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The term a-effect has been given to a positive deviation 
on a Broensted plot which is often observed in the reaction 
of the nucleophile containing a hetero atom adjacent to the 
reaction center (the apposition).1 Although, numerous studies 
have been performed to investigate the origin of the a-effect, 
it has not been completely understood.2

Recently, a series of systematic studies has demonstrated 
that the effect of medium on the a-effect is significantly im
portant for the acyl-transfer reaction of />-nitrophenyl acetate 
(PNPA) with anionic nucleophiles in various reaction me
dium, such as aqueous dimethyl sulfoxide (DMSO),3 aqueous 
acetonitrile (MeCN),4 and aqueous micellar solutions.5 In our 
preceding paper on this series, we reported that benzohydro- 
xamate (1) shows a large a-effect in pure H2O, but the a- 
effect nucleophile (1) becomes less reactive than the corre
sponding normal-nucleophile (4) upon the addition of cethyl- 
trimethylammonium bromide (CTAB) in H2O.6 Some expla
nations were suggested for the disappearance of the a-effect, 
but they were speculative and not conclusive.6 Thus, we have 
now performed a systematic study for the following reactions 
in order to obtain some solid evidences.
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Table 1. Summary of the pKa Values of the Conjugate Acids 
of Nu이eophiles in H20 and in Micellar Solution (20 mM CTAB 
in H2O)

Nu~ -
pKe

K；, M 1
in pure H2O in CTAB solution

8.88〃 8.20 650
8.90° 8.11 870
8." 8.12 630
9.02。 7.92 7460

"ref. 12a, 'ref. 12b.「The binding constant values (K5) taken from 
ref. 6.

厂r 0 厂
Nu- : ff-effect-nucleopHle : 妃》-(1) (由3《》&由。-(2)

CHa-^^C-NO'⑶

normal-nucleophile :

Since the basicity of nucleophiles influences directly the 
nucleophilicity,7 one might attribute the di옹appearance of the 
a-effect to an unusual basicity change upon the addition of 
CTAB in the reaction medium. In order to examine whether 
the a-effect nucleophile becomes significantly less basic than 
the corresponding normal-nucleophile, we have measured the 
pKa vahies of the nucleophiles in the presence of CTAB 
using a titration method.8

In Table 1 are summarized the pKa values of three ben- 
zohydroxamic acids and w-chlorophenol (w-CIPhOH) in the 
absence and presence of CTAB. In cationic micellar solutions, 
anionic bases have been generally believed to the more sta
bilized than the respective conjugate acids due to the cou- 
lombic interaction between the positively charged micelles 
and the anionic bases.9 Thus, the pKa of an acid decreases 
in a cationic micellar solution. Such a micelktr effect is con
sidered to be more significant for the anionic base having 
stronger interactions with the c간ionic micelles. Thi응 is con
sistent with the present result that the base showing the 
larger binding constant (4) exihibits the more decrease in 
the pKa value upon the addition of CTAB into H2O. As 오hown 
in Table 1, the pKa value of each conjugate acid of the anio
nic nucleophiles decreases as the medium changes from pure 
H2O to the micellar solution of CTAB. However, the decease 
in the pKa value is more significant for m-CIPhOH 버an 
hydroxamic acids. For example, the pKa values of m-CIPhOH 
and benzohydroxamic acid are 9.02 and 8.88 in pure H2O, 
and 7.92 and 8.20 in the presence of CTAB, respectively. 
Consequently, the normal nucleophile (4) becomes less basic 
than the a-effect nucleophiles (1, 2, 3) upon the addition 
of CTAB in H2O. Such a basicity order is contrary to what 
would have been expected based on the previous rate be
havior shown by 1 and 4 in the presence of CTAB. There
fore, the disappearance of the a-effect in the micellar solu
tion can not be attributed to any unusual pKa change bet
ween 1 and 4 upon the addition of CTAB.

Hydroxamates (I) with an N-H bond have often been sug
gested to form an equilibrium with their isomeric forms,

lOTNu-丄 M
Figure 1. Plots showing dependence of 瞄 on the nucleophile 
concentration for the reactions of PNPA with bezohydroxamates 
(2 and 3: left hand side scale) and wj-chlorophenoxide (4: right 
hand side scale) in H2O at 25.此.

II or III.10 Particularly, in dipolar aprotic s이vents such as 
DMSO and MeCN, it has been recognized that hydroxamate 
(I) exists mainly as II or its resonance structure III.10 A simi
lar equilibrium would be expected to occur in the micellar 
pseudophase. Since II or III would be considered to be less 
reactive than I due to their structures, one would suggest 
that an equilibrium of I with II or III is responsible for the 
absence of the a-effect in the micellar solution. In order 
to examine this hypothesis, we have chosen 3 as another 
a-effect nucleophile reacting with PNPA (see equation 1). 
Since 3 has no N-H bond, the equilibrum of I with II or
III is not possible. Thus, the reaction of 3 with PNPA would 
not exhibit any rate retardation from such an equilibrium 
in the presence of CTAB.

0 H 0 O'
—C-N-O* = —C-N-OH -——- —C=N-OH

I ii in

In Figure 1 are graphically demonstrated the kinetic re
sults in 아le absence of CTAB for the reaction of PNPA with 
2, 3, and 4 in H2O. As shown in the Figure, the observed 
rate constants for each nucleophile show a good linear corre
lation with the concentration of the respective nucleophile. 
However, the a-effect nucleophiles (코 and 3) are much more 
reactive than the corresponding normal nucleophile (4) in 
pure H2O, although their basicities are comparable in H2O. 
This clea^y implies that an a-effect is operative for the pre
sent reaction system in H2O.

The kinetic data in the presence of CTAB are summarized 
in Table 2, and plotted in Figure 2. As shown in the Table 
and the Figure, the observed rate constant (知施)increases 
with increasing the concentration of CTAB in the reaction 
medium up to near 6 mM of CTAB. Such a reactivity trend
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Table 2. Summary of Observed Rate Constants (标min-1) for 
the Reaction of ^-Nitrophenyl Acetate with m-Chlorophenoxide 
and Benzohydroxamates in 0.1 M Borate Buffer (pH=927) Con
taining Various Concentrations of CTAB at 25.(W

1 伊[CTAB], M -
hobs, mm

(1) (2) (3) (4)

0.0 .037 .038 .148 .028
4.0 .059 .085 1.47 .115
8.0 .097 .139 3.37 .192

14.0 .133 .193 6.33 .237
20.0 .164 .218 7.59 .264
28.0 .185 .233 9.25 .266
36.0 .198 .248 10.2 .267
48.0 .208 .247 11.4 .267
60.0 .207 .246 12.1 —
76.0 .213 .246 12.0 .265

ffLPNPA]=1.0X10-5 M, [NuH]=2.00X10-4 m.

104 [CTAB], M
Hgure 2. Plots showing micellar effect on rates for reactions 
of PNPA with m-chlorophenoxide (4) and benzohydroxamates 
(2, 3) in 0.1 M borate buffer (pH=9.27) at 25.01 

dation (1992). J. K. J. also thanks 나)e Post Graduate Research 
Fellowship of Center for Molecular Structure-Reactivity, Inha 
Univ.
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is typical of nucleophilic substitution reactions with anionic 
nucleophiles in cationic micellar solutions*4,611 However, the 
rate enhancement is most significant for the reaction of 3 
and, therefore, the a-effect shown by 3 in pure H2O retains 
in the presence of CTAB. This result is quite opposite from 
the one for the reaction of the hydroxamates having an N- 
H bond (1 and 2).

Therefore, the present study would lead to a conclusion 
that an equilibrum of I with U or III for the hydroxamates 
having an N-H bond appears to be responsible for the disap
pearance of the a-effect in the previous system. However, 
more systematic studies are required for a complete under
standing of the present results.
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Development of highly nonlinear optical materials is cur
rently an area of intense interest in photonics or optoelectro-


