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(57) Abrege/Abstract:
The present invention Is directed to a pharmaceutical combination of an opioid and a prostaglandin compound of formula (I):

(see formula |)

wherein L, M and N are hydrogen, hydroxy, halogen, lower alkyl, hydroxy(lower)alkyl, lower alkanoyloxy or oxo, wherein at least one
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(57) Abrege(suite)/Abstract(continued):
of L and M is a group other than hydrogen, and the five-membered ring may have at least one double bond; Ais -CH,, or -CH,OHRH,

-COCH,OH, -COOH or a functional 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-, ZIs

(see formula Z1), (see formula Z2), (see formula Z3) or single bond

wherein R, and R are hydrogen, hydroxy, halogen, lower alkyl, lower alkoxy or hydroxy(lower) alkyl, wherein R, and R, are not
hydroxy and lower alkoxy at the same time; R, Is a saturated or unsaturated bivalent 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 Ra Is a saturated or
unsaturated lower or medium aliphatic hydrocarbon residue, which Is unsubstituted or substituted with halogen, oxo, hydroxy,
lower alkyl, lower alkoxy, lower alkanoyloxy, cyclo(lower)alkyl, cyclo(lower)alkyloxy, aryl, aryloxy, heterocyclic group or heterocyclic-
oxy group; lower alkoxy; lower alkanoyloxy: cyclo(lower)alkyl: cyclo(lower)alkyloxy: aryl: aryloxy; heterocyclic group; heterocyclic-oxy
group, provided that Ra Is substituted by halogen or Z is C=0. The combination of the invention is useful for opioid use indications
such as pain from various etiologies.
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ABSTRACT

The present invention is directed to &

F

pharmaceutical combination of an opiold and a prostaglandin

p—

compound of formula (I):

L
R 1__A

B—/—Ra
M

wherein L, M and N are hydrogen, hydroxy, halogen, Lower
alkyl,  hydroxy(lower)alkyl, lower alkanoyloxy or o0xo,

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

hydrogen, and the five-membered ring may have at least one

double bond; A 1s -CHiz, or -CH,OH, -COCH,OH, -COOH or a

i

f
Y

functional derivative thereo!

B 1s single bond, -CH,-CHjy-,

-CH=CH~-, ~-C=C—, ~CH,—-CH»>-CH»—, -CH=CH-CH,-, ~CH,~CH=CH-,
-C=C-CHy,— or -~-CHy,-C=C-; Z 1s
TT

O

‘ or single bond

wherein R; and Ry are hydrogen, hydroxy, halogen, lower
alkyl, lower alkoxy or hydroxy(lower)alkyl, wherein R; and
Rs are not hydroxy and lower alkoxy at the same time; R; 1S

a saturated or unsaturated Dbivalent lower or medium
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aliphatic hydrocarbon residue, which 1s unsubstituted or

substituted with halogen, alikyl, hydroxy, o0x0o, aryl or

heterocyclic group, and at least one of carbon atom 1n the
aliphatic hydrocarbon 1is optionally substituted by oxygen,
nitrogen or sulfur; and Ra 1s a saturated or unsaturated
lower or medium aliphatic hydrocarbon residue, which 1s
unsubstituted or substituted with halogen, oxo, hydroxy,
lower alkvi, lower alkoxy, lower alkanovyloxy,
cyclo({lower)alkyl, cyclo(lower)alkyloxy, arvl, aryloxy,

heterocyclic group or heterocyclic-oxy group; lower alkoxy;

lower alkanoyloxy; cyclo(lower)alkyl; cyclo(lower)alkyloxy;

aryl; arvloxy; heterocyclic group; heterocyclic-oxy group,

provided that Ra 1s substituted by halogen or Z 1s C=0.

. i

The combination of the 1nvention 1s useful for opioid use

indications such as pain from various etiologies.
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PHARMACEUTICAL COMBINATION OF

OPIOID AND PROSTAGLANDIN COMPOUND

TECHNICAL FIELD

10001 ] The present 1nvention relates to a pharmaceutical

— )

combination comprilising an opio1id and a specific

prostaglandin compound for the treatment of pain from
various etiologies.

0002 The endogenous opioid system 1S a major
inhibitory system in the central nervous system and plays a

rore— —
—

pivotal role 1n the modulation of pailn. Activation of

oplold receptors results 1n analgesia and anti-hyperalgesia

in experimental models and 1in the clinic. The wuse of

I

opioids 1s affected by a number of known side-effects and
disadvantages such as a decrease 1n attention and

concentration due to sedation, constipation and respiratory

il

depression after taking the drug as well as the risk o.

drug abuse and drug addiction. Morphine 1s a standard drug

used for the treatment of moderate or heavy cancer pailn,

g

and oxycodone has been used as a substituted drug of

morphine. It 1s reported that oxycodone causes more severe

constipation than morphine.

(0003] Prostaglandins (hereilnafter, referred to as PGs)

—

are members of a class of organic carboxylic acids, which
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g

are contained 1n tissues or organs of humans or other

F‘

mammals, and exhibit a wilide range of physiological activity.

PGs found 1n nature (primary PGs) generally have a

prostanolc acid skeleton as shown i1in the formula (A):

(o chain)
7 5 3 |
0 /\/\/\/l COOH
. 6 4 2 (A)
10
14 16 18 20
12 CH3
11
13 15 17 19 .
5 (w chain)
(0004 ] PGs are classified into several types according

to the structure and substituents on the five-membered ring,

for example,

Prostaglandins of the A series (PGASs);

O

10

the B series (PGBs);

1

Prostaglandins o:

Q

gr—

Prostaglandins of the C series (PGCs):;

O
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Prostaglandins of the D series (PGDs);

O

Prostaglandins of the E series (PGESs);

0

F

HO

pr—

Prostaglandins of the F series (PGFs);

HO,

HO

and the like. rurther, they are classified into

PG;s containing a 13,14-double bond; PGzs containing, 95,6~

and 13,14-double bonds; and PGss containing 5,6-, 13,14-

and 17,18-double bonds. PGs are known to have various

pharmacological and physiological activities, for example,

vasodilatation, inducing of inflammation, platelet

aggregation, stimulating uterine muscle, stimulating

intestinal muscular activity, anti-ulcer effects and the

like.

[0005] UJ.S. Patent Nos. 51225!4391 5116611741 5!28418581

5,428,062, 5,380,709, 5,876,034 and 6,265,440 describe that
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certain prostaglandin E compounds are effective for the

treatment of ulcers such as duodenal ulcer and gastric
ulcer.

(0000] U.S. Patent No. 5,317,032 to Ueno et al.
describes prostaglandin analog cathartics, 1ncluding the

gr—

existence of Dbicyclic tautomers and U.S. Patent No.

6,414,016 to Ueno describes the bicyclic tautomers as

having pronounced activity as anti-constipation agents.
The bicyclic tautomers, substituted by one or more halogen
atoms can be employed 1in small doses to relileve
constipation. At the C-1l6o position, especilally, fluorine
atoms, can be employed 1n small doses to relieve
constipation.

(0007 J.S. Patent No. 6,982,283 to Ueno et al.
describes a prostaglandin compound useful for the treatment

y—

of drug-induced constipation.

(0008] U.S. Patent No.7064148 to Ueno et al. describes
that a prostaglandin compound opens and activates chloride
channels, especially ClC channels, more especially ClC-2

channel.

10009} U.S Patent publication No.2003/0166632 to Ueno

described that a ClC-2 channel opener 1s effective for the

—

treatment of a disease or a condition responsive to opening

of ClC-2 channel.

(0010] U.S. Patent publication No0.2003/0119898 to Ueno
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et al. describes a specitic composition of a halogenated

prostaglandin analog for the treatment and prevention of

constipation.

00111 U.S. Patent publication No0.2004/0138308 to Ueno
5 et al. describes a chloride channel opener, especially a

prostaglandin compound for the treatment of abdominal

discomfort, and the treatment of functional

gastrointestinal disorders such as irritable bowel syndrome

and functional dyspepsia.

10 DISCLOSURE OF THE INVENTION

L

10012] The present 1nvention relates to a pharmaceutical
combination comprising:

(a) an opioid and

(b) a prostaglandin (PG) compound represented by the

15 formula (1):

R»]—"_A
N (1)

B—/—Ra
M

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

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

g

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

20 hydrogen, and the five-membered ring may have at least one

double bond;
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A is -CH3, or -CH,OH, -COCH,0OH, -COOH or a functional

derivative thereof;

B 1s single bond, -CH,-CH;-, -CH=CH-, -C=C-, -CH,-CH,-
CH,-, -CH=CH-CH,-, -CH,-CH=CH-, -C=C-CH,- or -CH,-C=C-;
5 Z 1S
(: iT
R« Rs . Ry Rs O

‘ or single bond

wherein R; and Rs are hydrogen, hydroxy, halogen,
lower alkyl, lower alkoxy or hydroxy(lower)alkyl, wherein

Rq and Rs are not hydroxy and lower alkoxy at the same

10 time;
Ry 1s a saturated or unsaturated bivalent lower or

medium aliphatic hydrocarbon residue, which 18

unsubstituted or substituted with halogen, alkyl, hydroxy,

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

15 atom 1n the aliphatic hydrocarbon 1s optionally substituted

by oxygen, nitrogen or sulfur; and
Ra 1s a saturated or unsaturated lower or medium
alliphatic hydrocarbon residue, which 1s unsubstituted or

substituted with halogen, oxo, hydroxy, lower alkyl, lower
20 alkoxy, lower alkanoyloxy, cyclo(lower)alkyl,
cyclo(lower)alkyloxy, arvyl, aryloxy, heterocyclic group or
heterocyclic-oxy group; lower alkoxy; lower alkanoyloxy;

cyclo{lower)alkyl; cyclo{(lower)alkyloxy; aryl; arvloxy;
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heterocyclic group; heterocyclic-oxy group, provided that

Ra 1s substituted by halogen or Z 1s C=0.

[0013] By combining an oplioid and a PG compound of
formula (I), the effect of the opioid ié augmented and/or
the adverse side effect of the opioid such as constipation

1s well suppressed.

(0014] Especially, the present invention also relates to

a pharmaceutical combilnation comprising:

(a) an oxycodone, and

(b) a prostaglandin (PG) compound represented by the

formula (I).

[0015] In another aspect of the 1invention, there 1is
provided a pharmaceutical composition comprising:

(a) a pharmaceutically effective amount of an opioid such
as oxycodone, and

(b) a pharmaceutically effective amount of a

prostaglandin (PG) compound represented by the formula (I)

in associliation with a pharmaceutically suitable excipient.

In a particular embodiment the invention provides

a pharmaceutical combination comprising: (a) an opioid
wherein the opioid 1is oxycodone, a pharmaceutically
acceptable salt thereof or a mixture thereof, and (b) a
prostaglandin (PG) compound wherein the prostaglandin (PG)
compound 1s 13,14-dihydro-15-keto-16,16-difluoro-

prostaglandin E, compound or 13,14-dihydro-15-keto-16,16-
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7a

difluoro-18-methyl-prostaglandin E; compound.

The pharmaceutical combination of the present
invention is suitable for treating pain and oxycodone
induced constipation.

5 According to the present invention, the
composition comprising the two compounds may be formulated
in a single dosage unit or separate dosage units.

[0016] Further more, the present 1invention provides a
method for treating a condition or disease which 1s one of
10 the indications for opioid use, which comprises

administering a combination of:
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(a) a pharmaceutically effective amount of an opioid such

as oxycodone, and

(b) a pharmaceutically effective amount of a prostaglandin

(PG) compound represented by the formula (I)

to a patient in need thereor.

According to the present invention, the (a) and

(b) compounds may be administered simultaneously,

separately or sequentially.

DETAILED DESCRIPTION OF THE INVENTION

kS

[0017]

(a) Opioid

The term "opioid" as used herein refers to all drugs,

both natural and synthetic, with morphine-like actions. An

opioid suitable for the present invention is especlally

selected from the group comprising alfentanil, allylprodine,

alphaprodine, anileridine, benzylmorphine, bezitramide,

buprenorphine, butorphanol, clonlitazene, codelng,

cyclorphan, desomorphine, dextromoramlde, dezoclne,

diampromide, dihydrocodeilne, dihydromorphine, eptazocine,

ethylmorphine, fentanvl, hydrocodone, hydromorphone,
hydroxypethidine, levophenacylmorphan, levorphanol,
lofentanil, methylmorphine, morphine, necomorphine,

normethadone, normorphine, opium, oxycodone, oxymorphone,

gty

pholcodine, profadol sufentanil, pharmaceutically

gt
p—

acceptable salts thereol, and mixXtures thereof. The

)
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preferred opioid example 1s oxycodone.

10018]

(b) The compound of formula (I)

pre=—

The nomenclature of the prostaglandin compounds used

ﬁ

herein 1s based on the numbering system of the prostanoic

acid represented 1in the above formula (A).

a4

The

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

carbon atoms, but the present invention 1s not limited to

those having the same number of carbon atoms. In the

-

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

constitute the basic skeleton of the PG compounds starts at

the carboxylic acid (numbered 1), and carbon atoms 1in the

x—-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 nunmber of carbon atoms 1s decreased 1n

the o-chain, the number 1s deleted in the order starting

-

from position 2; and when the number of carbon atoms 1s

increased 1n the «-chain, compounds are named  as

substitution compounds having respectlve substituents at

-

position 2 in place of the carboxy group (C-1). Similarly,

po—

when the number of carbon atoms is decreased in the w-chain,

the number is deleted in the order starting from position

=

20; and when the number of carbon atoms is increased 1n the

w—chain, the carbon atoms bevyond position 20 are named as

——
-

substituents. Stereochemistry of the compounds 1s the same
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as that of the above formula (A) unless otherwise specified.

[0019] In general, each of the terms PGD, PGE and PGFE

represents a PG compound having hydroxy groups at positions

9 and/or 11, but in the present specification, these terms

also include those having substituents other than the

hydroxy group at positions 9 and/or 11. Such compounds are

referred to as 9-dehydroxy- 9-substituted-PG compounds oOr

11-dehydroxy-11l-substituted-PG compounds. A. PG compound

having hydrogen in place of the hydroxy group is simply

named as 9- or ll—-deoxy-PG compound.

[0020] As stated above, the nomenclature of the PG
compounds 1s based on the prostanoic acid skeleton.

However, in case the compound has a similar partial

structure as a prostaglandin, the abbreviation of "PG" may

be used. Thus, a PG compound of which o-chain 1s extended
by two carbon atoms, that is, having 9 carbon atoms 1n the
o—chain 1s named as 2—decarboxy—-2- (2-carboxyethyl) -PG

compound. Similarly, a PG compound having 11 carbon atoms

in the o-chain is named as 2-decarboxy-2- (4-carboxybutyl) -

PG compound. Further, a PG compound of which w-chain 1s

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

atoms in the ®-chain is named as 20-ethyl-PG compound.

These compounds, however, may also be named according to

the IUPAC nomenclatures.

[0021] Examples of the analogs (including substituted
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derivatives) or derivatives include a PG compound of which

carboxy group at the end of o-chain is esterified; a

—

compound of which o-chain is extended; physiologically

acceptable salt thereof; a compound having a double bond at

2-3 position or a triple bond at position 5-6, a compound
having substituent(s) at position 3, 5, 6, 16, 17, 18, 19
and/or 20; and a compound having lower alkyl or a hydroxy
(lower) alkyl group at position 9 and/or 11 in place of the

hydroxy group.

[0022] According to the present invention, preferred
substituents at position 3, 17, 18 and/or 19 include alkyl

having 1-4 carbon atoms, especially methyl and ethyl.

Preferred substituents at position 16 include lower alkyl

such as methyl and ethyl, hydroxy, halogen atoms such as

chlorine and fluorine, and aryloxy such as

trifluoromethylphenoxy. Preferred substituents at position

17 include lower alkyl such as methyl and ethyl, hydroxy,

halogen atoms such as chlorine and fluorine, aryloxy such

as trifluoromethylphenoxy. Preferred substituents at

position 20 include saturated or unsaturated lower alkyl

such as Cl-4 alkyl, lower alkoxy such as Cl-4 alkoxy, and

lower alkoxy alkyl such as Cl-4 alkoxy-Cl-4 alkyl.

Preferred substuents at position 5 include halogen atoms

such as chlorine and fluorine. Preferred substituents at

position 6 include an oxo dgroup formlng a carbonyl group.
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Stereochemistry of PGs having hydroxy, lower alkyl or

hydroxy (lower)alkyl substituent at position 9 and/or 11 may

—

be o, B or a mixture thereotf.

[0023] Further, the above analogs or derivatives may be

compounds having an alkoxy, cycloalkyl, cycloalkyloxy,

g

phenoxy or phenyl group at the end of the w-chain where the

chain is shorter than the primary PGs.

[0024] A specific prostaglandin compound used 1n tChe

present invention is represented by the formula (I):

L
R1_'_A
N (1)

B—/7Z—Ra
\

wherein I, M and N are hydrogen, hydroxy, halogen,

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

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

hydrogen, and the five-membered ring may have at least one

double bond;

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

derivative thereorf;

B is single bond, -CH,-CH,-, -CH=CH-, -C=C-, -CHz—-CHjz-
CH,—, -—-CH=CH-CH,—, -CH,~CH=CH-, -C=C-CHz;- or =-CHp—C=C-;

2 1S
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CI
O

? or single bond

wherein R; and Ry are hydrogen, hydroxy, halogen,
lower alkyl, lower alkoxy or hydroxy(lower)alkyl, wherein
Rsy and Rs are not hydroxy and lower alkoxy at the same
time;

Ry 18 a saturated or unsaturated bivalent lower or
medium aliphatic hydrocarbon residue, which 1S
unsubstituted or substituted with halogen, alkyl, hydroxvy,
oxo, aryl or heterocyclic group, and at least one of carbon

atom 1n the aliphatic hydrocarbon is optionally substituted

by oxygen, nitrogen or sulfur; and

Ra 1s a saturated or unsaturated lower or medium
aliphatic hydrocarbon residue, which is unsubstituted or
substituted with halogen, oxo, hydroxy, lower alkyl, lower
alkoxy, lower alkanoyioxy, cyclo(lower)alkyl,
cvclo(lower)alkvloxy, aryl, arvloxy, heterocyclic group or
heterocyclic-oxy group; lower alkoxy; lower alkanoyloxy;
cyclo(lower)alkyl; cyclo(Lowerj)alkyloxy; arvl: arvioxy;

heterocyclic group; heterocyclic-oxy group, provided that

Ra 1s substituted by halogen or Z 1is C=0.

100251 A preferred compound used 1n the present

invention 1s represented by the formula (II):
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R1_‘_A

Xg X (1)

B— Z —\C"‘Rz"'Rg

wherein I and M are hydrogen atom, hydroxy, halogen,

lower alkyl, hydroxy(lower)alkyl, lower alkanoyloXy or 0OXo,

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

hydrogen, and the five-membered ring may have one Or mnore

double bonds;

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

pre
s,

derivative thereof;

B is single bond, -CH,—-CH;-, -CH=CH-, -C=C-, -CH;—CHz-

CH,~, —-CH=CH-CHy;-, —-CH,-CH=CH-, -C=C-CHz— or —CHp;-C=C-;

T
VA

? or single bond

R4 R5

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

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

R, and Rs are not hydroxy and lower alkoxy at the same

time;

X; and X, are hydrogen, lower alkyl, or halogen;

R, is a saturated or unsaturated bivalent lower or
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medium aliphatic hydrocarbon residue, which is
unsubstituted or substituted with halogen, alkyl, hydroxy,

ox0o, aryl or heterocyclic group, and at least one oI carbon

atom in the aliphatic hydrocarbon is optionally substituted

by oxygen, nitrogen or sulfur;

R, is a single bond or lower alkylene; and
Ry is lower alkyl, lower alkoxy, lower alkanoyloxy,

cyclo (lower)alkyl, cyclo (lower)alkyloxy, arvl, aryloxy,

heterocyclic group or heterocyclic-oxy group, provided that

one of X; and X, is substituted by halogen or Z 1s C=O0.

[0026] In the above formula, the term "unsaturated" in

the definitions for R; and Ra is intended to include at
least one or more double bonds and/or triple bonds that are

isolatedly, separately or serially present between carbon

atoms of the main and/or side chains. According to the

usual nomenclature, an unsaturated bond between two serial

positions is represented by denoting the lower number of

the two positions, and an unsaturated bond between two

distal positions 1is represented by denoting both of the

positions.

[0027] 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,

especially 1 to 8 carbon atoms.
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(00281 The term "halogen atom" covers fluorine, chlorine,

bromine and iodine.

[0029] The term "lower" throughout the specification 1s

intended to include a group having 1 to 6 carbon atoms

unless otherwise specified.

[0030] The term "lower alkyl" refers to a straight or

branched chain saturated hydrocarbon group containing 1 to

6 carbon atoms and includes, for example, methyl, ethyl,

propyl, isopropyl, Dbutyl, isobutyl, t-butyl, pentyl and

hexvyl.

(0031] The term "lower alkylene" refers to a straight or

branched chain bivalent saturated Thydrocarbon  gJgroup

containing 1 to 6 carbon atoms and includes, for example,
methylene, ethylene, propylene, isopropylene, butylene,

isobutylene, t-butylene, pentylene and hexylene.

Il

[0032] The term "lower alkoxy" refers To a dJroup OCL

lower alkyl-0-, wherein lower alkyl is as defined above.

[0033] The term "hydroxy(lower)alkyl" refers to a lower

alkyl as defined above which is substituted with at least

one hydroxy group such as hydroxymethyl, l-hydroxyethyl, Z2Z-
hydroxyethyl and l-methyl-l-hydroxyethyl.

[0034] The term "lower alkanoyloxy" refers to a dJroup

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

group formed by oxidation of a lower alkyl group as defined

above, such as acetyl.
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[0035] The term "cyclo(lower)alkyl" refers to a cyclic

—
punb

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 cyclohexyl.

[0036] The term "cyclo(lower)alkyloxy" refers to the

group of cyclo (lower)alkyl-0-, wherein cyclo(lower)alkyl 1s

as defined above.

[0037] 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.

(0038 The term "aryloxy" refers to a group represented

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

[0039] The term "heterocyclic group" may include 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,

pyrazolyl, furazanyl, ©pyranyl, pyridyl, pyridazinyl,
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pyrimidyl, pyrazinyl, 2-pyrrolinyl, pyrrolidinyl, 2-
imidazolinyl, imidazolidinyl, 2-pyrazolinyl, pyrazolidinyl,
piperidino, piperazinyl, morpholino, indolyl, benzothienvl,
quinolyl, isogquinolyl, purinyl, gquinazolinyl, carbazolyl,
5 acridinvl, phenanthridinyl, benzimidazolyl,

benzimidazolinyl, benzothiazolyl, phenothiazinyl. Examples

of the substituent in this case include halogen, and

halogen substituted lower alkyl group, whereln halogen atom

and lower alkyl group are as described above.

10 [0040] The term "heterocyclic-oxy dgroup" means a dJgroup

represented by the formula HcO-, wherein Hc 1s a

heterocyclic group as described above.

[0041] The term "functional derivative" of A 1includes

salts (preferably pharmaceutically acceptable salts),
15 ethers, esters and amildes.

[0042] 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

20 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,

ethyvlenediamine salt, ethanolamine salt, diethanolamine

25 salt, triethanolamine salt, tris(hydroxymethylamino)ethane
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salt, monomethyl- monoethanolamine salt, procaine salt and

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

salt and lysine salt), tetraalkyl ammonium sSalt and the

like. These salts may be prepared by a conventional

p—

process, for example from the corresponding acid and bas:

(V

or by salt 1lnterchange.

i
p—

(004 3] Examples of the ethers include alkyl ethers, Ior

example, lower alkyl ethers such as methyl ether, ethyl

ether, propyl ether, isopropyl ether, butyl ether, 1lsobutyl

ether, t-butyl ether, pentyl ether and l-cyclopropyl ethyl
ether; and medium or higher alkyl ethers such as octyl
ether, diethylhexyl ether, lauryl ether and cetyl ether;

unsaturated ethers such as oleyl ether and linolenyl ether;

lower alkenyl ethers such as vinyl ether, allyl ether;

lower alkynyl ethers such as ethynyl ether and propynyl
ether; hydroxy (lower)alkyl ethers such as hydroxyethyl

ether and hydroxyisopropyl ether; lower alkoxy (lower)alkyl

ethers such as methoxymethyl ether and l-methoxyethyl

ether; optionally substituted aryl ethers such as phenyl

ether, tosyl ether, t-butylphenyl ether, salicyl ether,

3, 4—~di-methoxyphenyl ether and benzamidophenyl ether; and
arvl (lower)alkyl ethers such as benzyl ether, trityl ether

and benzhydryl ether.

[0044] Examples of the esters include aliphatic esters,

for example, lower alkyl esters such as methyl ester, ethyl
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ester, propyl ester, 1sopropyl ester, butyl ester, 1sobutyl
ester, t-butyl ester, pentyl ester and l-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 1-methoxyethyl ester; and

optionally substituted aryl esters such as, for example,

phenyl ester, tolyl ester, t-butylphenyl ester, salicyl

ester, 3,4-di-methoxyphenyl ester and Dbenzamidophenvl

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

(0045] The amide of A means a group represented by the

formula -CONR'R", wherein each of R' and R" 1s hydrogen,

lower alkyl, aryl, alkyl- or arvyl-sulfonyl, lower alkenyl

and lower alkynyl, and 1includes for example lower alkyl

amides such as methylamide, ethylamide, dimethylamide and

diethyvlamide; arvyvlamides such as anilide and toluidide; and

alkyl- or aryl-sulfonylamides such as methylsulfonylamide,

ethylsulfonyl-amide and tolylsulfonylamide.

(004 6] Preferred examples of L and M include hydrogen,
hydroxy and oxo, and especially, M 1s hydroxy and L 1s 0OXo

which has a 5S5-membered ring structure of, so called, PGE

type.

)

(00477 ] Preferred example of A 1s —COOQH, its
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¢}

prharmaceutically acceptable salt, ester or amide thereot.

p—

[0048] Preferred example of X; and X, are both belng

halogen atoms, and more preferably, fluorine atoms, so

called 16,l1l6-difluoro type.

[0049] Preferred R; 1s a hydrocarbon residue contalning

1-10 carbon atoms, preferably 6-10 carbon atoms. Further,

N

at least one carbon atom in the aliphatic hydrocarbon 1is

p—

optionally substituted by oxygen, nitrogen or sulfur.

g

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

—~CHo—CHo—~CHo—CHy—CHy—-CHo—,
-CH,—-CH=CH-CH,—-CH,—-CH;-,
—CHz—CHy—CHy—CH,—-CH=CH~—,
—CH,—-C=C-CHy;—-CH,—-CH:2—,
—CHy—=CHy—-CHz—CHy—0O—-CHz—,
—CHy,—CH=CH-CH>—-0-CHz—,
-CH,—-C=C-CH,—0-CHo—,
—CHy—CHy—-CHy~CHy~-CH2—-CH;—-CH;z—,
—CH,—-CH=CH-CHy—-CHy—~CH;—CH2—,
—CHz—CHy~CHy—~CH,~CH;—-CH=CH-,
—CH;—C=C—-CHy—CH~CHy~CHjy—,
—~CH,—-CH,-CH,-CH,-CH»—-CH (CHz) —CH,—,
-CH>~-CH,-CH,-CH,—-CH (CHs) —CHz—,
—CH,;—-CH,-CH>-CH,—-CHy—-CHp—~CH,—CHo—,
~CH,~CH=CH-CH,—~CH;—-CH2—-CH,—-CH>—,

—-CH,~CH»—CH,-CH;—-CH2—-CH;-CH=CH~-,
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—CH,—C=C~CH,>,—-CH,-CH>—CH>—-CHo—, and
-CH,-CH,-CH>,—-CH,—CH,—CH,—-CH (CHs) —CH»-—.

[0050] Preferred Ra is a hydrocarbon containing 1-10

carbon atoms, more preferably, 1-8 carbon atoms. Ra may
have one or two side chailins having one carbon atom.

(00511 Most preferred embodiment of the prostaglandin

compound is 13,14-dihydro-15-keto-16, 16-difluoro-

prostaglandin E; compound or 13,14-dihydro-15-keto- 16,16-

difluoro-18-methyl-prostaglandin E; compound.

[0052] The configuration of the ring and the o- and/or o
chains 1n the above formulae (I) and (II) may be The same
as or different from that of the primary PGs. However, the

present invention also includes a mixture of a compound

ghu—n
p—

having a primary type configuration and a compound of a

non-primary type configuration.
[0053] In the present invention, the PG compound which

is dihydro between 13 and 14, and keto(=0) at 15 position

may be in the keto-hemiacetal equilibrium by formation of a

hemiacetal between hydroxy at position 11 and keto at
position 15.

[0054] For example, 1t has been revealed that when both

of X; and X, are halogen atoms, especially, fluorine atoms,

the compound contains a tautomeric isomer, Dbicyclic

compound.

[0055] If such tautomeric 1isomers as above are present,
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the proportion of both tautomeric isomers varies with the

—

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

substituent present. Sometimes one lsomer may

predominantly Dbe present 1in comparison with the other.

However, 1t 1s to be appreciated that the present invention

includes both isomers.

[0056] Further, the 15-keto—-PG compounds used 1in the

invention include the bicyclic compound and analogs or

derivatives thereof.

[0057] The bicyclic compound 1is represented by the

formula (III):

X R,-A

O
R;'0
X1 ' x2'

wherein, A 1s -CHs, or -CH;OH, -COCH.OH, -COOH or a

functional derivative thereof;

Xy'and Xz'are hydrogen, lower alkyl, or halogen;

' \ / ‘* u
Oor O

Rs' Rs' » R4 Rg

Y 18

wherein Rg'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.
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Ry 1s a saturated or unsaturated divalent lower or

medium alliphatic hydrocarbon residue, which 18
unsubstituted or substituted with halogen, alkyl, hvydroxy,
oxo, aryl or heterocyclic group, and at least one of carbon

atom i1in the aliphatic hydrocarbon 1s optionally substituted

by oxygen, nitrogen or sulfur; and

R,'" 183 a saturated or unsaturated 1lower or medium
aliphatic hydrocarbon residue, which 1s unsubstituted or
substitﬁted with halogen, oxo, hydroxy, lower alkyl, lower
alkoxy, lower alkanoyloxy, cyclo(lower)alkyl,
cyclo(lower)alkyloxy, arvyl, aryloxy, heterocyclic Jgroup or
heterocyclic-oxy group; lower alkoxy; lower alkanoyloxy;
cyclo(lower)alkyl; cyclo(lower)alkyloxy; aryl; aryloxy;
heterocyclic group; heterocyclic-oxy group.

R3' 1s hydrogen, lower alkyl, cyclo(lower)alkyl, éryl
or heterocyclic group.
[0058] Furthermore, while the compounds used 1n the

invention may be represented by a formula or name based on

gr—

keto-type regardless of the presence or absence of the

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

|0059] In the present i1nvention, any of the 1somers such

as the individual tautomeric 1somers, mixtures thereof, or

r‘v

optical 1isomers, mixtures thereof, a racemic mixture, and

other sterlc 1somers may be used for the same purpose.
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[0060]

The Pharmaceutically Suitable Excipient

According to the 1nvention, the combination

formulated 1n a pharmaceutical composition.

—

composition may be formulated as separate dosage

may be

The

forms each

comprising individual active lngredilient with a
pharmaceutically sultable exciplent, or as a single dosage
form comprilising two active ingredients with a
pharmaceutically suitable excilipient. The pharmaceutically

sultable excipient may be, therefore, selected depending on

’ ]

the desired form of the composition. According

to the

invention, "pharmaceutically suitable excipient" means an

inert substance, which 1s suitable for the form, combined

with the active 1ngredient of the invention.

r—

100061} For example, solid composition for

ﬁ

oral

administration of the present invention may 1nclude tablets,

preparations, granules and the like. In such a

solid

composition, one or more active 1ngredients may be mixed

with at least one 1inactive diluent, for example, lactose,

mannitol, glucose, hydroxypropyl cellulose,

microcrystalline cellulose, starch, polyvinyl pyrrolidone,

magnesium alumlinate metasilicate and the like. According

to the usual work-up, the composition may contain additives

other than i1nactive diluent, for example, lubricant such as

magnesium stearate; disintegrant such as fibrous

calclium
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gluconate; stabilizer such as cyclodextrin, for example,

o, B~ or y-cyclodextrin; etherified cyclodextrin such as
dimethyl-o—-, dimethyl-B-, trimethyl-f-, or hydroxypropyl-[B-

cyclodextrin; branched cyclodextrin such as Jglucosyl—,

maltosyl-cyclodextrin; formylated cyclodextrin,

cyclodextrin containing sulfur; phospholipid and the like.

When the above c¢yclodextrins are used, an inclusion

compound with cyclodextrins may be sometimes formed €To

enhance stability. Alternatively, phospholipid may Dbe

sometimes used to form a liposome, resulting in enhanced

stability.

[0062] Tablets or pills may be coated with film soluble

in the stomach or intestine such as sugar, dJgelatin,

hydroxypropyl cellulose, or hydroxypropylmethyl cellulose

prhthalate as needed. Further, they may be formed as

capsules with absorbable substances such as gelatins.

Preferably, the composition is formulated in a soft gelatin

capsule with liguid contents of the specific prostaglandin

1 1)

compound and a medium chain fatty acid triglyceride.

Examples of the medium chain fatty acid triglyceride used

in the present invention include a triglyceride of a

saturated or unsaturated fatty acid having 6-14 carbon

atoms which may have a branched chain. A preferred fatty

N

fatty acid, for example

acid is a straight chain saturated

caproic acide (C6), caprylic acid (C8), capric acid (C10),
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lauric acid (Cl2) and myristic acid (Cl4). In addition,

two or more medium chain fatty acilid triglycerides may be

used 1n combilnation. Further suitable excipients are

disclosed 1n the published PCT application WO 01/27099.

[0063] A liquid composition for oral administration may
pbe a pharmaceutically acceptable emulsion, solution,
suspension, SsSyrup, or elixir, as well as a generally used
inactive diluent. Such a composition may contain, 1n
addition to the 1nactive diluent, adjuvants such as

lubricants and suspensions, sweetening agents, flavoring

agents, preservatives, solubilizers, anti-oxidants and the

like. The details of the additives may be selected from

those described 1n any general textbooks 1n the

pharmaceutical field. Such liguid compositions may be
directly enclosed 1n soft capsules. Solutions for
parenteral administration, for example, suppository, enema

and the 1like according to the present 1nvention 1include

sterile, agueous oOr non-agqueous solution, suspension,
emulsion, detergent and the like. The aqueous solution and
suspension lncludes, for example, distilled water,

physiological saline and Ringer’s solution.

(00064 ] The non-agqueous solutilion and suspension 1nclude,

for example, propylene glycol, polyethylene glycol, fatty

acid triglyceride, and vegetable o1l such as olive o01l,

alcohols such as ethanol, polysorbate and the like. Such a
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composition may contaln adjuvants such as preservatives,

wetting agents, emulsifiers, dispersants, anti-oxidants and

the like.

P

[0065] Examples of the 1injectable compositions of the

present 1nvention for parenteral administration include

steri1le agqueous or non-agueous solutlons, suspensions and

emulsions. Diluents for the aqueous solution or suspension

may 1include, for example, distilled water for 1njection,

physiological saline and Ringer's solution.

[0060] Non—-agueous diluents for solution and suspension

may 1nclude, for example, propylene glycol, polyethylene

glycol, vegetable o1ls such as olive o01l, alcohols such as

ethanol and polysorbate. The composition may further

comprise additives such as preservatives, wetting agents,
emulsifying agents, dispersing agents and the like. They

may be sterilized by filtration through, e.g. a bacteria-

retaining filter, compounding with a sterilizer, or by

means of gas or radiolsotope 1rradiation sterilization.
The 1njectable composition may also be provided as a

sterilized powder composition to be dissolved 1n a

sterilized solvent for injection before use.

(0067 ] Another form of the present invention 1S
suppository or pessary, which may be prepared by mixing

active 1ngredilents 1into a conventional base such as cacao

butter that softens at Dbody temperature, and nonionic
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surfactants having suitable softening temperatures may be

used to improve absorbability.

0068 ] According to the method of the invention, the

combination of the present i1nvention can be administered
systemically or locally by means of oral or parental
administration, 1i1ncluding a suppository, enema and the like.
Single or multiple compositions may be administered to
achieve the desired dose. According to the method,
individual compounds in the combination may be administered
simultaneously, separately, or sequentially.

[0069] According to the present invention, a mammalian
subject may be treated by the 1nstant 1invention by
administering the compound used 1n the present invention.

The mammalian subject may be any subject including a human.

The compound may be applied systemically or topically.
Usually, the compound may be administered by oral
administration, 1ntravenous injection (including infusion),

subcutaneous 1njection, 1ntra rectal administration, intra

vaginal administration, transdermal administration and the

like. The dose may vary depending on the type of animal,

age, body  weilght, symptom  to  be treated, desired

—

therapeutic effect, administration route, term of treatment

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

systemic admlnistration 1-4 times per day or continuous

administration at combination wilith the amount of
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0.001-100000 ng, more preferably 0.01-10000 ng, especially

0.1-1000 upg of the specific prostaglandin compound, and

0.01-10000mg, more preferably 0.1-1000mg of opioid at a

dally dose.
[0070] The term “combination" used herein means opiold
and  the specific prostaglandin  compound, are  both

F—

administered to a patient simultaneously 1n the form of a

single entity or dosage, or are both administered to a

patient as separate entities either simultaneously or

sequentially with no specific time 1limits, wherein such

1

administration provides therapeutically effective levels of

the two components in the body, preferably at the same time.

(00711 The combination of the present invention 1S

g—

useful for the treatment of a disease or condition which 1s

ﬁ

one of the 1indications for opioid use. For example, the

combination is useful for the treatment or controlllng pain

from various etiologies.

(0072 The term "treatment" used herein 1ncludes any

— —
p—

means of control such as prevention, care, relief of the

condition, attenuation of the condition and arrest of

pProgression.

(00731 The term "pain from various etiologies" 1includes,

but is not limited to, inflammatory paln, hyperalgesia and,
in particular, chronic pain, and means in particular pain

consequential to trauma, e.g. associated with Dburns,
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sprains, fracture or the 1like, subsequent to surgical

intervention, e.dg. as post-operative analgesics,

V1)

chemotherapy-induced pain, as well as inflammatory paln o:

diverse genesis, e.g. bone and joint pain (osteocarthritis),

5 myofascilial palin (muscular injury, fibromyalgia), lower back

pain, chronic inflammatory pain, chronic neuropathlc pain,
e.g. diabetic neuropathy, prhantom limb palin and

perioperative pain (general surgery, dgynecologic surgery)

as well as palin assoclated with, e.g., angilna, menstruation

10 Or cancer.

r—

[0074] The further detalls of the present invention will

follow with reference to test examples, which, however, are
not intended to limit the present invention.

[0075] Example

fect of combination of

15 To examine the superior e

Compound 1 (13,14-dihydro-15-keto~-16,16-difluoro-PGE;) and

oxycodone against the oxycodone-induced severe constipation,

the severity of constipation was assessed using graphite

marker propulsion ratio in the intestine as an index. Male

20 Crlj: CD1 (ICR) mice were given oral administration of 0.1

mL of graphite maker (INK-30 containling 1% tragacanth gum).

Immediately after administration of the graphlite marker,

the animals were treated orally with oxycodone at 5 mg/kg.

p—

The dosing volume of oxycodone was set at 5 mL/kg; the

25 animals of the normal group were given the same volume of
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0.5 % CMC-Na. Tmmedlately after administration of

oxycodone or 0.5 % CMC-Na, the animal was treated with

gy

Compound 1. The dosing volume of the Compound 1 was set at

5 mL/kg; the animals of the normal and control groups were

g

" glven the same volume of water for injection. The animals

were euthanized by cervical dislocation 150 minutes after

administration of graphite marker, and the abdomen was cut

open. The distance from the stomach to the cecum, and

pr—.

moving distance of the graphite marker in the intestine

were measured. Propulsion rate was calculated by the

following formula.

[0076]

}

Propulsion rate (%)

(Moving distance of graphite

marker/Distance from the stomach to the cecum) xX 100

[0077] In the normal group, the graphite marker
propulsion ratio was 99.8 + 0.2%. In the control group,

which had been treated with oxycodone at 5 mg/kg alone, the

graphite marker propulsion rate was 62.3 + 5.6%. Compared

with the normal group, the graphite marker propulsion ratio

was significantly lower in the control group; 1lndlcating

that oxycodone at 5 mg/kg significantly decreased

propulsion of the graphite marker in the intestines. In

the group treated with Compound 1 at 100 wug/kg and

OXycodone at 5 mg/kg, the graphite marker propulsion ratio

was 80.5 * 5.5%; compared with the control group,
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“icantly i1mproved in this group.

[0078] The results indicate the beneficial effect of the
combined administration of oxycodone and Compound 1.
[0079]
Table 1 Effect of combined administration of Compound 1 and
oxycodone on oxycodone-induced constipation in mice
Test n Dosage of Dosage of | The graphite
Group Compound 1 |Oxycodone |marker propulsion
ug/ kg mg/ kg rate
Mean = S.E., $%
Normal 15 - 0 99.8 + 0.2
Control 15 - 5 62.3 + 5. ¢t
Compound 15 100 5 80.5 + 5.5%
1

it #

control group.

pP<0.01 compared to normal group,

* p<0.05 compared to
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CLAIMS
1. A pharmaceutical comblination comprising:
(a) an opioid wherein the opioid 1s oxycodone, a

pharmaceutically acceptable salt thereof or a mixture
thereof, and

(b) a prostaglandin (PG) compound wherein the prostaglandin
(PG) compound = 1S 13,14-di1hydro-15-keto-16,16-difluoro-
prostaglandin E; compound or 13,14-dihydro-15-keto-16,16-
difluoro-18-methyl-prostaglandin E;,; compound

for the treatment of pain.

2. The combination as c¢laimed in Claim 1, wherein
the pain 1s chronic pain.

3. The combination as c¢laimed 1in Claim 1 or 2,
wherein sald prostaglandin compound is
13,14-dihydro-15-keto-16,16-difluoro-prostaglandin E;.

4 . The combination as c¢laimed 1n any one of
Claims 1-3, for simultaneous, separate or sequential use.

5. A pharmaceutical combilnation for treating

oxycodone induced constipation comprising:

(a) an opioid wherein the opioid 1s oxycodone, a
pharmaceutically acceptable salt thereof or a mixture
thereof, and

(b) a prostaglandin (PG) compound wherein the prostaglandin

(PG) compound is 13,14-dihydro-15-keto-16,16-difluoro-
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prostaglandin E; compound or 13,14-dihydro-15-keto-16,16-
difluoro-18-methyl-prostaglandin E; compound.

6. The combination as claimed in Claim 5, wherein
sald prostaglandin compound 1is 13,14-dihydro-15-keto-16,16-
difluoro-prostaglandin E,.

7. The combination as claimed in Claim 5 or 6, for
simultaneous, separate or sequential use.

8. A pharmaceutical composition comprising the
combination as <claimed in any one of Claims 1-7 1in
association with a pharmaceutically suitable excipient.

9. The composition as claimed 1in Claim 8, wherein
sald pharmaceutically suitable excipient 1s orally
acceptable.

10. A commercilial package comprising a combination as
claimed in any one of Claims 1-7 together with instructions

for simultaneous, separate or sequential use thereof.



R 1_A

B—/—Ra

(£3)

C C
\ (Z1) / ' (22)
R, Rs |

O—/—/—/—0



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - abstract
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - claims
	Page 40 - claims
	Page 41 - abstract drawing

