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Competitive Dissociation and Rearrangements of Acetyl
Peroxide!
Sir:

Hardly a corner of organic chemistry remains untouched
by the idea of incomplete dissociative return.? In the case of
acetyl peroxide32 (or, more generally, of any acyclic precur-
sor of free radicals3®¢) it appears clothed as the solvent
cage model.* Thermal isomerizations of* cyclic hydrocar-
bons similarly have their biradicals, anionic rearrangements
and solvolytic transformations their ion pairs.

Only rarely has it explicitly been recognized that such
observations are often equally well understood to result
from concerted reaction mechanisms.5% Only once to our
knowledge, in the particular case of azomethane photolysis,
has such an alternative unambiguously been excluded.”

We here report a similarly designed experiment which,
no less unambiguously, requires precisely the opposite con-
clusion. The 20 scrambling of acetyl peroxide (Figure 1) is
now most simply understood to result exclusively from com-
peting [1,3]- and [3,3]sigmatropic shifts both in solution
and in the gas phase. The alternative hypothesis—geminate
recombination within a solvent cage—was previously shown
to be neither necessary nor sufficient to account for 80
scrambling in solution.%2 We now demonstrate that this hy-
pothesis also grossly misjudges the possibility of 120 scram-
bling in the gas phase.

The earlier investigation had successfully isolated the
contribution of [3,3]sigmatropy, both in cumene and in iso-
octane solution. But it could not distinguish the two possible
supplementary contributors (solvent cage recombination
and/or [1,3]sigmatropy). This failure is now recognizable
within a more general context.

Applying the linear analysis of labeling experiments,®
any mechanistic subgraph like Figure 1 requires

Xi = x:(0)e?s )
Its twofold symmetry defines the eigenfunctions

X1 = [Ad + [A,] + [A;]

(A = [A;] + [Ag] @)

X2

X3 [A1] - [Aa]

Although the product vertex (2CH3- + 2C04%6) is omitted,’
the corresponding eigenvalues (eq 3) must still include the
formation of product—either by the dissociation of solvent-
caged radical pair (k pis) and/or by the irreversible trans-

formation of acetyl peroxide to product (k pro); fr is the
fraction of return from radical pairs (fr = 4k rec/(4k REC
+ k pis)).10 ‘

A = kpro + Euom(l — fi)
Ay = kppo + Puon + 4Ry ®3)

A3y = Epgo + Rmom + 2Ry3 + 2R3

The previous discovery—that A; uniformly exceeds
A2—could therefore only require that k33 exceed ki 3.
Neither the absolute nor the relative values of five mecha-
nistic parameters can ever be defined by three experimental
ones (A, i =1, 3).

The present investigation simplifies matters by contend-
ing that any semantically unambiguous model of a solvent
cage* must include a solvent.!! In the gas phase, k yom
must vanish. Three experimental rate constants can then
provide three mechanistic ones.

As before,% the two isotope ratios (R = I14/[32, Ry =
I36/I34) of molecular oxygen (derived exclusively from the
peroxidic positions) were used to obtain two of the three ex-
perimental rate constants—*‘total scrambling” (Ats = A;
— A1) and “random scrambling” (Ars = A; — A;). The
third (“decomposition,” A;) was concurrently obtained by
gas chromatography. With acetyl peroxide at ~7 Torr and
isopentane at ~600 Torr, the CO; yield was 99 + 1%.!2
Rate constants were insensitive to either a 15-fold increase
in glass surface area or to tenfold dilution.

Perhaps the most decisive results of Table I are the dis-

Table I. Experimental Rate Constants®

Cumene? Isooctane? Gas

108 44.1° 0.49240.02 0.642-0.06 0.4520.01
Decom- 55.0° 1.794+0.04 2.7520.05 2.29240.06
position 65.5° 9.48 4- 0.64
75.5° 41.04 5.6

106(As — N1)  44.1° 0.102=0.05 0.1120.05 0.2740.01
Random 55.0° 0.75+0.08 1.182-0.21 1.58+0.14
scrambling 65.5° 5.544+0.15
75.5° 20.200.41

10%A; — N1)  44.1° 0.214-0.03 0.3720.04 0.382-0.02
Total 55.0° 1.294+0.05 1.612-0.13 1.67240.17
scrambling 65.5° 7.93 4 0.41
75.5° 28.4+1.0

« Each rate constant derives from nonlinear least-squares fitting
of 4-13 experimental points; uncertainties are standard devia-
tions; ®QO-enrichment: 109 for the 55° run, 459 for the others.
b Reference 6a.

Az

Figure 1. Three mechanisms for the 20 scrambling of acetyl peroxide.
Others are possible. !0
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Table IT. Gas Phase Mechanistic Rate Constants and
Activation Parameters

Tem-
perature 10'kpRro0 107k3,5 10'k1,5

44 .1° 454+0.1 1.24+0.1 0.6840.03
55.0° 22.940.6 4.4+0.9 4.0+0.3
65.5° 95+t 6 262 13.920.4
75.5° 410 4= 56 925 51+1

E. 30.70.9 30.4+0.5 30.04+=0.2
10144 6.5 8.00 1.0+0.8 0.3+0.1
AH* 30.0=06.8 29.7+0.5 29.4+0.2
AS* 7.04+2.5 3.34+1.5 1.2+0.7

"o Each pair of activation parameters derives from concurrent
nonlinear least squares fitting of experimental observables at all
temperatures; uncertainties are standard deviations. ® Literature
parametersi? (E, = 29.5, 1044 = 1.8) consistently extrapolate to
kpro values 30-5097 higher than those observed.

crepancies between A; and A;. From eq 3, these should van-
ish in the gas phase if [1,3]sigmatropy were entirely absent
in solution. Not only do they fail to vanish but their magni-
tudes are hardly changed. Neither are any of the three ex-
perimental rate constants appreciably different from their
values in solution. The results agree entirely with expecta-
tion for competing multicenter transformations. The solvent
is experimentally irrelevant.

Transformation into mechanistic rate constants (Table
IT) reveals that kpro > k3,3 > ki 3 throughout, but with
hardly any detectable effect on the activation parameters.
Of more general importance, here as well as in the higher
temperature Cope rearrangement of 1,5-hexadiene,!? an
acyclic [3,3]sigmatropic shift is no longer associated with
the abnormally negative AS*14 hitherto believed to be its
hallmark.!¢ It thus follows that such abnormal values ought
no longer be ascribed to the simple loss of internal rotation
that accompanies the transformation of an acyclic reactant
to a cyclic transition state.!” A similar lesson is provided by
the recently reported converse observation of an abnormally
negative AS* in the cyclic [3,3]sigmatropic shift of 1,4-
dimethylenecyclohexane.!® The increasingly popular 1,4-
cyclohexanediyl intermediate!>1%1% may well provide a new
and conveniently consistent way to rationalize the appear-
ance of such abnormal values.

These results also suggest a different perspective on the
apparently variable stereoselectivity of numerous heterosig-
matropic rearrangements. As each CH; of 1,5-hexadiene is
replaced, first by NH and then by O, the isoconjugate series
finds its practical terminus at acetyl peroxide. As it does,
the energy gaps which separate competing mechanisms!3
are greatly compressed. [3,3]Sigmatropy retains its advan-
tage over [1,3]sigmatropy but dissociation overtakes them
both.20
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