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A series of 6-aminopyrimidines are cyanoacetylated with a mixture of cyanoacetic acid and acetic anhy-
dride. When pyrimidin-4(3H)-ones are used as substrates, the substitution occurs at C-5, however, when
the substrates are substituted pyrimidines at the C-2 and C-4, the cyanoacetylation takes place at the
exocyclic amino group.

� 2008 Published by Elsevier Ltd.
Simple nitrogenated heteroaromatic compounds have received
much attention in the literature over the years. These compounds
can be considered as potential building blocks in synthesis and are
found in a wide variety of pharmacologically and biologically ac-
tive compounds. The pyrimidine is a widespread heterocyclic moi-
ety, which is present in numerous natural products as well as
synthetic pharmacophores with biological activities.1 Substituted
pyrimidines, particularly with amino-groups at 2 and 4 positions,
are known pharmacophores in several structure-based drug design
approaches in medicinal chemistry.2

Heterocycles containing a cyanoacetyl group are relatively
unexplored, most of reported preparations to get them involved
nucleophilic displacement of halide in haloacetyl derivatives by
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cyanide,3 or from an alkyl carboxylate using acetonitrile in the
presence of a strong base, like sodium amide.4 The cyanoacetylat-
ing reagent (acetic anhydride and cyanoacetic acid under heating)
has been used in the synthesis of 6-aminouracils via urea,5 by N-
acetylation and C-acetylation of enamines.6 Other activation proce-
dures, such as conversion to cyanoacetyl chloride, have also been
described, although this reagent is typical for its tendency to
self-polymerize (particularly when heated).7 Generation of the
cyanoacetylation reagent from cyanoacetic acid and acetic anhy-
dride has somehow been forgotten, and instead other less conve-
nient reagents such as pyrazole derivative have been used.8

The systems containing 3-oxopropanenitrile moiety are used
as a building block in various reactions such as cyclizations9 or
ras).
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synthesis of the other heterocyclic systems which have exciting
biological properties.5a,7,10

Recently, we have reported synthesis of pyrazolopyridines
derivatives11 in the reaction of aminopyrazoles with 3-oxopro-
panenitrile derivatives or with its precursors, and aldehydes. Also
Table 1
Cyanoacetylated 6-aminopyrimidines with cyanoacetic acid and acetic anhydride to yield

Entry Pyrimidine Product Mp
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we have reported synthesis of dihydropyrido[2,3-d]pyrimidines
starting from readily available aminopyrimidin-4-ones, benzoyl-
acetonitrile and benzaldehydes (Scheme 1).12

To demonstrate the generality of cyanoacetic acid-acetic anhy-
dride reagent in order to get cyanoacetylation, we have investi-
gated its scope on diverse 6-aminopyrimidines to develop a route
to functionalize the C-5 position at pyrimidines. So, to render the
cyanoacetylation the pyrimidines, were poured onto a solution of
the cyano-acetylating reagent and heated to 85 �C for 5 min, 3-oxo-
propanenitrile pyrimidine derivatives were isolated as solid prod-
ucts by simple filtration.13

Two main different behaviours were observed depending on the
pyrimidine frame, so when pyrimidin-4(3H)-ones are used as sub-
strates, substitution does indeed occur at C-5 to provide 5-cyano-
acetylpyrimidine derivatives (Scheme 2, Table 1, entries 2–4).
Interestingly, various substrates such as pyrimidines substituted
at the N-1, C-2 and N-3 position reacted efficiently with cyanoacet-
ylating reagent in good yields.

However, when the substrates used were formal aromatic
pyrimidines, no ring substitution occurs. Instead, acetylation
occurred at the exocyclic amino group giving N-acetylated pyrim-
idines (Scheme 3, Table 1, entries 5a–d).

In C-cyanoacetylated compounds, the exocyclic carbonyl group
is nearly coplanar with the ring, with a deviation of carbonyl atom
O from the mean plane of the ring; this is probably associated both
with the polarization of the molecular–electronic structure and
with an intramolecular N–H� � �O hydrogen bond, which is
3-pyrimidinyl-3-oxopropanenitrile derivatives

(�C) % Recrystallization solvent

–215 95 DMF/ethanol (5/3)

–262 (260)a (250–251)b 87 (99)a (95)b DMF

0 68 DMF/ethanol (5/3)

–285 70 DMF/ethanol (5/3)

–248 60 DMF

–274 60 DMF

(continued on next page)



Table 1 (continued)

Entry Pyrimidine Product Mp (�C) % Recrystallization solvent
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a,b Mp and yield reported in the literature.7,15
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charge-assisted as a consequence of the polarization.13 This behav-
iour is observed in 1H NMR spectra, two signals to exocyclic NH2

were observed as a result of the difference between these two
protons.14

The structure of all new compounds was determined on the ba-
sis of their analytical, 1D and 2D-NMR spectra and HR-MS, which
agree with the proposed structures. Single crystal X-ray diffraction
analysis of compounds 2b, 4c, 5c and 5d was used to corroborate
the postulated structures. The crystal structure of compound 2b
shows the formation of a hydrogen-bond.13

In summary, cyanoacetylation by combination of cyanoacetic
acid and acetic anhydride is presented as a convenient method
for preparation of cyanoacetylated pyrimidines. We have
demonstrated a simple and efficient approach to obtained 3-(pyr-
imidin-5-yl)-3-oxopropane-nitrile derivative and N-(pyrimidin-
4yl)-2-cyano-acetamide in a regioselective fashion depending on
the nature of the pyrimidine precursor. The activated methylene
group in the obtained compounds (see Table 1) can take part in
numerous reactions providing access to more complex molecules.
Thus, new derivatives may be used as intermediates to construct
novel heterocyclic compounds that incorporate pyrimidines
moieties into a molecule, and may potentially have enhanced bio-
logical activities. This work is currently in progress and the results
will be reported in due course.
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