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A New Source of Nitrogen Centered Radicals.
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Abstract. Exposure of Ihiocarbazone derivatives 6b-l0b, 11«:-13c. and 14a-15a to tributylslannane in the
presence of AIBN leads to various nitrogen centered radicals which are ea\i1y caplured by an internal olefin.

The past few years have witnessed an explosive surge in the use of radical reactions in organic

synthesis, and this trend is showing no sign of abating. Most of the effort in this area has naturally focused

on carbon centered radicals1 but oxygen2 and especially nitrogen radicals3 are attracting an increasing

attention since these species can provide access to a variety of important heterocyclic systems. We recently

developed several processes to generate nitrogen radicals such as iminyls, amidyls and carbamyls.4

Although these early methods allowed us to study the basic reactivity and synthetic potential of the hitherto

little known iminyls, they suffer from several drawbacks such as fragile or difficult to prepare precursors

and, in some cases, lack of generality. We now wish to report a new and apparently general approach to

nitrogen centered radicals which overcomes essentially all of these limitations.
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The present process exploits the relative weakness of a nitrogen-nitrogen bond. With the special
exception of a-azido radicals5 which undergo loss of nitrogen and the pyrolysis of certain hydrazine

derivatives,6 a process quite limited in scope, cleavage of such a bond does not appear to have been

employed to generate nitrogen centered radicals for use in synthesis. Thiocarbazone derivatives 1, contain a

highly radicophilic thiocarbonyl group which allows the creation of an intennediate radical 2 capable of
undergoing the desired ~-scission as summarized in scheme 1.

For the generation of iminyls, the required hydrazones (for example 6b-lOb) are easily prepared by

condensation of a ketone with hydrazide Sa, a nicely crystalline compound made in one step by reaction of

methylhydrazine with carbon disulfide and methyl iodide,7 or with hydrazide 5b, also a readily available

substance.? In most cases, derivatives of the latter have been used since, for reactions involving tributyl
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stannane (Y-= BU3Sn- in scheme I), the logical tin containing co-product (4, Y= BU3Sn-; R"= Me; X= S)

decomposes partially on silica to generate the obnoxious methanethiol. Slow addition of tributylstannane and

a small amount of AIBN to a refluxing solution of either type of thiocarbazone precursors 6b-l0b in

cyclohexane provided smoothly and efficiently the expected pyrrolines 6c-l0c in the yields shown in

scheme 2. Iminyls derived either from ketones or aldehydes are thus readily accessible. In the case of9b.

the reaction gave 9c as a mixture of two diastereomers which upon heating with acetic anhydride were

converted to the same enamide 9d in good overall yield.
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Scheme 2

Amidyl radicals are obtained from acyl derivatives such as Ue-l3c (scheme 3), which are produced

by reacting the hydrazide Sd 7 with the appropriate acid chloride, and cyclised to suitably located olefins

using the same procedure. A variety of lactams Ud-I3d were thus prepared in generally high yield. A

modification of the process allowed access to carbamyl and ureidyl radicals as shown by examples 14b and

ISb. The corresponding precursors 14a and ISa were made by reacting allyl chloroformate and the

cabamoyl chloride derived from N-benzyl-2-cyclohexenylamine with hydrazides Se and Sd respectively.

The cyclisation was not particularly efficient in these cases (the remainder being mostly uncyclised material)

but it must be said that none of the reactions has been optimized. Very little is known about carbamyl

radicals 8 and almost nothing about ureidyl radicals; it is quite possible that the rate of cyclisation will be

influenced significantly by the substituents on the nitrogen atoms which can alter the population of rotamers.

This aspect has not been investigated yet. Nevertheless, access to these radicals opens the way to the
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construction of vicinal amino alcohols and diamines with defined relative stereochemistry. Such a

combination of functional groups is common in many natural products as for example aminocyclitols and

conduramines.9
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Scheme 3

Even though the above examples involved tributylstannane to mediate the desired transformation. the

presence of a reactive thiocarbonyl group opens up the possibility of propagating the chain by direct reaction

of the carbon radical on the sulfur of the thiocarbonyl. Thus. irradiation with visible light of a solution of

16. a compound derived from 2-allylcyclohexanone and hydrazide Sc) in cyclohexane in the presence of a

small amount of hexabutylditin resulted in the formation of 35 % of functionalized pyrroline 17. through the

chain reaction depicted in scheme 4. The process still needs to be optimized to increase efficiency and chain

length but nevertheless this experiment demonstrates its feasibility. Moreover the extra functionality thus

introduced opens an entry into the the exceptionnally rich chemistry of sulfur.
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In conclusion. these preliminary results show the potential of this mild and fairly general approach for
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generating nitrogen centered radicals. and hence for the synthesis of a variety of five-membered nitrogen

heterocycles. This allows the conception of new synthetic strategies. especially in the field of alkaloids.

where such rings are frequently found.
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