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Abstract—A new procedure for the one-pot conversion of alcohols into amines is described which utilises manganese dioxide in
the presence of sodium borohydride; the scope of this process is outlined, as is its application to the preparation of the topical
antifungal agent, naftifine. © 2002 Elsevier Science Ltd. All rights reserved.

The direct conversion of aldehydes into amines using the
reductive amination procedure is an extremely important
functional group transformation.1 We recently reported2

a related new process which allows the one-pot conver-
sion of alcohols into amines via an in situ oxidation–
imine formation–reduction sequence using manganese
dioxide and polymer-supported cyanoborohydride
(PSCBH; Eq. (1)).3 This method, which utilises the
combination of a heterogeneous oxidant and a heteroge-
neous reductant, has the advantage that the intermediate
aldehydes and imines do not require isolation. The
heterogeneity of the reactants also ensures a straightfor-
ward work-up procedure.

The drawbacks of this procedure include the cost of the
resin-bound reductant, and the fact that cyanohydrin-
derived by-products arise due to cyanide leaching from
the resin.2,4 To overcome these problems other reduc-
tants were explored. Polymer-supported borohydride5

gave encouraging results but was not investigated in
detail in view of the cost factor. Instead, attention was
concentrated on the use of non-supported reductants
that might be compatible with manganese dioxide.
Decaborane, poly(methylhydrosiloxane), sodium acet-
oxyborohydride and sodium cyanoborohydride were
unsuccessful. However, success was achieved with the use
of sodium borohydride in dichloromethane (Eq. (2)).

Thus, addition of benzyl alcohol and iso-butylamine to
a mixture of manganese dioxide and sodium borohydride
in dichloromethane at rt followed by heating for 18 h,
cooling and then addition of methanol and work-up gave
N-benzyl(iso-propyl)amine in 89% isolated yield. The
sodium borohydride is essentially insoluble in
dichloromethane, and although some reduction of the
intermediate imine to the corresponding amine is
observed before the addition of methanol, the addition
of the alcoholic solvent speeds up the reduction step.6

(1)

(2)
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In view of this success, we went on to study the in situ
oxidation–imination–reduction of a range of substi-
tuted benzylic, allylic and propargylic alcohols with
primary amines, as shown in Table 1.7 As can be seen
(entries i–v) the oxidation–imination–reduction
sequence proceeded efficiently with both electron rich
and electron deficient benzyl alcohol derivatives. In
addition, success was achieved using 1-naphthalene
methanol (entry vi), an allylic alcohol example (entry

vii) and a propargylic alcohol example (entry viii). As
before,2 unactivated alcohols could not be successfully
employed in this sequence.

Although iso-butylamine was used in most examples,
we also demonstrated that other primary amines could
be employed (entries ii and iii; also see later).8 Finally,
we established that secondary amines do not usually
give good yields in the MnO2–NaBH4 procedure (in

Table 1. One-pot oxidation–imine formation–reductiona
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contrast to the procedure using PSCBH2), although
yields of around 30% were observed in some cases (see
later, Scheme 3).

We next went on to utilise this methodology to prepare
the topical antifungal agent naftifine 4,9,10 as shown in
Scheme 1. Thus, 1-(aminomethyl)naphthalene 1 and
cinnamyl alcohol 2 produced the secondary amine 3 in
86% yield.11 This was then methylated using a
published10 procedure to give naftifine 4 in 91% yield
with fully consistent spectroscopic data [e.g. �H

(CDCl3) 2.29 (3H, s), 3.30 (2H, d, J 6.5 Hz); lit.9b �H

(CDCl3) 2.32 (3H, s), 3.32 (2H, d, J 6.5 Hz)].

Further approaches were explored to avoid the methyl-
ation step and generate naftifine directly. Thus, in an
analogous manner to the earlier study, 1-naphthalene-
methanol and amine 512 were subjected to the standard
oxidation–imination–reduction sequence (Scheme 2).
Unfortunately, as was anticipated from the preliminary
studies, no naftifine 4 was produced. Use of our poly-
mer-supported cyanoborohydride (PSCBH) method,2

however, produced naftifine 4 in an acceptable 62%
yield.

The alternative coupling mode was also studied
(Scheme 3). The use of the sodium borohydride method

Scheme 1.

Scheme 2.

Scheme 3.
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with the naphthyl amine 6 and cinnamyl alcohol pro-
duced naftifine 4 in 26% yield. This yield was improved
to 72% with the polymer-supported cyanoborohydride
method. These results confirm the supremacy of the
PSCBH method2 when using secondary amines as
reactants.

In summary, we have shown that activated alcohols
(benzylic, allylic and propargylic) will undergo the man-
ganese dioxide/sodium borohydride-mediated oxida-
tion–imination reduction sequence with primary amines
to afford secondary amines in good to excellent yields.
This methodology has been applied to a short synthesis
of the topical antifungal agent naftifine 4. We have
established that secondary amines are not normally
good substrates for this one-pot procedure, but that in
certain circumstances tertiary amines can be prepared
in this way. We are currently optimising and expanding
the scope of this sequence and investigating its applica-
tions to other antifungal allyl amines9 and for the
synthesis of more complex target molecules.
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