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Some Guidelines for Radical Reactions

By AtHELSTAN L J BECKWITH,* CHRISTOPHER ] EAsTON, and ALGIRDAS K SERELIS
(Organic Chemastry Depavtment, University of Adelarde, Adelarde, South Austvalia 5000)

Summary Some generalisations of predictive utility are
presented concerning the influence of steric and stereo-
electronic effects on radical reactions

ReceNT work 1n this laboratory and elsewherel has
demonstrated that thermochemical cniteria, although
widely employed for the prediction or rationalisation of the
results of free-radical processes, are sometimes misleading
because of the influence of steric, polar, or stereo-electronic
factors We believe 1t may be generally useful, therefore,
to adumbrate guidelines which, when used 1n conjunction
with the thermochemical approach, provide a predictive
basis for some aspects of free-radical chemistry

(1) Intramolecular addition under Rimetic control wn lower
alkenyl and alkynyl radicals and velated species occurs
prefeventially wn the exo-mode This guideline suggests that
exo-ring closure (1) — (2) 1s kinetically favoured over the
endo-process (1) — (3) for radicals of type (1) where Y
represents a chain of atoms (n < 5) It 1s exemplfied by
ring closure of butenyl,? hexenyl, heptenyl, and octenyl
radicals,® of various substituted alkenyl radicals,*~® of
alkynyl radicals,? of alkenylaryl radicals,!® and of O-11-14
and N-centred!®1¢ radicals Although definitive experi-
mental evidence 1s not available 1t possibly applies to
S-,17 P-,18 and Si-centred!®radicals Itappearsalso to apply
to ning closure on to C=N,?° C=0,% and aromatic nucler 1,22
It does not apply to systems under thermodynamuic control, 23
nor 1n some 1nstances to radicals bearing a substituent at
the w-1 posttion, ¢ g the 5-methylhex-5-enyl radical [see
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Exo-ring closure of radicals of type (1) 1s kinetically
favoured because the strain generated by the accommoda-
tion of the triangular disposition of centres required for
homolytic addition?® within the system leading to endo-
cyclization outweighs the thermochemical and other factors
disfavouring the formation of the thermodynamically less
stable product %

(n) Substituents on an olefinic bond disfavour homolytic
addition at the substituted position  The 5-substituted
hex-5-enyl radicals (4) and (5) undergo mainly six-membered
ring formation because the rate of 1,5-cyclization 1s greatly
retarded by the presence of the substituent +® Similar
retardations have been noted 1n intermolecular addi-
tions 26,27 The effect, which 1s probably mainly steric in
origin,? accounts more satisfactorily than do thermo-
dynamic crniteria for the rates and regioselectivity of
homolytic inter- and intra-molecular addition to substituted
olefins except when the substituent exerts a strong stabi-
hizing effect (¢ g R = Ph) 5
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() Homolytic cleavage s favouved when the bond con-
cerned lies close to the plane of an adjacent semi-occupred
orbatal or of an adjacent filled non-bonding or wr-orvbital
This guideline indicates that in each of the systems (6),
(7), and (8) fission of bond (a) will occur more rapidly than
fission of bond (b} Since exo-radicals of type (2) can
readily acquire the required overlap whereas endo-radicals
(3) cannot,? the former undergo B-fission much more
readily than do the latter Thus cyclopropylmethyl and
cyclobutylmethyl radicals undergo rapid ring-opening, but
cyclopropyl and cyclobutyl radicals do not 1,%,2 In ngid
systems the direction of rnng opening conforms to this
guideline 28,30 and other manifestations include the preferred
exo-fission of the cyclic ether radical (9),3! the selective
loss of pseudoaxial hydrogen atoms in disproportionation

(4) R=Me
{5)R=Pr'
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of substituted 4-t-butylcyclohexyl radicals®? and in hydro-
gen atom abstraction from cyclic ethers,3 and the greater
rate of homolysis of the axial perester (10) as compared
with its equatorial isomer.3 We have now found, as
predicted by this guideline that t-butoxyl radicals generated
by copper catalysed decomposition of t-butyl perbenzoate
react with the comformationally locked olefin (11) con-
taining two axial allylic hydrogen atoms twice as rapidly
as with the olefin (12) containing only one axial hydrogen.
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radicals has been ascribed to the effects of orbital sym-
metry.® The guideline may fail when the substituent at
C-1 is bulky.3% The stereoselectivity of ring closure of 2-
3-, or 4-substituted hexenyl radicals reflects the conforma-
tional preference of the transition state3” and therefore is
likely to be more pronounced for systems containing
bulky substituents. Substituted 3-butenylperoxyl radicals
undergo stereospecific or highly stereoselective ring closure
in accord with this guideline,14,%8

Similarly, the #trams-compound (13) which contains two
axial chlorine substituents3® reacts with tributyltin radicals
twice as rapidly as does its cis-isomer. 0
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(iv) 1,5-Ring closures of substituted hex-5-enyl and velated o

radicals ave steveoselective: 1- ov 3-substituted systems afford
mainly cis-disubstituted products, wheveas 2- or 4-substituted
systems give mainly trans-products. The preferential
formation of the cis-product from l-substituted hexenyl
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