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Norbornyne: A Cycloalkyne Reacting Like A Scheme 1
Dicarbene
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Cyclopentyne 1) is a fascinating highly strained cyclo-alkyne
primarily because of its predilection for forming{2] cycload- Br
ducts (Scheme B)As illustrated in the scheme, the complete

. h . . ?
retention of stereochemistry in this process bespeaks a concerted [ A@/ — —
-

=Y

process, a most provocative result in light of the “rules” of

Woodward and Hoffmarinthat govern pericyclic reactions. SiMe
Nonetheless, we found theoretical support for concert in this s
transformation through the use of semiempirical methodoldgies. t.-Ph

We now report experimental results that point toward a novel BF4 @
rationale for the stereospecific formation oftf2] cycloadducts 5 o)

that circumvents characterization of the process aat 72s] 9
reaction. They also support the conjecture that distorted alkynes A
might exhibit reactivity consistent with their having the character H
of a dicarbené. \?/Ob :

The synthesis of norbornyn&,(Scheme 2) has been claimed Ob
previously? but its pericyclic chemistry with alkenes was not

explored. Our studies of this chemistry, in whizkvas generated

from the precursord and5, revealed that cycloadducésb, 7, H

and8 were produced in overall yields of 40 and 10%, respectively -

(Scheme 2§. Variation in the ratios of cycloadducts from o] M

precursorgt and5 is thought to result from the potential role of H H—' o]
8

lithium cation in the decomposition of.” In this context, the

ratip a}fforded' by iodonium sab is believed to represent the a(a) Li, THF, 60°C, 1 h, 40%. Ratio 06a:6b:7:8 = 1:1:9:18. (b)

intrinsic reactivity of norbornyne2)® TBAF, CH,Clz, 80 °C, 15 min, 10%. Ratio 0ba:6b:7:8 = 1:1:2.1:
Methylenecyclopropane8ab provide evidence for our long- 5 g

sought goal of identifying a system wherein a simple cycloalkyne

isomerizes to its isomeric alkylidenecarbene, in this ca8e Scheme 3

Formation of cycloadducZ bespeaks the “usual” [2+ 2]

pericyclic mode of a strained cycloalkyhéut that of the major
product8 is unprecedented in cycloalkyne chemistry. Consider-
ation of a possible mechanism for its generation (Scheme 3) —>

H

provides a framework for understanding the details of thet[2
2]” cycloadditions of cycloalkynes.
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function as a common intermediate leadingrtand8 (Scheme
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3). There is literature precedent for both the 1,2-carbon shift,
which is known to occur with retention of configuration at the
migrating carbon atort? and the 1,3-€H insertion!** There

has been speculation that strained cycloalkynes might behave as

though they were vicinal dicarbenes, but experimental evidence
for this for a thermally generated species has not been obthlfed.
The formation of8 provides the most compelling evidence to
date in support of the dicarbene hypothesis.

Reaction of norbornyne?}, generated from dibromidg with
trans-3-hexene was found to affoddL®*the only adduct produced

in the reaction (eq 1). The retention of the stereochemistry present
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ButLi, -80 to 35 °C, 4%
Br
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in the alkene is consistent with the cyclopropanation step being
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fate, often to the complete exclusion of 1,2-8 insertion!® Thus,
it is not surprising that the novel mechanism currently being
proposed was not unveiled previously sinceH2] cycloadducts
such asl4 would be the only expected products.

The propositions illustrated in Schemes 3 and 4 are well-

Scheme 4

the result of a concerted singlet process. The cleavage of aPrecedented experimentally and nicely rationalize thet[2]
cyclopropylcarbene to an alkyne and an alkene, the reverse ofcycloadditions ofl and2 in a manner consistent with the rules

this process, is known to occur with retention of configuration
(eq 2)* applying the Principle of Microscopic Reversibilify

— I + H-CIC-H (2

lends support to the proposition that norbornyne is functioning
as though it were a singlet dicarbene in its cycloaddition to
alkenes.

We believe that the hypothesis outlined in Scheme 3 is
applicable to cyclopentynel) itself (Scheme 4). In this case,
initial [2 + 1] cycloaddition as outlined fo?2 and dihydropyran
affords the intermediate cyclopropylcarbeh2 There are two
viable intramolecular reaction channels for this intermediate,
namely, 1,2-C-H insertion and 1,2-carbon shift. Previous studies
of this type of carbene show the 1,2-carbon shift to be its preferred
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of Woodward and Hoffmann. Moreover, high-level DFT calcula-
tions by Professor S. Bachrach are consistent with the hypotheses
of these schemé§.For example, cyclopentyne and norbornyne
are both calculated to undergo concerted{2] cycloadditions
with alkenes to afford cyclopropylcarbenes. However, repeated
attempts to find the transition state for a concerted{22]
cycloaddition of1 and 2 to alkenes using DFT methodologies
have failed, despite the fact that such a pathway was found
previously using semiempirical approacl#s.’ab

The hypothesis of Scheme 4 is testable, and experiments
designed to accomplish this are in progress. Whether the
hypothesis that bent cycloalkynes react as though they were
dicarbenes applies to benzyne is an intriguing issue and merits
exploration as well.
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