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Benzyne (and its transition metal complexes) has found many Chart 1. Isolobal Analogue
applications in organic synthesis, mechanistic studies, and the
synthesis of functional materials since it was reported as an active .
intermediate in the 1950< In sharp contrast, carboryne (1,2- ©|_N”—n o —NiL,
dehydroe-carborane), a three-dimensional relative of benzyne, came
to the scene at a much later stage, which was first reported in 1990 Ni-benzyne Ni-carboryne
as a very reactive intermediateSimilar to benzyne, the in situ
generated carboryne can react with alkenes, dienes, and alkynes ifmable 1. Ni-Mediated Coupling Reaction of Carboryne with
[2 + 2] cycloaddition and ene reaction pattefrfsOn the other Alkynes

hand, the chemistry of metatarboryne complexes is largely 1) 2 "BuLi Ry

unexplored, although the first example gB{C;B1gH10)Ni(PPhy), H 2) Ni(PPh3),Cl, Rz

was reported in 1973,even earlier than the parent carboryne 3)3R1—%R;

intermediate. H R
Recently, we prepared an early transition metarboryne 1 ;{2

complex, [#5:0-Me;C(CoHg)(C2B1gH10)} ZrCl(173-CoB1oH10)][Li-
(THF)4],6 and investigated the reactivity of e4(u-Cl)(«-CoB1oH10)- entry Ry/R, product yield (%)
Li(OEty),, a precursor of CZr(2-C,B10H10).” Our work revealed

2D10 WO co 1 Et/Et 3a 67 (8)
that CpZr(2-C,B10H10) produced in situ has a similar reactivity 2 "PrhPr 3b 65 (7)
pattern to that of CgZr(12-CgHy) in reactions with polar unsaturated 3 "Bu/"Bu 3c 65 (7)
organic substrates, such as isonitrile, nitrile, and azide. However, 4 Ph/Ph 3d 33(0)
significantly different from Zr-benzyne species, Zccarboryne is g :\I/IB?J//E’DQZBLF g? g;‘ Egg
inert toward internal alkynes because of steric hindrance of the 7 tBu/MBu NR
carborane moiety and thecoordination requirement of alkynés. 8 COOMe/COOMe NR

To overcome these problems, we thought ab@e{,B1oH10)Ni- _ — _

(PPh), since the coordinated phosphines, which can create vacant a|solated _ylelds.b Yields in parentheses are corresponding to those of
. ) . | . . benzene derivatives.

sites for incoming substrates, are often labile during the reactions.

With this in mind and in view of the reactions of nickdbenzynes of 3. It is noteworthy that other nickelcarboryne complexes,

with alkynes to generate substituted naphthaleaed the analogy (7?-C,B1oH19NIL, (L = PEg, P(OEty, n = 2; L = dppe,n = 1),

between nicketbenzyne and nickelcarboryne complexes (Chart  gave very similar results.

1), we then examined the reactivity of4C;B1oH10)Ni(PPH). (2) Listed in Table 1 are representative results obtained from the
toward alkynes. Herein, we report our preliminary results on the nickel-mediated coupling reactions of carboryne with alkynes. All
reactions of2 with 2 equiv of alkynes to afford [2+ 2 + 2] products were fully characterized By, 13C, and'B NMR as well
cycloaddition product, benzocarboraBeas shown in Table 1. as high-resolution mass spectrométiyhe molecular structures

A typical procedure is as followsTo a THF solution (30 mL) of 3a (R, = R; = Et), 3b (Ry = R, = "Pr), 3d (R, = R, = Ph),
of Li»CoB1oH10 (10 mmol), prepared in situ from the reaction of and3e (R, = Ph, R = Me) were further confirmed by single-
"BuLi (20 mmol) witho-carborane (10 mmol), was added (Rzh crystal X-ray analyses (see Supporting Informatibmigure 1
NiCl, (10 mmol) at room temperature. The reaction mixture was shows the representative structur@eafThe localized double bonds
further stirred for 0.5 h giving the Nicarboryne intermediat2 C(3)—C(4)/C(5)-C(6) suggest there is no substantiabelocal-
3-Hexyne (30 mmol) was then added, and the closed reaction vesselzation in the six-membered ring. As indicated in Table 1, both
was heated at 90C for 4 days. The reaction mixture was then aliphatic and aromatic alkynes underwent{2 + 2] cycloaddition
cooled to room temperature and quenched with Naki€ution. reactions. The electron-rich alkynes were more favorable as indi-
Normal workup afforded the coupling produga (R, = R, = Et) cated by the relatively high yields in entries-3. No reaction was
in 67% isolated yield with a small amount of hexaethylbenzene as observed for the electron-deficient alkyne (entry 8). Steric factors
the byproduct (8% based on 3-hexyne). The reaction temperaturealso played an important role in the reactions. Sterically less
is crucial for this reaction. Lower temperatures often gave lower demanding linear dialkylalkynes offered the best results in com-
yields, and the reaction did not proceedrat 60 °C. On the other parison to the phenyl anert-butyl-substituted ones. No reaction
hand, higher reaction temperature90 °C) led to the decomposi-  proceeded folBuC=CBU" (entry 7). Such a large steric effect made
tion of 2 as indicated by thé'B NMR. The use of excess alkynes the reactions highly regioselective. As a result, only head-to-tail
was also necessary because of the side reaction of the trimeriza-addition product was observed (entries 5 and 6). It is noted that
tion of alkynes by the extruded nickel(0) speciéddore than 3 terminal alkynes are not suitable for the reactions because they can
equiv of alkyne was not necessary, as it did not offer higher yield protonate2 to give o-carborane as monitored by th#8 NMR.
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into the Ni=C(vinyl) bond of the intermediaté is supported by
the absence dfl .1 In addition, the control experiments indicated
that (@-MeC;B;0H10)2Ni(PPh), was inert toward 3-hexyne under
various reaction condition’$.Many attempts to isolate the inter-
mediatel failed. NMR experiments were not able to detect it,
suggesting that the second insertion was very fast.

In conclusion, we have shown for the first time that a niekel
carboryne complex can regioselectively react with internal alkynes
in a [2+ 2 + 2] cycloaddition manner to give highly substituted
benzocarboranes. The presence of the very bulky carborane moiety
dominates the regioselectivity.
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