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New Synthesis of Fused Pyrimidine Derivatives via
ortho-(Isocyanomethyl)nitroaromatic Compounds
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Institute of Organic Chemistry, Polish Academy of Sciences, ul. Kasprzaka 44/52,
PL 01-224 Warszawa, Poland

An efficient synthesis of functionalized fused pyrimidine derivatives from the respective ortho-(isocyanomethyl)nitro-
arenes is described: hydrolysis of the isocyano group in the title isocyanides followed by catalytic reduction of the nitro
group and subsequent cyclocondensation of the diamine formed with orthoesters leads to the final products.

Since the early years of this century several studies on the
synthesis and structure–activity relationships of pyrimidine
derivatives have been reported.1,2 A pyrimidine nucleus is
embedded in a large number of alkaloids, drugs, antibiotics,
agrochemicals and antimicrobial agents.1 In addition, many
simple fused pyrimidines (purines, pteridines) are biologic-
ally active by themselves2b,c or are essential components of
very important naturally occurring substances.

The availability of starting materials has been a limiting
factor for the preparation of fused pyrimidine derivatives8,9

such as quinazolines and various tricyclic heteroaromatic
compounds. Many of these products can be easily synthesized
from the corresponding ortho-aminobenzylamines or their
fused heteroanalogues.10 However, the rather difficult access
to these key intermediates11a,b or to their precursors11c is a
serious limitation for this synthesis.

We have described lately12 a general method for the syn-
thesis of ortho-isocyanomethyl nitro-aromatic/heteroaro-
matic compounds of type 2 (Scheme), based on the Vicarious
Nucleophilic Substitution (VNS) of hydrogen. In this work a
practical application of the above method for the synthesis of
fused pyrimidines is described. One can expect that the wide
spectrum of nitroarenes available as starting materials will
broaden considerably the frontiers of this synthesis.

The desired ortho-(N-formylaminomethyl)nitroaromatic
compounds of type 3 or diamino intermediates 5 were effi-
ciently obtained from the above isocyanides 2. Hydrolysis of
these isocyanides under mild conditions (MeOH–H2O, cata-
lytic amount of HCl, room temperature, 10 h) gave forma-
mides such as 3b. Subsequent reduction of the nitro group
(10% Pd–C, 40 lbf inµ2, EtOH, 4 h) followed by cyclisation
was expected to afford a pyrimidine derivative of type 6
(Pathway A). Instead, this model compound 2-(N-formyl-
aminomethyl)-1-nitronaphthalene (3b), while hydrogenated
under these conditions, gave small amounts of the desired
product 6b (s10%) and N-(1-aminonaphthalen-2-ylmethyl)-
formamide (8) in ca. 40% yield which cyclized efficiently to
6b only at 200 °C (EtOH, sealed tube, 10 h). Moderate

amounts of the diamino derivative 5b were also found. The
collected dihydro compound 6b underwent a spontaneous
oxidation to 7b in ca. 45% yield (calculated on the starting
isocyanide 2b). Additionally, the transformation of 5b into 6b
in the reaction with triethyl orthoformate, then oxidation to
7b, raised the overall yield to 53%. The above approach, due
to the number of various operations it required, had no prac-
tical value from an experimental point of view and was not
therefore applied to the synthesis of other derivatives.

The alternative pathway B was more efficient. For
example, the exhaustive hydrolysis of 2b to 4b (concentrated
HCl, MeOH–H2O, reflux, 1 h) and subsequent hydrogen-
ation (10% Pd–C, EtOH, 40 lbf inµ2, 4 h) afforded diamine
5b, which was converted by treatment with triethyl ortho-
formate into the fused pyrimidine 7b in 58% overall yield.
The last step · an aromatization of the dihydro derivative
(6) · occurred spontaneously. In addition to its simplicity,
the method B allowed functionalization at C-2 by using
diverse orthoesters (see compounds 7c–e). All the synthe-
sized products are listed in Table 1. In some cases, owing to
condensation of the diamines (5) with two molecules of the
orthoester, small quantities of the corresponding N-acetyl- or
N-benzoyl-dihydropyrimidine derivatives (9 or 10) were
formed as by-products. To avoid this side-process, the con-

densation with the orthoester was carried out in boiling
ethanol (procedure C). Lower temperatures and dilution of
the reaction mixture improved selectivity. The condensation
was stopped at the stage of the dihydro compounds (6), giving
also considerably higher yields. This procedure was demon-
strated for the preparation of 6e (84%) and 6g (61%). The
product 6e when left at room temperature quickly started to
undergo spontaneous aromatization to 7e.
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Compound 7f exemplifies the application of the above
methodology to the synthesis of purines using imidazole deri-
vatives. Approaches to purines from imidazoles are not
exhaustively described in the literature.16 Currently we are in
the midst of exploring this new type of synthetic possibility
with the use of methods from our laboratory17 and the com-
plete results will be published soon.18
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Table 1 Fused pyrimidine derivatives

Mp (T/°C)b

Product Procedure Yield (%)a (solvent)

B

A

B

B

B

B

C

B

C

52

53

58

44e

60

21f

84g

21

61

135–137 (CHCl3)c

95–98 (CHCl3–MeOH)d

82 (subl.)

oil

149–151 (CHCl3)

semi-crystalline

171–173 (CHCl3)h

semi-crystalline

aTotal yields based on the isocyanide (2). bUncorrected. cLit. mp
143 °C.13 dLit. mp 102–103 °C.14 eTraces of 9 were found. fSmall
amount of 10 was isolated (s5% yield). gSmall amount of 7e
was formed (6%), also product 6e decomposed slowly to yield
7e. hLit., mp 183–184 °C.15


