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The heterocyclization of 1,2-diamino-4H-phenylimidazole
with a-acylacrylonitriles affords cleanly 7-amino-2-R-5-
phenylimidazo[1,5-b]pyridazine-3-carbonitriles. The strating
a-acylacrylonitriles can be generated in situ from 3-oxo-
3-(het)arylpropanenitriles and triethylorthoformate or
dimethylformamide dimethyl acetal, and the products can
be prepared in one pot.
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The imidazole system and its benzo-, azolo-, and azino-annealed
derivatives are parts of a large number of bioactive compounds,'
including naturally occurring ones.' Synthetic organic and medicinal
chemistry have recently been focusing on 1,2-diaminoimidazoles
not substituted at the position 4. The molecule represents a
chemotype of polynucleophilic N-heterocycles with high synthetic
potential due to the presence of two amino functions, an active
endocyclic nitrogen atom, and the highly reactive centre C5. The
most common area which is utilized in the chemistry of
diaminoimidazoles is the preparation of imidazo[1,5-b]pyridazine
systems, which are widely used for the production of medicinal
products>'¢ and as ligand-forming agents.!” However, the key issue
in the preparation of imidazopyridazines and diaminoimidazoles is
the regioselectivity of the used reactions.'3-2*

The paper considers the specifics of the reaction of
1,2-diamino-4-phenylimidazole in two-component and three-
component heterocyclizations with 3-oxo-3-R-propanenitriles,
including regioselectivity of the investigated reactions. Following
the analysis of works,'32* MeOH, Pr'OH, DMF, AcOH, and
their mixtures were tested in the search for initial conditions
of the reaction. We found that the reaction between
1,2-diaminoimidazole 1 and o-dimethylaminomethylidene
-oxo nitriles 2a-g, as well as their ethoxymethylidene
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2'a—g W = OEt b R=2-MeOC¢H, f R = thiophen-2-yl

¢ R=4-MeOC¢H; g R=Me

d R= 4-C1C6H4

Scheme 1 Reagents and conditions: i, PPOH-DMF (3:1), AcOH (cat.),
2 h boiling.
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analogues, proceeds most smoothly in a 3:1 PriOH/DMF
mixture containing 1-2 drops of AcOH (Scheme 1). The
maximum yield when using 2a—f was obtained after 2 h of
boiling. In case of 2-dimethylaminomethylidene-3-
oxobutanolnitrile 2g in which the (het)aryl fragment is replaced
by a methyl group, the reaction proceeded significantly faster
(40 min).

It should be noted that moving from dimethylamino
derivatives 2a—g to their ethoxymethylidene analogues (for
example, 2'a, 2'c, 2'g) provided the same products with
comparable yields. The structure of the isolated compounds was
proved using X-ray structural analysis for compound 3a," and it
was established that the very 7-amino-2-(het)aryl- and 7-amino-
2-methyl-5-phenylimiazo[1,5-b]pyridazine-3-carbonitriles 3a—f
and 3g, respectively, were formed in the course of the studied
cascade reaction (Figure 1) rather than other possible isomers
(for more discussion, see Online Supplementary Materials).

T Crystal data for 3a. C;oH3N5 (M = 311.34), triclinic, space group P1,
at 296 K: a=4.9675(3), b=11.6255(6) and c=14.6955(8) A,
a =92.858(3)°, B = 95.807(3)°, y = 99.509(3)°, V = 830.79(8) A3, Z=2,
doye = 1.245 g cm™, u(MoKa) = 0.78 cm™!, F(000) = 324. Intensities of
25584 reflections were measured with a Bruker D8 Quest CCD
diffractometer [A(MoKa) =0.71073 A, o-scans, 26 < 56°], and 4016
independent reflections (R;, =0.1585) were used in the further
refinement. Using Olex2,%® the structure was solved with the ShelXT2¢
structure solution program using Intrinsic Phasing and refined with the
XL?7 refinement package using Least Squares minimization. Hydrogen
atoms of NH, group were located from difference Fourier synthesis,
positions of others were calculated, and they all were refined in the
isotropic approximation using the riding model. The refinement
converged to wR, =0.1630 and GOF = 0.957 for all the independent
reflections [R; =0.0561 was calculated against F for 2037 observed
reflections with I > 20(1)].

CCDC 2087764 contains the supplementary crystallographic data for
this paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via http://www.ccdc.cam.ac.uk.
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Figure 1 General view of compound 3a in representation of atoms via
thermal ellipsoids (p =30%). Hydrogen atoms except those of the NH,
group as well as minor components of the disordered phenyl groups are not
shown.
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Based on the obtained results, we have proposed the following
mechanism for this transformation (Scheme 2). We assume that the
process mostly occurs under thermodynamic control and results in
the formation of a more stable (due to steric hindrance) regioisomer
3. This was confirmed by the fact that replacement of the aryl group
by less bulky methyl one (R = Me, reactants 2g and 2'g) significantly
decreased the reaction time. At the first stage, intermediate A being
the product of the classical Michael reaction, cleaves off the
dimethylamine molecule and transforms into intermediate B. At the
last stage, an acid-catalyzed nucleophilic attack of the N' amino
group on the carbonyl group occurs followed by the dehydration
and formation of the final product 3a (see Scheme 2, for more
discussion, see Online Supplementary Materials).

Imidazopyridazines 3a—g can also be obtained by three-
component reactions between 3-oxo-3-R-propanenitriles 4a—g

r O
Me,NCH(OMe), 2N
i, ii R
0 N NMCZ
RM T 2a-g -
da— e
v CH(OEf); N

Scheme 3 Reagents and conditions: i, 4, Me,NCH(OMe),, DMF, room
temperature, 6 h (2a—g are formed); ii, 1, Pr'OH, AcOH (cat.), 2 h; iii, 1+4,
CH(OEt);, Pr'OH-DMF (3: 1), AcOH (cat.), 2 h boiling.

and triethyl orthoformate or dimethylformamide dimethylacetal
(Scheme 3). The conditions of the process are absolutely
identical to the two-component processes. It should be noted that
the yields of products of multicomponent reactions differ slightly
from those of two-component reactions. Considering the
obtained results, we can assume that multicomponent reactions
include the stage of the formation of enamine(ethoxy)-
methylidene derivative 2, whose reaction with diaminoimidazole
results in the formation of adduct B (see also Scheme 2). The
intramolecular condensation of the latter results in the formation
of the final products — imidazo[1,5-b]pyridazine 3a—g.

To sum up, the two-component and three-component reactions
of 1,2-diamino-4-phenylimidazole with -oxo nitriles proceed
regioselectively when boiled in a mixture of isopropyl alcohol
and DMF in the presence of catalytic amounts of acetic acid for
60-120 min to produce 7-amino-2-R-5-phenylimidazo[1,5-b]-
pyridazine-3-carbonitriles.

The study received financial support from the Ministry of
Science and Higher Education of the Russian Federation within
the framework of State Contract with universities regarding
scientific research in 2020-2022 (grant no. FZGU-2020-0044).
X-ray diffraction data were collected with the financial support
from the Ministry of Science and Higher Education of the
Russian Federation using the equipment of Center for molecular
composition studies of INEOS RAS.

Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.1016/j.mencom.2021.11.017.
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