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Improvement in the enantioselective hydrogenation of methyl
pyruvate over platinum clusters by addition of rare earth cations
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The modification of some rare earth metal cations to polymer-stabilized Pt colloidal clusters leads to significant increase in both the ee
and the activity in the homogeneous enantioselective hydrogenation of methyl pyruvate 49-{Rethyl lactate. Compared to ee (72.5%)
in the absence of rare earth cations, the highest ee (88.0%) in ethanol solvent is obtained by adding a suitable antbuirttofthé Pt
colloidal cluster catalyst. The modification effect of rare earth cations is also effective in other alcohol and water solvents.
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1. Introduction and chloronitrobenzenes[10]. However, the modification ef-
fect of metal cations has so far been strictly confined to the

As a model of enantioselective catalysis, the hydrogenghemoselective reactions since Adams’ pioneering work re-
tion of a-keto esters€g., ethyl pyruvate) over cinchona-ported 34 century ago. In the present study, a significant
modified Pt catalysts, originally reported by Oréioal. [1],  improvement of both the ee and the activity in the enantiose-
is of great scientific interest [2]. Meanwhile, nanoscopifective hydrogenation of methyl pyruvate over CD-modified
metal colloidal clusters, because of their substantial dl'bVP_Pt was observed in our group when emp|oying rare
ference from metal atoms and bulk metal, have also rgarth metal cations as modifiers. To our best knowledge,
ceived intense renewed attraction especially in catalysis [&is is the first time that the addition of suitable metal cati-
However, their application in the enantioselective hydrens has been shown to significantly enhance both the ee and
genation of methyl pyruvate is less studied. BOonnemamife activity of a metal cluster catalyst in asymmetric cataly-
obtained 80% enantioselectivity (ee) in the enantioselegis. Here, we report our preliminary results.
tive hydrogenation of ethyl pyruvate over the protonated
dihydrocinchonidine-stabilized Pt colloidal clusters [4]. Em:; .
ploying polyvinylpyrrolidone (PVP)-stabilized Pt colloidalz' Experimental
clusters (designated as PVP-Pt) as catalyst, we observed thaby/p-stapilized colloidal platinum clusters were prepared
cinchonidine (CD)-modified PVP-Pt clusters were highly seiccording to a reported method [11]. The average diameter
lective for (R)-(+)-methyl lactate [5]. of as-prepared PVP-Pt is8l+ 0.38 nm.

It is well known that additives such as metal cations can Hydrogenation of methyl pyruvate (MP) was conducted
markedly improve the catalytic properties of supported caf 3 100 ml stainless autoclave. The reaction solution con-
alysts [6]. Most of the commercial catalysts related to preained 105 x 10-2 mol MP, 1 min-butanol (as an internal
moters. The modification effect of additives on the enanti@tandard for gas chromatography), certain amount of CD,
selective hydrogenation of-keto esters has been rarely reg g m| pvP-Pt dispersion (containing4éx 10~% mol Pt,
ported and has been mainly related to rate enhancement g/} x 10-5 mol PVP in terms of monomeric units) and metal
Margitfalvi et al. [8] recently reported that the addition ofcation. H, was charged several times to replace air and the
different achiral tertiary amines caused significant promgna| H, pressure was kept at 4.0 MPa at 298 K. After 0.5 h
tion in both the ee and the activity of CD-modified P48k the resultant products were analyzed by gas chromatography

in the enantioselective hydrogenation of ethyl pyruvate. Wgith a 25 mx 0.25 mm capillary column (CP-Chirasil-Dex
also observed that the incorporation of some metal catiog®, Chrompack Co.).

(eg., Fet, Co?t, Ni?t) caused remarkable increase not
only in the selectivity but also in the activity of PVP-Pt clus-

ters in selective hydrogenation of unsaturated aldehydes @]Results

* To whom correspondence should be addressed. _We observed that the ee value in the present study was
TPCLCC: Polymer Chemistry Laboratory, Chinese Academy of Sciencglifferent from that in our earlier studies for the same cata-
and China Petro-Chemical Corporation. lysts and under the same experimental conditions. A com-
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Table 1 80
Enantioselective hydrogenation of MP over CD-modified PVP-Pt clusters 1eo
in the presence of rare earth metal catidns. L * :f: :;’"V'

Cation Concentration of CD Conversion of MP bee g =

(1074 M) (%) @) &7 1S
- 6.8 65.9 695 ¢ 2
cPt 6.8 39.8 785 @ 7 o
zn?te 6.8 49.3 790 2 / 8
N+ 6.8 69.0 go2 8§ [/ 1°§
cet 6.8 70.1 78.6 / u

d ®

- 3.4 457 72.5 | \.
La3+ 3.4 63.5 80.1 ol o , , , , , e
cet 3.4 48.2 82.3 0 2 4 6
Pt 3.4 66.7 84.4 The concentration of Nd*"/10*M
Nd3+ 3.4 55.7 83.8
Ewdt 3.4 55.8 85.7 Figure 1. Influence of the concentration of Kdon the enantioselec-
Yb3+ 3.4 53.3 88.5 tive hydrogenation of methyl pyruvate over CD-modified PVP-Pt clusters.

[CD] = 6.8 x 1074 M.

agolvent: ethanol. The molar ratio of M to Pt= 1: 20.

b The enantioselectivity for (R)}4)-methyl pyruvate. 100 100
¢The molar ratio of ZA* to Pt= 1: 10.

parison has been made between the old batch of MP (pug- &
chased three years ago from Acros) and the new batch pf 4

MP (used currently). The new batch of MP exhibited ee van 60 - I

ues that were slightly lower than those in our earlier studieg o

The fluctuation of ee values resulting from different originéﬁ sl g 40

.. ~—— 460

or batches of substrate has also been reported by other ge
searchers [2,12,13]. As shown in table 1, when using PVP-
Pt colloidal clusters as catalyst with [CB] 6.8 x 10~4 M,
65.9% conversion of MP witlta. 69.5% ee for (R)-¢)-
methyl lactate (ML) was observed in ethanol medium. How- ° o 2 4 3
ever, upon introducing a small amount of&wr Zrét into Concentration of CD/10M
the system, the ee for (R)-ML increasedca 79.5% with _ _ o _
a decrease in the activity to different extent. Both ee VaIL;I:@l_Jre 2. Influencg of the concentration of cmchomdmg on the enantiose-
. . . . ctive hydrogenation of methyl pyruvate over CD-modified PVP-Pt clus-
anq catalytic activity were mcrease_d when using rare eartf) . i NG+ (—) and without N&* (- --). [Nd®+] = 6.4 x 10-5 M.
cations as modifiers. The introduction oftta Cet, P,
Nd®+, E®+ and Yt obviously enhanced both the converef CD in the presence of Nid not only induced enantio-
sion of MP and the ee value (table 1), especially at [ED] selectivity but also considerably promoted the reaction rate,
3.4 x 10~* M. With the presence of Bt the conversion of namely it performed a ligand acceleration effect. Atge
MP increased-50%, while the ee increased to 84.4% comthe concentration of CD in the presence ofNdk five times
pared to 72.5% in its absence. The highest ee (88.5%) what in the absence of Nd. In addition, white precipi-
obtained by employing Y& as a promoter. It was notabletates were observed in mixed concentrated ethanol solution
that the increase of ee resulting from the introduction of racf Nd®+ and CD. This may be attributed to the interaction
earth cations grew greater with the sequence of atomic nubetween Né+ and CD.
ber, whereas the rate enhancement was diverse. The influence of solvents in the presence offNavas
Figure 1 shows the influence of the concentration of metakamined too, and it is shown in table 2. Taking the sol-
cations to CD-modified PVP-Pt at [CB} 6.8 x 1074 M.  ubility of metal cations and PVP into account, only alco-
When a little Nd+ was added to the system, both the ee arfbls and water were employed as solvents. Consequently,
the conversion of MP were clearly enhanced. AsfNd= metal cations showed a positive effect in all selected sol-
3.2 x 1075 M (Nd®*+/Pt molar ratio of 1: 20), the ee reached/ents. This takes the advantage over the solvent dependence
a maximum value (gegx = 79.6%) while the maximum in Margitfalvi's work [10], in which toluene is the exclu-
conversion (78.5%) achieved at [Rid = 6.4 x 107> M sive solvent for the modification of achiral tertiary amines
(Nd®+/Pt molar ratio of 1:10). The ee and conversion db CD-modified Pt/A}O3. The conversion of MP increased
MP then gradually decreased with the increasing concentveth the polarity of solvents, whereas the ee value was dis-
tion of [Nd®*]. This indicated that the modification effect ofordered. If only the ROH solvents were taken into account,
metal cations is strongly concentration dependent. a maximum conversion of MP was obtainedrifpropanol
The effect of CD with the presence and absence ofNd medium ¢ = 20.1). The effect of solvent is rather compli-
was investigated and it is shown in figure 2. The additiocated, especially with the presence of metal cations.

Enantioselectivity (%)
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Table2 ) Bent. The precise mechanism for this unusual modification
Influence of solvents on the enantioselective hydrogenation of MP over CD:

modified PVP-Pt clusters in the presence oPNd of metal cations on the PVP-Pt performance still remains
unclear and further investigation is in progress.

Solvent Dielectric Conversion of MP edC

constantg (%) (%)
Water 78.54 84.5 (72.1) 66.3 (61.8) Acknowledgement
Methanol 32.63 51.8 (45.5) 76.7 (67.0)
Ethanol 24.30 74.0 (65.9) 75.5(69.5)  Financial support by National Science Foundation of
1-propanol 201 765(63.0) 76.5(69.8) china (Contract No. 29873058) and the Fund of the Chi-
1-butanol 17.1 72.0 (61.8) 74.5 (68.2) q £ Sci »-71-508
1-pentanol 13.9 65.3 (57.8) 75.7 (70.5)Nese Academy of Sciences (Contract No. KJ952-71-508) are
1-hexanol 133 56.2 (50.5) 73.2 (70.8)gratefully acknowledged.
aThe molar ratio of N8t to Pt was 1: 10; [CDE 6.8 x 104 M.
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