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S1 

1. Characterization data for compounds 3 

 

(1'R,3S,3a'R,8b'R)-8b'-nitro-1'-phenyl-4'-tosyl-1',3a',4,4',5,8b'-hexahydro-2H,2'H-spiro[fura

n-3,3'-pyrrolo[3,4-b]indol]-2-one (3a) 

 

100 mg, 99% yield for the sum of the diastereomers, 61% yield for the major isomer. white soild, 

62:18:20:0 dr, 98% ee, mp 182.5-183.1 ºC; The ee was determined by HPLC (Chiralpak AD-H, 

EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: tminor = 11.6 min, 

tmajor = 24.4 min),; [α]D
20

 = +104.2 (c 1.00, CH2Cl2) for major diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ (major diastereomer) 7.69 (d, J = 8.2 Hz, 1H), 7.52 – 7.44 (m, 

3H), 7.40 – 7.33 (m, 1H), 7.28 (dd, J = 13.4, 7.9 Hz, 4H), 7.06 (d, J = 7.5 Hz, 2H), 6.86 – 6.80 (m, 

1H), 5.78 (d, J = 8.1 Hz, 1H), 5.51 (s, 1H), 5.33 (d, J = 5.8 Hz, 1H), 4.65 (d, J = 5.8 Hz, 1H), 4.59 

(td, J = 8.5, 3.9 Hz, 1H), 4.45 (m, J = 8.3 Hz, 1H), 3.04 (dt, J = 13.6, 8.2 Hz, 1H), 2.36 – 2.29 (m, 

1H), 2.27 (s, 3H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 177.1, 145.4, 143.5, 134.7, 132.1, 131.8, 

130.0, 129.0, 128.6, 127.8, 127.6, 127.5, 124.34, 124.29, 116.2, 101.1, 73.9, 66.9, 66.6, 66.5, 31.6, 

21.0. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C26H24N3O6S, 506.1380; found, 506.1383. 

 

(1'R,3S,3a'R,8b'R)-8b'-nitro-1'-phenyl-4'-(phenylsulfonyl)-1',3a',4,4',5,8b'-hexahydro-2H,2'

H-spiro[furan-3,3'-pyrrolo[3,4-b]indol]-2-one (3b) 

 

71.5 mg, 73% yield for the sum of the diastereomers, 45% yield for the major isomer, white soild, 

61:19:20:0 dr;85% ee, mp 103.9-104.6 ºC; The ee was determined by HPLC (Chiralpak AS-H, 

EtOH/hexane = 10/90, flow rate 1.0 mL/min, λ = 220 nm, major diastereomer: tminor = 14.1 min, 

tmajor = 28.9 min); [α]D
20

 = +36.3 (c 1.00, CH2Cl2) for major diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ (major diastereomer) δ 7.72 (d, J = 8.2 Hz, 1H), 7.65 – 7.60 (m, 

3H), 7.50 – 7.44 (m, 3H), 7.37 (d, J = 7.2 Hz, 1H), 7.32 – 7.27 (m, 2H), 7.06 (d, J = 7.5 Hz, 2H), 

6.88 – 6.83 (m, 1H), 5.79 (d, J = 6.6 Hz, 1H), 5.50 (s, 1H), 5.32 (d, J = 5.4 Hz, 1H), 4.67 (d, J = 

6.2 Hz, 1H), 4.60 (td, J = 8.5, 3.9 Hz, 1H), 4.46 (td, J = 8.5, 6.8 Hz, 1H), 3.05 (dt, J = 13.6, 8.3 Hz, 

1H), 2.32 (ddd, J = 13.6, 6.8, 3.8 Hz, 1H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 177.0, 143.4, 134.7, 134.61, 134.57, 

132.2, 129.6, 129.1, 128.6, 127.8, 127.7, 127.4, 124.5, 124.3, 116.3, 101.0, 73.8, 66.9, 66.6, 66.5, 

31.7. HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C25H22N3O6S, 492.1224; found, 492.1226. 
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(1'R,3S,3a'R,8b'R)-4'-acetyl-8b'-nitro-1'-phenyl-1',3a',4,4',5,8b'-hexahydro-2H,2'H-spiro[fur

an-3,3'-pyrrolo[3,4-b]indol]-2-one (3c) 

 

46.4 mg, 59% yield for the sum of the diastereomers, 47% yield for the major isomer, white soild, 

80:20:0:0 dr, 93% ee, m.p.:98.6-98.9 ºC; The ee was determined by HPLC (Chiralpak AD-H, 

EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: tminor = 20.6 min, 

tmajor = 27.6 min); [α]D
20

 = +23.9 (c 1.00, CH2Cl2) for major diastereomer;
 

1
H NMR (400 MHz, DMSO-d6) δ (major diastereomer) 7.41 (dd, J = 6.6, 3.4 Hz, 2H), 7.38 – 

7.32 (m, 3H), 7.10 (d, J = 7.3 Hz, 2H), 6.78 – 6.71 (m, 1H), 5.93 (d, J = 7.8 Hz, 1H), 5.59 (s, 1H), 

5.03 (d, J = 5.1 Hz, 1H), 4.65 – 4.54 (m, 1H), 4.51 – 4.43 (m, 1H), 3.75 (d, J = 5.0 Hz, 1H), 3.05 

(ddd, J = 12.8, 6.1, 2.1 Hz, 1H), 2.41 – 2.28 (m, 4H). 
13

C NMR (101 MHz, DMSO-d6) δ 175.8, 174.3, 169.9, 168.9, 143.8, 142.4, 136.0, 135.3, 131.4, 

130.9, 129.2, 129.0, 128.80, 128.77, 128.52, 128.45, 127.9, 127.7, 127.5, 127.2, 123.8, 122.8, 

121.6, 113.8, 102.0, 99.1, 74.4, 73.9, 71.2, 69.5, 68.8, 66.7, 65.9, 64.7, 36.4, 33.8, 24.5, 24.2. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C21H20N3O5, 394.1397; found, 394.1409. 

 

(1'R,3S,3a'R,8b'R)-6'-fluoro-8b'-nitro-1'-phenyl-4'-tosyl-1',3a',4,4',5,8b'-hexahydro-2H,2'H-

spiro[furan-3,3'-pyrrolo[3,4-b]indol]-2-one (3d) 

 

73.0 mg, 70% yield for the sum of the diastereomers, 42% yield for the major isomer, white soild, 

60:19:21:0 dr, 92% ee, m.p. 87.6-89.2 ºC; The ee was determined by HPLC (Chiralpak AD-H, 

EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: tminor = 10.3 min, 

tmajor = 23.9 min); [α]D
20

 = +45.6 (c 1.00, CH2Cl2) for major diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ (major diastereomer) 7.55 (d, J = 8.2 Hz, 2H), 7.43 (dd, J = 9.6, 

2.5 Hz, 1H), 7.37 (d, J = 7.3 Hz, 1H), 7.31 (dd, J = 8.0, 3.8 Hz, 4H), 7.07 (d, J = 7.5 Hz, 2H), 6.75 

(m, J = 8.8, 2.4 Hz, 1H), 5.76 (dd, J = 8.7, 5.5 Hz, 1H), 5.53 (s, 1H), 5.30 (d, J = 6.0 Hz, 1H), 4.69 

(d, J = 6.0 Hz, 1H), 4.58 (td, J = 8.5, 3.8 Hz, 1H), 4.45 (m, J = 8.2 Hz, 1H), 3.01 (dt, J = 13.6, 8.3 

Hz, 1H), 2.38 – 2.31 (m, 1H), 2.30 (s, 3H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 176.9, 165.4, 163.0, 145.8, 145.2 (d, J = 

12.3 Hz), 134.4, 131.5, 129.5 (d, J = 10.7 Hz), 129.2, 128.9 (d, J = 262.8 Hz), 128.5, 128.0, 120.4 (d, 

J = 2.4 Hz), 111.9 (d, J = 23.4 Hz), 103.9 (d, J = 28.0 Hz), 100.4, 74.7, 66.9, 66.6, 66.5, 31.6, 21.0. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C26H23FN3O6S, 524.1286; found, 524.1288. 

 

(1'R,3S,3a'R,8b'R)-5'-fluoro-8b'-nitro-1'-phenyl-4'-tosyl-1',3a',4,4',5,8b'-hexahydro-2H,2'H-

spiro[furan-3,3'-pyrrolo[3,4-b]indol]-2-one (3e) 



S3 

 

94.2 mg, 90% yield for the sum of the diastereomers, 65% yield for the major isomer, white soild, 

72:28:0:0 dr, 93% ee, m.p. 88.4-89.3 ºC; The ee was determined by HPLC (Chiralpak AD-H, 

EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 220 nm, major diastereomer: tminor = 14.6 min, 

tmajor = 31.5 min); [α]D
20

 = +22.9 (c 1.00, CH2Cl2) for major diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ (major diastereomer) 7.41 (dd, J = 8.5, 2.1 Hz, 3H), 7.38 – 

7.35 (m, 2H), 7.31 – 7.27 (m, 4H), 6.99 – 6.89 (m, 3H), 5.60 (d, J = 7.8 Hz, 1H), 5.58 (s, 1H), 

5.32 (d, J = 6.5 Hz, 1H), 4.62 (d, J = 6.5 Hz, 1H), 4.53 (dd, J = 8.4, 4.5 Hz, 1H), 4.46 – 4.40 (m, 

1H), 2.85 (dt, J = 13.6, 7.9 Hz, 1H), 2.39 – 2.32 (m, 1H), 2.31 (s, 3H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 176.9, 152.7, 150.2, 145.7, 132.7 (d, J = 

264.1 Hz), 130.2, 129.2, 128.4 (d, J = 2.0 Hz), 128.3, 128.1, 127.8 (d, J = 44.9 Hz), 127.5 (d, J = 52.4 

Hz), 126.7 (d, J = 6.9 Hz), 124.2, 119.8 (d, J = 19.7 Hz), 100.7, 75.3, 67.9, 66.9, 66.4, 31.8, 21.1. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C26H23FN3O6S, 524.1286; found, 524.1291. 

 

(1'R,3S,3a'R,8b'R)-7'-chloro-8b'-nitro-1'-phenyl-4'-tosyl-1',3a',4,4',5,8b'-hexahydro-2H,2'H-

spiro[furan-3,3'-pyrrolo[3,4-b]indol]-2-one (3f) 

 

97.2 mg, 90% yield for the sum of the diastereomers, 55% yield for the major isomer, white soild, 

61:15:24:0 dr, 95% ee, m.p.: 93.8-94.2 ºC; The ee was determined by HPLC (Chiralpak AD-H, 

EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: tminor = 11.0 min, 

tmajor = 19.0 min); [α]D
20

 = +83.4 (c 1.00, CH2Cl2) for major diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ (major diastereomer) 7.70 (d, J = 8.8 Hz, 1H), 7.55 (dd, J = 8.8, 

2.3 Hz, 1H), 7.49 (d, J = 8.2 Hz, 2H), 7.41 (d, J = 7.3 Hz, 1H), 7.34 (d, J = 7.6 Hz, 2H), 7.29 (d, J 

= 8.2 Hz, 2H), 7.06 (d, J = 7.6 Hz, 2H), 5.57 (d, J = 2.2 Hz, 1H), 5.49 (s, 1H), 5.33 (d, J = 5.9 Hz, 

1H), 4.71 (d, J = 5.9 Hz, 1H), 4.59 (td, J = 8.5, 4.0 Hz, 1H), 4.47 – 4.43 (m, 1H), 2.99 (dt, J = 13.6, 

8.2 Hz, 1H), 2.35 – 2.30 (m, 1H), 2.29 (s, 3H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 176.9, 145.7, 142.5, 134.3, 132.2, 131.5, 

130.2, 129.3, 128.38, 128.36, 128.0, 127.6, 127.5, 125.9, 117.9, 100.6, 74.3, 67.1, 66.8, 66.6, 31.6, 

21.0. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C26H23

35
ClN3O6S, 540.0991; found, 540.0991. [M + 

H]
+
 calcd for C26H23

37
ClN3O6S, 542.0972; found, 542.0972. 

 

(1'R,3S,3a'R,8b'R)-6'-chloro-8b'-nitro-1'-phenyl-4'-tosyl-1',3a',4,4',5,8b'-hexahydro-2H,2'H-

spiro[furan-3,3'-pyrrolo[3,4-b]indol]-2-one (3g) 

 



S4 

85.4 mg, 79% yield for the sum of the diastereomers, 54% yield for the major isomer, white soild, 

68:11:21:0 dr, 92% ee, m.p. 83.6-84.5 ºC; The ee was determined by HPLC (Chiralpak AD-H, 

EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: tminor = 9.2 min, 

tmajor = 24.5 min); [α]D
20

 = +96.7 (c 1.00, CH2Cl2) for major diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ (major diastereomer) 7.66 (d, J = 2.0 Hz, 1H), 7.52 (d, J = 8.3 

Hz, 2H), 7.38 (d, J = 7.4 Hz, 1H), 7.31 (m, J = 7.2, 3.3 Hz, 4H), 7.07 (d, J = 7.5 Hz, 2H), 6.97 (dd, 

J = 8.4, 2.0 Hz, 1H), 5.74 (d, J = 8.5 Hz, 1H), 5.51 (s, 1H), 5.32 (d, J = 6.2 Hz, 1H), 4.69 (d, J = 

6.2 Hz, 1H), 4.58 (td, J = 8.5, 3.9 Hz, 1H), 4.45 (td, J = 8.5, 6.8 Hz, 1H), 3.00 (dt, J = 13.6, 8.3 Hz, 

1H), 2.36 – 2.31 (m, 1H), 2.30 (s, 3H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 176.8, 145.8, 144.7, 136.8, 134.2, 131.5, 

130.2, 129.24, 129.17, 128.4, 128.0, 127.5, 124.7, 123.2, 116.1, 100.5, 74.4, 67.0, 66.7, 66.6, 31.6, 

21.0. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C26H23

35
ClN3O6S, 540.0991; found, 540.0993. [M + 

H]
+
 calcd for C26H23

37
ClN3O6S, 542.0972; found, 542.0973. 

 

(1'R,3S,3a'R,8b'R)-5'-chloro-8b'-nitro-1'-phenyl-4'-tosyl-1',3a',4,4',5,8b'-hexahydro-2H,2'H-

spiro[furan-3,3'-pyrrolo[3,4-b]indol]-2-one (3h) 

 

68.1 mg, 63% yield for the sum of the diastereomers, 49% yield for the major isomer, white soild, 

77:23:0:0 dr, 96% ee, m.p.:90.5-91.5 ºC; The ee was determined by HPLC (Chiralpak AD-H, 

EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: tminor = 11.9 min, 

tmajor = 30.3 min); [α]D
20

 = +1.6 (c 0.10, CH2Cl2) for major diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ (major diastereomer) 7.65 (dd, J = 8.0, 1.2 Hz, 1H), 7.43 – 

7.40 (m, 1H), 7.35 – 7.28 (m, 7H), 7.10 – 7.01 (m, 1H), 6.86 (d, J = 7.2 Hz, 2H), 5.73 (d, J = 6.7 

Hz, 1H), 5.43 (s, 1H), 5.30 (d, J = 6.6 Hz, 1H), 4.52 (d, J = 6.6 Hz, 1H), 4.38 – 4.32 (m, 2H), 2.60 

(dt, J = 14.1, 7.3 Hz, 1H), 2.35 (s, 3H), 2.22 (dt, J = 13.0, 5.9 Hz, 1H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 177.0, 145.9, 140.4, 133.6, 133.5, 131.4, 

130.3, 130.2, 129.4, 128.7, 128.2, 127.7, 127.6, 127.4, 125.1, 100.5, 74.5, 69.0, 66.5, 66.0, 31.9, 

21.1. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C26H23

35
ClN3O6S, 540.0991; found, 540.0994. [M + 

H]
+
 calcd for C26H23

37
ClN3O6S, 542.0972; found, 540.0975. 

 

(1'R,3S,3a'R,8b'R)-8b'-nitro-1'-(o-tolyl)-4'-tosyl-1',3a',4,4',5,8b'-hexahydro-2H,2'H-spiro[fur

an-3,3'-pyrrolo[3,4-b]indol]-2-one (3i) 

 

95.5 mg, 92% yield for the sum of the diastereomers, 56% yield for the major isomer, white sild, 

61:18:21:0 dr, 78% ee, m.p. :116.8-117.4 ºC; The ee was determined by HPLC (Chiralpak AD, 
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EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: tminor = 9.0 min, 

tmajor = 21.1 min); [α]D
20

 = +29.1 (c 1.00, CH2Cl2) for major diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ (major diastereomer) 7.71 (d, J = 8.2 Hz, 1H), 7.55 – 7.50 (m, 

1H), 7.42 (d, J = 8.3 Hz, 2H), 7.24 (d, J = 8.8 Hz, 4H), 7.02 – 6.92 (m, 2H), 6.72 (d, J = 8.5 Hz, 

1H), 6.04 (s, 1H), 5.62 (d, J = 5.6 Hz, 1H), 5.55 (s, 1H), 4.58 (td, J = 8.4, 4.2 Hz, 1H), 4.53 (d, J = 

5.6 Hz, 1H), 4.45 – 4.40 (m, 1H), 2.98 (dt, J = 13.5, 8.1 Hz, 1H), 2.31 – 2.28 (m, 1H), 2.26 (s, 3H), 

2.12 (s, 3H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 181.2, 145.4, 143.5, 137.0, 132.3, 132.2, 

131.6, 130.5, 130.0, 129.4, 129.3, 128.6, 127.3, 124.8, 124.3, 123.7, 116.3, 100.5, 73.7, 66.6, 66.4, 

62.9, 31.8, 21.0, 18.6. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C27H26N3O6S, 520.1537; found, 520.1541. 

 

(1'R,3S,3a'R,8b'R)-8b'-nitro-1'-(m-tolyl)-4'-tosyl-1',3a',4,4',5,8b'-hexahydro-2H,2'H-spiro[fu

ran-3,3'-pyrrolo[3,4-b]indol]-2-one (3j) 

 

101.8 mg, 98% yield for the sum of the diastereomers, 61% yield for the major isomer, white soild, 

62:18:20:0 dr, 90% ee, m.p.:190.2-190.8 ºC; The ee was determined by HPLC (Chiralpak AD, 

EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: tminor = 12.1 min, 

tmajor = 30.9 min); [α]D
20

 = +30.7 (c 1.00, CH2Cl2) 
1
H NMR (400 MHz, DMSO-d6) δ (major diastereomer) 7.69 (d, J = 8.2 Hz, 1H), 7.48 (m, J = 8.4 

Hz, 3H), 7.26 (d, J = 8.2 Hz, 2H), 7.18 (d, J = 4.6 Hz, 2H), 6.89 – 6.83 (m, 2H), 6.82 – 6.78 (m, 

1H), 5.80 (d, J = 6.6 Hz, 1H), 5.48 (s, 1H), 5.28 (d, J = 5.6 Hz, 1H), 4.58 (td, J = 8.3, 3.9 Hz, 2H), 

4.48 – 4.41 (m, 1H), 3.01 (dt, J = 13.6, 8.2 Hz, 1H), 2.34 – 2.29 (m, 1H), 2.28 (s, 3H), 2.19 (s, 

3H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 177.1, 145.4, 143.5, 136.9, 134.5, 132.1, 

131.8, 130.0, 129.6, 129.1, 127.9, 127.7, 127.5, 125.8, 124.3, 124.2, 116.3, 101.1, 73.9, 67.0, 66.7, 

66.6, 31.6, 21.0, 20.9. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C27H26N3O6S, 520.1537; found, 520.1538. 

 

(1'R,3S,3a'R,8b'R)-1'-(4-isopropylphenyl)-8b'-nitro-4'-tosyl-1',3a',4,4',5,8b'-hexahydro-2H,2'

H-spiro[furan-3,3'-pyrrolo[3,4-b]indol]-2-one (3k) 

 

108.4 mg, 99% yield for the sum of the diastereomers, 55% yield for the major isomer, white soild, 

56:18:16:0 dr, 90% ee, m.p.:109.8-110.3 ºC; The ee was determined by HPLC (Chiralpak IC, 



S6 

EtOH/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: tminor = 12.4 min, 

tmajor = 14.0 min); [α]D
20

 = +18.4 (c 1.00, CH2Cl2) for major diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ (major diastereomer) 7.68 (d, J = 8.2 Hz, 1H), 7.51 – 7.44 (m, 

3H), 7.26 (d, J = 8.3 Hz, 2H), 7.15 (d, J = 7.9 Hz, 2H), 6.96 (d, J = 8.0 Hz, 2H), 6.86 – 6.78 (m, 

1H), 5.80 (d, J = 7.9 Hz, 1H), 5.50 (s, 1H), 5.28 (d, J = 5.6 Hz, 1H), 4.61 – 4.56 (m, 2H), 4.47 – 

4.40 (m, 1H), 3.03 (dt, J = 13.6, 8.2 Hz, 1H), 2.92 – 2.84 (m, 1H), 2.33 – 2.29 (m, 1H), 2.27 (s, 

3H), 1.18 (dd, J = 6.9, 3.1 Hz, 6H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 177.1, 149.4, 145.3, 143.5, 132.10, 

132.05, 131.8, 129.9, 128.6, 127.7, 127.5, 125.6, 124.32, 124.27, 116.1, 101.1, 73.8, 66.9, 66.6, 

66.4, 33.1, 31.6, 23.9, 23.8, 21.0. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C29H30N3O6S, 548.1850; found, 548.1852. 

 

(1'R,3S,3a'R,8b'R)-1'-(4-chlorophenyl)-8b'-nitro-4'-tosyl-1',3a',4,4',5,8b'-hexahydro-2H,2'H-

spiro[furan-3,3'-pyrrolo[3,4-b]indol]-2-one (3l) 

 

88.6 mg, 82% yield for the sum of the diastereomers, 38% yield for the major isomer, white soild, 

47:23:30:0 dr, 88% ee m.p.:109.6-110.2 ºC; The ee was determined by HPLC (Chiralpak AD, 

EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: tminor = 14.6 min, 

tmajor = 47.9 min); [α]D
20

 = +20.9 (c 1.00, CH2Cl2) for major diastereomer. 
1
H NMR (400 MHz, DMSO-d6) δ (major diastereomer) 7.70 (d, J = 8.2 Hz, 1H), 7.52 (d, J = 8.4 

Hz, 2H), 7.50 – 7.46 (m, 1H), 7.36 (d, J = 8.7 Hz, 2H), 7.27 (d, J = 8.1 Hz, 2H), 7.09 (d, J = 8.1 

Hz, 2H), 6.92 – 6.86 (m, 1H), 5.88 (d, J = 9.1 Hz, 1H), 5.50 (s, 1H), 5.32 (d, J = 5.5 Hz, 1H), 4.70 

(d, J = 4.3 Hz, 1H), 4.59 (td, J = 8.5, 3.9 Hz, 1H), 4.49 – 4.42 (m, 1H), 3.07 (dt, J = 13.6, 8.3 Hz, 

1H), 2.30 (dd, J = 6.8, 3.9 Hz, 1H), 2.28 (s, 3H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 177.0, 145.4, 143.5, 134.0, 133.5, 132.3, 

131.7, 130.7, 130.0, 127.8, 127.6, 127.2, 124.5, 124.2, 116.3, 100.8, 73.6, 66.8, 66.7, 65.5, 31.6, 

21.0. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C26H23

35
ClN3O6S, 540.0991; found, 540.0993. [M + 

H]
+
 calcd for C26H23

37
ClN3O6S, 542.0972; found, 542.0975. 

 

(1'R,3S,3a'R,8b'R)-1'-(2,4-dimethylphenyl)-8b'-nitro-4'-tosyl-1',3a',4,4',5,8b'-hexahydro-2H,

2'H-spiro[furan-3,3'-pyrrolo[3,4-b]indol]-2-one (3m) 
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87.5 mg, 82% yield for the sum of the diastereomers, 48% yield for the major isomer, white soild, 

59:15:26:0 dr, 80% ee, m.p.:84.6-85.1 ºC; The ee was determined by HPLC (Chiralpak IC, 

EtOH/hexane = 15/85, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: tminor = 9.9 min, 

tmajor = 12.7 min); [α]D
20

 = +28.3 (c 1.00, CH2Cl2) for major diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ (major diastereomer) 7.69 (d, J = 8.2 Hz, 1H), 7.48 (dd, J = 7.9, 

3.1 Hz, 3H), 7.26 (d, J = 8.1 Hz, 2H), 7.05 (d, J = 7.8 Hz, 1H), 6.90 – 6.84 (m, 1H), 6.79 – 6.72 

(m, 2H), 5.86 (d, J = 7.1 Hz, 1H), 5.48 (s, 1H), 5.24 (d, J = 6.2 Hz, 1H), 4.58 (dd, J = 8.5, 4.0 Hz, 

1H), 4.53 (d, J = 6.2 Hz, 1H), 4.43 (m, J = 8.0 Hz, 1H), 3.00 (dt, J = 13.6, 8.2 Hz, 1H), 2.34 – 2.29 

(m, 1H), 2.27 (s, 3H), 2.21 (s, 3H), 2.11 (s, 3H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 177.1, 145.4, 143.5, 136.9, 135.6, 132.1, 

131.84, 131.76, 130.2, 130.0, 129.6, 128.9, 128.1, 127.4, 126.0, 124.3, 116.2, 101.1, 73.9, 66.9, 

66.7, 66.6, 31.6, 21.0, 19.3, 19.2. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C28H28N3O6S, 534.1693; found, 534.1696. 

 

(1'R,3S,3a'R,8b'R)-1'-(naphthalen-2-yl)-8b'-nitro-4'-tosyl-1',3a',4,4',5,8b'-hexahydro-2H,2'H

-spiro[furan-3,3'-pyrrolo[3,4-b]indol]-2-one (3n) 

 

106.6 mg, 96% yield for the sum of the diastereomers, 67% yield for the major isomer, white soild, 

70:15:15:0 dr, 69% ee, m.p.:117.4-117.9 ºC; The ee was determined by HPLC (Chiralpak AS, 

EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: tminor = 16.9 min, 

tmajor = 23.2 min); [α]D
20

 = +23.5 (c 1.00, CH2Cl2) for major diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ (major diastereomer) 7.91 (d, J = 7.7 Hz, 1H), 7.81 (d, J = 8.3 

Hz, 2H), 7.71 (d, J = 8.3 Hz, 1H), 7.64 (d, J = 4.4 Hz, 1H), 7.51 (d, J = 7.6 Hz, 4H), 7.44 (d, J = 

8.2 Hz, 1H), 7.27 (d, J = 8.2 Hz, 2H), 7.13 (d, J = 8.5 Hz, 1H), 6.74 – 6.67 (m, 1H), 5.73 (d, J = 

8.1 Hz, 1H), 5.54 (s, 1H), 5.51 (d, J = 5.5 Hz, 1H), 4.77 (d, J = 5.7 Hz, 1H), 4.64 – 4.58 (m, 1H), 

4.48 (q, J = 7.6 Hz, 1H), 3.08 (dt, J = 12.6, 8.0 Hz, 1H), 2.38 – 2.34 (m, 1H), 2.27 (s, 3H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 177.2, 145.4, 143.6, 133.1, 132.3, 

132.24, 132.19, 131.8, 130.0, 128.1, 127.60, 127.56, 127.2, 127.1, 126.8, 126.6, 126.4, 126.2, 

124.38, 124.35, 116.3, 101.0, 73.9, 67.0, 66.6, 31.7, 26.4, 21.0. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C30H26N3O6S, 556.1537; found, 556.1540. 

 

(1'R,3S,3a'R,8b'R)-1'-(furan-3-yl)-8b'-nitro-4'-tosyl-1',3a',4,4',5,8b'-hexahydro-2H,2'H-spiro

[furan-3,3'-pyrrolo[3,4-b]indol]-2-one (3o) 
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74.3 mg, 75% yield for the sum of the diastereomers, 40% yield for the major isomer, white soild 

54:12:34:0 dr, 91% ee, m.p.:121.2-121.6 ºC; The ee was determined by HPLC (Chiralpak AD, 

EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 220 nm, major diastereomer: tminor = 16.1 min, 

tmajor = 34.7 min); [α]D
20

 = +12.5 (c 1.00, CH2Cl2) for major diastereomer. 
1
H NMR (400 MHz, DMSO-d6) δ (major diasteremre) 7.70 (d, J = 8.1 Hz, 1H), 7.64 – 7.63 (m, 1H), 

7.55 – 7.49 (m, 4H), 7.30 – 7.26 (m, 2H), 7.03 – 6.97 (m, 1H), 6.42 (dd, J = 7.8, 1.3 Hz, 1H), 6.22 (d, J 

= 1.2 Hz, 1H), 5.50 (s, 1H), 5.22 (d, J = 7.9 Hz, 1H), 4.56 (dd, J = 8.5, 3.4 Hz, 1H), 4.44 (dd, J = 15.0, 

7.2 Hz, 2H), 3.01 (dt, J = 13.6, 8.5 Hz, 1H), 2.33 – 2.30 (m, 1H), 2.29 (s, 3H). 
13

C NMR (101 MHz, DMSO-d6) δ 176.8, 175.5, 145.5, 145.4, 143.9, 143.6, 143.2, 142.2, 141.9, 141.5, 

132.3, 132.2, 131.9, 131.8, 130.2, 129.9, 128.1, 127.6, 127.3, 126.7, 126.14, 126.11, 124.6, 124.4, 

119.8, 119.5, 116.3, 116.1, 110.5, 109.2, 102.6, 101.0, 74.7, 74.1, 68.2, 67.4, 66.8, 66.4, 65.4, 60.1, 

31.5, 31.2, 28.1, 21.0. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C24H22N3O7S, 496.1173; found, 496.1174. 

2. Optimization of conditions for asymmetric synthesis of 5 

 

entry L1-L5 base solvent T (
o
C) T (h) yield (%) [a] dr [b] ee (%) [c] 

1 L1 Cs2CO3 THF 25 36 95 50:50:nd 24/70 

2 L2 Cs2CO3 THF 25 23 95 80:20:nd 2/31 

3 L3 Cs2CO3 THF 25 23 73 39:61:nd 9/22 

4 L4 Cs2CO3 THF 25 36 86 27:73:nd 3/86 

5 L5 Cs2CO3 THF 25 36 98 10:90:nd 7/76 

6 L4 Cs2CO3 1,4-dioxane 25 60 94 55:45:nd 0/79 

7 L4 Cs2CO3 DCM 25 60 94 40:60:nd 4/81 

8 L4 Cs2CO3 MTBE 25 60 54 28:72:nd 3/69 

9 L4 Cs2CO3 DCE 25 60 99 17:83:nd 11/83 

10 L4 Cs2CO3 MeCN 25 60 95 48:52:nd 3/69 

11 L4 Cs2CO3 toluene 25 60 50 12:88:nd 25/78 

12 L4 Cs2CO3 EA 25 36 57 35:65:nd 0/76 

13 L4 Cs2CO3 MeOH 25 36 74 24:76:nd 3/85 

14 L4 Cs2CO3 PhF 25 36 51 7:93:nd 31/84 

15 L4 Cs2CO3 PhCl 25 36 82 14:86:nd 28/85 

16 L4 Cs2CO3 2-Me-THF 25 36 98 41:59:nd 5/77 

17 L4 K2CO3 PhCl 25 59 67 20:80:nd 0/84 

18 L4 DBU PhCl 25 59 75 57:43:nd 6/66 

19 L4 DIPEA PhCl 25 82 17 27:73:nd 16/52 
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20 L4 Et3N PhCl 25 82 13 22:78:nd 20/40 

21 L4 DABCO PhCl 25 82 22 26:74:nd 7/55 

22 L4 TMG PhCl 25 82 61 94:6:nd 3/46 

23 L4 Cs2CO3 PhCl 50 72 70 17:83:nd 20/80 

24 L4 Cs2CO3 PhCl 30 72 68 18:82:nd 12,/84 

25 L4 Cs2CO3 PhCl 0 72 53 11:89:nd 11/89 

26 L4 Cs2CO3 PhCl -30 72 41 12:88:nd 12/88 

27 [d] L4 Cs2CO3 PhCl 30 45 81 24:76:nd 11/96 

[a] Isolated yield of the mixture of diastereomers. [b] Determined by 
1
H NMR. [c] Determined by 

chiral HPLC analysis after purification of the diastereomers. [d] 10 mol% Cs2CO3 was added. 

3. Characterization data for compounds 5 

 

(1R,3R,3aR,8bR)-3a-nitro-3-phenyl-2,3,3a,4',5',8b-hexahydro-2'H-spiro[benzofuro[2,3-c]pyr

role-1,3'-furan]-2'-one(5a) 

 

57.1 mg, 81% yield for the sum of the diastereomers, 61% yield for the major isomer, white soild, 

74:26 dr, 96% ee, m.p.:160.9-161.4 ºC; The ee was determined by HPLC (Chiralpak IB, 

i-PrOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 220 nm, major diastereomer: tminor = 12.7 min, 

tmajor = 9.9 min); [α]D
20

 = -91.2 (c 1.00, CH2Cl2) for major diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ (major diastereomer) 7.43 – 7.38 (m, 3H), 7.34 (dd, J = 7.2, 

2.9 Hz, 2H), 7.29 – 7.24 (m, 1H), 7.07 (d, J = 7.2 Hz, 1H), 7.02 (dd, J = 12.7, 7.6 Hz, 2H), 5.23 (d, 

J = 6.6 Hz, 1H), 4.85 (s, 1H), 4.67 – 4.57 (m, 2H), 3.83 (d, J = 7.0 Hz, 1H), 2.95 (dd, J = 12.3, 4.9 

Hz, 1H), 2.45 (dd, J = 11.7, 8.5 Hz, 1H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 173.6, 157.9, 133.9, 129.7, 128.8, 128.3, 

128.0, 125.5, 123.8, 122.8, 122.7, 109.6, 68.4, 68.1, 64.6, 60.5, 36.2. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C19H17N2O5, 353.1132; found, 353.1136. 

 

(1R,3R,3aS,8bR)-7-fluoro-3a-nitro-3-phenyl-2,3,3a,4',5',8b-hexahydro-2'H-spiro[benzofuro[

2,3-c]pyrrole-1,3'-furan]-2'-one(5b) 

 

60.7 mg, 82% yield for the major isomer, white soild, >99:1 dr, 95% ee, m.p.: 70.2-70.8 ºC; The 

ee was determined by HPLC (Chiralpak AD, i-PrOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 

254 nm, major diastereomer: tminor = 10.2 min, tmajor = 11.8 min); [α]D
20

 = -96.2 (c 1.00, CH2Cl2) 

for major diastereomer; 
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1
H NMR (400 MHz, CDCl3) δ (major diastereomer) 7.44 – 7.38 (m, 3H), 7.29 – 7.26 (m, 2H), 

7.02 – 6.95 (m, 1H), 6.93 (dd, J = 8.8, 4.1 Hz, 1H), 6.78 – 6.73 (m, 1H), 5.15 (d, J = 13.0 Hz, 1H), 

4.75 – 4.68 (m, 1H), 4.48 (td, J = 10.8, 5.2 Hz, 1H), 4.41 (s, 1H), 3.29 (d, J = 13.4 Hz, 1H), 3.05 

(dd, J = 12.7, 5.3 Hz, 1H), 2.64 (td, J = 12.1, 8.6 Hz, 1H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 173.6, 157.8 (d, J = 237.6 Hz), 154.1, 

133.8, 128.8, 128.2 (d, J = 24.3 Hz), 125.7 (d, J = 9.5 Hz), 123.2, 116.2 (d, J = 24.5 Hz), 112.7 (d, J = 

25.9 Hz), 110.5 (d, J = 8.8 Hz), 68.4, 68.1, 64.7, 60.51, 60.49, 36.1. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C19H16FN2O5, 371.1038; found, 371.0147. 

 

(1R,3R,3aS,8bR)-7-chloro-3a-nitro-3-phenyl-2,3,3a,4',5',8b-hexahydro-2'H-spiro[benzofuro[

2,3-c]pyrrole-1,3'-furan]-2'-one(5c) 

 

66.5 mg, 86% yield for the major isomer, white soild, >99:1 dr, 94% ee, m.p.: 90.6-90.9 ºC; The 

ee was determined by HPLC (Chiralpak IB, EtOH/hexane = 5/95, flow rate 1.0 mL/min, λ = 220 

nm, major diastereomer: tminor = 22.9 min, tmajor = 19.6 min); [α]D
20

 = -83.7 (c 1.00, CH2Cl2) for 

major diastereomer; 
1
H NMR (400 MHz, CDCl3) δ (major diastereomer) 7.43 – 7.37 (m, 3H), 7.37 – 7.30 (m, 3H), 

7.12 (s, 1H), 7.06 (d, J = 8.6 Hz, 1H), 5.20 (d, J = 6.4 Hz, 1H), 4.84 (s, 1H), 4.63 (dd, J = 10.7, 5.3 

Hz, 1H), 4.61 – 4.53 (m, 1H), 3.93 (d, J = 6.4 Hz, 1H), 2.94 (dd, J = 12.6, 5.1 Hz, 1H), 2.49 – 2.43 

(m, 1H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 173.6, 156.8, 133.8, 129.6, 128.9, 128.3, 

128.1, 126.4, 126.3, 125.5, 122.9, 111.1, 68.4, 68.2, 64.8, 60.2, 36.1. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C19H16

35
ClN2O5, 387.0742; found, 387.0754 . [M + 

H]
+
 calcd for C19H16

37
ClN2O5, 389.0721; found, 387.0731 . 

 

(1R,3R,3aS,8bR)-7-bromo-3a-nitro-3-phenyl-2,3,3a,4',5',8b-hexahydro-2'H-spiro[benzofuro[

2,3-c]pyrrole-1,3'-furan]-2'-one(5d) 

 

69.0 mg. 80% yield for the major isomer, white soild, >99:1 dr, 98% ee, m.p.: 68.4-68.8 ºC; The 

ee was determined by HPLC (Chiralpak IA, i-PrOH/hexane = 10/90, flow rate 1.0 mL/min, λ = 

254 nm, major diastereomer: tminor = 18.4 min, tmajor = 24.8 min),ee 98%; [α]D
20

 = -84.6 (c 1.00, 

CH2Cl2) for major diastereomer;
 

1
H NMR (400 MHz, DMSO-d6) δ (major diastereomer) 7.45 (dd, J = 8.6, 2.0 Hz, 1H), 7.42 – 

7.37 (m, 3H), 7.37 – 7.31 (m, 2H), 7.24 (d, J = 2.4 Hz, 1H), 7.02 (s, 1H), 5.20 (d, J = 6.4 Hz, 1H), 

4.84 (s, 1H), 4.64 (td, J = 10.6, 10.2, 5.4 Hz, 1H), 4.60 – 4.53 (m, 1H), 3.93 (d, J = 6.4 Hz, 1H), 

2.94 (dd, J = 12.5, 5.1 Hz, 1H), 2.49 – 2.42 (m, 1H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 173.6, 157.3, 133.8, 132.5, 128.9, 128.3, 

128.1, 126.7, 122.8, 114.0, 111.7, 68.3, 68.1, 64.7, 60.1, 36.0. 
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HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C19H16

79
BrN2O5, 431.0237; found, 431.0242. [M + 

H]
+
 calcd for C19H16

81
BrN2O5, 433.0219; found, 433.0224. 

 

(1R,3R,3aS,8bR)-7-methyl-3a-nitro-3-phenyl-2,3,3a,4',5',8b-hexahydro-2'H-spiro[benzofuro[

2,3-c]pyrrole-1,3'-furan]-2'-one(5e) 

 

65.9 mg, 90% yield for the sum of the diastereomers, 60% yield for the major isomer, white soild, 

67:33 dr, 97% ee, m.p.: 105.5-106.0 ºC; The ee was determined by HPLC (Chiralpak AD, 

i-PrOH/hexane = 10/90, flow rate 1.0 mL/min, λ = 220 nm, major diastereomer: tminor = 13.3 min, 

tmajor = 20.8 min); [α]D
20

 = -89.3 (c 1.00, CH2Cl2) for major diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ (major diastereomer) 7.42 – 7.32 (m, 5H), 7.06 (d, J = 8.2 Hz, 

1H), 6.91 – 6.83 (m, 2H), 5.21 (s, 1H), 4.79 (s, 1H), 4.61 (dd, J = 14.2, 7.0 Hz, 2H), 3.82 (s, 1H), 

2.94 (dd, J = 12.4, 4.7 Hz, 1H), 2.48 – 2.40 (m, 1H), 2.23 (s, 3H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 173.7, 156.1, 134.0, 131.8, 130.1, 128.8, 

128.3, 128.0, 125.7, 123.9, 123.0, 109.2, 68.4, 68.1, 64.7, 60.7, 36.3, 20.4. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C20H19N2O5, 367.1288; found, 367.1303. 

 

(1R,3R,3aS,8bR)-7-(tert-butyl)-3a-nitro-3-phenyl-2,3,3a,4',5',8b-hexahydro-2'H-spiro[benzof

uro[2,3-c]pyrrole-1,3'-furan]-2'-one(5f) 

 

80.1 mg, 98% yield for the sum of the diastereomers, 86% yield for the major isomer, white soild, 

88:12 dr, 93% ee, m.p.: 96.8-97.2 ºC; The ee was determined by HPLC (Chiralpak IA, 

i-PrOH/hexane = 15/85, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: tminor = 7.7 min, 

tmajor = 10.2 min); [α]D
20

 = -218.8 (c 1.00, CH2Cl2) for major diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ (major diastereomer) 7.42 – 7.37 (m, 3H), 7.37 – 7.33 (m, 2H), 

7.28 (d, J = 10.0 Hz, 1H), 7.07 (s, 1H), 6.90 (d, J = 8.5 Hz, 1H), 5.21 (d, J = 7.1 Hz, 1H), 4.80 (s, 

1H), 4.68 (td, J = 10.3, 5.2 Hz, 1H), 4.58 (t, J = 8.8 Hz, 1H), 3.82 (d, J = 7.1 Hz, 1H), 2.96 (dd, J 

= 12.4, 5.1 Hz, 1H), 2.46 (dd, J = 11.6, 8.4 Hz, 1H), 1.23 (s, 9H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 173.6, 155.8, 145.2, 134.0, 128.7, 128.3, 

128.0, 126.4, 123.4, 123.0, 122.4, 108.7, 68.4, 68.3, 64.6, 60.9, 36.2, 34.1, 31.2. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C23H25N2O5, 409.1758; found, 409.1767. 

 

(1R,3R,3aR,8bR)-3-(4-fluorophenyl)-3a-nitro-2,3,3a,4',5',8b-hexahydro-2'H-spiro[benzofuro

[2,3-c]pyrrole-1,3'-furan]-2'-one(5g) 
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65.9 mg, 89% yield for the sum of the diastereomers, 64% yield for the major isomer, white soild, 

72:28 dr, 80% ee, m.p.:147.6-148.2ºC; The ee was determined by HPLC (Chiralpak AD, 

i-PrOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 220 nm, major diastereomer: tminor = 11.7 min, 

tmajor = 9.7 min); [α]D
20

 = -110.5 (c 1.00, CH2Cl2) for major diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ (major diastereomer) 7.45 – 7.40 (m, 2H), 7.25 (q, J = 9.3, 8.5 

Hz, 3H), 7.07 (d, J = 7.2 Hz, 1H), 7.02 (dd, J = 11.5, 7.7 Hz, 2H), 5.24 (s, 1H), 4.86 (s, 1H), 4.66 

– 4.54 (m, 2H), 3.82 (s, 1H), 2.95 (dd, J = 12.3, 4.9 Hz, 1H), 2.49 – 2.41 (m, 1H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 173.5, 162.4 (d, J = 244.9 Hz), 157.9, 

130.3, 130.0 (d, J = 49.8 Hz), 128.1 (d, J = 3.3 Hz), 125.5, 123.9, 122.9, 122.5, 115.1 (d, J = 21.5 

Hz), 109.6, 68.3, 67.4, 64.6, 60.2, 36.1. 

HRMS (ESI-TOF) m/z: [M + Na]
+
 calcd for C19H15FN2O5Na, 393.0857; found, 393.0876. 

 

(1R,3R,3aR,8bR)-3-(4-chlorophenyl)-3a-nitro-2,3,3a,4',5',8b-hexahydro-2'H-spiro[benzofuro

[2,3-c]pyrrole-1,3'-furan]-2'-one(5h) 

 

67.3 mg, 87% yield for the sum of the diastereomers, 85% yield for the major isomer, white soild, 

98:2 dr, 87% ee, m.p.:200.2-200.8 ºC; The ee was determined by HPLC (Chiralpak IA, 

i-PrOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: tminor = 16.8 min, 

tmajor = 11.6 min); [α]D
20

 = -32.6 (c 1.00, CH2Cl2) for major diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ (major diastereomer) 7.48 (d, J = 8.7 Hz, 2H), 7.39 (d, J = 8.2 

Hz, 2H), 7.29 – 7.23 (m, 1H), 7.09 – 6.97 (m, 3H), 5.24 (d, J = 6.3 Hz, 1H), 4.86 (s, 1H), 4.66 – 

4.54 (m, 2H), 3.93 (d, J = 6.3 Hz, 1H), 2.94 (dd, J = 12.3, 4.8 Hz, 1H), 2.49 – 2.40 (m, 1H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 173.5, 157.9, 133.5, 133.3, 130.0, 129.8, 

128.3, 125.6, 123.8, 122.9, 122.4, 109.6, 68.3, 67.3, 64.6, 60.2, 36.1. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C19H16

35
ClN2O5, 387.0742; found, 387.0754. [M + 

H]
+
 calcd for C19H16

37
ClN2O5, 389.0721; found, 389.0728. 

 

(1R,3R,3aR,8bR)-3a-nitro-3-(m-tolyl)-2,3,3a,4',5',8b-hexahydro-2'H-spiro[benzofuro[2,3-c]p

yrrole-1,3'-furan]-2'-one(5i) 
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60.1 mg, 82% yield for the sum of the diastereomers, 53% yield for the major isomer, white soild, 

65:35 dr, 90% ee, m.p.:227.6-228.1 ºC; The ee was determined by HPLC (Chiralpak AD, 

i-PrOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 220 nm, major diastereomer: tminor = 15.9 min, 

tmajor = 7.8 min); [α]D
20

 = -42.3 (c 1.00, CH2Cl2) for major diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ (major diastereomer) 7.27 (q, J = 8.2, 7.8 Hz, 2H), 7.20 (d, J = 

7.7 Hz, 1H), 7.16 (s, 1H), 7.11 (d, J = 7.7 Hz, 1H), 7.06 (d, J = 7.3 Hz, 1H), 7.05 – 6.99 (m, 2H), 

5.18 (d, J = 7.1 Hz, 1H), 4.84 (s, 1H), 4.68 – 4.55 (m, 2H), 3.79 (d, J = 7.2 Hz, 1H), 2.95 (dd, J = 

12.4, 4.9 Hz, 1H), 2.44 (dd, J = 11.9, 8.7 Hz, 1H), 2.32 (s, 3H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 173.6, 157.9, 137.5, 133.8, 129.7, 129.4, 

128.4, 128.2, 125.5, 125.1, 123.9, 122.84, 122.75, 109.6, 68.4, 68.1, 64.7, 60.6, 36.2, 21.0. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C20H19N2O5, 367.1288; found, 367.1298. 

 

(1R,3R,3aR,8bR)-3-(4-isopropylphenyl)-3a-nitro-2,3,3a,4',5',8b-hexahydro-2'H-spiro[benzof

uro[2,3-c]pyrrole-1,3'-furan]-2'-one(5j) 

 

71.0 mg, 90% yield for the sum of the diastereomers, 73% yield for the major isomer, white soild, 

81:19 dr, 93% ee, m.p.:144.9-145.3 ºC; The ee was determined by HPLC (Chiralpak IA, 

i-PrOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: tminor = 16.7 min, 

tmajor = 9.0 min); [α]D
20

 = -88.8 (c 1.00, CH2Cl2) for major diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ (major diastereomer)

 
7.27 (s, 5H), 7.07 (d, J = 7.5 Hz, 1H), 

7.03 (dd, J = 7.9, 5.4 Hz, 2H), 5.18 (s, 1H), 4.85 (s, 1H), 4.68 – 4.54 (m, 2H), 3.76 (s, 1H), 2.99 – 

2.87 (m, 2H), 2.48 – 2.40 (m, 1H), 1.22 (d, J = 6.9 Hz, 6H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 173.6, 157.9, 149.0, 131.2, 129.7, 128.1, 

126.2, 125.5, 123.9, 122.84, 122.79, 109.6, 68.4, 68.1, 64.7, 60.6, 36.2, 33.2, 23.8, 23.8. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C22H23N2O5, 395.1601; found, 395.1601. 

 

(1R,3R,3aR,8bR)-3-(2,4-dimethylphenyl)-3a-nitro-2,3,3a,4',5',8b-hexahydro-2'H-spiro[benzo

furo[2,3-c]pyrrole-1,3'-furan]-2'-one(5k) 

 

44.1 mg, 58% yield for the sum of the diastereomers, 51% yield for the major isomer, white soild, 

88:12 dr, 70% ee, m.p.:229.8-230.2 ºC; The ee was determined by HPLC (Chiralpak AD, 

i-PrOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 220 nm, major diastereomer: tminor = 27.2 min, 

tmajor = 8.5 min); [α]D
20

 = -41.9 (c 1.00, CH2Cl2) for major diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ (major diastereomer) 7.26 (d, J = 7.2 Hz, 1H), 7.15 (d, J = 7.8 

Hz, 1H), 7.11 – 7.08 (m, 1H), 7.08 – 6.98 (m, 4H), 5.14 (d, J = 7.4 Hz, 1H), 4.83 (s, 1H), 4.68 – 
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4.54 (m, 2H), 3.72 (d, J = 7.5 Hz, 1H), 2.98 – 2.90 (m, 1H), 2.48 – 2.40 (m, 1H), 2.23 (d, J = 3.4 

Hz, 6H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 173.7, 157.9, 136.8, 136.1, 131.1, 129.7, 

129.4, 128.8, 125.5, 125.3, 123.8, 122.9, 122.8, 109.6, 68.4, 68.1, 64.7, 60.7, 36.3, 19.4, 19.1. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C21H21N2O5, 381.1445; found, 381.1446. 

 

(1R,3S,3aS,8bS)-3-(naphthalen-2-yl)-3a-nitro-2,3,3a,4',5',8b-hexahydro-2'H-spiro[benzofuro

[2,3-c]pyrrole-1,3'-furan]-2'-one(5l) 

 

52.3 mg, 65% yield for the sum of the diastereomers, 64% yield for the major isomer, white soild, 

92:8 dr, 82% ee, m.p.:210.4-210.8 ºC; The ee was determined by HPLC (Chiralpak IA, 

i-PrOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 220 nm, major diastereomer: tminor = 32.7 min, 

tmajor = 13.5 min); [α]D
20

 = -48.7 (c 1.00, CH2Cl2) for major diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ 7.96 (dd, J = 9.3, 4.4 Hz, 4H), 7.59 – 7.52 (m, 2H), 7.47 (d, J = 

8.7 Hz, 1H), 7.30 – 7.23 (m, 1H), 7.10 (d, J = 7.4 Hz, 1H), 7.07 – 7.01 (m, 1H), 6.99 (d, J = 8.1 

Hz, 1H), 5.43 (d, J = 6.7 Hz, 1H), 4.91 (s, 1H), 4.71 – 4.58 (m, 2H), 4.01 (d, J = 6.9 Hz, 1H), 3.02 

(dd, J = 12.3, 4.9 Hz, 1H), 2.54 (dd, J = 11.6, 8.6 Hz, 1H). 
13

C NMR (101 MHz, DMSO-d6) δ 173.6, 158.0, 133.1, 132.6, 131.7, 129.8, 128.0, 127.8, 127.5, 

127.2, 126.5, 126.4, 125.61, 125.57, 123.8, 122.9, 122.8, 109.6, 68.5, 68.3, 64.7, 60.6, 36.2. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C23H19N2O5, 403.1288; found, 403.1294. 

 

(1R,3R,3aR,8bR)-3-(furan-3-yl)-3a-nitro-2,3,3a,4',5',8b-hexahydro-2'H-spiro[benzofuro[2,3-

c]pyrrole-1,3'-furan]-2'-one(5m) 

 

37.7 mg, 55% yield for the sum of the diastereomers, 36% yield for the major isomer, white soild, 

66:34 dr, 91% ee, m.p.:199.8-200.3 ºC; The ee was determined by HPLC (Chiralpak AD-H, 

EtOH/hexane = 20/80 , flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: tminor = 12.0 min, 

tmajor = 18.1 min); [α]D
20

 = -56.9 (c 1.00, CH2Cl2) for major diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ (major diastereomer) 7.81 (s, 1H), 7.75 – 7.67 (m, 1H), 7.34 – 

7.24 (m, 1H), 7.11 – 7.00 (m, 3H), 6.54 (d, J = 1.9 Hz, 1H), 5.12 (d, J = 9.8 Hz, 1H), 4.86 (s, 1H), 

4.67 – 4.56 (m, 2H), 3.64 (d, J = 9.8 Hz, 1H), 2.94 – 2.86 (m, 1H), 2.43 (td, J = 11.6, 8.7 Hz, 1H). 
13

C NMR (101 MHz, DMSO-d6) δ (major diastereomer) 173.5, 157.9, 143.7, 141.9, 129.8, 125.5, 

123.8, 123.2, 123.0, 118.2, 110.3, 109.8, 69.0, 65.0, 61.7, 61.1, 36.5. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C17H15N2O6, 343.0925; found, 343.0931. 

4. Characterization data for compounds 6-9 
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(1'R,3S,3a'S,8b'R)-8b'-amino-1'-phenyl-4'-tosyl-1',3a',4,4',5,8b'-hexahydro-2H,2'H-spiro[fur

an-3,3'-pyrrolo[3,4-b]indol]-2-one (6).  

39.5 mg, 83% yield, white soild, >20:1 dr, 93% ee, m.p.:120.7-121.1 ºC; The ee was determined 

by HPLC (Chiralpak IA, i-PrOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, major 

diastereomer: tminor = 25.1 min, tmajor = 28.4 min); [α]D
20

 = +25.6 (c 1.00, CH2Cl2) for major 

diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ 7.57 (d, J = 7.0 Hz, 3H), 7.42 (d, J = 8.1 Hz, 1H), 7.23 (dd, J = 

8.1, 3.5 Hz, 5H), 7.19 – 7.13 (m, 3H), 6.60 – 6.53 (m, 1H), 5.43 (d, J = 7.6 Hz, 1H), 5.00 (s, 1H), 

4.95 (d, J = 4.7 Hz, 1H), 4.55 (q, J = 7.2 Hz, 1H), 4.41 (q, J = 7.6 Hz, 1H), 4.33 (s, 1H), 3.95 (d, J 

= 4.9 Hz, 1H), 2.93 (dt, J = 13.8, 7.2 Hz, 1H), 2.27 (s, 3H), 2.22 (dt, J = 13.3, 6.5 Hz, 1H). 
13

C NMR (101 MHz, DMSO-d6) δ 178.4, 144.4, 143.0, 138.4, 133.2, 130.5, 129.5, 129.2, 127.9, 

127.6, 127.4, 127.3, 126.6, 123.2, 114.8, 80.2, 71.0, 66.1, 65.9, 61.5, 32.6, 21.0. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C26H26N3O4S, 476.1639; found, 476.1633. 

 

 

2-(3-(hydroxymethyl)-8b-nitro-1-phenyl-4-tosyl-1,2,3,3a,4,8b-hexahydropyrrolo[3,4-b]indol-

3-yl)ethan-1-ol(7) 

29.6 mg, 58% yield, white soild, 52:48 dr, 99%, 94% ee, m.p.:130.1-130.5 ºC; The ee was 

determined by HPLC (Chiralpak AD-H, EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 

nm, major diastereomer: tminor = 16.7 min, tmajor = 9.0 min); [α]D
20

 = +21.3 (c 1.00, CH2Cl2) for 

major diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ 7.73 (d, J = 7.9 Hz, 1H), 7.61 (dd, J = 20.5, 7.8 Hz, 3H), 7.45 

(d, J = 8.1 Hz, 2H), 7.41 – 7.38 (m, 2H), 7.38 – 7.32 (m, 8H), 7.30 – 7.18 (m, 7H), 7.08 – 7.00 (m, 

2H), 6.80 – 6.69 (m, 1H), 5.69 (s, 1H), 5.64 (d, J = 7.6 Hz, 1H), 5.43 (t, 1H), 5.35 (s, 1H), 5.31 (t, 

1H), 5.23 (d, J = 6.1 Hz, 1H), 4.57 (d, J = 12.4 Hz, 1H), 4.48 (t, J = 5.0 Hz, 1H), 4.36 (t, J = 5.1 

Hz, 1H), 3.87 (d, J = 6.0 Hz, 2H), 3.73 (d, J = 5.5 Hz, 2H), 3.64 – 3.55 (m, 2H), 3.53 (d, J = 13.1 

Hz, 1H), 3.47 – 3.41 (m, 2H), 2.27 (s, 3H), 2.23 (s, 3H), 2.16 – 2.07 (m, 1H), 1.87 – 1.76 (m, 1H), 

1.61 – 1.50 (m, 1H), 1.29 – 1.25 (m, 1H). 
13

C NMR (101 MHz, DMSO-d6) δ 
144.8, 144.7, 143.9, 142.7, 136.6, 134.9, 132.8, 132.3, 131.6, 

129.9, 129.8, 128.9, 128.8, 128.6, 128.43, 128.35, 128.3, 128.2, 127.8, 127.7, 127.3, 127.2, 126.8, 

125.9, 124.9, 123.7, 117.1, 115.9, 105.7, 102.1, 75.5, 73.2, 71.6, 68.5, 67.8, 66.0, 65.4, 61.4, 57.2, 56.7, 

37.5, 31.4, 21.0, 20.9. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C26H25N2O4S, 510.1693; found, 510.1688. 
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(1'S,3S,3a'S,8b'S)-1'-phenyl-4'-tosyl-1',3a',4,4',5,8b'-hexahydro-2H,2'H-spiro[furan-3,3'-pyr

rolo[3,4-b]indol]-2-one (8) 

35.5 mg, 77% yield, white soild, >20:1 dr, 93% ee, m.p.:220.1-220.4 ºC; The ee was determined 

by HPLC (Chiralpak IC, EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, major 

diastereomer: tminor = 10.0 min, tmajor = 10.7 min); [α]D
20

 = +24.3 (c 1.00, CH2Cl2) for major 

diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ 7.51 – 7.42 (m, 3H), 7.30 – 7.22 (m, 5H), 7.18 (s, 2H), 7.14 – 

7.08 (m, 1H), 6.63 – 6.53 (m, 1H), 5.39 (d, J = 7.6 Hz, 1H), 4.95 (t, J = 6.0 Hz, 1H), 4.85 (d, J = 

8.2 Hz, 1H), 4.52 (td, J = 8.4, 4.3 Hz, 1H), 4.42 (q, J = 8.4, 7.8 Hz, 1H), 4.02 (d, J = 5.6 Hz, 1H), 

3.94 (t, J = 7.4 Hz, 1H), 2.89 (dt, J = 13.4, 8.0 Hz, 1H), 2.29 (s, 3H), 2.26 – 2.16 (m, 1H). 
13

C NMR (101 MHz, DMSO-d6) δ 178.6, 144.7, 142.4, 138.3, 133.2, 131.4, 130.3, 130.0, 128.0, 

127.9, 127.4, 127.1, 126.0, 124.0, 115.8, 69.9, 67.8, 66.4, 61.7, 50.4, 32.5, 21.0. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C26H25N2O4S, 461.1530; found, 461.1540. 

 

 

(1'R,3S,3a'S,8b'S)-2'-bromo-8b'-nitro-1'-phenyl-4'-tosyl-1',3a',4,4',5,8b'-hexahydro-2H,2'H-

spiro[furan-3,3'-pyrrolo[3,4-b]indol]-2-one (9) 

54.4 mg, 93% yield, white soild, >20:1 yield, 92% ee; m.p.:153.4-153.8 ºC; The ee was 

determined by HPLC (Chiralpak IC, EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, 

major diastereomer: tminor = 7.1 min, tmajor = 7.9 min); [α]D
20

 = +34.5 (c 1.00, CH2Cl2) for major 

diastereomer; 
1
H NMR (400 MHz, DMSO-d6) δ 7.68 (d, J = 8.2 Hz, 1H), 7.47 (dd, J = 14.0, 8.0 Hz, 3H), 7.39 

– 7.33 (m, 1H), 7.31 – 7.23 (m, 4H), 7.05 (d, J = 7.6 Hz, 2H), 6.87 – 6.79 (m, 1H), 5.78 (d, J = 7.8 

Hz, 1H), 5.50 (s, 1H), 5.33 (s, 1H), 4.58 (td, J = 8.5, 4.0 Hz, 1H), 4.45 (q, J = 8.0 Hz, 1H), 3.03 (dt, 

J = 13.6, 8.2 Hz, 1H), 2.35 – 2.28 (m, 1H), 2.27 (s, 3H). 
13

C NMR (101 MHz, DMSO-d6) δ177.1, 145.4, 143.5, 134.7, 132.2, 131.8, 130.0, 129.0, 128.6, 

127.8, 127.6, 127.5, 124.4, 124.3, 116.2, 101.1, 73.9, 66.9, 66.6, 66.5, 31.6, 21.0. 

HRMS (ESI-TOF) m/z: [M + H]
+
 calcd for C26H23

79
BrN3O6S, 584.0485; found, 584.0492. [M + 

H]
+
 calcd for C26H23

81
BrN3O6S, 586.0468; found, 586.0472. 

5. X-ray crystal structure of compounds 3a and 5c 

Single crystal of compound 3a was prepared from the mixture solvent of ethyl 

acetate/petroleum ether (1/2) at room temperature by slow evaporation of solvent. A suitable 

crystal was selected for structure determination on a XtaLAB AFC12 (RINC): Kappa single 

diffractometer. The crystal was kept at 150.00(10) K during data collection. Using Olex2 [1], the 
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structure was solved with the SHELXT [2] structure solution program using Intrinsic Phasing and 

refined with the SHELXL [3] refinement package using Least Squares minimisation. 

[1] Dolomanov, O. V.; Bourhis, L. J.; Gildea, R. J, Howard, J. A. K.; Puschmann, H. J. Appl. 

Cryst. 2009, 42, 339-341. 

[2] Sheldrick, G. M. Acta Cryst. 2008, A64, 112-122. 

[3] Sheldrick, G. M. Acta Cryst. 2015, C71, 3-8. 

 

Table 1 Crystal data and structure refinement for 3a. 

Identification code 3a 

Empirical formula C26H23N3O6S 

Formula weight 505.53 

Temperature/K 150.00(10) 

Crystal system orthorhombic 

Space group P212121 

a/Å 9.1955(2) 

b/Å 12.9582(3) 

c/Å 19.8231(5) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å
3
 2362.06(10) 

Z 4 

ρcalcg/cm
3
 1.422 

μ/mm
-1

 1.637 

F(000) 1056.0 

Crystal size/mm
3
 0.14 × 0.11 × 0.09 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 8.152 to 144.48 

Index ranges -11 ≤ h ≤ 10, -15 ≤ k ≤ 12, -21 ≤ l ≤ 24 

Reflections collected 10706 

Independent reflections 4529 [Rint = 0.0301, Rsigma = 0.0279] 

Data/restraints/parameters 4529/0/330 

Goodness-of-fit on F
2
 1.045 

Final R indexes [I>=2σ (I)] R1 = 0.0426, wR2 = 0.1115 

Final R indexes [all data] R1 = 0.0431, wR2 = 0.1120 

Largest diff. peak/hole / e Å
-3

 0.45/-0.41 
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Flack/Hooft parameter -0.005(14)/-0.005(6) 

 

Single crystal of compound 5c was prepared from the mixture solvent of dichloromethane/EtOH 

(1/5) at room temperature by slow evaporation of solvent. 

 

Table 1 Crystal data and structure refinement for 5c. 

Identification code 5c 

Empirical formula C19H15ClN2O5 

Formula weight 386.78 

Temperature/K 293(2) 

Crystal system orthorhombic 

Space group P212121 

a/Å 9.9074(6) 

b/Å 13.3728(8) 

c/Å 13.4556(9) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å
3
 1782.7(2) 

Z 4 

ρcalcg/cm
3
 1.441 

μ/mm
-1

 2.204 

F(000) 800.0 

Crystal size/mm
3
 0.15 × 0.1 × 0.09 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 9.324 to 144.02 

Index ranges -12 ≤ h ≤ 11, -16 ≤ k ≤ 16, -15 ≤ l ≤ 16 

Reflections collected 13126 

Independent reflections 3409 [Rint = 0.0373, Rsigma = 0.0308] 

Data/restraints/parameters 3409/1/259 

Goodness-of-fit on F
2
 1.056 

Final R indexes [I>=2σ (I)] R1 = 0.0444, wR2 = 0.1191 

Final R indexes [all data] R1 = 0.0528, wR2 = 0.1288 

Largest diff. peak/hole / e Å
-3

 0.31/-0.30 

Flack parameter -0.014(13) 

 

6. Unsuccessful examples 
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7. 1
H NMR, 

13
C NMR and HPLC spectra for compounds 3,5 and 6-9 

1
H NMR (400 MHz, DMSO-d6) and

 13
C NMR (101 MHz, DMSO-d6) of 3a 
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HPLC spectra of 3a 
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1
H NMR (400 MHz, DMSO-d6) and

 13
C NMR (101 MHz, DMSO-d6) of 3b 
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HPLC spectra of 3b 
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1
H NMR (400 MHz, DMSO-d6) and

 13
C NMR (101 MHz, DMSO-d6) of 3c 
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HPLC spectra of 3c 
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1
H NMR (400 MHz, DMSO-d6) and

 13
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