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Chiral amines are important building blocks for pharma-
ceutical and agrochemical applications, and considerable
research effort has been put into the development of efficient
methods for their synthesis. One method for the asymmetric
synthesis of amines is the catalytic reduction of ketimines.
Even more attractive though is the direct reductive amination
as it combines two steps in one: the formation of intermediate
imines from simple starting materials (ketones and amines)
and their subsequent hydrogenation.'!! In comparison to other
methods like the addition of organometallic compounds to
imines, it is also potentially more atom economical and easier
to perform. Despite continued interest in this field, only
relatively few successful methods for either the asymmetric
reduction of preformed imines or the direct asymmetric
reductive amination have been developed until recently.
Organocatalytic approaches have emerged as powerful
methods for the asymmetric transfer hydrogenation of imines
with the Hantzsch ester dihydropyridine 2 as the hydrogen
source.”* The imines, either preformed or made in situt*
from ketones and aromatic amines, are protonated by a
Brgnsted acid like 1 and then reduced by hydrogen transfer
from the Hantzsch ester (Scheme 1). Stereoselectivity is
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Scheme 1. Organocatalytic Bronsted acid catalyzed asymmetric reduc-
tive amination using Hantzsch ester 2 as the hydrogen source.
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induced by using chiral Brgnsted acids, which serve as chiral
counteranions to the protonated imine.’! High yields and
enantioselectivities were achieved for a series of a-branched
arylalkyl- and dialkylmethylamines with catalyst loadings as
low as 1mol%. A disadvantage of these transfer-hydro-
genation reactions in comparison with transition-metal-cata-
lyzed reductions using hydrogen is the poorer atom economy.

Transition-metal complexes can be used to hydrogenate
with perfect atom economy using elemental hydrogen, but
imines have been much less developed than ketones and
olefins as substrates. Some progress has been made in the field
recently by the development of chiral Ir catalysts for the
asymmetric reduction of preformed cyclic and acyclic
imines.!”! Acyclic arylalkyl or dialkyl imines were hydro-
genated with high yields and stereoselectivities with Ir cata-
lysts featuring a chiral chelating ligand as well as a chiral
phosphate counteranion, both of which are required for
achieving high stereoselectivity.® Additionally, a catalytic
amount of the corresponding chiral phosphoric acid was
added to improve the yield. A disadvantage of these reactions
is the additional synthetic step needed to preform the imines,
but the direct asymmetric reductive amination of ketones
using transition-metal catalysis also still suffers from limited
substrate scope and performance.”!

J. Xiao et al. have now reported a combination of these
catalysis concepts. They used a transition-metal complex
together with the Brgnsted acid organocatalyst 1 to facilitate
the direct reductive amination of ketones with anilines using
hydrogen (Scheme 2).®! The concept borrows two features
from each field: a chiral phosphate counteranion and a chiral
ligand on the metal to achieve high stereoselectivity, a chiral
Brgnsted acid 1 to mediate the in situ formation of protonated
imines from ketones and primary amines, and a transition
metal for the activation of H,.
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Scheme 2. Combined transition metal and Brensted acid catalyzed
asymmetric reductive amination utilizing hydrogen. Cp*=1,2,3,4,5-
pentamethyl cyclopentadienyl.
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The scope, yield, and stereoselectivity of the method are
greatly improved over existing metal-catalyzed reductive
aminations. Not only aryl methyl ketones but also more
challenging substrates like aryl ethyl and dialkyl ketones can
be used successfully (Scheme 3). For the latter substrates, a
modification of the sulfonyl group of the diamine ligand was
necessary to maintain high stereoselectivities. Yields of these
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Scheme 3. List of selected products along with their yields and
enantioselectivities. PMP = para-methoxyphenyl.

reactions are consistently high with enantioselectivities rang-
ing from 81 to 97%. Interestingly, in the case of dialkyl
ketones, no additional Brgnsted acid catalyst was required.

It will be interesting to see whether future developments
of this strategy will expand the substrate scope to other
synthetically interesting compounds like diaryl ketones or
keto esters or to amination components like N-benzyl amines
or ammonia.

Some interesting questions regarding the mechanism
remain to be addressed. The phosphoric acid is suggested to
fulfill three roles: as a Brgnsted acid it catalyzes the formation
of the imine, and it also serves as a chiral counteranion to the
iridium catalyst and to the iminium ion. The results reported
by Xiao and co-workers show that the interplay of the chiral
diamine ligand and the phosphate counteranion in the iridium
complex is crucial for achieving high stereoselectivities./®>*!
But the reports on organocatalytic reductive aminations and
imine reductions show that one chiral counteranion as a single
source of chirality is sufficient to achieve high ee values in the
product.?™ It seems therefore possible to design a combined
transition metal/Brgnsted acid catalyst containing one chiral
and one achiral entity that would be even simpler and cheaper
to use. On the other hand, the combination of two chiral
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catalysts in the system of Xiao etal. might actually be
responsible for the consistently high ee values achieved with a
broad substrate scope.

The report by Xiao et al. gives another example of how
developments in metal and organocatalysis can be combined
to make progress in the field of catalysis in general.”’) Such
developments show that the field of organocatalysis has
matured in just a few years to a point where it no longer
appears exotic but has earned its place in the general
repertoire of asymmetric catalysis. The future will certainly
see more such combinations that cross the borders between
two disciplines.
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