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Abstract: The convenience and efficiency of using amidines as in-
termediates in the reductive monoalkylation of aromatic amines has
been demonstrated. This monoalkylation can be performed as either
a two-step synthesis or a one-pot procedure. Several examples are
presented which clearly demonstrate the utility of this new method
for the methylation or ethylation of aromatic amines, including un-
protected nucleosides.
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Our laboratory has an ongoing interest in methods for the
selective N-6 monoalkylation of adenosine derivatives.
The relatively limited methods in the literature for this
alkylation include N-1 alkylation followed by the Dimroth
rearrangement,1 the alkylation of N-6-acylated adenosines
using phase transfer catalysis followed by deacylation,2

and the reduction of adenosine thioaminals.3 We recently
discovered that readily accessible N-6 amidine derivatives
of   adenosine4  may   be   efficiently  reduced  to  afford
N-alkylated adenosines in good yield. In fact, this one- or
two-pot procedure is a convenient, reasonably yielding,
and relatively general method for the mono-methylation
or ethylation of aromatic amines. The overall reaction se-
quence is shown in Scheme 1.5

The efficient conversion of aryl amines to amidine deriv-
atives by treatment with the commercially available di-
methyl acetals of dimethylformamide or dimethylaceta-
mide is well known.6 Amidines prepared in this manner or
via other routes have been employed as synthetic

intermediates7 or as amine protecting groups, especially in
nucleoside chemistry.8 However, there have been very
few reports in the literature describing the reduction of
amidines. One manuscript describing the use of amidines
as protecting groups reported the hydrogenolysis of sever-
al aliphatic amidines, affording N-methylated products in
moderate yield.9 This transformation presumably pro-
ceeds via the hydrolysis of a transiently formed geminal
diamine,10 which eliminated to form an imine which was
subsequently hydrogenated. Meyers and Ten Hoeve also
briefly noted the hydride reduction of an aliphatic ami-
dine, which presumably reacted via a similar mecha-
nism.11 In an elegant study more closely related to the
subject of this note, cyclic amidines, formed from the con-
densation of 1,2- and 1,3-diamines with aldehydes, were
regioselectively reduced with DIBALH to yield mono-N-
alkylated products in good yield.12

We have found that sodium borohydride in DMF reduces
aryl amidines within 1 to 2 hours at room temperature to
provide the alkylated aromatic amine as the major prod-
uct. The regenerated starting amine accounts for the ma-
jority of the remaining mass balance. This reduction is
unsuccessful in protic solvents (water, alcohols), and so-
dium cyanoborohydride, a reducing agent generally use-
ful in reductive aminations,13 did not reduce the amidines
under a variety of conditions. We propose that the sodium
borohydride reduction of aryl amidines proceeds by a two
step process outlined in Scheme 2. The initial addition/
elimination reveals an imine, which subsequently under-
goes a second hydride addition to give the alkylated amine
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Scheme 1 Two-step reductive alkylation.

+ H ,   - (CH3)2N

(addition/elimination)

Ar N

C N

CH3

CH3R

NAr

R

H
a) + H 

b) + H    (quench)
N

Ar
R

H

Scheme 2 Stepwise two-hydride reduction.
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after protonation. A hydrolytic mechanism as in reference
10 is less likely, as hydroxymethyl-substituted aryl
amines are in equilibrium with the free amine and formal-
dehyde, rather than the imine.14 It is clear that the alkyl-
ating species is not derived from the DMF solvent, as no
N-ethylation is detected in reductions of formamidine de-
rivatives.  

In order to avoid the purification of labile amidine inter-
mediates we also investigated the one-pot approach for
this reductive alkylation. Indeed, the methylation or ethyl-
ation of aromatic amines can be readily accomplished by

a one-pot process without isolation of the amidine inter-
mediate. In this approach, amidine formation is allowed to
proceed for one hour at 40 °C, after which the reaction
mixtures are cooled to room temperature. Sodium borohy-
dride is then added, and the reduction allowed to proceed
for two hours at room temperature. Aqueous quench again
afforded the desired methylated or ethylated products in
reasonable yield.15

Results for representative amine alkylation reactions are
reported in the Table. The alkylated amines were purified
by silica gel flash column chromatography and their struc-
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Table Reductive Alkylation of Aromatic Amines

a) two-step approach; b) one-pot synthesis
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tures verified by HPLC, 1H-NMR, and 13C-NMR. Rea-
sonable yields of the monoalkylated products are
generally observed using either the one- or two-pot ap-
proach,16 although the yields of products via the one-pot
approach are slightly higher due to losses during the iso-
lation of the amidines. We are presently examining the ap-
plication of this reaction to the formation of more
complex alkylated amines.
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