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We have previously described the intramolecular chemistry of 7-norbornanyli-
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dene (I) and 7-norbornenylidene (II) , eqns. (1) and (2). Bicyclo[3.2.0]hepta=-
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diene-1,6, the major product from II, was suggested to be the product of a rear-

rangement, initiated by interaction of the (singlet) carbene's vacant p orbital
with its homoallylic @t bond. Related processes, which could involve similar
electronic interactions, appear to occur with carbenes III-VI. These attempts

7
to generate "foiled methylenes," carbenes stabilized by interactions of their
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vacant p orbitals with non-adjacent, but nearby m or ¢ bonds, have thus led to
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facile intramolecular chemistry.®

We now describe the first olefin addition reactions of a "foiled methylene,"
II,9 and comment briefly on the striking observation that its capture is much
less efficient than that of its saturated analog, I.

The products to be derived from the additions of I and II to gcis-4-methylpen~-
tene-2 were synthesized in advance [eq. (3)]. The key reaction was a Diels=-
Alder addition (stainless steel bomb) of ethylene to cis~l=-methyl-2=-isopropyl-
spiro[2.4]heptadiene=-4,6, which was itself the product of the addition of cyclo-

10
pentadienylidene to cis-4=-methylpentene=2.
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X

Ge-purified (VIII + IX) and X gave satisfactory elemental analyses, mass spec-
tral parent ions, ir and nmr spectra.11 An analogous series of reactions, based
on _‘g_z_:gg_s__-l-methyl-z-isopropylspiro[2.4]heptadiene-4,610 gave the trans analogs
of VIII, IX and X, which were similarly characterized.

Pyrolysis of the dry Li salt of 7-norbornanone tosylhydrazone in cis-4-
methylpentene=2 (200°, 30 min., stainless steel bomb) gave 23% of adduct X as

12
the only high=boiling product. This reaction presumably represents an inter~

molecular addition of I, and was shown by gc to be >99% stereospecific. Pho~

tolysis of an olefinic suspension of the Li salt (Pyrex vessel, 3000 | lamps,
Rayonet reactor) gave 8.4% of X, based on the 71% evolved nitrogen. The photo-
lytic reaction was also >99% stere?specific.

In contrast, an analogous pyrolytic generation of II gave a complex product
mixture containing 0.067% of (VIII + IX), identified by gc12 and nmr. The trans

isomers of VIII and IX were not detectable.13 Photolytic generation of II in
cis=-4-methylpentene=2 gave 0.24% of (VIII + IX), based on 40% nitrogen evolution.
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Adducts VIII, IX, and X were shown to be guantitatively stable to the reaction

and analytical conditions.
Parallel pyrolytic experiments with substrate trans-4-methylpentene=-2 gave

the adduct of I (trans-X) in 11% yield, but the adducts of II (trans=-VIIT +IX)

could not be detected. The addition reaction of I was >97% stereospecific.*3?

Two conclusions can be elaborated. 7=Norbornanylidene (I) can be trapped by
an olefin with unusual efficiency, considering that it is a carbene with well=-
characterized intramolecular escapesi available to it. Based on absolute prod-
uct yields, 7-norbornenylidene (II) is 35 (photolytic) to 340 (pyrolytic) times
less readily intercepted by cis-4-methylpentene=2 than is its saturated analog,
I, under comparable conditions.

We attribute the unusuall‘ and efficient capture of I to its reluctance to
undergo intramoleculax reacfions which lead to highly strained products [see_eq.
(1)]. 1Its extended lifetime makes possible intermolecular interception. The
carbenoid derived from 7,7-dibromonorcarane and methyllithium also exhibits in-
termolecular and intramolecular reatc'cions,,.5 and similar factors may be opera-
tive.

The intramolecular products derived from II2 are even more strained than
those formed from I [see eq. (2)], and we might have also. anticipated efficient
olefinic capture of 7-norbornenylidene. That the fact is quite the reverse
must, we believe, be attributed to a érucial and dominant carbene~double bond
interaction in II. This interaction could be simply the very facile addition of
the 7~-carbenic p orbital to the 1t bond, leading to a short-lived zwitterxionic
intermediate [cf., eq. (2),b]. II could thus escape intermolecular capture,
whereas its saturated analog, I, lacking the essential double bond, could not.
Or, the interaction in II could be that of an idealized "foiled methylene,"’

16
making II behave as a nucleophile during its lifetime, and disdain addition to

simple dialkylethylene substrates.
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A complete understanding could, of course, blend aspects of these two inter=-
pretations. However, the present results give powerful support to the notion
that a homoallylic carbene-n interaction in 7-norbornenylidene is a major deter-

minant of its chemistry. We are pressing related studies.
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