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General

All the reagents were purchased from TCI chemicals and local suppliers and used
without purification. The starting materials (1a-h) were prepared following our previous
paper.! All reactions were monitored by TLC. Chromatography refers to open column
chromatography on silica gel (100-200 mesh).

"H NMR spectra were recorded on 500 MHz and *C NMR spectra were recorded on
125 MHz by using a Bruker Avance 500M spectrometer. Chemical shifts were reported in
parts per million (J) relative to tetramethylsilane (TMS). Mass spectra were performed on
an Ultima Global spectrometer with an ESI source. The X-ray single-crystal diffraction
was performed on Saturn 724+ instrument. Chiral HPLC analysis was performed using a

Shimadzu LC-20 HPLC.
General procedure for the preparation of spiropyrrolidinyl-benzoisothiazolines 3
After a suspension of the ip-FOXAP (0.0077 mmol, 3.7mg) and AgOAc (0.007

mol, 1.1mg) in toluene (0.2 mL) was stirred for 1h at room temperature, a solution of the
imine 2 (0.12 mmol) in toluene (0.1 mL) was added. After being stirred at -25 °C for 10
mins, DABCO (0.12 mmol, 12.9mg) and a solution of the dipolarophile 1 (0.1mmol) in
toluene (0.1 mL) was added and the resulting solution was stirred at -25 °C for 2h. After
that, saturated aqueous NH4Cl (0.2 mL) was added and the organic layer was separated
and evaporated to remove solvent under reduced pressure. The residue was subjected to
column chromatography on silica gel (100-200 mesh) using petroleum/ethyl acetate as

eluent to afford spiropyrrolidinyl-benzoisothiazolines 3.

(2'8,35,4'R,5'S)-1-methyl-2'-phenyl-4'-(o-tolyl)-5'-methoxycarbonyl-1H-
spiro[benzo|c]isothiazole-3,3'-pyrrolidine]-2,2-dioxide (3ea) (CCDC 2041776)

Fig 2. X-ray crystallography of compound 3ea.

1G. Cao, F. Long, Y. Zhao, Y. Wang, L. Huang and D. Teng, Tetrahedron, 2014, 70, 9359.
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Characterization data and spectra of compound 3aa-Sbc
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(2'S,3S,4'R,5'S)-1,4'-dimethyl-2'-phenyl-5'-methoxycarbonyl- 1 H-spiro[ benzo[ c]isothiazole-3,3'-
pyrrolidine]-2,2-dioxide (3aa)

'H NMR (500 MHz, CDCl3): 6 7.19 (t, 1H, J = 7.8 Hz), 7.15-7.03 (m, 5H), 6.76 (t, 1H, J = 7.7
Hz), 6.53 (d, 1H, J=7.8 Hz), 6.36 (d, 1H, J="7.6 Hz), 5.19 (s, 1H), 4.07 (d, 1H, J= 9.4 Hz), 3.89
(s, 3H), 3.12-3.06 (m, 1H), 2.96 (s, 3H), 1.43 (d, 3H, J= 7.1 Hz). 3C NMR (125 MHz, CDCl;): ¢
173.4, 140.9, 138.0, 129.2, 127.9, 127.7, 127.4, 125.3, 122.9, 121.6, 108.7, 66.0, 64.5, 52.4, 43.2,
26.1, 12.6.; HRMS (ESI-TOF*): m/z Calcd. for CyyHy3N,04,S [(M+H)*]: 387.1379. Found:
387.1375. Chiral HPLC (Daicel Chiralpak AD-H, 30% IPA/hexanes, 1 mL/min, A = 254 nm)
tr(major) = 13.958 min, fz(minor) = 9.765 min; [a]*p = -54.2° (¢ = 0.25, CH,CL,).,

'H NMR Spectrum of 3aa
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(2'S,35,4'R,5'S)-1,4'-dimethyl-2'-(4-fluorophenyl)-5'-methoxycarbonyl-1H-
spiro[benzo[c]isothiazole- 3,3'-pyrrolidine]-2,2-dioxide (3ab)
'H NMR (500 MHz, CDCl): 6 7.20 (t, 1H, J = 7.7 Hz), 7.02-7.00 (m, 2H), 6.80 (t, IH, J = 7.6
Hz), 6.76 (t, 2H, J = 8.7 Hz), 6.54 (d, 1H, J= 8.0 Hz), 6.47 (d, 1H, J= 7.4 Hz), 5.14 (s, 1H), 4.02
(d, 1H, J = 9.2 Hz), 3.88 (s, 3H), 3.09-3.05 (m, 1H), 2.94 (s, 3H), 1.44 (d, 3H, J = 7.1 Hz). 3C
NMR (125 MHz, CDCl): 0 173.4, 140.7, 133.6, 129.5, 129.4, 129.3, 125.2, 122.8, 121.7, 114.2,
114.0, 108.7, 76.2, 65.4, 64.5, 52.4, 42.9, 26.0, 12.9.; HRMS (ESI-TOF*): m/z Calcd. for
CooH2oFN,04S [(M+H)*]: 405.1284. Found: 405.1284. Chiral HPLC (Daicel Chiralpak AD-H, 30%
IPA/hexanes, 1 mL/min, A = 254 nm) tzx(major) = 11.057 min, fr(minor) = 8.536 min; [a]*’p = -
28.3° (¢ =0.25, CH,Cl,).
'H NMR Spectrum of 3ab
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(2'S,35,4'R,5'S)-1,4'-dimethyl-2'-(4-chlorophenyl)-5'-methoxycarbonyl-1H-
spiro[benzo[c]isothiazole- 3,3'-pyrrolidine]-2,2-dioxide (3ac)
'"H NMR (500 MHz, CDCly): 6 7.19 (t, 1H, J = 7.7 Hz), 7.04-6.95 (m, 4H), 6.80 (t, IH, J = 7.6
Hz), 6.54 (d, 1H, J=17.9 Hz), 6.46 (d, 1H, J="7.6 Hz), 5.12 (s, 1H), 4.01 (d, 1H, J= 9.3 Hz), 3.87
(s, 3H), 3.08-3.02 (m, 1H), 2.94 (s, 3H), 1.41 (d, 3H, J= 7.0 Hz). 3C NMR (125 MHz, CDCl;): ¢
173.4, 140.7, 136.5, 133.5, 129.4, 129.3, 127.4, 125.2, 122.7, 121.8, 108.8, 76.2, 65.4, 64.5, 52.5,
42.9,26.0, 12.8.; HRMS (ESI-TOF*): m/z Calcd. for CyyH;,CIN,O4S [(M+H)*]: 421.0989. Found:
421.0988. Chiral HPLC (Daicel Chiralpak AD-H, 30% IPA/hexanes, 1 mL/min, A = 254 nm)
tr(major) = 11.143 min, tz(minor) = 8.749 min; [a]*’p = -40.7° (¢ = 0.28, CH,CL,).
'H NMR Spectrum of 3ac
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(2'S,35,4'R,5'S)-1,4'-dimethyl-2'-(4-bromophenyl)-5'-methoxycarbonyl-1 H-
spiro[benzo[c]isothiazole-3,3'-pyrrolidine]-2,2-dioxide (3ad)
'"H NMR (500 MHz, CDCl;): 6 7.26-7.19 (m, 3H), 6.91 (d, 2H, J= 7.7 Hz), 6.82 (t, IH, J= 7.5
Hz), 6.55 (d, 1H, J= 7.9 Hz), 6.46 (d, 1H, J="7.5 Hz), 5.11 (s, 1H), 4.03 (d, 1H, J= 8.9 Hz), 3.88
(s, 3H), 3.08-3.02 (m, 1H), 2.96 (s, 3H), 1.42 (d, 3H, J= 6.8 Hz). 3C NMR (125 MHz, CDCl;): ¢
173.4, 140.8, 137.1, 130.4, 129.7, 129.5, 125.3, 122.7, 121.8, 108.8, 76.2, 65.5, 64.5, 52.5, 42.9,
26.1, 12.8.; HRMS (ESI-TOF"): m/z Calcd. for CyoH,,BrN,O4S [(M+H)"]: 465.0484. Found:
465.0481. Chiral HPLC (Daicel Chiralpak AD-H, 30% IPA/hexanes, 1 mL/min, A = 254 nm)
tr(major) = 12.087 min, tz(minor) = 9.789 min; [a]*’p = -43.4° (¢ = 0.42, CH,Cl,).
'H NMR Spectrum of 3ad
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(2'S,3S,4'R,5'S)-1,4'-dimethyl-2'-(p-tolyl)-5'-methoxycarbonyl-1 H-spiro[benzo[ c]isothiazole-3,3'-
pyrrolidine]-2,2-dioxide (3ae)

'"H NMR (500 MHz, CDCl3): 6 7.19 (t, 1H, J= 7.8 Hz), 6.90 (s, 4H), 6.77 (t, 1H, J= 7.6 Hz), 6.53
(d, 1H, J=7.9 Hz), 6.39 (d, 1H, J= 7.7 Hz), 5.14 (s, 1H), 4.04 (d, 1H, J = 9.3 Hz), 3.88 (s, 3H),
3.09-3.05 (m, 1H), 2.95 (s, 3H), 2.24 (s, 3H), 1.42 (d, 3H, J = 7.0 Hz). 3C NMR (125 MHz,
CDCly): 0 173.5, 140.9, 137.3, 134.9, 129.1, 128.1, 127.8, 125.3, 123.1, 121.5, 108.7, 65.8, 64.4,
52.4, 434, 262, 21.0, 12.7.; HRMS (ESI-TOF*): m/z Calcd. for C;H,sN,O,S [(M+H)*]:
401.1535. Found: 401.1544. Chiral HPLC (Daicel Chiralpak AD-H, 30% IPA/hexanes, 1 mL/min,
A =254 nm) tr(major) = 12.582 min, tx(minor) = 9.020 min; [a]*p = -45.3° (¢ = 0.36, CH,Cl,).
TH NMR Spectrum of 3ae
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(2'S,35,4'R,5'S)-1 ,4'—dimethyl—2'—(m—tolyl)—5'—methoxycarbonyl— 1 H-spiro[benzo|c]isothiazole-3,3'-

pyrrolidine]-2,2-dioxide (3af)

'H NMR (500 MHz, CDCl;): § 7.19 (t, 1H, J = 7.3 Hz), 7.01-6.94 (m, 2H), 6.87 (d, 1H, J =
7.5Hz), 6.78-6.75 (m, 2H), 6.54 (d, 1H, J= 7.9 Hz), 6.35 (d, 1H, J= 7.7 Hz), 5.14 (s, 1H), 4.06 (d,
1H, J = 9.4 Hz), 3.89 (s, 3H), 3.11-3.05 (m, 1H), 2.96 (s, 3H), 2.14 (s, 3H), 1.42 (d, 3H, J= 7.0
Hz). BC NMR (125 MHz, CDCly): 6 173.5, 140.8, 137.9, 136.9, 129.2, 128.5, 128.3, 127.3, 125.3,
125.1,122.9, 121.5, 108.7, 65.9, 64.4, 52.4, 43.1, 26.2, 21.2, 12.7; HRMS (ESI-TOF*): m/z Calcd.
for C;1H,5N,04S [(M+H)*]: 401.1538. Found: 401.1534. Chiral HPLC (Daicel Chiralpak AD-H,

10% IPA/hexanes, 1 mL/min, A = 254 nm) fr(major) = 20.100 min, fr(minor) = 7.738 min; [a]*’p
=-30.4° (¢ = 0.28, CH,Cl,).

TH NMR Spectrum of 3af
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(2'S,3S,4'R,5'S)-1,4'-dimethyl-2'-(furan-2-y1)-5'-methoxycarbonyl- 1 H-spiro[benzo[ c]isothiazole-
3,3'- pyrrolidine]-2,2-dioxide (3ag)

'H NMR (500 MHz, CDCly): § 7.26-7.24 (m, 2H), 6.78 (t, 1H, J = 7.6 Hz), 6.67 (d, 1H, J =
7.9Hz), 6.36 (d, 1H, J= 2.5 Hz), 6.29 (s, 1H), 6.05 (d, 1H, J= 7.7 Hz), 5.25 (s, 1H), 4.09 (d, 1H, J
=10.0 Hz), 3.84 (s, 3H), 3.23-3.18 (m, 1H), 3.11 (s, 3H), 1.31 (d, 3H, J = 7.1 Hz). 13C NMR (125
MHz, CDCl;): 6 173.8, 152.7, 142.0, 141.1, 129.5, 124.2, 121.8, 121.2, 110.6, 109.8, 108.8, 63.0,
59.2, 52.4, 44.8, 26.5, 11.2.; HRMS (ESI-TOF*): m/z Calcd. for C;sH;N,OsS [(M+H)*]:
377.1171. Found: 377.1172. Chiral HPLC (Daicel Chiralpak AD-H, 20% IPA/hexanes, 0.8
mL/min, A = 254 nm) fr(major) = 25.329 min, fr(minor) = 23.234 min; [a]*’p = -42.6° (¢ = 0.32,
CH,Cl).

TH NMR Spectrum of 3ag
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(2'S,3S,4'R,5'S)-1-methyl-2',4'-diphenyl-5'-methoxycarbonyl- 1 H-spiro[ benzo[ c]isothiazole-3,3'-
pyrrolidine]-2,2-dioxide (3ba)
"H NMR (500 MHz, CDCl;): 6 7.28-7.26 (m, 5H), 7.19-7.10 (m, 6H), 6.95-6.89 (m, 2H), 6.29 (d,
1H, J=17.9 Hz), 5.48 (s, 1H), 4.69 (s, 1H), 4.15 (d, 1H, J = 8.7 Hz), 3.80 (s, 3H), 2.98 (br, 1H),
2.57 (s, 3H). BC NMR (125 MHz, CDCl;): ¢ 172.8, 140.6, 136.4, 135.9, 129.3, 128.2, 128.1,
128.0, 127.3, 125.6, 124.8, 121.6, 108.7, 67.9, 64.7, 55.6, 52.6, 26.0.; HRMS (ESI-TOF*): m/z
Caled. for Cy5Hp5N,04S [(M+H)*]: 449.1535. Found: 449.1536. Chiral HPLC (Daicel Chiralpak
AD-H, 20% IPA/hexanes, 0.8 mL/min, A = 254 nm) fr(major) = 39.815 min, fgx(minor) = 29.564
min; [a]®p =-70.4° (c = 0.47, CH,Cl,).
TH NMR Spectrum of 3ba
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(2'S,35,4'R,5'S)-4'-(4-fluorophenyl)-1-methyl-2'-phenyl--5'-methoxycarbonyl-1 H-spiro[benzo[ c]
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isothiazole-3,3'-pyrrolidine]-2,2-dioxide (3ca)

'H NMR (500 MHz, CDCl;): 6 7.26-7.14 (m, 8H), 6.94 (t, 2H, J = 0.87 Hz), 6.89 (t, 1H, J = 7.7
Hz), 6.73 (d, 1H, J= 7.6 Hz), 6.31 (d, 1H, J= 7.9 Hz), 5.48 (s, 1H), 4.67 (d, 1H, J=9.0 Hz), 4.11
(d, 1H, J=9.0 Hz), 3.80 (s, 3H), 2.61 (s, 3H). 3*C NMR (125 MHz, CDCl3) 6 172.7, 140.6, 136.8,
131.0, 129.4, 128.3, 128.1, 127.4, 125.6, 124.3, 121.6, 115.0, 114.9, 108.8, 67.1, 64.2, 54.9, 52.6,
26.1.; HRMS (ESI-TOF*): m/z Calcd. for C,sH,4FN,O4S [(M+H)*]: 467.1441. Found: 467.1446.
Chiral HPLC (Daicel Chiralpak AD-H, 30% IPA/hexanes, 0.9 mL/min, A = 254 nm) fr(major) =
30.036 min, fr(minor) = 26.885 min; [a]*p = -20.5° (¢ = 0.18, CH,Cl,).
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(2'S,35,4'R, 5'S)-1-methyl-2'-phenyl-4'-(p-tolyl)-5'-methoxycarbonyl-1 H-
spiro[benzo[c]isothiazole-3,3'-pyrrolidine]-2,2-dioxide (3da)
"H NMR (500 MHz, CDCl;): ¢ 7.21-7.07 (m, 10H), 6.98-6.93 (m, 2H), 6.28 (d, 1H, J = 7.9 Hz),
5.45 (s, 1H), 4.63 (d, 1H, J= 8.3 Hz), 4.13 (d, 1H, J = 8.5 Hz), 3.80 (s, 3H), 2.97 (br, 1H), 2.58 (s,
3H), 2.32 (s, 3H). 3C NMR (125 MHz, CDCl,): 6 172.9, 140.6, 137.6, 136.3, 133.1, 129.3, 129.2,
128.9, 128.3, 128.0, 127.2, 125.6, 125.0, 121.5, 108.7, 68.3, 65.2, 55.2, 52.6, 26.0, 21.2.; HRMS
(ESI-TOF*): m/z Calcd. for CsHsN,04S [(M+H)']: 463.1692. Found: 463.1688. Chiral HPLC
(Daicel Chiralpak AD-H, 20% IPA/hexanes, 0.8 mL/min, A = 254 nm) fr(major) = 43.559 min,
tr(minor) = 41.731 min; [a]*p = -90.9° (¢ = 0.57, CH,Cl,).
'H NMR Spectrum of 3da
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(2'S,3S,4'R,5'S)-1-methyl-2'-phenyl-4'-(o-tolyl)-5"-methoxycarbonyl-1 H-
spiro[benzo[c]isothiazole-3,3'-pyrrolidine]-2,2-dioxide (3ea)

'H NMR (500 MHz, CDCl3): 6 7.76 (d, 1H, J= 7.8 Hz), 7.54 (d, 1H, J= 7.5 Hz), 7.37 (t, 1H, J =
7.6 Hz), 7.23 (t, 1H, J= 7.5 Hz), 7.20-7.15 (m, 2H), 7.11-7.07 (m, 2H), 6.99-6.98 (m, 4H), 6.19
(d, 1H, J="7.8 Hz), 5.38 (d, 1H, J = 4.4 Hz), 4.66 (d, 1H, J = 7.2 Hz), 4.50 (s, 1H), 3.84 (s, 3H),
2.85 (br, 1H), 2.54 (s, 3H), 2.26 (s, 3H). *C NMR (125 MHz, CDCl;): ¢ 172.7, 140.1, 138.0,
137.0, 134.1, 130.2, 129.3, 128.2, 128.0, 127.9, 127.8, 126.7, 126.4, 126.2, 124.9, 121.6, 108.3,
75.7, 71.2, 67.6, 52.6, 49.0, 25.4, 20.4.; HRMS (ESI-TOF*): m/z Calcd. for CycHp7;N,04S
[(M+H)"]: 463.1692. Found: 463.1702. Chiral HPLC (Daicel Chiralpak AD-H, 30% IPA/hexanes,
0.9 mL/min, A = 254 nm) fgr(major) = 19.522 min, fx(minor) = 17.436 min; [a]25D = -72.1° (¢ =
0.28, CH,Cl,).

TH NMR Spectrum of 3ea
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(2'S,3S,4'R,5'S)-1-methyl-2'-phenyl-4'-(m-tolyl)-5'-methoxycarbonyl-1H-
spiro[benzo[c]isothiazole-3,3'-pyrrolidine]-2,2-dioxide (3fa)

1H NMR (500 MHz, CDCl;): & 7.22-7-08 (m, 9H), 7.04 (s, 1H), 6.99-6.94 (m, 2H), 6.28 (d, 1H, J
=17.9 Hz), 5.46 (s, 1H), 4.64 (d, 1H, J = 8.4 Hz), 4.12 (d, 1H, J = 8.5 Hz), 3.81 (s, 3H), 2.97 (br,
1H), 2.56 (s, 3H), 2.29 (s, 3H). 3C NMR (125 MHz, CDCl;): 8 172.8, 140.5, 137.6, 136.1, 130.2,
129.3, 128.8, 128.2, 128.0, 127.2, 126.2, 125.5, 125.0, 121.5, 108.6, 68.3, 65.1, 55.4, 52.6, 26.0,
21.4.; HRMS (ESI-TOF*): m/z Calcd. for CyH7N,04S [(M+H)*]: 463.1692. Found: 463.1696.
Chiral HPLC (Daicel Chiralpak AD-H, 30% IPA/hexanes, 0.9 mL/min, A= 254 nm) tg(major) =
17.139 min, tg(minor) = 11.212 min; [a]*D = -68.6° (¢ = 0.37, CH,Cl,).

'H NMR Spectrum of 3fa
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(2'S,3S,4'R,5'S)-1-methyl-2'-phenyl-4'-methyl-5'-N, N-dimethylaminocarbonyl- 1 H-spiro[benzo[ ]
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isothiazole-3,3'-pyrrolidine]-2,2-dioxide (5aa)

'H NMR (500 MHz, CDCls) 6 7.17 (t, 1H, J = 7.5 Hz), 7.14-7.05 (m, 5H), 6.73 (t, 1H, ] = 7.6 Hz),
6.55 (d, 1H, J=7.9 Hz), 6.48 (d, 1H, ] = 7.6 Hz), 5.21 (s, 1H), 4.30 (d, 1H, J = 9.5 Hz), 3.36-3.30
(m, 1H), 3.22 (s, 3H), 3.11 (s, 3H), 3.00 (s, 3H), 1.32 (d, 3H, J = 7.1 Hz). 3*C NMR (125 MHz,
CDCl3): 0 171.2, 140.9, 138.1, 129.1, 127.9, 127.8, 127.6, 125.4, 122.9, 121.7, 108.7, 77.5, 66.6,
61.8, 43.8, 37.4, 36.2, 26.2, 12.0.; HRMS (ESI-TOF"): m/z Calcd. for Cy;HpsN;03S [(M+H)*]:
400.1695. Found: 400.1691. Chiral HPLC (Daicel Chiralpak AD-H, 25% IPA/hexanes, 0.8
mL/min, A = 254 nm) fr(major) = 46.160 min, fr(minor) = 18.956 min; [a]*’p = -76.3° (¢ = 0.38,
CH,Cl).
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(2'S,3S,4'R,5'S)-1-methyl-2'-p-methoxyphenyl-4'-methyl-5'-N, N-dimethylaminocarbonyl-1 H-
spiro[benzo[c] isothiazole-3,3'-pyrrolidine]-2,2-dioxide (5ab)
'H NMR (500 MHz, CDCl): 6 7.19 (t, 1H, J = 7.7 Hz), 6.97 (d, 2H, ] = 8.4 Hz), 6.78 (t, 1H, J =
7.6 Hz), 6.64 (d, 2H, J = 8.5 Hz), 6.58 (d, 1H, J = 7.7 Hz), 6.55 (d, 1H, J = 8.0 Hz), 5.20 (s, 1H),
4.32 (d, 1H, J = 9.2 Hz), 3.73 (s, 3H), 3.30-3.28 (m, 1H), 3.22 (s, 3H), 3.11 (s, 3H), 2.98 (s, 3H),
1.36 (d, 3H, J = 7.1 Hz). ¥*C NMR (125 MHz, CDCl;): 6 171.1, 159.1, 140.8, 129.8, 129.1, 129.0,
125.5, 123.0, 121.8, 113.0, 108.7, 66.2, 61.7, 55.1, 43.9, 37.4, 36.2, 26.2, 12.2. HRMS (ESI-
TOF*): m/z Calcd. for C,,H7N304S [(M+H)*]: 430.1801. Found: 430.1808. Chiral HPLC (Daicel
Chiralpak AD-H, 25% IPA/hexanes, 0.8 mL/min, A = 254 nm) fr(major) = 33.434 min, fx(minor)
= 18.395 min; [a]*p = -56.3° (¢ = 0.32, CH,Cly).
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(2'S,35,4'R,5'S)-1-methyl-2'-p-flourophenyl-4'-methyl-5'-N, N-dimethylaminocarbonyl-1 H-spiro
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[benzo[c]isothiazole-3,3'-pyrrolidine]-2,2-dioxide (5ac)

'"H NMR (500 MHz, CDCl3): d 7.14 (t, 1H, J = 7.7 Hz), 6.97-6.94 (m, 2H), 6.74-6.71 (m, 3H),
6.52-6.49 (m, 2H), 5.15 (s, 1H), 4.26 (d, 1H, J=9.2 Hz), 3.26-3.23 (m, 1H), 3.15 (s, 3H), 3.05 (s,
3H), 2.92 (s, 3H), 1.29 (d, 3H, J = 7.1 Hz). 3C NMR (125 MHz, CDCl3): 6 171.2, 140.8, 133.8,
129.6, 129.5, 129.3, 125.4, 122.8, 121.9, 114.5, 114.3, 108.8, 66.1, 61.8, 43.5, 37.4, 36.2, 26.1,
12.1, HRMS (ESI-TOF"): m/z Calcd. for C,H24FN;0;S [(M+H)*]: 418.1601. Found: 418.1607.
Chiral HPLC (Daicel Chiralpak AD-H, 25% IPA/hexanes, 0.8 mL/min, A = 254 nm) fgr(major) =
34.346 min, fr(minor) = 19.098 min; [a]*’p = -62.4° (¢ = 0.26, CH,Cl,)
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(2'S,35,4'R,5'S)-1-methyl-2'-p-chlorophenyl-4'-methyl-5'-N, N-dimethylaminocarbonyl-1 H-spiro
[benzo[c]isothiazole-3,3'-pyrrolidine]-2,2-dioxide (5ad)
"H NMR (500 MHz, CDCl3) § 7.20 (t, 1H, J= 7.8 Hz), 7.07-6.97 (m, 4H), 6.79 (t, 1H, J = 7.6 Hz),
6.58-6.56 (m, 2H), 5.16 (s, 1H), 4.28 (d, 1H, J = 9.4 Hz), 3.32-3.27 (m, 1H), 3.21 (s, 3H), 3.10 (s,
3H), 3.00 (s, 3H), 1.32 (d, 3H, J = 7.0 Hz). *C NMR (125 MHz, CDCl;) § 171.3, 140.9, 137.0,
133.5, 129.4, 129.3, 127.7, 125.5, 122.7, 122.0, 108.9, 66.2, 61.8, 43.5, 37.5, 36.2, 26.2, 12.0;
HRMS (ESI-TOF*): m/z Calcd. for C;1H,4CIN3O;S [(M+H)*]: 434.1305. Found: 434.1307. Chiral
HPLC (Daicel Chiralpak AD-H, 25% IPA/hexanes, 0.8 mL/min, A = 254 nm) #r(major) = 30.552
min, fz(minor) = 18.571 min; [a]*’p = -42.1° (c = 0.25, CH,Cly)
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(2'S,3S,4'R,5'S)-N,N, 1,4'-tetramethyl-2'-(1-methyl-1H-pyrrol-2-yl)-1H-spiro[ benzo[ c]isothiazole-
3,3'-pyrrolidine]-5'-carboxamide 2,2-dioxide(5ae)

'H NMR (500 MHz, CDCls): 6 7.24 (t, 1H, I = 7.9 Hz), 6.72 (t, 1H, J = 7.6 Hz), 6.67-6.66 (m, 2H),
6.45 (s, 1H), 6.12 (s, 1H), 5.79 (d, 1H, J = 7.7 Hz), 5.47 (s, 1H), 4.47 (d, 1H, J = 10.8 Hz), 3.18 (s,
3H), 3.13 (s, 3H), 3.12-3.10 (m, 1H), 3.07 (s, 3H), 2.99 (s, 3H), 1.10 (d, 3H, J = 7.1 Hz). 3C NMR
(125 MHz, CDCl,): 6 171.3, 141.2, 130.7, 129.5, 124.8, 122.8, 122.2, 121.5, 109.1, 108.5, 107.6,
77.6,59.3,56.8,47.1,37.4, 36.1, 33.5, 26.6, 9.5. HRMS (ESI-TOF*): m/z Calcd. for C,oH6N40;S
[(M+H)*]: 403.1804. Found: 403.1804. Chiral HPLC (Daicel Chiralpak AD-H, 25% IPA/hexanes,
0.8 mL/min, A = 254 nm) tzx(major) = 35.043 min, tzx(minor) = 22.527 min; [a]®p = -56.4° (¢ =
0.31, CH,Cl,)
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(2'S,3S,4'R,5'S)-N,N, 1-trimethyl-2',4'-diphenyl-1H-spiro[benzo[ c]isothiazole-3,3'-pyrrolidine]-5'-
carboxamide 2,2-dioxide(5ba)
'H NMR (500 MHz, CDCly): § 7.74 (d, 1H, J = 7.5 Hz), 7.54 (d, 2H, J = 7.4 Hz), 7.42-7.36 (m,
3H), 7.21 (t, 1H, J =7.6 Hz), 7.13-7.11 (m, 2H), 7.04-7.01 (m, 2H), 6.94 (d, 2H, J = 7.7 Hz), 6.22
(d, 1H, J = 7.8 Hz), 5.48 (s, 1H), 4.83 (d, 1H, J = 5.9 Hz), 4.12 (d, 1H, J = 6.9 Hz), 3.07 (s, 3H),
2.64 (s, 3H), 2.54 (s, 3H). 13C NMR (125 MHz, CDCl): 6 170.9, 140.2, 138.2, 133.7, 129.4, 129.1,
128.7, 128.3, 128.0, 127.9, 127.0, 126.0, 125.3, 121.9, 108.4, 77.6, 71.8, 65.8, 57.8, 37.0, 36.2,
25.6. HRMS (ESI-TOF*): m/z Calcd. for CysHpgN3;03S [(M+H)*]: 462.1851. Found: 462.1853.
Chiral HPLC (Daicel Chiralpak AD-H, 19% IPA/hexanes, 0.6 mL/min, A = 254 nm) fx(major) =
84.636 min, fr(minor) = 52.818 min; [a]*’p = -52.3° (¢ = 0.28, CH,Cl,)
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(2'S,35,4'R,5'S)-2"-(4-methoxyphenyl)-N,N, 1-trimethyl-4'-phenyl-1H-spiro[benzo[ c]isothiazole-
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3,3'-pyrrolidine]-5'-carboxamide 2,2-dioxide(5bb)

'H NMR (500 MHz, CDCl): § 7.76 (d, 1H, J = 7.6 Hz), 7.53 (d, 2H, J = 7.3 Hz), 7.42-7.35 (m,
3H), 7.21 (t, 1H,J =7.6 Hz), 7.11 (t, 1H, ] = 7.6 Hz), 6.84 (d, 2H, J = 8.5 Hz), 6.55 (d, 2H, J = 8.4
Hz), 6.27 (d, 1H, J = 7.9 Hz), 5.42 (s, 1H), 4.78 (d, 1H, 5.5 Hz), 4.10 (d, 1H, J = 7.0 Hz), 3.70 (s,
3H), 3.06 (s, 3H), 2.62 (s, 3H), 2.57 (s, 3H). 3C NMR (125 MHz, CDCls):  170.9, 159.2, 140.2,
138.3, 129.3, 129.1, 129.0, 128.7, 128.3, 126.1, 125.8, 125.2, 121.9, 112.4, 108.6, 77.4, 71.5, 65.8,
57.8,55.1, 37.0, 36.2, 25.7. HRMS (ESI-TOF"): m/z Calcd. for C,7H9N304S [(M+H)*]: 492.1957.
Found: 492.1953. Chiral HPLC (Daicel Chiralpak AD-H, 19% IPA/hexanes, 0.6 mL/min, A = 254
nm) fr(major) = 103.481 min, tzx(minor) = 60.855 min; [a]*p = -48.7° (¢ = 0.31, CH,Cl,)
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(2'S,3S,4'R,5'S)-2'-(4-fluorophenyl)-N,N, 1 -trimethyl-4'-phenyl-1H-spiro[benzo[ c]isothiazole-3,3'-
pyrrolidine]-5'-carboxamide 2,2-dioxide(5bc)
'H NMR (500 MHz, CDCl3): § 7.80 (d, 1H, J = 7.5 Hz), 7.51-7.49 (m, 2H), 7.40-7.34 (m, 3H),
7.20 (t, 1H,J=7.4 Hz), 7.11 (t, 1H, J = 7.5 Hz), 6.93-6.91 (m, 2H), 6.70 (t, 2H, J = 8.5 Hz), 6.25
(d, 1H, J = 7.8 Hz), 5.36 (s, 1H), 4.68 (d, 1H, J = 7.1 Hz), 4.08 (d, 1H, J = 7.1 Hz), 3.24 (s, 3H),
2.59 (s, 3H), 2.58 (s, 3H). 13C NMR (125 MHz, CDCl): 6 170.9, 140.1, 138.2, 133.8, 129.3, 129.1,
128.7, 128.3, 128.0, 127.9, 127.7, 126.9, 126.0, 125.3, 121.9, 108.4, 77.6, 71.9, 65.9, 57.8, 37.0,
36.2, 25.6. HRMS (ESI-TOF*): m/z Caled. for CysHysPN3O3S [(M+H)*]: 480.1757. Found:
480.1756. Chiral HPLC (Daicel Chiralpak AD-H, 11% IPA/hexanes, 0.7 mL/min, A = 254 nm)
tr(major) = 105.849 min, fx(minor) = 79.699 min; [a]*p = -62.1° (¢ = 0.26, CH,Cl,)
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HPLC Conditions: Daicel Chiralpak AD-H, 30% IPA/hexanes, 1 mL/min
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HPLC Conditions: Daicel Chiralpak AD-H, 30% IPA/hexanes, 1 mL/min
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HPLC Conditions: Daicel Chiralpak AD-H, 30% IPA/hexanes, 1 mL/min
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HPLC Conditions: Daicel Chiralpak AD-H, 30% IPA/hexanes, 1 mL/min
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HPLC Conditions: Daicel Chiralpak AD-H, 30% IPA/hexanes, 1 mL/min
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HPLC Conditions: Daicel Chiralpak AD-H, 10% IPA/hexanes, 1 mL/min
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HPLC Conditions: Daicel Chiralpak AD-H, 20% IPA/hexanes, 0.8 mL/min
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HPLC Conditions: Daicel Chiralpak AD-H, 20% IPA/hexanes, 0.8 mL/min
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HPLC Conditions: Daicel Chiralpak AD-H, 30% IPA/hexanes, 0.9 mL/min
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HPLC Conditions:
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Daicel Chiralpak AD-H, 20% IPA/hexanes, 0.8 mL/min
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HPLC Conditions: Daicel Chiralpak AD-H, 30% IPA/hexanes, 0.9 mL/min
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HPLC Conditions: Daicel Chiralpak AD-H, 25% IPA/hexanes, 0.8 mL/min
The experimental results of Ag-catalysis
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The experimental results of Cu-catalysis
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HPLC Conditions: Daicel Chiralpak AD-H, 25% IPA/hexanes, 0.8 mL/min
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HPLC Conditions: Daicel Chiralpak AD-H, 25% IPA/hexanes, 0.8 mL/min
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HPLC Conditions: Daicel Chiralpak AD-H, 25% IPA/hexanes, 0.8 mL/min
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HPLC Conditions: Daicel Chiralpak AD-H, 25% IPA/hexanes, 0.8 mL/min
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HPLC Conditions: Daicel Chiralpak AD-H, 25% IPA/hexanes, 0.8 mL/min
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HPLC Conditions: Daicel Chiralpak AD-H, 19% IPA/hexanes, 0.6 mL/min
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HPLC Conditions: Daicel Chiralpak AD-H, 19% IPA/hexanes, 0.6 mL/min
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HPLC Conditions: Daicel Chiralpak AD-H, 11% IPA/hexanes, 0.7 mL/min
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