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Anchimeric assistance in ester hydrolysis is well charaotori-cdl'z).
An sliphatic hydroxyl group located in close proximity to an ester bond is
known to facilitate alkaline hydrolysis. In regard to the mechanism of the
above facilitation, Henbest and Love113) favoured a hydroéon bonded struocture
involving the ether oxygen as important in the hydrolysis of cyclohexane-l,3-
diol monoacetates. This problem was further investigated by Bruice and rito"
who examined the )C=0 and -OH group IR absorptions as well as the rates of alke-
line hydrolysis of a number of cyclopentane and norbornane aceiates and diol
monoacetates., The increased rates of hydrolysis of cyclopentyl or exo-2-nor-
bornyl acetates on the substitution of & hydroxyl group in the a- or B-position
was greater than could be explained on the basis of an inductive effect. The
results of infrared studies demonstrated that the extent of facilitation of
hydrolysis by a vicinal hydroxyl group is not greatly dependent on the type of
possible internal hydrogen bonding in the ground state. These authors therefore
postulated an intrsmolecular hydrogen bond stabllisation of the transition state.
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Bruice and Benkovioz) labelled this as a microscopic solvent change effect.
Very 1ittle work is on record on the solvent dependency of such reactions

involving anchimeric assistanceB). 4
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We have investiigated for the first time, the differential effects of
solvents on ester hydrolysis proceeding with a participation by a neighbouring
group. We report in this commumication, the results obtained on the aaponi_fi-—
cation of glycol monobenzoates, in which a similar intramolecular stabilisation
of the transition state by the neighbouring hydroxyl group is possible. The
rate coefficients for the two steps of the alkaline hydrolysis of glycol diben-
soates were determined using the approach of Prost and Schwemers) and the rate
censtants for the second step of hydrolysis viz., the hydrolysis of monobenzo-
ates are presented in the table below.

TABLE
Rate coefficients for the alkaline hydrolyeis of

glycol momobenzoates at 30°C

10’k 1itre mole L sec

Compound - k. kr
80ZEtOH 80/IMSO  80/Acetone

Ethyl benmzoate 1.47 173 5.95 118 4

B e obeszoate 0.625 626 39.1 1000 62

N R omchessoate  0-986 219 s.81 220 9

N aomotessonse  1.12 124 5.5 112 5

ky = kIIBO/“‘M:OH k, = kacetone/klton

We notice here that the reactivity pattern itmself changes on
changing the solvent. This novel finding can be rationalised in terms of the
solvation of the tramnsition state by the three solvents.

It is now well established that the transition state for the basic
hydrolysis of esters has a negative charge localised on the carbonyl oxygen
atom making this & good hydrogen bond aoceptor” and hence molvated by protic
solvents which are good hydrogen bond donors. In the case of ethyleneglycol
monobengoate, the negative charge on the carbonyl oxygen atom in the tramsition
state is dporeased by diffusion through intramolecular hydrogen bond formation
as in (I) and consequently the tramsition state is considerably less solvated
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by ethanol whereas there is a greater localisation of the negative charge on the
ocarbonyl oxygen im the transition state for ethyl bemsoate hydrolysis. This
explanation is further justified by our finding that ethyleneglycol monoacetate
is hydrolysed faster than ethyl acetate in water, but slower im aqueous ethanol.
Typically at 25°c the rate constants for the hydrolysis of ethylemeglycol mono-
acetate and ethyl acetate in water are 0.227 and 0.1118) and in 607 agueous

ethanol at 30°C are 0.018 and 0.027 litre mole ! sec™! respectively.

The inoreased reactivity of neopentylglycol memobensoate compared to
ethyleneglycol monobengoate in aqueous ethanol is due to the cumulative effect
of two factors 1) the intramolecular hydrogen bonding in the transition state
decreases because of the greater separation of reacting groups, thus making the
transition state & better hydrogen bond acceptor to the solvent and 2) the
increasing steric effects with the introduction of two methyl growps resultimg

9)

in the “loosening up” of the transition state and thus inoreasing ites solva-

tion by a protie solvent.

The near reactivity of butan 1:4 diol monobenzoate to ethyl bensoate
18 not surprising as there will be absolutely no internal hydrogen bonding
stabilisation of the traneition state. Comsequently in agueous IMSO also the
same pattern of reactivity is observed with the ratios “mo/“:ton being nearly

the same.

However, in aqueous IMSO, we notice that ethyleneglycol monobenszoate
and neopentylglycol monobensoate are hydrolysed faster than ethyl benszoate.
This behaviour i to be traced to the stabilisation of the tramsition state d»y
the dipolar aprotic solvent IMSO., As stated earlier imn the discussien, the
negative charge on the carbonyl oxygen in the transition state is decreased by
intramolecular hydrogen bonding and consequently this tramsition state has &
charge distribution similar to that of a 8l2 one, unlike in the case of hydro-
lysis of normal esters, in which there is a localisation of a negative charge
on the oxygen atom. It is well dooumented that bimolecular reactions, involving
anions, passing through such transition states are éomidorably accelerated by a

change from protic to dipolar aprotic solvent. This hypothesis is confirmed by
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the high k, value (1000) we have observed for the saponification of ethylene-
glycol monobengoate, To our knowledge this is the first instance where a s8light
change in the struoture of the reactant alters solvent effects in a dramatic
manner. In the hydrolysie of nsopentylglycol monobenzoate, as stated earlier,
the kydrogen bonding interaction between the hydroxyl group and the oxygen atom
in the transition state decreases, thereby reducing the stabilisation of the
transition state by IMSO and as a result the reactivity as well as the ke value
drops considerably. In the case of butan 1:4 diol monobenzoate there is no
internal hydrogen bonding facilitation of the transition state and the kg value

is nearly the same as that for ethyl bengoate,

In acetone, another dipolar aprotic solvent, the same type of reactivity
as in IMSO is observed, Of course the transition state stabilisation in acetone

will be lower than with IMSO and hence the Kgcetone/¥Eton V8lues are lower than

k»no/kliton values,

The present investigations therefore clearly indicate that the transi-
tion state solvation has an important part to play and thims novel solvent
dependency of reactivitiy pattern can be rationalised only in terms of
transition state solvation.
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