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Abstract 

The stereochemistry o f  the addition o f  the N-propionyl titanium enolates 2a and 2b to 5- and 6-membcred 2- 
ethoxycarbamates la - f  was investigated. The addition proceeded stereoseleetively to afford the corresponding 
(2S, l 'S)-2-subst i tu ted pyrrolidines as the major diastere~isomer. Despite the lack o f  reactivity between 2- 
ethoxypiperidine lb  and N-propionyl titanium enohtes 2a and 2b, less bulky carbamate groups on 2- 
ethoxypiperidines ld  and I f  restored reactivity and the corresponding 2-substituted piperidines were obtained 
in moderate to good yields although with poor diastereoselection. © 1999 Elsevier Science Ltd. All rights reserved. 
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Despite their limited distribution in Nature, [3-amino acids and their derivatives display 
relevant biological activity and are important building blocks for the construction of natural 
products, pharmaceutically active compounds and modified peptides with enhanced in vivo 
stability. Not surprisingly a number of methods for their enantioselective preparation are 
reported in the literature. ',2 Among the synthetic approaches, the addition of ehiral nucleophiles 
to imines stands as an attractive solution which has been particularly useful in the synthesis of 
chiral, non-racemic [~-lactams?.' Far less explored are methods for the preparation of cyclic ez,[3- 
disubstituted ~-amino acids and their derivatives. 

Nagao and coworkers first revealed that the addition of tin enolates derived from chiral 3- 
acyl-l,3-thiazolidine-2-thiones to 4-acetoxy-2-azetidinone, 5-acetoxy-2-pyrrolidinone and 6- 
acetoxy-2-piperidinone occured with high diastereoselection through a chelated six-membered 
transition state? The method also performed well when applied to N-methyl 5-acetoxy-2- 
pyrrolidinone but the stereoehemical outcome was different and an open transition state was 
proposed to account for the observed results.' 

During our studies on the stereochemistry of the addition of proehiral and chiral carbon 
nucleophiles to cyclic N-acyliminium ions' we have investigated the addition of boron and 
titanium enolates to N-Boe-2-ethoxypyrrolidine (la) and N-Boe-2-ethoxypiperidine (lb). Upon 
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addition of a CH2C12 solution of either 2-ethoxycarbamate la or lb to a previously formed 
solution of achiral titanium(IV) enolate 2a in CH2C12 at -23°C, a gradual fading of the deep 
burgundy color of the enolate solution was observed? Racemic 2-substituted pyrrolidine 3aa 
was isolated in 72% yield (3aa:4aa=14:l, Table 1), after column chromatography on silica gel 
(eq. 1). Surprisingly, the reaction did not proceed with 2-ethoxypiperidine lb even when the 
reaction mixture was allowed to stir at room temperature for several hours. 

~ N ~ O E t  ~ -N O ~ + " ~ y " N O  

R R Me 
R R1 = Ri 

la n=0, R=Boc 2=. Ri=H 3aa-3fl~ 4m.4~  
lb  n=l, R=Boc 2b Rl=Bn 
1¢ n=0, R=Cbz 
ld  n=l, R=Cbz 
I e n=0, R ~ e  
1 fn=l,  R=OOOMe 

(1) 

The diastereoselection observed in the formation of 3aa led us to examine the impact of 
chiral nucleophile 2b in the process. In the event, titanium enolate 2b afforded 2-substituted 
pyrrolidines 3ab/4ab in 80% yield as 9:1 mixture. The reaction of the boron enolates 
corresponding to 2a and ent-2b with la afforded (+)-3aa and ent-3ab, respectively, as a single 
diastereoisomer. The absolute configuration of ent-3ab was established by X-ray diffraction 
analysis as (2R, I'R) (Fig. 1).9 However, the proclivity to loose the Boc group depending on the 
batch of n-Bu2BOTf employed and the non-reproducible yields led us to routinely employ the 
corresponding titanium (IV) enolates. 

Basic hydrolysis of (-)-3ab and (+)-4ab (LiOH, H202, THF/H20, 0°C)afforded the 
corresponding optically pure ~-amino acids ([OqD -30,9 (C 4.1, CH2C12) and +71.1 (c 3.2, 
CHzCI2), respectively) in 92% and 90% yield, respectively, which were shown to be 

i 13 diastereoisomeric by H- and C-NMR spectroscopy. However, the absolute configuration of 
the minor isomer 4ab remains to be unambiguously established. 

Less bulky carbamate groups as in 2-ethoxypiperidines ld  and I f  promoted reaction with 
titanium enolates 2a and 2b and the corresponding 2-substituted piperidines were obtained in 
moderate to good yields but with poor diastereoselectivity (Table 1). In one case, the (2S, 1 'S) 
stereochemistry of the major stereoisomer (3db) was fkrmly established by X-ray diffraction 
analysis (Fig. 2). '° 

The reactions of the corresponding 2-ethoxypyrrolidines le and le with titanium enolates 2a 
and 2b were accompanied by some erosion of the diastereoisomeric ratio although with the 
same facial selection previously observed for la (Table 1). As an example, removal of the N- 
Boc group (CF3CO2H, CHECI2, 0°C) and N-protection with CICO2Bn or CICO2Me (K2CO3, 
acetone, rt) of a 9:1 mixture of 3ab/4ab afforded a 9:1 mixture of 3eb/4eb or 3eb/4eb, 
respectively. 
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Table 1 
Entry n R R1 Product Yield(3:4ratio)"b I 

1 0 Boc H 3aa:4aa 72% (14:1) 
2 1 Boc H 3ba:4ba --- 
3 0 Boc Bn 3ab:4ab 80% (9:1) c 
4 1 Boc Bn 3bb:4bb --- 
5 0 Cbz H 3ea:4ea 67% (6:1) 
6 1 Cbz H 3da:4da 50% (2:1) 
7 0 Cbz Bn 3cb:4cb 57% (4:1) 
8 1 Cbz Bn 3db:4db 50% (2:1) c 
9 0 COOMe H 3ea:4ea 36% (I0:1) 
10 1 COOMe H 3fa:4fa 70% (1:1) ¢ 
11 0 COOMe Bn 3eb:4eb 50% (5:1) 
12 1 COOMe Bn 3fb:4fb 61% (2:1) 

" Diastereoisomerie ratio was determined in the crude mixture by 1H-NMR spectroscopy (300 MHz) in 
CDC13 at 50°C; b Yields are reported after purification of the crude mixture by column chromatography; 
¢Diastereoisomers separated by flash chromatography. 

The preference for the l k  t o p o l o g y "  observed in the reactions involving la  and the lack of 
reactivity displayed by lb  were ascribed to the steric hindrance between methylene groups in 
the half-chair conformation of  the N-acyliminium ion corresponding to l b  and the methyl group 
in 2b during an antiperiplanar approach (see A, Scheme 1) which is partially relieved in the 
reactions involving the more flattened N-acyliminum ion derived from la. 
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A synclinal approach as depicted in B would be prevented in the reactions involving la  and 
lb  due to the steric interactions between the Boc group and the oxazolidinone ring but would 
account for the formation of  the major stereoisomer in the reactions of  2-ethoxypiperidines ld  
and If. The decrease of  the spatial requirements of  the carbamate group in le  and le  would 
also allow the participation of  a u l  topology such as that depicted in C thus accounting for the 
lower diastereoselection observed in their reactions with 2a and 2b. 
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In summary, we have shown that the reactivity and the levels of  diastereoselection in the 
reaction of N-carbamoyl-2-ethoxypyrrolidines and N-carbamoyl-2-ethoxypiperidines are 
modulated by the nature of the carbamate group. Chiral non-racemic 2-substituted pyrrolidine 
3ab was prepared in good yield and diastereoselection through the addition of chiral titanium 
enolate 2b to N-Boc-2-ethoxypyrrolidine la, providing a ready access to the corresponding 
13-amino acids. The application of this methodology ~2 to the asymmetric synthesis of alkaloids 
and pharmacologically active piperidines is under investigation. 
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