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1. ABSTRACT

The reaction of enantiopure 3-azido-4-oxoazetidirearbaldehyde with acetone was catalyzed by
L-proline, to give the corresponding aldol addudtisTproduct was stereocontrolled cyclized by
using intramolecular reductive amination achievangew 4-hydroxypipecolic acid analogue with a

bicyclic B-lactam structure.

2. INTRODUCTION

4-Hydroxypipecolic acids are naturally occurringhFaroteinogenic amino acids which have been
isolated from several plantsand are present in many biologically active ndtard synthetic
products such as depsipeptide antibictidsdMDA receptor antagonisfs,and HIV protease
inhibitors such as palinavir (Figure 1Because of their biological importance and syithedlue,
much effort has been devoted to their preparatmal different synthetic approaches have been
reported® On the other hand, an organocatalytic moleculé¢ hias been studied extensively is
proline, which promotes the aldol reaction betwearbonyl and unmodified ketones for obtaining

a stereoselective carbon—carbon bdnd.
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In addition to the important antibiotic and nonbidtic uses of 2-azetidinonésthe B-lactam
skeleton is a versatile synthons for the prepamatiax- andp-amino acids, alkaloids, heterocycles
and taxoid$. Continuing with our project on the asymmetric fsis of nitrogenated compounds
of biological interest, we wish to describe here a new stereocontrolledessc to 4-
hydroxypipecolic acid analogue with a bicydidactam skeleton, which rely on heterocyclization

reactions in a 2-azetidinone-tethered azidoaldigiuie 1).
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Figure 1. Representative biologically relevant 4-hydroxypiplecacids.

3. RESULTSAND DISCUSSION

Starting substrate, 3-azido-4-oxoazetidine-2-calddafdel, was prepared in optically pure form
using standard methodology. Enantiopure 2-azetidiovas obtained as a singls-enantiomet’
from the corresponding imine ofR)-2,3-O-isopropylideneglyceraldehyde, through Staudinger
reaction with azidoacetyl chloride in the preseat&N. Selective acetonide hydrolysis provided
the corresponding diol, which after oxidative clage smoothly formed the 3-azido-4-
oxoazetidine-2-carbaldehyde(Scheme 1). Having obtained the starting substthés next stage
was set to carry out the aldol process. A modeitiea of 4-oxoazetidine-2-carbaldehydevas
carried out by mixing acetone and 10 mol% of L-pmlin the corresponding solvent at ambient
temperature. Indeed, the desired add@uatas formed when the reaction was conducted in DMSO

(yield 53%, de 40%), DMF (yield 48%, de 60%), oetane (yield 62%, de 100%). Acetone was



selected as the solvent for further reactions sinbegher yield and better diastereoselectivity was
obtained for the corresponding aldal The effect of the amount of the organocatalyst o t
conversion rate as well as on the product ratio stadied. Lower yields were obtained when the
amount of catalyst was decreased (5 mol%). It wasd that the efficiency of the process did not
increase on increasing the amount of catalyst (8®an The reaction was carried out by mixing
acetone, 10 mol% L-proline, and tBdactam aldehydd in acetone at ambient temperature. The
desired adduc® was formed in high yield and good diastereoseligt{adduct3 as the exclusive

isomer) (Scheme 1)
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Scheme 1. Direct aldol reaction between azidoal@dnd ketone.

The absolute configuration of the aldol product wagjood agreement with previously proposed
models on proline-catalyzed aldol reactions (Sché)ié According to this proposal, proline
functions as a microaldolase, with the secondaryaracting as a nucleophilic enamine catalyst
and the carboxylic acid moiety as a general Bra@hstecatalyst. The observed stereochemistry can
be explained by invoking a metal-free Zimmermanxlealike transition state. An hydrogen bond
involving the carboxylate, enamine, and aldehydgmoizes the transition state. Steric interactions
between the aldehyde and enamine substituents maihe most important, accounting for the
enantiofacial selectivity exhibited by this reaatid’he observed high selectivity for theoroline-
catalyzed reaction df can be rationalized as the cumulative effect afstehibitions posed by the

chiral aldehyde and the facial preference of tlymoocatalyst (favored, match).



Scheme 2. Mechanistic explanation for the obtention of azidoh3.

The conversion of azides to amines can be achibyeailarge variety of reported methddg-or
this reason, the exposure & to chemoselective reductive conditions might senge a
straightforward procedure for the preparation ofvri@cyclic 4-hydroxypipecolic acid analogues,
because under the reaction conditions the resulangno group would attack the aldol
functionality. Treatment of aldol adduBtwith a reductive system (EP-HO) did not afford the
aminocyclization product. When, the hydrogenatieaction was carried out in the presence of
Boc,0, small amount of the cyclization product was obseé by'H NMR. Taking these results into
account, the reduction of the azide, subsequetization and protection of the resultant secondary
amine as the benzylcarbamate was developed inGitialytic hydrogenation of the compou8d
(H2, 1 atm) in the presence of 10% of Pd/C in ethgtae at room temperature followed by the
addition of benzyl chloroformate, provided the 4toxypipecolic acid analogugwith a bicyclic

B-lactam structure (Scheme 3).
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Scheme 3. Preparation of enantiopure 4-hydroxypipecolic aridloguet.

The cis-stereochemistry of the four-membered ring was sfemed unaltered during the
cyclization step. The stereochemistry at the catlinand C-methyl stereogenic centers for
compound4 was assigned by selective NOE experiments. Théigtomation of this carbinolic
chiral center was consistent with a Zimmerman—Tagix-membered ring chair-like model for the
aldolization step? as depicted in Scheme 2. In our case, the stdeetise formation of bicyclel
can be understood on the basissfaddition of hydrogen atoms to the less hinderee faf the
unsaturated centre; being the more accessibleosittee intermediate imine the face which is no

blocked by the3-lactam ring.

4. CONCLUSIONS

In conclusion, we have described here a differarescontrolled route to new 4-hydroxypipecolic
acid analogues with a bicyclig-lactam structure. We have shown that combinatibproline-
catalyzed diastereoselective direct aldol reacioth subsequent intramolecular reductive amination
reaction in 2-azetidinone-tethered azides may teaduseful preparation of the piperidine fuged

lactam core. Applications to different heterocy@esploying this aminocyclization is underway.
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