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Lactams are particularly important molecules owing
to their versatility as synthetic intermediates and wide-
spread occurrence in biologically important compounds.!?
They have also proven extremely informative as transi-
tion state models in amide reactivity studies.? Despite
the development of a variety of new methods,*® the
Schmidt® and Beckmann’ reactions remain the most
convenient and general protocols for their preparation.
However, one of the major limitations of the Schmidt
rearrangement may be attributed to the severity of the
reaction conditions required to effect the ring expansion.
Strong protic® or Lewis acids®d are often required, which
accounts for the problematic side reactions observed in
acid labile molecules. In this paper, we describe a novel
approach to the lactams 3a—1i via a photoinduced Schmidt
rearrangement of the a-azido triisopropylsilyl ethers 2a—
i, which are prepared by the direct azidonation of the
triisopropylsilyl enol ethers 1a—i (Scheme 1), Triisopro-
pylsilyl enol ethers are useful synthetic intermediates
owing to their resistance to hydrolysis, compared to
trimethylsilyl enol ethers, which is the result of the
increased steric hindrance at silicon created by the
isopropyl groups.5-1°

In the course of an investigation of the electrophilic!®
and oxidative!! chemistry of triisopropylsilyl enol ethers,
we discovered that silyl enol ether la reacts slowly (7
days) with trimethylsilyl azide to afford a-azido triiso-
propylsilyl ether 2a in 85% yield.'?!3 The reaction is the
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result of the formal addition of hydrazoic acid across the
silyl enol ether. In an attempt to enhance the rate of
the addition, we examined a series of mild acid catalysts
which would provide more efficient proton sources. Qur
preliminary studies indicated that pyridinium p-toluene-
sulfonate (PPTS) was the superior acid catalyst (PPTS
> CSA > TsOH), since both camphorsulfonic acid (CSA)
and p-toluenesulfonic acid (TsOH) lead to significant-
amounts of hydrolysis, even under anhydrous reaction
conditions.!* This is probably due to the fact that
pyridinium p-toluenesulfonate is capable of buffering the
reaction.

The photolysis of a-azido alkyl ethers was known from
Hassner and co-workers to furnish imino ethers which
are then hydrolyzed to amides.!® The initial reaction
presumably involves the formation of a reactive nitrene
which then undergoes alkyl migration to form the imino
ether. We decided to examine the photochemistry of the
azidohydrin 2a with the aim of forming lactams directly.
Photolysis of the a-azido triisopropylsilyl ether 2a in
cyclohexane at 0 °C furnished the lactam 3a in 89%
yield.!s

Table 1 summarizes the results of the application of
the reaction sequence to the cyclohexanone derived
triisopropylsilyl enol ethers 1a—i.!” The 2-methyl and
3-methyl triisopropylsilyl enol ethers 1b and 1¢ gave the
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Table 1. Preparation of a-Azido Triisopropylsilyl Ethers
2a—-i and Conversion to Azepin-2-ones 3a—i
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cther® (days) ethers® (%) (%)¢
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@ Azidohydrins were prepared by treating the TIPS enol ether
with 10 equiv of TMSN; and 2 equiv of PPTS in dichloromethane
at room temperature on a 0.5 mmol reaction scale. ® Ratios of
inseparable diastereoisomers determined by 1H-NMR integration.
¢ Isolated yields. ¢ Approximately 1:1 mixture of diasterecisomers.
¢ Approximately 2:1 mixture of diastereoisomers. / Photolysis with
ultraviolet light at 0 °C on a 0.25 mmol reaction scale for ca. 1 h.
¢ Ratios of inseparable regicisomers determined by H-NMR
integration. * Reaction carried out on a 0.5 mmol reaction scale.
i1,6:1 mixture regioisomers. / 1:1 mixture of regioisomers. * Pho-
tolysis for 15 min in order to reduce decomposition.

corresponding azidohydrins 2b and 2¢ as a 1:1 and 2:1
mixture of diastereoisomers, respectively {(entries 2 and
3). The 2-methy! silyl enol ether 1b was particularly
gensitive to hydrolysis via protodesilylation. Photolysis
of a-azido triisopropylsilyl ethers 2b and 2¢ furnished a
1.6:1 and 1:1 mixture of regioisomeric lactams 3b/b’ and
3¢/, illustrating the absence of any significant migratory
preference in the ring expansion. The 4-methyl (1d) and
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4-tert-butyl (le) derivatives also afforded the azidohy-
drins 2d and 2e as mixtures of diastereoisomers. How-
ever, owing to the plane of symmetry in the azidohydrins,
photolysis led to the exclusive formation of the lactams
3d and 3e (entry 4). Similarly, the 4,4-dimethyl (2f) and
4-ethylene ketal (2g) derivatives provide the 5,5-disub-
stituted lactams 3f and 3g in excellent yield (entry 5).
The reaction was also applied to the heterocyclic deriva-
tives 1h and 1i in which the azidohydrins 2h—1i rearrange
to afford the oxygen- and sulfur-containing lactams 3h
and 8i in 83% and 64% yield, respectively (entry 6). The
moderate yield of the sulfur-containing lactam 3i was
attributed to decomposition during the photolysis reac-
tion.

In conclusion, we have developed a novel sequence for
the conversion of triisopropylsilyl enol ethers, via a-azido
triisopropylsilyl ethers, to the corresponding caprolactam
derivatives. This protocol has two major advantages over
current synthetic methodology. The preparation of the
o-azido ethers utilizes trimethylsilyl azide, a convenient
nonexplosive alternative to hydrazoic acid,'® and the
photolysis provides the lactams directly under essentially
neutral reaction conditions, making this methodology
particularly attractive for target-directed synthesis. How-
ever, owing to the lack of migratory control in the ring
expansion, applications will be symmetry driven.’® We
are continuing to explore both the mechanistic and
synthetic potential of the novel ring expansion.
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