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1. General information

'H NMR spectra were recorded on Bruker 400 MHz and 600 MHz spectrometer and
the chemical shifts were reported in parts per million (o) relative to internal standard
TMS (0 ppm) for CDCls. The peak patterns are indicated as follows: s, singlet; d,
doublet; dd, doublet of doublet; t, triplet; m, multiplet; g, quartet. The coupling
constants, J, are reported in Hertz (Hz). **C NMR spectra were obtained at Bruker
100 MHz, 150 MHz and referenced to the internal solvent signals (central peak is 77.0
ppm in CDCl3). **P NMR spectra were proton decoupled and recorded in CDCl; on
243 MHz NMR spectrometer. CDCl3 was used as the NMR solvent. APEX Il (Bruker
Inc.) was used for ESI-MS and EI-MS. IR spectra were recorded by a Bruker Tensor
27 infrared spectrometer. Flash column chromatography was performed over silica gel
200-300. All reagents were weighed and handled in air at room temperature. All
chemical reagents were purchased from Alfa, Acros, Aldrich, TCI, and J&K and used
without further purification. The substrates 1b™, 2e, 2i%?, 2k, 20" were prepared

according to the reported literatures.

2. General procedure for synthesis of 4

0
(@] 5 1g _
R cat. cyAc): R 2;F‘ OOBu-t

RLB_H+ ;ﬂ? * HOOBuU-t R RS
R2 R3 4 CHZCN, 60°C, 3h R3 R*

1 2 3 4

To a dry Schlenk tube were added phosphoryl compound 1 (2.5 mmol), alkene 2 (0.5
mmol), Cu(OAc), (0.05 mmol), and anhydrous MeCN (5.0 mL) under N, atmosphere
at room temperature. Subsequently, tert-butyl hydroperoxide 3 (5-6 M solution in
decane, 2.5 mmol) was added to the mixture, and the resulting solution was stirred at
60 °C for 3 h. The resulting mixture was cooled to room temperature and the solvent
was evaporated under vacuum. The residue was purified by flash column
chromatography on silica gel (eluent: ethylacetate/ petroleum ether) to give the

peroxide 4.



3. Characterization of 4

wA
4a h
Diethyl (2-(tert-butylperoxy)-2-phenylpropyl)phosphonate (4a): Isolated by flash
column chromatography (ethyl acetate/petroleum ether = 1:1, Rt = 0. 4) in 73% vyield
(126 mg); Colorless oil; IR (KBr): vmax 2982, 1645, 1366, 1249, 1197, 1057, 1029,
963, 877, 762, 689 cm™; *H NMR (400 MHz, CDCls) 6 7.52-7.49 (m, 2H), 7.35-7.31
(m, 2H), 7.29-7.25 (m, 1H), 4.00-3.59 (m, 4H), 2.62 (dd, J = 18.8 Hz,15.2 Hz, 1H),
2.42 (dd, J = 15.2 Hz, 19.6 Hz, 1H), 1.91 (s, 3H), 1.23 (s, 9H), 1.20 (t, J = 7.2 Hz,
3H), 1.07 (t, J = 4.0 Hz, 3H); *C NMR (100 MHz, CDCl3) § 143.2 (d, J = 4.4 Hz),
127.8, 127.4,126.3, 81.3, 79.2, 61.2, 61.1, 37.5 (d, J = 138.2 Hz), 26.6, 23.2, 16.2 (d,
J=6.5Hz), 16.1 (d, J = 6.4 Hz); 3P NMR (243 MHz, CDCls): 6 26.2; HRMS (ESI)

calcd for C17H290sPNa (M+Na)*: 367.1645; found: 367.1640.

o
EtO—P°  OOBu-t

Eto/ Me

4p Ph-4-Cl

Diethyl (2-(tert-butylperoxy)-2-(4-chlorophenyl)propyl)phosphonate (4b):
Isolated by flash column chromatography (ethyl acetate/petroleum ether = 1:1, R;= 0.
4) in 53% vyield (100.9 mg); Colorless oil; IR (KBr): vmax 2982, 1646, 1491, 1395,
1249, 1197, 1029, 964, 877, 826, 747 cm™; *H NMR (400 MHz, CDCls) § 7.37-7.35
(m, 2H),7,23-7.21(m,2H), 3.95-3.60 (m, 4H), 2.46 (dd, J = 15.2 Hz, 18.8 Hz, 1H),
2.29 (dd, J = 15.4 Hz, J = 19.6 Hz, 1H), 1.81 (s, 3H), 1.15 (t, J = 7.2 Hz, 3H), 1.14 (s,
9H), 1.02 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls) § 141.8 (d, J = 4.4 Hz),
133.1, 127.9, 127.8, 80.8, 79.3, 61.3 (d, J = 5.8 Hz), 61.2 (d, J = 6.0 Hz), 37.4 (d, J =
138.8 Hz), 26.5, 23.3, 16.2 (d, J = 6.9 Hz), 16.0 (d, J = 6.35 Hz); 3P NMR (243 MHz,
CDCls) ¢ 25.6; HRMS (ESI) calcd for C17H,sClIOsPNa (M+Na)*: 401.1255; found:
401.1251.



0
EtO—P°  OOBu-t

EtO/ Me
dc Ph-4-Me

Diethyl (2-(tert-butylperoxy)-2-(p-tolyl)propyl)phosphonate  (4c): Isolated by
flash column chromatography (ethyl acetate/petroleum ether = 1:1, R¢ = 0.4) in 40%
yield (70.8 mg); Colorless oil; IR (KBr): vmax 2982, 1649, 1514, 1455, 1366, 1249,
1197, 1029, 963, 878, 816, 747 cm™ ;'H NMR (400 MHz, CDCls) § 7.39-7.37 (m,
2H), 7.15-7.13 (m, 2H), 4.00-3.62 (m, 4H), 2.63 (dd, J = 15.2 Hz, J = 18.8 Hz, 1H),
2.41 (dd, J = 15.2 Hz, J = 19.6 Hz, 1H), 2.33 (s, 3H), 1.89 (s, 3H), 1.22 (s, 9H), 1.21
(t, J = 7.2 Hz, 3H), 1.08 (t, J = 7.2 Hz, 3H); **C NMR (100 MHz, CDCl3) § 140.1 (d,
J=4.4Hz),137.1,128.4,126.2, 81.1, 79.1, 61.2 (d, J = 6.0 Hz), 61.1 (d, J = 5.9 Hz),
37.4 (d, J = 138.0 Hz), 26.6, 23.2, 21.0, 16.2 (d, J = 6.4 Hz), 16.0 (d, J = 6.4 Hz); *'P
NMR (243 MHz, CDCl3) § 26.3; HRMS (ESI) calcd for C1gH30sPNa (M+Na)*:
381.1801; found: 381.1795.

o)
Et0O—F  OOBu-t
EtO/ Ph

4d

Diethyl (2-(tert-butylperoxy)-2,2-diphenylethyl)phosphonate  (4d): Isolated by
flash column chromatography (ethyl acetate/petroleum ether = 1:1, R = 0. 4) in 73%
yield (149 mg); Colorless oil; IR (KBr): v 3062, 2981, 1646, 1493, 1449, 1391,
1364, 1245, 1197, 1029, 963, 882, 757, 699 cm™; *H NMR (400 MHz, CDCls) ¢
7.38-7.36 (M, 4H), 7.29-7.21 (m, 6H), 3.89-3.79 (m, 2H), 3.76-3.66 (m, 2H), 3.14 (d,
J =19.6 Hz, 2H), 1.11 (s, 9H) ,1.10 (t, J = 7.2 Hz, 6H); **C NMR (100 MHz, CDCl3)
§143.3 (d, J = 7.2 Hz), 127.6, 127.2, 127.1, 84.4, 79.5, 60.9, 60.9, 34.9 (d, J = 142.6
Hz), 26.5, 16.1, 16.0; P NMR (243 MHz, CDCl;) ¢ 26.1; HRMS (ESI) calcd for
C2oH3:0sPNa (M+Na)*: 429.1801; found: 429.1783.

0
EtO—P'  OOBu-t

/
EtO Ph-4-F
Ph-4-F
4e

Diethyl (2-(tert-butylperoxy)-2,2-bis(4-fluorophenyl)ethyl)phosphonate (4e):
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Isolated by flash column chromatography (ethyl acetate/petroleum ether = 1:1, Ry = 0.
3) in 64% yield (141 mg); Colorless oil; IR (KBr): vmax 2982, 1605, 1500, 1392, 1232,
1196, 1029, 965, 836, 747 cm™; 'H NMR (400 MHz, CDCls) § 7.36-7.33 (m, 4H),
7.00-6.96 (m, 4H), 3.92-3.72 (m, 4H), 3.10 (d, J = 19.6 Hz, 2H), 1.13 (t, J = 7.2 Hz,
6H), 1.10 (s, 9H); 3C NMR (100 MHz, CDCls) & 163.2, 160.7, 138.7, 129.7, 129.6,
114.2, 114.0, 84.0, 79.7, 61.2, 61.1, 35.4 (d, J = 142.5 Hz), 26.4, 16.1, 16.0; $1p NMR
(243 MHz, CDCls) § 25.5; HRMS (ESI) calcd for CpHaF20sPNa (M+Na)*:
465.1613; found: 465.1608.

Eto—FfP OOBu-t

Et0”

4f Ph

Diethyl (2-(tert-butylperoxy)-2-phenylethyl)phosphonate (4f): Isolated by flash
column chromatography (ethyl acetate/petroleum ether = 1:1, Ry = 0.3) in 69% vyield
(114 mg); Colorless oil; IR (KBr): vmax 2981, 1645, 1454, 1391, 1364, 1255, 1197,
1026, 965, 877, 798, 960 cm™; *H NMR (400 MHz, CDCls) § 7.39-7.31 (m, 5H),
5.23-5.17 (m, 1H), 4.05-3.78 (m, 4H), 2.71-2.61 (m, 1H),2.29-2.18 (m, 1H), 1.21 (s,
9H), 1.20 (t, J = 6.8 Hz, 3H), 1.16 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls) §
139.4 (d, J =6.1 Hz), 128.2, 128.1, 127.3, 80.9, 80.5, 61.4 (d, J = 5.9 Hz), 61.3 (d, J =
5.8 Hz), 31.3 (d, J = 138.3 Hz), 26.2, 16.1 ,16.0; *'P NMR (243 MHz, CDCls) 6 26.5;
HRMS (ESI) calcd for C16H,70sPNa (M+Na)*: 353.1488; found: 353.1485.

0
EtO—P°  OOBu-t

Et0”
M Ph

4g
Diethyl (1-(tert-butylperoxy)-1-phenylpropan-2-yl)phosphonate (4g and 4g’):
Isolated by flash column chromatography (ethyl acetate/petroleum ether = 1:1, Ry = 0.
3) in 58% yield (99 mg); d.r. = 8:1; Colorless oil; IR (KBr): vmax 2981, 1646, 1456,
1390, 1254, 1197, 1057, 962, 911, 751, 701 cm™; *H NMR (400 MHz, CDCls) ¢
7.37-7.24 (m, 10H), 5.28-5.24 (m, 1H), 5.18-5.14 (m, 1H), 4.21-3.78 (m, 8H),
2.63-2.51 (m, 1H), 2.30-2.18 (m, 1H), 1.31-1.19 (m, 36H); *C NMR (100 MHz,
CDCl3) 6 140.3 (d, J = 9.3 Hz), 127.8, 127.4, 127.1, 83.2, 80.5, 61.6 (d, J=6.1), 61.5
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(d, J=4.9), 60.3, 38.0 (d, J = 139.6 Hz), 26.5, 16.3 (d, J = 3.8 Hz), 16.3 (d, J = 2.5 Hz),
8.9 (d, J = 4.3 Hz); *P NMR (243 MHz, CDCls) ¢ 30.0 ; HRMS (ESI) calcd for
C17H2905PNa (M+Na)": 367.1645; found: 367.1636.

o)
EtO—F  OOBu-t

EtO/
P h
4h

Diethyl (2-(tert-butylperoxy)-1,2-diphenylethyl)phosphonate ~ (4h and 4h’):
Isolated by flash column chromatography (ethyl acetate/petroleum ether = 1:1, Ry =
0.5) in 62% yield (126 mg); d.r. = 3:1; IR (KBr): vmax 3032, 2979, 2235, 1718, 1602,
1496, 1389, 1249, 1026, 879, 816, 757, 700, 647 cm™; *H NMR (400 MHz, CDCl3) ¢
7.42-7.33 (m, 6H), 7.29-7.23 (m, 10H), 7.12-7.06 (m, 4H), 5.54-5.47 (m, 2H),
4.21-3.47 (m, 9H), 3.41-3-33 (m, 1H), 1.35 (t, J = 7.2 Hz, 3H), 1.24 (s, 9H), 1.01 (s,
9H), 1.01 (t, J = 8.4 Hz, 3H), 0.99 (t, J = 4.4 Hz, 3H), 0.94 (t, J = 7.2 Hz, 3H); **C
NMR (100 MHz, CDCl3) ¢ 139.9, 139.8, 139.0, 138.8, 133.5, 133.4, 133.3, 130.3,
130.2, 130.1, 130.0, 128.0, 127.9, 127.6, 127.5, 127.4, 127.3, 127.1, 127.0, 85.6, 84.3,
80.7, 80.5, 62.6 (d, J = 6.9 Hz), 61.6 (d,J=7.3), 61.3 (d,J=7.1), 51.4 (d, J = 138.4 Hz),
49.5 (d, J = 137.0 Hz), 26.4, 26.2, 16.3, 16.2, 16.0,15.9,15.9, 15.8; *'P NMR (243
MHz, CDCls) 6 23.6, 25.3; HRMS (ESI) calcd for C»H3:0sPNa (M+Na)*: 429.1801;
found: 429.1787.

0
EtO—F  OOBu-t
EtO/ Me

4 Naphth

Diethyl  (2-(tert-butylperoxy)-2-(naphthalen-1-yl)propyl)phosphonate (4i):
Isolated by flash column chromatography (ethyl acetate/petroleum ether = 1:2, Ry =
0.25) in 26% vyield (52 mg); yellow oil; IR (KBr): vmax 3051, 2981, 1602, 1509, 1448,
1366, 1249, 1197, 1020, 964, 878, 805, 779, 603 cm™; *H NMR (400 MHz, CDCls) ¢
8.83-8.80 (m, 1H), 7.84-7.77 (m, 2H), 7.63-7.61 (m, 1H), 7.49-7.39 (m, 3H),
3.92-3.72 (m, 2H), 3.58-3.48 (m, 1H), 3.42-3.32 (m, 1H), 2.91 (dd, J = 15.2 Hz, J =
20.8 Hz, 1H), 2.81 (dd, J = 15.2 Hz, 19.2 Hz, 1H), 2.17 (s, 3H), 1.22 (s, 9H), 1.13 (t, J



= 7.2 Hz, 3H), 0.84 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls) 6 138.0 (d, J =
4.5 Hz), 134.5, 131.5, 129.2, 128.8, 126.9, 125.6, 125.3, 125.0, 124.7, 83.2, 79.1, 61.1
(d, J = 3.2 Hz), 61.1 (d, J = 3.2 Hz), 35.9 (d, J = 138.0 Hz), 26.7, 25.1, 16.1 (d, J =
6.5 Hz), 15.8 (d, J = 6.6 Hz); *'P NMR (243 MHz, CDCl5) ¢ 25.9; HRMS (ESI) calcd
for C21H3;0sPNa (M+Na)*: 417.1801; found: 417.1794.

o)
EtO—F  OOBu-t

EtO/ Me
~ cO,Me
4

Methyl 2-(tert-butylperoxy)-3-(diethoxyphosphoryl)-2-methylpropanoate  (4j):
Isolated by flash column chromatography (ethyl acetate/petroleum ether = 1:2, Ry =
0.25) in 55% yield (89.5 mg); Colorless oil; IR (KBr): vinax 2983, 1748, 1644, 1455,
1367, 1248, 1197, 1108, 1020, 965, 879, 840, 747 cm™; *H NMR (400 MHz, CDCls)
5 4.14-4.06 (m, 4H), 3.75 (s, 3H), 2.56 (dd, J = 15.2 Hz, 19.2 Hz, 1H), 2.30 (dd, J =
15.2 Hz, 19.2 Hz, 1H), 1.64 (s, 3H), 1.32 (t, J = 7.04 Hz, 3H), 1.32 (t, J=7.2 Hz,
3H), 1.20 (s, 9H); *C NMR (100 MHz, CDCl3) 6 171.7, 81.5, 80.1, 61.7 (d, J = 3.4
Hz), 61.7 (d, J = 3.9 Hz), 52.2, 32.4 (d, J = 140.8 Hz), 26.4, 20.7, 16.4, 16.3; P
NMR (243 MHz, CDCls) 6 25.4; HRMS (ESI) calcd for CisH2;0;PNa (M+Na)':
349.1387; found: 349.1372.

0
Et0—F  OOBu-t

Eto” Ph
CO,Me
4k

Methyl 2-(tert-butylperoxy)-3-(diethoxyphosphoryl)-2-phenylpropanocate  (4k):
Isolated by flash column chromatography (ethyl acetate/petroleum ether = 1:1, Ry = 0.
4) in 75% yield (145 mg); Colorless oil; IR (KBr): vmax 2982, 2375, 1742, 1646, 1541,
1455, 1392, 1297, 1029, 961, 746 cm™; *H NMR (400 MHz, CDCls) 6 7.41-7.39 (m,
2H), 7.36-7.28 (m, 3H), 3.95-3.74 (m, 4H), 3.71 (s, 3H), 3.07 (dd, J = 16.0 Hz, J = 18
Hz, 1H), 2.96 (dd, J = 16.0 Hz, J = 18.8 Hz, 1H), 1.30 (s, 9H), 1.14 (t, J = 7.2 Hz,
3H), 1.11 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls) § 171.5 (d, J = 15.7 Hz),
137.5 (d, J =4.4 Hz), 128.1, 128.0, 125.6, 84.8, 80.9, 61.2, 61.1, 52.5, 32.2 (d, J =



144.6 Hz), 26.6, 16.2 (d, J = 6.3 Hz),16.1 (d, J = 6.3 Hz); *'P NMR (243 MHz, CDCl5)
0 25.2; HRMS (ESI) calcd for CsHas07PNa (M+Na)*: 411.1543; found: 411.1535.

0
EtO—P’  OOBu-t

Et0” CH,CO,Me

A cO,Me
Dimethyl 2-(tert-butylperoxy)-2-((diethoxyphosphoryl)methyl)succinate  (4af):
Isolated by flash column chromatography (ethyl acetate/petroleum ether = 1:2, Ry =
0.25) in 68% vyield (130 mg); Colorless oil; IR (KBr): vmax 2985, 1746, 1646, 1541,
1392, 1260, 1026, 913, 749 cm™; *H NMR (400 MHz, CDCls) § 4.13-4.05 (m, 4H),
3.76 (s, 3H), 3.68 (s, 3H), 3.32 (dd, J = 16.8 Hz, 15.6 Hz, 2H), 2.88 (dd, J = 15.6 Hz,
J =18.4 Hz, 1H), 2.67 (dd, J = 15.6 Hz, 19.6 Hz, 1H), 1.31 (t, J = 6.0 Hz, 3H), 1.31 (¢,
J=7.2 Hz, 3H), 1.19 (s, 9H); **C NMR (100 MHz, CDCls) 5 170.5, 170.3 (d, J = 12.1
Hz), 81.6, 80.5, 61.8, 61.7, 52.4, 51.5, 36.4, 28.8 (d, J = 140.3 Hz), 26.3, 16.3,16.2;
$1p NMR (243 MHz, CDCls) 6 25.0; HRMS (ESI) calcd for CisHas0sPNa (M+Na)*:
407.1441; found: 407.1424.

O

EtO—F  0OBu-t

Et0” Me
am CO,Pr-i

Isopropyl 2-(tert-butylperoxy)-3-(diethoxyphosphoryl)-2-methylpropanoate (4m):
Isolated by flash column chromatography (ethyl acetate/petroleum ether = 1:1, R = 0.
4) in 72% yield (127 mg); Colorless oil; IR (KBr): vimax 2982, 1740, 1459, 1369, 1252,
1193, 1104, 1020, 961, 882, 850, 755 cm™; *H NMR (400 MHz, CDCls) § 5.09-5.00
(m, 1H), 4.14-4.07 (m, 4H), 2.56 (dd, J = 15.2 Hz, 19.2 Hz, 1H), 2.32 (dd, J = 15.2
Hz, 19.2 Hz, 3H), 1.62 (s, 3H), 1.32 (t, J = 7.2 Hz, 3H), 1.32 (t, J = 7.2 Hz, 3H), 1.28
(d, J = 3.2 Hz, 3H), 1.27 (d, J = 2.0 Hz, 3H), 1.21 (s, 9H); *C NMR (100 MHz,
CDCl3) 6 170.8 (d, J = 9.0 Hz), 81.3, 79.8, 68.8, 61.6 (d, J = 5.4 Hz), 61.5 (d,J = 4.6
Hz), 32.0 (d, J = 141.0 Hz), 26.4, 21.6, 20.6, 16.3,16.3; *'P NMR (243 MHz, CDCl5)
6 25.9; HRMS (ESI) calcd for Cy5H3;0,PNa (M+Na)*: 377.1700; found: 377.1695.



o)
EtO—F  OOBu-t

EtO/ Me
4n  COzBu-t

Tert-butyl 2-(tert-butylperoxy)-3-(diethoxyphosphoryl)-2-methylpropanoate
(4n): Isolated by flash column chromatography (ethyl acetate/petroleum ether = 1:1,
Rf = 0.3) in 75% yield (138 mg); Colorless oil; IR (KBr): vmax 2981, 1738, 1643, 1368,
1257, 1162, 1029, 961, 749 cm™; 'H NMR (400 MHz, CDCls) § 4.15-4.07 (m, 4H),
2.52 (dd, J = 15.4 Hz, 19.2 Hz, 1H), 2.33 (dd, J = 15.4 Hz, J = 19.0 Hz, 1H), 1.58 (s,
3H), 1.48 (s, 9H), 1.32 (t, J = 7.2 Hz, 6H), 1.22 (s, 9H); *C NMR (100 MHz, CDCl5)
5170.4 (d, J = 9.6 Hz), 81.7, 81.2, 79.7, 61.6, 61.5, 31.9 (d, J = 141.3 Hz), 27.8, 28.5,
20.7, 16.4, 16.3; P NMR (243 MHz, CDCls) 6 26.5; HRMS (ESI) calcd for
C16H330-PNa (M+Na)*: 391.1856; found: 391.1847.
O

EtO—F  OOBu-t

Sl Ph
40 COzBu-t

Tert-butyl 2-(tert-butylperoxy)-3-(diethoxyphosphoryl)-2-phenylpropanoate
(40): Isolated by flash column chromatography (ethyl acetate/petroleum ether = 1:1,
R¢ = 0.5) in 63% yield (136 mg); Colorless oil; IR (KBr): vimax 2980, 1730, 1451, 1392,
1253, 1161, 1030, 886, 847, 698 cm™; *H NMR (400 MHz, CDCls) § 7.40-7.38 (m,
2H), 7.34-7.25 (m, 3H), 3.93-3.70 (m, 4H), 3.06 (dd, J = 16.0 Hz, J = 17.6 Hz, 1H),
2.92 (dd, J = 16.0 Hz, 18.8 Hz, 1H), 1.38 (s, 9H), 1.33 (s, 9H), 1.14-1.09 (m, 6H); *C
NMR (100 MHz, CDCls;) ¢ 169.7 (d, J = 16.5 Hz), 138.1, 138.0, 127.7, 125.5, 84.9,
81.7, 80.5, 61.0 (d, J = 6.4 Hz), 60.9 (d, J = 6.4 Hz), 31.8 (d, J = 144.5 Hz), 27.6, 26.7,
16.1 (d, J = 5.6 Hz), 16.0 (d, J = 4.4 Hz); *P NMR (243 MHz, CDCls) &
26.0; HRMS (ESI) calcd for C,;Hss0;PNa (M+Na)*: 453.2013; found: 453.2004.

0
EtO—P"  OOBu-t
EtO/ Me
M CO,Me
4p

Methyl 2-(tert-butylperoxy)-3-(diethoxyphosphoryl)-2-methylbutanoate (4p

and 4p’): Isolated by flash column chromatography (ethyl acetate/petroleum ether =



1:2, Ry = 0.25) in 52% yield (88.4 mg); d.r. = 8:1; Colorless oil; IR (KBr): vmax 2984,
1748, 1646, 1456, 1390, 1265, 1138, 1024, 963, 791, 748 cm™; *H NMR (400 MHz,
CDCls) 6 4.16-4.04 (m, 8H), 3.75 (s, 6H), 2.99-2.88 (m, 1H), 2.60-2.48 (m, 1H), 1.64
(s, 3H), 1.52 (s, 3H), 1.32-1.21 (m, 27H), 1.18 (s, 9H); *C NMR (100 MHz, CDCl3) ¢
171.6, 83.1 (d, J = 6.5 Hz), 79.9, 61.9 (d, J = 6.6 Hz), 61.7 (d, J = 6.9 Hz), 51.9, 35.9
(d, J = 138.6 Hz), 26.3, 16.3, 16.3, 15.8, 8.5 (d, J = 5.8 Hz); *'P NMR (243 MHz,
CDCl3) ¢ 28.5 ; HRMS (ESI) calcd for Cy4H207;PNa (M+Na)*: 363.1543; found:
363.1539.

0
EtO—P  OOBu-t
P|’/ Me

aq Ph

Ethyl (2-(tert-butylperoxy)-2-phenylpropyl)(phenyl)phosphinate (49 and 4q’):
Isolated by flash column chromatography (ethyl acetate/petroleum ether = 1:1, R¢ = 0.
5) in 50% yield (95 mg); d.r. = 1:1; Colorless oil; IR (KBr): vmax 3059, 2981, 1721,
1443, 1366, 1285, 1121, 1095, 1035, 950, 876, 756, 698 cm™; *H NMR (400 MHz,
CDCly) 6 7.76-7.71 (m, 2H), 7.52-7.18 (m, 15H) , 7.04-7.02 (m, 3H), 3.98-3.89 (m,
1H), 3.80-3.63 (m, 2H), 3.61-3.51 (m, 1H), 2.85 (dd, J = 19.2 Hz, 15.2 Hz, 1H), 2.70
(dd, J = 11.6 Hz, 15.2 Hz, 1H), 2.61-2.51 (m, 2H), 1.97 (s, 3H), 1.96 (s, 3H), 1.21 (t, J
= 7.2 Hz, 3H), 1.20 (s, 9H), 1.02 (t, J=7.2,3H) ,1.01 (5,9H); **C NMR (100 MHz,
CDCl3) 5 144.4 (d, J = 6.6 Hz), 142.1, 131.8, 131.5, 131.3 (d, J = 10.8 Hz), 128.3 (d,
J =125 Hz), 127.9 (d, J = 12.5 Hz), 127.6 (d, J = 22.9 Hz), 127.2 (d, J = 18.2 Hz),
126.1 (d, J = 23.5 Hz), 81.9, 81.4 (d, J = 2.5 Hz), 79.0 (d, J = 4.1 Hz), 59.9 (d, J =
6.1), 59.8 (d, J = 6.2), 41.9 (d, J = 99.7 Hz), 40.9 (d, J = 98.8 Hz), 26.6, 26.3, 23.4,
23.3,16.3 (d, J = 6.8 Hz), 16.0 (d, J = 6.7 Hz); *'P NMR (243 MHz, CDCl3) § 38.7,
39.1; HRMS (ESI) calcd for Cy1H2904PNa (M+Na)*: 399.1696; found: 399.1680.

o)
EtO—P  OOBu-t

pr Ph
Ph
4r

Ethyl (2-(tert-butylperoxy)-2,2-diphenylethyl)(phenyl)phosphinate (4r): Isolated
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by flash column chromatography (ethyl acetate/petroleum ether = 1:1, Ry = 0. 5) in 51%
yield (112 mg); Colorless oil; IR (KBr): vmax 3059, 2980, 1595, 1445, 1390, 1231,
1197, 1037, 949, 880, 791, 754, 697 cm™; *H NMR (400 MHz, CDCls) 6 7.53-7.15
(m, 15H), 3.87-3.73 (m, 1H) , 3.66-3.56 (m, 1H), 3.35 (d, J = 16.4 Hz, 2H), 1.10 (t, J
= 7.2 Hz, 3H), 0.93 (s, 9H); *C NMR (100 MHz, CDCl3) 6 143.4 (d, J = 6.4 Hz),
142.8 (d, J = 5.8 Hz), 132.8, 131.7, 131.6, 131.3, 128.0, 127.8, 127.7, 127.2, 84.8,
79.4,59.8 (d, J = 5.9 Hz), 38.9 (d, J=101.0 Hz), 26.3, 16.1 (d, J = 6.8 Hz); *'P NMR
(243 MHz, CDCl5) ¢ 39.0; HRMS (ESI) calcd for CosH310.PNa (M+Na)": 461.1852;
found: 461.1837.

4. Synthesis and characterization of 5

0o F{o
1p/ _ 1p 4
RRZP OOFut tivps R QR
O a0~ a2
/;3'? THF, -78°C, 3h R3
4 5

To a solution of the peroxide 4 (0.2 mmol) in THF (2.0 mL) under N, atmosphere,
LHMDS (1.0 M in THF, 0.4 mL, 2 equiv) was added dropwise to the mixture at -78
°C and stirred for 3 h. Then NH,Cl aq (5.0 mL) was added and the organic layer was
separated. The aqueous layer was extracted with EtOAc (3 x 15 mL). The collected
organic layers were dried over MgSQO, and concentrated under reduced pressure to
give the crude product. The residue was purified by flash column chromatography on
silica gel using ethyl acetate/petroleum ether as eluent to give the epoxide 5.

Eto—#’o O Me

Etd
h

5a (major)
Diethyl ((2R,3R)-3-methyl-3-phenyloxiran-2-yl)phosphonate (5a major): Isolated
by flash column chromatography (ethyl acetate/petroleum ether = 1:2, Rf = 0. 3) in 82%
yield (44.5 mg); Colorless oil; IR (KBr): vmax 2983, 1448, 1389, 1260, 1163, 1024,
968, 854, 789, 700 cm™; *H NMR (400 MHz, CDCls) 6 7.38-7.29 (m, 5H), 4.30-4.17
(m, 4H), 2.93 (d, J = 28.0 Hz, 1H), 1.97 (s, 3H), 1.40 (t, J = 7.2, 3H), 1.37 (t, J = 8.4
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Hz, 3H); °C NMR (100 MHz, CDCls) 6 141.0, 128.4, 127.8, 124.9, 62.8 (d, J = 6.2
Hz), 62.3 (d, J = 6.2 Hz), 61.9, 59.1 (d, J =196.0 Hz), 18.4, 16.4, 16.3; *'P NMR (243
MHz, CDCls) 6 17.3; HRMS (ESI) calcd for Ci3H160,PNa (M+Na)*: 293.0913;
found: 293.0908.

(6]
EtO—P O Me
Etd
h-4-Me
5b

Diethyl ((2R,3R)-3-methyl-3-(p-tolyl)oxiran-2-yl)phosphonate (5b): Isolated by
flash column chromatography (ethyl acetate/petroleum ether = 1:1, Ry = 0. 5) in 79%
yield (45.2mg); Colorless oil; IR (KBr): vmax 2983, 1515, 1448, 1372, 1260, 1164,
1022, 968, 798 cm™; *H NMR (400 MHz, CDCls) 6 7.27-7.24 (m, 2H), 7.16-7.14 (m,
2H), 4.31-4.14 (m, 4H), 2.92 (d, J = 28.0 Hz, 1H), 2.34 (s, 3H), 1.95 (s, 3H), 1.39 (t, J
= 7.2 Hz, 3H), 1.37 (t, J = 7.08, 3H); *C NMR (100 MHz, CDCls) ¢ 138.1, 137.6,
129.1, 124.9, 62.8 (d, J = 6.2 Hz), 62.3 (d, J = 6.1 Hz), 61.9, 59.2 (d, J = 195.5 Hz),
21.0, 18.5, 16.4, 16.3; *'P NMR (243 MHz, CDCls) 6 17.5; HRMS (ESI) calcd for
C1H210,PNa (M+Na)*: 307.1070; found: 307.1058.

o)
EtO—F’ O Ph-4-Me
VA

Me
5b’

Diethyl ((2R,3S)-3-methyl-3-(p-tolyl)oxiran-2-yl)phosphonate (5b’): Isolated by
flash column chromatography (ethyl acetate/petroleum ether = 1:1, Ry = 0. 25) in 3%
yield (1.6 mg); Colorless oil; *"H NMR (400 MHz, CDCls) 6 7.35-7.33 (m, 2H),
7.16-7.14 (m, 2H), 4.04-3.89 (m, 2H), 3.80-3.70 (m, 1H), 3.47-3.37 (m, 1H), 3.19 (d,
J =28.0 Hz, 1H), 2.33 (s, 3H), 1.68 (d, J = 2.4 Hz, 3H), 1.23 (t, J = 7.2 Hz, 3H), 1.03
(t, J =7.2 Hz, 3H); BC NMR (100 MHz, CDCl;) ¢ 137.4, 135.0, 128.5, 126.3, 63.5,
62.1 (d, J = 5.8 Hz), 62.0 (d, J = 5.7 Hz), 58.4 (d, J = 210.4 Hz), 26.3, 21.1, 16.2 (d, J
= 6.1 Hz), 16.1 (d, J = 5.6 Hz); 3P NMR (243 MHz, CDCl3) 6 16.7; HRMS (ESI)
calcd for C14H,1:04PNa (M+Na)*: 307.1070; found: 307.1060.
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o
EtO-P O Me
Etd
h-4-Cl
5c
Diethyl  ((2R,3R)-3-(4-chlorophenyl)-3-methyloxiran-2-yl)phosphonate  (5c):
Isolated by flash column chromatography (ethyl acetate/petroleum ether = 1:1, Ry = 0.
4) in 67% yield (41mg); Colorless oil; IR (KBr): vmax 2983, 1599, 1492, 1448, 1389,
1260, 1197, 1019, 969, 842, 620 cm™; *H NMR (400 MHz, CDCls) ¢ 7.33-7.28 (m,
4H), 4.29-4.18(m, 4H), 2.88 (d, J = 27.2 Hz, 1H), 1.95 (s, 3H), 1.40 (t, J = 7.2 Hz,
3H), 1.37 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls) ¢ 139.5, 133.7, 128.5,
126.4, 62.8 (d, J = 5.9 Hz), 62.3 (d, J = 5.9 Hz), 61.4, 59.1 (d, J = 196.1 Hz), 18.2,
16.3, 16.2; 3P NMR (243 MHz, CDCl5) ¢ 16.9; HRMS (ESI) calcd for

C13H180IO4PNa (M+Na)+: 327.0523; found: 327.0518.

0
EtEot(_ij \& Ph-4-Cl
Me
5c¢'
Diethyl  ((2R,3S)-3-(4-chlorophenyl)-3-methyloxiran-2-yl)phosphonate  (5¢’):
Isolated by flash column chromatography (ethyl acetate/petroleum ether = 1:1, R¢ = 0.
25) in 7% yield (4.3 mg); Colorless oil; *H NMR (400 MHz, CDCl3) J 7.41-7.38 (m,
2H), 7.33-7.30 (m, 2H), 4.05-3.90 (m, 2H), 3.85-3.75 (m, 1H), 3.62-3.52 (m, 1H),
3.19 (d, J = 28.0 Hz, 1H), 1.68 (d, J = 2.4 Hz, 3H), 1.23 (t, J = 7.2 Hz, 3H), 1.07 (t, J
= 7.2 Hz, 3H); **C NMR (150 MHz, CDCl;) 6 136.6, 133.6, 128.1, 128.0, 63.0, 62.3
(d, J = 8.4Hz), 62.2 (d, J = 7.2 Hz), 58.3 (d, J = 201.3 Hz), 25.9, 16.2 (d, J = 5.9 Hz),
16.1 (d, J = 5.4 Hz); P NMR (243 MHz, CDCls) 6 16.2; HRMS (ESI) calcd for

C13H1sClO4PNa (M+Na)™: 327.0523; found: 327.0521.

o)
EtO—F’ O Me
Etd
CO,Bu-t

5d (major)
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Tert-butyl (2R,3R)-3-(diethoxyphosphoryl)-2-methyloxirane-2-carboxylate (5d
major): Isolated by flash column chromatography (ethyl acetate/petroleum ether = 1:1,
Rf = 0. 4) in 70% yield (40.6 mg); Colorless oil; IR (KBr): vmax 2982, 1733, 1453,
1393, 1261, 1154, 1023, 971, 847, 792, 750 cm™; *H NMR (400 MHz, CDCls) ¢
4.24-4.16 (m, 4H), 3.25 (d, J = 28.0 Hz, 1H), 1.76 (s, 3H), 1.48 (s, 9H), 1.37 (t, J =
7.08 Hz, 6H); *C NMR (100 MHz, CDCls) ¢ 168.1, 82.8, 63.0 (d, J = 6.4 Hz), 62.6
(d, J = 6.16 Hz), 58.5, 54.4 (d, J = 200.3 Hz), 27.6, 16.3, 16.2, 13.9; *'P NMR (243
MHz, CDCl3) ¢ 16.0; HRMS (ESI) calcd for Cy;H230¢PNa (M+Na)*: 317.1124;
found: 317.1121.

o)
EtO—P’ O Ph
Etd

5e

COzBU-t

Tert-butyl (2R,3R)-3-(diethoxyphosphoryl)-2-phenyloxirane-2-carboxylate (5e):
Isolated by flash column chromatography (ethyl acetate/petroleum ether = 1:1, Ry = 0.
4) in 50% vyield (35.4 mg); Colorless oil; IR (KBr): vmax 2981, 1753, 1451, 1371, 1329,
1205, 1152, 1097, 839, 790, 698, 637 cm™; *H NMR (400 MHz, CDCls) 6 7.56-7.52
(m, 2H), 7.40-7.35 (m, 3H), 4.32-4.21 (m, 4H), 3.11 (d, J = 28.0 Hz, 1H), 1.53 (s, 9H),
1.39 (t, J = 7.2 Hz, 3H), 1.38 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCl,) &
164.6, 134.4, 128.9, 128.5, 125.9, 83.3, 63.7, 63.4 (d, J = 5.8 Hz), 63.1 (d, J = 6.2 Hz),
58.1 (d, J = 197.7 Hz), 27.8, 16.4 (d, J = 4.6 Hz), 16.3 (d, J = 5.1 Hz); *'P NMR (243
MHz, CDCIs) ¢ 14.4; HRMS (ESI) calcd for C17H250sPNa (M+Na)*: 379.1281; found:
379.1273.

0
EtO—P' O CO,Bu-t
Etd

5¢e'

h

Tert-butyl (2S,3R)-3-(diethoxyphosphoryl)-2-phenyloxirane-2-carboxylate (5e’):
Isolated by flash column chromatography (ethyl acetate/petroleum ether = 1:1, R = 0.

5) in 32% yield (22.8mg); Colorless oil; *"H NMR (400 MHz, CDCls) J 7.56-7.54 (m,
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2H), 7.38-7.31 (m, 3H), 4.07-3.97 (m, 2H), 3.76-3.67 (m, 1H), 3.61 (d, J = 29.2 Hz,
1H), 3.42-3.32 (m, 1H), 1.43 (s, 9H), 1.25 (t, J = 7.2 Hz, 3H), 1.00 (t, J = 7.2 Hz, 3H);
3C NMR (100 MHz, CDCls) 6 166.7, 131.5, 128.4, 128.1, 127.4, 83.4, 62.5, 62.4,
60.9, 56.1 (d, J = 201.6 Hz), 27.6, 16.1 (d, J = 6.1 Hz), 15.9 (d, J = 5.7 Hz); *'P NMR
(243 MHz, CDCls) 6 13.7; HRMS (ESI) calcd for C17H2506PNa (M+Na)*: 379.1281;

found: 379.1275.

o)
EtO—F’ O Ph
PH

5t P

Ethyl (3,3-diphenyloxiran-2-yl)(phenyl)phosphinate (5f and 5f'): Isolated by flash
column chromatography (ethyl acetate/petroleum ether = 1:1, Ry = 0. 4) in 80% yield
(58mg); d.r. = 1.7:1; IR (KBr): vmax 3060, 2988, 2234, 1964, 1813, 1592, 1494, 1390,
1217, 1160, 1020, 959, 695, 637 cm™; *H NMR (400 MHz, CDCls) § 7.70-7.02 (m,
30H), 4.13-3.61 (m, 5H), 2.75 (d, J = 31.2 Hz, 1H), 1.29 (t, J = 7.2 Hz, 3H), 0.96 (t, J
= 8.0 Hz, 3H); BC NMR (100 MHz, CDCl3) ¢ 139.8, 139.6, 135.8, 134.4, 132.6,
132.5, 131.9, 1315 (d, J = 9.87 Hz), 128.5, 128.4, 128.2, 128.20, 127.9, 127.88,
127.72, 127.57, 126.53, 126.22, 62.4 (d, J = 137.5 Hz), 62.3 (d, J = 142.6 Hz), 61.0,
60.9, 60.3, 16.4 (d, J = 6.3 Hz), 15.9(d, J = 6.1 Hz); *'P NMR (243 MHz, CDCls) §
34.4, 29.4; HRMS (ESI) calcd for CyH2OsPNa (M+Na)*: 387.1121; found:
387.11009.
0

EtO—P’ O Ph
Etd

59

h

Diethyl (3,3-diphenyloxiran-2-yl)phosphonate (5g): Isolated by flash column
chromatography (ethyl acetate/petroleum ether = 1:1, Rt = 0. 4) in 68% yield (45mg);
IR (KBr): vmax 2983, 1448, 1389, 1264, 1162, 1026, 970, 757, 701, 638 cm™; 'H
NMR (400 MHz, CDCls) 6 7.59-7.56 (m, 2H), 7.40-7.25 (m, 8H), 4.12-3.97 (m, 2H),
3.85-3.75 (m, 1H), 3.55-3.45 (m, 1H), 3.48 (d, J = 28.0 Hz, 1H), 1.24 (t, J = 7.2, 3H),
1.03 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls) ¢ 139.6, 136.0, 128.4, 128.2,
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128.1, 127.9, 126.5, 66.3, 62.5 (d, J = 7.2 Hz), 62.4 (d, J = 7.0 Hz), 60.1 (d, J = 198.4
Hz), 16.2 (d, J = 6.1 Hz), 16.1 (d, J = 5.7 Hz); *'P NMR (243 MHz, CDCls) ¢
15.1; HRMS (ESI) calcd for C1gH,;04PNa (M+Na)*: 355.1070; found: 355.1059.

o)
EtO—F' O Ph-4-F
Etd
h-4-F

Diethyl (3,3-bis(4-fluorophenyl)oxiran-2-yl)phosphonate (5h): Isolated by flash
column chromatography (ethyl acetate/petroleum ether = 1:1, Ry = 0. 3) in 70% yield
(51.4 mg); IR (KBr): vmax 3074, 2986, 1729, 1611, 1507, 1444, 1409, 1157, 1051, 836,
678 cm™; 'H NMR (400 MHz, CDCls) § 7.55-7.51 (m, 2H), 7.28-7.23 (m, 2H),
7.11-7.06 (m, 2H), 7.02-6.96 (m, 2H), 4.13-3.98 (m, 2H), 3.91-3.81 (m, 1H),
3.71-3.61 (m, 1H), 3.44 (d, J = 28.0 Hz, 1H), 1.26 (t, J = 7.2 Hz, 3H), 1.09 (t, J = 7.2
Hz, 3H); *C NMR (100 MHz, CDCls) 6 162.6 (d, J = 245.8 Hz), 135.3, 131.8, 130.1,
130.0, 128.4, 128.3, 115.4 (d, J = 21.7 Hz), 115.0 (d, J = 21.5 Hz), 65.3, 62.6 (d, J =
6.9 Hz), 62.6 (d, J = 6.8 Hz), 60.2 (d, J = 198.3 Hz), 16.3 (d, J = 5.9 Hz), 16.1 (d, J =
56 Hz); P NMR (243 MHz, CDCly) & 14.7; HRMS (ESI) calcd for
C1sH1oF204PNa(M+Na)*: 391.0881; found: 391.0874.

o)
EtO—P’ O Ph-4-Me

Et0
~ Ph-4-Me
5i

Diethyl (3,3-di-p-tolyloxiran-2-yl)phosphonate (5i): Isolated by flash column
chromatography (ethyl acetate/petroleum ether = 1:1, R = 0. 3) in 60% yield (43 mg);
IR (KBr): vmax 2984, 2361, 1655, 1609, 1511, 1213, 1025, 750 cm™; 'H NMR (400
MHz, CDCls) 6 7.46-7.44 (m, 2H), 7.38-7.35 (m, 2H), 7.13-7.07 (m, 4H), 4.84 (d, J =
8.8 Hz, 1H), 4.19-4.04 (m, 2H), 3.75-3.65 (M, 1H), 3.42-3.31 (m, 1H), 2.28 (s, 3H),
2.27 (s, 3H), 1.27 (t, J = 7.2 Hz, 3H),0.92(t, J = 7.2 Hz, 3H); **C NMR (100 MHz,
CDCls) 0 140.6, 140.5, 136.7, 128.9, 128.6, 125.9, 125.8, 79.1, 72.3 (d, J = 159.2 Hz),
63.9 (d, J=6.9), 61.8 (d, J = 7.3 Hz), 20.9, 20.8, 16.4 (d, J = 5.7 Hz), 15.7 (d, J = 6.1
Hz); *'P NMR (243 MHz, CDCls) § 23.2; HRMS (ESI) calcd for CooHo604P(M+H)*:
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361.1563; found: 361.1558.

5. Synthesis and characterization of 6 and 7

o Pd/C (10%) o
/ () /
E0—F  00But Nu,co0 2 quiv) EtO-F"  OH
EtC Me ot EtC Me (D)
MeCN, 50 °c_ 3
42 Ph € c, 6, 96%" "

To a solution of 4a (0.2 mmol) and NH,COOH (2 equiv) in CH3CN (2 mL) under
nitrogen at room temperature, then Pd/C (10%, 10 mol%) was added to the mixture
under nitrogen at room temperature. The reaction mixture was stirred at 50°C for 3 h,
then passed through celite. The celite was washed with diethyl ether, the eluent was
chromatography concentrated in vacuo, and the residue was subjected to silica gel

flash. 6 was obtained as a colorless oil in 96% vyield.

Diethyl (2-hydroxy-2-phenylpropyl)phosphonate (6) ™ Isolated by flash
column chromatography (ethyl acetate/petroleum ether = 1:3, R = 0.3 ) in 96% yield
(52 mg); *H NMR (400 MHz, CDCls) 6 7.49-7.47 (m, 2H), 7.36-7.32 (m, 2H),
7.25-7.21 (m, 1H), 5.02 (s, 1H), 4.12-3.98 (m, 2H), 3.74-3.64 (m, 1H), 3.42-3.32 (m,
1H), 2.47 (dd, J = 15.6 Hz, J = 17.6 Hz, 1H), 2.34 (dd, J = 15.6 Hz, J = 16.8 Hz, 1H),
1.62 (d, J = 2.4 Hz, 3H), 1.31 (t, J = 7.2 Hz, 3H), 1.00 (t, J = 7.2 Hz, 3H); °C NMR
(100 MHz, CDCls) 6 147.1 (d, J = 7.0 Hz), 128.0, 126.7, 124.7, 71.9 (d, J = 4.7 Hz),
61.7 (d, J = 6.4 Hz), 61.4 (d, J = 6.5 Hz), 39.6 (d, J = 134.8 Hz), 32.4 (d, J = 14.3 Hz),
16.3 (d, J = 6.2 Hz), 16.0 (d,J = 6.1 Hz).

o) o)
Eto—F  OOBu-t . Eto-F O
DBU equiv
Bt MeCN(Oégoq 3)h' Etd @)
h [} C, h
4g 7. 75%

To a solution of 4g (0.2 mmol) in MeCN (2 mL) under nitrogen at room temperature.
Then DBU (0.04 mmol, 0.2 equiv) was added to the mixture under nitrogen at room
temperature. The reaction stirred at85 °C for 3 h. Subsequently, the reaction solution
was evaporated in vacuo at 25 °C, and the resulting residue was purified by flash
column chromatography on silica gel using ethyl acetate/petroleum ether (1:1) as an

eluent to give the desired product 7 in 75% combined yield.
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Diethyl (2-oxo-2-phenylethyl)phosphonate 75! Isolated by flash column
chromatography (ethyl acetate/petroleum ether = 1:1, Rt = 0. 25) in 75% yield (38.3
mg); *H NMR (400 MHz, CDCls) § 8.03-8.01 (m, 2H), 7.61-7.57 (m, 1H), 7.61-7.57
(m, 1H), 7.50-7.46 (m, 2H), 4.18-4.10 (m, 4H), 3.64 (d, J = 22.8 Hz, 2H), 1.28 (t, J =
7.2 Hz, 6H); *C NMR (100 MHz, CDCl3) 6 191.9 (d, J = 6.2 Hz), 136.4, 133.6, 128.9,
128.5, 62.6, 62.5, 38.4 (d, J = 129.2 Hz), 16.2, 16.1.

6.BHT-trapping experiment

) Me standard conditions
EtO—P_H * * HOOBu-t . @)

(5Et h BHT (3.0 equiv)

la 2a 3 OH

') t-Bu Bu-t
EtO—F  OOBu-t

Etd +
e 0

Il
4a, trace 8, 10% "P(OEt)2

To a dry Schlenk tube were added alpha-Methylstyrene 2a (0.5 mmol), diethyl
phosphite la (2.5mmol), and Cu(OAc), (0.05 mmol), BHT (1.5 mmol, 3 equiv),
anhydrous CH3;CN (5.0 mL) at room temperature. Subsequently, tert-butyl
hydroperoxide 3 (5-6M solution in decane, 2.5 mmol) was added to the mixture, and
the resulting solution was stirred at 60 °C for 3 h. The resulting reaction solution was
filtered through a pad of silica with ethyl acetate as eluent. The solvent was
evaporated in vacuo. The formation of 8 in 0.08 mmol amount was determined by *H
NMR using dibromomethane as an internal standard; 0.05 mmol amount of 8 was
isolated by flash column chromatography on silica gel.
OH

t-Bu Bu-t

o)
I
P(OEt)2

(o]

Diethyl (3,5-di-tert-butyl-4-hydroxybenzyl)phosphonate 8: Isolated by flash
column chromatography (ethyl acetate/petroleum ether = 1:1, Ry = 0. 4) in 10% yield
(17 mg); IR (KBr): vmax 3360, 2957, 2873, 1658, 1436, 1393, 1222, 1162, 1056, 966,
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888, 808, 768, 704, 634 cm™; 'H NMR (400 MHz, CDCl3) 6 7.08 (m, 2H), 5.13 (br,
1H), 4.04-3.97 (m, 4H),3.07(d, J = 21.0 Hz, 2H) 1.43 (s, 18H), 1.24 (t, J = 7.2 Hz,
6H); *C NMR (150 MHz, CDCls) 6 152.7 (d, J = 3.5 Hz), 136.0, 126.4, 126.3, 61.9,
61.8, 34.3, 33.4 (d, J = 137.85 Hz), 30.3, 16.4, 16.3; *P NMR (243 MHz, CDCls) §
27.4; HRMS (ESI) calcd for C19H3304,PNa (M+Na)*: 379.2009; found: 379.1998.
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NAME cy-20170328
1

EXPNO
PROCNO 1
Date_ 20170328
b Time 9.54
INSTRUM spect
EtO—FR, OOBu-t PROBHD 5 mm PADUL 13C
/ PULPROG 2930
EtO Me ™ 32768
Pf] SOLVENT CDCI3
4a NS 8
DS 0
SWH 6393.862 Hz
FIDRES 0.195125 Hz
AQ 2.5625076 sec
RG 90.5
DW 78.200 usec
DE 6.50 usec
TE 292.3 K
D1 1.00000000 sec
TDO 1
—======= CHANNEL f1 ========
NUC1 1H
P1 13.10 usec
PL1 1.80 dB
PL1W 8.92857742 W
SFO1 400.1326008 MHz
S 32768
SF 400.1300046 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
|
| u 1|
10
| |
Ul g I ) |
""""" I D D D N T L B I B
9 8 7 6 5 4 3 2 1 0 ppm

2.05
2.06
1.00
4.10
1.03
1.08
2.95
12.19
3.08



143.20
< 143.16
127.77
127.43
126.34

~
™~

/7
EtO—R OOBu-t
/

EtO Me
42 Ph

SERVOTNE

61.19
<61.13

_—38.15
——36.76

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
wDw
SSB
LB

GB

PC

180 160 140 120

100

80

60

40

20

0 ppm

cy-20170328
2
1
20170328
9.57
spect
5 mm PADUL 13C
zgpg30
65536
CDCI3
184
4
25252 .525 Hz
0.385323 Hz
1.2976629 sec
2050
19.800 usec
8.00 usec
292.9 K
2.00000000 sec
0.03000000 sec
10

CHANNEL f1 ========
13C
13.50 usec
3.00 dB
43.93649673 W
100.6238364 MHz

CHANNEL f2 ========
waltz16
1H
80.00 usec
1.80 dB
17.19 dB
18.46 dB
8.92857742 W
0.25809658 W
0.19265592 W
400.1316005 MHz
32768
100.6127757 MHz
EM
0
3.00 Hz
0
1.40



26.181

/O NAME cy-20170328p
/ EXPNO 3
EtO—R, OOBu-t PROCNO 1
/ Date 20170329
Time 9.39
EtO PIPlAe INSTRUM spect
4 PROBHD 5 mm PABBO BB/
a PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 16
DS 4
SWH 96153.844 Hz
FIDRES 1.467191 Hz
AQ 0.3408372 sec
RG 190.02
DW 5.200 usec
DE 6.50 usec
TE 0.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1 ========
SFO1 242 .9411216 MHz
NUC1 31P
P1 11.90 usec
SI 32768
SF 242 .9532693 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
L L L e L
100 50 0 -50 -100 -150 -200 ppm



7.372
7.350

-
~—7.233
N\C7.212

NAME cy-177ap-20170906
EXPNO 1
PROCNO 1
0O Date_ 20170906
0 Time 9.53
— _ INSTRUM spect
EtO—R OOBu-t PROBHD 5 mm PADUL 13C
PULPROG zg30
EtO Me ™D 32768
- SOLVENT CDCI3
4 Ph-4-Cl S0 3
DS 0
SWH 6393.862 Hz
FIDRES 0.195125 Hz
AQ 2.5625076 sec
RG 57
DW 78.200 usec
DE 6.50 usec
TE 293.0 K
D1 1.00000000 sec
TDO 1
—======= CHANNEL f1 ========
NUC1 1H
P1 13.10 usec
PL1 1.80 dB
PL1W 8.92857742 W
SFO1 400.1326008 MHz
Si 32768
SF 400.1300265 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
I
Il
/"|| b I
W \
""""" I D D D N T L B I B
9 8 7 6 5 4 3 2 1 0 ppm

1.94
2.01
4.00
1.00
1.01
2.92
12.04
3.06



141.84
141.80
——133.14
127.85
127.78

~
~

2
EtO—R  OOBu-

EtO Me
b Ph-4-Cl

\ .

Mboababen 1)

61.33
61.27
61.21

<

_—38.05
——36.67

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
wDw

Lol u

e w

SSB
LB
GB
PC

T ' T ' T ' T ' T
180 160 140 120 100

80

CHANNEL f1

CHANNEL f2

2

1
20170906
9.56
spect

5 mm PADUL 13C

zgpg30
65536

CDCI3

104

4

25252 .525
0.385323
1.2976629
2050
19.800
8.00

293.6
2.00000000
0.03000000
10

13C

13.50

3.00
43.93649673
100.6238364

waltz16

1H

80.00

1.80

17.19

18.46
8.92857742
0.25809658
0.19265592
400.1316005
32768
100.6127785
EM

0

3.00

0

1.40

cy-177ap-20170906



&
EtO—R,

OOBu-t

EtO Me

4b

Ph-4-Cl

25.55

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

100

50 0 -50 -100 -150 200  ppm

CHANNEL f1

cy-177ap
3

1
20170913
10.46
spect

5 mm PABBO BB/

zgpg30
65536

CDCI3

32

4
96153.844
1.467191
0.3408372
190.02
5.200

6.50

0.0
2.00000000
0.03000000

242.9411216
31P

11.90

32768

242 .9532693
EM

0

1.00

0

1.40



NAME cy-177bp-20170906
EXPNO 1
PROCNO 1
Date_ 20170906
Time 10.05
// INSTRUM spect
EtO—R OOBu-t PROBHD 5 mm PADUL 13C
PULPROG zg30
TD 32768
EtO Me SOLVENT cDCI3
4 Ph-4-Me NS 8
C DS 0
SWH 6393.862 Hz
FIDRES 0.195125 Hz
AQ 2.5625076 sec
RG 57
DW 78.200 usec
DE 6.50 usec
TE 293.0 K
D1 1.00000000 sec
TDO 1
—======= CHANNEL f1 ========
NUC1 1H
P1 13.10 usec
PL1 1.80 dB
PL1W 8.92857742 W
SFO1 400.1326008 MHz
S1 32768
SF 400.1300045 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
| pPC 1.00
| | {
Loh
di M
U ki ML_J.JLJ 1
""""" I D D D N T L B I B
9 8 7 6 5 4 3 2 1 0 ppm
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NAME cy-177bp-20170906
EXPNO 2
PROCNO 1
Date_ 20170906
Time 10.10
% MSTEM ¢ PAOUE S
mm
EtO—R OOBu-t PULPROG 2gpg30
/ ™ 65536
EtO Me SOLVENT cDbCI3
4o Ph-d-Me NS %
SWH 25252.525 Hz
FIDRES 0.385323 Hz
AQ 1.2976629 sec
RG 2050
DW 19.800 usec
DE 8.00 usec
TE 294.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 10
======== CHANNEL f1 ========
NUC1 13C
P1 13.50 usec
PL1 3.00 dB
PL1W 43.93649673 W
SFO1 100.6238364 MHz
======== CHANNEL 2 ========
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 1.80 dB
PL12 17.19 dB
PL13 18.46 dB
PL2W 8.92857742 W
PL12W 0.25809658 W
PL13W 0.19265592 W
SF02 400.1316005 MHz
| 32768
SF 100.6127773 MHz
N oop =
SSB 0
LB 3.00 Hz
GB 0
PC 1.40

T ' T ' T
180 160 140

80

20

0 ppm



26.34

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

2
EtO—R OOBu-t
EtO Me
Ph-4-Me
4c
|
100 50

N
.50 -100 -150 200 ppm

CHANNEL f1

cy-177bp
3

1
20170913
10.41
spect

5 mm PABBO BB/

zgpg30
65536

CDCI3

32

4
96153.844
1.467191
0.3408372
190.02
5.200

6.50

0.0
2.00000000
0.03000000

242.9411216
31P

11.90

32768

242 .9532693
EM

0

1.00

0

1.40
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NAME
EXPNO
PROCNO
Date_
Time

O INSTRUM

//
EtO_R ~ OOBu-t PULPROG

EtO Ph ggLVENT

Ph NS

4d oS

SWH
FIDRES
AQ

RG

DW

i ﬂ Jo -

9 8 7 6 5 4 3 2 1 0  ppm
— O M OO L0
(a2](82) o0 HO [e0]
AN (N | OO <t
< | O NN || 53

cy-99al1-20170330
1

1
20170330
17.27
spect

5 mm PADUL 13C
zg30
32768
CDCI3

8

0]
6393.862
0.195125
2.5625076

292.8
1.00000000

CHANNEL f1 ====

13.10

1.80
8.92857742
400.1326008
32768
400.1300052
EM

0

0.30

0

1.00



/,
EtO;P/ OOBuU-t
EtO Ph

b Ph

143.32
< 143,25

127.63
127.21
127.07

/'
~

60.94
60.88

~

_—35.59
——34.16

—26.45

16.09
<i16.03

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
wDw

2 v SSB
LB
GB
PC

T ' T
180 160

T
140

T
120

T
100

80

60

40

20 0 ppm

CHANNEL f1

CHANNEL f2

Co<)

(<

cy-99a1-20170330

2

1
20170330
17.33
spect

5 mm PADUL 13C

zgpg30
65536

CDCI3

120

4

25252 .525
0.385323
1.2976629
2050
19.800
8.00

293.8
2.00000000
0.03000000
10

13C

13.50

3.00
43.93649673
100.6238364

waltz16

1H

80.00

1.80

17.19

18.46
8.92857742
0.25809658
0.19265592
400.1316005
32768
100.6127860
EM

0

3.00

0

1.40



4a

2
EtO;P OOBu-t
EtO Ph

Ph
4d

26.11

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

100 50

N
.50 -100 -150 200 ppm

CHANNEL f1

cy-99al
3

1
20170426
9.54
spect

5 mm PABBO BB/

zgpg30
65536

CDCI3

64

4
96153.844
1.467191
0.3408372
190.02
5.200

6.50

295.1
2.00000000
0.03000000

242.9411216
31P

11.90

32768

242 .9532693
EM

0

3.00

0

1.40



7.364
7.350
7.342
7.329
7.000
6.979
6.957

~

2
EtO-R  OOBu-t

EtC Ph-4-F
Ph-4-F
de
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

|

9 8 7

4.040
4.042

6 5 4 3 2 1

4_097
1.010
1.020
6.011
8.969

0 ppm

cy-179bp-20170908
1

1
20170908
17.03
spect

5 mm PADUL 13C
zg30
32768
CDCI3

8

0]
6393.862
0.195125
2.5625076

294.3
1.00000000

CHANNEL f1 ====

13.10

1.80
8.92857742
400.1326008
32768
400.1299972
EM

0

0.30

0

1.00



I Y WV VI
2
EtO—R, OOBu-t
EtO Ph-4-F
Ph-4-F
4e
Attty e | J V e
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180 160 140 120 100 80 60 40 20 0 ppm

(<

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
wDw
SSB
LB

GB

PC

cy-179bp-20170908
2
1
20170908
17.07
spect
5 mm PADUL 13C
zgpg30
65536
CDCI3
56
4
25252 .525 Hz
0.385323 Hz
1.2976629 sec
2050
19.800 usec
8.00 usec
294.9 K
2.00000000 sec
0.03000000 sec
10

CHANNEL f1 ========
13C
13.50 usec
3.00 dB
43.93649673 W
100.6238364 MHz

CHANNEL 2 ========
waltz16
1H
80.00 usec
1.80 dB
17.19 dB
18.46 dB
8.92857742 W
0.25809658 W
0.19265592 W
400.1316005 MHz
32768
100.6127787 MHz
EM
0
3.00 Hz
0
1.40



O

//
EtO—R,
/

EtO Ph-4-F

4e

OOBu-t

Ph-4-F

25.462

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

100

50 0 -100 -150 200  ppm

CHANNEL f1

cy-179bp
3

1
20170913
10.26
spect

5 mm PABBO BB/

zgpg30
65536

CDCI3

32

4
96153.844
1.467191
0.3408372
190.02
5.200

6.50

0.0
2.00000000
0.03000000

242.9411216
31P

11.90

32768

242 .9532693
EM

0

1.00

0

1.40



NAME cy-114a1-20170422

EXPNO 1
PROCNO 1
Date_ 20170422
Time 19.58
O INSTRUM spect
/ PROBHD 5 mm PADUL 13C
— _ PULPROG zg30
EtO—R ~ OOBu-t PU 42930
SOLVENT cbCI3
Ph DS 0
4f SWH 6393.862
FIDRES 0.195125
AQ 2.5625076
RG 64
DW 78.200
DE 6.50
TE 293.6
D1 1.00000000
TDO 1
======== CHANNEL f]_ =—===
NUC1 1H
P1 13.10
PL1 1.80
PL1W 8.92857742
SFO1 400.1326008
SI 32768
SF 400.1299981
WDW EM
SSB 0
LB 0.30
GB 0
PC 1.00
[
|
h ﬂﬂh mom
A N
""""" A I T R I |
9 8 4 ppm
[e6] o — o™ [{e)
(0] o — o o
< — < | |-



oM — ML
mm N—m OO NO® oM~ oN < 0
50 Qo Y059 ®oN SeN 9
o9 SS9 NN o 888 9 BRUKER
NAME cy-96a-20170426
EXPNO 2
PROCNO 1
@) Date_ 20170426
/ Time 18.43
— - INSTRUM spect
EtO/P OOBu-t PROBHD 5 mm PADUL 13C
PULPROG zgpg30
EtO TD 65536
Ph SOLVENT CDCI3
Af NS 128
DS 4
SWH 25252 .525 Hz
FIDRES 0.385323 Hz
AQ 1.2976629 sec
RG 2050
DW 19.800 usec
DE 8.00 usec
TE 294.3 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 10
======== CHANNEL f1 ========
NUC1 13C
P1 13.50 usec
PL1 3.00 dB
PL1W 43.93649673 W
SFO1 100.6238364 MHz
======== CHANNEL 2 ========
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 1.80 dB
PL12 17.19 dB
PL13 18.46 dB
PL2W 8.92857742 W
PL12W 0.25809658 W
PL13W 0.19265592 W
SF02 400.1316005 MHz
Sl 32768
SF 100.6127820 MHz
j&“ WDW EM
PP i ” V.LJA ey " g . o N - wyoitven A g A " " SSB o
LB 3.00 Hz
GB 0
PC 1.40

180 160 140 120 100 80 60 40 20 0 ppm



//
EtO—FR,
/
EtO

4f

OOBuU-t

Ph

26.524

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

100

50

r 1T T T T T 1T T T
-50 -100 -150 200  ppm

CHANNEL f1

cy-114al
3

1
20170428
10.05
spect

5 mm PABBO BB/

zgpg30
65536

CDCI3

32

4
96153.844
1.467191
0.3408372
190.02
5.200

6.50

294 .4
2.00000000
0.03000000

242.9411216
31P

11.90

32768

242 .9532692
EM

0

3.00

0

1.40



NAME cy-142c-2-20170609

EXPNO 1
PROCNO 1
Date_ 20170609
Time 17.31
O INSTRUM spect
/7 PROBHD 5 mm PADUL 13C
EtO—PR, OOBu-t PULPROG 2930
/ D 32768
EtO SOLVENT cbCI3
NS 8
Me Ph DS 0
SWH 6393.862
49 FIDRES 0.195125
AQ 2.5625076
RG 50.8
DW 78.200
DE 6.50
TE 294 .9
D1 1.00000000
TDO 1
======== CHANNEL f]_ =—===
NUC1 1H
P1 13.10
PL1 1.80
PL1W 8.92857742
SFO1 400.1326008
SI 32768
SF 400.1299984
WDW EM
SSB 0
LB 0.30
GB 0
PC 1.00
[
|
R
l[ 1/ VAl
""""" A I I IR A I |
9 8 5 4 ppm
o™ [Tol )] — MmO [40]
(9p] [e)] (@] (40] | | O N~
o) o|lo < ol |— CHD



/7
EtO—FR,
/

EtO
Me

49

OOBu-t

Ph

140.37
~140.27

16.32
16.28
16.25
8.87
8.83

_—61.53
——60.33

_—38.67
——37.28
—26.45

<
<

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
wDw
SSB
LB

GB

PC

180

160

140 120 100 80

60 40 20 0 ppm

cy-63-2p-20161123
2
1
20161123
10.14
spect
5 mm PADUL 13C
zgpg30
65536
CDCI3
88
4
25252 .525 Hz
0.385323 Hz
1.2976629 sec
2050
19.800 usec
8.00 usec
297.4 K
2.00000000 sec
0.03000000 sec
10

CHANNEL f1 ========
13C
13.50 usec
3.00 dB
43.93649673 W
100.6238364 MHz

CHANNEL f2 ========
waltz16
1H
80.00 usec
1.80 dB
17.19 dB
18.46 dB
8.92857742 W
0.25809658 W
0.19265592 W
400.1316005 MHz
32768
100.6127734 MHz
EM
0
3.00 Hz
0
1.40



//
EtO—FR,
/

EtO
Me

49

OOBuU-t

Ph

30.035

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

100

50

r 1T T T T T 1T T T
-50 -100 -150 200  ppm

CHANNEL f1

cy-142c-2
3

1
20170913
10.31
spect

5 mm PABBO BB/

zgpg30
65536

CDCI3

32

4
96153.844
1.467191
0.3408372
190.02
5.200

6.50

0.0
2.00000000
0.03000000

242.9411216
31P

11.90

32768

242 .9532693
EM

0

1.00

0

1.40



NAME cy-194p-20171012
EXPNO 1

PROCNO 1
Date_ 20171012
Time 17.23
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
TD 32768
SOLVENT CDCI3
NS 8
DS 0
SWH 6393.862
FIDRES 0.195125
AQ 25625076
RG 50.8
DW 78.200
DE 6.50
TE 293.9
D1 1.00000000
TDO 1
—======= CHANNEL f1 ========
NUC1 1H
P1 13.10
PL1 1.80
PL1W 8.92857742
SFO1 400.1326008
Si 32768
SF 400.1300049
WDW EM
SSB 0
LB 0.30
GB 0
PC 1.00




NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
wDw
SSB
LB

GB

PC

180

160

140

120

100 80 60 40

20

[
0 ppm

cy-194p-20171012
2
1
20171012
17.28
spect
5 mm PADUL 13C
zgpg30
65536
CDCI3
152
4
25252 .525 Hz
0.385323 Hz
1.2976629 sec
2050
19.800 usec
8.00 usec
294.7 K
2.00000000 sec
0.03000000 sec
10

CHANNEL f1 ========
13C
13.50 usec
3.00 dB
43.93649673 W
100.6238364 MHz

CHANNEL f2 ========
waltz16
1H
80.00 usec
1.80 dB
17.19 dB
18.46 dB
8.92857742 W
0.25809658 W
0.19265592 W
400.1316005 MHz
32768
100.6127811 MHz
EM
0
3.00 Hz
0
1.40



__25.274
~23.631

2
EtOJR ~ OOBu-t
EtO
PR Ph
ah

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

100 50

ppm

cy-194p
3

1
20171013
10.18
spect
5 mm PABBO BB/
zgpg30
65536
CDCI3
32
4
96153.844 Hz
1.467191 Hz
0.3408372 sec
190.02
5.200 usec
6.50 usec
0.0 K
2.00000000 sec
0.03000000 sec

CHANNEL f1 ========
242.9411216 MHz
31P
11.90 usec
32768
242 .9532693 MHz
EM
0
1.00 Hz
0
1.40



/,
EtO;P/ OOBuU-t
EtO Me
_ Naphth
4i

J

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD

G- E e

Q

)

-

(e}
o

0

)

N
) :fmj
1N

cy-181ap-20170911
1

1
20170911
9.02
spect
5 mm PADUL 13C
zg30
32768
CDCI3
8
0
6393.862 Hz
0.195125 Hz
2.5625076 sec
57
78.200 usec
6.50 usec
294.0 K
1.00000000 sec

CHANNEL f1 ========
1H
13.10 usec
1.80 dB
8.92857742 W
400.1326008 MHz
32768
400.1300095 MHz
EM
0
0.30 Hz
0
1.00



<TANNO® < — M [(eNe)RMToNe) IS e0]
PP N Y, NAMSe QS A
SRRERRRERRR RerKe g 88 £899139 BRUKER

NAME cy-181ap-20170911
EXPNO 2

() PROCNO 1

7 ?gte_ 201789%%

_ ime .
EtO /P OOBu-t INSTRUM spect
PROBHD 5 mm PADUL 13C
EtO Me PULPROG 2gpg30

TD 65536

4| N aphth SOLVENT CDCI3
NS 80
DS 4
SWH 25252.525 Hz
FIDRES 0.385323 Hz
AQ 1.2976629 sec
RG 2050
DW 19.800 usec
DE 8.00 usec
TE 294.6 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 10
———==== CHANNEL f1 ========
NUC1 13C
P1 13.50 usec
PL1 3.00 dB
PL1W 43.93649673 W
SFO1 100.6238364 MHz
——===== CHANNEL f2 ========
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 1.80 dB
PL12 17.19 dB
PL13 18.46 dB
PL2W 8.92857742 W
PL12W 0.25809658 W
PL13W 0.19265592 W
SF02 400.1316005 MHz
| 32768
SF 100.6127778 MHz
WDW EM
SSB 0
LB 3.00 Hz
GB 0
pPC 1.40

I ! I ! I ! I ! I ! I ! I ! I ! I ! I

180 160 140 120 100 80 60 40 20 0 ppm



EtO—P,
t_
%

OOBuU-t

EtO Me

4

Naphth

25.912

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

100

50

r 1T T T T T 1T T T
-50 -100 -150 200  ppm

CHANNEL f1

cy-18lap
3

1
20170913
10.55
spect

5 mm PABBO BB/

zgpg30
65536

CDCI3

32

4
96153.844
1.467191
0.3408372
190.02
5.200

6.50

0.0
2.00000000
0.03000000

242.9411216
31P

11.90

32768

242 .9532693
EM

0

1.00

0

1.40



—7.270

//
EtO—FR, OOBu-t
/

EtO Me
~ COyMe
4]

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

T | .

9 8

7 6 5 4 3

4.177
3.006
1.067
1.115

2 1 0 ppm

3.034
6.224

9.000

cy-25-20170426
1

1

20170426
17.31
spect

5 mm PADUL 13C
zg30

32768
CDCI3

8

0]

6393.862
0.195125
2.5625076
287

78.200
6.50

293.3
1.00000000

CHANNEL f1 ====

13.10

1.80
8.92857742
400.1326008
32768
400.1300058
EM

0

0.30

0

1.00



171.67

0
/
EtO;P/ OOBU-t
~ CO,Me
4

61.71

16.37
i6.31

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
wDw
SSB
LB

GB

PC

180 160

20

0 ppm

cy-25-20170426
2
1
20170426
17.35
spect
5 mm PADUL 13C
zgpg30
65536
CDCI3
456
4
25252 .525 Hz
0.385323 Hz
1.2976629 sec
2050
19.800 usec
8.00 usec
294.2 K
2.00000000 sec
0.03000000 sec
10

CHANNEL f1 ========
13C
13.50 usec
3.00 dB
43.93649673 W
100.6238364 MHz

CHANNEL f2 ========
waltz16
1H
80.00 usec
1.80 dB
17.19 dB
18.46 dB
8.92857742 W
0.25809658 W
0.19265592 W
400.1316005 MHz
32768
100.6127720 MHz
EM
0
3.00 Hz
0
1.40



EtO—P.
t_
/

OOBu-t

EtO Me

4

CO,Me

25.435

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

100

50

r 1T T T T T 1T T T
-50 -100 -150 200  ppm

CHANNEL f1

cy-25

3

1
20170426
9.37
spect

5 mm PABBO BB/

zgpg30
65536

CDCI3

40

4
96153.844
1.467191
0.3408372
190.02
5.200

6.50

294.6
2.00000000
0.03000000

242.9411216
31P

11.90

32768

242 .9532693
EM

0

3.00

0

1.40



//

EtO—R
/

OOBuU-t

EtO Ph

4k

(:C)zhne

NAME
| EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS
DS
SWH
FIDRES
AQ
RG
DW
DE

cy-120a1-20170511
1

1

20170511

9.46

spect

5 mm PADUL 13C
zg30

32768

CDCI3

8

0

6393.862
0.195125
2.5625076

80.6

78.200

6.50

297.1 K
1.00000000

CHANNEL f1l ========
1H
13.10

1.80
8.92857742 W
400.1326008
32768
400.1300027
EM

0

0.30

0

1.00



171.54
171.38
128.10
127.96

137.50
< 137.45
~_125.65

ad
~_

Q2
EtO;P OOBu-t
EtO Ph
CO,Me
4k

WM

61.18
61.11

~

—52.46

_—32.88
——31.44
—26.58

<

Co<)

(<

16.22

16.16
16.10

180 160 140 120

80

60

20 0 ppm

NAME cy-182ap-20170912
EXPNO 2
PROCNO 1
Date_ 20170912
Time 16.41
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 280
DS 4
SWH 25252 .525 Hz
FIDRES 0.385323 Hz
AQ 1.2976629 sec
RG 2050
DW 19.800 usec
DE 8.00 usec
TE 295.3 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 10
======== CHANNEL f1 ========
NUC1 13C
P1 13.50 usec
PL1 3.00 dB
PL1W 43.93649673 W
SFO1 100.6238364 MHz
======== CHANNEL 2 ========
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 1.80 dB
PL12 17.19 dB
PL13 18.46 dB
PL2W 8.92857742 W
PL12W 0.25809658 W
PL13W 0.19265592 W
SF02 400.1316005 MHz
Si 32768
uﬂWﬁJ illll 1 SF 100.6127737 MHz
WDW EM
SSB 0
LB 3.00 Hz
GB 0
PC 1.40



EtO—F
t_
/

OOBu-t

EtO Ph

4k

(:C)Zhﬂe

25.192

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

100

50

r 1T T T T T 1T T T
-50 -100 -150 200  ppm

CHANNEL f1

cy-120al
3

1
20170511
10.09
spect

5 mm PABBO BB/

zgpg30
65536

CDCI3

48

4
96153.844
1.467191
0.3408372
190.02
5.200

6.50

299.3
2.00000000
0.03000000

242.9411216
31P

11.90

32768

242 .9532693
EM

0

3.00

0

1.40



Ln NANOSTOVOOOMNOOTONMNULMNAANOOMUSUOUOULANNST O
N~ MANTAOOODVONOOLUONOOLEANONMNANONANN—HO O 0
N A A 1O OO0 OCOOMNOTMANNDDOOVOMNOOOMMMmMANN -
NAME cy-148a-20170613
EXPNO 1
PROCNO 1
Date_ 20170613
Time 8.51
/ INgTRUM Spegg
PROBHD 5 mm PADUL 1
EtO—R, OOBu-t PULPROG 2930
EtO/ ™D 32768
SOLVENT CDCI3
CH|€/|C02Me N 5
4 CO,Me DS 0
SWH 6393.862 Hz
FIDRES 0.195125 Hz
AQ 2.5625076 sec
RG 144
DW 78.200 usec
DE 6.50 usec
TE 293.4 K
D1 1.00000000 sec
TDO 1
—======= CHANNEL f1 ========
NUC1 1H
P1 13.10 usec
PL1 1.80 dB
I PL1W 8.92857742 W
l SFO1 400.1326008 MHz
S 32768
SF 400.1300038 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
I PC 1.00
| L |
| |
i
i L |




170.487
170.393
170.273

<

29.526
28.123
16.308
16.245

N\.26.276

e

_—36.429

o

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Sl

SF
WDwW
SSB

/,
EtO;P/ OOBU-t
EtO CH,CO,Me
()2 e
41
I j T
180 160

80

. , -
60 40 20 0 ppm

cy-109a-20170426
2

1
20170426
18.23
spect
5 mm PADUL 13C
zgpg30
65536
CDCI3
232
4
25252 .525 Hz
0.385323 Hz
1.2976629 sec
2050
19.800 usec
8.00 usec
294.2 K
2.00000000 sec
0.03000000 sec
10

CHANNEL f1 ========
13C
13.50 usec
3.00 dB
43.93649673 W
100.6238364 MHz

CHANNEL f2 ========
waltzl16
1H
80.00 usec
1.80 dB
17.19 dB
18.46 dB
8.92857742 W
0.25809658 W
0.19265592 W
400.1316005 MHz
32768
100.6127727 MHz
EM
0
3.00 Hz
0
1.40



//
EtO—R, OOBu-t
/

EtO CH,CO,Me
, COzMe

24.974

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

100 50

-150 200  ppm

cy-109a
3
1
20170426
9.47
spect
5 mm PABBO BB/
zgpg30
65536
CDCI3
32
4
96153.844 Hz
1.467191 Hz
0.3408372 sec
190.02
5.200 usec
6.50 usec
294.7 K
2.00000000 sec
0.03000000 sec

CHANNEL f1 ========
242.9411216 MHz
31P
11.90 usec
32768
242 .9532693 MHz
EM
0
3.00 Hz
0
1.40



7.288
090
074
059
043
027
012
995
142
140
124
122
087
069
604
566
556
518
364
325
316
277
615
340
337
322
320
305
302
288
281
272
265
210

BBBBBOIIIIITYT NNNNNNNN A A A A A Ao BRUKER

NAME cy-191p-20170923
| EXPNO 1
PROCNO 1
Date_ 20170923
, Time 22.46
/ INSTRUM spect
EtO—R OOBu-t PROBHD 5 mm PADUL 13C
/ PULPROG zg30
TD 32768
EtO Me SOLVENT S E
am COoPr-i NS 8
DS 0
SWH 6393.862 Hz
FIDRES 0.195125 Hz
AQ 2.5625076 sec
RG 101
DW 78.200 usec
DE 6.50 usec
TE 293.8 K
D1 1.00000000 sec
TDO 1
—======= CHANNEL f1 ========
NUC1 1H
P1 13.10 usec
PL1 1.80 dB
PL1W 8.92857742 W
SFO1 400.1326008 MHz
S 32768
SF 400.1299986 MHz
| WDW EM
SSB 0
LB 0.30 Hz
| GB 0
/ PC 1.00
I If
[
! " .
A
""""" I D D D N T L B I B
9 8 7 6 5 4 3 2 1 0 ppm



170.79
170.70

nd

—61.57

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
wDw
SSB
LB

GB

PC

P
EtO—R  OOBu-t
4m  COLPr-i
I ' T
180 160

80

60

20

0 ppm

cy-191p-20170923
2
1
20170923
22.49
spect
5 mm PADUL 13C
zgpg30
65536
CDCI3
40
4
25252 .525 Hz
0.385323 Hz
1.2976629 sec
2050
19.800 usec
8.00 usec
294.5 K
2.00000000 sec
0.03000000 sec
10

CHANNEL f1 ========
13C
13.50 usec
3.00 dB
43.93649673 W
100.6238364 MHz

CHANNEL f2 ========
waltz16
1H
80.00 usec
1.80 dB
17.19 dB
18.46 dB
8.92857742 W
0.25809658 W
0.19265592 W
400.1316005 MHz
32768
100.6127736 MHz
EM
0
3.00 Hz
0
1.40



@

//

EtO—R OOBu-t
/

EtO Me
COoPr-i
4m

25.928

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

100 50

ppm

cy-191p-p
3

1
20171017
9.59
spect
5 mm PABBO BB/
zgpg30
65536
CDCI3
32
4
96153.844 Hz
1.467191 Hz
0.3408372 sec
190.02
5.200 usec
6.50 usec
296.0 K
2.00000000 sec
0.03000000 sec

CHANNEL f1 ========
242.9411216 MHz
31P
11.90 usec
32768
242 .9532693 MHz
EM
0
1.00 Hz
0
1.40



7.285
146
128
110
108
090
072
563
525
516
477
377
339
330
291
579
482
340
322
305
218

BRUKER

NAME cy-186ap-20170916
EXPNO 1
| PROCNO 1
Date_ 20170916
o) | Time 20.37
/ INgTRUM Spegg
— PROBHD 5 mm PADUL 1
Eto P OOBUt PULPROG zg30
D 32768
EtO Me SOLVENT cDCI3
- NS 8
an COZBU t DS 0
SWH 6393.862 Hz
FIDRES 0.195125 Hz
AQ 2.5625076 sec
RG 128
DW 78.200 usec
DE 6.50 usec
TE 294_.3 K
D1 1.00000000 sec
TDO 1
—======= CHANNEL f1 ========
NUC1 1H
P1 13.10 usec
PL1 1.80 dB
PL1W 8.92857742 W
SFO1 400.1326008 MHz
Si 32768
SF 400.1299997 MHz
| WDW EM
' SSB 0
LB 0.30 Hz
GB 0
PC 1.00
|
I
! i
|
| MLM& . |

o <O ©
| AN|[O|O [



0O

/

EtO—R,
/

170.42
170.33

nd

OOBu-t

4n

CO>Bu-t

61.60
61.55

s

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO02
S

SF
WA |
SSB
LB
GB
PC

T
180

T
160

80

60

| ' I
20 0 ppm

~NOO
omnm
[@X{eje]
N BRUKER

cy-186ap-20170916
2
1
20170916
20.40
spect
5 mm PADUL 13C
zgpg30
65536
CDCI3
120
4
25252 .525 Hz
0.385323 Hz
1.2976629 sec
2050
19.800 usec
8.00 usec
295.0 K
2.00000000 sec
0.03000000 sec
10

CHANNEL f1 ========
13C
13.50 usec
3.00 dB
43.93649673 W
100.6238364 MHz

CHANNEL f2 ========
waltz16
1H
80.00 usec
1.80 dB
17.19 dB
18.46 dB
8.92857742 W
0.25809658 W
0.19265592 W
400.1316005 MHz
32768
100.6127732 MHz
EM
0
3.00 Hz
0
1.40



26.459

/,
EtO;P/ OOBU-t
EtO Me
CO2Bu-t
4n

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

100 50

ppm

cy-186ap
3

1
20170920
10.00
spect
5 mm PABBO BB/
zgpg30
65536
CDCI3
32
4
96153.844 Hz
1.467191 Hz
0.3408372 sec
190.02
5.200 usec
6.50 usec
0.0 K
2.00000000 sec
0.03000000 sec

CHANNEL f1 ========
242.9411216 MHz
31P
11.90 usec
32768
242 .9532693 MHz
EM
0
1.00 Hz
0
1.40



NAME cy-208p-20171019
EXPNO 1
PROCNO 1
Date_ 20171019
//O [ Time 21.26
INSTRUM spect
EtO—R OOBu-t ! PROBHD 5 mm PADUL 13C
PULPROG zg30
EtO Ph D 32768
SOLVENT CDCI3
40 COoBu-t NS 8
DS 0
SWH 6393.862 Hz
FIDRES 0.195125 Hz
AQ 2.5625076 sec
RG 57
DW 78.200 usec
DE 6.50 usec
TE 294.6 K
D1 1.00000000 sec
TDO 1
—======= CHANNEL f1 ========
NUC1 1H
P1 13.10 usec
PL1 1.80 dB
PL1W 8.92857742 W
SFO1 400.1326008 MHz
Si 32768
SF 400.1299958 MHz
WDW EM
SSB 0
I LB 0.30 Hz
GB 0
PC 1.00
I

I " | N




o ©O oo o< OO NON OO OMNO OO
R N WOIMOT CRA% Youe -0
89 9% Yy FTIRKKS 2888 NERE 989 BRUKER
NAME cy-208p-20171019
EXPNO 2
PROCNO 1
Date_ 20171019
Time 21.29
P ST o o paout PSS
mm
EtO /P OOBu-t PULPROG 2gpg30
TD 65536
EtO Ph SOLVENT cDbCI3
N
40 CO2Bu-t Dg 92
SWH 25252.525 Hz
FIDRES 0.385323 Hz
AQ 1.2976629 sec
RG 2050
DW 19.800 usec
DE 8.00 usec
TE 295.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 10
———==== CHANNEL f1 ========
NUC1 13C
P1 13.50 usec
PL1 3.00 dB
PL1W 43.93649673 W
SFO1 100.6238364 MHz
——===== CHANNEL f2 ========
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 1.80 dB
PL12 17.19 dB
PL13 18.46 dB
PL2W 8.92857742 W
PL12W 0.25809658 W
PL13W 0.19265592 W
SF02 400.1316005 MHz
| 32768
SF 100.6127772 MHz
X M WDW EM
SSB 0
LB 3.00 Hz
GB 0
PC 1.40
I ! I ! I ! I ! I ! I ! I ! I ! I ! I
180 160 140 120 100 80 60 40 20 0 ppm



//
EtO—R,
/

OOBu-t

EtO Ph

CO.Bu-t

25.984

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

100

50

r 1T T T T T 1T T T
-50 -100 -150 200  ppm

CHANNEL f1

cy-208p
4

1
20171024
14.44
spect

5 mm PABBO BB/

zgpg30
65536

CDCI3

32

4
96153.844
1.467191
0.3408372
190.02
5.200

6.50

296.5
2.00000000
0.03000000

242.9411216
31P

11.90

32768

242 .9532693
EM

0

1.00

0

1.40



7.272
158
138
118
113
098
095
080
077
063
058
045
040
745
986
968
949
931
913
895
877
600
591
582
563
544
532
513
495
475
644
523
318
300
283
276
258
231
214
181

fETITTIIITIITONANNNNNNNNNNNNNNN A oA oo oA o BRUKER

NAME cy-1-24-1-1-20160918
EXPNO 1
PROCNO 1
Date 20160918
Time 16.29
0 INSTRUM spect
. PROBHD 5 mm PADUL 13C
EtO—R OOBu-t PULPROG 2930
™ 32768
EtO Me SOLVENT cpcl3
Me COsMe s 3
4 SWH 6393.862 Hz
p FIDRES 0.195125 Hz
AQ 2.5625076 sec
RG 203
DW 78.200 usec
DE 6.50 usec
TE 294.6 K
D1 1.00000000 sec
TDO 1
======== CHANNEL f1 ========
NUC1 1H
P1 13.10 usec
PL1 1.80 dB
PLIW 8.92857742 W
SFO1 400.1326008 MHz
Sl 32768
[ SF 400.1300050 MHz
WDW EM
| SSB 0
LB 0.30 Hz
GB 0
PC 1.00
[
|
[
il I
l Ul Il ]
L B om ] |
""""" I B L I B B B I
9 8 7 6 5 4 3 2 1 0 ppm

4.57
3.27
1.00
0.17
0.39
2.84
12.24
8.81



171.56

61.89
61.82
61.76
61.69
—251.90
_—36.62
——35.23
26.32
16.31
16.26
15.84
8.57
8.51

<
™~
~

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
wDw
SSB
LB

GB

PC

2
EtO;P OOBu-t
Me COsMe
4p
| ' T
180 160

80

0 ppm

cy-108b1-20170428
2
1
20170428
17.02
spect
5 mm PADUL 13C
zgpg30
65536
CDCI3
192
4
25252 .525 Hz
0.385323 Hz
1.2976629 sec
2050
19.800 usec
8.00 usec
294.0 K
2.00000000 sec
0.03000000 sec
10

CHANNEL f1 ========
13C
13.50 usec
3.00 dB
43.93649673 W
100.6238364 MHz

CHANNEL f2 ========
waltz16
1H
80.00 usec
1.80 dB
17.19 dB
18.46 dB
8.92857742 W
0.25809658 W
0.19265592 W
400.1316005 MHz
32768
100.6127742 MHz
EM
0
3.00 Hz
0
1.40



/,
EtO;P/ OOBuU-t
EtO Me
Me COsoMe
4p

28.469

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

100

50

r 1T T T T T 1T T T
-50 -100 -150 200  ppm

CHANNEL f1

cy-108bl
3

1
20170428
10.00
spect

5 mm PABBO BB/

zgpg30
65536

CDCI3

32

4
96153.844
1.467191
0.3408372
190.02
5.200

6.50

294 .4
2.00000000
0.03000000

242.9411216
31P

11.90

32768

242 .9532692
EM

0

3.00

0

1.40



l\l\l\l\l\l\l\l\l\I\I\I\OOOOO’)M(")(")O’)NNNNNNNNNNNNNHHHHHHHHOBRUKER

NAME cy-102p-20170328
EXPNO 1
PROCNO 1
I Date_ 20170328
| Time 17.50
INSTRUM spect
C) PROBHD 5 mm PADUL 13C
/7 PULPROG zg30
EtO—R OOBu-t TD 32768
SOLVENT CDCI3
PR e i ;
Ph SWH 6393.862 Hz
4q FIDRES 0.195125 Hz
AQ 2.5625076 sec
RG 57
DW 78.200 usec
DE 6.50 usec
TE 292.5 K
D1 1.00000000 sec
TDO 1
—======= CHANNEL f1 ========
NUC1 1H
P1 13.10 usec
PL1 1.80 dB
PL1W 8.92857742 W
SFO1 400.1326008 MHz
Si 32768
SF 400.1300033 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
(T
g iy
| |' I bl bL
| M JL_._‘LJ 1
""""" I D D D N T L B I B
9 8 7 6 5 4 3 2 1 0 ppm

2.07
11.15
3.76
3.02
1.02
2.14
1.17
0.99
1.06
2.14
6.06



9
EtO—PR OOBu-t
Ph Me
Ph
4q

T 'lJ WU s b i JLw*mmmmw

42.11
441.67
\

41.13
40.69

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
wDw
SSB
LB

GB

PC

180

160

T ' T ' T ' T ' T
140 120 100 80 60

40

20

0 ppm

CHANNEL f1

CHANNEL f2

2

1
20170328
17.53
spect

5 mm PADUL 13C

zgpg30
65536

CDCI3

424

4

25252 .525
0.385323
1.2976629
2050
19.800
8.00

293.2
2.00000000
0.03000000
10

13C

13.50

3.00
43.93649673
100.6238364

waltz16

1H

80.00

1.80

17.19

18.46
8.92857742
0.25809658
0.19265592
400.1316005
32768
100.6127809
EM

0

3.00

0

1.40

cy-102p-20170328



/,
EtO—P  OOBu-t

Ph Me
Ph

4q

39.144
38.706

ad

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

100 50

ppm

cy-102p
3

1
20170329
9.51
spect
5 mm PABBO BB/
zgpg30
65536
CDCI3
16
4
96153.844 Hz
1.467191 Hz
0.3408372 sec
190.02
5.200 usec
6.50 usec
0.0 K
2.00000000 sec
0.03000000 sec

CHANNEL f1 ========
242.9411216 MHz
31P
11.90 usec
32768
242 .9532693 MHz
EM
0
1.00 Hz
0
1.40



NAME cy-104bl-again-20170330
EXPNO 1
PROCNO 1
Date_ 20170330
Time 17.05
INSTRUM spect
() PROBHD 5 mm PADUL 13C
/7 PULPROG zg30
—_ - TD 32768
Eto P OOBU t SOLVENT CDCI3
F’f] F3[] NS 8
DS 0
F’f] SWH 6393.862 Hz
FIDRES 0.195125 Hz
zlr AQ 2.5625076 sec
RG 71.8
DW 78.200 usec
DE 6.50 usec
TE 292.6 K
D1 1.00000000 sec
TDO 1
======== CHANNEL f1 ========
NUC1 1H
P1 13.10 usec
PL1 1.80 dB
PL1W 8.92857742 W
SFO1 400.1326008 MHz
S1 32768
SF 400.1300101 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
. .
R D
1 0 ppm

3.30
9.27



©COOAd00QVOTND
ITOO0ONOND O NA ooNOO® l© oo N oo
OONNN o o o I~~~ XN ®99 o~ a0 o =19 m
RS LELEIT 3EREE 83 38 & a9 BRUKER
NAME cy-104b1- agaln 20170330
EXPNO
PROCNO
O Date_ 20170330
/7 mg'erRUM Shect
spect
EtO—PR OOBu-t PROBHD 5 mm PADUL 13C
PULPROG zgpg30
Ph Ph TD 65536
SOLVENT CDCI3
NS 256
F)r] DS 4
4r SWH 25252.525 Hz
FIDRES 0.385323 Hz
AQ 1.2976629 sec
RG 2050
Dw 19.800 usec
DE 8.00 usec
TE 293.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 10
—======= CHANNEL 1 ========
NUC1 13C
P1 13.50 usec
PL1 3.00 dB
PL1W 43.93649673 W
SFO1 100.6238364 MHz
======== CHANNEL 2 ========
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 1.80 dB
PL12 17.19 dB
PL13 18.46 dB
PL2W 8.92857742 W
PL12W 0.25809658 W
PL13W 0.19265592 W
SFO2 400.1316005 MHz
Sl 32768
SF 100.6127796 MHz
WDW EM
SSB 0
LB 3.00 Hz
GB 0
PC 1.40
o A ket g A 2 g “ b d'u ™ L_. A e "l Y (e o e A ks




38.987

NAME
EXPNO
PROCNO
Date_
0 Time
EtO—P,  OOBu-t INSTRUM
PULPROG
Ph Ph D
SOLVENT
Ph Ne

DS
ar SWH

FIDRES
AQ
RG
DW

T ) ) T r Tt
100 50 0 -50 -100 -150 -200 ppm

cy-104b1
3

1

20170426
9.42

spect

5 mm PABBO BB/
zgpg30
65536
cDCI3

40

4
96153.844
1.467191
0.3408372
190.02
5.200

6.50

294.6
2.00000000
0.03000000

CHANNEL f1l ====

242 .9411216
31P

11.90

32768

242 .9532693
EM

0

3.00

0

1.40



7.371
7.361
7.357
7.345
7.339
7.329
7.324
7.312
7.307
7.300
7.289
4._.296
4.289
4.280
4.276
4.271
4.262
4.253
4.250
4._245
4.242
4.236
4_.233
4.229
4.224
4.218
4.216
4.211
4.198
4.192
4.186
4.180
4.174
4.166
2.961
2.892

1.972
1.414
1.396
1.392

1.378
1.374
1.356

2
EtO-P O Me
Et0 Y
Ph
5a (major)
ﬂ
I
S L L L R I B |
9 8 7 6 5 4 3 2 1 0 ppm
N~ [<} o L0 [§N]
(&) (&) o [e0] o
- < < <o
Lo < — o™ (o)

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DwW

Cy-213-1p-20171028
1

1

20171028

20.34

spect

5 mm PADUL 13C

zg30

32768

CDCI3

8

0
6393.862 Hz
0.195125 Hz

2.5625076 sec

294.6 K
1.00000000 sec

CHANNEL f1 ========

13.10 usec
1.80 dB
8.92857742 W
400.1326008 MHz
32768
400.1299982 MHz
EM
0
0.30 Hz
0
1.00



5a (major)

——140.97
128.38
127.82

—™—124.90

/
—_—

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
wDw

W SSB
LB
GB
PC

180 160

80 60

[
0 ppm

cy-213-1p-20171028
2
1
20171028
20.41
spect
5 mm PADUL 13C
zgpg30
65536
CDCI3
80
4
25252 .525 Hz
0.385323 Hz
1.2976629 sec
2050
19.800 usec
8.00 usec
295.8 K
2.00000000 sec
0.03000000 sec
10

CHANNEL f1 ========
13C
13.50 usec
3.00 dB
43.93649673 W
100.6238364 MHz

CHANNEL f2 ========
waltz16
1H
80.00 usec
1.80 dB
17.19 dB
18.46 dB
8.92857742 W
0.25809658 W
0.19265592 W
400.1316005 MHz
32768
100.6127818 MHz
EM
0
3.00 Hz
0
1.40



17.341

NAME
EXPNO
/,O PROCNO
EtO-R O Me Date_
INSTRUM
EtO PROBHD
Ph _T_BLPROG
5a (major) SOLVENT
DS
SWH
FIDRES
AQ
RG
DW
DE
TE

CHANNEL f1

cy-68a-pl-p
3

1
20170109
14.00
spect

5 mm PABBO BB/

zgpg30
65536

CDCI3

16

4
96153.844
1.467191
0.3408372
190.02
5.200

6.50

306.3
2.00000000
0.03000000

242.9411216
31P

11.90

32768

242 .9532693
EM

0

1.00

0

1.40



g ' A 1 :
a L
>
& 0 ‘V'
' 1*
by ‘
EtO-P O Me
Et0 VX r o
Ph :
5a (major) § s
o . v
‘# [ ]] |
T | I | | 1 | | | |
4 2 F2 [ppm]



NAME cyj-89ap-pure-20171030
EXPNO 1
PROCNO 1
0 Date_ 20171030
3 TNSTRUM spect
. spect
EtO_P O Me ' PROBHD 5 mm PADUL 13C
4 PULPROG 2g30
Eto TD 32768
SOLVENT CDCI3
Ph-4-Me NS 8
DS 0
5b SWH 6393.862 Hz
FIDRES 0.195125 Hz
AQ 2.5625076 sec
RG 114
DW 78.200 usec
| DE 6.50 usec
| TE 294.4 K
D1 1.00000000 sec
TDO 1
—======= CHANNEL 1 ========
NUC1 1H
P1 13.10 usec
PL1 1.80 dB
PL1W 8.92857742 W
SFO1 400.1326008 MHz
Sl 32768
SF 400.1300052 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
| PC 1.00
I I
|
U i L
_JUL A J .
""""" I D A L L L B
9 8 7 6 5 4 3 2 1 0  ppm
[TeYITe) o o ~| (v o
== - o o| |© -
NN <t - m| ™ ©



——129.05
—124_87

__—138.09
T—137.63

EtO-F, O Me
EtO
Ph-4-Me
5b

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
S v D1

SSB

LB

GB
PC

T ' T ' T ' T ' T ' T
180 160 140 120 100 80

I i T T T T I
60 40 20 0 ppm

cy-25-ir-20171119
2

1

20171119
11.12
spect

5 mm PADUL 13C
zgpg30
65536
CDCI3

56

4

25252 .525
0.385323
1.2976629
2050
19.800
8.00

298.2
2.00000000
0.03000000
10

CHANNEL f1 ========
13C
13.50

3.00
43.93649673
100.6238364
CHANNEL 2 ========
waltz16

1H

80.00

1.80

17.19

18.46
8.92857742
0.25809658
0.19265592
400.1316005
32768
100.6127791
EM

0

3.00

0

1.40



NAME cyj94-2p-20171101
EXPNO 1
PROCNO 1
0O Date_ 20171101
EtO-P O Ph-4-M NSt spect
— . INSTRUM spect
t / & PROBHD 5 mm PADUL 13C
EtO PULPROG zg30
D 32768
Me SOLVENT CDCI3
' NS 8
b DS 0
SWH 6393.862 Hz
FIDRES 0.195125 Hz
AQ 2.5625076 sec
RG 128
DW 78.200 usec
| DE 6.50 usec
' TE 294.4 K
' D1 1.00000000 sec
TDO 1
======== CHANNEL f]_ ———=====
NUC1 1H
P1 13.10 usec
PL1 1.80 dB
PL1W 8.92857742 W
SFO1 400.1326008 MHz
S 32768
[ | SF 400.1300034 MHz
I WDW EM
| SSB 0
LB 0.30 Hz
I GB 0
PC 1.00
JUL N
""""""""" R B B I I I I M I
8 7 6 5 4 3 2 1 0 ppm




——137.36
——135.04
——128.53
——126.34

O
EtO— P Ph-4-Me

EtC \&<

Sb'

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
wDw
SSB
LB

GB

PC

T ' T ' T ' T ' T ' T ' T
180 160 140 120 100 80 60

20

0 ppm

cyj94-2p-20171101
2
1
20171101
18.19
spect
5 mm PADUL 13C
zgpg30
65536
CDCI3
40
4
25252 .525 Hz
0.385323 Hz
1.2976629 sec
2050
19.800 usec
8.00 usec
295.4 K
2.00000000 sec
0.03000000 sec
10

CHANNEL f1 ========
13C
13.50 usec
3.00 dB
43.93649673 W
100.6238364 MHz

CHANNEL f2 ========
waltz16
1H
80.00 usec
1.80 dB
17.19 dB
18.46 dB
8.92857742 W
0.25809658 W
0.19265592 W
400.1316005 MHz
32768
100.6127758 MHz
EM
0
3.00 Hz
0
1.40



17.534

NAME
EXPNO
PROCNO
Date_

53 Time
EtO-R O Me PROBHD.

EtO/ \/ X< _FI>_LDJLPROG

SOLVENT
Ph-4-Me S0
5b DS
SWH
FIDRES
AQ
RG
DW

DE
TE

I e e
100 50 0 -50 -100 -150 -200 ppm

CHANNEL f1

cy-187a-1p
3

1
20170920
9.41
spect

5 mm PABBO BB/

zgpg30
65536

CDCI3

32

4
96153.844
1.467191
0.3408372
190.02
5.200

6.50

0.0
2.00000000
0.03000000

242.9411216
31P

11.90

32768

242 .9532693
EM

0

1.00

0

1.40



™M
[Ke}
©
QS NAME cy-187a-2p
- EXPNO 3
PROCNO 1
Date_ 20171031
Time 9.47
INSTRUM spect
PROBHD 5 mm PABBO BB/
% 90030
EtO—R O Ph-4-Me SOLVENT cDCI3
EtG E y
hﬂe SWH 96153.844 Hz
' FIDRES 1.467191 Hz
Sb AQ 0.3408372 sec
RG 190.02
DW 5.200 usec
DE 6.50 usec
TE 0.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL 1 ========
SFO1 242 .9411216 MHz
NUC1 31P
P1 11.90 usec
Sl 32768
SF 242 .9532693 MHz
WDW EM
SSB 0
X LB 1.00 Hz
GB 0
PC 1.40

T T T ) ) o —Tr T T 7 T 7 T T
100 50 0 -50 ~100 ~150 ~200 ppm



1.398

”41:1 377
RQ::1:359

—1.948
1.416

NAME cy-187b-1p-20171012
EXPNO 1
éj BROCNO 2017101%
ate
EtO-P_ O Me Time 22.05
EtO INSTRUM spect
| PROBHD 5 mm PADUL 13C
Ph-4-Cl PULPROG zg30
D 32768
5¢ SOLVENT cbcl3
NS 8
DS 0
SWH 6393.862 Hz
FIDRES 0.195125 Hz
AQ 2.5625076 sec
RG 101
DW 78.200 usec
| DE 6.50 usec
TE 293.6 K
| D1 1.00000000 sec
TDO 1
======== CHANNEL f]_ ———=====
NUC1 1H
P1 13.10 usec
PL1 1.80 dB
PLIW 8.92857742 W
SFO1 400.1326008 MHz
S 32768
SF 400.1299983 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
0 PC 1.00
Jt ~ i
""""" A B B B I I I I I I
9 6 3 2 1 0 ppm



——139.49
——133.67

EtO-P O Me
EtO
Ph-4-Cl
5¢

o w©
m NODWOOWOWOLMN~
0 © NOORDH®MS O
ay NNONNNNAO®
o N~ ©©© OO

PR ——

asn———reh

I ! | T T
180 160 140

I i T T T T I
120 100 80 60

20 0 ppm

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
wDw
SSB
LB

GB

PC

cyj9lap-c-20171031
2
1
20171031
16.55
spect
5 mm PADUL 13C
zgpg30
65536
CDCI3
40
4
25252 .525 Hz
0.385323 Hz
1.2976629 sec
2050
19.800 usec
8.00 usec
295.4 K
2.00000000 sec
0.03000000 sec
10

CHANNEL f1 ========
13C
13.50 usec
3.00 dB
43.93649673 W
100.6238364 MHz

CHANNEL f2 ========
waltz16
1H
80.00 usec
1.80 dB
17.19 dB
18.46 dB
8.92857742 W
0.25809658 W
0.19265592 W
400.1316005 MHz
32768
100.6127838 MHz
EM
0
3.00 Hz
0
1.40



NAME cyj91bp-20171031
EtO— F‘ Ph-4-Cl EXPNO 1
| EtO \A< Date 20171031
Time 9.24
INSTRUM spect
' PROBHD 5 mm PADUL 13C
5c PULPROG 2930
TD 32768
SOLVENT CDCI3
NS 8
DS 0
SWH 6393.862 Hz
FIDRES 0.195125 Hz
AQ 2.5625076 sec
| 406
| DW 78.200 usec
DE 6.50 usec
TE 293.9 K
D1 1.00000000 sec
TDO 1
—======= CHANNEL f1 ========
Il NUC1 1H
P1 13.10 usec
PL1 1.80 dB
| PL1W 8.92857742 W
SFO1 400.1326008 MHz
| S1 32768
SF 400.1300081 MHz
WDW EM
It X SSB 0
LB 0.30 Hz
GB 0
PC 1.00
LJhL_. L [1 J\*JJLMuL Il




2853 18R 88RREL 3 4NY8
1Y V4 |
g
EtO—fP O Ph-4-Cl
Et0 X
Me |
5¢'
s gt iy
I I ) I I I ) I ) I I
180 160 140 120 100 80 60 20

(O

NAME cyj9lbp
EXPNO 2
PROCNO 1
Date_ 20171031
Time 14.59
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 184
DS 4
SWH 37878.789
FIDRES 0.577984
AQ 0.8651252
RG 190.02
DW 13.200
DE 6.50
TE 297.2
D1 2.00000000
D11 0.03000000
TDO 3
======== CHANNEL f1 ====
SFO1 150.9294669
NUC1 13C
P1 11.90
Sl1 32768
SF 150.9128729
WDW EM
SSB 0
LB 3.00
GB 0
pPC 1.40



16.894

NAME
EXPNO

/,O PROCNO
EtO—-R O Me Date_

/ Time

INSTRUM
EtO PROBHD

Ph-4-C| PULPROG
™
oC SOLVENT
NS
DS
SWH
FIDRES
AQ
RG
DW
DE
TE

I e e
100 50 0 -50 -100 -150 -200 ppm

CHANNEL f1

cy-187b-1p
3

1
20170920
10.10
spect

5 mm PABBO BB/

zgpg30
65536

CDCI3

32

4
96153.844
1.467191
0.3408372
190.02
5.200

6.50

0.0
2.00000000
0.03000000

242.9411216
31P

11.90

32768

242 .9532693
EM

0

1.00

0

1.40



/, z
EtO-R O Ph-4-Cl Time

EtO

16.149

NAME
EXPNO
PROCNO
O Date_

INSTRUM
PROBHD
PULPROG
Me TD
, SOLVENT
5c NS
DS
SWH
FIDRES
AQ
RG
DW
DE
TE

I e e
100 50 0 -50 -100 -150 -200 ppm

CHANNEL f1

cyj9ilbp
3

1
20171031
14 .53
spect

5 mm PABBO BB/

zgpg30
65536

CDCI3

64

4
96153.844
1.467191
0.3408372
190.02
5.200

6.50

297.0
2.00000000
0.03000000

242.9411216
31P

11.90

32768

242 .9532693
EM

0

1.00

0

1.40
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NAME cy-189ap-20171016
EXPNO 1
PROCNO 1
() Date_ 20171016
4 Ililg'?'RUM Deot
i spect
Eto KP O Me PROBHD 5 mm PADUL 13C
EtO PULPROG zg30
TD 32768
SOLVENT CDCI3
COzBU-f NS 8
5(1 " DS 0
SWH 6393.862 Hz
(majﬂl') FIDRES 0.195125 Hz
AQ 2.5625076 sec
RG 181
DW 78.200 usec
DE 6.50 usec
TE 298.4 K
D1 1.00000000 sec
TDO 1
—======= CHANNEL f1 ========
NUC1 1H
P1 13.10 usec
PL1 1.80 dB
PL1W 8.92857742 W
SFO1 400.1326008 MHz
Si 32768
SF 400.1300025 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
h I
l l ’L “ DO | 11
""""" I D D D L I B
8 7 6 5 4 3 2 1 0  ppm



——168.07

—82.75
77.32
77.00
76.68

<

0
EtO-P. O Me
EtO
t:(}2E3l]'f
5d (major)

—27.62

16.25
<~ 16.19
~—13.92

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF

| g WDwW

W y w=SSB
LB
GB
PC

T ' T ' T ' T ' T ' T
180 160 140 120 100 80

CHANNEL f1

CHANNEL f2

2

1
20171028
21.05
spect

5 mm PADUL 13C

zgpg30
65536

CDCI3

80

4

25252 .525
0.385323
1.2976629
2050
19.800
8.00

295.6
2.00000000
0.03000000
10

13C

13.50

3.00
43.93649673
100.6238364

waltz16

1H

80.00

1.80

17.19

18.46
8.92857742
0.25809658
0.19265592
400.1316005
32768
100.6127804
EM

0

3.00

0

1.40

cy-214-2p-20171028



EtO-R O Me
EtO
CO,Bu-t
5d

16.037

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

100 50

ppm

cy-189a-p
4
1
20171017
10.04
spect
5 mm PABBO BB/
zgpg30
65536
CDCI3
32
4
96153.844 Hz
1.467191 Hz
0.3408372 sec
190.02
5.200 usec
6.50 usec
296.2 K
2.00000000 sec
0.03000000 sec

CHANNEL f1 ========
242.9411216 MHz
31P
11.90 usec
32768
242 .9532693 MHz
EM
0
1.00 Hz
0
1.40



. 1"
o : k Y L . Lk
| . b
Y.
= 5 ; 4
EtO-P. O Me ] e-"f' :
EtO
‘ CO,Bu-t g |
5d (major) e .
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[
2 F2 [ppm]
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NAME cy-210-1p-20171028
EXPNO 1
PROCNO 1
Date_ 20171028
C) Time 18.54
{ ;SSEEBM 5 PADUEpigE
mm
EIO-FP O Ph PULPROG 2930
i D 32768
EtO SOLVENT cocl3
NS 8
CO,Bu-t DS 0
59‘ SWH 6393.862 Hz
FIDRES 0.195125 Hz
AQ 2.5625076 sec
RG 50.8
DW 78.200 usec
DE 6.50 usec
TE 294.8 K
D1 1.00000000 sec
TDO 1
—======= CHANNEL f1 ========
NUC1 1H
P1 13.10 usec
PL1 1.80 dB
PL1W 8.92857742 W
SFO1 400.1326008 MHz
S 32768
SF 400.1299978 MHz
WDW EM
SSB 0
LB 0.30 Hz
| GB 0
PC 1.00
' | I
|
l l ” A 4J i




8 3933 3588Y28883 2 298
< <t©oow v a1 ' '
| VY VW SN 7
7
EtO-P_O Ph
EtO
(:()QESU-t
Se
WW
I ' I ' I ' I ' I ' I ' I I ' I
180 160 140 120 100 80 60 20 0 ppm

(<O

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
wDw
SSB
LB

GB

PC

cy-210-1p-20171028
2
1
20171028
18.58
spect
5 mm PADUL 13C
zgpg30
65536
CDCI3
56
4
25252 .525 Hz
0.385323 Hz
1.2976629 sec
2050
19.800 usec
8.00 usec
295.5 K
2.00000000 sec
0.03000000 sec
10

CHANNEL f1 ========
13C
13.50 usec
3.00 dB
43.93649673 W
100.6238364 MHz

CHANNEL f2 ========
waltz16
1H
80.00 usec
1.80 dB
17.19 dB
18.46 dB
8.92857742 W
0.25809658 W
0.19265592 W
400.1316005 MHz
32768
100.6127788 MHz
EM
0
3.00 Hz
0
1.40



NAME cy-210-2p-20171028
EXPNO 1
PROCNO 1
Date_ 20171028
Time 19.05
() INSTRUM spect
/ ot s
z
EtO-P O COEBU-t D) 32?68
Etd SOLVENT cbcl3
NS 8
DS 0
Ph SWH 6393.862 Hz
5&' FIDRES 0.195125 Hz
AQ 2.5625076 sec
RG 50.8
DW 78.200 usec
DE 6.50 usec
TE 294.7 K
D1 1.00000000 sec
TDO 1
—======= CHANNEL f1 ========
NUC1 1H
P1 13.10 usec
PL1 1.80 dB
PL1W 8.92857742 W
SFO1 400.1326008 MHz
Si 32768
SF 400.1299887 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
(. PC 1.00
| I
il
| | \ '
Jll M” i | ’
1
""""" I D D D N T L B I B
9 8 7 6 5 4 3 0 ppm

W g

o
|



166.69
131.49
128.43
128.09
127.43

/
=<
\_

—27.56

<

16.12
16.06
15.97
15.91

Co<)

(<O

NAME cy-210-2p-20171028
EXPNO 2
PROCNO 1
Date_ 20171028
Time 19.13
INSTRUM spect
(} PROBHD 5 mm PADUL 13C
: “gpa0
EtO-P. O CO,Bu-t SOLVENT cDCI3
£ NS 48
EtO DS 4
SWH 25252.525 Hz
Ph FIDRES 0.385323 Hz
5&' AQ 1.2976629 sec
RG 2050
DW 19.800 usec
DE 8.00 usec
TE 295.6 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 10
======== CHANNEL f1 ========
NUC1 13C
P1 13.50 usec
PL1 3.00 dB
PL1W 43.93649673 W
SFO1 100.6238364 MHz
======== CHANNEL 2 ========
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 1.80 dB
PL12 17.19 dB
PL13 18.46 dB
PL2W 8.92857742 W
PL12W 0.25809658 W
PL13W 0.19265592 W
SF02 400.1316005 MHz
Sl 32768
SF 100.6127821 MHz
WDW EM
SSB 0
LB 3.00 Hz
GB 0
pPC 1.40
I ! I ! I ! I ! I ! I I I
180 160 140 120 100 80 60 20 0 ppm



//
EtO—/P O Ph

EtO

5e

CO,Bu-t

14.394

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

100

50

r 1T T T T T 1T T T
-50 -100 -150 200  ppm

CHANNEL f1

cy-210-1p
4

1
20171024
14.34
spect

5 mm PABBO BB/

zgpg30
65536

CDCI3

32

4
96153.844
1.467191
0.3408372
190.02
5.200

6.50

296.4
2.00000000
0.03000000

242.9411216
31P

11.90

32768

242 .9532693
EM

0

1.00

0

1.40



13.645

NAME
O EXPNO
PROCNO

/
EtO-R O COzBut bate.

EtO

Time
INSTRUM
PROBHD
Ph PULPROG
' ™
5e SOLVENT
NS
DS
SWH
FIDRES
AQ
RG
DW
DE
TE

100 50 0 -50 -100 -150 200 ppm

CHANNEL f1

cy-210-2p
4

1
20171024
14.39
spect

5 mm PABBO BB/

zgpg30
65536

CDCI3

32

4
96153.844
1.467191
0.3408372
190.02
5.200

6.50

296.5
2.00000000
0.03000000

242.9411216
31P

11.90

32768

242 .9532693
EM

0

1.00

0

1.40



/,
EtO—P O Ph
/
PH
& Ph

dr=1.7:1

‘Lll

11 10

2.087
5.616
29.337

1

5.291
2.004
1.753
2.518
1.329
1.000
6.126
3.182

0

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DwW

cy-211p-20171024
1

1
20171024
9.56
spect

5 mm PADUL 13C
zg30
32768
CDCI3

8

0]
6393.862 Hz
0.195125 Hz

2.5625076 sec

50.8

78.200 usec
6.50 usec

294.4 K

1.00000000 sec

CHANNEL f1 ========
13.10 usec

1.80 dB
8.92857742 W

400.1326008 MHz

32768

400.1300064 MHz

EM
0
0.30 Hz
0
1.00



A1)

16.39
16.33

<15.95
15.89

et l

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
wDw

Hewbmieramrint SSB
LB
GB
PC

T ' T ' T ' T ' T ' T ' T
180 160 140 120 100 80 60

20

I
0 ppm

CHANNEL f1

CHANNEL T2

2

1
20171028
18.49
spect

5 mm PADUL 13C

zgpg30
65536

CDCI3

832

4

25252 .525
0.385323
1.2976629
2050
19.800
8.00

296.0
2.00000000
0.03000000
10

13C

13.50

3.00
43.93649673
100.6238364

waltz16

1H

80.00

1.80

17.19

18.46
8.92857742
0.25809658
0.19265592
400.1316005
32768
100.6127807
EM

0

3.00

0

1.40

cy-211p-20171028



——34.369
——29.372

//
EtO—/P O Ph

Ph
5f

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

100 50

r— 7T 1T T T T T T
0 -50 -100 -150 200  ppm

CHANNEL f1

cy-211p
4

1
20171024
14.29
spect

5 mm PABBO BB/

zgpg30
65536

CDCI3

32

4
96153.844
1.467191
0.3408372
190.02
5.200

6.50

296.2
2.00000000
0.03000000

242.9411216
31P

11.90

32768

242 .9532693
EM

0

1.00

0

1.40



NAME cy-188p-20170919
1

EXPNO

PROCNO 1
Date_ 20170919
Time 23.00
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
TD 32768
SOLVENT CDCI3
NS 8
DS 0
SWH 6393.862
FIDRES 0.195125
AQ 25625076
RG 203
DW 78.200
DE 6.50
TE 294 .2
D1 1.00000000
TDO 1
—======= CHANNEL f1 ====
NUC1 1H
P1 13.10
PL1 1.80
PL1W 8.92857742
SFO1 400.1326008
SI 32768
SF 400.1300085
WDW EM
SSB 0
LB 0.30
GB 0
PC 1.00




65
96
38
19
15
93
45

%
EtO—/P O Ph
EtO

Ph
59

16.26
16.20

16.11
16.06

<

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
wDw
SSB
LB

GB

PC

180 160 140 120

100 80 60

40 20 0 ppm

cy-212p-20171024
2
1
20171024
9.10
spect
5 mm PADUL 13C
zgpg30
65536
CDCI3
232
4
25252 .525 Hz
0.385323 Hz
1.2976629 sec
2050
19.800 usec
8.00 usec
295.0 K
2.00000000 sec
0.03000000 sec
10

CHANNEL f1 ========
13C
13.50 usec
3.00 dB
43.93649673 W
100.6238364 MHz

CHANNEL f2 ========
waltz16
1H
80.00 usec
1.80 dB
17.19 dB
18.46 dB
8.92857742 W
0.25809658 W
0.19265592 W
400.1316005 MHz
32768
100.6127749 MHz
EM
0
3.00 Hz
0
1.40



15.072

NAME
EXPNO
PROCNO
(@) Date_
/7 Time
EtO—R. O Ph INSTRUM
/ PROBHD
EtO _FI>_LDJLPROG
Ph SOLVENT
NS
59 DS
SWH
FIDRES
AQ
RG
DW
DE
TE

I e e
100 50 0 -50 -100 -150 -200 ppm

CHANNEL f1

cy-188p
3

1
20170920
9.51
spect

5 mm PABBO BB/

zgpg30
65536

CDCI3

32

4
96153.844
1.467191
0.3408372
190.02
5.200

6.50

0.0
2.00000000
0.03000000

242.9411216
31P

11.90

32768

242 .9532693
EM

0

3.00

0

1.40



NAME cy-195bp-20170929
EXPNO 1
PROCNO 1
Date_ 20170929
Time 9.33
INSTRUM spect
/ PROBHD 5 mm PADUL 13C
— A PULPROG zg30
EtO /P O Ph-4-F i 32968
SOLVENT CDCI3
EtO | N 5
Ph-4-F ! DS 0
5h SWH 6393.862 Hz
FIDRES 0.195125 Hz
AQ 2.5625076 sec
RG 203
DW 78.200 usec
DE 6.50 usec
TE 296.6 K
D1 1.00000000 sec
TDO 1
—======= CHANNEL f1 ========
NUC1 1H
P1 13.10 usec
I PL1 1.80 dB
PL1W 8.92857742 W
SFO1 400.1326008 MHz
Si 32768
I SF 400.1300059 MHz
WDW EM
SSB 0
Eoy LB 0.30 Hz
Il GB 0
PC 1.00
U J’L . UL U




——163.79
——161.33

2
EtO-R O Ph-4-F
EtO
Ph-4-F

[T PRTRETR

16.30
16.24

16.16
16.10

<

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
wDw
SSB
LB

GB

PC

180 160

140 120 100 80 60

20

0 ppm

cy-195bp-20170929
2
1
20170929
9.41
spect
5 mm PADUL 13C
zgpg30
65536
CDCI3
88
4
25252 .525 Hz
0.385323 Hz
1.2976629 sec
2050
19.800 usec
8.00 usec
297.8 K
2.00000000 sec
0.03000000 sec
10

CHANNEL f1 ========
13C
13.50 usec
3.00 dB
43.93649673 W
100.6238364 MHz

CHANNEL f2 ========
waltz16
1H
80.00 usec
1.80 dB
17.19 dB
18.46 dB
8.92857742 W
0.25809658 W
0.19265592 W
400.1316005 MHz
32768
100.6127728 MHz
EM
0
3.00 Hz
0
1.40



14.695

NAME

EXPNO

PROCNO

// D@te_

EtO—/P O Ph-4-F L:E%UM

EtO PROBHD

PULPROG

Ph-4-F ™

5h ﬁgLVENT
DS
SWH

FIDRES
AQ
RG
DW
DE
TE

I e e
100 50 0 -50 -100 -150 -200 ppm

CHANNEL f1

cy-205b-p
3

1
20171017
10.14
spect

5 mm PABBO BB/

zgpg30
65536

CDCI3

32

4
96153.844
1.467191
0.3408372
190.02
5.200

6.50

296.3
2.00000000
0.03000000

242.9411216
31P

11.90

32768

242 .9532693
EM

0

1.00

0

1.40



O

/
EtO—/P/ O Ph-4-Me

EtO

Ph-4-Me

5i

NAME
EXPNO

PROCNO
Date_

Time

INSTRUM
PROBHD
PULPROG

CHANNEL f1

1

1
20171007
20.33
spect

5 mm PADUL 13C

zg30
32768
CDCI3

8

0
6393.862
0.195125
2.5625076
181
78.200
6.50
297.0
1.00000000

1H

13.10

1.80
8.92857742
400.1326008
32768
400.1300114
EM

0

0.30

0

1.00

cy-195ap-20171007



2
EtO-R O_Ph-4-Me
EtO

Ph-4-Me
5i

140.57
< 140.47
—136.68
128.94
128.64
~_125.94
125.77

-

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SF02
Si

SF
wDw
SSB
LB

GB

PC

| ' I
180 160

[ T | T T T T r I
140 120 100 80 60

40 20

0 ppm

cy-195ap-20171007
2
1
20171007
20.38
spect
5 mm PADUL 13C
zgpg30
65536
CDCI3
96
4
25252 .525 Hz
0.385323 Hz
1.2976629 sec
2050
19.800 usec
8.00 usec
297.6 K
2.00000000 sec
0.03000000 sec
10

CHANNEL f1 ========
13C
13.50 usec
3.00 dB
43.93649673 W
100.6238364 MHz

CHANNEL f2 ========
waltz16
1H
80.00 usec
1.80 dB
17.19 dB
18.46 dB
8.92857742 W
0.25809658 W
0.19265592 W
400.1316005 MHz
32768
100.6127740 MHz
EM
0
3.00 Hz
0
1.40



23.158

/ NAME cy-195ap
A EXPNO 3
EtO—R O Ph-4-Me PROCNO 1
EtO/ Date_ 20171013
Time 10.14
A INSTRUM spect
Ph-4-Me PROBHD 5 mm PABBO BB/
5i PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 32
DS 4
SWH 96153.844 Hz
FIDRES 1.467191 Hz
AQ 0.3408372 sec
RG 190.02
DW 5.200 usec
DE 6.50 usec
TE 0.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1 ========
SFO1 242 .9411216 MHz
NUC1 31P
P1 11.90 usec
Sl 32768
SF 242 .9532693 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40




NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
O PULPROG

552 é ST

cyj84-20171026
1

1

20171026

21.15

spect

5 mm PADUL 13C
zg30

32768

CDCI3

8

0

6393.862
0.195125
2.5625076

228

78.200

6.50

294.6
1.00000000

CHANNEL f1 ====

1H

13.10

1.80
8.92857742
400.1326008
32768
400.1300096
EM

0

0.30

0

1.00
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80 60
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0 ppm

NAME cyj-84p-20171028
EXPNO 2
PROCNO 1
Date_ 20171028
Time 17.53
INSTRUM spect
PROBHD 5 mm PADUL 13C
; PULPROG zgpg30
EtO \_é ™ 65536
Me SOLVENT cbCl3
NS 176
DS 4
SWH 25252 .525 Hz
FIDRES 0.385323 Hz
AQ 1.2976629 sec
RG 2050
DW 19.800 usec
DE 8.00 usec
TE 295.8 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 10
======== CHANNEL f1 ========
NUC1 13C
P1 13.50 usec
PL1 3.00 dB
PL1W 43.93649673 W
SFO1 100.6238364 MHz
======== CHANNEL 2 ========
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 1.80 dB
PL12 17.19 dB
PL13 18.46 dB
PL2W 8.92857742 W
PL12W 0.25809658 W
PL13W 0.19265592 W
SF02 400.1316005 MHz
Sl 32768
SF 100.6127764 MHz
WDW EM
Wi oen >S5 0
LB 3.00 Hz
GB 0
PC 1.40



NAME cy-204-20171016
EXPNO 1
PROCNO 1
Date_ 20171016
Time 9.33
//O ;SSEEBM 5 PADUEpigE
mm
EtO-R O PULPROG 2930
EtO TD 32768
SOLVENT CDCI3
NS 8
Pr] DS 0
7 SWH 6393.862 Hz
FIDRES 0.195125 Hz
AQ 2.5625076 sec
RG 128
DW 78.200 usec
DE 6.50 usec
TE 298.4 K
D1 1.00000000 sec
TDO 1
—======= CHANNEL f1 ========
NUC1 1H
P1 13.10 usec
PL1 1.80 dB
PL1W 8.92857742 W
SFO1 400.1326008 MHz
S 32768
I SF 400.1299980 MHz
WDW EM
SSB 0
LB 0.30 Hz
| | GB 0
| PC 1.00
|
|
|
| L o~ JL . L
""""" I D D D N T L B I B
9 8 7 6 5 4 3 2 1 0 ppm
o| o] — o —
SNRE1ESY < o ©
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NAME cy-204p-20171018
EXPNO 2
PROCNO 1
Date_ 20171018
Time 16.37
@) INSTRUM spect
/7 PROBHD 5 mm PADUL 13C
— PULPROG zgpg30
EtO /P O TD 65536
EtO SOLVENT CDCI3
NS 56
Ph DS 4
7 SWH 25252 .525 Hz
FIDRES 0.385323 Hz
AQ 1.2976629 sec
RG 2050
DW 19.800 usec
DE 8.00 usec
TE 295.3 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 10
======== CHANNEL f1 ========
NUC1 13C
P1 13.50 usec
PL1 3.00 dB
PL1W 43.93649673 W
SFO1 100.6238364 MHz
======== CHANNEL 2 ========
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 1.80 dB
PL12 17.19 dB
PL13 18.46 dB
PL2W 8.92857742 W
PL12W 0.25809658 W
PL13W 0.19265592 W
SF02 400.1316005 MHz
Sl 32768
SF 100.6127787 MHz
T 0w e
SSB 0
LB 3.00 Hz
GB 0
PC 1.40
I ! I ! I ! I ! I ! I ! I ! I ! I ! I ! I
200 180 160 140 120 100 80 60 40 20 0 ppm
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NAME cy-207b-3p-20171028
EXPNO 1
PROCNO 1
Date_ 20171028
Time 19.18
OH INSTRUM spect
PROBHD 5 mm PADUL 13C
- - PULPROG zg30
t-Bu Bu-t TD 32768
SOLVENT CDCI3
NS 8
DS 0
SWH 6393.862 Hz
ﬁ? FIDRES 0.195125 Hz
AQ 2.5625076 sec
8 P(OEt), RG 256
DW 78.200 usec
DE 6.50 usec
TE 294.7 K
D1 1.00000000 sec
TDO 1
—======= CHANNEL f1 ========
NUC1 1H
P1 13.10 usec
PL1 1.80 dB
PL1W 8.92857742 W
SFO1 400.1326008 MHz
Si 32768
SF 400.1300085 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
I |
| Il Il
|
l | ) I L .
""""" I D D D N T L B I B
9 8 7 6 5 4 3 2 1 0 ppm

2.02
1.00
4.17
2.00
18.28
6.39



t-Bu

8

—152_.75

——135.97
126.43
126.39
77.21
77.00
76.79
32.93
30.28
16.41
16.37

61.91
~61.87

-
34.27

zf::33.85

~—

™~

e

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
OH PROBHD
PULPROG
Bu-t ™D
SOLVENT
NS
DS
SWH
FIDRES
i 9
P(OEt), DW
DE

180 160 140 120 100 80 60 40 20 0 ppm

CHANNEL f1

(O

cy-207b-3p
2

1
20171031
9.58
spect

5 mm PABBO BB/

zgpg30
65536

CDCI3

2856

4
37878.789
0.577984
0.8651252
190.02
13.200
6.50

0.0
2.00000000
0.03000000

150.9294669
13C

11.90

32768
150.9128686
EM

0

3.00

0

1.40



t

Bu

OH

Bu-t

II:|>(OEt)2

27.369

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

50

r 1T T T T T 1T T T
-50 -100 -150 200  ppm

CHANNEL f1

cy-207b-3p
3

1
20171031
9.53
spect

5 mm PABBO BB/

zgpg30
65536

CDCI3

64
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