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Summary Addition of the carbanion of (-)-1-chlorobutyl ptolyl sulfoxide 

to aldehydes gave two adducts, which were converted to both enantiomers of 

a-hydroxycarboxylic esters or amides in two steps in high overall yields. 

Much attention has been focused on asymmetric synthesis in modern 

synthetic organic chemistry and various kinds of chiral auxlllarles have been 

developed. 1 The use of optically active sulfoxldes in asymmetric synthesis 

Is relatively recent’ and these fascinating chiral auxiliaries have not yet 

been put to full use in asymmetric synthesis. 

Recently, we reported a novel synthesis of optically active epoxldes and 

asiridines using optically active 1-chloroalkyl ptolyl sulfoxides.’ In 

continuation of our studies on the use of optically active 1-chloroalkyl 

p-to1y1 sulfoxides in asymmetric synthesis, here we describe a novel 

synthesis of both enantiomers of a-hydroxycarboxyllc esters and amides from 

(-)-1-chlorobutyl ptolyl sulfoxide 1 and aldehydes (Scheme 1). 

A representative example of this method is described below using 

hydrocinnamaldehyde 2a as the aldehyde. Treatment of (-)-1-chlorobutyl 

p-tolyl sulfoxide 1 (over 98% 88). with LDA in THF at -55 ‘C followed by 2a 

afforded two products, which were easily separated by flash chromatography’ 

to give the less polar adduct 3a and the more polar adduct la in 42% and 49% 

yields, respectively (3a: CalA -59.0” (C 0.8, acetone); la: [a]$” -157.8O (C 

0.8, acetone)). The absolute stereochemistry of 3a and 4a was deduced as 

shown in Scheme 1 based on the experience gained from the study with 

a,B-epoxy sulfoxides,” and it was later verified. 

Thermal elimination of the sulfinyl group in 3a and 4a in refluxing 

xylene under lo for 10 to 15 min afforded cleanly the desired vinylchloride 

(E/Z mixture) 5a and 7a in 62% and 92 % yields, respectively (5a: [a]&’ 

+11.7” (C 1.5, acetone); 7a: [al&” -16.2” (C 1.0, acetone)). Osonolysis of 

5a in EtOH at -65 OC followed by reductive workup (NerS), then stirring at 

room temperature for 1 h gave ethyl (R)-2-hydroxy-4-phenylbutyrate (6a: 

X=OEt) In 88% yield as a colorless oil. The specific rotation of 6a (X=OEt; 

Calk5 -21.1’ (C 1 .O, CHCl,) was in consistent with that of the reported value 

([al&” -21.6” (C! 1.2, CHClt)“‘; [a]fj5 -22.1’ (C 1.0, CHCl,)ab). The similar 

3567 



:r,, ii 1) LDA 

Tol+HCl > 

CH2CH2CH3 
2) RCHO 2 

1 a R= CH2CH2Ph 

b R= (CH2)8CH3 

H 
140 OC CH3CH2 OH 

3- 
xylene 

%+ 
,,\\R 

Cl H 
5 

H 
CH3CH2 OH 0 H 

4- 
-ec 

,**\H 
'%C 

,$l%H 

Cl R X R 

03/R'OH/Me2S 0 OH 

or 03/CH2C12 
sJ-( 

,u*'R 
X H 

6 
Re2S, R;NH 

7 X= R'O or R;N 8 

Scheme 1 

treatment of 7a gave (Sl-enantiomer 8a (X=OEt; [al&’ +21.3“ (C 1.1, CHClr)) 

in 90% yield. 

One can imagine that the intermediate of the osonolysis of the 

vinylchloride must be an acylchloride. Actually, treatment of 5a with O1 in 

dry CH,Clr at -65 'C followed by MenS and piperidine gave optically active 

amide (6a: X=N(CHljs) in 89% yield (CUIL’ +7.3O (C 1.0, CHClr)). The 

similar treatment of 7a gave the enantiomer (8a: X=N(CA~)B; Cali -7.5" (C 

1.6, CHClr) in 83% yield. 

One problem of this method Is the selectivity of the reaction of 1 with 

aldehydes; however, ,it was solved by the stereoselective reduction of the 

8-keto sulfoxide' 9 which was obtained from 3a or Ia by Swern oxidation 

Swern oxid. 
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(Scheme 2). If one needs (R)-enantiomer 6a, undesired la is oxidized to 

the B-keto sulf oxide 9 and then it Is selectively reduced with 

dilsobutylaluminum hydride (DIBAL-H) in ether at low temperature to give 3a 

in 88 % yield. The reduction of 9 with NaBW. in EtOH at -60 ‘C gave 

predominately the other Isomer la; however, the selectivity was shown to be 

much lower than that with DIBAL-H. Representative results obtained by this 

method are summarieed in Table 1. 

As the asymmetric synthesis of the a-hydroxycarboxylic esters and amides 

is quite fewa the method presented above becomes one of the most useful way 

for obtaining them in high enantlomerlc excess. 

Table 1. Synthesis of Chiral a-Hydroxy Carboxylic Esters and Amides from 

Vinylchlorides 5 and z 

R 3 or 1 (Yield/%)a) R'OH or RiNIi Ij_ or a (Yield/%)b) [al,,, degc) 

CH2CH2Ph 5a (82) - 

7a (92) 

5a - 

7a - 

5a 

7a 

5a - 

7a - 

(CH2)8CH3 a (88) 

7b (90) - 

112 

7b - 

EtOH 

EtOH 

MeOH 

MeOH 

piperidine 

piperidine 

Et2NH 

Et2NH 

MeOH 

MeOH 

piperidine 

piperidine 

& (89) 

8a (83) - 

6a (76) 

8a (74) - 

6b (95) - 

Bb (94) 

+21.3 

-32.5 

+30.9 

+7.3 

-7.5 

+16.9 

-17.3 

-9.8 

+9.6 

+a.7 

-8.2 

a) The yields in the thermal elimination of the sulfinyl group of 2 and 4. 

b) The yields in the ozonolysis of 2 or L in alcohol or CH2C12. 

c) All specific rotations were measured in CHC13 at 25 "C. 
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It is worth noting that in this method (-)-1-chlorobutyl ptolyl 

sulfoxide 1 acts as a chlral auxiliary and also as an alkoxycarbonyl anion 

and a dialkylformamide anion equivalent.* 

This work was supported by the Grant-In-Aid for Scientific Research (No. 

01571168) from the Ministry of Education, which Is gratefully acknoledged. 
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