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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:  (c g/100 mL, solvent). All 1H NMR [𝑎]𝑇𝐷

and 19F NMR spectra were recorded on a Bruker AvanceⅡ 400 MHz and Bruker 

Avance Ⅲ 471 MHz respectively, 13C NMR spectra were recorded on a Bruker Avance 

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

CDCl3, TMS as an internal standard). Data for 1H NMR are recorded as follows: 
chemical shift (δ, 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 5aea 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
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In a reaction tube, 4-amino pyrazolone 2 (0.24 mmol), α,β-enone 4 (0.20 mmol), 
catalyst (0.02 mmol) and 3 Å MS (200 mg) were added into toluene (2 mL). Then 
aldehyde 3 (0.24 mmol) and NaHCO3 (0.24 mmol) were added and the reaction solution 
was stirred at 25 oC. 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 1: Optimization of reaction conditions.a CPA=chiral phosphoric acid.
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PhCHO
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1a Ar = 4-OMe-C6H4
1b Ar = 2,4,6-(i-Pr)3-C6H2
1c Ar = 2-naphthyl
1d Ar = 9-phenanthryl
1e Ar = 3,5-CF3-C6H3

9-phenanthryl

O
O

9-phenanthryl

P
O

OH
1f

Entry Cat. Additives Solvent Yield [%]b drc ee [%]d

1 1a 3 Å Tol. 94 >20:1 88
2 1b 3 Å Tol. 70 >20:1 79
3 1c 3 Å Tol. 92 >20:1 95
4 1d 3 Å Tol. 87 >20:1 97
5 1e 3 Å Tol. 78 >20:1 63
6 1f 3 Å Tol. 82 >20:1 98
7 1d 3 Å DCM 92 >20:1 90
8 1d 3 Å Et2O 97 >20:1 93
9 1d 3 Å THF 58 >20:1 0
10 1d 3 Å CHCl3 81 >20:1 88
11e 1d 3 Å Tol 45 >20:1 98
12ef 1d 3 Å Tol 68 >20:1 98
13 1d 4 Å Tol 85 >20:1 98
14 1d 5 Å Tol 64 >20:1 83
15 1d MgSO4 Tol 60 >20:1 98

aThe 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. bIsolated yield. cThe dr was determined by 1H NMR of crude product. dDetected by chiral 

HPLC analysis. eWithout NaHCO3. fBy using Na2CO3.

Gram-scale reaction
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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 Å MS (2300 mg) were added into toluene (23 mL). Then aldehyde 3a 
(2.76 mmol) and NaHCO3 (2.76 mmol) were added and the reaction solution was stirred 
at 25 ℃. 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 5aaa with 86% yield, >20:1 dr and 97% ee.
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Procedure for the Synthesis of 6
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(yield 90%, dr > 20:1, ee 98%)
6
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A reaction tube was charged with 5aaa (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 1H NMR and 13C NMR spectra
5aaa

Prepared according to the procedure within 48 h as White solid 

(95.2 mg, 87% yield, dr > 20:1). mp 125.1 – 126.9 oC; = [𝛼]19𝐷

-70.408 (c 0.49, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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 C37H29N3O2

+ ([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, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor 
= 11.5 min, tminor = 18.9 min).
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5aba
Prepared according to the procedure within 48 h as White solid 

(101.0 mg, 90% yield, dr > 20:1). mp 117.5 – 116.9 oC; = -[𝛼]19𝐷

43.496 (c 0.98, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 8.53 (dd, 
J = 7.6, 2.0 Hz, 2H), 7.80 (dd, J = 7.8, 1.5 Hz, 1H), 7.72 – 7.58 
(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, J = 10.1 Hz, 1H), 2.79 (s, 1H); 13C NMR (101 MHz, CDCl3) δ 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 C38H32N3O3

+ 
([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, λ = 254 
nm, 30 oC, 0.8 mL/min, tmajor = 6.9 min, tminor = 7.2 min).
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5aca
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; = -[𝛼]19𝐷

62.280 (c 0.94, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 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 = 7.4 Hz, 1H), 5.80 (d, J = 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); 13C NMR (101 MHz, CDCl3) δ 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 
C38H32N3O2

+ ([M+H]+) 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, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 9.2 min, tminor = 18.3 min).
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5ada
Prepared according to the procedure within 48 h as White solid 

(79.7 mg, 71% yield, dr > 20:1). mp 161.7 – 162.9 oC; = -[𝛼]18𝐷

82.848 (c 0.65, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR 

(101 MHz, CDCl3) δ 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 C38H32N3O2

+ ([M+H]+) 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, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 9.2 min, tminor = 
12.9 min).
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5aea
Prepared according to the procedure within 60 h as White solid 

(101.3 mg, 81% yield, dr > 20:1). mp 136.9 – 137.8 oC; = -[𝛼]19𝐷

39.024 (c 0.04, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 8.61 – 8.43 
(m, 2H), 7.79 (dd, J = 7.8, 1.4 Hz, 1H), 7.70 – 7.60 (m, 7H), 7.43 
(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, J = 5.1 Hz, 1H); 13C NMR 
(101 MHz, CDCl3) δ 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 C37H29BrN3O2

+ ([M+H]+) 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, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 11.0 
min, tminor = 12.1 min).
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5afa
Prepared according to the procedure within 36 h as White solid 

(113.2 mg, 92% yield, dr > 20:1). mp 115.9 – 116.8 oC; = -[𝛼]18𝐷

104.14 (c 0.94, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 8.39 – 
8.31 (m, 2H), 7.67 – 7.54 (m, 7H), 7.45 (dd, J = 7.4 Hz, 1H), 7.34 
– 7.22 (m, 5H), 7.17 – 7.04 (m, 7H), 6.96 (dd, J = 8.3, 1.9 Hz, 1H), 
5.76 (d, J = 10.8 Hz, 1H), 5.60 (t, J = 11.0 Hz, 1H), 4.71 (d, J = 
11.2 Hz, 1H), 2.94 (s, 1H); 13C NMR (101 MHz, CDCl3) δ 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 C37H28Cl2N3O2

+ ([M+H]+) 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, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 9.9 min, tminor = 14.2 min).
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S16

5aga
Prepared according to the procedure within 60 h as White solid 

(114.0 mg, 91% yield, dr > 20:1). mp 109.5 – 110.2 oC; = -[𝛼]19𝐷

60.728 (c 0.97, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 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); 
13C NMR (101 MHz, CDCl3) δ 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 C37H29BrN3O2

+ ([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, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor 
= 11.6 min, tminor = 18.8 min).

-1.5-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

1.
07

1.
00

1.
00

1.
00

9.
96

4.
15

1.
13

7.
05

1.
91

2.
88

4.
75

4.
78

5.
56

5.
59

5.
62

5.
80

5.
83

7.
05

7.
06

7.
16

7.
54

7.
55

7.
60

7.
61

8.
36

8.
36

8.
37

N
N

HNO

Ph Ph

Ph

O

Ph

Br



S17

0102030405060708090100110120130140150160170180190200
f1 (ppm)

51
.4

1
53

.0
2

61
.7

9

77
.0

5
11

9.
41

12
5.

62
12

7.
55

12
8.

04
12

8.
19

12
8.

24
12

8.
44

12
8.

46
12

8.
81

12
8.

98
13

0.
42

13
0.

76
13

0.
93

13
3.

18
13

3.
42

13
7.

46
13

9.
84

15
7.

10

17
5.

49

19
7.

52

20
3.

93



S18

5aha
Prepared according to the procedure within 48 h as White solid 

(99.6 mg, 88% yield, dr > 20:1). mp 117.6 – 118.9 oC; = -[𝛼]19𝐷

55.268 (c 0.54, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 8.47 – 
8.33 (m, 2H), 7.66 – 7.53 (m, 7H), 7.40 (dd, J = 7.4 Hz, 1H), 7.28 
(dd, J = 8.1, 2.3 Hz, 3H), 7.22 (s, 1H), 7.19 – 7.05 (m, 8H), 6.80 – 
6.70 (m, 2H), 5.90 (d, J = 10.9 Hz, 1H), 5.59 (t, J = 11.0 Hz, 1H), 
4.81 (d, J = 11.2 Hz, 1H), 2.88 (s, 1H); 19F NMR (377 MHz, 

CDCl3) δ -114.52; 13C NMR (101 MHz, CDCl3) δ 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 C37H29FN3O2

+ ([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, λ = 254 nm, 30 oC, 0.8 
mL/min, tmajor = 10.7 min, tminor = 15.3 min).
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S20

5aia
Prepared according to the procedure within 60 h as White solid 

(104.3 mg, 88% yield, dr > 20:1). mp 132.1 – 132.9 oC; = -[𝛼]19𝐷

126.16 (c 0.88, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 8.33 – 
8.38 (m, 2H), 7.86 – 7.91 (m, 2H), 7.64 – 7.55 (m, 7H), 7.43 (dd, 
J = 7.4 Hz, 1H), 7.33 – 7.27 (m, 5H), 7.23 (s, 1H), 7.18 – 7.06 (m, 
6H), 5.93 (d, J = 10.8 Hz, 1H), 5.66 (t, J = 11.1 Hz, 1H), 4.76 (d, 
J = 11.2 Hz, 1H), 3.01 (s, 1H); 13C NMR (101 MHz, CDCl3) δ 

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 
C37H29N4O4

+ ([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, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 16.4 min, tminor = 25.8 min). 
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S22

5aja
Prepared according to the procedure within 36 h as White solid 

(99.4 mg, 86% yield, dr > 20:1). mp 107.5 – 108.9 oC; = -[𝛼]19𝐷

59.784 (c 0.60, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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 C38H32N3O3

+ ([M+H]+) 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, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 13.4 
min, tminor = 21.8 min).
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S24

5aka
Prepared according to the procedure within 72 h as White solid 

(83.6 mg, 70% yield, dr > 20:1). mp 124.9 – 125.6 oC; = -[𝛼]19𝐷

94.760 (c 0.67, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 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, CDCl3) δ 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 C41H32N3O2

+ ([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, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 14.6 min, tminor = 30.5 min).
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S26

5ala
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; = -[𝛼]19𝐷

77.815 (c 0.60, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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 C35H28N3O2S+ ([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, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor 
= 10.4 min, tminor = 24.4 min).
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S28

5ama
Prepared according to the procedure within 48 h as White solid 

(73.9 mg, 72% yield, dr > 20:1). mp 81.6.9 – 82.4 oC; = - [𝛼]13𝐷

46.000 (c 0.11, CH2Cl2); 1H NMR (400 MHz, Chloroform-d) δ 
8.38 (dd, J = 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, 5H), 

5.54 (dd, J = 11.9, 10.2 Hz, 1H), 4.54 (dd, J = 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); 13C NMR (101 MHz, CDCl3) δ 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 
C34H32N3O2

+ ([M+H]+) 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, λ = 254 nm, 30 oC, 0.5 mL/min, tmajor =14.3 min, tminor =8.6 min).
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S30

5aab
Prepared according to the procedure within 96 h as White solid 

(44.9 mg, 40% yield, dr > 20:1). mp 157.6 – 158.3 oC; = [𝛼]19𝐷

- 36.449 (c 0.11, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 8.40 
 – 8.46 (m, 2H), 7.85 – 7.71 (m, 1H), 7.67 – 7.55 (m, 5H), 7.45 
– 7.28 (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); 13C NMR (101 
MHz, CDCl3) δ 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 C38H32N3O2

+ ([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, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor =7.0 min, 
tminor =11.8 min).
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S32

5aac
Prepared according to the procedure within 96 h has White 
solid (100.0 mg, 89% yield, dr > 20:1). mp 132.6 – 133.3 oC; 

= -63.567 (c 0.91, CH2Cl2); 1H NMR (400 MHz, [𝛼]19𝐷

CDCl3) δ 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, J = 
11.2 Hz, 1H), 2.78 (s, 1H), 2.25 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 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 Calcd. for C38H32N3O2

+ 
([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, λ = 254 
nm, 30 oC, 0.8 mL/min, tmajor =8.1 min, tminor =12.9 min).
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S34

5aad
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; = -67.684 (c 0.95, CH2Cl2); 1H NMR (400 MHz, [𝛼]19𝐷

CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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  C38H32N3O2

+ ([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, λ = 254 nm, 30 oC, 0.8 
mL/min, tmajor =12.3 min, tminor =16.1 min).
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S36

5aae
Prepared according to the procedure within 72 h as 
White solid (105.1 mg, 91% yield, dr > 20:1). mp 125.4 

– 126.3 oC; = -55.237 (c 0.70, CH2Cl2); 1H NMR [𝛼]19𝐷

(400 MHz, CDCl3) δ 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, J = 8.7 Hz, 2H), 5.86 (d, J = 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, CDCl3) δ 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 C38H32N3O3

+ ([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, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor =17.0 min, 
tminor =24.9 min).
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S38

5aaf
Prepared according to the procedure within 96 h as White 
solid (54.5 mg, 46% yield, dr > 20:1). mp 181.3 – 182.8 oC; 

= -39.640 (c 0.22, CH2Cl2); 1H NMR (400 MHz, CDCl3) [𝛼]19𝐷

δ 8.49 – 8.39 (m, 2H), 8.34 (s, 1H), 8.22 (d, J = 8.1 Hz, 1H), 
7.87 (d, J = 7.7 Hz, 1H), 7.66 – 7.54 (m, 5H), 7.44 (dd, J = 

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); 13C NMR (101 MHz, 
CDCl3) δ 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 C37H29N4O4

+ ([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, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 28.5 min, tminor = 
18.8 min).
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S40

5aag
Prepared according to the procedure within 60 h as White solid (83.4 

mg, 86% yield, dr > 20:1). mp 106.2 – 107.3 oC; = -83.628 (c [𝛼]13𝐷

0.23, CH2Cl2); 1H NMR (400 MHz, Chloroform-d) δ 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, J = 10.2 Hz, 1H), 4.75 

– 4.60 (m, 2H), 2.83 (s, 1H), 1.61 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 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 Calcd. for C32H28N3O2

+ ([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, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 10.4 
min, tminor = 13.4 min).
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S42

5aah

Prepared according to the procedure within 96 h as White solid 

(104.5 mg, 90% yield, dr > 20:1). mp 119.6 – 119.3 oC; = [𝛼]19𝐷

-57.382 (c 0.62, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 8.41 
(dd, J = 6.5, 2.9 Hz, 2H), 7.62 (d, J = 7.9 Hz, 2H), 7.58 – 7.49 

(m, 5H), 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, 1H); 13C NMR (101 MHz, CDCl3) δ 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 C37H29ClN3O2

+ ([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, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor =13.1 min, 
tminor =15.7 min)
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S44

5aai
Prepared according to the procedure within 48 h as White 
solid (109.8 mg, 95% yield, dr > 20:1). mp 116.3 – 117.5 oC; 

= -29.087 (c 1.00, CH2Cl2); 1H NMR (400 MHz, CDCl3) [𝛼]19𝐷

δ 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), 5.91 (d, J = 9.8 Hz, 1H), 5.69 – 5.59 (m, 2H), 
3.11 (s, 3H), 2.73 (s, 1H); 13C NMR (101 MHz, CDCl3) δ 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 Calcd. for C38H32N3O3

+ 
([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, λ = 254 
nm, 30 oC, 0.8 mL/min, tmajor = 10.0 min, tminor = 19.9 min).
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S46

5aaj
Prepared according to the procedure within 82 h as White solid 

(92.1 mg, 82% yield, dr > 20:1). mp 108.7 – 109.5 oC; = [𝛼]19𝐷

-60.873 (c 0.87, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 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, J = 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, J = 10.9 Hz, 1H), 5.59 
(t, J = 11.1 Hz, 1H), 4.76 (d, J = 11.3 Hz, 1H), 2.83 (s, 1H), 2.12 (s, 3H); 13C NMR (101 
MHz, CDCl3) δ 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 C38H32N3O2

+ ([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, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor =7.7 min, 
tminor =13.5 min).
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S48

5aak
 Prepared according to the procedure within 48 h as White solid 

(100.8 mg, 91% yield, dr > 20:1). mp 116.5 – 117.9 oC; = -[𝛼]19𝐷

100.71 (c 0.84, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 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 = 5.0 Hz, 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); 13C NMR 
(101 MHz, CDCl3) δ 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 C35H28N3O2S+ ([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, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 20.5 min, tminor = 16.1 min).
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S50

5aal
Prepared according to the procedure within 86 h as White 
solid (89.7 mg, 75% yield, dr > 20:1). mp 118.9 – 119.6 oC; 

= -45.224 (c 0.67, CH2Cl2); 1H NMR (400 MHz, [𝛼]19𝐷

Chloroform-d) δ 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, J = 10.8 Hz, 1H), 2.97 (d, J = 4.1 Hz, 1H); 13C 
NMR (101 MHz, CDCl3) δ 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 
C41H32N3O2

+([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, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor =9.9 min, tminor =22.5 min).
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S52

5aam
Prepared according to the procedure within 60 h as White solid 

(65.3 mg, 62% yield, dr > 20:1). mp 176.1 – 177.3 oC; = -[𝛼]13𝐷

53.360 (c 0.51, CH2Cl2); 1H NMR (400 MHz, Chloroform-d) δ 
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, J = 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); 13C 
NMR (101 MHz, CDCl3) δ 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 
C35H34N3O2

+([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, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor =11.3 min, tminor =7.9 min).
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S54

5baa
Prepared according to the procedure within 72 h as White solid 

(78.7 mg, 81% yield, dr > 20:1). mp 177.0 – 177.8 oC; = -[𝛼]19𝐷

91.441 (c 0.67, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 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) δ 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 C32H28N3O2

+ ([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, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor 
= 12.6 min, tminor = 10.3 min). 
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S56

5caa
Prepared according to the procedure within 48 h as White solid 

(78.6 mg, 71% yield, dr > 20:1). mp 125.1 – 126.5 oC; = -[𝛼]19𝐷

29.025 (c 0.44, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 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); 13C NMR (101 MHz, CDCl3) δ 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: C35H28N3O2S+ ([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, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor 
=15.4 min, tminor =17.0 min).
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S58

5daa
Prepared according to the procedure within 60 h as White solid (78.9 

mg, 66% yield, dr > 20:1). mp 179.3 – 180.9 oC; = 24.795 (c [𝛼]19𝐷

0.61, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 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, J = 
11.1 Hz,1H), 4.92 (d, J = 11.2 Hz, 1H), 2.90 (s, 1H. ); 13C NMR (101 
MHz, CDCl3) δ 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 C41H32N3O2

+ ([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, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 10.2 min, tminor = 21.5 min)
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S60

5eaa
Prepared according to the procedure within 48 h as White solid 

(100.0 mg, 89% yield, dr > 20:1). mp 109.1 – 110.3 oC; = -[𝛼]19𝐷

43.758 (c 0.81, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 8.33 (s, 
1H), 8.18 (d, J = 7.7 Hz, 1H), 7.68 – 7.55 (m, 4H), 7.44 (dd, J = 
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); 13C NMR (101 
MHz, CDCl3) δ 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 C38H32N3O2

+ ([M+H]+) 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, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 8.7 min, 
tminor = 12.5 min).
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S62

6
 Prepared according to the procedure within 36 h as White 
solid (98.2 mg, 90% yield, dr > 20:1). mp 224.1 – 225.3 oC; 

= --591.32 (c 0.44, CH2Cl2); 1H NMR (400 MHz, CDCl3) [𝛼]19𝐷

δ 8.19 (d, J = 7.2 Hz, 2H), 7.99 (d, J = 7.7 Hz, 2H), 7.84 (d, J 
= 7.6 Hz, 2H), 7.66 – 7.53 (m, 6H), 7.51 – 7.41 (m, 3H), 7.41 
– 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); 13C NMR (101 MHz, 
CDCl3) δ 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 C37H28N3O2

+ ([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, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 11.5 min, tminor = 15.2 min). 
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3. X-ray crystal structure of 5aea

X-ray crystal structure of 5aea
CCDC: 2089345


