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INTRODUCTION A modd esterolytic mechanism
involving the cooperative effect of an amide functiondity
and the deavage of a neighboring acetyloxy group was
previoudy reported [L,2]. The O- to N- transacylation
reection of O-acatyldicylamide (compound 1) to give
compound 2 is rgpid, pH-dependent, and independent of
buffer concentration (see Scheme 1). In addition, the rate
of such reactions can be greatly enhanced through an
inramolecular generad acid catalyss mechaniam. For
example, in compounds containing a termind carboxylic
acid functiondity as pat of the O-acyl group (i.e,
compounds of generd dructure 3), the involvement of the
free carboxylate group in the rate enhancement of O- to
N-acylation was postulated to proceed via the trangtion
date 4 [3]. Thus, the O-glutaryl hemiester derivative 3a
was found to exhibit a transacylaion rate that was 400
times fagter than that observed for compound 1 (3a, Koy~
= 4402 x 10°'mol’s® 1, Ko = 14 x 10'moe’s?).
Comparison of the reactivity of the hydroxide ion toward
the eser functiondity with that of the ionized amide
function in the intramolecular catalysis was carried out by
utilizing the modd compound N,N-dimethyl-O-acetyl-
sicylamide (5). The hdf-life for hydrolyss of the ester
group of compound 5 was found to be 8 hours, wheress
the hdf-life of compound 1 & the same pH was 13
seconds.
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The purpose of this technical note isto report on results
from dudies that further compare the reative
contributions of the intramolecular esterolysis in the
presence of externa nucleophiles such as sodium
bisulfite [1] or acetamide, utilizing quantitative product
andyss. The former compound represents a strong



nucleophile, which is known to cadyze eder
hydrolysis [4], whereas acetamide was utilized to
mimic the ortho amido functiondity in compound 1.
The results of this study afford important data on the
magnitude of intramolecular esterolytic processes
involving cooperativity of adjacent functional groups
within the same molecule. These data provide detailed
information on the <ability and mechanism of
degradation of O-acyl derivatives of sdicylamide in
solution. Such information is of vaue in the design of
prodrugs and structurd andogs of sdicylic acid and
sdlicylamide, and other related drug molecules.

MATERIALS AND METHODS

Sdicylamide and acetamide were obtained from
Sgma-Aldrich (Milwaukee, WI). O-acetylsdicylamide
and N-acetylsdicylamide were prepared as previoudy
described [1]. Sodium hydroxide, sodium bisulfite,
spectra grade methanol, spectrd grade dioxane, citric
acid, potassum dihydrogen phosphate, and phosphoric
acid were obtained from Fisher Scientific (Pittsburgh,
PA).

Degradation kinetics were caried out a room
temperature in 0.2 mol/L phosphate buffer a pH 6.5 in
the presence and absence of various concentrations of
sodium bisulfite or acetamide. O-acetylsdicylamide
concentrations ranged from 0.1 mol/L to 0.5 mal/L.
The dependency of the reaction between bisulfite ion
and O-acetylsdicylamide on the concentration of
bisulfite ion, and the quantitative formation and
identification of the reaction products, was determined
by adding a solution of O-acetylsdicylamide in spectra
grade dioxane to solutions containing sodium  bisulfite
(0.01 mal/L — 0.50 moal/L) and 0.2 moal/L phosphate
buffer at pH 6.5. Similar experiments were carried out
to determine the effect of varying concentrations of
acetamide on the O- to N- transacylation reaction. At
gppropriate time points, samples were quenched by
adding solutions of 0.2 mal/L citric acid, pH 2.5. The
resulting solutions were analyzed by high-performance
liquid chromatography (HPLC).

HPLC anadyses were carried out usng a model 400
Applied Biosysems pump (Ramsey, NJ), a

Spectraflow 773 UV detector (Ranin Ingruments,
Emeryville, CA) operating a 240 nm, an Applied
Biosystems integrator (Rainin Instruments, Emeryville,
CA), and a Rheodyne 7125 injector (Rheodyne, Cotati,
CA). The column packing used for separations was an
Adsorbosphere Cg with 5 m particle sze (Rainin
Ingtruments, Emeryville, CA). The mobile phase
congsted of methanol:0.01mol/L KH,PO4, pH adjusted
to 2.3 with 85% HsPO,, 20:80, at aflow rate of 1.0 mL
per minute. Retention times for solutes were the
following: O-ecetyldicylamide, 45  minutes,
sdicylamide, 7.6 minutes, N-acetylsdicylamide, 19.0
minutes.

RESULTS AND DISCUSSION

The rate of reaction, the pH-dependency, and the effect
of concentration of bisulfite ion and acetamide on the
reaction pathways illustrated in Scheme 1 were
determined by following the rate of formation of the N-
acetylated product 2 and the rate of formation of
sdicylamide (6).

A specific analyticd HPLC methodology was utilized,
which was capable of separating and quantitating
compounds 1, 2, and 6 (see Scheme 1). At pH 6.5 and
in the presence of 0.5 mol/L bisulfite ion, the
predominant degradation route for compound 1 was via
pathway a (Figure 1). The ratio of products 2 and 6
formed from compound 1 was dependent on the
concentration of bisulfite ion and on the pH of the
medium. In the presence of a much lower concentration
of bisulfite ion (i.e, 0.05 mol/L) a pH 6.5, the two
products, 2 and 6, from reaction pathways b and a,
respectively, could be detected (see Figure 2. The
vaue of the second-order rate constants K, and Ky, for
reactionsaand b a pH 6.5 were 1.1 x 10'mol™’s' and
23 x 10'mos?, respectivey. These data would
suggest that under the above conditions, to compete
with an intramolecular process involving an amide
functiondity, in concentration terms, about 10°-fold
excessof bisulfite ion over hydroxide ion concentration
is required for pathway a to effectively compete with
pahway b. Thus, the predominance of the
intramolecular transacylation mechanism involving
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Figure 1 Hydrolysis of compound 1 in the presence of
0.50 mol/L sodium bisulfite at pH 6.5.
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Figure 2 Hydrolysis of compound 1 in the presence of
0.05 mol/L sodium bisulfite at pH 6.5.

attack of the carboxamide anion on the adjacent
ester carbonyl group, over norma esterolysis by
bisulfite ion, reflects the relative basicity and
nucleophilicity of the hydroxide ion compared to
the bisulfite ion, and the relative abilities of these
anions to generate an ionized carboxamide
species.To further compare the reactivity of an
amide functional group in an intramolecular process
to that of a ssimilar functionality in an intermolecular
process, up to 1.0 mol/L of acetamide was used at a
pH of 6.5 (pathway c). Under these conditions, only
the transacylated product from pathway b was
detected, suggesting that the amide functionality, as
an external nucleophile, is completely ineffective in
the esterolytic mechanism. These results indicate
that ionization of the carboxamide group of O-
sdlicylamide affords an internal nucleophile that
participates in an extremely fast O- to N-
transacylation reaction.

In biological systems it has become evident that the
participation of more than one functional group is
usualy involved in the catalytic mechanisms
associated with enzyme-substrate interactions [5].
Trifunctional amino acids that may be involved in
such reactions are those containing amino,
carboxylate, thiol, phenaolic, hydroxyl, guanidino, or
imidazole functiondlities. The unique tertiary
structure of biologically active proteins affords a
molecular  scaffolding that  alows  these
functionalized amino acid residues to adopt the
unique three-dimensional environment required for
the specific catalytic mechanism at the active site of
the enzyme. It is also possible that the peptide bond
itself could participate in such a cataytic
mechanism [6]. The data from this study, together
with  the transacylation studies on O-
glutarylsalicylamide previously carried out in our
laboratories, would suggest that the magnitude of
the second-order reaction rate in this model system
probably approaches that encountered in enzymatic
reactions. As far as we are aware, it is one of the
fastest esterolytic rates at pH 6.5 ever encountered
in such alow molecular weight model system.
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