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Hydrogenations of double-bond-containing compounds such
as carbonyls, imines, and olefins are crucial for living
organisms as well as for the industrial production of
chemicals. While chemical hydrogenations require metal
catalysts or the use of stoichiometric amounts of metal
hydrides, nature typically relies on organic cofactors such as
nicotinamide adenine dinucleotide (NADH) in combination
with metalloenzymes. Metal-free catalytic hydrogenations of
olefins have been unknown both in nature and in chemical
synthesis.[1] Herein we disclose a highly efficient and remark-
ably chemoselective but completely metal-free catalytic
transfer hydrogenation of a,b-unsaturated aldehydes.

The hydrogenation of a,b-unsaturated carbonyl com-
pounds is a useful but challenging transformation. As both
1,2- and conjugate reductions readily occur, low selectivity for
either of the two pathways is common. Catalytic hydro-
genations of a,b-unsaturated aldehydes are possible, but the
chemoselectivity is often low, and additional functional
groups that are sensitive to hydrogenation conditions such
as the benzyloxy, nitro, and nitrile groups are usually not
tolerated.[2] Alternative conjugate reductions have been
realized with various substrate classes,[3] but a mild, general,
highly chemoselective, and catalytic variant that is applicable
to a,b-unsaturated aldehydes has not been described.

Reported conjugate reductions of aldehydes are either non-
catalytic and require stoichiometric amounts of an (organo)-
metallic hydride source,[4] require elevated temperatures,[5] or
show only modest selectivity.[6] Clearly, a mild, catalytic, and
highly chemoselective variant is highly desirable.

Recently iminium catalysis emerged as a powerful method
for the asymmetric catalysis of cycloadditions and conjugate
additions to enals and enones.[7] We reasoned that this
catalysis strategy might be applicable to the conjugate
reduction of a,b-unsaturated carbonyl compounds if a
suitable hydride donor could be identified.[8] Such a process
would constitute the first metal-free catalytic transfer hydro-
genation.

We found that several ammonium salts (5 mol%) readily
catalyze the conjugate reduction of o-nitrocinnamaldehyde
(3a) to the corresponding saturated analogue 4a when the
Hantzsch ester 1 (1.1 equiv) is also added at room temper-
ature [Eq. (1), Table 1]. No reduction was observed in the

absence of catalyst after 48 h at room temperature. Cyclic as
well as acyclic ammonium salts could be used, and the highest
rate and yield was obtained with dibenzylammonium trifluor-
oacetate (2a). Interestingly, this catalyst was introduced in the
1970s by Corey et al. as an efficient catalyst for intramolecular
aldol reactions of aldehydes.[9] Under our reaction conditions
aldolization did not occur to any measurable extent. In
addition to catalyst 2a, the corresponding pyrrolidinium,
morpholinium, and piperidinium salts as well as the Weinreb
salt 2b can be used as catalysts.[10] Ammonium salt 2b has
been used previously in the iminium catalysis of the Diels–
Alder reaction.[11]

After identifying an efficient and chemoselective iminium
catalyst for the conjugate reduction of enal 3a, we decided to
explore the scope of this new process with a variety of

Table 1: Catalyst screening for the iminium catalytic conjugate reduction
of a,b-unsaturated aldehydes.

Entry Catalyst 2 Yield [%]

1 2a 94

2 2b 65

3 2c 81

4 2d 92

5 2e 90

6 2 f 35
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different aldehydes [Eq. (2), Table 2)]. The reduction works
extremely well with a diverse set of unsaturated aldehydes,
including substituted aromatic and aliphatic ones, and the

yields exceed 90% in almost all cases. Both b-mono- and b,b’-
disubstituted enals can be reduced, although so far we have
been unable to use enals with an additional substituent at the
a-position. Besides the carbonyl group of aldehydes and
ketones, a variety of functional groups that are sensitive to
standard hydrogenation conditions are tolerated in the

process. These include the nitro, nitrile, benzyloxy, and
alkenyl functional groups, which all survive the reaction
conditions, illustrating the remarkable chemoselectivity of
this novel organocatalytic reaction.

In terms of the mechanism we assume the reaction to
proceed by the iminium catalysis cycle illustrated in
Scheme 1. Accordingly, after an initial reversible formation

of iminium ion 5 (which effectively lowers the LUMO energy
of the substrate), conjugate hydride and proton transfer from
dihydropyridine 1 follows. This step generates pyridine 7
along with iminium ion 6. Hydrolysis then releases saturated
aldehyde product 4 and regenerates catalyst 2a. We suggest
the hydride transfer to proceed via transition state A.

We are also developing an asymmetric variant of this
reaction. For example, treating aldehyde 3 i with dihydropyr-
idine 1 in the presence of catalyst 8 furnished (R)-4 i in good
yield and in 81% ee [Eq. (3)].

In summary, we have developed the first metal-free
catalytic transfer hydrogenation. This novel iminium catalytic
conjugate reduction of a,b-unsaturated aldehydes is highly
efficient and chemoselective. It requires low catalyst loadings
and tolerates various functional groups that are sensitive to
the conditions of standard hydrogenations and alternative
conjugate reductions. Current work in our laboratory focuses
on a) expanding the scope of the reaction even further to
include other substrate classes such as ketones and a-
substituted a,b-unsaturated aldehydes, b) improving the over-
all atom economy, potentially by regeneration of the cofactor
in situ,[12] c) including the reaction in tandem sequences

Table 2: Organocatalytic conjugate reduction of a,b-unsaturated alde-
hydes.

Entry Substrate Product Yield [%][a]

1 94

2 96

3 93

4 81[b]

5 92

6 92

7 92[c]

8 90

9 94

10 90[b,c]

11 86[b,c]

12 92

[a] Yield of isolated product. [b] Reaction time of 15 h. [c] Yield
determined by GC.

Scheme 1. Proposed mechanism of iminium catalysis.
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utilizing the presumed enamine intermediate,[13] and d) devel-
oping an efficient catalytic asymmetric variant. First results
will be reported shortly.

Experimental Section
General procedure for the transfer hydrogenation reaction: Synthesis
of aldehyde 4a : To a solution of o-nitrocinnamaldehyde (3a, 88.6 mg,
0.5 mmol) and catalyst 2a (7.8 mg, 0.025 mmol, 5 mol%) in dry THF
(2 mL) was added dihydropyridine 1 (140 mg, 0.55 mmol, 1.1 equiv).
The reaction mixture was stirred at room temperature for 5 h under
argon, after which the solvent was removed and the residue was
chromatographed on silica gel (30% diethyl ether/n-hexane) to give
84 mg (94%) of 4a as an oil. All aldehydes 3 and 4 are commercially
available or have been described previously, and their analytical data
match literature values.
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