Application of this conclusion depends upon the
mechanism!? for the ring opening of bicyclo[2.2.0}-
hexanes. If itis biradical, and our preferences are in this
direction for the reasons discussed in our most recent
paper,® then either the general applicability of radical
stabilization energies or the commonly accepted alkyl
group stabilization must be questioned. If the isom-
erization occurs via a concerted process, there is no
doubt that there is an intrinsic increase in activation
energy with alkyl substitution in the bicyclo[2.2.0]-
hexane series and that this can likely be extrapolated to
analogous cyclic compound isomerizations.
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Steric Hindrance in Molecular Beam Reactions
Sir:

Intuitive considerations of molecular geometry have
for many years provided considerable insight into the
rate and mechanism of many chemical reactions,! and
on a routine basis one invokes the qualitative notion
that ““bulky groups” can shield ‘“‘reactive sites’’ or can
interfere with the formation of a transition state.
These notions regarding steric hindrance are sufficiently
appealing and useful to warrant study by as direct
means as possible. Crossed molecular beam tech-
niques are ideally suited to this purpose since the
reaction of isolated molecules (which can easily be state
selected or oriented) can be studied, and indeed the
direct observation of a steric effect was reported some
time ago.? Subsequent work has been mainly con-
cerned with development of techniques® and kinematic
details.* In this communication we wish to report on
the reactivity of several oriented molecules which
exhibit a wide range of behavior which is not always
predicted by chemical intuition.

The experimental concept is unchanged from the
early experiments? and is discussed in detail in ref 3.
Briefly, a beam of molecules is passed through a com-

(1) C. K, Ingold, “Structure and Mechanism in Organic Chemistry,”’
2nd ed, Cornell University Press, Ithaca, N. Y., 1969.

(2) (a) P. R, Brooks and E, M. Jones, J. Chem. Phys., 45, 3449
(1966); (b) R. J, Beuhler, Jr., R, B. Bernstein, and K. H. Kramer, J/.
Amer. Chem. Soc., 88, 5331 (1966).

(3) (@) K. H. Kramer and R. B, Bernstein, J. Chem. Phys., 42, 767
E}ggg;, (b) P. R, Brooks, E. M. Jones, and K. Smith, i6id., 51, 3073

(4) (a) R. J. Beuhler, Jr., and R, B. Bernstein, Chem. Phys. Lett., 2,

166 (1968); (b) P. R. Brooks, J. Chem. Phys., 50, 5031 (1969; (c) R. I.
Beuhler, Jr., and R, B. Bernstein, ibid., 51, 5305 (1969).
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Figure 1. Laboratory angular distributions of reactively scattered
KI (or KCl) for (a) CH,l, (b) +-Bul, (c) CHCl,, (d) CF,l. Filled
points denote reaction from the “heads’’ configuration in which the
reactive end of the molecule points toward the incoming K atom;
unfilled points denote reaction from the “tails”’ configuration.
The results for different molecules have been normalized to have the
same peak height. In all cases we observe the reactivity of un-
oriented molecules to be intermediate between the extremes shown.

bination of electric fields which can select molecules in
a range of orientation which can correspond to the
reactive end pointing either foward the incoming re-
active atom (‘“‘heads™), or away from the incoming
atom (“tails”’). The orientation may be reversed by
changing the polarity of a weak electric field.> The
experimental observations are the product angular
distributions resulting from either the “heads” or
“tails” distributions.

Potassium atoms have been treated with CH;l,
t-Bul, CF;l, and CCIl;H molecules to form KI or KCl.
Typical results are shown in Figure 1. It is apparent
that in general a significant difference in reactivity ob-
tains for impact at different ends of the molecules.
Furthermore, the existence of such a difference shows
that these molecules do not turn to present their most
favorable end prior to reaction,

The relative reactivities (the area under the curves)
of the “heads™ and “tails” configurations for methyl

(5) If 6 is the average angle between the molecular dipole moment
and the relative velocity of the two particles, the “heads’ orientation
consists of a distribution with 0 < 8 < 7/2 and the “tails” orientation

with 7/2 < 6 < 7. In view of the effect on reactivity, the average
orientation is surprisingly close to broadside, § >~ 70° (or 110°),
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iodide and tert-butyl iodide are consistent with a simple
model composed of two spheres representing I and the
R group. Other investigations® with random orien-
tations show these reactions are direct and do not form
a long-lived complex, so the reactivity is assumed to be
proportional to the fraction of the I end visible. The
relative sizes of such spheres are in rough accord with
intuitive estimates based on van der Waals radii and,
as expected, tert-butyl is found to be larger than methyl.

Chloroform shows no dependence on orientation,
even though the molecule can be better oriented than
CH;I.37 Because the analogous reaction of chloroform
with cesium is observed not to form a long-lived com-
plex,® we assume a complex is not formed for the
potassium reaction. The lack of orientation de-
pendence is not surprising since there are three poten-
tially reactive sites and one would expect the small lone
hydrogen atom to be rather inefficient in shielding the
large chlorine atoms. Effects of substituents other
than H have not yet been investigated.

The behavior of CF;l is not in accord with “chemical
intuition” and is consequently the most fascinating of
the cases studied. Reaction occurs with roughly equal
probabilities at either end, and again a long-lived com-
plex is not formed. However, as shown in Figure I,
the scattered product is observed at significantly
different scattering angles depending on orientation.
For ‘“heads” orientation the product scatters back-
wards in the center of mass system (CM) whereas the
product is scattered forwards in the CM for ‘‘tails”
configuration. Data given elsewhere strongly suggest
that the product is KI in both cases.**:¢* These features
seem to be accounted for by a charge transfer model in
which an electron is transferred (at ~5 A) to the
electrophilic CF;lI from the easily ionized K atom. This
transfer is followed by an immediate dissociation of
the CF;I~ ion to give CF; and I-. The I-ionis ejected
in the CM direction in which the molecular axis is ori-
ented. This nicely predicts two different laboratory
peaks as observed for the heads and tails configurations.®
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Ozonides from the Photooxidation of Diazo
Compounds in the Presence of 0 Labeled
Aldehydes and 20,

Sir:
One of the most puzzling aspects of the ozonolysis
reaction is the apparent ability of olefin stereochem-

istry to affect the amounts and stereochemistry of the
ozonide products.=® Such observations have led to

(1) R. W, Murray, R. D. Youssefyeh, and P. R. Story, J. 4dner.
Chem. Soc., 89, 2429 (1967).

several additional suggestions!®—!4 for the mechanism
of ozonolysis all of which retain the proposal made by
Criegee!s that ozonide can be formed by addition of a
zwitterion or carbonyl oxide to a carbonyl group. One
of these additional suggestions!~1? includes the pos-
sibility that ozonide may also be formed by a route
which is more complex than a simple zwitterion-car-
bonyl recombination reaction.

We have earlier!®1¢ attempted to obtain evidence for
a nonzwitterion path to ozonide through the use of an
¥0 tracer procedure. This procedure assumes that
operation of the zwitterion-carbonyl recombination
mechanism will place the %0 label entirely in the ether
bridge when ozonolysis is carried out in the presence of
¥50-labeled aldehyde.

0~ 0—0
N N |
/C__O+ + /C__O XOX

Finding of O in the peroxide bridge is then inter-
preted as evidence for a nonzwitterion path to ozonide.
In our earlier work!®!% considerable evidence was
found for peroxide bridge labeling in the cases of di-
alkyl-substituted ozonides. Using a similar technique,
Fliszdr and coworkers!’~1® have found that in the
ozonolysis of phenylethylenes in the presence of *O-
labeled benzaldehyde the label is incorporated ex-
clusively in the ether bridge in the diaryl-substituted
ozonides obtained. In all of this earlier work, the as-
sumption was made that the structure of the zwitterion
has no contribution from forms such as

o+
N S
C
VRN
o-
1

Fliszir and coworkers have now been able to rule out
any contribution from structure 1 to ozonide formation
based on a very elegant experiment involving the
ozonolysis of an unsymmetrical olefin in alcohol sol-
vent and analysis of the alkoxy hydroperoxides pro-
duced.®

The possibility that incorporation of '*O in the per-
oxide bridge need not indicate a nonzwitterion path to

(2) O.Loren .and C. R, Parks, J. Org. Chem., 30,1976 (1965).

(3) R. Criegee, S. S. Bath, and B, von Bornhaupt, Chem. Ber., 93,
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