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StereocontroIledSynthesisof Enantiopure
Substituted4-Aminopyrro1idin-2-ones
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Abstract : The highly diastereoselective conjugate addition of N-benzylhydroxylamineand
bcrrzylarnineto ce#+maaturatedtaetam3 providedanefficiententryto enantiopurc(4S,5S)-4-amino-
5-hydroxymethylpyrmlidin-2+mes.Q 1997131sevierScienceLtd.

Enantiomerically pure 4-arninopyrrolidin-2-onesare useful precursors of interesting bioactive
products such as y-lactrtmbridged dipeptides.1 Furthermore, the related 3-aminopyrrolidines,readily
obtained by carbonyl reduction, are constituents of several medicinal compounds,z particularly of
antibacterialquinolones.s
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To 8ynthesizethe amino y-lactams1 and 2, we anticipatedefficientconjugateadditionof primary

atnines to unsaturatedderivativesof (S)-pyroglutatninol3 and 4,4 althoughN-nucleophileshave received
little attentionin Michaeladditionto fx,~-ethyleniclactams.5-7Indeed,easy diastereoselective1,4-addition

ofIV-alkylhydroxylaminesto 3 and4 wasalreadyobservedduringpreviousstudiesas side-rettction,4andas
an extension of this work, we report here the addition of N-benzylhydroxylamineand N-benzylamine
followingtwotypesof experimentalconditions.

Thus, N-benzylhydroxylaminewas ad&d to 3 either in refluxingtolueneby method~ (amine 1.2
equiv.,4 h) or by usinga mixtureof amine(1.8equiv.)andH20 (5equiv.)at roomtemperature(method~.
ThemethodjIled to the adduct5 in 85%yield(Scheme2) as a singlediastemomeralongwith 10%unrescted
3. Accordingtopniwiousobservations,8thereactionproceededfasterin thepresenceof water(method12);it
went to completionin less than 2 h and gaveslightlyimprovedyield (90%). The samemethodwas applied
toN-benzylatrtineadditionto3 givingrise to 6 in 88%yield.9
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StartingfromtheN-Bocderivative4 andN-benzylhydroxylamine,the atninolactatn7 was isolatedin
68%yield by methoda.10 This loweryieldcouldbe explainedby the presenceof a carbatnateas nitrogen
protectivegroup. Thiselectronwithdrawinggroupmakesthe lactarncarbonylmoresensitiveto nucleophilic
1,2-additionwith ring opening. Thus, treatmentof 4 withN-benzylaminefollowingmethodh led to the
kinetically favoured 1,4-adduct 8 (60%),together with a small amount of the acyclic N-benzyl-3-
benzylatnino-4-(tert-butoxycarbonyl)aminopentanatnidederivative9 (9%,Scheme3).
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In each case, the nucleophilicattackoccurredwithhigh facial selectivitysinceonly one 1,4-adduct
could be detected. These results can be comparedwith high stereoselectivityof phenylthioacetateand
malonatell,lz or ethyl thioglycolate13Michael addition to a,$unsaturated lactams derived from (S)-

pymglutatninol.
The predictable 1,2 asymmetric induction led to assign a tramrelationship between the two

substituentsof the lactatnring and consequentlythe S configurationat the newlycreatedasymmetriccenter.
lltis assignmentwasconfined in 5, sincea strongnOe wasobservedbetweenthe protonC-6-Handone of
theprotonsat C-4. Furthermore,we establishedchemicalcorrelationsbetweenN-benzylhydroxylamineand
benzylamineadducts to prove their identical configurationat these asymmetriccenters. The reductive
cleavage of the N-O bond of 5 and 7 was accomplishedby treatmentwith TiCkjat room temperature,14
whichfurnished6 (80%)and8 (65%,Scheme2), respectively.
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Anenolizationof the startingo$unsatumted pyrrolidinones3 and4 cannotbe excludedalthoughthe

compound3 recovered after addition reaction was optically pure. In the case of rigid bicyclic 3, a
diastereospecitlcmprotonationat C-5 could be anticipated. Such a stereospecificityinduced by the C-2
asymmetriccenter,shouldlead to retentionof the 5Sconfigurationaccordingto previousresultsrelatedto the
conceptof “self-reproductionof chirality”by Seebach(Scheme4).1$17
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However,an enolizationof 4 beforetheconjugateadditioncouldbe responsiblefor theepimetization
at C-5. The opticalrotationsof thecommondeprotectedproducts(4S,5S)-4-(N-benzyl-N-hyd.mxy)amino-5-
hydroxymethylpyrrolidin-2-one1 and 4-(iV-benzyl)amino-5 -hydroxymethylpyrroIidin-2-one 2 (prepared
from3 and 4 by acid hydrolysisof 5-8 with trifluoroaceticacid, 100%,Scheme4) werecomparedto clarify
this point. A partial racemizationwasobservedfor the compound2 synthesizedfrom4, followingmethod
~.18,19

Therefore, these results prove the greater potential of bicyclic cz,~-unsaturatedy-lactam 3 for

asymmetricsynthesesof 3-aminopyrrolidinecontainingcompounds.
The application of this work to the preparation of interesting bioactive examples is under

investigation.
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