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Substituted azopropanes (I) have been shown to be sensitive models for measuring radical-
substaituent effects.l Table I lasts relatave rates for thermal decompositions that vary by a
factor of 109 and free energies of activation that differ by as much as 16 kcal/mol. It has
been a.rguedl that this system is void of contributing transition state pola:z‘iza:l::l.on2 meking it
a purer scurce of radical than those previously st'.ud.ied.2 The rates of thermal decomposition of
substituted azopropanes can be considered to be the result of resonance, inductive, and steric
contributions. Normally models for linear free energy studies have the substituent isolated as
far from the reaction site as possible in order to assure minimal steric considerations. This
allows evaluation of data in terms of only resonsnce end inductive effects. It might therefore
be argued that 1 as a poor choice as a model because the substituent is directly attached to the
incapient radical center and that large steric interactions are present. We advance two argument:
which support the contention that the bulk of the rate differences observed in the azopropane
series (Tsble I) are in most cases electronic and not steric. First, the order of increasing
radical stability (as measured by rate of formation from azopropanes) parallels that observed in

wzocumenes (g)3 and phenylazcmethanes (z)h This simlarity in the order of substituent effects
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(H<CI-%<CH30<01 for 1 and 2 and H<C1-13<CH.50<Cl<C6H5 for 1 and 3, Figure 1) 1mplies similar inter-
action mechanisms, 1.e. resonance and inductive. The second point of reference concentrates on
compounds lc’ le’ and 11 of Table I. Iattle difference in radical stability would be expected
(other than small losses 1n nyperconjugative stabilization) since all three produce tertiary
alkyl radacals. The observed rate differences are almost surely steric in origin and examination

of models bears this out. The change fram methyl (lc) to t-butyl (le), a factor of 12, is
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Tegble I. Rate Data for Thermolysis of Azopropanes (1)
Relative 26%,100% o5
X Rate, 100°C keal/mol e.u. Reference
a H 1.0 40.8 17.0 7
b CHyCO, 2.0x10° 36.9 10.3 This work, cf. 8
c CH5 5.6x10° 36.2 61 9
a CH,0 5.8x10° 3h.h 16.5 1
e (cHy),C 7.0x10° 3.3 8.3 This work
£ CgHCH, 8.9%10° 341 b1 5
g 06}150 2.8;:101L 33.2 -2.5 5
B CH,C0S 3.6x10° 31,0 12.7 This work
1 (cHy)y0cH, 7.2,:102 30.8 4.0 This work
3 CgHSS 3.7x10 29.6 -12.6 5
k CHS 1.3x107 28.7 -16.0 This work
1 CK 1.7;;108 26.8 10.4 10
m CgHy 2 3x109 24.9 1.2 3, 11
n CHy=C 5.0x109 ol.3 5.5 12
o CH=C 5.1x109 ok.2 8.2 12
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A A
A , log khoo
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nomingl i1n comparison to the overall change of 109. Qualaitatively, models predict less steric
interference than that of le for all compounds with the exception of ll. The latter is interest-
1ng 1n several respects. F:rst, the methyl (lc) to neopentyl (11) cha;ge brings ebout a rate
change of 1,300 and shows that if the proper a;ou.nt of bulk is b;.llt into azoalkanes relatively
low temperature sources of tertiary alkyl radicals might be accessible. Secondly, this series
(lc’ le’ 11) 1llustrates the denger ainvolved in trying to quantitatively predict steric effects
fr;m uItra;:Lolet absorption maxima. Ohno and Oh.n;u;h::.5 »6 have used the dxfference in uv absorption
to quantitatively assess differences in energies of ground state vibrational levels. For example,
they argue that the rate difference between 1, and l5 is accountable from the higher absorption
maxima of lﬁ (385 nm, compared to 374 mm for If). Applying this uv-steric argument to compounds
lc(xma.x = 368 nm), 1, ()"mex = 376 mm), and 1, z)\ma.x = 372 nm) would predict 1, to be the fastest.
This 1s clearly not ;he case. -

Previocus work has shown that stabalization by an oxygen atom o to the radical center is
small™’ 5 (ld>lc by approximately 10). There can be no doubt that the effect of Q~sulfur
pa.rt:|.c1pati;n :s larger. The differences between ld and 1 (~2.2}c103 ) and 1, and 1 (~l.8xl03 )
are significant and are slaghtly larger than for th; com'pa;ison l.J. and lg (l?}xloe)—observed
by Ohno and Ohnasha. However, there are two facts which force us to be cautious in our inter-
pretation of the results of ZLl£ (and ll). For a fragmentation reaction, like thermolyses of
azoalkanes, 1t 1s hard to rationalize a large negative entropy of actavation. This, and the
unusual products of decomposition, points to an unusual mode of decamposition for lﬂ. and. lk
The assumed mechsnism of decomposition of symmetrically substituted azoalkanes (in solutiox_l)

o
N=N-i-CH3——>CH§-S-CH3+(CH})QCHSCH3+{CH5-S-}2+[(C}I})e -}2
|
o

E
e

B 8% 3% 25% i
CH.=C -8 -C
Chs 129
18 concerted two bond cleavzage.:L3 Whatever the mechanism of deSomposition of 1 i and lk’ the

negative AS* implies a highly ordered, very restricted, transition state. At this time we are
not clear as to the actual mechanism. However, the normal AS* and products of decomposition of

1, (praimarily coupling and disproportion) show that the sulfur rate enhancement factor is real.
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