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ABSTRACT

A microwave-assisted, one-pot, two-step protocol was developed for the construction of polysubstituted 2-aminoimidazoles. This process
involves the sequential formation of imidazo[1,2- a]pyrimidinium salts from readily available 2-aminopyrimidines and r-bromocarbonyl compounds,
followed by opening of the pyrimidine ring with hydrazine.

In the last decades, several marine alkaloids possessing a
2-aminoimidazole skeleton have been given particular at-
tention, as many of them demonstrate interesting biological
properties. The naamine alkaloids, for example, isolated from
the marine spongeLeucettasp., have been reported to possess
antiviral and anticancer activity.1,2 These compounds are
usually substituted with benzyl or aryl groups at the 1, 4,
and/or 5 positions. Several approaches for the synthesis of
2-aminoimidazoles have been described in the literature. Ohta
and co-workers performed the synthesis of polysubstituted
2-aminoimidazoles via functionalization of the imidazole
ring.3 Other general applicable strategies involve the reaction

of R-diketones with guanidine,4 the reaction ofR-halo
ketones withN-acetylguanidine,5 and the iminophosphorane-
mediated cyclization ofR-azido esters.6 The condensation
of R-aminocarbonyl compounds with cyanamide or isothio-
ureas appears to be the most popular method for the direct
construction of the 2-aminoimidazole ring.7,8 However, this
reaction is strongly pH-sensitive and can lead to the self-
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condensation ofR-aminoaldehydes or ketones resulting in
the formation of symmetrical pyrazines.9

An alternative strategy for the synthesis of 2-aminoimi-
dazoles involves the formation of imidazo[1,2-a]pyrimidines,
followed by cleavage of the pyrimidine ring upon treatment
with strong nucleophiles as hydrazine or amines.10-14 How-
ever, this procedure yields onlyN-1-unsubstituted 2-ami-
noimidazoles.

On the contrary, when the correspondingN-1-substituted
imidazo[1,2-a]pyrimidinium salt should be cleaved, this
would result in the formation ofN-1-substituted 2-aminoimi-
dazoles.15 We previously reported a new and convenient
three-step procedure for the synthesis of polysubstituted
2-aminoimidazoles5 out ofN-1-substituted imidazo[1,2-a]-
pyrimidinium salts4, which are generated upon reaction of
2-aminopyrimidines1 with R-bromoketones2 (Scheme 1).16

The first step was performed at 80-100 °C resulting in the
formation of the hydroxy salt3, which underwent water
elimination upon treatment with concentrated HBr or poly-
phosphoric acid at 140°C, resulting in the formation of salt
4. Final treatment with aqueous hydrazine in acetonitrile at
80 °C yielded theN-1-substituted 2-aminoimidazole5. We
have demonstrated that a considerable amount of the imi-
dazo[1,2-a]pyrimidinium salt 4 was directly formed when

the condensation in the first step was performed at elevated
temperature (>130 °C).

As a result, we now wish to present an ameliorated and
convenient one-pot two-step protocol for the synthesis of
N-1-substituted 2-aminoimidazoles, applying microwave
irradiation.

We carefully investigated the dehydration of salt3
resulting in the formation of salt4 (Scheme 1) under
conventional heating conditions as well as upon microwave
irradiation. As a proof of concept, the condensation of
2-methylaminopyrimidine (1, R1 ) Me) and R-phenacyl
bromide (2, R2 ) H, R3 ) Ph) was studied (Table 1). A

sealed vial containing a solution of the starting compounds
1 and2 in acetonitrile was heated at 80-100°C for 30-60
min. However, only a trace amount of the desired 1-methyl-
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Scheme 1. Two-Step Conventional Synthesis of
2-Aminoimidazoles

Table 1. Investigation of the Condensation under Conventional
Heating and Microwave Irradiation Conditionsa

entry conditions
time
(min) T (°C)

3
(yield, %)b

4
(yield, %)b

1 30 80 64 0
2 60 80 77 0
3 30 100 81 traces
4 60 100 85 traces
5 30 120 68 17
6 60 120 53 28
7 30 130 45 49
8 60 130 43 51
9 MW 30 80 88 0

10 60 80 85 0
11 30 100 48 33
12 60 100 45 35
13 30 120 12 79
14 60 120 traces 84
15 30 130 0 98
16 60 130 0 97

a All reactions were carried out on a 1 mmol scale of 2-methylaminopy-
rimidine (1, R1 ) Me) with 1.35 equiv ofR-phenacylbromide (2, R2 ) H,
R3 ) Ph) in 5 mL of acetonitrile.b Isolated yield after recrystallization from
acetonitrile.
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2-phenylimidazo[1,2-a]pyrimidinium salt (4{1}) was ob-
served next to the hydroxy salt3{1} (Table 1, entries 3 and
4). On the contrary, upon microwave irradiation at a ceiling
temperature of 100°C for 30 min, a mixture of salts3{1}
and 4{1} was obtained in a ratio of 48:33 (Table 1, entry
11). Further increase of the temperature up to 130°C
applying conventional heating led to a nearly equimolar

mixture of salts3{1} and4{1} (Table 1, entries 7 and 8).
Interestingly, using microwave irradiation at 130°C for 30
min, we were able to drive the reaction completely to the
formation of the desired imidazo[1,2-a]pyrimidinium salt
4{1} (entry 15).

With these results in hand, we developed an elegant one-
pot, two-step, microwave-assisted protocol for the synthesis

Table 2. One-Pot, Two-Step, Microwave-Assisted Synthesis of 1,4-, 1,5-, and 1,4,5-Substituted 2-Aminoimidazolesa

a All reactions were carried out on a 10 mmol scale of 2-alkylaminopyrimidine1 with 1.35 equiv ofR-bromocarbonyl compound2 in 20 mL of acetonitrile.
b Isolated yield.c The condensation was performed at 130°C within 15 min.d The condensation was performed at 150°C within 25 min.
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of 1,4-, 1,5-, and 1,4,5-substituted 2-aminoimidazoles starting
from readily available 2-aminopyrimidines1 and R-bro-
moketones2 (Table 2). The reaction could visually be
followed, as after the start, the initially formed salt3
precipitated from the reaction mixture and then slowly
dissolved at 130-150 °C, converting to the salt4. Then 5
equiv of hydrazine (60%) were added and the mixture was
irradiated at a ceiling temperature of 100°C for another 5
min. Upon completion, the reaction mixture was diluted with
water and extracted with dichloromethane. Side products
could easily be removed by washing the organic phase with
water, resulting in nearly pure compounds. Following this
protocol, a small library of variously substituted 2-aminoimi-
dazoles was generated, starting from readily available
R-bromocarbonyl compounds2 and 2-aminopyrimidines1
(Table 2).

The yields varied from good to excellent, although in some
cases lowered yields were observed (Table 2, entries 5, 12,
and 13) probably due to abstraction of the substituent R1

from the imidazole ring at high temperature. Interestingly,
applying conventional heating conditions, longer total reac-
tion times (up to 10-12 h) were necessary, resulting in lower
yields due to significant decomposition of the starting
compounds. Moreover, since the preparation of salts4 under
conventional conditions involves the exposure of the inter-
mediates3 and 4 to strong acids at elevated temperature
(Scheme 1), sensitive R1 substituents as cycloalkyl and
p-methoxybenzyl are not tolerated. Heterocyclization reac-
tions of R-bromoaldehydes are hardly known due to their
high reactivity. Nevertheless, we were able to generate the
corresponding 1,4-disubstituted 2-aminoimidazoles in high
yields by applying our microwave-assisted protocol (Table

2, entries 16-18). As the cyclization ofR-bromoaldehydes
and 1,2-disubstitutedR-bromoketones with 2-aminopyrim-
idines was found to be slow, the temperature of the first step
was raised to 150°C and a longer irradiation time of 25
min was applied (Table 2, entries 16-27). The desired 1,4-
and 1,4,5-substituted 2-aminoimidazoles were isolated in
good yields (65-95%). The compounds bearing two aro-
matic substituents at positions 4 and 5 of the imidazole ring
precipitated directly from the reaction mixture as white
crystals (Table 2, entries 20, 23-24, and 27).

In conclusion, we have developed an efficient microwave-
assisted, one-pot, two-step protocol for the synthesis of 1,4-,
1,5-, and 1,4,5-substituted 2-aminoimidazoles from 2-ami-
nopyrimidines andR-bromoketones orR-bromoaldehydes,
applying the 2-aminopyrimidine ring as a protected guanidine
fragment. This procedure opens the way for the synthesis of
analogues of different bioactive marine alkaloids possessing
a 2-aminoimidazole skeleton.
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