A Novel Chromium(0)-Promoted
Four-Component Cycloaddition Reaction
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Reaction of (n5-thiepin-1,1-dioxide)tricarbonylchromium(0) with excess terminal alkynes under photoactivation conditions affords novel pentacyclic
adducts formally derived from a sequential [6x + 27)/[6x + 27]/[26 + 2] cycloaddition process.

Cycloaddition reactions mediated by various transition metals consecutive [6:7+ 27] cycloadditions mediated by chro-
have become an important area of investigation in recent mium(0) (eq 1).® This transformation constitutes one of the

yearst The capability of effecting ring formation in environ-

ments wherein traditional thermal or photochemical trans-
formations are either difficult or even impossible is one of
the principal virtues of these processes. A particularly

successful illustration of this feature has been metal interven-

tion in the execution of so-called higher-order cycloaddition

reactions. Notable advances in this area include Cr(0)-

promoted [67+ 4] cycloadditions, Mn(l)-based [5+ 4]
additions® and Ni(0)-promoted [47+ 47] combinations,
as well as Rh(l)-based [5 2]° and numerous cobalt-
mediated higher-order cycloaddition processes.

Recently, we reported an extension of this concept that

brought to practice a novel and quite powerful three-
component higher-order cycloaddition that featured two

TTo whom inquiries regarding X-ray structure determinations should
be addressed.
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most rapid increases in molecular complexity known for a
one-pot process and provides adducts that exhibit substantial
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structural and stereochemical informatfimdeed, as many  previously described 6+ 2], [6xr + 27] process (eq 1).
as four rings and up to six stereogenic centers can be createdHowever, in this instance a third cycloaddition event has
in a single operation, and the reaction is general with regard occurred in which an additional alkyne component has been
to the constitutions of the participating trienes and alkyne incorporated across the cyclopropane unit via what would
partners. appear to be a novel (metal-mediatedy [2 27] cyclo-

We now wish to report the successful implementation of addition. To the best of our knowledge this type of reaction
a remarkabléour-component chromium(0)-mediated cyclo- finds no relevant precedent in Cr(0)-based cycloaddition
addition process involving5-thiepin-1,1-dioxide)tricar- chemistry, although a substantial literature exists for related
bonylchromium(0) (3) and various tethered diyne reaction [3 + 2] cycloadditions in the chemistry of Pd and NRiA
partners. In a typical example of this process, photocyclo- somewhat related process has also been suggested as being

addition of the readily available compled?® with excess
1,7-octadiyne (CHCH,CI,, hv (Pyrex filter)) afforded the
pentacyclic triene sulfond'12in 45% vyield (eq 2).
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1,8-Nonadiyne has also proven to be an effective partici-
pant in this multicomponent cycloaddition. In this instance,
adduct5* was produced in 38% vyield. In contrast, 1,6-
heptadiyne, in which the two alkyne moieties are connecte
by only three methylene units, failed to provide any of the
corresponding four-component adduct, yielding only the
three-component cycloaddut! in 56% vyield.
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In considering a mechanism for this fascinating process,

the first two steps involved in this overall transformation

involved in the Rh(l)-mediated [3- 2] cycloaddition?
The production of single regioisomeric addudtaind 5

in their respective reactions and the apparent inability of
heptadiyne, which possesses a shorter carbon spacer, to
undergo the [3+ 2] cycloaddition step are suggestive of a
pathway in which the third alkyne reaction partner is directed
to the cyclopropane site prior to bond formation by some
sort of delivery mechanism. Figure 1 depicts a plausible
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Figure 1. Possible intermediate in the four-component cyclo-

d addition process.

intermediate that rationalizes these empirical results. The key
feature of this species is that one of the terminal alkyne
moieties is precoordinated to the metal center as a prelude
to ring formation. At this juncture of the investigation, our
working hypothesis assumes that each step in this reaction
process is metal-mediated, although no substantive evidence
supporting this contention is available, particularly regarding
the putative final step in the sequerite.

While the involvement of a coordinated intermediate such
as 7 appears quite reasonable for explaining many of the
features of these reactions, the role of chromium(0) in
promoting the critical [2 + 2x] cycloaddition event is less
clear. Further mechanistic work is currently underway in our
laboratory in an attempt to more fully understand the details
of this novel and potentially powerful ring-forming process.
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