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DESCRIPTION
N-HYDROXYUREA DERIVAT AND PHARMA R OMPC ON
ﬁxmquIummLJmELﬁwwml

TECHNICAL FIELD

The present invention relates +to novel N-hydroxyurea
derivative having a lipoxygenase inhibitory activity and
a thromboxane synthase inhibitory activity and
pharmaceutical composition containing the same.

BACKGCROUND ART

1n recent years, the role of chemical mediamtors in
asthma and other allergic diseases has been rapidly
eclucidated., In addition to histamine, PAF, leukotrienes,
thromboxane, etc. have become known. It has been shown

that leukotrienes are biosynthesized by the activity of
5-lipoxygenase from arachidonic acid, and thromboxane A,
1s biosynthesized by thromboxane synthase after the
catabolism with cyclooxygenase from arachidonic aclid.
Further, both leukotrienes and tThromboxane A, have been

found to be important chemical mediators in allergic
reactions, which cause variousgs dicseasges sSuch as asthma,

chyonic obstructive pulmonary digease, psoriasis,
enteritis, nephritis, ulcers, and ischemia. Therefore, if
1t were possible to inhibit the blosynthesis of both

chemical mediators, a greater effect could be obtained in
treating or alleviating the above diseases when compared

with the inhibition of single mediator.
Recently, as compounds for inhibiting the
biosynthesis of such two mediators, benzothiazole

(Kokai) No. 5- -178855), qulnone derivatives (See Japanese
Unexamined Patent Publzcatlon (Kokai) No. 5-78321),

imidazolylphenol derivatives (see Japanese Unexamined

Patent Publication (Kokai) No. 6-9571), and N-hydroxvurea

derivatives (see W096/23772) have become known.
DISCLOSURE OF THE INVENTION
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The object o©f the present invention is to "provide
compounds capable of inhibiting the biosynthesis of both

leukotrienes and thromboxane A,, that is, novel compounds

having both the dual inhibition against lipoxygenase and
thromboxane synthase at the same time.

in accordance with the present invention, there are
provided N-hydroxy—N-[6-(3~pyridylmethyl)—2H—1-

benzopyran-3-ylmethyl Jurea having the formula (I), and
the salts thereof:

o mﬁ

z OH

NH

In accordance with the present invention, there is
further provided a pharmaceutical composition comprising
this N-hydroxy—Nw[6-(Q-pyridylmethyl)-Zﬁ-l-benzOpyran—3~
yilmethyl lurea or its pharmaceuntically acceptable salts,

ox the hydrates or solvates thereof as an active
component, in particular an antiallergic or anti-
inflammatory drug, especially antiasthmatic.

BEST MODE FOR CARRYING OUT THE INVENTION

The present inventors widely studied to accomplish
the above objects of the present invention. As a result,
i1t was found that, among the compounds, which are
included in the general wide concept, but not

specifically disclosed in, for example, Examples, of
benzopyran derivatives having a lipoxygenase inhibitory

activity (Japanese Unexamined Patent Publication NoO. g
83973), there are compounds having not only a

lipoxygenase inhibitory activity but also a thromboxane

Synthase inhibitory activity. Thus, the present invention
was completed.

Note that all the compounds having a lipoxygenase
inhibitory activity disclosed in Japanese uUnexamined
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Patent Publication No. 3-83979 do not possess the
inhibitory activity of the thromboxane synthase and the
present compounds are remarkably excellent, when compared
with those compounds, for the purpose of curing or
relaxing various diseases mentioned above.

The present invention will now be explained in
further detail.

As mentioned above, the present invention provides
N-hydroXy-N-[6-(3-pyridylmethyl)-2HB-1~benzopyran-3-
yimethyl]Jurea and the salts thereof. As such a salt, the
pharmacologically acceptable salts are preferable. The
typical examples are salts of an inorganic acid such as
hydrochloric acid, hydrobromic acid, sulfuric acid,
bisulfuric acid, phosphoric acid, etc. and salts of an.
organic acid such as formic acid, acetic acid, o&alic'
acid, malonic acid, succinic acid, maleic acid, fumaric
acid, citric acid, gluconic acid, lactiec acid, tartaric
acld, methanesulfonic acid, benzenesulfonic acid,
toluenesulfonic acid, etc. Furthermore, the present
invention includes the hydrates and solvates of the

abova-mentioned N-hydroxyurea derivatives and the salts
thereof.

The N-hydroxyurea derivative according to the
present invention can be produced by, for example, the

-following reaction formula (1) composed of the reaction

steps 1 - 4, provided that the other method can be used
for the synthesis thereof.

Reaction formula (1)

step 1
x CHO " CHO N x.CHO /
! A, ,
N OH KC0, N~ - O

(1) 1,4-dioxane (ii1)
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step 2 Step 3
- borane-pyridine complex
pyridine N o or
EtOH S | NaBH,CN, AcOH
(1) . ' .
step 4
o TMS-NCO =~ | O
» J N Lias N Ny N
N o or “N o” ©OF
() . .KCN'O, HC_laq.- )

The starting substances used in the above reaction

steps arxe those commercially available or those which may

be produced from the known compounds by the known
methods.

Step 1

3-(3'-Formyl-4'-hydroxybenzyl)pyxidine (1i) is
reacted, under a heating condition, Vith acrolein in the
presence of an appropriate base such as potassium

carbonate or sodium carbonate in a solvent, which does

.not inhibit this reaction, such as tetrahydrofuran or

1,4-dioxane to give the aldehyde (iii).

SIen 2

The aldehyde (iii) is reacted with hydroxylamine
hydrochloride in the presence of a base such as pyridine,
picoline or triethyl amine in an appropriate solvent such

as methanol, ethanol or propanol, or without a solvent,:
to give the oxime (iv). P

Step 3
The oxime (iv) is reduced with an appropriate
reductant to form hydroxylamine (v). As the reductant,

borohydrides such as sodium cyanoborohydride or borane-—

amine complexes such as borane-pyridine complex, borane-
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dimethylamine ¢omplex are used. The reaction can be
carried out under an acidic condition, namely in the
preserce of an appropriate acid such as an inorganic acid
(e.g., diluted hydrochloric acid, diluted sulfuric acid)
or an organic acid (e.g., formic acid, acetic acid,
trifluoroacetic acid), with or without using an
appropriate solvent such as an alcohol (e.g., methanol,
ethanol), a halomethane (e.g., methylene chloride,
chloroform), an ether (e.g., diethyl ether,
tetrahydrofuran) to give the hydroxylamine (v).

Step 4

The hydroxylamine (v) is reacted with
trimethylsilylisocyanate in a solvent, which does not
inhibit this reaction, such as tetrahydrofuran, or is

reacted with alkali cyanate such as potassium cyanate or
sodium cyanate under an acidic condition such as, for
example, a diluted hyvdrochloric acid or diluted sulfuric
acid conditlon, to thereby give the desired N-hydroxyurea
derjvative (I). The N-hydroxyurea derivative (I) thus
obtained can be preferably purified by known methods.,
alone or in any combination thereof, such as
recrystallization, chromatography.
3=(3'=Formyl-4'-hydroxylbenzyl )pyridine (ii) to be
used, as the starting compound, in step 1 is a known

compound as disclosed in Japanese Unexamined Patent
Publication No. 58-15972.

The compounds of the present invention may be
administered by a suitable method of administration such

as oral or non-oral administration when used as a drug

for the treatment of allergic diseases or inflammatory
diseases. As a form of oral administration, for example,
tablets, granules, capsules, pills, powders, liguids, | .
SYrups, etc. may be exeﬁplified and, further,'as a forh ¢
of non-oral administration, injections, external
application agents, inhalants, etc. may be exemplified.

When preparing these medically administered compounds,
the compound of the present invention or its
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pharmacologically acceptable salt may be prepared
according to an ordinary method.

In the case of oral administration, the preparations
can be prepared into the desired form using excipients
such as lactose, glucose, corn starch, sucrose, a
digintegrator such as calcium carboxymethylcellulose,
hydroxypropylcellulose; a lubricant such as calcium
stearate, magnesium stearate, talc, polyethylene glycol,
hardened ©il, a binder such as hydroxypropylcellulose,
hydroxypropylmethylcellulose, carboxymethylcellulose,
polyvinyl alcohol, gelatin, arabia gum, a humectant such
as glycerin, ethylene glycel; and, in addition,
Surfactants, taste adjusters, etc., if necessary.

Further, in the case of a non-oral drug, a diluent

such as water, ethanol, glycerin, propylene glycol,
polyethylene glyecol, agar, tragacanth gum may be used and
solution adjuvants, buffer agents, preservatives,
flavors, coloring agents, etc. may be optionally used.
When formulating the compounds of the present
invention as drugs for the treatment of allergic diseases
or inflammatory diseases, the dosage, as the compound of
the present invention, is per adult, in the case of oral
administration, 5 to 1000 mg per day, preferably 5 to 100
mg, and in the case of non-oral administration, 1 to 200
mg per day, preferably 1 to 20 mg. The desired effect of
treatment can be expected by administration divided into
one to three dosages per day. Furthermore, the present
compounds have an NOAEL (i.e., non toxic level) of 100

mg/kg or more in a rat 14 days repeated toxicity test.
B3 €S
The present invention will now be explained, but is
by no means limited to the following Examples: |

Example 1
1 nthesis of

benzopyran

2.21g of potassium carbonate and 2.20 ml of
acrolein were added to a solution of 3.50g (16.4 mmol) of

—formvl=6-(3-p

’
®
A by Qe

lmeth ~2H-1=
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3-(3'—-formyl-4'-hydroxybenzyl)pyridine in 1,4-diexane (40
ml) and the mixture was heated at 100°C for 30 ninutes.
Then, the resultant reaction mixture was filtered by
using Celite (Trademark) and the filtrate was evaporated
in vacuo. The residue was purified by a silica gel column
chromatography (i.e., hexane: ethyl acetate = 2:1 to
1:2) to obtain 3.88g (vyield = 94.3%) of the desired
compound as a yvellow crystal.

"H-NMR(CDC1,): & 3.92(2H, s), 5.02(2H, s),
6.82(1H, d, 0 = 8.3 HZ), 6.99(1H, d, T = 2.0 Hz),
7.12(1H, dd, J = 2.0, 8.3 Hz), 7.19(1H, s), 7.23(1H, d4,
Jg= 4.9, 7.8 H2), 7.45 - 7.4B(1H, m), B.46 - B_51(2H, m),
9.56(18H, s)

2 Synthesis c ~for -6~(3-pyridvlimethyl)=28=]1-
banzopyran oxime

Hydroxylamine hydrochloride was added to a
mixed solution of 3.88g (15.5 mmol) of J-formyl-6-(3-
pyridylmethyl)-2K-l-benzopyran in ethanol (35 ml) and
pyridine (35 ml) at room temperature. The mixture was
stirred for 2.5 hours was evaporated in vacuo and the
residue was dispersed in chloroform-methanol (10:1).
Then, after the organic layer was washed with water and
brine, the solvent was evaporated in vacuo. The crystal
preciplitated durirng the evaporation of the solvent, was

collected by filtration to obtain 3.46g (yield = 84.1%)
of the desired compound.

"H-NMR (DMSO-d¢): & 3.87(2H, s), 4.93(2H, 8),

6.73 - 6.76(2HE, m), 7.01 - 7.06(2H, m), 7.29(1H, dd, J =
.9, 7.8 Hz), 7.58 - 7.62(1H, m), 7.85(1H, S), 8.38 —
8.49(2H, m), 11.35(1H, s)
nthesis of N-[6-(3-pyridylmethyl)_2H_1. |
DeNnzor all~3-vimethyl jhvdrc Lamine f
13.1 ml of borane-pyridine complex was added
dropwise to a mixture of 3.46g (13.0 mmol) of 3-formyl-6-

(3-pyridylmethyl)-2H-1-benzopyran oxime in methylene
chloride (16 ml) and trifluorocacetic acid (16 ml) at
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-23°C over 10 minutes and the mixture was stirred at the
same temperature for 30 minutes, followed by addition of
concentrated ammonia water to neutralize the acid. Then,
water and an agueous 10% sodium hydroxide solution were
added to make the mixture basic, followed Ly extraction

with ethyl acetate. After the organic layer was washed
with water and brine, the solvent was evaporated in

vacuo. The residue was purified by Florisil (Trademark)
column chromatography (chloroform: methanol = 50:1 -

15:1) to obtain 3.03g (yield = B6.9%) of the desired
compound as an oil.

'"H~NMR (DMSO-d¢): & 3.41(2H, s), 3.84(28, s3),

4.72(28B, s), 6.33(1H, s), 6.66(18, d, J = 7.8 Hz), 6.8B7 =
6.96(2H, m), 7.29(1H, dd, J = 4.9, 7.8 Hz), 7.39(1H,
brs), 7.56 - 7.62(1H, m), 8.37 - B.4B(2H, m)

4 Synthesis of N-hvdroxv-_N_[€6—(3-pvridvimethvl)—
2H-1-benzopyran-3-vlmethyl Jurea (i.e., compound

1.84 ml of trimethylsilyl isocyanate was added
dropwise to a solution of 3.03g (11.3 mmol) of N-[6—(3-
pyridylmethyl)~2H-1-ben20pyran-3-ylmethyl]hydroxylamine
in tetrahydrofuran (30 ml) at 0°C over 5§ minutes,
followed by stirring overnight at room temperature. Then,
the solvent was evaporated in vacuo, the residue was
purified by silica gel chromatography
(chloroform:methanol:concentrated ammonia water = 300:9:1
- 100:9:1), followed by recrystallization in a mixed
solvent of chloroform-methanol-ethyl acetate to obtain

2.41g (yleld = 68.5%) of the desired compound as white
columnar crystal.

"H-NMR (DMSO-d¢): & 3.84(2H, s), 4.03(2H, s),
4.66(2H, s), 6.33(1H, s), 6.44(2H, s), 6.68(1H, d, J =
7.8 Hz), 6.90(1H, 4, J = 2.0 Hz), 6.95(1H, dd, J = 2.0,
/7.8 Hz), 7.29(1H, dd, J = 4.9, 7.8 Hz), 7.56 — 7.61(1H,

m), B.39(1lH, dd, J = 2.0, 4.9 H2), 8.48(1H, d, J = 2.0
Hz), 9.40(1H, s)

Example 2 (Preparation of Tablets)
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Compound (I) 250 g
Lactose | 620 g
Corn starch 400 g
Hydroxypropyl cellulose 20 g
Magnesium stearate 10 g

The above compound of the present invention,
lactose, and corn starch were mixed until becoming
homogeneous, then a 5 w/v% ethanol solution of
hydroxypropyl cellulose was added and the mixture was
mixed and granulated. The granules were graded by passing
them through a 16 mesh sieve, then were formed into
tablets by an ordinary method to form tablets of a weight

per tablet of 130 mg, a diameter of 7 mm, and a content
of the drug of 25 mg.

Example 3 (Preparation of Capsules)

Compound (I) 250 g‘
Lactose 620 ¢
Abicel 620 g
Magnesium stearate 10 g

The compound of the preseant invention, lactrose,
abicel, and magnesium stearate were sufficiently mixed

untlil becoming homogeneous, then the mixrure was filled
into No. 3 capsules to obtain capsules of a waeight per

capsule of 150 mg and a content of the drug of 25 mg .

xanple 1 W= f Lipoxygenase Inhibitoj]
in In Vitro

vat

Using rat polymorphonuclear leukocytes, a test was
conducted using as an indicator the amount of production
of leukotriene B,. SD male rats (Japan Clea) were
intraperitoneally administered with 12% sodium casein.

Arftex 16 hours, the peritoneal cavities were lavaged and

/
the polymorphonuclear leukocytes were recovered. The !

pPolymorphonuclear leukocytes thus obtained were suspedaed
in a phosphate buffer (137 mM NaCl, 3 mM KCl, B mM

Na,HPO,, 2 mM KH,PO,) (2.5 x 10’ cells/0.4 ml), then the
test compound (final concentration 10°°M) was added and

incubation performed for 10 minutes at 37°C then a

A
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calcium solution (10 mM CaCl,, 0.86% NaCl) 0.1 ml was
added and incubation performed for 5 minutes, then 1.25
ul of calcium ionophore (20 uM, A-23187) was added and
the reaction started. Five minutes after the addition,
250 pl of methanol was added to stop the reaction. After
the reaction was stopped, the result was centrifuged for

20 minutes (4°C, 3000 rpm), then the amount of

leukotriene B, in the supernatant was measured by the EI1IA
method (Cayman Co. kit).

As the test compound, the compound (I) was used for
the test. The inhibition of the productien of leukotriene
B, (LTBI) 18 shown in Table 1 by the IC,,.

Test Example 2 (Test of Thromboxano synthase
Inhibitory Activity in In Vitro)

Human platelet microsomes were used and a test
performed using as an indicator the amount of production
©f the thromboxane A, stable metabolite thromboxane B,. A
buffer solution (20 mM tris-HCl buffer solution, 1 mM
EDTA, pH 7.5) containing human platelet microsomes (50 ug
protein/ ml) and the test compound (final concentration

of 10°°M) was stirred, then incubated at 0°C for 30

minutes, followed by adding prostaglandin H, (100 ng/2
ul). This was made acidic to stop the reaction, then
neutralized with 1M Tris-base, then centrifuged at 3000
rpm for 20 minutes. The amount of the thromboxane B, 1in
the supernatant was measured by the EIA method (Cavman
Co. kit).

As the test compound, the compound () was used for
the test. The activity of the compounds in inhibiting

production of thromboxane B. (TxSI) is shown in Table 1
by the IC._,.
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Table 1
_—
LTBI TXST
ICse (M) ICgo (M)
— e —— e —
0.2 0.3

e S CNILLS | & Ml M LLE E27T16 () o | _ eI8), 4 &2 1]~ -

InNhibitory Activi and Thromboxane svnthase Inhibitor
AcCtivitv in Ex Vivo)

For the test animals, SD male rats were used. These
were made to fast from the day before the test. The test

drug was suspended in 0.5% sodium carboxymethylcellulose
and orally administered one hour before the blood was

taken. The blood was taken from the abdominal aorta and
divided for the measurement of the thromboxane synthase
inhibitory activity and the S-lipoxygenase inhibitory
activity.

The 5-lipoxygenase activity was shown using as an
indicator the amount of production of leukotriene B,. SO0
M calcium ionophor (A-23187) was added to the divided

blood to start the reaction (37°C, 30 minutes), and 1 mM

Indomethacin, 1 mM Phenidone, and 0.1 mM EGTA were added
TO STtop the reaction. The plasma was centrifuged (3000

rpm, 20 minutes, 4°C) and the leukotriene B, in the

plasma was measured by the ETA method.

As the test compounds, the present compound (I) and
the compounds (A) and (B) below, which are disclosed in
the Examples of the above-mentioned Japanese Unexamined
Patent Publication No. 3-83979 were used and, as the 5-
lipoxygenase inhibitory activity, the 50% inhibitory
amount was calculated from the rate of inhibition of the
test drug group with reSpect to the solvent control group

(solvent: 5% gum arabic). The results are shown in Table
9 |

On the other hand, the thromboxane synthase activity
was shown using as an indicator the amount of production
of the thromboxane A, stable metabolite thromboxane B,.
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The divided blood was allowed to naturally coagqulate

(25°C, 90 minutes) and then the serum was centrifuged

(3000 rpm, 20 minutes, 4°C) and the amount of thromboxane

B, 1n the serum was measured by the EIA method.

As the test compounds, the present compound (I) and
the compounds (A) and (B) showed below, which are
disclosed in the Examples of the above-mentioned Japanese
Unexamined Patent Publication No. 3-83979 were used and,
as the thromboxane synthase activity, the 50% inhibitory
amount was calculated from the rate of inhibition of the
test drug group with respect to the solvent control group

(solvent: 5% gum arabic). The results are shown in Tabhle
2.

0
> NN N, (A
SReS R

N o
- I' _ﬁ\
M GO L
OH
O
Table 2
LTBI TSI
compound EDs o (mg/kg) EDso(mg/kg)
(1) 1.7 1.5
(A) 1.7 >30 ,
( B) | 9 | >10 f

As 1s clear f£xom the above results of Table 2, +the
compounds disclosed in the Examples of the Japanese
Unexamined Patent Publication No. 3-83979 has the
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lipoxygenase inhibitory activity, but does not have the
thromboxane synthase inhibitory activity. Contrary to

this, it is clear, that the PIesent compound has the two

activities of the lipoxygenase inhibitory activity and
the thromboxane synthase inhibitory activity.

induced bronchoconstriction after 2 hours after
administration was measured by

method.

the Konzett-Réssler

Each of the sensitized Juinea pigs (i.e., 5 -

in one group) was anesthesized by 35 mg/kg pentobarbital,

@ cannula was inserted into the respiratory tract and

connected to an artificial respirator, a cannula was
inserted into the jugular vein, and treatment was
performed by 5 mg/kg suxamethonium and 5 mg/kg

mepyramine. Next, the guinea pig was inhaled a nebulized

ovalbumin to cause bronchoconstriction and the activity

in inhibiting bronchoconstriction was found from the

ratio of the amount of overflow volume to the detector to

the amount of air blown volume from the artificial
respirator.

Table 3
Amount Suppression rate of
administered respiratory '
constriction
(mg/Xkc %
Compound (I) 50 75
Compound (A) 100 26
OKY-046 100 42
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From the results of Table 3, it isgs learned that the
present compound exhibits the suppression rate of
respiratory constriction higher than those of the control
compounds} l.e., compound (&) and the commercially
available drug OKY-046, regarding the antirgen—induced

respiratory constriction model of guinea pigs, and is
useful as a drug.

INDUSTRIAL APPLICABILITY
The compound of the present invention has a strong

inhibitory activity against lipoxygenase and thromboxane
synthase, and also exhibits the strong respiratorv
constriction suppression action in the animal model, and
therefore, is useful as a drug for treatment of allergic
diseases or inflammatory diseases, more specifically, as
a2 drxug for the treatment or prevention of various
diseases arising from the metabolites of arachidonie

acid, for example, asthma, chyonic obstructive pulmonary
disease, psoriasis, enteritis, nephritis, ischemia.
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CLAIMS
1. An N—hydroxy-N-[G-(3~pyridylmethyl)-23-1~

benzopyran-3-ylmethyl]urea having the formula (X):

. o~ X
. NT NH,
- OH 1)

and a salt thereof.
2.

An antiallergic or anti-inflammatory drug
COomprising

an N-hydroxy urea derivative according to
clarm 1 or its Pharmacologically acceptable salt or the

hydrate or solvate thereof and a pharmacologically
acceptable carrier.

3. An antiasthmatic drug comprising an N-hydroxy
urea derivative according to claim 1 or its

pharmacologically acceptable salt or the hvdrate or

Solvate thereof and a pharmacologically acceptable
carxrier.

q.

A thromboxane synthase inhibitory drug
comprising

an N-hydroxy urea derivative according o
i1ts pharmacologically acceptable salt or the

solvate'thereof and a pharmacologically
acceptable carrier.

claim 1 or

5. The use of a drug as defined in claim 2 in the
Creatment of allergic or inflamatory diseases.

6. The use of a drug as defined in claim 3 in the
treatment of asthma.

7. The use of a drug as defined in claim 4 as a
thromboxane synthase inhibitor.

§
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8. The use of a compound as defined in claim 1 in
the preparation of an antiallergenic or anti-
inflammatory drug as defined in claim 2.

9. The use of a compound as defined in claim 1 in

the preparation of an thromboxane synthase inhibitory
drug as defined in claim 4.
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