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1. General information 

Unless otherwise indicated, all reactions were carried out under an argon 

atmosphere using standard Schlenk-Lines. Column chromatography was performed 

on silica gel (200−300 mesh) eluting with ethyl acetate and petroleum ether. 
1
H NMR 

spectra were recorded at 400 MHz and 
13

C NMR spectra were recorded at 100 MHz 

(Bruker Avance II 400) with CDCl3 or DMSO-d6 as solvents. Chemical shifts are 

reported in parts per million (ppm) down field from TMS with the solvent resonance 

as the internal standard. Coupling constants (J) are reported in Hz and refer to 

apparent peak multiplications. HRMS was recorded on a Bruker micrOTOF-Q II mass 

spectrometer and a Waters UPLC-QTOT-MS (Xevo G2-XS). Enantiomeric excess (ee) 

were determined by HPLC analysis on a Shimadzu LC-20A. Optical rotation data 

were examined in CH2Cl2 solution at 25 °C. 

All solvents were purified by using standard methods prior to use. 3-Carboxamide 

oxindoles 1a-1k were prepared by previously reported method.
[1]

 β,γ-Unsaturated α-

keto esters 2 were prepared according to the reported procedure.
[2]

 Catalysts C1, C2, 

C4 and C12-C14 were purchased from commercial sources. Thiourea catalysts C3 

and C9-C11 were prepared according to the method reported in the literature.
[3]

 

Squaramide catalysts C5, C6, C8 and C15-C18 were prepared according to the 

method previously described.
[4]

 All other reagents were purchased from commercial 

sources and used without further purification. 
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2. Preparation of new squaramide catalyst C7 

 

To a solution of 3,4-dimethoxycyclobut-3-ene-1,2-dione (213.2 mg, 1.5 mmol) in 

MeOH (5 mL) was added p-chloroaniline (190.5 mg, 1.5 mmol) in MeOH (2 mL). 

The reaction mixture was stirred at room temperature for 48 h and then concentrated 

in vacuo to afford the intermediate A as a solid without further purification. To a 

solution of A (71.1 mg, 0.3 mmol) in CH2Cl2 (4 mL) was added a solution of 

quinidine amine (106.7 mg, 0.33 mmol) in CH2Cl2 (1 mL). After 48 h, the reaction 

mixture was concentrated and the residue was subjected to flash chromatograph 

(DCM/MeOH 20:1) on silica gel to afford the corresponding squaramide catalyst C7. 

 

3-((4-chlorophenyl)amino)-4-(((R)-(6-

methoxyquinolin-4-yl)((1S,2R,4S,5R)-5-

vinylquinuclidin-2-yl)methyl)amino)cyclobut-

3-ene-1,2-dione (C7): The desired catalyst was 

obtained as a white solid (96.8 mg, 61% yield); 

[α]D
25

 = +0.726 (c 0.01, CH2Cl2);
 1

H NMR (400 

MHz, DMSO-d6) δ 9.74 (s, 1H), 8.83 (s, 1H), 8.17 (s, 1H), 7.98 (d, J = 9.2 Hz, 1H), 

7.76-7.67 (m, 2H), 7.46-7.34 (m, 5H), 6.11-5.82 (m, 2H), 5.21 (d, J = 17.6 Hz, 1H), 

5.09 (d, J = 10.8 Hz, 1H), 3.95 (s, 3H), 3.20-3.14 (m, 1H), 3.00-2.78 (m, 4H), 2.26-

2.22 (m, 1H), 1.57-1.48 (m, 3H), 1.13-1.07 (m, 1H), 0.92-0.83 (m, 1H). 
13

C NMR 

(100 MHz, DMSO-d6) δ 184.66, 180.25, 168.70, 163.61, 158.35, 148.21, 144.75, 

143.74, 141.25, 138.21, 131.97, 129.60, 127.94, 127.13, 122.56, 120.24, 119.91, 

114.89, 101.64, 59.26, 56.07, 56.00, 49.45, 46.09, 38.97, 27.68, 26.63, 25.69. HRMS 

m/z (ESI): calcd for C30H30ClN4O3
+
 [M+H]

+
: 529.2006, found 529.1977. 

 

http://dict.cnki.net/dict_result.aspx?scw=%e5%af%b9%e6%b0%af%e8%8b%af%e8%83%ba&tjType=sentence&style=&t=p-chloroaniline
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3. Preparation of substrates 1l and 1m  

 

An over-dried round-bottom flask was charged with 2-oxindole (1.33 g, 10.0 

mmol, 1.0 equiv.) in dry THF (40 mL) under argon atmosphere. After the resultant 

solution was cooled to 0 °C, Na2CO3 (8.48 g, 80 mmol, 8.0 equiv.) and Boc2O (3.27 g, 

15.0 mmol, 1.5 equiv.) were added and the resulted mixture was stirred at 65 °C for 8 

hours. The reaction was quenched with ice-water and diluted with 40 mL of EtOAc. 

The organic layer was dried by Na2SO4 and concentrated after the filtration in a rotary 

evaporator under vacuum. The residue was purified by flash chromatography to afford 

the corresponding S1 as a white solid. 

To a stirred suspension of sodium hydride (0.24 g, 6.0 mmol, 1.2 equiv., 60% 

dispersion in mineral oil) in dry DMF (5 mL) at 0 °C under argon atmosphere was 

added S1 (1.17 g, 5.0 mmol, 1.0 equiv.) in small portions. The mixture was stirred for 

30 minutes at 0 °C. Isocyanatobenzene (0.80 g, 6.0 mmol, 1.2 equiv.) was slowly 

added, and this reaction was maintained at 0 °C for 10 minutes and further stirred at 

room temperature for 3 h (monitored by TLC). The reaction mixture was then poured 

into ice-cooled water (100 mL) and was acidized with HCl (1 M) to pH 4-6. The 

desired products S2 were obtained after filtration and washed with ether. 

The S2 (1.09 g, 3 mmol, 1.0 equiv.) was dissolved in 10 mL CH2Cl2 and cooled 

to 0 °C. TFA (2.3 mL, 30 mmol, 10.0 equiv) was added dropwise and the resulting 

mixture was stirred at 0 °C for 30 min. The reaction mixture was concentrated under 

reduced pressure and the residue was purified by flash chromatography to afford the ll 

as white solid (0.34g, 42% yield).
 
 
1
H NMR (400 MHz, DMSO-d6) δ 10.55 (s, 1H), 

8.87 (dd, J = 6.0, 6.0 Hz, 1H), 7.37-7.30 (m, 4H), 7.27 (dd, J = 9.6, 6.8 Hz, 1H), 7.21 

(d, J = 8.0 Hz, 2H), 6.95 (dd, J = 7.6, 7.6 Hz, 1H), 6.84 (d, J = 7.6 Hz, 1H), 4.46 (s, 

1H), 4.35 (d, J = 6.0 Hz, 2H). 
13

C NMR (100 MHz, DMSO-d6) δ 174.44, 166.63, 

143.88, 139.45, 128.82, 127.65, 127.37, 126.93, 124.77, 121.96, 109.90, 53.84, 42.89. 
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HRMS m/z (ESI): calcd for C16H14N2O2Na
+
 [M+Na]

+
: 289.0947, found 289.0957. 

 

 

To a 50 mL round bottom flask was added N-Me-indole acetic acid (1.89 g, 10 

mmol, 1.0 equiv.) and CH2Cl2 (30 mL). Then, Et3N (3 mL, 22 mmol; 2.2 equiv.) was 

added, followed by EDCI (2.16 g, 12 mmol; 1.2 equiv.). The mixture was allowed to 

stir for a few minutes, and then the benzylamine (2 mL, 18 mmol, 1.8 equiv.) was 

added. Upon consumption of starting material, the reaction was diluted with water. 

The mixture was poured into a separatory funnel and washed with 1.0 M NaOH 

several times and brine and dried over Na2SO4. The residue was purified by flash 

column chromatography to give S3. 

To a solution of S3 (1.06 g, 3.8 mmol, 1.0 equiv.) in DMSO (1.3 mL, 19 mmol, 

5.0 equiv.) at ambient temperature was added dropwise 12.1 M HCl (10.5 mL, 38 

mmol, 10.0 equiv.). After the oxidation was completed, the reaction mixture was 

neutralized with saturated NaHCO3 and extracted with CH2Cl2. The combined organic 

layers were washed with saturated brine, dried over anhydrous Na2SO4 and 

concentrated under reduced pressure. The residue was purified by flash column 

chromatography to give 1m as a white solid (0.90g, 82% yield).
 1

H NMR (400 MHz, 

CDCl3) δ 7.32-7.22 (m, 7H), 7.06-7.00 (m, 2H), 6.80 (d, J = 7.6 Hz, 1H), 4.51-4.35 

(m, 2H), 3.82 (t, J = 6.8 Hz, 1H), 3.14 (s, 3H), 2.91 (dd, J = 15.2, 5.6 Hz, 1H), 2.57 

(dd, J = 15.2, 7.6 Hz, 1H). 
13

C NMR (100 MHz, CDCl3) δ 177.60, 170.12, 143.93, 

138.28, 128.65, 128.30, 128.28, 127.77, 127.39, 124.27, 122.76, 108.17, 43.66, 42.31, 

37.07, 26.30. HRMS m/z (ESI): calcd for C18H19N2O2
+
 [M+H]

+
: 295.1441, found 

295.1439. 
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4. Reaction optimization 

Table S1. Reaction optimization
a
 

 

Entry Catalyst Solvent temperature Time Yield(%)
b
 dr

c
 ee(%)

d
 

1 C1 CHCl3 25 12 78 >95:5 24 

2 C2 CHCl3 25 12 71 >95:5 6 

3 C3 CHCl3 25 12 73 >95:5 54 
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4 C4 CHCl3 25 12 67 >95:5 40 

5 C5 CHCl3 25 12 71 >95:5 46 

6 C6 CHCl3 25 12 68 >95:5 61 

7 C7 CHCl3 25 12 75 >95:5 78 

8 C8 CHCl3 25 12 80 >95:5 80 

9 C9 CHCl3 25 12 73 >95:5 52 

10 C10 CHCl3 25 12 66 >95:5 8 

11 C11 CHCl3 25 12 trace - - 

12 C12 CHCl3 25 12 64 >95:5 16 

13 C13 CHCl3 25 12 75 >95:5 40 

14 C14 CHCl3 25 12 70 >95:5 52 

15 C15 CHCl3 25 12 77 >95:5 -56 

16 C16 CHCl3 25 12 69 >95:5 -58 

17 C17 CHCl3 25 12 68 >95:5 -50 

18 C18 CHCl3 25 12 71 >95:5 -35 

19 C8 CH2Cl2 25 12 77 >95:5 60 

20 C8 THF 25 12 79 >95:5 49 

21 C8 CH3CN 25 12 76 >95:5 18 

22 C8 CH3OH 25 12 71 >95:5 12 

23 C8 CHCl3 0 24 77 >95:5 86 

24 C8 CHCl3 -15 72 73 >95:5 89 

25 C8 CHCl3 -40 72 56 >95:5 77 

26
e
 C8 CHCl3 -15 72 trace - - 

27
f
 C8 CHCl3 -15 72 76 >95:5 65 

28
g
 C8 CHCl3 -15 72 79 >95:5 91 

a
Unless otherwise specified, reactions were carried out with 1a (0.1 mmol), 2a (0.14 mmol), and 

catalyst (10 mol%) in solvent (1 mL) at the specified temperature for the indicated time. 
b
Yields of 

isolated products. 
c
The diastereomeric ratio (dr) value was determined by 

1
H NMR analysis of the 

crude products. 
d
The enantiomeric excess (ee) value was determined by HPLC analysis. e

3Å 

molecular sieve (50 mg) was used. 
f
4Å molecular sieve (50 mg) was used. 

g
5Å molecular sieve 

(50 mg) was used. 
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5. Chiral squaramide-catalyzed asymmetric [3+3] annulation 

 

An argon purged reaction tube was charged with 3-carboxamide oxindoles 1 (0.1 

mmol), β,γ-unsaturated α-keto esters 2 (0.14 mmol), catalyst C8 (0.01 mmol) and 5Å 

molecular sieve (50 mg). Then, freshly distilled CHCl3 (1 mL) was added and the 

reaction mixture was stirred at -15 
o
C for 72 h. After completion of the reaction, the 

crude product was purified by flash column chromatography on silica gel to afford the 

corresponding products 3. The diastereomeric ratio was determined by crude 
1
H NMR 

analysis and the enantiomeric excess was determined by chiral-phase HPLC analysis. 

 

(3R,4'R,6'R)-methyl1,1'-dibenzyl-6'-hydroxy-2,2'-dioxo-4'-phenylspiro[indoline-3,

3'-piperidine]-6'-carboxylate (3aa) 

White solid; 43.1 mg, 79% yield; dr > 95:5; ee = 91%, 

determined by HPLC analysis [Chiralpak IB, n-hexane/i-PrOH 

= 90/10, 1.0 mL/min, λ = 254 nm, tr(major) = 20.16 min, 

tr(minor) = 14.72 min]; [α]D
25

 = -92.4 (c 0.01, CH2Cl2);
 1

H 

NMR (400 MHz, CDCl3) δ 7.69 (d, J = 7.2 Hz, 1H), 7.29-7.04 

(m, 13H), 6.91 (d, J = 7.6 Hz, 2H), 6.55 (d, J = 7.2 Hz, 2H), 

6.39 (d, J = 7.6 Hz, 1H), 5.25 (d, J = 16.0 Hz, 1H), 5.04 (d, J = 16.0 Hz, 1H), 4.74 (s, 

1H), 4.48 (d, J = 16.4 Hz, 1H), 4.42 (dd, J = 14.4, 2.8 Hz, 1H), 4.13 (d, J = 15.6 Hz, 

1H), 3.39 (t, J = 14.0 Hz, 1H), 3.31 (s, 3H), 2.21 (dd, J = 14.0, 2.8 Hz, 1H); 
13

C NMR 

(100 MHz, CDCl3) δ 174.27, 172.06, 168.50, 144.23, 137.13, 136.89, 134.76, 129.34, 

128.55, 128.52, 128.22, 128.19, 128.07, 127.87, 127.64, 127.20, 127.03, 126.42, 

124.02, 122.33, 110.20, 84.84, 62.30, 53.62, 45.77, 43.74, 41.31, 36.22; HRMS m/z 

(ESI): calcd for C34H30N2O5Na
+ 

[M+Na]
+
: 569.2052, found 569.2035. 
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(3R,4'R,6'R)-methyl 1'-benzyl-6'-hydroxy-2,2'-dioxo-1,4'-diphenylspiro[indoline-

3,3'-piperidine]-6'-carboxylate (3ba) 

White solid; 39.4 mg, 74% yield; dr > 95:5; ee = 84%, 

determined by HPLC analysis [Chiralpak IB, n-hexane/i-PrOH 

= 92/8, 1.0 mL/min, λ = 254 nm, tr(major) = 33.30 min, tr(minor) 

= 18.03 min]; [α]D
25

 = -47.4 (c 0.01, CH2Cl2); 
1
H NMR (400 

MHz, CDCl3) δ 7.68 (d, J = 7.2 Hz, 1H), 7.40-7.04 (m, 13H), 

6.88 (d, J = 7.6 Hz, 4H), 6.45 (d, J = 8.0 Hz, 1H), 5.28 (d, J = 

16.0 Hz, 1H), 4.76 (s, 1H), 4.38 (d, J = 14.2 Hz, 1H), 4.15 (d, J= 15.6 Hz, 1H), 3.39-

3.32 (m, 4H), 2.22 (d, J = 12.8 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ 173.48, 

172.05, 168.38, 145.18, 137.17, 136.36, 133.83, 129.46, 129.24, 128.26, 128.22, 

128.10, 127.86, 127.65, 127.57, 127.24, 126.80, 124.06, 122.69, 109.98, 84.86, 62.50, 

53.65, 45.82, 41.82, 35.46; HRMS m/z (ESI): calcd for C33H28N2O5Na
+
 [M+Na]

+
: 

555.1896, found 555.1893. 

 

(3R,4'R,6'R)-methyl 1'-benzyl-6'-hydroxy-1-methyl-2,2'-dioxo-4'-phenylspiro[ind

oline-3,3'-piperidine]-6'-carboxylate (3ca) 

White solid; 35.3 mg, 75% yield; dr > 95:5; ee = 99%, 

determined by HPLC analysis [Chiralpak OD-H, n-hexane/i-

PrOH = 85/15, 1.0 mL/min, λ = 254 nm, tr(major) = 13.22 min, 

tr(minor) = 17.18 min]; [α]D
25

 = -68.3 (c 0.01, CH2Cl2); 
1
H 

NMR (400 MHz, CDCl3) δ 7.60 (d, J = 7.2 Hz, 1H), 7.28-7.16 

(m, 6H), 7.11-6.98 (m, 4H), 6.83 (d, J = 7.6 Hz, 2H), 6.56 (d, J 

= 8.0 Hz, 1H), 5.22 (d, J = 15.6 Hz, 1H), 4.80 (s, 1H), 4.34 (dd, J = 14.0, 2.8 Hz, 1H), 

4.14 (d, J = 16.0 Hz, 1H), 3.37-3.30 (m, 4H), 2.91 (s, 3H), 2.18 (dd, J = 13.6, 2.8 Hz, 

1H); 
13

C NMR (100 MHz, CDCl3) δ 174.25, 172.04, 168.35, 144.84, 137.20, 136.36, 

129.30, 128.20, 128.09, 127.92, 127.82, 127.60, 127.45, 127.18, 123.76, 122.26, 

108.68, 84.85, 62.38, 53.60, 45.87, 41.22, 35.43, 26.09; HRMS m/z (ESI): calcd for 

C28H26N2O5Na
+ 

[M+Na]
+
 : 493.1793, found 493.1781. 
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(3R,4'R,6'R)-methyl 1'-benzyl-5-chloro-6'-hydroxy-1-methyl-2,2'-dioxo-4'-phenyl

spiro[indoline-3,3'-piperidine]-6'-carboxylate (3da) 

White solid; 38.8 mg, 77% yield; dr > 95:5; ee = 96%, 

determined by HPLC analysis [Chiralpak IB, n-hexane/i-

PrOH = 85/15, 1.0 mL/min, λ = 254 nm, tr(major) = 18.09 

min, tr(minor) = 12.73 min]; [α]D
25

 = -58.5 (c 0.01, CH2Cl2); 

1
H NMR (400 MHz, CDCl3) δ 7.64 (d, J = 2.0 Hz, 1H), 

7.29-7.23 (m, 4H), 7.17 (d, J = 7.6 Hz, 2H), 7.09-7.04 (m, 

3H), 6.85 (d, J = 7.6 Hz, 2H), 6.50 (d, J = 8.4 Hz, 1H), 5.18 (d, J = 16.0 Hz, 1H), 4.79 

(s, 1H), 4.32 (dd, J = 14.0, 2.8 Hz, 1H), 4.16 (d, J = 16.0 Hz, 1H), 3.33 (s, 3H), 3.27 (t, 

J = 14.0 Hz, 1H), 2.89 (s, 3H), 2.21 (dd, J = 14.0, 2.8 Hz, 1H); 
13

C NMR (100 MHz, 

CDCl3) δ 173.77, 171.82, 167.71, 143.52, 136.94, 135.98, 129.31, 129.16, 128.29, 

128.06, 127.85, 127.83, 127.70, 127.47, 127.33, 124.62, 109.51, 84.79, 62.42, 53.61, 

45.85, 41.12, 35.46, 26.20; HRMS m/z (ESI): calcd for C28H25ClN2O5Na
+ 

[M+Na]
+
: 

527.1350, found 527.1347. 

 

(3R,4'R,6'R)-methyl 1'-benzyl-5-bromo-6'-hydroxy-1-methyl-2,2'-dioxo-4'-phenyl

spiro[indoline-3,3'-piperidine]-6'-carboxylate (3ea) 

White solid; 40.6 mg, 74% yield; dr > 95:5; ee = 90%, 

determined by HPLC analysis [Chiralpak OD-H, n-

hexane/i-PrOH = 85/15, 1.0 mL/min, λ = 254 nm, tr(major) 

= 14.83 min, tr(minor) = 10.93 min]; [α]D
25

 = -57.1 (c 0.01, 

CH2Cl2); 
1
H NMR (400 MHz, CDCl3) δ 7.81 (s, 1H), 7.40 

(d, J = 8.0 Hz, 1H), 7.32-7.23 (m, 4H), 7.16 (d, J = 7.6 Hz, 

2H), 7.10-7.03 (m, 3H), 6.85 (d, J = 7.2 Hz, 2H), 6.46 (d, J = 8.0 Hz, 1H), 5.21 (d, J = 

15.6 Hz, 1H), 4.75 (s, 1H), 4.30 (dd, J = 14.4, 3.2 Hz, 1H), 4.13 (d, J = 15.6 Hz, 1H), 

3.32 (s, 3H), 3.27 (t, J = 14.0 Hz, 1H), 2.88 (s, 3H), 2.21 (dd, J = 14.0, 3.2 Hz, 1H); 

13
C NMR (100 MHz, CDCl3) δ 173.60, 171.87, 167.71, 144.02, 136.94, 135.98, 

132.04, 129.67, 128.32, 128.07, 127.93, 127.87, 127.74, 127.49, 127.34, 114.67, 

110.03, 84.72, 62.31, 53.63, 45.71, 41.13, 35.47, 26.17; HRMS m/z (ESI): calcd for 

C28H25BrN2O5Na
+ 

[M+Na]
+
: 571.0845, found 571.0836. 
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(3R,4'R,6'R)-methyl 1'-benzyl-6'-hydroxy-1,5-dimethyl-2,2'-dioxo-4'-phenylspiro

[indoline-3,3'-piperidine]-6'-carboxylate (3fa) 

White solid; 36.3 mg, 75% yield; dr > 95:5; ee = 99%, 

determined by HPLC analysis [Chiralpak IB, n-hexane/i-

PrOH = 95/5, 1.0 mL/min, λ = 254 nm, tr(major) = 49.49 

min, tr(minor) = 25.67 min]; [α]D
25

 = -60.1 (c 0.01, CH2Cl2); 

1
H NMR (400 MHz, CDCl3) δ 7.46 (s, 1H), 7.28-7.17 (m, 

5H), 7.09-7.05 (m, 2H), 7.01 (dd, J = 7.6, 7.2 Hz, 2H), 6.83 

(d, J = 7.6 Hz, 2H), 6.46 (d, J = 8.0 Hz, 1H), 5.21 (d, J = 15.6 Hz, 1H), 4.90 (s, 1H), 

4.31 (dd, J = 14.4, 3.2 Hz, 1H), 4.15 (d, J = 15.6 Hz, 1H), 3.37-3.31 (m, 4H), 2.88 (s, 

3H), 2.38 (s, 3H), 2.18 (dd, J = 14.0, 3.2 Hz, 1H).
13

C NMR (100 MHz, CDCl3) δ 

174.18, 171.93, 168.46, 142.46, 137.26, 136.48, 131.54, 129.51, 128.13, 128.11, 

127.96, 127.78, 127.63, 127.44, 127.19, 124.93, 108.42, 84.96, 62.39, 53.42, 45.77, 

41.13, 35.56, 26.11, 21.44; HRMS m/z (ESI): calcd for C29H28N2O5Na
+ 

[M+Na]
+
: 

507.1896, found 507.1883. 

 

(3R,4'R,6'R)-methyl 1'-benzyl-6'-hydroxy-5-methoxy-1-methyl-2,2'-dioxo-4'-phe

nylspiro[indoline-3,3'-piperidine]-6'-carboxylate (3ga) 

 White solid; 39.0 mg, 78% yield; dr = 93:7; ee = 99%, 

determined by HPLC analysis [Chiralpak OD-H, n-

hexane/i-PrOH = 85/15, 1.0 mL/min, λ = 254 nm, tr(major) 

= 27.66 min, tr(minor) = 14.53 min]; [α]D
25

 = -72.7 (c 0.01, 

CH2Cl2); 
1
H NMR (400 MHz, CDCl3) δ 7.30 (d, J = 2.4 

Hz, 1H), 7.27-7.18 (m, 5H), 7.09-7.00 (m, 3H), 6.87-6.85 

(m, 2H), 6.80 (dd, J = 8.4, 2.4 Hz, 1H), 6.47 (d, J = 8.8 Hz, 1H), 5.25 (d, J = 15.6 Hz, 

1H), 4.77 (s, 1H), 4.32 (dd, J = 14.4, 2.8 Hz, 1H), 4.12 (d, J = 15.6 Hz, 1H), 3.81 (s, 

3H), 3.36-3.29 (m, 4H), 2.88 (s, 3H), 2.18 (dd, J = 14.0, 3.2 Hz, 1H); 
13

C NMR (100 

MHz, CDCl3) δ 173.92, 171.88, 168.25, 155.60, 138.43, 137.29, 136.38, 128.82, 

128.16, 128.13, 127.93, 127.65, 127.47, 127.19, 113.81, 111.47, 108.98, 84.88, 62.68, 

55.78, 53.51, 45.74, 41.14, 35.41, 26.16; HRMS m/z (ESI): calcd for C29H28N2O6Na
+ 

[M+Na]
+
: 523.1845, found 523.1826. 
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(3R,4'R,6'R)-methyl 1'-benzyl-6-chloro-6'-hydroxy-1-methyl-2,2'-dioxo-4'-phenyl

spiro[indoline-3,3'-piperidine]-6'-carboxylate (3ha) 

 White solid; 39.3 mg, 78% yield; dr = 93:7; ee = 92%, 

determined by HPLC analysis [Chiralpak IB, n-hexane/i-

PrOH = 85/15, 1.0 mL/min, λ = 254 nm, tr(major) = 18.34 

min, tr(minor) = 11.41 min]; [α]D
25

 = -47.0 (c 0.01, CH2Cl2); 

1
H NMR (400 MHz, CDCl3) δ 7.49 (d, J = 8.0 Hz, 1H), 

7.30-7.22 (m, 4H), 7.16 (d, J = 7.2 Hz, 2H), 7.10-7.02 (m, 

3H), 6.84 (d, J = 7.2 Hz, 2H), 6.57 (d, J = 2.0 Hz, 1H), 5.17 (d, J = 16.0 Hz, 1H), 4.70 

(s, 1H), 4.31 (dd, J = 14.0, 2.8 Hz, 1H), 4.14 (d, J = 15.6 Hz, 1H), 3.33 (s, 3H), 3.25 (t, 

J = 14.0 Hz, 1H), 2.90 (s, 3H), 2.19 (dd, J = 14.0, 2.8 Hz, 1H); 
13

C NMR (100 MHz, 

CDCl3) δ 174.17, 171.94, 167.92, 146.12, 137.03, 136.04, 135.23, 128.66, 128.27, 

128.06, 127.83, 127.69, 127.31, 126.23, 124.57, 122.08, 109.40, 84.72, 62.10, 53.72, 

45.90, 41.09, 35.40, 26.21; HRMS m/z (ESI): calcd for C28H25ClN2O5Na
+ 

[M+Na]
+
: 

527.1350, found 527.1375. 

 

(3R,4'R,6'R)-methyl1'-benzyl-6-bromo-6'-hydroxy-1-methyl-2,2'-dioxo-4'-phenyl

spiro[indoline-3,3'-piperidine]-6'-carboxylate (3ia) 

White solid; 41.1mg, 75% yield; dr > 95:5; ee = 92%, 

determined by HPLC analysis [Chiralpak OD-H, n-

hexane/i-PrOH = 85/15, 1.0 mL/min, λ = 254 nm, tr(major) 

= 37.25 min, tr(minor) = 22.82 min]; [α]D
25

 = -49.6 (c 0.01, 

CH2Cl2); 
1
H NMR (400 MHz, CDCl3) δ 7.43 (d, J = 8.0 

Hz, 1H), 7.29-7.22 (m, 4H), 7.16 (d, J = 7.2 Hz, 2H), 7.10-

7.03 (m, 3H), 6.82 (d, J = 7.2 Hz, 2H), 6.72 (d, J = 2.0 Hz, 1H), 5.17 (d, J = 16.0 Hz, 

1H), 4.66 (s, 1H), 4.31 (dd, J = 14.4, 2.8 Hz, 1H), 4.13 (d, J = 15.6 Hz, 1H), 3.32 (s, 

3H), 3.24 (t, J = 14.0 Hz, 1H), 2.90 (s, 3H), 2.18 (dd, J = 13.6, 2.8 Hz, 1H); 
13

C NMR 

(100 MHz, CDCl3) δ 174.18, 171.79, 167.82, 146.18, 137.03, 136.03, 128.26, 128.04, 

127.84, 127.83, 127.70, 127.28, 126.82, 125.09, 124.95, 123.06, 112.20, 84.83, 62.20, 

53.65, 45.97, 41.01, 35.42, 26.21; HRMS m/z (ESI): calcd for C28H25BrN2O5Na
+ 

[M+Na]
+
: 571.0845, found 571.0838. 

 

 

 



S13 

 

(3R,4'R,6'R)-methyl 1'-ethyl-6'-hydroxy-1-methyl-2,2'-dioxo-4'-phenylspiro[indol

ine-3,3'-piperidine]-6'-carboxylate (3ja) 

White solid; 29.4mg, 72% yield; dr > 95:5; ee = 96%, 

determined by HPLC analysis [Chiralpak OD-H, n-hexane/i-

PrOH = 85/15, 1.0 mL/min, λ = 254 nm, tr(major) = 13.60 min, 

tr(minor) = 12.28 min]; [α]D
25

 = -77.6 (c 0.01, CH2Cl2); 
1
H 

NMR (400 MHz, CDCl3) δ 7.54 (d, J = 7.4 Hz, 1H), 7.22 (dd, J 

= 8.0, 7.6 Hz, 1H), 7.05 (dd, J = 7.6, 7.6 Hz, 2H), 6.99 (dd, J = 

7.6, 7.2 Hz, 2H), 6.80 (d, J = 7.6 Hz, 2H), 6.52 (d, J = 8.0 Hz, 1H), 4.53 (s, 1H), 4.25 

(dd, J = 14.4, 2.8 Hz, 1H), 4.07 (s, 3H), 3.35-3.23 (m, 3H), 2.89 (s, 3H), 2.17 (dd, J = 

13.6, 2.8 Hz, 1H), 1.19 (t, J = 7.0 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ 174.37, 

172.83, 167.29, 144.74, 136.37, 129.15, 127.88, 127.67, 127.57, 127.40, 123.80, 

122.20, 108.50, 86.36, 62.32, 54.35, 41.17, 40.58, 35.96, 26.04, 13.45; HRMS m/z 

(ESI): calcd for C23H24N2O5Na
+ 

[M+Na]
+
: 431.1583, found 431.1560. 

 

(3R,4'R,6'R)-methyl 1'-benzyl-4'-(4-fluorophenyl)-6'-hydroxy-1-methyl-2,2'-diox

ospiro[indoline-3,3'-piperidine]-6'-carboxylate (3cb) 

White solid; 36.6 mg, 75% yield; dr > 95:5; ee = 95%, 

determined by HPLC analysis [Chiralpak IB, n-hexane/i-

PrOH = 90/10, 1.0 mL/min, λ = 254 nm, tr(major) = 23.13 

min, tr(minor) = 19.60 min]; [α]D
25

 = -92.4 (c 0.01, CH2Cl2);
 

1
H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 7.2 Hz, 1H), 

7.28-7.21 (m, 4H), 7.16 (d, J = 7.2 Hz, 2H), 7.10 (dd, J = 

7.6, 7.6 Hz, 1H), 6.80 (dd, J = 8.4, 5.6 Hz, 2H), 6.69 (dd, J = 8.8, 8.8 Hz, 2H), 6.60 (d, 

J = 8.0 Hz, 1H), 5.21 (d, J = 16.0 Hz, 1H), 4.89 (s, 1H), 4.32 (dd, J = 14.4, 2.8 Hz, 

1H), 4.13 (d, J = 15.6 Hz, 1H), 3.32-3.25 (m, 4H), 2.94 (s, 3H), 2.16 (dd, J = 14.0, 3.2 

Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ 174.20, 171.86, 168.17, 161.99 (d, J = 

246.3 Hz), 144.79, 137.11, 132.21 (d, J = 3.4 Hz), 129.55, 129.47, 128.22, 128.06, 

127.56, 127.21, 123.73, 122.39, 114.51 (d, J = 21.2 Hz), 108.86, 84.79, 62.32, 53.62, 

45.88, 40.52, 35.58, 26.14; HRMS m/z (ESI): calcd for C28H25FN2O5Na
+ 

[M+Na]
+
: 

511.1645, found 511.1636. 

 

 

 



S14 

 

(3R,4'R,6'R)-methyl1'-benzyl-4'-(4-bromophenyl)-6'-hydroxy-1-methyl-2,2'-diox

ospiro[indoline-3,3'-piperidine]-6'-carboxylate (3cc) 

White solid; 42.2 mg, 77% yield; dr > 95:5; ee = 99%, 

determined by HPLC analysis [Chiralpak IB, n-hexane/i-

PrOH = 85/15, 1.0 mL/min, λ = 254 nm, tr(major) = 19.24 

min, tr(minor) = 9.25 min]; [α]D
25

 = -55.4 (c 0.01, CH2Cl2); 

1
H NMR (400 MHz, CDCl3) δ 7.58 (d, J = 7.2 Hz, 1H), 

7.31-7.21 (m, 4H), 7.17-7.08 (m, 5H), 6.71 (d, J = 8.4 Hz, 

2H), 6.63 (d, J = 7.6 Hz, 1H), 5.20 (d, J = 16.0 Hz, 1H), 4.86 (s, 1H), 4.29 (dd, J = 

14.0, 2.8 Hz, 1H), 4.12 (d, J = 15.6 Hz, 1H), 3.32-3.25 (m, 4H), 2.96 (s, 3H), 2.14 (dd, 

J = 14.0, 3.2 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ 174.10, 171.81, 168.08, 

144.78, 137.06, 135.51, 130.78, 129.65, 129.57, 128.23, 128.06, 127.41, 127.24, 

123.71, 122.44, 121.55, 109.01, 84.71, 62.08, 53.66, 45.87, 40.67, 35.35, 26.22; 

HRMS m/z (ESI): calcd for C28H25BrN2O5Na
+ 

[M+Na]
+
: 571.0845, found 571.0850. 

 

(3R,4'R,6'R)-methyl 1'-benzyl-6'-hydroxy-1-methyl-2,2'-dioxo-4'-(p-tolyl)spiro[in

doline-3,3'-piperidine]-6'-carboxylate (3cd) 

White solid; 37.3 mg, 77% yield; dr > 95:5; ee = 92%, 

determined by HPLC analysis [Chiralpak IB, n-hexane/i-

PrOH = 85/15, 1.0 mL/min, λ = 254 nm, tr(major) = 33.23 

min, tr(minor) = 17.93 min]; [α]D
25

 = -60.2 (c 0.01, 

CH2Cl2); 
1
H NMR (400 MHz, CDCl3) δ: 7.59 (d, J = 7.6 

Hz, 1H), 7.28-7.16 (m, 6H), 7.09 (dd, J = 7.6, 7.6 Hz, 1H), 

6.80 (d, J = 8.0 Hz, 2H), 6.70 (d, J = 8.0 Hz, 2H), 6.58 (d, J = 8.0 Hz, 1H), 5.20 (d, J 

= 15.6 Hz, 1H), 4.83 (s, 1H), 4.29 (dd, J = 14.4, 2.8 Hz, 1H), 4.13 (d, J = 16.0 Hz, 

1H), 3.34-3.27 (m, 4H), 2.93 (s, 3H), 2.16-2.13 (m, 4H); 
13

C NMR (100 MHz, 

CDCl3) δ:174.41, 172.03, 168.46, 144.87, 137.21, 136.99, 133.35, 129.23, 128.30, 

128.19, 128.07, 127.95, 127.75, 127.15, 123.76, 122.23, 108.73, 84.90, 62.42, 53.56, 

45.89, 40.82, 35.64, 26.13, 20.98; HRMS m/z (ESI): calcd for C29H28N2O5Na
+ 

[M+Na]
+
: 507.1896, found 507.1883. 

 

 

 

 



S15 

 

(3R,4'R,6'R)-methyl 1'-benzyl-6'-hydroxy-4'-(4-methoxyphenyl)-1-methyl-2,2'-di

oxospiro[indoline-3,3'-piperidine]-6'-carboxylate (3ce) 

White solid; 37.0 mg, 74% yield; dr > 95:5; ee = 97%, 

determined by HPLC analysis [Chiralpak IB, n-hexane/i-

PrOH = 85/15, 1.0 mL/min, λ = 254 nm, tr(major) = 

40.66 min, tr(minor) = 23.79 min]; [α]D
25

 = -61.7 (c 0.01, 

CH2Cl2);
 1

H NMR (400 MHz,CDCl3) δ 7.58 (d, J = 7.2 

Hz, 1H), 7.28-7.21 (m, 4H), 7.18 (d, J = 7.2 Hz, 2H), 

7.09 (dd, J = 7.6, 7.6 Hz, 1H), 6.74 (d, J = 8.8 Hz, 2H), 6.59 (d, J = 7.6 Hz, 1H), 6.53 

(d, J = 8.4 Hz, 2H), 5.21 (d, J = 15.6 Hz, 1H), 4.73 (s, 1H), 4.28 (dd, J = 14.4, 2.8 Hz, 

1H), 4.12 (d, J = 16.0 Hz, 1H), 3.67 (s, 3H), 3.31-3.24 (m, 4H), 2.94 (s, 3H), 2.14 (dd, 

J = 13.6, 2.8 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ 174.32, 172.12, 168.45, 

158.69, 144.91, 137.22, 129.27, 128.96, 128.56, 128.20, 128.09, 127.89, 127.17, 

123.72, 122.20, 112.93, 108.77, 84.83, 62.48, 55.08, 53.59, 45.82, 40.51, 35.77, 26.14; 

HRMS m/z (ESI): calcd for C29H28N2O6Na
+ 

[M+Na]
+
: 523.1845, found 523.1836. 

 

(3R,4'R,6'R)-methyl 1'-benzyl-4'-(3-fluorophenyl)-6'-hydroxy-1-methyl-2,2'-diox

ospiro[indoline-3,3'-piperidine]-6'-carboxylate (3cf) 

White solid; 38.1 mg, 78% yield; dr > 95:5; ee = 98%, 

determined by HPLC analysis [Chiralpak IB, n-hexane/i-PrOH 

= 92/8, 1.0 mL/min, λ = 254 nm, tr(major) = 36.80 min, 

tr(minor) = 29.42 min]; [α]D
25

 = -58.9 (c 0.01, CH2Cl2);
 1

H 

NMR (400 MHz, DMSO-d6) δ 7.66 (d, J = 7.6 Hz, 1H), 7.41 

(s, 1H), 7.32-7.10 (m, 8H), 6.92 (dd, J = 8.8, 8.0 Hz, 1H), 6.82 

(d, J = 7.6 Hz, 1H), 6.69 (d, J = 7.6 Hz, 1H), 6.53 (d, J = 10.4 Hz, 1H), 4.70 (d, J = 

16.0 Hz, 1H), 4.30 (d, J = 16.0 Hz, 1H), 4.17 (d, J = 14.0 Hz, 1H), 3.43-3.25 (m, 4H), 

2.87 (s, 3H), 2.17 (dd, J = 14.0, 2.8 Hz, 1H); 
13

C NMR (100 MHz, DMSO-d6) δ 

174.14, 171.20, 167.54, 163.06, 160.64, 144.78, 140.02 (d, J = 7.4 Hz), 137.80, 

129.97 (d, J = 8.1 Hz), 129.77, 128.26, 127.55, 127.05, 124.49, 124.27, 122.77, 

114.70 (d, J = 22.7 Hz), 109.38, 86.11, 62.04, 53.11, 47.05, 40.65, 35.11, 26.32; 

HRMS m/z (ESI): calcd for C28H25FN2O5Na
+ 

[M+Na]
+
: 511.1645, found 511.1664. 

 

 

 



S16 

 

(3R,4'R,6'R)-methyl 1'-benzyl-4'-(3-chlorophenyl)-6'-hydroxy-1-methyl-2,2'-diox

ospiro[indoline-3,3'-piperidine]-6'-carboxylate (3cg) 

White solid; 37.3 mg, 74% yield; dr > 95:5; ee = 90%, 

determined by HPLC analysis [Chiralpak OD-H, n-hexane/i-

PrOH = 85/15, 1.0 mL/min, λ = 254 nm, tr(major) = 10.77 min, 

tr(minor) = 7.53 min]; [α]D
25

 = -78.1 (c 0.01, CH2Cl2); 
1
H 

NMR (400 MHz, CDCl3) δ 7.57 (d, J = 7.6 Hz, 1H), 7.31-7.21 

(m, 4H), 7.17 (d, J = 7.2 Hz, 2H), 7.11 (dd, J = 7.6, 7.6 Hz, 1H), 

7.04 (d, J = 8.0 Hz, 1H), 6.96 (dd, J = 8.0, 7.6 Hz, 1H), 6.78 (d, J = 7.6 Hz, 2H), 6.62 

(d, J = 7.6 Hz, 1H), 5.20 (d, J = 16.0 Hz, 1H), 4.88 (s, 1H), 4.30 (dd, J = 14.4, 2.8 Hz, 

1H), 4.13 (d, J = 15.6 Hz, 1H), 3.32-3.25 (m, 4H), 2.96 (s, 3H), 2.17 (dd, J = 13.6, 2.8 

Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ 174.13, 171.72, 168.02, 144.70, 138.47, 

137.07, 133.49, 129.60, 128.88, 128.22, 128.04, 127.87, 127.66, 127.42, 127.22, 

126.38, 123.71, 122.51, 108.91, 84.75, 62.10, 53.64, 45.93, 40.90, 35.27, 26.18; 

HRMS m/z (ESI): calcd for C28H25ClN2O5Na
+ 

[M+Na]
+
: 527.1530, found 527.1333. 

 

(3R,4'R,6'R)-methyl 1'-benzyl-4'-(3-bromophenyl)-6'-hydroxy-1-methyl-2,2'-diox

ospiro[indoline-3,3'-piperidine]-6'-carboxylate (3ch) 

White solid; 41.1 mg, 75% yield; dr > 95:5; ee = 99%, 

determined by HPLC analysis [Chiralpak IA, n-hexane/i-PrOH 

= 85/15, 1.0 mL/min, λ = 254 nm, tr(major) = 26.75 min, 

tr(minor) = 29.00 min]; [α]D
25

 = -73.6 (c 0.01, CH2Cl2); 
1
H 

NMR (400 MHz, DMSO-d6) δ 7.64 (d, J = 7.2 Hz, 1H), 7.41 

(s, 1H), 7.31-7.12 (m, 8H), 7.03 (dd, J = 8.0, 7.6 Hz, 1H), 6.91 

(s, 1H), 6.84-6.81 (m, 2H), 4.71 (d, J = 16.0 Hz, 1H), 4.30 (d, J = 16.0 Hz, 1H), 4.13 

(dd, J = 14.0, 2.8 Hz, 1H), 3.39-3.31 (m, 4H), 2.87 (s, 3H), 2.18 (dd, J = 14.4, 3.2 Hz, 

1H); 
13

C NMR (100 MHz, DMSO-d6) δ 178.87, 175.90, 172.22, 149.49, 144.48, 

142.54, 135.51, 135.47, 134.96, 134.57, 133.02, 132.30, 132.20, 132.08, 131.81, 

128.98, 127.53, 126.08, 114.19, 90.84, 66.77, 57.89, 51.79, 45.49, 39.71, 31.07; 

HRMS m/z (ESI): calcd for C28H25BrN2O5Na
+ 

[M+Na]
+
: 571.0845, found 571.0851. 

 

 

 

 



S17 

 

(3R,4'R,6'R)-methyl 1'-benzyl-6'-hydroxy-1-methyl-2,2'-dioxo-4'-(m-tolyl)spiro[i

ndoline-3,3'-piperidine]-6'-carboxylate (3ci) 

 White solid;  36.8mg, 76% yield; dr > 95:5; ee = 98%, 

determined by HPLC analysis [Chiralpak IB, n-hexane/i-PrOH 

= 85/15, 1.0 mL/min, λ = 254 nm, tr(major) = 12.37 min, 

tr(minor) = 16.48 min]; [α]D
25

 = -67.2 (c 0.01, CH2Cl2); 
1
H 

NMR (400 MHz, CDCl3) δ 7.60 (d, J = 7.2 Hz, 1H), 7.27-

7.16 (m, 6H), 7.09 (dd, J = 7.6, 7.6 Hz, 1H), 6.89-6.86 (m, 2H), 

6.63-6.60 (m, 2H), 6.56 (d, J = 7.6 Hz, 1H), 5.20 (d, J = 16.0 Hz, 1H), 4.86 (br, 1H), 

4.29 (dd, J = 14.4, 2.8 Hz, 1H), 4.14 (d, J = 15.6 Hz, 1H), 3.34-3.27 (m, 4H), 2.90 (s, 

3H), 2.17 (dd, J = 13.6, 2.8 Hz, 1H), 2.09 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 

174.36, 172.00, 168.42, 144.85, 137.23, 137.20, 136.30, 129.24, 128.67, 128.19, 

128.10, 128.06, 127.97, 127.41, 127.15, 124.95, 123.77, 122.21, 108.66, 84.93, 62.39, 

53.56, 45.92, 41.17, 35.55, 26.07, 21.16; HRMS m/z (ESI): calcd for C29H28N2O5Na
+ 

[M+Na]
+
: 507.1896, found 507.1883. 

 

(3R,4'R,6'R)-methyl 1'-benzyl-6'-hydroxy-4'-(3-methoxyphenyl)-1-methyl-2,2'-di

oxospiro[indoline-3,3'-piperidine]-6'-carboxylate (3cj) 

 White solid; 37.0mg, 74% yield; dr = 91:9; ee = 93%, 

determined by HPLC analysis [Chiralpak IB, n-hexane/i-

PrOH = 85/15, 1.0 mL/min, λ = 254 nm, tr(major) = 23.42 

min, tr(minor) = 14.37 min]; [α]D
25

 = -83.6 (c 0.01, CH2Cl2); 

1
H NMR (400 MHz, CDCl3) δ 7.62 (d, J = 7.6 Hz, 1H), 

7.39-7.16 (m, 6H), 7.12 (dd, J = 7.6, 7.2 Hz, 1H), 6.96 (dd, J 

= 8.0, 8.0 Hz, 1H), 6.65-6.61 (m, 2H), 6.52 (d, J = 7.6 Hz, 1H), 6.30 (s, 1H), 5.21 (d, 

J = 15.6 Hz, 1H), 4.84 (s, 1H), 4.33 (dd, J = 14.4, 3.2 Hz, 1H), 4.17 (d, J = 16.0 Hz, 

1H), 3.55 (s, 3H), 3.35 (s, 3H), 3.29 (d, J = 13.6 Hz, 1H), 2.96 (s, 3H), 2.20 (dd, J = 

13.6, 2.8 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ 174.21, 171.97, 168.30, 158.85, 

144.95, 137.95, 137.18, 129.33, 128.61, 128.20, 128.07, 127.97, 127.18, 123.71, 

122.24, 120.69, 113.77, 112.60, 108.79, 84.85, 62.28, 55.12, 53.60, 45.90, 41.20, 

35.63, 26.14; HRMS m/z (ESI): calcd for C29H28N2O6Na
+ 

[M+Na]
+
: 523.1845, found 

523.1857. 

 

 



S18 

 

(3R,4'R,6'R)-methyl 1'-benzyl-6'-hydroxy-1-methyl-2,2'-dioxo-4'-(o-tolyl)spiro[in

doline-3,3'-piperidine]-6'-carboxylate (3ck) 

White solid; 31.0 mg, 64% yeild; dr > 95:5; ee = 98%, 

determined by HPLC analysis [Chiralpak IB, n-hexane/i-PrOH 

= 93/7, 1.0 mL/min, λ = 254 nm, tr(major) = 38.79 min, 

tr(minor) = 26.95 min]; [α]D
25

 = -53.4 (c 0.01, CH2Cl2); 
1
H 

NMR (400 MHz, CDCl3) δ 7.70 (d, J = 7.6 Hz, 1H), 7.36 (dd, 

J = 8.0, 7.6 Hz, 1H), 7.30-7.11 (m, 6H), 7.06 (d, J = 7.6 Hz, 

1H), 6.94 (dd, J = 7.6, 7.2,  Hz, 1H), 6.68 (d, J = 8.0 Hz, 1H), 6.62 (dd, J = 7.6, 7.6 

Hz, 1H), 6.21 (d, J = 8.0 Hz, 1H), 5.28 (d, J = 16.0 Hz, 1H), 4.85-4.54 (m, 2H), 4.08 

(d, J = 16.0 Hz, 1H), 3.32-3.14 (m, 4H), 2.91 (s, 3H), 2.48 (s, 3H), 2.03 (dd, J = 14.0, 

2.8 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ 174.22, 172.12, 168.80, 145.35, 137.27, 

137.15, 135.39, 130.53, 129.50, 128.30, 128.18, 128.16, 127.18, 127.04, 126.39, 

124.83, 124.21, 122.28, 108.89, 84.82, 61.75, 53.55, 45.67, 37.54, 35.63, 26.17, 20.17; 

HRMS m/z (ESI): calcd for C29H28N2O5Na
+ 

[M+Na]
+
: 507.1896, found 507.1883.   

 

(3R,4'R,6'R)-ethyl 1'-benzyl-6'-hydroxy-1-methyl-2,2'-dioxo-4'-phenylspiro[indol

ine-3,3'-piperidine]-6'-carboxylate (3cl) 

White solid; 33.4 mg, 69% yield; dr > 95:5; ee = 94%, 

determined by HPLC analysis [Chiralpak AD-H, n-hexane/i-

PrOH = 85/15, 1.0 mL/min, λ = 254 nm, tr(major) = 22.64 min, 

tr(minor) = 25.61 min]; [α]D
25

 = -92.4 (c 0.01, CH2Cl2); 
1
H 

NMR (400 MHz, CDCl3) δ 7.65 (d, J = 7.6, 1H), 7.29-7.26 (m, 

2H), 7.24-7.17 (m, 4H), 7.09-7.04 (m, 2H), 7.02-6.98 (m, 2H), 

6.82 (d, J = 7.2 Hz, 2H), 6.57 (d, J = 8.0 Hz, 1H), 5.19 (d, J = 16.0 Hz, 1H), 4.75 (s, 

1H), 4.32 (dd, J = 14.4, 3.2 Hz, 1H), 4.14 (d, J = 16.0 Hz, 1H), 4.12-3.98 (m, 1H), 

3.46-3.21 (m, 2H), 2.90 (s, 3H), 2.18 (dd, J = 13.6, 2.8 Hz, 1H), 1.09 (t, J = 7.2 Hz, 

3H); 
13

C NMR (100 MHz, CDCl3) δ 174.14, 171.72, 168.36, 144.94, 137.39, 136.36, 

129.31, 128.19, 128.14, 127.91, 127.71, 127.61, 127.47, 127.19, 123.83, 122.02, 

108.69, 84.88, 63.66, 62.34, 45.95, 41.25, 35.61, 26.06, 13.51; HRMS m/z (ESI): 

calcd for C29H28N2O5Na
+ 

[M+Na]
+
: 507.1896, found 507.1895. 
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(3R,4'R,6'R)-isopropyl 1'-benzyl-6'-hydroxy-1-methyl-2,2'-dioxo-4'-phenylspiro[i

ndoline-3,3'-piperidine]-6'-carboxylate (3cm) 

 White solid; 32.9 mg, 66% yield; dr > 95:5; ee = 87%, 

determined by HPLC analysis [Chiralpak OD-H, n-hexane/i-

PrOH = 85/15, 1.0 mL/min, λ = 254 nm, tr(major) = 21.19 min, 

tr(minor) = 13.77 min]; [α]D
25

 = -71.3 (c 0.01, CH2Cl2); 
1
H 

NMR (400 MHz, CDCl3) δ 7.67 (d, J = 7.6 Hz, 1H), 7.28-7.20 

(m, 6H), 7.08-6.98 (m, 4H), 6.82 (d, J = 7.2 Hz, 2H), 6.56 (d, J 

= 8.0 Hz, 1H), 4.95 (d, J = 15.6 Hz, 1H), 4.73-4.67 (m, 2H), 4.34-4.27 (m, 2H), 3.33 

(t, J = 14.0 Hz, 1H), 2.88 (s, 3H), 2.18 (dd, J = 14.0, 3.2 Hz, 1H), 1.34 (d, J = 6.4 Hz, 

3H), 0.90 (d, J = 6.0 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ 174.13, 171.30, 168.38, 

144.94, 137.45, 136.40, 129.30, 128.27, 127.94, 127.91, 127.62, 127.48, 127.15, 

123.89, 121.97, 108.69, 85.47, 72.74, 62.37, 46.59, 41.24, 35.70, 26.04, 21.57, 20.88; 

HRMS m/z (ESI): calcd for C30H30N2O5Na
+ 

[M+Na]
+
: 521.2052, found 521.2059. 

 

Unsuccessful Examples 
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6. Scale-up and transformation of product 3 

(a) Scale-up reaction of 3ga 

 

3-Carboxamide oxindole 1g (1.0 mmol), β,γ-unsaturated α-keto ester 2a (1.4 mmol), 

catalyst C8 (0.1 mmol) and 5Å molecular sieve (500 mg) was added to an argon 

purged vial. Then, freshly distilled CHCl3 (10 mL) was added and the reaction 

mixture was stirred at -15 
o
C for 72 h. After completion of the reaction, the crude 

product was purified by flash column chromatography on silica gel to afford the 

desired product 3ga as a white solid in 62% yield with 93:7 dr and 98% ee. 

(b) Transformation of 3ga 

 

To an argon purged reaction tube containing 3ga (0.1 mmol) and BF3·Et2O (0.12 

mmol) was added freshly distilled CHCl3 (1 mL). After the reaction was stirred for 8 

hours at room temperature, the resulted mixture was purified by flash column 

chromatography on silica gel to afford the desired product 4. 

(3R,4'R)-methyl 1'-benzyl-5-methoxy-1-methyl-2,2'-dioxo-4'-phenyl-2',4'-dihydro

-1'H-spiro[indoline-3,3'-pyridine]-6'-carboxylate (4) 

White solid; 43.4 mg, 90% yield; dr > 95:5; ee = 97%, 

determined by HPLC analysis [Chiralpak OD-H, n-

hexane/i-PrOH = 85/15, 1.0 mL/min, λ = 254 nm, tr(major) 

= 13.25 min, tr(minor) = 15.63 min]; [α]D
25

 = +20.0 (c 0.01, 

CH2Cl2); 
1
H NMR (400 MHz, CDCl3) δ 7.33-7.31 (m, 2H), 
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7.28-7.25 (m, 3H), 7.12-7.02 (m, 1H), 7.06-7.02 (m, 2H), 6.95 (d, J = 2.4 Hz, 1H), 

6.93-6.90 (m, 2H), 6.74 (dd, J = 8.8, 2.8 Hz, 1H), 6.45 (d, J = 8.4 Hz, 1H), 6.41 (d, J 

= 3.2 Hz, 1H), 5.62 (d, J = 14.8 Hz, 1H), 4.82 (d, J = 14.8 Hz, 1H), 4.69 (d, J = 2.8 

Hz, 1H), 3.75 (d, J = 2.0 Hz, 6H), 2.90 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 

173.11, 166.77, 162.83, 155.54, 137.66, 136.62, 135.31, 133.91, 128.76, 128.65, 

128.15, 127.85, 127.71, 127.65, 126.01, 122.13, 113.59, 112.12, 108.73, 60.43, 55.85, 

52.66, 46.23, 45.72, 26.27; HRMS m/z (ESI): calcd for C29H26N2O5Na
+ 

[M+Na]
+
: 

505.1739, found 505.1735. 

 

To an argon purged reaction tube containing 3ga (0.1 mmol), (CH3CO)2O (0.25 

mmol) and DMAP (0.1 mmol) was added freshly distilled CH2Cl2 (1 mL). After the 

reaction was stirred for 24 h at room temperature, the resulted mixture was purified by 

flash column chromatography on silica gel to afford the desired product 5. 

(3R,4'R,6'R)-methyl 6'-acetoxy-1'-benzyl-5-methoxy-1-methyl-2,2'-dioxo-4'-phen

ylspiro[indoline-3,3'-piperidine]-6'-carboxylate (5) 

 White solid; 41.2 mg, 76% yield; dr = 93:7; ee = 96%, 

determined by HPLC analysis [Chiralpak AD-H, n-

hexane/i-PrOH = 85/15, 1.0 mL/min, λ = 254 nm, tr(major) 

= 20.16 min, tr(minor) = 12.40 min]; [α]D
25

 = -92.1 (c 0.01, 

CH2Cl2); 
1
H NMR (400 MHz, CDCl3) δ 7.36 (d, J = 2.4 

Hz, 1H), 7.26-7.17 (m, 3H), 7.10-7.01 (m, 5H), 6.88 (d, J = 

7.2 Hz, 2H), 6.81 (dd, J = 8.4, 2.4 Hz, 1H), 6.48 (d, J = 8.4 Hz, 1H), 5.39 (d, J = 16.0 

Hz, 1H), 4.40 (d, J = 16.0 Hz, 1H), 4.04 (dd, J = 14.8, 2.8 Hz, 1H), 3.83 (s, 3H), 3.62 

(t, J = 15.2 Hz, 1H), 3.25 (s, 3H), 3.18 (dd, J = 15.6, 2.8 Hz, 1H), 2.89 (s, 3H), 2.21 (s, 

3H); 
13

C NMR (100 MHz, CDCl3) δ 173.60, 170.11, 168.56, 165.80, 155.72, 138.23, 

136.79, 135.87, 128.33, 128.12, 127.89, 127.72, 127.62, 127.22, 127.04, 114.30, 

111.16, 109.16, 90.48, 62.68, 55.84, 53.24, 45.95, 40.52, 29.54, 26.20, 21.61; HRMS 
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m/z (ESI): calcd for C31H30N2O7Na
+ 

[M+Na]
+
: 565.1951, found 565.1945. 

(c) Transformation of 3cm 

 

To an argon purged reaction tube containing 3cm (0.1 mmol), BF3·Et2O (0.22 

mmol) and Et3SiH (0.2 mmol) was added freshly distilled CH2Cl2 (1 mL). After the 

reaction was stirred for 24 h at room temperature, the resulted mixture was purified by 

flash column chromatography on silica gel to afford the desired product 6. 

(3S,4'R)-isopropyl 1'-benzyl-1-methyl-2,2'-dioxo-4'-phenylspir

o[indoline-3,3'-piperidine]-6'-carboxylate (6) 

 White solid; 16.4 mg, 34% yield; dr > 95:5; ee = 90%, 

determined by HPLC analysis [Chiralpak IA, n-hexane/i-PrOH = 

85/15, 1.0 mL/min, λ = 254 nm, tr(major) = 39.50 min, tr(minor) = 

15.23 min]; [α]D
25

 = -77.4 (c 0.01, CH2Cl2);
 1

H NMR (400 MHz, 

CDCl3) δ 7.75 (d, J = 7.2 Hz, 1H), 7.40-7.32 (m, 5H), 7.23 (dd, J = 7.6, 1.2 Hz, 1H), 

7.11-7.04 (m, 2H), 7.00-6.97 (m, 2H), 6.79-6.72 (m, 2H), 6.54 (d, J = 7.2 Hz, 1H), 

5.58 (d, J = 14.8 Hz, 1H), 5.15 (p, J = 6.4 Hz, 1H), 4.26 (dd, J = 11.6, 6.4 Hz, 1H), 

3.90 (d, J = 14.2 Hz, 1H), 3.74 (dd, J = 14.0, 3.2 Hz, 1H), 2.91-2.81 (m, 4H), 2.37-

2.31 (m, 1H), 1.37 (d, J = 6.4 Hz, 3H), 1.28 (d, J = 6.4 Hz, 3H); 
13

C NMR (100 MHz, 

CDCl3) δ 174.60, 171.05, 144.90, 136.48, 135.75, 129.18, 128.83, 128.61, 127.80, 

127.70, 127.65, 127.63, 127.48, 124.63, 122.29, 108.37, 69.86, 61.99, 59.09, 48.53, 

44.15, 27.82, 25.99, 21.81, 21.65; HRMS m/z (ESI): calcd for C30H30N2O4Na
+ 

[M+Na]
+
: 505.2103, found 505.2100. 
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7. X-ray structures of 1c, 3ca and 3cf 

The absolute configurations of 1c, 3ca and 3cf were determined by X-ray 

crystallography. The stereochemistry of 3aa, 3ba, 3da-3ja, 3cb-3ce, 3cg-3cm, and 4-

6 were assigned by analogy. 

(a) X-ray structure of substrate 1c 

 

Figure S1. ORTEP diagram (50% probability) of 1c 

A single crystal of 1c [C17H16N2O2] was obtained from diffusion of hexane into a 

solution of 1c in DCM at room temperature. A suitable crystal of 1c was selected and 

analyzed by an Agilent Gemini X-ray Single Crystal Diffractometer. Using Olex2
4
, 

the structure was solved with the ShelXT
5
 structure solution program using Direct 

Methods and refined with the ShelXL
6
 refinement package using Least Squares 

minimization. Details of the crystal, data collection, and structure refinement 

parameters for crystallographic analysis of 1c are summarized in Table S2. 

Crystallographic data (CCDC 1963639) for 1c can be obtained free of charge from the 

Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 

 

Table S2. Parameters for crystallographic analysis of 1c 

Identification code cu_20180303_sanxianan_0ma-auto 

Empirical formula C34H32N4O4 

Formula weight 560.63 

Temperature/K 293(2) 

Crystal system orthorhombic 

Space group P212121 

a/Å 22.2717(14) 

b/Å 14.1714(9) 

c/Å 9.3683(5) 

α/° 90 

β/° 96.922(3) 

γ/° 90 

Volume/Å
3
 2935.3(3) 

Z 4 

http://www.ccdc.cam.ac.uk/data_request/cif
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ρcalcg/cm
3
 1.269 

μ/mm
-1

 0.679 

F(000) 1184 

Radiation CuKα (λ = 1.54178) 

Theta range for data collection/° 7.41 to 120.274 

Index ranges -25 ≤ h ≤ 25, -15 ≤ k ≤ 15, -10 ≤ l ≤ 10 

Reflections collected 37447 

Independent reflections 4369 [Rint = 0.0723, Rsigma = 0.0459] 

Data/restraints/parameters 4369/0/321 

Goodness-of-fit on F
2
 1.010 

Final R indexes [I>=2σ (I)] R1 = 0.0467, wR2 = 0.1111 

Final R indexes [all data] R1 = 0.0731, wR2 = 0.1260 

Largest diff. peak/hole / e Å
-3

 0.15/-0.20 

 

(b) X-ray structure of product 3ca 

 

Figure S2. ORTEP diagram (30% probability) of 3ca 

A single crystal of 3ca [C28H26N2O5] was obtained from diffusion of hexane into a 

solution of 3ca in DCM at room temperature. A suitable crystal of 3ca was selected 

and analyzed by an Agilent Gemini X-ray Single Crystal Diffractometer. Using 

Olex2
4
, the structure was solved with the ShelXT

5
 structure solution program using 

Direct Methods and refined with the ShelXL
6
 refinement package using Least Squares 

minimization.  

Refinement of the Flack parameter
7
 for 3ca was refined to the value of 0.00(8), 

which clearly suggests that the absolute configuration of the major isomer of 3ca is 

(3R,4'R,6'R). Details of the crystal, data collection, and structure refinement 

parameters for crystallographic analysis of 3ca are summarized in Table S3. 

Crystallographic data (CCDC 1963638) for 3ca can be obtained free of charge from 
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the Cambridge Crystallographic Data Centre via 

www.ccdc.cam.ac.uk/data_request/cif. 

 

Table S3. Parameters for crystallographic analysis of 3ca 

Identification code Cu_20170607nch3_0m-auto 

Empirical formula C28H26N2O5 

Formula weight 470.51 

Temperature/K 149(2) 

Crystal system orthorhombic 

Space group P212121 

a/Å 11.1247(17) 

b/Å 11.7728(18) 

c/Å 18.015(3) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å
3
 2359.4(6) 

Z 4 

ρcalcg/cm
3
 1.325 

μ/mm
-1

 0.746 

F(000) 992.0 

Radiation CuKα (λ = 1.54178) 

Theta range for data collection/° 8.972 to 127.732 

Index ranges -12 ≤ h ≤ 12, -13 ≤ k ≤ 13, -20 ≤ l ≤ 20 

Reflections collected 34236 

Independent reflections 3889 [Rint = 0.0541, Rsigma = 0.0242] 

Data/restraints/parameters 3889/0/321 

Goodness-of-fit on F
2
 1.095 

Final R indexes [I>=2σ (I)] R1 = 0.0293, wR2 = 0.0702 

Final R indexes [all data] R1 = 0.0320, wR2 = 0.0717 

Largest diff. peak/hole / e Å
-3

 0.14/-0.22 

Flack parameter 0.00(8) 

 

 

 

 

 

 

 

 

http://www.ccdc.cam.ac.uk/data_request/cif
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 (c) X-ray structure of product 3cf 

 

Figure S3. ORTEP diagram (30% probability) of 3cf 

A single crystal of 3cf [C28H25FN2O5] was obtained from diffusion of hexane into a 

solution of 3cf in DCM at room temperature. A suitable crystal of 3cf was selected 

and analyzed by an Agilent Gemini X-ray Single Crystal Diffractometer. Using 

Olex2
4
, the structure was solved with the ShelXT

5
 structure solution program using 

Direct Methods and refined with the ShelXL
6
 refinement package using Least Squares 

minimization.  

Refinement of the Flack parameter
7
 for 3cf was refined to the value of 0.11(7), 

which clearly suggests that the absolute configuration of the major isomer of 3cf is 

(3R,4'R,6'R). Details of the crystal, data collection, and structure refinement 

parameters for crystallographic analysis of 3cf are summarized in Table S4. 

Crystallographic data (CCDC 1963637) for 3cf can be obtained free of charge from 

the Cambridge Crystallographic Data Centre via 

www.ccdc.cam.ac.uk/data_request/cif. 

 

Table S4. Parameters for crystallographic analysis of 3cf 

Identification code cu_20170324mf_0m-auto 

Empirical formula C28H25FN2O5 

Formula weight 488.50 

Temperature/K 273(2) 

Crystal system orthorhombic 

Space group P212121 

a/Å 11.316(4) 

b/Å 11.859(4) 

c/Å 18.168(3) 

α/° 90 

β/° 90 

γ/° 90 

http://www.ccdc.cam.ac.uk/data_request/cif
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Volume/Å
3
 2438.0(11) 

Z 4 

ρcalcg/cm
3
 1.331 

μ/mm
-1

 0.804 

F(000) 1024 

Radiation Cu Kα (λ = 1.54178) 

theta range for data collection/° 8.904 to 127.56 

Index ranges -13 ≤ h ≤ 13, -12 ≤ k ≤ 13, -21 ≤ l ≤ 21 

Reflections collected 14025 

Independent reflections 3990 [Rint = 0.0282, Rsigma = 0.0257] 

Data/restraints/parameters 3990/0/328 

Goodness-of-fit on F
2
 1.152 

Final R indexes [I>=2σ (I)] R1 = 0.0362, wR2 = 0.0983 

Final R indexes [all data] R1 = 0.0421, wR2 = 0.1076 

Largest diff. peak/hole / e Å
-3

 0.37/-0.33 

Flack parameter 0.11(7) 
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9. NMR spectra 

C7, 
1
H NMR (400 MHz, DMSO-d6)： 

 

C7, 
13

C NMR (100 MHz, DMSO-d6): 
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1l, 
1
H NMR (400 MHz, DMSO-d6) 

 

1l, 
13

C NMR (100 MHz, DMSO-d6): 
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1m, 
1
H NMR (400 MHz, CDCl3): 

 

1m, 
13

C NMR (100 MHz, CDCl3): 
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3aa, 
1
H NMR (400 MHz, CDCl3): 

  

3aa, 
13

C NMR (100 MHz, CDCl3): 
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3ba, 
1
H NMR (400 MHz, CDCl3): 

  

3ba, 
13

C NMR (100 MHz, CDCl3): 
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3ca, 
1
H NMR (400 MHz, CDCl3): 

  

3ca, 
13

C NMR (100 MHz, CDCl3): 
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3da, 
1
H NMR (400 MHz, CDCl3): 

  

3da, 
13

C NMR (100 MHz, CDCl3): 
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3ea, 
1
H NMR (400 MHz, CDCl3): 

 

3ea, 
13

C NMR (100 MHz, CDCl3): 
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3fa, 
1
H NMR (400 MHz, CDCl3): 

 

3fa, 
13

C NMR (100 MHz, CDCl3): 
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3ga, 
1
H NMR (400 MHz, CDCl3): 

 

3ga, 
13

C NMR (100 MHz, CDCl3): 
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3ha, 
1
H NMR (400 MHz, CDCl3): 

 

3ha, 
13

C NMR (100 MHz, CDCl3): 

 



S40 

 

3ia, 
1
H NMR (400 MHz, CDCl3): 

 

3ia, 
13

C NMR (100 MHz, CDCl3): 
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3ja, 
1
H NMR (400 MHz, CDCl3): 

 

3ja, 
13

C NMR (100 MHz, CDCl3): 
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3cb, 
1
H NMR (400 MHz, CDCl3): 

 

3cb, 
13

C NMR (100 MHz, CDCl3): 
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3cc, 
1
H NMR (400 MHz, CDCl3): 

 

3cc, 
13

C NMR (100 MHz, CDCl3): 
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3cd, 
1
H NMR (400 MHz, CDCl3): 

 

3cd, 
13

C NMR (100 MHz, CDCl3): 
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3ce, 
1
H NMR (400 MHz,CDCl3): 

 

3ce, 
13

C NMR (100 MHz, CDCl3): 
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3cf, 
1
H NMR (400 MHz, DMSO-d6): 

 

3cf, 
13

C NMR (100 MHz, DMSO-d6): 
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3cg, 
1
H NMR (400 MHz, CDCl3): 

 

3cg, 
13

C NMR (100 MHz, CDCl3): 
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3ch, 
1
H NMR (400 MHz, DMSO-d6): 

 

3ch, 
13

C NMR (100 MHz, DMSO-d6): 
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3ci, 
1
H NMR (400 MHz, CDCl3): 

 

3ci, 
13

C NMR (100 MHz, CDCl3): 
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3cj, 
1
H NMR (400 MHz, CDCl3): 

 

3cj, 
13

C NMR (100 MHz, CDCl3): 
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3ck, 
1
H NMR (400 MHz, CDCl3): 

 

3ck, 
13

C NMR (100 MHz, CDCl3) 
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3cl, 
1
H NMR (400 MHz, CDCl3): 

 

3cl, 
13

C NMR (100 MHz, CDCl3): 
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3cm, 
1
H NMR (400 MHz, CDCl3): 

 

3cm, 13
C NMR (100 MHz, CDCl3) 
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4, 
1
H NMR (400 MHz, CDCl3): 

 

4, 13
C NMR (100 MHz, CDCl3): 
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5, 
1
H NMR (400 MHz, CDCl3): 

 

5, 13
C NMR (100 MHz, CDCl3): 
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6, 
1
H NMR (400 MHz, CDCl3): 

 

6, 13
C NMR (100 MHz, CDCl3) 
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10. HPLC spectra 

3aa: 

 

 

 



S58 

 

3ba: 
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3ca: 
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3da: 
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3ea: 
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3fa: 
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3ga: 
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3ha: 
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3ia: 
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3ja: 
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3cb: 
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3cc: 
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3cd: 

 

 



S70 

 

3ce: 
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3cf: 
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3cg: 
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3ch: 
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3ci: 
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3cj: 
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3ck: 
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3cl: 
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3cm: 
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5:  
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