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1. General Information

Chemicals and solvents were purchased from commercial suppliers and used as received. 'H and '3C

NMR spectra were recorded on a Bruker ACF300 (300 MHz) or AMX500 (500 MHz) spectrometer.

Chemical shifts were reported in parts per million (ppm), and the residual solvent peak was used as an

internal reference: proton (chloroform & 7.26), carbon (chloroform & 77.0) or tetramethylsilane (TMS &

0.00) was used as a reference. Multiplicity was indicated as follows: s (singlet), d (doublet), t (triplet),

q (quartet), m (multiplet), dd (doublet of doublet), bs (broad singlet). Coupling constants were reported

in Hertz (Hz). Low resolution mass spectra were obtained on a Finnigan/MAT LCQ spectrometer in

ESI mode, and a Finnigan/MAT 95XL-T mass spectrometer in EI mode. All high resolution mass

spectra were obtained on a Finnigan/MAT 95XL-T spectrometer. For thin layer chromatography (TLC),

Merck pre-coated TLC plates (Merck 60 F254) were used, and compounds were visualized with a UV

light at 254 nm. Flash chromatography separations were performed on Merck 60 (0.040-0.063 mm)

mesh silica gel. The enantiomeric excesses of products were determined by chiral phase HPLC analysis.

Optical rotations were recorded on Jasco DIP-1000 polarimeter.
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2. Experimental Procedure for Decarboxylative Reaction of MAHTS to Enals

(l) o o Ph o}
Cat. VI (20 mol%)
+ L 0
| HOJ\/U\SF’h TEA, DCM, 0°C
Ph™ 4a 2c 24 h SPh
3ac

Typical procedure for the decarboxylative reaction:

To a solution of cinnamaldehyde 1a (26.4 mg, 25.2 uL, 0.2 mmol,) in DCM (0.5 mL) was added

catalyst V (25.6 mg, 0.04 mmol) at 0 °C. After 40 min, malonic acid half thioester 2¢ (98.1 mg, 0.5

mmol) was added in one portion. Then, TEA (50.5 mg, 69.6 uL, 0.5 mmol) in 0.5 mL DCM was added

dropwise via syringe in 10 min at 0 °C. The resulting reaction mixture was kept stirring at 0°C for 24 h.

The crude product was purified by silica gel flash chromatography, eluted by hexane/EtOAc = 10:1 to

afford the desired product 3ac as white solid (46.7 mg, 82% yield).

Ph 0]

O
SPh

(4S5,65)-4-phenyl-6-(phenylthio)tetrahydro-2H-pyran-2-one (3ac) ( Table 2, entry 1). 46.7 mg, 82%

yield; White solid; 'H NMR (500 MHz, CDCL;) 8 (ppm): 7.61 — 7.59 (m, 2H), 7.36 (ddd, J = 7.7, 4.0,

1.7 Hz, 5H), 7.30 — 7.26 (m, 1H), 7.17 — 7.16 (m, 2H), 5.74 (dd, J = 11.3, 4.1 Hz, 1H), 3.19 (tt, J = 12.3,

4.4 Hz, 1H), 2.88 (ddd, J= 17.7, 5.1, 2.3 Hz, 1H), 2.58 — 2.51 (m, 2H), 2.04 — 1.97 (m, 1H); *C NMR

(125 MHz, CDCl;) & (ppm): 169.4, 141.5, 133.3, 131.8, 129.2, 129.1, 128.6, 127.5, 126.4, 86.3, 37.4,

37.2, 36.3; HRMS (EI) calcd for C;7H;s0,S 284.0871, found 284.0876; HPLC (Chiralpak IC, i-

propanol/hexane = 20/80, flow rate 1.0 mL/min, A = 254 nm): fz (major) = 28.2 min, g (minor) = 23.0

min, ee = 92%; [a]2, = -96.6 (¢ = 1.08 in DCM).
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Cl

SPh
(4S5,65)-4-(4-chlorophenyl)-6-(phenylthio)tetrahydro-2H-pyran-2-one (3bc) ( Table 2, entry 2).
52.9 mg, 83% yield; White solid; 'H NMR (500 MHz, CDCI;) & (ppm): 7.60 — 7.58 (m, 2H), 7.38 —
7.34 (m, 3H), 7.34 — 7.31 (m, 2H), 7.11 — 7.09 (m, 2H), 5.72 (dd, J = 11.3, 4.1 Hz, 1H), 3.17 (tt, J =
12.2, 4.5 Hz, 1H), 2.86 (ddd, J=17.6, 5.1, 2.2 Hz, 1H), 2.56 — 2.46 (m, 2H), 2.00 — 1.93 (m, 1H); 3C
NMR (125 MHz, CDCl;) & (ppm): 169.1, 134.0, 133.3, 133.3, 131.6, 129.2, 129.2, 128.7, 127.8, 86.2,
37.1, 36.9, 36.1; HRMS (EI) caled for C;7H;50,CIS 318.0481, found 318.0486; HPLC (Chiralpak IC,
i-propanol/hexane = 20/80, flow rate 1.0 mL/min, A =254 nm): #z (major) = 28.4 min, fg (minor) = 24.7

min, ee = 94%; [a]*p =-52.7 (¢ = 1.05 in DCM).

O,N

SPh
(4S5,65)-4-(4-nitrophenyl)-6-(phenylthio)tetrahydro-2 H-pyran-2-one (3cc) ( Table 2, entry 3). 57.3
mg, 87% yield; White solid; 'TH NMR (500 MHz, CDCl;) é (ppm): 8.21 (d, /= 8.7 Hz, 2H), 7.60 — 7.58
(m, 2H), 7.37 — 7.34 (m, 5H), 5.74 (dd, J=11.1, 4.1 Hz, 1H), 3.35 (tt, J=12.1, 4.5 Hz, 1H), 2.90 (ddd,
J=1175,5.2,2.2 Hz, 1H), 2.61 — 2.51 (m, 2H), 2.02 (dt, /= 13.8, 11.7 Hz, 1H); 3C NMR (125 MHz,
CDCly) o (ppm): 168.5, 148.7, 147.3, 133.4, 131.3, 129.2, 128.8, 127.5, 124.3, 86.0, 37.3, 36.6, 35.7;
HRMS (EI) calcd for Ci7H;504NS 329.0722, found 329.0723; HPLC (Chiralpak IA, i-propanol/hexane

= 20/80, flow rate 1.0 mL/min, 1 = 254 nm): #z (major) = 36.5 min, zx (minor) = 26.9 min, ee = 95%;
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[a]2, = -68.8 (¢ = 0.97 in DCM).

NO,

SPh

(4S5,65)-4-(2-nitrophenyl)-6-(phenylthio)tetrahydro-2 H-pyran-2-one (3dc) (Table 2, entry 4). 52.0

mg, 79% yield; Colorless oil; 'TH NMR (500 MHz, CDCl;) & (ppm): 7.87 (d, J = 8.1 Hz, 1H), 7.64 (t, J

=7.6 Hz, 1H), 7.59 (dd, J = 6.4, 2.8 Hz, 2H), 7.44 (t,J = 7.7 Hz, 1H), 7.37 — 7.35 (m, 4H), 5.74 (dd, J

=11.3, 3.8 Hz, 1H), 3.79 (td, J= 11.6, 5.8 Hz, 1H), 2.99 (ddd, J = 17.5, 5.3, 1.8 Hz, 1H), 2.64 — 2.54

(m, 2H), 2.03 (dd, J = 25.3, 11.7 Hz, 1H); *C NMR (125 MHz, CDCls) § (ppm): 168.7, 149.3, 136.0,

133.7, 133.3, 131.4, 129.2, 128.7, 128.3, 127.4, 124.9, 86.0, 36.5, 35.9, 32.2; HRMS (EI) calcd for

C17H504NS 329.0722, found 329.0734; HPLC (Chiralpak IA, i-propanol/hexane = 10/90, flow rate 1.0

mL/min, 4 = 254 nm): tz (major) = 30.4 min, #; (minor) = 34.1 min, ee = 96%; [a]*’p = -57.2 (¢ = 1.00

in DCM).

MeO

SPh

(4S5,65)-4-(4-methoxyphenyl)-6-(phenylthio)tetrahydro-2 H-pyran-2-one (3ec) (Table 2, entry 5).

51.7 mg, 82% yield; White solid; 'H NMR (500 MHz, CDCl3) & (ppm): 7.59 (dd, J = 6.4, 3.2 Hz, 2H),

7.35(dd, J = 4.9, 1.9 Hz, 3H), 7.10 — 7.04 (m, 2H), 6.90 — 6.87 (m, 2H), 5.72 (dd, /= 11.3, 4.1 Hz, 1H),

3.80 (s, 3H), 3.13 (tt, J = 12.6, 3.8 Hz, 1H), 2.86 (ddd, J = 17.7, 5.1, 2.3 Hz, 1H), 2.55 — 2.46 (m, 2H),

2.00 — 1.92 (m, 1H); *C NMR (125 MHz, CDCl3) § (ppm): 169.6, 158.8, 133.6, 133.2, 131.80, 129.2,
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128.6, 127.4, 114.4, 86.4, 55.3, 37.5, 36.7, 36.5; HRMS (EI) calcd for CisH;s05S 314.0977, found

314.0987; HPLC (Chiralpak IC, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, A = 254 nm): #

(major) = 42.9 min, g (minor) = 38.0 min, ee = 88%; [a]*p =-74.7 (¢ = 0.91 in DCM).

Me

SPh

(45,6S5)-6-(phenylthio)-4-p-tolyltetrahydro-2 H-pyran-2-one (3fc) (Table 2, entry 6). 48.6 mg, 81%

yield; Colorless oil; '"H NMR (500 MHz, CDCls) 6 (ppm): 7.60 (dd, J = 6.4, 3.1 Hz, 2H), 7.38 — 7.33

(m, 3H), 7.16 (d, J = 8.0 Hz, 2H), 7.05 (d, J = 8.0 Hz, 2H), 5.73 (dd, J = 11.3, 4.1 Hz, 1H), 3.15 (tt, J =

12.0, 4.4 Hz, 1H), 2.86 (ddd, J = 17.7, 5.1, 2.3 Hz, 1H), 2.55 — 2.48 (m, 2H), 2.34 (s, 3H), 2.02 — 1.94

(m, 1H); 13C NMR (125 MHz, CDCl3) 3 (ppm): 169.6, 138.6, 137.2, 133.2, 131.8, 129.7, 129.1, 128.6,

126.2, 86.5, 37.3, 37.1, 36.4, 21.0; HRMS (EI) calcd for C,sH;50,S 298.1028, found 298.1028; HPLC

(Chiralpak IC, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, A = 254 nm): fz (major) = 25.8 min, f

minor) = 22.5 min, ee = 0; [a]*p=-35.2 (¢c=1.05in .
(minor) = 22.5 mi 93%; [0]*p = -35.2 (¢ = 1.05 in DCM)

OMe

SPh

(4S5,65)-4-(2-methoxyphenyl)-6-(phenylthio)tetrahydro-2 H-pyran-2-one (3gc) (Table 2, entry 7).

58.3 mg, 93% yield; Colorless oil; 'H NMR (500 MHz, CDCl3) 8 (ppm): 7.63 — 7.59 (m, 2H), 7.36 —

7.33 (m, 3H), 7.26 (td, J = 8.0, 1.7 Hz, 1H), 7.06 (dd, J = 7.5, 1.6 Hz, 1H), 6.94 (td, J = 7.5, 0.9 Hz,

1H), 6.88 (d, J = 8.2 Hz, 1H), 5.74 (dd, J = 11.4, 3.9 Hz, 1H), 3.81 (s, 3H), 3.53 (tt, J = 12.0, 4.7, 1H),
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2.87 (ddd, J=17.6, 5.4, 2.1 Hz, 1H), 2.57 (dd, J=17.6, 11.7 Hz, 1H), 2.49 (dtd, J = 13.8, 3.9, 2.1 Hz,

1H), 2.11 — 2.03 (m, 1H); 3C NMR (125 MHz, CDCl;) § (ppm): 170.2, 156.8, 133.1, 132.1, 129.6,

129.1, 128.4, 128.4, 126.5, 120.8, 110.7, 86.4, 55.2, 35.5, 34.5, 32.0; HRMS (EI) caled for C;sH;505S

314.0977, found 314.0977; HPLC (Chiralpak IC, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, A =

254 nm): fz (major) = 20.6 min, ¢z (minor) = 24.6 min, ee = 94%; [a]*’p =-25.3 (¢ = 1.37 in DCM).

OMe
AcO

0
@)
SPh

2-methoxy-4-((4S5,65)-2-0x0-6-(phenylthio)tetrahydro-2 H-pyran-4-yl)phenyl acetate (3hc) (Table

2, entry 8). 60.8 mg, 82% yield; White solid; 'H NMR (500 MHz, CDCl;) & (ppm): 7.61 — 7.58 (m,

2H), 7.37 — 7.34 (m, 3H), 7.02 — 6.99 (m, 1H), 6.73 (dd, J = 6.7, 1.9 Hz, 2H), 5.72 (dd, J= 11.3, 4.1 Hz,

1H), 3.82 (s, 3H), 3.18 (tt, J = 12.2, 4.4 Hz, 1H), 2.88 (ddd, J = 17.6, 5.1, 2.2 Hz, 1H), 2.60 — 2.47 (m,

2H), 2.31 (s, 3H), 2.04 — 1.91 (m, 1H); *C NMR (125 MHz, CDCl;) & (ppm): 169.3, 169.0, 151.4,

140.4, 138.9, 133.3, 131.6, 129.2, 128.7, 123.2, 118.3, 110.7, 86.2, 55.9, 37.3, 37.2, 36.3, 20.6; HRMS

(EI) calced for C,yH,o0O5S 372.1031, found 372.1024; HPLC (Chiralpak IA, i-propanol/hexane = 10/90,

flow rate 1.0 mL/min, A = 254 nm): ¢z (major) = 36.7 min, fz (minor) = 40.9 min, ee = 92%; [0]*p = -

31.6 (¢ = 1.34 in DCM).

(4S5,65)-4-(furan-2-yl)-6-(phenylthio)tetrahydro-2 H-pyran-2-one (3ic) (Table 2, entry 9). 43.8 mg,
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80% yield; White solid; "H NMR (500 MHz, CDCl;) & (ppm): 7.59 — 7.58 (m, 2H), 7.35 — 7.33 (m, 4H),

6.31 (dd, J = 3.2, 1.9 Hz, 1H), 6.06 (d, J = 3.2 Hz, 1H), 5.70 (dd, J = 11.3, 4.0 Hz, 1H), 3.32 (tt, J =

11.8, 4.6 Hz, 1H), 2.94 (ddd, J = 17.7, 5.3, 2.1 Hz, 1H), 2.66 (dtd, J = 14.1, 4.0, 2.2 Hz, 1H), 2.57 (dd,

J=17.7,11.9 Hz, 1H), 1.95 (dt, J= 14.1, 11.6 Hz, 1H); 3C NMR (125 MHz, CDCl;) & (ppm): 168.8,

154.4, 142.1, 133.4, 131.6, 129.2, 128.7, 110.3, 105.0, 86.0, 34.2, 33.9, 31.2; HRMS (EI) calcd for

Cy5H1405S 274.0664, found 274.0667; HPLC (Chiralpak IC, i-propanol/hexane = 20/80, flow rate 1.0

mL/min, 4 = 254 nm): tz (major) = 23.3 min, # (minor) = 19.0 min, ee = 91%; [a]*’p = -67.7 (¢ = 0.96

in DCM).

SPh

(4S5,65)-4-ethyl-6-(phenylthio)tetrahydro-2 H-pyran-2-one (3jc) (Table 2, entry 10). 33.4 mg, 71%

yield; Colorless oil; 'TH NMR (500 MHz, CDCl;) 8 (ppm): 7.58 — 7.56 (m, 2H), 7.35 — 7.32 (m, 3H),

5.59 (dd, J=11.2,4.0 Hz, 1H), 2.68 (ddd, J = 17.5, 5.2, 2.0 Hz, 1H), 2.36 (dtd, J = 13.9, 4.0, 2.2 Hz,

1H), 2.05 (dd, J=17.5, 11.6 Hz, 1H), 1.91 — 1.82 (m, 1H), 1.48 (dt, J=13.9, 11.4 Hz, 1H), 1.37 (p, J =

7.3, 2H), 0.93 (t, J = 7.4 Hz, 3H); 3C NMR (125 MHz, CDCls) § (ppm): 170.1, 133.0, 132.1, 129.1,

128.4, 86.4, 35.9, 34.8, 33.3, 28.7, 10.7; HRMS (EI) calcd for C3H;50,S 236.0871, found 236.0870;

HPLC (Chiralpak IC, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, A = 254 nm): z (major) = 35.2

min, fg (minor) = 40.4 min, ee = 94%; [0]*p = -11.9 (¢ = 0.86 in DCM).
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SPh
(45,6S5)-4-pentyl-6-(phenylthio)tetrahydro-2H-pyran-2-one (3kc) (Table 2, entry 11). 38.2 mg, 69%
yield; Colorless oil; 'TH NMR (500 MHz, CDCl;) 6 (ppm): 7.57 — 7.55 (m, 2H), 7.34 — 7.32 (m, 3H),
5.59 (dd, J=11.3,4.0 Hz, 1H), 2.67 (ddd, J=17.4, 5.0, 2.0 Hz, 1H), 2.37 — 2.32 (m, 2H), 2.05 (dd, J =
17.4,11.6 Hz, 1H), 1.95 - 1.91 (m, 1H), 1.48 (dt, /= 13.8, 11.4 Hz, 1H), 1.37 — 1.26 (m, 8H), 0.88 (t, J
= 7.0 Hz, 3H); 3C NMR (125 MHz, CDCl;) & (ppm): 170.1, 133.0, 132.1, 129.1, 128.4, 86.4, 36.2,
35.8, 35.2, 31.7, 31.6, 25.9, 22.5, 14.0; HRMS (EI) calcd for C,sH,,0,S 278.1341, found 278.1341;
HPLC (Chiralpak IC, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, A = 254 nm): #; (major) = 18.1

min, fg (minor) = 20.7 min, ee = 94%; [0]*p = -20.6 (¢ = 0.89 in DCM).

Ph 0]

S
L
(4S5,65)-6-(4-fluorophenylthio)-4-phenyltetrahydro-2 H-pyran-2-one (3ad) (Table 2, entry 12).
51.6 mg, 85% yield; White solid; '"H NMR (500 MHz, CDCl;) & (ppm): 7.62 — 7.59 (m, 2H), 7.36 (dd,
J=10.3,4.7 Hz, 2H), 7.30 — 7.27 (m, 1H), 7.17 — 7.15 (m, 2H), 7.08 — 7.04 (m, 2H), 5.65 (dd, J=11.3,
4.1 Hz, 1H), 3.19 (tt, /= 12.0, 4.4 Hz, 1H), 2.88 (ddd, J=17.7, 5.1, 2.3 Hz, 1H), 2.56 — 2.50 (m, 2H),
1.96 (ddd, J = 13.9, 12.2, 11.4 Hz, 1H); 13C NMR (125 MHz, CDCl3) 8 (ppm): 169.4, 164.3, 162.3,

141.4, 136.2, 136.2, 129.1, 127.5, 126.5, 126.4, 116.4, 116.2, 86.4, 37.4, 37.2, 36.2; HRMS (EI) calcd

for C;7H;50,FS 302.0777, found 302.0777; HPLC (Chiralpak IC, i-propanol/hexane = 20/80, flow rate
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1.0 mL/min, 4 = 254 nm): ; (major) = 22.7 min, #; (minor) = 16.6 min, ee = 91%; [a]*p =-76.2 (¢ =

1.01 in DCM).

Ph O

Q,

(4S5,65)-6-(4-chlorophenylthio)-4-phenyltetrahydro-2 H-pyran-2-one (3ae) (Table 2, entry 13).
50.6 mg, 79% yield; White solid; 'H NMR (500 MHz, CDCl;) & (ppm): 7.54 — 7.52 (m, 2H), 7.38 —
7.31 (m, 4H), 7.29 (d, J= 7.5 Hz, 1H), 7.17 (d, J = 7.5 Hz, 2H), 5.69 (dd, J = 11.3, 4.1 Hz, 1H), 3.19 (tt,
J =123, 4.4 Hz, 1H), 2.89 (ddd, J = 17.7, 5.1, 2.2 Hz, 1H), 2.58 — 2.52 (m, 2H), 1.98 (dt, J = 13.8,
11.9 Hz, 1H); 3C NMR (125 MHz, CDCl;) & (ppm): 169.3, 141.4, 135.1, 134.7, 130.2, 129.4, 129.1,
127.6, 126.4, 86.1, 37.4, 37.2, 36.3; HRMS (EI) caled for C,7H;s0,CIS 318.0481, found 318.0485;
HPLC (Chiralpak IC, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, A = 254 nm): ¢tz (major) = 23.8

min, #z (minor) = 18.0 min, ee = 92%; [a]*’p =-90.1 (¢ = 1.05 in DCM).

Ph O
O

L
OMe

(4S5,65)-6-(4-methoxyphenylthio)-4-phenyltetrahydro-2 H-pyran-2-one (3af) (Table 2, entry 14).
53.6 mg, 85% yield; White solid; 'H NMR (500 MHz, CDCls) & (ppm): 7.56 — 7.53 (m, 2H), 7.35 (dd,
J=10.3,4.7 Hz, 2H), 7.28 (dt, /= 3.9, 1.6 Hz, 1H), 7.15 (d, J= 7.2 Hz, 2H), 6.90 — 6.88 (m, 2H), 5.59
(dd, J=11.2,4.1 Hz, 1H), 3.82 (s, 3H), 3.16 (tt, ] = 12.0, 4.5 Hz, 1H), 2.85 (ddd, /= 17.7, 5.1, 2.3 Hz,

1H), 2.53 — 2.45 (m, 2H), 1.94 (ddd, J = 13.9, 12.3, 11.4 Hz, 1H); 3C NMR (125 MHz, CDCL;) &
S10



(ppm): 169.6, 160.6, 141.7, 136.4, 129.0, 127.4, 126.4, 121.5, 114.7, 86.7, 55.4, 37.4, 37.2, 36.3;

HRMS (EI) calcd for C;gH;305S 314.0977, found 314.0978; HPLC (Chiralpak IC, i-propanol/hexane =

20/80, flow rate 1.0 mL/min, 4 = 254 nm): fx (major) = 43.3 min, g (minor) = 28.1 min, ee = 92%;

[0]*p = -60.3 (¢ = 1.08 in DCM).

Ph 0

OMe

(4S5,65)-6-(2-methoxyphenylthio)-4-phenyltetrahydro-2 H-pyran-2-one (3ag) (Table 2, entry 15).

52.7 mg, 84% yield; Colorless oil; 'H NMR (500 MHz, CDCls) & (ppm): 7.61 (dd, J= 7.6, 1.6 Hz, 1H),

7.37—7.27 (m, 4H), 7.21 — 7.18 (m, 2H), 6.97 (td, J = 7.5, 1.1 Hz, 1H), 6.91 (d, J = 8.2 Hz, 1H), 5.87

(dd, J = 10.9, 4.3 Hz, 1H), 3.89 (s, 3H), 3.20 (tt, J = 12.6, 4.4 Hz, 1H), 2.88 (ddd, J = 17.5, 5.0, 2.3 Hz,

1H), 2.63 — 2.56 (m, 2H), 2.05 (ddd, J = 14.0, 12.2, 11.0 Hz, 1H); 3C NMR (125 MHz, CDCl;) &

(ppm): 169.6, 158.4, 141.7, 134.4, 130.0, 129.0, 127.4, 126.4, 121.4, 119.9, 111.1, 84.5, 55. 9, 37.4,

37.3, 36.0; HRMS (EI) calcd for C;sH305S 314.0977, found 314.0979; HPLC (Chiralpak IA, i-

propanol/hexane = 20/80, flow rate 1.0 mL/min, A = 254 nm): fg (major) = 11.1 min, zx (minor) = 13.1

min, ee = 94%; [a]2, = -67.5 (¢ = 0.96 in DCM).

Ph O

(4S5,65)-6-(3,4-dimethoxyphenylthio)-4-phenyltetrahydro-2 H-pyran-2-one (3ah) (Table 2, entry

16). 54.8 mg, 80% yield; Colorless oil; 'H NMR (500 MHz, CDCl;) & (ppm): 7.35 (dd, J=10.2, 4.7 Hz,
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2H), 7.30 — 7.25 (m, 2H), 7.19 (dd, J = 8.3, 2.1 Hz, 1H), 7.16 — 7.13 (m, 3H), 6.85 (d, /= 8.3 Hz, 1H),
5.63 (dd, J=11.2,4.2 Hz, 1H), 3.89 (s, 6H), 3.20 — 3.13 (m, 1H), 2.85 (ddd, J=17.7, 5.1, 2.3 Hz, 1H),
2.55 —2.43 (m, 2H), 1.94 (ddd, J = 13.9, 12.3, 11.3 Hz, 1H); 13C NMR (125 MHz, CDCl;)  (ppm):
169.6, 150.1, 149.1, 141.6, 129.0, 127.9, 127.4, 126.4, 121.7, 117.7, 111.4, 86.6, 56.1, 55.9, 37.3, 37.21,
36.3; HRMS (EI) caled for C;oH,00,S 344.1082, found 344.1081; HPLC (Chiralpak IA, i-
propanol/hexane = 5/95, flow rate 1.0 mL/min, A = 254 nm): fx (major) = 46.4 min, fx (minor) = 52.4

min, ee = 92%; [a]*p =-61.1 (¢ = 0.99 in DCM).

Ph 0]
0
SPh

(45,6S5)-6-(phenylthio)-4-styryltetrahydro-2 H-pyran-2-one (3lc) (Table 2, entry 17). 46.2 mg, 74%
yield; Pale yellow oil; "H NMR (500 MHz, CDCl;) 6 (ppm): 7.55 (dd, J = 6.5, 2.9 Hz, 2H), 7.31 — 7.21
(m, 8H), 6.39 (d, J = 15.9 Hz, 1H), 5.97 (dd, J = 15.9, 7.0 Hz, 1H), 5.63 (dd, J = 11.2, 4.0 Hz, 1H),
2.82 —2.72 (m, 2H), 2.42 (ddd, J = 13.9, 6.1, 3.8 Hz, 1H), 2.29 (dd, J=17.2, 11.4 Hz, 1H), 1.72 (dt, J
=13.8, 11.5 Hz, 1H); *C NMR (125 MHz, CDCl;) & (ppm): 169.2, 136.3, 133.3, 131.7, 130.8, 129.9,
129.2, 128.7, 128.6, 127.9, 126.2, 86.1, 35.7, 35.1, 35.1; HRMS (EI) calcd for C;oH;50,S 310.1028,
found 310.1035; HPLC (Chiralpak IC, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, A = 254 nm):

tg (major) = 36.6 min, zx (minor) = 29.6 min, ee = 80%; [a]*p = -48.2 (¢ = 0.78 in DCM).

2

CHO
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(R)-S-phenyl 5-oxo-3-phenylpentanethioate (4). Colorless oil; 'H NMR (500 MHz, CDCl3) 6 (ppm):
9.74 (s, 1H), 7.47 — 7.45 (m, 3H), 7.42 — 7.38 (m, 4H), 7.34 — 7.31 (m, 3H), 3.95 — 3.86 (m, 1H), 3.09
(d, J= 7.2 Hz, 2H), 3.00 — 2.89 (m, 2H); '*C NMR (125 MHz, CDCl;) é (ppm): 200.4, 195.6, 141.8,
134.4, 129.5, 129.2, 128.8, 127.4, 127.2, 49.5, 49.0, 36.7; HRMS (EI) calcd for C;7H,60,S 284.0871,

found 284.0878.

3. Proposed Mechanism

Our proposed mechanism is illustrated in Scheme below. Initially, malonic half-thioester 2a reacts with
triethyl amine to form the intermediate B and follow to attack the iminium intermediate A. A
subsequent decarboxylation triggers the formation of the Michael addition intermediate C. A
hydrolysis of intermediate C would lead to a recycle of cat.VI and generates the intermediate D. The
intermediate D undergoes a sequence of tautomerization, cyclization and nucleophilic addition to
afford the product 3ac. As proof of this mechanism, we set out to investigate the key intermediate 4. As
indicated in eqn. (2), the synthesized compound 4 was found to be an active intermediate and could
generate 3ac under weak base or base-free condition (95% and 11% yield, respectively) and gave no
loss of ee. Meanwhile, we found that this process did not require Cat. IV. This result suggests that the
compound 4 may involve in this transformation as a potential key intermediate. To further understand
this mechanism, we then investigated the proton transfer in the process of 3ac formation. we conducted
an isotopic experiment using deuterated half-thioester d-2¢ to react with cinnamaldehyde 1a under
standard conditions. 'H NMR analysis of d-3ac demonstrated the isotope labelling of two protons
located at a-position of carbonyl group is ab. 49:51 (eqn. (2)). It suggests that the water (generated
from the condensation of cinnamaldehyde 1a and cat. VI), functionalized as a potential proton source,

is not involved in Michael addition step.
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@)‘ —“-‘(
CHO N : o SN Os_SPh
% cat. VI | -CO, U
A + —_—
| PhSMO
A B

\
T

Ph =
1a Ph C Pn
cat. VI |
Y
i
\q PhSH q -PhSH Q C(J)\
SPh Ph" (SPh Ph SPh
3ac D
Ph Ph
/fl DCM, 3d ﬁ (1.0 equw) (1)
hs” o 1% pp, CHO DCM0 3d Phs” 0™ o
3ac 95% 3ac
57% ee 57% ee 57% ee
CHO Ph
P O OD Standard H D
H + Phs)%o Conditions D/H HD (2)
P1h D D Phs” ~0” N0
a d-2¢ d-3ac
H/D = 49:51
90% D
4N\
S DD OD~— 100% D
YOy erono, T °
O O 3 cycles O O
2c d-2c

490.6 mg (2.5 mmol) of malonic acid half thioester (MAHT) 2¢ was placed into a 50 mL flask and 5.0

mL of acetonitrile was added. When the MAHT 2c¢ has dissolved, 6.0 mL D,0O was added and the

solution was stirred for 6 hours under nitrogen. The solvent was removed under vaccum and the

process was repeated two more tie s to yield 473.2 mg (95% yield) of the product d-2¢.l' 'H NMR (500

MHz, CDCls) § (ppm): 7.46 — 7.42 (m, 5H), 3.70 (s, 0.2H); 3C NMR (125 MHz, CDCL;) & (ppm):

189.9, 170.5, 134.4, 130.0, 129.4, 126.4, 48.0 (t, 1C, J = 20.5 Hz).
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Ph

CHO O oD H D
_— n Cat. VI (20 mol%) D D
PhS O TEA, CH4CN, 0°C
Ph D D ’ 243h ’ PhS™ "O™ ~O
1a d-2¢ d-3ac
H/D = 49:51

To a solution of cinnamaldehyde 1a (66.1 mg, 62.9 uL, 0.5 mmol,) in CH;CN (2.5 mL) was added

catalyst VI (64.0 mg, 0.1 mmol) at 0 °C. After 40 min, d-2¢ (249.0 mg, 1.25 mmol) was added in one

portion. Then, TEA (126.2 mg, 173.9 uL, 1.25 mmol) was added dropwise at 0 °C. The resulting

reaction mixture was kept stirring at 0°C for 24 h. The crude product was purified by silica gel flash

chromatography, eluted by hexane/EtOAc = 10:1 to afford the desired product d-3ac as white solid

(89.1 mg, 62% yield). "H NMR (500 MHz, CDCl3) 8(ppm): 7.60 (dd, J = 6.4, 3.2 Hz, 2H), 7.40 — 7.32

(m, SH), 7.28 (t, J = 7.4 Hz, 1H), 7.16 (d, J = 7.6 Hz, 2H), 5.74 (dd, J= 11.2, 4.0 Hz, 1H), 3.23 - 3.14

(m, 1H), 2.88 (dd, J = 17.7, 5.0 Hz, 0.49H), 2.59 — 2.49 (m, 1H), 2.04 — 1.97 (m, 0.49H); 3C NMR

(125 MHz, CDCl5) § (ppm): 169.5, 141.5, 133.3, 131.8, 129.2, 129.1, 128.6, 127.5, 126.4, 86.3, 86.3,

86.3, 86.2,37.4,37.3,37.2,36.3.

4. Application

Synthesis of (-)-Paroxetine

CHO O
/@/r + Q 0 Cat. VI (20 mol%) F @)
HO SPh )
. TEA, DCM, 0°C SPh
1m 2¢ 3mc
72% yield
91% ee

To a solution of 4-fluorocinnamaldehyde 1m (300.1 mg, 2.0 mmol,) in DCM (5.0 mL) was added
catalyst VI (238.8 mg, 0.4 mmol) at 0 °C. After 40 min, malonic acid half thioester 2¢ (981.1 mg, 5.0

mmol) was added in one portion. Then, TEA (695.6 uL, 5.0 mmol) in 5.0 mL DCM was added
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dropwise via syringe at 0 °C. The resulting reaction mixture was kept stirring at 0°C for 24 h. The
crude product was purified by silica gel flash chromatography, eluted by hexane/EtOAc = 10:1 to
afford the desired product 3me as a white solid (436.2 mg, 72% yield, 91% ee).'H NMR (500 MHz,
CDCly) 6 =7.59 (dd, J=6.2, 2.8 Hz, 2H), 7.39 — 7.33 (m, 3H), 7.13 (dd, J= 8.5, 5.3 Hz, 2H), 7.04 (t, J
=8.6 Hz, 2H), 5.72 (dd, J=11.2, 4.1 Hz, 1H), 3.18 (ddd, /= 12.3, 8.4, 4.5 Hz, 1H), 2.87 (ddd, J = 17.6,
5.0, 2.1 Hz, 1H), 2.57 — 2.46 (m, 2H), 1.97 (dd, J=25.7, 11.8 Hz, 1H); 3C NMR (125 MHz, CDCl;) &
=169.2, 163.0, 161.0, 137.3, 137.3, 133.4, 131.7, 129.2, 128.7, 128.0, 127.9, 116.1, 115.9, 86.2, 37.4,
36.8, 36.4; HRMS (EI) caled for Cy;H;5FO,S 302.0777, found 302.0771; HPLC (Chiralpak IC, i-
propanol/hexane = 20/80, flow rate 1.0 mL/min, A = 254 nm): #z (minor) = 23.4 min, #z (major) = 25.8

min, ee = 91%; [a]*p =-78.2 (¢ = 1.51 in DCM).

/o) 0]
= 0 Raney Ni OMe
MeOH, r.t. CHO
SPh _
3mc F 70% y|e|d
4

Compound 3mc (302.36mg, 1.0 mmol) was added to a suspension of Raney Ni (0.3 g) in absolute
MeOH (5.0 mL). The mixture was stirred for 10 hours at room temperature, before the Raney Ni
was removed by filtration through a celite pad. Then the catalyst was washed with absolute MeOH
(3 x 10 mL) and the filtrate was concentrated under reduced pressure. The crude product was
purified by silica gel column chromatography (hexane—EtOAc = 6:1) to afford the compound 4 as a
colorless oil (156.1 mg, 70% yield). 'H NMR (300 MHz, CDCl;) & = 9.64 (t, J = 1.5 Hz, 1H), 7.23 -
7.12 (m, 2H), 7.03 — 6.94 (m, 2H), 3.78 — 3.68 (m, 1H), 3.58 (s, 3H), 2.88 — 2.71 (m, 2H), 2.71 — 2.56
(m, 2H); 3C NMR (75 MHz, CDCls) 6 =200.3, 171.8, 163.3, 160.0, 138.1, 138.1, 128.8, 128.7, 115.7,

115.4,51.6,49.4, 40.6, 35.3; HRMS (EI) caled for C,,H;3FO; 224.0849, found 224.0841.
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0
OMe 0o
OMe Ref. 3 —\o
CHO NaBH,4 OH — >
o \
MeOH, 0°C F R \\O
F 5
4 “1/2 HCI
87% vield H
94% ee

(-)-Paroxetine
(Paxil/Seroxat)

Sodium borohydride (11.3 mg, 0.3 mmol) was added into a solution of compound 4 (44.8 mg, 0.20
mmol) in MeOH (2.0 mL) at 0°C. The reaction mixture was stirred at 0°C for 10 min. Then water (1
mL) was added to quench this reaction. The mixture was extracted with CH,Cl, and the combined
organic layers were dried with MgSQ,. Filtration and evaporation of the solvent gave a residue which
was purified by silica gel column chromatography (hexane—EtOAc = 3:1) to afford the product 5 as a
colorless oil (39.4 mg, 87% yield, 94% ee). '"H NMR (500 MHz, CD;0D) 8 = 7.25 — 7.22 (m, 2H), 7.02
—6.99 (m, 2H), 3.54 (s, 3H), 3.42 (ddd, J=11.0, 6.9, 5.3 Hz, 1H), 3.37 — 3.32 (m, 1H), 3.31 — 3.24 (m,
1H), 2.70 (dd, J = 15.2, 6.4 Hz, 1H), 2.59 (dd, J = 15.2, 9.0 Hz, 1H), 1.94 — 1.87 (m, 1H), 1.82 — 1.76
(m, 1H); 3C NMR (125 MHz, CD;0D) & = 174.3, 164.0, 162.1, 140.8, 140.8, 130.3, 130.3, 116.1,
116.0, 60.5, 51.9, 42.3, 39.9, 39.3; HRMS (EI) calcd for C1,H;5FO5 226.1005, found 226.0999; HPLC
(Chiralpak OB-H, i-propanol/hexane = 10/90, flow rate 0.8 mL/min, 4 = 254 nm): #; (major) = 11.1

min, fg (minor) = 14.1 min, ee = 94%; [0]*p = -16.0 (¢ = 1.06 in DCM).

Reference:

[1]1 K. C. Fortner, M. D. Shair J. Am. Chem. Soc. 2007, 129, 1032.

[2] a) H. Shimizu, S. Fukuda, S. Sugiyama, T. Satoh Synthesis 2009, 8, 1323—1335; b) M. Ochiai, K.
Nishide, M. Node, E. Fujita Chem. Lett. 1981, 283-284.

[3] M. S. Yu, I. Lantos, Z.-Q. Peng, J. Yu, T. Cacchio Tetrahedron Lett. 2000, 41, 5647-5651.
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5. HPLC and NMR Spectra

Compound 3ac

oo
&8
N
58
e
el

m—

20
88
88
3D
o
11

m

6168
25067
0806
88SL°E
prig .
S9/L°€
Ly8L'E
6261°€
2107°€
080Z°€
1812°¢
1822°¢

BLTLG —=
S62L'S
EEVL'S
2TSLS

6L5L°L
11—
009Z°L
€992°L
v18T°L
9962°L
L0VE'L
£8YE'L
€E5E°L
886€°L
1298°L
TL9E'L
169€°L
8269°L
6165°L
2Y09'L
L1192

_ =_S¥80'}

| ———

— 0000} [

/ e[
— 5v80'k [

\ o805
\ }8¥6'L

jesBoyul

(ppm)

S18



000€°9€
N@DN.N@H
B9EY 26 =

6YvL°9L
0000'2L
1652 1L —=

902€'98 ——

02892 ——
_—

_mow.nmw
mqmmmwv
vwémmv
Nmm_.mm_
Z6LLLEL

899C°€EL

EPYS Iyl ——

0€EY'69L ——

(ppm)

Compound 3bc

g8
88
g8
3
Qiei
o
m

1891
SZ51'e
¥191°€
6891°¢
8LLLE
998L°¢
6261°€
2102
soige

0€0L'S —=
8LLL'G
1STLG
SYEL'S

Cl

SPh

—_—

L "
— 0000}

)/ 8ol
/ 8¥90C
\ 06$6C
\ 0.96'L

jesBoyul

(ppm)

S19



16E1°9E
1518'9€
910k Nm%

6YvL'9L
0000'LL
8LVT LL

¥681°98 ——

€64 LTh——
6£02'82L ——
2261621
oviz 6zt
8/95'1EL

20.6'6EL

8160691 ——

Cl

SPh

(ppm)

Compound 3cc

S20



$986'1

009TL —
POEE"

IL
609€°L

w9EL m\‘
T08S°L
S985°L
£06S°L
8T65°L

1668
0£07'8
L0ZT8

SPh

—

O,N

]

8LO0T

=

00L0°T
—~

[
L880°T

~ L

[

9980°1

00001
™~

— acor
= 0896
— "
—_ S8i'1

- "
= use'r

[wasonug

(ppm)

6L89°SE
PEI99E %
£69TLE ——

6YPLIL
0000°LL
ISSTLL—=

80L6'S8 ——

WIErI ——

kit

ILSTLYL ——
L9SY8PL —

T6rP891 ——

O,N

(ppm)

Compound 3dc

S21



]
@
@
©
o
-
m

-
=N
@I~

Q0
[NEN]

J
m

6lcL'G
§6¢L'G
MvL'G
2esL's

0092 L—
0L¥EL
026€°L
€8G€°L
GELEL
25eyL
Slvy'L
L9GY°L
208G°L
078G,
916G,
616G,
9029,

NO,

SPh

9480°L

—~7

0250C

—~

o1
1690°L

€950°L

————"0000'}

~— |

=/¢y00°}
=zzs8l
€501

S

\9086°0

|esBaju)

0.5

5.0

6.0

7.0

0.0

1.0

128126 ——
60v8'SE
Go8Y 9t =

15

6YvL'9L
0000'2L
1652 1L —=

3.5

£5686'G68 ——

4.0
(ppm)

45

55

6668721 ——
186€7.2) ——

yoLe'gzL —F=
852821
661621 \\\
200¢°1EL
LYZeEEL
0259°€EL

or86'SEL

6.5

YYEEBYL ——

20v2°89L ——

8.5

NO,

SPh

S | O D

(ppm)

Compound 3ec

S22



2L
086 mH

890L'G
EVLLS
S62L'S
0LEL'S

0£8'9
19189

9588'9 w
€688'9
60L0°L
LYL0°L
SE80°L
€180°L
0092°L
SYYE'L
€8YE'L
9YGE'L
€85€°L
€68G5°L
0685°L
$G65°L
2909°L

MeO

SPh

SzoLE
[ k|

ey
—__0000'} [

jesBarul

(ppm)

6525'9€
1159'9€
yiSY .6 —

2862°55 ——

6YvL'9L
0000'2L
8LYT LL—=

0,698 ——

69LE 7L —

0898° 221 —
21588 —7=

0L08'LEL
622 eEL %ﬂ
9sL9eel

9228'85L ——

6L09°69L ——

MeO

SPh

I

(ppm)

Compound 3fc

S23



86L1°€
98Z1°¢
vLELE
0S¥L'e
BESL'E
9291°¢
6891°€
8LLL'E
998L°¢

GEVE'L
2996'L
TL6L
2066'}
6£66°L
6L10C
90VE'T
818r'T
1205T
12152
§825°C
09€5°Z
YZrsT
18Y5T
v.€8C
28T
PLY8T
§258'T
1218T
11187
1288'C
81887

BLILG —=
YBLLS
SYEL'S
\ZrLs

Yrr0'L
8090°L
LYSL'L
SOLL'L
0092°L
°8EE’L
LSVE'L
S6YE'L
8GGE°L
965€°L
cL9EL
128G°L
£065°L
L9652
¥009'L
T609°L

iy

Me

YPLO'L |

SPh

L
== 0000’} |

'/ zie0zf
=]
\ teroer
T~ £990°€ [
g
—. CEVE'L

jesBarul

(ppm)

109602 ——

99L7'9€
9050'LE
Y862 %%

6YvL°9L
0000'2L
1652 1L —=

16Y€'98 ——

2922°92L ——

0LLG8EL

2h95°69L ——

Me

SPh

(ppm)

Compound 3gc

S24



og
28
£3
58
o
el

=

6124°G
S6ZL'G
LS
2e6LS

S
s
8
<
L
LR

OMe

| ——
u OVED’L
88€L°E

SPh

L ——

==—__ 0000}

Nt

jesBolul

(ppm)

2TV6'LE —~_

257155 ——

6YvL°9L
0000'2L
1652 1L —=

oy 98—

G689°0LL —

£€928'02L ——

1116921 —
189€'8Z1

Eovmval
mmB.mm_
wam.mm—
¥€90°2EL
8ZLLEEL

6528'951 ——

1022°0LL ——

OMe

SPh

0

(ppm)

Compound 3hc

S25



A .
PILET —f W
91687
99687
L106'T
L906'T

0SPTE
8ESI'E
6£91°€
T0LT'E
06L1'E
8L8I'E
1P61°€
0£07°€
81ITE

S618°E

0E0L'S
90IL'S
LstL's
£EEL'S

161L°9
672L'9 N
89€L°9
L7669 —7—
6L00°L
0097°L ——
EEL
LSPE'L
S0SE°L
1LSE°L
965€°L
6595°L
0p8S°L
0685°L
PS65°L
6209°L

OMe

AcO

SPh

_—

f———
T6LO°L

. PLt

Fo———1
PLEOE

[ ——

0000°1

[eaBoyuy

(ppm)

0£09'07 ——

000£°9€
PSPI'LE
as

£0TE°LE

6EL8'SS ——

6VPLIL
0000°LL
ISSTLL—=

S81T'98 ——

85P901T ——

OPEESIT——
SOITET ——
6759871 ——
0£91°671 —/_
1929'I€1 $
T20E°EEL

SEI6BET ——
0TTH 0P ——

9LIEIST ——

6FT0°691 ——
8108691 —

OMe

AcO

SPh

T
90

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190

(ppm)

S26



Compound 3ic

o
=1
©

> © ©©
N
-

m—

9189'G
069'G
€V0L'G
LELL'G
0950'9
€290'9
¥60€°9
ceLe’9
LS1€°9
S61€°9

RAdASALEY

0092 L—
61€€L
6€€° L
ShyeL
025€°L
26.G°L
208G°.L
818G
56572

mmvo 3

—/E¥S0'L |
vwwo 3

mvmo l

mmmo 3

oooo 3

Nwmm 0
¢mmm 0

mem €
mvwm |

|esBaju)

15 1.0 0.5 0.0

2.0

8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0

8.5

(ppm)

290Z'L€
8606°€E W
8512 HE——

61, 9L
0000°2L
16GC'LL—=

162098 —

Y¥56'v0L —
0S¥2 0Ll —

2099821 —~
0£91°'62L —/—
285’ 5%

oovereel
vvs0evl —

M8E VGl —

066.89) —

20

40

60

80

100

120

140

160

180

(ppm)

S27



Compound 3jc

0092 L—
812€L
952€°L
61€€°L
95€€°L
€96G°L
1095°L
996",
1045°L
25.G°L

SPh
SPh

el

=9.90°¢

—/G9€0°C
0v00°L
96%0°L

02s0°L

¢680°L

T

| oo
— 860}

S An0n 1 |
—0000"}

e

—l¥i0€
e

=¥cloc

|esBaju)

0.0

982,01 —

0.5

10/9'8Z
6Y0EEE
10287 W
v118'GE—=

25 2.0 15

3.0

Nmﬁ.ﬁ
0000°2L W
15522

3.5

£6£'98 —

50 45 40
(ppm)

55

1507821 —
1060°62Z} —_
tmp.mﬁﬁ
£520°€EL

6.5 6.0

7.0

75

918004} —

8.0

8.5

LU

20

40

60

80

100

120

140

160

180

(ppm)

S28



Compound 3ke

76980
2€88°0
12680
18521
8L92°L
082 |
G621
890€°L
26EY'L
6L9Y'L
699
9r8Y'L
968’1
€T
L016'L
€€T6'L
YEE6'L
2T6'L
6Y56'L

1610C
8LY0'T
2€50'T
11202 —E

Lizee
€62€°C

VELS'S —=
0285°S
8G65°G
$€09'G

00922 ——

8Lze'L
95z€°L
BLEE'L
9GEE°L

1655°L
§155°L
169G6°L
9L9G°L
12S°L

SPh

Lo/
—__0000'}

]
L0€0°€
— .
LLYE'L

jesBoyul

(ppm)

6996°€L —

¥928'GE
iz s =

6YVL9L —=
0000'2Z
1652°LL

080%'98 ——

1500821 ——
1060'62L —
110128l —=
LovosL—"

804L°0LL ——

SPh

(ppm)

S29



Compound 3ad

S99
383
838
288
S
el
|| B | | B

LLEYS —=
00v9'G
8659'G
1299'G

0
2
3
a2
N
L

LU |

@
i
8

2SS
~

L
T

Ph

—

L0}

——
790C

—~_ro0e L

_—

. 8160°L

7

S8L0'L

0000}

/ zooz

= ze90Z
= §280'b

\ ssL0z
N
\ reve'L

jesBoyu

1

(ppm)

NNNNmm
818l 28\
V00 L8 —=

6vvL°9L
1266'9L
8LYT LL—=

STHTOLL
VLI

[ =
Le0s'9zt S
6LEG L2
8280621

9lar9el ——
cLIzoeL
YoTy Lyl —

1GEETIL ——
€LIEPIL ——

S8LY'69L ——

Ph

(ppm)

S30



Compound 3ae
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Compound 3ah
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Racemic 3ac

Shimadzu LCsolution Analysis Report

C:\Users\User\Desktop\LC data\Ren Qiao\rg638.lcd

Acquired by : Admin

Sample Name : RQD252

Sample ID :RQ 0
Data File Name : rq638.1cd

Method File Name 1 20%IPA, 1Tml-min, 60min.lcm

Batch File Name : 0
Report File Name : Default.ler
Description 2IC column ;20%IPA ;1ml/min SPh
Chromatogram
RQD252 C:\Users\UseriDesktop\LC data\Ren Qiao\rg638.lcd
mV
] B 2
500
0 PN N
T —— —— T — — — r T
0 5 10 15 35 40

min

Detector A Chl 254nm

Peak# Ret. Time Area Height Area % Height %
1 23.000 26608734 710566 50.861 56.523
2 28.459 25708355 546556 49.139 43.477
Total 52317088 1257122 100.000 100.000

Enantiomeric enriched 3ac

==== Shimadzu LCsolution Analysis Report

C:\Users\User\Desktop\LC data\Ren Qiao\rg586.lcd

Acquired by : Admin
Sample Name : RQD203 0]
Sample ID :RQ
Data File Name : rg586.Icd 0]
Method File Name : 20%IPA, 1ml-min, 60min.lcm
Batch File Name : SPh
Report File Name : Default.lcr
Description :IC column ;20%IPA ;1ml/min
Chromatogram
RQD203 C:\Users\User\Desktop\LC data\Ren Qiaorg586.1cd
mV
250+
0_ T T T T ‘ T T T T | T T ‘ T T T T T ‘ T T T
0 5 10 15 35 40
min
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 23.035 833667 25663 4.195 5.609
2 28.230 19038519 431887 95.805 94.391
Total 19872186 457551 100.000 100.000

S42



Racemic 3bc

==== Shimadzu LCsolution Analysis Report ====

C:\Users\User\Desktop\LC data\Ren Qiao\rq742.Icd

Acquired by : Admin cl

Sample Name : RQD190

Sample ID :RQ

Data File Name : rq742.1cd o

Method File Name  : 20%IPA, 1ml-min, 60min.lcm

Batch File Name : @)
Report File Name : Default.lcr
Description :IC column ;20%IPA ;1ml/min SPh
Chromatogram
RQD190 C:\Users\User\Desktop'LC data'Ren Qiao\rq742.1cd
mV
250
G T T ‘ T I T T ‘ T T T ‘ T | T
0 5 10 15 20 35 40
min
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
| 23.670 11687653 314066 50.718 54.201
2 27.011 11356696 265383 49.282 45.799
Total 23044349 579448 100.000 100.000

Enantiomeric enriched 3bc

==== Shimadzu LCsolution Analysis Report

C:\Users\User\Desktop\LC data\Ren Qiao\rg610.lcd

Acquired by  : Admin Cl
Sample Name : RQD230
Sample ID :RQ
Data File Name :rg610.Icd
Method File Name : 20%IPA, 1Tml-min, 60min.lcm o)
Batch File Name :
Report File Name : Default.ler SPh
Description :IC column ;20%IPA ;1ml/min
Chromatogram
RQD230 C:\Users\User\Desktop'LC data\Ren Qiao\rq610.1cd
mV
250+

0 5 10 15 20
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 24.674 512728 13923 3.128 3.947
2 28.418 15880707 338856 96.872 96.053
Total 16393436 352779 100.000 100.000
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Racemic 3cc
==== Shimadzu LCsolution Analysis Report ====

C:\Users\User\Desktop\LC data\Ren Qiao\rg655.Icd

Acquired by : Admin O:N
Sample Name : RQD268
Sample ID :RQ O
Data File Name : rq655.1cd
Method File Name : 20%IPA, 1ml-min, 60min.lcm (0]
Batch File Name :
Report File Name : Default.lcr SPh
Description 1A column ;20%IPA ;1ml/min
Chromatogram
RQD268 C:\Users\User\Desktop\LC data\Ren Qiao\rq655.1cd
mV
250+
0 N
0 g lIO 1‘5 2‘0
min
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 25.934 16188135 279649 50.162 56.033
2 35.571 16083455 219426 49.838 43.967
Total 32271590 499075 100.000 100.000

Enantiomeric enriched 3cc

==== Shimadzu LCsolution Analysis Report ====

C:\Users\User\Desktop\LC data\Ren Qiao\rq622.1cd

Acquired by : Admin O2N
Sample Name - RQD243
Sample ID :RQ (@)
Data File Name 1 rg622.Icd
Method File Name : 20%IPA, 1ml-min, 60min.lcm o)
Batch File Name :
Report File Name : Default.lcr SPh
Description 1A column ;20%IPA ;1ml/min
Chromatogram
RQD243 C:\Users\User\Desktop\LC data\Ren Qiao\rg622.1cd
mV
500
250+
0_ AV, ﬂ/\L
——TT —T T T 7 — T T T
0 5 10 15 20 25 30
min
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 26.910 897338 17032 2.382 3.302
2 36.475 36767452 498801 97.618 96.698
Total 37664790 515834 100.000 100.000
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Racemic 3dc

==== Shimadzu LCsolution Analysis Report ====

C:\Users\User\Desktop\LC data\Ren Qiao\rg630.lcd

Acquired by : Admin NO,
Sample Name : RQD249
Sample ID :RQ (o)
Data File Name : rq630.lcd
Method File Name  : 10%IPA, 1ml-min, 40min.lcm 0O
Batch File Name :
Report File Name : Default.lcr SPh
Description 1A column ;10%IPA ;1ml/min
Chromatogram
RQD249 C:\Users\User\Desktop\LC data\Ren Qiao\rq630.lcd

mV

50+

25-

L

L B L B B N R R N L L N L L
0 5 10 15 20 25 40 45

min

Detector A Chl 254nm

Peak# Ret. Time Area Height Area % Height %
1 29.698 3127544 52949 48.780 51.536
2 33.067 3283933 49793 51.220 48.464
Total 6411476 102743 100.000 100.000

Enantiomeric enriched 3dc

==== Shimadzu LCsolution Analysis Report ====

C:\Users\User\Desktop\LC data\Ren Qiao\rq631.lcd

Acquired by : Admin NO,
Sample Name : RQD244
Sample ID :RQ 0]
Data File Name 1 rg631.lcd
Method File Name  : 10%IPA, 1ml-min, 40min.lcm o)
Batch File Name :
Report File Name : Default.ler SPh
Description 1A column ;10%IPA ; 1ml/min
Chromatogram

RQD244 C:\Users\User\Desktop'LC data\Ren Qiao\rg631.lcd

mV
250

1

0 5 10 15 20 25
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 30.364 18182150 302361 97.820 97.935
2 34.128 405160 6375 2.180 2.065
Total 18587311 308735 100.000 100.000
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Racemic 3ec

Shimadzu LCsolution Analysis Report

C:\Users\User\Desktop\LC data\Ren Qiao\rg562.lcd

Acquired by : Admin MeO
Sample Name : RQD189
Sample ID :RQ

Data File Name
Method File Name

: rgb62.lcd
: 20%IPA, 1ml-min, 60min.lcm

Batch File Name : O
Report File Name : Default.lcr
Description :IC column ;20%IPA ; Tml/min SPh
Chromatogram
RQD189 C:\Users\User\Desktop\LC data\Ren Qiao\rq562.lcd
mV
100+
50
R ?
T T T T T T T T T T T L e T L e e e o o e
0 5 10 15 20 25 30 35 40 45 50
min
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 37.504 5838647 101256 51.328 54.254
2 42.330 5536554 85378 48.672 45.746
Total 11375202 186634 100.000 100.000

Enantiomeric enriched 3ec

Shimadzu LCsolution Analysis Report ====

C:\Users\User\Desktop\LC data\Ren Qiao\rg609.Icd
Acquired by : Admin

Sample Name : RQD229

Sample ID :RQ

Data File Name : rq609.lcd

MeO

Method File Name : 20%IPA, 1ml-min, 60min.lcm 0]
Batch File Name :
Report File Name : Default.lcr SPh
Description :1C column ;20%IPA ;1ml/min
Chromatogram
RQD229 C:\Users\User\Desktop\LC data\Ren Qiao\rq609.lcd
mV
200
100~
R ,P
——— T L B e e e e S A B e o S R
0 5 10 15 20 25 30 35 40 45 50
min
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 38.013 926540 16419 6.075 7.233
2 42.913 14323915 210569 93.925 92.767
Total 15250455 226989 100.000 100.000
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Racemic

3fc

C:\Users\User\Desktop\LC data\Ren Qiao\rg611.lcd

Acquired by : Admin

Sample Name : RQD226
Sample ID :RQ

Data File Name :rg611.lcd

Me

Shimadzu LCsolution Analysis Report

Method File Name : 20%IPA, 1ml-min, 60min.lcm O
Batch File Name :
Report File Name : Default.lcr SPh
Description :IC column ;20%IPA ;1ml/min
Chromatogram
RQD226 C:\Users\User\Desktop\LC data\Ren Qiao\rg611.lcd
mv
250+
0_ T
0 30 35
min
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 22.108 10637781 302769 49.696 54.152
2 25.467 10767997 256339 50.304 45.848
Total 21405778 559109 100.000 100.000

Enantiomeric enriched 3fc

==== Shimadzu LCsolution Analysis Report ====

C:\Users\User\Desktop\LC data\Ren Qiao\rq617.lcd

Acquired by  : Admin Me

Sample Name : RQD233

Sample ID :RQ (@)
Data File Name 1 rq617.lcd

Method File Name  : 20%IPA, 1ml-min, 60min.lcm

O
Batch File Name :
Report File Name : Default.lcr SPh
Description :IC column ;20%IPA ;1ml/min
Chromatogram
RQD233 C:\Users\User\Desktop\LC data‘\Ren Qiao\rq617.1cd

T ol

f &

g I
250+

10 15 20 25
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 22.474 624113 20526 3.423 4.507
2 25.782 17609350 434892 96.577 95.493
Total 18233463 455418 100.000 100.000
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Racemic 3gc

==== Shimadzu LCsolution Analysis Report ====

C:\Users\User\Desktop\LC data\Ren Qiao\rg612.lcd

Acquired by  : Admin OMe
Sample Name : RQD227
Sample ID :RQ 0]
Data File Name 1 rg612.1cd
Method File Name  : 20%IPA, 1ml-min, 60min.lcm O
Batch File Name :
Report File Name : Default.lcr SPh
Description :IC column ;20%IPA ;1ml/min
Chromatogram
RQD227 C:\Users\User\Desktop\LC data\Ren Qiao\rg612.1cd
mV
250
” T T ] T T T T
0 5 10 15 30 35
min
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 20.377 11241962 342514 48.986 53.521
2 24.254 11707407 297450 51.014 46.479
Total 22949369 639964 100.000 100.000

Enantiomeric enriched 3gc

C:\Users\User\Desktop\LC data\Ren Qiao\rgq618.lcd

Acquired by : Admin
Sample Name :RQD234
Sample ID :RQ

Data File Name

Method File Name
Batch File Name

1 rg618.lcd
: 20%IPA, 1ml-min, 60min.lcm

==== Shimadzu LCsolution Analysis Report

Report File Name : Default.lcr SPh
Description :1C column ;20%IPA ;1ml/min
Chromatogram
RQD234 C:\Users\User\Desktop\LC data‘Ren Qiao\rq618.1ed
mV
500
250

30 35
min

Detector A Chl 254nm

Peak#

Ret. Time Area Height Area % Height %
1 20.563 20067047 612236 96.845 96.949
2 24.636 653794 19268 3.155 3.051
Total 20720841 631504 100.000 100.000
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Racemic 3hce

Shimadzu LCsolution Analysis Report

C:\Users\User\Desktop\LC data\Ren Qiao\rg644.lcd

Acquired by : Admin
Sample Name : RQD259
Sample ID :RQ

Data File Name
Method File Name
Batch File Name
Report File Name

: rq644.lcd

: 10%IPA, 1ml-min, 40min.lcm

- Default.lcr

AcO

OMe

Description :la column ;10%IPA ;1ml/min
Chromatogram
RQD259 C:\Users\User\Desktop\LC data\Ren Qiao\rg644.lcd
mV
50+
0 7
i o e e e e e L e e e L o s T
0 5 10 15 20 25 30 35 50
min
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 37.512 6206159 65957 47.896 45.568
2 41.584 6751432 78786 52.104 54.432
Total 12957592 144743 100.000 100.000

Enantiomeric enriched 3hc

==== Shimadzu LCsolution Analysis Report ====

C:\Users\User\Desktop\LC data\Ren Qiao\rq646.Icd

Acquired by  : Admin OMe

Sample Name : RQD260 AcO

Sample ID :RQ

Data File Name : rq646.lcd 0
Method File Name : 10%IPA, 1ml-min, 40min.lcm

Batch File Name : 0o
Report File Name : Default.lcr

Description :la column ;10%IPA ; 1ml/min
SPh
Chromatogram
RQD260 C:\Users\User\Desktop\LC data\Ren Qiao\rq646.lcd
mV
250 €
e ]
0 5 10 15 20 25 30 35 40 45 50
min

Detector A Chl 254nm

Peak# Ret. Time Area Height Area % Height %
1 36.663 23362226 268178 96.062 95.617
2 40.923 957630 12292 3.938 4.383
Total 24319856 280470 100.000 100.000

S49



Racemic 3ic

==== Shimadzu LCsolution Analysis Report ====

C:\Users\User\Desktop\LC data\Ren Qiao\rq615.lcd

Acquired by : Admin
Sample Name : RQD231 74 \
Sample ID :RQ (@)
Data File Name - rg615.lcd O
Method File Name  : 20%IPA, 1ml-min, 60min.lcm e}
Batch File Name :
Report File Name : Default.lcr SPh
Description :IC column ;20%IPA ; 1ml/min
Chromatogram
RQD231 C:\Users\User\Desktop\LC data\Ren Qiao\rg615.1cd
mV
200- £ z
100—-
07 AN
0 % 1‘0 3‘0 35

Detector A Chl 254nm

Peak# Ret. Time Area Height Area % Height %
1 19.066 6118370 207003 51.335 56.172
2 23.618 5800037 161515 48.665 43.828
Total 11918408 368517 100.000 100.000

Enantiomeric enriched 3ic

min

==== Shimadzu LCsolution Analysis Report ====

C:\Users\User\Desktop\LC data\Ren Qiao\rq625.Icd

Acquired by : Admin 74 \

Sample Name : RQD246 /o)
Sample ID :RQ O

Data File Name 1 rg625.1cd

Method File Name  : 20%IPA, 1ml-min, 60min.lcm o
Batch File Name :

Report File Name  : Default.lcr SPh

Description :1C column ;20%IPA ;1ml/min
Chromatogram
RQD246 C:\Users\User\Desktop\LC data\Ren Qiao\rq625.1cd
mV
250
T ==}
] &
i =
0 BN _f\r_,lf\l(
— T —T— —— —— —— T
0 10 15 20 30
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 18.958 771693 28567 4.441 5.990
2 23.329 16604305 448316 95.559 94.010
Total 17375998 476883 100.000 100.000
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Racemic 3jc

Shimadzu LCsolution Analysis Report

C:\Users\User\Desktop\LC data\Ren Qiao\rg635.lcd

Acquired by  : Admin

Sample Name : RQD237 0
Sample ID :RQ

Data File Name : rq635.Icd

Method File Name  : 10%IPA, 1Tml-min, 40min.lcm o

Batch File Name

Report File Name SPh

- Default.lcr

Description :IC column ;10%IPA ; 1ml/min
Chromatogram
RQD237 C:\Users\User\Desktop\LC data\Ren Qiao\rq635.lcd
mV
500

0 5 10 15 20 25 30 35 40 45 50
min

Detector A Chl 254nm

Peak# Ret. Time Area Height Area % Height %
1 34.895 32378652 542495 48.831 52.346
2 39.582 33928905 493863 51.169 47.654
Totall 66307557 1036357 100.000 100.000

Enantiomeric enriched 3jc

Shimadzu LCsolution Analysis Report

C:\Users\User\Desktop\LC data\Ren Qiao\rg637./cd

Acqguired by : Admin o
Sample Name : RQD250

Sample ID :RQ

Data File Name - rq637.Icd @)
Method File Name  : 10%IPA, 1ml-min, 40min.lcm

Batch File Name

: SPh
: Default.lcr

Report File Name
Description :IC column ;10%IPA ; 1ml/min
Chromatogram
RQD250 C:\Users\User\Desktop\LC data\Ren Qiao\rq637.lcd
mV
250+

OJ“JUL

T
LI B B S L B

0 5 10 15 20 25 30 35
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 35.192 23985943 416814 97.144 97.099
2 40.424 705063 12453 2.856 2.901
Total 24691005 429267 100.000 100.000

S51
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Racemic 3ke

==== Shimadzu LCsolution Analysis Report ====

C:\Users\User\Desktop\LC data\Ren Qiao\rq624.lcd

Acquired by  : Admin
Sample Name : RQD239
Sample ID : RQ )
Data File Name 1 rq624.1cd
Method File Name  : 20%IPA, 1ml-min, 60min.lcm (@]
Batch File Name :
Report File Name : Default.lcr SPh
Description :IC column ;20%IPA ;1ml/min
Chromatogram

RQD239 C:\Users\User\Desktop\LC data\Ren Qiao\rq624.1cd

mV

100

25 30
min

Detector A Chl 254nm

Peak# Ret. Time Area Height Area % Height %
1 18.390 2859785 94585 49.460 51.736
2 20.758 2922266 88237 50.540 48.264
Total 5782051 182822 100.000 100.000

Enantiomeric enriched 3kc

==== Shimadzu LCsolution Analysis Report

C:\Users\User\Desktop\LC data\Ren Qiao\rq626.lcd

Acquired by  : Admin

Sample Name : RQD248
Sample ID :RQ

Data File Name : rq626.lcd

Method File Name
Batch File Name
Report File Name
Description

mV

 Default.lcr

: 20%IPA, 1ml-min, 60min.lcm

:IC column ;20%IPA ; 1ml/min

Chromatogram

RQD248 C:\Users\User\Desktop\LC data\Ren Qiao\rq626.lcd

o
b
e

0 10
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 18.053 90445869 1435152 96.960 97.271
2 20.716 2835578 40270 3.040 2.729
Total 93281446 1475421 100.000 100.000
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Racemic 3ad

==== Shimadzu LCsolution Analysis Report ====

C:\Users\User\Desktop\LC data\Ren Qiao\rg576.lcd

Acquired by  : Admin Ph O
Sample Name : RQD197

Sample ID :RQ O
Data File Name : rg576.lcd

Method File Name
Batch File Name

: 20%IPA, 1ml-min, 60min.lcm

- Default.lcr

Report File Name
Description :IC column ;20%IPA ;1ml/min
Chromatogram
RQDI197 C:\Users\User\Desktop\LC data\Ren Qiao'rg576.lcd
mV

100

O_ T | L T T I T T T
20 25 30
min
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
| 16.272 4630889 178695 51.427 58.966
2 22.311 4373877 124353 48.573 41.034
Total 9004766 303048 100.000 100.000

Enantiomeric enriched 3ad

==== Shimadzu LCsolution Analysis Report ====

C:\Users\User\Desktop\LC data\Ren Qiao\rg596.1cd

Acquired by  : Admin Ph (o)
Sample Name : RQD213

Sample ID :RQ 0
Data File Name : rg596.1cd

Method File Name
Batch File Name

: 20%IPA, 1ml-min, 60min.lcm

- Default lcr

S
Report File Name \©\
Description :IC column ;20%IPA ; 1ml/min =
Chromatogram
RQD213 C:\Users\User\Desktop\LC data\Ren Qiao\rq596.lcd
mV
] =
| &
100
g ™~
1 B
s= — e e L ‘
0 10 15 20 25 30
min
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 16.577 301209 12005 4.368 6.287
2 22.713 6594935 178957 95.632 93.713
Total 6896144 190963 100.000 100.000

S53



Racemic 3ae

==== Shimadzu LCsolution Analysis Report ====

C:\Users\User\Desktop\LC data\Ren Qiao\rq743.lcd

Acquired by  : Admin Ph O
Sample Name :RQD215
Sample ID :RQ (@)

Data File Name
Method File Name
Batch File Name

1 rq743.1cd
1 20%IPA, 1ml-min, 60min.lcm

Q,

Report File Name : Default.ler
Description :IC column ;20%IPA ;1ml/min
Chromatogram
RQD215 C:\UsersiUser\Desktop'LC data‘\Ren Qiao\rq743.1cd
mV
g z
v ~
1 = 8
500+
e — e
0 5 10 15 20 25 30 35 40
min
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 17.579 22830209 838955 51.070 57.543
2 22.759 21873188 619012 48.930 42.457
Total 44703397 1457967 100.000 100.000

Enantiomeric enriched 3ae

==== Shimadzu LCsolution Analysis Report ====

C:\Users\User\Desktop\LC data\Ren Qiao\rq601.lcd

Acquired by : Admin Ph (@)
Sample Name :RQD217
Sample ID :RQ e}

Data File Name
Method File Name
Batch File Name

: rg601.lcd
: 20%IPA, 1ml-min, 60min.lcm

- Default.lcr

Q,

Report File Name
Description :IC column ;20%IPA ;Tml/min
Chromatogram
RQD217 C:\Users\User\Desktop\LC data\Ren Qiao\rq601.lcd
mV
500
1 =
0 — — N — : —
0 10 15 20 25 30
min
Detector A Chl 254nm
Peak# Ret. Time Arca Height Area % Height %
1 18.017 1135894 43070 3.957 5.818
2 23.832 27566808 697248 96.043 94.182
Total 28702702 740318 100.000 100.000

S54



Racemic 3af

==== Shimadzu LCsolution Analysis Report

C:\Users\User\Desktop\LC data\Ren Qiao\rg590.lcd

Acquired by : Admin Ph O
Sample Name : RQD198

Sample 1D :RQ o
Data File Name : rq590.lcd

Method File Name
Batch File Name
Report File Name

: 20%IPA, 1ml-min, 60min.lcm

- Default lcr

L
OMe

Description :[IC column ;20%IPA ;1ml/min
Chromatogram
RQD198 C:\Users\User\Desktop\LC data'Ren Qiao\rq590.1ed
mV
100 =
] 5 T
— 3
50
Gﬂlk — 0 e =
0 5 10 15 20 25 30 35 40 45

Detector A Chl 254nm

Peak# Ret. Time Area Height Area % Height %
1 27.916 4224521 99983 48.393 61.528
2 43.064 4505142 62517 51.607 38.472
Total 8729663 162500 100.000 100.000

min

Enantiomeric enriched 3af

=== Shimadzu LCsolution Analysis Report ====

C:\Users\User\Desktop\LC data\Ren Qiao\rq597.lcd

Acquired by  : Admin Ph o)
Sample Name :RQD214
Sample ID :RQ O

Data File Name
Method File Name
Batch File Name
Report File Name

1 rq597.Icd
: 20%IPA, 1ml-min, 60min.lcm

- Default.ler

L
OMe

Description :IC column ;20%IPA ; 1ml/min
Chromatogram
RQD214 C:\Users\User\Desktop\LC data\Ren Qiao\rg397.lcd
mV
100

oM

Ir\
—— ——T — T T ——
0 5 10 15 20 25 30 35 40 45
min

Detector A Chl 254nm

Peak# Ret. Time Area Height Area % Height %
1 28.076 392577 9216 4.082 60.449
2 43.298 9225059 133679 95918 93.551
Total 9617636 142895 100.000 100.000

S55



Racemic 3ag

==== Shimadzu LCsolution Analysis Report ====

C:\Users\User\Desktop\LC data\Ren Qiao\rg602.Icd

Acquired by : Admin Ph O
Sample Name :RQD216

Sample ID ‘RQ (0]

Data File Name - rg602.Icd OMe

Method File Name  : 20%IPA, 1ml-min, 60min.lcm S
Batch File Name :
Report File Name : Default.lcr
Description 1A column ;20%IPA ;1ml/min
Chromatogram
RQD216 C:\Users\User\Desktop\L.C data\Ren Qiao\rg602.1cd
mV
] 5 g
500
0 T T I T T ‘ T | T
0.0 25 5.0 17.5 20.0
min
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 11.121 22384221 887664 51.888 53.124
2 13.032 20755478 783270 48.112 46.876
Total 43139698 1670934 100.000 100.000
Enantiomeric enriched 3ag
==== Shimadzu LCsolution Analysis Report ====
C:\Users\User\Desktop\LC data\Ren Qiao\rg603.lcd
Acquired by  : Admin Ph
Sample Name : RQD218
Sample ID :RQ
Data File Name 1 rq603.1cd
Method File Name  : 20%IPA, 1ml-min, 60min.lcm
Batch File Name :
Report File Name : Default.lcr
Description 1A column ;20%IPA ;1ml/min
Chromatogram
RQD218 C:\Users\User\Desktop\LC data\Ren Qiaoirg603.1cd
mV
250+
0 VAN
————T T T T T
0.0 25 5.0 7.5 17.5 20.0
min
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 11.086 7098812 288673 97.104 97.392
2 13.086 211710 7731 2.896 2.608
Total 7310521 296404 100.000 100.000
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Racemic 3ah

==== Shimadzu LCsolution Analysis Report ====

C:\Users\User\Desktop\LC data\Ren Qiao\rq606.Icd

Acquired by : Admin
Sample Name : RQD220 Ph o
Sample ID :RQ

: rq606.lcd O
: 5%IPA, 1ml-min, 60min.lcm

Data File Name
Method File Name
Batch File Name

Report File Name  : Default.lcr

Description A column ;5%IPA ; 1ml/min
Chromatogram
RQD220 C:\Users\User'Desktop'\LC data\Ren Qiao\rq606.lcd
mV
500
250
ol A j\
— —T — T T T
0 10 20 30 40

min

Detector A Chl 254nm

Peak# Ret. Time Area Height Area % Height %
1 47.007 59266757 479863 50.548 48.225
2 52.474 57980817 515184 49.452 51.775
Total 117247574 995047 100.000 100.000

Enantiomeric enriched 3ah

==== Shimadzu LCsolution Analysis Report ====

C:\Users\User\Desktop\LC data\Ren Qiao\rg608.1cd

Acquired by : Admin Ph O
Sample Name :RQD222
Sample ID :RQ e}

Data File Name
Method File Name
Batch File Name
Report File Name

1 rq608.1cd
: 5%IPA, 1Tml-min, 60min.lcm

- Default.ler

Description 1A column ;5%IPA ;1ml/min
Chromatogram
RQD222 C:\Users\User\Desktop\LC data\Ren Qiao\rq608.1cd
mV
200}
100-]
ol A A
— T ‘ T ——
0 10 20 30
min
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 46.369 28065007 237134 96.206 95.909
2 52.382 1106878 10116 3.794 4.091
Total 29171885 247250 100.000 100.000
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Racemic 3lc

C:\Users\User\Desktop\LC data\Ren Qiao\rq831.lcd

Acquired by  : Admin
Sample Name :RQE245
Sample ID :RQ

Data File Name
Method File Name
Batch File Name

1 rq831.led
: 20%IPA, 1ml-min, 60min.lcm

Shimadzu LCsolution Analysis Report

Ph

Report File Name : Default.lcr
Description :IC column with IC guard column ;20%IPA ;1 ml/min
Chromatogram
RQE245 C:\Users\User\Desktop'\L.C data\Ren Qiao\rq831.1cd
mV
250+
O_
—T T - — —r—T— ‘
0 5 10 15 20 45
min
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 29.790 16257114 336926 49.968 55.364
2 36.965 16278012 271643 50.032 44.636
Total 32535126 608569 100.000 100.000

Enantiomeric enriched 3lc

==== Shimadzu LCsolution Analysis Report

C:\Users\User\Desktop\LC data\Ren Qiao\rg832.1cd

Acquired by : Admin

Sample Name :RQE247
Sample ID :RQ

Data File Name : rq832.Icd

Method File Name
Batch File Name

Report File Name
Description

mV

 Default.lcr
:IC column with IC guard column ;20%IPA ;1 ml/min

1 20%IPA, 1ml-min, 60min.lcm

Chromatogram

Ph

RQE247 C:\Users\User\Desktop\LC data\Ren Qiao\rq832.lcd

Detector A Chl 254nm

Peak# Ret. Time Area Height Area % Height %
1 29.592 4457856 105749 10.216 13.976
2 36.607 39179395 650924 89.784 86.024
Total 43637250 756674 100.000 100.000
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Racemic 3mec

==== Shimadzu LCsolution Analysis Report ====

e

C:\Users\User\Desktop\LC data\Ren Qiao\rq818.Icd o
Acquired by : Admin

Sample Name :RQE218

Sample ID :RQ

Data File Name : rg818.lcd

Method File Name : 20%IPA, 1ml-min, 60min.lcm

Batch File Name :

Report File Name F

- Default.lcr

Description :IC column with IC guard column ;20%IPA ;1.0 ml/min
Chromatogram
RQE218 C:\Users\User\Desktop'LC data\Ren Qiao'rq818.lcd
mV
100+
07
— — T — — T — - T — —
10.0 12.5 15.0 17.5 20.0 225 25.0 27.5
min
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 23.684 7026566 185963 51.415 53.779
2 26.322 6639880 159827 48.585 46.221
Total 13666446 345790 100.000 100.000
Enantiomeric enriched 3mc
==== Shimadzu LCsolution Analysis Report ====
C:\Users\User\Desktop\LC data\Ren Qiao\rq819.lcd o)
Acquired by  : Admin
Sample Name :RQE216 (o]
Sample ID :RQ
Data File Name 1 rg819.lcd S
Method File Name : 20%IPA, 1ml-min, 60min.lcm
Batch File Name : F
Report File Name : Default.lcr
Description :IC column with IC guard column ;20%IPA ;1.0 ml/min
Chromatogram
RQE216 C:\Users\User\Desktop\L.C data\Ren Qiao‘\rg819.lcd
mV
250-]
- o
=
] &
Ry S — ‘_..‘..WT/.\LT :
10.0 12.5 15.0 17.5 20.0 225 25.0 275
min
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 23.372 639316 21563 4.590 6.471
2 25.811 13290067 311654 95.410 93.529
Total 13929383 333216 100.000 100.000
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Racemic 6

Shimadzu LCsolution Analysis Report

C:\Users\User\Desktop\LC data\Ren Qiao\rg823.Icd (o)

Acquired by
Sample Name

Sample ID

: Admin

:RQ

Data File Name

Method File Name
Batch File Name

:RQEZ220

1 rq823.Icd

- Default.lcr

: 10%IPA, 0.8ml-min, 60min.lcm

F

Report File Name
Description :0B column with IC guard column ;10%IPA ;0.8 ml/min
Chromatogram
RQE220 C:\Users\User\Desktop\LC data\Ren Qiao'rq823.1cd
mV 200
100
0
— ‘ T — —
0.0 25 5.0 7.5
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 11.626 7002163 187405 48.057 57.625
2 13.863 7568298 137812 51.943 42375
Total 14570461 325217 100.000 100.000

Enantiomeric enriched 18

C:\Users\User\Desktop\LC data\Ren Qiao\rq824.lcd
Acquired by
Sample Name

Sample ID

: Admin

:RQ

Data File Name

Method File Name

: RQE222

1 rq824.1cd

: 10%IPA, 0.8ml-min, 60min.lcm

Shimadzu LCsolution Analysis Report

Batch File Name : F
Report File Name : Default.ler
Description :0B column with IC guard column ;10%IPA ;0.8 ml/min
Chromatogram
RQE222 C:\Users\User\Desktop\LC data\Ren Qiao\rq824.1ed
mV
500
250
o]
T ™1 T I
0.0 2.5 5.0 7.5
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 11.144 28971570 602648 97.036 97.183
2 14.106 885070 17468 2.964 2.817
Total 29856640 620116 100.000 100.000
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