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Treatment of SrI2 with 2 equivalents of K[P3C2But
2] affords

the hexaphosphastrontocene [{Sr(h5-P3C2But
2)2}H] which is

polymeric in the solid state; treatment of this complex with
an excess of pyrazine leads to the corresponding Lewis base
adduct [{Sr(h5-P3C2But

2)2(m-C4H4N2)}H] which is also poly-
meric in the solid state.

There has been increasing interest in the structure and bonding
in metallocene complexes of the heavier alkaline earth elements
(Ca, Sr, Ba) in recent years and several reviews have
appeared.1–3 With the exception of [Ca(h5-C5H5)2] which is a
three-dimensional polymer, these compounds are generally
monomeric in the solid state or weakly associated, the degree of
association depending on both the steric bulk of the cyclopenta-
dienyl ligand and size of the central metal. Moreover, where the
cyclopentadienyl ligands are not excessively bulky (typified by
encapsulated metallocenes), additional coordination of Lewis
bases may occur.

In contrast, however, sandwich compounds of the alkaline
earth metals with heteroatom substituted cyclopentadienyl
ligands are extremely rare. To the best of our knowledge only
two structurally characterised examples, incorporating the
2,5-di-tert-butylpyrrolyl ligand and coordinated THF have been
reported4 namely [M(h5-NC4H2But

2)2(THF)] 1 (M = Ca, Sr).
Westerhausen and co-workers5,6 showed that the 2,5-diphenyl-
3,4-bis(trimethylsilyl)phospholyl ligand coordinates in an h1-
fashion to the metal dications [M(THF)4]2+ (M = Ca, Sr),
however unpublished calculations by the same authors on the
solvent free systems favour an h5-ligating mode. Motivated by
our recent observation7 that the complex [In(h5-P3C2But

2)],
containing the aromatic 3,5-di-tert-butyl-1,2,4-triphospholyl
anion 2, is a source of pure InP by chemical vapour deposition,
we decided to react 2 with alkaline earth metal halides. We now
report the first synthesis and structural characterisation of the
hexaphosphastrontocene, [{Sr(h5-P3C2But

2)2}H] 3 and its pyr-
azine adduct [{Sr(h5-P3C2But

2)2(N2C4H4)}H] 4.
Thus, treatment of a THF solution of SrI2 with two

equivalents of 2 (Scheme 1) leads to the formation of air and
moisture sensitive, but thermally stable, [{Sr(h5-P3C2But

2)2}H]
3 (ca. 50% yield). Complex 3, which is a pale yellow solid, can
be extracted from the initial reaction residue with toluene but
sublimation or prolonged evacuation of the extracted residue
renders it insoluble in all but donor solvents. We believe the
initially formed complex is a THF solvated monomeric species
[Sr(h5-P3C2But

2)2(THF)n] which readily loses THF to afford
polymeric strands of 3 (vide infra). This behaviour also occurs

in the case of strontocenes such as [Sr(h5-C5H4But)(THF)2] and
[Sr{h5-C5H3(SiMe3)2}2(THF)] which both readily desolvate on
sublimation, although they remain monomeric.8,9

The 31P{1H} NMR spectrum of 3† is consistent with h5

ligated triphospholyl rings and the chemical shifts are similar to
those of [K(h5-P3C2But

2)] (d 252.8 and 244.8). This is in
contrast to the generally observed upfield shift in the 31P
resonances of 2 upon coordination to transition metals {e.g.
AB2 pattern at d 65 in [Ru(h5-P3C2But

2)2]}10 and this may
indicate a significant degree of ionic character in the metal–
ligand bonding in 3 in solution. The EI mass spectrum of 3
exhibits a strong molecular ion (m/z 550, 58%) but no higher
peaks, suggesting that in the gas phase 3 exists primarily as a
monomeric species.

A single crystal X-ray diffraction study‡ reveals that in the
solid state, 3 consists of bent sandwich units linked in chains
along the crystallographic c-glide plane (Fig. 1). Each unit bears
one solely h5 bound triphospholyl ligand and a second h5 ligand
which also acts as a bridge linking the molecules into extended
chains via a further h1 interaction involving one of the two
adjacent phosphorus ring atoms. This strontium–phosphorus
bond distance [3.2200(7) Å] is only marginally longer than the
average strontium–phosphorus distances within the sandwich
unit (3.1837 Å) and all lie within the sum of the van der Waals
radii for the two elements. The centroid–metal–centroid angle
of 141.50(7)° in 3 is larger than that observed in analogous
strontocenes bearing substituted cyclopentadienyl ligands of
comparable steric bulk {e.g. 122 and 124° in 14 and 134° in
[Sr{h5-C5H3(SiMe3)2-1,3}2] 5).8 Similarly, the metal–centroid
distances of 2.692(3) and 2.788(3) Å in 3 are somewhat larger
than those in 1 (2.525 Å) and 5 (2.551 Å), which probably
results from replacement of three ring carbon atoms with the

Scheme 1

Fig. 1 Solid state structure of 3. Selected bond distances (Å) and angles (°):
M(1)–Sr–M(2) 141.50(7); Sr–M(1) 2.788(3), Sr–M(2) 2.692(3), P(1)–P(2)
2.1150(11), P(2)–C(2) 1.749(3), C(2)–P(3) 1.745(3), P(3)–C(1) 1.749(3),
C(1)–P(1) 1.753(3), P(4)–P(5) 2.1069(11), P(5)–C(12) 1.756(3), C(12)–
P(6) 1.755(3), P(6)–C(11) 1.751(3), C(11)–P(4) 1.759(3). M(1) and M(2)
are the centroids of the rings defined by C(1), C(2), P(1), P(2), P(3) and
C(11), C(12), P(4), P(5), P(6), respectively.
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larger phosphorus atoms. The bridging strontium–phosphorus
interaction in 3, not possible in the related strontocenes,
obviates the need for any additional ligation to THF or other
donor solvent molecules.

However, treatment of 3 with an excess of pyrazine in
refluxing toluene leads quantitatively to [{Sr(h5-P3C2But

2)2(m-
C4H4N2)}H] 4 in which the strontium–phosphorus bridges of 3
have been broken and replaced with pyrazine units. Complex 4,
which is an orange solid, is insoluble in all but donor solvents
but could be recrystallised from a hot saturated toluene solution.
The room temperature mass spectrum of 4† indicates a ready
loss of pyrazine and at higher temperature the spectrum is
essentially that of the parent complex 3. Furthermore, the NMR
spectroscopic data for 3 and 4 are essentially identical,
suggesting that 4 undergoes complete dissociation into 3 and
free pyrazine in solution.†

The solid state, polymeric structure of 4 determined by a
single crystal X-ray diffraction study‡ is shown in Fig. 2. The
pyrazine units act as bridges linking the hexaphospha-
strontocene molecules into zigzag chains, each sandwich unit
being related to the next by a crystallographic inversion centre
lying at the middle of the pyrazine ring. The intraring
parameters of 4 do not differ significantly from those in 3: the
average phosphorus–carbon (1.750 Å) and phosphorus–phos-
phorus (2.1087 Å) distances within the strontium hexaphospha-
metallocene unit in 4 are very similar to those observed in 3
(1.752 and 2.1109 Å, respectively). Moreover, the centroid–
metal–centroid angle in 4 is 146.73(6)° compared with
141.50(7)° in 3 and the two individual metal–centroid distances
of 2.791(2) and 2.794(2) Å are similar to those in 3 [2.692(3)
and 2.788(3) Å].
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Notes and references
† Spectroscopic data: for 3: NMR (C5D5N, 298 K): dH(300 MHz) 1.95 (s,
36H, But). dP(121.68 MHz) 256.4 (t, 2JPP 48.3 Hz), 235.3 (d, 2JPP 48.3 Hz)
dC(125.16 MHz) AMXXA spin system 38.0 (m, 3JP(M)C 10.86, S3JP(XA)C +
4JP(X)C 10.78 Hz, CCH3), 40.8 (m, 2JP(M)C 22.85, S2JP(XA)C + 3JP(X)C 14.27
Hz, CCH3), 208.4 (m, 1JP(M)C 58.8, S1JP(XA)C + 2JP(X)C 82.8 Hz, PCP), EI
mass spectrum: m/z (%) 550 (58) M+, 319 (100) [M 2 P3C2But

2]+.
Microanalysis: found: C, 42.0; H, 6.3. Calc.: C, 43.6; H, 6.6%.

For 4: NMR (C5D5N, 298 K): dH(300 MHz) 1.95 (s, 36H, But), 8.59 (s,
4H, pyrazine). dP(121.68 MHz) 257.0 (t, 2JPP 48.3 Hz), 235.1 (d, 2JPP 48.3
Hz) dC(125.16 MHz) AMXXA spin system 38.3 (m, 3JP(M)C 10.9, S3JP(XA)C

+ 4JP(X)C 10.8 Hz, CCH3), 41.7 (m, 2JP(M)C 22.9, S2JP(XA)C + 3JP(X)C 14.5
Hz, CCH3), 208.8 (m, 1JP(M)C 58.0, S1JP(XA)C + 2JP(X)C 82.9 Hz, PCP), EI
mass spectrum: m/z (%) (low temp.) 80 (90) [C4H4N2]+, 464 (100)
[P3C2But

2H]+; (high temp.) 319 (100) [SrP3C2But
2]+, 550 (43)

[Sr(P3C2But
2)2]+. Microanalysis: found: C, 45.7; H, 6.3; N, 4.9. Calc.: C,

45.8; H, 6.4; N, 4.5%.
‡ Crystal data: for 3: C20H36P6Sr, M = 549.93, monoclinic, space group
P21/c (no. 14), a = 11.2175(3), b = 22.0485(5), c = 11.6287(2) Å, b =
112.272(2)°, V = 2661.5(1) Å3, T = 173(2) K, Z = 4, m = 2.39 mm21, l
= 0.71073 Å, 25843 reflections collected, 6302 independent (Rint = 0.057),
R1 = 0.040, wR2 = 0.083 for I > 2s(I), R1 = 0.059, wR2 = 0.091 for all
data.

For 4: C24H40N2P6Sr, M = 630.02, triclinic, space group P1̄, a =
9.8797(3), b = 11.5540(3), c = 15.8655(4) Å, a = 71.134(2), b =
74.932(2), g = 68.190(2)°, V = 1570.80(7) Å3, T = 173(2) K, Z = 2, m =
2.04 mm21, l = 0.71073 Å, 25418 reflections collected, 9025 independent
(Rint = 0.051), R1 = 0.041, wR2 = 0.076 for I > 2s(I), R1 = 0.059, wR2

= 0.082 for all data.
The SHELX-97 suite of programs for crystal structure analysis were used

for solution and refinement of both structures.11

CCDC 182/1772. See http://www.rsc.org/suppdata/cc/b0/b005855f/ for
crystallographic files in .cif format.
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Fig. 2 Solid state structure of 4. Selected bond distances (Å) and angles (°):
M(1)–Sr–M(2) 146.73(6); Sr–M(1) 2.794(2), Sr–M(2) 2.791(2), P(1)–P(2)
2.1073(10), P(2)–C(2) 1.751(3), C(2)–P(3) 1.748(2), P(3)–C(1) 1.754(2),
C(1)–P(1) 1.746(3), P(4)–P(5) 2.1101(9), P(5)–C(12) 1.748(2), C(12)–P(6)
1.755(2), P(6)–C(11) 1.750(2), C(11)–P(4) 1.749(2). M(1) and M(2) are the
centroids of the rings defined by C(1), C(2), P(1), P(2), P(3) and C(11),
C(12), P(4), P(5), respectively.
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