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Abstract. Finely dispersed polyvinylpyrrolidone-stabilized platinum clusters (PVP-Pt) modified with
cinchonidine catalyze the asymmetric hydrogenation of a-ketoesters, giving enantiomeric excesses in

favour of A\-'\ r;-luculyl lactate up to 97. U/o The wauxuu is demonstrated to be structure insensitive dnu
runs best over a tiny cluster with a mean size of 1.4 nm, which is quite different from conventional
supported catalysts. © 1998 Elsevier Science Ltd. All rights reserved.

Among the asymmetric heterogeneous catalysts, there are only two systems in which prochiral
substances can be converted with substantial yield into optically pure products at solid surfaces: the
hydrogenation of B-ketoesters with Raney nickel modified by tartaric acid' and the hydrogenation of a-
ketoesters on platinum using cinchona alkaloids ( and also some newly developed chiral substances) as chiral
modifiers. The latter was first reported by Orito et al. in 1978° and has been extensively studied ever since?.
Over supported Pt catalyst the hydrogenation of ethyl pyruvate was commonly selected as the model reaction. It
was found that the reaction was very sensitive to the Pt particle size*. Catalysts with large particle sizes
(corresponding to low dispersion) showed better performance than those with smaller ones, both the activity
and enantioselectivity decreased significantly when the particle diameter is below 3.0 nm. With acetic acid as
solvent, the enantioselectivity of ethyl lactate could be achieved as high as 95%°, the highest value ever
reported for an asymmetric heterogeneous catalyst.

Nanoscopic metal clusters or colloids, because of their unique chemical and physical properties as com-
pared to either bulk metal or single metal atoms, have been attracting great attention in academia and industries,
especially in the field of catalysxs A variety of catalytic reactions such as hydrogenanon of various alkc:nes
selective hydrogenation of cmnamaldehyde and o-chloronitrobenzene®, hydration of acrylonitrile’’ and
photochemical evolution of hydrogen‘ !have been carried out successfully with noble metal clusters. However,
to the best of our knowledge, their application in asymmetric hydrogenation is rather scarce. During the
meantime of our preparing for this report, we noticed Bénnemann’s outstanding work'2, in which the
protonated dihydrocinchonidine modifier also functioned as the stabilizer of the Pt colloid. With excessive
dihydrocinchonidine added into the reaction mixture to prevent agglomeration of the colloid, the hydr g enation
of ethyl pyruvate was conducted at atmospheric pressure, yielding products with the enantioselectivity o
nearly 80%.
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In this communication, we report the performance of polymer-stabilized colloidal Pt clusters on the
enantioselective hydrogenation of a-ketoesters. PVP was chosen as the stabilizer because of its excelient
stabilizing effec on Pt colloid, with which Pt clusters in small size with narrow distribution can be obtained.
PVP-Pt cluster was similar to that of the reported method"’. By changing the preparaiive
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Figure 1. Influence of Pt Particle size on the TOF and E.e. of the Enantioselective
Hydrogenation of Ethyl Pyruvate ( solvent= ethanol, t=4.5 hr). TOF is calculated on
the basis of average rate and in terms of the fraction of the surface atoms determined ac-
cording to the 10n%+2 packing rule for cubic close-packed arrangements of metal atoms
with respective particle diameter.

TOF open signals: [0 with [PVP]:[Pt]=10:1, O [PVP]:[Pt]=1:1, A[PVP]:[Pt]=50:1

E.e. solid signals: B with [PVP]:[Pt]=10:1, ® [PVP]:[Pt]=1:1, A [PVP]:[Pt]=50:1
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hydrogenation with higher enantioselectivity and reaction rate.

Table 1. Comparison of Ethanol and Acetic Acid as Solvent for the
Enantioselective Hydrogenation of a-Ketoesters

Catalyst” Solvent Substrate® Reaction Conversion TOF(s™) E.e.(%)
Time(h) (%)
1 EtOH EP 4.5 97.0 0.11 76.2
1 HAc EP 4.5 100 >0.11 92.2
1 EtOH MP 0.5 61.3 0.76 84.7
1 HAc MP 0.5 100 >1.21 97.6
2 EtOH MP 0.5 60.2 0.75 78.3
2 HAc MP 0.5 100 >1.24 93.6
3 EtOH MP 0.5 82.4 1.16 81.4
3 HAc MP 0.5 100 >1.45 95.9

a) Catalyst 1, 2, 3 with particle diameter of 1.4 nm (6=0.35 nm), 1.5 nm (6=0.38 nm) and 1.8 nm (6=0.32 nm)
respectively, as shown in Figure 1. b) EP=ethyl pyruvate MP=methyl pyruvate

In conclusion, the monodispersed PVP-Pt clusters have been demonstrated to be very effective in the
enantioselective hydrogenation of a-ketoesters. Simultaneously, they are very stable in the course of the
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hydrogenation and no change in size and agglomeration takes place after the reaction as verified by TEM
observation. Furthermore, we immobilized the PVP-Pt cluster (with a mean particle diameter of 1.1 nm, 6=0.3
nm) onto alumina and a cross-linked polystyrene (designated as GDX) support, then extensively rinsed the all
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pyruvaie. That the smali cluster showing the excellent catalytic performance is a new experimental fact which
may aﬂ'ord us a deeper mmght into the adsorptxon mode of the cmchomdme modlﬁer-substrate actwated
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