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Abstract

The synthesis and structural characterization of the dimetallocenes Zn,(1’-CsMes), and Zn,(n’-CsMe4Et), are reviewed together with unsuc-
cessful attempts to obtain analogous complexes containing other cyclopentadienyl ligands. The possibility of preparing related dimetallocenes
structures for the late-transition elements is also examined and an overview of known metal-metal bonded molecular compounds of the group 12

elements is given.
© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Recent work carried out in our laboratory has resulted in
the synthesis and characterization of an(nS-C5Me5)2 1, the
first stable molecular compound that contains a Zn—Zn bond
[1a]. Decamethyldizincocene was unique at that time not only
because of the presence of a Zn—Zn bond but also because of
its unprecedented metallocene structure that consists of a pair
of directly bonded metal atoms sandwiched between two par-
allel cyclopentadienyl rings, such that the metal-metal bond is
collinear with the Cs axis of the CsMes rings. At variance with
related structures known for some transition elements, the zinc
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atoms of 1 do not bear additional ligands, either bridging or
terminal.

The structural characterization of 1 was shortly followed by a
number of theoretical studies of the bonding and electronic prop-
erties of this and related dimetallocenes structures [2], including
our own one [3]. Experimental reports on new Zn—Zn [4] (and
also Cd—Cd [5]) bonded compounds followed also in due course.
Our attempts to extend the synthesis of 1 to dimetallocenes of
other cyclopentadienyl groups found limited success, although
a second dizincocene, an(”r]5 -CsMe4Et), 2, with lower ther-
mal stability than 1, was prepared and structurally characterized
[1b].

In this contribution we provide an account of how this work
developed, how compound 1 was unexpectedly obtained and
subsequently prepared by a rational, gram-scale route. We will
also discuss the difficulties encountered for the characterization
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of 1, in particular the distinction between its correct structure
and the alternative formulation as a putative bridging dihydride
structure, [Zn(°-CsMes )2 (u-H)>].

To place our results in context, we first make a brief discussion
of compounds that possess metal-metal bonds, encompassing
derivatives of both the transition and the main group elements,
with particular reference to clusters containing cyclopentadi-
enyl ligands. Since transition metal compounds that hold two
metal-metal bonded (n5 -CsMes)M units complemented by
other ligands, e.g., hydride, halide, oxo and others, i.e., [("qs-
CsMes)M]2(-L),, are potentially useful precursors for the
synthesis of so far unknown transition metal dimetallocenes
M>(1°-C5R5)2, some binuclear complexes of this kind will also
be considered. Then the synthesis and characterization of 1 and
2 will be examined.

2. Compounds with metal-metal bonds

A distinctive characteristic of inorganic chemistry is the wide
occurrence of compounds that present direct bonds between
metallic elements [6]. This notion was not recognized in the early
years of Werner but started to become familiar in the late 1930s
and in the following decades, when the subject of many such
compounds was determined by X-ray crystallographic tech-
niques. The field quickly expanded, a landmark discovery being
the structural characterization of transition metal compounds
that possess multiple metal-metal bonds. [7,8] The seminal
recognition by Cotton in 1964 of the Re-Re quadruple bond
was followed by many contributions made by his own group.
Indeed, Cotton and co-workers have provided much of our
present knowledge of this important class of compounds over
the years. Progress on related derivatives of main group elements
was comparatively slower but nowadays the study of compounds
that contain single or multiple bonds between elements of groups
13 and 14 is a very important area of research [9]. Interest has
centred in part on clusters that exhibit delocalized bonds among
the metal atoms [10], some of which are ligand bearing whereas
others are only bonded to other metal atoms [12,13]. In gen-
eral, these clusters exhibit more direct metal-metal bonds than
metal-ligand bonds. They are called metalloid clusters [12c]
and until recently they were known only for the noble transition
metals, e.g., the nanosized Pd clusters Pdsq(CO)3>(PMe3),; or
Pd;45(CO),(PEt3)30 [14]. Following the synthesis and character-
ization of [Al77(N(SiMe3)2)20]2’ by Schndckel and co-workers
[12a] many compounds of this kind have been made for the
heavier elements of groups 13 and 14.

Dinuclear compounds of main group elements with multi-
ple element—element bonds have also attracted a great deal of
attention. The first compound with a Sn=Sn double bond was
reported by Davidson and Lappert [15], but it is only in the last
10 years that compounds that feature E=E triple bonds have been
obtained [16-18] for many of the groups 13 and 14 heavier ele-
ments. Nevertheless, despite the triple bond formulation, there
is usually nonbonding lone-pair electron density character at the
central E atoms that result in a decrease in the bond order.

Most of the cluster compounds mentioned above are
organometallic in nature as they contain M—C bonds to different

hydrocarbon-based ligands. An important group of dinuclear
M-M bonded compounds is that containing cyclopentadienyl
ligands (in general Cp’). Some of these compounds, like for
instance (nS-CsHs)zFez(CO)4 and (nS-C5H5)2M02(CO)6 are
known since the early years of metal cyclopentadienyls [19].
Some compounds of this type containing bridging hydride,
halide or related ligands will be briefly mentioned in the fol-
lowing section. Higher nuclearity cyclopentadienyl clusters are
well known, in many cases containing bridging hydride and
carbonyl ligands [20]. But clusters containing only Cp’ lig-
ands have also been described and they can be exemplified by
the interesting hexameric molecule Ni6(n5 -CsHs)g [21] and by
the mixed-metal cluster Ni22n4(n5-C5H5)6 [22]. Compounds
of composition (1°-Cp)E, where E is a group 13 element, are
monomeric in the gas phase but adopt highly symmetric cluster
arrangement in the solid state [23]. For instance, Al(nS-CsMe5)
is tetrahedral, i.e., A14(n5—C5Mes )4, while the Ga and In analogs
display octahedral hexameric structure Mé('Y]S-C5MCS)6. How-
ever, in contrast with Al4(n5-C5Me5 )4 that has Al-Al distances
of 2.77 A, somewhat shorter than in aluminum metal [24], the
M-M separation in the Gag (ca. 4.10 A) and Ing (3.95 A) clus-
ters are very long indicating that M- - -M interactions are of little
importance, the cluster structure being defined by ligand—ligand
interactions [25]. Al4(n5-C5Me5 )4 exhibits a very rich and
diverse chemistry [11,24] and has been cited as a milestone in
modern organometallic chemistry [9a]. Indeed, the Al/CsMes
combination has given rise to a number of unusual structures,
among them a cluster core of 50 aluminum atoms protected by
12 m°-Cs5Mes ligands in the compound Alsg(n>-CsMes )12 [26].

3. Some metal-metal bonded [M(ns-Cp’ )2(L), and
related compounds

Binuclear cyclopentadienyl complexes of mid- and late-
transition metal halides, oxides and hydrides are well known and
appear as possible precursors for the synthesis of dimetallocene
structures by means of chemical reduction, dehydrogenation or
decarbonylation reactions. For example, halide-bridged molyb-
denum and tungsten compounds analogous to the known
(m°-CsH4R)>Mos(u-X)4, which are halide-bridged, probably
singly bonded dimolybdenum(IIl) species, or to Wj(v]-
Cs5H4Pr?),Cly, that contains terminal chloride and a triple W=W
bond of length 2.368(1) A [27] seem suitable candidates for this
purpose. While this might appear somewhat unrealistic in view
of the high degree of unsaturation in the purported dimetal-
locenes, the successful isolation by Power and co-workers of
the quintuply bonded ArCrCrAr [28], derived from the sterically
encumbering monoanionic terphenyl ligand C¢H3-2,6-(CgHz-
2,6-Pry'),, clearly shows that suitable design of the system to
be investigated, particularly of the ligands, can allow synthetic
achievements previously considered unattainable. On these
grounds, Mo and W compounds of the above type containing
bulky supracyclopentadienyl ligands [29] are good candidates
to investigate this possibility.

Apart from the halide, the related metal-metal bonded
cyclopentadienyl carbonyls deserve consideration. Complete
loss of carbon monoxide from poly(carbonyl) derivatives of
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Fig. 1. Structural types for divalent metallocenes.

metals in low oxidation states, e.g., group 6 triply bonded
Mg("q5-Cp/)2(CO)4 [30], or group 8 singly bonded Mz(nS-
Cp/)2(CO)4 [31] derivatives does not seem feasible. However,
as already hinted by DFT calculations, Ni=Ni bonded dinicke-
locenes are reasonable synthetic objectives [2a] and they could
be obtained by thermal or photochemical decarbonylation of
suitable Nis(n?-Cp’)2(CO), precursors. Nickelocene reactivity
provides further support to this hypothesis [32]. For example,
reduction of Ni(n>-CsHs), with the Ni(0) isocyanide complex
Ni(CNCgHs), yields the Ni—Ni bonded Nis(n>-CsHs)o (-
CNCgHs)).

As discussed in the following section, the reduction of
Zn(CsMes), gives Zns(1-CsMes),. Thus, the reduction of late-
transition metal metallocenes is also a viable choice in the search
for other Mg(nS—Cp’)z structures. It has been shown [33] that
under mild reduction conditions partial degradation of MCp,
compounds occurs with the formation of reactive, albeitisolable,
products [33]. Thus, potassium reduction of Co(n’-CsMes)(n?-
CsHs) under ethylene yields (nS -CsMes5)Co(CoHy)o. As
mentioned briefly, treatment of Ni(n’-CsHs), with sodium
naphthalenide yields Ni6(n5—C5H5)6 [21]. It would be of interest
to examine the effect of substituents in the Cp’ ring particu-
larly if one considers that while the reduction of zincocenes
Zn(CsH4R), with Ni(cod), gives hexameric, octahedrally
derived Ni22n4(’T]5-C5H4R)6 clusters, the analogous reaction of
the bulkier zincocene Zn(CsMes), and Ni(cod), gives the zinc-
free [(T]S-C5M85)Ni]2(C16H24) complex of a 16 carbon diene
ligand that results from the dimerization of two molecules of cod.
Metallic zinc was also produced as a consequence of complete
decomposition of an intermediate Zn—CsMes radical [34].

A low temperature (—120°C) cobalt atom reaction with
CsMesH was initially reported to give decamethyldicobaltocene
C02(~r]5 -CsMes),, together with a mononuclear complex and
the triple-decker compound Co,(n’-CsMes)s [35a]. However,
a study of the electronic structure of model C02(n5-C5H5)2,
along with consideration of the reactivity reported for the pur-
ported dicobaltocene, led Bursten and co-workers [35b] to
suggest the presence of hydride ligands in the observed structure
and this proposal was subsequently confirmed experimentally
[35c], with the characterization of the complex as Coz(nS-
CsMes)>(u-H)s. Neutron diffraction studies confirmed this
structure [36a] and more recently a closely related compound,
Coy(°-CsHyBus’)(u-H)s has also been studied by neutron
diffraction techniques [36b].

4. Zincocenes and dizincocenes. general considerations

The zincocene chemistry our group has developed over the
past years started as an extension of previous research that
concentrated on beryllocenes, BeCp), [37]. Contrary to the
molecular divalent metallocenes of transition elements, that
exhibit invariably the classical sandwich structure I (either
staggered or eclipsed), those of main group elements may
exhibit a variety of structures (Fig. 1), that in addition to I
encompass the bent sandwich structure II and the slipped sand-
wich geometry III [9a,23]. Interestingly the three structural
types are encountered among methyl-substituted metallocenes
of the alkaline-earth metals. For example, Mg(n’-CsMes),
and Be(nS-C5Me5 ), are classical sandwich metallocenes, while
M(nS—C5Me5)2 (Ca, Sr and Ba) posses structure of type II
and Be(CsMey4H); exhibits structure III. The slipped sandwich
structure III is actually characteristic of beryllocenes (with the
exception of Be(r°-CsMes),) and of zincocenes [9a,23]. This
unusual geometry [38] is often referred to as m>/m!(m) and
its characterized by a long, relatively weak bond between the
metal and the n! ring and by significant m-electron delocaliza-
tion within this ring. The alternative 1°/n'(o) structure IV is
unknown for binary metallocenes but has been demonstrated in
the cation [B(CsMes)» ]t [39].

Reasons justifying the adoption of geometries I-11I by a par-
ticular metallocene MCp/, have been lucidly analyzed by Beattie
and co-workers [38]. Very briefly and in what concerns this dis-
cussion, an element like B or Si that forms strong bonds with
carbon prefers the ! (o) structure despite the loss of electron
delocalization within the ring, that becomes of diene nature
(Fig. 2). The heavier alkaline-earth elements that form very
weak M—C bonds give rise to mostly ionic structures, with long
M-C bonds but with extensive electron delocalization within
the n°-Cp’ ring. Be, Zn, Al and other elements that form bonds
with carbon of intermediate strength adopt the compromise
structure v (), where the relative weakness of the E-C bond

[E] [E] [E]

R

n'(s) n'(m) n%(r)

Fig. 2. Different cyclopentadienyl-main group element (E) coordinations.
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is compensated by some m-electron delocalization in the ring
[38].

Our initial goal was the synthesis and structural characteri-
zation of a divalent metallocene MCp), with a rigid NARC)
structure. As explained elsewhere [40] zinc was significantly
a better option than beryllium. In addition, considering struc-
tural features of SiMes substituted cyclopentadienyl ligands,
CsMe4SiMejs appeared as the Cp’ ring choice. An initial objec-
tive was the synthesis of Zn(CsMe4SiMes), that was found to
have a solid-state structure very close to the desired n/m! (o)
[40]. However, in solution it undergoes facile exchange between
the °- and m'-C5sMe,SiMe; rings. A second synthetic target
was complex ("r]5 —C5Me5)Zn(wr]l -CsMe4SiMejs) for which struc-
ture V was anticipated (Fig. 3). The evident similarity between
V and the half-sandwich derivatives VI advised the extension of
this chemistry to Zn(v°-CsMes)R compounds, which, some-
what surprisingly, were scarcely known at the outset of this
work.

5. Synthesis of dizincocenes an(ns-CsMes)z (1), and
Zny(n*-CsMeyEt); (2)

Treatment of Zn(CsMes), with ZnMe, gives the expected
methyl derivative Zn(n’-CsMes)Me 3 (Eq. (1)), isolable as an
air-sensitive volatile, highly crystalline solid. Compound 3 can

Et,0 ; |

Zn(CsMes), + ZnMe, _— Zn
20°C
Me
3 )]

be readily characterized by spectroscopy and its solid-state struc-
ture has been determined by X-ray crystallography [41].

In contrast with this simple rearrangement, the analogous
reaction of ZnEty proves more complex. As for ZnMe,, mix-
ing of the reagents was effected at —20°C and the reaction
mixture was then allowed to warm to room temperature and
stirred for ca. 30 min. In this case, however, a black, finely
divided precipitate of metallic zinc was observed. Following
the filtration and the removal of the volatiles under vacuum,
'H NMR analysis of the crude reaction mixture revealed the
presence of signals at § 1.98 (singlet, 15H), 1.20 (triplet, 3H)
and 0.38 (quartet, 2H) that could be attributed to the expected

Zn(CsMes)s + ZnEt,

Et;0, - 10°C /@
|
Tn

X
/ i
Zn(CaMes), + ZnCl, + 2KH ~ THF, 20 °C %j\é
1

Scheme 1.

other
products

half-sandwich ethyl derivative Zn("r]5 -CsMes;)CH,CHj3 4. These
resonances were accompanied by a singlet at § 2.02 due to the
CsMes protons of an unknown species that seemed to exhibit
no other 'H resonances. Similar results were obtained from the
reaction of Zn(CsMes), with Zn(CgHs),, the 'H NMR signal
at § 2.02 always appearing, in addition to another one at § 2.11
attributed to the ring methyl protons of Zn(nS-C5Me5)C6H5.
Crystallization of these solutions provided colourless crystals
of a pyrophoric solid that was identified by low-temperature
X-ray crystallography as Zn,(n>-CsMes), 1.

Low-temperature 'H NMR monitoring of the Zn(CsMes);
plus ZnEt; reaction permitted the optimization of this procedure
to obtain dimetallocene 1 or half-sandwich ethyl derivative 4,
as the major reaction product. Good, selective conversion into 1
was achieved when Zn(CsMes); and ZnEt, were reacted in Et; O
at —10°C (Scheme 1). In the search for a more efficient synthetic
methodology, strong reductants like Na, K, NaH, KH, CaH, or
potassium naphthalenide were found to reduce the mononuclear
zincocene Zn(CsMes), to the binuclear metallocene an(ns—
CsMes), 1. Further optimization of this synthesis was attained
by the use of a 1:1 mixture of Zn(CsMes), and ZnCl,, and the
equivalent amount of KH as the reducing agent (Scheme 1), a
procedure that provides 1-2 g of 1 in a relatively short period
of time. This method has been used to generate samples of the
687n-labelled dimetallocene, 6SZn2(~q5-C5Mes )2 employed for
high-resolution mass spectrometric experiments (vide infra) as
well as for other studies. To this end, commercial °ZnO was con-
verted into ®8ZnCl, and the chloride partially transformed into
687n(CsMes),. Ulterior reduction of mixtures of the mononu-
clear %8Zn-labelled metallocene and ®8ZnCl, gave the desired
687n5(n°-CsMes)s, 1-°8Zn [1b].

The formation of dizincocene 1 in the reaction of Zn(CsMes ),
and ZnEty was completely unexpected. For the group 12 ele-
ments, Zn, Cd and Hg, only the heaviest element Hg, forms
metal-metal bonded compounds in formal oxidation state +1.
The [Hg—Hg]*? unit has been known for a long time and it is
present in many Hg(I) compounds, e.g., the dihalides Hgy X» [6].
Interestingly, whereas coordination compounds of the Hg,*?
cation are known, i.e., ngTpMez [42], most dimercury com-
pounds have appreciable ionic character and possess complex
oligomeric structures. No sigma-bonded organometallic deriva-
tives of ng2+ are known, the silyl Hg,[Si(SiMe,SiMe3)s]»
representing a very unusual example of a molecular o-bonded
complex of Hgy* [43]. Early research provided evidence for the
Cd,** ion [44], later characterized by X-ray crystallography in
Cdy[AICl,], [45] and by ''3Cd NMR in Cdy TpMe? [46]. In the
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Fig.4. Schematic representation of the structural unit of the anions Zn(CsHs )3~
and Zn,(CsHs)s ™ [48].

case of zinc, there were indications for the formation of an2+
ions in ZnCly/Zn glasses at high temperature [47a] and in zeo-
lite matrices [47b]. The dihydride Zn;H» had been isolated in
argon matrices and characterized by vibrational spectroscopy,
deuterium substitution and MP2 calculations [47c]. The para-
magnetic mononuclear Zn* ion had been shown to form in
a microporous crystalline silicoaluminophosphate environment
[47d].

As examined below, unequivocal characterization of 1 as
a zinc—zinc bonded dimetallocene was achieved by a com-
bination of structural and analytical determinations, as well
as by reactivity studies. Before discussing this problem, it
is worth considering the attempts that were made to prepare
other dizincocenes. The reactions of ZnEt, with the zincocenes
Zn(CsMe4H),, Zn(CsMe4Bu’); and Zn(CsMeySiMes), yielded
only the half-sandwich ethyl organometallics Zn(>-Cp’)C,Hs
[1b]. Similarly, reduction of equimolar mixtures of the above
zincocenes and ZnCl, with KH originated extensive decompo-
sition and a deposit of metallic zinc. Interestingly, the NaH and
KH reduction of equimolar mixtures of Zn(CsHs), and ZnCl,
failed to give the parent Zn,(CsHjs),, that remains an unknown
compound, but allowed the isolation of the cyclopentadienyl
zincates MZn(CsHs)3 (Na, K) and Na[Zn,(CsHs)s] [48]. The
sodium and potassium salts of the Zn(CsHs)3™ anion exhibit
polymeric structures in the solid state while the structure of the
dizincate Zny(CsHs)s™ can be explained as consisting of two
Zn(n'-CsHs), units symmetrically bridged by a CsHs group
that binds to each Zn atom through a single carbon atom (Fig. 4)
[48].

Despite our failure to obtain dimetallocenes Zn,(n>-Cp'),
for the CsHs, CsMeqH, CsMe4SiMes and CsMeyBu! cyclopen-
tadienyl rings, we succeeded in isolating a second dizincocene,

e

Zn
| CP*oary-Zn-Zn = 177.4(1)°

K

an(u 5—C5M65)2

2.305(3) A

A. Grirrane et al. / Coordination Chemistry Reviews 252 (2008) 1532—-1539

Zny (1]5 -CsMe4Et); 2, by KH reduction of Zn(CsMe4Et)>/ZnCl,
mixtures:

Zn(CsMe4Et), + ZnCl + 2KHE Zn, (CsMesE), )

Like 1, compound 2 is a crystalline solid, exceedingly reactive
toward oxygen and water. In solution it exhibits moderate ther-
mal stability at room temperature but the pure crystalline solid
decomposes slowly at temperatures between 0 and 20 °C to give
a brown oily material. Decomposition to metallic zinc is evident
when crystalline samples of 2 are heated at 40 °C.

6. Structural characterization of an(n5 -CsMes); (1),
and Zn,(n°-CsMe4Et), (2)

As briefly mentioned, the first experimental evidence for the
dimetallocene nature of 1 was provided by low-temperature X-
ray crystallographic studies. Despite the poorer thermal stability
of 2, crystals suitable for X-ray determination could be pro-
duced by slow evaporation of its pentane solutions at —20 °C,
or by rapidly cooling very concentrated solutions from 20 to
—78°C. Fig. 5 shows schematic representations of the structure
of the two compounds. The most relevant and attractive char-
acteristic of these structures is the short Zn—Zn distance of ca.
2.30 A exhibited by the two molecules, appreciably smaller than
twice Pauling’s single bond metallic radius for zinc (2.50 A). In
Cdy(AlCly), the Cd—Cd distance is 2.58 A and in Hg,Cl; the
two mercury atoms are separated by 2.53 A. Clearly, compara-
ble bonding interactions exist in all these compounds. A second
important structural feature of the molecules of 1 and 2 is the
existence of a direct metal-metal bond between the two zinc
atoms that are sandwiched between two planar, nearly parallel
cyclopentadienyl rings. The ring centroid-zinc—zinc angles are
very close to 180° (177.4(1)° and 175.2(1)°, average values for
1 and 2, respectively) and therefore the metal-metal bond axis
is nearly perpendicular to the cyclopentadienyl rings.

Spectroscopic data, while not conclusive, support the dimet-
allocene formulation for 1 and 2. 'H and '>C{'"H}NMR spectra
of the two complexes are very simple but of limited structural
value. To simplify the discussion we refer to compound 1, data
for 2 can be found in reference 1b. The '"H NMR spectra of
1, consists of a single resonance at § 2.02 (vide supra). No
changes are observed in the temperature range from —80 to
+80 °C. Similarly, the 3C{"H}NMR is very simple, as it com-
prises a resonance at § 10.03 for the methyl groups and another
one at 108.5 ppm attributed to the ring carbon atoms.

5

an

2.295(3) A Cp*centr-Zn-Zn = 175° (av.)

5.CsMe4Et),

Fig. 5. Structures of 1 and 2.
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No 'H resonances attributable to an alternative bis(hydride)
bridging structure, namely [Zn(’qs-C5M65)]2(|J,-H)2, could be
found in the "H NMR spectrum of 1. High-resolution mass
spectrometric studies of 1 and the 687n-labelled dimetallocene,
1-%87n, provide unequivocal support for the dimetallocene for-
mulation without additional H atoms. The first measurement
was carried out by Prof. R.A. Andersen at the University of
California Berkeley with the result of a complex molecular ion
envelope, M* around 400 m/e, due to the existence of several
zinc isotopes [1a]. Subsequent determinations were effected in
Sevilla and provided identical results. As shown in Fig. 6 it is
evident that dimer 1 yields a well-behaved molecular ion in the
gas phase. The exact masses of the peaks at 398 and 400 amu
are coincident with those calculated for Zn,!2Cy'H3g and
647n%7n 12C,0 ' H3o, respectively, while 1-8Zn yields a simple

molecular ion M* at 406 amu, with exact mass corresponding
to that of 8Zn,12Cy0! H3 (duplicate measurements at Berkeley
and Sevilla). Fig. 6 also contains the high-resolution spectrum
of the mononuclear zincocene, Zn(CsMes),. Clearly, fragment
ion patterns due to Zn(CsMes), are observed in the spectrum of
Zns(1°-CsMes), (the same applies to 8Zny (n°-CsMes),) indi-
cating that in the gas phase the molecules of Zns(n°-CsMes),
rearrange to Zn(nS-CsMe5)2 and Zn.

Experimental and theoretical vibrational studies (infrared and
Raman spectra) to be reported in due course also support the
dimetallocene formulation and give no indication for the exis-
tence of Zn—H bonds, either terminal or bridging. Reactivity
studies, in particular the Lewis base induced disproportiona-
tion reactions of 1 to Zn(0) and Zn(I) [1] evidently reinforce
formulation of 1 as a compound of Zn(I) with a Zn—Zn bond.

2.36
W Ar'zn ZnAr'

N N
n A Sz Dar
| 2.30 | 2.29 ‘2.36 Na
2n an AI’\ /zn\ /Ar /’1 23;\\\
M H
(ref1) (ref 1) Ar= CgHy-2,6-Priy (ref. 4a)  Ar'= CgHy-2,6-(CgH3-2,6-Priy), (ref. 4b)
Na(thf), Ar Ar
,.\\ Ar Ar
N, 240

/A Zn Zn’
'{l\/ /N\ l'n / '
NN/
Ar AT Nattnf),

Ar= CgHz-2,6-Pr'; (ref. 4d)

Fig. 7. Structurally characterized molecular compounds of the M,*? unit (Zn,
included since its structure may be described as containing Cd,?* cations stabil

| |
. Zn——12n
/
N
|
Ar

C5H3-2 ,6-(C6H3-2,6-Pr’2)2 (ref. 5)

A 2,63
\ Ar'Cd——CdAr'
N
| Ar'=
Ar

Ar= CgH3-2,6-Pr', (ref. 4c)

2.66
(Me3SiMe,Si);Si—Hg—Hg— Si(SiMe,SiMes)s

(ref. 43)

Cd, Hg). M-M bond lengths are in A. The cadmium compound Cd;[AICl4]; is not
ized by AICl;~ anions [45].



1538 A. Grirrane et al. / Coordination Chemistry Reviews 252 (2008) 1532—-1539

7. Conclusions

Our work has resulted in the first representatives of the dimet-
allocene structure, Ma(n°-Cp’),, and has provided examples of
previously unknown molecular complexes of Zn(I) containing
the binuclear metal-metal bonded [Zn—Zn]** unit. The origi-
nal synthesis of 1 suggested that related complexes of Cd(I) and
Hg(I) could be isolated. At that time [1a] it also appeared plausi-
ble that the stabilization of the [Zn—Zn]** unit would not require
the existence of Zn—C bonds. In other words, classical coordi-
nation compounds of the Zn,** central unit were considered
reasonable targets for future synthetic and structural studies.
Despite the short period of time elapsed since then, some of
these objectives have already been accomplished and new coor-
dination and organometallic derivatives of zinc and cadmium
containing M,2* units have been structurally characterized [4,5].
To conclude this contribution, Fig. 7 shows schematic repre-
sentations of the molecular compounds of Zn, Cd and Hg that
contain the M,?* unit and have been authenticated by X-ray
methods. Considering only homometallic compounds (i.e., with
the exclusion of those that contain Na* ion as a part of the
dimeric structure), Zn—Zn bond lengths cluster in the narrow
interval of 2.30-2.36 A (five Zn—Zn bonded complexes). Nat-
urally, the dicadmium and dimercury representatives feature
somewhat longer metal-metal bonds (the Pauling’s single-bond
metallic radii for Zn, Cd and Hg have values of 1.25 (Zn), 1.41
(Cd) and 1.44 (Hg) A). A comparative discussion of the struc-
tural parameters and electronic structures of all these compounds
will be the subject of a future publication from our laboratory.
Finally, Refs. [49-51] list recent contributions to this field that
appeared after the submission of this manuscript.
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