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1. General Information

Unless otherwise mentioned, all experiments were carried out under an atmosphere of
argon or using standard Schlenk techniques. Solvents and reagents were purchased
from commercial suppliers and used without further purification. Column
Chromatography was performed with silica gel Merck 60 (300-400 mesh). NMR
spectra were recorded on a Bruker DPX 400 spectrometer at 400 MHz for 'H NMR,
101 MHz for '*C NMR, 376 MHz for '°F NMR and a Bruker DPX 600 spectrometer
at 600 MHz for 'H NMR, 151 MHz for 1*C NMR, 565 MHz for '°F NMR. CDCls,
CDs;OD and d5-DMSO were the solvents used for the NMR analysis, with
tetramethylsilane (TMS) as the internal standard. Chemical shifts were reported in ppm
and coupling constants were given in Hz. Chemical shifts were reported relative to
TMS (0.00 ppm) for 'H NMR and relative to CDCl3 (77.0 ppm) for 1*C NMR, CD;0D
(49.0 ppm) for 1*C NMR, 4°-DMSO (39.5 ppm) for 3C NMR. HPLC analysis was
carried out on Agilent 1260 Series instrument using a chiral stationary phase. PE refers
to petroleum ether, and EA refers to ethyl acetate, HOBT refers to 1-
Hydroxybenzotriazole, EDCI refers to 1-(3-Dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride, CDI refers to N,N'-Carbonyldiimidazole.



2. Preparation of Materials

2.1 General Procedure for the Synthesis of Substrate
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Scheme S1. Synthetic route of compound 1a-1e, 1u-1x.

Procedure A: Preparation of substrate 1a-1e, lu-1x.!

Step 1. To a 250 mL Schleck tube charged with a magnetic stirring bar were added
successively compound S1 (15 mmol), corresponding amine (10 mmol), HOBT (15
mmol), EDCI (15 mmol), N,N-Diisopropylethylamine (DIPEA, 30 mmol) and DCM
(20 mL) at ambient temperature. The mixture was stirred at room temperature for 1~16
h until the start materials was consumed completely. The mixture was quenched by H>O
(15 mL) and DCM (20 mL), and then treated with 1 M HCI to adjust the pH to 7. After
above process, the mixture was extracted by DCM (30 mL*2), the combined organic
layer was washed by saturated NaHCOs (aq.) and brine, dried over anhydrous Na>SOg,
filtered and concentrated under vacuum. The crude product S2 was used into the next
step without further purification.

Step 2. To a solution of KO'Bu (2.48 g, 22 mmol, 2.2 equiv.) in THF (40 mL) was added
amide S2 (10 mmol, 1.0 equiv.) at 0°C with stirring for 10 min and then the diethyl
oxalate (10 mmol, 1.0 equiv.) was added immediately to the above THF solution. The
mixture was stirred at room temperature for 1~16 h until the start materials was
consumed completely. The mixture was quenched by H20O (15 mL) and EtOAc (20 mL),
and then treated with 2 M HCI to adjust the pH to 7. After above process, the mixture
was extracted by EtOAc (30 mL*2), the combined organic layer was washed by brine,
dried over anhydrous Na;SOs, filtered and concentrated under vacuum. The crude

product was purified by chromatography (PE:EA from 10:1 to 1:3), and then
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recrystallization with EtOAc and hexane. Compound 1a-1e, 1u-1x was obtained with

medium to high yield (55% ~ 85%).
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Scheme S2. Synthetic route of compound 1f, 1h-1r, 1t.

Procedure B: Preparation of substrate 1f, 1h-1r, 1t

Step 1. To a 250 mL Schleck tube charged with a magnetic stirring bar were added
successively acid S3 (10 mmol, 1.0 equiv.), N,N'-Carbonyldiimidazole (CDI, 15 mmol,
1.5 equiv.) and DCM (20 mL), and then methylamine (5 mL, 33% in MeOH) was added
at 0 °C slowly. After addition finished, the mixture was stirred at room temperature for
2-8 h until the start materials was consumed completely. The mixture was quenched by
H>O (15 mL) and DCM (20 mL), and then treated with 1 M HCI to adjust the pH to 7.
After above process, the mixture was extracted by DCM (30 mL*2), the combined
organic layer was washed by saturated NaHCO3 (aq.) and brine, dried over anhydrous
NayS0Oq, filtered and concentrated under vacuum. The crude product S4 was used into
the next step without further purification.

Step 2. To a solution of KO'Bu (2.48 g, 22 mmol, 2.2 equiv.) in THF (40 mL) was added
amide S4 (10 mmol, 1.0 equiv.) at 0°C with stirring for 10 min and then the diethyl
oxalate (10 mmol, 1.0 equiv.) was added immediately to the above THF solution. The
mixture was stirred at room temperature for 1~16 h until the start materials was
consumed completely. The mixture was quenched by H>O (15 mL) and EtOAc (20 mL),
and then treated with 2 M HCI to adjust the pH to 7. After above process, the mixture
was extracted by EtOAc (30 mL*2), the combined organic layer was washed by brine,
dried over anhydrous Na;SOg, filtered and concentrated under vacuum. The crude
product was purified by chromatography (PE:EA from 10:1 to 1:3), and then
recrystallization with EtOAc and hexane. Compound 1f, 1h-1r, 1t was obtained with
medium to high yield (60% ~ 91%).
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Scheme S3. Synthetic route of compound 1g, 1y-1aa.

Procedure C: Preparation of substrate 1g, 1y-1aa.

To a solution of KO'Bu (2.48 g, 22 mmol, 2.2 equiv.) in THF (40 mL) was added amide
S5 (10 mmol, 1.0 equiv.) at 0 C with stirring for 10 min and then the diethyl oxalate (10
mmol, 1.0 equiv.) was added immediately to the above THF solution. The mixture was
stirred at room temperature for 1~16 h until the start materials was consumed
completely. The mixture was quenched by H>O (15 mL) and EtOAc (20 mL), and then
treated with 2 M HCI to adjust the pH to 7. After above process, the mixture was
extracted by EtOAc (30 mL*2), the combined organic layer was washed by brine, dried
over anhydrous Na;SQys, filtered and concentrated under vacuum. The crude product
was purified by chromatography (PE:EA from 10:1 to 1:3), and then recrystallization
with EtOAc and hexane. Compound 1f, 1h-1r, 1t was obtained with medium to high
yield (75% ~ 85%).
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Scheme S4. Synthetic route of compound 1s.

Procedure D: Preparation of substrate 1s
Step 1: To a solution of NaH (800 mg, 60% in oil, 1.0 equiv.) in THF (50 mL) was
cooled to 0°C. The corresponding acid S6 (20 mmol, 1.0 equiv.) was added slowly to

the mixture with stirring 10 min. Then CH3zI (1.5 g, 40 mmol, 1.0 equiv.) was added
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into the mixture and the mixture was stirred at room temperature for 3 h. TLC indicated
the acid was consumed completely and the mixture was quenched by H>O (20 mL),
HCI1 (3 M, 10 mL) was added into the mixture and extracted by EtOAc (50 mL*2), the
combined organic layer was washed by saturated NH4Cl (aq.) (20 mL*1) and brine (20
mL*1), dried over anhydrous Na>SOs, filtered and concentrated under vacuum. The
crude product was purified by chromatography (PE:EA from 50:1 to 9:1). S7 was
obtained as a white solid (81% yield).

Step 2. To a 250 mL Schleck tube charged with a magnetic stirring bar were added
successively acid S3 (10 mmol, 1.0 equiv.), CDI (15 mmol, 1.5 equiv.) and DCM (20
mL), and then methylamine (5 mL, 33% in MeOH) was added at 0 °C slowly. After
addition finished, the mixture was stirred at room temperature for 2-8 h until the start
materials was consumed completely. The mixture was quenched by H>O (15 mL) and
DCM (20 mL), and then treated with 1 M HCl to adjust the pH to 7. After above process,
the mixture was extracted by DCM (30 mL*2), the combined organic layer was washed
by saturated NaHCOs3 (aq.) and brine, dried over anhydrous Na;SOs, filtered and
concentrated under vacuum. The crude product S4 was used into the next step without
further purification.

Step 3. To a solution of KO'Bu (2.48 g, 22 mmol, 2.2 equiv.) in THF (40 mL) was added
amide S4 (10 mmol, 1.0 equiv.) at 0°C with stirring for 10 min and then the diethyl
oxalate (10 mmol, 1.0 equiv.) was added immediately to the above THF solution. The
mixture was stirred at room temperature for 1~16 h until the start materials was
consumed completely. The mixture was quenched by H20O (15 mL) and EtOAc (20 mL),
and then treated with 2 M HCl to adjust the pH to 7. After above process, the mixture
was extracted by EtOAc (30 mL*2), the combined organic layer was washed by brine,
dried over anhydrous Na;SOs, filtered and concentrated under vacuum. The crude
product was purified by chromatography (PE:EA from 10:1 to 1:3), and then

recrystallization with EtOAc and hexane. Compound 1s was obtained in 68% yield.
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Scheme S5. Synthetic route of compound 1a”.2

To a solution of Diazoketones S9 (0.2 mmol, 1.0 equiv) and (isocyanomethyl)benzene
2 (0.25 mmol, 1.25 equiv) in xylene (2 mL) was stirred under Ar atmosphere in an oil
bath at 140 °C for 3 h. Then, the reaction mixture was cooled to room temperature and
concentrated in vacuo. The residue was purified by column chromatography on silica

gel using PE:EA (20:1) as the eluent to give the desired product 1a”.

2.2 Characterization Data of 1

1-benzyl-3-hydroxy-4-phenyl-1H-pyrrole-2,5-dione (1a)3: yellow solid, 2.20 g, 80%
yield. 'H NMR (400 MHz, DMSO-dg)  8.05 — 7.92 (m, 2H), 7.46 — 7.39 (m, 2H), 7.39
—7.33 (m, 2H), 7.33 — 7.25 (m, 4H), 4.66 (s, 2H). 1*C NMR (101 MHz, DMSO-dg) &
171.1, 166.5, 153.6, 137.1, 129.8, 128.7, 128.5, 127.6, 127.6, 127.5, 127.4, 106.0, 40.5.
HRMS (ESI-TOF) m/z: [M-H]" Calcd for C17H12NO3™ = 278.0823; Found 278.0820.
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3-hydroxy-1-(4-methoxybenzyl)-4-phenyl-1H-pyrrole-2,5-dione (1b): This is a new
compound, yellow solid, 2.63 g, 85% yield. 'H NMR (600 MHz, DMSO-ds) § 7.96 (d,
J=7.9Hz, 2H), 7.41 (t, J = 7.7 Hz, 2H), 7.29 (t, J = 7.4 Hz, 1H), 7.23 (d, J = 8.4 Hz,
2H), 6.90 (d, J = 8.4 Hz, 2H), 4.57 (s, 2H), 3.72 (s, 3H). ¥C NMR (151 MHz, DMSO-
ds) 6 171.0, 166.4, 158.6, 153.5, 129.7, 129.0, 128.8, 128.3, 127.5, 127.4, 113.9, 105.7,



55.1, 39.9. HRMS (ESI-TOF) m/z: [M-H]" Calcd for C1sH14NO4 = 308.0928; Found
308.0926.
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3-hydroxy-1-isopropyl-4-phenyl-1H-pyrrole-2,5-dione  (1c): This is a new
compound, yellow solid, 1.62 g, 70% yield. *H NMR (400 MHz, Chloroform-d) § 8.13
—7.95 (m, 2H), 7.49 — 7.36 (m, 2H), 7.36 — 7.29 (m, 1H), 4.48 — 4.34 (m, 1H), 1.44 (d,
J = 6.9 Hz, 6H).*C NMR (101 MHz, Chloroform-d) § 170.6, 167.5, 149.0, 128.6,

128.5, 128.3, 128.3, 107.2, 43.1, 20.3. HRMS (ESI-TOF) m/z: [M-H] Calcd for
C1sH12NOs = 230.0823; Found 230.0818.
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1-cyclohexyl-3-hydroxy-4-phenyl-1H-pyrrole-2,5-dione  (1d): This is a new
compound, yellow solid, 1.76 g, 65% yield. *H NMR (400 MHz, Chloroform-d) § 8.03
(d,J = 7.4 Hz, 2H), 7.48 — 7.38 (m, 2H), 7.38 — 7.28 (m, 1H), 4.05 — 3.89 (m, 1H), 2.18
—1.99 (m, 2H), 1.92 — 1.79 (m, 2H), 1.79 — 1.60 (m, 3H), 1.50 — 1.16 (m, 3H). 33C
NMR (101 MHz, Chloroform-d) 6 170.8, 167.8, 149.2, 128.6, 128.5, 128.4, 107.2, 50.9,

30.2, 26.0, 25.1. HRMS (ESI-TOF) m/z: [M-H]" Calcd for C1sH1sNOs = 270.1136;
Found 270.1134.
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1-butyl-3-hydroxy-4-phenyl-1H-pyrrole-2,5-dione (1e): This is a new compound,
yellow solid, 1.77 g, 72% yield. *H NMR (400 MHz, Chloroform-d) 6 8.05 (d, J=7.4

Hz, 2H), 7.50 — 7.30 (m, 3H), 3.58 (t, J = 7.2 Hz, 2H), 1.62 (p, J = 7.5 Hz, 2H), 1.46 —
1.26 (M, 2H), 0.94 (t, J = 7.3 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) 5 170.8,
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168.0, 149.4, 128.5, 128.5, 128.4, 128.3, 107.8, 37.8, 30.6, 20.0, 13.6. HRMS (ESI-
TOF) m/z: [M-H] Calcd for C14H14NO3™ = 244.0979; Found 244.0975.

3-hydroxy-1-methyl-4-phenyl-1H-pyrrole-2,5-dione (1f)!: yellow solid, 1.52 g,
75% yield. 'H NMR (400 MHz, DMSO-ds) 5 7.95 (d, J = 6.9 Hz, 2H), 7.49 — 7.35
(m, 2H), 7.33 — 7.18 (m, 1H), 2.91 (s, 3H). 3C NMR (101 MHz, DMSO-ds) 5 171.3,
166.6, 153.2, 129.7, 128.3, 127.4, 127.3, 105.8, 23.2. HRMS (ESI-TOF) m/z: [M-H]
Calcd for C11HgNOs™ = 202.0510; Found 202.0503.

3-hydroxy-4-phenyl-1H-pyrrole-2,5-dione (1g)!: yellow solid, 1.61 g, 85% yield. 'H
NMR (400 MHz, DMSO-ds) 6 10.68 (s, 1H), 8.01 — 7.84 (m, 2H), 7.41 (t, J= 7.7 Hz,
2H), 7.29 (t, J = 7.4 Hz, 1H). 3C NMR (101 MHz, DMSO-dc) 6 172.3, 167.8, 153.1,
129.8,128.2,127.6,127.3, 106.5. HRMS (ESI-TOF) m/z: [M-H] Calcd for C1o0HsNO3"
= 188.0353; Found 188.0344.

3-(4-fluorophenyl)-4-hydroxy-1-methyl-1H-pyrrole-2,5-dione (1h)!: yellow solid,
1.33 g, 60% yield. 'H NMR (400 MHz, DMSO-ds) & 8.09 — 7.95 (m, 2H), 7.32 — 7.18
(m, 2H), 2.91 (s, 3H). 13C NMR (101 MHz, DMSO-ds) & 171.3, 166.6, 161.0 (d, J =
245.6 Hz), 153.1, 129.4 (d, J = 8.0 Hz), 126.3 (d, J = 3.2 Hz), 115.3 (d, J = 21.4 Hz),
104.9, 23.2. ®F NMR (376 MHz, DMSO-ds) 6 -113.5. HRMS (ESI-TOF) m/z: [M-
H] Calcd for C11H7FNO3 = 220.0415; Found 220.0410.
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Cl

3-(4-chlorophenyl)-4-hydroxy-1-methyl-1H-pyrrole-2,5-dione (1i)': yellow solid,
1.66 g, 70% yield. 'H NMR (600 MHz, DMSO-ds) 5 7.99 (d, J = 7.8 Hz, 2H), 7.47 (d,
J=7.9 Hz, 2H), 2.91 (s, 3H). *C NMR (151 MHz, DMSO-dg) 5 171.2, 166.4, 154.2,
131.5, 128.9, 128.8, 128.4, 104.3, 23.2. HRMS (ESI-TOF) m/z: [M-H] Calcd for
C11H7CINO3 = 236.0120; Found 236.0116.

Br

3-(4-bromophenyl)-4-hydroxy-1-methyl-1H-pyrrole-2,5-dione (1j): This is a new
compound, yellow solid, 2.17 g, 77% yield. 'H NMR (400 MHz, Methanol-ds) & 8.03
—7.90 (m, 2H), 7.57 — 7.45 (m, 2H), 2.96 (s, 3H). 3C NMR (101 MHz, Methanol-d,)
0 172.7,167.9, 154.4, 132.3, 130.6, 130.3, 122.3, 106.8, 23.5. HRMS (ESI-TOF) m/z:
[M-H] Calcd for C11H7BrNO3™ = 279.9615; Found 279.9613.

F,C
3-hydroxy-1-methyl-4-(4-(trifluoromethyl)phenyl)-1H-pyrrole-2,5-dione (1k):
This is a new compound, yellow solid, 1.63 g, 60% yield. *H NMR (400 MHz, DMSO-
ds) & 8.17 (d, J = 8.3 Hz, 2H), 7.72 (d, J = 8.5 Hz, 2H), 2.91 (s, 3H). 3C NMR (101
MHz, DMSO-ds) § 171.0, 166.2, 156.1, 134.2, 127.3, 126.8 (q, J = 31.9 Hz), 125.1 (q,
J=3.8 Hz), 124.3 (g, J = 271.8 Hz), 103.5, 23.2. 1°F NMR (376 MHz, DMSO-ds) & -
61.1. HRMS (ESI-TOF) m/z: [M-H] Calcd for C12H7FsNOs™ = 270.0384; Found
270.0382.
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3-hydroxy-1-methyl-4-(p-tolyl)-1H-pyrrole-2,5-dione (11): This is a new compound,
yellow solid, 1.91 g, 88% yield. 'H NMR (400 MHz, DMSO-de) 5 7.85 (d, J = 8.1 Hz,
2H), 7.22 (d, J = 8.0 Hz, 2H), 2.90 (s, 3H), 2.30 (s, 3H). *C NMR (101 MHz, DMSO-
ds) 0 171.4, 166.7, 152.4, 136.7, 128.9, 127.3, 126.9, 106.1, 23.2, 20.9. HRMS (ESI-
TOF) m/z: [M-H] Calcd for C12H10NO3™ = 216.0666; Found 216.0660.

MeO

3-hydroxy-4-(4-methoxyphenyl)-1-methyl-1H-pyrrole-2,5-dione  (1m)*:  yellow
solid, 1.98 g, 85% yield. *H NMR (400 MHz, DMSO-ds)  7.98 — 7.87 (m, 2H), 7.05 —
6.94 (m, 2H), 3.78 (s, 3H), 2.90 (s, 3H). 3C NMR (101 MHz, DMSO-ds) & 171.5,
166.9, 158.4, 151.2, 128.9, 122.2, 113.8, 106.2, 55.1, 23.2. HRMS (ESI-TOF) m/z:
[M-H] Calcd for C12H10NO4™ = 232.0615; Found 232.0610.
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3-hydroxy-4-(3-methoxyphenyl)-1-methyl-1H-pyrrole-2,5-dione (1n): This isanew
compound, yellow solid, 1.86 g, 80% yield. 'H NMR (600 MHz, DMSO-dg) § 7.63 —
7.48 (m, 2H), 7.37 — 7.26 (m, 1H), 6.91 — 6.83 (M, 1H), 3.76 (s, 3H), 2.90 (s, 3H). 3C
NMR (151 MHz, DMSO-de) 6 171.2, 166.6, 159.0, 153.5, 131.0, 129.3, 119.9, 112.9,
112.8, 105.5, 54.9, 23.2. HRMS (ESI-TOF) m/z: [M-H] Calcd for C12H1oNO4™ =
232.0615; Found 232.0610.
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3-hydroxy-4-(2-methoxyphenyl)-1-methyl-1H-pyrrole-2,5-dione (10): This is a new
compound, yellow solid, 1.92 g, 86% yield.'H NMR (400 MHz, DMSO-ds) & 7.42 —
7.34 (m, 1H), 7.30 — 7.20 (m, 1H), 7.10 — 7.03 (m, 1H), 7.02 — 6.95 (m, 1H), 3.76 (s,
3H), 2.91 (s, 3H). 13C NMR (151 MHz, DMSO-d¢) 5 170.9, 167.0, 157.4, 153.1, 131.1,
129.7, 119.9, 117.0, 111.3, 106.1, 55.4, 23.4. HRMS (ESI-TOF) m/z: [M-H] Calcd
for C12H10NO4 = 232.0615; Found 232.0611.

3-(2-fluorophenyl)-4-hydroxy-1-methyl-1H-pyrrole-2,5-dione (1p): This is a new
compound, yellow solid, 1.41 g, 68% yield. 'H NMR (600 MHz, DMSO-dg) § 7.48 —
7.40 (m, 2H), 7.31 — 7.21 (m, 2H), 2.93 (s, 3H). 3C NMR (151 MHz, DMSO-de) &
170.3, 166.6, 159.7 (d, J = 248.8 Hz), 154.6, 131.5 (d, J = 3.2 Hz), 130.3 (d, J = 8.1
Hz), 124.1 (d, J = 3.0 Hz), 116.3 (d, J = 16.1 Hz), 115.7 (d, J = 21.4 Hz), 103.0, 23.5.
18F NMR (376 MHz, DMSO-dg) & -109.8. HRMS (ESI-TOF) m/z: [M-H] Calcd for
C11H7FNO3s = 220.0415; Found 220.0410.

HO

MeO

MeO

3-(3,4-dimethoxyphenyl)-4-hydroxy-1-methyl-1H-pyrrole-2,5-dione (1q)* yellow
solid, 2.08 g, 79% vield. *H NMR (400 MHz, DMSO-ds) 5 7.62 (d, J = 1.9 Hz, 1H),
7.58 (dd, J = 8.5, 1.9 Hz, 1H), 7.01 (d, J = 8.5 Hz, 1H), 3.78 (s, 3H), 3.75 (s, 3H), 2.90
(s, 3H). 13C NMR (151 MHz, DMSO-ds) & 171.5, 166.9, 151.4, 148.3, 122.4, 120.7,
111.6, 111.0, 106.2, 55.4, 55.4, 23.2. HRMS (ESI-TOF) m/z: [M-H] Calcd for
C13H12NOs™ = 262.0721; Found 262.0718.
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3-hydroxy-1-methyl-4-(naphthalen-2-yl)-1H-pyrrole-2,5-dione (1r)*: yellow solid,
2.3 ¢, 91% yield. *H NMR (400 MHz, DMSO-de) & 8.48 (s, 1H), 8.12 (dd, J = 8.7, 1.6
Hz, 1H), 7.97 — 7.79 (m, 3H), 7.60 — 7.40 (m, 2H), 2.91 (s, 3H). 13C NMR (151 MHz,
DMSO-ds) 6 171.3, 166.6, 153.7, 132.8, 131.9, 128.2, 127.6, 127.5, 127.5, 126.5, 126.3,
125.2, 105.8, 23.3. HRMS (ESI-TOF) m/z: [M-H]" Calcd for C15H10NO3™ = 252.0666;
Found 252.0664.

3-hydroxy-1-methyl-4-(1-methyl-1H-indol-3-yl)-1H-pyrrole-2,5-dione (1s)>:
yellow solid, 1.74 g, 68% yield. *H NMR (600 MHz, DMSO-ds) & 11.93 (br, 1H), 8.14
(d, J =8.0 Hz, 1H), 7.85 (s, 1H), 7.45 (d, J = 8.1 Hz, 1H), 7.21 (t, J = 7.4 Hz, 1H), 7.09
(t,J=7.4 Hz, 1H), 3.83 (s, 3H), 2.93 (5, 3H). ¥C NMR (151 MHz, DMSO-d¢) 5 171.6,
167.6, 147.2, 136.5, 130.2, 125.8, 122.4, 121.8, 119.4, 109.9, 105.7, 103.5, 32.7, 23.4.
HRMS (ESI-TOF) m/z: [M-H] Calcd for C14H11N2Os” = 255.0775; Found 255.0771.

(6]
| N—

No ©
3-(furan-2-yl)-4-hydroxy-1-methyl-1H-pyrrole-2,5-dione (1t): This is a new
compound, yellow solid, 1.29 g, 67% yield. 'H NMR (600 MHz, DMSO-dg) 6 7.81 —
7.71 (m, 1H), 6.80 — 6.72 (m, 1H), 6.61 — 6.52 (m, 1H), 2.87 (s, 3H). 3C NMR (151
MHz, DMSO-de) 6 169.2, 166.8, 150.3, 144.8, 143.1,111.6, 109.4, 100.1, 23.3. HRMS
(ESI-TOF) m/z: [M-H] Calcd for CeHsNO4™ = 192.0302; Found 192.0295.
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3-hydroxy-1-(4-methoxybenzyl)-4-methyl-1H-pyrrole-2,5-dione (1u): This is a new
compound, white solid, 1.43 g, 58% yield. *H NMR (400 MHz, Chloroform-d) § 7.31
—7.21 (m, 2H), 6.86 — 6.77 (M, 2H), 4.56 (s, 2H), 3.77 (s, 3H), 1.84 (s, 3H). 3C NMR
(101 MHz, Chloroform-d) 6 172.0, 167.9, 159.1, 150.8, 129.8, 128.5, 114.0, 107.7, 55.2,
40.8, 5.8. HRMS (ESI-TOF) m/z: [M-H] Calcd for C13H12NO4™ = 246.0772; Found
246.0769.

o

HO.
|  N-Bn

O
1-benzyl-3-hydroxy-4-methyl-1H-pyrrole-2,5-dione (1v): This is a new compound,
white solid, 1.35 g, 62% yield. 'H NMR (400 MHz, Chloroform-d) § 7.37 — 7.26 (m,
5H), 4.63 (s, 2H), 1.86 (s, 3H). *C NMR (101 MHz, Chloroform-d) & 171.9, 167.9,
150.8, 136.2, 128.7, 128.3, 127.8, 107.7, 41.4, 5.8. HRMS (ESI-TOF) m/z: [M-H]
Calcd for C12H10NO3s™ = 216.0666; Found 216.0660.

1,3-dibenzyl-4-hydroxy-1H-pyrrole-2,5-dione (1w): This is a new compound, white
solid, 1.61 g, 55% yield. *H NMR (400 MHz, Chloroform-d) & 7.34 — 7.22 (m, 10H),
4.61 (s, 2H), 3.63 (s, 2H). *C NMR (101 MHz, Chloroform-d) § 171.2, 167.6, 150.7,
137.6, 136.0, 128.7, 128.7, 128.7, 128.4, 127.8, 126.6, 110.4, 41.5, 27.2. HRMS (ESI-
TOF) m/z: [M-H] Calcd for C1sH14NO3z" = 292.0979; Found 292.0979.
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1-benzyl-3-hydroxy-4-isobutyl-1H-pyrrole-2,5-dione (1x): This is a new compound,
white solid, 1.71 g, 66% yield. *H NMR (400 MHz, Chloroform-d) & 7.33 — 7.27 (m,
4H), 7.24 — 7.17 (m, 1H), 4.63 (s, 2H), 2.20 (d, J = 7.2 Hz, 2H), 2.03 — 1.87 (m, 1H),
0.93 (s, 3H), 0.91 (s, 3H). 3C NMR (101 MHz, Chloroform-d) & 171.8, 167.9, 150.9,
136.2,128.7, 128.3, 127.8, 111.0, 41.5, 30.2, 27.6, 22.5. HRMS (ESI-TOF) m/z: [M-
H] Calcd for C1sH1sNO3™ = 258.1136; Found 258.1133.

3-benzyl-4-hydroxy-1H-pyrrole-2,5-dione (1y)®: white solid, 1.52 g, 75% vyield. 'H
NMR (600 MHz, DMSO-ds) § 12.02 (br, 1H), 10.41 (s, 1H), 7.31 — 7.25 (m, 2H), 7.23
—7.15 (m, 3H), 3.53 (5, 2H). 13C NMR (151 MHz, DMSO-dg) & 173.1, 168.5, 153.4,
138.9, 128.4, 128.2, 126.1, 109.3, 26.1. HRMS (ESI-TOF) m/z: [M-H] Calcd for
C11HgNOs™ = 202.0510; Found 202.0503.

O
HO

| NH

(6]
3-hydroxy-4-isopropyl-1H-pyrrole-2,5-dione (1z): This is a new compound, white
solid, 1.27 g, 82% vyield. *H NMR (400 MHz, DMSO-ds) & 10.30 (s, 1H), 2.80 — 2.66
(m, 1H), 1.15 (s, 3H), 1.14 (s, 3H). 13C NMR (101 MHz, DMSO-ds) & 173.1, 168.8,
151.8, 1154, 22.6, 20.7. HRMS (ESI-TOF) m/z: [M-H] Calcd for C7HgNOs =
154.0510; Found 154.0500.

3-butyl-4-hydroxy-1H-pyrrole-2,5-dione (1aa): This is a new compound, white solid,
1.44 g, 85% yield. 'H NMR (400 MHz, DMSO-de) 6 11.56 (br, 1H), 10.28 (s, 1H), 2.16

(t, J = 7.4 Hz, 2H), 1.46 — 1.35 (m, 2H), 1.33 — 1.20 (m, 2H), 0.87 (t, J = 7.3 Hz, 3H).
16



13C NMR (101 MHz, DMSO-dg) & 173.3, 168.6, 152.7, 110.7, 29.7, 21.9, 20.1, 13.7.
HRMS (ESI-TOF) m/z: [M-H] Calcd for CsH1o0NO3™ = 168.0666; Found 168.0657.

1-benzyl-3-ethoxy-4-phenyl-1H-pyrrole-2,5-dione (1a’):? yellow solid, 0.30 g, 50%
yield. 'H NMR (400 MHz, Chloroform-d) & 7.88 (d, J = 7.4 Hz, 2H), 7.47 — 7.26 (m,
8H), 4.70 (s, 2H), 4.65 (g, J = 7.1 Hz, 2H), 1.40 (t, J = 7.1 Hz, 3H). 3C NMR (101
MHz, Chloroform-d) 6 169.9, 165.8, 151.4, 136.4, 128.9, 128.6, 128.5, 128.2, 127.7,
113.1, 69.0, 41.2, 15.7. HRMS (ESI-TOF) m/z: [M+H]* Calcd for CisH1sNOs* =
308.1281; Found 308.1278.
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3. General Procedure of Asymmetric Transfer Hydrogenation of 1

3.1 General Procedure

Procedure E: To a 10 mL Schleck tube charged with a magnetic stirring bar were
added successively substrate 1 (0.2 mmol), formic acid/trimethylamine azeotropic
mixture (5/2) (40 pL), the catalyst (3 mg) and the solvent (2 mL). The mixture was
then stirred at room temperature for the indicated reaction time. After completion, the
reaction solution was concentrated and the residue was passed through a short column
of'silica gel (eluent: EtOAc:PE =2:1) to remove the metal complex. The ee or dr values
of compounds 2a-2t were determined by HPLC analysis on a chiral stationary phase.
The physical data were identical in all respect to those previously reported.
Procedure F: To a 10 mL Schleck tube charged with a magnetic stirring bar were
added successively substrate 1 (0.2 mmol), formic acid (15.2 pL), trimethylamine (0.56
uL), the catalyst (3 mg) and the solvent (2 mL). The mixture was then stirred at room
temperature for the indicated reaction time. After completion, the reaction solution was
concentrated and the residue was passed through a short column of silica gel (eluent:
EtOACc:PE =2:1) to remove the metal complex. The ee or dr values of compounds 3a-
3t were determined by HPLC analysis on a chiral stationary phase. The physical data
were identical in all respect to those previously reported.

Procedure G: To a 10 mL Schleck tube charged with a magnetic stirring bar were
added successively substrate 1 (0.2 mmol), formic acid/trimethylamine azeotropic
mixture (5/2) (80 uL), the catalyst (7.5 mg) and the solvent (1 mL). The mixture was
then stirred at room temperature for the indicated reaction time. After completion, the
reaction solution was concentrated and the residue was passed through a short column
of silica gel (eluent: EtOAc:PE = 1:3) to remove the metal complex. The ee of
compounds 4y-4z were determined by HPLC analysis on a chiral stationary phase. The
dr values was determined by '"H NMR of the crude product. The physical data were
identical in all respect to those previously reported.

Note: Both procedure A and B were going to obtained compound 3u~3aa.
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Reaction time control is very important to obtain high diastereoselectivity of 3a~3t.

@) o)

HO (R,R)-cat. (S,S)-cat. HO,,.
N-Bn HCO,H/Et;N (5:2) HCO,H/Et;N (5:2) N—Bn
PR Ph

0 0]

(3R,4R)-2a, 95% vyield, (3S,4S)-2a, 97% vyield,
99:1 dr, 96% ee 98:2 dr, 99% ee

[@]?°D = +72.6 (c 0.5, CHCI,) [@1?°D = -88.8 (¢ 0.5, CHCl5)

o] o]
HO HO,,
N—Bn (R,R)-cat. (S,S)-cat. N—Bn
HCO,H HCO,H
Ph Y Et;N (2 mol%) Et;N (2 mol%) Ph Y
(3S,4S)-3a, 97% yield, (3S,4R)-3a, 95% yield,
99:1 dr, 96% ee 98:2 dr, 96% ee
[01%°D = +66.2 (¢ 0.5, CHCI5) [0.1%°D = -73.0 (c 0.5, CHCl5)
Scheme S6. Stereodivergent synthesis of 2a and 3a
o] o]
HO (R,R)-cat. (S,S)-cat. HO,,.
N— HCO,H/Et;N (5:2) HCO,H/Et;N (5:2) N—
PR Ph
o) o]

(3R,4R)-2f, 95% vyield,
97:3 dr, 99% ee

[«1?°D = +112.2 (c 0.5, CHCl3)

(3S,4S)-2f, 94% vyield,
98:2 dr, 97% ee

[« ]?°D = -126.4 (c 0.5, CHCIj)

0 0
HO HO,,
N— (R,R)-cat. (S,S)-cat. N—
HCO,H HCO,H
Ph Y Et;N (2 mol%) Et;N (2 mol%) Ph Y
(35,4S)-3f, 95% yield, (3S,4R)-3f, 92% vyield,
98:2 dr, 98% ee 99:1 dr, 95% ee
[01?°D = +74.0 (c 0.5, CHClI3) [01?°D = -104.8 (c 0.5, CHCl3)

Scheme S7. Stereodivergent synthesis of 2f and 3f

3.2 Characterization Data of 2, 3 and 4

o)
HO,, Ph
N—/
Ph
o)

(3S,45)-1-benzyl-3-hydroxy-4-phenylpyrrolidine-2,5-dione [(3S,4S)-2a]: This is a
new compound, white solid, 55 mg, 97% yield, 99% ee, 98:2 dr; [a]*p = -88.8 (c 0.5,
CHCI3); HPLC (Chiralpak IE column, hexane/isopropanol = 80/20; flow rate = 1.0

mL/min; UV detection at 210 nm; t1 = 8.9 min, t2 = 9.9 min, t3 = 10.6 min, t4 = 13.4
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min (major). *H NMR (400 MHz, Chloroform-d) § 7.46 — 7.25 (m, 8H), 7.23 - 7.12 (m,
2H), 4.69 (q, J = 14.1 Hz, 2H), 4.61 — 4.52 (m, 1H), 3.98 (s, 1H), 3.91 (d, J = 6.0 Hz,
1H). ¥C NMR (101 MHz, Chloroform-d) § 176.6, 174.1, 135.2, 134.6, 129.0, 128.7,
128.2, 128.1, 128.0, 74.7, 54.7, 42.7. HRMS (ESI-TOF) m/z: [M-H] Calcd for
C17H14NO3™ = 280.0979; Found 280.0978.

HO Ph
N—/
PR
o)

(3R,4R)-1-benzyl-3-hydroxy-4-phenylpyrrolidine-2,5-dione [(3R,4R)-2a]: This is a
new compound, white solid, 53 mg, 95% yield, 96% ee, 99:1 dr; [0]*’p = +72.6 (c 0.5,
CHCI3); HPLC (Chiralpak IE column, hexane/isopropanol = 80/20; flow rate = 1.0
mL/min; UV detection at 210 nm; t; = 8.9 min (major), t2 = 9.9 min, t3 = 10.6 min, t; =
13.4 min. HRMS (ESI-TOF) m/z: [M-H] Calcd for C17H14NO3™ = 280.0979; Found
280.0978.

HO,, Ph
N—
Ph
o)

(3S,4R)-1-benzyl-3-hydroxy-4-phenylpyrrolidine-2,5-dione [(3S,4R)-3a]: This is a
new compound, white solid, 53 mg, 95% yield, 96% ee, 98:2 dr; [a]*pb = -73.0 (c 0.5,
CHCIs); HPLC (Chiralpak IE column, hexane/isopropanol = 80/20; flow rate = 1.0
mL/min; UV detection at 210 nm; t; = 8.9 min, t2 = 9.9 min (major), t3 = 10.6 min, t; =
13.4 min. *H NMR (400 MHz, Chloroform-d) § 7.41 — 7.29 (m, 2H), 7.29 — 7.21 (m,
3H), 7.21 — 7.13 (m, 3H), 6.99 — 6.82 (M, 2H), 4.66 (s, 2H), 4.65 — 4.60 (M, 1H), 4.11
(d, J = 8.3 Hz, 1H), 2.82 (d, J = 5.0 Hz, 1H). 13C NMR (151 MHz, Chloroform-d) &
177.1, 175.0, 135.2, 131.4, 129.2, 128.9, 128.8, 128.7, 128.3, 128.2, 69.0, 52.1, 42.7.
HRMS (ESI-TOF) m/z: [M-H]" Calcd for C17H14NO3™ = 280.0979; Found 280.0978.
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(3R,45)-1-benzyl-3-hydroxy-4-phenylpyrrolidine-2,5-dione [(3R,4S)-3a]: This is a
new compound, white solid, 55 mg, 97% yield, 96% ee, 99:1 dr; [0]*p = +66.2 (c 0.5,
CHCl3); HPLC (Chiralpak IE column, hexane/isopropanol = 80/20; flow rate = 1.0
mL/min; UV detection at 210 nm; t; = 8.9 min, t> = 9.9 min, t3 = 10.6 min (major), t =
13.4 min. HRMS (ESI-TOF) m/z: [M-H] Calcd for C17H14NO3™ = 280.0979; Found
280.0978.

0]

HO,,
N—PMB
Ph

0
(3S,4S)-3-hydroxy-1-(4-methoxybenzyl)-4-phenylpyrrolidine-2,5-dione (2b): This
is a new compound, white solid, 61 mg, 98% yield, >99% ee, 99:1 dr; [a]*°> = -45.6 (c
0.25, CHCIl3/MeOH); HPLC (Chiralpak IE column, hexane/isopropanol = 80/20; flow
rate = 1.0 mL/min; UV detection at 210 nm; t; = 13.1 min, t2 = 14.9 min, t3 = 17.4 min,
ts = 21.7 min (major). *H NMR (600 MHz, DMSO-ds) & 7.40 — 7.29 (m, 5H), 7.24 (d,
J=8.1Hz, 2H), 6.91 (d, J = 8.2 Hz, 2H), 6.39 (s, 1H), 4.70 (d, J = 5.7 Hz, 1H), 4.62 —
4.50 (m, 2H), 4.01 (d, J = 6.4 Hz, 1H), 3.74 (s, 3H). 13C NMR (151 MHz, DMSO-ds)
0176.5,174.4,158.7,135.9, 129.1, 128.8, 128.5, 128.1, 127.5, 113.9, 74.1, 55.2, 55.1,
41.1. HRMS (ESI-TOF) m/z: [M-H]  Calcd for CisH1sNOs+ = 310.1085; Found
310.1085.

o)
HO,,
N—PMB
Ph"
o)

(3S,4R)-3-hydroxy-1-(4-methoxybenzyl)-4-phenylpyrrolidine-2,5-dione (3b): This
is a new compound, white solid, 59 mg, 93% yield, 95% ee, 93:7 dr; [a]®’p = -54.4 (c
0.5, CHCl3); HPLC (Chiralpak IE column, hexane/isopropanol = 80/20; flow rate = 1.0
mL/min; UV detection at 210 nm; t; = 13.1 min, t> = 14.7 min (major), t3 = 17.3 min,
ts = 21.6 min. *H NMR (400 MHz, Chloroform-d) & 7.37 (d, J = 8.6 Hz, 2H), 7.32 —
7.27 (m, 3H), 7.04 — 6.95 (m, 2H), 6.85 (d, J = 8.6 Hz, 2H), 4.80 — 4.73 (m, 1H), 4.70
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(d, J = 1.9 Hz, 2H), 4.21 (d, J = 8.3 Hz, 1H), 3.79 (s, 3H), 2.51 — 2.39 (m, 1H). 1C
NMR (101 MHz, Chloroform-d) § 176.9, 174.9, 159.5, 131.4, 130.5, 129.2, 129.0,
128.4, 127.6, 114.1, 69.2, 55.3, 52.2, 42.2. HRMS (ESI-TOF) m/z: [M-H]" Calcd for
C1sH16NO4™ = 310.1085; Found 310.1086.

0

HO,,
o

Ph

o)
(3S,4S)-3-hydroxy-1-isopropyl-4-phenylpyrrolidine-2,5-dione (2c): This is a new
compound, white solid, 43 mg, 93% yield, 88% ee, 94:6 dr; [a]®°> = -76.0 (c 1.3,
CHCI3); HPLC (Chiralpak IC column, hexane/isopropanol = 85/15; flow rate = 0.8
mL/min; UV detection at 210 nm; t; = 8.5 min, t2 = 9.7 min (major), tz = 10.7 min, t4 =
12.0 min. *H NMR (600 MHz, Chloroform-d) § 7.38 (t, J = 7.3 Hz, 2H), 7.33 (t, J =
7.2Hz,1H), 7.26 (d, J = 7.0 Hz, 2H), 4.54 (d, J = 4.2 Hz, 1H), 4.44 (p, J = 6.9 Hz, 1H),
3.88 (d, J = 5.9 Hz, 1H), 3.78 (s, 1H), 1.43 (d, J = 6.9 Hz, 6H). 13C NMR (151 MHz,

Chloroform-d) & 177.0, 174.2, 135.0, 129.1, 128.1, 128.0, 74.4, 54.5, 44.4, 19.5, 19.1.
HRMS (ESI-TOF) m/z: [M-H] Calcd for C13H14NO3™ = 232.0979; Found 232.0975.

0
HO,,
.
Ph"
0

(3S,4R)-3-hydroxy-1-isopropyl-4-phenylpyrrolidine-2,5-dione (3c): This is a new
compound, white solid, 46 mg, 98% vyield, 88% ee, 98:2 dr; [a]*%> = -39.6 (c 0.5,
CHCl3); HPLC (Chiralpak IC column, hexane/isopropanol = 85/15; flow rate = 0.8
mL/min; UV detection at 210 nm; t; = 8.5 min, t2 = 9.7 min, t3 = 10.7 min (major), t4 =
12.0 min. *H NMR (400 MHz, Chloroform-d) & 7.35 — 7.21 (m, 3H), 7.12 — 6.96 (m,
2H), 4.64 (d, J = 7.8 Hz, 1H), 4.47 — 4.32 (m, 1H), 4.09 (d, J = 8.5 Hz, 1H), 2.86 (s,
1H), 1.44 — 1.29 (m, 6H). 13C NMR (101 MHz, Chloroform-d) § 177.7, 175.1, 131.8,
129.1,128.9, 128.3, 68.8, 52.1, 44.2, 19.5, 19.0. HRMS (ESI-TOF) m/z: [M-H] Calcd
for C13H14NO3™ = 232.0979; Found 232.0976.
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(3S,45)-1-cyclohexyl-3-hydroxy-4-phenylpyrrolidine-2,5-dione (2d): This is a new
compound, This is a new compound, white solid, 52 mg, 95% yield, 91% ee, 96:4 dr;
[0]? = -78.2 (c 0.5, CHCI3); HPLC (Chiralpak IE column, hexane/isopropanol =
85/15; flow rate = 0.8 mL/min; UV detection at 210 nm; t; = 11.9 min, t2 = 12.9 min,
t3 = 13.7 min, t4 = 15.0 min (major).*H NMR (400 MHz, Chloroform-d) & 7.43 — 7.30
(m, 3H), 7.26 (dd, J = 6.5, 1.7 Hz, 2H), 4.54 (dd, J = 6.0, 2.6 Hz, 1H), 4.04 (tt, J = 12.3,
3.8 Hz, 1H), 3.89 (d, J = 6.0 Hz, 1H), 3.44 — 3.35 (m, 1H), 2.29 — 2.08 (m, 2H), 1.93 -
1.76 (m, 2H), 1.73 — 1.61 (m, 3H), 1.44 — 1.14 (m, 3H). 3C NMR (101 MHz,
Chloroform-d) & 176.9, 174.2, 135.1, 129.1, 128.1, 128.0, 74.5, 54.5, 52.2, 29.1, 28.7,
25.7, 25.7, 24.9. HRMS (ESI-TOF) m/z: [M-H] Calcd for C16H1sNO3™ = 272.1292;
Found 272.1292.
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(3S,4R)-1-cyclohexyl-3-hydroxy-4-phenylpyrrolidine-2,5-dione (3d): This is a new
compound, white solid, 52 mg, 95% yield, 96% ee, 99:1 dr; [a]®> = -60.2 (c 0.5,
CHCl3); HPLC (Chiralpak IE column, hexane/isopropanol = 85/15; flow rate = 0.8
mL/min; UV detection at 210 nm; t; = 11.9 min, t2 = 12.9 min, t3 = 13.7 min (major),
t2 = 15.0 min.*H NMR (400 MHz, Chloroform-d) & 7.42 — 7.23 (m, 3H), 7.10 — 6.93
(m, 2H), 4.65 (dd, J = 8.4, 4.7 Hz, 1H), 4.11 (d, J = 8.5 Hz, 1H), 4.07 — 3.93 (m, 1H),
2.60 (d, J = 4.4 Hz, 1H), 2.24 — 2.00 (m, 2H), 1.79 (d, J = 12.7 Hz, 2H), 1.62 (s, 3H),
1.35-1.06 (m, 3H). 13C NMR (101 MHz, Chloroform-d) § 177.8, 175.1, 131.9, 129.1,
129.0, 128.4, 68.9, 52.1, 29.2, 28.6, 25.8, 25.7, 25.0. HRMS (ESI-TOF) m/z: [M-H]
Calcd for C16H1sNO3™ = 272.1292; Found 272.1292.
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(3S,45)-1-butyl-3-hydroxy-4-phenylpyrrolidine-2,5-dione (2e): This is a new
compound, white solid, 47 mg, 96% yield, >99% ee, 98:2 dr; [a]*’> = -86.4 (c 0.5,
CHCl3); HPLC (Chiralpak IC column, hexane/isopropanol = 85/15; flow rate = 0.8
mL/min; UV detection at 210 nm; t; = 10.3 min, t2 = 13.1 min, t3 = 14.8 min (major),
ts = 15.7 min. *H NMR (400 MHz, Chloroform-d) & 7.34 — 7.14 (m, 5H), 4.51 (d, J =
5.9 Hz, 1H), 4.10 (s, 1H), 3.85 (d, J = 5.9 Hz, 1H), 3.49 (t, J = 7.4 Hz, 2H), 1.52 (p, J
= 7.4 Hz, 2H), 1.33 — 1.13 (m, 2H), 0.86 (t, J = 7.3 Hz, 3H).3C NMR (101 MHz,
Chloroform-d) 6 177.2, 174.5, 134.9, 129.0, 128.0, 128.0, 74.7, 54.7, 38.9, 29.6, 20.0,

13.5. HRMS (ESI-TOF) m/z: [M-H]" Calcd for CisHisNOs = 246.1136; Found
246.1132.
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(3S,4R)-1-butyl-3-hydroxy-4-phenylpyrrolidine-2,5-dione (3e): This is a new
compound, white solid, 47 mg, 95% yield, 98% ee, >99:1 dr; [0]%% = -59.6 (c 0.5,
CHCI3); The absolute configurations of 3e was assigned as (S,R) by X-ray; HPLC
(Chiralpak IC column, hexane/isopropanol = 85/15; flow rate = 0.8 mL/min; UV
detection at 210 nm; t1 = 10.3 min, t2 = 13.1 min (major), ts = 14.8 min, t4 = 15.7 min.
'H NMR (400 MHz, Chloroform-d) & 7.39 — 7.22 (m, 3H), 7.11 — 6.98 (m, 2H), 4.69
(d, J = 8.4 Hz, 1H), 4.13 (d, J = 8.4 Hz, 1H), 3.61 — 3.45 (m, 2H), 2.91 (brs, 1H), 1.55
(p, J=7.4Hz, 2H), 1.37 - 1.21 (m, 2H), 0.87 (t, J = 7.4 Hz, 3H). *C NMR (151 MHz,
Chloroform-d) 6 177.6, 175.4, 131.6, 129.3, 128.9, 128.3, 68.9, 52.1, 38.9, 29.7, 20.0,
13.5. HRMS (ESI-TOF) m/z: [M-H] Calcd for C14H1sNO3™ = 246.1136; Found
246.1133.
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(3S,45)-3-hydroxy-1-methyl-4-phenylpyrrolidine-2,5-dione [(3S,4S)-2f]: This is a
new compound, white solid, 38 mg, 94% yield, 97% ee, 96:4 dr; [0]*°p = -126.4 (c 0.5,
CHCl3); HPLC (Chiralpak IC column, hexane/isopropanol = 85/15; flow rate = 1.0
mL/min; UV detection at 210 nm; t; = 11.8 min, t = 17.1 min, t3 = 18.1 min (major),
t4 = 20.2 min. 1H NMR (400 MHz, Methanol-ds) § 7.40 — 7.34 (m, 2H), 7.34 — 7.27 (m,
3H), 4.62 (d, J = 6.2 Hz, 1H), 3.90 (d, J = 6.2 Hz, 1H), 3.02 (s, 3H). 3C NMR (101
MHz, Methanol-d4) 6 178.3, 176.8, 137.1, 129.9, 129.6, 128.8, 76.2, 57.0, 25.1. HRMS
(ESI-TOF) m/z: [M-H] Calcd for C11H10NO3 = 204.0666; Found 204.0661.
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(3R,4R)-3-hydroxy-1-methyl-4-phenylpyrrolidine-2,5-dione [(3R,4R)-2f]: This is a
new compound, white solid, 39 mg, 95% yield, 99% ee, 97:3 dr; [a]*°o = +112.2 (¢ 0.5,
CHCI3); HPLC (Chiralpak IC column, hexane/isopropanol = 85/15; flow rate = 1.0
mL/min; UV detection at 210 nm; t; = 11.7 min (major), t = 17.1 min, t3 = 18.3 min,
t4=20.0 min. HRMS (ESI-TOF) m/z: [M-H] Calcd for C1:H10NO3z™ = 204.0666; Found
204.0661.

(3S,4R)-3-hydroxy-1-methyl-4-phenylpyrrolidine-2,5-dione [(3S,4R)-3f]: This is a
new compound, white solid, 38 mg, 92% yield, 99% ee, 99:1 dr; [0]*°> = -104.8 (c 0.5,
CHCl3); HPLC (Chiralpak IC column, hexane/isopropanol = 85/15; flow rate = 1.0
mL/min; UV detection at 210 nm; t; = 11.8 min, t> = 16.7 min (major), t3 = 20.1 min,
t2 = 20.2 min. *H NMR (400 MHz, Chloroform-d) § 7.36 — 7.23 (m, 3H), 7.11 - 7.01
(m, 2H), 4.74 (dd, J = 8.3, 4.9 Hz, 1H), 4.19 (d, J = 8.3 Hz, 1H), 3.07 (s, 3H), 2.40 (d,
J =5.0 Hz, 1H). C NMR (101 MHz, Chloroform-d) & 177.2, 175.4, 131.3, 129.4,
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129.1, 128.5, 69.1, 52.3, 25.1. HRMS (ESI-TOF) m/z: [M-H] Calcd for C11H10NOz"
= 204.0666; Found 204.0659.
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(3R,4S)-3-hydroxy-1-methyl-4-phenylpyrrolidine-2,5-dione [(3R,4S)-3f]: This is a
new compound, white solid, 39 mg, 95% yield, 98% ee, 98:2 dr; [0]*°p = +74.0 (c 0.5,
CHCI3); HPLC (Chiralpak IC column, hexane/isopropanol = 85/15; flow rate = 1.0
mL/min; UV detection at 210 nm; t; = 11.8 min, t2 = 17.3 min, t3 = 18.6 min, t; = 20.6
min (major). HRMS (ESI-TOF) m/z: [M-H] Calcd for C11H1o0NO3 = 204.0666; Found
204.0661.

O

HO,,
/E:ENH
Ph
o)
(3S,45)-3-hydroxy-4-phenylpyrrolidine-2,5-dione (2g): This is a new compound,

white solid, 36 mg, 94% yield, >99% ee, 18:1 dr; [a]*b = -116.2 (c 0.5, MeOH); The
absolute configurations of 2g was assigned as (S,5) by X-ray; HPLC (Chiralpak 1G
column, hexane/isopropanol = 90/10; flow rate = 1.0 mL/min; UV detection at 210 nm;
t1 = 27.8 min (major), t2 = 34.7 min. *H NMR (400 MHz, Methanol-ds) 6 7.41 — 7.27
(m, 5H), 4.63 (d, J = 6.6 Hz, 1H), 3.93 (d, J = 6.6 Hz, 1H). 3C NMR (151 MHz,
Methanol-ds) 8 179.3, 177.5, 137.1, 129.9, 129.6, 128.8, 77.0, 58.1. HRMS (ESI-TOF)
m/z: [M-H] Calcd for C1o0HsNOs = 190.0510; Found 190.0502.
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(3S,4R)-3-hydroxy-4-phenylpyrrolidine-2,5-dione (3g): This is a new compound,

colorless oil, 37 mg, 96% yield, 98% ee, >20:1 dr; [a]*°> = -50.8 (c 0.5, MeOH); HPLC
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(Chiralpak IC column, hexane/isopropanol = 70/30; flow rate = 1.0 mL/min; UV
detection at 210 nm; t; = 7.8 min, t, = 10.0 min (major). 'H NMR (400 MHz, Methanol-
ds) § 7.38 — 7.25 (m, 3H), 7.21 — 7.14 (m, 2H), 4.78 (d, J = 8.2 Hz, 1H), 4.24 (d, J = 8.2
Hz, 1H). 13C NMR (101 MHz, Methanol-ds) 6 180.6, 179.4, 134.4, 130.9, 129.4, 128.6,
71.2, 55.1. HRMS (ESI-TOF) m/z: [M-H] Calcd for C10HsNOs = 190.0510; Found
190.0503.

(3S,45)-3-(4-fluorophenyl)-4-hydroxy-1-methylpyrrolidine-2,5-dione (2h): This is
a new compound, white solid, 43 mg, 96% vyield, 99% ee, 96:4 dr; [a]*°> = -102.4 (c
0.5, CHCI3); HPLC (Chiralpak IC column, hexane/isopropanol = 85/15; flow rate =
1.0 mL/min; UV detection at 210 nm; t; = 9.9 min, t = 10.7 min, t3 = 12.2 min, t4 =
14.5 min (major). *H NMR (400 MHz, Methanol-ds) § 7.40 — 7.30 (m, 2H), 7.15 - 7.03
(m, 2H), 4.61 (d, J = 6.4 Hz, 1H), 3.92 (d, J = 6.4 Hz, 1H), 3.02 (s, 3H). 13C NMR (101
MHz, Methanol-ds) 5 178.2, 176.5, 163.8 (d, J = 244.9 Hz), 133.0 (d, J = 3.3 Hz), 131.5
(d,J=8.2Hz),116.5 (d, J = 21.8 Hz), 76.1, 56.1, 25.1. °F NMR (376 MHz, Methanol-
ds) § -116.9. HRMS (ESI-TOF) m/z: [M-H] Calcd for C11HeFNOs™ = 222.0572; Found
222.0568.

(3R,4S)-3-(4-fluorophenyl)-4-hydroxy-1-methylpyrrolidine-2,5-dione (3h): This is
a new compound, white solid, 43 mg, 97% yield, 98% ee, 99:1 dr; [0]%°> = -98.6 (c 0.5,
CHCI3); HPLC (Chiralpak IC column, hexane/isopropanol = 85/15; flow rate = 1.0
mL/min; UV detection at 210 nm; t; = 9.9 min, t2 = 10.6 min (major), tz = 12.1 min, t4
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= 14.7 min. *H NMR (400 MHz, Chloroform-d) 3 7.17 — 6.95 (m, 4H), 4.78 (d, J = 8.3
Hz, 1H), 4.23 (d, J = 8.3 Hz, 1H), 3.11 (s, 3H), 3.08 (s, 1H). 3C NMR (101 MHz,
Chloroform-d) § 177.4, 175.4, 162.5 (d, J = 247.8 Hz), 131.2 (d, J = 8.3 Hz), 127.1 (d,
J=3.4Hz),115.8 (d, J = 21.7 Hz), 68.8, 51.3, 25.1. °F NMR (376 MHz, Chloroform-
d) 5 -113.3. HRMS (ESI-TOF) m/z: [M-H] Calcd for C11HoFNOs™ = 222.0572; Found

222.0566.
0
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(3S,45)-3-(4-chlorophenyl)-4-hydroxy-1-methylpyrrolidine-2,5-dione (2i): Thisisa
new compound, white solid, 46 mg, 95% yield, 98% ee, 96:4 dr; [0]*°p = -103.8 (c 0.5,
CHCl3); HPLC (Chiralpak IC column, hexane/isopropanol = 85/15; flow rate = 1.0
mL/min; UV detection at 210 nm; t1 = 10.6 min, t2 = 11.5 min, t3 = 12.4 min, t; = 14.8
min (major). tH NMR (600 MHz, Chloroform-d) § 7.41 — 7.34 (m, 2H), 7.29 — 7.23
(m, 2H), 4.60 (d, J = 6.0 Hz, 1H), 3.95 (d, J = 5.9 Hz, 1H), 3.09 (s, 3H). 13C NMR (101
MHz, Chloroform-d) 6 176.7, 173.9, 134.3, 133.0, 129.4, 129.3, 74.7, 54.0, 25.3.
HRMS (ESI-TOF) m/z: [M-H] Calcd for C11HoCINO3 = 238.0276; Found 238.0273.

(3R,4S)-3-(4-chlorophenyl)-4-hydroxy-1-methylpyrrolidine-2,5-dione (2i): This is
a new compound, white solid, 47 mg, 98% yield, 96% ee, 99:1 dr; [0]°> = -72.8 (c 0.5,
CHCI3); HPLC (Chiralpak IC column, hexane/isopropanol = 85/15; flow rate = 1.0
mL/min; UV detection at 210 nm; t; = 10.6 min, t2 = 11.5 min (major), t3 = 12.4 min,
t2 = 14.8 min. *H NMR (400 MHz, Chloroform-d) & 7.37 — 7.30 (m, 2H), 7.14 — 7.01
(m, 2H), 4.79 (d, J = 8.3 Hz, 1H), 4.21 (d, J = 8.3 Hz, 1H), 3.11 (s, 3H), 3.04 (s, 1H).
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13C NMR (101 MHz, Chloroform-d) § 177.3, 175.2, 134.4, 130.8, 129.8, 129.0, 68.7,
51.4, 25.1. HRMS (ESI-TOF) m/z: [M-H]" Calcd for C11HeCINOs = 238.0276; Found

238.0274.
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(3S,45)-3-(4-bromophenyl)-4-hydroxy-1-methylpyrrolidine-2,5-dione (2j): This is
a new compound, white solid, 54 mg, 95% yield, 99% ee, 97:3 dr; [¢]*°> = -90.2 (¢ 0.5,
CHCI3); HPLC (Chiralpak IC column, hexane/isopropanol = 90/10; flow rate = 1.0
mL/min; UV detection at 210 nm; t; = 16.4 min, t2 = 19.0 min, t3 = 20.5 min, t; = 22.8
min (major). *H NMR (400 MHz, Methanol-ds)  7.61 — 7.49 (m, 2H), 7.31 - 7.22 (m,
2H), 4.61 (d, J = 6.4 Hz, 1H), 3.91 (d, J = 6.4 Hz, 1H), 3.02 (s, 3H). 3C NMR (101
MHz, Methanol-ds) 6 178.1, 176.1, 136.3, 132.9, 131.6, 122.7, 75.9, 56.3, 25.1. HRMS
(ESI-TOF) m/z: [M-H]" Calcd for C11HsBrNOs™ = 281.9771; Found 281.9770.

(3R,4S)-3-(4-bromophenyl)-4-hydroxy-1-methylpyrrolidine-2,5-dione (3j): This is
a new compound, white solid, 54 mg, 95% yield, 98% ee, 98:2 dr; [0]%°> = -57.8 (c 0.5,
CHCI3); HPLC (Chiralpak IC column, hexane/isopropanol = 90/10; flow rate = 1.0
mL/min; UV detection at 210 nm; t; = 16.4 min, t = 19.1 min (major), tz = 20.5 min,
ts = 22.8 min. *H NMR (600 MHz, Chloroform-d) 6 7.41 (d, J = 8.2 Hz, 2H), 6.94 (d,
J=8.2 Hz, 2H), 4.71 (dd, J = 8.2, 4.1 Hz, 1H), 4.12 (d, J = 8.3 Hz, 1H), 3.05 (d, J =
4.7 Hz, 1H), 3.03 (s, 3H). 3C NMR (151 MHz, Chloroform-d) & 177.3, 175.1, 131.9,
131.2, 130.4, 1225, 68.7, 51.5, 25.2. HRMS (ESI-TOF) m/z: [M-H] Calcd for

C11HoBrNOs = 281.9771; Found 281.9770.
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(3S,45)-3-hydroxy-1-methyl-4-(4-(trifluoromethyl)phenyl)pyrrolidine-2,5-dione
(2K): This is a new compound, white solid, 48 mg, 88% yield, 96% ee, 90:10 dr; [a]*°>
= -100.3 (c 0.3, MeOH); HPLC (Chiralpak 1G column, hexane/isopropanol =80/20;
flow rate = 1.0 mL/min; UV detection at 210 nm; t; = 6.0 min, t2 = 6.4 min, t3 = 6.9
min, t4 = 7.7 min (major). *H NMR (600 MHz, Methanol-ds) 6 7.68 (d, J = 8.1 Hz, 2H),
7.55(d, J = 8.1 Hz, 2H), 4.67 (d, J = 6.5 Hz, 1H), 4.05 (d, J = 6.5 Hz, 1H), 3.03 (s, 3H).
13C NMR (151 MHz, Methanol-ds) & 178.0, 175.9, 141.5, 131.0 (q, J = 32.4 Hz), 130.4,
126.6 (q, J = 3.8 Hz), 125.6 (q, J = 271.8 Hz), 75.8, 56.5, 25.2. 1°F NMR (376 MHz,
Methanol-ds) & -64.1. HRMS (ESI-TOF) m/z: [M-H]" Calcd for Ci2HoFsNOs =
272.0540; Found 272.0538.

(3S,4R)-3-hydroxy-1-methyl-4-(4-(trifluoromethyl)phenyl)pyrrolidine-2,5-dione
(3k): This is a new compound, white solid, 50 mg, 92% yield, 92% ee, 97:3 dr; [¢]*p
=-60.2 (c 0.5, CHCIz); HPLC (Chiralpak IG column, hexane/isopropanol =80/20; flow
rate = 1.0 mL/min; UV detection at 210 nm; t; = 6.0 min, t2 = 6.4 min, t3 = 6.9 min
(major), t4 = 7.7 min. *H NMR (600 MHz, Methanol-ds) § 7.62 (d, J = 8.0 Hz, 2H),
7.36 (d, J=7.9 Hz, 2H), 4.80 (d, J = 8.1 Hz, 1H), 4.38 (d, J = 8.1 Hz, 1H), 3.06 (s, 3H).
13C NMR (151 MHz, Methanol-ds) 5 178.9, 177.9, 139.0, 131.8, 130.7 (q, J = 32.3 Hz),
126.1 (g, J = 3.8 Hz), 125.7 (g, J = 271.1 Hz), 70.1, 53.3, 25.1. 1°F NMR (565 MHz,
Methanol-ds) & -64.1. HRMS (ESI-TOF) m/z: [M-H] Calcd for Ci2HeFsNOz =
272.0540; Found 272.0540.
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(3S,45)-3-hydroxy-1-methyl-4-(p-tolyl)pyrrolidine-2,5-dione (2I): This is a new
compound, white solid, 42 mg, 97% yield, >99% ee, 99:1 dr; [a]*°> = -108.0 (c 0.5,
CHCl3); HPLC (Chiralpak IC column, hexane/isopropanol = 90/10; flow rate = 1.0
mL/min; UV detection at 210 nm; t; = 19.7 min, t2 = 32.2 min (major), t3 = 35.9 min,
ts = 40.2 min. *H NMR (400 MHz, Methanol-ds) § 7.22 — 7.09 (m, 4H), 4.58 (d, J =
6.1 Hz, 1H), 3.84 (d, J = 6.1 Hz, 1H), 3.01 (s, 3H), 2.32 (s, 3H). 2*C NMR (101 MHz,
Methanol-ds) 6 178.4, 177.0, 138.7, 134.0, 130.5, 129.4, 76.2, 56.7, 25.1, 21.1. HRMS
(ESI-TOF) m/z: [M-H] Calcd for C12H12NO3™ = 218.0823; Found 218.0817.

(3S,4R)-3-hydroxy-1-methyl-4-(p-tolyl)pyrrolidine-2,5-dione (31): This is a new
compound, white solid, 43 mg, 95% vyield, >99% ee, 96:4 dr; [0]*p = -60.8 (c 0.5,
CHCl3); HPLC (Chiralpak IC column, hexane/isopropanol = 90/10; flow rate = 1.0
mL/min; UV detection at 210 nm; t; = 19.7 min, t> = 32.2 min, t3 = 35.9 min (major),
t2 = 40.2 min. *H NMR (600 MHz, Chloroform-d) § 7.10 (d, J = 7.7 Hz, 2H), 6.93 (d,
J=7.8Hz, 2H), 4.76 — 4.63 (m, 1H), 4.14 (d, J = 8.1 Hz, 1H), 3.04 (s, 3H), 2.69 — 2.57
(m, 1H), 2.26 (s, 3H). 13C NMR (151 MHz, Chloroform-d) & 177.4, 175.6, 138.4,129.7,
129.2, 128.1, 69.0, 51.9, 25.0, 21.1. HRMS (ESI-TOF) m/z: [M-H]" Calcd for
C12H12NO3™ = 218.0823; Found 218.0818.
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(3S,45)-3-hydroxy-4-(4-methoxyphenyl)-1-methylpyrrolidine-2,5-dione (2m): This
is a new compound, white solid, 45 mg, 96% yield, >99% ee, 95:5 dr; [a]?*’p = -115.8
(c 0.5, CHCIz); HPLC (Chiralpak IC column, hexane/isopropanol = 85/15; flow rate =
1.0 mL/min; UV detection at 210 nm; t; = 25.3 min, t2 = 31.6 min (major), t3 = 33.8
min, t2 = 39.1 min. 'H NMR (600 MHz, Methanol-ds) § 7.21 (d, J = 8.2 Hz, 2H), 6.92
(d, J=8.3 Hz, 2H), 4.57 (d, J = 6.0 Hz, 1H), 3.83 (d, J = 5.9 Hz, 1H), 3.78 (s, 3H), 3.01
(s, 3H). 13C NMR (151 MHz, Methanol-ds) & 178.4, 177.1, 160.8, 130.6, 128.9, 115.3,
76.2, 56.3, 55.7, 25.1. HRMS (ESI-TOF) m/z: [M-H] Calcd for C12H12NO4 =
234.0772; Found 234.0767.

(3S,4R)-3-hydroxy-4-(4-methoxyphenyl)-1-methylpyrrolidine-2,5-dione (3m):
This is a new compound, white solid, 44 mg, 95% yield, >99% ee, 95:5 dr; [a]*% = -
49.6 (c 0.5, CHCI3); HPLC (Chiralpak IC column, hexane/isopropanol = 85/15; flow
rate = 1.0 mL/min; UV detection at 210 nm; t; = 25.3 min, t2 = 31.6 min, t3 = 33.8 min,
t2 = 39.1 min (major). *H NMR (400 MHz, Methanol-ds) § 7.10 — 7.01 (m, 2H), 6.92 —
6.82 (M, 2H), 4.73 (d, J = 8.1 Hz, 1H), 4.18 (d, J = 8.1 Hz, 1H), 3.76 (s, 3H). 1*C NMR
(101 MHz, Methanol-ds) & 179.4, 178.8, 160.6, 132.0, 126.2, 114.8, 70.2, 55.7, 53.1,
25.0. HRMS (ESI-TOF) m/z: [M-H] Calcd for C1,H12NO4 = 234.0772; Found
234.0769.

MeO

(3S,4S)-3-hydroxy-4-(3-methoxyphenyl)-1-methylpyrrolidine-2,5-dione (2n): This
is a new compound, white solid, 44 mg, 94% yield, 98% ee, 96:4 dr; [a]*% = -89.0 (c
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0.5, CHCIz); HPLC (Chiralpak IE column, hexane/isopropanol = 70/30; flow rate = 1.0
mL/min; UV detection at 210 nm; t; = 19.7 min, t> = 26.2 min (major), t3 = 29.1 min,
t2 = 33.2 min. *H NMR (600 MHz, Chloroform-d) & 7.27 — 7.15 (m, 1H), 6.82 — 6.71
(m, 3H), 4.55 (d, J = 5.9 Hz, 1H), 3.85 (br, 1H), 3.83 (d, J = 5.8 Hz, 1H), 3.73 (s, 3H),
3.00 (s, 3H). 13C NMR (151 MHz, Chloroform-d) 6 177.0, 174.4, 160.0, 136.1, 130.2,
120.1, 114.0, 113.4, 74.8, 55.3, 54.8, 25.2. HRMS (ESI-TOF) m/z: [M-H] Calcd for
C12H12NO4 = 234.0772; Found 234.0768.

(3S,4R)-3-hydroxy-4-(3-methoxyphenyl)-1-methylpyrrolidine-2,5-dione (3n): This
is a new compound, white solid, 46 mg, 97% vyield, 94% ee, 98:2 dr; [a]*’p = -31.6 (C
0.5, CHCl3); HPLC (Chiralpak IE column, hexane/isopropanol = 70/30; flow rate = 1.0
mL/min; UV detection at 210 nm; t; = 19.7 min, t2 = 26.2 min, t3 = 29.1 min, t; = 33.2
min (major). *H NMR (600 MHz, Chloroform-d) & 7.26 — 7.14 (m, 1H), 6.84 — 6.74
(m, 1H), 6.67 — 6.53 (m, 2H), 4.70 (d, J = 8.3 Hz, 1H), 4.13 (d, J = 8.3 Hz, 1H), 3.71
(s, 3H), 3.04 (s, 3H), 2.77 (brs, 1H). 3C NMR (151 MHz, Chloroform-d) § 177.3, 175.3,
159.9,132.7,130.0, 121.3, 115.6, 113.5, 69.0, 55.2, 52.2, 25.0. HRMS (ESI-TOF) m/z:
[M-H]" Calcd for C12H12NO4™ = 234.0772; Found 234.0769.

(3S,45)-3-hydroxy-4-(2-methoxyphenyl)-1-methylpyrrolidine-2,5-dione (20): This
is a new compound, white solid, 45 mg, 95% yield, 97% ee, 91:9 dr; [a]?°> = -107.0 (c
0.5, CHCI3); HPLC (Chiralpak IC column, hexane/isopropanol = 60/40; flow rate =
1.0 mL/min; UV detection at 210 nm; t; = 6.5 min, t2 = 7.9 min, t3 = 9.1 min, t4 = 10.6
min (major). *H NMR (600 MHz, Chloroform-d) 6 7.35 —7.30 (m, 1H), 7.26 — 7.21 (m,
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1H), 7.00 — 6.94 (m, 1H), 6.92 — 6.86 (M, 1H), 4.69 (s, 1H), 3.75 (d, J = 4.7 Hz, 1H),
3.73 (s, 3H), 3.08 (s, 3H), 1.84 (brs, 1H). 1*C NMR (151 MHz, Chloroform-d) § 177.5,
175.4, 156.7, 131.8, 129.8, 123.7, 121.2, 111.1, 73.5, 55.5, 53.4, 25.0. HRMS (ESI-
TOF) m/z: [M-H] Calcd for C12H12NO4 = 234.0772; Found 234.0767.
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(3S,4R)-3-hydroxy-4-(2-methoxyphenyl)-1-methylpyrrolidine-2,5-dione (30): This
is a new compound, white solid, 45 mg, 95% vyield, 93% ee, 99:1 dr; [0]®p = +6.0 (C
0.5, CHCI3); HPLC (Chiralpak IC column, hexane/isopropanol = 60/40; flow rate =
1.0 mL/min; UV detection at 210 nm; t1 = 6.5 min, t> = 7.9 min (major), t3 = 9.1 min,
t2 = 10.6 min. *H NMR (600 MHz, Chloroform-d) § 7.29 — 7.22 (m, 1H), 7.15 - 7.10
(m, 1H), 6.95 — 6.89 (m, 1H), 6.84 — 6.79 (m, 1H), 4.69 (t, J = 8.1 Hz, 1H), 4.14 (d, J
=8.9 Hz, 1H), 3.66 (s, 3H), 3.01 (s, 3H), 2.73 (d, J = 7.4 Hz, 1H). $3C NMR (151 MHz,
Chloroform-d) 6 177.9, 176.1, 157.1, 132.6, 129.9, 121.7, 120.8, 111.1, 68.7, 55.7, 49.8,
24.8. HRMS (ESI-TOF) m/z: [M-H] Calcd for C12H12NOs = 234.0772; Found
234.0769.

(3S,4S)-3-(2-fluorophenyl)-4-hydroxy-1-methylpyrrolidine-2,5-dione (2p): This is
a new compound, white solid, 43 mg, 96% yield, 97% ee, 91:9 dr; [a]®p = -143.0 (c
0.5, CHCI3); The absolute configurations of 2p was assigned as (S,S) by X-ray;
HPLC (Chiralpak IB column, hexane/isopropanol = 85/15; flow rate = 1.0 mL/min;
UV detection at 210 nm; t1 = 10.9 min, t2 = 12.2 min (major), t3 = 16.8 min, t4 = 18.1
min. *H NMR (600 MHz, Chloroform-d) § 7.39 — 7.24 (m, 2H), 7.20 — 7.06 (m, 2H),
4.69 (t, J = 4.4 Hz, 1H), 4.09 (s, 1H), 3.94 (d, J = 5.4 Hz, 1H), 3.08 (s, 3H). 3C NMR
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(151 MHz, Chloroform-d) § 177.0, 173.9, 160.7 (d, J = 246.2 Hz), 131.6 (d, J = 3.4
Hz), 130.3 (d, J = 8.4 Hz), 124.7, 122.4 (d, J = 14.0 Hz), 115.9 (d, J = 20.8 Hz), 74.0,
51.6, 25.2. 1%F NMR (565 MHz, Chloroform-d) & -115.7. HRMS (ESI-TOF) m/z: [M-
H] Calcd for C11HgFNO3™ = 222.0572; Found 222.0567.
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(3S,4R)-3-(2-fluorophenyl)-4-hydroxy-1-methylpyrrolidine-2,5-dione (3p): This is
a new compound, white solid, 43 mg, 97% yield, 94% ee, 99:1 dr; [a]* = -80.2 (c 0.5,
CHCl3); HPLC (Chiralpak IB column, hexane/isopropanol = 85/15; flow rate = 1.0
mL/min; UV detection at 210 nm; t; = 10.9 min, t> = 12.2 min, t3 = 16.8 min (major),
ty = 18.1 min. 'H NMR (400 MHz, Methanol-ds) & 7.38 — 7.28 (m, 1H), 7.26 — 7.18
(m, 1H), 7.18 — 7.11 (m, 1H), 7.11 — 7.02 (m, 1H), 4.78 (d, J = 8.4 Hz, 1H), 4.41 (d, J
= 8.4 Hz, 1H), 3.04 (s, 3H). 13C NMR (101 MHz, Methanol-ds) § 179.2, 178.0, 163.0
(d, J = 245.3 Hz), 133.3 (d, J = 4.1 Hz), 130.8 (d, J = 8.5 Hz), 125.2 (d, J = 3.4 Hz),
122.0 (d, J = 15.1 Hz), 116.1 (d, J = 22.1 Hz), 69.3, 25.1. 1%F NMR (376 MHz,
Methanol-ds) & -116.2. HRMS (ESI-TOF) m/z: [M-H] Calcd for C1iHeFNOs =
222.0572; Found 222.0568.

MeO

MeO
(3S,45)-3-(3,4-dimethoxyphenyl)-4-hydroxy-1-methylpyrrolidine-2,5-dione  (2Qq):
This is a new compound, white solid, 50 mg, 95% yield, 99% ee, 99:1 dr; [0]%% = -
107.2 (c 0.5, CHCIs); HPLC (Chiralpak IE column, hexane/isopropanol = 70/30; flow
rate = 1.0 mL/min; UV detection at 210 nm; t; = 19.7 min, t> = 26.2 min (major), t3 =
29.1min, t4 = 33.2 min. *H NMR (400 MHz, DMSO-ds) 6 6.97 — 6.89 (m, 2H), 6.86 —

6.80 (m, 1H), 4.60 (d, J = 6.4 Hz, 1H), 3.83 (d, J = 6.5 Hz, 1H), 3.74 (s, 3H), 3.73 (s,
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3H), 3.51 (br, 1H), 2.90 (s, 3H). 3C NMR (151 MHz, DMSO-dg) 5 177.3, 175.4, 149.3,
148.7, 128.9, 121.7, 112.8, 112.2, 74.8, 56.0, 56.0, 55.3, 25.0. HRMS (ESI-TOF) m/z;
[M-H]" Calcd for C13H1aNOs™ = 264.0877; Found 264.0876.

(3R,45)-3-(3,4-dimethoxyphenyl)-4-hydroxy-1-methylpyrrolidine-2,5-dione (3Qq):
This is a new compound, white solid, 51 mg, 97% yield, 96% ee, 98:2 dr; [0]®p = -48.2
(c 0.5, CHCI3); HPLC (Chiralpak IE column, hexane/isopropanol = 70/30; flow rate =
1.0 mL/min; UV detection at 210 nm; t; = 19.7 min, t; = 26.2 min, t3 = 29.1min, t4 =
33.2 min (major). 'TH NMR (400 MHz, Chloroform-d) § 6.92 — 6.78 (m, 1H), 6.70 —
6.61 (m, 2H), 4.77 (d, J = 7.2 Hz, 1H), 4.19 (d, J = 8.2 Hz, 1H), 3.86 (s, 3H), 3.85 (s,
3H), 3.12 (s, 3H), 2.70 (s, 1H). 3C NMR (151 MHz, Chloroform-d) & 177.2, 175.5,
149.2,149.2,123.3,121.4,112.8,111.4,69.0, 55.9, 55.9, 51.8, 25.0. HRMS (ESI-TOF)
m/z: [M-H] Calcd for C13H14NOs™ = 264.0877; Found 264.0877.

(3S,4S)-3-hydroxy-1-methyl-4-(naphthalen-2-yl)pyrrolidine-2,5-dione (2r): This is
a new compound, white solid, 50 mg, 97% yield, >99% ee, >99:1 dr; [a]*p = -110.0 (c
0.5, CHCI3); HPLC (Chiralpak I1C column, hexane/isopropanol = 85/15; flow rate =
1.0 mL/min; UV detection at 210 nm; t1 = 17.5 min, t2 = 26.1 min, t3 = 28.9min (major),
t4 = 30.7 min. *H NMR (400 MHz, DMSO-ds) & 8.00 — 7.82 (m, 4H), 7.61 — 7.42 (m,
3H), 4.73 (d, J = 6.5 Hz, 1H), 4.13 (d, J = 6.5 Hz, 1H), 2.95 (s, 3H). 3C NMR (151
MHz, DMSO-ds) 6 177.2,175.2,134.1,133.3, 132.7, 128.6, 128.4, 128.0, 128.0, 127.0,
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126.8, 126.6, 74.7, 55.8, 25.1. HRMS (ESI-TOF) m/z: [M-H] Calcd for C1sH12NO3™ =
254.0823; Found 254.0821.

(3S,4R)-3-hydroxy-1-methyl-4-(naphthalen-2-yl)pyrrolidine-2,5-dione (3r): This is
a new compound, white solid, 50 mg, 98% yield, 95% ee, >99:1 dr; [a]*°%> = -46.0 (c
0.5, CHCI3); HPLC (Chiralpak IC column, hexane/isopropanol = 85/15; flow rate =
1.0 mL/min; UV detection at 210 nm; t1 = 17.5 min, t2 = 25.1 min (major), t3 = 28.9min,
t2=30.7 min. 'H NMR (400 MHz, Chloroform-d) & 7.89 — 7.75 (m, 3H), 7.64 (s, 1H),
7.54 — 7.44 (m, 2H), 7.18 (dd, J = 8.5, 1.6 Hz, 1H), 4.87 (dd, J = 8.3, 4.6 Hz, 1H), 4.42
(d, J = 8.3 Hz, 1H), 3.18 (s, 3H), 2.46 (d, J = 4.7 Hz, 1H). 3C NMR (151 MHz,
Chloroform-d) 6 177.3, 175.4, 133.3, 132.9, 128.9, 128.7, 128.7, 127.8, 127.7, 126.6,
126.6, 126.5, 69.1, 52.3, 25.1. HRMS (ESI-TOF) m/z: [M-H]" Calcd for C15sH12NO3™ =
254.0823; Found 254.0821.

(3S,4S)-3-hydroxy-1-methyl-4-(1-methyl-1H-indol-3-yl)pyrrolidine-2,5-dione (2s):
This is a new compound, white solid, 68 mg, 92% yield, 97% ee, 84:16 dr; [a]*’ =
+6.4 (c 0.25, CHCIz); HPLC (Chiralpak 1C column, hexane/isopropanol = 60/40; flow
rate = 1.0 mL/min; UV detection at 210 nm; t; = 7.1 min, t2 = 7.9 min, t3 = 8.4 min
(major), ta = 10.4 min. *H NMR (400 MHz, DMSO-ds) 6 7.54 — 7.39 (m, 2H), 7.33 (s,
1H), 7.18 (t, = 7.5 Hz, 1H), 7.02 (t, J = 7.4 Hz, 1H), 6.36 (d, J = 6.8 Hz, 1H), 4.60 (t,
J = 6.4 Hz, 1H), 4.13 (d, J = 6.1 Hz, 1H), 3.77 (s, 3H), 2.95 (s, 3H). 13C NMR (151
MHz, DMSO-ds) 6 177.4,175.4,137.2,128.9,127.1,121.9,119.4,119.3, 110.3, 108.5,
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74.1, 47.7, 32.9, 25.0. HRMS (ESI-TOF) m/z: [M-H] Calcd for Ci4H13N203™ =
257.0932; Found 257.0930.
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(3S,4R)-3-hydroxy-1-methyl-4-(1-methyl-1H-indol-3-yl)pyrrolidine-2,5-dione (3s):
This is a new compound, white solid, 68 mg, 96% yield, 91% ee, 99:1 dr; [0]*°p = -70.2
(c 0.5, CHCI3); HPLC (Chiralpak IC column, hexane/isopropanol = 60/40; flow rate =
1.0 mL/min; UV detection at 210 nm; t1 = 7.1 min, t2 = 7.9 min, t3 = 8.4 min, t = 10.4
min (major). *H NMR (600 MHz, Chloroform-d) & 7.38 (d, J = 8.0 Hz, 1H), 7.33 (d, J
= 8.2 Hz, 1H), 7.28 — 7.23 (m, 1H), 7.14 (t, J = 7.5 Hz, 1H), 7.04 (s, 1H), 4.80 (d, J =
7.9 Hz, 1H), 4.52 (d, J = 8.0 Hz, 1H), 3.77 (s, 3H), 3.14 (s, 3H), 2.44 (s, 1H). 13C NMR
(151 MHz, Chloroform-d) & 177.0, 175.9, 137.1, 129.1, 127.1, 122.5, 120.1, 118.6,

109.8, 103.0, 68.8, 44.5, 32.9, 25.0. HRMS (ESI-TOF) m/z: [M-H] Calcd for
C14H13N203™ = 257.0932; Found 257.0931.

(3R,4S)-3-(furan-2-yl)-4-hydroxy-1-methylpyrrolidine-2,5-dione (2t): This is a new
compound, white solid, 36 mg, 93% vyield, 98% ee, 98:2 dr; [0]% > = -144.2 (c 0.5,
CHCI3); HPLC (Chiralpak IC column, hexane/isopropanol = 70/30; flow rate = 1.0
mL/min; UV detection at 210 nm; t; = 7.2 min, t2 = 8.1 min, t3 = 8.7 min (major), ts =
9.7 min. *H NMR (400 MHz, Chloroform-d) & 7.46 — 7.36 (m, 1H), 6.48 — 6.30 (m,
2H), 4.82 (s, 1H), 4.07 (d, J = 5.8 Hz, 1H), 4.00 (s, 1H), 3.07 (s, 3H). 3C NMR (101
MHz, Chloroform-d) 6 176.7, 172.1, 146.7, 143.0, 110.7, 109.6, 72.0, 49.0, 25.2.
HRMS (ESI-TOF) m/z: [M-H] Calcd for CoHsNO4 = 194.0459; Found 194.0452.
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(3S,45)-3-(furan-2-yl)-4-hydroxy-1-methylpyrrolidine-2,5-dione (3t): This is a new
compound, white solid, 37 mg, 95% vyield, 94% ee, 96:4 dr; [a]*%> = -53.6 (c 0.5,
CHCl3); HPLC (Chiralpak IC column, hexane/isopropanol = 70/30; flow rate = 1.0
mL/min; UV detection at 210 nm; t; = 7.2 min, t2 = 8.1 min (major), tz3 = 8.7 min, t; =
9.7 min. *H NMR (400 MHz, Chloroform-d) & 7.37 — 7.26 (m, 1H), 6.35 — 6.24 (m,
2H), 4.78 — 4.66 (m, 1H), 4.32 (d, J = 8.3 Hz, 1H), 3.04 (s, 3H), 2.97 — 2.87 (m, 1H).
13C NMR (101 MHz, Chloroform-d) § 176.8, 172.7, 145.0, 143.3, 110.9, 110.8, 68.8,
46.4, 25.2. HRMS (ESI-TOF) m/z: [M-H] Calcd for CsHsNO4™ = 194.0459; Found
194.0452.
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(3S,4R)-3-hydroxy-1-(4-methoxybenzyl)-4-methylpyrrolidine-2,5-dione (3u)”:
white solid, 48 mg, 97% yield, 97% ee, >20:1 dr; {[0]?°> = -57.0 (c 0.5, CHCIy); lit. 8
[0]®p = -45.5 (¢ 1.0, CHCIl3) } HPLC (Chiralpak IC column, hexane/isopropanol =
85/15; flow rate = 1.0 mL/min; UV detection at 210 nm; t; = 11.5 min (major), t, = 12.5
min. *H NMR (400 MHz, Chloroform-d) § 7.25 — 7.17 (m, 2H), 6.79 — 6.71 (m, 2H),
4.50 (s, 2H), 4.48 (s, 1H), 3.70 (s, 3H), 3.65 (s, 1H), 2.92 (p, J = 7.7 Hz, 1H), 1.17 (d,
J = 7.6 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) & 178.4, 178.2, 159.3, 130.1,

127.6, 114.0, 68.5, 55.2, 41.7, 40.1, 10.2. HRMS (ESI-TOF) m/z: [M-H] Calcd for
C13H14NO4 = 248.0928; Found 248.0926.
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(3S,4R)-1-benzyl-3-hydroxy-4-methylpyrrolidine-2,5-dione (3v)’: white solid, 42
mg, 95% yield, 98% ee, >20:1 dr; [0]*’p = -40.2 (¢ 1.0, CHCI5); lit. [a]*’p = -54.2 (¢
0.38, CHCI3) HPLC (Chiralpak ID column, hexane/isopropanol = 85/15; flow rate =
0.8 mL/min; UV detection at 210 nm; t; = 10.9 min, t2 = 11.5 min (major). "H NMR
(400 MHz, Chloroform-d) 6 7.30 —7.15 (m, 5SH), 4.56 (s, 2H), 4.51 (d, /= 8.1 Hz, 1H),
3.70 (s, 1H), 2.93 (p, J = 7.7 Hz, 1H), 1.18 (d, J = 7.6 Hz, 3H). 13C NMR (101 MHz,
Chloroform-d) & 178.3, 178.3, 135.3, 128.7, 128.5, 128.0, 68.5, 42.2, 40.1, 10.3.
HRMS (ESI-TOF) m/z: [M-H] Calcd for C12H12NO3™ = 218.0823; Found 218.0817.
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(3R,4S)-1,3-dibenzyl-4-hydroxypyrrolidine-2,5-dione (3w)’: white solid, 56 mg, 95%
yield, 99% ee, >20:1 dr; [a]*°> = -37.3 (c 1.5, CHCI3); HPLC (Chiralpak I1C column,
hexane/isopropanol = 85/15; flow rate = 0.8 mL/min; UV detection at 210 nm; t; = 8.3
min (major), t> = 8.8 min. *H NMR (600 MHz, Chloroform-d) § 7.32 — 7.25 (m, 5H),
7.23 —7.21 (m, 4H), 7.20 — 7.15 (m, 1H), 4.59 — 4.50 (m, 2H), 4.50 — 4.47 (m, 1H),
3.62 (d, J=3.1Hz, 1H), 3.22 —3.16 (m, 1H), 3.14—3.06 (M, 2H).3C NMR (151 MHz,
Chloroform-d) & 177.6, 176.6, 138.0, 135.2, 129.1, 128.7, 128.6, 128.4, 128.0, 126.6,
68.1, 46.9, 42.2, 30.4. HRMS (ESI-TOF) m/z: [M-H] Calcd for CigHisNOs™ =
294.1136; Found 294.1136.

0
HO,,

/J\\ N—Bn

o)
(3S,4R)-1-benzyl-3-hydroxy-4-isobutylpyrrolidine-2,5-dione (3x): This is a new
compound, white solid, 50 mg, 95% yield, 98% ee, >20:1 dr; [a]*’> = -39.0 (c 0.8,
CHCI3); HPLC (Chiralpak IC column, hexane/isopropanol = 90/10; flow rate = 1.0
mL/min; UV detection at 210 nm; t; = 6.9 min (major), t> = 7.3 min. *H NMR (400
MHz, Chloroform-d) 6 7.50 — 7.11 (m, 5H), 4.62 (s, 2H), 4.60 — 4.53 (m, 1H), 3.75 (d,
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J=3.9 Hz, 1H), 2.94 (g, J = 7.9 Hz, 1H), 1.94 — 1.78 (m, 1H), 1.78 — 1.64 (m, 1H),
1.56 — 1.38 (m, 1H), 0.94 (dd, J = 10.6, 6.6 Hz, 6H).13C NMR (101 MHz, Chloroform-
d) 6 178.3, 177.9, 135.3, 128.6, 128.5, 128.0, 68.5, 43.0, 42.2, 33.8, 25.8, 22.4, 22.2.
HRMS (ESI-TOF) m/z: [M-H] Calcd for C1sH1sNO3™ = 260.1292; Found 260.1290.
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(3R,45)-3-benzyl-4-hydroxypyrrolidine-2,5-dione (3y): This is a new compound,
white solid, 39 mg, 95% yield, >99% ee, >20:1 dr; [a]®p = -52.2 (¢ 0.5, MeOH); HPLC
(Chiralpak IC column, hexane/isopropanol = 85/15; flow rate = 1.0 mL/min; UV
detection at 210 nm; t; = 10.0min, t; = 11.6 min (major), t3 = 12.8 min, t4 = 13.8 min.
IH NMR (600 MHz, Methanol-ds) § 7.45 — 7.36 (m, 2H), 7.36 — 7.30 (m, 2H), 7.27 —
7.22 (m, 1H), 4.57 (d, J = 7.6 Hz, 1H), 3.30 (td, J = 8.1, 5.3 Hz, 1H), 3.19 — 3.06 (m,
2H). C NMR (151 MHz, Methanol-ds) & 180.7, 180.7, 140.4, 130.2, 129.3, 127.3,
70.1, 49.5, 31.2. HRMS (ESI-TOF) m/z: [M-H] Calcd for C11H10NO3z™ = 204.0666;
Found 204.0660.
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(3S,4R)-3-hydroxy-4-isopropylpyrrolidine-2,5-dione: This is a new compound,
white solid, 30 mg, 95% yield, 99% ee, >20:1 dr; [a]*°> = -61.4 (¢ 0.5, MeOH); HPLC
(Chiralpak IC column, hexane/isopropanol = 80/20; flow rate = 1.0 mL/min; UV
detection at 210 nm; t1 = 5.2 min, t> = 6.3 min (major). *H NMR (400 MHz, Methanol-
ds) 5 4.65 (d, J = 8.3 Hz, 1H), 2.82 (dd, J = 8.3, 3.9 Hz, 1H), 2.35 — 2.21 (m, 1H), 1.13
(d, J = 7.0 Hz, 3H), 0.93 (d, J = 6.8 Hz, 3H). 13C NMR (101 MHz, Methanol-ds) &
181.7, 179.6, 70.5, 53.1, 27.3, 21.4, 19.0. HRMS (ESI-TOF) m/z: [M-H] Calcd for
C7H10NO3s™ = 156.0666; Found 156.0657.
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(3R,45)-3-butyl-4-hydroxypyrrolidine-2,5-dione (3aa): This is a new compound,
white solid, 33 mg, 97% yield, 98% ee, >20:1 dr; [a]*°p = -69.1 (c 1.0, CHCI3); HPLC
(Chiralpak IC column, hexane/isopropanol = 80/20; flow rate = 1.0 mL/min; UV
detection at 210 nm; t; = 6.6 min, t2 = 7.3 min (major). *H NMR (600 MHz, Methanol-
ds) 8 4.56 (d, J = 7.9 Hz, 1H), 2.86 (td, J = 7.8, 6.0 Hz, 1H), 1.79 — 1.69 (m, 1H), 1.67
—1.56 (m, 1H), 1.50 — 1.40 (m, 2H), 1.39 — 1.31 (m, 2H), 0.92 (t, J = 7.3 Hz, 3H). 13C
NMR (151 MHz, Methanol-ds) & 181.5, 181.1, 70.5, 47.5, 30.6, 26.2, 23.7, 14.2.
HRMS (ESI-TOF) m/z: [M-H] Calcd for CgH12NOs = 170.0823; Found 170.0814.
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(3R,4S)-3-benzyl-4,5-dihydroxy-523-pyrrolidin-2-one (4y): This is a new compound,
white solid, 38 mg, 91% vyield, >99% ee; [a]*> = -73.6 (¢ 0.5, MeOH); HPLC
(Chiralpak IA column, hexane/isopropanol = 85/15; flow rate = 1.0 mL/min; UV
detection at 210 nm; t; = 8.9 min, t> = 10.1 min (major). *H NMR (600 MHz, Methanol-
ds) § 7.32 — 7.28 (M, 2H), 7.27 — 7.23 (M, 2H), 7.18 — 7.12 (m, 1H), 5.10 (d, J = 4.1 Hz,
1H), 4.09 (dd, J = 5.6, 4.1 Hz, 1H), 3.04 — 2.93 (m, 2H), 2.73 — 2.66 (m, 1H). 13C NMR
(151 MHz, Methanol-ds) 6 178.6, 141.8, 129.9, 129.3, 127.0, 80.6, 70.3, 50.2, 30.8.
HRMS (ESI-TOF) m/z: [M-H]" Calcd for C11H12NO3s™ = 206.0823;

Found 206.0817.
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(3R,4S)-4,5-dihydroxy-3-isopropyl-5A3-pyrrolidin-2-one (4z): This is a new
compound, white solid, 26 mg, 83% vyield, 99% ee; [a]*p = -20.8 (¢ 0.5, MeOH);
HPLC (Chiralpak IC column, hexane/isopropanol = 60/40; flow rate = 1.0 mL/min;
UV detection at 210 nm; t; = 7.0 min, t2 = 9.1 min (major). '"H NMR (600 MHz,
Methanol-ds) & 5.07 (d, J = 4.0 Hz, 1H), 4.29 (t, J = 4.5 Hz, 1H), 2.20 — 2.05 (m, 2H),
1.15 (d, J = 6.1 Hz, 3H), 1.07 (d, J = 6.1 Hz, 3H). 1*C NMR (151 MHz, Methanol-d.)
§179.1, 79.8, 71.4, 53.4, 26.4, 22.3, 21.3. HRMS (ESI-TOF) m/z; [M+H]* Calcd for
C7H14NOs" = 160.0968; Found 160.0968.
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(3R,4S)-3-butyl-4,5-dihydroxy-523-pyrrolidin-2-one (4aa): This is a new compound,
white solid, 30 mg, 87% yield, 99% ee; [a]*°p =-28.4 (¢ 0.5, MeOH); HPLC (Chiralpak
IC column, hexane/isopropanol = 60/40; flow rate = 1.0 mL/min; UV detection at 210
nm; t; = 8.6 min, t2 = 10.5 min (major). *H NMR (400 MHz, Methanol-ds) & 5.11 (d, J
= 4.4 Hz, 1H), 4.25 (dd, J = 6.1, 4.5 Hz, 1H), 2.34 (q, J = 6.7 Hz, 1H), 1.67 (q, J = 7.8,
7.1 Hz, 2H), 1.54 — 1.28 (m, 4H), 0.93 (t, J = 7.1 Hz, 3H). 3C NMR (151 MHz,
Methanol-d4) 6 180.0, 80.5, 70.5, 47.6, 31.1, 25.4, 23.8, 14.3. HRMS (ESI-TOF) m/z:
[M+H]* Calcd for CgH1sNO3s* = 174.1125; Found 174.1125.
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trans-1-benzyl-3-ethoxy-4-phenylpyrrolidine-2,5-dione (2a’): white solid, 56 mg, 90%
yield, 37% ee, 85:15 dr; [a]®p = -37.3 (c 1.5, CHCI3); HPLC (Chiralpak IC column,
hexane/isopropanol = 80/20; flow rate = 1.0 mL/min; UV detection at 210 nm; t; = 8.9
min (major), t2 = 7.8 min. t; = 9.8 min, t; = 10.7 min. *H NMR (400 MHz, Chloroform-
d) 5 7.47 - 7.27 (m, 8H), 7.22 — 7.14 (m, 2H), 4.85 — 4.66 (m, 2H), 4.32 (d, J = 5.2 Hz,
1H), 4.03 — 3.93 (m, 1H), 3.92 (d, J = 5.2 Hz, 1H), 3.73 - 3.57 (m, 1H), 1.20 (t, J= 7.0
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Hz, 3H). C NMR (101 MHz, Chloroform-d) & 174.6, 174.3, 135.5, 135.4, 129.2,
128.8,128.8,128.1, 128.1, 127.8, 81.3, 67.7, 54.2, 42.6, 15.2. HRMS (ESI-TOF) m/z:
[M+H]"* Calcd for C19H20NOs" = 310.1438; Found 310.1435.
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4. Detailed Optimization of Reaction Conditions and Gram-Scale

DKR-ATH Procedure
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Table S1. Optimization of the reaction condition

o) 0O 0]
HO catalyst (2 mol%) HO,,. HO,,,
| N-Bn N—-Bn + N—Bn
Ph hydrogen donor, solvent PH PR
(0] 25°C,12h (0} (0]
1a anti-2a syn-3a
entry  catalyst hydrogen donor solvent conv. (%) €€anii (%) eesyn (%) dr (antilsyn)
1 (RR)-cat1  HCO,H: Et;N (5:2) MeOH <5 - - -
2 (S,S)-cat.2  HCO,H: Et3N (5:2) MeOH <5 - - -
(S,S)-cat.3  HCO,H: Et3N (5:2) MeOH 23 84 - 84:16
4  (RR)-catd4 HCO,H: Et;N (5:2) MeOH >99 -96 - 90:10
5  (RR)-cat5 HCO,H: Et;N (5:2) MeOH 90 -95 - 92:8
6  (S,5)-cat6  HCO,H: Et;N (5:2) MeOH 85 96 - 95:5
7 (S,S)-cat.6  HCO,H: Et3N (5:2) EtOH 71 93 - 97:3
8  (S,S)-cat6  HCO,H: Et;N (5:2) DCM 66 95 - 93:7
9 (S,S)-cat.6 HCO,H: Et3N (5:2) THF 81 99 - 96:4
10 (S,S)-cat.6  HCO,H: EtsN (5:2) dioxane 97 99 - 93:7
11 (S,S)-cat.6  HCO,H: Et;N (5:2) toluene >99 95 - 98:2
12 (S,S)-cat.6 HCO,H: Et3N (5:2) hexane <5 - - -
13 (S,S)-cat.6  HCO,H: Et;N (5:2) EtOAc >99 99 - 98:2
14b  (S,S)-cat.6  HCO,H: Et;N (5:1) EtOAc >99 97 - 97:3
15b  (S,S)-cat.6  HCO,H: Et3N (10:1)  EtOAc >99 97 - 96:4
16 (S,S)-cat.6 = HCO,H: Et;N (100:1)  EtOAc >99 - 96 2:98
170 (S,S)-cat.6  HCO,H: Et3N (200:1)  EtOAc 86 - 96 3:97
18b  (S,S)-cat.6  HCO,H: Et;N (2:0) EtOAc 80 - 94 <1:99
19¢ (S,S)-cat.6 = HCO,H: Et;N (2:0) EtOAc >99 - 93 <1:99
209 (S,S)-cat.6  PrOH - <5 - - -
21¢ (S,S)-cat6  HCO;Na PrOH : H,O (1v/1v) <5 - - -
Cl—
Ru CI-Rh cl—Ir
TsN” NZ /\ \
}_{ H HN  NTs H,N  NTs
Ph Ph PR Ph Ph Ph
(R,R)-cat.1 (S,S)-cat.2 (S,S)-cat.3
o Ru_
Cl-Ru_ N N\\\ | ¢l
TN NT S NS
}—/ Ph Y
Ph Ph Ph
(R,R)-cat.4 (R,R)-cat.5 (R,R)-cat.6 (S,S)-cat.6
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2 Conducted with catalyst/substrate (0.1 mmol) ratio of 1:50 in 1 mL of solvent, HCO,H/Et;N
azeotropic mixture (20 pL) at 25 °C for 12 h. Conversions (conv.) were determined by '"H NMR
analysis. Enantiomeric excesses (ee) and diastereomeric ratios (dr) were determined by HPLC
analysis using a chiral stationary phase. ® HCO>H (2.0 equiv.) was used. *HCO,H (2.0 equiv.) was
used for 48 h. ¢ KO'Bu (3.0 equiv.) was used in 1.0 mL of ‘PrOH at 60 °C for 12 h. ¢ HCO,Na (5.0
equiv.) was used in 2.0 mL of 'PrOH /H,0O (1.0 mL/1.0 mL) at 60 °C for 12 h.

Table S2. TON Study of DKR-ATH of 1u?

o, P (S,5)-cat.6 wo, P
HCO,H/Et;N (5:2)
| N—-PMB N—PMB
Me EtOAc, 25 °C M
o)

o
entry S/C time (h) conv. (%) ee (%)
1 200 2 >99 98
2 500 3 >99 98
3 1000 8 >99 97
4 2000 24 >99 97
5 5000 48 41 97

2 Unless otherwise specified, the reactions were carried out with

different catalyst/substrate (0.2 mmol) ratio in 2 mL of solvent,

HCO,H/Et3N azeotropic mixture (40 uL) at 25 °C.

Conversions (conv.) were determined by 'H NMR analysis.

Enantiomeric excesses (ee), and diastereomeric ratios (dr) were

determined by HPLC analysis using a chiral stationary phase.
The detailed operation process is the same as procedure E.
Gram-Scale DKR-ATH Procedure: In a nitrogen filled glovebox, to a 50 mL Schleck
tube charged with a magnetic stirring bar were added successively substrate 1u (5
mmol, 1.24 g), formic acid/trimethylamine azeotropic mixture (5/2 molar ratio) (1.0
mL), the catalyst (cat.6, 1.9 mg, 0.0025 mmol) and the solvent (25 mL). The mixture
was then stirred at room temperature for 24 h. After completion, The reaction solution
was concentrated and the residue was passed through a short column of silica gel

(eluent: EA:PE = 2:1) to remove the metal complex. Compounds 3u was obtained as a

white solid (1.24 g, 99% yield, 97% ee, >20:1 dr)
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5. Deuterium Labeling Experiment and Control Experiment

(a)

(b)

EtO

Ph

(S,S)-cat.6
HCO,H/Et;N (5:2)

EtOAc, 25 °C, 24 h

(S,S)-cat.6
HCO,H
Et;N (2 mol%)

EtOAc, 25°C, 24 h

(0]
EtO,,
N—Bn
Ph
(0]

2a', 95% conv.
anti/syn = 85/15
37% ee

(0]
EtO,,
N—Bn
Ph
(0]

2a', 32% conv.
anti/syn = 87/13
38% ee

HCO,H/Et;N (5:2)

EtOAc, 25°C, 6 h

0]
HO,,
N—Bn
Ph
(0]

2a, >99% conv.
93:7 dr, 98% ee

(S.S)-cat.6
DCO,D/Et;N (5:2)

EtOAc, 25°C,12h

(S,S)-cat.6
DCO,D
Et;N (2 mol%)

EtOAc, 25°C, 12 h

60%

NaBH,4, AcOH

MeOH, 25 °C, 12 h

Pd/C, H, (5 bar)

MeOH, 25 °C, 1 h

o}
HO
N_
Ph
o}
2f
NR
o}
HO
N_
Ph
o}

syn-3f, >99% yield

Scheme S8. Deuterium labeling experiment and control experiment.

Control experiment:

For eq. a: According to procedure E, 1a' was reduced and anti-2a’ was obtained as
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major product (90% yield, 37% ee, 85/15 anti/syn)

For eq. b: According to procedure F, 1a' was reduced and anti-2a’ was obtained as
major product (30% yield, 38% ee, 87/13 anti/syn)

For eq. c: To a solution of 3a (0.1 mmol) in EtOAc was added HCO,H/Et3N (5:2) (20
ul) and the mixture was then stirred at room temperature. After 6 h, the reaction
solution was concentrated to obtained 2a with 97% ee and 93:7 dr.

Deuterium labeling:

For eq. d: To a 10 mL Schleck tube charged with a magnetic stirring bar were added
successively substrate 1f (0.1 mmol), DCO:;D (2.0 equiv., 7.6 uL)/EtsN (0.8 equiv.),
the catalyst (1.5 mg) and the solvent (1 mL). The mixture was then stirred at room
temperature for the indicated reaction time. After completion, the reaction solution was
concentrated to obtain the crude product D-2f.

For eq. e: To a 10 mL Schleck tube charged with a magnetic stirring bar were added
successively substrate 1f (0.1 mmol), DCO2D (2.0 equiv., 7.6 pL), EtsN (0.28 uL), the
catalyst (cat.6, 1.5 mg) and the solvent (1 mL). The mixture was then stirred at room
temperature for the indicated reaction time. After completion, the reaction solution was

concentrated to obtain the crude product D-3f.
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6. Computational method

Molecular geometries of all transition states were optimized without constraints via
DFT calculations using the B3LYP functional'® with Grimme’s D3(BJ) dispersion
correction'!. The effective core potential (ECP) of the SDD'2 was chosen to describe
Rh, and the 6-31G(d) basis set was used for other atoms. Frequency calculations were
carried out at the same level of theory to identify all of the stationary points as transition
states (one imaginary frequency) and to provide the thermal correction to free energies
at 298.15 K and 1 atm. The single-point energy calculations were performed at the
B3LYP-D3(BJ) level with the SDD for Rh, and the 6-311+G(d,p) basis set for other
atoms in order to get higher accuracy electronic energy. Solvation effect are account for
all calculations using the continuum solvent model IEFPCM', ethyl ethanoate, which
was used as the solvent. Fragment distortion and interaction energies' were calculated
at the level of B3LYP-D3(BJ)/6-311+G(d,p)/SDD(Rh)/IEFPCM(ethyl ethanoate). All

calculations were performed with the Gaussian 16 software package. '

Coordinates

RS-TS

Gsol =-2982.616925 Hartree

Rh -0.677682  -1.473496  -0.604275
S 1.542445 0.355655  -2.094216
0] 2.214429  -0.972215 -2.071447
0] 1.152725 0.816610  -3.450937
0] -7.047781 0.908441 1.010986
N 0.291813 0.320120  -1.066289
N -1.245431  -0.268669 1.002946
C -0.014105 1.466189  -0.198695
C -1.346246 1.132970 0.501948
C -0.126281 2.808039  -0.896982
C -0.874965 2.949734  -2.069260
C -0.999639 4.197211  -2.679835
C -0.375085 5.316455  -2.122829
C 0.373500 5.180241  -0.951760
C 0.495215 3.930937 -0.343844
C -1.687510 2.117232 1.596453
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-0.888814
-1.215039
-2.338269
-3.135275
-2.810902
2.690339
3.110874
4.012762
4.498167
4.050008
3.150510
5.494753
-2.470072
-3.714623
-4.791664
-5.976612
-6.091491
-5.023828
-3.824525
-6.942332
-2.711647
-2.019023
-0.945983
-0.960085
-2.067067
-2.442275
-0.007388
-0.079863
-2.439344
0.741536
-2.142013
-1.335032
-1.577607
-0.466646
0.869291
1.092456
-0.012883
-0.590810
-2.589571
-4.007342
-3.431572
2.717280
4.339933
4.411876

2.219123
3.130467
3.951026
3.855960
2.939692
1.563319
2.621351
3.549225
3.434114
2.364226
1.429177
4.424963
-0.760449
-0.699072
0.041992
0.183775
-0.435417
-1.164293
-1.314284
1.609495
-2.042044
-3.204266
-3.503744
-2.544883
-1.637443
-4.042345
-4.661259
-2.535913
-0.489940
1.559987
1.135061
2.074173
4.295143
6.287034
6.043482
3.817846
1.585086
3.201250
4.661113
4.493815
2.860737
2.717933
4.379641
2.255568

2.743365
3.747939
3.614748
2.472104
1.470331
-1.438750
-2.241233
-1.723404
-0.413712
0.375356
-0.126871
0.134218
1.688626
0.825301
1.325159
0.595570
-0.656006
-1.158691
-0.441832
2.247834
-1.088587
-0.570298
-1.488654
-2.547323
-2.309292
0.598321
-1.359493
-3.756987
-3.191081
0.589749
-0.246714
-2.512551
-3.594740
-2.602398
-0.516656
0.556271
2.853174
4.633951
4.397246
2.359367
0.582332
-3.246308
-2.343368
1.394165
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2.792438
6.514367
5.482245
5.290721
-2.239802
-2.636641
-4.678418
-7.011934
-5.112228
-6.110835
-7.884023
-6.807213
-2.679122
-1.665885
-3.341605
0.097695
-0.390254
0.984294
0.873674
-0.574476
0.137826
-3.009177
-3.059325
-1.542405
-0.449287
0.902603
1.521814
2.823764
1.354002
0.669650
2.747978
1.701013
1.503637
2.803261
-0.090206
3.584890
4.104312
5.119735
4.302646
6.314051
4.956248
5.495506
3.519063
6.504389

0.629062
4.021222
5.360728
4.655430
-1.774220
-0.153226
0.530985
-0.322689
-1.632761
2.324305
2.146113
0.917192
-5.061290
-4.106587
-3.626166
-4.969850
-5.520322
-4.418225
-3.027148
-3.064529
-1.516511
-0.841110
0.232158
0.017570
-0.322416
-2.950306
-1.681619
-2.140048
-0.561068
-1.825513
-1.919733
-4.007904
-4.972450
-3.660127
-3.026187
-4.464524
-1.528269
-1.207415
-1.275154
-0.639300
-1.380114
-0.702352
-1.503895
-0.383010

0.508811
0.083713
-0.432865
1.185263
2.019658
2.583428
2.284124
-1.218990
-2.134311
2.228924
2.366726
3.087275
0.269215
1.367070
1.060114
-0.316988
-1.925574
-1.748787
-3.556069
-4.583007
-4.081748
-4.061100
-2.654054
-3.555609
1.662659
2.141634
1.513855
0.800578
2.057887
0.328099
-0.268779
1.744651
1.991953
0.958926
2.842155
0.497563
1.327491
0.419469
2.689986
0.861813
-0.639979
3.133267
3.405021
2.221045
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H 7.088786
H 5.635272
H 7.430622

SR-TS

-0.386489
-0.503835
0.066239

Gsol =-2982.607971 Hartree

0.345112
1.106266
2.485634
0.603457
-6.384479
0.144491
-1.092415
-0.935060
-1.901298
-1.742954
-2.028055
-2.799215
-3.297787
-3.025610
-2.255582
-2.945700
-2.589333
-3.566887
-4.907609
-5.267794
-4.289788
1.123812
0.678096
0.653006
1.059902
1.520236
1.557285
0.974366
-1.906539
-2.771895
-4.148318
-5.037450
-4.539427
-3.177381
-2.268936
-6.932464
-0.847306
0.297905

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOZZOOOmg

-1.340277
1.508497
0.968861
1.511729

-3.249785
0.730916

-0.854337
1.387819

0.272012
2.440306
3.657780
4.621964
4.372294
3.151487
2.188244
0.772401
1.209287
1.671492
1.705961
1.274808
0.808335
3.211349
4.218501
5.532885
5.855119
4.824638
3.506243
7.274893

-2.020236

-2.618210

-2.673336

-3.189269

-3.670152
-3.608977
-3.086955
-2.710254
-2.977002
-3.513607

0.143758
4.192134
2.567913

-0.351269
-1.682006
-1.537940
-3.080712
-0.069531
-0.646294
1.106768
0.103384
0.562754
-0.633160
-0.010078
-0.657404
-1.937693
-2.560864
-1.909840
1.534546
2.817204
3.699188
3.307871
2.029342
1.150119
-1.133555
-1.986771
-1.529584
-0.227388
0.605132
0.159230
0.274160
1.547983
0.459628
0.709779
-0.238003
-1.456229
-1.710831
-0.773752
1.130636
-1.162381
-0.444795
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1.479905
1.088265
-0.363779
0.291064
2.865217
1.992346
-1.178260
-0.524231
-2.399549
-1.624677
-3.003387
-3.892383
-3.409458
-2.020901
-1.550095
-3.280976
-5.666591
-6.307504
-4.567394
0.332007
0.298071
1.853560
1.905032
1.244317
-0.048988
1.633233
-1.196503
-2.552627
-4.517061
-5.231840
-2.797191
-6.575591
-6.684328
-8.013040
-0.725775
0.721463
0.891555
3.024830
3.018553
3.620953
1.605522
2.989491
2.084036
-1.248103

-3.089254
-2.267978
-2.217656
-4.478171
-3.483347
-1.691349
-1.476612
1.859340
-0.120842
3.856844
5.569463
5.124559
2.951254
1.251679
1.182530
2.005518
2.067124
1.301761
0.470832
3.960243
6.320628
5.058863
2.714300
7.991551
7.512819
7.437357
-2.743438
-1.701062
-2.281789
-4.072532
-3.972148
-3.256680
-1.647265
-2.827050
-4.672823
-5.438573
-4.101703
-3.319376
-4.551175
-2.917165
-0.743404
-1.503586
-2.390354
-2.049152

-1.146759
-2.250657
-2.277916
0.701639
-0.749817
-3.294255
-3.290242
1.009041
-0.326572
0.978344
-0.166693
-2.448367
-3.557392
-2.402734
3.134113
4.692410
3.995712
1.715848
0.155813
-2.980124
-2.188601
1.612589
0.811997
-0.508411
0.592767
1.132461
1.952084
2371185
1.649109
-2.188103
-2.660769
2.011812
1.237623
1.043264
1.051177
0.391250
1.537303
0.321521
-0.954984
-1.295760
-3.671883
-2.892297
-4.136710
-4.224553
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-2.194936  -1.307583  -2.926243

-0.719406  -0.510294  -3.515682

-0.568947  -0.538179 1.931461
1.770823 0.087374 2.712102
2.522467  -0.976409 1.866753
3.645350  -0.165378 1.149554
2.649315  -2.133117 2.309239
1.494360  -0.963412 0.769504
2.622506 1.163309 2.808845
2.443225 1.957928 3.415469
3.810456 1.045151 2.061334
0.672538 0.001386 3.244006
4.725455 1.833842 2.128747
3.207059 0.261602 0.235911
4.899147  -0.901002 0.785809
5.353941  -0.854367  -0.537726
5.613770  -1.649676 1.728619
6.503136  -1.549563  -0.917151
4.795436  -0.273618  -1.266621
6.761644  -2.345931 1.349950
5.261576  -1.697690 2.753709
7.208068  -2.299727 0.026423
6.845630  -1.505935  -1.947249
7.307594  -2.926817 2.088089
8.101578  -2.844147  -0.266037

T DT ooz ooz ooao@mZ-Ttoaon0am DT

SS-TS
Gsol = -2982.605936 Hartree
-0.447132  -1.417845  -0.452072
1.645418 0.631585  -1.934361
2.276446  -0.674195  -2.220842
1.121562 1.330419  -3.138228
-6.937735 1.055335 0.391326
0.538836 0.410193  -0.771504
-1.263037  -0.250056 1.098474
0.165899 1.502927 0.145017
-1.244310 1.176428 0.672598
0.139934 2.912150  -0.420131
-0.622365 3.227622  -1.549969
-0.685995 4.540696  -2.013533
0.008630 5.554964  -1.348386
0.765879 5.246929  -0.216728
0.827405 3.931742 0.242795
-1.679185 2.111917 1.778343

OOOOOOOOOZZOOOVJQ
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-1.012474
-1.415745
-2.485319
-3.152739
-2.751276
2.863538
3.235138
4.157182
4.708896
4.317825
3.404365
5.717957
-2.605480
-3.691649
-4.827511
-5.889780
-5.807545
-4.664140
-3.602272
-8.033774
-2.412829
-1.853228
-0.678815
-0.508798
-1.587568
-2.512518
0.164949
0.469083
-1.815873
0.849037
-1.943668
-1.140876
-1.274061
-0.038473
1.313805
1.429995
-0.182035
-0.893360
-2.797045
-3.985905
-3.269161
2.775735
4.441093
4.736677

2.123500
2.999563
3.872982
3.864768
2.985262
1.727475
2.889051
3.751452
3.470964
2.294267
1.417795
4.400861
-0.701723
-0.575145
0.157912
0.316249
-0.266245
-0.989427
-1.164962
1.266450
-1.906651
-3.105056
-3.440523
-2.477994
-1.517806
-3.959817
-4.657453
-2.564866
-0.359339
1.499901
1.254925
2437616
4.772785
6.577484
6.027212
3.686314
1.444946
3.000890
4.554887
4.539763
2.976836
3.121019
4.664408
2.056165

3.011025
4.018912
3.805475
2.579186
1.572816
-1.211622
-1.885833
-1.297826
-0.040198
0.614824
0.036583
0.586731
1.560043
0.516018
0.846063
-0.056284
-1.324899
-1.662907
-0.769477
-0.494168
-1.232358
-0.643195
-1.408626
-2.449391
-2.343376
0.397474
-1.204394
-3.576329
-3.259108
1.003962
-0.163085
-2.081759
-2.897276
-1.712737
0.304016
1.112205
3.184844
4.971345
4.591421
2.405883
0.618061
-2.839309
-1.814737
1.588431
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3.108395
5.637220
6.742057
5.588698
-2.478438
-2.887195
-4.903853
-6.606713
-4.597780
-8.505308
-8.748301
-7.716288
-3.495126
-2.661034
-1.936240
-0.194134
1.210909
0.117989
0.694709
1.411727
0.044969
-2.497722
-0.877462
-2.269072
-0.595569
0.236058
1.218127
2.590918
1.078524
0.806962
0.869885
0.417765
2.193626
-0.869377
2.863028
2.906800
3.720551
4.768281
3.766922
5.845735
4.737365
4.844946
2.950650
5.886665

0.513858
4.399440
4.094449
5.428547
-1.728996
-0.105980
0.641282
-0.162038
-1.435909
0.317495
1.878517
1.798717
-3.552781
-4.975135
-4.030657
-5.469406
-4.468828
-5.007528
-1.580414
-3.010590
-3.189975
0.363957
0.147938
-0.704372
-0.355678
-2.945410
-1.807953
-2.547985
-0.653798
-1.828088
-4.135820
-5.041322
-3.996131
-2.839178
-4.899698
-2.543294
-2.002320
-1.327652
-2.168205
-0.829553
-1.197482
-1.671326
-2.661687
-1.005039

0.554845
1.678650
0.335830
0.232762
1.896891
2.433338
1.814392
-2.048007
-2.650560
-0.776073
0.056947
-1.398756
0.651347
0.011552
1.323159
-1.850544
-1.457003
-0.172257
-3.984822
-3.255183
-4.374693
-2.805195
-3.493973
-4.197838
1.882354
2.528715
2.145050
2.064479
2.613064
0.691823
2.220950
2.295418
1.795928
3.026716
1.342974
3.120054
1.244531
1.887157
-0.141620
1.156747
2.965916
-0.873223
-0.654407
-0.228272
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H 6.649145
H 4.852698
H 6.721377

RR-TS

-0.305676
-1.785536
-0.613675

Gsol =-2982.603895 Hartree

-1.099326
1.578892
0.728201
1.806354

-0.558017
0.958567

-0.545972
1.709401
0.892772
3.104390
3.333063
4.602831
5.657596
5.431363
4.159388
1.413647
1.325918
1.809191
2.386583
2.478717
1.991372
3.207262
3.347696
4.629820
5.769012
5.595530
4.325484
7.152277

-1.434441

-1.366836

-1.019018

-0.911915

-1.165834

-1.500597

-1.608099

-0.231277

-1.895289

-3.005118

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOZZOOOmg

-0.337705
-2.100883
-3.300231
-1.803831
6.637863
-0.808461
0.941034
-0.008373
1.286264
0.429474
0.977252
1.430747
1.346149
0.809611
0.358351
2.095115
1.599177
2.353260
3.605518
4.102228
3.349073
-2.449920
-3.027698
-3.254437
-2.921670
-2.379626
-2.142279
-3.107478
2.129793
3.071352
4.400949
5.339202
4.941748
3.622237
2.665466
7.065433
1.265464
0.454638

1.666584
-1.951608
-0.802666

-0.734543
-1.311205
-1.076732
-2.752349
-0.831069
-0.546167
0.816625
0.431657
0.661306
0.015226
-1.251514
-1.605910
-0.693205
0.575803
0.927265
1.827162
3.134786
4.204493
3.978072
2.676181
1.607083
-0.638989
0.621353
1.120377
0.377275
-0.904329
-1.416555
0.947771
0.938305
-0.243983
0.020310
-1.011746
-2.331404
-2.597094
-1.573632
0.488969
-1.950417
-1.501195
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-2.840691
-1.646953
-1.054822
-4.224718
-3.821178
-1.198366
0.172432
1.779172
0.958243
2.519450
4.771310
6.649136
6.246435
3.984802
0.874749
1.736362
2.763242
2.929614
2.062580
2.472453
4.745960
6.467581
4.189820
7.847566
7.556469
7.147174
-2.440495
-1.154576
-0.808691
-1.082827
-1.684345
0.609550
0.051725
-1.092747
-5.065314
-4.518751
-4.066586
-3.327480
-4.540873
-4.371643
-1.634126
-0.112117
-1.529049
0.582025

-0.852358
-0.865761
0.456805
0.941434
-1.975962
-1.990352
0.901201
-0.541201
1.884788
1.014230
1.844316
1.692661
0.735615
-0.068529
0.627241
1.961914
4.190069
5.073272
3.731600
-3.268310
-3.693082
-2.125931
-1.703724
-3.495501
-2.148106
-3.794235
1.735418
2.679233
4.685019
5.673221
3.316403
6.490575
8.114632
6.974337
1.008080
0.272936
1.940374
-2.933691
-1.813531
-2.050613
-1.871674
-2.014379
-2.952004
1.810035

-2.088771
-2.864435
-2.794150
-0.784810
-1.999791
-3.741159
-3.518987
1.387653
-0.250423
-1.967080
-2.596621
-0.970906
1.290417
1.910147
3.317809
5.215072
4.812461
2.492034
0.592947
1.210758
2.108158
-1.501035
-2.396442
0.195545
1.297048
1.799547
1.094668
1.842006
1.043542
-3.128216
-3.622564
0.895635
0.400242
1.161032
-1.487509
0.024370
-0.371204
-1.822231
-1.198580
-2.947321
-4.742905
-3.827614
-3.341631
-3.071417
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0.929679 0.115062  -3.498816
-0.071751 1.125485  -4.566119
-0.686362 0.394738 1.688144
-0.418292  -2.693291 1.809510
-1.564757  -1.711933 2.068373
-2.830017  -2.615495 2.002026
-1.416079  -0.716331 2.821970
-1.549940  -1.310433 0.625941
-2.838425  -3.099129 2.994797
-0.973781  -3.786498 1.160924
-0.410669  -4.323187 0.505994
-2.357605  -3.708489 1.034338

0.739945  -2.553155 2.144350
-3.009970  -4.422310 0.294852
-4.175852  -1.955422 1.809244
-5.221796  -2.570226 1.107824
-4.420784  -0.728692 2.447739
-6.472230  -1.953817 1.018490
-5.049168  -3.524824 0.628168
-5.674105  -0.121168 2.364133
-3.619157  -0.256760 3.002885
-6.704753  -0.727653 1.643353
-7.267865  -2.440900 0.461600
-5.842051 0.830298 2.861211
-7.680270  -0.254582 1.576553

T DT ooz oo ocooconozXzzz o000 DT

R-TS

Gsol = -2982.608533 Hartree
Rh -1.136729  -1.331123  -0.630538
S 1.863862  -1.570368  -1.772906
0] 1.691414  -2.993815  -1.328156
0] 1.755082  -1.398260  -3.242425
0] -4.543908 4780647  -0.832794
N 0.825508  -0.652856  -0.950807
N -1.031623 0.295679 0.705804
C 1.182202 0.611125  -0.290393
C -0.162378 1.304692 0.028702
C 2.044221 1.572547  -1.083047
C 1.772457 1.844376  -2.427493
C 2.552166 2.763134  -3.129584
C 3.604815 3423594  -2.490643
C 3.869450 3.164327  -1.144096
C 3.089761 2.244186  -0.445026
C -0.016840 2.600827 0.790364
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0.331684
0.462910
0.251883
-0.092237
-0.230243
3.508266
3.958974
5.201651
6.002000
5.539975
4.297927
7.319585
-2.373745
-3.126782
-3.511913
-4.167870
-4.453502
-4.067777
-3.402741
-4.201172
-2.964053
-3.281922
-2.601644
-1.819726
-2.074671
-4.309809
-2.762384
-1.027299
-1.482403
1.685730
-0.650030
0.972059
2.341689
4.215982
4.687659
3.300602
0.500218
0.733076
0.355332
-0.253608
-0.502222
3.353009
5.554719
6.153635

2.616722
3.827165
5.034761
5.025758
3.813463
-1.046397
-1.264706
-0.761664
-0.053108
0.114296
-0.372629
0.541717
0.815591
1.448994
2.784498
3.478177
2.819631
1.497844
0.786169
5.504719
-0.594359
-1.780522
-2.886401
-2.397245
-0.975199
-1.880683
-4.321101
-3.237096
-0.089118
0.413978
1.517317
1.310702
2.959827
4.134160
3.671870
2.030441
1.689481
3.818266
5.977399
5.960463
3.804207
-1.823881
-0.923303
0.650508

2.143733
2.824867
2.156397
0.801762
0.125943
-1.305871
-0.003842
0.375162
-0.531489
-1.844877
-2.237353
-0.103510
1.098633
-0.052188
0.109250
-0.912577
-2.116083
-2.281935
-1.268603
0.347310
-1.554878
-0.776981
-1.389747
-2.482733
-2.614831
0.310996
-1.010682
-3.434094
-3.662830
0.666911
-0.924687
-2.927389
-4.177199
-3.039899
-0.640915
0.598747
2.676066
3.876421
2.686043
0.272364
-0.925484
0.697899
1.390108
-2.563382
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3.923125
7.219744
7.675962
8.089662
-2.908801
-2.241682
-3.260489
-4.962841
-4.283375
-4.696381
-3.116317
-4.555171
-3.901031
-4.707260
-5.153537
-3.195258
-3.434971
-1.809813
-0.143969
-0.691323
-1.646678
-1.524807
-0.440879
-2.035028
-0.573147
-0.788475
0.154151
-0.183398
1.431888
-0.456064
-1.828505
-2.595154
-1.498281
-0.634533
-2.278243
0.553620
0.003709
1.865343
0.737241
-0.997200
2.586236
2.316247
2.033807
0.287332

-0.212315
1.623075
0.098402
0.399376

-0.028660
1.564016
3.285138
3.360949
0.994248
5.082858

5.511556
6.523014

-2.337261

-0.895335

-2.497742

-4.424797

-4.812178

-4.853439

-2.705503

-4.158440

-3.509752
0.960440

-0.363747
-0.187826
-0.026544
-3.988174
-2.781220
-2.037509
-2.956244
-2.179274
-3.634343
-4.250457
-2.498128
-5.015721
-2.077694

-0.942741

-0.183587

-0.611498
0.830952

-0.414823
0.410355

-1.178010
1.138108
1.390813

-3.240340
0.057621
0.830917

-0.869140

1.536501
1.884740
1.035144

-2.906324

-3.219269
1.230001

0.506181
0.184017
1.217402
0.565595

-0.021520

-0.014290

-1.726769

-1.019290

-3.791966

-2.953014

-4.299439

-3.360695

-3.848238

-4.606475

1.562975
1.728984
1.769530
2.938928
1.346571
0.683057
2.550364
2.790910
3.354729
1.096822
4.206925
3.554659
4.617221
3.134925
5.227962
4.957931
3.746983
2.335102
4.803797
6.043688
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S-TS

3.588910
2.598565
1.446911

0.634714
1.931886
-3.147920

Gsol =-2982.608755 Hartree

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOZZOOOmg

0.796111
0.589666
2.052095
0.342440
-4.993025
-0.129072
-0.724500
-1.346120
-1.872376
-2.465737
-2.804717
-3.855745
-4.582943
-4.256543
-3.204678
-3.019816
-2.820393
-3.891916
-5.172324
-5.377243
-4.303567
-0.086923
0.112148
-0.476757
-1.253241
-1.409971
-0.836083
-1.934317
-1.100230
-1.752999
-3.031978
-3.741381
-3.157008
-1.891575
-1.164696
-5.644827
0.150266
1.404413

-0.905423
2.222923
2.207706
2.250244
-4.853361
0.989442
-1.096031
1.160575
-0.259529
1.957280
1.754298
2.467744
3.384481
3.578484
2.865073
-0.260596
0.096310
0.099100
-0.249204
-0.601495
-0.609619
3.724857
4.010109
5.151301
6.009914
5.710767
4.571760
7.212626
-2.513430
-3.199729
-3.729174
-4.341168
-4.432910
-3.906285
-3.284764
-4.722657
-2.696475
-2.972612

3.392085
5.283459
0.368803

-0.469422
-1.313198
-0.968443
-2.774796

-0.642216
-0.570378

0.976306
0.235545
0.527287

-0.410610
-1.752134
-2.327962
-1.564569
-0.220543

0.352166
1.511626
2.851550
3.745407
3.308284
1.972471
1.081301
-0.621243
0.731093
1.270394
0.479424

-0.881176

-1.436278
1.081940
1.243711
0.061093
0.269028

-0.769285

-2.039558

-2.250833

-1.220685

0.618958

-1.542942

-0.862026
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2.408742
1.790134
0.389572
1.680730
3.857772
2.485173
-0.608032
-1.104197
-2.210106
-2.221019
-4.103410
-5.396603
-4.814949
-2.940050
-1.828655
-3.726643
-6.005534
-6.370967
-4.459905
0.703247
-0.333350
-2.002269
-0.981064
-1.913014
-2.988972
-1.463862
-0.184690
-1.797054
-3.478505
-3.710438
-1.444425
-5.102437
-5.746946
-6.633180
2.165604
0.762042
2.353924
4.013396
4.273572
4.424115
1.842495
3.395025
2.763353
-1.628688

-2.135919
-1.299211
-1.677796
-4.083213
-2.215101
-0.323428
-1.069907
1.627711
-0.689425
1.062329
2.312226
3.945766
4.291429
3.026354
0.369415
0.375754
-0.244347
-0.867400
-0.884452
3.349139
5.377699
6.370436
4.319647
8.067961
6.992553
7.510718
-3.014819
-2.536569
-3.627951
-4.908520
-3.975933
-5.261970
-3.669068
-5.164685
-3.718094
-4.606034
-4.820183
-2.225770
-3.150096
-1.379357
0.530008
0.060111
-0.808712
-1.250196

-1.455534
-2.437232
-2.524074
0.106947
-1.112434
-3.335009
-3.456359
1.200759
-0.418195
-2.348414
-3.374404
-2.015223
0.379586
1.392652
3.202270
4.782572
4.004920
1.623569
0.042291
1.356337
2.323350
-1.509322
-2.479502
0.398619
1.293375
2.023609
1.561319
2.086554
1.249770
-2.842312
-3.237643
1.404593
0.905447
0.490096
1.018260
0.382993
-0.348600
-0.030697
-1.511586
-1.522790
-3.559774
-2.867444
-4.280148
-3.109463
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-0.446570
-0.512405
-0.358309
1.845128
2.634631
3.940940
2.333207
1.886718
2.610899
2.360667
3.909237
0.729529
4.749029
5.084395
6.383474
4.930229
7.470712
6.524196
6.024245
3.950841
7.303006
8.458608
5.870260
8.153922
2.294217

0.008070
-1.506251
-0.707777
-0.481180

0.256682
-0.305695

1.581063
-0.317182
-1.551622
-2.238475
-1.495312
-0.198878
-2.361617

0.112109
-0.366845

0.987099

0.013239
-1.049434

1.361869

1.350565

0.880279
-0.371670

2.030715

1.173046

1.829989

Gsol = -666.797953 Hartree

o000z TOoOO000x

1.484876
2.672186
1.324348
0.414454
0.863460
1.432465
0.463185
2.455692
3.168932
1.154114
3.715177
0.734441
-1.027265
-1.991079
-1.416230
-3.324062

-2.485871
-0.374862
-0.982542
0.239576
-1.760735
-1.579560
0.506227
0.945477
1.546480
1.371494
-0.965561
2.456966
0.083139
-0.146938
0.144788
-0.320219

-3.537545
-4.459349
1.854201
2.841236
1.758129
1.745682
1.619566
0.701553
3.183521
3.883396
2.578654
3.270596
2.803097
0.950403
1.231437
-0.147111
0.449368
2.059857
-0.924077
-0.424348
-0.634245
0.689192
-1.766936
-1.242726
0.658588

0.706510
-0.108503
-0.511792
-0.717350
0.568075
-1.418523
-1.777052
0.204134
0.595547
-0.008466
-0.008504
0.282553
-0.321489
-1.296932
1.014156
-0.946712
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SS-pro

-1.697758
-2.746331
-0.674409
-3.703866
-4.063980
-3.037241
-4.742250

-0.188799
-0.024186

0.324253
-0.258733
-0.497767

0.027897
-0.388673

Gsol = -666.801754 Hartree

T T O ITTZTOZDZOOZD OO0z 000

7. Synthetic Applications

2.599018
1.280621
0.409196
0.575895
2.345967
3.031619
1.077252
3.654778
0.630130
-1.062367
-1.950441
-1.549496
-3.306212
-1.578745
-2.902157
-0.868946
-3.784161
-3.987685
-3.269451
-4.840418
1.443090
2.136912
0.856847

0
HO
| N—PMB
Me
o)
1u,1.24 g

-0.268494
-0.947003
0.192703
0.242956
1.079054
1.754175
1.442570
-0.818017
2.554073
0.085555
-0.251485
0.284836
-0.392411
-0.406005
0.146256
0.557113
-0.194008
-0.655340
0.307508
-0.300456
-1.963590
-2.559310
-1.329388

S/C = 2000

—_—

-2.339400
1.365974
1.782611
0.386052
-1.716280
2.407090
0.662002

-0.347468
0.011643
0.543690

1.624500
-0.453982
-0.766775
-0.026931
-0.517052
-0.079773

0.258632
1.273273
-1.031412
1.004802
2.279095
-1.301325
-1.830996
-0.282353
1.803310

-2.306422

-0.492289
0.955984
0.645427

-0.926454

HO,,

N—PMB

Me®"
(0]

3u, 1.24 g, 99% yield
97% ee, >20:1 dr

66

CO,Me
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Scale-Up Reaction: In a nitrogen filled glovebox, to a 50 mL Schleck tube charged
with a magnetic stirring bar were added successively substrate 1u (5 mmol, 1.24 g),
formic acid/trimethylamine azeotropic mixture (5/2 molar ratio) (1.0 mL), the catalyst
(cat.6, 1.9 mg, 0.0025 mmol) and the solvent (25 mL). The mixture was then stirred at
room temperature for 24 h. After completion, The reaction solution was concentrated
and the residue was passed through a short column of silica gel (eluent: EA:PE = 2:1)
to remove the metal complex. Compounds 3u was obtained as a white solid (1.24 g,

99% yield, 97% ee, >20:1 dr)

TBSO,,

a ‘.CN*Bn

Bn"
6w

o} (S,S)-cat.6
HCO,H/Et;N (5:2)

EtOAc, 25 °C, 24 h
o S/C = 1000

AcO,

| b _QN*Bn
Bn"
0

w

3w, 1.20 g, 99% vyield
97% ee, >20:1 dr

OH
AcO,, :
< - QN*Bn
Bn"
[e]

8w
CCDC 2117425

Synthesis of 6w
Step 1: In a nitrogen filled glovebox, to a 50 mL Schleck tube charged with a magnetic

stirring bar were added successively substrate 1w (4 mmol, 1.2 g), formic
acid/trimethylamine azeotropic mixture (5/2 molar ratio) (0.8 mL), the catalyst (cat.6,
3.0 mg, 0.004 mmol) and the solvent (30 mL). The mixture was then stirred at room
temperature for 12 h. After completion, The reaction solution was concentrated and the
residue was passed through a short column of silica gel (eluent: EA:PE = 2:1) to
remove the metal complex. Compounds 3w was obtained as a white solid (1.2 g, 99%
yield, 97% ee, >20:1 dr).

Step 2: To a solution of compound 3w (0.6 g, 2 mmol, 1.0 equiv.) and 1H-imidazole

(0.4 g, 6 mmol, 3.0 equiv.) in CH3CN was cooled to 0 °C, and then TBSOT{ (0.92 mL,
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4 mmol, 2 equiv.) was added into the mixture slowly. The reaction mixture was then
warmed up to room temperature and was stirred for 2 hours. After then, it was diluted
with water (5 mL) and extracted by ethyl acetate twice (10 mL for each). The combined
organic layer was washed with brine (10 mL), and then solvent was removed by rotary
evaporator to produce the crude products, which were purified by flash chromatography
(SiO2, 10% EtOAc in petroleum ether). The product were obtained as colorless oil (0.8
g, 97% yield).

Step 3: The product from step 2 (0.8 g, 1.0 equiv.) and AICI3 (5.0 equiv.) was dissolved
in THF (20 mL), and the mixture was cooled to 0 °C. NaBH4 (5.0 equiv.) was added
into the mixture in batches. The mixture was warmed to 10 °C for 12 h until the start
material consumed completely. The resulting product was treated with brine (10 mL),
extracted with EA (10 mL x 3), combined organic layer, dried over anhydrous Na;SO4,
and concentrated in vacuo. The crude product was purified by flash chromatography
(8% EtOAc in petroleum ether) to yield 6w (1.14 g, 75% yield, 97% ee) as a colorless
oil. *H NMR (400 MHz, Chloroform-d) & 7.41 — 7.35 (m, 2H), 7.35 — 7.29 (m, 3H),
7.25-7.19 (m, 2H), 7.17 - 7.06 (m, 3H), 4.39 (q, J = 4.7 Hz, 1H), 4.07 — 3.95 (m, 2H),
3.37 — 3.28 (m, 1H), 3.08 — 2.85 (m, 4H), 2.82 — 2.74 (m, 1H), 2.55 — 2.42 (m, 1H),
0.86 (s, 9H), -0.00 (s, 3H), -0.06 (s, 3H). 3C NMR (101 MHz, Chloroform-d) & 139.7,
132.8, 132.1, 128.8, 128.5, 128.4, 128.0, 126.2, 72.6, 68.3, 68.0, 63.9, 43.2, 33.4, 25.8,
18.0, -4.5, -5.3. [a]®®> = +26.8 (¢ 0.25, CHCI3); HPLC (Chiralpak IC column,
hexane/isopropanol = 85/15; flow rate = 1.0 mL/min; UV detection at 210 nm; t; =5.5
min (major), t2 = 6.1 min. HRMS (ESI-TOF) m/z: [M+H]" Calcd for C24H3sNOSi™ =

382.2561; Found 382.2556.
Synthesis of 7w and 8w'°

Step 1: To a solution of compound 3w (0.6 g, 2 mmol, 1.0 equiv.), DMAP (25 mg, 0.2
mmol, 0.1 equiv.), Ac20 (3 mmol, 1.5 equiv.) in DCM (10 mL) was cooled to 0 °C, and
then EtsN (3 mmol, 1.5 equiv.) was added into the mixture slowly. The reaction mixture
was then warmed up to room temperature and was stirred for 1 hours. After then, it was
diluted with brine (5 mL) and extracted by DCM twice (20 mL for each). The combined

organic layer was dried over anhydrous Na>SOs, and then solvent was removed by

68



rotary evaporator to produce the crude products, which were purified by flash
chromatography (SiO2, 15% EtOAc in petroleum ether). The product were obtained as
colorless oil (0.6 g, 88% yield).

Step 2: The product from step 1 (0.34 g, 1 mmol, 1.0 equiv.) was dissolved in THF (5
mL), and the mixture was cooled to 0 °C. NaBH4 (1.5 equiv.) was added into the mixture
in batches. The mixture was stirred for 10 min and sat. NaHCO3 (2 mL) was added into
the mixture. After 30 min, the resulting product was treated with brine (10 mL),
extracted with EA (10 mL x 3), combined organic layer, dried over anhydrous Na;SO4,
and concentrated in vacuo. The crude product was purified by flash chromatography
(30% EtOAc in petroleum ether) to obtained 8w (0.32 g, 95% yield, >20:1 dr) as a
white solid. CCDC 2117425 *H NMR (600 MHz, Chloroform-d) & 7.26 — 7.17 (m, 7H),
7.17 — 7.08 (m, 3H), 5.17 (t, J = 5.3 Hz, 1H), 4.90 (s, 1H), 4.81 (d, J = 14.6 Hz, 1H),
4.03 (d, J = 14.6 Hz, 1H), 3.14 (q, J = 8.4 Hz, 1H), 3.01 — 2.87 (m, 2H), 2.01 (s, 3H).
13C NMR (151 MHz, Chloroform-d) & 172.4, 169.9, 138.6, 135.9, 129.0, 128.7, 128.6,
128.5, 127.8, 126.8, 80.2, 68.9, 45.8, 43.4, 31.4, 20.5. [a]*p = -108.7 (c 1.0, CHCly);
HRMS (ESI-TOF) m/z: [M+H]" Calcd for C20H22NO4" = 340.1543; Found 340.1544.
Step 3: To a solution of compound 8w (0.17 g, 0.5 mmol, 1.0 equiv.), DMAP (12 mg,
0.1 mmol, 0.1 equiv.), Ac2O (0.75 mmol, 1.5 equiv.) in DCM (5 mL) was cooled to 0
°C, and then EtN (0.75 mmol, 1.5 equiv.) was added into the mixture slowly. The
reaction mixture was then warmed up to room temperature and was stirred for 1 hours.
After then, it was diluted with brine (3 mL) and extracted by DCM twice (10 mL for
each). The combined organic layer was dried over anhydrous Na;SOs, and then solvent
was removed by rotary evaporator to produce the crude products, which were purified
by flash chromatography (SiO2, 15% EtOAc in petroleum ether). The product
(28,35,4R)-1,4-dibenzyl-5-oxopyrrolidine-2,3-diyl diacetate were obtained as white
solid (0.19 g, 99% yield).

Step 4: To a solution of (2S,3S,4R)-1,4-dibenzyl-5-oxopyrrolidine-2,3-diyl diacetate
(0.19, 0.5 mmol) in DCM (5 mL) was added dropwise BFs.Et2O (0.4 mL, 3.1 mmol) at
78 <C (over 10 min) under N2 atmosphere. The mixture was stirred for 20 min and then

treated with triethylsilane (5equiv.). The temperature was gradually raised to rt over 3
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h. After stirring for 18 h, the mixture was poured into ice-water containing Na>COs.
The mixture was washed with DCM and the organic layer was dried (MgSO4),
concentrated, and purified by flash column chromatography (EtOAc/hexane=1:4) to
give 7w (0.15 g, 93%) as a white solid. 'TH NMR (600 MHz, Chloroform-d) § 7.31 —
7.17 (m, 5H), 7.16 — 7.06 (m, 5H), 5.04 (t, J = 4.3 Hz, 1H), 4.52 — 4.33 (m, 2H), 3.39 —
3.19 (m, 2H), 3.03 (d, J = 11.9 Hz, 1H), 2.89 — 2.76 (m, 2H), 1.96 (s, 3H). 3C NMR
(151 MHz, Chloroform-d) 6 173.0, 170.1, 139.2, 135.8, 128.7, 128.6, 128.5, 128.0,
127.7,126.4, 68.7, 51.5, 47.8, 46.4, 30.1, 20.8. [a]*°p = -155.2 (c 1.0, CHCI3); HRMS
(ESI-TOF) m/z: [M+H]* Calcd for C2oH22NOs* = 324.1594; Found 324.1594.
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8. Crystallographic Information

The crystal data of compound 2g has been deposited in CCDC with number 2040537.
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Table S2 Crystal data and structure refinement for ¢xy3080_ Om.

Identification code cxy3080 Om
Empirical formula C10H9NO;3
Formula weight 191.18
Temperature/K 100

Crystal system orthorhombic
Space group P212124

a/A 5.0555(2)
b/A 8.7313(4)
c/A 19.4510(10)
a/° 90

pBre 90

v/° 90
Volume/A? 858.59(7)

Z 4

Pealcg/cm’ 1.479

71




pw/mm’!

0.927

F(000)

400.0

Crystal size/mm?

0.32 x0.21 x0.19

Radiation

CuKa (L = 1.54178)

20 range for data collection/°

11.108 to 143.786

Index ranges

6<h<5,9<k<10,-19<1<23

Reflections collected

8866

Independent reflections

1686 [Rint = 0.0308, Rsigma = 0.0206]

Data/restraints/parameters

1686/0/129

Goodness-of-fit on F?

1.075

Final R indexes [[>=2c (I)]

R =0.0255, wR> = 0.0663

Final R indexes [all data]

R1=0.0259, wR> = 0.0666

Largest diff. peak/hole / e A

0.25/-0.19

Flack parameter

-0.02(5)

Table S3 Fractional Atomic Coordinates (<10%) and Equivalent Isotropic
Displacement Parameters (A2x103) for cxy3080_0m. Ueq is defined as 1/3 of of the
trace of the orthogonalised Ui tensor.

Atom X y z U(eq)

01 1948(2) 5286.2(13) 5416.5(6) 17.5(3)
02 2921(2) 7675.0(13) 4398.2(6) 14.8(3)
03 9104(2) 3501.5(13) 4242.5(6) 14.8(3)
C1 3530(3) 5181.1(19) 4950.2(8) 13.2(4)
C2 3724(3) 6154.2(18) 4302.5(8) 12.7(3)
C3 6569(3) 5862.5(19) 4046.9(8) 12.2(3)
C4 6985(3) 5868.5(18) 3275.9(8) 12.8(3)
C5 5471(4) 4929.3(19) 2852.2(9) 17.8(4)
C6 5881(4) 4929(2) 2144.8(9) 21.9(4)
C7 7821(4) 5855(2) 1859.0(9) 22.5(4)
C8 7247(3) 4331.1(18) 4385.7(8) 12.4(3)
N1 5443(3) 4062.4(16) 4902.5(7) 13.8(3)
C10 9325(4) 6799(2) 2278.3(9) 21.0(4)
Cl1 8899(4) 6813.6(19) 2984.1(9) 16.4(4)
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The crystal data of compound 2p has been deposited in CCDC with number 2074951.
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Table S4 Crystal data and structure refinement for cxy3230_0m_4.
Identification code cxy3230 Om_4
Empirical formula C11H10FNO3
Formula weight 223.20
Temperature/K 100.0
Crystal system orthorhombic
Space group P212121
a/A 4.9616(4)
b/A 8.3141(7)
c/A 25.024(2)
a/° 90
/e 90
v/° 90
Volume/A3 1032.27(15)
Z 4
peatcg/cm® 1.436
wmm 0.999
F(000) 464.0
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Crystal size/mm?®

0.31 x0.25 x0.22

Radiation CuKo (A =1.54178)

20 range for data collection/° 7.064 to 144.238

Index ranges ?7<h<?,?7<k<??<1<?
Reflections collected 2020

Independent reflections 2020 [Rint = ?, Rsigma = 0.0282]
Data/restraints/parameters 2020/1/152

Goodness-of-fit on F2 1.185

Final R indexes [[>=2c ()]

R1=0.0524, wR2 = 0.1579

Final R indexes [all data]

R1=0.0527, wR2 = 0.1582

Largest diff. peak/hole / e A

0.31/-0.24

Flack parameter

0.11(17)

Table S5 Fractional Atomic Coordinates (<10%) and Equivalent Isotropic
Displacement Parameters (A2x10%) for cxy3230_0m_4. Ueq is defined as 1/3 of of
the trace of the orthogonalised Uis tensor.

Atom X y z U(eq)

F1 5263(5) 2981(3) 6928.0(8) 39.4(7)
01 3214(5) 4959(3) 5178.0(9) 35.8(6)
02 4167(5) 1534(3) 5352.3(9) 32.0(6)
03 10307(5) 4917(3) 6332.0(9) 35.0(6)
N1 6753(7) 5319(3) 5753.0(11) 32.1(7)
C1 9084(8) -544(5) 7281.8(15) 41.5(9)
C2 7282(9) 722(5) 7324.0(13) 39.7(9)
C3 6951(8) 1719(4) 6889.5(13) 33.0(8)
C4 8309(7) 1512(4) 6409.9(12) 29.3(7)
C5 7856(7) 2621(4) 5942.9(12) 28.7(7)
C6 8513(7) 4386(4) 6052.7(12) 30.3(7)
C7 6957(10) 7067(5) 5711.8(17) 47.4(10)
c8 4811(7) 4430(4) 5501.2(12) 31.1(7)
C9 4961(7) 2720(4) 5718.7(13) 30.5(8)
C10 10515(8) -782(5) 6815.1(15) 41.1(9)
C11 10125(8) 233(4) 6381.6(13) 34.1(8)
F1A 12000(70) -50(60) 6063(15) 39.4(7)
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The crystal data of compound 3e has been deposited in CCDC with number 2074952.
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Table S6 Crystal data and structure refinement for cxy3231_0m.

Identification code cxy3231 Om
Empirical formula C14H17NO3
Formula weight 247.28
Temperature/K 200.0
Crystal system trigonal
Space group P32

a/A 14.2104(3)
b/A 14.2104(3)
c/A 5.6788(2)
a/° 90

/e 90

v/° 120
Volume/A3 993.12(5)
Z 3
Pcalcglcm3 1.240
wmm 0.711
F(000) 396.0
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Crystal size/mm?®

0.35 %0.28 x<0.26

Radiation

CuKa (A = 1.54178)

20 range for data collection/<

7.182 t0 136.452

Index ranges

-17<h<16,-17<k<17,-6<1<6

Reflections collected

11562

Independent reflections

2424 [Rint = 0.0301, Rsigma = 0.0186]

Data/restraints/parameters

2424/12/177

Goodness-of-fit on F?

1.074

Final R indexes [[>=20c (I)]

R1=0.0368, wR2 = 0.1027

Final R indexes [all data]

R1=0.0373, wR2 = 0.1032

Largest diff. peak/hole / e A

0.37/-0.13

Flack parameter

0.01(5)

Table S7 Fractional Atomic Coordinates (<10%) and Equivalent Isotropic
Displacement Parameters (A2x10%) for cxy3231_0m. Ueq is defined as 1/3 of of
the trace of the orthogonalised Uis tensor.

Atom X y z U(eq)

01 1467.2(14) 1588.8(14) 2811(3) 41.5(4)
02 54.2(15) 1477.3(19) 6854(4) 59.0(6)
03 3679.2(17) 3830.3(17) 7397(4) 58.9(6)
N1 1821.2(18) 2786.6(18) 7536(4) 45.8(5)
C1 1096(6) 4310(6) 5731(12) 86.5(17)
C2 1811(7) 4510(6) 7812(12) 83.9(17)
C3 1618(3) 3520(3) 8988(7) 66.1(8)
C4 2868(2) 2987(2) 7011(4) 42.0(6)
C5 2747.0(19) 1934.9(19) 6077(4) 39.0(5)
C6 3608(2) 2012(2) 4442(4) 40.1(5)
C7 4058(3) 1353(3) 4831(6) 58.6(8)
C8 4841(3) 1390(4) 3276(9) 78.1(12)
C9 5149(3) 2056(4) 1354(8) 79.4(13)
C10 4710(3) 2713(3) 962(6) 64.8(9)
Cl1 3948(2) 2694(2) 2491(5) 47.8(6)
C12 1564.8(19) 1331.1(19) 5179(5) 39.9(5)
C13 1027(2) 1831(2) 6620(5) 44.5(6)
Cl4 1230(50) 5380(30) 4780(90) 147(10)
C2A 1181(17) 4124(16) 7420(40) 83.9(17)
C1A 1998(16) 4863(16) 5780(30) 86.5(17)
Cl4A 1630(70) 5580(70) 4470(170) 147(10)
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The crystal data of compound 8w has been deposited in CCDC with number 2117425.
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Table S8 Crystal data and structure refinement for cxy3403_0Om.

Identification code cxy3403 Om
Empirical formula C20H21NOg4
Formula weight 339.38
Temperature/K 100.00
Crystal system monoclinic
Space group P2,

a/A 9.3338(4)
b/A 9.2673(4)
c/A 9.9618(4)
a/’ 90

B/° 99.2090(10)
Y/ 90
Volume/A? 850.58(6)

V4 2

0 caleg/em’ 1.325

U /mm’! 0.753
F(000) 360.0

Crystal size/mm?

0.32 X 0.29 X 0.26

Radiation

CuKa (A =1.54178)
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2 ® range for data collection/® |8.992 to 136.828

Al S h < 1L-11 Sk < 1L-11 1 <
Index ranges

12
Reflections collected 14224

Independent reflections

3113 [Rint = 0.0485, Rsigma = 0.0367]

Data/restraints/parameters 3113/1/229

Goodness-of-fit on F? 1.055

Final R indexes [[>=20 (I)]

R1=0.0258, wR> = 0.0629

Final R indexes [all data]

R;=0.0261, wR> =0.0630

Largest diff. peak/hole / e A~ 0.19/-0.14

Flack parameter 0.07(6)

Table S9 Fractional Atomic Coordinates ( X 10*) and Equivalent Isotropic
Displacement Parameters (A2X103) for cxy3403_0m. Ueq is defined as 1/3 of the

trace of the orthogonalised Ui tensor.

Atom|x y z U(eq)
Ol |4577.3(13) ;;’97‘3(1 1693.0(12) 18.3(3)
02 [3908.8(16) 2)9 346(11 297.9(14) 28.3(3)
03 [3243.9(14) 3?16‘6(1 2920.1(13) 21.4(3)
04 [6901.8(14) 2)7 60.6(1 |5307.4013) 21.6(3)
N1 [5098.0(16) ‘61)154'6(1 4493.7(15) 17.4(3)
Cl [545(2) 6895(2) |5249(2) 22.2(4)
2 [14702) 6986(2) |4303.3(19) 23.2(4)
C3  [2686(2) 6094(2) [4401.3(18) 19.9(4)
C4  [2982.6(19) 51092) [5464.2(17) 17.2(3)
cs  4317(2) ‘9‘)146'1(1 5641.1(18) 19.0(4)
C6  |6305.8(18) 4930(2) [4429.0(17) 17.4(4)
C7  [6834.9(19) ‘9‘)55 L3 04.0018) 17.8(4)
C8  [7588.9(19) 5773(2) |2450.0(18) 19.0(4)
190.9(1
9 [8326.0(19) 3)909( 1314.0(18) 17.8(4)
C10 [9596(2) 3)378'2(1 1624.8(19) 20.1(4)
C11 |10246(2) 3760(2) [609(2) 21.4(4)
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C12 [9634(2) 3954(2) |-746.6(19) 21.8(4)
C13 [831(2) 5910(2) [6312(2) 25.0(4)
Cl4 [2048(2) 5030(2) |6415.5(19) 22.1(4)
C15 [5476.2(19) 3)9 1260 2252.4(18) 17.8(4)
C16 [3826.0(19) 4962(2) [424.9(18) 19.2(4)
C17 [2893(2) 6267(2) [91(2) 25.6(4)
C18 [4728(2) 3)170‘9(1 3319.9(17) 18.2(4)
C19 [7735(2) 337’87'3(1 -44.7(19) 19.7(4)
C20 [8383(2) 4774(2) |-1069.8(19) 22.7(4)
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9. NMR Spectra of 1
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'H NMR of 1¢ (400 MHz, Chloroform-d)
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'H NMR of 1d (400 MHz, Chloroform-d)
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'"H NMR of 1f (400 MHz, DMSO-dj)

+-13000000

+12000000

11000000

+-10000000

9000000

8000000

~7000000

6000000

5000000

4000000

+-3000000

~2000000

+1000000

~=1000000

700000

650000

+600000

+550000

500000

+450000

400000

350000

300000

~Z50000

200000

+150000

100000

+50000

HO

50000

0w —ooo -
d® TMMmN @
RN o
RS
0O
HO
| N—
Ph
0]
! I
H |A'
[ |
A J
o o
@ ow &
3 g« 3
— i )
W5 100 95 90 &5 &0 7.5 170 &5 60 55 50 45 40 35 30 25 20 1§ L0 05 00 -05
£l (ppm)
13C NMR of 1f (101 MHz, DMSO-ds)
0000000
[DEOROEDEDEHED]
2222222
@ o ot o Doooooo
— © o0 @ - 0 —@enn—@ o
£ B ARG g $%3328% R
1l ROV \ R
0
HO
| N—
Ph
0]
1
[
“ l -
. , , : ‘ : . . . . : : , ‘ . . ‘ . ‘ ‘ . .
2o 200 160 1% 170 160 1 140 130 130 1o 100 @ S0 70 &0 s 40 30 2 10 -0
£l (ppm)

85



'"H NMR of 1g (400 MHz, DMSO-ds)
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'"H NMR of 1h (400 MHz, DMSO-ds)
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1F NMR of 1h (376 MHz, DMSO-ds)
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'"H NMR of 1i (600 MHz, DMSO-ds)
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'H NMR of 1j (400 MHz, Methanol-ds)
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'"H NMR of 1k (400 MHz, DMSO-ds)
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F NMR of 1k (376 MHz, DMSO-ds)
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'"H NMR of 11 (400 MHz, DMSO-ds)
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'"H NMR of 1m (400 MHz, DMSO-d5)
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'"H NMR of 1p (600 MHz, DMSO-ds)
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1F NMR of 1p (376 MHz, DMSO-ds)
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'"H NMR of 1q (400 MHz, DMSO-ds)
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'"H NMR of 1r (400 MHz, DMSO-dj)
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'"H NMR of 1s (600 MHz, DMSO-ds)
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'TH NMR of 1t (600 MHz, DMSO-d5)
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'H NMR of 1u (400 MHz, Chloroform-d)
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'H NMR of 1v (400 MHz, Chloroform-d)
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'H NMR of 1w (400 MHz, Chloroform-d)
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'H NMR of 1x (400 MHz, Chloroform-d)
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'"H NMR of 1y (600 MHz, DMSO-ds)
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'H NMR of 1z (400 MHz, DMSO-ds)
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'"H NMR of 1aa (400 MHz, DMSO-ds)
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'H NMR of 1a’ (400 MHz, Chloroform-d)
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10. NMR Spectra of the 2, 3, 4

H NMR of 2a (400 MHz, Chloroform-d)
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'H NMR of 3a (400 MHz, Chloroform-d)
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'H NMR of 2b (600 MHz, DMSO-ds)
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'H NMR of 3b (400 MHz, Chloroform-d)
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'H NMR of 2¢ (600 MHz, Chloroform-d)
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'H NMR of 3¢ (400 MHz, Chloroform-d)
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'H NMR of 2d (400 MHz, Chloroform-d)
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'H NMR of 3d (400 MHz, Chloroform-d)
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'H NMR of 2e¢ (400 MHz, Chloroform-d)
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'H NMR of 3e (400 MHz, Chloroform-d)
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'"H NMR of 2f (400 MHz, Methanol-d)

r=:7

)

1.98
318

4
4.6

3.90
3.89

G

-

3.02

20000000

19000000

18000000

+-17000000

16000000

15000000

~14000000

13000000

~12000000

11000000

~10000000

5000000

~B000000

7000000

~5000000

5000000

~4000000

3000000

~2000000

1000000

-0

~=1000000

9.0 B. B.0

=
o

o
=
=

13C NMR of 2f (101 MHz, Methanol-dy)

_~1783
~1768

HO,

Ph

—1371

—762

©1300—=

=

496 CD30D_SPE
/49 4 CD3OD_SPE

—57.0

49 2 CD30D_SPE

49,0 CD30D_SPE

.48 8 CD30D_SPE

'i

SPE

L48 4 CD30D_SPE

48 6 CD30D

—251

~1400000

1300000

+1200000

1100000

~1000000

300000

~B00000

700000

~G00000

500000

~400000

300000

200000

100000

-0

+~100000

100 0

121



'H NMR of 3f (400 MHz, Chloroform-d)

7.33
32
32
31
30
29
29
2
2%
%
07

7.07

7.05

7.05

475

474

473

472

420
AURT:

%

HO,

PR

2.40
2.39

<

296
1851

)k R —

5000000

4500000

~4000000

~3500000

3000000

+-2500000

2000000

+1500000

+-1000000

500000

-0

I3C NMR of 3f (101 MHz, Chloroform-d)

1772
1754
F77.4 CDCI3
£77.0CDCI3
“76.7 CDCI3
—69.1

Ph*

[
on

523

25.1

T T T T T T T T T
210 200 180 180 170 160 150 140 130 120 110 100 80 80
1 (ppm)

122

600000

580000

+500000

450000

400000

350000

+-300000

+Z50000

200000

150000

+100000

50000

+—50000




'H NMR of 2g (400 MHz, Methanol-ds)
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'H NMR of 3g (400 MHz, Methanol-ds)

8000000

8500000

~B000000

~7300000

~7000000

~E300000

6000000

5500000

+5000000

+4500000

4000000

+-3500000

3000000

2500000

2000000

1500000

1000000

500000

-0

+-500000

T IO = 2 5 0 © 10 D or 0o
833NN ERIRRRegR2e 2 88
d NN
HO,,J
PR
|
1
1
I
L L W 1 S, I
sy T T
P oz
om (=] [=]
o — — -—
L0 1.5 1.0 1.5 1.0 95 9.0 B85 B0 7.5 7.0 &5 60 &5 5.0 4.5 40 35 30 25 20 L5 LO 0.0
£1 (ppm
1
3C NMR of 3g (101 MHz, Methanol-d;)
LS LD LU LU L L
oo
m\mlmlmlmlmlm\
ocooooog
000000
LR RGNG IORGEO]
[afnlale [o)ele)l
w0 = < @ COOQOO0
o® < O Q0 o e Ofoo o
o oody T 89933332
N S5 | L
HO,
Ph
.
.
1
I
210 200 150 180 170 160 150 140 130 120 110 100 @0 B0 70 60 30 40 30 20 10 -10

124

3000000

2500000

2000000

1500000

1000000

500000




'"H NMR of 2h (400 MHz, Methanol-ds)
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IF NMR of 2h (376 MHz, Methanol-dy)
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13C NMR of 3h (101 MHz, Chloroform-d)
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'H NMR of 2i (600 MHz, Chloroform-d)
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'H NMR of 3i (400 MHz, Chloroform-d)
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'H NMR of 2j (400 MHz, Methanol-d.)
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'H NMR of 3j (600 MHz, Chloroform-d)
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'"H NMR of 2k (600 MHz, Methanol-ds)
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IF NMR of 2k (376 MHz, Methanol-dy)
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13C NMR of 3k (151 MHz, Methanol-d,)
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'"H NMR of 21 (400 MHz, Methanol-ds)
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'H NMR of 31 (600 MHz, Chloroform-d)
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'H NMR of 2m (600 MHz, Methanol-d,)

1500000

1800000

1700000

1600000

1500000

1400000

1300000

~1200000

1100000

1000000

800000

~E00000

=700000

600000

500000

(400000

+300000

200000

100000

=0

+=100000

NS o0k < (o —
ST oo Qe =
[ Y] - o e oo o
SN v e
8]
HO,,
N—
Q
MeO
1
i
| T
JLJL_ J Jt L (] A
T T i T
o = @ @ o
@ o a @@ a
- = - oo ©
T T T T T T T T T T T T T T T T T T T T
5 8.0 B.5 &0 7.5 .0 6.3 8.0 5.3 5.0 45 40 3.3 3.0 2.5 zo L5 Lo 0.3 0.0
fl (ppm
1
3C NMR of 2m (151 MHz, Methanol-d.)
[TRQURRIRRIIRTIRITRIT)
0000000
9,5, HH,5 09,
oooooao
0000000
MEOHOOD OO0
coocoooao
- © oo - CO00000
& - o =t “ o M T M=o~ © -
[ @ @ = © CODODHD D00 0
T - i i} L ReISIIYISS o
N AT e
o]
HO,,
W —
u]
MeQ
1
! ! )
I I |
I I I [ L_JWMI —
T T T T T T T T T T T T T T T T T T
Z10 200 190 180 170 160 180 140 130 120 110 100 o0 7 &0 50 40 30 20 10 -l0
fl (ppm)

137

12500000
2400000
2300000
2200000
2100000
2000000
1900000
1800000
~1700000
1600000
+1500000
1400000
+-1300000
1200000
1100000
1000000
300000
800000
700000
600000
500000
~400000
300000
200000
~100000
-0
+~100000

~=200000




'H NMR of 3m (400 MHz, Methanol-d,)
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'H NMR of 2n (600 MHz, Chloroform-d)
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'H NMR of 3n (600 MHz, Chloroform-d)
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'H NMR of 20 (600 MHz, Chloroform-d)
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'H NMR of 30 (600 MHz, Chloroform-d)
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19F NMR of 2p (565 MHz, Chloroform-d)
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13C NMR of 3p (101 MHz, Methanol-d,)
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'"H NMR of 2q (400 MHz, DMSO-ds)
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'H NMR of 3¢q (400 MHz, Chloroform-d)
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'"H NMR of 2r (400 MHz, DMSO-dj)
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'H NMR of 3r (400 MHz, Chloroform-d)
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'H NMR of 3s (600 MHz, Chloroform-d)

7.38
7.37
7.33
7.32
727
7.26
7.28
7.25
718
714
713
4.81
4.79
4.52
4.51
—3.77

<
<

L

314

1
i
|[“-‘J
L
Nt

OHHO O D
o—oo

3011 e

1003

)

2,44

B PRI |

3800000

3600000

3400000

3200000

3000000

2800000

2600000

2400000

2200000

2000000

1800000

+1600000

1400000

1200000

~1000000

+-800000

600000

(400000

200000

+=200000

o

on
=

.0

-
gl 409882
[
o

fac

13C NMR of 3s (151 MHz, Chloroform-d)

770
<1759
—137.1

128.1
Zia7
225
21201
1186
1098

FF7.2CDCI3
77.0CDCI3
76.8 CDCI3

<

—103.0

—68.8

44.5

—328

—25.0

4000000

+-3500000

+-3000000

2500000

2000000

1500000

~1000000

500000

T T T T T T T T T
210 200 190 18D 170 160 150 140 130 120

T
110

T
100 90

fl (ppm

151



'H NMR of 2t (400 MHz, Chloroform-d)
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'H NMR of 3t (400 MHz, Chloroform-d)
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'H NMR of 3u (400 MHz, Chloroform-d)
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'H NMR of 3v (400 MHz, Chloroform-d)
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'H NMR of 3w (600 MHz, Chloroform-d)
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'H NMR of 3x (400 MHz, Chloroform-d)
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'H NMR of 3y (600 MHz, Methanol-ds)
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'H NMR of 3z (400 MHz, Methanol-d,)
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'H NMR of 3aa (600 MHz, Methanol-dy)
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'H NMR of 4y (600 MHz, Methanol-ds)
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2D-NMR Data of 4y
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'H NMR of 4z (600 MHz, Methanol-d,)
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'H NMR of 4aa (400 MHz, Methanol-ds)
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'H NMR of anti-2a’ (400 MHz, Chloroform-d)
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'H NMR of 6w (400 MHz, Chloroform-d)
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'H NMR of 7w (600 MHz, Chloroform-d)
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'H NMR of 8w (600 MHz, Chloroform-d)
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'H NMR of D-2f (400 MHz, Chloroform-d)
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11. HPLC Traces of the Products

HPLC spectrum of 2a and 3a

DAD C, Sige210.4 Rel =360, 100 (D\Chem3Z.. wiy-5-26-pi-H-8n 202104-13 10-02-011006-P 1-F5-pi-N-B0rac.0)

i
1000 ~ $
! (3R4R)-2a | (35.45)-2a
w0 |
] | 3
600 | ‘ “‘
(3S.4R)-3a ‘I
400 | N .
| signal 1: DADL C, Sig=218,4 Ref=360,108
1 ‘ (3R4S)3a || o]
1 | | HO Peak RetTime Type Width Area Height Area
00 | # [min] [min]  [mau*s] [mau) %
1 | N-Bn .. j--..-
|‘ Ph 1 B8.987 BB 8.1829 1.18705e4 1011.76978 43,9234
ol \ o 2 9.973 BV 0.2092 1541.71338 114.43020 5.7047
i ; i : i 3 10.641 VB  ©.2235 1573.96338 108.35782  5.8240
2 i ‘ 8 Iy 2 i = raC-2a+rac-32 4 13.434 B8 0.2860 1.20393ed  656.44855 44.5488
DADYC, Sig=2104 R =380 100 [0CHEMIZ. 165- 20210123 11-12- 171008 2 AT Wiy -8 i 55 EA O]
Ay §
1 |
o0 l
] I
ol | \
] |
\ (0] signal 1: DAD1 C, Sig=218,4 Ref=368,100
1 I HO,,
wol N—B Peak RetTime Type Width Area Height Area
] . N [min] [min]  [mAU*s] [mau] %
g 3 | Ph e el el B Eob
& 5 [
. - B J be} 1 8.949 BB 0.1726  68.58959  6.22356  0.6486
1 ’ ’ 9.844 VB R 0.2402 259.86292 17.81633  2.4573
z 4 6 H 10 2 1 o (3545)-2a 3 13.214 BB 0.2772 1.8246Be4  576.92462 96.8941
DADTC. ).100 (DACHEM32\.. -5-28-PH-N-BN 2021-04-13 1 M-P1F, NB 7]
mAl §
1400 I
o] I
1000 “
= |
. | _ _
‘ o) signal 1: DADL C, 5ig=210,4 Ref=360,100
HO,,
400 ‘ | g Peak RetTime Type Width  Area Height Area
N=Bn # [nin] [min]  [mau*s] [mau] %
0] \ e R (e [ P (R I
s || 8 ] 1 9.623 BB 0.1707 41.82415  3.56957 8.1936
- 4 2 9.936 BV R 0.2231 2.18202e4 1484.96826 97.3091
3 10.668 VB E @.2393 443.59378 28.550854 2.8535
z H & 3 10 12 1 . (3S.4R)-3a 4 13.522 B8 ©.2645 95.84493  5.21198  9.4437
A €, 52104 Ref=360,100 (0 CRENS2. W20 1 =
iy 2
1200 T’
1000 ||
) ‘
o0
| | signal 1: DAD1 C, Sig=218,4 Ref=360,160
00
| HO, Peak RetTime Type Width Area Height Area
& [md i AU Al %
20 ‘ | N—Bn | frind ‘....|.ET.T].|.E....f}..|..E 1... -
| g g g ph 1 9.145 BB ©.1939 1.43472e4 1211.87732 95.7045
o . . . - J "_‘E ',r-_ 1 2 10.e5@ BB 8.189%8 27.38448 2.17311 8.1753
3 10.835 BB ©.2323 G62.15362 40.30375  3.8555
2 4 5 8 10 2 1 - (BRA4R)-2a 4 13.772 8B ©.2316 41.33091  2.30074 ©.2646
DAD1 C. 5ig=210 4 Ref=360,100 (D\Chem32\.. h-N-Bn-rr-syn 2021-04-13 18-31-35002-F1-F 1-ph-N-Bn-r-5yn.0)
Ay 8
o] t
1200 ] |‘
1000 4 ‘|
K |
=~ |
signal 1: DAD1 C, Sig=218,4 Ref=350,100
] ‘ \
| HO, Peak RetTime Type Width  Area Height  Area
0 ] e | N—-Bn # [min] [min] (mAU*s]  [mAU) %
g g \ Ph 1 9.180 BB ©.1866 50.46713  4.24854  9.2090
o . LI S N 1 o) B . . . .
2 10.157 BV ©.2129 426.29337 30.90923  1.7651
1 i & w0 - A - (3R4S)-3a 3 10.755 VB ©.2562 2.36738e4 1483.32959 98.8259
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HPLC spectrum of 2b and 3b

DADTC, Sig=2i04 Refe360. TG0 =
mAL g
- T
35,45)-2b
(RAR)-2b (S,45)
o
g
w0l (38,4R)-3b ‘7'
‘ H signal 1: DAD1 C, Sig=210,4 Ref=360,180
2]
(3R.45)-3b | | o Peak RetTime Type Width Area Height Area
|| 3 / 1 HO # [nin] [min] [maU’s]  [mAU] %
™7 i | — R R R B e B ) EELEE Rt
‘\ : H || NEEME 1 13.862 BB  ©.2839 9973.51563 549.12555 44.5631
| \ { |
AW, \ ] L Ph 2 14.853 BB ©.3318 1256.14917 58.66521 5.6127
T 3 17.381 BB ©.4158 1353.34607 49.81676  6.0469
5 0 15 2 Py - rac-2b+rac-3b 4 21.627 BB ©.4936 9797.63867 307.68492 43.7773
DADT €, Sig-210.4 Raf~ 380,100 (WFVINFY-4- 1607 FrTEa
mAU
w00
.
a00]
2004
Signal 1: DAD1 C, Sig=218,4 Ref=368,100
100 HO, o Peak RetTime Type Width Area Height Area
5 #  [min]) [min]  [mAU*s] [mau] %
N=PMB ....|---e.o e B [essseeeees [eraeeeeees feeneeees I
= Ph! 1 15.034 BB ©8.3416 95.21124  4.08981 0.3543
I Y " 2 & p" o) 2b 2 21.762 BB @.6759 2.67772e4  563.99318 99.6457
DADT €. G210, TWEYWE WE-IE 20210208 ZAE GBS D)
Al
0]
700
0]
- ‘
400
Signal 1: DAD1 C, Sig=218,4 Ref=368,100
0]
Peak RetTime Type Width Area Height Area
200 #  [min] [min]  [mAU*s] [mAU] %
% |
1 g HO,,
100 " g E . 1 13.869 BB ©.3638 49.94906  2.27887  0.2547
s | g A N—-PMB 2 14.653 BB ©.3390 1.78219e4  815.27399 90.8682
PR 3 17.335 BB ©0.4635 384.76297 14.79160 1.9618
5 10 15 2 e} 3b 4 21.602 BB ©.4983 1356.30115 42.73129 6.9154
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HPLC spectrum of 2¢ and 3¢

DADT G, Sig=210.4 Ref=360, 100 (WF Y¥dy-5-1D\ph-N-pr 2021-05-17 11-37-220005-P2-Ad-piH-ipe-rac D]

.
Ed
0] (3R,4R)-20\ |T i /(38,45)-2c
w00 ‘ | (3S.4R)-3¢
|t
h ]
0] ‘ | I 3 )_3R,4S)-3c
v
‘ ‘ H [ Signal 1: DAD1 C, Sig=218,4 Ref=360,100
- ||l
| ‘ ‘ ‘ Hl o Peak RetTime Type Width Area Height Area
| [ I HO & [min] [min] [mAU*s]  [mAU] %
100-| | ‘ ‘ ‘ ‘ | || NI T R R el B Bt ELEEEEL]
| | ‘I I 1 1 8.484 BE  0.1724 6168.43555 551.78650 28.2835
)\ \ ] R | Ph 2 9.744 BB 0.1975 6485.77637 506.82608 29.3717
o] S S S S — - o 3 10.762 BB 0.2194 47@4.78564 331.9487@ 21.5724
3 } 5 3 I = 7w [AC-2C+rac-3C 4 12.016 BB 0.2514 4530.33447 279.12256 20.7725
CADT . 52104 Ref-380.100 (WFYwiy -0 T e
mAU B
- IT
1200 4 |
1000 ]
. |
. |
|
| |‘ X HO,,
w0 g |4 . .
H | 2 § N-'Pr
N ]
ol - Py 1 Y S NV A NS - S— PH
; I : ; ) % e 0 2¢
signal 1: DAD1 €, Sig=210,4 Ref-=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mau] %
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, |
1 8.459 BB ©.182@ 1305.62488 110.37617  5.7615
2 9.681 W R 8.2094 1,99578e4 1496.74475 88,6767
3 10.737 VB ©.2264 1372.39282 96.19571  6.8562
4 11.994 BB ©.2222 25.29548  1.63818 ©.1116
DADT C. Sg-2104 Ref=360 D)
mAU { -]
] ﬁ
e
500 “
‘\
am
| 0 Peak RetTime Type Width Area Height Area
| o, e e e wE
100 3 |\ ? N—’Pr 1 8.460 BB 8.2357  33.4487@ 1.97484  0.2459
EJLUA o 2 9.734 BB 0.2044 161.46421 12.19456  1.1864
" . o - ~ Ph 3 3 10.762 BB ©.2216 1.2585%e4  886.46332 92.5089
2 H H s 10 1 u_ C 4 1197388  @.2517 524.30878 50.76269  6.8589
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HPLC spectrum of 2d and 3d

DAL C, Sig=210.4 et 360,100 (DCHEMIZ\_-CYCL-GH 202103-13 21-00-50006-P2-A1-ph-N-cyanexane-15.0)

173

&
] #
(3R.4R)-2d e (38,45)-2d
1754
g
150 4
1254
100
. signal 1: DAD1 C, Sig=210,4 Ref=36@,180
(3R.45)-3d | @sam3d ol
‘ HO. Peak RetTime Type Width Area Height Area
Lar N #  [min] [min]  [mAU*s] [mAU] %
o .e |_ - -
= § E | Ph 11.985 MF  ©.2376 2082.82441 209.19566 7429
A b o) 2 12.902 VB ©.2552 226.62941 13.82799 3.7044
°J 3 13.762 BB ©.2820 148.11926  8.15182  2.4211
H ) T M o = o 5 1 rac-2d+rac-3d 4 15.851 BB ©.2917 2761.09668 146.59666 45.1317
DAD1C, Sig=2104 Ref=360, F
mAU
00
350
300-]
250
20
150
Signal 1: DAD1 C, Sig=210,4 Ref=360,100
100 o
HO. Peak RetTime Type Width Area Height Area
504 s #  [min] [min]  [mau*s] [mau] %
------- R e P Py e
ol he 1 11.956 BB 9.2109 359.16931 26.70136 4.2734
. . . i . . . . Ph 2 13.696 BE  ©0.2844 326.00445 17.73683  3.8788
H I 8 10 2 " 18 18 m 3 14,954 BB ©.2953 7719.66553 407.84800 91.8479
OADT €, Sig=210,4 Ref=360,100 (D CHENESE: 2021-03-20 1552 251002 73 A3-Ph N-cyohexane 45 5-0 0229 B)
mAU 8
350-] f
300 ||
- \
" |
150
100 signal 1: DADL C, Sig=218,4 Ref=36@,100
o
HO, Peak RetTime Type Width Area Height Area
50 g #  [min] [min]  [mAU*s] [maAu] %
o fi o o . 1 12.881 BY  ©.2473 289.47476 18.22820 4.4018
Ph 2 13.631 VB ©.2718 6261.53223 358.53299 95.2149
2 i ] ® 0 2 1 15 8 mir o 3d 3 15.886 BE  B.2066 25.28657  1.48874  @.3833



HPLC spectrum of 2e and 3e

DAD1C, = )’ 7 o
mA\.l_t ]
70 (3R.4R)-2e (35.45)-2¢
] |

— 14806

|\ signal 1: DAD1 C, Sig=216,4 Ref=360,180

o) Peak RetTime Type Width Area Height Area
| ‘I HO ¢ [min] [min] [mAU*s]  [mAU] ¥
-1

)
‘ | N-"Bu 1 10.282 BB 8.2117 1.05815e4 782.85449 46.6403

| . 2724 407, . .7

o PP A NAL - Ph Y : 13.669 BB ©.2724 467.29294 23,6235  1,7952
4

14.8086 BV R @.3237 1.18996e4  531.48137 48.9242
15.643 VB E ©.3614 599.82087 24.83741 2.6403

} : H } o = T i Iy ' rac-2e+rac-3e

DAD1 C, Sig=210.4 Ref=360, N-n-B. 1-03-18 P2-A2-ph-N-n-Bu-ant-65.0)
AL S
] I
= |
0] ‘ | signal 1: DAD1 C, Sig=218,4 Ref=360,100
‘ ‘ Peak RetTime Type Width Area Height Area
o] | o) #  [min] [min]  [mAU*s) [mau] %
| HoO,, e e R P J-mmeemeees [enmmmnnnan -mmmnnee |
. 8 | I‘ 3 N-"Bu 1 10.297 BB ©9.2151  52.55459 3.62669 @.2555
3 S |\ & 2 13.680 BB  ©.2815 246.78821 13.87369 1.1997
o B ~ 3 14.772 BB  ©.3328 2.02233e4  940.67950 98.3893
3 5 W 10 2 " © s | 0 2 4 15.996 BB ©.2748 48.44646  2.41580  ©.2355
DADTC, Sq=2104 Ref=360,100 (WFYwiy 5 B ET 503505 TR
i a
1200
. M
8001 |
800 ‘
| Signal 1: DAD1 C, Sig=210,4 Ref=360,160
7 ‘ Peak RetTime Type Width Area Height Area
fo) #  [min] [min]  [mAU*s] [maAU] %
200 ‘ | HO,, R R Rt |=mmmmeen [==mmmee- [==meee |
8 k 3 N-"B 1 11.168 BB  ©.236@ 17.46226  1.03950  0.0760
=z Jl | . u 2 13.039 BB 0.2907 2.2760led 1221.86658 98.7752
o — Ph" 3 14.882 BB ©.2993 99.77814  5.03312 0.4342
2 H H H 0 12 18 ® 18 m 3e 4 15.654 BB 0.3237 164.24055  7.61469  ©.7147
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HPLC spectrum of 2f and 3f

DADT C. VWY T300C-T0-30 2020-12-11 OB-40-20V008-P2-F 1-N-Me-rac D)
P
200
(3R4R)-2f
15 ‘ (35,48)-2f
1504
]
15 ﬁ
1004 ‘ “
. ‘ (3S,4R)-3f signal 1: DAD1 C, Sig=210,4 Ref=360,100
‘ EXCST | o
504 & HO. Peak RetTime Type Width Area Height Area
| g | 3¢ N— #  [min] [min]  [mAU*s] [mAU] %
25 I = } L - -
A\ IL ,"\’} J Ph 1 11.792 W R ©.2598 3452.62500 53889 42.8484
b 2 17.078 W R ©.3398 617.80194 21.98939  7.5240
25 5 75 10 125 % 175 o w rac-2f+rac-3f 3 18.384 BV R ©.3829 3488.04736 125.23566 42.4798
4 20,182 MM ©.5447 652.59125  15.966B1  7.9477
DAD1 C. Sig=210.4 Ref=360, 100 (WF Ytwfy-4-130UC-70-30 2020-12-11 08-48-28\005-P2-F3-wfy-4-130-N-Me D)
Al | E
e i
] ‘I
1200 |
1000 “
] "
ol [
‘ o Signal 1: DAD1 C, Sig=218,4 Ref=360,100
] ' HO,
| - Peak RetTime Type Width Area Height Area
| — 4 [min] [min]  [mAU*s] [mauU] %
= 3 g | PH B L e e s B
E 5 0o 1 11.802 BV R ©.2493 586.87831 32.64530 1.1200
SR E— 2 17.103 W R ©.3351 788.67322 28.65168 1.5871

= (3S48)-2f

DADH G, 5ig=210.4 Rsf=360, 100 (DICHEMOZ. 4-17GIWF Y-4-176 Z021-01-31 0B-5-1 1003-P2-A3-176-2_0-160 D]

3 18.145 BV R ©.4168 5.09545e4 1475.95313 97.3729

way =
500 ‘\
] \
1 ‘l
\
200 |‘ o]
‘ | HO, signal 1: DAD1 C, Sig=218,4 Ref=368,10@
| ‘-
00 I\I N—  peak RetTime Type Width Area Height Area
A\ H Ph # [min] [min] [maU*s]  [maU] %
. |\ g L |l Ry [-memomeee [--memeeee [=-msmnen |
o S B N .
1 16.671 BB 9.4584 1.63084e4 545.81439 97.7784
75 : 7 ) s = s » 4 (3S4R)-3f 2 20.095 BB ©.4778 370.36817 11.87546 2.2216
DADT G, Sig-210.4 Ref=360.100 (WP = =¥ )
mAU B
150
o] H
1000 4 ‘
] ‘
00| ‘ o Signal 1: DAD1 C, Sig=210,4 Ref=360,100
400 ‘| HO, Peak RetTime Type Width Area Height Area
‘ N— # [min] [min]  [mAU*s] [mau] %
- I e e FelmlEbede el i t
I g H 1 11.677 BB 0.2755 2.61188e4 1497.41528 96.2270
— - - S 2 18.356 BB ©0.3838 180.19313 6.53360 0.6639
P T = P = 1 P ry (3R.4R)-2f 3 20.035 BB 0.4545 843.90204 28.09366  3.1091
BB €, SgeE 164 w380, = = &
mAU g
o §
I
0] ‘|
- |
! 1
\
400 | | signal 1: DAD1 C, Sig=210,4 Ref=360,18@
|
= ‘| ‘ HO [o] Peak RetTime Type Width Area Height Area
200 # [min] [min]  [mAU*s] [mAU] *
N— ====|===memefemmn | emmmmee e oo [ e |
100 5 1 11.864 BB ©.3461 329.78915 13.93379 1.1268
z Ph 2 17.371 BB ©.4365 330.20874 10.68675 1.1282
o 0 18.621 BB 0.4264 270.49686  8.16664  8.9242
P i P P s 5 s % = (3R4S)-3f 4 20.685 BB ©.5248 2.83377e4  834.94324 96.8208
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HPLC spectrum of 2g and 3g

DAD1 C, Sig=210,4 Ref=360,100 (DACHEM3Z2\.. 4\WFY-4-54-SOLVENT 2020-08-19 09-19-31\002-P2-A1-RAC-RR_SS.D)
mAL 7] @
300 )
P
. o
»50] I
200
150
100 |
50_
0 - : - :
T T T T T T T
5 10 15 20 25 30 35 miy
Signal 1: DAD1 C, Sig=210,4 Ref=360,100
0 Peak RetTime Type Width Area Height Area
HO # [min] [min]  [mAU*s] [mAU] %
A |- -me e |--emmmeee |-mmeemeee |--meeeee |
Ph o} 1 28.549 BB 0.7422 1.64269e4 336.11041 50.30180
rac-29 2 34.404 FM 1.0708 1.62303e4  252.62325 49.699@
DADA G, Sig=210,4 Ref=360,100 (DACHEM32\. ATAWFYWEY4-60WWFY-4-60 2020-08-26 08-42-381006-P2-C4-EA D)
mAL s
500 ‘
400
300
200
100
2
-
8 ,°
£ (@
0____JL_//\\—-__A S L 3;?3 .
T T T T T T T
5 10 15 20 25 30 35 min|
Signal 1: DAD1 C, Sig=21@,4 Ref=360,1600
[¢] Peak RetTime Type Width Area Height Area
HO., #  [min] [min]  [mAU*s] [mAU] %
NH
I EEEEE |-oeefommeee |=emeemeeee |-oemmneee |-oemeee- |
Ph o 1 27.757 BB @9.723@ 2.37731ed  499.74857 99.6172
29 2 34.661 MM 1.0967 91.34515 1.38816 0.3828
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HPLC spectrum of 3g

DAD1 C, Sig=210,4 Ref=360,100 (D:\CHEM32\...2\PH-NH-SYN 2021-03-24 15-21-21\002-P2-A1-ph-NH-syn-rac-IC.D)
mAU |
400; §
300;
200; §
100;
o
T T T T T T T T T T T T T T T T T T T T T T T T T T R
2 4 6 8 10 12 14 min
Signal 1: DAD1 C, Sig=210,4 Ref=360,100
O
HO Peak RetTime Type Width Area Height Area
NH # [min] [min] [mAU*s] [mAU] %
- ] R R R R R R |
0] 1 7.883 BB 0.2091 5795.01123 424.81644 66.1569
rac-3g 2 10.e35 BB ©.2951 3838.14478 202.56071 39.8431
DAD1 C, Sig=210,4 Ref=360,100 (WFYwiy-5-12\ph-NH-syn 2021-03-24 15-21-21\003-P2-A2-ph-NH-syn-ss-1C.D)
mAL =
400
350
300
250
200
150 o
100 H
50_
0 ~
2 1 6 8 10 12 14 mn
Signal 1: DAD1 C, Sig=218,4 Ref=3606,100
o Peak RetTime Type Width Area Height Area
HO, # [min] [min] [mAU#*s] [mAU] %
(1 VPR P R P R L | nmmenes |-nmmeee- |
PR 1 7.811 BB 8.2136 63.56745 4.42563 ©.8334
39 2 18.831 BB 8.2926 7564.27979 483.75253 99.1666
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HPLC spectrum of 2h and 3h

DAD1 C. 512104 Ref=360,100 (DVCHEMAZ, FY—4-1BTW-F-1C 2021-02-10 17-4- 7015 P7- A 1-4-F-N-We-7ac. D)

&
500~ - -
(3S.4R)-3h & GRAS-30

ao0-| (3R4R)-2h

\

0] (35,48)-2h

0914

14631

DADTC, Si=2104 Rei=360,100 (DACham3Z\ FY-4- 181W-FC 2021-02-10 17-44-57005 P2-A34F W e 5-2.0)

DADT C. Sig=210.4 Rof=380,100 [D\ChemdZ\ FY-418TW-FC 2021-02-10 1744 67004 P2-A2-4 FN-Me-2_0 )

12127
14,686

178

F

HO

[o)

N—

o

rac-2h+rac-3h

Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width  Area

Height Area

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

|
1 9.914 BV ©.2181 3388.80249 240.91788 13.8457
2 10.618 VB ©.2546 8985.71582 538.81805 36.7131
3 12.157 BB ©.2837 9002.44043 491.54105 36.7814
4 14.631 BB ©.3445 3098.54736 138.78181 12.6598

signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width  Area
#  [min] [min]
=l

1 9.913 BB

©.2223 246.23917 17.27936  0.7355
2 10.672 BB ©0.2609 1306.05029 76.62646 3.9013
3 14.470 BB ©.3649 3.19252e4 1354.94165 95.3632

signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width  Area
& [min] [min]  [mAU*s)
wee|- Jommmnmnes J---- -l
1 10.549 BV R 3.15507e4 1736.53320 98.513@

©.2820

3h 2 12.127 VB E ©.3307 348.45157 15.59382  1.0880
3 14.686 B8 ©.3467 127.79789  5.54846  ©.3999



HPLC spectrum of 2i and 3i

HO,

(3S4R)3i (3RAS)-3i
DAD1 C, Sig=210.4 Ref=360, gL ""“I
mAU 7]
0]
g o
w (3RAR)-2i ER I P
il ¥
250 | ‘ H (35,48)-2i
|
100 | ‘ ‘| ‘
@ ‘\ |\|\ I
IR
o JUVL I
R S S T S S S -

BADT C. Sig=2104

Y -GG 2021-02-07

FZB2-4-Cr

10571

P> 11530

DADT C, Sig=210,4 Raf=360.100 (WF YWY <150W-CHN-Me-C 2021-02-07 20-41-121007 PZ-B3-4-CHN-Me-5yn D)
8

HO,,

W

s
B

Cl

179

[0}

N—

3i

signal 1: DADL C, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
4  [min] [min]  [mAu*s] [mAu] %
Rl Attt et M L | meenaenans |eensnnnns I-
1 16.548 BV  ©.2365 5838.80795 381.52482 25.4358
2 11.444 W ©.2825 599.94287 274.29379 22.1775
3 12.443 VB ©.2075 5761.19434 298.@9537 25.8973
4 14.766 MF  ©.3799 6264.42969 275.45859 27.2895

sSignal 1: DAD1 C, Sig=210,4 Ref=368,180

Peak RetTime Type
# [min]

Width
[min)

Area
[mau*s]

Height Area
[maU] %

9.80851

9.2367 89.15577 5.75641
2 11.53e BB 9.2977 505.64423  26.14009  4.5663
3 14.742 MF 8.3837 1.84786e4  455.16248 94.6286

Peak RetTime Type Width
& [min] [min]  [mau*s] [mau] %

R R LR e B |-mmmmeeen | |

1 11.365 BV R ©.2961 3.22368e4 1693.31323 97,4998

2 12.445 VB E 9.3323 697.14661 31.48215  2.10885

3 14.863 8B 8.3262 129.58248 5.67647 8.3917

Area Height




HPLC spectrum of 2j and 3j

(35,45)-2h

(35,4R)-3i
|

(35,4R)-3j

mAU|

125

(3R,4R)-2j

DAD! G, Sig=210.4 Ref=360,100 (D7CHEMIZ,. ME-1C-00-10-2 2021-02-18 15-0245002-P§ A1 4-Br N-Me-12c.0)

i

8

(35,48)-2i

i

DADT C, Sig=210.4 Ref=360, 100 (DAChenaz. - Me-C-

o)

16.403
19.024

Br

mAU

180

Br

[0}
HO, Signal 1: DAD C, Sig=210,4 Ref=360,100
N— peak RetTime Type width Area Height Area
#  [min] [min]  [mAU*s] [mav] %
0 b el B SR |2omgmnsen
1 16.392 BB ©.3716 4588.35791 191.46353 21.6205
2 18.840 BV  ©.4792 5752.08608 180.77650 27.1640
: : 3 20.497 VB 0.4932 5646.61621 177.47049 26.6070
rac-2j+rac-3j 4 23.650 BB ©.5550 5235.23926 145.77473 24.6686
o Signal 1: DADL C, Sige210,4 Ref360,100
Peak RetTime Type Width  Area Height  Area
#  [min] [min]  [mau*s] [mau] %

1 16.403 B8  ©.3487 132.53369

5.50749 ©.5620
2 19.024 BB ©.5012 680.86475 20.40882  2.8871
3 22.829 BB ©.5673 2.27696e4  615.86407 96.5509
Signal 1: DAD1 C, Sig=219,4 Ref=360,100
Peak RetTime Type Width  Area Height  Area
[min] [min]  [mAU®s] [mau] %
1 19.138 BB ©.5853 1.72640e4  520.06824 97.2333
2 20.923 BB ©.3951 146.59415  5.29354  0.8256
3 23.627 BB ©.5106 344.63738  9.1679%  1.9410



HPLC spectrum of 2k and 3k

(35,45)-2h

DADT C, Sig=210,4 Ref=3a0, 100 (D/CHEM3Z...C} 10311

(3R, 4R)-2k

(3R 45)-2k

=418

(35,45)-2k

. FC

o
HO,
N—
o
i rac-2k+rac-3k

12504

DAD1 C, Sig=210,4 Rei=360, 100 (0 1Cham3z\.. CFa-N-Me—gh 2021-03-11 11-40-281002-P2-A3-CF3-N-Me-syn-55 D)

FI}‘F.

181

signal 1: DADL C, Sig=21@,4 Refs368,108

Peak RetTime Type Width Area Height
[min]

[min]  [maU®s) [mAU]

1 6.819 BV 8.14081 2978.35352 326.76434
2 6.418 W  0.1500 8608.76855 897.13721
3 6.925 VB 8.1675 2886.93872 261.83534
a 7.719 BB 8.1989 9135.92383 735.73859
signal 1: DADL €, Sig=210,4 Ref=166,100
Peak RetTime Type Width Area Height
# [min] [min]  [mau®s) [mau)
1 5.948 BV ©.1892 605.88556  49.35823
2 6.446 VB ©.1530 159.14063  16.14504
3 6.968 MF @.2481 222.72138 14.96416
4 7.742 FM 9.2150 7650.16943 593.82338

signal 1: DAD1 C, Sig=218,4 Ref=360,108

Peak RetTime Type Width Area Height
#  [min] [min]  [mAU*s] [mau]
1 6.851 MF  9.1560 901.93884 96.37147
2 6.457 FM 0.1993 32.33525  2.78420
3 6.923 MF  0.2029 2.25031ed 1848.74438
4 7.794 FM 8.2331 732.93524 52.48259

Area

-
12.6280
36.5988
11.9333
38.8399

Area

3.7316
8.1338
93.1023
3.8324



HPLC spectrum of 21 and 31

DAD1 C, 5ig=210.4 Ref=360,100 (D:'CHEM3Z\ . 44-ME-N-ME-IC 20210219 14-10-280006-P2-A7-4-Me-N-Me-rac D)
Ay
20
150-] 8 8
p El
\
I ﬂ
] i J
r [e]
‘ HO,
Signal 1: DADL C, Sig-218,4 Ref-360,100
50 J N—
| ‘ Peak RetTime Type Width  Area Height
‘ i Py % [min] [min] [mAU's]  [mAU]
IUAVAEE o
n__‘,J_ - ‘ \Tfj—-' Me 1 19.741 88 @.4493 6928.21582 239.63028
2 32.250 88 0.7241 4087.50448  85.75805
H 10 15 = 2 Y 38 a0 ] rac-2l+rac-3l 3 35.882 88 1.0054 9543.21191 136.54620
4 48,232 00 85105 75258447 125,85530
DAD1 C, Sig=210,4 Ref=360,100 (D\Chem32\._4\4-Mo-N-Me-iC 2021-02-19 14-10-200008-P2-A3-4-Me-N-Me-5_2 D)
mAU o
30
250

Signal 1: DAD1 C, Sig=218,4 Ref=360,100

Peak RetTime Type Width
[min]

Area
[mas]

Helght

& [min] [mau]

1 31.918 B8 0.7894 1.77385¢4

1254

DAD1 C. Sig=2104 Ref=360,100 (DACHEMIZ\_-ME-N-ME-IC 2021-02-19 14-10-281007-P2-A2-4-Me-N-Me-2_0.02.D)

182

HO, 0 Signal 1: DAD1 €, Sig=218,4 Ref=360,188
N—  Feak RetTine Type width  Area Height
- # [min] [min]  [mAU*s] [mau]
v R - . I
O 1 32.483 BB 8.6415 588.82488 9.91892
31 2 35.759 88 1.0350 1.37018e4  189.61919
3 40.114 MM 1.2753 189.27843  2.35594

Area
%

338.49649 186.8000




HPLC spectrum of 2m and 3m

(35,4R)-2m
TADT C. Sig=210.4 Ref=360.100 (DChamaz_ 4 MeO-N-We1C 20210210 09-04- 46006 P2 AT+ MeON-Merz D]
mAL
250
(3R4R)-2m
(35,45)-2m
200 o
8
150 (3R,45)-3m
. (35.4R)-3m
100 § o
H [}
8 HO
: =210,4 Ref=
0 N Sienal 1: DADI C, Sig=210,4 Ref=30,108
Peak RetTime Type Width  Area  Helght  Area
| o) # [nin] [min] [mAU*s]  [maU] X
o MeO 1 25384 B8 £.6159 1.8531%4  261.49315 33.4298
. . - . . r . . 2 31.552 BV 8.7933 9276.45881 175.89235 29.4449
5 10 15 m 25 30 35 40 45 m rac-2m+rac-3m 3 33.799 VB 6.8337 5206.13629 94.09803 16.5116
SO06.AT R LTI BT MER TEAME 06,5007
DAD1 C, Si5=210.4 Ref=360, 100 (DACherm32\. 4 MeO-N-Mo-C 2021-02-19 0904 46108-P2-A3-4 MeO-N-Mo 5.2 D)
mAU 2
4004
300 o
2004
. Signal 1: DADL C, Sig=210,4 Ref=360,100
Peak RetTime Type Width  Area Height  Area
;: g #  [min] [min] [maU*s]  [mAU] %
g
! S 1 2547288  0.5177 171.33064  4.84908
. . . . . . . . . 2 31.133 B8 0.8298 2.75475e4  494.56934 95.4329
5 10 15 20 25 0 % 40 45 3 39.888 BB 0.9186 1147.01611 14.95925 3.9736
DADT C. Sig=2104 ON-ME-SYN 2021-02-10 20-3340D03-P2-Ad-4-MeO-Ne-2:0 02 D)
mau
250
= |
1504
1004
50 o HO, Signal 1: DADL C, Sig-218,4 Ref-360,180
g .
a L N— Peak RetTime Type wWidth  Area Height  Area
}f\ 5 #  [min] [min]  [mAU*s] [mAu] E
o
. . . . . . . . . o 3m 1 33.912 BB ©.7588 1110.34351 20.73287  4.7663
5 10 15 20 5 k) 3% 40 45 =i MeO 2 38.260 BB 1.1927 2.21854e4  252.59159 95.2337

183



HPLC spectrum of 2n and 3n

MeO.

(3R,45)-3n
DADT C, Sig=210.4 Ref=360 100 (WFYwwiy-4-_ wiy-4-188-0 2021-02-25 12-36-4T\007-P2-C2-34Me0-N- '.;n)
mAL 2
2o ] z (35,4R)-3n
. G849
20+ GR4Ry2n T g
E]
150 <
1004
o]
0+ R
5 10 15 20 2 B =

DADT C. Sige210.4 Refa360, 100 (WF Yy~ _y4- 185D 2021-02-25 12-38-471008-P2-CA-34Me0-N-Me-5-2-95 D]
300 ﬁ
250 ‘ |

\
1

DADT C, Sig=210 4 Ref=360,100 (W F V\wfy-4--188-ID Z021-02-25 12-36-2T\00B-PZ-C3-34Me0-N-1e-2-0.02-55 0]
mAU
500+

400

126,915
887

MeO.

184

o
HO.

rac-2n+rac-3n

HO,

Peak RetTime Type Width

Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Area

# [min] [min]  [mAU*s)

19.709 BB

1 0.5743 7308.38330
2 26.222 BB ©.8425 9568.87520
3 29.116 BB ©.9184 1.47688e4
4 33.195 BB 1.8440 1.99092ed

Signal 1: DAD C, Sige218,4 Ref-360,180

Peak RetTime Type Width
& [min] [min]

Area
[mauts]

1 19.862 MM @.8110 11@.8597@

Height
[mau]

2.26184

Height
[mav]

193.66742
168.99763
232.71100
274.56754

Area
%

14.1761
18.5592
28.6469
38.6178

|
.5586

K

3n

2 35.871 88 ©.8835 1.93373e4  313.55331 98.1416
3 34.036 88 ©.7466 256.11478 4.84574  1.2998
Signal 1: DADI C, 5ig=210,4 Ref=360,100
Peak RetTime Type Width  Area Height
#  [min] [min]  [mAu¥s] [mau]
1 26.915 B8  ©.6853 553.32019  9.58747
2 20.887 BB ©0.7322 753.38367 12.27248 1.7846
3 32.760 BB 1.1953 4.09095e4  5@1.68649 96.9047



HPLC spectrum of 20 and 30

(35,4R)-30

(3R,45)-30

7.904

(3R4R)-20

9.102

B G542

DADT C, Sig=210,4 Rei=360, 100 (D3Chem32\ _O-N-Merac 2021-03-02 08-03-3 11006 F1-E3 2Mel-N-Me-ani 55.D)
2

6.466
43

DADT C, Sig=210,4 Ref=360,100 {DAChem32\_eO-N-Me-rac 2021-03-02 08-03-311005-P1-E2-2Mal-N-Me-syn-55.0)
mAU %

i

12004

9131

185

O  Signal 1: DAD1 C, Sige210,4 Ref=360,100

Height
[mau]

Area
%

HO.
Peak RetTime Type Width Area
N— % [min) [min]  [maU*s)
o] 1 6.476 BV R ©0.1575 4104.71973
OMe 2 7.994 8B 0.2086 4735.72754
3 9.102 BB ©8.2457 5005.52051
rac-20+rac-30 4 10.581 BB 9.3012 6454.23438

o]
HO,,
N_
o
OMe 20
o]
HO,,
N_
0
OMe 30

398.97318
348.37698
314.42807
331.36960

signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type
# [min]

1

2 7.989 BB
3 9.143 88
4 10.473 BB

Width
[min]

9.1622 246.28621
©.2120 1780.91016 129.838%@
30.74656
©9.3092 1.83906e4

0.2386

Area
[mau*s)

Height

[mav]

Signal 1: DAD1 €, Sig=210,4 Ref=360,100

Peak RetTime Ty,
#  [min]

1 7.947 BV
2 9131 VvE

pe Width
[min]

Area
[mAU*s)

0.2263 2.48293e4
@.2688 B39.42598

20.2201
23.3285
24.6575
31.7939

Area
%

1.2044

23.51783
8.7092
1.90179  0.1504
919.90302 89.9360
Height  Area
[mau] *

1665.76819 96.6246

49.25992

3.3754




HPLC spectrum of 2p and 3p

(3R4R)-2p  (3545)-2p

DADT C, Sig=210,4 Ref=360,100 (DACHENGZ,_2F NME GH 20210306 182757004 P1E1 2. F N Merac1B2D)
mAU 2
g
o]
250
300 (35,4R)-3p
(3R,49)-3p
201
200]
150 signal 1: DAD1 C, Sig=218,4 Ref=168,180
1004 HO, .
Peak RetTime Type Width  Area Height  Area
N— # [min] [nin]  [mAU*s]  [mAu] %
0] -
o 1 16.935 BV ©.3030 8492.67383 418.93378 25.9192
N _ E 2 12.232 VB ©.3299 9044,73438 406.01266 27,6040
. : ! , . : ! . 3 16.797 BV ©.5196 6896.23730 197.39912 21.0469
25 5 75 10 125 15 115 n 28 md rac-2p+rac-3p 4 18.131 VB 0.5740 8332.35547 209.49248 25.4299
DAGT C. 5210 Rol=360,100 WFYWFY &~ --Me-gh 2021-03-08 1927 51000 PT-E3 2-F T ani 35 8.0]
mAU B
1000 | i
- |
“ ‘|
4004 ‘
|‘ Signal 1: DADL C, Sig=210,4 Ref=360,100
200 |‘ @"bﬁ& Peak RetTime Type Midth Area Height
e || g # [nin) [nin]  [ma*s]  [mau]
5 || g BB ) i P P
ol _ 3 N _ 1 11.678 88 ©.3124 358.33875 17.10595 1.3144
: . i . : . : . } 2 12.156 88 ©.3379 2.4388le4 1078.32605 89.4571
1 10 25 1 s 2 225 3 16.969 MF  0.6278 2515.80087  66.79258  9.2285
DAD1 C, Sig=210.4 Ref=360,100 (DACHEM32\. F-N-ME-GH 2021-03-06 19-27-57\002-P1-E2-2-F -N-Me-syn-ss-18 D)
mAU |
0]
2]
20
150
100
o]
Ho,
0
— “L - @
o — ™ —
S o
25 5 s 10 125 15 Vs x 225 i F 3p
signal 1: DADL C, S$ig=210,4 Ref=360,100
Peak RetTine Type Width  Area Height  Area
®  [min] [nin] [maw*s]  [mau] %

1

12.438 BB @.3276  £3.29468 2.64087 @.7851
16.833 MF ©.6058 7748.81641 213.19893 96.1124
18.284 FM  ©.6808 250.12999  6.12376  3.1025

W
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HPLC spectrum of 2q and 3q

(3R.45)-3q
DADT C, Sig=210 4 Ref=360_100 (WF Yty wiy4- 188D 20210225 \zwmwum\»mwf-c )
-
®
=0 GRAR-2a (354829 &

8
E

(35,4R)-3q

o Signal 1: DADL C, Sig=218,4 Ref=368,100

HO
Peak RetTime Type
N— &

Width Area
[min]  [mau*s]

Height  Area
[mau) %

MeO.

o] 1 19.709 BB 9.5743 7308.3833@ 193.66742 14.1761
MeO’ 2 26.222 BB 8.8425 9568.87528 168.99763 18.5592
3 29.116 BB 9.9184 1.47688e4  232.7118@ 28.6469

rac-2q+rac-3q 4 33.195 8B 1.844@ 1.99692e4

274.56754 38.6178

TADT G, S=2704 Ref=360.100 (WFYVify 4y o
A =
] |
2 ‘\
200 ‘ ‘l
I
150 ‘ |
100
‘ \ Signal 1: DADL C, Sig=218,4 Ref=368,186
1
P \ Peak RetTime Type Width  Area Height  Area
| . & [nin] [min] [maU*s]  [mAU] %
2 i Jmemnen I -
ol J L i N 1 19.852 MM ©.8116 118.85976  2.26184  0.5586
2 25.871 88 @.8835 1.93373e4  313.55331 98.1416
5 0 15 ) 25 ) 35 i 3 34.036 BB ©.7466 256.11478  4.84574 1.2998
DAD1 C, 5i9=210.4 Raf=360,100 (W FYiwfy-4- - 188-ID 2021-02-25 12-36-47\006-P2-C3-3aMe0-N-Ma-2-0.02-55.D)
Ay 2
500
o]
a0
200]
° Signal 1: DAD1 C, Sig=210,4 Ref=360,100
100-] HO, Peak RetTime Type Width  Area Height  Area
- N— #  [min] [min] [mAU*s]  (mav] %
5 B . -l -l
] 2 MeO
o 1 26.915 BB ©.6853 553.32019 9.58747 1.3107
o) 2 29.887 BB ©.7322 753.38367 12.27248 1.7846
5 Iy 15 2 s 20 35 w1 MeO 3q 3 32,760 BB 1.1953 4.09095e4  501.68649 96.9047
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HPLC spectrum of 2r and 3r

(35,48)-2r
At v, og=cT0.8 REF=350.100 (WF Yty 80 Cna-W-\e-gh 202102.27 00-27 14002 -ET-Zra N Me-rac D)
Al
200
(3R4R)-2r
s00-]
s00-]
(35,48)-2r
400 =
g
8
300 (3R, 45)-3r
O  Signal 1: DAD1 C, Sig-21@,4 Ref-368,100
HO.
0 (35:4R)-3¢ Peak RetTime Type Width Area Height Area
: 5 — # [min] [min]  [mAU*s] [mAU] %
100 e R s ETEe B
o) 1 17.491 BB ©.4331 2.88761ed 74458783 42,4990
o 2 26.824 BB ©.7581 5086.75732 97.92147 18.3555
3 28.969 BV ©.7400 5979.66016 123.69154 12.1732
5 10 15 2 25 0 38 rac-2r+rac-3r 4 30.661 VB ©.8287 1.7178%4  313.77274 34.9723
GADT €. Sig=2104 Ref=360 100 (WFVindya- v E )
mAU g
800 |‘|
0] |
|
|
40 |
|
‘ 0
I‘ HO, signal 1: DADL C, Sig-21@,4 Ref-360,180
200+ | 2
N— Peak RetTime Type Midth Area Height  Area
s [min] [min]  [mAU®s] [mAU] %
8 | -- e [ B —
o — - - B 17.416 BB ©.4235 165.65111  5.82996 @.3165
. . . . . . 2 26.138 BB 8.6428 445.18355 8.47381 8.8343
5 10 15 20 25 EY 2r 3 29.826 88 ©.8412 5.27394e4  908.53595 98.8552
BADY C. Sig=2104 Raf=260.100 (WF T881zra-Ne-gh 2021-02-27 00-21-14003-P1-E2-2nar\-Me-5yn D)
mAU 5
] T
400 ‘ |
|
" !
ﬂ
|
1 \
I\ HO, Signal 1: DAD1 C, 5ig=210,4 Ref=360,160
100 \
N—  Peak RetTime Type Width Area Height Area
‘ § F1 - ® [min] [min] [mau*s]  [wAu] %
) - o e e weene] e |
0 D | . 1 25.131 B8 ©.8239 3.6737%4  530.58673 96.6195
T T T T T T T 2 28.955 BB 8.7623 B879.85114 18.18976
5 10 15 20 25 a 35 3r

2.7657

3 31.084 BB 0.6827 195.59460  3.86285 ©.6148
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HPLC spectrum of 2s and 3s

BABT €, Sig=210,4 Rel=380, 100 {DACHEMSZ. - ME-FAG 2021-05-04 15-20-581008-P1-E 1-5-yinduo-N-Me-raz-IF D]

m&i % .ﬁ"’% ¢@?
Hﬂ" ¥
o0 GRAR)2s ‘ ‘ | (35,48)-2s
500 | ‘
400 - |
. ol
e
0] YL
N GRAS)3s B |\ § GseRs
VIR
. UYL A
2 H & 8 10 12 1

TADT G, 572104 Ref=360, 100 (WFYWFY-4- 21-08-04 15-20-580010-F

¥ 50-50.0]

600 -

200

7110

DADT G, Sig=210.4 Ref=360.100 (WFYIWFY—-. 021-03-04 15-20-501009-P1-E2-3-yinduo-N-Me-syn-53-IF-50-50 )
I

" f

189

HO.

I
N
/

o]

[o} Signal 1: DAD1 C, Sig=218,4 Ref=360,100

N— Peak RetTime Type Width Area Height Area

rac-2s+rac-3s

3s

5

[min] [min]  [mAU*s] [mau) %
- [[E— \
7.872 MF ©.2844 9884.84297 806.88612 37.7272
7.943 MF 9.2785 1943.17285 119.7@77@ 7.417@
B.464 FM 9.2648 1.24835e4  780.65863 47.3441
18.486 BB B.338E 1967.98128 B87.37834 7.5117

signal 1: DAD1 C, Sig=218,4 Ref=368,108

Peak RetTime Type Width Area
& [min] [min]  [mau®s]
1 7.110 BV ©.2085 289.48233 20.78885 1.3481
2 B.442 FM  §.2697 1.72445ed 1182.92162 83.1023
3 18.383 VB ©.3389 3338.93891 147.82534 15.5495

Signal 1: DAD1 C, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mau] %
o]

1 7.948 BB ©.3653 1363.16868 75.99928  4.5214
2 10.214 B8 ©.3626 2.87858ed 1214.18669 95.4786




HPLC spectrum of 2t and 3t

DADT G, Sig=210,4 Ref=360, 100 (DACHEM32.

(3R4R)-2t

(3S,4R)-3t

@_@

o &

g
(3R4S)-3t

8 10 12

DAD1 G, Sig=210,4 Ref=360, 100 (WFYWWFY-5-_n-N-Me-gh

7.208

D)

—— ]

DADT C, Sg=210,4 Ref=360,100 WV 2021-05-10

)

190

o}
HO Signal 1: DAD C, Sigs210,4 Ref=360,100
N Peak RetTime Type Width  Area Height  Area
S ® ] [min]  [mAU’s]  [mAU] %
N R !
o 1 7.161 BV  0.1550 8881.64063 885.60522 34.7293
2 8.071 W  0.1839 2965.23242 247.20732 11.5948
2t+rac-3t 3 8.707 VB 0.1988 8596.03516 673.79553 33.6125
rac-attrac- 4 9.675 MF  ©0.2436 5130.98389 351.11282 20.0634
signal 1: DADI C, Sig=210,4 Ref=360,100
Peak RetTime Type Width  Area Height  Area
#  [min] [min]  [mau*s] [mau] %
e s I
1 7.288 BB 8.1652 62.69978 5.84176 9.9297
2 B.145 BV E 0.1984 42.96056  3.33199 8.6378
3 B.759 W R 0.2006 6502.96826 510.67633 97.7551
4 9.543 VB E 0.2976 45.74754  2.05584 ©.6783
Signal 1: DADL C, Sige210,4 Ref=368,100
[0}
HO, Peak RetTime Type wWidth area Height Area
- #  [min] [min]  [mau®s] [mau]
N— L B B o
1 7.368 B8 0.1382 11.15477  1.32484 0.0620
2 8.278 MF  ©.2146 1.67376ed 1299.99833 93.0579
0 3t 3 8.985 FM B.2455 £93.24231  47.85786 3.8543
4 9.985 VB 82381 3544.17194 35.2523  1.8258



HPLC spectrum of 3u

DAD1 C, Sig=210,4 Ref=360,100 (D:\CHEM32\...-11\ME-N-PMB-IC 2021-03-22 17-25-52\002-P2-A1-Me-N-PMB-rac.D)
mAU 3 ..':9\ @?’\
200
175
150
125
100
75
50
25
. A
1 * ' 1 T T ‘"~ 1 "~ T T T T T * T T T T T "
2 4 6 8 10 12 14 16
0 Signal 1: DAD1 C, Sig=218,4 Ref=360,160
HO
Peak RetTime Type Width Area Height Area
N=PMB % [min] [min]  [mAU*s] [mAU] %
e P [=mmefemmnee L | -mmmeeeee |--mmeee- |
) 1 11.562 FM ©.2896 3629.90869 208.91261 47.6571
rac-3u 2 12.477 FM 08.3349 3986.80957 198.41626 52.3429
DAD1 C, Sig=210,4 Ref=360,100 (WFY\wfy-5-11\Me-N-PMB-IC 2021-03-22 17-25-52\003-P2-A2-Me-N-PMB-s5-5-2.D)
mAU 3
700
600
500
400
300
200
100
0 .
T T 1 T T T [ * v T [ ‘. ‘"t v [ T Tt [ Tt T [ T T T [ T T T [ T T
2 4 6 8 10 12 14 16
Signal 1: DAD1 C, Sig=216,4 Ref=360,160
O . . .
HO, Peak RetTime Type Width Area Height Area
’ #  [min] [min] [mAU*s ] [mAU] %
L N-PMB oo R R e |--emmeeees R |
W 1 11.460 BB 0.2751 1.31536e4 7409.95862 98.6124
O 3u 2 12.537 BB 0.2779 185.88482 10.18947 1.3876
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HPLC spectrum of 3v

DAD1 C, Sig=210.4 Ref=360,100 (WF‘!;\W FY-4-1751\Me-N-Bn-ID 2021-01-03 20-33-10\003-P2-C5-Me-N-Bn-rac.D)
mAU | 8 o
400 <
350
300
250
200
150
100
50
o~ J
k T T T T T | T T T
25 5 7.5 10 12.5 15 17.5 20
0 Signal 1: DAD1 C, Sig=216,4 Ref=360,100
HO
N Peak RetTime Type Width Area Height Area
N % [min] [min]  [mAU*s] [mAU] %
T P T P |--emmeeees e |--emmeee |
o 1 16.898 BV 0.2761 7471.90088 427.15399 49.7945
rac-3v 2 11.562 VB 0.2972 7533.57680 400.96533 50.2055
DAD1 C, Sig=210,4 Ref=360,100 (D:\CHEM32\...-151\ME-N-BN-ID 2021-01-03 20-33-10\004-P2-C6-wfy-4-151-Me.D)
mAU _| o
800 -
600
400
200
- o
- S
0 ‘
L s R BN
25 5 7.5 10 12.5 15 17.5 20
o Signal 1: DAD1 C, Sig=218,4 Ref=360,100
HO,,
Peak RetTime Type Width Area Height Area
L NTBY e [min] [min]  [mAU*s] [mAU] %
Y R P e |-mmemmeee |=nmemmmee |--eeeee |
1 10.912 BY E 0.2706 240.05655 14.244380 1.2737
3v 2 11.513 VB R ©.2984 1.86064e4 984.71478 98.7263
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HPLC spectrum of 3w

DAD1 C, Sig=210,4 Ref=360,100 (DACHEM32\...155\WWF Y-4-155-IC 2021-01-11 10-28-10\004-P2-C3-Bn-N-Bn-rac.D)
mAU
1400 -
1200
1000
800
600
400
200}
0 L
L T T T T T
2 4 6 8 10 min|
(o) Signal 1: DAD1 C, Sig=210,4 Ref=360,100
HO
N—B Peak RetTime Type Width Area Height Area
B # [min] [min] [mAU*s] [mAU] %
n
\ e LSRR P |=nmeeenees |-mmeeene | --emees |
1 8.342 BV 0.1663 1.51184e4 1419.24426 495.7048
rac-3w 2 8.812 VB  ©.1794 1.52980e4 1318.59619 50.2952
DAD1 C, Sig=210,4 Ref=360,100 (D\CHEM32\. 3\BN-N-BN-SS-IC-2 2021-05-13 10-48-21\002-P2-E1-Bn-N-Bn-ss D)
mAU |
] 2
@
[ee]
400
300
200
100
(o))
R
©
0 :
T T T T T -
2 4 6 8 10 min|
Signal 1: DAD1 C, Sig=210,4 Ref=360,100
6] . . .
HO, Peak RetTime Type Width Area Height Area
g #  [min] [min]  [mAU*s] [mAU] %
L NTB e e R e |-mmeemeee |--meeee |
Bn' 1 8.309 BV R ©.1607 4452.74609 430.53940 98.5531
(0] 3w 2 8.799 VB E ©.1878@ 65.37309 5.18871 1.4469
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HPLC spectrum of 3x

DAD1 C, Sig=210,4 Ref=360,100 (D:\CHEM32\...-151\WFY-4-151-IC 2020-12-31 17-37-39\006-P2-C1-Bu-Bn-rac.D)
mAU | g ¢
~
500
400
300
200}
100
.
! T T T T T T T T T
1 2 3 4 5 6 7 8 9 min|
0 Signal 1: DAD1 C, Sig=210,4 Ref=360,100
HO
N Peak RetTime Type Width Area Height Area
I_ N % [min] [min]  [mAU*s] [mAU] %
Bu SRR TR |-mee [ mmee |--eemeeeee |-mmmeeeee |-eeeneen |
o) 1 6.903 BV 0.1432 5344.88232 581.60333 49.7163
rac-3x 2 7.286 VB 0.1523 5405.89168 552.01306 50.2837
DAD1 C, Sig=210,4 Ref=360,100 (WFY\WFY-4-151\wfy-4-151-IC 2020-12-31 17-37-39\007-P2-C2-iBu-Bn-gh.D)
mAU
1000
800
600
400
200
0 .
k S L ) L B L
1 2 3 4 5 6 7 8 9 mir]
Signal 1: DAD1 C, Sig=21@,4 Ref=360,100
0O
HO,,’ Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
A NB |- ommeee |- mmeees R |--eemee |
Bu 1 6.901 MF ©.1552 1.03296e4 1189.61743 98.9585
O 3x 2 7.290 FM 6.1744 108.71389 10.389083 1.0415
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HPLC spectrum of 3y

DAD1 C, Sig=210,4 Ref=360,100 (D:\CHEM32\...-4-80\WFY-4-80-RAC-IC 2020-10-15 08-48-56\003-P2-E2-Bn-rac.D)
mAU | ]
600 ;
] o
] &
500
400
300
200
-~
0 o
1 «© o
o @
4 - ‘fg
100
o J S ‘
1 T T T T T T T T T T T T T T T T T T T T T T T T T T T — T T
2 4 6 8 10 12 14 16 min
HO Signal 1: DAD1 C, Sig=210,4 Ref=360,100
NH Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
Bn ERRt] REEECEE [--==]------- [-==mmmmee- [-==-nnn-- [-==mnn-- |
e} 1 10.038 BB  0.2495 9757.09473 606.97229 39.3258
2 11.579 BV  ©.2951 9836.90438 514.34143 39.6475
rac-3y 3 12.867 W ©.3268 2594.47729 122.66529 10.4570
4 13.802 VB 0.3651 2622.45117 112.84375 10.5697
DAD1 C, Sig=210,4 Ref=360,100 (D\Chem32\._.y-4-80\wly-4-80-rac-IC 2020-10-15 08-48-561004-P2-E4-Bn-gh.D)
mAU @°
600 -|
500 |
400 |
300 -
200 |
100
(]
&
o
. N N ‘
T T T T T T T T
2 4 6 8 10 12 14 16 min|

Signal 1: DAD1 C, Sig=210,4 Ref=36@,100

6]
HO//, Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %
NH
s e R e [---------- [-----mm-- [-------- |
Bn 1 1e.e83 BB ©.1970  43.18199 2.81434 08.3412
O 3y 2 11.566 BB 0.3637 1.26144ed4  646.24652 99.6588
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HPLC spectrum of 3z

DAD1 C, Sig=210,4 Ref=360,100 (D:\Chem32\...-110\ipr-ic-80-20 2020-11-14 21-42-30\002-P2-E1-ipr-NH-rac.D)
mAU ] 8
350 4 & >
4 \bi)
1 g (ﬁ.q,'\
4 o~
300 o
250
200
150
100
50
o]
T T T T T
2 4 [} 8 10 min
O Signal 1: DAD1 C, Sig=210,4 Ref=360,100
HO
NH Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
L |-meefemmmeee |--mmeees |-mmmees |--mmeee |
1 5.196 VB R ©.1359 3083.83691 352.90137 49.7335
rac-3z 2 6.294 FM 0.1754 3116.88159 296.11624 50.2665
DAD1 C, Sig=210,4 Ref=360,100 (D:\Chem32\._.4-110\ipr-ic-80-20 2020-11-14 21-42-30\003-P2-E2-ipr-NH-gh.D)
mAU
300
250
200;
150
100
50
.
T T T T T
2 4 6 8 10 min
o Signal 1: DAD1 C, Sig=218,4 Ref=360,100
HO’/, Peak RetTime Type Width Area Height Area
: : .
NH # | [min] [min] [mAU*s] [mAU] | % |
R B e A e e
\‘\ 1 5.283 MM 0.1247 23.67964 3.16456 0.7924
(0] 3z 2 6.287 FM 0.1646 2964.48584 300.97996 99.2876
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HPLC spectrum of 3aa

DAD1 C, Sig=210,4 Ref=360,100 (D:\CHEM32\.. FY-4-132\N-BU-NH-IC 2020-12-11 11-14-05\002-P2-F 1-n-Bu-rac.D)
mAUi
(=3
1 @
400~ ©
300
200
100
0
T T T T T T T )
2 4 6 8 10 12 14 min|
Signal 1: DAD1 C, Sig=21@,4 Ref=360,100
HO P
Peak RetTime Type Width Area Height Area
NH # [min] [min] [mAU*s] [mAU] %
By e Lo P |-mmmmoeees |--momooee |--nmeee |
o) 1 6.530 W R ©.1551 3996.33008 398.16174 38.3832
2 7.254 W R 9.1781 4040.66016 346.37314 38.8090
rac-3aa 3 8.394 W R ©.2046 1187.39160 90.77835 11.4044
4 9.073 BB 9.2207 1187.27612 82.11418 11.4033
DAD1 C, Sig=210,4 Ref=360,100 (WFY\wfy-4-...\n-Bu-NH-IC 2020-12-11 11-14-05\003-P2-F2-wfy-4-132n-Bu-gh.D)
mAU ] ™
4 o
200
175
150
125
100 ]
75
50
25
4 o
5
1 <
0 _
h | T i L A T
2 4 6 8 10 12 14 min
Signal 1: DAD1 C, Sig=21@,4 Ref=360@,100
O
HO,, Peak RetTime Type Width Area Height Area
’ # [min] [min]  [mAU*s] [mAU] %
L NH e S [ |-mmmmmeeee |-nmmmmeees |-nnnnee |
By 1 5.203 MM ©.1247 23.67964 3.16456 0.7924
O 3aa 2 6.287 FM  ©.1646 2964.48584 300.87996 99.2076
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HPLC spectrum of 4y

DAD1C, Sig=210.4 Rf;f=5360,1 00 (D:\Ci—iEMSZ\..:1 00\BN-20H-IA-S5 2020-11-07 21-23-30\003-P2-D1-Bn-20H-rac.D)

mAU |

] pE
500 N
400:
300-
200—-
100
0 ] yp —— L
T T T T T T T T T T T T T T T T T T T T T T
2 4 [} 8 10 12 14 min|
OH Signal 1: DAD1 C, Sig=210,4 Ref=360,100
HO
NH Peak RetTime Type Width Area Height Area
B # [min] [min]  [mAU*s] [mAU] %
n
R |- |--oo--- |- oo |- |-oeee- |
1 8.961 BV 0.2818 1.86877e4  548.17206 48.9695
rac-4y 2 10.135 VW R ©0.3178 1.10542e4 500.2991@ 51.8305
DAD1 C, Sig=210.4 Ref=360,100 (DAChem32\..4-100Bn-20H-1A-5s 2020-11-07 21-23-30\002-P2-D2-Bn-20M-55 D)
mAU | 2
500—-
400-
300;
200
100
o 'J
! — T T T T T T
2 4 5] 8 10 12 14 miry

Signal 1: DAD1 C, Sig=210,4 Ref=360,100

OH
HO’/ *
’ Peak RetTime Type Width Area Height Area
. NH #  [min] [min]  [mAU*s] [mAU] %
Bn' e Ry PR e O |--emeeee- |-------- |
(@) 4y 1 10.149 BV R ©.3112 1.2017%4  558.87745 100.0000
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HPLC spectrum of 4z

DAD1 C, Sig=210,4 Ref=360,100 (D:\CHEM32\.15\20H-RAC 2021-03-27 16-09-43\004-P2-A1-ipr-NH-20H-rac-IC.D)
mAU o
120 T
100
80 2
60 —
40
20
D;—/\JJ
) e L T T
2 4 6 8 10 12 14 16 min
OH Signal 1: DAD1 C, Sig=218,4 Ref=360,100
HO
NH Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
L O R |--eemmeees | -omemmeees |---meee |
1 7.125 BB 0.1972 1623.59473 126.93580 56.2132
rac-4z 2 9.868 BB 8.2783 1264.68758 72.23688 43.7868
DAD1 C, Sig=210,4 Ref=360,100 (WFY\wfy-5-15\20H-rac 2021-03-27 16-09-43\005-P2-A3-ipr-NH-20H-ss-IC.D)
mAU ] [
400
350
300
250
200
150
100
50|
0 : :
A T T T T T T
2 4 6 8 10 12 mir|
Signal 1: DAD1 C, Sig=218,4 Ref=366,100
OH
HO,, R
‘ Peak RetTime Type Width Area Height Area
NH # [min] [min]  [mAU*s] [mAU] %

ceee ] Pt ol EEMRES |-=mmeee- |
\‘ (@) 4z 1 7.876 BB 8.2055 5616.02100 421.30676 100.0000
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HPLC spectrum of 4aa

DAD1 C, 5ig=210,4 Rel=360,100 (WF YWiy-5-15\20H-rac 2021-03-27 16-09-43\008-P2-AZ-n-Bu-NH-20H-ac-IC D)
mALl
100+
$
80 s
m_
A0
20 -
0 ' T - :
T T T T T T
2 4 [ 8 10 12 min
HO OH  signal 1: DAD1 €, Sip=218,4 Ref=366,160
NH Peak RetTime Type Width Area Height Area
n # [min] [min] [mAU*s] [mAU] %
BN e | -mmemeee- |--mmmneee- |--nenee |
1 8.586 BB 8.2611 1783.8738@ 1@5.54889 51.9565
rac-4aa 2 18.488 BB 8.3410 1648.78418 73.69838 48.8435
DAD1 C. Sig=210,4 Ref=360,100 (WFY\wfy-5-1520H-rac 2021-03-27 16-09-43\006-P2-A4-n-Bu-NH-20H-55-IC.D)
mAL g
180 ]
160
140
120
100 -
ED_
ED—
40
20
T T T T T T T T T T T T T T T T T T T T T
2 4 6 8 10 12 min
OH Signal 1: DAD1 C, Sig=210,4 Ref=360,100
HO’/ *
' Peak RetTime Type Width Area Height Area
L NH #  [min] [min]  [mAU*s] [mAU] %
"Bu R P s | --eene | -ooeeee | --oeees |
O 4aa 1 18.348 BB ©.3565 42608.72754 179.76801 100.0000
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HPLC spectrum of anti-2a’

DAD1 C, Sig=210,4 Ref=360,100 (D\ACHEM32\. .5-48\WFY-5-48-0ET 2021-05-27 20-09-29\002-P2-A1-OEt-rac-1C.D)
mAU |
2000
1500
] 2
b ®
1 wy
4 Q’\'
_ g &
2.
1000 o
500
1 A
&
J P '\\qs:"‘
] o 8
o*® 2
0 N
k T T T T T T
2 4 6 8 10 12 miny
0 Signal 1: DAD1 C, Sig=218,4 Ref=360,100
EtO Peak RetTime Type Width Area Height Area
# min min mAU*s mAU %
N—Bn ____|_F___?_|____|_E___?_|_F _____ ?__|__F___}___| ________ |
Ph 1 5.879 BB 9.119@ 9849.63770 1290.84302 43.9204
O 2 7.736 FM 9.1744 1.04918e4 994,21576 46.3826
23" 3 9.767 FM 9.2363 1186.86584 B83.70430  5.2923
rac-ca 4 10.667 BB 9.2213 987.79840 68.88770 4.4047
DAD1 C, Sig=210.4 Ref=360,100 (D:\CHEM32\...FY-5-48\WFY-5-OET-IC 2021-05-28 10-38-55\002-P2-A1-0Et-5-2.D)
mAU ]
2000
~
(=]
1 @
w
1500 —
1000 N
| o
| Ka
| &
500 —
8
1 0 «©
| N 2
i (=2}
0 - T
e s L S
2 4 6 8 10 12 min
Signal 1: DAD1 C, Sig=21@,4 Ref=360,100
0
EtO, Peak RetTime Type Width Area Height Area
% # [min] [min]  [mAU*s] [mAU] %
N=Bn ----]------- [ P PR |eenmmnnees [EERR !
Ph 1 5.897 W R 0.1299 1.40486e4 1701.86487 58.1655
0 2 7.764 FM 6.1724 6488.11328 627.30084 26.8627
i ' 3 9.775 BV 9.2237 1359.08252 93.44040 5.6270
ant"za 4 10.668 VB 8.2162 2257.02246 160.37088 9.3448

201



HPLC spectrum of 6w

DAD1 C, Sig=210,4 Ref=360,100 (D:\CHEM32\... BN-N-BN-SS-IC-2 2021-05-13 10-48-21\006-P2-E2-yansheng-rac.D)
mAU | 3 &\Q(L
=&

9‘54

500 —|
400 +

300

200

100 —

Signal 1: DAD1 C, Sig=210,4 Ref=360,100
TBDMSO

N—B Peak RetTime Type Width Area Height Area
N % [min] [min]  [mAU*s] [mAUT %
Bn R R |--oe ] |-oome oo |- o ommeeee |- omeee |
1 5.588 BB 0.1101 4050.44946 575.32410 49.1413
rac-6w 2 6.154 MF 0.1326 4191.99805 526.70441 50.8587
DAD1 C, Sig=210,4 Ref=360,100 (D:\CHEM32\...\BN-N-BN-SS-IC-2 2021-05-13 10-48-21\004-P2-E3-yansheng-ss.D)
mAU )
] § @
800 | &
700
600 ]
500
400
300
200
] a
] \)
100 - .\be?’
] ‘_&q,»
O 1 |J£r.—"
I L L I
1 2 3 4 5 6 7 8 9 min

Signal 1: DAD1 C, Sig=210,4 Ref=360,100

TBDMSO,, Peak RetTime Type Width Area Height Area
E:N—Bn #  [min] [min] [mAU*s] [mAU] %

B R R R P <o ommmeee |<-mmmmeee- | -ommmee |

1 5.595 FM ©.1188 6099.00195 855.77783 98.3344

6w 2 6.164 MM ©.1721 103.30714 10.00595 1.6656
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