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Heterocycle-equipped acetylenes are of considerable practical 
interest in synthetic organic chemistry.1–5 To date, an important 
classical approach to such compounds is the Sonogashira cross-
coupling of halogenated heterocycles.6 So far, only a few alternative 
syntheses of such compounds have been developed,7–9 in particular, 
an atom economic nucleophilic substitution of hydrogen.10 For this 
purpose, lithium or potassium acetylides were used as nucleo
philes. In addition, some aromatic systems are suitable for catalytic 
direct C–H functionalization with acetylene moieties.11 

In our studies, we were aiming at non-catalyzed direct SNH 
functionalization of a library of p-deficient 3-(2-pyridyl)-1,2,4-
triazines since such a methodology should be truly appropriate 
for these heterocycles (cf. ref. 12). We anticipated that the com
pounds thus obtained on subjection to aza-Diels–Alder reaction13 
can be transformed into complex and useful as new perspective 
ligands 2,2'-bipyridines (cf. ref. 14). Only a few syntheses of 
ethynyl-substituted 2,2'-bipyridines from 1,2,4-triazine 4-oxides 
are known so far,8 whereas reactions between 1,2,4-triazines and 
acetylenes are studied scarcely.15 Here, we report the results 

of  interaction between lithiated arylacetylenes and 5-aryl-3-
(2‑pyridyl)-1,2,4-triazines (Scheme 1). 

The starting 1,2,4-triazines were prepared as previously 
reported.16 Lithiation of arylacetylenes was performed in situ 
in  THF on treatment with BuLi at –78 °C. After addition of 
1,2,4-triazine derivatives 1 and usual workup we discovered 
surprisingly that the major products were neither expected sH-
adducts nor the aromatic arylethynyl-substituted 1,2,4-triazines, 
but 1,2,4-triazine styrene derivatives 2 (see Scheme 1),† with 
styrenes 2b–d having been the only products isolated in almost 
quantitative yields in most cases.

In the case of 1,2,4-triazine 1a and lithiated phenylacetylene, 
sH-adduct 3 was also detected in 3–4% yield along with the 
major product 2a (1H NMR data). For more reliability, the crude 
mixture 2a and 3 was treated with oxidant 2,3-dichloro-5,6‑di
cyano-1,4-benzoquinone (DDQ) in DCM at room temperature 
for 30 min, which gave compounds 2a and 4 separated by column 
chromatography.

In 2007, the Carroll’s group obtained 3-methyl-5-phenyl
ethynyl-1,2,4-triazine in 17% yield15 along with relative styrene 
derivative in 33% yield. However, they did not bring discussion 
on this event. 

The structure of products 2 and 4 was determined by 1H and 
13C NMR spectroscopy, mass spectrometry and elemental analysis.† 
Compounds 2 are characterized by two doublets of (E)-ethene-
1,2‑diyl moiety in the 1H NMR spectra with J of 15.5–16 Hz. 
Their 13C NMR spectra do not contain signals of sp-hybridized 
carbon atoms in the region of 90–100 ppm. As conversely, 13C 
NMR of compound 4 contains such signals at 86.5 and 100.8 ppm. 
s-Adduct 3 was detected in the mixture by characteristic signals 
of the hydrogen atom at the sp3-hybrid carbon in the 1H NMR 
spectrum at 5.89 ppm and NH proton signal at 10.45 ppm, which 
correlates with the previously published spectral data for similar 
adducts.17

We would propose a plausible mechanism of the process 
studies (Scheme 2). Since the reaction is carried out under strictly 
anhydrous conditions, we assume that partial aromatization 
of  the adduct A giving acetylene 4 occurs from elimination of 
lithium hydride molecule. Next, hydrogen transfer from adduct A 
onto acetylene 4 proceeds in the active complex B. This results 
in lithiated styrene C and the reformation of acetylene 4 which 
can participate in subsequent cycle of transformations. Ultimate 
quenching with methanol finalizes C ® 2 conversion.
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†	 For synthetic procedure and characteristics of compounds 2a–d and 4, 
see Online Supplementary Materials.
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According to literature, some other styryl-substituted hetero
cycles were prepared by the direct C–H functionalization of 
terminal acetylenes. These procedures are mostly catalytic, for 
example, CuI-catalyzed reaction of substituted pyridines with 
arylacetylenes in the presence of substituted chloroformate and 
the excess of base,18 SnCl4–Bu3N-catalyzed reaction of hydroxy
quinolines, hydroxypyridines and N-Tf-hydroxyindoles with 
unsubstituted acetylene in the presence of acetic anhydride,19 
zirconia-catalyzed reaction of dimethylpyrazines with alkynes,20 
and the reaction of substituted pyridines with acetylenes in 
the presence of ruthenium derivatives.21 Very few examples are 
available for the non-catalytic synthesis of heterocyclic analogues 
of stilbene, namely, reaction of methyl propiolate with 3-amino-
4H-thieno[3,4-c](2H)chromen-4-one22,23 or 2-phenyl-4-(pyrro
lidin-1-yl)thiophene,24 and reaction of 2-phenyl-1,3-benzodiazine 
with arylalkynes in the presence of bases25 (in this case the 
authors propose an experimentally-confirmed radical reaction 
mechanism).

In conclusion, we have found an efficient access to aza-
analogues of 2,2'-bipyridines, namely 6-aryl-3-(2-pyridyl)-
5‑styryl-1,2,4-triazines, which seem promising as new ligands. 
A significant difference in reactivity between 1,2,4-triazines and 
1,2,4-triazine 4-oxides in reactions of nucleophilic substitution 
of hydrogen with lithiated arylacetylenes was disclosed since 
4-oxides are converted to arylethynylated 1,2,4-triazines as 
products of deoxygenation aromatization.8,9 A plausible reaction 
mechanism of this transformation is proposed, and the scope 
limitations of this reaction are under study now. 
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