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A new synthesis of N1-(substituted)-pyrimido[5,4-e]-1,2,4-triazine-5,7(1H,6H)-diones, which are ana-
logues of the natural product toxoflavin, is reported. Condensation of preformed alkyl or aryl hydrazones
with 6-chloro-3-methyl-5-nitrouracil efficiently provides pyrimidotriazinediones in a three-step process
that broadens the scope of R1 substituents.
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Toxoflavin (1; Fig. 1), which was originally isolated from Pseu-
domonas cocovenenans, was first synthesized in 1961.1 Since then,
a number of analogues have been prepared in order to explore
the potent antibiotic and pharmacological properties of the pyrim-
ido[5,4-e]-1,2,4-triazine-5,7(1H,6H)-dione class represented by
this natural product.2 Many of these analogues have the same
methyl substituent found at the N1 position of toxoflavin, partially
due to the ease with which a methyl group can be incorporated via
the use of methylhydrazine early in the synthesis.3 Other ana-
logues have either a proton at N1 or a variety of alkyl and benzyl
groups. Conspicuously absent, however, are pyrimido[5,4-e]-
1,2,4-triazine-5,7(1H,6H)-diones with an aryl substituent at the
N1 position. This can be attributed to the classical route that has
been utilized, which requires that nucleophilic attack of 6-
chloro-3-methyluracil proceed via the secondary nitrogen of the
mono-substituted hydrazine. However, for mono-aryl hydrazines,
such attack typically proceeds via the primary nitrogen. Herein,
we report a novel and efficient route to pyrimido[5,4-e]-1,2,4-tri-
azine-5,7(1H,6H)-diones that allows for incorporation of aryl and
alkyl substituents at N1 of this ring system, thus broadening the
scope of accessible analogues.

Our strategy is shown in Scheme 1 and is exemplified with phen-
ylhydrazine. First, phenylhydrazine (2) was treated with p-anisalde-
hyde (3a) under reflux conditions to form hydrazone 4a, which
readily precipitated out of ethanol upon cooling. The resulting hydra-
ll rights reserved.
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zone (4a) was then treated with 6-chloro-3-methyl-5-nitrouracil (5),
derived from nitration of commercially-available 6-chloro- 3-meth-
yluracil by the published method.4 The resultant 6-(2-(4-methoxy-
benzylidene)-1-phenyl)hydrazinyl-3-methyl-5-nitrouracil (6a) was
cyclized to 3-(4-methoxyphenyl)-6-methyl-1-phenylpyrimido[5,4-
e][1,2,4]triazine-5,7(1H,6H)-dione (7a) upon treatment with zinc
(4 equiv) and ammonium chloride (2 equiv) while exposed to air
and with vigorous stirring in refluxing 50% aq ethanol. The N1-phen-
ylpyrimidotriazinedione was isolated cleanly by treating the suspen-
sion with 1 N aq HCl to dissolve residual zinc and then washing the
precipitate with 1 N aq HCl while filtering.5 The zinc-mediated cycli-
zation was also tried in pure water or ethanol as the solvent, but the
yields were considerably diminished. While hydrogenation over Pd/C
has been shown to yield pyrimidotriazinediones previously from
intermediates analogous to 6a, the reported yields are deplorable,
usually only 2–5%.6 In stark contrast, the cyclization conditions re-
ported here yield the desired pyrimidotriazinediones in 51–81%
yield.
CH3 1

Figure 1. Structure and numbering of 1,6-dimethylpyrimido[5,4-e][1,2,4]triazine-
5,7(1H,6H)-dione (toxoflavin).
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Scheme 1. Synthesis of N1-phenylpyrimido[5,4-e]-1,2,4-triazine-5,7(1H,6H)-diones.

Table 1
Substrates and reaction yields for hydrazone (4) addition to 6-chloro-3-methyl-5-
nitrouracil (5) and zinc-mediated ring closure to pyrimidotriazinediones (7)

Aldehyde (3) Hydrazine (2) Reaction yield
for addition of
hydrazone to
uracil (%)

Reaction
yield for
ring
closure (%)

O

H
H3CO NHNH2 65 78 (7a)

O

H
Cl NHNH2 53 72 (7b)

O

H
H3C NHNH2F 73 81 (7c)

O

H
H3CO NH2NHCH2CH2CH(CH3)2 52 62 (7d)

O

H
H3CO NH2NHCH2CH2OH 67 51 (7e)
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Moreover, as shown in Table 1, the method is applicable to
substituted phenylhydrazines and alkyl hydrazines, although the
yields in the ring closure are slightly lower with alkyl substituents
at N1. Unlike aryl hydrazones derived from aryl hydrazines, those
derived from alkyl hydrazines do not require the use of AlCl3 in
the condensation with 6-chloro-3-methyl-5-nitrouracil, and the
reaction occurs much faster, usually within minutes. Attempts
were also made to condense the hydrazones with the less activated
6-chloro-3-methyluracil. These efforts were unsuccessful, how-
ever, as the presence of the nitro group at the 5-position of the ura-
cil was found to be critical for making the uracil sufficiently
electrophilic for Michael-type addition of the hydrazone, even in
the presence of AlCl3.

In conclusion, we describe a novel and efficient route to pyrim-
ido[5,4-e]-1,2,4-triazine-5,7(1H,6H)-diones. The methodology al-
lows for the incorporation of both aryl and alkyl groups at the R1

position of this ring system, which broadens the scope of accessible
substituents. Future reports will describe expanding the scope of
R1 substituents reported herein as well the R3 and R6 positions of
the pyrimido[5,4-e]-1,2,4-triazine-5,7(1H, 6H)-dione core toward
uncovering agents with novel pharmacological properties.
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