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Fig.1 a. TEM images of cinchonidine stabilized Pt NPs in [ BMIM ] PF,; b. Pt NPs without cinchonidine stabilizer;

a” and the spent Pt NPs after 3 recycles of ethyl pyruvate hydrogenation
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Fig.2 Full XPS scan and Pt 4f of cinchonidine stabilized Pt NPs
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Table 1 Optimization of reaction conditions for the enantioselective hydrogenation of ethyl pyruvate®
o cinch];)tna alkaloitq lmodified OH
o nanoparticles o
)J\[)( ~ jonic liquid : i ~
B Ba
Entry lonic liquid co-solvent Conversion/% ee/ % Config.”
1 BMIMPF - 56.4 7.2 R
2 BMIMOTf - 96.3 7.6 R
3 BMIMBF, - 2.2 8.0 R
4 BMIMNTY, - 94.0 36.0 R
5 BMIMAcO - 9.7 1.9 R
6 BMIMPF Toluene 71.0 4.5 R
7 BMIMPF, MeOH 85.8 15.0 R
8 BMIMPF EtOH 96.3 3.2 R
9 BMIMPF THF 25.3 6.0 R
10 BMIMPF Acetic acid 100.0 63.7 R
11¢ BMIMPF Formic acid 3.0 3.9 R
12¢ BMIMPF, Acetic acid/H,0 29.5 24.0 R
13¢ BMIMPF Formic acid/H,0 100.0 43.0 R
14 BMIMOTf Acetic acid 100.0 60.6 R
15 BMIMBF, Acetic acid 9.9 18.0 R
16 BMIMNTY, Acetic acid 100.0 52.0 R
17 BMIMAcO Acetic acid 58.5 27.5 R

a. Reaction was carried out at 30 °C for 2.5 h, PHZ; 5.0 MPa, substrate: 0.90 mmol, no cinchona alkolid stabilizer during the Pt

NPs preparation, substrate/Pt/modifier = 200 : 1 : 2, V ionic liquid; 1 mL, V ionic liquid : V co-solvent =1 : 1. Products

were analyzed by a GC instrument with an FID detector and B-DEX120 capillary column; b. Determined by sign of rotation; c. sig-

nificant aggregation was observed during the Pt NPs preparation; d. significant aggregation was observed after the catalytic hydro-

genation; e. Acetic acid : H,0=1: 1, Formic acid : H,0=1: 1

()2, IR H BMIMOTE-2Z, 1% v PN R 2 2, 155 %
FRINE ee {E AT 1K 60.6%. F-PRa e 7 A& 1 77 &
KB SN, HR Ko e PR A R 0 AR
L XGANIEAE R IE LT, 2 1 P AR 78 il
oL S bt B P R S R AR AR

W 2 PFron, AR 43 9 B A e G 1 7Y
Pt NPsZ 30 H B S A ] 8 A4 Ak 355 1 R0 X B e B 2k
] Je g BB VE# 4 Pt NPs FORaE R, X HAE
WAL R AL B TR, Ak S0Pk Hh X ek
AR (R 2, FH ). HEn e EReEn
Pt NPs7E HoAth 4 X 98B & 1 FH T A F AL in &
ST EREE (R 2, 20 H 2-4). S XS YT AL i
TSR AR LR LR R F A Y
B2 AN 4 X A BRAG I 70) T 1 o0y | ST AR T 28

() 47 BH S5 I ) 52 ). 25 18 1 e 79 A A b S g
AR PR A E B R B PE . FRATEE—
A 25 58Tl AR 5] A4 4 0 9 Bl A A R 79 AN B B 551
IR PR AL PERE (% 2, 25 H 6-8). TEF
AR EMER T MFHAIERT, TIEIRR £ 6 AT
AL R MR B FLER L TR, ee {H PT 3K 66.9%
(%2, %81, 7). B—Jrifi, a7 HMZET AL
A SHRMFLIR MR (£ 2, FH 6, 8). HEE
SR EEF AR R, ASR] 408 2 65 | R i) F-PE
U5 BB 7 19 22 5 AR W AN [) 4 X 2 i 1 0 5 5 40 0K 4
J& Pt BCA I B T 28 55 06T P TR R 2 1R i ) 7 i
S MG L T A S B S AT FR I & A
e EEH. ZENERRR CER &, T A PR
T TOF 7]k 4640 h™' (% 2, &£H5).
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Table 2 Effect of different modifiers and stabilizers on enantioselective hydrogenation of ethyl pyruvate*

o cinchona alkaloid modified OH
)J\[(O ~ - Ptmamoparticles /*\[(O\/
(0] o
B Ba
Entry Stabilizer Modifier Conversion/% ee/% Config.

1 cinchonidine cinchonidine 100.0 66.9 R
2 cinchonidine cinchonine 100.0 18.2 R
3 cinchonidine quinidine 100.0 57.3 R
4 cinchonidine quinine 100.0 54.7 R
5P cinchonidine cinchonidine 58.0 66.3 R
6 cinchonine cinchonine 100.0 40.0 S
7 quinidine quinidine 100.0 12.0 R
8 quinine quinine 100.0 32.0 S

a. The reaction conditions were the same as in Table 1 ( mixture of BMIMPF, and acetic acid as solvent) ; b. substrate/Pt/

modifier = 4000 : 1 : 5, reaction time 0.5 h, TOF 4640 h™'

R 3PN T e ERE FMBHIR Pt NPs  FIX SR A2 Iy vh IR RBE RS2 0, AR IR P 1
AL a-BRBEAXIFREAL R —LE IR T . eALid e A FNDIERAR SRR B 2T B3 P e T H SRR T 5k

R 3 Pt KRN o- BRI ES N

Table 3 Enantioselective hydrogenation of a-ketoesters catalyzed by Pt nanoparticles®

0 0 0 o
)HTO\ )Hro\/ o< ©)Hr0\/
0 0 0 o
A B c D

Entry Substrate Conversion/% ee/% Config.
1 A 99.9 69.0 R
2 B 92.3 70.1 R
3 C 86.5 70.2 R
4! D 40.5 72.2 R
5° A 99.0 70.0 R
6° B 94.6 72.0 R
7° C 78.0 78.3 R
8° D 69.3 80.1 R

a. The reaction conditions were the same as in Table 2 ( cinchonidine as the stabilizer and modifier, mixture of BMIMPF and ace-
tic acid as solvent) , reaction time 1 h, entry 1-2 substrate/Pt/modifier = 4000 : 1 : 5, entry 3—4 substrate/Pt/modifier =
1000 : 1 : 5; b. TOF 3880 h™' based on 0.5 h conversion; ¢. TOF 1000 h™' based on 0.5 h conversion; d. TOF 405 h™" based on
1 h conversion; e. Reaction was carried out at 0 °C for 5 h, substrate/Pt/modifier = 400 : 1: 5
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A 1Y TOF ik 3880 h™'. HE— 4 FRAK A X FR Sk
N, JIEY) B [ ee fETT ik 72%, C ) ee fH T 1K
78.3% , D [ ee {H ] ik 80.1%.

3 &=E 0l JE R E Y Pt NPs 76 N R R 2 Tk
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FIH. 7€ 6 UAHEALAEER A AT 1 G B BE B 7
WA B B REAC. (15 — 4002, 7255 7 WIER P,
f B EAE AL SN TOF A 3k 2600 h™'. j# 1t ICP-
AES 741 K AE % S ARG A rh A 1L 57 Pt NPs 1Y
AT B W AT

100 +

B8 Conversion
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Fig.3 Recyclability of cinchonidine stabilized Pt NPs

catalyst for enantioselective hydrogenation of ethyl pyruvate
Reaction conditions are the same as in Table 2, 30 °C for 1 h,
substrate/Pt/modifier=1000 : 1 : 5. # substrate/Pt/modifier=

4000 :1:5, 30 °C for 1 h, TOF 2600 h™' based on 1 h

conversion
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Efficient Asymmetric Hydrogenation of a-Ketoesters Catalyzed by
Cinchona Alkaloid and Ionic Liquid Co-stabilized Pt Nanoparticles

JIANG He-yan, CHENG Hong-mei, CHEN Shi-jia, TAN Jiang-wei,
ZENG Xing-ling, HE Hong-hui
(Key Laboratory of Catalysis Science and Technology of Chongqing Education Commission, Chongqing Key
Laboratory of Catalysis and New Environmental Materials, College of Environmental and Resources ,

Chongqing Technology and Business University, Chongqing 400067, China)

Abstract; Platinum nanoparticles (Pt NPs) were easily prepared in imidazolium-based ionic liquids by simple H,
reduction of PtO, in the presence of cinchona alkaloid stabilizers. TEM showed that well-dispersed Pt NPs of about
1.78 nm were obtained. With the modification of cinchona alkaloids, the Pt NPs catalysts exhibited excellent activi-
ty and enantioselectivity in the asymmetric hydrogenation of a-ketoesters. With the stabilization and modification of
cinconidine , the ethyl pyruvate asymmetric hydrogenation could reach up to 4640 h™' TOF, and the ee value of a-
ketoesters heterogeneous enantioselective hydrogenation could reach 70.0% ~80.1%. Studies showed that the char-
acteristics of the chiral center, conformation as well as steric hindrance of the stabilizer and/or the modifier syner-
gistically affected the asymmetric catalytic performance. The combination of BMIMPF, and acetic acid solvents was
also necessary for achieving high activity and enantioselectivity. Catalysts can be reused several times without sig-
nificiant loss of activity and enantioselectivity.

Key words: platinum nanoparticle; cinchona alkaloid; asymmetric hydrogenation; a-ketoester; ionic liquid



