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Abstract

SB 210661, (S5)-N-hydroxy-N-[2,3-dihydro-6-(2,6-difluorophenylmethoxy)-3-benzofuran-
ylJurea, is a potent and selective inhibitor of 5-lipoxygenase. Its aqueous stability was
primarily evaluated to support development of analytical methods and formulations. The
results also add to the growing database on the stability of N-hydroxyurea compounds.

Comparison of the stability of SB 210661 with that of two other N-hydroxyurea-
containing compounds, zileuton and Abbott-79175, supported a common primary degra-
dative pathway at pH > 5 and different degradative pathways at pH < 5. The pathway at
pH > 5 is consistent with the hydrolysis of the N-hydroxyurea group, whereas for SB
210661, the pathway at pH <5 is consistent with specific acid-catalysed nucleophilic
displacement of the N-hydroxyurea group by water.

Leukotrienes have been implicated in the patho-
genesis of several inflammatory diseases including
rheumatoid arthritis, inflammatory bowel disease,
asthma, and allergic rhinitis (Chabot-Fletcher et al
1995). A key step in the formation of leukotrienes
from arachidonic acid is mediated by the enzyme,
5-lipoxygenase (Rouzer & Samuelsson 1985). 5-
Lipoxygenase is responsible for converting ara-
chidonic acid to S5-hydroperoxyeicosatetraenoic
acid, a reactive intermediate, that is converted to
epoxide leukotriene A, (LTA,) (Rouzer et al 1986).
LTA, is the pivotal intermediate from which all
other leukotrienes are formed. Direct inhibition of
5-lipoxygenase has been achieved with chemically
diverse compounds including benzofurans, hydrox-
amates, indazolidinones and N-hydroxyurea deri-
vatives (Chung 1995).

SB 210661 (Figure 1) is a novel bicyclic N-
hydroxyurea 5-lipoxygenase inhibitor. The selec-
tivity and potency of the 5-lipoxygenase inhibitory
activity of the defluorinated analogue of SB 210661
(i.e. SB 202235) has been reported by Chabot-
Fletcher et al (1995) and Adams et al (1996).

Previous reports have detailed the pH-dependent
kinetics and mechanisms of degradation of the N-
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hydroxyurea-containing 5-lipoxygenase inhibitors,
zileuton (Alvarez & Slade 1992; Chang et al 1995)
and Abbott-79175 (Trivedi & Fort 1995). Struc-
tures of both molecules are shown in Figure 2. This
report will add to the growing database on the
stability of these analogues, as a result of evalua-
tion of the stability of SB 210661. Similarities and
differences among these compounds will be high-
lighted and discussed.

Materials and Methods

Materials

SB 210661 and its hydroxylamine derivative 2,3-
dihydro-N-hydroxy-6-(2,6-difluorophenylmethoxy)
-3-benzofuranamine, were synthesized by the
Chemical Development Department at SmithKline
Beecham. Two lots of SB 210661 (AJK-19080-146
and LMT-19212-57) were used in this study.
The purity of both lots, as determined by high-
performance liquid chromatography (HPLC), was
greater than 99-4%, and the purity of the hydro-
xylamine derivative (Lot #LL-19179-185) as
determined by HPLC was greater than 95%. Pur-
ified water was from a Milli-Q system (Millipore,
Milford, MA), methanol and acetonitrile were
HPLC grade and other chemicals were ACS
reagent grade.
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Figure 1. Chemical structure of SB 210661 ((S)-N-hydroxy-
N-[2,3-dihydro-6-(2,6-difluorophenylmethoxy)-3-benzofura-
nyl]-urea; C16H;4F2N2Oy).
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Figure 2. Chemical structures of zileuton and Abbott-79175.

HPLC assay

SB 210661 and its primary degradation products
were monitored by HPLC analysis performed with a
Shimadzu (Columbia, MD) SIL-6A system com-
prising gradient pumping system, column oven,
system controller, autosampler with 100-uL. sample
loop, and variable-wavelength UV detector operating
at 226nm. Separations were performed on a
4-6mm X 25cm, 5 um particle size Cosmosil 5C18-
AR column (Phenomenex, Torrance, CA) main-
tained at 40°C. The injection volume was 15 uL and
the mobile phase was an acetonitrile-water gradient;
the flow rate was 1 mL min~'. During analysis the
amount of acetonitrile in the mobile phase was line-
arly increased from 34% to 90% in 15 min, held at
90% acetonitrile for 5min, then re-equilibrated at
34% acetonitrile for 10 min before the next injection.
SB 210661 was initially quantitated by comparison
with a standard solution the concentration of which
was in the linear range of the detector response. The
SB 210661 peak and the two primary degradation
product peaks were clearly resolved from secondary
degradation products (Figure 3).

pH Measurement

Solution pH values were measured with an Orion
(Boston, MA) Model 920 pH meter calibrated daily
before use by use of two buffers (Baxter Diag-
nostics, Deerfield, IL.) whose pH values encom-
passed those of the samples (except 0 < pH < 2).
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Figure 3. Chromatogram of a sample containing SB 210661

and the two primary degradants to show their relative retention

using the described HPLC method. The sample was prepared

by adding the hydroxylamine derivative to a degraded solution
of SB 210661 (pH 2; 25°C for 5h).

PK, Determination

The pK, of SB 210661 was determined spectro-
photometrically. Thirteen buffers, ranging in pH
between 8 and 12, of ionic strength 0-15M, were
prepared by mixing a 50 mM phosphate buffer (pH
8-0, ionic strength 0-15M) with 0-01M NaOH,
(ionic strength 0-15M). Samples (1 mL) of a solu-
tion (14-75 ugmL_l) of SB 210661 in methanol
were diluted to 50mL with each buffer. The
absorbance of these solutions at 220, 225, 230, and
240nm was measured by means of an HP8452A
UV  spectrophotometer (Hewlett-Packard, Palo
Alto, CA). A single measurement was made for
each solution, resulting in a total run time of
approximately 1h. The absorbances were used in
standard calculations, described by Albert & Ser-
jeant (1971), to obtain the apparent pK, which was
uncorrected for activity coefficients.

Kinetics experiments

To study the effect of pH on the solution stability of
SB 210661, samples of SB 210661 in various sol-
vent systems (Table 1) were prepared at
10ugmL™" by adding 100uL of a SmgmL™"
methanolic solution to 50-mL volumetric flasks
containing each solution. Samples with pH values
ranging from 3-0 to 12.-0 were transferred to
ampoules; these were flame-sealed and placed in a
storage chamber at 25 +0-5°C. For samples with
pH values < 2.0, the volumetric flasks were placed
in a temperature-controlled water bath set at
25+ 0-5°C.

The effect of buffer concentration on the rate of
degradation of SB 210661 was studied using acet-
ate buffers of pH 4-2, 4-6 and 5-1. Buffer solutions
were prepared at 25mM, 50mM, 75mM and
100 mM while keeping the ionic strength at 0-15 M.
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Table 1. Effect of pH on the degradation rate constants for SB 210661 at 25°C and ionic strength 0-15 M.
pH pH-Maintaining Degradation rate Standard deviation 1% Value of
species constant (h™H of rate constant first-order plot
1-0 HCI-NaCl 2:06 x 107! 817 x 107 0-9999
2.0 HCI-NaCl 208 x 1072 1.73 x 107 0-9995
3.0 HCI-NaCl 226 x 1073 190 x 1073 0-9998
4.2 Acetate 329 x 107 265 x 107¢ 09996
4.6 Acetate 225 x 107* 285 x 107° 0-9990
5.1 Acetate 1.88 x 107 256 x 107° 0-9989
6-0 Phosphate 172 x 1074 4.25 x 107° 0-9969
80 Phosphate 225 x 107* 617 x 107° 0-9956
11.9 NaOH-NaCl 642 x 107* 879 x 107° 0-9989
12-8 NaOH-NaCl 771 x 107* 2.68 x 107° 0-9940

At pH 6-0 and 8-0, the pH was maintained with
50 mM phosphate buffers.

Samples were analysed initially and at time
intervals appropriate for monitoring the progress of
degradation. Samples in pH 6-0 and 8.0 buffers
were assayed neat whereas all other samples were
diluted with 500mM pH 7-4 phosphate buffer
before HPLC analysis. This was done to slow the
rate of degradation to a point where analysis time
was insignificant. A sample chromatogram showing
the order of elution of SB 210661 and the two
primary degradation products is shown in Figure 3.
SB 210661 elutes at 8-9min, the hydroxylamine
derivative at 9-8 min, and the benzofuran derivative
at 17-1 min.

The initial concentration of each sample was
verified by use of an external standard prepared at
the target concentration (10 ug mL ). Degradation
was monitored by recording the peak area of SB
210661 as a percentage of the initial area. The
natural log of this value was plotted against time
then regression analysis was performed. The slope
of the regression line defined the rate constant at
each pH (Table 1). The log of the degradation rate
was plotted against pH to obtain a pH-rate constant
profile (Figure 4).

Extraction of comparative data for zileuton and
Abbott-79175

The pH-kgys profile for zileuton was constructed
using acid- and water-catalysed rate constants
predicted for 25°C (Alvarez & Slade 1992). The
comparable profile for Abbott-79175 was generated
using the Arrhenius relationship and the tempera-
ture-dependence of the observed rate constants
reported by Trivedi & Fort (1995). The associated
rate constants were calculated using equation 2 and
assuming a pK, value of 10-5, consistent with the
spectrophotometrically generated values of 10-46
and 10-51 for SB 210661 and zileuton (Alvarez &
Slade 1992), respectively.

Figure 4. Plots of the observed rate constant against pH for
Abbott-79175 (top), SB 210661 (middle), and zileuton (bot-
tom) at 25°C and p=0-15M.

Reactivity of the hydroxylamine derivative

The stability of the hydroxylamine derivative (the
final product in Figure 5) was studied at pH 2-0. A
sample was prepared by adding a methanolic
solution (5mgmL™"; 200 uL) to hydrochloric acid
(0-01 M; ionic strength 0-15M; 100mL). Samples
were analysed and the degradation rate determined
as already described.

Results and Discussion

Examination of the pH—k,;; profile

Under all the conditions studied the degradation of
SB 210661 was observed to be a pseudo-first-order
process (see 1 values in Table 1). The reactions
were typically followed for one to three half-lives,
for a minimum of seven samples. The acetate
buffers used to maintain pH between 4.2 and 5-1
had no apparent catalytic effect on the degradation
rate. Buffer effects were not studied at pH 6-0 and
8-0 because previous studies (Alvarez & Slade
1992) have shown that buffer catalysis is modest at
elevated temperatures and even less significant at
lower temperatures. For example, in carbonate
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Figure 5. Postulated mechanism for the hydrolysis of SB 210661 at pH > 5.

buffer of pH 10-03, the buffer-dependent rate
constant for zileuton was 0-38 and 0-06 M~ 'h™" at
82 and 61°C, respectively.

The dependence of the observed degradation rate
constant, kg, on pH at 25°C and ionic strength
0-15M is shown in Table 1 and Figure 4. Figure 4
also depicts the extrapolated pH-rate constant pro-
files for zileuton and Abbott-79175. Over the pH
range investigated, ks can be described for each
compound by the relationships:

Kobs = knap figa + Kofga + kofa— (1)
or

Kobs = (kulan, I* + Koany + koK,)/(ay +K,) (2)

where ky is the rate constant for the specific acid-
catalysed degradation of the free acid species; ko
and Ky are the rate constants for the water-cata-
lysed hydrolysis of the free acid and anionic spe-

cies, respectively; ay, is the hydrogen-ion activity;
K, is the ionization constant; and fz, and f5_ are
the fractions of the given compound present in the
free acid and anionic forms, respectively. The
theoretical profiles in Figure 4 were constructed
with equation 2 and the kinetic and thermodynamic
parameters listed in Table 2.

Mechanisms of degradation

Comparison of the pH-dependent chemical reac-
tivities of SB 210661, zileuton, and Abbott-79175
at 25°C reveals that the shapes of the three profiles
are comparable in the pH region dominated by the
ko and k'p terms (i.e., pH>5), implying the
involvement of a common degradative mechanism
and hence implicating the reactivity of the common
functionality, the N-hydroxyurea group. In contrast,
the shapes of the profiles in the pH region domi-
nated by the ky term (i.e. pH < 5) are similar for SB

Table 2. Comparison of the degradative rate constants and pK, values at 25°C for SB 210661, Abbott-79175 and zileuton.

SB 210661 Abbott-79175* Zileutont

Rate constant for specific acid-catalysed 206 (+0-00) 60-6 (£0-8) 163 x 1073
degradation of the free acid species

Rate constant for water-catalysed 193 (£0-15) x 107* 405 (£3-58) x 1073 766 x 107°
hydrolysis of the free acid :

Rate constant for water-catalysed 729 (£0-29) x 1074 1-98 (£0-66) x 102 4.18 x 107*
hydrolysis of the anionic species

pK, 10-46 — 10-51

* The rate constants were determined by curve-fitting the pH-dependent rate constants; these were extrapolated to 25°C by use of
the Arrhenius relationship, from the work by Trivedi & Fort (1995) assuming a pK, of 10-5 at 25°C-  The rate constants and pK,

value were determined by Alvarez & Slade (1992).
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210661 and Abbott-79175 but different for zileu-
ton. This supports the mechanistic involvement of a
group other than the N-hydroxyurea group for at
least one of the compounds.

The primary degradation reaction for all three
compounds at pH > 5 is hydrolysis of the group
that all three have in common, the N-hydroxyurea
group. Two kinetically equivalent pathways can
account for the N-hydroxylamine product. The first
step of both pathways involves nucleophilic attack
by water at the carbonyl carbon to form the cor-
responding tetrahedral intermediate. As shown in
Figure 5, the tetrahedral intermediate can degrade
via two pathways, decomposition to form either the
N-hydroxylamine product or the N-carboxylic acid
intermediate. As described previously by Alvarez
& Slade (1992), the N-carboxylic acid would be a
short-lived intermediate which would rapidly
decompose to form the N-hydroxylamine deriva-
tive. The considerably faster rate of degradation of
Abbott-79175, compared with zileuton, has been
attributed to differences between the inductive
effects of the substituents attached to the N-
hydroxyurea group (Trivedi & Fort 1995). Using a
similar argument, this suggests that the inductive
effects arising from the substituents attached to the
N-hydroxyurea group of SB 210661 more closely
approximate the effects seen with zileuton where
the corresponding rate constants differ by a factor
of 2-5 (i.e. the kq term) and a factor of 1-7 (i.e. the
k'o term).
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The primary degradation reaction at pH <5 dif-
fers for the three compounds. For zileuton, hydro-
lysis of the N-hydroxyurea group, to form the N-
hydroxylamine derivative {Alvarez & Slade 1992},
is still the primary degradation reaction, whereas
for Abbott-79175, hydrolysis of the furan group
(Trivedi & Fort 1995) is the primary degradation
reaction. For SB 210661, HPLC-electrospray ioni-
zation mass spectrometric analysis of degraded
samples suggests that the primary degradation
product formed under acidic conditions is the
benzofuran derivative. An authentic sample,
obtained from the Synthetic Chemistry Department
of SmithKline Beecham, was added to a degraded
sample and analysed by HPLC to confirm the
identity. A mechanism consistent with formation of
the benzofuran derivative is shown in Figure 6. It
involves nucleophilic attack of water at the sub-
stituted ring carbon, leading to expulsion of the N-
hydroxyurea group and to formation of the corre-
sponding 3-hydroxybenzofuran derivative. Because
this derivative is not detected during the course of
the degradation reaction, it would be a reactive
intermediate which rapidly dehydrates to form the
corresponding benzofuran derivative. The acid-
catalysed dehydration of several other 3-hydroxy-
substituted benzofurans has been well documented
(Bisagni et al 1975; Ghosh et al 1989; Kraus et al
1990; Teo et al 1992).

Additionally, a similar dehydration reaction has
been postulated to occur with zileuton under very
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Postulated mechanism for the degradation of SB 210661 at pH < 5.



132 MARTIN MCLOUGHLIN ET AL

acidic conditions (pH <2). However, unlike SB
210661, the hydroxylated species is detectable for
zileuton. The greater reactivity of the hydroxylated
species of SB 210661 might be related to the
energetically favourable aromatic nature of the
benzofuran product (Dean & Sargent 1984).
Another mechanistic distinction between the two
compounds is that for zileuton the hydroxylated
species appears to form from the hydroxylamine
derivative, whereas for SB 210661 it does not. The
hydroxylamine derivative of SB 210661 is stable at
pH 2 over the time frame when SB 210661 is
completely converted to the benzofuran derivative.

Conclusions

The aqueous stability of SB 210661 was investi-
gated to support the development of a pharmaceu-
tical formulation. The results were evaluated and
compared with those of two other 5-lipoxygenase
inhibitors, zileuton and Abbott-79175. The three
compounds degrade in the same way at pH > 5, by
hydrolysis of the N-hydroxyurea group. However,
under acidic conditions all the compounds degrade
differently. For zileuton, the reaction still involves
N-hydroxyurea hydrolysis whereas for SB 210661
and Abbott-79175 the reactions involve more che-
mically labile groups.

References

Adams, J. L., Garigipati, R. S., Sorenson, M., Schmidt, S. J.,
Brian, W. R., Newton, J. F,, Tyrell, K. A., Garver, E., Yodis,
L. A., Chabot-Fletcher, M. C., Tzimas, M., Webb, E. F.,
Breton, J. J., Griswold, D. E. (1996) Bicyclic N-hydroxyurea
inhibitors of 5-lipoxygenase: pharmacodynamic, pharmaco-
kinetic, and in vitro metabolic studies characterizing N-
hydroxy-N-(2,3-dihydro-6-(phenylmethoxy)-3-benzofuran-
ylurea. J. Med. Chem. 39: 5035-5046

Albert, A., Serjeant, E. P. (1971) In: Ionization Constants of
Acids and Bases. 2nd Edn, Chapman and Hall, Edinburgh,
p. 45

Alvarez, F. ], Slade, R. T. (1992) Kinetics and mechanism of
degradation of zileuton, a potent 5-lipoxygenase inhibitor.
Pharm. Res. 9: 1465-1473

Bisagni, E., Civier, A., Marquet, J. P. (1975) Furannes et
pyrroles disubstitues en 2,3. XVI Synthese de furo[3,2-¢]
pyranones-4 et nouvelle voie d’acces aux furo[3,2-c]pyri-
dines. J. Heterocycl. Chem. 12: 461

Chabot-Fletcher, M. C., Underwood, D. C., Breton, J. J.,
Adams, J. L., Kagey-Sobotka, A., Griswold, D. E., Marshall,
L. A, Sarau, H. M., Winkler, J. D, Hay, D. W. P. (1995)
Pharmacological characterization of SB 202235, a potent
and selective 5-lipoxygenase inhibitor: effects in models of
allergic asthma. J. Pharmacol. Exp. Ther. 273: 1147-1155

Chang, Z. L., Fornnarino, J., Heathcote, D., Sasse, C., Shada,
D., Thomsen, J., Wong, C. F., Norton, K. (1995) Hydrolytic
degradation studies of zileuton. Pharm. Res. 12: S-60

Chung, K. F. (1995) Leukotriene receptor antagonists and
biosynthesis inhibitors: potential breakthrough in asthma
therapy. Eur. Respir. J. 8: 1203-1213

Dean, F. M., Sargent, M. V. (1984) In: Bird, C. W., Cheese-
man, G. W. H. (eds) Comprehensive Heterocyclic Chemis-
try. Pergamon Press, New York, 1984, p. 591

Ghosh, S., Datta, L., Chakraborty, R., Das, T. K., Sengupta, J.,
Sarkar, D. C. (1989) Studies on oxygen heterocycles Part 1:
acid catalysed and photochemical reactions of some aryldia-
zoketones. Tetrahedron 45: 1441-1446

Kraus, G. A., Thomas, P. J., Schwinden, M. D. (1990) An
approach to aflatoxins using type II photocyclization reac-
tions. Tetrahedron Lett. 13: 1819-1822

Rouzer, C. A., Samuelsson, B. (1985) On the nature of the 5-
lipoxygenase reaction in human leukocytes: enzyme purifi-
cation and requirement for multiple stimulatory factors.
Proc. Natl Acad. Sci. USA 82: 6040-6044

Rouzer, C. A., Matsumoto, T., Samuelsson, B. (1986) Single
protein from human leukocytes possesses S-lipoxygenase
and leukotriene A, synthase activities. Proc. Natl Acad. Sci.
USA 83: 857-861

Teo, C. C.,, Kon, O. L., Sim, K. Y., Ng, S. C. (1992) Synthesis
of  2-(p-chlorobenzyl)-3-aryl-6-methoxybenzofurans  as
selective ligands for antiestrogen-binding sites. Effects on
cell proliferation and cholesterol synthesis. J. Med. Chem.
35: 1330-1339

Trivedi, J. S., Fort, J. J. (1995) Kinetics and degradation
in aqueous solution of Abbott-79175, a potent second
generation 5-lipoxygenase inhibitor. Int. J. Pharm. 123:
217-227



