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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

T
nm. Optical rotations were reported as follows: [alp (c g/100 mL, solvent). All '"H NMR

and 'F NMR spectra were recorded on a Bruker Avancell 400 MHz and Bruker
Avance III 471 MHz respectively, 1*C NMR spectra were recorded on a Bruker Avance

IT 101 MHz or Bruker Avance III 126 MHz with chemical shifts reported as ppm (in

CDCl;, TMS as an internal standard). Data for '"H NMR are recorded as follows:
chemical shift (6, 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 an HRMS/MS instrument (LTQ Orbitrap XL TM). The
absolute configuration of Saea was assigned by the X-ray analysis.

Starting materials: All the aldehydes were commercially obtained and
recrystallized or distilled prior to use. (1) 4-Amino pyrazolones were prepared
following the reported procedures: X. Bao, S. Wei, X. Qian, J. Qu, B. Wang, L. Zou
and G. Ge, Asymmetric construction of a multi-pharmacophore-containing
dispirotriheterocyclic scaffold and identification of a human carboxylesterase 1
inhibitor, Org. Lett., 2018, 20, 3394-3398.

2. Experimental sections

General procedure for the synthesis of 5
0O O H

Ph.,, o Naljllg(()130(1.2 f/q)uiv) Ph., M N R
1% Y
| >—NHyHCI + RZCHO + me i
N ’ R3VLR4 3AMS, Tol, rt N~/ R*
R' R'R" o
2 3 4 5

In a reaction tube, 4-amino pyrazolone 2 (0.24 mmol), a,f-enone 4 (0.20 mmol),
catalyst (0.02 mmol) and 3 A MS (200 mg) were added into toluene (2 mL). Then
aldehyde 3 (0.24 mmol) and NaHCO; (0.24 mmol) were added and the reaction solution
was stirred at 25 °C. After the reaction was complete (monitored by TLC), the crude
product was purified by column chromatography (ethyl acetate/petroleum ether = 1/20
to 1/4) on silica gel to give the product 5.

Table I: Optimization of reaction conditions.” CPA=chiral phosphoric acid.
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O . o H
Ph. 0 NaHCO; (1.2 equiv) Ph. J N_ Ph

N cat. (10 mol%) N™™>,

| NH,*HCI + PhCHO + X \

Ni>7 2 Ph/\)k Ph  additives, solvent, r.t. N \ Ph
Ph Ph

2a 3a 4a 5aaa

A 9-ph thryl
OO ' 1a Ar = 4-OMe-CgHy ‘O phenantary
o 10 Ar=246-(Pr)sCeH; 0 0
P

057" 1c Ar = 2-naphthyl 1f

0" "OH 1d Ar = 9-phenanthryl 0" "OH
1e Ar = 3,5-CF3-C6H3

Ar 9-phenanthryl

Entry Cat.  Additives Solvent Yield [%]? dre ee [%]?

1 1a 3A Tol. 94 >20:1 88
2 1b 3A Tol. 70 >20:1 79
3 1c 3A Tol. 92 >20:1 95
4 1d 3A Tol. 87 >20:1 97
5 le 3A Tol. 78 >20:1 63
6 1f 3A Tol. 82 >20:1 98
7 1d 3A DCM 92 >20:1 90
8 1d 3A Et,O 97 >20:1 93
9 1d 3A THF 58 >20:1 0
10 1d 3A CHCl; 81 >20:1 88
11¢ 1d 3A Tol 45 >20:1 98
12¢ 1d 3A Tol 68 >20:1 98
13 1d 4 A Tol 85 >20:1 98
14 1d 5A Tol 64 >20:1 83
15 1d MgSO, Tol 60 >20:1 98

“The reaction was conducted with 2a (0.12 mmol), 3a (0.12 mmol), 4a (0.10 mmol) and cat. (0.01 mmol), additives (100 mg) in
solvent (1.0 mL) at room temperature. “Isolated yield. ‘The dr was determined by 'H NMR of crude product. “Detected by chiral

HPLC analysis. *Without NaHCO;./By using Na,COs.

Gram-scale reaction

0 O H
Ph\N o Nal;ig%ao(LZI(;:-/q)uiv) Ph\N//’/* N__Ph
) NHysHCI + PhCHO + mo’/e |~/
N< 2 ph/\Aph 3AMS, Tol, rt N/ Ph
Ph PhPh o
2a 3a 4a 5aaa

(1.08 g, yield 86%, dr > 20:1, ee 97%)
In a reaction tube, 4-amino pyrazolone 2a (2.76 mmol), 4a (2.3 mmol), 1d (0.23
mmol) and 3 A MS (2300 mg) were added into toluene (23 mL). Then aldehyde 3a
(2.76 mmol) and NaHCO; (2.76 mmol) were added and the reaction solution was stirred
at 25 °C. After the reaction was complete (monitored by TLC), the crude product was
purified by column chromatography (ethyl acetate/petroleum ether = 1/20 to 1/4) on
silica gel to give the product Saaa with 86% yield, >20:1 dr and 97% ee.
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Procedure for the Synthesis of 6

///O H Ph //?
Ph. _J Ph .y Ph
Nz N DDQ (3.0eq) N7 N=
N~/ Ph dioxane N>/ Ph
PhPh PhPh
Saaa

6
(yield 90%, dr > 20:1, ee 98%)

A reaction tube was charged with Saaa (0.2 mmol) and dioxane (2 mL), then DDQ
(0.6 mmol) was added. The reaction was stirred at room temperature until it was
complete (monitored by TLC), then the crude product was purified by column
chromatography (ethyl acetate/petroleum ether = 1/10) on silica gel to give the product
6 as a white solid.
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Copies of 'TH NMR and 3C NMR spectra

Saaa
0O Prepared according to the procedure within 48 h as White solid
Ph. H__Ph I
! %;%/Ph (95.2 mg, 87% yield, dr > 20:1). mp 125.1 — 126.9 °C; [® b=
by PH: -70.408 (c 0.49, CH,Cl,); '"H NMR (400 MHz, CDCl3) 6 8.50

—8.40 (m, 2H), 7.68 — 7.55 (m, 7H), 7.44 — 7.26 (m, 7H), 7.22
—7.04 (m, 9H), 5.96 (d, J=8.3 Hz, 1H), 5.64 (t,J=11.1 Hz, 1H), 4.86 (d,J=11.2 Hz,
1H), 2.91 (s, 1H); 3C NMR (101 MHz, CDCl3) 6 197.62, 175.62, 157.18, 140.59,
137.62, 137.36, 133.68, 132.81, 130.81, 130.78, 128.89, 128.81, 128.72, 128.38,
128.22, 128.14, 128.09, 128.07, 127.82, 127.60, 127.57, 125.53, 119.44, 76.71, 62.48,
53.05, 51.61; HRMS (ESI) m/z Calcd. for C;7H,9N;0," ([M+H]") 548.2333, Found
548.2315; Enantiomeric excess was determined to be 97% (determined by HPLC using
chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, fyajor
= 11.5 min, tyinor = 18.9 min).

4.8708
N 4.8428
—2.9082

Ph P g

Saaa

@
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o
w
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# Time Area Height Width Area®  Symmety

1 11.482 426736 17622 03728 95.650 0722
2 18.887 5839 13.4 06317 1.350 0.937
Saba

Prepared according to the procedure within 48 h as White solid
(101.0 mg, 90% yield, dr > 20:1). mp 117.5 — 116.9 °C; [ D~ _
43.496 (¢ 0.98, CH,Cl,); 'H NMR (400 MHz, CDCls) 6 8.53 (dd,
. J=1.6, 2.0 Hz, 2H), 7.80 (dd, J = 7.8, 1.5 Hz, 1H), 7.72 — 7.58
Ph/N‘N/ o (m, 7H), 7.46 — 7.27 (m, 8H), 7.23 — 7.10 (m, 5H), 6.99 (td, J =

7.9, 1.6 Hz, 1H), 6.62 (d, J = 10.4 Hz, 1H), 5.63 (t, J=10.3 Hz,
1H), 4.93 (d, /= 10.1 Hz, 1H), 2.79 (s, 1H); 13C NMR (101 MHz, CDCl3) 4 198.92,
175.17, 156.58, 139.29, 137.31, 133.77, 132.95, 132.17, 130.95, 130.84, 130.55,
129.05, 128.97, 128.76, 128.47, 128.25, 128.20, 128.18, 127.54, 127.43, 125.55,
124.26, 119.38, 76.82, 60.56, 54.09, 51.05; HRMS (ESI) m/z Calcd. for C33H3,N305*
([M+H]") 562.2489, Found 562.2485; Enantiomeric excess was determined to be 94%
(determined by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, A = 254

nm, 30 °C, 0.8 mL/min, fyajor = 6.9 MiN, fyine: = 7.2 min).
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Saca

Prepared according to the procedure within 48 h as White solid
(103.2 mg, 92% yield, dr > 20:1). mp 104.2 — 104.9 oC; [@ D~ _
62.280 (¢ 0.94, CH,Cl,); '"HNMR (400 MHz, CDCl3) 6 8.41 —8.45
(m, 2H), 7.64 (d, J = 8.1 Hz, 2H), 7.61 — 7.53 (m, 5H), 7.37 (dd, J
=7.3 Hz, 1H), 7.31 (t, J = 7.8 Hz, 2H), 7.24 (t, J = 7.6 Hz, 2H),
7.04 —7.19 (m, 6H), 7.01 (d, J= 7.6 Hz, 1H), 6.98 — 6.91 (m, 2H),
6.82 (d,J=7.4Hz, 1H), 5.80 (d, ] =10.9 Hz, 1H), 5.60 (t, J=11.1 Hz, 1H), 4.77 (d,J
= 11.3 Hz, 1H), 2.72 (s, 1H), 2.09 (s, 3H); 3C NMR (101 MHz, CDCls) & 197.57,
175.65, 157.38, 140.77, 137.70, 137.43, 137.34, 133.72, 132.76, 130.90, 130.84,
129.81, 128.90, 128.79, 128.41, 128.27, 128.20, 128.12, 128.08, 127.76, 127.69,
125.73, 125.52, 119.38, 77.12, 62.36, 52.89, 51.68, 21.25; HRMS (ESI) m/z Calcd. for
C3gH3oN30,7 ([M+H]Y) 562.2489, Found 562.2484; Enantiomeric excess was
determined to be 99% (determined by HPLC using chiral AD-H column, hexane/2-
propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, fysjor = 9.2 min, fyiner = 18.3 min).
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Sada

Prepared according to the procedure within 48 h as White solid
(79.7 mg, 71% yield, dr > 20:1). mp 1617 — 162.9 oC; (@D~ _
82.848 (¢ 0.65, CH,Cl,); '"H NMR (400 MHz, CDCls) 6 8.50 —
8.35 (m, 2H), 7.64 — 7.53 (m, 7H), 7.38 (dd, J = 7.4 Hz, 1H), 7.26
—7.34 (m, 3H), 7.23 (d, J = 7.1 Hz, 1H), 7.18 — 7.06 (m, 8H), 6.87
(d, J=7.9 Hz, 2H), 5.88 (d, J =10.9 Hz, 1H), 5.61 (t, J=11.1 Hz,
1H),4.82 (d, J=11.3 Hz, 1H), 2.85 (s, 1H), 2.17 (s, 3H); 3C NMR
(101 MHz, CDCl,) 6 197.70, 175.67, 157.29, 137.72, 137.59, 137.40, 137.23, 133.73,
132.84, 130.85, 130.82, 128.91, 128.76, 128.71, 128.53, 128.40, 128.24, 128.21,
128.10, 128.07,127.62,125.52,119.42,77.07, 62.24, 53.08, 51.58, 21.07; HRMS (ESI)
m/z Calcd. for Cs;gH3N30," ([M+H]Y) 562.2489, Found 562.2484; Enantiomeric
excess was determined to be 98% (determined by HPLC using chiral AD-H column,
hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, fyajor = 9.2 MiN, fminor =

12.9 min).
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Saea

Prepared according to the procedure within 60 h as White solid
19

(101.3 mg, 81% yield, dr > 20:1). mp 136.9 — 137.8 °C; (A b= _

Ph'39.024 (c 0.04, CH,Cl,); '"HNMR (400 MHz, CDCl;) 6 8.61 — 8.43

Br

oHN
\\/H-' “Ph (m, 2H), 7.79 (dd, J= 7.8, 1.4 Hz, 1H), 7.70 — 7.60 (m, 7H), 7.43
Ph/N\N/ Bh (dd,J=7.3 Hz, 1H), 7.39 - 7.33 (m, 3H), 7.29 — 7.24 (m, 4H), 7.22

—7.13 (m, 5H), 7.02 - 6.93 (m, 1H), 6.62 (dd, J=10.5, 5.2 Hz, 1H),
5.61 (t,J=10.3 Hz, 1H), 4.91 (d, J=10.1 Hz, 1H), 2.86 (d, /= 5.1 Hz, 1H); 3C NMR
(101 MHz, CDCl5) 6 196.64, 175.48, 157.03, 140.38, 139.33, 137.32, 135.59, 133.50,
131.14, 130.88, 130.73, 129.78, 128.95, 128.80, 128.78, 128.47, 128.23, 128.06,
127.99, 127.85, 127.54, 126.56, 125.60, 122.54, 119.42, 76.95, 62.36, 52.89, 52.12;
HRMS (ESI) m/z Calcd. for C37H9BrN;O,* ([M+H]Y) 626.1438, Found 626.1428;
Enantiomeric excess was determined to be 99% (determined by HPLC using chiral AD-
H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, fy0r = 11.0
min, 4yinor = 12.1 min).
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Safa
Cl Prepared according to the procedure within 36 h as White solid
18
(113.2 mg, 92% yield, dr > 20:1). mp 115.9 — 116.8 °C; (@] D= _
104.14 (¢ 0.94, CH,Cl,); '"H NMR (400 MHz, CDCls) 6 8.39 —
Ph 8.31 (m, 2H), 7.67 — 7.54 (m, 7H), 7.45 (dd, ] = 7.4 Hz, 1H), 7.34

HN
07\“" o~ 7:22(m, 5H),7.17-7.04 (m, 7H), 6.96 (dd,  =8.3, 1.9 Hz, 1H),
N~ 5.76 (d, J = 10.8 Hz, 1H), 5.60 (t, ] = 11.0 Hz, 1H), 4.71 (d, J =

Ph™ " °N" Ph

11.2 Hz, 1H), 2.94 (s, 1H); 3C NMR (101 MHz, CDCl;) 6 197.20,
175.42, 157.13, 141.21, 137.40, 137.21, 133.40, 133.14, 131.87, 131.43, 131.02,
130.82, 130.66, 129.69, 129.02, 128.80, 128.57, 128.47, 128.31, 128.12, 128.01,
127.77, 127.53, 125.67, 119.42, 77.06, 61.28, 52.87, 51.29; HRMS (ESI) m/z Calcd.
for C37H,5C1LN3O," ([M+H]Y) 616.1553, Found 616.1532; Enantiomeric excess was
determined to be 99% (determined by HPLC using chiral AD-H column, hexane/2-

propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, fsjor = 9.9 min, tiner = 14.2 min).
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Saga

Prepared according to the procedure within 60 h as White solid
(114.0 mg, 91% yield, dr > 20:1). mp 109.5 — 110.2 °C; [ D~ _
60.728 (¢ 0.97, CH,Cl,); '"H NMR (400 MHz, CDCl;) 8 8.40 —
8.31 (m, 2H), 7.66 — 7.51 (m, 7H), 7.40 (dd, J = 7.3 Hz, 1H), 7.23
—7.32 (m, 4H), 7.20 — 7.01 (m, 10H), 5.82 (d, J = 10.4 Hz, 1H),
5.59 (t,J=11.0 Hz, 1H), 4.76 (d, J = 11.2 Hz, 1H), 2.88 (s, 1H);
BC NMR (101 MHz, CDCl;) 6 203.93, 197.52, 175.49, 157.10,
139.84, 137.46, 137.30, 133.42, 133.18, 130.93, 130.76, 130.42, 128.98, 128.81,
128.46, 128.44, 128.24, 128.19, 128.04, 127.55, 125.62, 121.58, 119.41, 77.05, 61.79,
53.02, 51.41; HRMS (ESI) m/z Calcd. for C37H9BrN;O,* ([M+H]") 626.1438, Found
626.1424; Enantiomeric excess was determined to be 99% (determined by HPLC using
chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, fyajor
= 11.6 min, tyjnor = 18.8 min).

2.88
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F Prepared according to the procedure within 48 h as White solid
19

(99.6 mg, 88% yield, dr > 20:1). mp 117.6 — 118.9 °C; (@ b= _

55.268 (¢ 0.54, CH,Cl,); '"H NMR (400 MHz, CDCls) 6 8.47 —

Ph 8.33 (m, 2H), 7.66 — 7.53 (m, 7H), 7.40 (dd, ] = 7.4 Hz, 1H), 7.28

HN
07\“" vy (4d,J=8.1,23Hz, 3H), 7.22 (5, 1H), 7.19 - 7.05 (m, 8H), 6.80 -
N2 6.70 (m, 2H), 5.90 (d, J = 10.9 Hz, 1H), 5.59 (t, J = 11.0 Hz, 1H),
Ph™ N Ph 481 (d, J = 11.2 Hz, 1H), 2.88 (s, 1H); '°F NMR (377 MHz,

CDCl3) 6 -114.52; 13C NMR (101 MHz, CDCls) & 197.63, 175.53, 157.09, 137.49,
137.33, 136.45 (J = 3.0 Hz), 133.55, 133.06, 130.90, 130.77, 130.41, 130.33, 128.96,
128.78, 128.45, 128.38, 128.19, 128.16, 128.06, 127.54, 125.59, 119.42, 114.68, 77.00,
61.71, 52.93, 51.48; HRMS (ESI) m/z Calcd. for C37Hy90FN;O,* ([M+H]") 566.2238,
Found 566.2234; Enantiomeric excess was determined to be 99% (determined by
HPLC using chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.8
mL/min, #yajor = 10.7 min, fine:= 15.3 min).
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O,N Prepared according to the procedure within 60 h as White solid
(1043 mg, 88% yield, dr > 20:1). mp 132.1 — 132.9 °C; [ D~ _
126.16 (¢ 0.88, CH,Cl,); 'H NMR (400 MHz, CDCl;) & 8.33 —
8.38 (m, 2H), 7.86 — 7.91 (m, 2H), 7.64 — 7.55 (m, 7H), 7.43 (dd,
" J=7.4Hz, 1H), 7.33 - 7.27 (m, 5H), 7.23 (s, 1H), 7.18 — 7.06 (m,

_N. 2 6H), 5.93 (d, J = 10.8 Hz, 1H), 5.66 (t, J = 11.1 Hz, 1H), 4.76 (d,
P™"N" Ph J=11.2 Hz, 1H), 3.01 (s, 1H); 13C NMR (101 MHz, CDCly) &
197.11, 175.32, 156.95, 148.29, 147.13, 137.20, 137.18, 133.57, 132.98, 131.07,
130.65, 129.49, 129.04, 128.82, 128.63, 128.52, 128.39, 128.12, 128.00, 127.50,
125.70, 122.95, 119.42, 77.15, 61.64, 53.14, 51.36; HRMS (ESI) m/z Calcd. for
C37HaoN4O4F ([M+H]") 593.2183, Found 593.2175; Enantiomeric excess was
determined to be 99% (determined by HPLC using chiral AD-H column, hexane/2-
propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, fysjor = 16.4 min, fyine: = 25.8 min).
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Prepared according to the procedure within 36 h as White solid
(9.4 mg, 86% yield, dr > 20:1). mp 107.5 — 108.9 °C; [ D~ _
59.784 (c 0.60, CH,Cl,); '"H NMR (400 MHz, CDCl;) & 8.40 —
8.46 (m, 2H), 7.63 (d, J = 8.1 Hz, 4H), 7.58 — 7.53 (m, 3H), 7.39
(dd, J = 7.4 Hz, 1H), 7.23 — 7.34 (m, 4H), 7.18 — 7.06 (m, 8H),
6.60 (d, J = 8.6 Hz, 2H), 5.88 (d, J = 10.8 Hz, 1H), 5.59 (t, J =
11.0 Hz, 1H), 4.82 (d, J = 11.2 Hz, 1H), 3.65 (s, 3H), 2.82 (s,
1H); *C NMR (101 MHz, CDCl;) 6 197.77, 175.63, 158.92, 157.23, 137.59, 137.39,
133.76, 132.85, 132.74, 130.82, 129.92, 128.92, 128.76, 128.40, 128.26, 128.22,
128.09, 128.07, 127.59, 125.52, 119.41, 113.22, 76.98, 61.91, 55.19, 52.95, 51.55;
HRMS (ESI) m/z Calcd. for Cs;gH3N3057 ([M+H]Y) 578.2438, Found 578.2434;
Enantiomeric excess was determined to be 90% (determined by HPLC using chiral AD-
H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, fy,jor = 13.4
min, yinor = 21.8 min).
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Prepared according to the procedure within 72 h as White solid
(83.6 mg, 70% yield, dr > 20:1). mp 124.9 — 125.6 °C; [€ D~ _
94.760 (c 0.67, CH,Cl,); 'H NMR (400 MHz, CDCls) 4 8.46 (dd,
J=6.3, 2.6 Hz, 2H), 7.67 — 7.53 (m, 11H), 7.40 — 7.27 (m, 6H),
7.18 — 7.22 (m, 3H), 7.15 — 7.08 (m, 5H), 6.00 (d, J = 10.8 Hz,
1H), 5.70 (t, J=11.1 Hz, 1H), 4.87 (d, J = 11.4 Hz, 1H), 2.86 (s,
1H); 13C NMR (101 MHz, CDCls) & 197.51, 175.64, 157.40,
138.30, 137.54, 137.41, 133.62, 132.89, 132.75, 130.92, 128.96, 128.81, 128.45,
128.21, 128.18, 128.15, 128.08, 128.06, 127.90, 127.74, 127.57, 127.53, 126.47,
125.94, 125.90, 125.58, 119.44, 77.21, 62.57, 53.17, 51.64; HRMS (ESI) m/z Calcd.
for C41H3;,N30," ([M+H]") 598.2489, Found 598.2474; Enantiomeric excess was
determined to be 98% (determined by HPLC using chiral AD-H column, hexane/2-
propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, #y,jor = 14.6 min, fine = 30.5 min).
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Prepared according to the procedure within 36 h as White solid
(85.3 mg, 77% yield, dr > 20:1). mp 117.5 — 118.1 oC; (@D~ _
77.815 (¢ 0.60, CH,Cl,); '"H NMR (400 MHz, CDCl;) 8 8.53 —
8.41 (m, 2H), 7.82 — 7.75 (m, 2H), 7.64 — 7.59 (m, 2H), 7.54 - 7.57
(m, 2H), 7.44 - 7.49 (m, 1H), 7.38 — 7.28 (m, 4H), 7.21 (s, 1H),
7.16 —7.03 (m, 7H), 6.59 (dd, J = 5.0, 3.5 Hz, 1H), 6.43 (d, J =3.1
Hz, 1H), 6.20 (d, J = 10.6 Hz, 1H), 5.67 (t,J=11.1 Hz, 1H), 4.79 (d, J = 11.6 Hz, 1H),
3.07 (s, 1H); 3C NMR (101 MHz, CDCls) 6 196.50, 175.46, 156.84, 145.89, 137.57,
137.32, 133.24, 133.16, 130.88, 130.49, 128.95, 128.79, 128.50, 128.42, 128.38,
128.18, 128.01, 127.64, 126.18, 125.66, 125.59, 125.48, 119.41, 76.63, 57.74, 52.32,
50.75; HRMS (ESI) m/z Calcd. for C;sHysN3O,S™ ([M+H]") 554.1897, Found
554.1890; Enantiomeric excess was determined to be 94% (determined by HPLC using
chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, fyajor
=10.4 min, tyijnor = 24.4 min).
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Sama
Prepared according to the procedure within 48 h as White solid

N Ph  (73.9 mg, 72% yield, dr > 20:1). mp 81.6.9 — 82.4 oC; [@p= _
0]

ﬁ‘"" “Ph 46.000 (c 0.11, CH,Cl,); 'H NMR (400 MHz, Chloroform-d) &
Ph/N\N/Ph 8.38 (dd, /=6.8, 3.0 Hz, 2H), 8.05 — 7.98 (m, 2H), 7.57 — 7.45 (m,
8H), 7.35—-7.28 (m, 2H), 7.17—7.11 (m, 1H), 7.08 — 7.00 (m, SH),
5.54 (dd, J=11.9, 10.2 Hz, 1H), 4.54 (dd, /= 10.3, 5.8 Hz, 1H), 4.46 (d,J=11.9 Hz,
1H), 2.57 (s, 1H), 1.94 — 1.80 (m, 1H), 1.04 (d, J = 6.6 Hz, 3H), 0.78 (d, J = 6.6 Hz,
3H); 3C NMR (101 MHz, CDCls) & 198.73, 175.81, 157.52, 137.99, 137.37, 133.42,
133.37, 130.65, 128.87, 128.75, 128.64, 128.34, 128.27, 127.97, 127.80, 127.44,
125.46, 119.51, 64.48, 54.45, 48.51, 30.85, 21.82, 18.07; HRMS (ESI) m/z Calcd. for
Cs4H3N;0,7 ([M+H]Y) 514.2489, Found 514.2473; Enantiomeric excess was
determined to be 97% (determined by HPLC using chiral AD-H column, hexane/2-
propanol = 70/30, A = 254 nm, 30 °C, 0.5 mL/min, #y,jor =14.3 min, #yiner =8.6 min).
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Prepared according to the procedure within 96 h as White solid
(44.9 mg, 40% yield, dr > 20:1). mp 157.6 — 158.3 °C; (@1
- 36.449 (¢ 0.11, CH,Cl,); 'TH NMR (400 MHz, CDCl;) 3 8.40
—8.46 (m, 2H), 7.85—-7.71 (m, 1H), 7.67 - 7.55 (m, 5H), 7.45
Ph 728 (m, 2H), 7.20 — 7.26 (m,7H), 7.19 — 7.12 (m, 6H), 6.95
—6.86 (m, 1H), 5.81 — 5.67 (m, 2H), 4.75 — 4.66 (m, 1H), 1.68 (s,3H); '*C NMR (101
MHz, CDCl;) & 199.94, 175.68, 157.48, 141.16, 139.93, 137.38, 137.32, 133.62,
131.82, 131.61, 130.89, 130.82, 129.20, 128.89, 128.83, 128.74, 128.71, 128.44,
128.14, 128.00, 127.66, 127.62, 125.56, 125.54, 119.46, 77.11, 61.96, 53.31, 52.49,
20.66; HRMS (ESI) m/z Calcd. for C3sH3,N;0," ([M+H]") 562.2489, Found 562.2492;
Enantiomeric excess was determined to be 63% (determined by HPLC using chiral AD-
H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, fyjor =7.0 min,
tminor =1 1.8 min).
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Saac
o Prepared according to the procedure within 96 h has White
solid (100.0 mg, 89% yield, dr > 20:1). mp 132.6 — 133.3 °C;

19
[2]b= 63567 (¢ 0.91, CH,CL,): 'H NMR (400 MHz,

CDCl;) 6 8.46 — 8.40 (m, 2H), 7.63 (d, J = 8.2 Hz, 2H), 7.58
—7.52 (m, 3H), 7.43 (d, J = 7.4 Hz, 1H), 7.28 — 7.35(m, 3H),
7.23 —7.04 (m, 13H), 5.88 (d, J = 10.9 Hz, 1H), 5.59 (t, J=11.0 Hz, 1H), 4.82 (d, ] =
11.2 Hz, 1H), 2.78 (s, 1H), 2.25 (s, 3H); 3C NMR (101 MHz, CDCls) 6 197.88, 175.64,
157.26, 140.80, 137.95, 137.68, 137.40, 133.75, 133.63, 130.85, 130.84, 128.96,
128.87, 128.80, 128.71, 128.42, 128.10, 127.83, 127.62, 127.57, 125.56, 125.45,
119.42, 77.10, 62.51, 53.09, 51.73, 21.30; HRMS (ESI) m/z Caled. for C3;3H3,N30,*
([M+H]") 562.2489, Found 562.2485; Enantiomeric excess was determined to be 99%
(determined by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, A = 254
nm, 30 °C, 0.8 mL/min, fyujor =8.1 min, yiner =12.9 min).
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VWD 1 A, Wavelength=254 nm (HATHPLEDATAZIDATAIHY118042404, D)

100~ J e
1 &
o -~ - — s
o 75 1

e ’ PR e
25 [ o 125 15 175 0

b3 Time Area Height Width Area¥  Spymmetry
1 B8.083 119174 7534 02413 39713 0,761
2 12.929 343 1.4 04223 0237 1.80E

Prepared according to the procedure within 72 h as White
solid (101.1 mg, 90% yield, dr > 20:1). mp 121.9 — 122.6
oc; 19D~ 67684 (¢ 0.95, CH,CL,): 'H NMR (400 MHz,
CDCl,) & 8.40 - 8.46 (m, 2H), 7.61 — 7.65 (m, 2H), 7.50 —
7.57 (m, 5H), 7.32 — 7.23 (m, 4H), 7.20 (s, 1H), 7.17 — 7.03
(m, 10H), 5.88 (d, J=10.9 Hz, 1H), 5.60 (t, J=11.1 Hz, 1H), 4.82 (d, J=11.3 Hz, 1H),
2.80 (s, 1H), 2.28 (s, 3H); '3C NMR (101 MHz, CDCl3) 8 197.08, 175.66, 157.29,
143.69, 140.82, 137.42, 135.14, 133.76, 130.86, 130.83, 128.98, 128.94, 128.86,
128.78, 128.40, 128.37, 128.08, 127.82, 127.63, 127.59, 125.53, 119.41, 77.12, 62.52,
53.13, 51.35, 21.67; HRMS (ESI) m/z Calcd. for C3gH3,N30," ([M+H]") 562.2489,
Found 562.2485; Enantiomeric excess was determined to be 99% (determined by
HPLC using chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.8
mL/min, #yajor =12.3 min, fyine =16.1 min).
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VWD1 A, Wavelength=254 nm (HY\18042101.0)

16.945

# Time Area Height Width AreaZ Symmetry
1 12 662 24357 926.4 0.4043 49026 0777
2 16.945 253246 BEE.5 0.5845 50974 0.86
1 ¥
it Time Area Height Width Area¥? Symmetry
1 12.257 25295 4 1029.3 0.3799 99.741 0.785
2 16.144 65.6 2 0.4848 0.259 0,742

Prepared according to the procedure within 72 h as
White solid (105.1 mg, 91% yield, dr > 20:1). mp 125.4
19

~126.3 °C; [ b= .55 237 (¢ 0.70, CH,CL,): 'H NMR
(400 MHz, CDCIl;) 6 8.51 — 8.34 (m, 2H), 7.63 (d, J =
7.7 Hz, 4H), 7.59 — 7.50 (m, 3H), 7.33 — 7.22 (m, 4H),
7.10—-7.18 (m, 3H), 7.10 — 6.99 (m, 6H), 6.71 (d, ] = 8.7 Hz, 2H), 5.86 (d, ] = 10.9 Hz,
1H), 5.56 (t, J=11.1 Hz, 1H), 4.82 (d, J=11.2 Hz, 1H), 3.71 (s, 3H), 2.80 (s, 1H); 13C
NMR (101 MHz, CDCl;) 6 195.82, 175.69, 163.32, 157.33, 140.90, 137.43, 133.83,
130.87, 130.83, 130.75, 130.57, 128.95, 128.82, 128.79, 128.40, 128.17, 128.09,
127.81, 127.63, 127.59, 125.52, 119.39, 113.44, 77.13, 62.59, 55.42, 53.13, 51.15;
HRMS (ESI) m/z Calcd. for CigH3N305% ([M+H]) 578.2438, Found 578.2419;
Enantiomeric excess was determined to be 99% (determined by HPLC using chiral AD-
H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, #y,jor =17.0 min,
tminor =24.9 min).
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VWD1 A, Wavelength=264 nm (HY\18042302.0)

25121

o P
20

I
80

7 min

# Time Area Height Width AreaZ Symmetry
1 17.05 19308.5 he0.2 0.545 48.437 0.771
2 22121 21086.9 361.2 0.8921 51.563 0.895
# Time Area Height Width Area¥ Symmetry
1 16.989 57924.5 1646.9 05414 99.655 0.718
2 24916 2008 33 07074 0.345 0.871
Saaf

18.8 min).

Prepared according to the procedure within 96 h as White
solid (54.5 mg, 46% yield, dr > 20:1). mp 181.3 — 182.8 °C;

19

[2]'b= 39,640 (¢ 0.22, CH,CL,): 'H NMR (400 MHz, CDCly)

0 8.49 — 8.39 (m, 2H), 8.34 (s, 1H), 8.22 (d, ] = 8.1 Hz, 1H),
7.87 (d, J = 7.7 Hz, 1H), 7.66 — 7.54 (m, 5H), 7.44 (dd, ] =
7.9 Hz, 1H), 7.36 — 7.28(m, 2H), 7.25 — 7.05 (m, 11H), 6.05 (d, J = 10.7 Hz, 1H), 5.54
(t, J = 10.8 Hz, 1H), 4.89 (d, J = 10.7 Hz, 1H), 2.93 (s, 1H); *C NMR (101 MHz,
CDCls) ¢ 196.17, 175.33, 156.77, 147.93, 140.15, 138.73, 137.24, 133.48, 133.39,
130.93, 130.62, 129.38, 128.98, 128.77, 128.76, 128.55, 128.34, 128.12, 128.09,
127.97, 127.47, 126.92, 125.64, 122.99, 119.41, 76.82, 62.31, 52.83, 52.71; HRMS
(ESI) m/z Calcd. for C37Hy9N,O4" ([M+H]") 593.2183, Found 593.2166 Enantiomeric
excess was determined to be 94% (determined by HPLC using chiral AD-H column,
hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, fyajor = 28.5 min, fyiner =
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[ VWD A, Wavelength=264 nm (HY\18041603 0)

I e - - P e e e e e P
] 5 10 15

28.306

min

it Time Area Height Width AreaZ Symmetry

1 18.761 231793 574 0.624 49.740 0.791

28.396 234216 363.2 0.997 50.260 0.777

[ VWD1 A, Wavelength=254 nm (HY\8042007 .0)
. I S A _

Area Height Width AreaZ Symmetry

808.9 20.4 0.6157 2783 0.893

282539 452 2 096393 97.217 0.755

Prepared according to the procedure within 60 h as White solid (83.4

me, 86% yield, dr > 20:1). mp 106.2 — 107.3 °C; (b= .83.628 (¢

0.23, CH,Cl,); '"H NMR (400 MHz, Chloroform-d) & 8.42 (dd, J =
6.6, 3.1 Hz, 2H), 7.60 — 7.49 (m, 7H), 7.39 (dd, J = 7.4 Hz, 2H), 7.36

—7.29 (m, 3H), 7.18 — 7.09 (m, 6H), 5.95 (d, /= 10.2 Hz, 1H), 4.75
—4.60 (m, 2H), 2.83 (s, 1H), 1.61 (s, 3H); *C NMR (101 MHz, CDCl;) & 205.81,
175.36, 156.85, 140.82, 137.29, 133.76, 130.82, 130.61, 128.90, 128.72, 128.58,
128.40, 128.31, 128.13, 127.49, 125.54, 119.45, 76.83, 61.58, 57.43, 52.83, 31.54;
HRMS (ESI) m/z Caled. for C;;H,sN;0," ([M+H]") 486.2176, Found 486.2158
Enantiomeric excess was determined to be 94% (determined by HPLC using chiral AD-
H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, fy,jor = 10.4

min, fyiner = 13.4 min).
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i Time Area Height Width Area¥ Symmetry
1 10436 142113 am.3 07293 43752 0644
2 13.38 143531 3206 (6673 A0.248 0584

VWD A, Wavalangth=254 nm (HY/22041102.0)

mAU 2
200
178
150
1
100
75

B

- -

i Time Area Height Width Area® Symmety

1 10.46 94738 2134 0.6336 87.094 0g32

2 13,422 28358 V. 0.5309 2906 0,769
Saah

Prepared according to the procedure within 96 h as White solid
(104.5 mg, 90% yield, dr>20:1). mp 119.6 - 119.3 °C; [€] D=
Ph/N\N/ -57.382 (¢ 0.62, CH,Cl,); '"H NMR (400 MHz, CDCls) & 8.41
Ph Cl' (dd, J=6.5,2.9 Hz, 2H), 7.62 (d, J = 7.9 Hz, 2H), 7.58 — 7.49
(m, SH), 7.38 — 7.25 (m, 2H), 7.17 — 7.23(m, 4H), 7.25 - 7.12 (m, 3H), 7.11 — 7.03 (m,
6H), 5.85(d,J =10.9 Hz, 1H), 5.52 (t, J=11.0 Hz, 1H), 4.79 (d, J = 11.1 Hz, 1H), 2.81
(s, IH); *CNMR (101 MHz, CDCl;) 6 196.57, 175.53, 157.11, 140.54, 139.26, 137.36,
135.92, 133.55, 130.89, 130.79, 129.56, 128.97, 128.82, 128.58, 128.48, 128.41,
128.22, 128.04, 127.97, 127.81, 127.58, 125.59, 119.38, 77.01, 62.36, 52.96, 51.76;
HRMS (ESI) m/z Calcd. for C;7H,9CIN;O,* ([M+H]*) 582.1943, Found 582.1932
Enantiomeric excess was determined to be 99% (determined by HPLC using chiral AD-
H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, #y,jor =13.1 min,
tminor =15.7 min)
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VWID1 A, Wavelength=254 nm (HY\18042401 D)
@

E e

4
o

] 10

80

# Time Area Height Width Area Symmetry
1 13578 105390.8 3735 0.4357 43.238 0.824
2 16.176 10918.4 3209 05222 50.762 0.849
# Time Area Height Width Area% Symmeltry
1 13.071 £8951.1 2526.4 0.4218 99.612 0.698
2 15.661 268.7 8.7 0.4754 0.388 0.845
Saai
Ph 1) Prepared according to the procedure within 48 h as White
Bh solid (109.8 mg, 95% yield, dr >20:1). mp 116.3 — 117.5 °C;
OHN OCH3 [a]lg
§ @ D=-29.087 (¢ 1.00, CH,CL,); '"H NMR (400 MHz, CDCl;)
Ph/N\N/Ph 0 8.47 — 8.52 (m, 2H), 7.67 — 7.58 (m, 4H), 7.46 — 7.54(m,

4H), 7.35 = 7.19 (m, 8H), 7.13 — 6.97 (m, 5H), 6.70 (td, J =
7.6, 0.8 Hz, 1H), 6.61 — 6.55 (m, 1H), 591 (d, J = 9.8 Hz, 1H), 5.69 — 5.59 (m, 2H),
3.11 (s, 3H), 2.73 (s, 1H); *C NMR (101 MHz, CDCl3) 6 198.14, 175.94, 158.14,
157.22, 140.79, 137.82, 137.51, 132.71, 131.63, 130.08, 128.86, 128.74, 128.38,
128.21, 127.84, 127.54, 127.22, 127.10, 125.40, 122.29, 120.08, 119.46, 110.25, 76.67,
62.28, 54.53, 51.86, 45.02; HRMS (ESI) m/z Caled. for C;33H;N;0;*
([M+H]")578.2438, Found 578.2424; Enantiomeric excess was determined to be 99%
(determined by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, A = 254
nm, 30 °C, 0.8 mL/min, fyajor = 10.0 min, Zyiner = 19.9 min).
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VWD1 A, Wawelength=254 nm (HY\18042402.0)

mAL
1000 —
800
600

400

o 8
19.570
8

it Time Area Height Width AreaZ Symmetry
1 9.886 19269.3 1052.3 0.2821 50.161 0.782
2 1957 19146 4333 0.6727 49.839 0,715

[ VWD1 A, Wavelength=254 nm (HY\18042405.0)

- 8 8
] P‘wzz
&,
%‘%

o 25 5 75 10 125 15 175 225 min

# Time Area Height Width AreaZ Symmetry
1 9.997 10896.1 578.5 0.2896 99465 0.81
2 19.922 58.6 1.8 0.539 0.535 5.517
Saaj
Ph 1) Prepared according to the procedure within 82 h as White solid

Ph (921 mg, 82% yield, dr > 20:1). mp 108.7 — 109.5 oC; 21—
“ -60.873 (c 0.87, CH,Cl); '"H NMR (400 MHz, CDCl;) 6 8.41
©/ (dd, J=6.4,2.8 Hz, 2H), 7.67 — 7.51 (m, 7H), 7.41 — 7.29 (m,
3H), 7.25-7.19 (m, 4H), 7.14 (dd, /= 7.4 Hz, 1H), 7.09 — 7.02
(m, 3H), 6.98 (d, J=4.4 Hz, 3H), 6.82 — 6.91 (m, 1H), 5.89 (d, /= 10.9 Hz, 1H), 5.59
(t,J=11.1Hz, 1H),4.76 (d,J=11.3 Hz, 1H), 2.83 (s, 1H), 2.12 (s, 3H); 3C NMR (101
MHz, CDCl;) 6 197.63, 175.79, 157.37, 140.79, 137.88, 137.58, 137.41, 133.53,
132.84, 130.93, 130.82, 128.91, 128.89, 128.86, 128.83, 128.76, 128.32, 128.24,
128.21, 127.82, 127.63, 127.61, 125.51, 125.16, 119.40, 77.10, 62.51, 53.13, 51.68,
21.33; HRMS (ESI) m/z Calcd. for C5sH3,N;0," ([M+H]") 562.2489, Found 562.2485;
Enantiomeric excess was determined to be 99% (determined by HPLC using chiral AD-
H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, fyjor=7.7 min,
tminor =13.5 min).

¢
e

Ph N ph
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[ VWD A, Wavelength=254 nm (HY\18042403.D)

o

AN A N

25 min

i Time Area Height Width AreaZ Symmetry
1 7.732 15991.2 1174.9 0.2068 50.456 0.75
2 13.538 15701.3 550.6 0.433 43544 0.805
I VWD1 A, Wavelength=254 nm (H\18042603.0)
N g
# Time Area Height Width AreaZ Symmetry
1 7.675 15703.2 1204.5 0.2002 33.465 0.776
2 13.485 84.4 29 0.4306 0.535 0917
Saak
Ph 0o Prepared according to the procedure within 48 h as White solid

19
Ph (100.8 mg, 91% yield, dr > 20:1). mp 116.5 — 117.9 °C; (@ b=
=S 100.71 (¢ 0.84, CH,Cl,); 'H NMR (400 MHz, CDCl5) & 8.42 (dd,
“/\/) J=6.5,2.8 Hz, 2H), 7.75 (d, J = 8.2 Hz, 2H), 7.61 (d, J = 7.7 Hz,
2H), 7.56 — 7.51 (m, 3H), 7.38 (dd, J = 7.3 Hz, 1H), 7.36 — 7.30

(m, J =7.8 Hz, 2H), 7.28 — 7.23 (m, 2H), 7.19 — 7.10 (m, 3H), 6.99 —7.06 (m, 3H),
6.94 (d,J=5.0Hz, 1H), 6.79 (d,J =3.4 Hz, 1H), 6.73 — 6.68 (m, 1H), 5.83 (d,J=10.9
Hz, 1H), 5.50 (t, J = 10.9 Hz, 1H), 5.05 (d, J = 11.0 Hz, 1H), 2.76 (s, 1H); 3C NMR
(101 MHz, CDCl5) 6 197.35, 175.15, 157.10, 140.35, 137.55, 137.49, 136.95, 132.99,
130.94, 130.55, 128.98, 128.88, 128.86, 128.31, 128.26, 127.85, 127.71, 127.64,
126.92, 126.12, 125.55, 124.76, 119.28, 76.70, 62.10, 53.96, 48.37; HRMS (ESI) m/z
Calcd. for C35HgN3O0,S™ ([M+H]") 554.1897, Found 554.1880; Enantiomeric excess
was determined to be 99% (determined by HPLC using chiral AD-H column, hexane/2-
propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, #y,jor = 20.5 min, fyiner = 16.1 min).

\
e

Ph N pp
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VWD 1 A, Wavelength=254 nm (HY\8041902.0)

2

10689

I \ V)

# Time Area Height Width AreaZ Symmetry
1 15115 92218 2785 0.5086 49,885 0.844
2 19.669 9264.4 2135 0.6635 50115 0.848
[ VWD A, Wavelength=254 nm (HY18042006.0)
# Time Area Height Width AreaZ Symmetry
1 16.072 1386 21 0.842 0.446 0.939
2 20,542 30549 758.6 06282 99.554 0.752

Prepared according to the procedure within 86 h as White
solid (89.7 mg, 75% yield, dr > 20:1). mp 118.9 — 119.6 °C;

[@b= 45224 (¢ 0.67, CH,Cly); 'H NMR (400 MHz,

Chloroform-d) & 8.41 — 8.26 (m, 2H), 7.91 (d, J = 7.4 Hz,
1H), 7.69 — 7.50 (m, 10H), 7.38 — 7.26 (m, 7H), 7.21 (dd, J
= 7.6 Hz, 2H), 7.17 — 7.06 (m, 4H), 7.03 — 6.96 (m, 1H), 6.13 (dd, J = 10.9, 3.7 Hz,
1H), 5.89 (d, J = 10.8 Hz, 1H), 5.69 (t, /= 10.8 Hz, 1H), 2.97 (d, /= 4.1 Hz, 1H); 3C
NMR (101 MHz, CDCl;) 6 198.07, 176.12, 157.06, 140.62, 137.50, 137.40, 133.74,
132.80, 132.50, 131.17, 130.83, 130.51, 128.99, 128.86, 128.81, 128.72, 128.45,
128.22, 128.17, 128.00, 127.97, 127.92, 127.70, 125.75, 125.53, 125.50, 124.77,
124.62, 123.48, 119.30, 77.16, 62.54, 54.66, 46.72; HRMS (ESI) m/z Calcd. for
C41H3oN3O,7([M+H]")  598.2489, Found 598.2469; Enantiomeric excess was
determined to be 78% (determined by HPLC using chiral AD-H column, hexane/2-
propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, fyajor =9.9 min, fyine: =22.5 min).
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VIWD1 A, Wavelength=254 nm (HY\18042001.0)

# Time Area Height Width AreaZ Symmetry
1 9.925 h06E.5 2543 0.3068 49.742 0.81
2 22.267 51211 91.1 0.9371 50.258 0.964

[ VWD 1 A, Wavelength=254 nm (H1118042008.0)
mAU

72

1000 -
200
600 -

400 -

I .

22402

# Time Area Height Width Area%X Symmetry
1 9.872 21322 1062.2 0.3099 86.781 0.82
2 22 492 2694.3 47.2 0.8772 11.219 0.944
Saam
Prepared according to the procedure within 60 h as White solid
P Q
13
" (65.3 mg, 62% yield, dr > 20:1). mp 176.1 — 177.3 °C; [@lp= -
0]
\}“" 53.360 (¢ 0.51, CH,Cly); 'H NMR (400 MHz, Chloroform-d) &

Ph/N\N/Ph 8.56 —8.43 (m, 2H), 8.11 — 8.00 (m, 2H), 7.59 — 7.37 (m, 8H), 7.30
—7.24 (m, 3H), 7.21 — 7.16 (m, 2H), 7.07 — 6.95 (m, 3H), 5.92 —
5.70 (m, 1H), 4.71 (dd, /= 10.8, 9.2 Hz, 1H), 3.77 (dt,J=9.3, 7.3 Hz, 1H), 2.70 — 2.45
(m, 1H), 1.39 (q, J = 7.3 Hz, 2H), 1.11 — 0.92 (m, 4H), 0.62 (t, J = 7.0 Hz, 3H); '3C
NMR (101 MHz, CDCl;) 6 199.41, 175.80, 158.18, 139.87, 138.03, 137.88, 132.62,
130.73, 130.26, 129.00, 128.78, 128.18, 128.15, 127.69, 127.52, 125.39, 118.90, 75.35,
62.41, 53.98, 47.69, 29.83, 29.41, 22.49, 13.62; HRMS (ESI) m/z Calcd. for
C3sH34N;O,7([M+H]") 528.2646, Found 528.2631; Enantiomeric excess was
determined to be 59% (determined by HPLC using chiral AD-H column, hexane/2-
propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, #y,jor =11.3 min, fminer =7.9 min).
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i Time Area Height Width Area®  Symmety

1 A 50931 3327 02268 5948 0.543
2 11,377 4531.4 2122 03292 47 052 0.528
A

z ¥ 8 88 8 3¢
[ —

# Time Area Height Width Area¥ Symmetmy
1 7881 4203 2642 0238 20,736 0652
2 11.255 160177 7486 03312 79214 073z

Prepared according to the procedure within 72 h as White solid
(78.7 mg, 81% yield, dr > 20:1). mp 177.0 — 177.8 °C; [ D= _
91.441 (¢ 0.67, CH,Cly); '"H NMR (400 MHz, CDCl;) 6 7.75 (d, J
= 8.0 Hz, 2H), 7.60 (d, J = 8.4 Hz, 2H), 7.50 (dd, J = 7.3 Hz, 1H),
7.32—-7.40 (m, 6H), 7.24 — 7.09 (m, 9H), 5.81 — 5.67 (m, 2H), 4.59
(d, J=10.2 Hz, 1H), 2.70 (s, 1H), 2.52 (s, 3H); 13C NMR (101 MHz, CDCl3) 3 197.00,
175.29, 161.58, 140.93, 137.55, 137.41, 133.53, 133.09, 128.74, 128.60, 128.44,
128.29, 128.23, 128.17, 127.86, 127.78, 127.66, 125.25, 119.07, 76.44, 61.97, 51.94,
51.48, 13.20; HRMS (ESI) m/z Calcd. for C;,H,sN;0," ([M+H]") 486.2176, Found
486.2172; Enantiomeric excess was determined to be 72% (determined by HPLC using
chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, fyajor
= 12.6 min, tminor = 10.3 min).
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[ VWD 1 A Wavelength=254 nm (H\18042002.D)

126

12229

- &8 8 8 8 8 ;iﬂé

5 10 15 20 25 30 min

# Time Area Height Width Area% Symmetry
1 10.026 13146.2 741.2 0.2695 49.931 0.644
2 12.229 131826 £10.2 0.3321 50.069 0.766

[ VWD 1 A, Wavelength=254 nm (HY\18042000.0)

P I I
(] 5 10 15 20 25 min

it Time Area Height Width Area%Z Symmetry
1 10.327 1164.4 64 02779 13.858 0.76
2 12.623 72379 324.7 0.343 86.142 0.785

Prepared according to the procedure within 48 h as White solid

19
(78.6 mg, 71% yield, dr > 20:1). mp 125.1 — 126.5 °C; [#]p = _

29.025 (¢ 0.44, CH,Cly); '"H NMR (400 MHz, CDCl;) 6 8.32 (d, J
=3.6 Hz, 1H), 7.69 — 7.60 (m, 4H), 7.59 (d, J = 5.0 Hz, 1H), 7.42
(dd, J=7.3 Hz, 1H), 7.37—-7.26 (m, 9H), 7.19 — 7.05 (m, 7H), 5.95
(d, J=10.9 Hz, 1H), 5.63 (t, J = 10.9 Hz, 1H), 4.97 (d, J = 10.9
Hz, 1H), 2.81 (s, 1H); *C NMR (101 MHz, CDCls;) & 197.87, 175.05, 153.80, 140.28,
137.60, 137.19, 133.62, 132.88, 132.64, 129.56, 129.17, 128.87, 128.76, 128.49,
128.25, 128.22, 128.21, 128.08, 128.01, 127.83, 127.69, 125.59, 119.47, 76.66, 62.45,
54.01, 51.52; HRMS (ESI) m/z Calcd. for: C55H,sN30,S™ ([M+H]") 554.1897, Found
554.1892; Enantiomeric excess was determined to be 98% (determined by HPLC using
chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, fyajor
=15.4 min, tinor =17.0 min).
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VWD A, Wavelength=254 nm (HY\18042003.D)

T
25

10 125

T
20 225 min

# Time Area Height Width Area% Symmetry
1 15.101 3169 3164 0.4473 49133 0.82
2 16.769 9491.7 2841 05149 50.867 0.823
# Time Area Height Width AreaZ Symmetry
1 15,366 15515.2 5224 0.4572 99,237 08
2 17.023 119.2 29 0.5796 0.763 0.729

Prepared according to the procedure within 60 h as White solid (78.9
mg, 6% yield, dr > 20:1). mp 1793 — 180.9 °C: [4 D= 24795 (¢
0.61, CH,Cl,); '"H NMR (400 MHz, CDCl3) 6 9.30 (s, 1H), 8.27 (d,J
= 8.6 Hz, 1H), 8.06-7.86 (m, 3H), 7.71 — 7.53 (m, 6H), 7.41 — 7.28
(m, 5H), 7.27 — 7.02 (m, 11H), 5.90 (d, J = 10.9 Hz, 1H), 5.66 (t, ] =
11.1 Hz,1H), 4.92 (d, J = 11.2 Hz, 1H), 2.90 (s, 1H. ); 3C NMR (101
MHz, CDCl;) 6 197.57, 175.75, 156.93, 140.98, 137.57, 137.42,
134.42, 133.64, 133.17, 132.89, 129.16, 128.97, 128.82, 128.73,
128.42, 128.31, 128.29, 128.21, 128.16, 128.05, 128.02, 127.97, 127.92, 127.71,
127.59, 126.81, 125.61, 123.93, 119.49, 77.25, 62.62, 53.61, 51.59; HRMS (ESI) m/z
Calcd. for C4H3;,N30," ([M+H]) 598.2489, Found 598.2488; Enantiomeric excess
was determined to be 84% (determined by HPLC using chiral AD-H column, hexane/2-
propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, #y,jor = 10.2 min, fyiner= 21.5 min)
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VWD A, Wavelength=254 nm (HY\18042004.0)

sEssg gt

T
26

P
30 min

# Time Area Height Width AreaZ Symmelry
1 10.154 166852 824.7 0.3117 50.039 0.805
2 21.243 166557 N77 081 49,961 0.854
T VWD 1 A, Wavelangth=254 nm (H1118042011.0)
mAU F]
# Time Area Height Width AreaZ Symmetry
1 10,169 159288 765 03201 92121 0.80a
2 21.524 1362.4 24.8 0.6484 7.879 0.877

Prepared according to the procedure within 48 h as White solid

19
(100.0 mg, 89% yield, dr > 20:1). mp 109.1 — 110.3 °C; [@ = _

43.758 (c 0.81, CH,Cl,); '"H NMR (400 MHz, CDCl;) 8 8.33 (s,
1H), 8.18 (d, J = 7.7 Hz, 1H), 7.68 — 7.55 (m, 4H), 7.44 (dd, ] =
7.6 Hz, 1H), 7.34 — 7.40(m, 2H), 7.36 — 7.28 (m, 2H), 7.25 - 7.15
(m, 6H), 7.03 - 7.15 (m, 7H), 5.85 (d, J = 10.9 Hz, 1H), 5.64 (t,J
= 11.1 Hz, 1H), 4.81 (d, J = 11.3 Hz, 1H), 2.82 (s, 1H), 2.47 (s, 3H); 3C NMR (101
MHz, CDCl;) & 197.54, 175.69, 157.41, 140.96, 138.51, 137.58, 137.41, 133.70,
132.88, 131.65, 130.76, 128.90, 128.83, 128.78, 128.40, 128.28, 128.20, 128.13,
128.11, 128.08, 127.82, 127.61, 125.52, 124.73, 119.44, 62.50, 53.02, 51.61, 21.62;
HRMS (ESI) m/z Calcd. for C;3H3N;0," ([M+H]Y) 562.2489, Found 562.2490;
Enantiomeric excess was determined to be 99% (determined by HPLC using chiral AD-
H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, fy,j0r = 8.7 min,
tminor = 12.5 min).
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[ VWD1 A, Wavelength=254 nm (HY\18042005.D)
mAU -

12.373

B 888 8 8

3

o

o 2 a L] L] 10 12 14 18 18 min

i Time Area Height Width AreaX Symmetry

1 8.649 12660.2 816.7 0.2408 50.271 0.776
2 12.373 12741.1 491.2 0.4016 49.729 0.835
: ;
# Time Area Height Width Area%Z Symmetry
1 8.683 179536 1082.8 0.2532 99.497 0.753
2 12.488 90.7 3.4 0.4166 0.503 0.89

o Prepared according to the procedure within 36 h as White
Ph. J/ N__Ph solid (98.2 mg, 90% yield, dr > 20:1). mp 224.1 — 225.3 °C,

N~ Ns
| y 19
N%;%/Ph [2]b= _-591.32 (¢ 0.44, CH,CL,): 'H NMR (400 MHz, CDCl)

Ph Ph o) 08.19(d,J=7.2 Hz, 2H), 7.99 (d, J= 7.7 Hz, 2H), 7.84 (d, J
=17.6 Hz, 2H), 7.66 — 7.53 (m, 6H), 7.51 — 7.41 (m, 3H), 7.41

6 —7.30 (m, J=16.0, 7.7 Hz, 6H), 7.28 — 7.20 (m, 2H), 7.19 —

7.15 (m, 2H), 6.41 (d,J=10.8 Hz, 1H), 4.58 (d,J=10.8 Hz, 1H); 3C NMR (101 MHz,
CDCl;) 6 199.88, 178.73, 170.19, 157.07, 137.31, 136.48, 134.17, 132.92, 132.15,
131.64, 130.90, 130.00, 129.20, 129.12, 128.76, 128.74, 128.71, 128.65, 128.53,
128.38, 128.21, 127.30, 125.64, 119.72, 89.09, 60.75, 58.18; HRMS (ESI) m/z Calcd.
for C37HgN3O," ([M+H]") 546.2176, Found 546.2170; Enantiomeric excess was
determined to be 98% (determined by HPLC using chiral AD-H column, hexane/2-
propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, fmajor = 11.5 min, fyine: = 15.2 min).
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VWD &, Wavelength=254 nm (HY2418030601.5)

Naim. | g
mnnf- i&m&@'\
# Time Area Height Width AreaX Symmely
1 11.643 23672.3 11596 03124 49 624 032
2 15.405 24030.7 347 6 0.4725 B0.376 0.765
1 Time Area Height Width Area® Symmetry
1 11.476 13765 1526.8 03425 98 978 0679
2 15,244 3238 | 0605 1.022 07
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3. X-ray crystal structure of Saea

X-ray crystal structure of S5aea
CCDC: 2089345

Bond precision: C-C = 0.0088 A Wavelength=0.71073
Cell: a=12.3671(7) b=12.3671(7) c=16.8393(10)
alpha=50 beta=90 gamma=120
Temperature: 296 K
Calculated Reported
Volume 2230.4(3) 2230.4(3)
Space group P 31 P 31
Hall group P 31 P 31
Moiety formula €37 H28 Br N3 02 C37 H28 Br N3 02
Sum formula C37 H28 Br N3 02 C37 H28 Br N3 02
Mr 626.52 626.53
Dx,g cm-3 1.359 1.399
A 3 3
Mu (mm-1) 1.421 1.421
FOOO 966.0 966.0
FoooO’ 965.48
h,k, lmax 14,14 ,20 14,14, 20
Nref 5426 [ 2713] 5424
Tmin, Tmax 0.749,0.808 0.602,0.746
Tmin' 0.735

Correction method= # Reported T Limits: Tmin=0.602 Tmax=0.746
LbsCorr = NONE

Data completeness= 2.00/1.00 Theta(max)= 25.3229
Ri{reflections)= 0.0395( 4385) wR2 (reflections)= 0.0862( 5424)
S = 1.050 Npar= 393
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