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1. The physical properties of compounds 3a-3s 

 

Table 1 The physical properties of compounds 3a-3s 

Compd. R
1
 R

2
 Appearance Yield /% m.p./

o
C Values of Rf 

3a 4-Cl-Ph CH3 Yellow solid 48 114-115 0.35 

3b 4-Cl-Ph CH2CH3 Yellow oil 44 - 0.55 

3c 4-OCH3-Ph CH3 Yellow solid 52 62-63 0.35 

3d 4-OCH3-Ph CH2CH3 Yellow solid 56 72-73 0.55 

3e 2-Cl-Ph CH3 Yellow oil 58 - 0.35 

3f 2-Cl-Ph CH2CH3 Yellow oil 60 - 0.55 

3g 3-NO2-Ph CH3 Yellow oil 69 - 0.35 

3h 3-NO2-Ph CH2CH3 Yellow solid 65 86-87 0.55 

3i 4-NO2-Ph CH3 Yellow solid 53 119-120 0.35 

3j 4-NO2-Ph CH2CH3 Yellow solid 58 100-101 0.55 

3k 4-CH3-Ph CH2CH3 Yellow oil 50 - 0.55 

3l Ph CH3 Yellow oil 42 - 0.35 

3m Ph CH2CH3 Yellow solid 65 70 -71 0.55 

3n 4-Br-Ph CH3 Yellow oil 71 - 0.35 

3o 4-Br-Ph CH2CH3 Yellow solid 68 79-80 0.55 

3p 3-CF3-Ph CH3 Yellow solid 63 65-66 0.35 

3o 3-CF3-Ph CH2CH3 Yellow oil 72 -     0.55 

3r 3-CF3-Ph CH3 Yellow oil 69 - 0.35 

3s 3-CH3-Ph CH2CH3 Yellow oil 65 - 0.55 

 

2. The data of title compounds 3a–3s 

 

Data for 

2-((1E,4E)-5-(4-chlorophenyl)-3-oxopenta-1,4-dien-1-yl)phe

nyl dimethyl phosphate (3a): Yellow solid, m.p. 114-115 °C, 

yield 48%. 1H NMR (500 MHz, CDCl3) δ 8.00 (d, J = 16.1 

Hz, 1H, Ar(2-O)-CH=), 7.67 (s, 1H, Ar-H), 7.64 (d, J = 9.8 Hz, 1H, Ar-H), 7.51 (s, 1H, Ar-H), 
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7.49 (s, 1H, Ar-H), 7.38 – 7.35 (m, 2H, Ar-H, 4-Cl)-CH=), 7.35 (d, J = 2.0 Hz, 1H, Ar-H), 

7.33 (d, J = 1.9 Hz, 1H, Ar-H), 7.22 – 7.17 (m, 1H, Ar-H), 7.08 (d, J = 16.0 Hz, 1H, 

Ar(4-Cl)-C=CH), 7.00 (d, J = 16.0 Hz, 1H, Ar(4-Cl)-C=CH), 3.87 (s, 3H, CH3), 3.85 (s, 3H, 

CH3).
13C NMR (126 MHz, CDCl3) δ 188.71, 149.63, 149.58, 142.22, 136.95, 136.53, 133.28, 

131.86, 129.65, 129.34, 128.14, 127.07, 126.59, 126.53, 125.93, 125.63, 120.77, 55.32, 55.28. 

31P NMR (202 MHz, CDCl3) δ -3.75. HRMS calcd for C19H19ClO5P [M+H]+ 393.0653, found 

393.0645. 

 

Data for 

4-((1E,4E)-5-(4-chlorophenyl)-3-oxopenta-1,4-dien-1-yl)pheny

l diethyl phosphate (3b): Yellow oil, yield 44%.1H NMR (400 

MHz, CDCl3) δ 8.04 (d, J = 16.1 Hz, 1H, Ar(2-O)-CH=), 7.73 – 

7.64 (m, 2H, Ar-2H), 7.54 (d, J = 8.5 Hz, 2H, Ar-2H), 7.43 (d, J = 8.2 Hz, 1H, Ar-H), 7.40 (d, 

J = 9.0 Hz, 2H, Ar(4-Cl)-CH=, Ar-H), 7.36 (s, 1H, Ar-H), 7.22 (t, J = 7.4 Hz, 1H, Ar-H), 7.10 

(d, J = 9.0 Hz, 1H, Ar(2-O)-C=CH), 7.08 – 7.03 (m, 1H, Ar(4-Cl)-C=CH), 4.30 – 4.21 (m, 4H, 

2CH2), 1.36 (td, J = 7.1, 0.8 Hz, 6H, 2CH3).
 13C NMR (101 MHz, CDCl3) δ 188.69, 149.76, 

149.69, 142.00, 137.12, 136.39, 133.27, 131.69, 129.53, 129.23, 127.99, 127.03, 126.54, 

126.47, 125.72, 125.36, 120.80, 64.98, 64.92, 16.15, 16.08. 31P NMR (162 MHz, CDCl3) δ 

-6.43. HRMS calcd for C21H23ClO5P [M+H]+ 421.0966, found 421.0958. 

 

Data for 

2-((1E,4E)-5-(4-methoxyphenyl)-3-oxopenta-1,4-dien-1-yl)

phenyl dimethyl phosphate (3c): Yellow solid, m.p. 

62-63 °C, yield 52%. 1H NMR (500 MHz, CDCl3) δ 8.01 (d, 

J = 16.0 Hz, 1H, Ar(2-O)-CH=), 7.71 (t, J = 12.7, 2H, Ar-2H), 7.50 (d, J = 8.0 Hz, 2H, Ar-H, 

Ar(4-OCH3)-CH=), 7.43 – 7.36 (m, 2H, Ar-2H), 7.22(t, J = 8.5 Hz, 3H, Ar-3H), 7.12 (d, J = 

16.0 Hz, 1H, Ar(2-O)-C=CH), 7.02 (d, J = 15.9 Hz, 1H, Ar(4-OCH3)-C=CH), 3.91 (s, 3H, 

CH3), 3.88 (s, 3H, CH3), 2.38 (s, 3H, CH3).
 13C NMR (126 MHz, CDCl3) δ 189.04, 149.62, 

143.86, 141.30, 136.52, 132.04, 131.70, 129.85, 128.65, 128.54, 128.13, 127.79, 127.26, 
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126.74, 126.69, 125.59, 124.67, 120.75, 55.33, 21.66. 31P NMR (202 MHz, CDCl3) δ -3.78. 

HRMS calcd for C20H22O6P [M+H]+ 389.1148, found 389.1124. 

 

Data for 

diethyl(2-((1E,4E)-5-(4-methoxyphenyl)-3-oxopenta-1,4-dien-

1-yl)phenyl) phosphate (3d): Yellow solid, m.p. 72-73 °C, 

yield 56%. 1H NMR (400 MHz, CDCl3) δ 8.02 (d, J = 16.1 Hz, 

1H, Ar(2-O)-CH=), 7.71 (t, J = 11.6 Hz, 2H, Ar-2H), 7.57 (d, J = 8.7 Hz, 2H, Ar-H, 

Ar(4-OCH3)-CH=), 7.47 – 7.35 (m, 2H, Ar-2H), 7.22 (t, J = 7.5 Hz, 1H, Ar(2-O)-C=CH), 

7.11 (d, J = 16.1 Hz, 1H, Ar(4-OCH3)-C=CH), 6.94 (dd, J = 13.0, 10.0, 8.9 Hz, 3H, CH3), 

4.31 – 4.20 (m, 4H, 2CH2), 3.85 (s, 3H, CH3), 1.39 – 1.32 (m, 6H, 2CH3).
 13C NMR (101 

MHz, CDCl3) δ 188.90, 161.72, 149.72, 149.65, 143.42, 136.42, 131.45, 130.17, 127.97, 

127.46, 127.35, 126.75, 126.69, 125.30, 123.22, 120.79, 114.47, 64.97, 64.91, 55.43, 16.16, 

16.09.31P NMR (162 MHz, CDCl3) δ -6.13. HRMS calcd for C22H26O6P [M+H]+ 417.1461, 

found 417.1450. 

 

Data for 

2-((1E,4E)-5-(2-chlorophenyl)-3-oxopenta-1,4-dien-1-yl)phe

nyl dimethyl phosphate (3e): Yellow oil, yield 58%.  

1H NMR (400 MHz, CDCl3) δ 8.14 (d, J = 16.1 Hz, 1H, 

Ar(2-Cl)-CH=), 8.06 (d, J = 16.0 Hz, 1H, Ar(2-O)-CH=), 7.72 (d, J = 7.2 Hz, 2H, Ar-2H), 

7.46 – 7.40 (m, 3H, Ar-3H), 7.37 – 7.31 (m, 2H, Ar-2H), 7.27 – 7.22 (m, 1H, Ar-H), 7.17 (d, 

J = 16.0 Hz, 1H, Ar(2-O)-C=CH), 7.05 (d, J = 16.1 Hz, 1H, Ar(2-Cl)-C=CH), 3.92 (s, 3H, 

CH3), 3.89 (s, 3H, CH3).
 13C NMR (126 MHz, CDCl3) δ 188.90, 161.81, 149.59, 149.54, 

143.63, 136.24, 131.62, 130.30, 128.12, 127.47, 127.37, 126.80, 125.58, 123.45, 120.73, 

114.55, 55.52, 55.32, 55.27.31P NMR (162 MHz, CDCl3) δ -3.74. HRMS calcd for 

C19H19ClO5P [M+H]+ 393.0653, found 393.0646. 

 

Data for 
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2-((1E,4E)-5-(2-chlorophenyl)-3-oxopenta-1,4-dien-1-yl)phenyl diethyl phosphate (3f): 

Yellow oil, yield 60%. 1H NMR (500 MHz, CDCl3) δ 8.14 – 7.97 (m, 2H, Ar(2-Cl)-CH=, 

Ar(2-O)-CH=), 7.67 (dt, J = 8.7, 4.4 Hz, 2H, Ar-2H), 7.44 – 7.33 (m, 3H, Ar-3H), 7.28 (ddd, 

J = 6.9, 6.3, 3.2 Hz, 2H, Ar-2H), 7.18 (dd, J = 17.3, 9.5 Hz, 1H, Ar-H), 7.13 – 6.97 (m, 2H, 

Ar(2-O)-C=CH, Ar(2-Cl)-C=CH ), 4.39 – 4.05 (m, 4H, 2CH2), 1.51 – 1.09 (m, 6H, 2CH3). 

13C NMR (126 MHz, CDCl3) δ 188.81, 149.82, 149.77, 139.19, 137.39, 135.44, 133.04, 

131.84, 131.36, 130.35, 128.02, 127.93, 127.76, 127.24, 126.68, 126.54, 126.49, 125.45, 

120.86, 65.10, 16.18. 31P NMR (202 MHz, CDCl3) δ -5.97. HRMS calcd for C21H23ClO5P 

[M+H]+ 421.096, found 421.0959. 

 

Data for 

dimethyl 

(2-((1E,4E)-5-(2-nitrophenyl)-3-oxopenta-1,4-dien-1-yl)phen

yl) phosphate (3g): Yellow oil, yield 69%. 1H NMR (400 

MHz, CDCl3) δ 8.27 (d, J = 8.7 Hz, 2H, Ar-2H), 8.07 (d, J = 15.8, 5.9 Hz, 1H, 

Ar(2-OH)-CH=), 7.79 – 7.70 (m, 4H, Ar-3H, Ar(2-NO2)-CH=), 7.45 – 7.40 (m, 2H, Ar-2H), 

7.25 (ddd, J = 9.2, 6.7, 2.6 Hz, 1H, Ar-2H), 7.23 – 7.17 (m, 1H, Ar(2-NO2)-C=CH), 7.16 – 

7.11 (m, 1H, Ar(2-O)-C=CH), 3.93 (s, 3H, CH3), 3.90 (d, J = 3.2 Hz, 3H, CH3).
13C NMR 

(101 MHz, CDCl3) δ 188.30, 149.66, 149.59, 148.54, 140.97, 140.41, 137.78, 128.95, 128.87, 

128.16, 126.85, 126.37, 126.30, 125.66, 124.23, 120.80, 120.78, 55.29, 55.23. 31P NMR (162 

MHz, CDCl3) δ -5.01. HRMS calcd for C19H19NO7P [M+H]+ 404.0893, found 404.0887. 

 

Data for 

diethyl(2-((1E,4E)-5-(2-nitrophenyl)-3-oxopenta-1,4-dien-1-yl)

phenyl) phosphate (3h): Yellow solid, m.p. 86-87 °C, yield 65%. 

1H NMR (400 MHz, CDCl3) δ 8.26 (d, J = 8.8 Hz, 2H, Ar-2H), 

8.07 (d, J = 16.2 Hz, 1H, Ar(2-OH)-CH=), 7.80 – 7.72 (m, 3H, 

Ar-2H, Ar(2-NO2)-CH=), 7.70 (d, J = 7.8 Hz, 1H, Ar-H), 7.46 – 7.37 (m, 2H, Ar-2H), 7.26 – 

7.17 (m, 2H, Ar-2H, Ar(2-NO2)-C=CH), 7.12 (d, J = 16.1 Hz, 1H, Ar(2-O)-C=CH), 4.32 – 



S-6 
 

4.19 (m, 4H, 2CH2), 1.36 (td, J = 7.1, 1.0 Hz, 6H, 2CH3).
13C NMR (101 MHz, CDCl3) δ 

188.33, 149.89, 149.81, 148.55, 141.04, 140.26, 138.05, 131.96, 128.90, 128.76, 128.09, 

126.87, 126.39, 126.33, 125.42, 124.20, 120.94, 65.01, 64.94, 16.16, 16.10. 31P NMR (162 

MHz, CDCl3) δ -6.40. HRMS calcd for C21H23NO7P [M+H]+ 432.1206, found 432.1199. 

 

Data for 

dimethyl(2-((1E,4E)-5-(4-nitrophenyl)-3-oxopenta-1,4-dien-1

-yl)phenyl) phosphate (3i): Yellow solid, m.p. 119-120 °C, 

yield 53%. 1H NMR (500 MHz, CDCl3) δ 8.48 – 8.40 (m, 1H, 

Ar-H), 8.23 – 8.18 (m, 1H, Ar-H), 8.04 (d, J = 16.1 Hz, 1H, Ar-H), 7.87 (d, J = 7.0 Hz, 1H, 

Ar-H), 7.71 (dd, J = 24.1, 12.2 Hz, 2H, Ar-2H), 7.58 (t, J = 8.0 Hz, 1H, Ar(2-OH)-CH=), 7.38 

(d, J = 3.6 Hz, 2H, Ar-H, Ar(4-NO2)-CH=), 7.18 (d, J = 15.9 Hz, 2H, Ar(4-NO2)-C=CH), 

7.09 (d, J = 16.1 Hz, 1H, Ar(2-O)-C=CH), 3.90 (s, 3H, CH3), 3.87 (s, 3H, CH3).
13C NMR 

(126 MHz, CDCl3) δ 188.35, 149.64, 148.74, 140.55, 137.62, 136.61, 134.33, 132.11, 130.18, 

128.11, 127.69, 127.02, 126.41, 125.69, 124.75, 122.44, 120.85, 55.36, 55.31. 31P NMR (202 

MHz, CDCl3) δ -6.63. HRMS calcd for C19H19NO7P [M+H]+ 404.0893, found 404.0887. 

 

Data for 

diethyl(2-((1E,4E)-5-(4-nitrophenyl)-3-oxopenta-1,4-dien-1-yl)

phenyl) phosphate (3j): Yellow solid, m.p. 100-101 °C, yield 

58%. 1H NMR (400 MHz, CDCl3) δ 8.48 (s, 1H, Ar-H), 8.25 (d, 

J = 8.2 Hz, 1H, Ar-H), 8.08 (d, J = 16.2 Hz, 1H, Ar(2-OH)-CH=), 7.91 (d, J = 7.7 Hz, 1H, 

Ar-H), 7.77 (d, J = 16.0 Hz, 1H, Ar(4-NO2)-CH=), 7.71 (d, J = 7.8 Hz, 1H, Ar-H), 7.62 (t, J 

= 8.0 Hz, 1H, Ar-H), 7.48 – 7.38 (m, 2H, Ar-2H), 7.27 – 7.19 (m, 2H, Ar-H, Ar(2-O)-C=CH), 

7.12 (d, J = 16.1 Hz, 1H, Ar(4-NO2)-C=CH), 4.34 – 4.20 (m, 4H, 2CH2), 1.40 – 1.33 (m, 6H, 

2CH3).
 13C NMR (101 MHz, CDCl3) δ 188.33, 149.85, 148.74, 140.38, 137.85, 136.62, 

134.13, 131.91, 130.06, 128.03, 127.62, 126.96, 126.40, 125.41, 124.61, 122.39, 120.93, 

65.02, 64.96, 16.15, 16.09. 31P NMR (162 MHz, CDCl3) δ -7.04. HRMS calcd for 

C21H23NO7P [M+H]+ 432.1206, found 432.1198. 
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Data for 

diethyl (2-((1E,4E)-3-oxo-5-(p-tolyl)penta-1,4-dien-1-yl)phenyl) 

phosphate (3k): Yellow oil, yield 50%. 1H NMR (400 MHz, 

CDCl3) δ 8.10 – 8.00 (m, 2H, Ar(2-OH)-CH=, Ar-H), 7.71 (d, J 

= 7.8 Hz, 1H, Ar-H), 7.60 (dd, J = 7.7, 1.5 Hz, 1H, Ar-H), 7.45 (d, J = 8.3 Hz, 1H, 

Ar(4-CH3)-CH=), 7.40 – 7.34 (m, 2H, Ar-2H), 7.18 (td, J = 16.2, 10.6 Hz, 3H, Ar-3H), 7.01 – 

6.91 (m, 2H, Ar(4-CH3)-C=CH, Ar(2-O)-C=CH), 4.30 – 4.21 (m, 4H, 2CH2), 3.92 (s, 3H, 

CH3), 1.38 – 1.31 (m, 6H, 2CH3). 
13C NMR (101 MHz, CDCl3) δ 189.43, 158.69, 149.71, 

149.64, 138.96, 136.43, 131.83, 131.43, 128.97, 127.88, 127.20, 126.79, 126.11, 125.27, 

123.71, 120.80, 111.25, 64.97, 64.91, 55.52, 16.13, 16.06. 31P NMR (162 MHz, CDCl3) δ 

-6.41. HRMS calcd for C22H26O5P [M+H]+401.1512, found 401.1497. 

 

Data for
 

dimethyl (2-((1E,4E)-3-oxo-5-phenylpenta-1,4-dien-1-yl)phenyl) 

phosphate (3l): Yellow oil, yield 42%. 1H NMR (400 MHz, CDCl3) 

δ 8.03 (d, J = 16.1 Hz, 1H, Ar(2-OH)-CH=), 7.68 (t, J = 10.9 Hz, 

2H, Ar-2H), 7.53 (d, J = 6.9 Hz, 2H, Ar-1H, Ar-CH=), 7.46 (d, J = 7.2 Hz, 2H, Ar-2H), 7.40 

(d, J = 6.2 Hz, 2H, Ar-2H), 7.22 (m, 4.2 Hz, 1H, Ar-H), 7.11 (d, J = 16.1 Hz, 1H, Ar-C=CH), 

7.05 (d, J = 16.0 Hz, 1H, Ar(2-OH)-C=CH), 3.91 (s, 3H, CH3), 3.88 (s, 3H, CH3).
13C NMR 

(101 MHz, CDCl3) δ 188.88, 149.59, 149.52, 143.63, 136.65, 134.74, 131.65, 130.60, 129.00, 

128.40, 128.09, 127.14, 126.65, 126.58, 125.54, 120.70, 120.68, 55.20, 55.14. 31P NMR (162 

MHz, CDCl3) δ -5.03. HRMS calcd for C19H20O5P [M+H]+ 359.1042, found 359.1030. 

 

Data for 

diethyl (2-((1E,4E)-3-oxo-5-phenylpenta-1,4-dien-1-yl)phenyl) 

phosphate (3m): Yellow solid, m.p. 70-71 °C, yield 65%. 1H NMR 

(400 MHz, CDCl3) δ 8.04 (d, J = 16.1 Hz, 1H, Ar(2-OH)-CH=), 7.75 

(d, J = 16.0 Hz, 1H, Ar-H), 7.70 (d, J = 7.8 Hz, 1H, Ar-H), 7.61 (dd, J = 9.5, 3.7 Hz, 2H, Ar-H, 
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Ar-CH=), 7.47 – 7.36 (m, 5H, Ar-5H), 7.25 – 7.20 (m, 1H, Ar-H), 7.13 (d, J = 10.8 Hz, 1H, 

Ar-C=CH), 7.09 (d, J = 10.7 Hz, 1H, Ar(2-O)-C=CH), 4.31 – 4.19 (m, 4H, 2CH2), 1.39 – 1.31 

(m, 6H, 2CH3).
13C NMR (101 MHz, CDCl3) δ 188.99, 149.78, 149.71, 143.54, 136.95, 

134.79, 131.59, 130.56, 128.99, 128.39, 128.00, 127.18, 126.65, 126.59, 125.33, 120.84, 

120.82, 64.97, 64.91, 16.15, 16.09. 31P NMR (162 MHz, CDCl3) δ -6.18. HRMS calcd for 

C21H24O5P [M+H]+ 387.1355, found 387.1346. 

 

Data for 

2-((1E,4E)-5-(4-bromophenyl)-3-oxopenta-1,4-dien-1-yl)pheny

l dimethyl phosphate (3n): Yellow oil, yield 71%. 1H NMR 

(400 MHz, CDCl3) δ 8.03 (d, J = 16.1 Hz, 1H, Ar(2-OH)-CH=), 

7.68 (t, J = 10.9 Hz, 2H, Ar-2H), 7.53 (d, J = 6.9 Hz, 2H, Ar-2H), 7.46 (d, J = 7.2 Hz, 2H, 

Ar-H, Ar-(4-Br)-CH=), 7.42 – 7.36 (m, 2H, Ar-2H), 7.22 (dd, J = 9.7, 4.2 Hz, 1H, Ar-H), 7.11 

(d, J = 16.1 Hz, 1H, Ar-(4-Br)-C=CH), 7.05 (d, J = 16.0 Hz, 1H, Ar(2-O)-C=CH), 3.91 (s, 3H, 

CH3), 3.88 (s, 3H, CH3).
13C NMR (101 MHz, CDCl3) δ 188.61, 149.60, 149.53, 142.15, 

136.92, 133.69, 132.23, 131.74, 129.74, 128.09, 127.06, 126.56, 126.50, 125.98, 125.53, 

124.83, 120.70, 55.21, 55.15. 31P NMR (162 MHz, CDCl3) δ -4.50. HRMS calcd for 

C19H19BrO5P [M+H]+ 437.0148, found 437.0134. 

 

Data for 

2-((1E,4E)-5-(4-bromophenyl)-3-oxopenta-1,4-dien-1-yl)phenyl 

diethyl phosphate (3o): Yellow solid, m.p.79-80 °C, yield 68%. 

1H NMR (500 MHz, CDCl3) δ 8.05 (d, J = 16.1 Hz, 1H, 

Ar(2-OH)-CH=), 7.74 – 7.66 (m, 2H, Ar-2H), 7.56 (d, J = 8.5 Hz, 2H, Ar-H, Ar-(4-Br)-CH=), 

7.49 (d, J = 8.4 Hz, 2H, Ar-2H), 7.45 (d, J = 9.4 Hz, 1H, Ar-H), 7.43 – 7.39 (m, 1H, Ar-H), 

7.24 (m, 1H, Ar-H), 7.12 (d, J = 12.1 Hz, 1H, Ar-(4-Br)-C=CH), 7.09 (d, J = 12.0 Hz, 1H, 

Ar(2-O)-C=CH), 4.31 – 4.23 (m, 4H, 2CH2), 1.40 – 1.34 (m, 6H, 2CH3).
 13C NMR (126 MHz, 

CDCl3) δ 188.80, 149.87, 149.82, 142.15, 137.32, 133.81, 132.31, 131.76, 131.75, 128.10, 

127.18, 126.64, 126.59, 125.86, 125.42, 124.88, 120.94, 65.04, 64.99, 16.22, 16.17. 31P NMR 
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(202 MHz, CDCl3) δ -3.42. HRMS calcd for C21H23BrO5P [M+H]+ 465.0461, found 

465.0451. 

 

 Data for 

dimethyl(2-((1E,4E)-3-oxo-5-(3-(trifluoromethyl)phenyl)pent

a-1,4-dien-1-yl)phenyl) phosphate (3p): Yellow solid, m.p. 

65-66 °C, yield 63%.1H NMR (400 MHz, CDCl3) δ 8.07 (d, J 

= 16.1 Hz, 1H, Ar(2-OH)-CH=), 7.87 (s, 1H, Ar-H), 7.77 (s, 1H, Ar-(3-CF3)-CH=), 7.73 (d, J 

= 5.3 Hz, 1H, Ar-H), 7.66 (d, J = 7.6 Hz, 1H, Ar-H), 7.58 – 7.52 (m, 2H, Ar-2H), 7.42 (s, 2H, 

Ar-2H), 7.14 (dd, J = 16.0, 1.5 Hz, 3H, Ar-H, Ar(2-O)-C=CH, Ar-(3-CF3)-C=CH), 3.92 (s, 

3H, CH3), 3.90 (s, 3H, CH3).
13C NMR (101 MHz, CDCl3) δ 188.54, 149.62, 149.56, 141.61, 

137.28, 135.58, 131.90, 131.58, 129.59, 128.03, 127.02, 126.80, 125.58, 125.17, 124.66, 

124.63, 120.78, 120.76, 55.23, 55.17. 31P NMR (162 MHz, CDCl3) δ -4.78. HRMS calcd for 

C20H19F3O5P [M+H]+ 427.0916, found 427.0914. 

 

Data for 

diethyl(2-((1E,4E)-3-oxo-5-(3-(trifluoromethyl)phenyl)penta-1,

4-dien-1-yl)phenyl) phosphate (3q): Yellow oil, yield 72%. 1H 

NMR (400 MHz, CDCl3) δ 8.07 (d, J = 16.2 Hz, 1H, 

Ar(2-OH)-CH=), 7.87 (s, 1H, Ar-H), 7.77 (dd, J = 11.8, 8.7 Hz, 2H, Ar-(3-CF3)-CH=, Ar-H), 

7.71 (d, J = 7.8 Hz, 1H, Ar-H), 7.66 (d, J = 7.8 Hz, 1H, Ar-2=H), 7.56 (d, J = 8.0 Hz, 1H, 

Ar-H), 7.47 – 7.40 (m, 2H, Ar-2H), 7.24 (t, J = 7.2 Hz, 1H, Ar-H), 7.17 (d, J = 16.0 Hz, 1H, 

Ar(2-O)-C=CH), 7.11 (d, J = 16.1 Hz, 1H, Ar-(3-CF3)-C=CH), 4.30 – 4.22 (m, 4H, 2CH2), 

1.39 – 1.34 (m, 6H, 2CH3).
13C NMR (101 MHz, CDCl3) δ 188.63, 149.82, 149.75, 141.55, 

137.57, 135.62, 131.84, 131.57, 129.57, 128.00, 127.03, 126.67, 126.40, 125.39, 124.66, 

124.63, 120.92, 120.90, 65.01, 64.95, 16.15, 16.09. 31P NMR (162 MHz, CDCl3) δ -7.27. 

HRMS calcd for C22H23F3O5P [M+H]+ 455.1229, found 455.1223. 

Data for 
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dimethyl (2-((1E,4E)-3-oxo-5-(p-tolyl)penta-1,4-dien-1-yl)phenyl) phosphate (3r): Yellow oil, 

yield 69%. 1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 16.1 Hz, 1H, Ar(2-OH)-CH=), 7.71 (dd, 

J = 11.9, 7.1 Hz, 2H, Ar-2H), 7.44 – 7.36 (m, 4H, Ar-(3-CH3)-CH=, Ar-3H), 7.30 (dd, J = 

12.4, 4.3 Hz, 1H, Ar-H), 7.22 (d, J = 7.6 Hz, 2H, Ar-2H), 7.14 (d, J = 16.0 Hz, 1H, 

Ar(2-O)-C=CH), 7.06 (d, J = 16.0 Hz, 1H, Ar-(3-CH3)-C=CH), 3.92 (s, 3H, CH3), 3.89 (s, 3H, 

CH3), 2.39 (s, 3H, CH3). 
13C NMR (101 MHz, CDCl3) δ 188.91, 149.49, 143.87, 138.66, 

136.54, 134.66, 131.65, 131.50, 129.06, 128.90, 128.05, 127.12, 126.65, 126.58, 125.65, 

125.52, 125.37, 120.69, 55.23, 21.36. 31P NMR (162 MHz, CDCl3) δ -4.15. HRMS calcd for 

C20H22O5P [M+H]+ 373.1199, found 373.1195. 

 

Data for 

diethyl(2-((1E,4E)-3-oxo-5-(m-tolyl)penta-1,4-dien-1-yl)phenyl) 

phosphate (3s): Yellow oil, yield 65%. 1H NMR (400 MHz, CDCl3) 

δ 8.04 (d, J = 16.1 Hz, 1H, Ar(2-OH)-CH=), 7.71 (dd, J = 11.8, 9.8 

Hz, 2H, Ar-H, Ar-(3-CH3)-CH=), 7.46 – 7.36 (m, 4H, Ar-4H), 7.32 

– 7.27 (m, 1H, Ar-H), 7.22 (ddd, J = 7.1, 5.4, 1.4 Hz, 2H, Ar-2H), 7.10 (m, 12.4 Hz, 2H, 

Ar(2-O)-C=CH, Ar-(3-CH3)-C=CH), 4.30 – 4.22 (m, 4H, 2CH2), 2.39 (s, 3H, CH3), 1.38 – 

1.32 (m, 6H, 2CH3).
13C NMR (101 MHz, CDCl3) δ 189.00, 149.74, 143.77, 138.64, 136.81, 

134.70, 131.59, 131.45, 129.04, 128.88, 127.97, 127.17, 126.64, 125.64, 125.33, 125.16, 

120.79, 64.99, 64.93, 21.36, 16.17, 16.10. 31P NMR (162 MHz, CDCl3) δ -7.30. HRMS calcd 

for C22H26O5P [M+H]+ 401.1512, found 401.1510. 
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3. Spectrogram of title compounds 3a-3s 

 

1
H NMR of compound 3a 

 

 

 

 

13
C NMR of compound 3a 
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31
P NMR of compound 3a 

 

 

 

2017110704 #105 RT: 1.02 AV: 1 NL: 7.72E7
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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HRMS of compound 3a 
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1
H NMR of compound 3b 

 

 

 

 

13
C NMR of compound 3b 
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31
P NMR of compound 3b 

 

 

 

2017110778 #115 RT: 1.12 AV: 1 NL: 1.12E8
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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HRMS of compound 3b 
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1
H NMR of compound 3c 

 

 

 

 

13
C NMR of compound 3c 
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31
P NMR of compound 3c 

 

 

 

2017111422 #97 RT: 0.93 AV: 1 NL: 1.76E6
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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HRMS of compound 3c 
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1
H NMR of compound 3d 

 

 

 

 

13
C NMR of compound 3d 
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31
P NMR of compound 3d 

 

 

 

2017111423 #101 RT: 0.97 AV: 1 NL: 6.34E8
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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HRMS of compound 3d 
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1
H NMR of compound 3e 

 

 

 

 

13
C NMR of compound 3e 
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31
P NMR of compound 3e 

 

 

 
2018050838 #97 RT: 0.94 AV: 1 NL: 1.25E9
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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HRMS of compound 3e 
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1
H NMR of compound 3f 

 

 

 

 

13
C NMR of compound 3f 
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31
P NMR of compound 3f 

 

 

 

2018050839 #119 RT: 1.15 AV: 1 NL: 6.11E8
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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HRMS of compound 3f 
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1
H NMR of compound 3g 

 

 

 

 

13
C NMR of compound 3g 
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31
P NMR of compound 3g 

 

 

 
2018050840 #91 RT: 0.88 AV: 1 NL: 2.70E8
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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HRMS of compound 3g 
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1
H NMR of compound 3h 

 

 

 

 

13
C NMR of compound 3h 
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31
P NMR of compound 3h 

 

 

 
2018050841 #95 RT: 0.92 AV: 1 NL: 7.67E8
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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HRMS of compound 3h 
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1
H NMR of compound 3i 

 

 

 

 

13
C NMR of compound 3i 
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31
P NMR of compound 3i 

 

 

 

2018050842 #105 RT: 1.01 AV: 1 NL: 1.63E8
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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HRMS of compound 3i 
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1
H NMR of compound 3j 

 

 

 

 

13
C NMR of compound 3j 
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31
P NMR of compound 3j 

 

 

 

2018050843 #101 RT: 0.98 AV: 1 NL: 6.73E8
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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HRMS of compound 3j 
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1
H NMR of compound 3k 

 

 

 

 

13
C NMR of compound 3k 
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31
P NMR of compound 3k 

 

 

 

2018081007 #105 RT: 1.05 AV: 1 NL: 9.21E7
T: FTMS + p ESI Full ms [100.0000-1000.0000]

390 392 394 396 398 400 402 404 406 408 410 412 414 416 418 420

m/z

0

10

20

30

40

50

60

70

80

90

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

401.14975

C 22 H26 O5 P = 401.15124

-3.70715 ppm

402.15308

418.78186
407.79095403.15533396.80032 419.78476418.17603415.21051391.28232 405.18109 413.26505399.34769 409.32773

 

HRMS of compound 3k 
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1
H NMR of compound 3l 

 

 

 

 

13
C NMR of compound 3l 
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31
P NMR of compound 3l 

 

 

 
2017110779(1) #83 RT: 0.82 AV: 1 NL: 4.27E8
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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HRMS of compound 3l 
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1
H NMR of compound 3m 

 

 

 

 

13
C NMR of compound 3m 
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31
P NMR of compound 3m 

 

 

 

2017110780(1) #89 RT: 0.88 AV: 1 NL: 5.62E8
T: FTMS + p ESI Full ms [100.0000-1000.0000]

300 310 320 330 340 350 360 370 380 390 400

m/z

0

10

20

30

40

50

60

70

80

90

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

387.13461

C 21 H24 O5 P = 387.13559

-2.51536 ppm

404.16132

389.14066

362.24051

C 19 H23 O5 P = 362.12776

311.24968 ppm

305.15625

C 21 H21 O2 = 305.15361

8.66300 ppm 393.20844

331.07230

C 17 H16 O5 P = 331.07299

-2.08546 ppm

 

HRMS of compound 3m 
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1
H NMR of compound 3n 

 

 

 

 

13
C NMR of compound 3n 
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31
P NMR of compound 3n 

 

 

 

2018060539 #91 RT: 0.88 AV: 1 NL: 4.16E8
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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HRMS of compound 3n 
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1
H NMR of compound 3o 

 

 

 

 

13
C NMR of compound 3o 
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31
P NMR of compound 3o 

 

 

 

2018060540 #109 RT: 1.06 AV: 1 NL: 4.53E8
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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HRMS of compound 3o 
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1
H NMR of compound 3p 

 

 

 

 

13
C NMR of compound 3p 
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31
P NMR of compound 3p 

 

 

 
2018081012 #85 RT: 0.83 AV: 1 NL: 1.47E8
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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HRMS of compound 3p 
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1
H NMR of compound 3q 

 

 

 

 

13
C NMR of compound 3q 
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31
P NMR of compound 3q 

 

 

 

2018070614 #115 RT: 1.10 AV: 1 NL: 5.55E7
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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HRMS of compound 3q 
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1
H NMR of compound 3r 

 

 

 

 

13
C NMR of compound 3r 
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31
P NMR of compound 3r 

 

 

 
2018081013 #81 RT: 0.79 AV: 1 NL: 3.02E8
T: FTMS + p ESI Full ms [100.0000-1000.0000]
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HRMS of compound 3r 
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1
H NMR of compound 3s 

 

 

 

 

13
C NMR of compound 3s 
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31
P NMR of compound 3s 

 

 

 

2018081007 #117 RT: 1.17 AV: 1 NL: 3.31E7
T: FTMS + p ESI Full ms [100.0000-1000.0000]

390 392 394 396 398 400 402 404 406 408 410 412 414 416 418 420

m/z

0

10

20

30

40

50

60

70

80

90

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

401.15103

C 22 H26 O5 P = 401.15124

-0.51199 ppm

402.15439

418.78317
407.79236

396.80136 403.15637 419.78592408.79468 415.16666391.28424 405.80673 413.26590 417.14645395.26382 399.29041

 

HRMS of compound 3s 

 

 


