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Abstract: A carbene 5 derived from N-fluoropyridinium cation is the suggested intermediate in the novel synthesis
of pyridotriazines 3.

N-Fluoropyridinium salts,! such as 1 and 2, have emerged recently as an important new class of
reagents for synthesis of substituted pyridines2 by the reactions with nucleophiles. In these transformations the
addition of some nucleophiles with N-fluoropyridinium cation is well documented,2-3 and evidence has been
growing that an SET pathway is involved in the reactions with nucleophilic species capable of an electron
transfer.4 The intermediary of ylid/carbene 5 has been suggested in several cases,? but this proposal remains
controversial.6

In this paper we present novel chemistry of N-fluoropyridinium salts 1,2 that leads to 2-substituted
pyrido[1,2-a]-1,3,5-triazin-4-ones 3, a previously unknown class of compounds. This is the first application of
N-fluoropyridinium salts in the synthesis of a fused heterocyclic system. We also propose a mechanism which
is fully consistent with the involvement of carbene 5" as the major reaction intermediate.

The salts 1 and 2 are conveniently crystallized from hot acetonitrile without any appreciable
decomposition. Interestingly, the treatment of 1,2 in acetonitrile with 1 equiv. of a weak base, such as
tricthylamine or cyanide ion, at -10 °C for 48 h and followed by standard workup gave N-(2-pyridyl)-
acetamided:7 (4a) in a 50-70% yield. The yicld of 4a was only 30% with cyanate ion used as a base under
otherwise identical conditions, and a new fluorescent polar product was observed by TLC. This product could
not be obtained in an analytically pure form and was not characterized. Similar reactions,8 however,
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conducted in butyronitrile, pivalonitrile, or benzonitrile furnished products that were easily purified and the
structure of which was shown as 3b-d. Compounds® 3b-d (30-41%) were accompanied by the corresponding
amides!0 4b-d (12-30%). TLC and GC-MS analyses of crude mixtures revealed that compounds 3 and 4 were
the major low molecular weight products. The GC-MS analysis of a crude mixture from the reaction conducted
in pivalonitrile also gave a minor compound with an apparent molecular mass of 180 the fragmentation pattern of
which was fully consistent with that expected for fluoro imine 9 (R = +Bu). 2-Aminopyridine was also a minor
product for these reactions conducted at -10 °C. On the other hand, all crude mixtures contained a significant
amount of 2-aminopyridine and yields of 3 and 4 decreased sharply when the reactions were conducted at 23
°C. It was shown that amides 4 are stable during workup and purification and, therefore, the amides are not
precursors to 2-aminopyridine found in crude mixtures, The ratios of 3 to 4 were not significantly affected by
changes in temperature. These results strongly suggest that 3 and 4 are formed in related reaction pathways
which are favored by the use of a low temperature. It can also be suggested that a precursor to 2-aminopyridine
is formed in a competitive reaction pathway which becomes important at higher temperatures. We believe that
this pathway involves nucleophilic addition of cyanate anion with N-fluoropyridinium cation to form an
isocyanate derivative.
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The addition reaction is suppressed at -10 °C, and the cyanate ion acts primarily as a base. It can
regioselectively deprotonate N-fluoropyridinium cation at position 2 with the formation of an intermediate
product S, for which two contributing structures, an ylid 5' and a carbene 5%, can be suggested. Our AMPAC
calculations!! on 5 and independent theoretical studies on related intermediate products!? are in favor of the
electrophilic carbene 5" as the major contributor to the electronic structure of 5.

The carbene can react with carbonitrile to give a nitrilium ylid 6. An intramolecular shift of fluoride in 6
can be expected to give a fluoro imine 9, the apparent product, as already mentioned. The cyanate ion may
undergo an addition reaction with 9 to give an isocyanate adduct 8. Elimination of fluoride from 8 and then
intramolecular cyclization of the resultant isocyanato imine 7 would give pyridotriazine 3, the observed product.
The isocyanato imine 7 could also be hydrolyzed to amide 4, the second major product.

In summary, it is highly likely that carbene 5" is an intermediate product in the discussed synthesis of
pyridotriazinones 3. With a preliminary understanding of the mechanistic pathway our research efforts are now
directed toward optimization of the synthesis of 3 and a possible extension of this novel chemistry to the
preparation of related derivatives. Our continuing studies have been strongly encouraged by a recent report that
compounds structurally similar to 3b-d display potent 5-HT> antagonist activity.13
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Purification by silica gel chromatography, hexanes/ether (1:1).

A mixture of 1 or 2 (2 mmol) and oven-dried KOCN (0.81 g, 10 mmol) was stirred at -10 °C under a

nitrogen atmosphere and treated dropwise with anhydrous butyronitrile or benzonitrile (5 mL). Pivalonitrile

(5 mL) was diluted with hexanes (1 mL) before the addition in order to avoid solidification. The

heterogencous mixture was stirred at -10 °C for 24-48 h until a KJ/starch test (ref. 3a) showed the absence

of 1,2, and then treated with water-saturated CH2Clz (50 mL). Filtration and then concentration of a

solution were followed by chromatography: 4b-d (footnote 7), 3b-d (Et2O/CH,Cly, 2:1).
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