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Figure 1.—Plot of ethyl acetate n — =* transition energy
(E'r) vs. solvent polarity constant (Z) in ethanol-water solu-
tions. The least-squares line corresponds to Er = 0.202Z +-
121; correlation coefficient = 0.98.

tion energy of ethyl acetate increasing by 4.6 keal/
mole between isooctane and water.’® In this respect
it is quite similar to the corresponding transitions of
many other carbonyl compounds.® The similarity of
solvent effect on ground- and excited-state heats of
solution of ethyl acetate can be interpreted as implying
little change in polarity during the n — = * transition, a
conclusion in keeping with the known modest decrease
of the unsubstituted carbonyl group dipole moment in
the n,r* state.” It also suggests that the solvent—
solute hydrogen bond, which several lines of evidence
indicate is broken during the electronic transition and
is not present in the n,=* excited state of carbonyl com-
pounds,®8 must play only a minor part in determining
the total ground-state heat of solution, and presum-
ably, the total excited-state heat of solution. It also
suggests that the degree of ‘“‘structuredness’” of the
alcohol-water solvent, which frequently has such a
marked effect on AHg values*®® has a much smaller
effect on more intimate types of intermolecular inter-
actions such as hydrogen bonding between a basic cen-
ter in a molecule and one solvent molecule. On the
other hand, the excellent correlation of the n— 7z*
transition energy of ethyl acetate with Z1¢ and Y,!!
empirical solvent polarity parameters (note Table I
and Figure 1), indicates that these are good measures
of solvent hydrogen-bonding ability.

Experimental Section

Solvents were prepared by mixing appropriate quantities,
measured by volume at 25° of absolute ethanol and distilled
water. Reagent grade ethyl acetate was carefully distilled
prior to use. The details of measurement of the ester absorp-
tion spectra have been described previously.ss
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Three papers have recently appeared which describe
Diels—Alder reactions under mild conditions that yield
a cyclobutyl derivative in addition to the normal six-
membered ring adduct.’* Typical conditions and
yields are outlined below. An important fact which
attracts an attempt at a theoretical explanation is the
drastic change in the relative yields of the two types of
products with differing reactants (Scheme I).
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The commonly accepted mechanism for eyclobutane
formation postulates a diradical intermediate.® This
diradical is also the most easily visualized intermediate
for the reported isomerizations, 7 — 8% and 10 — 11.7
Therefore a suggested two-step mechanism involving
a diradical intermediate, which can lead to either of
the two products,? seems reasonable for these reactions.
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Of course, other mechanistic possibilities ean be
envisaged. The most obvious would be concerted
4 + 2 cycloaddition® to give the usual Diels-Alder
adduct and a separate, competing two-step reaction to
yield the substituted vinyleyclobutane.? In addition,
the intermediate in the cyclobutane-forming reaction
might be dipolar rather than radicaloid in character.?
We do regard concerted Diels—Alder reactions as
unlikely for reactions 1 and 3 since the dienes cannot
assume the necessary s-cis conformation,® but the two
unassociated pathways would be quite possible in
reaction 2.

In this note, we address ourselves to the following
questions. Can diradical intermediates theoretically
account for the observed product distributions, at
least semiquantitatively? And if so, would a com-
peting concerted cycloaddition to yield the normal
adduct be an admissible side reaction?

To consider these problems, we make use of the
perturbational molecular orbital method (PMO)
outlined by Dewar,!! which we have previously applied
to some discussions of reactivity in several Diels—
Alder reactions.!?-'* In outline, one obtains wave
functions (eigenvalues and eigenvectors) for the two
separated molecules or radicals which are to react to
form a larger molecule. The formation of a new bond
or bonds is then considered as a perturbation on the
wave functions of the reactants. Simple formulas
allow one to calculate the change in energy which
occurs upon making the new bond or bonds.!:2
For consistency, we calculate all perturbation energies
to the second order. A calculated difference in energy
for two reactions is finally assumed to be equal to RT
times the natural log of the relative rates of the two
reactions. The advantages of using a perturbational
approach to problems of reactivity have often been
discussed!! 119 gnd the justification for correlating
calculated activation energies with experimental rates
of reactions is based on the work of Evans and
Polanyi?® (also, see Dewar?!),

For reactions 1, 2, and 3 we used the method in the
simplest possible form. Hiickel-type MO’s weredeter-
mined for the reactant molecules. Coulomb integrals
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were a(carbon) = «, a(oxygen, one electron) = a + 3/,8,
a(oxygen, two electrons) = a + 3/,8, a(nitrogen, one
electron) = a + /48, a(saturated carbon, psuedo het-
eroatom model) = a + 28.2223 The resonance inte-
grals for carbon-heteroatom bonds were chosen roughly
proportional to overlap integrals. B(carbon—oxygen in
ester linkage) = 0.648, 8(carbon—oxygen in carbonyl)
= (.888, B(nitrile) = 1.208, B(carbon—saturated
carbon) = 0.708. Tables of the resultant eigen-
functions are available upon request. It should be
noted that the quantitative nature of the results which
are obtained is unchanged upon modest changes in the
integral values. Next, accepting that diradicals are
produced as the first step in the three reactions, per-
turbation theory was used to calculate the change in
energy which occurs as dienophile attacks diene to
give intermediate, for every possible position of attack.
The perturbation energies?* (assumed to reflect a
difference in energy in the transition state) are listed
below each conceivable intermediate and the results
are in accord with chemical intuition and resonance
theory. The favored diradical intermediate as pre-
dicted by the calculations is in every case the only
intermediate which can lead to the observed products
(Chart I).
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The diradical intermediate is now treated as two
separate radicals which can combine at either end of
the mesomeric allylic system. Perturbation theory is
again used to estimate the most likely reaction path.
In reactions 1 and 3 the cyclobutane product is
preferred by 0.0902 and 0.0927v, respectively. In
reaction 2 the cyclohexene pathway is predicted to be
more stable by 0.0782y. Thus, the PMO method
confirms the inversion of product distribution and if
values of 10-20 kcal/mole are chosen for the perturba-
tion parameter v, the calculated product distributions
are in rough agreement with the experimental results.

Do the combined theoretical and experimental
results allow one to exclude 4 + 2 cycloaddition as a
competing process for the formation of cyclohexene
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product in reaction 2? A kinetic analysis of the
proposed reaction scheme can be made as shown.
The steady-state hypothesis is invoked for the reactive
intermediate I. The ratio of rate constants k./ks is

5 +6 3 m Xy

\ Je
8
8/7 = (ka/ka)ke/ky + 1) + (ke/ks)

given by the work in the previous paragraph, k./k, =
exp(0.0782y/RT). The ratio of products 8/7 is
known experimentally; the ratio of ka/k, can therefore
be determined. The appropriate value of v is that
determined from the product distribution in the
reaction of l-cyanovinyl acetate with, perhaps, 1,1-
dimethylbutadiene. Since these data are not avail-
able, an empirical value of vy determined from the
results of reaction 1, vy = 12.0 keal/mole, gives kq/k,
= 0.29. So our answer to the second question is that
we cannot exclude a simultaneous 4 + 2 eycloaddition
reaction as a possibility in the formation of the
Diels-Alder adduct. However, more experimental
data may resolve this question.

In summary, within the framework of the PMO
method, a two-step mechanism with a common inter-
mediate can account for differing ratios of the two
types of products in these anomalous Diels—Alder
reactions, although some competing eycloaddition
may be possible.

We recognize that we have taken a very simplified
view of this whole problem. The observation of cis—
trans isomers in reaction 22 and solvent effects have
been ignored. The use of a simple Hiickel method to
compare energies of diverse systems is also difficult to
justify theoretically. The justification for this ap-
proach must, as usual, be the comparison of the
calculations with experimental results.
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In connection with other work in these laboratories,

we have had a need for a series of l-aminobieyclo-
[n.1.0]alkanes. A recent report by Blanchard, Sim-
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mons, and Taylor! described the synthesis of a few of
these compounds, although generally in low yield, by
methylene addition to enamines using methylene

R
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iodide and zine-copper couple. An earlier report by
Wittig and Wingler? deseribed a similar addition to an
enamine, but these workers used bis{(iodomethyl)zinc
as the methylene transfer agent. In this paper we
would like to report a simple procedure for preparing
cyclopropyl- and 1-bicyclo[n.1.0]alkylamines in good
vields. We have found that enamines readily react
with diazomethane in the presence of cuprous chloride
to give the corresponding cyclopropyldialkylamines,
with yields of 65-809, of distilled products. In the
normal procedure, a twofold molar quantity of diazo-
methane in ether is dripped into a stirred ether
solution of the enamine and suspended ecuprous
chloride at room temperature.

Cuprous salts have been well established in recent
years as catalysts in the reaction of diazomethane with
olefins to give cyclopropane derivatives® and earlier as
polymerization catalysts for diazo compounds.* One
early report by Bawn and Ledwith* concerning new
catalysts for polymerization reactions mentioned that
an ether solution of cuprous iodide containing a little
aliphatic amine gave an intense red color upon the
addition of diazoethane, which disappeared as the
diazoethane was exhausted by polymerization. It is
interesting that in our reactions of cyclopropyl ring
formation we also observe an intense red color which
disappears with the removal of diazomethane.

In order to demonstrate the generality of the
reaction, both the amine and the aldehyde or ketone
used to prepare the enamines were varied to give a
number of different starting materials. The results
of methylene addition to the enamines prepared are
shown in Table I. Although there may be a slight
steric hindrance to addition in a trisubstituted
enamine, the reaction in general was not affected by
the nature of the alkyl substituents either on the
double bond or on the nitrogen atom. However,
when there were no alkyl groups substituted on the
double bond, such as with vinylpyrrolidine, an
apparent decrease in reactivity was observed and
twice as much diazomethane was required as was
generally needed.

Interpretation of Nmr Spectra.—Nmr spectra were
obtained on all of the compounds prepared and
analyzed as much as possible in order to support the
proposed structures. The data obtained are listed in
Table II, where the endo protons are designated as ‘“A”
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