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An efficient and original Ugi multicomponent reaction of aminopyridines and aminopyrimidines is
reported. Starting from aminotetrazine 6 or 7, an isocyanide and an ortho-carboxybenzaldehyde, tetraz-
inoimidazoisoquinolinones were isolated, after few minutes of microwave irradiation, in good to excel-
lent yields. The scope of this method was extended by using different isocyanides.

� 2011 Elsevier Ltd. All rights reserved.
In the last decades, multicomponent reactions (MCR) have
emerged as a powerful tool for the synthesis of complex scaffolds.1

Isocyanide based MCRs are frequently exploited because of the
special reactivity of this functional group. Among them, the most
ll rights reserved.
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famous reactions are the Passerini,2 Ugi,2a,3 and recently the Gro-
ebke–Blackburn 3-component reactions,4 which affords imi-
dazo[1,2,a] annulated heterobicyclic compounds. This type of
structure is found in compounds showing a wide range of biologi-
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Table 1
Optimization of the conditions for the formation of 4a

Entry Solvent Heat Catalyst Yielda

1 MeOH MW, 120 �C, 10 min — 25%
2 EtOH MW, 120 �C, 10 min — 38%
3 i-PrOH MW, 120 �C, 10 min — 62%
4 H2O MW, 100 �C, 10 min — 70%
5 Toluene MW, 100 �C, 10 min — 76%
6 Toluene RT — Traces
7 Toluene 110 �C — 10%
8 Toluene MW, 100 �C, 10 min NH4Cl 60%
9 Toluene MW, 100 �C, 10 min Sc(OTf)3 Traces
10 Toluene MW, 100 �C, 10 min TsOH Traces

a Yields are given for isolated product; MW: microwave irradiations; RT room
temperature.
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Table 2
Synthesis of compounds 4a–g

Entry Isocyanides

1 c-Hexyl isocyanide 3a

2 n-Butyl isocyanide 3b

3 2-Pentyl isocyanide 3c

4 t-Butyl isocyanide 3d

5 2-Morpholinoethyl isocyanide 3e
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cal activities such as antiulcer,5 hypnotic,6 anxiolytic,7 and many
other biological activities.8 Indeed, new isocyanide based MCRs
are frequently published, allowing several degrees of structural
diversity.9

The well-known Ugi four-component condensation between
aldehydes, isocyanides, amines and carboxylic acids generally af-
fords N-substituted a-acylamino carboxamides.10 Lactams were
also obtained by using bifunctional reagents.11 Recently following
this strategy, Beifuss synthesized new pyrido[20,10:2,3]imi-
dazo[4,5-c]isoquinolin-(6H)-one skeletons by a microwave-as-
sisted three-component reaction using 2-aminopyridine, 2-
carboxybenzaldehyde and an isocyanide.11a

Based on the interests of our group in the synthesis of function-
alized imidazo[1,2-b][1,2,4,5]tetrazines,12 we disclose herein a
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Table 2 (continued)

Entry Isocyanides Products Yieldsa
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new use of substituted amino[1,2,4,5]tetrazines 1 in the modified
Ugi multicomponent reaction (Scheme 1).

First, we started using an equimolar amount of aminotetrazine
6, 2-carboxybenzaldehyde 2 and cyclohexyl isocyanide 3 in meth-
anol (Scheme 2). The resulting mixture was irradiated at 120 �C for
10 min, which afforded the desired functionalized imidazo[1,2-
b][1,2,4,5]tetrazine in 25% yield (Table 1, entry 1). The replacement
of methanol by ethanol (Table 1, entry 2) and then by iso-propanol
(Table 1, entry 3) allowed us to improve the yield, affording the
imidazotetrazine 4a in 38% and 62% yield, respectively.

Compound 4a was finally isolated in 70% yield using water as
solvent, and in 76% yield with toluene (Table 1, entries 4 and 5).
As the best result was obtained with toluene, which is known for
its poor microwave absorbability, we thought that thermal condi-
tions should be tested. However, these conditions were less effi-
cient (Table 1, entries 6 and 7); that is, at room temperature, the
starting material was recovered and in refluxing toluene, the de-
sired product 4a was isolated in low yield. Consequently, micro-
wave irradiations and toluene as solvent were thus chosen for
the rest of the study. Then, the use of different additives was then
investigated. A dramatic decrease in yield was observed either
with ammonium chloride (Table 1, entry 8),13 or surprisingly, scan-
dium triflate.4 Moreover, p-toluene sulfonic acid14 totally inhibited
the reaction (Table 1, entries 9 and 10).

The variation of the isocyanide partner 3 was then studied
(Scheme 3, Table 2).

Alkyl isocyanides generally gave good results (Table 2), except
in the case of 2-pentyl isocyanide (Table 2, entry 3), which only
led to traces of expected product and mostly to the starting mate-
rials. Surprisingly, in the case of tert-butyl isocyanide, only com-
pound 4d was isolated in 61%, proving the relative lability of the
tert-butyl group without acidic treatment (Table 2, entry 4).14

Noteworthy, 4d can also be synthesized using trimethylsilyl cya-
nide as starting material (Table 2, entry 8).15 More functionalized
isocyanides can also be employed, as 2-morpholinoethyl isocya-
nide affords compound 4e in 68% yield (Table 2, entry 5). Finally,
benzyl and 4-methoxyphenyl isocyanides proved to be good part-
ners for the reaction, as compounds 4f and 4g were obtained in
71% and 62% yield, respectively (Table 2, entries 6 and 7).



Table 3 (continued)
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Figure 1. ORTEP diagram derived from the single-crystal X-ray analysis of
compound 5a.
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Next, we tried to introduce a chlorine atom on the scaffold,
which could allow coupling reactions at a later stage. Hence, 6-
chloro-1,2,4,5-tetrazin-3-amine 7 was employed as starting mate-
rial.16 The same behavior as pyrazolo derivative 6 was generally
observed with the different isocyanides (Table 3, Scheme 4). How-
ever, this amine did not lead to degradation with 2-pentyl isocya-
nide and compound 5c was isolated in 53% yield (Table 3, entry 3).
Decomposition was nevertheless noticed with 2-morpholinoethyl,
p-methoxyphenyl isocyanides and trimethylsilyl cyanide (Table 3,
entries 5, 7, and 8), as only traces of the desired compounds were
obtained.18

The structure of 5a was confirmed using X-ray diffraction. (
Fig. 1).17 Two independent molecules were found in the cell unit.
They only differ from the torsion angle between the cyclohexyl
ring and the hetero-polycyclic moiety, that is, molecule I: C(12)–
N(11)–C(20)–C(21) = �52.6(4)�, molecule II: C(62)–N(61)–C(70)–
C(71) = �52.6(4)�. The polycyclic skeleton adopts an almost planar
conformation, with, for example, dihedral angles C(12)–N(11)–
C(8)–N(6) = �171.8(3)�, C(14)–C(9)–N(10)–C(5) = �177.5(3)�. The
bond lengths C(8)–N(11), C(8)–C(9) and C(8)–N(6) and the dihedral
angle N(6)–C(8)–N(11)–C(20) = 13.4(5)�, illustrate the sp2 charac-
ter of C(8) and N(11), respectively.

In this Letter, we have shown that the modified Ugi multicom-
ponent reaction can be generalized to the use of amino[1,2,4,
5]tetrazines. The desired [1,2,4,5]tetrazino [60,10:2,3]imidazo[4,5-
c]isoquinolin-5-ones were generally isolated in good to excellent
yield. Studies on the functionalization of the 3-chloro-imi-
dazo[1,2-b][1,2,4,5]tetrazine derivatives are currently in progress
and results will be published in due course.
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