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1. General information

Unless otherwise noted, materials were purchased from commercial suppliers and used without
further purification. Column chromatography was performed on silica gel (200~300 mesh).
Enantiomeric excesses (ee) were determined by HPLC using corresponding commercial chiral columns
as stated at 30 °C with UV detector at 254 nm. Optical rotations were reported as follows: [a], (C g/100
mL, solvent). All *H NMR and '°F NMR spectra were recorded on a Bruker Avance Il 400 MHz, ®*C
NMR spectra were recorded on a Bruker Avance I[I 101 MHz or Bruker Avance III 151 MHz with
chemical shifts reported as ppm (in CDCls;, TMS as an internal standard). Data for '"H NMR are
recorded as follows: chemical shift (5, ppm), multiplicity (s = singlet, d = doublet, t = triplet, m =
multiplet, dd = double doublet, coupling constants in Hz, integration). HRMS (ESI) was obtained with
a HRMS/MS instrument (LTQ Orbitrap XL TM). The absolute configuration of 3ag was assigned by
the X-ray analysis. Alkynyl ketones®, pyrazole-4,5-diones® and catalysts C6-C8* were synthesized
according to the literature procedures.
2. General procedure and characterization of MBH carbonates 1
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A mixture of pyrazole-4,5-dione (5 mmol, 1.0 equiv.) and DABCO (1 mmol, 0.5 equiv.) in CH,Cl,
(3 mL) was stirred for 5 min at room temperature. Then methyl acrylate (15 mmol, 3.0 equiv.) was
added dropwise into the solution and the reaction was monitored by TLC. After completion, the solvent
was removed and the crude product was purified by column chromatography with n-hexane/ethyl
acetate (3/1, v/v) to give adduct intermediate b.

To a solution of MBH adduct b (4.0 mmol, 1.0 equiv.) in CH,Cl, (5 mL) was added to a stirred
suspension of sodium hydride (6.0 mmol, 1.5 equiv.) in CH,Cl, (10 mL) at 0 °C. After 0.5 h, a solution
of (Boc),0 (4.8 mmol, 1.2 equiv.) in CH,CI, (4 mL) was added slowly to the above mixture. The
resulting solution was stirred at room temperature for 0.5 h - 4.0 hours. The reaction mixture was
washed by saturated sodium bicarbonate solution (30 mL), extracted with CH,Cl, (50 mL) and dried
over Na,SO,. The solvent was removed and the crude product was directly purified by flash column
chromatography with n-hexane/ethyl acetate (5/1, v/v) to afford the MBH carbonates 1a-1l.

0 oo Methyl 2-(4-((tert-butoxycarbonyl)oxy)-5-oxo-1,3-diphenyl-4,5-dihydro-
Ph\N\%COZMe 1H-pyrazol-4-yl)acrylate (1a); The product was obtained as a white solid (72%

N Ph yield for two steps); mp 146.6-147.3 °C; 'H NMR (400 MHz, Chloroform-d) &

1a 8.00 (d, J = 8.1 Hz, 2H), 7.86 (dd, J = 6.2, 3.6 Hz, 2H), 7.53 — 7.36 (m, 5H), 7.23

(m, 1H), 6.73 (s, 2H), 3.60 (s, 3H), 1.35 (s, 9H); *C NMR (101 MHz, Chloroform-d) & 168.1, 163.4,
138.1, 134.6, 130.7, 130.6, 129.4, 128.9, 128.8, 126.4, 125.4, 119.2, 84.9, 52.4, 27.5; HRMS (ESI) m/z
Calcd. for CpuH»uN,06+Na* ([M+Na]*) 459.1527, Found 459.1517.

S Methyl  2-(4-((tert-butoxycarbonyl)oxy)-1-(tert-butyl)-5-oxo-3-phenyl-
){N&%?%%Me 4,5-dihydro-1H-pyrazol-4-yl)acrylate (1b); The product was obtained as a
N= white solid (67% yield for two steps); mp 107.9-108.6 °C; '"H NMR (400 MHz,

1: Chloroform-d) & 7.80 — 7.66 (m, 2H), 7.41 — 7.29 (m, 3H), 6.59 (d, J = 9.8 Hz,

2H), 3.62 (s, 3H), 1.61 (s, 9H), 1.37 (s, 9H); **C NMR (101 MHz, Chloroform-d)

h
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0169.1, 163.5, 149.7, 149.2, 134.9, 130.2, 129.8, 129.6, 128.6, 125.8, 84.0, 81.3, 58.3, 52.0, 27.9, 27.5;
HRMS (ESI) m/z Calcd. for CyHygN,Og+H™ ([M+H]") 417.2020, Found 417.12021.
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Methyl 2-(4-((tert-butoxycarbonyl)oxy)-3-(4-fluorophenyl)-5-oxo-1-
phenyl-4,5-dihydro-1H-pyrazol-4-yl)acrylate (1c); The product was
obtained as a white solid (76% yield for two steps); mp 141.5-142.4 °C; 'H NMR
(400 MHz, Chloroform-d) & 7.98 (d, J = 8.2 Hz, 2H), 7.87 (m, 2H), 7.50 — 7.41
(m, 2H), 7.22 (d, J = 7.6 Hz, 1H), 7.09 (m, 2H), 6.72 (s, 2H), 3.61 (s, 3H), 1.35 (s,
9H); BC NMR (101 MHz, Chloroform-d) & 163.3, 150.5, 149.5, 138.0, 134.5,

130.7, 128.9, 128.5, 128.4, 125.5, 119.3, 116.2, 116.0, 85.1, 52.5, 27.5; >F NMR (470 MHz, CDCl,) &
-108.35 — -108.58; HRMS (ESI) m/z Calcd. for CpHpsFN,Og+Na*([M+Na]*) 477.1432, Found

477.1438.
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Methyl  2-(3-(4-bromophenyl)-4-((tert-butoxycarbonyl)oxy) -5-oxo-1-
phenyl-4,5-dihydro-1H-pyrazol-4-yl)acrylate (1d); The product was
obtained as a white solid (80% yield for two steps); mp 148.3-149.5 °C; *H NMR
(400 MHz, Chloroform-d) § 8.09 — 7.95 (m, 2H), 7.95 — 7.80 (m, 2H), 7.50 —
7.36 (M, 2H), 7.25 — 7.20 (m, 1H), 7.14 — 7.04 (m, 2H), 6.73 (d, J = 1.6 Hz, 2H),
3.61 (s, 3H), 1.36 (s, 9H); *C NMR (101 MHz, Chloroform-d) & 167.9, 163.3,

150.5, 149.5, 138.0, 134.5, 130.7, 128.9, 128.5, 128.4, 125.5, 119.3, 116.2, 116.0, 85.1, 81.0, 52.5, 27.5;
HRMS (ESI) m/z Calcd. for C,yH,3BrN,Og+Na*([M+Na]*) 539.0612, Found 539.0596.
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Methyl  2-(4-((tert-butoxycarbonyl)oxy)-5-oxo-1-phenyl-3-(p-tolyl)-4,5-
dihy-dro-1H-pyrazol-4-yl)acrylate(1le); The product was obtained as a white
solid (73% vyield for two steps); mp 119.1-120.3 °C; 'H NMR (400 MHz,
Chloroform-d) 6 8.07 — 7.96 (m, 2H), 7.77 (d, J = 8.2 Hz, 2H), 7.44 (dd, J = 8.6,
7.3 Hz, 2H), 7.24 — 7.15 (m, 3H), 6.72 (d, J = 3.4 Hz, 2H), 3.59 (s, 3H), 2.38 (s,
3H), 1.35 (s, 9H); **C NMR (101 MHz, Chloroform-d) & 151.6, 149.6, 141.0,

138.2, 134.7, 130.5, 129.6, 128.9, 126.6, 126.3, 125.3, 119.2, 84.9, 52.4, 27.5, 21.6; HRMS (ESI) m/z
Calcd. for C,5H,6N,06+Na"([M+Na]*) 473.1683, Found 473.1692.
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Methyl  2-(4-((tert-butoxycarbonyl)oxy)-3-(4-methoxyphenyl)-5-oxo-1-
phe- nyl-4,5-dihydro-1H-pyrazol-4-yl)acrylate (1f); The product was
obtained as a white solid (68% yield for two steps); mp 143.3-144.0 °C; 'H NMR
(400 MHz, Chloroform-d) & 8.12 — 7.96 (m, 2H), 7.91 — 7.78 (m, 2H), 7.53 —
7.38 (m, 2H), 7.21 (m, J = 7.4 Hz, 1H), 7.02 — 6.87 (m, 2H), 6.70 (d, J = 1.7 Hz,
2H), 3.84 (s, 3H), 3.60 (s, 3H), 1.35 (s, 9H); **C NMR (101 MHz, Chloroform-d)

8 163.4, 161.5, 138.2, 134.8, 130.3, 128.9, 128.1, 125.3, 122.0, 119.2, 114.3, 84.8, 55.3, 52.4, 27.5;
HRMS (ESI) m/z Calcd. for CsH,sN,07+Na*([M+Na]") 489.1632, Found 489.1641.
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Methyl  2-(4-((tert-butoxycarbonyl)oxy)-5-oxo-1-phenyl-3-(thiophen-2-
yD)-4,5-dihydro-1H-pyrazol-4-yl)acrylate (1g); The product was obtained as
a white solid (58% yield for two steps); mp 133.8-134.6 °C; *H NMR (400 MHz,
Chloroform-d) & 8.04 — 7.91 (m, 2H), 7.49 — 7.37 (m, 4H), 7.25 — 7.16 (m, 1H),
7.05(dd, J=5.1, 3.7 Hz, 1H), 6.73 (d, J = 3.0 Hz, 2H), 3.63 (s, 3H), 1.36 (s, 9H);
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3C NMR (101 MHz, Chloroform-d) & 163.3, 149.5, 138.0, 134.5, 132.4, 130.8, 128.9, 128.9, 128.4,
127.7, 1255, 119.3, 85.0, 52.5, 27.5; HRMS (ESI) m/z Calcd. for CpH,,N,Og+Na'([M+Na]®)
465.1091, Found 465.1098.

Methyl 2-(4-((tert-butoxycarbonyl)oxy)-3-(naphthalen-1-yl)-5-oxo-1-
phenyl-4,5-dihydro-1H-pyrazol-4-yl)acrylate (1h); The product was
obtained as a white solid (77% yield for two steps); mp 165.6-166.7 °C; *H NMR
(400 MHz, Chloroform-d) § 9.12 (d, J = 8.6 Hz, 1H), 8.20 — 8.00 (m, 2H), 7.89
(dd, J = 14.7, 8.1 Hz, 2H), 7.68 (d, J = 7.4 Hz, 1H), 7.61 (m, J = 7.7 Hz, 1H),
7.57 — 7.40 (m, 4H), 7.28 — 7.24 (m, 1H), 6.65 (d, J = 14.1 Hz, 2H), 3.60 (s, 3H),

1.34 (s, 9H); ®°C NMR (101 MHz, Chloroform-d) & 151.7, 149.8, 138.2, 134.5, 134.3, 131.3, 130.8,
129.0, 128.6, 127.7, 127.0, 126.7, 126.4, 125.9, 125.5, 124.7, 119.3, 85.0, 82.3, 52.5, 27.5; HRMS (ESI)
m/z Calcd. for CpgH,6N,0s+Na*([M+Na]*) 509.1683, Found 509.1690.
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Methyl 2-(4-((tert-butoxycarbonyl)oxy)-3-(naphthalen-2-yl)-5-oxo-1-
phenyl-4,5-dihydro-1H-pyrazol-4-yl)acrylate (1i); The product was obtained
as a white solid (82% yield for two steps); mp 168.4-169.8 °C; *H NMR (400
MHz, Chloroform-d) 6 8.22 —8.11 (m, 2H), 8.05 (d, J = 8.0 Hz, 2H), 7.86 (dd, J
=12.1, 8.4 Hz, 2H), 7.60 — 7.42 (m, 4H), 7.24 (d, J = 7.2 Hz, 2H), 6.83 (d, 2H),
3.58 (s, 3H), 1.33 (s, 9H); *C NMR (101 MHz, Chloroform-d) & 168.2, 163.4,

151.4, 138.1, 134.8, 132.9, 130.6, 129.0, 128.9, 128.8, 127.9, 127.5, 126.9, 126.7, 125.5, 123.1, 119.3,
85.0, 52.4, 27.5; HRMS (ESI) m/z Calcd. for CsH,N,Og+Na*([M+Na]*) 509.1683, Found 509.1693.
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Methyl 2-(4-((tert-butoxycarbonyl)oxy)-3-ethyl-5-oxo0-1-phenyl-4,5-
dihydro-1H-pyrazol-4-yl)acrylate (1j); The product was obtained as a white
solid (62% vyield for two steps); mp 124.7-125.9 °C; 'H NMR (400 MHz,
Chloroform-d) & 7.90 (d, J = 8.1 Hz, 2H), 7.40 (m, J = 7.8 Hz, 2H), 7.18 (m, J =
7.4 Hz, 1H), 6.60 (d, J = 59.6 Hz, 2H), 3.67 (s, 3H), 2.37 (m, J = 8.9 Hz, 2H),

1.44 (s, 9H), 1.23 (t, J = 7.5 Hz, 3H): *C NMR (101 MHz, Chloroform-d) & 168.2, 157.4, 138.1, 133.4,
131.0, 128.8, 125.1, 119.0, 84.7, 81.8, 525, 27.6, 21.1, 9.8; HRMS (ESI) m/z Calcd. for
CaoHa2aN,0s+Na*([M+Na]*) 411.1527, Found 411.1536.
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Methyl  2-(4-((tert-butoxycarbonyl)oxy)-3-cyclopropyl-5-oxo-1-phenyl-
4,5-dihydro-1H-pyrazol-4-yl)acrylate (1k); The product was obtained as a
white solid (62% yield for two steps); mp 144.6-145.8 °C; *H NMR (400 MHz,
Chloroform-d) 6 7.92 — 7.78 (m, 2H), 7.45 — 7.33 (m, 2H), 7.21 — 7.09 (m, 1H),
6.62 (d, J = 53.7 Hz, 2H), 3.68 (s, 3H), 1.59 — 1.50 (m, 1H), 1.45 (s, 9H), 1.19 (m,

1H), 1.00 — 0.80 (m, 3H); *C NMR (101 MHz, Chloroform-d) & 163.5, 158.1, 149.7, 138.2, 133.4,
130.9, 128.8, 125.0, 118.9, 84.6, 81.7, 52.5, 27.6, 8.8, 8.3, 6.5 HRMS (ESI) m/z Calcd. for
C1H24N,Og+Na*([M+Na]*) 423.1527, Found 423.1534.
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Butyl 2-(4-((tert-butoxycarbonyl)oxy)-5-oxo-1,3-diphenyl-4,5-
dihydro-1H-pyrazol-4-yl)acrylate (1l); The product was obtained as a
white solid (69% yield for two steps); mp 145.4-146.3 °C; *H NMR (400
MHz, Chloroform-d) & 8.14 — 7.97 (m, 2H), 7.93 — 7.81 (m, 2H), 7.51 — 7.36 (m,
5H), 6.71 (d, J = 10.9 Hz, 2H), 3.99 (m, 2H), 1.41 (dd, J = 8.5, 6.6 Hz, 2H),

1.35 (s, 9H), 1.22 — 1.05 (m, 2H), 0.75 (t, J = 7.4 Hz, 3H); °C NMR (101 MHz, Chloroform-d) 5 163.1,
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151.5, 138.2, 134.9, 130.6, 130.5, 129.4, 128.9, 128.8, 126.4, 125.3, 119.0, 84.9, 65.6, 30.2, 27.5, 19.0,
13.5; HRMS (ESI) m/z Calcd. for CprHaoN,Os+Na*([M+Na]*) 501.1996, Found 501.2006.

0 Benzyl 2-(4-((tert-butoxycarbonyl)oxy)-5-oxo0-1,3-diphenyl-4,5-dihydro-
Ph\"!&%‘?&oﬁ” 1H-pyrazol-4-yl)acrylate (1m); The product was obtained as a white solid (80%
N= Ph yield for two steps); mp 169.1-169.8 °C; *H NMR (400 MHz, Chloroform-d) &
7.92 (d, J = 8.0 Hz, 2H), 7.88 — 7.77 (m, 2H), 7.49 — 7.34 (m, 5H), 7.26 — 7.18
1m

(m, 4H), 7.12 (d, J = 7.7 Hz, 2H), 6.75 (dd, J = 12.7, 1.5 Hz, 2H), 5.12 — 4.87 (m,
2H), 1.35 (s, 9H); C NMR (101 MHz, Chloroform-d) 5 168.0, 149.6, 138.1, 134.7, 134.5, 131.0,
130.6, 129.3, 128.8, 128.8, 128.5, 128.4, 128.3, 126.4, 125.3, 119.2, 84.9, 67.3, 27.5; HRMS (ESI) m/z
Calcd. for CaoHysN,0s+Na*([M+Na]*) 535.1840, Found 535.1847.

3. Experimental procedures and characterization of compounds 3
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A tube was charged with pyrazolone-derived MBH carbonates 1 (0.2 mmol), alkynyl ketone 2 (0.3
mmol), C8 (0.02 mmol) and toluene (1 mL). The reaction was monitored by TLC. The product was
directly purified by column chromatography on silica gel (petroleum ether/EtOAc = 10:1) to give the
product 3.

Compound 3aa

o §O:Me Prepared according to the procedure within 6 h as white solid (77.9 mg, 87%
Phoy” o _3O| vield); mp 138.8-139.6 °C; [a]} = -72.14 (c 0.70, CH,Cl,); "H NMR (400 MHz,
N= .. Pn| Chloroform-d) 3 8.06 (d, J = 1.7 Hz, 1H), 7.99 (d, J = 8.1 Hz, 2H), 7.87 (d, J = 7.6

Hz, 2H), 7.60 (m, 1H), 7.57 — 7.51 (m, 2H), 7.47 (m, 4H), 7.37 (m, 3H), 7.29 (d, J

3aa = 7.4 Hz, 1H), 7.03 (d, J = 1.7 Hz, 1H), 3.70 (s, 3H); *C NMR (101 MHz,

Chloroform-d) & 189.8, 165.7, 161.7, 152.8, 147.7, 144.7, 144.6, 139.2, 138.0, 136.8, 133.5, 131.2,
130.7, 129.4, 129.1, 129.0, 128.8, 126.0, 125.5, 119.5, 73.2, 52.3; HRMS (ESI) m/z Calcd. for
CasH21N,04 ([M+H]") 449.1496, Found 449.1490; Enantiomeric excess was determined to be 92%
(determined by HPLC using chiral OD-H column, hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8
mL/min, tmajor = 12.0 min, tminor = 9.5 min).

Norm.
175

9.575
12.239

0 2 4 6 8 10 12 min

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
=== | === === | === === [======—= |
1 9.575 BB 0.6727 3267.03101 61.80420 50.6210

2 12.239 BB 0.7096 3186.86768 53.60289 49.3790
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Norm
350

300
250

200

VWD1 A, Wavelength=254 nm (C:\HPCHEMIWXFWXF111119110805.0)

:
100 ° /N
50 N r?‘b’\
0 L
‘2 4 é é 1b 1 ‘2 1‘4 16 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

1 9.497 MM
2 12.044 VB

Compound 3ba

CO,M
o 72"
)(N\ R P o]
N= Ph
Ph
3ba

137.0, 136.5, 134.1,

T 0.9401 398.71857 7.06869 3.8611
1.0736 9927.79883 145.06007 96.1389

Prepared according to the procedure within 10 h as yellow solid (69.4 mg, 81%
yield); mp 112.3-113.8 °C; [a]}’= -51.87 (c 0.52, CH,Cl,); 'H NMR (400 MHz,
Chloroform-d) 6 8.00 (d, J = 1.7 Hz, 1H), 7.84 (m, 3H), 7.58 (m, 1H), 7.52 (d, J =
7.5 Hz, 1H), 7.46 (m, 2H), 7.41 — 7.39 (m, 1H), 7.31 (dd, J = 10.2, 6.8 Hz, 2H),
6.94 (d, J = 1.6 Hz, 1H), 3.70 (s, 3H), 1.64 (s, 9H); *C NMR (101 MHz,
Chloroform-d) 6 189.9, 166.8, 161.8, 149.9, 147.2, 145.1, 144.3, 138.9, 138.3,
133.2, 131.5, 130.3, 130.1, 129.3, 128.9, 128.7, 125.0, 59.5, 52.0, 28.4; HRMS

(ESI) m/z Calcd. for CygHpsN,0, ([M+H]) 429.1809, Found 429.1808; Enantiomeric excess was
determined to be 88% (determined by HPLC using chiral AD-H column, hexane/2-propanol = 15/1, A=
254 nm, 30 °C, 0.8 mL/min, tmajor = 15.8 min, tminor = 12.8 min).

VWD A, Wavelength=254 nm (WXF122071701.0)

Norm.

1750 -

1500

1250

1000 -

7501

50 &

00- g o 3

s
250 o '?
AN N
o S— . o o -
5 10 15 20 25 min

Peak RetTime Type Width Area Height Area

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

1 12.381 MM T 1.5114 2.16147e4 238.34602 50.6210
2 15.414 MM R 1.7352 2.10844e4 234.19023 49.3790

Norm. ']

800

600

400

VWD1 A, Wavelength=254 nm (WXF\22071703 D) -

7/
200 E '\Q,:S\r"r \
&/
0 A i ?? vy .
‘5 ‘IIO 1‘5 Zb 25 r'!'\ir'll
Peak RetTime Type Width Area Height Area
i [min] [min] mAU *3 [mAU ] %

1 12.847 MM
2 15.802 MM

L |====mmmm - |====mmm |-=—-=-—- !
T 1.2951 1997.19629 25.70158 5.8747

R 1.8031 3.19993e4 365.54150 94.1253
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Compound 3ca

Prepared according to the procedure within 10 h as white solid (85.8 mg, 92%
yield); mp 128.3-129.4 °C; [a]5 = -48.64 (c 0.22, CH,Cl,); 'H NMR (400 MHz,
Chloroform-d) 6 8.05 (d, J = 1.7 Hz, 1H), 8.00 — 7.94 (m, 2H), 7.91 — 7.82 (m,
2H), 7.60 (m, 1H), 7.56 — 7.42 (m, 6H), 7.29 (d, J = 7.4 Hz, 1H), 7.08 — 6.96 (m,
3H), 3.70 (s, 3H); *C NMR (101 MHz, Chloroform-d) & 189.7, 165.7, 165.6,
163.2, 161.7, 151.8, 147.8, 144.7, 144.3, 139.1, 137.9, 136.6, 133.6, 129.4, 129.1,
128.8, 127.6, 127.5, 127.0, 126.1, 119.5, 116.4, 116.2, 73.1, 52.3; *F NMR (470 MHz, CDCl;) 5
-107.65 - -107.68; HRMS (ESI) m/z Calcd. for C,gHxFN,O, ([M+H]") 467.1402, Found 467.1389.
Enantiomeric excess was determined to be 91% (determined by HPLC using chiral AS-H column,
hexane/2-propanol = 9/1, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 27.3 min, tminor = 38.5 min).

3ca

VWD1 A, Wavelengih=254 nm (C:\HPCHEMWXFWXF111119120803.0)

Norm.

250
200

150

>
100 @ @"\Q‘, g _»@@a
ol |
d 10 ) 20 30 40 rv'nrlI
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
== | === === | === [ === [ ===
1 25.626 MM T 4.9803 1.05105e4 35.17371 50.2646
2 36.842 MM T 4.5161 1.03998e4 38.38103 49.7354
VWD1 A, Wavelength=254 nm (C:\H PCHEMWXFWXF 11111912081 0.D)
Nom. 3
7007: . @ﬂ;\ph
600 - N o
] e
500 ] \
400 1
300
200 BK;{”
] z
100 ] $®5
o] - ; —— : —— ¥ = e
0 5 10 15 20 25 30 35 40 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

1 27.281 MM T 3.2619 1.02744e5 524.,97607 95.8897
2 38.540 MM T 2.0976 4404.14551 34.99277 4.1103

Compound 3da

Prepared according to the procedure within 10 h as white solid (83.1 mg, 79%
yield): mp 149.1-150.0 °C; [a]s = -28.57 (c 0.07, CH,Cl,); *H NMR (400 MHz,
Chloroform-d) & 8.05 (d, J = 1.7 Hz, 1H), 7.99 — 7.93 (m, 2H), 7.89 — 7.82 (m,
2H), 7.65 — 7.56 (m, 1H), 7.52 — 7.43 (m, 6H), 7.42 — 7.35 (m, 2H), 7.29 (d, J =
7.4 Hz, 1H), 7.01 (d, J = 1.7 Hz, 1H), 3.70 (s, 3H); *C NMR (101 MHz,
Chloroform-d) & 189.7, 165.6, 161.7, 151.8, 147.9, 144.8, 144.1, 139.0, 137.9,
136.6, 133.6, 132.4, 129.6, 129.4, 129.1, 128.8, 126.8, 126.2, 125.6, 119.6, 72.9, 52.4; HRMS (ESI)
m/z Calcd. for CygHy0BrN,O, ([M+H]") 527.0601, Found 527.0578; Enantiomeric excess was
determined to be 92% (determined by HPLC using chiral OD-H column, hexane/2-propanol = 7/3, A =
254 nm, 30 °C, 0.8 mL/min, tmajor =15.2 min, tminor = 12.4 min).

3da
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VWD1 A, Wavelength=254 nm (WXF\21052001.0) -

1400
1200+
1000

A A
400 ’5!‘7@ E,Véa"’
200 N N
0 T = —— —— T \ —
2 4 6 8 10 12 14 16 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s3 [mAU ] %

e | === |=====—- |====——m=-—- R |-==-=-—- |
1 12.245 MM T 1.1884 2.25871e4 316.76450 50.2116
2 15.251 MM T 1.3177 2.23967e4 283.28064 49.7884

VWD1 A, Wavelength=254 nm (WXF\21052003.D) .

1400
1200
1000

800

600

15236

N S
400 . '\,,;f’ /
200 ?‘v@a‘;
0 — e — —
25 5 75 10 125 15 17.5 miny
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

e |-===|-=----- |-==-momo-- |-===omo-- |-==----- |
1 12.353 MM T 1.0501 1758.50684 27.90917 4.0850

2 15.236 VB 1.3158 4.12890e4 507.64072 95.9150

Compound 3ea

Prepared according to the procedure within 12 h as white solid (83.2 mg, 90%
yield); mp 168.1-169.3 °C; [a]5 = -25.00 (c 0.16, CH,Cl,); "H NMR (400 MHz,
Chloroform-d) & 8.06 (s, 1H), 7.99 (d, J = 8.0 Hz, 2H), 7.86 (d, J = 7.6 Hz, 2H),
7.59 (m, 1H), 7.46 (m, 6H), 7.28 (s, 1H), 7.15 (d, J = 7.9 Hz, 2H), 7.03 (s, 1H),
cH, | 3-69 (s, 3H), 2.35 (s, 3H); 3C NMR (101 MHz, Chloroform-d) & 189.8, 165.7,
161.8, 147.5, 144.9, 144.6, 141.7, 139.3, 138.0, 136.8, 133.5, 129.8, 129.4, 129.0,
128.8, 128.0, 125.9, 125.4, 119.5, 73.3, 52.3, 21.6; HRMS (ESI) m/z Calcd. for CyHy3N,0, ([M+H]")
463.1652, Found 463.1638; Enantiomeric excess was determined to be 96% (determined by HPLC

using chiral OD-H column, hexane/2-propanol = 9/1, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 17.2
min, tminor = 19.6 min).

3ea

VWD1 A, Wavelength=254 nm (WXF\21060601.D)

Norm.
600
500 *
400 *

300

200 & ‘bén 8
100 X 2
[ E—— B — L S R |
" " " " N N " T N " " N T N " T " " 1
] 5 10 15 20 min
Peak RetTime Type Width Area Height Area
i [min] [min] mAU *3 [mAU | %

e et R | ====m=mmmm | ====mmme | ===mmmn |
1 16.526 MM T 1.4727 6696.61865  97.80082 50.1788
2 19.758 MM R 1.2227 6648.88672 90.63037 49.8212
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VWD1 A, Wavelength=254 nm (WXFZ1060602.0)

Norm.
1000
800
A%
600 8 @ré:“'
400 S
\ d
200 , ! E .@gi‘
2
0 T — 7 — e R —
25 5 75 10 125 15 175 20 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

e R e | === |====mmm-- |-==---—- !
1 17.152 MM T 1.3187 2.05273e4 373.26282 97.9040
2 19.564 MM T 1.0498 439.45648 7.46373 2.0960

Compound 3fa

Prepared according to the procedure within 12 h as white solid (87.0 mg, 91%
yield); mp 130.1-131.3 °C; [a]h = -89.00 (c 0.20, CH,Cl,); '"H NMR (400 MHz,
Chloroform-d) 6 8.05 (d, J = 1.8 Hz, 1H), 7.99 (d, J = 8.0 Hz, 2H), 7.91 — 7.79 (m,
2H), 7.60 (m, 1H), 7.55 — 7.38 (m, 6H), 7.28 (s, 1H), 7.04 (d, J = 1.9 Hz, 1H),
6.91 — 6.77 (m, 2H), 3.81 (s, 3H), 3.69 (s, 3H); °C NMR (101 MHz,
Chloroform-d) & 189.9, 165.6, 161.9, 161.8, 152.4, 147.4, 145.0, 144.5, 139.3,
138.1, 136.7, 133.5, 129.4, 129.0, 128.8, 127.1, 125.9, 123.4, 119.5, 114.5, 73.3, 55.4, 52.3; HRMS
(ESI) m/z Calcd. for CygH,3N,05 ([M+H]") 479.1601, Found 479.1580; Enantiomeric excess was
determined to be 90% (determined by HPLC using chiral OD-H column, hexane/2-propanol =4/1, A =
254 nm, 30 °C, 0.8 mL/min, tmajor = 19.0 min, tminor = 15.2 min).

DAD1 A, Sig=254,4 Ref=360,100 (CAHPCHEMWXFIWXF\18120802.0)

; N °
g g & g
400—: ;’,s“” Slivﬂ'i’
200 N N
/ N
0 — — L ~+ —
1] 25 5 75 1b 12.5 1‘5 17.5 20 22' 5 min
Peak RetTime Type Width Area Height Area
3 [min] [min] [mMAU*s] [mAU] %

1 14.905 MM T 1.7700 3.2284le4 304.00113 49.5446
2 19.236 MM T 1.9082 3.28775e4 287.16199 50.4554

DAD1 A, Sig=254 4 Ref=360,100 [C'\HPCHEM\WXF\WB(F\]QW 20801.D)
Norm. |
waoé
1200
3 o
1000 g ,\as’d’
800 %cQ'
600 -1 '
400 K4
©
200 = a,béb
1 O ’ AN
0= T S - T e T —
0 25 5 75 10 12.5 15 175 20 225 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 15.186 MM T 1.3637 3881.62476 47.44073 4.9779
2 19.046 MM T 1.6960 7.4094%e4 728.13513 95.0221

Compound 3ga
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3ga

117.7, 116.7, 73.4,

Prepared according to the procedure within 12 h as white solid (79.0 mg, 87%
yield); mp 130.3-131.1 °C; [a]} = -31.52 (c 0.33, CH,Cl,); '"H NMR (400 MHz,
Chloroform-d) & 8.03 (s, 1H), 7.95 (dd, J = 14.4, 8.0 Hz, 3H), 7.77 (d, J = 8.0 Hz,
2H), 7.62 — 7.32 (m, 7H), 7.29 (d, J = 7.6 Hz, 1H), 7.03 (s, 1H), 3.70 (s, 3H); *C
NMR (101 MHz, Chloroform-d) & 188.3, 165.3, 161.6, 152.4, 146.9, 145.6, 143.6,
140.0, 139.8, 137.8, 132.6, 131.4, 130.6, 129.8, 129.2, 129.1, 126.2, 125.4, 119.5,
52.5; HRMS (ESI) m/z Calcd. for CysHigN,0,S ([M+H]") 455.1060, Found

455.1049; Enantiomeric excess was determined to be 95% (determined by HPLC using chiral AS-H
column, hexane/2-propanol = 95/5, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 49.0 min, tminor = 67.4

min).

VWD1 A, Wavelength=254 nm (CA\HPCHEM\W XF! F111119121408 D)

Norm.

120

100

80

60

] \‘§l >
0 & g &
20 : ) i
0 — B - —
0 10 ZID 30 40 5‘0 60 70 Bb rln in|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
- e [-=——————- | === | ===
1 53.202 MM T 4.6847 7136.73389 25.38998 50.4119
2 T72.829 MM T 6.9299 7020.09766 16.88359 49.5881
VWD1 A, Wavelength=254 nm (C\HPCHEM\WXF\W}(h‘!‘\19122901 D)
Norm.
350
300
250
SV
200 2 &
&, z"
150 Ws
100 gb"‘
g &
ol - o S -
0 10 2‘0 3‘0 4:3 50 éO 70 mml
Peak RetTime Type Width Area Height Area
#* [min] [min] mAU *s [mAU ] %
=== [ === === | === [ === | === |
1 49.043 MM T 4.2708 3.75623e4 146.58510 97.6512
2 67.384 MM T 13.2879 903.49432 1.13323 2.3488

Compound 3ha

Prepared according to the procedure within 18 h as white solid (75.7 mg, 76%
yield): mp 172.3-173.6 °C; [a]s = -76.83 (c 0.31, CH,Cl,); *H NMR (400 MHz,
Chloroform-d) & 9.18 (d, J = 8.6 Hz, 1H), 8.05 (d, J = 8.1 Hz, 1H), 7.99 (d, J =
1.7 Hz, 1H), 7.93 — 7.87 (m, 2H), 7.82 (d, J = 7.6 Hz, 2H), 7.67 (m, J = 7.7 Hz,
1H), 7.62 — 7.56 (m, 2H), 7.48 (m, 5H), 7.39 — 7.29 (m, 2H), 7.15 (d, J = 6.7 Hz,
2H), 3.68 (s, 3H); *C NMR (101 MHz, Chloroform-d) & 189.8, 165.5, 153.7,

1475, 144.8, 1445, 138.9, 138.1, 136.8, 134.2, 133.5, 131.9, 130.6, 129.4, 129.2, 128.8, 128.0, 126.9,

126.5, 126.2, 126.1,

126.0, 124.9, 119.5, 52.3; HRMS (ESI) m/z Calcd. for CsHsN,O, ([M+H]Y)

499.1652, Found 499.1636; Enantiomeric excess was determined to be 80% (determined by HPLC
using chiral OD-H column, hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 20.8
min, tminor =12.9 min).
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VWDT A, Wavelength=254 nm (WXF121052501 D)

12889
120,057

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
il et | === === | === | === [======= \
1 12.889 VB 1.1336 1536.25208 18.60727 49.9278
2 20.957 BB 1.5074 1540.69604 12.15917 50.0722
VWD1 A, Wavelength=264 nm (WXF\21052502 D) -
Nom. ]
350
300
250
200
150 -
100 o 3
50 i@,‘? 8
e T T —
5 1ID 1‘5 20 ml‘n
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
i |====|======= |===mmmm - | ====m=e- | ========- |
1 12.938 MM T 1.2701 580.13440 7.61251 9.6486
2 20.794 BB 1.7090 5432.50391 45.92838 90.3514
Compound 3ia

Prepared according to the procedure within 14 h as white solid (79.7 mg, 80%
yield); mp 169.1-170.1 °C; [a]}; = -86.79 (c 0.40, CH,Cl,); 'H NMR (400 MHz,
Chloroform-d) & 8.17 — 8.11 (m, 1H), 8.05 (d, J = 8.0 Hz, 2H), 7.99 — 7.94 (m,
1H), 7.91 (d, J = 7.7 Hz, 2H), 7.87 — 7.81 (m, 2H), 7.76 (d, J = 7.8 Hz, 1H), 7.71
(s, 1H), 7.60 (m, 1H), 7.50 (m, 6H), 7.30 (m, 1H), 7.12 (d, J = 1.7 Hz, 1H), 3.69
(s, 3H); *C NMR (101 MHz, Chloroform-d) 5 189.8, 161.8, 147.7, 144.8, 144.7,

126.9,

139.6, 138.0, 136.7, 134.5, 133.5, 133.0, 129.4, 129.1, 128.9, 128.3, 127.8, 127.7,
126.1, 125.6, 122.4, 119.6, 73.2, 52.3; HRMS (ESI) m/z Calcd. for CzHzN,0, ([M+H])

499.1652, Found 499.1633; Enantiomeric excess was determined to be 75% (determined by HPLC
using chiral AD-H column, hexane/2-propanol = 8/2, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 23.9
min, tminor = 33.1 min).

Norm.

250

VWD1 A, Wavelength=254 nm (C:\HPCHE MW XF\W XF111\20080301.D)

200 2 »@"‘w
S @ N
R W
150 E i.s.
&
100 |
50 |
o o — |
5 10 15 20 25 30 35 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
o v B B B I |
1 24,009 MM T 1.1712 1.02446e4 145.78828 50.2466
2 33.017 MM T 1.6206 1.01441e4 104.32593 49.7534
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VWD1 A, Wavelength=254 nm (C:\H PCHEMW XFWXF 111120080302 D)

Norm. |
400
300—:
200

100

Peak RetTime Type
# [min]

Width

Height
[mAU ]

1 23.861 MM T
2 33.122 MM T

1.3032 2.26371e4
1.7097 3295.00854

289.49551
32.12112

87.2937
12.7063

Compound 3ja

Prepared according to the procedure within 22 h as white solid (70.4 mg, 88%
yield); mp 167.4-168.6 °C; [a]s = -96.69 (c 0.32, CH,Cl,); *H NMR (400 MHz,
Chloroform-d) & 7.95 (d, J = 1.9 Hz, 1H), 7.89 (d, J = 8.1 Hz, 2H), 7.85 (d, J =
7.6 Hz, 2H), 7.62 (m, 1H), 7.50 (m, 2H), 7.42 (m, 2H), 7.23 (s, 1H), 6.83 (d, J =
1.9 Hz, 1H), 3.77 (s, 3H), 2.22 (p, J = 7.8 Hz, 2H), 1.17 (t, J = 7.5 Hz, 3H); ©*C
NMR (101 MHz, Chloroform-d) & 189.6, 166.2, 161.8, 158.9, 148.1, 145.4, 142.6,
138.0, 136.7, 133.5, 129.3, 129.0, 128.8, 125.6, 119.3, 74.6, 52.3, 22.8, 10.5; HRMS (ESI) m/z Calcd.
for C,4H»1N,0, ([IM+H]") 401.1496, Found 401.1488. Enantiomeric excess was determined to be 86%
(determined by HPLC using chiral AD-H column, hexane/2-propanol = 8/2, A = 254 nm, 30 °C, 0.8
mL/min, tmajor = 10.2 min, tminor = 14.5 min).

VWD1 A, Wavelength=254 nm (C:\HPCHEMW XP\WXF111\20080205.D)
Norm. |

3ja

250 -
200
150

100

g & &
50— “ 9?3@- S
] Y N\ N
0t L —_— — — —
0 2 4 6 8 10 12 1|4 16___min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
| | === === [ === | === | ===
1 10.056 MM T 1.0408 2027.16272 39.71413 50.7669
2 14.279 MM T 1.1221 1965.91418 35.65844 49.2331
VWD1 A, Wavelength=254 nm (C:\HPCHEMWVXFWXF111120080206.D)
Norm. {
1200
1000
800
1 s
600 | o &
400 - Ev@'o &
1 A
200 - g @;P
. N
0 —— - = e
0 2 4 6 8 10 12 14 16 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
e | === | === |==m—mm - | -=—mmmmm | -=—-=——- |
1 10.216 MM T 0.8868 1.76919%e4 332.49399 93.1664
2 14.541 MM T 0.8390 1297.66992 25.77861 6.8336
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Compound 3ka

Prepared according to the procedure within 20 h as white solid (70.9 mg, 86%
yield); mp 160.1-161.0 °C; [a]y = -56.33(c 0.20, CH,Cl,); '"H NMR (400 MHz,
Chloroform-d) & 7.98 (d, J = 1.8 Hz, 1H), 7.92 — 7.79 (m, 4H), 7.69 — 7.58 (m,
1H), 7.50 (dd, J = 8.4, 7.1 Hz, 2H), 7.45 - 7.35 (m, 2H), 7.25 - 7.15 (m, 1H), 6.87
(d, J =1.8 Hz, 1H), 3.77 (s, 3H), 1.22 (m, 1H), 1.13 — 1.05 (m, 1H), 0.98 (m, 1H),
0.88 (m, 2H); **C NMR (101 MHz, Chloroform-d) & 189.7, 166.0, 161.8, 159.5,
148.1, 145.3, 142.6, 138.0, 136.7, 136.7, 133.5, 129.4, 128.9, 128.8, 125.5, 119.2, 74.8, 52.3, 9.6, 9.3,
8.0; HRMS (ESI) m/z Calcd. for CysHx;N,0, ([M+H]Y) 413.1496, Found 413.1487; Enantiomeric
excess was determined to be 90% (determined by HPLC using chiral AS-H column, hexane/2-propanol
= 8/2, . = 254 nm, 30 °C, 0.8 mL/min, tmajor = 13.5 min, tminor = 16.7 min).

3ka

VWD1 A, Wavelength=254 nm (C: XFWXF 111120081104 D)

Norm. 1
250

200

100
] g . &
50 g 8 g v
1 7.53?52 j@%‘a
0] e
1] T 2‘5 o 5 75 10 ‘12‘5‘ s 15 ' ‘17‘5‘ ) 20 mi
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

1 13.462 MM T 1.5319 3079.36621 33.50308 49.5888
2 16.555 MM T 1.6412 3130.43555 31.78996 50.4112

VWD A, Wavelength=254 nm (C:XFWXF111120081105.0)
Norm. |
800 N
1 o
| : &
600 e
400
7‘ b
R
200-] g &
.
5
0 [ J = S
o o 5 75 T s 5 s 20 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

o B | === | ==mmmme |==mmmmmmee | ===mmmmmee R \
1 13.518 MM T 1.1021 3.68811led 557.76056 95.0636

2 16.730 MM T 1.1568 1915.13879 27.59361 4.9364

Compound 3la

Prepared according to the procedure within 22 h as white solid (82.4 mg, 84%

O T2 | Jield); mp 179.6-180.8 °C; [a]” = -106.43 (¢ 0.60, CH,CL): 'H NMR (400 MHz,
Ph~\" N 0]

= e Chloroform-d) 6 8.11 (d, J = 1.7 Hz, 1H), 8.02 (d, J = 8.1 Hz, 2H), 7.91 — 7.83 (m,

Ph 2H), 7.61 — 7.53 (m, 3H), 7.51 — 7.44 (m, 4H), 7.38 (m, 3H), 7.28 (d, J = 7.4 Hz,

" 1H), 7.03 (d, J = 1.7 Hz, 1H), 4.07 (m, 2H), 1.45 (m, 2H), 1.28 — 1.16 (m, 2H),

0.74 (t, J = 7.4 Hz, 3H); *C NMR (101 MHz, Chloroform-d) 5 188.8 , 164.7,
160.3, 151.8, 146.6, 143.8, 143.4, 138.5, 137.0, 135.7, 132.4, 130.2, 129.7, 128.4, 128.0, 128.0, 127.7,
124.8, 124.4, 118.1, 72.1, 64.2, 29.4, 18.0, 12.4; HRMS (ESI) m/z Calcd. for C5,H»N,O, ([M+H]")
491.1965, Found 491.1947; Enantiomeric excess was determined to be 94% (determined by HPLC
using chiral OD-H column, hexane/2-propanol = 8/2, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 11.2
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min, tminor = 8.5 min).

Norm.

1000 -

800 -

600

VWD1 A, Wavelength=254 nm (WXF\21032103.D) -

400 ,{a“@ N ’égﬂm’
g & 3§
200 - EV_‘n
O e e — g.‘*ﬁ—
0 2 4 [:] 8 10 12 14 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
=== [-=== === [-—=—————- |-===—— === \
1 8.430 MM T 1.3809 1.39120e4 167.91524 50.4525
2 11.352 MM T 1.4328 1.30624e4 158.92807 49.5475
VWD1 A, Wavelength=254 nm (WXF\21032104.D) B
Norm. .
100077
800 -
500
-
o
200 « @DP .
0 T T T T
[/} 2 4 6 8 10 12 14 mil
Peak RetTime Type Width Area Height Area
= [min] [min] mAU *g [mAU ] %
il Bttt [====]======= === [========== | ======== \
1 8.484 MM T 0.9507 834.96906 14.63805 2.9542
2 11.163 VB R 1.1702 2.74290e4 326.24530 97.0458

Compound 3ma

CO,B
o V28N
Ph\N\ s o
N= Ph
Ph
3ma

128.1, 125.9, 1255,

Prepared according to the procedure within 8 h as white solid (90.1 mg, 86%
yield): mp 176.8-178.0 °C; [a]s = -99.56 (c 0.34, CH,Cl,); *H NMR (400 MHz,
Chloroform-d) & 8.10 (s, 1H), 7.83 (d, J = 7.8 Hz, 4H), 7.56 (m, 1H), 7.42 (m,
7H), 7.31 (m, 2H), 7.23 — 7.08 (m, 6H), 6.99 (s, 1H), 5.05 (s, 2H); **C NMR (101
MHz, Chloroform-d) & 189.7, 165.6, 161.0, 152.7, 147.6, 145.4, 144.6, 139.0,
137.9, 136.7, 134.8, 133.5, 131.2, 130.7, 129.4, 129.1, 129.0, 128.8, 128.5, 128.3,
119.4, 73.2, 67.1; HRMS (ESI) m/z Calcd. for Cs4HysN,0, ([M+H]") 525.1809,

Found 525.1806; Enantiomeric excess was determined to be 86% (determined by HPLC using chiral
OD-H column, hexane/2-propanol = 8/2, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 18.5 min, tminor =

13.3 min).

VWWD1 A, Wavelength=254 nm (WXF\21032110.D)

100 ;;'b E
0 - ™ — e
2}5‘ 7!5‘ 10 ' 12‘5‘ e 1‘5v o ‘17‘5 o '2‘(] o Imin

Peak RetTime Type Width Area Height Area

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

1 13.411 MM T 1.1458 4893.07813 71.17132 50.0549

2 18.758 BB 1.5241 4882.33545 43.52853 49.9451
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VWD A, 54 nm (WXF121032111.D)
Norm.
0
]
mmz |
1 ~
100 ‘ 5 ’é\'\n %
] g2 -
N I R A :
25 5 75 10 125 15 175 20 mirf
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

1 13.337 MM T 0.8342 337.74146 6.74789 6.9458
2 18.529 BB 1.4709 4524.81641 43.72454 93.0542

Compound 3ab

Prepared according to the procedure within 10 h as white solid (85.7 mg, 92%
yield); mp 130.2-131.2 °C; [a]y =-76.30 (c 0.06, CH,Cl,); *H NMR (400 MHz,
Chloroform-d) & 8.16 — 7.88 (m, 3H), 7.67 — 7.50 (m, 4H), 7.49 — 7.31 (m, 6H),
7.22 - 6.90 (m, 3H), 3.68 (s, 3H); *C NMR (101 MHz, Chloroform-d) & 186.9,
165.4, 161.7, 161.4, 158.9, 152.7, 148.5, 145.9, 145.9, 143.5, 139.0, 138.0,
134.3, 134.2, 131.2, 130.8, 130.7, 129.1, 129.0, 126.0, 125.5, 124.7, 124.7, 119.5, 116.8, 116.6, 73.1,
52.3; F NMR (470 MHz, CDCI3) & -110.73 - -110.80; HRMS (ESI) m/z Calcd. for CysHaFN,O,
([M+H]") 467.1402, Found 467.1391; Enantiomeric excess was determined to be 98% (determined by
HPLC using chiral AS-H column, hexane/2-propanol = 95/5, A = 254 nm, 30 °C, 0.8 mL/min, tmajor =
44.1 min, tminor = 31.1 min).

3ab

VWD1 A, Wavelength=254 nm (C:\HPCHE MWXFWXF1 11119120625 D)

Norm. ]
175
150
125

100

L ~
75 g afa\h 8 »{f"é\.
50 ?3\»5 %@—
% SN PN
0 ) ) yd S )
S —
0 10 20 30 40 50 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
=== [ === [ === | === | === |
1 28.635 MM T 4.1750 1.25255e4 50.00194 49.8775
2 39.458 MM T 5.3383 1.25871e4 39.29811 50.1225
VWD1 A, Wavelength=254 nm (C:\HPCHE MW XF\WXF 111119120808 D)
Norm. |
350
13001
250
200 °
e
100 \
=
0 S & I -
10 20 30 40 5‘0 mi
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s5 [mAU ] %
=== | ====]======= [ === [ === | ===
1 31.135 BB 1.6317 293.06467 2.10863 0.8522

2 44,077 MM T 4.8665 3.40965e4 116.77184 99.1478
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Compound 3ac

Prepared according to the procedure within 10 h as white solid (78.2 mg, 81%
yield); mp 138.6-139.0 °C; [a]i = -81.25 (c 0.40, CH,Cl,); '"H NMR (400
MHz, Chloroform-d) & 8.04 (d, J = 1.7 Hz, 1H), 7.94 (d, J = 8.1 Hz, 2H), 7.56
—7.52 (m, 2H), 7.43 (m, 6H), 7.34 (m, 3H), 7.31 — 7.26 (m, 1H), 6.93 (d, J =

3ac 1.8 Hz, 1H), 3.69 (s, 3H); *C NMR (101 MHz, Chloroform-d) & 189.3, 165.3,
161.7, 152.6, 148.3, 146.9, 143.0, 139.4, 137.9, 137.4, 132.1, 131.2, 130.4, 129.4, 129.0, 127.1, 126.0,
125.6, 119.5, 73.1, 52.3; HRMS (ESI) m/z Calcd. for C,H,CIN,O,4 ([M+H]") 483.1106, Found
483.1098; Enantiomeric excess was determined to be 80% (determined by HPLC using chiral OD-H
column, hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 36.9 min, tminor = 24.9
min).

DAD1A, Sig=2544 Re1=360‘100{E}.\.HPCHEM\WXF\W-XF\T9120903 D)
Norm.
1754

150
125

100

o Cd

75 5 @ o

50 & e

25 [ N

o4~ . e R SE— S~ —

5 10 15 20 2‘5 30 35 40 min
Peak RetTime Type Width Area Height Area

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

Rl I | === | === |- | —m——mmm - |--—-——--
1 25.512 MM T 2.0089 5584.34131 46.32974 50.1634
2 36.825 MM T 2.9685 5547.95459 31.14912 49.8366

DAD1 A, Sig=254 4 Ref=360,100 (C‘\HPCHEM!WXF\W‘X’FHQTZOQ(M D)
Norm. ]

400

300

&
200 8 ?P_'b':)
! o g
100 R N\
3 [N
0! - — — ,"VV — o
0 1 2 30 40 50 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

R | === | === |===mmmmm | =mmmmmmmmm | ==mmmmmn |
1 24.974 MM T 1.9694 3649.34375 30.88442 10.3558

2 36.888 MM T 3.7696 3.15902e4 139.66913 89.6442

Compound 3ad

Prepared according to the procedure within 10 h as white solid (79.5 mg, 86%
yield): mp 128.5-129.3 °C; [a]i = -38.67 (c 0.15, CH,Cl,); *H NMR (400
MHz, Chloroform-d) & 8.09 (d, J = 1.8 Hz, 1H), 7.97 (d, J = 8.1 Hz, 2H),
7.61 — 7.50 (m, 2H), 7.50 — 7.33 (m, 7H), 7.27 — 7.15 (m, 3H), 6.88 (d, J =

3ad 1.7 Hz, 1H), 3.70 (s, 3H), 2.43 (s, 3H); *C NMR (101 MHz, Chloroform-d)
6192.1, 165.6, 161.8, 152.6, 149.2, 146.1, 143.8, 139.2, 138.0, 137.5, 137.0, 131.6, 131.4, 131.2, 130.8,
129.1, 129.0, 128.9, 126.0, 125.6, 125.4, 119.5, 73.1, 52.3, 20.2; HRMS (ESI) m/z Calcd. for
CaH23N,04 ([M+H]") 463.1652, Found 463.1645; Enantiomeric excess was determined to be 90%
(determined by HPLC using chiral AS-H column, hexane/2-propanol = 30/1, A = 254 nm, 30 °C, 0.8
mL/min, tmajor = 34.1 min, tminor = 46.0 min).

S15



VWD1 A, Wavelength=254 nm (C:\HPCHEMW XF\WXF111119122803.D)

Norm. ]
500

400

300

E o’ @
200 ] E ’0.'19@ . @&\
100-] %r@ 37@
K B 7 . . -
o " 1o R S T " a0 5% mn
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU | %
=== [ === === | === [ === | === |
1 34.473 MM T 5.4967 2.05688e4 73.22663 50.5367
2 44,505 MM T 4.9922 2.01319%e4 67.21066 49.4633
VWD1 A, Wavelength=254 nm (C. \HFCHEM\WXF\WXﬁW 11119123001.D)
Norm.
800
5001
400 ]
00| 8
3
= 7N 5
100 g K
&
0 —_—— — — - S—
10 20 30 40 50 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

oy | === |==--==- |==mmmmmm - | ===mmmmm |===m===- !
1 34.138 MM R 6.4397 6.09522e4 187.83339 94.9188
2 46.019 MM T 4.8549 3262.87378 11.20122 5.0812

Compound 3ae

Prepared according to the procedure within 12 h as white solid (86.8 mg, 90%
yield); mp 128.4-129.6 °C; [a]: = -93.33 (c 0.80, CH,Cl,); '*H NMR (400
MHz, Chloroform-d) 6 8.12 — 7.88 (m, 3H), 7.80 (s, 1H), 7.68 (d, J = 7.8 Hz,
1H), 7.61 — 7.27 (m, 9H), 7.23 (d, J = 7.3 Hz, 1H), 7.01 (d, J = 1.8 Hz, 1H),
3ae 3.66 (s, 3H); *C NMR (101 MHz, Chloroform-d) & 188.4, 165.5, 161.6,

152.6, 147.3, 144.9, 144.1, 135.3, 133.4, 131.3, 130.7, 130.1, 129. 2, 129.1, 129.1, 127.6, 126.1, 125.4,
119.6, 73.3, 52.3; HRMS (ESI) m/z Calcd. for CysH»0CIN,O, ([M+H]") 483.1106, Found 483.1097;
Enantiomeric excess was determined to be 90% (determined by HPLC using chiral AS-H column,
hexane/2-propanol = 9/1, X = 254 nm, 30 °C, 0.8 mL/min, tmajor = 19.2 min, tminor = 25.5 min).

DAD1 A, Sig=254.4 Ref=360,100 (C:\HPCHEM\W XF\W XF\20010406.D)
Norm. ]
350

300
250
200

150 $ K
100 2 ,f"% g &

e S
50 N @V‘

. TN
0 o~ . B —+- —_— _
5 10 15 Zb 25 min|
Peak RetTime Type Width Area Height Area

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

1 17.389 MM T 2.0614 7380.35498 59.66994 50.2321
2 22,423 MM T 2.4689 7312.14844 49.36129 49.7679
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VWD1 A, Wavelength=254 nm (G \HPCHEMWXFWXF 11120010503 D)

Norm. ]
400 |
300
] 9
200 - -3 \q’bqq
100 . Py &0
] N y \ 5 &
y 2
o S —
0 E‘i ||0 15 2‘0 25 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

e R o, | === === |===mmmmm- | === |-==—m——- !
1 19.239 MM T 2.6765 1.92092e4 119.61464 95.1103
2 25.451 MM T 2.1704 987.57117 7.58373 4.8897

Compound 3af

Prepared according to the procedure within 10 h as white solid (78.0 mg, 81 %
yield); mp 128.9-129.8 °C; [a]s = -34.25 (c 0.80, CH,Cl,); *H NMR (400 MHz,
Chloroform-d) & 8.07 — 7.92 (m, 3H), 7.81 (d, J = 8.2 Hz, 2H), 7.53 (d, J = 7.4
Hz, 2H), 7.50 — 7.43 (m, 4H), 7.40 (d, J = 7.0 Hz, 1H), 7.35 (m, 2H), 7.30 (s, 1H),
7.02 (d, J = 1.7 Hz, 1H), 3.70 (s, 3H); *C NMR (101 MHz, Chloroform-d) &
188.5, 165.6, 161.7, 152.7, 147.4, 144.5, 144.4, 140.1, 139.4, 138.0, 135.0, 131.3,
130.8, 130.7, 129.2, 129.1, 129.1, 126.1, 125.4, 119.6, 73.2, 52.3; HRMS (ESI) m/z Calcd. for
C2sHCIN,O, ([M+H]) 483.1106, Found 483.1095; Enantiomeric excess was determined to be 90%
(determined by HPLC using chiral AS-H column, hexane/2-propanol = 9/1, L = 254 nm, 30 °C, 0.8
mL/min, tmajor = 19.2 min, tminor = 24.6 min).

3af

DAD1 A, Sig=254,4 Ref=360,100 1C\HPCHEM\WXF\W‘XF\ZODWO?DZ D)
Norm.
350

300 -
250
200

150 ] & g

g .x 2 &
100 9_1?5@0. o @
50 /“\\ ’ﬂf\
0l o S I ek |
5 10 ' 15 20 25 rmnI
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
ol ettt | ==== | mmmmmae | ===mmmmeee | ===mmmmmem | ==mmmmme \
1 19.262 MM T 3.1210 1.11557e4 78.81080 50.2239
2 24,589 MM T 2.6613 1.10562e4 69.24123 49.7761

DAD1 A, Sig=254 4 Ref=360,100 (C‘HPCHEM"WXF‘.W‘XF\ZGOWBTOW D)

800

600

g &
400 5\‘@*"
200 = $§
=
[ S S ————— R N
0 5 10 15 20 25 miny
Peak RetTime Type Width Area Height Area

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

1 19.178 MM T 2.4390 4.6259%4e4 316.10883 94.5082
2 24.617 MM T 2.1341 2481.80103 19.38172 5.0918

Compound 3ag

S17



Prepared according to the procedure within 16 h as white solid (95.7 mg, 91%
yield); mp 140.1-141.6 °C; [a]} = -96.00 (c 0.10, CH,Cl,); *H NMR (400 MHz,
Chloroform-d) 6 8.02 (d, J = 1.8 Hz, 1H), 8.01 — 7.94 (m, 2H), 7.77 — 7.70 (m,
2H), 7.65 —7.58 (m, 2H), 7.55 — 7.44 (m, 4H), 7.43 — 7.31 (m, 3H), 7.28 (s, 1H),
7.01 (d, J = 1.7 Hz, 1H), 3.70 (s, 3H); *C NMR (101 MHz, Chloroform-d) &
188.7, 165.6, 161.7, 152.6, 147.4, 144.6, 144.3, 139.4, 137.9, 135.4, 132.2, 131.2,
130.9, 130.7, 129.1, 129.1, 128.8, 126.1, 125.4, 119.6, 73.2, 52.3; HRMS (ESI) m/z Calcd. for
CagH20BIN,O,4 ([M+H]") 527.0601, Found 527.0591; Enantiomeric excess was determined to be 90%
(determined by HPLC using chiral AS-H column, hexane/2-propanol = 30/1, A = 254 nm, 30 °C, 0.8
mL/min, tmajor = 60.0 min, tminor = 81.1 min).

3ag

VWD1 A, Wavelength=254 nm (C:\HPCHEMWXF\W XF111119123002.0)

60 < \@g, ) @W\
a0 & § N
& S.&
20 h . B
1 /
0 - — —
6 T 10 o 20 ' JLD o ' 4‘0 ' o 5‘0 ' 60 ' 7‘0 T 80 o 9‘0 ' r‘nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
il Bttt | === === |========== | -=———— - |======== |
1 60.380 MM T 7.0406 1.05827e4 25.05183 50.7447
2 80.129 MM T 9.3465 1.02721e4 18.66527 49.2553

VWD1 A, Wavelength=254 nm (C'\HPCHEM\\NXF\WXEW 11119123003.D)

600 -

400

300 g &
200 5—".@ &
SN P 9
100 ks ;P
S =
0 T - — — —— — T ———— T
10 20 30 40 50 60 70 80 miny
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

1 60.021 MM T 8.2677 9.31404e4 187.76009 94.8955
2 81.143 MM T 5.0154 5010.06494 11.83057 5.1045

Compound 3ah

Prepared according to the procedure within 10 h as white solid (84.2 mg, 89%
yield); mp 126.8-127.8 °C; [a]y = -36.79 (c 0.28, CH,Cl,); 'H NMR (400 MHz,
Chloroform-d) & 8.05 (s, 1H), 7.95 (d, J = 8.1 Hz, 2H), 7.86 (d, J = 7.7 Hz, 2H),
7.60 (m, 1H), 7.56 — 7.33 (m, 6H), 7.28 (s, 1H), 7.03 (s, 1H), 6.97 (d, J = 4.2 Hz,
2H), 3.72 (s, 3H); *C NMR (101 MHz, Chloroform-d) & 189.7, 165.5, 161.7,
148.4, 147.7, 145.0, 144.3, 138.8, 137.8, 136.6, 133.6, 133.3, 129.4, 129.2, 129.1,
128.8, 128.0, 127.3, 126.1, 119.6, 73.1, 52.4; HRMS (ESI) m/z Calcd. for CyHzN3O4 ([M+H]Y)
474.1448, Found 474.1441; Enantiomeric excess was determined to be 67% (determined by HPLC
using chiral AS-H column, hexane/2-propanol = 9/1, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 61.4

3ah

min, tminor = 79.3 min).
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DAD1 A, Sig=254,4 Ref=360,100 (C'\HPCHEM\WXF\W’XFQDO10705 D)

Norm..

175

150

1256

100

75

&

50 2 q,F’\q:\ 2 Q"g\“;’

2 ol S

0 VRN N

0 10 20 30 40 50 60 70 80 mi

Peak RetTime Type Width Area Height Area

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

e B e | === oo |-===mmmm- |--=-mo--
1 60.505 MM T 4.7648 9121.95801 31.90769 50.0552

2 77.818 MM T 6.0671 9101.83203 25.00321 49.9448

DAD1 A, S\g=254‘;1 Ref=360,100 (C'\HF‘CHEM\WXF\WJXF\ZOOW0704 D)

200 Y
g &
150 ‘;'%a'b'
100 N &
50 8 ‘\'th’
2
04 - . S T
0 10 20 30 40 50 80 70 80 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e Rt R P | === |-==——- |
1 61.434 MM T 4.5910 3.60477e4 130.86292 B83.2698
2 79.328 MM T 5.7018 7242.54883  21.17034 16.7302

Compound 3ai

Prepared according to the procedure within 12 h as white solid (70.2 mg, 76%
yield); mp 136.4-137.3 °C; [a]5 = -47.25 (c 0.80, CH,Cl,); *H NMR (400 MHz,
Chloroform-d) 6 8.05 (d, J = 1.8 Hz, 1H), 8.03 — 7.95 (m, 2H), 7.83 — 7.74 (m,
2H), 7.57 — 7.51 (m, 2H), 7.47 (dd, J = 8.6, 7.4 Hz, 2H), 7.44 — 7.38 (m, 1H),
7.35 (dd, J = 8.2, 6.4 Hz, 2H), 7.31 — 7.27 (m, 2H), 7.01 (d, J = 1.8 Hz, 1H),
3.69 (s, 3H), 2.41 (s, 3H); *C NMR (101 MHz, Chloroform-d) & 189.5, 165.9,
161.8, 152.8, 147.8, 145.0, 144.6, 144.1, 139.0, 138.0, 134.1, 131.2, 130.7, 129.6, 129.5, 129.1, 129.1,
126.0, 125.5, 119.5, 73.1, 52.3, 21.8; HRMS (ESI) m/z Calcd. for C,H,3N,0, ([M+H]") 463.1652,
Found 463.1641; Enantiomeric excess was determined to be 96% (determined by HPLC using chiral
OD-H column, hexane/2-propanol = 8/2, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 51.7 min, tminor =
36.1 min).

VWDT A, Wavelength=254 nm (CAHPCHEMWYXFIWXF111119121403.0)
Norm.

CHj;

3ai

350 |
3003
250
200
150 »
100-] 8 »85& o &
50 5'3?“@ ?*uivs“w
ol _ B . . — - - —
0 10 "= 30 40 50 80 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

1 38.938 MM T 6.5116 1.53284e4 39.23356 50.5823
2 54,983 MM T 8.3265 1.49755e4 29.97565 49.4177
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DAD1 A, Sig=254 4 Ref=360,100 (C‘\HPCHEM\WXF\WXF\|9|20905 D)
Norm. ]
700
600 6,\
500 2 ‘Q;é’q
400 :g\,s‘?
300 !
200 A
100 =] @“
b
0} — — S - —
1] 10 20 Bb 40 50 60 _min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
=== | === === | === | === [ === |
1 36.130 MM T 5.5682 1590.97046 4.76206 1.8290

2 51.710 MM T 3.7164 8.53951e4 393.88535 98.1710

Compound 3aj

Prepared according to the procedure within 12 h as white solid (78.4 mg, 82 %
yield); mp 138.1-139.7 °C; [a]y = -53.67 (¢ 0.30, CH,Cl,); ‘H NMR (400
MHz, Chloroform-d) 6 8.05 (d, J = 1.8 Hz, 1H), 7.99 (d, J = 8.0 Hz, 2H), 7.91
- 7.79 (m, 2H), 7.60 (m, 1H), 7.55 — 7.38 (m, 6H), 7.28 (s, 1H), 7.04 (d, J =
och,| 1.9 Hz, 1H), 6.91 — 6.77 (m, 2H), 3.81 (s, 3H), 3.69 (s, 3H); B3C NMR (101
MHz, Chloroform-d) & 189.9, 165.6, 161.9, 161.8, 152.4, 147.4, 145.0, 144.5,
139.3, 138.1, 136.7, 133.5, 129.4, 129.0, 128.8, 127.1, 125.9, 123.4, 119.5, 114.5, 73.3, 55.4, 52.3;
HRMS (ESI) m/z Calcd. for CyHp3N,0s ([M+H]") 479.1601, Found 479.1590; Enantiomeric excess
was determined to be 94% (determined by HPLC using chiral AS-H column, hexane/2-propanol = 9/1,
A =254 nm, 30 °C, 0.8 mL/min, tmajor = 38.8 min, tminor = 45.9 min).

3aj

DAD1A, S\g:?fﬂ.;l Ref=360,100 (C: \HPCHEM\WXF\W)XF\ZOU1U4U4 D)
Norm. 3
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™ § e '\‘59\9?
50— o 8 &
25 ] ~ 'Q‘vf‘
[i] 7 o o o R 4 S
0 10 20 Jb 40 50 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %

1 38.%02 MM R 3.0911 7648.19678 41.23813 49.0717
2 46.275 MM T 3.6302 7937.55957 36.44251 50.9283

DAD1 A, Sig=254 4 Ref=360.100 (C\HPCHEMWXFWXF120010703 D)

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

e e |-=mommme- | ====mmeme R
1 38.772 MM T 3.2643 4.63831le4d 236.81772 96.8156

2 45.932 MM T 2.8210 1525.62646 9.01344 3.1844
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Compound 3ak

Prepared according to the procedure within 10 h as white solid (89.6 mg, 90 %
yield); mp 136.3-137.2 °C; [a]y = -59.23 (c 0.26, CH,Cl,); *H NMR (400
MHz, Chloroform-d) 6 8.37 (s, 1H), 8.10 (s, 1H), 8.01 (d, J = 8.1 Hz, 2H),
7.94 (d, J = 3.8 Hz, 2H), 7.89 (m, 2H), 7.58 (m, 4H), 7.48 (m, 2H), 7.40 (dd, J
=145, 7.1 Hz, 3H), 7.30 (s, 1H), 7.09 (s, 1H), 3.71 (s, 3H); *C NMR (101

MHz, Chloroform-d) 5 189.8, 165.8, 161.8, 152.8, 147.9, 144.8, 144.3, 139.2,
138.1, 135.7, 134.1, 132.3, 131.5, 131.2, 130.8, 129.7, 129.1, 129.1, 128.9, 127.9, 127.1, 126.0, 125.5,
124.7,119.6, 73.2, 52.3; HRMS (ESI) m/z Calcd. for C3,H,3N,0, ([M+H]") 499.1652, Found 499.1642;
Enantiomeric excess was determined to be 91% (determined by HPLC using chiral OD-H column,
hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 16.9 min, tminor = 12.4 min).

VWD1 A, Wavelength=254 nm (C:\HPCHEM\WXFWXF111119120605.D)
Norm,
400
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g
/o @
100 S
\‘
0 - — . - _— —
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Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

e R, | ====|======- | ====m=mmm- | ===mmmmm - | === |
1 13.352 MM T 1.2758 1.38172e4 180.51050 50.2055

2 18.983 BB 1.7162 1.37041e4 119.78079 49.7945
DAD1 A, Sig=254,4 Ref=360,100 (C: \HPCHEM\WXHW}(F\1S112089‘01
Norm
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e B R | =—mmmmmmm |--=mmmme |--=--o-- |
1 12.354 MM T 1.1581 2093.91382 30.13412 4.6979
2 16.893 MM T 1.7330 4.2476%e4 408.51407 95.3021

Compound 3al

Prepared according to the procedure within 12 h as white solid (79.9 mg, 88%
yield); mp 127.0-127.8 °C; [a]y = -30.63 (c 0.16, CH,Cl,); *H NMR (400 MHz,
Chloroform-d) 8 8.10 — 7.90 (m, 3H), 7.76 (dd, J = 17.3, 4.3 Hz, 2H), 7.54 (d, J =
7.5 Hz, 2H), 7.47 (m, 2H), 7.34 (m, 4H), 7.20 (s, 1H), 7.14 (m, 1H), 3.69 (s, 3H);
3C NMR (101 MHz, Chloroform-d) & 180.9, 165.7, 161.7, 152.8, 147.8, 144.5,

3al

142.9, 139.2, 138.0, 135.3, 134.5, 131.2, 130.7, 129.1, 128.5, 126.0, 125.5, 119.5,
73.0, 52.3; HRMS (ESI) m/z Calcd. for CyHi9N;O,S ([M+H]") 455.1060, Found 455.1049;
Enantiomeric excess was determined to be 90% (determined by HPLC using chiral AS-H column,
hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 17.6 min, tminor = 27.3 min).
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WWD1 A, Wavelength=254 nm (C: \HPCHEMWXFWXF111119120801

D)
Norm
400 |
300 o
g & A
0 £ : &
100 N
[ — N - - ) ) - — ) B
0 ' 5 10 T 15 ' ' 2'0 ' T 25 T ' 30 ' min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
| | === === [ [==mmmmm | === |
1 17.831 MM T 2.2313 2.34144e4 174.89444 49.4318
2 27.514 MM T 3.3746 2.39527e4 118.29751 50.5682
VWD1 A, Wavelength=254 nm (C\HPCHEMWXFWWXF111119120809.D)
Norm.
800
h‘\’h
600 % @?;\
5
400 (
200 © ’g;;«;‘\
: e e
5 10 15 20 25 30 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
| | === === | === [===——— | === |
1 17.584 MM T 2.2256 6.74130e4 504.82172 94.90099
2 27.256 MM T 2.7450 3615.40576 21.95171 5.0901

Compound 3am

o COMe Prepared according to the procedure within 48 h as yellow liquid (55.2 mg, 58 %
Py j o yield); [o]5 = -26.59 (c 0.15, CH,Cl,); *"H NMR (400 MHz, Chloroform-d) &
N= pn|  7-95(d, I =7.9 Hz, 3H), 7.45 (dd, J = 7.8, 4.0 Hz, 4H), 7.39 (m, 1H), 7.33 (q,
Ph J =4.0 Hz, 2H), 7.25 (d, J = 4.2 Hz, 3H), 7.18 (d, J = 10.6 Hz, 3H), 7.13 (s,
3am 1H), 3.66 (t, J = 2.9 Hz, 3H), 3.13 (dg, J = 7.1, 3.7, 3.3 Hz, 2H), 3.09 — 2.94

(m, 2H); *C NMR (101 MHz, Chloroform-d) & 194.5, 165.5, 161.7, 152.6,
148.6, 143.1, 143.0, 140.4, 139.1, 137.9, 131.2, 130.7, 129.0, 129.0, 128.6, 128.3, 126.3, 126.0, 125.4,
119.5, 73.0, 52.3, 41.3, 29.6; HRMS (ESI) m/z Calcd. for CsH,5N,0, ([M+H]") 477.1809, Found
477.1794; Enantiomeric excess was determined to be 55% (determined by HPLC using chiral OD-H

column, hexane/2-propanol = 8/2, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 31.9 min, tminor = 27.8
min).

VWD1 A, Wavelength=254 nm (WXF\21032108.0)
Norm.

~ ]
400 5 ‘w@ o d;,b
200 ﬁ-?séb. ;kg &,5.
[Bs e 7 — e e S T
0 5 10 15 20 25 30 35 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
| | === === | === [ === === |
1 27.387 MM T 2.0866 1.21881le4 97.35361 49.2959
2 31.552 MM T 2.4679 1.25363e4 84.66212 50.7041
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VIWD1 A, Wavelength=254 nm (WKFZ10321080)

Norm,
250
200
160 -

100

50

P
%
31885

0 e — - _ e N —

——r —r . - ——
/] 5 10 15 20 25 30 35 minf

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s3 [mAU ] %
=== |- [====] === === | === | === \
1 27.752 MM T 2.1413 1029.41187 8.01232 26.4084

2 31.885 BB 1.8056 2868.63184 18.91712 73.5916

Gram-scale Synthesis of 3ag

o o A “w )
Phey OBDEOQME . Cc8 (10 mol%)_ .Qb\\/\/\. 6
N= Tol., rt /ﬁ' 7.-—&. ‘\,_‘\.
Ph S
Br ’ ‘> Q. ‘} }
1a 2g \ o “«
2mmol, 0.87 g 3 mmol, 0.62 g t=12h, 88% yield, 0.93 g, 90% ee|

X-ray crystal structure of 3ag

A tube was charged_with MBH Carbonates 1a (870 mg, 2.0 mmol, 1.0 equiv), alkynyl ketone 2g ‘
(620 mg, 3.0 mmol, 1.5 equiv), C8 (81 mg, 0.2 mmol, 0.1 equiv) and toluene (10 mL) at rt. The
reaction was monitored by TLC. The product was purified by column chromatography on silica gel
(petroleum ether/EtOAc = 10:1) directly to give the product 3ag 926 mg as white solid (88% yield, 90%
ee).

The procedure for the synthesis of compounds 4

PhB(OH),, Pd(PPh3),, Cs,CO3

toluene/H,0 (4:1), 90 °C, N,

To a Schlenk tube were added 3ag (53 mg, 0.1 mmol, 1.0 equiv), PhB(OH), (25 mg, 0.2 mmol,
2.0 equiv), Pd(PPhs),; (12 mg, 0.01 mmol, 0.1 equiv), Cs,CO; (104 mg, 0.3 mmol, 3.0 equiv) and
toluene/H,O (4 mL/1 mL). The reaction mixture was stirred at 90 °C for 6 h under a nitrogen
atmosphere. The product was purified by column chromatography on silica gel (petroleum ether/EtOAc
= 5:1) to give the product 4 as yellow solid (43.0 mg, 82 % yield); mp 156.1-157.8 °C; [o], = -64.87 (c
0.50, CH,Cl,); *H NMR (400 MHz, Chloroform-d) & 8.04 — 7.88 (m, 3H), 7.77 (d, J = 7.9 Hz, 2H),
7.69 (t, J = 8.4 Hz, 4H), 7.50 (ddd, J = 25.0, 18.7, 11.5 Hz, 12H), 3.20 (s, 3H); *C NMR (101 MHz,
Chloroform-d) & 188.5, 165.4, 158.4, 149.4, 145.3, 140.9, 139.9, 137.5, 135.3, 130.5, 129.0, 128.8,
128.3, 128.2, 127.3, 127.2, 126.2, 122.6, 118.6, 117.4, 51.2; HRMS (ESI) m/z Calcd. for C3;H,5N,0,
([M+H]") 525.1809, Found 525.1802; Enantiomeric excess was determined to be 88% (determined by
HPLC using chiral OD-H column, hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8 mL/min, tmajor =
10.2 min, tminor = 8.2 min).
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VWD1 A, Wavelength=254 nm (C:\HPCHEM\WXRWXF111\20080101.D)
Norm.
jorm. é\@
350 a &
IS &
300 o 2 &
f 8 4
250 - . \ E?sa@
200 ( ‘ |
150 “ ‘.
100 : \
|
50 f
0 e T = — e ‘| = — . e
2 4 6 8 10 12 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

e | === |======= D — | === R |
1 8.149 MM T 0.3536 6287.07715 296.32309 49.8079
2 10.238 MM T 0.4430 6335.57031 238.36189 50.1921

VWD1 A, Wavelength=254 nm (C:\H| PEHEM\WXF\WXI;W 11\2020802.D)
Norm. ]
2000 a
4 ﬁ é\éﬁ“
S
1500 R
1000 -|
] <
500 © qyé
] 2 &
] = kg \.
0 — — = —  — —
0 2 4 6 8 10 min
Peak RetTime Type Width Area Height Area
it [min] [min] mAU *g [mAU ] %

e | === | | ===mm———ee | === |==mmmee |
1 8.166 MM T 0.3513 2407.46826 114.23095 5.9831
2 10.215 MM T 0.4543 3.78302e4 1387.87268 94.0169

The procedure for the synthesis of compounds $

CeCly7H,0, NaBH,
_—
MeOH, 0 °C

3aa 5

To a solution of 3aa (54.0 mg, 0.1 mmol, 1.0 equiv) in MeOH (2.0 mL) was added sodium
borohydride (5.0 mg, 0.12 mmol, 1.2 equiv) and CeCl37H,0 (45 mg, 0.12 mmol, 1.2 equiv) at 0 °C for
30 min. The product was purified by silica gel column chromatography (petroleum ether/EtOAc = 10:1)
to give 5 as white solid (30.6 mg, 68 % yield, 7:1 dr); mp 162.7-164.0 °C; [a]; = -74.63 (c 0.70,
CH,Cl,); *H NMR (400 MHz, Chloroform-d) & 8.00 (d, J = 8.0 Hz, 2H), 7.51 — 7.42 (m, 9H), 7.39 (d, J
= 7.5 Hz, 2H), 7.31 (s, 1H), 7.25 (s, 1H), 6.57 (s, 1H), 5.72 (s, 1H), 4.13 (s, 1H), 3.65 (s, 1H), 3.61 (s,
3H); *C NMR (101 MHz, Chloroform-d) & 167.5, 161.8, 154.0, 153.9, 145.9, 140.8, 139.0, 138.2,
132.2,130.8, 129.0, 128.9, 128.7, 128.6, 126.9, 125.7, 125.6, 119.5, 72.3, 71.4, 52.0; HRMS (ESI) m/z
Calcd. for CygHp3N,0, ([M+H]") 451.1652, Found 451.1655; Enantiomeric excess was determined to
be 86% (determined by HPLC using chiral OD-H column, hexane/2-propanol = 7/3, A = 254 nm, 30 °C,
0.8 mL/min, tmajor = 16.6 min, tminor = 10.3 min).
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WD A, Wavelengith=254 nm (WXF121061501 D)
Norm. ]
700
600
500
400 —
300 &
| PR
200 [ 3 © 2
*-‘k‘ 5‘?@ (:
100 N An Fa\ -y
A N
| SN /N N
0 T = T T
5 10 15 20 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU 1 %

1 10.036 MM T 0.9936 6330.87646 106.19193 50.5643

2 16.478 BB 1.2472 6189.56396 77.18378 49.4357
VWD1 A, Wavelength=254 nm (WXF\21061502.D)
Norm. |
800
800 —
400 |
A
200 -] g ,\,;\'-\I\ ‘g v@'*'@@
Er TN
0 - S = = T
5 10 15 20 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU 1 %

L | === === | === | ———mmmmm - R |
1 10.280 MM T 1.0458 747.76990 11.91676 6.9512
2 16.556 MM T 1.6464 1.00097e4 101.32826 93.0488
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4. X-ray crystal structure of compound 3ag

4
3ag Br \

X-ray crystal structure of 3ag
CCDC: 2189938
Crystal data and structure refinement for 3ag.

Empirical formula Cy7H19BrN;O,
Formula weight 529.36
Temperature/K 295.0
Crystal system orthorhombic

Space group P2:2,24
alh 9.5080(5)
b/A 12.3736(6)
c/A 20.7192(11)
a/° 90
Bre 90
v/° 90
Volume/A3 2437.6(2)
z 4
pearcg/em® 1.442
wmm™* 1.725
F(000) 1076.0
Crystal size/mm® 0.21x0.2x0.15
Radiation MoKa (A =0.71073)
20 range for data collection/® 3.932 to 54.964
Index ranges -12<h<12,-16<k<16,-26<1<26
Reflections collected 47283
Independent reflections 5592 [Rin: = 0.0760, Rsigms = 0.0534]
Data/restraints/parameters 5592/0/317
Goodness-of-fit on F? 1.096
Final R indexes [[>=2c ()] R; =0.0581, wR, = 0.1227
Final R indexes [all data] R; =0.0963, wR, = 0.1405
Largest diff. peak/hole /e A3 0.35/-1.19
Flack parameter 0.044(5)
CCDC number 2189938
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6. NMR spectra for compounds
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