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REACTIONS OF RADICALS. A COMPARISON OF PEROXIDES AND DISULFIDES *
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We here report the rates of the unimolecular and the induced
decomposition of aliphatic peroxides, 2’2 and a comparison of these data
with our previously published data # on the analogous disulfides. In
contrast with disulfides, which radicels attack mainly &t the sulfur
atom, 2b,s the aliphatic peroxides appear to be largely attacked at
hydrogen.

M* + RSSR —— M-SR + RS.
M+ + ROOR — M-H + ROOR(-H)-

Peroxides undergo a unimolecular decomposition in styrene at 60°,
as well as the bimolecular induced deocmposition., 3’%4 All the peroxides
studied (propyl, butyl, isopropyl and t~butyl peroxide) were found to
have very simllar mate constants for unimolecular dissoclation (k.a.f. =
1 x 10 ®gec. ), reflecting their similar 0-O bond strengths (34-37
keal). © fThe disulfides do not undergo a unimolecular decomposition
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1202 Reactions of radicals No.18

at 60°, as expected from their larger bond emergy (70-72 kcal). b
Teble I compares the transfer constants for these peroxides with
data for the disulfides, * and in parentheses gives the main site of
attack on the compound by the polystyryl radical.
Table I

Transfer Constants in Styrene at 60°

Cc x 10%

R ROOR RSSR
Benzoyl 550(0) * 107. (5)
Propyl 9(H?) 23. (s)
Isopropyl 4(H) 6.6(3+H)
t-Butyl 10(H) 1.4(Ht3)
(a) Ref. 9

When R is benzoyl, the peroxide is attacked faster than the
disulfide. Benzoyl peroxide is attacked at the 0-0 bond by radicals, 2
and benzoyl disulfide is probably attacked at sulfur. This pair,
therefore, might be considered "normal"; i.e., the 0-0 bond is cleaved
faster than the S-S bond because it is weaker.

Isopropyl peroxide can be concluded to be attacked on hydrogen
by the following argument, The same value of l_cdg"_ is obtained for this
peroxide 7 (as well as for t-butyl peroxide 8) by either the classical
method ® or by the new Bevington 1°© tracer technique. This implies that
that the alkoxy radical RO° adds to styrene faster than it fragments
to lose its C-lk label. However, the transfer constant of isopropyl

peroxide measured by the tracer technique is only 1/6 the value measured

by the classical method. (In the case of t-butyl peroxide, both techniques

7 W. A. Pryor and T. L. Pickering, to be published.

8 Ref. 2b; W. A. Pryor, J, Phys., Chem., 61, 519 (1963).

® F, R. Mayo, R. A, Gregg and M. S. Matheson, J. Am. Chem. Soc., 73,
1691 (1951).

10 5, C. Bevington and T. D. Lewis, Folymer, 1, 1 (1950).
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give approximately the same value of the transfer constant,) This implies
that an unstable radical is formed in the transfer reaction which decomposes
to lose its C-14 label faster than it adds to skyrene, and it is

reasonable to identify this radical as CaH-0-OCgHe:. These data imply

that the radical resulting from hydrogen abstraction from isopropyl
peroxide decomposes rapldly whereas that from t-butyl peroxide is stable
enough to add styrene before fragmentation. Isopropyl peroxide gives

( CHa) 25-0003}{7, and B-scission of the 0-0 bond can occurj t-butyl

peroxide gives 'Cﬂz-(CHe)zc-OO-Qk and the radical center is insulated

from the 0-0 bond.

Propyl peroxide might be postulated to transfer largely by H-
abstraction since it reacts twice as fast as isopropyl peroxide and has
two a-hydrogens, t-Butyl peroxide is known to be attacked a$ hydrogen
by chlorine atoms and methyl redicals, and the polystyryl radical also
probebly attacks hydrogen.

The rate of hydrogen abstraction from all of the aliphatic peroxides
is similar; the reaction is exothermic, the transition state is not far
along the reaction coordinate, and the structure of the peroxide is not
critical in determining rates., It is surprising, however, that t-butyl
peroxide, which as no -hydrogens, reacts faster than isopropyl
peroxide. A possible explanation is that t-butyl peroxide is strained
and that this causes a steric acceleration. (The actual heat of
formation of t-butyl peroxide is -84,6 kecal., whereas a hypothetical
strainless model would have -87.0 kcaly therefore, roughly 2 keal, of
strain 1s present.) t-Butyl sulfide, which is also streined, has an

umisually large transfer constant. *
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Bond energies 12 rationalize different mechanisms for reaction of
peroxides and disulfides with polystyryl radicals. Egs. 1-6 give the
calculated heats of reaction for a simplified model. The most
exothermic process for peroxides is H-abstraction with synchronous
B-scission to form the strong (=0 bond (reaction 2). Sulfur does not
form & strong C=S bond, and disulfides are predicted to react by attack
on the sulfur atom (reaction 6).

Approx. AH

r— $CHs + CHsOOCH: 0
§CHz' + CHgOOCHg ——2—) §CHs + CHz=0 + CHgO- -108

“2—) PCHAOCHs + CHgO- -93

A— @CHs + CHaSSCHa- 0
$CHz" + CHgSSCHg ——+2—) @CHz + CHo=S + CHaSe, 0

L 3 goHoSCHS + CHsS: -10

Comments on the relative stebility of the aliphatic peroxides 32
should not be understood as implying an unusual stabllity of t-butyl
peroxide toward homolytic reactions. We have not been able to detonate
any aliphatic peroxide in the liguid state, but we have had an accidental
explosion of isopropyl peroxide in the gas phase (during an elemental
analysis) at about 200° in an oxygen stream. Apparently the explosion
of the aliphatic peroxides is either a molecular reaction 4% or is a
redical reaction of different mechapism P from that which operates
at 60°. We conclude that at moderate temperatures in the liquid phase
all ¢f the pure aliphatic peroxides are of similar stability toward
homolytic reactions,

12 Ref, 6; P. Gray and A. Williams, Chem. Revs.,agz, 239 (1959); T. F.
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