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The term a-effect has been given to the abnormally 
enhanced nucleophilic reactivity shown by a certain group 
of nucleophiles possessing one or more nonbonding elec
tron pairs adjacent to the nucleophilic center (the a-position) 
by Edwards and Pearson in 1962.1 Since then numerous 
theories have been suggested to explain the cause of the a- 
effect: (a) destabilization of the ground state (GS) due to 
electronic repulsion between the nonbonding electron pairs,2 
(b) intramolecular general acid/base catalysis,3 (c) polariza
bility,1 (d) stabilization of the transition state (TS)»4,5 (e) sol
vent effect.6,7 However, none of these factors alone is con
clusive. Particularly, the effect of solvent on the a-effect has 
been a subject of controversy.6,7 Bruice,63 Curci，曲 Ritchie,& 
and Moss6"3 have suggested that solvent effect is not im
portant for the a-effect, while Depuy7a and Wolfe가' have 
claimed that solvent effect is responsible for the a-effect.

Recently, Buncel and Um have demonstrated that the a- 
effect is significantly solvent dependent.8,9 The magnitude 
of the a-effect has been obtained to be increasing with in
creasing the mole % DMSO in the reaction medium up to 
near 50% and then to be decreasing upon further additions 
of DMSO for the reaction of p-nitrophenyl acetate with 
butane-2,3-dione monoximate and p-chlorophenoxide in 
DMSO-H2O mixtures of varying compositions.8 Interesting
ly, the magnitude of the a-effect for the corresponding reac
tions performed in MeCN-H2O mixtures has been obtained 
to be increasing with increasing mole % MeCN,9 indicating 
solvent effect on the a-effect is significant. However, sol
vent effect on the GS and TS contributions has not clearly 
been dissected.

In order to investigate the GS effect on the a-effect, we 
have performed reactions of p-nitrophenyl X-substituted ben

zoates with a series of primary amines including two a-ef- 
fect nucleophiles (hydrazine and hydroxylamine). Am
inolyses of carboxylic esters have been widely studied, and 
the reaction mechanisms are fairly well known.10,11 However, 
the effect of acyl substituents on the a-effect as in the 
present system has not been investigated.

X=4-MeO, 4-Me, H, 4-C1, 4-CN, 4-NO2, 3,5-(NO2)2

RNH2=NH2NH2, HONH2, and a series of primary amines

The reaction was followed by monitoring the appearance 
of the leaving p-nitrophenoxide ion at 410 nm (or p-ni- 
trophenol at 350 nm for the reaction with HONH2) using a 
Hitachie U-2000 UV-Vis spectrophotometer for slow reac
tions (t1/2 > lOsec) or an Applied Photophysics SX, 17 MV 
stopped-flow spectrophotometer for the fast reactions (t1/2 < 
10 sec). All the reactions studied here obeyed pseudo-first- 
order kinetics up to over 90% of total reaction. The ob
served rate constants (虻质)was calculated from the equation, 
IMAoo-AtA-kobs • t + C. The plots of kobs versus amine con
centration showed linearity in all cases, indicating that gen
eral base catalysis often observed in aminolyses of esters is 
absent in the present system. The apparent second-order 
rate constants (kapp) were calculated from the slope of the 
plot of kobs vs amine concentration.

As shown in Figure 1, the reactivity of the primary am
ines increases with increasing amine basicity, which results
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Figure 1. A Brdnsted type plot for the reaction of p-nitrophen- 
yl benzoate with RNH2 in H2O containing 20 mole % DMSO at 
25.0 °C. (R=l. Et・，2. -CH2CO2H, 3. -CH2CH2OH, 4. C6H5CH2-, 
5. -CH2CONHCH2CO2H, 6. -NH2, 7. -CH2CO2C2H5, 8. HO-)

Figure 2. Hammett plots for the reaction of p-nitrophenyl X- 
substituted benzoates with NH2NH2 (•) and glycylglycine (O) 
in H2O containing 20 mole % DMSO at 25.0 °C.

in a good linear Brdnsted plot. However, NH2NH2 and 
HONH2 show positive deviations from the linearity, sug
gesting that the a-effect is manifest in the present system. 
Aminolysis has been understood to proceed in a stepwise 
mechanism. The rate determining step (RDS) has been sug
gested to be dependent on the basicity of the leaving group 
and the incoming amine, i.e. the RDS changes from the 
leaving group departure to nucleophilic attack as the basi
city of amines becomes about 4-5 pKa unit higher than that 
of the leaving group in most carboxylic esters.10,11 Since the 
most basic amine in the present system is EtNH2 and it is 
only about 3.5 pKa unit more basic than the leaving p-ni- 
trophenoxide, an RDS change would occur beyond EtNH2. 
Therefore, the linear Brdnsted plot clearly indicates that 
there is no RDS change in the present aminolysis.

The value obtained in the present system is 0.75, 
which is slightly smaller than the one (pnuc=1.02) for the 
reaction of p-nitrophenyl benzoate with a series of substitut
ed phenoxides in the same reaction condition.12 Since the 
magnitude of pnuc values represents the degree of electron 
transfer from the nucleophile to the substrate at the TS,10'12 
one can expect that the degree of electron transfer would be 
less significant for the amine system (neutral nucleophiles) 
than the aryloxide system (anionic nucleophiles). Therefore, 
the smaller pnuc value obtained in the present system com
pared with the one obtained in the corresponding reactions 
with the anionic nucleophiles is consistent with expectation.

In order to study the effect of acyl substituents on the 
reactivity and the a-effect, reactions of p-nitrophenyl X-sub- 
stituted benzoates with NH2NH2 and gly^ylglycine (glygly) 
were performed, and the kinetic results are demonstrated 
graphically in Figure 2. As shown in the figure, the reac
tivity of the benzoate esters increases with increasing the 
electron withdrawing ability of the substituent X, and good 
linear Hammett plots are obtained for both NH2NH2 and 
glygly systems. It is noted that a+ constants give excellent 

correlation with log k and large positive px value are ob
tained, eg 0.75 and 0.88 for the NH2NH2 and glygly system, 
respectively. The present result is quite interesting and 
unusual, since negative px values have been obtained in 
most cases when g+ constants give better correlation than a 
constants.

The Hammett px value for the NH2NH2 appears to be 
slightly smaller than the one for the glygly system. Since 
NH2NH2 is more reactive than glygly toward all the sub
strates studied, the reactivity-selectivity principle (RSP)13 ap
pears to be operative in the present system. However, the 
Px value in the present aminolysis are considered to be sig
nificantly smaller than the one for the corresponding reac
tions with anionic nucleophiles. In our recent study, px 
values have been obtained to be in a range of 2.17-2.80 for 
the reactions of p-nitrophenyl X-substituted benzoates with 
aryloxides in the same reaction condition.14 The difference 
in the charge type between the neutral amines and anionic 
aryloxides might influence the magnitude of p values, as 
discussed in the preceeding section. However, such a diff
erence in the charge type is not considered to be solely 
responsible for the significant difference in the px values. 
The difference in the reaction mechanism between the two 
systems is considered to be more responsible for such a 
large difference in px value. It has been suggested that the 
reaction of aryl benzoates with anionic nucleophiles proce
eds via rate determining nucleophilic attack, and followed 
by fast leaving group departure.12,14 In this mechanism, the 
electronic nature of the acyl substituents would influence 
the reaction rate significantly and would result in large px 
values (px=2.17-2.80 in the reactions with aryloxides)14. 
However, on the contrary, aminolysis of carboxylic esters 
as in the present system has been understood to proceed via 
rate-determining leaving group departure.10,11 In this mechan
ism, an electron withdrawing group (EWG) would ac
celerate the nucleophilic attack process but retard the leav
ing group departure process. Consequently, the electronic
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Figure 3. A plot 아!。wing dependence of a-effect (kNHjNHz/ 
kglygly) on the acyl substituents for the reaction of p-nitrophenyl 
X-substituted benzoates with NH2NH2 and glycylglycine in H2O 
containing 20 mole % DMSO at 25.0 °C.

nature of the acyl substituents would be compensated by 
the opposite substituent effect and result in small px values 
(px=0.75-0.88 in the present system). Therefore, the sig
nificant difference in px values between the amine and 
aryloxide systems is considered mainly due to difference in 
reaction mechanism.

In Figure 3 has been demonstrated the magnitude of the 
a-effect against o constants. As shown in the figure, the 
magnitude of the a-effect decreases with increasing electron 
withdrawing ability of the acyl substituents. The magnitude 
of the a-effect has been suggested to be influenced by 
many factors, such as the hybridization type of the elec
trophilic center (sp > sp2 > sp3),13 the magnitude of Bronsted 
gnuc values,15 solvents,7"9 polarizability416 and the basicity of 
a-effect nucleophiles.9317 However, the dependence of the 
a-effect on the acyl substituents as in the present system 
has never been observed. In the present system, solvent, the 
basicity of nucleophiles and the hybridization of the sub
strate are constant. Besides, the acyl substituents would not 
change the polarizability of the reaction center and pnuc 
value significantly.

It has often been suggested that the GS of a-effect nu
cleophiles is destabilized either by desolvation or by the 
electronic repulsion between the nonbonding electron pairs.2,7 
Since the nucleophiles are kept constant (hydrazine and 
glygly), the difference in GS destabilization between the 
two nucleophiles would be also constant no matter what the 
acyl substituent is. Therefore, one might expect constant 
a-effect if the GS effect were responsible for the a-effect in 
the present system. However, the present res니t is contrary 
to the expectation, indicating that the GS effect is not 
responsible for the a-effect. This is consistent with Bruice's 
observation that the GS solvation effect between NH2NH2 
and glygly is negligible for the a-effect observed in the reac
tions with malachite green.6a Therefore, it is proposed that 
GS destabilization is less important than TS stabilization for 

the a-effect observed in the present aminolysis.
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