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DESCRIPTION f

METHOD FOR MODULATING CYTOKINE ACTIVITY

TECHNICAL FIELD

The present' invention relates to a method for
modulating cytokline activity. The present 1nvention also
relates to a method for i1mmunomodulation.

BACKGROUND

[ —

Cytoklines and chemokines are proteins secreted from
cells upon activation, which regulaté‘ the survival,
proliferation, differentiation and function of a variety of

cells within the 1living body. They ai:e'- important 1n

cellular communication, and 1n regulating responses to

‘homeostasis or biophylaxis. Cytokines are the general

category of signaling molecules produo&d by wvarious types

of cells such as T cells that direct the immune response,

" anad

- while chemokines are a special type of cytokine that direct

Jre—

the migration of white blood cells to infected or damaged

ti1ssues. A cytokilne ha.nd a chemokine both use chemicall'

signals to induce changes in other cells, but the latter

are specialized to cause cell movement.

Cytokines inClude, for example, interleukin (IL)

including over 30 type such as IL-1la, IL—lB, 1L-2, -3, -4,

-5, _6,.-7, -8, -9, -10, -11 to -37; 1nterferon (IFN) such
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as IFN-o, IFN-f and IFN-y; tumor necrosis factor (TNF) such

as TNEF-oa and TNE-[3; transforminngrowth factor (TGEF) such

as TGF-a and TGF-0@; colony stimulating factbr'(CSF) such as

granulocytefcolony—stimulating factor (G?CSF), granulocyte-

macrophage—-colony-—stimulating factor (GM-CSF), macrophage-

colony Stimulating factor (M-CSF), ' erythropoietin (EPO),

stem Cell_ factorx (SCEF) and monocyte chemotactic and

activating factor (MCAF); growth factor

epldermal growth factor (EGF), .fibroblast

- (FGF) , insulin like growth factor (IGF),

factor (NGF), Brain-derived neurotrophic.

- {GF) such as

growth factor

nerve growth

factor (BDNFE') ,

' platelet derived growth factor-(PDGF), vascular endothelial

growth factor (VEGF), hepatocyte growth

-

tfactor (HGE),

keratinocyte growth factor (KGF), thrombopoietin (TPO), and

bone morphogenic protein (BMP); and other polypeptide

(Mye Lloperoxidase) and CRP  (C-reactive

factors including LIF, kit ligand

(KL), . MPO

protein), COX

(Cyclooxygenase) such as C0OX-1, COX-2 and COX-3, NOS (Nitric

oxide synthase) such as NOS-1, NOS-Z and NOS-3, SOCS

H

(sﬁppressor of cytokiné signaling) such as CI

-3, -4, -5, -6 and 47,'and SO on.

ey

There are two major classes of ‘chemo

'S, S0CS-1, -2,

kines, CXC and

CC. The CXC chemokines, such as 'neutrop’hil— activating

protein-2 (NAP-2) and melanoma growth stimulatory activity

- protein (MGSA) are chemotactic primarily for neutrophils
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and T lymphocytes, whereas the CC 'chemokines, such as

RANTES, Macrophage inflammatory Protein ~(MIP) including

MIP-la and MIP—lB,-keratinocyte-derivéd chemokine-(KC), the

monocyte chemotactic proteins (MCP-1, MCP-2, MCP-3, MCP-4,

and MCP-5) and the eotaxins (-1 and -2) are chemotactic for,
among other cell types, macrophages, T lymphocytes,

eosinophils, neutrophils, dendritic cells, and basophils.

There also exist the chemokines lymphotactin-1,

'lymphotactin~2.(both C chemokines), and fractalkine (a CX3C

chemokine) that 'do not fall into either of the fmajor

chemokine subfamilies.

While the activation of these signaling pathways is

becoming better understood, 1little 1s known of the

regulation of these pathways, including employment of

negative or positive feedback loops. This @ is important

since once a cell has beéegun to respond to a stimulus, it is

critical that the intensity and duration of the response is

e
p—

regulated and that signal transduction is'switched.of;. It

1s likewise desirable to increase the intensity of a
response systemically or even lbcally as the situation
requlres.

F
p—

Fatty acid derivatives are members of class of

organlc carboxylic acids, which are contained in tissues or

P

organs of human or other mammals, and exhibit a wide range

of physiological activity. Some fatty acid derivatives
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4

found in nature generally have a prostanoic acid skeleton

as shown in the formula (A):

(a chain)
- b |
9 :"7\/\/3\/1 COOH
10 ¥ 6 1 2 ' (A)
11 \/\/\/\/
| 13 15 17 19 (o chain)

On the other hand, some of synthetic prostaglandin

5 (PG) aﬁalégues have modified skeletons. The primary PGs

are classified into PGAs, PGBs, PGCs, PGDs, PGEs, PGFS, |

PGGS, PGHs, PGIs and PGJs according to the'structure of the

five-membered ring moiety, and further classified into the

following three types by the humber ‘and position of the

10 unsaturatedvbond at'the carbgn chain moiety:’
.SUbsgript 1: 13,14—unsaturated—15—OH 
Subscripf 2: 5,6- and 13,14-diunsaturated-15-0H
Subscript 3 5, 06—, ' 13,14-,and 17, lS_—.tfiﬁnsaturated—lS—

OH.

15 ., | Further, the PGFs are c'lass-i:’:"ie'd,_' according to the

p—

configuration of the hydroxyl group at the 9-position, into’

grieg.
p—

a type (the hydroxyl group 1s of an « —configuration’) and

B type (the hydroxyl group is of a p-configuration).

PGs are known to have various pharmacological and

20 physiolégical “activities, for example, vasodilatation,

o
—=

inducing of inflammation, platelet aggregation, stimulating
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uterine muscle, stimulating intestinal muscle, anti-ulcer

‘effect and the like.

Prostones, having an oxo group at position 15 of

prostanolc acid skeleton (l5-keto type) and having a single

bond between positions 13 and 14 and an oxo group at

position 15 (13,14-dihydro-15-keto type) , are fatty acid

derivatives known as substances naturally produced by

enzymatic actions during metabolism of the primary PGs and

have  some therapeutic effect. Prostones have Dbeen

disclosed 1n USP Nos. 5,073,569, 5,534,547, 5;225,439,
5,166,174, 5,428,062 5,380,709 5,886,034 6,265,440,

5,106,869, 5,221,763, 5,591,887, 5,770,759 and 5,739,161,

the contents of these references are herein incorporated by

reference.

However 1t 1s not known how fatty acid derivatives

act on cytokine activity and 1ts expression.

DISCLOSURE OF THE INVENTION

The present 1nvention relates to a method for
modulating cytokine activity in a mammalian subject, which

comprlses administefing‘ to the subject in need thereof an

effective amount of a fatty acid derivative represented by

the formula (I):
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B—/—Ra

M

wherein L, M and N are hydrogen, hydroxy, halogen,
lower alkyl, hydroxy(lower)alkyl, lower alkanoyloxy or oxo,

—

wherein at least one of L and M is a group octher than

5 hydrogen, and the five—membered'ring"may_have-at least one

double bond;
A is -CHs;, or -CH,OH, -COCH,OH, -COOH or a functional

gy
—

derivative thereof;

B i1s single bond, -CH,-CH,-, ~-CH=CH-, -C=C-, -CHj-
10 CHp-CHp-, -CH=CH-CHp-, -CHp,-CH=CH-, -C=C-CH;- or -CH,-C=C-;
7 is
Ry Rs Ry Rs , O

or single bond

wherein - Ry, and Rs are hydrogen, hydroxy, halogen,

lower ~alkyl, iower alkoxy or hydroxy(loWer)‘alkyl, wherein‘

15 Rs and Rs are not hydroxy and lower alkoxy at the same
time;

Ry 1s a saturated or unsaturated bivalent lower or

medium aliphatic hydrocarbon residue, which 1s

unsubstituted or substituted with halogen, lower alkyl,
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hydroxy, oxo, aryl or heterocyclic group, and at least one

of carbon atom 1in the aliphatic hydrocarbon 1s optionally

substituted by oxygen, nitrogen or sulfur; and

Ra 1s a saturated or unsaturated lower or medium
aliphatic hydfocarbon residue, which 1is unsubstituted or
substituted With halogen,.oxo, hydroxy, lower alkyl, lower
alkoxy, - lower | alkanoyloxy, ' cyclo(lower)alkyl,
cyclb(lower)alkyloxy, arvl, aryloxy,.heterocyclic group.or

hetrécyclib—oxy- group; lower. alkoxy; lower 'alkanoyloxy;

cyclo(lower)alkyl; cyclo(lower)alkyloxy; arvyl; arvlioxvy;

- heterocyclic group; heterocyclic-oxy group, and at least

one of carbon atom 1n. the ali@hatic* hydrocarbon 1s

optionally substituted.by oxygen, nitrogen or sulfur.

The present invention also relates to a method for

- Immunomodulation 1n a mammalian subject, which comprises

administering.to the subject 1n need thereof an effective

P

amount of the fatty acid derivative- represented' by the

formula (1) .

The present invention further relates to a method

for treating esophagitis in a mammalian subject, . which

comprises adminlstering to the subject 1n need thereof an

effective amount of the fatty acid d,erivati\}e represented
by the formula (1) .

The present 1nvention further relates to a

pharmaceutical composition or a composition for modulating
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cytokine activity, immunomodulation or treating esophagitis

comprising an effective amount of the fatty acid derivative

represented by the formula

(L) .

F

The present ipvention further relates to use of the

fatty acid derivative represented by the formula (I) for

the manufacture

of a medicament for modulating cytokine

activity, immunomodulation or treating esophagitis.

The present invention further relates to use of the

-

fatty acid derivative represented by the formula (I) in

modulating cytokine activity, immunomodulation or treating

esophagitis.

invention is useful

In one embodiment,

the modulation of cytokine

' activity or the immunomodulation provided by the present

for treating cytokine-mediated disease

or conditions with benefit from immunomodulation.

BRI

L]

Fig.1l shows effects of Compound B on expression of

SOCS-1 gene.

DETALL!

RE

D DESCRIPTION OF TH.

1
-4
—

F DESCRIPTION OF DRAWINGS

INV

The nomenclature of the

"

ENTION

fatty acid derivative used

P

herein 1s based on the numbering system of the prostanoic

acld represented 1in the above formula (A).

The formula (A) ‘shows a basic skeleton of the C-20

fatty acid 'derivative, Dbut the present invention is not

limited to those ‘having the same number of carbon atoms.
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o~

In the formula (A), the numbering of the carbon atoms which

constitute the basic skeleton of the fatty acid derivatives

starts at the carboxylic acid (numpered 1), and carbon

atoms in the o-chain are numbered 2 to 7 towards the five-

membered ring, those in the ring are 8 to 12, and those in

the w-chain are 13 to 20. When the number of carbon atoms

is decreased in the o~-chain, the number 1s deleted 1n the

order starting from position 2; and when the number of

carbon atoms 1is increased in the a-chain, compounds are

named as substitution compounds having respective

o

-~ substituents at positioh 2 1n place of carboxy group. (C-1).

N

Simllarly, when the number of carbon atoms 1s decreased 1n

the w-chain, the number 1is deleted in the OJrder starting

P

from positio'n 20; and when the number of carbon atoms 1is

increased 1n the w-chain, the carbon atoms at the position

21 or later are named as a substituent at position 20.

Stereochemistry of the compounds is the same as that of the

above formula (A) unless otherwlise specified.

In general, each onf PGD, PGE and PGF repfesents a

fatty acid derivative having hydroxy groups at positions 9

and/or 11, but 1in the present specification they also
include those having substituents other than the hydroxy

groups at positions 9 and/or 11. Such cbmpounds are

referred to as 9—deoXy—9—substituted—fatty acid derivatives

~or ll-deoxy-ll-substituted-fatty acid derivatives. A fatty
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am—n.

acid derivative having hydrogen 1in place of the hydroxy

group 1s simply named as 39— or ll-deoxy-fatty acid

‘derivative.

_

As stated above, the nomenclature of a -fa-tty acid

derivative 1s based on the prostanoic acid skeleton. In

the case the compound has similar partial structure as the

- primary PG, the abbreviation of "PG" may be used. Thus, a

fatty acid derivative whose oa-chain is extended by two

carbbn.atoms, that is, having 9 carbon atoms in the a-chain

is named as 2-decarboxy-2-(2-carboxyethyl)-PG compound..
Similarly, a fatty acid derivative having 11 carbon atoms
in'the'a4chain 1s named as 2¥decarboxy-2¥f4—carboxybutyl)—

PG compound. Further, a fatty acid derivative whose -

chain is extended by two carbon atoms, that is, having 10

carbon atoms- in the w-chain is named as.-ZO—ethyl—PG

compound. These compounds, however, may also be named

according to the TUPAC nomenclatures.

Examples of the analogues including substitution

p—

compounds Or derivatives of the above described fatty acid

~derivative include a fatty acid derivative whose carboxy

group at the end of the alpha chain is esterified; a fatty

acid derivative whose o chain is = extended, a

-

physiologically acceptable salt thereof, a fatty acid

der'ivati‘ve- having a double bond between .'positions 2 and 3

or a triple‘ bond between positions 5 and 6; a fatty acid
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derivative having substituent(s) on carbon atom(s) at

position(s) 3, 5, o, 160, 17,_18, 19 and/or 20; and a fatty

acid derivative having a lower alkyl or a hydroxy (lower)

gl—

alkyl group at position 9 and/or 11 in place of the hydroxy

groﬁp.

According to the present . invention, . preferred

substituents on the carbon atom at position(s) 3, 17, 18

and/or 19 include alkyl having-1—4 carbon atoms, especially
methyl and ethyl. Preferred substituents on the carbon

atom at position 16 1include lower alkyls such as methyl and

ethyl, hydroxy, halogen atom such as chlorine and fluorine,

and aryloxy  such as :trifluoromethylphenoxy. ~ Preferred
substituents on the carbon atom at position 17 include

lower alkyl such. as methyl and ethyl, hydroxy, halogen atom

- such as chlorine and fluorine, and aryloxy such as

trifluoromethylphenoxy.. Preferred substituents on the
carbon atom at position 20 include saturated or unsaturated

lower alkyl such as C;.4 alkyl, lower alkoxy such as Cl_;'

alkoXy, and lower alkoxy alkyl such as Cioq4 alkoxy-Ci_4 alkyl;

Preferred substituents on the carbon atom at position 5

- include halogen atoms such as chlorine and fluorine.

Preferred substituents on the carbon atom at position 6

include an oxo group forming a  carbonyl group.

P 1)

Steréochemistry of PGs having hydroxy, 1lower alkyl or

hydroxy(lowér)alkyl substituent on the carbon atom at
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positions 9 and 11 may be o, B or a mixture thereof.

Further, the above described analogues or derivatives

may have a © chain shorter than that of the primary'PGs and
a substituent such as alkoxy, cycloalkyl, cycloalkyloxy,
D phenoxy and phenyl at the end of the truncated w-chain.

A fatty acid derivative wused in the present

invention 1s represented by the formula (I):

L
R1_""'A

B—Z/Z—Ra
M

wherein L, M and N are hydrogen, hydroxy, halOgen,

10 lower alkyl, hydroxy(lower)alkyl, lower alkanoyloxy or oxo,

gt

wherein at least one of L and M 1is a group other than

hydrogen, and the five-membered ring may have at least one
double bond; S

A is —CHz, or -CH;OH, -COCH,OH, -COOH or a functional

15 derivative thereof;

B is single bond, -CH,-CH,-, -CH=CH-, -C=C-, -CH,-
CH,-CH,-, -CH=CH-CH,-, -CH,-CH=CH-, -C=C-CH,- or -CH,-C=C-;

Z 18

C Ci

Rse Rs . O

’ ~ or single bond
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wherein Ry and Rs  are 'hydrogen, h‘ydroxy,. halogen,
lower alkyl, lower alkoxy or hydroxy(lower)alkyl, wherein
R4 and Rs are not hyd'roxy and lowet alkoxy at the same‘
time;

Ri 1s a saturated or unsaturated bivalent lower or
medlium aliphatic hydrocarbon residue, ~ which 1S
unsubstituted or substituted with halogen, lower alkyl;

_ hYdroxy, 0xX0, aryl or heterocyclic group, and at least one

of carbon atom in the aliphatic hydrocarbon is uoptional-ly
substituted by oxygen, nitrogen or sulfur; and

Ra 1s a saturated or unsaturated lower or medium

aliphatic hydrocarbon residue, which 1is unsubstituted or
substituted with halogeh, 0xX0, hydroxy, lower alkyl, lower
alkoxy, lower alkanoyloxy, - cyclo(loWer)alkyl,

| cyclo(lowér)alkyloxy, arvl, aryloxy,,héterocyclic group Or

hetrbcyclic—oxy group; lower alkoxy; lower alkanoyloxy;

cyclo(lower)alkyl; c'yclo ( owef) alkyloxvy; ar‘y.l; aryloxy;
heterocyclic groupl;. heterocyclic-oxy group, and at least
one of carbonf atom in the aliphatic‘ hYdroCarbon 1S
'optionally substituted by oxygen, nitrogen or sulfur.

A preferred compound used in the present 1nvention

1s represented by the formula (II):
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R1'—"""A |

Xy X,
' \/ ,
B— Z _C-_RZ_R;;

wheréin L and M are hydrogen atom, hydroxy, halogen,

lower alkyl, hydroxy(lower)alkyl, lower alkanoylbxy OY OXO,

wherein at least one of 'L and M 1s a dJgroup other than
5 hydrogén, and the five-membered ring may have one or more

double bonds;

A is -CHs, or -CH,OH, -COCH,0OH, -COOH or a functional

gr— v
p—

. derivative thereof;

_B' is single bond, -CHy~CHy-, -CH=CH-, -C=C-, -CH;-

10+ CHy;-CHz-, -CH=CH-CH;-, -CHp-CH=CH-, -C=C-CHy— or -CHy-C=C-;
Z 18
\ / ﬁ
R, Rs . Ry Re Ne

> or slngle bond

wherein R; and Rs are hydrogen, hydroxy, halogen,

lower alkyl, lower alkoxy or hydroxy(lower)alkyl, wherein
15 Ry, and Rs are not hydroxy and lower alkoxy at the same

time;

X1 and X; are hydrogen, . ower ‘alkyl, or halogen;

Ry 1s a saturated or unsaturated bivalent lower or
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medium aliphatic  hydrocarbon residue, which 1s
unsubstituted or substituted with halogen, lower alkyl,

hydroxy, oxo, aryl or heterocyclic grbup, and at least one

of carbon atom in the aliphatic hydrocarbon 1is Optionally

substituted by oxygen,'nitrogen or sulfur;

R, 1s a single bond or lower alkylene; and
R; 1s lower alkyl, lower alkoxy, lower alkanoyloxy,

cyclo{(lower) alky1, cy'clo' (lower)alkyloxy, aryl, aryloxy,

heterocyclic group or heterocyclic-oxy group, and at least
one of carbon atom 1in the aliphatic hydrocarbon 1s

optionally substituted by oxygen, nitrogen or sulfur.

In the above formula, the term "unsaturated" in the

definitions for R1 and Ra is intended to 1include at least

- one or more double bonds and/or triple bonds that are

isola.tedly, separately or ‘ serlally present between carbon
atoms of the main and/o'r side chains. According to the
usual nomenclature, an unsaturated bond between tﬁo serial
positions 1is represented by denoting the lower number of
the two positions, énd an unsaturated bond between two

distal positions is represented by denoting both of the

~ positions.

The term "lower or medium aliphatic hydrocarbon”

refers to a straight or branched chain hydrocarbon group

having 1 to 14 carbon atoms (for a side chain, 1 to 3

carbon atoms are preferable) and preferably 1 to 10,
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especlally 1 to 8 carbon atoms.

The term "halogen atom" covers fluorine, chlorine,

bromine and i1odine.

g— |
s

The term "lower" throughout the specification 1is

intended to include a group having 1 to 6 carbon atoms

unless otherwise specified.

The term "lower alkyl" refers to a straight or

" branched chain saturated hydrocarbon group contaihing 1 to

6 carbon atoms and i.nclu-des, for example, methyl, ethyl,

propy", isopropyl, butyl, 1sobutyl, t-butyl, pentyl and
hexyl.

The term "lower alkylene" refers to a straight or
branched chain ibivaleht saturated 'hydrocarbon ' group

containing 1 to 6 carbon atoms and includes, for example,.

‘methylene, ethylene, proleene, 1sopropylene, Dbutylene,

isobutylene, t-butylene, pentylene and hexylene.

The term "lower alkoxy" refers to a group of lower
alkyl-0-, wherein lower alkyl 1s as deflined above.

The term "hydroxy(lower)alkyl" refers to a lower

alkyl as defined above which is supstituted with at least

one hydroxy group such as hydroxymethyl, l-hydroxyethyl, 2-

hydroxyethyl and l-methyl-l-hydroxyethyl.

The term "lower alkanoyloxy" refers to a group

represented by the formula RCO-0O-, wherein RCO- is an acyl

group formed by oxidation of a lower alkyl group as definéd
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above, such as acetyl.

The term "cyclo(lower)alkyl" refers to a cyclic

group formed by cyclization of a lower alkyl group as

defined above but contains three or more carbon atoms, and

includes, for example, cyclopropyl, cyclobutyl,.cyclopentyl'

and cyclohexvyl.

The term "c_yclo(lower)alkyloxy"‘ refers to the group

- of cyclo(lower)alkyl—o—, wherein cyclo(lower)alkyl '1s as

defined above.

The term "aryl" may include unsubstituted or

substituted aromatic hydrocarbon ' rings (preferably

monocyclic groups), for example, phenyl, tolyl, xylyl.

Examples of the substituents are halogen atom and

halo(lower)alkyl, wherein halogen atom and lower alkyl are

as defined above.

The term "aryloxy" refers to a group represented by

the formula ArO-, wherein Ar is aryl as defined above.

The term "heterocyclic grdup" may 1include mono- to

tri-cyclic, preferably monocyclic heteroCyclic group which

is . 5 to 14, preferably 5 to 10 membered ring having

optionally substituted carbon atom and 1 to 4, preferably 1

to 3 of 1 or 2 type of hetero atoms selected from nitrogen

atom, oxygen atom and sulfur atom. Examples of the

heterocyclic group include furyl, thienyl, pyrrolyl,

oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, imidazolyl,



10

15

20

25

CA 02831869 2013-09-30

WO 2012/144649 PCT/JP2012/061004

18

. pyrazolyl,  furazanyl, ©pyranyl, pyridyl, pyridazinyl,

pyrimidyl, pyrazinyl,‘ 2-pyrrolinvl, ’pyrroiidinyl, 2 -
imidazolinyl, imidaéolidinyl, 2-pyrazolinyl, pyrazolidinyl,
plperidino, piperazinyl, morpholino, 1ndolyl, benzothienyl,
quinolyl, isoquinolyl, purinyl, quinazolinyl, carbazolyl,

acridinyl, ~ phenanthridinyl, ~benzimidazolyl,

benzimidazolinyl, benzothiazolyl, phenothiazinyl. Examples

P

of the substituent in this case include halogen, and

halogen substituted lower alkyl group, wherein-hélogen atom

and lower alkyl group are as described above;_

The term "heterocyclic-oxy group” means a group

represented Dby the formula HcO-, wherein Hc 1is a

heterocyclic group as described above.

The term "functional derivative” of A includes salts

(preferably pharmaceutically aCceptable salts), ethers,

esters and amides.

Suitable "pharmaceutically acceptable salts" include

conventionally used non-toxic salts, for example a salt
with an inorganic base such as an alkali metal salt (such
as sodium salt and potassium salt), an alkaline earth metal

salt (such as calcium salt and magnesium salt), an ammonium

salt; or a salt with an organic base, for example, an amine
salt (such as methylamine salt, dimethylamine salt,
cyclohexylamine salt, benzylamine' salt, piperidine salt,

ethylenediamline salt, ethanolamine salt, diethanolamine
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salt, trlethanolamine salt, tris (hydroxymethylamino)éthane

salt, monomethyl- monoethanolamine salt, procaine salt and

caffeine salt), a basic amino acid salt (such as arginine

salt and lysine- salt), tetraalkyl ammonium salt and the

like. These salts may be prepared by a conventional

process, for example from the corresponding acid and base

or by salt i1nterchange.

F

Examples of the ethers ‘include alkyl ethers, for

example, lower alkyl ethers suCh as methyl ether, ethyl
ether, propyl ether, isopropyl ether, butyl ether, isobutyl

ether,7t-butyl ether, pentyl éther and'l—cyclOpropyl ethyl

‘ ether; and medium or higher alkyl ethers such as octyl

ether, diethylhexyl  ether, lauiyl ‘ether and cetyl ethef;
unsaturated ethers such as oléyl ether and linolenyl ether;
lower alkenyl _‘etheré such as vinyl ether, 4allyl ether;
lower alkynyl ethers such as ethyhyl ethér and prOpynyl '
ether_: hydroxy(IOWer)aikyl' ethers such as hydroxyethyl '
ether and hydroxyisopropyl'ether; lJower alkoxy (lower)alkyl
ethers such as methokymethyl ether and l—méthbxyethyl
ether; optionally substituted aryl ethers such as’ 'phenYl
ether, tosyl ether, t-butylphenyl ether, salilc‘:yl éther,

3,4-di-methoxyphenyl ether and benzamidophenyl ether} and

~aryl (lower)alkyl ethers such as benzyl ether, trityl ether

and benzhydryl ether.

Examples of the esters include aliphatic esters, for
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example, lower alkyl esters such as methyl ester, ethyl
ester, propyl ester, isopropyl ester, butyl ester, isobutyl‘
ester, t—butyl ester, pentyl ester and 1-cyclopropylethyl

ester; lower alkenyl esters such as vinyl ester and‘allyl

ester; lower alkynyl esters such as ethynyl ester and

propynyl ester; hydroxy (lower)alkyl ester such as

hydroxyethyl ester; lower alkoxy (lower) alkyl esters such
as methoxymethyl ester and 1l1-methoxyethyl ester; and

optionally substituted aryl esters such as, for example,

phenyl ester, tolyl ester, t—butylphényl ester, salicyl
ester, 3,4—di—methoxyphenyl . ester and benzamidophenyl

ester; and aryl(lower)alkyl ester such as benzyl ester,

trityl ester and benzhydryl ester.

The amide of A mean a group represented Dby the

formula -CONR'R", wherein each of R' and R" is hydrogen,

lower alkyl, aryl, alkyl- or . ar'yl—sul:fohyl, lower alkenvyl

and lower alkyn'yl; and 1nclude for example lower alkyl

amlides such as methylamide, ethylamide, dimethylamide and

diethylamide; arylamides such as anilide and toluidide; and

alkyl- or aryl-sulfonylamides such as methy‘lsulfonylamide,

ethylsulfonyl-amide and tolylsulfonylamide.

F

Preferred examples of L and M include hydrogen,

hydroxy and oxo, and‘eSpecially, I, and M are both hydroxy,

or L 1s oxo and M 1s hydrogen or hydroxy.

Preferred example of A 1s —COOH, 1ts
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pharmaceutically acceptable salt, ester or amide thereof.

i

Preferred ekample of ¥X; and X, are both being halogen

atoms, and more preferably, fluorine atoms, so called

16, 16-difluoro type.

" Preferred R; is a hydrocarbon residue containing 1-

10 carbon atoms, preferably 6-10 carbon atoms. Further, at

least one carbon atom in the aliphatic hydrocarbon 1is

optionally substituted by oxygen, nitrogen or sulfur.

Examples of R; include, for example, the following groups:

~CHp~CHa~CH,~CHy~CHy~CHa -,
~CHp~CH=CH~-CHp~CHz-CHa~,
~CH,-CH,-CH,-CH,-CH=CH-,

' ~CH;-C=C-CH,-CH,~CHz-,
~CH,-CH,—CH,—CH,-O-CHp—,
—CHZ—CH=CH—CH2.—Q—CH¢—, -
—CHZ—czcj—CHz',—o—CHz—,
~CH,-CH,~CH,-CH,-CH,-CH,—CH, -,
‘—CHZ-'-‘CH:(:‘H-'CHZ—CHZ'—CHZ—CHZ—,
~CH,-CH,-CH,-CH,-CH,-CH=CH-,

.—CH,-C=C-CH,-CH,-CH,-CH,—,
~CH,-CH,-CH,-CH,~-CH,—-CH (CH3) -CH,-,

. —CH,-CH,—-CH,-CH,~CH (CHs) '.—CHQ— ,
~CHy=-CHy~CHy~CHy=CHy~CHy~CHy—CHa—,
—CHZ—CH=CH—CH2-CH2—CH2—CH2—CH;—, '

—~CH,-CH,-CH,~CH,-CH,-CH,—-CH=CH-,
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~CH,~C=C-CH,~CH,~CH,-CH,-CHz~, and

~CH;-CH,-CHy—-CH;-CH;~-CHy;-CH (CH3) ~CH>—.

Preferred Ra 1s a hydrocarbon containing 1-10 carbon
atoms, more preferably, 1-8 carbon atoms. Ra may have one
or two side chains having one carbon atom. Further, at

least one carbon atom in the aliphatic hydrocarbon is

P
P

optionally substituted by oxygen, nitrogen or sulfur.
Examples of the compounds of the formula (I) or (II)

include compounds of the formula (I). wherein Ra 1s

substituted by halogen and/or Z is C=0;

compoumds of the formula (II) wherein one of X1 and X; 1s

substituted by halogen.and/or Z-1s C=0;

compounds of the'fdrmula (II) wherein L 1s =0 or -0OH, M 1is

F

H or OH, A i1s COOH or a functional derivative thereof, B is

—-CH;~-CHy-, 72 1s C=0, X; 1s halogen (e.g. X; is Cl, Br, I or

F') or hydrogen, X, 1s halogen (e.g. X, is Cl, Br, I or F)

or hydrogen, R; 1s a saturated or unsaturated bivalent

straight Cg¢ alilphatic hydrocarbon residue, R; 1s a single

bond, and Rj ié straight or branched lower élkyl (e.g. Cy4-6
alkyl) optionally substituted by oxygen, nitrogen or
sulfur;

g

compounds of the formula (II) wherein L is =0, M is OH, A

) -

is COOH or a functional derivative thereof, B is -CHy;-CHz-,

Z 1s C=0, X; 1s halogen (e.g. Xy 1s Cl, Br, I or F) or

hydrogen, X, 1s halogen (e.g. X; 1is Cl, Br, I or F) or
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hydrogen, R; 1is a saturated or wunsaturated bivalent

straight Cg aliphatic hydrocarbon residue, R, is a single

bond, and R; 1s straight or branched lower alkyi Optionally

substituted by oxygen, nitrogen or sulfur;

compounds of the formula (ITI) wherein I is =0, M is OH, A

P

functional derivative thereof, B is -CH,-CH,-,

-

Z 1s C=0, X; and X, are halogen atoms (e.g. X; and X, are Cl,

Br, I or F), R; 1s a saturated or _unsaturated bivalent

stralght Cg aliphatic hydrocarbon residue, R, is a single
bond, and R3 1s straight or branched lower alkyl (e.g. Cq

alkyl or Cs alkyl);

compounds of the formula ’(II) wherein L 1s =O,‘ M 1s OH, A

is COOH or a functiohé-.ll derivative thereof, B i1is —-CH,-CH,-,

7 is C=0, X; and X, are fluorine atoms, R; is a saturated or

unsaturated bivalent straight Cg aliphatic hydrocarbon

residue, R, 1s a single bond, and Rz 1s straight or

branched lower alkyl (e.g. C4; alkyl or Cs alkyl); and

.Compounds of the formula (II) wherein L 1s =0, M i1is H or OH,

A 1s COOH or a fuﬁctidnal derivative thereof, B 1is -CHj;-

CH,-, Z is C=0, X; and X} are halogen atoms (e.g. X; and X5

are Cl, Br, I or F), Ry 1s a saturated or unsaturated

bivalent straight Cg aliphatic hydrocarbon residue, R; 'is a

single bond, and Rj3 1s —CH2-CH>-CH,;~-CH3 or -CH;-CH(CHj3) -CHz~-

P
p—

CHs. The tautomeric isomers of the  above-described

examples of the compounds of the formula (L) or (I1I)_ are
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also used for the present invention.

'Example of the preferred embodiment 1s a (-)-7-

[(2R,4aR,5R,7aR)—2—(1,l—difluorOpentyl)—2—hydroxy—6—

OxooctahydrocyclopentaﬂﬂpyranrS—yd]heptanoic acid

(lubiprostone), | (=)-7-{ (2R, 4aR, 5R, 7aR) -2-[(3S) -1, 1-

diﬁ"uOro—3—methylpenty*]*Z—hydroxy—6—
oxooctahydrocyclOpentaﬁﬂpyran—5—yl}heptanoic' acid
(cobiprostone), (+)—i80propyl (Z2)-7-1(1R,2R,3R,58)-3, 5-

-

dihydroxy-2- (3-oxodecyl)cyclopentyl]lhept-5-enocate

(1sopropyl unoprostone) and (-)-7-[(1R,2R)-2-(4,4-difluoro-

3—oxooctyl)-5-oxocyclopentyl]lheptanoic acid, its tautomeric

y— p—
.

isomers thereof or its functional derivative thereof.

The configuration of the ring and the o- and/or ®

chains 1n the aboVe formula (I) and (II)'may.be the same as

or different from that of the primary PGs. However, the

|

present invention also 1ncludes a mixture of a compound

" having a primary type configuration and a compound of a

non-primary type configuration.

In the 'present invention, the fatty acid derivative
which 1s dihydro between 13 and 14, and keto(=0) at 15

position may be 1n the keto-hemiacetal équilibrium by

F

formation of a hemiacetal between hydroxy at position 11

and keto at position 15.

For example, 1t has been revealed that when both of

X1 and X; are halogen atoms, especially, fluorine atoms,
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-

the compound contains a tautomeric 1somer, Dbicyclic

compound.

If such tautomeric isomers as. above are present, the

proportion of both tautomeric 1somers varies with the

i gr—
—

structure of the rest of the molecule or the kind of the

substituent present. Sometimes one lLsomer may

- predominantly be present in comparison with the other.

However, 1t 1s to'be appreciated that the present 1nvention
incliudes both isomers.

Further, the fatty acid derivatives used 1n the
invention include the bicyclic compound and analogs or

F

derivatives thereof.

The bicyclic compound 1s represented b‘y the formula

Y R{-A

O
R;'O
X1' XZ'

wherein, A 1s -CHs, or -CH,0OH, -~-COCH,O0OH, ~COOH or a

F
p—
——

functional derivative thereof;

4

Xi1'and X,'are hydrogen, lower alkyl, or halOgen;

A / " or
! ' ' ' h ! or
R4 \5 . R4 R5 | ‘ O

Y 18
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- wherein Ry'and Rs' are hydrogen, hydroxy, halogen,

lower alkyl, lower alkoxy or hydroxy(lower)alkyl, wherein

Rs'and Rs'are not hydroxy and lower alkoxy at the same time.

Ry, is a saturated or unsaturated divalent lower or
medium . aliphatic  hydrocarbon = residue,  which is

unsubstituted or substituted with halogen, alkyl, hydroxy,

oxo, aryl or heterocyclic group, and at least one of carbon

“atom in the aliphatic hydrocarbon is optionally substituted

by oxygen, nitrogen or sulfur; and

R>'" 1s a saturated or unsaturated lower or med.ium
aliphatic hydrocarbon residue, which is unsubstituted or
substituted with halogen, oxo, hydroxy, lower alkyl, lower

alkoxy, lower alkanovyloxy, cyclo(lower)alkyl,.

cyclo(lower)alkyloxy, aryl, aryloxy, heterocyclic group or

“hetrocyclic-oxy group; lower alkoxy; lower alkanoyloxy;

cyclo(lower)alkvyl; cyclo(lower)alkyloxy; audef aryloxy;

heterocycllic group; heterocyclic-oxy group, and at least

F

one 0O carbon atom 1n the aliphatic hydrocarbon 1s

optionally substituted by oxygen, nitrogen or sulfur.
Ry3' 1s hydrogen, lower alkyl, cyclo(lower)alkyl,
aryivor heterocyclic group.

Furthermore, while the compounds wused in the

invention may be represented by a formula or name based on

keto-type regardless of the presence or absence of the

1isomers, it 1s to be noted that such structure or name does
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not intend to exclude the hemiacetal type compound.

In the present invention, any of isomers such as the

P

1ndividual tautomeric 1somers, the mixture thereof, or

P

optical isomers, the mixture thereof, a racemic mixture,

and other steric 1lsomers may be used 1in the same purpose.

Some of the compounds used in the present invention
may  be prepared py the method disclosed in USP

Nos.5,073,569, 5,166,174, 5,221,763, 5,212,324, 5,739,161

and 6,242;485 (thesé cited references are herein
incorporated by reference) .

The mammalian subject may be any mammalian subject
including a hdman. . The compouhd may be applied

‘S'y.stemically or topilcally. Usually, the compound may Dbe

administered_ by =~ oral administration, intranasal

administration, 1nhalational administration, intravenous

injection (including infusion), subcutaneous injection,

ocular topical administration, 1ntra rectal administration,

intra wvaginal administration, transdermal administration

and the like.

The dose may wvary depending on the strain of the

animal, age, body weight, symptom to be treated, desired

F

therapeutic effect, administration route, term of treatment

and the 1like. A satisfactiory effect can be obtained by

systemic administration 1-4 times per day or continuous

F
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more preferably 0.0001-100mg/kg.

The compound may preferably be formulated in a

pharmaceutical composition suitable for administration in a

conventional manner. The composition may be those suitable
for oral administration, 1intranasal administration, ocular

topical administration, inhalational administration,

injection or perfusion as well as it may be an external
agent, suppository or pessary.

P

The composition of the present invention may further

contaln physiologically acceptable additives. Said

additives may include the ingredients used with the present

compounds such as exci‘pient, diluent, filler, resolvent,
lubricant, adjuvant, binder, disintegrator, coating agent,

cupsulating agent, ointment base, suppository  base,

aerozoling agent, emulsifier, dispersing agent, suspending

agent, thickener, tonicity agent, buffering agent, soothing

agent, preservative, antioxidant, corrigent, flavor,

colorant, a functional material such as cyclodextrin and

biodegradable polymer, stabilizer. The additives are well

known to the art and may be selected from those described

ga—r—

in general reference books of pharmaceutics.

The amount of the. above-defined compound 1in the

P

composition of the 1invention may vary depending -on the

formulation of the composition, and may generally be

0.000001-10.0%, more preferably 0.00001-5.0%, most
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preferably 0.0001-1%.

F
—

Examples of solid compositions for oral

administration include tablets, troches, subllingual tablets,

capsules, pills, powders, granules and the like. The solid

composition may be prepared by mixing one or more active

ingredients with at least one 1nactive diluent. The

composition may further contain additives other than the
inactive diluents, for example, a lubricant, a
disintegrator and a stabilizer. Tablets and pills may be

F

coated with an enteric or gastroenteric film, if necessary.

‘:They may be covered with two or more layers. They may also
be adsorbed to a sustalined release material, or
microcapsulated. Additionally, the compositions may be

capsulated by'n@ans of an easily degradable.material'suCh

gelatin. They may be further dissolved in an appropriate

solvent such as fatty acid or its mono, di or triglyceride

to be a soft capsule. Sublingual tablet may be used 1in

"

need o;ﬁfast-acting property.

p— — e )

Examples of  liqgquaid compositions = for oral

~administration 1include emulsions, solutions, suspensions,

syrups and elixlirs and 'the 1like. Sald composition may

further contain a conventi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>