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Diastereomeric Transition States. High and Low
Energy Reaction Pathways in the Cope Rearrangement
Sir:

It has long been recognized that a variety of conformations
are accessible to molecules undergoing Cope and Claisen re-
arrangement, The traditional chair and boat forms have now
been superceded by a more thorough delineation of mechanistic
possibilities.” An understanding of the relative energy of the
individual conformations, coupled with the constraints imposed
by orbital symmetry, has greatly expanded the synthetic utility
of these reactions.? Conformationally flexible 1,5-dienes ex-
hibit a strong preference for a presumed “chair-like” form,
making independent observation of the higher energy con-
formations a challenging experimental task.3 The high energy
form of the Cope rearrangement has only recently yielded to
independent study.

: :
alignment of the two terminal exocyclic methylene carbons.
The conformation that each diastereomer must adopt is shown
in the figures in Chart I. Drawing upon the analogy of the Cope
rearrangement to the dimerization of two allyl radicals,’ the
meso-1 transition state corresponds to the six-center approach
while dl- 1 corresponds to the four-center approach. These two
transition states coincide with the high energy and low energy
forms of the Cope rearrangement. This simple analysis predicts
a substantial difference in the rate of Cope rearrangement for
the two diastereomers. We have verified this prediction ex-
perimentally. The half-life for rearrangement of /-1 at 160
°C is 1 h. Rearrangement of meso- 1 occurs at an appreciable
rate only at temperatures in excess of 250 °C. At 200 °C, di-1
is 18 000 times more reactive than the meso diastereomer
(extrapolated).5

The temperature dependence of the rate constants was ex-
amined to obtain the activation parameters for both diaste-
reomers.” These, together with the activation parameters of
a model compound, 2-methallylmethylenecyclopentane (3),
and the parent, 1,5-hexadiene,® are given in Table I. The
similarity of activation parameters between 4/-1 and mono-
cyclic 1,5-diene 3 should be noted. The enthalpy and entropy
of activation are “normal” for Cope rearrangement.® Com-
parison of the values for d/- and meso-1 reveal sizable dif-
ferences in enthalpy (AAHF 13.8 kcal/mol) and entropy
(AAS# 11 eu) of activation. These differences parallel those
found for the high and low energy Cope rearrangement of
parent 1,5-hexadiene (Table I). Discrepancies still remain

Chart I

We wish to report preliminary results from an investigation .
of the thermal rearrangements of bis(methylenecycloalkanes), (:\7‘“‘ N
eq 1, a class of molecules that permit independent observation . @V
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of high and low energy conformations of the Cope rearrange- — p — <
ment. This communication describes the Cope rearrangement Q‘.’
of meso- and dl-2-(2-methylenecyclopentane)methylenecy-
clopentane (1), eq 2. Sigmatropic rearrangement requires art - E
Table 1. Activation Parameters for Cope Rearrangement?
Compd NE ask, aGh, AaHE aast AAGE
M 30.0+ 0.3 -13.2£1.0 36.9« 0.3
3
M 28.0+1.1 ~11.4+ 2.6 33.9:18
o 13.8 11.0 8.1
M 41.8+0.5 —0.4:1.0 42.0+ 0.6
meso-1
x
Q(]ow)“ 335+05 —-13.8+1.0 40.5+1.0
11.2 10.8 5.8
=
Q(highf 447+ 2.0 -3.0+36 46.3+ 3.8

aUnits are in kcal/mol for AH and AGT and cal/(mol-deg) for AST; subscripts are in °K; uncertainties are standard deviations. bReference

8. ¢Reference 4.
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Chart 11
LOW ENERGY

Chai T Twist
2h) (Coq)

HIGH ENERGY

Plane
(sz gi‘j ;E é:}_jfz 2h)

between the calculated!? and experimental values of this en-
ergy difference.

Rearrangement of meso-1 can be envisioned as occurring
by one of several mechanistic pathways. Two such possibilities,
dissociation-recombination and sequential 1,3-sigmatropic
rearrangement, can be ruled out. Thermolysis of meso-1 in
liquid cumene failed to produce detectable quantities of either
1-methylcyclopentene or methylenecyclopentane. Further-
more, when the thermolyses were run in the gas phase, 4 could

O~A

4
A~

not be detected, despite the fact that 4 was shown to be stable
to the reaction conditions. These findings imply that both d/-
and meso-1 react by a [3.3] sigmatropic shift; [1.3] sigma-
tropic rearrangement and homolytic dissociation are higher
energy processes.

It is now recognized that there are two symmetry allowed
variants of both the low and high energy [3.3] sigmatropic
rearrangement.’ The low energy form involves a conrotatory
twisting of adjacent methylenes while, in the high energy form,
rotation is disrotatory. The two variants of each form refer to
the manner in which the conrotatory or disrotatory modes are
coupled. The four possibilities are shown in the figures in Chart
IT (mirror images excluded). An intriguing aspect of the Cope
rearrangement of diene 1 is the recognition that the most ac-
cessible conformations for rearrangement are not the chair and
boat forms, but rather the less conventional twist (d/-1) and
plane (meso-1) forms. In view of the similarity of the activa-

N

Twist (dl-}')

Plane (meso-1)

tion parameters of 1 and parent 1,5-hexadiene, the twist and
plane mechanisms must be considered viable alternatives to
the chair and boat forms in thermal rearrangements of con-
formationally flexible 1,5-hexadienes.

Acknowledgment, We thank the donors of the Petroleum
Research Fund, administered by the American Chemical
Society, for partial support of this work.

References and Notes

(1) (&) M. J. Goldstein and M. S. Benzon, J. Am. Chem. Soc., 94, 7149 (1972);
(b) J. Gajewski in ""Mechanism of Molecular Migrations”, Vol. 4, B. S.

0002-7863/78/1500-0655%01.00/0

655

Thyagarajan, Ed., Wiley-Interscience, New York, N.J., 1971, p 1;(c)R. E.
Stanton and J. W. Mclver, Jr., J. Am. Chem. Soc., 97, 3632 (1975); (d) H.
J. Hansen and H. Schmid, Tetrahedron, 30, 1959 (1974).
(2) S.J. Rhoads and N. R. Raulins, Org. React., 22, 1(1975).
(3) W. von E. Doering and W. R. Roth, Tetrahedron, 18, 67 (1962).
(4) M. J. Goldstein and M. S. Benzon, J. Am. Chem. Soc., 94, 7147 (1972).
(5) R. Hoffmann and R. B. Woodward, J. Am. Chem. Soc., 87, 4389 (1965).
(6) All new compounds gave satisfactory spectroscopic and elemental analysis.
Their synthesis and characterization will be reported in the full account
of this work.
Isomerizations obeyed strict first-order kinetics. Rate constants were ob-
tained in the liguid phase (hydrocarbon solvent) over the following tem-
gerature ranges: 3, 160-207 °C; d/-1, 142-169 °C; meso-1, 249-285
C

(7

(8) W. .von E. Doering, V. G. Toscano, and G. H. Beasley, Tetrahedron, 27, 5299
(1971).
(9) R. Willcott, R. L. Cargill, and A. B. Sears, Prog. Phys. Org. Chem., 9, 25
(1972).
(10) (@) M. J. S. Dewar, G. P. Ford, M. L. McKee, H. S. Rzepa, and L. E. Wade,
J. Am, Chem. Soc., 99, 5069 (1977); (b) A. Komornicki and J. W. Mclver,
Jr., ibid., 98, 4553 (1976).

Kenneth J. Shea,* Richard B. Phillips

Department of Chemistry, University of California
Irvine, California 92717

Received August 25, 1977

Photochemistry of Alkyl Halides. 6. gem-Diiodides.

A Convenient Method for the Cyclopropanation
of Olefins!
Sir:

Recent studies from these laboratories have shown that alkyl
bromides and iodides afford ionic, as well as radical, inter-
mediates on irradiation—via a process thought to involve initial
light-induced homolytic cleavage of the carbon-halogen bond,
followed by electron transfer within the resulting radical pair
cage (eq 1).2 We wish now to report that gem-diiodides exhibit
analogous behavior; however, under appropriate conditions
carbenoid behavior prevails instead.

) electron
R- X—>[RX] [R*X7] 1
transfer

As summarized in Table I, irradiation of diiodide 1 in a
variety of solvents at 350 nm afforded principally the ionic
product 4, accompanied by small amounts of the radical
product 2. In acetonitrile containing lithium bromide or in
methanol the nucleophilic substitution product 3 (Y = Br) or
5 was formed in substantial amounts at the expense of elimi-
nation product 4. This behavior is analogous to that observed
previously for monoiodides.?

Table L. Irradiation of Diiodide 14

Time, Yield, %°
Solvent h 1 2 4 Other

(C3H5),0 12 28 6 51

C(,H(, 20 20 4 62

CH;CN4 10 40 ¢ 10 3,15¢

CH;0H 5 32 3 8 5, 45

CH,Cl, 1.5 10 ¢ 39 7,28

CH,Cly/ 1.0 ¢ 5 83 6, 10

CH,Cl,/'2 1.5 5 4 70 6,9

(CH,Cl); 1.5 4 ¢ 40 7,33
_CHjBr, 1.5 4 c 46 7,41

@ Irradiations were conducted on 5-mL solutions containing 50 mg
of diiodide 1in Pyrex vessels suspended in a Rayonet RPR-100 pho-
tochemical reactor equipped with a circular array of 16 G8TS5 BL
lamps. & Determined by gas chromatographic analysis relative to an
internal hydrocarbon standard. ¢ Trace. 4 Solution contained 4.5 mol
equiv of lithium bromide. ¢ Cyclohexanecarboxaldehyde was also
obtained (14% yield). / Solution contained 2 mol equiv of epichloro-
hydrin. € Diiodide 1-d was used.
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