Electronic Supplementary Material (ESI) for Green Chemistry.
This journal is © The Royal Society of Chemistry 2017

Supporting Information

Air-induced Double Addition of P(O)-H to Bond to Alkynes: A Clean and Practical Method for
the Preparation of 1,2-Bisphosphorylethanes

Haiqing Guo, ® Aya Yoshimura, 2 Tiegiao Chen,? Yuta Saga® and Li-Biao Han?

@ National Institute of Advanced Industrial Science and Technology (AIST), 1-1-1, Higashi,
Tsukuba, Ibaraki, 305-8565, Japan.

b Katayama Chemical Industries Co., Ltd, 3-Chome, Higasinaniwa-cho, Amagasaki, Hyogo 660-
0892, Japan.

S1



General Comments

Unless otherwise noted, all reagents were purchased from commercial suppliers and used without
further purification. All solvents were dried by standard methods. Diphenylphosphine oxide from
Katayama Chemical Industries Company was purified by sublimation and stored in the glove box.
'H, 13C, and 3'P NMR spectra were recorded on a JEOL (Tokyo, Japan) INM-ECX400 FT NMR
(400 MHz for 'H, 100 MHz for '3C, and 162 MHz for 3'P ) using CDCl;. The coupling constants J
are given in Hz. Melting points were determined on Opti Melt MPA100 apparatus (TOKYO
INSTRUMENT, INC.).
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Experimental procedures:

A typical procedure at 0.1 mmol scale: In a 1 mL closed vial were placed diphenylphosphine oxide
(0.2 mmol), 1-octyne (0.1 mmol), dioxane (25uL), and air (1 mL) under nitrogen. The mixture was
stirred at 100 °C for 22 h. The NMR yield of the product 1a was obtained in 80% based on *'P NMR
spectroscopy. The product was isolated using a preparative GPC (Japan Analytical Industry Co., Ltd.,

LC-908) using chloroform as an eluent.

A typical procedure under solvent-free conditions at 1 mmol scale: In a 10 mL Schlenk flask
were placed diphenylphosphine oxide (1.0 mmol), 1-octyne (1.5 mmol), and air (I mL) under
nitrogen. The mixture was stirred at 150 °C for 43 h. The mixture was washed with hexane (8 mL, 60

°C) to remove the remained starting materials to give NMR spectroscopically pure 1a.
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la'!

P(O)Ph,
CeHis P(O)Ph,
'H NMR (CDCl;, 400 MHz) 8 7.78-7.67 (m, 6H), 7.48-7.30 (m, 14H), 3.03-2.93 (m, 1H), 2.66—
2.45 (m, 3H), 1.77-1.62 (m, 1H), 1.48-1.36 (m, 1H), 1.27-1.16 (m, 1H), 1.04-0.94 (m, 1H), 0.92—
0.78 (m, 3H), 0.76-0.68 (m, 4H); 3P NMR (CDCls, 162 MHz) § 37.9 (d, J = 48.6 Hz), 30.9 (d, J =

48.6 Hz).

1b
P(O)Ph,

P(O)Ph
o (O)Ph;

White solid; m.p. 146-148 °C; 'H NMR (CDCls, 400 MHz) § 7.71-7.62 (m, 6H), 7.45-7.28 (m,
14H), 3.09 (t, J = 6.6 Hz, 2H), 2.95-2.85 (m, 1H), 2.61-2.40 (m, 2H), 1.79-1.64 (m, 1H), 1.50-1.29
(m, 2H), 1.27-1.13 (m, 2H), 1.09-0.98 (m, 1H); 3C NMR (CDCls, 100 MHz) 5 133.2 (d, Jo_p = 97.7
Hz), 132.8 (d, Je_p = 99.6 Hz), 132.2, 132.0, 131.9, 131.8, 131.0 (d, Jo_p = 8.6 Hz), 130.8 (d, Jep =
8.6 Hz), 130.6 (d, Je_p = 9.6 Hz), 130.6 (d, Jo_p = 9.6 Hz), 128.8 (d, Jo_p = 10.5 Hz), 128.7 (d, Je_p =
11.5 Hz), 128.7 (d, Jep = 11.5 Hz), 128.7 (d, Jop = 11.5 Hz), 128.6 (d, Je_p = 11.5 Hz), 44.3, 32.5,
31.3 (dd, Jep = 69.0 Hz, J = 3.8 Hz), 27.5, 27.3 , Jop = 69.0 Hz), 24.4 (d, J = 3.8 Hz); *'P NMR
(CDCls, 162 MHz) § 37.5 (d, J = 44.9 Hz), 30.9 (d, J = 44.9 Hz).

1c
P(O)Ph,

P(O)Ph
o (0)Ph;

Colorless gel; 'TH NMR (CDCls, 400 MHz) & 7.68-7.56 (m, 6H), 7.45-7.25 (m, 14H), 3.37 (br, 2H),
2.83-2.56 (m, 3H), 2.44-2.35 (m, 1H), 1.89-1.72 (m, 1H), 1.63-1.40 (m, 1H), 1.15 (br, 3H); 13C
NMR (CDCl;, 100 MHz) 6 133.1 (d, Jc_p = 100.6 Hz), 132.1, 131.8, 131.6 (d, Jc_p = 99.6 Hz), 130.9
(d, Jcp = 8.6 Hz), 130.9 (d, Jc_p = 8.6 Hz), 130.9 (d, Jc p = 8.6 Hz), 130.8 (d, Jc_p = 8.6 Hz), 128.8
(d, Jcp = 10.5 Hz), 128.8 (d, Jc_p = 10.5 Hz), 128.6 (d, Jc_p = 10.5 Hz), 128.8 (d, Jcp = 11.5 Hz),
60.6, 31.8 (dd, Jcp = 68.0 Hz, J= 3.8 Hz), 31.7, 27.3 (d, Jc_p = 68.0 Hz), 26.8, 22.9 (d, J = 3.8 Hz);
3IP NMR (CDCl;, 162 MHz) & 38.0 (d, J= 52.3 Hz), 32.6 (d, J = 52.3 Hz).

1d'©

P(0)Ph,
NC._~___P(O)Ph,

'H NMR (CDCls, 400 MHz) § 7.76-7.62 (m, 6H), 7.53-7.33 (m, 14H), 2.88 (brs, 1H), 2.64-2.43 (m,
2H), 2.02-1.85 (m, 3H), 1.79-1.57 (m, 2H), 1.41-1.30 (m, 1H); 3'P NMR (CDCl;, 162 MHz) & 37.2
(d,J=44.9 Hz), 31.1 (d, J = 44.9 Hz).

1e 1©
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O P(O)Ph,

>Hko/\)\/ P(O)Ph,

'H NMR (CDCls, 400 MHz) & 7.71-7.60 (m, 6H), 7.44-7.28 (m, 14H), 3.84-3.74 (m, 2H), 3.06—
2.91 (m, 1H), 2.61-2.43 (m, 2H), 2.13-2.00 (m, 1H), 1.97-1.85 (m, 1H), 1.00 (s, 9H); 3'P NMR
(CDCls, 162 MHz) § 37.3 (d, J = 44.9 Hz), 31.0 (d, J = 44.9 Hz).

1f
P(O)Ph,

/YO\)\/P(O)th

ol
White solid; m.p. 155-156 °C; 'H NMR (CDCl;, 400 MHz) & 7.70-7.61 (m, 6H), 7.46-7.26 (m,
14H), 4.25 (dd, J = 16.5, 5.5 Hz, 2H), 3.37-3.25 (m, 1H), 2.66-2.47 (m, 2H), 1.75 (q, J = 7.5 Hz,
2H), 0.82 (t, J = 7.8 Hz, 3H); 13C NMR (CDCls, 100 MHz) & 173.4, 132.9 (d, Jc_p = 99.6 Hz), 132.1
(d, Jcp =2.9 Hz), 132.0 (d, Jcp = 2.9 Hz), 131.9 (d, Jc.p = 2.9 Hz), 131.9 (d, Jcp = 2.9 Hz), 131.6
(d, Jep =97.7 Hz), 131.0 (d, Je p = 8.6 Hz), 131.0 (d, Jep = 9.6 Hz), 131.0 (d, Jep = 9.6 Hz), 130.6
(d, Jop = 9.6 Hz), 128.9 (d, Jep = 11.5 Hz), 128.7 (d, Jep = 11.5 Hz), 128.7 (d, Jep = 11.5 Hz),
128.6 (d, Jcp = 10.5 Hz), 64.6, 32.1 (dd, Jc_p = 68.0 Hz, J = 3.8 Hz), 26.8, 25.3 (d, Jc_p = 68.0 Hz),
8.7; 3IP NMR (CDCl;, 162 MHz) & 34.7 (d, J = 41.1 Hz), 31.1 (d, J = 41.1 Hz).

1g
OH P(O)Ph,
P(O)Ph,

White solid; m.p. 117-118 °C; 'H NMR (CDCls, 400 MHz) § 7.75-7.15 (m, 20H), 3.90-3.76 (m,
0.5H), 3.24-2.93 (m, 1.5H), 2.88-2.75 (m, 0.5H), 2.70-2.59 (m, 0.5H), 2.50-2.28 (m, 1H), 2.16—
2.02 (m, 0.5H), 1.86—1.73 (m, 0.5H), 1.69—1.55 (m, 1H), 0.98 (d, J = 5.9 Hz, 1.5H), 0.79 (d, J = 5.9
Hz, 1.5H); 13C NMR (CDCls, 100 MHz) & 133.0 (d, J_p = 101.6 Hz), 132.1 (dd, Jc_p = 2.9, 2.9 Hz),
132.0 (dd, Jep = 2.9, 2.9 Hz), 131.8 (dd, Je_p = 2.9, 2.9 Hz), 131.6 (dd, Jep = 2.9, 2.9 Hz), 131.6 (d,
Jep = 99.6 Hz), 131.1-130.8 (m), 130.7 (dd, Jep = 8.6, 9.6 Hz), 130.3 (dd, Jep = 9.6, 9.6 Hz),
128.9-128.5 (m), 65.4 (d, Jep = 2.9 Hz), 63.2 (d, Je_p = 12.5 Hz), 38.4 (d, Jep = 193.5 Hz), 29.6-
26.9 (m), 23.7 (d, Je_p = 107.3 Hz), 3'P NMR (CDCl;, 162 MHz) & 39.4 (dd, J = 48.6, 41.1 Hz), 33.8
(dd, J=48.6, 41.1 Hz).

1h
Ph,(O)R

QQ\/P(O)PhZ
OH

White solid; m.p. 182-183 °C; 'H NMR (CDCls, 400 MHz) & 7.95-7.90 (m, 2H), 7.71-7.66 (m, 2H),
7.63-7.28 (m, 2H), 7.45-7.30 (m, 7H), 7.21-7.11 (m, 7H), 4.87 (br, s, 1 H), 3.42-3.33 (m, 1H), 2.98—
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2.89 (m, 1H), 2.62-2.48 (m, 1H), 1.71-1.59 (m, 1H), 1.54-1.44 (m, 1H), 1.41-1.33 (m, 1H), 1.28—
1.12 (m, 4H); 3C NMR (CDCl;, 100 MHz) § 134.1 (d, Jep = 94.9 Hz), 133.5 (d, Jop = 99.6 Hz),
133.3 (d, Jep = 99.6 Hz), 131.9 (d, Je_p = 98.7 Hz), 131.9 (br), 131.4 (br), 131.2 (d, Je_p = 8.6 Hz),
130.6 (d, Je_p = 9.6 Hz), 130.5 (d, Jo_p = 9.6 Hz), 130.2 (d, Je_p = 9.6 Hz), 128.7 (d, Je_p = 12.5 Hz),
128.6 (d, Je_p = 11.5 Hz), 128.5 (d, Je_p = 11.5 Hz), 128.4 (d, Je_p = 12.5 Hz), 83.4 (dd, Je_p = 2.9,
2.9 Hz), 40.3 (d, Je_p = 9.6 Hz), 40.1, 39.7 (dd, Jep = 66.1 Hz, J = 3.8 Hz), 26.3 (Jo_p = 68.0 Hz),
23.6,22.3; 3'P NMR (CDCls, 162 MHz) 8 40.6 (d, J = 22.4 Hz), 30.7 (d, J = 22.4 Hz).

1i 1(a,c), 2

P(O)Ph,
P(O)Ph;

'"H NMR (CDCl;, 400 MHz) & 8.14-7.95 (m, 2H), 7.66-7.48 (m, 5H), 7.46-6.95 (m, 15H), 6.93—
6.73 (m, 3H), 4.424.12 (m, 1H), 3.36-3.00 (m, 1H), 3.00-2.73 (m, 1H),; 3'P NMR (CDCl;, 162
MHz) 6 36.0 (d, J=48.6 Hz), 30.8 (d, /= 48.6 Hz).

1§10

P(O)Ph,
P(O)Ph,

'H NMR (CDCls, 400 MHz) & 8.04-7.99 (m, 2H), 7.58-7.53 (m, SH), 7.44-7.37 (m, 1H), 7.35-7.31
(m, 2H), 7.28-7.24 (m, 1H), 7.21-7.07 (m, 8H), 6.99 (ddd, J = 7.8, 7.8, 2.7 Hz, 2H), 6.32 (s, 1H),
4.42-4.35 (m, 1H), 3.21-3.12 (m, 1H), 2.80-2.70 (m, 1H), 1.95 (s, 3H), 1.94 (s, 3H), 1.77 (s, 3H);
3IP NMR (CDCls, 162 MHz) 8 35.7 (d, J = 48.6 Hz), 30.3 (d, J = 48.6 Hz).

1K!©.3
P(O)Ph,
P(O)Ph,
HsCO

'H NMR (CDCls, 400 MHz) § 7.98-7.91 (m, 2H), 7.51-7.44 (m, 5H), 7.39-7.34 (m, 1H), 7.30-7.24
(m, 4H), 7.22-7.28 (m, 3H), 7.16-7.08 (m, 3H), 7.02 (ddd, J = 7.8, 7.8, 2.7 Hz, 2H), 6.93 (dd, J =
8.7, 1.8 Hz, 2H), 6.28 (d, J = 8.7 Hz, 2H), 4.17 (dddd, J = 12.4, 12.4, 12.4, 1.4 Hz, 1H), 3.55 (s, 3H),
3.03 (dddd, J=11.9, 11.4, 4.6, 4.6 Hz, 1H), 2.72 (dddd, J = 15.1, 15.4, 15.1, 1.4 Hz, 1H); 3P NMR
(CDCls, 162 MHz) § 35.8 (d, J = 48.6 Hz), 30.6 (d, J = 48.6 Hz).

111©
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P(O)Ph,
P(O)Ph,

H,oN

'H NMR (CDCls, 400 MHz) & 7.96-7.91 (m, 1H), 7.49-7.44 (m, 5H), 7.36 (dd, J = 7.3, 1.4 Hz, 1H),
7.31-7.26 (m, 4H), 7.24-7.16 (m, 4H), 7.10 (ddd, J = 7.8, 7.8, 3.2 Hz, 2H), 7.05 (ddd, J = 7.8, 7.8,
3.2 Hz, 2H), 6.78 (dd, J = 8.2, 1.8 Hz, 2H), 6.07 (d, J = 8.2 Hz, 2H), 4.10 (dddd, J = 12.8, 11.9, 6.9,
1.8 Hz, 1H), 3.01 (dddd, J = 11.9, 11.4, 4.6, 4.6 Hz, 1H), 2.71 (dddd, J = 15.1, 15.1, 11.4, 1.8 Hz,
1H); 3P NMR (CDCls, 162 MHz) & 35.8 (d, J = 48.6 Hz), 30.9 (d, J = 48.6 Hz).

1m ©

P(O)Ph,

/@)\/P(O)th
F5;C

'H NMR (CDCls, 400 MHZ) & 8.01-7.94 (m, 2H), 7.52-7.45 (m, 5H), 7.38 (ddd, J= 7.3, 7.3, 1.4 Hz,
1H), 7.32-7.25 (m, 4H), 7.24-7.17 (m, 3H), 7.16-7.08 (m, SH), 7.00-6.95 (m, 4H), 4.30 (dddd, J =
12.1, 12.1, 6.9, 1.8 Hz, 1H), 3.06 (dddd, J= 11.9, 11.9, 4.1, 4.1 Hz, 1H), 2.76 (dddd, J = 15.3, 15.3,
11.4, 1.8 Hz, 1H); 3'P NMR (CDCls, 162 MHz) & 35.3 (d, J = 44.9 Hz), 30.2 (d, J = 44.9 Hz).

1n 1©
P(O)Ph,
P(O)Ph,

0]
'H NMR (CDClLs, 400 MHz) & 7.99-7.93 (m, 2H), 7.52-7.43 (m, 5H), 7.39 (ddd, J = 7.3, 7.3, 1.4 Hz,
1H), 7.34-7.26 (m, 6H), 7.24-7.18 (m, 3H), 7.14-7.08 (m, 5H), 6.97 (ddd, J = 7.8, 7.8, 3.2 Hz, 1H),
428 (dddd, J=11.9, 11.9, 6.9, 1.4 Hz, 1H), 3.08 (dddd, J = 11.4, 11.4, 4.1, 4.1 Hz, 1H), 2.77 (dddd,
J=15.1,15.1, 11.4, 1.8 Hz, 1H), 2.36 (s, 3H); 3P NMR (CDCls, 162 MHz) & 35.2 (d, J = 44.9 Hz),
30.2 (d, J = 44.9 Hz).

10 1©.3

P(O)Ph,
P(O)Phy

Cl

'H NMR (CDCls, 400 MHZ) § 7.98-7.93 (m, 2H), 7.53-7.44 (m, 5H), 7.38 (ddd, J= 7.3, 7.3, 1.4 Hz,
1H), 7.32-7.26 (m, 4H), 7.24-7.17 (m, 4H), 7.12 (ddd, J = 7.3, 7.3, 2.7 Hz, 2H), 7.04 (ddd, J = 7.8,
7.8, 3.2 Hz, 2H), 6.95 (dd, J = 8.7, 1.8 Hz, 2H), 6.69 (d, J = 8.2 Hz, 2H), 4.20 (dddd, J = 12.4, 12.4,
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6.4, 1.8 Hz, 1H), 3.02 (dddd, J=11.9, 11.9, 4.6, 4.6 Hz, 1H), 2.73 (dddd, J = 15.1, 15.1, 11.0, 1.8 Hz,
1H); 3'P NMR (CDCls, 162 MHz) § 35.4 (d, J = 48.6 Hz), 30.3 (d, J = 48.6 Hz).

lp 1(c)

Cl  P(O)Ph,
P(O)Ph,

'H NMR (CDCls, 400 MHz) & 8.08-7.98 (m, 2H), 7.74-7.67 (m, 1H), 7.63-7.53 (m, 5H), 7.50-7.33
(m, 5H), 7.32-7.18 (m, 4H), 7.16-7.07 (m, 4H), 7.01 (dd, J = 7.3, 7.3 Hz, 1H), 6.85 (dd, J= 7.8, 7.3
Hz, 1H), 6.78 (d, J = 7.8 Hz, 1H), 4.92 (ddd, J=11.9, 11.9, 7.3 Hz, 1H), 3.22-3.08 (m, 1H), 2.85 (dd,
J=14.2,13.7 Hz, 1H); 3P NMR (CDCls, 162 MHz) & 36.2 (d, J = 44.9 Hz), 30.0 (d, J = 44.9 Hz).

1q '©-4
P(O)Ph,
N P(O)Ph,

AN

=

'H NMR (CDCls, 400 MHz) & 8.79-6.06 (br, 29H), 4.49 (br, 29H), 3.57 (br, 1H), 2.81 (m, 1H); 3'P
NMR (CDCls, 162 MHz) § 35.2 (d, J=41.1 Hz), 31.0 (d, /= 41.1 Hz).

1r

0

/

o1
2

CeH13)\
,/P@OMe)
(e} 2

Colorless oil; 'H NMR (CDCls, 400 MHz) & 7.68-7.48 (m, 6H), 7.35-7.30 (m, 2H), 6.90-6.80 (m,
6H), 6.78 (d, J = 7.3 Hz, 2H), 3.75-3.37 (m, 12H), 2.90-2.71 (m, 1H), 2.53-2.33 (m, 2H), 1.73-1.54
(m, 1H), 1.43-1.27 (m, 1H), 1.26-1.09 (m, 2H), 1.03-0.94 (m, 2H), 0.91-0.78 (m, 2H), 0.78-0.71
(m, 2H), 0.68 (t, J = 7.3, 7.3 Hz, 3H); 3C NMR (CDCls, 100 MHz) § 162.2, 162.1, 132.8 (d, Jo.p =
8.6 Hz), 132.7 (d, J_p = 9.6 Hz), 132.5 (d, Jeop = 8.6 Hz), 132.4 (d, Jep = 9.6 Hz), 124.8 (d, Jo p =
108.3 Hz), 123.2 (d, Jop = 101.6 Hz), 114.3 (d, Jop = 12.5 Hz), 114.1 (d, Jop = 11.5 Hz), 55.3 (d,
Jop=2.9 Hz), 31.2, 30.8 (d, Jo_p = 228.0 Hz), 29.3, 28.4, 27.8 (dd, Jc_p = 69.9 Hz, J = 3.8 Hz), 27.1,
22.4,14.0; 3'P NMR (CDCls, 162 MHz) 8 38.5 (d, J = 44.9 Hz), 31.2 (d, J = 44.9 Hz).

1s
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CeH13)\
/P<—< >—CF3>
o} 2

White solid; m.p. 52-53 °C; 'H NMR (CDCls, 400 MHz) & 7.99-7.75 (m, 6H), 7.69-7.66 (m, 4H),
7.63-7.40 (m, 6H), 3.35-2.98 (m, 1H), 2.81-2.42 (m, 2H), 1.74-1.49 (m, 1H), 1.49-1.29 (m, 1H),
1.18-1.05 (m, 1H), 1.00-0.87 (m, 3H), 0.83-0.71 (m, 4H), 0.66 (t, J = 7.3, 7.3 Hz, 3H); 3C NMR
(CDCls, 100 MHz) 5 134.4 (d, Jep = 15.3 Hz), 134.2 (d, Jop = 14.4 Hz), 134.2 (d, J_p = 99.6 Hz),
134.1 (d, Jep = 13.4 Hz), 133.9 (d, Jep = 12.5 Hz), 131.6, 131.4, 131.1 (d, Jc_p = 3.8 Hz), 130.8 (d,
Jop = 3.8 Hz), 130.0 (d, Jo_p = 98.7 Hz), 126.1-125.6 (m), 123.4 (q, Je_p = 273.1 Hz), 123.3 (q, Jep
= 274.0 Hz), 123.3 (q, Jep = 273.1 Hz), 123.2 (q, Jep = 273.1 Hz), 31.1, 30.9 (dd, Je p = 68.0 Hz, J
= 3.8 Hz), 29.4 (d, Jop = 64.2 Hz), 29.0, 28.7, 26.9, 22.3, 13.8;3'P NMR (CDCls, 162 MHz) & 35.6
(d,J=22.4 Hz), 28.1 (d, J = 22.4 Hz).

1t

g "),

White solid; m.p. 190-192 °C; 'H NMR (CDCls, 400 MHz) § 7.31-7.23 (m, 8H), 7.21-7.12 (m,
12H), 2.67-2.59 (m, 8H), 2.23-2.09 (m, 2H), 1.85-1.46 (m, 29H), 1.26 (br, s, 22H), 0.89 (t, J = 6.9,
6.9 Hz, 3H); 3C NMR (CDCls, 100 MHz) & 141.8 (d, Jop = 3.8 Hz), 141.7, 128.4 (d, Jop = 2.9 Hz),
128.3, 125.9 (d, Je_p = 3.8 Hz), 125.9 (d, Je_p = 2.9 Hz), 35.4, 33.0, 32.9, 32.9, 32.8, 32.8, 32.7, 31.9,
31.1 (dd, Jep = 69.0 Hz, J = 3.8 Hz), 30.5, 30.0, 29.7, 29.4, 29.4, 28.0, 28.0, 26.9 (d, Jc_p = 63.2 Hz),
26.5 (d, Jop = 63.2 Hz), 25.7 (d, Je_p = 62.3 Hz), 22.7, 21.5 (d, Je_p = 2.9 Hz), 21.4 (d, Je_p = 3.89
Hz), 21.3 (d, Jop = 3.8 Hz), 14.1; 3'P NMR (CDCls, 162 MHz) & 53.8 (d, J = 22.4 Hz), 48.9 (d, J =
22.4 Hz).
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2 EHE DATIM 2016-06-22 16:45:28

OBNUC 31P
EXMOD single_pulse_dec

OBERQ 1€1.849 MHs
OBSET .78 HH=
OBEIN 4.82 Hs
POINT zez22
FREQU 98037.73 Hs
SCANS 128
ACQTHM .2ET72 =mec
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4.0000 =sec
5.50 usec

112.1 ¢
SLVNT CDCL3

EXREF 12.51 ppm
BF 0.20 Hs
RGAIN Y-

on

2.

L. 02
ol

Cl  P(O)Ph,
' " P(O)Ph,
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3P NMR

C:%\Users A¥A'Documenta’2015.04- [yoshimuzra} WEx« Chemistry, “A:-.5@8=9'Ao¥MR.Entry 14.%8 ~\ 2016
5B DFILE 201€0623exp-231C_3I_315_FULL
= COMNT guc/20160622exp-231C 3T
[T DATIM 2016-06-23 10:00:43

OBNUC 31F
EXMOD single_pulse_dec
161.84 MHs
2.78 HHs
4.82 Hs
zezz4
58037.73 He
128
£74 =ec
000 =ec
.43 usec

252.89 ppm

Cl  P(O)Ph,
P(O)Ph,

Dazay20
ILE Z01€61118_cz20

sehhiGreen

B_c202_BROTGC
_PROTON-%._als

S29

COMKNT guo /20161118 <202

DATIM201€-11-18 12:15:16¢€
OBNUC 1H
EXMOD single_pulse.exZ
QOBERQ 399.78 MH=
OB3ET 4.15 KHs
OBEIN 7.29 Hs
POINT 1€400
FREQTU 7503.00 Hs
aoo
2.1837 sec
.0000 sec
5.50 usec
238 =
1245 ppm
0.20 Hs
a4

P(O)Ph,
P(O)Ph;



3P NMR

W a-OHE«

stry.

“At-‘New Faper

354

ih,

Lo

cf

:3Taers a¥A\Document=a' 2015 04— [(yoshimural Eus tfelf)

OBHUC 318

Dazat

DEILE 20160623
COMKT guo /20160
DATIM 2016-06-2

233C120160623exp-23
xp-233C_SI_31F_FULL
€28exp-233C
a3 10:33:41

EXMOD single_pulse_dec
OBERQ 161.84 MHs
OBSET 2.78 EHz
OBEIN 4.82 Hs
BOINT 26224
FREQU S8037.73 Hs
SCANS 128
ACQTM L2E7% szec
ED 2.0000 smec
W1 3.43 usec
IRNTC 1H

CTEMP 23.0 ¢
SLYNT CDCLZ

EXREF 3252 .89 ppm
BE 0.20 Hs
REAIN 50

P(O)Ph,

81

P(O)Ph,

40

ao

AL

S30

GClrevised ¥MR."2016121€exp-T760~

DFILE 201€121€6exp-TE0-GPC-9th_PROT
COMNKT
DATIM 201€-12-1€ 13:11:46€
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ 2389 .78 MHs=
OB3ET 4.15 HHs
OBEFIN 7.29 Hs
EOINT 13120
EFREQU €002.31 Hs
SCANS 1€
ACQTM 2.1827 =ec
ED 4.0000 =ec
EWl 5.50 u=ec
IRNUC 1H
CTEMP Z23.%2 ¢
SLVHRI CDCL3
EXREF 0.00 ppm
EF 0.12 Hs
REGAIN 20
iy
MeO P
2
EEM CeH13
P OMe
(0] 2



Documents' 201 thi16 n “h¢-\EClrevised\NHR.20161222exp-T60__C1
A = [ R, 1 DEILE 201€6122Z2exp-T760__C13_againg
e PR TNl N TE¥ona COMNT guo/201€122Zexp-760 <13 aga
o = Sig o LR DATIM 201€-12-22 12:45:55
——————————————— OENUC 13C
EXMOD single_pulze_dec
OEFRQ 100.53 MH=
OBSET 5.235 HHs
OBEIN 5.86 Hsz
POINT az781
FREQU 31407.03 Hs
sCANS 1150
acQrM 1.0422 =ec
PD 2.0000 =ec
EW1 3.40 uzec
IRNUC 1H
CTEME z3.8 e
SLVNT CDCL3
EXREF 224.7% ppm
EF 0.20 Hsz
RGAIN s8
]
d 1 i 1
1 Y
i ,\ h,i MeO P
Ul ) 2
. CeHi3
i T P R I R B . e s o i T = o 1 OMe
150 1zs 100 75 s0 23 5
“h¢-\EClrevised\NMR\20161216exp
1 DEILE 20161216exp-T760-GEC-Bth_31F
COMNT
DATIM 201€6-12-16 13:02:35
OENUC 310
EXMOD single_pulze_dec
OEFRQ 161.84 MHz
OBSET 2.78 HHz
OBEIN 4.82 Hsz
POINT zezz4
FREQU 58037.73 Hs
sCANS 128
acQrM 0.2674 =ec
PD 2.0000 =ec
EW1 3.43 uzec
IRNUC 1H
CTEME 23.7 a
SLVNT CDCL3
EXREF 252.8% ppm
EF 0.12 Hsz
RGAIN s0
{,«
MeO
PEM
=T &1 T T L s i ] o T T =i T | i e e | OMe
sjo 43 40 25 20 zs z0 15 5
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OBNUC

OBFRQ
OBSET
OBFIN
EOINT
EREQU
SCANS
2CQTM
D
W1
IRNTUC
CTEME
SLVNT
EXREF
BF
REGAIN

1H

CDCL3

“WEClrevised \NHRY201
DFILE Z01€1220exp- 5t
COMNT guo/201€1220exp-T772
DATIM Z016-12-20

385._78
4.19
7.289

16400
7503.00
1€

2.1837

4.0000
5.50
z3.3

12.45
0.12
20

Al
—
: L
PEM 2
T T T T T CGH13
] € 4 2 o
G v, "h(-\BCirevised\NMR\201
=] DFILE 20161222exp-
B COMNT guo/20161222
o DATIM 201€-12-22 1
—————— OBNUC 13C
EXMOD single_pulse_
’_,&A’J—J OBFRQ 100.52
OESET 5.35
OEFIN 5.06
POINT az781
EREQU 31407.03
scaNs 1150
acQTM 1.0422
3. 2.0000
EW1 3.40
IRNUC 1H
CTEME z23.8
SLUNT CDCL3
EXRET 224.8€
EF 0.1z
REAIN €0
1
1
1
1
it
7
FsC P
2
PEM CGH13

S32

1€:45:28

EXMOD single_pulse._ex2

MH=
KEHs
Hsz
Hz
==c

==c
uzec

FET

Hz
==c

==c
uzec

FET




3P NMR

: - “h-\GC\revised\FMR\20161220exp-772_31F
DFILE 20161220exp-772_31P_FULL_BCH
COMNT guo/201€1220exp-T72
DATIM 2016-12-20 18:04:11
OBNUC 31E
EXMOD single_pulse_dees
OBFRQ 1€1.84 MH=
OBSET 2.78 HHs
OBFIN 2.82 Hs
EOINT zezz4
EREQU 58037.73 Hsz
SCANS 128
2CQTM 0.2674 =ac
D 2.0000 =ee
W1 3.43 usec
IRNTUC 1H
CTEME 24.0 ¢
SLVNT CDCL3
EXREF 352.89 pp=m
BF 0.12 Hs
e REGAIN 50
- =
L
FsC P
EEM 2
g e I P T T | o g3 | e T g il o C6H13
! 45 40 15 20 25 20 15 1p P CF
/7 3
2

1t
'H NMR

L5 Ji-=-OHE«# “hi-\GC\revised\FMR\20161220exp-T66
- = EEE] DFILE 20161220exp-766_PROTON-3.als
== o == = COMNT guo/Z01€1220exp-TEE
= o i DATIM 2016-12-20 1€:28:02
OBNUC 1H
EXMOD single_pulse._ex2
OBFRQ 299.78 MH=
OBSET 4.15 HHs
OBFIN 7.29 Hs
EOINT 13120
EREQU €002.31 Hs
SCANS 18
2CQTM 2.1827 =ac
D 4.0000 =ee
W1 5.50 usec
IRNTUC 1H
CTEME 23.3 ¢
SLVNT CDCL3
EXREF 12.51 ppm
BF 0.12 Hs
REGAIN 20

0o

i
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04— ac: 3. E L EE, reen Iy, - 2ed \NMR.20161220exp-T766_CAR

o 2 il ] o P e g R SRR R 201€1220exp-TE6_CARBON-3.als

I TR T e e e Tk R RS TR e
EEEMMM GG E o MM aNNNN NN NN ~ cenIel Coh o il

13c
single_pulze_dec
100.53 MH=

5.35 EHs

5.8€ Hs
zezzae

25125.24 Hsz
€00

1.0432 =mec
2.0000 =ec
2.40 usec

1H
24.0 e
CBCL2
77.04 ppm
; 0.12 Ha
£0

ised FMRY20161220exp-"1
20161220exp-TE6_I1E_
guo/201€1220exp-TEE
{ 2016-12-20 16:36:07

; aie
EXMOD single_puls=e_dec
OBFRQ 1€1.84 MH=
OBSET 2.78 HHs
OBFIN 4.82 Hs
EOINT az781
EREQU 122549.03 Hs
SCANS 128

0.2674 =esc
2.0000 =mec
2.423 us=ec

23.6 c
SLVNT CDCL3
EXREF 352.89 pp=m
BF 0.12 Hs
REGAIN 50

EEM
g e T T T T o | ] P | T T = & L o e B | /F
7o €5 €0 55 50 45 40 25 (o) th
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