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Synthesis of a New Biphophorus Ligand and Its Application
in Hydroformylation of 2-Butene
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Abstract: A new biphosphorus ligand has been developed and applied in the rhodium-catalyzed regioselective hydroformylation of
2-butene. The effects of ligand/Rh ratio, reaction temperature, reaction pressure, and substrate/catalyst molar ratio were investigated. High
activity and regioselectivity were achieved. The n-aldehyde/iso-aldehyde ratio of about 28.5 was obtained at 60 °C, and the TOF increased to

660 h™" at the pressure of 2.0 MPa.
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Scheme 1. Hydroformylation of 2-butene.
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Scheme 2. Equilibrium of ee-ae configurations in rhodium trigonal
bipyramidal complexes.
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Scheme 3. Synthesis route of ligand 1.
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Table 1 Effect of molar ratio of Ligand (L) to Rh on 2-butene hydro-

formylation

Entry S/C L/Rh  Aldehydeyield (%) n/i  TOF (h™)
1 3352 3 254 1.1 4255
2 3816 5 283 1.7 540.0
3 4161 6 26.9 1.7 558.8
4 4096 8 21.0 8.3 430.4
5 4149 10 20.7 9.0 429.7

Reaction conditions: 100 °C, p = 3.0 MPa, n(CO)/n(H,)= 1, [Rh] =4.5
x 10~ mmol, 2 h, toluene 1 ml; decane as the internal standard.
S/C—Molar ratio of substrate/catalyst; n/i—Molar ratio of linear to
branched aldehyde; TOF—Turnover frequency defined as the moles of
aldehyde produced per mole of Rh per hour.
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Table 2 Effect of reaction temperature on 2-butene hydroformylation

Temperature  Aldehyde . TOF
Entry S/C . nli O

(6] yield (%) th)

1 3806 60 7.5 28.5 142.7

2 3843 80 11.5 12.3 221.0
3 4096 100 21.0 8.3 430.4
4 4480 120 27.3 6.3 611.5
5 4063 140 19.3 3.8 392.0

The reaction conditions are the same as in Table 1 but L/Rh = 8.
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Table 3 Effect of reaction pressure on 2-butene hydroformylation

Entry S/C  p/(MPa) Aldehydevyield (%) n/i TOF (h')
1 391 20 333 6.4 660.0
2 409 3.0 21.0 8.3 4304
33903 4.0 204 77 398.1
4 4068 5.0 18.6 6.0 378.3

The reaction conditions are the same as in Table 1 but L/Rh = 8.
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Table 4 Effect of S/C on 2-butene hydroformylation

Entry S/C Time (h) Rh (umol) n/i TOF (h™")
1 1762 2 13.5 8.5 258.3
2 4096 2 4.5 83 430.4
3 9540 2 4.5 7.5 610.5

The reaction conditions are the same as in Table 1 but L/Rh = 8.
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