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Abstract

When 1-(pentaphenylphenyl)-2-phenylacetylene (1) is heated with (Z5-cyclopentadienyl)dicarbonylcobalt,
1,2,3,4-tetraphenyl¯uorene (3) and related minor products are formed rather than the expected tetraaryl-
cyclobutadiene. The formation of 3 requires that a seven-carbon fragment (formally a phenylcarbyne) must
be lost. Two minor products, however, result from intramolecular cyclization of the alkyne and these two
retain all of the carbons from the starting material. # 2000 Elsevier Science Ltd. All rights reserved.

We recently described the synthesis 1,3,5-tris(pentaphenylphenyl)benzene, a crowded molecule
in which the central benzene ring is completely shielded from the surrounding solvent by the
pentaphenylphenyl groups.1 This tremendously bulky substituent is easy to prepare, and it should
admirably protect even extremely reactive functional groups. In order to test this hypothesis, we
attempted to prepare 1,3-bis(pentaphenylphenyl)-2,4-diphenylcyclobutadiene (2) by dimerization
of the readily available 1-(pentaphenylphenyl)-2-phenylacetylene2 (1). (Z5-Cyclopentadienyl)-
dicarbonylcobalt has been used for the conversion of other hindered, asymmetric alkynes,
including naphthylphenylacetylene and mesitylphenylacetylene, to the corresponding cyclo-
butadiene complexes;3,4 it is readily available, and so it seemed to be the reagent of choice for
such a synthesis.

For the dimerization of mesitylphenylacetylene, Rausch et al. heated 2 equivalents of the
acetylene with 1 equivalent of CpCo(CO)2 in re¯uxing xylenes for 72 h.4 When we attempted
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similar dimerizations of compound 1 under these conditions, the reaction was sluggish, even
when re¯uxing tetralin was substituted for xylenes. No organometallic products were isolated
from these mixtures, and the main organic product found in each case proved to be 1,2,3,4-
tetraphenyl¯uorene (3, C37H26), which necessitates the loss of a seven-carbon fragment from 1
(C44H30). This result was quite unexpected, and so we analyzed the products from one of the
large-scale reactions in detail. In this case 10.24 g (18.33 mmol) of 1 were heated with 1.65 g (9.16
mmol) of CpCo(CO)2 in 150 mL xylenes, and most of the starting material was consumed after
144 h at re¯ux. Three high molecular weight organic products were obtained after repeated silica
gel column chromatography: compounds 3 (2.05 g), 4 (80 mg), 5 (70 mg), and mixtures of the
three (0.85 g).
The 1H and 13C NMR spectra of compounds 3 and 4 exhibited resonances due to aliphatic

protons and carbons. For compound 3, a proton singlet at � 3.86 (2H), a carbon resonance at �
37.3, and a molecular ion at m/z 4705 led to its identi®cation as the known 1,2,3,4-tetraphenyl-
¯uorene.6,7 Precise mass data for 4 gave the formula C44H32,

8 showing that it retains all the car-
bons from 1, but that two hydrogens have been added. The AMX system (3H) in its 1H NMR
spectrum and the presence of two aliphatic carbon resonances (� 38.4 and 49.2) strongly suggest
that this material is 9-benzyl-1,2,3,4-tetraphenyl¯uorene.8 The structure of 5 was not immediately
apparent from its spectral characteristics. Its 1H NMR spectrum contains only complex and
overlapping aromatic resonances, but a precise mass measurement gave the formula C44H28.

9

Fortunately, a single crystal of 5 was obtained, and X-ray analysis10 showed it to be 1,2,3,8-
tetraphenylbenz[e]acephenanthrylene (Fig. 1), which results from a double cyclization and dehy-
drogenation of 1.

Figure 1. X-Ray structure of 1,2,3,8-tetraphenylbenz[e]acephenanthrylene (5). Thermal ellipsoids are drawn at the
50% probability level
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The cleavage of alkyne 1 to yield 3 is most surprising; we know of no comparable cobalt-
catalyzed reaction. It seems extremely unlikely that arylcarbynes could have been formed by the
direct insertion of cobalt into the alkyne, although such species might have led to the observed
products. Instead, we propose the following speculative mechanistic scheme (Fig. 2). The identity
of the active cobalt species is unknown, but it may be multinuclear, and so it is indicated merely
as `ConLm'. After an initial activation of 1 by cobalt complexation and ortho metallation, a
migratory insertion into one of the phenyl C±H bonds would yield the ¯uorene nucleus, perhaps
as part of a complex such as 6. A similar insertion into a second phenyl group would lead to the
minor product 5, but a hydride shift would give the carbene 7, and reduction or hydrolysis of 7
would yield the benzyl ¯uorene 4. More di�cult to explain is the production of the major product
3, which must involve some type of �-bond activation. Perhaps it forms by cobalt insertion into
the ole®n of 8, followed by reduction of the metal ¯uorenylidene 9. Alternatively, under such
rigorous reaction conditions the weak, doubly-benzylic bond in 7 might fragment, and the
resulting radical 13 could scavenge hydrogen from the solvent to yield 3.

The existence of metal carbenes in this reaction is supported by the ®nding of various alkene
metathesis products. A very nonpolar fraction (38 mg) was composed primarily of trans-stilbene
(11) and 1,2-diphenylethane (12) (cis-stilbene was not observed). These small organics were not

Figure 2. Hypothetical pathways for cobalt-mediated transformations of 1. Products isolated from the reaction mix-
ture are enclosed in boxes
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present in su�cient quantity to account for all of the `lost' seven-carbon fragments; however, it is
clear that some hydrogenation is occurring in this reaction mixture, and so it is likely that small
carbenes such as 10 would simply be reduced to toluene, just as the carbenes 7 and 9 would be
reduced to the observed 3 and 4. Whatever the mechanism of formation of 3, it is remarkable that
such a C±C cleavage route is more than competitive with the simpler cyclization reactions
occurring in this reaction.
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