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Abstract A one-pot and catalyst-free protocol for the construction of
7-methyl-substituted pyrido[4,3-d]pyrimidine derivatives from ethano-
lic solution of 6-[2-(dimethylamino)prop-1-enyl]-1,3-dimethyluracil,
aromatic aldehyde, and ammonium acetate is described under both ul-
trasound and thermal conditions. The ultrasound methodology is clean
and the desired products are obtained with good yields in short time.

Key words multicomponent reactions, aza-Diels–Alder, one-pot, pyri-
do[4,3-d]pyrimidine, ultrasound-assisted organic synthesis, green
chemistry

Ultrasound-assisted organic synthesis (UAOS) has at-
tracted considerable interest in terms of selectivity, reac-
tion time, catalyst recyclability, and operational simplicity;1

features that make UAOS an interesting alternative tech-
nique to synthesize structurally diverse organic com-
pounds.2

Recently, our group synthesized a number of pyrimi-
dine-containing scaffolds using the concept of a one-pot,
multicomponent aza-Diels–Alder reaction strategy.3 On the
basis of literature reports on 6-[2-(dimethylamino)vinyl]-
1,3-dimethyluracil (1a, Figure 1),3b–e we turned our atten-
tion to explore the diene nature of the acetamidine modifi-
cation of 1a, that is, 6-[2-(dimethylamino)prop-1-enyl]-
1,3-dimethyluracil (1b). Almost two decades ago, Tsupak’s
group4 established a method to synthesize pyrrolo[3,2-
d]pyrimidines from 5-nitro-substituted 6-[2-(dimethylami-
no)prop-1-enyl]-1,3-dimethyluracil (1c), but the chemistry
of 6-[2-(dimethylamino)prop-1-enyl]-1,3-dimethyluracil
has received little attention. In an extension of our work on
uracil systems, we demonstrate in this communication an
ultrasound-mediated and catalyst-free three-component
procedure, reacting 6-[2-(dimethylamino)prop-1-enyl]-
1,3-dimethyluracil with aromatic aldehydes and ammoni-
um acetate for the generation of various 7-methyl-substi-
tuted pyrido[4,3-d]pyrimidine templates. Although
preparations of 7-aryl-substituted pyrido[4,3-d]pyrimi-

dines and their salts have been previously reported,5 to the
best of our knowledge this is the first report of the synthe-
sis of 7-methyl-substituted pyrido[4,3-d]pyrimidine deriva-
tives using 6-[2-(dimethylamino)prop-1-enyl]-1,3-di-
methyluracil as one of the starting materials under ultra-
sonication. In addition this ultrasound-mediated catalyst-
free methodology for the preparation of 7-methyl-substi-
tuted pyrido[4,3-d]pyrimidines avoids forcing reaction con-
ditions.

Figure 1 

In an earlier report we published a method for the syn-
thesis of pyrido[4,3-d]pyrimidines wherein we applied a
microwave-promoted, multicomponent aza-Diels–Alder
strategy to achieve our goal.3e However, the repetition of
the same methodology with a mixture of 6-[2-(dimethyl-
amino)prop-1-enyl]-1,3-dimethyluracil (1b, 1 mmol), 4-
fluorobenzaldehyde (2a, 1 mmol), and urea (2 mmol) only
led to decomposition of the starting materials. This obser-
vation forced us to modify conditions by replacement of the
urea with ammonium acetate (3a, 2 mmol) and use of a sol-
vent leading to formation of the product in poor yield ac-
companied by byproducts. We then applied ultrasound and
found progress of the reaction when an ethanolic solution
of the reaction mixture was ultrasonicated, leading to the
formation of 5-(4-fluorophenyl)-1,3,7-trimethylpyrido[4,3-
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d]pyrimidine-2,4-dione (4a) in 85% yield (Scheme 1). The
reaction failed when carried out in the absence of solvent or
in water.

Scheme 1 

Using these optimized conditions, the viability of the
reaction scheme was then tested with a range of aromatic
aldehydes 2, and the results obtained are shown in Table 1
and Scheme 2.6

Optimization studies showed that the reaction condi-
tions are tolerated by a range of different aromatic alde-
hydes containing either electron-donating or electron-
withdrawing substituents on the aromatic ring (Table 1, en-
tries 1–13), with aromatic aldehydes possessing an elec-
tron-withdrawing group gave higher yields than aromatic
aldehydes with electron-donating groups (Table 1, entries 1
and 8). It is noteworthy that para-substituted aldehydes
gave better yields than meta-substituted aldehydes (Table 1,
entries 2, 3 and 5, 6) and these, in turn, gave better yields
than their ortho-substituted counterparts (Table 1, entries
3, 4 and 6, 7). The reaction was successful with heteroaro-
matic aldehydes such as thiophen-2-carbaldehyde and fur-
furaldehyde (Table 1, entries 12 and 13). Unfortunately, the
reaction was unsuccessful with aliphatic aldehydes despite
applying long reaction times. Aromatic aldehydes such as
phenyl glyoxal and its derivatives were also unreactive un-
der the optimized conditions. The regioselectivity obtained
during the formation of 7-methyl-substituted pyrido[4,3-
d]pyrimidine derivatives is fully consistent with the elec-
tron-donating effect of the methyl-substituted aminovinyl
moiety which increases the nucleophilicity of the C-5 posi-
tion. Trace amounts of aldehyde and 6-[2-(dimethylami-
no)prop-1-enyl]-1,3-dimethyluracil remained in every case

and these were removed by column chromatography. All of
the products obtained were characterized spectroscopical-
ly.

Table 1  Direct Synthesis of a Library of 7-Methyl-Substituted Pyri-
do[4,3-d]pyrimidines 4a–ma

Although detailed mechanistic experiments were not
performed, the formation of 7-methyl-substituted pyri-
do[4,3-d]pyrimidine can be mechanistically outlined as in
Scheme 3. One possible sequence starts with the formation
of aldimine 5 between aromatic aldehyde 2 and ammonium
acetate 3a and this then undergoes [4+2]-cycloaddition
reaction with the diene system of uracil 1b, generating
7-methyl-substituted pyrido[4,3-d]pyrimidine derivatives
4a–m.3e Alternatively, the reaction may proceed via forma-
tion of Michael adduct 6 from 1b and 5 and this can lead to
products 4a–m by nucleophilic attack on the methyl-sub-
stituted carbon atom of the side chain of the pyrimidine
ring followed by elimination of the amine moiety and oxi-
dative aromatization.7
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Entry R Product Reaction conditions Yield (%)b

1 4-FC6H4 4a US/reflux 85/75

2 4-BrC6H4 4b US/reflux 85/74

3 3-BrC6H4 4c US/reflux 83/72

4 2-BrC6H4 4d US/reflux 80/69

5 4-ClC6H4 4e US/reflux 84/75

6 3-ClC6H4 4f US/reflux 81/70

7 2-ClC6H4 4g US/reflux 78/65

8 4-MeC6H4 4h US/reflux 83/73

9 3-MeC6H 4i US/reflux 82/72

10 2-MeC6H4 4j US/reflux 77/65

11 4-MeOC6H4 4k US/reflux 83/71

12 C4H3S 4l US/reflux 80/71

13 C4H3O 4m US/reflux 79/75
a Reaction conditions: (i) 6-[2-(dimethylamino)prop-1-enyl]-1,3-dimethyl-
uracil (1b, 1 mmol), aromatic aldehyde (2, 1 mmol), NH4OAc (3a, 2 mmol), 
EtOH (5 mL), ultrasound at 70% amplitude, 30 min; (ii) 6-[2-(dimethylami-
no)prop-1-enyl]-1,3-dimethyluracil (1b, 1 mmol), aromatic aldehyde (2, 1 
mmol), NH4OAc (3a, 2 mmol), EtOH (5 mL) reflux, 4 h.
b Isolated yield.
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Although our initial reaction with urea was unsuccess-
ful, we persisted with the concept that urea/thiourea are
good sources of ammonia and repeated the model reaction
by employing urea/thiourea in place of ammonium acetate
under identical reaction conditions. Accordingly, when
6-[2-(dimethylamino)prop-1-enyl]-1,3-dimethyluracil (1
mmol) was ultrasonicated with 4-fluorobenzaldehyde (1
mmol) and urea/thiourea (2 mmol) in ethanol, we observed
a poor yield of product was after 45 minutes (10% yield,
Scheme 4, path A). The difference in reactivity of ammoni-
um acetate and urea/thiourea may be attributed towards
their different abilities to liberate ammonia and form the
aldimine intermediate.

We also carried out the reaction under classical condi-
tions and compared the results with those obtained under
ultrasound conditions. Thus, when an ethanolic solution of
6-[2-(dimethylamino)prop-1-enyl]-1,3-dimethyluracil (1
mmol), 4-fluorobenzaldehyde (1 mmol), and ammonium
acetate (2 mmol) was refluxed for four hours, product 4a
was obtained with a yield of 75% (Scheme 4, path B). Fur-
ther increase in reaction time (5 h) resulted in decomposi-
tion and lower yields. Thus application of ultrasound not
only prevents side products but also reduces reaction time.
The yields of products under both ultrasound and thermal
conditions are shown in Table 1.

In summary, we have developed a convenient multi-
component strategy for the preparation of 7-methyl-substi-
tuted pyrido[4,3-d]pyrimidine derivatives. A range of
substituted aromatic aldehydes has been shown to undergo
an ultrasound-mediated one-pot reaction with vinyluracil
and ammonium acetate to generate 7-methyl-substituted
pyrido[4,3-d]pyrimidines. This conversion is possible under
classical conditions but gives lower yields. We believe that

this simple, rapid, and efficient synthesis of 7-methyl-
substituted pyrido[4,3-d]pyrimidines is a valuable addition
to the chemistry of aza-heterocycles.
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