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Abstract: A high yielding reductive amination procedure for
ketones and aldehydes under neutral conditions is described. The
key advantage for the method is the applicability to acid-sensitive
substrates, and the procedure is applicable to a wide range of prima-
ry and secondary amines, on a multigram scale.
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The construction of carbon–nitrogen bonds by reductive
amination is one of the most widely used methods for
preparation of industrially relevant amines.1 The two-step
process most often involves acid-catalysed imine forma-
tion (by condensation of an aldehyde or ketone with an
amine) followed by reduction by an acid-stable metal hy-
dride (Scheme 1).

Scheme 1  Reductive amination of carbonyl compounds with
amines: a well-exploited process

The most-often used protocol for reductive amination
uses complex metal hydrides reductants (such as sodium
cyanoborohydride and sodium triacetoxyborohydride) in
the presence of stoichiometric acid catalysts; the latter is
usually essential both for formation of the intermediate
imine and for the key reduction step. However, due to the
competing equilibria in play, product yields are often sub-
optimal and in particular Brønsted catalysis is not suitable
for acid-sensitive substrates. We report here the prelimi-
nary results of our study of a reliable and high yielding
reductive amination procedure for carbonyl compounds
with primary or secondary amines which avoids the use of
acid catalysts. Thus a range of aldehydes and ketones un-
dergo reduction amination by primary and secondary
amines by sodium triacetoxyborohydride,2 in the presence
of magnesium sulfate. The reaction is efficient and since
it is carried out under essentially neutral conditions, it is

perfectly suited to amination of carbonyl compounds
containing acid-sensitive functionality.

As part of a drug discovery program, we wished to carry
out a reductive amination of tetrahydro-4H-pyran-4-one
using (R)-N-[2-oxo-2(pyrrolidin-3-ylamino)ethyl]-3-(tri-
fluoromethyl)benzamide (1) as the amine component
(Scheme 2). Using standard conditions of acetic acid and
sodium cyanoborohydride, with tetrahydrofuran as the
solvent, the product amine 2 was obtained in 49% yield
(after purification by silica gel chromatography).3 We
concluded that the low yield of the reaction was due to in-
compatibility of the substrates with the acidic conditions
and therefore sought a protocol which proceeded at neu-
tral or nonacidic pH. We therefore carried out the reaction
under a range of neutral conditions and were delighted to
observe that the pyranone reacted with sodium triacetoxy-
borohydride in the presence of magnesium sulfate and
N,N-diisopropylethylamine to deliver our target tertiary
amine in a much-improved yield of 86% (Scheme 3).
Moreover, the amine was obtained essentially pure there-
by obviating the need for chromatography.

We next examined the scope of our procedure using a
range of amines and carbonyl compounds, which were
reacted under the same conditions (Table 1).4 Aldehydes
reacted smoothly in the reaction (entries 1–4) and in good
yields (69–97%). It is particularly noteworthy that acid-
sensitive functionalities (such as Boc group, entries 3–5)
were stable under this protocol and that hydroxy group
was not subject to elimination reaction (entries 6–9), em-
phasising the nonacidic reaction environment. Cyclic
five- and six-membered ketones (often sluggish substrates
under acid-catalysed reactions) were also aminated in
good yields in the reaction (entries 5–9), and ester func-
tionality was not affected (entry 8). From the perspective
of the amine coupling partner, the reaction proceeded ef-
ficiently for piperidines (entries 1–3), piperazines
(entry 4) and pyrrolidines (entries 5–9). Amide function-
ality (entries 5–10) and N-benzyl protecting groups (en-
tries 2 and 4) were tolerated under the reaction conditions.
The only substrate class found to react poorly under the
conditions were anilines (known5 to be sluggish substrates
for reductive amination) with which products were ob-
tained only in low yields.

In conclusion we have demonstrated a high-yielding re-
ductive amination procedure for carbonyl compounds
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which proceeds under nonacidic conditions and can be
carried out on a multigram scale. The procedure delivers
a range of pharmacologically relevant amines from prima-

ry and secondary aliphatic amines and is of broad applica-
bility.

Scheme 2 Reductive amination of dipeptidyl amine 1: acid catalysis is an inefficient process
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Scheme 3 Reductive amination of dipeptidyl amine 1: nonacidic conditions improve yield
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Table 1  Nonacidic Reductive Amination of Ketones and Aldehydes: A General Process

Entry Amine Carbonyl compound Product Yield (%)

1 96

2 97

3 75

4 80

5 86
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Table 1  Nonacidic Reductive Amination of Ketones and Aldehydes: A General Process (continued)

Entry Amine Carbonyl compound Product Yield (%)
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