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1. General Remarks:

For product purification by flash column chromatography, silica gel (200~300 mesh) and n-hexane were
used. *H NMR spectra were recorded at 400 MHz in CDCls, 3C NMR spectra were recorded at 100
MHz in CDClI; and 3P NMR spectra were recorded at 162 MHz in CDCl; using TMS as an internal
standard. IR spectra were recorded on an FT-IR spectrometer and only major peaks were reported in
cmt. Melting points were determined on a microscopic apparatus and were uncorrected. All products
were further characterized by HRMS (high resolution mass spectra). Copies of the *H NMR and 3C
NMR spectra are provided. The starting materials, purchased from Aldrich, Alfa Aesar, Acros Organics,
J&K Chemicals or TCI, were used without further purification. 4A Molecular Sieves (Acros Organics
powder <50 micron). 5A Molecular Sieves (Alfa Aesar powder, 87955). 13X Molecular Sieves (Alfa
Aesar powder, A10378).

2. General Procedure for the oxidative cascade cyclization:

AgNO3 (0.5 equiv)

P an(NO3)2’6H20 (0.5 equiv)
_O N o 13X MS (30 mg)
\©\ ! +  HR-OE -
oS OFEt CH4CN, 80°C, Ar
o’ "o
1a 2a

In a tinfoil-covered Schlenk tube, N-((4-methoxyphenyl)sulfonyl)-N-methyl-3-phenylpropiolamide 1a
(0.2 mmol), diethyl phosphite 2a (0.4 mmol), AgNOs (0.1 mmol), and Zn(NOs),-6H.0 (0.1 mmol) were
added and charged with Ar more than three times. Anhydrous CH3;CN (2 mL) was added and the mixture
was allowed to stir at 80 °C for 24 h. When the reaction was considered complete, as determined by
TLC analysis, the mixture was diluted with CH2Cl, (15 mL) and transferred to a 25 mL round bottomed
flask. The solvent was removed under vacuo, and the residue was purified with chromatography column
on silica gel (n-hexane/ EtOAc = 2:1) to give the corresponding products 3a.

3. Preparation of Starting Materials:
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(@) For the synthesis of 4-methoxy-N-methylbenzenesulfonamide s-1a: To a stirred solution of 4-
methoxybenzenesulfonyl chloride (1.03 g, 5 mmol) and pyridine (0.59 g, 7.5 mmol) in CH,CI; (20
mL) was added methanamine (0.17 g, 5.5 mmol) at 0 °C. After 0.5 h, the reaction was reacted at
r.t. for more than 16 h. CHCl, was removed, and the reaction was quenched with saturated CuSO,
solvent (30 mL*3) and extracted with EtOAc (30 mL). The organic layer was washed with water,
brine, dried Na,SO., and concentrated to furnish the corresponding sulfamide 4-methoxy-N-



methylbenzenesulfonamide (0.95 g, 4.55 mmol) in 91% yield.

(a) For the synthesis of 1a: To a stirred solution of 4-methoxy-N-methylbenzenesulfonamide (1.01 g,
5 mmol) and EtsN (1.26 g, 12.5 mmol) in CH2Cl, (20 mL) was added 3-phenylpropioloyl chloride
(1.24 g, 7.5 mmol) at 0 °C. After 0.5 h, the reaction was reacted at r.t. overnight. CH,Cl, was
removed and the reaction was quenched with H,O (30 mL) and extracted with EtOAc (30 mL).
The organic layer was washed with brine, dried Na,;SQOs, and purified by a silica gel column
chromatography (n-hexane/EtOAc = 8:1) to give 1 (1.38 g, 4.2 mmol) in 84% yield.

4. References:

For substituted 3-phenylpropioloyl chloride, please see: K. Park, J.-M. You, S. Jeon, and S. Lee. Eur.
J. Org. Chem. 2013, 1973-1978.



5. The Crystal Structure of Product 3a (Figure 1):
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148 zhouzhzh 1P 1 21/n 1 R = 0.08 RES= 0 -125 X

Datablock: CCDC 1448314

Bond precision: C-C = 0.0051 A Wavelength=0. 71000
Cell: a=8.3931(6)  b=12.0705(7)  c=19.3724(10)

alpha=90 beta=95. 807 (5) gamma=90
Temperature: 295 K

Calculated Reported

Volume 1952.5(2) 1952.5(2)
Space group P 21/n P12l/n1
Hall group -P 2yn -P 2yn
Moiety formula C20 H22 N 05 P C20 H22 N 05 P
Sum formula C20 H22 N 05 P C20 H22 N 05 P
Mr 387. 36 387. 36
Dx, g cm—3 1. 318 1. 318
7 4 4
Mu (mm—1) 0. 169 0.171
F000 816. 0 816. 0
F000’ 816. 80
h, k, Imax 10, 14, 23 10, 14, 23
Nref 3841 3834
Tmin, Tmax 0. 966, 0. 975 0. 754, 1. 000
Tmin’ 0. 965
Correction method= # Reported T Limits: Tmin=0. 754
Tmax=1. 000 AbsCorr = MULTI-SCAN
Data completeness= 0. 998 Theta (max)= 25.990
R(reflections)= 0.0592( 2275) wR2 (reflections)= 0.1785( 3834)

S =1.034 Npar= 247




6. Characterization Data of Starting Materials 1a-1t:
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1H NMR (400 MHz, CDCls, § ppm): 3.52 (s, 3H), 3.86 (s, 3H), 6.97-6.99 (d, 2H, J = 9.2 Hz ), 7.37-7.41 (dd, 2H,
J1=7.2 Hz, J, = 14.8 Hz), 7.46-7.49 (dd, 1H, J; = 7.6 Hz, J; = 14.8 Hz),7.56-7.58 (d, 2H, J = 7.2 Hz), 7.95-7.97
(d, 2H, J = 9.6 Hz);

13C NMR (100 MHz, CDCls, 5 ppm): 33.3, 55.7, 81.5, 93.4, 114.1, 119.4, 128.6, 129.8, 130.4, 130.9, 132.7,
152.7, 163.9.
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14 NMR (400 MHz, CDCls, § ppm): 2.39 (s, 3H), 3.50 (s, 3H), 3.86 (s, 3H), 6.96-6.98 (d, 2H, J = 9.2 Hz), 7.19-
7.21(d, 2H, J = 8.0 Hz), 7.46-7.48 (d, 2H, J = 8.0 Hz), 7.94-7.96 (d, 2H, J = 8.8 Hz);

13C NMR (100 MHz, CDCls, & ppm): 21.7, 33.4, 55.7, 81.3, 94.1, 114.2, 116.4, 129.5, 130.0, 130.5, 132.8,
141.7,152.9, 163.9.
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1H NMR (400 MHz, CDCls, 5 ppm): 3.49 (s, 3H), 3.84 (s, 3H), 3.86 (s, 3H), 6.89-6.91 (d, 2H, J = 8.0 Hz), 6.96-
6.98 (d, 2H, J = 8.0 Hz), 7.52-7.54 (d, 2H, J = 8.0 Hz), 7.94-7.96 (d, 2H, J = 8.4 Hz);

13C NMR (100 MHz, CDCls, & ppm): 33.3, 55.4, 55.7, 81.3, 94.5, 111.2, 114.2, 114.4, 130.1, 130.4, 134.8,
152.9, 161.8, 163.9.
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1H NMR (400 MHz, CDCls, § ppm): 3.50 (s, 3H), 3.88 (s, 3H), 6.98-7.02 (m, 2H), 7.67-7.70 (m, 4H), 7.93-7.97
(m, 2H);



13C NMR (100 MHz, CDCls, & ppm): 33.3, 55.7, 82.9, 91.1, 114.3, 114.5, 121.9, 122.1, 123.3, 125.6, 125.6,
125.7,127.3,129.6, 130.4, 132.9, 152.2, 164.1.
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1H NMIR (400 MHz, CDCls, 6 ppm): 3.48 (s, 3H), 3.87 (s, 3H), 6.97-6.99 (d, 2H, J = 9.2 Hz), 7.37-7.39 (d, 2H, J
= 8.8 Hz), 7.50-7.52 (d, 2H, J = 8.4 Hz), 7.92-7.94 (d, 2H, J = 8.8 Hz);
13C NMR (100 MHz, CDCls, § ppm): 33.2, 55.7, 82.3, 92.1, 114.2, 118.0, 129.1, 129.9, 130.4, 133.9, 137.4,
152.4, 164.0.
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1H NMR (400 MHz, CDCls, & ppm): 3.49 (s, 3H), 3.87 (s, 3H), 6.97-6.99 (d, 2H, J = 8.8 Hz), 7.43-7.45 (d, 2H, J
= 8.4 Hz), 7.54-7.56 (d, 2H, J = 8.4 Hz), 7.93-7.95 (d, 2H, J = 8.8 Hz),

13C NMR (100 MHz, CDCls, § ppm): 33.3, 55.7, 82.4, 92.2, 114.2, 118.4, 125.8, 129.7, 130.4, 132.1, 134.0,
152.5, 164.0.
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1H NMR (400 MHz, CDCl3, 6 ppm): 2.63 (s, 3H), 3.51 (s, 3H), 3.88 (s, 3H), 6.98-7.01 (d, 2H, / = 9.2 Hz), 7.65-
7.68 (d, 2H, J = 8.4 Hz), 7.93-7.99 (m, 3H);
13C NMR (100 MHz, CDCls, 6 ppm): 26.6, 33.2, 55.7, 83.4, 91.7, 114.2, 123.9, 128.3, 129.5, 130.3, 132.7,

138.1,152.2, 164.0, 196.9.
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1H NMR (400 MHz, CDCls, § ppm): 3.46 (s, 3H), 3.88 (s, 3H), 6.98-7.00 (d, 2H, J = 9.2 Hz), 7.66-7.71 (dd, 2H,



J1=8.4 Hz, J,=12.8 Hz), 7.91-7.94 (d, 2H, J = 8.8 Hz);
13¢ NMR (100 MHz, CDCls, & ppm): 33.1, 55.7, 84.3, 90.4, 114.2, 114.3, 117.7, 124.3, 129.6, 130.3, 132.3,
133.0, 151.9, 164.1.
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1H NMR (400 MHz, CDCls, § ppm): 2.47 (s, 3H), 3.54 (s, 3H), 3.87 (s, 3H), 6.97-6.99 (d, 2H, J = 9.2 Hz), 7.18-
7.27 (m, 2H), 7.34-7.38 (m, 1H), 7.52-7.54 (d, 1H, J = 7.6 Hz), 7.95-7.97 (d, 2H, J = 8.8 Hz);
13C NMR (100 MHz, CDCls, 6 ppm): 20.6, 33.5, 55.7, 85.0, 92.8, 114.1, 119.3, 125.9, 129.8, 129.8, 130.6,
130.9, 133.3, 142.2,152.9, 163.9.
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1H NMR (400 MHz, CDCls, & ppm): 2.36 (s, 3H), 3.51 (s, 3H), 3.87 (s, 3H), 6.97-6.99 (d, 2H, J = 9.2 Hz), 7.28-
7.29 (m, 2H), 7.37-7.39 (d, 2H, J = 5.6 Hz), 7.94-7.98 (dd, 2H, J1 = 2.8 Hz, J> = 11.6 Hz);
13C NMR (100 MHz, CDCls, 6 ppm): 21.2, 33.4, 55.7, 81.2, 93.9, 114.2, 119.2, 128.6, 129.9, 129.9, 130.5,
131.9,133.2, 138.5, 152.8, 163.9.

2 \\O 1k

1H NMR (400 MHz, CDCls, § ppm): 3.56 (s, 3H), 3.81 (s, 3H), 6.92-6.94 (d, 2H, J = 9.2 Hz), 7.44-7.48 (t, 1H, J
= 8.0 Hz), 7.53-7.62 (m, 2H), 7.82-7.88 (m, 2H), 7.94-7.97 (m, 3H), 8.31-8.33 (d, 1H, J = 8.4 Hz);

13C NMR (100 MHz, CDCls, § ppm): 33.3, 55.6, 86.0, 92.3, 114.2, 117.1, 125.1, 125.7, 126.9, 127.8, 128.4,
129.9, 130.4, 131.6, 132.9, 133.0, 133.5, 152.7, 163.9.



1H NMR (400 MHz, CDCls, & ppm): 2.25 (s, 3H), 2.29 (s, 3H), 3.51 (s, 3H), 3.86 (s, 3H), 6.95-6.99 (m, 2H),
7.14-7.16 (d, 1H, J = 7.6 Hz), 7.31-7.34 (m, 2H), 7.94-7.98 (m, 2H);

13C NMR (100 MHz, CDCls, & ppm): 19.5, 20.0, 33.4, 55.7, 81.1,94.4, 114.1, 116.5, 129.9, 129.9, 130.4, 130.5,
133.6, 137.2, 140.6, 152.9, 163.9.
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1H NMR (400 MHz, CDCls, & ppm): 2.40 (s, 3H), 3.50 (s, 3H), 3.50 87(s, 3H), 6.89-7.00 (d, 2H, J = 8.8 Hz),
7.24-7.26 (d, 1H, J = 7.6 Hz), 7.36-7.38 (d, 1H, J = 7.6 Hz), 7.52 (s, 1H), 7.93-7.95 (d, 2H, J = 8.8 Hz);

13C NMR (100 MHz, CDCls, § ppm): 20.3, 33.3, 55.7, 81.7, 92.0, 114.2, 118.2, 129.6, 130.3, 130.8, 131.1,
132.7,134.5, 139.8, 152.4, 163.9.
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1H NMR (400 MHz, CDCls, 6 ppm): 1.43-1.46 (t, 3H, J = 6.8 Hz), 3.86 (s, 3H), 4.09-4.14 (dd, 2H, J; = 7.2 Hz, J;
= 14.0 Hz), 6.95-6.98 (d, 2H, J = 8.8 Hz), 7.37-7.40 (t, 2H, J = 7.2 Hz), 7.45-7.49 (d, 1H, J = 7.6 Hz), 7.53-7.55
(d, 2H, J = 7.2 Hz), 7.96-7.98 (d, 2H, J = 8.8 Hz);

13C NMR (100 MHz, CDCls, § ppm): 15.7, 43.0, 55.7, 81.5, 92.4, 114.0, 119.5, 128.7, 130.5, 130.8, 130.9,
132.7, 152.6, 163.8.

.
gohg
g N Ph

2N
7/ N 1r

O

1H NMR (400 MHz, CDCls, & ppm): 3.82 (s, 3H), 5.29 (s, 2H), 6.82-6.84 (d, 2H, J = 9.2 Hz), 7.33-7.36 (m, 5H),
7.42-7.45 (m, 5H), 7.67-7.69 (d, 2H, J = 9.2 Hz);

13C NMR (100 MHz, CDCls, & ppm): 50.4, 55.6, 81.7, 93.5, 113.7, 119.3, 128.0, 128.6, 130.0, 130.9, 131.0,
132.7,136.3, 152.9, 163.8.
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1H NMR (400 MHz, CDCls, 6 ppm): 3.65 (s, 3H), 3.93 (s, 2H), 7.14-7.17 (dd, 1H, J; = 2.4 Hz, J, = 9.2 Hz), 7.24-
7.25 (m, 1H), 7.37-7.41 (t, 2H, J = 7.2 Hz), 7.46-7.50 (t, 1H, J = 7.6 Hz), 7.54-7.56 (d, 2H, J = 7.2 Hz);
13C NMR (100 MHz, CDCls, & ppm): 34.4, 56.5, 80.9, 94.0, 110.7, 116.0, 119.0, 123.3, 126.9, 128.7, 131.2,
132.8,137.1, 149.4, 153.1, 164.2.
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1H NMR (400 MHz, CDCl3, & ppm): 3.53 (s, 3H), 7.38-7.42 (m, 2H), 7.46- 7.50 (m, 1H), 7.52-7.58 (m, 4H),
7.63-7.67 (m, 1H), 8.01-8.03 (d, 2H, J = 7.2 Hz)

13C NMR (100 MHz, CDCls, & ppm): 33.4, 81.4, 93.8, 119.3, 128.0, 128.7, 129.1, 131.0, 132.7, 134.0, 138.5,
152.7.



7. Characterization Data of Products 3a-3t:

diethyl (1-methyl-2,8-dioxo-4-phenyl-1-azaspiro[4.5]deca-3,6,9-trien-3-yl)phosphonate (3a): White Solid;
Melting Point: 130-132 °C; Eluent (n-hexane/EtOAc = 4:1);

'H NMR (400 MHz, CDCls, § ppm): 1.09-1.12 (t, 6H, J = 7.2 Hz), 2.88 (s, 3H), 3.99-4.13 (m, 4H), 6.43-6.53
(dd, 4H, J; = 10.0 Hz, J>=30.0 Hz), 7.21-7.23 (d, 2H, J = 7.2 Hz), 7.29-7.40 (m, 3H);

13C NMR (100 MHz, CDCls, 6 ppm): 16.0, 16.0, 26.0, 62.8, 62.9, 69.2, 69.4, 76.7, 77.0, 77.3, 127.9, 129.8,
129.9, 130.9, 130.9, 133.6, 143.5, 165.3, 165.4, 167.6, 167.8, 183.5;

31p NMR (162 MHz, CDCls, § ppm): 7.46;

IR (KBr): umax 3382, 3054, 2371, 1701, 1671, 1630, 1367, 1255, 1167, 1060, 970, 817, 732,573 cm;
HRMS (ESI) calcd for CaoH22N10sP1 [M+Na]* m/z 410.1122, found 410.1127.

3b: Pale Yellow Liquid; Eluent (n-hexane/EtOAc = 4:1);

1H NMR (400 MHz, CDCls, & ppm): 1.11-1.14 (t, 6H, J = 7.2 Hz), 2.34 (s, 3H), 2.88 (s, 3H), 4.00-4.14 (m, 4H),
6.44-6.53 (dd, 4H, J; = 10.4 Hz, J, = 26.4 Hz), 7.13 (s, 4H);

13C NMR (100 MHz, CDCls, 6 ppm): 15.9, 16.0, 21.2, 26.0, 62.9, 62.9, 69.1, 69.3, 126.9, 127.8, 128.6, 128.9,
133.5, 140.2, 143.7,165.8, 165.9, 167.7, 167.9, 183.6;

31p NMR (162 MHz, CDCls, 6§ ppm): 7.77;

IR (KBr): umax 2982, 2928, 2239, 1700, 1630, 1509, 1368, 1252, 1169, 1027, 976, 877, 834, 733,572 cm™};
HRMS (ESI) calcd for C21H24N10sP1 [M+Na]* m/z 424.1274, found 424.1278.
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3c: Pale Yellow Liquid; Eluent (n-hexane/EtOAc = 4:1);

14 NMR (400 MHz, CDCls, & ppm): 1.14-1.18 (t, 6H, J = 7.2 Hz), 2.87 (s, 3H), 3.80 (s, 3H), 4.01-4.17 (m, 4H),
6.46-6.54 (dd, 4H, J; = 10.4 Hz, J, = 20.8 Hz), 6.83-6.86 (d, 2H, J = 8.8 Hz), 7.26-7.28 (d, 2H, J = 9.2 Hz);

13C NMR (100 MHz, CDCls, 6 ppm):15.9, 16.0, 25.8, 55.1, 62.8, 62.8, 68.9, 69.0, 113.3, 122.9, 123.0, 126.1,
128.1,129.6, 129.6, 133.4, 143.9, 161.0, 165.4, 165.5, 167.7, 167.9, 183.5;

31p NMR (162 MHz, CDCls, 6 ppm): 8.03;

IR (KBr): umax 3049, 2982, 2932, 2841, 2241, 1698, 1630, 1510, 1384, 1253, 1181, 1057, 974, 877, 841,
734,571 cm’™%;

HRMS (ESI) calcd for C21H24N106P1 [M+Na]* m/z 440.1250, found 440.1243.

3d: Red Liquid; Eluent (n-hexane/EtOAc = 4:1);

1H NMR (400 MHz, CDCls, 6 ppm): 1.10-1.13 (t, 6H, J = 6.8 Hz), 2.91 (s, 3H), 4.04-4.16 (m, 4H), 6.46-6.55
(dd, 4H, J; = 10.4 Hz, J, = 26.4 Hz), 7.34-7.36 (d, 2H, J = 8.0 Hz), 7.60-7.62 (d, 2H, J = 8.0 Hz);

13C NMR (100 MHz, CDCls, 6 ppm):15.9, 15.9, 26.1, 63.0, 63.0, 69.1, 69.2, 122.1, 124.8, 124.8, 128.5, 128.5,
129.1,131.6,131.9,134.0, 134.5, 142.9, 163.4, 163.5, 167.1, 167.3, 183.1;

31p NMR (162 MHz, CDCls, 6§ ppm): 6.67;

IR (KBr): umax 2982, 2930, 2245, 1701, 1632, 1370, 1326, 1252, 1129, 1027, 977, 846, 571 cm™%;

HRMS (ESI) calcd for C21H21FsN10OsP1 [M+Na]* m/z 478.1049, found 478.1044.

3e

3e: Pale Yellow Solid; Melting point: 100-102 °C; Eluent (n-hexane/EtOAc = 4:1);

1H NMR (400 MHz, CDCls, 6 ppm): 1.14-1.17 (t, 6H, J = 7.2 Hz), 2.88 (s, 3H), 4.04-4.16 (m, 4H), 6.45-6.52
(dd, 4H, J; = 10.4 Hz, J, = 18.4 Hz), 7.18-7.20 (d, 2H, J = 8.4 Hz), 7.31-7.33 (d, 2H, J = 8.8 Hz);

13C NMR (100 MHz, CDCls, § ppm):16.0, 16.0, 26.0, 62.9, 63.0, 69.0, 69.2, 128.2,129.2,129.2, 129.3, 129.3,
130.3, 133.8, 136.2, 143.3, 164.0, 164.0, 167.3, 167.5, 183.2;

31p NMR (162 MHz, CDCls, § ppm): 7.09;

IR (KBr): umax 2983, 2930, 2241, 1702, 1671, 1631, 1489, 1368, 1251, 1169, 1092, 1054, 1026, 977, 876,
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841,732,572 cm;
HRMS (ESI) calcd for CaoH21CliN1OsP1 [M+Na]* m/z 444.0731, found 444.0733.

3f

3f: Brown Liquid; Eluent (n-hexane/EtOAc = 4:1);

1H NMR (400 MHz, CDCls, 6 ppm): 1.14-1.17 (t, 6H, J = 7.2 Hz), 2.88 (s, 3H), 4.04-4.16 (m, 4H), 6.46-6.52
(dd, 4H, J; = 10.4 Hz, J, = 15.6 Hz), 7.11-7.13 (d, 2H, J = 8.4 Hz), 7.47-7.49 (d, 2H, J = 8.4 Hz);

13C NMR (100 MHz, CDCls, 6 ppm):16.0, 16.0, 26.0, 62.9, 63.0, 68.9, 69.1, 124.5, 128.2, 129.5, 129.6, 129.6,
130.2,131.1, 133.8, 143.2, 164.0, 164.1, 167.3, 167.4, 183.2;

31p NMR (162 MHz, CDCls, & ppm): 7.06;

IR (KBr): umax 2981, 2929, 2242, 1701, 1632, 1485, 1368, 1251, 1168, 1027, 977, 876, 839, 734,572 cm™%;
HRMS (ESI) calcd for CaoH21BriN1OsP; [M+Na]* m/z 488.0239, found 488.0244.

3g: Pale Yellow Liquid; Eluent (n-hexane/EtOAc = 4:1);

1H NMR (400 MHz, CDCls, & ppm): 1.11-1.15 (t, 6H, J = 7.2 Hz), 2.60 (s, 3H), 2.90 (s, 3H), 4.03-4.16 (m, 4H),
6.45-6.56 (dd, 4H, J; = 10.0 Hz, J, = 33.6 Hz), 7.31-7.33 (d, 2H, / = 8.4 Hz), 7.91-7.93 (d, 2H, J = 8.4 Hz);

13C NMR (100 MHz, CDCls, 6§ ppm): 16.0, 16.0, 26.1, 26.6, 63.0, 63.0, 69.1, 69.2, 127.6, 128.3, 128.3, 128.6,
130.6, 133.9, 135.3,135.4, 137.7, 143.0, 164.1, 164.2, 167.2, 167.3, 183.1, 197.0;

31p NMR (162 MHz, CDCls, 6§ ppm): 6.77;

IR (KBr): umax 2982, 2929, 2243, 1702, 1631, 1366, 1266, 1168, 1026, 976, 878, 844, 731, 571 cm™%;
HRMS (ESI) calcd for C23H24N106P1 [M+Na]* m/z 452.1224, found 452.1229.
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3h

3h: Pale Yellow Liquid; Eluent (n-hexane/EtOAc = 4:1);

14 NMR (400 MHz, CDCls, & ppm): 1.13-1.17 (t, 6H, J = 7.2 Hz), 2.91 (s, 3H), 4.06-4.17 (m, 4H), 6.46-6.54
(dd, 4H, J; = 10.0 Hz, J, = 20.4 Hz), 7.33-7.35 (d, 2H, J = 8.4 Hz), 7.64-7.66 (d, 2H, J = 8.4 Hz);

13C NMR (100 MHz, CDCl3, 6 ppm): 16.0, 16.1, 26.1, 63.1, 63.1,69.0,69.1, 113.7, 117.7, 128.8, 128.8, 129.4,
131.4,131.6,134.1,135.4,135.4,142.7, 162.8, 162.9, 166.9, 167.0, 182.9;

31p NMR (162 MHz, CDCls, 6 ppm): 6.33;

IR (KBr): umax 2983, 2929, 2230, 1703, 1671, 1632, 1369, 1252, 1168, 1025, 977, 845, 734,572 cm™%;
HRMS (ESI) calcd for C21H21N20sP1 [M+Na]* m/z 435.1131, found 435.1133.

3i
3i: Pale Yellow Liquid; Eluent (n-hexane/EtOAc = 4:1);
H NMR (400 MHz, CDCls, & ppm): 1.04-1.08 (t, 3H, J = 6.8 Hz), 1.09-1.12 (t, 3H, J = 6.8 Hz), 2.24 (s, 3H), 2.92
(s, 3H), 3.84-3.89 (m, 1H), 4.02-4.13 (m, 3H), 6.30-6.33 (m, 1H), 6.48-6.51 (dd, 4H, J; = 2.0 Hz, J, = 10.0 Hz),
6.56-6.62 (m, 2H), 6.84-6.85 (d, 1H, J = 7.6 Hz); 7.07-7.11 (t, 1H, J = 7.2 Hz), 7.16-7.18 (d, 1H, J = 7.2 H2),
7.21-7.23 (m, 1H);
13C NMR (100 MHz, CDCls, 6 ppm): 16.0, 16.0, 26.1, 26.6, 63.0, 63.0, 69.1, 69.2, 127.6, 128.3, 128.3, 128.6,
130.6, 133.9, 135.3,135.4, 137.7, 143.0, 164.1, 164.2, 167.2, 167.3, 183.1, 197.0;
31p NMR (162 MHz, CDCls, 6§ ppm): 7.25;
IR (KBr): umax 2983, 2929, 2240, 1702, 1671, 1630, 1369, 1263, 1247, 1167, 1056, 1027, 976, 877, 821,
736,573 cm™;
HRMS (ESI) calcd for C21H24N10sP1 [M+Na]* m/z 424.1274, found 452.1280.
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3j: Pale Yellow Solid; Melting point: 92-94 °C; Eluent (n-hexane/EtOAc = 4:1);

14 NMR (400 MHz, CDCls, & ppm): 1.11-1.13 (t, 6H, J = 7.2 Hz), 2.32 (s, 3H), 2.88 (s, 3H), 3.97-4.15 (m, 4H),
6.44-6.53 (dd, 4H, J; = 10.4 Hz, J; = 36.0 Hz), 6.99-7.02 (m, 2H), 7.19-7.21 (d, 2H, J = 6.4 Hz);

13C NMR (100 MHz, CDCls, 6 ppm):16.0, 16.0, 21.3, 26.0, 62.8, 62.9, 69.2, 69.3, 124.8, 124.8, 127.4, 127.8,
128.5,129.4,130.7, 130.7, 130.8, 133.6, 137.6, 143.6, 165.6, 165.7, 167.7, 167.9, 183.6;

31p NMR (162 MHz, CDCls, 6 ppm): 7.67;

IR (KBr): umax 2983, 2925, 2242, 1703, 1628, 1511, 1369, 1254, 1169, 1027, 976, 877, 836, 734, 573 cm™};
HRMS (ESI) calcd for C21H24N10sP1 [M+Na]* m/z 424.1274, found 452.1277.

3k

3k: Pale Yellow Solid; Melting point: 94-96 °C; Eluent (n-hexane/EtOAc = 4:1);

H NMR (400 MHz, CDCls, & ppm): 0.81-0.84 (t, 3H, J = 6.4 Hz), 0.85-0.89 (t, 3H, J = 7.2 Hz), 2.97 (s, 3H),
3.73-3.85 (m, 2H), 3.89-3.99 (m, 2H), 6.04-6.07 (dd, 1H, J; = 1.6 Hz, J, = 6.0 Hz), 6.51-6.54 (m, 1H), 6.57-6.60
(m, 1H), 6.66-6.69 (m, 1H), 7.10-7.12 (m, 1H), 7.37-7.41 (t, 1H, J = 8.4 Hz), 7.49-7.52 (m, 1H), 7.68-7.70 (m,
1H), 7.83-7.85 (m, 1H);

13C NMR (100 MHz, CDCls, 6 ppm):15.7, 15.7, 15.8, 26.4, 62.6, 62.6, 62.7, 62.8, 70.7, 70.8, 123.9, 125.0,
125.8,125.8,126.2,126.8,128.0,128.5,129.8,131.0, 131.0, 133.0, 133.1, 134.1, 143.5, 143.5, 162.9, 163.0,
167.6, 167.8, 183.2;

31p NMR (162 MHz, CDCls, 6 ppm): 6.83;

IR (KBr): umax 2959, 2928, 2857, 2372, 1701, 1671, 1631, 1459, 1369, 1257, 1164, 1026, 976, 858, 784, 573
cm’L;

HRMS (ESI) calcd for Ca4H24N10sP1 [M+Na]* m/z 460.1273, found 460.1270.

3l: Pale Yellow Solid; Melting point: 104-106 °C; Eluent (n-hexane/EtOAc = 4:1);
1H NMR (400 MHz, CDCls, 6 ppm): 1.11-1.14 (t, 6H, J = 7.2 Hz), 2.22 (s, 3H), 2.24 (s, 3H), 2.87 (s, 3H), 4.00-
4.14 (m, 4H), 6.44-6.52 (dd, 4H, J; = 10.4 Hz, J, = 22.8 Hz), 6.96-6.98 (d, 2H, J = 7.6 Hz), 7.01 (s, 1H), 7.06-
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7.08 (d, 2H, J = 8.0 Hz);

13C NMR (100 MHz, CDCls, § ppm): 15.9, 16.0, 19.6, 19.6, 25.9, 62.7, 62.8, 69.0, 69.2, 125.1, 125.1, 126.7,
128.2,128.2,128.7,129.0, 129.0, 129.0, 133.4, 136.1, 138.9, 143.8, 165.9, 166.0, 167.7, 167.9, 183.7;

31p NMR (162 MHz, CDCls, 6 ppm): 7.88;

IR (KBr): umax 2979, 2927, 2869, 2239, 1700, 1670, 1630, 1449, 1386, 1368, 1253, 1164, 1056, 1026, 864,
734,573 cm’%;

HRMS (ESI) calcd for C22H26N10sP1 [M+Na]* m/z 438.1281, found 438.1280.

3m: Pale Yellow Solid; Melting point: 102-104 °C; Eluent (n-hexane/EtOAc = 4:1);

H NMR (400 MHz, CDCls, & ppm): 1.14-1.18 (t, 6H, J = 6.8 Hz), 2.36 (s, 3H), 2.88 (s, 3H), 4.05-4.17 (m, 4H),
6.46-6.53 (dd, 4H, J; = 10.4 Hz, J, = 14.0 Hz), 7.01-7.03 (d, 1H, J = 8.0 Hz), 7.18-7.21 (m, 2H);

13C NMR (100 MHz, CDCls, & ppm):15.9, 16.0, 19.9, 26.0, 62.9, 63.0, 69.0, 69.2, 126.0, 128.0, 128.4, 129.6,
129.7,130.0, 130.3, 133.8, 133.9, 138.1, 143.3, 163.7, 163.8, 167.3, 167.5, 183.3;

31p NMR (162 MHz, CDCls, 6 ppm): 7.14;

IR (KBr): umax 2981, 2928, 2866, 2242, 1702, 1671, 1631, 1368, 1250, 1169, 1054, 1026, 977, 861, 733,573

3n: Pale Yellow Liquid; Eluent (n-hexane/EtOAc = 4:1);

1H NMR (400 MHz, CDCls, & ppm): 2.89 (s, 3H), 3.63 (s, 3H), 3.66 (s, 3H), 6.45-6.53 (dd, 4H, J; = 10.0 Hz, J,
=25.2 Hz), 7.22-7.23 (d, 2H, J = 7.2 Hz), 7.33-7.40 (m, 3H),

13C NMR (100 MHz, CDCl;, 6 ppm): 26.1, 53.3, 53.3, 69.3, 69.4, 127.2, 127.8, 127.8, 128.0, 129.2, 130.1,
130.5, 130.6, 133.7, 143.3, 166.0, 166.0, 167.5, 167.7, 183.4;

31p NMR (162 MHz, CDCls, § ppm): 10.24;

IR (KBr): umax 2982, 2932, 2241, 1698, 1630, 1510, 1387, 1295, 1169, 1027, 976, 875, 834, 733,574 cm™;
HRMS (ESI) calcd for C1gH1sN10sP1 [M+Na]* m/z 382.0810, found 382.0815.
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30

30: Pale Yellow Liquid; Eluent (n-hexane/EtOAc = 4:1);

14 NMR (400 MHz, CDCls, & ppm): 1.08-1.10 (d, 3H, J = 6.4 Hz), 1.21-1.23 (d, 3H, J = 6.4 Hz), 1,34-1.35 (d,
3H, J = 6.0 Hz), 1.37-1.38 (d, 3H, J = 6.0 Hz), 2.88 (s, 3H), 4.73-4.84 (m, 2H), 6.42-6.45 (dd, 1H, J; = 10.0 Hz,
J;=34.4 Hz), 7.19-7.20 (d, 2H, J = 7.2 Hz), 7.29-7.37 (m, 4H);

13C NMR (100 MHz, CDCls, § ppm): 23.3, 23.4, 24.0, 24.1, 26.0, 69.0, 69.2, 71.9, 71.9, 72.9, 73.0, 127.7,
128.0, 128.0, 128.3, 129.6, 130.3, 131.1, 131.2, 133.5, 143.8, 164.7, 164.8, 167.6, 167.8, 183.6;

31p NMR (162 MHz, CDCls, § ppm): 5.35;

IR (KBr): umax 2980, 2932, 2240, 1698, 1632, 1515, 1387, 1295, 1165, 1027, 981, 834, 733,574 cm™%;
HRMS (ESI) calcd for C22H2sN10sP1 [M+Na]* m/z 438.1429, found 438.1434.

3q

3q: Pale Yellow Liquid; Eluent (n-hexane/EtOAc = 4:1);

1H NMR (400 MHz, CDCls, § ppm): 1.08-1.11 (t, 6H, J = 6.8 Hz), 1.19-1.22 (t, 3H, J = 6.8 Hz), 3.33-3.38 (m,
2H), 3.96-4.13 (m, 4H), 6.39-6.57 (dd, 4H, J; = 10.4 Hz, J, = 60.4 Hz), 7.19-7.21 (d, 2H, J = 7.2 Hz), 7.30-7.39
(m, 3H);

13C NMR (100 MHz, CDCl3, 6 ppm): 15.0, 15.9, 15.9, 36.0, 62.8, 62.89, 69.5, 69.7, 127.8, 127.9, 129.7, 130.8,
130.8, 133.0, 143.9, 165.0, 165.0, 167.5, 167.7, 183.6;

31p NMR (162 MHz, CDCls, 6 ppm): 7.68;

IR (KBr): umax 3385, 3052, 2369, 1701, 1697, 1629, 1392, 1255, 1170, 1053, 930, 842, 767, 573 cm%;
HRMS (ESI) calcd for C21H24N10sP1 [M+Na]* m/z 424.1277, found 424.1281.

3r: Yellow Liquid; Eluent (n-hexane/EtOAc = 4:1);
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1H NMR (400 MHz, CDCls, & ppm): 0.98-1.01 (t, 3H, J = 6.8 Hz), 1.07-1.10 (t, 3H, J = 7.2 Hz), 3.86 (s, 3H),
3.90-4.00 (m, 2H), 4.05-4.10 (m, 2H), 5.45 (s, 1H), 6.83-6.85 (d, 2H, J =9.2 Hz), 6.99-7.01 (m, 2H), 7.18-7.32
(m, 8H), 7.63-7.65 (d, 2H, J = 9.2 Hz);

13C NMR (100 MHz, CDCls, 6 ppm): 15.8, 15.9, 16.0, 16.1, 55.7, 63.0, 63.0, 63.3, 63.3, 95.3, 95.5, 113.8,
126.2,127.5,128.6,129.2, 129.8, 129.8, 130.9, 135.8, 164.0, 165.1, 171.5;

31p NMR (162 MHz, CDCls, 6 ppm): 6.60;

IR (KBr): umax 3384, 3056, 2389, 1701, 1674, 1631, 1354, 1249, 1167, 1057, 974, 732, 573 cm™%;

HRMS (ESI) calcd for C27H28N10sP1 [M+Na]* m/z 500.1609, found 500.1614.

Ph (I?
P OEt

N oEt

ITI O

3t

3t: Colorless Liquid; Eluent (n-hexane/EtOAc = 4:1);

14 NMR (400 MHz, CDCls, 6 ppm): 1.09-1.13 (t, 6H, J = 7.2 Hz), 2.88 (s, 3H), 3.99-4.13 (m, 4H), 6.43-6.52
(dd, 4H, J; = 10.0 Hz, J, = 26.8 Hz), 7.21-7.22 (d, 2H, J = 6.8 Hz), 7.30-7.38 (m, 3H);

13C NMR (100 MHz, CDCls, & ppm): 16.0, 16.0, 26.0, 62.8, 62.9, 69.2, 69.4, 127.9, 127.9, 129.9, 130.9, 130.9,
133.7, 143.6, 165.3, 165.3, 167.6, 167.8, 183.5;

IR (KBr): umax 3377, 3053, 2374, 1701, 1671, 1629, 1357, 1245, 1167, 970, 818, 733,574 cm™;

HRMS (ESI) calcd for CaoH22N104P1 [M+Na]* m/z 394.1225, found 394.1226.
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9. 'H NMR, ¥C NMR and 3P NMR Spectra of the Products 3a-3t:
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