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1. General Information

NMR spectra: *H NMR spectra were recorded on a 400/600 MHz spectrometer. Chemical shifts
are reported in parts per million (ppm) and the spectra are calibrated to the resonance resulting from
incomplete deuteration of the solvent (CDCls: 7.26 ppm). *C NMR spectra were recorded on the
same spectrometer with complete proton decoupling. Chemical shifts are reported in ppm with the
solvent resonance as the internal standard (**CDCls: 77.0 ppm,). Data are reported as follows:
chemical shift 8/ppm, integration (*H only), multiplicity (s = singlet, d = doublet, t = triplet of
doublets, m = multiplet or combinations thereof; 3C signals are singlets unless otherwise stated),
coupling constants J in Hz, assignment. 1°F NMR spectra were recorded on the same Spectrometer.

High Resolution Mass Spectrometry (HRMS): All were recorded on Bruker micrOTOF Il
ESI-TOF by ESI or APCI. Measured values are reported to 4 decimal places of the calculated value.
The calculated values are based on the most abundant isotope.

Chromatography: Analytical thin layer chromatography was performed using Qingdao Puke
Parting Materials Co. silica gel plates (Silicagel 60 F254). Visualisation was by ultraviolet
fluorescence (A = 254 nm) and/or staining with Phosphomolybdic acid or potassium permanganate
(KMnOQg4). Flash column chromatography was performed using 200-300 mesh silica gel. Optical
rotations were measured with a polarimeter. [a]. D values are reported at a given temperature (€) in
degrees cm? g * with concentration in mg mL™.

Chiral HPLC: Enantiomeric excesses (ee) values were determined by chiral HPLC with chiral
AS-H, AD-H, AZ-H columns with hexane and i-PrOH as solvents.

UV/Vis: Measurements were made on a Shimadzu RF-6000 Spectro Fluorophotometer.

Materials: All the solvents were treated according to standard methods or through solvent
purification systems before use. Substrates 1,' 2a? and 4° were prepared according to previous
methods and sulfides, copper salts and chiral ligands are commercially available.
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Jana, Z. Yang, C. Pei, X. Xu and R. M. Koenigs, Chem. Sci., 2019, 10, 10129-10134; (c) X. Gao,; B. Wu, W.-X. Huang,
M.-W. Chen, Y.-G. Zhou, Angew. Chem. Int. Ed., 2015, 54, 11956-11960.
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2. Details for Condition Optimizations

Table S1 The effect of ligand®

N, _ *" . § " Me. __Me
(6] + )J\ Ph ; S
NAO Ph™ "COMe  iandard conditions "COzMe 5a
Ts TS 1
1a 4a’ 3a'
h\\ iP Bn tBu
y.e|d_ 48% yield: 47% yield: 56% yield: 54% -yé?)lqs'oz/g:ffso
er: 50:50/50:50 er: 68:42/70:30 or: 58.5:41.5/55.5:44.5  er: 69.5:30.5/53.5:46.5 70
dr: 51 d.r: 1.1:1 d.r: 1.2:1 d.r: 1.4:1 -
Bn Bn
oj)Qro
| \J
] @ ph NN/
Ph P Ph "Ph S
yield: 63% Bn o
er: 65:35/60:40 trace yleld- 62%
d.r.: 31 er: 82.5:17.5
d.r.: 10:1
t H H
o
8 J ‘J
yield: 61% yield: 42% yield: 58% yield: 19%
er: 71:29/58.5:41.5 er: 62.5:37.5 er: 73.5:26.5/74.5:25.5 er: 62.5:37.5/55.5:44.5
d.r.: 3:1 d.r.: 2:1 d.r.: 1.9:1 d.r: 1.7:1

O
|
N
yield: 52% yield: 62% yield: 54% yield: 61%
er- 58.5:41.5 er: 82.5:17.5 er: 80.5:19.5 er: 79:21

dr: 2:1 d.r.: 7:1 d.r.: 6.2:1 d.r.: 7:1

@Reaction conditions: 5a (0.4 mmol), 4a" (0.2 mmol) in 1 mL anhydrous toluene at r.t. under 6 W
blue LEDs for 6 h; then the resulting solution of 4a" together with 1a (0.1 mmol) were added to the

pre-prepared soultion of Cu(OTf)2 (10 mol%), ligand (15 mol%) and 'ProNEt (0.12 mmol) in 1 mL
anhydrous THF at 0 °C. ®Yield of isolated product. “The diastereomeric ratios were determined by *H

NMR spectroscopic analysis. “The er values were determined by HPLC.
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Table S2 The effect of sulfur ether?

fl I
o + _@_GD_' Lpn e
/g Ph™ "CO2Me  gtandard conditions m’COzMe Sa-5d
"I\'ls ° Ts :
1a 4a’ 3a’
Entry R? R? Yield (%)° d.rc e.rd
1 Me Me 62 10:1 82.5:17.5
2 Me Et 59 8:1 70:30
3 Et Et 44 5:1 77:23
4 Me Ph trace - -

#Reaction conditions: 5a-5d (0.4 mmol), 4a' (0.2 mmol) in 1 mL anhydrous toluene at r.t. under 6 W
blue LEDs for 6 h; then the resulting solution of 5a-5d together with 1a (0.1 mmol) were added to
the pre-prepared soultion of Cu(OTf)2 (10 mol%), ligand (15 mol%) and 'ProNEt (0.12 mmol) in 1
mL anhydrous THF at 0 °C. PYield of isolated product. “The diastereomeric ratios were determined
by *H NMR spectroscopic analysis. “The er values were determined by HPLC.
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Table S3 The effect of ester group?

N, — — 5 ' Me._.Me
o) + )J\ Ph ' S
Ph™ "COR " standard conditions "COZR 5a
N" 0 N
Ts Ts
1a 4a, 4a'-4h’ 3a, 3a'-3h’

N N3 Ny N N
Ph)J\COZMe Ph)J\COZEt Ph)J\COZiPr Ph)J\COZBn Ph)J\COZCy
4a’ 4b’ 4c’ 4a 4d’
yield: 62% yield: 55% yield: 55% yield: 64% yield: 42%

er: 82.5:17.5 er: 87:13 er: 87.5:12.5 er: 89.5:10.5 er: 90.5:9.5
d.r.: 10:1 d.r:7:1 dr.: 4:1 d.r: 11:1 d.r.: 5:1
\/“ N2
O._Ph
0]
4e’ 4f" 4g’ 4h'
yield: 60% yield: 36% yield: 58% yield: 43%
er: 90:10 er:90.595 er: 87:13 er: 89.5:10.5
d.r.: 9:1 dr: 7:1 d.r.: 3:1 d.r.: 3:1

#Reaction conditions: 5a (0.4 mmol), 4a, 4a'-4h" (0.2 mmol) in 1 mL anhydrous toluene at r.t. under
6 W blue LEDs for 6 h; then the resulting solution of 4a, 4a’-4h’ together with 1a (0.1 mmol) were
added to the pre-prepared soultion of Cu(OTf)2 (10 mol%), ligand (15 mol%) and 'Pr.NEt (0.12
mmol) in 1 mL anhydrous THF at 0 °C. Yield of isolated product. “The diastereomeric ratios were
determined by *H NMR spectroscopic analysis. “The er values were determined by HPLC.
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Table S4 The effect of copper salts?

I / |

o Ph™ "CO2BN  standard conditions @E}g”cozsné 5a

Ts Ts :

1a 4a 3a
Entry Copper salts Yield (%)° d.r. e.rd
1 Cu(OTf), 64 11:1 89.5:10.5
2 Cul 58 9:1 87.5:12.5
3 Cu(MeCN)4BF, 58 9:1 89.5:10.5
4 Cu(MeCN)4PFs 59 10:1 91:9
5 CuOTf.Tol1/2 55 15:1 89.5:10.5

8Reaction conditions: 5a (0.4 mmol), 4a (0.2 mmol) in 1 mL anhydrous toluene at r.t. under 6 W blue
LEDs for 6 h; then the resulting solution of 4a together with 1a (0.1 mmol) were added to the
pre-prepared soultion of copper salts (10 mol%), ligand (15 mol%) and 'Pr.NEt (0.12 mmol) in 1 mL
anhydrous THF at 0 °C. "Yield of isolated product. °The diastereomeric ratios were determined by *H

NMR spectroscopic analysis. “The er values were determined by HPLC.
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Table S5 The effect of solvent?

I /.

Il\—ls/§0 Ph™ "CO2Bn  standard conditions @Erh?’COZBn 5a

1a 4a 3a
Entry Solvent Yield (%)° d.rc e.rd
1 THF 59 10:1 91:9
2 Et,O 57 4:1 87:13
3 DCM 62 10:1 90:10
4 1,4-Dioxane 78 9:1 88.5:11.5
5 Acetone 52 10:1 915:85
6° 4-methyl-2-pentanone 56 13:1 93.7

@Reaction conditions: 5a (0.4 mmol), 4a (0.2 mmol) in 1 mL anhydrous toluene at r.t. under 6 W blue
LEDs for 6 h; then the resulting solution of 4a together with 1a (0.1 mmol) were added to the
pre-prepared soultion of Cu(MeCN)4PFs (10 mol%), ligand (15 mol%) and 'ProNEt (0.12 mmol) in 1
mL anhydrous solvent at 0 °C. ®Yield of isolated product. The diastereomeric ratios were determined
by 'H NMR spectroscopic analysis. “The ee values were determined by HPLC. ®5a (0.4 mmol), 4a
(0.2 mmol) in 1 mL anhydrous 4-methyl-2-pentanone at r.t. under 6 W blue LEDs for 6 h; then the
resulting solution of 4a together with 1a (0.1 mmol) were added to the pre-prepared soultion of
Cu(MeCN)4PFs (10 mol%), ligand (15 mol%) and 'PrNEt (0.12 mmol) in 1 mL anhydrous
4-methyl-2-pentanone at 0 °C.
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Table S6 The effect of temperature?

I / |

o Ph™ "CO2BN  standard conditions @E}g”cozsn . oa

Ts Ts :

1a 4a 3a
Entry  Temperature (°C) Time Yield (%)° d.rc e.r.d
1 0 12 h 56 13:1 93:7
2 -10 16 h 64 13:1 94:6
3 -20 60 h 83 16:1 94:6

@Reaction conditions: #4a (0.4 mmol), 2a (0.2 mmol) in 1 mL anhydrous 4-methyl-2-pentanone at r.t.
under 6 W blue LEDs for 6 h; then the resulting solution of 4a together with 1a (0.1 mmol) were
added to the pre-prepared soultion of Cu(MeCN)sPFs (10 mol%), ligand (15 mol%) and ‘Pr,NEt
(0.12 mmol) in 1 mL anhydrous 4-methyl-2-pentanone at indicated temperature. Yield of isolated
product. “The diastereomeric ratios were determined by *H NMR spectroscopic analysis. 9The er

values were determined by HPLC.
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Table S7 The effect of concentration?

fl ! =

_lNS/go Ph™ "CO2BN  standard conditions CETNE%/COZBn 5a

1a 4a 3a
Entry Concentration Yield (%)° d.r. e.rd
1 1 mL 57 13:1 91.5:85
2 2 mL 83 16:1 94:6
3 3 mL 82 19:1 95:5
4 4 mL 75 19:1 94.5:55

8Reaction conditions: #4a (0.4 mmol), 2a (0.2 mmol) in 1 mL anhydrous 4-methyl-2-pentanone at r.t.
under 6 W blue LEDs for 6 h; then the resulting solution of 4a together with 1a (0.1 mmol) were
added to the pre-prepared soultion of Cu(MeCN)sPFs (10 mol%), ligand (15 mol%) and ‘Pr,NEt
(0.12 mmol) in X mL anhydrous 4-methyl-2-pentanone at indicated temperature. Yield of isolated
product. “The diastereomeric ratios were determined by *H NMR spectroscopic analysis. 9The er

values were determined by HPLC.
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3. General Procedures and Characterization Data of Products

3.1 General Procedures

f N, I
X (o) + I X CO,Bn —@—GD» i X -
= N/&O R O)‘\ > Ry N 'COzBn

Ts

1 4

R
standard conditions Ts

3

General procedure (one-pot procedure with product 3a as an example): Under argon atmosphere, a
flame-dried 10 mL Schlenk tube was charged with dimethyl sulfide (0.4 mmol, 4.0 equiv),
a-diazoketesters (0.2 mmol, 2.0 equiv) and anhydrous 4-Methyl-2-pentanone (1 mL). The resulting
solution was stirred for 6 h at room temperature. To another flame-dried 10 mL Schlenk tube,
Cu(MeCN)4PFs (0.01 mmol, 10 mol%), L (0.015 mmol, 15 mol%) and anhydrous
4-Methyl-2-pentanone (1 mL) were added and the resulting solution was stirred for 30 min at room
temperature. Then, the reaction mixture was cooled to -20 °C, after that, the reaction solution in the
first Schlenk were moved to the second one and ethynyl benzoxazinanones (0.1 mmol), i-ProNEt
(0.12 mmol, 1.2 eq.) and anhydrous 4-Methyl-2-pentanone (1 mL) were added sequentially. The
resulting solution was stirred until complete conversion of ethynyl benzoxazinanones (monitored by
TLC). 4-Methyl-2-pentanone was removed under the reduced pressure and the residue was purified
by flash column chromatography on silica gel (petrol ether/ethyl acetate = 20/1 to 10/1) to afford the
product.

3.2 Characterization Data of Products
Benzyl (2S,3S)-3-ethynyl-2-phenyl-1-tosylindoline-2-carboxylate (3a)
/l 82% isolated yield, colorless oil, [a]p®® = 3.60 (c = 0.75 in CHCls); 95:5 er, 19:1
s d.r., determined by HPLC analysis (Chiralpak AD-H column, hexane/i-PrOH,
80:20 v/v, flow rate 0.5 mL/min, A = 254 nm, 25°C), tR (major) = 48.32 min, tR
N “92P"(minor) = 50.86 min; 'H NMR (400 MHz, CDCls) § = 7.75 — 7.65 (m, 2H), 7.51
— 7.43 (m, 1H), 7.32 — 7.27 (m, 4H), 7.26 — 7.21 (m, 8H), 7.08 — 7.02 (m, 1H),
6.99 (d, J = 8.1 Hz, 2H), 5.32 (d, J = 12.7 Hz, 1H), 5.22 (d, J = 12.6 Hz, 1H), 4.82 — 4.75 (m, 1H),
2.29 (m, 4H); 3C NMR (100 MHz, CDCls) & 167.8, 143.6, 141.5, 139.6, 137.0, 135.1, 129.2, 129.1,

128.2, 128.2, 128.2, 128.0, 128.0, 127.8, 127.2, 127.0, 124.7, 123.1, 113.0, 79.6, 79.4, 75.0, 67.5,
50.1, 21.4. HRMS (ESI) for C31H2sNO4S [M+Na]*: calcd 530.1397, found 530.1390.

Benzyl (2S,3S)-3-ethynyl-2-(p-tolyl)-1-tosylindoline-2-carboxylate (3b)
/// y 60% isolated yield, colorless oil, [a]o®® = 26.10 (c = 0.99 in CHCls); 91.5:8.5
E O ® er, 7:1 d.r., determined by HPLC analysis (Chiralpak AD-H column,
O y hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tR
N COzBn (major) = 23.40 min, tR (minor) = 44.10 min; *H NMR (400 MHz, CDCls) &
7.51—-7.44 (m, 2H), 7.41 — 7.35 (m, 1H), 7.23 — 7.18 (m, 4H), 7.18 — 7.13 (m,
5H), 7.00 — 6.93 (m, 3H), 6.93 — 6.87 (m, 2H), 5.24 (d, J = 12.6 Hz, 1H), 5.13 (d, J = 12.7 Hz, 1H),
4.72 - 4.66 (m, 1H), 2.26 (s, 3H), 2.23 — 2.18 (m, 4H); 13C NMR (100 MHz, CDCls) § 167.9, 143.5,

141.6, 138.1, 137.1, 136.6, 135.1, 129.2, 129.0, 128.5, 128.1, 128.1, 128.0, 127.8, 127.2, 127.1,
S10
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124.7,123.1, 113.1, 79.6, 79.5, 74.9, 67.5, 50.0, 21.4, 21.0. HRMS (ESI) for C12H27NO4S [M+Na]+:
calcd 544.1553, found 544.1550.

Benzyl (2S,3S)-3-ethynyl-2-(4-fluorophenyl)-1-tosylindoline-2-carboxylate (3c)

/ i 78% isolated yield, colorless oil, [a]p® = -3.33 (¢ = 0.91 in CHCIs); 94.5:5.5 er,
3 O 19:1 d.r., determined by HPLC analysis (Chiralpak AD-H column,
hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tR (major)
N C9BN = 19 19 min, tR (minor) = 24.35 min; *H NMR (400 MHz, CDCl3) 5 7.70 (dd,

J=8.7,5.2 Hz, 2H), 7.53 — 7.45 (m, 1H), 7.34 — 7.28 (m, 3H), 7.28 — 7.22 (m,
4H), 7.22 — 7.16 (m, 2H), 7.10 — 6.98 (m, 3H), 6.93 (t, J = 8.5 Hz, 2H), 5.30 (d, J = 12.7 Hz, 1H),
5.18 (d, J = 12.7 Hz, 1H), 4.71 (d, J = 2.5 Hz, 1H), 2.30 — 2.27 (m, 4H); 3C NMR (100 MHz,
CDCls) 6 168.0, 162.3 (d, J = 248.5 Hz), 144.2, 141.8, 137.3, 135.8, (d, J = 3.4 Hz) 135.2, 130.5 (d,
J = 8.1 Hz), 129.6, 129.5, 128.5, 128.3, 128.2, 127.4, 127.1, 125.1, 123.6, 115.0 (d, J = 21.4 Hz),
113.4, 79.4, 75.5, 67.9, 50.6, 21.7; *F NMR (376 MHz, CDCls) § = -113.64. HRMS (ESI) for
Cs1H24FNO4S [M+Na]*: calcd 548.1302, found 548.1309.

Benzyl (2S,3S)-2-(4-chlorophenyl)-3-ethynyl-1-tosylindoline-2-carboxylate (3d)

I . 84% isolated yield, white semi-solid, [o]o?® = 32.93 (¢ = 1.0 in CHCls); 95:5 er,

E O 17:1 d.r., determined by HPLC analysis (Chiralpak AD-H column,
O y hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tR

N COBn (major) = 18.02 min, tR (minor) = 33.51 min; *H NMR (400 MHz, CDCls) §
7.66 — 7.61 (m, 2H), 7.54 — 7.49 (m, 1H), 7.25 — 7.21 (m, 3H), 7.21 — 7.17 (m,
3H), 7.09 — 6.98 (m, 3H), 6.97 — 6.87 (m, 1H), 7.04 (dd, J = 22.0, 7.8 Hz, 3H), 6.97 — 6.86 (m, 1H),
5.28 (d, J = 12.7 Hz, 1H), 5.16 (d, J = 12.4 Hz, 1H), 4.69 — 4.65 (m, J = 2.5 Hz, 1H), 2.30 (s, 1H),
2.29 (s, 3H); *C NMR (100 MHz, CDCls) 5 167.5, 143.9, 141.5, 138.0, 136.9, 134.9, 134.3, 129.6,
129.3, 129.2, 128.2, 128.0, 127.9, 127.9, 127.0, 126.7, 124.7, 123.3, 113.1, 79.0, 78.9, 75.2, 67.6,
50.1, 21.5. HRMS (ESI) for C31H24CINO4S [M+Na]*: calcd 564.1007, found 564.1011.

Ts

Benzyl (2S,3S)-2-(4-bromophenyl)-3-ethynyl-1-tosylindoline-2-carboxylate (3e)
/ g, 7% isolated yield, white solid, [«]o® = 22.43 (c = 0.86 in CHCl;); 94.5:5.5
N O er, 18:1 d.r., determined by HPLC analysis (Chiralpak AD-H column,
O oo hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tR
N 2 (major) = 18.68 min, tR (minor) = 39.75 min; *H NMR (400 MHz, CDCls) &
7.62—7.49 (m, 3H), 7.38 — 7.27 (m, 6H), 7.26 — 7.21 (m, 3H), 7.21 — 7.14 (m,
2H), 7.12 — 6.99 (m, 3H), 5.29 (d, J = 12.7 Hz, 1H), 5.16 (d, J = 12.7 Hz, 1H), 4.70 — 4.64 (m, 1H),
2.31 (s, 3H), 2.29 (d, J = 2.6 Hz, 1H); 3C NMR (100 MHz, CDClIs) § 167.5, 143.9, 141.6, 138.5,
137.0, 134.9, 130.9, 129.9, 129.4, 129.2, 128.2, 127.9, 127.9, 127.0, 126.7, 124.7, 123.3, 122.5,
113.1, 79.0, 78.9, 75.2, 67.6, 50.1, 21.5. HRMS (ESI) for C31H24BrNO4S [M+Na]": calcd 608.0502,
found 608.0503.

Benzyl (2S,3S)-3-ethynyl-1-tosyl-2-(4-(trifluoromethyl)phenyl)indoline-2-carboxylate (3f)
63% isolated yield, colorless oil, [a]o® = 2.97 (c = 0.97 in CHCI3); 90:10 er, 19:1 d.r., determined by

HPLC analysis (Chiralpak AD-H column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A = 210
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nm, 25°C), tR (major) = 12.64 min, tR (minor) = 31.82 min; *H NMR (400 MHz, CDCls) & 7.88 —

7.82 (m, 2H), 7.56 — 7.55 (m, 1H), 7.50 — 7.45 (m, 2H), 7.33 — 7.26 (m, 4H), 7.26 — 7.21 (m, 3H),

7.20 — 7.13 (m, 2H), 7.12 — 7.05 (m, 1H), 7.02 — 6.95 (m, 2H), 5.29 (d, J =

/// CFs 12.6 Hz, 1H), 5.16 (d, J = 12.7 Hz, 1H), 4.71 — 4.65 (m, 1H), 2.31 (d, J = 2.6

O ” O Hz, 1H), 2.29 (s, 3H); 3C NMR (100 MHz, CDCls) & 167.3, 144.0, 143.3,

N COzBn 141.6, 136.8, 134.8, 130.4, 130.1, 129.5, 129.4, 129.2, 128.6, 128.6, 128.2,

Ts 127.9, 126.9, 126.7, 124.8 (q, J = 3.7 Hz), 123.5, 113.2, 78.9, 78.7, 75.3,

67.7,50.2, 21.4; ®F NMR (376 MHz, CDCls3) 6 = -62.77. HRMS (ESI) for C32H21FsNO.S [M+Na]™*:
calcd 598.1270, found 598.1259.

Benzyl (2S,3S)-2-([1,1'-biphenyl]-4-yl)-3-ethynyl-1-tosylindoline-2-carboxylate (3g)
/// o 09% isolated yield, white solid, [a]p®® = 6.60 (c = 0.31 in CHCIl3); 91:9 er,
N O 13:1 d.r., determined by HPLC analysis (Chiralpak IC-H column,
hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tR
N 99 (major) = 75.95 min, tR (minor) = 32.13 min; *H NMR (400 MHz, CDCls) 3
7.78 —7.71 (m, 2H), 7.60 — 7.48 (m, 3H), 7.49-7.42 (m, 4H), 7.40 — 7.34 (m,
1H), 7.33 — 7.23 (m, 9H), 7.12 — 7.04 (m, 1H), 6.99 — 6.92 (m, 2H), 5.34 (d, J = 12.6 Hz, 1H), 5.25
(d, J = 12.6 Hz, 1H), 4.87 — 4.80 (m, 1H), 2.31 (d, J = 2.6 Hz, 1H), 2.27 (s, 3H); *C NMR (100
MHz, CDCl3) 6 167.9, 143.6, 141.0, 140.3, 138.4, 137.1, 135.1, 129.3, 129.1, 128.8, 128.7, 128.2,

128.0, 127.8, 127.6, 127.1, 127.0, 126.5, 124.8, 123.2, 113.1, 79.3, 79.3, 75.0, 67.6, 50.1, 21.4.
HRMS (ESI) for Cs7H2sNO4S [M+Na]": calcd 606.1710, found 606.1700.

Benzyl (2S,3S)-3-ethynyl-2-(m-tolyl)-1-tosylindoline-2-carboxylate (3h)
Me 4% isolated yield, colorless oil, [a]o®® = -5.90 (¢ = 1.02 in CHCls); 91.5:8 5 er,
/// 12:1 d.r., determined by HPLC analysis (Chiralpak AD-H column,
hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tR (major)
= 14.85 min, tR (minor) = 18.98 min; *H NMR § 7.62 — 7.57 (m, 1H), 7.55 —
7.50 (m, 1H), 7.34 (s, 1H), 7.32 — 7.26 (m, 2H), 7.25 — 7.20 (m, 7H), 7.19 — 7.12
(m, 1H), 7.11 — 7.03 (m, 2H), 7.01 — 6.95 (m, 2H), 5.33 (d, J = 12.7 Hz, 1H),
5.22 (d, J = 12.7 Hz, 1H), 4.80 — 4.74 (m, 1H), 2.31 — 2.27 (m, 4H), 2.18 (s, 3H); 13C NMR § 168.2,
143.8, 142.0, 139.5, 137.8, 137.4, 135.5, 129.5, 129.3, 129.2, 129.1, 128.5, 128.2, 128.2, 128.1,
127.4, 127.4, 125.8, 125.0, 123.4, 113.3, 79.8, 79.6, 75.3, 67.7, 50.6, 21.7, 21.7. HRMS (ESI) for
Cs2H27NO4S [M+Na]*: calcd 544.1553, found 544.1558.

Benzyl (2S,3S)-3-ethynyl-2-(3-fluorophenyl)-1-tosylindoline-2-carboxylate (3i)

83% isolated yield, colorless oil, [0]p?® = 1.18 (¢ = 0.91 in CHCls); 92:8 er, 12:1
d.r., determined by HPLC analysis (Chiralpak AD-H column, hexane/i-PrOH,
80:20 v/v, flow rate 0.5 mL/min, A = 220 nm, 25°C), tR (major) = 39.77 min, tR
(minor) = 37.77 min; *H NMR (400 MHz, CDCls) 6 7.54 — 7.46 (m, 3H), 7.39 —
7.33 (m, 2H), 7.33 — 7.26 (m, 2H), 7.25 — 7.15 (m, 6H), 7.10 — 6.96 (m, 4H), 5.29
(d, J =12.7 Hz, 1H), 5.16 (d, J = 12.7 Hz, 1H), 4.70 — 4.65 (m, 1H), 2.32 — 2.27 (m, 4H); 3C NMR
(100 MHz, CDCl3) 6 167.4, 162.21 (d, J = 1.9 Hz), 143.9, 142.0 (d, J = 7.4 Hz), 141.6, 136.9, 134.9,

129.4 (d, J = 8.2 Hz), 129.2, 128.2, 127.9, 127.8, 127.1, 126.8, 124.7, 123.7, 123.7 (d, J = 2.9 Hz),
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123.3, 115.7 (d, J = 24.3 Hz), 115.1 (d, J = 21.0 Hz), 113.1, 79.0 (d, J = 1.9 Hz), 78.8, 75.22 , 67.6,
50.3, 21.5; F NMR (376 MHz, CDCl3) & = -112.40. HRMS (ESI) for CaiH2sFNO4S [M+Na]*:
calcd 548.1302, found 548.1308.

Benzyl (2S,3S)-2-(3-chlorophenyl)-3-ethynyl-1-tosylindoline-2-carboxylate (3j)
cl 62% isolated yield, white solid, [a]o® = -49.90 (c = 1.0 in CHCI5); 91.5:8.5 er,
/// 14:1 d.r., determined by HPLC analysis (Chiralpak AD-H column,
hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tR (major)
N, ‘COBn = 15.96 min, tR (minor) = 17.34 min; 'H NMR (400 MHz, CDCl3) 1H NMR
Ts (400 MHz, Chloroform-d) & 7.72 — 7.67 (m, 1H), 7.51 — 7.46 (m, 2H), 7.28 —
7.23 (m, 3H), 7.20 — 7.14 (m, 6H), 7.13 — 7.08 (m, 2H), 7.02 — 6.95 (m, 3H), 5.23 (d, J = 12.7 Hz,
1H), 5.10 (d, J = 12.7 Hz, 1H), 4.61 — 4.55 (m, 1H), 2.24 (s, 3H), 2.23 (d, J = 2.6 Hz, 1H).; 3C
NMR (100 MHz, CDClz) & 167.4, 144.0, 141.3, 136.9, 134.9, 133.9, 129.3, 129.3, 129.3, 129.2,
128.3, 128.2, 127.9, 127.8, 126.9, 126.7, 126.5, 124.7, 123.3, 113.1, 78.9, 78.7, 75.3, 67.6, 50.4, 21.5.
HRMS (ESI) for C31H24CINO4S [M+Na]*: calcd 564.1007, found 564.1011.

Benzyl (2S,3S)-2-(3,4-dichlorophenyl)-3-ethynyl-1-tosylindoline-2-carboxylate (3k)
cl 72% isolated yield, colorless oil, [a]p?® = -7.30 (c = 0.92 in CHCIs); 91.5:8.5
[// cl er, 19:1 d.r., determined by HPLC analysis (Chiralpak AD-H column,
N hexane/i-PrOH, 80:20 v/v, flow rate 0.5 mL/min, A = 254 nm, 25 °C), tR
(major) = 25.68 min, tR (minor) = 41.50 min; *H NMR (400 MHz, CDCls) &
7.71 (dd, J = 8.6, 2.3 Hz, 1H), 7.67 — 7.64 (m, 1H), 7.62 — 7.57 (m, 1H), 7.40
—7.34 (m, 2H), 7.34 — 7.21 (m, 6H), 7.18 — 7.12 (m, 2H), 7.11 — 7.01 (m, 3H), 5.28 (d, J = 12.6 Hz,
1H), 5.14 (d, J = 12.6 Hz, 1H), 4.63 — 4.59 (m, 1H), 2.33 (s, 3H), 2.30 (d, J = 2.5 Hz, 1H); 3C NMR
(100 MHz, CDCls) 6 167.2, 144.2, 141.7, 139.4, 137.0, 134.8, 132.5, 132.1, 130.2, 129.7, 129.5,
129.3, 128.2, 127.9, 127.9, 127.7, 126.7, 126.5, 124.8, 123.5, 113.2, 78.4, 75.5, 67.7, 50.3, 21.5.
HRMS (ESI) for C31H23CI2NO4S [M+Na]™: calcd 598.0617, found 598.0624.

/C0O,Bn
N

Benzyl (2S,3S)-3-ethynyl-2-(naphthalen-2-yl)-1-tosylindoline-2-carboxylate (3I)

/ 54% isolated yield, white solid, [a]p?® = 26.60 (¢ = 0.94 in CHClIs); 90:10 er,
B OO 9:1 d.r., determined by HPLC analysis (Chiralpak AD-H column,

O - hexane/i-PrOH, 70:30 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tR
N ’COan

(major) = 25.77 min, tR (minor) = 45.25 min; 'H NMR (400 MHz, CDCl5)
5 8.33 (d, J = 1.9 Hz, 1H), 7.80 — 7.75 (m, 1H), 7.74 — 7.70 (m, 1H), 7.65 —
7.56 (m, 3H), 7.53 — 7.43 (m, 2H), 7.36 — 7.29 (m, 2H), 7.25 (s, 5H), 7.18 (d, J = 8.2 Hz, 2H), 7.09 (t,
J=75Hz, 1H), 6.78 (d, J = 8.1 Hz, 2H), 5.37 (d, J = 12.6 Hz, 1H), 5.25 (d, J = 12.7 Hz, 1H), 4.87
(d, J = 2.6 Hz, 1H), 2.30 (d, J = 2.6 Hz, 1H), 2.20 (s, 3H); **C NMR (100 MHz, CDCls) § 167.9,
1435, 141.9, 137.1, 136.2, 135.2, 132.8, 132.5, 129.3, 129.0, 128.9, 128.2, 128.0, 127.8, 127.6,
127.1, 127.1, 126.9, 126.7, 126.1, 125.4, 124.8, 123.2, 113.2, 79.6, 79.2, 75.0, 67.5, 50.2, 21.3.
HRMS (ESI) for CssH2sNO4S [M+Na]*: caled 580.1553, found 580.1551.

Ts
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Benzyl (2S,3S)-3-ethynyl-4-fluoro-2-phenyl-1-tosylindoline-2-carboxylate (3m)
82% isolated yield, colorless oil, [0]p?®® = 29.13 (¢ = 0.98 in CHClIs); 95:5 er,
F [// 10:1 d.r., determined by HPLC analysis (Chiralpak AZ-H column,
: O hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tR (major)
O N "'c0o,Bn = 24.16 min, tR (minor) = 36.40 min; *H NMR (400 MHz, CDCl3) 4 7.70 — 7.63
Ts (m, 2H), 7.37 — 7.31 (m, 3H), 7.31 — 7.26 (m, 6H), 7.24 — 7.15 (m, 2H), 7.02 —
6.95 (m, 2H), 6.78 — 6.69 (m, 1H), 5.35 (d, J = 12.5 Hz, 1H), 5.29 (d, J = 12.5 Hz, 1H), 4.86 — 4.81
(m, 1H), 2.32 (d, J = 2.6 Hz, 1H), 2.29 (s, 3H); 1*C NMR (100 MHz, CDCl3) 6 167.6, 158.8 (d, J =
250.0 Hz), 143.8, 143.7 (d, J = 6.9 Hz), 139.4, 136.6, 135.0, 131.3 (d, J = 8.6 Hz), 129.2, 128.5,
128.4,128.3, 128.1, 128.0, 128.0, 127.4, 113.4 (d, J = 19.9 Hz), 110.2 (d, J = 19.5 Hz), 108.9 (d, J =

3.3 Hz), 80.6, 78.0, 75.1, 67.9, 46.5, 21.5;®F NMR (376 MHz, CDCls) 8 = -117.26. HRMS (ESI)
for C31H24FNO4S [M+Na]*: calcd 548.1302, found 548.1302.

Benzyl (2S,3S)-3-ethynyl-5-methyl-2-phenyl-1-tosylindoline-2-carboxylate (3n)
/// 61% isolated yield, colorless oil, [o]o® = 0.57 (¢ = 1.05 in CHCls); 93.5:6.5

Ve ‘ er, 9:1 d.r., determined by HPLC analysis (Chiralpak AD-H column,
O ' hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tR
N ‘CO2Bn (major) = 75.26 min, tR (minor) = 80.24 min; 'H NMR (400 MHz, CDCls)

T 8 7.71 — 7.65 (m, 2H), 7.37 — 7.32 (m, 1H), 7.30 — 7.21 (m, 10H), 7.10 —
7.04 (m, 2H), 7.00 — 6.94 (m, 2H), 5.31 (d, J = 12.7 Hz, 1H), 5.21 (d, J = 12.7 Hz, 1H), 4.76 — 4.71
(m, 1H), 2.31 (s, 3H), 2.29 (d, J = 2.6 Hz, 1H), 2.28 (s, 3H); 3C NMR (100 MHz, CDCls) 5 = 167.9,
1435, 139.6, 139.3, 137.1, 135.1, 132.9, 129.7, 129.0, 128.3, 128.2, 128.1, 128.0, 127.9, 127.9,
127.2, 127.0, 125.2, 112.8, 79.8, 79.6, 74.9, 67.5, 50.1, 21.4, 20.7. HRMS (ESI) for CaHz7NO4S
[M+Na]*: calcd 544.1553, found 544.1553.

Benzyl (2S,3S)-5-chloro-3-ethynyl-2-phenyl-1-tosylindoline-2-carboxylate (30)
/ 63% isolated yield, colorless oil, [a]o® = -11.07 (c = 0.89 in CHCly);
cl s O 91.5:85 er, 10:1 d.r., determined by HPLC analysis (Chiralpak AD-H
O column, hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A =254 nm, 25 °C),
¥S C0aBn tR (major) = 14.48 min, tR (minor) = 20.85 min; *H NMR (400 MHz, CDCl5)
8 7.70-7.63 (m, 2H), 7.44 — 7.38 (m, 1H), 7.34 — 7.26 (m, 6H), 7.25 — 7.17
(m, 6H), 7.04 — 6.97 (m, 2H), 5.32 (d, J = 12.6 Hz, 1H), 5.20 (d, J = 12.6 Hz, 1H), 4.78 — 4.71 (m,
1H), 2.33 — 2.27 (m, 4H); *C NMR (100 MHz, CDClIs) § = 167.5, 143.9, 140.3, 139.0, 136.6, 134.9,
129.2, 128.8, 128.4, 128.2, 128.1, 128.1, 128.0, 127.1, 124.9, 113.9, 80.0, 78.4, 75.6, 67.7, 49.7, 21.5.

HRMS (ESI) for C31H24CINO4S [M+Na]*: calcd 564.1007, found 564.1003.

Benzyl (2S,3S)-3-ethynyl-6-methyl-2-phenyl-1-tosylindoline-2-carboxylate (3p)
/// 61% isolated yield, colorless oil, [a]o® = 3.67 (c = 0.88 in CHCls);

U 92.5:7.5 er, 6:1 d.r., determined by HPLC analysis (Chiralpak AD-H

Y O column, hexane/i-PrOH, 80:20 v/v, flow rate 0.5 mL/min, A = 254 nm, 25

" O N “'co,Bn °C), tR (major) = 31.58 min, tR (minor) = 45.35 min; 'H NMR (400 MHz,
e

Ts CDCls) 5 7.71 — 7.65 (m, 2H), 7.30 — 7.24 (m, TH), 7.24 — 7.20 (m, 4H),

7.18 — 7.13 (m, 1H), 7.00 — 6.95 (M, 2H), 6.88 — 6.83 (m, 1H), 5.32 (d, J = 12.6 Hz, 1H), 5.23 (d, J =
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12.6 Hz, 1H), 4.77 — 4.72 (m, 1H), 2.36 (s, 3H), 2.29 (s, 3H), 2.27 (d, J = 2.6 Hz, 1H); 3C NMR
(100 MHz, CDCIs) 6 167.9, 1435, 141.6, 139.7, 139.5, 137.1, 135.1, 129.1, 128.2, 128.2, 128.1,
127.9,127.8,127.2, 124.4, 124.2, 124.0, 113.7, 79.9, 79.7, 74.8, 67.6, 49.8, 21.9, 21.4. HRMS (ESI)
for Ca2H27NO4S [M+Na]*: calcd 544.1553, found 544.1555.

Benzyl (2S,3S)-3-ethynyl-6-fluoro-2-phenyl-1-tosylindoline-2-carboxylate (3q)
Vi 73% isolated yield, colorless oil, [a]p?® = 2.20 (c = 0.74 in CHCI3); 94:6 er,

B 11:1 d.r., determined by HPLC analysis (Chiralpak AD-H column,
O / hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tR
F N €98 major) = 14.89 min, tR (minor) = 21.56 min; 'H NMR (400 MHz, CDCls) §

Ts 7.70 — 7.64 (m, 2H), 7.34 — 7.15 (m, 12H), 7.01 (d, J = 8.1 Hz, 2H), 6.74 (td, J
=8.5,2.3 Hz, 1H), 5.33 (d, J = 12.6 Hz, 1H), 5.24 (d, J = 12.6 Hz, 1H), 4.78 — 4.72 (m, 1H), 2.31 (s,
3H), 2.29 (d, J = 2.6 Hz, 1H); 3C NMR (100 MHz, CDCls) & 167.6, 163.6 (d, J = 245.1 Hz), 143.9,
1429 (d, J = 12.0 Hz), 139.0, 136.6, 135.0, 129.2, 128.4, 128.3, 128.2, 128.1, 128.0, 127.9, 127.2,
125.5 (d, J = 10.1 Hz), 122.5 (d, J = 2.5 Hz), 109.7 (d, J = 23.1 Hz), 101.5 (d, J = 29.5 Hz), 80.4,
79.0, 75.2, 67.7, 49.5, 21.5; F NMR (376 MHz, CDCl3) § = -111.36. HRMS (ESI) for
Cs1H24FNO4S [M+Na]*: calcd 548.1302, found 548.1304.

Benzyl (2S,3S)-6-chloro-3-ethynyl-2-phenyl-1-tosylindoline-2-carboxylate (3r)
y 70% isolated yield, colorless oil, [a]o® = 12.33 (¢ = 1.33 in CHClIs3); 91:9 er,
O 11:1 d.r., determined by HPLC analysis (Chiralpak AD-H column,
O hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A = 220 nm, 25 °C), R
cl N C9B major) = 14.20 min, tR (minor) = 20.74 min; *H NMR (400 MHz, CDCls) 6
7.70 — 7.62 (m, 2H), 7.52 — 7.47 (m, 1H), 7.33 — 7.26 (m, 6H), 7.26 — 7.22 (m,
2H), 7.21 — 7.15 (m, 3H), 7.05 — 6.99 (m, 3H), 5.32 (d, J = 12.6 Hz, 1H), 5.24 (d, J = 12.6 Hz, 1H),
7.76 — 7.71 (m, 1H), 2.31 (s, 3H), 2.28 (d, J = 2.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) & 167.5,
144.0, 142.7, 139.0, 136.6, 135.1, 135.0, 129.3, 128.4, 128.3, 128.2, 128.1, 128.1, 127.9, 127.2,
125.7, 125.5, 123.2, 113.4, 80.1, 78.7, 75.4, 67.7, 49.6, 21.5. HRMS (ESI) for C31H24CINO4S

[M+Na]": calcd 564.1007, found 564.1057.

Benzyl (2S,3S)-2-(4-bromophenyl)-3-ethynyl-4-fluoro-1-tosylindoline-2-carboxylate (3s)
Br  78% isolated yield, colorless oil, [a]o?® = 170.43 (¢ = 1.0 in CHCIs); 96:4 er,
15:1 d.r., determined by HPLC analysis (Chiralpak AZ-H column,
; hexane/i-PrOH, 75:25 v/v, flow rate 1.0 mL/min, A = 220 nm, 25°C), tR (major)
"1COzBn = 25.79 min, tR (minor) = 56.75 min; *H NMR (400 MHz, CDCls) 1H NMR
Ts (400 MHz, Chloroform-d) 8 7.56 — 7.51 (m, 2H), 7.38 — 7.32 (m, 4H), 7.32 —
7.28 (m, 5H), 7.24 —7.22 (m, 2H), 7.03 (d, J = 8.1 Hz, 2H), 6.78 — 6.72 (m, 1H), 5.33 (d, J = 12.3 Hz,
1H), 5.25 (d, J = 12.5 Hz, 1H), 4.73 (d, J = 2.5 Hz, 1H), 2.33 — 2.32 (m, 4H); 3C NMR (100 MHz,
CDCl3) 6 167.3, 158.8 (d, J = 250.2 Hz), 144.1, 143.7 (d, J = 6.8 Hz), 138.3, 136.6, 134.8, 131.5 (d,
J=8.5Hz),131.1,129.4, 129.3, 128.3, 128.3, 128.1, 127.1, 122.9, 113.1 (d, J = 19.8 Hz), 110.4 (d, J
=19.5 Hz), 108.9 (d, J = 3.4 Hz), 79.9, 77.6, 75.3, 68.0, 46.5, 21.5; °F NMR (376 MHz, CDCl3) § =
-117.01. HRMS (ESI) for C31H23BrFNO4S [M+Na]*: calcd 626.0407, found 626.0401.
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Benzyl (2S,3S)-2-(4-chlorophenyl)-3-ethynyl-4-fluoro-1-tosylindoline-2-carboxylate (3t)

¢l 81% isolated yield, colorless oil, [o]p?® = 76.1 (¢ = 1.0 in CHCIs); 95.5:4.5 er,
16:1 d.r., determined by HPLC analysis (Chiralpak AZ-H column,
hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A = 220 nm, 25°C), tR (major)
"1CO.Bn = 27.63 min, tR (minor) = 60.14 min; *H NMR (400 MHz, CDCls) 1H NMR
Ts (400 MHz, Chloroform-d) 6 7.63 — 7.58 (m, 2H), 7.35 (d, J = 8.2 Hz, 2H), 7.32 —
7.27 (m, 5H), 7.25 - 7.19 (m, 4H), 7.03 (d, J = 8.1 Hz, 2H), 6.78 — 6.71 (m, 1H), 5.33 (d, J = 12.4 Hz,
1H), 5.25 (d, J = 12.5 Hz, 1H), 4.73 (d, J = 2.5 Hz, 1H), 2.34 — 2.30 (m, 4H); *C NMR (100 MHz,
CDCls) 6 167.3, 158.8 (d, J = 250.1 Hz), 144.1, 143.7, 137.8, 136.7 (d, J = 11.4 Hz), 1315 (d, J =
8.5 Hz), 129.4, 129.3, 128.4, 128.3, 128.1, 128.1, 127.1, 126.6, 122.9, 113.2 (d, J = 19.6 Hz), 110.4
(d, J = 19.3 Hz), 108.9 (d, J = 3.5 Hz), 79.9, 77.6, 75.3, 68.1, 46.5, 21.5; °F NMR (376 MHz,
CDCl3) 6 = -117.07. HRMS (ESI) for C31H23CIFNO4S [M+Na]*: calcd 582.0913, found 582.0915.

Benzyl (2S,3S)-3-ethynyl-1-((4-methoxyphenyl)sulfonyl)-2-phenylindoline-2-carboxylate (3u)

/ 80% isolated yield, white solid, [a]p?® = 20.53 (¢ = 1.20 in CHCls); 94.5:5.5

ph er, 15:1 d.r., determined by HPLC analysis (Chiralpak AD-H column,
@E}""CO?B” hexane/i-PrOH, 90:10 v/v, flow rate 0.5 mL/min, A = 254 nm, 25 °C), tR
,)D;Oom (major) = 69.58 min, tR (minor) = 66.05 min; *H NMR (400 MHz, CDCl3) 5

oo 7.74 —7.67 (m, 2H), 7.46 — 7.40 (m, 1H), 7.33 — 7.23 (m, 12H), 7.07 — 7.00

(m, 1H), 6.67 — 6.61 (m, 2H), 5.32 (d, J = 12.7 Hz, 1H), 5.23 (d, J = 12.6 Hz, 1H), 4.81 — 4.76 (m,
1H), 3.74 (s, 3H); *C NMR (100 MHz, CDCls) § 167.9, 162.9, 141.5, 139.7, 135.1, 131.4, 129.5,
129.2, 128.2, 128.2, 128.1, 128.0, 128.0, 127.8, 127.0, 124.7, 123.1, 113.6, 112.9, 79.6, 79.4, 74.9,
67.5, 55.5, 50.1. HRMS (ESI) for C31H2sNO4S [M+Na]™: calcd 546.1346, found 546.1340.

Benzyl (2S,3S)-1-((4-bromophenyl)sulfonyl)-3-ethynyl-2-phenylindoline-2-carboxylate (3v)

/ 76% isolated yield, colorless oil, [a]o®® = 22.10 (¢ = 1.20 in CHCI3); 92.5:7.5 er,
{ Ph 15:1 d.r., determined by HPLC analysis (Chiralpak AD-H column,
@E}""C%B” hexane/i-PrOH, 90:10 v/v, flow rate 0.5 mL/min, A = 210 nm, 25°C), tR (major)

//\S\OBr = 32.31 min, tR (minor) = 27.64 min; 'H NMR (400 MHz, CDCls) 1H NMR

°0 (400 MHz, Chloroform-d) ¢ 7.68 — 7.64 (m, 2H), 7.48 — 7.43 (m, 1H), 7.33 —
7.28 (m, 5H), 7.27 — 7.24 (m, 7H), 7.20 — 7.15 (m, 2H), 7.08 (t, J = 7.5 Hz, 1H), 5.32 (d, J = 12.5 Hz,
1H), 5.24 (d, J = 12.6 Hz, 1H), 4.82 (d, J = 2.5 Hz, 1H), 2.32 (d, J = 2.6 Hz, 1H); *C NMR (100
MHz, CDCls) 6 167.7, 141.1, 139.2, 138.8, 134.9, 131.7, 129.4, 128.5, 128.4, 128.2, 128.1, 128.1,
128.0, 127.8, 127.0, 125.0, 123.6, 113.6, 112.9, 79.6, 79.3, 75.1, 67.7; HRMS (ESI) for
C3oH22BrNO4S [M+Na]*: calcd 594.0345, found 594.0349.

Benzyl (2S,3S)-3-ethynyl-2-phenyl-1-(m-tolylsulfonyl)indoline-2-carboxylate (3w)
/// 75% isolated yield, colorless oil, [a]o?® = -2.90 (c = 0.87 in CHCls); 94:6 er,
o 12:1 d.r., determined by HPLC analysis (Chiralpak AD-H column,
@Ey..coan hexane/i-PrOH, 80:20 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tR (major)
N =13.53 min, tR (minor) = 18.46 min; *H NMR (400 MHz, CDCl3) § 7.71 — 7.64
o”s‘b (m, 2H), 7.55 — 7.49 (m, 1H), 7.35 — 7.27 (m, 4H), 7.26 — 7.17 (m, 8H), 7.16 —
Me 7.03 (m, 2H), 6.85 (s, 1H), 5.34 (d, J = 12.7 Hz, 1H), 5.23 (d, J = 12.7 Hz, 1H),
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4.85 — 4.80 (m, 1H), 2.28 (d, J = 2.6 Hz, 1H), 2.16 (s, 3H); 3C NMR (100 MHz, CDCls) & 167.8,
141.6, 139.8, 139.3, 138.7, 135.1, 133.5, 129.3, 128.5, 128.3, 128.2, 128.2, 128.0, 127.8, 127.8,
127.4, 127.0, 124.7, 124.1, 123.1, 113.0, 79.3, 79.2, 75.0, 67.5, 50.2, 21.2. HRMS (ESI) for
C24H21CIO2 [M+Na]*: calcd 530.1397, found 530.1403.

((2S,3S)-3-ethynyl-2-phenyl-1-tosylindolin-2-yl)methanol (6)
/ 87% isolated yield, colorless oil, [a]p®® = -1.80 (¢ = 1.00 in CHCIs); 94.5:5.5 er,
/ oH 19:1 d.r., determined by HPLC analysis (Chiralpak AD-H column, hexane/i-PrOH,
m‘l 90:10 v/v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tR (major) = 41.52 min, tR
N Ph (minor) = 44.32 min; 'H NMR (400 MHz, CDCl3) & 7.68 — 7.62 (m, 2H), 7.59 —
7.53 (m, 1H), 7.47 — 7.40 (m, 2H), 7.32 — 7.26 (m, 3H), 7.25 — 7.20 (m, 2H), 7.19 —
7.15 (m, 2H), 7.06 — 6.98 (m, 1H), 4.86 (dd, J = 12.8, 5.9 Hz, 1H), 4.75 (dd, J = 12.8, 8.3 Hz, 1H),
4.47 (d, J = 2.5 Hz, 1H), 2.78 — 2.67 (m, 1H), 2.38 (d, J = 2.7 Hz, 1H), 2.36 (s, 3H); 1*C NMR (100
MHz, CDCl3) & 143.9, 142.1, 141.7, 137.4, 129.4, 128.9, 128.5, 128.5, 128.3, 127.9, 127.3, 126.2,
124.4,123.7, 114.0, 79.7, 79.3, 74.9, 65.1, 47.8, 21.5. HRMS (ESI) for C24H2:NOsS [M+Na]*: calcd

426.1134, found 426.1126.

((2S,3S)-3-ethynyl-2-phenylindolin-2-yl)methanol (7)
/ 85% isolated yield, colorless oil, [a]o® = -12.10 (c = 1.00 in CHCIs); 94.5:5.5 er,
/ oH 19:1 d.r., determined by HPLC analysis (Chiralpak AD-H column, hexane/i-PrOH,
m\' 90:10 /v, flow rate 1.0 mL/min, A = 254 nm, 25 °C), tR (major) = 14.59 min, tR
N " (minor) = 18.12 min; *H NMR (400 MHz, CDCls) 8 7.61 (d, J = 7.7 Hz, 2H), 7.31
J =76 Hz, 2H), 7.27 — 7.18 (m, 2H), 7.14 (d, J = 7.9 Hz, 1H), 7.04 (t, J = 7.7 Hz,
1H), 6.83 — 6.60(m, 2H), 4.15 (d, J = 2.6 Hz, 1H), 4.07 (d, J = 11.4 Hz, 1H), 3.80 (d, J = 11.5 Hz,
1H), 2.35 (d, J = 2.3 Hz, 1H).; 3C NMR (100 MHz, CDCls) & 148.4, 143.1, 128.7, 128.6, 127.8,
127.6,126.0, 124.1, 119.5, 110.5, 80.3, 73.3, 72.2, 66.5, 44.1. HRMS (ESI) for C17H1sNO [M+Na]*:

calcd 272.10, found 272.11

(9S,9S)-9-ethynyl-9-phenyl-9,9-dihydro-1H,3H-oxazolo[3,4-a]indol-3-one (8)
I 90% isolated yield, colorless oil, [0]p?® = 6.77 (c = 1.00 in CHCIs); 94.5:5.5 er, 19:1
: d.r., determined by HPLC analysis (Chiralpak AD-H column, hexane/i-PrOH, 95:5
m[’h v/v, flow rate 1.0 mL/min, A = 220 nm, 25°C), tR (major) = 15.77 min, tR (minor) =
N (|) 19.9 min; *H NMR (400 MHz, CDCls3) 6 7.65 (d, ] = 7.9 Hz, 1H), 7.42 — 7.24 (m,
o>]/ 7H), 7.17 (t, J = 7.5 Hz, 1H), 5.32 (d, J = 8.9 Hz, 1H), 4.60 (d, J = 8.9 Hz, 1H), 4.23
(d, J = 2.6 Hz, 1H).; 3C NMR (100 MHz, CDCls) & 156.5, 144.2, 139.9, 131.8,
1295, 128.2, 125.9, 125.5, 124.2, 116.3, 79.5, 74.5, 73.3, 46.3, 22.5. HRMS (ESI) for C1gH13NO>
[M+Na]*: calcd 298.08, found 298.009.

Benzyl (R)-2-phenyl-1-tosyl-3-vinylideneindoline-2-carboxylate (9)

/ 83% isolated yield, colorless oil, [o]D?® = 55.57 (¢ = 0.85 in CHCI3); 93:7 er,

* determined by HPLC analysis (Chiralpak AZ-H column, hexane/i-PrOH, 80:20
@E@{Ph v/v, flow rate 1.0 mL/min, A = 254 nm, 25 oC), tR (major) = 13.53 min, tR
N COB"  (minor) = 20.70 min; H NMR (400 MHz, CDCI3) § 7.58 — 7.53 (m, 2H), 7.43 —

Ts
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7.34 (m, 3H), 7.34 — 7.27 (m, 4H), 7.26 — 7.17 (m, 5H), 7.04 — 6.98 (m, 1H), 6.95 (s, 4H), 5.37 (s,
2H), 5.20 (d, J = 13.4 Hz, 1H), 5.04 (d, J = 13.4 Hz, 1H), 2.27 (s, 3H); 13C NMR (100 MHz, CDCI3)
d 202.5, 168.4, 143.4, 138.0, 137.2, 135.5, 130.3, 129.6, 129.1, 128.3, 128.3, 128.1, 127.7, 126.9,
123.2, 122.6, 112.9, 85.8, 67.9, 21.4. HRMS (ESI) for C31H25N0O4S [M+Na]+: calcd 530.1397,
found 530.1395.

3.3 Synthetic transformation

s DIBAL-H s
Ph Ph
., Ph-Me
N COan _ o N
Ts 30°C,6h Ts OH
3a: 0.2 mmol 6: 87% yield,
95:5 er, dr: 19:1 94.5:5.5 er, dr: 19:1

Procedure I: Under argon atmosphere, a flame-dried 10 mL Schlenk tube was charged with
compound 3aa (101.4 mg, 0.20 mmol) and anhydrous Ph-Me (2.0 mL) and cooled to -30 <C. To
this solution, DIBAL-H (5.0 equiv., 1.5 M in Ph-Me) was added dropwise, and the reaction mixture
was maintained at -30 <C for 6 hours. The reaction was quenched with saturated NH4Cl aqueous
solution and extracted with ethyl acetate. The combined organic layer was dried with Na>SQO4, and
evaporated under reduced pressure. The residue was purified by column chromatography afford the
desired product 5aa in 87% yield and 94.5:5.5 er.

r I
N Mg, MeOH :
mh NH,Cl, MW ©\/\p‘\l‘3h
N N
Ts OH H OH
6: 0.2 mmol, 7: 85% yield

94.5:5.5 er, dr: 19:1 94.5:8.5 er, dr: 19:1

Procedure Il: Under argon atmosphere, a flame-dried 10 mL Schlenk tube was charged with
compound 6 (80.6 mg, 0.20 mmol) and Mg (240 mg, 10 mmol, 200-300 mesh) and NH4Cl (642mg
12 mmol) and anhydrous MeOH (4.0 mL. The resulting solution was in MW for 4 h. Then NH4CI (3
mL) was added to the reaction mixture to quench excess magnesium powder. The aqueous phase was
extracted with ethyl acetate (4>6 mL). The combined organic layers were dried over Na2SO4,
filtered and concentrated in vacuo. TThe residue was purified by column chromatography afford the
desired product 7 in 85% yield and 94.5:5.5 er.

I/ 4

©\/\P,\I°‘h CDI, DMAP, NEt; mh
N DCM,0°C, 2 h N

H OH 0]
I

7: 0.2 mmol 8:
94.5:5.5 er, dr: 19:1 90% vyield, 94.5:5.5 er, dr: 19:1
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Procedure I11: Under argon atmosphere, a flame-dried 10 mL Schlenk tube was charged with
compound 7 (50 mg, 0.20 mmol) and anhydrous DCM (2.0 mL) and cooled to 0 <C. To this
solution, DMAP (2.4 mg, 0.02 mmol), EtsN (61 uL, 4.4 mmol), and 1,1'-carbonyldiimidazole
(42.2mg, 0.26 mmol). The mixture was stirred at 0 <C for 2 h. Remove the solvent under vacuum.
The residue was purified by column chromatography afford the desired product 8 in 90% yield and

94555er.
I /

N  ‘CO,Bn THF, rt N ‘CO,Bn
Ts Ts

3a: 0.2 mmol 9: 83% yield, 93:7 er
95:5 er, dr: 19:1

Procedure 1V: In a flame-dried 10 ml Schlenk tube 3a (101.43. mg, 0.20 mmol) were dissolved
in THF (2.0 mL). To the resulting solution, NHz H20 (3.0 mL) was added sequentially. After stirred
for 3 h, the solvent was removed under vacuum. The reaction mixture was directly purified by flash
column chromatography on silica gel to afford the desired product 9 in 83% yield and 93:7 ee.

4. X-Ray Structures of Product 3u

v pzd i
53
9
3
[

3u
CCDC: 2189489

Figure S1. X-ray crystallography of 3u
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'H NMR spectrum of compound 3b (400 MHz, CDCls)
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'H NMR spectrum of compound 3c (400 MHz, CDCls)

ogec—

F20'L
Ezou

7802
ke
Fs0z
20
€'e

0L
Koz

T
4.0
f1 (ppm)

vz —

—

=

O

(@]

@)

N 505 —

I

o

o

/1_\ 2629 —

[&]

M gy —

|m 98'6L —

>

o

3

o

o

Y

(@]

-

..wll. E,v:W

O sk

D o9ocet

pmo.mmv/

o sozei
98221 ~\

X ovser

M 1z'821L
1v°82)

zZ wv.mmv%
ﬁ

T T T
160 150 140 130 120 110

170

80

1 (ppm)

S22



19F NMR spectrum of compound 3c (376 MHz, CDCls)
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13C NMR spectrum of compound 3d (100 MHz, CDClz)
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13C NMR spectrum of compound 3e (100 MHz, CDCls)
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'H NMR spectrum of compound 3g (400 MHz, CDCls)
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'H NMR spectrum of compound 3h (400 MHz, CDCls)
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'H NMR spectrum of compound 3i (400 MHz, CDCls)
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19F NMR spectrum of compound 3i (376 MHz, CDCla)
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13C NMR spectrum of compound 3j (100 MHz, CDCI3)
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13C NMR spectrum of compound 3k (100 MHz, CDClz)
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13C NMR spectrum of compound 41 (100 MHz, CDClz)
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13C NMR spectrum of compound 3m (100 MHz, CDCla)
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'H NMR spectrum of compound 3n (400 MHz, CDCls)
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'H NMR spectrum of compound 3o (400 MHz, CDCls)
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'H NMR spectrum of compound 3p (400 MHz, CDCls)
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H NMR spectrum of compound 3¢ (400 MHz, CDCls)
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19F NMR spectrum of compound 3q (376 MHz, CDCls)
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13C NMR spectrum of compound 3r (100 MHz, CDCls)
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13C N

MR spectrum of compound 3s (100 MHz, CDCls)
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'H NMR spectrum of compound 3t (400 MHz, CDCls)
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BF NMR spectrum of compound 3t (376 MHz, CDCls)
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13C NMR spectrum of compound 3u (100 MHz, CDClz)
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13C NMR spectrum of compound 3v (100 MHz, CDCls)
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13C NMR spectrum of compound 6 (100 MHz, CDCls)
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13C NMR spectrum of compound 7 (100 MHz, CDCls)
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13C NMR spectrum of compound 8 (100 MHz, CDCls)
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13C NMR spectrum of compound 9 (100 MHz, CDCls)
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6. Copies of HPLC Spectra

HPLC spectrum of racemic 3a

N

DADT A 55=254 4 Refechl [E DATABSIDEF LC 20270412 08-12-050BL765005.0] O

b A E.

e VAN VAR O N COzBn

. / / Ts rac-3a

Q,Z / '\\ / \\ Peak RetTime Type Width Area Height Area

/ i i *
75 / \\ / # [min] [min] mAU s [mAU ] %
Y " N\ e B B |2 memnaee |
o ——= —— | 1 48.263 BB 0.8538 1230. 16296  20. 68695 49,7153
P @ Py 0 1 & s

2 50,773 BB 0.8802 1244. 25159  19.71780 50. 2847

HPLC spectrum of 3a

50,850

DAD1 A, Sig=254 A4 Ref=olf (E\DAT ABS\DEF_LC 2021-04-12 09-12-03\QBLB03A0.52.0)
mAl ~
129 a O "
2 N COzBn
104 Ts 3a
] Peak RetTime Type Width Area Height Area
1 ¥ [min) [min] mAU *s  [mAU ] %
“ il Rt |====]=====- | === |=======—= | =======- |
PE
T T T T
a7 a8 48 50

| 48.317 BB 0.9152 789.37970 13.02188 94.919
5 E? 57wl | 9 50,859 BB 0.7323  42.25006 7.16163e-1  5.0804

HPLC spectrum of racemic 3b

// Me
DADTB, Sig=254 4 Ref=off (ENDATAVQBL\DEF_LC 2021-07-28 10-27-56\QBLEY3B D) O
25 O N’ CO,Bn
® g Ts rac-3b
5 < Peak RetTime Type Width Area Height Area
" /\ #  [nmin] [min] ®wAU  *s  [mAU ] 3
il ettt e e st R I,
PE 1 24.200 BB 0. 5881 1172.66956  29.73348 50.6311
— “ = = 2 45.828 BB 0.9191 1143.43713  14.73920 49.3689
HPLC spectrum of 3b
VA Me
DADT B, Sig=254.4 Ref=off [E\DATA\QBL\DEF_LC 2021-08-01 15-20-00\QBL951A D) = -
™ “'CO,B
100 ¥s 250 3b
© Peak RetTime Type Width Area Height Area
0 #  [min] [min] mAU *s  [mAU ] %
40 = il Rttt | === === |===mmmmmme |===mmmmm—- |======== |
2: 3 1 23.400 BB 0.5859 4810.12988 126.41457 91.5915
o % ) P % P 5w 2 44.097 BB 0.8312 441.59152 6.25859  B.4085

HPLC spectrum of racemic 3c

/:/ ' F
DAD1 B, Sig=254,4 Ref=off (EADATAVQBL\DEF_LC 2021-07-31 08-44-37\QBL901B.D) O
] ] & E O N CO.Bn
1= . Ts rac-3c
07 ] Peak RetTime Type Width Area Height Area
40 # [min] [min] mAU *s [mAU ] %
—===|mm————- |====|======= |===mmmmmem |==mmmmmme |======== |
7 /\ 1 14.265 BB 0.3428 1520.18762 68.00169 17.5412
e T 1 — 3 = - 2 18.542 BB 0.4588 2805.01660 97.16734 32.3666
3 20,156 BB 0.4956 1501.18030  46.62340 17.3218
4 23.523 BB 0.5828 2840.01978  75. 17506 32.7705
HPLC spectrum of 3c
4 F
DAD1 B, Sig=254.4 Ref=off (EADATA\QBL\DEF_LC 2021-08-16 14-10-50\qbl958b.D) O 3 O
mAU
1 ! “CO,Bn
o] ) BT3¢
125 Peak RetTime Type Width Area Height Area
1004 # [min] [min] mAU *s5 [mAU ] %
s i e |====|======- | ==mmmmmm—— | =====mm——= |======== |
:: '§ 1 19.190 BB 0.4692 6001. 36572 197.09412 94, 4744
= 2 24.347 BB 0.4675 351. 00403 9.23379  5.5256
15 20 2 2 % vin
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HPLC spectrum of racemic 3d

N ¢l
DAD1 A, Sig=254 4 Ref=off (EADATAVQBL\DEF_LC 2021-09-07 16-56-26\QBL963E-2.D) O
mAU . 2 O
! 2 CO,Bn
© N 2
: ) Ts rac-3d
4 § 3 Peak RetTime Type Width Area Height Area
3 # [min] [min] mAU  *s [mAU ] %
2 it Bttt |====|======= | === | === | =======- |
; 1 15.573 BB 0.3867 144.65961 5.76501 19,6349
—r - = I = - 3 5 P — 2 18,308 BB 0.4459 224.48845  7.79617 30,4701
3 26.471 BB 0.5888 144. 75035 3.30618 19.6472
4 34.053 BB 0.6989 222. 85080 3.95803 30.2479
HPLC spectrum of 3d
DAD1 B, Sig=254 4 Ref=off (EADATAXW\DEF_LC 2021-03- 11 09-08-07\qbl969a2.D)

o
60
5] 3d
40 Peak RetTime Type Width Area Height Area
307 # [min] [min] mAU  *s (maU ] %
203 g il Rt |====]====== | === | === |======-- |
‘:i 8 1 18.015 BV 0.4434 2159. 11987  75. 54601 95. 3480

16 {3__ _ ‘?é___ _'__ T _g‘a_ - ‘_ T P 20 2 = i 2 33.509 BB 0.6772 105, 34396 2.10015  4.6520
HPLC spectrum of racemic 3e
// Br
DAD1 B, Sig=254 4 Ref=off (E\DATA\QBL\DEF _LC 2021-07-28 10-27-58\QBL893C.D) O

mAU @

100 O N CO2Bn
w0 s Ts rac-3e
60 % E Peak RetTime Type Width Area Height Area

© S # [min] [min] mAU  *s [mAU ] %
N g --=-1 1-==-1 [ -1 I-- |
204 1 16.859 BB 0.4173 1070, 11279 39.09487 11. 2702
o7 T T T — 2 19.218 BB 0. 4767 3668. 60303 119. 33127 38. 6370
15 20 25 30 35 40 min
e S 3 30.818 BB 0, 6357 1096. 15271  21. 32385 11,5445
4 40.830 BB 0, 9640 3660. 17871  51.94664 38, 5483
HPLC spectrum of 3e
DAD1 B, Sig=254 4 Ref=off (E\DATA\QBL\DEF_LC 2021-08-01 15-29-09\QBL951B D)

mAU 2

250

2004

150 ] Peak RetTime Type Width Area Height Area

# [min] [min] mAU *s [mAU ] %

1003 o il Rt 1-===1 | | I I
50 5 1 18.683 BB 0. 4639 9476, 20313 317.79935 94,5164
° T T T T T - 2 39.752 BB 0. 7484 549, 79016 8. 70979 5. 4836

20 25 30 35 40 min
HPLC spectrum of racemic 3f
Vi l CFy4
O CO,Bn
N 2
Ts rac-3f
8 Peak RetTime Type Width Area Height Area
= # [min] [min] mAU *s [mAU ] %
il Rttt |====| === | === |========-= | =====——= |
/\ 1 10.011 BV R 0.2390 1986, 57324 121. 33531 12,9173
- - 2 12,414 VW R 0.3137 5856.90029 284, 72473 38. 0834
2 = = 3 17.752 VW R 0.3815 1974. 17603  65. 15001 12. 8367
4 31.605 YV R 0.6459 5561, 49414 101. 39738 36. 1626
HPLC spectrum of 3f
Z// CF3
DAD1 B, Sig=2104 Ref=off (E:\data\QBL\DEF_LC 2021-09-06 09-49-33\qbl966b.D)
mAU g

200 ‘CO,BN

175 "I\!s : 3f

:2 Peak RetTime Type Width Area Height Area

100 # [min] [min] mAU *s [mAU ] %

75 —mm= |- |==== === | === | === | ======== |

;g 3 1 12,638 VWW R 0.4340 6125, 74414 Z214. 01921 90. 1235
o = 2 31.816 BB 0.8732 671 31421 9. 09411  9.8765

1 12‘,5 |‘5 1 7‘,5 2‘0 22‘,5 2‘5 27',5 B‘D 32‘,5 min

552




HPLC spectrum of racemic 3g

DAD B, Sigez54 4 Relwol! (E \dals L DIDEF_LC 2021-06-16 11-54-25qui901a D)

mAU 3
50 § LI

O Ph
O N CO2Bn

a0 s rac-3g
204 | ” (‘\ 2 Peak RetTime Type Width Area Height Area
ol | ‘ (1 £ #  [min) [min] mAU  *s  [mAU ] %
110 J//\\\H__* el EEEEE [====|==m==- e |==mmmmmm- e |
‘ZJ L.J U L,_ 1 22,729 BB 0. 8803 3470.05444  60.58092 24.0558
2 = = 0= 2 28.341 BV 1.0919 3358.05103  47.78162 23.2794
3 32.062 VB 1. 2896 3760. 28833  44.51208 26. 0678
4 76,559 BB 2. 4673 3836.61475  20.20539 26,5970
HPLC spectrum of 3g
[// Ph
DAD1 B, Sig=254 .4 Ref=off (E \datalLDIDEF _LC 2021-08-16 11-54-26\qbi858a D)
1204 R O "CO,Bn
100 fm 'INS : 3g
:: | Peak RetTime Type Width Area Height Area
04 # [min] [min] mAU  *s [mAU ] %

J\

70

ol ety R [-=-mmmm-- R [-=------ \
1 32.134 VB 1. 2870 2492. 78467  29.58451 8. 7729

2 75.954 BBA  Z2.B6T8 2.59Z217ed4  137.72528 91. 2271

HPLC spectrum of racemic 3l
Me
O N, COzBn
Ts rac-3l
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ) %

- | e [-=-mmmmmm- e | ---mmm-- [
1 14.258 BB 0.3557 1950.95837  85.66096 50. 1834

2 18.239 BB 0. 4648 1936. 69897  65. 15800 49. 8166

HPLC spectrum of 3l
DAD1 B, Sig=254.4 Ref=off (E:\DATA\WPZ\DEF_LC 2022-01-12 09-05-11\QBL1028A.D)
mAU
350 =
300
250
200 ®
150 3 \-,@&
o & Peak RetTime Type Width Area Height Area
o e # [min] [min] mAU *sg [mAU ] %
12 B 1 5 16 7 B 0 min —===| == | === === | === | === | -======- |
1 14.852 BB 0. 3889 1.02269e4  410.20135 91.7072
2 18.984 WM 0.5215 924. 77881  29. 55631 8. 2928
HPLC spectrum of racemic 3i
/ F
DAD1 A, Sig=254 4 Ref=olf (E\DATADMMDEF_LC 2021-10-19 07-59-20\qbI100400.5.D) / O
mAU - 2 o
w1 ¢ O N coBn .
@ s rac-3i
20 Peak RetTime Type Width Area Height Area
# [min] [min] mAU  *s [mAU ) %
] el e [ |===mmmmmm- [ | ======== |
0 ; . ; X . . 1 38.883 BB 0.7574 2388. 17090  48. 76152 49,2134
37 38 39 40 41 42 43 min - - -
2 41.218 BB 0.8210 2464. 51660  46. 45378 50. 7866
HPLC spectrum of 3i
~DAD1 B, 5ig=254 4 Ref=alf (EADAT AyqiDEF _LC 2021-10-22 11-34-26\QBL1008B D) -
mAU @
303 Ts 3|
204 Peak RetTime Type Width Area Height Area
0] g ¢  [min] [min] mAU  *s  [mAU ] %
5 e e [==mm = mm e R R |=mmmmmm |
° T T T T T T T 1 37.770 BB 0.6045 212, 53212 4. 67388  7.8199
5 __ 367 _ 37 _ 738 _ 39 _ 40 A 42 e

2 39.769 BB 0. 7784 2505.31055  49.33963 92, 1801
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HPLC spectrum of racemic 3j

cl
DAD1 B, Sig=254 4 Ref=off (E\DATAVQBL\DEF_LC 2021-08-14 18-48-13\qbig93e1.0) //
mAU 3
%N g O
50 /F \ //*\ O N CO3Bn )
o] ; . / T rac-3j
m: I;’ \\ / Peak RetTime Type Width Area Height Area
/ # [min] [min] mAU *s [mAU ] %
127 e S~ z \‘\ _ Rl B | === | =mmmmm- |=mmmmm——m- | ====mm - R I
15 185 1 s 17 s 18 = 1 15.920 BB 0. 3887 1593.95044  62.67661 51.0591
2 17.254 BB 0.4262 1527.82214  55.32069 48.9409
HPLC spectrum of 3j
DAD1 B, Sig=254 4 Ref=off (E\DATAVOBL\DEF_LC 2021-08-14 18-48-13\gbl9530.D)
w0l /e
VAR .
60 /.ﬂ' \\ 3.]
o / N\ g Peak Ret"_{‘ime Type Wi:_ith Area Height Area
3 % N _ bl el e P
& 185 s s i w n 1 15.961 BB 0.4010 2592.86133 100.49010 91.4422
2 17.342 BB 0.3387 242.65880 8.99517  8.5578
HPLC spectrum of racemic 3k
cl
DAD1 A, Sig=254.4 Ref=off (EADATAbWMh\DEF_LC 2021-10-19 07-59-20\qbl1004b0.5.D) // O CI
g O CO.Bn
g N 2
5 § Ts rac-3k
E Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
Rl B | === | =mmmmm- | === e | ==mmmmm—m- [ |
- T > T 1 26.277 BB 0.5107 1466.99023 44.48631 31.8503
2 27.851 BB 0.5444 799, 54608  22.51241 17, 3592
3 42.565 BB 0. 8847 1504, 15833  25.62928 32,6573
4 55.717 BB 0.9636 835, 19720 11.00307 18 1332
HPLC spectrum of 3k
DAD1 B, Sig=254.4 Ref=oif (E\DATAWyqIDEF _LC 2021-10-22 11-3-26\QBL1008A D) =
mAU ®
o0
504
0]
7 Peak RetTime Type Width Area Height Area
> g $#  [min] [min] mAU *s  [mAU ] %
7 b Rl B | === | =mmmmm- | === e | ==mmmmmmme [ |
AR T R A T 5 P = 1 25.681 BB 0.5043 2223.32471  68.20927 01.4676
2 41.492 BB 0. 6697 207, 39995 3.69016 8 5324
HPLC spectrum of racemic 3l
DAD1 A, 5ig=254 4 Ref=off (EADATAQBLIDEF_LC 2021-07-20 10-43-2NQBLEG3AD) /
kS ]
250 il -
(" O N CO.Bn
- [ A Ts rac-3l
100 |‘ "‘ ‘."‘ Peak RetTime Type Width Area Height Area
0 [ / # [min] [min] mAU *s [mAU ] %
I E— = = - = = Rl e | === | === | ==mmmmm—e- | ===mmmmmm- R I
= 2 e @ “ = 1 26.240 BB 0.7980 1.65535e4  321.89844 50, 1104
2 45.521 BB 1.2914 1. 64805e4  185.33432 49 BRYG
HPLC spectrum of 3l
ROTA S A RO [EOR I BRI ¢
- f “CO,B
a0 Il N BN
50 |
p I Ts 3l
32 | \. g Peak RetTime Type Width Area Height Area
® j \ b #  [min) [min] mAU *s [mAU ) %
0 , : , , : e I [====]======= |=====mm-- |=====mmm- | --mmm-- [
= - = ° - = 1 25.766 BB 0.7468 4082. 99438  85.55220 89.9145
2 45,250 BB 0.9884 457, 97958 5. 50593 10,0855
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HPLC spectrum of racemic 3m

Pl
DADT A Sig=254 & Rel=off (E\DATAIQBLIDEF_LT 202106-06 11-37-23%ab788-2 D) O
1] ﬁ O N COzBn
o 1 3 2 rac-3m
:: \I I\ ,ﬂw Peak RetTime Type Width Area Height Area
o § | '\ . / \ 4 [min) [min] mAU *s  [mAU ] %
g [ ] [\ I Rt |====|=mmmmmn | I I I
?Z YA N S A A 1 16.955 BB 0.3956 382.09906  14. 40061 3. 4431
e £ 2 e = - = 2 23.652 BB 0.6153 5431. 51611 136. 76633 48. 9438
3 29.257 BB 0.5465 357.81537 7.83938  3.2243
4 35.564 BB 0.8514 4926.01904  83.12062 44. 3887
HPLC spectrum of 3m
el
AGT B, 55=254 1 Raf=olf [EDATAGBLDEF [ 2210670 ) R O
::: ;@‘-‘. O N ‘cO.Bn
20 ; \\ Ts 3m
154 #' ". Peak RetTime Type Width Area Height Area
w04 g / \ #  [min) [min] mAU *s  [mAU ] %
2 i / \ e 1-===1 I- I [=mmmmmmm ]
o3 — ; ; , —— 1 24.155 BB 0.4261 102. 19530 2.86545 5. 1080
* “ * * * E— 2 36,403 BB 0.7123 1898,49890 31.62892 94,8920
HPLC spectrum of racemic 3n
Vi
e AT U N R Mo O
= S N ®
o B N’ “COzBn
= [\ / Ts rac-3n
L] ’," / Peak RetTime Type Width Area Height Area
i / \ / $+  [min) (min] mAU *s  [mAU ] 5
] / / . Rt Rty | === | mmmmmmm | - -1 -
o . - - - — ——— . 3 . ) @ . ol 355
— — 1 74.644 BB 1. 0628 1.50982e4  168.27826 50. 3553
- - 2 T79. 388 BB 1. 1313 1. 48851ed 157. 68823 49. 6447
HPLC spectrum of 3n
o
T S R TR S8 RG] = Me. ' 3 ‘
1003 /N O N ’cozBn
7\ % 3n
1 / \\ Peak RetTime Type Width Area Height Area
“ / \ 2 #  [min] [min] mAU  *s  [mAU ] %
= / 8 el | === |=mmmmm- | - -1 -1
3 - - - - e = | 75.260 BB 1.2268 1.04714e4  116.92561 92,9332
- 2 B0.243 BB 1. 0707 796, 26788 8.77491  7.0668
HPLC spectrum of racemic 30
Vi
=R : ®
N : N’ COzBn
w I A s rac-30
o f‘ \ \-\ Peak RetTime Type Width Area Height Area
- | \‘ / \ # [min] [min] mARU *s [mAU 1 %
. /N VNG SN --=- |====1 I [ I I
b h i s 2 & ) 2 2 1 14.108 BB 0.3425 2042. 79443  92.21248 49. 8163
2 20.642 BB 0.5292 2057. 85645  60.44816 50. 1837
HPLC spectrum of 30
/A
PWiidiaie T cl 3 O
0 .":I" O “CO,Bn
0 | ‘,‘ ',I\"s 30
J.‘I ‘-‘ i Peak RetTime Type Width Area Height Area
A B # [min] [min] mAU  *s [maU ] %
A % 5 T % PR R A ol |====1 ! ! ! ‘
- - - T 1 14.480 BB 0.3454 5216. 94629 234. 64496 91.6161
2 20.845 BB 0.4056 477.40897  14.51964 8. 3839
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HPLC spectrum of racemic 3p

RO A 5754 AT EDRTATEF TG A5 T G505 0T O
6 f 8 g O COLBn
B N 2
A Me Ts rac-3p
7“; Peak RetTime Type Width Area Height Area
5 # [min] [min] mAU *g [mAU ] %
S Rl Ry [ R | =mmmmmmmmm R \
‘] 25 = 2= ) s T 7= = o 1 23.077 BB 0. 4461 586.91199  20. 25302 20. 7972
2 29.816 BB 0. 5778 B24.33246  22. 06944 29. 2102
3 32,335 BB 0. 6297 585, 24792  14. 00049 20, 7383
4 42,368 BB 0. 8219 B825.57356  15. 09859 29. 2542
HPLC spectrum of 3p
T : ‘
O 'CO,Bn
Me” N,
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
R e | === |=====nn R |=======-== R \
1 24.151 BB 0. 4380 118.01991 3. 93421 3.7900
2 31.577 BB 0.6351 2650.67114  65. 35044 85, 1213
3 34,146 BB 0. 5004 135. 25203 3. 20741 4. 3434
4 45.351 BB 0. 7070 210. 04935 3. 55680 6. 7453
HPLC spectrum of racemic 3q
Vi
A i O
= A g COzBn
bE I ;‘. F ¥ rac-3q
ﬁz ?:‘ " ‘I 2 a Peak RetTime Type Width Area Height Area
15 |H ‘I \ {:\ # ‘ [min] | ‘ [min] mAU *s [mAU ] ‘ % |
| [ I\ / - -
A Y S U S SN 1 9.633 BB 0.2209 317.45682  22. 18800 12. 5080
f S w i 2 2 2 14.636 BB 0.3527 953.65851 42.03705 37.5748
3 17.383 BB 0.4264 310.27069 11.51234 12,2249
4 21.258 BB 0.5267 956. 64240  28. 13139 37,6923
HPLC spectrum of 3q
A
4 f Jonss
I ‘CO,Bn
@ | N 2
b /' F Ts 3q
;: ;‘I I‘. _ Peak RetTime Type Width Area Height Area
25 [ ﬁ # [min] [min] mAU *g [mAU ] %
[ EE S W . - — ———— | m————— | === | = | ===mmmmm—— | ======—==- |======== |
“ % I} 2 2 o 1 10.494 BB 0.2444  40.43941 2.50355  1.1030
2 16.134 BB 0.3812 3625. 72119 147.27196 98.8970
HPLC spectrum of racemic 3r
q A ; <
10 IR AN N 2
: A I\ “ T rac-3r
: J \ _ _'f \_' Peak RetTime Type Width Area Height Area
! 3 AR MM AT MMM M # [min] (min] mAU *s  [mAU ) 3
== |- | === | = [ | ===mmmmm | -=====-= I
1 13.862 BB 0.3222 366.24289  17.49954 49.4509
2 20.222 BB 0.4308 374.37640  11.59261 50.5491
HPLC spectrum of 3r
A
I ) B O
. /‘: ) “COBn
ol “ T 3r
2 Peak RetTime Type Width Area Height Area
104 E 4 [min] [min] mAU  *s [mau ) %
. --=-1 1----1 I [ [ I
B ) % 'y % % m 1 14.200 BB 0.3457 1258.08191  56.51557 00.8785
2 20,735 BB 0.5075 126. 27468 3.76342  0.1215
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HPLC spectrum of racemic 3s

Br
o DAD1 B, Sig=220 4 Ref=off (E\DATA\WPZDEF_LC 2022-05-04 11-08-05\qbl1125a.D) F /
1404 %
1204 I = CO,B
100 | | 2 28N
80 E I\ I3 N
b [ g Ts rac-3s
04 a3
204 \ ~ Peak RetTime Type Width Area Height Area
LR == J/‘k——‘j L-—;—J\‘ — . = - : - # [min] [min] mAU  *s (mAU ] %
15 20 25 30 35 40 45 50 55 60 min ————| e ————— | === mmm———— | === | mmmmm | === |
1 19.285 BB 0. 6738 1910. 61768  43.72711  8.3337
2 26,050 VB R 0.8975 9620. 02148 164. 35527 41.9606
3 33.619 BB 1. 2492 2029. 53735  24.73686 B8.8524
4 57.988 BB 1. 9618 9366. 14355  T1.42918 40.8532
HPLC spectrum of 3s
DAD1 B, Sig=220.4 Ref=off (E\DATA\QBL\DEF_LC 2022-05-08 11-56-11\QBL1130A.D)
T i
i N
100 Il
80 I |
80 - [
40 8 |1 3 b . . .
2 @ | - = Peak RetTime Type Width Area Height Area
0 I \ P 2 # [min] [min] mAU *s [mAU ] %
20 2 n 3s 40 a5 50 55 60 _min il Rttt |====|======= |=====m==== |=======—== | === |
1 19.555 BB 0.6822 498.76178  10.97449  4.7538
2 25.793 BB 0. 8871 9095.28125 159. 05850 86. 6884
3 33.134 BB 0.9768 503. 76654 6.24716  4.8015
4 56.732 BB 1.5017 394.11707 3.10313  3.7564
HPLC spectrum of racemic 3t
Cl
- DADT B, Sig=2204 Ref=off [E :?ATA\DEL\DEF_I.C2022-05-0308-02—0?'»1!3"\25&4 o) E /
80 g
e I i . 3 O oon
vt I N A al - rac-3t
10 I\ /A I\ / Peak RetTime Type Width Area Height Area
et S— ; \— - ¢ [min] [min] mAU *s  [mAU ] %
20 30 40 60 ming ———|m————— | === | =—————— —— | ==mm—————— | === |
1 20.480 BV R 0.7069 1736.57898  35.51460 14.4776
2 27.952 VB R 0.9595 4432.57959  71.57798 36.9536
3 35.560 BB 1.2075 1593. 15320  20. 39088 13.2818
4 60.442 BB 2.0624 4232.66406  31.44425 35.2870
HPLC spectrum of 3t
DAD1 B, Sig=220.4 Ref=off (E:\DATAVQBL\DEF_LC 2022-05-08 11-58-11\QBL1130B.0)
mAl ]
300 ﬁ
250 [l
200 | ‘,
|
O . .
. g [ |4 2 Peak RetTime Type Width Area Height Area
0 Y - N 8 #  [min) [min] mAU *s  [mAU | %
@ 25 2 35 40 4% 50 55 60 min il A [ |===mmmmmes [==mmmmmmm |=====-=-- I
1 20.394 BB 0.6530 888.50214  21.02602  3.6435
2 27.625 BV R 0.9359 2.14335e4  354. 83679 87.9410
3 35.302 BB 1.2250 1017.46429  12.77807  4.1746
4 60.138 BB 1. 8336 1033. 12646 7.64041  4.2389
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HPLC spectrum of racemic 3u

70p18

BT Ty e e e e = - ©f<zh
AU 2 CO,Bn
35 E N
;2 ﬁ\‘@*OMe
9o rac-3u

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
I R |==== === | === | === | ======== |
o
64

& & d L @ e 7 2 al min 1 66,249 BB 1. 2543 3046, 27612  36. 55230 49, 88M4
2 T70.018 BB 1. 3107 3060.51855  34. 64305 50. 1166

HPLC spectrum of 3u
DAD1 B, Sig=254,4 Ref=off (EADATA\QBL\DEF_LC 2021-08-22 20-31-55\qbl978a.0)

mAU

25 g

20

15 Peak RetTime Type Width Area Height Area

10 g # [min] [min] mAU *g [mAU ] %

s 2 Il B |====]====—== [ | === | === |
oi = 1 66.052 BB 1. 0940  148. 50117 1. 88718 5. 3258

= = = o 2 69.583 BB 1. 4032 2639.81030 29, 63686 94. 6742

HPLC spectrum of racemic 3v

i
DAD1C, Sig=210.4 Ref=off (E\DATA\QBL\DEF_LC 2022-05-11 08-05-3000BL1131.0) Ph
'"U‘; 3 CO,Bn
703 T AN PN N
sc-; .‘.‘" ‘-\. ’,’I \ //‘%f@i Br
ol \\ o' rac-3v
30‘; f \ / N\ Peak RetTime Type Width Area Height Area
s | / N / S #  [nin] [nin] mAU  *s  [;AU ) 3
e e | e I | ==mmmmmmme |========== | ===m-mm I
= - - - * = = = * = = 1 27.979 BB 0.7761 3803.92896  74.45191 49.3428
2 32.884 BB 0. 8857 3905. 26416  64.56218 50.6572
HPLC spectrum of 3v
7
DAD1 C, Sige210.4 Refeofl(E'DATAGBLIDEF._LC 2022.05-11 08-05-30qbl1131b.0) L Ph
m:;s A (L, cosn
140 / Y ! .
x S gy
60 AN Peak RetTime Type Width Area Height Area
2 R / N ¢ [min) [min] mAU  *s  [mAU ] N
fem——— e e [ R R — R | === \
. “ = . * * = . ” 1 27.643 VB 0.8101 857.70111 16.18911  7.6660
2 32,308 BB 0.9171 1.03306e4  173.88759 92.3340
HPLC spectrum of racemic 3w
o
DADT A, Sig=220 4 Ref=off (E\DATAGmRDEF_LC 2022-01-06 09-19-301gb110425.0) Ph
Ay & CO,Bn
s 8 & g N
150 S g 2 ,\S
= ;
75 Me rac-3w
;‘; Peak RetTime Type Width Area Height Area
o # [min] [min] mAU *s [mAU | %
T TR ST T % 1) o B [ BT T | =mmmmmmmmm | == |—==mmmmm |
1 10.105 BB 0. 2486 2214.48975 136. 96439 17. 0449
2 12.506 BV 0. 3048 214579272 108. 46814 16. 5162
3 13.469 VB 0. 3306 4376. 29736 2056, 33977 33. 6843
4 18.388 BB 0. 4600 4255.50146 143. 50348 32. Th46
HPLC spectrum of 3w
7
DADT A, Sig=220 4 Ref=off (EADATAWPZ\DEF_LC 2022-01-12 08-05-11\QBL1047.0} N Ph
mAU ©jy”COQBn
350 = \
o
e 3w
1:: 8 Peak RetTime Type Width Area Height Area
50 ES # [min] [min] mAU *s [mAU ] %
o T ; T T T T T il i [==== === | === | === | ======== |
e e e ° = = 1 13.530 VB 0. 3265 B888. 71680 424, 15143 94, 2296
2 18.455 BB 0. 4410 544, 31964  18. 95827 5. 7704
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HPLC spectrum of racemic 6
/ OH
DADT A Sig=054 4 Ref=off (£ \DATAWWPZ\DEF_LC 2021-12-30 06-25-00GBLTO3#A D)
mAU. 5 5
35 < Ph
: % rac-6
z: Peak RetTime Type Width Area Height Area
15 # [min] [min] mAU *g [mAU ] %
0 e === |=mmmmmn [==mmmmmmmn B R |
; : : : : : , : ‘ , 1 41.447 BB 0.9003 2453.08789  40.29300 50, 2570
T T N 2 44,393 BB 0. 9849 2427.99902  36. 36797 49. 7430
HPLC spectrum of 6
VA
BRGTA S5725 Ao E0 —ea e s OH
mAU =
1604 0 m
1403 N ‘Ph
o 6
22: Peak RetTime Type Width Area Height Area
a0 o # [min] [min] mAU *s [mAT 1 %
203 3 el e B! I == | I
3 - - . : - 1 41.517 BB 0.9572 1.07047e4  173. 16896 94. 6357
2 44,316 BB 0. 7599 606. TBTB4 9. 51659 5. 3643
HPLC spectrum of racemic 7
Vi
OH
RO A S5 o EOATAUOER LG 20255201 05 T OB TG T 001
20 ] Ph
s N rac-7
50 Peak RetTime Type Width Area Height Area
04 # [min] [min] mAU *s [mAU ] %
2] N Rl e e B = === mm o | s m oo [ oo |
03 - .
13 ) el 1 14. 366 BB 0. 3913 3429, 71265 135.48079 48,6496
2 17.705 BB 0.5173 3620. 10815 105. 24466 51.3504
HPLC spectrum of 7
A
DAD1 B, Sig=254,4 Ref=off (Snapshot.d) s OH
. ) N 7
’ (Y N Peak RetTime Type Width Area Height Area
‘ / g #  [min] (min] mAU *s  [mAU ] 3
L} - _/ AN - e -—=1- |====1 I-= | -1 |
1 14 15 1 17 18 19 mn 1 14.593 BB 0.3922 629.42072  24.79563 94. 3376
2 18.123 BB 0.4078  37.77952 1.13073  5.6624
HPLC spectrum of racemic 8
Vi
DADT B. Sig=220.4 Ref=off (E-'DAT. \DEF_LC 2023-02-08 00-27-190BL1403A D) Ph
a4 i
3504 =4 N,
) o
] [ | o rac-8
:ﬁ: / "‘-‘. ',"‘ \ Peak RetTime Type Width Area Height Area
50 ] /.r‘ ‘\ // \ # [min) [min] mAU *g [mAU ] %
5= . - s = . - . — mmmm | mmmmmem === =mmmmmm [ [ R I
. “ " * v - " * “ "1 1 16.319 BB 0.4096 1.11770e4  423.96460 50,2427
2 20. 884 BB 0.5414 1.10690e4  302.15015 49.7573
HPLC spectrum of 8
A
 OAD1 .52 Rao (€ CATAZE00EF LG 2023020 05:2710EL 14381 B

CLr
i .,
]

e [

N
re
ol / ‘-‘.‘. g (o] 8
s B / N o - _® Peak RetTime Type Width Area Height Area
i u 5 I 7 «‘n I3 ) P e t  [min] [min] mAU  *s  [mAU ] N

e -1 | [ I- \
1 15.771 VB R 0. 4214 2649.33252  97.99590 94. 3778
2 19.900 BB 0.4173 157.82471 4.56594  5.6222
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HPLC spectrum of racemic 9

DABT A Sig=2544 ReF-off (EVDAT AWTPADEF LG 2022-01-12 08-05-1TQBLT04D)
mAU
<
4004 8
|
3009
2004
100
; ; T T
12 P % 8 20 e

7
@[@<Ph
CO2Bn
N 2!
Ts rac-9
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

B R [===mmmmee === | -—mmmm- \
1 13.436 BB 0. 3289 1.09236e4  516. 22754 50.0129
2 20.530 BB 0. 5195 1.09180e4  327. 02280 49. 9871

HPLC spectrum of9
7

~ DADT & Sig=2544 Refet EXDATAWRDEF_LC 2022-03-31 08-03-10VQBL108Z.0} ©\)$,Ph

G i g

:z Peak RetTime Type Width Area Height Area

20 s # [min] [min] mAU *s [mAU ] %

10 5 il it |====| === |====m————= | ======———= | ======== |
- = = - 1 13.526 BB 0.3684 1580.36035  66.22723 93.0323

2 20.701 BB 0. 4695 118. 36166 3. 17081 6.9677
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