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Catalytic Transfer Functionalization through Shuttle Catalysis

Benjamin N. Bhawal and Bill Morandi*

Max-Planck-Institut fiir Kohlenforschung, Kaiser-Wilhelm-Platz 1, 45470 Miilheim an der Ruhr, Germany

ABSTRACT: In this Perspective, we describe an emerging type of catalysis
that enables the catalytic reversible transfer of chemical enh'u’es beyond the
ll-established transfer hyd: tion reactions. Shuttle ¢ facilitates
lhc transfer of small molecu]a (e.g, CO, HCN) or reactive mtu-mediats
two in an isodesmic process. In many cases, these often

safer processes provide unprecedented synthetic flexibility and complement

other catalytic bond-forming and bond-breaking reactions.

KEYWORDS: catalysis, r ible, shuttle lysis, alkene, i

Functionalization & Defunctionalization
reactions

B INTRODUCTION

Catalytic reversible reactions have had an auspicious impact on
organic synthesis. For example, the versatility of the alkene
metathesis reaction has enabled Lhe development of numerous,
novel syntheti tegi pening new in retrosyn-
thesis and leading to " the i proved prep of bioactive
compounds and materials.” Another type of catalytic reversible
reaction, transfer hydrogenation, has had a marked influence on
organic synthesis and offers a simple, gas-free approach to
shuttle a hydrogen molecule between two substrates (Scheme
1a).” Using this strategy, both the hydrogenation and
dehydrogenation of a substrate can be performed under similar
reaction conditions, and the power of this reaction is best

Scheme 1. Transfer Hy tion and Schemati
Generalization of the Shuttle Catalysis Concept
a) Transfer Hydrogenation (Hyshuttle)
o Heo metal catalyst ”-i o
. — e +
R'JLR? Me/tMe (Ha) RITR? Me)LMe
- b shuttied
sccey roup
group
- metal catalyst H
ZR o+ e + Z Rt
P H\)\R\ [Hz) "'\/kR: B
acoeplor hydrogen shuttlsd
danor group

highlighted by the asy ric transfer hydrogenation protocol
developed by Noyori.* The ability of this process to reversibly
transfer a hydrogen molecule between a metal catalyst and an
alcohol to transiently generate an activated functional group
(e.g. a ketone) has also been used to alter in situ the reactivity
profile of a given molecule in borrowing hydrogen reactions’
that have led to powerful and sustainable catalytic C—C and
C—N bond-forming reactions using simple alcohols.

While transfer hydrogenation has become a powerful tool to
shuttle hydrogen in organic synthesis, one could imagine that a
diverse set of catalytic reversible transfer functionalization
reactions could be developed through the catalytic shuttling of
molecules beyond hydrogen (Scheme 1b). Such reactions
involve the transfer of a chemical entity from a donor molecule
to an acceptor molecule through shuttle catalysis. These
reactions can be viewed as a particular subclass of group-
transfer reactions wherein the transfer process effectively
transforms the donor molecule into an acceptor molecule. In
theory, these isodesmic reactions, in which all the bonds
present on the reactant side are the same as on the product side
of the reaction, should be reversible. These reactions are thus
distinct from other irreversible group-transfer reactions, such as
epoxidation proceeding through metal-mediated oxo fe
from an unstable reagent such as iodosylbenzene.® In this
reaction, the deavage of a weak iodine—oxygen bond and the
formation of an epoxide moiety make the reaction highly
exergonic and, as a consequence, irreversible.
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Abstract—In rural areas and remote areas the expenditure
for mew projects related to broadband communications is
deterred. In this paper hybrid Wireless-Broadband over Power
Lines (W-BPL) technology, suitable for rural and remote areas is
presented. This hybrid approach employs BPL technology for the
transmission of communication signals via the medium voltage
(MV) grid and wireless technology for providing broadband
access to end users. The advantages and opportunities of this
hybrid solution are presented through the deployment of a trial
hybrid W-BPL network in Larissa, a rural area in central
Greece. This network offers broadband access and smart grid
applications along a 70 km MV power grid. The supported
services along with network performance issues are discussed.

Index Terms—Broadband over Power Lines (BPL), Quality
of Service (QoS). power supply grid

L INTRODUCTION
i of

Apart from cost another adverse characteristic is the long
distances of remote users along with the adverse geographic
and climatic conditions. Furthermore, apart from the last mile
network, the provision of broadband services to rural areas
requires appropriate middle mile network for the
interconnection of the access network to the high-capacity
backbone network. The distance of remote communities from
the backbone network increases significantly the end user cost
constituting another important factor contributing to the
digital divide

As the potential deployment and use of wired systems is
excluded due to the extremely high installation cost, it is clear
that the last mile network must be wircless [2], [3]. The
802.11 standards offer new possibilities not only for
broadband wircless access but, also, as a form of wireless
connection to the distribution network [4]. Apart from WiFi
technology, other solutions based on 02.16 standards, local

i ibuti systems  (LMDS),  satellite

Though the wi the

(ICT) and the
vant opportunities have been already achieved in densely
gled arcas and developed regions, there are still vast

communications or hybrid networks have been proposed.

regions where the diffusion of such

he deployment of ICT
systems in rural and remote arcas T siged by low
population density and long transmission distances =

ess is accomplished through the MV
utes the main advantage of W-BPL
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