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Our interest in carbon-centered radicals 8 to an azo group! led
us to study the analogous 8-azoxy radicals.2 Azoxy compounds
possessing biological activity are becoming increasingly common,?
yet little is known about the radical chemistry of the azoxy group.4
Presently, we report completely different chemical reactions for
isomeric B-azoxy radicals differing in the location of oxygen.

Thermolysis of peresters 15and 25in C¢Dgat 120.1 °C proceeded
with rate constants of 2.27 X 10~ s1 and 2.31 X 10~ s,
respectively. These values are close tothat for the simple perester
tert-butyl 3,3-dimethylperbutanoate (k = 2.73 X 10 s-1),
indicating that O—O bond homolysis is the rate-determining step
for all three compounds.!? A detailed product study of 1 and 2
revealed a striking difference in their chemical behavior; namely,
1 yields ~80% N,O and isobutene while 2 produces neither of
these fragments (cf. Table 1). Thus the carboxyl radical 3 from
1 must lose CO,, isobutene, and N,O. The first two of these
steps occur sequentially, as evidenced by the formation of 3%
carboxylicacid 6 and 0.29% 2,2’-dimethyl-2,2’-azoxypropane (7)
when 0.685 M 1,4-cyclohexadiene (CHD) was present. (Scheme
1). The B-scission rate of 4 is calculated as k,[CHD][N,0]/(7]
=221 X 108 M-15-113 X 0,685 M X 79/0.29 = 4.1 X 108 5-1,
whichis nearly as fast as fragmentation of 3-azoradicals.! Since
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Table 1. Percent Yield of Thermolysis Products of 1 and 2 in C¢Ds

product 1 1+ CHD# 2 2+ CHD?
N, 4 5 15 3
N,O 80 79 0 0
CO; 91 91 85 80
CH,4 15 6 14 11
C4Hg 76 84 0 0
C4H,¢? 42 79 0 0
acetone 58 1 66 21
t-BuOH 7 101 13 59
acide 0 3 16 14
ether/ 9 9 12 10
PhMe 21 0 11 0
TNz 93 96 43 56
LCO,* 91 94 101 94

40.685 M 1,4-cyclohexadiene. # 0.33 M 1,4-cyclohexadiene. ¢ Iso-
butene. ¢ Isobutane. ¢ The carboxylic acid from 1is 6 while the acid from
2 i3 12. f The ether from 1 is 8 while the one from 2 is 13. # Nitrogen
balance = N3 + N0 + acid + ether. * CO; balance = CO; + acid.

Scheme 1. Thermolysis of 1
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CHD might not trap § and since the hydrogen abstraction product
would be an unstable aliphatic diazo hydroxide, we cannot
distinguish stepwise from concerted fragmentation of 4. The
other noteworthy product is ether 8, whose yield is unaffected by
adding CHD and which must therefore arise in the solvent cage.
Acyloxy radicals are known to decarboxylate fast enough!é that
4 would be present in the solvent cage with ¢-BuO-.

In the case of azoxy perester 2, the high CO, yield coupled
with theabsence of N,O and isobutene imply that 9 decarboxylates
but 10 does not fragment (Scheme 2). Formation of ether 13
occurs as in 1 (see above) while acid 12, which is present even
without added CHD, presumably arises from reaction of 9 with
some hydrogen donor. Inclusion of CHD in the thermolysis
solution produced the expected 7 along with a new product shown
by authentic synthesis!” to be 16 (Scheme 3). This result suggests
that 10 cyclizes to 17, which reopens to the more stable tertiary
radical 15. To verify this hypothesis, 14° was thermolyzed under
similar conditions, leading to 16 along with a small amount of
7.

In view of the great current interest in free radical rearrange-
ments,1%1 we determined the interconversion rate of 10 and 15
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Scheme 2. Thermolysis of 2
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from the product distribution on 120 °C thermolysis of 2 and 14
at various CHD concentrations.?? The N, balance (Table 1)
increased at higher [CHD], reaching 80% for 2 and 81% for 14
inneat CHD. Therate of diversion of radicals to high molecular
weight materials enters only the intercept of the kineticequations
based on Scheme 3. Starting from 2, a plotof 7/16 versus [CHD]
gives a slope of kp/k; where k; is the aforementioned trapping
rate.l? In the reverse direction, from 14, a plot of 16/7 versus
[CHD] gives a slope of k./k, where k;, the trapping rate for
tertiary radicals, is 8.3 X 104 M-l s-11415 Both plots were
pleasingly linear and led to the values ks = 1.5 X 107 s™! and k;
=1.5X 10351, The much greater magnitude of k;than k, is due
to the Thorpe-Ingold effect invoked in analogous radicals,?! but
the rearrangement of 10 to 15 is a factor of 3.6 slower than the
rate calculated at 120 °C for the analogous S-olefinic radical,
2,2-dimethyl-3-butenyl.2! The interconversion of 10 and 15
resembles the rearrangement?? of 18, where radical attack also
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occurson nitrogen. Although ring closure of 10 and 15 is similar
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to the intermolecular “spin trapping” of radicals by nitrones,??
preliminary attempts to detect the presumed intermediate nitroxyl
radical 17 by ESR were without success. However, 2 is not a
particularly appealing precursor for photochemical generation
of 17 because the azoxy chromophore absorbs more strongly than
the perester.

The above determination of k; allows us to answer the
longstanding question of whether 8-azo radical 19 exists in the
cyclized form.24 In view of the tertiary radical center in 19 and
the presumably smaller endothermicity of 10 — 17 than 19 —
20, it is not likely that cyclization (k.) of 19 is faster than that
of 10 (k;). The latter rate should be no more than ~20% faster

vBus - Np + I L XNW\/Q >< ﬁé(

than k¢ since 17, like its carbon analog,?! will surely proceed to
15 considerably faster than it reverts to 10. Thus k. will be <1.8
X 107 s-1 at 120 °C while kg is 2.5 X 10° 57! at 153 °C.! The
different temperatures used for these determinations are not very
importantinview of the low activation energies for rearrangement,
leading us to conclude that kg is about 100 times faster than k..
Thus B-azo radical 19 will undergo $-scission long before it
cyclizes.

Extrusion of N,O from a closed shell molecule is much more
endothermic than loss of nitrogen?* and is therefore far less
common. The presence of a radical center 8 to the azoxy group
has the potential to facilitate N,O loss since the reaction enthalpy
(AH; ) for 4 or 10 fragmenting to ¢t-Bu*, N,O, and isobutene is
only 4.8 kcal/mol compared to AH, = 68.5 kcal/mol for 7 — 2
t-Bu* + N,0.26 Why, then, does only 4 produce N;O? The
reasonis simply that 8-scission of 4 leads to a resonance stabilized
species 5 while the analogous process in 10 would afford the
much poorer radical 11.27 An analogy is found in 21, which
cleaves exclusively in one direction.?® With the fragmentation
pathway blocked, 10 undergoes intramolecular radical attack on
the azoxy group, a reaction that becomes apparent only upon
addition of a radical scavenger.
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