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ABSTRACT

A new approach to the synthesis of tri- or tetrasubstituted pyrimidines by a four-component coupling reaction using a functionalized silane,
two types of aromatic nitriles, and an acetal is described. The efficient transformation of the pyrimidine framework consisting of an isoxazolyl
ring and an ethoxy group to the 1,3,8-triazanaphthalene skeleton also proceeded in nearly quantitative yield.

The synthesis of pyrimidines has attracted considerable
interest in the scientific community, as this skeleton is
present in many natural products and a variety of biologically
active substances. Although various procedures for the
synthesis of pyrimidine derivatives have been reported,1 most
have been restricted to methodologies involving a Pinner
synthesis (3,4- and 1,6-bond forming reactions, path a);2

1,2- and 2,3-bond forming reactions (path b),3 1,2- and
3,4-bond forming reactions (path c),4 4,5- and 1,6-bond
forming reactions (path d);5 and 2,3- and 4,5-bond forming
reactions (path e).6 The development of a completely new
approach to pyrimidine synthesis has not been extensively
pursued (3,4- and 4,5-bond forming reactions; path f in
Scheme 1).7

Previously, we reported that anN-silyl-1-azaallyl anion8

reacts smoothly with Michael acceptors, such as 1,2-
diketones andR,â-unsaturated ketones, to produce poly-
substituted pyrroles and pyridine derivatives.9 During our
ongoing research on the synthesis of other nitrogen-contain-
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ing heterocycles, we found that the reaction of a vinyl
amidine, formed from the 1-azaallyl anion and an aromatic
nitrile, with an acetal could lead to the production of a
pyrimidine derivative (Scheme 2). We report herein on a

highly effective and novel method for the synthesis of tri-
or tetrasubstituted pyrimidine derivatives by the four-
component coupling reaction of a functionalized silane, two
types of an aromatic nitrile, and an acetal. We also present
details of a new approach to the synthesis of 1,3,8-

triazanaphthalene starting from a tetrasubstituted pyrimidine
via an intramolecular cyclization.

We initially examined a one-pot synthesis of an amidine
derivative. When the functionalized silane1 was reacted with
benzonitrile in THF at-70 °C for 1 h in thepresence of
n-BuLi, 1-azaallyl anion2 was generated in situ, and after
addition of 2-cyanopyrazine, the desired amidine3a was
produced in 90% yield (Scheme 3).

The reaction of this amidine with an acetal was then
investigated under several conditions, and the results are
shown in Table 1. When amidine3a was reacted with

trimethyl orthoformate (4) in THF, the expected cyclization
reaction did not proceed (runs 1 and 2). However, when
acetal4 was used in the absence of solvent, a small amount
of the desired 2,4,5-trisubstituted pyrimidine6a was pro-
duced (run 3). The structure of6a was confirmed by1H and
13C NMR spectroscopy and by mass spectrometry. We next
choseN,N-dimethylformamide diethylacetal (5) as an ap-
propriate substrate, as the amide anion was expected to be a
better leaving group than a methoxy anion. As expected,
when cyclization of the amidine with theN,O-acetal was
conducted in THF at 70°C for 24 h, the yield of product6a
was increased to 62% (run 5). Moreover, it was noteworthy
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Scheme 1

Scheme 2

Scheme 3. One-Pot Synthesis of Amidine Derivative3a

Table 1. Reaction of Amidine3a with Acetals4 and5
Leading to the Trisubstituted Pyrimidine6aa

run acetal solvent temp (°C) time (h) yield (%)b

1 4 THF rt 24 trace
2 4 THF reflux 24 trace
3 4 100 24 6
4 5 THF rt 24 13
5 5 THF reflux 24 62
6 5 100 2 90
7 5 130 2 99

a X ) 3-methyl-5-isoxazolyl.b Isolated yields.
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that increasing the reaction temperature to 130°C without
any reaction solvent dramatically improved the product yield
to 99% (runs 6 and 7).

To examine the general applicability of this cycliza-
tion, the reactions of five types of amidines with several
acetals were carried out under the above-optimized condi-
tions, and the results are summarized in Table 2. With

amidines containing an electron-donating group, an electron-
withdrawing group, and a heterocycle, when these systems
were treated with acetal5, the desired trisubstituted pyrim-
idines6 were obtained in all cases, in good to excellent yields
(runs 1-5). Similarly, by employing acetal7, the present
reaction could be adapted to the preparation of a tetra-
substituted pyrimidine containing an alkyl group on C-4 atom
(runs 6 and 7).

We next attempted the synthesis of a tetrasubstituted
pyrimidine having an ethoxy group acting as the leaving
group. Unfortunately, when the reaction of amidine3a with
tetraethyl orthocarbonate (9) was carried out under the above
conditions, the yield of the expected product10was moderate
(run 1 in Table 3). To increase the product yield, the reaction
was carried out using several different solvents and a Lewis
acid as an additive, and the results are listed in Table 3. We
found that when the reaction was conducted in PhMe at 110
°C in the presence of a catalytic amount of ZnBr2, the desired
product10 was obtained in 80% yield (run 8).10

Finally, to illustrate the utility of an isoxazole ring,11 we
examined the transformation of pyrimidine10 prepared by

the reaction described above to a 1,3,8-triazanaphthalene
derivative (pyrido[2,3-d]pyrimidin-5(1H)-one), the analo-
gous skeletons of which are widely distributed in natural
products and biologically active substances (Scheme 4).12

The reductive opening of the isoxazole ring with a catalytic
amount of Mo(CO)6 initially produced pyrimidine11;13

intramolecular cyclization of the pyrimidine with the teth-
ered amino group was then effected with base, leading
to the production of the triazanaphthalene12 in excellent
yield.

In conclusion, we have reported a new synthesis of tri- or
tetrasubstituted pyrimidines through the cyclization of a vinyl
amidine and an acetal, and the four-component coupling
reaction of a functionalized silane, two types of aromatic
nitriles, and an acetal. We have also succeeded in transform-
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Table 3. Reaction of Amidine3a with Acetal 9a

run additive solvent temp (°C) time (h) yield (%)b

1 160 36 34
2 1,2-C6H4Cl2 130 24 trace
3 PhMe reflux 48 12
4 ZnCl2 1,2-C6H4Cl2 130 24 52
5 Zn(OTf)2 1,2-C6H4Cl2 130 24 6
6 ZnBr2 1,2-C6H4Cl2 130 24 73
7 ZnCl2 PhMe reflux 72 64
8 ZnBr2 PhMe reflux 65 80
9c ZnBr2 PhMe reflux 60 78

a X ) 3-methyl-5-isoxazolyl.b Isolated yields.c ZnBr2 (0.4 equiv) was
used.

Scheme 4. Synthesis of 1,3,8-Triazanaphthalene Derivative12

Table 2. Cyclization of Amidine3 with Acetal 5 or 7a

amidine 3

run Ar R1 acetal yield (%)b

1 4-MeO-C6H4 2-pyrazyl 3b 5 6b 88
2 4-Me2N-C6H4 2-pyrazyl 3c 5 6c 90
3 4-Cl-C6H4 2-pyrazyl 3d 5 6d 92
4 Ph 4-CF3-C6H4 3e 5 6e 90
5 Ph 2-pyrimidyl 3f 5 6f 97
6 4-MeO-C6H4 2-pyrazyl 3b 7 8b 80
7 4-Me2N-C6H4 2-pyrazyl 3c 7 8c 82

a X ) 3-methyl-5-isoxazolyl.b Isolated yields.
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ing a pyrimidine framework containing an isoxazolyl group
and an ethoxy group to the 1,3,8-triazanaphthalene skeleton.
Further investigations directed toward the preparation of other
types of pyrimidine derivatives are currently in progress.
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