
J. Org. Chem. 1981,46, 3933-3934 3933 

Communications 
Asymmetric Synthesis of Hydroxy Carboxylic Acids 
Summary: Optically-active hydroxy carboxylic acids of 
the general formula RCHOH(CH2),C02H are prepared 
from optically-active propargyl alcohols. 

Sir: Optically-active hydroxy carboxylic acids are im- 
portant biological molecules as well as intermediates for 
organic synthesis. Conventional routes for the asymmetric 
synthesis of these compounds involve the asymmetric re- 
duction of ketones,' the use of chiral oxazolines,2 and al- 
dol-type ~ondensations.~ Although great strides have been 
made in these areas in specific cases, the methods suffer 
from the lack of generality and/or low enantiomeric in- 
duction. Herein we report general methods for the con- 
version of propargyl alcohols to optically-active hydroxy 
carboxylic acids in which the chiral hydroxy center may 
be placed at  any position in a linear aliphatic chain. 
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Optically-active propargyl alcohols of either configura- 
tion are readily available in high optical purity by asym- 
metric reduction of propargyl ketones with B-3-pinanyl- 
9-borabicyc10[3.3.l]nonane.~ While methods exist for the 

conversion of acetylenes to acids, applications of these 
methods to propargyl alcohols either result in low yields 
or interference by the hydroxyl group. We therefore 
sought to develop effective methods for converting either 
carbon of an acetylene to a carboxylic acid. 

It has been reported that terminal propargyl alcohols 
(R' = H) are oxidized to a-hydroxy carboxylic acids by 
potassium ~ermanganate .~ However our attempts to re- 
peat this reaction led to oxidation of the alcohol. Simple 
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protection of the alcohol as an acetate followed by oxida- 
tion by the method of Krapcho6 (3 equiv of potassium 
permanganate, acetic acid, 0 "C, 5 h) gave 2-acetoxy- 
heptanoic acid' in 92% yield. Deprotection (sodium hy- 

3 CHZNZ 

&COzCH3 

droxide/methanol, 25 "C, 12 h) gave the a-hydroxy acid 
which was recrystallized from hexane (mp 59.8-60.2 "C, 
lit.8 mp 61-61.6 "C). The acid was esterifiedg (diazo- 
methane) for analysis by NMR in the presence of the 
optically-active shift reagent tris[3-( (heptafluoropropy1)- 
hydroxymethylene)-d-camphorato]europium(III). None 
of the minor S enantiomer could be detected. Since the 
starting 1-octyn-3-01 was 92% enantiomerically pure, en- 
richment of the a-hydroxy carboxylic acid presumably 
occurred during recrystallization. 

The terminal carbon of an acetylene may be converted 
to an acid by conversion to a trimethylsilyl (Me3Si) acet- 
ylene followed by hydroboration with dicyclohexylborane 
(DCHBH) and oxidation.1° However, when O-tri- 
methylsilyl propargyl alcohols (R' = Me3Si) are subjected 
to the reaction, an elimination occurs to produce an a,& 
unsaturated acid.1° We have discovered that prior removal 
of the silyl group from the oxygen allows the sequence to 
occur without elimination, thus preserving the stereo- 
chemistry at C-3. The acid is obtained in 82 % yield from 
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the bis-trimethylsilylated product. The acid was converted 
to the methyl ester for NMR analysis, which revealed an 
86% enantiomeric purity." 

Through these two processes either carbon of a terminal 
acetylene may be converted into a carboxylic acid. The 
recent discovery that potassium 3-aminopropylamide 
(KAPA)12 isomerizes internal propargyl alcohols to ter- 
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minal acetylenes without racemi~ation'~ now provides a 
general route to optically-active hydroxy carboxylic acids 
in which the hydroxy center may be placed at any position 
in the aliphatic chain. Thus 5-dodecyn-7-01(78% ee) was 
converted to 7-hydroxydodecanoic acid14 through the 
trimethylsilyl acetylene in 76% yield. Analysis of the 
methyl ester with the NMR shift reagent revealed an en- 
antiomeric purity of 82% . I 5  

The reduction of propargyl ketones with B-3-pinanyl- 
9-borabicyclo[3,3,1]nonane generally proceeds in 74-100% 
ee. The limiting factor in obtaining high optical purity is 
usually the optical purity of the a-pinene.16 Methods exist 
for obtaining (+)- or (-)-a-pinene of essentially 100% 
optical purity." Alternatively, many a- and 0-hydroxy 
carboxylic acids may be enriched by simple recrystalliza- 
tion.Is 

These acids are useful intermediates for organic syn- 
thesis. For example, the dianion of &hydroxy esters may 
be alkylated with a very high degree of threo ~e1ectivity.l~ 

It should be noted that the relative configuration is the 
opposite of that obtained in most aldol-type condensa- 
t i o n ~ . ~  
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Evidence of Single Electron Transfer in the 
Reduction of Various Organic Substrates by 
Lithium Tetrakis( N-dihydropyridy1)aluminate 

Summary: Aromatic ketones, polynuclear hydrocarbons, 
and alkyl halides react wih LiAl(PyH), by a single electron 
transfer process. 

Sir: In the early 1 9 6 0 ' ~ ~  Lansbury and co-~orkersl-~ in- 
vestigated reactions of LiA1H4 dissolved in pyridine with 
organic substrates and made some unusual observations. 
Sometime later the same workers discovered that LiAlH4 
reacted with pyridine to form lithium tetrakis(N-di- 
hydropyridy1)aluminate (LDPA, I) as a result of LiA1H4 
attack on the pyridine ring4 (eq 1) and also found that 
LDPA was the responsible reducing agent when LiA1H4 
was allowed to react in pyridine. Further work by Lans- 
bury and co-workers demonstrated that the 1,2- or 1,4- 
hydrogens on the dihydropyridyl group were transferred 
to the organic substrate (e.g., ketone) via a polar mecha- 
nism during the course of reduction (eq 2). 

LI+ 

H 

H 

L ' 'J 

I 
I 

Fy + HCO- ( 2 )  

Recently, we demonstrated that simple and complex 
metal hydrides of the main group elements reduce certain 
aromatic ketones via a single electron transfer (SET) 
mechanism: although the mechanism of this reaction was 
also considered previously to be of a polar nature. In view 
of these recent findings, we decided to investigate the 
possible involvement of SET mechanisms in reactions of 
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