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RADICAL STABILIZATION: SYNTHESIS AND DECOMPOSITION OF A g-KETODIAZENE
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The synthesis and decomposition of bis(1,1-dimethyl-2-0x0-2-
phenylethyl)diazene (7e) is described. The presence of a
carbonyl group adjacent to a radical center greatly enhances
the radical stability.
Substituent effects in cations and anions are well characterized and, for the
most part, their rates of generation find excellent correlation with one or more of
1
the many available substituent parameters. Similar studies on radical abstractions
2
from substituted toluenes are likewise numerous but the interpretation of the re-
sults is a matter of some controversy. While the rates of hydrogen abstraction cor-
relate with ¢ or c+, two radically different viewpoints are used to explain the re-
3 45
sults; some favor transition state effects and othersground state factors. °®
These systems thus appear sensitive to polarization and provide 1ittle if any infor-
mation regarding the effects important to stabilization of radicals.
Our approach to the study of radical substituent effects has relied on the use
of substituted diazenes (7) as a model system free of polarization in which rates
6
of decomposition have been argued to reflect differences in radical stability.
To a first approximation these results show that radicals are stabilized better by
good anion favoring groups than by good cation favoring groups. A substituent par-
ticularly important to this interpretation is the carbonyl group which stabilizes
7
anions but destabilizes cations. Our previous attempts to prepare an appropriately

. 8
Tabeled diazene were unsuccessful.

We report here the synthesis, rates of decomposition, and the products of
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thermolysis of bis(1,1-dimethyl-2-o0x0-2-phenylethyl)diazene (7e) which produces the
radical equivalent of an acyl anion. This compound was prepared from the known

9
ketoamine (§) as shown below.
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The keto diazene (7e) was characterized by: microanalysis; mp 71-72°C; NMR
(CDC13) 8 1.53 (s,6H) and 7.25-7.72 (m,5H); UV(hexane) 323 (e231), 246 (e16,175)
and 196 nm (e41,110); and the first order rates of decomposition are listed in
Table 1.

The comparative data Tisted in Table 2 indicate that the rate of decomposition
of Zg is considerably enhanced by the carbonyl group. Previous argumentss have

16 :
ruled out, except in special cases, steric ground state contributions as being

major factors. It thus appears that carbonyl groups are indeed important in sta-

bilizing radicals, presumably by delocalization into the available pi system (§<—>g).
Similar resonance stabilization accounts for the enhanced rate of formation of

radicals from 7d, f and g- This is supported by our preliminary molecular orbital

calculations (ST0-3G) which indicate substantial (slightly greater
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than 50%) delocalization of the odd electron into the carbonyl12 and by ESR studies
on 8 generated from phenyl isopropyl ketone and tert-butoxy radica]s.17 0f parti-
cular interest is the fact that the rate of decomposition of ZF is four times faster
than AIBN (Zﬁ) a compound commonly used as a radical initiator. While this factor
is real, it is small enough to aveid ruling out some amount of steric ground state
acceleration of 7e over that of AIBN. 1t is pertinent to note that since the ESR
spectrum of 8 indicates little or no spin density delocalized into the aromatic
ring,l7 the ;henyl group provides little electronic stabilization to this radical.
The products of thermolysis at 70°C in cumene were determined by GC using bromo-
benzene as an internal standard and are shown below. The relative internal balance
was > 95% and the products are those expected for coupling (1?) and disproportionation
(1} and 1?). It is interesting to contrast radical g, which dimerizes to the extent
of 70%, to those formed from thermolysis of Z? and Zf which couple to the extent
< 20% and > 90% respective1y.m’18 The intermediate value of 70% for Zg is in keep-

14
ing with percent dimerization reflecting radical stability.

Table 1 Table 2
Rates of Decomposition of (7e) Rates of Substituted Diazenes
) CH, CH
Temp k, sec 1 X 104 3.7 3
oc ave of three runs 7'\
CH, N =
70.0 1.48 @ /
79.8 5.64 /C\
90.1 17.9 CH3 X
AH} = 30.0 + 1.2 ;
ast = 11.1 + 3.5 Re1 Rate
X 100°C ref
a) CH3 1.0 ) 10
b) OCH3 1.0 x 101 11
c) C1 1.1 x 105 12
d) CN 2.9 x 'IO6 13
e) C0C6H5 1.1 x 106 This work
f) C6H5 3.9 x 10G 14

g) CH = CH2 9.0 x 10 15
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CH
A CH
e —mene > [CgHgCOC(CH3), 1,5+ CoH COCH(CH,), + CoHZCOC = CH,
10 (71%) 11 (14%) 12 (13%)
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