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Summary: In an unprecedented reaction, the reduction
of 2,4,6-tri-tert-butyl-1,3,5-triphosphabenzene over a po-
tassium mirror in toluene resulted in the abstraction of
P3~ and generation of the 2,4,5-tri-tert-butyl-1,3-diphos-
phacyclopentadienide anion, P,C3Buts™ (3). The potas-
sium salt of this anion was characterized by an X-ray
crystallographic study.

There is considerable current interest in the synthesis
and ligating properties of compounds containing P—C
multiple bonds,1~# and very recently®® synthetic routes
have been developed for 2,4,6-tri-tert-butyl-1,3,5-triph-
osphabenzene (1) (Figure 1), whose structure and PE
spectrum have also been reported.”

We recently described the first structurally character-
ized n%-ligated complex of 1 in the triple-decker sand-
wich compound [Scy(%-P3C,But,), (15-PsCsButs)] (2),8
and Binger and co-workers have reported the complexes
ML (78-P3C3BuUt3)] (ML, = Mo(CO)3,W(CO)s, Mn(z®-
CsHs), Ru(COD)),° whose structures have been proposed
on the basis of NMR spectroscopic studies.

In attempting to extend the range of transition-metal
complexes of this novel triphosphabenzene ring system
via synthesis of the corresponding P3C3;Bu'; radical
anion, we reacted a THF solution of 1 with a potassium
mirror at —78 °C. The solution immediately turned
green and on warming to room temperature became red.

The 31P{IH} NMR spectrum of the red solution
showed that all the triphosphabenzene had been con-
sumed and unexpectedly exhibited the characteristic
singlet (6p 180 ppm) of the known 2,4,5-tri-tert-butyl-
1,3-diphosphacyclopentadienide anion, P,C3But;~,1 in-
dicating the unprecedented reaction shown in Figure
2.
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Figure 1. P3C3But3 (1) and [SCz(ﬂS-chzBUtg)z (176-P3C3-
Bu%)] (2).
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Figure 2. Formation of [KT(THF){P,C3Bu%~}] (3).

Concentration of the reaction mixture, filtration, and
addition of hexanes yielded [K(THF)][P.C3Buts] (3) as
an off-white powder (40% vyield).?! Evidence for the
formation of the phosphide anion P3~, among the other
products, came from observation of the 3'P{!H} reso-
nance of the P(SiMej3), anion (6p —296 ppm),** formed
by treatment of the solution mixture with Me3SiCl.

Confirmation of the formation of 3 came from a single-
crystal X-ray diffraction study of the air-sensitive white
crystals, which were grown from a saturated THF
solution at 4 °C, and the molecular structure is shown
in Figure 3.22 This is the first reported structural
characterization of any 1,3-diphosphacyclopentadienide
anion, although in unpublished work!?13 we have
determined the structures of both the corresponding
lithium and potassium salts of the 1,2,4-triphosphacy-
clopentadienide anion P3C,But; ™.

The structure of 3 consists of chains of alternating
K(THF) cations and P,C3Bu'; anions, the alkali metal
interacting in an 7°®-bonding mode with the rings.
Particularly noteworthy are the short P—C bond dis-
tances in the ring (average 1.753(5) A) and the C(2)—
C(3) distance (1.416(6) A), both indicative of significant
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Figure 3. Molecular structure of [(KT(THF)){P,C3;Bu';s} ]
(3). Selected distances (A) and angles (deg): K(1)—O(1) =
2.691(4), K(1)—M(1) = 3.063(4), K(1)—M(2) = 3.054(4),
P(1)—C(1) = 1.719(5), P(1)—C(2) = 1.775(5), P(2)—C(1) =
1.740(5), P(2)—C(3) = 1.777(5); M(2)—K(1)—M(1) = 154.6(2),
C(1)—P(1)—C(2) = 97.6(2), C(1)—P(2)—C(3) = 97.2(2), P(1)—
C(1)—P(2) = 115.2(3). Displacement elipsoids are shown
at the 50% probability level. Hydrogen atoms are omitted
for clarity. M(1) and M(2) are the ring centroids.
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Figure 4. PCsH,But; (4).

electron delocalization. Mathey et al.'* observed a
similar C—C distance in the tetraphenyltetraphos-
phafulvene dianion (a C,—C,' dimer of the 4,5-diphenyl-
1,3-diphosphacyclopentadienide anion). The P—C bond
distances are in excellent agreement with the calculated
value for P,C3Hs™~ (1.750 A), and the marginally longer
C(2)—C(2) distance ((C—C)caica = 1.387 A) may be due
to steric repusion of the But groups in 3.1°

Several years ago, Dimroth et al.1® reported that the
reduction of a THF solution of 2,4,6-triphenylphospha-
benzene with a potassium mirror yields a green solution
that showed a doublet pattern in its EPR spectrum,
which was assigned to the mono radical anion (ap = 32.4
G). They also provided evidence for the addition of two
further electrons to afford radical di- and trianions. We
find that, even with extended periods of exposure of the
2,4,6-tri-tert-butylphosphabenzene ring (4; Figure 4) to
excess potassium in THF, the resulting dark black
solution only exhibits a doublet in the EPR spectrum
(ap = 25.3 G), which we assign to the PCsH;But; mono
radical anion.

The cyclic voltammogram of the 2,4,6-tri-tert-butyl-
1,3,5-triphosphabenzene ring 1 exhibits a quasi-revers-
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ible wave at —2.315 V (relative to Cp,Fe*/Cp;Fe), which
we attribute to the P3C3Buts/P3CsBut;~ couple.?3

Phosphacyclopentadienide anions, ChRnPs—n (N =
1-5), are known to be highly aromatic species, and
recent theoretical studies'”~19 established that their
aromaticity indices are all of magnitude comparable to
that of the cyclopentadienide anion itself; furthermore,
their aromatic stabilization energies are also very
similar. The mechanism of the remarkable transforma-
tion of the neutral triphosphabenzene 1 to the anionic
diphosphacyclopentadienide 3 is currently the subject
of a detailed theoretical study,?° but the driving force
of the reaction presumably reflects both the substantial
aromatic character of the five-membered anionic ring
and the lattice energies of the two potassium salts.

The availability of the 2,4,5-tri-tert-butyl-1,3-diphos-
phacyclopentadienide anion 3 in a single step from the
readily available triphosphabenzene 1 should enable us
to study its reactions with transition-metal halides to
afford novel metallocenes.
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