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

n(MAA) _
TON = ————xYield
n(catalyst)
12
TTON = Z TON,,
m=1

m represents the runing numbers of the catalyst.
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2.The air stability of Ru-3a catalyst
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Fig. S1 3P NMR spectra of Ru-3a catalyst (202 MHz, DMSO-d;). (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
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Fig. S2 TG profiles of Ru-3a catalyst (A) and 3a (B).
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4. The moisture stability of Ru-3a catalyst
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Fig. S3 3P NMR spectra of Ru-3a catalyst (202 MHz, DMSO-dg). (a) fresh catalyst; (b) moisture stability

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

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

esters
NH Br NH Br
(\)HOH O ) Br NH3 Br | NH;
2P

&

S - Cim ™ (-

Pth PPh, PPh, PPh; PPhy PPh;, PPh,
o, O oe oe OO o A
b 5
B NHy s
NH Br Br *
L1 L2 L-3 L4 L5 L6 L7 L-8
SO;Na
BrN OO OO HyC(HC)170 O(CHy)17CHs
PPh, 9 H HQ
PPh, PPh H3C(H,C) 170 C-N O 0 N-C O(CHg)17CH3
Br Hal OO OO HaC(H,C)170 O O O(CHg)17CH3
SOsNa PPh, PPh,
L9 L-10 L1
Carrier
! : . TOF? Ru Loss
Entry  System Reaction Medim Ligand IL/S® (h) ee TTON %) Ref.
(mol%) °
1c¢ IL-homogeneous [BMIm][BF,]/MeOH L-1 580 4.5 98.3 440 0.02 1
2¢ IL-homogeneous [BMIM][PF¢]/MeOH L-2 528 4.5 99.3 482 0.04 1
3d IL-homogeneous [BMIM][BF,]/MeOH L-2 1068 49 97.2 335 0.02 2
44 IL-homogeneous [BMIM][BF,]/MeOH L-3 1068 49 99.5 310 0.04 2
5¢ IL-homogeneous [Bmim][NTf,]/MeOH L-4 769 50 98 375 0.27 3
6¢ IL-homogeneous [Bmim][NTf,]/MeOH  L-5 769 50 97 3
7¢ IL-homogeneous [Bmim][NTf,]/MeOH  BINAP 769 50 98 228 4.63 3
8f IL-homogeneous [Ng22,][NTF,]/MeOH BINAP 13359 98.3 4
9h IL-homogeneous [BMImM][BF,]/scCO, BINAP 209 100 97 5
107 IL-biphasic [BMIm][BF,] L-6 31 66.7 86 2000 6
117 IL-biphasic [BPy][NTf,] L-7 20 66.7 83 6
12/ IL-biphasic [BMIm][PF]/i-PrOH  BINAP 3469 21 97 14 0 7
134 SILP-catalysis Si0,-[EMIM]NTf,/ L-8 75- 2500 8
MeOH 80
14/ aqueous biphasic H,0 L-6 none 66.7 99 8000 9
n5m aqueous biphasic H,0 L-9 none 62.5 94 2970 10
16" aqueous biphasic H,0 L-10 none 50 94 5000 11
17° 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

9 Molar ratio of carrier IL to substrate.  Calculated based on the total reaction time. ¢ V(IL/Co-solvent) = 0.5/0.5 mL/mL,
n(S)/n(Ru) = 100/1, n(L)/n(Ru) = 1.1/1, P(H,) = 10.34 MPa, t = 22 h, T = R.T., MAA as the substrate. ¢ V(IL/Co-solvent) = 0.5/0.5
mL/mL, n(S)/n(Ru) = 100/1, n(L)/n(Ru) = 1.1/1, P(H,) = 9.65 MPa, t = 20 h, T = R.T., ethyl benzoylacetate as the substrate. ¢ m(IL)
=1g, V(MeOH) = 1 mL, n(S)/n(Ru) = 100/1, n(L)/n(Ru) = 1/1, P(H,) =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(H,) =5 MPa, T =60°C, 1 wt.% Ng,,, Br, MAA as the substrate.
9 TOF value at 90% conversion. " V(IL) = 0.5 mL, n(S)/n(Ru) = 200/1, n(L)/n(Ru) = 1.5/1, P(H,) = 2.74 MPa, P(CO,) = 8.41 MPa, t =
1 h, T=75°C, MAA as the substrate. ' V(IL) = 1 mL, n(S)/n(Ru) = 1000/1, P(H,) = 4 MPa, t = 15 h, T = 50°C, ethyl acetoacetate
(EAA) as the substrate. / V(IL) = 2 mL, V(i-PrOH) = 2 mL, n(S)/n(Ru) = 140/1, P(H,) = 4 MPa, t = 20 min, T = 60°C, MAA as the
substrate. ¥ A continuous gas-phase reaction: P(H,) = 1 MPa, t = 70 h, T = 105 °C, MAA as the substrate. ' V(H,0) = 1 mL,
n(S)/n(Ru) = 1000/1, n(L)/n(Ru) =1/1, P(H,) = 40 bar, t = 15 h, T = 50°C, EAA as the substrate. ™ V(H,0) = 1 mL, n(S)/n(Ru) =
1000/1, n(L)/n(Ru) = 1/1, P(H,) = 4 MPa, t = 16 h, T = 50°C, EAA as the substrate. " V(H,0) = 2 mL, n(S)/n(Ru) = 1000/1,
n(Nal)/n(Ru) = 100/1, P(H,) =4 MPa, t = 20 h, T = 60°C, MAA as the substrate. ° n(S)/(Ru) = 100/1, n(L)/(Ru) = 1.1/1, P(H,) = 4
MPa, t =10 h, T = 60 °C, MAA as the substrate.
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6. GC charts of the products

Ligand: PPh,
Substrate: Methy| acetoacetate (4a)
Solvent: MeOH

GC Conditions: |
I\ Supelco y-dex 225 chiral capillary column
\ Isothermal 70'C
\ Rt Area Type |
14.892 360158 )
16.214 344469 R
Ligand: 3a

Substrate: Methyl acetoacetate (4a)
Solvent: MeCH

ee:97%

GC Conditions:

Supelco y-dex 225 chiral capillary column
Isothermal 70°C

Rt Area Type |
14704 105363 s |
16.287 1638 R 5

Ligand: PPh,
Substrate: Methyl 3-oxovalerate (4¢)
Solvent: MeOH

GC Conditions:

Supelco y-dex 225 chiral capillary column
Isothermal 70°C

\ Rt Area Type
| 26587 92061 S |
-~ 28485 92502 R 2
2

o

Ligand: 3a 7

Substrate: Methyl 3-oxovalerate {(4c)
Solvent: MeOH

ee:>39%

GC Conditions:

Supelco y-dex 225 chiral capillary column
Isothermal 70°C
Rt Area
26.521 229544

Type
5

Ligand: PPh,
Substrate: Tert-butyl acetoacetate (4e)
Solvent: MeOH

GC Conditions:

Supelco y-dex 225 chiral capillary column
Isothermal 63'C

»56.671

Rt Area Type
54.796 22481 R
56.671 27463 s

Ligand: 3a

Substrate: Tert-butyl acetoacetate (4e)
Solvent: MeOH

ee:93%

GC Conditions:

Supelco y-dex 225 chiral capillary column
Isothermal 63°C

Rt Area Type
54.876 61575 R
55.914 1601158 ]

Ligand: PPh,
Methyl 2,2-dii ¥
Solvent: MeOH
GG Conditions:
Supelco y-dex 225 chiral capillary column
Isothermal 100°C

Rt Area Type
10483 249404 s
10.699 247364 R

Ligand: 3a
: Methyl 2,2-dimethy
Solvent: MeOH
ee:89%
GC Conditions:
Supelco y-dex 225 chiral eapillary column
Isothermal 100°C

30.450

Rt Area Type
10.120 112085 s
10.803 743 R

= Ligand: PPh,
5

b trate: Ethyl 4,4,4

o Solvent: MeOH

0 GC Conditions:

Supelco y-dex 225 chiral capillary column
Isothermal 80°C

Rt Area Type
21.320 40008 R
22837 27816 3

Ligand: 3a
Substrate: Ethyl 4.4.4-triflucroacetoacetate {4i
Solvent: MeOH

ee:10%

GC Conditions:

Supelco y-dex 225 chiral capillary column
Isothermal B0'C

Rt Area Type
20.814 685292 R
_ 22.552 563259 s

=
B
Ed
o

B.547

7.100

Isothermal 70°C

Rt Area Type

18.780 447767 s
-— 10,863 437568 R

Ligand: 3a

Rt Area Type
6.644 232792 R
——— 7100 4581 s

Ligand: PPh,

Substrate: Ethyl acetoacetate (4b)
Solvent: MeOH

GC Conditions:

Supelco y-dex 225 chiral capillary column

Substrate: Ethyl acetoacetate (4b)
Solvent: MeOH

26:97%

GC Conditions:

Supelco y-dex 225 chiral capillary column
Isothermal 70°C

Rt Area Type
17.946 1442013 5
—19.967 20795 R

Ligand: PPh,

Substrate: Isopropyl acetoacetate {4d)
Solvent: MeOH

GC Conditions:

Supelco y-dex 225 chiral capillary column
Isothermal 70°C

Rt Area Type
17.402 524144 s

_17.979 496750 R
Ligand: 3a

Substrate: Isopropy| acetoacetate (4d)
Solvent: MeOH

ee:96%

GC Cenditions:

Supelco y-dex 225 chiral capillary column
Isothermal 70°C

Rt Area Type
16.330 361947 s
18.547 6706 R

Ligand: PPh,

Substrate: Ethyl henzoylacetate {4f)
Solvent: MeOH

GC Conditions:

Supelco y-tex 225 chiral capillary column
Isothermal 180°C

Rt Area Type
B.7567 194628 R

— T.016 19451 8
Ligand: 3a

Substrate: Ethyl benzoylacetate {4f)
Solvent: MeOH

2e:96%

GC Conditions:

Supelco y-dex 225 chiral capillary column
Isothermal 180°C

Ligand: PPh,
Methyl 4

Solvent: MeOH

ee:96%

GC Conditions:

Supelco y-dex 225 chiral capillary column

Isothermal 100'C

hloro-3-

{4h)

Rt Area Type
29.822 126336 R
32.025 127110 s
Ligand: 3a

Substrate: Methyl 4-chlero-3-oxovalerate (4h),
Solvent: MeOH

ee:96%

GC Conditions:

Supelco y-dex 225 chiral capillary column
Isothermal 100°C

Rt Area Type
30450 286843 R
.51 2001 5




Fig. S4 GC charts of the products

7. Characterization of the products

OH O

O/

methyl (S)-3-hydroxybutyrate (5a) 'H NMR (500 MHz, CDCl3): § = 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).

OH O
. o~

ethyl (S)-3-hydroxybutyrate (5b) '"H NMR (500 MHz, CDCl3): & = 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).

OH O

o/

methyl (S)-3-hydroxyvalerate (5c¢) *H NMR (500 MHz, CDCls): 6 = 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).

isopropyl (S)-3-hydroxybutyrate (5d) 'H NMR (500 MHz, CDCl3): & = 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).

tert-butyl (S)-3-hydroxybutyrate (5e) 'H NMR (500 MHz, CDCl5): 6 = 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).

OH O

: o~

ethyl (R)-3-hydroxy-3-phenylpropanoate (5f) 'H NMR (500 MHz, CDCl5): 6 = 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).

OH O

0/

methyl (S)-2,2-dimethyl-3-hydroxybutyrate (5g) H NMR (500 MHz, CDCl;): & = 3.867 (g, 1H, /= 6.5
Hz), 3.709 (s, 3H), 2.629 (br, 1H), 1.184-1.138 (m, 9H).
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CI\/?\)J\O/

methyl (R)-4-chloro-3-hydroxybutyrate (5h) *H NMR (500 MHz, CDCls): 6 = 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).

OH O
E -
F>‘/\)J\o/\
F

ethyl (R)-4,4,4-trifluoro-3-hydroxybutyrate (5i) *H NMR (500 MHz, CDCls): 6 = 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 'H NMR (500 MHz) spectra of the 3a in CDCls
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9. NMR spectra of the products
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Fig. S11 'H NMR (500 MHz) spectra of the methyl (S)-3-hydroxybutyrate (5a) in CDCls
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10. HRMS spectra of the CPF-PILs
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Fig. S21 Mass spectrum (ESI negative) of 3a
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