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The two chemically equivalent functional groups of 1,1'-diiso-
cyanoferrocene each undergo a different specific reaction with
the gold(1) acetylide [Au(C=C-Fc)],, viz. ordinary coordination
and extraordinary 1,1-insertion.

Isocyanides are important ligands in coordination chemistry' and
in surface science.”> Furthermore, they are of great value for
organic synthesis.’® They undergo o-addition or I,l-insertion
reactions with polar reagents A-B.>** For example, metalated
aldimines are formed in their reaction with organolithium
compounds and Grignard reagents, respectively.*’ Analogous
reactions with transition metal M—C bonds afford iminoacyl
complexes.*>¢ In this context, the reaction of isocyanides with
transition metal acetylide complexes has been attracting particular
attention. This is primarily due to two reasons. First, multiple and
successive insertions have been observed with heterodinuclear
complexes of the type [{CI(PR3),Pd—C=C-Pt(PR;),Cl], and even
the living polymerisation of aryl isocyanides has been described
with this system.’> Secondly, examples have been reported for the
catalytic coupling of isocyanides with terminal alkynes.® These
reactions afford l-aza-1,3-enines, which are useful synthons in
organic chemistry.”

We are interested in the bidentate organometallic isocyanide
1,1"-diisocyanoferrocene (1),¥ whose chemistry was completely
unde-veloped prior to our work. We’ and others'® recently
presented first results from the coordination chemistry of 1. We
now report on the intriguing reaction of 1 with the gold(1) acetylide
[Au(C=C-Fc)], (Scheme 1).

Gold(1) acetylides are oligo- or polymeric compounds, whose
reaction with suitable ligands L affords monomeric complexes of
the type [Au(C=C-R)L], especially with L = PR3, P(OR); and
RNC."" We therefore anticipated the formation of [Fe{CsH4NC-
Au-C=C-Fc)},] (2) in the reaction of 1 with [Au(C=C-Fc)],, (2/n
equivalents). Furthermore, we expected that, in analogy to the
closely related [Fe{CsHsNC-Au-Cl)},],” 2 would exhibit the
intramolecular aurophilic interaction indicated in Scheme 1.
Microanalytical data of the product which we obtained in good
yield from this reaction agreed well with the composition of 2.
However, its 'H NMR spectrum was incompatible with 2, since it
exhibited too many signals for a species of such symmetry.
Characterisation of the product was hampered by its poor
solubility in common organic solvents. We eventually succeeded
in obtaining single crystals suitable for an X-ray structure
analysis,f which proved that the product is not 2, but rather the
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Scheme 1 Reaction of 1 with [Au(C=C-Fc)], (Fc = ferrocenyl).

hexanuclear gold cluster [(Fc-C=C-Au-C=N-CsHy)Fe{CsH,
N=C(Au)-C=C-Fc}]s, which is composed of three subunits 3
(Fig. 1). We note that IR and NMR spectroscopic data are fully in
accord with this result. Due to the poor quality of the crystal, the
data/parameter ratio of the X-ray structure analysis is rather low.
Consequently, a detailed discussion of bond parameters is
meaningful only for the heavy atoms.

The gold cluster exhibits Au-Au distances which are typical for
aurophilic interactions,'” ranging from 3.163(2) to 3.391(2) A. The
cluster core is a triangle of gold atoms whose three sides are each
bridged by the N=C unit of a single iminoacyl ligand. Such &,1,-
bridging iminoacyl ligands RN=CR'" are quite common. In fact,
even several clusters are known with a side of an Mj triangle
bridged by a o,uy-iminoacyl ligand, especially in the chemistry
of osmium." In contrast, clusters with two bridged triangular sides
of this type are rare.'* (3)s is unique since bridging of all three sides
of an Mj triangle with o,1,-RN=CR’ ligands has not been
described to date. We note, however, that the general structural
motif is not completely unfamiliar in the chemistry of gold. Several
triply bridged triangular clusters of the type [Ausz{oc,p,-RN=
C(OR')}3] have been reported which contain carbeniate ligands
RN=C(OR’), which are akin to iminoacyl ligands RN=CR'. These
gold clusters were obtained from the reaction of [AuCIl(L)] (L =
SMe,, PPh3) with isocyanides RNC in a suitable alcohol R"OH in
the presence of KOH.'® They usually aggregate in the solid state
due to aurophilic interactions.'® For example, [Aus{o,p-p-Tol-
N=C(OEt)}3] forms dimeric units in the crystal through two
intermolecular Au-Au contacts.'” A similar motif is observed for
(3)3, where two atoms of the Auj triangle are each connected with
a further gold atom — in this case, however, inframolecularly. This
is caused by the Au-Au contacts present within two of the three
subunits of (3);. These Au-Au interactions altogether result in an
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Fig. 1 (a) Molecular structure of (3); in the crystal (stereographic representation with subunits marked in different colours). Interatomic distances <4.0 A
in the Aug cluster: AulA-AulB 3.356(2), AulA-AulC 3.278(2), AulA-Au2A 3.352(2), Au2A-Au2B 3.165(2), AulB-AulC 3.284(2), AulC-Au2C
3.391(2) A. (b) Molecular structure of the subunit coloured red in (a). Selected bond lengths (A): CIA-NI1A 1.31(3), CIA-C2A 1.40(4), CIA-AulA
1.98(3), C2A-C3A 1.22(4), C24A-N2A 1.15(3), C24A-Au2A 1.90(3), C25A-C26A 1.25(5), C25A-Au2A 1.95(3), NIA-AulC 1.99(2).

unprecedented chain of five gold atoms with two neighbouring
atoms being bridged by a sixth one.

Finally, we focus our attention on the component of 3 which is
based on 1,1'-diisocyanoferrocene (1). This unit was formed in a
peculiar way. One of the two isocyano groups shows the usual,
and expected, coordination of the gold acetylide unit [Au(C=C-
Fc)]. In contrast, the other one has undergone a 1,1-insertion
reaction with the Au—C bond of the gold acetylide, thus forming
an iminoacyl group. Despite the rapid development of the
chemistry of gold during the past two decades,'® an insertion of
an isocyanide into an Au-C bond has been described only twice to
date," and just a single example involves a gold(1) species.'”

The 1,1-insertion of an isocyanide into an Au-C bond is very
unusual as such. It is even more unusual that in the present case
this reaction occurs in conjunction with a second, different,
reaction. Never before has it been observed that two chemically
equivalent groups in a molecule each undergo a different specific
reaction with the same reagent. This unprecedented and intriguing
behaviour observed for 1 appears to be schizoid. Systematic
investigations are currently underway to identify the method in this
madness.

We thank UMICORE AG & Co. KG for a generous gift of
precious metal compounds. D. R. is grateful to the Otto-Braun-
Fonds for a doctoral fellowship.
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