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Abstract – We have studied the synthesis of enantiomerically pure optically 

active β-amino acid ester derivatives with good biological activities. Here, we 

report that both enantiomers of β-amino acid ester derivatives that contain a 

pyrimidine moiety can be produced in an enantioselective Mannich-type one-pot 

reaction with good yields and excellent enantiomeric excess (up to >99% ee) by 

chiral cinchona alkaloid thiourea catalysts. An evaluation of the antiviral activities 

of our reaction products against tobacco mosaic virus (TMV) was promising with 

high and selective biological activities. Compound (−)-4h showed an excellent 

anti-TMV activity (curative activity, 56.1%; inactivation activity, 70.7%; 

protection activity, 95.7%) at 500 μg/mL. These values exceed those of the 

commercially available antiviral agent, ningnanmycin (curative activity, 52.6%; 

inactivation activity, 62.0%; protection activity, 90.2%). These novel chiral 

compounds could be used as protective agents against TMV disease. 

INTRODUCTION 
The catalytic asymmetric Mannich-type reaction is one of the most effective methods for the preparation 

of optically active β-amino acid ester compounds, and therefore is a very important C–C bond-forming 
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(Figure 1) in the one-pot asymmetric catalytic Mannich-type reaction of 

4-(dimethoxymethyl)pyrimidin-2-amine, benzaldehyde and diethyl malonate. The desired product 4a was 

obtained with A1 or A5 as the catalyst (entries 2 and 6, Table 1). Quinine-derived thiourea catalyst A2, 

A3 and A4 could achieve the reaction with a lower enantioselectivity (entries 3, 4 and 5, Table 1). 

Quinine was a poor catalyst and indicated that the H-bonding donor group plays a major role in the 

catalysis (entry 1, Table 1). Cinchona alkaloid derivatives (A1–A5) that bear a hydrogen-bond donor 

thiourea and hydrogen-bond acceptor tertiary amine groups are superior catalysts to quinine. Catalysts A1 

and A5 comprise strong electron-withdrawing groups, namely two CF3 groups, that promote the 

asymmetric Mannich-type reaction through double-hydrogen bond activation of the substrate. 
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Figure 1. Structure of commercially available quinine and cinchona alkaloid thiourea catalysts A1–A5 

 

Table 1. Screening of various catalysts for the one-pot asymmetric Mannich-type reactiona 

+ H2C
CO2Et
CO2Et

2a 4a3a

+ OHC

1a

catalyst
N

NH2N

O O

NH
C

CO2Et

CO2EtH
*

N

N

O
O

 
Entry Catalyst Yieldb (%) eec (%) 

1 quinine 23 52 

2 A1 58 70 
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3 A2 36 43 

4 A3 47 60 

5 A4 43 62 

6 A5 55 72 
a Reactions were performed with 0.30 mmol of 1a, 0.30 mmol of 2a, 0.30 mmol of 3a, 10 mol% 

catalyst in 3.0 mL of p-xylene at 40 °C for 36 h. b Yield of isolated product. c Determined by HPLC 

analysis (Chiralpak IA column). 

 

The influences of reaction temperature, solvent and catalyst loading were studied by using the optimal 

catalysts A1 and A5 (Table 2). Because the nature of the solvent affects catalyst performance, we 

screened commonly used solvents for this Mannich–type reaction. Solvent p-xylene provided the desired 

products in a high enantioselectivity and yield (entries 5–9, Table 2), whereas in coordinating solvents, 

such as trichloromethane, acetone, tetrahydrofuran and ethanol, decreased activities were observed 

(entries 1–4, Table 2). Catalyst loading had a pronounced effect on the yield and enantioselectivity. A 

significant increase in enantioselectivity was achieved when the catalyst load was increased from 10 

mol% to 20 mol% (entries 5 and 8, Table 2). However, a small decrease in enantioselectivity and no 

significant increase in reactivity were observed when the reaction temperature was increased from 50 °C 

to 60 °C (entries 5–6, Table 2). It should be noted that the other enantiomers of the reaction could be 

obtained by using A5 as the catalyst (entries 9, Table 2). The best result was achieved at 50 °C with 20 

mol% catalyst loading in p-xylene. 

 

Table 2. Optimization of the one-pot asymmetric Mannich-type reactiona 

+ H2C
CO2Et
CO2Et

2a 4a3a

+ OHC

1a

catalystN

NH2N

O O

NH
C

CO2Et

CO2EtH
*

N

N

O
O

solvent

 

Entry Catalyst (mol%) Temp. (°C) Solvent Yieldb (%) eec (%) 

1 A1 (10) 40 CHCl3 35 42 

2 A1 (10) 40 acetone 54 58 

3 A1 (10) 40 THF 62 53 

4 A1 (10) 40 EtOH 44 66 

1386 HETEROCYCLES, Vol. 96, No. 8, 2018



 

5 A1 (10) 50 p-xylene 80 73 

6 A1 (10) 60 p-xylene 86 70 

7 A1 (5) 50 p-xylene 72 70 

8 A1 (20) 50 p-xylene 90 89 

9 A5 (20) 50 p-xylene 88 95 
a Reactions were performed with 0.30 mmol of 1a, 0.30 mmol of 2a, 0.30 mmol of 3a in 3.0 mL of 

solvent for 48 h. b Yield of isolated product. c Determined by HPLC analysis (Chiralpak IA column). 

 

Once the optimal reaction conditions had been established, the reaction synthesis was examined with 

various aldehydes and malonates. Representative results of our studies are summarized in Table 3. 

Aromatic and aliphatic aldehydes afforded excellent enantioselectivities and yields. In general, furfural 

reacted with dimethyl malonate to afford the corresponding product (−)-4h in excellent yield (94%) with 

a high enantioselectivity (>99% ee) (entry 15, Table 3). For reactions that involved substrates with 

electron-donating (-Me, -OMe) or electron-withdrawing (-Cl) substituents on the 4-position of the 

aromatic aldehydes, the desired products were obtained in 81–94% yields with 89–97% ee. Next, we 

investigated the substrate generality of other amines. 6-Chloropyrimidin-4-amine (1b) as the substrate 

showed high yields and excellent enatioselectivities (>99% ee) (entries 17–18, Table 3). Unfortunately, 

the reaction of 3-nitroaniline (1c) failed to provide any product, which demonstrates that this reaction is 

critically dependent on the amine structure (entry 19, Table 3). 

 

Table 3. Scope of enantioselective Mannich-type reactiona 

A1 or A5 (20 mol%)
+ H2C

CO2R2

CO2R2
NH

C
R1

CO2R2

CO2R2
H

*
R1OHC+

N

N
N

NH2N

O O
O

O

chiral product
42 31a

p-xylene, 50 °C

 

Entry 4 Catalyst 1 R1 R2 Time (h) Yieldb (%) eec (%) 

1 (−)-4a A1 1a Ph Et 48 90 89 

2 (+)-4a A5 1a Ph Et 48 88 95 

3 (−)-4b A1 1a 4-MeO-Ph Et 48 93 95 

4 (+)-4b A5 1a 4-MeO-Ph Et 48 88 93 

5 (−)-4c A1 1a cyclohexyl Et 60 92 93 
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6 (+)-4c A5 1a cyclohexyl Et 60 93 97 

7 (−)-4d A1 1a Ph Me 48 85 93 

8 (+)-4d A5 1a Ph Me 48 90 97 

9 (−)-4e A1 1a 4-Cl-Ph Me 48 82 93 

10 (+)-4e A5 1a 4-Cl-Ph Me 48 89 95 

11 (−)-4f A1 1a 4-Me-Ph Me 60 81 96 

12 (+)-4f A5 1a 4-Me-Ph Me 60 87 95 

13 (−)-4g A1 1a cyclohexyl Me 60 80 91 

14 (+)-4g A5 1a cyclohexyl Me 60 84 94 

15 (−)-4h A1 1a 2-furyl Me 60 94 >99 

16 (+)-4h A5 1a 2-furyl Me 60 92 98 

17 (−)-4i A1 1bd 4-MeO-Ph Et 60 91 >99 

18 (+)-4i A5 1bd 4-MeO-Ph Et 60 93 >99 

19 (−)-4j A1 1cd 2-furyl Me 60 0 n.d. 

a Reactions were performed with 0.30 mmol of 1a, 0.30 mmol of 2a, 0.30 mmol of 3a in 3.0 mL of 

p-xylene in the presence of 20 mol% catalyst A1 or A5 at 50 °C for 48–60 h. b Yield of isolated 

product. c Determined by HPLC analysis (Chiralpak IA column). d 1b = 6-Chloropyrimidin-4-amine, 

1c = 3-nitroaniline. 

 

A mixture of 4-(dimethoxymethyl)pyrimidin-2-amine (1a) and benzaldehyde (2a) was treated with 

diethyl malonate (3a) in the presence of catalyst A1 at 50 °C for 10 h. The in-situ generation of imine was 

confirmed by thin-layer chromatography (TLC) and mass spectrometry. We believe that catalyst A1 may 

act in a bifunctional fashion. The enol form of diethyl malonate (3a) is activated by the basic nitrogen 

atom in a tertiary amine, and the imine is activated by the thiourea moiety through double hydrogen 

bonding. Thus, nucleophilic attack of the diethyl malonate on heteroaromatic imine in the favored Re-face 

direction occurs via the transition state. These interactions in our proposed mechanism may be 

responsible for the observed stereochemical outcome of the reaction and the enhancement in reaction rate. 
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Scheme 1. Proposed Mannich-type reaction mechanism 

 

The antiviral activities of chiral products from our reactions against TMV were tested. Commercially 

available antiviral agent, ningnanmycin, was used as the positive control.15 The bioassay results in vivo 

are shown in Table 4. Most chiral compounds showed low to high antiviral activities against TMV at 500 

μg/mL. Compound (−)-4h possesses remarkable curative, inactivation and protective activities at 500 

μg/mL with values of 56.1%, 70.7% and 95.7%, respectiviely, which is obviously better than that of 

commercial agent ningnanmycin (52.6%, 62.0% and 90.2%). The phenyl substitution pattern had a great 

influence on the anti-TMV activity of the chiral compounds. The Cl- moieties at the 4 position of the 

phenyl ring also showed a good anti-TMV activity in vivo (compounds (−)-4e and (+)-4e). Compound 

(−)-4h could have great potential for further development as a chiral antiviral agent. 

 

Table 4. Inhibitory effect of chiral compounds against TMV in vivo at 500 μg/mL 

Compd. Curative activity (%)a Inactivation activity (%)a 
Protective activity 

(%)a 

(−)-4a 31.3 ± 1.6 38.2 ± 2.4 57.1 ± 1.7 

(+)-4a 39.4 ± 3.1 49.4 ± 3.0 40.3 ± 2.8 

(−)-4b 38.4 ± 3.2 41.4 ± 1.3 55.7 ± 3.1 

(+)-4b 47.1 ± 2.0 54.4 ± 2.9 71.7 ± 2.6 

(−)-4c 44.3 ± 2.7 55.1 ± 3.1 62.2 ± 3.4 

(+)-4c 53.6 ± 1.3 61.6 ± 3.2 85.7 ± 3.4 

HETEROCYCLES, Vol. 96, No. 8, 2018 1389



1390 HETEROCYCLES, Vol. 96, No. 8, 2018



 

China Co., (Daicel, Shanghai, China). Catalysts A1, A2, A3, A4 and A5 were prepared according to 

procedures previously reported, and their data were identical to those reported in the literature.8,16 

General experimental procedure to prepare 4. Reactions were performed with 0.30 mmol of 

4-(dimethoxymethyl)pyrimidin-2-amine (1a), 0.30 mmol of aldehyde 2, 0.30 mmol of malonate 3 in 3.0 

mL of p-xylene in the presence of 20 mol% catalyst A1 or A5 at 50 °C and stirred for 48–60 h. After 

completion of the reaction (as observed by TLC), the crude product was purified by preparative TLC 

(GF254 silica gel: hexane/EtOAc = 5/1), which yielded the target product. 

Diethyl 2-(((4-(dimethoxymethyl)pyrimidin-2-yl)amino)(phenyl)methyl)malonate (4a): light-yellow 

oil; yield 78%; 1H NMR (400 MHz, CDCl3) δ 8.29 (d, J = 4.9 Hz, 1H), 7.41 (d, J = 7.7 Hz, 2H), 7.29 (t, J 

= 7.8 Hz, 2H), 7.22 (t, J = 7.2 Hz, 1H), 6.75 (d, J = 4.9 Hz, 1H), 6.68 (d, J = 9.6 Hz, 1H), 6.06 (dd, J = 

9.5, 5.9 Hz, 1H), 5.06 (s, 1H), 4.15-4.09 (m, 4H), 3.99 (d, J = 5.7 Hz, 1H), 3.39 (s, 3H), 3.32 (s, 3H),  

1.14 (t, J = 8.6 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 167.81, 167.09, 166.05, 161.52, 158.70, 139.83, 

128.44, 127.47, 126.72, 108.17, 103.00, 61.74, 61.52, 60.39, 57.38, 53.79, 53.64, 14.20, 13.88; IR (KBr): 

ν3220, 3011, 2951, 2923, 1654, 1582, 1525, 1498, 1369, 1244, 1027, 757 cm−1; Anal. Calcd for 

C21H27N3O6: C, 60.42; H, 6.52; N, 10.07. Found: C, 60.35; H, 6.59; N, 10.00. HR-MS (ESI+) m/z Calcd 

for C21H27N3O6 [M + H]+418.1973; found 418.1983. 

(−)-Diethyl 2-(((4-(dimethoxymethyl)pyrimidin-2-yl)amino)(phenyl)methyl)malonate (−)-(4a): This 

product was obtained as a light-yellow oil from a reaction catalyzed by A1 (20 mol%) at 50 °C for 48 h; 

yield 90% by preparative TLC (GF254 silica gel: hexane/Et2O = 5/1); 89% ee as determined by HPLC 

[Daicel Chiralpak IA, hexane/IPA = 90/10, 1.0 mL min−1, λ = 220 nm, tr (major) = 13.87 min, tr (minor) 

= 9.35 min]; [α]D
25 −41.2 (c 0.52, CHCl3). 

(+)-Diethyl 2-(((4-(dimethoxymethyl)pyrimidin-2-yl)amino)(phenyl)methyl)malonate (+)-(4a): This 

product was obtained as a light-yellow oil from a reaction catalyzed by A5 (20 mol%) at 50 °C for 48 h; 

yield 88% by preparative TLC (GF254 silica gel: hexane/Et2O = 5/1); 95% ee as determined by HPLC 

[Daicel Chiralpak IA, hexane/IPA = 90/10, 1.0 mL min−1, λ = 220 nm, tr (major) = 9.19 min, tr (minor) = 

13.89 min]; [α]D
25 +80.2 (c 0.85, CHCl3). 

Diethyl 2-(((4-(dimethoxymethyl)pyrimidin-2-yl)amino)(4-methoxyphenyl)methyl)malonate (4b): 

light-yellow oil; yield 74%; 1H NMR (400 MHz, CDCl3) δ 8.29 (d, J = 4.9 Hz, 1H), 7.33 (d, J = 8.1 Hz, 

2H), 6.83 (d, J = 8.0 Hz, 2H), 6.75 (d, J = 4.9 Hz, 1H), 6.57 (d, J = 9.5 Hz, 1H), 6.01-5.97 (m, 1H), 5.06 

(s, 1H), 4.15-4.08 (m, 4H), 3.95 (d, J = 5.9 Hz, 1H), 3.76 (s, 3H), 3.38 (s, 3H), 3.33 (s, 3H), 1.16-1.10 (m, 

6H); 13C NMR (100 MHz, CDCl3) δ 167.90, 167.14, 166.02, 161.52, 158.90, 158.74, 131.91, 127.91, 

113.82, 108.14, 61.72, 61.52, 57.54, 55.24, 53.68, 53.31, 14.21, 13.93, 13.89; IR (KBr): ν3225, 3005, 

2953, 2923, 1621, 1586, 1497, 1451, 1363, 1234, 1031, 760 cm−1; Anal. Calcd for C22H29N3O7: C, 59.05; 

H, 6.53; N, 9.39. Found: C, 59.11; H, 6.47; N, 9.42. HR-MS (ESI+) m/z Calcd for C22H29N3O7 [M + 
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H]+448.2087; found 448.2078. 

(−)-Diethyl 2-(((4-(dimethoxymethyl)pyrimidin-2-yl)amino)(4-methoxyphenyl)methyl)malonate 

(−)-(4b): This product was obtained as a light-yellow oil from a reaction catalyzed by A1 (20 mol%) at 

50 °C for 48 h; yield 93% by preparative TLC (GF254 silica gel: hexane/Et2O = 5/1); 95% ee as 

determined by HPLC [Daicel Chiralpak IA, hexane/IPA = 90/10, 1.0 mL min−1, λ = 220 nm, tr (major) = 

14.78 min, tr (minor) = 9.45 min]; [α]D
25 −77.6 (c 1.10, CHCl3). 

(+)-Diethyl 2-(((4-(dimethoxymethyl)pyrimidin-2-yl)amino)(4-methoxyphenyl)methyl)malonate 

(+)-(4b): This product was obtained as a light-yellow oil from a reaction catalyzed by A5 (20 mol%) at 

50 °C for 48 h; yield 88% by preparative TLC (GF254 silica gel: hexane/Et2O = 5/1); 93% ee as 

determined by HPLC [Daicel Chiralpak IA, hexane/IPA = 90/10, 1.0 mL min−1, λ = 220 nm, tr (major) = 

9.49 min, tr (minor) = 14.85 min]; [α]D
25 +81.6 (c 0.99, CHCl3). 

Diethyl 2-(cyclohexyl((4-(dimethoxymethyl)pyrimidin-2-yl)amino)methyl)malonate (4c): 

light-yellow oil; yield 72%; 1H NMR (400 MHz, CDCl3) δ 8.30 (s, 1H), 6.70 (d, J = 4.8 Hz, 1H), 6.06 (s, 

1H), 5.06 (s, 1H), 4.76 (s, 1H), 4.24-4.21 (m, 2H), 4.05 (d, J = 10.4 Hz, 2H), 3.78 (d, J = 4.6 Hz, 1H), 

3.38 (d, J = 5.2 Hz, 6H), 2.05 (s, 1H), 1.85-1.56 (m, 6H), 1.24 (s, 4H), 1.10-1.06(m, 6H). 13C NMR (100 

MHz, CDCl3) δ 168.47, 168.28, 165.89, 162.51, 158.28, 107.40, 102.85, 61.45, 61.29, 54.72, 53.63, 

53.25, 41.65, 30.19, 29.35, 26.11, 26.02, 25.92, 14.02, 13.80. IR (KBr): ν3203, 3003, 2983, 2912, 1651, 

1544, 1493, 1251, 1230, 1172, 1094, 826 cm−1; Anal. Calcd for C21H33N3O6: C, 59.56; H, 7.85; N, 9.92. 

Found: C, 59.50; H, 7.89; N, 9.96. HR-MS (ESI+) m/z Calcd for C21H33N3O6 [M + H]+ 424.2442; found 

424.2441. 

(−)-Diethyl 2-(cyclohexyl((4-(dimethoxymethyl)pyrimidin-2-yl)amino)methyl)malonate (−)-(4c): 

This product was obtained as a light-yellow oil from a reaction catalyzed by A1 (20 mol%) at 50 °C for 

60 h; yield 92% by preparative TLC (GF254 silica gel: hexane/Et2O = 5/1); 93% ee as determined by 

HPLC [Daicel Chiralpak IA, hexane/IPA = 90/10, 1.0 mL min−1, λ = 220 nm, tr (major) = 9.78 min, tr 

(minor) = 7.04 min]; [α]D
25 −103.1 (c 0.81, CHCl3). 

(+)-Diethyl 2-(cyclohexyl((4-(dimethoxymethyl)pyrimidin-2-yl)amino)methyl)malonate (+)-(4c): 

This product was obtained as a light-yellow oil from a reaction catalyzed by A5 (20 mol%) at 50 °C for 

60 h; yield 93% by preparative TLC (GF254 silica gel: hexane/Et2O = 5/1); 97% ee as determined by 

HPLC [Daicel Chiralpak IA, hexane/IPA = 90/10, 1.0 mL min−1, λ = 220 nm, tr (major) = 6.91 min, tr 

(minor) = 9.84 min]; [α]D
25 +52.6 (c 0.43, CHCl3). 

Dimethyl 2-(((4-(dimethoxymethyl)pyrimidin-2-yl)amino)(phenyl)methyl)malonate (4d): 

light-yellow oil; yield 75%; 1H NMR (400 MHz, CDCl3) δ 8.29 (d, J = 5.0 Hz, 1H), 7.40 (d, J = 7.7 Hz, 

2H), 7.30 (t, J = 7.4 Hz, 2H), 7.22 (t, J = 7.2 Hz, 1H), 6.76 (d, J = 5.0 Hz, 1H), 6.69 (d, J = 9.5 Hz, 1H), 

6.06 (dd, J = 9.5, 5.9 Hz, 1H), 5.06 (s, 1H), 4.01 (d, J = 5.8 Hz, 1H), 3.65 (s, 6H), 3.32 (d, J = 26.5 Hz, 
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6H). 13C NMR (100 MHz, CDCl3) δ 168.18, 167.45, 166.10, 161.45, 158.69, 139.71, 128.52, 127.59, 

126.65, 108.29, 102.98, 57.14, 53.90, 53.69, 52.73, 52.53; IR (KBr): ν3226, 3002, 2953, 2927, 1654, 

1581, 1527, 1494, 1365, 1243, 1026, 750 cm−1; Anal. Calcd for C19H23N3O6: C, 58.60; H, 5.95; N, 10.79. 

Found: C, 58.65; H, 5.91; N, 10.74. HR-MS (ESI+) m/z Calcd for C19H23N3O6 [M + H]+390.1660; found 

390.1671. 

(−)-Dimethyl 2-(((4-(dimethoxymethyl)pyrimidin-2-yl)amino)(phenyl)methyl)malonate (−)-(4d): 

This product was obtained as a light-yellow oil from a reaction catalyzed by A1 (20 mol%) at 50 °C for 

48 h; yield 85% by preparative TLC (GF254 silica gel: hexane/Et2O = 5/1); 93% ee as determined by 

HPLC [Daicel Chiralpak IA, hexane/IPA = 90/10, 1.0 mL min−1, λ = 220 nm, tr (major) = 14.39 min, tr 

(minor) = 10.71 min]; [α]D
25 −35.6 (c 0.69, CHCl3). 

(+)-Dimethyl 2-(((4-(dimethoxymethyl)pyrimidin-2-yl)amino)(phenyl)methyl)malonate (+)-(4d): 

This product was obtained as a light-yellow oil from a reaction catalyzed by A5 (20 mol%) at 50 °C for 

48 h; yield 90% by preparative TLC (GF254 silica gel: hexane/Et2O = 5/1); 97% ee as determined by 

HPLC [Daicel Chiralpak IA, hexane/IPA = 90/10, 1.0 mL min−1, λ = 220 nm, tr (major) = 10.59 min, tr 

(minor) = 14.36 min]; [α]D
25 +52.6 (c 0.82, CHCl3). 

Dimethyl 2-((4-chlorophenyl)((4-(dimethoxymethyl)pyrimidin-2-yl)amino)methyl)malonate (4e): 

light-yellow oil; yield 71%; 1H NMR (400 MHz, CDCl3) δ 8.29 (d, J = 5.0 Hz, 1H), 7.35 (d, J = 8.3 Hz, 

2H), 7.28 (d, J = 8.1 Hz, 2H), 6.78 (d, J = 5.0 Hz, 1H), 6.68 (d, J = 9.3 Hz, 1H), 5.99 (dd, J = 9.3, 5.8 Hz, 

1H), 5.06 (s, 1H), 3.97 (d, J = 5.6 Hz, 1H), 3.66 (s, 6H), 3.39 (d, J = 23.8 Hz, 6H).13C NMR (100 MHz, 

CDCl3) δ 168.03, 167.24, 166.17, 161.26, 158.69, 138.34, 133.41, 128.69, 128.17, 108.55, 102.87, 56.88, 

53.67, 53.44, 52.85, 52.66. IR (KBr): ν 3223, 3006, 2952, 2929, 1623, 1587, 1494, 1455, 1360, 1235, 

1035, 768 cm−1; Anal. Calcd for C19H22ClN3O6: C, 53.84; H, 5.23; N, 9.91. Found: C, 53.80; H, 5.19; N, 

9.86. HR-MS (ESI+) m/z Calcd for C19H22ClN3O6 [M + H]+ 424.1270; found 424.1270. 

(−)-Dimethyl 2-((4-chlorophenyl)((4-(dimethoxymethyl)pyrimidin-2-yl)amino)methyl)malonate 

(−)-(4e): This product was obtained as a light-yellow oil from a reaction catalyzed by A1 (20 mol%) at 

50 °C for 48 h; yield 82% by preparative TLC (GF254 silica gel: hexane/Et2O = 5/1); 93% ee as 

determined by HPLC [Daicel Chiralpak IA, hexane/IPA = 90/10, 1.0 mL min−1, λ = 220 nm, tr (major) = 

11.85 min, tr (minor) = 8.48 min]; [α]D
25 −80.1 (c 0.62, CHCl3). 

(+)-Dimethyl 2-((4-Chlorophenyl)((4-(dimethoxymethyl)pyrimidin-2-yl)amino)methyl)malonate 

(+)-(4e): This product was obtained as a light-yellow oil from a reaction catalyzed by A5 (20 mol%) at 

50 °C for 48 h; yield 89% by preparative TLC (GF254 silica gel: hexane/Et2O = 5/1); 95% ee as 

determined by HPLC [Daicel Chiralpak IA, hexane/IPA = 90/10, 1.0 mL min−1, λ = 220 nm, tr (major) = 

8.42 min, tr (minor) = 11.87 min]; [α]D
25 +91.5 (c 0.75, CHCl3). 

Dimethyl 2-(((4-(dimethoxymethyl)pyrimidin-2-yl)amino)(p-tolyl)methyl)malonate (4f): light-yellow 
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oil; yield 77%; 1H NMR (400 MHz, CDCl3) δ 8.28 (d, J = 4.9 Hz, 1H), 7.28 (d, J = 7.6 Hz, 2H), 7.11 (d, 

J = 7.7 Hz, 2H), 6.75 (d, J = 5.0 Hz, 1H), 6.65 (d, J = 9.6 Hz, 1H), 6.01 (dd, J = 9.5, 5.9 Hz, 1H), 5.06 (s, 

1H), 3.99 (d, J = 5.8 Hz, 1H), 3.65 (s, 6H), 3.38 (d, J = 19.8 Hz, 6H), 2.29 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ 168.23, 167.50, 166.08, 161.45, 158.66, 137.23, 136.68, 129.22, 126.54, 108.21, 57.20, 53.73, 

53.65, 52.70, 52.51, 21.05. IR (KBr): ν3205, 3001, 2982, 2915, 1657, 1548, 1499, 1255, 1233, 1171, 

1090, 825 cm−1; Anal. Calcd for C20H25N3O6: C, 59.54; H, 6.25; N, 10.42. Found: C, 59.50; H, 6.21; N, 

10.46. HR-MS (ESI+) m/z Calcd for C20H25N3O6 [M + H]+ 404.1816; found 404.1817. 

(−)-Dimethyl 2-(((4-(dimethoxymethyl)pyrimidin-2-yl)amino)(p-tolyl)methyl)malonate (−)-(4f): This 

product was obtained as light-yellow oil from a reaction catalyzed by A1 (20 mol%) at 50 °C for 60 h; 

yield 81% by preparative TLC (GF254 silica gel: hexane/Et2O = 5/1); 96% ee as determined by HPLC 

[Daicel Chiralpak IA, hexane/IPA = 90/10, 1.0 mL min−1, λ = 220 nm, tr (major) = 11.02 min, tr (minor) 

= 7.72 min]; [α]D
25 −78.3 (c 1.05, CHCl3). 

(+)-Dimethyl 2-(((4-(dimethoxymethyl)pyrimidin-2-yl)amino)(p-tolyl)methyl)malonate (+)-(4f): This 

product was obtained as a light-yellow oil from a reaction catalyzed by A5 (20 mol%) at 50 °C for 60 h; 

yield 87% by preparative TLC (GF254 silica gel: hexane/Et2O = 5/1); 95% ee as determined by HPLC 

[Daicel Chiralpak IA, hexane/IPA = 90/10, 1.0 mL min−1, λ = 220 nm, tr (major) = 7.63 min, tr (minor) = 

10.93 min]; [α]D
25 +41.8 (c 0.56, CHCl3). 

Dimethyl 2-(cyclohexyl((4-(dimethoxymethyl)pyrimidin-2-yl)amino)methyl)malonate (4g): 

light-yellow oil; yield 76%; 1H NMR (400 MHz, CDCl3) δ 8.31 (s, 1H), 6.71 (d, J = 4.3 Hz, 1H), 6.03 (s, 

1H), 5.07 (s, 1H), 4.76 (s, 1H), 3.82 (d, J = 3.7 Hz, 1H), 3.75 (s, 3H), 3.58 (s, 3H), 3.40 (s, 6H), 2.05 (s, 

1H), 1.85-1.55 (m, 6H), 1.20-1.01(m, 4H). 13C NMR (100 MHz, CDCl3) δ 168.60, 165.92, 162.47, 

158.33, 107.50, 102.77, 54.81, 53.69, 52.86, 52.37, 52.35, 41.47, 30.16, 29.32, 26.07, 25.97, 25.86; IR 

(KBr): ν3223, 3002, 2958, 2921, 1658, 1584, 1529, 1491, 1364, 1243, 1023, 753cm−1; Anal. Calcd for 

C19H29N3O6: C, 57.71; H, 7.39; N, 10.63. Found: C, 57.76; H, 7.35; N, 10.61; HR-MS (ESI+) m/z Calcd 

for C19H29N3O6 [M + H]+ 396.2129; found 396.2131. 

(−)-Dimethyl 2-(cyclohexyl((4-(dimethoxymethyl)pyrimidin-2-yl)amino)methyl)malonate (−)-(4g): 

This product was obtained as light-yellow oil from a reaction catalyzed by A1 (20 mol%) at 50 °C for 60 

h; yield 80% by preparative TLC (GF254 silica gel: hexane/Et2O = 5/1); 91% ee as determined by HPLC 

[Daicel Chiralpak IA, hexane/IPA = 90/10, 1.0 mL min−1, λ = 220 nm, tr (major) = 10.92 min, tr (minor) 

= 7.27 min]; [α]D
25 −41.7 (c 0.77, CHCl3). 

(+)-Dimethyl 2-(cyclohexyl((4-(dimethoxymethyl)pyrimidin-2-yl)amino)methyl)malonate (+)-(4g): 

This product was obtained as a light-yellow oil from a reaction catalyzed by A5 (20 mol%) at 50 °C for 

60 h; yield 84% by preparative TLC (GF254 silica gel: hexane/Et2O = 5/1); 94% ee as determined by 

HPLC [Daicel Chiralpak IA, hexane/IPA = 90/10, 1.0 mL min−1, λ = 220 nm, tr (major) = 7.40 min, tr 
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(minor) = 10.98 min]; [α]D
25 −63.5 (c 0.96, CHCl3). 

Dimethyl 2-(((4-(dimethoxymethyl)pyrimidin-2-yl)amino)(furan-2-yl)methyl)malonate (4h): 

light-yellow oil; yield 79%; 1H NMR (400 MHz, CDCl3) δ 8.35 (d, J = 4.8 Hz, 1H), 7.27 (d, J = 18.1 Hz, 

1H), 6.82 (d, J = 4.9 Hz, 1H), 6.40 (d, J = 9.7 Hz, 1H), 6.27 (d, J = 6.3 Hz, 2H), 6.16 (d, J = 9.9 Hz, 1H), 

5.09 (s, 1H), 4.15 (d, J = 5.4 Hz, 1H), 3.67 (d, J = 18.0 Hz, 6H), 3.39 (d, J = 6.6 Hz, 6H). 13C NMR (100 

MHz, CDCl3) δ 168.00, 167.25, 166.25, 161.31, 158.70, 152.42, 142.06, 110.42, 108.62, 106.99, 54.52, 

53.80, 52.77, 52.65, 48.56. IR (KBr): ν3228, 3002, 2953, 2924, 1622, 1587, 1495, 1458, 1362, 1232, 

1030, 765 cm−1; Anal. Calcd for C17H21N3O7: C, 53.82; H, 5.58; N, 11.08. Found: C, 53.85; H, 5.57; N, 

11.11. HR-MS (ESI+) m/z Calcd for C17H21N3O7 [M + H]+ 380.1452; found 380.1451. 

(−)-Dimethyl 2-(((4-(dimethoxymethyl)pyrimidin-2-yl)amino)(furan-2-yl)methyl)malonate (−)-(4h): 

This product was obtained as a light-yellow oil from a reaction catalyzed by A1 (20 mol%) at 50 °C for 

60 h; yield 94% by preparative TLC (GF254 silica gel: hexane/Et2O = 5/1); >99% ee as determined by 

HPLC [Daicel Chiralpak IA, hexane/IPA = 90/10, 1.0 mL min−1, λ = 220 nm, tr (major) = 15.00 min, tr 

(minor) = 9.54 min]; [α]D
25 −80.1 (c 0.60, CHCl3). 

(+)-Dimethyl 2-(((4-(dimethoxymethyl)pyrimidin-2-yl)amino)(furan-2-yl)methyl)malonate (+)-(4h): 

This product was obtained as a light-yellow oil from a reaction catalyzed by A5 (20 mol%) at 50 °C for 

60 h; yield 92% by preparative TLC (GF254 silica gel: hexane/Et2O = 5/1); 98% ee as determined by 

HPLC [Daicel Chiralpak IA, hexane/IPA = 90/10, 1.0 mL min−1, λ = 220 nm, tr (major) = 9.54 min, tr 

(minor) = 15.01 min]; [α]D
25 +107.2 (c 0.89, CHCl3). 

Diethyl 2-(((6-chloropyrimidin-4-yl)amino)(4-methoxyphenyl)methyl)malonate (4i): light-yellow oil; 

yield 78%; 1H NMR (400 MHz, CDCl3) δ 8.33 (s, 1H), 7.25 (d, J = 8.7 Hz, 2H), 6.84 (s, 2H), 6.41 (s, 1H), 

4.14 (ddtd, J = 14.3, 10.8, 7.3, 3.5 Hz, 4H), 3.91 (d, J = 4.9 Hz, 1H), 3.78 (s, 3H), 1.17 (td, J = 7.1, 5.3 Hz, 

6H); 13C NMR (100 MHz, CDCl3) δ 166.78, 162.58, 159.31, 158.46, 127.57, 114.21, 62.13, 61.90, 56.95, 

55.26, 13.90; IR (KBr): ν3210, 2998, 2924, 2901, 1647, 1572, 1481, 1443, 1357, 1240, 1022, 794 cm−1; 

Anal. Calcd for C19H22ClN3O5: C, 55.95; H, 5.44; N, 10.30. Found: C, 55.93; H, 5.42; N, 10.31. 

MS(ESI): m/z = 408 ([M+H]+), 430 ([M+Na]+).  

(−)-Diethyl 2-(((6-chloropyrimidin-4-yl)amino)(4-methoxyphenyl)methyl)malonate (−)-(4i): This 

product was obtained as a light-yellow oil from a reaction catalyzed by A1 (20 mol%) at 50 °C for 48 h; 

yield 91% by preparative TLC (GF254 silica gel: hexane/Et2O = 5/1); 99% ee as determined by HPLC 

[Daicel Chiralpak IA, hexane/IPA = 90/10, 1.0 mL min−1, λ = 220 nm, tr (major) = 15.67 min, tr (minor) 

= 9.57 min]; [α]D
25 −36.2 (c 0.55, CHCl3). 

(+)-Diethyl 2-(((6-chloropyrimidin-4-yl)amino)(4-methoxyphenyl)methyl)malonate (+)-(4i): This 

product was obtained as a light-yellow oil from a reaction catalyzed by A5 (20 mol%) at 50 °C for 48 h; 

yield 93% by preparative TLC (GF254 silica gel: hexane/Et2O = 5/1); 99% ee as determined by HPLC 
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[Daicel Chiralpak IA, hexane/IPA = 90/10, 1.0 mL min−1, λ = 220 nm, tr (major) = 9.55 min, tr (minor) = 

15.77 min]; [α]D
25 +40.3 (c 0.48, CHCl3). 
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