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General Information

The NMR spectra were recorded on a Bruker NMR spectrometers. Chemical shifts
(8) for *H NMR (400 Hz), *C NMR (100 Hz) were given in ppm. Data were reported
as follows: chemical shift, intergration, multiplicity (s = single, d = doublet, t = triplet,
g = quartet, br = broad, m = multiplet) and coupling constants (Hz). High resolution
mass spectra (HRMS) were recorded on a Bruker Daltonics maXis UHR-TOF MS.
Analytical high performance liquid chromatography (HPLC) was carried out on a
SHIMADZU equipment with a series of chiral columns. Melting points were
determined on a SGW X-4 microscope melting point apparatus and were uncorrected.
Optical rotations were measured on a Hanon P810 NEW instrument at 2 =589 nm.
Reactions were powered by magnetic stirrers. Flash column chromatography was
carried out on silica gel (300-400 mesh) using a forced flow of eluent. For TLC, silica
gel plates were used and visualized by fluorescence quenching under UV light.

The commercial available materials were purchased from Sigma-Aldrich®
Adamas-beta®, Energy Chemical® and Heowns®. Solvents for the kinetic resolution
reaction were treated by the standard methods. The synthesis of the para-quinone
methides (VI11) was according to our previous study?.

Figure Sla: The Addition Reaction of p-QMs Derived from Aldehydes
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Table S1: Solvent Optimization

solvent yield ee%
Tol 45% 86%
DCM 95% 7%
EtOAc 80% 16%
EtOH 99% 0%
Acetone 91% 4%
CH;CN 76% 3%

*All the reactions were carried out with 1a (0.1 mmol) in the presence of chiral catalyst (5 mol%) in
solvent (2.0 mL) at r.t. for 30 min. Yields of isolated products are given, and the ee value was
determined by HPLC analysis.



The Addition-Sn2 Reaction Circulation

K»CO3 (20 mol%)
TBAB (20 mol%)

Toluene (2 mL)

R =H, 5-Me, 5-Br, 6-Br

The thiophenol 2 (0.4 mmol) was added to a suspension of K2CO3z (0.02 mmol, 20
mol%) and tetrabutylammonium bromide (0.02 mmol, 20 mol%) in toluene (2 mL),
then the mixture was stirred for 10 min at surrounding temperature. The solution was
stirred sequentially for another 30 min at room temperature after the para-quinone
methides (0.1 mmol) was added. The final products 4 were obtained by flash column
chromatography (PE:EA = 5:1) as white solids. And the disulfides were repurified by
flash column chromatography (PE).
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To a solution of 3-aryl oxoindole (0.1 mmol) in CH3CN was added DDQ (0.2
mmol), and the mixture was stirred for 10 min at surrounding temperature. The para-
quinone methide product was obtained by flash column chromatography (PE:EA =10:1)
as dark red solid.
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The thiophenol (0.4 mmol) was added to a suspension of K>COs (0.02 mmol, 20
mol%) and tetrabutylammonium bromide (0.02 mmol, 20 mol%) in toluene (2 mL),
then the mixture was stirred for 10 min at surrounding temperature. The solution was
stirred sequentially for another 60 min at room temperature after the para-quinone
methides (0.1 mmol) were added. The final product was obtained by flash column
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chromatography (PE:EA = 20:1) as white solid.

4-((benzylthio)(4-fluorophenyl)methyl)-2,6-di-tert-butylphenol (X)
OH

®
A0

White soild, (m.p.: 81-83 °C); 42.5 mg, 98% vyield, R = 0.29 (PE); *H NMR (400
MHz, DMSO) & 7.38-7.34 (m, 2H), 7.28-7.26 (m, 2H), 7.24-7.23 (m, 1H), 7.12 (s, 2H),
7.01-6.97 (t, J = 8 Hz, 2H), 5.14 (s, 1H), 4.84 (s, 1H), 3.51 (s, 2H), 1.40 (s, 18H); 13C
NMR (100 MHz, CDCl3) 6 162.98, 160.54, 152.91, 138.07, 137.54, 137.51, 135.83,
131.11, 130.04, 129.96, 129.04, 128.39, 126.96, 125.00, 115.38, 115.16, 77.38, 77.06,

76.74,52.89, 36.76, 34.43, 30.31; HRMS (ESI) m/z calcd for CasHasFNaOS* [(M+Na)*]:
459.2128, found: 459.2199.

The Synthesis of Unsymmetrical Disulfides

K,CO3 (20 mol%)
+ R-SH TBAB (20 mol%) R'S-SR

Toluene

The thiophenol (0.2 mmol) was added to a suspension of K2COz (0.02 mmol, 20
mol%) and tetrabutylammonium bromide (0.02 mmol, 20 mol%) in toluene (2 mL),
then the mixture was stirred for 10 min at surrounding temperature. The solution was
stirred sequentially at room temperature after the compound 1 (0.1 mmol) was added
and determined by TLC. The final product was obtained by flash column
chromatography as white solid.

1-benzyl-2-(4-bromophenyl)disulfane (3a)

White solid (m.p.: 43-45 °C); 27.5 mg, 90% vyield, Rt = 0.65 (PE); *H NMR (400
MHz, CDCl3) & 7.38-7.35 (m, 2H), 7.27-7.24 (m, 7H), 3.93 (s, 2H); 3C NMR (100
MHz, CDCI3) 6 136.36, 131.86, 129.38, 129.20, 128.58, 127.65, 120.64, 43.42; HRMS
(ESI) m/z calcd for C13H11BrNaS,* [(M+Na)*]: 332.9378, found: 332.9349.



methyl N-(tert-butoxycarbonyl)-S-((4-fluorophenyl)thio)-L-cysteinate (3b)

F
CO,Me /@/
BocHN\\\K/S\S

Colourless oil; 18.2 mg, 50% vyield, Rt = 0.45 (PE/EA = 5:1); *H NMR (400 MHz,
CDCl3)  7.53-7.50 (m, 2H), 7.06-7.02 (t, J = 8 Hz, 2H), 5.29-5.27 (m, 1H), 4.65-4.61
(m, 1H), 3.75 (s, 3H), 3.23-3.12 (m, 2H), 1.45 (s, 9H); 3C NMR (100 MHz, CDCls)
6171.06, 163.81, 161.34, 154.96, 131.51, 116.43, 116.21, 80.29, 52.77, 52.67, 40.78,
28.29; HRMS (ESI) m/z calcd for CisH20FNNaO4S," [(M+Na)*]: 384.0710, found:
384.0640.

methyl N-(tert-butoxycarbonyl)-S-(phenylthio)-L-cysteinate (3c)

Br
CO,Me /@/
BocHN‘\‘k/S\S

White solid (m.p.: 50-52 °C); 24 mg, 57% yield, Rt = 0.45 (PE/EA =5:1); *H NMR
(400 MHz, CDCl3) & 7.47-7.45 (d, J = 8 Hz, 2H), 7.40-7.38 (d, J = 8 Hz, 2H), 5.28-
5.27 (m, 1H), 4.62-4.60 (m, 1H), 3.75 (s, 3H), 3.24-3.13 (m, 2H), 1.44 (s, 9H); 13C
NMR (100 MHz, CDCl3) 5 170.98, 132.19, 129.85, 121.42, 52.68, 40.96, 28.30; HRMS
(ESI) m/z calcd for C15sH20BrNNaO4S2™ [(M+Na)*]: 443.9909, found: 443.9898.

methyl N-(tert-butoxycarbonyl)-S-(phenylselanyl)-L-cysteinate (3d)

CO,Me @
BocHN\\\K/S\S

e

White solid (m.p.: 40-42 °C); 15.6 mg, 40% yield, Rf = 0.40 (PE/EA = 5:1); H
NMR (400 MHz, CDCls) 6 7.63-7.61 (d, J = 8 Hz, 2H), 7.35-7.29 (m, 3H), 5.28-5.26
(m, 1H), 4.63-4.59 (m, 1H), 3.74 (s, 3H), 3.37-3.24 (m, 2H), 1.44 (s, 9H); 3C NMR
(100 MHz, CDCl3) 6 171.10, 154.98, 130.71, 129.32, 127.92, 80.20, 53.60, 52.58, 40.17,
28.30; HRMS (ESI) m/z calcd for CisH21NNaO4S," [(M+Na)*]: 414.0249, found:
414.0200.

methyl N-(tert-butoxycarbonyl)-S-((2-(((3S,10R,13R)-10,13-dimethyl-17-((R)-6-
methylheptan-2-yl)-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
cyclopenta[a]phenanthren-3-yl)oxy)-2-oxoethyl)thio)-L-cysteinate (3e)

0
Meozc\_/\s,s\)l\o
lilHBoc
White solid (m.p.: 48-50 °C); 41.6 mg, 60% yield, Rf = 0.78 (PE/EA = 2:1); H
NMR (400 MHz, CDCls) § 5.43-5.38 (m, 2H), 4.71-4.60 (m, 2H), 3.7 (s, 3H), 3.47 (s,
2H), 3.25 (br, 2H), 2.36-2.34 (d, J = 8 Hz, 2H), 2.05 (s, 1H), 2.03-1.89 (m, 5H), 1.67-
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1.50 (m, 6H), 1.45 (s, 9H), 1.39-1.08 (m, 15H), 1.03 (s, 3H), 0.92-0.91 (d, J = 4 Hz,
3H), 0.87-0.85 (d, J = 8 Hz, 6H), 0.68 (s, 3H); 3C NMR (100 MHz, CDCl3) & 171.21,
168.79, 155.08, 139.32, 122.99, 80.27, 75.55, 60.43, 56.67, 56.11, 52.81, 52.68, 49.99,
42.31,41.69, 41.24,39.70, 39.52, 37.99, 36.94, 36.58, 36.18, 35.80, 31.90, 31.83, 30.22,
28.32, 28.25, 28.03, 27.67, 24.29, 23.83, 22.85, 22.59, 21.03, 19.33, 18.73, 14.23, 11.87;
HRMS (ESI) m/z calcd for C3sHssNNaOsS,* [(M+Na)*]: 716.3989, found: 716.3928.

methyl N-(tert-butoxycarbonyl)-S-(((13S)-13-methyl-17-oxo-
7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclopenta[a]phenanthren-3-yl)thio)-L-
cysteinate (3f)

0

COzMe

BocHN' Sg

White solid (m.p.: 85-87 °C); 29.6 mg, 57% yield, Rt = 0.43 (PE/EA = 2:1); H
NMR (400 MHz, CDCls) 6 7.31-7.29 (m, 1H), 7.27-7.26 (m, 2H), 5.36-5.34 (d, J =8
Hz, 1H), 4.66-4.61 (m, 1H), 3.76 (s, 3H), 3.23-3.12 (m, 2H), 2.94-2.92 (m, 2H), 2.55-
2.48 (dd, J =20 Hz, J=8 Hz, 1H), 2.42-2.39 (m, 1H), 2.29-1.96 (m, 5H), 1.87-1.84 (m,
2H), 1.67-1.52 (m, 4H), 1.45 (s, 9H), 0.92 (s, 3H); *C NMR (100 MHz, CDCls) &
171.19, 155.02, 139.63, 137.73, 133.50, 129.34, 126.35, 126.30, 80.25, 68.00, 52.82,
52.67,50.44, 47.95, 44.29, 40.74, 37.98, 35.86, 31.53, 29.35, 28.33, 26.35, 25.67, 25.63,
21.60, 13.84; HRMS (ESI) m/z calcd for C27H37NNaOsS,* [(M+Na)*]: 542.2005, found:
542.1978.

(2R,3R,4R,5R,6S)-2-(acetoxymethyl)-6-((phenylselanyl)thio)tetrahydro-2H-
pyran-3,4,5-triyl triacetate (39)
OAc

/%/S @
A AN
XC?O OAc Se

White solid (m.p.: 95-97 °C); 30.2 mg, 58% yield, R¢ = 0.37 (PE/EA = 2:1); H
NMR (400 MHz, CDCls) § 7.70-7.68 (m, 2H), 7.26 (br, 3H), 5.29-5.21 (m, 2H), 5.14-
5.10 (t, J =8 Hz, 1H), 4.63-4.61 (d, J = 8 Hz, 1H), 4.18-4.14 (dd, J = 12 Hz, J = 4 Hz,
1H), 4.10-4.07 (d, J = 12 Hz, 1H), 3.78-3.74 (m, 1H), 2.02-2.00 (m, 12H); 3C NMR
(100 MHz, CDClz3) 6 170.56, 170.19, 169.35, 169.21, 132.14, 131.38, 128.96, 127.99,
85.75, 76.03, 73.76, 70.72, 68.07, 61.99, 20.65, 20.61, 20.57; HRMS (ESI) m/z calcd
for C20H24NaOgeSSe* [(M+Na)*]: 543.0198, found: 543.0161.

(2R,3R,4R,5R,6S)-2-(acetoxymethyl)-6-(((R)-2-((tert-butoxycarbonyl)amino)-3-
methoxy-3-oxopropyl)disulfanyl)tetrahydro-2H-pyran-3,4,5-triyl triacetate (3h)



OAc

)

S\
’hco” A ST\ +COOMe

BocHN

White solid (m.p.: 125-127 °C); 37.0 mg, 62% yield, Rf = 0.24 (PE/EA = 2:1); H
NMR (400 MHz, CDCls) & 5.35-5.33 (d, J = 8 Hz, 1H), 5.31-5.24 (m, 2H), 5.16-5.12
(t, J = 8 Hz, 1H), 4.71-4.66 (m, 1H), 4.59-4.57 (d, J = 8 Hz, 1H), 4.31-4.26 (m, 1H),
4.18-4.15 (m, 1H), 3.82-3.79 (br, 1H), 3.77 (s, 3H), 3.34-3.29 (dd, J =16 Hz, J = 4
Hz,1H), 3.08-3.03 (dd, J = 12 Hz, J = 8 Hz,1H), 2.09 (s, 3H), 2.05 (s, 3H), 2.04 (s, 3H),
2.02 (s, 3H), 1.46 (s, 9H); *C NMR (100 MHz, CDCls) § 171.40, 170.63, 170.20,
169.40, 169.17, 155.05, 87.88, 80.27, 76.14, 73.79, 68.88, 67.84, 61.96, 52.91, 52.65,
42.62, 28.31, 20.68, 20.64, 20.62; HRMS (ESI) m/z calcd for Cz3H3zsNNaO13S,*
[(M+Na)*]: 620.1442, found: 620.1423.

The Synthesis of Chiral Catalysts

The preparation of chiral catalysts referred to the foregone literatures?.

R! Boc,0, Et3N  R! 1 o R
j/\OH 3 j/\OH MsCl, EtsN RY\OMS K*P"Phy in THF j/\Pth
NH, CHZCl NHBoc CHLCl NHBoc THF NHBoc

~NCO F o R
1 | —
CF3COOH Rj/\Pth RZO REg NJLN/K/Pth
HoH

CH,Cl, NH,

R' = Bn, 'Bu, ‘Bu, Ph; R? = 4-NO,, 4-CF,

(S)-1-(1-(diphenylphosphanyl)-3-phenylpropan-2-yl)-3-(4-nitrophenyl)urea (E)

O,N
(0] Bn
@NXNJ@%
H H

Bright yellow solid (m.p.: 61-63 °C); Rt = 0.47 (PE/EA = 2:1); [a]o?® = 6.73 (C
0.37, CHCls); *H NMR (400 MHz, CDCl3)  8.06-8.03 (d, J = 12 Hz, 2H), 7.56-7.28
(m, 14H), 7.24-7.22 (d, J = 8 Hz, 2H), 7.20-7.18 (d, J = 8 Hz, 1H), 7.15-7.13 (d, J = 8
Hz, 2H), 5.55-5.53 (d, J = 8 Hz, 1H), 4.22-4.19 (m, 1H), 3.03-2.93 (M, 2H), 2.44-2.39
(m, 1H), 2.26-2.20 (M, 1H); *C NMR (100 MHz, CDCls) & 153.88, 145.82, 141.74,
138.04,137.94, 137.59, 137.53, 137.42,132.87,132.77,132.68, 132.58, 129.47, 128.97,
128.83, 128.69, 128.66, 128.62, 128.59, 128.53, 126.69, 125.23, 117.66, 49.89, 42.06,
33.75; 3P NMR (163 MHz, CDCls) & -23.87; HRMS (ESI) m/z calcd for
CasH26N3NaOsP* [(M+Na)*]: 506.1604, found: 506.1666.

(S)-1-(1-(diphenylphosphanyl)-3-phenylpropan-2-yl)-3-(4-
7



(trifluoromethyl)phenyl)urea (F)

F3C\© O Bn
HJLHJ\/PPhZ

White solid (m.p.: 52-54 °C); Rt = 0.64 (PE/EA = 2:1); [a]o?*" = 11.9 (c 0.44,
CHCls3); 'H NMR (400 MHz, CDCl3) & 7.35-7.30 (m, 4H), 7.28-7.18 (m, 9H), 7.16-
7.14 (m, 5H), 7.07-7.05 (d, J = 8 Hz, 2H), 5.49-5.47 (d, J = 8 Hz, 1H), 4.14-4.11 (m,
1H), 2.91-2.84 (m, 2H), 2.34-2.30 (m, 1H), 2.17-2.12 (m, 1H); **C NMR (100 MHz,
CDCls) & 154.77, 142.01, 138.10, 137.99, 137.68, 137.65, 137.56, 132.89, 132.76,
132.70, 132.57, 129.46, 128.96, 128.82, 128.68, 128.61, 128.53, 126.67, 126.25, 126.22,
126.18, 126.14, 125.03, 124.70, 124.38, 124.05, 122.90, 118.96, 49.93, 49.77, 42.16,
42.08, 33.89, 33.75, 29.74; *'P NMR (163 MHz, CDCls) § -24.01; *°F NMR (376 MHz,
CDCls) § -61.84; HRMS (ESI) m/z calcd for CagHasF3sN2NaO2P* [(M+Na)*]: 529.1627,
found: 529.1569.

(S)-1-(1-(diphenylphosphanyl)-3,3-dimethylbutan-2-yl)-3-(4-nitrophenyl)urea (G)

O,N

2 \©\ )OL\/E/
NN PPh,
H H

Bright yellow solid (m.p.: 79-81 °C); Rt = 0.50 (PE/EA = 2:1); [o]p?"t = 34.7 (c
0.37, CHCls); *H NMR (400 MHz, CDCls)  8.09 (s, 1H), 8.03-8.01 (d, J = 8 Hz, 2H),
7.50-7.48 (d, J = 8 Hz, 2H), 7.43-7.37 (m, 4H), 6.30-6.21 (m, 3H), 7.21-7.20 (m, 3H),
5.70-5.68 (d, J = 8 Hz, 1H), 3.89-3.82 (m, 1H), 2.47-2.44 (d, J = 12 Hz, 1H), 2.47-2.44
(d, J = 12 Hz, 1H), 2.04-1.98 (t, J = 12 Hz, 1H), 0.87 (s, 9H); 3C NMR (100 MHz,
CDCIz) 6 154.83, 146.55, 141.31, 138.92, 138.80, 138.31, 138.18, 133.01, 132.84,
132.82, 132.65, 128.92, 128.64, 128.57, 128.51, 128.45, 125.31, 117.74, 56.33, 35.84,
35.77, 31.22, 31.10, 26.28; 3P NMR (163 MHz, CDClIs) & -20.59; HRMS (ESI) m/z
calcd for CasHasNsNaOsP* [(M+Na)*]: 472.1760, found: 472.1725.

1-((2S,3S)-1-(diphenylphosphanyl)-3-methylpentan-2-yl)-3-(4-nitrophenyl)urea

(H)
OzN\@\Nibﬁ

HoHo ppp,

Bright yellow solid (m.p.: 66-68 °C); Rt = 0.50 (PE/EA = 2:1); [a]o?' = 7.9 (c
0.35, CHCl3); 'H NMR (400 MHz, CDCls) § 8.04-8.02 (m, 3H), 7.47-7.45 (d, J = 8 Hz,
1H), 7.41-7.35 (m, 4H), 7.30-7.28 (m, 3H), 7.24-7.23 (m, 3H), 5.77-5.75 (d, J = 8 Hz,
1H), 3.92 (br, 1H), 2.32-2.29 (d, J = 12 Hz, 1H), 2.09-2.03 (t, J = 12 Hz, 1H), 1.70 (br,
1H), 1.34-1.27 (m, 1H), 1.07-1.00 (m, 1H), 0.85-0.83 (d, J = 8 Hz, 3H), 0.77-0.73 (t, J
= 8 Hz, 3H); *C NMR (100 MHz, CDCls) 5154.47, 146.37, 141.41, 138.55, 138.43,
138.05, 137.92, 133.08, 132.89, 132.67, 132.48, 129.05, 128.68, 128.61, 128.56, 128.50,
125.33, 117.62, 52.43, 52.28, 39.71, 39.64, 31.09, 30.96, 25.24, 14.86; 3'P NMR (163

MHz, CDClz) & -22.57; HRMS (ESI) m/z calcd for C2sH2sN3NaOzP* [(M+Na)*]:
8



472.1760, found: 472.1711.
(S)-1-(2-(diphenylphosphanyl)-1-phenylethyl)-3-(4-nitrophenyl)urea (1)

O2N O Ph
L e,
H H

Bright yellow solid (m.p.: 90-92 °C); Rt = 0.43 (PE/EA = 2:1); [a]p?® = -51.0 (c
0.38, CHCIs); *H NMR (400 MHz, CDCls) § 8.02-8.00 (d, J = 8 Hz, 2H), 7.43 (br, 1H),
7.38-7.33 (m, 5H), 7.31-7.27 (m, 7H), 7.24-7.17 (m, 5H), 5.93-5.91 (t, J = 4 Hz, 1H),
4.92-4.85 (m, 1H), 2.54-2.52 (d, J = 8 Hz, 2H); *3C NMR (100 MHz, CDCls) & 153.76,
145.39, 142.59, 142.53, 142.00, 137.55, 137.44, 137.33, 137.21, 132.89, 132.82, 132.70,
132.63,129.11, 128.95, 128.88, 128.74, 128.68, 128.67, 128.61, 127.80, 126.00, 125.21,
117.79, 52.88, 52.72, 37.26, 37.10; 3'P NMR (163 MHz, CDCls) § -23.35; HRMS (ESI)
m/z calcd for Co7H24N3NaOsP™ [(M+Na)*]: 492.1447, found: 492.1391.

The Preparation of Racemic Compounds

PG

To a solution of triethylamine (0.01 mmol) in dichloromethane (2 mL) was added
thiol (0.4 mmol), and the mixture was stirred for 5 minutes, then the para-quinone
methides (0.2 mmol) was added. The solution was stirred at room temperature until
finished (determined by the color change), and the racemic compounds were purified
via flash column chromatography, dried under vacuum to afford the products 1 as white
solid.

General Procedures for the Asymmetric Kinetic Resolution

General Procedures for alkyl sulphide (GP 1)

R! OH cat (5 mol%), R1 OH
=S methyl acrylate =S 1
HS-R2 ———F——~ .R
X + Tol % + 9
(0] X
N

X
Z >N

Me Me

1 2 1 3 4



javascript:;

PPh, To a solution of the catalyst (5 mol%) in toluene (1.0 mL)

B”ﬁ) was added methyl acrylate (1 uL), and the mixture was stirred

Oy NH for 5 min at room temperature, and then the thiophenol 2 (0.2
ONH mmol) was added. The resulting mixture was vigorously stirred
O2N cat for 10 min at room temperature, after that, compound 1 (0.1

mmol) in 1 mL toluene was introduced and the solution kept
stirring at room temperature until half of 1 worked out. The crude product was purified
by flash column chromatography to afford the products 1°, 3 and 4.

General Procedures for aryl sulfide (GP 2)

t (5 mol%),

/©/ SH n::th(yl :c?'yla)te

Br Tol, -40 °C

1 2 1 3 4

PPh, To a solution of the catalyst (5 mol%) in toluene (1.0 mL)
B”ﬁ) was added methyl acrylate (1 uL), and the mixture was stirred
Oy NH for 5 min, and then the thiophenol 2 (0.2 mmol) was added. Then
ONH the resulting mixture was transferred to a cryogenic stirrer and
O2N cat stirred for 10 min at -40 °C, after that, compound 1 (0.1 mmol)

in 1 mL toluene was introduced and the solution kept stirring at
cryogenic surroundings until half of 1 worked out. The crude product was purified by
flash column chromatography to afford the products 1°, 3 and 4.

(S)-3-(benzylthio)-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-methylindolin-2-one
(1’a)

The product 1°a was prepared according to the GP 1. White solid (m.p.: 162-
164 °C); 15.6 mg, 44% yield, R = 0.50 (PE/EA = 5:1); [0]p?}" = -16.1 (¢ 0.41, CHClI5);
'H NMR (400 MHz, CDCl3) & 7.49 (s, 2H), 7.43-7.41 (d, J = 8 Hz, 1H), 7.32-7.28 (t, J
= 8 Hz, 1H), 7.21-7.08 (m, 6H), 6.84-6.82 (d, J = 8 Hz, 1H), 5.21 (s, 1H), 3.67-3.64 (d,
J =12 Hz, 1H), 3.56-3.53 (d, J = 12 Hz, 1H), 3.15 (s, 3H), 1.40 (s, 18H); *C NMR
(100 MHz, CDCls) 6 175.99, 153.60, 142.81, 136.61, 135.78, 130.04, 129.12, 128.84,
128.27, 126.98, 126.96, 125.52, 124.63, 122.76, 108.35, 58.54, 35.16, 34.56, 30.27,
26.51; HRMS (ESI) m/z calcd for CsoH3sNNaO.S™ [(M+Na)*]: 496.2281, found:
496.2235; Enantiomeric excess: 96%, determined by HPLC (Lux®5 um Cellulose-1,

hexane/i-PrOH 99:1, A = 254 nm, flow rate 0.9 mL/min; tmajor = 11.9 Min; tminor = 14.3
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min).

(S)-3-(benzylthio)-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-1,5-dimethylindolin-2-
one (1°b)

The product 1°b was prepared according to the GP 1. White solid (m.p.: 170-
172 °C); 20.5 mg, 42% yield, Ri = 0.48 (PE/EA = 5:1); [a]p?!® = -28.3 (¢ 0.43, CHCl5);
'H NMR (400 MHz, CDCls) & 7.52 (s, 2H), 7.23-7.16 (m, 4H), 7.13-7.10 (m, 3H), 6.75-
6.73 (d, J = 8 Hz, 1H), 5.24 (s, 1H), 3.73-3.70 (d, J = 12 Hz, 1H), 3.60-3.57 (d, J = 12
Hz, 1H), 3.17 (s, 3H), 2.36 (s, 3H), 1.44 (s, 18H); 3C NMR (100 MHz, CDCl3) § 175.97,
153.56, 140.39, 136.79, 135.76, 132.29, 130.09, 129.14, 129.11, 128.26, 127.10, 126.95,
126.22, 124.67, 108.07, 58.66, 35.12, 34.57, 30.29, 26.56, 21.24; HRMS (ESI) m/z
calcd for C31H3z7NNaO.S* [(M+Na)*]: 510.2437, found: 510.2364; Enantiomeric excess:
81%, determined by HPLC (Lux®5 pm Cellulose-1, hexane/i-PrOH 99:1, A = 254 nm,
flow rate 0.9 mL/min; tmajor = 10.1 MiN; tminor = 11.5 min).

(S)-3-(benzylthio)-5-bromo-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-
methylindolin-2-one (1°c)

The product 1°c was prepared according to the GP 1. White solid (m.p.: 157-
159 °C); 19.3 mg, 35% yield, Ri = 0.44 (PE/EA = 5:1); [0]p?%® = -21.7 (¢ 0.43, CHCl5);
'H NMR (400 MHz, CDClg) & 7.48-7.47 (d, J = 4 Hz, 1H), 7.43 (s, 2H), 7.41-7.38 (dd,
J=8Hz,J=4Hz, 1H), 7.22-7.13 (m, 3H), 7.11-7.09 (d, J = 8 Hz, 2H), 6.70-6.68 (d, J
= 8 Hz, 1H), 5.25 (s, 1H), 3.73-3.70 (d, J = 12 Hz, 1H), 3.59-3.56 (d, J = 12 Hz, 1H),
3.14 (s, 3H), 1.41 (s, 18H); 3C NMR (100 MHz, CDCl3) & 175.45, 153.81, 141.69,
136.30, 136.02, 132.23, 131.64, 129.07, 128.67, 128.34, 127.16, 126.26, 124.50, 115.37,
109.76, 58.53, 35.23, 34.59, 30.26, 26.63; HRMS (ESI) m/z calcd for
C30H34BrNNaO2S* [(M+Na)*]: 574.1386, found: 574.1285; Enantiomeric excess: 96%,
determined by HPLC (Lux®5 pum Cellulose-1, hexane/i-PrOH 99:1, A = 254 nm, flow
rate 0.5 mL/min; tmajor = 25.1 MiN; tminor = 26.3 min).

(S)-3-(benzylthio)-6-bromo-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-
methylindolin-2-one (1°d)
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The product 1°d was prepared according to the GP 1. White solid (m.p.: 144-
146 °C); 21.5 mg, 39% yield, R = 0.56 (PE/EA = 5:1); [a]p?}® = -49.4 (¢ 0.41, CHCl5);
'H NMR (400 MHz, CDCl3) § 7.44 (s, 2H), 7.26-7.14 (m, 5H), 7.09-7.07 (d, J = 8 Hz,
2H), 6.96 (s, 1H), 5.25 (s, 1H), 3.68-3.65 (d, J = 12 Hz, 1H), 3.56-3.53 (d, J = 12 Hz,
1H), 3.11 (s, 3H), 1.40 (s, 18H); *C NMR (100 MHz, CDCl3) § 175.78, 153.80, 144.07,
136.38, 135.99, 129.09, 128.35, 127.12, 126.83, 126.37, 125.57, 124.52, 122.46, 111.86,
58.28, 35.31, 34.61, 30.30, 26.65; HRMS (ESI) m/z calcd for CzoH3zsBrNNaO.S*
[(M+Na)*]: 574.1386, found: 574.1316; Enantiomeric excess: 95%, determined by
HPLC (Lux®5 pum Cellulose-1, hexane/i-PrOH 99:1, A = 254 nm, flow rate 0.9 mL/min;
tmajor = 10.3 MiN; tminor = 12.4 min).

(S)-3-((4-chlorobenzyl)thio)-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-
methylindolin-2-one (1’e)

The product 1°e was prepared according to the GP 1. White solid (m.p.: 102-
104 °C); 20.3 mg, 40% yield, R = 0.50 (PE/EA = 5:1); [0]p?}? = -69.9 (¢ 0.47, CHCl5);
'H NMR (400 MHz, CDCls) & 7.46 (s, 2H), 7.42-7.40 (d, J = 8 Hz, 1H), 7.33-7.29 (t, J
= 8 Hz, 1H), 7.15-7.13 (d, J = 8 Hz, 2H), 7.13-7.09 (t, J = 8 Hz, 1H), 7.01-6.99 (d, J =
8 Hz, 2H), 6.83-6.81 (d, J = 8 Hz, 1H), 5.73-5.62 (m, 1H), 5.22 (s, 1H), 3.63-3.54 (q, J
=12 Hz, 2H), 3.15 (s, 3H), 1.40 (s, 18H); 3C NMR (100 MHz, CDCls3) § 175.86, 153.65,
142.72,135.80, 135.36, 132.68, 130.43, 129.85, 128.92, 128.32, 126.81, 125.52, 124.60,
122.81, 108.40, 58.38, 34.55, 34.51, 30.25, 26.51; HRMS (ESI) m/z calcd for
C30H34CINNaO,S*™ [(M+Na)*]: 530.1891, found: 530.1821; Enantiomeric excess: 94%,
determined by HPLC (Lux®5 pum Cellulose-1, hexane/i-PrOH 99:1, A = 254 nm, flow
rate 0.9 mL/min; tmajor = 10.4 Min; tminor = 12.4 min).

(S)-3-((2-chlorobenzyl)thio)-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-
methylindolin-2-one (1°f)
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The product 1°f was prepared according to the GP 1. White solid (m.p.: 162-
164 °C); 22.8 mg, 45% yield, R = 0.52 (PE/EA = 5:1); [a]p?}® = -22.5 (¢ 0.45, CHCl5);
'H NMR (400 MHz, CDCls3) § 7.50 (s, 2H), 7.41-7.39 (d, J = 8 Hz, 1H), 7.30-7.26 (t, J
= 8 Hz, 1H), 7.24-7.22 (d, J = 8 Hz, 1H), 7.12-7.03 (m, 4H), 6.86-6.84 (d, J = 8 Hz,
1H), 5.20 (s, 1H), 3.82 (s, 2H), 3.26 (s, 3H), 1.40 (s, 18H); 3C NMR (100 MHz, CDCls)
0 175.90, 153.58, 142.53, 135.72, 134.86, 134.11, 131.42, 130.12, 129.34, 128.88,
128.34, 126.75, 126.59, 125.47, 124.75, 122.80, 108.37, 58.21, 34.54, 32.32, 30.27,
26.61; HRMS (ESI) m/z calcd for C3oH3CINNaO2S* [(M+Na)*]: 530.1891, found:
530.1793; Enantiomeric excess: 76%, determined by HPLC (Lux®5 um Cellulose-1,
hexane/i-PrOH 99:1, A = 254 nm, flow rate 0.5 mL/min; tmajor = 19.6 Min; tminor = 21.1
min).

(S)-3-(allylthio)-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-methylindolin-2-one
(1°9)

The product 1°g was prepared according to the GP 1. White solid (m.p.: 130-
132 °C); 16.1 mg, 38% vyield, R = 0.48 (PE/EA = 5:1); [a]o?* = 32.9 (c 0.55, CHClI5);
'H NMR (400 MHz, CDCls) & 7.46 (s, 2H), 7.45-7.43 (d, J = 8 Hz, 1H), 7.33-7.29 (td,
J=8Hz,J=1.2Hz, 1H), 7.15-7.11 (td, J = 8 Hz, J = 0.8 Hz, 1H), 6.86-6.84 (d, J = 8
Hz, 1H), 5.73-5.62 (m, 1H), 5.22 (s, 1H), 4.90-4.83 (m, 2H), 3.22 (s, 3H), 3.07-2.05 (m,
2H), 1.40 (s, 18H); 3C NMR (100 MHz, CDCl3) § 176.49, 153.63, 142.96, 135.73,
133.63, 130.09, 128.86, 126.99, 125.73, 124.68, 122.74, 117.14, 108.28, 58.19, 34.55,
34.09, 30.24, 26.50; HRMS (ESI) m/z calcd for C26H3sNNaO2S* [(M+Na)*]: 446.2124,
found: 446.2070; Enantiomeric excess: 86%, determined by HPLC (Lux® 5 pum
Cellulose-1, hexane/i-PrOH 99:1, A = 254 nm, flow rate 0.9 mL/min; tmajor = 14.2 min;
tminor = 16.1 min).

methyl N-(tert-butoxycarbonyl)-S-((S)-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-
methyl-2-oxoindolin-3-yl)-L-cysteinate (1’h)
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COzMe
NHBoc

The product 1°h was prepared according to the GP 1. White solid (m.p.: 88-90 °C);
17.5 mg, 30% yield, Rf= 0.51 (PE/EA = 2:1); [a]p®* = -11.6 (¢ 0.38, CHCIl3); *H NMR
(400 MHz, CDClIs) 6 7.42 (s, 2H), 7.38-7.36 (d, J = 8 Hz, 1H), 7.33-7.29 (t, J = 8 Hz,
1H), 7.13-7.09 (t, J = 8 Hz, 1H), 6.89-6.87 (d, J = 8 Hz, 1H), 5.28-5.24 (m, 2H), 4.32-
4.29 (m, 1H), 3.67 (s, 3H), 3.29 (s, 3H), 2.92-2.76 (m, 2H), 1.43 (s, 9H), 1.41 (s, 18H);
13C NMR (100 MHz, CDCl3) § 176.19, 171.33, 153.71, 142.52, 135.95, 130.09, 129.10,
126.38, 125.40, 124.64,122.94, 108.48, 79.99, 57.71, 52.76, 52.44, 34.54, 32.08, 30.22,
28.33, 26.66; HRMS (ESI) m/z calcd for C32H4sN2NaOeS™ [(M+Na)*]: 607.2812, found:
607.2733; Enantiomeric excess: >99%, determined by HPLC (Lux®5 pm Cellulose-1,
hexane/i-PrOH 95:5, A = 254 nm, flow rate 1 mL/Min; tmajor = 12.9 min; tminor = 11.0
min).

methyl (S)-2-((3-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-methyl-2-oxoindolin-3-
yl)thio)acetate (1°1)

The product 1’i was prepared according to the GP 1. White solid (m.p.: 151-
153 °C); 10 mg, 21% yield, Rf = 0.6 (PE/EA = 2:1); [a]o>>! = -9.83 (c 0.37, CHClI3); 1H
NMR (400 MHz, CDCls3) 5 7.48 (s, 2H), 7.46-7.44 (d, J = 8 Hz, 1H), 7.34-7.30 (t, J =
8 Hz, 1H), 7.14-7.10 (t, J = 8 Hz, 1H), 6.89-6.87 (d, J = 8 Hz, 1H), 5.26 (s, 1H), 3.53
(s, 3H), 3.29-3.25 (m, 4H), 3.18-3.15 (d, J = 12 Hz, 1H), 1.41 (s, 18H); 3C NMR (100
MHz, CDCls) 6 175.58, 169.85, 153.78, 142.94, 135.87, 129.35, 129.20, 126.16, 125.73,
124.76, 122.79, 108.53, 57.85, 52.33, 34.56, 32.73, 30.22, 26.62; HRMS (ESI) m/z
calcd for C26HzsNNaO4S* [(M+Na)*]: 478.2023, found: 478.1967; Enantiomeric excess:
98%, determined by HPLC (Lux®5 pm Cellulose-1, hexane/i-PrOH 99:1, A = 254 nm,
flow rate 0.9 mL/min; tmajor = 15.9 Min; tminor = 13.9 min).

(2R,3R,4R,5R,6S)-2-(acetoxymethyl)-6-(((S)-3-(3,5-di-tert-butyl-4-

hydroxyphenyl)-1-methyl-2-oxoindolin-3-yl)thio)tetrahydro-2H-pyran-3,4,5-triyl
triacetate (1°§)
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The product 1°j was prepared according to the GP 1. White solid (m.p.: 81-83 °C);
26.4 mg, 37% yield, Rf = 0.38 (PE/EA = 2:1); [a]p'232 = -9.7 (¢ 0.48, CHCl3); 'H NMR
(400 MHz, CDCls)  7.46-7.44 (m, 3H), 7.41-7.37 (t, J = 8 Hz, 1H), 7.21-7.17 (t, J =8
Hz, 1H), 6.91-6.89 (d, J = 8 Hz, 1H), 6.96 (s, 1H), 5.26 (s, 1H), 5.01-4.93 (m, 3H),
4.36-4.33 (d, J = 12 Hz, 1H), 4.18-4.14 (m, 1H), 3.75-3.71 (m. 1H), 3.23 (s, 3H), 3.07-
3.04 (m, 1H), 2.07 (s, 3H), 1.99 (s, 3H), 1.95 (s, 3H), 1.94 (s, 3H), 1.39 (s, 18H); *C
NMR (100 MHz, CDClz) 8 176.08, 170.62, 170.21, 169.21, 169.16, 153.87, 143.39,
135.82, 129.58, 128.08, 126.35, 126.22, 124.80, 122.76, 108.34, 82.73, 75.40, 73.87,
69.40, 68.27,61.81, 57.43, 34.58, 30.19, 26.65, 20.77, 20.72, 20.58, 20.52; HRMS (ESI)
m/z calcd for Cs7Ha7NNaO11S* [(M+Na)*]: 736.2762, found: 736.2691; Enantiomeric
excess: 99%, determined by HPLC (Lux®5 um Cellulose-1, hexane/i-PrOH 90:10, A =
254 nm, flow rate 1 mL/min; tmajor = 16.1 mMin; tminor = 10.0 min).

(S)-5-bromo-3-((4-bromophenyl)thio)-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-
methylindolin-2-one (1’k)

Br\©\
S

Br

The product 1°k was prepared according to the GP 2. Light red solid (m.p.: 178-
180 °C); 21.0 mg, 34% vyield, R = 0.33 (PE/EA = 10:1); H R- (400 MHz, CDCl3) §
7.66-7.65 (d, J =4 Hz, 1H), 7.50 (s, 2H), 7.37-7.34 (dd, J =8 Hz, J = 4 Hz 1H), 7.26-
7.24 (d, J =8 Hz, 2H), 7.03-7.01 (d, J = 8 Hz, 2H), 6.45-6.43 (d, J = 8 Hz, 1H), 5.31 (s,
1H), 2.85 (s, 3H), 1.43 (s, 18H); *C NMR (100 MHz, CDCl3) 6 174.57, 154.13, 141.79,
137.90, 135.99, 132.15, 131.62, 131.42, 129.28, 129.23, 124.94, 124.81, 124.58, 115.12,
109.59, 62.43, 34.61, 30.19, 26.26; HRMS (ESI) m/z calcd for Co9H31BroNNaO,S*
[(M+Na)*]: 638.0334, found: 638.0260; Enantiomeric excess: 94%, determined by
HPLC (Chiral ND, hexane/i-PrOH 98:2, A =254 nm, flow rate 0.8 mL/min; tmajor = 8.7
min; tminor = 10.9 min).

(S)-3-((4-bromophenyl)thio)-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-iodo-1-
methylindolin-2-one (1’1)
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The product 1’1 was prepared according to the GP 2. Light red solid (m.p.: 185-
187 °C); 25.2 mg, 38% vyield, Ri = 0.39 (PE/EA = 10:1); *H NMR (400 MHz, CDCl3) &
7.82 (s, 1H), 7.55-7.53 (d, J = 8 Hz, 1H), 7.49 (s, 2H), 7.26-7.24 (d, J = 8 Hz, 2H), 7.02-
7.00 (d, J = 8 Hz, 2H), 6.36-6.34 (d, J = 8 Hz, 1H), 5.31 (s, 1H), 2.84 (s, 3H), 1.43 (s,
18H); *C NMR (100 MHz, CDCls) § 174.38, 154.12, 142.47, 137.93, 137.51, 135.97,
135.00, 132.37, 131.41, 129.31, 124.99, 124.78, 124.58, 110.16, 84.67, 62.21, 34.62,
30.20, 26.21; HRMS (ESI) m/z calcd for Co9Hz1BrINNaO.S* [(M+Na)*]: 686.0196,
found: 686.0124; Enantiomeric excess: 94%, determined by HPLC (Chiral ND,
hexane/i-PrOH 98:2, A = 254 nm, flow rate 0.8 mL/min; tmajor = 9.1 MiN; tminor = 10.6
min).

(S)-3-((4-bromophenyl)thio)-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-(4-
methoxybenzyl)indolin-2-one (1°’m)

The product 1°’m was prepared according to the GP 2. Light red solid (m.p.: 72-
74 °C); 25.1 mg, 39% vyield, Rt = 0.60 (PE/EA = 5:1); 'H NMR (400 MHz, CDCls) &
7.61-7.59 (m, 1H), 7.56 (s, 2H), 7.17-7.12 (m, 4H), 7.05-7.02 (m, 2H), 6.81-6.76 (m,
4H),6.52-6.50 (m, 1H), 5.29 (s, 1H), 4.71-4.67 (d, J = 16 Hz, 1H), 4.49-4.45 (d, J = 16
Hz, 1H), 3.78 (s, 3H), 1.42 (s, 18H); *C NMR (100 MHz, CDCl3) § 175.08, 158.90,
153.96, 142.18, 137.92, 135.83, 131.58, 130.18, 129.82, 128.86, 128.44, 127.28, 126.30,
126.25, 125.05, 124.27, 122.57, 114.04, 109.44, 62.58, 55.32, 43.63, 34.64, 30.25;
HRMS (ESI) m/z calcd for C3sH3sBrNNaOsS™ [(M+Na)*]: 666.1648, found: 666.1621;
Enantiomeric excess: 94%, determined by HPLC (Chiral ND, hexane/i-PrOH 95:5, A =
254 nm, flow rate 1.0 mL/min; tmajor = 5.2 MiN; tminor = 16.7 min).

(S)-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-((4-fluorophenyl)thio)-1-
methylindolin-2-one (1°n)
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The product 1°n was prepared according to the GP 2. Light red solid (m.p.: 175-
177 °C); 20.0 mg, 42% yield, Rs = 0.34 (PE/EA = 10:1); 'H NMR (400 MHz, CDCls) &
7.57 (s, 2H), 7.57-7.55 (d, J = 8 Hz, 1H), 7.23-7.19 (t, J = 8 Hz, 1H), 7.17-7.7.13 (t, J
=8 Hz, 1H),7.12-7.08 (m, 2H), 6.77-6.73 (t, J = 8 Hz, 2H), 6.54-6.52 (d, J = 8 Hz, 1H),
5.27 (s, 1H), 2.85 (s, 3H), 1.42 (s, 18H); 3C NMR (100 MHz, CDCl3) § 175.15, 164.90,
162.41, 153.93, 142.86, 138.55, 138.47, 135.77,129.93, 128.77, 126.21, 126.01, 125.97,
125.51, 125.20, 122.57, 115.23, 115.02, 108.08, 62.64, 34.61, 30.25, 26.11; HRMS
(ESI) m/z calcd for Cy9HzFNNaO,S™ [(M+Na)"]: 500.2030, found: 500.2010;
Enantiomeric excess: 90%, determined by HPLC (Chiral ND, hexane/i-PrOH 98:2, A =
254 nm, flow rate 0.6 mL/min; tmajor = 8.7 MiN; tminor = 10.6 min).

(S)-3-((4-bromophenyl)thio)-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-
methylindolin-2-one (1’0)

The product 1’0 was prepared according to the GP 2. Light red solid (m.p.: 88-
90 °C); 21.5 mg, 40% yield, Rs = 0.23 (PE/EA = 10:1); *H NMR (400 MHz, CDCls) &
7.56 (s, 2H), 7.56-7.54 (d, J = 8 Hz, 1H), 7.25-7.21 (t, J = 8 Hz, 1H), 7.20-7.18 (d, J =
8 Hz, 2H), 7.17-7.13 (t, J = 8 Hz, 1H), 6.99-6.97 (d, J = 8 Hz, 2H), 6.57-6.55 (d, J = 8
Hz, 1H), 5.27 (s, 1H), 2.87 (s, 3H), 1.42 (s, 18H); *C NMR (100 MHz, CDCl3) § 175.05,
153.94, 142.87,137.84,135.79, 131.18, 129.86, 129.79, 128.86, 126.19, 125.48, 125.18,
124.22, 122.57, 108.16, 62.46, 34.59, 30.23, 26.14; HRMS (ESI) m/z calcd for
C29H32BrNNaO,S* [(M+Na)*]: 560.1229, found: 560.1206; Enantiomeric excess: 92%,
determined by HPLC (Chiral ND, hexane/i-PrOH 99:1, A = 254 nm, flow rate 0.9
mL/MIn; tmajor = 8.7 MIN; tminor = 14.0 min).

(S)-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-methyl-3-(p-tolylthio)indolin-2-one
(1’p)




The product 1°p was prepared according to the GP 2. Light red solid (m.p.: 72-
74 °C); 16.1 mg, 34% vyield, R = 0.26 (PE/EA = 10:1); *H NMR (400 MHz, CDCls) &
7.58 (s, 2H), 7.55-7.53 (d, J = 8 Hz, 1H), 7.20-7.13 (m, 2H), 7.00-6.98 (d, J = 8 Hz,
2H), 6.87-6.85 (d, J =8 Hz, 2H), 5.51-5.49 (d, J =8 Hz, 1H), 5.25 (s, 1H), 2.82 (s, 3H),
2.23 (s, 3H), 1.42 (s, 18H); C NMR (100 MHz, CDCl3) § 175.37, 153.80, 142.94,
139.48, 136.31, 135.63, 130.32, 128.78, 128.49, 127.10, 126.21, 125.90, 125.22, 122.39,
107.94, 62.47, 34.59, 30.26, 26.09, 21.26; HRMS (ESI) m/z calcd for C3oH3sNNaO»S*
[(M+Na)"]: 496.2281, found: 496.2252; Enantiomeric excess: 95%, determined by
HPLC (Chiral ND, hexane/i-PrOH 98:2, A = 254 nm, flow rate 0.8 mL/min; tmajor = 6.5
Min; tminor = 8.2 Min).

(S)-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-((4-ethylphenyl)thio)-1-
methylindolin-2-one (1°q)

The product 1°q was prepared according to the GP 2. Light red solid (m.p.: 144-
146 °C); 20.4 mg, 42% yield, Rf = 0.26 (PE/EA = 10:1); *H NMR (400 MHz, CDCls) &
7.59 (s, 2H), 7.55-7.53 (d, J = 8 Hz, 1H), 7.20-7.16 (t, J = 8 Hz, 1H), 7.15-7.11 (t, J =
8 Hz, 1H), 7.02-7.00 (d, J = 8 Hz, 2H), 6.89-6.87 (d, J = 8 Hz, 2H), 6.48-6.46 (d, J =8
Hz, 1H), 5.26 (s, 1H), 2.80 (s, 3H), 2.55-2.49 (q, J = 8 Hz, 2H), 1.42 (s, 18H), 1.14-
1.10 (t, J = 8 Hz, 3H); 3C NMR (100 MHz, CDCls) § 175.33, 153.81, 145.91, 142.94,
136.47, 135.64, 130.35, 128.50, 127.55, 127.33, 126.23, 125.87, 125.25, 122.41, 107.90,
62.52, 34.60, 30.27, 28.61, 26.06, 15.69; HRMS (ESI) m/z calcd for C31H37NNaO>S*
[(M+Na)*]: 510.2437, found: 510.2404; Enantiomeric excess: 86%, determined by
HPLC (Chiral ND, hexane/i-PrOH 99:1, A = 254 nm, flow rate 0.9 mL/min; tmajor = 8.9
min; tminor = 13.7 min).

(S)-3-((3-bromophenyl)thio)-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-

methylindolin-2-one (1°r)
Br

The product 1°r was prepared according to the GP 2. White solid (m.p.: 64-66 °C);
16.1 mg, 30% yield, R¢ = 0.23 (PE/EA = 10:1); *H NMR (400 MHz, CDCls) & 7.58 (s,
2H), 7.55-7.53 (d, J = 8 Hz, 1H), 7.34-7.32 (d, J = 8 Hz, 1H), 7.23-7.21 (t, J = 8 Hz,
1H), 720-7.19 (m, 1H), 7.19-7.15 (t, J = 8 Hz, 1H), 713-7.11 (d, J = 8 Hz, 1H), 6.97-

6.93 (d, J = 8 Hz, 1H), 5.29 (s, 1H), 2.89 (s, 3H), 1.42 (s, 18H); 13C NMR (100 MHz,
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CDCl3) & 175.07, 153.98, 142.86, 138.49, 135.80, 134.92, 132.79, 132.22, 129.59,
129.27, 128.96, 126.24, 125.30, 125.22, 122.63, 121.44, 108.13, 62.56, 34.60, 30.23,
26.15; HRMS (ESI) m/z calcd for Co9H32,BrNNaO.S* [(M+Na)*]: 560.1229, found:
560.1206; Enantiomeric excess: 92%, determined by HPLC (Chiral ND, hexane/i-
PrOH 98:2, A = 254 nm, flow rate 0.8 mL/min; tmajor = 8.0 Min; tminor = 10.3 min).

(S)-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-methyl-3-(o-tolylthio)indolin-2-one
(1’s)

The product 1°s was prepared according to the GP 2. White solid (m.p.: 155-157
°C); 14.2 mg, 30% yield, R¢ = 0.28 (PE/EA = 10:1); *H NMR (400 MHz, CDCl3) § 7.62
(s, 2H), 7.47-7.45 (d, J = 8 Hz, 1H), 7.25-7.21 (t, J = 8 Hz, 1H), 7.13-7.09 (t, J = 8 Hz,
2H), 7.07-7.03 (t, J = 8 Hz, 2H), 6.90-6.86 (t, J = 8 Hz, 1H), 6.60-6.58 (d, J = 8 Hz,
1H), 5.28 (s, 1H), 2.92 (s, 3H), 2.26 (s, 3H), 1.43 (s, 18H); 3C NMR (100 MHz, CDCls)
o 175.26, 153.81, 143.89, 142.96, 137.11, 135.50, 130.20, 130.03, 129.85, 129.43,
128.69, 126.40, 125.88, 125.46, 125.27, 122.22, 108.02, 62.00, 34.60, 30.25, 26.19,
21.06; HRMS (ESI) m/z calcd for CsoH3sNNaO.S™ [(M+Na)*]: 496.2281, found:
496.2267; Enantiomeric excess: 90%, determined by HPLC (Chiral ND, hexane/i-
PrOH 98:2, A = 254 nm, flow rate 0.8 mL/min; tmajor = 6.8 MiN; tminor = 9.4 Min).

1-(4-bromophenyl)-2-(4-chlorobenzyl)disulfane (3i)

CI\@\/ /©/Br
S\S

The product 3i was prepared according to the GP 1. White solid (m.p.: 50-52 °C);
11.3 mg, 33% vyield, Rs = 0.65 (PE); 'H NMR (400 MHz, CDCl3) § 7.39-7.37 (m, 2H),
7.26-7.24 (m, 2H), 7.24-7.22 (m, 2H), 7.17-7.15 (m, 2H), 3.88 (s, 2H); *C NMR (100
MHz, CDClz) 6 136.06, 134.89, 133.61, 131.92, 130.70, 129.34, 128.68, 120.85, 42.49.;
HRMS (ESI) m/z calcd for C13H10BrCINaS;" [(M+Na)*]: 366.8988, found: 366.8977.

1-(4-bromophenyl)-2-(2-chlorobenzyl)disulfanee (3j)

S\ /©/
S

The product 3j was prepared according to the GP 1. White solid (m.p.: 44-46 °C);
9.3 mg, 27% yield, Rs = 0.70 (PE); *H NMR (400 MHz, CDCls) § 7.36-7.32 (m, 3H),
7.27-7.22 (m, 3H), 7.20-7.15 (td, J =8 Hz, J = 4 Hz, 1H), 7.14-7.09 (td, J =8 Hz, J =
4 Hz, 1H), 4.04 (s, 2H); *C NMR (100 MHz, CDCl3) § 136.22, 134.23, 134.11, 131.78,

131.61, 129.70, 129.10, 128.75, 126.67, 120.48, 41.10; HRMS (ESI) m/z calcd for
19



C13H10BrCINaS:" [(M+Na)*]: 366.8988, found: 366.8919.

1-allyl-2-benzyldisulfane (3k)

/©/Br
/\/S\S

The product 3k was prepared according to the GP 1. Rt = 0.74 (PE); HRMS (ESI)
m/z calcd for CoHoBrNaS>* [(M+Na)*]: 282.9221, found: 282.9136.

methyl 2-(phenyldisulfanyl)acetate (31)

Br
MeOZC\/S\S/©/

The product 31 was prepared according to the GP 1. Colorless oil; 9.6 mg, 33%
yield, Rt = 0.70 (PE/EA = 5:1); *H NMR (400 MHz, CDCls) & 7.47-7.45 (d, J = 8 Hz,
2H), 7.43-7.41 (d, J = 8 Hz, 2H), 3.61 (s, 3H), 3.49 (s, 2H); *C NMR (100 MHz, CDCl5)
6 169.16, 135.39, 132.11, 130.12, 121.55, 52.48, 40.59; HRMS (ESI) m/z calcd for
CoHoNa0,S,* [(M+ Na)*]: 314.9120., found: 314.9001.

(2R,3R,5R,6S)-2-(acetoxymethyl)-6-((4-bromophenyl)disulfanyl)tetrahydro-2H-
pyran-3,4,5-triyl triacetate (3m)

OAc /©/ Br
o}
SN
ACO% S

AcO OAc

The product 3m was prepared according to the GP 1. White solid (m.p.: 132-
134 °C); 12.6 mg, 23% yield, Rt = 0.31 (PE/EA = 3:1); 'H NMR (400 MHz, CDCl3) &
7.49-7.47 (d, J = 8 Hz, 2H), 7.41-7.39 (d, J = 8 Hz, 2H), 5.30-5.22 (m, 2H), 5.11-5.06
(m, 1H), 4.61-4.59 (m, 1H), 4.17-4.08 (m, 2H), 3.76-3.72 (m, 1H), 2.04 (s, 3H), 2.02
(s, 3H), 2.01 (s, 3H), 1.99 (s, 3H); *C NMR (100 MHz, CDCl3) & 170.47, 170.17,
169.33, 169.15, 136.15, 131.76, 130.38, 121.49, 87.46, 76.16, 73.72, 69.25, 67.90,
61.81, 20.64, 20.60, 20.59, 20.56; HRMS (ESI) m/z calcd for CzoH23BrNaOqS,*
[(M+Na)*]: 572.9859, found: 572.9786.

1-benzyl-2-phenyldisulfane (3n)

e L

The product 3n was prepared according to the GP 1. Colorless oil; 8.1 mg, 35%
yield, Rf = 0.55 (PE); 'H NMR (400 MHz, CDCls) & 7.46-7.44 (m, 2H), 7.30-7.18 (m,
7H), 3.94 (s, 2H); *C NMR (100 MHz, CDCls) & 137.03, 136.56, 129.37, 128.90,
128.52, 127.68, 127.54, 126.80, 43.40; HRMS (ESI) m/z calcd for CisHi2NaS,"
[(M+Na)*]: 255.0273, found: 255.0236.

benzyl(phenylselanyl)sulfane (30)
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Swe

The product 3o was prepared according to the GP 1. White solid (m.p.: 28-30 °C);
9.2 mg, 33% yield, Rs = 0.55 (PE); *H NMR (400 MHz, CDCls) § 7.50-7.48 (m, 2H),
7.27-7.23 (m, 8H), 4.04 (s, 2H); *C NMR (100 MHz, CDCls) 6 137.77, 131.82, 130.10,
129.19, 129.08, 128.47, 127.44, 127.33, 42.32; HRMS (ESI) m/z calcd for
Ci13H12NaSSe™ [(M+Na)*]: 302.9717, found: 302.9719.

1-benzyl-2-(4-fluorophenyl)disulfane (3p)

The product 3p was prepared according to the GP 1. White solid (m.p.: 31-33 °C);
8 mg, 32% yield, Rf = 0.68 (PE); 'H NMR (400 MHz, CDCl3) § 7.38-7.35 (m, 2H),
7.30-7.22 (m, 5H), 6.97-6.93 (m, 2H), 3.94 (s, 2H); *C NMR (100 MHz, CDCl3) &
163.39, 160.94, 136.50, 132.33, 132.30, 130.67, 130.59, 129.39, 128.53, 127.56, 116.07,
115.85, 43.44; HRMS (ESI) m/z calcd for C13H1:FNaS>* [(M+Na)*]: 273.0178, found:
273.0126.

1-benzyl-2-(4-chlorophenyl)disulfane (3q)

The product 3q was prepared according to the GP 1. White solid (m.p.: 55-57 °C);
7.5 mg, 28% yield, Rs = 0.70 (PE); 'H NMR (400 MHz, CDCls) § 7.34-7.30 (m, 2H),
7.28-7.20 (m, 7H), 3.93 (s, 2H); *C NMR (100 MHz, CDCls) 6 136.39, 135.69, 132.78,
129.38, 129.06, 128.96, 128.58, 127.64, 43.45; HRMS (ESI) m/z calcd for
C13H1:CINaS;" [(M+Na)*]: 288.9883, found: 288.9864.

1-benzyl-2-(3-bromophenyl)disulfane (3r)

The product 3r was prepared according to the GP 1. White solid (m.p.: 34-36 °C);
11.5 mg, 37% yield, R¢ = 0.68 (PE); *H NMR (400 MHz, CDCls) & 7.50 (s, 1H), 7.31-
7.25 (m, 7H), 7.12-7.08 (t, J = 8 Hz, 7H), 3.94 (s, 2H); *C NMR (100 MHz, CDCls) &
139.43, 136.27, 130.07, 129.64, 129.35, 128.57, 127.72, 125.71, 122.91, 43.51; HRMS
(ESI) m/z calcd for C13H11BrNaS,* [(M+Na)*]: 332.9378, found: 332.9370.

methyl 2-(benzyldisulfanyl)acetate (3s)

Me0,c~ s~ i

The product 3s was prepared according to the GP 1. Colorless oil; 5.2 mg, 23%

yield, Rr = 0.55 (PE/EA = 5:1); H NMR (400 MHz, CDCl3) & 7.34-7.33 (m, 4H), 7.31-
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7.27 (M, 1H), 3.97 (s, 2H), 3.74 (s, 3H), 3.22 (s, 2H): 3C NMR (100 MHz, CDCls) §
169.98, 136.87, 129.39, 128.61, 127.61, 52.49, 43.34, 41.05; HRMS (ESI) m/z calcd
for C10H12NaO2S,* [(M+Na)*]: 251.0171, found: 251.0172.

3-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-methylindolin-2-one (4a)

The product 4a was prepared according to the GP 1. White solid (m.p.: 154-
156 °C); 23.9 mg, 68% yield, Ry = 0.69 (PE/EA = 2:1); *H NMR (400 MHz, CDCl3) &
7.34-7.30 (t, J = 8 Hz, 1H), 7.22-7.20 (d, J = 8 Hz, 1H), 7.08-7.04 (t, J = 8 Hz, 1H),
6.99 (s, 2H), 6.90-6.88 (d, J = 8 Hz, 1H), 5.16 (s, 1H), 4.54 (s, 1H), 3.25 (s, 3H), 1.39
(s, 18H); *C NMR (100 MHz, CDCls) & 176.63, 153.24, 144.38, 136.03, 129.17,
128.15, 126.90, 125.14, 125.02, 122.53, 108.07, 51.78, 34.38, 30.24, 26.44; HRMS
(ESI) m/z caled for Ca2HagNNaO2* [(M+Na)*]: 374.2091, found: 374.2065.

3-(3,5-di-tert-butyl-4-hydroxyphenyl)-1,5-dimethylindolin-2-one (4b)

The product 4b was prepared according to the GP 1. White solid (m.p.: 190-
192 °C); 20.8 mg, 57% yield, Rt = 0.69 (PE/EA = 2:1); 'H NMR (400 MHz, CDCl3) &
7.48 (s, 2H), 7.20-7.15 (m, 4H), 7.11-7.09 (m, 3H), 6.73-6.71 (d, J = 8 Hz, 1H), 5.21 (s,
1H), 3.70-3.67 (d, J = 12 Hz, 1H), 3.57-3.54 (d, J = 12 Hz, 1H), 3.16 (s, 3H), 2.34 (s,
3H), 1.41 (s, 18H); *C NMR (100 MHz, CDCl3) & 176.63, 153.20, 141.97, 136.05,
132.00, 129.36, 128.29, 127.21, 125.90, 125.05, 107.71, 51.96, 34.37, 30.25, 26.44,
21.10; HRMS (ESI) m/z calcd for CasH3iNNaO." [(M+Na)"]: 388.2247, found:
388.2227.

5-bromo-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-methylindolin-2-one (4c)

The product 4c was prepared according to the GP 1. White solid (m.p.: 124-

126 °C); 27.9 mg, 65% yield, R = 0.66 (PE/EA = 2:1); *H NMR (400 MHz, CDCl3) 5
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7.45-7.43 (d, J = 8 Hz, 1H), 7.30 (s, 1H), 6.93 (s, 2H), 6.78-6.76 (d, J = 8 Hz, 1H), 5.19
(s, 1H), 4.52 (s, 1H), 3.24 (s, 3H), 1.40 (s, 18H): 3C NMR (100 MHz, CDCl3) & 176.09,
153.47, 143.34, 136.26, 131.45, 131.00, 128.19, 126.27, 124.97, 115.19, 109.47, 51.91,
34.39, 30.20, 26.55; HRMS (ESI) m/z calcd for CasHasBrNNaO,* [(M+Na)*]: 452.1196,
found: 452.1145.

6-bromo-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-methylindolin-2-one (4d)

The product 4d was prepared according to the GP 1. White solid (m.p.: 181-
183 °C); 25.7 mg, 60% yield, Rt = 0.77 (PE/EA = 2:1); 'H NMR (400 MHz, CDCl3) &
7.20-7.18 (d, J = 8 Hz, 1H), 7.07-7.05 (d, J = 8 Hz, 1H), 7.04-7.03 (d, J = 4 Hz, 1H),
6.95 (s, 2H), 5.18 (s, 1H), 4.47 (s, 1H), 3.22 (s, 3H), 1.39 (s, 18H); *C NMR (100 MHz,
CDCIz) 6 176.40, 153.41, 145.72, 136.21, 128.09, 126.40, 126.24, 125.29, 124.94,
121.67, 111.58, 51.46, 34.39, 30.23, 26.55; HRMS (ESI) m/z calcd for
C23H2sBrNNaO," [(M+Na)*]: 452.1196, found: 452.1151.

3-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-iodo-1-methylindolin-2-one (4e)

The product 4e was prepared according to the GP 2. White solid (m.p.: 139-141
°C); 28.6 mg, 60% yield, Rf = 0.37 (PE/EA = 5:1); *H NMR (400 MHz, CDCl3) & 7.63-
7.61 (d, J =8 Hz, 1H), 7.47 (s, 1H), 6.93 (s, 2H), 6.68-6.66 (d, J = 8 Hz, 1H), 5.19 (s,
1H), 4.50 (s, 1H), 3.22 (s, 3H), 1.40 (s, 18H); 3C NMR (100 MHz, CDCls) & 175.91,
153.47, 144.04, 136.98, 136.26, 133.76, 131.75, 126.27, 124.99, 110.11, 85.02, 51.71,
34.40, 30.22, 26.50; HRMS (ESI) m/z calcd for C23H2sINNaO2* [(M+Na)*]: 500.1057,
found: 500.1045.

3-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-(4-methoxybenzyl)indolin-2-one (4f)

OH



The product 4f was prepared according to the GP 2. White solid (m.p.: 145-147
°C); 26.5 mg, 58% yield, Rf = 0.43 (PE/EA = 5:1); *H NMR (400 MHz, CDClz) & 7.28-
7.26 (d, J =8 Hz, 2H), 7.21-7.17 (t, J = 8 Hz, 1H), 7.18-7.16 (d, J = 8 Hz, 1H), 7.02-
6.98 (t, J =8 Hz, 1H), 6.97 (s, 2H), 6.84-6.82 (d, J = 8 Hz, 1H), 6.81-6.79 (d, J = 8 Hz,
1H), 5.16 (s, 1H), 5.05-5.01 (d, J = 16 Hz, 1H), 4.76-4.73 (t, J = 16 Hz, 1H), 4.59 (s,
1H), 3.77 (s, 3H), 1.39 (s, 18H); *C NMR (100 MHz, CDCl3) § 176.84, 159.01, 153.26,
143.34, 136.15, 129.70, 128.72, 128.20, 128.01, 127.47, 125.10, 124.98, 122.55, 114.13,
109.05, 55.28, 52.00, 43.26, 34.39, 30.25; HRMS (ESI) m/z calcd for C3oH3sNNaOs*
[(M+Na)*]: 480.2509, found: 480.2495.

Crystal Data and Structure Refinement for 1906989 (1°))

-

Y

Empirical formula C37H47NO11S

Formula weight 713.81

Temperature 173.00(2) K

Wavelength 1.54184 A

Crystal system, space group Orthorhombic, P212121

Unit cell dimensions a=10.2529(2) A  alpha =90 deg.

b=11.3156(3) A beta = 90 deg.
€=39.0323(9) A gamma = 90 deg.

Volume 4528.44(18) A"3

Z, Calculated density 4, 1.047Mg/m~3

Absorption coefficient 1.046 mm~-1

F(000) 1520

Theta range for data collection 4.068 to 71.058 deg.

Limiting indices -12<=h<=11,-7< = k< =13, -38< = I< = 47
Reflections collected / unique 11429 / 7480 [R(int) = 0.0348]

Completeness to theta = 71.01 98.4 %

Absorption correction multi-scan
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Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 7480/0/ 466

Goodness-of-fit on F~2 1.047

Final R indices [I>2sigma(l)] R1 =0.0664, wR2 =0.1740

R indices (all data) R1=0.0726, wR2 =0.1793

Absolute structure Flack parameter 0.11(3)

Largest diff. peak and hole -0.61 and 1.46 e. A*-3
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66€°L

€15e—

vev—
Wis—

83
EQ.L
600°L1
SIVLY
vIVL

6127
92z'L

£V L
S92
v8z'L
Sn.&
95¢°L

gn.;
LUEL

OH

Feos

o0
F 00

16’

v

66"

w

1.0

w;

2.0

w

3.5 3.0

4.0
fl (ppm)

.5

5.0

«
w

6.0

cLe0E—
LeTrve~
§G.°9¢—

688'25—

*E..wﬂ/
—cc.t..w
81€1L

(4191713
mnm.m_‘—v.

:a.mﬁ/
156921
Y6€°8Z4~
6£0'62LF
296621
Zv00cl
vILLEL
sze'sel
105°2€)
6E5°LEL
990°8¢1
806251
ZvS 091~
186291

OH

;e

i

30 20 10

40

% 8 70 60
26

100
fl (ppm)

130 120 110

140

180 170 160

92



'H, 13C and *'P-NMR spectra of E.
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'H, 13C and *'P-NMR spectra of H.
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'H, 13C and 3'P-NMR spectra of 1.
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'H and *C-NMR spectra of 1a.
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'H and *C-NMR spectra of 1b.
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'H and *C-NMR spectra of 1c.
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'H and *C-NMR spectra of 1d.
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'H and *C-NMR spectra of 1e.
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'H and B*C-NMR spectra of 1f.
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'H and *C-NMR spectra of 1g.
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'H and *C-NMR spectra of 1°h.
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'H and BC-NMR spectra of 1i.
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'H and *C-NMR spectra of 1°j.
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'H and *C-NMR spectra of 1Kk.
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'H and BC-NMR spectra of 1l.
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'H and *C-NMR spectra of 1m.
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'H and *C-NMR spectra of 1n.
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'H and *C-NMR spectra of 1o.
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'H and *C-NMR spectra of 1p.
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'H and *C-NMR spectra of 1q.
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'H and *C-NMR spectra of 1r.
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'H and B*C-NMR spectra of 1s.
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'H and *C-NMR spectra of 3a.
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'H and *C-NMR spectra of 3b.
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'H and *C-NMR spectra of 3c.
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'H and *C-NMR spectra of 3d.
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'H and *C-NMR spectra of 3e.
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'H and B*C-NMR spectra of 3f.
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'H and *C-NMR spectra of 3g.
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'H and *C-NMR spectra of 3h.
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'H and BC-NMR spectra of 3i.
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'H and *C-NMR spectra of 3j.
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'H and BC-NMR spectra of 3l.
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'H and *C-NMR spectra of 3m.
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'H and *C-NMR spectra of 3n.
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'H and *C-NMR spectra of 3o.
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'H and *C-NMR spectra of 3p.
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'H and *C-NMR spectra of 3q.
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'H and *C-NMR spectra of 3r.
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'H and B*C-NMR spectra of 3s.
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'H and *C-NMR spectra of 4a.
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'H and *C-NMR spectra of 4b.
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'H and *C-NMR spectra of 4c.
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'H and *C-NMR spectra of 4d.
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'H and *C-NMR spectra of 4e.
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'H and B*C-NMR spectra of 4f.
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HPLC Spectra of Products 1’

HPLC spectra of product 1’a.

<{Chromatogram>
mV
< 5]
8 %
504
s\) :
254
o N~
T T T T T T T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
min
{Peak Table>
EFA 254nm
Time Area% Area Height Compound Name
1 12. 064 50. 048 3464968 63088
2 14. 903 49. 952 3458371 67084
{Chromatogram>
mV
2
100 f
|
] [
75+ ‘/ !
|
| a
50 ,’
] |
1 J
25i / [Te)
1 f \ Z
0 J \_
— — T — T T T T T
0.0 2.5 5.0 7.5 10.0 12.5 15.0
min
{Peak Table>
il 284 254nm
Time Area% Area Height Compound Name
1 11.933 98. 186 5183590 116223
2 14. 275 1.814 95790 2838
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HPLC spectra of product 1°b.

{Chromatogram>

mV

500

300

2

1

400

00

00

0]

0.0

{Peak Table>
i #2A 254nm

2.5

5.0

7.5

Time

Area%

Area

Height

Compound Name

1

10. 028

49. 843

18592491

477700

2

<{Chromatogram>

mV

250
200

150-]

11. 531

50. 157

18709343

489783

12.5

min

100

50

0]

.078

11. 541

0.0

{Peak Table>
Rl 25A 254nm

2.5

5.0

10.0

Time

Area%

Area

Height

Compound Name

1

10. 078

90. 582

9855126

263051

2

11. 541

9.418

1024650

26411
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HPLC spectra of product 1°c.

{Chromatogram>
mV
o ©
S =
100
50
0,
T T T T T
0 5 10 15 20 25 30
min
<{Peak Table>
KM 2EA 254nm
Time Area% Area Height Compound Name
1 25. 403 49. 640 8505725 137415
2 27. 176 50. 360 8629224 137617
{Chromatogram>
mV
250
200
150
100
50
0]
\ T - L — 1 — T
0 5 10 15 20 25 30
min
{Peak Table>
K 2EA 254nm
Time Area% Area Height Compound Name
1 25.112 97. 730 17134897 263202
2 26.329 2.270 398078 10308
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HPLC spectra of product 1°d.

{Chromatogram>

mV

250-|
200%
15oé
100%

50

0.0

0. 557

12.629

2.5 5.0 7.5 10.0 12.5
min
{Peak Table>
KM ZEA 254nm
Time Area% Area Height Compound Name
1 10. 557 50. 632 8521664 251074
2 12. 629 49. 368 8309008 248590
{Chromatogram>
mV
300+
200
1004
] 2
0,
‘ L — — T — T \
0.0 2.5 5.0 10.0 12.5
min
{Peak Table>
KrM2RA 254nm
Time Area% Area Height Compound Name
1 10. 331 97. 569 13080311 368744
2 12. 398 2.431 3258568 9255
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HPLC spectra of product 1°e.

<{Chromatogram>
mV
200- =
150
100
50
0-
T T I I T
0.0 2.5 5.0 7.5 10.0 12.5 15.0
min
{Peak Table>
Kifl28A 254nm
Time Area% Area Height Compound Name
1 10. 390 50. 166 7764105 227768
2 12. 362 49. 834 7712689 223289
{Chromatogram>
mV
500+
250+
0
T T I T I T
0.0 2.5 5.0 7.5 10.0 12.5 15.0
min
{Peak Table>
I #EA 254nm
Time Area% Area Height Compound Name
1 10. 397 96. 802 19583670 627662
12. 371 3. 198 646896 19284
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HPLC spectra of product 1°f.

{Chromatogram>
mV
0~ o
3 =
4 S S
150
1004
50
0
T T \ T
0 5 10 15 20 25
min
{Peak Table>
KM 23A 254nm
Time Area% Area Height Compound Name
1 18. 687 49. 604 10208960 161737
2 20. 146 50. 396 10372011 173155
{Chromatogram>
mV
300
200
100
U,
T T T T
0 5 10 15 20 25
min
{Peak Table>
R #3A 254nm
Time Area% Area Height Compound Name
1 19. 632 87. 781 17198619 339817
2 21. 159 12.219 2394136 46517
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HPLC spectra of product 1°g.

{Chromatogram>
mV
] 3 S
1257 ; =
HO
100 O
] S
" (L
] N
i Me
50
25
0
T T — T T T T T T T T T T T — T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
{Peak Table>
KM 28A 254nm
Time Area% Area Height Compound Name
1 15. 760 51.430 8726258 130673
17. 392 48.570 8240949 125684
{Chromatogram>
mV
150
100
50
0
y T T I T — T — T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
{Peak Table>
il 28A 254nm
Time Area% Area Height Compound Name
1 14. 461 92. 942 9665808 172803
2 16. 194 7. 058 734047 12594
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HPLC spectra of product 1°h.

{Chromatogram>
mV
300 o
200; CO,Me -
NHBoc %
| A
100+
0,
— T T T — — ™ — T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
min
{Peak Table>
F i #%A 254nm
Time Area% Area Height Compound Name
1 11,332 50. 968 9635484 300336
2 12. 958 49. 032 9269553 155336
{Chromatogram>
mV
50- .
1 %
401
CO,Me
B NHBoc
30j
20
10 .
:Jﬂj\_M_hlJ\ s
0
T T T T
0 5 10 15 20
min

<{Peak Table>
K ZRA 254nm

Time Area% Area Height Compound Name
1 11. 026 0. 170 4410 189
2 12.872 99. 830 2587960 47018
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HPLC spectra of product 1°i.

{Chromatogram>
mV
(=23 [acl
| 3 =
200-| - <
150-
100-|
50-
0
1 e B S S A I Sy RN S Sy IR R S BN \
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
min
{Peak Table>
FrMZ8A 254nm
Time Area% Area Height Compound Name
1 14. 089 50. 193 7060497 225648
2 16.413 49. 807 7006311 195651
{Chromatogram>
mV
200 g
1501
100~
50
1 <
, :
0- -
T T — T
0 5 10 15 20
min
{Peak Table>
M 2SA 254nm
Time Area% Area Height Compound Name
1 13.924 1. 243 84675 2695
2 15. 902 98. 757 6728499 203834
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HPLC spectra of product 1°j.

{Chromatogram>
mV
100-
75
50 E
1 =
25-
0
1 T T T
0 10 15 20
min
{Peak Table>
U EA 254nm
Time Area% Area Height Compound Name
1 9. 186 51. 780 2838599 103071
2 16. 403 48. 220 2643434 35775
{Chromatogram>
mV
=
100 \
] \
751 ‘\
] |
50 \
0 E—
| — T T T
0 5 10 15 20 25
min
{Peak Table>
Fril] 284 254nm
Time Area% Area Height Compound Name
1 10. 045 0. 431 36680 2561
2 16. 143 99. 569 8481518 115287
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HPLC spectra of product 1°k.

{Chromatogram>
mV
1 <
250 & 2
] s ©
] =
2007 Br OH
1 \Xi:)\s i!ﬂ
150 Br ".D
1 o
] N
4 Me
100
50
0
T T
0.0 2.5 5.0 7.5 12.5
min
{Peak Table>
KM ZEA 254nm
Time Area% Area Height Compound Name
1 8. 824 51.242 6297376 253255
2 10. 893 48. 758 5992016 206924
{Chromatogram>
mV
400 5
300-
200
100
4 o
] >
=
O 4
T T T T T T T ! T T T
0.0 2.5 5.0 10.0 12.5
min
{Peak Table>
Kl #8A 254nm
Time Area% Area Height Compound Name
1 8.717 96. 992 10390017 448163
2 10.910 3. 008 322272 10669
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HPLC spectra of product 1°I.

{Chromatogram>
mV
1 2
B e
] \x g
40*: Br\©\ OH / \ I/\
] g Q |
30j | ‘
] O © |
] N \ H \
20 Me [
] ‘| }f k
10{ { \\ Z/ \
0] —
y L — T v T T T T T T
0.0 2.5 5.0 7.5 10.0 12.5
min
{Peak Table>
FrdlgEA 254nm
Time Area% Area Height Compound Name
1 9. 168 51.332 1394771 52833
10. 656 48. 668 1322389 41565
{Chromatogram>
mV
Z
o
500
250
8
=
0
\ \
0.0 2.5 5.0 10.0 12.5
min
{Peak Table>
EEA 254nm
Time Area% Area Height Compound Name
1 9.091 97. 355 15525545 569021
2 10. 622 2. 645 421769 13131
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HPLC spectra of product 1°’m

{Chromatogram>
mV
1 =
400+ =
300i h o o
O
200- ‘ ‘ O o
4 ‘ N
=
\ \\©\0Me ©
b o
100—_ ‘ -
| i
] \
1 ad
0
L DS L e B A T —T T —
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
{Peak Table>
Fr28A 254nm
Time Area% Area Height Compound Name
1 5. 200 50. 965 4510847 408824
2 16. 640 49. 035 4340052 89661
{Chromatogram>
mV
] e
2500 =
2000
1 Br\©\
1500 O :
1000-|
500 -
] 3
i <
0 -
y T T T T — T L L ‘
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
{Peak Table>
M ZRA 254nm
Time Area% Area Height Compound Name
1 5.179 96. 856 29388345 2588780
2 16. 663 3. 144 953938 19922
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HPLC spectra of product 1°n

{Chromatogram>
mV

8.679
10. 559

50

251 |‘ID N

0
0.0 2.5 5.0 7.5 10. 0 12.5

min
{Peak Table>
Rl 25A 254nm

Time Area% Area Height Compound Name
1 8. 679 51. 282 1419824 59003
2 10. 559 48.718 1348848 49616
{Chromatogram>
mV
] 2
200 -
150-
100~
50 o
il =
S
0_
1 T T T T T
0.0 2.5 5.0 7.5 10.0 12.5

min
{Peak Table>
P #2A 254nm

Time Area% Area Height Compound Name
1 8. 739 94. 813 4947826 211465
2 10. 577 5. 187 270659 9427
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HPLC spectra of product 1°0

{Chromatogram>
mV
& S
150 -
Br OH
] \(:)\S‘!N
100 O
] o]
N
50
0_
‘ — T . — T — T — T L
0.0 2.5 5.0 7.5 10.0 12.5 15.0
min
<{Peak Table>
Fl28A 254nm
Time Area% Area Height Compound Name
1 8. 797 50. 410 5706840 172095
2 13. 128 49. 590 5613993 149973
{Chromatogram>
mV
1254
100
75
504
25| o
(=
=
07
L — T — T T T - T — T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
min
{Peak Table>
Kl 35A 254nm
Time Area% Area Height Compound Name
1 8. 703 95. 935 7116548 119202
2 14. 035 4. 065 301536 4581
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HPLC spectra of product 1°p

{Chromatogram>
mV
100 E
4 w0
<
] Z
757 z
1 Me OH
S Ng
Cri
N
Me
25
U_
T T I T
0.0 2.5 5.0 7.5 10. 0
min
{Peak Table>
F2EA 254nm
Time Area% Area Height Compound Name
1 6. 686 50. 031 2241899 100653
2 8. 649 49. 969 2239132 70303
{Chromatogram>
mV
500
400-
300
200
100
0
T T T T i T T
0.0 2.5 5.0 10. 0 12.5
min
{Peak Table>
FrIASA 254nm
Time Area% Area Height Compound Name
1 6. 534 97. 509 12113001 508965
2 8. 160 2.491 309385 12029
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HPLC spectra of product 1°q

{Chromatogram>
mV

200

150+

100+

50

12. 964

0_
T — T — T — T — T — T A T
0.0 2.5 5.0 7.5 10.0 12.5 15.0
min
{Peak Table>
Frm28A 254nm
Time Area% Area Height Compound Name
1 8. 287 50.518 4313786 189533
2 12. 964 49. 482 4225392 104574
{Chromatogram>
mV
B
150+
100
504
] &
0
‘ — T T T ™ T T
0.0 2.5 5.0 7.5 10.0 12.5 15.0
min
{Peak Table>
H il #2A 254nm
Time Area% Area Height Compound Name
1 8.924 92. 841 5447698 170537
2 13. 737 7.159 420046 10363
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HPLC spectra of product 1°r

{Chromatogram>

mV
125+ S 3
100

1 @\ OH
75 s 1

] O o
50 N

25

0-

0.0""2.5""5.0'"'7.5""10.0""12'5' )
min

{Peak Table>

%A 254nm

Time Area% Area Height Compound Name
1 8.071 50. 585 7225965 128013
2 10. 448 49. 415 7058728 127043
<{Chromatogram>
mV
200- &
150-

100-

50-

10. 289

0

&0‘ 2.5 5.0 15I ‘ 10.0

min
{Peak Table>
Kl 2EA 254nm

Time Area% Area Height Compound Name
1 7.982 95. 790 10738038 199147
2 10. 289 4.210 471951 8634
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HPLC spectra of product 1°s

{Chromatogram>
mV
o [Te]
=
] &
75
1 Me
OH
| a8s
" ®
| o)
N
Me
25
0_
] T T I I T
0.0 2.5 5.0 7.5 10.0 12.5
min
{Peak Table>
Rl 254 254nm
Time Area% Area Height Compound Name
1 6. 776 50. 380 6798416 91610
2 9. 375 19. 620 6695808 78872
{Chromatogram>
mV
IOOT 2
75-
50-
25-
] [=}
=
] )
0_
T L — — T — T L — L —
0.0 2.5 5.0 7.5 10.0 12.5
min
{Peak Table>
FEll#EA 254nm
Time Areah Area Height Compound Name
1 6. 760 94. 743 6053032 98729
2 9.416 5. 257 335880 4464
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