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Addition of dilithiated ferrocene to AIEt,Cl and Al(x?-C,NNMe,- Chart 1

CH,CsH,)Cl, yields the trimeric ferrocenyl derivative 1 and the 3 z }@

dimeric [1,1']Herrocenophane 2, respectively. Solution spectroscopy /@ &> B\@ @‘G

is consistent with the solid-state structures, which reveal unusual RAN=B_ _ Fe Fe Fe i @

and unprecedented bonding around the aluminum centers. \@ /B.; @
A B c

Substitution of the ferrocene unit by main group elements substituted metallocenophanes are conspicuously absent for
has recently been the subject of considerable attehiuch iron and, indeed, for any other transition metal. From the
systems are prized both as precursors to polymeric materialgpoint of view of reactivity, this is reasonable in that the
with ferrocenyl repeat units and as frameworks for new Lewis-acidic aluminum center would be expected to draw
ferrocene-based ligands capable of important catalytic trans-any electron density toward itself and undergo exhaustive
formations when bound to a suitable transition métal. substitution to give oligomeric or intractable material. In fact,
Depending on the Lewis acidity of the main group element, although a few examples of aluminum directly bound to a
“E”, such systems can give rise to multinuclear metallo- ferrocenyl group have been isolateith none of these cases
cenophanes in which E bridges across the cyclopentadienylis any degree of structural complexity exhibited. In this
ring to another ferrocene or spans the cyclopentadienyl ringsCommunication, the isolation and structure of a multinuclear
bound to the same iron center to give an ansa bridge.ferrocene derivative with aluminum substitution is reported
Monomers, dimers, and trimers, with respect to ferrocene, by way of reaction between dilithiated ferrocene and the
are all possible outcomes and representative examfites (- simple aluminum reagent AIEEI. In addition, an unprec-
C) incorporating group 13 elements are shown in Chart 1. edented and authentic [1}-ferrocenophane is presented in

The examp|es shown incorporate either boron or ga||ium which a based-stabilized aluminum is the bridging element.

centers’ 6 except for a very recent, rare exceptialyminum- Slow addition of stoichiometric AIECI (2 equiv) in
hexanes to a slurry of [Fet-CsHy),]Li » TMEDA (TMEDA
*To whom correspondence should be addressed. E-mail: = N,N,N,N-tetramethylethylenediamine) in toluene at
h.braunschweig@mail.uni-wuerzburg.de. —78 °C results in rapid dissolution of the starting material
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Figure 1. ORTEP representation of and numbering schemelfSr
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workup, red-orange crystals df can be obtained after
filtration and crystallization from toluene or benzene
(Scheme 1).

The presence of Alktis evidenced by observation of a
first-order triplet and a quartet @t = 1.24 and 0.44 ppm,
respectively, in théH NMR spectrum of crudd; presum-
ably, extrusion of AlES occurs after metathesis and elimina-
tion of LiCl.

An ORTEP representation dfappears in Figure 1. The
trinuclear nature of the complex is clearly revealed, but the
most interesting feature is the presence of the aluminum core
centrally located between the three ferrocenyl units with each
bound to a pair of cyclopentadienyl rings in a'lfdshion.
Although the aluminum centers lie roughly along the same
vector [JAIL—-AI2—AI3 = 171.27(4)], the two metal-
metal separations [ARAI2 = 2.9653(15), AlIZ-AI3 =
2.9043(15) A] are effectively too large to invoke any
interaction. The central Al2 nucleus has one short contact
to a neighboring iron center [Al2Fe3 = 2.8179(13) A],
but this is again beyond reasonable limits of interaction
[Zatomic radgi(Fe, Al) = 2.65 A]? as further supported by DFT
calculations'® The interaction binding the trimer together
likely arises from the short 1,Jbonds from the formally
anionic cyclopentadienyl positions to the aluminum
centers [ipso-€Al separations range from 1.9399(29) to
2.1544(26) A]. This situation is reminiscent of the bonding

(9) Slater, J. CJ. Chem. Physl964 41, 3199-3204.
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in the classic dialane, APhs, which displays both bridging
Al—C—Al and terminal AFC interactions [AFAl =
2.702(2) A; Al_Cbridging = 2.184(5); AFCemina =
1.956(5), 1.960(4) A} In 1, the geometrical constraints of
the cyclopentadienyl (Cp) rings enforce a rigid, tight
enclosure of the ferrocenyl groups around the aluminum core,
and the interaction between the Cp rings and the aluminum
centers is reflected by the average.&Ric— Cpeentoiadistance
observed for the ferrocenyl groups of 3.31 A. This is to be
compared with the equivalent distance of 3.35 A observed
in ferrocene itself and the distance of 3.31 A observed in
the related tris(1,#errocenyl) uranium complex
[U(l,1'-Fe@y5-C5H4)2)3(C5H5N)3Li 2]'C5H5N that also exhibits
a linear trimetallic coré? the observed compression in
arguably derives from ipso-€Al interactions along the
aluminum core.

Regarding the solution structure of the molectt¢NMR
spectroscopy in methylene chlorideeor benzenads reveals
two sets of the familiar [AX] pattern associated with singly
substituted cyclopentadienyl rings in equal intensities and
first-order patterns due to two nonequivalent ethyl groups
in a ratio of 2:1. This is precisely in accord with the solid-
state structure, if the three capping cyclopentadienyl groups
bound to All (i.e., C211, C121, and C311) are designated
as equivalent and likewise the cyclopentadienyl groups are
proximate to Al3. Such a scheme gives rise to two sets of
cyclopentadienyl groups as observed in tHé¢ NMR
spectrum. In the same manner, the ethyl groups bound to
Al3 and All give rise to two absorptions in a 2:1 ratio as
observed. Of course, under this regime, a dynamic process
must be invoked that equates each set of cyclopentadienyl
groups without interchanging the ethyl groups bound to
aluminum; however, given the apparent coordinative un-
saturation and Lewis acidity of Al2, the central aluminum
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Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, |.; Martin, R. L.; Fox,
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center in the trimer, such a process should be low in energy.
It is therefore submitted that there is no difference between
the solid-state and solution structures.

Reaction of [Fef®>CsH,),]Li» TMEDA with a stoichio-
metric amount of the base-stabilized aluminum reagent Al-
(k?>-C,NNMe,CH,CeH4)Clo'* (Scheme 2) allows isolation
of the [1,1]-ferrocenophane derivative, [RE¢CsHa),-
(AINMe,CH,CsH4)]2 (2), whose X-ray structure appears in
Figure 2. Given base stabilization by the £H/e, pendant
arm, each aluminum center participates in a symmetric
[1,2']-metallocenophane interaction, a bonding situation that
has previously been unknown for aluminum. Curiously, the
equivalent experiment in which A?-C,N2-(C(SiMe),-
SiMe,)CsHuN} Cl; is used as the aluminum source gives the
[1]-ansa-aluminum compound, F&{CsH).(AIC(SiMes),-

(13) Crystal data fot: CggHzoAisFesr1.5GHs, M, = 837.32, orange blocks,
0.5 x 0.3 x 0.3 mm, triclinic, space groupl, a = 11.1136(14) A,
b=12.7965(16) Ac = 13.6370(17) Ap. = 84.901(2}, B = 75.131-
(2)°, y = 88.444(2y,V =1867.0(4) R, Z= 2, pcaica= 1.489 gcm 3,

u 1.254 cm?, F(000) = 870, T = 173 K; Bruker APEX
diffractometer with CCD area detector, graphite-monochromated Mo
Ko radiation. The structure was solved by direct methods, refined
with the SHELX software package, and expanded by Fourier
techniques. All non-hydrogen atoms were refined anisotropically.
Hydrogen atoms were assigned idealized positions and were include
in structure factor calculations. R% 0.0391, wR2= 0.0982, 7380
independent reflections @2< 52.3), and 460 parameters.

(14) Mtller, J.; Englert, UChem. Ber1995 128 493-497.

(15) Crystal data foR: CggHaoAl2FeN2, M, = 690.38, orange-red blocks,
0.3 x 0.2 x 0.15 mm, monoclinic, space g oup P2(1Hes 10.3099-

(6) A, b=11.6422(9) Ac = 14.0998(9) A = 90°, § = 106.336-
(7, y = 90°, V = 1624.07(19) & Z = 2, pcaica = 1.412 gcm3,

u = 0.978 cm?, F(000) = 720, T = 193 K; STOE-IPDS diffracto-
meter with area detector, graphite-monochromated Ma&diation.
The structure was solved by direct methods, refined with the SHELX
software package, and expanded by Fourier techniques. All non-
hydrogen atoms were refined anisotropically. Hydrogen atoms were
assigned idealized positions and were included in structure factor
calculations. R1= 0.0380, wR2= 0.0704, 3463 independent
reflections (& < 53.78), and 201 parameters.
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Figure 2. ORTEP representation of and numbering scheme fér

SiMe,CsH4N); here, however, steric saturation around Al

is much greater than ir2 and might act to stabilize

the monomef. Bond distances in2 around the
saturated aluminum center are unremarkable—l =
2.0748(14) A; AFC1, —C10, —C11 = 1.9571(16),

1.9599(17), 1.9856(17) A, respectively], an€1—Al—C10
has a value of 116.74(7)Although there is no solution
handle on molecularity, (i.e., the hypothetical ansa-Al-bridged
species would give rise to a simildd NMR spectrum), it

is unreasonable to suppose that crystallization from solution
would involve association of monomers, especially given that
the dimer is relatively unstrained. Four unique cyclopenta-
dienyl resonances of equal intensity (2H) are observed in
the 'H NMR spectrum of2 in benzeneds as required, and
the spectrum is completed by four aryl (8H), one methylene
(4H), and oneN-methyl (6H) absorptions.

In conclusion, although limited examples of direct bonds
between ferrocene and aluminum have so far been known,
treatment of [Fef>-CsH,),JLi>TMEDA by AIEt,Cl has
allowed the isolation and structural characterizatiori,cd
trimeric ferrocenyl derivative with an unusual core of
aluminum nuclei. On the other hand, the base-stabilized
aluminum reagent AK?-C,NNMe,CH,C¢H4)Cl, affords a
regular 1,1-ferrocenophane with an unprecedented aluminum
bridge in2. Efforts to extend this chemistry to other transition
metal metallocenes and bis-arene complexes are ongoing.
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