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Evidence from Activation Volumes for an Eliminative Mechanism in the Hydrolysis of 
2,4-DinitrophenyI4-Hydroxybenzoate 
Neil S. Isaacs" and Tariq Najem 
Department of Chemistry, University of Reading, Whiteknights, Reading, Berks., RG6 2AD, U.K. 

A positive volume of activation is found for the hydrolysis of 2,4-dinitrophenyl 4-hydroxybenzoate, differentiating its 
mechanism from the BA,2 route used by other esters, all of which have negative values. 

A unique mechanism for the hydrolyses of 4-hydroxybenzoate 
esters with good leaving groups has been proposed on the 
basis of non-linear BrGnsted-type plots of rates against the pK 
of the phenol displaced.1.2 A mechanistic change is indicated 
from the BA,2 route, which is presumed to operate when the 
phenol is of low acidity, to a rate-determining elimination via 

the oxoketene (2) when the phenol is of high acidity, for 
example, 2,4-dinitrophenol. 

We have measured the effect of pressure on the rates of 
hydrolysis of the 2,4-dinitrophenyl esters of 4-hydroxybenzoic 
acid and of 4-methoxybenzoic acid. The latter is unable to 
undergo hydrolysis by the elimination route and so, hydro- 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
84

. D
ow

nl
oa

de
d 

by
 T

em
pl

e 
U

ni
ve

rs
ity

 o
n 

29
/1

0/
20

14
 1

6:
24

:5
4.

 
View Article Online / Journal Homepage / Table of Contents for this issue

http://dx.doi.org/10.1039/c39840001361
http://pubs.rsc.org/en/journals/journal/C3
http://pubs.rsc.org/en/journals/journal/C3?issueid=C31984_0_20


1362 J .  CHEM. SOC., CHEM. COMMUN., 1984 

DNP = 2,4-dinitrophenyl. 

Table 1. Rates of hydrolysis (lo4 kl/s-l) of 2,4-dinitrophenyl esters, 
(l).a 

pl  bar ( l , R = H )  Inkrel, ( l ,R=Me) Ink,,,, 
1 7.05 0 8.38 0 

300 6.40 -0.148 10.1 +0.199 
600 5.17 -0.312 12.0 +0.371 
900 4.37 -0.447 13.2 +0.466 

AV*cm3mol-l ( f l )  + 12 - 14 

a Conditions: solvent, acetone-water (44.5 : 55.5 v/v); for (1, R=H) 
pH = 8.00, sodium tetraborate buffer, 28°C; for (1, R=Me) pH = 
10.3, sodium hydrogen carbonate buffer, 29.8 "C. 

lyses 6y the normal BA,2 mechanism. As withother examples 
of this type of reaction, the volume of activation is negative, 
-14 cm3 mol-1, inferred from the increase in rate with 
pressure. This is typical of an associative rate-determining step 
and the value of A V  is similar to that for the base-promoted 
hydrolysis of ethyl acetate in aqueous acetone (-13 cm3 
mol-1).3 By contrast, the rates of hydrolysis of the 4-hydroxy- 
ester decrease with pressure giving a positive volume of 
activation, + 12 cm3 mol-1, typical of dissociative reactions, 
Table 1. This clearly points to a distinctive hydrolytic 

mechanism for the latteI Gompound and strongly supports the 
interpretation of the earlier workers. 
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