
S1 
 

Organocatalytic Asymmetric Spirocyclization Reactions of Cyclic 2,4-

dienones with Cyanoketones: Synthesis of Spiro-Dihydropyrano 

Cyclohexanones 

Buddhadeb Mondala, Megha Balhaa and Subhas Chandra Pan* 

Department of Chemistry, Indian Institute of Technology Guwahati,  

North Guwahati, Assam, 781039 

 

Table of contents 

1. General information………………………………………………....................S2 

2. General procedure for the synthesis of dienones………………………. ....…..S2 

3. General procedure for the synthesis of catalyst…………………..………..…..S2 

4. Catalyst optimization………………………………..………………………...S2-S3 

5. Solvent optimization…………………………………..…………...…………..S3 

6. Acid additive……………………………………………………...………...…..S4 

7. General procedure for the synthesis of compound 3a-3o …..………...………..S4-S5 

8. Characterization of the  products .……...............................................................S5-S13 

9. Crystal structure and data……………………………………...…………..…...S13-S14 

10. NMR and HPLC spectra of the products…………….…………..….……..…..S15-S46 

11. References………………..…………………………….………….....…...….....S47 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2019



S2 
 

1. General Information: Chemicals and solvents were purchased from commercial suppliers 

and used as received. 1H NMR spectra were recorded on 400 MHz, 500 MHz and 600 MHz 

spectrometer. 13C NMR spectra were recorded on 100 MHz, 125 MHz and 150 MHz. Chemical 

shifts were reported in parts per million (ppm), and the residual solvent peak was used as an 

internal reference: proton (chloroform δ 7.260), carbon (chloroform δ 77.23). Multiplicity was 

indicated as follows: s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), dd (doublet 

of doublet), brs (broad singlet). Coupling constants were reported in Hertz (Hz). High-

resolution mass spectra (HRMS) were recorded in Q-TOF electron spray ionization (ESI). 

Enantiomeric ratios were determined by HPLC analysis using Dionex (Ultimate 3000) 

instrument with chiral columns using a Daicel Chiralpak IA Column, Daicel Chiralpak IB 

Column, Daicel Chiralpak IC Column, Daicel Chiralpak ID Column. For visualizing the 

products UV light and I2 were used. Toluene was distilled over CaH2 under argon and stored 

over 4A° molecular sieves. DCM was distilled over CaH2 under argon and stored over 4A° 

molecular sieves. Silica gel (60-120 mesh size) was used for the column chromatography. 

Reactions were monitored by TLC on silica gel 60 F254 (0.25 mm). 

2. General procedure for the synthesis of Dienones: 

Dienones 1a-1g were prepared according to reported procedure.1 

 

3. General procedure for the synthesis of catalyst: 

The catalyst (I, II and III) was prepared according to reported procedures.2  

 

4. Catalyst optimization (Table S1): 
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Scheme S1 

 

entrya catalyst acid-additive yieldb drc eed 

1 I PhCO2H 70 1.2:1 52/54 

2 II PhCO2H 74 1.3:1 77/80 

3 III PhCO2H 75 1.3:1 82/79 

4 IV PhCO2H 66 1.1:1 18/20 

5 V PhCO2H 68 1.1:1 42/36 

6 VI PhCO2H 70 1.1:1 -77/-80 

aUnless otherwise mentioned, reactions were carried out with 0.06 mmol of 1a with 0.05 mmol of 2a in 0.5 ml 

solvent using 20 mol% catalyst and 20 mol% acid additive at room temperature for 2 days. bIsolated combined 

yield after silica gel column chromatography. cDetermined by 1H NMR of crude reaction mixture. dDetermined 

by chiral HPLC.  

 

5. Solvent optimization (Table S2): 

 

 

Scheme S2 

 

entrya solvent yield (%)b drc eed 

1 CHCl3 69 1.1:1 82/72 

2 CH2Cl2 58 1.1:1 76/20 

3 PhCF3 73 1:1 78/78 

3 MTBE 68 1.2:1 80/78 

4 mesitylene 70 1.2:1 81/74 

5 toluene 75 1.3:1 82/79 

 aUnless otherwise mentioned, reactions were carried out with 0.06 mmol of 1a with 0.05 mmol of 2a in 0.5 ml 

solvent using 20 mol% cat. III and 20 mol% PhCO2H at room temperature for 2 days. bIsolated combined yield 

after silica gel column chromatography. cDetermined by 1H NMR of crude reaction mixture. dDetermined by chiral 

HPLC. 
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6. Acid-additive optimization (Table S3): 

 

Scheme S3 

 

entrya acid-additive yield (%)b drc eed 

1 2-OHC6H4CO2H 79 1:1 88/78 

2 4-OMeC6H4CO2H 70 1.1 80/71 

3 (R)-3-Phenyllactic acid 68 1:1 87/77 

4 D-CSA 73 1:1 88/79 

5 N-Boc-tleucine 80 1.1:1 90/88 

6e N-Boc-tleucine 85 1.2:1 95/92 

    aUnless otherwise mentioned, reactions were carried out with 0.06 mmol of 1a with 0.05 mmol of 2a in 0.5 ml 

solvent using 20 mol% cat. III and 20 mol% acid additive at room temperature for 2 days. bIsolated combined 

yield after silica gel column chromatography. cDetermined by 1H NMR of crude reaction mixture. dDetermined 

by chiral HPLC. eReaction was carried out at 0 oC and for 5 days. 

7. General procedure for the synthesis of compound 3:  

 

 

In an oven dried round bottom flask, 1 (0.24 mmol), 2 (0.2 mmol), 20 mol% of catalyst III and 

20 mol% of N-Boc (L)-tert-leucine were taken. 2 mL of toluene was added to the reaction 

mixture and stirred at 0 oC for 5 days. Completion of reaction was checked by TLC. After the 

completion of reaction, solvent was concentrated and reaction mixture was directly purified by 
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column chromatography on silica gel eluting with hexane/ethyl acetate (25-30 %) to afford 

desired product 3a-3o. 

8. Characterisation of the products: 

(4R,6R)-8-oxo-2,4-diphenyl-1-oxaspiro[5.5]undec-2-ene-3-

carbonitrile (3a): Light yellow sticky solid; 85% yield (58.4 mg); 

1.2:1 dr. 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 7.8 Hz, 2H), 7.64 

(d, J = 6.5 Hz, 2H), 7.45 – 7.38 (m, 10H), 7.32 (d, J = 6.2 Hz, 6H), 

3.78 (dd, J = 11.6, 6.5 Hz, 1H), 3.68 (dd, J = 11.9, 6.5 Hz, 1H), 2.98 

(d, J = 14.3 Hz, 1H), 2.68 (d, J = 14.7 Hz, 1H), 2.62 – 2.46 (m, 4H), 

2.46 – 2.32 (m, 3H), 2.22 (dt, J = 18.1, 9.1 Hz, 4H), 2.12 – 1.84 (m, 

9H). 13C NMR (100 MHz, CDCl3) δ 207.9, 207.3, 164.4, 164.2, 140.9, 140.8, 133.3, 133.1, 

131.2, 131.1, 129.3, 128.6, 128.6, 128.4, 127.9, 127.9, 119.5, 119.3, 87.8, 87.3, 82.3, 82.0, 

52.7, 47.6, 41.7, 41.2, 41.0, 40.7, 38.5, 38.1, 36.3, 30.9, 29.8, 20.8, 20.6. HPLC Analysis: 95% 

ee (tmajor = 18.3 min, tminor = 25.2 min) and 92% ee (tmajor = 19.7 min, tminor = 21.4 min); 

Chiralpak IA Column, n-Hexane/EtOH = 90/10, flow rate 1.0 mL/min, 25 oC, λ = 254 nm. 

HRMS (+ESI-TOF) m/z: calcd. For C23H22NO2 [M+H]+ 344.1645, found 344.1650.  

   

(4R,6R)-8-oxo-4-phenyl-2-(p-tolyl)-1-oxaspiro[5.5]undec-2-

ene-3-carbonitrile (3b): Colorless sticky solid; 78% (55.7 mg); 

1.3:1 dr. 1H NMR (600 MHz, CDCl3) δ 7.64 (d, J = 8.2 Hz, 2H), 

7.53 (d, J = 8.1 Hz, 2H), 7.39 (t, J = 7.5 Hz, 4H), 7.36 – 7.28 (m, 

7H), 7.21 (d, J = 7.1 Hz, 4H), 3.77 (dd, J = 11.7, 6.5 Hz, 1H), 3.67 

(dd, J = 11.9, 6.5 Hz, 1H), 2.97 (d, J = 14.3 Hz, 1H), 2.66 (d, J = 

14.8 Hz, 1H), 2.54 (dd, J = 14.7, 10.2 Hz, 3H), 2.51 (t, J = 11.0 Hz,3H), 2.47 – 2.39 (m, 3H), 

2.38 (d, J = 2.5 Hz, 7H), 2.29 – 2.17 (m, 3H), 2.06 (dd, J = 12.8, 8.7 Hz, 3H), 2.03 – 1.96 (m, 

2H), 1.96 – 1.84 (m, 4H). 13C NMR (151 MHz, CDCl3) δ 208.0, 207.5, 164.5, 164.2, 141.6, 

141.5, 141.0, 140.9, 130.4, 130.2, 129.2, 128.4, 128.3, 127.9, 127.8, 119.8, 119.5, 87.1, 86.5, 

82.2, 81.9, 52.7, 47.5, 41.6, 41.2, 41.0, 40.7, 38.5, 38.0, 36.3, 30.8, 21.6, 21.6, 20.80, 20.6. 

HPLC Analysis: 89% ee (tmajor = 18.7 min, tminor = 24.4 min) and 97% ee (tmajor = 21.4 min, 

tminor = 23.7 min); Chiralpak IB Column, n-Hexane/EtOH = 90/10, flow rate 1.0 mL/min, 25 

oC, λ = 254 nm. HRMS (+ESI-TOF) m/z: calcd. For C24H24NO2 [M+H]+ 358.1802, found 

358.1804. 
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(4R,6R)-2-(4-methoxyphenyl)-8-oxo-4-phenyl-1-

oxaspiro[5.5]undec-2-ene-3-carbonitrile (3c): Brown sticky 

solid; 73% (54.5 mg); 1:1 dr. 1H NMR (600 MHz, CDCl3) δ 7.72 

(d, J = 8.9 Hz, 2H), 7.60 (d, J = 8.8 Hz, 2H), 7.41 – 7.35 (m, 4H), 

7.31 (d, J = 7.3 Hz, 6H), 6.91 (d, J = 8.7 Hz, 4H), 3.82 (d, J = 3.3 

Hz, 6H), 3.79 – 3.74 (m, 1H), 3.66 (dd, J = 11.9, 6.6 Hz, 1H), 2.97 

(d, J = 14.2 Hz, 1H), 2.66 (d, J = 14.6 Hz, 1H), 2.58 – 2.37 (m, 7H), 2.28 – 2.15 (m, 3H), 2.10 

– 1.97 (m, 4H), 1.95 – 1.83 (m, 4H). 13C NMR (150 MHz, CDCl3) δ 208.2, 207.7, 164.0, 

163.7, 161.7, 141.1, 141.0, 131.4, 130.1, 130.0, 129.2, 127.8, 125.6, 125.3, 120.1, 119.8, 113.9, 

86.3, 85.6, 82.2, 81.9, 55.5, 52.7, 47.5, 41.7, 41.2, 41.0, 40.7, 38.5, 38.1, 36.3, 30.7, 29.8, 28.4, 

26.6, 20.8, 20.7, 14.3. HPLC Analysis: 91% ee (tmajor = 20.2 min, tminor = 26.5 min) and 93% 

ee (tmajor = 23.9 min, tminor = 31.9 min); Chiralpak IB Column, n-Hexane/EtOH = 90/10, flow 

rate 1.0 mL/min, 25 oC, λ = 254 nm. HRMS (+ESI-TOF) m/z: calcd. For C24H24NO3 [M+H]+ 

374.1751, found 374.1761. 

(4R,6R)-2-(4-fluorophenyl)-8-oxo-4-phenyl-1-

oxaspiro[5.5]undec-2-ene-3-carbonitrile (3d): Brown sticky 

solid; 69% (50.0 mg); 1.3:1 dr. 1H NMR (600 MHz, CDCl3) δ 

7.77 – 7.72 (m, 2H), 7.64 – 7.61 (m, 2H), 7.39 (t, J = 6.8 Hz, 5H), 

7.31 (t, J = 9.0 Hz, 7H), 7.11-7.07 (m, 5H), 3.77 (dd, J = 11.7, 6.5 

Hz, 1H), 3.67 (dd, J = 12.0, 6.5 Hz, 1H), 2.97 (d, J = 14.2 Hz, 1H), 

2.67 (d, J = 14.7 Hz, 1H), 2.54 (dd, J = 26.3, 14.2 Hz, 4H), 2.47 – 2.38 (m, 4H), 2.27 – 2.17 

(m, 4H), 2.11 – 1.99 (m, 5H), 1.96 – 1.86 (m, 4H). 13C NMR (150 MHz, CDCl3) δ 208.1, 

207.4, 165.1, 163.4, 163.4, 163.3, 163.0, 140.7, 140.6, 130.8, 130.7, 130.6, 129.3, 128.0, 127.9, 

127.8, 119.5, 119.2, 115.8, 115.7, 87.9, 87.2, 82.5, 82.3, 52.7, 47.6, 41.6, 41.1, 41.0, 40.7, 38.4, 

38.0, 36.3, 30.9, 20.8, 20.7. HPLC Analysis: 90% ee (tmajor = 20.3 min, tminor = 16.1 min) and 

83% ee (tmajor = 52.8 min, tminor = 19.0 min); Chiralpak IB Column, n-Hexane/EtOH = 90/10, 

flow rate 1.0 mL/min, 25 oC, λ = 254 nm. HRMS (+ESI-TOF) m/z: calcd. For C23H21FNO2 

[M+H]+ 362.1551, found 362.1559. 
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(4R,6R)-2-(4-chlorophenyl)-8-oxo-4-phenyl-1-

oxaspiro[5.5]undec-2-ene-3-carbonitrile (3e): White semi 

solid; 75% (56.7 mg); 2:1 dr. 1H NMR (600 MHz, CDCl3) δ 

7.69 (d, J = 8.6 Hz, 2H), 7.57 (d, J = 8.6 Hz, 3H), 7.42 – 7.36 (m, 

12H), 7.40 – 7.37 (m, 10H), 3.77 (dd, J = 11.7, 6.5 Hz, 1H), 3.67 

(dd, J = 12.0, 6.5 Hz, 2H), 2.96 (d, J = 14.2 Hz, 2H), 2.67 (d, J = 

14.7 Hz, 1H), 2.59 – 2.49 (m, 5H), 2.49 – 2.33 (m, 4H), 2.27 – 2.15 (m, 5H), 2.11 – 1.99 (m, 

6H), 1.98 – 1.85 (m, 7H). 13C NMR (150 MHz, CDCl3) δ 208.0, 207.3, 163.2, 162.9, 140.6, 

140.5, 137.2, 131.7, 131.4, 129.9, 129.7, 129.3, 129.10 128.9, 128.0, 127.9, 127.8, 127.5, 

119.3, 119.0, 88.3, 87.7, 82.6, 82.4, 52.7, 47.6, 41.5, 41.0, 40.7, 38.5, 38.0, 36.3, 20.8, 20.7. 

HPLC Analysis: 89% ee (tmajor = 21.3 min, tminor = 19.9 min) and 97% ee (tmajor = 26.5 min, 

tminor = 24.5 min); Chiralpak IB Column, n-Hexane/EtOH = 90/10, flow rate 1.0 mL/min, 25 

oC, λ = 254 nm. HRMS (+ESI-TOF) m/z: calcd. For C23H21ClNO2 [M+H]+ 378.1255, found 

378.1268. 

 

(4R,6R)-2-(4-bromophenyl)-8-oxo-4-phenyl-1-

oxaspiro[5.5]undec-2-ene-3-carbonitrile (3f): Brown sticky 

solid; 72% (60.6 mg); 1.3:1 dr. 1H NMR (600 MHz, CDCl3) δ 

7.62 (d, J = 8.6 Hz, 2H), 7.55 – 7.53 (m, 4H), 7.49 (d, J = 8.6 Hz, 

2H), 7.43 – 7.37 (m, 5H), 7.36 – 7.27 (m, 7H), 3.76 (dd, J = 11.7, 

6.5 Hz, 1H), 3.66 (dd, J = 11.9, 6.5 Hz, 1H), 2.95 (d, J = 14.2 Hz, 

1H), 2.67 (d, J = 14.6 Hz, 1H), 2.53 (dd, J = 26.4, 14.0 Hz, 4H), 

2.47 – 2.35 (m, 4H), 2.27 – 2.15 (m, 4H), 2.10 – 1.99 (m, 5H), 1.97 – 1.87 (m, 4H). 13C NMR 

(150 MHz, CDCl3) δ 207.9, 207.3, 163.3, 163.0, 140.5, 132.1, 131.9, 130.1, 129.9, 129.3, 

128.0, 127.9, 127.8, 125.6, 119.2, 119.0, 88.4, 87.8, 82.6, 82.4, 52.7, 47.6, 41.5, 41.0, 40.7, 

38.5, 38.0, 36.3, 30.9, 20.8, 20.7. HPLC Analysis: 91% ee (tmajor = 27.1 min, tminor = 33.1 min) 

and 84% ee (tmajor = 20.0 min, tminor = 24.1 min); Chiralpak Lux cellulose-1 Column, n-

Hexane/EtOH = 90/10, flow rate 1.0 mL/min, 25 oC, λ = 254 nm. HRMS (+ESI-TOF) m/z: 

calcd. For C23H21BrNO2 [M+H]+ 422.0750, found 422.0749. 
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(4R,6R)-8-oxo-4-phenyl-2-(m-tolyl)-1-oxaspiro[5.5]undec-2-

ene-3-carbonitrile (3g): Light yellow sticky solid; 70% (50.0 mg); 

1.4:1 dr. 1H NMR (400 MHz, CDCl3) δ 7.43 (d, J = 7.2 Hz, 2H), 

7.33 (dd, J = 16.9, 8.5 Hz, 7H), 7.27 – 7.21 (m, 9H), 7.18 (dd, J = 

7.9, 5.6 Hz, 4H), 3.68 (dd, J = 11.7, 6.5 Hz, 1H), 3.59 (dd, J = 11.9, 

6.5 Hz, 1H), 2.89 (d, J = 14.3 Hz, 1H), 2.59 (d, J = 14.7 Hz, 1H), 

2.51 – 2.37 (m, 5H), 2.30 (s, 10H), 2.13 (dd, J = 14.0, 6.5 Hz, 4H), 2.01-1.76 (m, 10H). 13C 

NMR (150 MHz, CDCl3) δ 208.0, 207.5, 164.3, 164.0, 140.8, 140.7, 138.9, 138.8, 133.3, 

133.1, 131.1, 129.1, 128.7, 128.7, 128.6, 128.5, 128.4, 124.9, 119.6, 119.4, 87.9, 87.39 82.3, 

82.0, 52.8, 47.6, 41.7, 41.2, 41.0, 40.7, 38.4, 38.0, 36.3, 30.8, 21.7, 20.8, 20.6. HPLC Analysis: 

91% ee (tmajor = 20.4 min, tminor = 16.9 min) and 98% ee (tmajor = 19.1 min, tminor = 1.3 min); 

Chiralpak IB Column, n-Hexane/EtOH = 90/10, flow rate 1.0 mL/min, 25 oC, λ = 254 nm. 

HRMS (+ESI-TOF) m/z: calcd. For C24H24NO2 [M+H]+ 358.1802, found 358.1800. 

 

(4R,6R)-8-oxo-4-phenyl-2-(3-(trifluoromethyl)phenyl)-1-

oxaspiro[5.5]undec-2-ene-3-carbonitrile (3h): Brown sticky 

solid; 65% (53.4 mg); 1.5:1 dr. 1H NMR (400 MHz, CDCl3) δ 

7.86 (s, 2H), 7.78 (d, J = 12.5 Hz, 3H), 7.64 (d, J = 7.7 Hz, 2H), 

7.50 – 7.44 (m, 2H), 7.34 – 7.31 (m, 5H), 7.26 – 7.22 (m, 8H), 7.18 

(s, 1H), 3.71 (dd, J = 11.7, 6.4 Hz, 1H), 3.63 (dd, J = 11.9, 6.5 Hz, 

1H), 2.89 (d, J = 14.3 Hz, 1H), 2.63 (d, J = 14.7 Hz, 1H), 2.46 (dd, J = 14.4, 10.8 Hz, 4H), 2.40 

– 2.29  (m, 4H), 2.18 (dd, J = 14.1, 6.5 Hz, 4H), 2.06 – 1.80 (m, 10H). 13C NMR (100 MHz, 

CDCl3) δ 207.5, 206.9, 162.7, 162.6, 140.4, 140.3, 134.2, 134.0, 131.94 131.7, 131.4, 131.0, 

129.4, 129.3, 129.1, 128.1, 127.9, 125.4, 125.2, 118.7, 118.5, 89.3, 88.9, 82.8, 82.6, 52.8, 47.8, 

41.4, 40.9, 40.8, 40.6, 38.4, 38.1, 36.3, 31.1, 29.9, 20.7, 20.7. HPLC Analysis: 99% ee (tmajor 

= 26.0 min, tminor = 32.8 min) and 41% ee (tmajor = 29.5 min, tminor = 22.2 min); Chiralpak IB 

Column, n-Hexane/EtOH = 90/10, flow rate 1.0 mL/min, 25 oC, λ = 254 nm. HRMS (+ESI-

TOF) m/z: calcd. For C24H21F3NO2 [M+H]+ 412.1519, found 412.1514. 
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(4R,6R)-2-(3-chlorophenyl)-8-oxo-4-phenyl-1-oxaspiro[5.5]undec-

2-ene-3-carbonitrile (3i): Light brown sticky solid; 71% (53.8 mg); 

1.7:1 dr. 1H NMR (400 MHz, CDCl3) δ 7.65 (d, J = 8.9 Hz, 2H), 

7.58 – 7.52  (m, 3H), 7.48 – 7.27 (m, 19H), 3.76 (dd, J = 11.7, 6.5 

Hz, 1H), 3.68 (dd, J = 11.9, 6.5 Hz, 2H), 2.95 (d, J = 14.2 Hz, 2H), 

2.69 (d, J = 14.8 Hz, 1H), 2.62 – 2.48 (m, 5H), 2.48 – 2.33 (m, 4H), 

2.23 (dd, J = 14.1, 6.6 Hz, 5H), 2.16 – 1.86 (m, 11H). 13C NMR (100 MHz, CDCl3) δ 207.6, 

162.9, 162.7, 140.5, 140.4, 135.0, 134.6, 131.2, 131.1, 129.9, 129.3, 128.5, 128.3, 128.1, 128.0, 

127.9, 126.8, 126.7, 118.9, 118.73 88.9, 82.6, 82.4, 52.7, 47.7, 41.4, 40.9, 40.6, 38.5, 38.1, 

36.3, 20.7, 20.6. HPLC Analysis: 98% ee (tmajor = 24.7 min, tminor = 26.1 min) and 69% ee 

(tmajor = 28.6 min, tminor = 20.0 min); Chiralpak IB Column, n-Hexane/EtOH = 90/10, flow rate 

1.0 mL/min, 25 oC, λ = 254 nm. HRMS (+ESI-TOF) m/z: calcd. For C23H22ClNO2 [M+H]+ 

378.1255, found 378.1264. 

 

 (4R,6R)-8-oxo-2-phenyl-4-(p-tolyl)-1-oxaspiro[5.5]undec-2-ene-3-

carbonitrile (3j): Colorless sticky solid; 79% (56.4 mg); 1.5:1 dr. 1H NMR 

(600 MHz, CDCl3) δ 7.74 (d, J = 7.1 Hz, 2H), 7.63 (d, J = 7.0 Hz, 3H), 

7.48 – 7.38 (m, 7H), 7.20 (d, J = 2.4 Hz, 9H), 3.74 (dd, J = 11.7, 6.5 Hz, 

1H), 3.65 (dd, J = 12.0, 6.5 Hz, 1H), 2.98 (d, J = 14.3 Hz, 1H), 2.67 (d, J 

= 14.7 Hz, 1H), 2.53 (dd, J = 33.4, 13.9 Hz, 5H), 2.48 – 2.39 (m, 4H), 2.35 

(d, J = 2.0 Hz, 7H), 2.27 – 2.18 (m, 4H), 2.06 (d, J = 9.8 Hz, 5H), 1.98 – 

1.84 (m, 5H). 13C NMR (150 MHz, CDCl3) δ 208.0, 207.5, 164.2, 164.0, 137.8, 137.7, 137.6, 

137.5, 133.3, 133.1, 131.1, 131.0, 129.9, 128.6, 128.5, 128.4, 127.7, 119.6, 119.4, 88.1, 87.5, 

82.3, 82.0, 52.8, 47.6, 41.7, 41.2, 41.0, 40.7, 38.1, 37.6, 36.3, 30.9, 21.3, 20.8, 20.6. HPLC 

Analysis: 92% ee (tmajor = 12.2 min, tminor = 13.8 min) and 95% ee (tmajor = 18.4 min, tminor = 

15.4 min); Chiralpak IB Column, n-Hexane/EtOH = 90/10, flow rate 1.0 mL/min, 25 oC, λ = 

254 nm. HRMS (+ESI-TOF) m/z: calcd. For C23H24NO2 [M+H]+ 358.1802, found 358.1811.  
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(4R,6R)-4-(4-(tert-butyl)phenyl)-8-oxo-2-phenyl-1-

oxaspiro[5.5]undec-2-ene-3-carbonitrile (3k): Off white semisolid; 

80% (63.9 mg); 1.3:1 dr. 1H NMR (600 MHz, CDCl3) δ 7.66 (d, J = 

7.2 Hz, 2H), 7.55 (d, J = 7.1 Hz, 3H), 7.38 – 7.32 (m, 11H), 7.17 (dd, 

J = 8.3, 6.6 Hz, 5H), 3.68 (dd, J = 11.7, 6.5 Hz, 1H), 3.59 (dd, J = 11.9, 

6.5 Hz, 1H), 2.91 (d, J = 14.3 Hz, 1H), 2.59 (d, J = 14.7 Hz, 1H), 2.45 

(dt, J = 14.7, 9.9 Hz, 5H), 2.40 – 2.30 (m, 4H), 2.18 – 2.11 (m, 4H), 

2.02 – 1.97 (m, 3H), 1.90 – 1.80 (m, 5H), 1.25 (d, J = 2.1 Hz, 21H). 

13C NMR (150 MHz, CDCl3) δ 208.0, 207.5, 164.3, 164.0, 140.8, 140.7, 138.9, 138.8, 133.3, 

133.1, 131.1, 129.1, 128.7, 128.7, 128.6, 128.5, 128.4, 124.9, 119.6, 119.4, 87.9, 87.3, 82.3, 

82.0, 52.8, 47.6, 41.7, 41.2, 41.0, 40.7, 38.4, 38.0, 36.3, 30.8, 21.7, 20.8, 20.6. HPLC Analysis: 

95% ee (tmajor = 16.3 min, tminor = 17.9 min) and 98% ee (tmajor = 12.6 min, tminor = 9.4 min); 

Chiralpak ID Column, n-Hexane/EtOH = 90/10, flow rate 1.0 mL/min, 25 oC, λ = 254 nm. 

HRMS (+ESI-TOF) m/z: calcd. For C27H30NO2 [M+H]+ 400.2271, found 400.2269.  

 

 

 (4R,6R)-4-(4-chlorophenyl)-8-oxo-2-phenyl-1-oxaspiro[5.5]undec-2-

ene-3-carbonitrile (3l): Brown sticky solid; 76% (59.6 mg); 1.7:1 dr. 1H 

NMR (600 MHz, CDCl3) δ 7.74 (d, J = 7.4 Hz, 2H), 7.65 – 7.61 (m, 2H), 

7.50 – 7.45 (m, 3H), 7.44 – 7.41 (m, 6H), 7.38 – 7.36 (m, 5H), 7.29 – 7.25 

(m, 6H), 3.78 (dd, J = 11.7, 6.5 Hz, 1H), 3.68 (dd, J = 11.9, 6.5 Hz, 2H), 

2.97 (d, J = 14.3 Hz, 2H), 2.68 (d, J = 14.7 Hz, 1H), 2.62 – 2.49 (m, 5H), 

2.48 – 2.36 (m, 4H), 2.30 – 2.18 (m, 5H), 2.14 – 1.99 (m, 5H), 1.98 – 1.82 

(m, 5H). 13C NMR (150 MHz, CDCl3) δ 208.0, 207.5, 164.2, 164.0, 137.8, 

137.7, 137.6, 137.5, 133.3, 133.1, 131.0, 129.9, 128.6, 128.5, 128.4, 127.7, 119.6, 119.4, 88.1, 

87.5, 82.3, 82.0, 52.8, 47.6, 41.7, 41.2, 41.0, 40.7, 38.1, 37.6, 36.3, 30.9, 21.3, 20.8, 20.6. 

HPLC Analysis: 92% ee (tmajor = 13.1 min, tminor = 11.0 min) and 72% ee (tmajor = 19.2 min, 

tminor = 21.0 min); Chiralpak IB Column, n-Hexane/EtOH = 90/10, flow rate 1.0 mL/min, 25 

oC, λ = 254 nm. HRMS (+ESI-TOF) m/z: calcd. For C23H21ClNO2 [M+H]+ 378.1255, found 

378.1263. 
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(4R,6R)-8-oxo-2-phenyl-4-(m-tolyl)-1-oxaspiro[5.5]undec-2-ene-3-

carbonitrile (3m): Colourless sticky solid; 73% (52.2 mg); 1.6:1 dr. 1H 

NMR (600 MHz, CDCl3) δ 7.75 (d, J = 7.1 Hz, 2H), 7.64 (d, J = 7.0 Hz, 

3H), 7.47 – 7.39 (m, 8H), 7.30 – 7.26 (m, 3H), 7.15 – 7.10 (m, 7H), 3.74 

(dd, J = 11.7, 6.5 Hz, 1H), 3.64 (dd, J = 12.0, 6.5 Hz, 2H), 2.98 (d, J = 

14.3 Hz, 2H), 2.68 (d, J = 14.7 Hz, 1H), 2.54 (dd, J = 33.5, 13.9 Hz, 5H), 

2.48 – 2.40 (m, 4H), 2.38 (s, 8H), 2.22 – 2.18 (m, 4H), 2.13 – 1.97 (m, 

5H), 1.94 – 1.86 (m, 5H). 13C NMR (150 MHz, CDCl3) δ 208.0, 207.5, 

164.3, 164.0, 140.8, 140.7, 138.9, 133.3, 133.1, 129.1, 128.7, 128.6, 128.5, 128.4, 124.9, 124.9, 

119.6, 119.4, 87.9, 87.3, 82.3, 82.0, 52.8, 47.6, 41.7, 41.2, 41.0, 40.7, 38.4, 38.0, 36.3, 30.8, 

21.72, 20.8, 20.6. HPLC Analysis: 94% ee (tmajor = 12.2 min, tminor = 15.4 min) and 92% ee 

(tmajor = 20.1 min, tminor = 13.3 min); Chiralpak IB Column, n-Hexane/EtOH = 90/10, flow rate 

1.0 mL/min, 25 oC, λ = 254 nm. HRMS (+ESI-TOF) m/z: calcd. For C23H24NO2 [M+H]+ 

358.1802, found 358.1813. 

 

(4S,6R)-4-(2,6-dichlorophenyl)-8-oxo-2-phenyl-1-oxaspiro[5.5]undec-2-

ene-3-carbonitrile (3n): Off white semi solid; 65% (47.9 mg); 1.6:1 dr. 1H 

NMR (400 MHz, CDCl3) δ 7.73 (d, J = 7.0 Hz, 2H), 7.65 – 7.60 (m, 3H), 

7.45 – 7.39 (m, 8H), 7.37 (t, J = 8.9 Hz, 5H), 7.20 (t, J = 8.1 Hz, 3H), 4.79 

(dd, J = 12.2, 6.7 Hz, 1H), 4.70 (dd, J = 12.2, 6.7 Hz, 2H), 3.03 (d, J = 14.3 

Hz, 2H), 2.73 (d, J = 14.6 Hz, 1H), 2.57 (dd, J = 17.6, 14.6 Hz, 5H), 2.51 – 

2.36 (m, 5H), 2.36 – 2.22 (m, 3H), 2.13 (dd, J = 17.5, 6.1 Hz, 3H), 2.09 – 

1.93 (m, 7H). 13C NMR (150 MHz, CDCl3) δ 207.9, 207.4, 163.5, 163.5, 136.3, 136.2, 135.2, 

135.1, 134.3, 134.2, 133.4, 133.1, 131.0, 130.7, 129.5, 128.9, 128.6, 128.5, 128.3, 119.0, 118.8, 

86.2, 85.7, 82.2, 82.0, 52.9, 47.6, 41.0, 40.7, 36.4, 34.6, 34.3, 34.2, 33.5, 30.9, 20.8, 20.6. 

HPLC Analysis: 96% ee (tmajor = 20.6 min, tminor = 28.2 min) and 96% ee (tmajor = 17.9 min, 

tminor = 16.1 min); Chiralpak ID Column, n-Hexane/EtOH = 90/10, flow rate 1.0 mL/min, 25 

oC, λ = 254 nm. HRMS (+ESI-TOF) m/z: calcd. For C23H20Cl2NO2 [M+H]+ 412.0866, found 

412.0869. 
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(4R,6R)-4-mesityl-8-oxo-2-phenyl-1-oxaspiro[5.5]undec-2-

ene-3-carbonitrile (3o): Brown sticky solid; 67% (51.6 mg); 1.6:1 

dr. 1H NMR (400 MHz, CDCl3) δ 7.76 (t, J = 6.9 Hz, 1H), 7.70 (d, 

J = 8.1 Hz, 1H), 7.59 – 7.57 (m, 3H), 7.47 – 7.35 (m, 8H), 7.21 – 

7.14 (m, 1H), 6.84 (s, 4H), 4.24 (dd, J = 11.4, 7.7 Hz, 1H), 4.16 (dd, 

J = 12.2, 7.0 Hz, 2H), 2.98 (d, J = 14.2 Hz, 2H), 2.68 (d, J = 14.6 

Hz, 1H), 2.60 – 2.48 (m, 5H), 2.42 (d, J = 10.3 Hz, 8H), 2.36 (d, J 

= 5.3 Hz, 6H), 2.33 (s, 6H), 2.23 (s, 9H), 2.15 – 1.91 (m, 12H). 13C NMR (100 MHz, 

CDCl3) δ 207.9, 207.3, 162.6, 162.4, 137.0, 136.7, 136.5, 136.4, 136.3, 133.5, 133.2, 

132.5, 131.9, 131.8, 131.0, 130.9, 129.9, 129.8, 128.7, 128.3, 128.1, 128.0, 119.3, 119.1, 

88.8, 88.2, 82.4, 82.0, 53.1, 48.0, 41.0, 40.7, 36.7, 36.1, 35.7, 32.9, 32.5, 31.1, 29.9, 

28.4, 22.9, 21.1, 21.0, 20.9, 20.6, 20.2, 20.1. HPLC Analysis: 96% ee (tmajor = 16.1 min, 

tminor = 10.7 min) and 75% ee (tmajor = 8.8 min, tminor = 11.9 min); Chiralpak IB Column, 

n-Hexane/EtOH = 90/10, flow rate 1.0 mL/min, 25 oC, λ = 254 nm. HRMS (+ESI-

TOF) m/z: calcd. For C26H28NO2 [M+H]+ 386.2115, found 386.2114. 

 

General procedure for the preparation of derivatives 4: 

To a solution of compound 3a (68.6 mg, 0.2 mmol) in EtOH (0.4 mL) was added NaBH4 (15 

mg, 0.4 mmol) at 0 oC and the mixture was stirred for 5 h. The reaction mixture was diluted 

with DCM (3 mL), and the organic layer was washed with brine (2×2 mL).Then organic layer 

was dried over anhydrous sodium sulfate, and concentrated under reduced pressure. The 

obtained residue was purified by silica gel column chromatography using EtOAc−hexane 

(30−40%) as eluent to afford the compound 4. 

4 (2S,3S)-5-amino-1'-benzyl-4'-(3-methoxyphenyl)-2'-oxo-3-phenyl-

3H-spiro[furan-2,3'-indoline]-4-carbonitrile was obtained as a pale 

yellow sticky solid in 81% yield (20.2 mg) after column chromatography. 

1H NMR (400 MHz, DMSO-d6) δ 8.02 (s, 4H), 7.67 (s, 3H), 7.40 – 7.33 

(m, 10H), 7.31 – 7.22 (m, 6H), 7.19 – 7.11 (m, 4H), 7.04 (t, J = 3.4 Hz, 

6H), 6.95 (d, J = 7.0 Hz, 3H), 6.89 (d, J = 8.1 Hz, 1H), 6.73 (d, J = 7.8 Hz, 

1H), 6.53 – 6.48 (m, 2H), 5.23 (s, 0.8H), 4.96 (dd, J = 35.3, 15.6 Hz, 2H), 4.86 (s, 1H), 4.74 

(d, J = 16.0 Hz, 0.8H), 4.29 (d, J = 16.0 Hz, 0.8H), 3.74 (s, 6.6H). 13C NMR (150 MHz, 

DMSO-d6) δ 174.1, 170.2, 168.2, 167.8, 158.5, 144.8, 144.1, 135.5, 135.3, 134.7, 134.4, 133.0, 
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132.0, 128.8, 128.7, 128.7, 128.4, 128.3, 128.1, 127.8, 127.8, 127.6, 127.4, 127.2, 127.0, 126.8, 

126.5, 126.3, 125.2, 124.0, 123.8, 119.4, 119.1, 118.9, 118.7, 118.5, 115.7, 109.0, 108.9, 88.8, 

88.7, 55.8, 54.8, 53.3, 51.6, 51.5, 43.3, 42.6. HPLC Analysis: 75% ee (tmajor = 80.3 min, tminor 

= 89.8 min) and 38% ee (tmajor = 72.5 min, tminor = 104.5 min); Daicel Chiralpak IF Column, n-

Hexane/ i-PrOH = 90/10, flow rate 1.0 mL/min, 25 oC, λ = 254 nm. FT-IR (thin film): 3434, 

2925, 2189, 1807, 1730, 1666, 1605, 1495, 1453, 1424, 1343, 1282, 1169, 1143, 1079, 1030, 

863, 770, 700, 632, 580 cm-1; ESI HRMS: calcd. For C32H26N3O3[M+H]+ 500.1969, found 500.1977. 

 

9. Single crystal X-ray diffraction analysis of 3f: 

CCDC No.  1903384 

Empirical formula  C23H20BrNO2 

Formula weight 422.30 

Crystal habit, colour block/Colourless 

Crystal size, mm3 0.33×0.21×0.11 

Temperature, T 296(2) K 

Wavelength, λ (Å) 0.71073 

Crystal system orthorhombic 

Space group 'P 21 21 2' 

Unit cell dimensions a = 13.351(4) Å 

b = 25.715(7) Å 

c = 5.7490(17) Å 

α = 90°, β = 90°, γ = 90° 

Volume, V (Å3) 1973.8(10) 

Z 4 

Calculated density, Mg·m3 1.421 

Absorption coefficient, µ (mm1) 2.100 

F(000) 864.0 

  range for data collection  1.584 to 25.048 

Limiting indices –15≤ h ≤15, –30≤ k ≤30, –6≤ l ≤6 

Reflection collected/unique 3497/ 1942  

Max. and min. transmission 0.595/0.794 

Refinement method 'SHELXT 2014/5 (Sheldrick, 2014)' 

Data/restraints/parameters 3497/0/245 
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Goodnessoffit on F2 1.880 

Final R indices [I > 2(I)] R1 = 0.1147, wR2 = 0.2340 

R indices (all data) 

Ellipsoid contour % probability  

R1 = 0.1851, wR2 = 0.2477 

40% 

 

 

Figure S1: 3f (Ellipsoid contour % probability 40%) 
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10. NMR and HPLC spectra of the products: 
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