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The unimolecular conversion of cyclopropaidgto propene?) epimerizations are cryptic. Finally, a clear analytical strategy for
has been known longer, and investigated in more detail, than anydetecting distinct outcomes for the two possibly competitive reaction
other thermal isomerizatiok? Detailed investigations of this  paths leading to labeled propenes in product mixtures could be
reaction linking one gHg species to another have been unusually discerned.
rewarding as they have led to fundamental understandings of The labeled cyclopropane was prepared from diethyl malonate-
reaction dynamics and mechanistic subtleti&perimental and 2-13C through reduction with LiAIQ followed by conversion of
theoretical studies have supported a mechanistic consensus: théhe labeled 1,3-propanediol to labeled 1,3-dibromopropane through

overall reaction involves a reversible isomerizationlofith the reaction with 48% HBr and concd ;80,8 The labeled 1,3-
trimethylene diradical ), which is transformed in the rate- dibromopropane had & NMR spectrum with only two equal
determining step t@ through a [1,2]-hydrogen shift. intensity absorptions, the two components of the doublet for
13C(2)H; at 2.548 and 2.115 ppm at 300 MH&{c—1 = 130 Hz).
("3'2 H H H Proton absorption intensity at 3.54 ppm wak.5% of the'3C(2)H,
-_— A Ts1 )\fH intensity, indicative of a minotz-component. Finally treatment of
Ho,C——CH, Hz? C_Hg HsC the dibromide with zinc dust in agueous ethanol gave the labeled
1 3 2 cyclopropane, which was purified by preparative &i& 3C{1H}
NMR spectrum showed a single peak aB.66 ppm;Z2Jizcp
Another conceivable path, frorhto singlet 1-propylidene4) coupling was not apparent.

directly in the rate-determining step, followed by an extremely facile ~ Three gas-phase thermal isomerization-4%C, d, were run at
[1,2]-hydrogen shift to form2, has been considered but not 435°C for 20, 21, and 42 h with total pressures of 94 to 133 Torr

supported experimentally. in a static reactor with cyclopentane as a bath gas. Reaction mixtures
were collected, diluted with CDgl sealed in NMR tubes, and
Ha H analyzed by'3C NMR at 151.2 MHz with inverse gated proton
e lSi oA — )\rH decoupling and 10 s pulse delays. Of particular interest was the
H,C——CH, HsoAC—H H,C region near 116 ppm for tHéC(1)H, or 3C(1)HD absorptions from
1 4 2 propene products.

For propene product formed through a trimethylene diradical

Theory-based consideration of the path through 1-propylidene intermediate andrS1, the **C(1)H, NMR signal with proton
has progressed in stages. An early 1974 theoretical assessment dgfecoupling can only be a singlet; the resonance would be expécted
the reaction path linking. with 4 located the transition structure ~ at about 0.13 ppm upfield from the chemical shift recorded for
(TS2) and placed it only 1.4 kcal/mol above the heat of formation C(1) in unlabeled propene, 116 pgn.

of 44 The MINDO/2 calculations did not lend support to the D, D
proposition that mechanistic optidn— 4 — 2 could be of kinetic . = D><3 IS1 )\iH
significance. Better calculations by Doubleday in 1996 estimated b C/_\CT_| D.C 6"H DsC

the energy gap betwedrs1 andTS2 to be 5.46 kcal/mot Rate 2 2 2 R

constant calculations suggested a kinetic advantage of 2 orders of 1-8C, d, 3-BC(1)-2233-dy  2-1°C(1)-2,3,3,3-d,
g}fﬁggﬁg: for ther'S1-mediated path relative to tfe— 4 — 2 For the path through a 1-propylidene intermediate }#¢1)HD

. I NMR signal for the propene product would be a 1:1:1 triplet,
The most recent calculations at a.stlll higher level of.theory centered about 0.27 ppm upfield from the resonance seen for

suggested that thé — 4 — 2 path might not be energetically CD3;CD=*CH, and characterized by-asc_p coupling constant of
incredible. Using ab initio coupled cluster methods the pathway 24 Hz. TheE and Z isomers of2-13C(1)-1,2,3,3¢, would have
through 1-propylidene was found to be only slightly higher in nearly identical®C NMR spectra: the two C(1)3c_n coupling
energy than the traditional path through the trimethylene diradical: constants in propene are 153.1 and 157'Heorresponding to
AAE, = 2.4 kcal/mol” The propylidene-mediated path might be 50 p values of 23.5 and 24.1 Hz, for thedyp ratio is 6.514.
kinetically competitive and detectable experimentally. This pos-

sibility and the suitability of the several theoretical methods that 82 TS2 D D D
have been used to examine the mechanistic question have been / \>,< — x — )\*,D

. . . . HD,C
probed through an isotopic labeling experiment. D,C—CH, HD:C' “C-H

The labeled system selected for this study wasCt2,2,3,3-
ds-cyclopropane I-13C, d,). It may be prepared easily. It does not
present complications related to thermal stereomutations of the The mixture of labeled propene isomerization products showed
cyclopropane, for all possible one-center and two-center thermal 13C{1H} NMR signals for2-13C(3)-1,1,2,3ds, a product expected

1-8¢C, d, 4-13C(1)-2,2,3,3-d; 2-13C(1)-1,2,3,3-d,
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Figure 1. Proton-decouple@C NMR spectrum of the methylene carbon

Attempts to uncover thermal isomerizations of deuterium-labeled
1,1-dimethylcyclopropane taking place throutgnt-butylcarbene
or isobutylcarbene failed to provide any evidence implicating them
as mechanistically significant intermediatéThe factors influenc-
ing possible cyclopropane-to-propylidene thermal transformations
in substituted systems remain to be clarified through theory and
experiments, and possibly related reactions of cyclopropene and
silacyclopropanes merit reconsideratién.

In his 1882 paper reporting the first synthesis of cyclopropane,
Freund explicitly considered 1-propylidene as a possible structure
for his newly prepared s compound Cyclopropane and
1-propylidene have been closely associated from the beginning!
That1 rearranges thermally thmay be viewed with surprise, given
the extended scrutiny thito-2 isomerization has attracted over
more than a century. The present experimental work supports the
prediction based on coupled cluster methods in 199%d re-
emphasizes the ineluctable fact that the level of theory used needs
to be appropriate to the issue being addressed if reliable predictions
are to be attained.
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