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Kinetics of enantioselective hydrogenation to synthesize
ethyl (R)-2-hydroxy-4-phenylbutyrate
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(State Laboratory of Secondary Resources Chemical Engineering , Zhejiang University ,

Hangzhou 310027, Zhejiang, China)

Abstract; The effects of substrate concentration, modifier amount, hydrogen pressure and temperature on
initial hydrogenation rate and enantiometric excess were investigated to synthesize ethyl (R)-2-hydroxy-4-
phenylbutyrate over Pt/Al,O; modified by 10, 11-dicinchonidine. Based on the proposed mechanism,
kinetic models were established for the enantioselective hydrogenation and the parameters were estimated
by fitting the experimental data. A rational model, which could describe the reaction well, was

determined.
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L EOPB A X FR il &0 & L R-EHPB, % 4 4k fin
S RBRIEAT T AT ST . L T ASKERR ISR R
Bl Jy F A,

1.1 Pt/ALO, B4l &

7-ALO, ($3~5 mm) WiALFF, FK LR
ANERBERE . G 60~ 75 pm {9 ORE CGINA5 EL 2 I
R 193.1 m® « g ). ¥ »ALO, ¥ A& A 0.1
mol « L™ HCl I Ab 5, SR AR w4
18 5% Pt/ALO,. Pt/AL O, 44 B R 40 7% Wi
R, FAE 50 ml » min ' AR RH T 673 K 4b

B2 h, BG4S SR, &L
1.2 10,11-Z“§¥¢7RE (HCd) BWEK

BoEn] B E (98.5% ~101%, Acros organ-
ies) W FM H.SO, Wb, tE—xE&ETH X%
Pd/C 4k & A= . HCd. 58 A 10 % NaOH
WP A, AEEPUR AR, S, RRETERS
FF 373K THEEE". PP ILRSH (Flash
EA 1112 series, Thermo Finnigan, Italy) #4540
. C (76.98%). N (9.38%), H (8.27%),
O (5.86%); i & fH:. C (77.02%), N
(9.46%), H (8.11%), O 5.41%). HM O W&
S WA DR s . AT BRI A URE i S R K g3
1.3 IRRIESEHWAZE

a MR A X RS BRI CR . WR, &
it S5 VS R0 Sy S A B RE AR AR 8 e IO Al 3
o RN SRR AR R R SR R
P E o F T 0 38 45 Jo ol 7™ 5 T FE R i D 23 6 A
WNEEE . HIS YRR, AHEIE PR A S WEAE N
NS ST

SR AE e e 48 v i AT . PRI J Y EOPB,
HCd., Pt/ALO; FlJG/K & B[R B A R R £, 5
JE RN, o H B2 S, SRS 48 VR B R
H, EOF 2 m it i, FFmide. . Sk
— 7€ I [B] R 53 AT

Table 1 Results of enantioselective hydrogenation of EOPB on Pt/y-Al,O;® modified by HCd

Series [EOPB],/(mol « L™ 1) HCd amount/g pu, /MPa T/K Ry/mmol » min~! « g1 e.e®/%
Al 0.625 1. 500 5.0 333. 15 2.027 28.372
A2 0.625 0. 094 5.0 333. 15 2.377 33.050
A3 0.625 0. 060 5.0 333.15 2. 889 34. 305
A4 0.625 0. 048 5.0 333. 15 2.540 31. 784
A5 0.625 0.003 5.0 333. 15 1. 748 15.011
Bl 0.020 0. 060 5.0 333. 15 8.295 24.482
B2 0.233 0. 060 5.0 333. 15 7.060 35.137
B3 0. 394 0. 060 5.0 333.15 2. 819 34. 766
BACA3) 0. 625 0. 060 5.0 333. 15 2. 889 34. 305
B5 1. 000 0. 060 5.0 333.15 0. 839 26.026
C1 0.233 0. 060 0.2 333. 15 0.722 32.235
C2 0.233 0. 060 2.0 333. 15 4.497 33.539
C3 0.233 0. 060 3.2 333. 15 5. 848 33.611
C4(B2) 0.233 0. 060 5.0 333.15 7.060 35.137
C5 0.233 0. 060 7.0 333. 15 7.223 32. 397
D1 0.233 0. 060 5.0 308. 15 1. 561 47.574
D2 0.233 0. 060 5.0 323. 15 4. 334 39.937
D3(B2) 0.233 0. 060 5.0 333.15 7.060 35.137
D4 0.233 0. 060 5.0 353. 15 15. 378 33. 086

O Pt/y-AlO3: 0.3 g; @ data obtained at 10 min.
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Fig. 1 Influence of stirring rate on
enantioselective hydrogenation rate
( [EOPBJ, 0.1 mol » L1, Pt/ALO; 0. 25 g,

HCd 0.05 g, pu, =0.2 MPa, T=303 K)
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Table 2 Two mechanism processes of hydrogenation of EOPB (unmodified)
Reaction steps LHHW formalism Eley-Rideal formalism
K K}
! 264 Hy<—>25 + H 264 Hy< 225+ H
2 Kg u2
6+ E<—>0¢+E E4s-H s+ EH
3 R K,EHZ
s E+os+H o+ EH+o s+ EH+6+ He—>¢+« EH; +¢
1 Kgn, Kb
s EH+os+ H —>s+ EH, +¢ o+ EH, ¢+ EH,
5 Kp
o+ EHy«<——>¢+ EH;
) ko Ke[E],/Kupn, kw[E],/Kupn,
rate equations ru = — rp—=———— 2
(1+KE[E]+ /[(}—1]9]-[2 2 1+ K]—[I)Hz
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Fig. 2 Comparison between experimental and

calculated results based on LHHW
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Fig. 3 Comparison between experimental and

calculated results based on Eley-Rideal
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