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Asymmetric Hydrogenation of Methyl Acetoacetate Using Nickel-
Platinum Metal-Kieselguhr Catalysts Modified with Tartaric Acid

Yoshio Or1TO*, Shuichi Nitwa* and Sumi ImAT*

The asymmetric hydrogenation of methyl acetoacetate to methyl 3-hydroxybutyrate was studied using Ni-
platinum metal-Kiselguhr catalysts modified with optically active tartaric acid. The optimal amount of
platinum metals for obtaining high optical yields was about 19§ by weight of the nickel in the catalysts.
Generally Pd and Pt were the most effective among the platinum metals tested. The effects of solvents and

additives on the asymmetric hydrogenation were also studied. Tetrahydrofuran and ethyl acetate were found

to be preferable solvents. Addition of a small amount of acetic acid increased the asymmetric selectivity.
The greatest asymmetric selectivity (optical yield=879%) was obtained in the hydrogenation with a modified

Ni-Pd-Kieselguhr catalyst in tetrahydrofuran and a small amount of acetic acid.
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Table 1 Asymmetric hydrogenation of methyl acetoacetate using various catalysts

modified with tartaric acid

. . Total
Exp.* Catalyst th?lt;flg Rteear(r:xg(.)n Iﬁ?‘?mn - Methyl 3 hydroxybugr:::al
> e (hr) Yield (%) (alp (°) yizld (%)
A Ni-Pt-Kg*? (1:0.01: 1)*? r.t. 83~105 6.8 87 —14.20 67.9
A Ni-Pd-Kg (1:0.01:1) ” 85~108 7.5 90 —12.68 60.6
A Ni-Rh-Kg (1:0.01:1) ” 73~102 7.4 88 —12.76 61.0
A Ni-Ru-Kg (1:0.01:1) ” 80~108 6.0 87 —11.35 54.3
B Ni-Pt-Kg (1:0.005:1) 83~85 112~120 8.5 75 —12.82 61.3
B ” (1:0.01:1) ” 78~95 7.3 89 —13.35 63.8
A ” (1:0.03:1) ” 55~82 6.0 93 —13.00 62.1
B Ni-Pd-Kg (1:0.005:1) ” 100~110 8.5 85 —14.18 67.8
B ” (1:0.01:1) ” 93~112 7.8 86 —14.65 70.0
A ” (1:0.03:1) ” 79~100 7.3 88 —14.40 68.9
B Ni-Rh-Kg (1:0.005:1) ” 96~110 9.5 86 —13.45 64.4
B " (1:0.01:1) ” 85~96 8.5 89 —13.75 65.8
B Ni-Ru-Kg (1:0.01:1) ” 82~98 7.5 88 —12.35 59.1
A ro (1:0.03:1) ” 75~103 6.2 90 —12.05 57.6
B Ni-Kg (1:1D ” 11~120 9.0%4 —12.20 58.4

* Exp. A : Substrate 40m/ (42.7g), Catalyst 3.0 g. Exp. B : Substrate 31'm/ (33.1g), Catalyst 2.3 g.

*2  Kg means Kieselguhr.
*3 Weight ratio
*4  About 80% of the ketoester was reduced.
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Table 2 Effects of solvents on the asymmetric hydrogenation of methyl acetoacetate**

Reaction temp.| Total reaction Methy! 3-hydroxybutyrate
Solvent : , Optical yield
€] (hr) Yield (%) Cadp (°) %)
None*? 78~95 7.3 89 —13.35 63.8
Methanol 40~85 7.5 86 —11.98 57.3
Ethanol 65~85 6.3 88 —12.90 61.8
95% Ethanol 50~75 6.8 87 —10.00 47.9
2-Propanol 90~94 7.5 86 —10.97 52.5
Ether 103~108 8.0 75 —14.10 67.4
Tetrahydrofuran 100~115 9.0 73 —15.00 71.7
Methyl acetate 88~99 7.3 86 —13.90 66.5
Ethyl acetate 100~104 8.5 80 —14.89 71.2

*1 Ni-Pt-Kieselguhr (1:0.01:1) 2.3g; Treating temp. of catalysts 83~85C ; Substrate 22m/ (23.5g); Solvent 44 m/.

*2  Substrate 31m/ (33.1g).

Table 3 Effects of acetic acid on the asymmetric hydrogenation of methyl acetoacetate*!

Treating Acetic | Reaction Total Methyl 3-hydroxybutyrate

No. Catalyst*? temp. Solvent acid temp. {iericetlon ~Yield T - .~ T Optieel ~
€ (md) € o | (@d (°) | SR

(hr) (%) vield (%)
1 Ni-Pt-Kg*? r.t. Fthyl acetate 0 95~105 6.5 84 —13.32 63.7
2 ” ” ” 0.2 90~102 7.0 87 —14.70 70.3
3 ” ” ” 0.5 90~102 7.0 86 —14.20 67.9
4 ” v ” 1.0 80~88 8.3 90 —12.65 60.5
5 ” 83~85 ” 0 100~104 8.5 80 —14.89 71.2
6 ” ” ” 0.2 92~98 8.7 86 —16.54 79.1
7 v v ” 0.5 92~97 8.0 87 —17.00 81.3
8 ” ” ” 1.0 88~95 7.7 88 —17.40 83.2
9 ” ” ” 1.5 90~92 8.3 89 —17.10 81.8
10 ” ” Tetrahydrofuran 1.0 93~97 8.3 86 —18.05 86.3
11 Ni-Pd-Kg ” ” ” 99~102 8.0 80 —18.22 87.2
12 Ni-Rh-Kg ” ” ” 93~98 8.0 85 —17.14 82.0
13 Ni-Ir-Kg ” ” ” 106~120 9.2 72 —16.50 79.0
14 Ni-Ru-Kg v ” ” 88~98 8.0 83 —16.75 80.1

*1 Substrate 22m/ (23.5g) ; Solvent 44 m/; Catalyst 2.3 g.
*2  Catalyst : Ni-Pt metal-Kieselguhr (1:0.01: 1 weight ratio).
*3 Kg means Kieselguhr.
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Table 4 Effects of catalysts-support on the asymmetric hydrogenation*!

Reaction temp. | Total reaction Methyl 3-hydroxybutyrate
Catalyst . time . Optical yield
€] (br) Yield (%) | (aJo (°) (%)
Ni-Pd-Kieselguhr (1:0,01:1)*2 93~112 7.8 86 —14.65 70.0
Ni-Pd- Active charcoal (1:0.01:1) 122~130 9.5 70 —13.02 62.3
Ni-Pd-Alumina (1:0.01:1) 94~120 9.5 83 —11.13 53.3
Ni-Pd-Silica*® (1:0.01:1) 89~96 8.5 ) 89 — 0.15 0.7
Ni-Pd (1:0.01) 103~113 10.3 79 — 9.15 43.8

*1 Catalyst 2.3 g; Treating temp. of catalysts 83~85C ; Substrate 31m/ (33.1g).

*2 Weight ratio.

*2 Reduction temp. for the catalyst was 370°C (for other catalysts was 300C).
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