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Synopsis. Hydrolysis of p-nitrophenyl hexanoate in the
presence of azide ion (N3) was accelerated by tetraheptyl-
ammonium bromide (1), which has four long alkyl chains.
In contrast to 1, the other tetraalkylammonium salts which
have shorter alkyl chains, (2)—(5), did not elevate the
reactivity. p-Nitrophenyl acetate, less hydrophobic sub-
strate, was not hydrolyzed so efficiently even in the presence
of 1.

An enzyme holds a specific conformation in an
aqueous solution, where hydrophilic groups are
situated on the outer surface and hydrophobic groups
are placed inside. As micelles resemble enzymes in
this respect, lots of studies have been undertaken
about micelle-system reactions from an enzyme-
mimetic point of view.!®  In micelle systems
substrates are incorporated into or adsorbed on
micelles by electrostatic and/or hydrophobic inter-
actions and activated in specific environments. Other
enzyme-mimetic systems such as vesicles™® and
aggregate of methyltrioctylammonium chloride??.10
are also studied intensively, where reactions are
activated as compared with aggregate-free ones. In
the present report, we describe the effect of a new type
of hydrophobic aggregate made up of tetraheptyl-
ammonium bromide 1, which possesses four long
alkyl chains, upon the hydrolysis of an active ester
(p-nitrophenyl hexanoate) in the presence of azide
ion (N3).

" (1) R=R,=Ry=R4y=n-C,H,s, X=Br

(2) R‘=R¢=R,=R4=n'CsH13, X=1

(3) R‘=R2=R,=R¢=n'C5H\I' X=BI‘

R (4) R=R,;=Ry=Ry=CyHy , X=ClOa
(5) R,=CHsPh, Ry=Ry=R4=C,H;, X=Br

+
Rr T_Rz

Experimental

Tetraheptylammonium bromide (1) and tetrapentyl-
ammonium bromide (3) (Aldrich Chemical Co.), tetra-
hexylammonium iodide (2) (Tokyo Kasei Kogyo Co.),
tetraethylammonium perchlorate (4) (Nakarai Chemicals),
benzyltriethylammonium bromide (5) (Kanto Chemical
Co.), sodium azide (Nakarai Chemicals), p-nitrophenyl
hexanoate (p-NPH) (Tokyo Kasei Kogyo Co.), p-nitro-
phenyl acetate (p-NPA)(Aldrich Chemical Co.), and 8-
anilino-1-naphthalenesulfonic acid magnesium salt (ANS)
(Nakarai Chemicals) were used as supplied.

The reaction was carried out at pH 8.0, p=0.5(KCl),
buffered with 0.1 mol dm-3 KHzPO,~0.05 mol dm=-3 NazB,O7.
The reaction rate was determined by measuring the
absorbance of liberated p-nitrophenol at 400 nm with a

Beckman Model 34 spectrophotometer.  Fluorescence
intensity was measured under the same conditions as
described above with a JASCO FP-4 fluorescence spectro-
photometer.

Results

The reaction rate did not follow pseudo-first-order
even when [N3]»[p-NPH], that is, In{co/(co—x)} was
not proportional to the reaction time (¢) and the rate
constant (the slope of the curve) decreased with time.
Here, co is the concentration of p-NPH at a time 0
and x is the concentration of p-nitrophenol at a time
t. We have estimated the rate constant (&), therefore,
from the slope of the curve at initial stage. On the
other hand, the hydrolysis of p-NPH followed
pseudo-first-order in the presence of N3 and hexa-
decyltrimethylammonium chloride (HTAC) micelle.

In Fig. 1 are shown the relations between k and the
concentrations of the tetraalkylammonium salts (C),
where k increased monotonously with increasing the
concentration of 1 in the presence of N3 (5X10—4 mol
dm-3). In the absence of N3, however, k& remained
fairly small in spite of the addition of 1 (5X10-5 mol
dm~3). The k value became more than 10 times larger
upon addition of N3 (5X10~4 mol dm-3), when the
concentration of 1 was 5X10-5 mol dm-3.

In the presence of 1 (5X10~% mol dm—3) k increased
with increasing [N3], whereas the k value had a
tendency to be saturated at higher [N3] (Fig. 2).
When 1 was not present, k increased little even if N3
was added.
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Fig. 1. Relationship between concentration of tetra-
alkylammonium (C) and rate constant (k) for hydrol-
ysis of p-NPH in the presence of N5; pH 8.0 (0.1 mol
dm-? KH,PO,-0.05 mol dm-3 Na,B,0, buffer solu-
tion), u=0.5(KCl), 25°C, [p-NPH]=5x 10~5mol
dm-3, [NaN;]=5X 10-¢ mol dm~3.
(—@—): 1, (—O—): 1, N; free;
(A=) 3, (—0—): 4, (—O—): 5.
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Fig. 2. Relationship between concentration of N3
([N3]) and rate constant (k) for hydrolysis of p-NPH
in the presence of N3; pH 8.0 (0.1 mol dm—2 KH,PO,
-0.05 mol dm—? Na,B,0, buffer solution), ux=0.5
(KCI), 25°C, [p-NPH]=5x 10-5mol dm-3, [Tetra-
alkylammonium]=>5 X 10—4 mol dm-3.

(—@®@—): 1, (—O0—):1,29°C, (—H—): 2, (—A—):
3, (—@—): 4, (—C—): 5, (—A—): tetraalkylammo-
nium free.
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Fig. 3. Relationship between concentration of tetra-
alkylammonium (C) and relative fluorescence intensity
of ANS; pH 8.0 (0.1 moldm—?* KH,PO,-0.05 mol
dm-3 Na,B,0, buffer solution), u=0.5(KCl), 25 °C,
[ANS]=1 x 10-* mol dm~3; excitation wavelength was
365 nm and emission wavelength was 490 nm.
(—@—): 1, (—0—): 2, (—A—): 3, (—A): 4
(—0—) 5.

Contrary to 1, the other tetraalkylammonium salts,
2—5, with less hydrophobic groups, did not acceler-
ate the hydrolysis even in the presence of N3 (Figs. 1
and 2). Furthermore, the hydrolysis of p-NPA (less
hydrophobic substrate than p-NPH) was not en-
hanced under the same conditions as those for
p-NPH.

It is generally known that the fluorescence intensity
of ANS is significantly increased when ANS is
incorporated into hydrophobic environment.!?
Therefore we studied the effect of the tetraalkyl-
ammonium salts upon the fluorescence of ANS to see
which ammonium salts form hydrophobic aggregates
(Fig. 3). Relative fluorescence intensity was remark-
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ably increased in the presence of 1 (=2X10-5mol
dm-3), while 2—5 scarcely increase the fluorescence.

Discussion

It seems very likely that the hydrolysis proceeds as
follows.

CH3CH32)sCOOCeHNO2+ N3 —>
CH3(CH2)sCON3+ ~OCsH4NO2 (1)

CHj3(CH2)sCON3+ OH- —
CH3(CH2)sCOOH + N3 (2)

Therefore in the present study we are discussing the
first reaction (1) of the hydrolysis.

As described in the Results section, the hydrolysis of
p-NPH in the presence of N3 and 1 did not follow
pseudo-first-order plot. Taking into account the
results that the hydrolysis was significantly acceler-
ated upon addition of N3, it seems very likely that N3
adsorbed on the aggregate should attack p-NPH very
efficiently. As the concentration of 1 (=5X10-% mol
dm™3) is lower than that of N3 (=5X10~4 mol dm-3),
the numer of N3 adsorbed on the aggregate is
appreciably decreased as the reaction proceeds, for the
liberated p-nitrophenol and/or hexanoic acid can be
also adsorbed on the anion-binding site of the
aggregate in competition with N3. Therefore k will
decrease as the hydrolysis proceeds. On the other
hand, in the micelle system the concentration of
HTAC (21X10-3moldm—3)was much higher than
that of 1, and so the number of N3 on the micelle
may be virtually constant. The k value will be
constant, therefore, during the reaction, as mentioned
above.

In the presence of 1, the k value increased but
seemed to be saturated gradually as N3 was added
(Fig. 2). This saturation may be attributed to the
saturation of the amount of N3 on the 1-aggregate.
When 2—5 were added instead of 1, the reaction was
not accelerated even in the presence of N (Figs. 1 and
2). These results suggest that 2—5 cannot form
aggregates in aqueous solution. This conclusion is
also substantiated by the findings that the fluores-
cence intensity of ANS was remarkably increased by 1
but not by 2—5 (Fig. 3). An active ester, more
hydrophilic than p-NPH, would not be included in
1-aggregate. In fact, the hydrolysis of p-NPA was not
activated in the presence of both 1 and N3. Thus, it
can be concluded that the rate enhancement of the
hydrolysis of p-NPH in the presence of 1 and N3 is
ascribed to the formation of the aggregate of 1 on
which N3 and p-NPH are adsorbed and activated.
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