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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 spectra were recorded on a Bruker Avance II 400 MHz and Bruker Avance 1II 600 MHz,
13C NMR spectra were recorded on a Bruker Avance II 101 MHz, Bruker Avance 11 126 MHz and Bruker
Avance Il 151 MHz, '°F NMR spectra were recorded on a Bruker Avance I1 376 MHz and Bruker Avance
111 377 MHz with chemical shifts reported as ppm (in CDCl;, 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, br = broad singlet, 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
3ao and Sak were assigned by the X-ray analysis.

4-Aminopyrazolones 1 were prepared according to the literature.! MBH carbonates 2 and 4 were
prepared according to the literature.? Catalyst C8 was synthesized according to the literature procedure.?
Nitrile oxides 6 and nitrile imine 8a were prepared according to the literature.* The racemic products
were synthesized using quinine/quinidine = 1:1 as the catalyst.

2. Experimental procedures and characterization of compounds 3, 5, 7 and 9
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To a tube were added 4-aminopyrazolone 1 (0.2 mmol), C8 (0.04 mmol), 4 A MS (200 mg) and
toluene (2 mL). MBH carbonate 2 (0.7 mmol) was then added in one portion, and the reaction mixture
was stirred at 30 °C. When the substrate 1 was consumed as checked by TLC, the reaction was stopped
and purified by column chromatography (petroleum ether/ethyl acetate = 5:1) on silica gel directly to
give the product 3.

Compound 3aa
Prepared according to the procedure within 48 h as white solid (89.7 mg, 99% yield);
N { [a]y = 9.091 (c 1.32, CH:Cly); Mp: 148.6 - 149.2 °C; 'H NMR (400 MHz,
=7 Chioroform-d) 8 9.15 (s, 1H), 8.09 — 8.01 (m, 4H), 7.90 — 7.87 (m, 2H), 7.51 — 7.41
P“)/\COZM‘& (m, SH), 7.39 — 7.35 (m, 3H), 7.25 — 7.20 (m, 1H), 6.41 (s, 1H), 5.69 (s, 1H), 3.80 (s,
3aa 3H), 3.36 (d, J = 14.5 Hz, 1H), 2.77 (d, J = 14.4 Hz, 1H); **C NMR (126 MHz,
Chloroform-d) 6 170.9, 169.7, 166.3, 156.1, 138.3, 133.6, 132.1, 132.0, 131.7, 130.3, 130.2, 128.9, 128.7,
128.6, 127.5, 126.3, 125.3, 119.3, 65.2, 52.9, 37.7. HRMS (ESI) m/z Calcd. for C27H24N304 ((M+H]")
454.1761, Found 454.1755. Enantiomeric excess was determined to be 97% (determined by HPLC using
chiral AD-H column, hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 13.0 min, tminor =
28.4 min).
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VWD1 A, Wavelength=254 nm (XAQ\21042602.D)
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1 12.984 MM 0.6532 7838.50635 199.99681 51.3389
2 28.457 BB 1.3140 7429.66455 83.55426 48.6611
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1 13.073 PB 0.5636 3.48997e4 907.62250 98.8969
2 28.419 MM 0.9216 389.26526 7.03986 1.1031
Compound 3ab

Prepared according to the procedure within 48 h as white solid (72.9 mg, 78% yield);
[o] 5 = 7.547 (c 0.53, CHxCly); Mp: 123.5 - 124.6 °C; 'H NMR (400 MHz,
Chloroform-d) § 9.08 (s, 1H), 8.08 — 8.01 (m, 4H), 7.71 — 7.66 (m, 2H), 7.46 — 7.42
(m, 2H), 7.38 — 7.36 (m, 3H), 7.31 — 7.30 (m, 2H), 7.24 — 7.20 (m, 1H), 6.41 (s, 1H),
5.69 (s, 1H), 3.81 (s, 3H), 3.37 (d, J=14.7 Hz, 1H), 2.76 (d, J= 14.3 Hz, 1H), 2.36
(s, 3H); '*C NMR (151 MHz, Chloroform-d) & 171.0, 169.7, 166.6, 156.1, 138.4,

133.6,132.9, 132.0, 131.7, 130.3, 130.3, 128.8, 128.7, 128.5, 126.4, 125.3,124.4, 119.4, 65.1, 52.9, 37.7,
21.3. HRMS (ESI) m/z Calcd. for CysH2N304 ([M+H]") 486.1918, Found 486.1924. Enantiomeric
excess was determined to be 99% (determined by HPLC using chiral AD-H column, hexane/2-propanol
=7/3, L =254 nm, 30 °C, 0.8 mL/min, tmajor = 9.0 min, tminor = 14.2 min).
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VWD1 A, Wavelength=254 nm (XAQ\21042604.D)
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1 9.437 VB 0.3752 1.0619%e4 413.65125 48.7959

2 14.714 PB 0.6366 1.11440e4 257.15918 51.2041
VWD1 A, Wavelength=254 nm (XAQ\21042605.D) =
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1 9.052 BB 0.3616 3.73350e4 1500.82788 99.5238
2 14.252 PB 0.5404 178.65710 4.67621 0.4762

Compound 3ac

Prepared according to the procedure within 48 h as yellow solid (95.7 mg, 99%

. 0@ yield); [o] = 16.083 (¢ 1.00, CH,Cl,); Mp: 104.3 - 105.2 °C; 'H NMR (400 MHz,
N/ Chloroform-d) § 9.17 (s, 1H), 8.08 — 7.99 (m, 4H), 7.47 — 7.42 (m, 4H), 7.39 — 7.30
P“)\COzMe (m, 4H), 7.24 — 7.20 (m, 1H), 7.05 — 7.02 (m, 1H), 6.41 (s, 1H), 5.69 (s, 1H), 3.80

3ac (s, 3H), 3.77 (s, 3H), 3.36 (d, J = 14.3 Hz, 1H), 2.76 (d, J = 14.3 Hz, 1H); 3C NMR

(101 MHz, Chloroform-d) 8 171.0, 169.8, 166.3, 159.8, 156.1, 138.3, 133.7, 133.4, 131.6, 130.4, 130.2,
129.6, 128.9, 128.8, 126.3, 125.3, 119.3, 119.2, 112.1, 65.2, 55.4, 52.9, 37.7. HRMS (ESI) m/z Calcd.
for CosH26N30s ([M+H]") 484.1867, Found 484.1875. Enantiomeric excess was determined to be 97%
(determined by HPLC using chiral AD-H column, hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8

mL/min, tmajor = 12.4 min, tminor = 14.9 min).
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VWD1 A, Wavelength=254 nm (XAQ\21051303.D)
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1 12.708 MM 0.5966 3.62770e4 1013.45374 50.1252
2 15.087 MM 0.7071 3.60959%4 850.74951 49.8748
VWD1 A, Wavelength=254 nm (XAQ\21051304.D)
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1 12.437 BV 0.5169 4.26260e4 1202.73022 98.9677
2 14.934 MM 0.6376 444.63718 11.62320 1.0323

Compound 3ad

ci Prepared according to the procedure within 48 h as yellow solid (94.5 mg, 97%

Ph, yield); [a]“ = 5.603 (¢ 0.23, CH.Cl,): Mp: 147.1 - 148.0 °C; *H NMR (400 MHz,

% Chloroform-d) & 9.30 (s, 1H), 8.08 — 8.01 (m, 4H), 7.91 — 7.90 (m, 1H), 7.79 (d, J =
Ph)\cozrvle

7.7 Hz, 1H), 7.52 — 7.40 (m, 7H), 7.27 — 7.23 (m, 1H), 6.48 (s, 1H), 5.75 (s, 1H),

3ad 3.92 (s, 3H), 3.43 (d, J = 14.5 Hz, 1H), 2.72 (d, J = 14.5 Hz, 1H); C NMR (101

MHz, Chloroform-d) 6 170.6, 170.4, 165.0, 156.0, 138.3, 134.8, 134.1, 133.8, 132.2, 131.4, 130.5, 130.0,
129.9, 128.9, 128.8, 128.0, 126.3, 125.5, 125.4, 119.3, 65.0, 53.2, 37.8; HRMS (ESI) m/z Calcd. for
Co7H23CIN3O4 ([M+H]*) 488.1372, Found 488.1374. Enantiomeric excess was determined to be 95%
(determined by HPLC using chiral IF-H column, hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8

mL/mln, tmajor = 96 min, tminor = 164 mln)
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VWD1 A, Wavelength=254 nm (XAQ\23040304.D)
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1 10.654 MM 0.7207 638.20068 14.75894 49.2222
2 16.483 MM 0.8033 658.36951 13.66024 50.7778
VWD1 A, Wavelength=254 nm (XAQ\23040305.D)
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1 9.645 BB 0.4627 5.0545%e4 1565.07874 97.8979
2 16.483 MM 0.6363 1085.33887 28.42673 2.1021

Compound 3ae

er  Prepared according to the procedure within 48 h as yellow solid (102.0 mg, 96%
Phy yield); [a]y = 4.561 (c 0.59, CH,Cl,); Mp: 139.5 - 140.5 °C; *H NMR (400 MHz,
N\Ph")\co . Chloroform-d) 4 9.18 (s, 1H), 7.96 — 7.90 (m, 5H), 7.72 — 7.69 (m, 1H), 7.54 — 7.52
e (m, 1H), 7.37 — 7.28 (m, 5H), 7.22 — 7.11 (m, 2H), 6.35 (s, 1H), 5.61 (s, 1H), 3.77
3ae (s, 3H), 3.30 (d, J = 14.4 Hz, 1H), 2.73 — 2.57 (m, 1H); 3C NMR (101 MHz,
Chloroform-d) 6 170.6, 170.3, 164.9, 156.0, 138.3, 135.1, 134.1, 134.0, 131.4, 130.9, 130.5, 130.2, 130.0,
128.9, 128.8, 126.3, 126.0, 125.4, 122.8, 119.3, 65.0, 53.1, 37.7; HRMS (ESI) m/z Calcd. for
Ca7H23BrNsO4 ([M+H]*) 532.0866, Found 532.0870. Enantiomeric excess was determined to be 99%
(determined by HPLC using chiral IF-H column, hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8

mL/min, tmajor = 9.0 Min, tminor = 14.7 min).
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VWD1 A, Wavelength=254 nm (XAQ\23041501.D)
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1 9.334 vV 0.4702 7532.21729 224.41685 49.8652
2 14.e01 VB 0.5639 7572.92871 205.48102 50.1348
VWD1 A, Wavelength=254 nm (XAQ\23041502.D)
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1 9.035 VB 0.4105 4.22167e4 1464.63928 099.6031
2 14.738 MM 0.4196 168.21695 6.68164 0.3969
Compound 3af

Prepared according to the procedure within 48 h as white solid (82.3 mg, 88%

O O . 17
Ph. () vield); [o] =15.625 (¢ 0.21, CH;Cly); Mp: 191.4 - 192.3°C; *H NMR (400 MHz,
i NH °

Chloroform-d) & 9.06 (s, 1H), 8.08 — 8.01 (m, 4H), 7.79 — 7.77 (m, 2H), 7.46 —

P“)\Cone 7.35 (m, 5H), 7.23 — 7.19 (m, 3H), 6.40 (s, 1H), 5.68 (s, 1H), 3.78 (s, 3H), 3.35 (d,

3af J =14.3 Hz, 1H), 2.78 (d, J = 14.3 Hz, 1H), 2.37 (s, 3H); **C NMR (151 MHz,
Chloroform-d) 6 171.2,169.7,166.4, 156.2,142.6, 138.4, 133.5, 131.7,130.3, 129.3, 129.3, 129.1, 128.8,
128.7, 127.6, 126.4, 125.3, 119.4, 65.2, 52.8, 37.6, 21.5. HRMS (ESI) m/z Calcd. for CysH2¢N304
(IM+H]") 468.1918, Found 468.1920. Enantiomeric excess was determined to be 97% (determined by
HPLC using chiral OD-H column, hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 8.0

min, tminor = 9.9 min).
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VWD1 A, Wavelenglh=254 nm (XAQ21042906 D)
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1 7.868 vV 0.5029 1.97050e4 590.51825 49,5132
2 9.846 VB 0.6474 2.00924e4 468.50952 50.4868
VWDT A, Wavelength=254 nm (XAQ\21042907.0)
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1 8.019 MM 0.5811 3.02404e4 867.28418 98.5309
2 9.992 MM 0.4077 450.89536 12.92179 1.4691
Compound 3ag
e Prepared according to the procedure within 48 h as yellow solid (95.7 mg, 99%
Ph. .
N N>H < > A yield); [a]” =7.547 (¢ 0.53, CH.Cly); Mp: 123.5 - 124.6 °C; 'H NMR (400 MHz,
Ph)\co Ve Chloroform-d) 6 9.01 (s, 1H), 8.07 — 8.00 (m, 4H), 7.84 — 7.81 (m, 2H), 7.44 —
2
7.35 (m, 5H), 7.22 — 7.18 (m, 1H), 6.87 — 6.85 (m, 2H), 6.37 (s, 1H), 5.66 (s,
3ag

1H), 3.79 — 3.77 (m, 6H), 3.32 (d, J = 14.3 Hz, 1H), 2.77 (d, J = 14.3 Hz, 1H);
13C NMR (151 MHz, Chloroform-d) § 170.2, 168.6, 165.0, 161.6, 155.2, 137.3, 132.4, 130.7, 129.3,
129.2, 128.4, 127.8, 127.6, 125.3, 124.2, 123.4, 118.3, 112.7, 64.1, 54.3, 51.8, 36.6. HRMS (ESI) m/z
Calcd. for CasHa¢N3Os ([M+H]") 484.1867, Found 484.1878. 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 = 10.4 min, tminor = 14.0 min).
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VWD1 A, Wavelength=254 nm (XAQ\21042903.D)
Norm.
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1 10.433 VB 0.7402 8308.22559 167.51563 50.3674
2 13.916 BB 1.0723 8187.00537 114.99014 49.6326
VWD1 A, Wavelength=254 nm (XAQ\21042904.D)
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== |- [==== ] [ === [===mm————- [====m=- [
1 10.494 VB 0.7617 2.59420e4 509.30637 95.831¢9
2 14.056 MM 1.0881 1128.30566 17.28324 4.1681
Compound 3ah
o o Prepared according to the procedure within 48 h as white solid (95.3 mg, 99%
Ph. : . 17 _ . - or- 1
S NHH ) yield); [a]” = 11.101 (c 1.00, CH>Cl,); Mp: 152.7 - 153.3°C; 'H NMR (400 MHz,
Ph)\cwe Chloroform-d) § 9.07 (s, 1H), 8.08 — 8.01 (m, 4H), 7.82 — 7.80 (m, 2H), 7.45 —

3ah

7.41 (m, 2H), 7.38 — 7.36 (m, 3H), 7.25 — 7.19 (m, 3H), 6.40 (s, 1H), 5.68 (s, 1H),

3.79 (s, 3H), 3.35 (d, J = 14.3 Hz, 1H), 2.77 (d, J = 14.3 Hz, 1H), 2.67 (q, J= 7.6
Hz, 2H), 1.24 (t, J = 7.6 Hz, 3H); 3C NMR (101 MHz, Chloroform-d) & 171.1, 169.7, 166.4, 156.2,
148.9, 138.4, 133.6, 131.7, 130.3, 130.3, 129.5, 128.8, 128.7, 128.1, 127.7, 126.4, 125.3, 119.4, 65.1,
52.9,37.7, 28.9, 15.3. HRMS (ESI) m/z Calcd. for CaoHagN304 ([M+H]") 482.2074, Found 482.2072.

Enantiomeric excess was determined to be 97% (determined by HPLC using chiral OD-H column,

hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 7.2 min, tminor = 8.8 min).
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VWD1 A, Wavelerigth=254 nm (XAQ\21051501.D)
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1 7.323 VWV 0.4052 2.06282e4 764.15186 48.7900
2 8.865 VB 0.5258 2.16513e4 614.20045 51.2100
VWD1 A, Wavelength=254 nm (XAQ\21051502.D)
- o
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il Bttt [====]======- [======——— | ===— [======== \
1 7.260 Vv 0.3996 5.20374e4 1971.82703 98.6060
2 8.833 MM 0.5228 735.63800 23.45009 1.3940

Compound 3ai

Prepared according to the procedure within 48 h as yellow solid (95.8 mg, 94%

O O
oy NW yield); [o]"* =8.781 (¢ 0.91, CH,Cly); Mp: 229.3 - 229.9 °C; 'H NMR (400 MHz,
) come  Chloroform-d)9.08 (s, TH), 8.08 ~8.02 (m, 4H), 7.86 783 (m, 2H), 7.46 -

7.37 (m, 7H), 7.23 — 7.19 (m, 1H), 6.40 (s, 1H), 5.69 (s, 1H), 3.82 (s, 3H), 3.37
(d,J=14.3 Hz, 1H), 2.76 (d, J=14.3 Hz, 1H), 1.33 (s, 9H); *C NMR (101 MHz,
Chloroform-d) 6 171.1,169.8, 166.3, 156.3, 155.7, 138.4, 133.6, 131.7, 130.3, 130.3, 129.3, 128.8, 128.7,
127.4,126.4, 125.6, 125.3, 119.3, 65.1, 53.0, 37.7, 35.0, 31.2. HRMS (ESI) m/z Calcd. for C31H3,N304
(IM+H]") 510.2387, Found 510.2389; Enantiomeric excess was determined to be 97% (determined by
HPLC using chiral OD-H column, hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 5.7

3ai

min, tminor = 9.0 min).
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VWD1 A, Wavelength=254 nm (XAQ\21051306.D)
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1 5.950 vv 0.3339 2.15963e4 959.52191 50.9254
2 9.298 VB 0.6051 2.08114e4 523.39478 49,0746
VWD1 A, Wavelen-glh:254 nm (XAQ\21051511.D)
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ki Lonkosh et ovies  Spintonloll ptdor i  ptntorkete et oot Bttt \
1 5.740 VvV 0.3037 4.32003e4 2142.09009 98.9666
2 9.056 MM 0.6319 451.08188 11.8%9684 1.0334

Compound 3aj

Prepared according to the procedure within 48 h as yellow solid (96.5 mg, 99%

Py °’ sz| yield); [0]®® = 4.864 (c 0.51, CH,Cl,); Mp: 145.4 - 146.3 °C; 'H NMR (400 MHz,
N\Ph”%co - Chloroform-d) & 9.24 (s, 1H), 8.03 — 8.01 (m, 2H), 7.99 — 7.97 (m, 2H), 7.81 —

? 7.76 (m, 2H), 7.43 — 7.35 (m, 7H), 7.22 — 7.18 (m, 1H), 6.39 (s, 1H), 5.67 (s, 1H),

saj 3.81 (s, 3H), 3.34 (d, J = 14.4 Hz, 1H), 2.71 (d, J = 14.4 Hz, 1H); *°C NMR (151

MHz, Chloroform-d) 6 170.7, 170.3, 165.3, 156.1, 138.5, 138.3, 134.0, 131.5, 130.5, 130.5, 130.1, 128.9,
128.9, 128.9, 128.8, 126.3, 125.4, 119.3, 65.0, 53.1, 37.8; HRMS (ESI) m/z Calcd. for C27H23CIN3O4
(IM+H]*) 488.1372, Found 488.1377. Enantiomeric excess was determined to be 98% (determined by
HPLC using chiral IF-H column, hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 9.6

min, tminor = 349 m|n)
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VWD1 A, Wavelength=254 nm (XAQ\23033005.D)
Norm
400 w
3
[=2]
300
200 2
7]
ot
AN
0 - L T
6 1I0 2‘0 3‘0 4‘0 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %
il ettt [====]======- | ==———————- [===mm [===————- |
1 9.805 VB 0.4362 9923.54590 337.54526 49.8738
2 34.575 BB 1.1292 99873.77832 135.56470 50.1262
VWD1 A, Wavelength=254 nm (XAQ\23033006.D)
Nom. ]
~
800 ]
[=2]
600
400
200
3
]
3
0 T T T T
0 10 20 30 40 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] )
———= | mm————— [ === === [ ==——————— [ ==———————— [===————- [
1 9.667 VB 0.4378 2.17775e4 734.10706 99.3405
2 34.993 BB 0.8774 144.57266 1.94820 0.6595
Compound 3ak
o PO Prepared according to the procedure within 48 h as yellow solid (98.8 mg, 93%
~ Br
N .,,/NjH ) yield); [o]®® = 4.184 (c 0.47, CH,Cl,); Mp: 150.3 - 151.4 °C; 'H NMR (400 MHz,
b }coZMe Chloroform-d) § 9.19 (s, 1H), 7.97 — 7.90 (m, 4H), 7.68 — 7.66 (m, 2H), 7.49 —

3ak

7.47 (m, 2H), 7.37 — 7.29 (m, 5H), 7.18 — 7.12 (m, 1H), 6.34 (s, 1H), 5.62 (s, 1H),

3.77 (s, 3H), 3.29 (d, J = 14.4 Hz, 1H), 2.63 (d, J = 14.4 Hz, 1H); 3C NMR (101
MHz, Chloroform-d) 6 170.7, 170.2, 165.4, 156.0, 138.3, 134.0, 131.9, 131.5, 130.9, 130.5, 130.1, 129.1,
128.9, 128.8, 127.1, 126.3, 125.4, 119.3, 65.1, 53.1, 37.8; HRMS (ESI) m/z Calcd. for C27H23BrNzO4
(IM+H]*) 532.0866, Found 532.0861. Enantiomeric excess was determined to be 91% (determined by
HPLC using chiral IF-H column, hexane/2-propanol = 7/3, X = 254 nm, 30 °C, 0.8 mL/min, tmajor = 10.5

min, tminor = 416 m|n)
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VWD1 A, Wavelength=254 nm (XAQ\23051101.D)
Nnrrn.? 2
] ~
700 S
600
500—2
400
300 5
] <
200
100
07 T T T ‘\ : T
0 10 20 30 40 50 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s5 [MAU ] )
—mmm o R — |=mmmmmmm- | —===mmm—- | ———-=- |
1 10.749 BB 0.4554 2.02064e4 648.26984 49.9521
2 41.511 BB 1.3977 2.02452¢4 217.75006 50.0479
VWD1 A, Wavelength=254 nm (XAQ\23051102.D) N
Norm é
3000 e
2500
2000
1500
1000
9’1«
N
500 @ W
©
— @
) iy
0 T T T ——— T
0 10 20 30 40 50 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
e R e P P | —mmm |
1 10.508 VB 0.4790 9.21863e4 2874.31323 95.6456
2 41.687 MM 1.1910 4196.92139 58.72888 4,3544
Compound 3al

Prepared according to the procedure within 48 h as red solid (81.9 mg, 85% yield);

PO 7 O}_Q [a]y, = 9.910 (¢ 1.10, CH,Cly); Mp: 163.6 - 164.2 °C; 'H NMR (400 MHz,
Ne/ Chloroform-d) 6 9.00 (s, 1H), 8.07 — 8.00 (m, 4H), 7.49 — 7.42 (m, 4H), 7.38 — 7.35
Ph)\COZMe (m, 3H), 7.24 — 7.20 (m, 1H), 7.13 (s, 1H), 6.41 (s, 1H), 5.69 (s, 1H), 3.81 (s, 3H),

3al 3.37(d, J=14.2 Hz, 1H), 2.77 (d, J = 14.3 Hz, 1H), 2.33 (s, 6H); *C NMR (101

MHz, Chloroform-d) 4 171.0,169.7, 166.8, 156.2, 138.4, 138.2, 133.8, 133.7, 131.9,

131.6, 130.29, 130.25, 128.8, 128.7, 126.4, 125.4, 125.3, 119.4, 65.1, 52.8, 37.6, 21.2. HRMS (ESI) m/z
Calcd. for C29HasN304 ([M+H]") 482.2074, Found 482.2079. Enantiomeric excess was determined to be
95% (determined by HPLC using chiral OD-H column, hexane/2-propanol = 7/3, A =254 nm, 30 °C, 0.8

mL/min, tmajor = 11.3 min, tminor = 8.1 min).
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VWD1 A, Wavelength=254 nm (XAQ\21051101.D)
Norm.

©
400 v
&

D

©°
] N
300 \Q’b

©
8 z

200+

100+

T T T T T [

0 l5 10 15 20 25 30 35 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
= == | |= = |
1 8.206 MM 0.6322 1.05260e4 277.50055 50.5271
2 11.568 MM 0.9401 1.03064e4 182.71242 49.4729
VWD1 A, Wavelength=254 nm (XAQ\21051102.D)
Nnm1j
1200
1000
800
600
400
200
0
0 FI) 1‘0 1‘5 ZIU min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %
Bl Rt e === |======—=== [======—- [
1 8.177 MM 0.5121 1502.31470 48.89371 2.1523
2 11.337 PB 0.8340 6.82973e4 1244.32690 97.8477

Compound 3am
Prepared according to the procedure within 48 h as white solid (27.2 mg, 27% yield);
o o [a]y = 1.754 (c 0.57, CH,Cly); Mp: 158.7 - 159.8 °C; 'H NMR (600 MHz,
Ph\‘ N O Chloroform-d) 6 8.55 (s, 1H), 8.21 (d, J= 8.5 Hz, 1H), 8.12 — 8.04 (m, 4H), 7.91 (d,
Ph)\cone J=28.3 Hz, 1H), 7.81 (d, J = 8.1 Hz, 1H), 7.68 — 7.66 (m, 1H), 7.47 — 7.40 (m, 8H),
7.26 — 7.23 (m, 1H), 6.41 (s, 1H), 5.70 (s, 1H), 3.65 (s, 3H), 3.34 (d, J = 14.3 Hz,
1H), 2.82 (d, J = 14.3 Hz, 1H); '*C NMR (101 MHz, Chloroform-d) 5 171.0, 169.1,
168.9, 156.1, 138.3, 133.6, 133.3, 131.9, 131.7, 131.3, 130.4, 130.4, 130.2, 128.9, 128.8, 128.1, 127.2,
126.4,126.4,125.7,125.5,125.4,124.6, 119.5, 65.4, 52.7, 37.6. HRMS (ESI) m/z Calcd. for C31H26N304
(IM+H]") 504.1918, Found 504.1925. Enantiomeric excess was determined to be 75% (determined by
HPLC using chiral AD-H column, hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 9.4

N=

3am

min, tminor = 13.5 min).
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VWD1A, Waveleﬁgth=254 nm (XAQ\21051104.D)
Norm
500 oy
8
=]
400
[=2]
(=2}
300 e
200
100
0
! T T T T \
0 5 10 15 20 25 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

e Rl P e R |
1 9.362 VB 0.3829 1.08957e4 417.70929 49.8399
2 13.199 VB 0.6402 1.09657e4 254.,89192 50.1601

VWD1 A, Wavelength=254 nm (XAQ\21051105.D)
Norm. ]
1000
800
600
400
200—:
0
0 é 1IU 1‘5 2‘0 2‘5 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU 1 )
———=|m————— [ ==== === [==m——————- [=m=m—————— [ === \
1 9.407 Vv 0.3990 2.96607ed4 1095.15442 87.6044
2 13.542 MM 0.6798 4196.83838 102.887924 12.3956

Compound 3an

0o O Prepared according to the procedure within 48 h as yellow solid (99.7 mg, 99%

Ph\w i N yield); [a]y = 18.422 (¢ 0.76, CH>Cl,); Mp: 218.5 - 219.3 °C; 'H NMR (400 MHz,

N\Ph")/\COZMe Chloroform-d) 6 9.34 (s, 1H), 8.40 (s, 1H), 8.13 — 8.05 (m, 4H), 7.91 — 7.78 (m,

4H), 7.55 — 7.43 (m, 4H), 7.39 — 7.35 (m, 3H), 7.25 — 7.21 (m, 1H), 6.40 (s, 1H),

5.69 (s, 1H), 3.79 (s, 3H), 3.41 (d, J = 14.2 Hz, 1H), 2.84 (d, J = 14.3 Hz, 1H); 1*C

NMR (151 MHz, Chloroform-d) & 171.1, 169.7, 166.6, 156.2, 138.4, 135.0, 133.6, 132.5, 131.7, 130.4,

130.3,129.2,128.9, 128.8,128.7, 128.4, 127.9,127.7,126.7, 126.4, 125.4, 123.6, 119.4, 65.4, 52.8,37.7.

HRMS (ESI) m/z Calcd. for C3;Hz6N304 ([M+H]") 504.1918, Found 504.1917. 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 = 12.1 min, tminor = 10.1 min).

VWD1 A, Wavelength=254 nm (XAQ\22060205.D)

Nom. ] 3
-

3an

12.256

600

500

400

300

200

100
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Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
se=m=|====as= [====|=acas== |====sss=a= [s==sassaa= |======—= |
1 10.084 BV 0.6583 3.14834e4 718.42035 48.9247

2 12.256 VB 0.8663 3.28674e4 563.98730 51.0753
VWD1 A, Wavelength=254 nm (XAQ\22060206.D) )
Norm.
700
600]
500—;
400
300
200—5
100
04
T T T T T T
0 5 10 15 20 25 30 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
i vttt ===l I=r— [m=msos=aes |======ms |
1 10.141 MM 0.6249 1715.46265 45.75635 4,3401
2 12.197 BB 0.7945 3.78108e4 723.64764 95.6599

Compound 3ao
o o s Prepared according to the procedure within 48 h as yellow white (91.0 mg, 99%
Ph\Ni&—NW yield); [a] =14.875 (¢ 1.60, CH2Cly); Mp: 116.3 - 117.4 °C; 'H NMR (400 MHz,
=~ Chloroform-d) & 9.08 (s, 1H), 8.05 — 8.01 (m, 4H), 7.67 — 7.66 (m, 1H), 7.45 —
Ph)\COzMe 7.37 (m, 6H), 7.23 — 7.19 (m, 1H), 7.04 — 7.02 (m, 1H), 6.39 (s, 1H), 5.66 (s, 1H),
3.77 (s, 3H), 3.32 (d, J = 14.3 Hz, 1H), 2.76 (d, J = 14.3 Hz, 1H); *C NMR (151
MHz, Chloroform-d) 6 170.9, 169.7, 161.4, 156.0, 138.3, 137.1, 133.7, 131.6,
131.3,130.4, 130.2, 129.4, 128.8, 128.8, 127.8, 126.4, 125.4, 119.4, 65.1, 52.9, 37.7. HRMS (ESI) m/z
Caled. for CsH2N304S ([M+H]Y) 460.1326, Found 460.1332. Enantiomeric excess was determined to
be 97% (determined by HPLC using chiral AD-OD-H column, hexane/2-propanol = 7/3, A =254 nm, 30

°C, 0.5 mL/min, tmajor = 31.8 min, tminor = 10.3 min).

3ao

VWD1 A, Waveleﬁgth=254 nm (XAQ\21050703.D)
Norm.
700
600
500
w
400 o &
& =
X
300 v
<o &
VS
200 2
0 =T T T T
0 10 20 30 40 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU 1 %
|- [==== === === [===m———— | === |
1 9.647 MM 1.9556 2.45406e4 209.14268 49.7769
2 31.985 BB 1.0613 2.47605e4 343.89069 50.2231
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VWD1 A, Wavelength=254 nm (XAQ\21050705.D)
Nom
1750
1500
1250
1000
750
500 o
X
250 8 9
> B
0 .
I T T T
0 10 20 40 min|
Peak RetTime Type Width Area Height Area
= [min] [min] mAU *35 [mAU ] %

1 10.322 MM 1.1953 1921.°90491 19.26205 1.4979
2 31.891 MM 1.1403 1.26387e5 1847.27368 98.5021

Compound 3ap

Prepared according to the procedure within 48 h as red white (84.1 mg, 87% yield);
[a] 5 = -56.034 (c 1.10, CHClp); Mp: 105.7 - 106.4 °C; 'H NMR (400 MHz,
Chloroform-d) & 8.75 (s, 1H), 8.04 — 8.02 (m, 2H), 7.86 — 7.76 (m, 3H), 7.50 — 7.32
(m, 6H), 7.21 — 7.16 (m, 1H), 6.97 — 6.90 (m, 2H), 6.43 (s, 1H), 5.73 (s, 1H), 3.80 —
3.79 (m, 6H), 3.50 (d, J = 14.4 Hz, 1H), 2.69 (d, J = 14.4 Hz, 1H); '*C NMR (101
MHz, Chloroform-d) 6 170.5, 169.9, 166.0, 157.3, 157.0, 138.5, 133.5, 132.5, 131.9,
131.6,131.5, 130.8, 128.8, 128.5, 127.4, 125.1, 121.0, 119.9, 119.3, 111.7, 66.1, 55.5, 52.8, 36.3. HRMS
(ESI) m/z Calcd. for CasHaN3Os ([M+H]") 484.1867, Found 484.1875. Enantiomeric excess was
determined to be 98% (determined by HPLC using chiral AD-H column, hexane/2-propanol = 7/3, A =
254 nm, 30 °C, 0.8 mL/min, tmajor= 13.8 min, tminor = 18.2 min).

3ap

VWD1 A, Wavelength=254 nm (XAQ\21051901.D)
Norm. ]
o
] o
400 o
] 3
300 e
200 &
100
0 ’
T T T T T
0 5 10 15 20 25 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
| e ke Il e [
1 13.810 VB 0.5404 1.39386e4 374.62509 50.1659

2 18.041 BB 0.7072 1.38464e4 284.68234 49.8341
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VWD1A, Wavelen-gth=254 nm (XAQ\21051902.D)
Norm.
[y2]
(s}
700 ©
o}
600
500
400
300
200
.
100 S
@
0
T T T T T T
5 10 15 20 25 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAUO *s5 [mAU ] %
e otk [s===]===amas [sem==ammss ottt et ==~ |
1 13.863 VB 0.5338 2.29249%e4 £25.55188 99.3782
2 18.207 BB 0.6016 143.44521 3.32994 0.6218
Compound 3aq

Prepared according to the procedure within 48 h as white solid (92.6 mg, 99%
yield); [a]? = -18.182 (¢ 0.11, CH,Cl;); Mp: 140.5 - 141.5 °C; 'H NMR (600
MHz, Chloroform-d) § 9.10 (s, 1H), 8.07 —8.06 (m, 2H), 7.93 — 7.88 (m, 4H), 7.51
—7.40 (m, 5H), 7.22 — 7.18 (m, 3H), 6.42 (s, 1H), 5.70 (s, 1H), 3.83 (s, 3H), 3.38
(d, J=14.4 Hz, 1H), 2.73 (d, J = 14.4 Hz, 1H), 2.35 (s, 3H); *C NMR (101 MHz,
Chloroform-d) 6 170.9, 170.0, 166.3, 156.3, 140.7, 138.4, 133.7, 132.1, 132.1,
131.7,129.5,128.8,128.6, 127.5, 127.4,126.3, 125.2, 119.3, 65.1, 53.0, 37.8, 21.5.
HRMS (ESI) m/z Calcd. for CasH26N304 ([M+H]*) 468.1918, Found 468.1923. Enantiomeric excess was
determined to be 99% (determined by HPLC using chiral OD-H column, hexane/2-propanol = 95/5, A =
254 nm, 30 °C, 0.8 mL/min, tmajor = 36.4 Min, tminor = 35.0 Min).

3aq

VWD1 A, Waveleﬁgth=254 nm (XAQ\21051506.D)

250
200

150

32.000

100

™
50
0 '
T

6.614

0 10 20 30 40 50 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] )
e it e j=—====c=== jee===as=== e \
1 32.000 BV 2.0056 1.26801e4 93.60014 49.7451
2 36.614 VB 2.5486 1.28100e4 66.67805 50.2549
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VWD1 A, Waveler‘igth=254 nm (XAQ\21051507.D)
Nom. ]
SUU—-
BUU;
400;
200—_
o
T T \ T T
0 10 20 30 40 50 miny
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
Sl el [====]==== e e e | === I
1 35.01z2 MM 0.5560 360.47580 10.80528 0.2619
2 36.449 MM 3.5828 1.37283e5 638.61884 99.7381

Compound 3ar
Prepared according to the procedure within 48 h as white solid (85.1 mg, 88% yield);
[a]y = -12.500 (¢ 0.72, CH.Cly); Mp: 150.4 - 151.3 °C; 'H NMR (400 MHz,
Chloroform-d) 4 9.12 (s, 1H), 8.07 — 8.05 (m, 2H), 7.98 — 7.96 (m, 2H), 7.89 — 7.86
(m, 2H), 7.50 — 7.38 (m, 5H), 7.22 — 7.18 (m, 1H), 6.89 — 6.87 (m, 2H), 6.41 (s,
1H), 5.69 (s, 1H), 3.80 — 3.78 (m, 6H), 3.35 (d, /= 14.3 Hz, 1H), 2.75 (d, /= 14.3
3ar Hz, 1H); 3C NMR (101 MHz, Chloroform-d) 8 170.9, 169.8, 166.3, 161.2, 156.1,
138.4, 133.6, 132.1, 131.7, 128.8, 128.6, 128.0, 127.5, 125.2, 122.8, 119.3, 114.2,
65.2, 55.4, 52.9, 37.8. HRMS (ESI) m/z Calcd. for C2sH2¢N3Os ((M+H]") 484.1867, Found 484.1878.

Enantiomeric excess was determined to be 97% (determined by HPLC using chiral OD-H column,

hexane/2-propanol = 8/2, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 13.3 min, tminor = 11.6 min).

VWD1 A, Wavelength=254 nm (XAQ\21051802.D)
Norm. ] 2
<
300 =
] w
250 ]
] 5
200
150
100
50
0
T T T T T T T
0 5 10 15 20 25 30 35 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] )
i et == bt e ek e === \
1 11.449 BV 0.6527 1.26898e4 294.49301 49.1964
2 13.228 VB 0.9199 1.31044e4 209.68497 50.8036
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VWD1A, Waveleﬁgth=254 nm (XAQ\21051803.D)
Nomm? o
1 8
300 ©
250
200
150
1004
50 2
]
01 = 'ﬁ:
0 ‘5 1|0 1I5 2|0 2‘5 3|0 3‘5 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU 1 %
e Rl  Srmeeonll Ko wxecion o e e e o ===~ [
1 11.679 vV 0.6025 208.85751 5.20030 1.2368
2 13.300 VB 0.8950 1.66778e4 279.18005 98.7632

Compound 3as
Prepared according to the procedure within 48 h as white solid (89.6 mg, 95%
yield); [a]; =-10.891 (c 3.30, CH,Cl,); Mp: 110.9 - 111.5°C; 'H NMR (400 MHz,
Chloroform-d) 6 9.14 (s, 1H), 8.05 — 8.00 (m, 4H), 7.89 — 7.85 (m, 2H), 7.52 - 7.39
(m, 5H), 7.24 — 7.20 (m, 1H), 7.09 — 7.03 (m, 2H), 6.40 (s, 1H), 5.68 (s, 1H), 3.81
(s, 3H), 3.30 (d, J = 14.3 Hz, 1H), 2.76 (d, J = 14.3 Hz, 1H); '°F NMR (377 MHz,
3as Chloroform-d) & -107.02 — -110.08 (m); '*C NMR (101 MHz, Chloroform-d) &
170.8, 169.8,166.5,163.9 (d,J=252.5 Hz), 155.3, 138.3,133.7,132.3, 131.9, 131.6, 128.9, 128.7, 128.4
(d,J=9.1Hz), 127.5,126.5 (d,J=3.0 Hz), 125.4,119.3, 115.9 (d, J=22.2 Hz), 65.1, 53.0, 37.7. HRMS
(ESI) m/z Calcd. for C27H23FN3O4 ([M+H]Y) 472.1667, Found 472.1673. Enantiomeric excess was
determined to be 93% (determined by HPLC using chiral AD-H column, hexane/2-propanol = 7/3, A =
254 nm, 30 °C, 0.8 mL/min, tmajor = 10.9 min, tminor = 15.5 min).

VWD1 A, Wavelength=254 nm (XAQ\21052101.D)
Norm. ]
~
500 b
400 8
<
]
300
200
100
0 T T
0 é 1IU 1|5 2‘0 2‘5 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e b |====|=m==een e [==mema e I |
1 11.017 vv 0.4401 1.36042e4 449,91245 50.0801
2 15.455 BB 0.6253 1.35606e4 317.30511 49.9199
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VWD1 A, Wavelength=254 nm (XAQ\21052102.D)
Nom o
8
o
2000
1500
1000
500
3
e
w
0 T f T T T
5 10 15 20 25 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU 1 %
P niowmisitasion  Festwtten! Erstotaroie = s e ey [==sasass |
1 10.960 BB 0.4443 6.15270e4 2002.92383 ©%6.5777
2 15.504 BB 0.6126 2180.23901 52.34293 3.4223

Compound 3at
Prepared according to the procedure within 48 h as white solid (80.6 mg, 80% yield);
[a], = -47.101 (¢ 1.30, CHxCLy); Mp: 105.8 - 106.7 °C; 'H NMR (600 MHz,
Chloroform-d) 6 9.24 (s, 1H), 8.39 (s, 1H), 8.23 —8.21 (m, 1H), 8.11 —8.10 (m, 2H),
7.93 —7.92 (m, 2H), 7.86 — 7.80 (m, 3H), 7.51 — 7.43 (m, 7H), 7.25 — 7.23 (m, 1H),
6.42 (s, 1H), 5.73 (s, 1H), 3.86 (s, 3H), 3.48 (d, J=14.5 Hz, 1H), 2.81 (d, /= 14.6
sat Hz, 1H); ¥C NMR (101 MHz, Chloroform-d) & 171.0, 170.1, 166.4, 156.2, 138.4,
134.1, 133.8, 132.9, 132.2, 132.1, 131.8, 128.9, 128.8, 128.6 128.6, 127.8, 127.7, 127.5, 127.3, 126.6,
126.5,125.4,123.3,119.4,65.2, 53.0, 38.0. HRMS (ESI) m/z Calcd. for C3;H2¢N304 ([M+H]") 504.1918,
Found 504.1923. Enantiomeric excess was determined to be 98% (determined by HPLC using chiral AD-
H column, hexane/2-propanol = 7/3, A =254 nm, 30 °C, 0.8 mL/min, tmajor = 11.4 min, tminor = 21.2 min).

VWDT A, Wavelength=254 nm (XAQ210571804.D)
Norm. ] 3
500 T
400
] &
300 =
] ~N
200
100
0—
0 5 10 15 20 25 30 35 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %
il Bt ity ot ettt o ety Eertol st i ettt ey == |
1 11.1594 BB 0.4299 1.52055e4 515.64868 50.119¢6
2 20.256 BB 0.8364 1.51320%e4 261.62326 49.8804
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VWD1 A, Wavelength=254 nm (XAQ\21051808.D)
Nomwj
] )
] =
1200 =
1000
800
600
400
200 o
] N
0 \ — T T = T T \
0 5 10 15 20 25 30 35 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
=== | ====]====—= | === [ === [=====—- |
1 11.401 BB 0.4572 3.5€190e4 1127.98e08 99.1677
2 21.292 BB 0.7486 298.96167 4.96828 0.8323

Compound 3au

Prepared according to the procedure within 48 h as yellow solid (77.6 mg, 83%

o)
PhL ~“’/<:o L. vield: [o]s =-30.488 (¢ 1.60, CH,Cl,); Mp: 130.4 - 131.5 °C; '"H NMR (400 MHz,
) 3 e
N</ NHBz © Chloroform-d) & 8.67 (s, 1H), 7.95 — 7.92 (m, 2H), 7.78 — 7.76 (m, 2H), 7.52 — 7.48
B (m, 1H), 7.42 — 7.34 (m, 6H), 7.25 — 7.12 (m, 4H), 6.46 (s, 1H), 5.72 (s, 1H), 3.85
3au

(s, 3H), 3.77 (dd, J=24.3, 15.3 Hz, 2H), 2.85 (d, /= 14.2 Hz, 1H), 2.45 (d, /= 14.3
Hz, 1H); ¥*C NMR (101 MHz, Chloroform-d) & 170.6, 169.7, 166.1, 160.5, 138.4, 134.8, 133.6, 132.0,
132.0, 131.6, 129.5, 128.8, 128.6, 128.4, 127.4, 127.0, 125.0, 119.2, 65.6, 53.0, 36.7, 35.1. HRMS (ESI)
m/z Calcd. for CosHo¢N3O4 ([M+H]"Y) 468.1918, Found 468.1925. Enantiomeric excess was determined
to be 97% (determined by HPLC using chiral AD-H column, hexane/2-propanol = 7/3, A = 254 nm, 30

°C, 0.8 mL/min, tmajor = 10.5 min, tminor = 11.8 min).

e i e s s aaiiygy

VWD1 A, Waveler;gth=254 nm (XAQ21052207.D)
Norm. ]
3
1 =
800 - e R
1 ~
600
400 ]
200 ;
0] i T T T |
0 5 10 15 20 25 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s5 [mAU ] %
eyl gl Rl bty kbt [s===a=mes e s |
1 10.464 BV 0.3638 1.90765e4 757.32166 49,4864
2 11.770 VB 0.4143 1.94725e4 670.96899 50.5136
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VWD1 A, Wavelength=254 nm (XAQ\21052208.D)
Nom.
1200
1000
800 —
600
400 —
200
0
T T T T
0 5 15 20 25 miny
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

e By v | === | === | ===
1 10.503 MM 0.4303 2.78695e4 1079.55786 98.6460
2 11.847 MM 0.3125 382.54373 20.40352 1.3540

Compound 3av

Prepared according to the procedure within 48 h as yellow solid (89.1 mg, 97%
yield); [a]; =20.930 (c 0.86, CH,Cly); Mp: 152.7 - 153.3 °C; 'H NMR (400 MHz,
Chloroform-d) 8 9.15 (s, 1H), 8.03 — 8.01 (m, 2H), 7.90 — 7.88 (m, 2H), 7.58 — 7.57
(m, 1H), 7.53 — 7.48 (m, 1H), 7.45 — 7.41 (m, 4H), 7.38 — 7.37 (m, 1H), 7.23 - 7.19
(m, 1H), 7.03 — 7.01 (m, 1H), 6.43 (s, 1H), 5.72 (s, 1H), 3.85 (s, 3H), 3.32 (d, J =
14.3 Hz, 1H), 2.76 (d, J = 14.5 Hz, 1H); 3C NMR (101 MHz, Chloroform-d) &
170.4, 170.0, 166.3, 153.2, 138.2, 133.8, 133.0, 132.2, 132.0, 131.6, 128.9, 128.6, 128.4, 127.7, 127.6,
127.5, 1254, 119.4, 65.1, 53.1, 37.9. HRMS (ESI) m/z Calcd. for C2sH2N304S ([M+H]") 460.1326,
Found 460.1329. Enantiomeric excess was determined to be 96% (determined by HPLC using chiral
OD-H column, hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 56.6 min, tminor = 64.7

min).

VWD1 A, Waveleﬁglh=254 nm (XAQ\21051509.D)
Norm
400
300
200
A
A N
e oa gt
100 s ¢ ,8.\
& < &
oS o
0 A I
I T T T T T T T T
0 10 20 30 40 50 60 70 80 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAUO *s5 [mAU ] %
il ettt [====]======= [ === [ === [ ===————- |
1 56.708 MM 4.,0273 1.14807e4 47.51259 48.6421
2 64.122 MM 3.9784 1.21217e4 50.78078 51.3579

S 22



VWD1 A, Waveleﬁgth=254 nm (XAQ\21051510.D)
Norm. ]
400
300
200
] 3
100-] @ Qq_;l?
g 3
0 1b 2‘0 3‘0 4‘0 5‘0 ﬁlﬂ TIO SIO min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %
=== | ====]====——= | === [====————- [======—- |
1 56.668 PB 3.0929 1.67824e4 £3.57309 98.0107
2 64.789 MM 0.8210 340.62112 4.84486 1.9893

Compound 3aw

Prepared according to the procedure within 48 h as yellow solid (80.5 mg, 96%
yield); [y =-31.528 (¢ 0.52, CH>Cl,); Mp: 130.3 - 131.2 °C; 'H NMR (400 MHz,
Chloroform-d) 6 8.73 (s, 1H), 7.88 — 7.85 (m, 2H), 7.79 — 7.77 (m, 2H), 7.44 — 7.40
(m, 1H), 7.36 — 7.28 (m, 4H), 7.09 — 7.06 (m, 1H), 6.41 (s, 1H), 5.69 (s, 1H), 3.79

3aw (s, 3H), 3.07 (d, J = 14.1 Hz, 1H), 2.68-2.58 (m, 1H), 2.50 (d, J = 14.2 Hz, 1H),

1.24(d,J= 6.8 Hz, 3H), 1.12 (d, J= 6.9 Hz, 3H); 3C NMR (101 MHz, Chloroform-

d)8170.6,169.9, 166.3,166.1, 138.6, 133.6,132.2, 132.1, 131.7, 128.7, 128.6, 127.5, 124.9, 119.1, 65.7,

53.1, 36.8, 28.3, 21.3, 20.5. HRMS (ESI) m/z Calcd. for C24H26N304 ([M+H]") 420.1918, Found

420.1921. Enantiomeric excess was determined to be 97% (determined by HPLC using chiral IF-H
column, hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 7.6 min, tminor = 10.0 min).

VWD1 A, Wavelength=254 nm (XAQ\23041202.D)
Norm. ]
1000
800
1 [=:]
] 8
600 — ~ 2
] &
[+2]
400+
200
U_‘..“.r."..“‘.., ;
0 5 10 15 20 25 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

e | === | === P R —— |
1 7.639 Vv 0.4525 1.6459¢6e4 561.71558 50.2382
2 9.909 VB 0.5459 1.63036e4 463.40149 49.7618
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VWD1 A, Wavelength=254 nm (XAQ\23041203.D)
| wn
Norm ] 8 syﬁ
o
1000 &
4 ?SEI
800-]
500
400
%
1 &
4 o
200 1 ﬂg,
] S
0 T T T T T
0 5 10 15 20 25 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAOD *s [mAU 1 %
il Bttt [====]====== [ === [ ==———————- [ === [
1 7.605 MM 0.4794 3.10241e4 1078.67603 98.7589
2 10.056 MM 0.5153 389.86807 12.60895 1.2411

Compound 3ax

3ax

Prepared according to the procedure within 48 h as yellow solid (75.1 mg, 90%
yield); [, = 6.875 (c 1.60, CH,CLy); Mp: 127.9 - 128.3 °C; 'H NMR (600 MHz,
Chloroform-d) 6 8.82 (s, 1H), 7.92 — 7.88 (m, 4H), 7.52 — 7.49 (m, 1H), 7.44 - 7.42
(m, 2H), 7.38 — 7.35 (m, 2H), 7.16 — 7.13 (m, 1H), 6.50 (s, 1H), 5.84 (s, 1H), 3.88
(s, 3H), 3.05 (d, J=14.3 Hz, 1H), 2.79 (d, J = 14.2 Hz, 1H), 1.50 — 1.47 (m, 1H),
1.14 — 1.10 (m, 2H), 0.91 — 0.86 (m, 2H); '3C NMR (101 MHz, Chloroform-d) &

171.1, 169.6, 166.1, 164.2, 138.6, 133.4, 132.3, 132.1, 132.0, 128.7, 128.6, 127.5, 124.8, 119.0, 66.0,
53.0,37.1,9.1, 8.7, 8.1. HRMS (ESI) m/z Calcd. for C24H24N304 ([M+H]") 418.1761, Found 418.1766.

Enantiomeric excess was determined to be 97% (determined by HPLC using chiral AD-H column,

hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 7.5 min, tminor = 8.7 min).

VWD1 A, Wavelength=254 nm (XAQ\21051806.D)
Norm. ]
4 @D
] g
500 e
2
] 8
400 @
300
200
100
0-l :
0 2}5 .L) T‘IS 1b 12|‘5 1‘5 1'1"‘5 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e e | === mmmmm | —mmmm oo o |-==mm- !
1 7.489 vv 0.2464 8086.13525 472.19266 49.9251
2 8.633 VB 0.2964 8110.41016 392.54324 50.0749
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VWD1 A, Wavelength=254 nm (XAQ\21051807.D)
Norm. ] 3
1600 N
1400
1200—f
1000€
800
600—;
400
200
ol
0 2!5 é 12|‘5 1‘5 17‘.5 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
—m - R | ——=--m——- | —mmmmmm - R, |
1 7.533 Vv 0.2549 2.76931e4 1572.82690 98.7358
2 8.702 MM 0.2795 354.58310  21.14187  1.2642
Compound 3ay
/Q o 4 Prepared according to the procedure within 48 h as yellow solid (69.4 mg, 80%
Ni‘?\ coMe  Yield); [a], =25.455 (¢ 0.55, CH,Cl,); Mp: 133.7 - 134.2 °C; 'H NMR (400 MHz,
N NHBz Chloroform-d) & 8.80 (s, 1H), 7.91 — 7.87 (m, 4H), 7.53 — 7.41 (m, 3H), 7.36 —
Ph
7.31 (m, 3H), 6.38 (s, 1H), 5.64 (s, 1H), 3.80 (s, 3H), 3.24 (d, J= 14.1 Hz, 1H),
3ay

2.66 (d, J = 14.1 Hz, 1H), 1.66 (s, 9H); '*C NMR (101 MHz, Chloroform-d) &
172.9, 169.6, 166.3, 153.8, 146.9, 132.9, 132.6, 132.0, 131.9, 130.9, 129.5, 128.5, 127.5, 125.8, 65.0,
58.4, 52.8, 37.7, 28.2. HRMS (ESI) m/z Calcd. for CasHasN304 ([M+H]") 434.2074, Found 434.2071.

Enantiomeric excess was determined to be 21% (determined by HPLC using chiral AD-H column,

hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 7.4 min, tminor = 5.8 min).

VWD1 A, Waveleﬁgth=254 nm (XAQ\21072702.D)

Norm
800
3
)
600 i
2
o«
400 - ~
200
0
T T T T T T T
0 5 10 15 20 25 30 35 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
) oyt |S===|o===nas ==~ [se=—maemmn Rt |
1 5.833 VB 0.1841 7439.10791 587.68555 50.6089
2 7.389 PP 0.3002 7260.10303 356.45956 49.3911

S 25



VWD1 A, Wavelength=254 nm (XAQ\21072703.D)
Norm. ] )
A A
— o >
5 g
800 2 &
¥ ®
600 —
400
200 —
0] _AI- 2\
T T T T T T T
0 5 10 15 20 25 30 35 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

1 5.871 MM
2 7.409 MM

(£2)-Compound 3az

0 Ph

Ph :—4{_
NN co,Me
N=/"NHBz

Ph

(2)-3az

0.2010 ©9415.74609 780.66589 39.5380
0.3479 1.43987e4 ©689.83405 60.4620

Prepared according to the procedure within 72 h as white solid (60.3 mg, 57% yield);
[o] 5 = 47.782 (¢ 0.29, CHxCly); Mp: 128.1 — 129.0 °C; 'H NMR (400 MHz,
Chloroform-d) & 9.48 (s, 1H), 8.10 — 8.08 (m, 2H), 8.04 — 8.00 (m, 4H), 7.59 — 7.43
(m, 6H), 7.37 - 7.21 (m, 8H), 7.08 — 7.06 (m, 2H), 6.86 (s, 1H), 3.60 (s, 3H), 3.24
(d, J=14.3 Hz, 1H), 3.00 (d, J = 14.3 Hz, 1H); *C NMR (101 MHz, Chloroform-

d) 8 171.8, 171.5, 166.5, 156.0, 145.5, 138.4, 135.3, 132.3, 132.2, 130.6, 130.2, 128.8, 128.7, 128.6,

128.6, 128.4, 127.9,

127.7, 126.4, 125.3, 123.2, 119.4, 65.5, 52.4, 40.4. HRMS (ESI) m/z Calcd. for

C33H2sN304 ([M+H]") 530.2074, Found 530.2067. Enantiomeric excess was determined to be 99%
(determined by HPLC using chiral IF-H column, hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8

mL/min, tmajor = 12.8 min, tminor = 25.6 min).

VWD1 A, Waveler‘;gth=254 nm (XAQ\23072805.D)

10 20 30 40 50 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU 1 %

1 11.566 VV
2 24.419 BB

0.6391 9106.43359 194.62646 50.2098
1.1949 9030.31543 120.65739 49.7902
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VWD1A, Wavelerigth=254 nm (XAQ\230729803.D)

Norm
] )
1750 - A"
bl o @Vb
1500 @
] @
1250

w
~
©
w
. o~
— T T T T
0 10 20 30 40 50 min|
Peak RetTime Type Width Area Height Area
¥ [min] [min] mAU *s [mAU ] %

il Bty R | ==mmmm e | ==mmmmmmm | ===mmmmm !
1 12.892 MM 0.5925 4.64675e4 1306.99426 989.5720

2 25.675 BB 0.7633 199.75262 3.14302  0.4280
(E)-Compound 3az
Ph Prepared according to the procedure within 72 h as white solid (28.6 mg, 27%
ohe //Z yield); [a]y =-55.783 (¢ 0.12, CH,Cly); Mp: 132.4 - 133.2 °C; '"H NMR (400 MHz,
Ei?iNHBCZOZMe Chloroform-d) 6 9.37 (s, 1H), 8.03 (s, 1H), 8.00 — 7.98 (m, 2H), 7.88 — 7.83 (m,
Ph 4H), 7.53 — 7.49 (m, 1H), 7.46 — 7.34 (m, 7H), 7.21 —7.15 (m, 6H), 3.96 (s, 3H),

3.54 (d, J = 15.1 Hz, 1H), 3.18 (d, J = 15.0 Hz, 1H); *C NMR (101 MHz,
Chloroform-d) 6 171.2, 170.7, 166.2, 156.5, 146.6, 138.2, 134.2, 132.2, 132.1,
130.3, 130.0, 129.1, 128.8, 128.7, 128.7, 128.6, 128.6, 127.5, 126.3, 125.1, 125.0, 119.3, 65.2, 53.2,32.2.
HRMS (ESI) m/z Calcd. for C33H2sN304 ([M+H]") 530.2074, Found 530.2075. Enantiomeric excess was
determined to be 89% (determined by HPLC using chiral IF-H column, hexane/2-propanol = 7/3, A =
254 nm, 30 °C, 0.8 mL/min, tmajor = 14.4 min, tminor = 52.0 min).

(E)-3az

VWD1 A, Waveler;gth=254 nm (XAQ\23072805.D)
Norm. ]
3504
300 2
b
<
250 - -
200
150
=]
g
100 -
w
50
04
—Y—7Y 77—
0 10 20 30 40 50 miny
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
———= |- [====]====—= [==——————— [===——————- [==== \
1 14.475 VB 0.6049 9820.68262 252.67104 50.0404
2 51.048 BB 1.7685 9804.80566 81.78436 49.9596

S 27



VWD1 A, Wavelength=254 nm (XAQ\23072902.D)
Norm. "]
2000
4 Q
1500 3
] ¥
1000
500 -] o
] § &
1 &
] B¢
0 A=
— T T T
0 10 20 30 40 50 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU 1 %
=== [==== === === === === \
1 14.440 VB 0.6277 4.88100ed4 1206.78015 94.7949
2 52.021 MM 1.5547 2680.12280 28.73073 5.2051

Gram scale synthesis of the product 3aa

OH o)
Ph_ OBoc Ph_ <
NN NHBz 9y CO,Me C8 (20 mol%) E < S0Me
N= 4 AMS, Tol., 30 °C, 48 h z
Ph Ph
1a, 2.20 mmol 2a, 7.70 mmol 3aa, 1.00 g

99% yield, 97% ee

To a tube were added 4-aminopyrazolone 1a (782 mg, 2.2 mmol, 1.0 eq.), C8 (258 mg, 0.4 mmol,
0.2 eq.), 4 A MS (2200 mg) and toluene (22 mL). MBH carbonate 2a (1665 mg, 7.7 mmol, 3.5 eq.) was
then added in one portion, and the reaction mixture was stirred at 30 °C. When the substrate 1a was
consumed as checked by TLC, the reaction was stopped and purified by column chromatography on
silica gel directly to give the product 3aa 1.00 g as white solid (yield 99%, ee 97%).
The procedure for the synthesis of compounds 5

oh OH O, ) BocO CO,Me
\’T‘ A NFH R N o C8 (20 mol%)
R3——
N= + AN 4 AMS, DCM, 30°C, 72 h

R1 R4
1 4 5

To a tube were added 4-aminopyrazolone 1 (0.2 mmol), C8 (0.04 mmol), 4A MS (200 mg) and
DCM (2 mL). MBH carbonate 4 (0.3 mmol) was then added in one portion and the reaction mixture was
stirred at 30 °C. When the substrate 1 was consumed as checked by TLC, the reaction was stopped and
purified by column chromatography (petroleum ether/ethyl acetate = 5:1) on silica gel directly to give
the product 5.

Compound 5aa

Prepared according to the procedure within 72 h as yellow solid (111.0 mg, 95%
yield); [a]; = -182.86 (c 0.70, CH>CL,); Mp: 149.6 - 150.3 °C; '"H NMR (400 MHz,
Chloroform-d) 6 9.72 (s, 1H), 8.11 — 8.09 (m, 2H), 8.00 — 7.98 (m, 2H), 7.82 — 7.80
(m, 2H), 7.66 — 7.64 (m, 1H), 7.38 — 7.21 (m, 9H), 7.14 — 7.10 (m, 1H), 6.95 - 6.91
(m, 1H), 6.73 (d, /= 7.8 Hz, 1H), 4.49 (d, /= 13.9 Hz, 1H), 3.74 (s, 3H), 3.35 (d, J
= 13.9 Hz, 1H), 3.22 (s, 3H); '*C NMR (101 MHz, Chloroform-d) & 171.0, 169.1,
168.0, 166.4, 155.6, 143.6, 138.6, 135.0, 134.7, 132.3, 131.9, 131.7, 130.3, 129.8, 128.8, 128.8, 128.4,

S 28



127.7, 126.5, 126.1, 125.1, 123.2, 120.6, 119.2, 108.7, 66.9, 53.0, 33.8, 26.4. HRMS (ESI) m/z Calcd.
for C35H20N4Os ([M+H]") 585.2132, Found 585.2125. Enantiomeric excess was determined to be 95%
(determined by HPLC using chiral AS-H column, hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8

mL/min, tmajor = 10.2 min, tminor = 17.3 min).

VWD1 A, Wavelength=254 nm (XAQ\21072103.D)

o~
=
o
T v T T T T T T T T i v T T
15 20 25 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAUO *s5 [mAU ] %
e P e |==mmmmmm- B | —mmm o |
1 10.197 MM 1.1620 6593.66943 94.57317 49.3911
2 15.912 BB 1.9304 €756.25438 45.08381 50.6089

VWD1 A, Wavelength=254 nm (XAQ\21091617.D)
Norm. ]
250
200
150
100
50+
0
T T T T T T T
(4] 5 10 15 20 25 30 35 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU 1 E)
——== | [ ==== === [====————— [ ==—mmm [===m=——- [
1 10.268 MM 1.2584 1057.01733 13.99906 2.3053
2 17.324 MM 3.6310 4.47950e4 205.61121 97.6947
Compound Sab

Prepared according to the procedure within 72 h as white solid (43.0 mg, 35%
yield); [a]y =-93.231 (¢ 0.52, CH,Cl,); Mp: 108.5 - 109.3 °C; "H NMR (600 MHz,
Chloroform-d) & 9.50 (s, 1H), 8.10 — 8.02 (m, 2H), 7.89 — 7.87 (m, 2H), 7.74 —
7.69 (m, 2H), 7.49 — 7.45 (m, 2H), 7.42 — 7.36 (m, 4H), 7.35 - 7.31 (m, 1H), 7.19
—7.17 (m, 1H), 7.03 — 6.92 (m, 3H), 6.81 (d, /J=7.9 Hz, 1H), 4.45 (d, /= 14.1 Hz,
1H), 3.84 (s, 3H), 3.79 (s, 3H), 3.51 (d, J = 14.0 Hz, 1H), 3.26 (s, 3H); '*C NMR
(101 MHz, Chloroform-d) 8 170.7, 168.8, 168.4, 166.4, 157.7, 143.6, 138.6, 135.6,
134.0, 133.6, 132.7, 131.6, 131.4, 131.3, 130.2, 128.6, 128.4, 128.3, 127.7, 125.8, 124.9, 122.9, 120.9,
120.7,119.9, 119.3, 111.5, 68.1, 55.6, 52.8, 33.0, 26.2. HRMS (ESI) m/z Calcd. for C36H31N4Os ((M+H]")
615.2238, Found 615.2232. Enantiomeric excess was determined to be 99% (determined by HPLC using
chiral OD-H column, hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 11.7 min, tminor =
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16.1 min).

VWD1 A, Wavelength=254 nm (XAQ\21102709.D)

Norm. ]
175

150
1254
100
75
50
254

-254
-50 T T T T T
0 5 10 15 20 25 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *35 [mAU 1 %
=== [====] === [ === === [===———
1 11.890 MM 1.1220 1.12534e4 167.15636 50.3185
2 16.128 MM 1.9423 1.11104e4 95.33609 49.6805
VWD1 A, Waveleﬁgth=254 nm (XAQ\21102710.D)
Nom. ]
500
400
300
200
100
U_
N
0 EL: 1|0 2b 2‘5 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s5 [mAU 1 %
———= |- [====| === [=====———— [====————— [=====——= |
1 11.793 MM 1.1184 3.08697e4 460.01636 99.7188
2 16.182 MM 0.8295 87.03915 1.74883 0.2812

Compound Sac

Prepared according to the procedure within 72 h as red solid (112.0 mg, 93%
yield); [a]; =-175.71 (¢ 0.70, CHCL); Mp: 123.8 - 124.5 °C; 'H NMR (600
MHz, Chloroform-d) 6 9.82 (s, 1H), 8.22 — 8.20 (m, 2H), 8.09 — 8.07 (m, 2H),
7.91-7.89 (m, 2H), 7.76 — 7.73 (m, 1H), 7.50 — 7.43 (m, 3H), 7.41 — 7.39 (m,
2H), 7.34 — 7.31 (m, 1H), 7.24 — 7.21 (m, 1H), 7.13 — 7.10 (m, 2H), 7.03 —

5ac 7.00 (m, 1H), 6.83 — 6.82 (m, 1H), 4.54 (d, J = 11.3 Hz, 1H), 3.84 (s, 3H),

3.44 (d, J=11.2 Hz, 1H), 3.30 (s, 3H); '°F NMR (376 MHz, Chloroform-d) &

-109.30 — -109.44 (m); '3C NMR (101 MHz, Chloroform-d) § 170. 8, 169.1, 168.0, 166.4, 163.9 (d, J =

252.5 Hz), 154.7, 143.6, 138.5, 134.8, 134.8, 132.2, 132.0, 131.8, 128.9, 128.8, 128.6 (d, J = 8.1 Hz),

128.5,127.6,126.1 (d, J=13.8 Hz), 125.2,123.2, 120.5, 119.1, 116.0 (d, J=21.2 Hz), 108.8, 66.8, 52.9,

33.8, 26.4. HRMS (ESI) m/z Calcd. for CssHasFN4Os ([M+H]") 603.2038, Found 603.2036;

Enantiomeric excess was determined to be 95% (determined by HPLC using chiral AD-H column,
hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8 mL/min, tmsjor = 38.5 min, tminor = 50.6 min).
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VWD1 A, Wavelerigth=25-4 nm (XAQ\23052001.D)

Nom
400 -
300
o
- &
200 3 .° . &
3 (@ )
B¢ £
100 p
0 T T T T T T T
0 10 20 30 40 50 60 70 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAUO *s5 [mAU ] %
=== [==== === [====m= [===m————— === |
1 39.341 MM 2.3617 1.93250e4 136.37885 49.0429
2 50.265 MM 3.6487 2.00793e4 91.71872 50.9571
VWD1 A, Wavelength=254 nm (XAQ\23052002.D)
Nnmm?
1600 -
1400
1200
1000
800
600
400
200
0 T T T T T
10 20 30 70 min

Peak RetTime Type
# [min]

1 38.503 vB
2 50.679 MM

Compound Sad

Width Area Height Area
[min] mAU *s [mAU 1 %
—————— e el B
2.1096 2.31885e5 1576.07068 97.6192
3.0750 5655.3349¢ 30.65252 2.3808

Prepared according to the procedure within 72 h as white solid (96.4 mg,
76% yield); [ =-243.59 (¢ 0.78, CH,Cl,); Mp: 114.8 - 115.6°C; '"H NMR
(600 MHz, Chloroform-d) 6 9.78 (s, 1H), 8.56 (s, 1H), 8.22 — 8.20 (m, 1H),
8.04 — 8.02 (m, 2H), 7.81 — 7.76 (m, 3H), 7.72 (d, J = 8.7 Hz, 1H), 7.66 —
7.58 (m, 2H), 7.36 — 7.31 (m, SH), 7.28 — 7.25 (m, 2H), 7.16 — 7.12 (m, 2H),
6.87 —6.84 (m, 1H), 6.60 (d, J="7.8 Hz, 1H), 4.62 (d, /= 14.0 Hz, 1H), 3.73
(s, 3H), 3.32 (d, J = 14.1 Hz, 1H), 3.14 (s, 3H); 3C NMR (101 MHz,

Chloroform-d) 6 171.2,169.0, 168.1, 166.4, 155.7, 143.5, 138.7, 135.0, 134.7, 134.0, 133.0, 132.4, 131.9,
131.7, 130.1, 129.0, 128.8, 128.5, 128.5, 127.7, 127.6, 127.3, 126.9, 126.5, 125.9, 125.2, 123.4, 123.1,
120.5, 119.3, 108.7, 66.9, 52.9, 34.1, 26.3. HRMS (ESI) m/z Calcd. for C39H31N4Os ((M+H]") 635.2289,
Found 635.2288. Enantiomeric excess was determined to be 97% (determined by HPLC using chiral
OD-H column, hexane/2-propanol = 9/1, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 52.8 min, tminor = 45.4

min).
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VWD1 A, Wavelength=254 nm (XAQ\21102201.D)

80 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
S [t e |===cf==—ac== R st | Kot vt ot == |
1 42.816 MM 3.9717 39871.55908 16.66597 51.1378
2 53.523 MM 6.2564 3794.82837 10.10912 48.8622
VWD1 A, Wavelength=254 nm (XAQ\21102102.D)
N . >
om. é el
60 8 g7
50 ]
40
30
20 »
o N
10 Ew,éf"
0—__,JJL,~E___ —
-104
-20 T T T T T T T T
0 10 20 30 40 50 60 70 80 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
bl e b |s==s=s=caas == e e = |
1 45.482 MM 3.5551 318.12384 1.49138 1.3500
2 52.801 MM 6.9081 2.32458e4 56.08327 98.6500

Compound Sae
Prepared according to the procedure within 72 h as yellow solid (35.9 mg, 30%
yield); [a]; = -89.474 (¢ 0.38, CHoCLb); Mp: 145.8 - 146.2 °C; 'H NMR (400 MHz,
Chloroform-d) 8 9.30 (s, 1H), 7.96 — 7.94 (m, 2H), 7.76 — 7.74 (m, 2H), 7.69 (d, J =
7.9 Hz, 1H), 7.48 — 7.30 (m, 8H), 7.25 — 7.21 (m, 2H), 7.19 — 7.15 (m, 1H), 7.12 —
7.08 (m, 1H), 7.03 — 6.98 (m, 1H), 6.82 (d, /= 7.8 Hz, 1H), 4.02 (d, J = 13.6 Hz,
5ae 1H), 3.92 — 3.79 (m, 5H), 3.30 (s, 3H), 3.12 (d, J = 13.6 Hz, 1H); *C NMR (101
MHz, Chloroform-d) 6 170.7, 169.0, 167.9, 166.2, 159.6, 143.5, 138.6, 135.2, 134.9, 134.1, 132.1, 131.8,
131.5,129.5,128.7,128.6, 128.2, 127.6, 126.9, 125.9, 124.8, 123.1, 120.6, 119.1, 108.6, 67.3, 52.8, 34.8,
32.9,26.3. HRMS (ESI) m/z Calcd. for C36H31N4Os ([M+H]") 599.2289, Found 599.2287. Enantiomeric
excess was determined to be 98% (determined by HPLC using chiral OD-H column, hexane/2-propanol
=95/5, A =254 nm, 30 °C, 0.8 mL/min, tmajor = 83.5 min, tminor = 79.4 min).
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VWD1 A, Wavelength=254 nm (XAQ\21102603.D)
Norm. ]
80
60
40 $ &
= b&c;\u &
20 § b—f‘" 5] ’b’b
A & &
0- JM_,_
20
-40 T T T T T T T
0 20 40 60 80 100 120 140 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAOD *s [mAU 1 %
et | bt er sy |====| ===saas [m===mse—a == = [
1 80.841 MM 6.8790 2606.95898 6.31620 41.4559
2 90.397 MM 8.3634 3681.55151 7.33667 58.5441
VWD1 A, Waveleﬁglh=254 nm (XAQ\21102604.D)
Nonn‘ﬁ;
175
150%
125
100
754
50
25
0L
7255
0 ‘ 2‘0 I 4b ‘ SIO ‘ 8‘0 ‘ 160 I 12‘0 ‘ 14‘-0 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [MAU ] %
et Lot [ze=slmsmcans [Ermemm=nen e btk = |
1 79.449 MM 2.5438 301.10623 1.97281 0.6563
2 83.570 MM 7.4204 4.55790e4 102.37341 99,3437
Compound Saf

Prepared according to the procedure within 72 h as red solid (93.3 mg, 78%
yield); [a], =-116.67 (c 0.30, CH2Cly); Mp: 121.8 - 122.2 °C; '"H NMR (600
MHz, Chloroform-d) § 9.82 (s, 1H), 8.21 — 8.20 (m, 2H), 8.10 — 8.09 (m, 2H),
7.76 —7.71 (m, 3H), 7.46 — 7.37 (m, 5H), 7.34 — 7.31 (m, 1H), 7.30 — 7.27 (m,
2H), 7.24 — 7.21 (m, 1H), 7.03 — 7.00 (m, 1H), 6.83 (d, J = 7.8 Hz, 1H), 4.62
5af (d, J=12.0 Hz, 1H), 3.83 (s, 3H), 3.43 (d, /= 14.0 Hz, 1H), 3.32 (s, 3H), 2.36

(s, 3H); 3*CNMR (101 MHz, Chloroform-d) 6 171.0, 169.1, 167.9, 166.5, 155.7,

143.6, 138.6, 138.1, 135.3, 134.6, 132.6, 132.2, 131.7, 130.2, 129.9, 128.8, 128.8, 128.5, 128.3, 126.5,
126.1, 125.1, 124.7,123.2, 120.6, 119.2, 108.7, 66.9, 52.9, 33.8, 26.3, 21.4. HRMS (ESI) m/z Calcd. for
Cs6H31N4Os ([M+H]") 599.2289, Found 599.2288. Enantiomeric excess was determined to be 84%
(determined by HPLC using chiral OD-H column, hexane/2-propanol = 9/1, A = 254 nm, 30 °C, 0.8

mL/min, tmajor = 39.4 min, tminor = 35.7 min).
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VWD1A, Wavalaﬁgth=254 nm (XAQ\21102505.D)
Nnrrn‘ﬁ:
350
300;
25073
200
150 N
] ] N
i - A
1004 ® ,+§;\ o b.p
1 © & S 4
50-] S =
0 T
T T T T T T T T
0 10 20 30 40 50 60 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %
e R | —mmmmmm - R | === |
1 35.668 MM 2.7855 5072.90381 30.35357 49.8318
2 41.083 MM 3.8692 5107.14160 21.99905 50.1682
VWD1 A, Wavelength=254 nm (XAQ\21102504.D)
Norm. ]
800;
800;
400+
] 2
200 o A
] < 03
~ &
e
0 —
T T T T T T T T
0 10 20 30 40 50 60 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %
- |- [==== === [===——————- [===——————- [===——— |
1 35.713 MM 1.4095 2719.25024 22.86150 7.9929
2 39.485 VB 3.2376 3.13016e4 129.84703 92.0071
Compound Sag

Prepared according to the procedure within 72 h as white solid (74.9 mg, 61%

N yield); [a], = -206.45 (c 0.31, CH,CL); Mp: 129.7 - 130.5 °C; 'H NMR (400

MHz, Chloroform-d) 8 9.83 (s, 1H), 8.21 — 8.18 (m, 2H), 8.11 — 8.08 (m, 2H),

7.76 — 7.74 (m, 1H), 7.51 — 7.49 (m, 1H), 7.47 — 7.38 (m, 6H), 7.35 — 7.29 (m,

2H), 7.24 — 7.20 (m, 1H), 7.04 — 7.00 (m, 2H), 6.83 — 6.81 (m, 1H), 4.59 (d, J =

529 13.9 Hz, 1H), 3.84 (s, 3H), 3.78 (s, 3H), 3.44 (d, J=13.9 Hz, 1H), 3.31 (s, 3H);

13C NMR (101 MHz, Chloroform-d) & 170.9, 169.1, 168.0, 166.2, 159.7, 155.5, 143.6, 138.6, 135.0,

134.7, 133.7, 131.7, 130.3, 129.8, 129.4, 128.8, 128.8, 126.5, 126.1, 125.1, 123.2, 120.6, 119.6, 119.1,

118.9, 112.3, 108.7, 66.9, 55.4, 53.0, 33.8, 26.4. HRMS (ESI) m/z Calcd. for C3¢H31N4Os ([M+H]")

615.2238, Found 615.2233. Enantiomeric excess was determined to be 97% (determined by HPLC using

chiral OD-H column, hexane/2-propanol = 9/1, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 56.4 min, tminor =
47.5 min).
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VWD1 A, Wavelength=254 nm (XAQ\21102707.D)

min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
=== | ====]====—= | === === [=====—- |
1 45.729 BB 2.7728 9763.88574 41.73978 50.0910
2 57.530 MM 5.7915 9728.39844 27.99606 49.9090
VWD1 A, Wavelength=254 nm (XAQ\21102708.D)
Norm. 1
120
100
80
60
40
20
0
-20]
40
0 1IU 2‘0 3‘0 4‘0 5‘0 Sb Tb Sb miny
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s3 [mAD ] %
il Bt e e Sttt | ======—=== [=====—= [
1 47.563 MM 3.1751 556.10724 2.91911 1.3733

2 56.431 MM

Compound Sah

5ah

5.8994 3.99385e4 112.83166 98.6267

Prepared according to the procedure within 72 h as white solid (52.6 mg, 44%
yield); [a]y = -127.42 (c 0.76, CH2Cly); Mp: 135.1 - 136.5 °C; 'H NMR (400
MHz, Chloroform-d) 8 9.86 (s, 1H), 8.21 — 8.18 (m, 2H), 8.10 — 8.06 (m, 2H),
7.92 —7.90 (m, 2H), 7.55 (d, /= 1.6 Hz, 1H), 7.50 — 7.37 (m, 8H), 7.24 — 7.19
(m, 1H), 7.15-7.13 (m, 1H), 6.72 (d, J=7.9 Hz, 1H), 4.58 (d, /= 14.0 Hz, 1H),
3.84 (s, 3H), 3.43 (d, J=13.9 Hz, 1H), 3.30 (s, 3H), 2.31 (s, 3H); '3C NMR (101
MHz, Chloroform-d) § 171.0, 169.1, 168.1, 166.4, 155.6, 141.4, 138.6, 134.9,

134.6, 132.5, 132.3, 132.0, 131.9, 130.3, 130.2, 129.8, 128.8, 128.4, 127.7, 126.9, 126.5, 125.1, 120.6,
119.2, 108.4, 66.9, 52.8, 33.8, 26.4, 21.4. HRMS (ESI) m/z Calcd. for C3¢H31N4Os ((M+H]") 599.2289,
Found 599.2284. Enantiomeric excess was determined to be 73% (determined by HPLC using chiral
OD-AD-H column, hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.5 mL/min, tmjor = 61.4 min, tminor =

114.4 min).
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VWD1 A, Wavelength=254 nm (XAQ\21110103.D)

' . : : ' : :
0 20 40 60 80 100 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU 1 %

1 55.698 MM

—————— P el e el
3.5651 2.68813e4 125.66887 49,0223

2 85.191 MM 12,2081 2.79536e4 38.16249 50.9777
VWD1 A, Waveleriglh=254 nm (XAQ\21110104.D)
Nom. ]
800+
%
>
8 @f
600 g 4
— &
v
400 —
2
&'
200 § RS
5%
0 L L —
0 ‘ 2‘0 ‘ 4‘0 6‘0 8‘0 160 I 12‘0 I 1“10 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

1 ©€1.403 MM
2 114.408 MM

Compound Sai

—————— | == mmm e o
3.0977 9.29607e4 500.16779 86.6270

9.6816 1.43508e4 24.70448 13.3730

Prepared according to the procedure within 72 h as yellow solid (93.9 mg, 78%
yield); [a]y = -210.53 (¢ 0.76, CH2Cly); Mp: 140.9 - 141.5 °C; 'H NMR (400
MHz, Chloroform-d) 8 9.77 (s, 1H), 8.19 — 8.16 (m, 2H), 8.09 — 8.05 (m, 2H),
7.90 — 7.87 (m, 2H), 7.60 — 7.57 (m, 1H), 7.49 — 7.43 (m, 3H), 7.42 — 7.35 (m,
5H), 7.24 - 7.19 (m, 1H), 7.06 — 7.01 (m, 1H), 6.76 — 6.73 (m, 1H), 4.62 (d, J =
13.9 Hz, 1H), 3.82 (s, 3H), 3.43 (d, /= 13.9 Hz, 1H), 3.30 (s, 3H); '°F NMR (376
MHz, Chloroform-d) § -119.15 —-119.21 (m);'3C NMR (101 MHz, Chloroform-

d)5170.9,168.9,167.3,166.3, 159.1 (d, J=239.7 Hz), 155.5, 139.7, 138.5, 136.8, 134.4, 132.4, 131.9,
130.3, 129.8, 128.8, 128.8, 128.4, 127.6, 126.5, 125.1, 121.6 (d, J=9.1 Hz), 119.1, 118.0 (d, J =24.2
Hz), 114.4, 109.0 (d, J = 8.1 Hz), 66.9, 53.0, 33.8, 26.5. HRMS (ESI) m/z Calcd. for C3sH2sFN4Os
(IM+H]") 603.2038, Found 603.2030. Enantiomeric excess was determined to be 65% (determined by

HPLC using chiral OD-

AD-H column, hexane/2-propanol = 7/3, A =254 nm, 30 °C, 0.5 mL/min, tmajor =

47.9 min, tminor = 87.3 min).
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VWD1 A, Wavelength=254 nm (XAQ\21110202.D)
Norm. ]
500
400
300
] &
1 5
200 3 3
] & )
< o
1 o g
100 § 5"
] NN
4 S /___1—‘———__
0_
T T T T T
0 20 40 60 80 100 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAUO *s5 [mAU ] %
il ettt [====]======= [===—————— [====mm———- [ ===————- |
1 48.464 MM 2.5363 1.98600e4 130.50423 50.9450
2 84.278 MM 11.9905 1.91233e4 26.58109 49.0550
VWD1 A, Wavelength=254 nm (XAQ\21110203.D)
Norm
1000~
800 —
600 l
A
400 :Y@ .
id
200 N
ol
0 o \ .
T T T T N T T T
0 20 40 60 80 100 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
=== | [==== === [ === [ === [ === |
1 47.995 MM 2.7478 5.36730e4 325.55005 82.8091
2 B7.33Z2 MM 8.7135 1.11423e4 21.31241 17.1909
Compound Saj

Prepared according to the procedure within 72 h as yellow solid (131.1 mg, 99%
yield); [a], = -96.400 (c 0.60, CH2Cly); Mp: 136.2 - 137.0 °C; 'H NMR (400
MHz, Chloroform-d) 8 9.70 (s, 1H), 8.17 — 8.15 (m, 2H), 8.08 — 8.06 (m, 2H),
7.88 —7.86 (m, 2H), 7.62 (d, J = 8.5 Hz, 1H), 7.44 — 7.34 (m, 8H), 7.22 - 7.17
(m, 1H), 7.10 (d, J = 8.4 Hz, 1H), 6.93 (s, 1H), 4.51 (d, J=13.9 Hz, 1H), 3.77
(s, 3H), 3.43 (d, J = 13.9 Hz, 1H), 3.23 (s, 3H). ®C NMR (101 MHz,
% Chloroform-d) 6 170.9, 169.0, 167.7, 166.3, 155.6, 144.7, 138.6, 135.6, 134.0,
132.3, 132.1, 130.4, 129.8, 128.9, 128.8, 128.5, 127.6, 127.5, 126.5, 126.0, 125.7, 125.2, 119.4, 119.1,
112.2, 66.8, 53.1, 33.8, 26.5. HRMS (ESI) m/z Calcd. for C3sH2sBrN4Os ((M+H]") 663.1238, Found
663.1240. Enantiomeric excess was determined to be 97% (determined by HPLC using chiral IB-H
column, hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 17.3 min, tminor = 28.1 min).
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VWD1 A, Wavelength=254 nm (XAQ\22122704.D)

30 40

20 min|
Peak RetTime Type Area Height Area
# [min] mAU *s [mAU ] %
e |====|======= |=====-mmm |=====-m——- |======== |
1 17.564 MM 1.3476 2852.04272 35.27306 48.3275
2 26.125 MM 3.8109 3049.44971 13.33667 51.6725
VWD A, Waweleﬁgth=254 nm (XACN22122705.D)
Norm. )
175 = \@’E’
s
1504 —
125
100 -
754
503
w D.'bég2
25 o 0"-"\
@
o4—0 o
[1] 20 30 40 min|
Peak RetTime Type Area Height Area
# [min] *s5 [mAU %
BZ265e4 144.07724 BSEB.BY91S
3.53842 1.22141 1.3085

Prepared according to the procedure within 72 h as yellow solid (75.0 mg, 54%
yield); [a],

=-92.000 (c 0.50, CH,Cly); Mp: 134.9 - 135.5 °C; 'H NMR (400

MHz, Chloroform-d) 6 9.73 (s, 1H), 8.24 — 8.22 (m, 2H), 8.11 — 8.09 (m, 2H),
7.90 — 7.88 (m, 2H), 7.78 (d, J = 8.4 Hz, 1H), 7.48 — 7.41 (m, 6H), 7.39 — 7.37
(m, 3H), 7.34 — 7.30 (m, 4H), 7.25 — 7.21 (m, 1H), 7.02 — 7.00 (m, 1H), 6.76 (s,
1H), 5.18 (d, J=15.9 Hz, 1H), 4.93 (d, J = 15.9 Hz, 1H), 4.59 (d, /= 13.8 Hz,
1H), 3.87 (s, 3H), 3.56 (d, J = 13.8 Hz, 1H). '*C NMR (101 MHz, Chloroform-

d) 8 170.9, 169.3, 167.8, 166.3, 155.5, 143.9, 138.5, 137.5, 135.9, 134.4, 133.7, 132.2, 131.9, 1304,
129.7,129.2, 128.9, 128.8, 128.5, 128.2, 127.6, 127.4, 126.9, 126.5, 125.2, 123.2, 121.8, 119.2, 110.1,
66.8,53.2, 44.0, 33.8. HRMS (ESI) m/z Calcd. for C41H3,CIN4Os ([M+H]") 695.2056, Found 695.2053.

Enantiomeric excess was determined to be 94% (determined by HPLC using chiral IB-H column,

hexane/2-propanol = 9/1, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 45.9 min, tminor = 60.4 min).
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VWD1 A, Wﬂveler‘;gth=254 nm (XAQ\21113005.D)

Norm
40
30
]
20 > N
wn 659 @"b
N o §
5 ¥ N
o @

20} - \ 1 T
0 20 40 60 80 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
——== | [====]======- [ === [ e e [==—————- |
1 48.975 MM 3.1986 1093.94141 5.70016 50.6865
2 68.942 MM 5.8787 1064.30981 3.01744 49.3135
VWD1 A, Wavelength=254 nm (XAQ\21112701.D)
Norm. ]
250 8
n
<
200
150
100
50 -
g
o
0 e i D
T T T T T T T T
0 10 20 30 40 50 60 70 80 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
b oottt ==~ jer= ot s j===em=rn |
1 45.906 PB 1.9684 2.99340e4 223.34114 97.0769
2 ©60.468 BB 2.0912 ©901.33105 5.05653 2.9231
Gram scale synthesis of the product Saj
Ph_ i BocQ CO,Me
E\\ NHBz o C8 (20 mol%)
L Br N\ 4 AMS, DCM, 30°C, 72 h
1a, 1.50 mmol 4d, 2.30 mmol 5aj, 0.98 g

99% yield, 97% ee

To a tube were added 4-aminopyrazolone 1a (639 mg, 1.50 mmol, 1.0 eq.), C8 (193 mg, 0.30 mmol,
0.2 eq.), 4 A MS (1500 mg) and DCM (15 mL). MBH carbonate 4d (978 mg, 2.30 mmol, 1.5 eq.) was
then added in one portion, and the reaction mixture was stirred at 30 °C. When the substrate 1a was
consumed as checked by TLC, the reaction was stopped and purified by column chromatography on

silica gel directly to give the product 5aj 0.98 g as yellow solid (yield 99%, ee 97%).
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The procedure for the synthesis of compounds 7

o
_OH
VNS copMe |
NSO o g el _csi00s
R2 ) Z DCM, rt
o
3 6 7

To a solution of nitrile oxide 6 (0.6 mmol) and Cs,COj3 (0.6 mmol) in DCM (2.0 mL) was added the
product 3 (0.2 mmol). The reaction mixture was stirred at rt for 12 h, and then the reaction was detected
by TLC. When the reaction finished, the crude mixture was purified by silica gel column chromatography
(petroleum ether/ethyl acetate = 10:1) to give compound 7.

Compound 7aa

" Prepared according to the procedure within 12 h as yellow solid (113.4 mg, 99%
Ph_ N.

oY 9 ield, dr = 4:1); [a]® = 97.500 (¢ 0.40, CH,Cl,); Mp: 126.7 - 127.5 °C; 'H NMR
Ph y p
E . CoMe (400 MHz, Chloroform-d) & 8.80 (s, 1H), 8.04 — 8.00 (m, 4H), 7.95 — 7.92 (m, 2H),
= NHBz
b 7.62 —7.59 (m, 2H), 7.45 — 7.40 (m, 6H), 7.38 — 7.36 (m, 5H), 7.24 — 7.19 (m, 1H),
7aa 3.85—3.81 (m, 4H), 3.35 (d, J= 17.5 Hz, 1H), 2.93 (d, J = 15.2 Hz, 1H), 2.69 (d,

J=15.2 Hz, 1H); *C NMR (101 MHz, Chloroform-d) 8 171.6, 170.9, 166.9, 156.8, 156.0, 138.2, 132.3,
132.2,131.1, 130.6, 129.5, 129.0, 128.9, 128.8, 127.6, 127.0, 126.4, 125.5, 119.3, 86.7, 64.1, 53.7, 47.9,
40.7,29.7. HRMS (ESI) m/z Calcd. for C34H29N4O5 ([M+H]") 573.2132, Found 573.2130. Enantiomeric
excess was determined to be 98% (determined by HPLC using chiral AD-H column, hexane/2-propanol
=7/3, L =254 nm, 30 °C, 0.8 mL/min, tmajor = 25.8 min, tminor = 49.0 min).

VWD1 A, Wavelength=254 nm (XAQ\21071603.D)
N0m1£
1200
1000
800 N
] o
600 2 o
1 Qo
] < @
400 o &
] g
] g .
200 %e?
04 T T — = T — T T
0 10 20 30 40 50 60 70 80 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
il Bttt [ === | === === | === |
1 24.898 MM 2.0021 4.20264e4 349.85883 51.2321
2 46.664 MM 7.7024 4.00050e4 86.56362 48.7679
VWD1 A, Waveleﬁgth:254 nm (XAQ\21071604.D)
Norm. ]
1750
1500
1250
3
1000 3
wn
o~
750
500 -] &
o o
250 g X
&
&
0 T T T T — T T T
0 10 20 30 40 50 60 70 80 min|
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Peak RetTime Type Width Area Height Area

# [min] [min] mAU *3 [MAU 1 %
e R R |—=====m=—v | === |

1 25.893 VB 2.3561 1.25610e5 786.19269 99.1125

2 49,082 MM 5.6871 1124.77856 3.29626  0.8875
Compound 7ab

Prepared according to the procedure within 12 h as yellow solid (116.9 mg, 97%

o ¥ 0 yield, dr = 5:1); [a]3 = 150.00 (¢ 0.10, CH,Cl,); Mp: 108.5 - 109.6 °C; *H NMR

th;§\ coMe (400 MHz, Chloroform-d) 6 8.82 (s, 1H), 8.04 —8.00 (m, 4H), 7.63 — 7.60 (m, 2H),

by PO 7.56 —-7.53 (m, 1H), 7.48 — 7.37 (m, 10H), 7.25—7.21 (m, 1H), 7.10 — 7.07 (m, 1H),

6 3.89 — 3.84 (m, 4H), 3.83 (s, 3H), 3.36 (d, J = 17.5 Hz, 1H), 2.94 (d, J = 15.3 Hz,

1H), 2.68 (d, J = 15.2 Hz, 1H); 3C NMR (101 MHz, Chloroform-d) § 171.6, 170.9,

166.8, 159.9, 156.7, 155.9, 147.1, 138.1, 133.5, 131.1, 130.6, 129.8, 129.5, 129.0,

128.9, 127.8, 127.2, 127.0, 126.4, 125.5, 119.3, 112.2, 86.7, 64.0, 55.4, 53.7, 47.8, 40.7, 29.7. HRMS

(ESI) m/z Calcd. for CssH3iN4Os ([M+H]*) 603.2238, Found 603.2238. Enantiomeric excess was

determined to be 99% (determined by HPLC using chiral AD-H column, hexane/2-propanol = 7/3, A =
254 nm, 30 °C, 0.8 mL/min, tmajor = 23.3 Min, tminor = 36.5 Min).

7ab

VWD1 A, Wavelength=254 nm (XAQ\21072107.D)
Norm. ]
600
500
400
300
] ﬂ?
] e W
200 © a,é, A
1 Né = 4@
1 © .
- M 2
04 —
L [ L R L A
0 10 20 30 40 50 60 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
—m== |- [====]=====—= [ === [===mm = [ m==———— |
1 22.675 MM 1.9969 1.40228e4 117.03905 48.8672
2 35.677 MM 4.6311 1.46730e4 52.80548 51.1328
VWD1 A, Wavelerigth=254 nm (XAQ\21072108.D)
Norm. ]
o«
1 =
1000 3
4 o~
800
800 |
400-]
200 -
] b
| g
04""|""|l'f"|’%'f\"“1"“\“"\""
0 10 20 30 40 50 60 70 miny
Peak RetTime Type Width Area Height Area
# [min] [min] mAU -] [mAU ] %
e b |====|=m==men I [==msememee I |
1 23.313 PB 1.9964 1.31948e5 933.02216 99.5644
2 36.514 BB 2.2744 577.34296 2.97099 0.4356
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Compound 7ac

Prepared according to the procedure within 12 h as white solid (97.4 mg, 83% yield,
dr = 5:1); [a]g = 141.66 (c 0.24, CH,Cl,); Mp: 111.7 - 112.5 °C; 'H NMR (400
MHz, Chloroform-d) 6 8.80 (s, 1H), 8.04 — 8.02 (m, 2H), 7.96 — 7.91 (m, 4H), 7.63
—7.60 (m, 2H), 7.54 - 7.52 (m, 1H), 7.49 — 7.38 (m, 8H), 7.20 — 7.18 (m, 2H), 3.87
—3.83 (m, 4H), 3.35 (d, /= 17.5 Hz, 1H), 2.94 (d, J = 15.3 Hz, 1H), 2.68 (d, J =
15.2 Hz, 1H), 2.33 (s, 3H); '3C NMR (151 MHz, Chloroform-d) & 171.6, 170.9,
166.8, 156.8, 156.1, 141.0, 138.2, 132.3, 131.1, 129.7, 129.0, 128.9, 128.7, 127.9,

127.6,127.0, 126.8, 126.3, 125.4, 119.3, 86.7, 64.1, 53.7,47.8, 40.8, 29.7, 21.5. HRMS (ESI) m/z Calcd.
for Cs3sH31N4Os ([M+H]") 587.2289, Found 587.2286; Enantiomeric excess was determined to be 96%
(determined by HPLC using chiral AD-H column, hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8

mL/min, tmajor = 21.2 min, tminor = 42.8 min).

VWD1 A, Wavelength=254 nm (XAQ\21072105.D)

3
e

&

Peak RetTime Type Width Area Height Area
# [min] [min] mAOD *s [mAU 1 %
e e R o B R T | ——mm oo !
1 20.845 MM 2.0228 4.86115e4 400.52585 49.8719
2 40.613 MM 6.8193 4.88611e4 119.41930 50.1281
VWD1 A, Wavelength=254 nm (XAQ\21072106.D)
Nom. o
~
1200 B
1000
800
600
400
e
S
200 g At
0 b
¢
0 T e e S e e e L e e e B
10 20 30 40 50 60 70 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU 1 %

1 21.270 VB
2 42.800 MM

Compound 7ad

7ad

1.9346 1.55178e5 1199.38257 98.2873
4.5711 2704.10474 9.85932 1.7127

Prepared according to the procedure within 12 h as yellow solid (121.7 mg, 93%
yield, dr = 3:1); [a]g = 93.684 (c 1.90, CH.Cl,); Mp: 119.8 - 120.6 °C; *H NMR
(400 MHz, Chloroform-d) & 8.93 — 8.88 (m, 1H), 8.08 — 7.93 (m, 6H), 7.56 — 7.41
(m, 9H), 7.24 — 7.20 (m, 1H), 6.89 (s, 1H), 3.91 (s, 3H), 3.68 — 3.61 (m, 1H), 3.15
(d, J=18.1 Hz, 1H), 3.17 — 3.10 (m, 1H), 3.09 — 3.03 (m, 1H), 2.29 — 2.26 (m, 3H),
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2.20 — 2.17 (m, 6H); **C NMR (101 MHz, Chloroform-d) & 171.6, 170.8, 166.9, 158.2, 156.0, 147.1,
139.6, 138.2, 136.5, 132.3, 132.2, 130.7, 129.5, 129.0, 128.9, 128.8, 128.8, 127.6, 126.3, 125.5, 124.1,
119.3, 86.1, 64.0, 53.6, 51.4, 40.5, 21.1, 19.7, 17.8. HRMS (ESI) m/z Calcd. for C3;H3sN4Os ([M+H]*)
615.2602, Found 615.2596. Enantiomeric excess was determined to be 97% (determined by HPLC using
chiral AD-H column, hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 9.7 Min, tminor =
18.8 min).

VWD1 A, Waveler‘igth:254 nm (XAQ\21060301.D)
Norm. ]
700 g
1 =
600
500
400
E| I~
] 3
300 @
200
100—3
o T T T T
0 5 10 15 20 25 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s5 [mAU ] %
— I e et [T == |
1 9.648 BV 0.5192 2.12638e4 ©18.19562 50.2855
2 18.837 VB 1.3254 2.10223e4 241.21410 49.7145
VWD1 A, Wavelength=254 nm (XAQ\21060303.D)
Norm. ] &
1 ~
2000
1500
1000
500 A
] 5 §
el
0 T T T T
0 5 10 15 20 25 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
|- [==== === [==——mm | |
1 9.726 VV 0.5240 7.82523e4 2272.97681 ©98.7834

2 18.890 MM 1.1143 ©63.71643 14.41487 1.2166

Compound 7ae
Prepared according to the procedure within 12 h as yellow solid (127.7 mg, 99%
yield, dr =4:1); [a]y = 97.619 (c 0.42, CH,Cly); Mp: 126.9 - 127.5 °C; *H NMR
(400 MHz, Chloroform-d) & 8.92 — 8.86 (m, 1H), 8.08 — 7.98 (m, 4H), 7.55 — 7.53
(m, 1H), 7.48 — 7.46 (m, 1H), 7.45—7.35 (m, 6H), 7.23 - 7.19 (m, 1H), 7.08 — 7.05
Ph (m, 1H), 6.88 — 6.85 (m, 2H), 3.90 (s, 3H), 3.80 (s, 3H), 3.67 — 3.62 (m, 1H), 3.15
N 6 —3.01 (m, 2H), 2.65 (d, J = 15.3 Hz, 1H), 2.28 — 2.25 (m, 3H), 2.19 — 2.15 (m, 6H);
13C NMR (101 MHz, Chloroform-d) § 171.6, 170.8, 166.8, 159.9, 158.2, 156.0,
139.6, 138.1, 136.5, 133.5, 130.7, 129.8, 129.4, 129.0, 128.9, 128.8, 128.6, 126.3,
125.5, 124.1, 119.3, 112.2, 86.1, 64.0, 53.6, 51.3, 40.6, 29.7, 21.1, 19.7, 17.8. HRMS (ESI) m/z Calcd.
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for CasH37N4Og ([M+H]*) 645.2708, Found 645.2710. Enantiomeric excess was determined to be 92%
(determined by HPLC using chiral AS-H column, hexane/2-propanol = 9/1, A = 254 nm, 30 °C, 0.8
mL/mln, tmajor = 203 m|n, tminor = 175 mln)

VWD1 A, Wavelength=254 nm (XAQ\21061802.D)
Norm. ]
600 —
500
400 —
300
e
|4
200 o & K3
§ % + P
100 g‘?‘éb 2 2753,
H_4¥4____444ﬂMA__f\‘4444444444__f4144‘44gf»////h\\\+44e’//’E§i\\¥j
0 =
T T T T T T
0 5 10 15 20 25 30 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
=== [====] === [ === [==————— [=====— \
1 20.223 MM 1.8945 8613.43750 75.77744 50.1791
2 25.514 MM 2.7414 8551.96777 51.99314 49.8209
VWD1 A, Wavelength=254 nm (XAQ\21061803.D)
Norm. ]

0 5 10 15 20 25 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
e e |===-mmm--- |—-=-mmms- | ----——-- !
1 17.500 MM 1.2250 2544.58984 34.62079 3.7924
2 20.345 MM 1.8598 6.45522e4 578.47461 96.2076
Compound 7af

Prepared according to the procedure within 12 h as white solid (118.2 mg, 94% yield,
dr=4:1); [a]3 =80.597 (c0.67, CH,Cl,); Mp: 116.4 - 117.3°C; '"H NMR (400 MHz,
Mo Chloroform-d) 8 8.90 — 8.84 (m, 1H), 8.02 — 7.93 (m, 6H), 7.55 — 7.40 (m, SH), 7.25
CoMe  —7.21 (m, 3H), 6.90 — 6.78 (m, 2H), 3.91 (s, 3H), 3.68 — 3.63 (m, 1H), 3.16 — 3.03
(m, 2H), 2.68 (d, J=15.2 Hz, 1H), 2.38 — 2.36 (m, 3H), 2.29 — 2.27 (m, 3H), 2.22 —
2.16 (m, 6H); '3C NMR (101 MHz, Chloroform-d) & 171.6, 170.9, 166.8, 158.2,
156.1, 141.0, 139.6, 138.2, 136.5, 132.2, 130.3, 129.7, 128.8, 128.8, 128.7, 127.6,
126.7,126.3,125.4,124.1,121.9, 119.3, 86.2, 64.0, 53.6, 51.4,40.7,21.5, 21.1, 19.6,
17.6. HRMS (ESI) m/z Calcd. for C3sH37N4Os ([M+H]") 629.2758, Found 629.2756. Enantiomeric
excess was determined to be 97% (determined by HPLC using chiral OD-H column, hexane/2-propanol
=7/3, L =254 nm, 30 °C, 0.8 mL/min, tmajor = 10.7 min, tminor = 8.3 min).

Taf
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VWD1 A, Wavelength=254 nm (XAQ\21061701.D)
Norm. 7
1750
1500
1250
3 A
1000 ] ,D,@m .
4 e . %
750 g & o 8
] oo g T
500 =&
E =
2504
0 1 — — T T ]
0 5 10 15 20 25 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU 1 %
- [====] === [===——————= [ === [ === \
1 8.413 MM 0.7165 2.20327e4 512.48901 51.9620
2 11.290 MM 1.0349 2.03689%9e4 328.04370 48.0380
VWD1 A, Wavelength=254 nm (XAQ\21061702.D)
Nom. ]
T T T
20 25 30 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
- = [==== === | === [ === | === [
1 8.316 MM 0.5938 624.14954 17.51841 1.2450
2 10.741 MM 1.0951 4.95103e4 753.49298 98.7550
Compound 7ag

Prepared according to the procedure within 12 h as white solid (104.3 mg, 82%
yield, dr = 4:1); [a]y = 118.75 (c 0.16, CH.Cl,); Mp: 116.2 - 117.5 °C; '"H NMR
(400 MHz, Chloroform-d) ¢ 8.93 — 8.87 (m, 1H), 8.08 — 8.03 (m, 2H), 7.99 — 7.92
(m, 4H), 7.55 - 7.51 (m, 1H), 7.47 — 7.39 (m, 4H), 7.23 - 7.19 (m, 1H), 7.13 - 7.07
(m, 2H), 6.88 — 6.86 (m, 2H), 3.90 (s, 3H), 3.67 — 3.61 (m, 1H), 3.16 — 3.09 (m,
1H), 3.01 — 2.95 (m, 1H), 2.65 (d, J = 15.2 Hz, 1H), 2.28 — 2.25 (m, 3H), 2.19 —
2.16 (m, 6H); ’F NMR (376 MHz, Chloroform-d) & -108.31 — -108.57 (m); '*C
NMR (101 MHz, Chloroform-d) & 171.4, 170.8, 167.0, 164.1 (d, J = 252.3 Hz),

158.3, 155.2,139.7, 138.0, 136.4, 135.9, 132.4, 132.0, 128.9, 128.8, 128.7, 128.4 (d, J= 8.1 Hz), 127.6,
125.8 (d,J=3.0Hz), 125.6, 124.0, 119.3, 116.2 (d, /= 21.2 Hz), 86.1, 63.9, 53.7, 51.5, 40.5, 21.1, 19.6,
17.8. HRMS (ESI) m/z Calcd. for C3;H34FN4Os ([M+H]") 633.2508, Found 633.2503. Enantiomeric

excess was determined to be 95% (determined by HPLC using chiral OD-H column, hexane/2-propanol

=7/3, L =254 nm, 30 °C, 0.8 mL/min, tmajor = 11.9 min, tminor = 9.0 min).
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VWD1 A, Wavelength=254 nm (XAQ\21061009.D)
Norm. ]
4000
3000
2000 ~ N
] 5 o
1 [ o~ &»
] & & g L7
1000 o o
0 T T T T T
0 5 10 15 20 25 miny
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
=== [====]====- [ === [===m————— [=====——- |
1 8.253 MM 0.7423 3.80110e4 853.48401 48.5259
2 11.242 MM 1.1092 4.03203e4 605.83948 51.4741
VWD1 A, Wavelength=254 nm (XAQ\21061011.D)
Nomwj
1200
1000
800

11.907

20 25 min|

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s5 [mAU ] %
ik Ik |==r=l=s-""=" Btk [Fes=saaaas = |
1 9.064 MM 0.6271 769.77478 20.45846 2.0664
2 11.907 vv 1.0096 3.64818e4 540.89990 97.9336
Compound 7ah

Prepared according to the procedure within 12 h as white solid (131.6 mg, 99%
yield, dr = 4:1); [a]y = 104.76 (c 0.21, CH,Cl2); Mp: 122.3 - 123.4 °C; 'H NMR
(600 MHz, Chloroform-d) & 9.04 — 8.98 (m, 1H), 8.44 (s, 1H), 8.27 — 8.25 (m, 1H),
8.06 — 8.05 (m, 2H), 7.98 — 7.96 (m, 2H), 7.91 — 7.83 (m, 3H), 7.54 — 7.44 (m, 7H),
7.22 (d, J=17.7 Hz, 1H), 6.96 — 6.88 (m, 2H), 3.92 (s, 3H), 3.69 — 3.65 (m, 1H),
3.21-3.11 (m, 2H), 2.72 (d, J= 12.4 Hz, 1H), 2.28 —2.25 (m, 3H), 2.19 — 2.15 (m,
6H); '*C NMR (101 MHz, Chloroform-d) § 171.7,170.8, 167.1, 158.3, 156.0, 139.6,

7ah 138.2, 136.4, 134.2, 132.9, 132.3, 132.2, 130.3, 128.9, 128.9, 128.8, 128.8, 127.8,
127.6, 127.5, 126.9, 126.7, 126.3, 125.5, 124.1, 123.3, 119.4, 86.2, 64.1, 53.6, 51.5, 40.8, 21.1, 19.6,
17.8. HRMS (ESI) m/z Calcd. for C41H37N4Os ([M+H]") 665.2758, Found 665.2760. Enantiomeric
excess was determined to be 97% (determined by HPLC using chiral OD-H column, hexane/2-propanol
=7/3, L =254 nm, 30 °C, 0.8 mL/min, tmajor = 14.0 min, tminor = 10.2 min).
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VWD1 A, Wavelength=254 nm (XAQ\21060904.D)
Norm. ]
2000
1500-]
1 N
4 o
1000 1 . r;\g) o;-\
- i &
1 E‘?szf"' 2 Vﬂ;s)
o M
0 T T —— T T T
0 5 10 15 20 25 30 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mwAU *3 [mAU ] %
|- [ === === | === | === === |
1 10.119 MM 1.0447 3.13662e4 500.41824 50.2857
2 14.189 MM 1.5427 3.10097e4 335.01138 49.7143
VWD1 A, Wavelength=254 nm (XAQ\21060905.D)
Norm. ]
2000
1500
1000 ¥
] o q‘:’?
o B
S &
1 <
500 =*
] §
=
0] T T e \_ ~ T T T
0 5 10 15 20 25 30 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
il ittt |==== === [mmmmmm———= [mmmmm————= [===m——— I
1 10.226 VV 0.8609 458.84784 6.65744 1.0723
2 14.022 MM 1.6846 4.23322e4 418.81082 98.9277

The procedure for the synthesis of compounds 9

Et0,C_ N, .Ph
(6] 0 ~ N
Ph. < o Ph. .
NN copMe N Ph NTNS “coMe
N o o NN Cs,CO;4 NN
NH R H oo o
R Br DCM, rt R2 )f
0 R
3 8a 9

To a solution of nitrile imine 8a (0.6 mmol) and Cs,CO; (0.6 mmol) in DCM (2.0 mL) was added
the product 3 (0.2 mmol). The reaction mixture was stirred at rt for 12 h, and then the reaction was
detected by TLC. When the reaction finished, the crude mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 10:1) to give compound 9.

Compound 9aa
B0, Ny P Prepared according to the procedure within 12 h as white solid (127.4 mg, 99%

L0 N yield, dr=3:1); [o]® =-93.333 (¢ 0.30, CH.Cl,); Mp: 125.8 - 126.5 °C; 'H NMR

NTN7  “co,Me (600 MHz, Chloroform-d) & 8.60 (s, 1H), 8.04 — 8.02 (m, 2H), 7.92 — 7.91 (m,
N\Ph NHBz 2H), 7.81 — 7.79 (m, 2H), 7.52 — 7.28 (m, 9H), 7.25 — 7.23 (m, 2H), 7.11 -7.05
. (m, 3H), 4.24 — 4.14 (m, 2H), 3.86 (d, J = 18.7 Hz, 1H), 3.79 (s, 3H), 3.44 (d, J

aa

= 18.6 Hz, 1H), 3.37 (d, J = 15.6 Hz, 1H), 2.59 (d, J = 15.6 Hz, 1H), 1.25 (t, J =
7.4 Hz, 3H); 3C NMR (101 MHz, Chloroform-d) § 172.7, 172.2, 166.8, 161.4, 156.8, 141.7, 140.4, 137.9,
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132.3, 132.2, 130.5,

129.6, 129.3, 128.9, 128.8, 128.7, 127.4, 126.2, 125.7, 124.1, 119.4, 118.6, 73.6,

63.7, 61.4, 53.9, 44.8, 41.6, 14.1. HRMS (ESI) m/z Calcd. for C3;H34NsOg ([M+H]*) 644.2504, Found
644.2503. Enantiomeric excess was determined to be 97% (determined by HPLC using chiral AD-H
column, hexane/2-propanol = 7/3, L = 254 nm, 30 °C, 0.8 mL/min, tmajor = 7.1 mMin, tminor = 23.8 Min).

VWD1 A, Wavelength=254 nm (XAQ\21060304 D)
Norm.
400 g
~
300
200
] I~
©w
1 o
100 &
0 ;
T T T T T T T
0 5 10 15 20 25 30 35 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

1 7.222 VB
2 23.1e7 VB

0.4186 9676.35645 345.39142 50.2199
1.6503 9591.62012 84.23309 49.7801

VWD1 A, Wavelength=254 nm (XAQ\21060305.D)
Norm >
wn
~
1200
1000
800
600
400
200 g
@
[3Y)
0 T T T T T T T
5 10 15 20 25 30 35 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

———m—————— [—
1 7.159 VB
2 23.846 BB

Compound 9ab

EtO,C_ N«
O2 y N-Ph

Ph_ -
NTNT co,Me
N\
NH o
6
N
o)

9ab

158.8, 155.7, 140.6,

| ======= | ======mme- | ====mmmoe- |-==m=--- |
0.4177 3.45429e4 1236.46521 98.6401
1.2946 476.22363 4.32568 1.3599

Prepared according to the procedure within 12 h as white solid (129.4 mg, 96%
yield, dr = 4:1); [a]; =-169.23 (c 0.13, CH.Cl,); Mp: 113.8 - 114.5 °C; *H NMR
(400 MHz, Chloroform-d) 6 8.54 (s, 1H), 7.96 — 7.94 (m, 2H), 7.85 — 7.81 (m, 2H),
7.38-7.32 (m, 2H), 7.30 - 7.25 (m, 3H), 7.23 - 7.19 (m, 3H), 7.15 - 7.12 (m, 3H),
7.00 - 6.93 (m, 4H), 4.14 — 4.02 (m, 2H), 3.77 (d, J = 18.7 Hz, 1H), 3.68 (s, 6H),
3.38(d, J=18.7 Hz, 1H), 3.30 (d, J = 15.4 Hz, 1H), 2.53 (d, J = 15.5 Hz, 1H), 1.16
(t,J=7.2 Hz, 3H); ¥*C NMR (101 MHz, Chloroform-d) § 171.7,171.1,165.6, 160.4,
139.3, 136.8, 132.5, 129.4, 128.6, 128.4, 128.2, 127.9, 127.8, 125.2, 124.7, 123.0,

118.3,118.1, 118.0, 117.4, 111.4,72.5, 62.6, 60.4, 54.4, 52.9, 43.7, 40.4, 13.1. HRMS (ESI) m/z Calcd.
for CagHssNsO7 ([M+H]*) 674.2609, Found 674.2606. Enantiomeric excess was determined to be 91%
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(determined by HPLC using chiral AD-H column, hexane/2-propanol = 7/3, A = 254 nm, 30 °C, 0.8
mL/mln, tmajor = 68 m|n, tminor = 178 m|n)

VWD1A, Waveleﬁgth=254 nm (XAQ\21061601.D)

25 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s5 [mAU ] %
il ettt [====]======- [ === e [===————- |
1 6.881 MM 0.3948 2.59737e4 1096.52698 50.7069
2 18.170 vB 1.3189 2.52496e4 288.68369 49,2931
VWD1 A, Wavelength=254 nm (XAQ\21061602.D)
Norm. ] =
1 @
3500
30005
2500*5
2000
15005
1000*: 9
1 S
] < &
500 8 &
] I;'vg‘z‘
0 T T T = T T \
0 5 10 15 20 25 30 35 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAO *s5 [mAU ] %
il vt oy eerinlontl e erierabnieion ettty vttt == |
1 6.811 vv 0.4564 1.09099%e5 3547.28638 95.9575
2 17.831 MM 2.0081 4596.09082 38.14703 4.0425

Compound 9ac

Prepared according to the procedure within 12 h as yellow solid (114.4 mg, 87%
yield, dr = 3:1); [a], = -72.727 (c 0.33, CH,Cl,); Mp: 119.6 - 120.3 °C; 'H NMR
(600 MHz, Chloroform-d) & 8.49 (s, 1H), 7.95 — 7.94 (m, 2H), 7.72 — 7.70 (m, 4H),
7.43 —7.40 (m, 1H), 7.37 - 7.31 (m, 4H), 7.17 — 7.14 (m, 3H), 7.01 — 6.96 (m, 5H),
4.14 — 4.04 (m, 2H), 3.76 (d, J = 18.7 Hz, 1H), 3.69 (s, 3H), 3.36 (d, J = 18.6 Hz,
1H), 3.30 (d, J=15.6 Hz, 1H), 2.53 (d, /= 15.6 Hz, 1H), 2.21 (s, 3H), 1.16 (t, J =
7.2 Hz, 3H); '*C NMR (101 MHz, Chloroform-d) 5 171.7, 171.1, 165.7, 160.3, 155.8, 140.6, 139.8, 139.3,
136.9, 131.2, 131.2, 128.5, 128.2, 127.9, 127.6, 126.4, 125.7, 125.1, 124.6, 122.9, 118.4, 117.4, 72.5,
62.7, 60.3, 52.8, 43.7, 40.6, 20.4, 13.1. HRMS (ESI) m/z Calcd. for C3sH3sNsOs ((M+H]") 658.2660,
Found 658.2659. Enantiomeric excess was determined to be 97% (determined by HPLC using chiral AD-
H column, hexane/2-propanol = 7/3, X = 254 nm, 30 °C, 0.8 mL/min, tmajor = 9.1 min, tminor = 24.6 min).

EtO,C_ N.,.Ph
0 2

N
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VWD1 A, Wavelen-gth:254 nm (XAQ\21061006.D)
Norm. ]
700 é\b
s
600 S,'\AQ'P
500
400 -
300 =y
<
[2¢]
200 P
100
0] T T T T T T T
0 5 10 15 20 25 30 35 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAO *s5 [mAU ] %
SRnE [etonleiorbtor | Bttt Bttt [Sres=m=aas  p b It |
1 9.216 MM 0.8248 2.50916e4 507.04828 49.1770
2 23.491 BB 2.1167 2.59315e4 173.47173 50.8230
VWD1 A, Wavelerigth:254 nm (XAQ\21061007.D)
Norm. N
] s &
1200 &
] S
1000
800
600
400-]
200 3
L 3
0 T T T T T T T
0 5 10 15 20 25 30 35 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s5 [mAU ] %
Epwine) lstissie |====]=s=c"=2 Retoiotboie kot ety otissie == |
1 9.132 MM 0.7836 5.43051e4 1155.09668 ©98.8169
2 24.651 BB 1.6159 650.16028 4.,71527 1.1831
Compound 9ad

Prepared according to the procedure within 12 h as yellow solid (124.4 mg, 94%
yield, dr = 3:1); [a]y =-123.08 (c 0.13, CH.Cl,); Mp: 125.4 - 126.7 °C; *H NMR
L %M (400 MHz, Chloroform-d) & 8.43 (s, 1H), 8.02 — 8.00 (m, 2H), 7.90 — 7.85 (m, 2H),
7.80-7.76 (m, 2H), 7.54 — 7.50 (m, 1H), 7.46 — 7.40 (m, 4H), 7.24 — 7.22 (m, 3H),
7.07 —7.04 (m, 3H), 6.97 — 6.93 (m, 2H), 4.23 — 4.08 (m, 2H), 3.82 (d, J = 18.7 Hz,
1H), 3.78 (s, 3H), 3.43 (d, J = 18.8 Hz, 1H), 3.30 (d, J = 15.5 Hz, 1H), 2.65 (d, J =
15.5 Hz, 1H), 1.25 - 1.21 (m, 3H); *F NMR (377 MHz, Chloroform-d) & -108.80
—-108.99 (m); **C NMR (101 MHz, Chloroform-d) 6 172.7, 172.1, 166.8, 163.9 (d, J = 252.0 Hz), 161.3,
155.6, 141.6, 140.1, 137.8, 132.4, 131.9, 129.3, 128.9, 128.7, 128.3 (d, J = 8.5 Hz), 127.4,125.9 (d, J =
3.2 Hz),125.8,123.8,119.3,117.9, 116.0 (d, J = 22.0 Hz), 73.0, 63.6, 61.4, 53.5, 44.7,41.4, 14.1. HRMS
(ESI) m/z Calcd. for CarHssFNsOs ([M+H]") 662.2409, Found 662.2413. Enantiomeric excess was
determined to be 96% (determined by HPLC using chiral AD-H column, hexane/2-propanol = 7/3, A =
254 nm, 30 °C, 0.8 mL/min, tmajor = 7.4 Min, tminor = 19.8 min).

Et0,C, N-\-Ph

9ad
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VWD1 A, Wavelength=254 nm (XAQ\21061607.D)
Norm. ]
1750
15005
] 0
12504 ®
] ~
1000
750
i 3
500 e
250
0 T T T T T ]
5 10 15 20 25 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU 1 %
P nsowmisintaon  Festwtten Erstotarosie = e et e [==sasass |
1 7.315 vV 0.5018 3.74377e4 1096.20264 51.9502
2 18.863 VB 1.5165 3.4626% 4 342.32285 48.04¢98
VWD1 A, Wavelen-gth:254 nm (XAQ\21061608.D)
Norm
1200
1000
800
600
400
200
0 T 1
30 35 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU 1 %
e e e o I====l=s=c=== e e e Bk e \
1 7.460 MM 0.6182 3.83856ed4 1034.88538 98.0707
2 19.802 MM 1.3283 755.15240 9.47501 1.9293

Compound 9ae

Prepared according to the procedure within 12 h as red solid (137.4 mg, 97% vyield,
dr = 3:1); [o]5 = 126.31 (c 0.19, CH,Cl2); Mp: 116.1 - 117.5 °C; *H NMR (400
J CoMe MHz, Chloroform-d) & 8.50 (s, 1H), 8.22 (d, J = 1.8 Hz, 1H), 8.13 — 8.09 (m, 3H),
7.79-7.69 (m, 5H), 7.51 — 7.38 (m, 8H) 7.12 — 7.08 (m, 2H), 7.04 — 7.00 (m, 2H),
6.87 - 6.83 (m, 1H), 4.15-4.01 (m, 2H), 3.80 — 3.75 (m, 4H), 3.54 (d, J = 18.8 Hz,
1H), 3.45 (d, J = 15.5 Hz, 1H), 2.87 (d, J = 15.5 Hz, 1H), 1.20 (t, J = 7.1 Hz, 3H);

9ae 13C NMR (101 MHz, Chloroform-d) & 172.8, 172.4, 166.7, 161.3, 156.4, 141.6,
140.0, 138.0, 134.1, 132.7, 132.3, 132.1, 129.1, 128.9, 128.8, 128.7, 128.7, 127.7, 127.4, 127.3, 127.1,
126.42, 126.39, 125.7, 123.6, 123.1, 119.4, 117.6, 72.9, 63.8, 61.3, 53.9, 44.6, 41.5, 14.1. HRMS (ESI)
m/z Calcd. for Ca1H3sNsO0s ([M+H]*) 694.2660, Found 694.2661. Enantiomeric excess was determined
to be 97% (determined by HPLC using chiral AD-H column, hexane/2-propanol = 7/3, A = 254 nm, 30
°C, 0.8 mL/min, tmajor = 10.1 min, tminor = 21.1 min).

< -Ph
Et0,C. Ny
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VWD1 A, Wavelength=254 nm (XAQ\21061003.D)
Norm. ]
7004
600 o
500
400 o
f g
300 S
200
100—3
0 | T T T ' T I
0 5 10 15 20 25 30 35 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAO *s5 [mAU ] %
gl Ik |==r=l=s-=r== skt [mes=msaaas = |
1 10.211 wvv 0.8630 2.94954e4 522.01221 48.8189
2 20.522 BB 1.9136 3.09226e4 238.63475 51.1811
VWD1 A, Wavelen.gth=254 nm (XAQ\21061004.D)
Norm. ]
] ©
1750 8
i =
15004
1250
1000
750
500
] [=)]
250 2
™
0] i T =T | i i 1
0 10 15 20 25 30 35 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
SnE ) [t btor | Bttt Bttt Rt pbrtend [hmtbti o e |
1 10.1e8 VB 0.8724 8.52134e4 1493.52551 98.61895
2 21.139 BP 1.4912 1192.87756 9.56596 1.3805

3. Experimental procedures of intermediates A1 and C1

OBoc
co,Me C8 (10 mol%)
H 4 AMS, Tol., 30 °C
2a

HRMS (ESI) Calcd. for 743.2657, found 743.2661.

To a tube were added MBH carbonate 2a (0.1 mmol), C8 (0.01 mmol), 4 A MS (100 mg) and
toluene (1 mL). The reaction mixture was stirred at 30 °C for 12 h, and the mixture solution was directly
detected by HRMS.
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743.2661

100+
HRMS (ESI) Calcd. for 743.2657, found 743.2661.
o
744.2687
| 745.2773
O [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ ‘ [ [ [ [ [ [ [ [ [ [ [ [ m/Z
732 734 736 738 740 742 744 746 748 750 752 754 756 758

BocO CO,Me
C8 (10 mol%)

N 4 AMS, DCM, 30 °C

4a

HRMS (ESI) Calcd. for 874.3034, found 874.3014.

To a tube were added MBH carbonate 4a (0.1 mmol), C8 (0.01 mmol), 4A MS (100 mg) and DCM

(1 mL). The reaction mixture was stirred at 30 °C for 24 h, and the mixture solution was directly detected

1004 874.30139
95
90
85
80
75
704
65
60
55
] 87530474
50
RE HRMS (ESI) Calcd. for 874.3034, found 874.3014.
403
355
30
25
203
E 876.30872
15
10
53 877.31260
E| 872.28438
0 b e e e e e e e e e e e e e e
872 873 874 875 876 877 878 879 880 881 882
miz
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6. X-ray crystal structure of 3ao

CCDC: 2181593

Bond precision: C-C = 0.0097 A Wavelength=0.71073
Cell: a=11.7405(7) b=11.7405(7) c=16.9107(15)
alpha=90 beta=90 gamma=90
Temperature: 298 K
Calculated Reported
Volume 2331.0(3) 2331.0(3)
Space group P 43 P 43
Hall group P 4cw P 4cw
Moiety formula C25 H21 N3 04 S C25 H21 N3 04 S
Sum formula C25 H21 N3 04 S C25 H21 N3 04 S
Mr 459.51 459.51
Dx,g cm-3 4. 308 1.309
Z 4 4
Mu (mm-1) 0.175 0.175
F00O0 960.0 960.0
FO0O0’ 960.91
h, k, lmax 14,14,20 14,14,20
Nref 4418[ 2289] 4416
Tmin, Tmax 0.992,0.993 0.671,0.746
Tmin’ 0.932

Correction method= # Reported T Limits: Tmin=0.671 Tmax=0.746
AbsCorr = EMPIRICAL

Data completeness= 1.93/1.00 Theta (max)= 25.663
R(reflections)= 0.0580( 3186) wR2 (reflections)= 0.1722( 4416)
s =1.017 Npar= 304
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X-ray crystal structure of Sak

Bond precision:

Cell:

Temperature:

Volume
Space group
Hall group

Moiety formula

Sum formula
Mr

Dx,g cm-3
Z

Mu (mm=1)
FO00
FOO0O0*
h,k, lmax
Nref
Tmin, Tmax
Tmin*

CCDC: 2234675

Cc-C = 0.0091 &

a=9.8337 (10}
alpha=70.975(3)
272 K

Calculated
1055.84(18)

F 1

F 1l

c41 H32 C1 N4 05,
cl2)

C43 H36 C15 N4 05
866.01

1.362

1

0.393

447.0

447.90

12,12,14

8750 4375]
0.910,0.932
0.889

b=10.0674 (10)
beta=81.134(3)

2(C H2

Wavelength=0.71073

c=11.4250(11)
gamma=85.203 (3)

Reported

1055.84 (18)

P1

P1

C41 H32 Cl N4 05, Z(C HZ
Cl2)

C43 H36 Cl5 N4 05
B866.01

1.362

1

0.393

447.0

12,12,14
8548
0.670,0.745

Correction method= # Reported T Limits: Tmin=0.670 Tmax=0.745

AbsCorr = NONE

Data completeness= 1.95/0.98

R(reflections)= 0.0663( 5973)

5§ =1.037

Theta (max)= 26.460

Npar= 522
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wRZ2 (reflections)=
0.1498( 8548)
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