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General Information
1H NMR and 13C NMR were recorded on a 400MHz Nuclear Magnetic Resonance Spectrometer (1H 
NMR: 400MHz, 13C NMR: 100MHz) using TMS as internal reference. The chemical shifts (δ) and 
coupling constants (J) were expressed in ppm and Hz, respectively. UV-Vis Spectrophotometry was 
carried out on infrared spectrometer. HPLC analysis was carried out on HPLC with a multiple 
wavelength detector by commercial chiral columns. Optical rotations were measured on a 
Polarimeter. HRMS (ESI) were recorded on a Q-TOF Premier. Commercially available compounds 
were used without further purification. Solvents were purified according to the standard procedures 
unless otherwise noted. 
Catalysts A-B were prepared from corresponding amino acid1, catalysts C-J were prepared from 
quinine2. Substrates 11 and 23 were synthetized according to literatures.
General procedure for the preparation of new dienones and fluoroalkylated hemiaminals

O

MeO OMe

1) RMgBr (1.5 eq.)
-78 C, 30min

2) aq. HCl, rt, 3h

O

HO R

A solution of 4,4-dimethoxycyclohexa-2,5-dien-1-one (5.0 mmol) in THF (10 mL) was added to a 
solution of Grignard reagents (7.5 mmol) in THF (7.5 mL) at -78 °C. After 30 min, the reaction 
mixture was acidified by aq. HCl, then, reaction temperature was increased to room temperature. 
After 3 h, organic layer was extracted with EtOAc and dried in vacuo. The resulting crude product 
was purified by silica gel column chromatography followed by recrystallization to provide dienones 
as a solid.

HO

CF3

O

71% yield; white solid; m.p.128-130 °C; 1H NMR (400 MHz, DMSO-d6) δ 7.77-7.75 (d, J = 8.0 Hz, 
2H), 7.66-7.64 (d, J = 8.0 Hz, 2H), 6.96-6.93 (d, J =12.0 Hz, 2H), 6.80 (s, 1H), 6.22-6.19 (d, J =12.0 
Hz, 2H); 13C NMR (100 MHz, DMSO-d6) δ 185.8, 152.3, 145.6, 129.3-128.4 (q, J = 30 Hz), 126.8, 
126.6, 126.1, 123.3, 70.4; 19F NMR (376 MHz, CDCl3) δ -61.0; HRMS (ESI) m/z calcd for 
C13H9F3NaO2 [M+Na]+ 277.0452, found 277.0451.

SO2NH-tBu
+ CF3COOEt

n-BuLi

THF

S
NH-tBu

O
O

CF3

O

Tol, TFA

135 °C, 2-3 hR R NH
S
O

O

F3C OH

R

n-Butyllithium (32 mmol) was added dropwise over 20 minutes period to a cold (0 °C), mechanically 
stirred solution of the aryl sulfonamide (15 mmol) in anhydrous tetrahydrofuran (100 ml) under a dry 
nitrogen atmosphere. After stirring an additional 25 min at 0 °C, a precipitate formed. The 
suspension was cooled further to -78 °C and ethyl trifluoroacetate (45 mmol) was added dropwise 
over 10 minutes. The resulting mixture was allowed to stir for 4 h at -30 °C and 2 h at ambient 
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temperature. The reaction was quenched with 5% HCl (40 ml) and extracted with ether (50×3 mL). 
The combined ether phase was washed with brine (200 mL), dried over anhydrous Na2SO4. The 
solvent was removed and the crude product was obtained which can be used directly in the next step 
or purified by column chromatography (DCM/PE = 1/3 - 1/1). To the crude product obtained above, 
TFA (75 mol) in toluene (20 mL) was added and the resulting mixture was stirred at 135 °C in sealed 
tube. After 2-3 h the solution was concentrated and the resultant solid was dissolved in CH2Cl2 (150 
mL) and washed with NaHCO3 saturated solution (50×2 mL) to remove traces of TFA. Then the 
organic phase was washed with brine and dried over Na2SO4. The solvent was removed and the 
obtained crude product was further purified by flash chromatography (PE/EA = 8/1 – 3/1).

NH
S
O

O

F3C OH

F

66% yield; white solid; m.p.120-121°C; 1H NMR (400 MHz, acetone-d6) δ 8.55 (br, 1H), 7.99-7.94 
(m, 1H), 7.72-7.70 (d, J =8.0 Hz, 1H), 7.64-7.60 (m, 1H); 13C NMR (100 MHz, acetone-d6) δ 156.7-
154.2 (d, J = 250.0 Hz), 137.1-137.0 (d, J = 10.0 Hz), 136.5, 127.3-119.3 (q, J = 266.7 Hz), 121.6, 
119.5, 119.3, 85.6-84.6 (q, J = 33.3 Hz); 19F NMR (376 MHz, CDCl3) δ -82.6, -117.9; HRMS (ESI) 
m/z calcd for C8H5NO3F4S [M+H]+ 272.0005, found 271.9993.
General procedure

A mixture of dienones 2 (0.30 mmol), fluoroalkylated hemiaminals 1 (0.20 mmol), catalyst (0.040 
mmol, chloroform (5.0 mL) in a sealed tube was heated at 50 °C (oil bath) for 72 h, cooled to room 
temperature, and purified by silica gel chromatography to give compound 3.
Experimental data of the reaction

N
S
O

O

O

O

Me
F3C

Me

(6aS,10aR,11aS)-2,10a-dimethyl-11a-(trifluoromethyl)-6a,10a-dihydro-11aH-
benzo[d]benzo[4,5]isothiazolo[3,2-b]oxazol-8(7H)-one 5,5-dioxide (3a)
The title compound was prepared according to the general working procedure and purified by 
column chromatography to give the product as a white solid in 98% yield. m.p. 154-155°C; [α]D

20 
83.7 (c = 1.0, EtOAc, 92%ee); HPLC: Daicel Chiralpak OD-H, hexane: 2-propanol = 70: 30, flow 
rate = 0.9 mL/min, T = 30 °C, UV = 254 nm, tR = 9.1 min (minor), tR = 19.7 min (major). 1H NMR 
(400 MHz, CDCl3) δ 7.70-7.68 (d, J = 8.0 Hz, 1H), 7.55-7.53 (d, J = 8.0 Hz, 1H), 7.50 (s, 1H), 6.70-
6.67 (d, J = 12.0 Hz, 1H), 6.13-6.10 (d, J = 12.0 Hz, 1H), 4.26-4.24 (t, J = 4.0 Hz, 1H), 3.22-3.17 (dd, 
J = 16.0, 4.0 Hz, 1H), 2.78-2.73 (dd, J = 16.0, 4.0 Hz, 1H), 2.53 (s, 3H), 1.48 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ 192.6, 145.9, 144.9, 133.2, 132.7, 132.3, 127.7, 125.3-116.8 (q, J = 283.3 Hz ), 
125.0, 120.5, 95.6-94.6 (q, J = 33.3 Hz), 82.4, 65.0, 38.1, 23.4, 20.8; 19F NMR (376 MHz, CDCl3) δ 
-78.1; HRMS (ESI) m/z calcd for C16H14F3NNaO4S [M+Na]+ 396.0493, found 396.0488.
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N
S
O

O

O

O

Me
F3C

(6aS,10aR,11aS)-10a-methyl-11a-(trifluoromethyl)-6a,10a-dihydro-11aH-
benzo[d]benzo[4,5]isothiazolo[3,2-b]oxazol-8(7H)-one 5,5-dioxide (3b)
The title compound was prepared according to the general working procedure and purified by 
column chromatography to give the product as a white solid in 96% yield. m.p. 143-144°C; [α]D

20 
58.6 (c = 1.0, EtOAc, 90%ee); HPLC: Daicel Chiralpak AD-H, hexane: 2-propanol = 90:10, flow 
rate = 0.8 mL/min, T = 30 °C, UV = 254 nm, tR = 9.5 min (minor), tR = 10.8 min (major). 1H NMR 
(400 MHz, CDCl3) δ 7.82-7.73 (m, 4H), 6.71-6.68 (d, J = 12.0 Hz, 1H), 6.12-6.09 (d, J = 12.0 Hz, 
1H), 4.25 (s, 1H), 3.21-3.16 (dd, J = 16.0, 4.0 Hz, 1H), 2.79-2.73 (dd, J = 16.0, 4.0 Hz, 1H), 1.48(s, 
3H); 13C NMR (100 MHz, CDCl3) δ 193.5, 146.8, 136.0, 134.5, 133.9, 132.8, 128.9, 126.3-117.7 (q, 
J = 286.7 Hz ), 125.9, 121.9, 96.8-95.7 (q, J = 36.7 Hz), 83.5, 66.1, 39.1, 24.4. 19F NMR (376 MHz, 
CDCl3) δ -78.0; HRMS (ESI) m/z calcd for C15H12F3NNaO4S [M+Na]+ 382.0337, found 382.0334.

N
S
O

O

O

O

Me
F3C

Me3C

(6aS,10aR,11aS)-2-(tert-butyl)-10a-methyl-11a-(trifluoromethyl)-6a,10a-dihydro-11aH-
benzo[d]benzo[4,5]isothiazolo[3,2-b]oxazol-8(7H)-one 5,5-dioxide (3c)
The title compound was prepared according to the general working procedure and purified by 
column chromatography to give the product as a white solid in 92% yield. m.p. 202-203°C; [α]D

20 
63.8 (c = 1.0, EtOAc, 91%ee); HPLC: Daicel Chiralpak OD-H, hexane: 2-propanol = 70: 30, flow 
rate = 0.9 mL/min, T = 30 °C, UV = 254 nm, tR = 7.3 min (minor), tR = 24.8 min (major). 1H NMR 
(400 MHz, CDCl3) δ 7.79-7.68 (m, 3H), 6.71-6.68 (d, J = 12.0 Hz, 1H), 6.13-6.10 (d, J = 12.0 Hz, 
1H), 4.27-4.25 (t, J = 4.0 Hz, 1H), 3.23-3.17 (dd, J = 16.0, 4.0 Hz, 1H), 2.78-2.73 (dd, J = 16.0, 4.0 
Hz, 1H), 1.49 (s, 3H), 1.39 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 193.6, 159.2, 147.0, 134.1, 133.2, 
130.5, 128.8, 126.4-117.8 (q, J = 286.7 Hz), 122.3, 121.4, 96.5-95.8 (q, J = 35.0 Hz), 83.5, 66.0, 39.1, 
35.7, 31.1, 24.4; 19F NMR (376 MHz, CDCl3) δ -77.9; HRMS (ESI) m/z calcd for C19H20F3NNaO4S 
[M+Na]+ 438.0963, found 438.0955.

N
S
O

O

O

O

Me
F3C

MeO

(6aR,10aR,11aS)-2-methoxy-10a-methyl-11a-(trifluoromethyl)-6a,10a-dihydro-11aH-
benzo[d]benzo[4,5]isothiazolo[3,2-b]oxazol-8(7H)-one 5,5-dioxide (3d)

The title compound was prepared according to the general working procedure and purified by 
column chromatography to give the product as a white solid in 93% yield. m.p. 207-208°C; [α]D

20 
74.2 (c = 1.0, EtOAc, 83%ee); HPLC: Daicel Chiralpak OD-H, hexane: 2-propanol = 70: 30, flow 
rate = 0.9 mL/min, T = 30 °C, UV = 254 nm, tR = 13.7 min (minor), tR = 26.3 min (major). 1H NMR 
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(400 MHz, CDCl3) δ 7.71-7.69 (d, J = 8.0 Hz, 1H), 7.23-7.11 (m, 2H), 6.69-6.66 (d, J = 12.0 Hz, 
1H), 6.13-6.10 (d, J = 12.0 Hz, 1H), 4.27-4.25 (t, J = 4.0 Hz, 1H), 3.93(s, 3H), 3.22-3.17 (dd, J = 
16.0, 4.0 Hz, 1H), 2.78-2.72 (dd, J = 16.0, 4.0 Hz, 1H), 1.49 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 
192.6, 163.4, 145.7, 135.5, 127.8, 126.7, 122.4-119.6 (q, J = 280.0 Hz), 122.3, 118.7, 108.5, 94.6-
94.3 (q, J = 30.0 Hz) 82.5, 65.0, 55.2, 38.1, 23.4, 19F NMR (376 MHz, CDCl3) δ -78.1; HRMS (ESI) 
m/z calcd for C16H14F3NNaO5S [M+Na]+ 412.0442, found 412.0440.

N
S
O

O

O

O

Me
F3C

F

(6aS,10aR,11aS)-2-fluoro-10a-methyl-11a-(trifluoromethyl)-6a,10a-dihydro-11aH-
benzo[d]benzo[4,5]isothiazolo[3,2-b]oxazol-8(7H)-one 5,5-dioxide (3e)
The title compound was prepared according to the general working procedure and purified by 
column chromatography to give the product as a white solid in 85% yield. m.p. 174-175°C; [α]D

20 
53.3 (c = 1.0, EtOAc, 88%ee); HPLC: Daicel Chiralpak OD-H, hexane: 2-propanol = 70: 30, flow 
rate = 0.9 mL/min, T = 23 °C, UV = 254 nm, tR = 10.7 min (minor), tR = 17.6 min (major). 1H NMR 
(400 MHz, CDCl3) δ 7.84-7.81 (m, 1H), 7.48-7.39 (m, 2H), 6.70-6.67 (d, J = 12.0 Hz, 1H), 6.14-6.11 
(d, J = 12.0 Hz, 1H), 4.26-4.24 (t, J = 4.0 Hz, 1H), 3.21-3.16 (dd, J = 16.0, 4.0 Hz, 1H), 2.79-2.74 
(dd, J = 16.0, 4.0 Hz, 1H), 1.52 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 193.3, 167.2-164.6 (d, J = 
260.0 Hz), 146.6, 137.1-137.0  (d, J = 10.0 Hz), 132.0, 129.0, 126.1-117.5 (q, J = 286.7 Hz), 124.4-
124.3 (d, J = 10.0 Hz), 121.1-120.8 (d, J = 30.0 Hz), 113.4-113.2 (d, J =20.0 Hz), 95.6-95.3(q, J = 
30.0 Hz), 83.8, 66.4, 38.9, 24.3; 19F NMR (376 MHz, CDCl3) δ -77.9, -100.9 ; HRMS (ESI) m/z 
calcd for C15H11F4NNaO4S [M+Na]+ 400.0243, found 400.0244.

N
S
O

O

O

O

Me
F3C

Cl

(6aS,10aR,11aS)-2-chloro-10a-methyl-11a-(trifluoromethyl)-6a,10a-dihydro-11aH-
benzo[d]benzo[4,5]isothiazolo[3,2-b]oxazol-8(7H)-one 5,5-dioxide (3f)
The title compound was prepared according to the general working procedure and purified by 
column chromatography to give the product as a white solid in 97% yield. m.p. 201-202°C; [α]D

20 
59.1 (c = 1.0, EtOAc, 84%ee); HPLC: Daicel Chiralpak OD-H, hexane: 2-propanol = 70: 30, flow 
rate = 0.9 mL/min, T = 30 °C, UV = 254 nm, tR = 8.7 min (minor), tR = 16.9 min (major). 1H NMR 
(400 MHz, DMSO-d6) δ 8.24-8.22 (d, J = 8.0 Hz, 1H), 8.03-8.01 (d, J = 8.0 Hz, 1H), 7.95 (s, 1H), 
6.89-6.86 (d, J = 12.0 Hz, 1H), 6.11-6.08 (d, J = 12.0 Hz, 1H), 4.36 (s, 1H), 3.24-3.18 (dd, J = 16.0, 
4.0 Hz, 1H), 2.80-2.75 (dd, J = 16.0, 4.0 Hz, 1H), 1.57 (s, 3H); 13C NMR (100 MHz, DMSO-d6) δ 
194.0, 147.6, 140.2, 135.2, 134.1, 134.0, 128.0, 126.1-117.5 (q, J = 286.7 Hz ), 125.7, 124.2, 95.3-
94.2 (q, J = 36.7 Hz ), 84.8, 66.3, 38.9, 22.6; 19F NMR (376 MHz, DMSO-d6) δ -76.9; HRMS (ESI) 
m/z calcd for C15H11ClF3NNaO4S [M+Na]+ 415.9947, found 415.9951.
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N
S
O

O

O

O

Me
F3C

F3C

(6aS,10aR,11aS)-10a-methyl-2,11a-bis(trifluoromethyl)-6a,10a-dihydro-11aH-
benzo[d]benzo[4,5]isothiazolo[3,2-b]oxazol-8(7H)-one 5,5-dioxide (3g)
The title compound was prepared according to the general working procedure and purified by 
column chromatography to give the product as a white solid in 93% yield. m.p. 188-189°C; [α]D

20 
43.1 (c = 1.0, EtOAc, 90%ee); HPLC: Daicel Chiralpak OD-H, hexane: 2-propanol = 70: 30, flow 
rate = 0.9 mL/min, T = 30 °C, UV = 254 nm, tR = 8.5 min (minor), tR = 25.2 min (major). 1H NMR 
(400 MHz, CDCl3) δ 8.03-7.94 (m, 3H), 6.70-6.67 (d, J = 12.0 Hz, 1H), 6.14-6.11 (d, J = 12.0 Hz, 
1H), 4.24-4.22 (t, J = 4.0 Hz, 1H), 3.21-3.16 (dd, J = 16.0, 4.0 Hz, 1H), 2.79-2.73 (dd, J = 16.0, 4.0 
Hz, 1H), 1.51 (s, 3H); 13C NMR (100 MHz, DMSO-d6) δ 194.6, 148.1, 139.4, 136.1-135.1 (q, J = 
33.3 Hz),134.8, 131.74, 131.70, 128.5, 124.7, 124.6-119.1 (q, J = 275.0 Hz), 123.3, 95.6-94.9 (q, J = 
35.0 Hz), 85.5, 66.9, 39.4, 23.0; 19F NMR (376 MHz, CDCl3) δ -61.4, -76.8; HRMS (ESI) m/z calcd 
for C16H11F6NNaO4S [M+Na]+ 450.0211, found 450.0216.

N
S
O

O

O

O

Me
F3C

Me

(6aS,10aR,11aS)-3,10a-dimethyl-11a-(trifluoromethyl)-6a,10a-dihydro-11aH-
benzo[d]benzo[4,5]isothiazolo[3,2-b]oxazol-8(7H)-one 5,5-dioxide (3h)
The title compound was prepared according to the general working procedure and purified by 
column chromatography to give the product as a white solid in 88% yield. m.p. 157-158°C; [α]D

20 
75.3 (c = 1.0, EtOAc, 87%ee); HPLC: Daicel Chiralpak OD-H, hexane: 2-propanol = 70: 30, flow 
rate = 0.9 mL/min, T = 30 °C, UV = 254 nm, tR = 8.9 min (minor), tR = 14.6 min (major). 1H NMR 
(400 MHz, CDCl3) δ 7.62-7.56 (m, 3H), 6.70-6.67 (d, J = 12.0 Hz, 1H), 6.11- 6.08 (d, J = 12.0 Hz, 
1H), 4.25- 4.23 (t, J = 4.0 Hz, 1H), 3.19-3.13 (dd, J = 16.0, 4.0 Hz, 1H), 2.78-2.73 (dd, J = 16.0, 4.0 
Hz, 1H), 2.51 (s, 3H), 1.47 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 192.3, 145.9, 143.1, 135.0, 134.5, 
130.1, 127.7, 125.3-116.8 (q, J = 283.3 Hz), 124.5, 120.7, 95.7-94.6 (q, J = 36.7 Hz), 82.4, 65.0, 38.1, 
23.4, 20.5; 19F NMR (376 MHz, CDCl3) δ -78.0; HRMS (ESI) m/z calcd for C16H14F3NNaO4S 
[M+Na]+ 396.0493, found 396.0496.

N
S
O

O

O

O

Me
F3C

F

(6aS,10aR,11aS)-4-fluoro-10a-methyl-11a-(trifluoromethyl)-6a,10a-dihydro-11aH-
benzo[d]benzo[4,5]isothiazolo[3,2-b]oxazol-8(7H)-one 5,5-dioxide (3i)
The title compound was prepared according to the general working procedure and purified by 
column chromatography to give the product as a white solid in 83% yield. m.p. 166-167°C; [α]D

20 
48.4 (c = 1.0, EtOAc, 85%ee); HPLC: Daicel Chiralpak AD-H, hexane: 2-propanol = 90: 10, flow 
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rate = 1.0 mL/min, T = 30 °C, UV = 254 nm, tR = 9.2 min (major), tR = 10.0 min (minor). 1H NMR 
(400 MHz, DMSO-d6) δ 8.05-8.00 (m, 1H), 7.84-7.80 (m, 1H), 7.71-7.69 (d, J = 8.0 Hz, 1H), 6.88-
6.85 (d, J = 12.0 Hz, 1H), 6.11-6.08 (d, J = 12.0 Hz, 1H), 4.47 (s, 1H), 3.24-3.19 (dd, J = 16.0, 4.0 
Hz, 1H), 2.78-2.74 (d, J = 16.0 Hz, 1H), 1.56 (s, 3H); 13C NMR (100 MHz, DMSO-d6) δ 194.0, 
156.3-153.8 (d, J = 300.0 Hz), 147.5, 139.0-138.9 (d, J = 10.0 Hz), 135.8, 128.1, 126.1-117.5 (q, J = 
286.7 Hz), 122.9-122.7 (d, J = 20.0 Hz), 122.1, 120.5-120.3 (d, J = 20.0 Hz), 95.3-94.6 (d, J = 35.0 
Hz), 84.9, 66.4, 38.9, 22.6; 19F NMR (376 MHz, DMSO-d6) δ -76.9, -115.9; HRMS (ESI) m/z calcd 
for C15H11F4NNaO4S [M+Na]+ 400.0243, found 400.0244.

N
S
O

O

O

O

Me
F3C

(4aS,12bS,13aR)-13a-methyl-12b-(trifluoromethyl)-4a,13a-dihydro-12bH-
benzo[d]naphtho[2',3':4,5]isothiazolo[3,2-b]oxazol-3(4H)-one 6,6-dioxide (3j)
The title compound was prepared according to the general working procedure and purified by 
column chromatography to give the product as a white solid in 92% yield. m.p. 136-137°C; [α]D

20 
74.9 (c = 1.0, EtOAc, 88%ee); HPLC: Daicel Chiralpak OD-H, hexane: 2-propanol = 70: 30, flow 
rate = 0.9 mL/min, T = 30 °C, UV = 254 nm, tR = 13.1 min (minor), tR = 21.1 min (major). 1H NMR 
(400 MHz, CDCl3) δ 8.34 (s, 1H), 8.22 (s, 1H), 8.07-8.03 (m, 2H), 7.77-7.70 (m, 2H), 6.74-6.71 (d, J 
= 12.0 Hz, 1H), 6.15-6.12 (d, J = 12.0 Hz, 1H), 4.32-4.30 (t, J = 4.0 Hz, 1H), 3.27-3.21 (dd, J = 16.0, 
4.0 Hz, 1H), 2.82-2.76 (dd, J = 16.0, 4.0 Hz, 1H), 1.46 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 192.7, 
145.8, 134.4, 133.1, 131.9, 128.8, 128.5, 128.4, 128.2, 128.1, 127.8, 125.4-116.9 (q, J = 283.3 Hz), 
125.3, 121.8, 95.7-94.7 (q, J = 33.3 Hz), 82.4, 65.1, 38.2, 23.4; 19F NMR (376 MHz, CDCl3) δ -78.1; 
HRMS (ESI) m/z calcd for C19H14F3NNaO4S [M+Na]+ 432.0493, found 432.0493.

N
S
O

O

O

O

Me
HF2C

Me

(6aS,10aR,11aS)-11a-(difluoromethyl)-2,10a-dimethyl-6a,10a-dihydro-11aH-
benzo[d]benzo[4,5]isothiazolo[3,2-b]oxazol-8(7H)-one 5,5-dioxide (3k)
The title compound was prepared according to the general working procedure and purified by 
column chromatography to give the product as a white solid in 90% yield. m.p. 198-199°C; [α]D

20 
54.6 (c = 1.0, EtOAc, 82%ee); HPLC: Daicel Chiralpak OD-H, hexane: 2-propanol = 70: 30, flow 
rate = 0.9 mL/min, T = 30 °C, UV = 254 nm, tR = 12.7 min (minor), tR = 17.5 min (major). 1H NMR 
(400 MHz, CDCl3) δ 7.66-7.64 (d, J = 8.0 Hz, 1H), 7.52-7.49 (m, 2H), 6.75-6.72 (d, J = 12.0 Hz, 
1H), 6.15-6.12 (d, J = 12.0 Hz, 1H), 6.02-5.75 (t, J = 54.0 Hz, 1H), 4.15 (s, 1H), 3.21-3.17 (d, J = 
16.0 Hz, 1H), 2.75-2.70 (dd, J = 16.0, 4.0 Hz, 1H), 2.51 (m, 3H), 1.56 (m, 3H); 13C NMR (100 MHz, 
CDCl3) δ 193.5, 147.7, 145.6, 134.3, 133.6, 133.3, 129.4, 126.5, 121.3, 115.0-110.0 (q, J = 250.0 
Hz), 96.9-96.3 (q, J = 30 Hz), 82.9, 65.9, 38.8, 23.4, 21.9; 19F NMR (376 MHz, CDCl3) δ -126.3, -
127.1, -128.4, -129.1; HRMS (ESI) m/z calcd for C16H15F2NNaO4S [M+Na]+ 378.0588, found 
378.0591.
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N
S
O

O

O

O

Me
F3CF2C

Me

(6aS,10aR,11aS)-2,10a-dimethyl-11a-(perfluoroethyl)-6a,10a-dihydro-11aH-
benzo[d]benzo[4,5]isothiazolo[3,2-b]oxazol-8(7H)-one 5,5-dioxide (3l)
The title compound was prepared according to the general working procedure and purified by 
column chromatography to give the product as a white solid in 95% yield. m.p. 186-187°C; [α]D

20 
62.9 (c = 1.0, EtOAc, 81%ee); HPLC: Daicel Chiralpak OD-H, hexane: 2-propanol = 70: 30, flow 
rate = 1.0 mL/min, T = 30 °C, UV = 254 nm, tR = 7.0 min (minor), tR = 17.3 min (major). 1H NMR 
(400 MHz, CDCl3) δ 7.71-7.69 (d, J = 8.0 Hz, 1H), 7.55-.53 (d, J = 8.0 Hz, 1H), 7.50 (s, 1H), 6.68-
6.65 (d, J = 12.0 Hz, 1H), 6.12-6.09 (d, J = 12.0 Hz, 1H), 4.33-4.30 (t, J = 4.0 Hz, 1H), 3.18-3.13 (dd, 
J = 16.0, 4.0 Hz, 1H), 2.81-2.75 (dd, J = 16.0, 4.0 Hz, 1H), 2.53 (s, 3H), 1.41 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ 193.0, 145.1, 144.6, 133.9, 132.6, 132.2, 127.8, 125.2, 121.7-113.3 (dt, J = 280.0, 
35.0 Hz), 120.7, 113.3-107.6 (dt, J = 264.0, 35.0 Hz), 97.1-96.6 (q, J = 25.0 Hz), 82.2, 64.1, 38.4, 
24.3, 20.9; 19F NMR (376 MHz, CDCl3) δ -77.9, -117.4, -118.2, -118.5, -119.2; HRMS (ESI) m/z 
calcd for C17H14F5NNaO4S [M+Na]+ 446.0461, found 446.0455.

N
S
O

O

O

O

F3C
Me

Me

(6aS,10aR,11aS)-10a-ethyl-2-methyl-11a-(trifluoromethyl)-6a,10a-dihydro-11aH-
benzo[d]benzo[4,5]isothiazolo[3,2-b]oxazol-8(7H)-one 5,5-dioxide (3m)
The title compound was prepared according to the general working procedure and purified by 
column chromatography to give the product as a white solid in 87% yield. m.p. 145-146°C; [α]D

20 
82.1 (c = 1.0, EtOAc, 92%ee); HPLC: Daicel Chiralpak OD-H, hexane: 2-propanol = 70: 30, flow 
rate = 0.5 mL/min, T = 30 °C, UV = 254 nm, tR = 11.3 min (minor), tR = 12.5 min (major). 1H NMR 
(400 MHz, CDCl3) δ 7.69-7.67 (d, J = 8.0 Hz, 1H), 7.55-7.51 (m, 2H), 6.70-6.68 (d, J = 8.0 Hz, 1H), 
6.18-6.16 (d, J = 8.0 Hz, 1H), 4.32- 4.30 (t, J = 4.0 Hz, 1H), 3.18-3.13 (dd, J = 16.0, 4.0 Hz, 1H), 
2.76-2.70 (dd, J = 16.0, 4.0 Hz, 1H), 2.53 (s, 3H), 1.80-1.69 (m, 2H), 0.91-0.87 (t, J = 8.0 Hz, 3H); 
13C NMR (100 MHz, CDCl3) δ 192.9, 145.1, 144.9, 133.1, 132.7, 132.3, 128.7, 125.3-116.8 (q, J = 
283.3 Hz), 124.9, 120.6, 95.6-94.6 (q, J = 33.3 Hz), 85.0, 62.7, 38.6, 29.4, 20.8, 6.8; 19F NMR (376 
MHz, CDCl3) δ -78.1; HRMS (ESI) m/z calcd for C17H16F3NNaO4S [M+Na]+ 410.0650, found 
410.0648.

N
S
O

O

O

O

F3C
Me

Me
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(6aS,10aR,11aS)-2-methyl-10a-propyl-11a-(trifluoromethyl)-6a,10a-dihydro-11aH-
benzo[d]benzo[4,5]isothiazolo[3,2-b]oxazol-8(7H)-one 5,5-dioxide (3n)
The title compound was prepared according to the general working procedure and purified by 
column chromatography to give the product as a white solid in 85% yield. m.p. 128-129°C; [α]D

20 
88.5 (c = 1.0, EtOAc, 87%ee); HPLC: Daicel Chiralpak OD-H, hexane: 2-propanol = 70: 30, flow 
rate = 0.7 mL/min, T = 30 °C, UV = 254 nm, tR = 9.9 min (minor), tR = 11.3 min (major). 1H NMR 
(400 MHz, CDCl3) δ 7.69-7.67 (d, J = 8.0 Hz, 1H), 7.56-7.51 (m, 2H), 6.72-6.69 (d, J = 12.0 Hz, 
1H), 6.17-6.14 (d, J = 12.0 Hz, 1H), 4.31-4.29 (t, J = 4.0 Hz, 1H), 3.19-3.14 (dd, J = 16.0, 4.0 Hz, 
1H), 2.77-2.71 (dd, J = 16.0, 4.0 Hz, 1H), 2.54 (s, 3H), 1.77- 1.62 (m, 2H), 1.38-1.26 (m, 2H), 0.89-
0.86 (t, J = 8.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 192.8, 145.4, 144.9, 133.1, 132.7, 132.4, 
128.5, 125.3-116.8 (q, J = 283.3 Hz), 124.9, 120.5, 95.6-94.5 (q, J =36.7 Hz), 84.7, 63.3, 38.6, 38.5, 
20.8, 15.9, 13.0; 19F NMR (376 MHz, CDCl3) δ -78.0; HRMS (ESI) m/z calcd for C18H18F3NNaO4S 
[M+Na]+ 424.0806, found 424.0802.

N
S
O

O

O

O

F3C
Me

TBSO
(6aS,10aR,11aS)-10a-(2-((tert-butyldimethylsilyl)oxy)ethyl)-2-methyl-11a-(trifluoromethyl)-6a,10a-
dihydro-11aH-benzo[d]benzo[4,5]isothiazolo[3,2-b]oxazol-8(7H)-one 5,5-dioxide (3o)
The title compound was prepared according to the general working procedure and purified by 
column chromatography to give the product as a white solid in 85% yield. m.p. 103-104°C; [α]D

20 
71.4 (c =1.0, EtOAc, 85%ee); HPLC: Daicel Chiralpak OD-H, hexane: 2-propanol = 70: 30, flow 
rate = 0.7 mL/min, T = 30 °C, UV = 254 nm, tR = 6.6 min (minor), tR = 7.4 min (major). 1H NMR 
(400 MHz, CDCl3) δ 7.68-7.66 (d, J = 8.0 Hz, 1H), 7.54-7.50 (m, 2H), 6.69-6.66 (d, J = 12.0 Hz, 
1H), 6.16-6.13 (d, J = 12.0 Hz, 1H), 4.67-4.65 (t, J = 4.0 Hz, 1H), 3.64-3.60 (m, 2H), 3.19-3.14 (dd, 
J = 16.0, 4.0 Hz, 1H), 2.88-2.83 (dd, J = 16.0, 4.0 Hz, 1H), 2.53 (s, 3H), 1.97-1.91 (m, 2H), 0.79 (s, 
9H), -0.07 (s, 3H), -0.16 (s,3H); 13C NMR (100 MHz, CDCl3) δ 194.2, 146.6, 145.8, 134.3, 133.7, 
133.6, 129.4, 126.4-120.7 (q, J = 285.0 Hz), 125.8, 121.7, 96.0-95.3 (q, J = 35.0 Hz), 85.3, 64.2, 57.5, 
39.4, 38.9, 25.7, 21.9, 18.0, -5.8, -5.9; 19F NMR (376 MHz, CDCl3) δ -77.9; HRMS (ESI) m/z calcd 
for C23H30F3NNaO5SSi [M+Na]+ 540.1464, found 540.1461.

N
S
O

O

O

O

F3C
Me

(6aS,10aS,11aR)-2-methyl-10a-phenyl-11a-(trifluoromethyl)-6a,10a-dihydro-11aH-
benzo[d]benzo[4,5]isothiazolo[3,2-b]oxazol-8(7H)-one 5,5-dioxide (3p)
The title compound was prepared according to the general working procedure and purified by 
column chromatography to give the product as a white solid in 93% yield. m.p. 177-178°C; [α]D

20 
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253.7 (c = 1.0, EtOAc, 90%ee); HPLC: Daicel Chiralpak OD-H, hexane: 2-propanol = 70: 30, flow 
rate = 0.5 mL/min, T = 30 °C, UV = 254 nm, tR = 14.9 min (minor), tR = 16.9 min (major). 1H NMR 
(400 MHz, DMSO-d6) δ 8.02-8.00 (d, J = 8.0 Hz, 1H), 7.86 (s, 1H), 7.76-7.74 (d, J = 8.0 Hz, 1H), 
7.41-7.33 (m, 5H), 6.98-6.95 (d, J = 12.0 Hz, 1H), 6.39-6.36 (d, J = 12.0 Hz, 1H), 4.32 (s, 1H), 3.14- 
3.08 (dd, J = 16.0, 4.0 Hz, 1H), 2.85-2.80 (dd, J = 16.0, 4.0 Hz, 1H), 2.56 (s, 3H); 13C NMR (100 
MHz, DMSO-d6) δ 194.3, 147.4, 145.6, 136.6, 135.1, 133.2, 133.1, 130.1, 129.8, 129.5, 126.2, 125.9, 
123.9-121.1 (q, J = 280.0 Hz), 122.6, 96.4-96.0 (q, J = 40.0 Hz), 87.3, 68.2, 39.2, 21.7; 19F NMR 
(376 MHz, DMSO-d6) δ -77.0; HRMS (ESI) m/z calcd for C21H16F3NNaO4S [M+Na]+ 458.0650, 
found 458.0647.

N
S
O

O

O

O

F3C
Me

(6aS,10aS,11aS)-2-methyl-10a-(m-tolyl)-11a-(trifluoromethyl)-6a,10a-dihydro-11aH-
benzo[d]benzo[4,5]isothiazolo[3,2-b]oxazol-8(7H)-one 5,5-dioxide (3q)
The title compound was prepared according to the general working procedure and purified by 
column chromatography to give the product as a white solid in 82% yield. m.p. 171-172°C; [α]D

20 
207.2 (c = 1.0, EtOAc, 83%ee); HPLC: Daicel Chiralpak OD-H, hexane: 2-propanol = 70: 30, flow 
rate = 0.5 mL/min, T = 30 °C, UV = 254 nm, tR = 16.2 min (minor), tR = 17.4 min (major). 1H NMR 
(400 MHz, DMSO-d6) δ 8.02-8.00 (d, J = 8.0 Hz, 1H), 7.89 (s, 1H), 7.76-7.74 (d, J = 8.0 Hz, 1H), 
7.29-7.14 (m, 4H), 6.96-6.93 (d, J = 12.0 Hz, 1H), 6.38-6.35 (d, J = 12.0 Hz, 1H), 4.38 (s, 1H), 3.18- 
3.13 (dd, J = 16.0, 4.0 Hz, 1H), 2.86-2.81 (dd, J = 16.0, 4.0 Hz, 1H), 2.57 (s, 3H), 2.25 (s, 3H); 13C 
NMR (100 MHz, DMSO-d6) δ 194.4, 147.3, 145.6, 138.8, 136.7, 135.1, 133.2, 133.1, 130.3, 129.9, 
129.4, 126.8-118.2 (q, J = 286.7 Hz), 126.6, 126.3, 122.8, 122.6, 96.7-95.7 (q, J = 33.3 Hz), 87.2, 
67.9, 39.4, 21.7, 21.4; 19F NMR (376 MHz, DMSO-d6) δ -77.1; HRMS (ESI) m/z calcd for 
C22H18F3NNaO4S [M+Na]+ 472.0806, found 472.0804.

N
S
O

O

O

O

F3C
Me

(6aS,10aS,11aS)-2-methyl-10a-(p-tolyl)-11a-(trifluoromethyl)-6a,10a-dihydro-11aH-
benzo[d]benzo[4,5]isothiazolo[3,2-b]oxazol-8(7H)-one 5,5-dioxide (3r)
The title compound was prepared according to the general working procedure and purified by 
column chromatography to give the product as a white solid in 91% yield. m.p. 168-169°C; [α]D

20 
221.2 (c = 1.0, EtOAc, 89%ee); HPLC: Daicel Chiralpak OD-H, hexane: 2-propanol = 70: 30, flow 
rate = 0.7 mL/min, T = 30 °C, UV = 254 nm, tR = 9.5 min (minor), tR = 10.8 min (major). 1H NMR  
(400 MHz, CDCl3) δ 7.70-7.57 (m, 3H), 7.16-7.10 (m, 4H), 6.80-6.77 (d, J = 10.4 Hz, 1H), 6.39-6.37 



S-11

(d, J = 10.4 Hz, 1H), 4.27 (m, 1H), 3.21- 3.15 (dd, J = 18.0, 4.4 Hz, 1H), 2.76-2.68 (dd, J = 18.0, 4.4 
Hz, 1H), 2.60 (s, 3H), 2.32 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 193.7, 146.1, 145.4, 139.7, 134.0, 
133.9, 133.6, 133.1, 130.0, 129.8, 126.4-117.8 (q, J = 285.5 Hz), 125.9, 125.3, 121.9, 96.5-95.8 (q, J 
= 35.1 Hz), 87.0, 68.4, 38.0, 22.0, 21.1; 19F NMR (376 MHz, CDCl3) δ -77.6; HRMS (ESI) m/z 
calcd for C22H18F3NNaO4S [M+Na]+ 472.0806, found 472.0804.

N
S
O

O

O

O

F3C
Me

Br

(6aS,10aS,11aS)-10a-(4-bromophenyl)-2-methyl-11a-(trifluoromethyl)-6a,10a-dihydro-11aH-
benzo[d]benzo[4,5]isothiazolo[3,2-b]oxazol-8(7H)-one 5,5-dioxide (3s)
The title compound was prepared according to the general working procedure and purified by 
column chromatography to give the product as a white solid in 86% yield. m.p. 187-188°C; [α]D

20 
208.6 (c = 1.0, EtOAc, 83%ee); HPLC: Daicel Chiralpak OJ-H, hexane: 2-propanol = 70: 30, flow 
rate = 0.5 mL/min, T = 30 °C, UV = 254 nm, tR = 18.9 min (minor), tR = 27.2 min (major). 1H NMR 
(400 MHz, DMSO-d6) δ 8.02-8.00 (d, J = 8.0 Hz, 1H), 7.85 (s, 1H), 7.76-7.74 (d, J = 8.0 Hz, 1H), 
7.58-7.56 (d, J = 8.0 Hz, 2H), 7.31-7.29 (d, J = 8.0 Hz, 2H), 6.96-6.93 (d, J = 12.0 Hz, 1H), 6.39-
6.36 (d, J = 8.0 Hz, 1H), 4.39 (s, 1H), 3.15-3.10 (dd, J = 16.0, 4.0 Hz, 1H), 2.83-2.78 (dd, J = 16.0, 
4.0 Hz, 1H), 2.56 (s, 3H); 13C NMR (100 MHz, DMSO-d6) δ 194.3, 147.4, 145.0, 136.0, 135.2, 133.1, 
133.0, 132.3, 130.3, 128.3, 126.7-121.0 (q, J = 285.0 Hz), 126.2, 123.2, 122.6, 96.7-95.7 (q, J = 33.3 
Hz), 86.9, 67.7, 39.3, 21.8; 19F NMR (376 MHz, DMSO-d6) δ -77.6; HRMS (ESI) m/z calcd for 
C21H15BrF3NNaO4S [M+Na]+ 535.9755, found 535.9757.

N
S
O

O

O

O

F3C
Me

F3C

(6aS,10aS,11aS)-2-methyl-11a-(trifluoromethyl)-10a-(4-(trifluoromethyl)phenyl)-6a,10a-dihydro-
11aH-benzo[d]benzo[4,5]isothiazolo[3,2-b]oxazol-8(7H)-one 5,5-dioxide (3t)
The title compound was prepared according to the general working procedure and purified by 
column chromatography to give the product as a white solid in 90% yield. m.p. 209-210°C; [α]D

20 
172.2 (c = 1.0, EtOAc, 80%ee); HPLC: Daicel Chiralpak OD-H, hexane: 2-propanol = 70: 30, flow 
rate = 0.5 mL/min, T = 30 °C, UV = 254 nm, tR = 14.2 min (minor), tR = 17.7 min (major). 1H NMR 
(400 MHz, DMSO-d6) δ 8.01-7.99 (d, J = 8.0 Hz, 1H), 7.87 (s, 1H), 7.76-7.72 (m, 3H), 7.61-7.58 (d, 
J = 12.0 Hz, 2H), 6.99-6.96 (d, J = 12.0 Hz, 1H), 6.42-6.39 (d, J = 12.0 Hz, 1H), 4.46 (s, 1H), 3.20-
3.15 (dd, J = 16.0, 4.0 Hz, 1H), 2.86-2.81 (dd, J = 16.0, 4.0 Hz, 1H), 2.57 (s, 3H); 13C NMR (100 



S-12

MHz, DMSO-d6) δ 194.2, 147.4, 144.6, 141.2, 135.1, 133.1, 132.9, 130.6, 130.3-129.7 (q, J = 30 Hz), 
128.3-120.2 (q, J = 270.0 Hz), 127.1, 126.33, 126.29, 126.25, 122.6, 96.9-95.8 (q, J = 35.0 Hz), 86.8, 
67.6, 39.3, 21.7; 19F NMR (376 MHz, DMSO-d6) δ -61.5, -77.2; HRMS (ESI) m/z calcd for 
C22H15F6NNaO4S [M+Na]+ 526.0524, found 526.0532.

DFT calculations of diastereomers

Diastereoisomers 4 and 5 were chosen for DFT calculations. The relative Gibbs energies were finally 
reported in kJ/mol, and computed at the SMD (CHCl3)/B3LYP/6-31g(d), showing that 
diastereoisomer 5 have a much lower energy than that of 4. This could explain the excellent 
diastereoselectivity of the product 3.

 Diastereoisomer 4  Diastereoisomer 5

Single point Gibbs energy Hatree Kj/mol

4 -1671.381922 0.234535 -1671.147387

5 -1671.393333 0.234202 -1671.159131

4-5 0.00867 0.002879 0.0117442 7.369603
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Crystal structure data of 3a 

Crystal data and structure refinement for 3a
Empirical formula C16H14F3NO4S
Formula weight 373.34
Temperature/K 291(2)
Crystal system orthorhombic
Space group P212121

a/Å 7.91930(10)
b/Å 15.3744(2)
c/Å 16.4929(2)
α/° 90
β/° 90
γ/° 90
Volume/Å3 2008.08(4)
Z 4
ρcalcg/cm3 1.235
μ/mm-1 1.853
F(000) 768.0
Crystal size/mm3 0.250 × 0.240 × 0.210
Radiation CuKα (λ = 1.54184)
2Θ range for data collection/° 7.862 to 142.202
Index ranges -9 ≤ h ≤ 4, -15 ≤ k ≤ 18, -19 ≤ l ≤ 19
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Reflections collected 6685
Independent reflections 3761 [Rint = 0.0198, Rsigma = 0.0201]
Data/restraints/parameters 3761/0/228
Goodness-of-fit on F2 1.046
Final R indexes [I>=2σ (I)] R1 = 0.0401, wR2 = 0.1113
Final R indexes [all data] R1 = 0.0407, wR2 = 0.1125
Largest diff. peak/hole / e Å-3 0.18/-0.33
Flack parameter 0.001(11)


