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We recently reported an intramolecular version of the Schmidt
reaction' in which hydrazoic acid was replaced by an alkyl azide
connected to the reactive ketone.? This is an unusual example
of intramolecularity because the analogous H*-promoted inter-
molecular reaction does not succeed at all.> Given the potential
utility of a general method for the intermolecular insertion of
an N-alkyl group adjacent to a ketone, other conditions to effect
the direct reaction of ketones with alkyl azides were examined.
Of several Lewis acids tried, only TiCl, was effective?
However, this reaction turned out to be severely limited, with
poor (<20%) yields being obtained when even modestly
substituted cyclohexanones or, most curiously, cyclopentanones
of any stripe were used. In addition, the need for such a strong
Lewis acid could be a drawback in reactions of multifunctional
substrates.

One immediately evident solution to this problem was to
utilize a tethering substituent that would temporarily connect
the two reactive groups and be subsequently removed.’ Al-
though meritorious, this approach would entail the addition of
minimally two steps to a synthetic sequence in attaching and
removing the tethering group. An alternative approach is
suggested in Scheme 1. Utilization of an azido alcohol such
as 2-azidoethanol (1) presents an activated ketone with two
potential nucleophiles. Our previous work has shown that direct
attack by azide is possible but only marginally effective.
Instead, hemiketal formation could occur, followed by dehydra-
tion' to generate the oxonium ion shown. At this point,
intramolecular attack of the azide on the carbocation is possible,
following our own precedent? and that of Pearson and co-
workers.® Migration of one of the alkyl groups with concomi-
tant loss of N, would then afford an iminium ether species that,
upon addition of water, would give the formal product of direct
insertion of the azide end of 1 into the ketone.

This idea was attractive because the tether which renders the
ketone and azide intramolecular would be generated in situ and
not require additional steps for its installation and removal.
Previously, Boyer and co-workers had found that hydroxy azides
could be reacted with aromatic aldehydes only, affording
oxazolines or dihydrooxazines as the products in good yields;
however, this H,SO4-promoted reaction failed with ketones.”®
These authors attributed the success of hydroxy azides relative
to simple alkyl azides to greater acid stability of the former
species (due to hydrogen bonding) and did not consider the
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mechanism shown above in Scheme 1.° Herein, we report that
this strategy provides an effective and broad approach to
multifunctional lactam synthesis and that using chiral azido
alcohols leads to the first known examples of an asymmetric
Schmidt reaction.

The examples shown in Table 1 are representative, Although
several Lewis acids were found effective in this reaction,
including trifluoroacetic acid, we have settled for the time being
on BF3OEt; as the most convenient promoter in terms of
efficiency and ease of workup.'? In each case, the yields of
each product are superior to those obtained using simple alkyl
azides;* in particular, note that cyclopentanones react to give
N-substituted valerolactams in good to excellent yields through-
out. Support for the mechanism shown in Scheme 1 arises from
the fact that the reaction succeeds with substrates and promoters
shown to be unsuccessful with simple alkyl azides;* in addition,
a control experiment in which 3-azido-1-methoxypropane and
cyclohexanone were submitted to these conditions gave only
recovered starting materials. Also, intermediates 3 and 4 could
be isolated (77, 78% yields) and characterized as their tetrafluo-
roborate salts after precipitation from the reaction mixture
occasioned by the addition of cold THF.
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Substantial improvements in tolerance of the ring-expansion
protocol to substitution adjacent to the ketone were also noted
(Scheme 2). Interestingly, while the efficiencies were much
better than those using the RN3/TiCl, protocol (which only gave
lactams in 10—20% yields, if at all), the regiochemistry of the
reaction depended on the nature of the C-2 substituent. In
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mmol) was added dropwise over 5 min. Immediate gas evolution was noted
upon addition. The reaction was allowed to warm to room temperature over
30 min and was stirred for an additional 3 h. The solution was concentrated,
5 mL of saturated NaHCO3; was added to the residual oil, and the mixture
was stirred for 30 min. After concentration, an additional 100 mL of CH»-
Cl, was added and the organic layer was separated, dried (NaSQOy), and
concentrated to afford a colorless oil. Flash chromatography (EtOAc) gave
320 mg (90%) of 1-(3’-hydroxypropyl)-azepin-2-one as a clear oil.
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Table 1. Reactions of 2-Azidoethanol and 3-Azidopropanol with
Symmetrical Ketones
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particular, whereas 2-methylcycloalkanones afforded mixtures
of regioisomers, the 2-methoxy-substituted versions resulted in
the isolation of product resulting from the migration of the less-
substituted carben. This is opposite to the regiochemistry.
generally observed in the classical Schmidt! or Beckmann''
reactions.

Finally, two examples suffice to demonstrate the potential
of this process in the asymmetric synthesis of chiral lactams.
Although axially dissymmetric oximes can be resolved and
subjected to stereoselective Beckmann reactions,'? the only
known asymmetric nitrogen insertion process able to differenti-
ate the enantiotopic methylene groups in ketones like 4-tert-
butylcyclohexanone utilizes oxaziridines (three reactions and
two pots) and results in overall ratios of about 7.3:1.!3 As shown
in Scheme 3, utilization of two readily available chiral azido
alcohols'# affords diastereotopic lactams in good yields and
improved stereoselectivity. So far, the best results were
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observed with 8: running the reaction at 0 °C and in pentane
afforded lactam 9 as a single diastereomer in 90—94% isolated
yield (as ascertained by 500 MHz NMR analysis'¢). Enanti-
oselective lactam syntheses were completed by reductive
removal of the chiral substituent on nitrogen or by the sequence
shown for 8.!7 Although detailed mechanistic proposals are
premature, an intermediate such as 10, arising from equatorial
attack of azide onto the oxonium ion, would be expected to
afford the observed product by migration of the pseudoaxial
bond antiperiplanar to the departing N, substituent.

The utilization of an in situ tether in nitrogen ring-expansion
reactions has been shown to greatly improve the scope and
efficiency of these reactions. Current work is directed toward
the application of this reaction in asymmetric synthesis, inves-
tigating the chemistry of the intermediate iminium ethers, and
determining the scope of this asymmetric variant of the Schmidt
reaction.
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(14) (5)-2-Azido-2-phenylethanol was prepared by NaNj treatment of the
commercially available (R)-styrene oxide, whereas commercially available
(R,R)-2,4-pentanediol was subjected to the azide modification of the
Mitsunobu reaction's to afford (25,4R)-2-azido-4-hydroxypentane.
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(16) Although we have not yet determined the diastereoselectivity of
this reaction by HPLC or GC examination of the crude reaction mixture,
the 90—94% yield of 9 obtained under the conditions noted represents
diastereomerically pure material within the limits of 500 MHz NMR
spectroscopy. An authentic sample of the C-5 epimer of 9 was obtained by
running the reaction without solvent and at room temperature; under these
conditions a 90% yield of 9 and 2% of its isomer 9b (not shown) were
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(17) The highest rotation that we have obtained for purified (R)-7 is [at]p

= +16.4 (c 0.50, MeOH) (lit."? [a]p = +14.7 (¢ 0.50, MeOH)). The
reaction of 4-tert-butylcyclohexanone with 5 (ca. 84% ee by HPLC
(Chiralcel OD)), followed by purification and Na/NH; treatment, afforded
(8)-7 with [a]p = —14.6 (c 0.50, MeOH). The sequence involving azido
alcohol 8 afforded (5)-7 with [a]p = —16.2 (¢ 0.50, MeOH).




