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Summary: The new highly electron deficient ferrocenyldiphos-
phines [Fe{n’-CsH P(CF3)2}2] (dfmpf) and [Fe{n’-CsH.P-
(C3Fs)2)2] (dfepf) were synthesized by reaction of [Fe{n’-
CsH4P(OPh),};] with C,Fa,+1SiMes/CsF (n = 1, 2), and the
structure of dfmpf was determined. The structures of the
complexes (dfmpf)PtCly and (dfepf)PtCl, indicate that both
ligands  offer significantly ~wider bite angles than
(C>F's),PCH>,CH,P(C>Fs); (dfepe) and that dfepf is the bulkiest
chelating (perfluoroalkyl)diphosphine yet made.

Perfluoroalkyl groups confer strong sr-acidity on phospho-
rus(II) centers, such that tris(perfluoroalkyl)phosphines can be
considered as bulky mimics of the CO ligand." Unlike the
diatomic CO, (perfluoroalkyl)phosphines can be modified and,
for example, bidentate ligands can be constructed. (Perfluoro-
alkyl)diphosphines, therefore, are of interest as modifiable,
bidentate CO analogues.>* Few applications of these diphos-
phines, however, have been reported to date. In the past, two
issues have prevented these ligands from finding widespread
use: first, convenient syntheses were not available, and second,
a wider range of (perfluoroalkyl)diphosphine ligands needed to
be made with differing structures and geometries and with
different perfluoroalkyl substituents. We have recently com-
municated a more general synthesis which allows the preparation
of mono- and diphosphines with a range of perfluoroalkyl
groups.” In this report, we use this route to synthesize two new
perfluoroalkyl-substituted ferrocenyldiphosphines.

There are not many (perfluoroalkyl)diphosphines known.?>
In most of these cases, coordination of these phosphines to
metals has not been studied. It is really only for the ligand
(CyFs5),PCH,CH,P(C,Fs), (dfepe) (and to a lesser extent
(CF3),PCH,CH,P(CF3), (dfmpe)) that the coordination chem-
istry has been thoroughly examined. The body of work by the
Roddick group on dfepe®™>” suggests that the chemistry of other
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diphosphines of differing bulk, electronic properties, and bite
angles would be an area worthy of investigation. A particular
point of interest is that a gap in the Tolman map for mono-
phosphines has been identified for bulky, electron-deficient
phosphines. In fact, Cundari et al. have concluded “Analysis
of the most common alkyl and aryl phosphines in experimental
usage suggests that the complexes are quite similar stereoelec-
tronically. Indeed, apart from P(CF3)s, it is interesting just how
similar the commonly studied phosphines are.”® Clearly, this
analysis can be extended to diphosphines, since none of the
known (perfluoroalkyl)diphosphines®>® have an exceptionally
large cone angle (the cone angles of two of the most commonly
used (perfluoroalkyl)diphosphines have been estimated as fol-
lows: dfepe, 129°;° dfmpe, 120°'°).

The majority of the known (perfluoroalkyl)diphosphines are
built on either a one-carbon (or heteroatom) or two-carbon
backbone and consequently are ligands of modest bite angle. It
is therefore of interest to synthesize a strongly electron
withdrawing diphosphine of larger bite angle, since there is a
scarcity of ligands with such a combination of properties. Such
a ligand would electronically be the mimic of two obtuse cis
CO ligands. Sterically, however, its bulk could be adjusted by
modifying the perfluoroalkyl substituents.

Ferrocenyldiphosphines are an important group of chelating
diphosphines that have found wide application.'" This class of
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Figure 1. Solid-state structure of 1 (50% probability ellipsoids).
Selected bond distances (A) and angles (deg): P(1)—C(1), 1.885(1);
P(1)—C(2), 1.877(2); P(1)—C(3), 1.790(1); C(2)—P(1)—C(1),
96.01(7); C(3)—P(1)—C(1), 98.22(6); C(3)—P(1)—C(2), 104.58(7);
C(4)—C(3)—P(1), 133.3(1); C(7)—C(3)—P(1), 119.1(1).
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chelating ligands with a ferrocenyl backbone presents a bite
angle significantly larger than those with an ethylene backbone
such as dppe and dfepe. With respect to electron-withdrawing
ferrocenyldiphosphine ligands, Beletskaya and co-workers have
recently reported the synthesis of the (perfluoroaryl)diphosphine
[Fe{r]S—C5H4P(C(,Fs)2}2].12 No perfluoroalkyl-substituted ferro-
cenyldiphosphines, however, have yet been made. There are
known to be major differences in the properties between
perfluoroalkyl-substituted and perfluoroaryl-substituted phos-
phines:>'? the former are strong s;-acids, whereas it has been
claimed that the latter, as exemplified by P(C()F5)3,lh have no
m-acidity. Considering these factors, it therefore seemed worth-
while to attempt the synthesis of previously unknown tetrakis-
(perfluoroalkyl)-substituted ferrocenyldiphosphine ligands and
to undertake a preliminary coordination study.

We report here the synthesis of the new diphosphines [Fe{7’-
CsH4P(CF3),}2] (abbreviated as dfmpf) and [Fe{nS—C5H4P—
(CyFs)2}2] (abbreviated as dfepf). Using the methodology we
had previously developed for the synthesis of known perfluo-
roalkyl mono- and diphosphines,* dfmpf (1) was thus isolated
in 66% yield after reaction of [Fe{rn’-CsH4P(OPh),},] with 4
equiv of CF;SiMe; and CsF in ether (Scheme 1).'* A crystal
structure of 1 was obtained (Figure 1).'> The Fe atom lies on a
2-fold axis. The two cyclopentadienyl rings adopt an anticlinal
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Figure 2. Solid-state structure of 3 (50% probability ellipsoids).
Selected bond distances (A) and angles (deg): Pt(1)—P(1), 2.2411(7);
Pt(1)—P(2), 2.2397(7); Pt(1)—Cl(1), 2.3060(8); Pt(1)—Cl(2),
2.3112(7); P(2)—Pt(1)—P(1), 101.00(2); CI(1)—Pt(1)—Cl(2), 87.43(3);
C(1)—P(1)—C(2), 98.2(2); C(13)—P(2)—C(14), 99.3(1).

Figure 3. Solid-state structure of one of the two independent
molecules of 4 (50% probability ellipsoids). Selected bond distances
(A) and angles (deg): Pt(1)—P(1), 2.239(1); Pt(1)—P(2), 2.248(1);
Pt(1)—CI(1), 2.293(1); Pt(1)—Cl1(2), 2.304(1); P(2)—Pt(1)—P(1),
102.96(4); CI(1)—Pt(1)—CI1(2), 86.75(5).

eclipsed' ' conformation (torsional angle of 149°), as observed
for the related molecule [Fe(r°-CsH4PBr2),] (154°)'° but dif-
ferent from the synclinal eclipsed conformation of [Fe(r’-
CsH4PCly),] (93°)'¢ and the antiperiplanar staggered confor-
mation of [Fe(3°-CsH4PPh,),] (180°)."7

The ligand dfepf (2) was isolated, using the same methodol-
ogy, from the reaction of [Fe{7’-CsH,P(OPh),},] with 4 equiv
of C,FsSiMes; and CsF in ether with a yield of 71%. The
coordination chemistry of 1 and 2 was studied. (dfmpf)PtCl,
(3) was synthesized in 60% yield by reaction of (PhCN),PtCl,
with 1 in CH,Cl, solution (Scheme 2). An X-ray crystal structure
analysis established the molecular structure of 3, as shown in
Figure 2.'® The geometry around the metal is distorted square
planar, as seen by the P—Pt—P bite angle (101.00(2)°) and the
Cl—Pt—Cl angle (87.42(3)°). The cyclopentadienyl rings of
the ferrocene unit are approximately synclinal staggered. From
the structural data, the maximum cone angle'9 was estimated
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Table 1. IR v(CO) Bands of Mo(CO)4(diphosphine) Complexes
diphosphine abbrev IR »(CO) band/cm ™! solvent ref

(CF3),PCF,CF,P(CF3), dfmpfe 2082 1994 1972 CHCl; 3
F,PCH,CH,PF, dfpe 2074 2005 1991 1973 hexane 2la
(CyFs),PCH,CH,P(C;Fs), dfepe 2064 1993 1982 1955 KCl 5
(CF3),PCH,CH,P(CF3), dfmpe 2063 1988 1961 CHCl; 3
Fe{n°-CsH4P(CF5),}2 dfmpf 2059 1998 1972 1964 hexane this work
Fe(57°-CsH4PPhy), dppf 2022 1920 1900 1880 CH,Cl, 21b
Ph,PCH,CH,PPh, dppe 2020 1919 1907 1881 1,2-C,H4Cl, 21¢
Et,PCH,CH,PEt, depe 2012 1909 1891 1873 1,2-C,H4Cl, 21c

as 126°.'° This means that dfmpf is a wider cone angle ligand
than dfmpe and almost as wide as dfepe (129°).

(dfepf)PtCl, (4) was synthesized from (PhCN),PtCl, and
dfepf. Crystals were grown from CH,Cl, solution, and a crystal
structure was obtained (Figure 3).%° The geometry is distorted
square planar. A difference from the structure of (dfmpf)PtCl,
is that the ferrocenyl core in (dfepf)PtCl, is more twisted and
the P—Pt—P bite angle increases to 102.95(4)°. The bulky
pentafluoroethyl substituents are orientated approximately per-
pendicular to the square plane of the complex. The larger steric
demands of the dfepf ligand are reflected in a larger calculated
maximum estimated cone angle of 154°.'° Ferguson et al. have
pointed out that cone angles, obtained from X-ray structures,
overestimate the cone angle in bulky ligands, where “cogging”
of substituents occurs.'® This is likely to be the case for dfepf,
as significant voids are apparent along the z axis, perpendicular
to the square plane of the complex, in the position where
additional ligands would coordinate to give an octahedral
geometry. Nevertheless, even if the 154° value is overestimated
by as much as 5—10%, this still suggests that dfepf is
comfortably bulkier than dfepe (129°)° and, consequently,
constitutes the bulkiest chelating bidentate (perfluoroalkyl)-
diphosphine yet made. As such, it should fill a void in the
Tolman map of diphosphines, exhibiting a unique combination
of stereoelectronic properties; namely, it should function as a
bulky, strong sr-acceptor diphosphine.
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(dfmpf)Mo(CO)4 (5) was synthesized in 53% yield by
reacting Mo(CO)e with 1 at 100 °C for 4 h (Scheme 2). When
the ¥(CO) bands in the IR spectrum of 5 are compared with
those of related diphosphines (Table 1), the »(CO) bands in 5
are observed to be 40—70 cm ™! higher than in (dppf)Mo(CO)4
and about 10—20 cm™' lower than in the fully perfluorinated
ligand complex {(CF3),PCF,CF,P(CF3),}Mo(CO),. Conse-
quently, these data confirm that dfmpf is indeed a ligand with
electron-withdrawing power similar to that of dfmpe and dfepe.

In conclusion, we have synthesized and structurally character-
ized the new ferrocenyldiphosphine ligand dfmpf. The X-ray
structure of (dfmpf)PtCl, gives a maximum cone angle of 126°
for dfmpf, which is similar to that of dfepe, but dfmpf is a ligand
with a larger bite angle (101°). The complex (dfmpf)Mo(CO)4
was synthesized, and a comparison of »(CO) IR data with the
corresponding data for other diphosphines was made. The
electronic influence of dfmpf was found to be similar to that of
the other known perfluoroalkyldiphosphine ligands. The bulkier
ferrocenyldiphosphine dfepf was also made. The X-ray structure
of (dfepf)PtCl, gives a maximum cone angle for dfepf of 154°,
which makes the ligand the bulkiest chelating bidentate (per-
fluoroalkyl)diphosphine yet synthesized.
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