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Summary *4ryl esters of 2-hydroxyphenylacetic acid, 
3- (2-hydroxyphenyl) propioaic acid, 4-hydroxybut yric 
acid, and 5-hydroxyvaleric acid react with neighbouring 
group participation in aqueous solution. 

NEIGHBOURING group participation by hydroxy-groups in 
ester hydrolysis where the hydroxy-group acts as a nucleo- 
phile appears to have been little studied if a t  a1l.l We now 
report an investigation of the lactonisation of esters (I)-- 
(IV) which occurs with substantial anchimeric assistance. 
In  the pH range 3-39-4.48 the rates of lactonisation of 
esters (Ib), (Ic), and (Id) are proportional to a(OH-) with 
second-order constants 6436, 5-07, and 39.7 x lo7 1 mol-1 
s-1, respectively, at 25". Phenyl phenylacetate is stable 
under these conditions. The p-value for the lactonisation 
reaction is 2.01. No buffer catalysis could be detected in 
the lactonisation of phenyl 2-hydroxyphenylacetate in 
acetate buffer. The second-order constant for the analogous 
intermolecular reaction, the phenolysis of phenyl acetate is 
2.79 x 1 mol-% s-l at 25°.2 If the lactonisations 
involve the form with the phenolate group ionised, the 
frrst-order constant for the reaction of the ion of phenyl 
Shydroxyphenylacetate would be 6.96 x 105s-l at 25s, 
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assuming a pK, of 10.0. Hence the ratio of the rate 
constant for the intramolecular reaction to that for the 
intermolecular reaction is ca. 2.5 x 105 moll-l. 

In  the pHapp range 3-70-5.56 in 20% aqueous dioxan 
(v/v) (Ia) lactonises about 5 times faster than (IIa) showing 
that with these compounds, reaction via a five-membered 
ring occurs faster than via a six-membered one. 

In  the pH range 6-49-8.65 the rate of lactonisation of 
phenyl 4-hydroxybutyrate (IIb) is proportional to a(0H-) 
and the second-order constant is 5.42 x 103 1 mol-l s-l at 
30" which is about 300 times greater than that for the 
hydrolysis of phenyl acetate [k(OH-) = 1.37 1 mol-l s-l at 
25°].3 At pH 7-47 the hydrolyses of (1IIb)-(IIIe) yield a 
p-value of 1.1 and those of (1Vb)-(IVd) yield a p-value of 
1.2. The hydroxybutyrate esters (111) react 10-20 times 
faster than the analogous hydroxyvalerate esters (IV) and 
so in this case also reaction proceeds faster via a five- 
membered ring than via a six-membered one. 

In  acetate buffers of pH 5.17 the hydrolysis of phenyl 
4-hydroxybutyrate shows buffer catalysis with k o ~ ~  = 
1.8 x 1041mol-1s-1 a t  49.97'. This is 50-100 times 
greater than the catalytic constant for the hydrolysis of 
phenyl acetate ( k o ~ ~  = 3.84 x 10-7 a t  25°)4 which suggests 
that the catalysis is associated with participation by the 
hydroxy-group. The hydrolysis of phenyl 4-hydroxy- 
butyrate is also catalysed by iniidazole but k ~ ,  is similar 
to that for the hydrolysis of phenyl acetate. 

In acid solution the hydrolyses of (111) and (IV) are 
approximately 20 and 40 times faster than those of the 
corresponding butyrates. This rate enhancement is similar 
to that found in the hydrolyses of 4-hydroxybutyramide 

and 5-hydroxyvaleramides and presumably arises from a 
similar cause, intramolecular nucleophilic assistance. Thus, 
under these conditions reaction proceeds faster via a six- 
membered ring than via a five-membered one. The p-values 
are -0.2 and -0.15, respectively, which are similar to the 
values of -0.198 for the acid-catalysed hydrolysis of aryl 
acetate. Phenyl 2-hydroxyphenylacetate and phenyl 
phenylacetate are hydrolysed at  similar rates in aqueous 
perchloric acid and so the neighbouring phenolic group does 
not provide appreciable anchimeric assistance for the 
hydrolysis of the former compound. 

The rate of hydrolysis of phenyl 4-hydroxybutyrate 
increases more rapidly with acid concentration than that of 
phenyl butyrate does. Thus the rate for phenyl4-hydroxy- 
butyrate is increased 17.5 times on going from IM- to 5M- 
perchloric acid, whereas that for phenyl butyrate is in- 
creased 5.2 times. Presumably the effect of decreasing 
water activity with increasing acid concentration is much 
less significant with the former reaction since i t  is the 
internal hydroxy-group which acts as the nucleophile. 

log hobs + H ,  vemus log a(H,0),8 and log kobs - log C- 
(H30+) vemus log U(H,O),~ are curves but the plot of log 
kobs f fl,, veysus Ho + log C(H30+)s is a straight line with 
y!~ = 0.6. For the hydrolysis of phenyl butyrate z,b = 1.0 
and the smaller $-value for the intramolecular reaction is in 
accord with the change in hydration on going to the transi- 
tion state being smaller. 

Plots Of logkob, Ve't'SUS f l ~ , ~  logkobs VeYSUS log C(H30+),7 
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