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SKIN ILESIONS

(57) Abstract: ~ The present invention relates
10 use of a pyridine compound of the [ollowing
formula [I]: whercin R is a substituted pyridyl
group having the following formula: R is a Ci4
alkoxy-Cy alkyl group, R and R are the same
or different and a C, ¢ alkoxy group, X is a group
of the formula: =N- or a group of the formula: ,
Ring A is a saturated or unsaturated 10-membered
nitrogen-containing hetero-bicyclic group optionally
having a substituent(s), the dotted line means
the presence or absence of a double bond, or a
pharmaceutically acceptable salt thereof for the
preparation of a medicament for treatment of skin
lesion.
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DESCRIPTION

USE OF A PYRIDINE COMPOUND FOR THE PREPARATION OF
AMEDICAMENT FOR THE TREATMENT OF SKIN LESIONS

TECHNICAL FIELD

The present invention provides a novel use of a pyridine compound for the
preparation of a medicament useful for the treatment of skin lesions such as wounds or
skin ulcers. The present invention also provides a novel use of a pyridine compound for
the preparation of an agent useful for promoting dermal microvascular endothelial
cell-proliferation. The present invention further provides a method for treatment skin
lesions which comprises administering the pyridine compound to a mammal in need of

such treatment,

BACKGROUND ART

Various factors may cause skin lesions such as wound.s, decubitus ulcer or
thermal ulcer. Such skin lesions causing considerable patients' distress has been realized
also as a pharmacoeconomically serious problem, because it often requires a long-term
treatment to repair the skin lesion especially in case of chronic skin lesions such as
decubitus ulcer.

The skin lesion healing is accomplished, in general, through a serial events
comprising (1) inflammation phase, (2) cell-proliferation phase and (3)
epidermis/corium-reconstitution phase. Tt is considered that various factors such as a
platclet-derived growth factor (PDGF), a basic fibroblast growth factor (bFGF), a
vascular endothelial cell growth factor (VEGF), keratinocyte growth factor (KGF),
hepatocyte growth factor (HGF) and the like work under highly complicated relationships
in the healing process. From a histopathological aspect, transient angiogenesis is an
essential event in the process of skin lesion healing. In this regard, among the growth
factors mentioned above, VEGF is one of primary promoting factors of angiogenesis and
promote the skin lesion healing (4American Journal of Pathology (2004): Vol.164(6),
pp1935-47, FASEB Journal (2004): Vol.18(11), pp1264-66).

As an agent for the treatment of skin lesion, a prostaglandin E; preparation
(alprostadil alphadex), dibutyryl cAMP preparation (bucladecin sodium), a

sucrose/povidone iodide preparation, a tretinoin tocoferyl preparation and the like has
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been known. These agents, however, are not always efficient in treatment of chronic

skin lesions such as chronic skin ulcers.

Recently, bFGF, one of the growth factors mentioned above, was developed
owing to its physiological activity (angiogenesis-promoting activity) based on
fibroblast-, vascular endothelial cell- and vascular smooth muscle cell-proliferation
promoting activity and coming into practical use.

There are some other medicaments which may be used as an agent for
promoting the skin lesion healing. For example, some literatures report that a
prostaglandin I, (PGl,) derivative showed a promoting activity on wound healing in
animal models (Japanese Journal of Pharmacology (1995): Vol.67 (Suppl.i), p275 (P3-
116)) or that a phosphodiesterase 5 inhibitor such as syldenafil being clinically used for
treatment of electile dysfunction may be expected to promote wound healing due to its

vasodilating activity mediated by increase in intracellular c¢cGMP level
(W02002 / 015893). However, these drugs are not coming into practical use yet.

On the other hand, there are some literatures to report that a certain kind of
compounds, for example, an oxygen-containing heterocyclic compound such as a
benzofuran compound (US Pat No.6716987) or a nicotinic acid compound (US Patent
Publication No.2003/0195233) may be expected to show wound healing-promoting
effect. However, neither their mechanism of action in wound healing process nor
clinical usefulness remains to be proved.

Meanwhile, a pyridine compound (i.e., a pyridyl-substituted naphthalene
compound and a pyridyl-substituted isoquinoline compound), which is an active
ingredient of the present invention, has been known as an anti-asthma agent having a
bronchoconstriction-inhibitory activity and airway inflammation-inhibitory activity
mediated by its PDE4-inhibitory activity (EP748805, EP848000). But their skin lesion
healing-promoting activity has never been reported.

A reference herein to a patent document or other matter which is given as prior
art is not to be taken as an admission that that document or matter was known or that
the information it contains was part of the common general knowledge as at the
priority date of any of the claims.

Throughout the description and claims of the specification, the word
“comprise” and variations of the word, such as “comprising” and “comprises”, is not

intended to exclude other additives, components, integers or steps.

¥ \LoviselOthers\Speciesi798807_spea doc
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DISCLOSURE OF INVENTION
In one aspect, the present invention relates to use of a pyridine compound of

the following formula [1]:

wherein R is a substituted pyridyl group having the following formula:
or .
N 07N

N
R
R%is a Cig alkoxy-C,.¢ alkyl group, R' and R? are the same or different and a Ci

alkoxy group, X is a group of the formula: =N- or a group of the formula:
|

4C‘CH20H,
Ring A is a saturated or unsaturated 10-membered nitrogen-containing hetero-bicyclic
group optionally having a substituent(s), and the dotted line means the presence or
absence of a double bond, or a pharmaceutically acceptable salt thereof for the
preparation of a medicament for treatment of skin lesion or for the preparation of an
agent for promoting dermal microvascular endothelial cell-proliferation.

In another aspect, the present invention relates to a medicament when used for
the treatment of skin lesion comprising as an active ingredient a pyridine compound of

the following formula [I]:

(1]

wherein R is a substituted pyridyl group having the following formula:

D . S
RO

UAGYEAO e Spieens \FIRE0T_spioci_ 10.02.069 en
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RYisa Cg alkoxy-C, alkyl group, R' and R? are the same or different and a Cy

alkoxy group, X is a group of the formula: =N- or a group of the formula:

L

Z7CH,0H

Ring A is a saturated or unsaturated 10-membered nitrogen-containing hetero-bicyclic
group optionally having a substituent(s), the dotted line means the presence or absence
of a double bond or a pharmaceutically acceptable salt thereof.

The medicament of the present invention is useful for promotion of healing of
skin lesions such as wounds (traumatic wound, post-surgical wound and the like),
decubitus ulcer, chronic skin ulcers (thermal ulcer, vascular obstructive ulcer including
leg ulcer, diabetic ulcer and the like).

The precise mechanism of action of the compound [I] or a pharmaceutically
acceptable salt thereof in the process of skin lesion-healing remains to be seen.
Contemporarily, its potent promoting activity on dermal microvascular endothelial cell
proliferation may lead to a possible hypothesis that a chain of responses comprising
the increased expression of a vascular endothelial cell-specific mytogen (VEGF)
induced by such pyridine compound and VEGF-induced cell migration and
proliferation followed by promotion of angiogenesis in a target tissue plays an
important role in skin leston-healing, although other growth factors such as FGF
induced by VEGF might be co-operatively involved in such process.

In a further aspect, the present invention relates to a method for treatment of
skin lesions in a mammal, which comprises topically administering to the mammal in
need of said treatment a therapeutically effective amount of a pyndine compound of

the following formula {I]:

wherein R is a substituted pyridyl group having the following formula:
[l\_ N:’D ;lj
)
r
\N) 0 N
RO

R%is a Cyg alkoxy-C,.¢ alkyl group, R' and R? are the same or different and a Cis

alkoxy group, X is a group of the formula: =N- or a group of the formula:

Y \Lovise'OthersiSpecias\788807_speci doc
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4C‘CH20H,
Ring A is a saturated or unsaturated 10-membered nitrogen-containing hetero-bicyclic
group optionally having a substituent(s), the dotted line means the presence or absence
of a double bond or a pharmaceutically acceptable salt thereof.

In yet a further aspect, the present invention relates to a method for promoting
the proliferation of dermal microvascular endothelial cells in a mammal, which
comprises treating said cells with a pharmacologically effective amount of a pyridine

compound of the following formula [I]:

(1]

wherein R is a substituted pyridyl group having the following formula:
4~ '
. )—N A or
N 07 N '
Lo
R

R%is a Cig alkoxy-C,.¢ alkyl group, R' and R? are the same or different and a C,6

alkoxy group, X is a group of the formula: =N- or a group of the formula:

|

ON
#“~CH,0H
Ring A is a saturated or unsaturated 10-membered nitrogen-containing hetero-bicyclic
group optionally having a substituent(s), the dotted line means the presence or absence

of a double bond or a pharmaceutically acceptable salt thereof.
BEST MODE TO CARRY OUT INVENTION

Examples of the compound [I] as an active ingredient of the present invention

include a compound in which R is a group of the formula:

YALouiseiOthers\Speciesi708807_speci doc
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the 10-membered nitrogen-containing hetero-bicyclic group in the Ring A is a

10-membered nitrogen-containing hetero-bicyclic group optionally further containing a

heteroatom(s) selected from nitrogen atom, oxygen atom and sulfur atom (said

heterocyclic group may be partially or fully hydrogenated). Such heterocyclic group

5 includes a quinolyl group, an isoquinolyl group, a quinazolinyl group, a phthalazinyl

group, a naphthylidinyl group, a quinoxalinyl group and a benzothiazinyl group (said

heterocyclic group may be partially or fully hydrogenated). The 10-membered

hetero-bicyclic group may have one or more substituent(s). Such substituents include a

group(s) selected from a hydroxyl group, an oxo group, a saturated or unsaturated

10  6-membered nitrogen-containing hetero-monocyclic group-substituted C;_¢ alkoxy group,

di(C¢ alkyl)phenyl group and a saturated or unsaturated G6-membered

nitrogen-containing hetero-monocyclic group. In case that the substituent on the

hetero-bicyclic group is or includes a saturated or unsaturatcd 6-membered

nitrogen-containing hetero-monocyclic group, example of such heterocyclic group

15 includes a pyridyl group, a dihydropyridyl group, a pyrimidinyl group, a morpholino
group, a piperidinyl group and the like.

Among the substituted Ring A mentioned above, preferred examples of those

Ring A include a 10-membered nitrogen-containing hetero-bicyclic group substituted by

at least an oxo group and/or a hydroxyl group. Examples of such heterocyclic group

20 include a group of the following formula:

A YW
[e] \ [0) 0]
80_%3 22 o= N W N NN
= —
s « 7, }\] /2

o)

0, 0,
Damn NH
ﬁ”g ke iR+l
Meanwhile, said hetero-bicyclic group may further have a substituent(s) exemplified as

above in addition to the oxo group and/or hydroxyl group.

More concretely, examples of the compound [I] as an active ingredient of the
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present invention is a compound of the following formula [I-A] or [I-B]:
1
BOS$:
R2 OH [ I-A ]
R"
wherein R" is a group of the following formula;

ouRe! J@!
NY

Ring A is (i) an oxo-substituted dihydro- or tetrahydro-quinolyl group optionally

W

»

substituted by a group selected from a hydroxyl group and a pyridyl group, (i) a
hydroxy-substituted dihydro- or tetrahydro-quinolyl group, (iii} an oxo-substituted
hexahydro-quinolyl group optionally substituted by a hydroxyl group, (iv) an
oxo-substituted dihydro- or tetrahydro-isoquinelyl group optionally substituted by a group
selected from a hydroxyl group, a morpholino-C,.¢ alkoxy group, a pyridyl-C, alkoxy
group, a piperidinyl-C,.¢ alkoxy group and a morpholino group, (v) an oxo-substituted
dihydro- or tetrahydro-phthalazinyl group optionally substituted by a group selected from
a hydroxyl group, a di(Cy.¢ alkyl)aminopheny! group, a pyridyl group and a pyrimidinyl
group, (vi) an oxo-substituted dihydro- or tetrahydro-quinazolinyl group optionally
substituted by a hydroxyl group, (vil) an oxo-substituted' dihydro- or
tetrahydro-quinoxalinyl group optionally substituted by a hydroxyl group or (viii) an
oxo-substituted dihydro- or tetrahydro-naphthylidinyl group optionally substituted by a
hydroxyl group, and R' and R? are the same or different and a Cy.5 alkoxy group or a
pharmaceutically acceptable salt thereof.

Another concrete examples of the compound [I] as an active ingredient of the
present invention include a compound [1] in which R is a 2-oxo-1-substituted pyridin-4-yl

group of the formula:

ﬁ
O N

1
R0

and X is a group of the formula:

|
fC‘CHZOH .

-10-
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Among them, more concrete examples include a compound in which R is
methoxymethyl group and R' and R are ethoxy group.

Among the pyridine compounds [I] mentioned above, examples of a
pharmacologically preferable compound include a compound [I-A] or [I-B] in which R

5  is a 2-substituted pyridin-4-yl group of the formula:

z

<
and R' and R? are the same or diffcrent and methoxy group or ethoxy group.
Among the compounds mentioned above, examples of a more pharmacelogically
preferable compound include a compound [I-A] or [I-B] in which the Ring A in R is (a)
10 2 hydroxy-substituted dihydro- or tetrahydro-quinolyl group, (b) an oxo-substituted
dihydro- or tetrahydro-isoquinolyl group substituted by a group selected from a
pyridyl-substituted C,¢ alkoxy group and a morpholino-Cis alkoxy group, (c) an
oxo-substituted dihydro- or tetrahydro-phthalazinyl group substituted by a group selected
from a pyridyl group, a pyrimidinyl group and a di(Ci. alkyl)aminophenyl group or (d)
15  an oxo-substituted dihydro- or tetrahydro-quinazolinyl group.
Among them, examples of a further pharmacologically preferable compound
include a compound [I-A] or {I-B] in which the Ring A is a group of the following

formula:

0 0
WO 3 3T
Ng Na Ny
73 , i | or O
Ne N Ny
N(CHy),
20 Among them, examples of a particularly pharmacologically preferable compound

include a compound selected from the group consisting of 2-(4-hydroxy-

1,2,3 4-tetrahydroquinolin-1-y1)-4-[2,3-bis(hydroxymethyl)-6,7-dimethoxynaphthalen-

11-
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-

1-yl]pyridine; ~ 4-[2,3-bis(hydroxymethyl)-6,7-dimethoxynaphthalen-1-y1]-2-[1-0x0-1,2-
dihydro-5-(2-morpholinoethoxy)-isoquinolin-2-yl]pyridine; ~ 4-[2,3-bis(hydoxymethyl)-
6,7-dimethoxynaphthalen-1-yl]-2-[1-0x0-1,2-dihydro-5-(3-pyridylmethoxy)-1-
isoquinolin-2-yljpyridine; ~ 4-(3-hydroxymethyl-6,7-dimethoxyisoquinolin-1-y1)-2-[4-(3-
pyridyl)phthalazin-1(2H)-one-2-yl]pyridine; and 4-[(3S)-3-hydroxymethyl-3,4-dihydro-
6,7-dimethoxyisoquinolin-1-yl]-2-[ 1-0x0-5-(3-pyridylmethoxy)-1,2-dihydroisoqginolin-
2-yl]pyridine; or a pharmaceutically acceptable salt thereof.

When the compound [I] of the present invention has an asymmetric carbon
atom(s) in its molecule (e.g., in the dihydroisoquinoline moiety or the Ring A), it may
exist in the form of a stereoisomer thereof (diastereoisomers, optical isomers) owing to
said asymmetric carbon atom(s) thereof, and the present invention also includes either one
of the stereoisomers and a mixture thereof.

The medicament of the present invention is useful for promotion of healing of
skin lesions such as wounds (traumatic wound, post-surgical wound and the like),
decubitus ulcer, chronic skin ulcers (thermal ulcer, vascular obstructive ulcer including
leg ulcer, diabetic ulcer and the like).

Examples of the pharmaceutically acceptable salt of the compound [I] include an
inorganic acid salt such as a hydrochloride, a sulfate or a hydrobromide, and an organic
acid salt such as an acetate, fumarate, an oxalate, a methanesulfonate or a maleate.

The compound [I] or a pharmaceutically acceptable salt thereof can be prepared
by a known process as described in, for example, EP748805B1, EP848000B1 or US
Pat.5342941.

The compound [I] or a pharmaccutically acceptable salt thereof can be
administered topically onto the lesion site directly or indirectly and its dose may vary in
accordance with the ages, weights and conditions of the subject/patients in need of the
treatment of skin lesion, or the kind or degree of such skin lesion. For example, it is
usually in the range of about 0.05 to 100 mg/skin lcsion, preferably 0.1 to 10 mg/skin
lesion. The dosing frequency can be determined appropriately as required. For
example, it is usual to administer once to four times daily, preferably once to twice daily.

The medicament for the treatment of skin lesion of the present invention has a
potent promoting activity on dermal microvascular cell proliferation and can be thereby
applicable to the treatment (e.g., promotion of healing) of skin lesions such as wounds
(traumatic wound, post-surgical wound and the like), decubitus ulcer or chronic skin

ulcers (thermal ulcer, vascular obstructive ulcer including leg ulcer, diabetic ulcer and the

-12-
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like).

Moreaver, the compounds [I] as an active ingredient of thepresent invention
include a compound which does not exhibit substantially a certain undesired effect such
as cytotoxicity, photosensitivity and the like at least within the range of effective dose for
the treatment of skin lesion. The medicament for the treatment of skin lesion of the
present invention comprising such compound may be useful as a therapeutic agent from
an aspect of safety.

In addition to the compound [T] or a pharmaceutically acceptable salt thereof as
an active ingredient, one or more pharmaceutically acceptable additive(s) such as a
penetration enhancer, a pH-adjusting agent, a preservative, a flavoring agent, a dispersing
agent, a humectant, a stabilizing agent, an antiseptic agent, a suspending agent or a
surfactant can be incorporated into the medicament of the present invention, if required.

Examples of the penetration enhancer include a monovalent alcohol having 20
carbon atoms or less than 20 carbon atoms such as ethyl alcohol, isopropyl alcohol and
stearyl alcohol, a pyrrolidone compound such as 2-pyrrolidone and [-methyl-2-
pyrrolidone, a urea compound such as urea and thiourea, a cyclodextrine compound such
as alpha-dextrine, menthol, 1-dodecylazacyclohepthan-2-one, calcium thioglycolate,
limonene and the like. The incorporation amount of said penetration enhancer may vary
in accordance with the form of preparation or the carrier base. It is usually in the range
of 0.1 w/w % or greater, preferably 0.3 w/w % or greater from a viewpoint of effectively
expressing the penetration-enhancing activity, and in the range of 10 w/w % or less,
preferably 5 w/w % or less from a viewpoint of suppressing adverse drug reactions.

The pH-adjusting agent may be an inorganic acid such as hydrochloric acid,
sulfuric acid or phosphoric acid and an organic acid such as acetic acid, succinic acid or
malic acid or a metal salt thereof. The incorporation amount of said pH-adjusting agent
may vary in accordance with the form of the preparation or the carrier base. It is usually
in the range so that the pH of the objective composition is within the range from 4 to 8.

The preservative may be paraben, methylparaben, chlorobufhanol, benzyl alcohol
and the like.

The flavoring agent may be menthol, rose oil, eucalyptus oil, d-camphor and the
like.

The dispersing agent may be sodium methaphosphate, potassium polyphosphate,
anhydrous silicic acid.

The humectant may be a propylene glycol, glycerin, sorbitol, sodium lactate,

-13-
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sodium hyaluronate and the like.

The stabilizing agent may be sodium sulfite, tocopherol, ethylenediamine-
tetraacetic acid (EDTA), citric acid and the like.

The suspending agent may be a powdered tragacanth, a powdered acacia, a
bentonite, a carboxymethylcellulose and the like.

The surfactant may be a polyoxyethylenehydrogenated castor oil, a sorbitan fatty
acid ester such as sorbitan sesquioleate, a polyoxyl stearate and the like.

The medicament for the treatment of skin lesion of the present invention can be
used as a topical agent for administering directly onto the lesion/wound site in the form of
ointments, creams, lotions, liniments, cataplasms, plasters, patches, gels, solutions and the
like.

For the ointments or creams mentioned above, an oily base or an emulsion base
can be used. The oily base may be a hydrocarbons such as a Cja3-hydrocarbon
including liquid paraffin, white petrolatum, squalen, squalan, plastibase and the like, a
higher alcohol such as a monovalent Cjp.3-aliphatic alcohol including lauryl alcohol,
cetyl alcohol, stearyl alcohol, oleyl alcohol and the like, a higher fatty acid such as a
saturated or unsaturated Ce.5-fatty acid including palmitic acid and stearic acid, a higher
fatty acid ester such as myristyl palmitate, stearyl stearate, a fatty acid ester with a
monovalent Cj4.3r-aliphatic alcohol including lanorine and carnauba wax, an ester of a
saturated or unsaturated Cjopr-aliphatic acid with glycerine including glyceryl
monolaurate or hydrogenated derivative thereof, a glycol compound including ethylene
glycol, propylene glycol and polyethylene glycol, a vegetable oil and an animal oil.

The emulsion base may be an oil in water base, a watcr in oil base or a
suspension base. Examples of the oil in water base include a base prepared by
emulsifying or dispersing an oily ingredient such as lanolin, propylene glycol, stearyl
alcohol, petrolatum, silicon oil, liquid paraffin, glyceryl monostearate, polyethylene
glycol and the like with watcr in the presence or absence of a surfactant. Examples of
the water in oil base include a base prepared by mixing an oily ingredient such as white
petrolatum, liquid paraffin and the like with water in the presence or absence of a
surfactant and then emulsifying or dispersing the mixture. The suspension base may be
an aqueous base in the form of a gel prepared by mixing a suspending agent such as a
starch, glycerin, a high viscosity carboxymethylcellulose, a carboxyvinyl polymer and the
like with water.

The medicament for the treatment of skin lesion of the present invention can be

-14-




10

15

20

25

30

WO 2006/046774 PCT/JP2005/020241

10

prepared in the conventional manner to produce a topical preparation by, for example,
mixing, emulsifying or suspending materials for a base, blending the active ingredient and
other additives with the base and mixing them in a mixer such as a screw mixer.

The medicament for the treatment of skin lesion of the present invention can be
used in any form of a suspension-, an emulsion- or a solution-type lotion. Examples of
the base for a suspension type-lotion include a mixture comprising a suspending agent
such as gums including acacia and tragacabth, cellulose compounds including
methylcellulose and hudroxyethylcellulose, clays including bentonite 'and water.
Examples of the base for an emulsion type-lotion include an emulsion comprising water
and an oil such as fatty acids including stearic acid and oleic acid or higher aliphatic
alcohols including cetyl alcohol.  Examples of the base for a solution type-lotion include
water and alcohols such as ethyl alcohol, glycerin or propylene glycol.  Such lotions can
be prepared by mixing the base and water, stirring the mixture, mixing the active
ingredient and appropriate additives thereto and, if necessary filtering such mixture.

Examples of the base for a liniment include vegetable oils such as olive oil,
alcohols such as ethyl alcohol or isopropyl alcohol and a mixture of such oils with water.
Said liniment can be prepared by dissolving the active ingredient and if required mixing
appropriate additives with the mixture.

Examples of the base for a cataplasm include water-soluble polymers such as a
polyacrylic acid, a polyvinyl alcohol or a polyvinyl pyrrolidone. Said cataplasm can be
prepared by mixing the active ingredient, the base and appropriate additives, heating
followed by cooling the mixture.

Examples of the base for plasters or patches include a combination of carrier
such as non-woven fabric, elastomers such as natural rubber or isoprene rubber, fillers
such as zinc white or titanium oxide, adhering agents such as terpene resins, peeling
agents such as vinyl acetate, softeners such as liquid paraffin or antioxidants such as
dibutylhydroxyvtoluene (BHT).  Said plasters and patches can be prepared by
conventional manners such as a solution method and the like.

Examples of the solvent for a solution include water, ethyl alcohol, isopropyl
alcohol, benzyl alcohol, polyethylene glycol such as PEG400, propylene glycol,
propylene carbonate and a mixture thereof. Said solutions can be incorporated into gauze
or dressings.

The incorporated amount of the active ingredient may vary in accordance with

the form of preparations and could be 0.0025 to 5 w/w %, preferably 0.005 to 0.5 w/w %
prep: p y
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for the ointment and 0.1 to 200 mg/ml, preferably 0.1 to 20 mg/mL for the solution.

The medicament for the treatment of skin lesion of the present invention may
also be used concomitantly with other agents for the treatment of wound or skin ulcer.
Moreover, other physiologically active substances having an ability of promoting skin
lesion/wound-hcaling (e.g., growth factors such as PDGF, TGF- «, TGF- 8, bFGF, EGF v
and the like) may be, if required, incorporated into the pharmaceutical preparation of the
present invention.

The present invention is illustrated in more detail by the following
examples/experiments, but should not be construed to be limited thereto. The following
compounds as sh0§vn in Table 1 (No.l to 11) are included within the extent of the
compound [I] as an active ingredient of the present invention. Meanwhile, among the

" compounds in the Table 1, each compound having an asymmetric carbon atom(s) is that
in the form of a racemic mixture, unless any representation of an optical isomer is
“described.
Table 1 (No. 1)

1
B¢
r? OH

“
RZ

Compound No, R' Ring A
0
1 C,H;s0- CoHsO- N
N
2% CH;0- CH;0-
\
N
3 CH;0- CH;0- ‘
OH
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(o]
e
4* CH;0- CH10- S
owN,\
Lo
(o]
N
0. \1'\1
\
6 CH;0- CH;0- O,{‘Ip

*: hydrochloride
Table 1 (No. 2)

1
R2 OH
7
.

RZ

Compound No. R Ring A
A\
: N
7 CH;0- CH;0- \\?
(o]
8 CH;0- CH;0- N
Ng
N-N/
AW
9* CH,0- CH;0- =
/
N
10* CH,0- CH,0- {= 0
/
R
11# CH;0- CH;0- - 0
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/
W
12+ CH,0- CH;0- Na‘go
0
13* CH;0- CH;0- \1{
N
N-N/
7N
14 C,H;0- CH;0- =/ N°
*: hydrochloride
Table 1 (No. 3)
1
BSOS
R2 OH
4
Compound No. R R Ring A
0]
15 CH;0- CH;0- “N
N
I
16 CH:0- CH;0- OgN
N
|
17 C3H;0- CH50- OgN
N
. |
18 CH,0- CH:0- 0. NI
N
\N N
19 CH:0- CH;0- _
(0]
\
N
20 CH;0- CH;0- 0 _
OH
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6]
21 CH;O- CH;0- _th%
=/ OH
Table 1 (No.4)
1
BOOE:
R2 OH
-
<
Compound No. R! R? Ring A
.
22% CH;0- CH;0- T‘C@
/
7\ I;\T'N 0
23+ CH10- CoH50- @-5
I
23B* C,H;50- CH;0- = 0
N
* 4 0]
24 CH50- CoHsO- @‘5
H;C, NN
25+ CH,0- CH30- " C.N & 0
3
(6]
26 CH;0- CH;0- ,‘j?j
H
Vs
7NN
27 (CH3),CHO- CH;0- =
s
AWAR
28* CH;(CH,):0- CH;0- =

*: hydrochloride
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Table 1 (No.5)
1
O
R® OH
2N
< |
Compound No. R' R? Ring A
|
29 CH;0- CH,0- OTNQ
N
0
N
30* CH30- CH;0- ~ );5@
oS
O
* _ -
3l CH;0 CH,0 —Ni—Qo _/—N:>
O N N
32 CH;0- CH;0- | 3
X
ogN
33 CH;0- CH;0- i =
AN
o N
34 CH;0- CH;0- I D
: )
*: hydrochloride
Table 1 (No.6)
1
ROSE:
R? OH
&
Nz
N
vy,
Compound No. R ‘ R? | Ring A
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35% CH;0- CH;0- N=

|
36 CH;0- CH:0- OIND
.

*: hydrochloride

Table 1 (No.7)

1
BOOE:
2 OH

R
Z N
|
)
Compound No. R R?

: |
37 CH;0- CH;O- Ow
=

Table 1 (No. 8)

Ring A

1
R N OH
N

“
R2

Compound No. R' Ring A
0
38 CH;0- CH;0- \Iﬂ
N N
N
39% CH30- CH;0- = 0

NN
40* CoH50- CoH;50- @‘5

21-
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NN
41+ CH;0- CH;0- NO
*: hydrochloride
Table 1 (No. 9)
1
R H
RZ .N
7
|
Compound No. R! R? Ring A
A\ oy
42+ CH;0- CH;0- Q—go
/
AR WAL
43 CH;0- CH;0- ‘N_}zj‘
AN NN
) '’ O
44% CH;0- CH;0- =
45% CH;0- CH;0-
46* CH;30- CH;0-
47* CH;0- CH;0-
48* CH;0- CH;0-

*: hydrochloride
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Table 1 (No. 10)

OH
/N

]
RZ

Compound No. R! Ring A
N
49+ CoH;0- CoH5O- %0
. 0
50* CH;0- CH50- ‘N"D
k
N
R0
51% CyH;0- C,H;0- S
N A
/
AR
50% CH,0- CH;0- = 0
*; hydrochloride
Table 1 (No. 11)
]
SO
R2 OH
Z
|
o™y
RO
Compound No. R' R? R’
53 C,H;s0- C,H50- «(CH2),0CH;

The present invention are illustrated in more detail by the following Experiments
but should not be construed to be limited thereto.

Experiment 1

[Promoting activity in vitro of the pyridine compound on human dermal
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microvascular endothelial cell (HDMEC) proliferation]

Method:

The wound healing-promoting activity of test compounds were investigated in
terms of the promotion activity on HDMEC proliferation in the following manner. As a
HDMEC, normal adult dermal microvascular endothelial cells (Hybridoma (1996): Vol.15
(4), pp279-288) were used in this study.

A suspension of HDMEC mentioned above (2 x 10* cells/mL, Cryo
HMVEC-Ad; trademark registered by Cambrex Inc.) were seeded on 48-well plate (250
pL/well). The cells were cultured in a proliferation medium (BletKit EGM-2-MV;
trademark registered by Cambrex Inc.) for one day. After substituting an assay medium
(45b nL, bFGF-, EGF- and VEGF-free BletKit EGM-2-MV; trademark registered by
Cambrex Inc.) for the proliferation medium, a dimethylsulfoxide solution of the test
compound (0.1 v/v %, 50 pL) was added to each well and the cells were cultured for 96
hours. After culturing, the assay medium was removed by aspiration and the residual
cells were suspended in Isoton II solution (500 pL; Beckmann-Co\ulter Ltd.) containing
0.05 % trypsin and 0.02 % ethylenediaminetetraacetic acid. The suspension was diluted
(11-fold) with Isoton II solution (5 mL) and the number of cells were counted by
Coulter-Counter Z1 (Beckmann-Coulter Ltd.).

As a negative control group, HDMEC was cultured in the same manner, but in
the absence of the test compound, as described above. As a positive control group,
HDMEC was cultured in the same manner, but using a bFGF solution (0.1 pg/mL
medium) instead of the test compound selution.

Results:

The promoting activity of each test compound on HDMEC-proliferation is
depicted in the following Table 2 to 5.  From these results, it is clear that each of the test
compounds (0.1 - 1 pM) exhibited an equipotent promoting activity on HDMEC
proliferation as bFGF (0.1 ng/mL medium).

Table 2
Test aroups Number of cells after 96 hours
group (cells)
- ) 0.1 pM 1.31%10*
Compound No.3 in Table 1 p
1.0 pM 1.61 X 10
Negative control 0.95x10*
Positive control 1.31x10*

-24-




(=13

WO 2006/046774 PCT/JP2005/020241
20
Table 3
Test aroups Number of cells after 96 hours
group (cells)
0.1 uM 2.04x10*
Compound No.4* in Table 1 y
1.0 pM 2.50X10
, 0.1 uM 1.87x10*
Compound No.42* in Table 1 ;
. 1.0 pM 2.25%10
0.1 pM 1.74 X 10*
Compound No.43* in Table 1 :
1.0 pM 2.10x 10
, 0.1 pM 2.01x10*
Compound No.45* in Table 1 P
1.0 pM 2.14X10
, 0.1 pM 2.00% 104
Compound No.52* in Table 1 .
1.0 pM 2.04% 10
Negative control 1.65%10°
Positive control 1.81x10*
*: hydrochloride
Table 4
Test aroups Number of cclls after 96 hours
group (cells)
0.1 pM 1.97x10*
Compound No.48* in Table 1 Y
1.0 pM 2.37X10
0.1 pgM 1.78x 10
Compound No.50* in Table 1 ]
1.0 pM 1.97%10
Negative control 1.68%10*
positive control 1.95x%10*

*: hydrochloride
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Table 5
Test orouDS Number of cells after 96 hours
group (cells)
0.1 pM 2.13%10*
Compound No.24 in Table 1 "
1.0pM 241X10
‘ 0.1 uM 2.16x 10*
Compound No.46* in Table 1 T
1.0 uM 2.28X10
. _ 0.1 uM 1.98 x 10*
Compound No.53 in Table 1 P
1.0 M 211 X10
Negative control 1.58x10*
Positive control 2.03 %10

*: hydrochloride

Experiment 2
[Promoting activity in vivo of the pyridine compound on wound healing)
5 Method:

Spontaneously diabetic male mice (C57BL/KsJ-db/db Jcl, age: 9 weeks, weight:
30 - 40 g; Nippon-Clair; 4 mice/group) were bled until their ages became 10 to 12 weeks

old. Under anesthesia with pentobarbiturate, hair of the mice were shaved on their dorsum

and wiped with ethanol. A circular full-thickness skin wound (2 cm®) was prepared on

10 the dorsum of mice. A test compound solution in physiologically saline (20 pL; 10

pg/wound) was administered dropwise onto the wound site and the wound site was

covered by a film-dressing (Bioclusive, trademark registered by Johnson & Johnson Inc.).

Until the wound healed completely, administration of the test compound, change of the

film-dressing, cleaning of the wound site and measuring the wound area were carried out

15 every two to four days. Meanwhile, a physiological saline solution (20 pL) instead of

the test compound solution was administered to mice of the control group.

Results:

The results are shown in the following Table 6 to 8. From these results, it is clear

that the duration giving complete healing of wound in the test compound-treated group

20  was significantly shorter than that in the control group.
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Table 6
Days to give complete p value
Test groups wound healing (vs. Control, unpaired
(Mean £ SEM) t-test, two-tailed)
Test compound-treated group
. 19.50%0.5000 0.0004
(Compound No.3 in Table 1)
Control 59.50%5.575 -
Table 7
Days to give complete p value
Test groups wound healing (vs. Control, unpaired

(Mean+ SEM) t-test, two-tailed)
Test compound-treated group
20.75+2.250 <0.0001
(Compound No.4* in Table 1)
Test compound-treated grou
P group 25.25+6.303 0.0063
(Compound No.39* in Table 1)
Test compound-treated grou
P growp 27.25+8250 0.0255
(Compound No.5%* in Table 1)
Control 52.25+1.887 -
*: hydrochloride
Table 8
Days to give complete p value

Test groups

wound healing

(vs. Control, unpaired

(Mean = SEM) t-test, two-tailed)
Test compound-treated grou
P grotp 18.25+1.031 0.0063
{Compound No.48* in Table 1)
Control 49.00+8.000 -

*: hydrochloride

INDUSTRIAL APPLICABILITY

The medicament for the treatment of skin lesion of the present invention has a

potent promoting activity on dermal microvascular cell proliferation and can be thereby
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applicable to the treatment (e.g., promotion of healing) of skin lesions such as wounds
(traumatic wound, post-surgical wound and the like), decubitus ulcer or chronic skin

ulcers (thermal ulcer, vascular obstructive ulcer including leg ulcer, diabetic ulcer and the
like).
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The claims defining the invention are as follows:

1. Use of a pyridine compound of the following formula [I]:

wherein R is a substituted pyridyl group having the following formula:
N |
D« L)
- or
N) Q) T}I ’
RO

Rlisa Ci¢ alkoxy-C,.¢ alkyl group, R' and R? are the same or different and a Cy.6 alkoxy
group, X is a group of the formula: =N- or a group of the formula:

|
¢C‘CH20H

Ring A is a saturated or unsaturated 10-membered nitrogen-containing hetero-bicyclic group
optionally having a substituent(s), the dotted line means the presence or absence of a double
bond, or a pharmaceutically acceptable salt thereof for the preparation of a medicament for
treatment of skin lesion.

2. The use according to Claim 1 wherein R is a group of the formula:

in which the saturated or unsaturated 10-membered nitrogen-containing hetero-bicyclic group
in Ring A may further contains a heteroatom(s) selected from nitrogen atom, oxygen atom and
sulfur atom,

3. The use according to Claim 2 wherein the 10-membered nitrogen-containing hetero-
bicyclic group in the Ring A is a quinolyl group, an isoquinolyl group, a quinazolinyl group, a
phthalazinyl group, a naphthyridinyl group, a quinoxalinyl group or a benzothiazinyl group
and said hetero-bicyclic group may be partially or fully hydrogenated.

4, The use according to Claim 2 wherein the Ring A is a 10-membered

U NGV hers\Sinans\TISROT_clams 10 02 (e 01,
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nitrogen-containing hetero-bicyclic group optionally substituted by a group(s) selected
from a hydroxyl group, an oxo group, a saturated or unsaturated 6-membered
nitrogen-containing hetero-monocyclic group-substituted Cj.s alkoxy group, di(Cis
alkyl)aminophenyl group and a saturated or unsaturated 6-membered nitrogen-containing
hetero-monocyclic group.

5. Theuse according o Claim 4 wherein the saturated or unsaturated 6-membered
nitrogen-containing hetero-monocyclic group is a pyridyl group, a dihydropyridyl group,
a pyrimidinyl group, a morpholino group or a piperidino group.

6. The use according to Claim 4 wherein the Ring A is a saturated or unsaturated
10-membered nitrogen-containing hetero-bicyclic group substituted by at least oxo group
and/or a hydroxyl group.

7. The use according to Claim 6 wherein the pyridine compound is a compound of

the following formula [I-A] or [I-B]:
1
BOOE:
Rz OH [ I-A ]
RY

wherein R'! is a group of the following formula:

L. T q
X S X,
N

Ring A is (i) an oxo-substituted dihydro- or tetrahydro-quinolyl group optionally

substituted by a group selected from a hydroxy! group and a pyridyl group, (ii) a hydroxy
substituted  dihydro- or tetrahydro-quinolyl group, (iii) an oxo-substituted
hexahydroquinolyl group optionally substituted by a hydroxyl group, (iv) an
oxo-substituted dihydro- or tetrahydro-isoquinolyl group optionally substituted by a group
selected from a hydroxyl group, a morpholino-C,. alkoxy group, a pyridyl-C s alkoxy
group, a piperidinyl-C;¢ alkoxy group and a morpholino group, (v) an oxo-substituted
dihydro- or tetrahydro-phthalazinyl group optionally substituted by a group selected from
a hydroxyl group, a di(Cy.¢ alkyl)aminophenyl group, a pyridyl group and a pyrimidinyl
group, (vi) an oxo-substituted dihydro- or tetrahydro-quinazolinyl group optionally
substituted by a hydroxyl group, (vi) an oxo-substituted dihydro- or
tetrahydro-quinoxaliny] group optionally substituted by a hydroxyl group or (viii) an
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oxo-substituted dihydro- or tetrahydro-naphthylidinyl group optionally substituted by a
hydroxyl group, and R' and R? are the same or different and Cy.4 alkoxy group or a
pharmaceutically acceptable salt thereof.

8. The use according to Claim 1 wherein R is a substituted pyridyl group of the

following formula:

£)
0~ N

(
RO
and X is a group of the following formula:

4

9. The use according to Claim 8§ wherein R? is methoxymethyl group and R' and R*

“CH,0H

are ethoxy group.
10. The use according to Claim 7 wherein R is a substituted pyridyl group of the

following formula:

N
)

and R' and R? are the same or different and a group selected from methoxy group ethoxy
group.

11. The use according to Claim 10 wherein the Ring A is (1) a hydroxy-substituted
dihydro- or tetrahydro-quinolyl group, (b) an oxo-substituted dihydro- or
tetrahydro-isoquinolyl group substituted by a group selected from a pyridyl-substituted
C\.¢ alkoxy group and a morpholino-C,.¢ alkoxy group, (c) an oxo-substituted dihydro- or
tetrahydro-phthalazinyl group substituted by a group selected from a pyridyl group, a
pyrimidinyl group and a di(C,.¢ alkyl)aminophenyl group or (d) an oxo-substituted
dihydro- or tetrahydro-quinazolinyl group.

12. The use according to Claim 11 wherein the Ring A is a group of the following

formula;
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0

N < q \NO \N)Ij
N
s O\/\Nz\| » OALN
(O

0]

0 (0]
O 0
N Na Na

“ , 3 or O
NQ,N Na
N(CH;),

13.  Use of a compound selected from the group consisting of

2-(4-hydroxy-1,2,3 4-tetrahydroquinolin-1-yl)-4-[2,3-bis(hydrox ymethyl)-6,7-
dimethoxynaphthalen-1-yl]pyridine;
4-[2,3-bis(hydroxymethyl)-6,7-dimethox ynaphthalen-1-yl]-2-[ 1-ox0-1,2-dihydro-5-(2-
morpholinoethoxy)-isoquinolin-2-yl]pyridine;
4-[2,3-bis(hydoxymethyl)-6,7-dimethoxynaphthalen-1-yl]-2-[1-oxo-1,2-dihydro-5-(3-
pyridylmethoxy)-1-isoquinolin-2-yl]pyridine;
4-(3-hydroxymethyl-6,7-dimethoxyisoquinolin-1-yl)-2-[4-(3-pyridyl)phthalazin-1(2H)-one-2-
yl]pyridine; and
4-[(3S)-3-hydroxymethyl-3,4-dihydro-6,7-dimethoxyisoquinolin-1-yl}-2-[ 1-ox0-5-(3-
pyridylmethoxy)-1,2-dihydroisoqinolin-2-yl]pyridine or a pharmaceutically acceptable salt
thereof for the preparation of a medicament for the treatment of skin lesion.

14.  The use according to any one of Claims 1 to 13 wherein the skin lesion is acute or
chronic wound.

15.  The use according to any one of Claims 1 to 13 wherein the skin lesion is decubitus
ulcer (pressure ulcer).

16.  The use according to any one of Claims 1 to 13 wherein the skin lesion is selected from
thermal ulcer, vascular obstructive ulcer including leg ulcer, diabetic ulcer, traumatic ulcer and
post-surgical ulcer.

17. A medicament when used for the treatment of skin lesion comprising as an active

ingredient a pyridine compound of the following formula [I]:

U1GYCIOMers\Speciest768807_ciaims 10.02.09 doc JOL
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(1]

wherein R is a substituted pyridyl group having the following formula:
EIN_N@ Iﬁ
)
N7 I N
RO

RYisa Ci alkoxy-C,.5 alkyl group, R' and R? are the same or different and a C,_¢ alkoxy
5  group, X is a group of the formula: =N- or a group of the formula:

¢

#“CH,0H

Ring A is a saturated or unsaturated 10-membered nitrogen-containing hetero-bicyclic
group optionally having a substituent(s), the dotted line means the presence or absence of
a double bond or a pharmaceutically acceptable salt thereof.

10 18 Use of a pyridine compound of the following formula [I]:

1]

wherein R is a substituted pyridyl group having the following formula:
’l'\n ad |
X, )—N A or
N 07 N© 7
RO

R%isaCis alkoxy-C.¢ alkyl group, R' and R? are the same or different and a Cy.4 alkoxy

15  group, X is a group of the formula: =N- or a group of the formula:

L

#~CH,OH

Ring A is a saturated or unsaturated 10-membered nitrogen-containing hetero-bicyclic
group optionally having a substituent(s), the dotted line means the presence or absence of
a double bond or a pharmaceutically acceptable salt thereof for the preparation of a

20  medicament for promotion of dermal microvascular endothelial cell proliferation.
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19. A method for treatment of skin lesions in a mammal, which comprises topically

administering to the mammal in need of said treatment a therapeutically effective amount

of a pyridine compound of the following formula [I]:

[1]

wherein R is a substituted pyridyl group having the following formula:
|
\N) o GPNNT
Lo
R
RlisaCe alkoxy-C).¢ alkyl group, R! and R? are the same or different and a Cj¢ alkoxy
group, X is a group of the formula: =N- or a group of the formula:

.

#~CH,0H

Ring A is a saturated or unsaturated 10-membered nitrogen-containing hetero-bicyclic
group optionally having a substituent(s), the dotted line means the presence or absence of
a double bond or a pharmaceutically acceptable salt thereof.

20. A method for promoting the proliferation of dermal microvascular endothelial
cells in a mammal, which comprises treating said cells with a pharmacologically effective

amount of a pyridine compound of the following formula [I]:

wherein R is a substituted pyridyl group having the following formula:

A & I
s I NA) o
N 0" N ’
L0
R
R’isaC alkoxy-C.¢ alkyl group, R' and R? are the same or different and a Cy.g alkoxy
group, X is a group of the formula: =N- or a group of the formula:
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|
¢C‘CHZOH

Ring A is a saturated or unsaturated 10-membered nitrogen-containing hetero-bicyclic
group optionally having a substituent(s), the dotted line means the presence or absence
of a double bond or a pharmaceutically acceptable salt thereof.

21.  Use according to claim 1 or claim 18 substantially as hereinbefore described.
22. A medicament according to claim 17 substantially as hereinbefore described.
23. A method according to claim 19 substantially as hereinbefore described.

24, A method according to claim 20 substantially as hereinbefore described.

¥:louse\Others\Species\748807_speds doc
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