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1. General Information 

Solvents and reagents were reagent grade and used without purification unless otherwise 

noted. All reactions were carried out in oven dried glassware under nitrogen. All 
1
H-NMR (400 

MHz) spectra were recorded on a Bruker-DMX 400 using CDCl3 solution in the presence of 

tetramethylsilane (TMS) as an internal standard and are reported in ppm (δ). Coupling constants 

are reported in Hertz (Hz). Spectral splitting patterns are designated as s, singlet; d, doublet; t, 

triplet; q, quartet; p, pentet; m, multiplet; and br, broad. High resolution mass spectroscopic data 

of the products were collected on a Waters Micromass GCT instrument using EI (70 eV) or an 

Agilent Technologies 6540 UHD Accurate-Mass Q-TOF LC/MS using ESI. 

 

 

2. General Procedures for Photoredox Thiolation of Allenyl- 

phosphine Oxides with Diaryl Sulfides 

To a 5 mL two-necked flask equipped with condenser under nitrogen was added 

allenylphosphine oxide (1a, 80 mg, 0.2 mmol), disulfides (2a, 44 mg, 0.2 mmol), eosin Y (7 mg, 5 

mol%), DBU (15 mg, 0.1 mmol) and 2 mL DMSO. The reaction mixture was then stirred for 8 

hours irradiated by 9 W White LEDs at room temperature. The resulting mixture was diluted with 

ethyl acetate and washed with saturated NaHCO3 solution and brine. After evaporating the 

volatiles, the residue was purified by column chromatography (eluent: 1:1 (v/v) of ethyl 

acetate/petroleum ether) to afford product 3aa as a yellow liquid. 
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3. Reaction Conditions Optimization 

Table S1. Condition Screenings on Catalyst, Solvent and Base 

 

entry photocatalyst (PC) solvent base yield (%)
a 

1 Eosin Y THF PivONa 63 

2
 

Eosin Y CH3CN PivONa 45 

3 Eosin Y dichloroethane PivONa 10 

4 Eosin Y H2O PivONa 17 

5 Eosin Y DMSO PivONa 93(86) 

6 Eosin Y DMF PivONa 92(82) 

7 Eosin Y toluene PivONa trace 

8 Eosin Y CHCl3 PivONa 46 

9 Eosin Y EtOH PivONa 33 

10 Eosin Y dioxane PivONa 88(79) 

11 Eosin Y NMP PivONa 72 

12 Eosin Y Chlorobenzene PivONa 30 

13
 

Eosin Y CH3NO2 PivONa 35 

14 Eosin B DMSO PivONa 83(75) 

15 Rhodamine B DMSO PivONa 67 

16 Eosin Y  disodium DMSO PivONa 90(82) 

17 fluorecein DMSO PivONa 63 

18 Alizarin Red S DMSO PivONa 91(80) 

20 Riboflavine DMSO PivONa 78 

21 Eosin Y DMSO K2CO3 97(90) 

22 Eosin Y DMSO t-BuOK 97(89) 

23 Eosin Y DMSO NaHCO3 50 

24 Eosin Y DMSO CsCO3 97(91) 

25 Eosin Y DMSO DBU 97(92) 

26 Eosin Y DMSO DABCO 89(81) 

27 Eosin Y DMSO PPh3 77 

28
b
 Eosin Y DMSO DBU 98(92) 

Reaction conditions: allenylphosphine oxide (1a, 0.2 mmol), diphenyl disulfides 

(2a, 0.2 mmol), photocatalyst (PC, 5 mol%), base (1 equiv), N2, 8 h; 

a
 yield based on 

31
PNMR, the number in brackets refer to isolated yields; 

b
 0.5 equiv DBU. 
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4. The Additional Substrate Scope on Ether Moiety 

 

 

 

5. Gram-Scale Synthesis 

 

To a 100 mL two-necked flask equipped with condenser under nitrogen was added 

allenylphosphine oxide (1a, 1.005 g, 2.5 mmol), disulfides (2a, 546 mg, 2.5 mmol), eosin Y (81 

mg, 5 mol%, 0.125 mmol), DBU (190 mg, 1.25 mmol) and 25 mL DMSO. The reaction mixture 

was stirred for 8 hours irradiated by 9 W White LEDs at room temperature. The resulting mixture 

was diluted with ethyl acetate and washed with saturated NaHCO3 solution and brine. After 

evaporating the volatiles, the residue was further purified by column chromatography (eluent: 1:1 

(v/v) of ethyl acetate/petroleum ether) to afford product 3aa in 84% yield (820 mg). 
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6. HR-MS Spectra for Mechanistic Study 

 

                             Detected by APCI-MS/
1
HNMR  Detected by ESI-MS 

 

 

 
1
HNMR spectrum for isolated compound 3: 

 

30_170314152421 #28 RT: 0.20 AV: 1 NL: 1.39E7

T: FTMS {1,1}  + p APCI corona Full ms [100.00-1000.00]

285 290 295 300 305 310 315 320 325 330

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

299.11978

z=1

C 18 H 20 O2 P = 299.11954

0.79765 ppm



S6 
 

 

 

 

 

 

30 #12 RT: 0.12 AV: 1 NL: 7.41E5
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7. Quenching Experiment of eosin Y 

Concentration: [eosin Y] = 0.5 μmol/L; [1a] = 10 μmol/L; [DBU] = 5 μmol/L 
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8. X-Ray Crystallography Data of 3ia 

(The ellipsoid contour percent probability level is 30%) 

 

Table S2. Crystal data and structure refinement 

Empirical formula  C30 H26 Cl O P S 

Formula weight  500.99 

Temperature  296(2) K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P21/c 

Unit cell dimensions a = 9.3715(5) Å  

 b = 10.7636(6) Å  

 c = 26.6835(16) Å  

Volume 2663.1(3) Å3 

Z 4 

Density (calculated) 1.250 Mg/m3 

Absorption coefficient 0.302 mm-1 

F(000) 1048 

Crystal size 0.100 x 0.090 x 0.030 mm3 

Theta range for data collection 2.442 to 27.581°. 

Index ranges -12<=h<=12, -14<=k<=11, -34<=l<=24 

Reflections collected 23765 
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Independent reflections 6119 [R(int) = 0.0341] 

Completeness to theta = 25.242° 99.5 %  

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 6119 / 0 / 308 

Goodness-of-fit on F2 1.017 

Final R indices [I>2sigma(I)] R1 = 0.0514, wR2 = 0.1358 

R indices (all data) R1 = 0.0841, wR2 = 0.1537 

Extinction coefficient n/a 

Largest diff. peak and hole 0.352 and -0.287 e.Å-3 

 

Table S3. Bond lengths [Å] and angles [°]  

_____________________________________________________  

C(1)-C(6)  1.382(4) 

C(1)-C(2)  1.386(4) 

C(1)-S(1)  1.785(3) 

C(2)-C(3)  1.382(4) 

C(2)-H(2)  0.9300 

C(3)-C(4)  1.351(5) 

C(3)-H(3)  0.9300 

C(4)-C(5)  1.361(6) 

C(4)-H(4)  0.9300 

C(5)-C(6)  1.418(5) 

C(5)-H(5)  0.9300 

C(6)-H(6)  0.9300 

C(7)-C(8)  1.340(3) 

C(7)-C(17)  1.485(3) 

C(7)-S(1)  1.780(2) 

C(8)-C(11)  1.494(3) 

C(8)-C(9)  1.515(3) 

C(9)-C(10)  1.521(4) 

C(9)-H(9A)  0.9700 

C(9)-H(9B)  0.9700 

C(10)-H(10A)  0.9600 

C(10)-H(10B)  0.9600 

C(10)-H(10C)  0.9600 

C(11)-C(16)  1.390(3) 

C(11)-C(12)  1.397(3) 

C(12)-C(13)  1.375(3) 
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C(12)-H(12)  0.9300 

C(13)-C(14)  1.376(3) 

C(13)-H(13)  0.9300 

C(14)-C(15)  1.384(3) 

C(14)-Cl(1)  1.741(2) 

C(15)-C(16)  1.381(3) 

C(15)-H(15)  0.9300 

C(16)-H(16)  0.9300 

C(17)-C(18)  1.324(3) 

C(17)-P(1)  1.821(2) 

C(18)-H(18A)  0.9300 

C(18)-H(18B)  0.9300 

C(19)-C(20)  1.381(3) 

C(19)-C(24)  1.382(3) 

C(19)-P(1)  1.800(2) 

C(20)-C(21)  1.381(3) 

C(20)-H(20)  0.9300 

C(21)-C(22)  1.373(4) 

C(21)-H(21)  0.9300 

C(22)-C(23)  1.353(5) 

C(22)-H(22)  0.9300 

C(23)-C(24)  1.380(4) 

C(23)-H(23)  0.9300 

C(24)-H(24)  0.9300 

C(25)-C(30)  1.393(3) 

C(25)-C(26)  1.394(3) 

C(25)-P(1)  1.811(2) 

C(26)-C(27)  1.380(3) 

C(26)-H(26)  0.9300 

C(27)-C(28)  1.365(4) 

C(27)-H(27)  0.9300 

C(28)-C(29)  1.382(4) 

C(28)-H(28)  0.9300 

C(29)-C(30)  1.377(3) 

C(29)-H(29)  0.9300 

C(30)-H(30)  0.9300 

O(1)-P(1)  1.4793(15) 
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C(6)-C(1)-C(2) 119.8(3) 

C(6)-C(1)-S(1) 117.4(3) 

C(2)-C(1)-S(1) 122.8(2) 

C(3)-C(2)-C(1) 120.0(3) 

C(3)-C(2)-H(2) 120.0 

C(1)-C(2)-H(2) 120.0 

C(4)-C(3)-C(2) 120.6(4) 

C(4)-C(3)-H(3) 119.7 

C(2)-C(3)-H(3) 119.7 

C(3)-C(4)-C(5) 120.8(4) 

C(3)-C(4)-H(4) 119.6 

C(5)-C(4)-H(4) 119.6 

C(4)-C(5)-C(6) 120.2(3) 

C(4)-C(5)-H(5) 119.9 

C(6)-C(5)-H(5) 119.9 

C(1)-C(6)-C(5) 118.6(4) 

C(1)-C(6)-H(6) 120.7 

C(5)-C(6)-H(6) 120.7 

C(8)-C(7)-C(17) 125.49(18) 

C(8)-C(7)-S(1) 119.38(16) 

C(17)-C(7)-S(1) 114.80(15) 

C(7)-C(8)-C(11) 121.93(18) 

C(7)-C(8)-C(9) 123.4(2) 

C(11)-C(8)-C(9) 114.45(19) 

C(8)-C(9)-C(10) 111.0(2) 

C(8)-C(9)-H(9A) 109.4 

C(10)-C(9)-H(9A) 109.4 

C(8)-C(9)-H(9B) 109.4 

C(10)-C(9)-H(9B) 109.4 

H(9A)-C(9)-H(9B) 108.0 

C(9)-C(10)-H(10A) 109.5 

C(9)-C(10)-H(10B) 109.5 

H(10A)-C(10)-H(10B) 109.5 

C(9)-C(10)-H(10C) 109.5 

H(10A)-C(10)-H(10C) 109.5 

H(10B)-C(10)-H(10C) 109.5 

C(16)-C(11)-C(12) 118.2(2) 

C(16)-C(11)-C(8) 121.42(19) 
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C(12)-C(11)-C(8) 120.32(19) 

C(13)-C(12)-C(11) 121.1(2) 

C(13)-C(12)-H(12) 119.5 

C(11)-C(12)-H(12) 119.5 

C(12)-C(13)-C(14) 119.5(2) 

C(12)-C(13)-H(13) 120.2 

C(14)-C(13)-H(13) 120.2 

C(13)-C(14)-C(15) 120.9(2) 

C(13)-C(14)-Cl(1) 119.29(18) 

C(15)-C(14)-Cl(1) 119.85(18) 

C(16)-C(15)-C(14) 119.2(2) 

C(16)-C(15)-H(15) 120.4 

C(14)-C(15)-H(15) 120.4 

C(15)-C(16)-C(11) 121.1(2) 

C(15)-C(16)-H(16) 119.4 

C(11)-C(16)-H(16) 119.4 

C(18)-C(17)-C(7) 122.44(19) 

C(18)-C(17)-P(1) 121.72(16) 

C(7)-C(17)-P(1) 115.83(14) 

C(17)-C(18)-H(18A) 120.0 

C(17)-C(18)-H(18B) 120.0 

H(18A)-C(18)-H(18B) 120.0 

C(20)-C(19)-C(24) 119.0(2) 

C(20)-C(19)-P(1) 123.95(17) 

C(24)-C(19)-P(1) 117.06(19) 

C(19)-C(20)-C(21) 120.6(2) 

C(19)-C(20)-H(20) 119.7 

C(21)-C(20)-H(20) 119.7 

C(22)-C(21)-C(20) 119.5(3) 

C(22)-C(21)-H(21) 120.2 

C(20)-C(21)-H(21) 120.2 

C(23)-C(22)-C(21) 120.2(3) 

C(23)-C(22)-H(22) 119.9 

C(21)-C(22)-H(22) 119.9 

C(22)-C(23)-C(24) 120.9(3) 

C(22)-C(23)-H(23) 119.5 

C(24)-C(23)-H(23) 119.5 

C(23)-C(24)-C(19) 119.7(3) 
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C(23)-C(24)-H(24) 120.1 

C(19)-C(24)-H(24) 120.1 

C(30)-C(25)-C(26) 118.1(2) 

C(30)-C(25)-P(1) 118.86(16) 

C(26)-C(25)-P(1) 122.60(17) 

C(27)-C(26)-C(25) 120.6(2) 

C(27)-C(26)-H(26) 119.7 

C(25)-C(26)-H(26) 119.7 

C(28)-C(27)-C(26) 120.4(2) 

C(28)-C(27)-H(27) 119.8 

C(26)-C(27)-H(27) 119.8 

C(27)-C(28)-C(29) 120.1(2) 

C(27)-C(28)-H(28) 120.0 

C(29)-C(28)-H(28) 120.0 

C(30)-C(29)-C(28) 120.0(2) 

C(30)-C(29)-H(29) 120.0 

C(28)-C(29)-H(29) 120.0 

C(29)-C(30)-C(25) 120.8(2) 

C(29)-C(30)-H(30) 119.6 

C(25)-C(30)-H(30) 119.6 

O(1)-P(1)-C(19) 112.78(10) 

O(1)-P(1)-C(25) 111.66(9) 

C(19)-P(1)-C(25) 105.84(11) 

O(1)-P(1)-C(17) 112.44(9) 

C(19)-P(1)-C(17) 106.90(10) 

C(25)-P(1)-C(17) 106.78(9) 

C(7)-S(1)-C(1) 103.03(11) 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  

 

 

 

9. Characterization Data of Coupling Products 

 

(4-methyl-3-(phenylthio)penta-1,3-dien-2-yl)diphenylphosphine oxide (3aa) 

Yellow liquid (72 mg, 92% yield). TLC (Rf = 0.26, PET/EA = 1:1). 
1
H NMR 

(400 MHz, CDCl3) δ
 
7.66-7.60 (m, 4H), 7.47 (t, J = 7.4 Hz, 2H), 7.38-7.34 (m, 4H), 7.19 (t, J = 
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7.5 Hz, 2H), 7.11 (t, J = 7.2 Hz, 1H), 6.94 (d, J = 7.7 Hz, 2H), 5.80 (s, 1H), 5.73 (d, J = 22.5 Hz, 

1H), 2.01 (d, J = 2.9 Hz, 3H), 1.78 (d, J = 2.0 Hz, 3H). 
13

C NMR (101 MHz, CDCl3) δ
 
147.9 (d, J 

= 6.6 Hz), 142.7 (d, J = 92.6 Hz), 135.6, 132.6 (d, J = 1.7 Hz), 132.5, 131.9 (d, J = 9.8 Hz), 131.7 

(d, J = 2.6 Hz), 131.5, 128.8 (d, J = 30.4 Hz), 128.1 (d, J = 12.1 Hz), 125.8, 122.3 (d, J = 7.8 Hz), 

23.0, 22.5. 
31

P NMR (162 MHz, CDCl3) δ 28.4 (s). HRMS (ESI): ([M+Na]
+
) Calcd for 

C24H23ONaPS: 413.1099, Found: 413.1096. IR (film) ν 3055, 2911, 2849, 1713, 1581, 1477, 1437, 

1174, 1166, 728, 691 cm
−1

. 

 

(E)-(4-methyl-3-(phenylthio)hepta-1,3-dien-2-yl)diphenylphosphine oxide (3ba-E) 

Yellow liquid (19 mg, 23% yield). TLC (Rf = 0.25, PET/EA = 1:1). 
1
H NMR 

(400 MHz, CDCl3) δ 7.65 (dd, J = 11.9, 7.3 Hz, 4H), 7.53 (dd, J = 7.5, 6.3 Hz, 2H), 7.43-7.39 (m, 

4H), 7.24 (t, J = 7.5 Hz, 2H), 7.17 (t, J = 7.3 Hz, 1H), 6.97 (d, J = 7.4 Hz, 2H), 5.83 (d, J = 9.9 Hz, 

1H), 5.76 (d, J = 30.5 Hz, 1H), 2.10 (dd, J = 8.6, 7.0 Hz, 2H), 2.00 (d, J = 3.1 Hz, 3H), 1.43-1.33 

(m, 2H), 0.88 (t, J = 7.3 Hz, 3H). 
13

C NMR (101 MHz, CDCl3) δ 151.9 (d, J = 6.3 Hz), 142.5 (d, J 

= 92.2 Hz), 135.6, 132.7, 132.0 (d, J = 9.8 Hz), 131.9, 131.6 (d, J = 2.8 Hz), 129.0, 128.6, 128.0 

(d, J = 12.1 Hz), 125.8, 122.5 (d, J = 7.9 Hz), 38.3, 21.8, 19.9, 14.2. 
31

P NMR (162 MHz, CDCl3) 

δ 28.1 (s). HRMS (ESI): ([M+H]
+
) Calcd for C26H28OPS: 419.1593, Found: 419.1589. IR (film) 

ν 3051, 2961, 2928, 1686, 1477, 1375, 1231, 1189, 1126, 1089, 1024, 973, 886, 745, 758 cm
−1

. 

 

(Z)-(4-methyl-3-(phenylthio)hepta-1,3-dien-2-yl)diphenylphosphine oxide (3ba-Z) 

Yellow liquid (13 mg, 15% yield). TLC (Rf = 0.32, PET/EA = 1:1). 
1
H NMR 

(400 MHz, CDCl3) δ 7.65 (dd, J = 11.8, 7.7 Hz, 4H), 7.52 (t, J = 7.3 Hz, 2H), 7.42-7.37 (m, 4H), 

7.28-7.24 (m, 2H), 7.18 (t, J = 7.2 Hz, 1H), 7.00 (d, J = 7.6 Hz, 2H), 5.97 (d, J = 18.0 Hz, 1H), 

5.81 (d, J = 38.0 Hz, 1H), 2.43-2.39 (m, 2H), 1.77 (d, J = 2.0 Hz, 3H), 1.29 (d, J = 9.4 Hz, 2H), 

0.85 (t, J = 7.3 Hz, 3H). 
13

C NMR (101 MHz, CDCl3) δ 151.6 (d, J = 6.7 Hz), 142.3 (d, J = 92.2 

Hz), 135.6, 132.9 (d, J = 8.9 Hz), 132.7, 132.1 (d, J = 9.8 Hz), 131.6 (d, J = 2.6 Hz), 129.0, 128.6, 

128.0 (d, J = 12.1 Hz), 125.9, 122.6 (d, J = 8.4 Hz), 38.0, 21.6, 20.9, 14.2. 
31

P NMR (162 MHz, 

CDCl3) δ 28.4 (s). IR (film) ν 2956, 2928, 2868, 2841, 1611, 1453, 1322, 1207, 1166, 1126, 1108, 

1061, 973, 951, 901, 865, 721 cm
−1

. 

 

(E)-diphenyl(4-phenyl-3-(phenylthio)penta-1,3-dien-2-yl)phosphine oxide (3ca-E) 

 Yellow liquid (49 mg, 54% yield). TLC (Rf = 0.25, PET/EA =1:1). 
1
H NMR 

(400 MHz, CDCl3) δ 7.49-7.28 (m, 15H), 7.20-7.11 (m, 3H), 6.87 (d, J = 7.5 Hz, 2H), 5.50 (d, J = 

40.8 Hz, 1H), 5.16 (d, J = 18.4 Hz, 1H), 2.48 (d, J = 2.4 Hz, 3H).
 13

C NMR (101 MHz, CDCl3) δ 
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151.1 (d, J = 6.6 Hz), 142.6, 141.7, 135.1, 134.0 (d, J = 11.0 Hz), 132.9, 131.9, 131.7 (d, J = 9.8 

Hz), 131.4 (d, J = 2.6 Hz), 129.0, 128.5, 128.1 (d, J = 5.4 Hz), 128.0, 127.1, 126.5 (d, J = 6.9 Hz), 

125.7, 24.4. 
31

P NMR (162 MHz, CDCl3) δ 28.4 (s). HRMS (ESI): ([M+H]
+
) Calcd for 

C29H26OPS: 453.1436, Found: 453.1432. IR (film) ν 2976, 2953, 2838, 1978, 1589, 1532, 1396, 

1297, 1188, 1119, 1078, 1035, 997, 968, 908, 790 cm
−1

. 

 

(Z)-diphenyl(4-phenyl-3-(phenylthio)penta-1,3-dien-2-yl)phosphine oxide (3ca-Z) 

 Yellow liquid (14 mg, 16% yield). TLC (Rf = 0.25, PET/EA =1:1). 
1
H NMR (400 

MHz, CDCl3) δ 7.75-7.70 (m, 4H), 7.57 (s, 2H), 7.44 (s, 4H), 7.28-7.19 (m, 6H), 7.02 (s, 4H), 

6.17 (d, J = 17.9 Hz, 1H), 6.00 (d, J = 37.2 Hz, 1H), 2.01 (s, 3H). 13C NMR (101 MHz, CDCl3) 

δ149.9 (d, J = 6.9 Hz), 142.2, 141.3, 135.33, 133.6 (d, J = 7.7 Hz), 132.1 (d, J = 9.9 Hz), 131.9 (d, 

J = 103.5 Hz), 131.8 (d, J = 2.6 Hz), 129.7, 128.6, 128.09 (d, J = 18.0 Hz), 128.06, 127.4, 127.3, 

126.2, 125.2 (d, J = 8.3 Hz), 24.0. 
31

P NMR (162 MHz, CDCl3) δ 28.5 (s). IR (film) ν 3051, 2983, 

2033, 1582, 1487, 1422, 1298, 1187, 1119, 1092, 1022, 909, 730, 703 cm
−1

. 

 

(E)-(4-(4-methoxyphenyl)-3-(phenylthio)penta-1,3-dien-2-yl)diphenylphosphine oxide 

(3da-E) 

 Yellow liquid (36 mg, 37% yield). TLC (Rf = 0.34, PET/EA =1:1). 
1
H 

NMR (400 MHz, CDCl3) δ7.46-7.39 (m, 8H), 7.30 (td, J = 7.6, 2.8 Hz, 4H), 7.19-7.10 (m, 3H), 

6.87-6.85 (m, 4H), 5.51 (d, J = 40.9 Hz, 1H), 5.20 (d, J = 18.4 Hz, 1H), 3.82 (s, 3H), 2.45 (d, J = 

2.6 Hz, 3H).
 13

C NMR (101 MHz, CDCl3) δ158.7, 150.9 (d, J = 6.5 Hz), 142.4 (d, J = 95.8 Hz), 

135.2, 134.9, 133.8 (d, J = 10.9 Hz), 132.5 (d, J = 102.9 Hz), 131.7 (d, J = 9.7 Hz), 131.4 (d, J = 

2.7 Hz), 129.8, 128.8, 128.3 (d, J = 41.0 Hz), 128.0, 125.8 (d, J = 6.8 Hz), 125.7, 113.4, 55.3, 24.4. 
31

P NMR (162 MHz, CDCl3) δ 28.3 (s). HRMS (ESI): ([M+Na]
+
) Calcd for C30H27O2NaPS: 

505.1367, Found: 505.1367. IR (film) ν 3056, 2971, 2933, 2829, 2029, 1607, 1508, 1450, 1400, 

1371, 1300, 1245, 1189, 1114, 1100, 1036, 958, 835, 723 cm
−1

. 

 

 

(Z)-(4-(4-methoxyphenyl)-3-(phenylthio)penta-1,3-dien-2-yl)diphenylphosphine oxide 

(3da-Z) 

 Yellow liquid (19 mg, 20% yield). TLC (Rf = 0.25, PET/EA =1:1). 
1
H NMR 

(400 MHz, CDCl3) δ
 
7.71 (dd, J = 11.9, 7.6 Hz, 4H), 7.56 (t, J = 7.3 Hz, 2H), 7.43 (td, J = 7.7, 2.6 

Hz, 4H), 7.26 (t, J = 7.6 Hz, 2H), 7.19 (t, J = 7.2 Hz, 1H), 6.99 (dd, J = 12.5, 8.1 Hz, 4H), 6.81 (d, 
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J = 8.6 Hz, 2H), 6.14 (d, J = 18.0 Hz, 1H), 5.98 (d, J = 37.4 Hz, 1H), 3.78 (s, 3H), 2.00 (d, J = 2.4 

Hz, 3H).
 13

C NMR (101 MHz, CDCl3) δ 158.8, 149.5 (d, J = 6.9 Hz), 141.9 (d, J = 91.2 Hz), 

135.5, 134.4, 133.5 (d, J = 7.9 Hz), 132.1 (d, J = 9.9 Hz), 132.0 (d, J = 103.4 Hz), 131.8 (d, J = 

2.6 Hz), 129.5, 128.8, 128.6, 128.1 (d, J = 12.1 Hz), 126.1, 124.6 (d, J = 8.2 Hz), 113.3, 55.2, 24.0. 
31

P NMR (162 MHz, CDCl3) δ 28.5 (s). IR (film) ν 2974, 2936, 2833, 2159, 1606, 1508, 1436, 

1297, 1243, 1167, 1115, 1032, 953, 831, 756, 720 cm
−1

. 

 

(E)-(4-(4-chlorophenyl)-3-(phenylthio)penta-1,3-dien-2-yl)diphenylphosphine oxide (3ea) 

 Yellow solids, m.p.: 83.6-85.1℃ (recrystallized from CH2Cl2/PET/EA = 1:1:1) 

(52 mg, 53% yield). TLC (Rf = 0.25, PET/EA = 1:1). 
1
H NMR (400 MHz, CDCl3) δ 7.47 (t, J = 

7.3 Hz, 2H), 7.43-7.38 (m, 6H), 7.35-7.28 (m, 6H), 7.21-7.13 (m, 3H), 6.89 (d, J = 7.4 Hz, 2H), 

5.51 (d, J = 40.6 Hz, 1H), 5.20 (d, J = 18.4 Hz, 1H), 2.45 (d, J = 2.7 Hz, 3H). 
13

C NMR (101 

MHz, CDCl3) δ 149.4 (d, J = 6.4 Hz), 142.2 (d, J = 95.2 Hz), 141.0, 134.8, 134.1 (d, J = 10.8 Hz), 

132.9 (d, J = 34.2 Hz), 131.6 (d, J = 9.7 Hz), 131.5 (d, J = 2.6 Hz), 130.0, 129.2, 128.6, 128.2 (d, J 

= 2.4 Hz), 128.1, 127.3 (d, J = 6.7 Hz), 125.9, 24.2. 
31

P NMR (162 MHz, CDCl3) δ 28.0 (s). 

HRMS (ESI): ([M+H]
+
) Calcd for C29H25OClPS: 487.1047, Found: 487.1042. IR (film) ν 3053, 

2912, 2849, 1581, 1478, 1438, 1277, 1176, 1116, 1022, 925, 856, 826, 722, 688 cm
−1

. 

 

(E)-(4-(4-fluorophenyl)-3-(phenylthio)penta-1,3-dien-2-yl)diphenylphosphine oxide (3fa) 

  Yellow solids, m.p.: 112.7-113.9℃(recrystallized from CH2Cl2/PET/EA = 1:1:1) 

(48 mg, 51% yield). TLC (Rf = 0.24, PET/EA = 1:1). 
1
H NMR (400 MHz, CDCl3) δ 7.49-7.38 (m, 

8H), 7.31 (dd, J = 13.0, 7.4 Hz, 4H), 7.20-7.12 (m, 3H), 7.02 (t, J = 8.5 Hz, 2H), 6.87 (d, J = 7.5 

Hz, 2H), 5.50 (d, J = 40.8 Hz, 1H), 5.18 (d, J = 18.4 Hz, 1H), 2.45 (s, 3H). 
13

C NMR (101 MHz, 

CDCl3) δ 162.0 (d, J = 246.2 Hz), 149.9 (d, J = 6.5 Hz), 142.2 (d, J = 95.3 Hz), 138.5, 134.9, 

134.0 (d, J = 11.1 Hz), 132.7, 131.6 (d, J = 9.8 Hz), 131.5 (d, J = 2.7 Hz), 130.3 (d, J = 7.9 Hz), 

129.1, 128.6, 128.2 (d, J = 12.2 Hz), 127.0 (d, J = 6.8 Hz), 125.9, 115.0 (d, J = 21.3 Hz), 24.4. 
31

P 

NMR (162 MHz, CDCl3) δ 28.2 (s). HRMS (ESI): ([M+H]
+
) Calcd for C29H25OFPS: 471.1342, 

Found: 471.1334. IR (film) ν 3049, 2957, 2917, 2848, 1581, 1506, 1436, 1235, 1219, 1175, 1151, 

1110, 1071, 1024, 943, 842, 745, 692 cm
−1

. 

 

(E)-diphenyl(3-(phenylthio)-4-(4-(trifluoromethyl)phenyl)penta-1,3-dien-2-yl)phosphine 

oxide (3ga) 
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 Yellow solids, m.p.: 133.9-135.3℃(recrystallized from CH2Cl2/PET/EA = 1:1:1) 

(51 mg, 49% yield). TLC (Rf = 0.13, PET/EA = 1:1). 
1
H NMR (400 MHz, CDCl3) δ 7.60-7.56 (m, 

4H), 7.47 (t, J = 7.1 Hz, 2H), 7.38-7.28 (m, 8H), 7.22-7.14 (m, 3H), 6.91 (d, J = 7.4 Hz, 2H), 5.51 

(d, J = 40.4 Hz, 1H), 5.16 (d, J = 18.3 Hz, 1H), 2.47 (d, J = 2.7 Hz, 3H). 
13

C NMR (101 MHz, 

CDCl3) δ 148.7 (d, J = 6.7 Hz), 146.4, 142.0 (d, J = 94.8 Hz), 134.5, 134.2 (d, J = 10.6 Hz), 132.6, 

131.7, 131.6, 129.5, 129.1, 128.6, 128.2, 128.1, 126.2, 125.0 (d, J = 3.7 Hz), 24.1. 
31

P NMR (162 

MHz, CDCl3) δ 27.9 (s). HRMS (ESI): ([M+H]
+
) Calcd for C30H25OF3PS: 521.1310, Found: 

521.1304. IR (film) ν 2929, 2867, 2839, 1686, 1612, 1476, 1406, 1322, 1182, 1152, 1110, 1062, 

1018, 984, 946, 865, 842, 773, 723 cm
−1

. 

 

(4-ethyl-3-(phenylthio)hexa-1,3-dien-2-yl)diphenylphosphine oxide (3ha) 

 Yellow liquid (43 mg, 52% yield). TLC (Rf = 0.33, PET/EA = 1:1). 
1
H NMR 

(400 MHz, CDCl3) δ 7.66 (dd, J = 11.7, 7.8 Hz, 4H), 7.52 (t, J = 7.3 Hz, 2H), 7.39 (t, J = 6.6 Hz, 

4H), 7.27 (t, J = 6.9 Hz, 2H), 7.19 (t, J = 7.2 Hz, 1H), 7.00 (d, J = 7.6 Hz, 2H), 5.98 (d, J = 17.9 

Hz, 1H), 5.82 (d, J = 37.4 Hz, 1H), 2.42 (q, J = 7.3 Hz, 2H), 2.09 (q, J = 7.3 Hz, 2H), 0.97 (t, J = 

7.4 Hz, 3H), 0.80 (t, J = 7.5 Hz, 3H). 
13

C NMR (101 MHz, CDCl3) δ 158.5 (d, J = 6.8 Hz), 141.9 

(d, J = 91.2 Hz), 135.4, 132.2, 132.1, 131.7 (d, J = 2.7 Hz), 129.1, 128.7, 128.0 (d, J = 12.2 Hz), 

126.0, 122.1 (d, J = 8.3 Hz), 26.7, 25.7, 13.8, 13.2 (d, J = 2.8 Hz). 
31

P NMR (162 MHz, CDCl3) δ 

28.6 (s). HRMS (ESI): ([M+Na]
+
) Calcd for C26H27ONaPS: 441.1412, Found: 441.1419. IR (film) 

ν 3053, 2986, 1568, 1462, 1422, 1289, 1178, 1124, 1118, 1035, 909, 725, 693 cm
−1

. 

 

(E)-(4-(4-chlorophenyl)-3-(phenylthio)hexa-1,3-dien-2-yl)diphenylphosphine oxide (3ia) 

 Yellow solids, m.p.: 158.7-160.1℃(recrystallized from CH2Cl2/PET/EA = 1:1:1) 

(53 mg, 55% yield). TLC (Rf = 0.28, PET/EA = 1:1). 
1
H NMR (400 MHz, CDCl3) δ 7.47 (t, J = 

7.2 Hz, 2H), 7.40-7.26 (m, 12H), 7.21-7.15 (m, 3H), 6.88 (d, J = 7.2 Hz, 2H), 5.52 (d, J = 40.3 Hz, 

1H), 5.23 (d, J = 18.3 Hz, 1H), 2.90 (q, J = 7.4 Hz, 2H), 1.00 (t, J = 7.5 Hz, 3H). 
13

C NMR (101 

MHz, CDCl3) δ 155.3 (d, J = 6.2 Hz), 141.8 (d, J = 94.8 Hz), 139.6, 134.8, 134.2 (d, J = 10.4 Hz), 

133.0, 132.8, 131.6 (d, J = 9.8 Hz), 131.5 (d, J = 2.6 Hz), 130.5, 129.2, 128.6, 128.2 (d, J = 5.5 

Hz), 128.1, 126.7 (d, J = 6.7 Hz), 126.0, 30.4, 12.8. 
31

P NMR (162 MHz, CDCl3) δ 27.0 (s). 

HRMS (ESI): ([M+H]
+
) Calcd for C30H27OClPS: 501.1203, Found: 501.1197. IR (film) ν 3058, 



S18 
 

2965, 2930, 2872, 1583, 1479, 1435, 1207, 1191, 1177, 1104, 1084, 1013, 951, 853, 816, 737, 718 

cm
−1

.  

 

(4,4-diphenyl-3-(phenylthio)buta-1,3-dien-2-yl)diphenylphosphine oxide (3ja) 

  Yellow solids, m.p.: 168.7-169.9℃(recrystallized from CH2Cl2/PET/EA = 1:1:1) 

(73 mg, 71% yield). TLC (Rf = 0.27, PET/EA = 1:1). 
1
H NMR (400 MHz, CDCl3) δ 7.49-7.45 (m, 

8H), 7.35-7.23 (m, 12H), 7.18-7.15 (m, 3H), 6.91 (d, J = 7.0 Hz, 2H), 5.79 (d, J = 40.0 Hz, 1H), 

5.40 (d, J = 18.3 Hz, 1H). 
13

C NMR (101 MHz, CDCl3) δ 153.4 (d, J = 6.7 Hz), 142.0 (d, J = 95.4 

Hz), 141.8, 135.7, 135.1 (d, J = 10.3 Hz), 132.8, 131.7 (d, J = 9.8 Hz), 131.4 (d, J = 2.4 Hz), 130.3, 

129.2 (d, J = 7.9 Hz), 128.7 (d, J = 7.2 Hz), 128.5, 128.03 (d, J = 3.4 Hz), 128.02 (d, J = 30.9 Hz), 

127.6 (d, J = 25.8 Hz), 125.7. 
31

P NMR (162 MHz, CDCl3) δ 28.3 (s). HRMS (ESI): ([M+Na]
+
) 

Calcd for C34H27ONaPS: 537.1412, Found: 537.1419. IR (film) ν 2929, 2878, 2839, 1489, 1444, 

1395, 1260, 1207, 1187, 1127, 1107, 1079, 1027, 976, 952, 905, 794, 771, 755, 725 cm
−1

. 

 

diphenyl(3-(phenylthio)buta-1,3-dien-2-yl)phosphine oxide (3ka) 

 Yellow liquid (24 mg, 33% yield). TLC (Rf = 0.34, PET/EA = 1:1). 
1
H NMR 

(400 MHz, CDCl3) δ 7.72 (dd, J = 11.9, 7.7 Hz, 4H), 7.59-7.55 (m, 2H), 7.51-7.46 (m, 4H), 

7.31-7.29 (m, 5H), 6.56 (d, J = 39.9 Hz, 1H), 6.11 (s, 1H), 5.63 (d, J = 19.7 Hz, 1H), 5.38 (s, 1H). 
13

C NMR (101 MHz, CDCl3) δ 140.9 (d, J = 91.0 Hz), 139.1 (d, J = 11.7 Hz), 134.0 (d, J = 9.7 

Hz), 133.0, 132.2, 132.0 (d, J = 2.6 Hz), 131.9 (d, J = 9.7 Hz), 131.4 (d, J = 104.5 Hz), 129.2, 

128.5 (d, J = 12.3 Hz), 127.8, 123.4 (d, J = 3.7 Hz). 
31

P NMR (162 MHz, CDCl3) δ 30.8 (s). 

HRMS (ESI): ([M+H]
+
) Calcd for C22H20OPS: 363.0967, Found: 363.0962. IR (film) ν 3056, 

2952, 2923, 2848, 1715, 1581, 1476, 1437, 1240, 1174, 1117, 1094, 1024, 907, 724, 690 cm
−1

. 

 

(4-methyl-3-(phenylsulfonyl)penta-1,3-dien-2-yl)diphenylphosphine oxide (3la) 

 Yellow liquid (53 mg, 64% yield). TLC (Rf = 0.27, PET/EA = 1:1). 
1
H NMR 

(400 MHz, CDCl3) δ 7.64 (dd, J = 11.9, 7.7 Hz, 4H), 7.51 (t, J = 7.4 Hz, 2H), 7.41-7.36 (m, 4H), 

7.22 (t, J = 7.5 Hz, 2H), 7.15 (t, J = 7.2 Hz, 1H), 7.00 (d, J = 7.7 Hz, 2H), 5.95 (d, J = 13.4 Hz, 

1H), 5.88 (d, J = 6.8 Hz, 1H), 2.49-2.46 (m, 2H), 2.28 (s, 2H), 1.67-1.53 (m, 4H). 
13

C NMR (101 

MHz, CDCl3) δ 160.6 (d, J = 7.0 Hz), 143.3 (d, J = 92.0 Hz), 135.6, 133.1 (d, J = 9.4 Hz), 132.1 

(d, J = 102.9 Hz), 132.0 (d, J = 9.8 Hz), 131.6 (d, J = 2.7 Hz), 128.7, 128.6, 128.0 (d, J = 12.2 Hz), 

125.7, 118.2 (d, J = 8.5 Hz), 33.8, 33.6, 26.9, 26.0. 
31

P NMR (162 MHz, CDCl3) δ 28.2 (s). 

HRMS (ESI): ([M+H]
+
) Calcd for C26H26OPS: 417.1436, Found: 417.1430. IR (film) ν 3057, 

2956, 2920, 2846, 1639, 1582, 1477, 1437, 1181, 1117, 1098, 907, 726, 691 cm
 −1

. 
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(3-cyclohexylidene-3-(phenylthio)prop-1-en-2-yl)diphenylphosphine oxide (3ma) 

Yellow liquid (52 mg, 61% yield). TLC (Rf = 0.28, PET/EA = 1:1). 
1
H NMR 

(400 MHz, CDCl3) δ 7.66 (dd, J = 11.9, 7.8 Hz, 4H), 7.52 (t, J = 7.4 Hz, 2H), 7.43-7.38 (m, 4H), 

7.26 (dd, J = 14.2, 6.6 Hz, 2H), 7.17 (t, J = 7.2 Hz, 1H), 6.99 (d, J = 7.8 Hz, 2H), 5.90 (d, J = 17.9 

Hz, 1H), 5.76 (d, J = 38.1 Hz, 1H), 2.58 (s, 2H), 2.25-2.22 (m, 2H), 1.53 (s, 4H), 1.35 (s, 2H). 
13

C 

NMR (101 MHz, CDCl3) δ 155.5 (d, J = 6.5 Hz), 142.1 (d, J = 92.3 Hz), 135.7, 132.6, 132.2, 

132.1 (d, J = 9.8 Hz), 131.7 (d, J = 2.6 Hz), 129.0, 128.6, 128.0 (d, J = 12.1 Hz), 125.8, 119.4 (d, J 

= 8.2 Hz), 33.2, 32.5, 28.2, 28.1, 26.3. 
31

P NMR (162 MHz, CDCl3) δ 28.2 (s). HRMS (ESI): 

([M+H]
+
) Calcd for C27H28OPS: 431.1593, Found: 431.1586. IR (film) ν 3057, 2923, 2849, 1644, 

1581, 1477, 1437, 1193, 1169, 1117, 1098, 925, 908, 726, 691 cm
−1

. 
 

(3-cycloheptylidene-3-(phenylthio)prop-1-en-2-yl)diphenylphosphine oxide (3na) 

 Yellow liquid (52 mg, 59% yield). TLC (Rf = 0.25, PET/EA = 1:1). 
1
H NMR 

(400 MHz, CDCl3) δ 7.64 (dd, J = 11.8, 7.8 Hz, 4H), 7.50 (t, J = 7.4 Hz, 2H), 7.40-7.36 (m, 4H), 

7.24 (t, J = 7.4 Hz, 2H), 7.16 (t, J = 7.2 Hz, 1H), 6.96 (d, J = 7.7 Hz, 2H), 5.86 (dd, J = 34.7, 28.2 

Hz, 2H), 2.62 (d, J = 4.0 Hz, 2H), 2.36 (t, J = 5.8 Hz, 2H), 1.53-1.48 (m, 6H), 1.36 (d, J = 4.4 Hz, 

2H). 
13

C NMR (101 MHz, CDCl3) δ 157.0 (d, J = 6.8 Hz), 142.0 (d, J = 92.0 Hz), 135.7, 132.64, 

132.55, 132.0 (d, J = 9.8 Hz), 131.6 (d, J = 2.5 Hz), 128.9, 128.6, 128.0 (d, J = 12.1 Hz), 125.8, 

122.0 (d, J = 7.8 Hz), 34.3, 33.6, 29.3, 28.5, 28.1, 27.4. 
31

P NMR (162 MHz, CDCl3) δ 28.6 (s). 

HRMS (ESI): ([M+H]
+
) Calcd for C28H30OPS: 445.1749, Found: 445.1742. IR (film) ν 3050, 

2921, 2850, 1581, 1506, 1477, 1436, 1194, 1175, 1163, 1112, 1098, 124, 942, 842, 736, 724, 691 

cm
−1

. 

 

(E)-(3-(3,4-dihydronaphthalen-1(2H)-ylidene)-3-(phenylthio)prop-1-en-2-yl)diphenylphosphi

ne oxide (3oa-E) 

  Yellow solids, m.p.: 145.3-146.6℃(recrystallized from CH2Cl2/PET/EA = 

1:1:1) (28 mg, 29% yield). TLC (Rf = 0.23, PET/EA = 1:1). 
1
H NMR (400 MHz, CDCl3) δ 8.02 

(d, J = 7.5 Hz, 1H), 7.58 (dd, J = 11.8, 7.8 Hz, 4H), 7.48 (t, J = 7.4 Hz, 2H), 7.37-7.33 (m, 4H), 

7.24-7.11 (m, 6H), 6.88 (d, J = 7.6 Hz, 2H), 5.66 (d, J = 40.3 Hz, 1H), 5.40 (d, J = 18.1 Hz, 1H), 

2.92 (s, 2H), 2.73 (t, J = 6.4 Hz, 2H), 1.90-1.83 (m, 2H). 
13

C NMR (101 MHz, CDCl3) δ 150.4 (d, 

J = 6.1 Hz), 142.9 (d, J = 95.4 Hz), 140.1, 136.0, 135.3, 133.7 (d, J = 10.9 Hz), 131.7 (d, J = 9.7 

Hz), 131.4 (d, J = 2.5 Hz), 130.3, 128.5 (d, J = 17.3 Hz), 128.2, 128.1, 127.5, 125.4 (d, J = 38.2 

Hz), 124.7 (d, J = 7.5 Hz), 31.0 (d, J = 10.9 Hz), 29.7, 23.5. 
31

P NMR (162 MHz, CDCl3) δ 28.3 

(s). HRMS (ESI): ([M+H]
+
) Calcd for C31H28OPS: 479.1593, Found: 479.1582. IR (film) ν 2929, 

2865, 1478, 1452, 1260, 1206, 1187, 1128, 1111, 1094, 1026, 974, 947, 922, 758, 735, 721 cm
−1

. 
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(Z)-(3-(3,4-dihydronaphthalen-1(2H)-ylidene)-3-(phenylthio)prop-1-en-2-yl)diphenylphosphi

ne oxide (3oa-Z) 

 Yellow solids, m.p.: 130.7-131.6℃(recrystallized from CH2Cl2/PET/EA = 1:1:1) 

(24 mg, 25% yield). TLC (Rf = 0.30, PET/EA = 1:1). 
1
H NMR (400 MHz, CDCl3) δ 7.70-7.6 (m, 

5H), 7.52 (t, J = 7.4 Hz, 2H), 7.39 (t, J = 7.1 Hz, 4H), 7.28 (d, J = 6.7 Hz, 2H), 7.20 (dd, J = 17.0, 

7.5 Hz, 2H), 7.09-7.01 (m, 4H), 6.13 (d, J = 17.7 Hz, 1H), 6.01 (d, J = 37.3 Hz, 1H), 2.58-2.50 (m, 

4H), 1.64 (p, J = 6.6 Hz, 2H). 
13

C NMR (101 MHz, CDCl3) δ 149.6 (d, J = 7.1 Hz), 142.1 (d, J = 

91.6 Hz), 140.1, 136.1, 135.5, 133.9 (d, J = 8.4 Hz), 132.0 (d, J = 9.8 Hz), 131.7 (d, J = 2.4 Hz), 

128.8 (d, J = 10.6 Hz), 128.5, 128.2, 128.1, 127.8, 125.9, 124.6, 122.0 (d, J = 8.5 Hz), 31.1, 29.0, 

22.7. 
31

P NMR (162 MHz, CDCl3) δ 28.2 (s). IR (film) ν 3050, 2928, 2861, 2839, 1583, 1475, 

1451, 1435, 1259, 1178, 1168, 1128, 1110, 1085, 1023, 955, 901, 790, 760, 734, 719 cm
−1

. 

 

(3-(dihydro-2H-pyran-4(3H)-ylidene)-3-(phenylthio)prop-1-en-2-yl)diphenylphosphine oxide 

(3pa) 

Yellow solids, m.p.: 86.6-87.8℃(recrystallized from CH2Cl2/PET/EA = 1:1:1) (48 

mg, 56% yield). TLC (Rf = 0.26, PET/EA = 1:1). 
1
H NMR (400 MHz, CDCl3) δ 7.66 (dd, J = 

11.8, 7.7 Hz, 4H), 7.54 (t, J = 7.4 Hz, 2H), 7.44-7.40 (m, 4H), 7.29-7.25 (m, 2H), 7.19 (t, J = 7.2 

Hz, 1H), 7.00 (d, J = 7.7 Hz, 2H), 5.94 (d, J = 17.8 Hz, 1H), 5.76 (d, J = 37.6 Hz, 1H), 3.61 (t, J = 

5.3 Hz, 2H), 3.41 (t, J = 5.3 Hz, 2H), 2.72 (d, J = 4.1 Hz, 2H), 2.36 (t, J = 5.1 Hz, 2H). 
13

C NMR
 

δ 149.3 (d, J = 6.5 Hz), 141.7 (d, J = 91.6 Hz), 135.0, 132.9 (d, J = 8.7 Hz), 132.1 (d, J = 9.8 Hz), 

131.9 (d, J = 2.6 Hz), 131.8 (d, J = 103.2 Hz), 129.3, 128.8, 128.1 (d, J = 12.2 Hz), 126.2, 121.9 

(d, J = 8.2 Hz), 68.6, 68.4, 33.9, 32.9. 
31

P NMR (162 MHz, CDCl3) δ 27.8 (s). HRMS (ESI): 

([M+Na]
+
) Calcd for C26H25O2NaPS: 455.1205, Found: 455.1211. IR (film) ν 3050, 2954, 2850, 

2834, 1581, 1472, 1435, 1377, 1287, 1238, 1193, 1166, 1116, 1092, 992, 960. 828, 744, 691 cm
−1

. 

 

(3-(dihydro-2H-thiopyran-4(3H)-ylidene)-3-(phenylthio)prop-1-en-2-yl)diphenylphosphine 

oxide (3qa) 

Dark brown solids, m.p.: 138.9-140.7℃(recrystallized from CH2Cl2/PET/EA = 

1:1:1) (76 mg, 85% yield). TLC (Rf = 0.24, PET/EA = 1:1). 
1
H NMR (400 MHz, CDCl3) δ 7.66 

(dd, J = 11.9, 7.8 Hz, 4H), 7.55 (t, J = 7.4 Hz, 2H), 7.45-7.41 (m, 4H), 7.29-7.25 (m, 2H), 7.20 (t, 

J = 7.2 Hz, 1H), 6.98 (d, J = 7.7 Hz, 2H), 5.88 (d, J = 17.9 Hz, 1H), 5.72 (d, J = 37.8 Hz, 1H), 

3.00-2.98 (m, 2H), 2.66-2.59 (m, 4H), 2.43 (dd, J = 7.0, 4.1 Hz, 2H). 
13

C NMR (101 MHz, CDCl3) 

δ 151.2 (d, J = 6.4 Hz), 141.8 (d, J = 91.5 Hz), 134.8, 132.4 (d, J = 8.9 Hz), 132.1 (d, J = 9.8 Hz), 
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131.9 (d, J = 2.7 Hz), 131.3, 129.4, 128.8, 128.2 (d, J = 12.2 Hz), 126.3, 123.1 (d, J = 8.0 Hz), 

34.9, 34.1, 30.5, 30.4. 
31

P NMR (162 MHz, CDCl3) δ 27.6 (s). HRMS (ESI): ([M+Na]
+
) Calcd 

for C26H25ONaPS2: 471.0977, Found: 471.0982. IR (film) ν 2916, 2851, 2159, 2029, 1977, 1719, 

1592, 1474, 1437, 1223, 1174, 1117, 1078, 940, 742, 728, 690 cm
−1

. 

 

(4-methyl-3-(p-tolylthio)penta-1,3-dien-2-yl)diphenylphosphine oxide (3ab) 

Yellow solids, m.p.: 124.7-125.8℃(recrystallized from CH2Cl2/PET/EA = 1:1:1) 

(50 mg, 62% yield). TLC (Rf = 0.27, PET/EA = 1:1). 
1
H NMR (400 MHz, CDCl3) δ

 
7.65 (dd, J = 

11.8, 7.7 Hz, 4H), 7.52 (t, J = 7.4 Hz, 2H), 7.42-7.38 (m, 4H), 7.05 (d, J = 7.9 Hz, 2H), 6.88 (d, J 

= 8.0 Hz, 2H), 5.82 (d, J = 18.1 Hz, 1H), 5.72 (d, J = 38.8 Hz, 1H), 2.32 (s, 3H), 2.02 (d, J = 3.1 

Hz, 3H), 1.75 (d, J = 2.2 Hz, 3H). 
13

C NMR (101 MHz, CDCl3) δ
 
147.1 (d, J = 6.7 Hz), 142.6 (d, 

J = 92.4 Hz), 135.8, 132.6, 132.4 (d, J = 9.5 Hz), 132.0 (d, J = 9.8 Hz), 131.9, 131.64 (d, J = 2.6 

Hz), 131.57, 129.4, 128.0 (d, J = 12.1 Hz), 122.7 (d, J = 7.8 Hz), 22.9, 22.5, 21.1. 
31

P NMR (162 

MHz, CDCl3) δ 28.3 (s). HRMS (ESI): ([M+H]
+
) Calcd for C25H26OPS: 405.1436, Found: 

405.1430. IR (film) ν 3076, 3053, 2922, 2851, 1490, 1436, 1200, 1173, 1116, 1100, 908, 807, 725, 

692 cm
−1

. 

 

(4-methyl-3-(o-tolylthio)penta-1,3-dien-2-yl)diphenylphosphine oxide (3ac) 

Yellow solids, m.p.: 88.6-89.7℃ (recrystallized from CH2Cl2/PET/EA = 1:1:1) 

(46 mg, 57% yield). TLC (Rf = 0.30, PET/EA = 1:1). 
1
H NMR (400 MHz, CDCl3) δ

 
7.59 (dd, J = 

11.8, 7.8 Hz, 4H), 7.49 (t, J = 7.4 Hz, 2H), 7.38-7.34 (m, 4H), 7.14-7.05 (m, 3H), 6.98 (d, J = 7.6 

Hz, 1H), 5.87 (t, J = 28.8 Hz, 2H), 2.03 (d, J = 2.7 Hz, 3H), 1.87 (s, 3H), 1.81 (s, 3H). 
13

C NMR 

(101 MHz, CDCl3) δ 148.9 (d, J = 6.8 Hz), 142.4 (d, J = 93.1 Hz), 136.5, 134.8, 133.0 (d, J = 9.7 

Hz), 132.7, 131.7 (d, J = 9.7 Hz), 131.6 (d, J = 2.7 Hz), 130.1, 128.1 (d, J = 12.1 Hz), 127.4, 125.6 

(d, J = 61.0 Hz), 121.3 (d, J = 7.4 Hz), 23.1, 22.6, 19.7. 
31

P NMR (162 MHz, CDCl3) δ 28.7 (s). 

HRMS (ESI): ([M+Na]
+
) Calcd for C25H25ONaPS: 427.1256, Found: 427.1261. IR(film) ν2984, 

2932, 1587, 1465, 1433, 1206, 1187, 1130, 1113, 940, 745, 715 cm
−1

. 

 

(4-methyl-3-(m-tolylthio)penta-1,3-dien-2-yl)diphenylphosphine oxide (3ad) 

Yellow solids, m.p.: 92.2-92.7℃(recrystallized from CH2Cl2/PET/EA = 1:1:1) 

(29 mg, 36% yield). TLC (Rf = 0.31, PET/EA = 1:1). 
1
H NMR (400 MHz, CDCl3) δ 7.65 (dd, J = 

11.8, 7.7 Hz, 4H), 7.52 (t, J = 7.4 Hz, 2H), 7.40 (dd, J = 7.4, 5.4 Hz, 4H), 7.13 (t, J = 7.6 Hz, 1H), 

6.97 (d, J = 7.5 Hz, 1H), 6.79 (d, J = 7.7 Hz, 1H), 6.72 (s, 1H), 5.80 (t, J = 28.0 Hz, 2H), 2.30 (s, 

3H), 2.03 (d, J = 3.0 Hz, 3H), 1.78 (s, 3H). 
13

C NMR (101 MHz, CDCl3) δ 147.6 (d, J = 6.5 Hz), 

142.7 (d, J = 92.5 Hz), 138.3, 135.3, 132.6, 132.5 (d, J = 9.6 Hz), 132.0 (d, J = 9.8 Hz), 131.6 (d, J 

= 2.4 Hz), 129.6, 128.4, 128.0 (d, J = 12.1 Hz), 126.7, 126.0, 122.4 (d, J = 7.9 Hz), 22.9, 22.5, 

21.4. 
31

P NMR (162 MHz, CDCl3) δ 28.3 (s). HRMS (ESI): ( [M+Na]
+
) Calcd for C25H25ONaPS: 
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427.1256, Found: 427.1262. IR(film) ν 3030, 2984, 2937, 2881, 1590, 1476, 1438, 1366, 1204, 

1185, 1170, 1112, 1079, 994, 940, 835, 754, 739 cm
−1

. 

 

(3-(mesitylthio)-4-methylpenta-1,3-dien-2-yl)diphenylphosphine oxide (3ae) 

Yellow solids, m.p.: 69.8-70.7℃(recrystallized from CH2Cl2/PET/EA = 1:1:1) 

(56 mg, 65% yield). TLC (Rf = 0.28, PET/EA = 1:1). 
1
H NMR (400 MHz, CDCl3) δ 7.65 (dd, J = 

11.5, 7.7 Hz, 4H), 7.51 (t, J = 7.4 Hz, 2H), 7.42-7.38 (m, 4H), 6.84 (s, 2H), 5.68 (d, J = 18.3 Hz, 

1H), 5.37 (d, J = 39.8 Hz, 1H), 2.27 (s, 3H), 2.22 (s, 6H), 2.03 (d, J = 3.3 Hz, 3H), 1.57 (d, J = 2.4 

Hz, 3H). 
13

C NMR (101 MHz, CDCl3) δ 142.7 (d, J = 90.9 Hz), 142.5, 140.2 (d, J = 6.5 Hz), 

137.5, 132.4 (d, J = 56.2 Hz), 132.1, 132.0, 131.7, 131.6 (d, J = 2.7 Hz), 129.1, 128.1 (d, J = 11.9 

Hz), 123.0 (d, J = 7.0 Hz), 23.2, 22.0, 21.7, 21.0. 
31

P NMR (162 MHz, CDCl3) δ 26.5 (s). HRMS 

(ESI): ([M+Na]
+
) Calcd for C27H29ONaPS: 455.1569, Found: 455.1576. IR (film) ν 2978, 2933, 

2864, 1600, 1488, 1435, 1366, 1205, 1180, 1130, 1029, 996, 972, 952, 747, 724 cm
−1

. 

 

(3-((4-methoxyphenyl)thio)-4-methylpenta-1,3-dien-2-yl)diphenylphosphine oxide (3af) 

Yellow solids, m.p.: 155.4-156.3℃(recrystallized from CH2Cl2/PET/EA = 

1:1:1) (62 mg, 74% yield). TLC (Rf = 0.23, PET/EA = 1:1). 
1
H NMR (400 MHz, CDCl3) δ 7.68 

(dd, J = 11.7, 7.6 Hz, 4H), 7.53 (t, J = 7.3 Hz, 2H), 7.44-7.39 (m, 4H), 6.94 (d, J = 8.6 Hz, 2H), 

6.79 (d, J = 8.6 Hz, 2H), 5.80 (d, J = 18.1 Hz, 1H), 5.61 (d, J = 38.9 Hz, 1H), 3.80 (s, 3H), 2.03 (d, 

J = 3.1 Hz, 3H), 1.72 (d, J = 2.1 Hz, 3H). 
13

C NMR (101 MHz, CDCl3) δ 158.4, 145.8 (d, J = 6.7 

Hz), 142.6 (d, J = 92.4 Hz), 132.6, 132.3 (d, J = 9.3 Hz), 132.0 (d, J = 9.7 Hz), 131.7, 131.6 (d, J 

= 2.7 Hz), 128.0 (d, J = 12.0 Hz), 126.1, 123. 7 (d, J = 7.8 Hz), 114.3, 55.3, 22.9, 22.4. 
31

P NMR 

(162 MHz, CDCl3) δ 27.8 (s). HRMS (ESI): ([M+H]
+
) Calcd for C25H26O2PS: 421.1386, Found: 

421.1379. IR (film) ν 2954, 2913, 2849, 1714, 1591, 1493, 1437, 1247, 1180, 1117, 1028, 907, 

829, 730, 694 cm
−1

. 

 

(3-((3-fluorophenyl)thio)-4-methylpenta-1,3-dien-2-yl)diphenylphosphine oxide (3ag) 

Yellow solids, m.p.: 81.7-82.6℃(recrystallized from CH2Cl2/PET/EA = 1:1:1) 

(59 mg, 72% yield). TLC (Rf = 0.27, PET/EA = 1:1). 
1
H NMR (400 MHz, CDCl3) δ 7.63 (dd, J = 

11.9, 7.7 Hz, 4H), 7.52 (t, J = 7.4 Hz, 2H), 7.42-7.37 (m, 4H), 7.16 (dd, J = 14.0, 8.0 Hz, 1H), 

6.85-6.80 (m, 1H), 6.70 (d, J = 7.8 Hz, 1H), 6.59 (d, J = 9.4 Hz, 1H), 5.84 (d, J = 21.0 Hz, 1H), 

5.77 (s, 1H), 2.04 (d, J = 2.9 Hz, 3H), 1.86 (d, J = 2.1 Hz, 3H). 
13

C NMR (101 MHz, CDCl3) δ 

162.7 (d, J = 247.7 Hz), 149.1 (d, J = 6.6 Hz), 142.8 (d, J = 92.7 Hz), 138.2 (d, J = 7.6 Hz), 132.8 

(d, J = 9.8 Hz), 131.91 (d, J = 102.9 Hz), 131.88 (d, J = 9.8 Hz), 131.7 (d, J = 2.7 Hz), 129.8 (d, J 

= 8.4 Hz), 128.1 (d, J = 12.1 Hz), 124.1 (d, J = 2.8 Hz), 121.7 (d, J = 7.8 Hz), 115.2 (d, J = 23.2 

Hz), 112.6 (d, J = 21.4 Hz), 23.0, 22.7. 
31

P NMR (162 MHz, CDCl3) δ 28.3 (s). HRMS (ESI): 

([M+H]
+
) Calcd for C24H23OFPS: 409.1186, Found: 409.1181. IR (film) ν 2981, 2935, 1661, 1598, 

1577, 1473, 1437, 1264, 1211, 1183, 1165, 1112, 1078, 1061, 996, 949, 876, 751, 724d cm
−1

. 
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(4-methyl-3-((4-nitrophenyl)thio)penta-1,3-dien-2-yl)diphenylphosphine oxide (3ah) 

Yellow solids, m.p.: 184.8-186.1℃(recrystallized from CH2Cl2/PET/EA = 

1:1:1) (52 mg, 60% yield). TLC (Rf = 0.25, PET/EA = 1:1). 
1
H NMR (400 MHz, CDCl3) δ 7.99 

(d, J = 8.7 Hz, 2H), 7.60 (dd, J = 11.9, 7.7 Hz, 4H), 7.48 (t, J = 7.4 Hz, 2H), 7.38-7.34 (m, 4H), 

6.98 (d, J = 8.7 Hz, 2H), 5.93 (d, J = 39.6 Hz, 1H), 5.72 (d, J = 18.2 Hz, 1H), 2.04 (d, J = 2.7 Hz, 

3H), 1.99 (d, J = 1.8 Hz, 3H). 
13

C NMR (101 MHz, CDCl3) δ 151.6 (d, J = 6.3 Hz), 146.2, 145.1, 

143.2 (d, J = 93.0 Hz), 133.1 (d, J = 10.7 Hz), 131.84 (d, J = 2.7 Hz), 131.75 (d, J = 9.8 Hz), 

131.7 (d, J = 102.9 Hz), 128.2 (d, J = 12.1 Hz), 127.0, 123.7, 120.1 (d, J = 7.3 Hz), 23.3, 23.0. 
31

P 

NMR (162 MHz, CDCl3) δ 28.2 (s). HRMS (ESI): ([M+H]
+
) Calcd for C24H23O3NPS: 436.1131, 

Found: 436.1126. IR (film) ν 3049, 2953, 2913, 2849, 1592, 1575, 1506, 1431, 1335, 1188, 1178, 

1113, 1088, 975, 853, 845, 768, 694 cm
−1

. 

 

(4-methyl-3-(thiophen-2-ylthio)penta-1,3-dien-2-yl)diphenylphosphine oxide (3ai) 

 Dark brown liquid (74 mg, 93% yield). TLC (Rf = 0.32, PET/EA = 1:1). 
1
H 

NMR (400 MHz, CDCl3) δ 7.76 (dd, J = 11.7, 7.7 Hz, 4H), 7.54 (t, J = 7.3 Hz, 2H), 7.47-7.44 (m, 

4H), 7.28 (d, J = 5.5 Hz, 1H), 6.92-6.89 (m, 1H), 6.78 (d, J = 3.4 Hz, 1H), 5.81 (d, J = 18.1 Hz, 

1H), 5.55 (d, J = 39.0 Hz, 1H), 2.07 (d, J = 3.1 Hz, 3H), 1.67 (d, J = 2.1 Hz, 3H).
 13

C NMR (101 

MHz, CDCl3) δ 145.4 (d, J = 6.4 Hz), 142.5 (d, J = 92.2 Hz), 134.6, 132.6 (d, J = 9.2 Hz), 132.2, 

132.1 (d, J = 9.7 Hz), 131.9 (d, J = 102.4 Hz), 131.8 (d, J = 2.6 Hz), 128.1 (d, J = 12.1 Hz), 127.9 

(d, J = 133.8 Hz), 124.8 (d, J = 7.6 Hz), 23.1, 22.4. 
31

P NMR (162 MHz, CDCl3) δ 27.3 (s). 

HRMS (ESI): ([M+H]
+
) Calcd for C22H22OPS2: 397.0844, Found: 397.0842. IR (film) ν 3058, 

2910, 2846, 1436, 1367, 1200, 1174, 1116, 1099, 907, 725, 692 cm
−1

. 

 

(4-methyl-3-((2-methylfuran-3-yl)thio)penta-1,3-dien-2-yl)diphenylphosphine oxide (3aj) 

 Brown liquid (55 mg, 70% yield). TLC (Rf = 0.31, PET/EA = 1:1). 
1
H NMR 

(400 MHz, CDCl3) δ 7.76 (dd, J = 11.3, 8.0 Hz, 4H), 7.54 (t, J = 7.2 Hz, 2H), 7.45 (t, J = 7.1 Hz, 

4H), 7.23 (s, 1H), 6.13 (s, 1H), 5.85 (d, J = 18.1 Hz, 1H), 5.52 (d, J = 39.1 Hz, 1H), 2.10 (s, 3H), 

2.03 (d, J = 2.1 Hz, 3H), 1.65 (s, 3H). 
13

C NMR (101 MHz, CDCl3) δ 153.5, 143.4 (d, J = 23.4 

Hz), 142.9 (d, J = 61.7 Hz), 140.3, 132.3 (d, J = 9.4 Hz), 132.1 (d, J = 102.2 Hz), 132.0 (d, J = 9.6 

Hz), 131.7 (d, J = 2.8 Hz), 128.1 (d, J = 12.0 Hz), 123.4, 114.4, 110.4, 23.1 (d, J = 1.8 Hz), 22.2, 

11.9. 
31

P NMR (162 MHz, CDCl3) δ 26.9 (s). HRMS (ESI): ([M+H]
+
) Calcd for C23H24O2PS: 

395.1229, Found: 395.1223. IR (film) ν 3051, 2954, 2922, 2850, 1747, 1723, 1437, 1377, 1160, 

1116, 909, 726, 693 cm
−1

. 
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(4-methyl-3-(pyridin-2-ylthio)penta-1,3-dien-2-yl)diphenylphosphine oxide (3ak) 

 Brown solids, m.p.: 86.1-86.9℃(recrystallized from CH2Cl2/PET/EA = 1:1:1) 

(43 mg, 55% yield). TLC (Rf = 0.23, PET/EA = 1:1). 
1
H NMR (400 MHz, CDCl3) δ 8.36 (d, J = 

4.4 Hz, 1H), 7.65 (dd, J = 11.6, 7.8 Hz, 4H), 7.49-7.34 (m, 7H), 6.95 (t, J = 7.5 Hz, 2H), 6.12 (d, J 

= 39.1 Hz, 1H), 5.90 (d, J = 18.3 Hz, 1H), 1.98 (s, 3H), 1.87 (s, 3H). 
13

C NMR (101 MHz, CDCl3) 

δ 159.1, 149.8 (d, J = 6.4 Hz), 149.5, 143.5 (d, J = 92.4 Hz), 136.1, 133.7 (d, J = 9.7 Hz), 132.0 (d, 

J = 9.8 Hz), 131.8 (d, J = 102.7 Hz), 131.7 (d, J = 2.7 Hz), 128.0 (d, J = 12.1 Hz), 122.2, 120.1 (d, 

J = 7.9 Hz), 119.6, 23.2, 22.8. 
31

P NMR (162 MHz, CDCl3) δ 28.6 (s). HRMS (ESI): ([M+H]
+
) 

Calcd for C23H23ONPS: 392.1232, Found: 392.1228. IR (film) ν 3056, 2910, 1574, 1437, 1417, 

1173, 1118, 1100, 908, 725, 693 cm
−1

. 

 

(3-(benzo[d]thiazol-2-ylthio)-4-methylpenta-1,3-dien-2-yl)diphenylphosphine oxide (3al) 

 Yellow solids, m.p.: 131.6-132.9℃(recrystallized from CH2Cl2/PET/EA = 

1:1:1) (61 mg, 68% yield). TLC (Rf = 0.26, PET/EA = 1:1). 
1
H NMR (400 MHz, CDCl3) δ 7.84 

(d, J = 8.1 Hz, 1H), 7.71 (dd, J = 11.9, 7.7 Hz, 5H), 7.49 (t, J = 7.4 Hz, 2H), 7.42-7.36 (m, 5H), 

7.29 (t, J = 7.6 Hz, 1H), 6.32 (d, J = 38.8 Hz, 1H), 5.94 (d, J = 18.2 Hz, 1H), 2.09 (d, J = 2.8 Hz, 

3H), 1.91 (d, J = 1.7 Hz, 3H). 
13

C NMR (101 MHz, CDCl3) δ 167.4, 154.0, 153.1 (d, J = 6.3 Hz), 

143.4 (d, J = 92.9 Hz), 135.4, 134.1 (d, J = 9.7 Hz), 132.1, 132.0, 131.9, 130.9, 128.3 (d, J = 12.1 

Hz), 126.0, 124.2, 121.3 (d, J = 92.8 Hz), 119.8 (d, J = 8.0 Hz), 23.4, 23.3. 
31

P NMR (162 MHz, 

CDCl3) δ 28.4 (s). HRMS (ESI): ([M+H]
+
) Calcd for C25H23ONPS2: 448.0953, Found: 448.0950. 

IR(film) ν 3054, 2954, 2915, 2849, 1454, 1424, 1183, 1114, 995, 751, 725, 691 cm
−1

. 

 

(3-(benzylthio)-4-methylpenta-1,3-dien-2-yl)diphenylphosphine oxide (3am) 

 Yellow liquid (42 mg, 52% yield). TLC (Rf = 0.29, PET/EA = 1:1). 
1
H NMR 

(400 MHz, CDCl3) δ
 7.86 (dd, J = 11.6, 7.5 Hz, 4H), 7.54 (d, J = 6.8 Hz, 2H), 7.47 (td, J = 7.6, 2.6 

Hz, 4H), 7.28-7.18 (m, 4H), 7.13 (d, J = 7.0 Hz, 2H), 6.19 (d, J = 18.0 Hz, 1H), 5.74 (d, J = 38.6 

Hz, 1H), 3.58 (s, 2H), 1.76 (d, J = 3.1 Hz, 3H), 1.60 (d, J = 2.3 Hz, 3H). 
13

C NMR (101 MHz, 

CDCl3) δ
 
144.0 (d, J = 41.0 Hz), 143.9, 143.3, 138.1, 132.3 (d, J = 9.3 Hz), 132.1 (d, J = 102.7 

Hz), 131.9 (d, J = 9.5 Hz), 131.7 (d, J = 2.7 Hz), 128.9, 128.3, 128.1 (d, J = 12.0 Hz), 126.8, 123.8 

(d, J = 7.7 Hz), 37.9, 22.8, 22.0. 
31

P NMR (162 MHz, CDCl3) δ 26.3 (s). HRMS (ESI): ([M+H]
+
) 

Calcd for C25H26OPS: 405.1442, Found: 405.1427. IR (film) ν 3059, 2932, 2851, 1484, 1453, 

1436, 1200, 1173, 1116, 909, 725, 693 cm
−1

. 
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10. 1H-NMR, 
13

C-NMR, 
31

P-NMR and HRMS spectra 
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20160826-23 #55-59 RT: 0.58-0.62 AV: 5 NL: 7.26E4
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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413.10960
R=39580

z=1
C24 H23 O Na P S = 413.10994

-0.83980 ppm

521.11291
R=35197

z=1
C30 H27 O Na P S 2 = 521.11331

-0.77738 ppm

911.23277
R=25707

z=1
C63 H37 O 4 Na P = 911.23217

0.65836 ppm

629.11603
R=31060

z=1
C35 H27 O 6 Na P S = 629.11582

0.33359 ppm
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20170117-7 #39-41 RT: 0.40-0.43 AV: 3 NL: 5.72E5

T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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C 46 H 52 O12 P S = 859.29116

0.94860 ppm
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20170117-26 #54-55 RT: 0.58-0.59 AV: 2 NL: 3.33E5

T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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a
n
c
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453.14323

R=37926

z=1

C 29 H 26 O P S = 453.14365

-0.92276 ppm



S33 
 

 

 

 

  



S34 
 

3da-E 

 

 

 

 

  



S35 
 

 

 

 

  

16 #20 RT: 0.21 AV: 1 NL: 4.56E5

T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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v
e
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u
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d
a
n
c
e

505.13666

R=36600

z=1

C 30 H 27 O2 Na P S = 505.13616

0.98826 ppm

987.28394

R=25700

z=1

153.13879

R=66200

z=1

269.07043

R=49500

z=1



S36 
 

3da-Z 

 

 

 

 

  



S37 
 

 

 

3ea (only E-) 

 

 

  



S38 
 

 

 

 

  



S39 
 

 

 

3fa (only E-) 

 

 

  

20170117-25 #35-36 RT: 0.38-0.39 AV: 2 NL: 3.84E5

T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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v
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a
n
c
e

487.10424

R=37043

z=1

C 29 H 25 O Cl P S = 487.10468

-0.90175 ppm



S40 
 

 

 

 

  



S41 
 

 

 

3ga (only E-) 

 

 

  

20161109-18 #29-30 RT: 0.33-0.34 AV: 2 NL: 5.71E4
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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m/z
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R
e
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ti
v
e
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b
u
n
d
a
n
c
e

471.13337
R=37686

z=1
C29 H25 O F P S = 471.13423

-1.82905 ppm

941.25883
R=26109

z=1
C70 H38 O 2 P = 941.26039

-1.66280 ppm



S42 
 

 

 

 

  



S43 
 

 

 

3ha 

 

 

  

20170117-10 #49-50 RT: 0.53-0.54 AV: 2 NL: 5.77E5

T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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m/z
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e
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v
e
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b
u
n
d
a
n
c
e

521.13043

R=35591

z=1

C 30 H 25 O F3 P S = 521.13103

-1.16343 ppm

663.45241

R=29979

z=1

C 35 H 68 O2 F3 Na P S = 663.45219

0.32881 ppm



S44 
 

 

 

 

  



S45 
 

 

 

3ia (only E-) 

 

 

  

15 #32 RT: 0.33 AV: 1 NL: 4.08E5

T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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v
e
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b
u
n
d
a
n
c
e

441.14185

R=38900

z=1

C 26 H 27 O Na P S = 441.14124

1.36417 ppm
859.29443

R=27900

z=1

270.08359

R=49800

z=2

C 13 H 19 O2 P S = 270.08379

-0.74393 ppm



S46 
 

 

 

 

  



S47 
 

 

 

3ja 

 

 

  

20170117-8 #43-44 RT: 0.47-0.48 AV: 2 NL: 6.14E5

T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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m/z
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R
e
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v
e
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u
n
d
a
n
c
e

501.11965

R=36248

z=1

C 18 H 30 O12 P S = 501.11901

1.27551 ppm



S48 
 

 

 

 

  



S49 
 

 

 

3ka 

 

 

  

19 #35 RT: 0.35 AV: 1 NL: 5.56E5

T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]

100 200 300 400 500 600 700 800 900 1000

m/z
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R
e
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v
e
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b
u
n
d
a
n
c
e

537.14191

R=35100

z=1

C 34 H 27 O Na P S = 537.14124

1.23399 ppm

791.71118

R=28700

z=2

318.08365

R=46200

z=2

C 17 H 19 O2 P S = 318.08379

-0.43978 ppm



S50 
 

 

 

 

  



S51 
 

 

 

3la 

 

 

  

20170117-9 #41 RT: 0.42 AV: 1 NL: 6.78E5

T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]

100 200 300 400 500 600 700 800 900 1000

m/z
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R
e
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ti
v
e
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b
u
n
d
a
n
c
e

363.09622

R=43000

z=1

C 22 H 20 O P S = 363.09670

-1.31391 ppm

471.09955

R=37700

z=1

C 27 H 20 O6 P = 471.09920

0.73666 ppm

725.18488

R=30300

z=1

C 48 H 31 O4 Na P = 725.18522

-0.47111 ppm



S52 
 

 

 

 

  



S53 
 

 

 

3ma 

 

 

  

20170117-24 #20 RT: 0.21 AV: 1 NL: 3.55E5

T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]

100 200 300 400 500 600 700 800 900 1000

m/z
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R
e
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ti
v
e
 A

b
u
n
d
a
n
c
e

417.14304

R=39800

z=1

C 26 H 26 O P S = 417.14365

-1.47022 ppm

855.26019

R=27600

z=1

C 47 H 47 O9 N Na P S = 855.26014

0.06730 ppm



S54 
 

 

 

 

  



S55 
 

 

 

3na 

 

 

  

20161109-13 #36-37 RT: 0.41-0.42 AV: 2 NL: 9.06E4
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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m/z
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R
e
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ti
v
e
 A

b
u
n
d
a
n
c
e

431.15863
R=37245

z=1
C27 H28 O P S = 431.15930

-1.55307 ppm

883.29131
R=26659

z=1
C65 H42 O N P = 883.29985

-9.66813 ppm

685.43437
R=29043

z=1
C47 H60 O N P = 685.44070

-9.23516 ppm



S56 
 

 

 

 

  



S57 
 

 

 

3oa-E 

 

 

  

20161109-25 #33 RT: 0.37 AV: 1 NL: 1.32E5
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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m/z
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R
e
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v
e
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b
u
n
d
a
n
c
e

445.17419
R=38800

z=1
C28 H30 O P S = 445.17495

-1.69588 ppm

911.32245
R=26700

z=1
C57 H54 O 4 N P S 2 = 911.32264

-0.20826 ppm



S58 
 

 

 

 

  



S59 
 

 

 

3oa-Z 

 

 

  

20161109-17 #26 RT: 0.29 AV: 1 NL: 1.47E5
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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m/z
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R
e
la

ti
v
e
 A

b
u
n
d
a
n
c
e

479.15820
R=37000

z=1
C31 H28 O P S = 479.15930

-2.28758 ppm



S60 
 

 

 

 

  



S61 
 

3pa 

 

 

 

 

  



S62 
 

 

 

 

  

10 #42-43 RT: 0.41-0.42 AV: 2 NL: 5.51E5

T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]

100 200 300 400 500 600 700 800 900 1000

m/z
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R
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v
e
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b
u
n
d
a
n
c
e

887.25320

R=26380

z=1
455.12110

R=38065

z=1

C 26 H 25 O2 Na P S = 455.12051

1.29316 ppm

547.15720

R=34097

z=1

979.28897

R=24581

z=1



S63 
 

3qa 

 

 

 

 

  



S64 
 

 

 

 

  

11 #30 RT: 0.30 AV: 1 NL: 1.07E6

T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]

100 200 300 400 500 600 700 800 900 1000

m/z
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e
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v
e
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b
u
n
d
a
n
c
e

919.20728

R=26700

z=1

471.09818

R=37100

z=1

C 26 H 25 O Na P S2 = 471.09766

1.08364 ppm



S65 
 

3ab 

 

 

 

 

  



S66 
 

 

 

 

  

20161109-26 #36-37 RT: 0.41-0.42 AV: 2 NL: 8.99E4
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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m/z
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R
e
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v
e
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b
u
n
d
a
n
c
e

405.14300
R=40214

z=1
C25 H26 O P S = 405.14365

-1.60495 ppm

831.26005
R=27144

z=1
C51 H46 O 4 N P S 2 = 831.26004

0.01489 ppm



S67 
 

3ac 

 

 

 

 

  



S68 
 

 

 

 

  

12 #43 RT: 0.41 AV: 1 NL: 8.06E5

T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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m/z
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v
e
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b
u
n
d
a
n
c
e

831.26300

R=27900

z=1427.12613

R=39100

z=1

C 25 H 25 O Na P S = 427.12559

1.25326 ppm

263.07574

R=50200

z=2



S69 
 

3ad 

 

 

 

 

  



S70 
 

 

 

 

  

17 #38 RT: 0.36 AV: 1 NL: 6.17E5

T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]

100 200 300 400 500 600 700 800 900 1000

m/z
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R
e
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ti
v
e
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b
u
n
d
a
n
c
e

831.26306

R=28000

z=1
427.12616

R=39000

z=1

C 25 H 25 O Na P S = 427.12559

1.32471 ppm

263.07574

R=50000

z=2

626.18591

R=32600

z=2

C 40 H 35 O P S2 = 626.18615

-0.37060 ppm



S71 
 

3ae 

 

 

 

 

  



S72 
 

 

 

 

  

18 #28 RT: 0.28 AV: 1 NL: 3.97E5

T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]

100 200 300 400 500 600 700 800 900 1000

m/z
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v
e
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b
u
n
d
a
n
c
e

887.32611

R=27200

z=1

455.15756

R=38500

z=1

C 27 H 29 O Na P S = 455.15689

1.46825 ppm

277.09158

R=48200

z=2186.22205

R=59200

z=1



S73 
 

3af 

 

 

 

 

  



S74 
 

 

 

 

  

20170117-18 #43 RT: 0.45 AV: 1 NL: 9.11E5

T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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m/z
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e
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a
n
c
e

421.13794

R=39800

z=1

C 25 H 26 O2 P S = 421.13856

-1.48248 ppm

863.24988

R=27800

z=1

C 44 H 48 O14 P S = 863.24969

0.21812 ppm



S75 
 

3ag 

 

 

 

 

  



S76 
 

 

 

 

  

20170117-11 #43-44 RT: 0.44-0.45 AV: 2 NL: 5.37E5

T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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e
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c
e

409.11808

R=38205

z=1

C 24 H 23 O F P S = 409.11858

-1.20706 ppm

839.21023

R=26803

z=1

C 45 H 41 O11 F P S = 839.20857

1.96917 ppm



S77 
 

3ah 

 

 

 

 

  



S78 
 

 

 

 

  

20170117-20 #37-38 RT: 0.40-0.41 AV: 2 NL: 4.80E5

T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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e
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c
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436.11260

R=38868

z=1

C 24 H 23 O3 N P S = 436.11308

-1.09528 ppm

871.21736

R=25999

z=1

C 45 H 44 O14 P S = 871.21839

-1.18477 ppm



S79 
 

3ai 

 

 

 

 

  



S80 
 

 

 

 

  

20170117-21 #44 RT: 0.46 AV: 1 NL: 1.80E5

T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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397.08423

R=40300

z=1

C 22 H 22 O P S2 = 397.08442

-0.48162 ppm

815.14252

R=28500

z=1

C 40 H 34 O14 N P S = 815.14321

-0.85400 ppm



S81 
 

3aj 

 

 

 

 

  



S82 
 

 

 

 

  

20170117-13 #31-32 RT: 0.32-0.33 AV: 2 NL: 1.64E6

T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]

100 200 300 400 500 600 700 800 900 1000

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
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c
e

395.12230

R=40046

z=1

C 23 H 24 O2 P S = 395.12291

-1.55761 ppm

811.21873

R=27074

z=1

C 41 H 43 O11 N Na P S = 811.21866

0.08483 ppm



S83 
 

3ak 

 

 

 

 

  



S84 
 

 

 

 

  

20170117-12 #43 RT: 0.43 AV: 1 NL: 1.54E6

T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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392.12283

R=40800

z=1

C 23 H 23 O N P S = 392.12325

-1.05793 ppm



S85 
 

3al 

 

 

 

 

  



S86 
 

 

 

 

  

20170117-14 #44-45 RT: 0.46-0.47 AV: 2 NL: 3.10E5

T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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c
e

448.09500

R=37665

z=1

C 25 H 23 O N P S2 = 448.09532

-0.71063 ppm



S87 
 

3am 

 

 

 

 

  



S88 
 

 

 

 

 

20161109-27 #30-31 RT: 0.34-0.35 AV: 2 SB: 29 0.01-0.04 , 0.75-1.02 NL: 7.51E4
T: FTMS {1,1}  + p ESI Full ms [100.00-1000.00]
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m/z
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d
a
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c
e

405.14273
R=38997

z=1
C25 H26 O P S = 405.14365

-2.26259 ppm
831.25958
R=25879

z=1
C51 H46 O 4 N P S 2 = 831.26004

-0.55257 ppm


