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The first-order rate constants for the decomposition of methyi ortho 

benzoate in slightly acidic aqueous solution are 

centration of several amines under conditions in 

fraction of the orthoester yields amine addition 

very strongly suggests that methyl orthobenzoate 

independent of the con- 

which an appreciable 

product$. This finding 

hydrolysis proceeds via - 

a unimolecular, rather than bimolecular3, reaction path, almost certainly 

that indicated below, and provides good evidence that the first step, 

carboxonium ion formation, is rate-determining. The magnitudes of the 
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entropy 'of activation and the solvent deuterium isotope effect for the 

hydrolysis of several orthoesters2j4, while consistent with and support 

for rate-determining carboxonium ion formation, are also consistent 

with rate-determining decomposition of dimethyl orthobenzoate. Con- 

sequently, it appears desirable to provide an experimental distinction 
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between theFe alternatives, .f possible. To this end, T!!LS kincr;cS ,ii the 

d~sapprarance ,,L the mt~hyl protons of wthyl orthobenpoatc anil Li:c <3p- 

pearance d,E the mrLhy; pr'otons of methanol and methyl '-*enz<,ate in :!l:xcurcs 

of CD,OD and D.0 hav? iteen studied with ihe aid of a Varian A~,sociatt,: 

A-r.0 nuclear magnetic resonance spectrometer. Since the sinp;e:_s :cr thr~ 

methyl protons of <>rthoester, methanol, and rrrthyl benzoate arc ~11 ii';-'- 

arated, the simultaneous determination of the first-order idt~ constants 

for appearance or disappearance of each of these species is easily acc~nv 

plished. The results of two such experinrnts are indicated in the Table. 

If carboxonium ion formation were completely rate-determining for the 

hydrolysis of methyl orthobenzoate, the first-order rate cvstants for the 

appearance or disappearance of each of the species would be identical and 

the ratio of the integrated intensities, at infinite time, of the methyl 

protons of carboxylic ester and methanol to the aromatic protons would be 

0.60 and 1.20, respectively. On the other hand, if the decomposition of 

dimethyl orthobenzoate were rate-determining, essentially all of the 

methyl groups of the orthoester would be exchanged for deuteromethyl 

groups in a pre-equilibrium reaction. Thus, the disappearance ot the 

orthoester methyl protons and the appearance of the methyl protons of 

methanol would be considerably more rapid than the formation of methyl 

benzoate and little or no methyl benzoate, containing protons attached to 

the methyl carbon, would be formed. The ratio of integrated intensities, 

at infinite time, of the methyl protons of carboxylic ester and methanol 

to the aromatic protons would be approximately 0.0 and 1. ', respectively. 

The data presented in the Table establish that the first-order rate 

Constants for the appearance or disappearance of the three species under 

consideration are approximately equal and that %? rather large fraction i,f 

the original orthoester yields methyl benzoate without exchanging with the 
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TABLE 

First-order Rate Constants and Integrated Methyl Proton Intensities at 

Infinite Time Characterizing the Hydrolysis of Methyl Orthobenzoate in 

Deuteromethanol-Deuterium Oxide Solutions at 25O. 

Run (CD3oD) koEa 

(40) (min-l) 

kMb 

(min-I) (min.-l) 

l.f 1.0 2.2x10-4 2.9x10-* 2.6x10+ 1.46 0.45 

2.g 2.0 1.1x10-3 1.4x10-3 1.3x10-3 1.38 0.38 

a 
First-order rate constant for the disappearance of the methyl protons 

of methyl orthobenzoate. b. 
First-order rate constant for the appearance 

of the methyl protons of methanol. c. 
First-order rate constant for the 

appearance of the methyl protons of methyl benzoate. 
d 
Ratio of the 

integrated intensities at infinite time of the methyl protons of methanol. 

to the aromatic protons. eRatio of the integrated intensities at infinite 

time of the methyl protons of methyl benzoate to the aromatic protons. 
f 
Carried out in the presence of 0.02 _M acetate buffer, 50% base. gCarried 

out in the presence of 0.05 g formate buffer, 50% base. 

deuteromethanol of the solvent. These results are clearly inconsistent 

with rate-determining decomposition of dimethyl orthobenzoate but 

are accounted for by a slow formation of a carboxonium ion which then 

partitions rapidly between deuterium oxide, yielding product, and deutero- 

methanol , yielding a partially deuterated orthoester which finally yields, 

in part, deuterated methyl benzoate. Thus, in the presence of the rather 

large amounts of deuteromethanol in these experiments, the second step in 

the reaction sequence is partially rate-determining and accounts for the 

significant exchange which has occurred, as judged from the ratio of 

integrated intensities at infinite time. A "back of an envelope" 
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ca:culation, emplo::lny ttxz ratio <,: integrated methyl henzoate met'h:z: 

proron to aromatic proion intensities, suggests that deutcromethanol 

and deuteriim: clxide ;i:t about equally reactive toward ilie intermediat:~ 

carboxonium ion. Conseq~lentlv, in aqueous solution, in which the COT- 

centration of methanol is small compared t~1 thlt oi WR~I'~ thr!jLLch<,::: 

the course of the hydrolysis reaction, the formation of the c:i: l,rx~iniuii. 

iun would be nearly completely rate-deter:xining. It shoi;ld !>, i-,,tal 

that the present results are consistent with rated-?ct~rmln;n~ .iLi;lik <If 

water on the orLhoester carbon atom, a reaction path which ?T. howvx,vr 

inconsistent with results of aminolysis studies". as indicated above. 

Achnowledgment. We are indebted to Prof. Robert Ta:i 1-x cl-icical 

discussions regarding the mechanism of orthoester hvdr<,lysis. 
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