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General Information:

All reactions were performed under N, atmosphere. Solvents were dried and degassed
by standard methods before use. All allylic alcohols were synthesized according to the
method in the literature.! Silica gel was purchased from Qing Dao Hai Yang Chemical
Industry Co. '"H NMR spectra were recorded on a Bruker DPX-400 (400 MHz)
spectrometer with deuteraterated chloroform as solutions. The chemical shifts 6 are
reported in ppm relative to tetramethylsilane. 3C NMR spectra were recorded at 100
MHz on Bruker DPX-400. The chemical shifts 6 are reported relative to residual
CHCI; (8. = 77.00 ppm). 3'P NMR spectra were recorded at 160 MHz on Bruker
DPX-400. The chemical shifts 6 are reported relative to H;PO4 (6 = 0 ppm) as internal
standard. The multiplicity of signals is designated by the following abbreviations: s
(singlet), d (doublet), t (triplet), q (quartet), m (multiplet). Coupling constants J are
reported in Hertz (Hz). High resolution mass spectra (HRMS) were obtained on an
Agilent LC-MSD-Trap-XCT spectrometer with micromass MS software using
electrospray ionisation (ESI). Infrared spectra (IR) were measured with a Bruker
ALPHA spectrometer.

General Procedure for Carbonphosphonation of Allylic Alcohols

1.5 mmol diethyl phosphate 2 in 3.0 mL CH;CN was added into the 10 mL flask
charged with 0.5 mmol 1, 5 mol % AgNO3, 30 mol % Mg(NOj3),, 100 mg 4A MS.
The mixture was stirred at 100 °C (oil bath) for 18 h, then cooled down to room
temperature. The resulting solution was directly filtered through a pad of silica gel
using a sintered glass funnel, and concentrated under reduced pressure. The residue

I Marion, N.; Gealageas, R.; Nolan, S. P. Org. Lett. 2007, 9, 2653-2656.
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was purified by chromatography on silica gel (elute: EtOAc/ Petroleum ether 1/1 - 5/1,
v/v) to give the desired product.
Radical trapping Experiment

One equivalent of radical scavenger (TEMPO or BHT) was added to the reaction of
1a and 2a in the standard conditions and stirred for two hours. The reaction mixture
was cooled to room temperature. Injection of the crude reaction mixture to ESI-MS
showed no peak of the desired product. An adduct of diethyl H-phosphonate and BHT
was detected shown in Figure S1.
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Figure S1. ESI-MS spectra of the mixture with BHT.
Characterization of Products

Diethyl (3-0x0-2,3-diphenylpropyl)phosphonate (3a)

o
2
O R~OEt

OEt

O Yellow oil (62 %). 'H NMR (400 MHz, CDCls): 6 7.97 (d, J =
8.0 Hz, 2H), 7.48 (t, J = 7.6 Hz, 1H), 7.41-7.36 (m, 2H), 7.33 (d, J = 7.5 Hz, 2H),
7.29-7.25 (m, 2H), 7.19 (t, J = 7.5 Hz, 1H), 5.07-5.00 (m, 1H), 4.02-3.81 (m, 4H),
2.95-2.84 (m, 1H), 2.28-2.18 (m, 1H), 1.20 (t, J = 7.0 Hz, 3H), 1.11 (t, J = 7.0 Hz,
3H). 3C NMR (100 MHz, CDCl3): 6 197.90 (d, J = 8.1 Hz), 138.73 (d, J = 10.9 Hz),
136.04, 133.13, 129.11, 128.88, 128.58, 128.23, 127.54, 61.70, 61.65, 61.60 47.62 (d,
J=2.0Hz), 29.75 (d, J= 139.2 Hz), 16.30 (d, J = 6.3 Hz), 16.17 (d, J = 6.5 Hz). 3'P
NMR (162 MHz, CDCl;): 6. 29.66. IR (KBr, cm™): 2986, 1684, 1596, 1491, 1449,
1398, 1242, 1027, 965, 781, 700, 518. HRMS (ESI): calculated for C;9H,4O04P*
[M+H]* m/z 347.1407, found 347.1409.
Dimethyl (3-0x0-2,3-diphenylpropyl)phosphonate (3b)
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O Yellow oil (44 %). '"H NMR (400 MHz, CDCl): 6 7.96 (d, J =
7.5 Hz, 2H), 7.48 (t, J = 7.3 Hz, 1H), 7.41-7.36 (m, 2H), 7.33 (d, J = 7.2 Hz, 2H),
7.31-7.26 (m, 2H), 7.20 (t, J = 7.2 Hz, 1H), 5.06-4.99 (m, 1H), 3.63 (d, J = 10.9 Hz,
3H), 3.51 (d, /= 10.8 Hz, 3H), 2.97-2.86 (m, 1H), 2.29-2.19 (m, 1H). 3C NMR (100
MHz, CDCl;): ¢ 197.65 (d, J = 8.3 Hz), 138.46 (d, J = 10.7 Hz), 135.76, 133.06,
129.03, 128.72, 128.48, 128.02, 127.49, 52.21 (d, J = 6.3 Hz), 52.10 (d, J = 6.6 Hz),
47.46, 28.69 (d, J=138.9 Hz). 3'P NMR (162 MHz, CDCls): ¢ 32.46. IR (KBr, cm™!):
2954, 1684, 1451, 1401, 1250, 1031, 899, 819, 699, 518. HRMS (ESI): calculated for
C17H004P" [M+H]* m/z 319.1094, found 319.1104.
Diethyl (2,3-bis(4-methylphenyl)-3-oxopropyl)phosphonate (3d)

O

0]
/7
O ROEt
E
Me O OEt

Me Yellow oil (55 %). '"H NMR (400 MHz, CDCls): 6 7.87 (d, J
= 8.2 Hz, 2H), 7.21-7.16 (m, 4H), 7.07 (d, J = 8.0 Hz, 2H), 5.01-4.94 (m, 1H), 4.03-
3.82 (m, 4H), 2.93-2.83 (m, 1H), 2.34 (s, 2H), 2.25 (s, 2H), 1.20 (t, J = 7.0 Hz, 3H),
1.11 (t, J = 7.0 Hz, 3H). 13C NMR (100 MHz, CDCls): 6 197.45 (d, J = 8.1 Hz),
143.82, 137.06, 135.88 (d, J = 11.0 Hz), 133.42, 129.66, 129.18, 128.93, 127.95,
61.57 (d, J=6.5 Hz), 61.48 (d, /= 6.4 Hz), 46.94 (d, J = 2.0 Hz), 29.58 (d, /= 138.6
Hz), 21.55, 20.95, 16.23 (d, J = 6.1 Hz), 16.09 (d, J = 6.4 Hz). 3'P NMR (162 MHz,
CDCl3): 0 29.98. IR (KBr, cm™): 2984, 1680, 1400, 1239, 1054, 1026, 963, 815, 782,
558. HRMS (ESI): calculated for C,;H,304P" [M+H]" m/z 375.1720, found 375.1725.
Dimethyl (2,3-bis(4-methylphenyl)-3-oxopropyl)phosphonate (3e)

O

0
/7
O R~OMe
Me O OMe

Me Yellow oil (49%). 'H NMR (400 MHz, CDCl;): 6 7.87 (d,
J=28.2Hz, 2H), 7.20 (d, /= 8.1 Hz, 2H), 7.17 (d, /= 8.1 Hz, 2H), 7.07 (d, J = 8.0 Hz,
2H), 5.00-4.94 (m, 1H), 3.61 (d, J = 10.8 Hz, 3H), 3.51 (d, J = 10.9 Hz, 3H), 2.95-
2.84 (m, 1H), 2.32 (s, 3H), 2.25 (s, 3H), 2.21-2.15 (m, 1H). *C NMR (100 MHz,
CDCl5): 0 197.28 (d, J = 7.8 Hz), 143.77, 137.04, 135.71 (d, J = 11.1 Hz), 133.30,
129.63, 129.11, 128.82, 127.81, 52.14 (d, J = 6.4 Hz), 51.92 (d, J = 6.4 Hz), 46.87 (d,
J=2.0 Hz), 28.65 (d, J = 138.6 Hz), 21.42, 20.84. 3'P NMR (162 MHz, CDCl;): 6.
32.71. IR (KBr, cm™): 2954, 1680, 1607, 1403, 1250, 1181, 1031, 902, 819, 558.
HRMS (ESI): calculated for C9H,404P" [M+H]* m/z 347.1407, found 347.1409.
Diethyl (2,3-bis(4-fluorophenyl)-3-oxopropyl)phosphonate (3f)
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F Yellow oil (66%). 'H NMR (400 MHz, CDCl;): 6 8.01-7.97
(m, 2H), 7.32-7.28 (m, 2H), 7.08 (t, J = 8.6 Hz, 2H), 6.98 (t, J = 8.6 Hz, 2H), 5.03-
4.96 (m, 1H), 4.07-3.84 (m, 1H), 3.93-3.83 (m, 4H), 2.88-2.77 (m, 1H), 2.26-2.15 (m,
1H), 1.22 (t, J="7.0 Hz, 3H), 1.13 (t, /= 7.1 Hz, 3H). 3C NMR (100 MHz, CDCl5): ¢
196.20 (d, J = 8.6 Hz), 166.63 (d, Jcr = 254.0 Hz), 162.06 (d, Jcr = 245.4 Hz),
134.18 (dd, Jc.p = 10.5 Hz, Jcr = 2.7 Hz), 131.39 (d, Jcr = 9.3 Hz), 129.71 (d, Jcr =
8.1 Hz), 127.73 (d, Jcr = 7.9 Hz), 115.97 (d, Jcr = 21.5 Hz), 114.72 (d, Jcr = 21.8
Hz), 114.89 (d, Jcr = 21.2 Hz), 61.63 (d, J = 3.7 Hz), 61.57 (d, J = 3.9 Hz), 47.67,
29.70 (d, J = 139.5 Hz), 16.18 (d, J = 6.1 Hz), 16.06 (d, J = 6.3 Hz). 3'P NMR (162
MHz, CDCls): ¢ 29.33. IR (KBr, cm™): 2986, 1686, 1597, 1509, 1402, 1232, 1160,
1028, 965, 839, 525. HRMS (ESI): calculated for Ci9H,F,O,P" [M+H]" m/z
383.1218, found 383.1202.
Dimethyl (2,3-bis(4-flurophenyl)-3-oxopropyl)phosphonate (3g)

O

(0]
/
R~-OMe
F O OMe

F Yellow oil (47%). '"H NMR (400 MHz, CDCl5): ¢ 8.00-7.96
(m, 2H), 7.31-7.27 (m, 2H), 7.07 (d, J = 8.4 Hz, 2H), 7.01-6.96 (m, 2H), 5.02-4.95 (m,
1H), 3.63 (d, J = 10.8 Hz, 3H), 3.53 (d, J = 10.9 Hz, 3H), 2.26-2.16 (m, 1H), 2.90-
2.79 (m, 1H). 3C NMR (100 MHz, CDCl;): ¢ 196.22 (d, J = 8.7 Hz), 165.76 (d, Jc.r
= 254.1 Hz), 162.19 (d, Jcr = 245.6 Hz), 134.18 (dd, Jcp = 10.8 Hz, Jor = 3.2 Hz),
131.50 (d, Jc.r = 9.3 Hz), 129.77 (d, Jcr = 8.1 Hz), 127.83 (d, Jcr = 7.9 Hz), 116.15
(d, Jcr = 21.5 Hz), 115.84 (d, Jcr = 21.8 Hz), 114.99 (d, Jcr = 21.2 Hz), 52.34,
52.27,46.79, 28.89 (d, J = 139.5 Hz). *'P NMR (162 MHz, CDCls): ¢ 32.00. IR (KBr,
cm): 2957, 1685, 1597, 1508, 1406, 1231, 1160, 1033, 902, 836, 804, 599, 559, 522.
HRMS (ESI): calculated for C,7H;3sF,04,P" [M+H]" m/z 355.0905, found 393.0909.
Diethyl (2,3-bis(4-chlorophenyl)-3-oxopropyl)phosphonate (3h)

O

0
7
O R~OEt
E
o O OEt

cl Yellow oil (65%). 'H NMR (400 MHz, CDCl): 6 7.90 (d, J
= 8.6 Hz, 2H), 7.38 (d, J = 8.6 Hz, 2H), 7.26 (s, 4H), 5.01-4.94 (m, 1H), 4.05-3.85 (m,
4H), 2.89-2.78 (m, 1H), 2.25-2.15 (m, 1H), 1.22 (t, J = 7.1 Hz, 3H), 1.14 (t, J = 7.0
Hz, 3H). 13C NMR (100 MHz, CDCly): & 196.26 (d, J = 8.9 Hz), 139.35, 136.68 (d, J
= 10.6 Hz), 133.89, 133.52, 130.04, 129.37, 129.16, 128.85, 61.63 (d, J = 3.5 Hz),

61.57 (d, J = 3.5 Hz), 46.84, 29.44 (d, J = 140.0 Hz), 16.13 (d, J = 6.1 Hz), 16.00 (d, J
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= 6.2 Hz). 3'P NMR (162 MHz, CDCls): 6 29.12. IR (KBr, cm™): 2984, 1691, 1488,
1234, 1024, 960, 550, 492. HRMS (ESI): calculated for C;9H»,C1,O4P*" [M+H]" m/z
415.0627, found 415.0636.

Dimethyl (2,3-bis(4-chlorophenyl)-3-oxopropyl)phosphonate (3i)
O

O
/7
O P\\OMe
cl O OMe

Cl Yellow oil (50%). 'H NMR (400 MHz, CDCly): ¢ 7.54-
7.51 (m, 3H), 7.33-7.27 (m, 3H), 6.91 (d, J = 8.6 Hz, 1H), 4.08-3.87 (m, 4H), 1.12 (t,
J = 7.1 Hz, 6H). *C NMR (100 MHz, CDCls): 6 196.23 (d, J = 8.4 Hz), 139.74,
136.62 (d, J=10.8 Hz), 133.87, 133.65, 130.07, 129.33, 129.28, 128.91, 52.21 (d, J =
6.4 Hz), 46.88 (d, J = 2.0 Hz), 28.58 (d, J = 139.6 Hz). 3'P NMR (162 MHz, CDCI;):
0.31.76. IR (KBr, cm!): 2955, 1685, 1590, 1489, 1403, 1248, 1093, 1034, 972, 902,
819, 536. HRMS (ESI): calculated for C7H;sCl,O4P* [M+H]" m/z 387.0314, found
387.0316.
Diethyl (2,3-bis(4-bromophenyl)-3-oxopropyl)phosphonate (3j)

O

(0]
7
O R~OEt
Br O OEt

Br Yellow oil (57%). '"H NMR (400 MHz, CDCl5): 6 7.81 (d, J
= 8.5 Hz, 2H), 7.54 (d, J = 8.6 Hz, 2H), 7.42 (d, J = 8.4 Hz, 2H), 7.19 (d, J = 8.4 Hz,
2H), 4.99-4.92 (m, 1H), 4.04-3.85 (m, 1H), 2.88-2.78 (m, 1H), 2.24-2.14 (m, 1H),
1.22 (t, J = 7.0 Hz, 3H), 1.13 (t, J = 7.1 Hz, 3H). 3C NMR (100 MHz, CDCl5): ¢
196.39 (d, J = 8.5 Hz), 137.18 (d, J = 10.6 Hz), 134.31, 132.13, 131.85, 130.12,
129.71, 128.44, 121.65, 61.63 (d, / =4.0 Hz), 61.57 (d, J=4.1 Hz), 46.92 (d, /= 1.9
Hz), 29.40 (d, J = 139.8 Hz), 16.14 (d, J = 6.1 Hz), 16.00 (d, J = 6.2 Hz). 3'P NMR
(162 MHz, CDCl;): ¢ 29.06. IR (KBr, cm'): 2983, 1686, 1585, 1485, 1399, 1245,
1063, 1029, 964, 820, 796, 529. HRMS (ESI): calculated for C;9H»,Br,O4P* [M+H]*
m/z 502.9617, found 502.9626.

Dimethyl (2,3-bis(4-bromophenyl)-3-oxopropyl)phosphonate (3k)
0O

(@]
/7
O R-OMe
Br O OMe

Br Yellow oil (32%). 'H NMR (400 MHz, CDCls): & 7.80 (d,
J=8.5Hz, 2H), 7.54 (d, J = 8.5 Hz, 2H), 7.42 (d, J = 8.4 Hz, 2H), 7.19-7.16 (m, 2H),
4.96-4.89 (m, 1H), 3.65 (d, J = 10.9 Hz, 3H), 3.54 (d, J = 10.9 Hz, 3H), 2.90-2.79 (m,
1H), 2.24-2.14 (m, 1H). 3C NMR (100 MHz, CDCLy): 6 196.52 (d, J = 8.3 Hz),
137.27 (d, J = 10.8 Hz), 134.44, 132.41, 132.08, 130.30, 129.81, 128.70, 121.95,

52.38 (d, J = 6.5 Hz), 47.12 (d, J = 1.9 Hz), 28.68 (d, J = 139.7 Hz). >'P NMR (162
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MHz, CDCl3): 6. 31.71. IR (KBr, cm!): 2954, 1684, 1585, 1486, 1397, 1250, 1058,
1032, 902, 823, 527. HRMS (ESI): calculated for C,;H;sBr,O,P" [M+H]" m/z
474.9304, found 474.9305.

Diethyl (3-0x0-2,3-bis(3-trifluoromethylphenyl)propyl)phosphonate (31)

0 0]
FsC /
’ R-OEt
‘ OEt
CFs  Yellow oil (63%). 'H NMR (400 MHz, CDCly): & 8.24 (s,

1H), 8.16 (d, J= 7.8 Hz, 1H),7.79 (d, J = 7.7 Hz, 1H), 7.63 (s, 1H), 7.60-7.50 (m, 3H),
7.45 (t, J= 7.7 Hz, 1H), 5.16-5.09 (m, 1H), 4.07-3.86 (m, 4H), 2.93-2.83 (m, 1H),
2.33-2.24 (m, 1H), 1.22 (t, J = 7.1 Hz, 3H), 1.12 (t, J = 7.1 Hz, 3H). 13C NMR (100
MHz, CDCLy): 6 196.13 (d, Jep = 8.8 Hz), 138.88 (d, Jep = 10.5 Hz), 136.07, 131.77,
131.52, 131.49 (q, Jor = 32.3 Hz), 131.31 (q, Jor = 32.5 Hz), 129.7 (q, Jor = 3.3 Hz),
129.67, 129.37, 125.55 (q, Jer = 3.3 Hz), 124.91 (q, Jor = 3.2 Hz), 124.66 (q, Jos =
3.8 Hz), 123.62 (q, Jer = 271.0 Hz), 123.40 (q, Jor = 271.2 Hz), 61.81 (d, Jop = 6.5
Hz), 61.67 (d, Jep = 6.9 Hz), 47.49, 29.71 (d, Jep = 140.3 Hz), 16.09 (d, Jep = 6.1
Hz), 15.94 (d, Jcp = 6.3 Hz). 3'P NMR (162 MHz, CDCls): 6 32.46. IR (KBr, cm'!):
2989, 1694, 1331, 1128, 1074, 968, 820, 696. HRMS (ESI): calculated for
Cy1HpFsO4P" [M+H]" m/z 483.1154, found 483.1166.

Dimethyl (3-0x0-2,3-bis(3-trifluoromethylphenyl)propyl)phosphonate (3m)

O

(0]
F5;C 7
° O P\\OMe

O OMe
FsC Yellow oil (53%). 'H NMR (400 MHz, CDCls): 6 8.22 (s,

1H), 8.14 (d, /= 7.9 Hz, 1H), 7.78 (d, J = 7.8 Hz, 1H), 7.61 (s, 1H), 7.57 (t, J= 7.8
Hz, 1H), 7.52 (d, J = 8.0 Hz, 2H), 7.45 (t, J = 7.8 Hz, 1H), 5.13-5.06 (m, 1H), 3.66 (d,
J=10.9 Hz, 3H), 3.55 (d, J = 10.9 Hz, 3H), 2.96-2.85 (m, 1H), 2.31-2.22 (m, 1H).
13C NMR (100 MHz, CDCl;): ¢ 196.08 (d, J = 8.3 Hz), 138.91 (d, J = 10.9 Hz),
136.12, 131.79, 131.67 (q, J = 32.5 Hz), 131.44 (q, J = 32.8 Hz), 129.88, 129.84,
129.80, 129.43, 125.61 (q, J = 3.8 Hz), 124.94 (q, J = 3.7 Hz), 124.79 (q, J = 3.7 Hz),
123.66 (q, J = 270.5 Hz), 123.46 (q, J = 271.0 Hz), 52.36 (d, J = 6.5 Hz), 52.26 (d, J
= 6.5 Hz), 47.58 (d, J = 2.0 Hz), 2891 (d, J = 140.2 Hz). 3'P NMR (162 MHz,
CDCls): 6. 31.18. IR (KBr, cm™): 2960, 1693, 1401, 1330, 1245, 1172, 1128, 1068,
1035, 905, 828, 701, 522. HRMS (ESI): calculated for C,9H;sFcO,P" [M+H]" m/z
455.0841, found 455.0845.

Diethyl (3-(p-methoxyphenyl)-3-oxo-2-phenylpropyl)phosphonate (3n) and

Diethyl (2-(p-methoxyphenyl)-3-o0xo-3-phenylpropyl)phosphonate (3n°¢)
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R2

R!'=0OMe, R2=H, 3n

R'=H,R?=0Me, 3n" veljow oil (67%, 3n:3n¢ = 2.5:1). 'H NMR (400 MHz,
CDCl5): 0 7.97 (d, J = 8.8 Hz, 2H), 7.48-7.16 (m, 7H), 6.87-6.79 (m, 2.7H), 5.02-4.96
(m, 1H), 4.00-3.93 (m, 2.1H), 3.90-3.82 (m, 2H), 3.80 (s, 3H), 3.73 (s, 1.2H), 2.92-
2.81 (m, 1.1H), 2.27-2.14 (m, 1H), 1.3-1.24 (m, 1.2H), 1.21-1.17 (m, 3H), 1.12-1.08
(m, 4.4H). BC NMR (100 MHz, CDCl;): 6 196.25 (d, J = 8.2 Hz), 163.42, 139.15 (d,
J=10.5Hz), 132.94, 131.13, 129.24, 128.95, 128.90, 128.77, 128.48, 128.15, 128.09,
127.32, 127.27, 125.96, 114.41, 113.70, 113.50, 61.54 (d, J = 3.1 Hz), 61.48 (d, J =
3.1 Hz), 55.27 (d, J = 2.0 Hz), 47.15, 47.13, 46.68, 29.67 (d, J = 139.1 Hz), 16.22 (d,
J=6.1 Hz), 16.09 (d, J = 6.3 Hz). 3'P NMR (162 MHz, CDCl;): 4. 29.89, 29.83. IR
(KBr, cm): 2986, 1684, 1596, 1491, 1449, 1398, 1242, 1027, 965, 781, 700, 518.
HRMS (ESI): calculated for CyoH,50sP* [M+H]* m/z 377.1512, found 377.1514.
Diethyl (3-oxo0-2-phenyl-2-(p-trifluoromethylphenyl)propyl)phosphonate (30)
and Diethyl (3-oxo0-2-phenyl-3-(p-trifluoromethylphenyl)propyl)phosphonate
(30°)

R'=H, R>=CF3, 30
R'=CF3 R?=H,30" yqjiow oil (77%, 30:30¢ = 11.4:1). 'H NMR (400 MHz,

CDCl5): 0 8.07 (d, J= 8.2 Hz, 2H), 7.97 (d, J = 8.0 Hz, 2H), 7.65 (d, J = 8.4 Hz, 2H),
7.57-7.40 (m, 7.4H), 7.32-7.29 (m, 0.4H), 5.17-5.10 (m, 1H), 5.07-5.00 (m, 0.08H),
4.07-3.82 (m, 4.6H), (m, 4H), 2.92-2.82 (m, 1H), 2.31-2.21 (m, 1.5H), 1.23-1.18 (m,
3.2H), 1.12-1.08 (m, 3.2H). *C NMR (100 MHz, CDCl3): 6 197.26 (d, J = 8.7 Hz),
142.60 (d, J = 9.5 Hz), 135.61, 133.42, 129.94, 129.61, 129.22, 129.05, 128.75,
128.67, 128.61, 128.11, 127.90, 127.76, 126.37, 125.96, 125.92, 125.89, 125.85,
125.58, 125.54, 125.19, 122.49, 61.75, 61.67, 61.60, 47.25 (d, J = 2.0 Hz), 29.65 (d, J
= 140.3 Hz), 16.16 (d, J = 6.1 Hz), 15.99 (d, J = 6.4 Hz). 3'P NMR (162 MHz,
CDCl3): 4. 29.29, 28.93. IR (KBr, cm!): 2986, 1684, 1596, 1491, 1449, 1398, 1242,
1027, 965, 781, 700, 518. HRMS (ESI): calculated for C,oH,3F;04,P" [M+H]" m/z
415.1281, found 415.1284 .

Diethyl (2-(p-chlorophenyl)-3-0x0-3-(o-chlorophenyl)propyl)phosphonate (3p)
and Diethyl (3-oxo0-2-(o-chlorophenyl)-3-(p-chlorophenyl)propyl))phosphonate
(3p9)
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Cl

(0] 0]
0] (0]
4 /
R~OEt R~OEt
OEt al OEt

Cl Yellow oil (69%, 3p:3p¢ = 2.5:1). 'H
NMR (400 MHz, CDCLy): & 8.79 (s, 0.4H), 7.45 (d, J = 8.4 Hz, 1H), 7.38-7.28 (m,
5.6H), 7.24-7.21 (m, 3H), 7.14 (d, J = 8.4 Hz, 2H), 6.03-5.97 (m, 0.4H), 4.88-4.81 (m,
1H), 4.33-4.22 (m, 1H), 4.18-4.09(m, 1.3H), 4.07-3.97 (m, 2H), 3.95-3.84 (m, 1H),
2.91-2.80 (m, 1H), 2.68-2.57 (m, 0.4H), 2.42-2.19 (m, 0.5H), 2.29-2.19 (m, 1H), 1.43
(t, J=7.0 Hz, 1.3H), 1.34 (t, J = 7.0 Hz, 1.5H), 1.25 (t, J = 7.0 Hz, 3H), 1.15 (t, J =
7.0 Hz, 3H). 13C NMR (100 MHz, CDCly): 6 199.62 (d, J = 10.9 Hz), 167.98, 138.11,
138.02, 137.94, 135.22, 135.13, 133.68, 131.66, 131.01, 130.73, 130.41, 130.06,
129.96, 129.41, 128.96, 128.84, 128.75, 127.99, 127.81, 126.56, 126.41, 63.11 (d, J =
6.7 Hz), 62.59 (d, J = 6.8 Hz), 61.70, 61.64, 61.58, 53.74 (d, J = 6.6 Hz), 51.21 (d, J =
1.9 Hz), 29.59 (d, J = 137.1 Hz), 28.20 (d, J = 140.8 Hz), 16.40 (d, J = 5.5 Hz), 16.31
(d, J=5.7 Hz), 16.30 (d, J = 6.3 Hz), 1621 (d, J = 6.2 Hz), 16.10 (d, J = 6.3 Hz). *'P
NMR (162 MHz, CDCIl5): 6. 29.09, 28.99. IR (KBr, cm!): 2986, 1684, 1596, 1491,
1449, 1398, 1242, 1027, 965, 781, 700, 518. HRMS (ESI): calculated for
C19H»,CL,O4P* [M+H]" m/z 415.0627, found 415.0629.
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NMR and HRMS Spectra

LI D A NN O TFOND LN DmWD OSSO N MWD e, L
e R e = R e I e el B A R R R R R e e Il - T R i R e W i = B
TN NNNA A C OO0 O00OOODOO OO S MmO Moo
i i i i el i i i i i i it Rt e e R e R el e B T B Bl L R e W e W W W N N I L T

T T T T T T T T T T T T T T T T
B.0 6.5 5.0 5.5 5.0 1.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 pem
(=3 - o (=4 k=3 (7 | =
(=3 o — [=3) =l fes] Lo}
o [=a% — o o fa) fa el
o~ = - = - cdled
—
e i i) Ll el s e -
o > 1 T U NW o™
. w TO MO
~r - P
o OO WD W WD
i - Lo B B B B
Y VAVZ
i 0]
A
R -OEt
O OEt
T T T
135 a0 ppm
T T T T T T T T
220 180 160 140 120 100 2o €0 40 20 0 ppm

13C NMR spectrum of compound 3a

S10



W

w
o
™
A
R~OEt
O OEt
T T T T T T T T T T
110 100 90 80 ] 60 50 40 30 20 10 0 -10 -20 -30 -40 ppm

3IP NMR spectrum of compound 3a

%105 |+ES! Scan (0.166-0.365 min, 19 Scans) Frag=180 0 mx-m58-0 2ul d
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HRMS spectrum of compound 3a
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Sample Name
Inj Vol
Data Filename  mx-m81-0.2ul.d

3IP NMR spectrum of compound 3b

Position P1-A6 Instrument Name Instrument 1 User Name
InjPasitien SampleType Sample IRM Calibration Status
ACQ Mathod test.m Commeant Acquired Time

x10 2

2.7
2.6
2.5
2.4
2.31
2.2
2.1+
2_
8-
B

R T T (R
o
1

+ESI Scan (0.168-0.367 min. 18 Scana) Frag=180.0V mx-m81-0.2ul.d Subtract

4111517

4121548

l\ 4131580

400 4lo 411 412 413 414 ails 4ig 417

HRMS spectrum of compound 3b
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13C NMR spectrum of compound 3d
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Sample Name  mx-m37

Inj Vol

0.2

3IP NMR spectrum of compound 3d

Position PLC7 Instrumant Name Instrument 1 User Name
InjPosition SampleType Sample IRM Calibration Status

Data Filename  mx-m37-0.2ul.d ACQ Method test.m Comment Acquired Time

Agilent FSE
Success
4/20{14 Sun 10:05:38

+ESI Scan (0L167-0.18% min, 3 Scana) Frag=180.0V mx-mS7-0.2ul.d Subtract

375.1725

I76.T09

L. 377.1784
L.

372 373 374 _3‘.&3 378 . 377 378 375 380

HRMS spectrum of compound 3d
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3IP NMR spectrum of compound 3e

Sample Name  mx-m110 Paosition P1-CL Instrument Name Instrument 1 User Name Agilent FSE
Inj Vol 0.2 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename  mx-m110-0.2ul.d ACQ Method test.m Comment Acquired Time £/9/14 Maon 12:44:28

w10 5 |TES| Scan (0.160-0.3-18 min, 18 Scans) Frag=180.0% mx-m110-0.2ul.d Subtract

1.8

BAT AADD

09
0.8
0.7
&
0.5
0.4
348.1443
a.31

0.2

a-14 3401470
@ n L i

341 342 343 3dd 345 346 347 348 349 350 351 352 353 354 355 356

HRMS spectrum of compound 3e
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3IP NMR spectrum of compound 3f

Sample Name  mx-m3& Position P1-49 Instrument Name Instrument: 1 User Name Agilent FSE
Inj Val 0.2 InjPasition SampleType Sample IRM Calibration Status All Tons Missed
Data Filename  mx-m96-0.2ul.d ACQ Mathod testl.m Comment Acquired Time 4(21/14 Mon 15:07:14

w10 4 |[FES| Scan {(0.262 min) Frag=180.0% mx-m36-0.2ul .d

1.4
4.2

4 831202
2.3
3.6
3.4
32

34
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2 &
2.4
2.2

2_
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1_
0.a
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LORh
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0.2+ l‘L
o]
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HRMS spectrum of compound 3f
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Sample Name
Inj Vol
Data Filename

100 a0 280

max-m108
0.2
m-mi08-0.2ul.d

3P NMR spectrum of compound 3g

Position
InjPosition
AL Method testm

P1-BE

Instrument Name
SampleType
Comment

Instrument 1
Sample

Usar Name
IRM Calibration Status
Acquired Time

-40 ppm

Agilent FSE
Success
69/14 Man 12:42:20

«10 5 |[FES| Scan (0.164-0.329 min, 16 Scans) Frag=180.0V mx-m108-0.2ul d Subtract

3.1

ad
2.9
2B
2.7
2.6
2.5
2.1
2.3
2.2
2.1

p=3

a4

355.0500

356.0041

357 0066
L

351 352

353 354

HRMS spectrum of compound 3g
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Sample Name
Inj Vol
Data Filaname

mx-m3)
0.2
mx-m30-0.2ul.d

3IP NMR spectrum of compound 3h

Position

PL-AT7 Instrument Name Instrument 1 User Name

InjPosition SampleType Sample IRM Calibration Status
ACQ Mathod test.m ‘Comment Acquired Time

Agilent FSE
Success
4/21/14 Man 15:04:59

w10 4 |[FTES|I Scan (0.161=0.370 min, 20 Scans) Frag=180.00 mx=moCt=0.2ul.d Subtract

415 0636

41 7.0605

410670

412

413

414

4150642
'| L L L AZ00F1F
’, L
20

415 416 417 413 419 4 421 422 423

HRMS spectrum of compound 3h
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Cl

90 ac L] 60

3IP NMR spectrum of compound 3i

Sample Name mx-m109 Position P1-ES Instrument Name Instrument 1 Uszer Name

Inj Vol

0.2 InjPosition SampleType Sample IRM Calibration Status

Data Filename  mx-m109-0.2uld ACD Mathod test.m Comment Acquired Time

30 ppn

Agilent FSE
Success
£/9/14 Man 12:43:24

10 5
2.7

2.6
2 54
244
R
2.2
2.1

2_
1.9
.8
1.7
1.6+
1.5
1.4
1.3
1.2
1.1

44
a.a4
LR
a7
a.6
.54
a4
0.5
a2z
a1

+ES| Scan (0. 1%55-0.333 min, 17 Scans) Frag=180.00 m=-m109-0.2ul.d Subtract

ZR7.0316

280.0250

JEE 0348

390.0320

o

L_ - L 392, ?294

381 ad2 383 B84 285 586 _ 347 (A8 385 _ 390 391 392 303 304 305 306

HRMS spectrum of compound 3i

S25
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J = R-0Et
Z OEt

Br

Br

Sample Name
Inj Vol
Data Filename

mo-miSE
0.2

3P NMR spectrum of compound 3j

Position P1-B1 Instrument Name Instrument 1
InjPositien SampleType Sample
mx-m38-0.2ul.d ALQ Method test.m Comment

User Name
IRM Calibration Status
Acquired Time

Agilert: FSE
Some Ions Missed
4/21f14 Mon 15:08:30

x10 5 [TES| Scan (. 172=0.216 min, 5 Scans) Frag=180.0% mx=mg&-0_2ul .d Subtract

4
3.5
SRR
34
3=
a4
> B
2.6
2,41
2,21

2_
1.8
1.6
1.4
1.2

91
0.84
0.6 4
0.4 4
0.2 4

o

5049608

502 9526

H035 9559

LA

S0E 9588

GOG D635

409

5600 501 502 503 _ 504 505

5¢ 47 508

HRMS spectrum of compound 3j
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Sample Name
Inj Vol
Data Filaname

mx-m107
0.2 InjPosition
mx-m107-0.2ul.d

3IP NMR spectrum of compound 3k

Pasition

P1B7

ACQ Method test.m

SampleType
Comment

Instrument Mame

Usar Name
IRM Calibration Status
Acquired Time

Instrument 1
Samgple

Agilent FSE
Success
6/3/14 Mon 12:41:14

4749305

\

476 0284

AFF 01T

475 9320

A

L

+ES| Scan (0.153-0.329 min, 17 Scans) Frag=180.0% m=-m107-0.2ul.d Subtract

478 QPGS

475 H258

480.9325
1

471 A7Z ATE AT4

475

476 477 473

T

480 481 482 483

HRMS spectrum of compound 3k
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20 30 j=) =l

3IP NMR spectrum of compound 31

Sample Name  mx-m31 Position P1-AB Instrument Name Instrument 1 User Name Agilent FSE
Inj Vel 0.2 InjPosition SampleType Sample IRM Calibration Status Some lons Missed
Data Filename  mx-mS1-0.2ul.d ACQ Mathod test.m Comment Acquired Time 42114 Mon 15:06:04
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HRMS spectrum of compound 31
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3IP NMR spectrum of compound 3m

Sample Name  mx-mi106 Position P1-B6 Instrument Name Instrument 1 User Name Agilent FSE
Inj Vol 0.2 InjPasition SampleType Sample IRM Calibration Status Success
Data Filename  mx-m106-0.2ul.d ACQ Method test.m Comment Acquired Time 6/9/14 Mon 12:40:09
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HRMS spectrum of compound 3m
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Sample Name  mx-m100 Position P1-B3 Instrument Name Instrument 1 Usar Mame Agilent FSE
Inj Vol 0.2 InjPosition SampleTypa Sample IRM Calibration Status Success
Data Filename  mx-m100-0.2ul.d AL Method test.m Comment Acquired Time 6/9/14 Man 12:36:51

w10 5 |FES| Scan (0.171-0.369 min, 18 Scans) Frag=130.0%v mx-m100-0.2Zul . d Subtract
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HRMS spectrum of compound 3n and 3n'
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Sample Name  mx-m101 Position P1-B4 Instrument Name Instrument 1 User Name Agilent FSE
Inj Vel 0.2 InjPasition SampleType Samgple IRM Calibration Status Success
Data Filename  mx-mi0i-0.2uld ALCQ Mathod test.m: Commeant Acquired Time 6/9/14 Man 12:37:57
=10 5 |[FES| Scan (0.171-0.215 min, § Scans) Frag=180.0% mx-m101-0.2ul.d Subtract
4,44

4.2

17 415 1284
3.8
3.6
3.4
3.2

a4
2 R
2.5
2.4
2.2

p= g
1.8
1.6
1.4
1.2

14
anl 4161316
0.6
Q44

0.2 L 4171341
|

1)
412 473 414 418 _4ls  _ 417 . 41s 419 450 421

HRMS spectrum of compound 30 and 30

S37



&
SET°T £
€511 QLE-T
OLT'T g T
zeT'1 — FEe ww@ 91
0521 Lertet
892" T mumw-
TEE"T E L
6EET 98Z°9T
89G8E°T mmm.wn
01" 1 e 000" € EERTOT
BZF T =Zev ¢ LG hmm
95y T m =0T 50682/
0612 €8z 1 9LZ 0E
g0c’e 102" 1§
6Ii’e 122716
vez e [~ - YIL €S
L¥z 2 L LLTES
zsz'e " cic o N BLE"T9
€Lz 2 —sar O Z¥9°19
L o P _ —2&r 0 = $0L° 10
€8 T— -0 O oo T 155729
1582 o o Il
o, 619729
298°Z @ 080° €9
§98-¢ o =2 LYT €9
588°¢€ 5 £59°9¢L
£06°€ —Zzt'z © TLE"9L
506° ¢ -+ —E¥0°z & BBZLL
826°¢€ —er 8 o
S¥6°€E v —BLED O SOp SeL
£56°€ . O o L5592
00" ¥ %t rm gog-LII
¥I0° ¥ L - —LT6°0 686" LZT
120" % Oyf-0 = LFL-BET
ZE0" ¥ 2 BE8 BT
0v0' ¥ o = BS6° 82T
050"y % ET¥ 62T
TZ1° % o Z96°6ZT
EET ¥ 73 BSODET
0FT" Y . < o 9ZF" 0 ETW DET
65T ¥ o [a4 TeltoEt
6LZ' Y M LDOTET
168" Z cog T
seE B9 EET
celL an) DET*GET
EST L [~ 0 — SR
/ T i P
mﬁm.h/ A BIZ SET
: 370 6L6"LE
obe-L =652.5 ¥Z0*BET
boz-( DOL 90T-BET
962" L 6L6°LIT—
Z0E" L [
90€°L
TZE°L
SEE°L
0%E"L
SSEL BEE D
SFF°L L o o -
. L9G 66T
mmwm\ 5.9°66T—"

ppm

30 20 10

40

80

0
R-OEt

100 SO
S38

110

120

130

n
u

14

"
U

15

13C NMR spectrum of compound 3p and 3p'

160

180 170

180

200




o]
A ,ap
R-OFEt R-OEt

= | QEt . N OEt

. - el

3IP NMR spectrum of compound 3p and 3p'

Samplz Name  mx-ml02 Pasition

Inj Vol

D2 InjPosition

Data Filename  mx-m102-0.2ul.d ACDQ Mathod

P1-BS

test.m

Instrumant Name Instrument 1 Usar Name
SampleType Sample IRM Calibration Status
Comment Acquired Time

Agilent FSE
Success

6£9/14 Man 12:38:03
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