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Due to the great importance of acyl-transfer reactions in 
chemistry and biochemistry, numerous studies have been 
performed in order to investigate the reaction mechanism.1'6 
However, the mechanism of acyl-transfer reactions has not 
been completely understood but remains under a subject 
of controversy.7 It has been concluded in many studies that 
acyl-transfer reactions proceed via a concerted mechanism,4~6 
but this conclusion has not been universally accepted.1'3,7

Williams has concluded that the acyl-transfer reaction pro
ceeds via a concerted pathway based on a linear Bronsted- 
type plot for the acyl-transfer reaction of aryl acetates, pos
sessing good leaving groups.4 Recently,.a similar conclusion 
has been drawn by Hengge, i.e. acyl-transfer reaction of 4- 
nitrophenyl acetate with various oxyanion nucleophiles pro
ceeds via a concerted mechanism based on the results of 
18O isotope effect studies.5 On the contrary, Buncel and Um 
have suggested that acyl-transfer reactions proceed via a 
stepwise mechanism, based on the Hammett correlations ob
tained for the similar reactions.2,3 The controversy concerning 
the reaction mechanism has been attributed to lack of sys
tematic study.2,3

We have performed a systematic study on the acyl-transfer 
reaction of 4-nitrophenyl substituted benzoates with a series 
of aryloxides (Scheme 1), and found that the Bronsted-type 
plots for these reactions are not linear. The nonlinear Brons- 
ted-type plots obtained in this study are considered to be 
the first time for the reaction of aryl benzoates with arylox
ides in aqueous media. Therefore, we wish to communicate 
our results rapidly.

The reactions were followed by monitoring the appearance 
of 4-nitrophenoxide at jlOOnm using a Hitachi U-2000 UV-vis

x = OC니 3 , CH 3 . H , Cl , CN , NO2

M = P◎产(Z = OCH3 , CH3 , H , Cl, CN )

Scheme 1.

spectrophotometer or an Applied Photophysics SX. 17 MV 
stopped-flow spectrofluorimeter depending on the reaction 
rate. All the reactions were performed under pseudo-first- 
order conditions at 25.0土 O.lt in water containing 20 mole 
% dimethyl sulfoxide in order to eliminate a solubility pro
blem. The observed rate constants (kobs) were calculated from 
the equation, —/?0&sZ+C. The apparent second-or
der rate constants (kapp) were obtained from the slope of 
the plot of versus nucleophile concentrations. The kinetic 
results are graphically summarized in Figures 1 and 2.

In Figure 1 are demonstrated Bronsted-type plots for the 
reaction of 4-nitrophenyl X substituted benzoates with a 
series of aryloxides. The reactivity of an aryloxide toward 
a given substrate increases with increasing its basicity, and 
results in excellent Bronsted-type correlations. The Bronsted 
coefficients (pMMr) are calculated to be 0.98, 1.04 and 1.18 
for X=4-OCH3, H and 4-NO2, respectively. The magnitude 
of these values appears to be much larger than that of the 
corresponding reaction with 4-nitrophenyl acetate (e.g. pMMC= 
070.8).7

The presence of an electron withdrawing substituent 
(EWS) on the acyl moiety of the substrate would enhance 
the electrophilicity of the carbonyl carbon, which would in
crease the reactivity of the substrate toward a given aryl
oxide. On the contrary, an electron donating substituent 
(EDS) on the acyl moi아y would reduce the reactivity of the 
substrate by decreasing the electrophilicity of the carbonyl 
carbon. Therefore, one might expect that the bond formation
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Figure 1. Bronsted type plots for the reaction of 4-X-C6H4CO2C6
H4-4-NO2 with aryloxides (AZ-CgHQ-) in H2O containing 20 
mole % dimethyl sulfoxide at 25.0士 0.1 匸
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Figure 2. Bronsted type plots for the reaction of 4-X-C6H4CO2G 
H4-4-NO2 with aryloxides (AZ-CgHQ-) in H2O containing 20 
mole % dimethyl sulfoxide at 25.0士 0.1 °C.

would be more tightly advanced for the more reactive sub
strate with an aryloxide at the transition state. The increas
ing 8球 value trend in the present system is nicely consistent 
with this expectation, since the magnitude of pnuc value can 
represent a relative degree of bond formation at the transi
tion state of the rate-determining step (RDS).8

It has generally been admitted that a linear Bronsted-type 
plot represents a common reaction mechanism for a series 
of reactants.8 Similarly, a break in a Bronsted-type plot has 
been interpreted as a change in the reaction mechanism.8 
Since both the attacking and leaving groups in the present 
system are in a family of aryloxides, the present acyl-transfer 
reaction is symmetrical.^ In a symmetrical reaction, a break 

in a Bronsted-type plot should occur at a point where the 
basicity of the attacking phenoxide and the leaving 4-nitro- 
phenoxide is the same (e.g. pKa —7.1^), if there is a change 
in RDS.1C However, the nucleophiles used in the present re
actions are only limited to the aryloxides having higher basi
city than the leaving 4-nitrophenoxide. Therefore, the linea
rity shown in Figure 1 c이ild not give any significant infor
mation regarding the reaction mechanism.

It is necessary to study the reactions with low basic aryl
oxides (pKa<.7.14). However, these reactions have not been 
performed due to extremely slow reaction rate and possible 
errors due to the backward reaction.113 Instead, we have in
troduced various substituents in the acyl moiety of the sub
strate. In Figure 2 are demonstrated Bronsted-type plots for 
the acyl-transfer reactions of 4-nitrophenyl X substituted 
benzoates with three aryloxides. Generally, the reactivity of 
the substrates appears to increase with increasing electron 
withdrawing ability of the acyl substituent However, the 
Bronsted-type plots are not linear, i.e. the points for the sub
strates containing a strong EWS (X=4-NO2 and 4-CN) ex
hibit negative deviations from the linearity. The slopes (P^/) 
for the solid lines are significantly large, ie. —2.80, —2.61 
and —2.17 for Z=4-OCH3, H and 4-CN, respectively, but 
the ones for the dotted lines appear to be much smaller.

It is evident that nucleophilic attack would be accelerated 
by an EWS on the acyl moiety but retarded by an EDS. 
Consequently, a large negative 8的 value would be expected 
for the nucleophilic attacking process (ki step in Scheme 
1). On the contrary, leaving group departure would be inhib
ited by an EWS but promoted by an EDS on the acyl moiety. 
In this case, one would expect a large positive 編 value 
for the leaving group departing process (k2 step in Scheme
1) . Therefore, the large Bo颁 values (the solid lines in Figure
2) suggest that the acyl-transfer reaction of these benzoate 
esters proceeds via a rate-determining attack of the nucleo
phile to form a tetrahedral intermediate. This is consistent 
with the fact that the attacking aryloxides are more basic 
and less nucleofugitive than the leaving 4-nitrophenoxide.

However, as the electron withdrawing ability of the acyl 
substituent increases, the nucleophilic attack would become 
faster but the leaving group departure would be more diffi
cult. In this case, nucleophilic attack would be no longer 
the slow step. When the leaving group departure is the slow 
step, the apparent second-order rate constant (蜘)is a com
posite of the equilibrium constant for the formation of a tet
rahedral intermediate and the rate constant for the
leaving group departure (知).Therefore, the overall substi
tuent effect would be small (small &顽 value) because of 
the opposite substituent effects as mentioned above. The 
breaks in the present Bronsted-type plots and the small 編 

values (dotted lines) are nicely consistent with the proposal 
that there is a change in the RDS.
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Syntheses of Tripodand and Cage-Type Hosts, 
and Their Binding Properties with Alkali Metal 
and Ammonium Ions
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The construction of a well defined host is the most diffi
cult but important work in molecular recognition chemistry. 
Design of metal ion host is 1•이가iv셔y simple due to the 
spherical shape of metal ion with the positive charge. Studies 
for the selective recognition of a metal ion have been focused 
on the two or three-dimensional cyclic arrangement of elec
tron donor atoms such as oxygen and nitrogen.1 It has been 
little studied for the contribution of the donor atom basicity 
to the stability of complex. We report here syntheses and 
complexation properties of three tripodands having oxygen 
atoms with different basicities, that is, amide, sulfonate, and 
phosphinate groups. In addition, we also describe the synthe
ses of the cage-type hosts based on a new molecular building 
block derived from tripropyl Kemp triacid.2 Several Ca-sym- 
metric molecules have been employed for the syntheses of 
cage-type artificial hosts. The representative examples are 

tren, 1,3,5-substituted benzene,3 and cyclotriveratrylene/ etc.
Syntheses of molecular building blocks 2a, 2b and tripoda

nds 4-6 are summarized in Scheme 1. The building blocks 
2a, 2b were derived from the reduction (85-90% yield) of 
triesters la, lb which were prepared by following a literature 
procedure2 from the commercially available 1,3,5-trimethyl 
cxs,ds-cyclohexanetricarboxylate. Reaction of tripropyl triol 2b 
with chloroacetic acid in presence of /-BuO-K+ gave triacid 
3 in 61% yield.5 Amide tripodand 4 was obtained in 81% 
yield from activation of 3 with oxalyl chloride followed by 
treatment with excess diethylamine. Additionally, reaction 
of tripropyl triol 2b with n-butyllithium //>-toluenesulfonyl 
chloride or diphenylphosphinic chloride afforded the corre
sponding tripodand 5 (58% yield) or 6 (82% yield), respec- 
tiv이 y.

Instead of trimethyl triol 2a, tripropyl triol 2b has been 
used for the preparations of hosts in this study by the fol
lowing reasons. First, tripropyl triol 2b is highly soluble in 
organic solvents (CHCI3, CH2CI2, and EtOAc etc.) but tri
methyl triol 2a is sparingly. Secondly, bulkier propyl group 
may increase the population of the conformation in which 
methanolic groups are located in the axial positions.

Syntheses of cage-type hosts 9-12 are outlined in Scheme


