction is conducted by using dibutyl phosphonate with diphenyl diselenide or
benzeneselenol and afforded the desired product as a gummy liquid, 49 mg (74% by Method-
C) 52.5mg (75% by Method-D).

"H NMR (600 MHz, CDCls): 8 7.62 (d, J= 7.8 Hz, 2H), 7.33 (t, J = 7.2 Hz, 1H), 7.30-7.28
(m, 2H), 4.14-4.03 (m, 4H), 1.61 (quin, J = 7.2 Hz, 4H), 1.33 (sex, J= 7.8 Hz, 4H), 0.88 (t, J
= 7.2 Hz, 6H); 3C NMR (150 MHz, CDCl5): & 135.5 (d, Jcp = 4.5 Hz),129.4 (d, Jcr = 1.8
Hz), 128.7 (d, Jcp = 2.5 Hz), 123.8 (d, Jc-p = 8.2 Hz), 67.6 (d, Jcr = 0.3 Hz), 32.0 (d, Jcpr =
7.2 Hz), 18.7, 13.6; IR (neat): vmax 2960, 1578, 1469, 1256, 1019, 738, 537 cm!; *'P NMR
(120 MHz, CDCl3): 6 18.02; HRMS (EI, m/z) calcd. For C14H2303PSe [M]": 350.0550;
found: 350.0546.

{O
\/\/O\llj/Se
Il
(¢]
OMe

0,0-Dibutyl Se-(4-methoxyphenyl) phosphoroselenoate, 6d:

The reaction is conducted by using dibutyl phosphonate(38.8 mg, 0.2mmol) with bis(4-
methoxyphenyl) diselenide(44.7 mg, 0.6 equiv) and afforded the desired product as a gummy
liquid, 69.1 mg (91% by Method-C).

'H NMR (600 MHz, CDCls): 8 7.54 (dd, J = 9.0 Hz, 2.4 Hz, 2H), 6.84 (d, J = 9.0 Hz, 2H),
4.14-4.04 (m, 4H), 4.09-4.04 (m, 2H), 3.80 (s, 3H), 1.63 (quin, J = 7.2 Hz, 4H), 1.35 (sex, J =
7.8 Hz, 4H), 0.90 (t, J = 7.8 Hz, 6H); °C NMR (150 MHz, CDCls): 5 160.2 (d, Je.p = 2.5
Hz), 137.2 (d, Jep = 4.2 Hz), 115.1 (d, Jep = 2.2 Hz), 113.5 (d, Jep = 8.7 Hz), 67.4 (d, Jep =
6.4 Hz), 55.3,32.0 (d, Jcr = 6.3 Hz), 18.7, 13.5;*'P NMR (120 MHz, CDCls): & 18.40;
HRMS (EI, m/z) caled. For CisHa504PSe [M]*: 380.0656; found: 380.0662; 77Se NMR (76.3
MHz, CDCl3): 251.2 (d, Jse.p=491.1 Hz).

KLO
\/\/O\'L/Se
F

0,0-Dibutyl Se-(4-fluorophenyl) phosphoroselenoate, 6e:

The reaction is conducted by using dibutyl phosphonate(38.8 mg, 0.2mmol) with bis(4-
fluorophenyl) diselenide (41.8 mg, 0.6 equiv) and afforded the desired product as a gummy
liquid, 58.1 mg (79% by Method-C).

'H NMR (600 MHz, CDCls): § 7.63-7.60 (m, 2H), 7.01 (t, J = 8.4 Hz, 2H), 4.16-4.12 (m,
2H), 4.11-4.04 (m, 2H), 1.63 (quin, J = 7.2 Hz, 4H), 1.35 (sex, J = 7.8 Hz, 4H), 0.91 (t, J =
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7.8 Hz, 6H); *C NMR (150 MHz, CDCls): 6 163.2 (dd, J = 247.6 Hz, 2.8 Hz), 137.6 (dd, J=
8.1 Hz, 4.3 Hz), 118.3 (dd, /= 8.5 Hz, 3.4 Hz), 116.7 (dd, /= 21.7 Hz, 2.2 Hz), 67.6 (d, J =
6.4 Hz), 32.0 (d, J = 7.3 Hz), 18.6, 13.5; IR (neat): vmax 2961, 1484, 1232, 1016, 830, 538
cm!; 3P NMR (120 MHz, CDCls): 6 18.32; HRMS (ESI, m/z) calcd. for C14H22FNaOs;PSe
[M + Na]*: 391.0354; found: 391.0359.

kLO
O_1_Se
(0]
Cl

0,0-Dibutyl Se-(4-chlorophenyl) phosphoroselenoate, 6f°:

The reaction is conducted by using dibutyl phosphonate (38.8 mg, 0.2mmol) with bis(4-
chlorophenyl) diselenide (45.7 mg, 0.6 equiv) and afforded the desired product as a gummy
liquid 58.3 mg (76% by Method-C).

'H NMR (600 MHz, CDCl3): & 7.57 (d, J= 6.6 Hz, 2H), 7.28 (d, J = 8.4 Hz, 2H), 4.16-4.11
(m, 2H), 4.1-4.05 (m, 2H), 1.63 (quin, J = 6.6 Hz, 4H), 1.35 (sex, J = 7.2 Hz, 4H), 0.91 (t, J =
7.2 Hz, 6H); 13C NMR (150 MHz, CDCls): & 136.7 (d, Jep = 4.8 Hz), 135.2 (d, Jep = 3.1
Hz), 129.6 (d, Jep = 2.1 Hz), 121.9 (d, Jep = 8.5 Hz), 67.7 (d, Jep = 6.6 Hz), 31.99 (d, Jop =
7.2 Hz), 18.6, 13.5; IR (neat): vmax 2959, 1470, 1256, 1011, 536 cm’';3'P NMR (120 MHz,
CDCls): § 17.26; HRMS (EI, m/z) caled. For C14H2ClOsPSe [M]*: 384.0160; found:
384.0152.

\h\? Sp
e
/P/

o 1l
(0]

2-(Benzylselanyl)-5,5-dimethyl-1,3,2-dioxaphosphinane 2-oxide, 6g:

The reaction is conducted by using 5,5-dimethyl-1,3,2-dioxaphosphinane 2-oxide (30.0 mg,
0.2 equiv) with dibenzyl diselenide(40.8 mg, 0.6 equiv) and afforded the desired product as a
gummy liquid, 41.6 mg (65% by Method-C).

'"H NMR (600 MHz, CDCls): 6 7.37 (d, J= 7.2 Hz, 2H), 7.30 (t,J= 7.2 Hz, 2H), 7.24 (t,J =
7.2 Hz, 1H), 4.2 (d, J=12.0 Hz, 2H), 4.0 (dd, /= 10.8 Hz, 4.2 Hz, 2H), 3.84-3.78 (m, 2H),
1.29 (s, 3H), 0.85 (s, 3H); *C NMR (150 MHz, CDCI3): 8 137.8 (d, Jc-r = 5.2 Hz), 128.99,
128.7,127.5, 77.6 (d, Jcp = 6.9 Hz), 32.4 (d, Jcp = 6.6 Hz), 28.2 (d, Jc» = 4.2 Hz), 22.2,
20.5; IR (neat): vmax 2924, 1458, 1257, 1050, 770, 517 cm™!;3'P NMR (120 MHz, CDCls): &
13.33; HRMS (ESI, m/z) calcd. for C12H17NaO3PSe [M + Na]*: 342.9978; found: 342.9972.

o
FI,/Se :

(O]
0]
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5,5-Dimethyl-2-(phenylselanyl)-1,3,2-dioxaphosphinane-2-oxide, 6h:

The reaction is conducted by using 5,5-dimethyl-1,3,2-dioxaphosphinane 2-oxide with
diphenyl diselenide or benzeneselenol and afforded the desired product as a gummy liquid
39.6 mg (65% by Method-C), 50.02 mg (82% by Method-D).

'H NMR (600 MHz, CDCls): § 7.72-7.71 (m, 2H), 7.37 (td, J = 7.2 Hz, 1.2 Hz, 1H), 7.34-
7.31 (m, 2H), 4.16 (dd, J = 10.8 Hz, 4.2 Hz, 2H), 3.90-3.84 (m, 2H), 1.28 (s, 3H), 0.87 (s,
3H); 13C NMR (150 MHz, CDCls): § 135.9 (d, Jer = 9.3 Hz), 129.6 (d, Jep = 4.2 Hz), 129.0
(d, Jeop = 5.2 Hz), 121.8 (d, Jc-p = 15.9 Hz), 32.5 (d, Jcr = 13.9 Hz), 22.1, 20.4; IR (neat):
Vmax 2967, 2926, 1472, 1265, 988, 778, 530 cm™'; 3'P NMR (120 MHz, CDCl3): § 9.65;
HRMS (EI, m/z) caled. For C11H;503PSe [M]": 305.9924; found: 305.9921; 77Se NMR (76.3
MHz, CDCls): 248.1 (d, Jse.p= 479.6 Hz).

o 1l

o)

lID/Se CF,4
7

NP

5,5-Dimethyl-2-((3-(trifluoromethyl)phenyl)selanyl)-1,3,2-dioxaphosphinane 2-oxide, 6i:

The reaction is conducted by using 5,5-dimethyl-1,3,2-dioxaphosphinane 2-oxide (30.0 mg,
0.2 equiv) with bis(3-trifluoromethylphenyl) diselenide(53.9 mg, 0.6 equiv) and afforded the
desired product as a gummy liquid, 51.4 mg (69% by Method-C).

'"H NMR (600 MHz, CDCl3): 8 7.96 (d, J = 7.8 Hz, 1H), 7.93 (s, 1H), 7.63 (d, J = 7.8 Hz,
1H), 7.63 (d, /= 7.8 Hz, 1H), 7.46 (t,J = 7.8 Hz, 1H), 4.18 (dd, /= 10.8 Hz, 4.2 Hz, 2H),
3.95-3.89 (m, 2H), 1.29 (s, 3H), 0.89 (s, 3H); 13C NMR (150 MHz, CDCl3): 8 139.2 (d, J =
4.2 Hz), 132.2-132.1 (m), 131.8 (dd, J = 32.5 Hz, 3.4 Hz), 130.0 (d, J = 2.1 Hz), 126.1-125.8
(m), 123.4 (J=271.2 Hz), 123.0 (J= 7.8 Hz), 32.5 (d, J = 6.7 Hz), 22.0, 20.3; IR (neat): Vmax
2927, 1320, 1055, 773, 519 cm!; *'P NMR (120 MHz, CDCls): § 17.66, 17.62; HRMS (ESI,
m/z) caled. for C12H;sF303PSe [M + H]": 374.9876; found: 374.9857; 77Se NMR (76.3 MHz,
CDCls): 260.6 (d, Jse.p = 477.0 Hz).

OMe
9 s
e
/P/

o” 1l
O

2-((2-Methoxyphenyl)selanyl)-5,5-dimethyl-1,3,2-dioxaphosphinane 2-oxide, 6j:

The reaction is conducted by using 5,5-dimethyl-1,3,2-dioxaphosphinane 2-oxide (30.0 mg,
0.2 equiv) with bis(2-methoxyphenyl) diselenide (44.7 mg, 0.6 equiv) and afforded the
desired product as a gummy liquid, 52.4 mg (78% by Method-C).

'"H NMR (600 MHz, CDCl3): § 7.83 (d, J= 7.8 Hz, 1H), 7.33 (t, J = 7.8 Hz, 1H), 6.93-6.90
(m, 2H), 4.23 (dd, /= 10.8 Hz, 3.6 Hz, 2H), 3.88 (s, 3H), 3.86-3.80 (m, 2H), 1.29 (s, 3H),
0.87 (s, 3H); *C NMR (150 MHz, CDCl3): & 158.6 (d, Jc-p = 4.3 Hz), 137.2 (d, Jc-p = 3.9
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Hz), 130.5 (d, Jep = 2.2 Hz), 121.9 (d, Jep = 2.2 Hz), 111.2 (d, Jep = 2.1 Hz), 78.1 (d, Jep =
7.2 Hz), 55.9, 32.5 (d, Jcr = 6.7 Hz), 22.2, 20.4;*'P NMR (120 MHz, CDCls): 6 9.57; HRMS
(EL, m/z) calcd. For C12H;704PSe [M]*: 336.0030; found: 336.0022; ”7Se NMR (76.3 MHz,
CDCls): 171.1 (d, Jse.p = 481.4 Hz).

o
/O\":\,‘/Se
(0]

0,0-Dimethyl Se-naphthalen-2-yl phosphoroselenoate, 6k:

The reaction is conducted by using dimethyl phosphonate(22.0 mg, 0.2mmol) with bis(2-
naphthyl) diselenide (49.5 mg, 0.6 equiv)and afforded the desired product as a gummy liquid,
49.7 mg (79% by Method-C).

'H NMR (600 MHz, CDCl3): & 8.47 (d, J= 8.4 Hz, 1H), 7.99 (dd, J = 7.8 Hz, 3.0 Hz, 1H),
7.91 (d, J= 8.4 Hz, 1H), 7.86 (d, J= 7.8 Hz, 1H), 7.62 (t, J= 7.2 Hz, 1H), 7.55 (t, J = 7.2 Hz,
1H), 7.43 (t, J = 7.8 Hz, 1H), 3.75 (s, 3H), 3.73 (s, 3H); 3C NMR (150 MHz, CDCL3): 3
136.6 (d, Jep= 4.9 Hz), 134.9 (d, Jep=3.3 Hz), 134.2 (d, Jep= 2.1 Hz), 130.4 (d, Jep= 3.3
Hz), 128.7, 127.9, 127.2, 126.5, 125.9 (d, Jer= 3.1 Hz), 122.5 (d, Jer= 9.3 Hz), 54.1 (d, Jep
= 6.0 Hz); IR (neat): vmax 2951, 2850, 1500, 1254, 1019, 768, 525 cm’';3'P NMR (120 MHz,
CDCl): § 21.06; HRMS (EL m/z) caled. For C1,Hi305PSe [M]*: 315.9768; found: 315.9760;
77Se NMR (76.3 MHz, CDCls): 184.3 (d, Jse.p= 499.3 Hz).

Se-(4-chlorophenyl) O,0-dimethyl phosphoroselenoate, 611!

The reaction is conducted by using dimethyl phosphonate(22.0 mg, 0.2mmol) with bis(4-
chlorophenyl) diselenide (45.7 mg, 0.6 equiv) and afforded the desired product as a gummy
liquid, 41.8 mg (70% by Method-C).

'H NMR (600 MHz, CDCls): § 7.57 (dd, J= 9.0 Hz, 1.8 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H),
3.82 (s, 3H), 3.79 (s, 3H); '°C NMR (150 MHz, CDCL3): & 136.8 (d, Jep = 4.8 Hz), 135.5 (d,
Jer = 3.1 Hz), 129.8 (d, Jep = 2.5 Hz), 121.3 (d, Jep = 8.7 Hz), 54.1 (d, Jop = 5.8 Hz); IR
(neat): vmax 2951, 2851, 1470, 1256, 1017, 822, 526 cm’'; 3'P NMR (120 MHz, CDCls):
21.17; HRMS (EL m/z) caled. For CsHoClO3PSe [M]*: 299.9221; found: 299.9230.

o~y
T

0,0-Diisopropyl Se-phenyl phosphoroselenoate, 6m!®:

16



The reaction is conducted by using diisopropyl Phosphite with benzeneselenol and afforded
the desired product as a gummy liquid, 45.1 mg (70% by Method-D).

"H NMR (400 MHz, CDCls): § 7.65-7.63 (m, 2H), 7.33-7.25 (m, 3H), 4.80-4.72 (m, 2H),
1.31 (d, J= 6.4 Hz, 6H), 1.23 (d, J = 6.0 Hz, 6H); 3*C NMR (100 MHz, CDCl5): 6 135.2 (d,
Jep=19.2 Hz), 129.4 (d, Jc-» = 8.0 Hz), 128.6 (d, Jc.r = 9.6 Hz), 124.6 (d, Jcr = 34.4 Hz),
73.2 (d, Jep = 26.4 Hz), 23.9 (d, Jcp = 15.2 Hz), 23.6 (d, Jcp = 24.4 Hz);3'P NMR (160
MHz, CDCls): 6 15.40; HRMS (ESI, m/z) calcd. for C12H2003PSe [M + H]*: 323.0315;
found: 323.0321.

)\o
\ro\llj/Se
1l
(¢} [ j\
Cl

Se-(4-chlorophenyl) O,0-diisopropyl phosphoroselenoate, 6n!®!:

The reaction is conducted by using diisopropyl (33.2 mg, 0.2 mmol) with bis(4-chlorophenyl)
diselenide (45.7 mg, 0.6 equiv) and afforded the desired product as a gummy liquid, 56.1 mg
(79% by using Method-C).

"H NMR (600 MHz, CDCl5): § 7.60 (dd, J= 8.4 Hz, 1.8 Hz, 2H), 7.28 (d, J = 8.4 Hz, 2H),
4.81-4.75 (m, 2H), 1.34 (d, J = 6.6 Hz, 6H), 1.28 (d, J = 6.6 Hz, 6H); 13*C NMR (150 MHz,
CDCl3): 6 136.4 (d, Jcp = 4.8 Hz), 134.9 (d, Jc.» = 2.7 Hz), 129.5 (d, Jcr = 1.9 Hz), 122.7 (d,
Jor = 8.4 Hz), 73.3 (d, Jer = 6.6 Hz), 23.8 (d, Jcp = 3.7 Hz), 23.5 (d, Jcp = 5.7 Hz); 3'P
NMR (120 MHz, CDCls): 6 13.88; HRMS (EI, m/z) calcd. For Ci2H;3C1O3PSe [M]™:
355.9847; found: 355.9831.

)\O
\rO\F‘,/SG
[l
o
F

Se-(4-fluorophenyl) O,O-diisopropyl phosphoroselenoate, 60:

The reaction is conducted by using diisopropyl phosphonate (33.2 mg, 0.2 mmol) with bis(4-
fluorophenyl) diselenide (41.8 mg, 0.6 equiv) and afforded the desired product as a gummy
liquid, 47.6 mg (70% by Method-C).

"H NMR (600 MHz, CDCls): § 7.66-7.63 (m, 2H), 7.01 (t, J = 9.0 Hz, 2H), 4.80-4.75 (m,
2H), 1.34 (d, J= 6.0 Hz, 6H), 1.27 (d, J = 6.6 Hz, 6H); '*C NMR (150 MHz, CDCls): § 163.1
(dd, J=247.5 Hz, 2.7 Hz), 137.3 (dd, J=8.2 Hz, 4.3 Hz), 119.0 (dd, J = 8.4 Hz, 3.4 Hz),
116.6 (dd, J=21.6 Hz, 1.8 Hz), 73.2 (d, J= 6.6 Hz), 23.8 (d, /= 3.9 Hz), 23.5 (d, /= 5.5 Hz);
IR (neat): Vmax 2981, 1486, 1248, 980, 569 cm’!; 3P NMR (120 MHz, CDCls): & 14.28, 14.25;
HRMS (ESI, m/z) calcd. for Ci2HisFNaO3PSe [M + Na]*: 363.0041; found: 363.0046.
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0,0-Dimethyl Se-(3-(trifluoromethyl)phenyl) phosphoroselenoate, 6p:

The reaction is conducted by using dimethyl phosphonate (22.0 mg, 0.2mmol) with bis(3-
trifluoromethylphenyl) diselenide (53.9 mg, 0.6 equiv) and afforded the desired product as a
gummy liquid, 47.3 mg (71% by Method-C).

"H NMR (600 MHz, CDCls): 8 7.9 (s, 1H), 7.86 (d, J = 7.8 Hz, 1H), 7.64 (d, J = 7.8 Hz, 1H),
7.47 (t,J=7.8 Hz, 1H), 3.83 (s, 3H), 3.81 (s, 3H); 3*C NMR (150 MHz, CDCl5): & 138.8 (d,
J=4.2 Hz), 132.2-132.1 (m), 131.8 (dd, J=32.4 Hz, 1.6 Hz), 129.9 (d, J= 2.1 Hz), 125.8-
125.7 (m), 124.4 (d, J= 8.4 Hz), 123.3 (d, J=271.0 Hz) 54.2 (d, /= 5.8 Hz); IR (neat): Umax
2955, 1320, 1025, 792, 526 cm’!;*'P NMR (160 MHz, CDCls): § 21.25; HRMS (EI, m/z)
calcd. For CoHioF303PSe [M]": 333.9485; found: 333.9491.

0,0-Dimethyl Se-phenyl phosphoroselenoate, 6q!"!:

The reaction is conducted by using dimethyl phosphonate with diphenyl diselenide or
benzeneselenol and afforded the desired product as a gummy liquid, 45.6 mg (86% by
Method-A) 42.9 mg (81% by Method-C), 32.2 mg (75% by Method-D).

'H NMR (600 MHz, CDCL): § 7.66-7.64 (m, 2H), 7.38 (td, J= 7.2, 1.2 Hz, 1H), 7.35-7.32
(m, 2H), 3.82 (s, 3H), 3.80 (s, 3H); 1*C NMR (150 MHz, CDCls):  135.6 (d, Jep = 4.5 Hz),
129.6 (d, Jep = 2.2 Hz), 128.9 (d, Jep = 2.7 Hz), 123.2 (d, Jer = 8.7 Hz), 53.9 (d, Jer = 5.5
Hz): IR (neat): vmax 2951, 2851, 1577, 1446, 1254, 1020, 524 cm™'; >'P NMR (160 MHz,
CDCls): § 22.61; HRMS (EL m/z) caled. For CsHy10sPSe [M]': 265.9611; found: 265.9618.

~

O
O Se |
|

o=

Se-butyl O,0-dimethyl phosphoroselenoate, 6r!8!:

The reaction is conducted by using dimethyl phosphonate (22.0 mg, 0.2mmol) with dibutyl
diselenide (32.7 mg, 0.6 equiv) and afforded the desired product as a gummy liquid, 24.5mg
(50% by Method-C).

'H NMR (600 MHz, CDCl3): & 3.80 (s, 3H), 3.78 (s, 3H), 2.91-2.86 (m, 2H), 1.76 (quin, J =
7.2 Hz, 2H), 1.43 (sex, J = 7.2 Hz, 2H), 0.94 (t, J = 7.2 Hz, 3H); >*C NMR (150 MHz,
CDCls): 8 53.5 (d, Je-p = 5.5 Hz), 33.2 (d, Jep = 4.3 Hz), 26.2 (d, Jop = 4.5 Hz), 22.7, 13.4;
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IR (neat): vmax 2927, 2856, 1458, 1255, 1023, 770, 527 cm™'; *'P NMR (120 MHz, CDCl3): §
25.25.

Se-(2-methoxyphenyl) O,0-dimethyl phosphoroselenoate, 6s:

The reaction is conducted by using dimethyl phosphonate (22.0 mg, 0.2mmol) with bis(2-
methoxyphenyl) diselenide (44.7 mg, 0.6 equiv) and afforded the desired product as a gummy
liquid,42.5mg (72% by Method-C).

"H NMR (600 MHz, CDCls): § 7.67 (d, J= 7.8 Hz, 1H), 7.34 (t, J = 7.8 Hz, 1H), 6.93-6.91
(m, 2H), 3.89 (s, 3H), 3.82 (s, 3H), 3.80 (s, 3H); 3C NMR (150 MHz, CDCls): § 158.7 (d, Jc.
p=4.3 Hz), 136.9 (d, Jcp= 3.9 Hz), 130.6 (d, Jcp=2.4 Hz), 121.7 (d, Jcp= 2.1 Hz), 112.5
(d, Jep=8.1 Hz), 111.2 (d, Jep=2.2 Hz), 55.9, 53.8 (d, Je.p = 5.2 Hz): IR (neat): Umax 2950,
2846, 1471, 1251, 1019, 526 cm™';*'P NMR (120 MHz, CDCls): 6 22.44; HRMS (EI, m/z)
calcd. For CoH304PSe [M]": 295.9717; found: 295.9710; ”7Se NMR (76.3 MHz, CDCl5):
160.8 (d, Jsep=501.4 Hz).

0,0-Dibenzyl Se-phenyl phosphoroselenoate, 6t!7!:

The reaction is conducted by using diphenyl phosphite with dibenzyl diselenide or
benzeneselenol and afforded the desired product as a gummy liquid, 62.7 mg (75% by
Method-C), 66.8 mg (80% by Method-D).

"H NMR (600 MHz, CDCls):  7.58 (d, J= 7.2 Hz, 2H), 7.37-7.33 (m, 7H), 7.30-7.25 (m,
6H), 5.17-5.10 (m, 4H); 13C NMR (150 MHz, CDCL): & 135.8 (d, Jep = 4.8 Hz), 135.2 (d,
Jer =78 Hz), 129.5 (d, Jep = 2.1 Hz), 128.9 (d, Jep = 2.7 Hz), 128.5, 128.5, 128.0, 123.2
(d, Jer = 8.7 Hz), 69.1 (d, Jep = 6.0 Hz); IR (neat): vmax 3060, 2945, 1579, 1455, 1253, 991,
738, 529 cm™';3'P NMR (120 MHz, CDCl3): 6 0.54; HRMS (EI, m/z) calcd. For
C20H1903PSe [M]": 418.0237; found: 418.0224.
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0,0,Se-tribenzyl phosphoroselenoate, 6u:

The reaction is conducted by using dibenzyl phosphonate (52.4 mg, 0.2 mmol) with dibenzyl
diselenide (40.8 mg, 0.6 equiv) and afforded the desired product as a gummy liquid, 47.5mg
(55% by Method-C).

'H NMR (600 MHz, CDCls):  7.40-7.36 (m, 10H), 7.31-7.23 (m, SH), 5.13-5.10 (m, 2H),
5.04-5.00 (m, 2H), 4.06 (d, J = 12.6 Hz, 2H); 3C NMR (150 MHz, CDCls): § 138.0 (d, Je.p =
5.1 Hz), 135.3 (d, Jep = 7.8 Hz), 128.9, 128.7, 128.6, 128.1, 127.4, 126.9, 68.7 (d, Jc-p = 5.4
Hz), 29.7 (d, Je-p = 4.5 Hz); IR (neat): vmax 3032, 2933, 1495, 1455, 1252, 991, 740, 530 cm’
1:31p NMR (120 MHz, CDCls): & 21.18; HRMS (EI, m/z) caled. For Ca1H2105PSe [M]':
432.0394; found: 432.0387.

HO
\/\/O\ﬁ/se
o “OO

0,0-Dibutyl Se-naphthalen-2-yl phosphoroselenoate, 6v:

The reaction is conducted by using dibutyl phosphonate (38.8 mg, 0.2mmol) with bis(2-
naphthyl) diselenide (49.5 mg, 0.6 equiv) and afforded the desired product as a gummy
liquid, 59.2mg (74% by Method-C).

'H NMR (600 MHz, CDCls): & 8.18 (s, 1H), 7.85-7.83 (m, 1H), 7.81-7.78 (m, 2H), 7.70 (d, J
= 8.4 Hz, 1H), 7.54-7.51 (m, 2H), 4.19-4.10 (m, 4H), 1.64 (quin, J = 6.6 Hz, 4H), 1.34 (sex, J
— 7.8 Hz, 4H), 0.88 (t, J = 7.8 Hz, 6H); '*C NMR (150 MHz, CDCls): 5 135.2 (d, Jc-p = 5.8
Hz), 133.8 (d, Jep = 2.2 Hz), 132.9 (d, Jep = 1.9 Hz), 131.98 (d, Jep = 3.7 Hz), 128.9 (d, Je-p
= 1.2 Hz), 127.7, 127.5, 126.8, 126.6, 121.0 (d, Je.p = 8.7 Hz), 67.6 (d, Jer = 6.3 Hz),32.0 (d,
Jer =7.2 Hz), 18.7, 13.5; IR (neat): vmax 2958, 1462, 1253, 1018, 537 cm'; 3'P NMR (120
MHz, CDCls): § 17.96; HRMS (EI, m/z) caled. For CisHasO3PSe [M]*: 400.0707; found:
400.0702; 77Se NMR (76.3 MHz, CDCl3): 266.1 (d, Jse.p = 484.2 Hz).

KL OMe
0]

\/\/O\l‘:\,‘/Se
O

0,0-Dibutyl Se-(2-methoxyphenyl) phosphoroselenoate, 6w:

The reaction is conducted by using dibutyl phosphite (49.5 mg, 0.6 equiv) with diphenyl
diselenide (44.7 mg, 0.6 equiv) and afforded the desired product as a gummy liquid, 57.7 mg
(76% by Method-C).
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'H NMR (400 MHz, CDCl3): & 7.69 (dt, J = 7.6 Hz, 1.6, 1H), 7.33-7.29 (m, 1H), 6.92-6.88
(m, 2H), 4.17-4.08 (m, 4H), 3.87 (s, 3H), 1.63 (quin, J = 6.8 Hz, 4H), 1.39-1.30 (m, 4H), 0.89
(t, J= 7.2 Hz, 6H); 3C NMR (100 MHz, CDCls): & 136.6 (d, J = 15.6 Hz), 130.3 (d, J = 8.4
Hz), 121.7 (d, J= 7.6 Hz), 111.1 (d, J = 7.6 Hz), 67.5 (d, J = 24.8 Hz), 55.9, 32.1 (d, J = 28.8
Hz), 18.8, 13.7; IR (neat): vmex 2960, 1580, 1470, 1251, 1020, 538 cm'; >'P NMR (120 MHz,
CDCl): § 18.30; HRMS (EL m/z) caled. For C1sHasO4PSe [M]": 380.0656; found: 380.0653.

Saa

Se-naphthalen-1-yl O,0-diphenyl phosphoroselenoate, 6x:

The reaction is conducted by using diphenyl phosphite (46.8 mg, 0.2mmol) with bis(1-
naphthyl) diselenide (49.5 mg, 0.6 equiv) and afforded the desired product as a gummy
liquid, 37.8 mg (43% by Method-C).

"H NMR (600 MHz, CDCls): 6 8.19 (d, J= 8.4 Hz, 1H), 7.93-7.91 (m, 2H), 7.85 (d, /= 8.4
Hz, 1H), 7.51 (t, J = 7.8 Hz, 1H), 7.45 (t, J = 7.8 Hz, 1H), 7.39 (t, J = 7.8 Hz, 1H), 7.31-7.28
(m, 4H), 7.19 (t, J = 7.2 Hz, 2H), 7.14-7.13 (m, 4H); *C NMR (150 MHz, CDCls): 5150.2
(d, Jep = 8.7 Hz), 137.2 (d, Jcp = 5.4 Hz), 134.9 (d, Jcr = 3.3 Hz), 134.2 (d, Jc-» = 2.5 Hz),
130.8 (d, Jcp = 3.6 Hz), 129.7, 128.4, 128.1, 127.2, 126.5, 125.8 (d, Jc.r = 3.7 Hz), 125.4 (d,
Jcp=0.9 Hz), 122.0 (d, Jc-» = 9.9 Hz), 120.4 (d, Jc.r = 5.1 Hz); IR (neat): vmax 3060, 2925,
1590, 1489, 1187, 932, 511 cm!;*'P NMR (120 MHz, CDCls): & 8.60; HRMS (ESI, m/z)
caled. for C22Hi303PSe [M + H]": 441.0159; found: 441.0155.

5@%&

Se-naphthalen-2-yl O,0-diphenyl phosphoroselenoate, 6y:

The reaction is conducted by using diphenyl phosphite (46.8 mg, 0.2mmol) with bis(2-
naphthyl) diselenide (49.5 mg, 0.6 equiv) and afforded the desired product as a gummy
liquid, 71.3 mg (81% by using Method-C).

'H NMR (600 MHz, CDCl3): & 8.01 (s, 1H), 7.85 (d, J = 7.8 Hz, 1H), 7.78 (d, J = 8.4 Hz,
1H), 7.74 (d,J = 7.2 Hz, 1H), 7.60 (d, J = 9.0 Hz, 1H), 7.57-7.52 (m, 2H), 7.87-7.34 (m, 4H),
7.25-7.22 (m, 7H); 3C NMR (150 MHz, CDClz): § 150.2 (d, Je-p = 8.2 Hz), 136.4 (d, Jep =
6.0 Hz), 133.7 (d, Jer = 2.7 Hz), 133.1 (d, Jep = 2.1 Hz), 132.3 (d, Jep = 3.6 Hz), 129.8,
129.1 (d, Jep = 2.2 Hz), 127.7 (d, Jep = 4.3 Hz), 127.2, 126.7, 125.6, 120.6 (d, Jep = 5.1
Hz), 119.7 (d, Jc-r = 9.6 Hz); IR (neat): vmax 2924, 1589, 1488, 1185, 932, 521 cm’!; *'P NMR
(120 MHz, CDCl3): 6 9.84; HRMS (ESI, m/z) calcd. for C2xHi17NaO3PSe [M + Na]*:
462.9978; found: 462.9981.
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((2S,3S,5R)-3-azido-5-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-
yDtetrahydrofuran-2-yl)methyl isopropyl phosphonate (O)!1°:111;

'H NMR (600 MHz, CDCls): § 8.48 (br.s, 1H), 7.42, 7.37*(s, 1H), 6.94, 6.92*(d, J = 702.6
Hz, 1H, P-H), 6.22-6.19 (m, 1H), 4.83-4.79 (m, 1H), 4.37-4.26 (m, 2H), 4.06-4.03 (m, 1H),
2.48-2.44 (m, 1H), 2.37-2.33 (m, 1H), 1.95 (s, 3H), 1.40-1.38 (m, 6H); '*C NMR (150 MHz,
CDCl): & 163.3, 149.9, 135.3, 135.2% 111.6, 111.5%, 84.9, 82.2, 82.1*, 72.3 (/= 5.8 Hz),
63.9%(J = 5.4 Hz), 59.98, 59.95*, 37.45, 37.42*, 24.06 (J = 3.9 Hz), 23.80, 23.76*, 12.50,
12.47%; 3'P NMR (400 MHz, CDCls): § 7.55, 6.95%; HRMS (ESI, m/z) calcd. for
C13H20N5sNaOgP [M + Na]*: 396.1049; found: 390.1046.

(o}

H,C
NH
0 PN
CI—QS(&—F—"—O N0
0 —%ﬂ
)\ N3

0-(((2S,3S,5R)-3-azido-5-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-
yDtetrahydrofuran-2-yl)methyl) Se-(4-chlorophenyl) O-isopropyl phosphoroselenoate
(P):

The reaction is conducted for 36 hours by using O (Scheme 4) with bis(4-chlorophenyl)
diselenide and afforded the desired product as a gummy liquid.

'H NMR (400 MHz, CDCls): & 9.59 (br.s, 1H), 7.56-7.53 (m, 2H), 7.29-7.24 (m, 3H), 6.21 (t,
J=6.4Hz, 1H), 6.16*(t, J = 6.4, 1H), 4.89-4.79 (m, 1H), 4.37-4.12 (m, 3H), 3.98-3.96 (m,
1H), 2.41-2.35 (m, 1H), 2.26-2.16 (m, 1H), 1.83, 1.79%(s, 3H), 1.36-1.33 (m, 3H), 1.29-1.27
(m, 3H); 3C NMR (100 MHz, CDCl3): & 164.1, 150.42, 150.37%, 137.0 (dd, J = 7.6 Hz, 4.7
Hz), 136.0-135.9 (m), 135.36, 135.33*, 129.9 (dd, J = 4.3 Hz, 1.6 Hz), 121.2 (J= 9.2 Hz),
111.6, 84.9, 84.7*, 82.2-82.0 (m), 74.8-74.7 (m), 66.0-65.9 (m), 60.1, 59.9*, 37.6, 24.04,

24.01*, 23.6, 23.5*, 12.6, 12.5%; 3*'P NMR (400 MHz, CDCls): § 17.25, 17.17; HRMS (ESI,
m/z) calcd. for C19H2CINsOgPSe [M + H]": 564.0318; found: 564.0312.

*a pair of disstreoisomers: different chemical shifts assigned to the same centre.
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Spectral Data:
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