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Abstract

The degradation kinetics of Abbott-79175 in aqueous solution have been studied as a function of pH.
Concentration /time plots indicated a pseudo-first order nature of reactions throughout the pH range studied.
Additionally, the effects of temperature, ionic strength, and buffer concentration have been examined. From
multiple temperature experiments, Arrhenius and activation parameters were calculated. Furthermore, it was
determined that upon ionization, Abbott-79175 degradation proceeded independently of ionic strength. These data
in addition to the plateau-like nature of the pH-rate constant profile above pH 10 suggest a lack of participation of
hydroxide ion during the reaction. This behavior in the neutral and alkaline regions was qualitatively very similar to
that of zileuton, a 5-lipoxygenase inhibitor in phase III clinical trials. In addition to allowing the determination of the
buffer independent rate constants, kinetic studies as a function of buffer concentration allowed in some of the
systems the deduction of which buffer species were catalytic. A multi-parameter model was fitted to the pH buffer
independent rate constant data using non-linear regression. This modeling yielded parameters such as the
microscopic rate constants and the pK, under the aforementioned conditions. From the pH-rate constant profile,
Abbott-79175 was found to be more labile than zileuton throughout the pH range studied. This difference was
greater than three orders of magnitude at pH 1. Such acid lability produced a pH profile which had a much narrower
region of maximum stability.
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1. Introduction (NSAIDs) (Flower et al, 1985). Numerous
NSAIDs can be found on the prescription and

Inflammatory disorders such as arthritis, non-prescription market. These agents as a class
asthma, ulcerative colitis, rhinitis, and psoriasis generally inhibit one cyclooxygenase (or
are presently treated with a variety of therapeutic prostaglandin synthetase) which is responsible for
agents such as steroids and cytostatic agents, as the conversion of arachidonic acid to various
well as the non-steroidal anti-inflammatory agents prostaglandins (Flower et al., 1985; Moncada et

al.,, 1985). In addition to being a precursor to
prostaglandins, arachidonate is also the precursor
" Corresponding author. to leukotrienes (often called the slow reacting
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Fig. 1. Chemical structure of Abbott-79175. Chemical name:
R-(+)-N-[3-[5-(fluorophenoxy)-2-furanyl}-1-methyl-2-
propynyl}-N-hydroxyurea. Molecular formula: C,sH;;FN,0O,
Molecular weight: 304.28.

substance of anaphylaxis), in this case the con-
verting enzyme being 5-lipoxygenase (5-LO).
Leukotrienes produce smooth muscle contrac-
tion, cause increases in vascular permeability, and
are potent chemotactic substances (Wasserman et
al., 1991). Inhibition of 5-LO represents another
strategy for the treatment of many inflammatory
disorders by the reduction of the levels of
leukotrienes, which are potent inflammatory me-
diators.

One agent in the hydroxyurea class of 5-LO
inhibitors is zileuton (Abbott-64077) (Brooks et
al., 1990; Carter et al., 1991) which is currently in
clinical trials for the treatment of asthma. The
stability of this compound in aqueous solution,
along with the characterization of its degradation
pathway, has been elegantly described (Alvarez
and Slade, 1992). The mechanism of degradation
of this compound was shown to be hydrolysis at
the amide functionality producing the corre-
sponding hydroxylamine and carbamic acid as
primary degradation products.

The current study examines the solution stabil-
ity kinetics of a new 5-LO inhibitor, Abbott-79175
(Fig. 1). The biological properties of the racemic
mixture of this compound and its enantiomer
have been described (Bell et al., 1993).

2. Materials and methods
2.1. Materials
Abbott-79175 (lot 58-190-AL) was generously

provided by the immunoscience venture at Ab-
bott Laboratories. Water utilized in the study was

HPLC grade (EM science) and all other solvents
utilized were of HPLC grade. All other materials
were analytical reagent grade.

2.2. HPLC assay

Abbott-79175 was quantitated by high-perfor-
mance liquid chromatography (HPLC). The
HPLC system consisted of a Hitachi AS4000 Au-
tosampler equipped with a 100 ul loop, a Spectra
Physics SP8800 ternary pump, Kratos Spectroflow
783 variable-wavelength detector and Spectra
Physics 4270 Integrator. The column was a Regis
Octadecyl Workhorse 30 cm X 4.6 mm i.d. code
731118. The mobile phase was 50:50 (0.1% v /v
perchloric acid with 0.025% w /v acetohydrox-
amic acid)/acetonitrile, with a 2 ml/min flow
rate. The wavelength of detection was 264 nm,
with a typical injection volume of 100 ul. The
analyte was quantitated from linear standard
curves of peak area obtained from the integrator
vs concentration. The drug peak was shown to be
clearly resolved from degradation products in all
studies where such interference was a possibility.

2.3. pK, estimation

The solubility method for pK," (estimate) de-
termination was performed for Abbott-79175.
Solubilities at 40° C were determined in triplicate
from pH 7.50 to 11.72 The buffers utilized were
0.05 M and pu =0.5. Sodium phosphate was em-
ployed for pH 7.47-8.49, 11.45, and 11.96, while
sodium carbonate was used for pH 9.00-11.01.
Sodium chloride was the ionic strength adjuster.
0.5-1 mg quantities of drug were placed in 0.6 ml
of buffer solution and were allowed to equilibrate
for 72 h in a rotating bath apparatus (20 rpm). At
the end of the equilibration period, the samples
were removed from the bath, immediately filtered
through a 0.45 um filter (Acrodisc 3 ¢r PTFE)
attached to a disposable syringe (Bectin-Dickin-
son). It was confirmed at as low a concentration
as ~7 ug/mli that filtration did not cause an
underestimation of drug concentration due to
filter adsorption. The filtrate was then immedi-
ately diluted with acetonitrile /water (50:50) and
injected into the HPLC apparatus. The pH was
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obtained from the combined remaining filtrates
of the three replicates immediately after the
aliquots were removed for dilution.

2.4. Aqueous solution kinetic studies

Solution kinetic studies were performed by
preparing a stock solution of Abbott-79175 in
methanol (~ 1300 ug/ml) and diluting this with
the reaction medium (1:100 dilution) to arrive at
a final drug concentration of ~ 13 ug/ml. Most
studies were performed by placing aliquots of this
reaction medium into 2 ml ampules which were
then sealed and placed in the appropriate oven
(40, 60, 70° C). The degradation studies under
more accelerated reaction conditions were per-
formed by adding the drug dissolved in methanol
to a scintillation vial containing the pre-heated
reaction medium. The samples were then taken
with a micro-pipette and diluted with a quench-
ing medium (chilled 50:50 acetonitrile /water).
These samples were then immediately loaded
onto the autosampler which was equipped with a
chilled (~ 10° C) tray.

The pH values examined in this study (1-13)
were maintained by buffer species having a pK,
within 1.5 pH units of the desired pH, with the
exceptions of 1 and 13 which were 0.1 N HCI and
NaOH, respectively. Sodium phosphate was uti-
lized in pH 2, 3, 6, 7, 8, and 12 systems, sodium
acetate at pH 4 and 5, and sodium carbonate at
pH 9.2, 10, and 11. Actual pH values for each
study will be listed with the appropriate kinetic
data. When pH values are not specified to two
decimal places, they were within 0.1 units of the
target value. Typically, multiple buffer concentra-
tions were studied at a particular pH so as to
allow the calculation of the buffer independent
rate constant. Usually, 0.05, 0.10, 0.15, and 0.2 M
buffer concentrations were used, however, in the
higher pH regions (phosphate buffer), 0.05, 0.075,
0.1, and 0.125 M concentrations were utilized. In
these experiments, the ionic strength was main-
tained at 0.5 (+0.02). Four exceptions were the
pH 12 buffers of 0.05, 0.075, and 0.1 M, that were
w =0.531, 0.530, and 0.588, respectively, and the
0.2 M pH 8 buffer with u = 0.582. Buffer calcula-
tions involved the use of the Davies expression

for activity coefficient calculations (Davies, 1962)
and were performed on Equil v. 2.13 (MicroMath
Scientific Software). The effect of ionic strength
was studied in the alkaline pH range (pH 13).
The ionic strengths used were 0.1-0.5 at 0.1
increments. Temperatures of all studies were
monitored using regularly calibrated thermome-
ters. Oven and bath temperatures were main-
tained at +1°C.

3. Results and discussion
3.1. Observed kinetic order

Previous work (Alvarez and Slade, 1992) on
the stability of zileuton demonstrated degrada-
tion kinetics that were pseudo-first order in na-
ture. The pH-rate profile for zileuton showed a
direct dependence of the rate constant on the
proton concentration in the acidic range, a pH
independent rate constant between pH 3 and 8§,
and dependence on the degree of ionization of
zileuton around the pK, with pH independence
of the rate constant at pH values above 10. Rep-
resentative concentration vs time plots for two
extreme pH values for Abbott-79175 are shown in
Fig. 2. The kinetics appeared to be pseudo-first
order at all pH values studied.

A—79175 Concentration (ug/ml)

Time (hours)

Fig. 2. Concentration vs time profile for Abbott-79175 in
aqueous solution at 40° C at two pH extremes.
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Table 1
Effect of pH and buffer concentration on rate of Abbott-79175
degradation at 40°C

pH Buffer concentration (M)
0.05 0.075 0.10 0.125 0.15 0.20

205 149°% 2.40 3.15 3.81
3.06 0.18 0.22 0.29 0.41
3.99 0.028 0.040 0.051  0.055
499 0.007 0.012 0.018  0.021
6.00 0.006 0.009 0.012  0.015
7.03  0.0051 0.0055 0.0065 0.0079
8" 0005 0.007  0.007 0.008

9.22 0.016 0.019 0.019  0.019
10° 0103 0.051 0.093  0.076
11.00  0.11 011 015 0.13

12.01 0.11 0.15  0.16

2 All rate constants are expressed in h™ 1,
b pH within 0.1 units of target value.

3.2. General acid / base catalysis

The effects of buffer concentration on the rate
of degradation of Abbott-79175 for various buffers
are listed in Table 1, with an example plot shown
in Fig. 3. The buffers employed in this study were
sodium phosphate, acetate and carbonate. In or-
der to understand the contribution of each species
for a particular buffer, where possible, their

k (1/hours)

0.0 1 1
0.0 0.1 0.2 0.3

Buffer Concentration (M)

Fig. 3. Plot of observed rate constant vs phosphate buffer
concentration at 40°C and p = 0.5.

macro-catalytic rate constants were calculated
from rate vs buffer concentration data. Then,
considering the individual species concentrations,
and these macro-constants as a function of pH,
the probable catalytic species were deduced in
most pH regions. Equations from which species
concentrations at various pH values can be calcu-
lated are shown below:
For phosphate:

ay+[H,PO; ]y

K= T Po,] @
ay+[HPOZ |y,_

K= [H,PO; Jy_ (2)
B “H*[POS_]%-

Ks= [HPOZ |y, _ )

where ay- is the proton activity, and the y_,
v,_, and y;_ denote the activity coefficients for
the ionized phosphate species with their corre-
sponding signs. The catalytic components of the
various phosphate species are described below.

kobs = kO + kphosphate[phosphate] (43)

=ko+ Kig,po [H3PO, ] + ky po; [H,PO; ]
+kHP0§‘[HPOf_] +kP02_[P02‘] (4b)
=k + kg po, fu,p0,[Phosphate]
+ ky,po;fu,p0; [Phosphate]
+ kypoz-furo;-[Phosphate]
+ kPoi-fpogf[phosphate] (4¢)

where f values are concentration fractions of the
various phosphate species. Following from above,
these fractions are represented below:

3

ay+
f =
MPOs ™ gt a+K /y _+ ay+K Ko /v2_+ K Ko Ko /75—
(4d)
f _ a%{"Kl/')’-
HPOS ™ bt alioK, /v _+ au+K Ky /v, + K Ko Ks /75—
(4e)
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ag+Ki Ky /v
Tuwoi== appr+ af Ky /y + ag+K Ky /vs + K KoKy /v
(4f)
KK, K3/v3-
Trot== ajge+ afy+K /v _+ag+K Ky /v, + K Ky Ks /v;
(42)

For the pH 2 and 3 systems, it can be dis-
cerned from the observed catalytic constants
(slope of observed rate constant vs buffer concen-
tration) and the relative species percentages (see
Table 2) that H;PO, is the most catalytic of the
two species. In the pH 6-7 range, the data in
Table 2 suggest that the the H,PO, species is
most catalytic since the highest catalytic constant
is associated with the greatest proportion of
H,PO, .

For acetate, an analogous, although more sim-
plified, treatment is shown below:

ay+[OAc y_
17 . (5)
[HOAC]
ay+ represents proton activity as before, and y_
denotes the acetate ion activity coefficient. The

expression for catalytic micro-constants is derived
below.

kobs = kO + kacetate[acetate] (63)
= ko + kyoac[HOAC] + kga.-[OACT] (6b)

= ko + kuoacfuoac[acetate]

The species fractions are shown below:

Ayt
fHOAc= T (6d)
aH++ Kl/‘y_
K, v_
f T 66)
O g+ K /y_ (

One additional consideration in the case of
sodium acetate is the association of sodium and
acetate ions in an ion pair. Such association has
been shown experimentally (Archer and Monk,
1964). The contribution of this ion pair species is
~ 3% at pH 4 and ~ 10% at pH 5. The catalytic
contribution of this species is assumed to be
relatively small especially in light of the other two
potentially catalytic species. This assumption is
made since, due to ionic association, there is no
available nucleophile (carboxylate anion) for a
catalytic effect.

At pH 4 and 5, from an examination of the
relative magnitude of the catalytic constants at
these pH values, the acidic component of the
buffer (HOACc) is suggested to be more catalytic
than its conjugate base (OAc~ or NaOAc for that
matter), since the overall catalytic constant in-
creased substantially along with an increase in
the HOACc percentage.

For carbonate, once more an analogous treat-
ment to those with the two other buffer system
applies:

_ay-[HCO7]y_

=TT AN T (7)
+ koac-foac-[acetate] (6¢) [H,CO;]
Table 2
Catalytic macro-constants and species concentrations for low and high buffer concentrations vs pH
pH Ky ® (1/mol per h) Species (%)
Low concentration 2 High concentration #
2 15.42 50.52 H3PO,4, 49.48 H,PO, 50.54 H;P0,, 49.49 HPO,
3 1.496 9.07 H;PO,, 90.91 H,PO, 9.07 H;PO,, 90.90 HPO,
4 0.184 78.08 HOAC 18.99 OAc ™, 2.93 NaQAc 78.08 HOACc 18.99 OAc ™, 2.92 NaOAc
5 0.096 26.27 HOAc 63.88 OAc ™, 9.86 NaOAc 26.28 HOAC 63.90 OAc, 9.83 NaOAc
6 0.06 82.95 H,PO; , 7.05 HPO; ~ 82.96 H,PO, , 17.04 HPO; ~
7 0.019 31.23 H,PO, , 68.76 HPO; ~ 31.26 H,PO, , 68.74 HPO; ~
8 0.028 4.64 H,PO,, 9532 HPO}~ 4.64 H,PO, , 9532 HPO; ~
9.2 0.017 76.2 HCOj3 , 23.8 CO%~ 76.2 HCO5, 23.8 CO5~
10 —0.078 34.7HCOj5 , 65.3 CO3~ 34.6 HCO7 , 65.4 COZ~
11 0.287 5 HCO3, 95 CO5™ 5HCO;3, 95 C0O3~
12 0.96 18.37 HPO? ™, 81.63 PO}~ 18.27 HPO? ™, 81.73 PO; ~

* Lowest and highest buffer concentrations used for a given pH.
® Obtained from k., vs buffer concentration plots (data in Table 1).
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_ ay+[CO3 "]y,
T OOy ®

Kk obs = ko + K carbonare [ CaTDONALE] (9a)
= ko + K11,00,lH2CO;5] + kyco3-[HCOS |
+ko3-[CO37] (9b)
K ovs = Ko + K 11,c0,f,co,lcarbonate]
*+ kycosfuco; [carbonate
+ kco3-fooz-[carbonate] (9¢)

In the pH range this buffer system was uti-
lized, where the carbonic acid concentration is
miniscule; the species fractions are:

A+
cho; = k (9d)
aH++ K2'Y_/'Y24
Kyy_/v,-
fco§* = (%)

ay++Kyy_ /v,

An assessment of which carbonate buffer com-
ponent is most operative in a catalytic sense is
more difficult to make. The carbonate buffer is
utilized in the pH range over which Abbott-79175
undergoes ionization. Therefore, more than just
the relative buffer species proportions change
over this range. While the catalytic constant at
pH 11 is considerably larger than those at either
9.2 or 10 (Table 2), it is very difficult to draw any
inference from the data with a high level of
confidence, except that 95% of the concentration
of the buffer at this pH is the doubly anionic
carbonate species. As a result, the concentration
of bicarbonate very low and less likely to be the
catalyst.

3.3. pH-rate profile

The log degradation rate constant vs pH pro-
file at 40° C is shown in Fig. 4. The data points on
this plot represent the rate constants at zero
buffer concentration (k) obtained from plots of
k. Vs buffer concentration, while the curve
through the data points represents the non-linear
fit of the data to the mathematical model devel-
oped in the following discussion. The possible

1000 T T T T T T T T T T

100 B

104

(1/hours)

k
°

0.01
0.001
0.0001 ! 1 | i 1 | 1 1 1 I\ i
1.2 3 4 5 6 7 8 9 10 11 12 13
pH

Fig. 4. Plot of buffer independent rate constant vs pH for
Abbott-79175 at 40°C and p = 0.5.

reactions of Abbott-79175 in aqueous solution to
products (P) are shown below:

Reaction Rate constant
H,0
DH+H* - P k,
H,0
DH - P k,
H,0
DH+OH™ - P ks,
H,0
D™ > P k,y
H,0
D"+OH™ - P ks
v=—d[D]/d¢

= kobs[D] = kl[DH][H+] + kz[DH]

+ k;|[DH][OH"] + k,[D"]

+ kD ][OH™] (10)
where v is the velocity of the reaction, [D] the
total concentration of Abbott-79175 in solution,
[DH] the concentration of undissociated Abbott-
79175, and [D~] the concentration of Abbott-

79175 anion produced by deprotonation at the
hydroxyurea -OH functionality. k,-k; are the
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microscopic rate constants for the various reac-
tions.

[D]=[DH] + [D7] (11)
with
ay+[D 7 ]lyp-
T (2

where a,;+ and yp- are the hydrogen ion activity
and activity coefficient of ionized drug, respec-
tively, while K, denotes the ionization constant
of the drug.

[DH] 13
fou= DH]+[D] (13a)
and

P [DH]+[D"]
combining the above:
f (13b)
pH ay++K,/vp-
and
Ka/yD“
fo-=———F7—"7— (14b)
ag++K,/vp-
Consequently:

kops = {kla%ﬁ/YH*‘* kray++k3Ky/You-
+k,K,/vo-+ksK,K,/aq+Yp-You-)
X{aH*+Ka/7D’}‘1 (15a)

where K., is the autoprotolysis constant of water
and ygy- represents the activity coefficient of
hydroxide ion.

The general shape of the log degradation rate
constant vs pH profile demonstrates that Abbott-
79175 has considerable lability to acid catalysis
(Fig. 4). Abbott-79175 shows a profile which is
virtually unaffected by base, but is dependent on
the degree of ionization of the molecule, which
reacts directly with the solvent.

Upon ionization of Abbott-79175 the rate
ceases to increase, with the explanation in elec-
trostatic terms that this negatively charged
molecule will not be susceptible to attack by the

OH"™ nucleophile at the amide bond. The most
likely scenario is that the attacking species in
hydrolysis is water, which would explain the lack
of dependency on the OH™ concentration. In
addition to the pH independence of the profile in
the alkaline region, the potential reaction of a
negatively charged hydroxide ion attacking the
Abbott-79175 anion is unlikely in light of results
from rate vs ionic strength experiments, which
show no discernible effect of ionic strength on
the reaction rate constant. This lack of effect of
ionic strength on rate is discussed in section 3.4,

From the observed pH-rate data, there is defi-
nitely a dependence on the proton concentration,
a plateau region from approx. pH 5-8, and a
definite pH independence above the apparent
pK, of the molecule. The pH independence in
this region eliminates the need for a term con-
taining k5. It was also determined by a non-linear
fit of an equation containing five parameters (k-
k,, and the pK,, that the values for &, k,, and
k, and the pK, were similar with or without the
term containing k,. From this observation, a
four-parameter model was deemed the most ap-
propriate one. This model, which was simplified
from Eq. 15a, is shown below.

_kiaip/ynet kayt kK, /vp-
o ap-t K./vp-

The elimination of rate constants k, and kg
emphasizes the lack of contribution of hydroxide
ton catalysis in the degradation of Abbott-79175.
The microscopic rate constants and the pK, ob-
tained from a non-linear fit of this model to the
experimental data are shown in Table 3.

The following model was fitted to the experi-
mental solubility data for Abbott-79175 for the

k (15b)

Table 3
Microscopic rate constants obtained from non-linear regres-
sion using kinetic model at 40°C @

ky (/mol  k,¢h™1) kyth™h pK,
per h)
64.2 (11.7)* 0.0033 (0.0007) 0.1164 (0.0234) 10.14 (0.22)

® Monovalent activity coefficient of 0.684 utilized in fitting
Eq. 15b.
P Standard error of parameter, r = 0.992.
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Table 4
Solubility of Abbott-79175 at 40° C as a function of pH
pH 2 Apparent solubility ® (xg/ml)
7.50 21.0(0.3)
8.02 20.0 (0.1)
8.38 20.4 (0.5)
9.05 22.9(0.5)
9.60 25.4(0.1)
9.94 263(1.0)°¢
10.44 552(3.0)
10.70 70.1 (1.8)
11.34 240.6 (10.7) ©
11.72 492.2 (1.1)

? pH values after equilibration as described in text.

b Solubilities are averages of three replicates with standard
error of mean (SE) in parentheses.

¢ Average and SE from two replicates.

purpose of estimating the pK, independently
(Table 4).

S o = Spp[10PHPKD] 4 g (16)

obs

S.bs TEPresents the observed solubility at 40° C,
and S, the intrinsic solubility of Abbott-79175
at this temperature. From a non-linear fit (Fig. 5)
to the Abbott-79175 solubility data, a pK, of
10.33 (with a standard error of 0.02) and an
intrinsic solubility of 20.7 ug/ml (standard error
of 0.4 pg/ml) were obtained. This pK," value is

600 T T T T

500 B
O Experimental Data
~ Regression Fit

400

300

200

A-79175 Concentration (ug/mi)

100 +

pH

Fig. 5. Abbott-79175 solubility as a function of pH at 40° C in
0.05 M buffers (u = 0.5).

an estimate and not considered a thermodynamic
value. This is the case because the concentrations
of drug, particularly under conditions where it is
ionized, are large and contribute to the ionic
strength of the medium. Furthermore, some *m-
avoidable degradation occurred in the medium
which also has an influence on the ionic environ-
ment. Although not a thermodynamic pK,, it
does serve as the best independent estimate
method available (this is the case since titrimetric
and spectrophotometric methods were not appli-
cable to this compound). Although this pK, and
the one obtained from the kinetic analysis (10.14)
are reasonably close considering the experimental
error from the stability-derived number, any dif-
ference observed between the two values can
largely be attributed to buffer effects (which were
negated in the kinetic analysis) and effects of
drug degradation on the nature of the solubiliza-
tion medium.

When the profile is compared to that for zileu-
ton, it is shown that Abbott-79175 is considerably
more labile, particularly in the acidic range (Fig.
6). The zileuton data at 40°C and 0.05 M were
calculated from data originally reported by Al-
varez and Slade (1992). The ionic strength in the

10 T T T L T 1 T T ¥ T

QO Zileuton
® A-79175

(1/hours)

kobs

I

N 1 1 !
3 4 5 6 8 9 1011 12 13 14
Fig. 6. Comparison of observed rate constant vs pH for

Abbott-79175 and zileuton at 0.05 M buffer concentration and
p=0.5at 40°C.



J.S. Trivedi, 1.I. Fort / International Journal of Pharmaceutics 123 (1995) 217-227 225

OH

|
N_NH,
~“'J‘<H \Tof

Fig. 7. One proposed mechanism for acidic hydrolysis of Abbott-79175.

zileuton studies was 0.2. The relative reactivity of
Abbott-79175 compared to zileuton is directly
related to the differences in substituents on these
molecules. It is possible that in the acidic range
the mechanism of degradation has changed com-
pared to zileuton due to the substitution of the
fluorophenoxyfuranyl ethyne for the benzothio-
phene of zileuton. Furans are known to be sus-
ceptible to acidic hydrolysis, which may be due to
their lower resonance energy compared to other
heterocycles like thiophene and pyrrole (March,
1977). For Abbott-79175, a substituted furan, a
plausible reaction scheme involving the furan
moiety in the acidic range, based on the work of
Garst and Schmir (1974) with 2-methoxyfuran, is
depicted in Fig. 7. This scenario would not be
chemically reasonable for zileuton (structure of
zileuton is shown in Fig. 8). Previous work by
Kankaanpera and Aaltonen (1972) and by Garst
and Schmir (1974) showed relatively rapid rates
of hydrolysis of 2-methoxyfuran. Although Ab-
bott-79175 possesses a more complicated struc-
ture than this model compound, the much greater

rate of acidic hydrolysis of Abbott-79175 vs zileu-
ton can be explained based on the known lability
to acidic hydrolysis by 2-alkoxy and presumably
aryloxy furans. Due to the great qualitative simi-
larity of the Abbott-79175 pH-rate profile in the
neutral and alkaline ranges (although the rate is
faster) to that of zileuton, a similar mechanism of
degradation is believed to be operative. The rate
disparity between Abbott-79175 and zileuton in
neutral and alkaline solution may be attributed to
differences in inductive effects of the substituents
on their common hydroxyurea moiety. An exami-
nation of the degradation pathway of Abbott-
79175, which is of considerable complexity, war-
rants a separate report.

OH

|

QY

Fig. 8. Chemical structure of zileuton (Abbott-64077).
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Table 5
Effect of ionic strength on rate of ionized Abbott-79175
degradation at 40°C

Table 6
Abbott-79175 degradation rate constants as a function of
temperature

pH m pH Temperature (° C)
0.1 0.2 03 04 0.5 40 60 70

12.89 &P 0.137 0.120 0.118 0.137 0.122 2@ 1.49 4.42 7.06 ®

* All apparent pseudo-first order rate constants are in h™'. 4° 0.03 0.13 0.24

b System consisted of 0.1 N NaOH with added NaCl to adjust 5.99 0.006 0.030 0.076

i 8.06 0.005 0.05 0.19
10.09 0.10 0.80 1.87
12.03 0.11 1.49 312

3.4. Effect of ionic strength

The rate of degradation of Abbott-79175 above
its pK, is unaffected by varying the ionic strength
(Table 5). This further supports the absence of
hydroxide ion participation in the rate-limiting
step of Abbott-79175 anion degradation in aque-
ous solution. Although a similar study was not
performed in the work of Alvarez and Slade
(1992), the same independence of the reaction
rate to hydroxide ion concentration, as demon-
strated by the plateau of the rate profile in this
region, was observed with zileuton and Abbott-
79175.

3.5. Degradation rate temperature dependence

The relationship between the overall degrada-
tion rate constants (k) and temperature for
those pH values studied is illustrated in Table 6.
The differences in activation energies for Abbott-
79175 at the various pH values (Table 7) indicate
the change in mechanism of the reaction consis-
tent with the kinetic model. The activation ener-
gies in the mildly to strongly alkaline regions are
in the range of other urea-like compounds (Lynn,
1965; Vogels and Van der Drift, 1969; Welles et

? pH within 0.1 units of target value.
® All rate constants are expressed in h~L.

al., 1971). Additional activation parameters for
the k., in the various pH regions are also listed
in Table 7. Enthalpy of activation which parallels
the energy of activation is observed to increase
with pH, as the entropic component becomes
more positive. On entropic grounds alone, the
degradation reaction in the acidic range would
not be favored relative to reaction in the alkaline
region (Moore and Pearson, 1981). However, this
relatively unfavorable component (consistent with
proton catalyst, water as a nucleophile, and drug
molecule converging) is offset by the considerably
reduced enthalpy of activation. It is important to
note that the derived activation parameters are
averages that are valid over the temperature range
studied. This is primarily due to temperature
effects on the complex ionic equilibria in solu-
tion.

4. Conclusions

Abbott-79175 has been shown to degrade ac-
cording to pseudo-first order kinetics in the pH

Table 7
Activation parameters for k., at various pH values (40° C)
pH E, (kcal /mol) AH * (kcal /mol) AS *(ew) AG ¥ (kcal /mol)
24 11.1 10.5 —40.6 23.2
42 15.4 14.7 -349 25.7
5.99 17.8 17.2 -30.1 26.6
8.06 25.6 249 =57 26.7
10.09 20.6 20.0 -154 24.8
12.03 24.0 234 —-44 24.8

? pH within 0.1 units of target value.
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range from 1 to 13. It has been shown to be
considerably more labile to specific acid catalysis
than its predecessor zileuton and demonstrated a
much narrower pH range of maximum stability
than zileuton. Its qualitatively similar profile in
the neutral and alkaline ranges suggests a similar
mechanism for degradation in this region to
zileuton. For both zileuton and Abbott-79175, it
is abundantly clear that the rate-limiting compo-
nent of the mechanism for degradation in the
alkaline range does not include participation by
hydroxide ion. Abbott-79175 has been shown to
be susceptible to general acid/base catalysis
which should be considered for any liquid formu-
lation of this compound.
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