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5-Alkynyl-6-aryl-2,2'-bipyridines wer e conveniently prepared
in two steps comprising oxidative S{ ethynylation of
5-aryl-3-(2-pyridyl)-1,2,4-triazines at position 6. At the
second step, the 1,2,4-triazine moiety was transformed into
the pyridine one employing aza-Diels-Alder reaction with
2,5-norbornadiene.
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5-Arylethynyl-2,2'-bipyridines and their fused analogues are of
interest for their photophysical properties,! including those of
their metal complexes,? biological activities [e.g., methyl
4-(2,2'-bipyridin-5-ylethynyl)benzoate demonstrates binding
affinity against human Melanocortin 4 receptor expressed in
COS-7 cells?], and liquid crystal properties.* It should also be
noted that the acetylene moiety is of interest from the viewpoint
of further functionalization, in particular, by ‘click’ reactions.
The main synthetic approach to such compounds is the
Sonogashira cross-coupling reaction in a series of 5-bromo-
bipyridines (see, e.g., refs. 6,7). However, there is a few known
examples of the introduction of acetylene fragments into

acetylenes, 2,2'-bipyridines, aza-Diels—Alder reaction.

different (hetero)aromatic systems through catalytic or non-
catalytic C-H functionalization.® In particular, such syntheses in
a 1,2,4-triazine 4-oxide series®10 via nucleophilic substitution
of hydrogen'! have been described. Unactivated forms of
1,2,4-triazines can also react with acetylides, however in this
case, styryl-substituted triazines are formed as main products.!?

On the other hand, 3-(2-pyridyl)-1,2,4-triazines are good
synthetic precursors for the preparation of 2,2'-bipyridines.t?
Since the employment of S{ reactions in high electron-deficient
1,2,4-triazines provides the possibility of their various
modification, the consequent synthesis of bipyridines with the
same, sometimes unique, set of substituents becomes possible.1*

Previous work (ref. 16)

Ph Ph H
| N“N " | N
AN PhC=CLi °N |
R —— N
eO Z 7 | P MeO F
MeO
la 2 (30%) 3 (20%)
This work
N\\
| N
z N RZC CLi
N | >
Rl F /KLJ N, —C5H6
1
la,b da—e R 5a-e
a R=0OMe 4a (80%), 5a (80%) R!=OMe, R? = Ph
b R'=Me 4b (74%), 5b (78%) R = OMe, R? = 4-MeOCgH,

4c (65%), 5¢ (75%) R!=OMe, R? = SiMes
4d (75%), 5d (81%) R'=Me, R?=Ph
4e (72%), 5e (85%) R!'=Me, R?=4-MeOCgHy

Scheme 1 Reagentsand conditions: i, THF/toluene (1:9), —78 °C to room temperature, 18 h, then MeOH, room temperature; ii, THF/toluene (1:5), =78 °C,
10 min, then DDQ, room temperature, 18 h; iii, o-xylene, 150 °C (autoclave), 20 h.
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Herein, we report a PASE (pot atom and step economy)
approach to 5-alkynyl-6-aryl-2,2'-bipyridines by nucleophilic
substitution of hydrogen with the subsequent aza-Diels—Alder
reaction.

Available!® 5-aryl-3-(2-pyridyl)-1,2,4-triazines 1 were used
as starting compounds (Scheme 1). Previously,'® we described
the reaction of 6-unsubstituted 1,2,4-triazines with lithium
phenylacetylide when the main product was 6-styryl-substituted
1,2,4-triazine 2 and the expected c"-adduct 3 was the minor one.
Obviously, this method is not very suitable for the preparation of
the desired compounds in our case. However, we have herein
found that the process can be directed solely to 6-alkynyl-1,2,4-
triazines 4 by application of oxidant (DDQ) after 10 min of the
reaction start thus providing formation of the desired compounds
4 in up to 80% vyields. At the next step, the triazine cycle was
transformed into pyridine one by the autoclave reaction with
2,5-norbornadiene, which afforded desired 5-alkynylbipyridines
5in up to 85% vyields (see Scheme 1). It should be emphasized
that our protocol is catalyst-free, which seems to be a good
alternative to the Sonogashira cross-coupling.

The structure of new compounds was confirmed by H,
13C NMR spectroscopy, mass spectrometry, and elemental
analysis (see Online Supplementary Materials for details). In
particular, 'H NMR spectra of alkynyltriazines 4 are characterized
by the disappearance of the 6-positioned singlet for the proton
present in the preceding reactants 1, and by the appearance of
signals for substituents at ethynyl moieties. As a result of the
conversion of triazines 4 to pyridines 5, the presence of two
doublets of the new pyridine ring can be observed. As for
compounds 5, the sp-hybridized carbon signals are detected in
13C NMR spectra. The spectral data of compound 4a correspond
to the previously described ones.16

In summary, we have developed a PASE approach to
5-alkynyl-6-aryl-2,2'-bipyridines based on readily available
5-aryl-3-(2-pyridyl)-1,2,4-triazines through the consequent S{
and aza-Diels—Alder reactions. In other words, we have
developed the new version of the nucleophilic substitution of
hydrogen by avoiding the formation of 6-styryl-substituted
triazines. It should also be noted that the S reaction is realized
in the series of unactivated 1,2,4-triazines rather than their oxides
as previously described. The present synthetic protocol is an
interesting alternative to the Sonogashira cross-coupling in
aspect of obtaining B-ethynylpyridines.

This work was supported by the Russian Science Foundation
(grant no. 19-73-10144).

Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.1016/j.mencom.2020.09.019.
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