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Catalyst design of transition metal nanoparticle catalysts supported by ammonium
salts of hyperbranched polymers

Nagashima, Hideo

3,000,000

Transition metal nanoparticles supported by ammonium salts of hyperbranched
polystyrene were prepared, which were subjected to studies on catalytic hydrogenation of alkenes,
arenes, ketones, and nitroarenes. The ammonium salts of hyperbranched polystyrene are excellent
supports for 1~2 nm size metal nanoparticles, which are uniformly dispersed in the polymer matrix.
Hydrophobic and hydrthilic nature of the support is tunable by alkyl substituents of the ammonium
salts. By virtue of this nature, water/organic solvent biphasic catalytic systems were constructed,
where the catalyst is immobilized either in aqueous phase or in organic phase. The catalytic
activity were examined, and high catalytic activity and possible applications to recyclable biphasic

catalyst systems were confirmed. High selectivity was often observed in several reactions, in many
of which water played an important role. A model scheme was proposed for the explanation of high
catalytic activity and high selectivities.



@ ©
HPS-NR; CI

€Y)

)

€))

substrate

eocl oC
PS-NRsCl @y\;lR3 olR: or AP ’
oCl

oNRs Sl

SNRS

Affect the solubility
of Pt@HPS-NR:CI

Stabilize the
nanoPt surface;



4
M@HPS-N"Bus*ClI-
M@HPS-N"Octs*Cl-
1
TOF/h 8,300 Rh
Pd@HPS-N"Bus*CI-
1~4nm 4
2,3-dimethyl-2-butene
Pt@HPS-N"Octs*Cl- 3
1~2nm
TON = 500
Ru@HPS-N"Bus*ClI-
1~2nm
2 30
3 30 1 100%
TON 333
CeHsY
Y OH
nm OMe
®
2
4
Ru@HPS-N"Bus*Cl-
100%
n_
HPS-NrBus*Cl- n- (2)-
HPS-NnOcts*Cl-
HPS-NnBus*Cl-
HPS-NnOcts*Cl-
Pt@HPS-N"Bus*ClI-
Pt@HPS-N"Octs*ClI-
M@HPS-N"Rs*CIl- (R = Bu, Oc, M = Pt, Pd, 4-t-butylcyclohexanone
Rh, Ir, Ru) EtOAc THF
HPS-NnOcts*Cl- Pt@HPS-N"Bus*ClI-
HPS-NrBus*Cl-
1 Pt@HPS-N"Octs*ClI-



Pt@HPS-N"Bus*ClI-
Pt@HPS-N"Octs*Cl- 2

Pt@HPS-N"Octs*Cl-

1600rpm

25,000 TOF  4,750(/h)
Pt@HPS-N"Bus*CI-
Pt@HPS-NnOcts*Cl-

TON

water
‘hydrophobic force'

substrate
oci ¢ o¢

ocl

‘hydrophobic force'

substrate < ] water

product

HPS-NR;CI

Lei Gao, Keisuke Kojima, Hideo
Nagashima, Transition metal nanoparticles
stabilized by ammonium salts of
hyperbranched polystyrene: effect of
metals on catalysis of the biphasic
hydrogenation of alkenes and arenes,
Tetrahedron, , Vol. 71, 2015, pp.-
6414-6423. doi:10.1016/j.tet.2015.04.081

Vol. 63, 2014,
pp- 163-165. URL: http://main.spsj.or_jp
/c5/kobunshi/kobu2014/kobul403. html

Arada Chaiyanurakkul, Lei Gao, Takashi
Nishikata, Keisuke Kojima, Hideo
Nagashima, Catalysis on Water:
Hydrogenation of Ketones and Aldehydes by
Platinum Nanoparticles Dispersed in
Amphiphilic Hyperbranched Polystyrene,
Pt@HPS-NR,’Cl", Chem. Lett., , Vol.
43, 2014, pp- 1233-1235. doi:
10.1246/cl .140334

Lei Gao Arada
Chaiyanurakkul Highly efficient
and selective hydrogenation of
nitroarenes catalyzed by platinum
nanoparticle catalysts supported by
ammonium salts of hyperbranched
polystyrene 97
2017 3 16

Arada



Chaiyanurakkul Lei Gao

96
2006 3 26

2014 8
28

http://nagashima-lab.cm.kyushu-u.ac. jp/

€Y
NAGASHIMA, Hideo

@
GAO, Lei



