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General Information 

Unless otherwise noted, all reagents were obtained commercially and used without 

further purification. Unless otherwise specified, all other reagents were purchased 

from Acros, Aldrich, Fisher, Adamas-beta Co. Ltd. or TCI and used without further 

purification. 1H, 13C were recorded at 400 or 500 MHz (1H NMR), 100 or 125 MHz 

(13C NMR). Chemical shifts were reported in ppm from the solvent resonance as the 

internal standard (d6–DMSO: δH=2.50 ppm, δC=39.52 ppm; CDCl3, δH=7.26 ppm, 

δC=77.00 ppm). Chemical shifts were reported in parts per million (ppm, δ) 

downfield from tetramethylsilane (δ=0.00ppm). Proton coupling patterns are  

described as singlet (s), doublet (d), triplet (t), quartet (q), multiplet (m), and broad 

(br).  

 

Materials: Toluene and CH2Cl2 were distilled from CaH2. All purchased reagents 

were used without further purification. Analytical thin layer chromatography was 

performed on 0.20 mm Qingdao Haiyang silica gel plates. Silica gel (200–300 mesh) 

(from Qingdao Haiyang Chem. Company, Ltd.) was used for flash chromatography. 

Standard reagents and solvents were purified according to known procedures. 

Catalysts I-V were prepared from quinine1 Catalyst VI was synthetized according to 

literatures.2 The ketimines were synthesized according to literatures.1,3, 4  
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General Procedure for Synthesis of Compounds 3 

 

 

The mixture of cyclic ketimine 1a (0.054 mmol, 20.0 mg), bifunctional catalyst IV 

(3.2 mg, 10 mol%) and alcohol 2a (0.272 mmol, 15.9 uL) in toluene (0.5 mL) was 

added into a 10 mL schlenk flask equipped with a stirring bar under Ar atmosphere. 

The reaction was then stirred at rt. After completion of the reaction (monitored by 

TLC), the residue was purified by column chromatography on silica gel (eluting with 

petroleum ether/ethyl acetate) to give the product 3a in 90% yield.  

 

 
(R)-6-chloro-4-ethoxy-1-(4-methoxybenzyl)-4-(trifluoromethyl)-3,4-dihydroquina

zolin-2(1H)-one (3a). The title compound was prepared according to the general 

procedure (reaction time: 1 h) and purified by column chromatography on silica gel 

(petroleum ether/ethyl acetate = 5:1) to afford 54.7 mg (90%). [α]D
25 = –26.4º (c 0.5, 

CH2Cl2);
 1H NMR (500 MHz, CDCl3) δ 7.51 (s, 1H), 7.34 – 7.23 (m, 1H), 7.15 (d, J = 

8.4 Hz, 2H), 6.95 – 6.78 (m, 3H), 6.36 (br, 1H), 5.27 (d, J = 16.2 Hz, 1H), 5.02 (d, J 

= 16.3 Hz, 1H), 3.79 (s, 3H), 3.66 (dq, J = 14.2, 7.0 Hz, 1H), 3.31 (dq, J = 14.1, 7.0 

Hz, 1H), 1.27 (t, J = 7.5 Hz, 3H). 13C NMR (125 MHz, CDCl3) δ 158.96, 151.90, 

137.25, 131.63, 128.13, 127.78, 127.53, 127.23, 116.19, 115.53, 114.37, 85.35(q, J = 

32.1 Hz), 59.14, 55.27, 45.42, 14.98. HRMS (ESI) m/z calcd for C19H19ClF3N2O3 

(M+1)+ 415.1036, found 415.1023. (Chiralpak AS-3R, CH3CN/H2O = 80/20, flow 

rate = 0.8 mL/min, λ = 254 nm): tminor = 4.273 min, tmajor = 3.301 min, ee = 94%. 

 

 

(R)-4-ethoxy-1-(4-methoxybenzyl)-4,6-bis(trifluoromethyl)-3,4-dihydroquinazoli

n-2(1H)-one (3b). The title compound was prepared according to the general 

procedure (reaction time: 3 h) and purified by column chromatography on silica gel 

(petroleum ether/ethyl acetate = 5:1) to afford 26.3 mg (91%). [α]D
25 = –10.6º (c 0.5, 

CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 7.79 (s, 1H), 7.58 (d, J = 8.7 Hz, 1H), 7.17 (d, 

J = 8.6 Hz, 2H), 7.04 (d, J = 8.8 Hz, 1H), 6.88 (d, J = 8.7 Hz, 2H), 6.44 (s, 1H), 5.32 
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(d, J = 16.2 Hz, 1H), 5.08 (d, J = 16.4 Hz, 1H), 3.79 (s, 3H), 3.67 (dq, J = 14.1, 7.0 

Hz, 1H), 3.29 (dq, J = 14.1, 7.0 Hz, 1H), 1.27 (t, J = 7.0 Hz, 3H). 13C NMR (126 

MHz, CDCl3) δ 159.05, 151.83, 141.38, 128.68, 128.65, 127.56, 127.46, 124.88, 

123.11 (q, J = 139.2 Hz), 115.08, 114.44, 85.43 (q, J = 32.2 Hz), 59.33, 55.27, 45.54, 

14.95. HRMS (ESI) m/z calcd for C20H19F6N2O3 (M+1)+ 449.1300, found 449.1285. 

(Chiralpak AS-3R, CH3CN/H2O = 80/20, flow rate = 0.8 mL/min, λ = 254 nm): tminor 

= 3.310 min, tmajor = 2.906 min, ee = 92%. 

 

 

(R)-4-ethoxy-6-fluoro-1-(4-methoxybenzyl)-4-(trifluoromethyl)-3,4-dihydroquina

zolin-2(1H)-one (3c). The title compound was prepared according to the general 

procedure (reaction time: 3 h) and purified by column chromatography on silica gel 

(petroleum ether/ethyl acetate = 5:1) to afford 30.5 mg (92%). [α]D
25 = –6.2º (c 0.5, 

CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 7.27 (d, J = 11.4 Hz, 1H), 7.17 (d, J = 8.2 Hz, 

2H), 7.05 (t, J = 7.0 Hz, 1H), 6.98 – 6.74 (m, 3H), 6.25 (br, 1H), 5.27 (d, J = 16.1 Hz, 

1H), 5.03 (d, J = 16.2 Hz, 1H), 3.79 (s, 3H), 3.72 – 3.61 (m, 1H), 3.40 – 3.19 (m, 1H), 

1.26 (t, J = 6.9 Hz, 3H). 13C NMR (125 MHz, CDCl3) δ 158.48, 156.73, 134.50, 

127.53, 127.10, 118.22 (d, J = 21.3 Hz), 115.83 (d, J = 7.5 Hz), 115.07 (d, J = 7.5 

Hz), 113.90, 113.70 (d, J = 23.8 Hz), 84.93 (q, J = 31.7 Hz), 58.63, 54.81, 45.07, 

14.51. HRMS (ESI) m/z calcd for C19H19F4N2O3 (M+1)+ 399.1332, found 399.1320. 

(Chiralpak AS-3R, CH3CN/H2O = 80/20, flow rate = 0.8 mL/min, λ = 254 nm): tminor 

= 3.835 min, tmajor = 3.063 min, ee = 95%. 

 

 

(R)-4-ethoxy-1-(4-methoxybenzyl)-4-(trifluoromethyl)-3,4-dihydroquinazolin-2(1

H)-one (3d). The title compound was prepared according to the general procedure 

(reaction time: 7 h) and purified by column chromatography on silica gel (petroleum 

ether/ethyl acetate = 5:1) to afford 22.1 mg (95%). [α]D
25 = –2.0º (c 0.25, CH2Cl2); 1H 

NMR (500 MHz, CDCl3) δ 7.53 (d, J = 7.8 Hz, 1H), 7.31 (t, J = 7.2 Hz, 1H), 7.17 (d, 

J = 8.6 Hz, 2H), 7.08 (t, J = 7.6 Hz, 1H), 6.92 (d, J = 8.4 Hz, 1H), 6.85 (d, J = 8.6 Hz, 

2H), 6.10 (s, 1H), 5.26 (d, J = 16.3 Hz, 1H), 5.04 (d, J = 16.3 Hz, 1H), 3.77 (s, 3H), 

3.62 (dq, J = 14.1, 7.1 Hz, 1H), 3.28 (dq, J = 14.2, 7.1 Hz, 1H), 1.23 (t, J = 7.0 Hz, 

3H). 13C NMR (125 MHz, CDCl3) δ 158.83, 152.10, 138.60, 131.53, 128.32, 127.57, 

127.51, 122.86 (q, J = 285.4 Hz), 122.56, 114.71, 114.27, 113.78, 85.76 (q, J = 32.1 

Hz), 58.90, 55.26, 45.26, 15.00. HRMS (ESI) m/z calcd for C19H20F3N2O3 (M+1)+ 

381.1426, found 381.1413. (Chiralpak AS-3R, CH3CN/H2O = 80/20, flow rate = 0.8 

mL/min, λ = 254 nm): tminor = 4.208 min, tmajor = 3.183 min, ee = 94%. 
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(R)-4-ethoxy-6-methoxy-1-(4-methoxybenzyl)-4-(trifluoromethyl)-3,4-dihydroqui

nazolin-2(1H)-one (3e). The title compound was prepared according to the general 

procedure (reaction time: 22 h) and purified by column chromatography on silica gel 

(petroleum ether/ethyl acetate = 4:1) to afford 34.0 mg (99%). [α]D
25 = –21.0º (c 0.5, 

CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 7.17 (d, J = 8.6 Hz, 2H), 7.07 (s, 1H), 6.94 – 

6.82 (m, 4H), 6.06 (br, 1H), 5.26 (d, J = 16.2 Hz, 1H), 5.02 (d, J = 16.3 Hz, 1H), 3.78 

(s, 6H), 3.66 (dq, J = 8.9, 7.0 Hz, 1H), 3.32 (dq, J = 9.0, 7.0 Hz, 1H), 1.25 (t, J = 7.0 

Hz, 3H). 13C NMR (125 MHz, CDCl3) δ 158.80, 155.07, 152.02, 132.20, 128.44, 

127.55, 117.47, 115.93, 114.84, 114.25, 112.14, 85.71 (q, J = 31.7 Hz), 58.91, 55.64, 

55.25, 45.30, 15.05. HRMS (ESI) m/z calcd for C20H22F3N2O4 (M+1)+ 411.1532, 

found 411.1520. (Chiralpak AS-3R, CH3CN/H2O = 80/20, flow rate = 0.8 mL/min, λ 

= 254 nm): tminor = 4.044 min, tmajor = 3.133 min, ee = 95%. 

 

(R)-4-ethoxy-1,6-bis(4-methoxybenzyl)-4-(trifluoromethyl)-3,4-dihydroquinazoli

n-2(1H)-one (3f). The title compound was prepared according to the general 

procedure (reaction time: 22 h) and purified by column chromatography on silica gel 

(petroleum ether/ethyl acetate = 4:1) to afford 33.0 mg (98%). [α]D
25 = –11.8º (c 0.5, 

CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 7.36 (s, 1H), 7.17 (d, J = 8.6 Hz, 2H), 7.11 (d, 

J = 8.5 Hz, 1H), 7.07 (d, J = 8.5 Hz, 2H), 6.85 (t, J = 8.6 Hz, 5H), 6.11 (br, 1H), 5.24 

(d, J = 16.1 Hz, 1H), 5.02 (d, J = 16.2 Hz, 1H), 3.89 (s, 2H), 3.80 (t, J = 8.2 Hz, 6H), 

3.62 (dq, J = 14.2, 7.1 Hz, 1H), 3.25 (dq, J = 14.2, 7.1 Hz, 1H), 1.19 (t, J = 7.0 Hz, 

3H). 13C NMR (125 MHz, CDCl3) δ 158.36, 157.70, 151.70, 136.29, 135.72, 132.03, 

131.42, 129.29, 127.99, 127.16, 127.04, 114.38, 113.81, 113.56, 113.25, 85.34 (q, J = 

31.7 Hz), 58.49, 54.82, 54.80, 44.84, 39.60, 14.52. HRMS (ESI) m/z calcd for 

C27H28F3N2O4 (M+1)+ 501.2001, found 501.1986. (Chiralpak OD-3R, CH3CN/H2O = 

80/20, flow rate = 0.8 mL/min, λ = 254 nm): tminor = 4.808 min, tmajor = 3.389 min, ee 

= 94%. 

 

(R)-6-chloro-4-ethoxy-1-methyl-4-(trifluoromethyl)-3,4-dihydroquinazolin-2(1H)

-one (3g). The title compound was prepared according to the general procedure 

(reaction time: 4.5 h) and purified by column chromatography on silica gel (petroleum 

ether/ethyl acetate = 4:1) to afford 19.4 mg (83%). [α]D
25 = 4.0º (c 0.1, CH2Cl2); 1H 

NMR (500 MHz, CDCl3) δ 7.51 (s, 1H), 7.44 (d, J = 8.8 Hz, 1H), 6.95 (d, J = 8.8 Hz, 
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1H), 6.10 (s, 1H), 3.59 (dq, J = 14.2, 7.1 Hz, 1H), 3.38 (s, 3H), 3.24 (dq, J = 14.2, 7.1 

Hz, 1H), 1.23 (t, J = 7.0 Hz, 3H). 13C NMR (125 MHz, CDCl3) δ 150.90, 137.73, 

131.30, 127.62, 126.79, 114.79, 114.58, 84.84 (q, J = 32.5 Hz), 58.60, 29.22, 14.50. 

HRMS (ESI) m/z calcd for C12H13ClF3N2O2 (M+1)+ 309.0618, found 309.0608. 

(Chiralpak OD-3R, CH3CN/H2O = 70/30, flow rate = 0.8 mL/min, λ = 254 nm): tminor 

= 5.714 min, tmajor = 4.839 min, ee = 95%. 

 

 

(R)-6-chloro-4-ethoxy-4-(trifluoromethyl)-3,4-dihydroquinazolin-2(1H)-one (3h). 

The title compound was prepared according to the general procedure (reaction time: 7 

h) and purified by column chromatography on silica gel (petroleum ether/ethyl acetate 

= 3:1) to afford 23.1 mg (97%). [α]D
25 = –7.0º (c 0.5, CH2Cl2); 1H NMR (500 MHz, 

CDCl3) δ 9.60 (s, 1H), 7.48 (s, 1H), 7.34 (d, J = 8.6 Hz, 1H), 6.87 (d, J = 8.6 Hz, 1H), 

6.44 (s, 1H), 3.60 (dq, J = 14.2, 7.1 Hz, 1H), 3.27 (dq, J = 14.3, 7.0 Hz, 1H), 1.23 (t, 

J = 7.0 Hz, 3H). 13C NMR (125 MHz, CDCl3) δ 152.31, 135.35, 131.44, 127.90, 

126.59, 122.06 (q, 1J = 285 Hz), 116.04, 112.93, 85.98 (q, 2J = 32.5 Hz), 58.88, 14.48. 

HRMS (ESI) m/z calcd for C11H11ClF3N2O2 (M+1)+ 295.0461, found 295.0452. 

(Chiralpak AS-3R, CH3CN/H2O = 40/60, flow rate = 0.8 mL/min, λ = 254 nm): tminor 

= 8.662 min, tmajor = 10.050 min, ee = 82%. 

 

 
(R)-4-ethoxy-4,6-bis(trifluoromethyl)-3,4-dihydroquinazolin-2(1H)-one (3i). The 

title compound was prepared according to the general procedure (reaction time: 5 h) 

and purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 

3:1) to afford 34.6 mg (96%). [α]D
25 = 8.7º (c 0.5, CH2Cl2); 1H NMR (500 MHz, 

DMSO) δ 10.36 (s, 1H), 8.73 (s, 1H), 7.75 (d, J = 7.6 Hz, 1H), 7.54 (s, 1H), 7.11 (d, J 

= 8.5 Hz, 1H), 3.53 (dq, J = 14.2, 7.0 Hz, 1H), 3.12 (dq, J = 14.1, 7.0 Hz, 1H), 1.12 (t, 

J = 7.0 Hz, 3H). 13C NMR (125 MHz, DMSO) δ 151.09, 142.51, 129.18, 125.56, 

124.05, 115.91, 112.27, 86.22 (q, J = 31.2 Hz), 59.03, 15.23. HRMS (ESI) m/z calcd 

for C12H11F6N2O2 (M+1)+ 329.0725, found 329.0715. (Chiralpak AS-3R, CH3CN/H2O 

= 40/60, flow rate = 0.8 mL/min, λ = 254 nm): tminor = 7.278 min, tmajor = 8.158 min, 

ee = 70%. 

 

 

(R)-4-(benzyloxy)-6-chloro-1-(4-methoxybenzyl)-4-(trifluoromethyl)-3,4-dihydro
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quinazolin-2(1H)-one (3j). The title compound was prepared according to the 

general procedure (reaction time: 3 h) and purified by column chromatography on 

silica gel (petroleum ether/ethyl acetate = 5:1) to afford 24.9 mg (97%). [α]D
25 = 

–10.4º  (c 0.5, CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 7.59 (s, 1H), 7.46 – 7.24 (m, 

6H), 7.19 (d, J = 8.3 Hz, 2H), 6.99 – 6.80 (m, 3H), 6.70 (s, 1H), 5.31 (d, J = 15.8 Hz, 

1H), 5.05 (d, J = 16.0 Hz, 1H), 4.68 (d, J = 11.2 Hz, 1H), 4.34 (d, J = 11.2 Hz, 1H), 

3.80 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 159.01, 151.89, 137.31, 136.18, 131.86, 

128.58, 128.30, 128.13, 127.73, 127.64, 127.59, 127.44, 116.30, 115.21, 114.41, 

85.62 (q, J = 32.5 Hz), 65.35, 55.29, 45.50. HRMS (ESI) m/z calcd for 

C24H21ClF3N2O3 (M+1)+ 477.1193, found 477.1178. (Chiralpak AS-3R, CH3CN/H2O 

= 70/30, flow rate = 0.8 mL/min, λ = 254 nm): tminor =7.718 min, tmajor = 5.270 min, ee 

= 90%. 

 

 

(R)-6-chloro-1-(4-methoxybenzyl)-4-((4-methoxybenzyl)oxy)-4-(trifluoromethyl)-

3,4-dihydroquinazolin-2(1H)-one (3k). The title compound was prepared according 

to the general procedure (reaction time: 2 h) and purified by column chromatography 

on silica gel (petroleum ether/ethyl acetate = 8:1) to afford 33.1 mg (81%). [α]D
25 = 

–14.8º (c 0.5, CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 7.58 (s, 1H), 7.31 (d, J = 8.9 

Hz, 1H), 7.23 (d, J = 8.4 Hz, 2H), 7.19 (d, J = 8.4 Hz, 2H), 6.96 – 6.78 (m, 6H), 5.29 

(d, J = 16.1 Hz, 1H), 5.07 (d, J = 16.4 Hz, 1H), 4.61 (d, J = 10.8 Hz, 1H), 4.27 (d, J 

= 10.8 Hz, 1H), 3.84 – 3.75 (m, 6H). 13C NMR (125 MHz, CDCl3) δ 159.10, 158.55, 

151.60, 136.84, 131.33, 129.04, 127.81, 127.75, 127.32, 127.14, 127.06, 115.83, 

114.96, 113.97, 113.54, 85.06 (q, J = 32.1 Hz), 64.76, 54.84, 45.06. HRMS (ESI) m/z 

calcd for C25H23ClF3N2O4 (M+1)+ 507.1298, found 507.1285. (Chiralpak AS-3R, 

CH3CN/H2O = 70/30, flow rate = 0.8 mL/min, λ = 254 nm): tminor =6.843 min, tmajor = 

5.231 min, ee = 94%. 

 

 

(R)-4-((4-bromobenzyl)oxy)-6-chloro-1-(4-methoxybenzyl)-4-(trifluoromethyl)-3,

4-dihydroquinazolin-2(1H)-one (3l). The title compound was prepared according to 

the general procedure (reaction time: 13 h) and purified by column chromatography 

on silica gel (petroleum ether/ethyl acetate = 5:1) to afford 35.4 mg (80%). [α]D
25 = 

–11.6º  (c 0.5, CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 7.54 (s, 1H), 7.41 (d, J = 8.0 

Hz, 2H), 7.32 (d, J = 8.9 Hz, 1H), 7.21 – 7.14 (m, 4H), 7.07 (s, 1H), 6.92 – 6.85 (m, 
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3H), 5.26 (d, J = 16.0 Hz, 1H), 5.06 (d, J = 15.9 Hz, 1H), 4.62 (d, J = 11.4 Hz, 1H), 

4.27 (d, J = 11.4 Hz, 1H), 3.79 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 158.60, 151.63, 

136.81, 134.77, 131.49, 131.22, 128.87, 127.92, 127.18, 127.11, 126.91, 121.63, 

115.92, 114.62, 113.99, 85.17 (q, J = 32.5 Hz), 64.15, 54.85, 45.08. HRMS (ESI) m/z 

calcd for C24H20BrClF3N2O3 (M+1)+ 555.0298, found 555.0284. (Chiralpak AS-3R, 

CH3CN/H2O = 80/20, flow rate = 0.8 mL/min, λ = 254 nm): tminor =9.430 min, tmajor = 

7.478 min, ee = 89%. 

 

(R)-6-chloro-1-(4-methoxybenzyl)-4-((3-methylbut-2-en-1-yl)oxy)-4-(trifluoromet

hyl)-3,4-dihydroquinazolin-2(1H)-one (3m). The title compound was prepared 

according to the general procedure (reaction time: 5 h) and purified by column 

chromatography on silica gel (petroleum ether/ethyl acetate = 5:1) to afford 30.4 mg 

(80%). [α]D
25 = –31.2º (c 0.5, CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 7.54 (s, 1H), 

7.32 – 7.26 (m, 1H), 7.17 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.5 Hz, 3H), 6.35 (s, 1H), 

5.44 – 5.21 (m, 2H), 5.01 (d, J = 16.3 Hz, 1H), 4.12 (dd, J = 11.0, 7.1 Hz, 1H), 3.89 – 

3.65 (m, 4H), 1.75 (s, 3H), 1.58 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 158.96, 

151.81, 138.65, 137.29, 131.66, 128.13, 127.78, 127.56, 127.48, 119.07, 116.16, 

115.57, 114.37, 85.36 (q, J = 32.1 Hz), 60.41, 55.27, 45.44, 25.81, 17.97. HRMS (ESI) 

m/z calcd for C22H23ClF3N2O3 (M+1)+ 455.1349, found 455.1335. (Chiralpak OD-3R, 

CH3CN/H2O = 70/30, flow rate = 0.8 mL/min, λ = 254 nm): tminor = 7.083 min, tmajor = 

5.077 min, ee = 90%. 

 

 

(R)-6-chloro-4-(dodecyloxy)-1-(4-methoxybenzyl)-4-(trifluoromethyl)-3,4-dihydr

oquinazolin-2(1H)-one (3n). The title compound was prepared according to the 

general procedure (reaction time: 4 h) and purified by column chromatography on 

silica gel (petroleum ether/ dichloromethane = 2:1) to afford 36.0 mg (79%). [α]D
25 = 

–22.2º (c 0.5, CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 7.50 (s, 1H), 7.35 – 7.22 (m, 

1H), 7.16 (d, J = 8.6 Hz, 2H), 6.92 – 6.78 (m, 3H), 6.34 (br, 1H), 5.29 (d, J = 16.3 Hz, 

1H), 5.01 (d, J = 16.3 Hz, 1H), 3.79 (s, 3H), 3.64 – 3.52 (m, 1H), 3.30 – 3.12 (m, 1H), 

1.67 – 1.56 (m, 2H), 1.38 – 1.22 (m, 19H), 0.90 (t, J = 6.9 Hz, 3H). 13C NMR (125 

MHz, CDCl3) δ 158.51, 151.48, 136.80, 131.14, 127.65, 127.35, 127.10, 126.89, 

115.71, 115.08, 113.91, 84.79 (q, J = 32.1 Hz), 62.90, 54.81, 44.96, 31.49, 29.22, 

29.20, 29.15, 29.09, 28.92, 28.89, 28.85, 25.56, 22.26, 13.69. HRMS (ESI) m/z calcd 

for C29H39ClF3N2O3 (M+1)+555.2601, found 555.2590. (Chiralpak AS-3R, 

CH3CN/H2O = 70/30, flow rate = 0.8 mL/min, λ = 254 nm): tminor = 11.027 min, tmajor 

= 7.896 min, ee = 94%. 
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(R)-4-(2-(benzyloxy)ethoxy)-6-chloro-1-(4-methoxybenzyl)-4-(trifluoromethyl)-3,

4-dihydroquinazolin-2(1H)-one (3o). The title compound was prepared according to 

the general procedure (reaction time: 5.5 h) and purified by column chromatography 

on silica gel (petroleum ether/ethyl acetate = 10:1) to afford 33.9 mg (80%). [α]D
25 = 

–22.4º (c 0.5, CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 7.57 (s, 1H), 7.42 – 7.34 (m, 

4H), 7.35 – 7.23 (m, 2H), 7.15 (d, J = 7.8 Hz, 2H), 6.98 – 6.76 (m, 3H), 6.56 (br, 1H), 

5.28 (d, J = 16.2 Hz, 1H), 4.99 (d, J = 16.3 Hz, 1H), 4.60 (s, 2H), 3.79 (s, 4H), 3.67 

(s, 2H), 3.56 – 3.44 (m, 1H). 13C NMR (125 MHz, CDCl3) δ 158.50, 151.31, 151.20, 

137.45, 136.84, 131.29, 128.04, 127.71, 127.36, 127.32, 127.21, 127.11, 115.69, 

115.00, 113.92, 84.94 (q, J = 32.1 Hz), 72.85, 67.84, 62.54, 54.82, 44.96. HRMS (ESI) 

m/z calcd for C26H25ClF3N2O4 (M+1)+ 521.1455, found 521.1442. (Chiralpak AS-3R, 

CH3CN/H2O = 70/30, flow rate = 0.8 mL/min, λ = 254 nm): tminor =6.387 min, tmajor = 

4.924 min, ee = 92%. 

 

 

(R)-4-(2-bromoethoxy)-6-chloro-1-(4-methoxybenzyl)-4-(trifluoromethyl)-3,4-dih

ydroquinazolin-2(1H)-one (3p). The title compound was prepared according to the 

general procedure (reaction time: 4 h) and purified by column chromatography on 

silica gel (petroleum ether/ethyl acetate = 4:1) to afford 27.9 mg (93%). [α]D
25 = 

–24.8º (c 0.5, MeOH); 1H NMR (500 MHz, CDCl3) δ 7.58 (s, 1H), 7.31 (d, J = 8.9 Hz, 

1H), 7.15 (d, J = 8.6 Hz, 2H), 6.93 – 6.80 (m, 3H), 6.61 (s, 1H), 5.28 (d, J = 16.2 Hz, 

1H), 5.02 (d, J = 16.3 Hz, 1H), 3.96 – 3.88 (m, 1H), 3.64 – 3.55 (m, 1H), 3.54 – 3.46 

(m, 2H). 13C NMR (125 MHz, CDCl3) δ 159.01, 151.68, 137.15, 132.02, 128.38, 

127.58, 127.55, 127.45, 116.33, 114.74, 114.42, 85.36 (q, J = 32.5 Hz), 63.24, 55.29, 

45.47, 29.28. HRMS (ESI) m/z calcd for C19H17BrClF3N2NaO3 (M+Na)+ 514.9961, 

found 514.9984. (Chiralpak AS-3R, CH3CN/H2O = 80/20, flow rate = 0.8 mL/min, λ 

= 254 nm): tminor = 4.049 min, tmajor = 3.405 min, ee = 70%. 

 

 

 

(R)-6-chloro-4-(2-chloroethoxy)-1-(4-methoxybenzyl)-4-(trifluoromethyl)-3,4-dih



10 

 

ydroquinazolin-2(1H)-one (3q). The title compound was prepared according to the 

general procedure (reaction time: 4 h) and purified by column chromatography on 

silica gel (petroleum ether/ethyl acetate = 3:1) to afford 29.1 mg (93%). [α]D
25 = 

–31.3º (c 0.4, MeOH); 1H NMR (500 MHz, CDCl3) δ 7.55 (s, 1H), 7.29 (d, J = 8.9 Hz, 

1H), 7.14 (d, J = 8.6 Hz, 2H), 6.95 – 6.84 (m, 3H), 6.78 (br, 1H), 5.26 (d, J = 16.2 Hz, 

1H), 5.00 (d, J = 16.3 Hz, 1H), 3.90 – 3.81 (m, 1H), 3.77 (s, 3H), 3.65 (t, J = 5.7 Hz, 

2H), 3.57 – 3.47 (m, 1H). 13C NMR (125 MHz, CDCl3) δ 158.56, 151.37, 136.73, 

131.54, 127.93, 127.18, 127.12, 127.01, 115.87, 114.36, 113.97, 84.94 (q, J = 32.9 

Hz), 63.00, 54.84, 45.02, 41.58. HRMS (ESI) m/z calcd for C19H18Cl2F3N2NaO3 

(M+Na)+ 471.0466, found 471.0450. (Chiralpak AS-3R, CH3CN/H2O = 80/20, flow 

rate = 0.8 mL/min, λ = 254 nm): tminor = 3.827 min, tmajor = 3.250 min, ee = 87%. 

 

(R)-6-chloro-4-(3-chloropropoxy)-1-(4-methoxybenzyl)-4-(trifluoromethyl)-3,4-di

hydroquinazolin-2(1H)-one (3r). The title compound was prepared according to the 

general procedure (reaction time: 3 h) and purified by column chromatography on 

silica gel (petroleum ether/ethyl acetate = 5:1) to afford 31.9 mg (92%). [α]D
25 = 

–35.8º (c 0.5, CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 7.51 (s, 1H), 7.30 (d, J = 8.9 

Hz, 2H), 7.16 (d, J = 8.5 Hz, 2H), 6.95 (s, 1H), 6.88 (d, J = 8.7 Hz, 3H), 5.29 (d, J = 

16.1 Hz, 1H), 5.03 (d, J = 16.3 Hz, 1H), 3.84 – 3.74 (m, 4H), 3.68 (t, J = 6.2 Hz, 2H), 

3.39 (dt, J = 9.4, 5.7 Hz, 1H), 2.13 – 2.02 (m, 2H). 13C NMR (125 MHz, CDCl3) δ 

158.97, 152.06, 137.21, 131.77, 128.24, 127.75, 127.55, 127.32, 116.26, 115.00, 

114.38, 85.24(q, J = 32.5 Hz), 59.32, 55.28, 45.40, 41.28, 31.90.HRMS (ESI) m/z 

calcd for C20H20Cl2F3N2O3 (M+1)+ 463.0803, found 463.0788. (Chiralpak AS-3R, 

CH3CN/H2O = 80/20, flow rate = 0.8 mL/min, λ = 254 nm): tminor = 10.531 min, tmajor 

= 7.821 min, ee = 95%. 

 

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

nazolin-2(1H)-one (3s). The title compound was prepared according to the general 

procedure (reaction time: 3 h) and purified by column chromatography on silica gel 

(petroleum ether/ethyl acetate = 5:1) to afford 37.2 mg (98%) [α]D
25 = –21.5º (c 0.5, 

CH2Cl2). 1H NMR (500 MHz, CDCl3) δ 7.48 (s, 1H), 7.27 (d, J = 8.9 Hz, 1H), 7.14 (d, 

J = 8.6 Hz, 2H), 6.88 – 6.82 (m, 3H), 6.42 (s, 1H), 5.26 (d, J = 16.3 Hz, 1H), 5.01 (d, 

J = 16.3 Hz, 1H), 3.77 (s, 3H), 3.26 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 158.52, 

151.52, 137.00, 131.34, 127.79, 127.27, 127.09, 126.88, 115.82, 114.23, 113.93, 

85.25 (q, J = 32.1Hz), 54.82, 49.95, 44.98. HRMS (ESI) m/z calcd for 

C18H17ClF3N2O3 (M+1)+ 401.0880, found 401.0868. (Chiralpak AS-3R, CH3CN/H2O 
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= 60/40, flow rate = 0.8 mL/min, λ = 254 nm): tminor =8.101 min, tmajor = 5.700 min, ee 

= 92%. 

 

 
(R)-6-chloro-4-isopropoxy-1-(4-methoxybenzyl)-4-(trifluoromethyl)-3,4-dihydroq

uinazolin-2(1H)-one (3t). The title compound was prepared according to the general 

procedure (reaction time: 21 h) and purified by column chromatography on silica gel 

(petroleum ether/ethyl acetate = 5:1) to afford 15.4 mg (67%). [α]D
25 = –38.0º (c 0.5, 

CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 7.54 (s, 1H), 7.31 – 7.22 (m, 2H), 7.14 (d, J 

= 8.6 Hz, 2H), 6.92 – 6.80 (m, 3H), 6.35 (s, 1H), 5.27 (d, J = 16.3 Hz, 1H), 5.00 (d, J 

= 16.3 Hz, 1H), 3.93 – 3.85 (m, 1H), 3.77 (s, 3H), 1.28 (d, J = 6.1 Hz, 3H), 1.09 (d, J 

= 6.2 Hz, 3H). 13C NMR (125 MHz, CDCl3) δ 158.97, 151.55, 137.08, 131.60, 127.92, 

127.83, 127.78, 127.56, 116.43, 116.08, 114.37, 86.65 (q, J = 32.1 Hz), 67.83, 55.28, 

45.42, 24.40, 23.69. HRMS (ESI) m/z calcd for C20H21ClF3N2O3 (M+1)+ 429.1193, 

found 429.1179. (Chiralpak AS-3R, CH3CN/H2O = 70/30, flow rate = 0.8 mL/min, λ 

= 254 nm): tminor = 5.205 min, tmajor = 4.467min, ee = 93%. 
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General Procedure for Synthesis of Compounds 4 

 

An oven-dried 10-mL round bottom flask was charged with ketimines 1 (0.081 

mmol,), catalyst IV (10 mol%) and 4Å MS (100 mg). The flask was capped and 

backfilled with argon. Toluene was added via syringe. The mixture was cooled to 0 oC 

and then 3-chloro-1-propanol (0.122 mmol) was added. The reaction mixture was 

maintained at 0 °C until ketimines 1 had been completely consumed as determined by 

TLC. The reaction was purified via flash chromatography on silica gel (eluting with 

petroleum ether/ethyl acetate = 5:1) to give compound 1-1. 

Compound 1-1, MgSO4 (100 mg) and DMF (0.5 mL) were loaded into a 10 mL 

flask. The reaction solution was cooled to -15 oC under argon. After being stirred for 

1 h, Cs2CO3 (0.243 mmol) was added quickly. After completion of the reaction which 

was determined by TLC, the reaction was purified via flash chromatography on silica 

gel (eluting with petroleum ether/ethyl acetate = 5:1) to give compound 4. 

 

(R)-10-chloro-7-(4-methoxybenzyl)-11b-(trifluoromethyl)-3,4,7,11b-tetrahydro-[1,

3]oxazino[3,2-c]quinazolin-6(2H)-one (4a). The title compound was prepared 

according to the general procedure and purified by column chromatography on silica 

gel (petroleum ether/ethyl acetate = 5:1) to afford 28.2 mg (96%). [α]D
25 = –15.8º (c 

0.5, CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 7.56 (d, J = 1.7 Hz, 1H), 7.24 (dd, J = 

8.8, 2.5 Hz, 1H), 7.16 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.7 Hz, 2H), 6.79 (d, J = 8.8 

Hz, 1H), 5.20 (d, J = 16.4 Hz, 1H), 5.04 (d, J = 16.4 Hz, 1H), 4.61 – 4.42 (m, 1H), 

4.29 – 4.15 (m, 1H), 4.08 – 3.98 (m, 1H), 3.79 (s, 3H), 3.59 – 3.45 (m, 1H), 2.12 – 

2.01 (m, 1H), 2.00 – 1.88 (m, 1H). 13C NMR (125 MHz, CDCl3) δ 158.84, 151.96, 

136.01, 130.98, 128.32, 127.79, 127.67, 126.61, 118.85, 115.35, 114.23, 83.45 (q, J = 

31.7 Hz), 61.79, 55.26, 46.62, 37.43, 23.35. HRMS (ESI) m/z calcd for 

C20H19ClF3N2O3 (M+1)+ 427.1036, found 427.1023. (Chiralpak AS-3R, CH3CN/H2O 

= 80/20, flow rate = 0.8 mL/min, λ = 254 nm): tminor = 4.642 min, tmajor = 3.821 min, 

ee = 94%. 

 

 



13 

 

(R)-10-fluoro-7-(4-methoxybenzyl)-11b-(trifluoromethyl)-3,4,7,11b-tetrahydro-[1,

3]oxazino[3,2-c]quinazolin-6(2H)-one (4b). The title compound was prepared 

according to the general procedure and purified by column chromatography on silica 

gel (petroleum ether/ethyl acetate = 5:1) to afford 36.0 mg (99%). [α]D
20 = -11.4º (c 

0.5, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 7.28 (dd, J = 8.6, 2.3 Hz, 1H), 7.15 (d, J 

= 8.5 Hz, 2H), 6.98 (td, J = 8.5, 2.9 Hz, 1H), 6.84 (d, J = 8.5 Hz, 2H), 6.78 (dd, J = 

9.1, 4.3 Hz, 1H), 5.17 (d, J = 16.4 Hz, 1H), 5.03 (d, J = 16.4 Hz, 1H), 4.63 – 4.40 (m, 

1H), 4.29 – 4.10 (m, 1H), 4.10 – 3.90 (m, 1H), 3.77 (s, 3H), 3.59 – 3.41 (m, 1H), 2.13 

– 1.87 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 158.79, 152.09, 133.66 (d, J = 2.0 Hz), 

128.51, 127.67, 124.45 (q, J = 295 Hz), 118.89 (d, J = 8.0 Hz), 118.91 (d, J = 22.0 

Hz), 115.37 (d, J = 8.0 Hz), 114.21, 113.60 (d, J = 25.0 Hz), 83.42 (q, J = 31.2 Hz), 

61.81, 55.26, 46.75, 37.39, 23.38. HRMS (ESI) m/z calcd for C20H19F4N2O3 (M+1)+ 

411.1332, found 411.1326. (Chiralpak AS-3R, CH3CN/H2O = 70/30, flow rate = 0.8 

mL/min, λ = 254 nm): tminor = 5.862 min, tmajor = 4.470 min, ee = 96%. 

 

 

(R)-7-(4-methoxybenzyl)-10,11b-bis(trifluoromethyl)-3,4,7,11b-tetrahydro-[1,3]ox

azino[3,2-c]quinazolin-6(2H)-one (4c). The title compound was prepared according 

to the general procedure (reaction time: 3 h) and purified by column chromatography 

on silica gel (petroleum ether/ethyl acetate = 5:1) to afford 32.4 mg (94%). [α]D
20 = 

1.8º (c 0.5, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 7.82 (s, 1H), 7.52 (d, J = 8.6 Hz, 

1H), 7.16 (d, J = 8.4 Hz, 2H), 6.93 (d, J = 8.7 Hz, 1H), 6.85 (d, J = 8.5 Hz, 2H), 5.22 

(d, J = 16.4 Hz, 1H), 5.08 (d, J = 16.4 Hz, 1H), 4.62 – 4.44 (m, 1H), 4.31 – 4.15 (m, 

1H), 4.12 – 3.98 (m, 1H), 3.77 (s, 3H), 3.62 – 3.45 (m, 1H), 2.16 – 1.88 (m, 2H). 13C 

NMR (100 MHz, CDCl3) δ 158.91, 151.83, 140.04, 128.13, 128.00, 127.68, 124.58 (q, 

J = 33.3 Hz), 124.23, 117.76, 114.29, 114.19, 83.31 (q, J = 31.1 Hz), 61.99, 55.27, 

46.70, 37.64, 23.27. HRMS (ESI) m/z calcd for C21H19F6N2O3 (M+1)+ 461.1300, 

found 461.1292 (Chiralpak AS-3R, CH3CN/H2O = 70/30, flow rate = 0.8 mL/min, λ = 

254 nm): tminor = 5.232 min, tmajor = 4.420 min, ee = 94%. 

 

 

 

(R)-7-(4-methoxybenzyl)-11b-(trifluoromethyl)-3,4,7,11b-tetrahydro-[1,3]oxazino

[3,2-c]quinazolin-6(2H)-one (4d). The title compound was prepared according to the 

general procedure (reaction time: 3 h) and purified by column chromatography on 

silica gel (petroleum ether/ethyl acetate = 5:1) to afford 35.0 mg (95%). [α]D
20 = –8.8º 
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(c 0.5, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 7.56 (d, J = 7.8 Hz, 1H), 7.32 – 7.23 

(m, 1H), 7.17 (d, J = 8.5 Hz, 2H), 7.06 (t, J = 7.6 Hz, 1H), 6.91 – 6.70 (m, 3H), 5.18 

(d, J = 16.4 Hz, 1H), 5.06 (d, J = 16.4 Hz, 1H), 4.62 – 4.39 (m, 1H), 4.28 – 4.12 (m, 

1H), 4.08 – 3.91 (m, 1H), 3.76 (s, 3H), 3.60 – 3.44 (m, 1H), 2.14 – 1.86 (m, 2H). 13C 

NMR (100 MHz, CDCl3) δ 158.70, 152.27, 137.37, 131.00, 128.85, 127.69, 126.61, 

124.51 (q, J = 294.0 Hz), 122.35, 117.23, 114.14, 113.94, 83.90 (q, J = 31.0 Hz), 

61.54, 55.25, 46.49, 37.26, 23.47. HRMS (ESI) m/z calcd for C20H20F3N2O3 (M+1)+ 

393.1426, found 393.1420. (Chiralpak AS-3R, CH3CN/H2O = 70/30, flow rate = 0.8 

mL/min, λ = 254 nm): tminor = 6.149 min, tmajor = 4.539 min, ee = 87%. 

 

 

(R)-7,10-bis(4-methoxybenzyl)-11b-(trifluoromethyl)-3,4,7,11b-tetrahydro-[1,3]ox

azino[3,2-c]quinazolin-6(2H)-one (4e). The title compound was prepared according 

to the general procedure (reaction time: 3 h) and purified by column chromatography 

on silica gel (petroleum ether/ethyl acetate = 5:1) to afford 33.9 mg (96%). [α]D
20 = 

–11.8º (c 0.5, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 7.40 (s, 1H), 7.15 (d, J = 8.4 

Hz, 2H), 7.09 – 6.96 (m, 3H), 6.89 – 6.78 (m, 4H), 6.74 (d, J = 8.5 Hz, 1H), 5.13 (d, J 

= 16.3 Hz, 1H), 5.03 (d, J = 16.3 Hz, 1H), 4.58 – 4.45 (m, 1H), 4.25 – 4.10 (m, 1H), 

4.06 – 3.93 (m, 1H), 3.86 (s, 2H), 3.77 (s, 3H), 3.75 (s, 3H), 3.57 – 3.43 (m, 1H), 2.12 

– 1.85 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 158.67, 158.03, 152.29, 135.75, 

135.51, 132.70, 131.30, 129.80, 128.97, 127.71, 126.67, 117.11, 114.11, 114.08, 

113.91, 83.86 (q, J = 31.0 Hz), 61.59, 55.26, 46.53, 40.16, 37.30, 23.47. HRMS (ESI) 

m/z calcd for C28H28F3N2O4 (M+1)+ 513.2001, found 513.1996. (Chiralpak AS-3R, 

CH3CN/H2O = 70/30, flow rate = 0.8 mL/min, λ = 254 nm): tminor = 8.389 min, tmajor = 

5.812 min, ee = 87%. 

 

 

(R)-10-methoxy-7-(4-methoxybenzyl)-11b-(trifluoromethyl)-3,4,7,11b-tetrahydro-

[1,3]oxazino[3,2-c]quinazolin-6(2H)-one (4f). The title compound was prepared 

according to the general procedure (reaction time: 3 h) and purified by column 

chromatography on silica gel (petroleum ether/ethyl acetate = 5:1) to afford 33.6 mg 

(94%). [α]D
20 = –16.4º (c 0.5, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 7.16 (d, J = 8.4 

Hz, 2H), 7.10 (s, 1H), 6.83 (d, J = 8.5 Hz, 3H), 6.76 (d, J = 9.0 Hz, 1H), 5.16 (d, J = 

16.4 Hz, 1H), 5.02 (d, J = 16.4 Hz, 1H), 4.58 – 4.46 (m, 1H), 4.24 – 4.13 (m, 1H), 

4.06 – 3.95 (m, 1H), 3.76 (s, 6H), 3.57 – 3.44 (m, 1H), 2.10 – 1.87 (m, 2H). 13C NMR 

(100 MHz, CDCl3) δ 158.68, 155.02, 152.28, 131.05, 128.98, 127.69, 124.50 (q, J = 
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295.0 Hz), 118.26, 117.03, 115.16, 114.12, 111.34, 83.86 (q, J = 31.0 Hz), 61.59, 

55.67, 55.25, 46.56, 37.23, 23.51. HRMS (ESI) m/z calcd for C21H22F3N2O4 (M+1)+ 

423.1532, found 423.1526. (Chiralpak AS-3R, CH3CN/H2O = 70/30, flow rate = 0.8 

mL/min, λ = 254 nm): tminor = 5.910 min, tmajor = 4.375 min, ee = 76%. 
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Chiral HPLC traces 
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