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Fig. 1 Synthesis of water-soluble chiral ligand (R)-BINAPS
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Table 1 The effect of ligand on the asymmetric hydroformylation of vinyl acetate

Entry Ligand Solvent system Temp. Conv. ee iso Phase
Toluene (mL) [ BMIM ] BF, (mL) (c) (%) (%) (%)
1 BINAPY 0 2 24 41.6  43.3 99.6 One
2 BINAPY 5 0 24 18.9  55.9  93.0 One
3 BINAPY 2 2 24 38.3 540  97.8 Two
4 BINAP ¥ 1 2 24 48.2  55.7  99.5 Two
5 BINAPS®" 2 2 mL H,0 24 1.1 50.3 98.8 Two
6 BINAPS® 0 2 24 22.4  59.8  99.8 Two
7 BINAPS® 2 1 24 8.2 53.8  99.6 Two
8 BINAPS® 2 2 24 13.6  53.5  99.7 Two
9 BINAPS® 1 2 24 24.5 551  99.8 Two
10 BINAPS * 1 2 48 53.2  53.6  99.8 Two
11 BINAPS » 1 2 24 28.2  55.2  99.8 Two
12 BINAPS ™ 1 2 mL [ BMIM ] PF, 24 32.7 3.3 99.2 Two

Reaction conditions; Rh(acac) (CO), =0.02 mmol, olefin/Rh =300 ( molar ratio) , CO/H, =1 (molar ratio) , T =333 K,

agitation speed =800 rpm
b) I/Rh=1.5 (molar ratio) , P (CO/H,) =1.0 MPa

a) IL/Rh =3 (molar ratio) , P (CO/H,) =2.0 MPa
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Table 2 The effect of pressure on the asymmetric

hydroformylation of vinyl acetate

Entry P (MPa) Conv. (%) ee (%) iso (%)
1 1.0 27.9 54.1 99.8
2 2.0 24.5 55.1 99.8
3 3.0 13.5 52.4 99.0
4 4.0 8.0 52.1 99.1

Reaction conditions; Rh(acac) (CO), =0.02 mmol,

olefin/Rh =300 ( molar ratio) ,

L[ (R)-BINAPS]/Rh =3 (molar ratio) ,

[ BMIM]BF, =2 mL, Toluene =1 mL,

CO/H, =1 (molar ratio) , T=333 K, time =24 h ,

agitation speed =800 rpm
W5 S 1.0 MPa 35K %] 4.0 MPa, 724111 ee (H
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Table 3 The effect of molar ratio of ligand to rhodium on the asymmetric hydroformylation

of vinyl acetate

Entry L[ (R)-BINAPS]/Rh (molar ratio) Conv. (%) ee (%) Iso (% )
1 3.0 27.9 54.1 99.8
2 2.0 25.8 55.6 99.8
3 1.5 28.2 55.2 99.8
4 1.0 15.5 19.5 98.8
5 0.5 54.8 0.7 99.3

Reaction conditions; P(CO/H,) =1.0 MPa, others are the same as in Table 2
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Table 4 The effect of temperature on the asymmetric

hydroformylation of vinyl acetate

Entry  Temp. (K) Conv. (%) ee (%) 1Iso (%)
1 313 2.8 49.6 99.8
2 333 28.2 55.2 99.8
3 353 44.7 27.9 99.8
4 373 43.9 24.6 99.6

Reaction conditions; L[ (R)-BINAPS]/Rh=1.5

(molar ratio) , others are the same as in Table 3
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Table 5 The results of asymmetric hydroformylation of styrene

Entry Ligand Solvent system (1 mL/2 mL)  Conv. (%) ee (%) lso (%)
1 (R)-BINAPS Toluene/[ BMIM ] PF, 61.6 8.0 89.5
2 (R)-BNIAPS Toluene/[ BMIM ] BF 56.3 8.1 94.2
3 (R)-BINAP Toluene/[ BMIM ] PF 64. 1 6.0 94.0
4 (R)-BINAP Toluene/[ BMIM ] BF 79.0 21.6 96.0

Reaction conditions are the same as in Table 4
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Fig. 2 The recycling of rhodium complexes with (R)-BINAP and (R)-BINAPS as ligands in [ BMIM ] BF,

for the asymmetric hydroformylation of vinyl acetate
Reaction conditions; P (CO/H,) =2.0 MPa, others are the same as in Table 2
(A) rhodium complex with (R)-BINAP; (B) rhodium complex with (R)-BINAPS

() Enantiomeric excess (ee)

( A) Selectivity of iso-aldehyde, ( @) Conversion
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A Study of Asymmetric Hydroformylation in Ionic
Liquid Biphasic System

DENG Chang-xi, YANG Yong, YUAN You-zhu"
(State Key Laboratory of Physical Chemistry of Solid Surfaces, Department of Chemisiry, College of Chemistry
and Chemical Engineering , Xiamen University, Xiamen 361005, China)

Abstract : A biphasic catalysis system composed of ionic liquids (ILs) and water-soluble chiral rhodium complex of
(R)-BINAPS which was prepared by sulfonation of ( R)-BINAP has been developed for the asymmetric hydro-
formylation of vinyl acetate under mild conditions. The catalyst system with [ BMIM ] BF, showed higher ee value
and iso-aldehyde selectivity as compared with the homogeneous counterpart without IL.. The biphasic catalysis sys-
tem could be reused at least six times without reducing activity, enetioselectivity and regioselectivity. Analogous bi-
phasic catalysis system might be formed when using the chiral rhodium complex of (R)-BINAP dissolved in ILs and
an additional solvent of toluene. But such system showed significant decreases in activity and enetioselectivity dur-
ing the recycling use. The effects of molar ratio of ligand to rhodium, temperature, pressure and reaction time have
been discussed. An attempt for the asymmetric hydroformylation of styrene with the biphasic catalysis system has al-
so been made in the paper.

Key words: Ionic liquid; (R)-BINAP; Asymmetric hydroformylation; Water-soluble phosphine-rhodium complex ;

Biphasic catalysis; Vinyl acetate



