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Evidence is offered for the intermediacy of an unprecedented para-oxoketen intermediate in a dissociative 
mechanism for the hydrolysis of the title ester. 

We are interested in the structural, electronic, and stereo- 
chemical factors favouring dissociative mechanisms of acyl- 
group transfer. Provision of suitable electron-releasing sys- 
tems such as a charged atom cc to the acyl function will tend to 
stabilise an incipient acylium ion and promote the dissociative 
process. It is possible to envisage stabilisation by a remote 
anion by mesomeric transfer of electrons through an aromatic 
nucleus ; we therefore investigated the hydrolysis of 2,4- 
dini trop hen yl 4- hydroxy benzoate (1) .t 

The dinitrophenyl ester (1) decomposes in aqueous buffers 
at 25 "C with quantitative liberation of 2,4-dinitrophenol (as 
assessed by u.v.-visible spectrometry) according to equation 
(1). Buffer-independent rate constants (ko), obtained by 

extrapolating kobs to zero buffer concentration or by mechanic- 
ally buffering the reaction by means of a modified pH-stat 
apparatus1 (the two methods gave consistent results) obey equa- 
tion (2); k ,  and kb are defined as in Scheme l and are respect- 
ively 6.0 x s-I and 6.65 x dm3 mo1-I s-l. The 
ionisation constant measured spectrophotometrically for the 
phenolic group of (1) has a value of 2.1 x lo-* mol dm-3 
compared with the kinetically determined one of 1.8 x 
mol dm-3 for the same conditions. 

An associative hydrolytic mechanism might account for the 
pH dependence having a plateau (see Figure 1) which could 
originate from nucleophilic attack of hydroxide ion on neutral 
substrate (koH = ka Ka/Kw) as in path A of Scheme 1. The 
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Scheme 1. DNP = 2,4-dinitrophenyl. 

7 This compound was synthesised from 4-hydroxybenzoic acid 
and 2,4-dinitrophenol using dicyclohexylcarbodi-imide; it gave 
satisfactory elemental and spectroscopic analyses. 

4-methoxy-analogue (Figure 1)  is some 250-fold less reactive to 
hydroxide ion attack than compound (1); the 4-methoxy- 
derivative should be 1.6-fold more reactive on the basis of the 
sensitivity of the bimolecular reaction to substituents in the 
acid moiety (p  ca. 2.0).2 

We propose that the hydrolysis of (1) in the plateau region 
follows a dissociative path as depicted in Scheme 1 (path B) 
where ionisation of the substrate is followed by rate-determin- 
ing decomposition of the conjugate base (2) to give 2,4- 
dinitrophenoxide ion and the para-0x0-keten (3).$ 

The possibility that the enhanced rate constant refers to 
nucleophilic attack by hydroxide ion on the 2,4-dinitrophenyl 
moiety in an S,Ar process was ruled out by labelling studies 
which indicated exclusive CO-0 fission. The 2,4-dinitrophenol 
from the reaction using I80-enriched water (6.20 % enriched) 
has an M + 2 mass spectral peak with 1.24% intensity 
(natural isotopic composition 1.224 %) and 0-Ar cleavage 
should give 7.42 % enrichment. 

Trapping studies with aniline support the involvement of an 
intermediate; the rate constant at pH 10.05 in 0.01 M-carbon- 
ate buffer at ionic strength 0.1 M increases in the presence of 
aniline by 8.7 and 20.6%, respectively, for concentrations of 
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Figure 1. Dependence on pH of the hydrolysis of 2,4-dinitro- 
phenyl4-hydroxybenzoate (1) at 25 "C and zero buffer concentra- 
tion; the ionic strength was maintained at 0.1 M with KCI. The 
full line is that calculated from equation (2) and parameters from 
the text; the dashed line is the dependence on pH of the hydro- 
lysis of the 4-methoxy-analogue. 

$ The pH-independent rate constant k, might relate to nucleo- 
philic attack of water on (2) but arguments based on reactivity 
similar to those used by us for carbamate and phosphoramidate 
esters (A. Williams, J .  Chem. Suc., Perkin Trans. 2, 1972, 808; 
A. Williams and K. T. Douglas, ibid., 1972, 1454; 1973, 318) can 
be used to reject this possibility. 
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aniline of 0.102 and 0.219 M. Product analysis shows yields of 
17.9 and 31.4%, respectively, of the 4-hydroxybenzanilide 
which are some two-fold larger than the amount expected from 
the kinetics. These results are consistent with a mechanism 
involving an intermediate which is trapped by aniline after the 
rate-determining step. The acceleration of the rate indicates the 
concurrent operation of an associative mechanism for the 
aniline reaction. 

Alternative explanations are that the keten formation may 
not be completely rate-limiting or that a solvent effect due to 
increasing organic content (aniline) is operating. These 
interesting possibilities do not invalidate the results of the 
trapping experiments and will be discussed in the full paper. 

The Arrhenius parameters for k a  are AS* = +40 kJ mol-1 
K-l and A H t  = 103 kJ mol-1 at 25 "C. A positive entropy of 
activation is usually considered diagnostic for unimolecular 
react i~ns,~ consistent with our proposed mechanism. 

The term kb can only refer to the bimolecular reaction of 
hydroxide ion with the ionised 4-hydroxy ester (Scheme 1). 
The rate constant for this reaction is some 27-fold smaller than 
that calculated from the Hammett equation (7 points, log 
korr = 1.25 -t 1.93 (i, r = 0.997) determined by us for the 
hydrolysis of 2,4-dinitrophenyl benzoates at 25 "C, 0.1 M- 
ionic strength. This low value is probably due to the neglect of 
the electrostatic effect. 

The presence of labile hydrogen atoms on an atom adjacent 
to the carbonyl group has been considered a prerequisite for 
the occurrence of ElcB  mechanism^.^ To our knowledge this 

paper reports the first example of a dissociative mechanism in 
a carboxylic acid ester devoid of cc-protons. Previous workers 
have reported ortho-analogues of the proposed para-oxoketen 
intermediate on the basis of gas-phase fragmentation reac- 
tions.5 The factors responsible for reactions taking this novel 
mechanism as opposed to the path normally traversed will be 
discussed in the full paper. 
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