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Radical Additions of Simple Piperazine-2,5-diones
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Abstract: The polar character of a simple piperazine-2,5-dione was investigated under intermolecular radical addition conditions. The
results indicate that captodative radical of this kind neither show extreme nucleophilic nor electrophilic tendencies.

The formation of new carbon-carbon bonds employing small molecules as building blocks is crucial in
organic synthesis and free radical chemistry has provided viable methods for such carbon-carbon chain
extensions.2% The intermolecular addition of radicals to alkenes remains an important and versatile procedure
even though problems can be associated with radical reactivity and selectivity.3# Alkyl radicals are generally
accepted to be nucleophilic in nature and their rates of addition to electron-deficient alkenes are enhanced. As
captodative radicals are substituted with both electron-donating and electron-withdrawing substituents,”® a
study of the "polar” character349 of such radicals is pertinent to the design of syntheses involving such species.
‘We now report addition reactions to olefins that employ a captodative radical.

The use of n-tributylallyltin in radical synthesis is well documented!? and provides a method of allylation.
When a solution of 2, 11,12 prepared from 1,4-diacetylpiperazine-2,5-dione (1) 13 and NBS (1 equiv.), was
treated with tributylallyltin in refluxing benzene, the 3-allyl derivative (3) was obtained as a colourless oil
(66%).!4 Structure 3 was deduced from 1H n.m.r. spectroscopy. The expected absence of the CHBr singlet at &
6.87 in (2) was coupled with the appearance of a triplet (J 6.95 Hz) centred at 3 5.29 attributed to the methine
hydrogen coupled to the two adjacent allyl protons (\H-1H COSY experiments). The resonances observed for
the ring methylene shift upfield to 8 5.02, 5.15 and 6 4.07, 4.13 (J 18.87 Hz, AB system) from & 5.21, 5.27 and
§4.27,4.34 (J 18.92, AB system) respectively compared to the monobromide.
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More importantly, competitive intermolecular additions of radical 4 derived from 2 to a variety of other
alkenes were investigated. The reaction conditions were optimised for the addition to methyl acrylate. Thus
the concentration of the alkene, modes of initiation and choice of reducing agents were all varied. The
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conditions thus established!’ were kept constant while the alkene substituents were varied. The ratio of the
directly reduced adduct to piperazinedione addition adduct obtained are depicted in Scheme 1.
The ratio of addition [adducts (5-8)] to reduction [product (1)] were determined by accurate 1H n.m.r.
integrations of the relevant spectra since adducts (5-8) have a characteristic triplet in the range 5.1-5.3 ppm
attributed to the CH,Y hydrogens. !¢

The proportion of radical addition to the alkenes at opposite ends of the polarity spectrum is low. Thus
for example, electron deficient phenyl vinyl sulfone and the electron rich ethyl vinyl ether, show a marked
preference for reduction to 1. In comparison, cyanoethene has moderate competition with reduction while
methyl propenoate is captured preferentially to reduction. However, yields of the isolated addition adducts
were disappointingly low. Alkene polymerisation and tributyltin radical capture of the alkene c.f 9 were
formed from the intermolecular addition. It has been reported!” that captodative radicals are not efficient in
chain propagation; short chains result and low yields may be accounted for.

Scheme 1.
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Despite the limitations the present study demonstrates the behaviour of the captodative radical in the
addition to an alkene. Two competing reactions occur: The direct quenching of 4 by tributyltin hydride and the
addition of 4 to alkene resulting in the formation of an intermediate addition adduct radical, which is then
quenched by tributyltin hydride. Studies have shown that the rates of quenching of alkyl radicals with
tributyltin hydride are relatively insensitive to substituents effects on the radical.!8!? Thus assuming that the
intermediate addition adduct radicals are reduced by tributyltin hydride at similar rates, the results suggest that
the captodative radical 4 displays neither extreme nucleophilic nor electrophilic tendencies. This is because
nucleophilic radicals favour addition to electron deficient alkenes and vice versa. The combined results from
these studies show that the polar character of alkene have a major influence on the outcome of the reactions.
These considerations are important if the use of radical reactions in the synthesis of more complicated
piperazine-2,5-dione-containing structures is to be carried out efficiently. Conceivably, any such structure
desired could be synthesized in this way by "tailormaking" an alkene to suit the polar nature of the radical
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generated from a suitable piperazine-2,5-dione precursor or vice versa.
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