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General information

All reactions were carried out in oven-dried Schlenk tubes under N, atmosphere. Dry
solvents were obtained by purification according to standard methods. Reagents were
used as received unless otherwise noted. 'H NMR, 3C NMR and 3'P NMR data were
obtained on a Bruker-400 spectrometer (400 MHz for 'H, 100 MHz for '3C, and 162
MHz for 3'P NMR spectroscopy). Data are report as follows: Chemical shift, multiplicity
(s = singlet, d = doublet, t = triplet, q= quartet, m = multiplet), Coupling constants (J) are
reported in hertz. Mass spectra were measured on a Shimadzu GCMS-QP2010 Plus

spectrometer (EI).

General procedure for the synthesis of phosphine oxides

OMe 0 o}
OMe R dioxane R R

Procedure for secondary phosphine oxide: under N, atmosphere, 0.24 mmol
(dimethoxymethyl)benzene, 0.2 mmol diphenylphosphine oxide, 10 mol% FeCl; and 0.2

mL dioxane were charged into a 25 mL schlenk tube, and the mixture was stirred at 80
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°C for 10 h. After removal of the volatiles, the residues were passed through a short silica
chromatography (particle size 37-54 pm, petroleum ether/ethyl acetate as eluent) to

afford analytically pure product 3.

Procedure = for  H-phosphonate: under N,  atmosphere, 0.60  mmol
(dimethoxymethyl)benzene, 0.4 mmol H-phosphonate, 10 mol% FeCl; and 0.2 mL 1,4-
dioxane were charged into a 25 mL schlenk tube, and the mixture was stirred at 120 °C
for 10 h. After removal of the volatiles, the residues were passed through a short silica
chromatography (particle size 37-54 um, petroleum ether/ethyl acetate as eluent) to

afford analytically pure product 3.

Control experiments on the effect of possible impurity

copper:

OMe

OMeO
Cat.M /
©)\OM9 + PhyP(O)H —————= Plon
Dioxane Ph

Amount Temp. Time (h) GC Yield

Run Cat. (°C) (%)
1 CuCl, 1mol% 80 12 15
2 CuCl, 0.5mol% 80 12 trace
3 CuCl 1mol% 80 12 trace
4 Cu,0O 0.5mol% 80 12 trace

These results clearly indicate that it was Fe, not the possible impurity Cu, catalyzed the
reactions.

Characterization data of 3

OMe
0
/
R—Ph
Ph 3al
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Following the general procedure (dioxane, 80 °C, 10 h), 3a was isolated as a white solid.
'"H NMR (400 MHz, CDCl;) 6 7.89 (t, J = 8.8 Hz, 2H), 7.75 (t, J = 8.8 Hz, 2H), 7.40-7.53
(m, 6H), 7.24 (b, 3H), 7.17 (b, 2H), 5.03 (d, J = 11.2 Hz, 1H), 3.35 (s, 3H); 3'P NMR
(162 MHz, CDCl3) 8 27.58; 3C NMR (100 MHz, CDCls) 6 133.43 (d, Jp.c = 1.3 Hz),
132.59 (d, Jp.c = 8.8 Hz), 131.94 (d, Jp.c = 97.2 Hz), 131.96 (q, Jp.c = 3.1 Hz), 131.92 (d,
Jp.c=2.9 Hz), 131.72 (d, Jp.c = 8.7 Hz), 129.05 (d, Jp.c = 97.1 Hz),128.42 (d, Jp.c = 11.5
Hz), 128.26 (d, Jp.c = 2.7 Hz), 128.13 (d, Jp.c = 2.0 Hz), 128.04, 127.96 (d, Jp.c = 7.5
Hz),83.55 (d, Jp.c = 87.5 Hz), 58.64 (d, Jp.c = 12.6 Hz).

Following the general procedure (dioxane, 80 °C, 10 h), 3b was isolated as a white solid.
"H NMR (400 MHz, CDCl;) 6 7.89 (t, J = 8.4 Hz, 2H), 7.77 (t, J = 8.4 Hz, 2H), 7.41-7.53
(m, 6H), 7.04 (b, 4H), 4.99 (d, J=10.8 Hz, 1H), 3.34 (s, 3H), 2.30 (s, 3H). 3*'P NMR (162
MHz, CDCl3) § 27.47; 3C NMR (100 MHz, CDCl;) 8 138.10 (d, Jp.c = 2.2 Hz), 132.63
(d, Jp.c = 8.9 Hz), 132.12 (d, Jp.c = 94.5 Hz), 131.90 (d, Jp.c = 2.8 Hz), 131.85 (d, Jp.c =
2.4 Hz), 131.69 (d, Jp.c = 8.8 Hz), 130.26, 129.18 (d, Jp.c = 96.5 Hz), 128.89 (d, Jp.c =
1.6 Hz), 128.40 (d, Jp.c = 11.4 Hz), 128.02, 127.95 (d, Jp.c = 8.7 Hz), 83.48 (d, Jp.c =
88.3 Hz), 58.46 (d, Jp.c = 12.7 Hz), 21.22. HRMS Calcd. for C,;H,;0,P (M+) 336.1279,
found 336.1273, M.P. 118.1-118.3 °C.

OMe
0
/
R—Ph
Ph
MeO

Following the general procedure (THF, 80 °C, 10 h), 3¢ was isolated as a white solid. 'H
NMR (400 MHz, CDCl;) 6 7.84-7.89 (m, 2H), 7.74-7.78 (m, 2H), 7.39-7.54 (m, 6H),
7.07 (dd, Jp.y = 2.0 Hz, Jy.y = 8.8 Hz, 2H), 6.78 (d, J = 8.8 Hz, 2H), 4.97 (d, J = 10.4 Hz,
1H), 3.77 (s, 3H), 3.33 (s, 3H). 3'P NMR (162 MHz, CDCl;) & 27.51; 13C NMR (100
MHz, CDCls) 6 159.68 (d, Jp.c = 2.5 Hz), 132.60 (d, Jp.c = 8.8 Hz), 132.04 (d, Jp.c = 96.7
Hz), 131.92 (d, Jp.c = 2.8 Hz), 131.85 (d, Jp.c = 2.7 Hz), 131.67 (d, Jp.c = 8.7 Hz), 129.36

3c
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(d, Jp.c = 4.5 Hz), 129.22 (d, Jp.c = 96.4 Hz), 128.40 (d, Jp.c = 11.4 Hz), 127.99 (d, Jo.c =
11.6 Hz), 125.22 (d, Jo.c = 1.7 Hz), 113.64 (d, Jp.c = 2.0 Hz), 83.10 (d, Jo.c = 89.4 Hz),
58.32 (d, Jp.c = 12.8 Hz), 55.22. HRMS Calcd. for Cy;H,O5P (M+) 352.1228, found
352.1224, M.P. 178.7-178.9 °C.

Following the general procedure (THF, 80 °C, 10 h), 3d was isolated as a white solid. 'H
NMR (400 MHz, CDCl;) 6 7.86-7.91 (m, 2H), 7.70-7.75 (m, 2H), 7.38-7.56 (m, 6H),
7.17 (dd, Jp.y = 2.0 Hz, Jy.y = 8.4 Hz, 2H), 6.97 (d, J = 8.4 Hz, 2H), 5.03 (d, /= 11.2 Hz,
1H), 3.36 (s, 3H), 2.27 (s, 3H). 3'P NMR (162 MHz, CDCl;) & 27.80; '3C NMR (100
MHz, CDCl;) & 169.32 (d, Jp.c = 0.5 Hz), 150.65 (d, Jp.c = 3.2 Hz), 132.56 (d, Jp.c = 8.8
Hz), 132.07 (d, Jp.c = 3.0 Hz), 132.03 (d, Jp.c = 2.7 Hz), 131.69 (d, Jp.c = 8.8 Hz), 131.63
(d, Jp.c = 97.5 Hz), 130.97 (d, Jp.c = 1.5 Hz), 128.96 (d, Jp.c = 4.2 Hz), 128.68 (d, Jp.c =
97.4 Hz), 128.49 (d, Jp.c = 11.5 Hz), 128.05 (d, Jp.c = 11.7 Hz), 121.28 (d, Jp.c = 2.3 Hz),
83.03 (d, Jp.c = 87.6 Hz), 58.76 (d, Jp.c = 12.5 Hz), 21.16. HRMS Calcd. for C»,H;,04P
(M+) 380.1177, found 380.1170, M.P. 157.1-158.0 °C.

OMe
/O
/
R—Ph
Ph
Cl 3e

Following the general procedure (THF, 80 °C, 10 h), 3e was isolated as a white solid. 'H
NMR (400 MHz, CDCl;) & 7.89 (t,J = 8.4 Hz, 2H), 7.74 (t, J = 8.4 Hz, 2H), 7.39-7.55 (m,
6H), 7.21 (d, J= 7.6 Hz, 2H), 7.10 (d, J = 7.6 Hz, 2H), 5.00 (d, /= 11.2 Hz, 1H), 3.33 (s,
3H). 3'P NMR (162 MHz, CDCl;) § 27.41; *C NMR (100 MHz, CDCl3) 8 134.17 (d, Jp.c
= 3.3 Hz), 132.54 (d, Jp.c = 8.8 Hz), 132.13 (d, Jp.c = 3.3 Hz), 132.08 (d, Jp.c = 2.7 Hz),
131.63 (d, Jp.c = 8.8 Hz), 130.62 (d, Jp.c = 96.6 Hz), 129.23 (d, Jp.c = 4.2 Hz), 128.62 (d,
Jp.c = 96.5 Hz), 128.53 (d, Jp.c = 11.6 Hz), 128.35 (d, Jp.c = 2.2 Hz), 128.08 (d, Jp.c =
11.8 Hz), 82.97 (d, Jp.c = 87.1 Hz), 58.72 (d, Jp.c = 12.5 Hz). HRMS Calcd. for
Cy0H5C10,P (M+) 356.0733, found 356.0726, M.P. 184.8-186.8 °C.
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OMe
/O
/
F\>—Ph
Ph
Br 3f

Following the general procedure (dioxane, 80 °C, 10 h), 3f was isolated as a white solid.
"H NMR (400 MHz, CDCl;) 6 7.79-7.84 (m, 2H), 7.64-7.69 (m, 2H), 7.29-7.51 (m, 8H),
6.96 (dd, Jp.y = 1.6 Hz, Juy = 8.4 Hz, 2H), 4.90 (d, J = 11.6 Hz, 1H), 3.27 (s, 3H). 3'P
NMR (162 MHz, CDCl;) 6 28.84; 13C NMR (100 MHz, CDCl3) 6 131.67 (d, Jp.c = 1.3
Hz), 131.53 (d, Jp.c = 8.8 Hz), 131.08 (d, Jp.c = 2.8 Hz), 131.03 (d, Jp.c = 2.7 Hz), 130.70
(d, Jp.c = 97.3 Hz), 130.62 (d, Jp.c = 8.9 Hz), 130.27 (d, Jp.c = 2.2 Hz), 128.52 (d, Jp.c =
4.2 Hz), 127.68 (d, Jp.c = 97.0 Hz), 127.49 (d, Jp.c = 11.6 Hz), 127.05 (d, Jp.c = 11.8 Hz),
121.40 (d, Jp.c = 3.5 Hz), 82.13 (d, Jp.c = 86.8 Hz), 57.73 (d, Jp.c = 12.3 Hz). HRMS
Calcd. for C,oH;8BrO,P (M+) 400.0228, found 400.0209, M.P. 193.5-194.0 °C.

OMe
0
/
P\—Ph
| Ph

Following the general procedure (THF, 80 °C, 10 h), 3g was isolated as a white solid. 'H
NMR (400 MHz, CDCl;) & 7.86-7.91 (m, 2H), 7.71-7.76 (m, 2H), 7.39-7.58 (m, 8H),
6.90 (dd, Jp.y = 1.6 Hz, Jyy = 8.4 Hz, 2H), 4.96 (d, J = 3.0 Hz, 1H), 3.33 (s, 3H). *'P
NMR (162 MHz, CDCl;) 6 27.13; 3C NMR (100 MHz, CDCl;) 6 137.23 (d, Jp.c = 2.2
Hz), 133.37 (d, Jp.c = 1.7 Hz), 132.55 (d, Jp.c = 8.8 Hz), 132.12 (d, Jp.c = 2.8 Hz), 132.06
(d, Jp.c = 2.8 Hz), 131.70 (d, Jp.c = 97.6 Hz), 131.63 (d, Jp.c = 8.8 Hz), 129.75 (d, Jp.c =
4.2 Hz), 128.64 (d, Jp.c = 97.2 Hz), 128.51 (d, Jp.c = 11.5 Hz), 128.07 (d, Jp.c = 11.7 Hz),
94.23 (d, Jp.c = 3.6 Hz), 83.21 (d, Jp.c = 86.6 Hz), 58.77 (d, Jp.c = 12.3 Hz). HRMS
Caled. for CyoH;510,P (M+) 448.0089, found 448.0070, M.P. 197.5-197.8 °C.

39
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Following the general procedure (dioxane, 80 °C, 10 h), 3h was isolated as a white solid.
'"H NMR (400 MHz, CDCl;) 6 8.11 (d, J = 8.4 Hz, 2H), 7.91-7.96 (m, 2H), 7.71-7.76 (m,
2H), 7.51-7.61 (m, 4H), 7.37-7.45 (m, 4H), 5.15 (d, J = 13.2 Hz, 1H), 3.40 (s, 3H). *'P
NMR (162 MHz, CDCl;) 6 27.30; 3C NMR (100 MHz, CDCl;) 6 147.75 (d, Jp.c = 3.2
Hz), 141.53 (d, Jp.c = 1.3 Hz), 132.43 (d, Jp.c = 8.7 Hz), 132.41 (d, Jp.c = 3.4 Hz), 132.37
(d, Jp.c =4.5 Hz), 131.59 (d, Jp.c = 8.9 Hz), 131.21 (d, Jp.c = 98.8 Hz), 128.67 (d, Jp.c =
11.7 Hz), 128.42 (d, Jp.c = 3.9 Hz), 128.19 (d, Jp.c = 11.8 Hz), 127.98 (d, Jp.c = 97.5 Hz),
123.22 (d, Jp.c = 2.3 Hz), 83.16 (d, Jp.c = 83.7 Hz), 59.29 (d, Jp.c = 11.7 Hz). HRMS
Calcd. for CyoHsNO4P (M+) 367.0973, found 367.0960, M.P. 209.0-210.5 °C.

OMe
0
X R—Ph
Ph 3jt

Following the general procedure (dioxane, 80 °C, 10 h), 3i was isolated as a white solid.
'H NMR (400 MHz, CDCl;) 6 7.89-7.95 (m, 4H), 7.46-7.58 (m, 6H), 7.23-7.33 (m, SH),
6.60-6.65 (m, 1H), 6.19-6.26 (m, 1H), 4.65-4.71 (m, 1H), 3.42 (s, 3H). 3'P NMR (162
MHz, CDCl;) 6 28.28; *C NMR (100 MHz, CDCls) 6 136.10 (d, Jp.c = 2.7 Hz), 135.17
(d, Jp.c = 10.5 Hz), 132.31 (d, Jp.c = 8.9 Hz), 132.07 (d, Jp.c = 2.8 Hz), 132.00 (d, Jp.c =
2.7 Hz), 131.73 (d, Jp.c = 96.5 Hz), 131.68 (d, Jp.c = 8.8 Hz), 129.53 (d, Jp.c = 96.5 Hz),
128.52, 128.46 (d, Jp.c = 11.8 Hz), 128.23 (d, Jp.c = 11.7 Hz), 128.04 (s), 126.73 (d, Jp.c
= 1.4 Hz), 82.46 (d, Jp.c = 89.2 Hz), 58.74 (d, Jp.c = 11.4 Hz).

o)
Ph—P=0
Ph  3j

Following the general procedure (dioxane, 80 °C, 10 h), 3j was isolated as a white solid.
"H NMR (400 MHz, CDCl;) 6 7.95-8.00 (m, 2H), 7.56-7.65 (m, 4H), 7.48-7.53 (m, 2H),
7.41-7.45 (m, 1H), 7.26-7.31 (m, 2H), 7.12-7.20 (m, 2H), 6.97 (d, J = 7.2 Hz, 1H), 5.72
(d, J = 8.8 Hz, 1H), 4.14-4.19 (m, 1H), 3.61-3.67 (m, 1H), 2.46-2.48 (m, 2H). 3'P NMR
(162 MHz, CDCls) 6 31.23; 13C NMR (100 MHz, CDCl;) 8 134.44 (d, Jp.c = 4.8 Hz),
132.37 (d, Jp.c = 8.5 Hz), 132.24 (d, Jp.c = 8.9 Hz), 131.93 (d, Jp.c = 2.8 Hz), 131.77 (d,
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Jp.c = 2.7 Hz), 131.68 (d, Jp.c = 96.9 Hz), 129.86 (d, Jp.c = 3.8 Hz), 129.72 (d, Jp.c = 98.0
Hz), 128.42 (d, Jpc = 2.2 Hz), 128.41 (d, Jo.c = 2.2 Hz), 127.75 (d, Jo.c = 11.6 Hz),
126.87 (d, Jp.c = 2.6 Hz), 126.68 (d, Jp.c = 3.3 Hz), 126.15 (d, Jp.c = 2.6 Hz), 75.35 (d, Jp.
c = 87.8 Hz), 64.30 (d, Jp.c = 7.3 Hz), 28.84 (s). HRMS Calcd. for CpH;40,P (M+)
334.1123, found 334.1112.

(0]
MeO ’ Y/

Ph—P=0
Ph 3k

Following the general procedure (dioxane, 80 °C, 10 h), 3k was isolated as a white solid.
"H NMR (400 MHz, CDCl;) 6 7.84-7.90 (m, 4H), 7.52-7.57 (m, 2H), 7.43-7.49 (m, 4H),
7.30-7.33 (m, 2H), 6.12 (s, 1H), 4.98 (d, J = 10.8 Hz, 1H), 3.34 (s, 3H). 3'P NMR (162
MHz, CDCls) 8 27.13; 13C NMR (100 MHz, CDCl;) & 143.21 (s), 141.92 (d, Jp.c = 8.3
Hz), 132.45 (d, Jp.c = 8.8 Hz), 131.79 (d, Jp.c = 97.6 Hz), 132.077 (d, Jp.c = 2.8 Hz),
131.95 (d, Jp.c = 2.7 Hz), 131.62 (d, Jp.c = 8.8 Hz), 129.43 (d, Jp.c = 97.1 Hz), 128.43 (d,
Jp.c =115. Hz), 128.14 (d, Jp.c = 11.6 Hz), 118.61 (s), 109.95 (d, Jp.c = 2.6 Hz), 76.13 (5s),
58.43 (d, Jp.c = 11.6 Hz).

OMe

/7

Heptyl)\P\—Ph
Ph 3|

Following the general procedure (THF, 80 °C, 10 h), 31 was isolated as a white solid. 'H
NMR (400 MHz, CDCls) 6 7.92-7.917 (m, 2H), 7.73-7.78 (m, 2H), 7.37-7.51 (m, 6H),
3.75-3.80 (m, 1H), 3.12 (s, 3H), 1.79-1.89 (m, 1H), 1.44-1.62 (m, 2H), 1.27-1.35 (m, 1H),
1.15-1.21 (m, 8H), 0.78 (t, J = 6.4 Hz, 3H). *'P NMR (162 MHz, CDCl;) 6 28.96; 13C
NMR (100 MHz, CDCl5) & 131.53 (d, Jp.c = 93.9 Hz), 131.13 (d, Jp.c = 8.5 Hz), 130.90
(d, Jpc = 2.7 Hz), 130.75 (d, Jp.c = 2.7 Hz), 130.49 (d, Jp.c = 8.9 Hz), 128.82 (d, Jp.c =
93.2 Hz), 127.44 (d, Jp.c = 10.8 Hz), 127.33 (d, Jp.c = 10.8 Hz), 81.00 (d, Jp.c = 87.0 Hz),
59.94 (d, Jp.c = 5.2 Hz), 30.70, 29.03 (d, Jp.c = 4.1 Hz), 28.43, 28.08, 25.66 (d, Jp.c =
11.1 Hz), 21.57, 13.05. HRMS Calcd. for C;;H;90,P (M+) 344.1905, found 344.1891,
M.P. 79.0-79.6 °C.
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0
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Ph 3m

Following the general procedure (dioxane, 80 °C, 10 h), 3m was isolated as a white solid.
'"H NMR (400 MHz, CDCl3) § 7.74 (t, J = 8.4 Hz, 1H), 7.39-7.47 (m, 3H), 7.11-7.28 (m,
4H), 6.92 (d, J= 5.2 Hz, 1H), 4.47-4.65 (m, 1H), 3.31(s, 1.5 H), 3.24 (s, 1.5 H), 1.79-2.18
(m, 3H), 0.72-1.38 (m, 3H), 0.75-0.86 (m, 3H); *'P NMR (162 MHz, CDCls) & 39.84,
37.42; 3C NMR (100 MHz, CDCl;) 8 134.05 (b), 133.68 (b), 131.76 (d, Jp.c = 7.6 Hz),
131.73 (b), 131.69 (d, Jp.c = 8.0 Hz), 130.89 (d, Jp.c = 90.8 Hz), 129.19 (d, Jp.c = 90.9
Hz), 128.45 (d, Jp.c = 2.3 Hz), 128.27 (d, Jp.c = 11.2 Hz), 128.20 (d, Jp.c = 3.0 Hz),
128.04 (d, Jp.c = 2.2 Hz), 128.01 (d, Jp.c = 3.5 Hz), 127.92 (d, Jp.c = 11.4 Hz), 127.50 (d,
Jr.c = 4.1 Hz), 127.36 (d, Jp.c = 4.1 Hz), 83.61 (d, Jp.c = 82.7 Hz), 85.15 (d, Jp.c = 83.1
Hz), 59.05 (d, Jp.c = 11.7 Hz), 58.75 (d, Jp.c = 12.2 Hz), 25.68 (d, Jp.c = 67.3 Hz), 24.25
(d, Jp.c = 7.6 Hz), 24.11 (d, Jp.c = 7.9 Hz), 23.39 (d, Jp.c = 66.7 Hz), 23.14 (d, Jp.c = 4.2
Hz), 22.71, 22.66, 13.67, 13.57. HRMS Calcd. for C;4H,0,P (M+) 302.1436, found
302.1429, M.P. 75.7-77.3 °C.

OMe
0O
/
R—Bwn
Bu-n 3n

Following the general procedure (dioxane, 80 °C, 10 h), 3n was isolated as an oil. 'H
NMR (400 MHz, CDCl3) & 7.32-7.39 (mb, 5H), 4.55 (b, 1H), 3.43 (s, 3H), 1.26-1.94 (mb,
12H), 0.95 (b, 3H); 0.84 (b, 3H); 3'P NMR (162 MHz, CDCl;) 6 48.82; 3C NMR (100
MHz, CDCls) 6 134.06, 128.60 (d, Jp.c = 1.9 Hz), 128.15 (d, Jp.c = 2.4 Hz), 127.06 (d, Jp.
c=3.6 Hz), 81.44 (d, Jp.c = 79.4 Hz), 58.85 (d, Jp.c = 11.9 Hz), 25.21 (d, Jp.c = 63.7 Hz),
24.36 (d, Jp.c = 7.1 Hz), 24.22 (d, Jp.c = 7.2 Hz), 24.12 (d, Jp.c = 63.0 Hz), 23.35 (d, Jpc
= 4.4 Hz), 23.14 (d, Jp.c = 4.1 Hz), 13.65, 13.52. HRMS Calcd. for C;sH,,0,P (M+)
282.1749, found 282.1743.

OMe
0
/
R—OEt
Ph 30
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Following the general procedure (THF, 120 °C, 10 h), 30 was isolated as an oil. '"H NMR
(400 MHz, CDCls) 6 7.63-7.70 (m, 2H), 7.53 (t, J = 7.6 Hz, 1H), 7.39-7.42 (m, 2H), 7.27-
7.30 (bm, 4H), 7.21 (b, 1H), 4.57-4.64 (m, 1H), 3.93-4.15 (m, 2H), 3.33 (d, J = 5.2 Hz,
3H), 1.28 (t,J = 7.6 Hz, 3H); 3'P NMR (162 MHz, CDCl;) & 35.40, 34.82; 13C NMR (100
MHz, CDCls) 6 134.14 (d, Jp.c = 1.7 Hz), 134.01, 132.76 (d, Jp.c = 2.1 Hz), 132.67 (d, Jp.
c =2.1Hz), 132.42 (d, Jp.c = 2.5 Hz), 128.72 (d, Jp.c = 105.0 Hz), 128.50 (d, Jp.c = 105.3
Hz), 128.25 (d, Jp.c = 3.0 Hz), 128.17 (b), 128.15 (b), 128.13 (b), 128.07 (b), 128.03 (d,
Jp.c = 2.1 Hz), 127.95 (d, Jp.c = 4.9 Hz), 127.77 (b),82.57 (d, Jp.c = 118.5 Hz), 82.64 (d,
Jp.c = 118.7 Hz), 61.65 (d, Jp.c = 6.9 Hz), 61.49 (d, Jp.c = 6.9 Hz), 59.01 (d, Jp.c = 12.7
Hz), 58.72 (d, Jpc = 13.1 Hz), 16.54 (d, Jp.c = 1.7 Hz), 16.49 (d, Jp.c = 1.6 Hz). HRMS
Calcd. for C;¢H;9O3P (M+) 290.1072, found 290.1063.

OMe
0
/
F{—OBu-n
OBu-n 3p

Following the general procedure (dioxane, 120 °C, 10 h), 3p was isolated as an oil. 'H
NMR (400 MHz, CDCl;) 6 7.31-7.44 (m, 5H), 4.52 (d, J = 16.8Hz, 1H), 3.61-3.80 (m,
4H), 3.38 (s, 3H), 1.78-1.91 (m, 3H), 0.84-0.87 (bm, 12H); 3'P NMR (162 MHz, CDCl;)
3 18.64; 3C NMR (100 MHz, CDCl;) 6 134.60 (d, Jp.c = 1.8 Hz), 128.39 (d, Jp.c = 4.6
Hz), 128.35 (d, Jp.c = 2.4 Hz), 128.06 (d, Jp.c = 5.8 Hz), 80.55 (d, Jp.c = 168.4 Hz), 72.79
(d, Jp.c = 6.8 Hz), 72.72 (d, Jp.c = 6.7 Hz), 58.66 (d, Jp.c = 14.9 Hz), 29.25 (d, Jp.c = 4.0
Hz), 29.20 (d, Jp.c = 4.1 Hz), 18.63, 18.59 (d, Jp.c = 12.3 Hz). HRMS Calcd. for
Ci6H2704P (M+) 314.1647, found 314.1643.

OMe
0
/
©)\P\—0Et
Ot 3.0

Following the general procedure (dioxane, 120 °C, 10 h), 3q was isolated as an oil. 'H
NMR (400 MHz, CDCl,) & 7.32-7.44 (m, 5H), 4.50 (d, J = 15.6 Hz, 1H), 3.90-4.08 (m,
4H), 3.37 (s, 3H), 1.22 (dt, Jp.y = 13.6 Hz, Jy.y = 6.8 Hz, 6H); 3'P NMR (162 MHz,
CDCl3) 6 19.13; 13C NMR (100 MHz, CDCl3) & 133.33 (d, Jp.c = 1.8 Hz), 127.43 (d, Jpc
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= 3.5 Hz), 127.38 (d, Jo.c = 2.3 Hz), 126.97 (d, Jo.c = 5.8 Hz), 79.40 (d, Jp.c = 167.5 Hz),
62.09 (d, Jp.c = 6.9 Hz), 62.96 (d, Jp.c = 6.8 Hz), 57.66 (d, Jo.c = 14.9 Hz), 15.40 (d, Jp.c
= 6.3 Hz), 15.34 (d, Jo.c = 6.3 Hz).

OMe
/O
/
R—OEt
OEt
Me 31

Following the general procedure (dioxane, 120 °C, 10 h), 3r was isolated as an oil. 'H
NMR (400 MHz, CDCl3) 6 7.32 (d, J = 8.0 Hz, 2H), 7.18 (d, /= 7.2 Hz, 2H), 4.47 (d, J =
15.6 Hz, 1H), 3.89-4.11 (m, 4H), 3.36 (s, 3H), 2.35 (s, 3H), 1.27 (dt, Jp.y = 14.8 Hz, Jyn
= 6.8 Hz, 6H); 3'P NMR (162 MHz, CDCIl;) & 19.33; 3C NMR (100 MHz, CDCI;) &
138.28 (d, Jp.c = 3.1 Hz), 131.25 (d, Jp.c = 2.0 Hz), 129.14 (d, Jp.c = 2.3 Hz), 127.99 (d,
Jp.c = 5.8 Hz), 80.29 (d, Jp.c = 168.3 Hz), 63.07 (d, Jp.c = 6.9 Hz), 62.94 (d, Jp.c = 6.8
Hz), 58.52 (d, Jp.c = 15.0 Hz), 21.24, 16.45 (d, Jp.c = 6.1 Hz), 16.38 (d, Jp.c = 6.4 Hz).

OMe
0
/
R—OEt
OEt
MeO

Following the general procedure (dioxane, 120 °C, 10 h), 3s was isolated as an oil. 'H
NMR (400 MHz, CDCl3) 6 7.35 (d, J = 8.4 Hz, 2H), 6.90 (d, /= 7.6 Hz, 2H), 4.44 (d, J =
14.8 Hz, 1H), 3.87-4.10 (m, 4H), 3.81 (s, 3H), 3.34 (s, 3H), 1.24 (dt, Jp.y = 21.2 Hz, Jy.u
= 6.8 Hz, 6H); 3'P NMR (162 MHz, CDCls) 6 19.46; 3C NMR (100 MHz, CDCl;) 6
159.79 (d, Jpc = 3.0 Hz), 129.39 (d, Jp.c = 6.0 Hz), 126.23 (d, Jp.c = 1.8 Hz), 113.87 (d,
Jp.c = 2.2 Hz), 79.92 (d, Jp.c = 169.7 Hz), 63.04 (d, Jp.c = 6.9 Hz), 62.91 (d, Jp.c = 6.8
Hz), 58.35 (d, Jp.c = 15.1 Hz), 55.27, 16.47 (d, Jp.c = 5.7 Hz), 16.39 (d, Jp.c = 5.7 Hz).

3s3

OMe
0
/
F(—OEt
OEt
Cl

Following the general procedure (dioxane, 120 °C, 10 h), 3t was isolated as an oil. 'H

NMR (400 MHz, CDCls) § 7.32-7.37 (m, 4H), 4.45 (d, J = 15.6 Hz, 1H), 3.92-4.11 (m,

3t
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4H), 3.36 (s, 3H), 1.23 (dt, Joy = Jun = 7.2 Hz, 6H); 3'P NMR (162 MHz, CDCLy) &
18.42; 13C NMR (100 MHz, CDCls) & 134.29 (d, Jp.c = 3.7 Hz), 133.12 (d, Jp.c = 2.0 Hz),
129.28 (d, Jo.c = 5.7 Hz), 128.62 (d, Jp.c = 2.5 Hz), 79.83 (d, Jp.c = 168.1 Hz), 63.21 (d,
Jo.c = 6.9 Hz), 63.04 (d, Jp.c = 6.7 Hz), 58.80 (d, Jp.c = 14.5 Hz), 16.43 (d, Jp.c = 4.8 Hz),
16.38 (d, Jp.c = 4.1 Hz).

OMe
0
/
P\—OEt
OEt
Br

Following the general procedure (dioxane, 120 °C, 10 h), 3u was isolated as an oil. 'H
NMR (400 MHz, CDCls) 6 7.51 (d, J= 7.2 Hz, 2H), 7.31 (d, /= 8.0 Hz, 2H), 4.46 (d, J =
15.6 Hz, 1H), 3.95-4.13 (m, 4H), 3.38 (s, 3H), 1.25 (dt, Jp.y = 5.6 Hz, Jyu = 6.8 Hz, 6H);
3P NMR (162 MHz, CDCl;) 6 18.26; 13C NMR (100 MHz, CDCl;) 6 133.68 (d, Jp.c =
1.7 Hz), 131.59 (d, Jp.c = 2.4 Hz), 129.60 (d, Jp.c = 5.7 Hz), 122.50 (d, Jp.c = 3.9 Hz),
79.91 (d, Jp.c = 168.0 Hz), 63.24 (d, Jp.c = 7.0 Hz), 63.07 (d, Jp.c = 6.9 Hz), 58.86 (d, Jpc
=14.6 Hz), 16.44 (d, Jp.c = 4.4 Hz), 16.39 (d, Jp.c = 4.5 Hz).

3u

OMe
0
/
F\>—0Et
| OEt

Following the general procedure (dioxane, 120 °C, 10 h), 3v was isolated as an oil. 'H
NMR (400 MHz, CDCls) 6 7.69 (d, J = 8.0 Hz, 2H), 7.16 (d, /= 6.4 Hz, 2H), 4.42 (d, J =
15.6 Hz, 1H), 3.95-4.10 (m, 4H), 3.36 (s, 3H), 1.23 (dt, Jp.y = 6.8 Hz, Jy»y = 6.8 Hz, 6H);
3IP NMR (162 MHz, CDCl;) 6 18.19; 3C NMR (100 MHz, CDCl;) 6 137.52 (d, Jp.c =
2.4 Hz), 134.38 (d, Jp.c = 2.0 Hz), 129.79 (d, Jp.c = 5.7 Hz), 94.21 (d, Jp.c = 4.2 Hz),
80.00 (d, Jp.c = 167.7 Hz), 63.22 (d, Jp.c = 6.9 Hz), 63.05 (d, Jp.c = 6.8 Hz), 58.86 (d, Jpc
= 14.4 Hz), 16.44 (d, Jp.c = 3.9 Hz), 16.38 (d, Jp.c = 4.1 Hz). HRMS Calcd. for
C1,H;5104P (M+) 383.9987, found 383.9978.

3v

OMe
2
X F(—OEt
OEt 3w
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Following the general procedure (dioxane, 120 °C, 10 h), 3w was isolated as an oil. 'H
NMR (400 MHz, CDCl;) 6 7.42 (d, J= 7.6 Hz, 2H), 7.34 (t, /= 7.2 Hz, 2H), 7.28 (t, J =
7.2 Hz, 1H), 6.74 (dd, Jp.y = 4.4 Hz, Jyy = 16.0 Hz, 1H), 6.19-6.26 (m, 1H), 4.14-4.23
(m, 1H), 3.48 (s, 3H), 1.33 (tb, Ju.y = 6.8 Hz, 6H); 3'P NMR (162 MHz, CDCl;) 8 19.37,
3C NMR (100 MHz, CDCl3) & 136.07 (d, Jp.c = 2.6 Hz), 134.62 (d, Jp.c = 13.2 Hz),
128.64, 128.17, 126.73 (d, Jp.c = 1.7 Hz), 122.32 (d, Jp.c = 4.4 Hz), 79.14 (d, Jp.c = 168.7
Hz), 63.11 (d, Jp.c = 6.9 Hz), 62.93 (d, Jp.c = 6.8 Hz), 58.67 (d, Jp.c = 12.9 Hz), 16.57 (d,
Jr.c = 1.9 Hz), 16.51 (d, Jp.c = 2.0 Hz). HRMS Calcd. for C4H,,04P (M+) 284.1177,
found 284.1169.

@]
EtO—IID:O
OEt 3x
Following the general procedure (dioxane, 120 °C, 10 h), 3x was isolated as an oil. 'H
NMR (400 MHz, CDCls) & 7.47-7.49 (m, 1H), 7.16-7.20 (m, 2H), 7.01-7.13 (m, 1H),
5.18 (d, J = 14.4 Hz, 1H), 4.29-4.35 (m, 1H), 4.11-4.21 (m, 2H), 3.98-4.07 (m, 1H),
3.84-3.94 (m, 1H), 3.77-3.83 (m, 1H), 2.76-2.95 (m, 2H), 1.33 (t, Jy.u = 7.2 Hz, 3H),
1.13 (t, Ju.u = 6.8 Hz, 3H); *'P NMR (162 MHz, CDCl;) 6 20.29; 3C NMR (100 MHz,
CDCl;) 6 134.07 (d, Jp.c = 6.4 Hz), 129.84 (d, Jp.c = 2.0 Hz), 128.96 (d, Jp.c = 2.3 Hz),
127.10 (d, Jp.c = 3.2 Hz), 126.41 (d, Jp.c = 3.7 Hz), 126.16 (d, Jp.c = 3.1 Hz), 72.47 (d,
Jp.c = 161.4 Hz), 63.63 (d, Jp.c = 5.9 Hz), 63.36 (d, Jp.c = 7.0 Hz), 62.61 (d, Jp.c = 7.0
Hz), 28.69, 16.45 (d, Jp.c = 5.7 Hz), 16.30 (d, Jp.c = 5.5 Hz). HRMS Calcd. for
C3H1904P (M+) 270.1021, found 270.1018.

(1) M. Maleki, A. Miller and O. W. Jr. Lever, Tetrahedron Lett., 1981, 22, 365.
(2) M. E. Jung, J. Cordova and M. Murakami, Org. Lett., 2009, 11, 3882.

(3) D. Burkhouse and H. Zimmer, Synthesis, 1984, 1984, 330
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