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1. General information 

Optical rotation was measured by the Perkin Elmer 341 polarimeter. 1H NMR and 13C NMR 

spectra were recorded on a Bruker AVANCE III 400spectrometer using tetramethylsilane 

(TMS) as internal reference, and chemical shifts (δ) and coupling constants (J) were 

expressed in ppm and Hz, respectively. The HRMS analysis was obtained on a Bruker ApexII 

FT-ICR mass spectrometer with ESI ionization method. The ee value determination was 

carried out using chiral HPLC with Chirapak AD–H, OD–H and OJ column on Agilent 1260 

with a UV-detector. Melting points were determined on an XT–4 melting point apparatus and 

were uncorrected. All syntheses and manipulations were carried out under a dry nitrogen 

atmosphere. DCM was freshly distilled from phosphorous pentoxide. Toluene and THF were 

freshly distilled from a deep-blue solution of sodium-benzophenone under nitrogen. Other 

chemicals were purchased from commercial suppliers and used directly. Flash column 

chromatography was carried out utilizing 200–300 mesh silica gel. 

  N-Heterocyclic carbene precatalyst 3a was commercially available from TCI. Precatalysts 

3b–3e were synthesized according to the literature,1-4 respectively. 1H-Indole-2-carb- 

aldehydes 1 were synthesized according to the literature.5 

 

2. Optimization of reaction conditions 
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Table S1. Optimization of reaction conditionsa 

entry cat. base solvent temp (oC) time (h) yield (%)b ee (%)c 

1 3a DBU THF 30 0.5 58 77 

2 3b DBU THF 30 0.5 58 62 

3 3c DBU THF 30 0.5 58 0 

4 3d DBU THF 30 0.5 58 78 

5 3e DBU THF 30 12 trace - 

6 3f DBU THF 30 12 47 0 

7 3g DBU THF 30 12 trace - 

8 3h DBU THF 30 12 10 59 

9 3i DBU THF 30 24 nr - 

10 3j DBU THF 30 12 nr - 

11 3a DABCO THF 30 0.5 79 77 

12 3a DIPEA THF 30 0.5 81 77 

13 3a Et3N THF 30 0.5 84 77 

14 3b Et3N THF 30 0.5 79 66 

15 3c Et3N THF 30 0.5 76 9 

16 3d Et3N THF 30 0.5 83 84 

17 3d Et3N PhCH3 30 2 74 85 

18 3d Et3N DCM 30 22 71 64 

19 3d Et3N THF 0 11 82 88 

20 3d Et3N THF -10 5 71 90 

21d 3d Et3N THF -10 12 81 90 

22e 3d Et3N THF -10 12 87 90 

23f 3d Et3N THF -10 12 94 90 
aReaction conditions: 1a (0.2 mmol, 2 equiv), 2a (0.1 mmol), cat. 3 (0.01 mmol, 0.1 equiv), 

base (0.05 mmol, 0.5 equiv), quinone 4 (0.12 mmol, 1.2 equiv), solvent (1 mL). bIsolated yield. 
cDetermined by chiral HPLC analysis. dQuinone 4 (1.5 equiv) was used. eQuinone 4 (1.7 equiv) 

was used. fQuinone 4 (2 equiv) was used. 
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3. General procedure for NHC-catalyzed annulation of indole-2-formaldehydes with 

isatins 
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To a dry Schlenk tube with a magnetic stirring bar was charged indole-2-formaldehyde 1 

(0.2 mmol), isatin 2 (0.1 mmol), NHC precatalyst 3d (0.01 mmol, 4.6 mg), and quinone 4 (0.2 

mmol, 81.8 mg), a solution of Et3N (0.05 mmol) in dry THF (1 mL) was added under nitrogen 

atmosphere. The reaction mixture was stirred at –10 oC for 12 h (monitored by TLC). The 

solvent was removed in vacuo and the residue was purified by chromatography on silica gel 

using hexanes/EtOAc (6:1) as eluent to afford the desired products 5. 

 

(S)-1-benzyl-1’H-spiro[indoline-3,3’-oxazolo[3,4-a]indole]-1’,2-dione (5a). Yield 94%, 

white solid, m.p. 194–196oC, [α]20 
D  +7.000 (1.00 mg/mL in CH2Cl2). 

1H NMR (400 MHz, 

CDCl3) δ 7.79 (d, J = 8.0 Hz, 1H), 7.47 – 7.42 (m, 1H), 7.36 – 7.33 (m, 5H), 7.28 – 7.25 (m, 

2H), 7.22 – 7.18 (m, 1H), 7.16 – 7.08 (m, 2H), 6.98 (d, J = 8.0 Hz, 1H), 6.51 (d, J = 8.0 Hz, 

1H), 5.11 (d, J = 15.6 Hz, 1H), 4.82 (d, J = 15.2 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 

168.3, 159.3, 143.8, 134.5, 133.5, 133.2, 132.2, 129.1, 128.3, 127.7, 126.1, 125.9, 124.8, 

124.4, 124.3, 122.4, 120.6, 110.7, 110.2, 103.2, 88.1, 44.7. HRMS (ESI): Exact mass calcd for 

C24H17N2O3 [M+H]+: 381.1234, Found: 381.1245. HPLC (Chiralpak AD–H column, 

n-hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, retention time: tminor = 60.971 min, tmajor = 

67.970 min, 90% ee). 
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(S)-1-allyl-1’H-spiro[indoline-3,3’-oxazolo[3,4-a]indole]-1’,2-dione (5b). Yield 94%, white 

solid, m.p. 168–170oC, [α]20 
D  +21.500 (2.70 mg/mL in CH2Cl2). 

1H NMR (400 MHz, CDCl3) 

δ 7.80 – 7.76 (m, 1H), 7.56 – 7.52 (m, 1H), 7.28 (d, J = 7.2 Hz, 1H), 7.24 (s, 1H), 7.22 – 7.17 

(m, 2H), 7.14 (t, J = 7.6 Hz, 1H), 7.08 (d, J = 8.0 Hz, 1H), 6.62 (dd, J = 6.0, 3.2 Hz, 1H), 5.92 

– 5.83 (m, 1H), 5.40 – 5.33 (m, 2H), 4.49 – 4.33 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 

167.8, 159.3, 143.9, 133.5, 133.2, 132.3, 130.3, 126.2, 126.1, 124.9, 124.4, 124.3, 122.4, 

120.6, 119.1, 110.6, 110.0, 103.2, 88.1, 43.2. HRMS (ESI): Exact mass calcd for C20H15N2O3 

[M+H]+: 331.1077, Found: 331.1087. HPLC (Chiralpak AD–H column, n-hexane/i-PrOH = 

90/10, flow rate = 1.0 mL/min, retention time: tmajor= 37.469 min, tminor = 46.961 min, 92% 

ee). 

 

 

(S)-1-methyl-1’H-spiro[indoline-3,3’-oxazolo[3,4-a]indole]-1’,2-dione (5c). Yield: 87%, 

white solid, m.p. 205–207oC, [α]20 
D  +20.000 (2.10 mg/mL in CH2Cl2). 

1H NMR (400 MHz, 

CDCl3) δ 7.76 (d, J = 2.4 Hz, 1H), 7.60 – 7.55 (m, 1H), 7.28 – 7.26 (m, 1H), 7.23 (s, 1H), 

7.21 – 7.13 (m, 3H), 7.08 (d, J = 8.0 Hz, 1H), 6.62 – 6.59 (m, 1H), 3.32 (s, 3H). 13C NMR 

(100 MHz, CDCl3) δ 168.0, 159.3, 144.7, 133.6, 133.1, 132.2, 126.0, 126.0, 124.8, 124.3, 

124.3, 122.4, 120.5, 110.0, 109.7, 103.1, 88.1, 27.0. HRMS (ESI): Exact mass calcd for 

C18H13N2O3 [M+H]+: 305.0921, Found: 305.0929. HPLC (Chiralpak OD–H column, 

n-hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, retention time: tminor = 34.650 min, tmajor= 

40.478 min, 89% ee). 
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(S)-1’H-spiro[indoline-3,3’-oxazolo[3,4-a]indole]-1’,2-dione (5d). Yield: 79%, white solid, 

m.p. 319–321oC, [α]20 
D  +11.712 (2.22 mg/mL in CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 8.99 

(br s, 1H), 7.79 – 7.77 (m, 1H), 7.50 – 7.46 (m, 1H), 7.25 (d, J = 3.6 Hz, 2H), 7.22 – 7.16 (m, 

2H), 7.12 (t, J = 7.6 Hz, 1H), 7.05 (d, J = 8.0 Hz, 1H), 6.69 – 6.67 (m, 1H). 13C NMR (100 

MHz, CDCl3) δ 170.2, 159.4, 141.7, 133.7, 133.1, 132.3, 126.4, 126.2, 124.6, 124.4, 124.3, 

122.5, 120.6, 112.0, 110.2, 103.3, 88.4. HRMS (ESI): Exact mass calcd for C17H11N2O3 

[M+H]+: 291.0764, Found: 291.0768. HPLC (Chiralpak OJ column, n-hexane/i-PrOH = 96/4, 

flow rate = 1.0 mL/min, retention time: tminor = 65.836 min, tmajor= 100.513 min, 81% ee). 

 

 

(S)-1-benzyl-5-methoxy-1’H-spiro[indoline-3,3’-oxazolo[3,4-a]indole]-1’,2-dione (5e). 

Yield 95%, white solid, m.p. 79–81oC, [α]20 
D  +17.200 (2.50 mg/mL in CH2Cl2). 

1H NMR (400 

MHz, CDCl3) δ 7.79 (d, J = 8.0 Hz, 1H), 7.34 (s, 5H), 7.25 (s, 1H), 7.23 – 7.13 (m, 2H), 6.96 

(dd, J = 8.8, 2.4 Hz, 1H), 6.88 (d, J = 8.8 Hz, 1H), 6.85 (d, J = 2.4 Hz, 1H), 6.55 (d, J = 8.4 

Hz, 1H), 5.08 (d, J = 15.6 Hz, 1H), 4.79 (d, J = 15.6 Hz, 1H), 3.67 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 168.1, 159.3, 157.0, 136.7, 134.6, 133.2, 132.2, 129.0, 128.3, 127.7, 125.9, 

124.7, 124.3, 122.4, 121.6, 118.6, 112.1, 111.6, 110.3, 103.1, 88.4, 55.8, 44.8. HRMS (ESI): 

Exact mass calcd for C25H19N2O4 [M+H]+: 411.1339, Found: 411.1345. HPLC (Chiralpak 

AD–H column, n-hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, retention time: tminor = 

36.245 min, tmajor= 43.935 min, 91% ee). 
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(S)-1-benzyl-5-methyl-1’H-spiro[indoline-3,3’-oxazolo[3,4-a]indole]-1’,2-dione (5f). Yield 

86%, white solid, m.p. 126–128oC, [α]20 
D  +18.667 (1.50 mg/mL in CH2Cl2). 

1H NMR (400 

MHz, CDCl3) δ 7.79 (d, J = 8.0 Hz, 1H), 7.35 – 7.32 (m, 5H), 7.25 (s, 1H), 7.22 – 7.18 (m, 

2H), 7.16 – 7.12 (m, 1H), 7.09 (s, 1H), 6.86 (d, J = 8.0 Hz, 1H), 6.54 (d, J = 8.4 Hz, 1H), 5.08 

(d, J = 15.2 Hz, 1H), 4.80 (d, J = 15.2 Hz, 1H), 2.23 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

168.2, 159.4, 141.3, 134.7, 134.2, 133.7, 133.2, 132.2, 129.0, 128.3, 127.7, 126.6, 125.9, 

124.8, 124.3, 122.4, 120.5, 110.5, 110.3, 103.0, 88.3, 44.7, 20.8. HRMS (ESI): Exact mass 

calcd for C25H19N2O3 [M+H]+: 395.1390, Found: 395.1398. HPLC (Chiralpak AD–H column, 

n-hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, retention time: tminor = 51.752 min, tmajor= 

58.528 min, 89% ee). 

 

 

(S)-1-benzyl-5-fluoro-1’H-spiro[indoline-3,3’-oxazolo[3,4-a]indole]-1’,2-dione (5g). Yield 

89%, white solid, m.p. 138–139oC, [α]20 
D  +8.065 (3.10 mg/mL in CH2Cl2). 

1H NMR (400 

MHz, CDCl3) δ 7.80 (d, J = 8.0 Hz, 1H), 7.35 (s, 5H), 7.25 – 7.13 (m, 4H), 7.03 (dd, J = 6.8, 

2.4 Hz 1H), 6.92 (dd, J = 8.4, 4.0 Hz, 1H), 6.53 (d, J = 8.0 Hz, 1H), 5.11 (d, J = 15.2 Hz, 1H), 

4.81 (d, J = 15.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 168.2, 159.6 (d, J = 244.4 Hz), 

158.9, 139.6, 134.2, 133.2, 132.2, 129.2, 128.5, 127.7, 126.2, 124.5 (d, J = 14.4 Hz), 122.6, 

122.2 (d, J = 7.6 Hz), 120.0 (d, J = 23.4 Hz), 114.1 (d, J = 25.1 Hz), 111.8 (d, J = 7.6 Hz), 

110.1, 103.6, 87.7, 44.9. 19F NMR (376 MHz, CDCl3) δ 116.8. HRMS (ESI): Exact mass 

calcd for C24H16FN2O3 [M+H]+: 399.1139, Found: 399.1143. HPLC (Chiralpak AD–H 

column, n-hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, retention time: tminor = 76.054 min, 

tmajor= 86.255 min, 95% ee). 
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(S)-1-benzyl-5-chloro-1’H-spiro[indoline-3,3’-oxazolo[3,4-a]indole]-1’,2-dione (5h). Yield 

77%, white solid, m.p. 173–175oC, [α]20 
D  +21.250 (3.20 mg/mL in CH2Cl2). 

1H NMR (400 

MHz, CDCl3) δ 7.81 (d, J = 8.0 Hz, 1H), 7.41 (dd, J = 8.4, 2.4 Hz, 1H), 7.37 – 7.32 (m, 5H), 

7.27 – 7.16 (m, 4H), 6.91 (d, J = 8.4 Hz, 1H), 6.53 (dd, J = 8.0, 0.8 Hz, 1H), 5.11 (d, J = 15.6 

Hz, 1H), 4.81 (d, J = 15.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 168.0, 158.8, 142.2, 134.1, 

133.4, 133.3, 132.2, 130.0, 129.2, 128.5, 127.7, 126.4, 126.2, 124.5, 124.5, 122.6, 122.3, 

111.9, 110.1, 103.6, 87.6, 44.9. HRMS (ESI): Exact mass calcd for C24H16ClN2O3 [M+H]+: 

415.0844, Found: 415.0852. HPLC (Chiralpak AD–H column, n-hexane/i-PrOH = 90/10, 

flow rate = 1.0 mL/min, retention time: tmajor= 35.290 min, tminor= 40.449 min, 92% ee). 

 

 

(S)-1-benzyl-5-bromo-1’H-spiro[indoline-3,3’-oxazolo[3,4-a]indole]-1’,2-dione (5i). Yield 

76%, white solid, m.p. 204–206oC, [α]20 
D  +22.400 (2.50 mg/mL in CH2Cl2). 

1H NMR (400 

MHz, CDCl3) δ 7.81 (d, J = 8.0 Hz, 1H), 7.56 (dd, J = 8.0, 2.0 Hz, 1H), 7.40 (d, J = 2.0 Hz, 

1H), 7.37 – 7.32 (m, 5H), 7.27 – 7.16 (m, 3H), 6.86 (d, J = 8.4 Hz, 1H), 6.53 (d, J = 8.4 Hz, 

1H), 5.10 (d, J = 15.2 Hz, 1H), 4.80 (d, J = 15.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 

167.8, 158.8, 142.7, 136.3, 134.1, 133.2, 132.2, 129.2, 128.5, 127.7, 126.2, 124.5, 124.5, 

122.6, 122.6, 117.0, 112.3, 110.1, 103.6, 87.5, 44.8. HRMS (ESI): Exact mass calcd for 

C24H16BrN2O3 [M+H]+: 459.0339, Found: 459.0350. HPLC (Chiralpak AD–H column, 

n-hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, retention time: tmajor = 35.104 min, tminor = 

43.441 min, 91% ee). 
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(S)-1-benzyl-4-bromo-1’H-spiro[indoline-3,3’-oxazolo[3,4-α]indole]-1’,2-dione (5j). Yield 

84%, white solid, m.p. 209–211oC, [α]20 
D  +5.814 (4.30 mg/mL in CH2Cl2). 

1H NMR (400 

MHz, CDCl3) δ 7.80 (d, J = 8.0 Hz, 1H), 7.36 – 7.30 (m, 5H), 7.28 – 7.23 (m, 2H), 7.21 (t, J = 

7.2 Hz, 1H), 7.17 – 7.14 (m, 2H), 6.93 (d, J = 8.0 Hz, 1H), 6.52 (d, J = 8.4 Hz, 1H), 5.12 (d, J 

= 15.6 Hz, 1H), 4.85 (d, J = 15.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 167.7, 159.2, 145.6, 

134.4, 134.2, 133.0, 132.0, 129.2, 128.5, 128.1, 127.6, 126.0, 125.1, 124.5, 122.4, 121.4, 

119.1, 109.7, 109.6, 103.3, 88.2, 44.8. HRMS (ESI): Exact mass calcd for C24H16BrN2O3 

[M+H]+: 459.0339, Found: 459.0345. HPLC (Chiralpak AD–H column, n-hexane/i-PrOH = 

90/10, flow rate = 1.0 mL/min, retention time: tmajor = 55.242 min, tminor= 60.951 min, 98% 

ee). 

 

 

(S)-1-benzyl-6-bromo-1’H-spiro[indoline-3,3’-oxazolo[3,4-α]indole]-1’,2-dione (5k). Yield 

97%, white solid, m.p. 179–181oC, [α]20 
D  +8.056 (3.60 mg/mL in CH2Cl2). 

1H NMR (400 

MHz, CDCl3) δ 7.80 (d, J = 8.0 Hz, 1H), 7.45 – 7.33 (m, 5H), 7.28 – 7.24 (m, 2H), 7.22 – 

7.13 (m, 4H), 6.53 (d, J = 8.4 Hz, 1H), 5.09 (d, J = 15.6 Hz, 1H), 4.79 (d, J = 15.6 Hz, 1H). 

13C NMR (100 MHz, CDCl3) δ 168.2, 159.0, 145.0, 134.0, 133.2, 132.2, 129.3, 128.6, 127.7, 

127.6, 127.4, 127.344, 126.2, 124.6, 124.5, 122.6, 119.5, 114.3, 110.1, 103.6, 87.6, 44.9. 

HRMS (ESI): Exact mass calcd for C24H16BrN2O3 [M+H]+: 459.0339, Found: 459.0344. 

HPLC (Chiralpak AD–H column, n-hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, 

retention time: tmajor = 38.879 min, tminor = 46.936 min, 93% ee). 
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(S)-1-benzyl-7-bromo-1’H-spiro[indoline-3,3’-oxazolo[3,4-a]indole]-1’,2-dione (5l). Yield 

60%, white solid, m.p. 204–206oC, [α]20 
D  –4.516 (3.10 mg/mL in CH2Cl2). 

1H NMR (400 

MHz, CDCl3) δ 7.79 (dd, J = 6.4, 2.4 Hz, 1H), 7.62 (dd, J = 8.4, 1.2 Hz, 1H), 7.33 – 7.28 (m, 

5H), 7.26 – 7.17 (m, 4H), 6.99 (dd, J = 8.0, 7.6 Hz, 1H), 6.61 – 6.59 (m, 1H), 5.51 (d, J = 16.0 

Hz, 1H), 5.42 (d, J = 16.4 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 169.3, 158.9, 141.5, 139.4, 

135.9, 133.2, 132.2, 128.8, 127.8, 126.9, 126.2, 125.6, 125.4, 124.6, 124.5, 124.0, 122.6, 

110.2, 104.0, 103.6, 87.0, 45.4. HRMS (ESI): Exact mass calcd for C24H16BrN2O3 [M+H]+: 

459.0339, Found: 459.0342. HPLC (Chiralpak AD–H column, n-hexane/i-PrOH = 80/20, 

flow rate = 1.0 mL/min, retention time: tminor= 16.816 min, tmajor =33.712 min, 95% ee). 

 

 

(S)-1-benzyl-9’-methyl-1’H-spiro[indoline-3,3’-oxazolo[3,4-a]indole]-1’,2-dione (5m). 

Yield 79%, white solid, m.p. 181–183oC, [α]20 
D  +11.538 (2.60 mg/mL in CH2Cl2). 

1H NMR 

(400 MHz, CDCl3) δ 7.73 (d, J = 8.0 Hz, 1H), 7.45 – 7.41 (m, 1H), 7.35 – 7.34 (m, 5H), 7.28 

(dd, J = 7.2, 0.8 Hz, 1H), 7.21 – 7.07 (m, 3H), 6.96 (d, J = 7.6 Hz, 1H), 6.47 (d, J = 8.4 Hz, 

1H), 5.09 (d, J = 15.2 Hz, 1H), 4.82 (d, J = 15.6 Hz, 1H), 2.64 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ 168.7, 159.8, 143.7, 134.6, 133.7, 133.3, 132.1, 129.0, 128.3, 127.6, 126.1, 126.0, 

124.2, 122.4, 121.6, 121.5, 121.0, 115.8, 110.6, 110.2, 87.8, 44.6, 8.7. HRMS (ESI): Exact 

mass calcd for C25H19N2O3 [M+H]+: 395.1390, Found: 395.1399. HPLC (Chiralpak AD–H 

column, n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, retention time: tminor = 9.828 min, 

tmajor= 13.057 min, 90% ee). 
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(S)-1-benzyl-9’-ethyl-1’H-spiro[indoline-3,3’-oxazolo[3,4-a]indole]-1’,2-dione (5n). Yield 

98%, white solid, m.p. 193–195oC, [α]20 
D  +11.786 (2.80 mg/mL in CH2Cl2). 

1H NMR (400 

MHz, CDCl3) δ 7.77 (d, J = 8.0 Hz, 1H), 7.45 – 7.40 (m, 1H), 7.35 – 7.34 (m, 5H), 7.29 (dd, J 

= 7.6, 0.8 Hz, 1H), 7.19 – 7.07 (m, 3H), 6.96 (d, J = 8.0 Hz, 1H), 6.47 (d, J = 8.4 Hz, 1H), 

5.10 (d, J = 15.2 Hz, 1H), 4.81 (d, J = 15.6 Hz, 1H), 3.14 – 3.08 (m, 2H), 1.48 (t, J = 7.6 Hz, 

3H). 13C NMR (100 MHz, CDCl3) δ 168.7, 159.7, 143.7, 134.6, 133.2, 132.9, 132.1, 129.0, 

128.3, 127.7, 126.1, 125.9, 124.2, 122.7, 122.6, 121.6, 121.0, 121.0, 110.6, 110.2, 87.8, 44.6, 

17.6, 14.9. HRMS (ESI): Exact mass calcd for C26H21N2O3 [M+H]+: 409.1547, Found: 

409.1558. HPLC (Chiralpak AD–H column, n-hexane/i-PrOH = 70/30, flow rate = 1.0 

mL/min, retention time: tminor = 8.304 min, tmajor = 10.102 min, 93% ee). 

 

 

(S)-1,9’-dibenzyl-1’H-spiro[indoline-3,3’-oxazolo[3,4-a]indole]-1’,2-dione (5o). Yield 96%, 

white solid, m.p. 124–126oC, [α]20 
D  +9.474 (1.90 mg/mL in CH2Cl2). 

1H NMR (400 MHz, 

CDCl3) δ 7.64 – 7.62 (m, 1H), 7.45 – 7.39 (m, 3H), 7.35 – 7.24 (m, 8H), 7.21 – 7.17 (m, 1H), 

7.12 – 7.07 (m, 3H), 6.96 (d, J = 8.0 Hz, 1H), 6.48 – 6.46 (m, 1H), 5.10 (d, J = 15.6 Hz, 1H), 

4.81 (d, J = 15.2 Hz, 1H), 4.48 (d, J = 15.6 Hz, 1H), 4.42 (d, J = 15.2 Hz, 1H). 13C NMR (100 

MHz, CDCl3) δ 168.5, 159.7, 143.8, 139.6, 134.6, 133.3, 132.9, 132.4, 129.1, 128.7, 128.6, 

128.3, 127.7, 126.3, 126.2, 126.0, 124.2, 122.9, 121.9, 120.8, 118.7, 110.7, 110.3, 88.0, 44.7, 

30.1. HRMS (ESI): Exact mass calcd for C31H23N2O3 [M+H]+: 471.1703, Found: 471.1712. 

HPLC (Chiralpak AD–H column, n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, 

retention time: tmajor= 21.576 min, tminor = 23.632 min, 93% ee). 
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(S)-1-benzyl-7’-methyl-1’H-spiro[indoline-3,3’-oxazolo[3,4-a]indole]-1’,2-dione (5p). 

Yield 69%, white solid, m.p. 185–187oC, [α]20 
D  +11.765 (1.70 mg/mL in CH2Cl2). 

1H NMR 

(400 MHz, CDCl3) δ 7.56 (s, 1H), 7.46 – 7.41 (m, 1H), 7.36 – 7.35 (m, 5H), 7.27 (d, J = 0.4 

Hz, 1H), 7.16 (d, J = 0.4 Hz, 1H), 7.11 – 7.07 (m, 1H), 6.97 (d, J = 8.0 Hz, 2H), 6.41 (d, J = 

8.4 Hz, 1H), 5.11 (d, J = 15.6 Hz, 1H), 4.81 (d, J = 15.6 Hz, 1H), 2.41 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 168.4, 159.4, 143.7, 134.6, 133.5, 133.4, 132.0, 130.7, 129.1, 128.3, 127.9, 

127.6, 126.1, 124.8, 124.2, 123.6, 120.7, 110.7, 109.8, 102.6, 88.1, 44.7, 21.4. HRMS (ESI): 

Exact mass calcd for C25H19N2O3 [M+H]+: 395.1390, Found: 395.1394. HPLC (Chiralpak 

AD–H column, n-hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, retention time: tmajor= 

66.593 min, tminor= 87.849 min, 84% ee). 

 

 

(S)-1-benzyl-7’-chloro-1’H-spiro[indoline-3,3’-oxazolo[3,4-a]indole]-1’,2-dione (5q). 

Yield 59%, white solid, mp 182–183.7 oC, [α]20 
D  +122 (10 mg/mL in CH2Cl2). 

1H NMR (400 

MHz, CDCl3) δ 7.77 (s, 1H), 7.47 (d, J = 8.0 Hz, 1H), 7.35 (m, 5H), 7.28 – 7.26 (m, 1H), 7.19 

(s, 1H), 7.14 – 7.07 (m, 2H), 7.00 (d, J = 8.0 Hz, 1H), 6.41 (d, J = 8.8 Hz, 1H), 5.12 (d, J = 

15.2 Hz, 1H), 4.81 (d, J = 15.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 168.0, 158.8, 143.8, 

134.5, 134.0, 133.7, 129.2, 128.5, 128.4, 127.7, 126.6, 126.1, 124.4, 123.6, 120.3, 111.2, 

110.9, 102.5, 88.2, 44.8. HRMS (ESI): Exact mass calcd for C24H16ClN2O3 [M+H]: 415.0844, 

Found: 415.0848. HPLC (Chiralpak IA column, n-hexane/PrOH = 85/15, flow rate = 0.5 

mL/min, retention time: tmajor = 52.448 min, tminor= 67.889 min, 90% ee). 
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(S)-1-benzyl-7’-bromo-1’H-spiro[indoline-3,3’-oxazolo[3,4-a]indole]-1’,2-dione (5r). 

Yield 41%, white solid, m.p. 170–172 oC, [α]20 
D  +12.857 (2.10 mg/mL in CH2Cl2). 

1H NMR 

(400 MHz, CDCl3) δ 7.94 (d, J = 1.6 Hz, 1H), 7.49 – 7.45 (m, 1H), 7.36 – 7.35 (m, 5H), 7.28 

(d, J = 0.04 Hz, 1H), 7.22 – 7.18 (m, 1H), 7.18 (s, 1H), 7.14 – 7.10 (m, 1H), 7.00 (d, J = 8.0 

Hz, 1H), 6.36 (d, J = 8.8 Hz, 1H), 5.12 (d, J = 15.2 Hz, 1H), 4.81 (d, J = 15.6 Hz, 1H). 13C 

NMR (100 MHz, CDCl3) δ 168.0, 158.8, 143.7, 134.6, 134.4, 133.7, 130.7, 129.1, 129.0, 

128.5, 127.7, 126.8, 126.1, 125.9, 124.4, 120.2, 115.8, 111.5, 110.8, 102.3, 88.2, 44.8. HRMS 

(ESI): Exact mass calcd for C24H16BrN2O3 [M+H]+: 459.0339, Found: 459.0345. HPLC 

(Chiralpak AD–H column, n-hexane/PrOH = 90/10, flow rate = 1.0 mL/min, retention time: 

tmajor = 82.805 min, tminor= 92.921 min, 93% ee). 

 

 
(S)-1-allyl-9’-ethyl-1’H-spiro[indoline-3,3’-oxazolo[3,4-a]indole]-1’,2-dione (5s). Yield 

97%, white solid, m.p. 124–126 oC, [α]20 
D  +15.714 (2.80 mg/mL in CH2Cl2). 

1H NMR (400 

MHz, CDCl3) δ 7.77 – 7.75 (m, 1H), 7.52 (t, J = 8.0 Hz, 1H), 7.30 (d, J = 7.6 Hz, 1H), 7.18 – 

7.11 (m, 3H), 7.06 (d, J = 8.0 Hz, 1H), 6.58 – 6.55 (m, 1H), 5.92 – 5.82 (m, 1H), 5.39 – 5.32 

(m, 2H), 4.45 (dd, J = 16.4, 4.8 Hz, 1H), 4.35 (dd, J = 16.4, 5.6 Hz, 1H), 3.15 – 3.05 (m, 2H), 

1.47 (t, J = 7.6 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 168.1, 159.6, 143.9, 133.3, 132.9, 

132.1, 130.3, 126.1, 126.0, 124.1, 122.6, 122.6, 121.5, 121.0, 121.0, 118.9, 110.5, 110.0, 87.7, 

43.1, 17.6, 14.9. HRMS (ESI): Exact mass calcd for C22H19N2O3 [M+H]+: 359.1390, Found: 

359.1395. HPLC (Chiralpak AD–H column, n-hexane/ i-PrOH = 70/30, flow rate = 1.0 

mL/min, retention time: tminor= 12.810 min, tmajor = 22.446 min, 94% ee). 
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4. General procedure for NHC-catalyzed annulation of indole-2-formaldehydes with 3- 

methyl-1-phenyl-1H-pyrazole-4,5-dione 

N
H

CHO N
N O

O

Ph

+

3d (10 mol%)
4 (2.0 equiv)

NEt3 (0.5 equiv)
THF, rt, 12h1a

6

51% yield, 43% ee

N N

N
O

O

O

Ph 7

 

To a dry Schlenk tube with a magnetic stirring bar was charged 1H-indole-2-carbaldehyde 

(1a) (0.2 mmol), 3-methyl-1-phenyl-1H-pyrazole-4,5-dione (6) (0.1 mmol), NHC precatalyst 

3d (0.01 mmol, 4.6 mg), and quinone 4 (0.2 mmol, 81.8 mg), a solution of Et3N (0.05 mmol) 

in dry THF (1 mL) was added under nitrogen atmosphere. The reaction mixture was stirred at 

room temperature for 12 h (monitored by TLC). The solvent was removed in vacuo and the 

residue was purified by chromatography on silica gel using hexanes/EtOAc (6:1) as eluent to 

afford the desired product 7. 

(S)-3’-methyl-1’-phenyl-1H-spiro[oxazolo[3,4-a]indole-3,4'-pyrazole]-1,5’(1’H)-dione (7). 

Yield 51%, white solid, m.p. 129.5–130.2oC, [α]20 
D  –107.00 (10 mg/mL in CH2Cl2). 

1H NMR 

(400 MHz, CDCl3) δ 7.94 – 7.91 (m, 2H), 7.83 (d, J = 8.4 Hz, 1H), 7.50 – 7.46 (m, 2H), 7.39 

– 7.35 (m, 1H), 7.32 – 7.28 (m, 3H), 7.04 (dd, J = 8.4, 0.8 Hz, 1H), 2.09 (s, 3H). 13C NMR 

(100 MHz, CDCl3) δ 162.4, 157.9, 154.1, 136.9, 133.1, 132.1, 129.2, 127.2, 126.3, 124.7, 

123.2, 122.8, 118.6, 109.5, 104.7, 87.3, 12.2. HRMS (ESI): Exact mass calcd for C19H13N3O3 

[M+H]+: 332.1030, Found: 332.1039. HPLC (Chiralpak AD–H column, n-hexane/i-PrOH = 

90/10, flow rate = 1.0 mL/min, retention time: tmajor = 12.980 min, tminor= 15.910 min, 43% 

ee). 

 

5. References 

(1) Struble J. R.; Bode, J. W. Org. Synth. 2010, 87, 362. 

(2) Vora, H. U.; Lathrop, S. P.; Reynolds, N. T.; Kerr, M. S.; Read de Alaniz, J.; Rovis, T. Org. Synth. 

2010, 87, 350. 

(3) Zhao, C.; Li, F.; Wang, J. Angew. Chem., Int. Ed. 2016, 55, 1820 

(4) Kerr, M. S.; Read de Alaniz, J.; Rovis, T. J. Org. Chem. 2005, 70, 5725. 

(5) Zheng, C.; Lu, Y.; Zhang, J.; Chen, X.; Chai, Z.; Ma, W.; Zhao, G. Chem. Eur. J. 2010, 16, 5853. 



6. NMRR spectra of the comp

1H NMR s

13C NMR s

ounds 5a−5

pectrum of 

spectrum of

15 

5s and 7 

f compound 

f compound

5a (CDCl3,

d 5a (CDCl3

, 400 MHz)

, 100 MHz)

) 

) 

 

 



16 

1H NMR spectrum of compound 5b (CDCl3, 400 MHz) 

 
13C NMR spectrum of compound 5b (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 5c (CDCl3, 400 MHz) 

 
13C NMR spectrum of compound 5c (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 5d (CDCl3, 400 MHz) 

 
13C NMR spectrum of compound 5d (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 5e (CDCl3, 400 MHz) 

 
13C NMR spectrum of compound 5e (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 5f (CDCl3, 400 MHz) 

 
13C NMR spectrum of compound 5f (CDCl3, 100 MHz) 
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1H NMR spectrum of compound 5g (CDCl3, 400 MHz) 

 
13C NMR spectrum of compound 5g (CDCl3, 100 MHz) 
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19F NMR spectrum of compound 5g (CDCl3, 376 MHz) 

 
1H NMR spectrum of compound 5h (CDCl3, 400 MHz) 
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13C NMR spectrum of compound 5h (CDCl3, 100 MHz) 

 
1H NMR spectrum of compound 5i (CDCl3, 400 MHz) 

 



24 

13C NMR spectrum of compound 5i (CDCl3, 100 MHz) 

 
1H NMR spectrum of compound 5j (CDCl3, 400 MHz) 
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13C NMR spectrum of compound 5j (CDCl3, 100 MHz) 

 
1H NMR spectrum of compound 5k (CDCl3, 400 MHz) 
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13C NMR spectrum of compound 5k (CDCl3, 100 MHz) 

 
1H NMR spectrum of compound 5l (CDCl3, 400 MHz) 
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13C NMR spectrum of compound 5l (CDCl3, 100 MHz) 

 
1H NMR spectrum of compound 5m (CDCl3, 400 MHz) 
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13C NMR spectrum of compound 5m (CDCl3, 100 MHz) 

 
1H NMR spectrum of compound 5n (CDCl3, 400 MHz) 
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13C NMR spectrum of compound 5n (CDCl3, 100 MHz) 

 
1H NMR spectrum of compound 5o (CDCl3, 400 MHz) 
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13C NMR spectrum of compound 5o (CDCl3, 100 MHz) 

 
1H NMR spectrum of compound 5p (CDCl3, 400 MHz) 
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13C NMR spectrum of compound 5p (CDCl3, 100 MHz) 

 
1H NMR spectrum of compound 5q (CDCl3, 400 MHz) 
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13C NMR spectrum of compound 5q (CDCl3, 100 MHz) 

 
1H NMR spectrum of compound 5r (CDCl3, 400 MHz) 
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13C NMR spectrum of compound 5r (CDCl3, 100 MHz) 

 
1H NMR spectrum of compound 5s (CDCl3, 400 MHz) 
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13C NMR spectrum of compound 5s (CDCl3, 100 MHz) 

 
1H NMR spectrum of compound 7 (CDCl3, 400 MHz) 
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13C NMR spectrum of compound 7 (CDCl3, 100 MHz) 
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