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Calculations indicate that 7-norbornenylidens, I, 1s a "singlet, stabilized, nonclassical
methylene," with 1ts carbenic bridge bent ~20° away from the vertical, toward the w bond.” Be-
cause of the bending, it was suggested that "sterically bulky substituents on the addend should

1
prefer the saide anti to the double bond" durang olefaimic addition of I.  Having characterized

the intramolecular chemistry of 1,2 and reporbed the imitial examples of ats aintermolecular add-
ation reactmns,3 we have now examined the stereoselectivaity of its reaction with t-butylethyl-
ene® as a test of the stereochemical pred:l.ctlon.5

The adducts of T and t-butylethylene were presynthesized by Diels-Alder addation of ethyl-
ene to l-Efbutylsplro[2.h]heptad1ene6 (neat, degassed, excess ebthylene solvent, steel bomb, 190°,
R0 hrs.), eq. (1), The crude product, obtained in 70% yield, was almost entarely II-syn and II-

CoHy Hp 5
M 190° £ . % Pd/C =

IT-syn II-anta II-H,
anti, 1n a ratio of 7.86-1 (gec, 150 ft. fluorosilicone Golay column).7 After ge purification

(SE-30 cclumn), the adduct mixture afforded a satisfactory elemental analysis, showed m/e 176
(M+) in 1ts mass spectrum, and could be reduced to I1I-H; which was characteraized by nmr and nass
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spectroscopy Consistent 1r and nmr® spectra of the adduct mixture were obtailned; t-butyl
resonances appeared at & O 79 (II-anti) and 0.76 (II-syn) One might have expected the t-butyl
protons of II-syn to lie in the shielding zone of the 1t-bond,9 and their resonance to appear up-
field from that of II—EEEi,lm but the small differential chemical shift necessitates further
substantiation of the stereochemical assignments

By 1tself, the stereoselectivity of the Diels-Alder reaction 18 strongly supportive o”
these assignments The syn adduct would be expected to predominate whether the observed product
ratio reflected kinetic comtrol™*® or equilibrium control.1lb Moreover, the gc retention time of
II-syn on a saturated AghD;-ethylene glycol column was as expected, much shorter than that of II-
Eggi,lz providing further support for the stereochemical assignments 18

With preliminary work secure, the dry Li salt of 7-norbornenone tosylhydrazone, III,2 was
pyrolyzed in dry, degassed, excess t-butylethylenme at 200-220° for 20 min. The complex product
mixture was largely derived from intramolecular chemigtry of I,2 but capture products Il-syn and
IT-ant1 (~0,1 %) were observed by gec on the 150 ft fluorosilicone Golay column,™ eg (2) Re-
duction of this product mixture converted both adducts to II-H,, 1dentical in capillary gc resen-

tion time to the authentic sample Duplacate pyrolyses of III in bt-butylethylene contained in

b by

II-syn IT-anty
(major) {m1inor)

glass ampoules (sealed in a steel bomb, half-filled wath pentane, 220°, 20 or 80 min ) gave (II-
syn/II-ant1)=7 02 + 0.06 Duplicate pyrolyses conducted directly in the steel bomb (R00°, 20
min,) gave this ratio as 2 57 + 0 12, unchanged after resubmission of the mixture to the pyrol-
ysis conditions in the presence of lithium p-toluenesulfinate The altered product ratios ob-
served 1n the latter pyrolyses are suggestive of metal-catalyzed (carbenci1d) decompositions In-
deed, pyrolysis of 0 5 g of IIl in 2 § g of t-butylethylene containing 20 mg of anhydrous CuSJO,
(glass ampoule) afforded (II-syn/II-amti) = 3 19.

Experimentally, then, syn addition of I to t-butylethylene is the dominant mode of cyclo-
propanation, in contrast to the anta selectivity anticipated because of the caleulated bradge-
bending in T 1 The experimental results neither negate the possibility of such bending, nor ri-
tiate the strength of the calculations But 1f the predicted carbene-n interaction in I (for
which we have adduced circumstantial ev1dence2’3) does lead to bridge-bending, then such bending
does not 1tgelf dominate the stereoselectivity of addition, ¢f., eq (2) Assumption of a Hoff-
mann-like transition state?® for the addition of T to t-butylethylene, together with a study of
molecular models, predict the observed dominance of Il-syn, in that less steric hindrance would
be experienced by an alkene during syn approach over the in-plane vinyl protons of T than during
ant1 approach over 1ts exo-ethano protons 1 Tndeed, 1f 7-morbornencne 1s considered a model
for singlet I (both have "electrophilic" p orbaitals at C;), then the stereoselectivity of olefin
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addition to I 1= analogous to that of the attack of various nucleophiles at €, of the ketone 17

It 1s worth noting that carbene I clearly differs from the amalegous 7-norbornenyl cation,
for which anti addition of nucleophiles is rigorously controlled by homoallylic m-participa-
tion 1® Presumably, the interaction 1is, as expected,? weaker in the carbene '°
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