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Scheme  1  Reagents and conditions: i, EtOH, 20 °C, 10 h, then AcOH, 
118 °C, 5 min; ii, 1-morpholinocyclopentene, o-xylene, reflux, 3 h, then 
AcOH, 118 °C, 5 min; iii, 200 °C, neat, 3 h; iv, 200 °C, neat, 8 h.



Mendeleev Commun., 2022, 32, 449–451

–  450  –

6,7-dihydro-5H-cylcopenta[c]pyridine one really took place. 
However, the further unexpected substitution of the bromine 
atom in 2-pyridyl moiety by the amine residue occurred to finally 
afford 4-amino-2,2'-bipyridines 3a–e in yields up to 78% (see 
Scheme 1). The 1H NMR spectra showed a noticeable upfield 
shift of the signals for the 2-pyridyl residue and contained the 
signals for the corresponding NCH2 protons at 3.4–3.9 ppm. 

In addition, the structure of product 3c was ultimately 
confirmed by XRD analysis (Figure 1).† The compound is 
crystallized in the centrosymmetric space group. The bipyridine 
moiety of the compound is, in general, planar, and has an s-trans 
configuration of the N atoms. The bromophenyl substituent is 
turned toward plane of the bipyridine moiety, the morpholine 
cycle adopts a chair conformation with planar configuration of 
the N-atom. In addition, p–p-stacking between molecules of 3c 
was observed (see Online Supplementary Materials, Figure S1).

Further experiments demonstrated that the same reaction 
carried out in refluxing o-xylene at 143 °C afforded only the 
typical bromine-containing products 2a,b in yields up to 74% 
when no ipso-substitution of the bromine atom took place. 
Interestingly, the reaction of bromopyridines 2a,b with some 
aliphatic amines under solvent-free conditions at 200 °C resulted 
in the ipso-substitution products 3f,g (see Scheme 1). 

It should be noted that in the case of 3-(5-bromopyridin-2-yl)-
1,2,4-triazines 4 containing bromine atom in different position of 
2-pyridyl moiety, as previously reported,15 the neat reaction 
afforded only bromopyridines 5 (Scheme 2). Analysis of the 
literature has shown that ipso-substitution of a bromine atom 
with aliphatic amine residues is more typical for the C4 position 
of the pyridine ring than for C3 one. However, in most cases the 
reactions are realized in the presence of a catalyst.16 Only few 
examples of displacement of the bromine atom at C4 position of 
the pyridine cycle in the absence of a catalyst were reported,17 
for example, under high pressure18 or on heating.19,20 In the 

pyridine moiety the presence of acceptor groups (ester21 or 
nitro22) next to bromine atom at position of C4 or C3 increases 
its  susceptibility to the nucleophilic attack. In contrast to 
4-bromopyridines, 3-bromopyridines possess lower reactivity, 
therefore, the ipso-substitution of bromine atom in compounds 
of type 4 did not proceed even at elevated temperatures (see 
Scheme 2).

It should be noted that 2,2'-bipyridines with amine moiety at 
C4 position are of interest due to their biological activity, in 
particular, fungicidal,23 antiviral24 activity, enzymes inhibition,25 
as well as anticancer activity of their ruthenium(ii) complexes.26 
Photophysical properties of iridium27 and ruthenium28 complexes 
of similar 2,2'-bipyridine ligands were also reported.

In summary, we have developed a convenient one-pot 
synthesis of cyclopentane-fused 5'-aryl-4-cycloalkylamino-2,2'-
bipyridines by means of the reaction between 3-(4-bromopyridin-
2-yl)-1,2,4-triazines and a number of enamines in neat at 200 °C. 
The transformation proceeds in two steps, such as aza-Diels–
Alder reaction and ipso-substitution of bromine atom by the 
amine residue. For compounds 3f,g these two steps can be 
carried out separately. Prospects of further work in this direction 
are associated with exploring the possibilities of obtaining 
2,2'-bipyridines with various amines residues, as well as the 
study of their applied properties, first of all photophysical ones.
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