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Trisodium heptaphosphide Na3 P7 (1) reacts with alkyl tosylates with formation
of sodium dialkylheptaphosphides (2) or trialkylheptaphosphines (3) depending on
the stoichiometry. Sodium 1,2-diphosphacyclopentadienide is formed in the reaction
of cyclopropenyl complexes of nickel with sodium polyphosphides.

Keywords Alkyl tosylate; sodium 1,2-diphosphacyclopentadienide; sodium pentaphos-
phacyclopentadienide; trisodium heptaphosphide

INTRODUCTION

Homopolyatomic anionic clusters of phosphorus (polyphosphide anions)
have stimulated the interest of scientists as possible intermediates in
the transformation of elemental phosphorus into organophosphorus
compounds,1,2 and some alkali metal polyphosphides have been used
as semiconductor systems.3

The numerous cagelike polyphosphide anions include P3−
7 , which has

a nortricyclane structure4 and is the only polyphosphide anion which
exhibits valence tautomerism—a Cope rearrangement—in solution.5

This is responsible for the greater stability of P3−
7 in comparison with

other polyphosphides. Furthermore, the P7 unit is a building block of
numerous polyphosphides.6,7,8

The focus of our research is the investigation of the chemical prop-
erties of the P3−

7 anion in reactions with organic and organometallic
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compounds, and comparison of the chemical properties of two different
types of polyphosphides: aromatic (NaP5) and cagelike [Na3P7 (1)].

The chemical properties of the P3−
7 anion are not well studied, and

only two methods for preparation of organic derivatives thereof are
known. First, the reaction of the P3−

7 anion with an excess of tetraalky-
lammonium salts leads to the formation of disubstituted heptaphos-
phides NaP7R2 (2).9 Second, the reaction of 1 with various alkyl halides
yields a mixture of di- and trisubstituted symmetrical and asymmetri-
cal isomers of organylheptaphosphines.10 Therefore, it was of interest to
elaborate a method for the selective synthesis of di- and trisubstituted
heptaphosphines as potential polydentate ligands. One possibility is
the well-known reaction between alkali metal phosphides and alkyl or
aryl tosylates,11 which can be realized under mild conditions and gives
good yields of the products.

We found that the reaction of 1 with two equivalents of alkyl to-
sylates results in the formation of the asymmetric isomer of sodium
dialkylheptaphosphides (2) (Scheme 1).

SCHEME 1

However, when 1 was treated with three equivalents of alkyl tosylate
a mixture of symmetric and asymmetric isomers of trialkylheptaphos-
phines (3) was formed.12

Thus, the reactivity of the cagelike sodium polyphosphides toward
alkyl halides or alkyl tosylates is clearly different from that of the aro-
matic P–

5 anion in NaP5: NaP5 reacts with alkyl halides to form a mix-
ture of different alkylpolyphosphines with destruction of the P5 ring.13

However, the reaction of Na3P7 (1) with alkyl halides or alkyl tosylates
leads to the formation of dialkylheptaphosphides (2) or trialkylhep-
taphosphines (3) with a nortricyclane phosphorus cage.

The chemical behavior of alkali metal polyphosphides toward tran-
sition metal complexes is another example of the differences between
aromatic and cagelike polyphosphides. Thus, NaP5 reacts with numer-
ous transition metal compounds to give sandwich complexes with an
intact P5 ring13,14,15or a tetraphosphabutadienide fragment.16 On the
other hand, Na3P7 reacts with transition metal complexes to form com-
plexes either with an intact P7 nortricyclane-like structure17 or with
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transformation of the nortricyclane structure into a norbornadiene-like
structure.18,19

We have found that both NaP20
5 and Na3P21

7 react with nickel cy-
clopropenyl complexes 5 to give sodium 3,4,5-triphenyl-1,2-diphospha-
cyclopentadienide (6) independent of the kind of nickel cyclopropenyl
complex employed (i.e., bimetallic (7) or sandwich (8) complexes)
(Scheme 2).

Therefore, we assume that the first stage of the formation of sodium
1,2-diphosphacyclopentadienide (6) in the reaction of sodium polyphos-
phides with cyclopropenyl complexes of nickel is nucleophilic attack of
the polyphosphide anion on a carbon atom of the aromatic cyclopropenyl
ring, which has a positive charge according to Hückel’s rules.

SCHEME 2

In summary, we have observed that, depending on the stoichiom-
etry of the starting materials, the reaction between the heptaphos-
phide trianion and alkyl tosylates leads either to the asymmetric di-
alkylheptaphosphides (2) or to a mixture of symmetric and asymmet-
ric isomers of trialkylheptaphosphines (3). Both types of polyphos-
phides, i.e., aromatic NaP5 and cagelike Na3P7, react with cyclo-
propenyl complexes of nickel with formation of sodium 3,4,5-triphenyl-
1,2-diphosphacyclopentadienide (6).
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