Electronic Supplementary Material (ESI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2023

Supporting Information

Visible-light-induced chemo-, diastereo- and enantioselective

o-C(sp?®)—H functionalization of alkyl silanes
Lili Feng,"! Xiaofan Chen," Ning Guo," Yugiao Zhou," Lili Lin," Weidi Cao,' and Xiaoming
Feng"

Key Laboratory of Green Chemistry & Technology, Ministry of Education, College of Chemistry, Sichuan University, Chengdu
610064, China. China.

*E-mail: wdcao@scu.edu.cn; xmfeng@scu.edu.cn

L. GENETAL TEIMATKS ...ttt h e st e e b e e e et e nn e e e b e e beeenneenne e e 2
2. The SYNthesis Of SUDSITALES. ... ...ciuuiiiiiiieiii e 3
2.1 General procedure for the synthesis of N-sulfonyl cyclic ketimines ............ccocvvvveiiiiiiinnn, 3
2.2 General procedure for the synthesis of alkyl silanes...........cccocvciiiiiiiiiiii, 3
3. General procedure for the preparation of the racemic products ...........cccocoverieiiieiiiiiiesieeee e 6
4. General procedure for the catalytic asymmetric reactions..........cuevvivieiiiiiiieiinin e 6
5. Optimization of the reaction CONAILIONS. ........coieiiiiiiie i 7
6. The lIMIted SUDSIIATE SCOPE . .vviiirriiiiiriiiiiiieiiite sttt e st e e st et e e sb e e s b e e s sbb e e e nbb e e s nnbe e s nbneeensnees 10
7. CONITOL EXPETIIMCIIES ...ttt et etee et e sttt e et e sbe e s s et e e e se e e smeeas bt et e e e st e e sbeesnb e e beeanbeennneanneennneenneens 11
8. MechanistiC INVESTIZAIONS .......civiiiiiieiiieii et 11
8.1 Catalytic reaction interfered with a radical quencher ............ccccooeiiiiiiii, 11
8.2 Detection of the homocoupling product 4a............ccecviiiiiiiiiiiiei e 11
8.3 EPR STUAILS ...uviiiiiiiiiiiii e 12
8.4 Stern-Volmer emission quenching eXperiments............coivveiireiiieiinieiiene e 13
8.5 Deuterium EXPEITMENL........eiiuieriiiiiitieri ettt rs 15
8.6 KIE EXPETIMENL .......eiiiiiiiiiiiiiiiiii ettt 17
8.7 Cyclic voltammetry analySiS ........coiveiriiiiiiieiiiiii e 18
8.8 Quantum yield MeaSUIEMENT. ... ..ottt e 20
8.9 CatalytiC CYCIC. .ttt 22
0. PTOAUCT ATIVATION ...ttt b et 24
10. SINGle-Crystal data..........coeiiiiiiiiiiii s 25
L1 RETEIEICES ..ttt ettt et e ab ekt e b et e bt e e an e et e e e b et et e e naeeenbeenbneanneen 26
12. Characterization of typical substrates 1a-Th............cccooiiiiiiiiiiii 27
13. Copies of NMR spectra and CD spectra for the reaction substrates and products ...................... 55


mailto:wdcao@scu.edu.cn
mailto:xmfeng@scu.edu.cn

1. General remarks

10 W or 20 W blue LEDs (Chinese Taobao, https://shop112050379.taobao.com) were used as light
sources. 'H NMR spectra were recorded on Bruker ASCEND™ 400M (400 MHz) or 600M (600
MHz). ¥C{'H} NMR data were collected on Bruker ASCEND™ 400M (101 MHz) or 600M (151
MHz) with complete proton decoupling. Chemical shifts were recorded in ppm relative to
tetramethylsilane and with the solvent resonance as the internal standard (CDCls, & = 7.26) for 'H
NMR and (CDCls, § = 77.0) for 3C{'H} NMR. Data were reported as follows: chemical shift,
multiplicity (s = singlet, d = doublet, t = triplet, ¢ = quartet, m = multiplet), coupling constants (Hz),
integration. "’F{'"H} NMR spectra were collected on Bruker ASCEND™ 400M (376 MHz) with
complete proton decoupling. Chemical shifts ¢ are given relative to CFCIl3 (external reference, ¢
F(CFCl3) = 0). Enantiomeric excesses were determined by chiral HPLC analysis on Daicel Chiralcel
AD-H or chiral UPC? analysis on Phenomenex Chiralcel Lux 5u Cellulose at 35 °C with UV detector
at 220 nm in comparison with the authentic racemates. Optical rotations were determined after flash
column chromatography purification and reported as follows: [A]p! (c: g/100 mL, in CH,Cl>). HRMS
were recorded on Thermo Q-Exactive Focus (FTMS+c ESI). IR spectra were recorded on
SHIMADZU IR Tracer-100 FT-IR spectrophotometer. Emission intensities were recorded using a F-
7000 FL Spectrophotometer. EPR spectra were recorded at room temperature on a Bruker EPR A300.
All reactions were performed in sealed oven-dried glass tubes under an atmosphere of nitrogen unless
otherwise noted. CHCl3 was distilled over CaH». All the solvents were purified by usual methods
before use. Chromatography: Qingdao Haiyang silica gel, HG/T2354-92, HCP. The chiral N, N'-

dioxides were prepared according to methods reported in the literature.!"



2. The synthesis of substrates

2.1 General procedure for the synthesis of N-sulfonyl cyclic ketimines

Q 0 w0 \\/O
\ 7 . s~ S/
S{  .tBu CO,Bn  n-Buli \ HCOOH 3
N + ——> R N—tBu — > R N
R H COBn  THF i, 24 h 4
Bn02C OH Coan

Butyllithium (30.75 mmol, 2 M in THF) was added dropwise over a 20 minutes period to a cold
(0 €©), mechanically stirred solution of aryl sulfonamide (15 mmol) in anhydrous tetrahydrofuran (80
mL) under a dry nitrogen atmosphere. The mixture was stirred for an additional 25 min at 0 € and a
precipitate was formed. The suspension was cooled to -78 € and dibenzyl oxalate (45 mmol) in THF
(20 mL) was added dropwise over 10 minutes. The cooling bath was removed and the suspension was
stirred at ambient temperature for 2 h. The reaction was quenched with 5% HCI (40 mL) and added
to water (200 mL). The organic phase was extracted with ether (3%x50 mL). The ether phase was
washed with brine (200 mL). The solvent was removed and the crude product was obtained used
directly in the next step without further purification. To the crude product obtained above, formic acid
(25 mL) was added and the suspension was stirred at room temperature under a dry nitrogen
atmosphere. After 5 min dissolution occurred. After 24 h the solution was concentrated and the
resultant solid was dissolved in CH>Cl> and concentrated to remove traces of formic acid. This
afforded the title compound as a solid which was further purified by flash chromatography (DCM/PE
=1/2-DCM).*

2.2 General procedure for the synthesis of alkyl silanes

General procedure I (for 2a, 2b, 2¢, 2d, 2f, 2h, 2i)°

X cl Mg T TMS
R— + TMSCI ——— R+
_— THF, reflux =

2a: R = H; 2b: R = 3-Me; 2c: R = 4-Me
2d: R = 4-MeO; 2e: R = 4-F; 2f: R = 4-CI
2h: R = 2-F; 2i: R = 3-F

A flame-dried, three-neck, round-bottom flask, equipped with a mechanical stirrer, reflux
condenser, N> inlet, and addition funnel, was charged with dry magnesium turnings (0.528 g, 22
mmol), dry tetrahydrofuran (20 mL), and chlorotrimethylsilane (3.26 mL, 30 mmol). The appropriate
benzyl chloride (20 mmol) in dry tetrahydrofuran (20 mL) was added slowly, at a rate to maintain
gentle reflux. After addition was complete, the mixture was heated under reflux 2 h, cooled, and
poured into cold water. Pentane (15 mL) was added and the pentane layer washed three times with
cold water (30 mL) and once with saturated NaCl solution (30 mL), dried (MgSOQ4), and then rotary
evaporated to yield the crude benzyl trimethylsilanes, which was purified by column chromatography
to yield the silane derivatives as colorless oils.



General procedure 11 (for 2g)®

Br Mg ™S
+ TMSCI —>Et ot
Br 227 Br

29

To asuspension of Mg-tunings (0.3 g) in Et2O (10 mL) was added a solution of (2.9 g, 12 mmol)
of p-bromobenzyl bromide (Aldrich) in Et2O (20 mL). To the resulting Grignard reagent was added
(3.0 mL, 24 mmol) of chlorotrimethylsilane (Aldrich), and the resulting mixture was stirred at 25 €
for 12 h. Addition of ice-water followed by separation, drying, and concentration of the mixture gave
an oil which was subjected to molecular distillation (0.05 mm, 40 <C) to the silylbromoarene 2g as
an oil.

General procedure 111 (for 2j)’

Br: | ; Br
Ni(acac), (5 mol%
\©/ +  MgCl” “TMS (acac), ( 6) \©/\TMS
THF, 0 °C

2j

A solution of haloarene (1.0 equiv) and Ni(acac)2 (0.05 equiv) in dry THF (0.24 M) was stirred
for 5 min at room temperature and then cooled to 0 €. A solution Me3SiCH2MgCI of in Et20 (1.5
equiv) was added via a cannula, and the mixture was allowed to stir at the indicated temperature for
2 h. At this point, the reaction was quenched with water and extracted with Et2O three times. The
combined organic layers were washed with water, brine, dried over Na;SO4 (anhydrous) and then
concentrated under reduced pressure. Purification of the crude residue via silica gel flash column
chromatography afforded benzyltrimentylsilane.

General procedure 1V (for 2k)®

M T™MS
Br . T™MSCI g
THF, 0 °C ~ rt

2k

Dry magnesium turnings (0.85 g, 35 mmol) and TMSCI (5.7 mL, 44. mmol) was added as a
single portion into THF (21 mL). The mixture was cooled to 0 <T and maintained for 15 min. 2-
Naphthylbromide (7.00 g, 31.7 mmol) was dissolved in THF (56 mL) and added dropwise via syringe
pump. The mixture was maintained for 5 h, and then it was allowed to warm to ambient temperature
and maintained for 12 h. The mixture was then cooled to 0 €€, quenched and worked up as described
in the general procedure I. Flash chromatography (2% Et,O/petroleum ether) afforded 6.10 g (90%)
of 2k as a white solid.

General procedure V (for 2, 2m, 2n)®



Et,SiCl

o or Mg Si
+ . >
Me,BuSICl  THF, reflux

or .
CICH,Me,SiCl g'msgﬁgs

2n: Sj = Me,CH,CI

Activated Mg powder (1.1 equiv) was added as a single portion into a solution of aryl chloride
in THF (0.8 M). The suspension was cooled to 0 € and 1 h later, the mixture was allowed to warm
to ambient temperature and was maintained for another | h. The reaction was then heated to reflux
and the indicated chlorosilane (1.4 equiv) was added dropwise. After 12 h, the mixture was cooled to
0 <€ and the reaction was quenched with saturated aqueous NH4CI. The mixture was allowed to warm
to ambient temperature, concentrated in vacuo, then taken up in Et.O and washed three times with
brine. The combined aqueous phases were extracted twice with Et,O and the combined organic layers
were dried over MgSQO4 and then concentrated in vacuo. The arylsilanes products were purified by
flash chromatography.

General procedure VI (for 2p)°

Br
o~ Pd(PPh3), (5 mol%) T™MS
N\, + ClMg~ ~TMmS \
THF, reflux
S S

2p

An oven-dried, argon purged two neck round-bottomed flask fitted with a condenser and septum
was added magnesium turnings (750 mg, 2.2 equiv) and anhydrous TFH (8 mL). Chloromethyl
trimethylsilane (20 mmol, 2.8 mL, 3 equiv) was added dropwise to maintain reflux. The mixture was
cooled to ambient temperature and transferred by cannula into a 50 mL sealable Schlenk tube
containing a solution of 3-bromobenzothiophene (1.41 g, 6.65 mmol) and palladium tetrakis-
(triphenylphosphine)-palladium (384 mg, 5 mol%) in anhydrous THF (10 mL). The mixture was
heated to 80 <€ for 48 hours. After the completion of this reaction, the mixture was cooled to room
temperature and pour the solution into cold HCI solution (1 M, 50 mL), and then extracted the aqueous
phase twice with pentane, the combined organic phase was dried over magnesium sulfate and
concentrate in vacuo. The crude product was purified by flash chromatography (hexane 100%) to
afford (benzo[b]thiophen-3-ylmethyl)trimethylsilane 2p.



3. General procedure for the preparation of the racemic products

An oven-dried reaction tube was charged with N-sulfonyl cyclic ketimines 1 (0.1 mmol), benzyl
silanes 2 (0.1 mmol), [Ir{dFCFzppy}2(bpy)]PFs (1 mol%) and CHCI3z (1.0 mL).The reaction mixture
was positioned in four 20 W blue LEDs lamp under N2 atmosphere at room temperature After being
stirred for the 0.5-24 h (monitored by TLC analysis), the reaction mixture was concentrated and then
purified by flash chromatography on silica gel (eluted with PE/EtOAc/DCM = 8:1:1, v/v/v) to afford
racemic product rac-3.

4. General procedure for the catalytic asymmetric reactions

An oven-dried reaction tube was charged with N-sulfonyl cyclic ketimines 1 (0.1 mmol), alkyl
silanes 2 (0.1 mmol), [Ir{dFCFzppy}2(bpy)]PFs (1 mol%), Ls-RaPr2Ad (10 mol%), Ni(OTf)2 (10
mol%), 4 A MS (20 mg) and CHClIs (1.0 mL). The reaction mixture was positioned in four 20 W blue
LEDs lamp under N2 atmosphere at room temperature. After being stirred for the 0.5-72 h (monitored
by TLC analysis), the reaction mixture was concentrated and then purified by flash chromatography
on silica gel (eluted with PE/EtOAc/DCM = 8:1:1, v/v/v). The reported isolated yields represented
the total yield of the two diastereomers.

Figure S1. Photochemical setup with blue LEDs



5. Optimization of the reaction conditions

Table S1. Screening of the photocatalysts

Photocatalyst (x mol%)

10 Ls-RaPry/Ni(OTf), &°
/\N PR TMS (1:1, 10 mol%) -~ NH or
20 W blue LEDs, ™S

CO,Bn Ny, rt, CHCI5, 6 h BnozcPh

1a 2a 3a

Entry” photocatalyst (x mol%) yield/%® ee/%° dre
1 xanthone (4 mol%) 0 / /
2 Jac-Ir(dFppy)s (1 mol%) 0 / /
3 4CzIPN (1 mol%) 0 / /
4 [Ir[d(Me)ppy]2(dtbbpy)]PFs (1 mol%) 12 2/-3 54:46
5 [Ir[dF(CF3)ppy]2(bpy)]PF6 (1 mol%) 69 63/15 66:34
6 [Ir[dF(Me)ppy]2(dtbbpy)]PFs (1 mol%) 32 32/-6 55:45
74 [Ir[dF(CF3)ppy]a(5,5'-dCF3-bpy)]PFs (1 mol%) 30(38) 62/11(29)¢ 64:36
8 Ru(bpz)sPFs (1 mol%) 0 / /
9 Mes-Acr-Me-ClO4 (2 mol%) 0(95) /(17) /
10 Anthraquinone (2 mol%) 33 18/-8 55:45
11 Eosin Y (1 mol%) 0 / /
12 NasW10024 (1 mol%) 0 / /
13 Rhodamine B (1 mol%) 0 / /

2All the reactions were performed with Ni(OTf)2 (10 mol%), L3-RaPr2 (10 mol%), 1a (0.10 mmol), 2a (0.10 mmol) and photocatalyst
(x mol%) in CHCIs (1.0 mL) at rt under the irradiation of 20 W blue LEDs for 6 h.°Yield of isolated product. “The ee and dr values

were determined by UPC? analysis. “Data of desilylation product 3a’ in parenthesis.

Table S2. Screening of the ligands

0 O o \\,/O
% [I[dF(CF3)ppyla(bpy)IPFe (1 mol%) 8!
N . ©/\TMS Ligand/Ni(OTf), (1:1, 10 mol%) NH
/ > \
Ny, rt, CHCl5, 20 W blue LEDs, 6 h TMS
CO,Bn BnO,C
1a 2a 3a
L;-RaEty: R = 2,6-Et,CgH3 @ .
\\ L3-RaPry: R = 2,6-iPr,CgHs O TN~ 0
N Ly-RaMe,: R = 2,6-Me,CqHs \\N o o
O N\/\ L3'RaPr3: R= 2,4,6-[Pr306H2 R/ H H” ‘R
\\N 0 Ls-RaPr,Ad: R = 2,6-Pry-4- Lg-PrPry: R =2,6-iPr,CqHa, n = 1
R H adamantyl-CgH, L3-PiPry: R =2,6-iPr,CgHs, n = 2
L3;-RaBn: R = benzyl L3-PiPr3: R =2,4,6-iPrsCgH,, n = 2
L3-RaCy: R = cyclohexyl L3-PiPryAd: R = 2,6-iPr,-4-adamantyl-CgH,, n = 2
entry? ligand yield/%® ee/%° dre
1 L3-RaPr; 69 62/13 66:34
2 L3-PiPr2 73 91/44 73:27
3 L3-PrPr; 51 57/31 60:40
4 Ls-RaEt; 50 38/19 60:40
5 L3-RaMe: 32 7/-8 52:48
6 L3-RaPr3 86 91/44 81:19



7 Ls3-PiPr; 56 92/55 78:22

8 Ls-RaPr2Ad 75 94/47 86:14
9 Ls-PiPrAd 79 93/57 77:23
10 Ls-RaBn 52 26/-17 55:45
11 L3-RaCy 64 -32/-39 47:53

aAll the reactions were performed with Ni(OTf)2 (10 mol %), ligand (10 mol %), la (0.10 mmol), 2a (0.10 mmol) and
[Ir[dF(CF3)ppy]z(bpy)]PFs (1 mol %) in CHCIs (1.0 mL) at rt under the irradiation of 20 W blue LEDs for 6 h. Yield of isolated

product. °The ee and dr values were determined by UPC? analysis.

Table S3. Screening of the metal salts

25 5 S
\\ i \
30 (I{dF (CF)ppyla(opy)IPFe (1 mol%) & RS

\ - : % 1 S .

N . P NS L3;-RaPr,Ad/metal salts (1:1, 10 mol%) . .\NH : o§\\ RN I‘\l o

Ny, rt, CHCls, 20 W blue LEDs, 6 h aro.d TS N'H"O’ O N
CO,Bn nS2 ' R H R

L3;-RaPr,Ad: R = 2,6-iPry-4-

1a 2a 3a ' adamantyl-CgH,
entry? metal salts yield/%" ee/%° dre
1 Ni(OTf) 76 94/48 86:14
2 Mg(OTf): 46 -3/-10 50:50
3 Sc(OTH)s 36 11/0 50:50
4 Y(OTH)s 41 -13/-13 49:51
5 Fe(OTH): 37 73 54:46
6 Zn(OTf) 71 61/63 63:37
7 Co(OTf): 58 70/6 69:31
8 Cu(OTf) 49 2/-8 48:52
9 Ni(NT£)2 73 90/37 82:18
10 Ni(acac) 71 37/5 68:32
11 Ni(ClO4)26H20 39 -6/-10 51:49
12 Ni(BF4)2:6H20 56 -37/-10 58:42
13 NiCl, 57 -8/-2 49:51

aAll the reactions were performed with metal salt (10 mol%), Ls-RaPr2Ad (10 mol%), 1a (0.10 mmol), 2a (0.10 mmol) and
[Ir[dF(CF3)ppy]2(bpy)]PFs (1 mol%) in CHCI3 (1.0 mL) at rt under the irradiation of 20 W blue LEDs for 6 h.®Yield of isolated product.

The ee and dr values were determined by UPC? analysis.

Table S4. Screening of the ratio between 1a and 2a

o w0 i
0O [Ir[dF(CF 3)ppyl2(bpy)]PFs (1 mol%) \ X
\ PN L;-RaPr,Ad/Ni(OTf), (1:1, 10 mol%) NH !
N +  Ph” O TMS > \ !
Ny, rt, CHCls, 20 W blue LEDs, 6 h TMS |
BnOzC '
CO,Bn Ph '
i Lz-RaPryAd: R = 2,6-iPry-4-
1a (x mmol) 2a (y mmol) 3a : adamantyl-CgH,
entry? Xy yield/%P ee/%° dre
1 0.12:0.10 94 94/48 86:14
2 0.10:0.10 76 94/50 86:14
3 0.10:0.12 80 95/52 86:14




aAll the reactions were performed with Ni(OTf)2 (10 mol%), Ls-RaPr.Ad (10 mol%), la (x mmol), 2a (y mmol) and
[Ir[dF(CF3)ppy2](bpy)]PFs (1 mol%) in CHCIz (1.0 mL) at rt under the irradiation of 20 W blue LEDs for 6 h. ®Yield of isolated product.

The ee and d.r. values were determined by UPC? analysis.

Table S5. Screening of the solvents and concentration.

(0] q i ';\\\

w O . o
Q.0 [IHldF (CF 5)ppyl,(bpy)IPFe (1 mol%) ¢ O O
S\N v oy s YRAPAANIOTO, (111, 10 mol%) NH or N Oy Nbx/\\-
/ | 0O
20 W blue LEDs, Ny, tt, solvent, 6 h BnO,C ™S Bo.d P gVH
n )
CO,Bn JPn ; . | Ly-RaPryAd: R = 2,6-Pry-4-
1a 2a a a ' adamantyl-CgH,
entry? solvents yield/%P ee/%° dre
1 CHCI3 94 94/48 86:14
2 THF 0(11) n.a. n.a.
3 Toluene 23(75) 92/35(47) 85:15
4 CH:CN 0(99) n.a.(36) na.
5 CH;OH 0(98) n.a.(7) n.a.
6 Et.0 0 n.a. n.a.
7¢ CHCl3 66 91/37 83.5:16.5
8 CHCI; 85 92/42 84:16

aAll the reactions were performed with Ni(OTf)2 (10 mol%), Ls-RaPr2Ad (10 mol%), 1a (0.12 mmol), 2a (0.10 mmol) and
[Ir[dF(CFs3)ppylz(bpy)]PFs (1 mol%) in corresponding solvents (1.0 mL) at rt under the irradiation of 20 W blue LEDs for 6 h. ®Yield
of isolated product. “The ee and dr values were determined by UPC? analysis. “Data of desilylation product 3a’ in parenthesis. *CHCls
(0.5 mL).'CHCls (2.0 mL).

Table S6. Screening of the amount of chiral catalyst, reaction temperature and time

O 0, O ;\\\

‘é//o [Ir[dF(CF3)ppyla(bpy)IPFg (1 mol%) s O\ .
\ PR L3-RaPr,Ad/Ni(OTf),(1:1, x mol%) NH i owe "N A~UN o
N +  PhOTMS > - e W )
N, rt, CHCl3, 20 W blue LEDs, 6 h TMS ' N., -~ - - N
BnO,C L rH HMN G
CO,Bn Ph '

. ) | Ly-RaProAd: R = 2,6-iPr,-4-
2 2 3a ! adamantyl-CgH,
entry® X yield/%? ee/%° dre

1 10 94 94/48 86:14
2 5 87 92/42 84:16
3 1 43 41/0 61:39
44 10 87 93/56 85:15
5¢ 10 74 90/49 84:16
4 10 92 93/46 86:14

8All the reactions were performed with Ni(OTf)2 (x mol%), Ls-RaPr2Ad (x mol%), la (0.12 mmol), 2a (0.10 mmol) and
[Ir[dF(CF3)ppy]2(bpy)]PFs (1 mol%) in CHCls (1.0 mL) at rt under the irradiation of 20 W blue LEDs for 6 h.®Yield of isolated product.
The ee and dr values were determined by UPC? analysis. At 10 <T.¢At -10 <C. fFor 0.5 h.

Table S7. Screening of the additives



& [Ir[dF(CF3)ppyla(bpy)IPFs (1 mol%) S
\ L;-RaPr,Ad/Ni(OTf), (1:1, 10 mol%) NH !
N + P TMS > ' :
Ny, rt, CHCl3, 20 W blue LEDs, 0.5 h no.d YTMS |
CO,Bn additive (1 equiv) N2 !
. ) | Ly-RaPrAd: R = 2,6-iPry-4-
a a 3a ' adamantyl-CgH»
entry® additives yield/%? ee/%° dre
1 - 94 94/48 86:14
2 NaBr 83 91/35 83:17
3 LiBr 27 83/33 78:22
4 MgSO4 70 87/27 80:20
5 NaxSO4 78 89/34 82:18
6 LiCl 79 93/45 85:15
74 3AMS 93 95/43 86:14
84 4 AMS 95 95/40 86:14
94 5 AMS 94 93/45 86:14
10 H20 67 84/0 76:24

aAll the reactions were performed with Ni(OTf)2 (10 mol%), Ls-RaPrAd (10 mol%), 1a (0.12 mmol), 2a (0.10 mmol) and
[Ir[dF(CFs3)ppylz(bpy)]PFs (1 mol%) in CHCls (1.0 mL) at rt under the irradiation of 20 W blue LEDs for 0.5 h. PYield of isolated
product. °The ee and dr values were determined by UPC? analysis. 920 mg.

6. The limited substrate scope

o}
1,0
S Boc. iy Ph Ph.__TMS Ph.__TMS oh TMS Ph T%S
NH j;
T™S PMP-<
MeO ™S @fﬁo PMP\N - N BOC‘NjECOZNIe Y
BnO,C Ph H PhN—
“Pn N © HO H /
3 h, 38% yield
67%/19% ee, 66:34 dr N.R. N.R. N.R. messy messy
O 0
W, \\,O O\‘//O \é,/O
| ¢ S .
NH S, \ NH
NH NH /
BnO,C ™S T™S T™S -
n
i BnO,C BnO,C BnOC | ¢
o NG
O messy messy N.R.
11 h, 22% yield 11h, 33% yield 11h, 37% yield
67%/21% ee, 68:32 dr 59%/68% ee, 55:45 dr 67%/17% ee, 74:26 dr
(\)\/,O o\\,/o O n, O C\)‘/O n. O
S S S. S, 4 S.
NH NH NH NH NH NH
TMS T™S TMS T™S T™S TM/S
BnO,C BnO, BnO,C BnO,C BnO,C |~OMe  BnO,C [N
Bn-N. HN. - Ph Ph Ph \
" “Boc Ph Ph
N.R. N.R. messy messy messy N.R.

10



7. Control experiments

Q.0 [I{dFCF3ppy)(bpy)IPFg (1 mol%)
S L3-RaPr,Ad/Ni(OTf), (1:1, 10 mol%)
N + Ph”TMS >
No, rt, CHCI3, 20 W blue LEDs, 0.5 h
CO,Bn 4 A MS (20 mg)
; ) L3-RaPr,Ad: R = 2,6-iPr,-4-
a a 3a adamantyl-CgH»
Entry* variation of conditions yield/%? ee/%* d.rc
1 none 95 95 86:14
2 without light 0 / /
3 without Ir 0 / /
4 without L3-RaPr2Ad/Ni(OTf)2 48 / 52:48
5 without L3-RaPr:Ad 28 / 47:53
6 without Ni(OTf)2 48 / 51:49
7 in air 0 / /

aAll the reactions were performed with Ni(OTf)2 (10 mol%), Ls-RaPrAd (10 mol%), 1a (0.12 mmol), 2a (0.10 mmol) and
[Ir{dFCF3ppy}2(bpy)]PFs (1 mol%) in CHCIz (1.0 mL) at rt under the irradiation of 20 W blue LEDs for 0.5 h. *Yield of isolated
product. °The ee and dr values were determined by UPC? analysis.

8. Mechanistic investigations

8.1 Catalytic reaction interfered with a radical quencher

/O :
‘?é/,o [Ir[dF (CF 3)ppyla(bpy)IPFs (1 mol%) ¥ ;
N PN L3-RaPr,Ad/Ni(OTf), (1:1, 10 mol%) NH !
/ + Ph” CTMS - " _TMS |
Ny, rt, CHCl3, 20 W blue LEDs, 16 h !
BnO,C !

CO,Bn 4 AMS (20 mg) Ph ! L.-RaPr.Ad: R = 2 6-Pro-a

1a 2a TEMPO (3.0 equiv) 3a .8 AL R = 2,07/Fr-4-

' adamantyl-CgH
not observed Ytz

The reaction was performed with Ni(OTf)2 (10 mol%), Ls-RaPr2Ad (10 mol%), 1a (0.12 mmol),
2a (0.10 mmol), [Ir{dFCFsppy}2(bpy)]PFs (1 mol%), 4 A MS (20 mg) and TEMPO (3 equiv) in
CHCl3 (1.0 mL) at rt under the irradiation of 20 W blue LEDs for 16 h. No desired product 3a was
observed.

8.2 Detection of the homocoupling product 4a

e

S\N [Ir[dF(CF3)ppylx(bpy)IPFs (50 mol%)
% Ny, rt, CHCl3, blue LEDs, 24 h
CO,Bn

26% yield
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The reaction was performed with 1a (0.10 mmol) and [Ir{dFCFzppy}2(bpy)]PFs (50 mol%) in
CHCI3 (1.0 mL) at rt under the irradiation of 20 W blue LEDs for 24 h. Then the reaction mixture
was concentrated and purified by flash chromatography on silica gel (eluted with PE:EtOAc = 4:1 to
2:1) to afford product 4a as a white solid (15.8 mg, 26% yield).

8.3 EPR studies

The reactions were performed with Ni(OTf), (10 mol%), L3-RaPr2Ad (10 mol%), 1a (0.12
mmol), 2a (0.10 mmol), [Ir[dF(CF3)ppy]2(bpy)]PFs (1 mol%), 4A MS (20 mg) in CHCI; (1.0 mL)
under the irradiation of 20 W blue LEDs. After being stirred at rt for 15 min, DMPO (5,5-dimethyl-
1-pyrroline N-oxide, 11.3 mg, 0.10 mmol) was added. The reaction mixture was analyzed by electron
paramagnetic resonance (EPR). The existence of radical 6 was further established by HRMS.

(e}
(\3\,/0 [I[dF(CF3)ppyl2(bpy)IPFg (1 mol%) \é,/o
S\ + 2a L3-RaPr,Ad/Ni(OTf), (1:1, 10 mol %) \NH
N CHClg (0.1 M), N3 s
CO,Bn 20 W blue LEDs, rt, 4 A MS BnO,C
DMPO Ph
1a 3a
—— Experiment
— EPR fit Ve N
——EPRfitof 6

Intensity

(@)
6 S
WﬂHﬁ [MT': Cz1HzoN05S"

Calculated: 415.1328
Measured: 415.1322

3480 3500 3520 3540 3560
Field (Gauss) ~ 4

Figure S2. EPR spectra of the reaction mixture and 6

FLL-21-5#99 RT:0.84 AV:1 NL:257E6
T: FTMS + ¢ ESI Full ms [200.0000-450.0000]
414.9812

505
a8

46
44
42
404
38
36

415.1322

349
32
309
289
269
24
229

209
18]
169
149
129
10d 4159831

P
417.1202 4102777 420.1690

4183228

o N & oo
P T

4145 4150 4155 4160 4165 4170 4175 4180 4185 4190 4195 4200 4205 4210 4215
miz

Figure S3. HRMS spectra of 6
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8.4 Stern-Volmer emission quenching experiments

All [Ir{dFCF3zppy}2(bpy)]PFs solutions were excited at 370 nm and the emission intensity was
collected at 420-600 nm. Stern-Volmer quenching experiments were carried out using a 0.1 mM
solution of [Ir{dFCFzppy}2(bpy)]PFs and variable concentrations (1, 2, 4, 6, 8 mM) of imine 1a or
benzyltrimethylsilane 2a. The samples were prepared in 2 mL quartz cuvettes. The intensity of the
emission peak at 468 nm (Aex = 370 nm) for [Ir{dFCF3ppy}2(bpy)]PFs expressed as the ratio lo/l,
where lo is the emission intensity of [Ir{dFCFsppy}2(bpy)]PFs at 468 nm in the absence of a quencher
and 1 is the observed intensity, as a function of the quencher concentration was measured.

Fluorescence quenching

2500
2000
oy
£ 1500
]
ElOOO
500
0
O 00 O < N O 0 O T N O X O I N O XN O < N O 0 W
NN OO < 1D O O NN 0O O d AN MM < < 1NN WIS 00 0 O
S T S T T NN NN NN NN NN N wnwn
Wavelength/nm
——01mMIr —— + 1Mmla + 2Mm1la
+ 4 Mm 1a + 6 Mm 1a + 8 Mm 1a
Figure S4. Fluorescence quenching spectra of 1a
Fluorescence quenching
2500
2000
Fn
‘% 1500
c
£ 1000
£
500
0
O 00 W < N O W O I NO W O I AN O N O T N O 0 O
N AN MO < N O O N0 0O O d AN N < < LN O 0O
< T T T T T TS S DN NN NN NN NN wn
Wavelength/nm
—0.1mMiIr +1mM 2a +2mM 2a
+4 mM 2a +6 mM 2a +8 mM 2a

Figure S5. Fluorescence quenching spectra of 2a
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Stern-Volmer plot

25
y =2501.3x + 0.9122.
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. y=-5.6737x +0.9834
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Wavelength/nm

®la ®2a

Figure S6. Stern-Volmer quenching study of 1a and 2a

All [Ir{dFCFzppy}2(bpy)]PFs solutions were excited at 370 nm and the emission intensity was
collected at 420-600 nm. Stern-Volmer quenching experiments were carried out using a 0.1 mM
solution of [Ir{dFCFsppy}2(bpy)]PFe and variable concentrations (0.5, 1.0, 1.5, 2.0 mM) of imine la
or 1a/Ni(OTf)2/Ls-RaPr2Ad. The samples were prepared in 2 mL quartz cuvettes. The intensity of
the emission peak at 470 nm (Aex = 370 nm) for [Ir{dFCFsppy}2(bpy)]PFe expressed as the ratio lo/I,
where o is the emission intensity of [Ir{dFCFsppy}2(bpy)]PFs at 470 nm in the absence of a quencher
and 1 is the observed intensity, as a function of the quencher concentration was measured.

Fluorescence quenching
2500

2000

1500

Intensity

[y
o
o
o

500

0
400 450 500 550 600
Wavelength/nm
0.1 mM Ir 0.5 mM 1a/Ni(OTf)2/L-RaPr2Ad
1.0 mM 1a/Ni(OTf)2/L-RaPr2Ad 1.5 mM 1a/Ni(OTf)2/L-RaPr2Ad
———2.0 mM 1a/Ni(OTf)2/L-RaPr2Ad

Figure S7. Fluorescence quenching spectra of 1a/Ni(OTf)2/L-RaPr.Ad
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Stern-Volmer plot

7
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® 1a+Ni(OTf)2+L-RaPr2Ad 1la

Figure S8. Stern-Volmer quenching study of 1a and 1a/Ni(OTf)2/Ls-RaPr2Ad

8.5 Deuterium experiment

(o}
0

O b b [Ir[dF(CF 3)ppyl>(bPY)IPF (1 mol%) §

\ L;-RaPr,Ad/Ni(OTf), (1:1, 10 mol%) NH

N + ™S ' MS

N,, rt, CHCI3, 20 W blue LEDs, 0.5 h Bno.c V"D
CO,Bn 4 A MS (20 mg) o
D-3a (>99% D)
1a (1.2 equiv) D-2a (1.0 equiv) 26% yield, 94% ee, 88:12 dr

The reaction was performed according to the typical procedure by using deuterated benzyl
trimethyl silicon D-2a. The deuterated ratio was determined by *H NMR spectrum after
chromatography with silica gel column. The peak of H at 3.31 ppm is not observed, which indicates

full deuteration of H.

0.00

k
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°
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3.5
f1 (ppm)
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¥

g b _p
N + ©)<TMS
CO,Bn

1d (1.2 equiv) D-2a (1.0 equiv)

[I{dFCF3ppy}a(bpy)IPFe (1 mol %)
L3-RaPr,Ad/Ni(OTf), (1:1, 10 mol %)

N,, rt, CDCl3, 20 W blue LEDs, 0.5 h
4 AMS (20 mg)

D-3d (24% D)

The reaction was performed according to the typical procedure by using deuterated benzyl
trimethyl silicon D-2a. The deuterated ratio was determined by *H NMR spectrum after filtration
under nitrogen atmosphere. The peak integral at 5.78 is 0.76 and the deuteration rate is 0.24,

suggesting the N-H comes from D-2a.

cwcowormo-onTas » =
Fnaa=338339593% & a
O v MV v BV v b

0.00

TSN Nl
Q0
S
e
o PUE
BnOchH o)
4227 r 4y g by
8.0 7.5 7.0 6.5 6.0 5 5.0 45 4“()(ppm) 35 3.0 25 2.0 1.5 1.0 0.5 0.0 0.5
0,0 [Ir[dF(CF3)ppyl2(bpy)IPFs (1 mol%) ‘é//o
S\N . L;-RaPr,Ad/Ni(OTf), (1:1, 10 mol%) ‘NH
) T™MS >
©/\ N,, rt, CDClz, 20 W blue LEDs, 0.5 h TMS
CO,Bn 4 A MS (20 mg) BnO,C
1d (1.2 equiv) 2a (1.0 equiv) 3d

The deuterated ratio was determined by 1H NMR spectrum after filtration under nitrogen
atmosphere. The peak integral at 5.80 is 1.00.
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8.6 KIE experiment
Competitive KIE experiments
P
Ph” ~TMS
Q0 _ [Ir[dF(CF3)ppyla(bpy)IPFs 1 mol%
9 2a(1.0 equiv) L-RaPr,Ad/Ni(OTf), (1:1, 10 mol%)
7 * b b Ny, rt, CHClg, 20 W blue LEDs, 0.5 h
4 AMS (20 mg)
COzBn PhXTMS conn
. . = or
1a(1.2 equiv) 2a-d,(1.0 equiv) KIE(ky/kp): 1.7 68% yield, 95% ee
87:13 dr

The reaction was performed according to the typical procedure by using a mixture of 2a (0.10
mmol) and deuterated borane adduct D-2a (0.10 mmol). The deuterated ratio was determined by *H
NMR spectrum after chromatography with silica gel column.

e - RV RV R R . S
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Parallel KIE experiments

2P (IF{dF CF3ppy}(bpy)IPFs (1 mol%) P
S\N . ©/\TMS L3-RaPr,Ad/Ni(OTf), (1:1, 10 mol%) NH
¢ N,, rt, CHCI5, 20 W blue LEDs, 0 to 1 h o.d y~TMS
CO,Bn 4 A MS (20 mg) ot
1a (1.2 equiv) 2a (1.0 equiv) 3a
O
\é/,o D p [I{dFCF3ppy}2(bpy)IPFe (1 mol%) \S\’
\ L;-RaPr,Ad/Ni(OTf), (1:1, 10 mol%) NH
N * ™S VS
N,, rt, CHCI3, 20 W blue LEDs, 0 to 1 h Bno.d Yon
CO,Bn 4 AMS (20 mg) no2 Ph
1a (1.2 equiv) D-2a (1.0 equiv) D-3a

The reaction progress of benzyltrimethylsilane 2a and D-benzyltrimethylsilane 2a with
benzosultam 1a was monitored in parallel at six distinct periods (10 min, 20 min, 30 min, 40 min, 50
min and 1 h). [Ir{dFCF3ppy}2(bpy)]PFs (1 mol%), Ni(OTf)./L3-RaPr2Ad (1:1, 10 mol%), 1a (0.12
mmol), 2a or D-2a (0.10 mmol), and 4 A MS (20 mg) in CHCI; (1.0 mL) at rt under the irradiation
of 20 W blue LEDs for 0—1 h. After the reaction was completed, the suspension was filtered through
a sand core funnel, and the filtrate was concentrated under vacuum. The residue was detected by 'H
NMR analysis (CH2Br; as the internal standard). The KIE of the reaction, which was calculated by
dividing the rate constant of the reaction of benzyltrimethylsilane (Y1:ky = 1.47) by that of D-
benzyltrimethylsilane (Y2:kp = 1.01), was determined to be 1.46.

120
y = 1.4686x + 11.933

100

80

60

yield

y =1.0086x + 15.533
40

20

0 10 20 30 40 50 60 70

Y1 ®Y2 time

Figure S9. Parallel KIE experiments

8.7 Cyclic voltammetry analysis

Cyclic voltammograms for mechanistic analysis were carried out with a uStat-1 400s potentiostat
by a three-electrode cell with a glassy carbon working electrode, a platinum mesh counter electrode,
and an Ag/AgNOs reference electrode at room temperature in CH3CN. n-BusNPFs (0.1 M) was used
as the supporting electrolyte, and a Glass Carbon electrode was used as the working electrode. The
scan rate was 100 mV s™!. The experimental setup was calibrated using ferrocene (Fc/Fc+) prior to
each experiment. Samples were prepared with 0.3 mmol substrate in 10 mL n-BusNPFs electrolyte

18



(0.03 M in CH3CN) and degassed by sparging with nitrogen gas for 10 min prior to use. The potential
(Ep) was determined and converted to SCE as described by Nicewicz'’.
150

Epre = 0.43 V vs. Ag/Ag*
(0.42 V vs. SCE)

<&
<

50

Current/ua

1.2 14

-30

Potential/V vs. Ag/Ag*

30

Current/pA

s’ Epi2 = -0.54 V vs. Ag/Ag* -
N (-0.55 V vs. SCE)
-300
1a CO,Bn Potential/V vs. Ag/Ag*
400
©/\TMS 350
300
2a 250 '
200
é‘: Epp =156V vs, Ag/Ag” .}
o (1.55 V vs. SCE) !
= 100 !
5 50 '
-
-100
-150

Potential/Vvs. Ag/Ag*

Figure S10. Cyclic voltammogram of 1a and 2a
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8.8 Quantum yield measurement

General Protocol to assess the photon flux of LED:

The photon flux set by the LED (A = 420 nm, 20 W) was determined using the standard potassium
ferric oxalate photometric method, following a modified literature procedure!!.

A 0.018 M potassium ferric oxalate solution was prepared by dissolving 178 mg of potassium ferric
oxalate trihydrate and 84 puL of H2SO4 (95-98%) in 20 mL of water. This solution was kept in an
amber bottle in the dark. Then a buffer solution was prepared by dissolving 2.5 g of sodium acetate
and 0.50 mL of H2SO4 (95-98%) in 50 mL of water.

1.0 mL of the 0.018 M potassium ferric oxalate solution was added to a flask containing a stirring bar.
Then, the solution was irradiated for 0 s, 30 s, 60 s. Immediately after irradiation, 100 pL of the
solution was transferred to a foil-covered 10 mL volumetric flask in which containing 15 mg of 1,10-
phenanthroline dissolved in 3.0 mL of the buffer solution. Then add water to the flask to bring the
total volume to 10 ml. The flask was shaken to ensure efficient mixing and the solution was stored in
the dark for approximately 20 min. 2.0 mL of the solution was transferred to a quartz cuvette (1.0 mL
path length) and the absorbance at A = 510 nm was measured by UV/Vis spectroscopy (Figure S11).
This process was repeated for 30 s, 60 s, and the absorbance of a unirradiated sample was also
measured.

Caution: minimizing exposure to background light!

UV/Vis spectra

absorbance

350 400 450 500 550 600

wavelength/nm

Os 30s 60s

Figure S11. UV/Vis spectra of potassium ferric oxalate/1,10-phenanthroline solutions

The number of moles of Fe** produced by light irradiation was calculated using:

2 _ V1VzAA (510 nm)
V,le (510 nm)

mol Fe
Where
V1 = the volume of potassium ferric oxalate solution irradiated (1.0 x 107 L).
V = the volume of the solution taken for measurement of the Fe** ions (1.0 x 10 L).
V3 = the final volume of solution after complexation with 1,10-phenanthroline (1.0 x 10 L).
44 (510 nm) = the absorbance difference at A = 510 nm between the irradiated solution and the
solution kept in dark.
[ = the optical path length of the cuvette (1.0 cm).
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& (510 nm) = the molar absorption coefficient of the Fe(phen)s;** complex at A =510 nm (1.11 x 10*

L mol'ecm™).

The moles of Fe** were plotted as a function of time (Figure. S12)
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y = 2E-07x + 2E-07
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Figure S12. The molar number of Fe?" as a function of time

The photon flux was then calculated using:

mol Fe?*

photon flux =

Where

ot(1— 10-4)

® = the quantum yield of the potassium ferric oxalate in room temperature at 420 nm is 1.13.2

t = the irradiated time(S).

A = the potassium ferric oxalate absorbance at 420 nm, which was measured placing 1 mL of the
solution in a cuvette which path length is 1 cm by UV/Vis spectrophotometry. We obtained an

absorbance value of 1.706.

2.0x 1077
1.13 x (1 — 10-1706)

photon flux =

Quantum yield of radical reaction:

=181x1077

Q0

1,0 [Ir[dF(CF3)ppyl2(bpy)IPFg (1 mol%)
S\N o~ L3-RaPr,Ad/Ni(OTf),(1:1, 10 mol%)
/ + Ph” "TMS >
N, rt, CHCI3, 20 W blue LEDs,10 min
CO,Bn
1a 2a

oo
NH Lo N
- o
™S N O O
BnO,C ! g H

Ph L3-RaPr,Ad: R = 2,6-iPr,-4-
3a adamantyl-CgH,

An oven-dried reaction tube was charged with N-sulfonyl cyclic ketimines 1a (0.12 mmol), alkyl
silanes 2a (0.10 mmol), [Ir{dFCFzppy}2(bpy)]PFs (1 mol%), L3-RaPr2Ad (10 mol%), Ni(OTf)2 (10
mol%), 4 AMS (20 mg) and CHClIs (1.0 mL). The mixture was stirred under 420 nm 20 W blue LED
irradiation at room temperature. After 10 minutes, the yield of 3a was determined by "THNMR, using
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dibromaethan as an internal standard. And 2.5%107° mol 3a was produced. The quantum yield (¢) of
this reaction was calculated using the following equation:

_ mol product
" photon flux x t x (1 —10-4)

¢

Where

® = the quantum yield of the catalytic reaction in room temperature at 420 nm.

t = the reaction time(s).

A = the catalytic reaction absorbance at 420 nm, which was measured placing 1 mL of the solution in
a cuvette which path length is 1 cm by UV/Vis spectrophotometry. We obtained an absorbance value
of 1.954

2.5x107°

= =230x10"1t
1.81x 1077 x 600 x (1 —10-1954)

¢

8.9 Catalytic cycle

Ni(OTf), + Ls-RaPr,Ad
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Ni(OTf), + Ls-RaPr,Ad

1a 3a

% [Ni*]N
0,0 Q0
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BnO I
MS-PCET mechanism

Figure S12. Three possible cycle of reaction

Ni(OTf), + L3-RaPr,Ad
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SET oxidation-triggered radical addition mechanism with Acr* as photocatalyst
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9. Product derivation

NH
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10. Single-crystal data

Crystallographic Data for CzgHasN20sS2Si2

Formula 2(C3gHasN208S2Si2)
Formula mass (amu) 779.07
Space group P212121
a (A) 11.6468(8)
b (A) 16.5589(12)
c(A) 21.0550(17)
o (deg) 90

B (deg) 90

y (deg) 90

V(A% 4060.6(5)

Z 4

2 (A) 0.71073

T (K) 173K

Drated (g e 1.274

4 (mm™) 0.241
Transmission factors 0.878,0.981
0 max (deg) 25.368

No. of unique data, including F,> <0 7419

No. of unique data, with F,?> > 26(F,?) 7187

No. of variables 485

R(F) for Fo?> > 20(Fs%) ¢ 0.0328
Ry(Fo?)® 0.0759
Goodness of fit 1.103

“ R(F) = 2I\Fo| = [Fell / 2IFo].

b Ru(F?) = [X[w(Fo2 — FA)2 1 YwFY2 w = [6X(Fo?) + (Ap)? + Bp), where p = [max(F,2,0) + 2F:*] / 3.

I
]
; %t
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12. Characterization of typical substrates 1a-1h

benzyl benzo[d]isothiazole-3-carboxylate 1,1-dioxide(1a)

Qo White solid, m.p. 130 — 131 °C; '"H NMR (400 MHz, CDCls) § 8.26 (d, J = 8.0 Hz, 1H), 7.92
S//
N (d, J=4.0 Hz, 1H), 7.79-7.72 (m, 2H), 7.49-7.47 (m, 2H), 7.44-7.37 (m, 3H), 5.49 (s, 2H).; 3C

Co,8n NMR (101 MHz, CDCly) 8 160.3, 156.0, 140.2, 134.3, 1342, 133.8,129.1, 128.8, 1282, 127.6,
123.0, 69.2.
HRMS (ESI*) m/z caled for CisH;INNaOsS* ([M+Na*]) = 324.0301, Found 324.0299.

IR (film, cm™) : 3035, 1736, 1348, 1202, 1178, 1028, 763, 700, 579, 532.

benzyl 5-methylbenzo|d]isothiazole-3-carboxylate 1,1-dioxide(1b)
0 0 White solid, m.p. 106 — 108 °C; 'H NMR (400 MHz, CDCls) 6 8.04 (s, 1H), 7.80 (d, J = 8.0
/\N Hz, 1H), 7.56 (d, J= 8.0 Hz, 1H), 7.50-7.47 (m, 2H), 7.44 — 7.37 (m, 3H), 5.49 (s, 2H), 2.51
CO,Bn (s, 3H).; 3C NMR (101 MHz, CDCl3) J 160.4, 160.1, 145.7, 137.4, 134.6, 133.9, 129.1,
128.8, 128.7, 127.9, 122.8, 69.1, 21.8.
HRMS (ESI") m/z calcd for C16H13NNaO4S™ ([M+Na']) = 338.0458, Found 338.0457.

IR (film, cm™) : 3270, 1743, 1310, 1238, 1186, 1147, 1102, 896, 822, 736, 699, 572.

benzyl 6-methylbenzo|d]isothiazole-3-carboxylate 1,1-dioxide(1c)
0.0 White solid, m.p. 107 — 108 °C; 'H NMR (400 MHz, CDCl) & 8.04 (d, /= 8.0 Hz, 1H), 7.66
/\N (s, 1H), 7.46 — 7.40 (m, 3H), 7.36-7.29 (m, 3H), 5.41 (s, 2H), 2.46 (s, 3H).; 3C NMR (101
CO,Bn MHz, CDCl3) 6 160.4, 160.0, 146.3, 140.7, 134.9, 133.9, 129.1, 128.8, 127.23, 125.9, 123.7,
69.1, 21.8.
HRMS (ESI*) m/z caled for C1sH13NNaO4S* ([M+Na*]) = 338.0458, Found 338.0454.

IR (film, cm™) : 2963, 1735, 1345, 1206, 1170, 1022, 837, 804, 698, 572.

benzyl 7-chlorobenzo[d]isothiazole-3-carboxylate 1,1-dioxide(1d)

Cl o, White solid, m.p. 129 — 130 °C; "H NMR (400 MHz, CDCls)  8.14 — 8.09 (m, 1H), 7.63 — 7.59
n
S
N (m, 2H), 7.42 — 7.40 (m, 2H), 7.38 — 7.33 (m, 3H), 5.42 (s, 2H).; *C NMR (101 MHz, CDCls)
/)
Loy O 160.0,158.6,137.6,135.78, 134.8, 133.6, 131.2, 130.3, 129.2, 128.9, 125.7, 69.3.
2

HRMS (ESI*) m/z caled for CisH10*>CINNaO4S™ ([M+Na*]) = 357.9912, Found 357.9911.
HRMS (ESI*) m/z caled for CsH;0*?CINNaO4S* ([M+Na*]) = 359.9882, Found 359.9884.
IR (film, cm™) : 2963, 1736, 1356, 1179, 1060, 794, 699, 580.
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benzyl 7-(trifluoromethyl)benzo|d]isothiazole-3-carboxylate 1,1-dioxide(1e)

CFs 0 White solid, m.p. 101 — 102 °C; '"H NMR (600 MHz, CDCls) § 8.55 (d, J = 6.0 Hz, 1H), 7.99
n
S
N (d,J=12.0 Hz, 1H), 7.92 (t, J = 6.0 Hz, 1H), 7.49 (d, J= 6.4 Hz, 2H), 7.50 — 7.48(m, 3H), 5.51
/

Co,n (5 2H) "CNMR (151 MHz, CDCls) § 160.0, 158.4, 1379, 1353, 133.6, 131.1 (q,/=3.7 Hz),
130.8,129.5, 129.3, 128.9, 128.9, 127.8 (q,J = 36.9 Hz), 122.8, 121.0, 69.5; ’F NMR (565 MHz,

CDCLs) § -60.0. (s, 3F).

HRMS (ESI¥) m/z caled for C16H 0FsNNaOsS*™ ([M+Na*]) = 392.0175, Found 392.0180.

IR (film, cm™) : 3093, 1739, 1365, 1321, 1180, 1140, 825, 806, 702, 574.

benzyl 7-fluorobenzo|d]isothiazole-3-carboxylate 1,1-dioxide(1f)

P 0, White solid, m.p. 123 — 124 °C; 'H NMR (400 MHz, CDCls) § 8.08 (d, J = 8.0 Hz, 1H), 7.78
f;\, —7.73 (m, 1H), 7.48 — 7.40 (m, 6H), 5.49 (s, 2H).; 3C NMR (101 MHz, CDCL) & 159.9, 158.8,
Co,Bn 1572 (d.J=2622 He), 1375 (d,/= 69 Hz), 133.7, 130.9, 129.2, 1289, 1289, 1263 (d. J =
21.0 Hz), 123.5 (d, J= 3.4 Hz), 122.2 (d, J = 19.6 Hz), 69.4; ’F NMR (377 MHz, CDCL) § -
111.0. (s, IF)

HRMS (ESI") m/z calcd for C1sH10FNNaO4S* ([M+Na™]) = 342.0207, Found 342.0207.
IR (film, cm™) : 3087, 1737, 1498, 1358, 1261, 1222, 1180, 1108, 841, 755, 700, 522.
benzyl naphtho[2,3-d]isothiazole-3-carboxylate 1,1-dioxide(1g)

05 White solid, m.p. 207 — 208 °C; 'TH NMR (400 MHz, CDCls) 5 8.78 (s, 1H), 8.39 (s, 1H),

W,

S
N 8.05 (t, J = 8.0 Hz, 2H), 7.82 — 7.74 (m, 2H), 7.54 — 7.51 (m, 2H), 7.45 — 7.40 (m, 3H),

CO,Bn 5.54 (s, 2H).; ¥C NMR (151 MHz, CDCls) 8 160.5, 160.0, 134.8, 134.6, 134.1, 133.9,
131.2,131.0, 123.0, 129.9, 129.8, 129.1, 128.9, 125.0, 124.5, 69.1.
HRMS (FTMS+c ESI, m/z) caled for C19H13NNaO4S* ([M+Na*]) = 374.0458, Found 374.0455.

IR (neat): (cm) 3066, 1740, 1340, 1171, 754, 602, 471.

28



12. Characterization of the products

benzyl 3-(phenyl(trimethylsilyl)methyl)-2,3-dihydrobenzo[d]isothiazole-3-carboxylate 1,1-
dioxide(3a)

White amorphous solid, 44.2 mg, 95% yield, 95% ee, 88:12 dr, m.p. 150-152 °C. [a]p? = -
57.5 (¢=0.74, CH2Cly); SFC Chiralcel OX-3, CO2/MeOH = 90/10, 1.5 mL/min, A =220 nm,
t; =9.11 min, t = 10.70 min, t; = 13.06 min, t4 = 15.62 min;

IH NMR (600 MHz, CDCL3) 5 7.52 (d, J = 6.0 Hz ,1H), 7.43 (d, J = 6.0 Hz ,1H), 7.38 — 7.35

(m, 3H), 7.34 — 7.30 (m, 3H), 7.29 — 7.27 (m, 3H), 7.24 — 7.23 (m, 1H), 7.20 — 7.16 (m, 1H),
7.00 (t, J = 6.0 Hz, 2H), 6.91 (t, J = 6.0 Hz, 1H), 5.83 (s, 1H), 5.22 (dd, J; = 12.0, J> = 30.0 Hz, 2H), 3.31 (s, 1H),
0.00 (s, OH).

BC NMR (151 MHz, CDCl3) 6 170.9, 166.6, 164.0, 140.1, 140.0, 136.8, 133.9, 130.7, 129.3, 129.0, 128.9, 128.2,

126.3,123.4,123.3, 118.3, 118.1, 113.4, 113.2, 72.0, 70.0, 44.7, 0.9.

IR (film, cm™) : 3280, 2956, 1734, 1307, 1249, 1220, 1169, 845, 754, 703,

HRMS (ESI*) m/z caled for CosHyNNaO4SSi* ([M]+Na*) = 488.1323, found 488.1324.
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methyl
dioxide(3b)

3.82 (s, 3H), 3.27 (s, 1H), 0.00 (s, 9H).

3-(phenyl(trimethylsilyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3-carboxylate

t; = 20.59min, t; = 26.98 min, t3 = 27.92 min, t4 = 39.92 min;

1,1-

White amorphous solid, 38.1 mg, 98% yield, 96% ee, 83:17 dr, m.p. 181-183 °C. [a]p?’ = -

27.6 (¢ = 0.56, CH2Cl,); SFC Chiralcel OXH, CO2/MeOH = 90/10, 1.0 mL/min, A = 220 nm,

TH NMR (400 MHz, CDCl3) § 7.48 (d, J = 8.0 Hz, 2H), 7.38 (t, J = 8.0 Hz, 1H), 7.29 — 7.24

(m, 2H), 7.18 — 7.14 (m, 1H), 6.98 (t, J = 8.0 Hz, 2H), 6.89 (t, J = 8.0 Hz, 1H), 5.79 (s, 1H),

13C NMR (101 MHz, CDCl;) § 172.0, 137.0, 136.6, 134.2, 133.0, 129.9, 127.9, 126.1, 125.9, 120.9, 72.2, 54.3,

445, -1.1.

IR (film, cm™) : 3276, 2956, 1736, 1306, 1246, 1206, 1169, 845, 756, 707,

HRMS (ESI') m/z caled for C1oH,sNNaO4SSi* ([M]+Na*) = 412.1010, found 412.1010.
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ethyl
dioxide(3c¢)

Qo

1%

3-(phenyl(trimethylsilyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3-carboxylate

1,1-

Colorless oil, 39.1 mg, 97% yield, 90% ee, 86:14 dr, [o]p?° = -18.5 (¢ = 0.60, CH,Cl,); SFC
Chiralcel ID-3, CO2/MeOH = 90/10, 1.5 mL/min, A = 220 nm, t; = 5.05 min, t; = 5.41 min,
t3 = 6.57 min, t4 = 7.23 min;

'H NMR (400 MHz, CDCls) 6 7.45 (dd, J; = 4.0 Hz, J> = 8.0 Hz, 2H), 7.37 (t, J = 8.0 Hz,

1H), 7.26 (t, J = 8.0 Hz,, 1H), 7.21 (s, 1H), 7.17 — 7.14 (m, 1H), 6.97 (t, J = 8.0 Hz, 2H), 6.88

(t,J = 8.0 Hz, 1H), 5.79 (s, 1H), 4.31 — 4.18 (m, 2H), 3.27 (s, 1H), 3.06 (s, 0H), 1.29 (t, J = 8.0 Hz, 3H), 0.00 (s,

9H).
13C NMR (101
44.5,13.9, -1.0.

IR (film, cm™)

MHz, CDCl3) 6 171.4, 137.1, 136.9, 134.3, 132.9, 129.8, 127.8, 126.1, 125.9, 120.9, 72.2, 63.8,

: 3275, 2959, 1730, 1306, 1240, 1206, 1169, 844, 756, 707;

HRMS (ESI") m/z calcd for C2oH2sNNaO4SSit ([M]+Na*) = 426.1166, found 426.1162.
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benzyl 5-methyl-3-(phenyl(trimethylsilyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3-

carboxylate 1,1-dioxide(3d)

Qo

W

Colorless oil, 44.5mg, 93% yield, 88% ee, 88:12 dr, [a]p?® = -66.9 (¢ = 0.73, CH,CL,);

SFC Chiralcel OX-3, CO2/MeOH = 90/10, 1.5 mL/min, A = 220 nm, t; = 10.31 min, t; =
12.32 min, t3 = 15.67 min, t4 = 17.98 min;

'"H NMR (400 MHz, CDCl3) 6 7.42 — 7.40 (m, 1H), 7.38 — 7.34 (m, 3H), 7.32 — 7.30 (m,
2H), 7.23 = 7.19 (m, 2H), 7.09 (d, J = 8.0 Hz, 2H), 7.01 (t,J = 8.0 Hz, 2H), 6.92 (t, /= 8.0
Hz, 1H), 5.79 (s, 1H), 5.23 (dd, J1 = 12.0 Hz, J> = 16.0 Hz, 2H), 3.29 (s, 1H), 2.23 (s, 3H), 0.00 (s, 9H).

13C NMR (101 MHz, CDCl5) 6 171.4, 143.8, 137.1, 136.9, 134.0, 131.7, 130.8, 128.9, 128.7, 128.6, 127.8, 126.3,

125.8,120.6, 72.0, 69.3, 443, 21.6, -1.1.

IR (film, cm™) : 3282, 2956, 1734, 1306, 1240, 1222, 1186, 1143, 843, 753, 701;

HRMS (ESI") m/z calcd for C26H2oNNaO4SSi* ([M]+Na*) = 502.1479, found 502.1479.
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benzyl

6-methyl-3-(phenyl(trimethylsilyl)methyl)-2,3-dihydrobenzo[d]isothiazole-3-

carboxylate 1,1-dioxide(3e)

White amorphous solid, 27.8 mg, 58% yield, 84% ee, 80:20 dr, m.p. 75-78 °C. [a]p*° = -
72.9 (¢ = 0.14, CH2Cl,); SFC Chiralcel ODH, CO2»/MeOH = 93/7, 1.0 mL/min, A = 220
nm, t; = 19.40 min, t; = 20.54 min, t3 = 23.07 min, t4 = 24.90 min;

IH NMR (400 MHz, CDCl3) 6 7.40 — 7.38 (m, 2H), 7.35 — 7.32 (m, 4H), 7.30 (s, 1H), 7.17

(d, J= 8.0 Hz, 2H), 7.10 — 7.08 (m, 1H), 7.03 (t, J = 8.0 Hz, 2H), 6.94 (t, J = 8.0 Hz, 1H),

5.80 (s, 1H), 5.21 (dd, J; = 12.0 Hz, J> = 20.0 Hz, 2H), 3.29 (s, 1H), 2.27 (s, 3H), 0.00 (s, 9H).

13C NMR (101 MHz, CDCl3) § 171.5, 140.6, 137.2, 134.4, 134.1, 133.8, 128.9, 128.8, 128.6, 127.9, 125.9, 125.8,

120.8,72.1,69.4,44.2,21.1, -1.0.

IR (film, cm™) : 3279, 2955, 1735, 1307, 1250, 1223, 1161, 1143, 844, 750, 703;

HRMS (ESI") m/z calcd for C26H2oNNaO4SSi* ([M]+Na*) = 502.1479, found 502.1476.
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methyl (S)-5-fluoro-3-((S)-phenyl(trimethylsilyl)methyl)-2,3-dihydrobenzo|[d]isothiazole-3-
carboxylate 1,1-dioxide(3f)

O o White amorphous solid, 26.8 mg, 66% yield, 96% ee, 94:6 dr, m.p. 186-188 °C [a]p*’=

iNH -35.1 (¢ =0.51, CH2Cl,); HPLC Daicel chiralcel IA, n-hexane/i-PrOH 95/5, 1.0 mL/min,
NATMS 5 g nm, t; = 17.56 min, t, = 23.14 min, t; = 52.82 min, t; = 57.37 min;
'H NMR (400 MHz, CDCl3) § 7.47 (dd, Ji = 4.0 Hz, J, = 8.0 Hz, 1H), 7.31 — 7.23 (m,
1H), 7.15 (dd, J: = 2.2 Hz, J» = 8.0 Hz Hz, 1H), 7.04 — 6.92 (m, 5H), 5.84 (s, 1H), 3.85 (s,
3H), 3.17 (s, 1H), -0.00 (s, 9H).
13C NMR (101 MHz, CDCl3) 6 171.4, 165.3 (d, J = 254.0 Hz), 140.0 (d, J = 10.0 Hz), 136.6, 130.4 (d, J = 2.0 Hz),
128.1,126.2, 123.2 (d, J = 10.0 Hz), 118.1 (d, /= 24.0 Hz), 113.2 (d, J = 24.0 Hz), 71.7, 54.5, 44.8, -1.1.
19F NMR (377 MHz, CDCl3) 6 -103.8. (s, 1F).
IR (film, cm') : 3279, 2954, 1739, 1302, 1245, 1203, 1173, 851, 754, 710;

HRMS (ESI*) m/z caled for C1oH2,FNNaO4SSi* ([M]+Na*) = 430.0916, found 430.0918.
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benzyl 7-fluoro-3-(phenyl(trimethylsilyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3-carboxylate
1,1-dioxide(3g)

Colorless oil, 37.1 mg, 77% yield, 96% ee, 81:19 dr, [a]p*°=-50.0 (¢ = 0.55, CH,Cl,); HPLC
Daicel chiralcel ADH, n-hexane/i-PrOH 95/5, 1.0 mL/min, A = 220 nm, t; = 19.14 min, t; =
21.54 min, t3 = 23.36 min, t4 = 33.57 min;

'H NMR (400 MHz, CDCl3) 6 7.39 — 7.37 (m, 3H), 7.35 — 7.32 (m, 3H), 7.21 (d, /= 8.0 Hz,

2H), 7.09 (d, J= 8.0 Hz, 1H), 7.04 (t, J = 8.0 Hz, 2H), 6.97 — 6.92 (m, 2H), 5.92 (s, 1H), 5.24
(dd, J; = 12.0 Hz, .J» = 24.0 Hz, 2H), 3.29 (s, 1H), 0.00 (s, 9H).
13C NMR (101 MHz, CDCLs) 6 170.9, 155.8 (d, J = 259.0 Hz), 139.7, 136.7, 135.1 (d, J = 7.2 Hz), 133.8, 129.1,
128.8, 128.7, 128.0, 126.1, 122.7 (d, J = 19.0 Hz), 121.9 (d, J= 3.9 Hz), 116.5 (d, J= 18.3 Hz), 72.5, 69.8, 44.5, - 1.1.
19F NMR (377 MHz, CDCL3) § -115.3. (s, 1F)
IR (film, cm™) : 3272, 2957, 1736, 1317, 1253, 1219, 1176, 1143, 844, 755, 701;

HRMS (ESI") m/z calcd for C2sH26NNaO4SSit ([M]+Na*) = 506.1229, found 506.1227.
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benzyl
carboxylate 1,1-dioxide(3h)
Cl o

TMS 20.63 min, t3 = 23.42 min, t; = 26.54 min;

7-chloro-3-(phenyl(trimethylsilyl)methyl)-2,3-dihydrobenzo[d]isothiazole-3-

Colorless oil, 41.2 mg, 82% yield, 96% ee, 80:20 dr, [a]p** = -34.7 (¢ = 0.64, CH,CL);

S, SFC Chiralcel IH-3, CO2/MeOH = 96/4, 1.0 mL/min, A =220 nm, t; = 18.31 min, t, =

'H NMR (400 MHz, CDCl3) 6 7.39 — 7.37 (m, 3H), 7.35 — 7.31 (m, 3H), 7.28 (t, /= 8.0

Hz, 1H), 7.23 (dd, J; = 4.0 Hz, J> = 8.0 Hz, 2H), 7.10 — 7.06 (m, 1H), 7.04 (t, /= 8.0 Hz,

2H), 6.95 (t, J= 8.0 Hz, 1H), 5.92 (s, 1H), 5.22 (dd, J; = 12.0 Hz, J> = 24.0 Hz, 2H), 3.29 (s, 1H), 0.00 (s, 9H).

13C NMR (101 MHz, CDCl3) § 171.0, 139.0, 136.7, 133.8, 133.8, 132.4, 130.6, 129.1, 128.8, 128.7, 128.0, 126.1,

124.5,71.4,69.8,44.2, -1.1.

IR (film, cm™) : 3273, 2957, 1735, 1317, 1250, 1218, 1170, 1143, 847, 754, 701,

HRMS (ESI") m/z caled for CasHa*>CINNaO4SSi* ([M]+Na*) = 522.0933, found 522.0930.

HRMS (ESI") m/z caled for CosHoe*’CINNaO4SSi* ([M]+Na™) = 524.0904, found 524.0904.

O L R
8.00

T T T T T T
10.00 12.00

T T T
14.00

I L B
16.00 18.00  20.00

Minutes

T T T
22.00

T T T
24.00

T T T
26.00

T T
30.00

T T
28.00

[ B B e
32.00 34.00

Retention Time Area % Area
1 18.554 2261164 21.62
2 20.724 2964948 28.34
3 23.375 2233061 21.35
4 26.602 3001791 28.70
0.30 8
0.20-| . I
2 S o g
0.10 T g E
0.00——~ x ] /‘\u
0.00‘ ‘ ‘2,&)0‘ 4.&)0‘ ‘ 6.(‘30‘ ‘ ‘8.60‘ ‘ ‘10.‘00‘ ‘ ‘12.‘00‘ ‘ ‘14.‘00‘ ‘ ‘16.‘00‘ ‘ ‘18.‘00‘ ‘ ‘20.‘00‘ ‘ ‘22“00‘ ‘ ‘24“00‘ ‘ ‘26,‘00‘ ‘ ‘28,‘00‘ ‘ ‘30,‘00‘ ‘ ‘32,‘00‘ ‘ ‘34.‘00‘
Minutes
Retention Time Area % Area
1 18.311 20320916 73.25
2 20.626 5932726 21.38
3 23.419 443677 1.60
4 26.539 1045813 3.77
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benzyl 3-(phenyl(trimethylsilyl)methyl)-7-(trifluoromethyl)-2,3-dihydrobenzo|d]isothiazole-3-
carboxylate 1,1-dioxide(3i)
CF
3 (\)é 0
"NH Daicel chiralcel IC, n-hexane/i-PrOH 90/10, 1.0 mL/min, A = 220 nm, t; = 12.27 min, t; =

Colorless oil, 40.9 mg, 77% yield, 99% ee, 83:17 dr, [a]p*° = -43.3 (¢ = 0.45, CH,Cl,); HPLC

TMS 17,66 min, t; = 23.46 min, t = 40.59 min;

TH NMR (400 MHz, CDCL3) § 7.63 (d, J = 8.0 Hz, 1H), 7.54 (d, J= 8.0 Hz, 1H), 7.45 (1, J =
8.0 Hz, 1H), 7.38 — 7.36 (m, 3H), 7.33 — 7.31 (m, 2H), 7.23-7.21 (m, 1H), 7.08 (d, J= 8.0 Hz,
1H), 7.02 (t, J = 8.0 Hz, 2H), 6.93 (1, J = 8.0 Hz, 1H), 5.96 (s, 1H), 5.23 (dd, /i = 12.0 Hz, J> = 16.0 Hz, 2H), 3.32
(s, 1H), 0.00 (s, 9H).

13C NMR (101 MHz, CDCl3) 6 170.9, 138.9, 136.7, 133.7, 132.9, 130.2, 129.1, 128.8, 128.7, 128.1, 127.8 (d, J =

4.8 Hz), 126.1, 71.7, 69.9, 44.6, -1.1.

1F NMR (377 MHz, CDCl3) § -59.6. (s, 3F)

IR (film, cm™) : 3269, 2958, 1736, 1322, 1251, 1219, 1175, 1142, 842, 754, 703;

HRMS (ESI*) m/z calcd for Co6Ha6F3NNaO4SSit ([M]+Na*) = 556.1197, found 556.1197.

0.20

0.15-]

2 0104 ; ;
)
0.007: Ay = = k ﬂ\
0.00‘ s ‘5.[‘)0‘ s ‘10.‘00‘ n ‘15.‘00‘ s ‘20.‘00‘ n ‘25.‘00‘ n ‘30.‘00‘ s ‘35.‘00‘ s ‘40.‘00‘ s ‘45.‘00‘ n ‘50.‘00‘ s ‘55.‘00‘ n ‘60.00
Minutes
Retention Time Area % Area
1 12.014 2157086 19.71
2 17.227 3344408 30.56
3 24.163 2169981 19.83
4 37.004 3270850 29.89
0.20
0.15+
2 0.10
0.05- g’, ; %
O_OD,M A /\ ﬁ\
UYOO‘ n ‘51‘)0‘ n ‘lO.‘OD‘ s ‘15.‘00‘ n ‘20.‘00‘ Y ‘25.‘00‘ n ‘30.‘00‘ n ‘35.‘00‘ Y ‘40.‘00‘ n ‘45.‘00‘ n ‘50.‘00‘ n ‘55.‘00‘ n ‘60.00
Minutes
Retention Time Area % Area
1 12.269 174298 0.59
2 17.660 1169531 3.94
3 23.462 24098945 81.16
4 40.593 4249749 14.31

37



benzyl

1,1-dioxide(3})

3-(phenyl(trimethylsilyl)methyl)-2,3-dihydronaphtho|[2,3-d]isothiazole-3-carboxylate

White amorphous solid, 15.4 mg, 30% yield, 82% ee, 80:20 dr, m.p. 79-83 °C. [a]p*°

-73.8 (¢ = 0.20, CH2Cl,); HPLC Daicel chiralcel IG, n-hexane/i-PrOH 93/7, 1.0
mL/min, A =235 nm, t; = 13.70 min, t; = 16.12 min, t; = 17.40 min, t; = 18.85 min;
TH NMR (400 MHz, CDCl3) 6 8.05 (s, 1H), 7.86 (s, 1H), 7.80 (d, J= 8.0 Hz, 1H), 7.69

(d,J=8.0 Hz, 1H), 7.52 — 7.45 (m, 2H), 7.31 — 7.26 (m, 5H), 7.19 — 7.16 (m, 1H), 7.05

(d, J=8.0 Hz, 1H), 6.91 (t,J = 8.0 Hz, 2H), 6.79 (t, J = 8.0 Hz, 1H), 5.83 (s, 1H), 5.19 (dd, J; = 12.0 Hz, J, = 44.0

Hz, 2H), 3.41 (s, 1H), 0.00 (s, 9H).

13C NMR (101 MHz, CDCl3) 6 171.6, 137.2, 135.0, 134.0, 132.8, 132.3, 132.2, 129.1, 128.9, 128.8, 128.7, 128.6,

128.3,127.9, 127.7, 126.0, 125.8, 121.7, 72.3, 69.5, 45.0, -0.9.

IR (film, cm™) : 3278, 2957, 1735, 1308, 1249, 1219, 1170, 1152, 844, 752, 701;

HRMS (ESI") m/z calcd for C2o0H20NNaO4SSi* ([M]+Na*) = 538.1479, found 538.1480.

0.040
0.030]
0.020

E)

=< o0.010]
0.000

-0.010

-0.020

T T T T T T T
12.00 14.00 16.00 18.00 20.00 22.00 24.00

Minutes

T T
4.00 10.00

Retention Time Area % Area
1 13.798 1009260 21.70
2 16.102 1002391 21.55
3 17.362 1328568 28.56
4 18.928 1311009 28.19
0.05— & § g
DOD*%—V—«,—‘ M /%
Retention Time Area % Area
1 13.703 6485840 72.01
2 16.122 648127 7.20
3 17.394 687998 7.64
4 18.848 1184836 13.15

38



benzyl
dioxide (3k)
Q0

%2

3-(m-tolyl(trimethylsilyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3-carboxylate

1,1-

Colorless oil, 34.7 mg, 72% yield, 95% ee, 87:13 dr, [a]p?® = -53.5 (¢ = 0.52, CH,Cl,); SFC

Chiralcel OX-3, CO2/MeOH = 90/10, 1.5 mL/min, A = 220 nm, t; = 8.02 min, t; = 8.67 min,

t3 = 11.37 min, t4 = 12.86 min;

'"H NMR (400 MHz, CDCl3) 6 7.53 (d, J=4.0 Hz, 1H), 7.43 (d, /= 8.0 Hz, 1H), 7.38 — 7.36

(m, 3H), 7.34 — 7.28 (m, 4H), 7.25 (s, 2H), 6.87 (t, J = 8.0 Hz, 1H), 6.72 (d, J= 8.0 Hz, 1H),

5.82 (s, 1H), 5.21 (dd, J; = 12.0, J>=20.0 Hz, 2H), 3.25 (s, 1H), 2.13 (s, 3H), 0.00 (s, 9H).

13C NMR (101 MHz, CDCl3) § 171.4, 136.8, 136.6, 134.4, 134.0, 132.8, 129.8, 128.9, 128.8, 128.6, 127.6, 126.6,

126.2,120.9,72.3, 69.5,44.2,21.2, -1.0.

IR (film, cm™) :3280, 2955, 1734, 1307, 1249, 1219, 1170, 842, 754, 701,

HRMS (ESI") m/z calcd for C26H2oNNaO4SSi* ([M]+Na*) = 502.1479, found 502.1478.

0.06-

0.04—

AU

0.02—

A

Ly B et By B B e
11.00 12.00 13.00

T
14.00

15.00

0.00 ' 8.00 9.00
Retention Time Area % Area
1 7.985 1120200 23.46
2 8.641 1145218 23.99
3 11.298 1251204 26.21
4 12.776 1257959 26.35
0.12
5 0.08
0.04 ® 3 %
0.00 L/\’- M
0,0‘ o 1.‘00‘ o 2.(‘)0‘ 3.60‘ 4‘00 5.60‘ o 6(‘)0 760 ' ‘OO‘ o ‘9.60‘ o ‘10,‘00‘ o ‘11.‘00‘ o ‘12.‘00‘ o ‘13.‘00‘ o ‘14‘00‘ o
Minutes
Retention Time Area % Area
1 8.015 67402 2.07
2 8.666 2709466 83.16
3 11.368 90023 2.76
4 12.861 391063 12.00
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benzyl
dioxide (31)

13C NMR (101 MHz, CDCl3) § 171.4, 136.7, 135.3, 134.3, 133.7, 132.9, 129.8, 128.9, 128.8, 128.6, 126.1, 121.0,

min, t3 = 16.59 min, t4 = 18.19 min;

3-(p-tolyl(trimethylsilyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3-carboxylate

Colorless oil, 30.2 mg, 63% yield, 93% ee, 87:13 dr, [a]p*® = -50.0 (¢ = 0.46, CH,Cl,); SFC

Chiralcel ODH, CO2/MeOH = 90/10, 1.0 mL/min, A = 220 nm, t; = 14.02 min, t; = 15.47

TH NMR (600 MHz, CDCL;) 6 7.55 (d, J = 6.0 Hz, 1H), 7.46 (d, J= 6.0 Hz, 1H), 7.40 — 7.38

(m, 4H), 7.33 — 7.32 (m, 4H), 7.05 (d, J= 6.0 Hz, 1H), 6.82 (d, J= 6.0 Hz, 2H), 5.81 (s, 1H),

5.22 (dd, J; =12.0,J>=30.0 Hz, 2H), 3.26 (s, 1H), 2.10 (s, 3H), 0.00 (s, 9H).

72.4,69.5, 43.8,20.8, -1.0.

IR (film, cm™) :3282, 2955, 1735, 1308, 1250, 1220, 1169, 848, 754, 698;

HRMS (ESI") m/z calcd for C26H2oNNaO4SSi* ([M]+Na*) = 502.1479, found 502.1480.

0.80+

18.254

Minutes

9.00 1000 11.00 1200 1300 1400 1500 16.00 17.00 18.00 19.00 20.0C

1.607
1.40
1.204
1.004
2 0.804
0.60+
0.404
0.204
0.007

Retention Time Area % Area

1 14.251 16641400 26.10

2 15.456 16544271 25.95

3 16.588 15152490 23.76

4 18.254 15423329 24.19
S NEAN

10.00 11.00 1200 1300 14.00 1500 16.00 17.00 18.00 19.00 20.0C

Minutes

Retention Time Area % Area
1 14.020 31793044 79.15
2 15.467 1167989 291
3 16.588 2402958 5.98
4 18.193 4803895 11.96
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benzyl

3-((4-methoxyphenyl)(trimethylsilyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3-

carboxylate 1,1-dioxide(3m)

Q0

d

13C NMR (101 MHz, CDCl3) § 171.4, 157.6, 136.7, 134.4, 134.0, 132.9, 129.9, 128.9, 128.8, 128.6, 126.2, 121.0,

Colorless oil, 10.6 mg, 21% yield, 87% ee, 86:14 dr, [a]p*® = -40.4 (¢ = 0.39, CH,Cl,); SFC

Chiralcel OX-3, CO/MeOH = 90/10, 1.5 mL/min, A = 220 nm, t; = 10.64 min, t, = 14.58

'H NMR (400 MHz, CDCl3) 6 7.55 (d, J= 8.0 Hz, 1H), 7.45 — 7.44 (m, 1H), 7.41 — 7.36 (m,

4H), 7.36 — 7.30 (m, 4H), 7.11 (d, J = 8.0 Hz, 1H), 6.56 (d, J = 8.0 Hz, 2H), 5.80 (s, 1H), 5.22

min, t3 = 17.59 min, t4 = 24.38 min;

(dd, J; = 12.0, J> = 24.0 Hz, 2H), 3.63 (s, 3H), 3.24 (s, 1H), 0.00 (s, 9H).

113.2,72.5, 69.5, 54.9,43.4,-1.0.

IR (film, cm™) :3279, 2956, 1735, 1306, 1248, 1221, 1173, 848, 755, 698,;

HRMS (ESI") m/z calcd for C26H2oNNaOsSSi* ([M]+Na*) = 518.1428, found 518.1430.

AU

AU

0.02-

0.00-

-0.02

>

T
8.00

T T T T T T
10.00

T T
12.00

R
14.00

T
16.00

T T
18.00

T T
20.00

T T T T T
22.00 24.00

T T
26.00

T
28.00

T
30.00

Minutes
Retention Time Area % Area
1 10.671 676406 22.94
2 14.685 677179 22.96
3 17.631 796829 27.02
4 24.475 798419 27.08
0.030
o.ozo—f
0.010—? § % g
0000~ A{K -vx’z\ {%WM
»0.010;
—o.ozo—f
0.00 2.60 4.‘00 6.4‘:)0 8.‘00 ' ‘10.‘00‘ ' ‘12.‘00‘ ' ‘14.‘00‘ ' ‘16.‘00‘ ' ‘18.‘00‘ ' ‘20.‘00‘ ' ‘22.‘00‘ ' ‘24.‘00‘ ' ‘26.‘00‘ ' ‘28,‘00‘ ' 50.00
Minutes
Retention Time Area % Area
1 10.637 68254 5.88
2 14.576 949378 81.81
3 17.585 34601 2.98
4 24.376 108267 9.33
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benzyl 3-((4-fluorophenyl)(trimethylsilyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3-

carboxylate 1,1-dioxide(3n)
0o Colorless oil, 44.9 mg, 93% yield, 96% ee, 86:14 dr, [a]p** = -56.7 (¢ = 0.60, CH,Cl,); SFC

W,

Chiralcel OX-3, CO2/MeOH = 90/10, 1.5 mL/min, A = 220 nm, t; = 6.14 min, t; = 7.29 min,
t3=11.51 min, t4 = 13.34 min;

'H NMR (400 MHz, CDCl3) § 7.60 — 7.55 (m, 1H), 7.52 (t, J= 8.0 Hz, 2H), 7.40 — 7.35 (m,
4H), 7.33 — 7.30 (m, 3H), 7.14 — 7.08 (m, 1H), 6.87 — 6.82 (m, 1H), 6.77 — 6.72 (m, 1H), 5.85
(s, 1H), 5.23 (dd, J; = 12.0, J> = 20.0 Hz, 2H), 3.89 (s, 1H), 0.00 (s, 9H).

13C NMR (101 MHz, CDCl5) 6 171.1, 161.1 (d, J = 244.5 Hz), 139.7, 139.7, 136.3, 134.4, 133.8, 133.0, 132.8 (d, J
=3.3 Hz), 130.1, 129.0, 128.8, 128.7, 126.0, 121.1, 115.2 (d, J=21.3 Hz), 72.0, 69.7, 44.3, -1.1.

YF NMR (565 MHz, CDCl3) 6 -116.8. (s, 1F)

IR (film, cm™) :3279, 2957, 1735, 1307, 1222, 1220, 1166, 849, 755, 698;

HRMS (ESI") m/z calcd for CosHaFNNaO4SSit ([M]+Na*) = 506.1229, found 506.1230.

0.08-

11.372
13.173

0.06-
2 0.04—

0.02+ L

0.00 I

L e L By s e e L e L e LA o s oy s
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00
Minutes

Retention Time Area % Area
1 6.109 1207385 23.06
2 7.269 1238600 23.66
3 11.372 1393905 26.62
4 13.173 1395782 26.66
0.10
0.00- ﬂ’w /T; /\ /T\
0.( 1.00 2.00 3.00 4.00 5.00 6.00 7.00 _— 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00
Retention Time Area % Area
1 6.142 59619 1.80
2 7.291 2687164 80.94
3 11.509 387532 11.67
4 13.335 185580 5.59
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benzyl

3-((4-chlorophenyl)(trimethylsilyl)methyl)-2,3-dihydrobenzo[d]isothiazole-3-

carboxylate 1,1-dioxide(30)

Qo

0

Colorless oil, 46.7 mg, 93% yield, 96% ee, 86:14 dr, [a]p** = -55.6 (¢ = 0.61, CH,Cl,); SFC
Chiralcel OX-3, CO2/MeOH =90/10, 1.5 mL/min, A =235 nm, t; =9.01 min, t, = 11.17 min,
t3 = 17.05 min, t4 = 20.64 min;

'H NMR (400 MHz, CDCl3) 6 7.56 (d, J= 8.0 Hz, 1H), 7.43 — 7.40 (m, 3H), 7.38 — 7.35 (m,
3H), 7.33 — 7.30 (m, 3H), 7.21 — 7.11 (m, 1H), 6.99 (d, J = 8.0 Hz, 2H), 5.83 (s, 1H), 5.22

(dd, J; = 12.0, J> = 24.0 Hz, 2H), 3.30 (s, 1H), 0.00 (s, 9H).

13C NMR (101 MHz, CDCl3) § 171.1, 136.3, 135.7, 134.3, 133.8, 133.1, 131.8, 130.1, 129.0, 128.8, 128.7, 128.1,

125.9,121.2,72.0, 69.7, 43.9, -1.1.

IR (film, cm™) :3278, 2956, 1736, 1308, 1251, 1220, 1169, 848, 755, 698;

HRMS (ESI*) m/z caled for CosHae’SCINNaO4SSi* ([M]+Na*) = 522.0933, found 522.0931.

HRMS (ESI") m/z caled for CosHoe®’CINNaO4SSi* ([M]+Na*) = 524.0904, found 524.0900
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Retention Time Area % Area
1 9.018 1386664 21.47
2 11.262 1408641 21.81
3 17.017 1817129 28.14
4 20.644 1845628 28.58

o.ooé‘(f N /\

Retention Time Area % Area
1 9.008 131729 1.69
2 11.174 6132089 78.55
3 17.048 556076 7.12
4 20.635 986582 12.64
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benzyl 3-((4-bromophenyl)(trimethylsilyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3-
carboxylate 1,1-dioxide(3p)

0 o) Colorless oil, 47.1 mg, 86% yield, 96% ee, 84:16 dr, [a]p** = -51.1 (¢ = 0.70, CH,Cl,); SFC

0

Chiralcel AD-3, CO2/MeOH = 90/10, 1.5 mL/min, A = 240 nm, t; = 4.53 min, t; = 5.25 min,
t3 = 6.03 min, t4 = 8.54 min;

'"H NMR (600 MHz, CDCl3) 6 7.56 (d, J= 6.0 Hz, 1H), 7.43 — 7.40 (m, 2H), 7.38 — 7.35 (m,
4H), 7.32 (s, 3H), 7.14 (d, J = 6.0 Hz, 2H), 7.08 (d, J = 6.0 Hz, 1H), 5.85 (s, 1H), 5.23 (dd,
J1=12.0,J>=36.0 Hz, 2H) 3.29 (s, 1H), 0.00 (s, 9H).

13C NMR (101 MHz, CDCl3) 6 172.2, 137.4, 137.4, 135.5, 135.0, 134.3, 132.1, 131.3, 130.2, 123.0, 129.8, 127.1,
122.3,121.1, 73.1, 70.8, 45.0, 0.0.

IR (film, cm™) :3276, 2956, 1735, 1307, 1250, 1218, 1169, 847, 755, 698;

HRMS (ESI") m/z caled for CosHz6”’BrNNaQ4SSi*™ ((M]+Na®) = 566.0428, found 566.0428.

HRMS (ESI") m/z caled for CosHae®'BrNNaO4SSit ([M]+Na®) = 568.0407, found 568.0399.
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4 8.541 873695 14.39
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benzyl 3-((2-fluorophenyl)(trimethylsilyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3-
carboxylate 1,1-dioxide(3q)

o) o Colorless oil, 22.1 mg, 46% yield, 86% ee, 83:17 dr, [a]p** = -42.4 (¢ = 0.29, CH,Cl,); SFC

%

Chiralcel OX-3, CO2/MeOH = 90/10, 1.5 mL/min, A = 220 nm, t; = 5.81 min, t; = 7.10 min,

t3=9.08 min, t4 = 11.21 min;

F IHNMR (400 MHz, CDCl3) 6 7.60 — 7.55 (m, 1H), 7.52 (t, J = 8.0 Hz, 2H), 7.41 — 7.34 (m,
4H), 7.33 — 7.30 (m, 3H), 7.14 — 7.08 (m, 1H), 6.86 — 6.82 (m, 1H), 6.77 — 6.72 (m, 1H), 5.85

(s, 1H), 5.23 (dd, J; = 12.0, J> = 20.0 Hz, 2H), 3.89 (s, 1H), 0.00 (s, 9H).

13C NMR (101 MHz, CDCls) 6 171.1, 139.7 (d, J = 7.4 Hz), 135.3 (d, J = 191.2 Hz), 133.8, 133.1, 130.1, 129.0,

128.8, 128.7, 125.9, 121.1, 112.9 (d, J = 20.6 Hz), 72.0, 69.7, 44.3, -1.1.

YF NMR (377 MHz, CDCl3) 6 -117.3. (s, 1F)

IR (film, cm™) :3281, 2958, 1736, 1308, 1262, 1222, 1166, 844, 734, 700;

HRMS (ESI") m/z calcd for CosHa6FNNaO4SSit ([M]+Na*) = 506.1229, found 506.1229.

) s e By By B e e B B . Bt s B s B By B
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00

Minutes
Retention Time Area % Area
1 5.861 369595 26.03
2 7.152 369302 26.01
3 9.145 346008 24.37
4 11.268 334968 23.59
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3 9.084 115520 8.71
4 11.212 174458 13.15
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benzyl 3-((3-fluorophenyl)(trimethylsilyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3-
carboxylate 1,1-dioxide(3r)

Colorless oil, 33.1 mg, 68% yield, 89% ee, 82:18 dr, [a]p?® = -23.4 (¢ = 0.53, CH2Cl,); SFC
Chiralcel AD-3, CO2/MeOH = 92/8, 1.5 mL/min, A =220 nm, t; = 3.50 min, t; = 4.12 min, t3
=4.87 min, t4 = 6.85 min;

'H NMR (400 MHz, CDCls) 6 7.55 (d, J = 8.0 Hz, 1H), 7.43-7.38 (m, 2H), 7.37 — 7.35 (m,

3H), 7.33 - 7.31 (m, 3H), 7.11 — 7.09 (m, 1H), 6.99 — 6.86 (m, 2H), 6.64 — 6.60 (m, 1H), 5.83
(s, 1H), 5.21 (dd, J; = 12.0, J, = 24.0 Hz, 2H), 3.29 (s, 1H), 0.00 (s, 9H);

13C NMR (101 MHz, CDCls) 6 171.0, 137.9 (d,J = 336.8 Hz), 133.8, 133.1, 130.1, 129.1, 128.8, 128.7, 125.9, 121.2,
72.0, 69.7, 4.3, -1.10;

19F NMR (565 MHz, CDCls) 6 -112.2. (s, 1F)

IR (film, cm™') :3278, 2957, 1735, 1308, 1250, 1220, 1170, 823, 755, 701;

HRMS (ESI") m/z calcd for CosHa6FNNaO4SSit ([M]+Na*) = 506.1229, found 506.1229.
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benzyl 3-((3-bromophenyl)(trimethylsilyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3-
carboxylate 1,1-dioxide(3s)

o) o Colorless oil, 27.1 mg, 50% yield, 83% ee/32%, 78:22 dr, [a]p?* =-35.9 (¢ = 0.42, CH:CL,);

19

HPLC Daicel chiralcel IF, n-hexane/i-PrOH 93/7, 1.0 mL/min, A = 220 nm, t; = 30.79 min,
t2 =35.09 min, t3 = 37.15 min, t4 = 43.12 min;

'H NMR (400 MHz, CDCl3) 6 7.55 (d, J= 8.0 Hz, 1H), 7.42 — 7.41 (m, 2H), 7.38 — 7.34 (m,
SH), 7.32 —7.29 (m, 3H), 7.06 (d, /= 8.0 Hz, 1H), 6.88 (t, /= 8.0 Hz, 1H), 5.83 (s, 1H), 5.21
(dd, J; =12.0, J> = 24.0 Hz, 2H), 3.24 (s, 1H), 0.00 (s, 9H).

13C NMR (101 MHz, CDCl5) ¢ 171.0, 139.6, 136.2, 133.8, 133.1, 130.1, 129.1, 128.8, 128.7, 125.9, 121.2, 72.0,
69.7,44.3, -1.1.

IR (film, cm™) :3276, 2956, 1735, 1308, 1251, 1221, 1169, 845, 755, 696;

HRMS (ESI") m/z caled for CosHz6”’BrNNaQ4SSi*™ ((M]+Na®) = 566.0428, found 566.0428.

HRMS (ESI") m/z caled for CosHae®'BrNNaO4SSit ([M]+Na®) = 568.0407, found 568.0399.
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benzyl

3-(naphthalen-2-yl(trimethylsilyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3-

carboxylate 1,1-dioxide(3t)

Q0
S

White amorphous solid, 26.3mg, 51% yield, 94% ee, 83:17 dr, m.p. 76-78 °C. [a]p*’ = -44.6
(¢ = 0.66, CH2Cly); HPLC Daicel chiralcel ADH, n-hexane/i-PrOH 95/5, 1.0 mL/min, A =
220 nm, t; = 25.49 min, t, = 37.13 min, t3 = 43.81 min, t4 = 48.08 min;

'H NMR (400 MHz, CDCl3) 6 7.69 — 7.61 (m, 2H), 7.58 (d, J = 6.0 Hz, 1H), 7.48 — 7.44 (m,
4H), 7.37 - 7.36 (m, 3H), 7.33 - 7.31 (m, 2H), 7.30 — 7.25 (m, 3H), 7.20 — 7.17 (m, 1H), 5.88

(s, 1H), 5.22 (dd, J; = 8.0, J>=16.0 Hz, 2H), 3.48 (s, 1H), 0.00 (s, 9H).

13C NMR (101 MHz, CDCl3) § 171.4, 136.6, 134.9, 134.4, 134.0, 132.9, 131.7, 129.9, 129.0, 128.8, 128.6, 125.6,

125.1, 121.0, 72.4, 69.6, 44.4, -1.0.

IR (film, cm™) :3279, 2956, 1735, 1308, 1250, 1221, 1169, 843, 752, 698,;

HRMS (ESI") m/z calcd for C2oH2oNNaO4SSi* ([M]+Na*) = 538.1479, found 538.1479.
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benzyl 3-(naphthalen-2-ylmethyl)-2,3-dihydrobenzo[d]isothiazole-3-carboxylate 1,1-

dioxide(3t’)
Q\ 0 Colorless oil, 18.3 mg, 41% yield, 47% ee, [a]p*° = -9.2 (¢ = 0.34, CH:Cl»); SFC
O NH Chiralcel IB-3, CO2/MeOH = 90/10, 1.5 mL/min, A = 220 nm, t; = 10.85 min, t; =
BnO,C O 14.19 min;

IH NMR (600 MHz, CDCls) § 7.90 (d, J = 6.0Hz, 1H), 7.81 (d, J = 12.0 Hz, 2H),
7.77 - 7.68 (m, 4H), 7.64 — 7.61 (m, 1H), 7.49 — 7.46 (m, 2H), 7.39 — 7.36 (m, 2H), 7.32 (t, J = 6.0 Hz, 2H), 7.23
(d, J= 6.0 Hz, 2H), 5.62 (s, 1H), 5.15 (g, J = 12.0 Hz, 2H), 3.72 (d, J= 12.0 Hz, 1H), 3.34 (d, J = 12.0 Hz, 1H).
13C NMR (151 MHz, CDCls) § 168.9, 138.0, 135.5, 133.9, 133.5, 133.2, 132.7, 131.8, 130.7, 129.4, 129.0, 128.8,
128.8, 128.28, 128.0, 127.8, 127.6, 126.1, 126.0, 125.1, 121.6, 69.8, 69.2, 46.3.
IR (film, cm) : 3288, 2928, 1738, 1304, 1168, 1222, 1186, 898, 754, 698;

HRMS (ESI") m/z caled for Co6H2i1NNaO4S™ ([M]+Na*) = 466.1084, found 466.1077.
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benzyl  3-(phenyl(triethylsilyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3-carboxylate  1,1-
dioxide(3u)

Colorless oil, 29.5 mg, 58% yield, 94% ee, 92:8 dr, [a]p® = -31.5 (¢ = 0.47, CH,Cl,); SFC
Chiralcel ID-3, CO2/MeOH = 95/5, 1.5 mL/min, A =211 nm, t; = 17.78 min, t, = 18.87 min,
t3=26.33 min, t4 = 32.58 min;

'"H NMR (600 MHz, CDCls) 6 7.53 (d, J= 6.0 Hz, 1H), 7.42 (d, J=12.0 Hz, 1H), 7.39 — 7.36

(m, 4H), 7.35 — 7.29 (m, 4H), 7.23 — 7.19 (m, 1H), 7.00 (s, 2H), 6.93 — 6.90 (m, 1H), 5.79 (s,
1H), 5.23 (dd, J; = 12.0, J> = 42.0 Hz, 2H), 3.45 (s, 1H), 0.86 (t, ] = 12.0 Hz, 9H), 0.56 — 0.49 (m, 6H).
13C NMR (150 MHz, CDCL3) § 171.4, 137.2, 136.7, 134.4, 133.9, 132.8, 129.8, 129.0, 128.8, 128.7, 126.3, 125.8,
120.9, 72.3, 69.6, 41.6, 7.5, 3.3.
IR (film, em™") :3283, 3030, 2954, 2877, 1735, 1309, 1219, 1170, 809, 754, 705;

HRMS (ESI") m/z calcd for C2sH33NNaO4SSi* ([M]+Na*) = 530.1792, found 530.1792.
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benzyl 3-((tert-butyldimethylsilyl)(phenyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3-
carboxylate 1,1-dioxide(3v)

Colorless oil, 34.5 mg, 68% yield, 96% ee, 92:8 dr, [a]p® = -73.5 (¢ = 0.59, CH,Cl,); SFC
Chiralcel OZ-3, CO2/MeOH = 95/5, 1.0 mL/min, A = 220 nm, t; = 23.69 min, t; = 26.00 min,
t3 = 30.04 min, t4 = 35.47 min;

'"H NMR (400 MHz, CDCI13) § 7.47 (d, J= 8.0 Hz, 1H), 7.41 (d, J= 8.0 Hz, 1H), 7.37 — 7.32

(m, 6H), 7.27 — 7.24 (m, 2H), 6.98 (s, 2H), 6.90 — 6.86 (m, 2H), 5.80 (s, 1H), 5.21 (s, 2H),
3.59 (s, 1H), 0.63 (s, 9H), 0.22 (s, 3H), 0.00 (s, 3H).
13C NMR (101 MHz, CDCL) § 171.5, 137.4, 136.5, 134.4, 133.9, 132.7, 129.8, 129.0, 128.8, 128.7, 126.2, 126.1,
121.0, 73.3, 69.6, 40.4, 26.7, 17.7, -4.6, -4.8.
IR (film, em™") :3279, 3030, 2957, 2931, 2857, 1736, 1309, 1255, 1220, 1169, 828, 756, 705;

HRMS (ESI") m/z calcd for C2sH33NNaO4SSi* ([M]+Na*) = 530.1792, found 530.1792.
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benzyl (S)-3-((S)-((chloromethyl)dimethylsilyl)(phenyl)methyl)-2,3-
dihydrobenzo|d]isothiazole-3-carboxylate 1,1-dioxide(3w)
Colorless oil, 33.6 mg, 67% yield, 88% ee, 81:19 dr, [a]p*® = -36.2 (¢ = 0.39, CH,CL);
SFC Chiralcel 1G-3, CO2/MeOH = 93/7, 1.5 mL/min, A = 220 nm, t; = 14.74 min, t; =
~~Cl 17.19 min, t3 = 18.85 min, t4 = 21.60 min;

'"H NMR (400 MHz, CDCI13) 6 7.41 (dd, J; = 4.0, J> = 8.0 Hz, 1H), 7.27 — 7.17 (m, 9H),

7.11 — 7.08 (m, 1H), 6.90 — 6.87 (m, 2H), 6.81 (t, J = 4.0 Hz, 1H), 5.83 (s, 1H), 5.11 (s,
2H), 3.46 (s, 1H), 2.47 (dd, J; = 12.0, J> = 36.0 Hz, 2H), 0.01 (d, J = 12.0 Hz, 6H).
13C NMR (101 MHz, CDCLs) § 171.2, 136.2, 136.0, 134.5, 133.8, 133.0, 130.0, 129.0, 128.8, 128.7, 128.2, 126.4,
126.2, 121.0, 72.0, 69.8, 42.0, 29.6, -4.1.
IR (film, em™") :3276, 3032, 2956, 2932, 2854, 1735, 1311, 1255, 1222, 1170, 816, 749, 700;
HRMS (ESI*) m/z caled for CasHae*SCINNaO4SSi* ([M]+Na*) = 522.0933, found 522.0935;

HRMS (ESI") m/z caled for CosHoe*’CINNaO4SSi* ([M]+Na®) = 524.0904, found 524.0903.
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benzyl (S)-3-((S)-(dimethylsilyl)(phenyl)methyl)-2,3-dihydrobenzo|d]isothiazole-3-carboxylate

1,1-dioxide(3x)

min, t = 33.91 min, t3 = 40.66 min, t4 = 44.80 min;

Colorless oil, 25.2 mg, 56% yield, 80%/43% ee, 73:27 dr, [a]p?® = -58.4 (¢ = 0.25, CH,Cl,);

HPLC Daicel chiralcel IC, n-hexane/i-PrOH 90/10, 1.0 mL/min, A = 220 nm, t; = 29.81

'"H NMR (400 MHz, CDC13) 6 7.54 (dd, J; = 7.8, J> = 8.0 Hz, 2H), 7.45 — 7.33 (m, 8H),

7.16 (d, J= 8.0 Hz, 2H), 7.05 (1, J = 8.0 Hz, 2H), 5.89 (s, 1H), 5.26 (dd, J; = 12.0, J,= 16.0

Hz,, 2H), 4.06 — 4.02 (m, 1H), 3.30 (d, J = 4.0 Hz, 1H), 0.07 (d, /= 4.0 Hz, 3H), -0.00 (d, J = 4.0 Hz, 3H).

13C NMR (101 MHz, CDCl3) § 170.8, 137.7, 136.2, 136.0, 134.6, 134.1, 133.6, 133.0, 130.0, 129.0, 129.0, 128.7,

128.1, 126.3,125.9, 121.1, 72.3, 69.5, 42.8, -4.4, -4.7.

IR (film, cm™) :3276, 3035, 2955, 2929, 2855, 1733, 1305, 1259, 1222, 1172, 829, 757, 706;

HRMS (ESI") m/z calcd for C24H2sNNaO4SSi* ([M]+Na*) = 474.1166, found 474.1164.
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dibenzyl [3,3'-bibenzo|[d]isothiazole]-3,3'(2H,2'H)-dicarboxylate 1,1,1',1'-tetraoxide (4a)

TH NMR (400 MHz, DMSO-ds) J 9.24 (s, 2H), 7.89 — 7.87 (m, 2H), 7.68 — 7.66 (m, 2H),
7.54 —7.51 (m, 4H), 7.29 — 7.27 (m, 6H), 7.20 (dd, J; = 4.0 Hz, J, = 8.0 Hz, 4H), 5.14 —
5.08 (m, 4H).

13C NMR (101 MHz, DMSO-ds)  168.1, 135.8, 135.2, 133.0, 131.8, 131.3, 128.8, 128.7,

128.6,128.4, 128.2, 127.8, 121.2, 71.9, 68.5.

HRMS (ESI¥) m/z calced for C30H24N2NaOsS>™ ([M]+Na*) = 627.0867, found 627.0866.
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13. Copies of NMR spectra and CD spectra for the reaction substrates and products
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8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 20 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
oo Voo g
o D R L R =+
o 06 oo o e S O “
g ooeHmessy g
N =3\ Ve |
Parameter Value
1Title Lengl1-20220408-S-0—CL. L. L. 1r Cl 0
2Solvent oel3 n, O
3 Temperature 293.7 S\
4Number of Scans 256 /N
5 Spectrometer Freguency 150. 91
6 Nucleus 13C COZBH
1d
. - .
T T T T T T T T T T T T T
138 137 136 135 134 133 132 131 130 129 128 127 126
f1 (ppm)
T T T T T T T T T T T T T T
160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10
f1 (ppm)
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CF,
el
S\
Parameter Value N
Y,
1Title as=20211123-fenglili-Bn—CF3.1. 1. 1r
2 Solvent €bels
: ) . CO,Bn
3 Temperature 294.0
4Number of Scans 16 1e
5 Spectrometer Frequency 600. 17
6 Nucleus 1H
T T
=3 =3
S =1
T wl T ey T
7.55 7.50 745 7.40 7.35
f1 (ppm)
3 3
— —
T T T T T T
8.05 8.00 7.95 7.90 7.85 7.80
f1 (ppm) }
T 7 7 i
=3 o m [=3=} =3
S S o =R=) S
—_ - — ci o o
T T T T T T T T T T T T T T T T T T
9.0 85 8.0 7.5 7.0 6.5 6.0 55 50 4.5 40 35 3.0 25 20 15 1.0 0.5 0.0
f1 (ppm)
= o V0O mMmeOmInG =0 =m0
o . 0 (W = =0 W 6000 = OO = O 0
Q% R R R e R R R A ] i
L L EE LR EEEE R g
\ T \E———
CF,
el
Parameter Value S\
1Title Lengl1-20220408-5-0—CF3. L. L. 1r y N
2 Solvent €DC13
3 Temperature 293.5
hure = CO,Bn
4 Number of Scans 256
5 Spectrometer Freguency 150. 91 1e
6 Nucleus 13C
T T T T T T T
316 1315 131.4 131.3 131.% 131.1 131.0
fl (ppm)
T T T T T T
123.0 1225 122.0 1215 121.0 120
f1 (ppm)
T T T T T T T T T T T T T T
1283 128.1 127.9 127, 127.5 1273 127
f1 (ppm,
l I ], l d . sk
T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
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CF,
00O
7
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Parameter Value N
Y,
1Title as-20211123-fenglili-Bn—CF3.3. 1. 1r
2 Solvent CDC13
. _ CO,Bn
3 Temperature 294.1
4 Number of Scans 16 1e
5 Spectrometer Frequency 564. 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 T
10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)
N N R s ] =
S O~ oo - b
6 o8 o o e v
N Ne————"
F o
e
N
\
Y,
CO,Bn
1f
Parameter Value
1Title as-20220407-FLL-S-0-F. 9. 1. Ir
2 Solvent CpCls
3 Temperature 294.9
4 Number of Scans 16
5 Spectrometer Frequency 400. 18 & —
6 Nucleus 1H = 2
T T T T T T
82 8.1 8.0 7.9 7.8 77
1 (ppm)
JL A ANk J
S o v
=3 — o -
S =y =] )
— - k-1 o
T 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 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0 -0.5
f1 (ppm)
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e
N
Y,
CO,Bn
Parame ter Value 1f
1Title as-20220407-FLL-5-0-F. 10. 1. 1r
2 Solvent CnCls
3 Temperature 295.5
4 Number of Scans 512
5 Spectrometer Frequency 100. 63
6 Nucleus 13C
| |- AL
T T T T T T T T T
38 136 134 132 130 128 126 124 122
f1 (ppm)
L A . : .
T T T T T T T T T T T T T T T T
160 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
©
=
=]
F o
e
N
Y,
Parameter Value
1Title as—20220407-FLL-S-0-F. 11. 1. 1r COZB”
2 Solvent Chel3 1f
3 Temperature 295.2
4 Number of Scans 16
9 Spectrometer Frequency 376,55
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
0 10 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -22
f1 (ppm)
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Parameter Value Y
1Title as-20220407-FLL-5-Na. 13. 1. 1r
2 Solvent nels CO2Bn
3 Temperature 294.7
4 Number of Scans 16 19
5 Spectrometer Frequency 400. 18
6 Nucleus 1H
T T Tt —
g g S g
T T o T — T T o o
T T T T T T T T T
7.60 7.55 750 7.45 7.40 735 810 805 800 7.95 790 7.85 780 775 7.70
£1 (ppm) ‘ £1 (ppm)
i T TR A i
=3 =3 =3 E=N= —
S & S ISR-N= =)
— =1 i ISR i
T 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 55 5.0 4.5 4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0 -0.5
f1 (ppm)
a o SN MO ® YN0
w3 R e N R - R - ] =
[=3=1 FTYIT SRR R BT T -
gg R EEEEEEEEER g
P
Parameter Value S/
N
1Title Lengl1-20220408-5-Na. 1. 1. 1r Y N
2 Solvent CDCl3
‘ ’ 9293, 5
3 Temperature 293.5 COan
4 Number of Scans 256
5Spectrometer Frequency 150.91 1g
6 Nucleus 13C
T T T T T T T T T T T T T T
136 135 134 133 132 131 130 129 128 127 126 125 124 12
f1 (ppm)
T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
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Smaooth (s):0

30
10
0

=
[t

-10
-20

(Gopuwl) wisiolayoic 1g2nodlD

230 240 250 280 270 ZBO 290 300
VwWavelength (nmy)

220

3a

000 —

1€°€
8I'S
0T's
€S
sTs
€8°6
069
169
269
669
00°L
10°L
91'L
LUL
61°L
0T'L
€TL
vTL
LzL
8T'L 1
6TL1
0L 1
1€°L
1621
TeLA
TeL
PELA
SELA
9¢°L
9¢°L
LEL]
8¢L
[

=

1S°L

mw.n§
csL

Major isomer

=
0
£
1
2z
=
9
£
=

1

S1

3a

N

0.0

Value

Parameter

210414-0413

ngll-20

3 Tempers

4 Numb

320 3.15 3.10 3.05
1 (ppm)

3.25

3.35

Minor isomer

Major isomer

860

Anw&od

r1o'1
o0'g

Fooe

0

0

7.50 7.45 7.40 735 730 725 7.20 7.15

50 49 48 47 4.6 45

5.1

52

53

f1 (ppm)

f1 (ppm)

F00°1L

Fooc

-0.5

55 5.0 45 4.0 35 3.0 25 2.0 5 1.0 0.5
1 (ppm)

7.5 7.0 6.5 6.0

8.0

8.5
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SOT-— 3 Lo

3a
Smooth (s):0

6€ vy —

7569 — — Le
LreL—

f1 (ppm)

Value

127.5 127.0 126.5 126.0 125.5

f1{(ppm)

96°0C1
06°STI
L1°9TI
98°LTI
09°8CI
8L'8TI

96'8T1 —
og6z1 7
88°7E1 7
96°€€1 N
PEPEL

96°9¢1
c0°LEl

fengl1-20220409-biao. 1. 1. 1t

CDC13

293.4
51

Q
*

Parameter

T
140

H
g
&

4 Number of Scans

1Title
2 Solvent
3 Temperature
6 Nucleus

5

T
150

280

270

3b
64

250 260
Vivavelength (nm)

240

230

130.0 129.5 129.0 128.5 128,

10
0

_ ] =
— [ o
' ' 0

160
-40

(Bopuw) wsi1oaysi J1gnouars

"
T
170

YEILL — I




A OC 0O T OO TOL — > o o~ g
MARARRERER R R R e R ® N S
L O T O O N T N S O L NIV RNC RN R Vot en en T
et e ‘ ‘ |
(T r— —
- Major isomer
2 an
\ Minor isomer
6Nucleus 1 \
3b
T “Aﬂ4~
(o)) (=3
(%] (=}
T S T T T p—
330 325 320 3.15 3.10 3.05
f1 (ppm)
Major isomer
\ Minor isomer
L A
=) =)
Ve (=}
—_T T T T ey
3.8 3.7 3.6 3.5 34
f1 (ppm)
N J
SRS T I g g
eeaccee e e e =
N — = - — — N — [=))
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 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
% CYTmes T
2 53328%238 " ~ o -
= SSFmanSuo = a9 n =
= E2I0ANE8S o < < z
s cfeasndasas I 3 3
N2l
Parameter Value
1Title fengl1-20220224-8-3.4. 1. 1
2 Solvent CDhC13
3 Temperature 0.0
4 Number of Scans 256
5 Spectrometer Frequencyl00. 63
6 Nucleus 13C
3b
T T T T T T T T T
140 139 138 137 136 135 134 133 132
1 (ppm)
T T T T T T
131 130 129 128 127 126
1 (ppm)
. ||“l l“ | (W
T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1
f1 (ppm)
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Smooth (=)0

(BoapLl) wusiouyodig Jejnoaly

Vvavelength (nm)

3c

00°0-—

LTEY
81% 1

€T
ST
9T
6TY
€%
6L°S
ow‘j
8891
0691
969 1
L6791
6691
YL
LT°LA
1TLY
€T LA
YTLY
9T L
8T L
SELA

om.v:/

——

W

LE LN

65Lf

Sv'L
'L
LY'L
8Y'L

0112022022484, 5. 1. 1

e

1Title

Major isomer

ety

Minor isomer

1

0.0

00

3.20

f1 (ppm)

3.30

3.40

Major isomer

Minor isomer

L6

To._‘

40!

61

AL
(=3
(=}
[\

4.6454443424.1403938373.6

7.507.457.407.357.307.257.207.157.10

f1 (ppm)

f1 (ppm)

A

I

k68

ko€

Foo'1

oz

ot

10°1
%ﬁo.w
60

160

0°[
<01
6’1

-1.5

-1.0

-0.5

45 40 35 30 25 20 15 1.0 05
1 (ppm)

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5
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w0 —

06°€l —

o'ty —

18°¢9 —

€TL—

T6'021
88'sT1 N
80921 /
PRLTI
08'671 ~
T6TEL
0£pEl —
98°9€1 ~
orcer”

€V ILL —

Value

Parameter

fengl1-20220224-8-4. 4. 1.

cnel3
0.0

1Title

2 Solvent

3 Temperature

E

5 Spectrometer Frequencyl00. 63

13C

6Nucleus

138 136 134 132 130 128 126 124 122 120

140

f1 (ppm)

f1 (ppm)

Smooth (s):0

(Bopuw) ws1ouayoi] g nodi

280

260

Wavelength (nm)

3d
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ANOXT-OVTA—=0O0ON—0O XN —=AqTTANO R — 0> o I3e) =3
LT nnnnAN— 9990l n == N N <
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[ 5 T S O S S S S S S SR R M|

AT T

Major isomer

Parameter Value
1Title fengl1-20220224-8-6. 9. 1. 1r

vent cpe1s
0.0
ANumber of Scans 16 Minor isomer
5Spectrometer Frequi0f:yls
A
= P
— =)
= S
T T ™~ T T T T T
3.5 34 33 3.2 3.1 3.0 29 28
f1 (ppm)
Major isomer
Minor isomer
g £ L
S s g d 4 4 d 2
T ) T T T T T LRl R ql ol ol ——
2.6 2.5 2.4 2.3 22 2.1 2.0 7.4 73 72 7.1 7.0 6.9
f1 (ppm) f1 (ppm)
|l | . J
A AE s T 2T z P\ T
ceceeeee ) e e < ) <
— A AN — S —_— - o o
T T T T T T T T T T T T T T T T T T T
3.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1
f1 (ppm)
™~ XAV TT O~ —NOOAT T
) KNS ®oO™woh Mmoo o < ~ - ©
= NS T = D% RN S WD S @ N e S
~ TonmnmadAdadAA oo < — —
— PUSRASNARNARNIENARA IR IEM SRR SR SR A ~ © < I v
I N f—m————" Vo
Parameter Value
1Title Fensl1-20220224-8-6. 10. 1. 11
2Solvent cpcia
0.0
256
Spectrometer Frequk0@s63
6Nucleus 13¢
-
T T T
125
1 (ppm)
. “ 4' J “ l ) dhl I L
T T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1

1 (ppm)
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Smaoaoth (s)0

_- [} [}

(Bopuw) wsioldyoai g 1ge|nadiD

Vivavelength (nmj)

3e

000~ —

6T¢ —

D
I

Minor isomer

r .
5 !
g
=}
2
=
=}
2
=]
o
T
T
o >
E
T
= 8
]
a
S
)
L ©
W — .
250 s
§22%¢ 8=
3
b s
Y S w
Hl ¢ ©n 2
£ L3°5.
RN
© 55553
2355523
28 Ez2 g2
—AsZ038

W oo

f1 (ppm)

Major isomer

N

Minor isomer

@

e
20’1

H
To,m

101

107 o

e

L

o1~
0'Y]
§o0e

N

(N

Fai

N

[ ev

9l e

v

<

[ ev

F oo

&

©

v

=

e

o6

Toe

01
%C.N
H%_o.ﬁ

Fioc

01
0t
70T

f1 (ppm)
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Y0 1-—
60°'1C—

8Ly —

v 69 —
90°CL —

¥8°0CI

8L°STI /
L8°STI
S8'LTI /
6S5°8C1
LL'8TI W
°6'8C1
€8°¢Cl
Irvel
9€vel
SI'LEL
sSovl

IST1LT —

11

Je

Value

Parameter

fengl1-20220224—ya-m—me.

ITitle

cpc1s

2Solvent

134 133 131 130 129 128
f1 (ppm)

135

-10

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

180

f1 (ppm)

Smaooth (s)0

-10
-15
-20

Ly
(']
]

-30
-35
-40

{BapLu) wisioaysi] Jeinodiy

VWwavelength (nmy)

3f
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71

XL O~ NN MOOT T ND DL M O " = g
TETET T AANAN—~—~ = OSSN TR o — d
N N N N N N A S S V-V V-V VRN i e <
e g L
= (— Major isomer
Parameter Value \
1 Title . .
) Minor isomer
2 Solvent Cl 3
3 Temperature 294. 4
4 Number of Scans 16
5 Spectrometer Frequency 100. 18
6 Nucleus 1 —
—T —
5 o 3f
T T T T T T — T T T
325 3207 3.15 3.10 3.05 3.00 72.95 2.90 2.85
L. f1 (ppm)
Major isomer
Minor isomer
e A
s =] s Bl o il
T \_ T ‘\_ T = T T ° T T T : T ‘! = T T T O T
77 76 15 74 13 ﬂ72 71070 69 68 67 T T T T T 35 %4 as
(ppm) £1 (ppm)
e Y iy 2 g
2322 2 S S S
—Z 2w = - - *
T 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 2.5 2.0 L5 1.0 0.5 0.0 0.5 -1.0
f1 (ppm)
LAl =3 VW =0 FTXROWOVONnDNO0Y
T w2 SaeETead~dqAS Q ® ° a
— 8 < S OO S S %G NN e = < = —
Teg ITacocddddo-o¢ = CO 5
/NN N e A e
Paramotor Value
1 Title pdata/ 1
2 Solvent ccia
3 Temperature 294. 9
4 Numbor of Scans 256
5 Spectrometer Frequency — 100.63
6 Nuclous 13c
3f
" Ahrdi ool
T T T T T T T T
126 124 122 120 118 116 114 112
f1 (ppm)
T T T T T T T T T
144 142 140 138 136 134 132 130 128
f1 (ppm)
JoJ ) ‘ Ll 1 ﬁ ' ) . A
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



-103.78

-95

Circular Dichroism (mdeq)

T T
96 97 -98 -99 -100 -101 -102 -103 -104 -105 -106 -107 -1

f1 (ppm)

Smooth (s):0

220 230 240 250 260 270 280 2490 300 310 320
YWwavelength (nm)

3g

72

T
08 -109 -110 -111 -112 -113 -114 -115 -116 -
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mamaaaadd=3333 3R o &= a
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T ——— | SN |
Major isomer
Parameter Value \ Minor isomer
1Title as-20220225-FLL-ya-0-F. 9. L. 11
2Solvent cpC13
3 Temperature 0.0
4 Number of Scans 16
5Spectrometer Frequencyd00. 18
6 Nucleus 1H JL
—_— =
=3 1=
=t <
T T T T T
L. 35 34 33 32 3.1 3.0
Major isomer fl (ppm)
Minor isomer
—_—T
B B U S S A
oo (=3 =3 < S S =N =] =}
T T = T T T T = T T = T T “ & o = o o
T T T T T T T
54 53 52 5.1 5.0 4.9 4.8 4.7 4.6 4.5 7.5 7.4 7.3 7.2 7.1 7.0 6.9
f1 (ppm) f1 (ppm)
., J.“l N . A _J
T2 IITS iy T Z 3
e < < < <
MmN oA — (o] — (=]
T T T T T T T T T T T T T T T T T T 1
8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5 -1
f1 (ppm)
o RN R N R
S AR EEREE R El 2 B
S N ol 8wl 0% S NN — = OO ] = 5}
= croooooodadaddadadan - [N 3 5
N TSN [ |
Parameter Value
1Title as-20220225-FLL-ya-0-F. 10. 1. It
2Solvent cpe13
3 Temperature 0.0
4 Number of Scans 256
5Spectrometer Frequencyl00. 63
6Nucleus 13C
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
127 126 125 124 123 122 121 120 119 118 117 116 140 139 138 137 136 135 134 133 132 131 130 129 128
f1 (ppm) f1 (ppm)
™ ol .l ) || | l] u| | .
T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10 0
f1 (ppm)
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€ESIT-—

Value

Parameter

1. 1. 1r

as-20220225-FLL-ya-0-F.

CDC13

0.

1Title

2Solvent

Temperature

4Number of Scans

16

5

6.5

74
9F

Spectrometer Frequency3

5

1

6 Nucleus

-146 -148 -150

T T
-144

-132

-126 -128 -130

T
-124

-116 -118 -120

-106 -108 -110

-104

-84

-142

-140

-136 -138

-134

-122

-114

-112

-88 -90 -92 -94 -96 -98 -100 -102

-86

f1 (ppm)

Smooth (s):0

50
0
-50
-100
-150

(Bapw) wisioayoig J1enoadrd)

0

1

2

Wavelength (nm)

3h
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Major isomer
Parameter Value
1Title fengl1-20220224-8-7. 11. 1. 11 Minor isomer
2Solvent cpels
3 Te 0.0
4 Number of Scans 16
5Spectrometer Frequency400. 18
6Nucleus H )\
A s
S 8
T T T NS T =T T
Major isomer 3.6 35 34 3. 32 3.1 3.0 2.9
f1 (ppm)

Minor isomer
— e MM
<+

0.00

. 3 g (PO I S
T T T T T T T T T < < S < < < <
54 53 52 51 50 49 48 47 46 45 e e
f1 (ppm) 7.4 73 72 7.1 7.0 6.9
f1 (ppm)
A_l LA_M A ) D S, _U
PR vl iy T g I
Sceccecee o < < <
e == — S o - o
T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0 -0.5
£1 (ppm)
v M AON Y — %A ®
a AR XRMinS xS w0 <+ o
S R R N R A el N S
= RS adSNNNY = t =
=S\ \/ ‘
Parameter Value
1Title fengl1-20220224-8-7. 12. 1. 1t
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 256
5Spectrometer Frequencyl00. 63
6 Nucleus 13C
T T T T T T
129 128 127 126 125 124
£1 (ppm)
T T T T T T T T T T T
140 139 138 137 136 135 134 | 133 132 131 130
f1 (ppm)
I J’ I'l“ { ; .
T T T T T T T T T T T T T T T T T T T T
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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Smaooth ()0
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1
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-20
-25

(Goapuw) wsioayoig Jgnoaad

240 250 260 270 280 240
VWavelength (nm)
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we—

61°S
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€0°L
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1€°L
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€€°L
9€°L
LELA
8L
e
SvL

L T
€S°L

SS°L

9L

v9'L

o

Major isomer

.
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13
g
5

k]
=
e
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|

¢
°?
o L
Ef
G
]
]
g
H
S B
Q © S
22 8=
<
E
5 P
E g a
g S
- o v o
z ER
£ L 5°%°5 .
2 E L5 3
c 55582
228232
T2 EE8
te 5523
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Parameter Value
1Title 2s-20220224-F11-8-8. 5. 1. It
2Solvent cpe13
3 Temperature 0.0
4Number of Scans 256
5 Spe: equencyl 00. 63
6 Nucleus 13C
T T T T T T T
134 133 132 131 130 129 128
f1 (ppm)
I J\ W Lk A |
v "
T T T T T T T T T T T T T T T T T T T
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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w
Parameter Value
1Title as-20220224-f11-8-8. 6. 1. 1f
2Solvent cpels

3 Temperature

4 Number of Scans

5Spectrometer Frequency376. 55

6 Nucleus

0.0
16

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 T T T T T T T T T T
-58.3 -58.4 -58.5 -58.6 -58.7 -58.8 -58.9 -59.0 -59.1 -59.2 -59.3 -59.4 -59.5 -59.6 -59.7 -59.8 -59.9 -60.0 -60.1 -60.2 -60.3 -60.4 -60.5 -60.6 -60.7 -60.8 -60.9 -61.0 -61.1 -61.2 -61.3 -61.4 -61.5 -61

f1 (ppm)
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fengl1-20220322-ya-Na—cat

CDC13

1Title

2Solvent

294.6
16

5 Spectrometer Frequency400. 18

3 Temperature

4 Number of Scans

1H
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f1 (ppm)
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Major isomer éf,
|
‘\ NH
N
TMS
Pare - Minor isomer BnO,C
arameter Value
1Title fengl1-20220316-si-m-Me. 1. 1. 11
2Solvent CDC13
3 Temperature 293.3
4 Number of Scans 16 3k
5 Spectrometer Frequency400. 18
6Nucleus i [ —T
(=3 o
= o
T g T — 1 T T
2.4 23 22 2.1 2.0 1.9
fl (ppm)
Major isomer
\ Minor isomer
A
—T = 3
S 5 58333 s S
< T = T 1 T SR (\\‘ ff \N‘ T 1 T = T =
3.2 3.1 3.0 29 79 78 77 7.6 7.5 74 73 72 71 70 69 68 6.7
f1 (ppm) 1 (ppm)
d B
Z Z g Z oy
< < < < <
—_— o —_— o f=2)
T 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 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0. 0.5
f1 (ppm)
- — Ao oMY B @
= LI AEXAE T TN o S S S ~
= SS T oS SS oS q a 3
= EEINEAEERNSS8S oo < = =
T fgoguodddaadad 83 3 1] ;
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Parameter Value 1 /O
&
1Title fengl1-20220316-si-m-Me—C. 2. 1. It \
2 Solvent CDC13 \NH
3 Temperature 294. 2 TMS
4 Number of Scans 1024 Bnozc
5 Spectrometer Frequencyl00. 63
6 Nucleus 13C
3k
T T T T T T T T T T T
138 136 134 132 130 128 126 124 122 120 118
f1 (ppm)
. ik | 1.l I, .
T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10 0
f1 (ppm)
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Major isomer

Ml

E10'6
™~
o
o
Frozgre
<
e
<
e
Foip =
e
R
Fe o
£
Joort” 2
ol =
S.TMf'J To0'c
01[ :
o -
°
e
&
e
"
Fe
[ ]
- ‘# 001
oo
L&
b
o
LS
=
w 8
g Woo.;
S Feoc
= \ Fa 2
2 E
= L= =
Fior
\ k cm.\
[ 0T
| 01
0
10t

Eeo
oot

f1 (ppm)

81



00'1-—
80T —

€8¢y —

LY'69 —
LETL—

$6°0TT —
81°9CI
86°8TI
LL8TL —
+6°8CI

7
¥8°6C1
68°CEl
S9gel
86°¢€l

8TYEL
€esel
L9°9¢1

oV 1Ll —

_
o
. 3 o~
2 S
T
T
o <
R
= 0 LS
3
2
B ©
S
S re
)
Zw~ 3
= 200 .
- ) -
- ] ® 2
SIS r= g
g & =
o —
3 =)
o
z g
- . 8 Lo 4
5 v £ =
8 z =
g g L
E o & 8
8 2 I
= 5w 9 o
8 S35 g <
[ e ® g a —
£ fwn i 3 —
o 833583
S5 22862
SZEE ST i
-~ % 85235 Lo
ZasZ2az -
~ N T w o
©
L
—

0

0

T
140

T
150

T
160

T
170

f1 (ppm)

Smooth (s):0

-10
-15
-20

(GopLu) LUSsIoUUDI] Je NIl

230 240 250 260 270 280 240
Ywavelength (nm)

220

3m

82



-2 AR A A ARV E S Bl Al (=3 o n O~ o0 < (=3
BT I T Mm@, —n i 2 aqa8= & & 3
N N N N N N N N O GRS “ R o o =
w0
N Y e & \
\
Major isomer \NH
Parameter Value TS
1Title fengl1-20220421-23-3-3. 1. 1. It BnO,C
2Solvent cpe1s . .
3 Temperature 294.7 Minor isomer
4 Number of Scans 16
5 Spectrometer Frequencyd00. 18
6Nucleus 1H MeO
3m
— —
0 (=3
= S,
T T T T T T T
Major isomer 330 325 320 315 310 3.05  3.00
\ f1 (ppm)
Minor isomer
* 2 2 3 S S
p S S = < .
T T T T T T T T T T T T
5.3 5.2 5.1 5.0 4.9 4.8 4.7 4.6 750 745 740 735 730
1 (ppm) f1 (ppm)
22525 d T T 1
2Sc29 S S S S
— =t~ I - N 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 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
% = A RS o
A o Hadandcn=d b © © % o o
- [ O F iR KRS S ) N < “a S
= “ AhmmedldddaS p & & < o =
— — e —_ ~ o Lal A3 '
o
w0
S
\
NH
TMS
Parameter Value BnQZC
1Title fengl1-20220421-ST-p-MeO-CAT-C. L. L. 1F
2Solvent cpels
3 Temperature
4Number of Scans
5 Spectrometer Frequencyl00. 63 MeO
6Nucleus 13C 3m
T T T T T T T
131 130 129 128 127 126 125
f1 (ppm)
S L eemoetielimsmesmo ul
y Y W Ny A gy
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

83
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[ s U R pugp P R Jp R P

40

= = =
ozl ] -

(Gapuw) wsioayog 1enodr

Vwavelength (nm)

3n

000 —

6T —

Major isomer

=
0
g
19
R
=
19
£
b

|

Value

Parameter

ngl1-20220315-si-p-F.|1. 1. 1r

3T,

 Ov

2.9

3.0

34 33 32

3.5

3.6

f1 (ppm)

Major isomer

Minor isomer

20°¢

660

Fio 4
204
MotT|L
670

7.0

47 4.6 8.0

51 50 49 48
f1 (ppm)

53 52

54

f1 (ppm)

006

L Foo'1

Fioz

°0'C
6°0

10v
MNo.v
10°1

6°0

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

8.0
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Parameter Value
ITitle fongl1-20220315-si-p-F.[2. 1. 1r
2Solvent coeis
3 Temperature 291.7
4Number of Scans 256
5Spectrometer Frequksydl
6Nucleus 13¢
,J . ‘ t'iulj . U[L\
T T T T T T T T T T
137 136 135 134 133 132 131 130 129 128
f1 (ppm)
. “ i | ) i ) N
T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
~
=
f
Paramotor Value
1Title engll—20220315-si-—p-F.[3. 1. 1r
2Solvent “pe13
3Temperature 201.4
ANumber of Scans 16
5Spectrometer FrequE:yr2
6Nucleus 198

-92 -94 -96 -98

-100

-102

-104

T
-106

T
-108

T T
-110
f1 (ppm)
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Smaooth (s):0
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Major isomer

TMS

aat

BnO,C

Minor isomer

Value

Parameter

fengl1-20220315-si-p-Cl. 1. 1. It

CDC13
293. ¢

1Title

2Solvent

Cl
30

3 Temperature

4 Number of Scans

5Spectrometer Frequencyd00. 18

W 00+

1

6 Nucleus

1 (ppm)

Major isomer

Minor isomer

\

WS.N\m

TH:
&
Fe

°0'¢
10°¢
0°€-

WNO._
©

f1 (ppm)

f1 (ppm)

06

70T

H\_o._

mo.m

f1 (ppm)
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Value

Parameter

o
T
T
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i
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N
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1Title

2Solvent

3 Temperature

256

4 Number of Scans

5Spectrometer Frequencyl00. 63

13C

6Nucleus

f1 (ppm)

Ll |

™

I

.

-10

30 20 10

40

160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

170

Smuooth (s):0
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Vwavelength (nm)
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7.57

7.56
7.43
7.42
7.40
7.38
7.36
7.35
7.32
7.15
7.14
7.09
7.08
5.85
5.26
5.24
5.20
5.18
—3.29

|
i
|

Major isomer

\ Minor isomer
Parameter Value

e fengl1-20220315-si—p—Br. 1. 1. Ir
ver cpels
perature 290. 8

ANumber of Scans 16

0.00

6Nucleus 1 T T 3p
—_— =3
o (=}
T T w T =T T
3.5 3.4 3.3 3.2 3.1 3.0 29
— f1 (ppm)
Major isomer
\ Minor isomer
I Y
[3e] (=3 (=R S o
—_ XS — i ol o =
T T T = T T T = T T T T T T T T T T T T T T T
55 54 53 52 51 50 49 48 47 46 80797877 767574737271 7069 6.8
f1 (ppm) f1 (ppm)
T £y Y EY
< 2 < <
—_— — — (=)
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 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
1 (ppm)
<+ ToUD MmN =0 —W1mnQ
(o] FTOoFT AN~ XN O — Al o
I I O s B =R R NN B - *® < =4
= R R R R ge 9 =
T \
Parameter Value
1Title fengll-20220315-si-p-Br.[2. 1. 1r TS
2Solvent cpeis
3 Temperature 201.8
ANumber of Scans 256
5Spectrometer Froquksingl
6Nucleus 13
3p
..Jl‘ A JuleJ Wu‘“
T T T T T T T T
137 136 135 134 133 132 131 130
f1 (ppm)
A l\' ,M J A "
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)
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T T T
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3.9

4.0

f1 (ppm)
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Minor isomer
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(V¢

0l
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- F90°0

6.8 6.6
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2

7
1 (ppm)
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50 49 48 47 4.6 45

f1 (ppm)

54 53 52 5.1
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-0.5

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

8.0

f1 (ppm)
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L orice 45-20220816- feng—si-o-F-C. 1. |. 1r
2 selvent cocts
5 Spectrometer Frequenc¥00. 63
6 Nueleus 15¢
T T T
125 120 115
1 (ppm)
T T T T T T T T T T T T
140 139 138 137 136 135 134 133 132 131 130 129
1 (ppm)
A [ 1‘ j 1‘ o o |
T T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1
f1 (ppm)
<
“
~
ITivte 520220109 Fengl 1 i -0 1. 1. 11
ANumber of Scans 16
5Spectrometer Iroauiesss
6Nucleus 191
A 1 A |
T T T T T T T T T T T T T T T T T T T T T T
-97 -99 -101 -103 -105 -107 -109 -111 -113 -115 -117 -119 -121 -127 -12¢
f1 (ppm)
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Parameter Value
1Title as-20220316- feng—si-m-F-C. 1. 1. 1}
2Solvent cpel3
3 Temperature 294.3
4Number of Scans 256
5Spectrometer Frequencyl00. 63
6 Nucleus 13C
T T T T T T T
134 133 132 131 130 129 128
f1 (ppm)

N P crhedd J . —— ol .

A Y U L L L - NS WA Pl " v
T T T T T T T T T T T T T T T T T T
80 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)
=~ <
—
o <
— —
- =
T
Parameter Value

1 Title pdata/ 1

2 Solvent €DC13

3 Temperature 223, 0

1 Number of Scans 16

5 Spectrometer Frequeney — 564.72

6 Nucleus 1oF

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

f1 (ppm)
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\
NH
TMS
o BnO,C
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Parameter Value
1Title fengl1-20220330-SI-NA. 1. 1. 1}
2Solvent cne13
3 Temperature 292.7
4Number of Scans 16 3t
5Spectrometer Frequency600. 17
6 Nucleus 1H
[ e —
o o
& 3
T T " T T T T
Major isomer 37 3.6 3.5 3.4 33 3.2 3.1
\ f1 (ppm)
Minor isomer
—T — En
9 g 3
T T T T T T T T T T T T T T T 1
54 53 52 51 50 49 48 47 46 45 44 7.1 7.0 69 68 6.7
f1 (ppm)
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Rt T T J I
23533533 2 S S S
A= el — - o - N
T T T T T T T T T T T T T T T T T T
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3 Temperature 295.5
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T T T T T T T T T T T
131 130 129 128 127 126 125 124 123 122 121
1 (ppm)
T T T T T T
137 136 135 134 133 132
f1 (ppm)
T T T T T T T T T
74 73 72 71 70 69 68 67 66
f1 (ppm)
. ) ) Jonel J .
T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
fI (ppm)
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z
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3.5

3.6

Major isomer

f1 (ppm)

Minor isomer

|
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3.5 3.0 2.5
f1 (ppm)

4.0

4.5

6.0 5.5 5.0

6.5

7.0

7.5

3.0

97



3v
98

Vivavelength (nm)

| )
1
LTE—
oL — | o
=
0
LS £
5
E
- 2]
& Fa
=3
<
LS 1Y —
(=3
Il
=3
I
85°69 — = FR
TETL— —
(=3
- o
E
=3
&
(=3
LS
=3
L
— =3
— Fe
R o
i - =
26°0T1 § rd
T8'5TI i —
€£°971 5§ j | g
6L'8T1 g - £
86°8TI Zao 3 I T T S
08621~ flsedo 3 — 3 Fa
oLTel L B =
xx.mﬁ\ . 5 £ B —— -
6EYEl LS — “ FE
S9°9€1 £ re
61°LET - : _
(=3
T3 L v
=
[ — = = = = = = = =
= = = - = i o e 7
2
LETLL— — - (Bapuw) wisiolyosic] Jenoadls




7.48
7.46
7.42
7.40

%

DO TANONN T RO KOO~ o
NnANNNNnNANNNG G R R0 AN ‘n
BN NN N NSNS 666NN o
S\ | |
Major isomer
\ Minor isomer
Parametor Value
fongl1-20220405-TBS—cat.[1. 1. It
cpeis
. 294. 6
iNumber of Scans 16
5Spectrometer Frequi@:yls N
6Nucleus 1 T
)
< =
T T — T T dl
38 37 36 35 34 33
Major isomer f1 (ppm)
Minor isomer
T T T
)
] =3 =)
T AT T T T Y, T F T T
54 5352 51 50 49 48 47 6 45 4.4
f1 (ppm)
TE R Y 2 Y
e e ) < <
S~ oo S [ —
T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
f1 (ppm)
R RN R S
Ot oaenran A= F<A
I B I =Nl BN RN N 0
SARNANaNNAaS e
T \e——— (.
Parameter Value
1Title fongl1-20220405-TBS—cat.[2. 1. ir
2Solvent cpCl3
3 Temperature 295. 14
ANumber of Scans 256
5Spectrometer Frequkd@:6s
6Nucleus 130
J IL A.)L\‘ e UM
T T T T T T T T T
134 133 132 131, 130 129 128 127 126
f1 (ppm)
. ‘ u. A " N
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PN RARARASRATRATE I S T B A X
N ————— —rnior omer
\ Minor isomer
! pdata/ 1 .0
Solvent cpets X
3 Temporature 2042 NH
4 Seans 16 o
5 Spectrometer Frequency — 400. 18 iH
oo M BnO,C [~
o P O
~ =3 [=
st < —
T T T T T T - = T T
55 54 53 52 51 50 49 48 47 46 3x
o f1 (ppm)
Major isomer Major isomer
\ Minor isomer
\ \ Minor isomer
T [ /M\
3 8 \
A = % g
43 4 41 40 39 38 37 36 T T = — T
f1 (ppm) 3.5 3.4 33 3.2 3.1 3.0
f1 (ppm)
A i) I L Py Tz £
a3 o S o S S <
— 0 A (=] (o} (=] - oo
T 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 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1
1 (ppm)
ol SO~ O — 0 000000000 < —
© =8 =13 N Y oA~ o= N 0 0
S A S B R R e a = L]
= coofoooddaadaaaa 23 g T
T/ (——— Vo N
1 Title pdata/ 1
Solvent cocts Q0
3 Temperature 294. 7 s/’
4 Number of Scans 256 \NH
5 Spectrometer Freaueney  100.63 Sy
6 Nucleus 130 SiH
BnO,C ~
T T T T T T T T T 3x
129 128 127 126 125 124 123 122 121
f1 (ppm)
T T T T T T T T T
138 137 136 135 134 133 132 131 130
f1 (ppm)
n “]L I." || j. L \ l
T T T T T T T T T T T T T T T T T T T
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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7.89
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7.88
7.87
7.87
7.68
7.68
7.67
7.67
- 7.66

|
|

Parameter
1Title
2 Solvent
3 Temperature

4 Number of Scans

7.54
7.52
7.51
7.29
7.28
7.27
7.21
7.20
7.19
7.19

Value
fengl1-20220502-Z-DMSO0. 3. 1. 1
DMSO
294.8
16

5Spectrometer Frequency400. 18

6 Nucleus

Major isomer

b\

1H

Minor isomer

5.14
5.11
5.11
5.08

=3
S
T T T T ~ T
5.15 5.10 5.05 5.00 4.95 4.90
£l (ppm)
I S d T I
(=} oo oo =)
5 A=v9+ <
T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 2.5 1.0 0.5 0.0
£1 (ppm)
0 ST AN0WO N —~—0a 0O\
S R ANS R A®RN O~ R~ Qe
® VYN — — 00 00 00 0 00 B~ — a
2 cooooaddaadaa =8
Tee————= | (.
Parameter Value
1Title fengl1-20220502-Z-DMSO. 4. 1. 1r
2Solvent puISO
‘I Number of Scans 56
5Spectrometer Frequkdy63
6Nuclous 130
da
T T T T T T T T T
136 135 134 133 132 131 129.0 128.5 128.0
f1 (ppm) f1 (ppm)
‘ L AL \ L,
T T T T T T T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 20 10 0
f1 (ppm)
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