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Experimental Section 

General Information 

1H and 13C NMR spectra were recorded on a Bruker AV-300 instrument (300/400 MHz and 

75/100 MHz, respectively) and internally referenced to Tetramethylsilane signal or residual 

protonated solvent signals. Data for 1H NMR are reported as follows: chemical shift (ŭ, ppm), 

multiplicity (s- singlet; d- doublet; t- triplet; q- quartet; m- multiplet), integration, coupling 

constant (Hz). Data for 13C NMR are reported in terms of chemical shift (ŭ, ppm). Perkin 

Elmer FT-IR Spectrometer was used to record infrared spectra and is reported in frequency 

of absorption. MS-TOF mass spectrometer and ESI mass spectrometer were used to record 

low resolution and high resolution mass spectra. Column chromatographic separations were 

carried out on silica gel (230ï400 mesh). High performance liquid chromatography (HPLC) 

analysis was performed on an Agilent 1220 Infinity LC instrument equipped with a quaternary 

pump, using a Chiralpak IA-IH, AS-H Column (250x4.6mm). UV absorption was monitored 

at 254 nm. 

Preparation of the catalysts: Catalyst I -VII was prepared according to known literature 

procedures (Figure S1).1 

 

Figure S1 The structure of catalysts used. 
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Preparation of the substrates: 

Synthesis of 3-alkylidene oxindole. 3-alkylidene oxindole were prepared by following the 

reported literature procedure (Scheme S1).2 

 

Scheme S1 Synthesis of 3-alkylidene oxindole. 

A mixture of 2-oxindole (10 mmol), acetophenone (12 mmol), and pyridine (20 mmol) in dry 

THF (20 ml) was stirred for 10 min followed by addition of titanium isopropoxide (30 mmol). 

The resulting mixture was stirred at room temperature for 15h. The reaction mixture was 

diluted with ethyl acetate and wash with 1N HCl, NaHCO3, and brine. The organic layer was 

dried over Na2SO4, concentrated, and purified by chromatography to provide intermediate A. 

Subsequently, the intermediate A in 50 ml of DCM was treated with Boc-anhydride (12 mmol), 

and DMAP (2 mmol) at 0 ̄C. The solution was then allowed to room temperature, and was 

stirred for 4h. After quenching with water, the reaction mixture was extracted with ethyl 

acetate. Organic phase was washed with water and brine, dried (MgSO4), and solvent was 

evaporated in vacuum. The residue was purified by flash chromatography on silica gel.  

Synthesis of Ŭ-ketophosphonates: a-ketophosphonates were prepared by following the 

reported literature procedure (Scheme S2).3 

In an oven dried round bottom flask fitted with a magnetic stir-bar, aryl chloride (1.1 equiv) 

was taken and cooled to 0 °C. Trialkyl phosphite (1.0 equiv) was added dropwise and the 

resulting reaction mixture was brought to 25 °C and stirred for 12 h. Reaction mixture was 

concentrated under vacuo and crude product was purified by vacuum distillation. 
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Scheme S2. Synthesis of a-ketophosphonates. 

Preparation of racemic aldol adducts 

In an oven and vacuum-dried reaction tube, catalyst I  (0.02 mmol, 0.2 equiv), Ŭ 

ketophosphonate 2 (0.1 mmol, 1.0 equiv) and 3-alkylidene oxindole 1 (0.2 mmol, 2.0 equiv) 

were taken in 1 mL of dried toluene under positive argon pressure.  In the resulting homogenous 

mixture, K2HPO4 (0.2 mmol, 2.0 equiv) was added at -20 ̄ C and it was kept at -20 ̄ C for 96 

hrs. The reaction mixture was directly processed for the purification by silica gel column 

chromatography (eluent: EtOAc/Petroleum ether = 4/6, v/v) without workup (Scheme S3). 

 

Scheme S3. Preparation of racemic aldol adducts. 
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General procedure for asymmetric vinylogous aldol products 

In an oven and vacuum-dried reaction tube, catalyst V (0.02 mmol, 0.2 equiv), Ŭ 

ketophosphonates 2 (0.1 mmol, 1.0 equiv) and 3-alkylidene oxindole 1 (0.2 mmol, 2.0 equiv) 

were taken in 1 mL of dried toluene under positive argon pressure.  In the resulting 

homogenous mixture, K2HPO4 (0.2 mmol, 2.0 equiv) was added at -20 ̄ C and it was kept at 

-20 ̄ C for 96 hrs. The reaction mixture was directly processed for the purification by silica 

gel column chromatography (eluent: EtOAc/Petroleum ether = 4/6, v/v) without any workup 

(Scheme S4). 

 

Scheme S4. General procedure for asymmetric vinylogous aldol products. 

 

tert-butyl (S, E)-3-(3-(diethoxyphosphoryl)-3-hydroxy-1,3-diphenylpropylidene)-2-

oxoindoline-1-carboxylate (3a):  In an oven and vacuum-dried 

reaction tube, catalyst V (11.9 mg, 0.02 mmol, 0.2 equiv), Ŭ 

ketophosphonate 2a (24.2 mg, 0.1 mmol, 1.0 equiv) and 3-alkylidene 

oxindole 1a (67.2 mg, 0.2 mmol, 2.0 equiv) were taken in 1 mL of 

freshly distilled toluene under positive argon pressure.  In the resulting 

homogenous mixture, K2HPO4 (34.6 mg, 0.2 mmol, 2.0 equiv) was 

added at -20 ̄ C and it was kept at -20 ̄ C for 96 h. The reaction mixture 

was directly processed for the purification by silica gel column chromatography (eluent: 

EtOAc/Petroleum ether = 4/6, v/v) without any workup to give light yellow solid 3a (47.2 mg, 

82% yield). Rf = 0.33 (ethyl acetate/petroleum ether = 4/6); The ee of the 3a was determined 

to be 99% [determined by HPLC, Chiralpak IC, hexane: isopropanol = 60:40, 1 mL/min, ɚ = 

254 nm, t (major) = 8.74 min, t (minor) = 8.13 min]. [Ŭ]25
D (3a) = -166.66º (c 0.13, CHCl3); 

1H NMR  (400 MHz, CDCl3) ŭ 7.77 (d, J = 7.88 Hz, 1H), 7.41-7.25 (m, 3H), 7.19-7.08 (m, 

2H), 7.08 ï 6.87 (m, 4H), 6.80-6.68 (m, 1H), 6.63 (t, J = 7.27 Hz, 1H), 6.26 (d, J = 6.19 Hz, 

1H), 6.01 (d, J = 7.45 Hz, 1H), 5.51 (s, 1H), 4.90 (dd, J = 12.4, 9.3 Hz, 1H), 4.44-4.22 (m, 2H), 

3.95 ï 3.73 (m, 1H), 3.60-3.37 (m, 2H), 1.66 (s, 9H), 1.46 (t, J = 6.86 Hz, 3H), 0.98 (t, J = 6.79 
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Hz, 3H); 13C NMR (101 MHz, CDCl3) ŭ 168.85, 155.82 (d, J = 16.85 Hz), 149.26, 141.89, 

138.41, 137.00, 129.02 , 128.42, 128.26, 128.09, 128.01, 127.50 (d, J = 2.9 Hz), 127.05 (d, J 

= 3.1 Hz), 126.51 (d, J = 4.6 Hz), 125.52, 123.76, 122.96 (d, J = 2.0 Hz), 114.48, 84.62, 79.41, 

64.19 (d, J = 7.32 Hz), 63.32 (d, J = 8.16 Hz), 43.21 (d, J = 9.06 Hz), 28.30 (d, J = 11.11 Hz), 

16.62 (d, J = 6.00 Hz), 16.26 (d, J = 5.42 Hz); 31P NMR (162 MHz, CDCl3) ŭ 21.69; HRMS 

ESI: [M+Na]+, Calcd for C32H36NNaO7P  600.2127; found 600.2120.  

tert-butyl (S, E)-3-(3-(4-chlorophenyl)-3-(diethoxyphosphoryl)-3-hydroxy-1-

phenylpropylidene)-2-oxoindoline-1-carboxylate (3b): In an 

oven and vacuum-dried reaction tube, catalyst V (11.9mg, 0.02 

mmol, 0.2 equiv), Ŭ-ketophosphonate 2b (27.6 mg, 0.1 mmol, 1.0 

equiv) and 3-alkylidene oxindole 1a (67.2 mg, 0.2 mmol, 2.0 

equiv) were taken in 1 mL of freshly distilled toluene under 

positive argon pressure.  In the resulting homogenous mixture, 

K2HPO4 (34.6 mg, 0.2 mmol, 2.0 equiv) was added at -20 ̄ C and 

it was kept at -20 ̄ C for 96 h. The reaction mixture was directly 

processed for the purification by silica gel column chromatography (eluent: EtOAc/Petroleum 

ether = 4/6, v/v) without any workup to give light yellow solid 3b (41.5 mg, 68% yield). Rf = 

0.33 (ethyl acetate/petroleum ether = 4/6); The ee of the 3b was determined to be 99% 

[determined by HPLC, Chiralpak IC, hexane: isopropanol = 60:40, 1 mL/min, ɚ = 254 nm, t 

(major) = 8.58 min, t (minor) = 16.22 min]. [Ŭ]25
D (3b) = -243.10º (c 0.12, CHCl3); 1H NMR  

(300 MHz, CDCl3) ŭ 7.77 (d, J = 8.20 Hz, 1H), 7.49 ï 7.28 (m, 3H), 7.25 ï 7.08 (m, 2H), 7.03 

(d, J = 7.46 Hz, 1H), 6.97 ï 6.77 (m, 3H), 6.65 (t, J = 7.70 Hz, 1H), 6.30 (d, J = 7.67 Hz, 1H), 

6.09 (d, J = 7.78 Hz, 1H), 5.58 (s, 1H), 4.89 (dd, J = 12.74, 8.72 Hz, 1H), 4.44 ï 4.22 (m, 2H), 

4.00 ï 3.77 (m, 1H), 3.69 ï 3.56 (m, 1H), 3.48 (dd, J = 12.67, 2.41 Hz, 1H), 1.66 (s, 9H), 1.46 

(t, J = 7.02 Hz, 3H), 1.03 (t, J = 7.03 Hz, 3H); 13C NMR (75 MHz, CDCl3) ŭ 168.93, 155.20 

(d, J = 16.64 Hz), 149.18, 141.77, 138.45, 136.01, 133.08 (d, J = 3.83 Hz), 129.19, 128.46, 

128.24, 128.17, 128.07, 128.05, 127.99, 127.21, 125.63, 123.86, 122.88 (d, J = 6.4 Hz), 114.55, 

84.74, 79.41, 64.27 (d, J = 7.33 Hz), 63.50 (d, J = 8.30 Hz), 43.52 (d, J = 8.69 Hz), 28.25, 

16.63 (d, J = 5.84 Hz), 16.35 (d, J = 5.38 Hz). 31P NMR (121 MHz, CDCl3) ŭ 21.17; HRMS 

ESI: [M+Na]+, Calcd for C32H35ClNNaO7P 634.1737; found 634.1732.  
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tert-butyl (S, E)-3-(3-(4-bromophenyl)-3-(diethoxyphosphoryl)-3-hydroxy-1-

phenylpropylidene)-2-oxoindoline-1-carboxylate (3c): In an oven 

and vacuum-dried reaction tube, catalyst V (11.9mg, 0.02 mmol, 0.2 

equiv), Ŭ-ketophosphonate 2c (31.9 mg, 0.1 mmol, 1.0 equiv) and 3-

alkylidene oxindole 1a (67.2 mg, 0.2 mmol, 2.0 equiv) were taken in 

1 mL of freshly distilled toluene under positive argon pressure.  In the 

resulting homogenous mixture, K2HPO4 (34.6 mg, 0.2 mmol, 2.0 

equiv) was added at -20 ̄ C and it was kept at -20 ̄ C for 96 h. The 

reaction mixture was directly processed for the purification by silica 

gel column chromatography (eluent: EtOAc/Petroleum ether = 4/6, v/v) without any workup 

to give light yellow solid 3c (45.8 mg, 70% yield). Rf = 0.34 (ethyl acetate/petroleum ether = 

4/6); The ee of the 3c was determined to be 98% [determined by HPLC, Chiralpak IC, hexane: 

isopropanol = 60:40, 1 mL/min, ɚ = 254 nm, t (major) = 9.13 min, t (minor) = 18.21 min]. 

[Ŭ]25
D (3c) = -184.02º (c 0.14, CHCl3); 1H NMR  (300 MHz, CDCl3) ŭ 7.77 (d, J = 8.20 Hz, 

1H), 7.44 ï 7.31 (m, 2H), 7.24 (d, J = 7.23 Hz, 2H), 7.17 ï 7.11 (m, 1H), 7.09 ï 6.99 (m, 3H), 

6.85 (t, J = 7.55 Hz, 1H), 6.65 (t, J = 7.72 Hz, 1H), 6.29 (d, J = 7.58 Hz, 1H), 6.10 (d, J = 7.89 

Hz, 1H), 5.58 (s, 1H), 4.89 (dd, J = 12.65, 8.36 Hz, 1H), 4.42 ï 4.24 (m, 2H), 3.97 ï 3.81 (m, 

1H), 3.74 ï 3.57 (m, 1H), 3.54 ï 3.41 (m, 1H), 1.66 (s, 9H), 1.46 (t, J = 7.03 Hz, 3H), 1.04 (t, 

J = 7.03 Hz, 3H); 13C NMR (75 MHz, CDCl3) ŭ 168.93, 155.16 (d, J = 16.61 Hz), 149.16, 

141.72, 138.43, 136.56, 130.49, 129.19, 128.40, 128.34, 128.32, 127.21, 125.63, 123.86, 

122.86 (d, J = 7.36 Hz), 121.41, 114.54, 84.74, 79.45, 64.30 (d, J = 7.39 Hz), 63.53 (d, J = 8.02 

Hz), 43.50 (d, J = 8.77 Hz), 28.24, 27.55, 16.48 (dd, J = 21.4, 5.5 Hz), 16.63 (d, J = 5.77 Hz), 

16.34 (d, J = 5.23 Hz). 31P NMR (121 MHz, CDCl3) ŭ 21.01.; HRMS ESI: [M+Na]+, Calcd 

for C32H35BrNNaO7P 678.1232; found 678.1234.  

tert-butyl (S, E)-3-(3-(diethoxyphosphoryl)-3-hydroxy-1-phenyl-3-(p-tolyl)propylidene)-

2-oxoindoline-1-carboxylate (3d):  In an oven and vacuum-dried 

reaction tube, catalyst V (11.9 mg, 0.02 mmol, 0.2 equiv), Ŭ-

ketophosphonate 2d (25.6mg, 0.1 mmol, 1.0 equiv) and 3-alkylidene 

oxindole 1a (67.2 mg, 0.2 mmol, 2.0 equiv) were taken in 1 mL of 

freshly distilled toluene under positive argon pressure.  In the resulting 

homogenous mixture, K2HPO4 (34.6mg, 0.2 mmol, 2.0 equiv) was 

added at -20 ̄ C and it was kept at -20 ̄ C for 96 h. The reaction mixture 

was directly processed for the purification by silica gel column chromatography (eluent: 
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EtOAc/Petroleum ether = 4/6, v/v) without any workup to give light yellow solid 3d (47.3 mg, 

80% yield). Rf = 0.33 (ethyl acetate/petroleum ether = 4/6); The ee of the 3d was determined 

to be 99% [determined by HPLC, Chiralpak ID, hexane: isopropanol = 65:35, 1 mL/min, ɚ = 

254 nm, t (major) = 6.04 min, t (minor) = 7.90 min].. [Ŭ]25
D (3d) = -240.51º (c 0.12, CHCl3); 

1H NMR  (400 MHz, CDCl3) ŭ 7.70 (d, J = 8.03 Hz, 1H), 7.23 (d, J = 6.89 Hz, 1H), 7.15 (d, J 

= 6.58 Hz, 2H), 7.11 ï 7.00 (m, 2H), 6.93 (d, J = 6.25 Hz, 1H), 6.79 ï 6.59 (m, 3H), 6.56 (t, J 

= 7.19 Hz, 1H), 6.18 (d, J = 6.50 Hz, 1H), 5.95 (d, J = 7.67 Hz, 1H), 5.35 (s, 1H), 4.91 ï 4.63 

(m, 1H), 4.39 ï 4.14 (m, 2H), 3.91 ï 3.69 (m, 1H), 3.54 ï 3.38 (m, 2H), 2.12 (s, 3H), 1.59 (s, 

9H), 1.38 (t, J = 6.48 Hz, 3H), 0.94 (t, J = 6.58 Hz, 3H); 13C NMR (101 MHz, CDCl3) ŭ 168.80, 

156.06 (d, J = 17.01 Hz), 149.29, 141.98, 138.41, 136.51, 134.00, 128.97, 128.36, 128.15, 

127.81 (d, J = 13.79 Hz), 126.98, 126.40 (d, J = 4.59 Hz), 125.59, 123.73, 122.98 (d, J = 6.67 

Hz), 114.47, 84.58, 79.37, 77.78, 64.19 (d, J = 7.26 Hz), 63.25 (d, J = 8.07 Hz), 43.52 (d, J = 

9.51 Hz), 28.25, 21.04, 16.62 (d, J = 6.00 Hz), 16.32 (d, J = 5.34 Hz); 31P NMR (162 MHz, 

CDCl3) ŭ 21.80; HRMS ESI: [M+Na]+, Calcd for C33H38NNaO7P 614.2284; found 614.2283.  

tert-butyl (S, E)-3-(3-(diethoxyphosphoryl)-3-hydroxy-3-(4-methoxyphenyl)-1-

phenylpropylidene)-2-oxoindoline-1-carboxylate (3e):     In an 

oven and vacuum-dried reaction tube, catalyst V (11.9 mg, 0.02 

mmol, 0.2 equiv), Ŭ ketophosphonate 2e (27.2 mg, 0.1 mmol, 1.0 

equiv) and 3-alkylidene oxindole 1a (67.2 mg, 0.2 mmol, 2.0 equiv) 

were taken in 1 mL of freshly distilled toluene under positive argon 

pressure.  In the resulting homogenous mixture, K2HPO4 (34.6mg, 

0.2 mmol, 2.0 equiv) was added at -20 ̄ C and it was kept at -20 ̄ C 

for 96 h. The reaction mixture was directly processed for the purification by silica gel column 

chromatography (eluent: EtOAc/Petroleum ether = 4/6, v/v) without any workup to give light 

yellow solid 3e (45.5 mg, 75% yield). Rf = 0.33 (ethyl acetate/petroleum ether = 4/6); The ee 

of the 3e was determined to be 99% [determined by HPLC, Chiralpak ID, hexane: isopropanol 

= 60:40, 1 mL/min, ɚ = 230 nm, t (major) = 7.14 min, t (minor) = 9.79 min]. [Ŭ]D25 (3e) = 

+21.23º (c 2.01, CHCl3); 1H NMR  (400 MHz, CDCl3) ŭ 7.98 (d, J = 7.18 Hz, 1H), 7.70 (d, J 

= 7.34 Hz, 1H), 7.22-7.14 (m, 2H), 7.10 ï 7.04 (m, 1H), 7.01-6.82 (m, 2H), 6.75 (s, 1H), 6.56 

(s, 1H), 6.42 (d, J = 5.60 Hz, 2H), 6.23 (d, J = 5.49 Hz, 1H), 5.96 (d, J = 7.04 Hz, 1H), 5.41 (s, 

1H), 4.78 (s, 1H), 4.35-4.17 (m, 2H), 3.84-3.76 (m, 2H), 3.63 (s, 3H), 3.49 (d, J = 9.91 Hz, 

1H), 1.59 (s, 9H), 1.41-1.33 (m, 3H), 1.01-0.88 (m, 3H); 13C NMR (101 MHz, CDCl3) ŭ 

170.41, 168.81, 163.90, 158.72, 155.99 (d, J = 16.71 Hz), 149.26, 142.05, 138.37, 132.35, 
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129.01 (d, J = 2.28 Hz), 128.40, 127.97, 127.70 (d, J = 3.94 Hz), 126.97, 125.58, 123.75, 

122.94 (d, J = 4.60 Hz), 114.47, 113.79, 112.97, 84.62, 79.35, 64.28 (d, J = 6.71 Hz), 63.34 (d, 

J = 8.02 Hz), 55.59, 55.34, 43.41, 28.23, 16.61 (d, J = 5.48 Hz), 16.35 (d, J = 5.03 Hz); 31P 

NMR  (162 MHz, CDCl3) ŭ 21.86; HRMS ESI: [M+Na]+, Calcd for C33H38NNaO8P 630.2233; 

found 630.2227.  

tert -butyl (S, E)-3-(3-(diethoxyphosphoryl)-3-(3-fluorophenyl)-3-hydroxy-1-

phenylpropylidene)-2-oxoindoline-1-carboxylate (3f): In an oven 

and vacuum-dried reaction tube, catalyst V (11.9 mg, 0.02 mmol, 0.2 

equiv), Ŭ-ketophosphonate 2f (26.0 mg, 0.1 mmol, 1.0 equiv) and 3-

alkylidene oxindole 1a (67.2 mg, 0.2 mmol, 2.0 equiv) were taken in 

1 mL of freshly distilled toluene under positive argon pressure.  In the 

resulting homogenous mixture, K2HPO4 (34.6 mg, 0.2 mmol, 2.0 

equiv) was added at -20 ̄ C and it was kept at -20 ̄ C for 96 h. The 

reaction mixture was directly processed for the purification by silica gel column 

chromatography (eluent: EtOAc/Petroleum ether = 4/6, v/v) without any workup to give light 

yellow solid 3f (32.7 mg, 55% yield). Rf = 0.34 (ethyl acetate/petroleum ether = 4/6); The ee 

of the 3f was determined to be 99% [determined by HPLC, Chiralpak ID, hexane: isopropanol 

= 60:40, 1 mL/min, ɚ = 254 nm, t (major) = 5.63 min, t (minor) = 8.35 min]. [Ŭ]25
D (3f) = -

123.33º (c 0.21, CHCl3); 1H NMR  (400 MHz, CDCl3) ŭ 7.78 (d, J = 7.25 Hz, 1H), 7.36 (s, 1H), 

7.24 ï 7.08 (m, 4H), 7.06 (s, 1H), 6.96 ï 6.77 (m, 2H), 6.66 (d, J = 7.33 Hz, 2H), 6.38 (s, 1H), 

6.08 (d, J = 7.00 Hz, 1H), 5.59 (s, 1H), 5.06 ï 4.77 (m, 1H), 4.32 (d, J = 2.81 Hz, 2H), 3.89 (d, 

J = 6.65 Hz, 1H), 3.63 (d, J = 4.55 Hz, 1H), 3.48 (d, J = 12.5 Hz, 1H), 1.67 (s, 9H), 1.46 (s, 

3H), 1.03 (s, 3H); 13C NMR (101 MHz, CDCl3) ŭ 168.80, 163.62, 161.19, 155.05 (d, J = 16.56 

Hz), 149.06, 141.56, 140.03 (d, J = 7.29 Hz), 138.33, 129.05, 128.75 (d, J = 5.09 Hz), 128.25, 

127.92, 127.09, 125.55, 123.71, 122.75 (d, J = 5.74 Hz), 122.22, 114.42, 113.84, 113.79, 

113.64, 113.60, 113.55, 84.58, 78.98, 64.12 (d, J = 7.41 Hz), 63.37 (d, J = 8.10 Hz), 43.16 (d, 

J = 8.39 Hz), 28.11, 16.50 (d, J = 5.86 Hz), 16.18 (d, J = 5.39 Hz).31P NMR (121 MHz, CDCl3) 

ŭ 21.06; HRMS ESI: [M+Na]+, Calcd for C32H35FNNaO7P 618.2033; found 618.2030.   
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 tert-butyl (S, E)-3-(3-(3-bromophenyl)-3-(diethoxyphosphoryl)-3-hydroxy-1-

phenylpropylidene)-2-oxoindoline-1-carboxylate (3g): In an oven 

and vacuum-dried reaction tube, catalyst V (11.9 mg, 0.02 mmol, 0.2 

equiv), Ŭ ketophosphonate 2g (31.9 mg, 0.1 mmol, 1.0 equiv) and 3-

alkylidene oxindole 1a (67.2 mg, 0.2 mmol, 2.0 equiv) were taken in 

1 mL of freshly distilled toluene under positive argon pressure.  In the 

resulting homogenous mixture, K2HPO4 (34.6 mg, 0.2 mmol, 2.0 

equiv) was added at -20 C̄ and it was kept at -20̄ C for 96 hrs. The 

reaction mixture was directly processed for the purification by silica gel column 

chromatography (eluent: EtOAc/Petroleum ether = 4/6, v/v) without any workup to give light 

yellow solid 3g (45.8 mg, 70% yield). Rf = 0.34 (ethyl acetate/petroleum ether = 4/6); The ee 

of the 3g was determined to be 99% [determined by HPLC, Chiralpak ID, hexane: isopropanol 

= 60:40, 1 mL/min, ɚ = 254 nm, t (major) = 5.64 min, t (minor) = 7.22 min]. [Ŭ]25
D (3g) = -

146.42º (c 0.08, CHCl3); 
1H NMR (300 MHz, CDCl3) ŭ 7.78 (d, J = 8.16 Hz, 1H), 7.54 (s, 1H), 

7.38 (t, J = 7.41 Hz, 1H), 7.30 (s, 1H), 7.23 ï 7.03 (m,  4H), 6.97 ï 6.75 (m, 2H), 6.65 (t, J = 

7.57 Hz, 1H), 6.39 (d, J = 7.75 Hz, 1H), 6.11 (d, J = 7.91 Hz, 1H), 5.61 (s, 1H), 4.89 (dd, J = 

12.73, 8.94 Hz, 1H), 4.44 ï 4.27 (m, 2H), 3.99 ï 3.85 (m, 1H), 3.75 ï 3.60 (m, 1H), 3.46 (dd, 

J = 12.67, 2.11 Hz, 1H), 1.67 (s, 9H), 1.46 (t, J = 7.05 Hz, 3H), 1.05 (t, J = 7.05 Hz, 3H).; 13C 

NMR (75 MHz, CDCl3) ŭ 168.98, 155.16 (d, J = 16.6 Hz), 149.16, 141.50, 139.69, 138.43, 

130.16 (d, J = 2.94 Hz), 129.72 (d, J = 4.15 Hz), 129.01, 128.60, 128.22 (d, J = 29.04 Hz), 

127.20, 125.67, 125.23 (d, J = 4.4 Hz), 123.84, 122.88, 122.83, 122.00, 114.57, 84.75, 79.29, 

64.35 (d, J = 7.40 Hz), 63.58 (d, J = 8.10 Hz), 43.21 (d, J = 8.50 Hz), 28.24, 16.63 (d, J = 5.72 

Hz), 16.32 (d, J = 5.37 Hz); 31P NMR (121 MHz, CDCl3) ŭ 20.98; HRMS ESI: [M+Na]+, 

Calcd for C32H35BrNNaO7P 678.1232; found 678.1227.  

tert-butyl (E)-3-(3-(dimethoxyphosphoryl)-3-hydroxy-1,3-diphenylpropylidene)-2-

oxoindoline-1-carboxylate (3i):  In an oven and vacuum-dried 

reaction tube, catalyst V (11.9 mg, 0.02 mmol, 0.2 equiv), Ŭ 

ketophosphonate 2i (31.9 mg, 0.1 mmol, 1.0 equiv) and 3-alkylidene 

oxindole 1a (67.2 mg, 0.2 mmol, 2.0 equiv) were taken in 1 mL of 

freshly distilled toluene under positive argon pressure.  In the resulting 

homogenous mixture, K2HPO4 (34.6 mg, 0.2 mmol, 2.0 equiv) was 

added at -20 C̄ and it was kept at -20̄ C for 96 hrs. The reaction 

mixture was directly processed for the purification by silica gel column chromatography 
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(eluent: EtOAc/Petroleum ether = 4/6, v/v) without any workup to give light yellow solid 3i 

(18.5 mg, 35 % yield). Rf = 0.3 (ethyl acetate/petroleum ether = 4/6); The ee of the 3i was 

determined to be 99% [determined by HPLC, Chiralpak ID, hexane: isopropanol = 60:40, 1 

mL/min, ɚ = 254 nm, t (major) = 5.91 min, t (minor) = 8.73 min]. [Ŭ]25
D (3i) = -154.42º (c 0.08, 

CHCl3); 1H NMR  (500 MHz, Chloroform-d) ŭ 7.75 (d, J = 8.2 Hz, 1H), 7.43 ï 7.31 (m, 3H), 

7.21 ï 7.10 (m, 2H), 7.08 ï 6.95 (m, 4H), 6.78 (t, J = 7.6 Hz, 1H), 6.66 (td, J = 7.7, 1.1 Hz, 

1H), 6.27 (d, J = 7.7 Hz, 1H), 6.04 (dd, J = 8.1, 1.3 Hz, 1H), 5.54 (s, 1H), 4.91 (dd, J = 12.8, 

9.0 Hz, 1H), 3.97 (d, J = 10.1 Hz, 3H), 3.59 (dd, J = 12.8, 2.9 Hz, 1H), 3.39 (d, J = 10.0 Hz, 

3H), 1.70 (s, 9H).; 13C NMR  (126 MHz, Chloroform-d) ŭ 148.93, 141.77, 138.29, 136.87, 

128.96, 128.18, 128.05, 128.00, 127.51, 127.49, 127.09, 127.06, 126.39, 126.35, 125.46, 

123.71, 122.93, 122.83, 114.39, 84.76, 79.43, 54.81, 53.87, 43.19, 43.11, 28.17.; 31P NMR 

(162 MHz, CDCl3) ŭ 21.79; HRMS ESI: [M+Na]+, Calcd for C30H32NNaO7P 572.1814; found 

572.1817. 

 tert -butyl (S, E)-3-(3-(diethoxyphosphoryl)-3-hydroxy-1,3-diphenylpropylidene)-5-

fluoro-2-oxoindoline-1-carboxylate (3k): In an oven and 

vacuum-dried reaction tube, catalyst V (11.9 mg, 0.02 mmol, 0.2 

equiv), Ŭ-ketophosphonate 2a (24.2 mg, 0.1 mmol, 1.0 equiv) and 

3-alkylidene oxindole 1b (70.6 mg, 0.2 mmol, 2.0 equiv) were 

taken in 1 mL of freshly distilled toluene under positive argon 

pressure.  In the resulting homogenous mixture, K2HPO4 (34.6 mg, 

0.2 mmol, 2.0 equiv) was added at -20 ̄ C and it was kept at -20 ̄ C for 96 h. The reaction 

mixture was directly processed for the purification by silica gel column chromatography 

(eluent: EtOAc/Petroleum ether = 4/6, v/v) without any workup to give light yellow solid 3k 

(41.6 mg, 70% yield). Rf = 0.33 (ethyl acetate/petroleum ether = 4/6); The ee of the 3k was 

determined to be 99% [determined by HPLC, Chiralpak ID, hexane: isopropanol = 60:40, 1 

mL/min, ɚ = 254 nm, t (major) = 5.62 min, t (minor) = 6.46 min]. [Ŭ]25
D (3k) = -224.47º (c 

0.33, CHCl3); 1H NMR  (300 MHz, CDCl3) ŭ 7.70 (dd, J = 9.98, 4.84 Hz, 1H), 7.27 (t, J = 7.61 

Hz, 3H), 7.08 (t, J = 7.49 Hz, 1H), 7.01 ï 6.83 (m, 4H), 6.81 ï 6.63 (m, 2H), 6.16 (d, J = 7.78 

Hz, 1H), 5.60 (dd, J = 9.73, 2.63 Hz, 1H), 5.35 (s, 1H), 4.83 (dd, J = 12.52, 9.20 Hz, 1H), 4.44 

ï 4.12 (m, 2H), 3.92 ï 3.67 (m, 1H), 3.61 ï 3.27 (m, 2H), 1.58 (s, 9H), 1.39 (t, J = 7.04 Hz, 

3H), 0.89 (t, J = 7.05 Hz, 3H); 13C NMR (75 MHz, CDCl3) ŭ 168.47, 160.67, 157.81, 157.58, 

157.48, 149.19, 141.26, 136.81, 134.44 (d, J = 2.08 Hz), 129.19, 128.41, 128.41, 128.24, 

127.93, 127.53, 127.90, 126.64, 125.32, 124.28 (d, J = 9.44 Hz), 115.66, 115.61, 115.55, 
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115.30, 110.28, 109.93, 84.74, 79.63, 64.18 (d, J = 7.3 Hz), 63.26 (d, J = 8.14 Hz), 43.30 (d, J 

= 9.11 Hz), 28.20 (s), 16.57 (d, J = 6.04 Hz), 16.22 (d, J = 5.36 Hz); 31P NMR (162 MHz, 

CDCl3) ŭ 21.54.; HRMS ESI: [M+Na]+, Calcd for C32H35FNNaO7P 618.2033; found 

618.2030.  

  tert-butyl (S, E)-5-chloro-3-(3-(diethoxyphosphoryl)-3-hydroxy-1,3-

diphenylpropylidene)-2-oxoindoline-1-carboxylate (3l): In an 

oven and vacuum-dried reaction tube, catalyst V (11.9 mg, 0.02 

mmol, 0.2 equiv), Ŭ-ketophosphonate 2a (24.2 mg, 0.1 mmol, 1.0 

equiv) and 3-alkylidene oxindole 1c (74.0 mg, 0.2 mmol, 2.0 

equiv) were taken in 1 mL of freshly distilled toluene under 

positive argon pressure.  In the resulting homogenous mixture, 

K2HPO4 (34.6 mg, 0.2 mmol, 2.0 equiv) was added at -20 ̄ C and it was kept at -20 ̄ C for 96 

h. The reaction mixture was directly processed for the purification by silica gel column 

chromatography (eluent: EtOAc/Petroleum ether = 4/6, v/v) without any workup to give light 

yellow solid 3l (31.8 mg, 52% yield). Rf = 0.33 (ethyl acetate/petroleum ether = 4/6); The ee 

of the 3l was determined to be 86% [determined by HPLC, Chiralpak ID, hexane: isopropanol 

= 60:40, 1 mL/min, ɚ = 254 nm, t (major) = 12.66 min, t (minor) = 21.21 min]. [Ŭ]25
D (3l) = -

243.80º (c 0.27, CHCl3); 1H NMR  (400 MHz, Chloroform-d) ŭ 8.14 ï 8.06 (m, 1H), 7.74 (d, J 

= 8.7 Hz, 1H), 7.47 (t, J = 7.8 Hz, 1H), 7.36 (d, J = 7.3 Hz, 3H), 7.15-7.18 (m, 1H), 7.09 (dd, 

J = 8.7, 2.2 Hz, 1H), 7.01 ï 6.95 (m, 3H), 6.79 (t, J = 7.7 Hz, 1H), 6.24 (d, J = 7.7 Hz, 1H), 

5.91 (s, 1H), 4.89 (dd, J = 12.6, 9.2 Hz, 1H), 4.41 ï 4.24 (m, 2H), 3.89 ï 3.76 (m, 1H), 3.59 

(dd, J = 12.6, 2.7 Hz, 1H), 3.49 (m, 1H), 1.66 (s, 9H), 1.46 (t, J = 7.1 Hz, 3H), 0.98 (t, J = 7.1 

Hz, 3H).; 13C NMR (101 MHz, CDCl3) ŭ 167.02, 156.75 (d, J = 16.82 Hz), 147.95, 140.13, 

135.66, 128.09 (d, J = 3.19 Hz), 127.54, 127.29, 127.07, 126.77, 126.38 (d, J = 2.54 Hz), 

126.00 (d, J = 3.01 Hz), 125.34, 125.29, 125.11, 124.18, 123.21, 121.86, 114.47, 83.76, 78.24, 

76.64 (s), 63.04 (d, J = 7.3 Hz), 62.12 (d, J = 8.15 Hz), 42.15 (d, J = 9.17 Hz), 27.06, 15.42 (d, 

J = 6.03 Hz), 15.08 (d, J = 5.38 Hz). 31P NMR (162 MHz, CDCl3) ŭ 21.52; HRMS ESI: 

[M+Na]+, Calcd for C32H35ClNNaO7P 634.1737; found 634.1730.  
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 tert-butyl (S, E)-3-(3-(diethoxyphosphoryl)-3-hydroxy-1,3-diphenylpropylidene)-5-

methyl-2-oxoindoline-1-carboxylate (3m): In an oven and 

vacuum-dried reaction tube, catalyst V (11.9 mg, 0.02 mmol, 0.2 

equiv), Ŭ-ketophosphonate 2a (24.2 mg, 0.1 mmol, 1.0 equiv) and 

3-alkylidene oxindole 1d (70.0 mg, 0.2 mmol, 2.0 equiv) were taken 

in 1 mL of freshly distilled toluene under positive argon pressure.  

In the resulting homogenous mixture, K2HPO4 (34.6 mg, 0.2 mmol, 

2.0 equiv) was added at -20 ̄ C and it was kept at -20 ̄ C for 96 h. The reaction mixture was 

directly processed for the purification by silica gel column chromatography (eluent: 

EtOAc/Petroleum ether = 4/6, v/v) without any workup to give light yellow solid 3m (46.1 mg, 

78% yield). Rf = 0.33 (ethyl acetate/petroleum ether = 4/6); The ee of the 3m was determined 

to be 99% [determined by HPLC, Chiralpak ASH, hexane: isopropanol = 95:05, 0.5ml mL/min, 

ɚ = 254 nm, t (major) = 13.62 min, t (minor) = 10.94 min]. [Ŭ]25
D (3m) = -182.27º (c 0.22, 

CHCl3); 1H NMR  (400 MHz, CDCl3) ŭ 7.64 (d, J = 7.81 Hz, 1H), 7.46-7.35 (m, 2H), 7.29-

7.22 (m, 1H), 7.14 (s, 1H), 7.06-6.89 (m, 5H), 6.75 (s, 1H), 6.22 (s, 1H), 5.74 (s, 1H), 5.50 (s, 

1H), 4.98 ï 4.82 (m, 1H), 4.41-4.22 (m, 2H), 3.82 (d, J = 6.69 Hz, 1H), 3.55 (d, J = 12.63 Hz, 

2H), 1.88 (s, 3H), 1.66 (s, 9H), 1.46 (s, 3H), 0.97 (s, 3H); 13C NMR (101 MHz, CDCl3) ŭ 

169.05, 155.49, 149.34, 142.04, 137.17, 136.25, 133.07, 129.58, 129.01, 128.35, 127.92, 

127.51, 127.31, 127.04, 126.61, 125.51, 123.71, 122.97, 114.27, 84.45, 79.46, 77.87, 64.15 (d, 

J = 7.4 Hz), 63.34, 28.28, 21.14, 16.65 (d, J = 5.72), 16.28 (d, J = 5.31). 31P NMR (162 MHz, 

CDCl3) ŭ 21.75; HRMS ESI: [M+Na]+, Calcd for C33H38NNaO7P 614.2284; found 614.2280.   

 tert-butyl (S, E)-3-(3-(diethoxyphosphoryl)-3-hydroxy-1,3-diphenylpropylidene)-5-

methoxy-2-oxoindoline-1-carboxylate (3n): In an oven and 

vacuum-dried reaction tube, catalyst V (11.9 mg, 0.02 mmol, 0.2 

equiv), Ŭ-ketophosphonate 2a (24.2 mg, 0.1 mmol, 1.0 equiv) 

and 3-alkylidene oxindole 1e (73.0 mg, 0.2 mmol, 2.0 equiv) 

were taken in 1 mL of freshly distilled toluene under positive 

argon pressure.  In the resulting homogenous mixture, K2HPO4 

(34.6 mg, 0.2 mmol, 2.0 equiv) was added at -20 ̄ C and it was kept at -20 ̄ C for 96 h. The 

reaction mixture was directly processed for the purification by silica gel column 

chromatography (eluent: EtOAc/Petroleum ether = 4/6, v/v) without any workup to give light 

yellow solid 3n (55.8 mg, 92% yield). Rf = 0.33 (ethyl acetate/petroleum ether = 4/6); The ee 

of the 3n was determined to be 99% [determined by HPLC, Chiralpak ASH, hexane: 
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isopropanol = 95:05, 0.5 mL/min, ɚ = 254 nm, t (major) = 16.76 min, t (minor) = 13.46 min. 

[Ŭ]25
D (3n) = -213.83º (c 0.41, CHCl3); 1H NMR  (400 MHz, Chloroform-d) ŭ 7.68 (d, J = 9.0 

Hz, 1H), 7.45 ï 7.30 (m, 3H), 7.04-7.13 (m, 1H), 7.08 ï 6.84 (m, 4H), 6.78 (t, J = 7.6 Hz, 1H), 

6.67 (dd, J = 9.0, 2.7 Hz, 1H), 6.25 (d, J = 7.8 Hz, 1H), 5.55 (d, J = 2.7 Hz, 1H), 5.51 (s, 1H), 

4.90 (dd, J = 12.7, 9.1 Hz, 1H), 4.44 ï 4.20 (m, 2H), 3.80-3.86 (m, 1H), 3.63 ï 3.40 (m, 2H), 

3.24 (s, 3H), 1.65 (s, 9H), 1.46 (t, J = 7.0 Hz, 3H), 0.97 (t, J = 7.0 Hz, 3H); 13C NMR (101 

MHz, CDCl3) ŭ 168.87, 155.76 (t, J = 8.43 Hz), 149.21, 141.71, 136.98, 132.15, 129.07, 

128.27, 127.93, 127.43 (d, J = 2.72 Hz), 127.35, 127.04 (d, J = 3.15 Hz), 126.49 (d, J = 4.59 

Hz), 125.50, 123.69, 115.42 (d, J = 7.42 Hz), 107.70, 84.33, 79.30, 64.14 (d, J = 7.34 Hz), 

63.29 (d, J = 8.18 Hz), 54.92, 43.09 (d, J = 9.05 Hz), 28.18, 16.54 (d, J = 5.91 Hz), 16.19 (d, J 

= 5.42 Hz). 31P NMR (162 MHz, CDCl3) ŭ 21.65; HRMS ESI: [M+Na]+, Calcd for 

C33H38NNaO8P 630.2233; found 630.2230.  

 tert-butyl (S, E)-6-chloro-3-(3-(diethoxyphosphoryl)-3-hydroxy-1,3-

diphenylpropylidene)-2-oxoindoline-1-carboxylate (3o): In an 

oven and vacuum-dried reaction tube, catalyst V (11.9mg, 0.02 

mmol, 0.2 equiv), a-ketophosphonate 2a (24.2 mg, 0.1 mmol, 1.0 

equiv) and 3-alkylidene oxindole 1f (74.0 mg, 0.2 mmol, 2.0 

equiv) were taken in 1 mL of freshly distilled toluene under 

positive argon pressure.  In the resulting homogenous mixture, 

K2HPO4 (34.6 mg, 0.2 mmol, 2.0 equiv) was added at -20 ̄ C and it was kept at -20 ̄ C for 96 

h. The reaction mixture was directly processed for the purification by silica gel column 

chromatography (eluent: EtOAc/Petroleum ether = 4/6, v/v) without any workup to give light 

yellow solid 3o (33.6 mg, 55% yield). Rf = 0.33 (ethyl acetate/petroleum ether = 4/6); The ee 

of the 3o was determined to be 98% [determined by HPLC, Chiralpak ID, hexane: isopropanol 

= 60:40, 1 mL/min, ɚ = 254 nm, t (major) = 5.92 min, t (minor) = 6.94 min]. [Ŭ]25
D (3o) = -

299.80º (c 0.50, CHCl3); 1H NMR  (400 MHz, Chloroform-d) ŭ 7.86 (d, J = 2.0 Hz, 1H), 7.40 

ï 7.29 (m, 3H), 7.20 ï 7.09 (m, 1H), 7.05 ï 6.88 (m, 4H), 6.75 (t, J = 7.6 Hz, 1H), 6.62 (dd, J 

= 8.6, 2.1 Hz, 1H), 6.23 (d, J = 7.7 Hz, 1H), 5.90 (d, J = 8.5 Hz, 1H), 5.32 (s, 1H), 4.88 (dd, J 

= 12.7, 9.1 Hz, 1H), 4.31 (q, J = 7.1 Hz, 2H), 3.81 (dt, J = 10.1, 7.0 Hz, 1H), 3.61 ï 3.40 (m, 

2H), 1.66 (s, 9H), 1.46 (t, J = 7.0 Hz, 3H), 1.00 ï 0.92 (m, 3H); 13C NMR (101 MHz, CDCl3) 

ŭ 168.24, 156.40 (d, J = 16.75 Hz), 148.90, 141.49, 138.98, 136.74, 134.59, 129.00, 128.08, 

128.05, 127.94, 127.40, 127.00, 126.34, 126.32, 126.15, 125.33, 123.77, 123.56, 121.30, 

114.99, 84.93, 79.25, 77.65, 64.05 (d, J = 7.19 Hz), 63.13 (d, J = 8.07 Hz), 43.12 (d, J = 9.09 
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Hz), 28.07, 16.46 (d, J = 5.90 Hz), 16.11 (d, J = 5.26 Hz); 31P NMR (162 MHz, CDCl3) ŭ 

21.56; HRMS ESI: [M+Na]+, Calcd for C32H35ClNNaO7P 634.1737; found 634.1730.  

 tert-butyl (S, E)-6-bromo-3-(3-(diethoxyphosphoryl)-3-hydroxy-1,3-

diphenylpropylidene)-2-oxoindoline-1-carboxylate (3p): In an 

oven and vacuum-dried reaction tube, catalyst V (11.9 mg, 0.02 

mmol, 0.2 equiv), Ŭ-ketophosphonate 2a (24.2 mg, 0.1 mmol, 1.0 

equiv) and 3-alkylidene oxindole 1g (82.0 mg, 0.2 mmol, 2.0 

equiv) were taken in 1 mL of freshly distilled toluene under 

positive argon pressure.  In the resulting homogenous mixture, 

K2HPO4 (34.6 mg, 0.2 mmol, 2.0 equiv) was added at -20 ̄ C and it was kept at -20 ̄ C for 96 

h. The reaction mixture was directly processed for the purification by silica gel column 

chromatography (eluent: EtOAc/Petroleum ether = 4/6, v/v) without any workup to give light 

yellow solid 3p (40.6 mg, 62% yield). Rf = 0.33 (ethyl acetate/petroleum ether = 4/6); The ee 

of the 3p was determined to be 98% [determined by HPLC, Chiralpak ID, hexane: isopropanol 

= 60:40, 1 mL/min, ɚ = 254 nm, t (major) = 7.20 min, t (minor) = 6.24 min]. [Ŭ]25
D (3p) = -

222.36º (c 0.15, CHCl3); 1H NMR  (300 MHz, CDCl3) ŭ 8.02 (d, J = 1.60 Hz, 1H), 7.35 (d, J = 

5.73 Hz, 3H), 7.14 (t, J = 7.44 Hz, 1H), 6.98 (t, J = 9.32 Hz, 4H), 6.85 ï 6.67 (m, 2H), 6.22 (d, 

J = 7.47 Hz, 1H), 5.84 (d, J = 8.47 Hz, 1H), 5.31 (s, 1H), 4.87 (dd, J = 12.51, 9.21 Hz, 1H), 

4.46 ï 4.24 (m, 2H), 3.93 ï 3.74 (m, 1H), 3.62 ï 3.39 (m, 2H), 1.66 (s, 9H), 1.46 (t, J = 7.04 

Hz, 3H), 0.97 (t, J = 7.04 Hz, 3H); 13C NMR (75 MHz, CDCl3) ŭ 168.26, 156.81 (d, J = 16.77 

Hz), 149.04, 141.65, 139.19, 136.87, 129.15, 128.25, 128.20, 128.03, 127.54 (d, J = 2.86 Hz), 

127.15, 126.86, 126.51, 126.45, 126.37, 125.43, 123.95, 122.81, 121.88, 117.93, 85.11, 79.61, 

64.20 (d, J = 7.28 Hz), 63.28 (d, J = 8.16 Hz), 43.31 (d, J = 9.00 Hz), 28.21, 16.60 (d, J = 6.06 

Hz), 16.25 (d, J = 5.43 Hz)); 31P NMR (162 MHz, CDCl3) ŭ 21.53; HRMS ESI: [M+Na]+, 

Calcd for C32H35BrNNaO7P 678.1232; found 678.1230.  

 tert-butyl (S, E)-3-(1-(4-chlorophenyl)-3-(diethoxyphosphoryl)-

3-hydroxy-3-phenylpropylidene)-2-oxoindoline-1-carboxylate 

(3q): In an oven and vacuum-dried reaction tube, catalyst V (11.9 mg, 

0.02 mmol, 0.2 equiv), Ŭ-ketophosphonate 2a (24.2 mg, 0.1 mmol, 

1.0 equiv) and 3-alkylidene oxindole 1h (74.0 mg, 0.2 mmol, 2.0 

equiv) were taken in 1 mL of freshly distilled toluene under positive 

argon pressure.  In the resulting homogenous mixture, K2HPO4 (34.6 mg, 0.2 mmol, 2.0 equiv) 

was added at -20 C̄ and it was kept at -20 C̄ for 96 h. The reaction mixture was directly 
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processed for the purification by silica gel column chromatography (eluent: EtOAc/Petroleum 

ether = 4/6, v/v) without any workup to give light yellow solid 3q (38.5 mg, 63% yield). Rf = 

0.33 (ethyl acetate/petroleum ether = 4/6); The ee of the 3q was determined to be 99% 

[determined by HPLC, Chiralpak IC, hexane: isopropanol = 60:40, 1 mL/min, ɚ = 254 nm, t 

(major) = 5.87 min, t (minor) = 7.13 min]. [Ŭ]25
D (3q) = -218.40º (c 0.20, CHCl3); 1H NMR  

(400 MHz, CDCl3) ŭ 7.79 (d, J = 8.05 Hz, 1H), 7.42 ï 7.29 (m, 3H), 7.16 (t, J = 7.35 Hz, 1H), 

7.06 (d, J = 5.88 Hz, 1H), 7.00 (d, J = 7.23 Hz, 3H), 6.78 ï 6.62 (m, 2H), 6.29 ï 6.04 (m, 2H), 

5.39 (s, 1H), 5.01ï 4.78 (m, 1H), 4.45 ï 4.21 (m, 2H), 3.83 (dt, J = 9.90, 7.00 Hz, 1H), 3.49 (t, 

J = 13.37 Hz, 2H), 1.66 (s, 9H), 1.46 (t, J = 6.90 Hz, 3H), 0.97 (t, J = 6.82 Hz, 3H); 13C NMR 

(101 MHz, CDCl3) ŭ 168.62, 153.95 (d, J = 16.82 Hz), 149.15, 140.22, 138.52, 136.99, 134.08, 

129.89, 129.30 (d, J = 5.86 Hz), 128.31, 127.59 (d, J = 2.75 Hz), 127.61, 127.58, 127.35, 

127.79, 127.12, 126.50 (d, J = 4.62 Hz), 123.86, 122.84, 122.63, 114.64, 84.72, 79.25, 77.85, 

64.22 (d, J = 7.30 Hz), 63.31 (d, J = 8.14 Hz), 43.27 (d, J = 9.17 Hz), 28.22, 16.59 (d, J = 6.95 

Hz), 16.23 (d, J = 5.39 Hz); 31P NMR (162 MHz, CDCl3) ŭ 21.51; HRMS ESI: [M+Na]+, 

Calcd for C32H35ClNNaO7P 634.1737; found 634.1725.  

 

 tert-butyl (S, E)-3-(1-(4-bromophenyl)-3-(diethoxyphosphoryl)-3-hydroxy-3-

phenylpropylidene)-2-oxoindoline-1-carboxylate (3r): In an oven 

and vacuum-dried reaction tube, catalyst V (11.9 mg, 0.02 mmol, 0.2 

equiv), Ŭ-ketophosphonate 2a (24.2 mg, 0.1 mmol, 1.0 equiv) and 3-

alkylidene oxindole 1i (82.0 mg, 0.2 mmol, 2.0 equiv) were taken in 

1 mL of freshly distilled toluene under positive argon pressure.  In the 

resulting homogenous mixture, K2HPO4 (34.6 mg, 0.2 mmol, 2.0 

equiv) was added at -20 ̄ C and it was kept at -20 ̄ C for 96 hrs. The reaction mixture was 

directly processed for the purification by silica gel column chromatography (eluent: 

EtOAc/Petroleum ether = 4/6, v/v) without any workup to give light yellow solid 3r (42.6 mg, 

65% yield). Rf = 0.33 (ethyl acetate/petroleum ether = 4/6); The ee of the 3r  was determined 

to be 93% [determined by HPLC, Chiralpak IC, hexane: isopropanol = 60:40, 1 mL/min, ɚ = 

254 nm, t (major) = 5.67 min, t (minor) = 7.023 min]. [Ŭ]25
D (3r ) = -56.81º (c 0.04, CHCl3); 1H 

NMR (400 MHz, CDCl3) ŭ 7.79 (d, J = 7.99 Hz, 1H), 7.46 (d, J = 6.39 Hz, 1H), 7.39 ï 7.30 

(m, 2H), 7.16 (t, J = 7.32 Hz, 1H), 7.07 (d, J = 5.71 Hz, 1H), 7.04 ï 6.95 (m, 2H), 6.94 ï 6.80 

(m, 2H), 6.69 (t, J = 7.31 Hz, 1H), 6.12 (d, J = 7.21 Hz, 2H), 5.36 (s, 1H), 4.98 ï 4.80 (m, 1H), 

4.45 ï 4.23 (m, 2H), 3.91 ï 3.75 (m, 1H), 3.59 ï 3.38 (m, 2H), 1.66 (s, 9H), 1.45 (d, J = 6.85 
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Hz, 3H), 0.96 (d, J = 6.71 Hz, 3H); 13C NMR (101 MHz, CDCl3) ŭ 168.64, 153.92 (d, J = 16.83 

Hz), 149.18, 140.72, 138.57, 137.01, 132.23, 131.29, 130.16, 129.37, 127.66, 127.63, 127.50, 

127.32, 127.14, 126.54 (d, J = 4.58 Hz), 123.91, 122.89, 122.64, 122.34, 114.68, 84.76, 79.27, 

77.68, 64.24 (d, J = 7.32 Hz), 63.34 (d, J = 8.10 Hz), 43.25 (d, J = 9.31 Hz), 28.25 (s), 16.62 

(d, J = 6.00 Hz), 16.26 (d, J = 5.42 Hz);31P NMR (162 MHz, CDCl3) ŭ 21.49; HRMS ESI: 

[M+Na]+, Calcd for C32H35BrNNaO7P 678.1232; found 678.1223.  

 tert-butyl (S, E)-3-(3-(diethoxyphosphoryl)-3-hydroxy-3-phenyl-

1-(p-tolyl)propylidene)-2-oxoindoline-1-carboxylate (3s): In an 

oven and vacuum-dried reaction tube, catalyst V (11.9 mg, 0.02 mmol, 

0.2 equiv), Ŭ- ketophosphonate 2a (24.2 mg, 0.1 mmol, 1.0 equiv) and 

3-alkylidene oxindole 1j  (70.0 mg, 0.2 mmol, 2.0 equiv) were taken in 

1 mL of freshly distilled toluene under positive argon pressure.  In the 

resulting homogenous mixture, K2HPO4 (34.6 mg, 0.2 mmol, 2.0 equiv) was added at -20 ̄ C 

and it was kept at -20 C̄ for 96 h. The reaction mixture was directly processed for the 

purification by silica gel column chromatography (eluent: EtOAc/Petroleum ether = 4/6, v/v) 

without any workup to give light yellow solid 3s (41.4 mg, 70% yield). Rf = 0.33 (ethyl 

acetate/petroleum ether = 4/6); The ee of the 3s was determined to be 99% [determined by 

HPLC, Chiralpak Id, hexane: isopropanol = 65:35, 1 mL/min, ɚ = 254 nm, t (major) = 6.04 

min, t (minor) = 7.90 min]. [Ŭ]25
D (3s) = -227.89º (c 0.15, CHCl3); 1H NMR  (400 MHz, 

Chloroform-d) ŭ 7.77 (d, J = 8.2 Hz, 1H), 7.32 (t, J = 7.6 Hz, 1H), 7.22 (dd, J = 8.0, 2.5 Hz, 

2H), 7.19 ï 7.09 (m, 2H), 7.00 (d, J = 7.7 Hz, 1H), 6.74 (dd, J = 7.9, 4.7 Hz, 3H), 6.63 (td, J = 

7.8, 1.1 Hz, 1H), 6.24 (d, J = 7.7 Hz, 1H), 6.02 (dd, J = 8.0, 1.3 Hz, 1H), 5.43 (s, 1H), 4.87 (dd, 

J = 12.7, 8.7 Hz, 1H), 4.41 ï 4.21 (m, 2H), 3.85 (dt, J = 10.2, 7.0 Hz, 1H), 3.54 (ddd, J = 9.8, 

7.9, 5.0 Hz, 2H), 2.19 (d, J = 2.1 Hz, 3H), 1.66 (s, 9H), 1.45 (t, J = 7.1 Hz, 3H), 1.01 (t, J = 7.1 

Hz, 3H); 13C NMR (101 MHz, CDCl3) ŭ 168.91, 156.39 (d, J = 16.80 Hz), 149.29, 138.91, 

138.30, 137.99, 137.07, 129.56, 128.83 (d, J = 6.62 Hz), 128.31, 127.39 (d, J = 2.77 Hz), 

126.79, 126.76, 126.65, 126.52, 125.56, 123.71, 123.14, 122.89, 114.43, 84.56, 79.48, 77.89, 

64.15 (d, J = 7.32 Hz), 63.30 (d, J = 8.16 Hz), 43.27 (d, J = 8.92 Hz), 28.24, 21.36, 16.61 (d, J 

= 5.90 Hz), 16.25 (d, J = 5.40 Hz); 31P NMR (162 MHz, CDCl3) ŭ 21.76; HRMS ESI: 

[M+Na]+, Calcd for C32H38NNaO7P 614.2284; found 614.2290.  
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 tert-butyl (S, Z)-3-(4-(diethoxyphosphoryl)-4-hydroxy-4-phenylbutan-2-ylidene)-2-

oxoindoline-1-carboxylate (3t): In an oven and vacuum-dried 

reaction tube, catalyst V (11.9 mg, 0.02 mmol, 0.2 equiv), Ŭ- 

ketophosphonate 2a (24.2 mg, 0.1 mmol, 1.0 equiv) and 3-alkylidene 

oxindole 1k (67.2 mg, 0.2 mmol, 2.0 equiv) were taken in 1 mL of 

freshly distilled toluene under positive argon pressure.  In the resulting 

homogenous mixture, K2HPO4 (34.6 mg, 0.2 mmol, 2.0 equiv) was 

added at -20 ̄ C and it was kept at -20 ̄ C for 96 h. The reaction mixture was directly processed 

for the purification by silica gel column chromatography (eluent: EtOAc/Petroleum ether = 

4/6, v/v) without any workup to give light yellow solid 3t (31.0 mg, 60% yield). Rf = 0.33 

(ethyl acetate/petroleum ether = 4/6); The ee of the 3t was determined to be 99% [determined 

by HPLC, Chiralpak IC, hexane: isopropanol = 60:40, 1 mL/min, ɚ = 254 nm, t (major) = 6.60 

min, t (minor) = 7.25 min]. [Ŭ]25
D (3t) = -116.03º (c 0.26, CHCl3); 1H NMR  (400 MHz, CDCl3) 

ŭ 7.80 (d, J = 7.09 Hz, 1H), 7.77-6.68 (m, 2H), 7.33-7.25 (m, 3H), 7.25-7.20 (m, 2H), 7.02 (s, 

1H), 5.07 (s, 1H), 4.55 (t, J = 9.68 Hz, 1H), 4.25 (d, J = 6.06 Hz, 2H), 3.88 (s, 1H), 3.64 (d, J 

= 6.99 Hz, 1H), 3.15 (d, J = 10.72 Hz, 1H), 1.67 (s, 3H), 1.57 (s, 9H), 1.39-1.31 (m, 3H), 1.05-

0.90 (m, 3H); 13C NMR (101 MHz, CDCl3) ŭ 168.51, 154.92 (d, J = 15.40 Hz), 149.32, 138.68 

(d, J = 1.94 Hz), 138.24, 130.16, 128.45, 128.26, 128.24, 127.70 (d, J = 2.74 Hz), 126.33 (d, J 

= 4.72 Hz), 124.13 (d, J = 16.39 Hz), 123.79, 114.71, 84.54, 78.89, 64.23 (d, J = 7.46 Hz), 

63.48 (d, J = 8.00 Hz), 44.95 (d, J = 8.04 Hz), 28.24, 26.59, 16.61 (d, J = 5.87 Hz), 16.32 (d, J 

= 5.35 Hz); 31P NMR (162 MHz, CDCl3) ŭ 21.72; HRMS ESI: [M+Na]+, Calcd for 

C27H34NNaO7P 538.1971; found 538.1970. 

diethyl (S,E)-(1-hydroxy-3-(2-oxoindolin-3-ylidene)-1,3-diphenylpropyl)phosphonate 

(4):  In an oven and vacuum-dried reaction tube, 3a (115.4 mg, 0.2 

mmol, 1.0 equiv) was taken in 2 mL of freshly distilled DCM under 

positive argon pressure at 0 oC.  In the resulting solution, TFA (76.5 

µl, 5 equiv)  was added dropwise for 5 min and the reaction was 

stirred fat room temperature for 1 hour. Once the reaction was 

completed, it was quenched with saturated NaHCO3. The organic 

layer was separated and the aqueous layer was washed with 

methylene chloride (3 x 3 mL). The combined organic layer was dried over Na2SO4, filtered 

and concentrated. The crude mixture was purified by flash chromatography (silica gel, 

hexane/ethyl acetate = 20/80) to give the product as a yellow solid. (82.1 mg, 86% yield), 
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diastereomeric ratio (E/Z=19:1), Rf = 0.2 (ethyl acetate/petroleum ether = 1:1); The ee of the 

4 was determined to be 99% [determined by HPLC, Chiralpak ID, hexane: isopropanol = 60:40, 

1 mL/min, ɚ = 254 nm, t (major) = 6.94 min, t (minor) = 21.17 min]. 1H NMR  (400 MHz, 

Chloroform-d) ŭ 8.23 (s, 1H), 7.44 ï 7.29 (m, 3H), 7.14 (tt, J = 7.5, 1.3 Hz, 1H), 7.06-7.11 (m, 

2H), 7.03 ï 6.89 (m, 3H), 6.84 ï 6.68 (m, 2H), 6.55 (td, J = 7.7, 1.1 Hz, 1H), 6.25 (d, J = 7.7 

Hz, 1H), 6.18 (d, J = 7.3 Hz, 1H), 6.01 (d, J = 7.9 Hz, 1H), 4.88 (dd, J = 12.6, 8.7 Hz, 1H), 

4.31 (m, 2H), 3.85 (m, 1H), 3.55 (m,  2H), 1.43 (t, J = 7.0 Hz, 3H), 0.98 (t, J = 7.0 Hz, 3H); 

13C NMR (101 MHz, Chloroform-d) ŭ 171.68, 141.89, 137.11, 128.72, 128.35, 127.77, 127.32, 

126.91, 126.44, 125.47, 123.35, 122.04, 109.77, 79.27, 77.67, 64.02, 63.95, 63.28, 63.20, 

42.87, 42.78, 34.13, 22.34, 16.66, 16.60, 16.21, 16.16. 
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1H NMR spectra of  Ketophosphonate 2a and the Cat. V (0.02 mmol in toluene-d8) upon 

the addition of increasing amounts of a-keto-phosphonate. 

 

 

Figure S2. Time-elapsed 31P NMR spectra for the synthesis of aldol product 

 

 

NMR Spectroscopic Studies: Time-elapsed 31P NMR spectra for the synthesis of aldol 

product. 

To further investigate the mechanism, the formation of 3a was monitored by 31P NMR 

spectroscopy as shown in Figure S2. The starting reaction mixture in toluene-d8 showed 

signal in the 31P NMR spectrum at ŭ = -1.22 ppm (ketophosphonate), and peak at ŭ = 

6.68 ppm (diethylphosphite). The emergence of peak at  ŭ = 16.17 ppm after the addition 
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of catalyst  possibly corresponds to H-bonded ketophosphonate. As time progressed, the 

31P NMR signals of the starting material disappeared gradually and the reaction was 

almost complete after 96 hours according to the 31P NMR spectra. Additionally, a 

comparative evaluation 31P NMR of aldol product 3a and Cat. V  with ketophosphonate 

and Cat. V clearly shows no significant shift of peaks (Figure S2). 

 

 

Figure S3. Time-elapsed 31P NMR spectra for the synthesis of aldol product 
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HPLC, Chiralpak IdΣ ƘŜȄŀƴŜΥ ƛǎƻǇǊƻǇŀƴƻƭ Ґ слΥплΣ м Ƴ[κƳƛƴΣ ˂ Ґ нрп ƴƳ  
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It[/Σ /ƘƛǊŀƭǇŀƪ L/Σ ƘŜȄŀƴŜΥ ƛǎƻǇǊƻǇŀƴƻƭ Ґ слΥплΣ м Ƴ[κƳƛƴΣ ˂ Ґ нрп ƴƳ 
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It[/Σ /ƘƛǊŀƭǇŀƪ L/Σ ƘŜȄŀƴŜΥ ƛǎƻǇǊƻǇŀƴƻƭ Ґ слΥплΣ м Ƴ[κƳƛƴΣ ˂ Ґ нрп ƴƳ  
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 HPLC, Chiralpak ID, hexane: isopropanol = 65:35Σ м Ƴ[κƳƛƴΣ ˂ Ґ нрп ƴƳ 
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It[/Σ /ƘƛǊŀƭǇŀƪ L5Σ ƘŜȄŀƴŜΥ ƛǎƻǇǊƻǇŀƴƻƭ Ґ слΥплΣ м Ƴ[κƳƛƴΣ ˂ Ґ н30 nm 
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t[/Σ /ƘƛǊŀƭǇŀƪ L5Σ ƘŜȄŀƴŜΥ ƛǎƻǇǊƻǇŀƴƻƭ Ґ слΥплΣ м Ƴ[κƳƛƴΣ ˂ Ґ нрп ƴƳ 
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It[/Σ /ƘƛǊŀƭǇŀƪ L5Σ ƘŜȄŀƴŜΥ ƛǎƻǇǊƻǇŀƴƻƭ Ґ слΥплΣ м Ƴ[κƳƛƴΣ ˂ Ґ нрп ƴƳ 
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It[/Σ /ƘƛǊŀƭǇŀƪ L5Σ ƘŜȄŀƴŜΥ ƛǎƻǇǊƻǇŀƴƻƭ Ґ слΥплΣ м Ƴ[κƳƛƴΣ ˂ Ґ нрп ƴƳ 
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It[/Σ /ƘƛǊŀƭǇŀƪ L5Σ ƘŜȄŀƴŜΥ ƛǎƻǇǊƻǇŀƴƻƭ Ґ слΥплΣ м Ƴ[κƳƛƴΣ ˂ Ґ нрп ƴƳ 
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It[/Σ /ƘƛǊŀƭǇŀƪ L5Σ ƘŜȄŀƴŜΥ ƛǎƻǇǊƻǇŀƴƻƭ Ґ слΥплΣ м Ƴ[κƳƛƴΣ ˂ Ґ нрп ƴƳ 
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It[/Σ /ƘƛǊŀƭǇŀƪ !{IΣ ƘŜȄŀƴŜΥ ƛǎƻǇǊƻǇŀƴƻƭ Ґ фрΥлрΣ лΦр Ƴ[κƳƛƴΣ ˂ Ґ нрп ƴƳ 
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It[/Σ /ƘƛǊŀƭǇŀƪ !{IΣ ƘŜȄŀƴŜΥ ƛǎƻǇǊƻǇŀƴƻƭ Ґ фрΥлрΣ лΦр Ƴ[κƳƛƴΣ ˂ Ґ нрп ƴƳ 
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It[/Σ /ƘƛǊŀƭǇŀƪ L5Σ ƘŜȄŀƴŜΥ ƛǎƻǇǊƻǇŀƴƻƭ Ґ слΥплΣ м Ƴ[κƳƛƴΣ ˂ Ґ нрп ƴƳ 
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 It[/Σ /ƘƛǊŀƭǇŀƪ L5Σ ƘŜȄŀƴŜΥ ƛǎƻǇǊƻǇŀƴƻƭ Ґ слΥплΣ м Ƴ[κƳƛƴΣ ˂ Ґ нрп ƴƳ  
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It[/Σ /ƘƛǊŀƭǇŀƪ L5Σ ƘŜȄŀƴŜΥ ƛǎƻǇǊƻǇŀƴƻƭ Ґ слΥплΣ м Ƴ[κƳƛƴΣ ˂ Ґ нрп ƴƳ 
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It[/Σ /ƘƛǊŀƭǇŀƪ L/Σ ƘŜȄŀƴŜΥ ƛǎƻǇǊƻǇŀƴƻƭ Ґ слΥплΣ м Ƴ[κƳƛƴΣ ˂ Ґ нрп ƴƳ 
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It[/Σ /ƘƛǊŀƭǇŀƪ L5Σ ƘŜȄŀƴŜΥ ƛǎƻǇǊƻǇŀƴƻƭ Ґ слΥплΣ м Ƴ[κƳƛƴΣ ˂ Ґ нрп ƴƳ 
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It[/Σ /ƘƛǊŀƭǇŀƪ L5Σ ƘŜȄŀƴŜΥ ƛǎƻǇǊƻǇŀƴƻƭ Ґ слΥплΣ м Ƴ[κƳƛƴΣ ˂ Ґ нрп ƴƳ 
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It[/Σ /ƘƛǊŀƭǇŀƪ L5Σ ƘŜȄŀƴŜΥ ƛǎƻǇǊƻǇŀƴƻƭ Ґ слΥплΣ м Ƴ[κƳƛƴΣ ˂ Ґ нрп ƴƳ 
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Single crystal XRD data for Compound 

Structure Determination of 3p by X-ray analysis: CCDC Number: 2024642 

Bond precision: C-C = 0.0084 A Wavelength=0.71073 

Cell: a=6.5171(3) b=9.8455(6) c=48.456(3) 

 alpha=90 beta=90 gamma=90 

Temperature: 302 K   

 Calculated Reported 

Volume 3109.1(3) 3109.2(3) 

Space group P 21 21 21 P 21 21 21 

Hall group P 2ac 2ab P 2ac 2ab 

Moiety formula C32 H35 Br N O7 P C32 H35 Br N O7 P 

Sum formula C32 H35 Br N O7 P C32 H35 Br N O7 P 

Mr 656.48 656.48 

Dx,g cm-3 1.403 1.403 

Z 4 4 

Mu (mm-1) 1.421 1.421 

F000 1360.0 1360.0 

F000' 1359.86  

h,k,lmax 8,13,64 8,13,64 

Nref 7717[ 4435] 7717 

Tmin,Tmax 0.761,0.843 0.761,0.843 

Tmin' 0.672  

Correction method= # Reported T Limits: Tmin=0.761 Tmax=0.843 

AbsCorr = MULTI-SCAN 
 


