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Abstract: (RJ-Pantolactone esters of racemic ol-bromo acids react with amines to give a-amino esters 

having the (SJ-configuration at the u-carbon in yields which are considerably greater than the 50% 

expected on the basis of a simple S& displacement reaction. 

Recently we reported the syntheses of optically active u-halo esters 1 via trapping of a-halogenated 

ketenes with (R)-pantolactone’2.1 We have also shown that the halide atom could be displaced with the 

expected inversion of configuration using nucleophiles such as N3- 1 and PhCOS-.2 

)JX;+_j HO? R+$ 

We envisaged that the reaction of a-iodo ester 3 (obtained in a 6:l diasteteomeric ratio via the above 

method) with benzylamine would lead mainly to the (RI-pantoIactone ester of (RI-N-benzylproline via an 

SN2 displacement of both the a-iodo and *bromine atom. 

HO H 0 

Rr~O+$o z;z * $+Hq&O 

Ph 

3 4 

In the event, reaction of 3 ( dr-6: 11 with benzylamine in THF for 2 days afforded in about 70% yield, a 

5:l mixture of proline esters in which the (S,R) diastereomer 4 and not the expected (R.R) diastereomer 

predominated.3 Similar treatment of a 1: 1 diastereomeric mixture of 3 4 also gave predominantly 4 but with 

a better diastereomeric ratio of 7:l. Recrystallization of the crude product from the latter reaction gave 

diastereomerically pure 4 (300 MHz ‘H NMR) in 61% ioslated yield.5 

Since the product 4 was configurationally stable under the reaction condition@, epimerization of 3 at 

the a-position must occur prior to the displacement of iodide by the amino group. The surprising aspect of 
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this reaction is that the (R)-2-iodo isomer of 3 must react significantly faster than the 2-(S)-isomer. The 

greater than 50% yield of the (S)-proline ester 4 is made possible by replenishing the faster reacting isomer 

via bromide or iodide ion catalysis. The following equation is operative. 

(S,R)-Proline ester 4- 
I-orBi , 

pbTb;m2 2-(R)-3 \ 2-(S)-3 
PhCH2NH2 

f-1 very slow ) (R,R)-Probe ester 4 

The predominant 2-(S)-stereochemistry was verified by reducing pure 4 (LiAlH, in THF at rt for 12 hrs) to 

the known (S)-1-benzyl-2- pyrrolidinemethanol 5 (80% yield, [al”, -54.3’ (c 0.78, CHCls), lit.’ [a]“u 

-59.50). 

The above ring closure reaction is not restricted to benzylamine as the amine source. For example, 

reaction of 3 (dr 1:l) with 1-aminohexane resulted in a 51% isolated yield of a 7:l mixture of the 

N-hexylproline analog 6. Reduction of the mixture gave the known (S)-1-hexyl-2-pyrrolidinemethanol 7 

(83% yield, [a]22D -37.90 (c 0.78, CICH2CH2Cl), lit.’ [a]22D -53.5“). 

R 
4 R=Benzyl - 5 R=Betuyl 
6 Rsn-Hexyl 1 R= n-Aexyl 

Cyclisation of the 2-iodod-bromo derivative 8 (dr = 1:l) with benzylamine gave the (R)-pantolactone 

ester of (S)-pipecolinic acid 9 in a diastereomeric ratio of 1O:l. The minor isomer was removed by 

chromatography of the crude reaction mixture (15% ethyl acetateihexanes as eluent), giving pure 9 in 60% 

isolated yield. 

OH0 

8 
Displacement of bromide from the pantolactone esters of racemic a-bromophenylacetic acid gave even 

more impressive results Thus reaction of 10 and benzylamine afforded a IO:1 mixture of diastereomers 11 

in 77% isolated yield. Use of the sterically more demanding dibenzylamine and p-methoxyaniline gave 12 

and 13 as single diastereomerss in 70 and 75% isolated yields. 

OH0 
Ph R’NH2 or R’2NHl [CH3(CH2)514NI 

(Et)3N/THF, room temp, 2 days 
13 R= NH(p-methoxyphenyl) 

Other non-cyclic a-amino esters could also be prepared with good diastereoselectivities. For example, 

reaction of the diastereomeric mixture (4:5) of the bromide 14 afforded in 70% isolated yield, a 7: 1 mixture 

of the 2-N-benzylaminobutanoic esters 15. 
0 HO HO H 0 

PhCH2NH2 I [CH2(CH2)&NI 

(Et)$Jfl’HF, room temp, 2 days 
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The diastereomeric ratio of product 15 was also found to be dependent on the starting ratio in the bromide 

14. In the absence of tetra-n-hexylammonium iodide, an 11:l (SRiRR) mixture of 14 gave a 1:2 (SR/RR) 

ratio of 15 while a 45 (SRRR) mixture of 14 gave a 7:l (SRRR) mixture of 15. These results suggested 

that the rate of epimerization of 14 at C-2, catalysed by the Br- which is released as the amino ester 

formation progresses, is comparable to the amino ester formation. The epimerization at C-2 can be 

facilitated by the addition of catalytic amounts (usually 0.2 molar equivalent) of tetraalkylammonium iodide 

to the reaction mixture9 This serves to convert the slower reacting 2-(S)-bromo isomer into the faster 

reacting 2-(R)-isomer. The predominant (S)-stereochemistry of the acyclic amino esters were verified by 

first reducing 15 (7:l mixtures) to (S)-2-(N-benzylamino)-I-butanol16 (LiAlH, ln THF at room temp for 12 

hrs, 90% yield, [alzaD +21.5’ (c 0.83. CHaCl,). The N-benzyl group of 16 was then removed under standard 

conditions &/Pd/C, MeOWAcOH (98:2) at room temp for 24 hrs) giving the known (S)-2-amino-1-butanol 

17 (54%. [a]**u +6.1° (c 0.88, MeOH ).l” 

The above results indicate considerable potential for efficient syntheses of both common and unusual 

o~ticallv active a-amino acids utilizing racemic a-halo acids as starting materials. . - 
0 0 0 - 0 

R R 
OH- OR* - OR* - OH 

ir Br NH, 
oae dIetercomer one cnailliolna 

There exist a variety of excellent routes to optically active a-amino acids ranging from resolution of 

racemic a-amino acids, enzymatic resolution of a-amino esters, asymmetric hydrogenations, a variety of 

methods for introduction of electrophilic nitrogen via chiral ester enolates, reaction of the same enolates 

with halogens followed by nucleophilic displacement with Ns-, and alkylation of chiial a-amino- and imino 

ester enolates.” The present methodology is conceptually different. It makes use of the significant 

differences in the rate of displacement of bromine or iodine from diastereomeric a-halo esters. The 

advantages this method has over the other conceptually similar methodologies, (i.e. the kinetic resolution of 

racemic a-amino- or a-halo esters by enzymes) is that the slower reacting diastereomer is converted into the 

faster reacting isomer under the reaction conditions. l2 Thus, the maximum yield of the optically pure 

a-amino esters obtainable by the present methodology starting from a racemic precursor is a 100% rather 

than 50%. 

A comparison with four other optically active alcohols as chiral auxiliaries indicated that the 

pantolactone auxiliary has unique properties which gave the best diastereoseletivities in the formation of 

both cyclic and acylic a-amino esters. Thus, replacement of the (R)-pantolactone moiety in 14 by 

(S)-methyl lactate, (R)-methyl mandelate, diacetone glucose or (R,R)-trans-2-phenylcyclohexanol resulted 

in the formation of the expected 2-N-benzylaminobutanoic esters, but with lower diastereoselectivities than 

that observed with 14 (see table 1). 

At this stage, we feel that speculations concerning the masons for the remarkable rate differences with 

the various diastereomeric pantolactone esters are premature. We are continuing to study this aspect by 

examining other auxiliaries and applying this methodology to the synthesis of interesting and important 

optically active a-amino acids. 
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