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THE rates of oxygem exchange and reacemisation of 4-methoxydiphemylmethamol
are the same in acidic aqueous dioxan of high water eontmt.’ But the
racemisation of 4-chlorodiphenylmethyl chloride is gemerally faster tham
substitution in solvents of low water content, presumably because
racemisation may occur in an ion-pair whick may ocollapse with intermal
return to a raceic reactsnt.® The displaced group in the acid catalysed
heterolysis of an alcohol initlally carries a formal positive charge,

and therefore the fragments in the hypothetical intermediate (I) eammot
be held together by the attraction of unlike charges:

+ + + +
FOH + § =By —= [R~---0H| =R + Hx
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1830 Racemisation of 4-methoxydiphenylmethanol No.26

The rate constants of racemisation, kgpy and of oxygen exchange,

kl, are ia the Table, and in solvents of low water content and acidity

TABLE
Rate oonstants of exchange and rae_-iqbaﬁon at 25.0%unless

specified.
Expt. No. | 1=4 | 56,910 n-137* |11
4 Doxan v/v] 98.0% 95.80 95.80 9.0 €0.0
[ncm.]n 0.0%0 0.105 0.200 0.101 0.101
10%, sec.? | 3,3 14,13 14,15 1.5,L3 0.82"
k_woc.?| 24,23 7.5¢ 7.0 17 1.5 o.80"
2 1500 W 0 q

kp/kg > 1. Uoon]sdoms'zructd.onlhidldwnldy.veeolploto

inversion of eoni:l.gm-d:l.on,8 both on structural grounds, and because
5/5‘ depends on the solvent composition (Ref. 1 and Table), and
ﬂimforo conclude that internal return is taking phco.t

The stereochemistry of the exchange will depend upon the life-
time of the carbonium ion intermediate (I), sand the time required for
the expelled water molecule to migrate from the molvation shell of the
oarborium ien and so lose its identity in the solvent. In aguecus

¥ ¢.K. Ingold, Structure and Mechanism is Orgamie Chemistry, Bell,

London, 1953y p+377.
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solvent the ion is captured by a water molecule attacking impartially
from frent or r-u-,' but in the drier solvents, where 53/5!> 1,
recapture must occur to some extent by the origimal water molecule
attacking impartially from either direction. (Recapture by the original
water molscule from the front will have neither stersochemical nor
isotoplc consequences, and specific capture by a solvent molecule from
the rear is improbable because of the behaviour in more aquecus sclvents).

The effects on k ‘/_k_ g 80 nov be understood, because as the
water content 13 decreased the expelled water molecule will be slower
to equllibriste with the relatively few water molecules of the solvemnt,
and the earbonium lon will lose its stereochemical idemtity, but rejoin
its original partner. (Expts. 1~10). But when the water content is
further decreased, or the water activity decreased by added acid,the
carbonium ion will be solvated predominantly by dioxan molecules. Then
the expelled water molecule will sgain equilibriate with the solvemnt,
and recapture of the carbonium ion will be stereochemieally mon-specifie,
amd k /& o> 1. (Expts. L1-13).

There is eond.deriblc kinetic evidence that “encumbered", rather
than free carbonium ions are intermediates in many acid catalysed
reactions of lleoholl,‘ and the intermediates which we discuss may be

L 3 »-
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regarded in this light. There is stereochemical and spectroscopic
evidence for the solvation of carbonium ions by oi!:e:-l.5

The rates of exchange and racemisation increase sharply with
decreasing water content of the solvent (Table and ref.l). This behaviour
is typical of acid eatalysed reactions, and the protonating power of the
medium, as measured by —H,, increases d.nilnly.‘
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