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One-pot synthesis of polysubstituted pyrimidines

Alexander S. Kiselyov*

Small Molecule Drug Discovery, Chemical Diversity, 11558 Sorrento Valley Rd., San Diego, CA 92121, USA

Received 16 December 2004; revised 10 January 2005; accepted 13 January 2005

Available online 29 January 2005
Abstract—A series of polysubstituted pyrimidines were synthesized from in situ generated a,b-unsaturated imines and the
corresponding amidine or guanidine derivatives in a convenient one-pot procedure.
� 2005 Elsevier Ltd. All rights reserved.
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Scheme 1.
Synthesis of polysubstituted pyrimidines received sub-
stantial attention due to their pronounced physiological
activity.1 Several reports in the literature describe the
application of these substrates for the treatment of hy-
poxemia,2 neuronosis,3 and neuropathy.4 Notably, bcr-
Abl kinase inhibitor GleevecTM contains a 2,4-substituted
pyrimidine core.5 Preclinical data from several research
labs indicate continuing interest in polysubstituted pyr-
imidines as potential anti-tumor agents.6 Pyrimidine
derivatives has been used in coordination chemistry,
specifically as ligands for metal-cage complexes, in par-
ticular with lanthanides,7 and ruthenium.8

In our medicinal chemistry program, we required a ro-
bust approach to a diverse set of the title heterocycles.
Among wide variety of synthetic approaches available
for the assembly of pyrimidine ring,9 we have focused
on a,b-unsaturated imines as starting materials.10–12

The feasibility of generating these reactive species in situ
in the synthesis of substituted pyridines,10 E-allylic
amines,11 and a,b-unsaturated ketones12 is well docu-
mented (Scheme 1).

Initially, we studied reaction of a,b-unsaturated imines
with several amidines and guanidines (Table 1).13

We believe that the described transformations proceed
via the initial formation of a,b-unsaturated imines10–12

3 that undergo nucleophilic attack by a bi-dentate nucleo-
phile (amidine or guanidine). This step is then followed
by elimination of ammonia and aromatization to yield
the observed polysubstituted pyrimidines 4a–l.14 Opti-
0040-4039/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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mized reaction conditions include application of dry
THF or dioxane as solvents, as well as thorough temper-
ature control of the reaction mixtures, especially at the
earlier stages of reagent addition. We attribute this to
the formation of unstable aza-Wittig species 2b that un-
dergo smooth reaction with aldehydes to result in the
reactive imine species 3. Addition of polar solvents
(DMF, NMP, N-methyl morpholine; 20–50 vol %) to
better solubilize amidine or guanidine species did not
affect the outcome of the reaction.

As a further development of this protocol, we studied
the effect of phosphonate substitution on the reaction
(Table 2).

Application of substituted phosphonates in this reaction
sequence allowed for the introduction of a substituent in
the position 5 of the pyrimidine ring. However, it also
reduced the overall yield of the resulting pyrimidines
5a–g. For example, the best yields of the targeted pyrim-
idines 5 were consistently achieved with ethyl phosphon-
ate (R 0 = Me, entries 5a–c). Increasing steric bulk from
Me (entry 5b) to Ph (entries 5e and 5f) or i-Bu (entry
5g) reduced the yield of the targeted products from
57% to 22–39%, respectively. The latter reactions
also resulted in a number of high-molecular weight
products along with the desired compounds 5. Identified
components of the reaction mixtures included the
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corresponding a,b-unsaturated ketones (25–40% by LC
MS analysis, 20–30% isolated yields) that presumably orig-
inated from the nonreacted imines 30. Our attempts to im-
prove the outcome of these reactions by further increasing
the temperature of the reaction (ca. 140 �C, sealed tube),
microwave irradiation of the reaction mixtures, addition
of polar solvents (DMF, NMP), or by applying varying
amount (2–10 equiv) of bases (Hunig�s base, Bu4NF,
DABCO) were unsuccessful. In addition, no reaction
was observed with phosphonates containing electron-with-
drawing groups (Table 2, R0 = COOMe, CN).

In summary, we have described a convenient one-pot
approach to polysubstituted pyrimidine derivatives from
in situ generated a,b-unsaturated imines and the corre-
sponding amidine or guanidine derivatives. In addition,
pyrimidines with small alkyl substituents in position 5
are also accessible via this protocol by using properly
substituted alkylphosphonates.
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