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Summary: The comproportionation reaction between
Cp,Zr'V1, and Cp,Zr''(PMe;), leads to a mixture of
(m%:0°-CyoHg) [(n>-CsHs)Zr(k-1)], (1) and [Cp,Zr(u-1)], (5)
which have been isolated in pure form. The structure of
the thermally unstable 5 has been determined by X-ray
diffraction methods. Complex 5 crystallizes in the tet-
ragonal space group P4,nm (No. 102) with a = 8.500 (3)
A c=13774 (1) A, v=995.2(5) A%, and Z = 2. The
long Zr-Zr distance [3.669 (2) A] suggests that no Zr-Zr
bond occurs in this diamagnetic complex.

Although the chemistry of group IVB transition metals
has been well-established, the oxidation state of (+III)
remains quite elusive in the case of zirconium and virtually
unknown for hafnium.! A puzzling question arises, for
example, from the ability of zirconium and hafnium d!
complexes, to form dinuclear species ligated by a single
metal-metal bond. The presence of this bond is in fact
a postulate commonly accepted to explain the diamagne-
tism of Zr(III) complexes.? However, only two structural
determinations supporting this idea have been reported
for zirconium so far,?° showing moreover quite elongated
Zr-Zr bonds. Furthermore, the long intermetallic dis-
tances, which have been observed in a recent crystallo-
graphic characterization of two bis(cyclopentadienyl)zir-
conium(III) complexes,* suggest that not necessarily a
metal-metal bond should occur in the dinuclear and dia-
magnetic d! species. Apart from the nonmarginal question
of the real existence of Zr-Zr bond, the chemical behavior
of Zr(III) remains poorly understood. Undoubtedly, the
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absence of suitable synthetic pathways has been the lim-
iting step for the development of this chemistry.’

We previously reported that equilibration reactions
between tetravalent and divalent compounds, commonly
used for the preparation of Ti(IlI) complexes,® can be used
as a successful synthetic pathway to fulvalene-bridged
Zr(III) complexes (eq 1).%¢ A gentle heating (40-45°) is

CpaZrCly + CpyZr(PMeg); —= 1)

necessary to start the reaction. Under these conditions,
CpyZr(PMes), releases one molecule of PMes, forming the
dimeric [(nt4°-C;H ) (n>-CsH;)Zr(PMeg) ], (Scheme I).7 We
have verified that the final fulvalene complex 1 can be
formed by direct reaction of this complex with Cp,ZrCl,.
The reaction probably involves the same intermediates 3
and 4 individuated by Schwartz in the controlled oxidation
of Zr(II).8

What remains unclear, is which pair of cyclopentadienyl
rings is used by the metal for the formation of the fulvalene
ligand. In an attempt to gain insights into the reaction
pathway, we have reacted Cp,Zr(PMey), with Cp’,ZrCl,
(Cp’ = MeCsH,), where the cyclopentadienyl rings are
labelled by the presence of a methyl substituent. The
reaction leads to the formation of 1 (45% in NMR tube
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Figure 1. Molecular structure of [CpyZrI], showing thermal
ellipsoids drawn at 50% level probability. Selected bond lengths
(A) and angles (deg) (estimated standard deviation in parentheses):
Zr(1)-1(1) = 2.916 (1); I(1)-Zr(1)-1(1A) = 102.03 (3); Zr(1)-I-
(1)~Zr(1A) = 77.97 (3); Cp'-Zr(1)-Cp? = 115.68 (3); Zr(1)--Zr(14)
= 3.669 (2).

experiments) as the only fulvalene-containing product.
Considerable amounts of Cp’yZrCl, (35%, by NMR) re-
main unreacted, and new signals tentatively assigned to
“Cp’sZr” have also been observed.!

This result clearly indicates that the fulvalene ligand
originates only from the two cyclopentadienyl rings of the
Cp,Zr(PMeg), molecule. On the other hand, it is obvious
that the bridging chlorine atoms of the complex 1 are
provided by Cp’,ZrCl,. However, we were unable to un-
derstand why considerable amounts of unreacted Cp’,ZrCl,
invariably were present in the reaction mixtures, in spite
of our effort to adjust the stoichiometry. In order to better
clarify the role played by Cp’,ZrCl, in this respect, we have
carried out a comproportionation reaction between Cp,Zrl,
and Cp,Zr(PMej), in toluene. The reaction proceeds at
room temperature, forming a deep purple solution. When
the reaction progress is monitored by 'H NMR, the dis-
appearance of the starting materials is observed along with
the formation of the fulvalene-bridged (n%:15-C,oHg) [(n®-
CsH;)Zr(u-1)],% and a growing narrow singlet at 4.97 ppm
in the 'H NMR spectrum [45% considering the singlet
belonging to a bis(cyclopentadienyl) moiety]. The resulting
solution was concentrated to a small volume, yielding black
greenish® crystals (25%) upon cooling to -30 °C. The
fulvalene-free compound showed the presence of a singlet
at 4.97 ppm in the 'H NMR spectrum (300 MHz) and a
doublet at 102.04 ppm in the 3C NMR spectrum (75
MHz). Analytical data were consistent with the formu-
lation [CpsyZrl]; (5).

The structure of the molecule has been demonstrated
by an X-ray diffraction analysis.® The unit-cell contains

(9) Complex 5 is a deep red-purple solid. The emerald-green ap-
pearance of crystalline samples is a common feature for red Zr(III) de-
rivatives.’4

(10) Crystal data: deep purple prism; crystal size (mm), 0.14 X 0.30
X 0.06; tetragonal; space group P4,nm (No. 102); a = 8.500 (3) Acs=
13.774 (1) A; Z = 2; V = 995.2 (5) A3 d(calcd) = 2.325 g cm™3, u(Mo) =
41.0 cm™; F(000) = 652; scan mode = w/26; scan width = 0.85 + 0.35 tan
6; T = 298 K; measured reflections 4178, range of hkl = h, -10 — 10, &
0 — 10, [, -16 — 18 (20, = 52°); number of unique reflections, 561;
number of reflections used in analysis, 522 [I > 2.5¢([)]; structure solved
by heavy-atom method; all the non-hydrogen atom positions were located
and refined anisotropically; the carbon atoms of the cyclopentadienyl
rings showed quite large thermal parameters probably due to libration
motions as a common features for the complexes having this type of
structure;!! hydrogen atom positions were calculated and refined in the
riding mode; number of variables 61; R = 0.026; R,, = 0.031, GOF = 1.806;
w = 1/[c?]; largest remaining peak, -0.58, 0.80 e/A3 a final difference
Fourier map did not show any significant residual feature; largest
shift/esd, final cycle, 0.313.
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two discrete dimeric units, with the usually bent Cp,Zr
moieties linked by two bridging iodine atoms (Figure 1).
The value of the intermetallic distance [3.669 (2) A] is
similar to those found in [CpyZr(u-PMe,)],* and [CpyZr-
(u-CD][CpoZr(u-PMes)],* excluding once more the presence
of a Zr-Zr bond. All the bond distances and angles are
normal.

By analogy with [ZrCl3(PRg),]; complexes,®? [Cp,Zrl],
is thermally unstable. It slowly disproportionates in so-
lution at room temperature to CpyZrl, and “Cp,Zr”.1? Full
decomposition can be achieved within few hours at 100 °C.
This result tentatively suggests that the formation of
Cp,ZrCl; and “Cp,Zr”, observed in the comproportionation
with Cp,ZrCly, might be ascribed to the intermediate
formation of the elusive [CpyZrCl],. A higher thermal
instability possibly. might be responsible for the failure to
characterize this species.!® Further attempts to prepare
[Cp,ZrCl],; by the reaction between [ZrCly(PRj),], and
CpNa in either ether or toluene at low temperature
(-80/-30 °C) led only to mixtures of Cp,ZrCl, and
Cp2Zr(PR3)2.

A full investigation on the reactivity of [Cp,Zrl], is in
progress at the moment.

Supplementary Material Available: Tables of crystal data,
anisotropic thermal parameters, atomic coordinates, bond lengths,
bond angles, and torsion angles (8 pages); a listing of observed
and calculated structure factors (3 pages). Ordering information
is given on any current masthead page.
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Summary: Reaction of (u-S,)Fe,(CO)s (1) with 1 equiv of
thiolate RS~ (R = Ph, PhCH,, i-Pr) results in formation of
the [Fe,S,(CO),,]% ion (2) containing two [(u-S),Fe,-
(CO)e]~ units linked by a disulfide bond. Use of t-BuS-
results instead in a new green mixed disulfide, the [(u-
S)(u-S,-t-Bu)Fe,(CO)g]~ ion (8), the structure of which has
been determined as the Ph,As™ salt. These results sug-
gest that similar mixed disulfides are intermediates in the
reaction of thiolates with 1 to produce 2.
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