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Abstract

Investigations into the use of nickel chloride and sodium borohydride for the reduction of nitriles showed the
secondary amine dimers to be the major products under normal conditions. The addition of a suitable trapping
agent, such as di-tert-butyl dicarbonate, allowed the isolation of the protected primary amines. © 2000 Published
by Elsevier Science Ltd. All rights reserved.
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During ongoing investigations it became necessary for us to uncover a selective and, more importantly,
a generally applicable procedure for the reduction of nitriles. Due to its chemical robustness the cyano
group is ordinarily reduced using either catalytic hydrogenation or a strong hydride donor, such as
lithium aluminium hydride, which leaves little scope for selectivity.1 Sodium borohydride is generally not
strong enough to bring about reduction,2 although exceptions do exist.3 However, the addition of various
transition metal salts to reaction mixtures has long been known to dramatically improve the reactivity
of hydride donors.4 Cobalt(II) salts have found repeated application in the reduction of nitriles and of
particular note is the use of cobalt chloride in conjunction with sodium borohydride.5,6 Mechanistically,
this reaction is thought to occur with initial formation of cobalt boride7 through the reaction of cobalt
chloride and sodium borohydride.5,8 Subsequent coordination of the nitrile group to the boride surface
then leaves it open to hydride attack from excess borohydride. Related reactions using nickel boride
and hydrogen have also appeared in the literature with excellent chemo-selectivities being recorded in
some cases.9,10Confusion as to the exact nature of these reagents11 has meant that no generally applicable
procedure has been developed. In this paper we describe a new procedure for the transformation of nitriles
to protected primary amines as a single-step operation using sodium borohydride and nickel chloride.

We began our investigations by treating benzyl cyanide with nickel chloride and an excess of sodium
borohydride in methanol. We were pleased to find complete reduction of the nitrile triple bond.12
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However, close scrutiny of the reaction product revealed that we had in fact isolated the symmetrical
secondary amine4 as a result of dimerisation, a common side product in the hydrogenation of nitriles.1,13

It seems that addition of the primary amine1 to the intermediate imine species2 is faster than
hydride attack. The resulting hemiaminal3 can then extrude an equivalent of ammonia to give an imine
which is further reduced to deliver the final product4. Varying degrees of this type of coupling have
previously been noted in other metal boride mediated reductions of nitriles.9,14 The stoichiometry of
the reagents obviously plays a critical role in the determination of the reaction products. In our hands
only the secondary amines were formed (Table 1)15 and longer reaction times (up to 24 h) seemed to
give the best conversions. A large excess of reducing agent was also found to be necessary to bring about
complete transformation, presumably due to the instability of sodium borohydride in methanol. Although
quantitative conversions of secondary amines were achieved in some cases, yields did vary considerably.
Simple alkyl nitriles, in particular, gave poor yields possibly as a result of stronger complexation of these
products to the nickel boride catalyst (Table 1).

Table 1

To circumvent the problem of dimerisation we reasoned that if we were able to trap the initially formed
primary amine in situ, by acylation for example, then the reduced nucleophilicity of the resultant amide
would prevent further reaction with the intermediate imine. Such a strategy should then provide a direct
route from the starting nitrile to a protected primary amine. Indeed, the addition of acetic anhydride
(Ac2O) to the reaction mixtures resulted in formation of theN-acetylamines (Table 2, entries 1–6).
By extension, the use of di-tert-butyl dicarbonate (BOC2O) delivers thetert-butyl-carbamates,16 which
obviously offer greater synthetic versatility due to their facile deprotection (Table 2, entries 7–18). Yields
of the protected amines were generally found to be greater than the corresponding secondary amine
products above, although very good conversions still proved elusive for some alkyl nitriles (entry 5, Table
2). Similarly, nitriles containing pyridines gave poor conversions (entries 6 and 14, Table 2). Again, we
can only speculate that this is either due to chelation of the pyridine nitrogen to nickel reducing the
efficiency of product extraction or as a result of the formation and reduction of a pyridinium species.
Nitro groups were also found to reduce under the reaction conditions (entries 17, 18, Table 2) as was the
double bond of acrylonitrile (entry 16, Table 2).

In conclusion we have found that a combination of nickel chloride and sodium borohydride efficiently
reduces nitrile groups. The procedure seems to offer reasonable selectivity with esters, acetals, amides
and carbamates apparently remaining unchanged under the reaction conditions. Furthermore, the addition
of a suitable trapping agent such as Ac2O or BOC2O allows the isolation of the protected primary amine
thus avoiding the formation of the secondary amine dimers.
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