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A synthetic strategy based on nitrosation–aminolysis–nitroso reduction and Bischler–Napieralski
cyclocondensation has been developed for the synthesis of a family of 2-amino-4-methoxy-11H-pyr-
imido[4,5-b][1,4]benzodiazepines.
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Figure 1. Examples of bioactive pyrimidobenzodiazepines.

Scheme 1. Synthesis of pyrimidobenzodiazepines from 4,6-dichloro-5-nitro-
pyrimidine.
Pyrimidine-fused compounds are of general interest in medici-
nal chemistry and chemical biology, due to their wide range of bio-
logical activities.1 In particular, pyrimidobenzodiazepines have
attracted the attention of chemists for many years.2 Figure 1
displays some examples of pyrimidobenzodiazepine derivatives,
which have shown interesting pharmacological properties, such
as antihypoxic and antipyretic (A);3 analgesic (B);1c gastric secre-
tion inhibition (C);4 and immunosuppressive activity (D), com-
pound D showed about two times higher activity than cyclo-
sporine A when it was tested in mice.5

In our ongoing investigation on the preparation of pyrimidine
fused to diazepine systems,6 we have improved the method of
Bai and co-workers (Scheme 1)7 in order to afford new 11H-pyrim-
ido[4,5-b][1,4]benzodiazepine derivatives by starting from other
more versatile commercially available pyrimidines.

We have made two modifications. Firstly, we have used the
commercially available 2-amino-4,6-dimethoxypyrimidine, in which
there is an amino group at C2, which is used as pharmacophoric
residue in this kind of compounds, and it brings an additional point
of further diversification.

Secondly, we have used a methodology implemented by our
group,8 that is based on a nitrosation strategy instead of nitration,
ll rights reserved.
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 to activate aminolysis of methoxy groups in order to introduce an
aniline residue at C4 (Scheme 2), and so affording a procedure of
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Scheme 2. Syntheses of 11H-pyrimido[4,5-b][1,4]benzodiazepines from 2-amino-
4,6-dimethoxypyrimidine.

Table 1
Reaction yields in the direct cyclocondensation of 4 to 11H-pyrimido[4,5-b][1,4]-
benzodiazepines 6 and via precursors 5

Entry Ar Yields

4?612 4?510 5?611

a C6H5 52 73 76
b 4-Cl–C6H4 60 82 80
c 4-NO2–C6H4 74 92 80
d 4-CF3–C6H4 84 —
e 3-NO2–C6H4 50 —
f 4-Br–C6H4 62 —
g 4-Me–C6H4 87 —
h 4-MeO–C6H4 71 —
i 2-F–C6H4 64 —
j 4-F–C6H4 50 —

Figure 3. Ortep drawing of structure for compound 6i.13
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higher application than that started from the highly activated 4,6-
dichloro-5-nitropyrimidine.

Therefore, following the mentioned strategy and after reducing
the C5-nitroso group we were able to obtain triaminopyrimidine 4
in an excellent yield (96%).9 This compound was then used to pro-
vide new pyrimidobenzodiazepines by reaction with acid deriva-
tives. Our first attempt was the preparation of three different
amide derivatives 5a–c by reaction of 4 with corresponding
benzoyl chlorides,10 which then underwent a cyclization reaction
under Bischler–Napieralski conditions (POCl3) to yield the new
desired 11H-pyrimido[4,5-b][1,4]benzodiazepines 6a–c (Scheme
2), with no presence of by-product purine derivatives (see Fig. 2).11

We then decided to explore the one-step cyclocondensation to
obtain directly compounds 6 from compound 4, so we carried
out the reaction of 4 with the corresponding acid derivatives under
the cyclization conditions (POCl3) yielding the expected com-
pounds 6a–c12 (Table 1).

By comparing both procedures, the yields to get 6a–c from 4 are
found to be nearly identical. Other acidic compounds were used to
produce pyrimidobenzodiazepines 6d–j in acceptable to good
yields by direct cyclocondensation from derivative 4.

It is important to note that formation of the intermediate amide
derivatives 5 prior to cyclization to form the desired compounds 6
appears to be an unnecessary step, but this step can be very useful
in cases where the 4,5-diamino analogs of 4 are not stable and can-
not be isolated. Formation of amide 5 helps to stabilize these ana-
logs and hence increases the final yield.

It is worthy of notice that the use of polyphosphoric acid (PPA)
for cyclization is not working unlike Bai’s methodology (PPA/
POCl3); under these conditions they reported the formation of pur-
ines like 7 if there is a secondary amino group at C4.7c In fact, we
have also noted that the presence of a Brønsted acid favors the
formation of purine 7 as the major product (see Fig. 2).
Figure 2. By-products in the preparation of 2-amino-4-methoxy-11H-pyrimido-
[4,5-b][1,4]benzodiazepines.
In a general view, this strategy can be of a broader application
starting from substituted 4-alkoxy or 4-chloropyrimidines, and re-
ported derivatives 6 incorporate two new points of diversity on the
pyrimidobenzodiazepine framework (at C2–NH2 and N(11)–H
positions), which afford the opportunity of introducing new sub-
stituents. This, in principle, widens the range of compounds which
may be synthesized and tested in biological studies. On the other
hand, the methoxy at C4 can be readily hydrolyzed, and, in fact,
if after processing the cyclization reaction with water and base,
the mixture is left for one day and pyrimidobenzodiazepin-4-one
8 is isolated (Fig. 2).

The structure of pyrimidobenzodiazepines 6 was unambigu-
ously confirmed by single crystal X-ray diffraction analysis of
derivative 6i (Fig. 3).

In conclusion, we have developed a synthetic route with two
alternatives having as key steps, the selective monosubstitution
of methoxy group in 5-nitrosopyrimidines and Bischler–Napieral-
ski cyclocondensation with acid derivatives for obtaining new pyr-
imidobenzodiazepine derivatives in acceptable yields. These new
compounds may be useful in the field of medicinal chemistry since
they belong to the so-called bicyclic privileged structures,6,14

which have several points of diversification.
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