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Abstract: Mesylates or tosylates of 8-hydroxy-L-norvaline esters spontaneously afford L-proline esters upon 
exposure to aqueous buffer in near quantitative yield. This novel reaction has led to the development of  a simple 
route to optically active proline esters. © 1999 Elsevier Science Ltd. All rights reserved. 

Proline, first made in 1900 by Wilst~itter 1 has been synthesized numerous times. 2'3 The simplest and 

most utilized routes toward synthetic proline involve formation of the N to C5 bond and use chiral starting 

materials from the readily available glutamic and pyroglutamic acid families. 4-7 The most common example of 

this bond formation is the 5-exo cyclization of nitrogen to displace a 5-leaving group in norvaline. First 

pioneered by Pravda and Rudinger in 1955, 8 improvements continue to appear in the literature. 9-17 Despite these 

efforts, the need still exists for a mild and convenient synthesis of proline esters and unnatural analogs. 

We have found that mesylates and tosylates of ~-hydroxynorvaline esters l a - e  in aqueous buffer 

spontaneously cyclize to proline esters 2a-c in high yield ls'19 as shown in Scheme 1. To our knowledge, this 

cyclization in aqueous media to proline derivatives has not been previously reported. The high yield, rapid rate, 

and mild conditions of this novel reaction make it extremely attractive as a "green" alternative to existing 

procedures. Herein we report this general methodology to cyclic amino acids through the synthesis of 

L-proline benzyl ester (2a). 

S c h e m e  1. 
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l a ,  R = CH 3 R' =Bn 
l b ,  R = 4-CH3C6H 4 R' =Bn 
lc,  R = 4-CH3C6H 4 R' =Ph 

2a-c  
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Currently, conversion of  3 to 4 (Scheme 2) typically requires treatment with strong base (Nail l°'ll or 

NaOEt/EtOH 12) with yields ranging from 20-85%. Madou, et al)3 have reported a mild variant with the 

terminal iodide under anhydrous conditions (Na2CO3, MeOH, 24 h, 90%) though due to transesterification these 

conditions are only suitable for preparation of methyl esters. 14 However, all these methods still require 

subsequent deprotection to afford the free proline ester. 

Scheme 2. 

X . ~ . / ~ C O 2  R . ~ C O 2  R ~. I ~ C O 2 R  
NHR' R' H 

3 4 5 

X = CI, Br, I, OMs, OTos 

There have been only two reports of N-substituted-8-halonorvaline cyclizations to the corresponding 

proline ester freebase, both of which were performed under anhydrous conditions. Joucla et al.4.15 noted that the 

phenylmethyl imine of  6-chloronorvaline methyl ester cyclized to proline methyl ester (0.6 equiv NaI, THF, 

ovemight reflux, 60%), albeit in low yield. More significant is the report in 1995 by Baldwin et al. 16 (Scheme 3) 

that upon removal of  the Fmoc group, 6 subsequently underwent cyclization to 7. Our report complements this 

research by allowing isolation of 1. 

CO2CHPh2 a ~ O2cHPh2 

Br. v ...~CO2Me A J~ . ~ ~Nf "CO2Me 
NHFmoc H 

6 7 

Scheme 3. Reagents  and  Conditions: (a) piperidine, DMF, 45 min, >90% (not isolated). 

Our short route, shown in Scheme 4, started either with reduction of the benzyl ester of N-Boc- 

pyroglutamic acid (8) 20 (Eq. 1, 92%) 1° or reduction of the 8-acid of N-Boc-L-glutamic acid-ct-benzyl ester (9) 21 

(Eq. 2, 77%), which afforded alcohol 10. 22 The latter reaction was performed by esterification of 9 to 

N-hydroxysuccinimide ester 1193 followed by selective reduction with NaBH4. 24 Importantly, the reductions 

were racemization-free and neither require anhydrous conditions. Preparation of the mesylate 12 according to 

standard procedures 25"26 and removal of the Boc group 27 afforded near quantitative yield of la  (>99%). The key 

step of  our sequence involves brief exposure of la to a TEACO3 buffer, 28 lyophilization, and elution through 

silica to remove salts. Acidification (HCI in dioxane) and recrystallization from absolute ethanol provided 2a as 

fine colorless crystals of  the HC1 salt (95%, [ct]D -37.8 ° (c I, ethanol). 29 
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Scheme 4. Reagents and Conditions: (a) NaBH4, 4:I-MeOH:H20, KHzPO4, 1.5 h, 0 °C, 92%; (b) SuOH, EDC, 
CHzC12, 92%; (c) NaBH4, THF, 24 h, 4 °C, 84%; (d) MsC1, TEA, CH2C12, 3 h, -20 °C, 99%; (e) TFA, CH2C12, 
3 h, room temperature, 99%; (f) TEACO3 buffer (pH 8.4), 10% DMF, 5 min, room temperature, 96%. 

In conclusion, an efficient method of obtaining proline esters has been developed. The methodology 

features inexpensive starting materials, a selective reduction and a mild cyclization reaction under aqueous 

conditions. Additionally, the prospect of using this methodology for solid-phase synthesis of imino acid 

terminated libraries is promising. Based on these features we believe this scheme will be applicable to the 

synthesis of  a variety of natural and unnatural proline derivatives. 
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