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1. General experimental details

All reactions were maintained under a nitrogen atmosphere unless otherwise stated.
Commercially available reagents were used without further purification. Infrared (FT-IR) spectra
were recorded on a BRUKER VERTEX 70, vmax in cm™. H-NMR spectra were recorded on a
BRUKER AVANCE 11l HD (400 MHz) spectrometer. Chemical shifts are reported in ppm from
tetramethylsilane with the solvent resonance as internal standard (CDCls: & 7.26). Data are
reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, g = quadruplet,
br = broad, m = multiplet), coupling constants (Hz) and integration. **C-NMR spectra were
recorded on a BRUKER AVANCE IIl HD (100 MHz) spectrometer with complete proton
decoupling. Chemical shifts are reported in ppm from tetramethylsilane with the solvent resonance
as the internal standard (CDCls: & 77.16). ®P-NMR spectra were recorded on a BRUKER
AVANCE Il HD (161 MHz) spectrometer. *®F-NMR spectra were recorded on a BRUKER
AVANCE Il HD (376 MHz) spectrometer. Mass spectra were measured with an Agilent
Technologies 6120 Quadrupole LC/MS. High resolution mass spectrometry (HRMS) were
measured with a GCT Premier™ and BRUKER micrOTF-Q Ill. Melting points were measured
using INESA WRR and values are uncorrected.

2. Reaction conditions survey for using phosphonates @

Ph OH TBHP (2.0 equiv) 0
N\W o additive (15 mol%) Ph F{\OEt
B : OEt
+ H*P’OEt \
@ S “OEt CHSCN, 1t SEY

1a 2 4e
Entry Additive Yield (%0)°
1 FeCls 0
2 Mn(OAC)3 trace
3 AgNO3 0
4 Cul 44
5 CuCl trace
6 CuBr trace
7 Cu(OAcC), 38
8 Cu(OTf):, 86
9 CuSO4 27
10¢ Cu(OTf): 0
11¢ Cu(OTf)2 93

#Reaction conditions:1a (0.2 mmol), 2 (0.4 mmol), and TBHP (0.4 mmol) in CH3CN (2 ml) at rt
under N2, 24 h. PIsolated yield. °Without TBHP. Cu(OTf), 10 mol%.
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3. Characterization of new starting materials

NOBN 8g: yellow oil. *H NMR (400 MHz, CDCls) & 7.70 (s, 1H), 7.66-7.61

Ho | (m, 2H), 7.60-7.55 (m, 2H), 7.42-7.32 (m, 5H), 5.86-5.74 (m, 1H),

_~ 5.18-5.09 (M, 2H), 5.04-4.94 (m, 2H), 3.52 (s, 1H), 2.20-1.95 (m, 4H);

13C NMR (100 MHz, CDCls) § 152.7, 147.2 (q, Jcr = 1.0 Hz), 137.8,

FsC 136.9, 129.6 (q, Jo-r = 32.3 Hz), 128.5, 128.4, 128.2, 127.2 (q, Jc-F =

257.3 Hz), 125.7, 125.4 (q, Jcr = 3.7 Hz), 115.1, 76.6, 75.5, 40.1, 27.5; °F NMR (376 MHz,

CDCl3) & -62.5. FT-IR: v (cm) 3524, 3033, 2927, 1641, 1618, 1497, 1454, 1411, 1366, 1324.
HRMS [CI] calcd for CooH21F3NO2 [M+H]* 364.1519, found 364.1509.

4. Characterization of new products

3a: colorless oil, 94.3 mg, 95%. 'H NMR (400 MHz, CDCls) §

0 7.85-7.78 (m, 3H), 7.78-7.71 (m, 2H), 7.69 (d, J = 8.0 Hz, 1H),
O)J\/r Riph  7.63-7.55 (m, 2H), 7.50-7.40 (m, 4H), 7.36 (dd, J = 14.4, 7.2 Hz,
Ny PN 1H), 7.19-7.09 (m, 3H), 3.94-3.83 (m, 1H), 3.26-3.15 (m, 1H),

S0 3.04-2.86 (m, 2H), 2.80 (ddd, J = 14.8, 14.8, 5.2 Hz, 1H), 2.41

(dd, J = 14.8, 7.6 Hz, 2H); 3C NMR (100 MHz, CDCls) 5 198.8,

173.1 (d, Jcp = 6.8 Hz), 152.9, 136.6, 134.7, 133.2 (d, Jcp = 98.9

Hz), 133.0, 131.8 (d, Jcr = 2.6 Hz), 131.6 (d, Jcr = 98.4 Hz), 131.2 (d, Jcr = 2.7 Hz), 130.9 (d,

Jep = 9.5 Hz), 130.5 (d, Jep = 9.4 Hz), 128.7 (d, Jcr = 11.6 Hz), 128.5, 128.0 (d, Jcp = 11.4 Hz),

128.0, 125.8, 124.9, 122.7, 121.5, 37.8 (d, Jc.p = 2.8 Hz), 35.8, 35.8 (d, Jcp = 69.7 Hz), 31.7 (d,

Jepr = 9.0 Hz); 3P NMR (161 MHz, CDCls) § 29.62. FT-IR: v (cml) 3055, 2922, 2852, 1678,

1605, 1572, 1509, 1483, 1455, 1436, 1406, 1367, 1311, 1277. HRMS [ESI] calcd for
CaoH2sNO2PSNa [M+Na]* 518.1314, found 518.1303.

3b: white solid, m.p. 60-61 °C, 95.7 mg, 94%. 'H NMR (400

o  MHz CDCl3) 3 7.81 (d, J = 8.0 Hz, 1H), 7.78-7.72 (m, 2H),
/O)‘\/j\/\P\iph 7.72-7.67 (M, 3H), 7.62-7.56 (m, 2H), 7.49-7.35 (m, 5H),
N, Ph 731726 (m, 1H), 7.17-7.11 (m, 4H), 3.93-3.82 (m, 1H),

3.25-3.15 (m, 1H), 3.01-2.84 (m, 2H), 2.79 (ddd, J = 14.8, 14.8,

@ 5.2 Hz, 1H), 2.40 (dd, J = 14.8, 7.6 Hz, 2H), 2.34 (s, 3H); 13C

NMR (100 MHz, CDCls) & 198.4, 173.2 (d, Jcp = 6.7 Hz),

152.9, 143.7, 134.7, 134.2, 133.7 (d, Jc» = 98.8 Hz), 131.8 (d, Jcr = 2.7 Hz), 131.7 (d, Jc.p = 98.9

Hz), 131.2 (d, Jcpr = 2.9 Hz), 130.9 (d, Jcp = 9.5 Hz), 130.5 (d, Jcr = 9.4 Hz), 129.2, 128.7 (d,

Jep = 11.6 Hz), 128.1, 128.0 (d, Jc.p = 11.8 Hz), 125.8, 124.9, 122.7, 121.5, 37.9 (d, Jc.p = 2.8 Hz),

35.7, 35.8 (d, Jc.p = 69.8 Hz), 31.8 (d, Je.p = 9.1 Hz), 21.6; °1P NMR (161 MHz, CDCl3) & 29.38.

FT-IR: v (cm) 3057, 2958, 2925, 2853, 1682, 1596, 1579, 1509, 1484, 1436, 1368, 1311, 1262,
1240. HRMS [ESI] calcd for CaiHzsNOPSNa [M+Na]* 532.1471, found 532.1461.
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3c: white solid, m.p. 130-131 °C, 65.5 mg, 62%. *H NMR

o (400 MHz, CDCls) 5 7.86-7.71 (m, 5H), 7.68 (d, J = 7.6 Hz,
maiph 1H), 7.63-7.55 (m, 2H), 7.50-7.35 (m, 4H), 7.34-7.26 (m,
MeO N,, Ph 1H),7.19-7.08 (m, 3H), 6.83 (d, J = 8.4 Hz, 2H), 3.95-3.82

(m, 1H), 3.80 (s, 3H), 3.27-3.16 (m, 1H), 2.99-2.86 (m,

2H), 2.81 (ddd, J = 14.8, 14.8, 5.2 Hz, 1H), 2.40 (dd, J =

14.4, 7.2 Hz, 2H); 3C NMR (100 MHz, CDCl3) & 197.3,
173.4 (d, Jor = 6.5 Hz), 163.4, 152.6, 134.6, 133.6 (d, Jc.p = 98.9 Hz), 131.8 (d, Jop = 2.4 Hz),
131.6 (d, Jo.p = 98.3 Hz), 131.2 (d, Je.p = 2.5 Hz), 130.9 (d, Je.p = 9.5 Hz), 130.5 (d, Jc.p = 9.3 H2),
130.3,129.7, 128.7 (d, Jer = 11.7 Hz), 128.0 (d, Jcr = 11.7 Hz), 125.9, 124.9, 122.6, 121.5, 113.6,
55.4, 37.9 (d, Jo.p = 2.7 H2), 35.7 (d, Jop = 69.7 Hz), 35.5, 32.0 (d, Je-r = 9.1 Hz): 31P NMR (161
MHz, CDCls) & 29.46. FT-IR: v (cml) 3054, 2956, 2924, 2853, 1670, 1599, 1509, 1456, 1436,
1365, 1313, 1255, 1235. HRMS [ESI] calcd for CaHasNOsPSNa [M+Na]* 548.1420, found
548.1414.

3d: white solid, m.p. 181-182 °C, 58.2 mg, 51%.'H NMR

o (400 MHz, CDCly) § 7.92-7.82 (m, 3H), 7.81-7.73 (m, 2H),
mRiph 7.70 (d, J = 7.6 Hz, 1H), 7.66-7.53 (m, 6H), 7.49-7.33 (m,
Ph N, Ph o 7H), 7.32-7.26 (m, 1H), 7.21-7.10 (m, 3H), 3.99-3.85 (m,

1H), 3.31-3.18 (m, 1H), 3.08-2.91 (m, 2H), 2.90-2.73 (m,

1H), 2.46 (dd, J = 13.2 6.4 Hz, 1H); 3C NMR (100 MHz,

CDCl3) & 198.4, 173.3 (d, Jep = 6.2 Hz), 152.7, 145.6, 139.8,
135.3, 134.7, 133.7 (d, Jc.p = 98.3 Hz), 131.9, 131.6 (d, Jc.p =98.6 Hz), 131.2, 130.9 (d, Jc.p = 9.1
Hz), 1305 (d, Jep = 9.0 Hz), 128.9, 128.7 (d, Jer = 11.4 HZ), 128.6, 128.2, 128.1 (d, Jcp = 11.5
Hz), 127.2, 127.1, 125.9, 125.0, 122.7, 121.5, 37.9, 35.9, 35.8 (d, Jc.p = 69.7 Hz), 31.8 (d, Jcp =
8.4 Hz); 3P NMR (161 MHz, CDCls) § 29.49. FT-IR: v (cm™) 3059, 2925, 1679, 1602 1558, 1511
1484, 1453, 1437, 1381, 1313, 1268, 1231. HRMS [ESI] calcd for CasHoNOPSNa [M+Na]*
594.1627, found 594.1616.

3e: yellow oil, 73.2 mg, 63%. *H NMR (400 MHz, CDCls)

o  ©7.90-7.84 (m, 2H), 7.81 (d, J = 8.4 Hz, 1H), 7.79-7.69
MRQ% (m, 3H), 7.63-7.57 (m, 2H), 7.51-7.37 (m, 5H), 7.34-7.28
F,CO Ny P (m, 1H), 7.22-7.14 (m, 4H), 3.93-3.81 (m, 1H), 3.25-3.14

(m, 1H), 3.04-2.88 (m, 2H), 2.82 (ddd, J = 14.0, 14.0, 5.6
Hz, 1H), 2.42 (dd, J = 14.8, 7.6 Hz, 2H); 3C NMR (100

MHz, CDCls) & 196.8, 172.7 (d, Jep = 7.4 Hz), 152.3,
152.0, 134.4, 134.2, 133.1 (d, Jcp = 99.2 Hz), 131.4 (d, Jep = 2.7 Hz), 131.3 (q, Jor = 2.4. Hz),
130.8 (d, Je = 2.7 Hz), 130.4 (d, Jcp = 9.5 Hz), 130.0 (d, Jep = 9.3 Hz), 129.6, 128.3 (d, Jcr =
11.7 Hz), 127.6 (d, Jcp = 11.8 Hz), 125.4, 124.5, 121.7 (q, Jr = 254.1 Hz), 122.2, 121.0, 119.8,
37.3 (d, Jep = 2.7 Hz), 35.4, 35.2 (d, Je.p = 69.6 Hz), 31.1 (d, Jc-p = 8.6 Hz); 3P NMR (161 MHz,
CDCls) & 29.68; 1°F NMR (376 MHz, CDCls) & -57.6. FT-IR: v (cm) 3059, 2925, 1686, 1602,
1506, 1437, 1411, 1370, 1309, 1254, 1209. HRMS [ESI] calcd for CaiHzsFsNOsPSNa [M+Na]*
602.1137, found 602.1127.
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3f: white solid, m.p. 105-106 °C, 67.0 mg, 59%. *H NMR

0 (400 MHz, CDCl) 8 7.91 (d, J = 8.0 Hz, 2H), 7.83 (d, J =
maiph 80 Hz, 1H), 7.80-7.70 (m, 3H), 7.66-7.58 (m, 4H),
FsC Ny PN 752-7.36 (m, 4H), 7.35-7.28 (m, 1H), 7.24-7.14 (m, 3H),

3.94-3.81 (m, 1H), 3.27-3.14 (m, 1H), 3.08-2.92 (m, 2H),

2.83 (ddd, J = 14.4, 14.4, 5.6 Hz, 1H), 2.50-2.40 (m, 2H);

13C NMR (100 MHz, CDCl) § 197.8, 173.1 (d, Jcp = 7.3
Hz), 152.8, 139.2, 134.7, 134.2 (4, Jor = 32.4 Hz), 133.8 (d, Jc.p = 99.3 Hz), 131.6 (d, Jc.p = 99.0
Hz), 131.9 (d, Jor = 1.8 Hz), 131.3 (d, Jc.p = 1.8 Hz), 130.9 (d, Jc-p = 9.2 Hz), 130.5 (d, Jop = 9.1
Hz), 128.7 (d, Jep = 11.5 Hz), 128.3, 128.1 (d, Jc» = 11.7 Hz), 125.9, 125.5 (q, Jcr = 3.7 Hz),
125.0, 123.2 (q, Jor = 271.1 Hz), 122.7, 121.5, 37.8 (d, Jcr = 1.6. Hz), 36.1, 35.3 (d, Jc.p = 68.9.
Hz), 31.3 (d, Jcr = 8.1 Hz); 3P NMR (161 MHz, CDCls) 5 29.30; 1%F NMR (376 MHz, CDCl3) &
-63.1. FT-IR: v (cml) 3056, 2920, 2852, 1691, 1653, 1577, 1508, 1486, 1456, 1436, 1372, 1323,
1240. HRMS [ESI] calcd for CaoHasFsNO2PSNa [M+Na]* 586.1188, found 586.1174.

3g: white solid, m.p. 40-41 °C, 63.0 mg 61%. *H NMR (400

0 MHz CDCly) 5 7.89-7.82 (m, 3H), 7.79-7.60 (m, 3H),
m Ripn 7.65-7.57 (m, 2H), 7.51-7.38 (m, 5H), 7.35-7.28 (m, 1H),
E Sy Ph 7.19-7.13 (m, 2H), 7.09-7.00 (m, 2H), 3.95-3.81 (m, 1H),

3.30-3.16 (m, 1H), 3.02-2.89 (m, 2H), 2.89-2.75 (m, 1H), 2.42

@ (dd, J = 13.6, 6.8 Hz, 2H); *°C NMR (100 MHz, CDCls) &

197.2, 173.2 (d, Jop = 7.2 Hz), 165.6 (d, Jer = 253.0 Hz),

152.9, 134.7, 133.7 (d, Jc» = 98.9 Hz), 133.1 (d, Je.r = 3.3 Hz), 131.9 (d, Je.p = 2.6 Hz), 131.6 (d,

Jop = 98.4 Hz), 131.2 (d, Jer = 2.7 Hz), 130.9 (d, Jc.p = 9.4 Hz), 130.6 (d, Jc.r = 9.3 Hz), 130.5 (d,

Jep = 9.3 Hz), 128.7 (d, Jep = 11.6 Hz), 128.1 (d, Jor = 11.8 Hz), 125.9, 124.9, 122.7, 121.5,

115.6 (d, Je.r = 21.7 Hz), 37.8 (d, J.p = 2.8 Hz), 35.7, 35.8 (d, Je.p = 69.6 Hz), 31.7 (d, Jcr = 8.6

Hz); 3P NMR (161 MHz, CDCls) § 29.67; 1°F NMR (376 MHz, CDCl3) & -105.4. FT-IR: v (cm)

3057, 2927, 1682, 1595, 1505, 1455, 1436, 1408, 1369, 1311, 1277, 1227. HRMS [ESI] calcd for
CaoH2sFNO2PSNa [M+Na]* 536.1220, found 536.1192.

3h: white solid, m.p. 51-52 °C, 83.0 mg, 78%. 'H NMR (400

o0  MHz CDCls) 3 7.84 (d, J = 8.0 Hz, 1H), 7.80-7.73 (m, 4H),

2
MF{\% 7.72 (d, J = 8.0 Hz, 1H), 7.66-7.57 (m, 2H), 7.52-7.39 (m,
Cl Ny P 4H), 7.38-7.30 (m, 3H), 7.22-7.12 (m, 3H), 3.96-3.82 (m, LH),

3.30-3.17 (m, 1H), 3.04-2.87 (m, 2H), 2.82 (ddd, J = 14.4,

14.4, 5.2 Hz, 1H), 2.44 (dd, J = 13.6, 6.8 Hz, 2H); 3C NMR

(100 MHz, CDCls) § 197.6, 173.1 (d, Jcp = 7.4 Hz), 152.8,
139.4, 134.9, 134.7, 133.7 (d, Jcr = 99.0 Hz), 131.9 (d, Jep = 2.7 Hz), 131.6 (d, Jcp = 98.4 H2),
131.3 (d, Jor = 2.8 Hz), 130.9 (d, Jer = 9.4 Hz), 130.5 (d, Jor = 9.3 Hz), 129.4, 128.8, 128.7 (d,
Jop = 11.4 Hz), 128.1 (d, Jcp = 11.8 Hz), 125.9, 125.0, 122.7, 121.5, 37.8 (d, Jcr = 2.8 Hz), 35.8,
35.7 (d, Jep = 69.6 Hz), 31.6 (d, Jep = 8.6 Hz); 3P NMR (161 MHz, CDCls) & 29.50. FT-IR: v
(cmY) 3057, 2923, 2852, 1682, 1587, 1571, 1508, 1486, 1456, 1436, 1399, 1368, 1311, 1261.
HRMS [ESI] calcd for CsoHasCINOPSNa [M+Na]* 552.0924, found 552.0933.
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3i: white solid, m.p. 58-59 °C, 82.6 mg, 72%. *H NMR (400

0 MHz CDCl) 8 7.82 (d, J = 8.0 Hz, 1H), 7.79-7.70 (m, 3H),
/O)\/\/CF{\% 7.69-7.65 (m, 2H), 7.64-7.56 (m, 2H), 7.50 (d, J = 8.8 Hz,
Br Ny T 2H), 7.50-7.38 (m, 5H), 7.35-7.29 (m, 1H), 7.23-7.12 (m, 3H),

3.92-3.80 (m, 1H), 3.25-3.13 (m, 1H), 3.01-2.85 (m, 2H),

2.80 (ddd, J = 14.4, 14.4, 5.6 Hz, 1H), 2.42 (dd, J = 14.4, 7.2

Hz, 2H); 3C NMR (100 MHz, CDCls) § 197.8, 173.1 (d, Jcp
= 7.3 Hz), 152.8, 135.3, 134.7, 133.6 (d, Jc» = 100.1 Hz), 131.9, 131.8, 131.3, 131.2, 130.9 (d,
Jcp = 9.3 Hz), 130.5 (d, Jc-r = 9.2 HZ), 129.6, 128.7 (d, Jcp = 11.5 Hz), 128.1 (d, Jc-r = 99.2 Hz),
128.1 (d, Jc-r = 11.4 Hz), 125.9, 125.0, 122.7, 121.5, 37.8, 35.8, 35.7 (d, Jc» = 69.5 Hz), 31.6 (d,
Jep = 8.3 Hz); 3P NMR (161 MHz, CDCls) & 29.69. FT-IR: v (cm) 2956, 2900, 2853, 1772,
1733, 1716, 1683, 1653, 1636, 1583, 1559, 1541, 1508, 1486, 1467, 1456, 1436, 1396, 1312, 1274,
1241. HRMS [ESI] calcd for C3oH2sBrNO2PSNa [M+Na]* 596.0419, found 596.0405.

3j: white solid, m.p. 47-48 °C, 89.1 mg, 87%. 'H NMR (400 MHz,

0 CDCly)37.82(d,J=80Hz, 1H), 7.78-7.72 (m, 2H), 7.70 (d, J =

Riph 8.0 Hz, 1H), 7.63-7.56 (m, 4H), 7.47-7.36 (m, 4H), 7.31-7.26 (m,

sy P 2H), 7.26-7.21 (m, 1H), 7.19-7.10 (m, 3H), 3.93-3.82 (m, 1H),

3.25-3.15 (m, 1H), 3.03-2.85 (m, 2H), 2.80 (ddd, J = 14.4, 14.4,

5.6 Hz, 1H), 2.41 (dd , J = 14.8, 7.6 Hz, 2H), 2.32 (s, 3H); 3C

NMR (100 MHz, CDCls) & 199.0, 173.2 (d, Jer = 6.7 Hz), 152.9,

138.2, 136.7, 134.8, 133.7, 133.7 (d, Jc.p = 98.9 Hz), 131.8 (d, Jc.p = 2.7 Hz), 131.6 (d, Jc.p = 98.4

Hz), 131.2 (d, Jcp = 2.7 Hz), 130.9 (d, Jep = 9.4 Hz), 1305 (d, Jep = 9.3 Hz), 128.7 (d, Jcp =

11.6 Hz), 128.5, 128.4, 128.0 (d, Jor = 11.7 Hz), 125.8, 125.2, 124.9, 122.7, 121.5, 37.9 (d, Jc.p =

2.9 Hz), 35.9, 35.8 (d, Jc.r = 69.7 Hz), 31.8 (d, Jc.r = 9.1 Hz), 21.3; 3P NMR (161 MHz, CDCl)

§29.37. FT-IR: v (cm!) 3055, 2921, 2852, 1681, 1603, 1585, 1558, 1541, 1508, 1484, 1456, 1436,

1364, 1311, 1278, 1243. HRMS [ESI] calcd for CaHasNO,PSNa [M+Na]* 532.1471, found
532.1465.

3k: white solid, m.p. 40-41 °C, 76.7 mg, 75%. *H NMR (400 MHz,

0 CDCly)57.82 (d,J =80 Hz, 1H), 7.79-7.72 (m, 2H), 7.69 (d, J =
R<ph 8.0 Hz, 1H), 7.64-7.55 (m, 2H), 7.51-7.36 (m, 5H), 7.34-7.26 (m,
Ny PN 2H), 7.20-7.10 (m, 5H), 3.93-3.80 (m, 1H), 3.27-3.15 (m, 1H),

2.97-2.73 (m, 3H), 2.45-2.31 (M, 2H), 2.38 (s, 3H); 3C NMR (100

@ MHz, CDCls) § 202.7, 173.2 (d, Jcr = 6.9 Hz), 152.9, 138.0, 137.5,

134.7, 133.7 (d, Jcp = 98.9 Hz), 131.8, 131.8 (d, Jcpr = 2.8 H2),

131.2, 131.2 (d, Jer = 3.0 Hz), 130.9 (d, Jcr = 9.4 Hz), 130.5 (d, Je.p = 9.3 Hz), 128.7 (d, Jcr =

11.6 Hz), 128.6, 128.4, 128.0 (d, Jcr = 11.8 Hz), 125.8, 125.6, 124.9, 122.7, 121.5, 38.6, 37.8 (d,

Jep = 2.9 Hz), 35.8 (d, Jcp = 69.7 Hz), 31.8 (d, Jcr = 9.1 Hz), 21.3; 3P NMR (161 MHz, CDCl)

529.58. FT-IR: v (cml) 3058, 2926, 1682, 1591, 1570, 1509, 1484, 1456, 1436, 1380, 1311, 1263.
HRMS [ESI] calcd for CaiH2sNO2PSNa [M+Na]* 532.1471, found 532.1465.
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3l: white solid, m.p. 173-174 °C, 80.5 mg, 74%. *H NMR

0 (400 MHz, CDCly) & 831 (s, 1H), 7.94-7.69 (m, 8H),
OO Riph  7.66-7.58 (m, 2H), 7.58-7.53 (m, 1H), 7.53-7.39 (m, 5H),
Ph 737-7.28 (m, 1H), 7.21-7.11 (m, 3H), 4.02-3.88 (m, 1H),

3.33-3.22 (m, 1H), 3.20-3.02 (m, 2H), 2.85 (ddd, J = 14.4,

14.4, 5.2 Hz, 1H), 2.49 (dd, J = 14.8, 7.2 Hz, 1H); 3C NMR

(100 MHz, CDCl3) § 198.8, 173.3 (d, Jc.r = 6.9 Hz), 152.9,

135.5, 134.8, 133.9, 133.8 (d, Jc.p = 99.0 Hz), 132.4, 131.8 (d, Jcr = 2.6 Hz), 131.6 (d, Jc.p = 98.4
Hz), 131.2 (d, Jep = 2.6 Hz), 130.9 (d, Jc.p = 9.4 Hz), 130.5 (d, Jcp = 9.3 Hz), 129.7, 129.6, 129.6,
128.7 (d, Jc» = 11.6 Hz), 128.4, 128.3, 128.1 (d, Jc.p = 11.8 Hz), 127.7, 126.7, 125.8, 124.9, 123.8,
122.7, 1215, 37.9 (d, Jcr = 2.8 Hz), 35.9, 35.8 (d, Jcp = 69.7 Hz), 32.0 (d, Jep = 8.9 Hz); 3P
NMR (161 MHz, CDCls) § 29.65. FT-IR: v (cmt) 3051, 2908, 1676, 1626 1576, 1507 1465, 1454,

1436, 1392, 1315, 1285, 1244. HRMS [ESI] calcd for C3sH20NO,PSNa [M+Na]* 594.1627, found
594.1616.

3m: white solid, m.p. 66-67 °C, 55.3 mg, 55%. 'H NMR (400

0 MMz, CDCl) 5 7.84 (d, J = 8.0 Hz, 1H), 7.80-7.69 (m, 3H),
MF{Q% 7.64-7.55 (m, 4H), 7.51-7.38 (m, 4H), 7.35-7.28 (m, 1H),
S Ny Ph720-7.11 (m, 3H), 7.06-7.00 (m, 1H), 3.94-3.82 (m, 1H),

3.28-3.17 (m, 1H), 2.98-2.87 (m, 2H), 2.81 (ddd, J = 15.6, 15.6,

6.0 Hz, 1H), 2.44 (dd, J = 14.8, 7.2 Hz, 2H); 3C NMR (100 MHz,

CDCls) & 191.7, 173.3 (d, Jep = 6.7 Hz), 152.4, 143.9, 134.6,
1335, 133.5 (d, Jep = 99.2 Hz), 132.0, 131.9 (d, Jer = 2.4 Hz), 131.2 (d, Jep =2.5 Hz), 130.9 (d,
Jop = 9.5 Hz), 130.5 (d, Jep = 9.3 Hz), 128.7 (d, Jep = 11.7 Hz), 128.0, 128.1 (d, Jcr = 11.7 H2),
126.0, 125.0, 122.6, 121.5, 37.8 (d, Jcr = 2.6 Hz), 36.5, 35.7 (d, Jc.p = 69.7 Hz), 31.9 (d, Jcp =
9.0 Hz); 3P NMR (161 MHz, CDCls) § 29.62. FT-IR: v (cml) 3055, 2924, 1704 1655, 1590, 1483,
1455, 1436, 13554, 1311, 1278, 1236. HRMS [ESI] calcd for CosH2sNO.PS;Na [M+Na]*
524.0878, found 524.0862.

3n: yellow oil, 41.9 mg, 43%. 'H NMR (400 MHz, CDCls) 6 7.83

0 (d,=80Hz 1H), 7.79-7.72 (m, 2H), 7.71 (d, J = 8.0 Hz, 1H),
M%ph 7.63-756 (m, 2H), 7.52-7.37 (m, 5H), 7.34-7.28 (m, 1H),
0 Ny Ph7.20-7.11 (m, 3H), 7.08 (d, J = 3.6 Hz, 1H), 6.45 (dd, J = 3.6, 1.6

Hz, 1H), 3.92-3.81 (m, 1H), 3.26-3.15 (M, 1H), 2.89-2.74 (m, 3H),

2.40 (dd, J = 14.8, 7.2 Hz, 2H); ®C NMR (100 MHz, CDCls) &

187.9, 173.1 (d, Jor = 6.6 Hz), 152.7, 152.3, 146.2, 134.7, 133.5
(d, Jep = 98.9 Hz), 131.9 (d, Jer = 2.3 Hz), 131.2 (d, Jcp = 2.4 Hz), 130.9 (d, Jcp = 9.4 H2),
1305 (d, Jep = 9.3 Hz), 128.7 (d, Jep = 11.6 Hz), 128.0 (d, Jcr = 11.8 Hz), 125.9, 124.9, 122.6,
1215, 117.1, 112.1, 37.8 (d, Jep = 2.5 Hz), 35.7 (d, Jcp = 69.6 Hz), 35.6, 31.5 (d, Je.p = 9.1 H2);
3P NMR (161 MHz, CDCls) 5 29.71. FT-IR: v (cmrl) 3294, 2956, 2922, 2864, 1590, 1489, 1467,
1437, 1389, 1316, 1276, 1240. HRMS [ESI] calcd for CzsHzsNOsPS [M+H]* 508.1107, found
508.1104.
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30: white solid, m.p. 55-56 °C, 83.8 mg, 82%.'H NMR (400
MHz, CDCls) 6 7.82 (d, J = 8.0 Hz, 1H), 7.76-7.66 (m, 3H),
R~pnh 7.61-7.54 (m, 2H), 7.49-7.37 (m, 4H), 7.32-7.26 (m, 1H),
s Ph 7.24-7.10 (m, 6H), 7.07-7.02 (m, 2H), 3.80-3.65 (m, 1H), 3.55

(s, 2H), 3.17-3.04 (m, 1H), 2.70 (ddd, J = 14.4, 14.4, 5.6 Hz,
@ 1H), 2.53-2.36 (m, 2H), 2.28-2.14 (m, 2H); *C NMR (100

MHz, CDCls) $ 206.8, 173.1 (d, Jcr = 7.2 Hz), 152.8, 134.7,
134.0, 133.6 (d, Jc-p = 99.0 Hz), 131.9 (d, Jc.p = 2.5 Hz), 131.7 (d, Jc-p = 98.4 Hz), 131.2 (d, Jc-p =
2.6 Hz), 130.9 (d, Jc-r = 9.4 Hz), 130.5 (d, Jcr = 9.3 HZz), 129.4, 128.7 (d, Jc-r = 11.6 Hz), 128.6,
128.1 (d, Jcp = 11.7 Hz), 126.9, 125.8, 124.9, 122.7, 121.5, 49.9, 39.0, 37.6 (d, Jc.p = 2.6 H2z),
35.6 (d, Jc-p = 69.8 Hz), 31.1 (d, Jcr = 8.7 Hz); 3P NMR (161 MHz, CDCls) § 29.50. FT-IR: v
(cm) 3294, 2956, 2922, 2864, 1590, 1489, 1467, 1437, 1389, 1316, 1276, 1240. HRMS [ESI]
calcd for CsiH2sNO2PSNa [M+Na]* 532.1471, found 532.1470.

N 3p: white solid, m.p. 117-118 °C, 71.4 mg, 71%.‘*H NMR (400

0 MHz, CDCl3) & 7.84 (d, J = 8.0 Hz, 1H), 7.78-7.69 (m, 3H),
M P~ph 7.62-755 (m, 2H), 7.51-7.37 (m, 4H), 7.34-7.28 (m, 1H),
Xy PP 7.20-7.09 (m, 3H), 3.84-3.70 (m, 1H), 3.23-3.11 (m, 1H), 2.74

30 (ddd, J = 14.8, 14.8, 4.8 Hz, 1H), 2.51-2.33 (m, 2H), 2.27-2.14 (m,

3H), 1.75-1.63 (m, 4H), 1.62-1.55 (m, 1H), 1.23-1.08 (m, 5H); 13C

NMR (100 MHz, CDCls) § 212.1, 172.9 (d, Jc.p = 6.5 Hz), 152.2,

134.2, 131.4 (d, Jcp = 1.8 Hz), 130.7 (d, Jcp = 1.8 Hz), 130.4 (d, Jc.p = 9.0 Hz), 130.0 (d, Jcp =

9.2 Hz), 128.2 (d, Jer = 11.5 Hz), 127.5 (d, Jcp = 11.6 Hz), 125.4, 124.4, 122.1, 121.0, 50.2, 37.3

(d, Jop = 1.8 Hz), 37.2, 35.2 (d, Jcp = 69.7 Hz), 30.8 (d, Jcr = 8.9 Hz), 28.0, 27.8, 25.3, 25.1,

25.1; 3P NMR (161 MHz, CDCl3) § 29.37. FT-IR: v (cm'!) 3055, 2925, 2852, 1703, 1511, 1483,

1436, 1405, 1374, 1312, 1261, 1241. HRMS [ESI] calcd for CsH3NO,PSNa [M+Na]* 524.1784,
found 524.1769.

3q: yellow oil, 70.6 mg, 72%.'H NMR (400 MHz, CDCls) §

O 7.83(d, J=80Hz 1H), 7.2 (dd, =112, 8.0 Hz, 2H), 7.65
P~ph (d, J = 7.6 Hz, 1H), 7.56 (dd, J = 11.2, 7.6 Hz, 2H),
Ny Ph 7.47-7.33 (m, 4H), 7.32-7.27 (m, 1H), 7.15-7.02 (m, 3H),

3.89-3.74 (m, 1H), 3.09-2.96 (m, 1H), 2.76 (ddd, J = 14.8,

14.8, 4.8 Hz, 1H), 2.52-2.25 (m, 2H), 2.24-2.10 (m, 4H),

1.47-1.35 (m, 2H), 1.22-1.07 (m, 4H), 0.80 (t, J = 6.8 Hz,
3H): 3C NMR (100 MHz, CDCls) & 209.3, 173.0 (d, Jcr = 5.3 Hz), 152.0, 134.1, 131.4, 130.7,
130.4 (d, Jep = 8.7 Hz), 130.0 (d, Jep = 9.1 Hz), 128.3 (d, Jep = 11.3 Hz), 127.6 (d, Jcp = 11.4
Hz), 125.4, 124.5,122.1, 121.0, 42.2, 39.2, 37.2, 35.2 (d, Jcr = 67.9 Hz), 30.8, 30.7 (d, Jc.p = 9.0.
Hz), 22.9, 21.9, 13.4; 3P NMR (161 MHz, CDCls) & 30.26. FT-IR: v (cm™) 3056, 2953, 2926,
2856, 1708, 1483, 1455, 1436, 1374, 1311, 1278, 1243. HRMS [ESI] calcd for CooHzNO,PSNa
[M+Na]* 512.1784, found 512.1783.
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3r: yellow oil, 92.5 mg, 88%.'H NMR (400 MHz, CDCls) §

o  7.73-7.66 (m, 3H), 7.64 (d, I = 7.6 Hz, 1H), 7.60-7.49 (m, 4H),
Wa’iph 7.48-7.38 (m, 3H), 7.37-7.29 (m, 2H), 7.29-7.20 (m, 3H),
.. Ph  720.7.11 (m, 3H), 3.91-3.78 (m, 1H), 3.01-2.90 (m, 1H), 2.83

(dd, J = 14.4, 9.6 Hz, 1H), 2.73 (ddd, J = 14.0, 14.0, 6.4 Hz,

@ 1H), 2.53 (dd, J = 14.4, 3.6 Hz, 1H), 1.26 (d, J = 4.4 Hz, 6H);

13C NMR (100 MHz, CDCls) § 207.3, 173.7 (d, Jc» = 7.1 H2),

152.6, 137.9, 134.7, 133.9 (d, Jcp = 98.8 Hz), 131.8 (d, Jcp = 2.5 Hz), 131.2 (d, Jcp = 2.6 Hz),

130.9, 130.8 (d, Jcp = 9.2 Hz), 130.4 (d, Je.p = 9.0 Hz), 128.7 (d, Jc.p = 11.4 Hz), 128.0, 128.0 (d,

Jop =115 Hz), 127.8, 125.6, 124.8, 122.6, 121.4, 47.7, 47.1 (d, Jc.p = 7.5 Hz), 37.8 (d, Jc.p = 68.6

Hz), 35.5, 27.0, 26.3; 3P NMR (161 MHz, CDCls) & 28.85. FT-IR: v (cm'!) 3056, 2964, 2924,

1669, 1592, 1509, 1471, 1436, 1390, 1367, 1312, 1261. HRMS [ESI] calcd for CsH3NO-PSNa
[M+Na]* 546.1627, found 546.1609.

3s: white solid, m.p. 99-100 °C, 74.2 mg, 72%.*H NMR (400

0 MHz, CDCls)  7.85-7.79 (m, 3H), 7.78-7.73 (m, 2H), 7.71 (d,
M Riph  J = 7.6 Hz, 1H), 7.63-7.55 (m, 2H), 7.52-7.45 (m, 1H),
Ny D 7.43-7.34 (m, 6H), 7.33-7.27 (M, 1H), 7.17-7.06 (m, 3H), 3.24

(dd, J = 15.2, 8.4 Hz, 1H), 3.02-2.89 (m, 2H), 2.86-2.74 (m,

1H), 2.68-2.58 (m, 1H), 2.38 (ddd, J = 15.6, 10.8, 4.8 Hz, 1H),

1.86 (s, 3H); *°C NMR (100 MHz, CDCls) § 199.2, 177.8 (d,
Jop = 6.3 Hz), 152.7, 136.7, 134.9, 134.8 (d, Jcr = 98.3 Hz), 132.9, 133.0 (d, Jcr = 97.9 H2),
131.5 (d, Je.p = 2.6 Hz), 130.8 (d, Jc-p = 2.8 Hz), 130.9 (d, Jor = 9.3 Hz), 130.4 (d, Jc.p = 9.0 Hz),
128.6 (d, Jop = 11.5 Hz), 128.5, 128.1, 127.9 (d, Jep = 11.7 Hz), 125.7, 124.8, 122.8, 121.4, 43.6
(d, Jcp = 3.6 Hz), 41.7 (d, Jep = 69.2 Hz), 38.5 (d, Jop = 9.6 Hz), 33.7, 25.8 (d, Jcp = 3.4 Hz); 3P
NMR (161 MHz, CDCls) § 27.19. FT-IR: v (cm') 3197, 3055, 2959, 1681, 1558, 1541, 1507,
1490, 1436, 1313, 1240. HRMS [ESI] calcd for CaiHasNOPSNa [M+Na]* 532.1471, found
532.1433.

3t: white solid, m.p. 158-159 °C, 92.5 mg, 88%. 'H NMR (400

0 MHz,CDCly) 5 7.83-7.79 (m, 2H), 7.78-7.72 (m, 2H), 7.69 (d, J =
W Riph 8.8 Hz, 1H), 7.64-7.57 (m, 2H), 7.52-7.41 (m, 4H), 7.39-7.33 (m,
Ny O 2H), 7.22-7.13 (m, 4H), 7.00 (dd, J = 8.8, 2.4 Hz, 1H), 3.89-3.78

(m, 1H), 3.83 (s, 3H) 3.25-3.14 (m, 1H), 3.04-2.86 (m, 2H), 2.78
(ddd, J = 14.4, 14.4, 5.6 Hz 1H), 2.43-2.35 (m, 2H); 3C NMR
(100 MHz, CDCl3) § 198.4, 170.1 (d, Jc.p = 6.9 Hz), 157.1, 146.8,
136.2, 135.5, 133.2 (d, Jep = 99.0 Hz), 132.5, 131.4 (d, Jcp = 2.5
Hz), 131.1 (d, Jc-» = 98.5 Hz), 130.7 (d, Jc» = 2.5 Hz), 130.4 (d, Jor = 9.4 Hz), 130.0 (d, Jcr =
9.3 Hz), 128.2 (d, Jer = 11.6 Hz), 128.0, 127.6 (d, Jcr = 11.6 Hz), 127.5, 122.6, 114.7, 103.4,
55.3, 37.2 (d, Jep = 2.7 Hz), 35.3 (d, Jep = 69.8 Hz), 35.3, 31.2 (d, Jcr = 8.9 Hz); 3P NMR (161
MHz, CDCls) & 29.49. FT-IR: v (em®) 3052, 2924, 1681, 1598, 1558, 1484, 1435, 1393, 1319,
1258, 1223. HRMS [ESI] calcd for CaiH2oNO3sPS [M+H]* 526.1600, found 526.1587.
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3u: white solid, m.p. 167-168 °C, 60.5 mg, 57%.'H NMR (400

MHz, CDCl3) & 7.84-7.78 (m, 3H), 7.77-7.71 (m, 2H), 7.64-7.53

F{iph (m, 3H), 7.53-7.41 (m, 4H), 7.41-7.34 (mz, 2H), 7.29-7.26 (m,

Ph  1H), 7.22-7.11 (m, 3H), 3.94-3.82 (m, 1H), 3.25-3.15 (m, 1H),

3.04-2.86 (m, 2H), 2.79 (ddd, J = 14.4, 14.4, 4.8 Hz, 1H), 2.40

(dd, J = 14.4, 7.2 Hz, 2H); 13C NMR (100 MHz, CDCls) & 198.6,

175.2 (d, Jc-p = 6.1 Hz), 153.6, 136.6, 133.6 (d, Jcr = 99.1 Hz),

Cl 133.1, 133.0, 131.9 (d, Jc-r = 2.4 Hz), 131.8, 131.8 (d, Jcr = 98.4

Hz), 131.2 (d, Jcr = 2.6 Hz), 130.9 (d, Jcr = 9.4 Hz), 130.5 (d, Jc.p = 9.3 HZz), 128.7 (d, Jc.p =

11.6 Hz), 128.5, 128.0 (d, Jc.p = 11.9 HZz), 128.0, 125.4, 122.6, 122.2, 37.9 (d, Jc-r = 2.7 Hz), 35.7

(d, Jcp = 69.7 Hz), 35.7, 31.7 (d, Jcr = 9.4 Hz); 3P NMR (161 MHz, CDCls)  29.04. FT-IR: v

(cm't) 3294, 2956, 2922, 2864, 1590, 1489, 1467, 1437, 1389, 1316, 1276, 1240. HRMS [ESI]
calcd for Co9H32NO2PSNa [M+Na]* 552.0924, found 552.0903.

3v: white solid, m.p. 116-117 °C, 73.1 mg, 82%. *H NMR (400

0 MHz, CDCly) 8 7.86-7.79 (m, 2H), 7.77-7.71 (m, 2H), 7.64-7.58

P\/\Ph (m, 2H), 7.56-7.42 (m, 5H), 7.42-7.36 (m, 3H), 7.36-7.29 (m, 2H),

sy Ph 7.03 (d, J = 3.2 Hz, 1H), 3.91-3.78 (m, 1H), 3.20-3.08 (m, 1H),

\—/ 3.01-2.86 (m, 2H), 2.75 (ddd, J = 14.8, 14.8, 5.2 Hz, 1H),

2.37-2.29 (m, 2H); 3C NMR (100 MHz, CDCl3) § 198.9, 172.3 (d, Jc-p = 7.0 Hz), 142.4, 136.7,

133.7 (d, Jc-p = 98.8 Hz), 133.0, 132.0 (d, Jc-p = 98.5 Hz), 131.8 (d, Jcp = 2.5 Hz), 131.4 (d, Jc-p =

2.7 Hz), 130.9 (d, Jc-p = 9.4 Hz), 130.5 (d, Jcp = 9.3 Hz), 128.7 (d, Jc-p = 11.6 Hz), 128.5, 128.4

(d, Jep = 11.7 Hz), 128.0, 118.5, 36.8 (d, Jcr = 2.8 Hz), 35.8 (d, Jc.r = 69.8 Hz), 35.8, 32.1 (d,

Jo-p = 8.9 Hz); 3P NMR (161 MHz, CDCl3) § 29.65. FT-IR: v (cm™) 3062, 2927, 2854, 1676,

1595, 1508 1494, 1437, 1391, 1325, 1262, 1238. HRMS [ESI] calcd for CzsH2sNO:PSNa
[M+Na]* 468.1158, found 468.1151.

3w: white solid, m.p. 101-102 °C, 88.0 mg, 93%.'H NMR (400

o MHz, CDCl3) § 7.89-7.81 (m, 2H), 7.74 (dd, J = 11.2, 6.8 Hz, 2H),
©)‘\/j\/\ﬁiph 7.63 (dd, J = 11.2, 7.6 Hz, 2H), 7.54-7.38 (m, 7H), 7.35-7.29 (m,
N, Ph 2H), 3.79-3.63 (m, 1H), 3.27-3.10 (m, 1H), 3.00-2.83 (m, 2H),

H 2.71 (ddd, J = 14.8, 14.8, 4.8 Hz, 1H), 2.31 (dd, J = 12.0, 7.2 Hz,

2H), 2.13 (s, 3H), 2.12 (s, 3H); C NMR (100 MHz, CDCls) &

199.0, 167.2 (d, Jer = 5.9 Hz), 147.2, 136.7, 133.9 (d, Jep = 98.7 Hz), 132.9, 131.9 (d, Jcr = 98.1

Hz), 131.7 (d, Jcp = 2.4 Hz), 131.1 (d, Jcp =3.7 Hz), 131.0 (d, Jcp = 9.6 Hz), 130.4 (d, Jcp = 9.3

Hz), 128.7 (d, Jcpr = 11.6 Hz), 128.5, 128.0, 128.0 (d, Jcp = 11.7 Hz), 125.6, 36.7 (d, Jcp = 2.9

Hz), 36.0 (d, Jc.p = 69.9 Hz), 36.0, 32.0 (d, Jcp = 9.8 Hz), 14.4, 11.0; 3P NMR (161 MHz, CDCl5)

§29.49. FT-IR: v (cmt) 3054, 2957, 2920, 2861, 1716, 1682, 1578, 1473, 1384, 1321, 1278, 1231.
HRMS [ESI] calcd for CosH2sNO-PSNa [M+Na]* 496.1471, found 496.1460.

0] o cl 4a: white solid, m.p. 154-155 °C, 81.7 mg, 72%. IH NMR
F/’/—©/ (400 MHz, CDCls) 6 7.85-7.75 (m, 3H), 7.71 (d, J = 8.0

Hz, 1H), 7.65 (dd, J = 10.4, 8.8 Hz, 2H), 7.51-7.34 (m,

S” N Q 8H), 7.34-7.28 (m, 1H), 7.08-6.99 (m, 2H), 3.93-3.80 (m,
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1H), 3.24-3.13 (m, 1H), 3.05-2.88 (m, 2H), 2.77 (ddd, J = 14.8, 14.8, 4.0 Hz, 1H), 2.41 (dd, J =
14.4, 7.2 Hz, 2H); 13C NMR (100 MHz, CDCl3) § 198.2, 171.9 (d, Jc-r = 5.3 Hz), 152.2, 138.2 (d,
Jo-p = 3.2 Hz), 137.6 (d, Jc-r = 3.3 Hz), 136.1, 134.1, 132.6, 131.7 (d, Jc-r = 10.3 Hz), 131.5 (d,
Jcp = 100.3 Hz), 131.3 (d, Jc-r = 10.1 Hz), 129.0 (d, Jcr = 99.5 Hz), 128.7 (d, Jcpr = 12.2 H2),
128.1,127.9 (d, Jep = 12.4 Hz), 127.5, 125.7, 124.7, 122.1, 121.0, 37.2 (d, Jc» = 3.0 HZ), 35.3 (d,
Jc-p = 70.9 Hz), 35.2, 31.4 (d, Jcr = 10.6 Hz); 3P NMR (161 MHz, CDCl3) & 28.34. FT-IR: v
(cm) 3056, 2932, 2901, 1686, 1581, 1512, 1481, 1435, 1389, 1320, 1293, 1235. HRMS [ESI]
calcd for CsoH24Cl2NO2PSNa [M+Na]* 586.0535, found 586.0521.

4b: white solid, m.p. 73-74 °C, 63.2 mg, 60%. 'H NMR
0 /(/)@/ (400 MHz, CDCls3) 6 7.88-7.79 (m, 3H), 7.72 (d, J = 8.0
P Hz, 1H), 7.63 (dd, J = 10.8, 8.0 Hz, 2H), 7.52-7.43 (m,
©)‘\/j:\ 3H), 7.38 (dd, J = 15.6, 7.6 Hz, 3H), 7.34-7.28 (m, 1H),
722 (d, J = 6.8 Hz, 2H), 6.91 (d, J = 6.4 Hz, 2H),
3.95-3.82 (m, 1H), 3.25-3.14 (m, 1H), 3.05-2.87 (m, 2H),
2.78 (ddd, J = 14.0, 14.0, 4.0 Hz, 1H), 2.42 (dd, J = 14.4,
7.2 Hz, 2H), 2.34 (s, 3H), 2.11 (s, 3H); *C NMR (100 MHz, CDCl3) § 198.3, 173.2 (d, Jc-» = 5.8
Hz), 151.8, 141.8 (d, Jc.p = 1.4 Hz), 141.3 (d, Jc-r = 1.7 Hz), 136.1, 134.1, 132.5, 130.4 (d, Jcr =
9.5 Hz), 130.0 (d, Jcr = 9.4 Hz), 128.9 (d, Jc-p = 11.9 Hz), 128.3 (d, Jc-r = 12.0 Hz), 128.0, 127.5,
1255, 124.5, 122.0, 121.0, 37.3 (d, Jc-r = 1.5 HZz), 35.4 (d, Jcr = 69.8 Hz), 35.3, 31.3 (d, Jcp =
9.2 Hz), 21.1, 20.8; 3P NMR (161 MHz, CDCls) 6 29.77. FT-IR: v (cm™) 2920, 2853, 1684, 1598,
1578, 1510, 1447, 1436, 1398, 1371, 1311, 1278, 1235. HRMS [ESI] calcd for C32H3oNO.PSNa
[M+Na]* 546.1627, found 546.1610.

4¢c: white solid, m.p. 85-86 °C, 93.3 mg, 85%. 'H NMR (400

0 MHz, CDCls) § 7.95 (d, J = 8.4 Hz, 1H), 7.86-7.77 (m, 3H),
R~0Bn 7.55-7.48 (m, 1H), 7.48-7.42 (m, 1H), 7.42-7.33 (m, 3H),
Ny OBN 725718 (m, 8H), 7.17-7.14 (m, 2H), 4.97-4.85 (m, 4H),

3.78-3.65 (M, 1H), 2.99-2.87 (m, 2H), 2.66 (ddd, J = 24.8, 16.8,

@ 8.0 Hz, 1H), 2.44-2.23 (m, 3H); 3C NMR (100 MHz, CDCl3) &

198.7, 173.5 (d, Jep = 9.5 Hz), 152.9, 136.6, 136.1 (d, Jcp = 5.7

Hz), 136.0 (d, Jcr = 5.9 Hz), 134.7, 133.0, 128.5 128.5, 128.5, 128.3, 128.3, 128.0, 127.9, 127.9,

126.1, 125.0, 122.8, 121.7, 67.4 (d, Jcr = 6.4 Hz), 67.3 (d, Jcp = 6.3 Hz), 38.6 (d, Jcp = 3.4 H2),

355, 31.7 (d, Jcr = 155.1 Hz), 31.4 (d, Jep = 2.7 Hz); 3P NMR (161 MHz, CDCls) & 29.18.

FT-IR: v (cm™) 3026, 2959, 2925, 2882, 2852, 1683, 1596, 1496, 1453, 1446, 1391, 1328, 1254,
1233. HRMS [ESI] calcd for CaHaoNOsPSNa [M+Na]* 578.1525, found 578.1503.

4d: vyellow oil, 58.7 mg, 73%. *H NMR (400 MHz, CDCls) §
0 7.98 (d, J = 8.4 Hz, 1H), 7.88-7.83 (m, 3H), 7.54-7.44 (m, 2H),
WF{:OMG 7.42-7.34 (m, 3H), 3.80-3.70 (m, 1H), 3.65 (d, J = 2.8 Hz, 3H),
Ny OMe 363(d, J=2.8Hz, 3H), 3.03-2.95 (m, 2H), 2.60 (ddd, J = 22.8,

15.2, 7.2 Hz, 1H), 2.51-2.40 (m, 1H), 2.39-2.24 (m, 2H); 13C

NMR (100 MHz, CDCls) § 198.4, 173.1 (d, Jer = 10.6 Hz),
152.4, 136.2, 134.2, 132.6, 128.1, 127.5, 125.7, 124.6, 122.4,
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121.3,52.0 (d, Je.p = 6.3 Hz), 52.0 (d, Jcp = 6.1 Hz), 38.0 (d, Jcp = 3.3 Hz), 35.1, 30.6 (d, Jcp =
10.9 Hz), 30.4 (d, Jc.r = 140.3 H2); 3P NMR (161 MHz, CDCl3) 5 30.82. FT-IR: v (cm%) 3195,
3047, 2921, 2890, 1683, 1591, 1541, 1485, 1363, 1309, 1281, 1241. HRMS [ESI] calcd for
CaoH23NO4PS [M+H]* 404.1080, found 404.1074.

4e: yellow oil, 74.2 mg, 93%. 'H NMR (400 MHz, CDCls) 5 7.96

0 (d,3=80Hz 1H), 7.88-7.82 (m, 3H), 7.53-7.42 (m, 2H),
W FLOEt 7.42-7.32 (m, 3H), 4.05-3.95 (m, 4H), 3.77-3.67 (m, 1H),
N OBt 305292 (m, 2H), 2.56 (ddd, J = 23.2, 15.6, 7.6 Hz, 1H),

2.49-2.40 (m, 1H), 2.40-2.22 (m, 2H), 1.21-1.11 (m, 6H); 13C

NMR (100 MHz, CDCl3) § 198.9, 173.6 (d, Jcr = 10.3 Hz),

153.0, 136.6, 134.7, 133.0, 128.5, 128.0, 126.1, 125.0, 122.8,
1217, 61.8 (d, Jep = 6.5 H2), 38.7 (d, J.p = 3.4 Hz), 36.0, 31.8 (d, Jop = 122.9 Hz), 31.0 (d, Jcp
= 6.2 Hz), 16.3 (d, Jc.p = 5.6 Hz), 16.2 (d, Jc.p = 5.8 Hz); 3P NMR (161 MHz, CDCls) & 27.99.
FT-IR: v (cm'!) 3056, 2926, 2868, 1733, 1682, 1596, 1579, 1509, 1483, 1436 1371, 1311, 1264,
1242. HRMS [ESI] calcd for Co2H27NO4PS [M+H]* 432.1393, found 432.1387.

4f: yellow oil, 56.2 mg, 61%. *H NMR (400 MHz, CDCl3) §

o 7.80-7.94 (m, 1H), 7.89-7.79 (m, 3H), 7.53-7.43 (m, 2H),

F(/io,-pr 7.42-731 (m, 3H), 4.70-458 (m, 2H), 3.78-3.65 (m, 1H),

OPr 306-291 (m, 2H), 2.57-2.42 (m, 2H), 2.57-2.42 (m, 2H),

2.40-2.18 (m, 2H), 1.24 (d, J = 6.0 Hz, 3H), 1.20 (d, J = 6.0 Hz,

6H), 1.17 (d, J = 6.0 Hz, 3H); 3C NMR (100 MHz, CDCls) &

198.5, 173.5 (d, Jer = 11.0 Hz), 1525, 136.2, 134.3, 132.5,

128.0, 127.5, 1255, 124.5, 122.3, 121.2, 69.9 (d, Jc.r = 6.5 Hz), 69.9 (d, Jc» = 6.6 Hz), 38.5 (d,

Jep = 3.5 Hz), 35.2, 32.7 (d, Jep = 141.7 Hz), 30.6 (d, Jcp = 10.5 Hz), 23.6-23.0 (m, 4C(Me)); 3P

NMR (161 MHz, CDCls) § 25.77. FT-IR: v (cm!) 3061, 2977, 2928, 1683, 1579, 1558, 1448,

1438, 1384, 1311, 1221. HRMS [ESI] calcd for CzsHaNO4PSNa [M+Na]* 482.1525, found
482.1533.

w
7
pzd
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o 4g: yellow oil, 78.9 mg, 81%. *H NMR (400 MHz, CDCls) &

0 7.96(d, =80 Hz, 1H), 7.89-7.81 (m, 3H), 7.53-7.48 (m, 1H),
©)J\/\/C RioBy 7.48-7.42 (m, 1H), 7.41-7.33 (m, 3H), 3.97-3.86 (m, 4H),
N, OBU  378-3.65 (m, 1H), 3.06-2.91 (m, 2H), 2.58 (ddd, J = 23.6, 15.6,

8.0 Hz, 1H), 2.49-2.22 (m, 3H), 1.51-1.39 (m, 4H), 1.28-1.16

(m, 4H), 0.80 (dd, J = 16.0, 8.0 Hz, 6H); *C NMR (100 MHz,

CDCls) 5 198.8, 173.8 (d, Jc.r = 9.6 Hz), 152.8, 136.7, 134.7,

133.1, 1285, 128.0, 126.1, 125.1, 122.8, 121.7, 65.5 (d, Jcr = 6.6 H2), 65.5 (d, Jcr = 6.7 H2),

38.7 (d, Jcp = 3.6 Hz), 35.6, 32.4 (d, Jcp = 2.9 Hz), 32.3 (d, Jcp = 3.0 Hz), 31.4 (d, Jcp = 140.6

Hz), 31.3 (d, Jcpr = 11.8 Hz), 18.7, 18.6, 13.5, 13.5; 3'P NMR (161 MHz, CDCls) & 28.02. FT-IR:

v (cmt) 3061, 2959, 2929, 2872, 1683, 1597, 1513, 1449, 1438, 1409, 1377, 1311, 1221. HRMS
[ESI] calcd for CosHasNOsPSNa [M+Na]* 510.1838, found 510.1843.

wn
z
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6b: white solid, m.p. 89-90 °C, 82.5 mg, 81%. *H NMR (400

MHz, CDCls) & 7.88-7.81 (m, 3H), 7.78-7.68 (m, 3H),
7.65-7.58 (m, 2H), 7.53-7.37 (m, 7H), 7.32-7.27 (m, 1H),
o SN & 7.24-7.13(m, 3H), 3.85-3.73 (m, 1H), 3.18-3.07 (m, 1H),

||:|>/Ph 2.98-2.84 (m, 2H), 2.78 (ddd, J = 14.4, 14.4, 6.4 Hz, 1H),

\Ph 2.14-1.98 (m, 2H), 1.77-1.63 (m, 2H); *C NMR (100 MHz,

CDCl3) 6 199.6, 173.7 (d, Jc-p = 7.8 Hz), 152.9, 136.8, 134.7,

133.9 (d, Jcp = 98.8 Hz), 132.9, 131.8 (d, Jc-p = 2.6 HZ), 131.6 (d, Jcp = 98.2 Hz), 131.2 (d, Jcr =

2.7 Hz), 130.9 (d, Jc.p =9.4 Hz), 130.5 (d, Jc-r = 9.3 HZz), 128.7 (d, Jc-r = 11.6 HZz), 128.5, 128.1 (d,

Jcp = 11.7 Hz), 128.0, 125.8, 124.8, 122.6, 121.4, 38.3 (d, Jcr = 2.8 HZ), 38.0, 36.7 (d, Jcp = 7.8

Hz), 35.5 (d, Jcr = 69.7 Hz), 21.4; 3P NMR (161 MHz, CDCl3) § 29.33. FT-IR: v (cm™) 3051,

2922, 2854, 1682, 1597, 1578, 1509, 1446, 1435, 1398, 1373, 1312, 1237, 1206. HRMS [ESI]
calcd for Cs1H29NO2PS [M+H]* 510.1651, found 5110.1637.

7b: yellow yellow oil, 57.1 mg, 64%.'H NMR (400 MHz,

CDCls) 5 7.97 (d, J = 8.0 Hz, 1H), 7.92-7.87 (m, 2H), 7.84 (d,
J = 80 Hz, 1H), 7.56-7.49 (m, 1H), 7.48-7.38 (m, 3H),
o SN 5 7.39-7.33 (m, 1H), 4.04-3.93 (m, 4H), 3.69-3.57 (m, 1H),

|';',\/OEt 3.05-2.88 (m, 2H), 2.50 (ddd, J = 23.2, 15.6, 7.6 Hz, 1H),

OEt  2.27 (ddd, J = 24.4, 18.0, 6.0 Hz, 1H), 2.12-1.98 (m, 2H),

1.83-1.66 (m, 2H), 1.20-1.09 (m, 6H); *C NMR (100 MHz,

CDCls) & 199.6, 174.2 (d, Jc.p = 10.1 Hz), 152.9, 136.8, 134.7, 133.0, 128.5, 128.0, 126.0, 125.0,

122.7,121.6, 61.8 (d, Jc-p = 6.3 Hz), 61.7 (d, Jc-r = 6.6 Hz), 39.3 (d, Jc-» = 3.5 Hz), 38.0, 36.5 (d,

Jep = 10.8 Hz), 31.6 (d, Jc.p = 140.1 Hz), 21.5, 16.3, 16.2, 16.2, 16.2; 3P NMR (161 MHz, CDCls)

§28.31. FT-IR: v (cm?) 2981, 2929, 1681, 1596, 1580, 1513, 1477, 1438, 1392, 1367, 1311, 1223.
HRMS [ESI] calcd for C2sH2sNO4PSNa [M+Na]* 468.1369, found 468.1357.

o 9a: white solid, m.p. 130-131 °C, 57.5 mg, 74%. 'H NMR (400

0  MHz, CDCls)  7.96-7.88 (m, 2H), 7.85-7.71 (m, 4H), 7.62-7.48 (m,
Q)ngph 7H), 7.48-7.41 (m, 2H), 3.32-3.08 (m, 3H), 2.82-2.72 (m, 1H), 2.57
CNPh (ddd, J = 18.8, 12.4, 6.0 Hz, 1H), 2.34-2.22 (m, 1H), 2.15-2.02 (m,

1H); 1*C NMR (100 MHz, CDCls) § 197.3, 135.9, 132.9, 132.1 (d, Jcr = 2.1 Hz), 131.9 (d, Jcp =
2.1 Hz), 131.8 (d, Jcp = 100.8 Hz), 130.6 (d, Jcp = 9.4 Hz), 130.4(d, Jc.r = 101.2 Hz), 130.1 (d,
Jop = 9.3 Hz), 128.6 (d, Jcr = 3.0 Hz), 128.5 (d, Jc.r = 3.0 Hz), 128.2, 127.5, 120.0 (d, Jcr = 9.1
Hz), 35.1, 32.4 (d, Jcp = 69.0 Hz), 27.6 (d, Jep = 7.0 Hz), 24.4 (d, Jcpr = 2.1 Hz); 3P NMR (161
MHz, CDCls) § 28.23. FT-IR: v (cml) 2919, 2958, 2850, 2243, 1680, 1599, 1579, 1507, 1449,
1412, 1378, 1360, 1259, 1210. HRMS [CI] calcd for CaH2sNO:P [M+H]* 388.1461, found
388.1468.

9b: white solid, m.p. 116-117 °C, 42.3 mg, 50%. 'H NMR (400

o MHz, CDCly) § 7.89-7.82 (m, 2H), 7.83-7.71 (m, 4H),

F{iph 7.62-7.485 (m, 6H), 7.45-7.38 m, 2H), 3.33-3.20 (m, 1H),

cl CN Ph " 319-3.04 (m, 2H), 2.85-2.72 (m, 1H), 2.64-2.50 (m, 1H),
2.34-2.22 (m, 1H), 2.15-2.02 (m, 1H); 3C NMR (100 MHz,
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CDCls) & 196.5, 139.8, 134.6, 132.6, 132.4, 131.1 (d, Jc.r = 7.8 H2), 130.6 (d, Jcr = 7.5 H2),
129.4, 129.0, 129.0, 128.9, 120.5 (d, Jor = 7.6 Hz), 35.6, 32.9 (d, Jc.p = 70.1 Hz), 28.0 (d, Jc-p =
3.7 Hz), 24.9; 3P NMR (161 MHz, CDCl3) § 28.29. FT-IR: v (cm}) 3058, 2958, 2925, 2855, 2239,
1684, 1589, 1571, 1486, 1437, 1401, 1371, 1323, 1265. HRMS [ESI] calcd for Ca4H22NO,PCI
[M+H]* 422.1071, found 422.1070.

o 9c: white solid, m.p. 122-123 °C, 58.2 mg, 74%. 'H NMR (400

0 MHz CDCl:) 3 7.83-7.69 (m, 4H), 7.61-7.45 (m, 6H), 3.20-3.08 (m,
ngph 1H), 2.76-2.43 (m, 4H), 2.33-2.24 (m, 1H), 2.12-2.01 (m, 1H),
CN Ph " 193-1.83 (m, 1H), 1.83-1.68 (m, 4H), 1.67-1.59 (m, 1H), 1.35-1.10

(m, 5H); 3C NMR (100 MHz, CDCl3) § 211.2, 132.0 (d, Jop = 2.5 Hz), 131.9 (d, Jc-p = 100.9 Hz),
131.9 (d, Jo.p = 2.4 Hz), 130.6 (d, Jc.p = 9.4 Hz), 130.4 (d, Jc.p = 99.6 Hz), 130.1 (d, Je.p = 9.5 Hz),
1285 (d, Jop = 3.1 Hz), 128.4 (d, Jcp = 3.1 H2), 119.9 (d, Je.p = 9.2 H2), 50.3, 36.9, 32.3 (d, Jcp
= 69.2 Hz), 28.0, 27.9, 27.1 (d, Jop = 6.9 Hz), 25.3, 25.1, 25.1, 24.3 (d, Je.p = 2.5 Hz); 3P NMR
(161 MHz, CDCls) § 28.25. FT-IR: v (cm™) 3061, 2929, 2850, 2240, 1705, 1590, 1483, 1438,
1409, 1374, 1324, 1265,1239. HRMS [CI] calcd for CosHaoNOP [M+H]* 394.1930, found
394.1929.

9d: white solid, m.p. 130-131 °C, 44.1 mg, 56%. 'H NMR (400

0 MHz CDCly) 5 7.84-7.72 (m, 4H), 7.72-7.68 m, 1H), 7.66-7.62 (m,
Wﬁ’iph 1H), 7.60-7.46 (m, 6H), 7.12 (dd, J = 4.8, 3.6 Hz, 1H), 3.31-3.20 (m,
S CN Ph " 1H), 3.20-3.02 (m, 2H), 2.82-2.69 (m, 1H), 2.63-2.49 (m, 1H),
2.33-2.21 (m, 1H), 2.14-2.03 (m, 1H); *C NMR (100 MHz, CDCls) § 190.1, 143.0, 133.5, 132.1
(d, Jep = 1.8 Hz), 132.0 (d, Jep = 1.6 Hz), 131.9 (d, Jer = 100.3 Hz), 131.8, 130.6 (d, Jcr = 9.3
Hz), 130.4 (d, Jer = 99.1 Hz), 130.1 (d, Jcp = 9.3 Hz), 128.6 (d, Jcr = 3.2 Hz), 128.5 (d, Jc» =
3.0 Hz), 127.8, 119.9 (d, Je.r = 8.9 Hz), 35.7, 32.3 (d, Jc.p = 69.0 Hz), 27.7 (d, Jc» = 6.9 Hz), 24.5
(d, Jcp = 1.8 Hz); 3P NMR (161 MHz, CDCls) § 28.34. FT-IR: v (cm) 2956, 2920, 2234, 1681,

1651, 1606, 1519, 1484, 1436, 1362, 1315, 1297, 1237, 1204. HRMS [CI] calcd for C22H21NO2PS
[M+H]* 394.1025, found 394.1027.

o cN O 9e: white solid, m.p. 127-128 °C, 47.5 mg, 57%. 'H NMR (400
||=I>\ MHz, CDCl3) & 7.85-7.78 (m, 3H), 7.79-7.70 (m, 3H),
r{,hPh 7.61-7.44 (m, 6H), 7.28-7.21 (m, 2H), 3.21-3.07 (m, 1H),

3.01-2.83 (m, 2H), 2.79-2.67 (m, 1H), 2.53 (ddd, J = 13.6,
13.6, 6.0 Hz, 1H), 2.40 (s, 3H), 1.99-1.72 (m, 4H); 3C NMR (100 MHz, CDCls) & 198.1, 143.5,
133.7, 132.0, 132.0 (d, Jcr = 98.7 Hz), 131.9, 130.6 (d, Jc-r = 9.0 Hz), 130.1 (d, Jc-r = 9.0 Hz),
128.8, 128.5 (d, Jc-p = 11.3 Hz), 127.6, 120.2 (d, Jcr = 9.5 Hz), 36.8, 32.5 (d, Jc-p = 5.3 Hz), 31.9
(d, Jc-p = 68.4 Hz), 24.8, 21.2, 20.7; 3P NMR (161 MHz, CDCls) & 28.47. FT-IR: v (cm™) 2957,
2864, 2233, 1681, 1606, 1484, 1456, 1435, 1407, 1381, 1362, 1295, 1239. HRMS [ESI] calcd for
C26H26NO2PNa [M+Na]* 438.1593, found 438.1651.

0 of: yellow solid, m.p. 96-97 °C, 43.6 mg, 44%. *H NMR (400 MHz,
P/’O CDCl3) 6 7.86-7.81 (m, 2H), 7.77-7.69 (m, 4H), 7.56-7.48 (m, 3H),
N I‘thh 7.47-7.38 (m, 6H), 7.32-7.22 (m, 5H), 4.89 (s, 2H), 2.99-2.83 (m,

NOBn
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3H), 2.69-2.58 (m, 1H), 2.48-2.36 (m, 1H), 2.13-1.95 (m, 2H); 3C NMR (100 MHz, CDCl3) &
199.3, 152.3 (d, Jep = 7.1 Hz), 137.7, 136.8, 133.2 (d, Jop = 98.7 Hz), 133.0, 132.6 (d, Jc.p = 98.2
Hz), 131.9 (d, Jer = 3.2 Hz), 131.8 (d, Jc.p = 3.1 Hz), 131.0 (d, Jop = 9.2 Hz), 130.7 (d, Jep = 9.2
Hz), 128.8 (d, Jcp = 11.6 Hz), 128.7 (d, Jer = 11.7 Hz), 128.5, 128.3, 128.2, 128.0, 127.7, 75.5,
35.6, 34.1 (d, Je.p = 3.0 Hz), 33.0 (d, Jep = 70.2 Hz), 28.3 (d, Jcr = 8.5 Hz); 1P NMR (161 MHz,
CDCl3) & 30.20. FT-IR: v (cml) 2920, 2851, 2213, 1682, 1632, 1596, 1580, 1495, 1449, 1437,
1409, 1369, 1230. HRMS [ESI] calcd for CaiHa1iNOsP [M+H]* 496.2036, found 496.2029.

o 9g: white solid, m.p. 114-117 °C, 71.0 mg, 63% (mixture of

0 ZIE oxime, ~3:1 ratio). 'H NMR (400 MHz, CDCls) &
P~pnh 7.90-7.75 (m, 2.67H, two isomers), 7.73-7.51 (m, 8.0H, two
FsC BnON” Ph isomers), 7.50-7.28 (m, 8.0H, two isomers), 7.28-7.06 (m,

8.0H, two isomers), 4.81 (s, 2H, two isomers), 2.96-2.72 (m,
3.33H, two isomers ), 2.62-2.50 (m, 1.0H, one isomer), 2.44-2.26 (m, 1.67H, two isomers),
2.20-1.75 (m, 3.33H, two isomers); 1*C NMR (100 MHz, CDCl3) § 197.8 & 197.6 (two isomers),
152.6 (overlap, two isomers, d, Jcp = 8.1 Hz), 151.8 (overlap, two isomers, ¢, Jc.r = 7.5 Hz),
138.9 & 138.8 (two isomers), 137.2 & 136.9 (two isomers), 133.8 (d, Jc.r = 32.6 Hz) & 133.5 (d,
Jc.r = 32.6 Hz) (two isomers), 133.3 (overlap, two isomers, d, Jc.p = 1.8 Hz), 132.3 (overlap, two
isomers, d, Jc.p = 1.9 Hz), 131.4 (overlap, two isomers), 130.5 (overlap, two isomers, d, Jcp = 9.1
Hz), 130.1 (overlap, two isomers, d, Jc-» = 9.1 HZz), 128.3 (overlap, two isomers, d, Jcp = 11.5 Hz),
128.3 (overlap, two isomers, d, Jc.» = 11.8 Hz), 127.9 (overlap, two isomers), 127.8 (overlap, two
isomers), 127.7 (overlap, two isomers), 127.3 (overlap, two isomers), 125.9 (overlap, two isomers,
g, Jer = 271.1 Hz), 125.1 (overlap, two isomers, g, Jcr = 3.5 Hz), 75.5 & 75.1 (two isomers),
35.9 & 35.5 (two isomers), 33.6 (overlap, two isomers, d, Jcp = 1.7 HZz), 32.6 (d, Jc-p = 70.5 Hz)
& 32.4 (d, Jcp = 70.0 Hz) (two isomers), 27.4 (overlap, two isomers, d, Jc.p = 7.7 Hz); 3P NMR
(161 MHz, CDCls) & 30.40 (overlap, two isomers); 1°F NMR (376 MHz, CDCls) & -63.1 (overlap,
two isomers). FT-IR: v (cm™) 3060, 2960, 2929, 2852, 1691, 1578, 1509, 1485, 1454, 1437, 1371,
1323, 1233. HRMS [ESI] calcd for C3H29FsNO2PNa [M+Na]* 586.1729, found 586.1701.
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5. H, 13C,F, and %P NMR spectra
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9.5 9.0 6.5 6.0 55 1.5 1.0 0.5 0.0 -0
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Parameter Value

1 0rigin Bruker BioSpin Gmbl © oo o et —wg aa e e
2 Solvent coeis T 282 9% 32328 £ %
3 Temperature 298.2 8 I3 S A8 8N QY S
4 Number of Scans 150 TN 2 I
5 Spectrometer Frequencyl00.62
6 Nucleus 13C

a o} [ | L ‘
EPh R N [
1
Ph
e T T T T T T T T T T
El 138 136 134 132 130 128 126 124 122 120

@ f1 (ppm)
3a

| |

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)
e
e
S
2
Parameter Value
10rigin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 298.2
4 Number of Scans 4
5 Spectrometer Frequencyl6l.98
6 Nucleus 31P
2 ?
p\’Ph
Ph
57N
% 2:{(
\ /
i
L e e e L s o e A A e e e e L s e A e e e e A B e
130 110 90 80 70 60 50 40 30 20 10 0 -10 -30 -50 -70 -90 S0 <130 -150  -170 <190 210 -230
f1 (ppm)
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128 126 124 122 120
£l (ppm)
40 30 20 10

130

132
50

136 134
60

70

i
n“
80

90

100
fl (ppm)
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Parameter Value he
a
1 0rigin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 298. 2
4 Number of Scans 16
5 Spectrometer Frequencyl61.97
6 Nucleus 31P
9 g
—Ph
R
Ph
SN
3b —
\
N "
L B B e L e e e e L e o e e T e e e e N B m s e
130 110 90 80 70 60 50 40 30 20 10 0 -10 -30 -50 -70 90  -110  -130  -150  -170  -190 210  -230
f1 (ppm)
e — O MINCRO TN OB TOE QS = 0w Croe meo—®ooxoa
oS RRe8228I828L TSR3 R2E SEEZE SS258888RY
xR CERZB8cRreICTRRaA{ =0 SRET a2z IAG
S N NN N RN A N - R B B RS R RSRNX PN
AR bl
= (e Y e N o e
Parameter Value
1 0rigin Bruker [BioSpin Gmb}
2 Solvent CDC13,
3 Temperature 298. 1
4 Number of Scans 2
5 Spectrometer Frequency400. I
6 Nucleus 1H / / / / /
20777
o 2
RLPh
Ph
MeO 7N
N
I}
|
Iy
f
|
|
[
i AW .
L 1
TERETN '8 T &y T
SacSaxa = % S 5a 3
Al dT —aim Sd s == 2
T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0

5.0 45
f1 (ppm)
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Parameter Value
1 0rigin Bruker BioSpin GmbH SV O OO0 T —< < = <+ ®
$4 K8 22838 =2 ¢ F 2 8
2 Solvent €De13 L= = ®SUnE S ® 9 o
Y 0 ——Sow Ko ow o N
3 Temperature 298.1 QM M moeda da aa a o
4 Number of Scans 1024 \ ‘ ‘ \ \ l ‘ \ V ‘ ‘ ‘ ‘
5 Spectrometer Frequencyl00. 62
6 Nucleus 13C
0 9
R-Ph
Fh
e
MEO N T T T T T T T T T
R 136 134 132 130 128 126 124 122 120
f1 (ppm)
i
| |
L !
|
|
| |
| I ' | l
| I . e
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
fl (ppm)
@
3
<
&
a
Parameter Value
1 0rigin Bruker BioSpin Gmbl
2 Solvent CDC13
3 Temperature 298. 3
4 Number of Scans 2
5 Spectrometer Frequencyl61.97
6 Nucleus 31P
i S-Ph
A~
Ph
MeO 8" N
&
3c W
A L o e e L s o s o L s e e e e s s e o TR s e A B s s S
130 110 90 80 70 60 50 40 30 20 10 0 -10 -30 -50 -70 -90 -110 -130 <150 <170 -190 210 -230
f1 (ppm)
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Len

Value

Parameter

Bruker BioSp

CDCl13
298. 1

1 Origin

2 Solvent

3 Temperature

4 Number of Scans

[

5 Spectrometer Frequency400. 13

1

6 Nucleus

Ph

A

Froz
H/o .

oo
pso0

o

0.0

0.5

35 3.0 2.5 2.0

4.0

45
f1 (ppm)

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

Nmn._m
o»w._my.
oy'Se —
wmm,mm\“
_w_.wm\

188°LE

168°9L
oo_.KW
»wv.t

cisie
0861
PITLTL
L1078T1
681°8C1
989°8T1
626'8T1
LSS0ET
6¥6°0€1
SLYTET~L

9TESET
818°6€1 —

16S°SP1 —

61L7TST—

96T ELL
8SEELI

9LEB6T —

s —
£€89°TC1 —

086'vCl —
668°STI —

vIrLTE —

L10821 —
681821/

261 =
$S80€ 1

eeist/
90TEEl —
6817E1 —

€ILPET
9zESET "

Value
Bruker BioSpin GmbH

CbC13
298.1

Parameter

1024

5 Spectrometer Frequency100.62

1 Origin
2 Solvent

3 Temperature

4 Number of Scans

13C

6 Nucleus

Ph

134 132 130 128 126 124 122
f1 (ppm)

136

3d

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

fl (ppm)
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Parameter
1 0rigin
2 Solvent
3 Temperature

4 Number of Scans

5 Spectrometer Frequencyl6l. 97

Value
Bruker BioSpin GmbH
CDC13
298.3
4

29.486

S23

6 Nucleus 31P
[}
fon
\
Ph
Ph
3d
T T T
130 110 90 80 70 60 50 40 30 20 -50 -70 -90 -110 <130 <150 170 -190  -210
f1 (ppm)
P R R N N N R e L Yo muOomo oo - M
Ch0NC88ngEn2encxRknendazggsadsces IRH 885 IIRLCE
RERLEEEEEEEQeEn I I I T ITaaada~ RoeE NS SROE I T @
R N N N A A A B S R R EARNRS
T Ty
— e r— - N = N
Parameter Value
10rigin Bruker BioSpin Gmb)
2 Solvent CDC13
3 Temperature 298.2
4 Number of Scans 2
5 Spectrometer Frequency400. 13
6 Nucleus 1H { / | j
Eon
Ph
FaCO 87N
3e WA
i \‘
it
j\ﬂ\ | | H“\
P e
S aae <
= S== I5
T T T T T T T T T T T T T
9.5 9.0 8.0 7.5 7.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
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Parameter Value Yoo SSol w8 v o = & %
da6 a3 & & 43 a g2 =
10rigin Bruker BioSpin Gmbl TTT “\TT“\ T TT T T T "_
2 Solvent cDc13
3 Temperature 298. 1
4 Number of Scans 1024
5 Spectrometer Frequency100. 61
6 Nucleus 13C
0 o T T T T
F’\,’,Ph 135 130 o )1 120
ppm
Fh
FLCO 57N
3e
I m
| |
|
|
|
| |
|
| I I
l | I “ “‘ ”I l
I A ; L .
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
fl (ppm)
=
Parameter Value 2
10rigin Bruker BioSpin GmbH !
2 Solvent cnel3
3 Temperature 298.3
4 Number of s 4
5 Spectrometer Frequencyl61.97
6 Nucleus 31p
2
RJPh
Ph
F3CO 87N
Je (\\ />
) ‘\M‘w n d LA AR T RN eI ] W
R B B L
130 110 90 80 70 60 S50 40 30 20 10 0 -10 -30 -50 -70 -90 -110 -130 <150 170 -190 210 -230
f1 (ppm)
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-57.612

Parameter
1 Origin
2 Solvent
3 Temperature
4 Number of Scans

5 Spectrometer Frequency376. 50

Value
Bruker BioSpin GmbH
CDC13
298.2
4

6 Nucleus 19F
i
R-Ph
Ph
FsCO 57N
Je
T T T T T T T T T T T T T T T T T T T
210 <20 30 40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190 210 230 2250 270 290
f1 (ppm)
SO MmO T T AT OO NS =T © TV mn oo o
S83yo8hEnsIdgrzsnegie 2 3885852459
SRLTLECCRRICELETAR82E 5 AR=288FExR T
R R R N A P B R R R RN
——  r— ==
[
Parameter Value,
10rigin Bruker Bioggin GmbH
2 Solvent CDC13
3 Temperature 298.2
4 Number of Scans 2
5 Spectrometer Frequency400. 13
6 Nucleus 1H | / / /
TITT T
° 4
p\-F‘h
Ph
FiC SN
o % §
|
|
I
I
|l
| | !
I I
1 I
JI. Y
n
CIRTRED T wzg 3
aSHI=S S = S
Zidems—a = Zaq= a
T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0

5.0 4.5
f1 (ppm)
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Parameter Value
1 Origin Bruker BioSpin Gubl o 6 oo @ o 6o o
2 Solvent coeis 5288 2389283 13388 857
3 Temperature 298.1 SEIIE 5523388 4883 885
A Nunber of Scans 1024 S e —y 2
5 Spectrometer Frequencyl00. 62
6 Nucleus 13¢
O I
F{,F'h
Fh
Fal 57N T T T T T T T T T
136 134 132 130 128 126 124 122 120
I f1 (ppm)
I
Il
d
I
I
| |
1 J J hlm I l ‘.L
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
fl (ppm)
o
g
Parameter Value iy
a
1 0rigin Bruker BioSpin GmbH
2 Solvent cnei3
3 Temperature 298. 1
4 Number of Scans 2
5 Spectrometer Frequencyl61. 97
6 Nucleus 31p
o o
g-Ph
\
Ph
FiC N

T T T T
130 110

L e B o L s e o o L B s e e e A s s
90 80 70 60 50 40 30 20 10 0 -10 -30 -50 -70 -90 -0 -130
f1 (ppm)

T T
-150 -170
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T
-190

T
=210

T
-230



-63.125

Parameter Value
1 0rigin Bruker BioSpin Gmbl
2 Solvent CDC13
3 Temperature 298.2
4 Number of Scans 4
5 Spectrometer Frequency376.50
6 Nucleus 19F
o]
5
\~Ph
Ph
FsC 57 N
f
T T T T T T T T T T T T T
210 20 30 40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190 210 230 2250 270 290
f1 (ppm)
tToTmTToANYCCS - —aonma ® owmomo == an
PR Rl R R I RV ¥ LesS¥aagaz
SIBERRETEIT A28 g 485888893
[ AR RN O RN S B R RN
Te—_—r—— [ N
Parameter Value
1 0rigin Brukey BioSpfin Gubi
2 Solvent onel3
3 Temperature 298. 1
4 Number of Scans 16
5 Spectrometer Frequency400. 13 / /
6 Nucleus 1
o]
E
39
I
W J.
} N
LLTHL LS 'z T2
SmmRm—R s 23 =
e el — = — ——— ol

T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)
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Parameter Value
1 0rigin Bruker BioSpin Gmbl
2 Solvent CDCI3
3 Temperature 298. 2
4 Number of Scans 1024
5 Spectrometer Frequencyl00. 62
6 Nucleus 13
° P
p\’-F‘h
Ph
E SN

39

o

77.052
76.735

v

"

37.851
37.824
36.105

35.409
31.709
31.623

}

210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 S0 40 30 20 10 0 -10
f1 (ppm)
B
2
°
S
2
Parameter Value

1 O0rigin Bruker BioSpin Gmbl

2 Solvent CDC13

3 Temperature 298.2

4 Number of Scans 16

5 Spectrometer Frequencyl61.97

6 Nucleus 31P

o 1)
p\’-Ph
| Ph
A
F Y
‘7/
LAY
) . | . |
T— e A i G L
R B e e I S B e e L B e AR T R R e e e A T
130 110 90 80 70 60 50 40 30 20 10 0 -10 30 -50 -70 90  -110  -130  -150  -170  -190 210  -230

f1 (ppm)
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S
Paraeter Value e
1 0rigin Bruker BioSpin GmbH -
2 Solvent onels
3 Temperature 298.2
4 Number of Scans 4
5 Spectrometer Frequency376. 50
6 Nucleus 19F
o
0
2
R~Ph
Ph
F N
39
T T T T T T T T T T T T T T T T T T T
0 -10 20 -30 -40 -50 -60 -70 -80 -90 -110 -150 -170 -190 210 230 2250 270 290
f1 (ppm)
0B O RND DD =D =t D =D © vowmon—onoo
ERE2322LBTSCIFaTRA 2 fre2da:me2
CERCRRSERITRIAAEES E 45838829 T
B R R A @ edddada e o
SRR | AN
Parameter Val
10rigin Bruker Bio$pin |GubH
2 Solvent cnels
3 Temperature 298.2 / /
4 Number of Scans 16
5 Spectrometer Frequency00. 13
6 Nucleus 1
[o} 0
g-Ph
Ph
cl 87N
3h N/
I
{
[
[
| il i 1
"
FrES ey & YEg 4
SxHaSRS = ==3
g = RS =
T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 4.0 35 3.0 25 2.0 15 1.0 0.5 00  -0.
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Parameter Value
1 0rigin Bruker BioSpin Gmbl
2 Solvent el
3 Temperature 298. 1
4 Nunber of Scans 1024
5 Spectrometer Frequencyl00. 62
6 Nucleus 13¢
Q ]
p‘-F‘h
Ph
cl
3h
I
I
I
I
I
I
|
I
. . il — 1
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10
£l (ppm)
w©
ES
Parameter Value >
a
10rigin Bruker BioSpin GubH
2 Solvent onels
3 Temperature 298.2
4 Number of Scans 16
5 Spectrometer Frequencyl61.97
6 Nucleus 31P
o " F
Ph
R
Ph
N
cl N

3h

T T T
130 110

e A o o e A S s e e e e P mm
90 80 70 60 S50 40 30 20 10 0 -10 -30 -50 -70
f1 (ppm)
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T
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T
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T
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8.5 8.0

9.0
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180°9€ \
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LhLoL
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80L°221 |
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60 50 40 30 20 10

70

110 100 90 80
f1 (ppm)
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120

130

140

150

160

Value
Bruker BioSpin GmbH

CDCI13
298.2
1024

5 Spectrometer Frequency100. 62
170

13C
180

190

Parameter
1 Origin
2 Solvent
3 Temperature
4 Number of Scans
6 Nucleus

3i

200

210




Parameter
1 0rigin

2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequencyl61.97

Value
Bruker BioSpin GmbH
CDC13
298.2
16

29.693

6 Nucleus 31P
o _Ph
R
Ph
Br S7N
3 .,
I
.
L B B e L e e e e L e o e e T e e e e N B m s e
130 110 90 80 70 60 50 40 30 20 10 0 -10 -30 -50 -70 -90 -110 -130 <150 <170 -190 210 -230
f1 (ppm)
N A MR M T MO RN OO = 0D % —mm Qn T A nw
A2LNEESLILLR22222AERE SR8 o883 ex
SRCCINREEEEGTTRER g2 xR Z2E8882 54
P AN G dadddaa o
—_— f— ~- SNV
Parameter Value
1 0rigin Bruker Bio$pin Gmb]
2 Solvent CDC13
3 Temperature 298.2
4 Number of Scans 16 } / / / / /
5 Spectrometer Frequency400.13
6 Nucleus 1H
o
B-Ph
\
Ph
SN
3 N/
Ui
]
m M L‘A
A A
243 IS Tz wLg 2y
223848323 ¢ 8 £88 &%
P e SR = Sda= 2
T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
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Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent el
3 Temperature 298. 1
4 Nunber of Scans 1024
5 Spectrometer Frequencyl00. 62
6 Nucleus 13¢
o 2
p\bPh
Ph
s7EN
I8N v
I
|
|
| |
I |
4 o ol
T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 60 50 40 30 20 10 0 -10
f1 (ppm)
=
Parameter Value he
a
10rigin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 298. 3
4 Number of Scans 4
5 Spectrometer Frequencyl61.97
6 Nucleus 31P
o ?
p\bPh
Ph
SN
B4 g
L
A L o e e L s o s o L s e e e e s s e o TR s e A B s s S
130 110 90 80 70 60 50 40 30 20 10 0 -10 -30 -50 -70 -90 -110 -130 <150 <170 -190 210 -230
f1 (ppm)
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f1 (ppm)
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3 Temperature 298.2
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Parameter Value g
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2 Solvent cnei3
3 Temperature 298.3
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3 Temperature 298.2
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Parameter Value =
2
1 0rigin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 298. 2
4 Number of Scans 6
5 Spectrometer Frequencyl61.97
6 Nucleus 31P
o] o
S-Ph
R
Ph
57N
3u
cl
A L o e e L s o s o L s e e e e s s e o TR s e A B s s S
130 110 90 80 70 60 50 40 30 20 10 0 -10 -30 -50 -70 -90 -110 -130 <150 <170 -190 210 -230
f1 (ppm)
SN AT OO M N Al T M0 = i Sem N momEma=m
e e e BER EOR22ERSTA
R e i R B S R SEL LI LIRA
N A S B e L K RRYEARS
T Srr——— e 4

—_—

Parameter Value
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Parameter Value
1 0rigin Bruker BioSpin Gmbl{
2 Solvent coels
3 Temperature 298. 1
4 Number of Scans 1024 |
5 Spectrometer Frequencyl00. 62 !
6 Nucleus 13C
o) o]
g-Ph
Ph
87N
& —/
»y { "
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
f1 (ppm)
o
3
Parameter Value o
a
1 Pulse Width 7.1000
2 Acquisition Time 0.5112
3 Acquisition Date 2017-11-19723:13:26
4 Modification Date 2017-11-19723:13:28
5 Spectrometer Frequencyl61.97
o y
-Ph
R
Ph
s" N
\—/
3v
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R B B L
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6 Nucleus

3 Temperature

10rigin
2 Solvent

6T
LT
Tm.w
W_N.ﬂ
w\g.o

Feot

4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
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Bruker BioSpin GmbH

CDC13,
298.1

170
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5 Spectrometer Frequencyl00. 62
13C

180
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Parameter
3w
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1 Origin
2 Solvent

3 Temperature

4 Number of Scans
6 Nucleus
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Parameter Value >
a
10rigin Bruker BioSpin GubH
2 Solvent onels
3 Temperature 298.6
4 Number of Scans 16
5 Spectrometer Frequencyl6l. 97
6 Nucleus 31p
o]
i
p\‘Ph
Ph

3w

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-70 -90 -110 -130 -150 -170 -190 -210

130 110 90 80 70 60 50 40 30 20 10 0 -10 30 -50 230
f1 (ppm)
I R SRR T S
AR o Qulel B C2LE25552808328:
ZEERREE83EITAAn888 ESZSEIRRECEEITAA
R RN NN IR NG SN P e R PRI INBA Y
T m—— |
Paraneter Value
10rigin Bruker BioSfin GubH
2 Solvent cnels
3 Temperature 298. )
4 Number of Scans 2 / / /
5 Spectrometer Frequency400. 3 /
6 Nucleus i ) / S SIS
o] cl
7
P
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4a
I
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N A
T Ay &
8 s88 =
= 2332
. . . . . . . . . . . . . . . . . . . .
95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 0 35 3.0 25 20 15 1.0 05 0.0
f1 (ppm)
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Parameter Value
10rigin Bruker BioSpin Gmbl
2 Solvent CDC13,
3 Temperature 298. 2
4 Number of Scans 1024
5 Spectrometer Frequencyl00. 61
6 Nucleus 13C
|
o] o] cl |
i
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4a

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameter Value ]
1 0rigin Bruker BioSpin GmbH °
2 Solvent cnei3
3 Temperature 298. 1
4 Number of Scans 2
5 Spectrometer Frequencyl61.98
6 Nucleus 31p

4a

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-190 -210 -230

T T
130 110 90 80 70 60 50 40 30 20 10 0 -10 -30 -70 -90 -110 -130 -150

—
-50 -170
f1 (ppm)
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Parameter
1 0rigin

2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequencyl6l. 97

29.771

Value
Bruker BioSpin GmbH
CDC13
298.2
6

6 Nucleus 31p
Q o]
i
B
4b
A
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Parameter Value
1 0rigin Bruker BioSpin| GubH
2 Solvent cnet3
3 Temperature 298,
4 Number of Scans
5 Spectroneter Frequency4§o/13 /)] e S
6 Nucleus
Q a
F',irOEln
0Bn
57N
4c
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[ |
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9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 40 35 3.0 2.5 2.0 L5 1.0 0.5 0.0
f1 (ppm)
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Paraneter Value

1 0rigin Bruker BioSpin Gmb
2 Solvent coe13

3 Temperature
4 Number of Scans

298.1
1024

5 Spectrometer Frequencyl00. 62

6 Nucleus 13C
[} o}
by
P\-OEm
OBn
87N
4c

— 152.900

|

136.083
136.026

134.747

™~ 133.047

128.517

I

128.470
128.345

127.986
127.943

126.083
125.042

121.712

77.387
77.070
76.752
67.393

67.329
67.295

38.613
38.579

32779
31.377
31.350
31.228

t

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
%
Parameter Value o
10rigin Bruker BioSpin GmbH A
2 Solvent CDC13
3 Temperature 298. 1
4 Number of Scans 2
5 Spectrometer Frequencyl61.97
6 Nucleus 31P
9 2
-~0Bn
R
OBn
57N
4c
130 110 90 8 70 60 50 40 30 20 10 0 -10 -30 -70 -90 -110 -130 -150 -170 -190 =210 -230

-50
f1 (ppm)
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Parameter Value 2
2
1 0rigin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 298. 4
4 Number of Scans 16
5 Spectrometer Frequencyl61.97
6 Nucleus 31P
o] o
B -OMe
A
OMe
87 N
4d
M,
T T T T T T T T T T T T T T T T T T T T
130 120 110 100 90 80 70 60 50 40 3 20 10 0 -10 20 -30 -40 -50 -6(
f1 (ppm)
BT Mmoo MINCO MY —BR BSOSO
CREenense3hs J8828 SBIRAMESS
SEBRBILIRIAS S8RTER 8&&hnuhIdq
R O N FFemed maddaca AN
= Nle=——" 7 ~N NeF—
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent cnCl3
3 Temperature 298. 1
4 Number of Scans 2
5 Spectrometer Frequency400. 13
6 Nucleus 1H / / //
o i
;
-OEt
P\
OEt
s N
de
I
I
if i
il
|
I
I
L
L3 £% pallien Ty i
2 S S = S S3= 2
Zd dd 5 = a =2 <
T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.0 3.5 3.0 2.5 2.0 L5 1.0 0.5 0.0
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Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 298.2
4 Number of Scans 1024
5 Spectrometer Frequencyl00. 62
6 Nucleus 13C
o 9
;
p-OEL
OEt
575N
4e
J .
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10
f1 (ppm)
a
2
Parameter Value 2
s
10rigin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 298. 3
4 Number of Scans 2
5 Spectrometer Frequencyl6l.98
6 Nucleus 31P
9 p
;
~OEt
P\
OEt
s7N
de @
L B B e L e e e e L e o e e T e e e e N B m s e
130 110 90 80 70 60 50 40 30 20 10 0 -10 -30 -70 90 S110 -130 <150 -170 <190 210 -230

-50
f1 (ppm)
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vsvL
8L ~E
st/

8EY'L
va.hv
cmw.h\
098°L
SS6°L

SS6'L
SL6'L

Ry ///

Value
Bruker BioSpin (mbH
cnei3
298.2
16

/s

Spectrometer Frequency400.

Parameter

10rigin
2 Solvent

3 Temperature

4 Number of Scans

5

H

6 Nucleus
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Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 298. 2
4 Number of Scans 16
5 Spectrometer Frequencyl61.97
6 Nucleus 31P
9 9
;
-0iPr
R
OPr
57 N

25.770

T T T T T T T T T T T T T T T T
-50 -70 -90 -110 -130 -150

T T
-170 -190 =210

130 110 90 80 70 60 50 40 30 20 10 0 -10 -30 -230
f1 (ppm)
T+ L0V~ VO —~ oMot - ~alt OO 00— oD — O Al
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S5 N S N N S N e N
Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent cDe13
3 Temperature 298. 1
4 Number of Scans 16
5 Spectrometer Frequency400. 13
6 Nucleus H
o] o
p-OnBu
\
OnBu
s75N
49
]
|
I
I il
I
il
v gLy T T TE TE G
S XX& 5 & 2 =2 a2 g
—a SSd = - = - < S
T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 75 7.0 6.0 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0

5.0 4.5
f1 (ppm)
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Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent cDel13
3 Temperature 298. 2
4 Number of Scans 1024
5 Spectrometer Frequencyl00. 62
6 Nucleus 13C
] o
g-OnBu
OnBu
s N
4g

133.052
128.521

127.976
126.114

/
/

125.080

121.663

}

H\

717375
77.057

65.565
65.524
65.499
65.457

<
|
€

38.725
38.689
35.627
32419

32357
32327
1§:438
18.636

|

<

13.541
13.525

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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]
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Parameter Value
10rigin Bruker BioSpin Gmbl
2 Solvent CDC13
3 Temperature 298.2
4 Number of Scans 16
5 Spectrometer Frequencyl61.97
6 Nucleus 31P
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p-0OnBu
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87 N
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1
A L o e e L s o s o L s e e e e s s e o TR s e A B s s S
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-50
f1 (ppm)
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Parameter Value
1 Origin Bruker BioSpin Gmbl|
2 Solvent CDC13
3 Temperature 298.3
4 Number of Scans 4

5 Spectrometer Frequencyl61.97
6 Nucleus 31P

29.333

S N
o P o
-~Ph
R
Ph
6b
.
"
L e e e L e e e B B A e e e e S N S m
130 110 90 80 70 60 50 40 30 20 10 0 -50 -70 -90 -110 -130 -150 -170 -190 -210 -230
1 (ppm)
EE oSN a0 Moo = NE QoINS 9O NOONROOMmINS %O ®
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N B R BN A R B S R PN PR R B
T N e——" ~N N NS N N
Parameter Value
1 origin Bruker BioSpin Gmbl
2 Solvent el
3 Temperature 298. 1
4 Nunber of Scans 16
5 Spectrometer Frequency400. 13
6 Nucleus w [l / //
; ; |
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o ]
B0t
OEt
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il I
i
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1 1
" )‘\,\ T L
A 1
L &4 T T T RIS 7 Z
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S22 3243 5 = o “=d & “
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9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0

5.0 45
f1 (ppm)
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199.574

174.197
174.096

<

Parameter
1 Origin

2 Solvent

3 Temperature

4 Number of Scans

Value
Bruker BioSpin GmbH
CDC13
298.1
1024

5 Spectrometer Frequency100. 62

152.904

136.805

/
/
t

132.987
128.547
127.982

124.953
122.717

121.627

77.345
77.028
76.710

61.776
61.758
61.713
61.692

39.291
39.256

36.532
36.424

30.865
21.540
16.285

16.224
16.185

t

6 Nucleus 13C |
|
SN
o 7o
~OEt
P\
OEt
b
1
I !
I
] |
I 1]
| L \ I
. . . . . . . . . . . . . . . . . .
210 200 190 180 170 160 150 140 130 120 80 70 60 50 40 30 20 10 0 -10
°
g
Parameter Value o
10rigin Bruker BioSpin GmbH A
2 Solvent CDC13
3 Temperature 298. 2
4 Number of Scans 16
5 Spectrometer Frequencyl61.97
6 Nucleus 31P
SN
o 7o
-OEt
F‘\
DEt
b
L
— T T —— T
130 110 90 8 70 60 50 40 30 20 10 0 -10 -90 -110 -130 -150 -170 -190 =210 -230



9LTT
wTT—
19T
tw.NV
TSLT—
FF.N\
e
mf.mV
081°¢
vor'e
wTe
91TE
LyTe
197°¢
LLTe

8L0°C
01T
m@N.N/

19T°L
0gp'L
6tv'L
89'L
108°L
zs'Lo
0TS'L A
15°L
196°L
€85'L —
ovL'L—
8SL'L)
69L°L
S8LL
208°L
PI8L
1€8°L
806°L 4
9T6'L 4

I

I

Valu

|

]

Parameter

ioSpin GmbH

Bruke:
CDC13
298,

2

5 Spectrometer Frequency400

1 0rigin

2 Solvent

/

3 Temperature

4 Number of Scans

f

1H

6 Nucleus

9a

e

S

Sage

E3

0T

169
Ty
100

0.5 0.0

1.0

4.0 3.5 3.0 2.5 2.0

4.5
f1 (ppm)

7.0 6.5 6.0 5.5 5.0

7.5

9.0 8.5 8.0

9.5

0S¥'¥T
owm.wNW
989°LT
oao.mmw
98L°TE
wNﬁmm\

0STIL
wwm.onw
988°9L

£56°611
Ph00T1
LES LTI~
0T8T
SEr'8T
89v°821 4
955°8¢1
986871
920°0¢1
691°0¢1 4
0LS0€1
¥99°0€1
Sv6°0¢T ]
sieier
£66'1€1

LS0°TET

€Teel

0z6°Tel

198°s€1

wsTLOT —

Value

Parameter

Bruker BioSpin GmbH

CnCl3
298.2

1 0rigin

2 Solvent

3 Temperature

1024

5 Spectrometer Frequencyl00. 61

4 Number of Scans

13C

6 Nucleus

9a

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

S67



28.229

Parameter Value
1 0rigin Bruker BioSpin GbH
2 Solvent coels
3 Temperature 298.3
4 Number of Scans 2
5 Spectrometer Frequencyl61. 97
6 Nucleus 31p
o
el
WE“Ph
CN  Ph
9a
"
e L o e e e . L e A s s e
130 110 90 80 70 60 50 40 30 20 10 0 -10 -30 -50 -70 -90 -110 - -130 <150 <170 -190 210 -230
f1 (ppm)

N e M aE o 0om 8 Q= —

FnS8Ran2=gdg8e LECnTESS 8 238

R N g e ] 4E223zZ=S8 % §88

A N N enen e ed o el o e el el

= Ne——" Tl

[
Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent cl
3 Temperature
4 Number of Scans
5 Spectrometer Frequency400. 13
6 Nucleus 1H / / / J /
pA U

Cl
9b

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45
£1 (ppm)

S68



—196.480

[
AV
<

139.848
134.643
132.427
131.128
131.050

130.543
129.432

128.947
120.493
120.417

77.387

76.752

35.603
33.252
~32.551

27.927
24.903

Parameter Value
1 Origin Bruker BioSpin GubH
2 Solvent onel3
3 Temperature 208. 1
4 Number of Scans 2048
5 Spectrometer Frequencyl00. 62
6 Nucleus 13¢
o
pl’i
CN Ph
Cl
9b
1
I
|
I
) i
T T T T T T T T T T T T T T T T T T T T T
210 200 180 170 160 150 140 130 120 110 100 90 8 70 60 S0 40 30 20 10 0 -0
f1 (ppm)
s
&
Parameter Value o
&
10rigin Bruker BioSpin GubH
2 Solvent onels
3 Temperature 298.2
4 Number of Scans 16
5 Spectrometer Frequencyl61.97
6 Nucleus 31P
o
yel
R=ph
cl CN  Ph
b
L B B e L e e e e L e o e e T e e e e N B m s e
130 110 90 80 70 60 50 40 30 20 10 0 -10 -30 -70 90  -110  -130  -150  -170  -190 210  -230

-50
f1 (ppm)

S69



1L
't
1ze
Tl
ozl
6oz
Lz %
sl \
Ler1\

19L°1
won._w
POL'T

06T°T~_

9T
_mo.mw
6£9°T
mxc.N\

SEre—

19T°L
vov'L
80S°L
€1sL
YES'L
PSS'L
wus'L—
YEL'L
SvL'L
6SL°L
ILL'L
98L'L

—

S/l n an‘

e
s 94
EE
+ -
5o 2
gas -
8w o
t8% €=
ESQ g S
¥
5
g
g
g
g
- se
2 £ &
e O
g g2 8
5 2ye
£ Lz°%%,
PRl
=5 EsE2
R
222238
Ce5E5Ls
5882832
fameme

o
R=Fn
Bh

CN

Sc

Frie

0°1
0y
6°0
Wwo._
w\i. 1

Freo

Foss
Foow

-0.5

0.0

0.5

1.0

2.0

4.0 35 3.0 25

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

7.0

75

8.0

8.5

9.0

9.5

68T¥C
148244
850°ST
60°ST
09T'sT
680°LT
8SI°'LT
016°LT
166°'LT
686'1€
189°C¢
¥06'9¢€
LTE0S —

8STIL
wnm.cww
68°9L

LLS'61T
s96°611
601821
0vp'8Tl
8TS°8TI kw
6558214

170°0€1
9¢1°0¢1
$ZS0€1
819°0€1
LY6°0€1
9g€ 1€l
006'1€1
veeiel
¥20'zEl
6v0°TE 1 #
SheTel

66111 —

A

J

30

A

=
=
=
E
=
o B
&
=2 2
s =
= —
5w~ _ o
£2- <9
R
ZEES88R
£8&=222
3
2
g
B
ES
5 B
o w £
g g
g S
| ges
5 2% ¢
£ L F°5 .
=2 £ 238
£ 5858358
PR
2R EE 8
L3 55288
E8E 282
S e eno

9c

-10

10

20

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)

210

S70



©
3
Parameter Value b
g
1 0rigin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 298. 3
4 Number of Scans 2
5 Spectrometer Frequencyl6l.97
6 Nucleus 31P
[s]
pel
CN  Ph
9c
" .
—— T T T T T T T T T T T T T T T T T
130 110 90 80 70 60 50 40 30 20 10 0 -10 30 -50 -70 90  -110  -130  -150  -170  -190 210  -230
f1 (ppm)
R M BT CRA D N M N a =g
o8I asng22ssesss Ne¥ncItsacnnsnsszg
EEEREEE88RRReSE=22 da22=88RRRnaSa4=888
NN P D T R SRR R DA PP DRI
T e A e
Parameter Vallue
1 Origin Bruk¢r BjoSpin GmbH
2 Solvent €DC1
3 Temperature 298. 1
4 Number of Scans 2
5 Spectroneter Frequency400 1#} f /, / / / /
6 Nucleus 1
[=]
Fl“ph
S CN  Ph
od
" 1
. . . . . . . . . . . . . . . . . . .
9.0 8.5 8.0 75 7.0 65 6.0 55 5.0 45 4.0 35 3.0 25 20 L5 1.0 05 0.0
£1 (ppm)

S71



> oA o wtrn
o~ - <+ O wv - vl e D —~ Palloali s Nagli—3
= S 3283598 &3 SEEYRE
Parameter 5 Value AR IR SRS SES5EL S
& g 8=l S S Wl
1 0rigin = Bruker BioSpin GmbH — === DS ERCRENENE
2 Solvent I ] [ SN Y ~N- SN VS
3 Temperature 298.2
4 Number of Scans 1024
5 Spectrometer Frequencyl00. 61
6 Nucleus 13C

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 80 70 60 50 40 30 20 10 0 -10

100
f1 (ppm)

3
Parameter Value %
10rigin Bruker BioSpin GmbH g
2 Solvent CDC13
3 Temperature 298. 3
4 Number of Scans 2
5 Spectrometer Frequencyl6l.97
6 Nucleus 31P
[=]
0
CT
s CN Ph

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-190 =210 -230

T T
130 110 90 80 70 60 50 40 30 20 10 0 -10 -30 -50 -70 -90 -110 <130 <150 -170
f1 (ppm)

S72



7.819

7.538
7.500
7.235

o
&
N
-
/

|

3.135
2.943

}

2913
2732
2713

2.540

{

2.403

_~1.927
- 1.892

Parameter Valfie
1 Origin Bruker BioSpin GumbH
2 Solvent cnel3
3 Temperature 298, ¢
4 Number of Scans 2
5 Spectrometer Frequency400. [ / /
6 Nucleus 1H
= SIS
o [ e
P~
| "Ph
Ph
9e
il I
‘ V. L_/M
L
Py e Al
23588 <
Sa-—@ =
T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 40 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
o W o —mo-m®
g 2 AnRgasE Too Cxmoano®
S S R8R3IEs s 22 BERESQRE
% @ 00w S S Saq AT aSE S §
ES $ REZERS ERERS Salaa—x—g
2 I ocdddgond 2 SAEERISR
I [ SV ~N- A
Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent cne13
3 Temperature 298. 1
4 Number of Scans 1024
5 Spectrometer Frequencyl00. 61
6 Nucleus 13C
o [ e
P~
| "Ph
Ph
9e
I
Il
I
) [
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
f1 (ppm)

S73



©
8
Parameter Value >
&
10rigin Bruker BioSpin GmbH
2 Solvent cncl3
3 Temperature 298.3
4 Number of Scans 4
5 Spectrometer Frequencyl61.97
6 Nucleus 31p
[s] CN 9
P..
YT e
e
il b A e (T VA 0Boa O it I i (1l Sl | LA 11
L LA L L L L L L LR 0 L bl ol I g UM [ U L L i ‘\‘ u‘
e e e L
130 110 90 80 70 60 S50 40 30 20 10 0 -10 -30 -50 -70 -90 -110 -130 <150 170 -190 210 -230
f1 (ppm)
O 0O CNINOCO RN ~TOO =T =00 = o e o o N Y
S8R ERAR 20 E3TnISSSISEEECT Y S2233A880383ax242
L R RRR R AR RRRR R < AxReeLeLFTILIILTSSSS
R T T A A A RN < R N N N N N R R R R R R RN
IR L R RN S SR e N
Parameter alu
1 0rigin Bruker| BioSpir| GmbH
2 Solvent cne13
3 Temperature 298.
4 Number of Scans 16
5 Spectrometer Frequency400,/1 /
6 Nucleus i
o
4,0
R~Pn
Ph
NOBEn
of
|
\‘ |
It I A'L
L . s L
TLZLy Py LI A
=285388% & s = 38 &
A ¥ eonn = P o
T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

S74



+ © 0

< 28 R

8 RS q43RgrI

N ool e=9Smnenq

S ae VST el %

2 oo SRINEEE

Y =\
Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent cnel3
3 Temperature 298.2
4 Number of Scans 1024
5 Spectrometer Frequencyl00. 62
6 Nucleus 13C
<}
pel
R=Fn
2 Fh
NOBn
of
| I
|
|
| 1
L L)
A
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
f1 (ppm)

=
Paranmeter Value S
1 0rigin Bruker BioSpin Gubl T
2 Solvent cnel3
3 Temperature 298.3
4 Number of Scans 2

5 Spectrometer Frequencyl6l. 97
6 Nucleus 31p

130 110 90 80 70 60 50 40 30 20

10 0

T
-10

T
-30

T
-50
f1 (ppm)

S75

T
-70

T
-90

T
-110

T
-130

T
-150

T
-170

T
-190

T
-210

T
-230



8LIUT—

918’1

€61 /
SY6'1 /
856’1 —F
€86°1 /
IveT—
0SST—

618°C
Qw.N\
868°T

LI8y —

011'L
981'L 1
81T°L 7
YETL A
61€°L
1LE°LA
YOV'L A
0ThL A
[

oLeL
665'L 7]
1£9'L
€692
[
9LLL
96L°L
1281
9p8°L

////

I

|

M 2 —
T
9 B~
= 2
£ &
= o
oo =
£ :
ERE =
E8&8 8=
28828 =
B
g
2
z
El
El
B o &
2 g =
2 S n
s g
3 2% e
£ _5°8 .
R EEE
£83582%8
28282
2L EEES
t 38525
E8&8242
“am oo

>
BnON

99

FsC

Feot
st
Fere

%B.N

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 00 05
fI (ppm)

10.0

88€'LT
S9¥'LT

9rL'6T

_o_.mm/
mwm.mm/
108°C¢

YL6'TE
1ss°ee
89¢°€€
19¥°s€
806'S€

0L0°SL
mmm.mh/
€LTIL —5
_@m.or\“
S22
€Irset 1
68CT°LTI 1
£69°LTT 4
1€8°421
668°LTI
01T'8T1
LTT8TI A
8TE'8TI A
Tre8TI A
€60°0€1 A
¥81°0€I o
STr'oel JW
915701 ~L
SEPIEr
S8I'LET ~
T68°8€1

60L°1ST
P8LTIST
985°CS1
L99°TST

185°L61 ~_
Sy8'L61 <

=
=
]
&
o B
A
S &
& -
gow _ B
£29<+9
S0 8338w
228888
s8&8==2¢2
=
c
g
5
g
& w =
3 2=
2 8
£ o5 8
= = <
= 5w B
il 2% g
a e @ S
= & 2
S83 85
(-l
25 EE
L2554
E8 <24
~ N oo

BnON

FaC

8g

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

S76



Parameter
1 0rigin
2 Solvent
3 Temperature

4 Number of Scans

5 Spectrometer Frequencyl6l. 98

Value
Bruker BioSpin GmbH
CDC13
298.3
2

— 30.404

6 Nucleus 31P
0
0
Rph
& Ph
Fol gy NOER
L e I e T S B B T B B B T e
130 110 90 80 70 60 50 40 30 20 10 0 -10  -30 50 70 90  -110  -130  -150  -170  -190 210 230
f1 (ppm)
<3
2
S
=
€
|
Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent CcDC13
3 Temperature 298. 2
4 Number of Scans 4
5 Spectrometer Frequency376. 44
6 Nucleus 19F
o)
,;0 !
P=~ph
FaC gron® PN
Sg
: : : : : : : : : : :
0 10 20 -30 -40 -50 -60 -70 -80 -90 110 130 4150 4170 -190 210 230 250 270 290
f1 (ppm)

S77





