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Catalysis of Amide Hydrolysis due to Micelles Containing Imidazole and
Hydroxy Functional Groups

By Lucio ANoarpI and UMBERTO TONELLATO*®

(Centro ‘Meccanismi di Reazioni Organiche’ del C.N.R., Istituto di Chimica Organica, Universita’ di Padova, 35100 Padova,
Italy)

Summary Catalysis due to bifunctional ‘chymotrypsin
model’ micelles implies a change in the effective nucleo-
philic site from the imidazole to the hydroxy function on
going from the hydrolysis of esters to that of amides.

PrevioUsLy,! micelles of cationic surfactants containing
both an imidazole ring and a hydroxy-group (1) or one of
these groups (2) and (3) were described as effective catalysts
in the hydrolysis of esters. In the pH range 7—9 the
imidazole ring is a much better micellar function than the
hydroxy-group in promoting the hydrolysis of p-nitro-
phenyl acetate (PNPA) and hexanoate (PNPH) and the
observed order of catalytic effectiveness is (1) = (2) > (3).
The mechanistic mode of catalysis by bifunctional
micelles composed of either (1) or a 1:1 mixture of (2) and
(3) was suggested!P.2 to involve N-acylation of the imid-
azole ring followed by a rapid intramicellar intermolecular
acyl transfer to the hydroxy group: an unusual ester —
amide — ester chemical sequence.

e B w e
R—T~CH2—(;/ R—T—CHZQ R—N—CHy~CH,OH
CH, Me X" B X

énzon X
) (2) 3

R=CHays (1) and (2),X =Cl7; (3)X=Br"

0 |0| NO.
R-C—N_ _N 37T NO,
N\/ By

(4) (5)
a, R=Me

b, R =CgH,,



402

‘We have extended the study of micellar catalysis due to
(1)—(3) to the hydrolysis of some reactive amides:® the
acylimidazoles (4a) and (4b) and N-(n-butyl)-2,4-dinitro-
trifluoroacetanilide (5). With these substrates, the order
of catalytic effectiveness is (3) > (1) >> (2) and the nucleo-
philic site of bifunctional micelles is, from kinetic evidence,
the hydroxy group.

Such a change in catalytic abilities is better illustrated
by the data in the Table and by the rate-[surfactant]
profiles in the Figure. Micellar effects on amide hydrolysis
are strongly dependent on the type of buffer used and its
concentration.* Thus, at pH 8-4 values of Zq/1 mol-1s—1
and Aymax/#putter® for the hydrolysis of (5) in the presence
of (3) are 910 and 1500 in borate buffer (conditions as in the
Table) and 95 and 200 in Tris-buffer (conditions as in the

Figure). However, in each case, whereas micellar (3) and
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FiGure. Rate-[surfactant] profiles for the hydrolysis of:

(A) PNPH and (B) the anilide (5) in Tris-buffer (I 0-056m), pH 8-4,
25°C. @), A (2), O (3),and O CTABI.

(1) are effective functional catalysts, (2) behaves virtually
as a non-functional surfactant like cetyltrimethylammon-
ium bromide (CTABr) (see Figure).

The change in nucleophilic abilities of the two functions
indicates a shift in the rate-limiting step of the general
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mechanism? involving carbonyl attack by the anionic!.2.$
form of the micellar function —YH (equation 1). In the
case of esters (LH = p-nitrophenol) the release of L.— from
(6) is faster than its formation. In the case of amides
having much poorer leaving groups L, the opposite is true
and the k,:%_; ratio becomes smaller on going from the
hydroxy to the imidazole function. In the limiting case of

TABLE

Apparent catalytic rate constants,® %./1 mol ~*s-!, for the
hydrolysis of the esters PNPA and PNPH and the amides (4a),
(4b), and (5) in 0-02m-borate buffer, pH 84, at 25 °C,

PNPA  PNPH (4a) (4b) ®)

) 22 640 7-8 31 510
@) 11 390 —n — ca. 400
3) 0-32 7 135 95 910

a Calculated as described (see ref. 1) from the slope of the plot-
k¢ vs. [surfactant] above the ‘kinetic’ critical micellar concentra-
tion. The %y values for amides were obtained from spectral
changes monitored at 243, 247, and 368 nm for (4a), (4b), and
(5), respectively. P The value is too close to that of CTABTr to be
meaningful: see text.

(2) and acylimidazoles (4) both —Y and L of (6) are imid-
azolyl residues. However, —Y is a weaker base than L by
ca. 3 pK units, as previously reported;* thus, the k,:k_,;
value must be correspondingly low and the nucleophilic
catalysis virtually absent as observed.
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The present results, while providing experimental support
for a two-step mechanistic hypothesis for the bifunctional
micellar catalysis of ester hydrolysis, point to the flexi-
bility of these bifunctional micelles. Although co-operative
catalysis is absent, the two functional groups are used in the
micellar pseudo-phase in an effective and complementary
way depending on the substrate.
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