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Absrract: A new approach to 35dialkyl pyrmlidin-2-ones by intramolecular rearrangement of both cis and trans 3- 

alkyl-4( I-aminoalkyl) blactams is described. 

Although pyrrolidin-Zones are important both as components of many medicinal compounds1 and as 

intermediates in the synthesis of substituted pyrrolidines 2, there is still no general procedure for the 

stereocontrolled synthesis of 3,5_disubstituted pyrrolidin-Zones. The most expedient synthesis of these 

compounds involves alkylation of the lithium enolate of either glutamic acid or pyroglutamic acid derivatives3. 

Nonetheless, this approach suffers from the lack of both reactivity and stereoselectivity. Although some 

solutions to these problems have recently been reported4, their successful1 implementation is based on the 

availability of glutamic and pyroglutamic acid as natural chiral pool materials. Recently we have described the 

asymmehic synthesis of homochiral p-lactams derived from N-Boc L-serinal acetonide derived imines via the 

Staudinger reactions. As an extension of this work and in conjuction with our interest in p-lactam derived 

natural products we reasoned that P-lactams of type 1 would be useful starting materials for the stereocontrolled 

synthesis of 3,5-dialkyl-4-aminopyrrolidinones if effective formation of both truns and cis-3-alkyl p-lactams 

could be. achieved from l.The following reasons led us to explore this proposal. First, the recent publications 

of Rae et al.6 on 4-aminopyrrolidin-2-ones as y-lactam bridged dipeptides. Second, the potential utility of a 

pyrrolidinone framework for the construction of y-lactam analogues of p-lactam antibiotics7. Third, the 

possibility to transform the amino group into other functionalities in a stereocontrolled fashion. Finally, 

reduction of the carbonyl group would generate differentially substituted pyrrolidines. 
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Scheme 1. Reagents and Conditions: i. NaH, CS2, THF then Mel. ii, n-Bu3SnH. AIBN, toluene, 70°C. iii, CrO3-pyridine, 

CH2Cl2, r.t., 15min. 

In this paper we present our preliminary results on the stereocontrolled synthesis of 3,5-dialkyl 

pyrrolidinones epimeric at the C3 position employing the a-hydroxy P-lactam 1 as a chiral template. The 

approach to these compounds having all the substituents in a cis relationship arises from the highly 

stereoselective a-alkylation of the lithium enolates of 3-unsubstituted p-lactams8. which in our case would be 
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stereospecific due to the bulky substituent attached at the C4 position of the p-lactam ring. For the same reason 

we expected that, deoxygenation of a 3-alkyl-3-hydroxy fl-lactam, easily prepared from the a-keto P-lactam 3, 

would generate the corresponding G-isomers in a highly stereocontrolled fashion9. 
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Scheme 2. Reagents and Conditions: i. LDA (2Sequiv.), -7V’C. THF, 30min. ii, R-X, -7VC-1r.t. iii. (NH,&Ce(NO&, 

CH$N-H20, 0-5°C. iv, ClSiMe3, MeOH, reflux, 1.5h. v, Cbz-Cl, NEt3, CH2C12, r.t. 

The 3-unsubstituted p-lactam 2 [m.p. 229-23O’C (EtZO/hexane); [a]25D = - 142.9 (c = 0.34, CH2C12)] 

was easily obtained in 75% overall yield following our recently reported procedurelo. Compound 2 was then 

treated with LDA (2.5 equiv.) under the usual conditions and the resulting solution quenched with a fourfold 

excess of an electrophile to furnish the corresponding 3-alkyl P-lactams 4 soley as the iruns isomers. N- 

dearylationl 1 of 4 and further cyclization of the resulting N-unsubstituted p-lactams 5 under acidic conditions 

12, led to the formation of the expected pyrrolidinones 6. The crude compounds were then transformed into 

their Cbz derivatives 7 and isolated by column chromatography in good overall yieldsl3. 
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Scheme 3. Reagents and Conditions: i, RMgX 2.5equiv.. THF, -70°C. 15min. ii, NaH, CSz, THF then MeI. iii, n-BqSnH, 

AIBN, toluene, 70°C. iv, (NH&Ce(NO&. CH3CN-HZ0,0-50C then CISiMq, MeOH, reflux. v, Cbz-Cl, N&3, CHpZ1.p r.t. 

In view of these results the next logical aspect we examined was the preparation of the corresponding 

epimeric compounds at the C3 position. The selected strategy, depicted in scheme 3, was guided by our 

previous observation that tributyltin hydride desulphuration of a 3-alkyl-3-arylthio p-lactam gave manly c&3- 
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alkyl p-lactams and by the fact that the &-isomer ratio was increased when bulkier groups at the C4 position 

of the p-lactam ring were involved’). First, compound 3 was prepared in 65% yield by oxidation of 1 with 

CrOg-pyridine complex*4 and its optical purity was established by NMR spectroscopy, HPLC analysis and 

borohydride reduction to the starting hydroxy derivative 1. Particularly noteworthy is that this reduction 

proceeded with complete stereoselectivity. Subsequent Grignard addition15 to the carbonyl group in 3 afforded 

the carbinol 8a in 60% isolated yield. Similarly, addition of EtMgBr to 3 led to 8b as single isomerl6. 

Although the absolute stereochemistry of compounds 8a and 8b was not determined the NMR spectra showed 

that only a single diastereomer was formed. Nonetheless, since borohydride reduction was stereospecific it is 

assumed that the stereochemistry of the adduct is as depicted. Both stereoselectivities could be explained by the 

attack of the nucleophile from the less hindered side of the carbonyl groupl7. Next compound 8a was 

subjected to Barton-McCombie deoxygenation to give 9a as single diastereomer. Finally, the pyrrolidinone 

1Oa was obtained in 60% yield by N-dearylation of 9a followed by treatment of the resulting N-unsubstituted 

P-lactam with ClSiMe3 in methanol at reflux and isolated as the Cbz derivative lla. Following the same 

sequence of reactions as above, the pyrrolidinone llb was obtained in 40% overall yield from 8b [m.p. 95 

96’C (hexaneKH2Q); [a]25~ = - 69.5 (c = 0.78, CH2Cl2)]. 
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Schem 4. Reagents and Conditions: i, NaH, CS2, THF then MeI. ii, n-Bu$nH, AIBN, toluene, reflux. iii, 6N or 12N HCI, 

EtOH. refIux, 48h. iv, CQ-pyridine, CH2CI2, r.t., 15min. v, EtMgBr, -78°C. THF. 

The potential scope of the above methodology is further exemplified in scheme 4. The P-lactam 14a [m.p. 

135-l 37 ‘C (hexane); [a125~ = -14.0” (c = 1, CH2C12)] prepared by deoxygenation of its corresponding c1- 

hydroxy derivative 12a, when treated with 6N HCl in ethanol at reflux for 48h smoothly produced the 

pyrrolidinone 15a in 82% yield. Similarly, 14b [m.p. 122-123’C (hexane); [a12SD = -14.7” (c = 1, 

CH2C12)] produced 15b in 80% yield. On the other hand, compound 13a5 when oxidized to 16, uide supru, 

followed by Grignard addition and subsequent deoxygenation of the resulting carbinol gave 17 soley as the 

&-isomer. Treatment of 17 with 12N HCI in ethanol at reflux furnished the pyrrolidinone 18 in 90% yieldl8. 
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From the results reported here it is clear that these methodologies allow construction of the fully substituted 

pyrrolidinone framework in a completely stereocontrolled manner which could be extended to other p-lactams 

derived from N-Boc a-aminoimines via the Staudinger reaction. Further applications of this chemistry to the 

synthesis of natural products are underway in our laboratory. 
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