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Abstract: Addition of carbon nucleophiles to cyclic N-acyliminium salts chirally 
modified by various optically active pyrrolidines leads to highly enantioselective 
synthesis of 2-substituted pyrrolidines and piperidines. 

Nucleophilic addition to N-acyliminium salts is a useful organic reaction,1 which could be exploited if 

it were rendered enantioselective. From this point of view a number of chiral auxiliaries such as camphonic 

acid,* diphenylhydroxyethylamine, 3 1 -phenylethylamine,4 and phenylglycinols have been employed to do 

such, with some considerable success. Whereas optically active pyrrolidines have been used extensively as 

versatile chirai auxiliaries for substrate-controlled asymmetric synthesis,6 no attention has been paid to their 

use in enantioselective alkylation via nucleophilic addition to N-acyliminium salts. In this communication we 

describe addition of carbon nucleophiles to N-acyliminium salts chirally modified by various optically active 

pyrrolidines, leading to highly enantioselective synthesis of 2-substituted pyrrolidines and piperidines. 

Our strategy for the asymmetric synthesis of the 2-substituted saturated heterocycles 4 employs the 

cyclic imides 1 bearing a variety of the pyrrolidine chiral auxiliaries as summarized in Scheme 1. Conversion 

to cyclic N-acyliminium ions 2 followed by nucleophilic addition leads to asymmetric amidoalkylation to 

give 3. Subsequent reduction involving N-N bond cleavage results in the formation of the optically active 

heterocycles 4 as well as recovery of the chiral auxiliaries 5, the latter of which can be recycled via N- 

nitrosation (f-BuONO) and reduction (LiAIH4) to afford I. 
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Thus, we first investigated utilizing chiral pyrrolidines having Cz symmetry attached at nitrogen of the 

cyclic N-acyliminium ions 10. Installation of the chiral auxiliaries could be readily achieved according to 

Scheme I (7 + 1) by the reaction of the chiral trans-2,5-disubstituted I-aminopyrrolidines7 with the 

corresponding cyclic acid anhydrides (Ac20, NaOAc) to give the cyclic IV-(pyrrolidinyl)imides 8, which was 

converted to the N-acyliminium intermediates 10 via the methoxy lactams 9 by treatment with Lewis acid 

(BFs*EtzO) in CH2C12 at room temperature. Subsequent nucleophilic addition of the silyl enol ethers and 

allyltrimethylsilane to 10 led to amidoalkylation to afford a chromatographically separable mixture of the 

anri- and syn-hydrazides 11 and 12 in favor of the anti isomer 11; however, as shown in Table I, the 

diastereoselectivities obtained were modest to low. 

Table 1. Asymmetric amidoalkylation of cyclic N-(2.5disubstituted-pyrrolidin- 1 -yl)imides 8. 

8 9 10 11 (anti) 12 (WO 

entry 

compound (8) products (11 and 12) 

R n nucleophill R’b 11:12 ratio= yield. %d 

1 a Me I A a COAr 83:17 82 

2 b CHzOBn 1 A b COAr 78:22 80 

3 b CHzOBn 1 B C COPr 71:29 93 

4 b CHzOBn 1 C d CH=CHz 66~34 81 

5 C CHlOBn 2 C e CH=CHz 58~42 64 

OSh+3~ 

‘A = “a 3 
Oh+3 “Ar = C6H3-3,4-(OMeh. CIMermined by ‘H NMR. 
OMe 

“Isolated yield of diastereomeric mixture from 9. 

On the other hand, when the corresponding reactions were performed with the cyclic imides 13 under 

the same conditions employed above by using the various 2-substituted pyrrolidines as chiral auxiliaries, the 

remarkable enhancement of the diastereoselectivities for the syn-hydrazides 16 was observed (Table 2). 

wherein the sense of induction (anti vs. syn) was opposite to that observed for the cyclic imides 8 having the 

2,5-disubstituted pyrrolidine auxiliaries. As can be seen in entries 7-13, when the six-membered ring imides 

13e-g were employed, the syn selectivity was higher than that obtained in the five-membered ring imides 

13a-d (entries l-6). In particular, almost complete syn selectivities were obtained for the six-membered ring 

imide 13f possessing the isopropyl group (entries 9, IO). 

The absolute configurations of the newly induced asymmetric centers of the lactams 11 and 16 were 

determined by their chemical transformation into a natural alkaloid and an amino acid as outlined in Scheme 

2. Thus, lle and 161 were both converted to (+)-coniine (19) with boraneg via a simultaneous process 

involving reduction of the lactam carbonyl group and cleavage of the chiral auxiliaries 20. Alternatively, 
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Table 2. Asymmetric amidoalkylation of cyclic N-(2-substituted-pyrrolidin-I-yl)imides 13. 

& 1) vitride 
02)MecHI-o 

PR BF -EhO 
3 

OMe CH&tz 
TsOH=Py 

13 14 15 16 (svn) 17 (anfi) 

entry 

compound (13) products (16 and 17) 

R n nucleophil@ R’b 16:17 ratioc yield, %d 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

it 
C 

i 

d 
e 
e 
f 
f 

g 
g 
g 

Me 1 
i-Pr 1 
CHzOBn 1 
CH20Bn 1 
CHPhz I 
CHPhz 1 
Me 2 
Me 2 
i-Pr 2 
i-Pr 2 
CH20Bn 2 
CH20Bn 2 
CH20Bn 2 

A 
A 
C 
A 
A 
C 
A 
B 
A 
B 
A 
C 
B 

C 

d 
e 

f 
g 
h 
i 

j 
k 
I 
m 

COAr 89:ll 88 
COAr 96:4 90 
CH=CHz 84:16 94 
COAr 85:lS 95 
COAr 80:20 89 
CH=CHz 81:19 90 
COAr 95:s 70 

COPh 93:7 63 
COAr 299: 1 69 
COPh >99: I 65 
COAr 99:l 70 
CH=CH2 99:1 64 
COPh 96:4 68 

“A= me 

OMe 
bAr= &H3-3.4-IOMeh. ‘Determined by ‘H NMR. 

dlsolated yield of diastezomeric mixture from 14. 

treatment of 16m with borane provided the amino alcohol 21 as well as the chiral auxiliary 22, the former of 

which was then converted to N-Cbz-(R)-proline (24). The auxiliaries 20 and 22 recovered in these 

transformations without racemization can be recycled by the sequence outlined in Scheme I. 

The C2 symmetric pyrrolidines have proved to be advantageous and useful chit-al auxiliaries in 

substrate-controlled asymmetric synthesis.“h In the present cases, however, higher levels of 

diastereoselectivity were recognized using the monosubstituted pyrrolidines rather than the Cz symmetric 

disubstituted pyrrolidines. The difference in the degree of diastereoselectivity and the inversion of the 

chirality induction (anti to SJW), both arising from the chiral auxiliaries employed, lead to a rationalization for 

the observed asymmetric inductions as follows. 

High syn stereoselectivities leading to 16 during nucleophilic addition to the acyliminium ions 15 

containing the chiral monosubstituted pyrrolidines may be ascribed to the preferred transition conformer A 

(represented by a six-membered ring acyliminium ion), where the largest N-substituent (C-2) adopts a 

perpendicular position to the plane of the C=N double,bond due to a destabilizing Al.3 type interaction, and 

the ring methylene group (C-5) is placed syn to the sterically less demanding amide carbonyl group. Thus, in 

the conformer A the pyrrolidine nitrogen atom possesses the pyramidal stability and may constitute an 

asymmetric center. The antiperiplanar approach of the nucleophile then should preferentially occur from the 
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Scheme 2 

19 (+)-Coniina 20 
lie, R, = R2 = CH20Bn; R3 = H 

161. R, = R2 = H: R3 = CH#Bn 

Cbz 
22 24 NCbz-(I+proline 

. . 
16m H 

22 

a-face of A. providing the syn isomers 16. The alternative conformer A’ (leading to the nnti isomers 17). 

which arises from pyramidal inversion in the trivalent pyrrolidine nitrogen, however, should suffer from 

nonbonding interaction between the C-Z substituent (R) and the ring methylene group. On the other hand, in 

the case of the acyliminium ions 10 possessing the C+ymmetric pyrrolidines, the observed anti 

stereoselectivity is consistent with the conformer B. which, however, has destabilizing steric interaction due 

to the a-oriented R group on the pyrrolidine ring. Accordingly, the difference in the stability between B and 

B’ (leading to the syn isomers 12) is insufficient to induce high stereoselectivity. 

Further application of this asymmetric amidoalkylrtion to enantioselective chiral synthesis of natural 

alkaloids is under study. 
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