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A fundamental mechanistic ambiguity in. the therina.l conversion of cyclo-
pernttene to cyclopentadiene and hydrogen has been recognized but unresolved
for over twenty years (1-3): Are the hydrogen atoms which become molecular
hydrogen in a 1,4- or a 1,2-relationship in cyclopentene? Does t.hé
reaction occur through a 6~centered or a 4-centered transition state?

Recent theoretical developments have sharpened the issue. Application
of the proposals of Woodward and Hoffmann (4) based on molecular-orbital
symeetry relationships would suggest that the 1,4-~elimination could be
concerted, while the calculations of Benson and Haugen (5) based on an
electrostatic model for 4-centered reactions would seem to favor a 1,2-elim-
ination through a polar transition state.

The experimental results now reported implicate both 1,4- end 1,2~
elimination of hydrogen from cyclopentene, with tﬁe 1,4-process being

favored.
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1,k-elinization @D . 2
D>
1,2-eliinstion D . DD + B +

}-Deuteriocyclopentene (6) (b% 4, 96% &; (7)) was pyrolyzed at 550°

and the products were analyzed by mass spectrometry: the recovered cyclo~
pentene was kb 4., 96% 4, and the cyclopentadiene produced was 11% 4&,, 89%
di. The isotopic compositions of cyclopentene and cyclopentadiene after
four separate runs &t 550° lasting 4 to 16 minutes were indistinguishable.
Thus the observed differences in isotopic composition between starting
material ani product originate during the elimination of Hp or HD, and
both 1,k- and 1,2-processes are operative,

If no important kimetic isotope effect for the h-deuterioc er h-protio
substituents is involved at 550° (8) then the ratioc of Hp to HD elimination
corresponds to (k,_’4, + kl’z)/kl'z, where k; 4 amd k) p are the intrimsic
rate constants for the two modes of reaction, and the symmetry corrected
ratio kl,u’k;_’a ie approximately 12.

These resulis underscore the domivant role pleyed by the presumably
concerted 1,i-elimination of hydrogen from cyclopentene, yet demonstrate
that the 1,2-elimination is not quite negligible,
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- Prepared from A®-cyclopentenyl tosylate and lithium aluminium

deuteride. The tosylate had m.p. 44-45% (Anal. Found: ¢, 60.67; H,
5.87; 8, 13.25). E. L. Allred, J. Somnenberg, and S. Winstein, J. Org.
Chem., 25, 26 (1960), report this tosylate es having m.p. 53.4-54,6°,
The identity and purity of the labeled cyclopentene were fully verified
by n.m.r. and mass spectrometric criteria. The only peak in the n.m.r.
spectrum of the labeled hydrocarbon not in full accord with expectations
was & small sharp absorption at 8.49t ascribed to a trace of partially
deuterated cyclopentene (cf. K. B, Wiberg and B. J. Mist, J. Am. Chem.
Sec., 8;2, 1226 (1961)). At low electron energies, this impurity did
not contribute to the observed mass spectral ion peaks.
Deuterium analyses were obtained mass spectrometrically on an Atlas
Ch-4 instrument using low electron energies, and were reproducible to
1 1%,

Cf. L. Melander, "Isotope Effects on Reaction Rates," The Ronald Press

Company, New York, 1960, p. hk.



