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PHARMACEUTICAL COMPOSITIONS COMPRISING METFORMIN AND A DPP-4
INHIBITOR OR A SGL.T-2 INHIBITOR

The present inventiondisclosure relates to pharmaceutical compositions containing a fixed
dose combination (FDC) comprising

a DPP-4 inhibitor drug (particularly 1-[{(4-methyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-
1-y1)-8-(3-(R)-amino-piperidin-1-yl)-xanthine, also named linagliptin} and/or

a SGLT-2 inhibitor drug (particularly 1-chloro-4-(B-D-glucopyranos-1-yl)-2-[4-((S)-
tetrahydrofuran-3-yloxy}-benzyl}-benzene, also named Compound “A” herein),

and

metformin (particularly metformin hydrochloride) in extended release form {metformin XR);

processes for the preparation thereof, and their use to treat certain diseases.

In particular, the present inventiondisclosure relates to a pharmaceutical composition
comprising a fixed dose combination of an extended release form of metformin
hydrochloride, optionally seal or barrier coated, which is further coated with an immediate
release form of 1-[{4-methyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-y)-8-(3-(R}-amino-~
piperidin-1-yl)-xanthine (linagliptin) and/or 1-chloro-4-(B-D-glucopyranos-1-yl)-2-[4-((S)-
tetrahydrofuran-3-yloxy)-benzyl]-benzene (Compound “A”).

I & first asnect, there is orovided a pharmaceulical composition comprising

al an sxended release core comprising metformin {particulary metormin

nvdrochioride) and ones or more exciplents;

By an aptional seal and/or barrer costing, and

¢} an immediaie release coaling comprising at least one aclive pharmaceulical

ingradient selected from

5 DPP-4 inhiblior, preferably linagliptin, and

a SGLT-2 inhibitor, preferably {-chioro-4-8-D-alucopyranos-1-vD-2-4-{ (S}

ietrahvdrofuran-a-vioxy =henzvli-benzens,

and ong or more axcipienis.

Further, the present isventisrdisclosure relates to a pharmaceutical composition, particularly
a solid preparation (e.g. an oral solid dosage form, such as e.g. a tablet), comprising or
consisting essentially of
a) an inner exiended release core comprising metformin (particularly metformin
hydrochloride) and one or more excipients;

b) an optional intermediate seal and/or barrier coating; and
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c) an outer immediate release coating comprising at least one active pharmaceutical
ingredient selected from
a DPP-4 inhibitor, preferably linagliptin, and
a SGLT-2 inhibitor, preferably Compound “A’,

and one or more excipients.

In =-more detailed-aspect, the present inventiondisclosurs relates to a pharmaceutical
composition, particularly a solid preparation (e.g. an oral solid dosage form, such as a tablet)
of a selected dipeptidyl peptidase-4 (DPP-4) inhibitor (preferably linagiiptin, particularly in
immediate release form) and metformin (particularly metformin hydrochloride} in extended
release form {metformin XR). in one embodimentefibis-aspest, the present

mvantiondisciosure relates to a
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pharmaceutical composition, particularly a solid preparation (e.g. an oral solid dosage form,
such as a tablet), comprising a fixed dose combination of an extended release form of
metformin hydrochioride, optionally seal and/or barrier coated, and further coated with an

immediate release form of linagliptin.

in ansther—more detailed-aspest, the present imventiendisclosure also relates to a

pharmaceutical composition, particularly a solid preparation {(e.g. an oral solid dosage form,

such as a tablet) of a selected SGLT-2 inhibitor (preferably 1-chloro-4-(B3-D-glucopyranos-1-
yl)-2-[4-((S)-tetrahydrofuran-3-yloxy)-benzyll-benzene, particularly in immediate release
form) and metformin (particularly metformin hydrochioride) in extended release form

{metformin XR). In one embodiment-si-fis-aspest, the present isvertiondisclosure relates to

a pharmaceuticai composition, particularly a solid preparation (e.g. an oral solid dosage form,
such as a tablet), comprising a fixed dose combination of an extended release form of
metformin hydrochloride, optionally seal and/or barrier coated, and further coated with an
immediate release form of 1-chloro-4-{B-D-glucopyranos-1-yl)-2-[4-((S}-tetrahydrofuran-3-
yloxy)-benzyll-benzene.

In a—fusther-more detailed-aspect, the present isvestiondisclosure further relates to a

pharmaceutical compaosition, particularly a solid preparation {e.g. an oral solid dosage form,
such as e.g. a tablet), comprising

a first component, part or composition comprising metformin (particularly metformin
hydrochloride) in extended release form and one or more excipients, and

a second component, part or composition comprising a selected dipeptidyl peptidase-4
(DPP-4) inhibitor (preferably linagliptin}, particularly in immediate release form, and one or

more excipients,

In particular, the present isventiondisclosure relates 1o a pharmaceutical composition,
particularly a solid preparation (e.g. an ora! solid dosage form, such as a tablet), comprising
an extended release form of metformin hydrochloride, optionally seal and/or barrier coated,

and further coated with an immediate release form of linagliptin.

In snsther-further-more detalled-aspest, the present inventieadisclosure furlher relates to a

pharmaceutical composition, particularly a solid preparation {(e.g. an oral solid dosage form,

such as e.g. a tablet), comprising
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a first component, part or composition comprising metformin (particularly metformin
hydrochloride) in extended release form and one or more excipients, and

a second component, part or composition comprising a selected SGLT-2 inhibitor (preferably
1-chloro-4-(B-D-glucopyranos-1-yl)-2-[4-((S)-tetrahydrofuran-3-yloxy}-benzyl}-benzene),

particularly in immediate release form, and one or more excipients.

In particular, the present invendendisclosure relates to a pharmaceutical composition,

particularly a solid preparation (e.g. an oral solid dosage form, such as a tablet), comprising
an extended release form of metformin hydrochioride, optionally seal and/or barrier coated,
and further coated with an immediate release form of 1-chloro-4-(B-D-glucopyranos-1-yl)-2-

[4-({S)-tetrahydrofuran-3-yloxy)-benzyl]-benzene.

In e—yetrfurthec-more detailed-aspest, the present iwentiondisciosure further relates to a

pharmaceutical composition, particularly a solid preparation (e.g. an oral solid dosage form,

such as e.g. a tablet), comprising or consisting essentially of
a) an inner extended release core comprising metformin (particularly metformin
hydrochloride) and one or more excipients,
bi} an optional seal coating,
bii) an optional barrier coating, and
c) animmediate release coating comprising a selected dipeptidyl peptidase-4 (DPP-4)

inhibitor (preferably linagliptin) and one or more excipients.

in anethesyvebfurthermore detailed-aspest, the present inventiondisclosure further relates to

a pharmaceutical composition, particularly a solid preparation {e.g. an oral solid dosage form,
such as e.g. a tablet), comprising or consisting essentially of
a) an inner extended release core comprising metformin (particularly metformin
hydrochloride) and one or more excipients,
bi) an optional seal coating,
bii) an optional barrier coating, and
¢} an immediate release coating comprising a selected SGLT-2 inhibitor (preferably 1-
chloro-4-(B-D-glucopyranos-1-yt)-2-[4-((S)-tetrahydrofuran-3-yloxy)-benzyll-benzene) and

one or more excipients.
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Particularly, the pharmaceutical compositions of this investandisclosure comprise an inner
core formulation of metformin hydrochloride comprising a swellable and/or extended release

material.

In an embodiment, the pharmaceutical compositions of this investiendisciosure comprise an
inner extended release core which is a formulation (e.g. matrix formulation) comprising
metformin hydrochloride, a swellable and/or extended release material, and one or more

further excipients.

Particularly, the pharmaceutical compositions of this invertiendisclosure comprise an outer
coat of active pharmaceutical ingredient (API) (linagliptin and/or 1-chloro-4-~(p-D-
glucopyranos-1-yl)-2-[4-({S)-tetrahydrofuran-3-yloxy}-benzyll-benzene) in an immediate
release potymer film.

The extended-release mechanism for the metformin HCI core may be based on an
expandable polymeric swelling formulation that increases gastric retention and extends drug

release from the matrix.

This metformin HCI core may be then film-coated (spray-coaied) with up to four layers (e.g.
barrier coat layer, immediate-release active coat layer, color coat layer, final coat layer), one
of which (active coat layer) contains the active pharmaceutical ingredient (AP!1) (linagliptin or
1-chloro-4-(B-D-glucopyranos-1-yl}-2-[4-((S)-tetrahydrofuran-3-yloxy}-benzyl}-benzene), to

add the immediate-release active component.

Further, the present inventiondisciosure relates to a coating process (e.g. coating technology
and processing conditions) and immediate release coating formulations of active
pharmaceutical ingredients (AP1) in low doses (iypically in doses of 0.5 to 25 mg) on top of
tablet cores comprising active pharmaceutical ingredients (AP1) in high doses (typicaliy in
doses of 500 — 1500 mg) preferably, but not exclusively on extended release tablels.
Anyhow, essential parts of the formulation and the process of this inventiendisclosure may

be also applicable to any other fixed dose combination with the described setting.

An aim of the present isvestiondisclosure is to provide a pharmaceutical composition
comprising a combination of a selected DPP-4 inhibitor (preferably linagliptin, particularly in
immediate release form), and metformin (particularly metformin hydrochloride) in extended

release form.
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Another aim of the present inventiendiscliosure is to provide a pharmaceutical composition
comprising a combination of a selected SGLT-2 inhibitor (preferably 1-chloro-4-(p-D-
glucopyranos-1-yh-2-[4-({S)-tetrahydrofuran-3-yloxy)-benzyl]-benzene, particularly in
immediate release form), and metformin (particularly metformin hydrochloride) in extended

release form.

The objectives of the presen! disciosure are to identify suitable formulations and processing

conditions, such as e.g. of a coat of linagliptin or of 1-chloro-4-(B-D-giucopyranos-1-yi)-2-[4-
({S)-tetrahydrofuran-3-yloxy)-benzyl]-benzene on top metformin XR cores, providing
adequate:

- Chemical stability of the API (particularly linagliptin} in the API film coat,

- Asgsay of linagliptin or 1-chloro-4-(p-D-glucopyranos-1-yl)-2-[4-((S)-tetrahydrofuran-3-
vioxy}-benzyl]-benzene in the APt film-coat (e.g. 95-105%),

- Content uniformity of linagliptin or 1-chloro-4-(B-D-glucopyranos-1-yl}-2-[4-((S)-
tetrahydrofuran-3-yloxy)-benzyll-benzene (e.g. RSD < 3%} in the AP! film-coat,

- Low defect rate of the API-film during film coating process,

- Fast dissoiution of the API from the AP! film-coat and no changes of XR Metformin HCI
dissolution, due to the API coating with immediate release of linagliptin or 1-chloro-4-(B-D-
giucopyranos-1-y)-2-[4-((S}-tetrahydrofuran-3-yloxy)-benzyi]-benzene,

- Processing aspects of coating process/technology, processing conditions and immediate
release AP (iinagliptin or Compound “A”) coating formulations (AP! film coat),

- Processing aspects of coating process/technology, processing conditions and immediate
release AP (linagliptin or Compound “A”) coating formulations on top of metformin extended
release iablets.

composition and suitable coating process with very broad range of drug substance (linagliptin
or Compound “A”")/drug substance (metformin) ratio: 1:400 - 1:40. And the ratio of very low
dosed AP, e.g. linagiiptin with 1 mg or 2.5 mg to very high dosed metformin with 1000 mg
and more. And the suitable immediate release dissolution of the low dosed AP with high

dosed extended release metformin.

The unit dosage strength of the metformin hydrochloride for incorporation into the fixed-dose
combination of the present invaationdisclosure is preferably 500, 750, 850 or 1000

milligrams, or even more (e.g. 1500 mg).
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These unit dosage strengths of metformin hydrochloride represent the dosage strengths

approved in the U.S. for marketing to treat Type 2 diabetes.

The unit dosage strength of linagliptin for incorporation into the fixed-dose combination of the
present invertiondisclosure is preferably in the range from 0.5 to 10 mg, for particular
example 2.5 or 5 milligrams, or even less (e.g. 0.5 mg or 1 mg).

The unit dosage strength of 1-chloro-4-(B-D-glucopyranos-1-yl)-2-{4-((S)-tetrahydrofuran-3-
yloxy)-benzyl]-benzene for incorporation into the fixed-dose combination of the present
iventiondisclosure is preferably in the range from 5 to 25 mg, for example 8, 10, 12.5 or 25
milligrams.

Specific embodiments of dosage strengths for linagliptin and metformin hydrochloride in the
fixed-dose combinations of the present imvertisndisclosure are the following:

(1} 5 milligrams of linagliptin and 1000 milligrams metformin hydrochloride;

(2) 2.5 milligrams of linagliptin and 1000 milligrams metformin hydrochioride;

(3} 2.5 milligrams of linagiiptin and 750 milligrams metformin hydrochloride.

Specific embodiments of dosage strengths for 1-chloro-4-(B-D-glucopyranos-1-yl}-2-[4-((S)-
tetrahydrofuran-3-yloxy)-benzyl]-benzene and metformin hydrochloride in the fixed-dose
combinations of the present invertiondisciosyre are the following:

(1) 25 milligrams of 1-chloro-4-(B-D-glucopyranos-1-yl)-2-[4-({S)-tetrahydrofuran-3-yloxy)-
benzyl]-benzene and 1000 milligrams metformin hydrochloride;

(2) 12.5 milligrams of 1-chloro-4-(B-D-glucopyranos-1-yl)-2-[4-({S)-tetrahydrofuran-3-yloxy)-
benzyll-benzene and 1000 milligrams metformin hydrochloride;

(3) 12.5 milligrams of 1-chioro-4-{B-D-glucopyranos-1-yl}-2-[4-((S)-tetrahydrofuran-3-yloxy)-
benzyl]-benzene and 750 milligrams metformin hydrochloride;

(4) 10 milligrams of 1-chloro-4-(B-D-glucopyranos-1-yl)-2-[4-( (S)-tetrahydrofuran-3-yloxy)-
benzyll-benzene and 1000 miliigrams metformin hydrochloride;

{8) 10 milligrams of 1-chloro-4-(B-D-glucopyranos-1-yl)-2-[4-((S)-tetrahydrofuran-3-yloxy)-
benzyl]-benzene and 750 milligrams metformin hydrochloride;

(8) & milligrams of 1-chloro-4-{B-D-glucopyranos-1-yl}-2-[4-((S)-tetrahydrofuran-3-yioxy)-
benzyl]-benzene and 1000 milligrams metformin hydrochloride;

(7} 5 milligrams of 1-chloro-4—(B-D~g|ucopyrénos—1-yl)-2-[4-((S)—teirahydrofuran-3-yloxy)~

benzyl]-benzene and 750 milligrams metformin hydrochloride.
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Optionally, the pharmaceutical compositions, particularly solid preparations (e.g. oral solid
dosage forms, such as e.g. tablets) according to the present isvantiendisciosure may further

comprise a color coat and/or a final coal.

in 2 second aspect. there i orovided the pharmaceutical composition as defined herein for

usa in reating and/or oreverting {ncluding slowing the progression and/or delaving the

onsel] of metabolic diseases, sspeciallv tvpe 2 diabetes mellitus and conditions related

thereto {e.0. disbetic complications), sither i lvpe Z disbetes pabants whe have not been

praviously treated with an antihvoerglveemic agant, or in vpe 2 disbetes pafienis with

insufficient alvcemic cantrol desoite therapy with one or two conventional antibvosralveemic

agents selectad from metiormin, sulphonviureas, thiszolidinediones {(e.q. piogiitazons}

alinidas. alvha-olucosidase binckers, GLP-1 gr GLP-1 ansloaues, and insudin or insulip

anglogues,

(a) Metformin part:

The first part in the present invention is a part (composition, particularly solid composition,
e.g. a solid pharmaceutical composition for oral administration, e.g. tablet) comprising
metformin (particularly metformin hydrochioride) in extended release form, particularly an

extended release formuiation of metformin.

In an embodiment, this first part is a metformin {e.g. 500 mg, 750 mg or 1000 mg metformin

hydrochioride) extended reiease core,

Exemplary extended release formulations of metformin are disclosed in US 6,340,475; US
6,488,962; US 6,635,280; US 6,723,340; US 7780987; US 6,866,866; US 6,495,162, US
6,790,459; US 6,866,866; US 6,475,521, and US 6,660,300; the disclosures of which are

incorporated herein in their entireties.

A particular extended release formulation of metformin is described in US 6,723,340, the

disclosure of which is incorporated herein in its entirety.

In an embodiment, the fixed-dose combination products of the present invention comprise -
as first part - an inner core matrix formulation with metformin hydrochloride dispersed therein,
said matrix formulation containing an extended release material. The matrix formulation is

compressed into a fablet form.

In a particular embodiment, the fixed-dose combination products of the present invention

comprise - as first part - an inner core extended release formulation comprising metformin
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hydrochloride, hydroxypropyl methylcellulose (hypromellose), polyethylene oxide,

microcrystalline celiulose, and magnesium siearate.

In another particular embodiment, the fixed-dose combination products of the present
invention comprise - as first part - an inner core extended release formulation comprising
metformin hydrochioride, polyethylene oxide, low molecular weight hydroxypropy!

methylcellulose (hypromeliose, e.g. Methocel E5), and magnesium stearate.



