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Abstract

The aim of this research was to develop a synthetic route to produce 5,6-fused-1-aza-2-
oxobicycloalkane amino acids. Geminal acyléftion of a ketone jor its acetal provides ready
‘
access to a 2,2-disubstituted 1,3-cyclopentanedione derivative. Double geminal acylation of
diketones with long acyclic tethers between the carbonyls is envigaged as a core strategy for
the development of synthetic access to tethered peptidomimetics. The focus of this research
was to develop aroute to 5,6-fused-1-aza-2-oxobicycloalkane amino acids which are f-turn
peptidomimetics, with carbon-based bridgehead substituents. Geminal acylation of the acetal
derived from hexadeca-1,15-diene-5,12-dione gave the 1,3-cyclopentanedione 52 in 29%
yield along with numerous interesting side-products. A successful route to form lactams via

Beckmann rearrangement was established. The development of this synthetic route, including

the elucidation of the structures of side-products, is discussed in detail.
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Introduction

Geminal acylation

Geminal acylation involves the replacement of the cax;bonyl moiety of a ketone,
aldehyde or acetal by two geminally situated acyl groups. This re:action is a powerful carbon-
carbon bond-forming reaction, and, consequently, it has engendéred much interest for the
synthesis of natural products and other structurally interesting molecules.

Kuwajima and co-workers' first studied this reaction and found that the reaction of
an acetal or aldehyde with 1,2-bis[(trimethylsilyl)oxy]cyclobutene 1 led to the formation of

pinacol 2, either by Lewis acid-mediated aldol addition or by a fluoride mediated one

(Scheme 1).
Scheme 1
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Bis-(silylated) succinoin 1 was prepared by acyloin condensation of diethyl succinate



4in the presence of chlorotrimethylsilane.” The reaction occurs via a series of single electron
transfers from the sodium in the reaction mixture to form the ring structure, followed by

trapping of the generated dianion with chlorotrimiethylsilane (Scheme 2).
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* The single electron transfer reactions depicted here are not concerted.
For the initial aldol reaction step of the geminal acylation reaction, TiCl, gives the most
satisfactory results for the reaction with aldehydes and aliphatic acetals, but BF;*Et,0 is the
reagent of choice for the more reactive acetals.' The aldol product 2 afforded the 2,2-
disubstituted 1,3-cyclqpenlanedione, 3, upon exposure to excess trifluoroacetic acid (TFA),

P



W
tetrabutylammonium fluoride (TBAF), or TiCl,. Acetals are often the favored choice to use
in geminal acylation since they coordinate more strongly with Lewis acids than their parent

carbonyl precursors.' Kuwajima' claimed the aldol reaction between ketones and 1 could not
i

be achieved under a variety of acidic or basic conditions.

Geminal acylation products are presumably formed vi’a‘the mechanism shown in
Scheme 3. The lone pair of electrons on an oxygen atom of the acetal 5 coordinates to the
BF;*Et,0 making the acetal carbon susceptible to attack by the nucleophile in a Mukaiyama-
like aldol reaction. This gives a cyclobutanone, 8 which participates in an acid-initiated acyl

migration, similar to a pinacol rearrangement, to afford the desired 2,2-disubstituted-1,3-

diketone 9. This is not a concerted process as shown in Scheme 3.
Scheme 3
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Anderson and Lee® reported that the geminal acylati.on reaction often resulted in a
cyclopentanedione product 3 along with 50-60% of the silylated 2 and its desilylated product.
The desilylated product failed to rearrange under conditions of refluxing TFA or refluxing
methanolic hydrogen chloride while the silylated product yie]cr;td the diketone 3 under the
same conditions. ’

This reaction was initially developed as a two-step sequence that first required the
isolation of intermediate 2 (Scheme 1).! Refinement of Kuwajima’s original procedure by
Wu and Burnell* showed that both reactions could be accomplished in a single operation,
eliminating the isolation of the cyclobutanone intermediate and often achieving superior
yields. This was done using two to three molar equivalents of 1,2-

bis[(trimethylsilyl)oxy]cyclobutene 1 and a large excess of BF;*Et,0 as in forming 9 from

acetal 10 (Scheme 4).

Scheme 4
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Kuwajima' claimed that ketones are non-reactive with 1 in the presence of BF,sEt,0
in the initial aldol condensation step. It had been proposed that ketones were not sufficiently
reactive electrophiles for silyl enol ethers, causing the reaction to either not work or to be
too sluggish. Jenkins and Burnell® proved the contrary in reporting an efficient preparation

4
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