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手性辅基诱导 β-脱氢氨基酸酯的非均相不对称氢化 
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谢小敏    李泽标 b    张兆国*,a 
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摘要  研究了手性辅基诱导 Pt/Al2O3催化的 β-脱氢氨基酸酯的非均相不对称氢化, 成功地氢化了一系列 β-脱氢氨基酸

酯的底物, 得到了很好的转化率和 dr 值(dr 值可高达 5.2∶94.8). 提供了一种非常高效、便捷的关于 β-脱氢氨基酸酯的

不对称氢化方法, 产物可以作为西他列汀药物重要中间体. 
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Pt/Al2O3 Catalyzed Diastereoselective Hydrogenation of β-Dehydro- 
amino Esters Induced by a Chiral Prosthetic Group 
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Abstract  A chiral prosthetic group induced heterogeneous diastereoselective asymmetric hydrogenation of β-dehydroamino 
esters, catalyzed by Pt/Al2O3, has been developed. A series of β-dehydroamino esters were successfully hydrogenated in high 
yields with good diastereoselectivities (dr up to 5.2∶94.8). This method provides a convenient and efficient synthetic way for 
the preparation of chiral β-amino acid derivatives, which are key intermediates for bioactive compounds and pharmaceuticals.
Keywords  sitagliptin; diastereoselectivities; β-dehydroamino esters; Pt/Al2O3; heterogeneous hydrogenation 

 
Enantiomerically pure β-amino acids and their deriva-

tives are important and versatile synthetic building blocks 
in a variety of natural products and drugs,[1] such as 
sitagliptin, which is used for the treatment of diabetes, and 
some antiretroviral agents such as (S)-maraviroc and com-
pound A (Figure 1).[2] Recently, more attention and popu-
larity are gained due to their increasing significance for the 
synthesis of β-peptides, β-lactams and other biologically 
active compounds.[3] Consequently, it is of vital im-
portance to develop new synthetic methods for the con-
struction of β-amino acid and their derivatives. There have 
been numerous methods already available so far for the 
synthesis of chiral β-amino acids, such as modification of 
β-amino acid equivalent,[4] chiral Lewis acid catalyzed 
Mannich reaction,[5] asymmetric hydrogenation of 
β-dehydroamino ester derivatives[6] and so on.[7] Given its 

inherent atom economy and environment-friendly charac-
teristics, it appears to be the most practical and economical 
way to focus on the area of asymmetric hydrogenation of 
β-dehydroamino ester derivatives.[8] 

Transition-metal-catalyzed asymmetric hydrogenation of 
β-dehydroamino acids has attracted much attention in both 
industry and academy. Good to excellent enantioselectivi-
ties have been achieved by using ruthenium or rhodium 
with chiral phosphorus ligands (such as BINAP, Josiphos 
and Duanphos) as catalysts in homogeneous asymmetric 
hydrogenation of β-dehydroamino acid derivatives.[9] 
However, only a few applications have been applied to 
industrial production because of costly chiral ligands 
which are usually sensitive to the air and hard to synthe-
size.[10] Utilizing heterogeneous catalysts for practical 
productions is rather preferred reckoning their advantages  
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Figure 1  Structures of β-amino esters and derivatives 

in the easy separation and recycling of the catalyst, and the 
possibility of continuous operation.[11] They have been 
developed with modified catalyst, chiral prosthetic group 
and chiral auxiliary reagent involved.[12] For example, cin-
chona alkaloids modified palladium catalysts have been 
used for the asymmetric hydrogenation of α,β-unsaturated 
carboxylic acid, and good enantioselectivities were ob-
tained for aryl-substituted substrates.[13] But this method 
could only be limited in α-dehydroamino substrates and 
hydrogenation of β-dehydroamino acid is still challeng-
ing.[14] Therefore a mild and effective asymmetric hydro-
genation of β-dehydroamino acid is highly desirable. 
Herein we report chiral prosthetic group induced hetero-
geneous diastereoselective hydrogenation of β-dehydroa- 
mino acid with cheaper and easier prepared catalysts such 
as Pt/Al2O3 compared with PtO2

[15] for this transformation.  

1  Results and discussion 

We initiated our study by examining tert-butyl 3- 
(((1R)-1-phenylethyl)amino)-4-(2,4,5-trifluorophenyl)but-
2-enoate (1a) which was synthesized from the according 
phenylacetic acid by several steps (Scheme 2) with Pt/C 
(5%) in i-PrOH at 35 ℃ under 2.02 MPa of H2 for 22 h 
(Table 1, Entry 2).[16] It can be found that this reaction 
could occur with quantitative conversion but low diastere-
oselectivity. Then a series of common heterogeneous cata-
lysts were tested. Unfortunately, these catalysts did little or 
no work on the hydrogenation except Pt/C (Table 1, En-
tries 1～3). Additives including Lewis acids and bases 
were examined whether they could control diastereoselec-
tivities more efficiently by adjusting interactive force be-
tween substrates and catalysts.[17] However, none of them 
had a positive effect on conversion and diastereoselectivity 

simultaneously (Table 1, Entries 5～7). Similar negative 
effect was also observed when CH3COOH was added as 
additives (Table 1, Entry 4). At the same time, the influ-
ence of catalyst support on diastereoselectivity was also 
explored and it can be found that the diastereoselectivity 
and reactivity were sensitive to the catalyst model (Table 
1, Entries 8～10). Only when Pt/Al2O3 (K0343) was used 
as catalyst the diastereoselectivity increased dramatically 
(Table 1, Entry 8). 

Table 1  Optimization of catalysts and additivesa 

 

Entry Cat. Add.b Conv.c/% drd 

1 Pd/C — Trace  
2 Pt/C — ＞95 18.5∶81.5
3 Ru/C — Trace  
4 Pt/C CH3COOH ＞95 22.2∶77.8
5 Pt/C ZnCl2 Trace  
6 Pt/C CeCl3•7H2O ＞95 28.6∶71.4
7 Pt/C t-BuOK 47 19.6∶80.4
8 Pt/Al2O3 (K0343)e — ＞95 10.9∶89.1
9 Pt/Al2O3 (K1456)f — 0  
10 Pt/Al2O3 (E25S008)g — 0  

a Conditions: Unless otherwise stated, all reactions were carried out using 1a 
(0.2 mmol) and catalyst (5% of substrate’s weight) in i-PrOH (2.6 mL) under 
2.02 MPa of H2 at 35 ℃ for 22 h. bAdditive (5% of substrate’s molar). c De-
termined by NMR analysis. d Determined by HPLC. e Catalyst K0343 from 
Canan Material Company. f Catalyst K1456 from Canan Material Company.   
g Catalyst E25S008 from Alfa Aesar. 

Next, the effect of solvents on the conversion and dia-
stereoselectivity was investigated. The results revealed that 
quantitative conversions in most solvents, but they had a 
large difference on the diastereoselectivities. Diastereose-
lectivity increased obviously along with enhancement of 
alcohols steric hindrance (Table 2, Entries 1～4). In addi-
tion, different solvents had a significant influence on dia-
stereoselectivity. For example, nonprotic solvents were 
definitely harmful for diastereoselectivity in the hydro-
genation of β-dehydroamino esters (Table 2, Entries 6～8). 
Moreover, there was even no conversion when the reaction 
was conducted in tetrahydrofuran (THF) (Table 2, Entry 
8). Finally, we chose t-BuOH as the optimal solvent as it 
could give desired products with the highest dr value (Ta-
ble 2, Entry 4). 

The hydrogen pressure also had a significant influence 
on diastereoselectivities. The dr value increased gradually  
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Table 2  Optimization of the reaction solventsa 

 

Entry Solvent Conv.b/% drc 

1 CH3OH 79 15.2∶84.8 
2 EtOH ＞95 11.2∶88.8 
3 i-PrOH ＞95 10.9∶89.1 
4 t-BuOH ＞95 9.6∶90.4 
5 Trifluoro ethanol ＞95 30.3∶69.7 
6 Toluene ＞95 20.0∶80.0 
7 Ethyl acetate ＞95 22.2∶77.8 
8 Tetrahydrofuran 0  

a Conditions: unless otherwise stated, all reactions were carried out using 1a 
(0.2 mmol) and Pt/Al2O3 (5%, K0343, 5% of substrate’s weight) in solvent 
(2.6 mL) under 2.02 MPa of H2 at 35 ℃ for 22 h. b Determined by NMR 
analysis. c Determined by HPLC. 

when H2 pressure changed from 1.01 MPa to 8.10 MPa 
(Table 3, Entries 1～5), but slightly decreased when fur-
ther raised to 10.1 MPa (Table 3, Entry 6). Higher temper-
ature lowered the diastereoselectivity obviously as a result 
the diastereoselectivity dropped from 8.8∶91.2 at 35 ℃ 
to 11.2∶88.8 at 50 ℃ (Table 3, Entries 8 and 9). How-
ever, compared to the remarkable effect of increased tem-
perature, there was little influence on dr value on the con-
dition of the reduced temperature at 30 ℃ (Table 3, Entry 
7). The best result was obtained at 35 ℃, which provided 
the corresponding product in full conversion and 7.5∶92.5 
dr value (Table 3, Entry 5). Therefore the optimal reaction 
conditions were set as follows: Pt/Al2O3 (5%, K0343) as 
the catalyst in t-BuOH under 8.10 kPa of H2 at 35 ℃ for 
22 h. 

With the optimized reaction conditions in hand, a wide 
range of β-dehydroamino esters was subjected to the reac-
tion, and the results were shown in Table 4. To our delight, 
a series of substrates were hydrogenated successfully, 
providing the corresponding β-amino esters with good to 
excellent yields and satisfying diastereoselectivities. The 
model substrate 1a was hydrogenated completely with 
7.6∶92.4 dr value (Table 4, Entry 1), and the correspond-
ing hydrogenation product 2a was separated by adding 
maleic acid to form 4a which was further confirmed the 
absolute R configuration through X-ray diffraction analysis 
(Figure 2), giving the important intermediate of the 
(R)-Sitagliptin and its analogues. Surprisingly, when R2 
was changed to methyl or isopropyl, the yields and selec-
tivities declined significantly as the result with yields of 
79% (dr: 14.4∶85.6) and 76% (dr: 13.8∶86.2), respec-
tively (Table 4, Entries 2 and 3). In addition, substrates 
possessing different substitutes at ortho, meta and para 
positions of the phenyl moiety were successfully hydro-
genated under the optimized conditions and a series of 

Table 3  Optimization of hydrogenation pressure and tempera-
turea 

 

Entry Pressure/MPa Temp./℃ drb 

1 1.01 35 11.2∶88.8 
2 2.02 35 9.6∶90.4 
3 4.05 35 8.8∶91.2 
4 6.08 35 8.3∶91.7 
5 8.10 35 7.5∶92.5 
6 10.1 35 8.1∶91.9 
7 8.10 30 7.7∶92.3 
8 8.10 45 8.8∶91.2 
9 8.10 50 11.2∶88.8 

a Conditions: unless otherwise stated, all reactions were carried out using 1a 
(0.2 mmol) and Pt/Al2O3 (5%, K0343, 5% of substrate’s weight) in t-BuOH 
(2.6 mL) for 22 h and all reactions were transformed with ＞95% conversion. 
b Determined by HPLC. 

Table 4  Asymmetric hydrogenation of β-dehydroamino estersa 

 

Entry 1 R1 R2 Yieldb/% drc 

1 1a 2,4,5-F3C6H2CH2 t-Bu 90 7.6∶92.4
2 1b 2,4,5-F3C6H2CH2 i-Pr 76 13.8∶86.2
3 1c 2,4,5-F3C6H2CH2 Me 79 14.4∶85.6
4 1d C6H5CH2 t-Bu 93 5.9∶94.1
5 1e p-(CH3O)C6H4CH2 t-Bu 99 7.4∶92.6
6 1f p-BrC6H4CH2 t-Bu 98 6.7∶93.3
7 1g p-CF3C6H4CH2 t-Bu 99 5.7∶94.3
8 1h m-ClC6H4CH2 t-Bu 91 5.2∶94.8
9 1i o-CH3C6H4CH2 t-Bu 91 10.1∶89.9

10 1j o-(CH3O)C6H4CH2 t-Bu 70 23.8∶76.2
11 1k C6H5 t-Bu ＜10 38.4∶61.6

a Conditions: unless otherwise stated, all reactions were carried out using 
substrate (0.2 mmol) and Pt/Al2O3 (5%, K0343, 5% substrate’s weight) in 
t-BuOH (2.6 mL) under 8.10 MPa of H2 at 35 ℃ for 22 h. b Isolated yield.      
c Determined by HPLC. 

functional groups were tolerated (Table 4, Entries 4～10). 
For example, (Z)-tert-butyl 4-phenyl-3-((1-phenylethyl)- 
amino)but-2-enoate could be hydrogenated well with ra-
ther high diastereoselectivity (Table 4, Entry 4). It was 
noticed that substrates with electron-withdrawing group 
and electron-donating group at the para position of the 
phenyl moiety were hydrogenated in quantitative conver-
sion with good diastereoselectivities (Table 4, Entries 5～  
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Figure 2  Single crystal structure of product 4a 

7). Substrates with a chlorine atom substitute at the meta 
position of the phenyl ring gave the highest dr value which 
can be up to 5.2∶94.8 (Table 4, Entry 8). However, the 
substrates owning ortho substitutes on the aromatic ring 
showed a completely different behavior considering both 
diastereoselectivity and reactivity. For substrate 1i, dr val-
ue was decreased obviously (Table 4, Entry 9). This result 
indicated that steric hindrance had a remarkable effect on 
diastereoselectivity. Furthermore, substrates containing 
o-methoxy substitutes on the phenyl ring could be trans-
formed only with 70% yield and 23.8∶76.2 dr value, 
which could be attributed to competing coordinating ability 
of o-OMe group with Pt catalyst (Table 4, Entry 10). Un-
fortunately, when the substrates was broadened to 
(Z)-tert-butyl 3-phenyl-3-((1-phenylethyl)amino)acrylate, 
low conversion (＜10%) and dr value (38.4∶61.6) were 
given even when the reaction time was prolonged to 30 h 
(Table 4, Entry 11). 

To highlight the practical utility of our method, the 
asymmetric hydrogenation was performed on a gram-scale 
(Scheme 1). Quantitative conversion was afforded when 
compound 1d (3.5 g, 10.4 mmol) was hydrogenated with 
5% Pt/Al2O3 under 8.09 MPa of H2 at 35 ℃ in t-BuOH 
(50.0 mL) with 5.8∶94.2 dr value which could be easily 
upgraded to 99% de by adding maleic acid (1 equiv.) to get 
pure product 4d. Recycled catalysts were reused for the 
hydrogenation of 1d with complete conversion for two 
times with 5.2∶94.8 and 5.7∶94.3 dr value, respectively.  

2  Conclusions 

In summary, we have successfully developed a highly  
efficient asymmetric hydrogenation of β-dehydroamino 
esters with a chiral benzyl as the easy-removing prosthetic 
group using Pt/Al2O3 (5%, K0343) catalytic system, and 
excellent yields and diastereoselectivities have been 
achieved with dr up to 5.2∶94.8. Further studies are going 
on in our lab. 
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Scheme 1  Gram-scale reaction 

3  Experimental section 

3.1  General considerations 

Commercially available reagents and chemicals were 
used throughout without further purification other than 
those detailed below. i-PrOH was distilled over calcium 
hydride. MeOH and EtOH were distilled over magnesium 
under nitrogen. 1H NMR and 13C NMR spectra were per-
formed on a Varian Plus-400 MHz. 1H NMR spectra were 
recorded at 400 MHz with TMS as internal standard. 13C 
NMR spectra were recorded at 100 MHz and referenced to 
the central peak of δ 77.00 for CDCl3. HRMS were per-
formed under ESI ionization technique on a Q-TOF Prem-
ier mass spectrometer. HPLC was performed with X 
charge C18 column. Flash column chromatography was 
performed on silica gel (300～400 mesh). 

3.2  Preparation of substrates 

3.2.1  Preparation of 5-(1-hydroxy-2-(2,4,5-trifluoro- 
phenyl)ethylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione 
(3a) and tert-butyl 3-(((1R)-1-phenylethyl)amino)-4- 
(2,4,5-trifluorophenyl)but-2-enoate (1a) 

2,4,6-Trifluorophenylacetic acid (10.0 g, 52.6 mmol) 
was dissolved in dichloromethane (70.0 mL). N,N-Dime- 
thylformamide (DMF) (4.0 mL) was added subsequently at 
room temperature. Oxalyl chloride (7.7 g, 60.5 mmol) in 
dichloromethane (30.0 mL) was slowly added dropwise 
over a period of 1 h, and stirred at room temperature for 
2～3 h until the end of gas evolution. The system was 
evaporated to remove excess oxalyl chloride. CH2Cl2 (40.0 
mL) was added to the residue which could be then slowly 
added to a mixture of Meldrum’s acid (31.8 g, 220.9 
mmol) and 2,6-dimethylpyridine (47.3 g, 441.8 mmol) in 
CH2Cl2 (100.0 mL) at －5 ℃ for 2 h. The resulting yel-
low solution was stirred at room temperature for another 2 
h. After completion, the reaction was quenched with 10%  
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Scheme 2  Preparation of compound 1a

hydrochloric acid (180.0 mL). Then the layers were sepa- 
rated, and the organic layer was extracted with 1 mol•L－1 

NaOH (840.0 mL) twice. The combined aqueous layers 
were acidified with 37% hydrochloric acid until pH＝1. 
The pale yellow solid 3a[18] was filtered off and dried, 
which could be used in the next step without further puri-
fication. 

5-(1-Hydroxy-2-(2,4,5-trifluorophenyl)ethylidene)-2,2- 
dimethyl-1,3-dioxane-4,6-dione (3a) (10.0 g, 31.6 mmol) 
was dissolved in tert-butanol (50.0 mL), which was sub-
sequently heated to reflux at 85 ℃ for 2 h and then 
(R)-1-phenylethanamine (4.2 g, 34.8 mmol) and acetic acid 
(1.9 g, 31.6 mmol) were charged into the system. The 
mixture was stirred at 40 ℃  overnight. t-BuOH was 
evaporated under vacuum distillation. The crude product 
was recrystallized by methanol/water (V∶V＝95∶5, 30.0 
mL) to get pure product 1a.[16] The yield of crude product 
is 89.5%.  

(Z)-tert-Butyl 3-(((1R)-1-phenylethyl)amino)-4-(2,4,5- 
trifluorophenyl)but-2-enoate (1a)[16]: White solid. Yield 
89.5%. m.p. 71.2 ～ 72.5 ℃ ; 25

D[ ]α － 395.5 (c 0.25, 
CHCl3); 

1H NMR (400 MHz, CDCl3) δ: 8.89 (d, J＝8.0 
Hz, 1H), 7.32～7.19 (m, 5H), 7.00～6.93 (m, 1H), 6.88～
6.81 (m, 1H), 4.48～4.41 (m, 1H), 4.32 (s, 1H), 3.40 (d,   
J＝16.4 Hz, 1H), 3.15 (d, J＝16.4 Hz, 1H), 1.50 (s, 9H), 
1.45 (d, J＝6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 
170.3, 159.4, 155.3 (dd, JC－F＝244.8, 11.0 Hz, 1C), 148.8, 
146.8, 144.8, 128.8 (2C), 127.0, 125.2 (2C), 120.1, 117.9 
(dd, JC－F＝19.7, 4.7 Hz), 105.2 (dd, JC－F＝28.1, 20.7 Hz), 
87.1, 78.5, 52.9, 30.7, 28.5 (3C), 25.0; 19F NMR (376 
MHz, CDCl3) δ: －41.50 (m, 1F), －57.71 (m, 1F), －
64.73 (m, 1F). HRMS-ESI calcd for C22H25F3NO2 (M＋ 
H)＋ 392.1837, found 392.1843. 

Compounds 1b～1k were synthesized in a similar way. 
(Z)-Isopropyl 3-(((1R)-1-phenylethyl)amino)-4-(2,4,5- 

trifluorophenyl)but-2-enoate (1b): Pale yellow liquid. 
Yield 90.1%. 25

D[ ]α －0.6 (c 0.46, CHCl3); 
1H NMR (400 

MHz, CDCl3) δ: 9.03 (d, J＝8.0 Hz, 1H), 7.33～7.17 (m, 
5H), 6.97～6.82 (m, 2H), 5.08～5.02 (m, 1H), 4.52～4.44 
(m, 1H), 4.35 (s, 1H), 3.43 (d, J＝16.4 Hz, 1H), 3.19 (d,  
J＝16.4 Hz, 1H), 1.46 (d, J＝6.8 Hz, 3H), 1.27 (d, J＝6.4 
Hz, 6H); 13C NMR (100 MHz, CDCl3) δ: 170.1, 160.3, 
155.4 (dd, J＝243.2, 2.8 Hz, 1C), 149.1 (ddd, J＝26.5, 
14.3, 12.2 Hz, 1C), 146.9 (ddd, J＝15.9, 12.4, 3.5 Hz, 1C), 

144.6, 128.8 (2C), 127.2, 125.2 (2C), 119.9 (ddd, J＝9.7, 
5.3, 4.3 Hz, 1C), 118.0 (dd, J＝19.7, 4.4 Hz, 1C), 105.3 
(dd, J＝28.1, 20.8 Hz, 1C), 85.6, 65.7, 52.7, 30.8, 25.1, 
22.2 (2C); 19F NMR (376 MHz, CDCl3) δ: －41.43 (m, 
1F), －57.50 (m, 1F), －64.65 (m, 1F). HRMS-ESI calcd 
for C21H23F3NO2 (M＋H)＋ 378.1681, found 378.1670. 

(Z)-Methyl 3-(((1R)-1-phenylethyl)amino)-4-(2,4,5-tri- 
fluorophenyl)but-2-enoate (1c)[19]: White solid. Yield 
84.8%. m.p. 46.4 ～ 47.5 ℃ ; 25

D[ ]α ＋ 337.5 (c 0.40, 
CHCl3); 

1H NMR (400 MHz, CDCl3) δ: 9.01 (d, J＝7.2 
Hz, 1H), 7.33～7.17 (m, 5H), 6.96～6.82 (m, 2H), 4.53～
4.46 (m, 1H), 4.39 (s, 1H), 3.68 (s, 3H), 3.45 (d, J＝16.4 
Hz, 1H), 3.21 (d, J＝16.4 Hz, 1H), 1.47 (d, J＝6.8 Hz, 
3H). 13C NMR (100 MHz, CDCl3) δ: 170.7, 160.6, 155.3 
(ddd, J＝11.8, 9.2 Hz, 2.6 Hz, 1C), 148.8 (ddd, J＝26.6, 
14.2 Hz, 12.3 Hz,1C), 146.8 (ddd, J＝16.0, 12.5 Hz, 3.6 
Hz, 1C), 144,4, 128.7 (2C), 127.1, 125.1 (2C), 119.8 (ddd, 
J＝9.7, 5.3, 4.4 Hz, 1C), 117.8 (dd, J＝19.7, 4.8 Hz, 1C), 
105.3 (dd, J＝28.1 Hz, 20.8 Hz, 1C), 84.6, 52.7, 50.1, 
30.7, 24.9; 19F NMR (376 MHz, CDCl3) δ: －41.39 (m, 
1F), －57.37 (m, 1F), －64.55 (m, 1F). HRMS-ESI calcd 
for C19H19F3NO2  (M＋H)＋ 350.1368, found 350.1352. 

(Z)-tert-Butyl 4-phenyl-3-(((1R)-1-phenylethyl)amino)- 
but-2-enoate (1d): White solid. Yield 84.3%. m.p. 62.4～ 
63.1 ℃; 25

D[ ]α －372.5 (c 0.40, CHCl3); 
1H NMR (400 

MHz, CDCl3) δ: 8.89 (d, J＝8.0 Hz, 1H), 7.34～7.14 (m, 
10H), 4.48～4.41 (m, 2H), 3.35 (d, J＝16.0 Hz, 1H), 3.24 
(d, J＝15.6 Hz, 1H), 1.50 (s, 9H), 1.38 (d, J＝6.8 Hz, 3H); 
13C NMR (100 MHz, CDCl3) δ: 170.6, 161.5, 145.2, 136.9, 
128.7 (2C), 128.5 (2C), 128.4 (2C), 126.9, 126.6, 125.3 
(2C), 86.8, 78.0, 52.2, 39.0, 28.6 (3C), 24.8. HRMS-ESI 
calcd for C22H28NO2 (M＋H)＋ 338.2120, found 338.2117. 

(Z)-tert-Butyl 4-(4-methoxyphenyl)-3-(((1R)-1-phenyl- 
ethyl)amino)but-2-enoate (1e): White solid. Yield 86.2%. 
m.p. 52.1～53.8 ℃; 25

D[ ]α －316.6 (c 0.40, CHCl3); 
1H 

NMR (400 MHz, CDCl3) δ: 8.80 (d, J＝7.6 Hz, 1H), 
7.25～7.10 (m, 5H), 6.96 (d, J＝8.0 Hz, 2H), 6.73 (d, J＝
8.0 Hz, 2H), 4.41～4.34 (m, 1H), 4.31 (s, 1H), 3.69 (s, 
3H), 3.20 (d, J＝16.0 Hz, 2H), 3.09 (d, J＝16.0 Hz, 2H), 
1.42 (s, 9H), 1.30 (d, J＝6.8 Hz, 3H); 13C NMR (100 MHz, 
CDCl3) δ: 170.5, 162.0, 158.2, 145.2, 129.4 (2C), 128.6 
(2C), 128.5, 126.8, 125.2 (2C), 113.8 (2C), 86.5, 77.9, 
55.0, 52.1, 38.1, 28.6 (3C), 24.8. HRMS-ESI calcd for 
C23H30NO3 (M＋H)＋ 368.2226, found 368.2217. 
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(Z)-tert-Butyl 4-(4-bromophenyl)-3-(((1R)-1-phenyle- 
thyl)amino)but-2-enoate (1f): White solid. Yield 81.2%. 
m.p. 87.6～88.7 ℃; 25

D[ ]α －297.1 (c 0.40, CHCl3); 
1H 

NMR (400 MHz, CDCl3) δ: 8.87 (d, J＝8.0 Hz, 1H), 
7.40～7.17 (m, 7H), 7.00 (d, J＝8.0 Hz, 2H), 4.43～4.36 
(m, 2H), 3.29 (d, J＝16.0 Hz, 1H), 3.17 (d, J＝16.4 Hz, 
1H), 1.50 (s, 9H), 1.40 (d, J＝6.8 Hz, 3H); 13C NMR (100 
MHz, CDCl3) δ: 170.5, 161.0, 145.2, 135.7, 131.7 (2C), 
130.2 (2C), 128.8 (2C), 127.0, 125.3 (2C), 120.5, 87.1, 
78.4, 52.4, 38.5, 28.7 (3C), 25.0. HRMS-ESI calcd for 
C22H27BrNO2 (M＋H)＋ 416.1225, found 416.1223. 

(Z)-tert-Butyl 3-(((1R)-1-phenylethyl)amino)-4-(4-(tri- 
fluoromethyl)phenyl)but-2-enoate (1g): White solid. Yield 
80.8%. m.p. 82.2 ～ 83.5 ℃ ; 25

D[ ]α － 290.6 (c 0.40, 
CHCl3); 

1H NMR (400 MHz, CDCl3) δ: 8.90 (d, J＝7.6 
Hz, 1H), 7.51 (d, J＝8.4 Hz, 2H), 7.33～7.15 (m, 7H), 
4.42～4.35 (m, 2H), 3.40 (d, J＝16.0 Hz, 1H), 3.29 (d, J＝
16.0 Hz, 1H), 1.51 (s, 9H), 1.41 (d, J＝7.6 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 170.5, 160.5, 145.1, 140.9, 
128.8, 127.1, 125.5 (d, JC－F＝3.4 Hz), 125.3, 87.4, 78.5, 
52.6, 38.8, 28.6, 25.0; 19F NMR (376 MHz, CDCl3) δ: 
15.31. HRMS-ESI calcd for C23H27F3NO2 (M ＋ H) ＋ 
406.1994, found 406.2007. 

(Z)-tert-Butyl 4-(3-chlorophenyl)-3-(((1R)-1-phenyle- 
thyl)amino)but-2-enoate (1h): White solid. Yield 80.7%. 
m.p. 61.2～62.8 ℃; 25

D[ ]α －320.1 (c 0.40, CHCl3); 
1H 

NMR (400 MHz, CDCl3) δ: 8.88 (d, J＝8.0 Hz, 1H), 
7.35～7.02 (m, 9H), 4.43～4.38 (m, 2H), 3.31 (d, J＝16.0 
Hz, 1H), 3.20 (d, J＝16.0 Hz, 1H), 1.51 (s, 9H), 1.41 (d,  
J＝6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 170.5, 
160.7, 145.1, 138.7, 134.4, 129.8, 128.8 (2C), 128.5, 
127.1, 126.9, 126.7, 125.3 (2C), 87.1, 78.4, 52.4, 38.6, 
28.6 (3C), 25.0. HRMS-ESI calcd for C22H27ClNO2 (M＋
H)＋ 372.1730, found 372.1727. 

(Z)-tert-Butyl 3-(((1R)-1-phenylethyl)amino)-4-(o-tol- 
yl)but-2-enoate (1i): White solid. Yield 88.4%. m.p. 
84.4～85.2 ℃; 25

D[ ]α －15.0 (c 0.40, CHCl3); 
1H NMR 

(400 MHz, CDCl3) δ: 8.99 (d, J＝8.0 Hz, 1H), 7.35～7.10 
(m, 9H), 4.52～4.47 (m, 1H), 4.18 (s, 3H), 3.39 (d, J＝
16.4 Hz, 1H), 3.16 (d, J＝16.8 Hz, 1H), 2.03 (s, 3H), 
1.48～1.47 (m, 12H); 13C NMR (100 MHz, CDCl3) δ: 
170.8, 161.8, 145.4, 136.4, 134.8, 130.1, 129.0, 128.7 
(2C), 127.0, 126.8, 126.1, 125.4 (2C), 85.9, 78.1, 52.5, 
36.3, 28.6 (3C), 25.1, 19.2. HRMS-ESI calcd for C23H30- 
NO2 (M＋H)＋ 352.2277, found 352.2270. 

(Z)-tert-Butyl 4-(2-methoxyphenyl)-3-(((1R)-1-phenyle- 
thyl) amino)but-2-enoate (1j): White solid. Yield 85.9%. 
m.p. 77.9～80.5 ℃; 25

D[ ]α －278.6 (c 0.40, CHCl3); 
1H 

NMR (400 MHz, CDCl3) δ: 8.92 (d, J＝7.6 Hz, 1H), 
7.33～7.14 (m, 7H), 6.90～6.82 (m, 2H), 4.55～4.47 (m, 
1H), 4.34 (s, 1H), 4.77 (s, 3H), 3.52 (d, J＝16.4 Hz, 1H), 
3.14 (d, J＝16.4 Hz, 1H), 1.49 (s, 9H), 1.42 (d, J＝6.8 Hz, 
3H); 13C NMR (100 MHz, CDCl3) δ: 170.8, 162.3, 156.8, 
145.3, 129.5, 128.5 (2C), 127.8, 126.8, 125.6 (2C), 125.1, 
120.6, 110.1, 85.9, 78.0, 55.3, 52.3, 32.4, 28.7 (3C), 24.9. 
HRMS-ESI calcd for C23H30NO3 (M＋H) ＋  368.2226, 
found 368.2219. 

(Z)-tert-Butyl 3-phenyl-3-(((1R)-1-phenylethyl)amino)- 
acrylate (1k): White solid. Yield 88.0%. m.p. 64.6～
65.4 ℃; 25

D[ ]α －0.6 (c 0.40, CHCl3); 
1H NMR (400 MHz, 

CDCl3) δ: 8.76 (d, J＝9.6 Hz, 1H), 8.78～7.07 (m, 10H), 
4.55 (s, 1H), 4.44～4.37 (m, 1H), 1.51 (s, 9H), 1.46 (d, J＝
6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 170.2, 163.5, 
145.0, 136.6, 128.8, 128.4 (2C), 128.0 (2C), 127.7 (2C), 
126.7, 125.7 (2C), 88.9, 78.5, 53.8, 28.6 (3C), 24.6. 
HRMS-ESI calcd for C21H26NO2 (M＋H) ＋  324.1964, 
found 324.1955. 

3.2.2  Preparation of tert-butyl (3R)-3-(((1R)-1-phen- 
ylethyl) amino)-4-(2,4,5-trifluorophenyl)butanoate (2a) 

tert-Butyl 3-(((1R)-1-phenylethyl)amino)-4-(2,4,5-tri- 
fluorophenyl)but-2-enoate (1a) (78.0 mg, 0.2 mmol) and 
Pt/Al2O3 (5%, K0343, 3.9 mg) were dissolved in 
tert-butanol (2.7 mL), and the solution was hydrogenated 
under 8.10 MPa H2 at 35 ℃ for 22 h. The crude product 
was purified by flash chromatography [V(methanol)∶
V(water)＝60∶1].  

(3R)-tert-Butyl 3-(((1R)-1-phenylethyl)amino)-4-(2,4,5- 
trifluorophenyl)butanoate (2a)[2]: Pale yellow liquid. Yield 
95%, dr＝7.6∶92.4. 25

D[ ]α ＋24.8 (c 1.00, CHCl3) (R con-
figuration hydrogenation product with maleic acid product 
4a); 1H NMR (400 MHz, CDCl3) δ: 7.38～7.24 (m, 3H), 
7.16～7.14 (m, 2H), 6.97～6.85 (m, 2H), 4.02 (q, J＝6.4 
Hz, 1H, minor), 3.92 (q, J＝6.4 Hz, 1H, major), 3.02～
2.96 (m, 1H, major and minor), 2.73～2.62 (m, 2H, major 
and minor), 2.46～2.33 (m, 2H, major), 2.28～2.16 (m, 
2H, minor), 1.53 (s, 9H, major), 1.48 (s, 9H, minor), 1.34 
(d, J＝6.4 Hz, 3H, major and minor); 13C NMR (100 MHz, 
CDCl3) δ: 171.1, 156.0 (dd, J＝241.1, 7.5 Hz, 1C), 148.2, 
146.3, 145.3, 128.1 (2C), 126.8, 126.4 (2C), 122.6, 118.9 
(dd, J＝18.7, 5.7 Hz, 1C), 104.8 (dd, J＝28.7, 20.5 Hz, 
1C), 80.6, 55.2, 52.7, 39.2, 33.8, 28.0 (3C), 24.6; 19F NMR 
(376 MHz, CDCl3) δ: －41.47 (m, 1F), －59.16 (m, 1F), 
－65.97 (m, 1F). HPLC (X charge C18, V(CH3CN)/ 
V(buffered solution, CH3COOH and CH3COONa, pH＝
4.5)＝65/35, 1 mL/min, 254 nm): t1＝14.9 min, t2＝16.4 
min.[16] 

Compounds 2b～2k were synthesized in a similar way. 
(3R)-Isopropyl 3-(((1R)-1-phenylethyl)amino)-4-(2,4,5- 

trifluorophenyl)butanoate (2b): Pale yellow liquid. Yield 
76%, dr＝13.8∶86.2. 1H NMR (400 MHz, CDCl3) δ: 
7.28～7.10 (m, 3H), 7.03～7.11 (m, 2H), 6.84～6.72 (m, 
2H), 5.00～4.89 (m, 1H, major and minor), 3.89 (q, J＝6.8 
Hz, 1H, minor), 3.79 (q, J＝6.8 Hz, 1H, major), 2.93～
2.78 (m, 1H, major and minor), 2.62～2.50 (m, 2H, major 
and minor), 2.39～2.25 (m, 2H, major), 2.20～2.08 (m, 
2H, minor), 1.26～1.10 (m, 9H, major and minor); 13C 
NMR (100 MHz, CDCl3) δ: 171.4, 157.7, 154.9, 147.7, 
145.4, 128.3 (2C), 126.9, 126.5 (2C), 122.5, 119.0 (dd, J＝
18.6, 5.7 Hz, 1C), 105.0 (dd, J＝28.7, 8.0 Hz, 1C), 87.8, 
55.3, 52.7, 38.4, 33.9, 24.7, 21.8 (2C); 19F NMR (376 
MHz, CDCl3) δ: －41.48 (m, 1F), －59.03 (m, 1F), －
65.93 (m, 1F). HRMS-ESI calcd for C21H26F3NO2 (M＋ 
H)＋ 380.1837; found 380.1832. HPLC (X charge C18, 
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V(CH3CN)/V(buffered solution, CH3COOH and CH3CO- 
ONa, pH＝4.5)＝65/35, 0.7 mL/min, 254 nm): t1＝22.0 
min, t2＝23.7 min. 

(3R)-Methyl 3-(((1R)-1-phenylethyl)amino)-4-(2,4,5-tri- 
fluorophenyl)butanoate (2c)[3]: Pale yellow liquid. Yield 
79%, dr＝14.4∶85.6. 1H NMR (400 MHz, CDCl3) δ: 
7.41～7.24 (m, 3H), 7.14～7.12 (m, 2H), 6.96～6.85 (m, 
2H), 4.01 (q, J＝6.8 Hz, 1H, minor), 3.89 (q, J＝6.8 Hz, 
1H, major), 3.74 (s, 3H, major), 3.66 (s, 3H, minor), 
3.07～3.01 (m, 1H, major), 2.98～2.93 (m, 1H, minor), 
2.75～2.63 (m, 2H, major and minor), 2.56～2.44 (m, 2H, 
major), 2.39～2.45 (m, 2H, minor), 1.34 (m, 3H, major 
and minor); 13C NMR (100 MHz, CDCl3) δ: 172.3, 157.3, 
149.7, 147.4, 145.2, 128.3 (2C), 126.9, 126.4 (2C), 122.3, 
119.0 (dd, J＝18.8, 6.1 Hz, 1C), 105.0 (dd, J＝28.6, 20.5 
Hz, 1C), 55.4, 52.6, 51.5, 37.9, 33.9, 24.6; 19F NMR (376 
MHz, CDCl3) δ: －41.52 (m, 1F), －58.83 (m, 1F),    
－65.80 (m, 1F). HRMS-ESI calcd for C19H21F3NO2 (M＋
H)＋: 352.1524; found 352.1510. HPLC (X charge C18, 
V(CH3CN)/V(buffered solution, CH3COOH and CH3CO- 
ONa, pH＝4.5)＝65/35, 1 mL/min, 254 nm): t1＝15.1 min, 
t2＝16.7 min. 

(3R)-tert-Butyl 4-phenyl-3-(((1R)-1-phenylethyl)amino)- 
butanoate (2d): Pale yellow liquid. Yield 93%, dr＝5.9∶
94.1. 1H NMR (400 MHz, CDCl3) δ: 7.19～7.10 (m, 6H), 
6.99～6.97 (m, 4H), 3.93 (q, J＝6.8 Hz, 1H, minor), 3.80 
(q, J＝6.4 Hz, 1H, major), 2.95～2.89 (m, 1H, major), 
2.86～2.81 (m, 1H, minor), 2.67～2.54 (m, 2H, major and 
minor), 2.24 (d, J＝6.0 Hz, 2H, major and minor), 1.39 (s, 
9H, major), 1.35 (s, 9H, minor), 1.21 (d, J＝6.8 Hz, 3H, 
major and minor); 13C NMR (100 MHz, CDCl3) δ: 171.6, 
145.5, 138.8, 129.4 (2C), 128.4 (2C), 128.3 (2C), 126.7, 
126.4 (2C), 126.2, 80.4, 55.1, 53.7, 41.3, 39.5, 28.1 (3C), 
24.6. HRMS-ESI calcd for C22H20NO2 (M ＋ H) ＋ : 
340.2277; found 340.2277. HPLC (X charge C18, 
V(CH3CN)/V(buffered solution, CH3COOH and CH3CO- 
ONa, pH＝4.5)＝65/35, 1 mL/min, 254 nm): t1＝15.5 min, 
t2＝16.2 min. 

(3R)-tert-Butyl 4-(4-methoxyphenyl)-3-(((1R)-1-pheny- 
lethyl)amino)butanoate (2e): Pale yellow liquid. Yield 
99%, dr＝7.4∶92.6. 1H NMR (400 MHz, CDCl3) δ: 
7.26～7.25 (m, 3H), 7.00～6.97 (d, J＝7.6 Hz, 2H), 6.89 
(d, J＝8.4 Hz, 2H), 6.70 (d, J＝8.4 Hz, 2H), 3.91 (q, J＝
6.4 Hz, 1H, minor), 3.78 (q, J＝6.4 Hz, 1H, major), 3.70 
(s, 3H, major), 3.68 (s, 3H, minor), 2.90～2.84 (m, 1H, 
major and minor), 2.61～2.47 (m, 2H, major and minor), 
2.22 (d, J＝5.6 Hz, 2H, major and minor), 1.38 (s, 9H, 
major), 1.34 (s, 9H, minor), 1.20 (d, J＝6.4 Hz, 3H, major 
and minor); 13C NMR (100 MHz, CDCl3) δ: 171.6, 158.0, 
145.5, 130.7, 130.2 (2C), 128.2 (2C), 126.7, 126.4 (2C), 
113.6 (2C), 80.2, 55.1, 55.1, 53.7, 40.3, 39.4, 28.1 (3C), 
24.5. HRMS-ESI calcd for C23H32NO3 (M ＋ H) ＋ : 
370.2382; found 370.2375. HPLC (X charge C18, 
V(CH3CN)/V(buffered solution, CH3COOH and CH3CO- 
ONa, pH＝4.5)＝65/35, 1 mL/min, 254 nm): t1＝15.0 min, 
t2＝16.4 min. 

(3R)-tert-Butyl 4-(4-bromophenyl)-3-(((1R)-1-phenyle- 

thyl) amino)butanoate (2f): Pale yellow liquid. Yield 98%, 
dr＝6.7∶93.3. 1H NMR (400 MHz, CDCl3) δ: 7.28～7.25 
(m, 2H), 7.18～7.11 (m, 3H), 7.00～6.97 (m, 2H), 6.85～
6.83 (m, 2H), 3.92 (q, J＝6.4 Hz, 1H, minor), 3.77 (q, J＝
6.4 Hz, 1H, major), 2.89～2.83 (m, 1H, major and minor), 
2.61～2.47 (m, 2H, major and minor), 2.24～2.22 (m, 2H, 
major and minor), 1.39 (s, 9H, major), 1.35 (s, 9H, minor), 
1.19 (d, J＝2.0 Hz, 3H, major and minor); 13C NMR (100 
MHz, CDCl3) δ: 171.4, 144.8, 137.7, 131.3 (2C), 131.1 
(2C), 128.3 (2C), 126.9, 126.5 (2C), 120.0, 80.6, 55.4, 
53.7, 40.6, 39.1, 28.1 (3C), 24.4. HRMS-ESI calcd for 
C22H29BrNO2 (M＋H)＋: 418.1382; found 418.1384. HPLC 
(X charge C18, V(CH3CN)/V(buffered solution, CH3CO- 
OH and CH3COONa, pH＝4.5)＝65/35, 1 mL/min, 254 
nm): t1＝15.0 min, t2＝15.7 min. 

(3R)-tert-Butyl 3-(((1R)-1-phenylethyl)amino)-4-(4-(tri- 
fluoromethyl)phenyl)butanoate (2g): Pale yellow liquid. 
Yield 99%, dr＝5.7∶94.3. 1H NMR (400 MHz, CDCl3) δ: 
7.56 (d, J＝8 Hz, 2H), 7.28～7.23 (m, 5H), 7.13～7.10 (m, 
2H), 4.08 (q, J＝6.8 Hz, 1H, minor), 3.94 (q, J＝6.8 Hz, 
1H, major), 3.09～3.03 (m, 1H, major and minor), 2.88～
2.72 (m, 2H, major and minor), 2.47～2.38 (m, 2H, ma-
jor), 2.29～2.18 (m, 2H, minor), 1.56 (s, 9H, major), 1.52 
(s, 9H, minor), 1.36 (d, J＝6.8 Hz, 3H, major and minor); 
13C NMR (100 MHz, CDCl3) δ: 170.5, 160.5, 145.1, 140.9, 
128.8, 127.1, 125.5 (d, J＝3.3 Hz), 125.3, 87.4, 78.5, 52.6, 
38.8, 28.8, 25.0; 19F NMR (376 MHz, CDCl3) δ: 15.42. 
HRMS-ESI calcd for C23H29F3NO2 (M＋H)＋: 408.2150; 
found 408.2144. HPLC (X charge C18, V(CH3CN)/ 
V(buffered solution, CH3COOH and CH3COONa, pH＝
4.5)＝65/35, 0.7 mL/min, 254 nm): t1＝25.0 min, t2＝26.9 
min. 

(3R)-tert-Butyl 4-(3-chlorophenyl)-3-(((1R)-1-pheny- 
lethyl) amino)butanoate (2h): Pale yellow liquid. Yield 
91%, dr＝5.2∶94.8. 1H NMR (400 MHz, CDCl3) δ: 
7.42～7.02 (m, 9H), 4.06 (q, J＝6.4 Hz, 1H, minor), 3.95 
(q, J＝6.4 Hz, 1H, major), 3.07～3.03 (m, 1H, major and 
minor), 2.80～2.66 (m, 2H, major and minor), 2.45～2.35 
(m, 2H, major), 2.26～2.17 (m, 2H, minor), 1.56 (s, 9H, 
major), 1.52 (s, 9H, minor), 1.37 (d, J＝6.8 Hz, 3H, major 
and minor); 13C NMR (100 MHz, CDCl3) δ: 171.4, 145.1, 
140.9, 134.0, 129.4, 129.4, 128.3 (2C), 127.6, 126.9, 126.5 
(2C), 126.4, 80.6, 55.3, 53.5, 41.0, 39.1, 28.1 (3C), 24.5. 
HRMS-ESI calcd for C22H29ClNO2 (M＋H)＋: 374.1887; 
found 374.1883. HPLC (X charge C18, V(CH3CN)/ 
V(buffered solution, CH3COOH and CH3COONa, pH＝
4.5)＝65/35, 1 mL/min, 254 nm): t1＝14.5 min, t2＝15.2 
min. 

(3R)-tert-Butyl 3-(((1R)-1-phenylethyl)amino)-4-(o-tol- 
yl)butanoate (2i): Pale yellow liquid. Yield 91%, dr＝
10.1∶89.9. 1H NMR (400 MHz, CDCl3) δ: 7.41～7.05 (m, 
9H), 4.06 (q, J＝6.4 Hz, 1H, minor), 3.93 (q, J＝6.8 Hz, 
1H, major), 3.12～3.01 (m, 1H, major and minor), 2.85～
2.74 (m, 2H, major and minor), 2.48～2.38 (m, 2H, major 
and minor), 2.19 (s, 3H, minor), 2.15 (s, 3H, major), 1.55 
(s, 9H, major), 1.51 (s, 9H, minor), 1.36 (d, J＝6.8 Hz, 3H, 
major and minor); 13C NMR (100 MHz, CDCl3) δ: 171.6, 
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145.5, 137.0, 136.7, 130.3, 128.3, 128.2 (2C), 126.7, 126.3 
(2C), 125.7, 80.4, 55.2, 52.0, 39.8, 39.3, 28.1, 24.6, 19.2. 
HRMS-ESI calcd for C23H32NO2 (M＋H)＋ : 354.2433; 
found 354.2429. HPLC (X charge C18, V(CH3CN)/ 
V(buffered solution, CH3COOH and CH3COONa, pH＝
4.5)＝60/40, 0.7 mL/min, 254 nm): t1＝31.3 min, t2＝32.6 
min. 

(3R)-tert-Butyl 4-(2-methoxyphenyl)-3-(((1R)-1-pheny- 
lethyl)amino)butanoate (2j): Pale yellow liquid. Yield 
70%, dr＝23.8∶76.2. 1H NMR (400 MHz, CDCl3) δ: 
7.34～7.16 (m, 5H), 7.06～7.04 (m, 2H), 6.88～6.76 (m, 
2H), 4.03 (q, J＝6.4 Hz, 1H, minor), 3.87 (q, J＝6.4 Hz, 
1H, major), 3.67 (s, 3H, minor), 3.63 (s, 3H, major), 
3.12～3.06 (m, 1H, major and minor), 2.80～2.65 (m, 2H, 
major), 2.60～2.54 (m, 2H, minor), 2.36～2.27 (m, 2H, 
major and minor), 1.46 (s, 9H, major), 1.42 (s, 9H, minor), 
1.29 (d, J＝6.8 Hz, 3H, major and minor); 13C NMR (100 
MHz, CDCl3) δ: 171.9, 157.6, 145.9, 131.2, 128.1 (2C), 
127.5, 127.3, 126.5, 126.5 (2C), 120.3, 110.2, 80.2, 55.1, 
54.9, 52.4, 40.3, 36.0, 28.1 (3C), 24.3. HRMS-ESI calcd 
for C23H32NO3 (M＋H) ＋  370.2382; found 370.2379. 
HPLC (X charge C18, V(CH3CN)/V(buffered solution, 
CH3COOH and CH3COONa, pH＝4.5)＝65/35, 1 mL/ 
min, 254 nm): t1＝13.1 min, t2＝14.2 min. 

3.3  Gram-scale reaction 

Compound 1d (3.5 g, 10.4 mmol) and Pt/Al2O3 (5%, 
K0343, 175.0 mg) were dissolved in t-BuOH (50.0 mL), 
and the solution was hydrogenated under 80 atm H2 at 
35oC for 30 h with 5.8: 94.2 dr value. To get pure single 
configuration product, maleic acid (1 equiv.) was added, so 
that concerning (3R)-tert-butyl 4-phenyl-3-(((1R)-1-pheny- 
lethyl)amino)butanoate (2d) salty form (3.2 g, 92.0% yield,
＞99% de) could be separated from hydrogenation system. 

 
Supporting Information  1H NMR, 13C NMR and 19F 
NMR spectra of substrates and products, and HPLC spectra 
of products. The Supporting Information is available free of 
charge via the Internet at http://sioc-journal.cn. 
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