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(b) Typical mechanisms of Pd-catalyzed alkene hydroesterification:

(b)1 "Pd-hydride' mechanism
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Fig.1 Alkene hydroesterification(a) and typical mechanisms of Pd-catalyzed alkene hydroesterification(b)
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Fig.2 Typical phosphine ligands for Pd-catalyzed alkene hydroesterification
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Table 1 Application of typical phosphine ligands 1.1-L.10 in Pd-catalyzed alkene hydroesterification

T/C : Peo/ i N

Catalyst Alkene Alcohol S/C Yield /% /b Ref
MPa : t/h

[ Pdy,(DBA), 1/L1/MSA 1-Octene MeOH 20:0.1:3 127.4 97.8 99 [15]
[ Pd,(DBA), J/L1/MSA 2-Octene MeOH 80:3:3 127.4 95.6 97.1 [15]
[ Pd,(DBA), J/L1/MSA 3-Octene MeOH 80:3:16 127.4 99.6 94 [15]
[ Pd,(DBA); J/L1/MSA 3-Methyl-1-pentene MeOH 20:0.1:3 1274 100 99.9 [15]
Pd(acac),/L.2/PTSA Ethene MeOH 120 : 3 : 18 836 000 94 - [4]
Pd(acac),/L.2/PTSA Tetramethylethylene MeOH 120 - 4 : 20 1 000 98 - [4]
Pd(acac),/L3/PTSA Ethene MeOH 80 :3:0.167 2 500 99 - [18]
Pd(acac),/L3/PTSA Tetramethylethylene MeOH 120 : 4 : 20 500 99 - [19]
Pd(acac),/I4/PTSA Tetramethylethylene MeOH 120 - 4 : 20 200 99 - [20]
Pd(OAc), /L5/PTSA Tetramethylethylene MeOH 100 : - : 20 100 97 - [17]
[ PA(TFA), ]/L6/PTSA Butadiene n-BuOH 120 : 4: 24 200 85 32.3° [2]
PdClL,(MeCN),/L7/H,0 Styrene MeOH 120:2: 4 200 97 4.3 [22]
PdCL,/L8/H,0 1-Octene MeOH 100 : 4 : 20 100 88 0.19 [23]
([ PACL,(PhCN), ] +1.9)/ PTSA Styrene’ MeOH 60:3:22 100 99 001 [25]
Pd(OAc), /L10 Styrene” 50:-:24 20 92 0.071 [24]

a. S/C represents Substrate/ Catalyst(mmol * mmol ');

b. 1/b represents the ratio of linear ester products to branched ester products;

c. Selectivity represents the ratio of linear diester to all diesters;

d. ee=79%; e. HCOOPh was used ee=93%.
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(c) The immobilized palladium complexes 1-4:
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Table 2 Hydroesterification of various substrates catalyzed by Pd-P-OP/LSI-600"
& (e COOR? T LSI-600
+00 + ROH Pd-P-OP/LSI-600 +
Pd-P-OP
) 1 ¢ O,H E———
branched linear
GC yield /%
Entry Olefin Alcohol Branched Linear By-product” b/1¢
1 Styrene EtOH 89.6 24 n.d. 37.3
2 Styrene n-PrOH 84.3 2.7 1.7 31.2
3 Styrene i-PrOH 71.1 4.6 1.5 15.4
4 Styrene n-BuOH 79.3 2.9 1.5 27.3
5 a -Methylstyrene MeOH n.d. 9.2 9.8 -
6 4-Methylstyrene MeOH 89.2 2.8 0.3 31.8
7 4-tert-Butylstyrene MeOH 85.1 3.0 0.2 28.4
8 4-Bromostyrene MeOH 52.1 2.8 0.8 18.6

a. Reaction conditions: substrate (5.0 mmol), substrate/Pd = 250 (molar ratio), Pd/P/OP = 1/10/10 (molar ratio), alcohols (49.5 mmol),

toluene (4 mL), 80 °C, 3 MPa, 3.5 h;
b. The main by-product was ether;

c. Molar ratio of branched ester to linear ester.
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Fig.4 Alkene hydroesterification catalyzed by Pd/PPh,@POP "
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Research Progress of Alkene Hydroesterification Catalyzed by

Palladium-phosphine-acid System

LU Yan-mei"?, LAN Yong-cheng'?, YUN Dong', XIA Chun-gu', LIU Jian-hua""
( 1. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical
Physics ( LICP ) , Chinese Academy of Sciences, Lanzhou 730000, China;2. University of
Chinese Academy of Sciences, Beijing 100049, China )

Abstract: Alkene hydroesterification is an important branch of carbonyl synthesis, which has attracted much

attention for a long time. At present, Pd based, Rh based, Co based, Ru based and other catalytic systems have been

developed. Among them, palladium-phosphine-acid system has been the most widely and deeply studied because

of its mild reaction conditions, good substrate universality and excellent catalytic performance. Therefore, the

research and application of homogeneous and heterogeneous palladium-phosphine-acid catalytic system in alkene

hydroesterification are briefly reviewed, and the catalytic mechanism, catalyst composition and performance are

discussed. Finally, it is pointed out that the heterogeneous palladium-phosphine-acid catalytic system with high

stability and good recoverability will be the research focus in this field.

Key words: hydroesterification; palladium-phosphine-acid catalytic system; supported catalyst; two-phase system



