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The microreview covers three, most powerful, strategies of the synthesis of phosphinine (systematically called

_~ phosphabenzene) starting from pyrylium salts, five-membered heterocycles, and reagents with C=P bond.

Introduction and brief comparison to pyridine

While pyridine constitutes a well-known heterocyclic
compound for every chemistry student, its heavier analog,
phosphinine (phosphabenzene, phosphorine), is often
omitted during lectures and might remain a somehow
mysterious molecule. Facing this myth we decided to
provide a microreview to shed light on the methods of
synthesis of this interesting compound.

For the first time, the unsubstituted phosphinine (along
with arsenine) was synthesized by Ashe' in 1971 by treating
1,1-dibutyl-1,4-dihydrostannabenzene with phosphorus tri-
bromide. However, five years earlier, the 2,4,6-triphenylphos-
phinine was obtained by Mirkl.> The procedure involved
treatment of pyrylium salt with tris(hydroxymethyl)phosphine.

Recently, a novel protocol of synthesis of the parent
heterocycle via intermolecular cyclization of phosphonium
salts followed by reduction of the pentacoordinated
phosphinine has been published.’

Just like pyridine, phosphinine, having 6 m-electrons in a
molecule, is an aromatic compound. Depending on the aroma-
ticity index applied it can be shown that the aromaticity of
the phosphabenzene is 80-97% of that of benzene.”

In terms of reactivity phosphinine differs significantly from
both benzene and pyridine. Phosphinine is much weaker
base than pyridine (pK, of conjugated base equals to
—16.1). This is easily explained by the fact that the
phosphorus atom in phosphinine has about 64% of
3s-orbital character — much higher than 29% for nitrogen in
pyridine.’
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There are only few works devoted to direct transformations
of the parent heterocycle. A good example is a coupling of
2-bromophosphinines with organotin or organozinc com-
pounds.® The reaction is analogous to the reactions of
2-bromopyridines.” The electrophilic ~substitutions on
carbon atoms remain difficult since in typical cases the
electrophilic attack occurs at the phosphorus atom.® Also
nucleophilic attack is more preferred at the phosphorus
atom, especially in the case of metal complexes.

Due to the difficulty in functionalization of the phospha-
benzene ring the typical approach to obtain particular
derivatives is a synthesis of a ring with the required
substituent already present. Recently, the comparison of the
reactivity of pyridine and phosphinine has been provided in
several reviews.
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Starting from pyrylium salts

Since the initial discovery and further improvement'® the  atropoisomeric chirality'? should be mentioned. Similarly,
Mirkl phosphinine synthesis (see previous section) has  chiral bidentate’® and polydentate' ligands, as well as

been extensively used. As notable examples, chiral deriva-  bisphosphinines with tethered aromatic system'’ have
tives containing asymmetric carbon atom'' or possessing  recently been prepared.
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Starting from five-membered heterocycles
A commonly used strategy to build the phosphabenzene
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successfully synthesized by (4+3) cycloaddition of furans
and methylenechlorophosphane tungsten complex. The
synthetic path goes via bicyclic intermediate, which upon
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yields the phosphinine.”
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Starting from reagents with C=P bond

Beside the aforementioned reactions with stannoles,
phosphaalkynes can lead to substituted phosphinines when
reacted with much more accessible 2-pyrones. The reaction
goes via (4+2) cycloaddition leading to the bicyclic
lactone, which after elimination of carbon(IV) oxide yields
2,6-disubstituted phosphinines.?!

Similarly, unsubstituted 2-pyrone treated with sodium
phosphaethynolate forms a sodium salt of 2-phospha-
phenol, which is surprisingly stable, even in water solution.
The salt can be further O-functionalized like regular phenol.”

Sodium phosphaethynolate can also lead to 4-phospha-
phenolanes when reacted with two molecules of
ethynylcarboxylate. The reaction goes via two subsequent
(2+2) cycloadditions with formation of four-membered
antiaromatic intermediate.

Recently, in two subsequent works™ the Nishibayashi
group presented the usage of diynes as substrates for
the synthesis of bicyclic phosphinine systems in a
(2+2+42) cycloaddition. As a source of the phosphorus the
appropriate phosphaalkynes or silylated phosphaethynolate
were used.
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