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1. Calculation method for TON and TTON in Fig. 4

𝑇𝑂𝑁 =  
𝑛(𝑀𝐴𝐴)

𝑛(𝑐𝑎𝑡𝑎𝑙𝑦𝑠𝑡)
× 𝑌𝑖𝑒𝑙𝑑 (1)

𝑇𝑇𝑂𝑁 =  
12

∑
𝑚 = 1

𝑇𝑂𝑁𝑚 (2)

m represents the runing numbers of the catalyst.
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2.The air stability of Ru-3a catalyst

Fig. S1 31P NMR spectra of Ru-3a catalyst (202 MHz, DMSO-d6). (a) fresh catalyst; (b) air stability 

testing, condition: 2 mL MeOH, T = 60 °C, t = 20 h, 4.6 MPa nitrogen atmosphere with 0.5% oxygen.
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3. The thermal stability of Ru-3a catalyst

Fig. S2 TG profiles of Ru-3a catalyst (A) and 3a (B).
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4. The moisture stability of Ru-3a catalyst

Fig. S3 31P NMR spectra of Ru-3a catalyst (202 MHz, DMSO-d6). (a) fresh catalyst; (b) moisture stability 

testing, condition: 2mL methanol solution containing 3wt% water, T = 60°C, t = 20 h, P(H2) = 4.6 MPa.
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5. Comparison of our work with previous reports for asymmetric hydrogenation of β-keto esters 

Table S1 Comparison of our work with previous reports for asymmetric hydrogenation of β-keto 

esters
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H
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H3C(H2C)17O
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O(CH2)17CH3

O(CH2)17CH3

O(CH2)17CH3

PPh2 PPh2

L-11

S

PP

L-8

Entry System Reaction Medim Ligand
Carrier 

IL/S a 

(mol%)

TOF b

(h-1)
ee TTON

Ru Loss 
(%)

Ref.

1 c IL-homogeneous [BMIm][BF4]/MeOH L-1 580    4.5 98.3   440 0.02 1
2 c IL-homogeneous [BMIm][PF6]/MeOH L-2 528    4.5 99.3   482 0.04 1
3 d IL-homogeneous [BMIm][BF4]/MeOH L-2 1068    4.9 97.2   335 0.02 2
4 d IL-homogeneous [BMIm][BF4]/MeOH L-3 1068    4.9 99.5   310 0.04 2
5 e IL-homogeneous [Bmim][NTf2]/MeOH L-4 769   50 98   375 0.27 3
6 e IL-homogeneous [Bmim][NTf2]/MeOH L-5 769   50 97 3
7 e IL-homogeneous [Bmim][NTf2]/MeOH BINAP 769   50 98   228 4.63 3
8 f IL-homogeneous [N6222][NTf2]/MeOH BINAP 1335 g 98.3 4
9 h IL-homogeneous [BMIm][BF4]/scCO2 BINAP 209  100 97 5
10 i IL-biphasic [BMIm][BF4] L-6 31   66.7 86  2000 6
11 i IL-biphasic [BPy][NTf2] L-7 20   66.7 83 6
12 j IL-biphasic [BMIm][PF6]/i-PrOH BINAP 3469   21 97    14 0 7
13 k SILP-catalysis SiO2-[EMIM]NTf2/

MeOH
L-8 75-

80
 2500 8

14 l aqueous biphasic H2O L-6 none   66.7 99  8000 9
15 m aqueous biphasic H2O L-9 none   62.5 94  2970 10
16 n aqueous biphasic H2O L-10 none   50 94  5000 11
17 o thermoregulated EtOH/1,4-dioxane L-11 none 10 97.8  383 12
18 HCBS system MeOH 3a none  333 99 12000 0.3-0.4 Our 

work
a Molar ratio of carrier IL to substrate. b Calculated based on the total reaction time. c V(IL/Co-solvent) = 0.5/0.5 mL/mL, 
n(S)/n(Ru) = 100/1, n(L)/n(Ru) = 1.1/1, P(H2) = 10.34 MPa, t = 22 h, T = R.T., MAA as the substrate. d V(IL/Co-solvent) = 0.5/0.5 
mL/mL, n(S)/n(Ru) = 100/1, n(L)/n(Ru) = 1.1/1, P(H2) = 9.65 MPa, t = 20 h, T = R.T., ethyl benzoylacetate as the substrate. e m(IL) 
= 1 g, V(MeOH) = 1 mL, n(S)/n(Ru) = 100/1, n(L)/n(Ru) = 1/1, P(H2) = 4 MPa, t = 20 h, T = 60˚C, MAA as the substrate. f V(IL/Co-
solvent) = 8.5/8.5 mL/mL, n(S)/n(Ru) = 1580/1, n(L)/n(Ru) = 1/1, P(H2) = 5 MPa, T = 60˚C, 1 wt.% N6222 Br, MAA as the substrate. 
g TOF value at 90% conversion. h V(IL) = 0.5 mL, n(S)/n(Ru) = 200/1, n(L)/n(Ru) = 1.5/1, P(H2) = 2.74 MPa, P(CO2) = 8.41 MPa, t = 
1 h, T = 75˚C, MAA as the substrate. i V(IL) = 1 mL, n(S)/n(Ru) = 1000/1, P(H2) = 4 MPa, t = 15 h, T = 50˚C, ethyl acetoacetate 
(EAA) as the substrate. j V(IL) = 2 mL, V(i-PrOH) = 2 mL, n(S)/n(Ru) = 140/1, P(H2) = 4 MPa, t = 20 min, T = 60˚C, MAA as the 
substrate. k A continuous gas-phase reaction: P(H2) = 1 MPa, t = 70 h, T = 105 °C, MAA as the substrate. l V(H2O) = 1 mL, 
n(S)/n(Ru) = 1000/1, n(L)/n(Ru) =1/1, P(H2) = 40 bar, t = 15 h, T = 50˚C, EAA as the substrate. m V(H2O) = 1 mL, n(S)/n(Ru) = 
1000/1, n(L)/n(Ru) = 1/1, P(H2) = 4 MPa, t = 16 h, T = 50˚C, EAA as the substrate. n V(H2O) = 2 mL, n(S)/n(Ru) = 1000/1, 
n(NaI)/n(Ru) = 100/1, P(H2) = 4 MPa, t = 20 h, T = 60˚C, MAA as the substrate. o n(S)/(Ru) = 100/1, n(L)/(Ru) = 1.1/1, P(H2) = 4 
MPa, t =10 h, T = 60 °C, MAA as the substrate. 



S7

6. GC charts of the products



S8

Fig. S4 GC charts of the products

7. Characterization of the products

O

OH O

methyl (S)-3-hydroxybutyrate (5a) 1H NMR (500 MHz, CDCl3): δ = 4.233–4.176 (m, 1H), 3.717 (s, 3H), 
2.935 (br, 1H), 2.524–2.408 (m, 2H), 1.235(d, 3H, J = 6.0 Hz).

O

OH O

ethyl (S)-3-hydroxybutyrate (5b) 1H NMR (500 MHz, CDCl3): δ = 4.228–4.150 (m, 3H), 3.020 (br, 1H), 
2.509–2.392 (m, 2H), 1.278 (t, 3H, J = 7 Hz), 1.231 (d, 3H, J = 6 Hz).

O

OH O

methyl (S)-3-hydroxyvalerate (5c) 1H NMR (500 MHz, CDCl3): δ = 3.970–3.912 (m, 1H), 3.716 (s, 3H), 
2.865 (d, 1H, J = 4 Hz), 2.544–2.390 (m, 2H), 1.639–1.454 (m, 2H), 0.966 (t, 3H, J = 7.5 Hz).

OH O

O

isopropyl (S)-3-hydroxybutyrate (5d) 1H NMR (500 MHz, CDCl3): δ = 5.043 (m, 1H), 4.216–4.153 (m, 
1H), 3.394 (br, 1H), 2.474–2.379 (m, 2H), 1.254–1.214 (m, 9H). 

O

OH O

tert-butyl (S)-3-hydroxybutyrate (5e) 1H NMR (500 MHz, CDCl3): δ = 4.178–4.116 (m, 1H), 3.171 (br, 
1H), 2.435–2.307 (m, 2H), 1.467 (s, 9H), 1.207 (d, 3H, J = 6.5Hz).

O

OH O

ethyl (R)-3-hydroxy-3-phenylpropanoate (5f) 1H NMR (500 MHz, CDCl3): δ = 7.393–7.339 (m, 4H), 
7.303–7.268 (m, 1H), 5.138 (m, 1H), 4.190 (q, 2H, J = 7 Hz), 3.251 (br, 1H), 2.787–2.689 (m, 2H), 1.265 
(t, 3H, J = 7 Hz).

O

OH O

methyl (S)-2,2-dimethyl-3-hydroxybutyrate (5g) 1H NMR (500 MHz, CDCl3)：δ = 3.867 (q, 1H, J = 6.5 
Hz), 3.709 (s, 3H), 2.629 (br, 1H), 1.184–1.138 (m, 9H).
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O

OH O
Cl

methyl (R)-4-chloro-3-hydroxybutyrate (5h) 1H NMR (500 MHz, CDCl3): δ = 4.286–4.252 (m, 1H), 
3.732 (s, 1H), 3.644–3.582 (m, 2H), 3.241 (br, 1H), 2.697–2.598 (m, 2H).

O

OH O

F
F

F

ethyl (R)-4,4,4-trifluoro-3-hydroxybutyrate (5i) 1H NMR (500 MHz, CDCl3): δ = 4.486–4.420 (m, 1H), 
4.210 (q, 2H, J = 7 Hz), 4.14 (br, 1H), 2.738–2.642 (m, 2H), 1.288 (t, 3H, J = 7 Hz).
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8. NMR spectra of the CPF-PILs
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Fig. S5 1H NMR (500 MHz) spectra of the 3a in CDCl3
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Fig. S6 13C NMR (126 MHz) spectra of the 3a in CD3OD
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Fig. S7 31P NMR (202 MHz) spectra of the 3a in D2O
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Fig. S8 1H NMR (500 MHz) spectra of the 3b in DMSO-d6
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Fig. S9 13C NMR (151 MHz) spectra of the 3b in DMSO-d6
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Fig. S10 31P NMR (202 MHz) spectra of the 3b in CDCl3
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9. NMR spectra of the products 
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Fig. S11 1H NMR (500 MHz) spectra of the methyl (S)-3-hydroxybutyrate (5a) in CDCl3
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Fig. S12 1H NMR (500 MHz) spectra of the ethyl (S)-3-hydroxybutyrate (5b) in CDCl3
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Fig. S13 1H NMR (500 MHz) spectra of the methyl (S)-3-hydroxyvalerate (5c) in CDCl3
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Fig. S14 1H NMR (500 MHz) spectra of the isopropyl (S)-3-hydroxybutyrate (5d) in CDCl3
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Fig. S15 1H NMR (500 MHz) spectra of the tert-butyl (S)-3-hydroxybutyrate (5e) in CDCl3
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Fig. S16 1H NMR (500 MHz) spectra of the ethyl (R)-3-hydroxy-3-phenylpropanoate (5f) in CDCl3
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Fig. S17 1H NMR (500 MHz) spectra of the methyl (S)-2,2-dimethyl-3-hydroxybutyrate (5g) in CDCl3
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Fig. S18 1H NMR (500 MHz) spectra of the methyl (R)-4-chloro-3-hydroxybutyrate (5h) in CDCl3
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Fig. S19 1H NMR (500 MHz) spectra of the ethyl (R)-4,4,4-trifluoro-3-hydroxybutyrate (5i) in CDCl3
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10. HRMS spectra of the CPF-PILs 

20180316-WF-2+_180316140711 #97 RT: 0.78 AV: 1 NL: 1.66E8
T: FTMS + p ESI Full ms [100.00-2000.00]
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Fig. S20 Mass spectrum (ESI positive) of 3a
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T: FTMS - p ESI Full ms [100.00-2000.00]
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Fig. S21 Mass spectrum (ESI negative) of 3a
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20180316-WF-2_180316092722 #166-172 RT: 1.51-1.55 AV: 7 NL: 2.50E5
T: FTMS - p ESI Full ms [100.00-2000.00]
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Fig. S22 Mass spectrum (ESI negative) of 3a
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Fig. S23 Mass spectrum (ESI positive) of 3b
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20221024-5_221024165838 #41 RT: 0.49 AV: 1 NL: 1.37E7
T: FTMS - p ESI Full ms [70.00-1000.00]

282 283 284 285 286 287 288 289 290 291 292
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100
R

el
at

iv
e 

A
bu

nd
an

ce

286.3481
z=3

C 44 H29 O9 P 2 S 3 = 286.3488
-2.7689 ppm

286.6823
z=3

287.0147
z=3

291.6791
z=3287.3470

z=3
283.6821

z=?

Fig. S24 Mass spectrum (ESI negative) of 3b

20221024-5_221024165838 #21 RT: 0.31 AV: 1 NL: 1.12E3
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Fig. S25 Mass spectrum (ESI negative) of 3b
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