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Shakespeare and Johnson! recently reported an elegant
synthesis of two new isomers of benzene, 1 and 2, the smallest
and most highly strained cyclic alken-3-yne? and cyclic 1,2,3-
butatriene (estimated 60.5 kcal/mol strain)? recorded to date.3#
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Both hydrocarbons were detected by trapping with diphenyl-
isobenzofuran. For some time we have been interested in metal
complexes of strained cyclic cumulenes,” and we recently
succeeded in preparing zirconocene complexes of 1-methyl-1,2-
cycloheptadiene (3) and 1-methyl-1,2-cyclohexadiene (4)® using
the method that has been successfully applied to the preparation
of zirconocene complexes of alkenes® (including strained
cycloalkenes),!0.112 acyclic alkynes,! 112 benzynes, and other highly
strained cyclic alkynes!! (down to and including a substituted
cyclopentyne).!? Success with the strained allenes prompted us
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to attempt the same method for preparation of a zirconocene
complex of a cyclohexa-1,2,3-triene. At this time, we report
success in this attempt, but only if formation of the complex of
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cyclohexen-3-yne (Johnson’s second isomer of benzene) is
prevented by an appropriately placed blocking group.

The zirconocene ¢ complexes 6 were prepared as shown in
Scheme I. When a benzene solution of 6 (R = H) was allowed
to react with MesP at 7 °C for 4 days, elimination of 1,3-
cyclohexadiene occurred with concomitant formation of an
inseparable mixture of two new zirconocene complexes 7 and 8
(47%) in a ratio of 2:1.'4 That elimination had occurred
exclusively (within experimental error) to give complexes of
cyclohexen-3-yne rather than cyclohexa-1,2,3-triene was shown
in two ways. First, the NMR spectrum of the crude product
showed only four hydrogens in the vinyl region which, by
irradiation, were shown to consist of adjacent pairs; irradiation
of any vinyl resonance decoupled another vinyl resonance. This
property is consistent with 7 and 8 but not with a 1,2,3-
cyclohexatriene complex. Second, additional evidence against
the triene complex was obtained by treating the crude reaction
mixture with I; only 1,2-diiodocyclohexa-1,3-diene (9) was
formed. No trace of 2,3-diiodocyclohexa-1,3-diene could be
detected. Preferential elimination of 1,3-cyclohexadiene from 6
(R =H)to give 7 and 8 was not unexpected, because the adjacent
vinyl hydrogen that would lead to the alkyne is kinetically more
accessible than H! (shorter bond and more favorable dihedral
angle), a characteristic that appears to be important for this kind
of reaction.!>15 In addition, molecular mechanics calculations
predict cyclohexen-3-yne to be somewhat less strained than 1,2,3-
cyclohexatriene.!$

Zirconocene complexes of 1,2-cyclohexadiene and 1,2-cyclo-
heptadiene could be prepared only if cyclohexyne formation were
prevented by blocking C1 with a substituent, in this case, a methyl.?
Unfortunately, all attempts to prepare 1-methyl-2-bromocyclo-
hexa-1,3-diene failed.!® 1-Phenyl-2-bromocyclohexa-1,3-diene
was therefore prepared and converted to the zirconocene complex
6 (R = Ph), as shown in Scheme I. Allowing a benzene solution
of 6 (R = Ph) to remain at room temperature (rt) for 3 days or
to be warming at 35 °C for 12 h in the presence of excess Me;P
led to elimination of 1-phenyl-1,3-cyclohexadiene and clean
formation of the zirconocene complex of 1-phenyl-1,2,3-cyclo-
hexatriene 10 as a yellow, air-sensitive solid. These reaction
conditions were noticeably milder than those required for
formation of the complex of 1-methyl-1,2-cyclohexadiene (53
°C for 8 h), a cyclic cumulene that is undoubtedly significantly
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4 (a) CHBr3, KO!Bu, -10 °C. (b) 85 °C. (c) KO'Bu, ‘BuOH, rt, 95%. (d) 1.1 equiv of BuLi, =100 °C. (e) !/2 Cp2ZrCl;, 60t0-10 °C, R =
Ph, 71%; R = H, 55%. (f) Excess PMe;, 7 °C, 4 days, 47%. (g) Iy, rt, 62%. (h) Excess PMey, rt 3 days, or 35 °C, 12 h, 72%. (i) Ph,C;, rt 5 days,

or 35 °C 24 h, 95%. (j) 2.5 equiv of HCL

Figure 1. Structure and labeling scheme for 10 with 50% probability of
thermal ellipsoids. Important bond distances (A) and angles (deg): Zr—
C(1),2.237(4); Zr-C(2),2.297(5); Zt—P, 2.6948(12); C(1)-C(2), 1.425-
(7); C(2)-C(3), 1.329(7); C(3)-C(4), 1.494(8); C(4)-C(5), 1.521(8);
C(5)-C(6), 1.512(7); C(6)-C(1), 1.356(6); P-Zr-C(1), 111.53(12);
P-Zr-C(2), 75.29(12); C(1)-C(2)-C(3), 120.8(4); C(2)-C(3)-C(4),
119.2(5); C(3)-C(4)-C(5), 111.4(4); C(4)-C(5)-C(6), 112.5(4); C(6)-

C(1)-C(2), 122.4(4).

Figure 2. Projection showing nonplanarity of the 1,2,3-cyclohexatriene
ring.

less strained than 1,2,3-cyclohexatriene.!® As in the formation
of the cyclohexen-3-yne complex, this rather surprising result is
probably due to kinetic accessibility of the 8-vinyl hydrogen;!3.15
in 6 (R = Ph), the bond length between the carbon bearing the
metal and the 8-hydrogen is presumably shorter (sp2—sp? vs sp3—
sp?)!% than in the precursor to 4. The metal and vinyl hydrogens
are also probably much more nearly coplanar. Structural
assignment to 10 is based on NMR,!4 elemental analyses, and

(19) Advanced Organic Chemistry, 4th Ed.; March, J., Ed. John Wiley &
Sons: New York, 1992; pp 21-31.

reductive coupling with diphenylacetylene to give 11,2¢ which,
upon reaction with HCI, gave the substituted stilbene 12.
Finally, the structure of 10 (R = Ph) was confirmed by single
crystal X-raycrystallography. The molecularstructure, the atom
numbering scheme, and important bond distances and angles are
shown in Figure 1, and the lack of planarity of the 1,2,3-
cyclohexatriene ring is highlighted in the projection drawing in
Figure 2. The Zr atom in 10 is asymmetrically bonded to the
C1-C2 double bond [Zr—C1 and Zr—C2 are 2.237(4) and 2.297-
(5) A, respectively]. Asymmetry is also observed in the dihedral
angles between the plane of Zr, C1, and C2 and those of the Cp
rings. The former has angles of 30.5(3)° and 19.4(2)° with the
planes of the C13—C17 ring and the C18—C22 ring, respectively.
The internal bond angles of the butatriene moiety, C1-C2-C3
and C2-C1-Cé6are 122.4(4)° and 120.8(4)°, respectively. Both
angles are smaller than the internal angle of 4 which, in turn, is
smaller than the central angle of any simple allene metal complex
previously reported.” Indeed, these two bonds angles are virtually
identical to those reported for the corresponding zirconocene
complex of benzyne!l2 [122.1(5)°, 120.2(5)°], which may be
represented as a resonance hybrid that includes the cyclic
butatriene canonical form 14. Interestingly, the alkyne bond
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lengthin the corresponding benzyne complex (1.365 A)! 12 is almost
exactly midway between the C1-C2 bond of 10 (1.425(7) A) and
that of the corresponding cyclohexyne complex (1.295 A),ll2
suggesting significant contribution from both 13 and 14 in the
benzyne complex (which is also consistent with the absence of
detectable bond alternation in the benzyne complex).!!e
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(20) The coupling product is formed with the sterically dictated regiospec-
ificity previously observed for zirconocene complexes of substituted cyclo-
pentyne!3 ortho-substituted benzynes!!s 3 and 4.



