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Abstract: 1-Methoxycarbonyl-2-(3,5-dimethoxy-4-benzyloxyphenyl)-piperidin-3-one1 and rac-5R, 8aS-
5+(3,5-dimethoxy-4-t-butyldimethylsiloxyphenyl)-oxazolof3,4:1,6]-piperidin-3,6-dione 2 were synthesized via an
intramolecular adaptation of the biochemically well-characterized Amadori reaction.
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The emergence of DNA topoisomerase II (topo II) as a viable target for cancer chemotherapy'? has
prompted us to develop a research program aimed at the design and synthesis of novel topo II inhibitors.**
As part of this project, the piperidin-3-one derivatives 1 and 2, were desired as synthetic intermediates for
a wide variety of potential topo II-directed agents. The limited availability of efficient syntheses of piperidin-
3-ones suited to our needs precipitated the development of an alternative route to the construction of these

intermediates.’
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We envisioned the key step in our syntheses 1 and 2, to be an intramolecular Amadori-type reaction.
The Amadori reaction is a biochemically well-characterized condensation/rearrangement between a reducing
sugar and the amine of a protein or amino acid,® and commonly occurs during the heat processing and storage
of food.*!® The initially formed glucosylamine spontaneously undergoes rearrangement to form a 1-amino-1-
deoxy-2-ketose. The use of the Amadori reaction toward the synthesis of unnatural products has been
limited,'"* yet we felt that the application of the basic transformation (eq. 1) would constitute a efficient
pathway to the synthesis of the desired piperidin-3-one derivatives 1 and 2.

Amine + a-Hydroxycarbony! - a-Hydroxyimine - 8-Keto amine (eq. 1)

Our approach to the synthetically less demanding intermediate, 1, is shown in scheme 1, beginning
with phthalimide protection of 1-amino-3-propanol. Swern oxidation of the resulting alcohol, 3, gave aldehyde
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4 in 89% yield. Addition of the morpholinoacetonitrile acyl anion equivalent® of O-benzylsyringealdehyde
5 gave rise to 6, the masked a-hydroxycarbonyl portion of the compound necessary for the intramolecular
Amadori-type reaction. Removal of the phthalimide protecting group followed by carbamation of the free
amine gave rise to the carbamate 7 in an overall 70% yield for the two steps. Treatment of 7 with 70% acetic
acid at reflux released the o-hydroxyketone 8, the precursor for the intramolecular Amadori-type reaction.
The cyclization to the N-methoxycarbonylpiperidin-3-one 1 was catalyzed in 82% yield by p-toluenesulfonic
acid upon heating the a-hydroxyketone 8 in toluene at reflux. The success of this reaction in the synthesis of
a simple piperidin-3-one prompted us to attempt the synthesis of the more structurally complex compound 2.
This undertaking would effectively probe the usefulness of this methodology for the construction of strained
fused ring systems.

Our approach to intermediate 2 is shown in scheme 2. Similarly to the synthesis of 1, the synthetic
route to compound 2 was seen to proceed through an a-hydroxyketone constructed by the addition of an
appropriately functionalized acyl anion equivalent to the aldehyde containing the necessary amino
functionality. In this case, the amino functionality is incorporated through the derivatization of the
appropriately functionalized unnatural amino acid; the synthesis of which was accomplished by the method
developed by Schollképf." The addition of the glycine equivalent 9 to the readily available 1-bromo-3-
benzyloxypropane'® 10 gave the masked unnatural amino acid 11 in 85% yield. Hydrolysis of the
dihydropyrazine 11 to the amino ester with 10% HCI followed by reduction with sodium borohydride'® gave
rise to the amino alcohol 12. Following oxazolidination and t-butoxycarbonyl protection, the resulting urethane
13 was transformed into the aldehyde 14 by sequential hydrogenation and Swem oxidation. The incorporation
of the a-hydroxyketone functionality was accomplished in a similar fashion as described for the synthesis of
1. Deprotonation of the morpholinoacetonitrile 15 with potassium hexamethyldisilazide followed by addition
to the aldehyde 14 gave rise to doubly protected amino a-hydroxy ketone in 64 % yield. Concurrent removal
of the t-butoxycarbonyl and morpholinoacetonitrile protecting groups was accomplished in 80% yield by
treatment with 70% acetic acid at reflux. As was the case in the simple N-methoxycarbonylpiperidin-3-one
1, the cyclization of 17 occurred smoothly upon treatment with catalytic p-toluenesulfonic acid in toluene at
reflux in 85% yield. The desired piperidin-3-one derivative 2 was formed as a single diastereomer with the
aromatic ring in a pseudo-axial orientation as proven by a positive NOE between the 2’-hydrogens on the
phenol ring and the 8a-hydrogen. This single product arises via the acid-catalyzed equilibration of the initially
formed mixture of 5,8a-cis and 5,8a-trans products leading to the thermodynamically-favored product."” In
this instance, the pseudo-axially substituted compound 2 predominates due to the minimization of the
unfavorable interaction between the 2’,6’-hydrogens on the aromatic ring and the urethane and C6-carbonyl
oxygens present in the pseudo-equatorial orientation of the compound.

We have demonstrated the successful adaptation of the biochemically well-characterized Amadori
reaction to the synthetic problem of constructing piperidin-3-ones and their derivatives mildly and in high
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Scheme 1. Approach to the synthesis of 1—-methoxypiperidin—3—one 1.
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Scheme 2. Approach to the synthesis of piperidin—3—one derivative 2.
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yield. A high level of substitution can be accommodated in this reaction allowing for the efficient synthesis
of highly functionalized piperidin-3-ones. Additionally, as illustrated by the synthesis of 2, there exists the
potential for the stereospecific synthesis of simple piperidin-3-ones as well as more complex ring systems.

This reaction should also prove effective for the construction of synthetic intermediates to various other

heterocyclic compounds.
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