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Fig. 1 The IR spectra of rhodium complexes
(A) trans-RhCI(CO) (PPh;),; (B) RhH(CO) (PPhy),;
(C) Rh (CO),(acac) ; (D) Rh(CO) (acac) (PPh;) ;
(E) Rh(CO) (acac) (PPh, ) ( purchased)
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Table 1 Hydroformylation reaction rate of 1-butene

with different rhodium complexes

Catalysts Source TOF (h™")
RhCI( PPh, ), Purchased 662
PRhCI( CO) (PPh;), Prepared 754
RhH(CO) (PPh, ), Prepared 3484
Rh(CO), (acac) Prepared 3408
Rh(CO) (acac) (PPh;) Prepared 3 435
Rh(CO) (acac) ( PPh,) Purchased 3 464

Reaction condition: toluene, [Rh] =0.22 mmol/L,
[TPP] = 7 mmol/L,
Py, =Py =1.0 MPa, [1-C,_] =25 g, 100 C, 2 h
M Diakar 42 H i 5 B HLEE ! b ([ 2) 7] LUK
t RhH( CO) (PPhy ) 5 75 4 2 % H I A6 1Y S I 3
H AT LR PRF% 722 2 RhH (CO) (PPhy ), FE HE4) Fh
52 RhH(CO),(PPh,),. i trans-RhC1( CO) ( PPh, ),
TEA AP E B2 Hy A5 RhH(CO) (PPhy ), Fi
HCL( WL 2 ), X — /5 Evans Fll Wikinson' ! B 7£
1968 4FHiie ok 1. trans-RhCl1( CO) ( PPh, ), 4E %,
) RhH ( CO) (PPh, ), AJ DLAR TR e 22 O 3% M 1y b
RhH(CO), (PPhy ), ( A W WL AT AR ), i
HCI 7 2 Bt B & — A ilsn), B Ma s
FERCALITIE 22 AR 6 VE M A B S S
BEREAR 1 S 3 8. RhCL(PPhy ), 7545 iU CO
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Fig. 2 the mechanism of hydroformylation, using HRh( CO) ( PPh, ),

Trans — RhC1( CO) (PPh, ), + H, ==RhH( CO) ( PPh, ), + HCl (2)
RhCI(PPh, ) ; + CO ——Trans — RhCl1( CO) ( PPh, ), + PPh, (3)
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Table 2 The results of 1-butene hydroformylation

Catalysts Time (h) Conversion (% ) Selectivity (% ) n/i
RhCI(PPh, ), 14.2 86.33 99.00 2.93
RhCI(CO) (PPh, ), 2.5 17.78 99.53 2.89
RhH(CO) (PPh,), 2.5 87.23 99.72 2.67
Rh(CO), (acac) 2.5 88.57 99.64 2.47
Rh(CO) (acac) (PPh, ) 2.5 87.79 99.11 2.58
Rh(CO) (acac) (PPh,)" 2.5 86.51 99.31 2.57

Reaction condition: toluene, [ Rh] =0.22 mmol/L, [TPP] =8 mmol/L, Py, =P, =1.0 MPa,
[1-C,~ ] =25g, 100 C, 2 h. (a. prepared sample; b. purchased sample)
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Table 3 The hydroformylation results of different butenes

Butene Conversion (% ) Products
1-butene 80.33 Veleraldehyde, 2-methyl butyraldehyde
2-butene 30.35 2-methyl butyraldehyde
i-butene” 36.02 3-methyl butyraldehyde
mix-butene” 58.68 Veleraldehyde, 2-methyl butyraldehyde

Reaction condition; toluene, [ Rh] =0.23 mmol/L, [ TPP] = 8 mmol/L, P

[C,"]=2.2mol/L, 100 °C, 2 h

=P, =1.0 MPa,

Hy

a. [Rh] =0.8 mmol/L; b. composed of 1-butene(50.5% ), 2-butene(44.6% ), butane(4.7% )
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Hydroformylation of Butene with Rhodium Complexes Catalysts

YU Chao-ying', ZHAO Pei-ging' , CHEN Ge-xin', XIA Chun-gu', YAO Cai-lan',
WANG Jin-mei' , ZHANG Jin-hua’, ZHAO Zhi-yuan®, CHEN Yi’

State Key Laboratory for Oxo Synthsis and Selective Oxidation, Lanzhou Institute of Chemical Physics ,

Chinese Academy of Sciences, Lanzhou 730000, China;
2. Jiangsu Taizhou Lingguang Petrochemical Group, Taizhou 225300, China)

Abstract: The use different rhodium complexes as hydroformylation catalysts for butene is studied. It was observed

that the rates of hydroformylation reaction were different with different thodium complexes and different butenes. The
hydroformylation reaction rates of RhCl( PPh; ), and trans-RhCl( CO) ( PPh, ), were slow, but the reaction rates of
RhH(CO) (PPh;),, Rh (CO),(acac) and Rh(CO) (acac) (PPh;) were fast . The rate of hydroformylation of

butenes varies in the following manner; 1-butene >2-butene > i-butene.

Key words: Rhodium complexes; Hydroformylation; 1-Butene; 2-Butene; i-Butene



