
Tcmhedmn Lams. Vol.31. No.7. pi 977-980,199O 

PIiUtCdinGfUtBfith 

oo4o-4o39#0 53.00 + 1x) 

Peqmm Pms ptc 

ASYMMETRIC SYNTHES IS WITH CHIRAL fbLACTAMS. 
HIGHLY STEREOSELECTIVE ALKYLATION AND ALDOL REACTION OF 

A CHIRtL 3-AMINO-4.STYRYL-P-LACTAM. 

Iwao Ojitna* and Yazhong Pei 

Department of Chemistry, State University of New York at Stony Brook, 

Stony Brook, New York I1 794 

SU 7 * Extremely stereoselective al~lation and aldol reaction of enantiomerically pure 3-amino- 
I-styryl- hctams and an application to the asymmetric sytuhesis of a$-diamino acid and alcohol are 
described. Possible mechanisms for these reactions are proposed. 

Significance of non-protein amino acids has recently been recognized in connection with design and 

synthesis of enzyme inhibitors as potential pharmaceutical drug, and for the study of enzymic reaction mecha- 

nisms. ’ These compotmds am also important as fragments of peptide hormone analogues, and components of 

naturally occuning glycosphingolipids and antibiotics. 2 We have been applying our klactam - based synthetic 

method, “B-Lactam Synthon Method” to the asymmetric synthesis of various non-protein amino acids and dipep- 

tides containing non-protein amino acid residues? Since the original “p-Lactam Synthon Method” is applicable 

only to the synthesis of cuom(ltic amino acids and peptides containing them by using selective N&Ar) bond 

cleavage, we started the expansion of this method to the asymmetric synthesis of non-aromatic amino acids by 

using N-C(O) cleavage reactions of p-lactam skeleton after necessary stereoselective modifications. We have 

also been developing a variety of highly stemoselective reactions by exploiting the sterically and electronically 

unique structure of p-lactam skeleton. We describe here our preliminary results on extremely stereoselective 

alkylation and aldol reaction of 3-amino4stytyE&lactams, and an application to the asymmetric synthesis of 

a,&diamino acid and alcohol. 

First, we carried out the asymmetric alkylation of (3S,4R)-l-benzyl-3-[(S)-4-phenyloxazolidinyl]-4- 

styrylazetidin-Zone (1)4 at C3 with methyl iodide (at -lfKl°C) and ally1 bromide (at -78OC) following the 

previously reported ‘Type 1” alkylation of chiral P_lactam enolates3b4 The electrophiles attacked from the 

backside of 4-styryl group to give the cotresponding alkylated ~lactams, (3S,4R)-3-methyl-l(2a) and (3S,4R)- 

3-allyl-la (2b). in 95% and 82% yields, respectively (eq. 1).5 The stereoselectivity of methylation was 98% 

d.e. at -lOO°C and that of allylation was >99% de. on the basis of lH NMR analysis. The stereochemistry at 

C3 was unambiguously continned by NOESY. 
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The 3-methyl-P-lactam (2a) was further converted to optically pure (2S,3R)-2,3-diamino-2-methyl-5- 

phenylpentanoic acid (4) and (3S,4R)-2,3dlamino-2-methyl-J-phenyl-l-pentanol(5) in high yields, through the 

optically pure p+lactam 3a (Scheme 1).6 
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Since a variety of substituents can be introduced to the C4 position of P_lactams 1 and 2, these highly 

stereoselective reactions will provide efficient and convenient routes to various optically pure diamino acids and 

diamino alcohols, which are useful intermediates for the synthesis of enzyme inhibitors, modified peptides, 

chiral macrocycles, and chiral ligands or reagents for asymmetric synthesis. 

Next, we investigated aldol reaction of 1, which would create two chiial centers at the C3 of the p- 

lactam and at its side chain. The approach of these aldehydes should be from the opposite side of the C4 styryl 

group, but the stereochemistry at the side chain and the stereoselectivity of the reaction were not easily predict- 

able. It was found that the reactions of 1 with 2-methylpropanal. butanal, and 3-methylbutanal, proceeded in 

high chemical yields to give (3S,4R)-3-(l’-hydroxyalkyl)-P-lactams (6) with >99% d.e. (eq. 2).7 

LHMDS 

RCHO 
THF, -100°C 

Ph 6 

(2) 

4 R = W+j)i?X S9%d.e. (99%) 

b. R - CH$ZH2CH2, >99% da. (92%) 

c, R I (CH@3iCH2. ~99% da. (95%) 

In order to determine the absolute configuration of the newly formed chiral center at the side chain, the 

P-lactam 6a (R = i-P@ was converted to a novel spim-p-lactam (UkQ8 via hydrogenation, modified Birch reduc- 

tion, and cyclization as shown in Scheme 2. The stereochemistry of 1Oa was unambiguously determined on the 

basis of 2D NMR analysis, viz., the NOESY spectrum of 1Oa clearly showed that the isopropyl group at C?’ of 

oxazolidinone moiety was in the opposite side of the hydrogen at C! (8 3.52 ppm) of the P-lactam moiety since 

no appreciable NOE was observed between these two, and an NOE was observed between the C4’-hydrogen (6 

4.29 ppm) of oxazolidinone moiety and the &hydrogen of klactam moiety-. Consequently, the configuration 

at the newly formed chiral center (Cl’) at the side chain of 6a was unambiguously determined to be R12. 
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We also looked at the participation of the chit-al 4-phenyloxazolidinone moiety in asymmetric induction. 

Thus, J3-lactam 1 was converted to 3-amino-p-lactam 11 through hydrogenation and modified Birch reduction, 

and then to 3-imino-p-lactam 12. The aldol reaction of 12 with 3methylpropanal in a manner similar to that for 

the formation of 6, gave the (3&4R,I’S)-3-( l’-hydroxy-2’-methyl)propyl-P-lactam Sb in 83% yield with 90% 

d.e. (Scheme 3).9 The stereochemistry at Cl’ was determined by converting Sb to the spirobicyclic klactam 

lOblo followed by the NOESY analysis of lob, viz., very strong NOE was observed between one of the meth- 

yls of the isopropyl group at C4’ of oxazolidinone moiety and the C4-hydrogen (6 4.04 ppm) of p-lactam 

moiety, and no appreciable NOE was detected between the C4’-hydrogen and the C?-hydrogen, which clearly 

indicated that the newly formed chiral center (Cl’) of 8b was S. 
0 
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Accordingly, it is found that (i) the P-lactams. 1 and 12. give opposite configurations at the newly 

formed chiral centers (Cl’) at the side chain, and (ii) simple b-lactam skeleton such as 12 possesses relatively 

high stereogenecity (90% d.e.) in this aldol reaction. Possible mechanisms which can accommodate these find- 

ings are proposed in Scheme 4. In the Newman projections of the cyclic transition states for the aldol reaction 

of 2-methylpmpanal with lithium J3-lactam enolates, the top position is the least hindered in the case of 12, and 

thus bulky isopropyl group takes this position to give S configuration , whereas the top position is very crowded 

in the case of 1 because of the 4-phenyl group of oxazolidinone moiety directing toward this top position, and 

thus the isopropyl group can no longer occupy this position to give R contlguration. 

Further studies on the applications of these highly stereoselective alkylation and aldol reaction to the 

asymmetric synthesis of a variety of non-protein amino acids as well as amino-sugars am actively in progress. 



980 

Scheme 4 
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