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Summary: Substituted cyclooctatetraenes can be prepared in two steps employing a Cr-(0)-promoted
[6m+2m) thiepin dioxide-alkyne cycloaddition followed by photoactivated sulfur dioxide extrusion.
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Cyclooctatetraene and its derivatives continue to attract attention, particularly with regard to the
theoretical implications of their fluxional behavior.l To date, preparative access to substituted members of
this series of compounds has generally relied on multistep sequences.2 An attractive alternative two-step
entry into 1,2-disubstituted cyclooctatetraenes can be envisioned that would employ a metal-promoted
[6r+2n] cycloaddition3 between an appropriate heterocyclic triene-metal complex and an alkyne for
construction of the eight-membered carbocycle. Extrusion of the heteroatom would follow to provide the
tetraene(Scheme I). In this context, the elements of sulfur dioxide offer numerous advantages as the

heteroatom component.2i-4
Scheme I
R '
-X
-
i _\\\ + i Y P
M R
R

Crucial to the success of this endeavor is the ability to effect [6+2] cycloaddition between the thiepin
dioxide complex (1)3 and alkyne reaction partners. While other cyclic triene complexes are well-behaved
participants in the [6+2] cycloaddition manifold,® complex 1 is not. Indeed, this material has been shown
to undergo a rapid three-component cycloaddition process when reacted with terminal alkynes.”
However, by careful control of reaction conditions internal alkynes have been found to undergo effective
1:1 [6+2] cycloaddition. Thus, irradiation of 1 in the presence of a small excess of 1-
trimethylsilylpropyne delivered the desired 1:1 adduct 28 in 65% yield.
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With compound 2 in hand, a second irradiation (vycor filter) was performed to effect cheletropic
extrusion of sulfur dioxide to afford the corresponding cyclooctatetracne 38 in excellent yield. No
evidence of double bond shifting was observed, and no significant quantity of the corresponding 1,8-
isomer appeared to be formed during the heteroatom excision operation.12.2i49 The relatively short
reaction times (15 min) may account for the observed product homogeneity in these reactions. Several
additional examples of this sequence are compiled in Table 1.
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Entry _R R’ Yield (%) Yield (%)
1 n-Pr T™MS 65° 952
2 n-Bu TMS 65° 95°
3 Ph TMS 78° 928
4 n-Pr T™S 41% 90°?
5 Ph Et 4230 852

2 Reference 8. ° Accompanied by 20% of the 2:1 alkyne/triene adduct.

Other types of alkyne reaction partners can participate in the sequence as well. For example, readily
available cyclooctynel0 undergoes smooth cycloaddition with complex 1 to deliver tricycle 48 in 80%
yield, and photoinduced SO extrusion affords the known fused bicyclic tetraene 5.1! It is noteworthy,
however, that larger cycloalkynes provided primarily 2:1 alkyne/triene cycloadducts in these reactions.
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Compounds possessing multiple cyclooctatetraene substructures tethered by acyclic carbon chains

have gained importance recently due to their novel optical and electrical properties when the connecting
tethers permit m-conjugation.12 In light of these developments, a model study was performed in which a
bis-alkyne was examined as a cycloaddition reaction partner for the introduction of multiple
cyclooctatetraene moieties in one operation. In the event, treatment of diyne 6 with excess complex 1
under standard photocycloaddition conditions afforded the bis-cycloadduct 78 in 35% yield. Subsequeﬁt
SO, extrusion yielded the biscyclooctatetraene 88 in 85% yield.
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Finally, the well-known ability to deprotonate at the bridgehead position in the 9-
thiabicyclo[4.2.1]nona-triene-9,9-dioxide cycloadducts2ii was examined as a means for producing more
highly substituted cyclooctatetraenes. Thus treatment of adduct 9 (entry 3, Table I) with excess n-BuLi
followed by quenching with Mel afforded the monoalkylated bicycle 10.8 It is noteworthy that metalation
occurred only at the position adjacent to the phenyl ring in this substrate, while related compounds without
phenyl substituents gave dialkylated products under these conditions. Neighboring phenyl rings are
known to direct the regiochemical course of metalation in other systems.!3
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Unfortunately, attempted cheletropic extrusion of SOz in this case produced many products in low
yield. The positioning of three contiguous substituents in the resultant tetraene system may promote rapid
bond shifts 219 and other isomerization pathways that are not readily available to the less substituted
systems.

In summary, the sequential [6+2] cycloaddition of alkynes and thiepin dioxide promoted by Cr(0)
followed by photoextrusion of sulfur dioxide provides an efficient entry into 1,2-disubstituted
cyclooctatetraenes.
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