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One of the most important develop-
ments in the field of phosphorus chemis-
try since the 1970s has been the study of
compounds of trivalent phosphorus that
contain pp–pp bonds. Derivatives with
double and triple bonds involving phos-
phorus have enriched the fields of
organic, inorganic, and organometallic
chemistry enormously.[1] The diagonal
relationship of the elements carbon and
phosphorus, as well as the isolobal
concept have provided a rationale for
understanding new structures and reac-
tion patterns. These concepts have also
been extremely useful in the design of
new compounds. Electrocyclic reactions
(for example, Diels–Alder additions) of
molecules with double bonds, such as
alkenes (A), phosphaalkenes (B), and

diphosphenes (C), are important for
the selective construction of acyclic,
cyclic, and polycyclic molecules.[2] The
related series of molecules with triple
bonds comprises alkynes (D), phos-
phaalkynes (E), and the diphosphorus
molecule (F).

Nearly a century after the first
preparation of ethyne, HC�CH, by

W-hler (in 1862), Gier reported the
synthesis of the unstable methylidyne-
phosphane molecule, HC�P, from PH3

in the electric arc between two graphite
electrodes (in 1961).[3] The synthesis of
the first kinetically stable (at room
temperature) phosphaalkyne, tBuC�P,
by Becker et al.[4] was a milestone and
served as impetus for the explosive
development of the organic and organ-
ometallic chemistry of such triple-bond
systems.[5] The door to a plethora of
novel ring and cage compounds, such as
tetraphosphacubanes,[6] 1,3,5-triphos-
phabenzenes,[7] and oligophosphacyclo-
pentadienyl complexes,[8] was suddenly
wide open. Remarkable recent results in
this area are the synthesis of the borate
anion [(CF3)3BC�P]� , which features a
phosphaethynide unit,[9] and of the com-
plex [(Ph2PCH2CH2PPh2)2Ru(H)(C�
P)], which features a terminal phos-
phaethynyl ligand.[10, 11]

N2 is the only known allotrope of
nitrogen. In contrast, the P4 tetrahedron
is the only species present in phosphorus
melts and in the gas phase of phospho-
rus at temperatures up to 1100 K. At
higher temperatures, the dissociation
equilibrium P4Q2P2 gains relevance.
Unlike the inert N2 molecule, the higher
congener P2 is extremely reactive, pre-
venting its use as a laboratory chemical
in synthesis. Analogously to phosphini-
dene (RP) chemistry,[12] compounds
that release P2 in the presence of
suitable reactants under mild condi-
tions are desirable. There is only one
known process in which a P2 unit is
transferred from white phosphorus to an
organic molecule, lithium(trimethylsi-
lyl)diazomethanide, under mild condi-
tions to afford a 1,2,3,4-diazadiphosp-
hole.[13]

Transition-metal complexes with P2

ligands have been well studied. In nearly
all cases, these complexes are produced
by the metal-assisted degradation of
white phosphorus, often under forcing
conditions. This synthesis method gen-
erally leads to mixtures of complexes
with different Px ligands (x� 12).[14] A P2

unit has never been transferred from
such a complex to an organic mole-
cule.[15]

The search for a P2-transfer reagent
came to an end when Cummins et al.
reported the synthesis of [(h2-
Mes*NPP)Nb(NNpAr)3] (4 ; Mes*=
2,4,6-tBu3C6H2, Np=CH2C(CH3)3,
Ar= 3,5-Me2C6H3).

[16] Reaction of the
niobaaziridine hydride 1 with white
phosphorus provided the m-h2 :h2-P2-di-
niobium complex 2 (Scheme 1). Com-
plex 2 was then reductively cleaved by
sodium amalgam in tetrahydrofuran
(THF) to afford salt 3, which features a
phosphidoniobium anion. Treatment of
3 with the chloroiminophosphane ClP=
NMes* reported by Niecke et al.[17] led
to complex 4 with a h2-P=P=NMes*
ligand, which can formally be regarded
as a diphosphorus-substituted organic
azide.

By analogy to the chemistry of
organic azides, which release nitrene
fragments (RN) with the elimination of
N2, it was anticipated that complex 4
might release a P2 unit with the transfer
of the resulting nitrene to the metal.
Accordingly, the thermolysis of 4 at
65 8C in neat 1,3-cyclohexadiene led to
the smooth and quantitative formation
of the imidoniobium complex 5 and the
tetracycle 6 (Scheme 2). The intermedi-
ates in this transformation could not be
detected spectroscopically. The reaction
follows first order kinetics with respect
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to 4 and may involve the isomer 4’, in
which an Nb�N interaction involving
the PPNMes* ligand occurs.

Phosphinidene species are known to
be markedly stabilized by coordination
to a [W(CO)5] fragment.[12] The transfer

of a P2 unit from 4 to two equivalents of
1,3-cyclohexadiene was facilitated by a
similar approach. The starting material
[3-W(CO)5]

� was treated with ClP=
NMes* to form [4-W(CO)5], which was
then treated with a slight excess of 1,3-
cyclohexadiene in diethyl ether at 25 8C
to give the adduct [6-W(CO)5]
(Scheme 3). The P2 unit is apparently
stabilized through complexation, which
prolongs the lifetime of the fragment
and makes the use of a large excess of
the diene unnecessary. The first-order
kinetics of the reaction indicates that the

extrusion of [(P2)W(CO)5] from [4-
W(CO)5] is the rate determining step.

Apart from raising fundamental
questions about the mechanism and
scope of this novel P2 chemistry in
solution, the realization of a clean P2

transfer to a 1,3-diene opens a promising
route to polycyclic diphosphanes, which
are of interest as ligands in homogenous
catalysis.
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