Tetrahedron Letters, Vol.31, No.39, pp 5595-5598, 1990 0040-4039/90 $3.00 + .00
Printed in Great Britain Pesgamon Press plc

REDUCTIVE AMINATION OF ALDEHYDES AND KETONES BY USING
SODIUM TRIACETOXYBOROHYDRIDE!

Ahmed F. Abdel-Magid®, Cynthia A. Maryanoff* and Kenneth G. Carson
R. W. Johnson Pharmaceutical Research Institute, Department of Chemical Development
Spring House, PA 19477

Summary: Sodium triacetoxyborohydride is a reagent of choice in the reductive amination
of aldehydes and saturated aliphatic ketones with primary and secondary amines.

The reductive amination of aldehydes and ketones is one of the most useful reactions in the
synthesis of primary, secondary and tertiary amines.2 The Borch reduction,3 using sodium
cyanoborohydride [NaBHZCN] has been the most popular method to carry out this transformation in
recent years. However, in our work, we desired a hydride alternative to this toxic reagent to eliminate
any risk of residual cyanide in the product or in the workup waste stream. We selected sodium
triacetoxyborohydride [NaBH(OAc)3),4 a very mild and selective reducing agent.5 The reagent
reduces aldehydes selectively over ketones;5.6 Gribble had previously shown the potential for its use
in reductive amination.? In this paper, we report our preliminary work on the scope and limitations of
sodium triacetoxyborohydride in the reductive amination of aldehydes and ketones.

Table | shows that a wide variety of aliphatic and cyclic saturated ketones and aldehydes
were reductively aminated with primary and secondary amines under the standard conditions in
good to excellent yields.8 The reductive aminations were carried out in either 1,2-dichloroethane
(DCE) or tetrahydrofuran (THF). In general, the mixture of the carbonyl compound (10 mmol) and the
amine (10-11 mmol) in DCE or THF (30-40 mL) was treated with sodium triacetoxyborohydride (14-
15 mmol) under a nitrogen atmosphere at room temperature. With most ketones and with some
aldehydes, acetic acid (10 mmol} was added to the mixture. The progress of the reaction was
followed by GC and GC/MS analysis. In general, most of the reactions carried out in DCE were
faster than those carried out in THF, and in both solvents, addition of one (or more) equivalent (s) of
acetic acid (AcOH) accelerated the reaction.®

Generally, with the same ketone, primary aliphatic amines reacted faster than primary
aromatic and secondary aliphatic amines (Table |, entries 2 vs. 3 and 11 vs. 15). Among the
secondary amines, cyclic amines such as morpholine reacted faster than acyclic amines such as
diethylamine (Table |, entry 5 vs. 6) while sterically hindered diisopropylamine did not react even
after days (Table |, entry 7). Aromatic and a,B-unsaturated ketones, on the other hand, reacted very
slowly (Table 1, entries 24, 25 and 26).

In competition experiments, we found that an aliphatic ketone reacted, selectively and
quantitatively, in the presence of an aromatic or a,p-unsaturated ketone. Thus, competitive reaction
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TABLE I: REDUCTIVE AMINATION OF ALDEHYDES AND KETONES

USING SODIUM TRIACETOXYBOROHYDRIDE

i \C o+ HN/F‘3 o T \C ?I/RS NaBR(OA) l:‘1\CH N/Rs
= = _—_— -

RZ/ \R4 RZ/ \R4 Rz/ \R4

entry Carbonyl Compound Amine methoda time product
(h) % yield

1 Cycloheptanone 1-Propylamine m 3 88 (HC))
2 2-Heptanone Cyclohexylamine I 24 84 (ox)b
3 2-Heptanone Aniline v 96 89 (ox)b
4 2-Heptanone Aniline I 96 74
5 2-Heptanone Morpholine I 27 73 (HCD)
6 2-Heptanone Diethylamine I 192 44 (HCD
7 Cycloheptanone Diisopropylamine I 1I 96 NRe¢
8 Cyclohexanedione monoketal 4 Piperidine ux 1.25 85
9 Cyclohexanedione monoketal ¢ Benzylamine m 0.3 92
11 Norcamphor Benzylamine v 6 95¢
12 Benzaldehyde endo-2-Aminonorbomane IV 0.5 85 (HCI®
13 Norcamphor Aniline 1 43 75 (HCY)
14 Norcamphor Aniline m 6 76 (HCle
15 Norcamphor Diethylamine m 96 79 (ox)®
16  4-r-Butylcyclohexanone Pyrrolidine v 0.17 98f
17 4-1-Butylcyclohexanone Isopropylamine 1L 0.5 988
18 Cyclohexane carboxaldehyde Morpholine I 2 74
19 Cyclohexane carboxaldehyde Diethylamine v 0.5 84 (HCD)
20 Cyclohexane carboxaldehyde Diisopropylamine I 3 41 (HQY)
21 Benzaldehyde t-Butylamine I 3 95
22 m-Anisaldehyde Aniline oI 0.3 95 (HCD)
23 m-Anisaldehyde Morpholine I 6 88
24  Acetophenone Benzylamine I 240 55h
25  Acetophenone Cyclohexylamine LM 24 15h
26  1-Acetylcyclohexene Morpholine 1| 96 10h

a) methods; I: THF, AcOH (I equiv.), NaBH(OAc)3 (1.3-1.5 equiv.); Il: THF, NaBH(OAc)3 (1.3-1.5 equiv.);
{II: DCE, AcOH (1 equiv.), NaBH(OAc)3 (1.3-1.5 equiv.), IV: DCE, NaBH(OAc); (1.3-1.5 equiv.).

b) ox = oxalate. c) no reaction. d) 14-cyclohexanedione monoethylene ketal. e)endo product f) about 3 : 1
ratio of axiallequatorial. g) about 4 : 1 ratio of axiallequatorial. h)yield was determined by GC.
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of 1-acetylcyclohexene and acetyicyclohexane (1:1) with benzylamine for 1h led to a 98% yield of
N-(1-cyclohexylethyl)benzylamine and recovered 1-acetyicyclohexene; competitive reaction of
acetophenone and cyclohexanone (1:1) with benzyl amine for 4h led to a 85% isolated yield of N-
cyclohexyl benzylamine and unreacted acetophenone. In these cases, there was no detectable
reaction with the aromatic or unsaturated ketone, except for the formation of trace amounts of their
imines.

The reaction conditions tolerate the presence of an acid sensitive group such as a ketal.
Thus, the reductive amination of cyclohexanedione monoethylene ketal with benzylamine and
piperidine in the presence of one mole of acetic acid afforded isolated yields of 92% and 85% of the
corresponding amines (Table |, entries 8 and 9).

The reductive amination of norcamphor led to the exclusive formation of the endo products,
probably from an exo attack by the hydride reagent on an intermediate imine. The predominance of
the endo product was confirmed by reductive amination of benzaldehyde with endo-2-
aminonorbornane (Table 1, entry 11) which produced a product identical to that obtained from
reductive amination of norcamphor with benzylamine (Table I, entry 12). Reductive amination of 4-
tert-butyl cyclohexanone with pyrrolidine and isopropylamine occurred with a moderate
diastereoselectivity towards the thermodynamically less favored cis products resulting from
equatorial attack by the hydride reagent on the intermediate imine'0 (Table |, entries 16 and 17).

Unlike ketones, aldehydes can be reduced with sodium triacetoxyborohydride.4 However, in
only one case was the aldehyde reduction noticeable: Table |, entry 20 which involved a reaction
with the very sterically hindered diisopropylamine. All others (Table |, entries 12, 18, 19, 21, 22 and
23) resulted in fast and efficient reductive aminations with both primary and secondary amines in
reaction times ranging from 20 minutes to 6 hours. In the reactions between aldehydes and primary
amines, formation of dialkylated amines can be suppressed by addition of a 10% molar excess of the
primary amine.

In representative comparison reactions, sodium triacetoxyborohydride in 1,2-dichloroethane
reacted consistently faster, gave better yields and produced fewer side products than sodium
cyanoborohydride in methanol when used in reductive amination reactions.® So, in conclusion,
sodium triacetoxyborohydride is a good alternative to sodium cyanoborohydride; its use eliminates
the problem of the residual cyanide in the product and in the waste stream.
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