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It has been shown that the  absolute configuration of the oxetan-2-one (1) is opposite to that of its hydrolysis 
product, S-( -)-malic acid (3). 

4-(Trichloromethyl)oxetan-2-one (1) is a key intermediate in 
the synthesis of both enantiomers of malic acid (3)' (Scheme 
1) .  Its primary acid-hydrolysis product, 4,4,4-trichloro-3- 
hydroxybutanoic acid (2) has been prepared and resolved as 
its optical isomers.2 The enantiomer of (2) having an [aI5&0 
value of 26.1 (c 1, acetone) was hydrolysed by McKenzie2 to 
yield S-( -)-malic acid (3), [aID20-28.6 (c 5.5, pyridine). 

Although the simplicity of this hydrolytic transformation 
might tempt us to assign the S-configuration to the trichloro- 
hydroxy acid (2), and by further extrapolation to the starting 
oxetan-2-one (l), this leads to the wrong answer. 

We have found that direct reduction of the oxetanone ( l ) ,  
[ c Y ] ~ ~ ~ ~ O  -15.6 (c 1, cyclohexane) leads to the trichlorodiol(4), 
[ 0 1 ] ~ ~ ~ 2 O  53.4 (c 1, EtOH) which can, by catalytic hydrogenoly- 
sis, be converted into butane-1,3-diol ( 5 ) ,  [aID20 30.1 (c 3, 
EtOH), whose absolute configuration is known to be S.3.4 

Furthermore, acid ethanolysis of the same oxetan-2-one, 
followed by catalytic hydrogenolysis, gives ethyl 3-hydroxybu- 
tanoate (7),  [(xID20 44.4 ( c  1.3, CHC13), whose absolute 
configuration is known to be S."i 

Applying priority rules to the different substituents on the 
chiral carbon atoms in the above two examples, one must 
conclude that, if no inversion has taken place during reactions 
leading to ( 5 )  or (7), the starting oxetan-2-one must have had 
the R configuration. 

These findings are in apparent contradiction with the fact 
that the oxetan-2-one yields S-( -)-malic acid (3) upon 
hydrolysis and must therefore have the S configuration. We 
have to conclude that inversion has taken place somewhere 
along the reaction path leading to ( 5 )  and (7) or that leading to 
(3). Since complete inversion at a chiral carbon bearing a 
hydroxy group during LiAlH4 reduction, acid ethanolysis, and 
acid hydrolysis of the oxetan-2-one, or during catalytic 
hydrogenolysis seems unlikely, we conclude that inversion has 
taken place during the basic hydrolysis of compound (2), 
leading to malic acid. For this inversion process we propose a 
double anchimeric assistance mechanism (Scheme 2). 

Treatment of (2) with aqueous base leads, after formation 
of the carboxylate anion, to the epoxide (8), with liberation of 
HCI. Thus, with the anchimeric assistance of the hydroxy 
group, one of the chlorine atoms is expelled from the 
molecule. The dichloroepoxide (8) is then ring opened by 
intramolecular backside attack of the carboxylate anion. This 
second case of anchimeric assistance leads to complete 
inversion at the chiral centre. The newly formed oxetanone (9) 
is hydrolysed further to malic acid, without involvement of the 
chiral centre. 

The formation of dichloroepoxides from trichloromethyl 
alcohols upon treatment with base is of course well documen- 
ted in the literature.6 In the case of 1,1,1,3,3,3- 
hexachloropropan-2-01, the epoxide is a stable compound and 
can be isolated in 74% yield.' However, since basic hydrolysis 
of chiral trichloromethyl alcohols, via dichloroepoxides, 
usually leads to considerable racemization,g this mechanism 
was rejected by us earlier. 

The importance of the OH group in the hydrolysis of acid 
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Scheme 1. i, 4 M HCI, reflux; ii, NaOH ( 5  equiv.), H 2 0 ,  room temp.; 
iii, LiAIH4, tetrahydrofuran, 0 "C; iv, Pd/C, MeOH, K?C.03, H2,  
3 atm.; v ,  HCI, EtOH, reflux. No absolute stereochemistry is implied. 
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Scheme 3. i, MeOH, HCL, reflux; ii, CF3C02H, ethyl vinyl ether, 
reflux; iii, 10% NaOH, reflux, 48 h. 

(2) is shown by comparison of the reaction sequence in 
Scheme 3 with the conversion (1)-+(2)-+(3), Scheme 1. Mild 
hydrolysis of acid (2) ( 5  equiv. NaOH, H20, room tempera- 
ture), prepared from oxetan-2-one [ ( x ] ~ ~ ~ ~ O  - 15.6 leads to 
S-( -)-malic acid in excellent yield (85-9Ooh). Methanolysis 
of the same oxetan-2-one to the methyl ester ( lo) ,  protection 
of the free hydroxy group with ethyl vinyl ether to give ( l l ) ,  
and subsequent hydrolysis under much more drastic condi- 
tions (48 h reflux, 10% NaOH) leads, after initial hydrolysis of 
the methyl ester, to the predominant formation of the 
R-(+)-malic acid (3) (R), among other products. 

The results presented above force us to propose a double 
anchimeric assistance mechanism ,9 to account for the com- 
plete inversion at the chiral centre. Moreover we have to 
conclude that the 4-(trichloromethyl)oxetan-2-one [01]57820 
-15.6, to which we initially' assigned the S configuration, has 
the R configuration. 
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