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1 General information

'H NMR spectra were recorded at 400 MHz or 600 MHz. The chemical shifts were recorded in
ppm relative to tetramethylsilane and with the solvent resonance as the internal standard. Data
were reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q =
quartet, dd = doublet of doublet, m = multiple, br = broad), coupling constants (Hz), integration.
13C NMR data were collected at 100 MHz or 150 MHz with complete proton decoupling. '°F
NMR spectra were collected on commercial instruments (376 MHz or 565 MHz) with complete
proton decoupling. Melting points (Mp) were determined using OptiMelt automated melting point
system. Enantiomeric excesses (ee) were determined by chiral HPLC analysis by using the
corresponding commercial chiralpak column as stated in the experimental procedures at 25 °C,
and UPC? at 35 °C with UV detector at 254 nm. Optical rotations were reported as follows: [a]Tp
(c: g/100 mL, in solvent). High resolution mass spectra (HRMS) analyses were recorded on a
Thermo Scientific LTQ Orbitrap XL with positive ion mode and methanol were used to dissolve
the sample. IR spectra were recorded on Pierkin Elmer 100 FT/IR spectrometer, and the wave
numbers of the absorption peaks are given in cm!. Solvents were dried and distilled prior to use
according to the standard methods. Unless noted, other commercially available reagents were used
without further purification. The chiral N,N'-dioxide ligands were synthesized by the same

procedure in the literature!.

2 Synthesis of the substrates

2.1 General procedure A for the synthesis of the substrates B15-B19 and B23-
B41

2.1-1 Methods for the synthesis of a-aryl-o-toluic acids

method A
Br n ; COOH
Br : 1) "BulLi
1©[Br PRMGBI EtsSiH, TFA _ s R1©;
R —_—
THF OH  DCM 2)co,
CHO Ph Ph
Ph THF
method B
cat. Pd(OAc),
cat. PPhg
COOCH
CN KsPO, CN KOH, H,0
+ Ar—B(OH), toluene ethylene glycol
reflux
Br Ar Ar

The o-phenyl-o-toluic acid used for synthesizing the substrates B15-B19 was commercially
available, and the starting a-aryl-o-toluic acids used for synthesizing the substrates B23-B27 were
prepared by method A according to the literature?> and the a-aryl-o-toluic acids used for
synthesizing substrates B28-B41 were prepared by method B according to the literature.

Method A: The commercially available substituted o-bromo-benzaldehyde was dissolved in dry
THF (2.0 M) under an Ar atmosphere. Phenylmagnesium bromide solution (1.5 equiv., 1.0 M in
THF) was slowly added under vigorous stirring. The resultant mixture was stirred at rt until the
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reaction was completed as monitored by TLC. Then, a saturated aqueous solution of NH,4CIl was
added to the reaction mixture slowly, and extracted with EtOAc (3 times). The combined organic
phase was dried over Na,SO4 and concentrated in vacuum. The residue was purified by flash
column chromatography to give the corresponding alcohol as colorless oil.

CF;CO;H (2.0 equiv.) was added dropwise to the alcohol (1.0 equiv.) solution in DCM (0.3 M)
reaction mixture at 0 °C under Ar atmosphere. After stirred for 10 min, Et;SiH (4.0 equiv.) was
added dropwise, and the resulting mixture was stirred overnight at rt. The solvent was removed in
vacuum, and the residue was purified by flash column chromatography to give the substituted
diarylmethane as colorless oil.

To a solution of the substituted diarylmethane (1.0 equiv.) in THF (0.5 M) was added "BuLi (1.05
equiv.) dropwise at -78 °C. The reaction mixture was stirred at -78 °C for 1 h. Then anhydrous
CO; was bubbled through the mixture for 30 min. The mixture was allowed to warm to rt for 30
min. The reaction was quenched with H,O, basified with aqueous NaOH until pH value is about
12~14, and washed with Et,0O. The resulting aqueous phase was acidified with aqueous HCI until
pH value is about 1~2, and extracted twice with EtOAc. The combined organic layers were
washed with water and brine, then dried over Na,SO,4 and evaporated under reduced pressure to
give the crude carboxylic acid , which were used in the next step without further purification.

Method B: A flask was charged with Pd(OAc), (0.01 equiv.), PPh; (0.02 equiv.), arylboric acid
(1.5 equiv.), K5POy4 (4.0 equiv.). The flask was evacuated and back filled with argon, and then the
2-(bromomethyl)benzonitrile (1.0 equiv.) in toluene (0.3 M) were added. The reaction mixture
was stirred at 80 °C for 9 h. When all the starting material has been consumed, the reaction
mixture was quenched with water. The organic materials were extracted with Et,O. The combined
organic extracts were washed with water, and 1N NaOH solution and then with brine and dried
over anhydrous MgSO,. The solvents were removed in vacuo and the resulting crude material was
subjected to flash column chromatography to afford 2-benzylbenzonitrile.

2-Benzylbenzonitrile was added to KOH (8.0 equiv.) in ethylene glycol (0.5 M) and water (1.0
mL/6.0 mmol). The solution was heated at reflux for 3 h, allowed to cool to room temperature,
and made acidic to pH 2 with 5% HCI. The suspension was extracted with CHCI; (3 x 50 mL),
and the extracts were washed with water and brine, dried over Na,SO,4, and concentrated under
reduced pressure to give the crude carboxylic acid, which were used in the next step without
further purification.

2.1-2 General procedure for the synthesis of the substrates
(1) The substrates B15-B19 and B23-B41 were synthesized according to reference work®.

Me.-OMe o 0
A\ COOH "+ Hel Ny -OMe N2
R4 A R | APMgBr R
= EDCI A Me T =
Ar' Eté'l:lll Ar' THF Ar'

To an oven-dried flask equipped with a stirrer bar was added 2-benzylbenzoic acid (1.0 equiv.), 1-
ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (1.5 equiv.) and N, O-
dimethylhydroxylamine hydrochloride (1.5 equiv.). The flask was capped with a rubber septum,
evacuated and refilled with argon three times. Dry dichloroethane (0.4 M) and triethylamine (1.5
equiv.) were added by syringe. After being stirred at room temperature for 6 h, water was added to
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the reaction mixture, and the aqueous layer was extracted with dichloroethane (3 times), washed
with water, saturated aq. NaCl and dried over MgSO,. The filtrate was concentrated under reduced
pressure. The crude amide was used for the next reaction without further purification.

To an oven-dried flask equipped with a stirrer bar was capped with a rubber septum, evacuated
and refilled with argon three times. The solution of amide in dry THF (2.0 M) was added by
syringe and cooled to -78 °C. The 1.0 M THF solution of Grignard reagent (1.1 equiv.) was added
dropwise by syringe. After being stirred at room temperature for 5 h, a saturated aqueous solution
of NH4Cl was added to the reaction mixture, and the aqueous layer was extracted with ethyl
acetate (3 times), washed with water, brine and dried over Na,SO,. The filtrate was concentrated
under reduced pressure. The residue was purified by flash column chromatography to give (2-
benzylphenyl)(phenyl)methanone.

(2-benzylphenyl)(o-tolyl)methanone (B15)
0

Ph
B15

81% yield, colourless oil.

'TH NMR (600 MHz, CDCl3) & 7.40 — 7.37 (m, 1H), 7.35 — 7.33 (m, 1H), 7.28 — 7.25 (m, 2H),
7.23 -7.19 (m, 4H), 7.17 — 7.16 (m, 1H), 7.14 — 7.07 (m, 4H), 4.20 (s, 2H), 2.34 (s, 3H).

BC{'H} NMR (151 MHz, CDCl;) § 200.6, 140.8, 140.6, 139.3, 138.5, 138.4, 131.3, 131.2, 131.0,
130.6, 130.3, 129.2, 128.3, 126.0, 125.8, 125.2, 38.9, 20.6.

ESI-HRMS: calcd for C;H;3ONa* ([M + Na]*) = 309.1250, found 309.1247.

IR (neat): 1661, 1598, 1450, 1299, 1254, 926, 735, 699, 641 cm’!.

(2-benzylphenyl)(4-methoxyphenyl)methanone (B16)
O

I I OMe

Ph
B16

80% yield, white solid: mp: 70-73 °C.

TH NMR (400 MHz, CDCl;) & 7.73 — 7.70 (m, 2H), 7.42 — 7.33 (m, 1H), 7.30 — 7.22 (m, 3H),
7.20—7.13 (m, 2H), 7.13 — 7.04 (m, 3H), 6.92 — 6.75 (m, 2H), 4.02 (s, 2H), 3.85 (s, 3H).

BC{TH} NMR (101 MHz, CDCl;) 8 197.2, 163.6, 140.4, 139.6, 139.2, 132.5, 130.6, 130.5, 129.9,
129.1, 128.2, 128.1, 125.9, 125.5, 113.5, 55.5, 38.7.

ESI-HRMS: calcd for C,H3s0,Na* ([M + Na]*) = 325.1199, found 325.1198.

IR (neat): 1655, 1597, 1257, 1150, 1028, 932, 748, 699 cm™'.

(2-benzylphenyl)(3-fluorophenyl)methanone (B17)



O

o

Ph
B17

86% yield, colourless oil.

'H NMR (400 MHz, CDCl3) & 7.46 — 7.35 (m, 3H), 7.34 — 7.22 (m, 4H), 7.21 — 7.10 (m, 3H),
7.10—7.01 (m, 3H), 4.06 (s, 2H).

BC{!H} NMR (101 MHz, CDCl;) 4 197.0, 162.4 (d, J = 248.9 Hz), 140.2, 140.2, 139.6 (d, J= 6.1
Hz), 138.1, 130.9, 130.5, 129.8 (d, J = 7.8 Hz), 129.1, 128.5, 128.2, 126.0,125.9 (d, J = 2.9 Hz),
125.6, 120.0 (d, J=21.7 Hz), 116.4 (d, J = 22.2 Hz), 38.75.

BF{IH} NMR (377 MHz, CDCl;) 6 -111.87.

ESI-HRMS: calcd for CyoH;sFONa* ([M + Na]*) = 313.0999, found 313.0996.

IR (neat): 1665, 1586, 1481, 1439, 1267, 1210, 849, 739, 698, 642 cm’!.

(2-benzylphenyl)(4-fluorophenyl)methanone (B18)
0

LT

Ph

B18
87% yield, white solid: mp: 52-55 °C.
'H NMR (400 MHz, CDCl3) 8 7.77 — 7.66 (m, 2H), 7.48 — 7.35 (m, 1H), 7.30 — 7.24 (m, 3H),
7.17-7.13 (m, 2H), 7.11 — 6.99 (m, SH), 4.05 (s, 2H).
IBC{!H} NMR (101 MHz, CDCl3) 8 197.76, 166.5 (d, J = 256.0 Hz), 140.9 (d, /= 27.0 Hz), 139.3,
134.7 (d, J=2.9 Hz), 133.5 (d, J=9.5 Hz), 131.7, 131.1, 129.9, 129.1, 129.0, 126.8, 126.4, 116.3,
116.1, 39.6.
BF{IH} NMR (377 MHz, CDCl;) & -104.83.
ESI-HRMS: calcd for CyoH;sFONa* ([M + Na]*) = 313.0999, found 313.0996.
IR (neat): 1663, 1595, 1449, 1268, 1231, 1149, 931, 853, 746, 698 cm’!.

(2-benzylphenyl)(4-chlorophenyl)methanone (B19)
O

I I Cl

Ph
B19

72% yield, white solid: mp: 74-77 °C.
'H NMR (400 MHz, CDCl3) 8 7.66 — 7.57 (m, 2H), 7.43 — 7.39 (m, 1H), 7.37 — 7.32 (m, 2H),
7.31 -7.24 (m, 3H), 7.18 = 7.11 (m, 2H), 7.11 — 7.00 (m, 3H), 4.06 (s, 2H).



BC{IH} NMR (101 MHz, CDCl;) 8 197.2, 140.2, 140.1, 139.5, 138.3, 135.9, 131.4, 130.9, 130.5,
129.1, 128.6, 128.5, 128.3, 126.0, 125.7, 38.8.

ESI-HRMS: caled for CyH;s*CIONa®™ ([M + Na]®) = 329.0704, found 329.0701,
C,0H;5*’CIONa* ([M + Na]*) = 331.0674, found 331.0666.

IR (neat): 1663, 1585, 1488, 1399, 1265, 1090, 928, 848, 743, 699, 660 cm™!.

(2-benzyl-4-methylphenyl)(phenyl)methanone (B23)
0]

Ph

B23
28% yield, colourless oil.
'H NMR (400 MHz, CDCl3) § 7.74 — 7.66 (m, 2H), 7.54 — 7.47 (m, 1H), 7.39 — 7.35 (m, 2H),
7.22 -7.13 (m, 3H), 7.13 — 7.02 (m, 5H), 4.07 (s, 2H), 2.34 (s, 3H).
BC{'H} NMR (101 MHz, CDCl;)  198.5, 140.7, 140.6, 140.4, 138.0, 135.8, 132.8, 131.6, 130.1,
129.2,129.1, 128.2, 128.2, 126.2, 125.9, 38.7, 21.4.
ESI-HRMS: calcd for C;H;sONa* ([M + Na]*) = 309.1250, found 309.1248.
IR (neat): 1659, 1601, 1448, 1271, 1166, 950, 826, 720, 698, 601 cm’!.

(2-benzyl-5-methylphenyl)(phenyl)methanone (B24)
)

Ph

B24
22% yield, colourless oil.
'H NMR (400 MHz, CDCl3) 8 7.76 — 7.67 (m, 2H), 7.56 — 7.48 (m, 1H), 7.40 — 7.36 (m, 2H),
7.22-7.19 (m, 1H), 7.17 - 7.12 (m, 3H), 7.11 — 7.02 (m, 4H), 4.00 (s, 2H), 2.31 (s, 3H).
BC{'H} NMR (101 MHz, CDCl;)  198.7, 140.7, 138.7, 137.7, 136.9, 135.2, 133.0, 131.0, 130.7,
130.1, 129.0, 129.0, 128.2, 128.2, 125.9, 38.4, 20.8.
ESI-HRMS: calcd for C;H;3ONa* ([M + Na]*) = 309.1250, found 309.1246.
IR (neat): 1662, 1596, 1493, 1449, 1314, 1287, 1212, 1176, 966, 852, 728, 697, 652 cm.

(2-benzyl-4-fluorophenyl)(phenyl)methanone (B25)
O

T

Ph
B25

31% yield, colourless oil.



1H NMR (400 MHz, CDCLy) & 7.77 — 7.65 (m, 2H), 7.58 — 7.54 (m, 1H), 7.44 — 7.40 (m, 2H),
7.33 - 7.29 (m, 1H), 7.25 — 7.18 (m, 2H), 7.14 — 7.08 (m, 3H), 6.98 — 6.89 (m, 2H), 4.08 (s, 2H).
BC{IH} NMR (101 MHz, CDCL3) & 197.4, 163.6 (d, J = 251.9 Hz), 143.8 (d, J = 7.8 Hz), 139.6,
137.7, 134.6 (d, J = 7.8 Hz), 133.2, 131.1 (d, J = 8.9 Hz), 130.1, 129.2, 128.4, 128.4, 126.3, 117.7
(d,J=21.8 Hz), 112.6 (d, J = 21.7 Hz), 38.7.

F{H} NMR (377 MHz, CDCly) § -109.22.

ESI-HRMS: calcd for CooH;sFONa* ([M + Na]*) = 313.0999, found 313.0995.

IR (neat): 1662, 1582, 1492, 1449, 1314, 1265, 1233, 1150, 968, 831, 722, 699 cm-".

(2-benzyl-5-chlorophenyl)(phenyl)methanone (B26)

ROQS

Ph
B26

31% yield, colourless oil.

TH NMR (400 MHz, CDCl;) & 7.73 — 7.65 (m, 2H), 7.58 — 7.49 (m, 1H), 7.44 — 7.34 (m, 2H),
7.30—-7.20 (m, 3H), 7.19 — 7.15 (m, 2H), 7.13 — 7.03 (m, 3H), 4.03 (s, 2H).

BC{TH} NMR (101 MHz, CDCl;) 6 197.4, 142.4, 139.4, 137.3, 137.0, 136.2, 133.3, 130.7, 130.0,
129.1, 128.4, 128.3, 126.3, 125.8, 38.5.

ESI-HRMS: caled for CyH;s*CIONa® ([M + Na]®) = 329.0704, found 329.0702.
C,0H;5*’CIONa* ([M + Na]*) = 331.0674, found 331.0665.

IR (neat): 1663, 1590, 1449, 1313, 1279, 1151, 929, 828, 739, 697 cm’!.

(2-benzyl-5-chlorophenyl)(phenyl)methanone (B27)
0]

ClC

Ph
B27

38% yield, colourless oil.

TH NMR (400 MHz, CDCl;) § 7.72 — 7.64 (m, 2H), 7.60 — 7.50 (m, 3H), 7.42 — 7.38 (m, 3H),
7.20—7.12 (m, 2H), 7.12 — 7.00 (m, 3H), 4.07 (s, 2H).

BC{TH} NMR (101 MHz, CDCl3) 8 197.3, 142.3, 140.9, 139.1, 136.7, 133.7, 131.9 (q, J = 32.4
Hz), 130.0, 129.1, 128.5, 128.4, 127.4 (q, /= 3.8 Hz), 126.4, 123.7 (q, J = 273.6 Hz), 122.7 (q, J =
3.8 Hz), 38.8.

BF{IH} NMR (377 MHz, CDCl;) 6 -62.74.

ESI-HRMS: calcd for C, HsF;0Na* ([M + Na]") = 363.0967, found 363.0962.

IR (neat): 1668, 1597, 1329, 1270, 1164, 1124, 1073, 936, 839, 704, 660 cm™".

(2-(2-fluorobenzyl)phenyl)(phenyl)methanone (B28)



0]

r

B28
49% yield, colourless oil.
'H NMR (400 MHz, CDCl3) 8 7.80 — 7.71 (m, 2H), 7.60 — 7.51 (m, 1H), 7.46 — 7.36 (m, 3H),
7.35-7.20 (m, 3H), 7.14 — 7.02 (m, 2H), 7.00 — 6.86 (m, 2H), 4.10 (s, 2H).
BC{!H} NMR (101 MHz, CDCl;) 8 198.5, 161.0 (d, J = 245.7 Hz), 138.8 (d, J = 20.9 Hz), 137.7,
133.2, 131.5, 131.4, 130.6, 130.5, 130.2, 128.7, 128.4, 128.0 (d, J = 8.0 Hz), 127.5 (d, J = 15.9
Hz), 125.7,124.0 (d, J=3.5 Hz), 115.2 (d, /=219 Hz).31.9, 31.9.
BF{IH} NMR (377 MHz, CDCl;) 6 -117.16.
ESI-HRMS: calcd for CyoH;sFONa* ([M + Na]*) = 313.0999, found 313.0994.
IR (neat): 1663, 1596, 1489, 1450, 1268, 1231, 935, 759, 705, 640 cm’!.

(2-(3-fluorobenzyl)phenyl)(phenyl)methanone (B29)
0]

(L,

B29

38% yield, colourless oil.

'H NMR (400 MHz, CDCl3) 8 7.77 — 7.65 (m, 2H), 7.60 — 7.49 (m, 1H), 7.47 — 7.36 (m, 3H),
7.34 — 7.24 (m, 3H), 7.16 — 7.05 (m, 1H), 6.86 (d, J = 8.0 Hz, 1H), 6.82 — 6.71 (m, 2H), 4.06 (s,
2H).

I3C{'H} NMR (101 MHz, CDCl;) 8198.3, 162.7 (d, J = 245.0 Hz), 143.0 (d, J = 7.2 Hz), 139.3,
138.7, 137.5, 133.2, 130.9, 130.4, 130.1, 129.6 (d, J = 8.1 Hz), 128.8, 128.3, 125.8, 124.8 (d, J =
2.9 Hz), 115.9 (d, J=21.1 Hz), 112.9 (d, J=21.1 Hz), 38.5.

BF{IH} NMR (377 MHz, CDCl;) 6 -113.60.

ESI-HRMS: calcd for CyoH;sFONa* ([M + Na]*) = 313.0999, found 313.0993.

IR (neat): 1662, 1591, 1485, 1447, 1314, 1267, 1136, 932, 765, 707, 641 cm™'.

(2-(3-methylbenzyl)phenyl)(phenyl)methanone (B30)



B30

40% yield, colourless oil.

'H NMR (400 MHz, CDCl3) 8 7.76 — 7.67 (m, 2H), 7.57 — 7.49 (m, 1H), 7.43 — 7.35 (m, 3H),
7.31 -7.22 (m, 3H), 7.07 — 7.03 (m, 1H), 6.93 — 6.82 (m, 3H), 4.02 (s, 2H), 2.18 (s, 3H).

BC{!H} NMR (101 MHz, CDCl;) & 198.6, 140.3, 140.1, 138.7, 137.8, 137.6, 133.1, 130.7, 130.2,
130.1, 129.9, 128.4, 128.2, 128.1, 126.7, 126.2, 125.5, 38.7, 21.2.

ESI-HRMS: calcd for C;;H;sONa* ([M + Na]*) = 309.1250, found 309.1246.

IR (neat): 1663, 1598, 1447, 1313, 1268, 924, 762, 708, 641 cm’!.

(2-(3-chlorobenzyl)phenyl)(phenyl)methanone (B31)
0]

I Cl

B31

73% yield, colourless oil.

'H NMR (400 MHz, CDCl3) 8 7.75 — 7.66 (m, 2H), 7.56 — 7.52 (m, 1H), 7.46 — 7.36 (m, 3H),
7.35-7.25 (m, 3H), 7.09 — 7.03 (m, 3H), 6.98 — 6.95 (m, 1H), 4.04 (s, 2H).

BC{H} NMR (101 MHz, CDCl;) & 198.3, 142.4, 139.2, 138.7, 137.4, 134.0, 133.2, 130.9, 130.4,
130.1, 129.4, 129.1, 128.8, 128.3, 127.3, 126.2, 125.8, 38.5.

ESI-HRMS: caled for CyH;s»CIONa* (M + Na]®) = 329.0704, found 329.0700.
CyH;5*’CIONa* ([M + Na]*) = 331.0674, found 331.0666.

IR (neat): 1661, 1596, 1475, 1445, 1313, 1269, 937, 919, 765, 706, 641 cm™'.

(2-(3,4-dichlorobenzyl)phenyl)(phenyl)methanone (B32)
0]

I Cl

Cl
B32



71% yield, colourless oil.

TH NMR (400 MHz, CDCl;) & 7.74 — 7.65 (m, 2H), 7.60 — 7.52 (m, 1H), 7.48 — 7.36 (m, 3H),
7.34 —7.26 (m, 3H), 7.20 (d, J = 8.4 Hz, 1H), 7.14 (d, J = 2.0 Hz, 1H), 6.92 (dd, J = 8.4, 2.0 Hz,
1H), 4.02 (s, 2H).

BC{IH} NMR (101 MHz, CDCl;) & 198.2, 140.7, 138.8, 138.6, 137.3, 133.3, 132.1, 131.0, 130.9,
130.5, 130.1, 130.1, 129.9, 128.9, 128.6, 128.3, 126.0, 38.0.

ESI-HRMS: caled for CyH;4s3CL,ONa* ([M + Na]") = 363.0314, found 363.0310,
CyoH43337C1,0ONa™ ([M + Na]") = 365.0284, found 365.0279, C,H4,*’Cl,ONa* ([M + Na]*) =
367.0255, found 367.0240.

IR (neat): 1661, 1596, 1469, 1314, 1269, 1030, 918, 763, 707, 639 cm’!.

(2-(benzo|d][1,3]dioxol-5-ylmethyl)phenyl)(phenyl)methanone (B33)
0

O

o—/
B33

21% yield, colourless oil.

TH NMR (400 MHz, CDCl;) & 7.65 — 7.63 (m, 2H), 7.51 — 7.43 (m, 1H), 7.35 — 7.31 (m, 3H),
7.22 —-7.17 (m, 3H), 6.55 — 6.39 (m, 3H), 5.75 (s, 2H), 3.89 (s, 2H).

BC{TH} NMR (101 MHz, CDCl;) & 198.5, 147.4, 145.7, 140.2, 138.7, 137.5, 134.2, 133.1, 130.6,
130.2, 130.1, 128.5, 128.3, 125.6, 122.2, 109.7, 107.9, 100.7, 38.5.

ESI-HRMS: calcd for C,;Hs03;Na* ([M + Na]*) = 339.0992, found 339.0989.

IR (neat): 1662, 1486, 1444, 1269, 1244, 1039, 928, 766, 707, 641 cm’!.

(2-([1,1'-biphenyl]-4-ylmethyl)phenyl)(phenyl)methanone (B34)
0

Ph
B34

60% yield, white solid; mp: 92-94 °C.

'H NMR (400 MHz, CDCl3) 8 7.76 — 7.67 (m, 2H), 7.55 — 7.45 (m, 3H), 7.45 — 7.34 (m, 7H),
7.34 —7.24 (m, 4H), 7.15 — 7.13 (m, 2H), 4.10 (s, 2H).

BC{!H} NMR (101 MHz, CDCl;) 8 198.5, 140.9, 140.0, 139.5, 138.9, 138.8, 137.6, 133.1, 130.8,
130.3, 130.1, 129.5, 128.6, 128.6, 128.3, 127.0, 126.9, 125.6, 38.5.
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ESI-HRMS: caled for CycH0ONa* ([M + Na]*) = 371.1406, found 371.1404.
IR (neat): 1662, 1597, 1486, 1447, 1314, 1269, 936, 760, 700, 641 cm'.

(2-(4-fluorobenzyl)phenyl)(phenyl)methanone (B35)
0]

F
B35

60% yield, colourless oil.

'H NMR (400 MHz, CDCl3) 8 7.75 — 7.65 (m, 2H), 7.56 — 7.52 (m, 1H), 7.44 — 7.35 (m, 3H),
7.33 —7.23 (m, 3H), 7.05 — 7.00 (m, 2H), 6.89 — 6.77 (m, 2H), 4.03 (s, 2H).

BC{!H} NMR (101 MHz, CDCl3) 8161.2 (d, J = 244.1 Hz), 139.9, 138.6, 137.5, 136.1 (d, J=3.5
Hz), 133.2, 130.7, 130.5 (d, /= 7.8 Hz), 130.3, 130.1, 128.7, 128.3, 125.7, 114.95 (d, /=21.0 Hz),
38.0.

BF{IH} NMR (377 MHz, CDCl;) 8 -117.29.

ESI-HRMS: calcd for CyoH;sFONa* ([M + Na]*) = 313.0999, found 313.0995.

IR (neat): 1662, 1599, 1508, 1446, 1269, 1222, 1156, 934, 766, 705, 640 cm™'.

(2-(4-chlorobenzyl)phenyl)(phenyl)methanone (B36)
0]

Cl
B36

66% yield, colourless oil.

TH NMR (400 MHz, CDCl;) § 7.73 — 7.66 (m, 2H), 7.59 — 7.52 (m, 1H), 7.43 — 7.38 (m, 3H),
7.33-7.23 (m, 3H), 7.15 — 7.09 (m, 2H), 7.02 — 6.99 (m, 2H), 4.03 (s, 2H).

BC{TH} NMR (101 MHz, CDCl;) & 198.4, 139.6, 138.9, 138.6, 137.5, 133.2, 131.8, 130.8, 130.4,
130.4, 130.1, 128.8, 128.3, 125.8, 38.2.

ESI-HRMS: calcd for CyH;sCIONa®™ ([M + Na]®) = 329.0704, found 329.0700,
C,0H;5*’CIONa™ ([M + Na]*) = 331.0674, found 331.0665.

IR (neat): 1662, 1489, 1446, 1314, 1269, 1092, 935, 760, 706, 639 cm’!.

phenyl(2-(4-(trifluoromethyl)benzyl)phenyl)methanone (B37)

11



CF3
B37

31% yield, colourless oil.

TH NMR (400 MHz, CDCl;) & 7.73 — 7.66 (m, 2H), 7.59 — 7.52 (m, 1H), 7.49 — 7.36 (m, 5H),
7.36 —7.27 (m, 3H), 7.20 (d, J= 8.0 Hz, 2H), 4.14 (s, 2H).

BC{IH} NMR (101 MHz, CDCl;) & 198.3, 144.6, 139.0, 138.7, 137.4, 133.3, 130.9, 130.5, 130.1,
129.4, 128.9, 128.3, 128.3 (q, J = 32.2 Hz), 126.0, 125.1 (q, J = 3.8 Hz), 124.2 (q, J = 272.9 Hz),
38.7.

BF{IH} NMR (377 MHz, CDCl;) 6 -62.40.

ESI-HRMS: calcd for C, H sF;0Na* ([M + Na]") = 363.0967, found 363.0959.

IR (neat): 1662, 1323, 1268, 1160, 1115, 1066, 936, 765, 735, 706 cm’!.

(2-(4-methylbenzyl)phenyl)(phenyl)methanone (B38)

0]

B38

63% yield, colourless oil.

'H NMR (400 MHz, CDCl3) 8 7.77 — 7.68 (m, 2H), 7.56 — 7.49 (m, 1H), 7.43 — 7.34 (m, 3H),
7.31 —7.20 (m, 3H), 6.96 (s, 4H), 4.01 (s, 2H), 2.22 (s, 3H).

BC{'H} NMR (101 MHz, CDCl;) & 198.5, 140.3, 138.7, 137.6, 137.3, 135.4, 133.0, 130.6, 130.2,
130.1, 129.0, 128.9, 128.5, 128.2, 125.4, 38.3, 20.9.

ESI-HRMS: calcd for C;;H;sONa* ([M + Na]*) = 309.1250, found 309.1247.

IR (neat): 1662, 1597, 1513, 1446, 1313, 1267, 936, 791, 765, 704, 640 cm™'.

(2-(4-methoxybenzyl)phenyl)(phenyl)methanone (B39)

12



OMe
39

65% yield, colourless oil.

TH NMR (400 MHz, CDCl;) & 7.75 — 7.66 (m, 2H), 7.55 — 7.51 (m, 1H), 7.44 — 7.33 (m, 3H),
7.32-7.21 (m, 3H), 7.03 — 6.93 (m, 2H), 6.73 — 6.66 (m, 2H), 3.99 (s, 2H), 3.70 (s, 3H).

BC{IH} NMR (101 MHz, CDCl;) & 198.6, 157.8, 140.5, 138.7, 137.6, 133.0, 132.5, 130.6, 130.2,
130.1, 130.1, 128.4, 128.2, 125.5, 113.6, 55.1, 37.9.

ESI-HRMS: calcd for C,;H3s0,Na* ([M + Na]*) = 325.1199, found 325.1195.

IR (neat): 1662, 1598, 1510, 1446, 1246, 1178, 1035, 933, 766, 705, 640 cm™".

(2-(furan-3-ylmethyl)phenyl)(phenyl)methanone (B40)
0]

AN
\O

B40

36% yield, colourless oil.

TH NMR (400 MHz, CDCl;) & 7.79 — 7.68 (m, 2H), 7.57 — 7.55 (m, 1H), 7.46 — 7.37 (m, 3H),
7.35 - 17.33 (m, 1H), 7.32 — 7.25 (m, 2H), 7.25 — 7.19 (m, 1H), 7.08 (s, 1H), 6.16 (s, 1H), 3.85 (s,
2H).

BC{TH} NMR (101 MHz, CDCl;) & 198.4, 142.7, 139.8, 139.5, 138.4, 137.6, 133.1, 130.3, 130.3,
130.1, 128.7, 128.3, 125.6, 123.6, 111.1, 28 4.

ESI-HRMS: calcd for C;gH40,Na* ([M + Na]") = 285.0886, found 285.0882.

IR (neat): 1661, 1596, 1446, 1313,1267, 1153, 1022, 934, 873, 764,705, 640 cm’!.

phenyl(2-(thiophen-3-ylmethyl)phenyl)methanone (B41)
0

AN
\S

B41
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58% yield, white solid; mp 47-50 °C.

'H NMR (400 MHz, CDCl3) 8 7.75 — 7.65 (m, 2H), 7.58 — 7.49 (m, 1H), 7.44 — 7.36 (m, 3H),
7.34 —7.23 (m, 3H), 7.12 - 7.10 (m, 1H), 6.88 — 6.72 (m, 2H), 4.05 (s, 2H).

BC{'H} NMR (101 MHz, CDCl;) é 198.4, 140.6, 139.7, 138.5, 137.5, 133.1, 130.5, 130.3, 130.0,
128.6, 128.4, 128.2, 125.6, 125.4, 121.8, 33.6.

ESI-HRMS: calcd for CigH;4OSNa* ([M + Na]*) = 301.0658, found 301.0659.

IR (neat): 1660, 1596, 1445, 1313, 1266, 1152, 932, 759, 705, 639 cm’!.

(2) General procedure for the synthesis of the substrates B20-B22
The substrates B20-B22 were prepared as shown below according to the known literature?.

(0}
.OMe
CL @f@

Ph
S1

To an oven-dried microwave vial charged with arylbromide (2.0 equiv.) under a N, atmosphere
was added THF (0.33 M). The solution was cooled to —78 °C and "BuLi (2.0 equiv.) was added
dropwise. The resulting mixture was stirred at —78 °C for 30 mins, then S1 (1.0 equiv.) in THF
(0.5 M) was added dropwise. The reaction mixture was stirred for 30 mins or until full
consumption of S1 (as judged by TLC) and was then quenched with a saturated aqueous solution
of NH4Cl. Water was added, and the aqueous phase was extracted with Et,0O (3 times). The
combined organic layer was dried over MgSO, and evaporated under reduced pressure.
Purification by column chromatography (petroleum ether / ethyl acetate mobile phase) afforded
the desired aryl ketone.

(2-benzylphenyl)(4-(trifluoromethyl)phenyl)methanone (B20)
0O

sqol

Ph

B20
69% yield, white solid: mp: 50 -54 °C.
TH NMR (400 MHz, CDCl;) & 7.76 — 7.74 (m, 2H), 7.64 — 7.62 (m, 2H), 7.49 — 7.41 (m, 1H),
7.35-"7.31 (m, 1H), 7.31 — 7.24 (m, 2H), 7.16 — 7.13 (m, 2H), 7.10 — 7.02 (m, 3H), 4.10 (s, 2H).
BC{TH} NMR (101 MHz, CDCl;) 8 197.4, 140.6, 140.5, 140.2, 137.9, 134.1 (q, J = 32.8 Hz),
131.2, 130.9, 130.2, 129.1, 128.8, 128.3, 126.1, 125.8, 125.2 (q, J = 3.6 Hz), 123.6 (q, J = 273.6
Hz), 38.89.
BF{IH} NMR (377 MHz, CDCl;) 6 -63.04.
ESI-HRMS: calcd for C, HsF;0Na* ([M + Na]") = 363.0967, found 363.0962.
IR (neat): 1670, 1409, 1324, 1266, 1169, 1128, 1065, 932, 859, 739, 700, 653 cm'!.

4-(2-benzylbenzoyl)benzonitrile (B21)

14



I I CN

Ph
B21

40% yield, white solid: mp: 101 — 105 °C.

TH NMR (400 MHz, CDCl;) & 7.74 — 7.68 (m, 2H), 7.68 — 7.61 (m, 2H), 7.49 — 7.45 (m, 1H),
7.37-"1.35 (m, 1H), 7.31 - 7.27 (m, 1H), 7.25 — 7.22 (m, 1H), 7.16 — 7.10 (m, 2H), 7.09 — 6.99 (m,
3H), 4.09 (s, 2H).

BC{IH} NMR (101 MHz, CDCl;) 8 196.9, 140.7, 140.7, 140.1, 137.4, 132.0, 131.3, 131.0, 130.2,
129.1, 128.7, 128.3, 126.1, 125.8, 118.0, 116.0, 38.9.

ESI-HRMS: calcd for C,;H;sNONa* ([M + Na]*) = 320.1046, found 320.1043.

IR (neat): 2231, 1668, 1291, 1266, 930, 857, 747, 698 cm.

(2-benzylphenyl)(thiophen-2-yl)methanone (B22)

O
S
|
Ph
B22

65% yield, yellow oil.

'H NMR (400 MHz, CDCl3) 8 7.67 — 7.66 (m, 1H), 7.45 — 7.36 (m, 2H), 7.32 — 7.23 (m, 3H),
7.20-7.13 (m, 2H), 7.11 = 7.07 (d, /= 7.5 Hz, 3H), 7.05 — 6.99 (m, 1H), 4.10 (s, 2H).

BC{!H} NMR (101 MHz, CDCl3) 8 190.3, 144.9, 140.3, 139.7, 138.5, 135.6, 134.9, 130.8, 130.4,
129.2,128.2, 128.1, 128.0, 125.9, 125.5, 38.6.

ESI-HRMS: calcd for CgH;4OSNa* ([M + Na]*) = 301.0658, found 301.0655.

IR (neat): 1639, 1514, 1410, 1293, 1048, 851, 728, 699, 647 cm’!.

3 General procedures for the catalytic asymmetric reaction

0o 0o Ni(OTf),/L3-PiMe,Br Q 0
‘é// Ph (1:1, 10 mol%)
/‘N . LiNTf, (30 mol%)
CO.E 2 W, 365 nm
2 t Ph CH2C|2, r.t.
0™ pp
A1 B1 c1

Procedure for the synthesis of the adduct C: To a dry quartz tube under nitrogen atmosphere
was added L;-PiMe,Br (10 mol%), Ni(OTf), (10 mol%), LiNTf, (30 mol%), N-sulfonyl cyclic
ketimine A (0.1 mmol), ketone substrate B (0.2 mmol) in CH,Cl, (2.5 mL), and the mixture was
stirred at 35 °C for 30 minutes. Then the resulting mixture was degassed for 10 mins and stirred
under UV LED (2 W, Apax = 365 nm) irradiation at room temperature. After the N-sulfonyl cyclic
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ketimine was fully consumed (detected by TLC), the residue was purified by column
chromatography (petroleum ether:ethyl acetate: = 3:1) on silica gel to afford the product C.

o)
Q.0 Ni(OTf),/Ls-PiAd _
S\N + (1:1, 10 mol%) TsOH+H,0 (1.0 equiv)
{ 20 W, 365 nm 1h

COzEt CH3CN, N2, r.t.
A1 B44

Procedure for the synthesis of the adduct D: To a dry quartz tube under nitrogen atmosphere
was added L;-PiAd (10 mol%), Ni(OTf), (10 mol%), N-sulfonyl cyclic ketimine A (0.1 mmol), B
(0.2 mmol) and CH3CN (1.0 mL), and the mixture was stirred at 35 °C for 30 minutes. Then the
resulting mixture was degassed for 10 mins and stirred under UV LED (20 W, Ap.x = 365 nm)
irradiation at room temperature. After the N-sulfonyl cyclic ketimine was fully consumed
(detected by TLC), TsOH-H,O (1.0 equiv.) was added. After the conversion is completed, the
solvent was removed in vacuo, and the residue was purified by column chromatography
(petroleum ether:ethyl acetate: = 4:1) on silica gel to afford the product D.

The corresponding racemic products were obtained by using racemic N,N'-dioxide (+)-L;-PiAd as
the ligand under the respective catalytic reaction conditions.

Figure S1. Photochemical setup with UV LED
Note: The distance between UV LED and reaction mixture is about 0.5 cm.
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3.1 Optimization of the reaction conditions

Table 1. The background reaction

(0}
°
N Ph additive
/ +
365 nm, CH,Cly, r.t.
CO,Et Ph
A1 B1
Entry® Additive conditions Yield (%)? dre
1 - 20W,2.5h 43 28:72
2 30 mol% LiNTf; 20W,2.5h 67 56:44
3 - 20 W, 20 min 19 38:62
4 30 mol% LiNTf; 20 W, 20 min 41 71:29
54 - 2 W, 30 min 13 70:30
67 - 2W,2h 32 68:32
74 - 2W,8h 67 69:31
84 30 mol% LiNTf, 2W,8h 56 78:22
94 10 mol% Ni(OTH), 2W,8h 25 58:42
30 mol% LiNTf,
104 2W,8h 50 61:39

+ 10 mol% Ni(OTf),

aUnless otherwise noted, the reactions were carried out with A1 (0.1 mmol), B1 (0.15 mmol), additive in CH,Cl,

(1.5 mL) under N, protection and irradiation (Amax = 365 nm) at room temperature for a certain time. ®Yield of the

isolated product. The dr values were determined by '"H NMR analysis. 2.5 mL CH,Cl, and 0.2 mmol B1 was

used.

Table 2. Screening of metal salts

0 (0]
\é,/o Metal Salts/L;-PiAd .
N Ph (1:1, 10 mol%) o0 N>/\[tj o
20 W, 365 nm ~H/O _O\H—N
COEt Ph CH,Cly, r.t. Ad ‘Ad
Al B1 L3-PiAd, Ad = 1-adamantyl
Entry® Metal Salts Yield (%)? dre ee (%)?
1 Sc(OTi); 67 54:46 0
2 Mg(OTf), 76 64:36 4/9
3 Ni(OTf), 68 58:42 57/52
4 Cu(OTY), 75 33:67 -4/3
5 Zn(OTH), 67 53:47 5/5
6 Ba(OTf), 59 17/83 7/0
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7 Co(OTf), 69 49/51 19/16

8 AgOTf 58 40/60 0

9 Al(OTH); 67 47:53 0
10 In(OTH); 72 48:52 0
11 Y(OTH); 70 37:63 7/0
12 La(OTf); 64 40:60 0
13 Fe(OTf); 75 62:38 17/15

@Unless otherwise noted, the reactions were carried out with A1 (0.1 mmol), B1 (0.15 mmol), metal salt (10 mol%),
L;-PiAd (10 mol%) in CH,Cl, (1.5 mL) under N, protection and 20 W LED (Apyax = 365 nm) irradiation at room
temperature for 2.5 h. ?Yield of the isolated product. “The dr values were determined by '"H NMR analysis. “The ee

values were determined by UPC? on a chiral stationary phase.

Table 3. Screening of solvents

o) 0 . .
2,0 Ni(OTf),/Ls-PiAd
N Ph (1:1, 10 mol%)
N
/ +
20 W, 365 nm
CO,Et Ph Solvent, r.t.
A1 B1 L3-PiAd, Ad = 1-adamantyl
Entry® Solvent Yield (%)? dre ee (%)?
1 CH,Cl, 68 58:42 57/52
2 THF 81 10:90 11/8
3 Toluene 66 39:61 0/5
4 MeOH 75 24:76 -9/7
5 Et,O 35 14:86 0
6 Acetone 81 10:90 17
7 EtOAc 92 14:86 0/14
8 CH;CN 87 23:77 5/12

@Unless otherwise noted, the reactions were carried out with A1 (0.1 mmol), B1 (0.15 mmol), Ni(OTf), (10 mol%),
L;-PiAd (10 mol%) in solvent (1.5 mL) under N, protection and 20 W LED (Apax = 365 nm) irradiation at room
temperature for 2.5 h. ?Yield of the isolated product. ‘The dr values were determined by 'H NMR analysis. “The ee

values were determined by UPC? on a chiral stationary phase.

Table 4. Screening of chiral N, N'-dioxide ligands
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7,0
S\N Ph  Ni(OTf)y/Ligand (1:1, 10 mol%)
¢ + 20 W, 365 nm, CH,Cly, r.t.
CO,Et Ph
A1 B1

. o .
o=" NN

o - AN N
R,N‘H/ H-N, O:{‘ NbE/\‘}N (o]
L3-PrPry: R = 2,6-PryCeHg, n = 1 Ls-RaPr,Ad N-y’ H-N
L3'P|Ad: R= 1-adamantyl, n=2 R= 2,6-iPr2'4-(1-adamantyl)'C6H2 R R
L3-PiCPh,: R = CHPhy, n =2 L3-TQsEPh: R = (S)-1-phenylethyl
L3-PiPry: R = 2,6-Pr,CgHs, n = 2 L3-TQAd: R = 1-adamantyl
Entry® Ligand Yield (%) dre ee (%)?
1 L;-PiAd 68 58:42 57/52
2 L;-PiPr, 85 64:36 8/14
3 L;-RaPr,Ad 86 54:46 0/18
4 L;-TQsEPh 60 47:53 6/8
5 L;-PrPr; 75 58:42 -4/5
6°¢ L;-PiCPh, 74 53:47 22/23

@Unless otherwise noted, the reactions were carried out with A1 (0.1 mmol), B1 (0.15 mmol), Ni(OTf), (10 mol%),
Ligand (10 mol%) in CH,Cl, (1.5 mL) under N, protection and 20 W LED (Ap.x = 365 nm) irradiation at room
temperature for 2.5 h. *Yield of the isolated product. The dr values were determined by 'H NMR analysis. “The ee
values were determined by UPC? on a chiral stationary phase. “°CH,CICH,Cl as the solvent and Ni(BF,),-6H,0
instead of Ni(OTf),.

Table 5. Screening of additives with different metal salts and temperature

o (0}
2,0 Ni(OTf),/L3-PiAd
SN Ph (1:1, 10 mol%)
N
/ +
20 W, 365 nm
CO,Et Ph additive, CH,Cl, o
Al B1 c1 Ph | L;-PiAd, Ad = 1-adamantyl
Yield
Entry® Metal Salts Additive (x mol%) T (°C) %y dre ee (%)?
0
1 Ni(OTf), None rt 68 58:42 57/52
2 Ni(OTf), NaBAr%, (10 mol%) rt 74 74:26 81/52
3 Ni(OTf), NaBArf, (20 mol%) rt 67 65:35 73/50
4 Ni(OTf), NaBArf, (30 mol%) rt 53 66:34 56/35
5 Ni(OTf), LiNTf; (10 mol%) rt 77 66:34 81/70
6 Ni(OTf), LiNTf; (20 mol%) rt 90 65:35 88/84
7 Ni(OTf), LiNTf; (30 mol%) rt 94 74:26 89/85
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8 Ni(OTf), LiNT£, (40 mol%) rt 89 65:35 89/86

9 Ni(OT), LiNT£, (50 mol%) rt 80 69:31 87/82
10 Ni(OTf), LiNT£, (100 mol%) rt 89 64:36 86/84
11 Ni(OTf), LiCI (30 mol%) rt 77 64:36 47/54
12 Ni(OTf), LiBF, (30 mol%) rt 76 60:40 54/57
13 Ni(OTf), LiOTf (30 mol%) rt 74 58:42 46/67
14 Ni(OTf), NaNT£ (30 mol%) rt 71 68:32 77/40
15 Ni(OTf), LiNT£, (30 mol%) 0 86 71:29 86/30
16 Ni(OTf), LiNTf, (30 mol%) 20 63 53:47 63/76
17 Ni(NT£), None rt 80 73:27 76/52
18 NiCL+AgNTE None rt 64 51:49 5/-13
19 Ni(NT£), LiNT£, (20 mol%) rt 90 58:42 84/78
20 Ni(Cl0,),6H,0 None rt 73 65:35 0

21 Ni(Cl0,),-6H,0 LiNT£ (30 mol%) rt 66 73:27 77/39
22 Ni(BFy),-6H,0 None rt 80 63:37 36/4
23 Ni(BFy),-6H,0 LiNT£ (30 mol%) rt 72 72:28 78/37

@Unless otherwise noted, the reactions were carried out with A1 (0.1 mmol), B1 (0.15 mmol), Ni(OTf), (10 mol%),
L3-PiAd (10 mol%), additive in CH,Cl, (1.5 mL) under N, protection and 20 W LED (Apax = 365 nm) irradiation
at room temperature for 2.5 h. ?Yield of the isolated product. The dr values were determined by 'H NMR analysi.

9The ee values were determined by UPC? on a chiral stationary phase.

Table 6. Rescreening of chiral N, N'-dioxide ligands

Q0 i .
4 Ph Ni(OTf),/Ligand (1:1, 10 mol%)
N . LiNTf, (30 mol%)
20 W, 365 nm, CH.Cly, r.t.
CO,Et Ph
A1 B1
Qm X
o=" Z ' (0]
S0 6
N-H H-N,
R R

L,-PiAd: R = 1-adamantyl, m = 0 L3-PiEt;: R = 2,6-Et,CgH3, m = 1

L3-PiAd: R = 1-adamantyl, m = 1 L3-PiEt;Me: R = 2,4-Et,-4-MeCgHy, m = 1

Ls-PiAd2: R = 2-adamantyl, m = 1 ent-L3-PiEt,Br: R = 2,4-Et,-4-BrCgH,, m = 1

L4-PiAd: R = 1-adamantyl, m = 2 L3-PiEt;: R = 2,4,6-Et3CgH,, m = 1

Ls-PiMe,: R = 2,6-Pr,CgHs, m = 1 L3-PiPry: R = 2,6-PryCgHs, m = 1

L3-PiMe,Br: R = 2,4-Me,-4-BrCgH,, m =1 L3-PiPr3: R = 2,6-PryCgHyp, m = 1

L3-PiMe;: R = 2,4,6-Me3CgHy, m =1 L3-PiPr,Ad: R = 2,6-Pr,-4-(1-adamantyl)-CgHp, m = 1

Entry® Ligand Yield (%)? dre ee (%)?

1 L;-TQAd 77 63:37 47/38
2 L,;-PiAd 78 62:38 10/10
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3 L;-PiAd 94

4 L,-PiAd 82
5 L;-PiAd? 85
6 L;-PiMe, 72
7 L;-PiMe; 89
8 L;-PiMe,Br 91
9 L;-PiEt, 84
10 L;-PiEt,Me 81
11 ent-L;-PiEt,Br 80
12 L;-PiEt; 74
13 L;-PiPr; 73
14 L;-PiPr,Ad 72

74:26

70:30

64:36

76:24

63:37

72:28

71:29

70:30

74:26

59:41

53:47

57:43

89/85

80/66

91/89

49/19

83/74

92/84

65/52

69/56

-69/-31

37/27

4/4

2/4

“Unless otherwise noted, the reactions were carried out with A1 (0.1 mmol), B1 (0.15 mmol), Ni(OTf), (10 mol%),
Ligand (10 mol%), LiNTf, (30 mol%) in CH,Cl, (1.5 mL) under N, protection and 20 W LED (Apyax = 365 nm)
irradiation at room temperature for 2.5 h. ?Yield of the isolated product. °The dr values were determined by 'H

NMR analysis. “The ee values were determined by UPC? on a chiral stationary phase.

Table 7. Screening of illumination intensity

o o Ni(OTf),/L3-PiMe,Br
‘é’/o (1:1, 10 mol%) N
\ Ph o N
. o O= NS
N LiNTf, (30 mol%) < T o)
X W, 365 nm N-H H-N,
CO,Et Ph CHyCl, rt. R L;PiMe,Br R
A1 B1 R = 2,6-Me,-4-Br-CgH,
Entry* Intensity (W) Time (h) Yield (%)? dre ee (%0)¢
1 20 2.5 91 72:28 92/84
2 5 5 89 85:15 93/76
3 2 8 79 90:10 93/65

“Unless otherwise noted, the reactions were carried out with A1 (0.1 mmol), B1 (0.15 mmol), Ni(OTf), (10 mol%),
L;-PiMe,Br (10 mol%), LiNTf, (30 mol%) in CH,Cl, (1.5 mL) under N, protection and X W LED (Apax = 365
nm) irradiation at room temperature for a certain time. ®Yield of the isolated product. ‘The dr values were
determined by "H NMR analysis. “The ee values were determined by UPC? on a chiral stationary phase.

Table 8. Screening of reaction concentration

5 0 Ni(OTf),/Ls-PiMe,Br Q0
A o (1:1, 10 mol%) S Ay N
N, LiNTF, (30 mol%) o=y ,E)‘V\fé\ 0
2'W, 365 nm N-H H-N,
CO,Et Ph CH,Cl, (X), rt. h R LyPiMe,Br R
A1 B1 c1 @ Ph | R=26-Mey4-Br-Ceh,
Entry? X (mL) Yield (%)? dre ee (%)?
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1 1.5 79 90:10 93/65
2 2.5 90 91:9 93/64

3 35 90 90:10 92/61

@Unless otherwise noted, the reactions were carried out with A1 (0.1 mmol), B1 (0.15 mmol), Ni(OTf), (10 mol%),
L;-PiMe,Br (10 mol%), LiNTf, (30 mol%) and CH,CI, under N, protection and 2 W LED (Ayax = 365 nm)

irradiation at room temperature for 8 h. ®Yield of the isolated product. The dr values were determined by 'H NMR

analysis. “The ee values were determined by UPC? on a chiral stationary phase.

Table 9. Screening of the ratio of the substrates

9o 0 Ni(OTf),/L3-PiMe,Br O
o - (1:1, 10 mol%) . N
N ; o o=" "INy o]
N LiNTF, (30 mol%) < T %
2 W, 365 nm N-H H-N,
CO,Et Ph CH,Cly, rt. R L;PiMe,Br R
A1 B1 R = 2,6-Me,-4-Br-CgH,
Entry® Ratio (A1:B1) Yield (%)? dre ee (%0)¢
1 1:1.5 90 91:9 93/64
2 1:2 96 92:8 93/65
3e 1:2 82 91:9 93/63
4 1:3 98 91:9 93/64

@Unless otherwise noted, the reactions were carried out with A1 (0.1 mmol), B1 (x mmol), Ni(OTf), (10 mol%),
L3- PiMe,Br (10 mol%), LiNTf; (30 mol%) in CH,Cl, (2.5 mL) under N, protection and 2 W LED (Apax = 365
nm) irradiation at room temperature for 8 h. *Yield of the isolated product. °The dr values were determined by 'H

NMR analysis. “The ee values were determined by UPC? on a chiral stationary phase. °The reaction time was 6 h.

Table 10. Screen of the ratio of metal salt and ligand

%5 0 Ni(OTf),/Ls-PiMe,Br
‘é’/ (xzy, 10 mol%) Kl ﬁ
Ph ’ 3
\ i % o= N o)
N LiNT#, (30 mol%) < o 4
2W, 365 nm N-H H-N,
CO,Et Ph CH,Cl, rt. R L;PiMe,Br R
Al B1 c1 9 Ph | R=2,6-Meyr4-Br-CeH,
Entry® X:y Yield (%)? dre ee (%)?
1 1.1:1 70 89:11 90/40
2 1:1 96 92:8 93/65
3¢ 1:1 91 92:8 91/65
4 1:1.1 95 92:8 93/66
5 1:1.2 96 92:8 93/66

@Unless otherwise noted, the reactions were carried out with A1 (0.1 mmol), B1 (0.2 mmol), Ni(OTf), (10 mol%),
L3-PiMe,Br (10 mol%), LiNTf, (30 mol%) in CH,Cl, (2.5 mL) under N, protection and 2 W LED (Aax = 365

nm) irradiation at room temperature for 8 h. ®Yield of the isolated product. °The dr values were determined by 'H
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NMR analysis. “The ee values were determined by UPC? on a chiral stationary phase. ¢ Ni(OTf),/L;-PiMe,Br (5
mol%).

Table 11. Screen of the light sources

o 1, Mo > &
f\N . Ph LINTF, (30 mol%) oy’ '};/\_\6'? 0
CO,Et Ph v, GGl it RIN‘HL3-PiMezBrH’N\R
Al B1 c1 @ Ph | R=26-Mey4-Br-CoHy
Entry® Light source Yield (%) dre ee (%)?
1¢ 2 W 365 nm (0.5 h) 10 80:20 78/11
2¢ 2 W 365 nm (2 h) 26 81:19 77/14
3e 2 W 365 nm 84 80:20 77/13
4 2 W 365 nm 96 92:8 93/65
5 2 W 385 nm 92 58:42 91/72
6 2W 400 nm 48 90:10 91/54
v 2W 400 nm 87 90:10 91/52
8¢ 20 W 400 nm 73 88:12 91/65
9h 20 W 420 nm 11 92:8 92/63
10" 20 W 440 nm 0 . .

@Unless otherwise noted, the reactions were carried out with A1 (0.1 mmol), B1 (0.2 mmol), Ni(OTf), (10 mol%),
L;-PiMe,Br (10 mol%), LiNTf, (30 mol%) in CH,Cl, (2.5 mL) under N, protection and irradiation at room
temperature for 8 h. ?Yield of the isolated product. “The dr values were determined by 'H NMR analysis. “The ee
values were determined by UPC? on a chiral stationary phase. *Without LiNTf,./16 h. ¢3 h. #12 h.

Table 12. Screen of the conditions of produce for the synthesis of the adduct D

Q0
0 (0] W
e Ni(OTf),/Ligand _ S
S\N . (1:1, 10 mol%) TsOH«H,0 (1 equiv.) N
{ 20 W, 365 nm 1h EtO,C Q
CO,Et CH3CN, No, r.t.
2 s D1
A1 B44
Entry« Ligand Additive Yield (%)? ee (%)°
14 L;-PiMe,Br 30 mol% LiNTf, 37 54
2 L;-PiMe,Br - 70 60
3 L;-PiAd 30 mol% LiNTf, 49 89
4 L;-PiAd - 60 90
5e Ls-PiAd - 59 90
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6 L;-PiAd - 56 89

78 L;-PiAd - 56 89

@Unless otherwise noted, the reactions were carried out with A1 (0.1 mmol), B1 (0.2 mmol), Ni(OTf), (10 mol%),
Ligand (10 mol%) and CH;CN (1.0 mL) under N, protection and 20 W LED (Apyax = 365 nm) irradiation at room
temperature for 2 h. *Yield of the isolated product. The ee values were determined by UPC? on a chiral stationary

phase. 2.5 mL CH,Cl, as the solvent. 22 W 365 nm, 24 h./0.15 mmol B44. £0.3 mmol B44.

3.2 The possible mechanism of ring-closure reaction

EtO,C Q

D1
3.3 Limitations of the asymmetric PEM reaction
0] (0] (0]
Ph Ph Ph
Ph
Ph Ph
Complex Complex No reaction
4 Gram-scale synthesis and further transformations
4.1 Procedure for the gram-scale synthesis
o) Ni(OTf),/L3-PiMe,Br Q.0 Q.0

o\é//o (1:1, 10 mol%) s’ O S\N
N+ Ph o LiNTf, (30 mol%) o, et
/ R

N
3.75 W x 4, 365 nm EtO,C NH
COzEt Ph CH,Cly, rt, 21 h SRS
(o]
A1 (2.5 mmol) B1 (5 mmol)
C1,1.23¢g By1

96% yield, 93:7 dr, 96%/80% ee 0.9% yield, 3:1 dr

2.5 mmol scale synthesis: A dry round-bottom quartz flask was charged with L3-PiMe,Br (173.0
mg, 10 mol%), Ni(OTf)2 (89.2 mg, 10 mol%) under N, atmosphere. Then CH,Cl, (62.5 mL) was
added and the mixture was stirred at 35 °C for 48 hours. The mixture was evaporated under
reduced pressure, then LiNTf; (216.8 mg), Al (597.5 mg), B1 (1360.0 mg), 62.5 mL CH,Cl, were
added under N, protection. The mixture was degassed for 10 mins and stirred under 3.75 W UV
LED X 4 (Amax = 365 nm) irradiation at room temperature. After A1 was fully consumed (21 h),
the residue was purified by column chromatography on silica gel to afford the product C1 as white
solid (1.23 g, 96% vyield, 93:7 dr, 96%/80% ee). The absolute configuration of C1 (CCDC:
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2081680) was determined to be (S,R) by X-ray crystal analysis. The self-coupling product (By1)
of the imine was obtained (52.1 mg, 3:1 dr).

o o Ni(OTf),/L3-PiMe,Br Q0

\é,/o (1:1, 10 mol%)

N+ Ph o LiNT, (30 mol%)

/ -

3.75 W x 4, 365 nm EtO,C
CO,Et Ph CHoCl, 1., 54 h Py
A1 (5 mmol) B1 (10 mmol) Ph
C1,236g

93% yield, 92:8 dr, 96%/83% ee

5 mmol scale synthesis: A dry round-bottom quartz flask was charged with L3-PiMe,Br (346.0
mg, 10 mol%), Ni(OTf)2 (178.4 mg, 10 mol%) under N, atmosphere. Then CH,Cl, (100 mL) was
added and the mixture was stirred at 35 °C for 48 hours. The mixture was evaporated under
reduced pressure, then LiNTf, (433.6 mg), Al (1195.0 mg), B1 (2720.0 mg), 100 mL CH,CI,
were added under N, protection. The mixture was degassed for 10 mins and stirred under 3.75 W
UV LED x 4 (Apax = 365 nm) irradiation at room temperature. After A1 was fully consumed (54
h), the residue was purified by column chromatography on silica gel to afford the product C1 as
white solid (2.36 g, 93% yield, 92:8 dr, 96%/83% ee).

Figure S2. Gram-scale photochemical setup

Notes: Compared with the 0.1 mmol scale synthesis using a test tube, the gram-scale synthesis
was performed in a big round-bottom flask, which requires four UV LEDs to achieve full
illumination of the reaction mixture (3.75 W UV LED x 4). Moreover, The distance between UV
LED and the center of reaction mixture is about 4.0 cm rather than 0.5 cm in the 0.1 mmol
scale synthesis.

4.2 Transformation of the product C1

Q0
S

98% Yield
87:13 d.r.
92%182% ee

Pd/C, Ha
CH3OH, r.t., 48 h

Ph

C1 (0.1 mmol, 98:2 d.r. 93% ee)
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To a stirred solution of C1 (51.1 mg, 0.1 mmol, 98:2 dr, 93% ee) in MeOH (2 mL) at r.t. was
added Pd/C (5% w/w Pd on carbon) (23 mg), the reaction mixture was stirred at room temperature
under H, atmosphere for 48 h. Then, the mixture was filtered and the filtrate was concentrated
under reduced pressure to give the crude product and was subsequently purified by flash column
chromatography (petroleum ether : ethyl acetate: = 2:1) to afford E1 (50.2 mg) in 98% yield with
87:13 dr and 92%/82% ee. The absolute configuration of E1 (CCDC: 2130299) was determined to
be (S,R,R) by X-ray crystal analysis.

4

Q.0
S

DEAD (2.0 equiv)
PPh3 (2.0 equiv)

THF(0.05 M)
0°Ctort, 12h

F1 F1'
87:13 d.r., 92%/82% ee 53% Yield, 92% ee 29% Yield, 92% ee

To a solution of PPh; (43.4 mg, 0.166 mmol) and E1 (42.5 mg, 0.083 mmol, 87:13 dr, 92%/82%
ee) in THF (2 mL), diethyl azodiformate (DEAD) (28.9 mg) was added dropwise at 0 °C. After
being stirred at room temperature overnight, the mixture was evaporated under reduced pressure.
The residue was purified by flash column chromatography (petroleum ether:ethyl acetate: = 4:1)
to give 21.5 mg F1 in 53% yield with 92% ee and 11.8 mg F1' in 29% yield with 92% ee. The
absolute configuration of F1' (CCDC: 2171982) was determined to be (S,R,R) by X-ray crystal
analysis. The absolute configuration of F1 was determined by NOE analysis based on the
configuration of E1 and F1'.

5 Control experiments

5.1 Illumination experiments of the product C1 in different conditions

N|(OTf)2/L3-P|MezBr O\ 0
(1:1, 10 mol%) 4
LiNTf, (30 mol%)

CH,Cl,, 2 W, 365 nm

Ny, r.t.
o Ph
93:7 dr, 96%/80% ee

Entry variation from the standard conditions Yield (%) dr ee (%)
1 - 89 91:9 96/87
2 no LiNTf, 92 79:21 96/91
3 no LiNTf,, 192 h 54 13:87 83/95
4 no Ni(OTf),/Ls;-PiMe,Br 83 92:8 96/82
5 no LiNTf; and L3;-PiMe,Br 91 87:13 96/88
6 no LiNTf; and Ni(OTf),/L;-PiMe,Br 92 82:18 96/91
7 20 W for 45 h 54 12:88 80/95
8 no LiNTf, 20 W for 20 h 51 10:90 76/95
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no LlNsz and Ni(OTf)z/L3-PiMe2Br,

9 52 11:89
20 W for 20 h

10 2 w385 nm 74 37:63

11 20 w 385 nm 37 6:94

12 2 w 400 nm 98 90:10

78/95

95/93

-/96

96/87

Standard conditions: To a dry quartz tube under nitrogen atmosphere was added L;-PiMe,Br (10
mol%), Ni(OTf), (10 mol%), LiNTf, (30 mol%) and C1 (0.1 mmol, 93:7 dr, 96%/80% ee) in
CH,Cl, (2.5 mL), and the mixture was stirred at 35 °C for 30 minutes. Then the resulting mixture

was degassed for 10 mins and stirred under UV LED (2 W, Ay, = 365 nm) irradiation at room

temperature for 10 h. The yield and dr values were determined by '"H NMR analysis of the crude

products, 1,1,2,2-Tetrachlorethan (1.0 equiv.) as the internal standard. The ee values were

determined by UPC? on a chiral stationary phase.

We have screened other solvents (such as THF, CH;CN, Toluene and Acetone) to reverse the

diastereoselectivity, but no better result was obtained. C1 were mainly decomposed into the

corresponding retro-aza-vinylogous Michael product.

5.2 Deuteration of substrate B1

o Ni(OTf),/L3-PiMe,Br o
(1:1, 5 mol%)
Ph LiNTf, (15 mol%) Ph
H 2W, 365 nm H/D
pp CH,Cl,/CD30D, r.t. /P
HAT hv HAT
OH Ph oD Ph
Z>Ph Z “OH CD5;0D Z “Ph Z 0D
AN AN AN AN
H/D exchange
Ph Ph Ph Ph
E-photoenol Z-photoenol E-photoenol Z-photoenol
Entry variation from the standard conditions Recovered SM (%) Deuteration (%)
1 without light 100 0
2 - 94 27
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Ph

i i

Ph

LT LT iy
gco=ca 3
o — o0 (o Bel] o
8’,0 7’.5 7’.0 6’.5 6'v0 5’,5 5’.0 4’.5 4.0 3’5 3’.0 2’.5 2’.0 I'.S ]'YO 0’.5 0’.0
f1 (ppm)
Figure S3. Proton spectrum of B1 without irradiation in CH,Cl,/CD;0D
(=)
(@]
Ph
H/D
H/D
Ph
“ JJ , |
LTS a4
PR b
NS N Aen -
8’.0 7’.5 7'v0 6’.5 6’.0 5’.5 5'v0 4’,5 4. 3’.5 3’.0 Z'vS Z’,O 1’.5 l'.O 0’.5 O'vO
f1 (pjpm)

Figure S4. Proton spectrum of B1 after irradiation in CH,Cl,/CD;0D
Standard conditions: To a dry quartz tube under nitrogen atmosphere was added L;-PiMe,;Br (5
mol%), Ni(OTf), (5§ mol%), LiNTf, (15 mol%), B1 (0.2 mmol) in CH,Cl,/CD;0D (2.4 mL/0.1
mL), and the mixture was stirred at 35 °C for 30 minutes. Then the resulting mixture was degassed

for 10 mins and stirred under UV LED (2 W, A.x = 365 nm) irradiation at room temperature for 8
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h. Then the solvent was removed in vacuo, and the residue was purified by column
chromatography on silica gel to afford the deuterium B1.

The deuteration of substrate B1 strongyl indicated a intramolecular HAT process.

5.3 Investigating the process of intermolecular hydrogen atom transfer

Ni(OTf),/L3-PiMe,Br

R (1:1, 10 mol%)
@Q/(N + LiNTf, (30 mol%)
2 W, 365 nm

Ph
COqEt CH,Cly, rt.

R=H,CN
no reaction

B,R=H,CN
0.2 mmol

A1 (0.1 mmol)
To a dry quartz tube under nitrogen atmosphere was added L;-PiMe,Br (10 mol%), Ni(OTf), (10
mol%), LiNTf, (30 mol%), N-sulfonyl cyclic ketimine A1 (0.1 mmol), B (0.2 mmol) in CH,Cl,
(2.5 mL), and the mixture was stirred at 35 °C for 30 minutes. Then the resulting mixture was
degassed for 10 mins and stirred under UV LED (2 W, An.x = 365 nm) irradiation at room
temperature for 8§ h. No reaction occurred when replacing benzoyl group with cyan or hydrogen

atom.

6 X-ray crystal structure

(SR-C1 N

Figure S5. X-ray Crystal Structure of the product C1
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The crystal of product C1 was obtained in the solvents of anhydrous methanol and n-hexane.
CCDC: 2081680 contains the supplementary crystallographic data for this paper. These data can
be obtained free of charge from The Cambridge Crystallographic Data Center via

https://www.ccdc.cam.ac.uk/structures/.

Figure S6. X-ray Crystal Structure of the product E1
The crystal of the product E1 was obtained in the solvents of anhydrous CH,Cl, and n-hexane.
CCDC: 2130299 contains the supplementary crystallographic data for this paper. These data can
be obtained free of charge from The Cambridge Crystallographic Data Center via

https://www.ccdc.cam.ac.uk/structures/.
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Figure S7. X-ray Crystal Structure of the product F1'
The crystal of the product F1' was obtained in the solvents of anhydrous CH,Cl, and petroleum

ether. CCDC: 2171982 contains the supplementary crystallographic data for this paper. These data
can be obtained free of charge from The Cambridge Crystallographic Data Center via
https://www.ccdc.cam.ac.uk/structures/.
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Crystallographic Data for C60 H50 N2 010 S2, C30 H27 N O5 S and C60 H50 N2 O8 S2.

Formula

Formula mass (amu) 1023.14
Space group P21

a () 12.1285 (12)
b (A) 14.0298 (14)
c () 15.1633 (17)
o (deg) 90

B (deg) 104.928 (4)
7 (deg) 90

V(A3 2493.1 (5)
VA 2

2 (A) 0.71073

T (K) 173K

Peatea (g emr?) 1.363

4 (mm) 0.172
Transmission factors 0.915-0.998
0 max (deg) 27.567

No. of unique data, 10901
including F,2 <0

No. of unique data, with 7797
Fy?>20(Fy)

No. of variables 677
R(F) for F2>20(F2) ¢ 0.0620
Ry(FH)* 0.1180
Goodness of fit 1.086

C60 HS0 N2 010S2 C30H27N OS5 S

513.58
P 212121
9.4559 (3)
16.0249 (5)
16.2168 (5)
90

90

90

2457.33 (13)
4

1.54178
173K

1.388

1.526
0.785-1.000
80.535
4900

4740

343
0.0355
0.0906
1.089

C60 H50 N2 O8 S2

991.14
P 212121
9.6145 (2)
18.9746 (4)
26.9615 (6)
90

90

90

4918.62 (18)
4

1.54178
175K

1.338

1.476
0.592-0.970
80.527
10276

9982

651
0.0319
0.0812
1.039

“ R(F) = XIIFo| = [Fd[ / 2IF].

P R(F) = [ZIW(FS = FEP1 XwF "2 wt = [6%(F?) + (Ap)® + Bp], where p = [max(F,*,0)

+2F2]/3.
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7 The analytical and spectral characterization data for the products
ethyl (5)-3-((R)-(2-benzoylphenyl)(phenyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3-carbox
ylate 1,1-dioxide (C1)

Q0

n

C1

White solid; mp: 65-69 °C; 96% yield, 92:8 dr (determined by 'H NMR), 93%/65% ee. [0t]sg9%° = -
146.3 (¢ = 0.70, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH =
85/15, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 7.04 min, tg; = 9.17 min, tg; =
10.16 min, tr4 = 14.78 min.

TH NMR (600 MHz, CDCl;) 8 8.13 (d, /= 7.8 Hz, 1H), 7.86 (d, /= 7.8 Hz, 1H), 7.62 — 7.60 (m,
1H), 7.58 — 7.56 (m, 1H), 7.54 -7.52 (m, 3H), 7.49 — 7.45 (m, 2H), 7.36 — 7.33 (m, 1H), 7.30 —
7.26 (m, 3H), 6.96-6.90 (m, 5H), 6.08 (s, 1H), 5.53 (s, 1H), 4.10 — 4.07 (m, 1H), 3.92 — 3.89 (m,
1H), 1.00 (t, J= 7.2 Hz, 3H).

BC{TH} NMR (151 MHz, CDCl;) & 198.3, 169.8, 139.2, 138.0, 137.5, 136.7, 135.9, 135.0, 133.2,
133.2, 130.5, 130.2, 130.1, 129.2, 128.8, 128.2, 127.6, 127.1, 126.6, 125.9, 121.4, 72.9, 64.0, 52.7,
13.4.

ESI-HRMS: calcd for C30HsNOsSNa* ([M + Na]*) = 534.1346, found 534.1346.

IR (neat): 3265, 1735, 1661, 1450, 1312, 1242, 1170, 930, 710 cm™!

0.50

15.074

0.40

0.30

o
[s2]
] S
0.20] T
0.10]
0.001 AN

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00

AU
9.205

Minutes
Retention
. Area % Area
Time

1 7.032 2612008 9.82
2 9.205 2620568 9.85
3 10.140 10684355 40.15
4 15.074 10691445 40.18
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0.40

AU

0.2&— & )
T A
0.00 ‘ ‘ ‘ 2.60 ‘ ‘ ‘ 4,‘00 ‘ ‘ ‘ 6.60 ‘ ‘ 8.‘00 ‘ ‘ ‘ 10.‘00 ‘ ‘ ‘ 12[00 ‘ ‘ ‘ 14.‘00 ‘ ‘ ‘ 16.‘00 ‘
Minutes
Retention
. Area % Area
Time
1 7.041 267515 1.44
2 9.174 1222596 6.58
3 10.165 604869 3.26
4 14.780 16479055 88.72

ethyl (5)-3-((S)-(2-benzoylphenyl)(phenyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3-carboxy
late 1,1-dioxide (C1-(I))

C1-(ll)
White solid; mp: 67-71 °C; 51% yield, 10:90 dr (determined by "H NMR), 76%/95% ee. [a]5g9%%* =
-55.6 (¢ = 0.53, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH =
85/15, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 6.84 min, tr, = 8.92 min, tg3 =
9.81 min, trs = 14.70 min.
TH NMR (400 MHz, CDCl;) 4 8.15 (d, /= 7.6 Hz, 1H), 7.71 (d, J = 8.0 Hz, 1H), 7.57 (d, J = 7.6 Hz,
1H), 7.52 — 7.47 (m, 3H), 7.41 - 7.39 (m, 1H), 7.34 — 7.36 (m, 2H), 7.30 — 7.26 (m, 3H), 7.25 — 7.23 (m,
2H), 7.22 — 7.18 (m, 1H), 7.16 — 7.08 (m, 2H), 7.05 — 7.03 (m, 1H), 5.98 (s, 1H), 5.91 (s, 1H), 4.09 —
3.98 (m, 2H), 1.02 (t, J = 7.2 Hz, 3H).
BC{'H} NMR (101 MHz, CDCl;) & 198.6, 169.8, 139.1, 138.4, 137.5, 136.5, 135.5, 134.8, 133.4,
133.0, 131.5, 130.7, 130.4, 129.1, 129.0, 128.6, 128.1, 127.4, 126.3, 126.0, 121.0, 73.1, 63.8, 50.2, 13.6.
ESI-HRMS: calcd for C3yH,sNOsSNa* ([M + Na]*) = 534.1346, found 534.1346.
IR (neat): 3266, 1736, 1657, 1450, 1312, 1242, 1171, 930, 708 cm’!

0.50]

15.074

0.40-

0.30

8
0.20*: [
" /\
AN

AU

0.00]

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00



Retention
. Area % Area
Time
1 7.032 2612008 9.82
2 9.205 2620568 9.85
3 10.140 10684355 40.15
4 15.074 10691445 40.18
0.30
0.20
2 o
0.10] g 2 E
0.00——,—— x A x 17 7/*\
000 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600  17.00
Minutes
Retention
Area % Area
Time
1 6.840 175822 2.45
2 8.918 6247513 87.14
3 9.809 78298 1.09
4 14.700 667674 9.31

methyl (5)-3-((R)-(2-benzoylphenyl)(phenyl)methyl)-2,3-dihydrobenzo[d]isothiazole-3-carbo
xylate 1,1-dioxide (C2)

White solid; mp: 96-100 °C ; 98% yield, 87:13 dr (determined by '"H NMR), 86%/53% ee. [0t]sgo'®
=-95.2 (c = 1.00, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH =
85/15, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 7.42 min, tg; = 9.72 min, tg; =
10.84 min, tr4 = 15.95 min.

'H NMR (600 MHz, CDCl3) 6 8.14 (d, J= 7.8 Hz, 1H), 7.77 (d, J= 7.8 Hz, 1H), 7.61 — 7.50 (m,
6H), 7.45 — 7.43 (m, 1H), 7.36 — 7.30 (m, 4H), 7.03 — 7.01 (m, 2H), 6.97 — 6.94 (m, 3H), 6.00 (s,
1H), 5.50 (s, 1H), 3.51 (s, 3H).

BC{IH} NMR (151 MHz, CDCl;) 8 198.2, 170.3, 139.1, 137.8, 137.5, 136.2, 136.1, 134.9, 133.3,
130.6, 130.5, 130.2, 130.1, 129.4, 129.2, 128.3, 127.7, 127.2, 126.8, 126.0, 121.3, 73.0, 54.25,
52.5.

ESI-HRMS: calcd for CyoHp;NOsSNa* ([M + Na]*) = 520.1189, found 520.1188.

IR (neat): 3268, 1740, 1660, 1450, 1312, 1251, 1170, 930, 756, 710 cm’!.
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isopropyl (5)-3-((R)-(2-benzoylphenyl)(phenyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3-car
boxylate 1,1-dioxide (C3)

White solid; mp: 67-70 °C; 99% yield, 94:6 dr (determined by '"H NMR), 95%/57% ee. [a]s39%° = -
196.6 (c = 0.93, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH =
85/15, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 6.00 min, tg; = 7.74 min, tg; =
9.68 min, tr4 = 14.00 min.
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IH NMR (400 MHz, CDCl;) & 8.04 (d, J = 8.0 Hz, 1H), 7.96 (d, J = 8.0 Hz, 1H), 7.73 — 7.62 (m,
1H), 7.59 — 7.46 (m, 3H), 7.32 — 7.40 (m, 4H), 7.25 — 7.23 (m, 1H), 7.18 — 7.14 (m, 2H), 6.93 —
6.90 (m, 1H), 6.85 — 6.81 (m, 2H), 6.70 — 6.68 (m, 2H), 6.19 (s, 1H), 5.48 (s, 1H), 4.91 — 4.82 (m,
1H), 1.26 (d, J = 6.4 Hz, 3H), 0.82 (d, J = 6.4 Hz, 3H).

BC{IH} NMR (101 MHz, CDCly) & 198.7, 169.3, 139.7, 138.3, 137.5, 137.4, 135.3, 135.1, 133.3,
133.0, 130.5, 130.4, 130.2, 129.8, 128.8, 128.0, 127.8, 127.4, 127.0, 126.5, 125.5, 121.4, 72.9,
72.6, 53.4,21.3,20.3.

ESI-HRMS: calcd for CsHy;NOsSNa* ([M + Na]*) = 548.1502, found 548.1504.

IR (neat): 3259, 1728, 1662, 1313, 1255, 1174, 1103, 930, 736, 710 cnr''.
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benzyl (5)-3-((R)-(2-benzoylphenyl)(phenyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3-carbo
xylate 1,1-dioxide (C4)
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White solid; mp: 103-107 °C; 99% vyield, 88:12 dr (determined by 'H NMR), 88%/56% ee.
[0]s80! = -115.2 (¢ = 1.01, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3,
CO,/MeOH = 85/15, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 11.17 min, tg; =
15.06 min, tgz = 16.17 min, trs = 20.82 min.
TH NMR (400 MHz, CDCl;) 8 8.06 (d, J = 8.0 Hz, 1H), 7.73 (d, J = 8.0 Hz, 1H), 7.54 — 7.48 (m,
6H), 7.44 — 7.40 (m, 1H), 7.33 — 7.22 (m, 7H), 7.06 — 7.04 (m, 2H), 6.96 — 6.91 (m, SH), 6.02 (s,
1H), 5.64 (s, 1H), 5.11 (d, /= 12.0 Hz, 1H), 4.80 (d, J=12.0 Hz, 1H).
BC{IH} NMR (101 MHz, CDCl;) & 198.2, 169.8, 139.0, 138.1, 137.5, 136.4, 136.1, 134.8, 133.9,
133.2, 133.1, 130.6, 130.5, 130.2, 130.1, 129.6, 128.8, 128.5, 128.5, 128.5, 128.3, 128.2, 127.7,
127.1, 126.6, 126.0, 121.3, 72.8, 69.3, 52.3.
ESI-HRMS: calcd for C35H»;NOsSNa* ([M + Na]*) = 596.1502, found 596.1502.
IR (neat): 3269, 1738, 1660, 1451, 1311, 1224, 1170, 930, 736, 707 cm’!.
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Time
1 11.172 353464 2.52
2 15.060 1220283 8.69
3 16.173 753474 5.37
4 20.820 11710319 83.42

ethyl (5)-3-((R)-(2-benzoylphenyl)(phenyl)methyl)-5-(tert-butyl)-2,3-dihydrobenzo|d]isothia
zole-3-carboxylate 1,1-dioxide (C5)
Q0

N

C5
White solid; mp: 157-160 °C; 93% vyield, 90:10 dr (determined by 'H NMR), 91%/56% ee.
[0]sge!” = -125.4 (¢ = 0.98, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3,
CO,/MeOH = 88/12, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 7.64 min, tg, =
10.47 min, tgz = 12.22 min, tg4 = 16.65 min.
TH NMR (600 MHz, CDCls) 6 8.14 (d, J = 8.4 Hz, 1H), 7.71 (s, 1H), 7.60 — 7.55 (m, 3H), 7.51 —
7.49 (m, 1H), 7.44 (s, 2H), 7.35 — 7.29 (m, 4H), 6.95 — 6.89 (m, 5H), 5.97 (s, 1H), 5.45 (s, 1H),
4.09 — 4.07 (m, 1H), 3.80 — 3.62 (m, 1H), 1.30 (s, 9H), 1.03 (t, /= 7.2 Hz, 3H).
BC{'H} NMR (151 MHz, CDCl;) 6 198.3, 169.9, 157.3, 139.3, 137.8, 137.6, 136.4, 136.3, 133.2,
132.2, 130.6, 130.0, 130.0, 129.3, 128.3, 127.6, 127.6, 127.0, 126.8, 123.0, 120.9, 72.9, 63.7, 52.6,
35.3,31.0, 13.5.
ESI-HRMS: calcd for C34H33NO;sSNa* ([M + Na]*) = 590.1972, found 590.1973.
IR (neat): 3269, 2964, 1735, 1662, 1597, 1312, 1242, 1199, 1152, 1107, 1031, 930, 712 cm’!.
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ethyl (5)-3-((R)-(2-benzoylphenyl)(phenyl)methyl)-5-methoxy-2,3-dihydrobenzo|d]isothiazol
e-3-carboxylate 1,1-dioxide (C6)

White solid; mp: 90-93 °C; 80% yield, 84:16 dr (determined by 'H NMR), 93%/60% ee. [at]sg9!® =
-157.5 (¢ = 0.87, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH =
80/10, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 6.18 min, tr, = 6.89 min, tg3 =
8.60 min, tg4 = 10.61 min.

TH NMR (600 MHz, CDCl3) 6 8.10 (d, J = 7.8 Hz, 1H), 7.56 — 7.53 (m, 3H), 7.49 — 7.46 (m, 1H),
7.43 -7.42 (m, 1H), 7.34 — 7.32 (m, 1H), 7.29 — 7.27 (m, 3H), 7.22 — 7.22 (m, 1H), 6.98 — 6.93 (m,
6H), 6.03 (s, 1H), 5.46 (s, 1H), 4.09 — 4.06 (m, 1H), 3.89 — 3.84 (m, 4H), 1.00 (t, /= 7.2 Hz, 3H).
I3C{1H} NMR (151 MHz, CDCls) 6 198.3, 169.7, 163.5, 139.3, 139.2, 138.0, 137.6, 136.1, 133.2,
130.5, 130.1, 130.0, 129.3, 128.9, 128.2, 127.7, 127.1, 126.7, 122.7, 127.3, 117.0, 110.0, 72.5,
63.9, 55.9, 52.6, 13.4.

ESI-HRMS: calcd for C31H,7;NOgSNa* ([M + Na]*) = 564.1451, found 564.1451.

IR (neat):3267, 1735, 1661, 1596, 1287, 1250, 1186, 930, 711 cm'.
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ethyl (5)-3-((R)-(2-benzoylphenyl)(phenyl)methyl)-5-(trifluoromethoxy)-2,3-dihydrobenzo|d]i
sothiazole-3-carboxylate 1,1-dioxide (C7)

White solid; mp: 73-76 °C; 87% yield, 80:20 dr (determined by '"H NMR), 75%/60% ee. [ot]sg0!° =
-147.0 (¢ = 0.93, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel OX-3, CO,/MeOH =
90/10, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 5.28 min, tgy = 6.14 min, tgz =
7.01 min, tg4 = 10.21 min.

TH NMR (400 MHz, CDCl3) & 8.12 (d, J = 8.0 Hz, 1H), 7.62 — 7.53 (m, 5H), 7.50 — 7.46 (m, 1H),
7.36 —7.27 (m, 5H), 7.02 — 6.89 (m, SH), 6.10 (s, 1H), 5.43 (s, 1H), 4.12 — 4.07 (m, 1H), 3.91 —
3.83 (m, 1H), 1.02 (t, J= 7.2 Hz, 3H).

IBC{TH} NMR (101 MHz, CDCI3) & 198.2, 169.1, 152.4 (q, J=1.9), 139.2, 137.5, 137.3, 135.6,
133.3, 130.6, 130.3, 130.1, 130.0, 129.4, 128.93, 129.0,128.9, 128.3, 127.9, 127.4, 126.9, 123 .4,
123.3, 118.30, 72.5, 64.4, 52.6, 13.3.

BF{IH} NMR (377 MHz, CDCl;) 6 -57.89.

ESI-HRMS: calcd for C3;HpF3NOsSNa* ([M + Na]*) = 618.1169, found 618.1168.

IR (neat): 3265, 1739, 1661, 1255, 1213, 1180, 736, 709 cm™!.
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ethyl (5)-3-((R)-(2-benzoylphenyl)(phenyl)methyl)-5-fluore-2,3-dihydrobenzo|d]isothiazole-
3-carboxylate 1,1-dioxide (C8)

White solid; mp: 96-99 °C; 87% yield, 85:15 dr (determined by 'H NMR), 87%/57% ee. [at]539%° =
-129.7 (¢ = 0.86, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH =
85/15, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 5.04 min, tg; = 5.55 min, tg; =
6.03 min, tpy = 7.47 min.
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IH NMR (400 MHz, CDCl3) § 8.10 (d, J = 8.0 Hz, 1H), 7.57 — 7.48 (m, 6H), 7.36 — 7.32 (m, 1H),
7.31 — 7.26 (m, 3H), 7.18 — 7.13 (m, 1H), 7.00 — 6.91 (m, SH), 6.11 (s, 1H), 5.46 (s, 1H), 4.12 —
4.07 (m, 1H), 3.97 — 3.89 (m, 1H), 1.00 (t, J = 7.2 Hz, 3H).

BC{IH} NMR (101 MHz, CDCl3) & 198.2, 169.3, 165.4 (d, J = 256.5 Hz), 139.9 (d, J = 9.4 Hz),
139.2, 137.7, 137.4, 135.7, 133.3, 131.1 (d, J = 2.6 Hz), 130.6, 130.2, 130.1, 129.3, 128.7, 128.2,
127.8, 127.3, 126.8, 123.6 (d, J = 10.0 Hz), 118.7 (d, J = 24.3 Hz), 112.9 (d, J = 24.9 Hz), 72.5,
72.4,64.3,52.7,13 4.

F{H} NMR (377 MHz, CDCly) § -103.13.

ESI-HRMS: calcd for C3oH,,FNOsSNa* ([M + Na]*) = 552.1251, found 552.1251.

IR (neat): 3263, 1737, 1661, 1594, 1314, 1239, 1179, 929, 711 cm"'.
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ethyl (8)-3-((R)-(2-benzoylphenyl)(phenyl)methyl)-5,6-dimethoxy-2,3-dihydrobenzo|d]isothi
azole-3-carboxylate 1,1-dioxide (C9)
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White solid; mp: 107-110 °C; 93% yield, 85:15 dr (determined by 1H NMR), 94%/60% ee.
[0]s80' = -153.8 (¢ = 1.00, in CH2CI2), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3,
CO2/MeOH = 85/15, flow rate = 1.5 mL/min, A = 254 nm), retention time: tz; = 6.98 min, tg; =
9.36 min, tgz; = 10.25 min, tgs = 15.26 min.
TH NMR (600 MHz, CDCI3) 6 8.09 (d, J = 7.8 Hz, 1H), 7.58 — 7.53 (m, 3H), 7.49 — 7.47 (m, 1H),
7.35 - 7.32 (m, 1H), 7.30 — 7.25 (m, 4H), 7.09 (s, 1H), 6.99 — 6.95 (m, 4H), 6.90 (s, 1H), 5.99 (s,
1H), 5.45 (s, 1H), 4.09 — 4.06 (m, 1H), 3.93 (s, 3H), 3.84 — 3.83 (m, 4H), 1.01 (t, /= 7.2 Hz, 3H).
BC{IH} NMR (151 MHz, CDCI3) 8 198.4, 169.9, 153.4, 151.2, 139.2, 137.9, 137.7, 136.2, 133.1,
130.6, 130.0, 130.0, 129.7, 129.4, 129.0, 128.2, 127.7, 127.1, 127.1, 126.7, 106.4, 101.9, 72.3,
63.7,56.4,56.2,52.3, 13.5.

ESI-HRMS: calcd for C3,HpoNO;SNa* ([M + Na]*) = 594.1557, found 594.1562.
IR (neat): 3270, 1734, 1661, 1594, 1501, 1283, 1243, 1151, 931, 859, 712 cm’".
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Time
1 6.982 366137 3.16
9.357 1393047 12.02
10.249 289432 2.50
15.263 9540983 82.32
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ethyl (S)-3-((R)-(2-benzoylphenyl)(phenyl)methyl)-6-methyl-2,3-dihydrobenzo[d]isothiazole-
3-carboxylate 1,1-dioxide (C10)

C10

White solid; mp: 89-93 °C; 91% yield, 90:10 dr (determined by 'H NMR), 94%/63% ee. [at]sg9!° =
-141.0 (¢ = 0.90, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel 0X-3, CO,/MeOH =
80/20, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 5.38 min, tr, = 7.38 min, tg3 =
9.89 min, tr4 = 18.72 min.

H NMR (600 MHz, CDCl3) & 8.11 (d, J = 7.8 Hz, 1H), 7.70 (d, J = 7.8 Hz, 1H), 7.57 — 7.54 (m,
1H), 7.53 — 7.51 (m, 2H), 7.48 — 7.45 (m, 1H), 7.40 — 7.39 (m, 1H), 7.34 — 7.32 (m, 2H), 7.28 —
7.25 (m, 3H), 6.96 — 6.90 (m, 5H), 6.06 (s, 1H), 5.48 (s, 1H), 4.07 — 4.04 (m, 1H), 3.89 — 3.86 (m,
1H), 2.35 (s, 3H), 0.98 (t,J= 7.2 Hz, 3H).

I3C{IH} NMR (151 MHz, CDCls) 6 198.3, 170.0, 141.3, 139.2, 138.1, 137.5, 136.1, 135.0, 134 .4,
133.9, 133.2, 130.9, 130.2, 130.1, 129.2, 128.8, 128.1, 127.6, 127.0, 126.6, 125.5, 121.3, 72.7,
63.9,52.6,21.1, 13.4.

ESI-HRMS: calcd for C3;H,7;NO;sSNa* ([M + Na]*) = 548.1502, found 548.1503.

IR (neat): 3266, 1734, 1661, 1449, 1312, 1245, 1162, 930, 712 cm’!.
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ethyl (5)-3-((R)-(2-benzoylphenyl)(phenyl)methyl)-7-fluoro-2,3-dihydrobenzo|d]isothiazole-
3-carboxylate 1,1-dioxide (C11)
F
Q0

c11
White solid; mp: 91-95 °C; 91% yield, 85:15 dr (determined by 'H NMR), 85%/59% ee. [at]sg9!” =
-127.5 (¢ = 0.90, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH =
85/15, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 7.21 min, tr, = 9.90 min, tg3 =
12.21 min, trg = 18.93 min.
'H NMR (400 MHz, CDCl3) § 8.09 (d, J = 8.0 Hz, 1H), 7.66 — 7.64 (m, 1H), 7.62 — 7.54 (m, 2H),
7.52 —7.47 (m, 3H), 7.34 — 7.32 (m, 1H), 7.29 — 7.25 (m, 3H), 7.11 — 7.08 (m, 1H), 7.01 — 6.88 (m,
5H), 6.19 (s, 1H), 5.52 (s, 1H), 4.11 — 4.06 (m, 1H), 3.94 — 3.90 (m, 1H), 0.99 (t, /= 7.2 Hz, 3H).
BC{ITH} NMR (101 MHz, CDCls) & 198.3, 196.4, 156.0 (d, J = 262.6 Hz), 140.0, 139.2, 137.8,
137.4, 135.6, 135.6, 133.2, 130.5, 130.2, 130.0, 129.3, 128.6, 128.2, 127.8, 127.3, 126.7, 123.3 (d,
J=19.8 Hz) 121.5 (d,J=4.1 Hz), 117.2 (d, J= 18.3 Hz), 73.03, 64.25, 52.72, 13.35.
SF{'H} NMR (377 MHz, CDCl;) § -114.55.
ESI-HRMS: calcd for C3yH,4FNOsSNat ([M + Na]*) = 552.1251, found 552.1251.
IR (neat): 3258, 1736, 1661, 1596, 1472, 1320, 1262, 1226, 1179, 1113, 1020, 928, 760, 708 cm'!.
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Retention
. Area % Area
Time

1 7.288 1761337 12.99

2 9.943 1764755 13.02
3 12.289 5016990 37.01
4 18.743 5011288 36.97
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0.00 2,00 400 6.00 8.00 10.3?nmes 12.00 14.00 16.00 18.00 20.00
Retention
) Area % Area
Time
1 7.214 336764 3.07
2 9.901 1331008 12.15
3 12.210 694387 6.34
4 18.930 8597076 78.45

ethyl (5)-3-((R)-(2-benzoylphenyl)(phenyl)methyl)-7-chloro-2,3-dihydrobenzo|d]isothiazole-
3-carboxylate 1,1-dioxide (C12)

C12

White solid; mp: 85-89 °C; 87% yield, 90:10 dr (determined by '"H NMR), 86%/58% ee. [0t]sg0!¢ =
-105.7 (¢ = 0.76, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH =
70/30, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 3.84 min, tgy = 5.38 min, tgz =
5.88 min, tp4 = 11.39 min.

TH NMR (400 MHz, CDCl;) 8 8.10 (d, /= 8.0 Hz, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.58 — 7.46 (m,
5H), 7.39 — 7.32 (m, 2H), 7.30 — 7.26 (m, 3H), 7.00 — 6.92 (m, 5H), 6.17 (s, 1H), 5.54 (s, 1H),
4.09 — 4.02 (m, 1H), 3.94 — 3.83 (m, 1H), 0.98 (t, /= 7.2 Hz, 3H).

BC{TH} NMR (101 MHz, CDCl;) & 198.3, 169.4, 139.3, 139.1, 137.8, 137.4, 135.6, 134.2, 133.2,
133.0, 131.2, 130.6, 130.1, 130.1, 129.3, 128.9, 128.7, 128.2, 127.8, 127.4, 126.7, 124.2, 72.0,
64.2,52.4,13.3.

ESI-HRMS: caled for C;3,Hp»CINOsSNa*® ([M + Na]) = 568.0956, found 568.0957.
C30H24>’CINOsSNa* ([M + Na]*) = 570.0926, found 570.0933

IR (neat): 3258, 1735, 1661, 1593, 1452, 1318, 1257, 1224, 1173, 1114, 931, 755, 710 cm!.
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ethyl (5)-3-((R)-(2-benzoylphenyl)(phenyl)methyl)-7-(trifluoromethyl)-2,3-dihydrobenzo|d]i
sothiazole-3-carboxylate 1,1-dioxide (C13)

C13

White solid; mp: 86-89 °C; 92% yield, 81:19 dr (determined by '"H NMR), 67%/57% ee. [t]sg0!° =
-89.1 (¢ = 0.94, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH =
85/15, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 3.87 min, tg; = 5.59 min, tg; =
6.26 min, tp4 = 12.85 min.
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IH NMR (400 MHz, CDCl3) § 8.11 (d, J = 8.4 Hz, 2H), 7.76 — 7.70 (m, 2H), 7.57 — 7.48 (m, 4H),
7.37 - 7.27 (m, 6H), 6.96 — 6.93 (m, 4H), 5.60 (s, 1H), 4.11 — 4.03 (m, 1H), 3.95 — 3.87 (m, 1H),
0.98 (t, J = 7.2 Hz, 3H).

BC{IH} NMR (101 MHz, CDCls) & 198.3, 169.3, 139.0, 137.7, 137.4, 135.6, 133.4, 133.3, 130.6,
130.1, 130.1, 129.9, 129.4, 128.9, 128.8, 128.7, 128.4 (q, J = 4.4 ), 128.2, 127.9, 127.4, 126.8,
122.0 (q, J = 275.4 Hz) 72.3, 64.3, 52.5, 13.3.

F{H} NMR (377 MHz, CDCl3) § -59.59.

ESI-HRMS: calcd for CsHy4FsNOsSNa* ([M + NaJ*) = 602.1219, found 602.1221.

IR (neat): 3255, 1736, 1660, 1447, 1386, 1322, 1261, 1229, 1177, 1141, 931, 709 cm-".
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ethyl (8)-3-((R)-(2-benzoylphenyl)(phenyl)methyl)-2,3-dihydronaphtho[2,3-d]isothiazole-3-c
arboxylate 1,1-dioxide (C14)
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Cc14
White solid; mp: 103-108 °C; 77% vyield, 87:13 dr (determined by 'H NMR), 80%/37% ee.
[0]s80'® = -114.1 (¢ = 0.80, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3,
CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 7.25 min, tg; =
10.46 min, tgz = 12.55 min, tp4 = 22.42 min.
TH NMR (600 MHz, CDCl3)  8.23 — 8.15 (m, 2H), 8.03 (d, /= 9.0 Hz, 1H), 7.87 — 7.84 (m, 2H),
7.61 —7.54 (m, SH), 7.49 — 7.46 (m, 1H), 7.36 — 7.34 (m, 1H), 7.31 — 7.27 (m, 3H), 7.01 — 7.00 (m,
2H), 6.89 — 6.85 (m, 3H), 6.24 (s, 1H), 5.67 (s, 1H), 4.10 — 4.05 (m, 1H), 3.92 — 3.87 (m, 1H),
0.99 (t,J=17.2 Hz, 3H).
BC{TH} NMR (151 MHz, CDCl;) & 198.4, 169.8, 139.2, 138.1, 137.5, 136.0, 135.6, 134.2, 133.6,
133.2, 130.7, 130.6, 130.1, 130.1, 129.3, 129.1, 129.0, 128.3, 128.2, 128.2, 127.7, 127.1, 126.7,
124.9,123.2,121.3, 72.8, 64.0, 51.9, 13.4.
ESI-HRMS: calcd for C34H»;NOsSNa* ([M + Na]*) = 584.1502, found 584.1501.
IR (neat): 3264, 1735, 1661, 1131, 1249, 1165, 1017, 931, 758, 707 cm’.
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Retention
. Area % Area
Time
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12.553 2760507 9.19

22.419 23498890 78.23

AW N

ethyl (S)-3-((R)-(2-(2-methylbenzoyl)phenyl)(phenyl)methyl)-2,3-dihydrobenzo|d]isothiazole
-3-carboxylate 1,1-dioxide (C15)

C15

White solid; mp: 143-147 °C; 81% yield, 90:10 dr (determined by 'H NMR), 63%/61% ee.
[0]s80'® = -112.4 (c = 0.82, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3,
CO,/MeOH = 85/15, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 7.78 min, tg; =
9.39 min, tgz = 11.38 min, trs = 16.37 min.

'H NMR (400 MHz, CDCl3) & 8.10 (d, J= 8.0 Hz, 1H), 7.95 (d, /= 8.0 Hz, 1H), 7.67 — 7.64 (m,
1H), 7.58 — 7.53 (m, 2H), 7.51 — 7.46 (m, 1H), 7.33 — 7.26 (m, 3H), 7.23 — 7.19 (m, 2H), 6.99 -
6.97 (m, 1H), 6.95 — 6.89 (m, 3H), 6.88 — 6.80 (m, 3H), 6.10 (s, 1H), 5.82 (s, 1H), 4.15 — 4.09 (m,
1H), 4.06 — 4.00 (m, 1H), 2.37 (s, 3H), 1.03 (t, /= 7.2 Hz, 3H).

I3C{1H} NMR (101 MHz, CDCls) § 200.6, 169.9, 140.1, 138.5, 138.3, 137.0, 135.6, 135.1, 133.3,
131.5, 131.4, 131.0, 130.5, 130.5, 130.3, 128.6, 127.6, 127.1, 126.9, 125.8, 125.2, 121.4, 73.1,
64.0, 52.5, 20.6, 13.4.

ESI-HRMS: calcd for C3;H,7;NOsSNa* ([M + Na]*) = 548.1502, found 548.1501.

IR (neat): 3264, 1734, 1661, 1452, 1303, 1245, 1170, 1033, 927, 735, 703 cm’!.
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ethyl (S)-3-((R)-(2-(4-methoxybenzoyl)phenyl)(phenyl)methyl)-2,3-dihydrobenzo|d]isothiazo
le-3-carboxylate 1,1-dioxide (C16)

C16
White solid; mp: 96-100 °C; 78% yield, 84:16 dr (determined by 'H NMR), 78%/42% ee. [0t]sso'®
=-94.3 (¢ = 0.46, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel 0X-3, CO,/MeOH
= 80/20, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 5.97 min, tg, = 8.45 min, tg; =
9.51 min, tr4 = 17.93 min.
TH NMR (600 MHz, CDCl;) 8 8.09 (d, J= 7.8 Hz, 1H), 7.86 (d, /= 7.8 Hz, 1H), 7.62 — 7.59 (m,
1H), 7.56 — 7.51 (m, 2H), 7.48 — 7.44 (m, 3H), 7.34 — 7.31 (m, 1H), 7.27 — 7.25 (m, 1H), 6.96 —
6.92 (,, 1H), 6.90 — 6.89 (m, 4H), 6.69 (d, J = 8.4 Hz, 2H), 6.09 (s, 1H), 5.43 (s, 1H), 4.08 — 4.04
(m, 1H), 3.92 — 3.87 (m, 1H), 3.78 (s, 3H), 1.00 (t,J = 7.2 Hz, 3H).
BC{TH} NMR (151 MHz, CDCl;) 8 196.9, 169.8, 163.6, 139.8, 137.5, 136.8, 136.0, 135.0, 133.2,
132.4, 130.5, 130.2, 130.1, 129.1, 128.8, 128.7, 127.6, 127.0, 126.7, 125.9, 121.4, 113.3, 73.0,
64.0, 55.4, 53.0, 13.4.
ESI-HRMS: calcd for C31H,7;NO¢SNa* ([M + Na]*) = 564.1451, found 564.1453.
IR (neat): 3263, 1734, 1653, 1597, 1311, 1256, 1173, 1027, 931, 850, 756, 701 cm"!.

52



o.os—f
] 8
0.06-] ] <
1 S _ @
2 0.04 E
0.02]
o.om}*-hf’“* i —
0.00 o 2.‘00 4.50 ‘ 6.60 8.60 ‘ 10‘.00 ‘ ‘ 12‘.00 ‘ ‘ 14[00 ‘ ‘ 16.‘00 ‘ ‘ 18‘.00 ‘ 20.00
Minutes
Retention
. Area % Area
Time
1 6.205 547064 13.06
2 8.660 1545773 36.90
3 9.781 559677 13.36
4 18.169 1536347 36.68
o0 <
2 i 3 3
0.05 N = &
g =
[te}
0.00 ‘ 2‘00 ‘ 460 ‘ 6,‘00 o 8.‘00 o 10.‘00 o 12}00 ‘ 14.‘00 ‘ ‘ 16ﬁ00 ‘ ‘ 18.‘00 ‘ ‘ 20.00
Minutes
Retention
) Area % Area
Time
1 5.972 246129 4.24
2 8.452 543208 9.37
3 9.509 583908 10.07
4 17.927 4426389 76.32

ethyl ($)-3-((R)-(2-(3-fluorobenzoyl)phenyl)(phenyl)methyl)-2,3-dihydrobenzo|d]isothiazole-

3-carboxylate 1,1-dioxide (C17)

Qo

W

C17

Colorless oil; 99% yield, 79:21 dr (determined by '"H NMR), 93%/61% ee. [a]ss0!® = -132.6 (¢ =
1.02, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel OX-3, CO,/MeOH = 85/15,

53



flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 4.93 min, tg; = 6.62 min, tg3 = 7.31 min,
trsa = 10.45 min.

TH NMR (600 MHz, CDCl;) 8 8.11 (d, J= 7.8 Hz, 1H), 7.87 (d, J = 7.8 Hz, 1H), 7.66 — 7.60 (m,
1H), 7.59 — 7.56 (m, 1H), 7.53 — 7.52 (m, 1H), 7.48 — 7.46 (t, J="7.5 Hz, 1H), 7.37 — 7.34 (m, 1H),
7.29 —7.23 (m, 3H), 7.20 — 7.17 (m, 2H), 7.16 — 7.13 (m, 1H), 6.97 — 6.93 (m, 1H), 6.92 — 6.84 (m,
4H), 6.10 (s, 1H), 5.46 (s, 1H), 4.13 —4.07 (m, 1H), 3.99 — 3.94 (m, 1H), 1.02 (t, /= 7.2 Hz, 3H).
BC{TH} NMR (151 MHz, CDCl;) 4 197.0, 169.8, 162.3 (d, J = 248.5 Hz), 139.5 (d, J = 6.2 Hz),
138.8, 138.2, 136.7, 135.6, 135.1, 133.3, 130.7, 130.6, 130.3, 129.8 (d, J = 7.6 Hz), 129.0, 128.6,
127.6, 127.2, 126.8, 126.0 (d, J = 2.7 Hz), 125.7, 121.4, 120.2 (d, J=21.4 Hz), 116.3 (d, J = 22.6
Hz), 72.87, 64.02, 53.04, 13.40.

BEF{TH} NMR (565 MHz, CDCl;) § -111.93.

ESI-HRMS: calcd for C30Hp,FNOsSNa* ([M + Na]*) = 552.1251, found 552.1249.

IR (neat): 3265, 1735, 1665, 1587, 1447, 1373, 1297, 1241, 1170,1135, 1033, 892, 754, 703 cm!.
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ethyl (S5)-3-((R)-(2-(4-fluorobenzoyl)phenyl)(phenyl)methyl)-2,3-dihydrobenzo|d]isothiazole-
3-carboxylate 1,1-dioxide (C18)

C18
White solid; mp: 70-73 °C; 90% yield, 89:11 dr (determined by '"H NMR), 93%/67% ee. [ot]sg0!® =
-140.5 (¢ = 0.43, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH =
85/15, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 4.86 min, tg; = 6.24 min, tg; =
7.45 min, tpg = 10.12 min.
TH NMR (600 MHz, CDCl;) 8 8.10 (d, /= 7.8 Hz, 1H), 7.87 (d, /= 7.8 Hz, 1H), 7.64 — 7.62 (m,
1H), 7.58 — 7.55 (m, 1H), 7.53 — 7.52 (m, 1H), 7.49 — 7.46 (m, 3H), 7.36 — 7.33 (m, 1H), 7.25 -
7.24 (m, 1H), 6.96 — 6.94 (m, 1H), 6.90 — 6.87 (m, 4H), 6.85 — 6.83 (m, 2H), 6.11 (s, 1H), 5.42 (s,
1H), 4.12 — 4.06 (m, 1H), 3.98 —3.93 (m, 1H), 1.01 (t, /= 7.2 Hz, 3H).
BC{TH} NMR (151 MHz, CDCl;) & 196.8, 169.8, 165.7 (d, J = 255.6 Hz ), 139.2, 137.9, 136.8,
135.6, 135.0, 133.7 (d,J=2.7 Hz), 133.3, 132.6(d, /= 9.7 Hz ), 130.6, 130.5, 130.3, 128.7, 128.6,
127.6,127.2,126.8, 125.7, 121.4, 115.3 (d, J=21.9 Hz), 72.9, 64.0, 53.1, 13.4.
BEF{TH} NMR (565 MHz, CDCl;) § -104.41.
ESI-HRMS: calcd for C30Hp,FNOsSNa* ([M + Na]*) = 552.1251, found 552.1249.
IR (neat): 3264, 1734, 1662, 1596, 1308, 1237, 1169, 931, 855, 756, 702 cm’!.
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ethyl (S)-3-((R)-(2-(4-chlorobenzoyl)phenyl)(phenyl)methyl)-2,3-dihydrobenzo[d]isothiazole-
3-carboxylate 1,1-dioxide (C19)

Q.0
S

Cc19
White solid; mp: 77-81 °C; 92% yield, 84:16 dr (determined by 'H NMR), 95%/75% ee. [at]sg9!” =
-139.5 (¢ = 0.91, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH =
85/15, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 6.67 min, tr, = 8.74 min, tg3 =
10.93 min, trg = 14.77 min.
'H NMR (600 MHz, CDCl3) 6 8.10 (d, J= 7.8 Hz, 1H), 7.87 (d, /= 7.8 Hz, 1H), 7.65 — 7.62 (m,
1H), 7.58 — 7.56 (m, 1H), 7.53 — 5.52 (m, 1H), 7.48 — 7.46 (m, 1H), 7.40 — 7.38 (m, 2H), 7.36 —
7.34 (m, 1H), 7.25 — 7.24 (m, 1H), 7.19 — 7.18 (m, 2H), 6.97 — 6.95 (m, 1H), 6.91 — 6.88 (m, 2H),
6.84 — 6.82 (m, 2H), 6.10 (s, 1H), 5.42 (s, 1H), 4.12 — 4.06 (m, 1H), 3.99 — 3.93 (m, 1H), 1.02 (t, J
= 7.2 Hz, 3H).
I3C{1TH} NMR (151 MHz, CDCls) 6 197.3, 169.9, 139.8, 139.1, 138.1, 136.8, 135.8, 135.6, 135.1,
133.4, 131.3, 130.7, 130.7, 130.3, 128.9, 128.7, 128.5, 127.7, 127.3, 126.7, 125.8, 121.5, 72.9,
64.1,53.2,13.5
ESI-HRMS: caled for C30H,43CINOsSNat (M + Na]?) = 568.0956, found 568.0958.
C30H,43"CINOsSNa* ([M + Na]*) = 570.0926, found 570.0933
IR (neat): 3264, 1735, 1662, 1586, 1309, 1242, 1171, 1091, 929, 754, 705 cm’!.
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ethyl (S)-3-((R)-phenyl(2-(4-(trifluoromethyl)benzoyl)phenyl)methyl)-2,3-dihydrobenzo|d]is

othiazole-3-carboxylate 1,1-dioxide (C20)

C20
White solid; mp: 63-67 °C; 85% yield, 74:26 dr (determined by '"H NMR), 92%/52% ee. [ot]sg0!° =
-131.6 (¢ = 1.08, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH =
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85/15, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 2.67 min, tg; = 3.45 min, tg; =
4.36 min, tg4 = 5.43 min.

TH NMR (400 MHz, CDCl;) 8 8.13 (d, /= 8.4 Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.67 — 7.62 (m,
1H), 7.62 — 7.57 (m, 1H), 7.56 — 7.52 (m, 3H), 7.47 — 7.46 (m, 2H), 7.39 — 7.36 (m, 1H), 7.27 —
7.25 (m, 2H), 6.97 — 6.93 (m, 1H), 6.89 — 6.85 (m, 2H), 6.79 — 6.77 (m, 2H), 6.11 (s, 1H), 5.41 (s,
1H), 4.15 - 4.07 (m, 1H), 4.04 — 3.98 (m, 1H), 1.03 (t, /= 7.2 Hz, 3H).

BC{TH} NMR (101 MHz, CDCl) 8 197.5, 169.8, 140.2, 138.7, 138.2, 136.7, 135.4, 135.1, 134.3
(q,J=32.9 Hz), 133.3, 131.0, 130.6, 130.3, 130.1, 129.0, 128.6, 128.6, 127.6, 127.3, 126.9, 125.6,
125.1 (q, J=3.7 Hz), 121.5, 72.8, 64.1, 53.3, 13.4.

UF{TH} NMR (377 MHz, CDCl;) § -63.21.

ESI-HRMS: calcd for Cs3;H,4F3NOsSNa* ([M + Na]*) = 602.1219, found 602.1221.

IR (neat): 3265, 1735, 1670, 1324, 1242, 1170, 1132, 1066, 931, 858, 757, 707 cm’!.
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ethyl (5)-3-((R)-(2-(4-cyanobenzoyl)phenyl)(phenyl)methyl)-2,3-dihydrobenzo|d]isothiazole-
3-carboxylate 1,1-dioxide (C21)

Qo

¥

Cc21
White solid; mp: 105-107 °C; 65% vyield, 87:13 dr (determined by 'H NMR), 41%/45% ee.
[0]s80'® = -33.6 (¢ = 0.68, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3,
CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 8.70 min, tg; =
10.09 min, tgz = 10.93 min, tp4 = 14.77 min.
TH NMR (400 MHz, CDCl;) 4 8.14 (d, /= 8.0 Hz, 1H), 7.72 (d, J = 8.0 Hz, 1H), 7.60 — 7.56 (m,
3H), 7.49 (s, 1H), 7.46 — 7.42 (m, 3H), 7.40 — 7.38 (m, 2H), 7.29 — 7.27 (d, /= 4.4 Hz, 1H), 7.24 —
7.21 (m, 2H), 7.19 — 7.12 (m, 2H), 6.98 — 6.96 (m, 1H), 5.99 (s, 1H), 5.93 (s, 1H), 4.08 — 4.00 (m,
2H), 1.02 (t, J=7.2 Hz, 3H)..
BC{TH} NMR (101 MHz, CDCl;) 8 197.0, 169.6, 140.6, 138.7, 137.1, 136.8, 135.6, 135.0, 133.3,
131.8, 131.4, 130.5, 130.5, 129.0, 128.8, 128.7, 127.6, 126.3, 126.2, 121.2, 117.8, 116.1, 72.9,
63.9, 50.0, 13.6.
ESI-HRMS: calcd for C3,H,4N,0sSNa™ ([M + Na]") = 559.1298, found 559.1300.
IR (neat): 3262, 1737, 1665, 1311, 1242, 1170, 930, 857, 755, 706 cm’!.
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ethyl (S5)-3-((R)-phenyl(2-(thiophene-2-carbonyl)phenyl)methyl)-2,3-dihydrobenzo[d]isothia
zole-3-carboxylate 1,1-dioxide (C22)

C22

White solid; mp: 95-98 °C; 42% yield, 75:25 dr (determined by 'H NMR), 73%/12% ee. [at]s5g9!® =
-110.8 (¢ = 0.23, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel 0X-3, CO,/MeOH
80/20, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 6.78 min, tr, = 9.29 min, ty;
11.36min, trs = 21.62 min.

'H NMR (400 MHz, CDCl3) § 8.11 (d, J= 7.6 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.66 — 7.62 (m,
2H), 7.56 — 7.52 (m, 2H), 7.50 — 7.47 (m, 1H), 7.45 — 7.42 (m, 1H), 7.38 — 7.34 (m, 1H), 7.24 —
7.20 (m, 1 H), 7.02 — 7.00 (m, 1H), 6.95 — 6.92 (m, 3H), 6.87 — 6.85 (m, 1H), 6.08 (s, 1H), 5.55 (s,
1H), 4.08 — 4.03 (m, 1H), 3.87 — 3.79 (m, 1H), 0.98 (t, /= 7.2 Hz, 3H).

I3C{1TH} NMR (101 MHz, CDCls) 6 190.1, 169.9, 144.7, 139.0, 137.8, 136.7, 136.2, 135.0, 133.3,
130.7, 130.6, 130.2, 129.0, 128.9, 128.8, 128.6, 128.0, 127.7, 127.2, 126.8, 126.0, 121.4, 73.0,
64.0,52.7, 13.4.

ESI-HRMS: calcd for C,3H,3NO5S,Na* ([M + NaJ*) = 540.0910, found 540.0908.

IR (neat): 3266, 1735, 1637, 1411, 1298, 1239, 1170, 1035, 853, 753, 728 cm’!.
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ethyl (S5)-3-((R)-(2-benzoyl-5-methylphenyl)(phenyl)methyl)-2,3-dihydrobenzo|d]isothiazole-
3-carboxylate 1,1-dioxide (C23)

Q.0
S

c23

White solid; mp: 94-96 °C; 86% yield, 88:12 dr (determined by '"H NMR), 77%/37% ee. [t]sg0!® =
-113.4 (¢ = 0.77, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH =
85/15, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 6.22 min, tg; = 6.79 min, tg; =
9.33 min, tp4 = 11.98 min.
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1H NMR (600 MHz, CDCls) & 7.92 (s, 1H), 7.85 (d, J = 7.8 Hz, 1H), 7.61 — 7.58 (m, 1H), 7.56 —
7.53 (m, 3H), 7.49 — 7.44 (m, 2H), 7.31 — 7.28 (m, 2H), 7.21 — 7.19 (m, 1H), 7.13 -7.12 (m, 1H),
7.02 — 7.01 (m, 2H), 6.97 — 6.92 (m, 3H), 6.08 (s, 1H), 5.62 (s, 1H), 4.10 — 4.04 (m, 1H), 3.89 —
3.83 (m, 1H), 2.49 (s, 3H), 0.97 (t, J = 7.2 Hz, 3H).
BC{IH} NMR (151 MHz, CDCly) § 198.3, 169.9, 141.07, 138.4, 138.0, 136.7, 136.2, 136.2, 135.0,
133.2, 133.0, 130.5, 130.2, 130.1, 129.9, 129.6, 128.1, 127.7, 127.2, 127.1, 126.0, 121.3, 73.0,

63.9,52.1,21.9, 13.4.

ESI-HRMS: calcd for C3;H,7;NOsSNa* ([M + Na]*) = 548.1502, found 548.1502.
IR (neat): 3263, 1735, 1658, 1450, 1310, 1241, 1171, 1035, 907, 711 cm'.
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ethyl (S)-3-((R)-(2-benzoyl-4-methylphenyl)(phenyl)methyl)-2,3-dihydrobenzo[d]isothiazole-

3-carboxylate 1,1-dioxide (C24)
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C24
White solid; mp: 210-214 °C; 98% yield, 87:13 dr (determined by 'H NMR), 91%/68% ee.
[0]s80' = -136.6 (¢ = 0.87, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3,
CO,/MeOH = 85/15, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 7.73 min, tg; =
8.78 min, tg3 = 9.81 min, tgs = 16.69 min.
TH NMR (600 MHz, CDCl;) 8 8.00 (d, /= 7.8 Hz, 1H), 7.83 (d, /= 7.8 Hz, 1H), 7.60 — 7.56 (m,
1H), 7.55 — 7.50 (m, 3H), 7.48 — 7.43 (m, 2H), 7.37 — 7.35 (m, 1H), 7.29 — 7.26 (m, 2H), 7.10 —
7.07 (m, 1H), 6.96 — 6.87 (m, 5H), 6.06 (s, 1H), 5.43 (s, 1H), 4.11 — 4.06 (m, 1H), 3.92 — 3.86 (m,
1H), 2.33 (s, 3H), 1.02 (t,J = 7.2 Hz, 3H).
BC{TH} NMR (151 MHz, CDCl;) 8 198.5, 169.9, 139.2, 137.6, 136.7, 136.5, 136.2, 135.0, 134.9,
133.2, 133.1, 131.2, 130.4, 130.1, 130.1, 129.6, 128.8, 128.1, 127.6, 127.0, 125.9, 121.3, 73.0,
64.0, 52.5,20.9, 13.4.
ESI-HRMS: calcd for C3;H»;NOsSNa* ([M + Na]*) = 548.1502, found 548.1501.
IR (neat): 3264, 1734, 1661, 1450, 1312, 1240, 1172, 1034, 857, 716 cm’!.
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16.686 8352276 83.15

ethyl (5)-3-((R)-(2-benzoyl-5-fluorophenyl)(phenyl)methyl)-2,3-dihydrobenzo|d]isothiazole-
3-carboxylate 1,1-dioxide (C25)

Q0
S

C25

White solid; mp: 93-97 °C; 88% yield, 88:12 dr (determined by 'H NMR), 93%/68% ee. [at]sg9!® =
-129.3 (¢ = 0.92, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH =
85/15, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 5.45 min, tr, = 6.83 min, tg3 =
7.71 min, trg = 15.56 min.

TH NMR (600 MHz, CDCl3) § 7.90 — 7.88 (m, 1H), 7.83 (d, /= 7.8 Hz, 1H), 7.61 — 7.58 (m, 1H),
7.54 —7.52 (m, 3H), 7.52 — 7.49 (m, 1H), 7.47 — 7.44 (m, 1H), 7.32 — 7.29 (m, 3H), 7.04 — 6.93 (m,
6H), 6.08 (s, 1H), 5.61 (s, 1H), 4.13 — 4.08 (m, 1H), 3.93 — 3.87 (m, 1H), 1.01 (t, J= 7.2 Hz, 3H).
I3C{ITH} NMR (151 MHz, CDCl;) 6 197.2, 169.6, 163.5 (d, J = 252.6 Hz), 141.5 (d, J = 7.7 Hz),
137.6, 136.3, 135.5, 135.1 (d, J= 3.0 Hz), 135.0, 133.3, 133.3, 131.7 (d, J= 8.9 Hz), 130.6, 130.1,
130.0, 128.3, 127.8, 127.4, 125.8, 121.4, 116.6 (d, J=23.1 Hz), 113.7 (d, J=21.6 Hz), 72.8, 64.2,
52.1,13.4.

YF{IH} NMR (565 MHz, CDCl;) § -106.77.

ESI-HRMS: calcd for C3yH,4FNOsSNat ([M + Na]*) = 552.1251, found 552.1250.

IR (neat): 3259, 1735, 1661, 1585, 1313, 1244, 1171, 1034, 857, 712 cm.
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ethyl (5)-3-((R)-(2-benzoyl-4-chlorophenyl)(phenyl)methyl)-2,3-dihydrobenzo|d]isothiazole-
3-carboxylate 1,1-dioxide (C26)

C26
White solid; mp: 134-138 °C; 99% yield, 94:6 dr (determined by 'H NMR), 95%/56% ee. [0t]sso'”
= -175.1 (¢ = 1.02, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO/MeOH
= 85/15, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 7.55 min, tg, = 8.68 min, tg3
=10.99 min, tr4 = 20.42 min.
IH NMR (600 MHz, CDCl;) 4 8.14 (d, /= 1.8 Hz, 1H), 7.83 (d, /= 7.8 Hz, 1H), 7.62 — 7.59 (m,
1H), 7.53 — 7.48 (m, 4H), 7.47 — 7.44 (m, 1H), 7.33 — 7.28 (m, 3H), 7.24 — 7.23 (m, 1H), 6.98 —
6.92 (m, 5H), 6.12 (s, 1H), 5.51 (s, 1H), 4.15 — 4.10 (m, 1H), 3.95 —3.90 (m, 1H), 1.03 (t, J=7.2
Hz, 3H).
BC{TH} NMR (151 MHz, CDCl;) 8 197.2, 169.6, 140.3, 137.5, 137.2, 136.7, 136.4, 135.2, 135.0,
133.4, 133.3, 130.6, 130.6, 130.2, 130.0, 129.1, 128.3, 127.8, 127.4, 126.9, 125.8, 121.4, 72.7,
64.2,52.3,13.4.
ESI-HRMS: caled for C;30HpPCINOsSNa* ([M + Nal]) = 568.0956, found 568.0956.
C30H,43"CINOsSNa* ([M + Na]*) = 570.0926, found 570.0932.
IR (neat): 3254, 1734, 1662, 1588, 1450, 1312, 1241, 1170, 931, 757, 711 cm’!.
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ethyl (5)-3-((R)-(2-benzoyl-4-(trifluoromethyl)phenyl)(phenyl)methyl)-2,3-dihydrobenzo|d]i
sothiazole-3-carboxylate 1,1-dioxide (C27)

Q0
S

Cc27

White solid; mp: 70-74 °C; 94% yield, 89:11 dr (determined by '"H NMR), 88%/26% ee. [ot]sg0!” =
-140.2 (¢ = 1.02, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH =
85/15, flow rate = 1.0 mL/min, A = 254 nm), retention time: tg; = 4.13 min, tg; = 4.58 min, tg; =

6.10 min, tp4 = 7.98 min.
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1H NMR (600 MHz, CDCl;) & 8.38 (s, 1H), 7.86 (d, J = 7.8 Hz, 1H), 7.65 — 7.63 (m, 2H), 7.53 —
7.51 (m, 1H), 7.49 — 7.44 (m, 4H), 7.40 — 7.39 (m, 1H), 7.26 — 7.22 (m, 2H), 6.96 — 6.94 (m, 1H),
6.90 — 6.87 (m, 2H), 6.79 — 6.78 (m, 2H), 6.18 (s, 1H), 5.40 (s, 1H), 4.16 — 4.11 (m, 1H), 4.03 —
3.98 (m, 1H), 1.03 (t, /= 7.2 Hz, 3H).

BC{IH} NMR (151 MHz, CDCls) & 197.1, 169.5, 143.0, 139.0, 136.5, 135.1, 134.6, 133.7, 133.4,
132.1 (q, J = 32.6 Hz), 130.7, 130.3, 130.0, 129.0, 128.3, 127.8, 127.5, 125.6, 125.1 (q, J = 3.9
Hz), 123.8 (q, J = 3.5 Hz), 123.5 (q, J=272.9 Hz), 121.5, 72.7, 64.3, 53.3, 13 .4.

F{H} NMR (565 MHz, CDCly) § -62.77.

ESI-HRMS: calcd for CsH,4FsNOsSNa* ([M + Na]*) = 602.1219, found 602.1219.

IR (neat): 3257, 1735, 1666, 1329, 1242, 1170, 1130, 1073, 936, 852, 711 cm-".
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ethyl (5)-3-((R)-(2-benzoylphenyl)(2-fluorophenyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3
-carboxylate 1,1-dioxide (C28)
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Cc28

White solid; mp: 73-77 °C; 82% yield, 41:59 dr (determined by '"H NMR), 65%/55% ee. [0t]5g02° =
-48.2 (¢ = 0.83, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel OX-3, CO,/MeOH =
85/15, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 7.65 min, tg; = 9.52 min, tg; =
13.02 min, tp4 = 26.40 min.

TH NMR (400 MHz, CDCl3) & 8.04 (d, J = 8.0 Hz, 1H), 7.82 — 7.80 (m, 1H), 7.71 — 7.67 (m, 1H),
7.50 —7.42 (m, 4H), 7.39 — 7.34 (m, 3H), 7.29 — 7.27 (m, 2H), 7.14 — 7.11 (m, 2H), 7.07 — 7.05 (m,
1H), 6.95 — 6.92 (m, 1H), 6.86 — 6.81 (m, 1H), 6.18 (s, 1H), 5.94 (s, 1H), 4.11 — 4.05 (m, 2H),
1.10 (t, J=7.2 Hz, 3H).

BC{TH} NMR (101 MHz, CDCl;) & 198.4, 169.6, 160.0 (d, J = 248.5 Hz), 139.0, 137.1, 136.9,
135.5, 135.1, 134.8, 133.2, 133.0, 131.1, 130.7, 130.4, 130.2, 129.3 (d, J = 8.7 Hz), 128.6, 128.0,
127.1,126.4, 124.2 (d, J= 3.5 Hz), 120.9, 115.4 (d, J=23.4 Hz), 72.3, 63.9, 44.6, 13.5.

UF{TH} NMR (377 MHz, CDCl;) § -115.16.

ESI-HRMS: calcd for C30Hp,FNOsSNa* ([M + Na]*) = 552.1251, found 552.1251.

IR (neat): 3263, 1736, 1663, 1451, 1313, 1243, 1172, 1027, 931, 758, 708 cm’!.
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ethyl (5)-3-((R)-(2-benzoylphenyl)(3-fluorophenyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3
-carboxylate 1,1-dioxide (C29)

C29

White solid; mp: 76-79 °C; 98% yield, 80:20 dr (determined by 'H NMR), 91%/73% ee. [at]sg9!° =
-133.9 (¢ =0.90, in CH,Cl,), dissolved in MeOH for HPLC (Chiralcel IF, Hexane/iPrOH = 80/20,
flow rate = 1.0 mL/min, A = 254 nm), retention time: tg; = 20.28 min, tg, = 28.42 min, tg3 = 30.58
min, trg4 = 42.60 min.

'H NMR (400 MHz, CDCl3) & 8.10 (d, J= 8.0 Hz, 1H), 7.85 (d, J= 8.0 Hz, 1H), 7.68 — 7.63 (m,
1H), 7.58 — 7.52 (m, 4H), 7.50 — 7.46 (m, 2H), 7.40 — 7.35 (m, 2H), 7.32 — 7.27 (m, 4H), 6.87 —
6.82 (m, 1H), 6.68 — 6.66 (m, 2H), 6.10 (s, 1H), 5.49 (s, 1H), 4.10 — 4.05 (m, 1H), 3.94 — 3.86 (m,
1H), 0.98 (t, /= 7.2 Hz, 3H).

I3C{1H} NMR (101 MHz, CDCl;) & 198.2, 169.6, 162.0 (d, J = 246.0), 139.2, 138.3 (d, J = 7.5),
137.5, 137.4, 136.5, 135.1, 133.4, 133.3, 130.7, 130.7, 130.0, 129.3, 128.9 (d, J =8.4), 128.6,
128.2, 126.9, 125.8 (d, J = 2.7), 125.6, 121.5, 117.4 (d, J = 25.8), 114.1 (d, J = 21.0), 72.7, 64.2,
52.4,13.3.

YF{TH} NMR (377 MHz, CDCls) § -113.49.

ESI-HRMS: calcd for C3H,4FNOsSNat ([M + Na]*) = 552.1251, found 552.1259.

IR (neat): 3262, 1736, 1660, 1590, 1449, 1313, 1244, 1172, 929, 759, 711 cm’!.
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ethyl (5)-3-((R)-(2-benzoylphenyl)(m-tolyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3-carbox
ylate 1,1-dioxide (C30)

C30

White solid; mp: 67-70 °C; 92% yield, 91:9 dr (determined by '"H NMR), 91%/56% ce. [at]sg9!® = -
123.9 (c = 0.92, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH =
90/10, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 12.66 min, tg, = 15.51 min, tg; =
17.69 min, tg4 = 22.02 min.
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1H NMR (400 MHz, CDCl3) § 8.13 (d, J = 8.0 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.60 — 7.52 (m, 5H),
7.50 — 7.42 (m, 2H), 7.37 — 7.33 (m, 1H), 7.31 — 7.28 (m, 3H), 6.81 — 6.80 (m, 2H), 6.75 — 6.73 (m,
1H), 6.69 (s, 1H), 6.04 (s, 1H), 5.45 (s, 1H), 4.11 — 4.03 (m, 1H), 3.92 — 3.84 (m, 1H), 1.99 (s, 3H),
1.00 (t, J = 7.2 Hz, 3H).

BC{!H} NMR (101 MHz, CDCl;) & 198.3, 169.8, 139.2, 138.0, 137.5, 137.1, 136.7, 135.8, 135.0,
133.1, 133.1, 131.0, 130.5, 130.4, 130.1, 129.1, 128.9, 128.1, 127.8, 127.5, 127.2, 126.6, 125.9,

121.3,72.9, 64.0, 52.5, 21.1, 13.4.

ESI-HRMS: calcd for C3;H»7NOsSNa™ ([M + Na]*) = 548.1502, found 548.1501.

IR (neat): 3266, 1735, 1661, 1312, 1243, 1172, 930, 761, 711 cm’".
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ethyl (5)-3-((R)-(2-benzoylphenyl)(3-chlorophenyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3
-carboxylate 1,1-dioxide (C31)
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C31

White solid; mp: 75-79 °C; 95% yield, 81:19 dr (determined by '"H NMR), 88%/56% ee. [ot]sg0!® =
-130.8 (¢ = 0.93, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH
85/15, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 6.76 min, tg; = 8.03 min, tg; =
10.13 min, tgg4 = 11.72 min.

TH NMR (400 MHz, CDCl;) 8 8.10 (d, /= 8.4 Hz, 1H), 7.83 (d, J = 8.4 Hz, 1H), 7.67 — 7.61 (m,
1H), 7.58 — 7.51 (m, 4H), 7.51 — 7.46 (m, 2H), 7.39 — 7.35 (m, 1H), 7.33 — 7.27 (m, 4H), 6.93 —
6.91 (m, 1H), 6.85 (s, 2H), 6.11 (s, 1H), 5.43 (s, 1H), 4.11 — 4.04 (m, 1H), 3.94 — 3.86 (m, 1H),
0.99 (t,J=17.2 Hz, 3H).

BC{IH} NMR (101 MHz, CDCl;) 8 198.2, 169.5, 139.2, 137.8, 137.4, 137.3, 136.3, 135.1, 133.4,
133.4, 133.4, 130.7, 130.7, 130.5, 130.0, 129.3, 128.8, 128.6, 128.2, 127.3, 127.0, 125.6, 121.5,
72.7,64.2,52.4,13.4.

ESI-HRMS: caled for C;3,Hp»CINOsSNa® ([M + Na]) = 568.0956, found 568.0961.
C30H24>’CINOsSNa* ([M + Na]") = 570.0926, found 570.0937.

IR (neat): 3261, 1736, 1660, 1313, 1245, 1171, 1031, 931, 762, 712 cm.
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ethyl (S)-3-((R)-(2-benzoylphenyl)(3,4-dichlorophenyl)methyl)-2,3-dihydrobenzo|d]isothiazo
le-3-carboxylate 1,1-dioxide (C32)

C32

White solid; mp: 81-84 °C; 96% yield, 78:22 dr (determined by 'H NMR), 85%/47% ee. [at]sg9!® =
-104.1 (¢ = 1.11, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH
85/15, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 7.54 min, tg, = 8.24 min, tg;
10.31 min, trg = 15.22 min.

'H NMR (400 MHz, CDCl;) & 8.08 (d, J= 8.0 Hz, 1H), 7.82 (d, J = 8.0 Hz, 1H), 7.60 — 7.50 (m,
6H), 7.38 — 7.30 (m, 5H), 6.98 — 6.96 (m, 2H), 6.88 — 6.85 (m, 1H), 6.11 (s, 1H), 5.43 (s, 1H),
4.11 - 4.05 (m, 1H), 3.92 — 3.84 (m, 1H), 0.97 (t, J= 7.2 Hz, 3H).

I3C{1TH} NMR (101 MHz, CDCls) 6 198.0, 169.4, 139.1, 137.3, 137.2, 136.3, 136.1, 135.1, 133.6,
133.5, 132.3, 131.6, 131.4, 130.9, 130.8, 130.0, 129.5, 129.5, 129.4, 128.5, 128.3, 127.1, 125.5,
121.7,72.5,64.3,51.8,13.3

ESI-HRMS: calcd for C30H,33CLNOsSNa® (M + Na]") = 602.0566, found 602.0571.
C30H233°CI37CINOsSNa* ([M + Na]*) = 604.0537, found 604.0540. C;H,43"CINOsSNa* ([M +
Na]*) = 606.0507, found 606.0515.

IR (neat): 3261, 1737, 1661, 1470, 1314, 1246, 1172, 1031, 931, 765, 712 cm’!.
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ethyl (S)-3-((R)-benzo[d][1,3]dioxol-5-yl(2-benzoylphenyl)methyl)-2,3-dihydrobenzo|d]isothi

azole-3-carboxylate 1,1-dioxide (C33)

C33

White solid; mp: 96-99 °C; 64% yield, 92:8 dr (determined by '"H NMR), 91%/39% ee. [at]5s0'°= -
118.2 (¢ = 0.66, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH =
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80/20, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 5.31 min, tg; = 6.71 min, tg; =
8.64 min, tgg = 9.83 min.

TH NMR (400 MHz, CDCl;) 8 8.04 (d, /= 8.0 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.64 — 7.60 (m,
1H), 7.58 — 7.52 (m, 4H), 7.51 — 7.46 (m, 2H), 7.35 — 7.27 (m, 4H), 6.53 (d, /= 1.6 Hz, 1H), 6.28
—6.22 (m, 2H), 6.08 (s, 1H), 5.73 (s, 2H), 5.43 (s, 1H), 4.11 — 4.03 (m, 1H), 3.95 — 3.87 (m, 1H),
0.98 (t,J=17.2 Hz, 3H).

BC{TH} NMR (101 MHz, CDCl;) 8 198.4, 169.9, 147.1, 146.5, 139.2, 138.4, 137.5, 136.9, 135.2,
133.4, 133.2, 130.6, 130.6, 130.1, 129.6, 129.2, 128.4, 128.2, 126.7, 125.8, 124.1, 121.5, 110.9,
107.3, 100.8, 73.0, 64.1, 52.4, 13 .4.

ESI-HRMS: calcd for C3;H,sNO;SNa* ([M + Na]*) = 578.1244, found 578.1246.

IR (neat): 3262, 1735, 1661, 1487, 1446, 1313, 1246, 1172, 1038, 929, 760, 709 cm™!.
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ethyl (S)-3-((R)-[1,1'-biphenyl]-4-yl(2-benzoylphenyl)methyl)-2,3-dihydrobenzo|d]isothiazol
e-3-carboxylate 1,1-dioxide (C34)
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C34

White solid; mp: 103-107 °C; 78% vyield, 87:13 dr (determined by 'H NMR), 88%/35% ee.
[0]s80!7 = -68.6 (¢ = 0.91, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3,
CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 9.87 min, tg; =
13.20 min, tgz = 14.62 min, tr4 = 19.26 min.

TH NMR (600 MHz, CDCl3) § 8.16 (d, J = 7.8 1H), 7.86 (d, J = 7.8 Hz, 1H), 7.62 — 7.55 (m, 5H),
7.50 —7.46 (m, 2H), 7.39 — 7.37 (m, 2H), 7.35 — 7.27 (m, 7H), 7.16 — 7.15 (m, 2H), 7.07 — 7.06 (m,
2H), 6.10 (s, 1H), 5.59 (s, 1H), 4.10 — 4.05 (m, 1H), 3.91 — 3.85 (m, 1H), 0.99 (t, /= 7.2 Hz, 3H).
BC{TH} NMR (151 MHz, CDCl;) & 198.3, 169.8, 140.4, 139.6, 139.1, 138.0, 137.5, 136.5, 135.2,
135.0, 133.3, 133.2, 130.6, 130.6, 130.5, 130.1, 129.3, 128.9, 128.5, 128.2, 127.0, 126.8, 126.7,
126.3, 125.9, 121.5,72.9, 64.0, 52.2, 13.4.

ESI-HRMS: calcd for C36HpoNOsSNa* ([M + Na]*) = 610.1659, found 610.1664.

IR (neat): 3267, 1736, 1661, 1449, 1314, 1244, 1171, 930, 761, 703 cm’".
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Retention
. Area % Area
Time
1 9.868 878640 4.25
13.203 1083226 5.23
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19.260 1807835 8.74
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ethyl (5)-3-((R)-(2-benzoylphenyl)(4-fluorophenyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3
-carboxylate 1,1-dioxide (C35)

Qo

N

C35

White solid; mp: 71-75 °C; 94% yield, 79:21 dr (determined by 'H NMR), 88%/51% ee. [at]sg9!” =
-125.7 (¢ = 0.92, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH =
95/5, flow rate = 1.5 mL/min, A = 254 nm), retention time: tz; = 12.61 min, tg, = 15.16 min, tg3 =
17.40 min, trg = 19.88 min.

'H NMR (600 MHz, CDCl3) & 8.09 (d, J= 7.8 Hz, 1H), 7.85 (d, /= 7.8 Hz, 1H), 7.64 — 7.61 (m,
1H), 7.58 — 7.54 (m, 2H), 7.52 — 7.47 (m, 4H), 7.36 — 7.34 (m, 1H), 7.30 — 7.27 (m, 3H), 6.90 —
6.88 (m, 2H), 6.60 — 6.57 (m, 2H), 6.13 (s, 1H), 5.50 (s, 1H), 4.11 — 4.04 (m, 1H), 3.93 — 3.88 (m,
1H), 0.98 (t, /= 7.2 Hz, 3H).

BC{IH} NMR (151 MHz, CDCl;) 8 198.3, 169.7, 161.8 (d, J = 246.6), 139.1, 138.0, 137.4, 136.6,
135.0, 133.4, 133.3, 131.9 (d, J = 8.5), 130.8, 130.6, 130.6, 130.0, 129.3, 128.4, 128.2, 126.7,
125.7,121.5, 1145 (d,J=21.4), 72.9, 64.1, 52.0, 13.4.

YF{TH} NMR (565 MHz, CDCls) § -115.04.

ESI-HRMS: calcd for C3yH,4FNOsSNat ([M + Na]*) = 552.1251, found 552.1252.

IR (neat): 3264, 1736, 1661, 1508, 1313, 1234, 1170, 1031, 930, 762, 707 cm’!.
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ethyl ($)-3-((R)-(2-benzoylphenyl)(4-chlorophenyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3
-carboxylate 1,1-dioxide (C36)

Q0

v

C36

White solid; mp: 75-78 °C; 96% yield, 90:10 dr (determined by '"H NMR), 94%/60% ee. [ot]sg0!° =
-122.1 (¢ = 1.06, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH
85/15, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 7.11 min, tg; = 9.00 min, tg; =
10.99 min, tg4 = 13.42 min.

'TH NMR (400 MHz, CDCls) 8 8.09 (d, J = 8.0 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.63 — 7.46 (m,
7H), 7.37 — 7.29 (m, 4H), 6.92 — 6.86 (m, 4H), 6.10 (s, 1H), 5.51 (s, 1H), 4.11 — 4.03 (m, 1H),
3.91-3.83 (m, 1H), 0.97 (t, /= 7.2 Hz, 3H).

BC{IH} NMR (101 MHz, CDCl) 6 198.1, 169.6, 139.0, 137.8, 137.4, 136.4, 135.0, 134.6, 133 .4,
133.3, 133.1, 131.5, 130.7, 130.1, 129.4, 128.6, 128.3, 127.8, 126.8, 125.7, 121.5, 72.7, 64.1, 51.9,
13.3.

ESI-HRMS: caled for C;3,HpPCINOsSNa* ([M + Nal]) = 568.0956, found 568.0958.
C30H24>’CINOsSNa* ([M + Na]*) = 570.0926, found 570.0935.

IR (neat): 3262, 1735, 1661, 1586, 1490, 1373, 1313, 1242, 1171, 1017, 930, 853, 759, 709 cm'!.

78



0.25
0.20]

0.15-

AU

0.05

o
53
=
. >7.085

T i
8.00

T T i T T T
10.00 12.00

T T T T
14.00 16.00

0.00 2.00 4.00 6.00
Minutes
Retention
. Area % Area
Time
1 7.085 996155 8.84
2 8.966 4658761 41.35
3 11.032 4646336 41.24
4 13.439 964259 8.56
o.4trf
O.BCé
2 o.2trf
000, by P A
0.00 260 4.‘00 BBO T 8.‘00 ‘ ‘ o 10‘.00 ‘ ‘ ‘ 12‘.00 ‘ ‘ ‘ 145} ‘ ‘ ‘ 16.00
Minutes
Retention
. Area % Area
Time
1 7.109 238893 2.00
2 9.001 318489 2.67
3 10.988 10385857 87.16
4 13.425 972067 8.16

ethyl (S)-3-((R)-(2-benzoylphenyl)(4-(trifluoromethyl)phenyl)methyl)-2,3-dihydrobenzo|d]is

othiazole-3-carboxylate 1,1-dioxide (C37)

C37

White solid; mp:78-80 °C; 91% yield, 78:22 dr (determined by '"H NMR), 87%/35% ee. [at]sg0!® =
-109.1 (¢ = 1.06, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel ID-3, CO,/MeOH =
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95/5, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 13.02 min, tg; = 14.99 min, tg3 =
18.51 min, tpg = 20.26 min.

TH NMR (600 MHz, CDCl;) 8 8.11 (d, J= 7.8 Hz, 1H), 7.86 (d, /= 7.8 Hz, 1H), 7.65 — 7.61 (m,
1H), 7.59 — 7.55 (m, 2H), 7.52 — 7.47 (m, 4H), 7.38 — 7.35 (m, 1H), 7.31 — 7.28 (m, 3H), 7.16 —
7.15 (m, 2H), 7.12 — 7.11 (m, 2H), 6.14 (s, 1H), 5.59 (s, 1H), 4.10 — 4.05 (m, 1H), 3.91 — 3.85 (m,
1H), 0.97 (t, J= 7.2 Hz, 3H).

BC{TH} NMR (151 MHz, CDCl;) 8 198.1, 169.5, 140.1, 139.1, 137.4, 137.3, 136.2, 135.0, 133.5,
133.4, 130.8, 130.8, 130.6, 130.4, 130.0, 129.4, 128.7, 128.2, 127.0, 125.6, 124.5 (q, J = 3.3 Hz),
123.9 (q,J=272.0 Hz), 121.64, 72.55, 64.24, 52.26, 13.34.

UF{TH} NMR (565 MHz, CDCl;) § -62.67.

ESI-HRMS: calcd for Cs3;H,4F3NOsSNa* ([M + Na]*) = 602.1219, found 602.1221.

IR (neat):3261, 1736, 1660, 1450, 1323, 1240, 1166, 1119, 1069, 1020, 930, 856, 760, 736, 709

cml.
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4 20.265 9647374 72.90
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ethyl (5)-3-((R)-(2-benzoylphenyl)(p-tolyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3-carboxy
late 1,1-dioxide (C38)

C38

White solid; mp: 72-76 °C; 96% yield, 89:11 dr (determined by '"H NMR), 89%/41% ee. [ot]sg0!® =
-118.5 (¢ = 0.84, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH =
85/15, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 6.96 min, tg; = 10.42 min, tg3 =
11.16 min, tgg = 13.19 min.

TH NMR (600 MHz, CDCl;) 8 8.11 (d, J= 7.8 Hz, 1H), 7.82 (d, /= 7.8 Hz, 1H), 7.60 — 7.58 (m,
1H), 7.56 — 7.53 (m, 4H), 7.50 — 7.48 (m, 1H), 7.46 — 7.44 (m, 1H), 7.33 — 7.27 (m, 4H), 6.86 —
6.85 (m, 2H), 6.72 — 6.71 (m, 2H), 6.05 (s, 1H), 5.51 (s, 1H), 4.09 — 4.05 (m, 1H), 3.89 — 3.84 (m,
7.2 Hz, 1H), 2.07 (s, 3H), 0.97 (t, J= 7.2 Hz, 3H).

BC{TH} NMR (151 MHz, CDCl;) & 198.3, 169.9, 139.0, 138.4, 137.5, 136.7, 136.6, 134.9, 133.2,
133.1, 133.0, 130.5, 130.4, 130.1, 130.0, 129.3, 128.9, 128.4, 128.1, 126.5, 125.9, 121.3, 72.9,
63.9,52.2,20.9, 13.4.

ESI-HRMS: calcd for C3;H»;NOsSNa* ([M + Na]*) = 548.1502, found 548.1501.

IR (neat): 3266, 1734, 1661, 1449, 1373, 1312, 1242, 1170, 1029, 930, 759, 707 cm™!.
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ethyl (5)-3-((R)-(2-benzoylphenyl)(4-methoxyphenyl)methyl)-2,3-dihydrobenzo|d]isothiazole
-3-carboxylate 1,1-dioxide (C39)

Q.0
S

White solid; mp: 66-69 °C; 67% yield, 92:8 dr (determined by 'H NMR), 84%/31% ee. [ot]ss0'"= -
102.6 (¢ = 0.72, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH
85/15, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 8.32 min, tgy = 12.16 min, tg3
15.57 min, trg = 16.70 min.

'H NMR (400 MHz, CDCl3) & 8.09 (d, J= 8.0 Hz, 1H), 7.82 (d, J = 8.0 Hz, 1H), 7.62 — 7.58 (m,
1H), 7.57 — 7.52 (m, 4H), 7.50 — 7.44 (m, 2H), 7.32 — 7.27 (m, 4H), 6.87 — 6.84 (m, 2H), 6.45 —
6.42 (m, 2H), 6.05 (s, 1H), 5.47 (s, 1H), 4.11 — 4.03 (m, 1H), 3.92 — 3.84 (m, 1H), 3.58 (s, 3H),
0.98 (t,J=17.2 Hz, 3H).

I3C{1TH} NMR (101 MHz, CDCls) 6 198.3, 169.9, 158.4, 139.0, 138.5, 137.5, 136.8, 135.0, 133.2,
133.2, 131.3, 130.5, 130.4, 130.1, 129.2, 128.6, 128.2, 128.1, 126.5, 125.8, 121.4, 113.0, 73.1,
64.0, 54.9, 51.9, 13.4.

ESI-HRMS: calcd for C31H,7;NOgSNa* ([M + Na]*) = 564.1451, found 564.1453.

IR (neat): 3265, 1734, 1661, 1511, 1310, 1245, 1174, 1032, 930, 762, 707 cm’!.
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ethyl (S)-3-((R)-(2-benzoylphenyl)(furan-3-yl)methyl)-2,3-dihydrobenzo|d]isothiazole-3-carb
oxylate 1,1-dioxide (C40)

White solid; mp: 83-87 °C; 64% yield, 96:4 dr (determined by 'H NMR), 90% ce. [ot]sgo!® = -89.1
(c = 0.68, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH = 85/15,

flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 6.20 min, tg; = 7.73 min, tg3 = 9.12 min,

trg = 11.02 min.
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1H NMR (400 MHz, CDCl3) § 8.05 (d, J = 8.0 Hz, 1H), 7.73 — 7.68 (m, 3H), 7.65 — 7.51 (m, 5H),
7.44 —7.36 (m, 4H), 7.05 (s, 1H), 6.97 (s, 1H), 5.99 (s, 1H), 5.93 (s, 1H), 5.39 (s, 1H), 4.10 — 4.02
(m, 1H), 3.83 — 3.75 (m, 1H), 0.96 (t, J = 7.2 Hz, 3H).
BC{IH} NMR (101 MHz, CDCls) § 197.9, 169.3, 142.2, 141.6, 138.5, 137.8, 137.6, 136.3, 135.1,
133.4, 133.4, 131.0, 130.6, 130.1, 129.7, 129.5, 128.4, 127.1, 125.6, 121.5, 121.1, 110.9, 72.7,

64.0, 44.8, 13.4.

ESI-HRMS: caled for CysH»3NOSNa™ ([M + Na]*) = 524.1138, found 524.1140.

IR (neat): 3269, 1736, 1659, 1310, 1245, 1170, 1025, 930, 708 cm!.
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14.00

ethyl (S)-3-((R)-(2-benzoylphenyl)(thiophen-3-yl)methyl)-2,3-dihydrobenzo|d]isothiazole-3-c

arboxylate 1,1-dioxide (C41)
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Cc41

White solid; mp: 65-69 °C; 92% yield, 92:8 dr (determined by 'H NMR), 88%/49% ee. [at]sg9!® = -
89.2 (¢ = 0.86, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3, CO,/MeOH =
80/20, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 5.52 min, tg; = 7.02 min, tg; =
7.55 min, tp4 = 9.52 min.

TH NMR (600 MHz, CDCl;) 8 8.11 (d, J= 7.8 Hz, 1H), 7.76 (d, J = 7.8 Hz, 1H), 7.65 — 7.58 (m,
4H), 7.57 — 7.55 (m, 1H), 7.54 — 7.51 (m, 1H), 7.49 — 7.47 (m, 1H), 7.37 — 7.32 (m, 4H), 6.90 —
6.88 (m, 1H), 6.83 — 6.83 (m, 1H), 6.58 — 6.57 (m, 1H), 5.99 (s, 1H), 5.61 (s, 1H), 4.08 — 4.03 (m,
1H), 3.84 — 3.79 (m, 1H), 0.97 (t, J= 7.2 Hz, 3H).

BC{TH} NMR (151 MHz, CDCl;) & 198.1, 169.5, 138.8, 137.7, 137.6, 136.7, 136.6, 134.9, 133.4,
133.3, 130.8, 130.6, 130.0, 129.4, 129.2, 128.5, 128.3, 126.9, 125.6, 124.7, 124.5, 121.4, 72.8,
64.0, 48.6, 13.3.

ESI-HRMS: calcd for CpgHp3;NOsS,;Na* ([M + Na]*) = 540.0910, found 540.0911.

IR (neat): 3268, 1735, 1659, 1311, 1246, 1170, 929, 764, 712 cm’!.
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ethyl (5)-3-((R)-1-(2-benzoylphenyl)ethyl)-2,3-dihydrobenzo[d]isothiazole-3-carboxylate 1,1
-dioxide (C42)

C42

White solid; mp: 67-70 °C; 87% yield, 48:52 dr (determined by 'H NMR), 93%/83% ee. [at]5g9°* =
-29.5 (¢ = 0.78, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IA-3, CO,/MeOH
85/15, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 6.20 min, tr, = 7.58 min, tg;
8.40 min, tg4 = 12.42 min.

'H NMR (400 MHz, CDCl;) 6 7.97 — 7.81 (m, 2H), 7.76 — 7.56 (m, 3H), 7.51 — 7.34 (m, 6H),
7.24 —7.11 (m, 1H), 7.07 — 7.01 (m, 1H), 5.87 (s, 1H), 4.64 — 4.58 (m, 1H), 4.35 — 4.23 (m, 2H),
1.40 - 1.39 (d, /= 7.2 Hz, 3H), 1.31 - 1.27 (t,J = 7.2 Hz, 3H).

I3C{1H} NMR (101 MHz, CDCls) 6 198.2, 170.4, 139.8, 138.0, 137.9, 135.3, 135.3, 133.4, 133.1,
130.8, 130.6, 130.0, 129.5, 129.1, 128.5, 126.9, 126.1, 121.4, 73.0, 63.8, 42.5, 18.5, 13.9.
ESI-HRMS: calcd for C,sH,3NOsSNat ([M + Na]*) = 472.1189, found 472.1185.

IR (neat): 3278, 1735, 1659, 1450, 1310, 1246, 1173, 1135, 1021, 762, 709 cm™'.
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ethyl (S5)-3-(2-benzoylbenzyl)-2,3-dihydrobenzo[d]isothiazole-3-carboxylate 1,1-dioxide (C4
3) and ethyl 3-(2-benzoylphenyl)-2-(2-sulfamoylphenyl)acrylate (C43-(II))
Q. _NH,

S

N\

0
CO,Et

l

: COPh

c43 Cc43-(ll)

C43 White solid; mp: 66-70 °C; 54% vyield, 61% ee. [a]sgo** = -42.5 (¢ = 0.47, in CH,Cl,),
dissolved in MeOH for UPC? (Daicel Chiralcel IA-3, CO,/MeOH = 85/15, flow rate = 1.5
mL/min, A =254 nm), retention time: tg; = 16.10 min, tg, = 19.28 min.

H NMR (400 MHz, CDCL;) § 7.85 — 7.75 (m, 3H), 7.67 — 7.55 (m, 3H), 7.54 — 7.48 (m, 1H), 7.45 (t, J
=7.7 Hz, 2H), 7.37 — 7.27 (m, 3H), 7.14 — 7.08 (m, 1H), 6.75 (s, 1H), 4.19 (dq, J = 10.8, 7.2 Hz, 1H),
4.06 (dq, J=10.8, 7.2 Hz, 1H), 3.89 (d, J = 14.0 Hz, 1H), 3.56 (d, J= 14.0 Hz, 1H), 1.22 (t, J= 7.2 Hz,
3H).

I3C{1TH} NMR (101 MHz, CDCls) § 198.5, 170.0, 138.7, 137.4, 137.3, 135.5, 133.6, 133.4, 133.2,
132.3, 130.8, 130.6, 130.5, 130.4, 128.3, 126.7, 125.4, 121.3, 69.2, 63.3, 40.6, 13.8.

ESI-HRMS: calcd for C,4H,;NOsSNa* ([M + Na]*) = 458.1033, found 458.1028.

IR (neat): 3274, 1734, 1657, 1450, 1299, 1250, 1169, 764, 708 cm’!.

0.08

0.06

AU

0.04]

0.02-]

o.oo{fjvx — N

-0.027————— L e e B — — T T 7 T T T [ T T T [ T T T [ T T T [ T T T [ T T T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00
Minutes

87



Retention
Area % Area
Time

1 16.269 2515418 50.06

2 19.446 2509825 49.94

0.20—

AU

] )
0.10 N
4 (2]
o.ow—JV— ~ /\
e T B B e e L e o B B e L B
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00

Minutes

Retention
Area % Area
Time

1 16.103 7393418 80.53
2 19.281 1788050 19.47

The retro-vinylogous Michael product C43-(II) was obtained in 18% yield and 1:1 Z/E, which
could also be found in other substrates.

Analytic data of the less polar isomer:

White solid; mp: 57-61 °C

'H NMR (400 MHz, CDCl;)  8.08 — 7.99 (m, 1H), 7.81 — 7.72 (m, 2H), 7.61 — 7.54 (m, 3H), 7.54 —
7.49 (m, 2H), 7.49 — 7.39 (m, 4H), 7.26 (m, 1H), 7.17 (s, 1H), 5.71 (s, 2H), 4.01 (q, J = 7.2 Hz, 2H),
0.95 (t,J= 7.2 Hz, 3H).

BC{IH} NMR (101 MHz, CDCl3) § 197.7, 166.5, 141.4, 140.7, 137.7, 137.4, 136.7, 136.0, 133.2,
133.1, 132.5, 132.3, 131.3, 130.6, 130.3, 129.8, 128.7, 128.4, 127.7, 127.5, 61.0, 13.5.

ESI-HRMS: calcd for Cy4H,NOsSNa™ ([M + Na]*) = 458.1033, found 458.1026.

IR (neat): 3354, 3264, 1709, 1652, 1343, 1272, 1216, 1166, 1027, 933, 766, 705 cm™'.

Analytic data of the more polar isomer:

White solid; mp: 161-164 °C

'TH NMR (400 MHz, CDCl3) 8 8.06 (m, 1H), 7.98 (s, 1H), 7.86 — 7.79 (m, 2H), 7.64 (m, 1H), 7.51 (m,
2H), 7.42 (m, 2H), 7.36 (m, 1H), 7.25 - 7.19 (m, 2H), 7.19 — 7.12 (m, 1H), 7.00 (d, J = 7.6 Hz, 1H),
5.42 (s, 2H), 4.35 —4.15 (m, 2H), 1.27 (t, J= 7.2 Hz, 3H).

3C{'H} NMR (101 MHz, CDCLy) § 197.4, 167.6, 141.6, 139.9, 138.2, 137.2, 135.5, 134.1, 133 .4,
133.0, 132.4, 130.9, 130.9, 130.4, 129.7, 129.0, 128.5, 128.3, 127.6, 61.8, 14.0.

ESI-HRMS: calcd for Cy4H,NOsSNa™ ([M + Na]*) = 458.1033, found 458.1025.

IR (neat): 3261, 1693, 1654, 1342, 1250, 1164, 1032, 934, 764, 706 cm’!.

ethyl (S)-7-methylene-7,12-dihydro-12aH-benzo[4,5]isothiazolo[2,3-blisoquinoline-12a-carb
oxylate 5,5-dioxide (D1)
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Colorless oil; 60% yield, 90% ee. [0]sgo!® = -195.5 (¢ = 0.43, in CH,Cl,), dissolved in MeOH for
UPC? (Daicel Chiralcel IA-3, CO,/MeOH = 96/4, flow rate = 1.5 mL/min, A = 254 nm), retention
time: tg; = 10.57 min, tgo = 11.95 min.

TH NMR (400 MHz, CDCl3) 6 7.91 (d, J = 7.6 Hz, 1H), 7.82 — 7.71 (m, 3H), 7.69 — 7.65 (m, 1H),
7.32 -7.27 (m, 2H), 7.20 — 7.18 (m, 1H), 5.62 (d, J=2.8 Hz, 1H), 5.50 (d, /=2.8 Hz, 1H), 4.11 —
4.03 (m, 1H), 4.01 — 3.95 (m, 1H), 3.86 (d, J = 15.2 Hz, 1H), 3.17 (d, J= 15.2 Hz, 1H), 0.98 (t, J
=7.2 Hz, 3H).

BC{IH} NMR (101 MHz, CDCl;) 8 168.9, 134.6, 134.2, 134.0, 133.7, 130.7, 129.8, 129.6, 129.0,
128.9,127.8, 124.4, 123.8, 121.8, 94.6, 66.8, 62.7, 40.1, 13.7.

ESI-HRMS: calcd for C9H{7NO,SNa* ([M + Na]*) = 378.0770, found 378.0769.

IR (neat): 1742, 1619, 1455, 1312, 1179, 1048, 772 cm’!.
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ethyl (S,2)-7-ethylidene-7,12-dihydro-12aH-benzo|4,5]isothiazolo[2,3-b]isoquinoline-12a-car
boxylate 5,5-dioxide (D2)

White solid; mp: 196-198 °C; 56% yield, 94:6 (Z:E) (determined by 'H NMR), 90% ee. [at]sg9!¢ =
-239.9 (¢ = 0.41, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel OD-3, CO,/MeOH
95/5, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 5.72 min, tg; = 6.43 min, tgz =
8.53 min, tgg = 10.49 min.

TH NMR (400 MHz, CDCl3) 4 7.83 (d, J = 7.6 Hz, 1H), 7.69 — 7.64 (m, 2H), 7.62 — 7.57 (m, 2H),
7.23 — 7.14 (m, 2H), 7.06 — 7.04 (m, 1H), 6.65 — 6.60 (m, 1H), 4.25 — 4.08 (m, 2H), 3.74 (d, J =
16.4 Hz, 1H), 3.34 (d, /= 16.4 Hz, 1H), 2.20 (d, /= 7.2 Hz, 3H), 1.19 (t, /= 7.2 Hz, 3H).

BC{TH} NMR (101 MHz, CDCl;) 8 169.3, 137.8, 134.0, 133.3, 131.7, 130.1, 129.6, 128.6, 128.5,
127.8,127.3, 126.4, 123.5, 123.1, 121.9, 67.0, 62.7, 37.4, 15.0, 13.8.

ESI-HRMS: calcd for CyoH9NO,SNa* ([M + Na]*) = 392.0927, found 392.0924.

IR (neat):1734, 1453, 1311, 1251, 1225, 1175, 1054, 762 cm’!.
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Retention
. Area % Area
Time
1 5.725 428227 4.03
2 6.430 38446 0.36
3 8.531 9590668 90.17
4 10.486 578885 5.44

ethyl (12R,12aS)-12-methyl-7-methylene-7,12-dihydro-12aH-benzo[4,5]isothiazolo[2,3-b]iso
quinoline-12a-carboxylate 5,5-dioxide (D3)

White solid; mp: 109-111 °C; 86% vyield, 54:46 dr (determined by 'H NMR), 90%/90% ee.
[0]sg0'® = -171.6 (¢ = 0.63, in CH,Cl,), dissolved in MeOH for HPLC (Chiralcel ID,
Hexane/iPrOH = 70/30, flow rate = 1.0 mL/min, A = 254 nm), retention time: tg; = 20.23 min, tg,
=22.78 min, tgz = 30.09 min, tr4 = 41.98 min.

TH NMR (400 MHz, CDCI3) 8 7.97 — 7.61 (m, 5H), 7.36 — 7.18 (m, 5H), 5.66 — 5.39 (m, 1H),
4.07 — 3.34 (m, 3H), 1.74 — 0.83 (m, 6H)

BC{TH} NMR (101 MHz, CDCl;) 8 169.5, 136.3, 134.8, 134.3, 132.8, 130.9, 130.7, 129.2, 128.9,
127.8,127.5, 124.8, 124.0, 121.8, 92.5, 71.0, 62.6, 42.5, 16.9, 13.6.

ESI-HRMS: calcd for CyoH9NO4SNa™ ([M + Na]*) = 392.0927, found 392.0924.

IR (neat):1741, 1619, 1455, 1312, 1239, 1178, 1025, 770 cm™'.

29.724

0.00 2.00 4.00 6.00 8.00 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200  44.00

Retention
Area % Area
Time
1 20.261 21110341 23.88
22.649 21128901 23.90
29.724 23167610 26.21

41.733 22989702 26.01
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0.00] N -
Retention
. Area % Area
Time
1 20.231 16778632 51.17
2 22.784 913286 2.79
3 30.088 773799 2.36
4 41.979 14325211 43.69

ethyl (12R,12aS)-7-methylene-12-phenyl-7,12-dihydro-12aH-benzo[4,5]isothiazolo[2,3-b]iso
quinoline-12a-carboxylate 5,5-dioxide (D4)

White solid; mp: 108-110 °C; 72% vyield, 67:33 dr (determined by 'H NMR), 92%/89% ee.
[o]sg!” = -290.2 (c 0.62, in CH,Cl,), dissolved in MeOH for HPLC (Chiralcel ID,
Hexane/iPrOH = 80/20, flow rate = 1.0 mL/min, A = 254 nm), retention time: tg; = 23.57 min, tg,
=27.29 min, tg; = 31.68 min, tr4 = 37.22 min.

TH NMR (400 MHz, CDCl3) 8 7.89 — 7.85 (m, 2H), 7.64 — 7.58 (m, 2H), 7.47 — 7.43 (m, 1H),
7.39 —7.36 (m, 1H), 7.33 — 7.30 (m, 1H), 7.27 — 7.25 (m, 1H), 7.20 — 7.17 (m, 1H), 7.04 — 6.99 (m,
3H), 6.97 — 6.95 (m, 1H), 5.62 (d, J= 2.8, 1H), 5.57 — 5.56 (d, J = 2.8, 1H) 5.19 (s, 1H), 4.08 —
3.93 (m, 2H), 0.99 (t, J="7.2 Hz, 3H).

BC{'H} NMR (101 MHz, CDCl;) 8 169.5, 136.4, 134.7, 134.3, 133.6, 132.9, 132.1, 130.4, 129.9,
129.7, 129.3, 128.3, 128.0, 127.9, 127.5, 124.8, 124.4,121.2,92.7, 71.1, 62.9, 52.7, 13.6.
ESI-HRMS: calcd for CysH,NO,SNa™ ([M + Na]*) = 454.1084, found 454.1082.

IR (neat):1736, 1618, 1452, 1313, 1225, 1179, 1028, 767, 705 cm'.

12.00 14.00 16.00 18.00 20.00 22,00
Minutes

inutes

24.00 26.00 28.00 38.00 40.00

Retention
) Area % Area
Time
1 23.684 2434373 28.84
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2 27.257 1799476 21.32
3 31.886 1804924 21.38
4 37.134 2402041 28.46

o
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L B et e B L e e e L e e e B e B T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Minutes

T T
26.00 28.00 30.00 32.00

T
34.00 36.00 38.00 40.00 42,00

Retention
. Area % Area
Time
1 23.572 16018634 64.15
2 27.286 449746 1.80
3 31.684 7866494 31.50
4 37.222 634705 2.54

ethyl (S)-3-((R)-3-0x0-2,3-dihydro-1H-inden-1-yl)-2,3-dihydrobenzo[d]isothiazole-3-carboxy
late 1,1-dioxide (C44)

Q0
S

\

C44

White solid; mp: 171-175 °C; 47% vyield, 58:42 dr (determined by 'H NMR), 34%/37% ee.
[0]s80" = -25.0 (¢ = 0.33, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel IC-3,
CO,/MeOH = 80/20, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 10.58 min, tg, =
12.26 min, tgz = 14.64, trq = 18.83 min.

TH NMR (400 MHz, CDCl3) & 7.88 (d, J = 8.0 Hz, 1H), 7.82 — 7.80 (m, 2H), 7.72 — 7.67 (m, 2H),
7.63 —7.59 (m, 1H), 7.51 - 7.47 (m, 1H), 7.28 — 7.27 (m, 1H), 4.45 (dd, J= 7.2, 2.8 Hz, 1H), 4.36
(q, /=72 Hz, 2H) , 2.44 (dd, J = 18.8, 7.6 Hz, 1H), 2.20 (dd, J = 18.8, 3.2 Hz, 1H), 1.40 (t, J =
7.2 Hz, 3H).

BC{IH} NMR (101 MHz, CDCl;) & 202.6, 169.9, 150.6, 138.5, 136.4, 135.4, 134.7, 134.0, 131.2,
129.2,125.3, 124.9, 1244, 122.0, 71.3, 64.0, 46.1, 38.6, 14.1.

ESI-HRMS: calcd for C9H{7NOsSNa* ([M + Na]*) = 394.0720, found 394.0720.

IR (neat): 3272, 1712, 1467, 1305, 1245, 1166, 935, 762, 735
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Area % Area
Time
1 10.584 1204525 19.59
12.263 782839 12.73
14.644 1691535 27.51

18.831 2470016 40.17

AW N

ethyl (5)-3-((R)-4-0x0-1,2,3,4-tetrahydronaphthalen-1-yl)-2,3-dihydrobenzo|d]isothiazole-3-c
arboxylate 1,1-dioxide (C45)

Q.0
S

C45
White solid; mp: 173-176 °C; 61% yield, 57:43 dr (determined by 'H NMR), 75%/80% ee.
[0]s80' = -67.7 (¢ = 0.37, in CH,Cl,), dissolved in MeOH for UPC? (Daicel Chiralcel OX-3,
CO,/MeOH = 90/10, flow rate = 1.5 mL/min, A = 254 nm), retention time: tg; = 27.86 min, tg, =
34.04 min, tr3 = 36.95, tr4 = 56.04 min.
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1H NMR (400 MHz, CDCl;) & 8.13 -8.11 (m, 1H), 7.86 — 7.82 (m, 2H), 7.79 — 7.76 (s, 1H), 7.52 —
7.44 (m, 2H), 7.35 — 7.27 (m, 1H), 7.20 — 7.10 (m, 1H), 4.29 — 4.21 (qd, J = 7.2, 4.6 Hz, 2H), 4.07
(dd, J = 5.6, 2.8 Hz, 1H), 3.26 — 3.17 (m, 1H), 2.40 — 2.33 (m, 1H), 2.17 — 2.08 (m, 1H), 1.92 —
1.85 (m, 1H), 1.27 (t, J = 7.2 Hz, 3H).

BC{IH} NMR (101 MHz, CDCls) & 197.1, 169.8, 139.8, 136.8, 135.0, 134.4, 133.9, 132.1, 131.1,
128.6, 128.1, 128.0, 125.7, 122.0, 73.1, 63.8, 46.2, 33.3,22.8, 13.9.

ESI-HRMS: calcd for CooH sNOsSNa* ([M + Na]*) = 408.0876, found 408.0873.

IR (neat): 3270, 1733, 1680, 1305, 1241, 1169, 1025, 761, 734 cm"".
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Retention
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Time
1 27.860 1209867 7.27
34.044 8289239 49.79
36.952 6430891 38.63

56.045 718375 431

W N

ethyl (5)-3-((R)-(2-((R)-hydroxy(phenyl)methyl)phenyl)(phenyl)methyl)-2,3-dihydrobenzo[d]i
sothiazole-3-carboxylate 1,1-dioxide (E1)
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E1
White solid; mp: 234-239 °C; 98% vyield, 87:13 dr (determined by 'H NMR), 92%/82% ee.
[0]s80" = -159.8 (¢ = 0.87, in THF), dissolved in MeOH for UPC? (Daicel Chiralcel OX-3,
CO,/MeOH = 90/10, flow rate = 1.5 mL/min, A = 211 nm), retention time: tg; = 5.95 min, tg; =
7.59 min, tg; = 11.40, tpq = 13.60 min.
TH NMR (600 MHz, DMSO-d;) & 8.69 (s, 1H), 7.82 — 7.75 (m, 2H), 7.73 (d, J= 7.8 Hz, 1H), 7.64
—7.59 (m, 2H), 7.55 — 7.53 (m, 2H), 7.45 — 7.42 (m, 3H), 7.39 — 7.36 (m, 1H), 7.33 — 7.28 (m,
2H), 7.07 — 7.01 (m, 3H), 6.77 — 7.66 (m, 2H), 5.63 (d, J=4.2 Hz, 1H), 5.48 (d, /= 4.8 Hz, 1H),
5.03 (s, 1H), 3.66 — 3.60 (m, 1H), 3.51 — 3.45 (m, 1H), 0.44 (t,J= 7.2 Hz, 3H).
BC{IH} NMR (151 MHz, DMSO-dy) 8 169.2, 143.7, 142.4, 137.3, 136.3, 136.0, 134.8, 133.3,
130.9, 130.5, 128.5, 128.3, 127.7, 127.4, 126.9, 126.9, 126.8, 126.8, 126.6, 124.9, 121.0, 72.0,
71.0,61.9, 53.6, 12.9.
ESI-HRMS: calcd for C30H»;NOsSNa* ([M + Na]*) = 536.1502, found 536.1502.
IR (neat): 3263, 1733, 1452, 1312, 1244, 1201, 1171, 1035, 762, 703 cm’!.
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Retention
. Area % Area
Time
1 5.951 136339 0.58
2 7.590 2945601 12.53
3 11.400 827040 3.52
4 13.599 19598006 83.37

ethyl (7S,12R,125)-7,12-diphenyl-7,12-dihydro-12aH-benzo[4,5]isothiazolo[2,3-b]isoquinolin
e-12a-carboxylate 5,5-dioxide (F1)

Q.0
S

Ph

F1

White solid; mp: 210-214 °C; 53% yield, 92% ee. [a]sgo!® = -144.2 (¢ = 0.45, in CH,Cl,),
dissolved in MeOH for UPC? (Daicel Chiralcel OX-3, CO,/MeOH = 85/15, flow rate = 1.5
mL/min, A =211 nm), retention time: tg; = 8.23 min, tg; = 21.83 min.

TH NMR (400 MHz, DMSO-dy) 6 7.79 (d, J = 8.0 Hz, 1H), 7.66 — 7.60 (m, 4H), 7.52 — 7.48 (m,
3H), 7.45 — 7.42 (m, 3H), 7.30 (d, /= 7.2 Hz, 1H), 7.23 - 7.19 (m, 1H), 7.17 - 7.11 (m, 3H), 7.07
—7.04 (m, 1H), 6.76 (d, J= 7.6 Hz, 1H), 6.07 (s, 1H), 5.50 (s, 1H), 4.16 — 3.99 (m, 2H), 0.99 (t, J
=7.2 Hz, 3H).

BC{'H} NMR (101 MHz, DMSO- dq) 5 168.6, 139.4, 138.4, 135.7, 135.6, 135.0, 133.1, 132.8,
131.4, 130.8, 130.2, 129.6, 128.8, 128.3, 128.1, 128.1, 127.6, 127.3, 127.2, 125.0, 121.0, 72.2,
62.6,59.4,48.7, 13.7.

ESI-HRMS: calcd for C;30H»sNO4,SNa™ ([M + Na]*) = 518.1397, found 518.1387.

IR (neat): 1736, 1452, 1311, 1230, 1178, 748, 726, 699 cm™'.
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ethyl (7R,12R,125)-7,12-diphenyl-7,12-dihydro-12aH-benzo[4,5]isothiazolo[2,3-b]isoquinolin
e-12a-carboxylate 5,5-dioxide (F1')

F1'

White solid; mp: 93-96 °C; 29% yield, 92% ee. [a]sg0'® = -241.9 (¢ = 0.22, in CH,Cl,), dissolved
in MeOH for UPC? (Daicel Chiralcel OX-3, CO,/MeOH = 85/15, flow rate = 1.5 mL/min, A =
211 nm), retention time: tg; =7.44 min, tg; = 9.73 min.

'H NMR (400 MHz, DMSO-ds) 8 7.85 (d, J = 8.0 Hz, 1H), 7.70 — 7.64 (m, 2H), 7.52 — 7.46 (m,
3H), 7.43 — 7.34 (m, 4H), 7.28 — 7.25 (m, 1H), 7.22 — 7.18 (m, 1H), 7.02 — 6.94 (m, 5H), 6.73 (d, J
=17.6 Hz, 1H), 6.36 (s, 1H), 5.55 (s, 1H), 3.96 — 3.88 (m, 1H), 3.83 — 3.75 (m, 1H), 0.80 (t, /= 7.2
Hz, 3H).

BC{ITH} NMR (101 MHz, DMSO- dg) 8 170.1, 140.7, 138.4, 135.6, 134.5, 133.7, 133.5, 133.1,
130.6, 130.0, 129.7, 129.4, 128.2, 128.2, 128.1, 128.0, 127.9, 127.4, 126.9, 124.9, 120.8, 69.9,
62.3,56.6,50.4, 13.3.

ESI-HRMS: calcd for C3yH,sNO,SNat ([M + Na]*) = 518.1397, found 518.1391.

IR (neat): 1731, 1452, 1303, 1240, 1179, 965, 753, 704 cm™'.
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Time

1 7.465 10714867 49.97
2 9.733 10728934 50.03
1.0&:
<3t 1
0.50i
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Minutes
Retention
Area % Area
Time
1 7.441 18695456 96.44
2 9.726 690378 3.56

diethyl [3,3'-bibenzo[d]isothiazole]-3,3'(2H,2'H)-dicarboxylate 1,1,1',1'-tetraoxide (Byl)

T
12.00

1H NMR (400 MHz, CDCL3) § 7.74 (m, 2H), 7.66 (m, 2H), 7.62 — 7.57 (m, 2H), 7.50 (m, 2H), 6.17 (s,
2H), 4.32 — 4.22 (m, 4H), 1.26 (t, J = 7.2 Hz, 6H).
13C{'H} NMR (101 MHz, CDCl;)  166.8, 136.4, 132.7, 131.7, 131.6, 127.3, 121.5, 73.7, 64.4, 13.7.
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9 Copies of the NMR spectra for new compounds
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1 Titld as-20211218-ylk-438stibl.24 1} {r
2 Solvent cpei CMe
3 Temperature 293.5 Ph
4 Nunfber of Scan| 256
5 Spedtrometer Frgquency100.63 B16
6 Nucleus 13¢
T T T T T T T
133 1p2 131 130 120 128 127|| {26
1 (ppm)
u I . bl ; i i . '
T T T T T T T T T T T T T T T T T T T T T T T
2100 200 190 180 170 160 sof | 140 | 130 120 [iip | 100 | 90 80 70 60 50 40 30 20 10 0 -1
f1 (ppm)
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Parameter Value F
1 Title 2s-20211218-ylk-458sub.1.1]1r
2 Solvent cDCi3
3 Temperature 292.5
4 Number of Scans 16 Ph
5 Spectrometer Frequency400.18
6 Nucleus IH B17
[
\ il
o g P
< < < S
[aa} <t o a
T T T T T T T T 1
76 75 74 (73 P2 |71 70 69 68
£1 {ppm)|
L oM s
<
o
T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
f1 (ppm)
2 QI AANC =0 X —n B oY —ofn o
[ N= OO DD XROO DD QX0 NN O OO =~
[} O Nt enen AN AN ——— E'C_‘
[N P AN P §
Parameter Valu F
1 Title a$-20211218-ylk-458sub.2.1]1r
2 Solvent dpci3
3 Temperature 2p3.2 Ph
4 Number of Scans 256
5 Spectrometer Frequency1(0.63 B17
6 Nucleus 13C
130 1ps 120 115
1 (ppm)
T T T r T T } T T T T T T T T T T T T T T T
210 200 190 180 70 160 150\ MO | 130 | 12 lo 100 90| 80 70 60 5 40 0 20 10 0 -10
f1 (ppm)
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Parameter Value =
1 Title as-20211218-ylk-458sub.3.1]1r In
2 Solvent CDCI3
3 Temperature 292.9
4 Number of Scans 16
5 Spectrometer Frequency376.55
6 Nucleus 19F
T T T T T T T T T T T T T T T T T T T T T
10 0 10 20 -30 40 50 60 <70  -80 =90  -100 -110 -120 -130 -140 -150 -160 -170  -180 -190  -200 -210 -2

f1 (ppm)
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Parameter Value
1 Title as-20211218-ylk-4p6sub.7.1]1r
2 Solvent cpei3
3 Temperature 292.8 F
4 Number of Scans 16
5 Spectrometer Frequency400.18 Ph
6 Nucleus 1H B18
P |
W i
i) v
E o 4
< < < <
— <ol (] sl
T T T T T T
7.5 473 72 |71 70 69
f1 (ppm)
|
|
{
i
|
1
Jl V] AL |
I SEE
aeeee >
— = an o
T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0 K
f1 (ppm)
PG o= Ot~
N Huw—Saoatoded-—aaagoss b
2| gttt ope]lonondNANANA—~ —~ a
e Y
Pargneter Valug
1 Title a4-2p211218-yIk-4 8. 1l1r
2 Solvent cpqI3
3 Temperatufe| 2934 F
4 Number off Scans 256
5 Spectromefef Frequency100,63 Ph
6 Nucleus 13| B18
T T T T T T T T T T
136 135 134 133 132 [131 130 129 128 [127]
1{ppm)
|
T T T T T T T T T T T T T T T T T T T T
210 290|190 8 170 | 160 140 130 | 120 110 | 10¢ 90 80 0 60 50 40 30 20 10 0 -10
If1 (ppym)
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Parameter Value
1 Title as-20211218-ylk-436sub.9.1]1r
2 Solvent CDCI3
3 Temperature 293.0
4 Number of Scans 16

5 Spectrometer Frequency376.55
6 Nucleus 19F

T T T
-200 -210 -2

T T T T T T T T T T T T T T T T T T T T T
20 10 0 10 20 <30 -40 50 60 -70  -80 90  -100 -110 -120 -130 -140 -150 -160 -170  -180  -190
f1 (ppm)
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Parameter Value
1 Title as-20211218-ylk-437sub.20.1}1r O
2 Solvent CDCI3
3 Temperature 292.7
4 Number of Scans 16
5 Spectrometer Frequency400.18 Cl
6 Nucleus 1H Ph
LY JL I N\J\r |
—
QA ko d 4
P —<S N <
— e o o
T T T T T T T T T
77 |76 75 74 73| 72 71 70 6.
1 (ppm
l; |
Ao o0
TS < <
o «
T T T T T T T T T T T T T T T
5 8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)
R A=t g e n
I SSP[X Y HE IS %K XS el
N D el e B s S I S B S I S I o I o I | ?
| p——"
=
Param alye
1 Title g4s-20211218-yIK-437sub{21{1}1r
2 Solvent 'DCI3
3 Temperaturd 193.4 cl
4 Number of §can: 356 Ph
5 Spectrometef Frdqugincy100.63
6 Nucleus 3¢ B19
T T T T T T T
132131 13) 12 2 127 136
£1] (ppm)
T T T T T T T T T T T T T T T T T T T
210 200 190 180 170) 160 15} 140 30 120 110 100 90 80 0 40 30 20 10 0 -10
1 (ppm)
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Pargmeter Value
1 Title s-20211218-ylk-519sub.13.1|1r
2 Solvent cDCI3
3 Temperatufe 292.6
CF3
4 Number of|Scans 16
5 Spectrometer Frequency400.18 Ph
6 Nucleus 1H B20
4\ |
\ i
v
5 5 il
T = T S | k U \
7.85 7.80 7.95 7.70 7.65 7.60
1 (ppm) b &l E )
< e = — <
o = d o o
T T T T T T
7.5 7.4 7.3 7.2 7.1 7.0
f1 (ppm)
|
|
]
|
| ' j L thi |
)
SEEE <
aRpee= <
N S a
T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 0.5
f1 (ppm)
N Ydergqavencvwagaq— N B EN IR R R
N IS IS —S SN og oA RO IR N
) T F e nennn Ao (o BNo Mo BN o B (o B ot B Kot Bl A
| L —— Y
Parpmeter alue
1 Title as-20711218-ylk-519sub.14.1|1r
2 Solvent cpcl
3 Temperatyjre 293.2) CF;
4 Number of Scans 256 Ph
5 Spectromefter Frequency100.6
6 Nucleus 13¢ B20
L L.,_)LLJ -
T T T r
131 [ 130 129 28
f1 (ppm) I L |
T
(A T
- A 127(|126 125 124[\123 122 121 120 119
ppm)
L L e T
141 140 139 138 137 136[135 134 133
11 (ppm)
|
I ' “ |
. " sk i " M A
g > " " it
T T T T T T T T T T T T T T T T T T T T T
210 240 190 180 || [17 160 150 140 130 200 | [110 10| 0 80 70 60| 50 40 30 20 10 ¢ -10
f1 (ppm)
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Parameter
1 Title
2 Solvent
3 Temperature

4 Number of Scans

Value
as-20211218-ylk-519sub.15.1
CDCI3
292.9
16

5 Spectrometer Frequency376.55

6 Nucleus

19F

1r

-10

T T T T
-20 -30 -40 -50

T
-60

T
-70

T
-80

T
-90

T
-100
f1 (ppm)

109

T
-110

T
-120

T
-130

-140

-150

-160

T
-170

T
-180

T
-190

T
-200

T
-210

T
-2
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Parameter Value
1 Title as-20211218-ylk-540sub.27.11r
2 Solvent cDCI3
3 Temperature 292.6 CN
4 Number of Scans 16 . Ph
5 Spectrometer Frequehcy400.18 B21
6 Nucleus 1H Aﬂ “ .
My iy L LAY
|
b L A N N A
S 2 S =223 2 |°
ool = = = o | ai
T T T T T T T T T T
78 17 16 1 74 73| 72 71 70 69
£1 (ppm
)
|
|
il f
|
|
I
] l‘ ‘ 1 .. _..K l
w/{“‘ﬁ/i TEw d
Seoeegeea <
ada—=—o—aada o
T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
) SorRTe SA-NN=RPS
O SSEE a4~ S PGS D °‘.
=N FTIFooodoaadada A F — %
[ R NP A S
aral Valye
\ 1 Tjitle as-20211218-y1§-540sub.28.1|1r
olvent D13
3 Tpwperatur 293.3 CN
4 Numbgr of $caps 256
5 Spectromstdr Frequency100.63 Ph
6 Nucleus 13C B21
l i L .J J
T T
T T T T T T T T
134 133 132 [131 130 129) 128 127 [126 \\<
f1 (ppm)
| . "
i ) ' ; ¥
T T T T T T T T T T T T T T T T T
21 200 90 180 170 60 150 140 121 110 | 10 60 5 40 30 0 10 0
1 (ppm)
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Parameter Valu
1 Title as-20211218-ylk{518sub.3 1.1} |ir S\
2 Solvent cpci3 \ Y/
3 Temperature 292.7
4 Number of Scans 16
5 Spectrometer Freqfiency400.18 Ph
6 Nucleus 1H 322
) |
N <
ol o
T T T T
7. 7.3 7.2 7.1 7.0
1 (ppif)
I | — 4 DUV G — J;A_g_ — 1 -
N
o
T T T T T T T T T T T T T T T
8.5 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5
f1 (ppm)
bl i D RN B AR I Bl
=3 S SRR g
= A e e R I I I S I I I e N | 2
T N |
Paramgfgr Value S
1 Title 20211218-y|k-5|18syb.32.1}1r ™,
2 Solvent dci3 \ /
3 Temperature pop.4
4 Number of Sdgils R56 Ph
5 Spectromieter|fffleq .63
6 Nucleus 148 B22
Jl
T T T T T T
131 130 129 1 127 126 125
f1 (gpm)
T T T T ‘J& T
146 D44 [||142 | | 40| 138 13 134
1 (Hpm)
T T T T T T T T T T T T T T T T T T T T
210 200 190 0 170 160 150 140 30 120 1] 10( 90 80 70 60 J0 4 0| 20 10 0 -10
f1 (ppm)
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Parameter Value
1 Title 5-20211218-463sub.7.1.1r
2 Solvent cpei3
3 Temperature 2928
4 Number of Scans 16 Ph
5 Spectrometer Frequency400.18
6 Nucleus 1H B23
J L MR L
T & I Al
S S Nl 2
(o] — ) v
T T T
77 76 15 73 2| 7 .
f1 (ppm)
]
I
I I
I
I I
i
i I
u | - . 1
SN g g iy I
SS=a3 ) =
N~ N o o
T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 55 4.5 40 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5
1 (ppm)
) e XX =mA[TFARR
% == Vot S ad s = A
N <+ < e e N AN A <4 -
— = - — — e e e e e — e} o
e S\ - |
Paramietdr Valu
1 Titl s-20211218-463shb.8. 1.1
2 Solyent cDCi3
3 Tenpperature 293.4
4 Nuthber of S¢arls 256 Ph
5 Spetrometer] Fiieq 100.63 B23
6 Nudleus 13¢
” . Aol I, )
T T T T T T T T T T T T
210 200 | [190 180 170 [[160 150 140 120|110 00 80 70 60 50 40 30 20 10 0 -10
f1 [ppm)
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Parameter] Value
1 Title as-20211218-460sub. 1.1 It
2 Solvent cpci3
3 Temperature 2927
4 Number of Scans 16
5 Spectrometer Fr 0.18 Ph
6 Nucleus 1H B24
I\ ) J \
= =]
< < < = <<
(o] — (a! I~ _en <t
T T T T f T i : T
78 77 76 15 7. 73 72 71 70
1 (pprm)
|
‘ | ‘
|
1 |
Il
t “ . N Y . L :
1L 1) 4
ceep=e< P <
o — — o0 <t
T T T T T T T T T T T T T T T T T T
8.5 8.0 7.0 6.5 6.0 55 5.0 45 0 35 3.0 25 2.0 15 1.0 05 0.0 0.5
£1 {ppm)
= SN aadeenr oo aag
% SHEYSume— S S AR K| v <
= T enefenenenenenn A A Ao ﬁ
AN SN |
S\ —
Paramgter Valye
1 Tifle 2s-2021121§-460sub.2.1.{|r
2 Sqlvent cpei3
3 Temperature 2933
4 Nymber of Schns 256 Ph
5 requency100.63
6 Nicleus 13¢ B24
T T T T T T r T T T r T T T T 1 T T T T T T
21 200 | 190 |[180 170|| 160 50 140 13 120 | 10| | Joo  pol| 70 4 o [| 40 30 |20 10 0 -10
f1|(ppm)
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Parameter Value
1 Title as-20211221-YLK-464SUB.1.1.Ir
2 Solvent cDCI3
3 Temperature 292.4
4 Number of Scans 16 Ph
5 Spectrometer Frequencly400.18
6 Nucleus 1H B25
\ f‘
| )
‘ W N I
) L / ‘ N L 1
E S 2 R Y I S
o .y ol < | < a
T T T T T T T T '—“ (\l‘ (\‘l T — T
7.75 170 7.65 7&'(1)0 7.55 7.50 7.45 7.40 13 7 7. 70 6
(ppm) £1 (hpm)
1l
|
U ﬂ | I
L h
£ m’g 4
<< el <
o o — o
T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5|5 5.0 4.5 4.0 35 3.0 2 0 1.5 1.0 0.5 0.0 0.5
f1 (ppm)
N A 2o o= —astimepnn
N F[H of 0 Fe = =S XX A =
2 PHIICccoeccdddpNzr oo k=3
b i e e N O I B g
Pardmeter Value o
1 Title 5120211221-YLK-4p4§UB.2.].1r
2 Solvent nci3
3 Temperatufe 95.2
4 Number of[Scans 56 F
5 Spectromefer Frequengyll 00.63 Ph
6 Nucleus kle B25
B SRV SN
T T T
134.8 134.6 134.4
T T f1 (ppm)
166 164 | [[1Fp
£1 (ppm
J U
—JUL | s 10
T T T f1 (ppm)
131.2 1308
T T f1 (ppm)
144.0 143
1 (ppm)
‘ y g
T T T T T T T T T T T T T T T T T T
210 200 | 190 ||ft 170 160 | 150 140 130 | [120] 110  |100 90 80 7 60 50 40 30 2 10 0 -10
1) (ppm)
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Parameter Value =]
1 Title as-20211221-YLK-464SUB.3.1.1r 1
2 Solvent CDCI3
3 Temperature 2927
4 Number of Scans 16
5 Spectrometer Frequency376.55
6 Nucleus 19F
T T T T T T T T T T T T T T T T T T T T T T T
10 0 10 20 -30 40 50 60 <70  -80 =90  -100 -110 -120 -130 -140 -150 -160 -170  -180 -190  -200 -210 -2

f1 (ppm)
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Parameter Vallue O
1 Title as-20211218-461sub.5.1.1r cl
2 Solvent cDCI3
3 Temperature 292.8
4 Number of Scans 16
5 Spectrometer Frequency400.18
6 Nucleus 1H Ph
\ | \ /\
_ ) '
By .
< g N '\ }
T o T = T B LA
7.75 7|70 7.65 7.60 7.55 7.50 7.45 7.4p 7.35 7 T B
f1 (ppm) = g =1
Iy ol o,
T T T T T T T
730 725 720 7.5 7.0 7.05 7.00
1 (ppm)
|
|
|
‘\
| A T |
T
Y L
See <
o= o
T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 0.5
f1 (ppm)
N N R N B I
N Al QSN O n PO WX S[n "
o)) T afn MmN AN ﬁ
e L
I = | e——"1 I
Paratheter Valile
1 Titl as-20211218-461sub.§.1.1r Cl
2 Solyent cDCI3
3 Ten|peratur 293.4
4 Nunfiber of §cans 256
5 Spe¢trometdr Frequency100.63 Ph
6 Nucfeus 13C B26
\ i
—) 1 .
T T T T T T
T LA I s s | s s 131 13 1o 128 |12 126 125
143 142 141 (140 139 138 137 136 135 134|133 £1 (ppm)
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T
210 200 | 190 180 174 160|150 40 | 1Bo| 120 [110 10 bo 80 70 60 50 40 3) 2 10 0 -10
f1 (ppm)
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Parameter Value F C
1 Title las-20211218-462sub.1.1]1r 3
2 Solvent [Gel}
3 Temperature 292.7
4 Number of Scans 16
5 Spectrometer Frequency400.18 Ph
6 Nucleus 1H B27
T T T T T T
7.20 7.15 7.10 7.05 7.00 6.95
\ ,l f1 (ppm)
J Y U \ﬁ |
& E 4
< < <
o as} o
T T T 7 T T : T
7.70  7.65 7.60 55 7.50 7.45 7.40 7.35
f1 (ppm)
I
|
|
[
‘\
Vs u‘ L lLI 1 Libe
cSec R <
aenen olen ~
T T T T T T T T T T T T T T T T T
/ 8.0 7.5 7.0 6.5 6.p 55 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
T el 2 D BB Bl I RIS 2 B
0 o N O Aol = = O\ 00 00 SISO ISEsEs RIS B
TN A NN NN NN A — b
RS A RN SRR S R ‘
Phiafmetpr Viflue FsC
1 Title 2021121§-462sub.2.1.Ir
2 Sglvent DCI3
3 Témperatire bb.4
ANpnberfof Beahs b Ph
5 Spdctrodter Frequency 100.63 B27
6 Npleus C
il i
) \ | L ‘
= ——y N v
139 Bho| 131 2 122.4 y y y J J ISR R
> i > ‘l? = 127.6 127.4 1212 127 126 125 1p4 123 122 121 12]
Apm pPm) 1 (pm) 1 (ppm)
I
} il
I ‘ !
T T T T T T T T T T r T T T T T T T T T T
210 20 190 18 170 160 150 140 130 120 110 1100 90 80 70 60 50 4( 3o 20 10 0 -10
f1 (ppm)
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Parameter
1 Title
2 Solvent
3 Temperature

4 Number of Scans

6 Nucleus

Value

as-20211218-462sub.3.1.[Ir

CDCI3
293.

16

5 Spectrometer Frequency376.55

19F

0

-62.7

-10

T T T T
-20 -30 -40 -50

T
-60

T
-70

T
-80

T
-90

T
-100
f1 (ppm)
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T
-110

T
-120

T
-130

-140

-150

-160

T
-170

T
-180

T
-190

-200

-210

-2
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N e e e R L N S e B e e e e T T S e A e e e N N T N N S S V- R R R - RV}
‘*éﬁkn‘\k;)JQJJAAAAAQ

|
Jr \ j\ ﬂ‘/ N\AVN m AU\\ B28

) 4 E)
o < <
[as} o o
T T T T T T T T
7130 725 7.20 7.15 .10 7.05 7.00 6.95 6.90
£1{(ppm)

) & Hl 1

| S S H a
% T T = T — ©

| 7.80 7.75 7.70 7.65 7.60 7.55 7.50 7.45 |7.4 7.35

1 (ppm)

P
[~
—
=

2004
1.06g
3111

3210 |
o
2.00] f—o

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 -0.5

4.0
f1 (ppm)

] B I Bl S S I N T A Bt B At Bl

o O B0 N ) = = S SNS 0% PEE ST T v P

= R R R R R R R R R R R B R o

| \ ul [ ) W) el i

Paramefer alfie
1 Tjitle as-20211218-5323ub.§.1.{lir
2 Splvent CDLCI3
3 Temperature 2932
4 Number of Scgns 254 F
5 Sppectrometer Frequency100.63
6 Nucleus 13

|‘ | ] \ i i

i J U T T T T T T

129 128 127 126 125 134
T T T T £1 dppm)
133 132 13 131
f1 (ppn})
T T T T T T T T T T T T T T T T T T T T T T
21 200 190 180 170 160 15} 40 130 120 1o 100 90 80 70 6 50 40| 3 20 10 0 -10
f1 (ppm
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Parameter
1 Title

2 Solvent

3 Temperature

4 Number of Scans

as-20211218-532sub.9.1.

CDCI3
292.9
16

5 Spectrometer Frequency376.55

6 Nucleus

19F

Value

ir

-117.2

-10

T
-20

T
-30

T
-40

T
-50

T
-60

T
-70

T
-80

T
-90

T
-100
f1 (ppm)

120

T
-110

T
-120

T
-130

-140

-150

-160

T
-170

T
-180

T
-190

T
-200

T
-210

T
-2
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Parameter Value
1 Title s-20211218-537sub.10.1Ir
2 Solvent cDCI3
3 Temperature 292.7
4 Number of Scans 16
5 Spectrometer Frequency400.18
6 Nucleus 1H
\ . M |
2 4 2 I ‘ T
N - N - vﬁ |
ol —_ o ol
: w w NP /"
-6 B & 13 I
1 (ppm) A g
3 S S
L = ol
T T T T T T T T T T
7.15 1.0 7.05 7.00 695 690 685 680 6.75 6.70
1 (ppm)
|
|
|
| m
|
|
| }
I
R V1 A Al
PRIty d
e—a~oce <
N—=enen == o]
T T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 0.5
f1 (ppm)
© a0 Qo= xhe
0 Dl = n S SIS %P N \n
= enjep en enoenoenoen o o el
= Pyl B MY A 3
e s e 5
Parpmeter Value
1 Title as-20211218-537sub. 1 11| fIir
2 Solvent cpqi3
3T 29344
4 Number of Scans 256
5 Spectfomefef Frequency100.53
6 Nucldus 13C E
T T T T T T T |
13113 129 12 127 12 125 M
£1 (bpm)| il
T T T T T T T
g 117 l16 115 {14 113 112
) Lo
T T T T T T
13p| 138 137 1B6 135 134 13
£1 (fpm)
T T T T T T T T T T T T T T T T T T T T T
210 poo | | 190 180 | 170 160 15 140 1 0 110 || 100 90 80 10 60 50 40 30 2 10 0 -10
f1 (ppm)
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Parameter
1 Title
2 Solvent
3 Temperature

4 Number of Scans

5 Spectrometer Frequency376.55

6 Nucleus

Value
as-20211218-537sub.12.1.1r
CDCI3
292.9

16

19F

-113.60

10 0 -10

T T T T
-20 -30 -40 -50

T
-60

T
-70

T
-80

T
-90

T
-100
f1 (ppm)
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T
-110|

T
-120

T
-130

-140

-150

-160

T
-170

T
-180

T
-190

-200

-210

-2



R R R B E e R B R AN B RN R R . %
EERRNnnnInnnnTTNndaAddNdNANS S S %% % g —
[ S O T S S N S S A N N L SN S NSNS [ N R CR-R-R o
[ e
Parameter Value
1 Title 2s-20211218-533sub.9.1.Ir
2 Solvent cDpCI3
3 Temperature 292.7
4 Number of Scans 16
5 Spectrometer Frequency400.18
6 Nucleus 1H \ | |
Tl !
J N B30
! b
T <
| B IR E—
7.30 [[7p5 720 7.15 7.10 7.05 7.00 6.95 6.90 (.85
} | J\ 1 (ppm)
AL\ A U
AU
d < o
N < N
o —
T T T T T T T T T
775 770 7.65 7.60 755 750 7.45 74D 135
f1 (ppm)
|
|
|
! |
|
f |
M | A‘J J
| S !
il
AEEILL - S
ccee=eS = bt
N~ nen o— e o o«
T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5 45 4.0 3.5 3.0 5 2.0 1.5 1.0 0.5 0.0 0.5
f1 (ppm)
© « i Bl s B e
% S g NS OSSR KE LSS N = N
=) ?Q_EMMMMMNNNNNNN 5 :
[ L L L\ B —— ' 1
e o
Value
1 Title as1P021{2184533sub. 0.1 /1r
2 Solvent cpei3
3 Tempefiture 29.4
4 Nufnbeffl of S¢ans 25}
5 Spgctrqineter| Freqpenpy100.63
6 Nuleu 13
A{ J Jw_»
1 f
J T T T T T
) b FETENT T | I b7 1261 1bs
(ppm)
T T T T T
14 140 39 || 13 137
f1|(ppr
" A
T T T T T T T T T T T T T T T T T T T T T T
21( poo | 190 | 180 [170]  16¢ 150 140 130 | 120 110 10 90 80 70| 60 50 40 30 20 10 0 -10
f1 (ppr

123



=

31

C— 0 VY NTTMNANNNTTIAAN S-SR N NOORNRCAANN 0T @0m®f 00wt
ERRConAunnnnn n nITIILITIITITIOAOMaAaAaAANSSocopROCSaalad o
[ O R o S L S SN S S N O O N N L T N o I N N N N N NN O O S oo
e Ul ———
Parametdr alue O
1 Title 2s-20211219{ylk-534sub.16.1|1r
2 Solvent CDCI3
3 Temperature 292.6
4 Number of Scars 16
5 Spectrometer Frieqyency400.18
6 Nucleus 1H
| B31
'
| ‘ N
A
) 'ﬁ 0 1 U \ /
j‘}h\ LRI, ALY Y W S
— =
d P S F O ) E
3| =3 S ) S B
— = o as} o =
T T T T T 1 T T T T T
7 7.5 7.4 7.3 72 7.10 7.05 7.00 6.95 6.90
1 (ppm) f1 (ppm)
|
|
|
1
J J‘ ) i Ll |
HH H
LA gD 4
agg<eee <
e R o
T T T T T T T T T T T T T T T T T T
8.5 8.0 .5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
] N oAt Tt nak
% ale St 0SS S A% BSOS ]
[ el il e R e B S I S I o B o B o I o I e I I o | ﬁ
= ———e N e
Viue
1 Title 2s-20211219-y|k-5pdsub.17.fi|1r
2 Solvent CDCI3
3 Temperatyire 2933
4 Number of Sdan| 256 |
5 Spectrométer [Frquency100.63
6 Nucleus 13C cl
A AN 1
T T T T T T
13 130 29 128 127 26
1| (ppr
T T T T
2 || 140 138 136 34
f1 (ppm)
|
T T T T T T T T T T T T T T T T T T T T T T
210 200 9P 180 170 6 150 140 13 120 110 | o 90 80 70 60 5 0 3( 20 10 0 -10
f1 (ppm)
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Paramgter Value
1 Title 2s-20211219-ylk-548sub.24.1|1r
2 Solvent CDCI3
3 Temperature 292.6
4 Number of S¢ans 16
5 Spectrometer|Frequency400.18
6 Nucleus IH
0 o b th
S = s 2 &
ol = T T T
77 7.6 75 7.4 7.3 72 71 7.0 6.9
1 (ppm) 1 (ppm)
|
] o o I I
< g
< =
o o
T T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5
f1 (ppm)
N S AR E Rl B BN
o0 S o[PSl S S S S o of %Ko <
= <t (Pl ennenen e en Al 3
= IAI] NS MCRRCRRGE MEMTRCRCIRI IR [N R IR ) &
— [ T ) o O
Pararjot Valug
1 Title af-2021121p-ylk b.25.1}1
2 Solveptt apt
3 Tempgratur 243[2
4 Numbgér of 26|
5 Spectrpmeter| Friiq 110}6 Cl
6 Nucldys 15C
Nau L L B32
T T T T T
131 130|124 128 | 127 12
f1 (ppm)
T T T T T
141 {40 139] 1[t8| W37 {pq 135 1B4 1 32
fpon)
T T T T T T T T T T T T T T T T T T T T
210 ppo  ||p9f 18 170 16| 150 140 130 12 110 100 90 80 7 60 50 40 20 10 0 -10
f1 (ppm)
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Parameter Value O

1 Title as-2P211219-ylk-538sub.28.1{1r
2 Solvent CD(Q13
3 Temperature 29217
4 Number of Scans 16

5 Spectrometer Frequency400,18
6 Nucleus 1H

| il % B33
I Sl
< < P —=
| T L T i T
//L\J b f 7.7 7.6 7.5 7.4 [.3 7.2 7.1
T TT (ppihy
<
ol
T T T T T T
6.60 655 650 45 640 635
f1|(pprh)
|
|
|
|
L l A J\L A
T T x
= S S
(] o o
T T T r T T T T T T T T T T T T T
8.5 8.0 7.5 0 6.5 6.0 5.5 5.0 4.5 D 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1| (ppm)
N N oA = o 107
el o v po > n oo S 00 Q<
il ITrpoegoeaaeaoddqgiige S £
TS e |\
| Vilue
1 Title 45-2021121p-yIk-538s4ib.29.1| 1
2 Solvent 'DCI3
3T e 293.3
4 Number ¢f Scans 156

5 Spectromgfier Frdquency100.63
6 Nucleus 3C

i

T T T T T T T T T T T
140 138 |{36 134 132 130 148 | 126] 124 122 120
(ppm)

T T T T T T T
210 24 o 180 17 160 150 | 140 130 120 || [10 100 90 80 70 60 50 D 30 2] 10
ppm)

=2
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Parameter Value
1 Title as-20211219-ylk-500sub.p2.1}1r
2 Solvent CDCI3
3 Temperature 292.6
4 Number of Scans 16
5 Spectrometer Frequency400.18
6 Nucleus 1H
o & )
- - <
i i =+
7.5 7.4 7.3
£l (ppm)
|
|
|
|
|
J all
H
4 LSS Y
Gmmee N
— e A o
T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 .0 5.5 5.0 45 4.0 3.5 2.5 2.0 1.5 1.0 0.5 0.0 0.5
f1 (ppm)
] Ao o x| = g g S
% 0lob S 1 S| S S g o 6 S S
= Al mon@laadqdadaaad :
| [ Gy ) BT
——
Parameter Value O
1 Title s-ROR11R19-ylk-500sub. 23N} 11
2 Solvent “Deip
3 Temhperature 933
4 Number of Scans 5
5 Freqli¢hey100]6
6 Nugleus 3
) ‘ \
L A L N T T
135 134 133 132 13j1||1 R9 1p8 127 126 125 124 12|
£1{{ppm)
T T T T T T T T T T T T T T T T T T T T T T
210 | 200 190 180(| | 170 160 150 140 130 20 110 00 90 80 70 60 5 4 30 20 0 0 -10
1 {ppm)
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Parameter| Value
1 Title as-20211219-ylk-501sub.7.1}}r
2 Solvent CDCI3
3 Temperature 2927
4 Number of Scans| 32
5 Spectrometer Frefluency400.18
6 Nucleus 1H \
l | \ ) B35
\ W "
; A WAL W |
5] Hu o ) .
< P < =
o F o E e W }
7.7 7.6 7.5 7.4 7.3 \\ \f'
f1 (ppm) L
& E)
< N
ol ol
7.10 7.05 7.00 695 690 685 680 6.75
f1 (ppm)
|
‘ ‘
f
‘
| }J \ | Ll g
H
ER ST EYs ¥
Sfpe=ce< <
o = en o o]
:

T T T T T
8.0 .5 7.0 6.5 6.0 0.5 0.0

T
-0.5

5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

e TRRR zTAT P R

o A PEECY NS S P S® BT <

=N © [© ¢ o aamfadaa— = %

PR R A S e | o

Paramgter Value
1[Title 4s-2021]219-y1k-501sub.8.1]1
2|Solvent DCJ3
3{Temperature 293.
4[Number of Sdans 256
5{Spectrometer |[Freqyency1/00.43
6[Nucleus 13C F

T T T T
131 130 129 128
A )l pm)
T T T T
132 |1p6.1]  [13¢.0 [135.p
ff1 (ppm:
|
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 18 170 160 150 14 13 120 110 100 9 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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Parameter Value
1 Title s-20211219-ylk-501sub.9.1]1r
2 Solvent [@lek]
3 Temperature 292.9
4 Number of Scans 16
5 Spectrometer Frequency376.55
6 Nucleus 19F
T T T T T T T T T T T T T T T T T T T T T
10 0 10 20 30 40 -50 -60 =70  -80  -90  -100 -110 -120 -130 -140 -150 -160 -170  -180 -190 -200 -210 -2

f1 (ppm)

129



130

SO0 ®Red =00 d MTTONON—~OO[ANRM
NENNE MRV R N N R i il
NN NN [ O N T S S SN O O T S S o S -
e L —— —_ S
Parameter Value
1 Title as-20211219-ylk-539sub.20.1{1r
2 Solvent CDCI3
3 Temperaturg 292.8
4 Number of $cans 16
5 Spectrometgr Frequency400.18
6 Nucleus 1H
| !
L O
p P 3 f J\l \
< < < ! “
(o] ] as}
T T T T U L
7 76 ’;U ) v = =3
1 (ppm) < = 3
o, o =
T T T T T T T
735 730 7.5 7.20 7.15 7.10 7.05 7.00
1 (pp)
|
|
1
|
A ) Mi fu l HlA i
JogT ok :
g S Ae o N
a e o
T T T T T T T T T T T T T T T
8.5 8.0 7.5 .0 6.5 6.0 5.5 5.0 4.0 3.5 0 2.5 2.0 1.5 0.5 0.0
f1 (ppm)
< Qo AxrGgS ffm xR
% R L= TS PSS % g N
N MMM(_MMMM(’MNNN 5
T . J I ) '
aram Value
1 Title as-2012111219-ylk-539sub.2fl.1}{r
2 Solven CD
3 Tempetature 293
4 Number of Scal 256
5 Spectrameter Ffequency100.,
6 Nucleu$ 13C
Y L L.
T T T T T
b 13p 131 130 129 128 127
£1 (ppm)
T T T T T T T
140 13 138 | 137 6| 135 134 133
fl( )
| m
T T T T T T T T T T T T T T T T T
210|200 190 180 70 160 150 140 130 120 110 100 90 80 70 60 5 40 10 0
f1 (ppm)
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Parameter Valup
1 Title 2s-20211219-ylk]502sub.10.1|1r
2 Solvent cDCI3
3 Temperature 2924
4 Number of S 32
5 Spectrometer Frequency400.18
6 Nucleus 1H
| CF;
| i
V Ll '\f
/J\/ \L_, ,J‘Jw L A \
| ] B & <
& g g =N =Y
- = % ol —
T T T T T T T T T T T T
X 7.70 7.65 7.60 7.59 7.50 7.50 745 | 7.40 735 730 725 720 715
X | 1 (ppm) f1 (ppm)
\
I
f
J ‘
I
I
[
J J \
LR g
Qe <
—_— o= o
T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5] 6.0 5.5 5.0 4.5 4.0 35 B.0 25 2.0 1.5 1.0 0.5 0.0 0.5
f1 (ppm)
] Ceenynan—tax i I MRl
% TAXE NS S S %P KR 6 ~[ S v v G =
=) T ennnn A g NN AN AN A AN £
AR S RN Y B o
Paramet¢r Value
1 Title s-20211219-ylk-502sub.11.1|1r
2 Solvent
3 Temperaturfe 293.1
4 Number of Scars 256
5 Spectrometpr Fi ¥100.63
6 Nucleus 13C
MJ .
|
LV Lt A B37
I T T T T T T I T
120 | 128 127 136|| 125 | 124\ UP3 22 121 120
£1 (ppm)
[
T T T
1254 1252 125.0 124.8
f1 (ppm)
’ |
. \ " ,
T T T T T T T T T T T T T T T T T T T T T T
210 200 | 190 180 170 160 150 14p 1 1200 | 110 100 9 80 70) 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameter Value o
?
1 Title 2s-20211219-ylk-502sub.12.1{1r |
2 Solvent CDCI3
3 Temperature 292.8
4 Number of Scans 16
5 Spectrometer Frequency376.55
6 Nucleus 19F
T T T T T T T T T T T T T T T T T T T T T T T T
20 10 0 10 20 30 -40  -50 60 -70  -80 90  -100 -110 -120 -130 -140 -150 -160 -170  -180 -190 -200 210 -2
f1 (ppm)
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Parameter Value
1 Title as-20211218-499sub.11.1.1r
2 Solvent CDCI3
3 Temperature 292.6
4 Number of Scans 16
5 Spectrometer Frequency400.18
6 Nucleus 1H
e M )
4 = S ot
< < < o
I — 1) )
T T T T T T T T
7.8 7.7 7.6 7.5 7.4 7. 7.2 7.1
f1 (ppm)
|
|
|
|
» m )M J . .
b
TRET L iy o
cee =S N
A= o
T T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 L5 1.0 0.5 0.0 -0.5
f1 (ppm)
b aneafgedzdanlg
% Sog s S S|S o B K|t v M )
D e qpepennn A Ay £ 2
| [l S N Sy PP I i |
=)
Parameter alue
1 Tjtle ast20R11218-499sub.12.1.1r
2 Splvent cpgi3
3 Temperature 293
4 Number of Scans 256
5 Spectrometer Frequency100.63
6 Nucleus 13C
T T T T T T T T T T T T T T T T T T T T T
21 200 190 180 170 160 150 14 120 10 100 90| 80) 70 60 50 40 30 20 10 0 -10
f1j(ppm)
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Parafneter Value
1 Title s-20211219-ylk-487sub.26.1|1r
2 Solvent cDCI3
3 Temperaturf 292.7
4 Number of Scans 16
5 Spectromet¢r Frequency400.18
6 Nucleus 1H
OMe
| .
JM o L
— - —
< < 4 - \ J
I N\ I — I \m I — I "‘ :
7. 7.7 7.6 7.5 7.4 7.3 7.2 d 2
£1 (ppm) S S
o
T T T T T T
7.1 7.0 6.9 6.8 6.7 6.6
f1 (ppm)
|
| |
|
|
f
|
Jﬁ J
[ ! J I L g Lou 1
H
= &% & s EN ch
cSece e S 2
N~ nen A (o] o
T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 0.5
f1 (ppm)
© *® Lejoa—Hf T an o
% ~ ~en S S ISP %K = Q
o " M @Al A — | o
= 2 cofosqaacoo-c A P o
I = |
Paramefer Value
1 Title as-202[1 121P-ylk-487jub.27.1| 11
2 Solvent cDCl3
3 Temperature 293.2
4 Number of Scqgns 256
5 Spectrometer Freqjiency100.6
6 Nucleus 13C
OMe
T T T T T T T r T T
34 [133 132 131 130 129 128 (27 [126 125
f1 (ppm)
| ‘
T T T T T T T T T T T T T T T T T r T T T T
210 200 | 190 180 | 17 160(| 150 140 [1B0 120 11 100 90 80 70 60 50 40| 0 20 10 0 -10
1l (ppm)
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Parameter Valye
1 Title s-20211219-ylk-554sub.38.1} I
2 Solvent €K}
3 Temperature 2927
4 Number of Scans 16 \ =
5 Spectrometer Frequency400.18 0
6 Nucleus 1H
. i
} f [ /ﬂ
L )\ \n k” | f\ | \
{ j )
J / JL | \
! q g 4 o 4
e + = = S =
T T T T T ai T T T = L
780 745 770 7.65 7.60 T55 750 7.45 [74p  733%| 7.30| 725 7.20
£1 (ppm) £1 (ppm)
A Aot . |
) 4
S m e e < <
RPN I = S
T T T T T T T T T T T T T T T T T T
8.5 8.0 75 7.0 65 6.0 55 5P 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0 0.5
f1 (ppm)
< SRt o= no0o~ j
o NP NN DO O G 0NN —~
N THhonnnnonchonn A —
2 Ipocoofoogaads &
NN NN S 0
Paramefer Valje
1{Title as{2011219-yli-554sub.39.1| 11
2[Solvent e
3[Temperatule 298 4
4[Number of [Scdns 25p [
5 Spectrometer v100.63 \
6Nucleus 13c o]
A ‘ \ |
|
T T T T T T T T T T T T T T T T T T
140 139 138 137 134 135 134 133 132 131 130 19 128 127 126 [125 124 123 122
£1 (ppm| f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T
210 200 | foo| 180 [170 160 150 140  130| 120 110 100 ||90 80 70 60 50 40 30| 20 10 0 -10
f1 (ppm)
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Parameter Value
1 Title s-20211219-ylk-546sub.30.1|1r
2 Solvent cDCI3
3 Temperature 292.6
4 Number of Scans 16
5 Spectrometer Frequency400.18 %
6 Nucleus 1H \
| | |
M fJ !
v S <
< = =
ol — I
T T T T T T T T ?
7.80 7.75 7.70 7.65 7.60 7.55 7.50 7.45 7.40
f1 (ppm)
[f
| oA
- | —
‘ 4 ! )
N £ <
fsal — ol
f T T T T T
73 7.2 7.1 7.0 6.9 6l8
| f1 (ppm)
|
|
1 |
|
‘ |
0.0 HL J | . |
TEYI RS s
S aa< -
N~ enen —~ Ao o
T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
I s R LN
o S B NS S S KX — hd
o <t MM Mnoenenen oA NN A ::r
. Sy = E—— o
Paflameter Value
1 Title as-20211219-y[k-5465yb.3{1.1]1r
2 Sglverft cpdiz
3 T¢mpdratfjre 293.
4 Npmber df Scans 256
5 Spectrpmifter Fi y100.63 \ X
6 Njicleys 13C S
0
T T T T T T
31 0 139 128 |127 136 |1
1 (ppmy)
T T T T T T T T T T T T T T T T T T T T
210 | 290 | 190 | 180 (170 160 | fiso| 140 130 12| 110 100 0 80 70 60 5 40 3p 20 10 0 -10
f1 (ppm)
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C1

68°€
16°€ |
16°€
T6°¢ |
LOY
80t
60t
01t Y
€5°S
809

d.r. =92:8

3

0.0

0.5

1.0

b

2.0

2.5

3.0

3.5

-10

30 20 10

40

LTS —

50

Q9 —

90

069

ajgr isomer

q

69
69
€69
6’9
969
9T’L
LTL
LTL
6CT°L k
0€’L
€eL
mm.hg
9€°L
t

Minor isomer
s
i
=3
=

r

Major is:

Minor isomer

~ 00

I
)

4.5

5.0

f1 {(ppfp)

100

1](gpm)

L

129

110

-

1130

[ —

131

9L
Ly'L
6v'L
Ts'L
¢Sl

Value
langlk-20210619-bz.1.1.

DCI3

r'c

7.45

vS'L
95°L
LS'LA
8L

09°L
Tw.h“

WL
S8°L
L8'L
Trs
€18

Parameter

297.5
32
8001
¥

1H

1 Title

2 Solvent

3 Temperature

4 Number of Scans
6 Nucleus

7.60 7.55 7.50

7.65

f1 (ppm)

alug

yanglk-20R10619-bz.2.

CcDCI3

298.8
512

13C

16|

170

7.0

8.0

8.5

180

Parameter

190

€861 —

1 Title
2 Solvent

3 Temperature

5 Spectrometer|Frequengy! 50.91

4 Number of Sdans

6 Nucleus

200

21

137
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Parameter Value
1 Title yanglk-20220426-C1-1L5.1} 11
2 Solvent cDCI3
3 Temperature 295.2 ajor isomer
N d.r. =10:90
4 Number of Scans 32
5 Spectrometer Frequendy400.18
6 Nucleus 1H
1 Minor isomer
} C141l)
i 1o I
L U Gl [4
; jay yim;
T T 3 Py p
= i
S = S = g _ ) A
T = T — T A =
775 770 7.65 |7.60 7.55 7.50 7.15 7.10 705 T
f1 =3 =)
ppm) f1 (ppm) g g
T T T T —T
5.9 58 57 56 55
f1 (ppm)
P
1
]
|
i
\‘ I
I | il
|
J /J\M | L .
1 Py ‘ [Ad L o w A
|
d =TT = S 4
aeHeceggR~S e e S
S——m—~ad—3Sda~ - = I
T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5 45 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (p
© % et 4o g o |
o o 9 Hed o =S S o &g g W= - * a ©
Y ) Ao aadadadafila « m o o
2 =4 Jo-oZogSgsSdgs ge I 2 a =
N I
Parameter] Val
1 Title yanglk-20220f r
2 Solvent cpcl
3 Temperature 296.0
4 Number of Scan: 512
5 Spectrometer Frgquency100.6
6 Nucleus 13C
C141l)
il Ll l RS AT PLE BT WO A WA
T T T T T T T T T T T T T T T T
140 139 138 [137 136 |35 13 133 132 |[131 130| 129 | 128 || 127 || 126(| [R5
f1 (ppm) f1 (gpm)
I
" " . m | I k " i -
* A e Wi ’ " u ! ¥
T T T T T T T T T T T y T T T T T T T T T T
210 200 90 180 | 170 || 160 15 40 130 120 | 110 || 1 0 80 70 60 50 40 30 20 10 0 -10
f1 (pph)

138



C2

RN Bl R N B Rl = I S n R ] —
B NN NN NN NN R N n
0 0 I~ [ N S S Y S S S A L N S S o o~~~ )
NZ | e L — — A
arameter Value
\ dr.=87:13
1 Title yanglk-20210806-466.1.1.1r
CDCI3
ature 298.0 Mi Major isomg
inor {somer
of Scans 32 or jsome
5 Spectrometer Frequency00.17
6 Nucleus ‘e\ 1H \
— _J
A —
g —
3 S|
£ T =T T
3.60 3.55 3.50 3.45
f1 (ppm)
J J\ \ Aoj
Unlaall, ol A
i UAVA'ESAY 1A
A I v
< < ]
T 2 T = T T o T T
76 7.5 7.00 6.98 696 6.94 6.92
f1 (ppm) f1 (ppm)
A
T '
=3 i
S ¥
=TT T T 5
| 58 57 56 s[5
“ ‘ | f1 (ppm)
il
‘ | J
1l 4 i My \ A
H
g JLgE % 4
< TSep ax® 3
— T8~ =l q
T T T T T T T T T T T T
8.5 8.0 7.5 7.0 5.0 1.5 4.0 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
3 TRV A= 0o nA A A AR SN
ol NN R - G R R AR N N NN R < e
& Flfcocnddaad qaQdaaddi g b
e — N
Paramegter Value
1 Tlitle anglk-20210806-466.2.1.11
2 Solveft CDCI3
3 Tlempgrature 99.0
umber of Scans| 12
5 Ypectrometer|Frequenci150.91
6 Nucleys 3C
L “ ] LlA ) L. w
T T T T T T T
140 | 138 1B 1 | 13p || 130 128 126
|
|
J A J
T T T T T T T T T T T T T T T T T T T T T
210 200 90 B8O 7 160 150 140 130 20, 110 100 90 80 70 160 50 40 30 20 10 -10
f1 (ppm)|



VWEONVAQEUVMNXPOT 0RO TANGHROTO—ONM—ORAD = RO M N B
NI NN RN ORI I B e B B B B B I e B B R i % e
0 o0 NN NN NN NN [ S N T L N S o [ S I -RV-R- IRV IRV IR VR B I ——= S o
e ey B N - P V7
Parafneter Value
1 Title yanglk-20R11231-cat-cat467.1.1)1r
2 Solvent cDCI3
3 Temperaturf 292.5 d.r. =94:6
4 Number of Scans 32
5 Spectromet¢r Freqflency400.18
6 Nucleus 1H
)Q. m ;\}" ' Major isomer
M /\}\/\\ / ‘/\ j Minor isomer N
~t f f
- o == = X - 3
— el =4 - o] — < <
=T T . ol " .
7.7 16 5” (;. m)7.3 72 71 69 68 6. 66
1 (ppm)
- L
*+ ey
=) a
=1 N
= T =
60 59 58 57 56 55 54
1 (ppm)
|
| | J ﬂ ‘
1]
] |
‘A
]
| | '
M A A { }\ “\ ) )”
= b 'l
3P FEES £ & g Y y &
ee o= T Teg < < < T <
SRR | SIS LD — — —_ d a
T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 .0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 K
f1 (ppm)
™ IR ARRS S "<
o6 o po s v N of S B O Q%NS P — a° ~
2 9 :)f’\:\f’\ 2 o MNNNNNNF—NN s b,
[ I N W o o Lo ‘
P4rameter alue Q\ //O
1 Title yang]k-2021123[1-cat-¢ht467.2 1[I r 3
2 Solvent cpdi3 MNH
3 Temperafure 293. B
4 Number of Scans 512 'PrOQC
5 Spectronjeter Frequency100.63 Fh
6 Nucleus 13C 0] Ph
C3
T T T T T T T
131 13 129 | 128 | [127 | 126 | 125
£1 (ppop)
WMM'M‘«LWV i Ak !
T T T T T T T T T
141 140 139 138 137| 136 135 134[]133
f1 (fpm)
. " " " b ! " A
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 | [160 || 150 | |14 ko 120 11 10 90| 80 70 60 5 0 30 24 10 0 -10
f1 (ppm)

140




C4

CWVMT P T AT ASOHANO XNV T O T — oA
SoEfgmmuIITIaaadldacdasg RS ®S =S 00
% 6 L O T T o o O o O L N N SN S S S N OO wvnon N
VN e ——————— —
Paramleter Value

1 Title as-20211218-ylk-cat468.1} | 1r

2 Solvent cpCi3

3 Temperature 292.5

4 Number of S¢ans 64

5 Spectrometer Frequency400.18

6 Nucleus 1H

d.r. =88:12

Major isomer

Minor isomer.

| \
IVARIAYNI JU 1
E = E VL
¥ = 2, [ e e
74 7.4 7 S =
£1 (ppm) T e T
52 51 50 49 48 47
i (ppm)
=
o))
o

|
|
| =
5.8 5.7 5.6 5.5
) f1 (ppm)
1B HL AL N
H i H
4 S A L4 4
S cepecceee ) < < P
- 8- wvaadY =3 - — N
T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6 5.5 4.0 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
9 * CSLNY RN AT QR Vg (NG P
o ) QBN OF e n PP DS R % Ko o g o] — R
g €] fpocfdddad AR daadada g odadga
ey I AR | W _
T e u 1
aramgter Value
1 Title 5-20211R218-ylk-gat468.2.1}1r
2 Solvent| CDCI3
3 Temperature 293.3
4 Numbef of Scpns 512
5 Spectrometer Freqyency|100.63
6 Nucleu: 13C
LA A LT v 1
T T T T T T
131 | 13 120|128 130 12
e I L
T T T T T T T
140 139 138 |37 |136 135 134 133
|
byt
|
"
T T T T T T T T T T T T T T T T
210 20 190 18 170| 160 150 140 30 120 110 10] 9 8] 7 6 50 40 30 0 10 0
f1 (pgm)

141



Cs

———1 If0'¢

o
-
o
(@]
n

d.r.

Major isomer
T
7.8
f1 (ppm)
1 (ppm)

Minor isomer

6.85

6.90

1 (ppm)

206

A
E)

0.0

0.5

-10

0

10

20

1.5

2.0

2.5

3.0

3.5

4.0
f1 (ppm)

lJUL

It

1NN}

4.5

SN

5.0

l

-

€€L
veL

695

Value

—— F00'l

= %860

|

alue

YLy
6v°L

OW.BAW
1S°LA
SSL A
9G°L A
LS'LA

yanglk-20210705-427.5.1{1r

CDCI3
294.3
1H

7.4

1 (ppm)

7.5

65°L
09°L
1L
P8~
s’

Parameter

5 Spectrometer Frequency600.17
7.6

1 Title

2 Solvent

3 Temperature

4 Number of Scans
6 Nucleus

—4 je6€
= e
=== wmf

JE— 6'C
H/cog

anglk-20210705-427(6.1|1r

12|

3@

29sl6

7.0

Parameter

Frequency]50[91

Title

8.0
4 Numbey of Scans

2 Solven

Nugleuf

8.5

30

o 60 50 40

80|

127

90

128
100
f1 (ppm)

142

f1 (gpm)
110

129

120

k)

31

140|

38 137 136 135| 134 133 132
f1 (ppm))
190 180 | 170 60 15

9

2po

214




660
001 W

101

¥8€
98°€ |
L87€
L87€
88°¢ |
68°€ |

%
5]
<

_

—

©

2 3
w
—

86'9

Major isomer

Minor isomer

5.4

5.6
1 (ppm)

5.8

—— T

0" 1

8.0

8.1
1 (ppm)

8.2

0°1]

7.25

Eee
€01

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.5

5.0

f1 (ppm)

velr—

10 0 -10

20

30

40

9T ~
6'SS—

6'€9—

60

70

2

00117

90

0°LTTH
L'TTI

100

fll (ppm)

9Tt

1221

L'LTI A

8T
6'8C1
€621
0'0€1
1°0€1 7

120

130

0°¢]

So¢l

126

LTL ;

Value

yanglk-20210814-485.9.1/1

CDCI3
294.5

1H

!

£1 (ppn

7.3

7.35

7.40

7.45

=160

lParameter

7.50
1 (ppmj)

7.0

14b

T
9 /¢

r

0'8€1 7

1L

27

150

o6l
£6cl
S E91 —

28

160

L6991 —

Value

C13

1 (ppm)

170

yanglk-20210814-485. 1]

D
29!

1p9

0

1 Title

2 Solvent|

3 Temperature

4 Numbef of Scans

5 Spectrometer Frequency600.17

6 Nucleu:

v
av;

<0°g

7.55

8.0

8.5

€961 —

f Scans|

aFameter

(0

1 Title

2 Solvert]
3 T

4 Numb

6 Nucle

210

143



Cc7

M~ =X dONTITORRXEOOTTANSOCRXAND VLT TOOOA—~O R
Smom I RN N R EIIT TN NN NN ARG ARNRNN = === =D
R S S N N O T T S o N o e N e T T S R B R CRCRCRT R R R
[ -, — e ———
p— — — T
Parameter Value
1 Title as-20211213-YLK-CAT412.1.].1r
2 Solvent CDCIB
3 Temperature 292.4 dr. = 80:20
4 Number of Scans 32
5 Spectrometer Frequency400.1
6 Nucleus IH
Major isomer c7
Minor isomer
| | J
FA}_I\‘_ ""NJ = HU‘M«H A
) S ) g T
v <f " —_ =3 <
f f T T 70 B R L N S =
76 75 74 73 4, 42 4.1 40 39 38|37 [ B L N I B R
1 (ppm) 1 (ppm) 59 58 57 56 55 54
f1 (ppm)
|
|
i
| Il
i Jl‘
I Ll L ) \
il ‘ - —- — ‘
d ' Z Yy 4
< < = < el <
- v = — = = I
T T T T T T T T T T T T T T T T
8.5 8.0 7.0 6.5 6.0 5.5 5.0 45 0 3.5 3.0 2.5 2.0 15 1.0 0.5 -
£1 (ppm)
o T N NI B i B S A I A !
loo q danrcvempoEoaa o~ Cmeaon 2 T NI “@
[ wepen oo mennn oo — o <t o o
= b4 AFZ2ZFEZRZ2CSS22d222C22 R0 b =
| S () rppm——— I I I
Paraneter Valug
1 Title 12]3-YLK{CAT412.2.1.1r
2 Solvent
3 Temperathr 293
4 Number df Scans 12
5 Spectromptef Freqpiency 1|00
6 Nucleus 13¢
LB N
T T T T T
131 130 12p| 128 127 126
f1 (ppnd)
PO 0 1 o 11 W ma -
Y ! ¥ i j Ay P u
T T T T T T T T T T T T T T T T T T
210 2po 190 8 170 160 13 140 ]%0 120 110 100 90 80 70 60 5 40 0 10 0 -10
f1 (ppn)

144




19F NMR (377 MHz, (71'139‘5-57.89.

— -57.89

Parameter
1 Title
2 Solvent
3 Temperature

4 Number of Scans

6 Nucleus

5 Spectrometer Frequency376.55

Valug
as-20211213-YL{
CDCI3
292.8
16

19F

-CAT412.3.1.1r

T T T T T T T T T
53.5 -54.0 -54.5 -55.0 -55.5 -56.0 -56.5 -57.0 -57.5

T T T T T T T T T T T T T T T T T T T T
F8.0 -58.5 -59.0 -59.5 -60.0 -60.5 -61.0 -61.5 -62.0 -62.5 -63.0 -63.5 -64.0 -64.5 -65.0 -65.5 -66.0 -66.5 -67.0 -67.5

f1 (ppm)

145
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d.r. = 85:15
Parameter Value o
Major isomer

1 Title 2s-20211209-ylk-cat411.1.1|1r
2 Solvent CDCI3
3 Temperature 292.7 Minor isomer
4 Number of Scans 32

5 Spectrometer Frequency400.18 [ m

6 Nucleus 1H J ’\
SE\NV S 7N
=) "
\) S L
v ) N = —F T
3 \ . P 8.15 8.10 8.05
£ ‘ A J@k o 11 \n 1 (ppm)
< oL o <
< < N W
v =
T T T T T T T T
7.60 7.55 750 745 7.2 7.1 7.0 6.9
f1 (ppm) 1 (ppm)
A I
T T
(=3 v
S o
=T T T T
5.8 756 55 54
1 (ppm)
|
|
I
i
i
|
N“ \ b I.“L | J
¥ f I
& LR RS & J 4 J 4
o ccooo o S & 3 =
=1 8~ = S — S .
T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 15 2.0 1.5 1.0 0.5 0.0 K
f1 (ppm))
o A AR N BB D B D M S Bl N RS D ]
% adtpaafumn - =ESS|A[KwNS[Seemponma T = ha
3 CeofFmopgronananpeadddaadacf=f-dny o “
[ERER P —— P e 1 | L )
Parameter Value
1|Tritle as-200311209-ylk-cat411.2. | 1r
2/Solvent cDC
3| Temperature 293.4
4 Number of Scans 512
5| Bpectrometer Freqyency100.
6| Nucleus 13C
JL.J\._A -
T T T T T T
131 130 139 128 27 126
1 (ppm)
|
|
- U | Lo | N
" ' o ; o ¥ " bl h
T T T T T r T T T T T T T T T T T T T T T T
210 00(| 190 180 [170  1go | 150 140 [[|130 |12 110 | [100 9 0 10 60 50 lap 30 20 10 0 -10
1] (ppm)
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Parameter
1 Title
2 Solvent
3 Temperature

4 Number of Scans

5 Spectrometer Frequency376.55

6 Nucleus

Value
as-20211209-ylk-cat411.3.1{1r
CDCI3
293.1
16

19F

-103.13

10 0 -10

T T T T
-20 -30 -40 -50

T
-60

T
-70

T
-80

T
-90

T
-100|
f1 (pptp)

147

T
-110

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190

-200

-210

-2
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801 | SGaad I
10€ L 2
607 L o S5
SP'SH =
66'S 1 .
069 1 <
$6'91
96'9 1
L6'91 2
86'9 1 L, @
6601 —{F6°0- < .
L = —=Fr !
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Fe
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& o0 o~ £
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]
2 £ 22 —F[o01 = [E—— 0
S ° g Fl - —4 “wou
Tz 2 ¢ =0 - = o0 F 2
22 EE 33 T e — oo
E&Ezaz - e
A )
: <
&
—] 60

Ser—

n

L

-10

10

20

40

€78 —

T9s

'9¢
€9 —

60

70

€L —

6'101

80

901

L9zl
1'LT1
'Ll
s |
ez |
0’62l

J

90

100
f1 (ppm)

'6Cl

110

L6l
0°0€T

120

9°0€T A

T —/
TIET

L'LET
6'LET \

140

2}

0

CTIST~

21

VEST

127

160

Vhlue

20210814-4

6691 —

yangl

CDCIB

295.8

1l (ppm)

180

190

7’861 —

Paranmjeter

trometerf Frequency150.9]1

130

200

1 Titlg

2 Solyent

3 Terperature
4 Number of Stans

5Sp

6 Nugleus

131

210
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C10

Ald o b =0 NSO TMAXEONONTOANDR O T XSO " N
FASNSE MR O NTINLITONN N ANAARRARRARRO DD S X XX R ) aqQ
oo Lt ol o Lo ol o o Ll ol el e e AR "B~ R i i i B s B B o'} (o] o oo
o~ T I [ -
Parametgf Value N S Major isome
Minor isomer
1 Titl yanglk-20210705-428.7.1{ 17
2 Sglyent CDCI3 \
3T 294.9 J
A L
T NJifiber of Scaf oF T =T
5 Fiq] 00.17 =3 g dr. =
6 Nficjeus 1H — %
59 58 57 56 5
1 (ppm)
‘ﬁ‘ MJ | f \
\ i A 4\
P =y AR RS VA S
PRS2t < < )
Ll = = dj o v =
T T T T T T T T T T T T T T T
7.4 |75 74 7.3 |72 7.0 7.0 69 68 410 4.05 400 3.95 390 3.85 3.80
(ppm) f1 (ppm)
|
]
i
b ' ‘
! VAN ”' | " k A ]
! I T \
P
v Z el de & o g gd 4
opRSocHpS S o =1 S & =3 =
— 8= & = “on S — - S o
T T T T T T T T T T T T T T T T T T
8.5 0 7 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 5 2.0 1.5 1.0 0.0 ~
f1 (ppm)
0 P 9o efaandzgdtrelrren
% 5 Ho@|gulFcacndolSgodsdsiSn = N e - -
)} < e[ 0 oenfenfentn en en ¢ enfen o o &[N o N [3e] ol — g
2 FT I3RS T3S EES R IN ) n a =
- i ) i I | |
Parpmetgr lue
1 Title yanglk-202107051428.8.fl| 11
2 Solvent CDCI3
3 Temperatyre 295.4
4 Number of Scans 512
5 Spectromeer 150.91
6 Nucleus 13C
- M{ poton! N
T T T
131 0 | 1p9 P8 | 127| 16 25
1 (ppm)
U L h A
T T T T T T T
142 141 140 139 158| 137|[136 135 134 133 1p2
1 [pp)
.”H ) I J A
ikl i "
T T T T T T T T T T T T T T T T T T T
200 190 180 70 140 150 140 13/ 120 10 100 90 8( 70 60 5 40 30 20 10
fll (ppm|
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C11

80°L

©
-
©
©
1
=
o©

Major isomer

—~F 00

6.0 59 58 57 56 55

5.4

1 (ppm)

F10'¢

0.0

0.5

1.5

2.0

2.5

3.0

3.5

€er—

LTS —

€v9 —

-10

10

30

40

50

60

70

80

90

I
H

Minor isomer

660

J&rqc_

vTL
9T'L
LTL
8T'L

7.55

60
(ppm)

4.5

f1 (ppnp)

100
f1 (ppm)

110

6T

L

wid
6L
6L
152

S
7.65

A

o'y

6.9

7.0
1 (ppm)

510

120

140

26

1

150

vsL
vs'L
95 1
LSL Y
857 1
857

cat410.1.1}1r i
F//\JL/\) YVAY:

Value

DCI3

Iy

860

c0°S

H\oo._

<o€

7.0

Value

as-20211207-ylk-cat410.2.1}1r

CDCI3

293.4
512

100.63

13C

130 128

132

170 160

80

09°L A
19°L A
T9'L AN

v9'L
99°L
808\

as-20211207-ylk-

292.6
2
1H

Parameter

660
7C0'¢

\Wod
0’1

.0

quen

0

€861 —

ber of S

138

00

0r'g

1 Title

2 Solvgnt

3 Templerature

4 Number of Scans
6 Nuclg¢us

N,

8.5

N

1 Tjtlg

2 Splvent
3T

6 Nucleus

110

142

210

150



—-114.55

Parameter Value
1 Title 5-20211207-ylk-cat410.3.1|1r
2 Solvent [@lek]
3 Temperature 293.1
4 Number of Scans 16
5 Spectrometer Frequency376.55
6 Nucleus 19F

T T T T T T T T T T T T T T T
-112 -113  -114  -115  -116 -117 -118 -119 -120 -121 -122 -123 -124 -125 -126 -127 -128

T T T T T T T
-104 =105 -106 -107 -108 -109 -110 -111
f1 (ppm)
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C12

—an~unoigdlenoxne S ®
BB N B (NN S
6 00 N N N NN ER=-R=}
WO B ~
Parameter Value
1 Title yanglk-20211231-cat-479.1.1, 1
2 Solvent CDCI3
3 Temperature 2922
4 Number of Scans 32
5 Spectrometer Fr 0.18 d.r. =90:10
6 Nucleus 1H
Major isomer
J\A\A Minor isomer
A
2= y JJM/‘M\/ x
o — ——
=N 9 - N
: =) a
T T T T - .
8.1 80 79 78| |17 7‘( 7‘5 7‘4 7‘ 7‘2
f1 (ppm) -6 . 7 : L
f1 (ppm) A -
T e
o «
S
= T T T T
58 57 56 |55
f1 (ppm)
|
| o
| )
o
MA N | J M‘
|
2 L | A JJ L
b h
S S ) d d 4 4
a a2 N = bl S S < <
S S A Nfer v = - - = I
T T T T T T T T T T T T T T T T T
8.5 8.0 715 7.0 6.5 6.0 5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1 1.0 0.5 0.0 K
f1 (ppm)
] Fooetgaqeag — ol oo aq
Ao ol ult dln =S S|dla phe oy © g NI < “
4 Rodoodddmnsadlld AR S add 4 “
[N R R AN IR I ‘ ‘ |
qrameter Valug
1 Title yangI§-20211231}cat-479.2[1]1r
2 Solven| CDCL
3 T 293.3
4 Number ¢f Scans 512
5 Sy Frequency100.63
6 Nucleus 13C
1 A'(L I} J A A,
T T T T T T
132 131 130 [Iff 198|127 126 125 [124
£1 {prfm)
ERwY Y B BNEL RO Y M»J
T T T T T T T T
140 139|138 137 [136 [I35 134 [133
f1 (ppm)
" m ; | " [ " i J b
" g i g ¥ . ol y p i "
T T T T T T T T T T T T T T T T T T
210 2 190 180 0 160 15 0 130 R0 110 100 0 80 60 50 40 3 20 10 -10
f1(ppm)
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SEREENR NN nnnaTaoaaaoaaddNeaaag=-=339SS3a00033R% a9
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Parameter Value
1 Title 2s-20211209-ylk-catd29.7.1{1r
2 Solvent CDCI3
3 Temperature 292.8 d.r. = 8119
4 Number of Scans 32
5 Spectrometer Frequency400.18
6 Nucleus 1H Major isomer
Minor is¢mer
L‘( L Ph
I
I TR c13
S 3 s !
ol £
T T T T T T |
78 77 |76 75 74 |73 72 J MJ\
1 (ppm) T T
< o
—~ =
T — T
815 810 805 §00 7.95
| M f1 (ppm)
Q\4Wﬂ’m L
% +
P <
T T = T
41 4.0 39 3.8
I f1 (ppm) “‘L AL
‘ (=3 0
! S X
T = T &
6.2 6.0 5.8 5.6
£1 (ppm)
‘ I
il
J [ W0 j .
- )\ — . L (ﬂ
it S g <
- = = I
T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5 5.0 4.5 #.0 35 3.0 25 2.0 15 1.0 0.5 0.0 -
f1 (ppm)
“ RIS el =l A B BRI A NS I I e
o g ne S SIS of oo gdosdfos o6 oo NS B [T “ b “
2 i ] RSl CRAIAEH o NS BAST A BAY SIS RSN RV SEARS 3 @ b
‘ R M R T [ - — —| ‘ ‘
=TT
Paramgter Value
1 Title s-20211209-y1k-cat429.8.11
2 Solvent CDCI3
3 Tefnperature 293.3
4 Number of Sdans 512
5 Spgctrometer [Frequency|100.63
6 Nufleus 13C
m ALY
) LI ip
AL/\A A })\/\A AL 1 12k3
1) (pptp)
T T T T T T T T
131.p 130.5 130.0 129.§ 129.0 178.5 128.0 [127.5 127.0
£1 (ppm)
- I " o snallib Y A O } ' " O
" w Yo it 4 f ‘ ol " )
T T T T T T T T T T T T T T T T T T T T T
21 200 | 190 [180 10 | 160 150 | 140 30 | 120 || 11 100 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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19F NMR (377 MHz, CDg$-59.59.

Parameter
1 Title
2 Solvent
3 Temperature

4 Number of Scans

5 Spectrometer Frequency376.55

6 Nucleus

Value
as-20211209-ylk-cat429.9.1}1r
CDCI3
292.9

16

19F

-59.59

-10

T T T T
-20 -30 -40 -50

T
-60

T
-70

T
-80

T
-90

T
-100
f1 (ppm)
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T
-110

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190

-200

-210

-2



C14

10

20

40

60

70

80

90

10
f1 (ppm)
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110

120

0

150

160

170

80
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FE
660 z !
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101 °© =o€ 2
L8°€ 7
88°€ 1 .
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60"t 2 i ©
01t s - =
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00'L ——— A - -3 S
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il b - 1621 3
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r > 1 s —
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; R
ol io, o = 01 'Sl g

. ERSEN = a— b _

8647 £83a8x = _ S zeEl? 58« 3 A
o5~ o P G 8691 — SR8 2GR b _
w] m =R ; ==
7 3 & - )
5 o — = = #96'C i £
s L o = Joil* —
= = £ 5 5 2 10°S =
. £ 53¢ % p— z
S £ Z gz - L LS g 2 o
g tsnive — " —— e =5
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C15

0’1
€0°1
s0°1
LETY
00
w0
€0y
v0'y
v0'y
907
607
o1y
1y
Ty

M

8.05

Hoe

0.0

0.5

1.0

1.5

2.0

2.5

-10

10

20

40

£ —

50

0'v9 —

60

483
Sl

5.80

8.10

r 891

18

3.0

70

91'¥
[4: 39
019
€89
89
989
069
169
169
€6'9
$6'9
L69
669

|

Major isome

Minor isomer \

T8

00

5.85
f1 (ppm)

T—
5.90

6.80

8.15
f1 (ppm)

8.20

8.25

786°0
660

3.5

4.5

5.0

f1 (ppm)

0'LL—

80

90

00

ppi)

1

110

20

61
1L
€TL

—
7 TL6
.

6.8

9T
8TL ﬁ
8T'L |
6T'L
1€°L 9
TeL Ay
%L
8¥°L
0S°L

Value
anglk-20210812-482.1.1/1r

DCI3
295.4

00.18
IH

6090
f1 (ppm)

6.95

7.00

144

50

Value

160

SS°L A

TS
Q¢ W

q

anglk-20210812-482.2.1/1r

6.2|

o

0.6|
c

CDbCI3

8S°L

YO'L~

Param

7.6|
f1 (pppm)

191

90
1917

18

4 Numbgr of Sgan:
pectrpmeter| F

3 Tempgrature
5

1 Title
2 Solverjt
6 Nuclegs

7.7

.0

8.5

9°00C —

1 Title

2 Solvent

3 Temperatyre

4 Number of Scas

5 Spectromgter F

6 Nucleus

A

00

210
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Parameter Value
1 Title yanglk-30210628-438.3.1,1r d.r. =84:16
2 Solvent cpdi3
3 Temperature 294.
4 Number of Scans 32 L
Major isomer
5 Spectrometer Frequency600.]7
6 Nucleus 1H Minor isomer
.
|
) N 1 t
| (\/\N\ \ | Jﬁ
M ¥ (N .
o 4 B P d 1 i
o
= N b . = b T T
T T i f ) v
7.65  7.60 755 70| 7.45 6.9 6.8 6.7 S e
1 ppm) 1 (ppm) 58 57 56 55 54
f1 (ppm)
(\ |
\
- A 4\\
o 3 S
- v
T T T T } T
3.86 3.84 3.82 3.80 3.78 3.76
1 (ppm)
1
bA f,ﬂL o ‘ oy 1
LR B & d J
ap e S S o
ISR — — Q[
T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0
Qoo Rthwdoad o =lm%}oon ol o
S Alm A Sl P g S| BB S e < S| T
Qg roqeoogdgo@agaaacdas - Il LA
= e I I I \ o/
Paramgter Valu
1 Tifl yanglk-202106284438.4.1]1r
2 Sqlyfint cpel
3T 295.5
4 Number of Schns 512
5 requengy150.9]1
6 Nudlleus 13¢C
c16
. ] ] ‘. A lx l " J‘Lﬂl‘ Jh \ l
T LI o e /R L . . . . ' ! .
140 189138 137 136 135 134 [133 132 11 130 {20 128 1 e |12
1 (ppm) f1 (ppm)
) " "
T T T T T T T T T T T T T T T T T T T T T T
210 | |[zoo 90 |80 70 60| | 150 140 130 120 10 || 100 0 80 70 60 50 40 30 20 10 0 -10
1|(ppm)
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C17

1071
20T
€0°1
S6°€
L6'€
86'€
or'y
or'y
ov's
019
989

=79:21

d.r.

Major isomer

:

Minor isomer

c17

I

A
2
A

5.4

0.0

0.5

1.0

1.5

04

5.6

5.7

5.4

1 (ppm)

5.8

1
T
S
59

6.80

6.85

AN N

L

| P00

—===1 501

2.0

2.5

3.0

3.5

~

4.5

5.0

f1 (ppm)

Per—

10 0 -10

20

40

0€s —

0v9 —

[N

[EOE
102! |
€021 4
Pzl
LsTi |
0'921
0'921
8'9C1 |
TLT
9Ll
9821

100 90 80
f1 (ppm)

110

(YAl

20

6Tt

6.

£1{ (ppm)

876CT
£0¢€1 ]

130

€5°L
95°L

8S°L Y

Value

as-20210806-ylk-459.1.1}1r

CDCI3

298.0
32

1H

NN

AN

66"

6.95|

9ott

~
=]
A

L

140

1ser

r

50

9SET

“gey

£9¢1
T8 ]
8'3¢1

160

A

7

Frequdncy600.17

o= e e Y
h
<

ottt
191
€91

136|

80

€9°L A

;|

V1)

0

8°691

ap-20210806-ylk-459..

(nci3
2p9.3
512

150.91

137

38

f1|(ppm)

1190

Patameter

1 Title

2 Solvent

3 Temperatyre

4 Number of Scans

5 Spectromdter

6 Nucleus

I

7.

7.65

8.0

8.5

Frequen

OL6T—

139

200

1 Title

2 Solvdnt

4 Numbep of §canjs

6 Nucl¢uy

210
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19F NMR (565 MHz, CDGB-]11.93. it
Parameter falue I
1 Tjitle as-20210806-ylk-459.3.1{ Ir
2 Spjlvent CDCI3
3 Tgmperdtre 208.6
4 Number|of Scans 16
5 Frequency564.72
6 Nucleus| 19F
T T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20 -0 -40 -50| 60 -70 -80 0 | -100 |[-1lo |-120 <130 -140 1 160 70 | -180 <190  -200  -210
f1 (ppm)
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COARXBETOANXRENMANAPLPE OO NN TOTITOHRXETN M ~ANNOARAN ORI O YT O =
I NN N NN N N R B B i B T i T e e R e e i e i B B B B ce<
00 0 I~ L e e T e Ll el e L e B 22 “A AR R - T B i S R ae B B e B o) -
e S| " e ——— S S S S S S S ~
Parameter Value
1 Titlg as-20210705}ylk-436.1.1}1r
2 Solyent CDCI3 dor. = 89:11
3 Temperature 294.2
4 Number of Scans 64
5 Speptrometer Frequency600.17 L
Minor isomer
6 Nugleus IH
il {J” I bl
njv A LT i W y | A
AL W A4S A SOV AT WAL AT I
S T EYEs °
2 A S =) S =)
= = : = T
: b xS =i Z
7.6 7.5 35 730 725 6.93 6.84
f1 (ppm) 1 (ppm) 1 (ppm)
ot
N
JU J{ ] J IN La J
) < << -
S — —— )
T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ~
f1 (ppm)
o ® 0| *® N I R DA rl B A T ha
o RIS NIF S v cjenenalal 9SS 0 by vl — w9 < = h
=N o Y| © AfopoguoonaaaafdaadyaE=—og o o
NI R 1S N | i R - b= | |
Pyrameter alie
1 Title 2s-20210705-y1k-436 2]
2 Solvent CDCI3
3 Temperafure 295.4
4 Number pf Scans 512
5 Spectronjeter Freqhgncy150.91
6 Nucleus 13C
n wJ JLJ& L I
M A
[ T T T
T T T T T 9 128 127 26
134 133 132 131 130 £1 (ppm)
1 (ppm)
|
; Jhﬂ | ] "
T T T T T T T T T T T T T T T T T T T T T T
210 00 1 180 170 160 | [|[150 | 140 || 130 120 110 100 90 80 70 6 4 30 20 10 0 -10
f1 (ppm|
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Parameter Value i
1 Tltle| as-2021D705|ylk-436.3.1{1r ‘
2 Solvént cpci3
3 Tlempgrature 294.9
4 Numpker of Scans 16
5 Frequdncy564.72
6 Nuclgps 19F
" n b L 1 n " " L L
T T T T T T T T T T T T T T T T T T
10 0 -0 | 20 -po | -40 50 60 |70 80| [-90  -10p  -110  -120  -130| -140 -150  -16p | |-170| -180  -190  -200  -210
f1 (ppm)

161



C19

001
01
€01
€6'¢
s6'€
s6'€
96'¢
96'¢
L6'€
L6'€
66'¢
90 1
807 1
307 |
60'F 1
607 1
01 1
o1t
[A83
s
01’9
78'9
¥8'9

c19

Major isomer

"

5.

5.6
f1 (ppm)

= 66102

= o

0.0

0.5

1.0

1.5

2.5

3.0

3.5

889

t

4.0
f1|(ppm)

689
169
$6'9
969

6.8

1 (ppm)

4.5

L6'9
8I°L

5

5.0

61

=Zz0'1

ve'L
seL
9€°L ]
sl
0b°L ]
9b°L ]
LbL]
8t°L
Ts'L
£5°L
95°L
L§°L
86°L
9L

€9°L

Value
as-20210705-ylk-437.7.1,1r

CDCI3

Parameter

294.4

1H

— L

r80°I- 2
$0¢

7.45

STl

7.50
f1 (ppm)

7.55

00T

7.0

hw.h*
88°L
60'8

18

1 Title

2 Solvent

3 Tempefature

4 Numbeyr of Scans

5 Spectrdmeter Frequency600.17

6 Nucleu|

7.65

hmo.ﬁ

8.5

c19

-10

40

T
150

e —

60

T
7

0

T
90

T
100

fll (ppm)

SRCI
L'8T1

110

6'8C1

£0¢el

T
12

120

Ut
L0ET ~
€lel

130

f1 (ppm)

veer
1's¢tl ]

T
130

1

T
140

9SeEl
Cel J

r

1

50

i

ML,LA ,JJJ UL

13p

1'8€1
1°6€1 1
86617

Nt
T
133

160

6691 —

Vidlue

T
134

T
70

as-202[10705-y1k-437.8.1

CDCI13

295{3

512

15091

13¢

T
136
pr

T
137

90

1B8|

/6T —

1 Title

2 Solvent
3T

4 Number of| Scaps|

5 Spectromele|

6 Nucleus

T
139

T
140

T
20p

210
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Parameter Value

1 Title as-20211007-ylk-cat519.1.1,1r

2 Solvent cpen

3 Temperature 295.2 d.r. =74:26

4 Number of Scans 32

5 Spectrometer Frequency400.18

6 Nucleus 1H

Major isomer cz20

I
ALY / \ A_J\/\JJ\/U \J L Minor isomer ;\
1

T EN3ED

: : <
= T T2 T T
765 7.60  7.55 70 69 68 67
f1 (ppm) 1 (ppm)

00—
1601
U

|

5.8 5.6
1 (ppm)

097 o
. _
L‘ =
<
=
b

1.011
1.13g
T 137
2.99=

8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 0 35 3.0 25 2.0 15 1.0 05 0.0 -«
f1 (ppm)
g QA AW T Peaomafgee ol — =99
o S 0 gyl vl o [+ QP oS alw RS fgin vy vy — P W h
z \Dﬁ‘"}t’]t’(?(’]t’t’]t’] e AN AN NN NN g % :
A N — RS I A S |
T h|
PHram Valu
1 Title as-202[111007-yIN-¢4t§19.2.1 | 1r
2 Solven| cpeid
3T 295.8
4 Numbgr|pf Sc: 512
5Sp rdquenty100.6.
6 Nucleys 13C
oL
T
134.8 1346 134]4 1342 134.0133.8
I (pprp)
st e JW \ J«w LAY S L
: - A 1 -
141 1 189 8 “1’( m)13b 3 341133 J \| 1BR| 131 130 poNJps| 127 126 125
1
WaN ik
Tt
125.925.11P25
1} (pprf)
" J ‘. Ll i . m ank Al
| o ) horair ' y Y
T T T T T T T T T T T T T T T T T T T
210 |20 o 180|170 |[i6p 0 40 ||13d 120 | 110] 1po || 90 80 7 50 4( 30 20 10 0 -10
£1 (ppm
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S
Parameter Value 0
i
1 Title as-20211007-ylk-cat519.3.1}1r
2 Solvent CDCI3
3 Temperature 295.4
4 Number of Scans 16
5 Spectrometer Frequency376.55
6 Nucleus 19F
T T T T T T T T T T T T T T T T T T T T T
20 10 0 10 20 -30 40 50  -60| <70  -80 =90  -100 -110 -120 -130 -140 -150 -160  -170  -180 -190  -200 -210 -2
f1 (ppm)
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Parameter Value
1 Title yanglk-20211105-CAT540.9.1[ir d.r.=87:13
2 Solvent cpci3
3 Temperature 295.8
4 Number of Scans 32
5 Spectrometer Frequency400.18 Major isomer
6 Nucleus 1H
Minor isomer
c21
(/l \ / t
/\ /\/ J\ J NI v A
~ T T
4 L f © °
< ) ! — <
% T fi
59 58 57 56 55 54
7.60  7.55 7.50 745 7.30 725  7.20] 7.15 £1 (ppm)
f1 (ppm) f1 (ppm)|
‘ |
|
o
|
| |
I
I iR 1 ‘
M. . Jw! . Ak | ] ‘ A . J
I
I erghitees 4% 7 1
S Schgac3S—-353 53 S S
- SN —~ A A — S~ (o} Ll
T T T T T r T T T T T T T T T T T
8.5 0 7.5 7.0 6.5 6.0 5 5.0 4.9 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
49 R NN RS T B d v e de
o QRSB C e == SR Moo g ) ) 2 hd
3 c¥icoccqooopodfareddrg [N 7 a
RS RN Sy | i o | | |
Parapeter Value
1 Titlp anglk-20211105-CAT540.10.1.1r
2 Solyant “DCI3
3 Temperatur 96.4]
4 Nuthber of $cans 12
5 Speptrometdr Frequercy|00.6]
6 Nudlgus 3C
c21
|
|
\ A LT b e/ it o
L LA RS | B e e T T T T T T T
141 140 [139 136 135 134 133 32131 130 12p|| 128 |127]|124] |1
£1 (ppm)
I
|
; . gt i . hooaied | ; m
. Gl o p Y "
T T T T T T T T T T T T T T T T T T T T
210[ | 200[ 1o | |10 | 170 160 150 | 140 ‘30 1 1 Ip 0 80 70 60 5 40 3 20 10 0 -10
£1|/(pppr
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C22

9601
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7.5
1 (ppm)
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3.5
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c22
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8°9T1 1

100

1| (ppr
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9'9Z1

1121
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T9°L A
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€921
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7.7

7.05

FL60
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o€
£50°C
=101

oL

7.0

s
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ceerd

140

0ccT

0

Ittt

Q¢

8°LEN ]

CATS[I8[2.]1{]]
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e
B 6tt
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Lyl
6691 —
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29p.

51p

10

13

1

7

$9°L
99
09/
%s\
16°L

o_,wx
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Parameter

1 Title

2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequgney400.18

6 Nucleus

01

1 hoc
I H/o.m
10°1

1

8.0

8.5

1061 —

wtyire

f Scans

Freqyen

137

£1|(prfm)

190

0

3]

1 Title

2 Solvepn|

3 Temp

4 Numl

6 Nuclguy

139

140

210
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Major igomer
Parameter Value N d.r. = 87:13

1 Title as-20210806-y1k-460.7.1}1r Minor isomer
2 Solvent cDCI3
3 Temperature 298.0 '\
4 Number of Scans 32 / \)\A !
5 Spectrometer Frequency600.17 T 1 *1“ \
6 Nucleus 1H P 3 U

T T T

5

.35 7.30 .25

fl S X
T T TG T T
8.08 8.06 8.04 8.02 [8.00 7.98 7.96
,‘ f1 (ppm)
fi !
ha A A
| \
5, ) T } ft \/\ lﬂ\ {
— AU
= > -
= T < T o]
7.60 7.55 7.50 7.45 7.40 <
1 (ppm) T T L J
695 ; /83 T T
f1 (gpm| o «
= D
— =]
58 57 s 55 54
1 (ppm)

—
4;_: =
=

?
=

-

-

Ll
f
o
LN R T iy g d & 4
eeme=meTae < < S < < <
—_—_—emda NS — - —_ - o o
T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 slo 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
“ BAREINMEEE B L DR Ll eI
% AN SO Tl S SNBSS — o < )
a Paacaeamnnnd hoadmdaflidaaadaa e < o
x E2oCCCIZOILNOERSE=SSSSS - 3 @
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Parameter Value
1 Title las-20210806-y1k-460.8.1{ 11
2 Jolvent CDCL
3 299(0
4 Number of [Scans 1512
5 $pecfrometpr Freqy 1509
6 Nuclgus 13C
N ' l . s I
T T T T T T T
13213 130 | 120 fl28 127 126
f1 (ppr
|
|
|
iy "M
T T T T T
140 138 137 [1B6 | 135 134 133
f1 (ppm)
n ] A "
T T T T T T T T T T T T T T T T T T T T T
210 00 190 1 170 160 150 14 30 120 10 100 9 0 70 60 0 40 30 2 10 0 -10
f1 (ppm)
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Parameter Value
1 Title as-20210807-ylk-464.5.1\1
2 Solvent CDCI3 d.r. =[88:12
3 Temperature 208.4
4 Number of Scans 32 Major isomer
5 Spectrometer Frequency600.17
6 Nucleus 1H /
i Minor isomer
\ , |
\ Wl h
\
i " JW\J i M
A‘J/lﬂ\/\ RRAALY ,A.O/LJA' i P! )
d [
< ] ] ] d T
= L T T T e T T < ° =
w S i
7.60 7.55 7.50 7.45 7.0: .00 6.95 6.90 ) =T o
1 (ppm) 1 (ppm) 4.1 4. 3j9
f1 (ppm)
‘»’-}—»ﬁj’—*
)
S
=T T T T
6.0 5.9 5.8 5.7 .6
| f1 (ppm)
! |
]
no
‘ | A/LJ A A
r | AN
U LEE A g 4 4 )
SLaS RN < < ) <
—~ S —=d — - — < o
T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 5 3.0 2.5 2.0 1 1.0 0.5 0.0 K
f1 (ppm)
a CTNERVL© e e fofnxtpLen 2
~ o = — =~ R =R R NN R R 3| R I =
2 SRErIcogqooeoae oo oA sz BN 2 a
S A ) 2 SIS A P —_ |
Paramgter alue
1 Title 1k-464.4.1/1r
2 Solvent
3 Tempdrature 299.2
4 Numbg¢r of Sdans 512
5 Spectrpmeter|F 150.91
6 Nucleys 13C
- L LAJ A
T T T T T T
B2 131 13( 129 | 12 127] 126
1 (ppgm) J A I,
T L R A Lo A R
28 122 121 100 119 11§ 117 {14115 14 113 112
1 (ppin)
WJL ) L ‘ iy
T T T T T T
138 13 136 135] 134 13
£1 (ppm|
‘ i A” i ) A |
T T T T T T T T T T T T T T T T T T T T T T T
210 (200 | 190 180 |17 160 | 150 140 0 | 120 [110 | 10 90 8 7o 60 0 40 3 20 10 0 -10
f1 (ppm)
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1 Tifle 3-20210807-b1k-464.7. 1|1
2 So}vept dpci3
3 Tefnprafure] 208.6
4 Nymfer pf Seanls 1
5 Frbqudncy364.72
6 Nfcleus 19F
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P6°E ]
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01t
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1y
a8 S
€171
€171
A8
SIP
15°S
[AKE
76'9 1
£6'9 1

d.r. =94:6

01

7.20

7.25

Major isomer

Minor isomer

A
£}

7

5

5.8
f1 (ppm)

59

~E 00Tl

FL6'T

Lo AN

—===fT660

0.0

0.5

1.5

2.0

3.0

10 0 -10

20

30

40

€Cs—

r9—

60

70

L'TL

80

69 7

e

f1|(ppm)

€0°¢

01

f1 (gpm)

90

00

69
96'9
L6'97
86'9
€TLA
YL
8T'L T

—

£1(ppm

7.0

110

£1 {ppm)

YAl

45 7.40

120

130

Ot L7
1€°L7

7.50|

r

14

TEL

€€°L
€€
vhL
9L
Ly'LA
8L
6v'L
0s°L Y
TS'LA
TS'LA

Value

as-20210806-ylk-461.11.1,1r

CDCI3

32

1H

7.60 17.55
1 (ppm)

7.65

6.0

6.5

7.0

TLET
SLEl]

alue

150

160

Pyt

0

9691

as-20210806-ylk-461.12.1

CDCL:

299.3

13C

€ST

WL
'L
€8°L
v1'8
v1'8

6S°L
19°L

Parameter

1 Title

2 Solvent

3T,

5 Spectrometer Freqiency600.17

4 Number of Scans

6 Nucleus

8.0

Frequifncy150.9

0

S¢ans

L6l —

Il Title

P Solvent

# Number o

p Nuclgus

200

21
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d.r. = 89:11

Major isomer

Minor isomer

-

1 (ppm)

et 011

0.0

0.5

1.0

2.0

25

3.0

ver—

-10

0

10

40

€es—

€9
B.Nh/

12,

f1 (ppm

123.8

50

60

SITI
9'TT1 1

——

70

L'€TT

00'g

6.75

ot

4.5

f1 (ppm)

969

r00°g

6.8

1 (ppm)

5.0

LeTt
8Tl |
8'€TI 1
Y'Yl
1621 9
1621 9
T'STI
T'STI
9'sT1 o
T9TI
SLTI A

125.2 125.1 125.0

125.3

1 (ppm)

100 90
f1 (ppm)

110

120

€TL

600 6.85

8'LTT
CRTI —7

0

VoL
STLA
65°L 1
oL |
vrL

StL
9L
9L 1
Ly'LA

Value

H
TO.T

7.00 6.9

5|5

6.0

0621 7|
0°0€1 -]
£0€1

140

L0¢T

Tir|

0°TEL
el
szen
teet |

Value

A

1

160

114
68

Leel
9vEl

5-20210806-ylk-462.8.

CDCI3
299.0
512

V150.91

13C

170

1S°LA
€S°L

€L~

8€'8 —

Parameter

ag-20210806-ylk-462.7.1{1r

CDCI13

1 Title

2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequency600|17

6 Nucleus

H
ch
Fert

%No,m

"

f1 (ppm)

7.6

8.0

TSET
m.wmﬁg

1

1 (ppp)

80

o.mwl

0

S'691
1'L61 —

ber of Scans

2po

1 Titl:

2 Solyent

3 Tenjperatur

4 Nu

pegtrometet Fi

4 Nucleus

210
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Parameter Valje
1 Title as-20210806-}1k-462.9,1{ 1t
2 Solvent CDCI3
3 Temperature 208.
4 Number of Sc: 16
5 Spectrometer Freq| 564.72
6 Nucleus 19F
T T T T T T T T T T T T T T T T T
10 0 -10 -20 -3 -0 0 -60 -70 -80 90  -100  -110 |-120  -}B0 | -140 |-150  -160  -170  -180  -190  -200  -210
f1 (ppm)
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Pararpeter Valpe

1 Title as-20211022-ylk-cat532.1.1}1r

2 Solvent CDCI3

3 Temperaturd 295.5

4 Number of §cans 32 P

Major isomer

5 ) . .
P Freq 18 Minor isomer
6 Nucleus 1H

\ c28

T
8.1 8.0 7.9 .8

f\,\ d’\ £1 (ppm)
A JUW
=Y VIajor 1somer Minor 1somer

7.0 6.9 6.8 6.7
f1 (ppm)
I

P—

\‘ ; ‘
MMﬁ “‘\ “‘M ] _ H LA A
3 | 44 E

O
o
‘ool
%
of
1.024
1.034
1.027
0.971

SS~NS—~S9S
—— = N AN —
T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6. 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
e X9 RNe T T AanNglP = A g on
% = o [N g o < Nn—g3S oS TTF Bl D ° )
2 O o i e e MM_MMNMMNNN(‘_NNNN_——{ g 3 [}
e I (P BRI M=) BRI s |
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prameter Valu
1 Title as-R{12110R2-ylKtcat532.B{1,1
2 Solvq cndqgps
3 Tempdrdture 29
4 Numl lof Scans| 51
5 Frefuency100.643
6 Nucl. 13¢|

/\ | czs
A o el
S 1
12‘9 120 ]2‘90 1245 124.0 123 5 it "JM”WVI“\/"\* ef e
o' £1|(ppm) . .

T T
116.0 11§.5 115.0 114.5 [114.0 113.5
1 (ppm)

oo P .L‘ AN M
: ——

163 [|I][g2 161 | 160 15 158
f1 (ppm) ‘

T T T T
130 | 120 10 |fioo 90 8 o o 50 ap 30 20 10 0 -10
(ppm)

T T T
210 00 90 18] 170 160 Il

o
3
-
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19F NMR (377 MHz, CDJQ‘,B—I 15.16.

Parameter
1 Title
2 Solvent
3 Temperature

4 Number of Scans

Value

as-20211022-ylk-cat532.3.1}1r

CDCI3
295.8
16

5 Spectrometer Frequency376.55

6 Nucleus

19F

-115.16

-10

-20

-30

-40

-50

-60

T
-70

T
-80

T
-90

‘ ‘
-100 -110
1 (ppm)
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Parametey Value
1 Title s-20211022-ylk-cat537.1.1}1r C‘)‘ 0
-
2 Solvent cDC13 %
3 Temperature 295.4 =80:20
4 Number of Scan: 32 p
5 Spectrometer Frdq 400.18 Eto (f
6 Nucleus 1H o Major isomer e
Minor isomer COPh
F
” I | c29
|
| M\'Uﬂ | \
i | dv’ . / \ N |
ATV VU Ty IVAVAV) \ ‘ ‘
] I =] =N
4 Al g d 2 P o s 2
] e P = o 59 58 57 6 55
T T T T T T T T T T f1 (ppm)
7.7 7l 7.5 7.4 7.3 685 680 675 670 6.65
1 (ppm) f1 (ppm)
| T
‘ 1.10 1.05 1joo 0.95
I f1 (pprh)
|
|
it I |
] |
|
I I
| |
|
I
M Al i Y.
L - -, .
rrr it ) J & g
—“ee TR S = e < < <
= 2SS i il = - - = = -
T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 0 35 3.0 25 p.0 15 1.0 0.5 0.0 <
f1 (fjpm)
o R R B A Bl vl i Bl B B i A e R R &
loo QS AL BN PG enn S SIS ARG oS wn|— o[t N «
= gelegexcocagoomoomagdagaaadaada -z og 3 a @
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afameter Value
1 Title s-2p211p22-ylk-cat537. N1
2 Solven CDCI3
3 Templeratjire 29613
4 Numbef df Scans 12
5Sp Freq| 00J63
6 Nuclgu kle
Cc29
| | ] L) ) AL A
J jm\) T T T T T
P e aaals i L«M WJ*’“M Ao e A 131 130 129 1p8 7 126 125
1 (gpnp)
T T r T T T T T T
142 1P | 140 139 38| 13] 136 135 (134 133
f1 (ppm
|
I
|
11
" l ‘ L I ,
! : i "
T T T T T T T T T T T T T T T T T
210 | [2p0 190  [180f 70 160  [I50 4 130 120 fil0 100 0 8 70 60 0 ) 30 pp 10 0 -10
f1 (ppm)
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—-113.49

Parameter Value
1 Title 5-20211022-ylk-cat537.3.1}1r
2 Solvent cpei3
3 Temperature 295.8
4 Number of Scans 16
5 Spectrometer Frequency376.55
6 Nucleus 19F
T T T T T T T T T T T T T T T T T T T T T T T
20 10 0 -10 -20 -30 -40 -50 -60 =70 -80 -90 fl-(l:r:}m) -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2
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Pargmeter Value
1 Title| a4-20211021-ylk-cat533.5.1}1r
2 Solvent cpci3
3 Temperature 205.4 d.r.=91:9
4 Numper of |8 3
5 Specfrometgr Freq 400.18 Major isomer
6 Nucleus R Minor jsomer
{
i / C30
! A w
| | |
A / M I\
NV TV A M DARN T
] ] =) o
4 P 2 & 1 S a
S S 3 i) S =T T =
L -k T T Ol = = T 22 f 2.1 20
764 755 750 745 740 685 680 675 670 665 (ppm)
f1 (ppm) f1 (ppm)
A
W =
2 O
= =
= T T T
58 57 56 55 54
£1 (ppm)
|
!
A | H‘ LJ
L
o \ J‘ L J LA .AJ\\P{ S
<= g g e & 2
sge 3 3 = Ik 3 S
P s ] ~ == - -
T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
«@ i NS B el Todagegnrnae an
% P08 5 N S Hh Wi ed = S S of 6 B N NS v — ] P - <
2 Pcccacpaaoaadoogagpgaaaaa N h:S b T
e e T s L | |
ara Value
1 Title as-2021] 93 1-ylk-cat533.4.1}1r
2 Solvent cpl
3 Temperature 294.1
4 Number of S¢ans 512
5 Spectrometer|Fregihiency100.6
6 Nucleus 13
et — L - C30
T T T T T T
131 130|120 |[128 127 126
f1 (pppn]
L
T T T
140 139 138 137 136 1p5| 1Bp] 133
| ppm)
|
|
|
. ! i " o
T T T T T T T r T T T T T T T T T T T
200 19 180 7 160 150 140 30 120 10 100 90 80 7o 60 50 40 30 20 10
f1 (ppm)
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C31

L6707

10°1

d.r. =81:19

ajor 1somer

T
55

5.6

96'¢

L

Hoe

0.0

0.5

1.5

2.0

Vel —

-10

0

10

20

30

#o

Minor isomer

o ool

80

T
5.7

5.8

f1 (ppm)

001

1.05

1.10

f1 (ppm)

2.5

3.0

3.5

v'e —

50

60

Ty —

o

L'TL—

$ITI
9'sT1q

90

0

£1 (ppm)

oLTt

€LTI

100

7.

T8TH
9°9Z1

1 (ppm

8°8T1

11

f1 (pph)

6.90

7.35

1 (ppr)

5.0

ToCT
0°0€T
S0E1

120

'Ly

vS'LA
95°L 1

S0

lue

lk-cat534.9.1]1r

6.95

W~.~

L

—10"¢

7.40

7.50

ot
LOET
PEET T
PEel kw
tEel

Ir

130

140

€951
€LET
voLET ]

-cat534.10.

150

160

857
19°L 1
9L
€9°L
v9'L
S9LA

S9'L~
L9L Y
Nw.h\
8L

oo.w*ﬁ
s

Parameter

as-20211021

CDCI3

1 Title

2 Solvent

3 Temperature

32

i
5
2
E
5
z
<

0

1H

6 Nucleus

S

7.65 7.60 7.55

7.70

f1 (ppm)

7.0

.0

8.5

et
T6el”
§'691 —

Value

as-20211021-y!

CDCI3
296.1

13C

170

180

861 —

Parameter

1 Title

2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequency100.63

6 Nucleus

200 19

210

179
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Parameter Value
1 Title yanglk-20211109-cat548.]1.1{1r
2 Solvent dpci3 .
Major isomer
3 Temperature 205.4
4 Number of Scans ot Minor isomer dr.=78:22
5 Spectrometer Frequency400.18 ‘
6 Nucleus 1H
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1 Title anglk-20211109. 2 1ir
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3 Temperature 96,1
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5 Spectrometer Frequency| 0063
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AMMIM(\M% A j i ‘
T T T T T T T T
132131 130 29 [138 127 126 125 c32
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295.7
32

5 Spectrometer Frequency400.18

1 Title

2 Solvent

3 Temperature
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295.4
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2 Solvent
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4 Number of $cgns

5 Spectrometer

6 Nucleus
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f1 (ppm
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5-20210916-YL
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£1 (ppm)

137

70

80

L

+£9°

8l0

€861 —

Parameter

139
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1 Title

2 Solpent

4 Numbgr of Scans

6 Nug¢leps

8.5

1 Title

2 Solvept

3 Tempgrature

4 Number of Scans
5 Spectfometer Fr
6 Nucleps
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Parameter Valug vy
19F NMR (565 MHz, CPQO'b-115.04. -
1 Title 7" as-20210916-YLK-501.7.1.1r '
2 Solvent cpCi3
3 Temperature 294.7
4 Number of Scans 16

5 Spectrometer Frequdncy564.72
6 Nucleus 19F

T T T T
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T T T T T T
-50 -60 =70 -80 -90 -100 -110 120, -130
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-140 -150 -1p0 -170
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Parameter Value
1 Title yanglk-20211022-cat539.5.1{1r
2 Solvefit cDCI3
3 Temprature 295.7 d.r. =90:10
4 Number of Scans 32
5 Spectfometer Frequecy400.18
6 Nucleus 1H
] \ Major isomer
I c36
] Minor isomer
A L o
g VA
o <
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Paraiter Valu
1 Title yanglk-20211023-cht539.6.1{ 11
2 Solvant D13
3 Temperature V{z
4 Number of Sdans 51
5Sp requencly100(6 ‘
6 Nucldus 13q |
R J M .
1
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1 (pfn)
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Parhmeter Value
1 Title 5-20210917-ylk-502pure.18.1L1r d.r. = 78:22
2 Solvgnt cpCi3 o
3 Temperature 294.4 Major isomer
4 Number of Scans 32
5S r Fr 0.17 inot i
* red Minor| isomer
6 Nuclpus H
| /\ —_ T
\/ 105 100 095
ﬁ. M\AM \M / \q\/ I f1 (ppm)
NIV 9 EN
e 2 2 S S
= o B S e e e e
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1 (ppm) f1 (ppm)
|
| o <
s ~
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Parameter Value
1 Title 5-20210917-ylk-502pure.19. 1L 1r
2 Solvenjt cpci3
3 Tempefrature 295.2
4 Numbgr of Scans 512
5 Spectrpmeter Frequency150.91
6 Nucleys 13C
' | (
‘ UL L'LJ JJ\. [ e
o A | i e
T T T T T T T
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BFNMR G631 Milk. CO0B-62.67. |51 é

1 Title 5-202109{7-ylk-502pure.20.1]1r |

2 Solvent CDC13

3 Temperatufe 294.6

4 Number of[Schrfs 16

5 Spectrometer [Freq 564.72

6 Nucleus 19F
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1.00

f1 (ppm)

.05

3.0
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Minor isomer

5.8
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5.0

f1 (ppm)

7

90

100

1

T
128
f1 (ppm)

29

110

1] (ppm)

30

f1 (ppm)
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T T T
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294.1

00.17|

1H
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7.0

s-2021)9[16-YLK-499.2.1.1r

DCIB
295.2

18

If1 (ftpm)

Parameter|

1.55

€861 —

arameter

of Scans

K
f1{(ppm)
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1 Title

2 Solvent
3 T

4 Numbg¢r of Scans|

5 Spectrpmeter Fr

6 Nucleus
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Parameter

4s-202112]3-YLK-CAT487.1.1.1r
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j’L/\UU/\/.
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as-20211213-

CDCI3

293.5

100.63

13C

13
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80

il (qpm)
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1 Title

2 Solvent

3 Tempetature

4 Numbef of Scans

5 Spectrgme

6 Nucleu:
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Paramefer Value

1 Title yhnglk-20211130-cat554JL 1| 1r O.O

2 Solvent dpciz

3 Temperature 297.9 dr.|= 9p:4

4 Number of Scqns 3

5 Spectrometer Frequency40.18

6 Nucleus 1

Major igompr
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\, \ f \Hﬂ /U\ }’k U\ )\‘M"U J Minor isomer
| A\ JV W g \ A - W ]
— S § i
4 2 d z 2 1
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Param Valu|
1 Title yanglk-R0211139-cat55@. 2|1 {1ir
2 Solyent CDCI3
3 Tethperatfire 298.7
4 Number qf Scgn 512
5 Spdctromgt q 100.63
6 Nug¢leus 13C
* f J g ‘ e MIJ Moo v
T L T S B A B R [ T T T T
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Parametg¢r Value
1 Title anglk-202111[11-¢at546a.1.1}1r
2 Solvent [CDCI3
3 Temperature P93.5
4 Number of Scars 4 Major isomer
5 Spectrometer 0.17
6 Nucleus 1H Minor isomer
U
A v
o N
i ) g o
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oé d fl
® s ! 2 (ppm)
It = - -
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Parameter Valyie
1 Title yanglk-2021111{1-cat546a2. 1] r
2 Solvent CDCI3
3 Temperature 295.0
4 Number of Scans 512
5 Spectrometer Frequency150.91
6 Nucleus 13C
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. . . . . . . . . T T T T T T T T T T
140 139 138 137 136 135 134 133 132 13| 130 129 128 127 126 Rs | 124 123 122 121
1 (ppm) f1 [ppm)
|
|
d J AL N ) " \ | 4
g 0 " Y
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 60 150 | 140 130 12D 10 10 90 80 70 60 50 40 30 2 10 0 -10
f1 (ppm)
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C43-(I1) the less polar isomer
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C43-(II) the more polar isomer
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1 Title yanglk-20211126-CAT556.1.1,.1r )
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Parameter Value
1 Title yanglk-20211126-CAT536.1.1.1r
2 Solvent cDC3
d.r. =67:33
3 Temperature 295.5
4 Number of Scans 32
5 Spectrometer Frequency400.18 Major isomer
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1 Title yanglk-20211210-cat563.1.1{1r
2 Solvent CDCI3
3 Temperature| 292.7
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5 Spectrometef Frequency400.18
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CDCI3

1 Title

2 Solvent

292.6
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1.0 0.9 0.8 0.7 0.6 0.5

1 (ppm)

oot
Fso1

2.0

4.0

6'Cl —

E1

-10

10

96

40

6’19 —

0L~
oL’

25

60

70

€€°L

90°G

9
1 (ppm)

=601
Fot

4.5
1 (ppm)

5.0

6.0

6.5

126

0

o-tet
61 |
9°921
8921 |
8921 1
6921 4
6'9C1
vieif
LLTLA
€8T ~b
$'821 7,

128 127

1 (ppm)

129

100
1 (ppm)

120 110

130

SOEl
6°0€1
£eer

=

140

8PEL

Ir|

0'9¢1
€9¢1

15

5-PPC-1.1.1.1r

oT

710

[SVXS]

Va|

w.Nv_g
el

alue

164

yanglk-20211
DMSO

2936

32

0.17
1H

7.5
£1 (ppmi)

7.6

8.0

T691 —

170|

lvanglk-202[I1115-PDC-1.2.
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1 Title yanglk-20211119-CAT-GY-B.1]l.1r
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10 CD spectra of the products
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