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Abstract Metal/metal oxide nanoparticles for asymmetric hydrogenation and transfer hydrogenation have emerged as a
frontier and evolved into a hot topic of asymmetric catalysis in recent years. Their catalytic modes resemble that of
“nano-reactor”, where substrates diffuse through organic shells into catalytic active sites. Thus, high local catalyst concentra-
tion usually dramatically improves TON and TOF. In the case of nanoparticles as active sites, Orito’s platinum catalytic sys-
tem received most extensive interests. Achievements have been made in chiral modifier structural modification, catalyst sup-
ports, reaction medium, nanoparticle morphology and catalytic mechanism. Moreover, other metal nanoparticles including
palladium, rhodium, ruthenium, iridium and iron exhibited favorable catalytic efficiency in the asymmetric hydrogenation
and transfer hydrogenation of alkenes, ketones and imines, especially for iridium and iron nanoparticles, ee values over 95%
were obtained. In another case of metal/metal oxide nanoparticles as catalyst supports, comparable efficiency and enantiose-
lectivity were observed to homogeneous catalysts, meanwhile, this protocol overcame the drawbacks of homogeneous cata-
lysts with easier recovery and reuse. This review presents a brief overview on the recent progress in the asymmetric hydro-
genation and transfer hydrogenation catalyzed by metal/metal oxide nanoparticles, as well as the related catalytic mechanism.
However, there are still many challenges in this promising research field of metal/metal oxide nanoparticles for asymmetric
catalysis. In addition to the continuous understanding of the catalytic mechanism, it is highly desirable to develop new types
of metal/metal oxide nanoparticles with high efficiency, high enantioselectivity, and convenient recyclability.
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Figure 1 (a) Metal NPs as catalytic active parts; (b) Metal NPs as sup-
ports (Cat.=Catalyst)
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Figure 2 (a) Direct synthesis of chiral NPs; (b) Synthesis of chiral NPs
via ligand exchange
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Figure 4 Ionic liquid and CD stabilized Pt-NPs and their application in
the asymmetric hydrogenation of a-ketoesters!'®!
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Figure 5 Asymmetric hydrogenation of a-ketoesters over Pt/CNTs
(CNTs=carbon nanotubes)!"”’
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Figure 9 Asymmetric hydrogenation of aromatic a,f-unsaturated car-
boxylic acids over Pd/C catalyst modified by CD
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2009 4, Lambert % 5 Y7E BEA S0 400 35 T
BRI ZRAET, B — RS T IEPU L iR
WHIRCAARTEE 1) PA/C AL~ T AL A 2 T AN
RFREAM . XPS (X-ray photoelectron spectroscopy)
MR Pr iR R Pd R A A BAE I 5
PR AR A RN 12). 1A R I =B TE: (HPY
SR E 1 Ny R L e S R AR LA A (2)Be A4
TS ST Y Pd g S il AR E 90KR 1. WEST
KWL RV ee (EBEAT S G P e R A 2 1A 47 BHL
(RO 3G T4 0, Ji DA e B A PR 22 TS BEL AT LA
PHAERLAR LT AT 2R, B hn T e ibhfg, 23— 204
TET IR E. RIS A S LA 12 Fros.

H& @R, JdEGREE. AR S — HA2
BPAKI R A T ZHEA AR, A1 TR
TE G BIAR AR L2832 B ] Tt o A0 I Jie F v
RO RIRREA S, (R, TR RS 2 B 67
AERGARE T AL FIRIRT 508+ AT IR, AL RCR A
LUREINATO R e R R AN T g e S S VAR X - U
e A AR A 2 I B AN ET A KORE 5~ A 7R E AN
I HR AN RS RS B A R R B BT 80% ee.

802  http://sioc-journal.cn

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

hydrogenation
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isophorone catalyzed by Pd-NPs"
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Figure 15 Asymmetric hydrogenation of various ketones catalyzed by
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Figure 16 Rh-Pyrphos complex functionalized gold colloids and its application in the asymmetric hydrogenation of methyl a-acetamidocinnamate
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Figure 19 Illustration of homogeneous catalysis and catalyst recycling by combining magnetic nanoparticles and molecular assembly, and its application

in the asymmetric hydrogenation of 2-methyl quinoline
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