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and its application to hydrogenation
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Polymer incarcerated platinum catalysts (PI Pt) were con-
veniently prepared from PtCl2(COD) or H2PtCl6·6H2O and
styrene copolymers via reduction of the Pt sources with tri-
ethylamine, coacervation, and cross-linking. The Pt catalysts
have been successfully applied to catalytic hydrogenation
including saturation of heterocyclic compounds.

Recently the great importance of polymer supported metal cata-
lysts has been recognized for both academic and industrial use in
the aspects of economical and safe use of expensive or toxic metals.
In the course of our continuous study to develop highly active
polymer-supported metal catalysts,1 we have already reported
the preparation of a polymer incarcerated platinum catalyst (PI
Pt), which was prepared from Pt(PPh3)4 and styrene copolymers.2

Although this PI Pt effectively catalyzed hydrosilylation of olefins,
it did not work well as a catalyst for hydrogenation. The instability
of Pt(PPh3)4 in air also prompted us to invent other versatile
and convenient methods to prepare PI Pt from other Pt sources
for effective hydrogenation.3 In this paper, we disclose a new
preparation method of PI Pt from platinum salts such as platinum
dichloride cyclooctadiene complex, PtCl2(COD). The application
of PI Pt to hydrogenation is also described.

The preparation of PI Pt was first examined using PtCl2(COD)
and styrene copolymers according to our procedure for PI catalysts
by using THF and hexane as solvents (Table 1).1 As reducing
agents, hydrogen and hydrazine afforded no immobilized platinum
clusters, because the reduction of PtCl2(COD) was too fast and
platinum metal precipitated immediately (Entries 1 and 2). In the
case of sodium borohydride, no cross-linking proceeded after the
coacervation with hexane (Entry 3). As a reducing agent, silanes
were tried next and triethylsilane gave a satisfactory result to
afford the desired PI Pt (Entry 5). In this catalyst, the cluster
size of Pt was less than 1 nm by transmission electron microscope
(TEM) analysis. However, this procedure was not reproducible
presumably due to poor solubility of PtCl2(COD) in THF. In
fact, when the solvent was changed to dichloromethane which
dissolved PtCl2(COD) well, PI Pt was obtained reproducibly
(Entry 6). The Pt loading value of this PI Pt determined by
fluorocene X-ray analysis (XRF) was 0.142 mmol g−1. Hydrogen
hexachloroplatinate hexahydrate (H2PtCl6·6H2O) was also found
to be a good platinum source of the PI Pt (Entry 7). PI Pt
with a higher loading level (0.286 mmol g−1) was prepared from
H2PtCl6·6H2O and triethylsilane by the similar procedure. In this
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Table 1 Preparation of PI Pt from Pt salts and copolymer

Entry Pt source
Reducing
agent

Pl Pt
yield/mg

Pt loading/mmol g−1

cat (recovery, %)

1 PtCl2(COD) H2 0a —
2 PtCl2(COD) NH2NH2 0a —
3 PtCl2(COD) NaBH4 0b —
4 PtCl2(COD) HSi(OEt)3 218 Not determinedc

5d PtCl2(COD) HSiEt3 162 0.193 (78%)
6e PtCl2(COD) HSiEt3 199f 0.142 (71%)
7 H2PtCl6·6H2O HSiEt3 143g 0.286 (quant.)

a Pt metal precipitated. b No cross-linking proceeded. c Huge clusters were
obtained. d Not reproducible. e Dichloromethane and methanol were used
as solvents. f Clusters of less than 1 nm size were observed by TEM analysis.
g Clusters of 2–3 nm size were observed.

case, THF and hexane were used as solvents and the cluster size
of this PI Pt observed by TEM was 2–3 nm.

The reactivity of the PI Pt catalysts prepared was tested
by hydrogenation of nitrobenzene in THF under atmospheric
pressure of hydrogen (Table 2). As expected, with 1 mol% of the
PI Pt catalyst prepared from PtCl2(COD), the reaction completed
within 1 hour to give aniline quantitatively and no leaching of
Pt from the catalyst was observed by XRF analysis. By contrast,
6 hours were required to finish the same hydrogenation with the
PI Pt prepared from Pt(PPh3)4 and 19% leaching of the platinum
was observed. For comparison, PI Pd was also applied to this
reaction. Reactivity of the PI Pd was moderate to complete the
hydrogenation in 3 hours. It should be noted that the PI Pt from
PtCl2(COD) gave higher activity than the PI Pt prepared from
Pt(PPh3)4. In addition, the PI Pt from PtCl2(COD) could be reused
at least 5 times repeatedly for the reaction without loss of activity
and no Pt leaching was observed in each run. It should be also
mentioned that the cluster size of the PI Pt did not change after 5
runs.
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Table 2 Hydrogenation of nitrobenzene catalyzed by PI catalysts

Entry Pl catalyst Time/h Yield (%) Leaching (%)a

1 Pl Pt from PtCl2(COD) 1 Quant. NDb

2 Pl Pt from Pt(PPh3)4 6 Quant. 19
3 Pl Pd 3 Quant. NDb

a Measured by XRF analysis. b Not detected (<2%).

Next the PI Pt catalyst was applied to the hydrogenation of
various substrates (Table 3). In most cases, alkenes and alkynes
were smoothly hydrogenated with 1 mol% PI Pt prepared from
PtCl2(COD) in THF at room temperature under atmospheric
pressure of hydrogen. The sterically hindered C–C double bond
of cholesterol was hydrogenated to give cholestanol in 80% yield
after 24 hours with 5 mol% PI Pt prepared from H2PtCl6·6H2O
(Entry 5).4 In the case of quinoline, 80 hours were required to
complete the hydrogenation to afford tetrahydroquinoline in 82%
yield (Entry 6). In all cases tested, no leaching of platinum metal
was observed by XRF analysis.

Table 3 Hydrogenation of various substrates catalyzed by PI Pt

Entry Substrate Product (yield, %)

1

2

3

4

5b Cholesterol

6 Quinoline

All reactions were performed at room temperature under atmospheric
pressure of hydrogen. In all entries except entry 5, 1 mol% of Pl Pt
prepared from PtCl2(COD) and THF as solvent were used. Reaction
time was 1 h for entries 1–4, 24 h for entry 5, and 80 h for entry 6. In
all entries, no leaching of Pt was detected by XRF analysis (<2%).a The
yield was determined by NMR analysis. b 5 mol% of Pl Pt prepared from
H2PtCl6·6H2O and dichloromethane as solvent were used. 20% of starting
material was recovered.

Table 4 Selective hydrogenation catalyzed by PI Pt

Entry Substrate Product (yield, %)

1

2

3

4a

In all entries, reaction time was 1 h. In all entries except entry 4, the
reactions were performed in THF at room temperature under atmospheric
pressure of hydrogen with 1 mol% of Pl Pt prepared from PtCl2 (COD).
No leaching of Pt was observed by XRF analysis (< 2%).a The reaction
was conducted in methanol–THF (1 : 1) under 5 atm pressure of hydrogen
with 5 mol% Pl Pt prepared from H2PtCl4·6H2O.4 No leaching of Pt was
observed by ICP analysis (< 0.06%).

Finally selective reduction with PI Pt catalyst was tried by using
multi-functionalized substrates (Table 4). Alkene, alkyne and nitro
groups were hydrogenated selectively in the presence of O-benzyl
or aromatic halogen substituents (Entries 1 to 3). Hydrogenation
of the pyridine ring is a characteristic transformation by platinum
catalysts.5 As shown in Entry 4, hydrogenation of the pyridinium
salt successfully proceeded in the presence of indole and benzene
rings to give the analgesic compound6 in 95% yield with 5 mol%
PI Pt prepared from H2PtCl6·6H2O under 5 atm pressure of
hydrogen.4 In this reaction, no leaching of Pt was detected by
ICP analysis which detection limit was 0.06%.

In summary, a practical method to prepare a PI Pt catalyst
has been developed by using PtCl2(COD) or H2PtCl6·6H2O
as a Pt source and triethylsilane as a reductant. This catalyst
was successfully applied to hydrogenation of various substrates.
Further study to synthesize biologically active compounds and to
prepare chemical libraries for drug discovery research with this
catalyst is now in progress.

Preparation of the copolymer

The copolymer was prepared according to the literature.1f

The molar ratio of the components was determined by 1H NMR
analysis (x : y : z = 89 : 7 : 4). Mw: 23189, Mn: 8258, Mw/Mn = 2.81
(gel permeation chromatography analysis).

Preparation of the PI Pt from PtCl2(COD)

To a stirred solution of the copolymer (1.00 g) and triethylsilane
(0.32 cm3, 2.0 mmol) in dichloromethane (10 cm3) was added
dropwise PtCl2(COD) (75 mg, 0.20 mmol) in dichloromethane
(10 cm3) at 40 ◦C. The mixture was stirred at this temperature
for 3 h, and then methanol (150 cm3) was slowly added for
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coacervation. The resulting mixture was left at room temperature
overnight and the supernatant liquid was removed by decantation.
The residual dark brown solid was heated at 120 ◦C for 2 h,
washed with THF, and dried in vacuo to afford PI Pt (996 mg).
Pt loading amount was 0.142 mmol g−1 determined by XRF after
decomposition of the catalyst with sulfuric acid and nitric acid at
180 ◦C for 2 h. The loading yield of Pt was 71%.

Typical procedure for hydrogenation catalyzed by the
PI Pt

Nitrobenzene (131 mg, 1.07 mmol) was dissolved in THF (5 cm3)
and hydrogenated with PI Pt (75 mg, 0.0107 mmol Pt, 1 mol%) at
room temperature under atmospheric pressure of hydrogen. The
reaction was monitored by TLC. After completion of the reaction,
the mixture was filtered and the PI Pt was recovered (69 mg,
92%).7 The filtrate was concentrated in vacuo and Pt leaching was
measured by XRF. The crude product was purified by silica gel
column chromatography eluted with chloroform–methanol–25%
aqueous ammonia = 190 : 9 : 1 to give aniline as colorless oil
(99 mg, quant.).8
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