
Platinum complexes having two and three (1,1'-fer-
rocenediyl)phenylphosphine (fcpp) groups, cis-[PtCl2(fcpp)2]
and [PtCl(fcpp)3]BF4, were prepared and their molecular struc-
tures were determined by X-ray analysis.

Ring-opening polymerization of strained [1]ferroceno-
phanes represents a well-established route to high molecular-
weight poly(ferrocenes).1 Most of the starting monomers for
such polymerization have a single [1]ferrocenophane unit.
Recently, Manners et al. reported the molecular structure of
spirocyclic silicon- and germanium-bridged [1]ferrocenophanes
1 and 2,2 which have two [1]ferrocenophane units per one
monomer.  Since a monomer having several [1]ferrocenophane
units is a possible cross-linking agent for poly(ferrocenes), it is
meaningful to develop a simple and versatile method for the
preparation of such a monomer.

On the other hand, phosphorus-bridged [1]ferrocenophane 3
is also known to undergo a similar ring-opening polymerization.3

In addition, since 3 has lone pair electrons on the bridging phos-
phorus atom, it acts as a ligand for a metal complex.  Several
examples of metal complexes bearing one 3 unit as a ligand have
been reported,4–6 but a metal complex with two or three 3 units
has not been reported,7 though it is considered to be readily
obtained by a usual ligand-substitution reaction.  Here, we report
the preparation and molecular structures of platinum complexes
with two or three phosphorus-bridged [1]ferrocenophane units.

Two equivalents of (1,1'-ferrocenediyl)phenylphosphine (3
with R=Ph), abbreviated as fcpp,8 reacted with cis-
[PtCl2(PhCN)2] to give a platinum complex cis-[PtCl2(fcpp)2] 4
in a good yield.9 The 31P{1H} NMR spectrum of 4 thus
obtained showed a singlet at 18.0 ppm accompanied with satel-
lites due to a coupling with 195Pt, 1JPtP = 3638 Hz.  The 1JPtP
over 3500 Hz is characteristic of a cis configuration, while a
trans isomer generally has 1JPtP around 2500 Hz.10

To prepare a platinum complex with three fcpp units,
AgBF4 was added to a CH2Cl2 solution of 4 in the presence of
fcpp.  The 31P{1H} NMR spectrum of the solution showed a
triplet and a doublet with a 1 : 2 intensity ratio, indicating the
formation of the expected [PtCl(fcpp)3](BF4) 5.11 The triplet at
9.5 ppm with a satellite, 1JPtP = 3537 Hz, was assigned to the
fcpp ligand trans to a remaining Cl ligand and a doublet at 31.4
ppm with a satellite, 1JPtP = 2459 Hz, to the two fcpp ligands cis
to Cl.  Preparation of the further-substituted complex,

[Pt(fcpp)4](BF4)2, was attempted by using excess AgBF4 and
fcpp, but the replacement of the last Cl ligand did not take
place, probably due to the steric hindrance of the three bulky
fcpp ligands coordinating to the Pt center.

The molecular structure of 4 is shown in Figure 1,12 where
two Cl and two fcpp ligands coordinate to the Pt center to form
a square-planar geometry with a cis configuration.  Two fer-
rocene units are each located above or below the square-planar
coordination plane to avoid the steric congestion.  

The molecular structure of 5 is shown in Figure 2,13 which
indicates that one of the two Cl's in 4 has been replaced with
fcpp.  The three ferrocene units adopt a below-above-below
arrangement similar to that shown in Figure 1.  There are two
types of Pt–P bonds in 5, i.e., Pt–P bonds mutually trans (Pt–P1
and Pt–P3) and that trans to the Cl (Pt–P2).  The average of the
former two bond lengths (2.330(2) Å) is significantly larger
than the latter (2.239(2) Å) because of the usual trans influence,
which may also explain the difference between the observed
coupling constants 1JPtP1 or P3 and 1JPtP2 mentioned above.  

The structural data of some strained phosphorus-bridged
[1]ferrocenophanes coordinating to a metal fragment are sum-
marized in Table 1 for 4 and 5 as well as for related phospho-
rus-bridged [1]ferrocenophanes.14 The definitions of α and β
are given elsewhere.3c The ring tilt angle α's of the fcpp lig-
ands attached to metal fragments are all comparable to that of
the free ligand, indicating that the strain of the [1]ferroceno-
phane unit is almost intact upon the coordination.  The Fe–P
distances of 4 and 5 become shorter than that of the free fcpp,
which may come from a weak interaction between a vacant σ*
orbital of the bridging phosphorus and a filled d orbital of the
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iron, as discussed previously.6 The interaction is considered to
be enhanced when the phosphorus atom coordinates to an elec-
tron-withdrawing metal fragment.

Recently, we found that two neutral complexes having one
fcpp unit, [MnCp(CO)2(fcpp)] and [W(CO)5(fcpp)], successful-
ly polymerize upon UV irradiation in THF or acetonitrile.15

Thus, a similar photolysis was carried out for the neutral 4.
Upon irradiation of 4 for 1 h, a brown precipitate was formed
and a 31P{1H} NMR spectrum of the supernatant solution
showed complete disappearance of the signal due to the starting
4.  Unfortunately, owing to very low solubility of the precipi-
tate, detailed spectroscopic characterization is difficult at pres-
ent, but elemental analyses indicate that a formula of the prod-
uct is close to that of 4.  We consider that the product is a poly-
4 having a cross-linked structure which is responsible for the
low solubility.  Reactivity of 5 is now under investigation.
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