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Benzyne and its transition metal complexes have found many Chart 1. Bonding Description

applications in organic synthesis, mechanistic studies, and the
synthesis of functional materialsCarboryne (1,2-dehydro- 7 o
carborane), as a three-dimensional relative of benzyne, came to the

scene at a much later stage, which was first reported as a reactive

intermediate in 1998.The theoretical calculations indicated that

the formations of carboryne (1,2;8,0H,0) and benzyne are very @Zr - ©| 7
energetically comparabfeReactivity studies also showed that they

are quite similar in reactions with dien&sLike benzyne, carboryne
can be trapped and stabilized by transition metals. Two examples
of this sort have been reported and structurally characterigéd, ( OEt, Q
CoBicH1gNi(PPh)2S and [7%:0-Me;C(CHe)(CoBiH10} ZrCl(y  H {

Cl
N
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Scheme 1. Synthesis of 1

suggested that the bonding interactions between Zr and carboryne
are best described as a resonance hybrid of bottCzr and Zr-C

s bonding forms which is similar to that observed in the-Zr
benzyne complex shown in Chart®1However, the reaction
chemistry of transition metalcarboryne complexes is virtually
unknown. In view of the very rich and exciting chemistry of
zirconocene-benzyne complexe$,we are interested in exploring
the totally undeveloped reaction chemistry of zirconoeerarbo- " . .
ryne complexes. Herein we report the synthesis, structure, andnUC|e_°phIIIC attack by the c_arboanlon of the C(cage)umt. The
reactivity of an unprecedented zirconocewarboranyl complex question subsequently arises as to whether the zirconscene

CpaZr(u-Cl)(u-CoBgHig)Li(OE), (1) as an efficient precursor of carboryne (CgZr(1?-C,B10H10)) was involved in these reactions.
the zirconocenecarboryne species. Complexe® and3 could be produced via the insertion and followed

Treatment of CEZrCl, with 1 equiv of LbC,BigH1o in EO at by the elimination of LiCl, which might not be necessary to go

room temperature fol h gavel in 70% isolated yield, rather than ~ through the carboryne intermedidtezor ‘BuNC, if 'BUNC is

the expected zirconocenearboryne complex (Scheme 1). Complex  Inserted into the ZrC(cage) bond irl first, a three-membered

1 was stable at-30°C for weeks but slowly decomposed at room ~zazirconacycle GErCl(y*BuN=C)C;B1oH10Li(OEt,), would be
temperature. It was fully characterized by various spectroscopic favored due t‘; the harchard interactions between the N atom and
techniques, elemental analyses, and single-crystal X-ray diffraction /() center’® which might preclude the possibility for the
studies’ This unique molecule could be viewed as an intermediate formation of a four-membered metallacycle via the elimination of
to the zirconocenecarboryne. Attempts to isolate &fr(n% LiCl. Consequently, the insertion of the secoBdINC molecule
C2B1oH10)(L), an analogue of GZr(y*CeHa)(L), in the presence would not be possible. Therefore, the formationdas likely via

of PMe;, TMEDA, or 12-crown-4 ether via a complete salt @ zirconocenecarboryne intermediate (Scheme 3) although other
metathesis reaction failed. One possible reason may be attributed?@thways cannot be ruled out at this moment. The first insertion of
to the instability of the resultant zirconocenearboryne complex. ~ 'BUNC into the Zr-C(cage) bond gives a four-membered metal-
If so, this reactive species could be trapped by unsaturated organidacycle, followed by the further insertion of the second molecule

1, 70%

all PhN;, 'BUNC, and PhCN were confirmed to be totally inert
toward LbC,B1gH1o in ether. Furthermore, PhCN showed no
reactivity toward L}C,B10H;0 in the presence of GErCl(Me) or

CpZrMe,.® These results ruled out the possibility of direct

molecules. of 'BBUNC to afford a five-membered metallacycle. The coordination
In fact, 1 was very active toward CyN=C=N—Cy (DCC; Cy of the imine nitrogen and the cleavage of one-B(imine) bond

= CgHy1), PhN;, BBUNC, and PhCN, leading to the isolation of £€p  lead to the production o#. Back-donation of the carboanion to

Z1[0:0-CyNC(E=NCyY)(CB1oH10)] (2), CpZr[nZo-(PhNN=N)- the cage carbon leading to the formatiore@bC(cagey=C double

(CoB1oH10)] (3), CrZr[72-'BUNC(CB1oH10)=CNBU](CN'Bu) (4) bond and the subsequent cleavage of the cag€ ®ond have
and CpZr[o:0-N=C(Ph)(GB1cH10)](PhCN) (), respectively, in been reported in the literatut¢.On the other hand, PhCN was
moderate to high yields (Scheme 2). All of these complexes were reported not to insert into the ZiC bond in alkyl- and alkenylzir-
fully characterized bytH, 13C, and1!B NMR spectroscopy and  conocene$,but it can insert into the ZrC bond in CpZr(y*
elemental analyses as well as single-crystal X-ray anafyses. CeH,).* The formation o further supports zirconocerearboryne

The most interesting feature in the observation of compl@xés to be the intermediate in this reaction, since PhCN does not insert
is the mechanism by which they are formed. One may attribute into the Zr—C(cage) bond in zirconocenearboranyl complexe's,
these to the results of direct nucleophilic reactions of the cage which was also discussed previously. Otherwise, further insertion
carbon with these unsaturated molecules. This hypothesis was,of the coordinated PhCN should be observed in the present reaction.
however, not supported by the control experiments. Except for DCC, The proposed reaction pathway is shown in Scheme 3.
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Scheme 2. Reactivity of 1
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Scheme 3. Proposed Reaction Mechanism for the Formation of 4
and 5
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Unlike the zirconocenebenzyne complexé$, 1 showed no
reactivity toward alkynes and alkenes even under forced reaction
conditions. The reason is probably due to the steric demanding of
the carboryne cadgewnhich prevents ther coordination of alkynes

or alkenes to the Zr metal center.

In conclusion, we synthesized a novel zirconocecarboranyl
complexl, a very efficient precursor of the zirconocerearboryne,
and studied its reactivity pattern for the first time. The results clearly
showed that and the zirconocerebenzyne complexes have a very
similar reactivity in the reactions with polar unsaturated organic
molecules that can coordinate to the Zr center via their lone-pair
electrons. On the other hantl,and zirconocenebenzyne com-
plexes showed very different properties toward alkynes and alkenes
due to the very large size of the carborane cage. This work also
furnished a novel method for the preparation of functional
carboranes and their metal complexes which cannot be synthesized
by other methods presently known.
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