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Al~tracc Ancw mcthod for thc stcreosclective a-methylation of N-protected L-praline and L- 
pipecolinic acid esters is presented. The method consisted of electrochemical or'. 
methoxylation of the a.amino acid derivatives, the replacement of the a'-methoxy group 
with a phcnylthio group, a-methyl;aim, and reductive removal of the a'-pbenylthio group. 
successively. The intermediates in this method could be used for the preparation of optically 
active acyclic a-mcthylated wamino acids. Copyright © 1996 Elsevier Science Ltd 

In view of the biological importance of optically active (x-alkyl-a-amino acids, t organic chemists 

have targeted the synthesis of these compounds. Although some synthetic methods have been reported, 2 the 

development of new methods which ate characterized by the use of easily available starting compounds, 

convenient procedures and/or wide applicability is still very iroportant. We describe herein a new synthetic 

method of optically active a-roethylproline and (x-roethylpipecolinic acid starting from L-proline and L- 

pipecolinic acid or L-lysine. Scheme I shows our strategy which consists of the following steps: (1) a 

substituent Y is introduced into the a'-position of N-protected L-proline ester la  and L-pipecolinic acid ester 

lb  to give (x'-substituted (x-amino acid esters 2a,b, (2) a methyl group is stereo.selectively introduced to the 

(x-position of 2a,b under the influence of (x'-substituent Y to give a'-substituted (x-roethyl-(x-amino acid 

esters 3a,b, and (3) (x'-substituent Y of 3a,b is reductively removed to afford (x-methylproline and (x- 

methylpipecolinic acid esters 4a,b. 

( .CHz). (CHz) n (CHz). (CHz)n 

Z Z Z Z 

la ,b 2a,b 3a,b 4a,b 

a : n = l  b :n=2 

Scheme I Z = CO2Me 
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Wc t'~rst intended to introduce a methyl group into the 0t-position of N-methoxycarbonyl-L-prolin¢ 

methyl ester (la) using its ct'-methoxylated ester 2a since la has been known to be easily converted to 2a by 

electrochemical oxidation in methanol. 3 However, 2a was a mixture of stereoisomers (55/45) of which 

separation by column chromatography proved very difficult. Thus. the ot'-methoxy group of 2a was n~placed 

with a phenylthio group by the treatment of 2a with thiophenol in the presence of Lewis acid to give ct'- 

phenylthioproline ester 2a' which was also a mixture of stereoisomers c/s- and trans-2a' in a ratio of 55 to 45 

(75% yield) (eq I). Fortunately, each of these stereoisomers could be easily separated by column 

chromatography. The stereochemistry of cis- and trans-2a' was determined at the stage of a-methyl-L- and I>- 

prolines (5a and 5a') as described below. 

V ,', MeO-H Z"" Me BF:Et20 Z"" "Sl~ Z" , 
ether Z Z 

Z '"  Z 87% Z -78 QC. 1.5 hr cis-2a' trans-2a' 
la 2a 

75% 55 : 45 Z = CO2Me 

Isolated cis- and trans-2a' were deprotonated by LDA followed by t~atment with iodomethane to give 

the corresponding a-methylated derivatives 3a and 3a',  respectively (eqs 2 and 3). 4 The stereochemical 

relationship between the ~-methyl and ¢z'-phenyhhio groups in 3a and 3a' was suggested to be trans by NOE, 5 

indicating that the enolate intermediates generated from cis-2a' and trans-2a' were predominantly attacked by 

iodomethane from the direction opposite to the c¢-phenyithio group. 

The phenylthio group of 3a and 3a' was easily removed by the reaction with wibutyitin hydride to give 

4a and 4a', and the deprotection of 4a and 4a' was achieved by the reaction with iodotrimethylsilane to give 

¢x-methyI-L-proline 5a and (z-methyl-D-proline 5a' (eqs 2 and 3). 6 The enantiomeric excesses of 5a and Sa' 

wen: 88-89% and 85%, respectively. 

On the basis of the absolute stereocbemistry of the obtained 5a and 5a', the structures of 4a and 4a', 

of 3a and 3a', and of cis- and trans-2a' were identified as the assigned structures. 

c/s-2a' 
I )LDA i , , , . ~  I Bu3SnH M ; , , , . ~  Me3Sil M e ¢ . . ~  I (2) 

Me " S P h  benzene" CHCI3 : 
2) MCI= Z °C, 60 °C, 3 hr HO2C 

THF Z 85 I hr Z H 
-78 °C, 3 hr 3a 90% 4a 77% Sa 

85% 
Z = CO2Me 

trans-2a' benzcne CHCI3 H02C IiI 2) Me! Z ! Z t 
THF Z 85 *C, I hr Z 60 *C. 3 hr 

-78 °C, 3 hr 3a' 95% 4a' 82% 5a' 

89% 
Z = CO2Me 

(3) 
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Next. our method was applied to the preparation of optically active a-methylpipecolinic acid. 
Electrochemical oT, idation of L-pipecolinic acid derivative lb in methanol gave ct'-methoxypipecolinic acid 
ester 2b, which was also inexpensively obtainable from L-lysine derivative 6 through 7 by eleclzochemical 
oxidation (eq 4). s The replacement of the ¢x'-methoxy group of 2b with a phenyithio group was carried out by 
the procedure used from 2a to 2a' to afford ©t'-phenylthiopipecolinic acid ester 2b' in 78% yield. 

Z ~" MeOH Z"  OMe BF3,OEt2 SPh 
' Z Z 80% Z 78% 
lb 2b 2b' 

H~'-OH-I,,~ 47% from 6 

z z" Z=CO:Me Z ~ NH NHZ MeOH] 

6 7 

(4) 

In contrast with 2a', the compound 2b' gave only one spot on TLC under several conditions. 9 
Accordingly. it was subjected to the following c¢-methylation without further purification, ct-Methylation of 
2b' affording 3b was carried out under the reaction conditions similar to that of 2a'. The reductive removal of 
the ¢x'-phenyhhio group of 3b followed by the hydrolysis of 4b gave the desired $b in 84%ee (eq 5). t0 This 
result suggests that the ¢x'-position of 2b' might have exclusively an S-configuration. 

[ ~  1)LDA M ~ . ~ ,  B u 3 S n H ~ M c ~  Me3Si/ Me . ~ ' ~  

Z~'N"~SPh 2) Mel- SPh 90% Z" , 50% HO2C" 'N"  
Z 81% Z Z H 

2b' 3b 4b Sb 

Z=CO2Me 

(5) 

The advantage of our method is its applicability to the preparation of optically active acyclic a-methyl- 
a-amino acids utilizing ct'-phenylthiolated intermediates 3a,b. We found this time that 3a,b were easily 
converted to the corresponding ~'-hydroxy derivatives 8a,b by treatment with sodium periodate in acetonitrile 
containing 10% water. The reaction of 8a,b with ethoxycarbonylmethylenetriphenylphosphorane gave 

MeslCH2).- NaIO4Me.s~ H2)"-, Ph3P---'CHCO2Et 

~,,'~'N"@ = Z" N'~ 
/ ] SPh J OH 

Z Z 
3a, b 8a, b 

a: 90% 
b: 80% 

Me_ (CH2). H2 Me (CH2). 

Z" ] COxEt Z I CO2Et 
Z Z 

9a, b 10a, b 
a: 63% a: 85% 
b: 67% b: 80% 

Z=COxMc a: n=l b: n=2 
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unsaturated acyclic a-methyl-a-amino acid esters 9a,b and the hydrogenation of 9a,b afforded acyclic a-  
methyl-a-amino acid esters 10a,b (eq 6). 12 

In summary, we have disclosed a new method which is applicable to the preparation of the optically 
active a-methyl-L- and D-prolines (Sa and 5a'), a-methyl-L-pipecofinic acid Sb, and acyclic a-amino acid 
estcrs 9a,b and 10a,b from L-prolinc and L-pipecolinic acid or L-lysinc. Ftmhcr studies on more stcreosclcctive 
a-mcthylation and other a-alkylations arc under way. 
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