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General methods:

All reactions were monitored by thin layer chromatography (TLC), column
chromatography purifications were carried out using silica gel. 'H NMR and “C
NMR spectra were recorded on a 300M Bruker® instrument (300 MHz and 75 MHz,
respectively) using tetramethylsilane as internal reference. Data for 'H NMR are
recorded as follows: chemical shift (3, ppm), multiplicity (s = singlet, d = doublet, t =
triplet, m = multiplet, ¢ = quartet or unresolved, coupling constant(s) in Hz,
integration). Data for °C NMR are reported in terms of chemical shift (8, ppm).
Optical rotations were reported as follows: [o]p> (¢: g/100 mL, in solvent). HRMS
was measured with a Bruker®maXis 4G mass spectrometer. As the diastereomers of
the product cannot be separated via TLC or silica column, the ee and d.r. value of the
product were determined by chiral HPLC analysis.after a micro separation via TLC.
The ee as well as d.r. determination was carried out using chiral HPLC with Daicel
Chiracel IA column on Waters® with a 996 UV-detector, flow rate = 1.0 mL/min.

Materials:

Pre-catalysts NHC-5, NHC-6, NHC-7, NHC-8, and Oxidant O-1 were all
commercially available. NHC-1, ! NHC-2, 2 NHC-3,2 NHC-4,1 NHCS,2 and
Riboflavin tetra acetate (0-2)° were synthesized following the literature’s procedure.

OAc OAc

OAc
=N@ ©O r\c‘;c\/
N= N._N._O
ON/\//N Mes BFa Di e
NHCg N7 N N
O
0-2

All solvents were purified according to the standard procedures. Racemic product
was prepared and catalyzed by pre-catalyst NHCs for the HPLC analysis.

[1]7J. R. Struble, J. W. Bode, Org. Synth. 2010, 87, 362-376.

[21M. S. Kerr, J. R. Alaniz, T. Rovis, J. Org. Chem. 2005, 70, 5725-5728.

[3] H. Schmaderer, P. Hilgers, R. Lechner, B. Konig, Adv. Synth. Catal. 2009, 351, 163-174.
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Table S1. Base and solvent screening studies in the model reaction.™

0O-1 (100 mol%) N._0O._0O

)\Jgj +Et\)L NHC-1 (10 mol%) Ph%SLIEt

Base (200 mol%)

2a solvent, r.t. 3a Ph

entry base solvent™  yield% ee%™ dr.
1 NaH THF trace ND'! ND!!
2 K,CO; THF 79 73 3:1

3 KOH THF 75 71 5:1

4 DBU THF trace ND'! ND!!
5 DIPEA  THF 75 91 15:1
6 Et;N THF 85 92 >20:1
7 NaOAc THF 74 95 >20:1
8 NaOAc  Tol 70 96 >20:1
9 NaOAc DCM 72 97 >20:1
10 NaOAc DCE 74 97 >20:1
11 NaOAc  MeCN 53 95 >20:1

[a] All the reactions were carried out with 1a (0.2 mmol), 2a (0.4 mmol), Base (0.4 mmol), O-1 (0.2
mmol), and NHC-1 (0.02 mmol) at room temperature. [b] Freshly distilled before using (2.0 mL). [c]
Isolated yield. [d] Determined by HPLC analysis. [e] Not determined.
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Table S2. Screening studies on different NHC pre-catalyst..[a]
0._0

0-1 (100 mol%)
NHC-x (10 mol%) N

NaOAc (200 mol%)

THF, .t @ o
entry pre-catalyst yield%!™ ee%!" d.r.[
1 NHC-1 74 95 >20:1
2 NHC-2 80 >99 >20:1
3 NHC-3 Trace NDW NDU
4 NHC-4 Trace ND NDU
5 NHC-5 82 >-99lel >20:1
6 NHC-6 48 >99 >20:1
7 NHC-7 Trace NDW NDU
8 NHC-8 51 >99 >20:1
olfl NHC-2 71 96 >20:1

[a] In freshly distilled THF, all the reactions were carried out with 1a (0.2 mmol), 2a (0.4 mmol), NaOAc
(0.4 mmol), O-1 (0.2 mmol), and NHC (0.02 mmol) at room temperature. [b] Isolated yield. [c]
Determined by HPLC analysis. [d] Not determined. [e] ee refers to 3a’, enantiomer of 3a. [f] Riboflavin
tetra acetate (0-2) was used instead of O-1.

o
_>\N x© \ _>\N cl Ph"'QN BF4
\Ar

@ \’@‘Mes PR @ Mes
NHC-5 NHC-6
NHC-1: Ar= 2,4,6-Cl3-Ph, X=CI O @ Tttt H
NHC-2: Ar= Mes, X= BF,4 ~nN BFs x
NHC-3: Ar= 4-CH30-Ph, X= BF, N\  Mes= :
NHC-4: Ar= CgF5, X=Cl Ph o Mes i :
NHC-7: Ar= C¢F5, X=BF,4 NHC-8 S .
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General procedure for the synthesis of S-alkenyl thiazolone 1:*°

0O O

s
NaHCO; NJS ArCHO N,/gj
/ | =
Hy CI)J\/CI ©/‘\S Ph/j\s

CH2C|2/H20 Et3N, MeOH
S1 S2 S3 1

The solution of NaHCO; (20 mmol in 20 mL water) was added to a CH,Cl, (40
mL) solution of thiobenzamide S1 (10 mmol). After cooling to 0°C with ice-water
bath, chloroacetyl chloride (S2 10 mmol) was added drop-wise to the stirred solution.
Then reaction mixture was then stirred overnight at room temperature. The organic
phase of the reaction mixture was separated, aqueous phase was extracted with
CH,Cl; (50 mL x 2). The combined organic phase was washed with H,O (40 mL x 2),
dried with anhydrous Na,SO,, and evaporated to dryness. The solid residue was
washed with EtOH and filtered to give S3 (yiled 70%)."

Compound S3 (1 mmol), benzaldehyde (1.1 mmol), and Et;N (2 mmol) were
dissolved in 20 mL of MeOH, and heated to reflux at 65°C for 3h, during which some
precipitate appear gradually. After cooling to room temperature, the precipitate was
filtered, and washed with another 20 mL of cold MeOH. The 5-alkenyl thiazolone 1
was obtained as a solid.”

Following the similar procedure, substrate 1r was synthesized starting from
4-chloro thiobenzamide, and then condensed with benzaldehyde.

[4] T. Okawara, H. Kashihara, M. Furukawa, Chem. Pharm. BEJII. 1985, 33, 3479-3483.
[5] B. Hofmann, S. Barzen, C. B. Rddl, A. Kiehl, J. Borig, A. Zivkovi¢, H. Stark, G. Schneider, D. Steinhilber, J.
Med. Chem. 2011, 54, 1943-1947.
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Characterization of 5-alkenyl thiazolone 1:

0 1a: "H NMR (300 MHz, CDCl;) & 8.25-8.21 (m, 2H), 8.09 (s, 1H),
N Jg\\ 7.70 (d, J=7.5 Hz, 3H), 7.66-7.46 (m, 5H); *C NMR (75 MHz,
)= CDCly) § 187.37, 183.29, 138.64, 135.19, 133.75, 131.76, 131.13,
Ph™ 'S bp 130.72,129.30, 129.26, 128.88, 128.47, 126.32;

HRMS (ESI): C16H12NOS [M+ HJ", Calc: 266.0634, Found: : 266.0636.

o cl 1b: "H NMR (300 MHz, CDCl3) 6 8.42 (s, 1H), 8.19 (d,J=7.5
Hz, 2H), 7.77 — 7.68 (m, 2H), 7.59 — 7.48 (m, 3H), 7.45-7.39 m,
\ 4 2H); “C NMR (75MHz, CDCl;) & 187.5, 182.55, 136.65,
>/ 135.38, 134.25, 132.41, 131.77, 131.62, 130.54, 129.37, 129.28,
Ph 128.92, 127.32;
HRMS (ESI): C16H11CIN OS [M+ HJ", Calc: 300.0244, found: 300.0247.

=

o g 1e:'HNMR (300 MHz, CDCI3) 3 8.38 (s, 1H), 820 (d, J = 7.8

Hz, 2H), 7.77 — 7.69 (m, 3H), 7.57 (t, J = 7.5 Hz, 2H), 7.47 (t, J

NM@ = 7.5 Hz, 1H), 7.30 (dd, J = 15.3, 7.8 Hz, 1H); *C NMR (75
S MHz, CDCl3) 5 187.68, 182.43, 136.92, 135.37, 134.32, 133.85,
Ph 131.84, 131.68, 129.60, 129.54, 129.29, 128.92, 127.92, 126.99;

HRMS (ESI): C16H11BrNOS [M+ H]", Calc: 343.9739, found: 343.9752.

0 1d: "H NMR (300 MHz, CDCl3) & 8.22 (d, J = 7.5 Hz, 2H), 8.03
_ (s, 1H), 7.71 (t, J = 7.5 Hz, 1H), 7.57 (t, J = 7.5 Hz, 2H), 7.43 (t,

Ny & J=7.8 Hz, 1H), 7.30 (s, 1H), 7.19 (s, 1H), 7.03 (dd, J = 8.4, 2.1
>/ Hz, 1H), 3.89 (s, 3H); *C NMR (75 MHz, CDCls) & 187.37,

Ph
OMe 18323, 160.05, 138.56, 135.21, 135.08, 131.75, 130.29, 129.25,

128.90, 126.67, 123.28, 116.85, 115.63, 55.46;
HRMS (ESI): C17H14NO2S [M+ HJ", Calc: 296.0740, found: 296.0742.

1e: "H NMR (300 MHz, CDCl3)  8.23 — 8.19 (m, 2H), 8.03
(s, 1H), 7.70 — 7.63 (m, 3H), 7.56 (dd, J = 15.3 Hz, 8.1 Hz,
\ 2H), 7.05 =7.00 (m, 2H), 3.89 (s, 3H); *C NMR (75 MHz,

yS OMe CDCly) & 186.60, 183.53, 162.08, 138.72, 134.92, 132.87,
Ph 131.91, 129.20, 128.74, 126.43, 123.51, 114.86, 55.58;
HRMS (ESI): C17HI4NO2S [M+ HJ, Calc: 296.0740, found: 296.0744.

O

4

1f: "TH NMR (300 MHz, CDCl3) § 8.22 (d, J =7.8 Hz, 2H), 8.03

9 ~ (s, 1H), 7.74— 7.66 (m, 3H), 7.58 (t, J = 7.2 Hz, 2H), 7.23 (dd, J

. = 16.2, 7.8 Hz, 2H); *C NMR (75 MHz, CDCl;) & 187.13,

)S F183.18, 162.38, 137.24, 135.27, 132.86, 132.75, 131.68, 130.11,
Ph 130.07, 129.28, 128.89, 126.05, 116.80, 116.50;

HRMS (ESI): C16H11FNOS [M+ HJ", Calc: 284.0540, found: 284.0543.

S6



1g: '"H NMR (300 MHz, CDCls) & 8.21 (d, J = 7.8 Hz, 2H),

o)

_ 7.99 (s, 1H), 7.71 (t, J = 7.5 Hz, 1H), 7.58 (dd, J = 13.5, 7.5
Ny Hz, 4H), 7.48 (d, J = 8.1 Hz, 2H); *C NMR (75 MHz, CDCls)
ths cl & 187.06, 183.11, 137.20, 136.93, 135.35, 132.21, 131.75,

131.59, 129.61, 129.29, 128.94, 126.86;
HRMS (ESI): C16H11CINOS [M+ H]", Calc: 300.0244, found: 300.0247.

1h: "H NMR (300 MHz, CDCl;) & 8.23 — 8.19 (m, 2H), 7.98

9 _ (s, 1H), 7.72 (t, J = 7.5 Hz, 1H), 7.66-7.60 (m, 3H), 7.55 (t, J
N%X\//\©\ = 8.7 Hz, 3H); ®C NMR (75 MHz, CDCl3) 6 187.07, 183.12,

fs Br 137.00, 135.36, 132.63, 132.58, 131.88, 131.59, 129.30,
Ph 128.96, 127.01, 125.71;

HRMS (ESI): C16H11BrNOS [M+ HJ", Calc: 343.9739, found: 343.9743.

1i: "H NMR (300 MHz, CDCl3) & 8.19 (d, J = 7.5 Hz, 2H),

9 _ 8.00 (s, 1H), 7.67 (t, J = 7.5 Hz, 1H), 7.57-7.51 (m, 4H), 7.29
N%\\f/\©\ (d, J = 7.8 Hz, 2H), 2.41 (s, 3H); *C NMR (75 MHz, CDCL)

)S 5 186.98, 183.39, 142.09, 138.78, 135.05, 131.76, 130.93,
Ph 130.82, 130.06, 129.20, 128.79, 125.09, 21.71;

HRMS (ESI): C17H14NOS [M+ HJ", Calc: 280.0791, found: 280.0794

1j: "H NMR (300 MHz, CDCls) & 8.23 (d, J = 7.8 Hz, 2H),

O
_ 8.02 (s, 1H), 7.83-7.72 (m, 5H), 7.60 (t, J = 7.5 Hz, 2H); *C
Ny NMR (75 MHz, CDCls) & 187.32, 182.73, 137.99, 135.76,
th CN 135.30, 132.86, 131.35, 130.69, 129.96, 129.41, 129.13,

118.14, 113.77;
HRMS (ESI): C17H10N2NaOS [M+ Na]", Calc: 313.0406, found: 313.0413.

o r 1k: "H NMR (300 MHz, CDCl3) § 8.23 (d, J = 6.6 Hz, 3H), 7.74
_ (t, J = 7.2 Hz, 1H), 7.59 (t, J = 7.8 Hz, 2H), 7.43 (t, J = 6.9 Hz,

Ny d 1H), 7.17 (t, J = 6.0 Hz, 2H); *C NMR (75 MHz, CDCl3) &
th 187.12, 182.63, 135.57, 131.44, 129.67 — 129.45 (m), 129.21 (d,

F J=20.7 Hz), 128.53, 119.47, 117.74, 115.01;
HRMS (ESI): C16H9 F2N NaOS [M+ H]", Calc: 324.0265; found: 324.0272

0 oMe 11: '"H NMR (300 MHz, CDCls) & 8.37 (s, 1H), 8.22 (d, J = 7.5
_ Hz, 2H), 7.10 (dd, J = 2.1, 7.8 Hz, 2H), 7.60-7.48 (m, 3H), 6.84

N g (d, J=9.0 Hz, 1H), 3.90 (s, 3H); *C NMR (75 MHz, CDCl3) &
th 187.13, 183.00, 158.09, 135.21, 135.06, 131.86, 131.71, 131.59,

Br 129.24, 128.93, 127.38, 124.99, 113.17, 112.95, 55.96;
HRMS (ESI): C17H13BrNO2S [M+ H], Calc: 373.9845, found: 373.9847
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Q Im: '"H NMR (300 MHz, CDCl3) & 8.22 (s, 1H), 8.20 (s, 2H),
N% 7.71-7.66(m, 2H), 7.59 — 7.50 (m, 3H), 7.22 (dd, J = 4.8, 3.6 Hz,
\ s -/ 1H); *C NMR (75 MHz, CDCls) 5 185.99, 182.95, 139.16, 135.06,
Ph 134.68, 132.72, 131.75, 130.67, 129.23, 129.00, 128.86, 124.88;
HRMS (ESI): C14H10NOS2 [M+ HJ, Calc: 272.0198, found: 272.0201

In: '"H NMR (300 MHz, CDCly) & 8.20 (d, J = 7.5 Hz, 2H), 7.78

(s, 1H), 7.69 (dd, J = 15.0, 7.8 Hz, 2H), 7.55 (t, J = 7.5 Hz, 2H),

N 6.91 (d, J = 3.6 Hz, 1H), 6.63 (t, J = 1.5 Hz, 1H); *C NMR (75
fs O~ MHz, CDCl;) § 187.69, 183.10, 150.26, 146.97, 134.90, 131.97,
Ph 129.17, 128.67, 124.36, 123.48, 119.34, 113.70;

HRMS (ESI): C14H10NO2S [M+ HJ", Calc: 256.0427, found: 256.0431.

O
'

o 1r: "H NMR (300 MHz, CDCls) & 8.12(d, J = 8.4Hz,

N 2H), 8.00 (s, 1H), 7.61(d, J = 8.7Hz, 2H), 7.52(d, J =
/@/LS = 8.7Hz, 2H), 7.01(d, J = 8.7Hz, 2H), 3.89 (s, 3H); *C
NMR (75 MHz, CDCls) & 185.13, 183.21, 162.20,

14133, 139.08, 132.90, 130.32, 129.84, 129.57,

OMe 126.27, 123.25, 114.89, 55.57;
HRMS (ESI): C17H13CINO2S [M+ H]", Calc: 330.0350, found: 330.0352.
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Typical experimental procedure using stoichiometric amount of O-1:

0 o NHC:2(10mol%) o
0-1(100 mol%
i + R ( Y N Et
)‘\ T H g I
S Ar NaOAc (100 mol%) /ks
1 2 THF, rt. Ph 3 A

To a dry round bottom flask containing a magnetic stir bar, the pre-catalyst
triazolium salt NHC-2 (0.02 mmol) and NaOAc (0.2 mmol) were added. After adding
2.0 mL of dry THF, the suspension was stirred for one half hour to generate the real
carbene catalyst via deprotonating of NHC-2. The 5-alkenyl thiazolone (0.2 mmol)
and aliphatic aldehyde (0.4 mmol) were added in one portion and stirred for 10
minutes. Oxidant quinone O-1 (0.2 mmol) was then added in one-portion at room
temperature. The reaction was stirred until the disappearance of the substrate 1
(monitored by TLC). After a TLC separation, the ee and d.r. value of the product were
determined by chiral HPLC analysis. The reaction mixture was then concentrated
under reduced pressure to give a brown residue, which was purified by silica gel
column chromatography (petroleum ether/ethyl acetate 10:1), and afforded the desired
chiral thiazolo pyrone 3.

Typical experimental procedure using catalytic amount of O-1 in presenct of O;:

O o NHC-1 (10 mol%)
0-1(X mol%)
N
Ph S Ar Et3N (50 mol%)
1 2a O, balloon, THF, r.t. Ph

To a dry round bottom flask containing a magnetic stir bar, the pre-catalyst
triazolium salt NHC-1 (0.02 mmol) and Et;N (0.1 mmol) were added. After adding
2.0 mL of dry THF, the suspension was stirred for one half hour. The 5-alkenyl
thiazolone (0.2 mmol) and butanal (0.4 mmol) were added in one portion and stirred
for 10 minutes. Catalytic amount of oxidant quinone O-1 was then added at room
temperature. An oxygen balloon was used to make sure the reaction proceeded under
oxygen atmosphere. The reaction mixture was stirred vigorously till accomplishment
(monitored by TLC). After a TLC separation, the ee and d.r. value of the product were
determined by chiral HPLC analysis. The reaction mixture was then concentrated
under reduced pressure to give a brown residue, which was purified by silica gel
column chromatography (petroleum ether/ethyl acetate 10:1), and afforded the related
chiral thiazolo pyrone 3.
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Characterization of the chiral chiral thiazolo pyrones:

3a: white solid.

Yield: 80%.

ee: 299%; Dr: 220:1

HPLC: 1A, Hexane/iPrOH = 90/10, tmajor = 13.4, tminor = 25.2.
[a]p™* =+85 (c = 1.0, CHCl5)

"H NMR (300 MHz, CDCl3) 6 7.88 (dd, J = 5.7, 2.1 Hz, 2H),
7.43 (dd, J = 6.3, 3.6Hz, 3H), 7.36 — 7.26 (m, 3H), 7.13 (dd, J
= 7.8, 1.8 Hz, 2H), 4.38 (d, J = 6.9 Hz, 1H), 3.07 (dd, J = 13.8, 6.6 Hz, 1H), 1.94 —
1.79 (m, 1H), 1.39-1.22 (m, 1H), 1.06 (t, J = 7.5 Hz, 3H); *C NMR (75 MHz, CDCL)
§ 168.72, 165.22, 156.00, 137.77, 132.87, 130.64, 129.19, 129.02, 128.17, 127.50,
125.82, 110.98, 47.17, 39.97.20.44.11.94; HRMS (ESI): C20H18NO2S [M+ HJ",
Calc: 336.1053, found: 336.1057.

3a’; white solid.
O Yield: 82%.

O ee: >-99%; Dr: >20:1
l\f \ HPLC: 1A, Hexane/iPrOH = 90/10, tminor = 14.7, tmajor = 24.2.
Ph/k s [a]p® =-87 (¢ = 1.0, CHCL;)

"H NMR (300 MHz, CDCls) & 7.94 — 7.76 (m, 2H), 7.41 (d, J
= 1.8 Hz, 3H), 7.35 — 7.21 (m, 3H), 7.12 (d, J = 6.4 Hz, 2H),
437 (d, J = 6.7 Hz, 1H), 3.05 (q, J = 6.8 Hz, 1H), 1.98 — 1.75 (m, 1H), 1.31 (tt, J =
14.3, 7.1 Hz, 1H), 1.05 (t, J = 7.3 Hz, 3H); “C NMR (75 MHz, CDCls) 5168.66,
165.11, 155.91, 137.72, 132.78, 130.55, 129.10, 128.93, 128.07, 127.42, 125.72,
110.95, 47.05, 39.87, 20.38, 11.86; HRMS (ESI): C20HI8NO2S [M+ HJ", Calc:
336.1053, found: 336.1059.

3b: light yellow solid.

Yield: 72%.

ee: 99%:; Dr: 220:1

HPLC: IA, Hexane/iPrOH = 90/10, tmajor = 10.6, tminor = 13.6.
[a]p”> =+61 (c = 1.0, CHCl).

"H NMR (300 MHz, CDCl5) & 7.88 — 7.84 (m, 2H), 7.42 (s,
4H), 7.23 (dd, J = 15.0, 9.9 Hz, 2H), 7.13 — 7.09 (m, 1H),
5.08 (d, J = 6.9 Hz, 1H), 3.15 (q, J = 7.2 Hz, 1H), 2.05 — 1.86(m, 1H), 1.51 — 1.38 (m,
1H), 1.02 (t, J = 7.5 Hz, 3H); *C NMR (75 MHz, CDCl5) & 169.02, 165.26, 155.87,
135.78, 133.18, 132.77, 130.69, 130.15, 129.23, 129.02, 127.96, 125.82, 110.01,
45.85,35.43,20.30.11.98; HRMS (ESI): C20H17CI N 02S [M+ HJ", Calc: 370.0663,
found: 370.0668.
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3c: light yellow oil.

Yield: 80%.

ee: 99%:; Dr: >20:1

HPLC: IA, Hexane/iPrOH = 90/10, tmajor = 11.0, tminor =
14.7.

[a]p”* =+69 (c = 1.0, CHCL5).

"H NMR (300 MHz, CDCl;) & 7.88-7.85 (m, 2H), 7.61 (d, J
= 7.8 Hz, 1H), 7.41 (t, J = 4.5 Hz, 3H), 7.24 (s, 1H), 7.13 (dd, J = 10.5, 8.4 Hz, 2H),
5.07 (d, J = 7.2 Hz, 1H), 3.14 (q, J = 6.9 Hz, 1H), 2.02-1.84(m, 1H), 1.54 — 1.39 (m,
1H), 1.02 (t, J = 7.5 Hz, 3H); *C NMR (75 MHz, CDCl5) & 169.05, 165.21, 155.75,
137.52, 133.48, 132.79, 130.68, 129.51, 129.01, 128.62, 128.13, 125.84, 123.94,
110.00, 45.77, 38.34, 20.32, 11.95; HRMS (ESI): C20H17BrNO2S [M+ H]'414.0158,
found: 414.0176

3d: white solid.

Yield: 82%.

ee: >99%:; Dr: >20:1

HPLC: IA, Hexane/iPrOH = 90/10, tmajor = 19.1, tminor = 24.0.
[a]p™* =+27 (c = 1.0, CHCL).

"H NMR (300 MHz, CDCls) & 7.90-7.86 (m, 2H), 7.43(dd, J
=6.3,3.6 Hz, 3H), 7.22 (d, J = 7.8 Hz, 1H), 6.81 (dd, J = 8.4,
2.1 Hz, 1H), 6.71 (d, J = 7.5 Hz, 1H), 6.66 (t, J = 2.1 Hz, 1H), 4.34 (d, J = 6.6 Hz,
1H), 3.77 (s, 3H), 3.05 (dd, J = 13.8, 6.6 Hz, 1H), 1.96 — 1.78 (m, 1H), 1.43 — 1.25 (m,
1H), 1.06 (t, J = 7.5 Hz, 3H); *C NMR (75 MHz, CDCl;) & 168.71, 165.21, 160.02,
155.99, 139.33, 132.87, 130.64, 130.27, 129.02, 125.82, 119.66, 113.50, 113.07,
110.83, 55.22, 47.10, 39.98, 20.44, 11.99; HRMS (ESI): C21H20NO3S [M+ HJ",
Calc: 366.1158, found: 366.1162

3e: white solid.

Yield: 76%.

ee: >99%:; Dr: >20:1

HPLC: IA, Hexane/iPrOH = 90/10, tmajor = 17.1, tminor =

324.

[a]p”” =+88 (c = 1.0, CHCl;)

"H NMR (300 MHz, CDCl3) & 7.88 (t, J = 3.6 Hz, 2H),
OMe 7.44 -7.41(m, 3H), 7.04 (d, J = 8.4 Hz, 2H), 6.84 (d, J =

8.4 Hz, 2H), 4.34 (d, J = 6.9 Hz, 1H), 3.77 (s, 3H), 3.03 (q, J = 6.6 Hz, 1H), 1.94-1.79

(m, 1H), 1.43— 1.26 (m, 1H), 1.06 (t, J = 7.5 Hz, 3H); *C NMR (75 MHz, CDCl;) &

168.83, 165.09, 159.31, 155.88, 132.90, 130.60, 129.68, 129.01, 128.60, 125.81,

114.48, 111.37, 55.28, 47.37, 39.18, 20.40, 11.92; HRMS (ESI): C21H20NO3S [M+

H]", Calc: 366.1158, found: 366.1163
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3f: light yellow solid.

Yield: 78%.

ee: >99%:; Dr: >20:1

HPLC: IA, Hexane/iPrOH = 90/10, tmajor = 11.9, tminor =

20.8.

[a]p”” =483 (c = 1.0, CHCl;).

"H NMR (300 MHz, CDCl;) & 7.88 (dd, J =5.7, 2.1 Hz, 2H),
F 7.44—7.42 (m, 3H), 7.10 (dd, J = 8.7, 5.7 Hz, 2H), 7.01 (t, J

= 8.4 Hz, 2H), 4.38 (d, J = 6.6 Hz, 1H), 3.06 (q, J = 6.6 Hz, 1H), 1.94 — 1.78 (m, 1H),

1.40 — 1.25 (m, 1H), 1.06 (t, J = 7.5 Hz, 3H); *C NMR (75 MHz, CDCl3) & 168.52,

165.45, 156.00, 133.55, 133.50, 132.78, 130.75, 129.21, 129.10, 129.05, 125.84,

116.32, 116.03, 110.72, 47.21, 39.24, 20.44, 11.92; HRMS (ESI): C20H17FNO,S

[M+ H]", Calc: 354.0959, found: 354.0970.

3g: white solid.

Yield: 82%.

ee: >-99%; Dr: >20:1

HPLC: IA, Hexane/iPrOH = 90/10, tmajor = 12.8, tminor =

23.4.

[a]p”” = +64 (c = 1.0, CHCl).

"H NMR (300 MHz, CDCl3) & 7.88 (dd, J =5.7, 3.6 Hz, 2H),
Cl 7.46 -7.40 (m, 3H), 7.32 — 7.27 (m, 2H), 7.08 — 7.04(m, 2H),

437 (d, J = 6.9 Hz, 1H), 3.07 (dd, J =13.8Hz, J = 6.6 Hz, 1H), 1.94 — 1.79(m, 1H),

143 — 1.25 (m, 1H), 1.06 (t, J = 7.5 Hz, 3H); *C NMR (75 MHz, CDCl;) & 168.40,

165.56, 156.06, 136.26, 134.10, 132.74, 130.78, 129.40, 129.06, 128.86, 125.85,

110.35, 47.04, 39.38.20.45.11.91; HRMS (ESI): C20H17CINO2S [M+ H]', Calc:

370.0663, found: 370.0667.

3h: light yellow oil.

Yield: 81%.

ee: >99%:; Dr: >20:1

HPLC: IA, Hexane/iPrOH = 90/10, tmajor = 13.1, tminor =

24.8.

[a]p”” =435 (c = 1.0, CHCl;).

"H NMR (300 MHz, CDCls) & 7.88 (t, J = 3.6 Hz, 2H),
Br 7.47-7.42 (m, 5H), 7.00 (d, J = 8.1 Hz, 2H), 4.35 (d, J = 6.6

Hz, 1H), 3.06 (q, J = 6.9 Hz, 1H), 1.92-1.82 (m, 1H), 1.35 — 1.27 (m, 1H), 1.06 (t, J =

7.5 Hz, 3H); *C NMR (75 MHz, CDCl;) & 168.37, 165.58, 156.08, 136.79, 132.74,

132.36, 130.79, 129.19, 129.06, 125.86, 122.20, 110.24, 46.97, 39.46, 20.46, 11.92;

HRMS (ESI): C20H,;BrNO,S [M+ H]", Calc: 414.0158, found: 414.0163.
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3i: white solid.

Yield: 81%.

ee: >99%:; Dr: >20:1

HPLC: IA, Hexane/iPrOH = 90/10, tmajor = 12.0, tminor = 18.8.
[a]p™* =+73 (c = 1.0, CHCL).

"H NMR (300 MHz, CDCl3) & 7.87 (dd, J = 6.0, 2.1 Hz, 2H),
7.43-7.40 (m, 3H), 7.12 (d, J =8.1 Hz, 2H), 7.01 (d, J = 8.1
Hz, 2H), 4.34 (d, J = 6.6 Hz, 1H), 3.04 (q, J = 6.9 Hz, 1H),
2.31 (s, 3H), 1.94-1.73 (m, 1H), 1.37-1.26 (m, 1H), 1.05 (t, J = 7.5 Hz, 3H); “C
NMR (75 MHz, CDCl3) & 168.83, 165.09, 155.92, 137.98, 134.73, 132.91, 130.59,
129.85, 129.01, 127.36, 125.80, 111.25, 47.19, 39.58, 26.91, 21.08, 20.41, 11.92;
HRMS (ESI): C21H20NO2S [M+ HJ", Calc: 350.1209, found: 350.1215.

3j: white solid.

Yield: 86%.

ee: 99%; Dr: 10:1

HPLC: IA, Hexane/iPrOH = 75/25, tmajor = 17.2, tminor =

39.0.

[a]p™* =+24 (c = 1.0, CHCL).

"H NMR (300 MHz, CDCl5) § 7.90-7.86 (m, 2H), 7.64 (d,
CN J =7.1Hz, 2H), 7.44 (d, J = 7.1 Hz, 3H), 7.24(s, 1H), 4.44

(d, J=6.9 Hz, 1H), 3.13 (q, J = 6.9 Hz, 1H), 1.95-1.79 (m, 1H), 1.32 — 1.19 (m, 1H),

1.06 (t, J = 7.5 Hz, 3H); *C NMR (75 MHz, CDCl3) & 167.97, 166.07, 156.30,

143.16, 133.03, 132.59, 130.98, 129.10, 128.41, 125.90, 118.18, 112.32, 109.23,

46.83, 39.97, 20.57, 11.95; HRMS (ESI): C21H17N202S [M+ H]", Calc: 361.1005,

found: 361.1015.

3k: white solid.

Yield: 74%.

ee: >99%:; Dr: >20:1

HPLC: IA, Hexane/iPrOH = 90/10, tmajor = 15.5, tminor =
18.3.

[a]p** =+80 (c = 1.0, CHCL).

"H NMR (300 MHz, CDCl5) & 7.89 (dd, J = 5.4, 2.1 Hz,
2H), 7.45- 7.39 (m, 3H), 7.10-7.02 (m, 1H), 7.01-6.80(m, 1H), 6.80-6.76(m, 1H),
475 (d, J= 6.9 Hz, 1H), 3.10 (q, J = 7.2 Hz, 1H), 2.08— 1.84(m, 1H), 1.47 — 1.32 (m,
1H), 1.07 (t, J = 7.5 Hz, 3H); *C NMR (75 MHz, CDCl5) & 168.06, 165.84, 156.40,
132.70, 130.85, 129.06, 126.53 (d, J = 17.1 Hz), 125.88, 117.16 (dd, J = 25.6, 8.4 Hz),
116.71 — 116.22 (m), 115.95 — 115.55 (m), 115.32 (d, J = 24.6 Hz), 108.54, 46.18,
33.22,20.43, 11.97; HRMS (ESI): C20H16F2NO2S [M+ H], Calc: 372.0864, found:
372.0869.
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31: white solid.

Yield: 72%.

ee: 99%; Dr: 10:1

HPLC: IA, Hexane/iPrOH = 90/10, tmajor = 11.8, tminor =
37.6.

[a]p”” =+75 (c = 1.0, CHCl;).

'"H NMR (300 MHz, CDCl3) & 7.87 —7.83 (m, 2H),
7.43-7.35 (m, 4H), 7.30 (s, 1H), 6.70 (d, J =8.7 Hz, 1H), 4.42 — 4.38 (m, 1H), 3.69 (s,
3H), 2.93 (dd, J = 10.8Hz, 8.1Hz, 1H), 2.08 — 1.96 (m, 1H), 1.34 — 1.20 (m, 1H), 1.00
(t, J = 7.5 Hz, 3H); *C NMR (75 MHz, CDCl3) & 168.24, 164.76, 156.49, 155.91,
132.92, 132.12, 130.51, 128.96, 128.54, 125.76, 112.92, 112.55, 54.52, 44.49, 29.71,
20.58, 12.09; HRMS (ESI): C21H19Br NO3S [M+ H]", Calc: 444.0264, found:
444.0265

3m: white solid.

Yield: 76%.

ee: >99%:; Dr: >20:1

HPLC: IA, Hexane/iPrOH = 90/10, tmajor = 15.0, tminor = 25.0.
[a]p™* =+41 (c = 1.0, CHCL).

'"H NMR (300 MHz, CDCl3) & 7.92— 7.87 (m, 2H), 7.46 —
7.40 (m, 3H), 7.22 (dd, J = 5.1, 0.9 Hz, 1H), 6.95 (dd, J =4.8,
3.3 Hz, 1H), 6.87 — 6.85 (m, 1H), 4.70 (d, J = 6.3 Hz, 1H), 3.08-3.01 (m, 1H), 2.06 —
1.90 (m, 1H), 1.55 — 1.39 (m, 1H), 1.10 (t, J = 7.5 Hz, 3H); *C NMR (75 MHz,
CDCl3) & 168.21, 165.36, 155.83, 140.23, 132.79, 130.75, 129.04, 127.36, 125.88,
125.69, 125.35, 110.75, 47.80, 34.85, 20.44, 11.87; HRMS (ESI): C18HI16NO2S2
[M+ H]", Calc: 342.0617, found: 342.0624.

3n: white solid.

Yield: 70%.

ee: >99%:; Dr: >20:1

HPLC: IA, Hexane/iPrOH = 90/10, tmajor = 12.0, tminor = 21.3.
[a]p™* =+19 (c = 1.0, CHCL).

'"H NMR (300 MHz, CDCl3) & 7.91 — 7.87 (m, 2H), 7.46 —
7.41 (m, 3H), 7.33 (d, J = 1.2 Hz, 1H), 6.29 (dd, J =3.3, 1.8
Hz, 1H), 6.17 (d, J = 3.3 Hz, 1H), 4.52 (d, J = 6.3 Hz, 1H), 3.04-2.96 (m, 1H), 2.05 —
1.93 (m, 1H), 1.43-1.32 (m, 1H), 1.08 (t, J = 7.5 Hz, 3H); C NMR (75 MHz, CDCL)
8 168.28, 165.19, 156.41, 150.65, 142.93, 132.84, 130.68, 129.02, 125.86, 110.36,
107.76, 107.70, 46.12, 33.34, 20.54, 11.75; HRMS (ESI): CI8H16NO3S [M+ HJ",
Calc: 326.0845, found: 326.0853.
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30: white solid.

Yield: 72%.

ee: >99%; Dr: 15:1

HPLC: IA, Hexane/iPrOH = 90/10, tmajor = 17.3, tminor =

26.5.

[a]p”” =486 (c = 1.0, CHCl;).

"H NMR (300 MHz, CDCl;) & 7.88 (dd, J = 6.0, 2.4 Hz,
OMe 2H), 7.43 (dd, J = 6.6, 3.9Hz, 3H), 7.00 (d, J = 8.7 Hz,

2H), 6.87-6.82 (m, 2H), 4.24(d, J = 6.9 Hz, 1H), 3.77 (s, 3H), 3.23 (t, J = 6.6 Hz, 1H),

1.15 (d, J = 6.9 Hz, 3H); *C NMR (75 MHz, CDCl;) & 169.40, 165.27, 159.36,

156.08, 132.87, 130.64, 129.45, 129.02, 128.75, 125.81, 114.45, 111.05, 55.29, 41.20,

40.48, 13.22; HRMS (ESI): C20HI8NO3S [M+ HJ]", Calc: 352.1002, found:

352.1002.

3p: white solid.

Yield: 77%.

ee: >99%:; Dr: >20:1

HPLC: IA, Hexane/iPrOH = 90/10, tmajor = 25.5, tminor =

38.6.

[a]p”” =+28 (c = 1.0, CHCl;).

"H NMR (300 MHz, CDCl;) & 7.88 (dd, J = 5.7, 2.1 Hz,
OMe 2H), 7.44 — 7.41 (m, 3H), 7.03 (d, J = 8.7 Hz, 2H), 6.84

(d, J = 8.7 Hz, 2H), 4.31 (d, J = 6.6 Hz, 1H), 3.78 (s, 3H), 3.11 (q, J = 6.9 Hz, 1H),

1.82-1.76(m, 1H), 1.45 — 1.42(m, 2H), 1.33 — 1.25 (m, 5H), 0.87 (t, J = 6.3 Hz, 3H);

BC NMR (75 MHz, CDCls) & 168.98, 165.07, 159.29, 155.88, 132.91, 130.59,

129.73, 129.01, 128.60, 125.81, 114.47, 111.41, 55.28, 45.71, 39.43, 31.58, 26.99,

26.86, 22.44, 14.01; HRMS (ESI): C24H26NO3S [M+ H]", Calc: 408.1628, found:

408.1625.

3q: white solid.

Yield: 71%.

ee: >99%:; Dr: >20:1

HPLC: IA, Hexane/iPrOH = 90/10, tmajor = 14.5, tminor = 26.0.
[a]p™* =+40 (c = 1.0, CHCL).

"H NMR (300 MHz, CDCls) & 7.87 — 7.84 (m, 2H), 7.41 (d, J = 4.5 Hz, 3H), 7.31 (d,
J=7.2Hz, 3H),7.22 (d, J = 7.5 Hz, 2H), 4.46 (d, J = 6.3 Hz, 1H), 2.93 (t, J = 7.5 Hz,
1H), 2.07-1.93 (m, 1H), 1.13 (d, J = 6.6 Hz, 3H), 0.96 (d, J = 6.9 Hz, 3H); *C NMR
(75 MHz, CDCls) & 168.31, 164.94, 155.61, 138.57, 132.89, 130.58, 129.24, 128.99,
128.06, 127.44, 125.80, 111.77, 51.74, 39.47, 26.53, 21.78, 20.49; HRMS (ESI):
C21H20NO2S [M+ HJ", Cale: 350.1209, found: 350.1209.
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3r: white solid.

Yield: 82%.

ee: >-99%; Dr: >20:1

HPLC: IA, Hexane/iPrOH = 90/10, tysjor = 20.4,

trminor = 36.4.

"H NMR (300 MHz, CDCl;) & 7.80 (d, J = 8.4,

2H), 7.38 (d, J = 8.4, 2H), 7.03 (d, J = 8.5, 2H),
OMe 6.84 (d, J = 8.5, 2H), 4.34 (d, J = 6.6, 1H), 3.77

(s, 3H), 3.03 (q, J = 13.6, 6.8, 1H), 1.95 — 1.75 (m, 1H), 1.40 — 1.26 (m, 1H), 1.05 (t, J

= 7.3, 3H); *C NMR (75 MHz, CDCls) & 168.69, 163.66, 159.36, 155.97, 136.54,

131.41, 129.56, 129.26, 128.57, 128.35, 126.99, 114.65, 114.52, 111.84, 55.28, 47.29,

39.19, 20.40, 11.89; HRMS (ESI): C21HI9CINO3S [M+ H]", Calc: 400.0769, found:

400.0781.

Cl
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HPLC condition and spectra:

3a: 1A, Hexane/iPrOH = 90/10.

Racemic:
0.04 o 2
ooz § )\
0.00 A 1 x . ‘,/\ LN
000 200 400 600 800 1000 1200 1400 1600 18100 2000 2200 2400 2600
minutes
Retention Time Area % Area Hight
1 14.655 1843265 60.26 55873
2 23.082 493589 16.14 14899
3 25.245 722146 23.61 21208

8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00
minutes
Retention Time Area % Area Hight
1 |13.397 180078 98.77 9191
2 (23.233 2124 1.16 113
3 (25.211 124 0.07 26
3a’: 1A, Hexane/iPrOH = 90/10.
Racemic:
0.04 o g
= 002} g /‘“\
0.00 A pes ) A ”,‘/\1_\7 >
0.00‘ ‘ ‘2.‘00‘ ‘ ‘4.60‘ 6.&)0‘ 8.‘00‘ ‘10‘.00‘ ‘ ‘12i00‘ ‘ ‘14i00‘ ‘ ‘16‘.00‘ ‘ ‘18‘.00‘ ‘ ‘20‘.00‘ ‘ ‘22i00‘ ‘ ‘24‘.00‘ ‘ ‘26‘.00‘ o
minutes
Retention Time Area % Area Hight
1 14.655 1843265 60.26 55873
2 23.082 493589 16.14 14899
3 25.245 722146 23.61 21208
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D ———————L ) s f ““““““““““““ ﬁfL “““
Retention Time Area % Area Hight
1 [14.708 123231 0.12 4907
2 |24.181 103084033 97.48 1838665
3 [27.408 2544818 241 49525
3b: IA, Hexane/iPrOH = 90/10.
Racemic:
0.60-
0.40-
2
0.20
0.00
000 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600  28.00
minutes
Retention Time Area % Area Hight
1 |10.761 9503659 50.58 606208
2 13.863 9102580 48.45 396784
3 17.352 182395 0.97 9137
0.80
0.60
2 0.40
0.20 %
0.00 T
0.00‘ ‘ ‘ZA‘OO‘ ‘ ‘4.‘00 6.150 ‘ 8.150 ‘ ‘10‘.00‘ ‘ ‘12100‘ ‘ ‘14100‘ ‘ ‘16100‘ ‘ ‘18100‘ ‘ ‘20‘.00
minutes
Retention Time Area % Area Hight
1 /10.636 12030151 99.51 796958
13.627 48051 0.40 -2136
3 |17.389 11319 0.09 -615
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3c: IA, Hexane/iPrOH = 90/10.

Racemic:
1.2 ~
1.00] 2
0.80+ i
2 0.60
0.40 %
0.207 <
o L N L | T T v \T/!\r‘ T_o ©o ¢ \77‘77\‘ T_o7 o ° \4‘*% 7T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
minutes
Retention Time Area % Area Hight
1 10.568 16822476 49.06 1136253
2 11.180 434409 1.27 35233
3 14.197 16529514 48.20 694994
4 18.587 505417 1.47 24153
0.607
0.407
0.20 § §
s Y L f ““““ :- —
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
minutes
Retention Time Area % Area Hight
1 |11.009 9255567 98.53 624626
2 [11.636 61245 0.65 5513
3 (14.663 64042 0.68 -2313
4 |19.095 12550 0.13 1301

3d: IA, Hexane/iPrOH = 90/10.
Racemic:

T
8.00

L U By B
10.00 12.00 14.00

LS B e B e
16.00 18.00 20.00

minutes

e S B
2200 2400 26.00 28.00 30.00 32.00

Retention Time Area % Area Hight
1 |15.960 127981 0.37 6996
2 119.148 17130358 49.27 571171
3 20.689 106730 0.31 4401
4 |23.803 17402530 50.05 438609
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0.30
0.207
2
0.10] = 2
0'00"\"\“‘\“‘\“‘\“‘\“‘\“‘%‘“\“‘\“‘\“‘r"_\i”\”‘\“‘\‘
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00
minutes
Retention Time Area % Area Hight
1 [15.911 28786 0.34 2014
2 |19.113 8348500 99.33 294301
3 120.320 20341 0.24 -934
4 |24.045 7057 0.08 212
3e: IA, Hexane/iPrOH = 90/10.
Racemic:
0.80
0.60 %
0.00 A K
000 200 400 600 800 1000 1200 1400 16.00 1800 20.00 2200 2400 2600 2800 30.00 3200 34.00
Retention Time Area % Area Hight
1 15.346 878234 1.88 39674
2 16.757 22225404 47.65 920617
3 22.218 816465 1.75 27273
4 31.920 22726223 48.72 449100
0.80
0.60
2 0401
0.207 E %
0.00 ¢ (\I o\?
000 200 400 600 800 1000 1200 1400 1600 18.00 2000 2200 2400 2600 2800 3000 32:00 34.00
minutes
Retention Time Area % Area Hight
1 |15.723 33459 0.17 2915
2 |17.088 19928062 99.31 807609
3 |22.718 64804 0.32 2119
4 |32.369 39608 0.20 -976
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3f: 1A, Hexane/iPrOH = 90/10.

Racemic:

0.80]
0.607
2 0.40]

0.207

0.00

16.552

’(>2o.734

000 200 400 600 800

ninutes

10,00 1200 14.00 16,00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00

Retention Time Area % Area Hight
1 [12.018 13344868 49.23 818954
2 |12.843 154305 0.57 10297
3 |16.552 12857 0.05 1176
4 120.734 13597775 50.16 441761
2.007
1.507
2 1.00]
0.507] % E
0.00 H‘_H‘H‘_H_H_H‘TH_Hﬁ"_H_“l“_”_”_”‘
0.00 2.00 4.00 6.00 8.00 10.00 12.00 ::rfj(:es 16.00 18.00 20.00 22.00 24.00 26.00 28.00
Retention Time Area % Area Hight
1 |11.904 34151375 98.89 2088901
2 12.720 270134 0.78 19675
3 116.372 14235 0.04 584
4 120.768 99714 0.29 3817
3g: IA, Hexane/iPrOH = 90/10.
Racemic:
0.257
0.207 o
S 0.157 §
= 0.107
0.057 Lé’
000 200 400 6.00 800 10.00 12.00 14.00 ‘:Ti](i](:es 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00
Retention Time Area % Area Hight
1 |12.466 4517918 48.54 248457
2 |13.474 48674 0.52 2896
3 120.935 56256 0.60 2175
4 |22.879 4683973 50.33 123202
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1.00
0.807
5 0.607
< 0.40
0.20 § §
O.OGH“H“HWHWHWHWHWH“H“H“H}a‘i“‘lﬁ‘“”“”“‘
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.0.0 tes16.00 18.00 20.00 22.00 24.00 26.00 28.00
Retention Time Area % Area Hight
1 12.815 18719531 98.23 1017607
2 13.973 319454 1.68 18261
3 21.441 12668 0.07 -444
4 23.404 5543 0.03 -228

3h: IA, Hexane/iPrOH = 90/10.

Racemic:

0.067

5 0.04
<

minutes

10.00 1200 1400 16.00 18.00 20.00 22.00 2400 26.00 28.00 30.00 32.00

Retention Time Area % Area Hight
1 |13.496 1447532 29.56 71899
2 |14.732 1028564 21.00 45822
3 |21.087 1048106 21.40 32789
4 |25.991 1372734 28.03 33318
1.00
0.807
0.60
2 0.40 o <
0.207 § E
0.00 H‘_H_H_H_H_H‘H"""‘H_H‘TH_H_(?“_H_H
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00
minutes
Retention Time Area % Area Hight
1 [13.140 18130123 98.76 963640
2 |14.438 166042 0.90 11125
3 20.599 31793 0.17 1222
4 |24.784 30596 0.17 -770
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3i: IA, Hexane/iPrOH = 90/10.

Racemic:
0.157
2 0.10
0.05
0.00 - N yAN
0.00‘ ‘ ‘2.1‘30‘ ‘ 4.&)0‘ 6.00‘ ‘ ‘8.60‘ ‘ ‘10‘.00‘ ‘ ‘12i00‘ ‘ ‘14[00‘ ‘ ‘16‘.00‘ ‘ ‘18100‘ ‘ 20‘00 ‘ 22‘00 ‘ 24‘00 ‘ ‘26i00
minutes
Retention Time Area % Area Hight
1 |11.686 83525 1.35 7018
2 12.189 2958505 47.89 178210
3 (14.977 56820 0.92 2141
4 [18.919 3078322 49.83 110637
0.80-
0.60-|
2 0.40
0.20- § % §
0.00 ‘\_ AN l\_ ;
0.00‘ ‘ ‘2.“:)0‘ ‘ ‘4.60‘ ‘ ‘6.‘00‘ ‘ ‘8.‘00‘ ‘ ‘10100‘ ‘ ‘12‘.00‘ ‘14100‘ ‘ ‘16100‘ ‘ ‘18100‘ ‘ ‘20‘.00‘ ‘ ‘22100‘ ‘ ‘24‘.00‘ ‘
minutes
Retention Time Area % Area Hight
1 |11.488 7729 0.06 804
2 (12.002 13178868 99.46 792992
3 |14.847 10114 0.08 602
4 |18.827 54357 0.41 2243
3j: IA, Hexane/iPrOH = 90/10.
Racemic:
0.15
0.10 5
2 &
0.00+ S b ~
0.00‘ C ‘5.60‘ C ‘10i00‘ o ‘15i00‘ o ‘20‘.00‘ ‘ ‘25‘.00‘ C ‘30‘.00‘ C ‘35‘.00‘ C ‘40100‘ C ‘45i00‘ o
minutes
Retention Time Area % Area Hight
1 |17.549 5750655 49.46 153717
2 124.070 251063 2.16 5176
3 (39.721 5434880 46.74 55061
4 144.903 190173 1.64 2493
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0.307
5 0.20
< N~
0.10- § § %
0'0077“"\““\“"\“‘7‘\“:}‘T\‘“‘\““\“"‘_T_‘T“‘T\“‘
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00
minutes
Retention Time Area % Area Hight
1 (17.198 11701658 94.20 339256
2 23.397 692820 5.58 15659
3 139.000 25979 0.21 -519
4 | 44.057 1724 0.01 57

3k: IA, Hexane/iPrOH = 90/10.

Racemic:
0.08
0.06
2 0.04
0.02
O'OO"‘_H_ _H‘H‘_H_Hrﬁfiiﬁ"ﬁ_”_”_”_”_
0.00 2.00 4.00 6.00 8.00 10.00 12.00 1323tes 16.00 18.00 20.00 22.00 24.00 26.00 28.00
Retention Time Area % Area Hight
1 [12.778 83778 221 4574
2 [14.351 88305 2.33 3983
3 [15.900 1780228 47.03 75405
4 |18.107 1832664 48.42 54248
0.407
0.307
2 0.207
0.107 g %
0.00‘ — — ""“"“"T‘H‘H“l\_‘H“H“H“H“H“H‘
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00
minutes
Retention Time Area % Area Hight
1 |12.585 223073 2.06 16121
2 | 14.116 18329 0.17 1183
3 | 15.487 10545664 97.61 453462
4 | 18.289 17057 0.16 742
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31: 1A, Hexane/iPrOH = 90/10.

Racemic:

0.307
- 0.207
<

0.107

0.00

737.355

minutes

L ey B B B B B B B e et By B B
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00 46.00

Retention Time Area % Area Hight
1 |11.658 7599640 67.67 340796
2 13.021 861321 7.67 52786
3 | 15.602 842999 7.51 38068
4 |37.355 1927161 17.16 21629
0.80
0.607
2 0407
0.207 §
e YA Wy e — *)g ““““““
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00n1ii.t(;(: 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00
Retention Time Area % Area Hight
1 |11.780 14870368 90.78 817791
2 | 13.042 637628 3.89 42565
3 | 15.590 868885 5.30 36783
4 |37.626 3210 0.02 -144
3m: IA, Hexane/iPrOH = 90/10.
Racemic:
0.151 §
2 0.107 §
0.05] N 2
o.oof‘k“fﬁ.ﬁ%ﬁi—/ﬁ — i

—_—————r e
8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00
minutes

Retention Time Area % Area Hight
1 |10.771 67218 0.81 4913
2 |14.985 4187246 50.66 189416
3 124.995 3931926 47.57 99363
4 |28.419 79177 0.96 1794
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0.30]

-, 0.20]

0.00 ‘? — § $
000 200 400 600 800 1000 1200 1400 1600 1800 2000 22.00 2400 2600 2800 30.00
minutes

Retention Time Area % Area Hight
1 {10.728 8484 0.11 372
2 |14.964 7571624 99.85 340254
3 |24.950 2244 0.03 -102
4 [28.637 571 0.01 50
3n: IA, Hexane/iPrOH = 90/10.

Racemic:

0.30

0.20
2
0.107
0.00 N\
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00
minutes
Retention Time Area % Area Hight
1 [12.077 85018 0.78 7248
2 | 13.356 5528687 50.80 290149
3 119.500 115385 1.06 5125
4 120.407 5153938 47.36 165824
0.60
5 0.40
0.20- 3 = N
0.00 - \—i§
0.00‘ ‘ ‘2.‘00‘ ‘ 4.‘00‘ ‘ ‘GbO‘ ‘ ‘8.1‘30‘ ‘ ‘10100‘ ‘ ‘12100‘ ‘ ‘14‘.00‘ ‘ ‘16‘.00‘ ‘ ‘18100‘ ‘ ‘20‘.00‘ ‘ 22‘00 ‘ ‘24‘.00‘ ‘
minutes
Retention Time Area % Area Hight
1 [12.030 184529 1.46 13075
2 |13.226 12440997 98.43 657827
3 120.617 8702 0.07 640
4 21.274 5058 0.04 -243
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30: IA, Hexane/iPrOH = 90/10.

Racemic:

0.107

0.08
S 0.06
<

0.04

0.021

%#22.584

26.886

0.00

o—

I S
0.00 200 4.00

6.00

e e e
8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00

minutes

Retention Time Area % Area Hight
1 |17.063 32029 0.64 1893
2 |17.883 2401678 48.13 97019
3 |22.584 61798 1.24 3130
4 126.886 2494481 49.99 65825
0.507
0.407
2 0.30
0.20 8 <
0.109 ﬁ §
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 n:nti]:)el)s 18.00 20.00 22.00 24.00 26.00 28.00 30.00
Retention Time Area % Area Hight
1 [16.571 64005 0.45 5421
2 17.313 14270785 99.48 545316
3 |22.295 3338 0.02 443
4 126471 7400 0.05 805
3p: IA, Hexane/iPrOH = 90/10.
Racemic:
0.101 ©
0.087 %
0.067 T
2 0.04 o
0.02] E
0.00 J\“ JAN L('?’ ~ A KX

minutes

—— T T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00

Retention Time Area % Area Hight
1 |22.980 34632 0.55 2110
2 |25.458 3133277 49.99 96288
3 27.740 30232 0.48 1476
4 |38.038 3070017 48.98 59799
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0.607

2 0.40
0.20 E é &83
0 TR o
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.0r:in2ufé(;0 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00
Retention Time Area % Area Hight
1 |23.210 31033 0.13 1949
2 |25.464 23525574 99.33 692150
3 |27.951 117587 0.50 4255
4 |38.590 10132 0.04 775
3q: IA, Hexane/iPrOH = 90/10.
Racemic:
0.257
0.204 S
0.157 8
2 0.107
0.057
o ——————— T AN A AN e A A
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00minm1§s:00 18.00 20.00 22.00 24.00 26.00 28.00 30.00
Retention Time Area % Area Hight
1 [12.686 1030258 9.52 72443
2 | 14.745 4506087 41.63 246635
3 |16.225 1065515 9.84 57031
4 26.211 4223062 39.01 130659
1.007
0.807
2 0.60
0.407 ~ © 0
020, g 2 :
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 2200 24.00 26.00 28.00
minutes
Retention Time Area % Area Hight
1|12.417 12585 0.07 849
2 1 14.486 18835273 99.77 1081932
3 116.316 4572 0.02 -615
4 |25.985 25339 0.13 1879
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3r: IA, Hexane/iPrOH = 90/10.

Racemic:

0.040-
0.0301
2 i
< 0.0207

0.010]

0.0007

>26.981
.

36.764

minutes

L e e B e e B BB B B B B B B e B e
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00

Retention Time Area % Area Hight
1 [19.142 375074 9.58 12812
2 120.680 1566927 40.03 47646
3 |26.981 397485 10.15 9322
4 |136.764 1574742 40.23 27273
0.807
0.607]
2 0.40]
0.207 §
0.00 ‘H_H‘H‘_H‘H‘_H_H_H_H_"_H_"_H_H_H_H_H_H?:;H_H‘
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 i%g?eSZZ.OO 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00
Retention Time Area % Area Hight
1 |18.954 2315741 7.78 85201
2 120.389 27279967 91.62 855839
3 126.750 146379 0.49 4732
4 |36.406 32356 0.11 1242
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