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It is astounding that among the myriad of reported reactions
in which alkynes have been allowed to transform in the presence
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of transition metal complexes, frequently in a catalytic manner NMR [0 ~ 195 (C8), 142 (C9) ppnijabsorptions, the establish-
leading to arenes, none has so far yielded a simple metallacy-ment (for 3a and 3b) of connectivity by heteronuclear shift

clopentadiene bearing a-bound alkyne liganetthe crucial
intermediate postulated for the “common mechani$mf such
cyclotrimerizations:> The elusive nature of such a species is

likely due to its facile reorganization to the (complexed) arene.
We report the isolation of cobaltacyclopentadiene(alkyne) com-

plexes3, in which their reactivity is attenuated by strain in the

correlations (HMBC, HMQC) and (fa3a) the H9-H9' coupling
(J=6.2 Hz). The complexed alkyne moiety reveis signals
ranging fromo = 75.8 3¢) to 85.8 ppm 8b) and weak IR
absorptions (when observable) at 1933)(and 1979 cm! (3b),

both types of spectroscopic data indicative of its function as a
weak 2e donor with little back-bondirfg Apart from their novelty

aromatic end product, the kinetics of their rearrangement, and @s_organometallic intermediates, complex@salso represent

the X-ray structural characterization of the resultiparene
intermediatedb en route to free areng This study constitutes
the most compelling confirmation to date of the “common
mechanism” of such cyclizatiors.

unique examples of (metalated) dibenzodehydro[10]annufenes.
In the absence of an X-ray structure, the geométrpf 3a

was calculated at the B3LYP/6-311Cevel (see Supporting

Information)!° revealing the expected piano stool topology around

The new metallacycles were prepared as in Scheme 1, simplyCo and details of the cobaltacyclopentadiene nucleus in excellent

by mixing CBCo(GHa,), (2)* with triynes1® in high (quantitative
by NMR) yields (isolated3a, 91%; 3b, 76%; 3¢ 72%) as dark
brown, microcrystalline powders, unsuitable for X-ray analysis.

agreement with those experimentally determined on phosphine
(instead of alkyne) ligated systems [e.g., cobaltacyclopentadiene
bond lengths (A),A: Co—C1 1.922, C+C2 1.359, C2C3

Their structural assignments rest on unambiguous spectral datal.457; CpCo(GH4)P(GHs)s: 1.947, 1.351, 1.447, respectivefy].
(see Supporting Information) and subsequent transformations.ThatA constitutes a fairly accurate structural reflectiorBafis

Diagnostic are the metallacyclel [6 ~ 6.5 (H9) ppm§ and*C

(1) For recent reviews, see: (a)'Rauf, H.-W.Chem. Re. 1997 97, 523~
596. (b) Lautens, M.; Klute, W.; Tam, WChem. Re. 1996 96, 49—-92. (c)
Grotjahn, D. B. InComprehensie Organometallic Chemistry ;llAbel, E.
W., Stone, F. G. A., Wilkinson, G., Eds.; Hegedus, L. S., Volume Ed;
Pergamon: Oxford, 1995; Vol. 12, pp 74Z70. (d) Rigby, J. H.; Krueger,
A. C. In Advances in Detailed Reaction Mechanisr@xon, J. M., Ed.; JAI
Press: London, 1995; Vol. 4, pp-40. (e) Melikyan, G. G.; Nicholas, K. M.

In Modern Acetylene Chemistnstang, P. J.; Diederich, F., Eds.; VCH:
Weinheim, 1995; pp 99138. (f) Schore, N. EChem. Re. 1988 88, 1081
1119.

(2) For some, mostly higher nuclear “close calls”, see, inter alia (including
the references therein): (a) Yeh, W.-Y.; Ho, C.-L.; Chiang, M. Y.; Chen,
1.-T. Organometallics1997, 16, 2698-2708. (b) Kriley, C. E.; Kerschner, J.
L.; Fanwick, P. E.; Rothwell, I. POrganometallics1993 12, 2051-2058.

(c) Agh-Atabay, N. M.; Davidson, J. L.; Muir, K. Wi. Chem. So¢Chem.
Communl199Q 1399-1401. (d) Farrugia, L. J.; Went, M. J. Chem. Soc.
Chem. Commurl987 973-974. (e) Poschke, K.-RAngew. Chemint. Ed.
Engl. 1987, 26, 1288-1290. (f) Arif, A. M.; Chandler, D. J.; Jones, R. A.
Organometallics1987 6, 506-512. (g) Chisholm, M. H.; Hoffman, D. M.;
Huffman, J. C.J. Am. Chem. S0d.984 106, 6806-6815. (h) Pourreau, D.
B.; Whittle, R. R.; Geoffroy, G. LJ. Organomet. Chenl984 273 333—
346. (i) Smart, L. E.; Browning, J.; Green, M.; Laguna, A.; Spencer, J. L.;
Stone, F. G. AJ. Chem. Soc¢Dalton Trans.1977, 17771785. (j) Davidson,
J. L.; Sharp, D. W. AJ. Chem. Sog¢Dalton Trans.1976 1123-1129. (k)
Ferraris, G.; Gervasio, Gl. Chem. So¢Dalton Trans 1973 1933-1936.

also indicated by an identical calculation #a that reproduces

the (relevant) experimental data éb (vide infra) superbly. Most
remarkable imA is the abnormal21“perpendicular” bend from
linearity of the alkyne ligandde—c = 1.242 A, ac—cc = 165.97,
dihedral angle CeCy,—Cs—Csp 94.268) relative to the com-
plexed metal, a consequence of the requirements of the constrained
dehydroannulene frame. The distance of the alkyne from the
respectiven-carbons in the cobaltacycle to which they become
attached in the next step (vide infra) is calculated as 2.5135 A.
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With compounds in hand, their relevance with respect to the
mechanism of the CpCo-catalyzed cyclizatiodab angular [3]-
phenylene5'? was scrutinized. Thus, thermal decomposition
(100-130 °C) of 3 gave the corresponding angular phenylenes
5aandb5e, respectively, in variable yields. Cleanest conversions
(quantitative by*H NMR for 3a) were achieved in the presence
of external ligands [CO, §£CHs)g], which serve to trap the Cpo
unit. Moreover, complexe3 are catalytically about as effective
as CpCo(CQ)for the conversion ofl to 5. Kinetic analysis of
the transformation o8ato 5ain the presence of CO (15 atm)
at 55-85 °C followed a first-order rate law, independent of CO
pressure, witlAH* = 26(2) kcal mof* andASF = 11 (1) eu. We
suggest that these parameters are associated with the reorganiz
tion of the ligands around CpCo to a reactifearene complek;®
by a probably concerted “double vinyl shift” (topologically
equivalent to an intramolecular Diet®\lder reaction). The
slightly positive (rather than negativédS* value might be a
reflection of the relative rigidity of the framework Biin which
the reacting centers are already perfectly aligned to enter into
the next step. The alternative “single vinyl shift” (equivalent to
insertion of the alkyne unit to furnish a metallacycloheptatriene)
is sterically prohibitive for3 (but is, of course, not ruled out for
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including the boat deformation of the ligating cyclohexatriene
(dihedral angle 33.28.

It is interesting to note that the metal prefers to coordinate in
such a way as to minimize benzocyclobutadienoid resonance in
the angular [3]phenylene franié!® perhaps of thermodynamic
origin, considering the fluxionality of the systems CpNHCsRe)

(M = Co, Rh, Ir)}® The site of attachment of CpCo to the angular
phenylene frame contrasts with that observed for its (higher) linear
counterparts, where it prefers cyclobutadiene ligationother
noteworthy feature is the almost identical activation parameters
for the conversion oBaand3b. It is possible that the expected
greater stabilizatiol of the (formally) higher valent Co(lll) in

3b relative to3a is attenuated by steric activation due to the
bulkier ligand. Finally, curious, albeit possibly fortuitous, are
the rather similar kinetic data observed for the topologically
related rearrangement of €Egobaltacyclopentadiene(phosphite)
complexes to their alkoxyphospholoxide counterpaxtdi(~ 19—

22 kcal motl, AS ~ —4 eu)?®

While the simplest pathway froto 4 is the one postulated,
we cannot rule out a rate determining retrocyclizatfoof the
cobaltacycle followed by oxidative coupling of one of the terminal
alkyne units with its internal neighbor to furnish an isomeric
benzocyclobutacobolewhich is then trapped by the appended
other terminal triple bond by either double or single “vinyl shifts”
to eventually provide4. This and other intricacies of the
mechanism of the reaction may be studied with appropriately
substituted versions @&, now readily accessible.
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