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which have been shown to produce inversion of con
figuration. It could not be established for any 
preparation of the chloride that no optical purity 
was lost; an attempt by our usual method of back
conversion in kinetically controlled bimolecular 
conditions (SN2) was frustrated by a large incursion 
of olefin formation (E2). The ( - )alcohol was con
verted, through its potassium salt and methyl iodide, 
into the (- )methyl ether, and, with the aid of acetic 
anhydride, into the ( - )acetate, reactions which leave 
untouched the asymmetric centre. It follows that the 
( - )alcohol, the (+)chloride, the ( - )methyl ether, 
and the (- )acetate have corresponding configura
tions. 

The hydrolysis of the chloride in 80 vol. per cent 
aqueous acetone was followed kinetically (k 1 at 60°, 
1·58 X 10-, sec.-1), and shown to be unimolecular; 
it could not be appreciably accelerated by added 
alkali. Under mildly alkaline conditions, the 
(- )chloride gave a (- )alcohol with 21 per cent of 
the optical activity of the original alcohol, and 
therefore at least 21 per cent of the activity which 
would have resulted from a completely non-racem
izing hydrolysis. The alcohol was shown to be 
optically stable under the conditions of its production. 

The alcoholysis of the chloride in anhydrous 
methyl alcohol was shown to be unimolecular (k 1 at 
60°, 2·74 X 10-' sec.-1 ), added sodium methoxide 
producing only a slight acceleration. Under mildly 
alkaline conditions, the ( - )chloride gave a ( - )ether 
with 34 per cent of the activity of ether prepared by 
methylation of the original alcohol, and therefore at 
least 34 per cent of the activity which would have 
resulted from a non-racemizing alcoholysis. The 
~ther was optically stable in the conditions of its 
production, though it was rapidly racemized in 
acidic methyl alcohol. 

The rotations indicated below (tX~
70

, Z = 10) were 
measured in the experiments mentioned : 

ROH (-0·63°)~-H~- RC! (-,-0•52°\~; ROH (-0·13°) 

K + Mel ,0 ~Nl 

R0Me1-2•03°) ROAc(-2•68°) \ ROMe(-0·70°) 

The symbol --o-+ indicates predominating inversion 
of configuration. It is satisfactory that excess of 
inversion is now realized in demonstrably pure SNl 
reactions. 
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Walden Inversion in the Acid Hydrolysis of 
Carboxylic Esters by Unimolecular Alkyl Fission 

ONE of the less thoroughly investigated of the 
seven mechanisms of carboxylic ester hydrolysis, 
which Day and Ingold listed and associated with 

observed or predicted structural, kinetic and stereo
chemical characteristics1, is the acid-catalysed, uni
molecular reaction involving alkyl-oxygen fission, 
-A"l as they labelled it, or AALl as we now prefer 
to write: 

fast + slow + fast 
R'CO.OR ~ R'.CO.OHR ~ R'C0 2H + R~ 

R C0 2H + ROH ... (AALl). 

This mechanism was expected to be easily realizable 
when R was a tertiary alkyl group. Having an optic
ally active tertiary alkyl acetate in our hands (see 
preceding note), it was an obvious task to set up the 
conditions for AALl hydrolysis, and to verify the 
stereochemical course of the process. 

The base-catalysed hydrolysis of methylethyliso
hexylcarbinyl acetate was first examined. The 
reaction with 0·02---0·04 N sodium hydroxide in 
64 vol. per cent aqueous dioxan had the kinetic form : 
rate = k, [ester] [OH] (with k 2 = 2·82 X 10-3 sec.-1 

gm.-mol.-1 l. at 90°). The alcohol produced had a 
retained configuration and 99 per cent of its original 
optical activity. Obviously this is the usual base
catalysed, bimolecular reaction with acyl-oxygen 
fission, BAa2: 

R'CO.OR--R'C(O)(OH).OR -
slow fast 

R'C0 2 +HOR . .. (B .. w2). 

The acid hydrolysis with 0·01-0·06 N hydrogen 
chloride in 70 vol. per cent aqueous acetone had the 

+ 
kinetic form: rate= k, [ester] [HJ (with k 2 = 
10·4 X 10-3 sec.-1 gm.-moI.-1 I. at 76·1°). Samples 
of alcohol recovered from hydrolyses with 0·02 N 
hydrogen chloride had predominantly inverted con
figurations, and 9-12 per cent of the maximal optical 
activity. It has to be taken into account that the 
alcohol itself undergoes racemization in these acid 
solutions. The rate of this process having been 
determined, it was computed that the alcohol, as 
freshly produced by hydrolysis, had about 19 per 
cent of its maximal activity. 

The following rotations (tX~
70

, l = 10) were 
measured in these experiments : 

ROH~ROAc {~ROH (-0·62°) 

(-0·63°) (-2·68°) JLRoH (+0·06°to+0·08°). 

Evidently the acid reaction is producing raccmization 
with some excess of inversion, as would be expected 
from the presumed mechanism and the general rules 
governing the stereochemistry of substitution. The 
smallness of the resulting activities shows that acid
catalysed bimolecular alkyl-fission (mechanism AAL2) 
is either absent, or present to only a small extent. 
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