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Abstract: y-Lactams and &§-lactams can be prepared by the reaction of B,y-unsaturated amides

with trifluoromethanesulfonic acid.

Substituted lactams constitute a central and important area of synthetic organic,
medicinal and pharmacological chemistry.! Of the numerous routes to medium ring lactams,2
cyclodehydration of «©-amino acids is one of the simplcst.za The Beckmann
rearrangemcnth'zc-zd and Schmidi reaction2¢ are other common routes, but any such ring
expansion2 by insertion of a nitrogen atom adjacent to a carbonyl group that requires the
ketone as starting material is unsuitable for the synthesis of fy-lactams wunless the
cyclobutanone is readily available, which is not usually the case.

In secking a general, and direct route to lactams from acyclic precursors, an analogy
with the long-known acid-catalyzed cyclizations of unsaturated carboxylic acids to lactones3
presented itself (Scheme 1). The problem of cyclization onto an unactivated doublec bond
therefore arose. Cyclization of amidic nitrogen onto unactivated C=C bonds#2 has been
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achieved with a variety of reagents including Hg(OAc)p,4b-4¢ PhScCl,4d and TMSOT(-Ip.4¢
Addition of amides to activated C=C bonds, including «,B-unsaturated nitriles3:6 and vinyl
sulfones® is known. However, the acid-catalyzed amidation of an unactivated C=C bond is rare,
and chiefly or exclusively confined to the formation of a quaternary carbon centre alpha to
the nitrogen atom of the resulting jactam.”
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We now repori that a variety of substituted y- and -lactams can be prepared by
reaction of B,y-unsaturated amidesd with trifluoromethanesulfonic acid.? The Table shows the
products10 obtained by reaction of various B,y-unsaturated amides with CF3SO3H in CHyClj.
Taking entry 1 as a representative cxample, {E)-3-pentenamide (0.99g, 10.0 mmol} was
dissolved in a mixture of CF3SO3H (5.0 ml) and dichloromethane (20 ml) and stirred at 20°C



under an atmosphere of nitrogen. The reaction period was determined by monitoring the
disappearance of the o,B—unsaturated amide by thin-layer chromatography. Upon completion,
the mixture was cooled in ice, treated with saturated aqueous sodium hydrogen carbonate
{(dropwise at first), and extracted with dichloromethane (3X30 ml). The combined extracts
were dried (Nap804), the solvent removed and the residue chromatographed (silica,
EtOAc:EtOH, 95:5) to give first 5-methyl-y-butyrolactone and subscquently 5-
methylpyrrolidin-2-one. In all cases, the lactam was readily separated by column
chromatography from either the minor quantity of lactone or amidic
trifluoromethanesuifonate, in cases where these were formed.

A notable feature of the cyclizations giving y- or §-lactams (Table) is the efficient
formation of a mnew tertiary carbon centre (entries 1, 3, 5 and 6). Entry 5 shows that
cyclization is effective with an alicyclic ring fused at the yand &-positions; the stereocontrol
was high, and the configuration was confirmed as the cis-fused lactaml! by an n.O.e.
enhancement of the signal (5%) for the 3a-hydrogen atom signal at & 2.04 upon irradiation of
the signal assigned as the 7a-hydrogen atom (5 3.64). Similarly, the cis-disubstituted lactam
predominates in entry 3; although the cis- and tfrans-lactams could not be separated by
chromatography, all !H and 13C NMR signals were assignable. Irradiation of the H-5
hydrogen atom signal (5 3.75) in the 'H NMR spectrum of the cis-lactam (entry 3) gave an
n.0.e. enhancement (4%) of the H-4 hydrogen atom signal at & 2.16.11

The formation of trifluoromethanesulfonates in some cases (entries 2 and 3) evidently
indicates competition for attack at the cationic centre: intermolecularly by attack of
trifluoromethanesulfonate anion versus internally by one or other of the amide termini. The
difference in behaviour of two N-butylamides (entries 2 and 6) both as compared to each
other, and also in contrast with entries 1, 3, 4 and 5, suggests that either the relative
nucleophilicity of the amide or the size of ring being formed, and probably both factors, are
relevant to the fine balance that determines the constitution of the cyclized products. The
exclusive formation of a-methyl trifluoromethanesulfonates, regardless of the initial location
of the alkenic bond (entries 3 and 6) is consistent with acid-catalyzed migration of the double
bond such that some terminally alkenic amide is formed; protonation and nucleophilic attack
would then account for the products, although this has yet to be demonstrated.

The formation of the lactams may proceed through alkyl iminotrifluoro-
methanesulfonates or their salts 1. The intermediacy of alkyl iminosulfates!2 in the Ritter
reactionl3 has been established. The formation of triffuoromethanesulfonates (entries 2 and
3) may be a consequence of slow ring-closure to the corresponding lactams {(or lactones)
owing to developing 1,2-eclipsing interactions. The formation of the lactones most probably
proceeds through salts of cyclic imino-cthers!? such as 2. The scope and synthetic
applications of these cyclizations are being investigated.
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