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Scheme 1. Synthesis of 3-aryl-pyrimido[5,4-e][1,2,4
a b s t r a c t

The parallel synthesis of a library of toxoflavin derivatives is described. The microwave-assisted approach
involves the de novo generation of the heterocyclic scaffold and allows for facile introduction of a variety
of fragments.

� 2010 Elsevier Ltd. All rights reserved.
The alkaloid toxoflavin (1), first isolated in 1933 from Pseudomo-
nas cocovenenans,1 has been shown to possess antimicrobial activity
and has been the target of a number of total syntheses.1–4 Deriva-
tives of toxoflavin have also been described with these compounds
possessing a variety of biological properties. Recently, work in our
laboratories required a series of 3-aryl-pyrimido[5,4-e][1,2,4]tri-
azine-5,7(1H,6H)-diones for biological studies and as a result, a
synthetic scheme appropriate for the generation of a library of toxo-
flavin derivatives was developed (Scheme 1). The route was
designed with an eye to maximizing structural diversity (with
variation at N1 and N6 and arylation at C3). The present paper
describes the development of a microwave-assisted methodology
that allows for facile preparation of this heterocyclic family.

Compounds of the general type 4 were identified as ideal
scaffolds for our libraries. The requisite barbituric acid (3) was pre-
pared via the condensation of a substituted urea (2) and malonic
ll rights reserved.
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acid (Scheme 1).5 Microwave irradiation at 60 �C for 10 min al-
lowed for the preparation of 3 (with R1 = H, methyl or ethyl) in
good yields. Furthermore, isolation of these barbituric acids is
achieved by simple recrystallization.

A number of protocols have been described for the chlorination of
barbituric acid derivatives6,7 and these generally involve refluxing
in neat POCl3 over a few hours. However, the treatment of 3 in ace-
tonitrile with 1 equiv of POCl3 at 100 �C for 10 min in a microwave
allowed for an excellent yield of the desired chloride scaffold (4).

The synthesis of the requisite hydrazone (8) involved treatment
of the chloride scaffold (4) with a substituted hydrazine (5, used as
a free base) followed by microwave irradiation at 100 �C for 10 min
in ethanol. Compound 6 was not isolated but treated with an alde-
hyde (7) and irradiated in a microwave for a further 5 min at 50 �C
to form imine (8). The hydrazones generated using this ‘one-pot’
approach precipitated from ethanol and were easily isolated by fil-
tration. A series of examples are provided in Table 1.

Given that our biological studies required methyl substitution at
N1, methylhydrazine was frequently employed in the reaction con-
verting 4–6. While the conjugate addition/displacement sequence
involving methylhydrazine could deliver two regioisomers, the ma-
jor product (in a ratio of >95:5 when compared to the minor regio-
isomer) was the system formed via the nucleophilic attack with
the secondary nitrogen. The regiochemistry was confirmed with
the X-ray crystallographic analysis of one of the hydrazone com-
pounds generated, namely 6-(1-methyl-2-(4-iodobenzyl)hydrazi-
nyl)-3-methylpyrimidine-2,4(1H,3H)-dione (8, where R1 = CH3,
R2 = CH3, and R3 = p-C6H4I) shown in Figure 1 as structure A.8 The
regioselectivity observed provides an excellent illustration of the
soft/hard acid/base principle9 wherein, the softer secondary nitro-
gen of the hydrazine reacts preferentially at the softer C–Cl site (in
contrast with the harder primary nitrogen reacting at the harder
C@O of the benzaldehyde). It should be noted that other substituted
hydrazines could be incorporated using the same procedure. For
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Table 1
Isolated yields of synthesized hydrazones (8) and corresponding 3-aryl-pyrimido[5,4-e][1,2,4]triazine-5,7(1H,6H)-diones (9)

Entry R1 R2 R3 % Yield (8) % Yield (9)

1 H CH3

Cl

70 81

2 CH2CH3 CH3

Cl

59 43

3 CH3 CH3

Cl

91 50

4 CH3 CH3

Br

76 69

5 CH3 CH3

F

62 68

6 CH3 CH3

CH3

53 40

7 CH3 CH3

nBu
22 53

8 CH3 CH3

Cl
16 30

9 CH3 CH3

Cl

18 49

10 CH3 CH3

Cl

Cl

63 16

11 CH3 CH3

OCH3

89 13

12 CH3 CH3

CN

75 25

13 CH3 CH3

CO2H

80 86

14 CH3 CH3

CO2
nHex

50 55

15 CH3 Ph

Cl

45 10

6038 N. Todorovic et al. / Tetrahedron Letters 51 (2010) 6037–6040
example, utilization of phenyl hydrazine followed by treatment with
p-chlorobenzaldehyde allowed for the formation of 6-(1-phenyl-2-
(4-chlorobenzyl)hydrazinyl)-3-methylpyrimidine-2,4(1H,3H)-dione
(Table 1, entry 15). In this case, however, the regiochemistry of the
conjugate addition/displacement reaction involving phenylhydr-
azine is less selective since roughly equal amounts of both isomers
were generated.

Finally, a mixture of hydrazone (8) with NaNO2 in acetic acid
was stirred for 18 h to allow for ring closure. Addition of Et2O al-
lowed for precipitation of the desired toxoflavin derivative (9)
and its N-oxide. Filtration was followed by separation via column
chromatography.
The synthetic method developed10 allowed for the parallel pro-
duction of a library of derivatives (with isolated yields presented in
Table 1). Confirmation of the final structures was provided by NMR
and MS. In the case of 3-(4-bromophenyl)-1,6-dimethyl-1,2-dihyd-
ropyrimido [5,4-e][1,2,4]triazine-5,7(6H,8H)-dione (Table 1, entry
4), X-ray crystallographic analysis allowed for the determination
of the structure provided in Figure 1 (structure B).11

In conclusion, we have developed a practical synthesis of 3-
aryl-pyrimido[5,4-e][1,2,4]triazine-5,7(1H,6H)-diones derivatives
suitable for parallel approaches. The use of microwave irradiation
allows for rapid reaction times, products in good to moderate
yields, and avoids the use of metal salts.12



Figure 1. X-ray crystal structures of (A) 6-(1-methyl-2-(4-iodobenzyl)hydrazinyl)-3-methylpyrimidine-2,4(1H,3H)-dione and (B) 3-(4-bromophenyl)-1,6-dimethyl-1,2-
dihydropyrimido [5,4-e][1,2,4]triazine-5,7(6H,8H)-dione.
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