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a b s t r a c t

The imidazolin-1-yl azine moiety, constructed using a recently developed Buchwald–Hartwig-type ary-
lation methodology, displays excellent chemical stability under subsequent microwave-assisted Pd-cat-
alyzed amination with a range of N-nucleophiles. This finding extends the usage of imidazolin-1-yl azines
for bioactive compound library design. The latter is exemplified herein by the discovery of micromolar
kinase inhibitors.

� 2015 Elsevier Ltd. All rights reserved.

Recently, we developed a Pd-catalyzed protocol to efficiently
arylate 2-imidazolines with various haloazines and electron-
deficient haloaromatics.1 Since then, we have developed a new ser-
ies of orally available, efficacious anti-inflammatory inhibitors of
cyclooxygenase-2 utilizing said protocol.2 At the same time,
several examples of the chemical instability of the poorly studied
imidazolin-1-yl azine moiety have surfaced. Under Bechamp
reduction conditions (Fe, NH4Cl, EtOH/H2O, 70 �C, 16 h), N-(pyrid-
2-yl)imidazolines 1 underwent an unexpected hydrolytic ring-
opening, which found utility as an unusual entry into imi-
dazo[4,5-b]pyridines 2.3 Furthermore, attempts to perform direct
nucleophilic aromatic substitution of N-(haloazine)imidazolines
like 3 with morpholine either led, under thermal conditions, to
the formation of the ring-opened product 4 or triggered, in the
presence of NaH, aromatization to give imidazole 5 (Scheme 1).4

In our initial report on imidazoline N-arylation,1 we provided three
pilot examples indicating that compounds such as 3 could be sub-
strates for further Pd-catalyzed coupling reactions with either
another 2-imidazoline or a secondary amine. No damage to the
imidazoline core was observed which was significant, in light of
the known tendency of 2-imidazolines5 as well amidines in
general6,7 to undergo transamination with various amines.
Considering the importance of such a modification for the

generation of a library based on the imidazolin-1-yl azine core,
we sought to ascertain a broader scope for the Pd-catalyzed amina-
tion of imidazolin-1-yl azines, employing various azine linkers and
a range of N-nucleophiles. Unfortunately, the prolonged time
required for these reactions to go to completion under conven-
tional heating,1 hinders performing them in an array format.
Therefore, we also aimed to evaluate the amination of 2-imidazo-
line-containing chloroazines under microwave irradiation8 to
achieve shorter reaction times. This strategy was expected to have
some risk, considering reports that microwave irradiation can sig-
nificantly facilitate the transamination of amidines.9 Herein, we
report the results of these studies and solid evidence of the scaf-
folds being chemically compatible with microwave-assisted
Buchwald–Hartwig-type amination. In addition, we have investi-
gated this chemotype in the context of designing novel, therapeu-
tically relevant kinase inhibitors.

Using the robust protocol of Fujioka et al.,10 we prepared ten
2-imidazolines 6a–j and N-arylated them, on 300–500 mg scale,
with various dichloroazines, using the earlier published protocol
employing conventional heating.1 While the yields of 2-imidazoli-
nes from their respective aldehydes have already been noted as
being good to excellent,1,3 we were also pleased to find the yields
of the arylation step to be quite satisfying and chromatographic
purification of the respective imidazolin-1-yl azine products
7a–w to be rather straightforward (Scheme 2, Table 1). With the
twenty-three substrates 7a–w at hand, we proceeded to undertake
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a broader survey of Buchwald–Hartwig-type couplings with vari-
ous N-nucleophiles, in order to establish the chemical compatibil-
ity of the imidazolin-1-yl azine cores with this reaction (Scheme 3).
Gratifyingly, the reactions proceeded to completion on 3–5 mmol
scale in much shorter times (40–60 min) compared to
conventional heating, with no appreciable degradation of the 2-im-
idazoline core. This allowed us to obtain novel, diversely
substituted compounds 8a–w in good yields after simple chro-
matographic purification (Table 1).11 From their spectroscopic
data, it was evident the imidazolin-1-yl azine core remained intact
in all products 8a–w. Interestingly, attempted preparation of the
symmetrically substituted bis-imidazolinyl azines (8d, 8f, 8k) in
one step, via the use of 2 equiv of the respective 2-imidazolines
(6c, 6d, 6h) resulted in complex product mixtures, under conven-
tional heating or microwave irradiation alike. Therefore, stepwise
introduction of imidazoline moieties into the dihaloazine core
appears to be essential.

Mostly associated with the modulation of adrenergic and imi-
dazoline receptors,12,13 2-imidazoline-containing compounds
cover a large biological space and are a privileged14,15 class of

compounds.16 However, kinase inhibition has not been docu-
mented for compounds based on the 2-imidazoline scaffold. We
were puzzled by the lack of such reports in the literature, attribut-
ing this to the novelty of the imidazolin-1-yl azine chemotype.
Indeed, with the highly polar, nitrogen-rich molecular framework,
compounds 8a–w were likely to be good candidates for forming
hydrogen-bonding interactions with the hinge region of protein
kinases.17 In order to verify this hypothesis without undertaking
a massive library synthesis and a laborious screening exercise,
we diluted our pilot library 8a–w into a larger virtual library of
1235 diverse compounds of the same general structure and under-
took an in silico docking prioritization of these compounds against
a panel of human kinases, followed by Tanimoto similarity cluster-
ing of the virtual hits (this work will be subject to a separate dis-
closure).18 As the result of this effort, compounds 8i, 8j, 8m, 8q,
and 8r emerged as representatives of the highest-scoring clus-
ters.19 These compounds were screened against a panel of 48
human kinases provided by Cerep (France).20 The 240 data points
collected for the five compounds revealed that three of the five
compounds tested exhibited >30% inhibition of only a few
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Scheme 1. Illustrative cases of the chemical instability of imidazolin-1-yl azines.
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Scheme 2. Preparation of the starting materials 7a–w for the subsequent Buchwald–Hartwig coupling study.
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