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substitutents on conductance and other physical prop-
erties of 1 as well as 2.
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Steric Driving Forces in Perester Decomposition.
tert-Butylperoxy Di-rerr-butylacetate!
Sir:

The question of concerted cleavage of both O-O and
C-CO, bonds during the thermal reactions of terz-butyl
peresters has been of considerable interest. This prob-
lem has been examined recently by the study of the
effect of solvent viscosity,? secondary isotope effects,?
bridgehead strain,* and pressure’ on the rates and
products of perester decomposition.®

This report presents a new approach for investigating
transition-state structure in perester decompositions, the
steric driving force for the reaction. This method has
been utilized to great advantage for the study of ioniza-
tion processes;” for example, the relative rates of
solvolysis (eq 1) of di-rert-butylcarbinyl tosylate (1a) and

-0T
R,CHOTs —> [R:CH- - - OTs]* —> R,C*H (1)
1a,R = -Bu
b, R = Me

isopropyl tosylate (1b) have been measured to be 630 in
97 9% trifluoroethanol, and calculated to be 120,000 in
trifluoroacetic acid.™® This rate acceleration was
ascribed largely to relief of steric strain for 1a on ioniza-
tion, with a possible additional contribution from
methyl participation.

To examine the occurrence of steric acceleration in
perester reactions we prepared tert-butylperoxy di-reri-
butylacetate (2a). Reaction of di-rers-butylacetyl chlo-
ride® with -BuOOH-pyridine gave 2a as a pale yellow
oil: ir (cumene) 1764 cm~! (C=0); nmr (CCly) 6 1.10
(s, 18, CH-t-Bu,), 1.28 (s, 9, O-t-Bu), and 1.97 (s, 1,
CH-1-Bu).®* The kinetics of thermal decomposition of
2a were examined in cumene solution and the measured
rate constants are given in Table I along with suitable
data for comparison.® The products of the reaction at
70° are given in Table I1.
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Table I. Rates of Decomposition of fer-Butylperoxy
Di-tert-butylacetate (2a) in Cumene®
Per- Temp, ki(sec™!) X AH*, AS*,
ester °C 108 Krel kcal/mol eu
2a 85.4 24.4 29.9 7.9
70.2 3.56
54.7 0.438
90.6° 44.6 6.7
60.0° 0.915
2bc 90.6 6.67 1.0 31.8 9.4
60.0° 0,106

a Rates were measured by the infrared method using 0.09 M solu-
tions, and the reported values are the averages of two runs at each
temperature. Excellent first-order rate plots were obtained for at
least two half-lives, and duplicate runs agreed within less than 2%

in all cases. ? Calculated from data at other temperatures. < Ref-
erence 10.
Table II. Products of Decomposition of rerr-Butylperoxy
Di-tert-butylacetate (2a) at 70° in Cumene®

Mol/mol Mol/mol

Product of perester Product of perester
CO, 0.89 -BuOH 0.84
CH, 0.01 +-Bu,CH; 0.74b

Acetone 0.17

o Determined using 0.4 M solutions. °® Products derived from
combination of 7-BusCH groups with solvent were also detected.

The similarity in reactivity of 2a and 2b indicates that
both of these peresters are reacting by the same mecha-
nism, and a concerted two-bond cleavage (eq 2) is most

—t-Bud
R:CHCO;-t-Bu —> [R:CH- .- CO;" - - O-t-Bu]* _—o)

2a, R = -Bu TR
b, R = Me

R:LH (2)
consistent with the observed results.®!! The most

telling piece of evidence for the concerted cleavage is the
50-fold greater rate of reaction of rert-butylperoxy
isobutyrate (2b) over rerr-butylperoxy acetate.!®!'?

The remarkable feature of the reactivity of the di-rers-
butylperacetate 2a is the small rate enhancement (a factor
of 6.7 at 90.6°) relative to the dimethylperacetate 2b.
The corresponding factor for trifluoroacetolysis of the
structurally related tosylates was 120,000. This latter
comparison was made under conditions where backside
solvent participation, which accelerates the reactivity of
the less highly substituted derivatives, is minimized, but
backside solvent displacement could not be involved in
the perester reactions. Steric repulsion of the leaving
group may also be a factor in cleavage reactions of
highly substituted substrates, and while the relative
magnitudes of this interaction are difficult to assess, it
appears the potential relief of strain from this cause is at
least as great in the perester system. Furthermore
inductive acceleration of the rate of 2a could account for
a major fraction of the 2a/2b rateratio.® Thus the rate
acceleration due to relief of steric strain in the dialkyl-
peracetates is remarkably small. This result strongly
suggests that rather little rehybridization of the carbon
bonded to the carboxy group occurs in the transition
state of perester decompositions leading to secondary
radicals, and is in accord with the description of the
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transition state which has been developed on the basis of
the other investigations mentioned above.®=® The
proposal®!? that relief of steric crowding is an im-
portant factor in perester decompositions evidently is
not applicable in these cases.!®
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Stereochemistry of Phenylpalladation
of Cyclohexene!
Sir:

The oxidation of cyclohexene-3,3,6,6-d, by a mixture
of PdCl; and CuCl, in acetic acid was previously re-
ported? to give products which were consistent with
trans acetoxypalladation followed by cis palladium(II)
hydride (or deuteride) eliminations and readditions.
Thus the structure of the homoallylic acetate formed
can be explained by Scheme I. 1 was also formed by
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the oxidation of cyclohexene-3,3,6,6-d; with Pd(OAc),
in acetic acid.?

Although Scheme 1 is believed to be most consistent
with known palladium(Il) chemistry, there are other
mechanistic paths which will give 1 as product. Cis
acetoxypalladation and trans palladium(Il) hydride
(or deuteride) elimination and readdition is one possi-
bility. This route is considered very unlikely because
it would require free hydride to exist in a protonic
solvent such as acetic acid. Another possibility is cis
acetoxypalladation followed by 1,2 shifts of hydrogen

(1) Hercules Research Center Contribution No, 1578.

(2) P. M. Henry and G. A. Ward, J. Amer. Chem. Soc., 93, 1494

(1971).
(3) S. Wolfe and P. G. C. Campell, ibid., 93, 1497 (1971).

673

(or deuterium) and Pd(II) by concerted diaxial =
diequatorial type shifts.?

One way to test Scheme I is to use a reagent that will
add cis to cyclohexene. If homoallylic product arises
from cis palladium hydride (or deuteride) eliminations
and readditions as shown in Scheme I, the arrangement
of protons in the homoallylic product will be different
from that found in 1. Such a reagent is apparently
phenylpalladium. Reaction of olefins with this reagent,
formed in situ by the exchange of arylmercury(II)
compounds with palladium(II) salts, has been studied
extensively,* and stereochemical results indicate that
phenylpalladation and palladium(II) hydride elimina-
tion have the same stereochemistry.® Since the phenyl
is covalently bonded to palladium(II), phenylpalladation
would be expected to be a cis process. For that reason
the oxidation of cyclohexene and its deuterated analog
by mixtures of phenylmercuric acetate and Pd(II)
salts was studied.

The oxidation with PnHgOAc and either Pd(OAc), or
catalytic amounts of PdCl; plus CuCl, gave two main
products by vapor phase chromatography (vpc).
Each peak was collected by preparative vpc and iden-
tified by nmr. The spectra indicated both were phenyl-
substituted cyclohexenes,” one the allylic isomer and
the other the homoallylic isomer. The reaction thus
proceeds as shown by eq 1. The first peak to elute,

Q + PA(I) + PhHgOAc —2245,

+ H; (1)

Ph Ph
H, H, H,
2 3

which was about one-half the area of the second peak,
was assigned the structure 2 on the basis of the chemical
shifts of the H; protons. Thus in 3, §; is at 2.78 ppm,
while in 2 it is shifted to 3.41 ppm. Such a shift is
expected when the double bond is moved closer to H;.
Furthermore in 3 the olefinic protons are unresolved at
approximately & 5.76 ppm, using a 60-MHz spectrom-
eter. When the double bond is moved closer to the
phenyl, they are resolved with §; ~5.7 ppm and §;
~5.9 ppm. Aromatic protons appear as a sharp singlet
at § 7.25 ppm in both isomers.

The Pd(OAc), run was repeated using cyclohexene-
3,3,6,6-d:, and the products were again collected by
preparative vpc and their nmr spectra taken. On the
basis of the chemical shifts and area measurements the
products were assigned structures 4 and 5. In 4, H,

(4) R. F. Heck, ibid., 90, 5518 (1968), and following papers.
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(6) All runs were made at 25°, Pd(OAc): reaction mixtures con-
tained 0.2 mol of Pd(OAc).,, PhHgOAc, and cyclohexene per liter of
acetic acid. The PdCl: runs contained 0.01 mol of PdCl, 0.2 mol of
PhHgOACc and cyclohexene, and 0.4 mol of CuCl; per liter of acetic acid.
All reactants except the Pd(II) salts were mixed and stirring begun.
The reaction was then started by adding the Pd(II) salts. Since the
salts were sparingly soluble in acetic acid all runs were heterogeneous.
Reaction time was 2 hr, Conversion of cyclohexene was about 507.
Reaction mixtures were worked up by diluting with CH:Cl; and washing
with water to remove inorganic salts and acetic acid. After drying, the
organic phase was concentrated to a known volume and analyzed by
vpe. A 20-ft 209 Lac 446 on 60-80 mesh Chromosorb W column was
used, Temperature was 200° and helium flow rate was 100 ml/min.

(7) The PdCl; plus CuCl, reaction mixtures produced little, if any,

saturated products. Contrast this with the results in the acetate re-
action mixtures.?
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