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The modification of some metal cations to 
polymer-protected colloidal platinum clusters leads to 
remarkable increases in both selectivity and activity in 
homogeneous liquid-phase selective hydrogenation of 
cinnamaldehyde to cinnamyl alcohol. 

Nanoscopic metal clusters, because of their substantial differ- 
ences from metal atoms and bulk metals in size and structure, 
have attracted increasing attention especially in the field of 
catalysis.' Owing to the thermodynamic instability of metal 
clusters, studies have mainly focused on reactions conducted 
under mild conditions, such as hydrogenation of monoenes or 
dienes2 and hydration of acrylonitrile3 near or at ambient 
conditions. For the same reason, few papers have reported the 
influence of additives to the homogeneous catalytic systems of 
neat metal clusters. However, it is well known that additives, 
such as ions, can markedly affect the catalytic properties of 
supported metal catalysts.4 Liao and coworkers5 recently 
reported that the selectivity to p-chloroaniline can be re- 
markably increased by adding an equimolar amount of RuC13 to 
a PVP-PdC12 [PVP = poly(N-vinyl-2-pyrrolidone)] catalytic 
system for hydrogenation of p-chloronitrobenzene. It is com- 
mon knowledge that an increase in the selectivity of a catalyst 
by incorporating additives causes a decrease in activity. 
However, in the selective hydrogenation of cinnamaldehyde 
(CAL) to cinnamyl alcohol (COL) catalysed by polymer- 
protected colloidal platinum clusters, considerable increases in 
both the selectivity and the activity were observed when 
employing metal cations as modifiers. To the best of our 
knowledge, this is the first example of a homogeneous metal 
catalytic system in which both the selectivity and the activity of 
a cluster catalyst can be greatly enhanced by the addition of 
suitable metal cations and here, we report our preliminary 
results. 

Polymer-protected colloidal platinum clusters were prepared 
by a reported method2a in the form of dark-brown homogeneous 
dispersions (designated as PVP-Pt). TEM observation showed 
that the average diameter of PVP-Pt was 1.1 nm with a narrow 
size distribution in the range 0.6-1.8 nm with CJ = 0.30 nm. 

Hydrogenation of CAL was carried out in a 150 ml stainless- 
steel autoclave. The reaction solution contained 40 ml EtOH, 
1 mg NaOH, 1.000 g CAL (7.576 X 10-3 mol), 1.000 g 
tetradecanol (as an internal standard for gas chromatography), 
20 ml PVP-Pt dispersion {containing Pt (2.249 X mol), 
PVP [ 1.125 X 10-3 mol (monomeric unit)], 10 ml H20 and 10 
ml MeOH) and metal salt added, H2 was charged several times 
to replace air and the final pressure of H2 was 4.0 MPa. The 
hydrogenation reaction was performed at 333 K for 1.5 h. The 
reaction products were periodically analysed by gas chroma- 
tography. 

There are two competitive hydrogenation reactions starting 
from CAL (Scheme 1). Ordinary heterogeneous catalysts can 
easily reduce C=C double bonds to yield hydrogenated 
cinnamaldehyde as the main product [Scheme 1, reaction (ii)]. 
However, it is a challenging task to reduce the C=O double bond 
without reduction of the C=C double bond [Scheme 1, reaction 
(01. 

Under the reaction conditions employed, when using neat 
PVP-Pt alone as a catalyst, 37.5% conversion of CAL with 
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12.0% selectivity for COL was observed. However, upon 
introducing Fe3+ or Co2+ into the catalytic system, the activity 
was enhanced to 120%, and the selectivity for COL increased to 
98.5% (Table 1). 

Maximum selectivity (99.7%) was achieved using Co2+ as a 
modifier to the PVP-Pt system; at a Co2+ : Pt molar ratio of 1 : 3 
conversion reached 82.1 % (Fig. 1). 

It was found that CoC12.6H20 and C O ( N O ~ ) ~ - ~ H ~ O  led to the 
same activity and selectivity (see Fig. 1) in a wide region from 
1 : 20 to 20 : 1 molar ratio Co2+ : Pt in the reaction system. This 
indicated that non-strongly coordinating anions (not, however, 
strongly coordinating anions such as CN-, SCN-, F- etc.) 
acted merely as spectator ions. The mechanism for this unusual 
modification of metal cations in the performance of PVP-Pt 

(;I/) 
('I PhCH=CHCH20H 

PhCH=CHCHO PhCH2CH2CH20H 

Scheme 1 

Table 1 Hydrogenation of cinnamaldehyde cataly sed by PVP-Pt-MCl,r 
systemsa 

Average rate/ Selectivity/%b 
Catalytic mol CAL Conv. of 
system (mo1Pth)-1 CAL/% COL HCAL HCOL 

PVP-Pt 84.2 37.5 12.0 80.0 8.0 
PVP-Pt-NaCl 85.9 38.3 19.1 74.9 6.0 
PVP-Pt-FeC13 187.5 83.5 98.5 1.5 Trace 
PVP-Pt-CoC12 186.2 82.9 98.8 1.2 Trace 
PVP-Pt-NiC12 115.7 51.5 34.4 50.6 15.0 
PVP-Pt-ZnC12 29.2 13.0 99.8 0.2 Trace 
~~~~~~~~~ 

Molar ratio M : Pt = 1 : 1.  b HCAL = hydrocinnamaldehyde, HCOL = 
3-phenylpropan- 1-01. 
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Fig. 1 Conversion of CAL (a, 0) and selectivity for COL (0,o) vs. molar 
percentage of Co2+ in the PVP-Pt catalytic system with CoC12.6H20 (filled 
symbols) or C O ( N O ~ ) ~ . ~ H ~ O  (open symbols) 
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catalysts still, however, remains unclear and further investiga- 
tion is in progress. 
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