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1. General information

General: 'H and >C NMR spectra were recorded on Bruker DRX-300 spectrometers, and "°F
NMR spectra were recorded on Bruker DRX-400 spectrometers. The chemical shifts for 'H NMR
were recorded in ppm (3) relative to tetramethylsilane (TMS) with the solvent resonance
employed as the internal standard (CDCls, d 7.26 ppm). The chemical shifts for BC NMR were
recorded in ppm downfield using the central peak of deuterochloroform (77.0 ppm) as the internal
standard. The ee values determination was carried out using chiral HPLC with Daicle chiral
column on Agilent 1200. Flash column chromatography was performed on silica gel (200-300
mesh). TLC analysis was performed using glass-backed plates coated with 0.2 mm silica. The
solvents were distilled from appropriate drying agents prior to use, unless otherwise noted. Cyclic
imines were prepared according to the procedures reported in the literature.!"

2.  More results on the condition optimization of (3+2) annulation reaction

Table S1 Effect of temperature and concentrations
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i (a) D. V. Sevenard, M. Vorobyev, V. Y. Sosnovskikh, H. Wessel, O. Kazakova, V. Vogel, N. E. Shevchenko, V. G.
Nenajdenko, E. Lork and G.- E. Réschenthaler, Tetrahedron, 2009, 65, 7538; (b) B. H. Brodsky and J. D. Bois, J.
Am. Chem. Soc., 2005, 127, 15391; (c) M.-W. Chen, X. C. Mao, Y. Ji, J. j. Yuan, Z. H. Deng and Y. Y. Peng,
Tetrahedron Lett., 2019, 60, 151280.
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Entry Concentration of 1a [mol/1] T[°C]  Yield [%] dr® ee [%]"

1 0.1 40 90 20:1 98
2 0.1 25 89 20:1 99
3 0.33 25 90 14:1 98
4 0.17 25 &9 20:1 94
5 0.13 25 99 14:1 92
6 0.067 25 94 >20:1 99
7 0.05 25 96 >20:1 929

“ Reaction conditions: 1a (0.05 mmol), 2a (0.15 mmol). ” Isolated yield. © Determined by '"H NMR.
“ Determined by HPLC using a chiral column.
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Scheme S1 Screening for catalysts

3. Preparation of substrates 1 and NHC catalyst C-6

The known cyclic imines 1a", 1a!", 1!, 1g!", 1h"*, 15" were prepared according to the

modified procedures in the literature.
3.1 Preparation of substrates 1

1) Preparation of 2,2,2-trifluoro-2’-hydroxyacetophenone
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Typical procedure according to the modified procedure in the literature!'™: (le as an

example)

S-1e: To a solution of 2-bromo-5-chlorophenol (5.0 g, 25 mmol) and dihydropyran (3.8 mL, 42.5
mmol) in CH,Cl, (15 ml) was added PPTS (628.2 mg, 2.5 mmol). The resulting mixture was
stirred at room temperature for 18 h. The reaction was quenched with H,O, and the product was
extracted with CH,Cl,. The combined organic layer was washed with brine, dried over Na,SOy
and evaporated. The crude mixture was purified by silica gel column chromatography to afford
S-1 (4.94g, 71% yield) as a colorless oil.

S-2e: 1) n-Butyllithium (2.5 M in hexanes, 8.2 mL, 21 mmol, 1.2 equiv) was added dropwise to a
-78 °C solution of S-1e (5.0 g, 17 mmol) in 45 mL of THF. The resulting S-1e suspension was
stirred at -78 °C for 20 min, then neat ethyl trifluoroacetate (4.0 mL, 34 mmol, 2.0 equiv) was
added via syringe. The precipitate dissipated, and the homogenous solution was stirred for 1.5 h at
-78 °C. The reaction was quenched at -78 °C by the addition of 20 mL of a 1/2 saturated aqueous
NH,CI. The mixture was transferred to a separatory funnel, the organic layer was collected, and
the aqueous layer was extracted with 3 x 15 mL of Et,0. The combined organic extracts were
washed with 15 mL saturated aqueous NaCl, dried over anhydrous MgSO,, and concentrated
under reduced pressure to afford an oily residue. 2) The unpurified material was dissolved in 20
mL of EtOH and to the solution was added PPTS (427.2 mg, 1.7 mmol). The resulting solution
was reflux for 12 h. The mixture was concentrated under reduced pressure, and then was extracted
with 3 x 30 mL of ether, dried over MgSOy. Purification by chromatography on silica gel (Pentane)
furnished the desired 2,2,2-trifluoro-2’-hydroxyacetophenone as a colorless oil. The determined
purity of S-2e by nuclear magnetic internal standard method is 52%.

OH OH
OH  ryscr, PhI(OAQ);
TBAF, THF CF, TEMPO CF3
Br CHO Br Br

s-3 s-4 OH s2f O

To an ice cold solution of 5-bromosalicylaldehyde S-3 (1g, 5 mmol) and TMSCF; (853 mg, 6
mmol, 1.2 equiv) in 8 mL of THF was added 1 mL TBAF (1.0 M in THF, 20 mol%). The solution
was reflux for 10 h. Following this time, a 4.4 M aqueous solution of HCI (10 mL) was slowly
added. The mixture was stirred for 1 h then diluted with 10 mL of EtOAc, and solid Na,CO; was
cautiously added. Once effervescence had ceased, the solution was dried over MgSQ,, filtered and
concentrated under reduced pressure. Purification of this material by chromatography on silica gel
afforded the desire product S-4 (731.7 mg, 54%).

To a solution of S-4 (1.08 g, 4 mmol) in 15 mL of CH,Cl, was added TEMPO (0.2 mmol, 31.2
mg) followed by PhI(OAc), (2.56 g, 8 mmol). The mixture was stirred for 13 h and quenched by
the addition of 1.0 M aqueous Na,S,03. The mixture was transferred to a separatory funnel and
the organic layer was collected. The aqueous layer was extracted with 3 x 20 mL of CH,Cl,. The
combined organic fractions were dried over Na,SOy, and concentrated under reduced pressure.
Purification of crude product by chromatography on silica gel afforded the desired product S-2f
(699.4 mg, 65%).

2) Preparation of cyclic N-sulfonyl trifluoromethylated ketimines 1:
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$-2b, S-2¢, S-2f, S-2i, S-2k, S-2I

CISO,NH, was prepared by HCOOH and CISO,NCO in situ: To an ice cold solution, anhydrous
formic acid (1.38g, 30 mmol) was dropwise slowly to the flask of CISO,NCO (4.24g, 30 mmol),
then stirred at room temperature until there were no bubbles. The resulting solid was CISO,NH,, It
is directly used in the follow reaction. To a solution of 2-trifluoroacetylphenol S-2 in DMA was
quickly transferred solid H,NSO,Cl (3.0 equiv.). Caution: a mild exotherm was noted upon
combining these reagents. After stirring for 12 h, the reaction was quenched by the addition of 3
mL of H,O and transferred to a separatory funnel with 10 mL of Et,0. The organic layer was
separated, and the aqueous layer was extracted with 3 x 5 mL of Et,0. The combined organic
layers were washed successively with 2 x 3 mL of H,O and 1 x 5 mL of brine, dried over MgSOy,,
and concentrated under reduced pressure. Purification by chromatography on silica gel afforded

the desired cyclic ketimines 1.

O\§02 1b: 1.83 g, yield: 61%, colorless oil; 'H NMR (300 MHz, CDCl5): 6 7.64-7.58 (m,
N 2H), 7.45 (q, J = 4.3 Hz 1H); BC NMR (100 MHz, CDCl): 6 159.2 (d, J = 249.1

CF3

;
Hz), 151.1 (d, J= 2.5 Hz), 126.3 (d, J=24.1 Hz), 121.5 (d, J= 8.1 Hz), 118.1 (q, J
=279.6 Hz), 114.8 (q, J = 3.3 Hz), 114.5 (q, J = 3.3 Hz), 112.1 (d, J = 8.5 Hz); '°F NMR (376
MHz, CDCL): & -67.39, -110.88; HRMS (ESI): m/z calculated for CsH;F,NO;S™ (M+H)"
269.9843, found: 269.9833.

F O, 1c:0.78 g, yield: 58%, m.p. 62.1-62.3 °C 'H NMR (300 MHz, CDCLy): § 8.03-7.98
N (m, 1H), 7.27-7.21 (m, 1H), 7.17-7.14 (m, 1H); C NMR (100 MHz, CDCL): §
s 160.5, 157.8, 154.9 (d, J= 3.9 Hz), 139.6 (d, J = 11.5 Hz), 117.8 (q, J = 278.6 Hz),
115.6 (d,J=3.7 Hz), 114.8 (d, J = 26.4 Hz), 103.5 (d, J = 17.3 Hz); '°F NMR (376 MHz, CDCL):
§-70.31, -70.40, -98.02, -98.12; HRMS (ESI): m/z calculated for CsH,F,NO;S* (M+H)" 269.9843,

found 269.9852.
o, 1f: 1.83 g, yield: 61%, m.p. 95.7-96.1 °C; "H NMR (300 MHz, CDCI13): 6 8.03 (s,

o0

o _N1H), 7.96 (d, J = 8.9 Hz, 1H), 7.33 (d, J = 8.9 Hz, 1H); °C NMR (100 MHz,

¢ CDCI3): & 161.1 (q, J = 37.8 Hz), 153.9, 141.5, 130.8 (q, J = 3.5 Hz), 121.3,
119.7, 118.1 (q, J = 279.8 Hz), 112.8; ’F NMR (376 MHz, CDCI3): § -67.04; HRMS (EI): m/z
calculated for CgH3;BrF;NO;S™ (M) 328.8964, found: 328.8979.

O, li: 1.39 g, yield: 41%, m.p. 60.1-60.3 °C 'H NMR (300 MHz, CDCly): &
>(©ifN 7.90-7.87 (m, 2H), 7.36-7.33 (m, 1H), 1.37 (s, 9H); *C NMR (100 MHz, CDCl5):

CFs 6 162.4 (q, J=37.1 Hz), 152.9, 150.3, 136.5, 124.7 (q, J = 3.3 Hz), 118.4 (q, J =
279.5 Hz), 119.1, 111.2, 35.0, 31.0; "’F NMR (376 MHz, CDCls): & -66.84; HRMS (ESI): m/z
calculated for C;,H3F3NO;S (M+H)+ 308.0563, found: 308.0567.

0, 1k: 1.09 g yield: 32%, m.p.109.2-109.4 °C 'H NMR (300 MHz, CDCly): &
oo N 7.41-7.36 (m, 2H), 7.33-7.32 (m, 1H), 3.89 (s, 3H); °C NMR (100 MHz, CDCL,):

¢ §162.0 (q, J = 37.3 Hz), 157.3, 148.9, 125.6, 120.6, 118.3 (q, J = 279.6 Hz),
112.0, 111.2 (q, J = 3.3 Hz), 56.1; 'F NMR (376 MHz, CDCls): & -67.14; HRMS (ESI): m/z

calculated for CoH,F;NO,S" (MJrH)+ 282.0042, found 282.0045.
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Fe Mgy 11t 1.82 g, yield: 67%, m.p. 137.2-137.6°C 'H NMR (300 MHz, CDCly): § 8.30 (d,
0 J=18.9 Hz, 1H), 8.23 (d, J = 8.4 Hz, 1H), 7.98 (d, J = 8.0 Hz, 1H), 7.82-7.77 (m,
1H), 7.69 (t, J = 7.5 Hz, 1H), 7.46 (d, J = 8.9 Hz, 1H); °C NMR (100 MHz,

CDCly): §165.0 (d, J = 37.8 Hz), 157.3, 141.2, 131.3, 130.3, 129.7, 128.3, 127.8, 125.8 (q, J = 6.3

Hz), 118.9 (q, J = 279.9 Hz), 117.1, 110.8; "’F NMR (376 MHz, CDCL;): & -64.02; HRMS (ESI):
m/z calculated for C,H;F3NO5S™ (M+H)" 302.0093, found 302.0096.

3.2 Preparation of NHC catalyst C-6 g

i-Pr
H
i-Pr N—NH, OxN -
HCI - N A\
Q cl N HC(OE, HCI
O,N 8 i-Pr / N

HN PhCI, 1 10°C

N:Q HCI (4 M in dioxane) i-Pr )
8 OMe MeOH/DCM 1/1, r.t. i-Pr
9

i-Pr i-Pr

The compound 8 (2.2 mmol) and the hydrazine hydrochloride (2.2 mmol) were dissolved in the
mixed solvent of CH,Cl, and MeOH (14 mL, v/v, 1/1) under the protection of argon. HCI (4 M in
dioxane, 0.055 mL, 0.22 mmol) was added to the solution. The reaction mixture was stirrred at r.t.
overnight. The mixture was evaporated to dryness to afford the crude product, which was directly
used in the next step without further purification. The crude compound 9 was dissolved in
chlorobenzene (6 mL) and then, HC(OEt); (3.3 mL) and HCI (4 M in dioxane, 0.5 mL, 2 mmol)
were added. The reaction mixture was heated at 110 °C for 0.5 h. The solvent was removed under
reduced pressure and the product was purified via flash column chromatography on silica gel
(CH,Cl,/MeOH = 15/1) to afford the triazolium salt as yellow solid 473 mg, 50% yield. R,= 0.20
(DCM/MeOH, 20:1), 'H NMR (300 MHz, CDCl3) & 12.55 (s, 1H), 8.32 (s, 1H), 8.13 (d, J = 8.2
Hz, 1H), 7.40 (d, J = 8.3 Hz, 1H), 7.12 (s, 3H), 5.21 (s, 1H), 5.04 (s, 2H), 3.55 (d, J = 17.4 Hz,
1H), 3.22 (d, J = 17.5 Hz, 1H), 3.15-2.86 (m, 1H), 2.64-2.44 (m, 1H), 2.10-1.90 (m, 1H), 1.37
-0.98 (m, 18H); °C NMR (75 MHz, CDCl3) & 153.5, 148.8, 147.8 (d, J = 7.7 Hz), 146.0, 145.6,
145.1, 138.3, 128.4, 126.0, 124.8, 122.7, 122.2, 119.7, 61.8, 60.3, 37.8, 34.5, 29.1, 28.6, 24.4, 24.1,
23.9,23.7, 23.4; HRMS (ESI) m/z calcd for C,;H33N,05" (M-C1)" 461.2547, found 461.2544.

4. General procedure for NHC-catalyzed (3+2) cycloaddition reaction

[ONNO)
\\ // O\\ //O o

20 mol% C-6 S<

20 mol% DIPEA N
DCM, 25°C = *
CF3; R
X 3
—N>>'\'l N
le) \765\1 / es
Cl
Bn  BF,
NO, ¢4 c-17

General procedure: The solution of DIPEA (0.02 mmol, 20 mol%) in DCM was added to the
mixture of NHC cat. C-6 (0.02 mmol, 20 mol%) and N-sulfonyl ketimines 1 (0.1 mmol). Then the

2l(a) S.-X. Dong, M. Frings, H. C. Cheng, J. Wen, D. Zhang, R. Gerhard and B. Carsten , J. Am. Chem. Soc., 2016,
138, 2166; (b) X.-Y. Chen, Q. Liu, P. Chauhan, S. Li, A. Peuronen, K. Rissanen, E. Jafari and D. Enders, Angew.
Chem. Int. Ed., 2017, 56, 6241.
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DCM (2 ml) was added, the a,B-unsaturated aldehydes 2 (0.3 mmol) was added. The reaction
bottle was sealed and then stirred at 25 °C in showed reaction time. Direct purification of the crude
reaction mixture by column chromatography on a silica gel (PE/EA) gave the desired annulation
products. The enantiomeric excess was determined by HPLC, dr was determined by 'H NMR.
Racemic samples for the standard of chiral HPLC spectra were prepared using racemic NHC
precursor C-17 as the catalyst.
O\s/?:o (15,10bS)-1-phenyl-10b-(trifluoromethyl)-1,10b-dihydrobenzo[e]|pyrrolo[1,2-c]|
%o 1,2,3]oxathiazin-3(2H)-one 5,5-dioxide (3a): R,= 0.48 (PE/EA, 3:1); White solid,
343 mg, 89% yicld, 99% ee, >20:1 dr, [a®s = 547 (¢ 1.5, CHCL); m.p.
149.9-150.4 °C; 'H NMR (300 MHz, CDCl;) § 7.35-7.27 (m, 1H), 7.22-7.12 (m, 4H), 7.05-6.90
(m, 4H), 4.24 (d, J = 8.7 Hz, 1H), 3.41-3.52 (m, 1H), 2.65 (dd, J = 18.0, 2.2 Hz, 1H); *C NMR
(75 MHz, CDCl;) 6 172.4, 149.4, 138.7, 131.6, 129.7 (d, J = 1.8 Hz), 129.4, 128.4, 127.1, 126.3,
124.5 (q, J = 286.7 Hz), 119.4, 118.7, 73.7 (q, J =30.0 Hz), 45.4, 38.9 (q, J = 2.6 Hz); ’F NMR
(376 MHz, CDCl;) & -76.19, -112.64; HRMS (ESI) m/z calculated for C;;H3FsNO,S™ (M+H)"
384.0512, found 384.0513; HPLC (Chiralpak IC-H column, hexane/iPrOH = 85/15, 1.0 mL/min,
210 nm): t; = 14.8 min (major), t, = 16.9 min.
O\é?o (15,10bS)-9-fluoro-1-phenyl-10b-(trifluoromethyl)-1,10b-dihydrobenzo[e]|pyr
F%O rolo[1,2-c][1,2,3]oxathiazin-3(2H)-one 5,5-dioxide (3b): R,= 0.44 (PE/EA, 3:1);
e White solid, 32.3 mg, 80% yield, 94% ee, >20:1 dr, [0]™p = 36.1 (¢ 1.5, CHCl3);
m.p. 203.0-203.5 °C; 'H NMR (300 MHz, CDCLy) & 7.25-7.17 (m, 3H), 7.17-7.07 (m, 1H),
7.08-6.95 (m, 3H), 6.69 (dd, J= 8.7, 2.8 Hz, 1H), 4.20 (d, /= 8.7 Hz, 1H), 3.46 (dd, J=18.2, 8.7
Hz, 1H), 2.69 (d, J = 18.1 Hz, 1H); *C NMR (75 MHz, CDCls) & 171.6, 159.7 (d, J = 247.5 Hz),
145.35 (d, J= 3.0 Hz), 138.2, 129.6, 128.8, 127.0, 124.3 (q, J = 286.7 Hz), 121.1 (d, J = 8.7 Hz),
120.4 (d, J = 8.5 Hz), 118.7 (d, J = 23.6 Hz) ,116.7 (d, J = 26.3 Hz), 73.7 (q, J = 32.3 Hz), 45.4,
38.7 (q, J = 2.5 Hz); "’F NMR (376 MHz, CDCl;) & -76.19, -112.64; HRMS (ESI) m/z calculated
for C;7H,FsNO,S™ (M+H)™ 402.0417, found 402.0415; HPLC (Chiralpak IC-H column,
hexane/iPrOH = 85/15, 1.0 mL/min, 210 nm): t; = 12.3 min (major), t, = 13.4 min.
0.8, (15,10bS)-8-fluoro-1-phenyl-10b-(trifluoromethyl)-1,10b-dihydrobenzo[e|pyrr
o olo[1,2-c][1,2,3]oxathiazin-3(2H)-one 5,5-dioxide (3c): R, = 0.44 (PE/EA, 3:1);
o White solid, 37.7 mg, 94% yield, 98% ee, 17:1 dr, [0]*p = 69.0 (¢ 1.5, CHCLy);
m.p.117.6-118.1 °C; '"H NMR (300 MHz, CDCl;) & 7.25-7.14 (m, 3H), 7.09-6.99 (m, 2H),
6.98-6.84 (m, 2H), 6.78-6.67 (m, 1H), 4.21 (d, J = 8.8 Hz, 1H), 3.53-3.38 (m, 1H), 2.67 (dd, J =
18.1, 2.3 Hz, 1H); °*C NMR (75 MHz, CDCl;) & 171.7, 164.8, 161.4, 150.0 (d, J = 11.9 Hz),
138.44, 131.03 (d, J=9.7 Hz), 129.6, 128.6, 127.1, 124.4 (q, J = 286.4 Hz), 114.7 (d, J = 4.3 Hz),
114.0 (d, J=21.9 Hz), 107.7 (d, J = 26.0 Hz), 73.5 (q, J = 30.3 Hz), 45.3, 38.7 (q, J = 2.4 Hz); "°F
NMR (376 MHz, CDCly) & -70.41, -76.69, -105.04; HRMS (ESI) m/z calculated for
C7H,FsNO,S™  (M+H)" 402.0418, found 402.0414. HPLC (Chiralpak IC-H column,
hexane/iPrOH = 80/20, 1.0 mL/min, 210 nm): t; = 10.1 min (major), t, = 11.5 min.
0. 0 (15,10bS)-9-chloro-1-phenyl-10b-(trifluoromethyl)-1,10b-dihydrobenzo[e]|pyr

LR, rolof1,2-¢][1,2,3]oxathiazin-3(2H)-one 5,5-dioxide (3d): R, = 0.56 (PE/EA, 3:1);

Faf,: White solid, 39.1 mg, 93% yield, 98% ee, >20:1 dr, [a]zSD =-35.0 (¢ 1.5, CHCly);
m.p. 188.0-188.5 °C; 'H NMR (300 MHz, CDCls) § 7.51-7.32 (m, 5H), 7.24-7.18 (m, 2H), 7.11 (s,
1H), 437 (d, J = 8.7 Hz, 1H), 3.63 (dd, J = 18.1, 8.7 Hz, 1H), 2.88 (d, J = 18.1 Hz, 1H); °C NMR

(75 MHz, CDCl;) 6 171.5, 147.8, 138.1, 132.0, 131.6, 129.9-129.4 (m), 128.8, 127.1, 124.3 (q, J =

E

U
N

S6



286.8 Hz), 120.7, 120.1, 73.6 (q, J = 30.1 Hz), 45.4, 38.5 (g, J = 2.3 Hz); "’F NMR (376 MHz,
CDCl;) & -76.08; HRMS (ESI) m/z calculated for C,;H;,CIFsNO,S™ (M+H)" 418.0122, found
418.0123; HPLC (Chiralpak IC-H column, hexane/iPrOH = 80/20, 1.0 mL/min, 210 nm): t; = 9.2
min(major), t, = 10.3 min.
0 (15,10bS)-8-chloro-1-phenyl-10b-(trifluoromethyl)-1,10b-dihydrobenzo[e|pyrr
4o olo[1,2-c][1,2,3]oxathiazin-3(2H)-one 5,5-dioxide (3¢): R, = 0.34 (PE/EA, 3:1);
- White solid, 37.1 mg 89% yield, 98% ee,>20:1 dr, [a]**p = 44.5 (¢ 1.5, CHCL);
m.p. 185.0-185.6 °C; 'H NMR (300 MHz, CDCls) & 7.25-7.14 (m, 4H), 7.09-6.94 (m, 3H), 6.88 (d,
J=18.6 Hz, 1H), 4.21 (d, J = 8.8 Hz, 1H), 3.46 (dd, J = 18.2, 8.8 Hz, 1H), 2.67 (d, J = 18.1 Hz,
1H); *C NMR (75 MHz, CDCl3) 8 171.6, 149.5, 138.4, 137.3, 130.4 (d, J = 2.0 Hz), 129.6, 128.7,
127.1, 126.7, 124.4 (q, J = 286.6 Hz), 120.2-119.8 (m), 117.2, 73.6 (q, /= 30.3 Hz), 45.32, 38.7 (q,
J = 2.5 Hz); YF NMR (376 MHz, CDCl;) § -76.58; HRMS (ESI) m/z calculated for
Ci7H,CIF;NO,S™ (M+H)" 418.0122, found 418.0119; HPLC (Chiralpak IC-H column,
hexane/iPrOH = 80/20, 1.0 mL/min, 210 nm): t; = 9.4 min (major), t, = 10.7 min.
(15,10bS)-9-bromo-1-phenyl-10b-(trifluoromethyl)-1,10b-dihydrobenzo|e|pyr
rolo[1,2-c][1,2,3]oxathiazin-3(2H)-one 5,5-dioxide (3f): R,= 0.58 (PE/EA, 3:1);
White solid, 37.0 mg, 80% yield, 98% ee, >20:1 dr, [a]®y = -111.03 (¢ 1.5,
CHCly); m.p. 175.5-176.0 °C; '"H NMR (300 MHz, CDCly) & 7.40 (dd, J = 8.7, 2.3 Hz, 1H),
7.27-7.18 (m, 3H), 7.10-6.95 (m, 4H), 4.20 (d, J = 8.8 Hz, 1H), 3.46 (dd, J = 18.3, 8.8 Hz, 1H),
2.71 (d, J = 18.2 Hz, 1H); >C NMR (75 MHz, CDCl3) 8 171.6, 148.3, 138.1, 134.5, 132.6 (d, J =
2.0 Hz) , 129.5, 128.8, 127.1, 124.3(q, J = 286.7 Hz), 121.0, 120.3, 119.3, 73.5 (q, J = 30.4 Hz),
45.3,38.5 (q, J = 2.5 Hz); "’F NMR (376 MHz, Chloroform-d) & -70.14, -76.13; HRMS (ESI) m/z
caled for C;;H;;BrF;NO,SNa™ (M+Na)" 483.9437, found 483.9436; HPLC (Chiralpak IC-H
column, hexane/iPrOH = 80/20, 1.0 mL/min, 210 nm): t; = 14.1 min (major), t, = 16.0 min.
(15,10bS)-1-phenyl-9,10b-bis(trifluoromethyl)-1,10b-dihydrobenzo[e]|pyrrol
o o[1,2-c][1,2,3]oxathiazin-3(2H)-one 5,5-dioxide (3g): R, = 0.48 (PE/EA, 3:1);
Light yellow solid, 16.4 mg, 37% yield, 97% ee, >20:1 dr, [a]*p = 16.0 (¢ 1.0,
CHCl3); m.p. 199.2-200 °C; "H NMR (300 MHz, CDCl) & 7.56 (d, J = 8.5 Hz, 1H), 7.30-7.16 (m,
5H), 7.02 (s, 2H), 4.25 (d, J = 8.8 Hz, 1H), 3.49 (dd, J = 18.3, 8.8 Hz, 1H), 2.75 (d, /= 18.3 Hz,
1H); *C NMR (75 MHz, CDCl;) § 171.4, 151.5, 138.0, 129.6, 129.0, 128.9, 128.6 (q, J = 3.7 Hz),
128.0 (q, J=12.0 Hz), 127.3, 124.3 (q, J = 286.6 Hz), 122.5 (q, J=271.0 Hz), 120.3, 119.6, 73.7
(q, J = 30.3 Hz), 45.5, 384 (q, J = 2.4 Hz); "’F NMR (376 MHz, CDCL) & -63.01, -76.10;
HRMS (ESI) m/z calculated for C;sH;;FgNO,SNa”™ (M+Na)™ 474.0205, found 474.0200; HPLC
(Chiralpak IGX2-H column, hexane/iPrOH = 90/10, 1.0 mL/min, 210 nm): t; = 17.2 min, t, = 18.4
min (major).
0. (15,10bS)-9-methyl-1-phenyl-10b-(trifluoromethyl)-1,10b-dihydrobenzo[e|p
N_o yrrolo[1,2-c][1,2,3]oxathiazin-3(2H)-one 5,5-dioxide (3h): R, = 0.34 (PE/EA,
P\h 3:1); White solid, 38.9 mg, 98% yield, 99% ee, >20:1 dr, [a]st =17.2 (c 1.0,
CHCls); m.p. 146.3-146.9 °C; '"H NMR (300 MHz, CDCl3)  7.25-7.13 (m, 3H), 7.11-6.96 (m, 4H),
6.69 (s, 1H), 4.21 (d, J = 8.7 Hz, 1H), 3.51-3.38 (m, 1H), 2.73-2.56 (m, 1H), 2.06 (s, 1H); *C
NMR (75 MHz, CDCl;) 6 172.2, 147.3, 138.9, 136.4, 132.0, 130.2, 129.3, 128.4, 127.2, 124.6 (q,
J=12.6 Hz), 119.0, 118.3, 73.7 (q, J = 29.7 Hz), 45.4, 38.8 (q, J = 2.6 Hz), 20.6; '’F NMR (376
MHz, CDCl5) § -70.37, -76.76; HRMS (ESI) m/z calculated for C;sH,sF3NO,S™ (M+H)" 398.0668,
found 398.0670; HPLC (Chiralpak IC-H column, hexane/iPrOH = 80/20, 1.0 mL/min, 210 nm): t;
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= 14.0 min (major), t, = 15.6 min.
(15,10bS)-9-(tert-butyl)-1-phenyl-10b-(trifluoromethyl)-1,10b-dihydrobenzo|
e]pyrrolo[1,2-c][1,2,3]oxathiazin-3(2H)-one 5,5-dioxide (3i): R,= 0.55 (PE/EA,
3:1); White solid, 42.6 mg, 97% yield, 99% ee, >20:1 dr, [0]**p = 12.0 (¢ 1.0,
CHCly); m.p.164.0-164.5 °C; 'H NMR (300 MHz, CDCl3) & 7.31 (dd, J = 8.7, 2.2 Hz, 1H),
7.25-7.14 (m, 3H), 7.12-7.01 (m, 3H), 6.83 (d, /= 2.3 Hz, 1H), 4.25(d, J = 8.8 Hz, 1H), 3.59-3.38
(m, 1H), 2.71-2.55 (m, 1H), 0.99 (s, 9H); *C NMR (75 MHz, CDCLy) & 172.3, 149.7, 147.0, 139.2,
129.5, 128.6, 128.2, 127.3, 127.2, 124.6 (q, J = 286.2 Hz), 118.8, 118.0, 73.8 (q, J = 30.1 Hz),
45.4,39.0 (q, J = 2.5 Hz), 34.5, 30.8; "°F NMR (376 MHz, CDCl3) & -70.54, -77.34; HRMS (ESI)
m/z calculated for C, Hy F3NO,S™ (M+H)™ 440.1138, found 440.1136; HPLC (Chiralpak 1G-H
column, hexane/iPrOH = 90/10, 1.0 mL/min, 210 nm): t; = 11.6min, t, = 12.6 min (major).
o. ’80 (15,10bS)-1,9-diphenyl-10b-(trifluoromethyl)-1,10b-dihydrobenzo[e]pyrrolo|
N_o 1,2-¢|[1,2,3]oxathiazin-3(2H)-one 5,5-dioxide (3j): R, = 0.58 (PE/EA, 3:1);
. White solid, 42.4 mg, 92% yield, 99% ee, 17:1 dr, [a]**p = -71.3 (¢ 1.5, CHCLy);
m.p. 89.5-90.0 °C; '"H NMR (300 MHz, CDCl;)  7.56-7.47 (m,1H), 7.45-7.37 (m, 3H), 7.36-7.27
(m, 4H), 7.17 (d, J = 7.2 Hz, 2H), 7.13-7.03 (m, 3H), 4.33 (d, /= 8.8 Hz, 1H), 3.64-3.45 (m, 1H),
2.80-2.62 (m, 1H); >C NMR (75 MHz, CDCl;) & 172.1, 148.6, 140.0, 139.1, 138.6, 130.3, 129.6,
129.1, 128.9, 128.6, 128.2, 127.4, 127.0, 124.6(q, J = 286.6 Hz), 119.7, 119.0, 73.7 (q, J = 30.2
Hz), 45.5, 38.9 (q, J = 2.3 Hz); "’F NMR (376 MHz, CDCl3) & -70.28, -76.98; HRMS (ESI) m/z
calculated for Co3H;F;NO,S™ (M+H)™ 460.0825, found 460.0826; HPLC (Chiralpak IG-H
column, hexane/iPrOH = 90/10, 1.0 mL/min, 210 nm): t; = 17.3 min, t, = 19.6 min (major).
(15,10bS)-9-methoxy-1-phenyl-10b-(trifluoromethyl)-1,10b-dihydrobenzo|e]
pyrrolo[1,2-c][1,2,3]oxathiazin-3(2H)-one 5,5-dioxide (3k): Ry = 0.25 (PE/EA,
3:1); White solid, 40.5 mg, 98% yield, 99% ee, >20:1 dr, [0]*p = -17.4 (c 1,
CHCl3); m.p. 156.5-157.2 °C; '"H NMR (300 MHz, CDCls) & 7.24-7.17 (m, 3H), 7.13-7.00 (m, 3H),
6.81 (dd, J= 9.1, 2.9 Hz, 1H), 6.35 (d, J = 2.9 Hz, 1H), 4.22 (d, J = 8.7 Hz, 1H), 3.52-3.39 (m,
4H), 2.71-2.57 (m, 1H); >C NMR (75 MHz, CDCl;) & 172.2, 157.1, 142.9, 139.0, 129.5, 128.5,
127.2, 124.5(q, J = 286.6 Hz) 120.3, 119.62 117.5, 114.7, 114.6, 73.7 (q, J = 30.1 Hz), 55.7, 45 .4,
39.0 (q, J = 2.3 Hz); "’F NMR (376 MHz, CDCl;) & -70.43, -76.95; HRMS (ESI) m/z calculated
for. C,gH sFsNOsS™ (M+H)" 414.0618, found 414.0619; HPLC (Chiralpak IC-H column,
hexane/iPrOH = 90/10, 1.0 mL/min, 210 nm): t; = 24.5 min (major), t, = 26.2 min.
(15,10bS)-1-(4-fluorophenyl)-10b-(trifluoromethyl)-1,10b-dihydrobenzo|e|pyrr
olo[1,2-¢][1,2,3]oxathiazin-3(2H)-one 5,5-dioxide (4b): R, = 0.40 (PE/EA, 3:1);
White solid, 38.9 mg, 97% yield, 99% ee, 17:1 dr, [a]**p = 66.0 (¢ 1.5, CHCl;); m.p.
146.0-146.5 °C; '"H NMR (300 MHz, CDCls) & 7.40-7.29 (m, 1H), 7.17 (d, J = 8.3
Hz, 1H), 7.07-6.98 (m, 3H), 6.95-6.80 (m, 3H), 4.25 (d, /= 8.7 Hz, 1H), 3.46 (dd, J
= 18.3, 8.8 Hz, 1H), 2.61 (d, J = 18.1 Hz, 1H); *C NMR (75 MHz, CDCl;) § 171.8, 162.2 (d, J =
249.0 Hz), 149.4, 134.6 (d, J= 3.6 Hz), 131.8, 129.6, 128.9, 126.4, 124.4 (q, J = 286.6 Hz), 119.6,
118.5, 116.5 (d, J = 21.6 Hz), 73.7 (q, J = 30.5 Hz), 44.7, 38.9; "’"F NMR (376 MHz, CDCl3) &
-70.34, -76.61, -112.25; HRMS (ESI) m/z calculated for C;H;;F;NO4S™ (M+H)" 402.0418, found
402.0419; HPLC (Chiralpak IC-H column, hexane/iPrOH = 85/15, 1.0 mL/min, 210 nm): t; = 14.5
min (major), t, = 16.4 min.
(15,10bS)-1-(4-chlorophenyl)-10b-(trifluoromethyl)-1,10b-dihydrobenzo[e]|pyr
rolo[1,2-c][1,2,3]oxathiazin-3(2H)-one 5,5-dioxide (4c): R, = 0.40 (PE/EA, 3:1);
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White solid, 40.3 mg, 96% yield, 98% ee, 17:1 dr, [a]ng =44.8 (¢ 1.5, CHCl;); m.p. 131.0-131.5
°C; "H NMR (300 MHz, CDCL3) & 7.42-7.31 (m, 1H), 7.21-7.13 (m, 3H), 7.12-6.78 (m, 4H), 4.24
(d, J= 8.6 Hz, 1H), 3.46 (dd, J = 18.2, 8.7 Hz, 1H), 2.59 (dd, J = 18.0, 2.4 Hz, 1H); *C NMR (75
MHz, CDCl;) 6 171.7, 149.3, 137.2, 134.4, 131.9, 129.6, 129.6, 128.5, 126.5, 124.4 (q, J = 286.8
Hz), 119.6, 118.4, 73.6 (q, J = 29.9 Hz), 44.8, 38.8 (q, J = 2.8 Hz); '’F NMR (376 MHz, CDCL;) &
-70.33, -76.71; HRMS (ESI) m/z calculated for C,7H,,CIF;NO,SNa’ (M+Na)" 439.9942, found
439.9942; HPLC (Chiralpak IC-H column, hexane/iPrOH = 85/15, 1.0 mL/min, 210 nm): t; = 13.9
min (major), t, = 16.5 min.

N (15,10bS)-1-(4-bromophenyl)-10b-(trifluoromethyl)-1,10b-dihydrobenzo|e]pyr
U N_o rolo[1,2-c][1,2,3]oxathiazin-3(2H)-one 5,5-dioxide (4d): Ry = 0.39 (PE/EA, 3:1);
&F White solid, 44.9 mg, 97% yield, 99% ee, 17:1 dr, [0]*p = 95.2 (¢ 1.5, CHCl5); m.p.

120.8-121.3 °C; 'H NMR (300 MHz, CDCl;) 6 7.41-7.29 (m, 3H), 7.19 (d, J = 8.2

Hz, 1H), 7.06 (t,J = 7.7 Hz, 1H), 6.92 (d, J= 7.5 Hz, 3H), 4.22 (d, /= 8.7 Hz, 1H),
3.46 (dd, J = 18.1, 8.7 Hz, 1H), 2.59 (dd, J = 18.2, 2.3 Hz, 1H); *C NMR (75 MHz, CDCL;) &
171.7, 149.3, 137.7, 132.6, 131.9, 129.6 (d, J = 1.5 Hz), 128.7, 126.6, 124.3 (q, J = 286.7 Hz),
122.5,119.6, 118.4, 73.5 (q, J = 30.1 Hz), 44.9, 38.7 (q, J = 2.5 Hz); "’F NMR (376 MHz, CDCl;)
5 -70.32, -76.75; HRMS (ESI) m/z calculated for C,;H;;BrFsNO,S™ (M+H)" 461.9617, found
461.9617; HPLC (Chiralpak IC-H column, hexane/iPrOH = 85/15, 1.0 mL/min, 210 nm): t; = 14.4
min (major), t, = 17.7min.
(15,10bS)-1-(p-tolyl)-10b-(trifluoromethyl)-1,10b-dihydrobenzo|e]pyrrolo[1,2-c
1[1,2,3]oxathiazin-3(2H)-one 5,5-dioxide (4e): R,= 0.44 (PE/EA, 3:1); White solid,
38.7 mg, 97% yield, 99% ee, 20:1 dr, [a]**p =76.7 (¢ 1.5, CHCl;); m.p. 134.0-134.7
°C; '"H NMR (300 MHz, CDCl;) & 7.36-7.27 (m, 1H), 7.15 (d, J = 8.3 Hz, 1H),
7.07-6.86 (m, 6H), 4.20 (d, /= 8.7 Hz, 1H), 3.44 (dd, /= 18.1, 8.7 Hz, 1H), 2.61 (d,
J=18.1 Hz, 1H), 2.21 (s, 3H); °C NMR (75 MHz, CDCL3) & 172.2, 149.4, 138.2, 135.7, 131.5,

130.0, 129.8, 127.0, 126.3, 124.6 (q, J = 286.4 Hz), 119.4, 118.8, 73.8 (q, J = 29.8 Hz), 45.1, 39.0
(q, J = 2.6 Hz), 21.0; ’F NMR (376 MHz, CDCl;) & -76.72; HRMS (ESI) m/z caled for
CisHsFNO4S™ (M+H)"™ 398.0668, found 398.0669; HPLC (Chiralpak IG-H column,
hexane/iPrOH = 92/8, 1.0 mL/min, 210 nm): t; = 23.2min, t, = 24.6 min (major).

ol (15,10bS)-1-(4-methoxyphenyl)-10b-(trifluoromethyl)-1,10b-dihydrobenzo[e]p
I\?o yrrolo[1,2-¢][1,2,3]oxathiazin-3(2H)-one 5,5-dioxide (4f): R,= 0.40 (PE/EA, 3:1);
White solid , 37.4 mg, 90% yield, 99% ee, 20:1 dr, [0]**p = 70.0 (¢ 1.5, CHCly);
Meo m.p. 60.0-60.5 °C; '"H NMR (300 MHz, CDCl;) & 7.37-7.30 (m, 1H), 7.15 (dd, J =
8.3, 1.2 Hz, 1H), 7.08-7.00 (m, 1H), 6.95 (d, /= 8.9 Hz, 3H), 6.70 (d, J = 8.5 Hz, 2H), 4.20 (d, /=
8.6 Hz, 1H), 3.70 (s, 3H), 3.52-3.37 (m, 1H), 2.68-2.53 (m, 1H); °C NMR (75 MHz, CDCl;) &
172.3,159.2, 149.3, 131.5, 130.7, 129.8, 128.3, 126.3, 124.5 (q, J = 286.7 Hz), 119.4, 118.8, 114.6,
73.83 (q, J = 29.7 Hz), 55.2, 44.7, 39.1; ’F NMR (376 MHz, CDCl;) & -70.53, -76.65; HRMS
(ESI) m/z calculated for C;gH;sFsNOsS™ (M+H)"™ 414.0618, found 414.0612; HPLC (Chiralpak
IC-H column, hexane/iPrOH = 70/30, 1.0 mL/min, 230 nm): t; = 9.9 min (major), t, = 11.4 min.
ol (15,10bS)-1-(4-nitrophenyl)-10b-(trifluoromethyl)-1,10b-dihydrobenzo|e]pyrrol
@(ﬁ%" o[1,2-c][1,2,3]oxathiazin-3(2H)-one 5,5-dioxide (4g): R,= 0.25 (PE/EA, 3:1); Light

Br

Q// yellow solid, 35.6 mg 83% yield, 99% ee, >20:1 dr, [0]*p = 55.2 (¢ 1.5, CHCl3); m.p.
246.0-246.5 °C; '"H NMR (300 MHz, CDCl3) & 8.08 (d, J = 8.4 Hz, 2H), 7.38 (t, J =
7.9 Hz, 1H), 7.31-7.18 (m, 3H), 7.05 (t, J = 7.7 Hz, 1H), 6.88 (d, J = 8.0 Hz, 1H), 4.39 (d, J = 8.7
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Hz, 1H), 3.52 (dd, J = 18.2, 8.7 Hz, 1H), 2.62 (d, J = 18.2 Hz, 1H); *C NMR (75 MHz, CDCl3) §
171.1, 149.3, 147.5, 145.7, 132.3, 129.2, 128.3, 126.8, 124.6, 124.3 (q, J = 286.5 Hz),119.9, 118.0,
73.30 (q, J = 30.4 Hz), 45.0, 38.4; ’F NMR (376 MHz, CDCL;) & -76.73; C7H,F3N,06S"
(M+H)" 429.0363, found 429.0366; HPLC (Chiralpak IC-H column, hexane/iPrOH = 70/30, 1.0
mL/min, 254 nm): t; = 19.5 min (major), t, = 22.2 min.
o\s/(/):o (15,10bS)-1-(3-chlorophenyl)-10b-(trifluoromethyl)-1,10b-dihydrobenzo[e]p
o Yyrrolo[1,2-c][1,2,3]oxathiazin-3(2H)-one 5,5-dioxide (4h): R, = 0.50 (PE/EA,
3:1); White solid, 18.1 mg, 43% yield, 99% ee, >20:1 dr, [0]*p = 68.6 (¢ 1.5,
CHCls); m.p. 157.5-158.0 °C; 'H NMR (300 MHz, CDCl;) & 7.41-7.32 (m, 1H),
7.23-7.02 (m, 5H), 6.95 (d, J = 8.0 Hz, 1H), 6.88 (d, J = 7.5 Hz, 1H), 4.21 (d, J = 8.7 Hz, 1H),
3.52-3.39 (m, 1H), 2.71-2.55 (m, 1H); *C NMR (75 MHz, CDCl3) & 171.5, 149.4, 140.6, 135.1,
131.9, 131.0, 129.4, 128.7, 128.0, 126.5, 124.4 (q, J = 286.5 Hz), 124.6, 119.7, 118.4, 73.6 (q, J =
30.4 Hz), 45.1, 38.6; "’F NMR (376 MHz, CDCl3) & -76.62; HRMS (ESI) m/z calculated for
Ci7H,CIF;NO,S™ (M+H)" 418.0122, found 418.0120; HPLC (Chiralpak IC-H column,
hexane/iPrOH = 80/20, 1.0 mL/min, 210 nm): t; = 10.4 min (major), t, = 11.2 min.
0 0 (15,10bS)-1-(naphthalen-2-yl)-10b-(trifluoromethyl)-1,10b-dihydrobenzo|e]pyr
i e rolo[1,2-c][1,2,3]oxathiazin-3(2H)-one 5,5-dioxide (4j): R, = 0.53 (PE/EA, 3:1);
Light yellow solid, 42.6 mg, 98% yield, 99% ee, >20:1 dr, [o]**p = 120.1 (¢ 1.5,
(i// CHCl3); m.p. 161.5-162.0 °C; 'H NMR (300 MHz, CDCl3) & 7.77-7.67 (m, 2H),
7.68-7.57 (m, 2H), 7.53-7.40 (m, 2H), 7.25-7.19 (m, 1H), 7.15 (d, J = 8.2 Hz, 1H), 7.11-6.95 (m,
2H), 6.87 (t, J=7.7 Hz, 1H), 4.43 (d, J= 8.7 Hz, 1H), 3.54 (dd, /= 18.1, 8.8 Hz, 1H), 2.69 (d, J =
18.1 Hz, 1H); >C NMR (75 MHz, CDCl3) 8 172.1, 149.4, 136.1, 133.0, 132.6, 131.6, 129.8, 129.7,
127.8, 127.7, 126.9, 126.7, 126.4, 124.6 (q, J = 286.6 Hz), 119.4, 118.7, 73.6 (q, J = 29.5 Hz),
45.6, 39.0; "’F NMR (376 MHz, CDCL;) § -76.89; HRMS (ESI) m/z calculated for CH;sF3NO,S”
(M+H)" 434.0668, found 434.0668; HPLC (Chiralpak IC-H column, hexane//PrOH = 80/20, 1.0
mL/min, 210 nm): t; = 14.0 min (major), t, = 15.3 min.
o\sﬁ’:o (1R,10bS)-1-(furan-2-yl)-10b-(trifluoromethyl)-1,10b-dihydrobenzo[e]pyrrolo[1
,2-¢][1,2,3]oxathiazin-3(2H)-one 5,5-dioxide (4k): R, = 0.38 (PE/EA, 3:1); Light
yellow solid, 34.8 mg, 93% yield, 95% ee, >20:1 dr, [a]*p = -41.0 (¢ 1.5, CHCl,);
m.p. 122.7-123.2 °C; '"H NMR (300 MHz, CDCl;) & 7.41-7.32 (m, 1H), 7.26 (s, 1H),
7.21-7.08 (m, 3H), 6.17-6.07 (m, 2H), 4.40 (d, J = 8.6 Hz, 1H), 3.44-3.26 (m, 1H), 2.71 (dd, J =
17.8, 2.2 Hz, 1H); *C NMR (75 MHz, CDCl;) § 170.9, 150.0, 149.1, 142.8, 131.6, 128.0 (d, J =
2.0 Hz), 126.4, 124.2 (d, J = 287.5 Hz), 119.4, 118.01, 110.5, 108.9, 73.2 (q, J = 29.9 Hz), 39.6,
36.2 (d, J = 2.6 Hz); "F NMR (376 MHz, CDCl3) & -75.20; HRMS (ESI) m/z calcd for
CisH; FsNOsS™  (M+H)" 374.0305, found 374.0306; HPLC (Chiralpak IC-H column,
hexane/iPrOH = 80/20, 1.0 mL/min, 210 nm): t; = 13.7 min (major), t, = 15.8 min.
(1R,10bS)-1-ethyl-10b-(trifluoromethyl)-1,10b-dihydrobenzo|[e]pyrrolo[1,2-c][1,
2,3]oxathiazin-3(2H)-one 5,5-dioxide (41): R, = 0.36 (PE/EA, 3:1); colorless oil,
27.6 mg, 82% yield, 95% ee, >20:1 dr, [0]™p = -96.9 (¢ 1.5, CHCl3); 'H NMR (300
MHz, CDCl3) 6 7.65-7.48 (m, 1H), 7.45 (d, J = 4.6 Hz, 2H), 7.28 (d, J = 2.0 Hz, 1H), 3.15-2.89
(m, 2H), 2.63-2.44 (m, 1H), 1.57-1.38 (m, 1H), 1.20-0.97 (m, 1H), 0.89 (t, J = 7.3 Hz, 3H); *C
NMR (75 MHz, CDCl3) & 171.1, 149.8, 131.9, 127.9 (q, J = 2.4 Hz), 126.9, 124.6 (q, J = 289.0
Hz), 120.0, 117.5, 74.2 (q, J = 29.4 Hz), 40.3, 34.06 (q, J = 2.7 Hz), 23.2, 10.0; °’F NMR (376
MHz, CDCls) § -72.54, -73.56; HRMS (ESI) m/z calculated for C;3H,5F3NO,S™ (M+H)" 336.0512,
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found 336.0512; HPLC (Chiralpak IC-H column, hexane/iPrOH = 80/20, 1.0 mL/min, 210 nm): t;
= 13.6 min (major), t, = 19.8 min.
(1R,10bS)-1-propyl-10b-(trifluoromethyl)-1,10b-dihydrobenzo|e]pyrrolo[1,2-
c][1,2,3]oxathiazin-3(2H)-one 5,5-dioxide (4m): R, = 0.36 (PE/EA, 3:1); White
solid, 34.7 mg, 99% yield, 94% ee, >20:1 dr, [0]*p = -122.5 (¢ 1.5, CHCls); m.p.
104.0-104.5 °C; "H NMR (300 MHz, CDCl3) § 7.62-7.51 (m, 1H), 7.50-7.40 (m,
2H), 7.28 (d, J= 2.9 Hz, 1H), 3.13-2.97 (m, 2H), 2.58-2.42 (m, 1H), 1.46-1.14 (m, 3H), 1.13-0.95
(m, 1H), 0.84 (t, J = 6.8 Hz, 3H); °C NMR (75 MHz, CDCl;) 5 171.1, 149.8, 131.9, 127.9 (d, J =
2.5 Hz), 126.9, 124.6 (q, J = 289.1 Hz), 120.0, 117.5, 74.2 (q, J = 29.4 Hz), 38.8, 34.5 (q, J = 2.6
Hz), 32.0, 18.8, 13.6; F NMR (376 MHz, CDCl3) 6 -73.51; HRMS (ESI) m/z calculated for
C14H,sFsNO,S™  (M+H)" 350.0668, found 350.0669. HPLC (Chiralpak IC-H column,
hexane/iPrOH = 80/20, 1.0 mL/min, 210 nm): t; = 12.6min (major), t, = 18.8 min.
o R (15,10bS)-1-isopropyl-10b-(trifluoromethyl)-1,10b-dihydrobenzo[e]|pyrrolo[1,2
17 -cl[1,2,3]oxathiazin-3(2H)-one 5,5-dioxide (4n): R, = 0.36 (PE/EA, 3:1); White
"’ solid, 34.6 mg, 99% yield, 96% ee, >20:1 dr, [a]**p = -41.3 (¢ 1.5, CHCLy); m.p.
124.0-124.6 °C; "H NMR (300 MHz, CDCls) & 7.62-7.53 (m, 1H), 7.52-7.38 (m,
2H), 7.28 (s, 1H), 3.07-2.86 (m, 2H), 2.53 (dd, J = 17.4, 2.4 Hz, 1H), 2.11-1.94 (m, 1H), 0.96 (d, J
= 6.9 Hz, 3H), 0.58 (d, J = 6.7 Hz, 3H); °C NMR (75 MHz, CDCl;) & 170.8, 149.7, 131.9, 128.0
(q, J=2.6 Hz), 126.7, 124.6 (q, J = 287.9 Hz), 120.0, 116.7, 73.8 (q, J = 28.9 Hz), 42.9, 30.1 (q, J
= 2.7 Hz), 27.7, 21.2, 13.9; ’F NMR (376 MHz, CDCl;) & -73.88; HRMS (ESI) m/z caled for
C14HsFsNO,S™  (M+H)™ 350.0668, found 350.0668; HPLC (Chiralpak IG-H column,
hexane/iPrOH = 92/8, 1.0 mL/min, 210 nm): t; = 20.6 min (major), t, = 22.0 min.
°\éc/’: . (1R,10bS)-1-heptyl-10b-(trifluoromethyl)-1,10b-dihydrobenzo[e]pyrrolo[1,
‘ N o 2-c][1,2,3]oxathiazin-3(2H)-one 5,5-dioxide (40): R, = 0.55 (PE/EA, 3:1);
White solid, 33.9 mg, 84% yield, 95% ee, >20:1 dr, [a]**p = -44.7 (¢ 1.5,
CHCl;); m.p. 84.5-85.0 °C; '"H NMR (300 MHz, CDCl3)  7.61-7.52 (m, 1H),
7.50-7.39 (m, 2H), 7.28 (d, J = 2.1 Hz, 1H), 3.13-2.95 (m, 2H), 2.59-2.43 (m, 1H), 1.43-1.00 (m,
12H), 0.86 (t, J = 6.8 Hz, 3H); >°C NMR (75 MHz, CDCl3) & 171.1, 149.9, 131.9, 127. 9 (q, J =
2.4 Hz), 126.9, 124.6 (d, J = 289.0 Hz), 120.0, 117.6, 74.2 (q, J = 29.2 Hz), 38.9, 34.6 (q, J=2.4
Hz), 31.5, 30.0, 29.0, 28.9, 25.5, 22.5, 14.0; ’F NMR (376 MHz, CDCl;) & -73.51; HRMS (ESI)
m/z calculated for CsH,3FsNO,S™ (M+H)'™ 406.1294, found 406.1292; HPLC (Chiralpak IG-H
column, hexane/iPrOH = 95/5, 1.0 mL/min, 210 nm): t; = 17.6 min (major), t, = 19.4 min.

5. Transformations of product 3a

0]

2P
07 N

LiAIH,
THF, 0°C tort.

CFs b

3a, 99% ee 55% yield; 98% ee

(4S,55)-5-(2-hydroxyphenyl)-4-phenyl-5-(trifluoromethyl)pyrrolidin-2-one 3): The
compound 5 was synthesized according to reported literature. To a suspension of LiAlH, (1.0
mmol ) in THF (5 mL), 3a (0.2 mmol) was added dropwise at 0 °C. The reaction mixture was
stirred at room temperature for 1 hour, TLC showed one spot. Water was added to destroy the
lithium aluminum hydride, the aqueous layer was extracted with EtOAc three times, the combined
organic layers were dried and concentrated to provide the crude product. Purification by
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chromatography on silica (PE/EA = 5:1) gave the product as white solid (61.7 mg, 55% yield, 98%
ee). Ry,=0.30 (PE/EA, 3:1); [a]”p = -21.3 (¢ 1.0, CHCl3); m.p. 52.1-52.6 °C; 'H NMR (300 MHz,
CDCly) 6 7.41 (d, J= 8.1 Hz, 1H), 7.35-7.23 (m, 3H), 7.20-7.11 (m, 3H), 7.02-6.93 (m, 1H), 6.87
(dd, J = 8.1, 1.5 Hz, 1H), 3.79-3.57 (m, 2H), 3.42 (td, J = 9.7, 4.3 Hz, 1H), 2.38-2.19 (m, 1H),
2.16-2.04 (m, 1H); °C NMR (75 MHz, CDCls) & 150.5, 135.5, 130.9, 129.7, 128.3, 128.0, 127.5
(d, J= 3.1 Hz), 125.8, 124.7 (q, J = 287.0 Hz), 119.7, 118.6, 69.72 (q, J = 27.3 Hz), 59.6, 50.1,
31.6; YF NMR (376 MHz, CDCl5) § -67.67, -68.76; HRMS (ESI) m/z calculated for C,;H;,FsNO"
(M+H)" 308.1257, found 308.1256; HPLC (Chiralpak IG-H column, hexane/iPrOH = 88/12, 1.0

mL/min, 210 nm): t; = 11.7 min (major), t, = 47.4 min.

0.0
O\\// o O\\S//O 9H \\S//
O~ ~ON \ -
BH; o N Et;SiH, BF 5 Et,0 o N
e _FteSIHL BRELO
g THF, 60°C g -10°C to 0°C B
CFs ppy CF3 pp CFs pp,
6 7
0,
3a. 99% ee 68% yield, 98% ee 84% yield, 98% ee
2 143
4 1 H.H
- 0.0
L0.5
6 ’ '
-4
“ Lis
&
2.0
2 13
H°, H & 25
3.0
35
H! ? o
H4 5 6.0
4 6.5
,D’r ¥
ﬁ 7.0
ﬁ & 7.5
8.0

T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 35 3.0 25 2.0 1.5 1.0 0.5 0.0

4.0
12 (ppm)

Scheme S2 2D-NOESY NMR of the compound 6

(15,3R,10bS)-3-hydroxy-1-phenyl-10b-(trifluoromethyl)-1,2,3,10b-tetrahydrobenzo|e]pyrro
lo[1,2-c][1,2,3]oxathiazine 5,5-dioxide (6): The solution of BH; (1M in THE, 0.8 ml, 0.8 mmol)
in THF (2 mL) was added 3a (0.2 mmol, 76.6 mg). The reaction mixture was stirred for 4 h at 60
°C. Purification by column chromatography on silica gel (PE/EA = 10:1) afforded the product 6 as
white solid (77.3 mg, 68% yield, 98% ee). Ry = 0.53 (PE/EA, 3:1); [a]*s = 42.7 (¢ 1.0, CHCLy);
m.p. 45.0-45.5 °C; '"H NMR (300 MHz, CDCl3) & 7.26-7.08 (m, 4H), 7.08-6.97 (m, 1H), 6.91-6.72
(m, 3H), 6.55 (d, /= 8.1 Hz, 1H), 6.24-6.16 (m, 1H), 4.46 (t,J = 8.3 Hz, 1H), 3.34 (s, 1H), 2.40 (q,
J = 8.8, 6.6 Hz, 2H); °C NMR (75 MHz, CDCl3) & 151.1, 136.1, 130.8, 129.5, 129.2 (d, J= 3.4
Hz), 128.3, 128.1, 125.1, 124.8 (q, J = 284.8 Hz), 119.3, 116.1, 88.3, 76.3(q, J = 29.7 Hz), 52.1,
38.5; F NMR (376 MHz, CDCl;) & -71.66, -73.83; HRMS (ESI) m/z calculated for
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C7H;3F3NOsS™ (M-OH)™ 368.0563, found 368.0565; HPLC (Chiralpak IC-H column,
hexane/iPrOH = 80/20, 1.0 mL/min, 210 nm): t; = 7.6 min (major), t, = 8.9 min. The relative
stereochemistry of compound 6 was determined by 2D-NOESY NMR (Scheme S2). No NOE

effect was observed for between H' and H.

(15,10bS)-1-phenyl-10b-(trifluoromethyl)-1,2,3,10b-tetrahydrobenzo|e]pyrrolo[1,2-c][1,2,3]0
xathiazine 5,5-dioxide (7): Compound 6 (0.1 mmol, 38.5mg) was dissolved in DCM (0.5ml) and
cooled to -10 °C. Et;SiH (3.2 eq, 0.32 mmol) was added to the mixture, and then BF;-Et,0O (3.2eq,
0.32mmol) was added slowly. The temperature of the reaction system increased to 0 °C within 30
min and reacted under 0 °C for another 10 min. Purification by column chromatography on silica
gel (PE/EA = 10:1) afforded the product 7 as white solid (30.8 mg 84% yield, 98% ee). R,= 0.56
(PE/EA, 3:1); White solid, 30.8 mg, 84% yield, 98% ee, [(1]28]3 = 28.7 (¢ 1.5, CHCl;); m.p.
99.4-100.0 °C; '"H NMR (300 MHz, CDCl3) & 7.21 (d, J = 7.2 Hz, 1H), 7.17-7.07 (m, 3H), 7.03
(dd, J = 8.2, 1.3 Hz, 1H), 6.88-6.71 (m, 3H), 6.56 (d, J = 8.1 Hz, 1H), 4.42-4.29 (m, 1H),
4.18-3.97 (m, 1H), 3.92-3.77 (m, 1H), 2.45-2.30 (m, 1H), 2.32-2.13 (m, 1H); °C NMR (75 MHz,
CDCl) 6 151.3, 137.0, 130.6, 129.1, 129.0 (d, J = 3.4 Hz), 128.3, 127.9, 125.5 (q, J = 285.0 Hz),
125.0, 119.3, 117.2, 76.1 (q, J = 28.9 Hz), 55.1, 52.4, 31.8; '’F NMR (376 MHz, CDCl;) § -67.23,
-72.82; HRMS (ESI) m/z caled for Cy;H;sFsNO3S™ (M+H)" 370.0719, found 370.0719; HPLC
(Chiralpak IC-H column, hexane/iPrOH = 98/2, 1.0 mL/min, 210 nm): t; = 14.3 min (major), t, =

15.5 min.

6. X-ray structure for compound 3e

A single crystal of the compound 3e (CCDC 1919445) was grown from its solution in
dichloromethane/isopropanol (1/3), which is suitable for X-ray diffraction analysis. The
correctness of the X-ray data and the structure had been checked by using the Check CIF utility on
the submission Web site: http://checkcif.iucr.org
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Copy of HRMS for New Compounds

ZZZ-3-1E. HRMS (ESI) m/z calcd for C17H13FsNO4S+ (M+H)* 384.05119, found 384.05130.

00082 #22 RT: 0.30 AV:1 NL: 1.40E7
T: FTMS + p ESIFull ms [100.00-1000.00]

Relative Abundance

ZZZ-3-22B. HRMS (ESI) m/z calcd for C17H12FaNO4S*+ (M+H)* 402.04177, found 402.04153.

00090 #42 RT: 0.58 AV: 1 NL: 3.88E4
T: FTMS + p ESIFull ms [100.00-1000.00]

Relative Abundance

100

377.60666 379.24017

384.05130

385.05472

386.04694
| | |

100

T

376

T
T T

e
378 380

LA A LAAA) A LA A

T

T

382

T

T

384

A A

T
386
m/z

402.04153

T

T

T

388

T

T

390

T

T

LAAAR] IAAM LAAM] RAAM RALM] A WAAM LA

392 394




Z727-3-26B. HRMS (ESI) m/z calcd for C17H12FsNO4S* (M+H)*+ 402.04177, found 402.04144.

00092 #15 RT: 0.20 AV:1 NL: 3.86E5
T: FTMS + p ESIFull ms [100.00-1000.00]

100+ 402.04144

Relative Abundance
()]
T

ZZZ-3-15A. HRMS (ESI) m/z calcd for C17H12CIF3NO4S+ (M+H)+ 418.01222, found 418.01227.

00083 #16 RT: 0.21 AV:1 NL: 2.34E5
T: FTMS + p ESIFull ms [100.00-1000.00]

100 418.01227

Relative Abundance
a
T




ZZZ-3-15B. HRMS (ESI) m/z calcd for C17H12CIFsNO4S* (M+H)* 418.01222, found 418.01187.

00084 #25 RT: 0.34 AV:1 NL: 2.05E5
T: FTMS + p ESIFullms [100.00-1000.00]

100

418.01181

90

80

Relative Abundance
a
T

B 417.05832

418.39059

419.05765

] 1
420.0

ZZZ-3-26A. HRMS (ESI) m/z calcd for C17H11BrFsNO4SNa+ (M+Na)+ 483.94365, found 483.94360.

00091 #15 RT: 0.20 AV: 1 NL: 5.46E6
T: FTMS + p ESI Full ms [100.00-1000.00]

100+ 483.94360

] 482.06400

Relative Abundance
a
T

] 480.98636

. 483.06812
1479.99182

0+ l xwlyxwkh

484.94553

485.94107

486.94458

487.93518
L

480

AN AR IR IR R

e
488

T



ZZZ-3-18D. HRMS (ESI) m/z calcd for CigH11FsNO4SNa+ (M+Na)+ 474.02052, found 474.02002.

00089#13 RT: 0.17 AV:1 NL: 491E5
T: FTMS + p ESIFull ms [100.00-1000.00]

Relative Abundance

100

474.02002

473.0

T R AL R

ZZZ-3-15C. HRMS (ESI) m/z calcd for CigH15sFsNO4S* (M+H)*+ 398.06684, found 398.06696.

00085#23 RT: 0.31 AV:1 NL: 1.77E7
T: FTMS + p ESI Full ms [100.00-1000.00]

Relative Abundance

100

398.06696

399.07010

396.80228 400.06247

406.03354 408.31592

L L
394 396 398 400 402

m/z

T
404

S68

L RAARI RARRIRRRRS

406

]

T

T

T

408

Tt

T

T

T

T
410



Z7Z7-3-18B. HRMS (ESI) m/z calcd for C21H21F3NO4S* (M+H)*+ 440.11379, found 440.11356.

00087 #17 RT: 0.22 AV: 1 NL: 1.16E7
T: FTMS + p ESI Full ms [100.00-1000.00]

100+ 440.11356

90—
i tBu

Relative Abundance
[6)]
T

] 44111642

] 439.64923 442.11899

0% ) |

— T T T e T T T T e T T e e

438 439 440 441 442
m/z

ZZZ-3-18C. HRMS (ESI) m/z calcd for Co3H17FsNO4S* (M+H)*+ 460.08249, found 460.08255.

00088 #31 RT: 0.45 AV: 1 NL: 4.34E6
T: FTMS + p ESI Full ms [100.00-1000.00]

100+ 460.08255

462.09521

Relative Abundance
a
T

458.14334

] 461.08569
107 459.74155 463.09842

. 459.13992 | 46244537 ” 464.08914

S A S SUAGAN NS

458 459 460 462 463 464



Z727-3-15D. HRMS (ESI) m/z calcd for C1gH1sFsNOsS+ (M+H)* 414.06175, found 414.06198.

00086 #16 RT: 0.21 AV:1 NL: 2.13E7
T: FTMS + p ESIFullms [100.00-1000.00]

100

414.06198

90

80

Relative Abundance

1 415.09344

416.09601

i

418.33102

0 o
414 4
m/z

20
10
. 412.13779 |
s AARA RAAY
15

411 412 416

ZZZ-2-96A. HRMS (ESI) m/z calcd for C17H12FsNO4S* (M+H)* 402.04177, found 402.04178.

00094 #11 RT: 0.14 AV: 1 NL: 8.75E6
T: FTMS + p ESI Full ms [100.00-1000.00]

100+ 402.04178

. 401.07742

Relative Abundance

10— 403"04468 406.03360

- 390.35654
0 ylw T 1 ] T T 1

399.78992

T LAY ) AL AN RN AL L AR R AL

418

T

412.46536
|

|
I R R R N R R R D R |

398 400 402
m/z

T 1T T 17 T 1T 17 1T 1T 1T 17T T

[ | I |
390 392 394 396 404 406 408 410

S70

1 T T 1

412



Z2ZZ-2-96C. HRMS (ESI) m/z calcd for C17H12BrFsNO4S* (M+H)* 461.96170, found 461.96167.

00095 #11 RT: 0.14 AV: 1 NL: 3.67E6
T: FTMS + p ESI Full ms [100.00-1000.00]

100

] 461.96167
90

463.95938

Relative Abundance
a
T

] 462.96426
. 464.96277

3 460.08194 467.14099

0 I | ‘ﬂ |

AR N A A A N A A A A AR

460 462 464 466

T

468

ZZZ-2-96B. HRMS (ESI) m/z calcd for C17H11CIFsNO4sSNa+* (M+Na)* 439.99416, found 439.99423.

00096 #12 RT: 0.15 AV: 1 NL: 2.67E7
T: FTMS + p ESI Full ms [100.00-1000.00]

100+ 439.99423

Relative Abundance
a
T

] 441.99097

. 440.99713

] 442.99310
] 438.03857 441.33893 [, 443.99323

0 b el D e
438 439 440 441 442 443 444
m/z
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ZZZ-3-22A. HRMS (ESI) m/z calcd for CigH15F3sNO4S+ (M+H)* 398.06684, found 398.06689.

00098 #16 RT: 0.21 AV: 1 NL: 4.01E6
T: FTMS + p ESI Full ms [100.00-1000.00]

100+ 398.06689

90

Relative Abundance
a
T

] 399.07025
. 396.13913

_ 393.234946 395.39923 397"70341 400.09665 404.48181

| I 1 |
ot e
392 394 396 398 400 402 404
m/z

T

ZZZ-3-1D. HRMS (ESI) m/z calcd for C1gH1sF3sNOsS* (M+H)+ 414.06175, found 414.06122.

00097 #15 RT: 0.20 AV: 1 NL: 7.74E5
T: FTMS + p ESI Full ms [100.00-1000.00]

100+ 414.06122

. 41521078
407 41577435

Relative Abundance
a
T

20| 412.52237
] 416.21536




ZZZ-3-1C. HRMS (ESI) m/z calcd for C17H12F3N206S* (M+H)* 429.03627, found 429.03656.

00040 #15 RT: 0.21 AV:1 NL: 5.60E3
T: FTMS + p ESIFullms [100.00-1000.00]
429.03656

-
o
g

o P
~s=o

©
o
Lirr g

Relative Abundance
a
T

o] S— S S TR s
429.00 429.05 429.10 429.15

m/z

M B AR AR B B AR AL A
428.85 428.90 428.95

ZZZ-3-9B. HRMS (ESI) m/z calcd for C17H12CIFsNO4S* (M+H)* 418.01222, found 418.01202.

00099 #18 RT: 0.24 AV: 1 NL: 6.29E5
T: FTMS + p ESI Full ms [100.00-1000.00]

100+ 418.01202

Relative Abundance
a
T




Z77-3-9C. HRMS (ESI) m/z calcd for C21H1sFsNO4S* (M+H)*+ 434.06684, found 434.06677.

000100 #17 RT: 022 AV: 1 NL: 3.23E5
T: FTMS + p ESI Full ms [100.00-1000.00]

100+ 434.06677

90

Relative Abundance
a
T

. 433.66199

m/z

Z7Z-3-1A. HRMS (ESI) m/z calcd for CisH11FsNOsS* (M+H)* 374.03045, found 374.03055.

000101 #12 RT: 0.15 AV:1 NL: 1.51E7
T: FTMS + p ESI Full ms [100.00-1000.00]

100+ 374.03055

Relative Abundance
a
T

10 375.03427

] 378.32190
] 369.1A5891 371.10022 ‘ 376.02521
)

]
IRAAIRRAdNILALL L nana e L e s e e e b L
370 372 374 376 378
m/z

T

368
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ZZZ-3-7D. HRMS (ESI) m/z calcd for C13H13F3sNO4S* (M+H)*+ 336.05119, found 336.05121.

000105 #24 RT: 0.32 AV:1 NL: 2.59E6
T: FTMS + p ESI Full ms [100.00-1000.00]

100+ 336.05121

90

Relative Abundance
a
T

107 339.14883
7 331.09592 337.05396
333.76172 334.81024 340.86212

T 1 T 1 T T [T T 11T T T 1T T[T T 1T 1] T 1T 11 [ T T T 1] T T 1T [ T T T T T T T T T T T TTTII

T 1
330 331 332 333 334 335 336 337 338 339 340 341
m/z

T

ZZZ-3-7C. HRMS (ESI) m/z calcd for Ci4H15F3NO4S+ (M+H)* 350.06684, found 350.06699.

000102 #19 RT: 025 AV:1 NL: 1.08E7
T: FTMS + p ESI Full ms [100.00-1000.00]

100+ 350.06699

Relative Abundance
a
T

107 351.06992

1 343.02667 346.12363 349.18329
0 'T""TI"”T" I '

357.38467
1719 |
.VAHWVH "

T

353.16483 355,
1
T

L

T T AR

T e : A
350 352 354 356
m/z

A T N
344 346 348
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Z2ZZ-3-7A. HRMS (ESI) m/z calcd for C14H15F3sNO4S* (M+H)* 350.06684, found 350.06689.

000103 #8 RT: 0.10 AV: 1 NL: 1.88E7
T: FTMS + p ESI Full ms [100.00-1000.00]

100+ 350.06689

90

Relative Abundance
a
T

4 351.06985
4 349.03622

O e B L e e e s e

T [
346 347 348 349 350 351
m/z

352.06247 355.12817
|

T T

356.35660
T T T T T T

T 1
355 356

1
T T T 1T 1T T

[ [
352 353 354

T T

Z7Z-3-7B. HRMS (ESI) m/z calcd for CigH23F3sNO4S* (M+H)* 406.12944, found 406.12924.

000104 #18 RT: 024 AV: 1 NL: 9.34E5
T: FTMS + p ESI Full ms [100.00-1000.00]

100+ 406.12924

60— 406.35306

Relative Abundance
a
T

20 405.71564
] 407.09799

o E—

R A e e  AA M M M L L s s s S M L e R
403 404 405 406 407 408 409 410

m/z
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Z727-3-28A. HRMS (ESI) m/z calcd for C17H17FsNO+ (M+H)* 308.12568, found 308.12555.

000106 #20 RT: 027 AV:1 NL: 9.62E4
T: FTMS + p ESI Full ms [100.00-1000.00]

100+ 308.12555

90 308.28220

] 307.96600

Relative Abundance
a
T

BEERAREREEI IBEAEEREREEI

308.4 308.6 308.8

ZZZ-3-28D. HRMS (ESI) m/z calcd for C17H13F3sNO3S+* (M-OH)+* 368.05627, found 368.05646.

000107 #13 RT: 0.17 AV:1 NL: 4.67E7
T: FTMS + p ESIFull ms [100.00-1000.00]

100 368.05646

Relative Abundance
()]
T

] 369.05960

7 363.32999
177 367.09390 370.05182 37204861

O e S S i S
364 366 368 370 372 374

m/z

376
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ZZZ-3-60A. HRMS (ESI) m/z calcd for C17H15F3sNO3S+ (M+H)* 370.07193, found 370.07193.

00039#12 RT: 0.16 AV: 1 NL: 1.41E4
T: FTMS + p ESIFull ms [100.00-1000.00]

100 370.07123

Relative Abundance
()]
T

m/z

Z727-2-52. HRMS (ESI) m/z calcd for Co7H33N4O3* (M-Cl)* 461.25472, found 461.25443.

00132#18 RT: 0.24 AV:1 NL: 1.48E9
T: FTMS + p ESI Full ms [100.00-1000.00]
100

oy

O:N

461.25443

O

€]
80 Cl

\\
=% T
z

704
1 C-6

Relative Abundance
n
T

] 462.25723

] 460.24902 463.25970

- 448.34210 453.84720 458.39343 | 467.65436 472.69763 475.26810
0= T 1 LIS L L L L L B L L T T T L T T T T T T T 171
468

T L L T T 7 T T 1 1 T 1 1
448 450 452 454 456 458 460 462 464 466 470 472 474
m/z
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HPLC for racemic and pure enantioenriched sample 3a

mAUq

300

200

1004

f&% 3: DADl C, Sig=210,8 Ref=360,100

Ve O mEIE RAL 0 0 T AL (e
* [min] [min] [mAU]
- [==== === [=mmmmm | ===
1 14.733 BB 0.4145 9 377.22003
2 16.781 BB 0.4538 1.08014e4 373.06921
mAU =
800
600
4004
2004
0 L T L — T
T T T L T T
13 14 15 16 17 18 mi

W R B E) S 0 R U
# [min] [min] [mAT]
e e e e [ | e
1 14.787 BB 0.4339 923..2721
2 16.883 BB 0.3445 4964 5..5477
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HPLC for racemic and pure enantioenriched sample 3b

mdl
-
0
Gl
.
kIR
24
109
;i
T T T T
8 0 12 16 i
: A1 Wl | w % A
12.267 13443 56.9 03586 0.797
o 12 2810 12771 £2 7 n 2707 n o071
r -
100
0
04
N
04
01 T
T T T T T T T
8 4 10 12 # 18 1 i
# A WEEE | i e AR LA
12313 2860.5 120.1 0.3653 0.799
3 12 407 04 b B N s77R nsnd




HPLC for racemic and pure enantioenriched sample 3¢ HPLC for racemic and pure enantioenriched sample 3d

mAU = <
140 o
1204
1004
804
a0
40
204
o
T N T T T T T T
min 7 8 9 10 11 12
TTw T Te T Twe o Talo T o ko Tde we e e s f&'% 3: DAD1 C, Sig=210,8 Ref=360,100
W | PRI | R R W% i Tr= T AX R [ I S O [EqE [ 3=
¥ min % mAU*min mAU (50%) & EP Li [min] (min] [mAU*s] [mAU]
—mm-fmmmmm === == Rl RO
(=
2 1 9.214 BB 0 9.0970
10.238 4824 90.8264 19161 | 0440 | 132 o 1p.onae me o 136 2106
mAU+ [y
600
500
a0
30
0
100 -
} 0+ T T
T T T T T
it 7 8 9 1 1t 12
e AN
80 a0 10 10 10 130 10 150 160 10 175 A8 3 paDL €, SIg=210,8 Kef2360,100
We | FEEIIIA] | kA A IR TR W 5 W | ASHFRR S = G N A VR ) U 1t AR UEE 15
52 min % mAU*min mAU (50%) I EP # [min] [min] 5] [mAU]
a i R e R R
1 10.138 99.05 142.4311 308.42 0.428 1.36 1 9.207 MM R 0.2970 1.19929e4 672.9564
2 10.251 MM R 0.2544 96.63966 6.3307
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HPLC for racemic and pure enantioenriched sample 3e

AU = S
600
5004
4004
3004
2004
1004
o] .
T T T T T T
8 10 1 12 13 mi
% 3: DAD1 C, Sig=210,8 Ref=360,100
< T A Y R U iy U
# [min] [min [mAU*s] [mAU]
R pr=mefimmmmrn [ [
1 9.391 BB 0.2760 1.17087e4  656.6107
2 10.676 BB 0.3027 1.23439e4  635.255¢
mAU s
10004
8004
6004
4004
2004
0 i — .
T T T T T T
8 9 10 1 12 13 mir
{59 3: DAD1l C, Sig=210,8 Ref=360,100
[ e L W T = VR 5 UEE T AR U /&
# [min] [min] [mAU*s] [mAU]
R e [l s s [t e
1 9.400 BB 0.2893 1.91947e4 1049.73572
2 10.706 BB 0.2756 185.89107  10.24907
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HPLC for racemic and pure enantioenriched sample 3f

mAU
404
04
204
101
04
min
4
80 % 100 o 120 130 140 180 160 10 180 190 00 2o o
W | DRETIRR] | ATATIEE AR A T A e 12 W | ASRTRR
¥ min % mAU*min mAU (50%) | ¥ EP
!
1 14.090 48.40 233.2890 399.16 0.538 1.38
550
mAU
50
0
0|
200
1004
o) }
50 min
80 %0 100 110 120 130 0 80 160 170 180 190 00 1m0 00
W | OREIIR] | R R W [ W g g g AKFRR
Iig min % mAU*min mAU (50%) | ¥ EP
L‘ 1
1 14.062 98.93 283.7720 482.64 0.541 1.40




HPLC for racemic and pure enantioenriched sample 3g

1204

1004

mAU

350

300

250+

200+

1504

100+

HPLC for racemic and pure enantioenriched sample 3h

T T
14 16 18

120 180 160 170 180 180 20 230 f§% 3: DADL C, Sig=210,8 Ref=360,100
& | REN | AEmR | EnR | o G OREN KN W TR kR
= [f] min % mAU*min (50%) e T [min [min] [mAU*s [mAT]
= EP | [—=== === [—mmm | ===
1 13.949 BB 0.3748 9370.86426 389.364:Z
1 17.283 50.66 41.7577 122.47 | 0.312 1:22 2 15.575 BB 0.4139 1.02106c4 381.970¢
iR =
0]
1000
0]
800
50
00-]
0]
40|
0]
o 0
“ T T T T T T T 01 L L e
1 " 10 180 170 190 20 20
10 2 I 16 I
W | fRETRS R i TR e THI 2 i 58 ARt
FF | 4] min % mAU*min (50%) | FRE {59 3: DADLl C, Sig=210,8 Ref=360,100
5 EP : ,
1 17.222 1.58 1.9289 0.310 1.17 I = T S 13 W i A I 7
Z e i i i # [min] [min [MAU*s [mAU]
e | =i | mmmi| |==m—mmmree [m—=mmrm—m—
1 13.954 BB 0.3992 2.95731ed4d 1168.6740
2 15.641 BB 0.3135 A167.22672 6.5136
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HPLC for racemic and pure enantioenriched sample 3i

HPLC for racemic and pure enantioenriched sample 3j

™ 1036
mAU | mAy
175
75
1509 750
125 651
1004 50.04
7] 75
%0
501
125
2]
00 S
0
min 125 min
o0 Te0 b Teb T T Thel o T Tk T Tedo o 130 o il 180 6o T T 487937 1% 1250 1875 500 625 75 875 1000 7% 25 775 7500 2% 750 75 08
e | fREE FHRS I AR T AR =1 W A | e R AR U TR W T AR = e B2 ARt
T [A] min % mAU*min mAU (50%) e F /8] min % mAU*min mAU | (50%) i
= EP =5 EP
1 11.570 52.68 71.7763 181.84 0.368 1.15 1 17.210 51.82 48.9552 90.00 0.500 1.18
9% 1,095
mAU mAU
1,000
o751
a75]
7501
750]
6251
625]
500
500]
a75]
3715]
2501
250]
125]
125
o] ! -
min [ |
81 0 1
50 60 70 80 90 100 1o 120 130 140 150 160 170 180 190 200 9% W5 s s B 162 1750 s ww | M\ 2w B %00 %s | 7 87 1%
| fREFE TR UEEIFR I T R W e B Ea) W | fREGRT TR UEEIFR TR e = E AwE
A [6] min % mAU*min mAU (50%) T |52 [6] min % mAU*min mAU (50%) Rz
= EP 5 EP
1 11.555 0.62 2.4636 6.19 0.373 n.a. 1 17.268 0.74 4.5345 8.69 0.494 1.07
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HPLC for racemic and pure enantioenriched sample 3k

AU S =
300 A
2504
2004
1504
1004
504
A .
T T T T T T T T
18 20 2 24 2% 28 30 mil
{55 3: DADL C, Sig=210,8 Ref=360,100
W PR BRI T [T W
f [min] [min] [mAU*s] [mAU]
R SR e R fjmoce-sarmeervmi:
1 24.550 BV 0.5968 1.11363e4  292.1033¢
2 26.117 VB 0.6283 1.22725e4 304.4364(
AU | =
4004
3004
2004
1004
A . .
T T T T T T T T
18 20 2 24 26 2 30 mir
5% 3: DADl C, Sig=210,8 Ref=360,100
W R R SR MR UEE 1 AR UEE (5
# [min] [min] [MAU*s] [mAU]
e [ s [ [
1 24.527 BB 0.5912 1.80848e4  478.2661
2 26.180 BB 0.411 79.97885 2.3585
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HPLC for racemic and pure enantioenriched sample 4b

mAU| = =
1204
100
804
604
404
204
0 + i
. — — e — . .
10 12 14 16 18 20 _mi
{55 3: DaDl C, Sig=210,8 Ref=360,100
[ P < O 121 B i R < 5 U I R U
# [min] [min] [mAU*s] [mAU]
e e | === |————————-
1 14.453 BB 0.4510 3848.14404 134.807-
2 16.373 BB 0.4853 4186.27393 133.703C
mAU o
350 —
300
250
200
150
100
50 -
0 L . L - ~
. -—— —
1 12 13 14 15 16 17 mi
{5 3: pADl ¢, Sig=210,8 Ref=360,100
=< W T N T R I T A I 5
L [min] [min] [mAU*s] [mAT]
e e e s e
1 14.452 BB 0.4480 1.05281e4 369.945;
2 16.393 BB 0.3587 69.37284 2




HPLC for racemic and pure enantioenriched sample 4¢

mAU [~ -
1404 K
1204
100+
804
604
404
204
0+ T T
T T T T T T
10 12 14 16 18 20 _mir
{5 3: papl C, Sig=210,8 Ref=360,100
WE R SR 0 U i A I &
# [min [min] [mMRAU*s] [mAU]
e i [ s [ i [
1 13.937 BB 0.4407 4231.21484 152.009:
2 16.484 BB 0.4805 4540.80322 146.148¢
mAU =
3004
250+
2004
150
100
50
0 + T . = T
T T T T T T
10 12 14 16 18 20 _mi
{5 3: DAD1 C, Sig=210,8 Ref=360,100
E S << (51 B N R U T A e
i [min [min] [mAU*=] [mAU]
== e P fimsme e e
1 13.937 BB 0.4212 8401.12305 310.9646
2 16.528 BB 0.3345 66.23709 2.3964
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HPLC for racemic and pure enantioe

nriched sample 4d

mAU — >
1604 =
1404
1204
1004
804
604
404
204
o
T T T T T T T
10 12 14 16 18 20 2 mi
%% 3: DAD1 C, Sig=210,8 Ref=360,100
L R I 1) L L 5 U I A U Ry
it [min] [min] [MAU*s] [mAU]
il et el |———=——— |-
1 14.318 BB 0.4344 4468.49072 161.6822
2 17.664 BB 0.4950 4762.43359 148.9679
mAU 3
4004
3004
2004
1004
0 . . L=
T T T T T T
10 12 14 16 18 20 mi
{65 3: DADl C, Sig=210,8 Ref=360,100
S S W T~ VEE [T AR U (5
# [min] [min] [mMAU*s [mAU]
e e | [
1 14.356 BB 0.4386 1.34872e4  481.7459
2 17.734 BB 0.3928 64.38531 1.9622




HPLC for racemic and pure enantioenriched sample 4e

1704
mAU 1-22.890
150]
12 - 24.460
125]
100]
751
501
254
09 T
o min
15,04 1625 1750 1875 2000 2125 250 %75 500 %25 2750 2875 3006
e | {REEE AT U AR I AR = e ASXF
Ff (8] min % mAU*min mAU (50%) | FRE
= EP
1 22.890 51.47 92.2570 158.93 0.542 1.13
1925
mAU 2-24.605
175
1501
1251
1001
7]
507
2]
o 1-23.15 ‘
T "
1501 1625 1750 1875 2000 2025 2250 275 2500 %25 2750 2875 002
| fREEE FRAT U AR e 3TTp A (e e 7 ASxf
P (8] min % mAU*min mAU (50%) | R
i EP
1 23.151 0.71 0.8350 143 0.554 n.a.
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HPLC for racemic and pure enantioenriched sample 4f

mAU
404 —
3
204
10
U<
—— T ————
10 1 12 13 mi
f&'%5 2: DAD1 B, Sig=230,8 Ref=360,100
S S W ] N T UeE iy AR U ey
# [min] [min] [mMAU*s [mAU]
el e i e
1 9.887 BB 0.2823 649.10260 35.6726
2 11.374 BB 0.3164 699.57166 4.24121
mAU =
250+
200
150+
100+
50
0 . —— "
————
8 9 10 1 12 13 mi
f&'9 2: DaDl B, Sig=230,8 Ref=360,100
W LR RE R R 0 U TR U v
# [min [min] [MAU*s [mAU]

0.2814 4658.14551 257
2 11.370 BB 0.2665 25.03966 1.3




HPLC for racemic and pure enantioenriched sample 4g

mAU = bl
%4
04
15
10
5<
e — ——
12 % i3 1 0 P P % % i
{55 1: DAD1 A, Sig=254,4 Ref=360,100
Ve PR B RS ZETY e U 1fi AR UEE 15
# [min] [min] [MAU*=] [mAU]
e e R B
1 19.594 BB 0.6025 1112.63269  27.01707
2 22.189 BB 0.6912 1229.36792  26.1165¢
mAU |
50<
40
30
20
10 .
0 :‘
1 .
12 14 16 18 20 2 A 26 28 min

% 1: DAD1 A, Sig=254,4 Ref=360,100

WE LR A A 0w UEE [fi7 FR U 1o

# [min] [min] [mMAU*s] [mAU]
i | e R e | s |
1 19.493 BB 0.6337 2496.04663 60.9549

22.169 MM R 0.5324

i8]

14.49009 4.53614e-

S87

HPLC for racemic and pure enantioenriched sample 4h

mAU.
1204
100+ i ;
804
604
404
204
o
T T T T T
9 10 1 12 13 mi
{5 3: DAD1 C, Sig=210,8 Ref=360,100
U fg R R TED SR g U T A U
# [min] [min] [mAU*s] [mAU]
St Sanaine [l meedfe s meeens [pressa s o Jp-messes ponss
1 10.390 BV 0.3181 1805.88306 90.0153!
2 11.247 VB 0.3352 1971.6971 92.325
mAU =
1000
800
600
400+
2004
0 " s .
T T T T T T
8 9 10 1 12 13 mi

% 3: DAD1 C, Sig=210,8 Ref=360,100

L = N1 A U ) U i U e
# [min] [min] [MAU*s] [mAU]
=== [==== === [===mm ===
1 10.368 BV 0.3363 2.35829%9=4 1107.8891
2 11.217 VB 0.3234 162.23694 6.7752




HPLC for racemic and pure enantioenriched sample 4;j

mAU|
1404
1204
1004
7 2 2
604 2 \
404
204
0 - T
T T T T T T T T
1 12 13 14 15 16 17 i
{§%5 3: DADl C, Sig=210,8 Ref=360,100
e <A N [ AT R E AT I
# [min [min [mMAU*s [mAU]
| e [ s
1 13.940 BB 0.3891 1555.06543 61.475¢
2 15.206 BB 0.4104 1667.90527 61.117¢
mAU =
4004
300
2004
1004
04 L " = .
T T T T T T T T
1 12 13 14 15 16 17 18 mir
{£% 3: DAD1 ¢, Sig=210,8 Ref=360,100
S I 1T B R ¥ 5 U T AR U 73
# [min] [min [MAU*=] [mAU]
s s ] R
1 13.987 BB 0.3965 1.23441ed4  482.4874
2 15.287 BB 0.3179 16329 3.0957
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mAU |

HPLC for racemic and pure enantioenriched sample 4k

10 2
1204
1004
804
604
404
204
o
20 i
T T T T T T
10 12 14 16 18 mi
{55 3: DADl C, Sig=210,8 Ref=360,100
WE PR B RS A g R U T A U 1R
i [min] [min] [MAU*3] [mAU]
e R |==mmmmmmm |====—mmm=
1 13.757 BB 0.3668 3921.47534 166.4706
2 15.832 BB 0.4118 4119.40918 154.1367
mAU S
5004
4004
3004
2004
1004
04 il
T T T T T T
10 12 14 16 18 mi
% 3: DAD1 C, Sig=210,8 Ref=360,100
€ = W T A TR U T AR U
# [min] [min [mMAU*s [mAU]
e e s s
1 13.720 BB 0.3730 1.26511e4  532.8713
2 15.819 BB 0.3489 318.81372  11.9644




HPLC for racemic and pure enantioenriched sample 41

13.610

19.940

HPLC for racemic and pure enantioenriched sample 4m

T T T T T T
14 15 16 17 18 19

mAU

350

300

2504

2004

150

1004

{% 3: DADL C, Sig=210,8 Ref=360,100

L P 11~ R T U

[min] [min]

1 13.610 BB 0.3521 7
2 19.940 BB 0.4471 70

51

19.847

T T T T T
14 15 16 17 18 19

f£% 3: DADl C, Sig=210,8 Ref=360,100

L U LD S VR U i AR U
# [min] [min] [mAU*s] [mAU]
Rl Bt [==== === | === | ===
1 18551 ‘BB 0.3390 8337.15234 381.4297
2 19.847 BB 0.3708 205.60515 6.7606

mAU

250

200

1504

1004

12527

18.787

T T T T T
12 14 16 18 20

DADl C, S8ig=210,8 Ref=360,100

e )
LTS U g

W R ] S

mAU

200

1004

T T T T T T
10 12 14 16 18 20

f& 5 3: DAD1 C, Sig=210,8 Ref=360,100

e I R A U e T R U 5y
#* [min] [min] [mAU*s] [mAU]
T AT fmmmmlmmnenme [=r=memmmem |
1 12.554 BB 0.3367 4997.74609 230.6966
2 18.815 BB 0.3844 142.31018 4.4822




HPLC for racemic and pure enantioenriched sample4n

156
mAU 12-22.031
0] 11-20716
120]
100]
80
60
4]
2]
° |
T min
191
1505 1625 1750 1875 2000 2125 2250 2375 2500 2625 2750 2875 3001
| AR X U T A Ve TE A W=y IEE | hx
R [a] min % mAU*min mAU (50%) | #RPE
= EP
1 20.716 49.40 75.1893 148.62 | 0.475 1.05
22+
v 1-20648
200
150
100
50
2-21.986
o 1 T -
N e 'x"'x""x"'rmnu
1506 1625 1750 1875 2000 2125 250 %75 2500 2625 2750 2875 3041
| REE | HEXIEER e T 75 gz | kx| A
e (8] min % mAU*min mAU (50%) | FREE
5 EP
1 20.648 98.19 122.2400 244,16 | 0.469 1.05
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HPLC for racemic and pure enantioenriched sample 40

il
260

mAU
160
140
1204
1004
80
60
404
204
04 S
12'0 13‘0 14‘0 15.0 16.0 17‘0 13‘0 19‘0 ZO‘U 2‘\‘0 ZZ‘U 23‘0 240 250
3 rtlin] HR X IEE R I T FR I 573 A f
F [8] min % mAU*min mAU (50%) TR
=1 EP
1 17.555 47.69 94.4127 163.08 0.533 1.18
3025
mAU
2501
2004
1504
1004
5]
o]
|Z‘U 13‘0 14‘0 15.0 16‘0 |7‘U |3‘U |é0 ZdU ZT‘U 22‘0 3‘0 ./J‘D ;
a3 {7 ST R I [T AR I E R [ U7 AF
|52 [5] min % mAU*min mAU (50%) RE
= EP
1 17.608 97.58 167.8129 287.31 0.539 1.17




HPLC for racemic and pure enantioenriched sample 5 HPLC for racemic and pure enantioenriched sample 6

mAU S AU = 3
350
3004
300
250
250
200
2004
1504
150 g
< 100+
100
50
50
0 o] ’
heen Pl S s S = . . . . . .
10 20 30 40 50 mir 5 6 7 8 9 10
f§5 3: DAD1 ¢, Sig=210,8 Ref=360,100 f&5 3: papl c, Sig=210,8 Ref=360,100
WE R RY A S A ERTITEA I e WE LT BT A S g g U T AR U
% [min] [min] [MAU*s] [mAU] # [min] [min] [mAU*s] [mAU]
e enf] amemem s (R e [resseme . R | == [ | | ==
1 11.703 MM R 0.6838 1.48033ed  360.808¢ 1 F.obd BY O.¥398 Seil2i.ibl 280 320,495
2 46.074 BB 1.4303 1.40427e4  115.678¢ 2l 8183 WE L4380 J62040/910 S50
mAU g
400
mAU S
7009 3501
6009 0q
250
500
200
4004
150
300
1004
20 504 .
100 o] . ; =
$ T T T T
@ 7 8 9
01 T T T T . T o = ) N
10 2 ki) 4 % i {5% 3: DADL C, Sig=210,8 Ref=360,100
- _
z 3: DADl C, Sig=210,8 Ref=360,100 : N is e a o
fF v SRS REERN e (RN A M U T A W
X " min] min] mAU* s mAU
[ el [ I A TR e 1ir U oy TF| [ | | | ] [ [ -
# [min [min] [MAU*s [mAU] R o
‘ ; ‘ | ‘ 1 7.643 VB 0.2861 7519.65869 409.6842
] 2 8.892 BV 0.2945  €5.51433 2.9564
1 11.678 VB 0 716.9333¢
2 47.368 MM R 1.2 3.0435¢
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HPLC for racemic and pure enantioenriched sample 7

mAU S 3
30 4
-3504
4004
4504
500
5504 T
—— ——,———————r ]
1 12 13 14 15 16 17 18 19 20 mir
f&% 3: DADl C, Sig=210,8 Ref=360,100
WE LR R E] AR e U i B I py
i [min [min] [mMAU*s] [mAU]
s R e e
1 14.920 BV 0.4109 6597.92041 250.8217
2 16.094 VB 0.4391 7189.80811 256.4325
mAUq =
1504
2004
250
3004
350
4004
4504
5004 ~
550 -
—— ——— ——
11 12 13 14 15 16 17 18 19 mi
{59 3: DADL ¢, Sig=210,8 Ref=360,100
L < T g T U 755
i [min] [min] [MAU*s [mAU]
s e e
1 14.305 BB 0.4445 1.22544e4  443.291°F
2 15.507 BB 0.3607 115.59990 4.2311
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