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a b s t r a c t

The synthetic approach to novel peri-fused heterocyclic systemsdpyrimido[4,5,6-de][1,8]naphthyridines,
has been developed. It consists of successive treatment of 4,6-dichloro-2-methylthiopyrimidine-
5-carbaldehyde with 2 mol of geminal b-(acyl)enediamines and includes substitution of a chlorine atom
with the nucleophilic carbon atom of the enediamine and cyclization of the corresponding intermediate.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Pushepull type geminal enediamines have proved to be very
convenient and efficient building blocks in synthesis of various
a-aminoazaheterocycles including the fused ones.1 In one of our
previous works we have shown that the interaction between 3,3-
diaminoacrylate (1a) and 5-acetyl-4,6-dichloropyrimidine results
innovelperi-fusedheterocyclic systemddihydropyrimido[4,5,6-de]
[1,8]naphthyridine.2

In this work we focused our efforts on developing the method to
synthesize new peri-fused heterocyclesdpyrimido[4,5,6-de][1,8]
naphthyridines, based on the interaction of aldehyde 4 with ene-
diamines 1. The key stage of the synthesis is the cyclization of
compounds 3 (Scheme 1). It proceeds by means of intramolecular
nucleophilic substitution of hydrogen, and includes the addition of
an amino group to a pyridine ring followed by further oxidation of
the formed intermediate. Recently, the utility of this kind of re-
action in the synthesis of fused azaheterocycles has already been
demonstrated by Charushin and Chupakhin et al.3 This approach
has two advantages: firstdthe presence of a leaving group (halogen
usually) is not necessary, and seconddthe ring functionalization
proceeds without the use of transition-metal catalysis.

The synthesis of new heterocyclic systems with a wide range of
functional groups and high potential for further functionalization is
of obvious interest for both organic synthesis and pharmacology.
Nowadays the process of searching and creating drugs based on
fused azaheterocycles actively goes on and stimulates continuous
interest of chemists and pharmacologists in producing heterocyclic
systems with new relative locations of heterorings and hetero-
atoms. In the literature, the syntheses of peri-fused azaheterocycles
are represented rather sparingly. At the same time the members of
this class of heterocycles are of practical as well as theoretical in-
terest, some of them are structural parts of natural compounds.4

2. Results and discussion

4-Chloropyridopyrimidines 2 are easily available due to the
reaction of enediamines 1aec with aldehyde 4. The synthesis of
compounds 2a,b was described by us earlier,5 and compound 2c
was isolated for the first time. The reaction of pyridopyrimidines 2
with diaminoacrylic esters 1a,d,e and anilide 1c proceeds smoothly
giving compounds 3 in high yields (Table 1). It is highly chemo-
selective: the chlorine atom is substituted by the carbon nucleo-
philic atom of the enediamine. This enediamine was introduced
into the reaction either as the free base or hydrochloride. N,N-Dii-
sopropylethylamine (DIPEA) was used as a base, however, the re-
action with cyclic enediamine 1d proceeds much more purely and
with higher yield when a twofold excess of enediamine is used
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(Table 1, entry 7). Compound 3e proved to be not stable enough to
be isolated as an individual substance. Therefore in this case, fur-
ther transformations were carried out in situ.

The low reactive enediamine 1b failed to react with pyr-
idopyrimidine 2a. No conversion was observed at room tempera-
ture, and heating (60 �C) only resulted in an unidentified complex
mixture (Table 1, entry 4). However, compound 3b bearing both
benzoyl and ethoxycarbonyl groups can be obtained if the sequence
of introducing of enediamines 1a and 1b into the synthesis is
changed. The pyridopyrimidine 3bwas isolated in high yield under
mild conditions by successive treatment of highly reactive aldehyde
4 with enediamine 1b and then with 1a (Table 1, entry 2). Thus,
while planning synthesis including two enediamines with different
reactivity one should use the lower reactive enediamine on the first
stage when pyridopyrimidine 2 is obtained.

Compounds 3 undergo cyclization into dihydropyrimidonaph-
thyridines 5 when treated with picric acid in refluxing MeCN or in
DMF at room temperature (Scheme 1). Picric acid was chosen due
to the ability of picrates to crystallize finely. The starting com-
pounds 3 are readily soluble in small amounts of MeCN or DMF,
while picrates of dihydropyrimidonaphthyridines 5 are sub-
stantially insoluble in the same volume of solvent and they pre-
cipitate off from the reaction mixture. Compounds 5 were isolated
in high yields as monopicrates (Table 2). The picrates 5b and 5c
gradually decompose while being kept at room temperature in
solution (for several days) or in solid state (during 2e4 weeks).
The N-monosubstituted compound 3f reacts selectively by its
unsubstituted amino group (Table 2, entry 5). However, compound
3g with both nitrogen atoms of enediamine moiety bearing sub-
stituents also undergoes cyclization easily. The picrate 5g degrades

Table 1
Reaction of enediamines 1 with pyridopyrimidies 2. Synthesis of compounds 3

Entry 1 2 Time 3 Yield/%

1 2a R1¼OEt 4 days 3a R1¼R2¼OEt, R3¼R4¼H 79

2 1a 2b R1¼Ph 4 days 3b R1¼Ph, R2¼OEt, R3¼R4¼H 95

3 1aa 2c R1¼NHPh 20 h 3c R1¼NHPh, R2¼OEt, R3¼R4¼H 94

4 2a 3d R1¼OEt, R2¼Ph, R3¼R4¼H 0

5 2c 3 h 3e R1¼R2¼NHPh, R3¼R4¼H d

6 2a 20 h 3f R1¼R2¼OEt, R3¼p-Tol, R4¼H 91

7 2a 6 days 3g R1¼R2¼OEt, R3þR4¼CH2CH2 80b

a Enediamine was used as hydrochloride.
b Twofold excess of enediamine was used.

Scheme 1.
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