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A detailed study of nucleophilic reactivity at centers of un- 

saturation is difficult because most reactions proceed by an addition- 

elimination mechanismt The observed rate constant under normal conditions 

is thus dependent upon the addition step 9, as well as the ratio of the 

rate constants for the two possible elimination steps ckS/k3). 

(1) 
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The cbserved rate constant for the majority of such reactions is 

q(k21k3 + 1). In order to study fact&s sffecting only kl (the nucleophilic 

addition step) we have studied as our first system for investigation the 

syumretrical reaction shown in equation 2. The substituted esters (labeled with 

tritium in the methyl groups) were prepared by the method of Melander. 
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Since the intermediate (1) contains two equivalent leaving groups (one labeled 

with tritium ard denoted by an asterisk), the partition of this intermediate 

between reactart and product must be statistical and hence kobs = kl/2. Any 

isotope effect on k2/k3 will certainly be within the limits of experimental error 

for small enrichments of tritium in the methyl group. In this manner we were 

able to study buy direct means the nature of the nucleophilic addition step. We 

now report the results of this initial study. The rate measurements were 

determined by following the loss of radioactivity from the starting ester. 

A series of par&substituted methyl benzoates has been studied in 

pure methanol at a series of temperatures. The reactions were observed to be 

pseudo-first order since the base concentration (sodium methoxide) remains 

u&hanged during the course of reaction. The second order rate constants for 

the addition step kl were obtained by dividing the observed first order constants 

by the concentration of added base. The results of these measurements are pre- 

sented in !Tablt: 1. 
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Table 1 

Kinetic D&8 for Base C8t8lyZed &thanolysiS Of SUbStitUted kk?%hyl Benmates 

Rate Constants, k,(M?sec:l x 102) Activation Pawmeters (25') 

mop 30.1° 41.0° 51.7O 

@ktiloxy 1.06 2.48 5.58 

pMethy1 1.86 4.20 9.62 

p-Hydrogen 4.81 10.0 21.4 

p-Bromo 21.2 38.0 76.4 

p-Nitro 416 670 loss- 

14.3 -20.3 

14.1 -20.1 

12.7 -22.8 

IL.6 -25.4 

8.1 -29.5 

These data show good E8mmett~plets 8t eschtempereture. Tne ob- 

served ev8lues me 8s follows: 2.41 (30.1'), 2.32 (41.0') and 2.l8 (51.7'). 

Correkrtion coefficients for tine Hemmett plots were all in the vicinity of 0.995. 

Tine enthalpy-entropy values give a reasonable good iso-kinetic plot 8s 

defined by Leffler' (g = 660'K). The P-methyl compoti devistes slightly. An 

analysis of these data in accord8nce with Petersen's3 discussion shows no "Iso- 

kinetic corre18tion."a 

It is of interest to compare these results with previous studies of 

ester hydrolysis and methanolysis. In all previous studies,4 as in this one, 

the enth8lpy of activation shows a continuous decrease as electron withdnnring 

substituents are substituted for electron supplying groups. Tnis is consistent 

witii the fact that electron withdrawing groups are known to facilitate these 

aH owever, it has been pointed out by 8 referee that Petersen s views seem some- I3 
hat tenuous when two extreme c8ses+8re considered. If B =oo for 8 two point 
"&so-kinetic relationshipV and 6aA is small the rates of e8ch compound will be 
essentially the same at 8l.l temper8tures. However, when g = 0' and 6AS* is 
small the rates will 8gain be approximately the s8me at all temperatures. Thus, 
an apparent inconsistency exists in Petersen's treatment. 
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reaCtions. However, In most previous studies the entropy of activation was 
1 

found to be esaenti.alJy invariant with substituent change. The mjor differ- 

ence between this study end those reported previously Is that we are looking 

only at the addition step kl , whe;eas earlier studies of ester hydrolysis or 

alcoholysis have been dependent upon the overall reaction rate Involving kl, 

k2 snd 5* 
Newman5 did obseme 8 snnUvariation in &J+ when he studied the 

base catalyzed n&hanolysis of n&a-alkyll_msnthylbeusoates. Such a vari- 

ation uas mt noted for the para-alkyl compounds. !Che variations in AS * for 

the meta. isomers were attributed to steric effects. When the saue reaction 

was St&led with substltuents of widely varyiug Hemmztt~values (n-NO, to 

J@g3L th e entropy of activation was fouud to be constant. 
kb 

It is interesting to speculate as to the significance of such a 

systematic entropy variation. The rate determining transition state foma- 

tion may be fomu3sted as shown in equation 3. 

This ixansfonnation involves the conversion of one oxygen anion into another. 

Since the trausition state must be well along toward the "tetrehedral lnter- 

&iete"l'6 there is only 8 relatively small amount of charge dispersion end 

hence solvatlon interactions are probably not the dominant feature of the ob- 

served entropy variations. Further, one observes that the standard entropies 

(MO) for ztonization of the corresponding para-substituted bensoic acids7 show 

snsbll varlations but in the opposite direction to those observed here. That is, 

the standexd entropy of Ionization for the E-nitmacld is less negative than 
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that for the parktoluic acid. Salvation effects due to hydration of the 

proton are the same in ease case and thersfore do not have any effect on the 

difference, A&', for any two substituents. Hence, our observed entropy effects 

are probably not due to differential salvation of the substituents. 

Valence bond structures such as 3 and 4 c&not be considered important 

contributors to the resonance hybrid of the transition state because such 

"neighboring orbital participation" is considered unimportant for first row 
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It appears that one very reasonable interpretation of the e&row 

data can be based on translational entropy considerations. When two species 

come together a certain amount of translational freedom (entropy) mnst necessarily 

be lost. In this study, we are considering a symmetrical reaction with relatively 

little alteration of charge in going from reactant to transition state. Since 

solvation forces are of minor importance the results suggest that somewhat more 

translational entropy is lost when metholdde ion reacts with methyl p-nitro- 

benzoate than with the _pmethyl compound. This implies that as the substituents 

are varied from electron supplying to electron withdrawing groups,bonding in 

the transition state becomes more nearly complete (equation 3). Conclusions 

about the extent cf bonding from entropy measurements have been drawn nreviously." 

Ihis conclusion is opposite to irhat one might have snticipat6dfrom 

a consideration of an extension cf the Hammond postulate, 10 but appears to 

conform to the "reacting-bond rule" recently proposed by Swain. 11 This con- 



elusion is further strengthened by preliminary results of our study of solvent 

effects on this symmetrical reaction. When this reaction is carried out in 

mixtures of dio:cane-methanol only small solvent effects are noted. Rinshelwoodl' 

and Tommila13 have similarly observed small solvent effects on the hydrolysis 

rates of ethyl 'lenzoate in mixed solvents. The important observation, however, 

is that even though the results are small en electron withdsawing substituent 

renders the ester methenolysis rate less sensitive to a change in solvent than 

does an electron supplying group. This implies that when such en electron with- 

drawing substituent is present there is a smaller amount of charge dispersion 

in the transition state (2). Since the transition state occurs well along th/" 

reaction coordinate' one concludes that bond formation must be more complete 

when electron withdrawing substituents are present. A detailed investigation 

of solvent effeszts on this .synmretrical reaction is continuing. 

Thus, it seems apparent that the correlation of transition state 

structure with .nrbstituent change in carbonyl addition reactions is better 

described by tbs "reacting-bond rule" than by the Rammond postulate. 'Ihis is 

not surprising In view of the fact that Hammond probably did not intend that his 

postulate be apTplied to fine details of reactions such as substituent changes. 

We are continuing our work on this and similar syvmketrical substitution 

reactions at unsaturated centers and will report on these results in the future. 
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