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Syntheses and X-Ray Crystal Structuresof Platinum(I1) Complexes Bearing Two and Three
Phosphorus-Bridged [1]Ferrocenophanes, cis-[PtCl,(fcpp),] and [PtCl(fcpp)s]BF,
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Platinum complexes having two and three (1,1'-fer-
rocenediy!)phenylphosphine (fcpp) groups, cis-[PtCl,(fcpp),]
and [PtCl(fcpp)s] BF,, were prepared and their molecular struc-
tures were determined by X-ray anaysis.

Ring-opening polymerization of strained [1]ferroceno-
phanes represents a well-established route to high molecular-
weight poly(ferrocenes).! Most of the starting monomers for
such polymerization have a single [1]ferrocenophane unit.
Recently, Manners et a. 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 severa [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.
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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,* but a metal complex with two or three 3 units
has not been reported,” 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,® reacted with cis-
[PtCI,(PhCN),] to give a platinum complex cis-[PtCl,(fcpp),] 4
in a good yield.® The 3P{1H} NMR spectrum of 4 thus
obtained showed a singlet at 18.0 ppm accompanied with satel-
lites due to a coupling with 1°°Pt, 135, = 3638 Hz. The 1Jpp
over 3500 Hz is characteristic of a cis configuration, while a
trans isomer generally has *Jp around 2500 Hz.1

To prepare a platinum complex with three fcpp units,
AgBF, was added to a CH,CI, solution of 4 in the presence of
fcpp. The 3'P{'H} 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);](BF,) 5.1 The triplet at
9.5 ppm with a satellite, 1Jp = 3537 Hz, was assigned to the
fcpp ligand trans to a remaining Cl ligand and a doublet at 31.4
ppm with a satellite, 1Jpp = 2459 Hz, to the two fcpp ligands cis
to Cl. Preparation of the further-substituted complex,

[Pt(fcpp),](BF,),, was attempted by using excess AgBF, 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.

Figure 1. Molecular structure of 4. Selected bond lengths(A) and
angles(deg): Pt-Cl1, 2.344(2); Pt-Cl2, 2.364(2); Pt-P1, 2.227(2); Pt-P2,
2.237(2); P1-C1, 1.832(9); P1-C6, 1.830(8); P1-CI1, 1.816(9); P2-C17,
1.805(8); P2-C22, 1.830(8); P2-C27, 1.820(8); ClI-Pt-CI2, 88.11(9);
P1-Pt-P2, 97.11(7); CIlI-Pt-P1, 86.73(9); CI2-Pt-P2, 88.35(8);
Cl1-Pt-P2, 174.89(8); CI2-Pt-PI, 172.90(8); CI-P1-C6, 93.2(4);
C17-P2-C22, 94.6(4).

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 2,12 which
indicates that one of the two CI'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) A) is significantly larger
than the latter (2.239(2) A) because of the usual trans influence,
which may also explain the difference between the observed
coupling constants Jpip; o p3 @Nd 1Jpp, 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.!* The definitions of o and B
are given elsewhere.® The ring tilt angle o'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 ¢*
orbital of the bridging phosphorus and a filled d orbital of the
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Figure 2. Molecular structure of 5. Selected bond lengths(A) and
angles(deg): Pt-Cl1, 2.332(2); Pt-P1, 2.320(2); Pt-P2, 2.239(2); Pt-P3,
2.340(2); PI-Cl, 1.816(7); PI-Co, 1.828(7); P1-Cl11, 1.804(7); P2-Cl7,
1.834(7); P2-C22, 1.832(7); P2-C27, 1.800(7); P3-C33, 1.826(7); P3-C38,
1.817(7); P3-C43, 1.796(8); Cl1-Pt-PI, 86.15(6); ClI-Pt-P2, 165.40(7);
CI1-Pt-P3, 86.80(6); P1-Pt-P2, 94.42(6); P1-Pt-P3, 164.63(7); P2-Pt-P3,
95.83(6); C1-P1-C6, 95.3(3); C17-P2-C22, 94.6(3); C33-P3-C38, 94.4(3).

Table 1. Selected structural data for fcpp ligands
P-Fe ring tilt,
Distance/A  o/deg P/deg
fepp® 2.774(1) 269 323
|Cp(CO)FeH(fcpp)|® 2.731(2) 25.4 33.9
|Cp(CO),Fe(fcpp)]* ¢ 2.693(2) 25.4 34.6
4 feppl 2.7183) 265 33.5
fcpp2 2.701(2) 26.1 34.2
5 feppl 2.690(2) 25.5 34.6
fcpp2 2.693(2) 25.2 34.8
fcpp3 2.688(2) 26.3 34.0
‘Ref. 14. °Ref.5. °Ref.6. “This work.

iron, as discussed previously.® 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),(fcpp)] and [W(CO)s(fepp)], successful-
ly polymerize upon UV irradiation in THF or acetonitrile.t®
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 3P{'H} 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.

This work was supported by a Grant-in-Aid for Scientific
Research (Grant No. 11740372 and Grant No. 12640540) from
the Ministry of Education, Science, Sports, and Culture of Japan.

References and Notes
1 Recent reviews on poly(ferrocenes): a) I. Manners, Adv.
Organomet. Chem., 37, 131 (1995). b) I. Manners, Polyhedron,

10

11

12

13

14
15

925

15, 4311 (1996). c) P. Nguyen, P. Gomez-Elipe, and I.
Manners, Chem. Rev., 99, 1515 (1999).

a) M. J. MacLachlan, A. J. Lough, and I. Manners,
Macromolecules, 29, 8562 (1996). b) M. J. MacLachlan, A. J.
Lough, W. E. Geiger, and |. Manners, Organometallics, 17,
1873 (1998).

a) H. P. Withers, Jr., D. Seyferth, J. D. Fellmann, P. E. Garrou,
and S. Martin, Organometallics, 1, 1283 (1982). b) C. H.
Honeyman, D. A. Foucher, O. Mourad, R. Rulkens, and I.
Manners, Polym. Prepr. (Am. Chem. Soc., Div. Polym. Chem.),
34(1), 330 (1993). c) C. H. Honeyman, D. A. Foucher, F. Y.
Dahmen, R. Rulkens, A. J. Lough, and I. Manners,
Organometallics, 14, 5503 (1995). d) C. H. Honeyman, T. J.
Peckham, J. A. Massey, and |. Manners, Chem. Commun., 1996,
2589. e) T. J. Peckham, A. J. Lough, and I. Manners,
Organometallics, 18, 1030 (1999).

D. Seyferth and H. P. Withers, Jr., Organometallics, 1, 1275
(1982).

I. R. Butler, W. R. Cullen, and S. J. Rettig, Organometallics, 6,
872 (1987).

T. Mizuta, T. Yamasaki, H. Nakazawa, and K. Miyoshi,
Organometallics, 15, 1093 (1996).

Preparation of [PdCI,(3),] was briefly described as unpublished
results in Ref. 5, p. 880.

fcpp was prepared according to the methods described in Ref
3c.

Reactions were carried out under an N, atmosphere. cis-
[PtCI,(NCPh),] (266 mg, 0.564 mmol), fcpp (347 mg, 1.188
mmol), and CH,CI, (15 mL) were put in Schlenk tube, and the
solution was stirred for 30 min. After the volume of the solu-
tion was reduced to ca. 5 mL, hexane (20 mL) was added to
complete precipitation. The product was washed twice with
hexane (10 mL), and dried in vaccuo. cis-[PtCl,(fcpp),] (4) was
obtained as a monosolvate of CH,Cl,. Yield: 388 mg (97%).
'H NMR (300 MHz, CDCl,) & 4.18 (br, 2H, Fc), 4.37 (br, 4H,
Fc), 4.61 (br, 2H, Fc), 7.43 (m, 2H, Ph), 7.54 (m, 1H, Ph), 7.95,
(m, 2H, Ph). Anal. Found: C, 42.30; H, 2.76 %. Calcd for
C33H,5Cl, Fe,P,Pt: C, 42.39; H, 3.02 %.

M. Roundhill, "Comprehensive Coordination Chemistry," ed.
by G. Wilkinson, Pergamon Press, Oxford, U. K. (1987), Vol. 5,
pp. 448—449.

4 (312 mg, 0.333 mmol), fcpp (107 mg, 0.366 mmol), and
CH,CI, (40 mL) were put in a Schlenk tube. To the solution
thus obtained was added excess AgBF, (136 mg, 0.699 mmol).
The suspension was stirred for 30 min, and then the precipitate
was filtered off. The volume of the filtrate was reduced to ca. 10
mL, and then hexane (20 mL) was added slowly. The precipitate
was collected by filtration, washed twice with hexane (10 mL),
and dried in vaccuo. Yield: 398 mg (93%). 'H NMR (300 MHz,
CDCl5) 6 3.86 (br, 2H, Fc),4.08 (br, 2H, Fc), 4.12 (br, 2H, Fc),
4.18 (br, 2H, Fc), 4.45 (br, 2H, Fc), 4.51 (br, 2H, Fc), 4.70 (br,
6H, Fc),4.76 (br, 4H, Fc), 4.94 (br, 2H, Fc), 7.32 (m, 1H, Ph),
7.45 (m, 4H, Ph), 7.57, (m, 4H, Ph), 7.78 (m, 2H, Ph), 7.94, (m,
4H, Ph). Anal. Found: C, 46.95; H, 3.22 %. Calcd for a partial
solvate, C,gH39BCIF,FesPsPt-(CH,CL,), ¢ C, 46.90; H, 3.26 %.
Crystal data for 4: dark red crystals, monoclinic, space group
P2,/n (No. 14), formula C43H,4Cl,Fe,P,Pt, formula weight
935.13; a = 18.576(3), b = 17.409(3), ¢ = 9.888(2) A, B =
96.13(1)°, V = 3179.3(8) A%, Z = 4, Dy = 1.954 g cm™3, R =
0.039, R, = 0.046 for 4479 reflections with [, |> 36(Fo), 377
parameters, GOF = 1.07.

Crystal data for 5: dark red crystals, monoclinic, space group
P2,/n (No. 14), formula C,qH,;BCl;F,Fe;P4Pt, formula weight
1278.58; a = 20.133(3), b = 14.540(2), ¢ = 17.319(3) A, B =
110.08(1)°, V = 4761(1) A% Z = 4, Dy = 1.783 g cm®, R =
0.037, R, = 0.047 for 5526 reflections with [, |> 36(Fo), 578
parameters, GOF = 1.14.

I. R. Butler, W. R. Cullen, F. W. B. Einstein, S. J. Rettig, and A.
J. Willis, Organometallics, 2, 128 (1983).

T. Mizuta, M. Onishi, and K. Miyoshi, submitted for publica-
tion.



