
Organocatalytic asymmetric Mannich reaction of 

pyrazoleamides with cyclic trifluoromethyl ketimines: 

enantioselective access to dihydroquinazolinone skeletons 

Yuan Luo,
a,c

 Ke-Xin Xie,
b 
Deng-Feng Yue,

a,c
 Xiao-Mei Zhang,

a
 Xiao-Ying Xu*

a
 and Wei-Cheng 

Yuan*
a 

 

a
National Engineering Research Center of Chiral Drugs, Chengdu Institute of Organic Chemistry, 

Chinese Academy of Sciences, Chengdu 610041, China 
b
Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu 610041, China 

c
University of Chinese Academy of Sciences, Beijing 100049, China 

xuxy@cioc.ac.cn; yuanwc@cioc.ac.cn 

 

 

 

 

 Supporting Information 

 

 Table of Contents 

 

 

 

 

 

 

 

1. General experimental information…………………………….……..…...…......…….…......S1 

2. General procedure for the synthesis of compounds 3……………………..…….…….…......S1 

3. Synthesis of compounds 4-8 …….……..…...…...... ……………………………..………....S8 

4. X-ray crystal structure of compound 3a………………….……..…...…......…….…............S11 

5. 
1
H, 

13
C NMR and HPLC spectra for compounds 3a-q and compounds 4-8……………......S13

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2018



S1 

1. General experimental information 

Reagents were purchased from commercial sources and were used as received unless 

mentioned otherwise. Reactions were monitored by TLC. 
1
H NMR and 

13
C NMR spectra were 

recorded in CDCl3 and DMSO-d6. 
1
H NMR chemical shifts are reported in ppm relative to 

tetramethylsilane (TMS) with the solvent resonance employed as the internal standard (CDCl3 at 

7.26 ppm, DMSO-d6 at 2.50 ppm). Data are reported as follows: chemical shift, multiplicity (s = 

singlet, br s = broad singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling constants 

(Hz) and integration. 
13

C NMR chemical shifts are reported in ppm from tetramethylsilane (TMS) 

with the solvent resonance as the internal standard (CDCl3 at 77.20 ppm, DMSO-d6 at 39.51 ppm). 

Melting points were recorded on a melting point apparatus. 

2. General experimental procedures for asymmetric synthesis of compounds 3  

In an ordinary vial equipped with a magnetic stirring bar, pyrazoleamides 1 (0.2 mmol, 2.0 

equiv.), trifluoromethyl ketimines 2 (0.1 mmol, 1.0 equiv.) and catalyst C (10 mol %, 0.01 mmol) 

were placed in 0.5 mL of DCM at 30 °C, and the resulting mixture was stirred at this temperature 

until the reaction completed (monitored by TLC). The residue was purified by column 

chromatography (petroleum ether/ethyl acetate = 5/1) to give the desired product 3. 

(S)-6-chloro-1-(4-methoxybenzyl)-4-((S)-2-oxo-1-phenyl-2-(1H-pyrazol-1-y

l)ethyl)-4-(trifluoromethyl)-3,4-dihydroquinazolin-2(1H)-one (3a). White 

solid; 48.5 mg, 87% yield; >20:1 dr, 99% ee; [α]D
20

 = - 15.4 (c 1.00, CH2Cl2); 

m.p. 188.1-188.5 °C; HPLC (AD-H, i-propanol/n-hexane = 30/70, flow rate = 

1.0 mL/min,  = 254 nm) tR = 11.5 min (minor), 29.0 min (major); 
1
H NMR (300 MHz, CDCl3) δ 

8.27 (d, J = 2.9 Hz, 1H), 7.78 (s, 1H), 7.59 - 7.41 (m, 3H), 7.38 (s, 1H), 7.28 - 7.10 (m, 3H), 7.08 - 

6.98 (m, 1H), 6.88 - 6.70 (m, 4H), 6.55 - 6.43 (m, 2H), 6.15 (s, 1H), 4.98 (d, J = 16.6 Hz, 1H), 

4.81 (d, J = 16.6 Hz, 1H), 3.75 (s, 3H); 
13

C NMR (75 MHz, CDCl3) δ 169.2, 158.6, 151.0, 145.0, 

136.8, 130.7, 130.4, 128.8, 128.7, 128.6, 127.7, 127.10, 127.06, 126.88, 126.85, 124.6 (q, J = 

287.0 Hz), 116.2, 115.5, 114.1, 111.2, 65.7 (q, J = 27.8 Hz), 55.2, 49.2, 45.1; HRMS (ESI) calcd. 

for C28H22ClF3N4NaO3 [M + Na]
+
 577.1225, found: 577.1258. 
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(S)-6-chloro-1-(4-methoxybenzyl)-4-((S)-2-oxo-2-(1H-pyrazol-1-yl)

-1-(4-(trifluoromethyl)phenyl)ethyl)-4-(trifluoromethyl)-3,4-dihyd

roquinazolin-2(1H)-one (3b). White solid; 51.4 mg, 83% yield; >20:1 

dr, 93% ee; [α]D
20

 = - 3.2 (c 2.57, CH2Cl2); m.p. 113.0-113.6 °C; 

HPLC (OD-H, i-propanol/n-hexane = 10/90, flow rate = 1.0 mL/min,  = 254 nm) tR = 7.6 min 

(minor), 8.1 min (major); 
1
H NMR (300 MHz, CDCl3) δ 8.28 (d, J = 2.9 Hz, 1H), 7.80 (s, 1H), 

7.64 (d, J = 8.2 Hz, 2H), 7.50 (t, J = 7.5 Hz, 3H), 7.35 (s, 1H), 7.14 - 7.02 (m, 1H), 6.88 - 6.70 (m, 

4H), 6.59 - 6.47 (m, 2H), 6.25 (s, 1H), 5.02 (d, J = 16.7 Hz, 1H), 4.81 (d, J = 16.5 Hz, 1H), 3.74 (s, 

3H); 
13

C NMR (75 MHz, CDCl3) δ 168.7, 158.8, 150.8, 145.3, 136.8, 135.0, 131.2, 130.77 (q, J = 

33.0 Hz), 130.79, 128.9, 127.4, 127.3, 127.0, 126.7, 125.5 (q, J = 3.8 Hz), 124.5 (q, J = 287.3 Hz), 

121.8, 116.5, 115.0, 114.1, 111.6, 65.6 (q, J = 28.0 Hz), 55.1, 48.9, 45.2; HRMS (ESI) calcd. for 

C29H22ClF6N4O3 [M + H]
+
 623.1279, found: 623.1267. 

(S)-4-((S)-1-(4-bromophenyl)-2-oxo-2-(1H-pyrazol-1-yl)ethyl)-6-chl

oro-1-(4-methoxybenzyl)-4-(trifluoromethyl)-3,4-dihydroquinazolin

-2(1H)-one (3c). White solid; 56.9 mg, 90% yield; >20:1 dr, 98% ee; 

[α]D
20

 = - 18.5 (c 2.85, CH2Cl2); m.p. 112.1-113.5 °C; HPLC (AD-H, 

i-propanol/n-hexane = 40/60, flow rate = 1.0 mL/min,  = 254 nm) tR = 9.9 min (minor), 27.6 min 

(major); 
1
H NMR (300 MHz, CDCl3) δ 8.27 (d, J = 2.9 Hz, 1H), 7.81 - 7.74 (m, 1H), 7.51 (s, 1H), 

7.33 (d, J = 14.3 Hz, 5H), 7.14 - 7.01 (m, 1H), 6.91 - 6.71 (m, 4H), 6.58 - 6.46 (m, 2H), 6.12 (s, 

1H), 5.13 (d, J = 16.7 Hz, 1H), 4.74 (d, J = 16.8 Hz, 1H), 3.76 (s, 3H); 
13

C NMR (75 MHz, CDCl3) 

δ 168.9, 158.7, 150.8, 145.1, 136.8, 132.3, 131.9, 130.7, 129.9, 128.8, 127.4, 127.2, 127.0, 126.6, 

123.2, 124.5 (q, J = 287.3 Hz), 116.5, 115.1, 114.2, 111.4, 65.6 (q, J = 28.0 Hz), 55.2, 48.8, 45.1; 

HRMS (ESI) calcd. for C28H22BrClF3N4O3 [M + H]
+
 633.0510, found: 633.0485. 

(S)-6-chloro-4-((S)-1-(4-chlorophenyl)-2-oxo-2-(1H-pyrazol-1-yl)eth

yl)-1-(4-methoxybenzyl)-4-(trifluoromethyl)-3,4-dihydroquinazolin-

2(1H)-one (3d). White solid; 29.1 mg, 49% yield; >20:1 dr, 99% ee; 

[α]D
20

 = - 20.3 (c 1.45, CH2Cl2); m.p. 124.1-124.5 °C; HPLC (AD-H, 

i-propanol/n-hexane = 40/60, flow rate = 1.0 mL/min,  = 254 nm) tR = 9.8 min (minor), 22.6 min 

(major); 
1
H NMR (300 MHz, CDCl3) δ 8.27 (d, J = 2.9 Hz, 1H), 7.78 (d, J = 0.9 Hz, 1H), 7.51 (s, 
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1H), 7.46 - 7.37 (m, 2H), 7.30 (s, 1H), 7.24 - 7.15 (m, 2H), 7.07 (dd, J = 8.9, 2.3 Hz, 1H), 6.79 (s, 

4H), 6.57 - 6.47 (m, 2H), 6.13 (s, 1H), 5.12 (d, J = 16.5 Hz, 1H), 4.75 (d, J = 16.7 Hz, 1H), 3.76 (s, 

3H); 
13

C NMR (75 MHz, CDCl3) δ 169.0, 158. 8, 150.8, 145.1, 136.9, 135.0, 132.1, 130.7, 129.4, 

128.9, 128.8, 127.5, 127.3, 127.1, 126.7, 124.6 (q, J = 287.0 Hz), 116.5, 115.3, 114.2, 111.4, 65.7 

(q, J = 27.8 Hz), 55.2, 48.8, 45.1; HRMS (ESI) calcd. for C28H22Cl2F3N4O3 [M + H]
+
 589.1016, 

found: 589.0997. 

(S)-6-chloro-4-((S)-1-(4-fluorophenyl)-2-oxo-2-(1H-pyrazol-1-yl)ethy

l)-1-(4-methoxybenzyl)-4-(trifluoromethyl)-3,4-dihydroquinazolin-2(

1H)-one (3e). White solid; 40.0 mg, 70% yield; >20:1 dr, 95% ee; [α]D
20

 

= - 17.2 (c 2.00, CH2Cl2); m.p. 96.5-96.8 °C; HPLC (OD-H, 

i-propanol/n-hexane = 10/90, flow rate = 1.0 mL/min,  = 254 nm) tR = 7.5 min (minor), 8.4 min 

(major); 
1
H NMR (300 MHz, CDCl3) δ 8.28 (d, J = 2.9 Hz, 1H), 7.78 (d, J = 0.8 Hz, 1H), 7.57 - 

7.40 (m, 3H), 7.31 (s, 1H), 7.12 - 7.01 (m, 1H), 6.96 - 6.71 (m, 6H), 6.58 - 6.47 (m, 2H), 6.14 (s, 

1H), 5.05 (d, J = 16.5 Hz, 1H), 4.79 (d, J = 16.5 Hz, 1H), 3.75 (s, 3H); 
13

C NMR (75 MHz, CDCl3) 

δ 169.2, 162.8 (d, J = 248.3 Hz), 158.7, 150.9, 145.1, 136.8, 132.5 (d, J = 8.3 Hz), 130.6, 128.8, 

127.6, 127.2, 127.1, 126.7, 126.6 (d, J = 3.8 Hz), 124.6 (q, J = 287.3 Hz), 116.4, 115.7 (d, J = 21.8 

Hz), 115.4, 114.1, 111.3, 65.7 (q, J = 27.8 Hz), 55.1, 48.6, 45.1; HRMS (ESI) calcd. for 

C28H22ClF4N4O3 [M + H]
+
 573.1311, found: 573.1290. 

(S)-6-chloro-4-((S)-1-(3-chlorophenyl)-2-oxo-2-(1H-pyrazol-1-yl)ethyl)

-1-(4-methoxybenzyl)-4-(trifluoromethyl)-3,4-dihydroquinazolin-2(1H

)-one (3f). White solid; 49.0 mg, 83% yield; >20:1 dr, 98% ee; [α]D
20

 = - 

18.8 (c 2.45, CH2Cl2); m.p. 81.1-82.3 °C; HPLC (IC, i-propanol/n-hexane 

= 30/70, flow rate = 1.0 mL/min,  = 254 nm) tR = 6.6 min (major), 7.0 min (minor); 
1
H NMR 

(300 MHz, CDCl3) δ 8.32 - 8.24 (m, 1H), 7.83 - 7.76 (m, 1H), 7.58 - 7.45 (m, 2H), 7.41 - 7.31 (m, 

2H), 7.24 - 7.01 (m, 3H), 6.90 (d, J = 8.8 Hz, 2H), 6.84 - 6.74 (m, 2H), 6.59 - 6.47 (m, 2H), 6.15 

(s, 1H), 5.07 (d, J = 16.4 Hz, 1H), 4.80 (d, J = 16.6 Hz, 1H), 3.75 (s, 3H); 
13

C NMR (75 MHz, 

CDCl3) δ 168.8, 158.7, 150.9, 145.2, 136.9, 134.5, 132.8, 130.6, 130.5, 129.7, 129.1, 128.9, 128.8, 

127.7, 127.2, 127.1, 126.8, 124.5 (q, J = 287.3 Hz), 116.3, 115.2, 114.2, 111.4, 65.5 (q, J = 28.5 
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Hz), 55.2, 48.5, 45.3; HRMS (ESI) calcd. for C28H22Cl2F3N4O3 [M + H]
+
 589.1016, found: 

589.1023. 

(S)-6-chloro-4-((S)-1-(2-chlorophenyl)-2-oxo-2-(1H-pyrazol-1-yl)ethyl)-

1-(4-methoxybenzyl)-4-(trifluoromethyl)-3,4-dihydroquinazolin-2(1H)-

one (3g). White solid; 23.0 mg, 39% yield; >20:1 dr, 95% ee; [α]D
20

 = 27.9 

(c 1.15, CH2Cl2); m.p. 83.4-83.8 °C; HPLC (AD-H, i-propanol/n-hexane = 

30/70, flow rate = 1.0 mL/min,  = 254 nm) tR = 14.2 min (minor), 21.0 min (major); 
1
H NMR 

(300 MHz, CDCl3) δ 8.26 (d, J = 2.9 Hz, 1H), 8.16 - 8.06 (m, 1H), 7.87 - 7.81 (m, 1H), 7.76 (s, 

1H), 7.26 - 7.13 (m, 4H), 7.07 - 7.01 (m, 1H), 6.92 - 6.86 (m, 3H), 6.81 - 6.71 (m, 2H), 6.54 - 6.45 

(m, 2H), 4.95 (d, J = 16.6 Hz, 1H), 4.86 (d, J = 16.4 Hz, 1H), 3.75 (s, 3H); 
13

C NMR (100 MHz, 

CDCl3) δ 169.2, 158.7, 151.1, 145.2, 136.3, 135.7, 131.1, 130.7, 130.3, 130.0, 129.2, 128.8, 127.8, 

127.4 (q, J = 286.7 Hz), 127.28, 127.26, 127.1, 115.8, 114.7, 114.4, 114.2, 111.5, 66.3 (q, J = 27.3 

Hz), 55.3, 45.3, 44.3; HRMS (ESI) calcd. for C28H22Cl2F3N4O3 [M + H]
+
 589.1016, found: 

589.1001. 

(S)-6-chloro-1-(4-methoxybenzyl)-4-((S)-2-oxo-2-(1H-pyrazol-1-yl

)-1-(p-tolyl)ethyl)-4-(trifluoromethyl)-3,4-dihydroquinazolin-2(1

H)-one (3h). White solid; 54.4 mg, 96% yield; >20:1 dr, 99% ee; 

[α]D
20

 = - 11.3 (c 2.72, CH2Cl2); m.p. 99.8-100.1 °C; HPLC (AD-H, 

i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min,  = 254 nm) tR = 18.9 min (minor), 23.8 

min (major); 
1
H NMR (300 MHz, CDCl3) δ 8.30 - 8.21 (m, 1H), 7.80 - 7.72 (m, 1H), 7.52 (s, 1H), 

7.46 - 7.28 (m, 3H), 7.09 - 6.93 (m, 3H), 6.91 - 6.68 (m, 4H), 6.54 - 6.42 (m, 2H), 6.11 (s, 1H), 

5.04 (d, J = 16.4 Hz, 1H), 4.80 (d, J = 16.5 Hz, 1H), 3.75 (s, 3H), 2.24 (s, 3H); 
13

C NMR (75 MHz, 

CDCl3) δ 169.4, 158.6, 151.0, 144.9, 138.5, 136.8, 130.6, 130.3, 129.4, 128.7, 127.74, 127.71, 

127.1, 127.0, 126.9, 124.7 (q, J = 287.3 Hz), 116.2, 115.6, 114.0, 111.1, 65.6 (q, J = 27.8 Hz), 

55.1, 48.7, 45.1, 21.1; HRMS (ESI) calcd. for C29H25ClF3N4O3 [M + H]
+
 569.1562, found: 

569.1545. 
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(S)-6-chloro-1-(4-methoxybenzyl)-4-((S)-1-(3-methoxyphenyl)-2-oxo

-2-(1H-pyrazol-1-yl)ethyl)-4-(trifluoromethyl)-3,4-dihydroquinazoli

n-2(1H)-one (3i). White solid; 46.5 mg, 79% yield; >20:1 dr, 98% ee; 

[α]D
20

 = - 15.1 (c 2.32, CH2Cl2); m.p. 101.2-101.9 °C; HPLC (AD-H, 

i-propanol/n-hexane = 40/60, flow rate = 1.0 mL/min,  = 254 nm) tR = 7.7 min (minor), 10.9 min 

(major); 
1
H NMR (300 MHz, DMSO-d6) δ 8.57 (d, J = 2.6 Hz, 1H), 8.00 (d, J = 1.1 Hz, 1H), 7.81 

(s, 1H), 7.60 (s, 1H), 7.27 - 7.13 (m, 2H), 6.97 (d, J = 7.3 Hz, 2H), 6.88 (d, J = 8.7 Hz, 2H), 6.85 - 

6.80 (m, 1H), 6.80 - 6.74 (m, 2H), 6.73 - 6.67 (m, 2H), 6.14 (s, 1H), 5.01 (d, J = 17.1 Hz, 1H), 

4.83 (d, J = 16.3 Hz, 1H), 3.66 (s, 3H), 3.61 (s, 3H); 
13

C NMR (75 MHz, DMSO-d6) δ 168.9, 

159.0, 158.2, 150.2, 146.0, 136.7, 132.2, 130.6, 129.8, 129.7, 127.9, 127.2, 125.8, 124.6 (q, J = 

287.3 Hz), 122.5, 116.6, 116.0, 114.7, 114.5, 114.1, 113.9, 112.0, 65.1 (q, J = 27.0 Hz), 55.03, 

54.99, 49.2, 44.0; HRMS (ESI) calcd. for C29H25ClF3N4O4 [M + H]
+
 585.1511, found: 585.1494. 

(S)-4-((S)-1-(benzo[d][1,3]dioxol-5-yl)-2-oxo-2-(1H-pyrazol-1-yl)ethy

l)-6-chloro-1-(4-methoxybenzyl)-4-(trifluoromethyl)-3,4-dihydroqui

nazolin-2(1H)-one (3j). White solid; 59.0 mg, 99% yield; >20:1 dr, 98% 

ee; [α]D
20

 = - 7.0 (c 2.95, CH2Cl2); m.p. 97.1-97.8 °C; HPLC (AD-H, 

i-propanol/n-hexane = 40/60, flow rate = 1.0 mL/min,  = 254 nm) tR = 10.8 min (minor), 19.8 

min (major); 
1
H NMR (300 MHz, DMSO-d6) δ 8.55 (d, J = 2.7 Hz, 1H), 8.00 (d, J = 1.0 Hz, 1H), 

7.77 (s, 1H), 7.59 (s, 1H), 7.32 - 7.21 (m, 1H), 7.01 - 6.64 (m, 9H), 6.09 (s, 1H), 5.93 (s, 2H), 5.05 

(d, J = 16.4 Hz, 1H), 4.86 (d, J = 16.6 Hz, 1H), 3.66 (s, 3H); 
13

C NMR (75 MHz, DMSO-d6) δ 

169.0, 158.3, 150.3, 147.7, 147.4, 146.0, 136.8, 130.6, 129.8, 128.0, 127.4, 127.2, 126.0, 124.4, 

124.2, 124.7 (q, J = 287.3 Hz), 116.7, 114.8, 113.9, 112.0, 110.3, 108.4, 101.5, 65.1 (q, J = 27.0 

Hz), 55.0, 48.7, 43.9; HRMS (ESI) calcd. for C29H23ClF3N4O5 [M + H]
+
 599.1304, found: 

599.1283. 

(S)-4-((S)-1-([1,1'-biphenyl]-4-yl)-2-oxo-2-(1H-pyrazol-1-yl)ethyl)-

6-chloro-1-(4-methoxybenzyl)-4-(trifluoromethyl)-3,4-dihydroqui

nazolin-2(1H)-one (3k). White solid; 63.0 mg, 99% yield; >20:1 dr, 

99% ee; [α]D
20

 = - 37.1 (c 3.15, CH2Cl2); m.p. 168.6-169.2 °C; HPLC 

(AD-H, i-propanol/n-hexane = 40/60, flow rate = 1.0 mL/min,  = 254 nm) tR = 12.1 min (minor), 
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14.2 min (major); 
1
H NMR (300 MHz, CDCl3) δ 8.31 (d, J = 2.9 Hz, 1H), 7.80 (d, J = 0.7 Hz, 1H), 

7.67 - 7.45 (m, 7H), 7.46 - 7.27 (m, 4H), 7.06 (dd, J = 8.9, 2.2 Hz, 1H), 6.76 (d, J = 8.6 Hz, 2H), 

6.68 - 6.36 (m, 4H), 6.20 (s, 1H), 5.09 (d, J = 16.7 Hz, 1H), 4.75 (d, J = 16.6 Hz, 1H), 3.49 (s, 3H); 

13
C NMR (75 MHz, CDCl3) δ 169.2, 158.5, 150.9, 145.0, 141.0, 139.5, 136.9, 131.2, 130.5, 124.6 

(q, J = 287.0 Hz), 129.7, 128.9, 128.8, 127.7, 127.5, 127.2, 127.0, 126.9, 126.8, 116.4, 115.5, 

114.1, 111.2, 65.8 (q, J = 28.0 Hz), 54.9, 49.2, 45.1; HRMS (ESI) calcd. for C34H27ClF3N4O3 [M 

+ H]
+
 631.1718, found: 631.1705. 

(S)-6-chloro-1-(4-methoxybenzyl)-4-((S)-1-(naphthalen-2-yl)-2-oxo-

2-(1H-pyrazol-1-yl)ethyl)-4-(trifluoromethyl)-3,4-dihydroquinazoli

n-2(1H)-one (3l). White solid; 56.4 mg, 93% yield; >20:1 dr, 99% ee; 

[α]D
20

 = - 66.2 (c 2.82, CH2Cl2); m.p. 101.3-101.5 °C; HPLC (AD-H, 

i-propanol/n-hexane = 40/60, flow rate = 1.0 mL/min,  = 254 nm) tR = 11.0 min (minor), 19.7 

min (major); 
1
H NMR (300 MHz, CDCl3) δ 8.29 (d, J = 2.5 Hz, 1H), 8.11 (s, 1H), 7.90 - 7.62 (m, 

5H), 7.58 - 7.40 (m, 4H), 7.03 - 6.93 (m, 1H), 6.60 - 6.45 (m, 3H), 6.42 - 6.26 (m, 4H), 5.09 (d, J 

= 16.2 Hz, 1H), 4.57 (d, J = 16.9 Hz, 1H), 3.64 (s, 3H); 
13

C NMR (75 MHz, CDCl3) δ 169.2, 

158.4, 150.9, 145.0, 136.7, 133.0, 132.8, 130.4, 130.2, 128.8, 128.4, 128.3, 128.2, 127.4, 127.3, 

127.1, 126.81, 126.79, 126.76, 126.65, 126.5, 124.7 (q, J = 287.3 Hz), 116.3, 115.4, 113.9, 111.2, 

65.9 (q, J = 27.8 Hz), 55.1, 49.5, 44.9; HRMS (ESI) calcd. for C32H25ClF3N4O3 [M + H]
+
 

605.1562, found: 605.1555. 

(S)-6-chloro-1-(4-methoxybenzyl)-4-((S)-2-oxo-2-(1H-pyrazol-1-yl)-1-(th

iophen-2-yl)ethyl)-4-(trifluoromethyl)-3,4-dihydroquinazolin-2(1H)-one 

(3m). White solid; 53.6 mg, 96% yield; >20:1 dr, 94% ee; [α]D
20

 = 52.8 (c 

2.68, CH2Cl2); m.p. 98.1-98.3 °C; HPLC (AD-H, i-propanol/n-hexane = 

40/60, flow rate = 1.0 mL/min,  = 254 nm) tR = 9.1 min (minor), 12.6 min (major); 
1
H NMR (300 

MHz, CDCl3) δ 8.28 (d, J = 2.9 Hz, 1H), 7.83 (s, 1H), 7.48 (s, 1H), 7.39 (s, 1H), 7.21 - 7.12 (m, 

2H), 7.11 - 7.04 (m, 1H), 6.98 (d, J = 8.6 Hz, 2H), 6.88 - 6.75 (m, 3H), 6.67 - 6.49 (m, 3H), 5.11 

(d, J = 16.2 Hz, 1H), 4.93 (d, J = 16.7 Hz, 1H), 3.75 (s, 3H); 
13

C NMR (75 MHz, CDCl3) δ 168.6, 

158.7, 151.0, 145.1, 137.2, 131.9, 130.6, 130.3, 129.0, 127.8, 127.7, 127.3, 127.2, 126.8, 126.6, 
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124.6 (q, J = 287.3 Hz), 116.3, 115.4, 114.1, 111.6, 65.4 (q, J = 27.8 Hz), 55.2, 45.2, 44.6; HRMS 

(ESI) calcd. for C26H21ClSF3N4O3 [M + H]
+
 561.0969, found: 561.0975. 

(S)-6-chloro-4-((S)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-2-oxo-1-phenylethyl)

-1-(4-methoxybenzyl)-4-(trifluoromethyl)-3,4-dihydroquinazolin-2(1H)-on

e (3n). White solid; 10.1 mg, 17% yield; >20:1 dr, 85% ee; [α]D
20

 = 14.5 (c 0.5, 

CH2Cl2); m.p. 187.8-188.0 °C; HPLC (AD-H, i-propanol/n-hexane = 30/70, 

flow rate = 1.0 mL/min,  = 254 nm) tR = 5.7 min (minor), 8.6 min (major); 
1
H NMR (300 MHz, 

CDCl3) δ 7.59 (s, 1H), 7.53 - 7.43 (m, 3H), 7.25 - 7.16 (m, 3H), 7.07 - 6.96 (m, 1H), 6.89 - 6.70 

(m, 4H), 6.47 (d, J = 9.0 Hz, 1H), 6.21 (s, 1H), 5.98 (s, 1H), 4.98 (d, J = 16.6 Hz, 1H), 4.83 (d, J = 

16.6 Hz, 1H), 3.75 (s, 3H), 2.52 (s, 3H), 2.27 (s, 3H); 
13

C NMR (75 MHz, CDCl3) δ 171.0, 158.7, 

153.0, 151.1, 144.6, 137.0, 131.8, 130.9, 130.2, 128.5, 128.2, 127.9, 127.14, 127.09, 126.9, 124.8 

(q, J = 287.3 Hz), 116.1, 116.0, 114.1, 112.7, 65.7 (q, J = 27.8 Hz), 55.2, 49.4, 45.2, 14.6, 13.9; 

HRMS (ESI) calcd. for C30H27ClF3N4O3 [M + H]
+
 583.1718, found: 583.1717. 

(S)-1-(4-methoxybenzyl)-6-methyl-4-((S)-2-oxo-1-phenyl-2-(1H-pyrazol-1-

yl)ethyl)-4-(trifluoromethyl)-3,4-dihydroquinazolin-2(1H)-one (3o). White 

solid; 20.1 mg, 38% yield; >20:1 dr, 99% ee; [α]D
20

 = 1.9 (c 1.0, CH2Cl2); m.p. 

189.0-190.2 °C; HPLC (AD-H, i-propanol/n-hexane = 30/70, flow rate = 1.0 

mL/min,  = 254 nm) tR = 9.7 min (minor), 17.0 min (major); 
1
H NMR (300 MHz, CDCl3) δ 8.33 

- 8.18 (m, 1H), 7.93 - 7.64 (m, 1H), 7.50 - 7.40 (m, 2H), 7.35 - 7.28 (m, 2H), 7.22 - 7.12 (m, 3H), 

6.92 - 6.78 (m, 3H), 6.78 - 6.68 (m, 2H), 6.53 - 6.39 (m, 2H), 6.18 (s, 1H), 4.97 (d, J = 16.4 Hz, 

1H), 4.81 (d, J = 16.5 Hz, 1H) 3.75 (s, 3H), 2.30 (s, 3H); 
13

C NMR (75 MHz, CDCl3) δ 169.6, 

158.5, 151.5, 144.8, 135.8, 131.3, 131.2, 131.0, 130.8, 128.8, 128.5, 128.4, 128.3, 127.3, 127.2, 

125.0 (q, J = 287.3 Hz), 114.8, 114.0, 113.9, 111.0, 66.0 (q, J = 27.8 Hz), 55.2, 49.5, 45.0, 20.6; 

HRMS (ESI) calcd. for C29H26ClF3N4O3 [M + H]
+
 535.1952, found: 535.1962. 

(S)-1,6-bis(4-methoxybenzyl)-4-((S)-2-oxo-1-phenyl-2-(1H-pyrazol-1-yl)et

hyl)-4-(trifluoromethyl)-3,4-dihydroquinazolin-2(1H)-one (3p). White 

solid; 42.0 mg, 51% yield; >20:1 dr, 98% ee; [α]D
20

 =  1.0 (c 2.1, CH2Cl2); 

m.p. 99.5-101.0 °C; HPLC (AD-H, i-propanol/n-hexane = 30/70, flow rate = 
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1.0 mL/min,  = 254 nm) tR = 10.6 min (minor), 20.1 min (major); 
1
H NMR (300 MHz, CDCl3) δ 

8.27 (d, J = 2.9 Hz, 1H), 7.80 - 7.73 (m, 1H), 7.42 - 7.29 (m, 4H), 7.24 - 7.05 (m, 3H), 7.05 - 6.96 

(m, 2H), 6.93 - 6.81 (m, 5H), 6.80 - 6.70 (m, 2H), 6.54 - 6.44 (m, 2H), 6.17 (s, 1H), 4.99 (d, J = 

17.0 Hz, 1H), 4.86 (d, J = 16.4 Hz, 1H), 3.86 (s, 2H), 3.80 (s, 3H), 3.75 (s, 3H); 
13

C NMR (75 

MHz, CDCl3) δ 169.6, 158.5, 158.1, 151.4, 144.8, 136.3, 134.9, 132.7, 131.2, 130.83, 130.81, 

129.6, 128.7, 128.4, 128.3, 127.49, 127.47, 127.2, 125.0 (q, J = 287.3 Hz), 115.0, 114.0, 113.9, 

113.8, 111.0, 65.8 (q, J = 27.8 Hz), 55.3, 55.2, 48.8, 45.0, 40.0; HRMS (ESI) calcd. for 

C36H32ClF3N4O4 [M + H]
+
 641.2370, found: 641.2398. 

(S)-6-methoxy-1-(4-methoxybenzyl)-4-((S)-2-oxo-1-phenyl-2-(1H-pyrazol

-1-yl)ethyl)-4-(trifluoromethyl)-3,4-dihydroquinazolin-2(1H)-one (3q). 

White solid; 32.5 mg, 59% yield; >20:1 dr, 97% ee; [α]D
20

 = - 2.9 (c 1.63, 

CH2Cl2); m.p. 96.1-97.0 °C; HPLC (AD-H, i-propanol/n-hexane = 30/70, 

flow rate = 1.0 mL/min,  = 254 nm) tR = 10.7 min (minor), 13.7 min (major); 
1
H NMR (300 MHz, 

CDCl3) δ 8.27 (d, J = 2.9 Hz, 1H), 7.78 - 7.71 (m, 1H), 7.52 - 7.47 (m, 2H), 7.33 - 7.29 (m, 1H), 

7.22 - 7.11 (m, 4H), 6.84 (d, J = 8.7 Hz, 2H), 6.79 - 6.69 (m, 2H), 6.69 - 6.58 (m, 1H), 6.52 - 6.43 

(m, 2H), 6.19 (s, 1H), 4.95 (d, J = 16.4 Hz, 1H), 4.81 (d, J = 16.8 Hz, 1H), 3.76 (s, 3H), 3.75 (s, 

3H); 
13

C NMR (75 MHz, CDCl3) δ 169.4, 158.5, 154.3, 151.4, 144.7, 131.8, 131.2, 130.8, 129.3, 

128.7, 128.5, 128.4, 127.2, 124.9 (q, J = 287.3 Hz), 115.8, 115.2, 114.0, 113.41, 113.39, 111.0, 

65.9 (q, J = 27.5 Hz), 55.7, 55.2, 49.4, 45.1; HRMS (ESI) calcd. for C29H26ClF3N4O4 [M + H]
+
 

551.1901, found: 551.1902. 

3. Synthesis of compounds 4-8 

To compound 3a (100.0 mg, 0.18 mmol) in a mixture of 1.8 mL acetonitrile and 0.2 mL H2O 

was added ammonium cerium(IV) nitrate (200.0 mg, 0.36 mmol) at 0 °C. After the reaction was 

stirred for 1 h at 0 C, the resulting mixture was warmed to 25 °C and stirred for 12 h. The 

resulting mixture was then poured into aq HCl (1 N), and extracted with DCM three times. The 

combined organic layers were dried over with Na2SO4. After evaporation of solvent, product 4 

was purified by flash chromatography on silica gel (petroleum ether/ethyl acetate = 5:1). 
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(S)-6-chloro-4-((S)-2-oxo-1-phenyl-2-(1H-pyrazol-1-yl)ethyl)-4-(trifluorom

ethyl)-3,4-dihydroquinazolin-2(1H)-one (4). White solid; 39.0 mg, 50% 

yield; >20:1 dr, 99% ee; [α]D
20

 = 16.7 (c 1.95, CH2Cl2); m.p. 133.3-133.5 °C; 

HPLC (AD-H, i-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min,  = 254 

nm) tR = 5.9 min (minor), 6.5 min (major); 
1
H NMR (300 MHz, CDCl3) δ 9.52 (s, 1H), 8.25 (d, J 

= 2.9 Hz, 1H), 7.81 - 7.74 (m, 1H), 7.51 - 7.40 (m, 3H), 7.33 - 7.28 (m, 1H), 7.21 - 7.10 (m, 4H), 

6.61 (d, J = 8.6 Hz, 1H), 6.52 - 6.44 (m, 1H), 6.15 (s, 1H); 
13

C NMR (75 MHz, CDCl3) δ 169.4, 

152.2, 145.0, 135.7, 130.8, 130.6, 128.8, 128.68, 128.66, 127.2, 126.84, 126.82, 124.7 (q, J = 

286.9 Hz), 116.7, 113.6, 111.2, 66.6 (q, J = 27.8 Hz), 48.7; HRMS (ESI) calcd. for 

C20H14ClF3N4NaO2 [M + Na]
+
 457.0650, found: 457.0643. 

Compound 3a (277.4 mg, 0.5 mmol) and DBU (30.6 mg, 0.12 mmol) in 3 mL methanol was 

stirred for 12 h at room temperature. The resulting mixture was concentrated and the residue was 

purified by flash chromatography on silica gel (petroleum ether/ethyl acetate = 5:1) to give 

product 5. 

methyl(S)-2-((S)-6-chloro-1-(4-methoxybenzyl)-2-oxo-4-(trifluoromethyl)-1

,2,3,4-tetrahydroquinazolin-4-yl)-2-phenylacetate (5). White solid; 208.2 mg, 

80% yield; >20:1 dr, 99% ee; [α]D
20

 = - 10.5 (c 1.00, CH2Cl2); m.p. 

110.5-111.0 °C; HPLC (AD-H, i-propanol/n-hexane = 30/70, flow rate = 1.0 

mL/min,  = 254 nm) tR = 9.5 min (minor), 17.3 min (major); 
1
H NMR (300 MHz, CDCl3) δ 7.44 

- 7.32 (m, 3H), 7.27 (s, 1H), 7.25 - 7.15 (m, 3H), 7.03 - 6.93 (m, 1H), 6.76 (q, J = 8.8 Hz, 4H), 

6.45 (d, J = 9.0 Hz, 1H), 4.99 (d, J = 16.4 Hz, 1H), 4.77 (d, J = 16.5 Hz, 1H), 4.42 (s, 1H), 3.72 (s, 

3H), 3.72 (s, 3H); 
13

C NMR (75 MHz, CDCl3) δ 170.9, 158.5, 150.7, 136.6, 131.1, 130.1, 130.0, 

128.4, 128.3, 127.5, 126.9, 126.8, 126.5, 124.4 (q, J = 287.3 Hz), 116.1, 115.2, 113.9, 64.9 (q, J = 

27.8 Hz), 54.9, 52.8, 52.6, 44.9; HRMS (ESI) calcd. for C26H23ClF3N2O4 [M + H]
+
 519.1293, 

found: 519.1290. 

To compound 3a (55.4 mg, 0.1 mmol) and benzylamine (21.4 mg, 0.2mmol) in 0.5 mL 

tetrahydrofuran was added DBU (5.4 mg), and then stirred for 12 h at room temperature. The 

resulting mixture was concentrated and the residue was purified by flash chromatography on silica 
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gel (petroleum ether/ethyl acetate = 5:1) to give product 6. 

(S)-N-benzyl-2-((S)-6-chloro-1-(4-methoxybenzyl)-2-oxo-4-(trifluorometh

yl)-1,2,3,4-tetrahydroquinazolin-4-yl)-2-phenylacetamide (6). White solid; 

30.0 mg, 51% yield; >20:1 dr, 99% ee; [α]D
20

 = - 39.6 (c 1.50, CH2Cl2); m.p. 

101.2-101.9 °C; HPLC (AD-H, i-propanol/n-hexane = 30/70, flow rate = 1.0 

mL/min,  = 254 nm) tR = 8.2 min (minor), 16.4 min (major); 
1
H NMR (300 MHz, CDCl3) δ 8.08 

(s, 1H), 7.43 - 7.37 (m, 2H), 7.36 - 7.26 (m, 4H), 7.25 - 7.20 (m, 2H), 7.20 - 7.15 (m, 3H), 7.01 - 

6.95 (m, 1H), 6.79 - 6.69 (m, 4H), 6.48 (t, 1H), 6.42 (d, J = 9.0 Hz, 1H), 4.95 (d, J = 16.7 Hz, 1H), 

4.71 (d, J = 16.5 Hz, 1H), 4.58 (dd, J = 14.8, 6.1 Hz, 1H), 4.27 (dd, J = 14.8, 5.0 Hz, 1H), 4.08 (s, 

1H), 3.74 (s, 3H); 
13

C NMR (75 MHz, CDCl3) δ 169.8, 158.6, 151.1, 137.3, 136.9, 132.6, 130.1, 

128.7, 128.5, 128.2, 127.9, 127.7, 127.6, 127.1, 126.8, 126.5, 124.8 (q, J = 287.3 Hz), 116.2, 114.1, 

65.7 (q, J = 27.8 Hz), 55.2, 53.6, 45.0, 43.8; HRMS (ESI) calcd. for C32H27ClF3N3NaO3 [M + 

Na]
+
 616.1585, found: 616.1595. 

In an ordinary vial equipped with a magnetic stirring bar were added 3a (100.0 mg, 0.18 mmol, 

1 equiv),THF (1.6 mL) and deionized H2O (0.4 mL). The vial was cooled to 0 ºC via an icewater 

bath and stirred for five minutes. After this time, NaBH4 (54.5 mg, 1.44 mmol, 8 equiv) was added 

slowly portion-wise over few minutes. The reaction was then allowed to stir for 12 h at room 

temperature. After this time, the reaction was cooled to 0 ºC via an ice-water bath and quenched 

with aqueous 1 M HCl carefully, transferred to a separatory funnel, and the organic layers were 

separated. The aqueous phase was extracted with DCM three times, and the combined organic 

phase was washed with brine and dried over with Na2SO4. The resulting mixture was concentrated 

and the residue was purified by flash chromatography on silica gel (petroleum ether/ethyl acetate 

= 5:1) to give the product 7. 

(S)-6-chloro-4-((S)-2-hydroxy-1-phenylethyl)-1-(4-methoxybenzyl)-4-(trif

luoromethyl)-3,4-dihydroquinazolin-2(1H)-one (7). White solid; 79.7 mg, 

90% yield; >20:1 dr, 99% ee; [α]D
20

 = - 13.6 (c 3.99, CH2Cl2); m.p. 

202.0-202.5 °C; HPLC (AD-H, i-propanol/n-hexane = 30/70, flow rate = 1.0 

mL/min,  = 254 nm) tR = 6.9 min (minor), 8.0 min (major); 
1
H NMR (300 MHz, DMSO-d6) δ 



S11 

8.13 (s, 1H), 7.64 (s, 1H), 7.28 - 7.09 (m, 6H), 6.81 - 6.67 (m, 4H), 6.52 (d, J = 9.0 Hz, 1H), 5.18 

(d, J = 4.1 Hz, 1H), 4.96 (d, J = 16.4 Hz, 1H), 4.67 (d, J = 16.7 Hz, 1H), 4.36 - 4.18 (m, 1H), 3.98 

(d, J = 10.9 Hz, 1H), 3.87 - 3.78 (m, 1H), 3.69 (s, 3H); 
13

C NMR (75 MHz, DMSO-d6) δ 158.0, 

150.6, 138.1, 136.3, 130.3, 129.5, 128.1, 127.5, 127.0, 126.7, 126.6, 125.4, 125.3 (q, J = 287.3 

Hz), 118.0, 116.0, 113.8, 65.5 (q, J = 26.5 Hz), 61.1, 54.9, 51.2, 43.6; HRMS (ESI) calcd. for 

C25H23ClF3N2O3 [M + H]
+
 491.1344, found: 491.1363. 

To a suspension of powdered KOH (36.4 mg, 0.65 mmol) in dry THF (2 mL), TsCl (61.8 mg, 

0.33 mmol) was added. To this mixture compound 7 (79.7 mg, 0.16 mmol) was added. The 

mixture was refluxed for 7 h. Cold water was added to the mixture and it was extracted with DCM 

three times. The extract was washed with water and brine, dried over with anhydrous Na2SO4 and 

concentrated under reduced pressure. The crude product was subjected to column chromatography 

on silica gel (petroleum ether/ethyl acetate = 5:1) to obtain 8. 

(1S,9bS)-8-chloro-5-(4-methoxybenzyl)-1-phenyl-9b-(trifluoromethyl)-1,2,

5,9b-tetrahydro-4H-azeto[1,2-c]quinazolin-4-one (8). White solid; 55.4 mg, 

72% yield; >20:1 dr, 98% ee; [α]D
20

 = 54.6 (c 2.77, CH2Cl2); m.p. 80.0-81.0 °C; 

HPLC (AD-H, i-propanol/n-hexane = 30/70, flow rate = 0.8 mL/min,  = 254 

nm) tR = 8.6 min (minor), 10.6 min (major); 
1
H NMR (300 MHz, CDCl3) δ 7.32 - 7.24 (m, 3H), 

7.21 - 7.06 (m, 4H), 7.02 - 6.92 (m, 1H), 6.91 - 6.79 (m, 2H), 6.64 (d, J = 8.9 Hz, 1H), 6.17 - 6.10 

(m, 1H), 5.39 (d, J = 16.5 Hz, 1H), 4.85 - 4.66 (m, 2H), 4.45 - 4.32 (m, 2H), 3.77 (s, 3H); 
13

C 

NMR (75 MHz, CDCl3) δ 158.8, 154.6, 138.8, 134.9, 129.7, 128.8, 128.5, 128.3, 128.1, 127.6, 

127.0, 125.1 (q, J = 283.5 Hz), 116.1, 115.8, 114.2, 72.9 (q, J = 30.5 Hz), 56.7, 55.2, 46.7, 45.6; 

HRMS (ESI) calcd. for C25H21ClF3N2O2 [M + H]
+
 473.1238, found: 473.1236. 

4. X-ray crystallography of compound 3a  
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Identification code 

 

3a (CCDC 1538899) 

Empirical formula C28H22ClF3N4O3 

Formula weight 554.94 

Temperature/K 290(2) 

Crystal system orthorhombic 

Space group P212121 

a/Å 10.3289(3) 

b/Å 13.7520(4) 

c/Å 18.4669(7) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å
3
 2623.09(15) 

Z 4 

ρcalcg/cm
3
 1.405 

μ/mm
-1

 0.205 

F(000) 1144.0 

Crystal size/mm
3
 0.220 × 0.200 × 0.150 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 6.618 to 59.098 

Index ranges -13 ≤ h ≤ 14, -17 ≤ k ≤ 17, -24 ≤ l ≤ 19 

Reflections collected 23974 

Independent reflections 6528 [Rint = 0.0282, Rsigma = 0.0277] 

Data/restraints/parameters 6528/0/357 

Goodness-of-fit on F
2
 1.033 

Final R indexes [I>=2σ (I)] R1 = 0.0431, wR2 = 0.0942 

Final R indexes [all data] R1 = 0.0640, wR2 = 0.1040 

Largest diff. peak/hole / e Å
-3

 0.14/-0.21 

Flack parameter 0.003(22) 
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5. 1
H, 

13
C NMR, and HPLC spectra for compounds 3a-q, and compounds 4-8 

1
H and 

13
C NMR of 3a 
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HPLC of 3a 
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HPLC of 3b 
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HPLC of 3c 
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HPLC of 3d 
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1
H and 
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C NMR of 3e 
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HPLC of 3e 

 

 

  



S23 

1
H and 

13
C NMR of 3f 
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HPLC of 3f 
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1
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HPLC of 3g 
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1
H and 
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C NMR of 3h 
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HPLC of 3h 
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1
H and 
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C NMR of 3i 
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HPLC of 3i 
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1
H and 
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C NMR of 3j 

 

 

  



S32 

HPLC of 3j 

 

 

  



S33 

1
H and 
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C NMR of 3k 

 

 

  



S34 

HPLC of 3k  
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1
H and 

13
C NMR of 3l 
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HPLC of 3l 
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1
H and 

13
C NMR of 3m 
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HPLC of 3m 
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1
H and 
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C NMR of 3n 
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HPLC of 3n 
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1
H and 

13
C NMR of 3o 
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HPLC of 3o 
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1
H and 

13
C NMR of 3p 
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HPLC of 3p 
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1
H and 

13
C NMR of 3q 

 

 

  



S46 

HPLC of 3q  
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1
H and 

13
C NMR of 4 
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HPLC of 4  
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1
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C NMR of 5 
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HPLC of 5 
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1
H and 

13
C NMR of 6 
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HPLC of 6 
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1
H and 

13
C NMR of 7 
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HPLC of 7 
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1
H and 

13
C NMR of 8 
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HPLC of 8 

 

 

 


