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Higher Olefin Hydroformylation in Polyethylene Glycol-H,O Media
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Abstract 1-Dodecene hydroformylation catalyzed by a water-soluble rhodium complex RhClI CO TPPTS ,
TPPTS=P m-C4H,;SO;Na 3 using PEG polyethylene glycol -water as the solvent was investigated. The
effects of various reaction parameters such as reaction temperature pressure molar ratio of the phosphine lig-
and to rhodium volume ratio of PEG to water molecular weight of PEG and alkenes with different chain
lengths on the hydroformylation were studied. High activity and selectivity for the linear aldehyde were
achieved under relatively mild conditions 100 C 5.0 MPa . The conversion of 1-dodecene and the selectivity
for aldehydes reached 92.6% and 95.8% respectively. The catalyst immobilized in PEG-water was easily sepa-
rated from the aldehyde and olefin and can be efficiently recovered and reused eight times without a decrease in
reactivity and regioselectivity.
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Table 1  Effect of polyethylene glycol PEG with different molecular
1 weights on the hydroformylation of 1-dodecene
PEG X* % S® % LB
TPPTS RhCl CO TPPTS , 28 DEG? 48.3 80.8 2.8
0 TEG® 54.8 88.5 3.1
1- Acros 95%  1- Acros PEG-200 73.6 90.4 3.3
97 % 1- Acros  97% 1- Acros PEG-400 92.6 95.8 3.5
95% 1- Sigma 99%  1- Fluka PEG-600 5.4 83.7 3.6
99 9 PEG-800 75.3 78.2 3.9
° PEG-1200 61.2 75.9 3.9
PEG-2000 43.8 73.8 4.1
CO 99.9% H, 99.96% Reaction conditions PEG 8 ml H,O 2 ml 1-dodecene 2
PEG ml substrate Rh=1000 molar ratio ~TPPTS RhClI CO
’ TPPTS , P Rh =20 molar ratio 100 T 5.0 MPa
H, CO=1:1 2h.
RhClI CO TPPTS 5 * Conversion of 1-dodecene.
TPPTS PEG 60 b Selectivity for aldehydes.
¢ Molar ratio of linear to branched aldehydes.
ml

CO H,

4 Diethylene glycol.
¢ Triethylene glycol.
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2.3%
1- PEG 78.5%. PEG H,O
8:2
PEG 400 2.3
Rh-TPPTS
100 T 5.0
MPa 1-
2.2 PEG H,0 3
PEG-400
PEG H,0 1-
2.
2 PEG-400 1-

Table 2 Effect of the PEG-400 to H,O volume ratio on
the hydroformylation of 1-dodecene

3 1-
Table 3 Effect of the P Rh molar ratio on the hydroformylation

V PEG ml V H,O ml X % S % LB of 1-dodecene in PEG-400-H,O medium
10 0 47.8 90.4 3.4 P Rh molar ratio X % S % LB
8 2 92.6 95.8 3.5 5 70.2 73.2 2.6
5 5 49.2 91.3 3.6 10 83.1 84.5 2.8
2 8 26.9 86.8 3.2 15 88.4 89.7 2.9
0 10 2.3 78.5 3.1 20 926 958 3 s
Reaction conditions are the same as in Table 1 except the vol- 30 85.9 90.1 3.8
ume of PEG and H,0. Reaction conditions are the same as in Table 1 except the P Rh
molar ratio.
PEG-400
47.8%. 2
TPPTS PEG RhCl CO TPPTS ,-TPPTS
HRh CO , TPPTS ,
. PEG 1
H,O 8:2 1- Wilkinson 2
92.6% B C
PEG-400 90.4% 95.8% . PEG-

PEG-H,0 RhCl CO TPPTS ,-TPPTS

RhCl CO  TPPTS ,-TPPTS PEG- 20

H,O 1
PEG-H,O RhCl CO TPPTS ,-TPPTS A B C
1- B
C
RhCI(CO)(TPPTS),
CO/H, | TPPTS
TPPTS TPPTS coO co
HRh(CO)(TPPTS); HRh(CO)(TPPTS), HRh(CO),(TPPTS) HRh(CO)(TPPTS) HRh(CO),
C cO TPPTS
A B C D E

1 1-

Scheme 1  Equilibrium of catalytic species in the hydroformylation of 1-dodecene
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100 C
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29 4.2
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Table 4  Effect of reaction temperature on the hydroformylation PEG
of 1-dodecene in PEG-400-H,O medium
t C X % S % LB
60 34.2 76.8 4.2
80 69.3 83.4 3.8
100 92.6 95.8 3.5
120 90.3 91.4 2.9
140 88.7 89.8 2.6
Reaction conditions are the same as in Table 1 except reaction
temperature.
2.5 6
Table 6 Hydroformylation of olefins with different chain
5 1- lengths in PEG-400-H,O medium
2.0 MPa 5.0 MPa Olefin X % S % LB
1-Hexene 98.5 97.3 1.8
1-Octene 97.6 98.2 2.1
6.0 MPa 1-Decene 96.2 97.1 2.5
1-Dodecene 92.6 95.8 3.5
5 1- A 1-Tetradecene 87.3 93.6 3.8
Table 5 Effect of total pressure of syngas on the hydroformylation |-Hexadecene 348 909 42

of 1-dodecene in PEG-400-H,0 medium

p MPa X % S % LB
2 24.5 79.6 4.0
3 49.8 88.7 3.7
4 73.3 91.2 3.6
5 92.6 95.8 3.5
6 87.4 90.6 2.8

Reaction conditions are the same as in Table 1 except the pres-

sure of syngas.

Reaction conditions are the same as in Table 1 except the

olefins.

2.7 PEG-H,0
1-
RhCl CO TPPTS ,
7.
PEG-H,0
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PEG- . 1-
H,0 . 7 . ICP-
AES 1-
0.08 mg kg
PEG-400
1.0%.
7 1- RhCl CO TPPTS ,
Table 7 Recycling efficiency of the RhCl CO TPPTS , catalyst in the hydroformylation of 1-dodecene in PEG-400-H,O medium
Recycling time X % S % LB Rh loss" mg kg PEG loss” %
1 92.6 95.8 3.5 0.082 1.1
2 92.0 95.0 3.4 0.081 1.0
3 91.1 94.8 3.5 0.076 0.92
4 91.6 94 .4 3.5 0.078 0.85
5 92.0 94.1 3.4 0.075 0.84
6 92.5 95.2 3.4 0.072 0.85
7 91.4 95.3 3.4 0.068 0.83
8 92.1 93.7 3.3 0.071 0.82

Reaction conditions are the same as in Table 1.
# Rhodium content in the organic phase.

Y PEG loss in product defined as total PEG in organic phase total PEG in the system.
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