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Asymmetric Hydrogenation of f-Ketoesters Catalyzed by Ru Complex with
Para-alkoxy Substituted MeO-BIPHEP Type Diphosphine Ligands
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Abstract: A series of optically active MeO-BIPHEP type ligands, (R)-6,6'-dimethoxy-2,2'-bis(di-p-alkoxyphenyl-phosphine)-1,1’-biphenyl,
were synthesized, and the ruthenium complex with these ligands, [Ru(diphosphine)(CsHg)C1]Cl, was applied for the asymmetric hydrogena-
tion of f-ketoesters. Influence of temperature, pressure, substrate/catalyst molar ratio, and solvents was tested. The results showed that the
98.0% of ee value was achieved for the hydrogenation of ethyl acetoacetate in EtOH. [Ru(diphosphine)(CsHe)CI]Cl showed high catalytic

activity and enantioselectivity for the asymmetric hydrogenation of various S-ketoesters.
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Scheme 1. Asymmetric hydrogenation of S-ketoesters catalyzed by Ru

(R)-1a: Ar = p-CH;0C¢Hy

(R)-1b: Ar = p-CH3(CH,);0C4H,
(R)-1¢: Ar = p-CH;3(CH,),0CgH,
(R)-1d: Ar = p-CH;3(CH,);;OC¢H,
(R)-1e: Ar = p-CH3(CH,)50C4H4

complex with para-alkoxy substituted MeO-BIPHEP type diphosphines.
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Table 1 Asymmetric hydrogenation of ethyl acetoacetate catalyzed
by [Ru(L")(CsHg)CI]CI

o OH
)J\/cozEt _ -~ )k\/cozEt
[Ru(L")(CgHg)CIICI

2a 3a
Entry L Conversion (%) ee (%)
1 (R)-1a 95.7 91.8
2 (R)-1b 95.5 97.8
3 (R)-1c 95.7 97.6
4 (R)-1d 95.6 97.4
5 (R)-1e 95.4 96.8

Reaction conditions: substrate 0.25 mol/L, [substrate]/[Ru] = 400,
EtOH 4 ml, H, 4 MPa, 60 °C, 17 h.
The ee value was determined by GC with a f-DEX 325 capillary col-

umn.
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Table 2 Influence of reaction temperature and pressure on asymmet-
CH;COCH,CO,C,Hs

ric  hydrogenation  of catalyzed by

[Ru((R)-1b)(CsHg)CI]CI

Temperature (°C) H, pressure (MPa) Conversion (%)  ee (%)
70 5 99.9 93.7
60 5 99.9 96.5
50 5 96.8 97.4
40 5 87.7 95.1
60 4 99.9 97.7
60 3 99.9 96.1

Reaction conditions: substrate 0.25 mol/L, EtOH 4 ml, [substrate]/[Ru]
=200, 20 h.
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Table 3 Influence of substrate/[Ru((R)-1b)(C¢Hs)C1]CI molar ratio on
asymmetric hydrogenation of CH;COCH,CO,C,Hs

Substrate/Ru molar ratio Conversion (%) ee (%)
200 99.9 97.7
400 99.9 98.0
600 96.0 98.5
800 87.5 99.2
1000 80.1 96.0

R4 BT 3-T EHEE B X FRI0N S B BY 200
Table 4 Influence of solvent on asymmetric hydrogenation of
CH;COCH,CO,C,Hs catalyzed by [Ru((R)-1b)(CsHe)CI]Cl

Solvent Conversion (%) ee (%)
EtOH 99.9 98.0
THF 91.5 54.7
n-CgHy4 58.1 48.8
i-PrOH 99.9 98.1
MeOH 99.9 95.3

Reaction conditions: substrate 0.25 mol/L, [substrate]/[Ru] = 400,
solvent 4 ml, H, 4 MPa, 60 °C, 20 h.
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Table 5  Asymmetric hydrogenation of RCOCH,CO,R’ with

[Ru((R)-1b)(CsHe)CI]C1
(0] OH

N CO,R )\/cozR'

[Ru((R)-lb)(C()H())Cl]Cr R™*

Reaction conditions: substrate 0.25 mol/L, EtOH 4 ml, H, 4 MPa, 60 °C,
20 h.

2.4 AT 3-T ERER 2 B A X FR A0S B9S2
TR 68 s I 3 P R IR B R ) R e AR K AR s
Noroyi 25U 1 1 [RuCL(BINAP) 4L - 1 ik A
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2 3
Entry R/R' (2) Temperature (°C) Time (h) ee (%)
1 Me/Et (2a) 60 20 98.0
2 Me/t-Bu (2b) 60 20 99.9
3 CICH,/Et (2¢) 60 20 74.8
4 CICH,/Et (2¢) 85 6 88.3
5 -Bu/Et (2d) 60 20 48.8
6 -Bu/Et (2d) 85 6 57.6
7 Ph/Et (2e) 80 20 96.3
8" 4-MeO-C4H,/Et (2f) 80 20 90.6

Reaction conditions: substrate 0.25 mol/L, [substrate]/[Ru] = 400,
EtOH 4 ml, H, 4 MPa, conversion was more than 99.9%.
[Substrate]/[Ru] = 100, the ee value was determined by HPLC with a

chiralcel OD-H column.
"[Substrate]/[Ru] = 100, the ee value was determined by HPLC with a

chiralpak AS-H column.
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