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COMBINATIONS COMPRISING A BETA-AGONIST AND A FURTHER ANTIDIABETIC AGENT

This invention relates to a method of treatment, in particular to a method for
the treatment of diabetes mellitus, especially non-insulin dependent diabetes
(NIDDM) or Type 2 diabetes and conditions associated with diabetes mellitus and to
compositions for use in such method.

Alpha glucosidase inhibitor antihyperglycacmic agents (or alpha
glucosidase inhibitors) and biguanide antihyperglycaemic agents (or biguanides) are
commonly used in the treatment of Type 2 diabetes. Acarbose, voglibose, emiglitate
and miglitol are examples of alpha glucosidase inhibitors.1,1 - Dimethylbignanidine
(or metformin) is a particular example of a biguanide.

Insulin secretagogues are compounds that promote increased secretion of.
insulin by the pancreatic beta cells. The sulphonylureas are well known examples of -
insulin secretagogues. The sulphonylureas act as hypoglycaemic agents and are used
in the treatment of Type 2 diabetes. Examples of sulphonylureas include '

: glibenclamide (or glyburide), glipizide, gliclazide, glimepiride, tolazamide and

tolbutamide. .

European Patent Application, Publication Number 0 ,306,228 relates to
certain thiazolidinedione derivatives disclosed as having antihyperglycaemic and
hypolipidaemic activity. One particular thiazolidinedione disclosed in EP 0306228
is 5-[4-[2-(N-methyl-N-(2-pyridyl)amino)ethoxy]benzyl]jthiazolidine-2,4-dione
(hereinafter ‘Compound (I)’). W094/05659 discloses certain salts of Compound (I)
including the maleate salt at example 1 thereof. :

Compound (I) is an example of a class of anti-hyperglycaemic agents lmown

| as 'insulin sensitisers’. In particular Compound (J) is a thiazolidinedione insulin

sensitiser. Compound (I) is also a peroxisome proliferator-activated receptor
(PPARY) agonist insulin sensitiser.

European Patent Applications, Publication Numbers 0008203, 0139421,
0032128, 0428312, 0489663, 0155845, 0257781, 0208420, 0177353, 0319189,

- 0332331, 0332332, 0528734, 0508740; International Patent Application, Publication -
'Numbers 92/18501, 93/02079, 93/22445 and United States Patent Numbers 5104888

and 5478852, also disclose certain thiazolidinedione insulin sensitisers.

Another series of compounds generally recognised as having insulin
sensitiser activity are those typified by the compounds disclosed in International
Patent Applications, Publication Numbers W093/21166 and W094/01420. These
compounds are herein referred to as ‘acyclic insulin sensitisers’. Other examples of
acyclic insulin sensitisers are those disclosed in United States Patent Number :
5232945 and Intemational Patent Applications, Publication Numbers W092/03425
and W0O91/19702.

Examples of other insulin sensitisers are those disclosed in European Patent
Apphcatlon, Publication Number 0533933, Japanese Patent Application Publication
Number 05271204 and United States Patent Number 5264451.
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International Patent Application, Publication Number W097/25311 and
European patent application publicaiton number EP0882707A1 relate to certain
ethanolamine derivatives of form_glgﬁ d:. - .

or a salt thereof, in which-R're’pfq;ents hydrogen atom or methyl, R! stands for

" hydrogen atom, halogen atom, hydroxy, benzyloxy, amino or hydroxymethyl, R?

stands for hydrogen atom, hydroxymethyl, NHR?, SOoNR*R* or nitro, wherein
R? is hydrogen atom, methyl, S_Qst, formyl or CONHRG’, with R? being a lower
alkyl, benzyl or NR*R* and R® being hydrogen atom or lower alkyl, and R* and
R* may be identical with or different from each other and stand each for
hydrogen atom, lower alk_yl or benzyl, RS represents hydrogen atom or lower

alkyl, X stands for a secondary nitrogen atom, oxygen la_tém, sulfur atom or

methylene and, in case X is secondary nitrogen atom, oxygen atom or sulfur
atom, R? stands for hydrogen atom and either one of R” and R® is hydrogen atom
and the other one is hydrogen atom, amino, acetylamino or hydroxy, or, in case
X is methylene, both R’ and R® are hydrogen atom and R? stands for hydrogen
atom, amino, acetylamino or hydroxy, *1 indicates an _a_sjrmmetric carbon atom
and *2 indicates that the carbon atom is asymmetric provided that RS is lower-
The compounds of W097/25311 and EP0882707A1 are stated to have beta 3
adrenoreceptor agonist activity and are disclosed as being useful for the treatment
and prevention of diabetes, hyperlipidaemia and obesity.: :

The above mentioned publicationsare incorporated herein by reference.

It is now indicated that the beta3 adrenoceptor agonist compounds of
WO097/25311 and EP0882707A1 in combination with other antidabetic agents
provide a particularly beneficial effect on glycaemic control and that such
combination is therefore suggested to be particularly useful for the treatment of
diabetes mellitus, especially Type 2 diabetes and conditions associated with

diabetes mellitus. Such combinations will provide improved blood glucose
regulation without introducing unacceptable side-effects. :In particular, combination
of the beta 3-adrenoceptor agonist with other antidiabetic agents (especially
sulphonylureas, insulin sensitisers or insulin) is expected to ameliorate the body
weight increasing effects of the other antidiabetic agents. Moreover, it is considered
that the beneficial thermogenic effects of the beta-3 agonist will be enhanced in the
combination. Thus for example the weight reducing effects of the beta-3 agonist are
expected to be enhanced. o

-2-
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Accordmgly, the invention provides a method for the treatment of dlabetes
mellitus, especiaily Type 2 diabetes and conditions assbciated with diabetes mellitus
in a' mammal such as a human, which method comprises administering an effective,

- non-toxic and pharmaceutically acceptable amount of a beta agomst and another

antidiabetic agent, to a mammal in need thereof.

In another aspect the invention provides a beta agonist and another
antidiabetic agent, for use in a method for the treatment of diabetes mellitus,
especially Type 2 diabetes and conditions associated with diabetes mellitus.

The method comprises either co-administration of 2 beta agonist and
another antidiabetic agent or the sequential administration thereof. =

Co-administration includes administration of a formulation which includes
both a beta agonist and the other antidiabetic agent or the essentially sxmultaneous
administration of separate formulations of each agent.

In another aspect the invention provides the use of a beta agonist and
another antidiabetic agent for use in the manufacture of a composition for the
treatment of obesity, diabetes mellitus, especially Type 2 dlabetes and conditions
associated with diabetes mellitus.

Suitably, the other antidiabetic agent is selected from an alpha glucos1dase
inhibitor, a biguanide, an insulin secretagogue or an insulin sensitiser. .

A further suitable antidiabetic agent is insulin. :

A suitable alpha glucosidase inhibitor is acarbose. -

- Other suitable alpha glucosidase inhibitors are emiglitate and nnghtol A
further suitable alpha glucosidase inhibitor is voglibose.
' Suitable biguanides include metformin, buformin or phenformin, especlally
metformin. , : -

Suitable insulin secretagogues include sulphonylureas.

Suitable sulphonylureas include glibenclamide, glipizide, gliclazide,
glimepiride, tolazamide and tolbutamide. Further sulphonylureas include
acetohexamide, carbutamide, chlorpropamide, glibornuride, gliquidone, glisentide,
glisolamide, glisoxepide, glyclopyamide and glycylamide. Also included is the
sulphonylurea glipentide.

A further suitable insulin secretagogue is repaglinide. An additional insulin o

secretagogue is nateglinide.
Insulin sensitisers include PPARY agonist insulin sensitisers. Insulin
sensitisers also include thiazolidinedione insulin sensitisers. '

A preferred insulin sensitiser is Compound (I) or a derivative therof.

Other suitable thiazolidinedione insulin sensitisers include (+) -5-[[4-[(3.4-
dihydro-6-hydroxy-2,5,7,8-tetramethyl-2H-1-benzopyran-2- :
yDmethoxyJphenyl)methyl]-2,4-thiazolidinedione (or troglitazone), 5-[4-[(1-
methylcyclohexyl)methoxy]benzyl] thiazolidine-2,4-dione (or ciglitazone), 5-[4-[2-
(5-ethylpyridin-2-yl)ethoxylbenzyl] thiazolidine-2,4-dione (or pioglitazone) or 5-

- [(2-benzyl-2, 3-dlhydrobenzopyran)-S-y]methyl)tlnazohdme-Z 4-dione (or

englitazone).
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A particular thiazolidinedione insulin sensitiser is 5-[4-[2-(5—ethylpyr1dm-

2-yDethoxy]benzyl] thlazoltdme-z 4-dione (or ploghtazone)

- A particular thiazolidinedione insulin sensitiser is (+) -5-[[4—[(3 4-dihydro-
6-hydroxy-2,5,7 8-tetramethyl—2H—l benzopyran-z-yl)methoxy]phenyl]methyl]-2,4-
thiazolidinedione (or troghtazone)

Parucular, beta agonists are selectxve for the human beta 3 xeceptor

receptors, thereby producmg mlmmal beta 1 andlor beta 2 med:ated side-effects.
Beta 2 mediated side-effects mclude tremor, hypokalemxa and vasodilatation, which
can result in tachycardia. Beta 1 medlaoed side-effects mclude tachycardia.
A suitable beta agonst is a compound of formula (I) of WO/9725311.
Particular beta agonists inclnde the speclﬁc examples disclosed in
W0/9725311 and EP0882707A1, which documents are mcorporated herein by
reference.

- A particular compound of WOI9725311 or EP0882707A1 is selected from
the list consisting of: (R)-N-[5- [2-[2-(9H-carbazol-2-ylo.xy)ethylammo]-1—
hydroxyethyl]-2-hydroxyphenyl]methanesulfonannde
(S)—N-[5-[2-[2-(9H-carbazol-2—yloxy)ethylammo]— -hydroxyethyl]-z-
hydroxyphenyllmethanesulfonamide, = -
N-[S-[2-[2-(9H—carbazol—2—yloxy)ethylammo]- -hydroxyethyl]-z-
hydroxyphenyllmethanesulfonamide, .

-[5-[2-[2—(3-hydroxy-9H-carbazol-2—yloxy)ethylatmno]— -hydroxyethyl] -2-
hydroxyphenylJmethanesulfonamide,

' N—[S—[2—[2—(3—annno—9H—carbazol-2—yloxy)ethyla,mmo] 1-hydroxyethyl]—2—

hydroxyphenyl]methanesulfonamlde _
N-{5-[2-[2-(6-amino-9H-carbazol-2-yloxy)ethylamino]-1 -hydroxyethyl]-Z-
hydroxyphenyl]meﬂ:anesulfonannde o
N-[5-[2-[2-(6-hydroxy-9H—carbazol-2—yloxy)ethylam:nol- ~hydroxyethyl]—2—
hydroxyphenyl)methanesulfonamide,

- R) -N-[3-[2—[2-(9H-carbazol—2-yloxy)ethylammo] l-hydroxycﬂlyl]phenyl]

methanesulfonamide,
(S)-N—[3-[2—[2-(9H-carbazol-2—yloxy)ethylarmno]- —hydroxyethyl]phenyl}
methanesulfonamide,

N-[3-[2-[2-(9H-carbazol-2-yloxy)ethylannno]— -hydroxyethyl]phenyl]
methanesulfonamide,
N-methyl-S-[Z-[2-(9H-carbazol-2-yloxy)ethylammo]- -hydroxyethyl]
benzenesulfonamide,
N-methyl-[S-[2-[2-(9H-carbazol-2—yloxy)eﬂ1ylammo]— -hydroxyethyl]-z-
hydroxy]benzenesulfonamide,
(R)—N—[S-[2-[2-(dxbenzoﬁ1ran—3-yloxy)emyla1mno]- -hydroxyethyl]-z-
hydroxyphenyl]methanesulfonarmde, o
(S)-N-[S-[Z—[2-(dlbenzofuran-S-yloxy)ethylammo] l-hydroxyethyl]-z-
hydroxyphenylJmethanesulfonamide, _

PCT/GB99/03755
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N—[S-[2-[2-(d1benzofuran-3—yloxy)ethylammo] l—hydroxyethyl]-Z—
hydroxyphenylJméthanesulfonamide,
N-[5-[2-[2-(9H-carbazol-2-yloxy)ethylamino}-1-hydroxyethyl}-2-
(benzyloxy)phenyl]) methanesulfonamide,
N-[5-[2-[2-(9H-carbazol-2-yloxy)ethylamino]-1-hydroxyethyl]-2-
chlorophenyl}methanesulfonamide,
N-[5-[2-[2-(9H-carbazol-2-yloxy)ethylamino]-1 -hydroxyethyl]—2-
fluorophenyl]methanesulfonamide,
N-[3-[2-[2-(dibenzofuran-3-yloxy)ethylamino]-1-hydroxyethyl) phenyl]
methanesulfonamide,

-[5—[2-[2-(7-acety!axmnoﬂuoren-Z—yloxy)ethyla:mno]— -hydroxyethyl]-2-
hydroxyphenyl}methanesulfonamide,
N-[5-[2-[2-(7-aminofluoren-2-yloxy)ethylamino]- l-hydroxyethyl]-z-
hydroxyphenyl]methaneslﬂfonamde,

-[3-[2-[2-(7-acetylammoﬂuoren-2-yloxy)ethylammo] l-hydroxyethyl]
phenyl)methanesulfonamide,

N-[3-[2-[2-(7-aminofluoren-2-yloxy)ethylamino}- l-hydroxyethyl]phenyl]
methanesulfonamide,

N-[5-[2- [2-(9H-carbazol-2—yloxy)ethyla:mno]- -hydroxyethyl]-z-
hydroxyphenyl]formamide,
N-[3-[2-[2-(9H-carbazol-2-yloxy)ethylamino]-1-hydroxyethyllphenyl] formam:de
N-[3-[2-[[1-(9H-carbazol-2-yloxy)propan-2R-ylJamino}-1 -hydroxyethyl]
phenylimethanesulfonamide,
2-[N-[2-(9H-carbazol-2-yloxy)ethylJamino]-1-(4-hydroxy-3-nitrophenyl) ethanol
2-[N-[2-(9H-carbazol-2-yloxy)ethylJamino]}-1 —(3-a1mno-4-hydroxyphenyl)ethanol
N-[5-[2-[2-(9H-carbazol-2-yloxy)ethylamino]-1 -hydroxyethyl]-z-
(benzyloxy)phenyl]jurea,

N-[5-[2-[2-(9H-carbazol-2-yloxy)ethylamino]-1 -hydroxyethyl]-Z—
hydroxyphenyljurea,

N-[5-[2-[2-(9H-carbazol-2-yloxy)ethylammo] l-hydroxyethyl]-Z-
(benzyloxy)phenyl]lformamide,

N*[5- [2- [2-(9H-carbazol-2-yloxy)ethylamino]-1 -hydroxyethyl]-Z—
(benzyloxy)phenyl}-N,N-dimethylsulfamide,

N- [5-[2-[2—(9H-catbazol-2-yloxy)ethylammo]- -hydroxyethyl]-Z-hydroxyphenyl]-
N,N-dimethylsulfamide,

2-[N-[2-(9H-carbazol—2—yloxy)ethyl]ammo]- -[3-(methylamino)-4-
(benzyloxy)phenyljethanol,

2-[N-[2-(9H-carbazol-2-yloxy) ethyl}amino]-1-[3-(methylamino)-4--
hydroxyphenyljethanol, -

N-[5-[2-[2-(9H-carbazol-2-yloxy) ethylammo]— —hydroxyethyl]—2-hydroxyphenyl]-2-
propanesulfonamide,
2-[N-[2-(9H-carbazol-2-yloxy)ethylJamino]- 1 -(3-nitrophenyl)ethanol,
N*[3-[2-[2-(9H-carbazol-2-yloxy)ethylamino}-1-hydroxyethylJphenyi]-N,N-

PCT/GB99/03755
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dimethylsulfamide, '
2—[N-[2-(9H-carbazol-z-yloxy)ethyllannno]-l—(3—ammophenyl)ethanol
2-[N-[2-(9H—carbazol-2-yloxy)ethy]]ammo}- -[3-(hydroxymethyl)-4-
hydroxyphenyl]ethmo]

'N-[5~[2-[2-(9H-carbazol-2-yloxy)ethylammo]- -hydroxyethyl]—3- _

hydroxyphenyl]methanesulfonamlde, -
N-[3-[2-[2-(9H-carbazol-2-yloxy)ethylammo]- -hydroxyethyl]-z-
hydroxyphenyl]methanesulfonam:de :
N-[3-[2—[2—(9H—carbazol—2-yloxy)ethyla1mno]- -hydroxyethyl]-4~
hydroxyphenyl]methanestﬂfonamxde

(R)-N° -[5-[2-[2—(9H—carbazol-2—yloxy)ethylatmno]- -hydroxyethyl]—2-

hydroxyphenyl]-N, N-dimethylsulfamide, _.
(S)- -{5-[2-[2—(9H-carbazol-2-yloxy)ethy]mmno] l-hydroxyethyl]-z-
hydroxyphenyl]-N,N-dxmethylsulfamxde, N
N-[3-[2-[2-(6-acetylannno-9H—carbazol—2—yloxy)ethylammo]-l-
hydroxyethyllphenyljmethanesulfonamide,
N-[S-[2-[2-(6-acetylmmno—9H-carbazol—2—yloxy)ethylammo}- -hydroxyethyl]-z-
hydroxyphenyljmethanesulfonamide, - >
(R)-N-[S-[2-[2-(9H-carbazol-2—yloxy)ethylammo]- -hydroxyethyl]-Z—
fluorophenylimethanesulfonamide, -
(S)-N-[5—[2—[2-(9H-carbazol—2-yloxy)ethylammo]- -hydroxyethyl]—Z- -
fluorophenyljmethanésulfonamide, :':

'(R)-N-[5-[2-[2—(9H—carbazol-Z-yloxy)eﬂlylanuno]- -hydroxyethyl]-z-chlorophenyl]
. methanesulfonamide; - :

(S)-N-[5-[2-[2-(9H—carbazo]—2—yloxy)ethylammo} l—hydroxyeﬂlyl]-z- :

- _ch]orophenyl]methanesulfonanude,

N N-d:methyl—[s-[z-[2—(9H-carbazol-2-yloxy)ethylammo]- -hydroxyethyl] 2-
hydroxy]benzenesulfonamlde R

'N-[S-[2-[2-(9H-carbazol-2-yloxy)ethy]amxno]- -hydroxyethyl}-Z—.
-jodophenyljmetharesulfonamide, . :

[5-[2-[2-(9H—carbazol-2-yloxy)eﬂ1ylammo]- —hydroxyethyl]-Z—ﬂuorophenyl]-
N,N-dimethylsulfamide, - :
N~ [5-[2-[2-(9H-carbazol—2—yloxy)ethylammo]— -hydroxyethyl]—2-clﬂorophenyl]—
N,N-dimethylsulfamide, . -
(R)-N—methyl—[s-[2—[2-(9H—carbazol-2—yloxy)ethylanuno] l-hydmxyethyl] -2-
hydroxy]benzenesulfonamide,

-(R)-N-[5-[2-[2—(9H-cax’oazo]-2-yloxy)ethylammo]- -hydroxyethyl]-2—

(hydroxymethyl)phenyl]methanesulfonamide
(R)-N-[3-[2—[2—(d1benzofuran-3-yloxy)ethy]anuno]— -hydroxyethyl]
phenyllmethanesulfonamide, . . _
N~ [5-[2-[2-(d1benzofuran—3-yloxy)ethyla:mno] l-hydtoxyethyl]—2—hydroxypheny]]—
N,N-diméthylsulfamide, :

R)- -[5-[2-[2-(d1benzofuran—3—yloxy)ethylannno]— -hydroxyethyl]-z-
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hydtoxyphenyl]—NN—dunethy]sﬂfadee
(S)-N*[5-[2-[2-(dibénzofuran-3-yloxy) ethylamino)-1 -iiydroxyethyl]-2—
hydroxyphenyl])-N,N-dimethylsulfamide,
N-[5-[2-[2-(dibcnzofuran—3-yloxy)ethylarmno]— -hydroxyethyl]—Z—
fluorophenyllmethanesulfonamide, -
N-[5-[2-[2-(dlbenzoﬁzran-S-yloxy)ethylatmno]- -hydroxyethyl]-z-chlorophenyl]
methanesulfonamide, :
N-[5-[2—[2-(d1bcnzothxophen-3-yloxy)ethylannno]- -hydroxyethyl]-2-
hydroxyphenyl}methanesulfonamide,

N-[5- [2-[2-(dibenzoﬂ1iophen—3-yloxy)ethylamino]—l-hydroxyethyl]-z-
bydroxyphenyl]-N,N-dimethylsulfamide, -
N-[3-[2-[2-(d:benzoth10phen—3—yloxy)ethy]ammo]- -hydroxyethyl]phenyl]
methanesulfonamide,
(R)-N-[5-[2-[2-(dibenzothiophen-3-yloxy)ethylamino]-1-hydroxyethyl]-2-
hydroxyphenyljmethanesulfonamide,
N-[5-[2-[2-(dibezothiophen-3-yloxy)ethylamino}-1-hydroxyethyl]-2-
fluorophenylJmethanesulfonamide,
N—[S-[Z-[2—(d!benzothlophen—3-yloxy)ethylannno]-l-hydroxyethyl]-z-
chlorophenyljmethanesulfonamide,
N-[S-[2—[2-(7-annnoﬂuoren—2-yloxy)ethylammo] l—hydroxyethyl]-z-

- hydroxyphenyljmethanesulfonamide,

N*-[5-[2-[2-(7-acetylaminofluoren-2-yloxy)ethylamino]- 1-hydroxyethyl]-2-
hydroxyphenyl]-N,N-dimethylsuifamide,

N- [5-[2-[2-(9H-carbazol—2—yloxy)ethylammo] 1-hydroxyethyl]-2—annnophenyl]—N—-_ |

benzyl-N-methylsulfamide,

'N-[5-[2-[2-(9H-carbazol-2-yloxy)ethylamino]-1 -hydroxyethyl]-2-

aminophenyl}methanesulfonamide,
N-[5-[2-[2-(9H-carbazol-2-yloxy)ethylamino}- 1-hydroxyethyl]-2-
hydroxymethylphenylJmethanesulfonamide,
N-[5-[2-[2-(9H-carbazol-2-yloxy)ethylamino]- 1-hydroxyethyl}-2-
bromophenyl]meﬂnanesulfonam:de, -

% [5-[2-[2-(9H-carbazol-2-yloxy)ethylamino]- l-hydroxyethyl]-2-hydroxyphenyl]-
N-benzyl-N-methylsulfamide,

N*-[5-[2-[2-(9H-carbazol-2-yloxy)ethylamino]-1 -hydroxyethyl]-2-hydroxypheny]]- |

N,N-diethylsulfamide,

N-[5-[2-[2-(9H-carbazol-2-yloxy) ethylamino}-1-methoxyethyl])-2-
aminophenyljmethanesulfonamide,
N-[5-[2-[2-(9H-carbazol-2-yloxy)ethylamino]-1-methoxyethyl}-2- -
hydroxyphenylJmethanesulfonamide and
N-[5-[2-[2-(dibenzothiophen-3-yloxy)ethylamino]-1-methoxyethyl]-2-
hydroxyphenylJmethanesulfonamide.
2-[N-[2-(9H-carbazol-2-yloxy)ethyl]lamino]-1-(4-hydroxyphenyl)ethanol,
2-[N-[2-(9H-carbazol-2-yloxy)ethylJamino]-1-(2-fluorophenyl)ethanol,

PCT/GBY99/03755
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- 2-[N-[2-(9H-carbazol-2-yloxy)ethyllamino]-1-(2-bydroxyphenyl)ethanol,

(R,R)-2-[N-[1-(9H-carbazol-2-yloxy)propan-2-yljamino}-1-phenyljethanol,
[2-[N-[2-(9H—carbazol—2—yloxy)ethyl]ammo] l-phenyl]ethmoL
(R)-[2-[N-[2-(9H-carbazol-2-yloxy)ethylJamino]-1-phenyl]ethanol,
(S)-[2-[N—[2-(9H—carbazol—2—y]oxy)ethyl]amno]— -phenyl]ethanol,
[2-[N-[2-(3-acety]ammo-9H-carbazol—2—yloxy)ethyl]ammo]- -phenyl] ethanol,
[2-[N-(2—(3-ammo-QH-carbazol-2-yloxy)ethyl]a|mno] l—phenyl]ethanol,
[2-[N-[2-(3-hydroxy—9H-caxbazol-2—yloxy)ethyl]ammo]— —phenyl]ethanol
[2-[N-[2-(6-am1no-9H-carbazol—2-yloxy)ethyl]ammo]—l-phenyl]ethanol,
[2-[N-[2-(6-acetylam1no—9H-carbazol-2-yloxy)ethyl]ammo]- -phenyl] ethanol. o
[2-[N-[1-(9H-carbazol—2-yloxy)propan—2—yl]almno]— 1-phenyl]ethanol and
[2-[N-[2-(dxbenzoﬁuan-B—yloxy)ethyl]atmno]- -phenyljethanol.

' N-[S—[2-[2-(9H-carbazol—2—yloxy)ethylammo] l-methoxyethyl]-z-

hydroxyphenyl]methanesnlfonamxde, . _
N-[5-[2—[2-(d1benzottnophen-3—yloxy)ethylannno]—l methoxyethyl]-Z-
hydroxyphenylimethanesulfonamide;’ o

' N-[S-[2—[2-(9H-carbazol-2—yloxy)ethylanun6]- -methoxyethyl]-Z-

armnophenyl]methanesulfonamlde and -

-N-{S-[Z-[2-(9H-carbazol—2-yloxy)ethylammo] l-methoxyethyl]-z-
chlorophcnyl]methanesulfonam:de or a salt thereof . -

Other suitable beta agonists include the compounds of United States patent
number 5786356 and: European pubhshcd Ppatent application number EP 764640A,
especially the specific examples therein including LY-377604.

* Suitable beta agonists also include thie compounds of WO 9616938 and EP 801059 _
"-especially the specific examples therein including 2-[3-(7-carboxymethoxymdol-3-

yl)—(2R)-2—propylannno]-(lR)—l-(3—chlorophenyl)ethanol (AD-9677) and derivatives
thereof.. The disclosures of each of these documents i is:incorporated herein by
reférence, with particular refererice to the methods of prepamnon and .

' phannaceuncally acceptable derivatives of the compounds therein.

With reference to EP 801059, further particular: beta agonists included
herein are those selected from the list consisting of; i
2-{3-(7-methoxyindol-3-y1)-2-propylamino]- l-(3-chlorophenyl)ethanol
2-[3-(7-ethoxymdol-3-yl)-2-propy1ammo]-1-(3-chlomphenyl)ethanol'

"2-[3-(7-methoxycarbonylmethoxymdol—3—yl)-2-propyla1mno]- -(3-

chlorophenyl)ethanol; -
2-[3-(7-carboxymethoxymdol-3-yl)—2-propy1ammo]- -(3-chlorophenyl)ethanol and
derivatives thereof.

It will be understood that the beta agomst and the othﬂ' antidabetic agent are
each administered in a phannaceutrcally acceptable form, mcludmg
pharmaceutically acceptable derivatives such-as pharmaceutically acceptable salts,
esters and solvates thereof, as appropriate of the relevant pharmacentically active
agent. In certain instances herein the names used for the other antidabetic agent may
relate to a particular phannaceutxcal form of the relevant active agent: It will be
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understood that all, P harmacenutically acceptable forms f the acttve agents per se are
encompassed by tHis invention. :
Suitable pharmaceutically acceptable forms of the other antidiabetic agent
depend upon the particular agent being used but include known pharmaceutically
acceptable forms of the particular agent chosen. Such derivatives are found or are
referred to in standard reference texts such as the British and US Pharmacopoeias,
Remington’s Pharmaceutical Sciences (Mack Publishing Co.), Martindale The Extra
Pharmacopoeia (London, The Pharmaceutical Press) (for example see the 31st
Edition page 341 and pages cited therein) or the above mentioned publications.

Suitable pharmaceutically acceptable forms of the beta agonist of formula;
(D , including salted forms and solvated forms, include those described in
WQ097/25311 and EP0882707A1. .

The beta agonist is prepared according to published methods, for example
when the beta agonist is a compound of formula (I) of W097/25311 and :
EP0882707A1, or a derivative thereof such as a pharmaceutically acceptable salt
thereof or a pharmaceutically acceptable solvate thereof; then it is prepared-

‘according to methods disclosed therein.

Certain of the compounds mentioned herein, for example the beta agonists
of W097/25311, EP0882707A1, USP5786356, EP 764640A,WO 9616938 and EP
801059 and the thiazolidinediones, may contain one or more chiral carbon atoms and
hence can exist in two or more isomeric forms, all of which are encompassed by the
invention, either as individual isomers or as mixtures of isomers, including
racemates. Certain of the compounds mentioned herein, in particular the

-thiazolidinediones such as Compound (I), may exist in one of several tautomeric

forms, all of which are encompassed by the invention as individual tautomeric fotms :

or as mixtures thereof
The beta agonist and the other antidiabetic agent of choice is prepared

- according to known methods, such methods are found or are referred to in standard
‘reference texts, such as the British and US Pharmacopoeias, Remington’s
' Pharmaceutical Sciences (Mack Publishing Co.), Martindale The Extra

Pharmacopoeia (London, The Pharmaceutical Press) (for example see the 31st

Edition page 341 and pages cited therein) or the above mentioned publications.
When used herein the term *conditions associated with diabetes’ includes

those conditions associated with the pre-diabetic state, conditions associated with

'diabetes mellitus itself and complications associated with diabetes mellitus.

‘When used herein the term ‘conditions associated with the pre-diabetic state’
includes conditions such as insulin resistance, including hereditary insulin resistance,
impaired glucose tolerance and hyperinsulinaemia.

*Conditions associated with diabetes mellitus itself’ include hyperglycaemia,
insulin resistance, including acquired insulin resistance and obesity. Further
conditions associated with diabetes mellitus itself include hypertension and
cardiovascular disease, especially atherosclerosis and conditions associated with
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insulin resistance. Conditions associated with insulin resistance include polycystlc
ovarian syndrome and steroid induced insulin resistance and gestational diabetes.

‘Complications associated with diabetes melhtus includes renal disease,
especxally renal disease associated with Type 2 dmbetes, neuropathy and retinopathy.

Renal dxseases assoclated with Type 2 diabetes mc]ude nephropathy
glomerulonephritis, glomerular sclerosis, nephrotlc syndrome hypertensive.
nephrosclerosis and énd stage renal disease, . :

As used herem the term 'pharmaceuncally aeceptable embraces both human
and veterinary use: for example the term. 'pharmaceutrcally acceptable’ embraces a
veterinarily acceptable compound _

Diabetes mellitus is preferably Type 2 dlabetes

Smtably, the particularly beneficial effect on glycaelmc control provnded by
the treatment of the invention is an improved therapeutxc ratio for the combination of
the invention relative to the therapeutic ratio for one compound of the combination
when used alone and at a dose providing an. equrvalent efﬁcacy to the combination
of the invention. :

Ina preferred aspect, the partxcularly beneficial effcct on glycaermc control
provided by the treatment of the invention is indicated to be a synergistic effect

_ ¢ relative to the control expected from the effects of the individual active agents.
20 .

. Jn a further. aspect of the invention, combmmg doses of the beta agonist and
the other agent will  produce a greater beneficial effect than can be achieved for
either agent alone at a dose twice that used for that agent in the combination.

‘Glycaemic control may be characterised using ¢ conventtonal methods, for
example by measurement of a typically used index of g]ycaenuc control such as
fasting plasma glucose or. glycosylated haemoglobm (Hb Alc). Such indices are
determined using standard methodology, for example those. described in: Tuescher

- A, Richterich, P., Schweiz. med. Wschr. 101 (1971), 345 and 390 and Frank P.,

’Momtonng the Dlabetlc Patent with Glycosolated Hemoglobm Measurements’

Clinical Products 1988. _
-In a preferred aspect, the dosage level of each of the actrve agents when used

in accordance with the treatment of the mventlon will be less than would have been

- required from a purely additive effect upon. glycaemlc control

_-Itis also consxdered that the treatment of the mvent:on will effect an.

_ 1mprovement relative to the individual agents, in the levels of advanced
glycosylation end products (AGEs), and serum lipids mcludmg total cholestero]

HDL-~cholesterol, LDL-cholesterol including 1mprovements in the ratios thereof, in
particular an improvement in serum lipids including total cholesterol, HDL-
cholesterol, LDL~cholesterol including improvements in, the ratios thereof.

As indicated above it is also considered that treatment with the combination
of the beta agonist and the other antndrabet:c agents (especxally sulphonylureas,
insulin sensitisers or insulin) will srgmﬁcantly reduce, preferably remove, the body
weight increasing effects of the other anttdxabenc agents. o

-10-
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It is also considered that the thermogenic effects of the beta-3 agonist w111 be
enhanced in the coffibination treatment of the inventicii Thus, for example the
weight reducing effects of the beta-3 agomst will be enhanced in the combination
treatment of the invention. -

 In the treatment of the invention, the active medicaments are preferably
administered in pharmaceutical composition form. As indicated:above, such
compositions can include both medicaments or one only of the medicaments.

Accordingly, in one aspect the present invention also provides a
pharmaceutical composition comprising a beta agonist and another antidiabetic agent
and a pharmaceutically acceptable carrier therefor.

Thus, in a further aspect, the invention also provides a process for preparing
a pharmaceutical composition comprising a beta agonist, another antidiabetic agent
and a pharmacentically acceptable carrier therefor, which process comprises
admixing the beta agonist, another antidiabetic agent and a pharmaceuncally
acceptable carrier.

The compositions are preferably in a unit dosage form in an amount
appropriate for the relevant daily dosage.

Suitable dosages, including especially unit dosages, of the beta agonist or
the other antidiabetic agent include the known dosages including unit doses for these
compounds as described or referred to in reference text such as the British and US
Pharmacopoeias, Remington’s Pharmaceutical Sciences (Mack Publishing Co.), -
Martindale The Extra Pharmacopoeia (London, The Pharmaceutical Press) (for
example see the 31st Edition page 341 and pages cited therexn) or the above
mentioned publications.

' Thus, suitable dosages for the beta agomsts of W097/2531 1and
EP0882707A1 include those disclosed therein, for example 0.01 to 2000mg per day.
Also, the suitable doses of the other beta agonists mentioned herein include those

“mentioned in the relevant publications mentioned above, for example suitable AD-

9677 doses include those disclosed in WO 9616938 and EP 801059, such as in the
range of 0.01-20 mg/kg/day including 0.05-10 mg/kg/day.

For the alpha glucosidase inhibitor, a suitable amount of acarbose is in the
range of from 25 to 600 mg, including 50 to 600 mg, for example 100mg or 200mg.

For the the biguanide, a suitable dosage of metformin is between 100 to-
3000mg, for example 250, 500mg, 850mg or 1000mg.

For the insulin secretagogue, a suitable amount of glibenclamide is in the
range of from 2.5 to 20 mg, for example 10mg or 20mg; a suitable amount of
glipizide is in the range of from 2.5 to 40 mg; a suitable amount of gliclazide is in
the range of from 40 to 320 mg; a suitable amount of tolazamide is in the range of
from 100 to 1000 mg; a suitable amount of tolbutamide is in the range of from 1000
to 3000 mg; a suitable amount of chlorpropamide is in the range of from 100 to 500
mg; and a suitable amount of gliquidone is in the range of from 15 to 180 mg. Also a
suitable amount of glimepiride is 1-to 6mg and a suitable amount of glipentide is 2.5

to 20mg.

~11-
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A suitable amount of repaglinide is in the range of from 0.5mg to 20mg, for
example 16mg. Also a suitable amount of nateghmde is 90 to 360mg, for example

270mg.
In one pamcular aspect the composmon compnses 2 to 12 mg of

" Compound (I). -
Suitably the eomposmon comprises 2, 3, 4, 5 6 7 8,9,10, 11 or 12 mg of
Compound (I). .. -
Particularly, the composmon compnses 2 to 4 4 to 8 or 8 to 12 mg of
Compound (D. G

Particularly, the composmon compnses 2to 4mg of Compound ().
Particularly, the composition comprises 4 to 8mg of Compound (I).
Particularly; the. composition comprises 8 to 12 'mg of Compound (I).
Preferably, 1 the composition comprises 2 mg of Compound (I).

Preferably, the composition comprises 4 mg of Compound (T).

Preferably, the composition comprises 8 mg of Compound .

Suitable unit dosages of other insulin sensitisers.include from 100 to 800mg
of troglitazone such as- 200, 400, 600 or 800mg or from 5 to 50mg, including 10 to
40mg, of pioglitazone, such as 20, 30 or 40 mg and also mcludmg 15,30 and 45mg
of pioglitazone. ... -

' In the. treatmentthemedlcaments maybeadmmstered from 1 t06t1mesa
day, but most preferably 1 or 2 times per day. NI

Also, the dosages of each particular active agent m any given composmon

© can as required vary within a range of doses known to be requned in respect of

accepted dosage regimens for that compound. ‘Dosages ¢ of each active agent can also
be adapted as required to take into account advantageous effects of combmmg the .
agents as mentioned herein. - -

. Itwill be understood that the beta agomst and the other antxdlabettc agent
are in a pharmacentically acceptable form, including pharmaceuncally acceptable
derivatives such as pharmaceutically acceptable salts, esters and solvates thereof, as
appropriate to the relevant pharmaceutically active agent chosen In certain
instances herein the names used for the antidiabetic agent may relate to a particular
pharmaceutical form of the relevant active agent: It will be understood that all

. pharmaceutically acceptable forms of the active agents per se are encompassed by

this invention. _
The present mventlon also prov1des a pharmaceutlcal composition

comprising a beta agonist, another antidiabetic agent and a pharmaceutically
acceptable carrier therefor, for use as an active therapeutlc substance.

In particular; the. present invention provides a pharmaoeuncal composition
comprising a beta agonist, another antidiabetic agent and a pharmaceutically
acceptable carrier therefor, for use in the treatment of d:abetes mellitus, especially
Type 2 diabetes and conditions associated with dlabetes melhtus

-12-
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'Usually the compositions are adapted for oral administration. However,
they may be adapteé for other modes of administratios; for example parenteral
administration, sublmgua] or transdermal administration.

The compositions may be in the form of tablets, capsules, powders,

grmﬂes lozenges, suppositories, reconstitutable powders, or liquid preparations,
-such. as oral or sterile parenteral solutions or suspensions.

In order to obtain consistency of administration it is preferred that a
composition of the invention is in the form of a unit dose:

Unit dosage presentation forms. for oral administration may be in tablet or
capsule form and may as necessary contain conventional excipients such as bmdmg
agents, fillers, lubricants, glidants, disintegrants and wetting agents.

The solid oral compositions may be prepared by conventional methods of
blending, filling or tabletting. Repeated blending operations may be used to

- distribute the active agent throughout those composmons employing large quantities

of fillers.- Such operations are of course conventional in the art. The tablets may be
coated according to methods well known in normal pharmaceutical practice, in
particular with an enteric coating.

Oral liquid preparations may be in the form of, for example, emulsions,
syrups, or elixirs, or may be presented as a dry product for reconstitution with water
or other suitable vehicle before use. Such liquid preparations may contain '
conventional additives such as suspending agents, for example sorbitol, syrup,
methy] cellulose, gelatin, hydroxyethylcellulose, carboxymethylcellulose, aluminium
stearate gel, hydrogenated edible fats; emulsifying agents, for example lecithin,
sorbitan monooleate, or acacia; non-aqueous vehicles (which may include edible

oils), for example almond oil, fractionated coconut oil, oily esters such as esters of '
- glycerine, propylene glycol, or ethyl alcohol; preservatives, for example methyl or

propyl p-hydroxybenzoate or sorbic acid; and if desired conventmnal ﬂavourmg or-
colouring agents..

For parenteral administration, fluid unit dosage forms are prepared utilizing
the compound and a sterile vehicle, and, depending on the concentration used, can
be either suspended or dissolved in the vehicle. In preparing solutions the
compound can be dissolved in water for injection and filter sterilized before filling
into a suitable vial or ampoule and sealing. Advantageously, adjuvants such as a

local anaesthetic, a preservative and buffering agent can be dissolved in the vehicle.

To enhance the stability, the composition can be frozen after filling into the vial and
the water removed under vacuum. Parenteral suspensions are prepared in
substantially the same manner, except that the active compond is suspended in the
vehicle instead of being dissolved, and sterilization cannot be accomplished by

filtration. The compound can be sterilized by exposure to ethylene oxide before

suspending in the sterile vehicle. Advantageously, a surfactant or wetting agent is
included in the composition to facilitate uniform distribution of the compound.

-18-
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Compositions may contain from 0.1% to 99% by weight, preferably from

| 10-60% by weight, of the active matenal dependmg upon the method of

administration.

Examples of bmdmg agents mc]ude aeacxa, alglmc acid,
carboxymethylcellulose calcium, carboxymethylcellulose sodnun, dext:rates, dextrin,
dextrose, ethylcellulose, gelatin, liquid glucose, guar gum, hydroxyethyl cellulose,
hydroxypropyl cellulose, hydroxypropyl methylcellulose, magnesium aluminium
silicate, maltodextrin, methyl cellulose, po]ymethacrylates, polyvinylpyrrolidone,

- pregelatinised starch, sodium alginate, sorbitol, starch, syrup, tragacanth.

- Examples of fillers include calclum carbonate, calcium phosphate, calcium
sulphate, carboxymethylcellulose calcium, carboxymethylcellulose sodium, -
compressible sugar, confectioner’s sugar, dextrates, dextrin, dextrose, dibasic
calcium phosphate dihydrate, dibasic calcium phosphate, fructose, glyceryl
palmitostearate, glycine, hydrogenated vegetable oil-type 1, kaolin, lactose, maize
starch, magnesium. carbonate, magnesium oxide, maltodextrin, mannitol, -
microcrystalline cellulose, polymethacrylates, potassium chloride, powdered

_ cellulose, pregelatinised starch, sodium chloride, sorbitol, starch, sucrose, sugar

spheres, talc, tribasic calcinm phosphate, xylitol.. -
Examples of lubricants include calcium. stearate glyoeryl monostearate,

: glyceryl palmltostearate ‘magnesium stearate, microcrystalline cellulose, sodium

benzoate, sodium chloride, sodium lauryl sulphate stearic acid, sodium stearyl

fumarate, talc, zinc stearate.
' Examples of ghdants mclude colloxdal snheon d;ox:de, powdered cellulose,

_ magnesium trisilicate; silicon dioxide, talc.

Examples of disintegrants mclude algxmc ac1d carboxymethylcellulose
calcium, earboxymethyleellulose sodxum, colloidal silicon dioxide, croscarmellose -
sodium, crospovidone, guar gum, magnesium aluminium silicate, microcrystalline
cellulose, methyl cellulose, polyvinylpyrrolidone, polacrilin potassium,

pregelatinised starch, sodium algmate sodmm lauryl sulphate sodium starch

glycollate. .
_An example of a phannaoeutxcally aceeptable wettmg agent is sodium lauryl
sulphate

The composmons are prepared and formulated accordmg to conventnona]
methods, such as those disclosed in standard reference texts, for example the British
and US Pharmacopoelas, Remmgton’s Pharmaceuucal Sciences (Mack Publishing
Co.), Martindale The Extra Pharmacopoeia (London, The Pharmaceutical Press) (for
example see the 31st Edition page 341 and pages cited therein) and Harry’s
Cosmeticology (Leonard Hill Books) or the above mentioned publications.

_ For example the solid oral composmons may be prepared by conventional
methods of blending, ﬁllmg or tabletting. Repeated blending operations may be
used to distribute the active agent t_htoughont those compositions employing large
quantities of fillers. Such operations are of course conventional in the art. The

-14-
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tablets may be coated according to methods well known in normal pharmaceutical
practice. : S
Compositioiis may, if desired, be in the form of a pack accompanied by.
written or printed instructions for use.

No adverse toxicological effects are expected for the compositions or
methods of the invention in the above mentioned dosage ranges..
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Claims:

| A method for the treatment of diabetes mellitus and conditions
associated with diabetes mellitus in a mammal such as a human, which method
comprises administering an effect:ve, non-toxlc and pharmaceutxcally
acceptable amount of a beta agonist and anqther antidiabetic agent, to a
mammal in need thereof.

2. A method according to claim 1, wherein the other antidiabetic agent is

selected from an alpha glucosidase inhibitor, a biguanide, an insulin

secretagogue, an insulin sensitiser and insulin.

‘3. A method accordmg to claim 1 or claim 2, wherem the other

antidiabetic agent xs an alpha glucos1dase mhibltor

4, Am@thdd _acc'qtdjngi to clanm 3, ;-w_hgrein the alpha glucosidase inhibitor

is selected from acarbose, cmiglitate, miglitol and voglibose.

5. ~ Amethod accordmg to claxm lor clalm 2, wherein the other
anndlabetlc agent 1s a blguamde

6. A method accordmg to clalm 5, wherem the blguamde is se]ected
from metformin, buformin and pbenfonmn '

7. A method according to claim 1 or claim 2, wherein the other
antidiabetic agent is an insulin secretagogue.

8. A method according to claim 7, wherein the insulin secretagogue is a
sulphonylurea. '

9. A method according to cla1m 7or claim 8, wherein the sulphonylurea
is selected from glibenclamide, glipizide, gliclazide, glimepiride, tolazamide,
tolbutamide, acetohexamide, carbutamide, chlorpropamide, glibornuride,

gliquidone,

-16-
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glisentide, glisolamide, glisoxepide, glyclopyamide, glycylamide and
glipentide.

10. A method according to claim 1 or claim 2, wherein the other
antidiabetic agent is an insulin sensitiser

11. A method according to claim 10, wherein the insulin sensitiser is
Compound (1) or a derivative thereof.

12. A method according to claim 10 or 11, wherein the insulin sensitiser
is Compound (I) or a derivative thereof.

13. A method according to claim 10 or 11, wherein the insulin sensitiser
is (+) -5-[[4-[(3,4-dihydro-6-hydroxy-2,5,7,8-tetramethyl-2H-1-benzopyran-2-
yDmethoxy]phenyljmethyl}-2,4-thiazolidinedione (or troglitazone), 5-[4-[(1-
methylcyclohexymethoxylbenzyl] thiazolidine-2,4-dione (or ciglitazone), 5-
[4-[2-(5-ethylpyridin-2-yl)ethoxy]benzyl] thiazolidine-2,4-dione (or
pioglitazone) or 5-[(2-benzyl-2,3-dihydrobenzopyran)-5-
ylmethylthiazolidine-2,4-dione (or englitazone); ) or a derivative thereof.

14, A method according to any one of claims 1 to 13, wherein the beta
agonist is a compound of formula (I} of WO/9725311.

15. A method according to any one of claims 1 to 14, wherein the beta
agonist is selected from the list consisting of examples of W0/9725311

16. A pharmaceutical composition, comprising a beta agonist and another
antidiabetic agent and a pharmaceutically acceptable carrier therefor.

17. A composition according to claim 16, wherein the other antidiabetic
agent is selected from an alpha glucosidase inhibitor, a biguanide, an insulin
secretagogue or an insulin sensitiser,
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18. A coﬁposition according to claim 17, in unit dosage form
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