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Donor properties of 1-(diphenylphosphanyl)-1'-vinylferrocene (1) were investigated in a se-
ries of reactions with palladium(ll), rhodium(l), and copper(l) compounds. In all complexes
obtained, compound 1 coordinates exclusively as a monodentate phosphorus donor, giving
trans-[PdCI,(1-kP),] (3) with [PdCl,(cod)], [PACI(LN®)(1-kP)] (4) with [{Pd(LN)},(u-Cl),], and
trans-[RhCI(CO)(1-kP),] (5) with [{Rh(CO),},(u-Cl),] (cod = cycloocta-1,5-diene, LNC =
2-[(dimethy|amino)methyl-KN]phenyI-KCl). Copper(l) precursors Cul and [Cu(MeCN),]PFg
reacted with 1 in a similar manner, yielding at appropriate molar ratios heterocubane
[(u3-1)4{Cu(1-kP)},] (6) and the bis(phosphane) complex [Cu(MeCN)(1-kP),]PF¢ (7), respec-
tively. The structures of 1-(diphenylthiophosphoryl)-1'-vinylferrocene (2), 3, 4-CHCl;,
6:CzHg, and 7 have been determined by single-crystal X-ray diffraction.

Keywords: Ferrocenes; Phosphinoalkene; Palladium(ll); Rhodium(l); Copper(l) complexes;
Structure elucidation; P-ligands; X-ray diffraction.

Bidentate phosphanylferrocene ligands derived from 1,1'-disubstituted
ferrocene, Ph,PfcY (I), where fc denotes ferrocen-1,1'-diyl and Y a donor
group, have found numerous applications as ligands in the synthesis of
organometallic and coordination compounds and in transition metal-
catalyzed organic transformations®. Nevertheless, their coordination chem-
istry remains still rather a virgin field, particularly if one considers the weal-
thy chemistry of the single symmetric representative, 1,1'-bis(diphenyl-
phosphanyl)ferrocene (Y = PPh,)>.

Many heterobidentate phosphanylferrocenes of the I-type are known; the
prominent examples include compounds, where Y is CO,H and CO,Me
(ref.3), CHO (ref.4), C(O)Me (ref.%), CR,OH (refs?c:®), OR (ref.%), P(OR),
(ref.”), P(E)Ph, (E = O, S, Se) (refs*?:8), SR (ref.?), CH(Me)NMe, (refs*5), or
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some N-heterocyclic moieties!®. However, only several representatives of
these potential donors have been tested as ligands or catalyst components,
the compounds typically serving as intermediates for further syntheses. A
closer look at the above list of the Y groups reveals it to contain only a few
soft-donor functional groups and no T-donor systems. This prompted our
interest in the syntheses and ligating properties of ferrocene phosphanes
bearing unsaturated groups. First, we turned to 1-(diphenyl-
phosphanyl)-1'-vinylferrocene (1). Compound 1 - the archetype of this
kind of mixed donors — has already been mentioned in the literature as
a serendipitous by-product arising from acid-catalyzed dehydration of
Ph,PfcCH(Me)OH (ref.%), and later utilized in reactions with alkylidene-
ruthenium complex [(Cy;P),CI,Ru=CHPh] (Cy = cyclohexyl)!l. However,
neither rational synthesis of 1 nor systematic study into its donor proper-
ties have been reported to date. This contribution deals with the synthesis
and coordination behavior of 1 towards palladium(ll), rhodium(ll), and

copper(l).

RESULTS AND DISCUSSION

Ligand 1 and Its P-sulfide

As indicated in Scheme 1, 1-(diphenylphosphanyl)-1'-vinylferrocene (1)
was obtained by a Wittig reaction between 1'-(diphenylphosphanyl)fer-
rocene-1-carbaldehyde and ylide Ph;P=CH, prepared in situ from methyl-
(triphenyl)phosphonium bromide and butyllithium. The product was iso-
lated by column chromatography in high yield as a dark amber oil that
slowly solidified to a rusty brown solid. A similar reaction with
1'-(diphenylthiophosphoryl)ferrocene-1-carbaldehyde gave the correspond-
ing (diphenylthiophosphoryl)vinylferrocene (2) as a rusty brown solid.
Both compounds were characterized by standard methods and the
solid-state structure of 2 was determined by X-ray diffraction methods.
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SCHEME 1
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Phosphanyl(vinyl)ferrocene 217

IH NMR spectra of the compounds show signals typical of the AMX spin
system of the vinyl group and characteristic multiplets attributable to two
spin systems arising from the cyclopentadienyls of the 1,1'-disubstituted
ferrocene unit (AA'BB' and AA'BB'X, where A, B = 1H, and X = 31P). Like-
wise, the 3C NMR spectra are consistent with the formulation, exerting sig-
nals due to vinyl groups (6: ca. 112 (=CH,) and ca. 134 (=CH)), and
phosphorus-coupled resonances of the cyclopentadienyl and phenyl car-
bons. The nature of the phosphorus group is best reflected in 3P NMR spec-
tra, showing single resonances at & -16.3 and +42.1 for 1 and 2,
respectively, and by the magnitude of the J,c coupling constants in the 13C
NMR spectra.

Mass spectra of 1 and 2 are dominated by the molecular ions (base peaks)
and show many common features (e.g., ions [CsHsFe]* and Fe*, and frag-
ments at m/z 183, 170/171; ref.*?). However, whereas in fragmentation of
2°* elimination of vinyl-substituted cyclopentadienyl ring predominates
(2** - m/z 337), compound 1 shows no such pronounced fragmentation
preference: in addition to the common fragments, only ions at m/z 319 ([M
— Ph]*) with relative abundance higher than 10% can be observed.

As mentioned above, the solid-state structure of 2 has been determined
by single-crystal X-ray diffraction analysis. The unit cell of 2 accommodates
two symmetrically independent but practically identical molecules. A view
of molecule 1 is shown in Fig. 1 together with selected geometric data for
both molecules.

The 1,1'-disubstituted ferrocene moieties in 2 are quite regular and
adopt conformations close to synclinal eclipsed with torsion angles
C(1)-Cg(1)-Cg(2)-C(6) (molecule 1) and C(31)-Cg(3)-Cg(4)-C(36) (mole-
cule 2) of 81.3(1) and -79.7(1)°, respectively (cf. the ideal value of 72°)13,
The double bonds are tilted from the plane of the parent cyclopentadienyl
rings, the angles subtended by the double bonds and the planes being 18.5(2)°
(C(23)=C(24) vs Cp(1)) and 15.2(2)° (C(53)=C(54) vs Cp(3)). The double
bond lengths, 1.314(3) A in both molecules, are similar to those in, e.g.,
1',1" -divinylbiferrocene (1.300(7) A)1* and dicarbonylnitrosyl{n>-[(1'-vinyl-
ferrocen-1-yl)methyl]cyclopentadienyl}chromium(0) (1.296(8) A)25.

Preparation and Structural Characterization of Complexes

Coordination behavior of phosphanyl(vinyl)ferrocene 1 was investigated
in reactions with several palladium(ll), rhodium(l), and copper(l) com-
pounds. Regardless of the metal source, the reactions afforded only com-
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plexes with monodentate 1. Thus, [PdCI,(cod)] (cod = cycloocta-1,5-diene)
reacts with two molar equivalents of 1 under replacement of the cod ligand
to give the diphosphine complex trans-[PdCI,(1-kP),] (3) while the dimer
{PA(LNO)},(u-Cl),], where LNC = 2-[(dimethylamino)methyl-kN]phenyl-kC*,
yields the expected bridge-cleavage product, [PACI(LN®)(1-kP)] (4) (Scheme 2).
Attempts to prepare complexes with chelating (i.e., n%:kP-bound) 1 either
by reacting the ligand with [PdCI,(cod)] at 1:1 molar ratio or by halide re-
moval with silver perchlorate from 3, failed.

Complexes 3 and 4 are air-stable crystalline solids that tend to bind traces
of solvents used in the syntheses or crystallization. Their structures were de-
termined from NMR spectra and further corroborated by X-ray crystallogra-
phy. Exclusive P-coordination of 1 in these compounds is manifested by
virtually unaffected H signals due to the vinyl group (Ad, < 0.2, |Ad| <
1 ppm) and by the shift of the 3P NMR resonances to lower field. The ob-

Fic. 1

Side (left) and top (right) views of molecule 1 in the structure of P-sulfide 2. Displacement el-
lipsoids enclose 30% probability level. Selected geometric data for 1: Fe(1)-Cg(1) 1.6474(9),
Fe(1)-Cg(2) 1.6387(8), P(1)-S(1) 1.9513(6), P(1)-C(6) 1.790(2), P(1)-C(11) 1.820(2), P(1)-C(17)
1.815(2), C(1)-C(23) 1.459(3), C(23)-C(24) 1.314(3) A; Cg(1)-Fe-Cg(2) 178.88(4),
0OCp(1),Cp(2) 1.6(1), C(1)-C(23)-C(24) 125.8(2)°; for 2: Fe(2)-Cg(3) 1.6477(9), Fe(2)-Cg(4)
1.6377(9), P(2)-S(2) 1.9551(7), P(2)-C(36) 1.790(2), P(2)-C(41) 1.821(2), P(2)-C(47) 1.814(2),
C(31)-C(53) 1.458(3), C(53)-C(54) 1.314(3) A; Cg(3)-Fe-Cg(4) 178.70(5), OCp(3),Cp(4) 1.6(1),
C(31)-C(53)-C(54) 125.0(2)°. Notes: ring atoms are numbered consecutively and the labelling
scheme is retained for all compounds studied. Atom labels for molecule 2 are obtained by add-
ing 30 to the respective atom label in molecule 1 (except for Fe(2), P(2), and S(2)).
Cyclopentadienyl ring planes are defined as follows: C(1-5) Cp(1), C(6-10) Cp(2), C(31-35)
Cp(3), and C(36-40) Cp(4). Cg(n) (n = 1-4) stand for the respective ring centroids
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served 3P coordination shifts (A, = d,(complex) — dy(ligand)) of +31.9 (3)
and +49.3 (4) are similar to those of trans-[PdCI,(Hdpf-kP),] (Hdpf =
1'-(diphenylphosphanyl)ferrocene-1-carboxylic acid; A, +35.1 in DMSO-dg)*®
and [PACI(LNC)(Ph,PfcCO,Me-kP)] (Ap +50.0 in CDCIy)?, respectively. Be-
sides, the 4J,,; and 3Jc coupling constants observed for 4 clearly indicate
trans-P-N arrangement of the donors (cf. refsl”-1® and references cited
therein). 13C NMR spectrum of 3 shows the signals due to the carbon atoms
within the phosphorus-substituted cyclopentadienyl and benzene rings as
triplets characteristic of bis(phosphane) complexes that arise due the pres-
ence of ABX spin systems *2C-31P,—(metal)-3P,-13C, with relatively large
Jap Values®®. Similar features were reported for the mentioned Hdpf-palla-
dium(ll) complex?6,
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SCHEME 2

A reaction between 1 and [{Rh(CO),},(u-Cl),] (Scheme 3) in diethyl ether
afforded trans-[RhCI(CO)(1-kP),] (5), which was isolated as crystalline
solvate 5-0.4Et,O. Similar reactions at 1:1 metal-to-phosphane ratio under
various conditions gave only complicated mixtures.

31P NMR spectrum of 5 shows a rhodium-coupled doublet at 3, 22.1. Both
the 3P coordination shift (A, +38.4) and the g, value (126 Hz) compare
very well with those of trans-[RhCI(CO)(Hdpf-kP),] (A, +37.8 in CDCI;)?°,
indicating trans-position of the phosphine donors (see also ref.21). The 13C

Collect. Czech. Chem. Commun. 2006, Vol. 71, No. 2, pp. 215-236



220 Stépnicka, Cisafova:

NMR signals due to the phosphanylated aromatic rings appear as virtual
triplets, similar to those in 3 (vide supra). On the other hand, the resonance
of rhodium-bonded carbonyl is observed as a normal doublet of triplets at
dc 187.60 due to coupling with the rhodium and two equivalent phospho-
rus atoms (Ngne = 74, 2pc = 16; cf. ref.29). The terminal carbonyl group also
gives rise to a characteristic strong v(C=0) band at 1954 cm™ in the IR spec-
tra. The trans-bis(phosphane) structure was confirmed by X-ray diffraction
analysis. However, the structural data®?> will not be discussed in detail be-
cause the structure shows a statistical disorder of the chloride and carbonyl
ligands, preventing satisfactory refinement of their positional parameters.

HoC=CH-. @

ocC Cl cO
NSNS 41 Cher.”
/Rh\ /Rh\ T /Rh\CO
ocC Cl CcO F{\ph
Ph
Fe
CH=CH2

SCHEME 3

Reactions between 1 and Cul (1:1 molar ratio) or [Cu(MeCN),]PFg
(2:1 molar ratio) as copper(l) precursors gave, respectively, heterocubane
[(ug-){Cu(1-kP)},] (6) and cationic bis(phosphane) complex [Cu(MeCN)-
(1-kP),]PFg (7) (Scheme 4). Formulation of these complexes comes mainly
from X-ray crystallography because these compounds are fairly unstable.
Complex 7, in particular, decomposes during isolation, losing probably the
coordinated acetonitrile. Moreover, the complexes are insoluble in non-
polar solvents, while in polar ones they seem to dissociate. Consequently,
the spectral data should be taken as more indicative of individual compo-
nents than of the overall structure of the products. For instance, the IR and
NMR spectra clearly confirm the presence of the ligands and, for 7, the
counter-ion (IR: v(C=N) and v(C=C) bands, v; and v, bands of the PF4~ ion;
'H NMR: signals due to coordinated 1 and MeCN; 3'P{*H} NMR: 1 and PFy").
The FAB* mass spectra exhibit, in addition to 1*, only the following
metal-containing fragments: [Cu,l,(1),]* (x/y = 1/2, 1/1) for 6, and [Cu(1),]*
(n =1, 2) for both compounds.
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SCHEME 4
Description of the Crystal Structures

Structure determination for 3 confirms the ordinary square-planar coordi-
nation around the palladium with trans ligands. Since the palladium atom
resides on the crystallographic inversion centre, only half of the molecule is
structurally independent and the coordination sphere perfectly planar. The
overall structure of 3 (Fig. 2) compares nicely with that of other complexes
featuring monodentate (diphenylphosphanyl)ferrocenyl ligands trans-
[PACI,(Ph,PfcY)], where Y = CO,H (Hdpf) (ref.1%), SMe (ref.°¢), P(O)Ph,
(ref.80), or (S)-4-isopropyl-4,5-dihydrooxazol-2-yl (ref.2%) — not only in terms
of the Pd-donor bond lengths and interligand angles, but also in the con-
formation of the whole dichlorobis{(diphenylphoshanyl)ferrocenyl}palla-
dium moiety.

The proximity of the bulky phosphane donors likely results in deviation
of the interligand angles from the right angle and leads to displacement of
the phosphorus atom from the plane of the bonded cyclopentadienyl ring
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by 0.117(1) A outwards the iron atom (i.e., from the ferrocene moiety). The
whole ferrocene moiety is rotated with respect to the coordination plane at
a dihedral angle of the phosphanylated cyclopentadienyl and coordination
planes of 55.06(8)°. Cyclopentadienyl rings in monodentate 1 exert a tilt
angle of ca. 4° and an almost ideal eclipsed conformation with syn-arranged
substituents: the torsion angle 1(C(1)-Cg(1)-Cg(2)-C(6)) is -75.2(1)°. The
vinyl group is directed away from the coordination plane and, as evidenced
by the angle between the C(23)=C(24) vector and the Cp(1) plane of
11.5(2)°, it is rotated from the arrangement coplanar with its parent
cyclopentadienyl ring.

The molecular structure of 4-CHCI; is shown in Fig. 3 and the pertinent
geometric parameters are listed in Table |I. The structure corroborates the
expected trans-P-N square-planar coordination environment around the
palladium atom. When compared with the structure of bis(phosphane)
complex 3, the coordination sphere in 4 is markedly distorted. The defor-

FiG. 2

The molecular structure of complex 3. Displacement ellipsoids are scaled to the 30% probabil-
ity level. Selected geometric parameters: Pd-Cl 2.3017(4), Pd-P 2.3406(5), P-C(6) 1.803(2),
P-C(11) 1.832(2), P-C(17) 1.816(2), C(1)-C(23) 1.448(3), C(23)-C(24) 1.334(4) A; CI-Pd-P
86.81(1), Cl-Pd-P' 93.19(1), C(6)-P-C(11) 102.40(8), C(6)-P-C(17) 105.70(8), C(11)-P-C(17)
101.95(8), C(1)-C(23)-C(24) 125.5(2)°; ferrocene unit: Fe-Cg(1) 1.659(1), Fe-Cg(2) 1.6510(9) A;
OCp(1),Cp(2) 3.9(1)°. Symmetry operations: i. (2 - x, -y, 2 — z). Cp(1,2) and Cg(1,2) are defined
as for 2 (see Fig. 1)
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TaBLE |

Selected geometric parameters for 4-CHCI; (in A and °)?

Pd—ClI 2.4074(9)
Pd-P 2.2531(8)
Pd-N 2.143(2)
Pd-C(25) 2.014(3)
Fe-Cg(1,2) 1.645(1)°
P-C(6) 1.807(3)
P-C(11) 1.828(3)
P-C(17) 1.816(3)
C(1)-C(23) 1.456(5)
C(23)-C(24) 1.317(5)
N-C(31) 1.485(4)
N-C(32) 1.485(3)
N-C(33) 1.473(4)

Cl-Pd-pP
CI-Pd-N
P-Pd-C(25)
N-Pd-C(25)

0Cp(1).Cp(2)
C(6)-P-C(11)
C(6)-P-C(17)
C(11)-P-C(17)
Pd-P-C(6,11,17)
C(1)-C(23)-C(24)
C(31)-N-C(32)
C(31)-N-C(33)
C(32)-N-C(33)

91.40(3)
91.62(7)
96.43(9)
81.4(1)

2.0(2)
99.5(1)

104.2(1)

105.5(1)
110.39(8)-118.20(9)
125.5(3)

110.0(2)
109.3(3)
109.2(2)

@ Definitions: Cp(1) (Cp(2)) are the C(1-5) (C(6-10)) cyclopentadienyl rings. Cg(1) and Cg(2)
denote the respective ring centroids. b Fe-Cg(1) = Fe-Cg(2).

Fic. 3

The molecular structure of 4.CHCIl;. Solvating chloroform was omitted for clarity. Displace-
ment ellipsoids are scaled to the 30% probability level
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mation can be accounted for by steric interactions of the ligands: spatial
limitations imposed by the relatively rigid 2-[(dimethylamino)methyl]-
phenyl (LN€) chelating group and bulkiness of the diphenylphosphanyl
moiety lead to closure of the N-Pd-C(25) angle and to opening of the adja-
cent interligand P-Pd-C(25) angle. In addition, palladium and its four ligat-
ing atoms, {Pd,CI,P,N,C(25)}, deviate significantly from planarity: the
donor atoms are displaced by as much as 0.119(1)-0.175(3) A from their
least-squares plane. Excluding the C(25) atom from this set markedly lowers
the deviations of the plane atoms (to ca. 0.05 A). Then, the Pd-C(25) bond
and the {Pd,CI,P,N} plane intersect at an angle of 12.1(1)°, with the distance
from the plane of the C(25) atom being as long as 0.475(3) A.

The Pd-donor bond lengths correspond well with those in the related
compounds featuring other ferrocene phosphanes: [Pd(LN®)(MeCN-kN)-
(Ph,PfcCO,Me-kP)]CIO, (ref.r”) and rac-[PdCI(LN®){Fe(n°-CgH3(PPh,-kP)-
(CH,CO,Me)-1,2)(n5-CsHy)} (ref.8). In accordance with a lower trans-influ-
ence®* of the nitrogen and chloride donors as compared with phosphane
and phenyl, respectively, the Pd-P bond is shorter and the Pd-CI bond lon-
ger than those in 3 (both by ca. 0.1 A).

The five-membered palladacycle in 4 has an envelope conformation with
the nitrogen displaced from the plane of the remaining ring atoms. The
metallated ring C(25-30), which is a part of the chelate ring, is rotated from
the coordination plane {Pd,CI,P,N,C(25)} by 25.4(1)°. The C-C bond
lengths in the palladated benzene ring span a range of 1.374(7)-1.406(4) A,
the extreme values corresponding to the C(27)-C(28) (shortest) and
C(25)-C(26) (longest) bonds. Finally, the ferrocene unit in monodentate 1
is rotated with respect to the coordination plane, the dihedral angle
of the phosphanyl-substituted cyclopentadienyl ring and the coordination
plane being 49.1(1)°. The ferrocene framework has regular geometry,
showing identical Fe-Cg(1,2) distances and a negligible tilt of the
cyclopentadienyl rings. The rings adopt a near-to-eclipsed conformation,
bearing the substitutents in anti-positions (cf. the torsion angle
1(C(1)-Cg(1)-Cg(2)-C(6)) 141.5(2)°), and the vinyl group is nearly coplanar
with the parent ring (the C(23)=C(24) vs Cp(1) angle is only 2.2(3)°).

The molecular structure of complex 6 as found in solvate 6-CgHg (Fig. 4)
resembles in many respects that of previously characterized complex
[Cu(us-1),{Cu(Hdpf-kP)},]-2AcOH (ref.2%). Even in the case of 6, compound
1 coordinates as a simple monodentate phosphane. The four independent
ligand moieties show no unexpected features; their vinyl substituents are
neither coordinated nor involved in intermolecular interactions. This re-
sults in enhanced mobility of the peripheral parts, which apparently in-
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creases on going from the inner core to the external ferrocene moieties,
finally resulting in a disorder at the vinylcyclopentadienyl moieties
(N.B.: the whole crystal assembly is essentially molecular, devoid of any
polar interactions such as hydrogen bonding). All this makes the hetero-
cubane core the only part of interest (Fig. 5 and Table I1).

The tetranuclear core as well as the whole molecule of 6 lack any external
(i.e., crystallographic) symmetry. Because of its compactness, the distortion
of the Cu,l, cluster from idealized cubic symmetry should be sought mainly
in the different radii of the involved atoms (Cu vs I). Although the bulky
phosphane ligands certainly play some role, their influence can be signifi-
cantly relaxed by their conformational flexibility. The Cu,l, unit appears as
if consisting of two mutually rotated Cu,l, rhomboids (Fig. 5) connected
by Cu-I bonds into the final cuboidal body. Individual rhomboids,
{Cu(D)I(A)Cu(3)I(2)} and {Cu(2)I(1)Cu(4)I(2)}, are markedly compressed
along the Cu---Cu axis; the lengths of the diagonals differ on average by as
much as 60% (cf. Cu(1)---Cu(3) 2.7570(9) vs 1(2)---1(4) 4.5311(5) A and
Cu(2)---Cu(4) 2.8506(9) vs I(1)---1(3) 4.4879(5) A). Besides, the Cu(1)---Cu(3)

FiG. 4
The molecular structure of 6:C4Hg. Hydrogen atoms and the molecule of solvating benzene
were omitted. The numbers are the atom labels (for copper (yellow) and iodine (green) atoms)
and ligand moieties (iron (red) and phosphorus (violet))
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and Cu(2)---Cu(4) distances are significantly shorter that other Cu:--Cu con-
tacts within the Cuyl, unit (see Table II).

Apart from this close-approach approximation, the heterocubane core
can be equally well but perhaps more conveniently described as a distorted
Cu, tetrahedron with all triangular faces capped by triply bridging iodine
atoms. Phosphane donors, attached to the metal vertexes, then complete
distorted tetrahedral coordination around each copper atom.

The structure of the cation in complex 7 (Fig. 6) shows a distorted
trigonal coordination geometry for the central atom, similar to that in
[Cu(MeCN)(Ph,PfcOMe-kP),]PF, (ref.6d). Although the Cu-donor atom
bond lengths are very similar in both structurally characterized complexes,
compound 7 shows somewhat higher angular distortion of the coordina-
tion sphere: the P(1)-Cu-P(2) angle is more opened (by ca. 5°) and the
N-Cu-P(1,2) angles are noticeably different (cf. the absolute difference of
the N-Cu-P(1,2) angles of 12.3° in 7 and ca. 0.2° in the reference com-
pound). The copper atom is displaced by 0.147(1) A from the plane of its
ligating atoms and its acetonitrile ligand is bent away from the
{Cu,P(1),P(2),N} coordination plane.

The P-bonded ferrocene ligands show different orientation towards the
coordination plane: the angles formed by the planes of their phosphanyl-
ated cyclopentadienyl rings (CpP) and the coordination plane are 71.9(1)
and 20.0(2)° for ligands 1 and 2, respectively. The ferrocene units are practi-
cally perpendicular to each other, as exemplified by the dihedral angle of
their CpP planes, 88.5(2)°. Similar to previous case, the vinyl groups are

C(108)

JLP(2)  C(206)
> QL

>

c(117) (1)

C(111)

Cu(1) Cu(2)
C(217) \

c(17) Cu(4) Cu(3)

1(4)

L) i T

cun®@

Fic. 5
Views of the core geometry in 6-CgHg showing only the pivotal carbon atoms for the P-bonded
aromatic rings. Displacement ellipsoids are scaled to the 30% probability level
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directed away from the coordination centre and one of them (molecule 2)
exhibits a disorder.

CONCLUSIONS

In the series of Pd(ll), Rh(l), and Cu(l) complexes presented in this contri-
bution, ligand 1 coordinates exclusively via phosphane group. The fact that
the vinyl group does not participate in the coordination can be ascribed to
unfavorable steric properties of this potentialy bidentate donor, not allow-
ing for chelate coordination due to steric requirements of the central atoms
and/or spatial properties of the ferrocene unit. Free vinyl groups thus be-
have as spectator dangling substituents and are often disordered in the
solid state due to a lack of intermolecular interactions that would fix their
position in the crystal lattice. Further investigations into the coordination
properties of 1, aimed at its bidentate coordination in either chelate or
bridging modes, are currently under way.

Fic. 6

The structure of the complex cation in 7. For clarity, hydrogen atoms were omitted and only
one orientation of the disordered vinylcyclopentadienyl ring in ligand 2 is shown. Selected
geometric data: Cu-P(1) 2.2431(9), Cu-P(2) 2.2551(8), Cu-N 1.993(3), N-C(1) 1.110(6),
C(1)-C(2) 1.46(1), P(1)-C(106) 1.801(3), P(1)-C(111) 1.827(3), P(1)-C(117) 1.826(3),
P(2)-C(206) 1.795(3), P(2)-C(211) 1.828(3), P(2)-C(217) 1.831(3) A; P(1)-Cu-P(2) 133.66(3),
P(1)-Cu-N 118.64(8), P(2)-Cu-N 106.27(8), Cu-N-C(1) 163.8(4), N-C(1)-C(2) 176.9(6)°;
ferrocene moieties in ligands 1/2: Fe-Cg(P) 1.641(1)/1.636(2), Fe-Cg(C) 1.652(2)/(disorder) A,
OCp(P),Cp(C) 1.1(2)°/(disorder) (Cp(P) and Cp(C) are the phosphanyl- and vinyl-substituted
cyclopentadienyl rings; Cg denotes the respective ring centroid)
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TABLE 1l
Selected interatomic distances and angles describing the geometry of the heterocubane core
in 6:C4Hg (in A and °)

Distances
1(1)-Cu(1) 2.7503(7) 1(2)-Cu(1) 2.6297(7)
1(1)-Cu(2) 2.7000(7) 1(2)-Cu(2) 2.7068(7)
1(1)-Cu(4) 2.6341(7) 1(2)-Cu(3) 2.7195(7)
1(3)-Cu(2) 2.6418(7) 1(4)-Cu(1) 2.6838(8)
1(3)-Cu(3) 2.6881(7) 1(4)-Cu(3) 2.6410(7)
1(3)-Cu(4) 2.7248(7) 1(4)-Cu(4) 2.7104(7)
Cu(1)-P(1) 2.251(2) Cu(2)-P(2) 2.255(2)
Cu(3)-P(3) 2.250(2) Cu(4)-P(4) 2.254(2)
Cu(1)---Cu(2) 3.0203(9) Cu(2)---Cu(3) 3.0204(9)
Cu(1)---Cu(3) 2.7570(9) Cu(2)---Cu(4) 2.8506(9)
Cu(1)--Cu(4) 2.9944(9) Cu(3)--Cu(4) 3.0405(9)
P(1)-C(106) 1.790(6) P(2)-C(206) 1.801(5)
P(1)-C(111) 1.823(6) P(2)-C(211) 1.831(6)
P(1)-C(117) 1.829(6) P(2)-C(217) 1.831(5)
P(3)-C(306) 1.799(6) P(4)-C(406) 1.804(5)
P(3)-C(311) 1.820(6) P(4)-C(411) 1.821(5)
P(3)-C(317) 1.827(5) P(4)-C(417) 1.820(5)
Angles
Cu(1)-1(1)-Cu(2) 67.30(2) Cu(1)-1(2)-Cu(2) 68.92(2)
Cu(1)-1(1)-Cu(4) 67.54(2) Cu(1)-1(2)-Cu(3) 62.02(2)
Cu(2)-1(1)-Cu(4) 64.60(2) Cu(2)-1(2)-Cu(3) 67.65(2)
Cu(2)-1(3)-Cu(3) 69.03(2) Cu(1)-1(4)-Cu(3) 62.36(2)
Cu(2)-I1(3)-Cu(4) 64.15(2) Cu(1)-1(4)-Cu(4) 67.44(2)
Cu(3)-I(3)-Cu(4) 68.34(2) Cu(3)-1(4)-Cu(4) 69.23(2)
1(1)-Cu(1)-1(2) 105.58(2) 1(1)-Cu(2)-1(2) 104.86(2)
1(1)-Cu(2)-1(4) 105.60(2) 1(1)-Cu(2)-1(3) 114.31(3)
1(2)-Cu(1)-1(4) 117.03(3) 1(2)-Cu(2)-1(3) 106.77(2)
1(1)-Cu(1)-P(1) 103.43(4) 1(1)-Cu(2)-P(2) 106.57(4)
1(2)-Cu(1)-P(1) 119.25(5) 1(2)-Cu(2)-P(2) 104.90(4)
1(4)-Cu(1)-P(2) 104.40(4) 1(3)-Cu(2)-P(2) 118.24(4)
1(2)-Cu(3)-1(3) 105.11(2) 1(1)-Cu(4)-1(3) 113.74(3)
1(2)-Cu(3)-1(4) 115.40(3) 1(1)-Cu(4)-1(4) 108.17(2)
1(3)-Cu(3)-1(4) 106.37(2) 1(3)-Cu(4)-1(4) 103.44(2)
1(2)-Cu(3)-P(3) 103.98(4) 1(1)-Cu(4)-P(4) 120.39(4)
1(3)-Cu(3)-P(3) 106.09(4) 1(3)-Cu(4)-P(4) 103.38(4)
1(4)-Cu(3)-P(3) 118.79(4) 1(4)-Cu(4)-P(4) 106.26(4)
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EXPERIMENTAL

Materials and Methods

Unless noted otherwise, the syntheses were performed under an argon atmosphere and with
exclusion of the direct daylight. Tetrahydrofuran (THF) was distilled from potassium-
benzophenone ketyl. Toluene, diethyl ether and hexane were dried over potassium metal
and distilled. Dichloromethane and chloroform were dried over anhydrous potassium
carbonate. 1'-(Diphenylphosphanyl)ferrocene-1-carbaldehyde®, [PdCI,(cod)] (ref.25),
di-p-chlorobis{[((2-dimethylamino)methyl-kN)phenyl-kC*palladium(11)} (ref.?7), [{Rh(CO),}, -
(u-Cl),] (ref.28). 1'-(Diphenylthiophosphoryl)ferrocene-1-carbaldehyde was synthesized from
the corresponding phosphane and elemental sulfur. [PPh;Me]Br (Fluka) was dried at 120 °C
for 1 h and then stored over phosphorus pentoxide. Other chemicals were used as received
from commercial suppliers (Fluka, Aldrich; solvents from Lachema).

NMR spectra were measured on a Varian UNITY Inova 400 spectrometer (lH, 399.95;
3¢, 100.58; 3P, 161.90 MHz) at 298 K. Chemical shifts (3, ppm) are given relative to inter-
nal reference tetramethylsilane (*H and 3C) and external reference 85% aqueous H;PO,
(3*P); coupling constants (J) are given in Hz. IR spectra were recorded on an FTIR Nicolet
Magna 760 instrument in the range 400-4000 cm™. Mass spectra were measured on a
Varian 3400 (GC)/Finnigan MAT INCOS (MS) GC-MS (El spectra) or a ZAB-SEQ spectrometer
(high resolution (HR) and fast-atom bombardment spectra (FAB)). Melting points were deter-
mined on a Kofler apparatus and are uncorrected.

Synthesis of 1-(Diphenylphosphanyl)-1'-vinylferrocene (1)

BuLi (2.2 ml, 2.5 m solution in hexanes, 5.5 mmol) was slowly introduced to a suspension of
[PPh;Me]Br (2.146 g, 6.0 mmol) in THF (50 ml) upon cooling in an ice bath. The white
phosphonium salt dissolved almost completely to give an orange solution that turned later
bright yellow. After stirring at 0 °C for 1 h, a solution of 1'-(diphenylphosphanyl)ferrocene-
1-carbaldehyde (1.995 g, 5.0 mmol) in THF (25 ml) was added to the formed ylide. The cool-
ing bath was removed and the mixture was stirred at room temperature for 6 h and then
quenched by addition of saturated aqueous NaHCO, and stirring for another 15 min. The
orange organic phase was separated, washed successively with saturated aqueous NaHCOg4
and NaCl solutions, dried over anhydrous MgSO,, and evaporated under reduced pressure.
The oily residue was purified by column chromatography (silica gel, hexane-diethyl ether
1:2). The major band of the product is eluted first, slowly followed by a minor band due to
the corresponding phosphine oxide. Evaporation of the first band and drying under vacuum
(13 Pa for 1 h) gave 1 as an amber oil that solidified upon standing to a pale orange solid.
Yield 1.776 g (89%). The product tends to retain traces of the solvents.

IH NMR (CDCly): 4.01 (apparent q, 2 H), 4.09 (apparent t, 2 H), 4.25 (apparent t, 2 H),
4.29 (apparent t, 2 H) (4 x CH, fc); 4.95 (dd, 2, = 1.4, %), = 10.8, 1 H, =CH,), 5.24 (dd,
24y = 1.4, 8, = 17.5, 1 H, =CH,), 6.23 (dd, ), = 10.7, 17.5, 1 H, =CH), 7.25-7.40 (m, 10
H, PPh,). 13C{*H} NMR (CDCl,): 67.61, 69.97, 72.46 (d, Joc = 4), 73.91 (d, Jpc = 15) (4 x CH,
fc); 76.18 (d, Ype = 7, C-P, fc), 84.11 (C-CH=CH,, fc), 111.67 (=CH,), 128.06 (d, Jpc = 7).
128.40, 133.43 (d, Jpc = 20) (3 x CH, Ph); 133.89 (=CH), 139.04 (d, Y, = 10, Cipsor Ph).
31p{IH} NMR (CDCly): -16.3 (s). EI MS, m/z (rel.%): 397 (27), 396 (M*, 100), 395 (34), 394
(7), 319 ([M - Ph]*, 19), 305 (5), 288 (6), 241 (9), 229 (9), 210 (5), 198 (6), 183 (8), 171 (22),
170 (16), 133 (7), 121 ([CgHsFe]”, 10), 56 (Fe®, 18). IR (neat): 3086 m, 3067 s, 3055 s,
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3009 m, 3000 m; v(C=C) 1629 s, 1585 m; 1476 s, 1433 vs, 1308 m, 1241 m, 1159 s, 1090 m,
1027 s, 985 s, 910 s, 890 s, 830 vs, 746 vs, 741 vs, 696 vs, 633 m, 502 s, 482 s. HR MS calcu-
lated for C,,H,,>®FeP: 396.0730, found: 396.0745.

Synthesis of 1-(Diphenylthiophosphoryl)-1'-vinylferrocene (2)

BuLi (2.4 ml, 2.5 m solution in hexanes, 6.0 mmol) was added dropwise to a stirred, ice-
cooled suspension of [PPh;Me]Br (2.144 g, 6.0 mmol) in THF (30 ml). Most of the salt
dissolved to give an orange solution, that later turned yellow. The ylide solution was stirred
at 0 °C for 1 h and then treated with a solution of 1'-(diphenylthiophosphoryl)ferrocene-
1-carbaldehyde (2.151 g, 5.0 mmol) in THF (50 ml). After stirring at 0 °C for 30 min and
then at room temperature overnight, the reaction was terminated by addition of saturated
aqueous NaHCO; and stirring for 15 min. The organic phase was separated, washed with
saturated aqueous NaHCO,, dried over anhydrous MgSO,, and evaporated under vacuum.
The oily residue was purified by column chromatography on alumina (Brockmann Il) with
hexane-diethyl ether (1:1) as eluent. Solvent removal and drying under vacuum (60 °C at
133 Pa for 1 h) afforded pure 2 as an amber oil, which solidified upon standing to give a
crystalline, orange brown solid. Yield 1.952 g (91%). M.p. 116.5-117.5 °C (diethyl ether-
hexane).

IH NMR (CDCly): 4.19 (apparent t, 2 H), 4.34 (apparent g, 2 H), 4.36 (apparent t, 2 H),
4.42 (apparent g, 2 H) (4 x CH, fc); 4.95 (dd, 2, = 1.5, %), = 10.7, 1 H, =CH,), 5.23 (dd,
)y = 1.5, %, = 17.5, 1 H, =CH,), 6.18 (dd, %, = 10.7, 17.5, 1 H, =CH), 7.38-7.76 (m, 10
H, PPh,). 3C{*H} NMR (CDCl,): 68.39, 70.97, 73.51 (d, Jpc = 10), 73.97 (d, Jpc = 13) (4 x
CH, fc); 75.31 (d, YJpc = 98, C-P, fc), 84.92 (C-CH=CH,, fc), 112.39 (=CH,), 128.16 (d, Jpc =
12), 131.15 (d, Jpe = 3), 131.59 (d, Joc = 11) (3 x CH, Ph); 133.30 (=CH), 134.55 (d, Y, = 87,
Cipsor Ph). *'P{'"H} NMR (CDCly): +42.1 s. EI MS, m/z (rel.%): 429 (29), 428 (M*, 100), 427
(7), 426 (7), 402 ([M - C,H,]*, 7), 339 (7), 338 (22), 337 ([Ph,P(S)CsH,Fe]", 98), 335 (7), 273
(11), 229 (9), 183 (10), 414 (5), 121 ([CgHsFe]", 5), 56 (Fe*, 10). IR (Nujol): v(C=C) 1632 m;
1308 m, 1169 s, 1101 s, 1033 m, 1026 m, 984 m, 841 m, 816 m, 752 s, 715 vs, 694 s, 658 vs,
542 s, 521 m, 498 s, 486 s. For C,,H,,FeP calculated: 67.30% C, 4.94% H; found: 66.95% C,
4.87% H.

Synthesis of trans-Dichlorobis[1-(diphenylphosphanyl-kP)-1'-vinylferrocene]-
palladium(ll) (3)

A solution of 1 (166 mg, 0.42 mmol) in chloroform (5 ml) was added to solid [PdCl,(cod)]
(57 mg, 0.20 mmol). The resulting red solution was stirred at room temperature for 90 min
and then evaporated under reduced pressure. (The characteristic smell of liberated cycloocta-
1,5-diene was clearly detectable immediately after mixing the reactants.) The residue was
redissolved in chloroform and crystallized by diffusion of hexane. The crystalline product
formed after several days was filtered off, washed with hexane and dried in air. Yield of
3:0.15CHCI; 182 mg (92%), dark red crystals.

IH NMR (CDCly): 4.31 (apparent t, 2 H), 4.53 (m, 4 H), 4.65 (apparent t, 2 H) (4 x CH,
fc); 5.05 (dd, 31, = 10.7, 2,4 = 1.4, 1 H, =CH,), 5.34 (dd, %, = 17.5, 2, = 1.4, 1L H,
=CH,), 6.39 (dd, %, = 17.5, 10.7, 1 H, =CH), 7.32-7.68 (m, 10 H, PPh,). 3C{*H} NMR
(CDCly): 68.22 (CH, fc), 71.20 (virtual t, J' = 28, C-P, fc), 71.95 (CH, fc), 73.96 (virtual t,
¥ =8, CH, fc), 76.00 (virtual t, ' = 5, CH, fc), 84.97 (C-CH=CH,, fc), 112.45 (=CH,), 127.69
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(virtual t, J' = 5, CH of PPh;), 130.22 (CH of PPh,), 131.24 (virtual t, ) = 25, C;,¢, of PPh,),
133.76 (=CH), 134.14 (virtual t, ' = 6, CH of PPh,). 3P{*H} NMR (CDCI,): P¥15.6 5. IR
(Nujol): v(C=C) 1622 m; 1304 m, 1165 s, 1105 m, 1092 m, 1053 m, 1036 m, 1020 m, 989 m,
918 s, 822 s, 750 vs, 692 vs, 619 m, 542 m, 515 vs, 508 s, 492 s, 472 s. For
C,gH4,Cl,Fe,P,Pd-0.15CHCI; calculated: 58.55% C, 4.30% H; found: 58.45% C, 4.37% H

Synthesis of Chloro{2-[(dimethylamino)methyl-kN]phenyl-kC'}-
[1-(diphenylphosphanyl-kP)-1'-vinylferrocene]palladium(ll) (4)

A solution of 1 (83 mg, 0.21 mmol) in dichloromethane (2 ml) was added to di-p-chlorobis-
{[((2-dimethylamino)methyl-kN)phenyl-kC]palladium(i1)} (55 mg, 0.10 mmol) in the same
solvent (2 ml). The resulting solution was allowed to stand for 15 min and then crystallized
by layering with hexane and diffusion at 4 °C for several days. The separated crystals were
filtered off, washed with hexane and dried under vacuum. Yield of 4 124 mg (85%),
well-developed rusty orange crystals.

'H NMR (CDCly): 2.85 (d, I, = 2.7, 6 H, NMe,), 4.12 (d, I, = 2.2, 2 H, NCH,), 4.25
(d of apparent t, 2 H), 4.36 (apparent g, 2 H), 4.54 (apparent t, 2 H), 4.71 (apparent t, 2 H)
(4 x CH, fc); 5.03 (dd, %, = 10.8, 4, = 1.5, 1 H, =CH,), 5.32 (dd, ), = 17.5, 2, = 1.5,
1 H, =CH,), 6.40 (dd, %, = 17.5, 10.8, 1 H, =CH), 6.26-7.04 (m, 4 H, C¢H,; overlaps with
the =CH multiplet), 7.28-7.60 (m, 10 H, PPh,). *C{*H} NMR (CDCl,): 50.13 (d, 3¢ = 3,
NMe,), 68.10, 72.22 (2 x CH, fc); 73.16 (d, Y, = 60, C-P, fc), 73.58 (d, 3JPC =7, NCH,),
73.95 (d, Jpc = 7), 75.96 (d, Jpc = 10) (2 x CH, fc); 84.82 (C-CH=CH,, fc), 112.35 (=CH,),
122.42, 123.66, 124.81 (d, JPC =6) (3 x CH of C4H,); 127.82 (d, Jpc = 11), 130.43 (d, Jpc = 2)
(2 x CH of PPh,); 131.72 (d, Np¢ = 49, Cy, Of PPh,), 133.74 (=CH), 134.33 (d, Jpc = 12, CH
of PPh,), 138.40 (d, Jpc = 10, CH of C H4) 148.14 (d, Jpc = 2), 152.19 (2 x Cjp, Of CgH,).
31p{IH} NMR (CDCI,): +33.0 s. FAB MS, m/z (rel.%): 671 (M"), 636 (M - CI]*), 591 502, 396
([Ph,PfcCHCH,]"). IR (Nujol): v(C=C) 1626 m, 1579 m; 1304 m, 1165 s, 1100 s, 1045 m,
1028 m, 996 m, 984 w, 970 m, 918 m, 849 s, 739 vs, 691 s, 627 m, 544 m, 517 s, 498 s,
474 m. HR MS calculated for Cs3H4;°®FeNPI®Pd ([M — CI]"): 636.0735, found: 636.0732. For
C43H35CIFeNPPd-0.67CH,CI, calculated: 55.46% C, 4.75% H, 1.92% N; found: 55.41% C,
4.84 H, 1.85% N

Synthesis of trans-Carbonylchlorobis[1-(diphenylphosphanyl-kP)-1'-vinylferrocene]-
rhodium(l) (5)

A solution of di-p-chlorobis[dicarbonylrhodium(l)] (39 mg, 0.10 mmol) in diethyl ether (10 ml)
was added to solid 1 (166 mg, 0.42 mmol). The ligand dissolved with copious effervescence
(CO evolution) and the product started to separate as an orange microcrystalline solid. The
mixture was allowed to stand at room temperature for 1 h and then at -18 °C overnight.
The solid product was filtered off, washed with diethyl ether and dried in air. Yield of
5-0.4Et,0 189 mg (96%), rusty orange crystalline solid.

H NMR (CDCly): 1.21 (t, 31, = 7.0, 2.4 H, OCH,CHy,), 3.48 (q, %, = 7.0, 1.6 H,
OCH,CH,), 4.30 (apparent t, 2 H), 4.44 (br m, 2 H), 4.45 (apparent t, 2 H), 4.52 (apparent t,
2 H) (4 x CH, fc); 5.02 (dd, 3, = 10.8, 2),,, = 1.5, 1 H, =CH,), 5.31 (dd, 3, = 17.5, 2}, =
1.5, 1 H, =CH,), 6.36 (dd, %, = 17.5, 10.8, 1 H, =CH), 7.31-7.72 (m, 10 H, PPh,). 13C{*H}
NMR (CDCly): 15.28 (OCH,CH,), 65.85 (OCH,CH,), 68.08, 71.88, 73.52 (virtual t, J' = 3)
(8 x CH, fc); 74.78 (virtual t, J' = 26) (C-P, fc), 75.24 (virtual t, J' = 5) (CH, fc), 84.68
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(C-CH=CH,, fc), 112.15 (=CH,), 127.79 (virtual t, J' = 5), 129.85, 133.95 (virtual t, J' = 6) (3 x
CH of PPh,); 134.76 (virtual t, J' = 24, C;,, of PPh,), 187.60 (dt, Ng,c = 74, 2Jpc = 16, C=0).
31p{*H} NMR (CDCly,): 22.1 (d, Yg,p = 126). FAB MS, m/z (rel.%): 958 (M"), 895, 839, 748,
527 ([Rh(CO)(Ph,PfcCH=CH,)I*), 396 ([Ph,PfcCH=CH,]"). IR (Nujol): v(C=0) 1954 vs;
v(C=C) 1635 w, 1620 w; 1304 m, 1163 m, 1097 m, 1030 m, 987 w, 904 w, 933 m, 752 m,
696 s, 627 w, 509 s, 498 s, 469 m. HR MS calculated for C,oH,,%°CI®®Fe,0P,%%Rh (M"):

958.0153, found: 958.0116.

Synthesis of Tetra-pi;-iodotetrakis{[1-(diphenylphosphanyl-kP)-1'-vinylferrocene]-
copper(1)} (6)

Cul (38 mg, 0.20 mmol) was added to a solution of 1 (83 mg, 0.21 mmol) in chloroform
(5 ml) and the mixture was stirred overnight (the solid dissolved completely within 1-2 h).
Then, the reaction solution was evaporated under reduced pressure, the residue dissolved in
chloroform (3 ml) and the solution layered with hexane (ca. 12 ml). Crystallization at +4 °C
gave a fine microcrystalline solid, which was filtered off, washed with hexane and dried un-
der vacuum. Yield of 6 99 mg (83%), orange microcrystalline solid.

IH NMR (CgDg): 4.18 (apparent t, 2 H), 4.24 (br apparent t, 2 H), 4.26 (apparent t, 2 H),
4.61 (apparent g, 2 H) (4 x CH, fc); 4.90 (dd, %), = 10.7, 2}, = 1.6, 1 H, =CH,), 5.18 (dd,
Slyy = 17.4, 4, = 1.6, 1 H, =CH,), 6.05 (dd, 3}, = 17.4, 10.7, 1 H, =CH), 7.08-7.87 (m, 10
H, PPh,). 3'P{*H} NMR (C4Dg): -25.4 (br s, Av,,, = 350). FAB MS, m/z (rel.%): 1045
([Cu,l(1),]M), 855 ([Cu(1),]), 649 ([Cu,l(1)]), 459 ([Cu(1)]"), 396 (1%). For
CygHg,Cu,Feyl,P,-0.25CHCI; calculated: 47.24% C, 3.47% H; found: 47.25% C, 3.38% H.

X-ray quality crystals of solvate 7-CgHg were obtained exactly as described above except
that benzene was used as solvent. Since the crystalline product rapidly decomposed in air
(most likely by the loss of solvent), it was covered with deoxygenated mineral oil prior to
further manipulation.

Synthesis of (Acetonitrile-kN)bis[1-(diphenylphosphanyl-kP)-1'-vinylferrocene]copper(l)
Hexafluorophosphate (7)

A solution of 1 (83 mg, 0.21 mmol) in dichloromethane (3 ml) was added to solid tetrakis-
(acetonitrile)copper(l) hexafluorophosphate (37 mg, 0.10 mmol). The mixture was stirred at
room temperature for 90 min whereupon a clear orange solution resulted. The solution was
filtered through PTFE syringe filter (0.45 um pore size) and the filtrate layered with hexane.
Crystallization over several days yielded a solid product, which was filtered off, washed with
hexane and dried under vacuum. Yield of 7 102 mg (93%), orange microcrystalline solid.
IH NMR (CgDg): 1.51 (s, 3 H, MeCN), 4.06 (apparent t, 2 H), 4.07 (apparent g, 2 H), 4.15
(apparent t, 2 H), 4.17 (apparent t, 2 H) (4 x CH, fc); 5.08 (br dd, 3JHH =10.7, ZJHH =13,1
H, =CH,), 5.23 (br dd, 3, = 17.4, 2, = 1.3, 1 H, =CH,), 6.28 (br dd, %, = 17.4, 10.7, 1
H, =CH), 7.08-7.87 (m, 10 H, PPh,). >P{*H} NMR (C4Dg): 6.5 (br s, Av,,, = 30), -142.2
(sept, Yl = 712). FAB MS, m/z (rel.%): 1025, 855 ([Cu(1),]*), 629 ([1025 — 1]*), 459
([Cu(L)]h), 396 (1%). IR (Nujol): v(C=N) 2271 w; 1626 w, 1586 v, 1570 w; 1310 m, 1194 w,
1166 s, 1098 s, 1029 s, 914 m, v4(PFg) 839 br, vs; 745 vs, 698 vs, v,(PFg) 558 vs, 514 s, 491 s,
468 m. The compound readily decomposes (probably by oxidation to Cu(ll) and loss of co-
ordinated MeCN), which did not allow for obtaining reliable microanalytical data.
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X-ray Crystallography

Single crystals suitable for X-ray diffraction analysis were obtained by crystallization from
diethyl ether—hexane (2: orange prism, 0.18 x 0.35 x 0.45 mm?®), chloroform-hexane (3: red
prism, 0.30 x 0.33 x 0.45 mm?; 4-CHCI;: red plate, 0.08 x 0.15 x 0.35 mm3, 7: orange plate,
0.15 x 0.20 x 0.43 mm?®), and from benzene—-hexane (see also above; 6-CzHg: orange plate,
0.05 x 0.28 x 0.30 mm?). The selected crystals were mounted onto glass fibres with wax and
transferred to a Nonius KappaCCD diffractometer equipped with Cryostream Cooler (Oxford
Cryosystems). Full-set diffraction data (xh, £k, £I, 26 < 55°) were collected at 150(2) K using
graphite monochromatized MoKa radiation (A = 0.71073 A) and analyzed with the HKL pro-
gram package®® (Table Ill). The data were corrected for absorption using Gaussian (3 and
6:C4Hg) or multiscan (4-CHCI; and 7) methods incorporated in the diffactometer software
(the ranges of transmission factors are given in Table III).

The structures were solved by direct methods (SIR97 %) and refined by weighted
full-matrix least squares on F2 (SHELXL97 %!). The non-hydrogen atoms were refined with
anisotropic displacement parameters unless specified otherwise for disordered molecular
parts. The disorder was typically observed for vinylcyclopentadienyl moieties (particularly in
6:C4Hg and 7). These nonpolar groups do not participate in the coordination nor take part
in any substantial intermolecular interactions; consequently, they behave as dangling pe-
ripheral groups. The disorder was treated as follows: for 6:C4zHg, the vinylcyclopentadienyl
moieties in all four ligand moieties were constrained to have the same geometry, whereas
for 7, one of the vinylcyclopentadienyl units (ligand 2 comprising the Fe(2) atom) was re-
fined over two positions, where the terminal =CH, carbon atom acts as a pivot, with ideal-
ized geometry for the five-membered ring and identical displacement parameters for the
pairs of corresponding atoms. Carbon atoms within the mentioned disordered moieties were
refined isotropically. The geometry of 2 as well as that of the ligand moieties in 3 and
4-CHCI; were refined without such constraints. Furthermore, the solvating chloroform mol-
ecule in 4.CHCI; was refined over two positions with the anisotropic displacement parame-
ters restrained to the same values for each pair of the related atoms.

All hydrogen atoms were included in idealized positions with U;,,(H) assigned to
1.2U,4(C) (aromatic and methylene) or 1.5U,,(C) (methyl), and allowed to ‘ride’ on their ad-
jacent carbon atom during the refinenemt. Final geometric calculations were carried out
with a recent version of Platon program3?; the values were rounded to one decimal digit in
the estimated standard deviation.

CCDC 289215 (for 2), 289216 (for 3), 289217 (for 4), 289218 (for 6), 289219 (for 7) con-
tain the supplementary crystallographic data for this paper. These data can be obtained free
of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallo-
graphic Data Centre, 12, Union Road, Cambridge, CB2 1EZ, UK; fax: +44 1223 336033; or
deposit@ccdc.cam.ac.uk).

This work was supported by the Grant Agency of the Czech Republic (grant No. 203/05/0276).
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