DPP-IV INHIBITOR COMBINED WITH A FURTHER ANTIDIABETIC AGENT, TABLETS
COMPRISING SUCH FORMULATIONS, THEIR USE AND PROCESS FOR THEIR PREPARATION 5
The present invention relates to pharmaceutical compositions comprising fixed dose combinations of a
DPP-4 inhibitor drug and a partner drug, processes for the preparation thereof, and their use to treat
certain diseade3P191WH!EHHRRdLABINEEPEEEH i HRREERRIADE TR rdikt €<t \Iral Alie 'dosage forms
for fixed dose cophpPrRIBNGEEU)HDForalactethdipeptdk peEidaserR(RRBSAFOrhinipIRdrug and a
certain partner drug. The FDC formulations o) gm&%ﬁstable and either a) display similarity of
in-vitro dissolution profiles and/or are bioequivalent to the free combination, or b) allow to adjust the
in-vitro and in-vive-perfermance-to-desiredlevels—tr-apreferred embodiment-the-invention relates
to chendically stable FDC formulations maintaining the original dissolution profiles of corresponding

mono tab!efﬁwgfp‘?@a@hti Rividya oty t&‘{iﬂérﬁné@@é@&@@éﬁw%@l%@%@m&%@%%c@? P-4 also _known
as CDZ26 is a serine protea oW ito ead togge Cl?fﬁ‘v?%('? ZOorfadl e tqu(g fr(%m tp N-terminal end
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DPP-4 inhittherepfntaddreinyise thagsberrianslirgasebioactive peptides including the peptide GLP-1 and
are considered to be promising drugs for the treatment of diabetes mellitus. 25For example, DPP-4
inhibitgrs and their isclased in W. 8 O 468, WO
2004100300 W SR T s b 2B o S gD o D S80S 6 o o
2005/06375sves D08 b kE,) W s6ls6ierh Fpeatid (yeridare 2o o st BHeT 149688, r in WO
2004/0506 5 itO (20041 1dri95 TheV ED20 B5r0B880%, ¥OcREOEAI 7 F88ic\WMOd 2806068 &R O
2007/0717 38 R0NVQ RORRK QLB RMEDAO RS tod 195 R AU 6188 FRL- ABikteh, RBP4

inhibitors the following compounds can be,me,ntlonerpl: - Sitagligtin M -04338 hfa\ving th? stréjctural
formula A b%IIISW ité) (géy_%_ 611 ir‘fB"-\fI'.t-rﬁ:‘;-and in-vivo pertormance” to desired levels. In a “preferre
35(trifliroraetndy B8, 118-teveripirceBies 112 dEmisabiopable SiRF aamulatiops -(aingining the
trifluorophegypipbtandonnes pemsareshdioddmOriche (iflseremeaiiy hirdnitual entity, with a
dihydro[1,2 %]Et)gaz%p[%%@ggrazin-7(8H)-y1]-1-(2,4,5-trif|uorophenyl)butan-2-amine, WO
2009/121945PC Si /0563978 F- 2-NH2 0 F  In one embodiment, sitagliptin is in the form of its
dihydrogenphosphate salt, i.e. sitagliptin phosphate. In a further embodiment, sitagliptin phosphate is
in the form oha erygtadliDeBaakypdtaderosndirishydradend\ctasssofkilug et kadimdnt cefarsgo sitagiiptin

phosphgte W&ggﬁf@éﬁrﬂtﬁ%‘ iRHQrﬁFFﬁ!%ﬁé%@é‘ﬁuﬂ%ﬁ@@%&&iﬁéﬂ%%&ﬂ%@‘Nﬁ%ﬁgﬁéﬁ&’f are

disclosed in US Patent No. 6,699,871 and. in Example 7 of WO 03/004498. Crystalline sitagliptin
phosphate MBIFYRCEARE L EHLEsBHACWIS BB EE T3S ARG IR RS 36 /0R G RR T8k or details, e.g.
on a processie ohaingfdvripentideconitinmihopeptiddt Gherd siidaferersidsat ishaadenisinhese
documents.grugs for the treatment of diabetes mellitus.

25  For example, DPP-4 inhibitors and their uses are disclosed in WO 2002/068420, WO
2004/018467, WO 2004/018468, WO 2004/018468, WO 2004/041820, WO 2004/046148,
WO 2005/051950, WO 2005/082906, WO 2005/063750, WO 2005/085246, WO
2006/027204, WO 2006/029769 or WO2007/014886; or in WO 2004/050658, WO
2004/111051, WO 2005/058901, WO 2005/097798; WO 2006/068163, WO 2007/071738,
30 WO 2008/017670; WO 2007/128721 or WO 2007/128761.

As further DPP-4 inhibitors the following compounds can be mentioned:

- Sitagliptin (MK-0431) having the structural formula A below Is (3R)-3-amino-1-[3-
35 (trifluoromethyl)-5,6,7,8-tetrahydro-6H-[1,2 4ltriazolo{4,3-ajpyrazin-7-yl}-4-(2 4,5-

trifluorophenylbutan-1-one, also named (2R)-4-oxo-4-[3-(trifiuoromethyl)-5,6-

dihydro[1,2,4}triazolo[4,3-a]pyrazin-7{8H)-yl]-1-(2 4 5-trifluorophenyl)butan-2-amine,



- Vildagliptin (LAF-237) having the structural formula B below is
(2S)-{[(3-hydroxyadamantanl1-yOaminolacetyl}pyrrolidine-2-carbonitrile, also named
(S)-1-[(3-hYdraii21%Edamantyl)amino]acety1-2-cyano-pyrrolidine, Vildaefiptizpisepessiisally
disclosed in US Patent No. 6,166,063 and in Example 1 of WO 2000/34241. Specific salts of
vildagliptin are disclosed in WO 2007/019255. A crystalline form of vildagliptin is disclosed in WO
2006/078593. A crystalline form of vildagliptin is disElesed in WO 2006/078593. For details, e.g. on a
process to manufacture this compound or a salt thereof, reference is thus made to these documents.
WO 2009712182 <
C below is ( 3 -2-
amino-2-3 1}-2-azabicyclo[3.1.0Thexane-3-carbonitrile, also named
(S)-3-hydroxyadamantylgchine-k—&i}q—%,S;miethanoprolinenitrile, 5H1/41(czN (C) Saxagliptin is
specifically disclosed in US Paten . 2,395,767 and in Example 60 of WO 01/68603. In one

embodiment, saxaglipt{ijs in the form Cl salt or its mono-benzoate 10 salt as disclosed in WO
2004/052850. In a further embodiment,Fsaxagliptin is in the form of the free base. In a yet further
embodiment, saxagliptin is in the form of the monohydrate of the free base as disclosed in WO
2004/052850. Crystalline forms of the HCI salt and the free base of saxagliptin are disclosed in WO

2008/1314 48 Amtocase {QrRESNAIING w&wﬂ&sﬁnd&@%?%@@%&w&e%%@éﬁ&éﬂ%&{ Apgd WO
t

2005/11 For details, e.9. on a prqcess to manufacture this compound or a saltthereof,
referencz)%%%ﬁﬁasﬁ?hgndg ﬁ%*%%rseeq“d%ogd m%ﬁtg.'t?élgﬁaﬁmQ@QF@-@Z@@%WSW]@%@&W@CMral formula

D bélow @@qug‘,atgpqr{(quuzdrate. A class of this embodiment refers to sitagliptin phosphate
- amino-3 dstddties ophamdiareRionyd-4; ligingr?: iftile, alsgnamed
20(2S,45 .-4-fI(L?c’)ro-ﬁg-ﬁ%?o-beg%yﬁﬁﬁﬁﬁé%@%g I%(Efg%%}?%%%;/%zﬁafﬁéf:gr%onitriIe WO
2000/12 PEHESEF R BSJoRiRK Y & $3% Hd sliptimiaaplecTiebN i 4E i Creskdient No.
7,132, 44aglibiin WOsDBO 253 oHydoate isriisodiseeans, Wenaghptinss §% theyferpyof its hydrochloride
salt as diggleggshiigg£xample 2 of WO 03/002531 or its tosylate salt as disclosed in WO 2005/009956.
A class of 5this embodiment refers to denagliptin tosylate. Crystalline anhydrous denagliptin tosylate is
disttbsed %h (6880051 6DSRISCETS Aeary! acireriasprotessnd masdidheredhistompeund or a salt
thereof, teferende s thuseadertednrese documents.. 10- Alogliptin (SYR-322) having the structural
formula E below is 2-({6-[(3R)-3-aminopiperidin- : ) '
1-y1]-3-methyl-2,4-dioxo-3,4-dihydro-2H-pyrimidin-1-yllmethyl)benzonitrile
- Vildagliptin {LAF-237} having the structural formula B below is (25 -{[(3-hydroxyadamantan-
1-yhamincjacetylipyrrolidine-2-carbonitrile, also named (S)y1-[(3-hydroxy-1-

15 adamantyl)aminojacetyl-2-cyano-pyrrolidine,
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Viidagliptin is specifically disclosed in US Patent No. 6,166,063 and in Example 1 of WO

20 00/34241. Specific salts of vildagliptin are disclosed in WO 2007/019255. A crystaliine form
of vitdagliptin is disclosed in WO 2006/078593. A crystalline form of viidagliptin is disclosed in
WO 2006/078593. |

For details, e.g. on a process.to manufacture this compound or a salt thereof, reference is
thus made to these documents,



0 (E) 15Alogliptin is specifically disclosed in US 2005/261271, EP 1586571 and in WO 2005/095381.

In one embodiment, alogliptin is in the form of its benzoate salt, its hydrochloride salt or its tosylate salt
each as dRERRY RN 2007/035629. A class of this embodiment refersREBIRGOHABRIZ0ate.
Polymorphs of alogliptin benzoate are disclosed in WO 2007/035372. A process for preparing
alogliptin is disclosed in WO 2007/112368 and, specifically, in WO 202007/035629. For details, e.g. on
a process to manufacture this compound or a salt thereof, reference is thus made to these documents.
- (S)-1-((2S,3S,11bS)-2-Amino-9,10-dimethoxy-1,3,4,7,11b-hexahydro-2H-pyrido[2.1-
25alisoquinolin-3-y1)-4-fluoromethyl-pyrrolidin-2-one or a pharmaceutically acceptable salt thereof:

WO 20094 HRAPROEHE20994%397ho he ShiGAMBAHIA ALBRICASISL ecpiepacafion are
disclosed in WQ 2005/000848. Aprocess for %}_éaarmg this compound (specifically its dihydrochloride

salt) is a0 DEEILEYIPWEs ¥R 48 BIYS8E dndRPS0E18 B84 IR oPlgR ails, €.g. on
a procesBan eddfiixibuiexhsisomppighdios-4 sat4fenssh zeferehcenigitbus made to these documents.
- (R}246-(3-Amino-piperidin-1-y1)-3-methyl-2,4-dioxo-3,4-dihydro-2H-pyrimidin-1-yImethy11-4- '
10fluoro-benzonijtrile or a pharmaceutically acceptable salt thereof: This compound and methods for its
preparatit fise disclosed in WO 2005/095381, 15 US 2007060530, WO 2007/033350, WO
2007/0356 PO74884, WO 2007/112368 and WO 2008/033851. Specifically claimed salts
include the'su Y 2008/067465), benzoate, benzenesulfonate, p-toluenesulfonate,
(R)-mandelate and o!ﬂ ofide. For details, e. g. on a process to manufacture this compound or a
salt thereof, qﬁferéﬁce igdhus made to these documents. 20 Partner drugs to be combined with the
DPP-4 inhibitgrs within the pharmaceutical compositions according to this invention.are biguanictes
~(e.g. metformin such as metformin hydrochloride), thiazolidinones (e.g. pioglitazone such as
pioglitazone hydrogbloride), statines (e.g. atorvastatin) or ARBs (e.g. telmisartan). WO
2009/121945PCT/EP2009/053978 - 6 - The biguanide antihyperglycemic agent metformin is disclosed
in US patent No. 3,174,901.The preparation of metformin (dimethyldiguanide) and its hydrochloride

ié'éf i;megnbenaetﬁmsmwmm”imwa@gn Ao\ll@eggsvemcgﬁam@xﬁfbge@??wgoc 121,
ther aceutically acceptable salts of metformin. can be found in
appllcatlc?f? g%eﬁr?él I\ﬁRo %25%0 B0 'F %@?’u{:ﬁ S899%I08 Ptk h 1895975 FPN IR & red that
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"ARB(s)’;, or any. geme of lik éo mefformln litazone", are also intended to comprise any

pharmaégﬁtfrc%?ly%@c%% %% tl &09?{/%?3181%9 ling TR AL toflEtersalhraiddhe fsatiomer
thereof. Feseavbidangéoti ary dstikethie EERBLEE af ‘sﬁbtﬁqﬁrt&mé@ﬁeg@r@gajﬁ@mgagﬁme@ above is

specificalldngaipaEARh el einbi SRIPFPORE ULEMRIYedS In atlempts Lo prepare pharmaceuical
?r%oosmons of selected DPP-4 inhibitors it has been observed, that the DPP-4 inhibitors with a
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- Denagliptin (GSK-823083) having the structural formuia D below is (25,453-1-{(28)-2-
amino-3,3-bis(4-fluorophenyljpropionyl]-4-flucropyrrolidine-2-carbonitrile, aiso named
20 (25,48 -4-fluoro-1-[4-fluoro-beta-(4-fluorophenyt)-L-phenylaianyl}-2-pyrrolidinecarbonitrile




excipients such as microcrystalline cellulose, sodium starch glycolate, croscarmellose 20sodium,
tartaric acid, citric acid, glucose, fructose, saccharose, lactose, maltodextrines. Though the
compound¥ SIS are very stable, they react with incompatible partmsrTdEaegoniEssim purity
product, and/or with many excipients used in solid dosage forms and with impurities of excipients,
especially in tight contact provided in tablets and at high excipient/drug ratios. The amino group
appears to react with reducing sugars and with othér-25reactive carbonyl groups and with carboxylic
acid functional groups formed for example at the surface of microcrystalline cellulose by oxidation.
These unforeseen difficulties are primarily observed in low dosage ranges of the DPP-4 inhibitor used,

which aresnayige duspiorioalysicerisios RUSEHANNIEr NIk Josage NGRS ) o6 paytner drug

used. Thus é)?h%%ﬁﬁiemical compositions are required to solve these technical probléms, which may
e

be 30as<Bd BRELAERPENRER Sdtie orsaldisdy pemiaridapabredisgeseditn Other aims of
the presénempentionWdll (3606256 hppasant athe skilted sorrdmom e fomgoing sandiellewing
remarksinis ferdb SaS AR RESR,fAHRY t ical compositions, which are described in
greater details herein, have sur risingtl an %%%%ﬁ%ggﬁg}r’ﬁ%&%?B?oc{pgeﬁr?%’? % I?\%%ﬁ‘ fgﬁlﬁr, it has
been folfiEAARSEH Y 0 299%pg ieophilic and/or basic agent, which may be suitable for stabilizing,
such as Bgy.dztailiahle butenogagentamatabilizethivibinRihese Phagmacsulicabaompasitions one
can ov?ctﬁ(a@% élag§g t%%glshgnc? n%gtsof incompatibility and poor stability, espec!ally decomposit_ion
and/or "assay decrease” which may be caused e.g. by reaction (e.g. by acylation, urea formation or
Maillard reaction, or the like) of free base type DPP-4 inhibitors when combined with an incompatible

pat@er drmgageptips(mmﬂmpﬁ@d#\@ttﬁecyw@&Q&Hﬂﬁ&%@%:%ﬁ?ﬁ&%ﬁ@ﬂ%%ﬂ&%&b@r%ﬁ' group

~(such as,a Eﬁgyurt\%%&%%p# of a%sqg r ar an aj%jll,gr,oup such as e.g. an acetyl or carbamoyl group) to

- form derivatives wi &&% ge @YJ "Be: fﬁﬂ'fﬂﬁ()}"s}{@{]@w&%b@.‘&q{lﬂé&tyl or N-carbamoyl
derivatives. Therefore, by the use of a suitable nucleophilic and/or basic agent (e.g. a buffering and/or
pH modifying age@,wit_hin these pharmaceutical compositions protection against decomposition and
degradatiogrsan bé achieved. 15 Thus, the disclosure is directed to a chemically stable FDC
formulati 1@ prising a DPP4 inhibitor, a partner drug, and a nucleophilic and/or basi¢ agent. Thus
the disclostye d to a chemically stable FDC formulation 20comprising a DPP-4 inhibitor,
a partner drug, and a-suitableé bUffering agent. Thus, the disclosure is also directed to a chemically
stable FDC@qépu ti ompkjsing a DPP-4 inhibitor, a partner drug, and a pH modifying agent. In a
first aspect, thére is{ provided aﬁ maceutical composition comprising or made from a DPP-4
inhibitor, whiehtis_1<{(-4-
methyl-quinazolin-2-yl)methy1]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-aminopiperidin-1-yl)-xanthine free
base, a partner c%g which is metformin hydrochloride, and one or more pharmaceutical excipients,
and a nucleophilic and/or basic agent for stabilizing said DPP-4 inhibitor against degradation. - 7a - In
a second aspect, t re is provided a solid pharmaceutical composition comprising or made from
1-[(4-methyl-quinazolin-2-yl)methyll-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-amino-piperidin-1-y1)-
xanthine, metformin hydrochloride,

15 Alogliptin is specifically disclosed in US 2005/261271, EP 1586571 and in WO 2005/095381.
In one embodiment, alogliptin is in the form of its benzoate salt, its hydrochloride salt or its
tosyiate salt each as disclosed in WO 2007/035629. A ciass of this embodiment refers to
aiogliptin benzoate. Polymorphs of alogliptin benzoate are disclosed in WO 2007/035372. A
process for preparing alogliptin is disclosed in WO 2007/112368 and, specifically, in WO

20  2007/035629.

For details, e.g. on a process to manufacture this compound or a salt thereof, reference is
thus made to these documents.

-{S)-1-((28,3S,11bS)-2-Amino-9,10-dimethoxy-1,3,4,7,1 1b-hexahydro-2H-pyrido[2, 1~
25 ajisoguinolin-3-yl}-4-fluoromethyi-pyrrolidin-2-one or a pharmaceutically acceptable salt
thereof: '



L-arginine, and one or more fillers, one or more binders, one or more glidants and/or one or more
lubricants. In a third aspect, there is provided a process for preparing a pharmaceutical composition as
defined aB¥PetWhHding incorporating the active ingredients and L-arginP{EiERIA OSFHTre
pharmaceutical excipients, such as e.g. one or more pharmaceutical excipients selected from
D-mannitol, corn starch, pregelatinized starch, copovidone, magnesium stearate, and colloidal
anhydrous silica. A DPP-4 inhibitor within the meariing of the present invention includes, without being
limited to, any of those DPP-4 inhibitors mentioned hereinabove and hereinbelow, preferably orally
active DPP-4 inhibitors. In a closerefmbodiment, a DPP-4 inhibitor within the meaning of the present
invention includes a DPRH inhibitor with an amino group, especially a free or primary amino group. In
a yet closer embodimenf, a C

'0539¥8 - 8 - The partner drug used is selected from the group consisting of
in such as metformin hydrochloride), a thiazolidinone (e.g. pioglitazone such
7 fdreckloride), a statine (e.g. atorvastatin) and an ARB (e.g. telmisartan). A preferred
partner drug within the meaning of this invention is metformin, particularly metformin hydrochloride
(1,1-dimethylbiguanide hydrochloride or metformin HOD. The buffering agent used may be a basic

amino atisiswbihobag andntkameleesas preine aravaangslkalineohasagsssties fisogiectric point, pi
7.59-10.7@. such as e.gﬁrll_-%%inig% L-Ixéine or, _-mfti ingg. Agreferred bufferi%%;[)gent within the
meaningd of this vention s o1 0 ARgRTHRE. EERFgIRME PRg'avdiaeladresribie iRy editct on the
confposifiths $1aHI8 IRdRniich2e08/ B3/ S6p pred ¥iRRA8HIGEREAIGh of the DPP-4 inhibitor in the presence
. of the parieietiig-e.g. o-ﬁf'@p%%%@ﬁtié%%ﬂﬂ%ﬁrg'fﬁgtsgrﬁ%&ﬂ@%rﬁgas%%%%&?%?&%w& DPP-4
inhibitor, a partner 15drug, a nucleophilic and/or basic agent, and one or more pharmaceutical
excipien@?gﬁ@%%%rr’ﬁ VG SIso directed to a pharmaceutical composition comprising a DPP-4
inhibitor, a partner drug, a suitable buffering agent, and one or more pharmaceutical excipients. 20
The presept mveption js al irected to,e nageltical.comprising,a DPP-4.inhibitor, a partner
A p O R R o e
préaent fnrERhshRze ikt @ b aTpirseHticalitieateRiaie sribtheseglan 250ral solid dosage form,
particularly a tablet) comprising a DPP-4 inhibitor; a partner drug (particularly mefformin); and
L-arginine forgstabjlizing the composition and/or the DPP-4. inhibitor, particularly against chemical
degradation; as as one or more pharmaceutical excipients. 30In another embodiment, the present
invention is dijectedto.g pharmaceutical composition (e.g. an oral solid dosage form, particularly a
tablet) obtainfible from a DPP-4 inhibitor; a partner drug (particularly metformin); and L-arginine for
stabilizing the ddmposition and/or the DPP-4 inhibitor, particularly against chemical degradation; as
well as @mgceutical excipients. WO 2009/121945PCT/EP2009/053978 - 9 - In

general, pharmacéutical excipients which may be used may be selected from the group consisting of

one or more fillers, orie or more binders or diluents, one or more lubricants, one or more disintegrants,

and one or more glidants, one or more film-coating agents, one or more plasticizers, one or more

a_pi_gment§h and the like. 5 The pharmaceutical compositions (tablets) of this invention comprise usually
I

a binder' ¥ FREPEYLE RS deeliticspraiatissashysesR Ais g sss MWRIRINEEMRIEE usually
orféor rtsr@FiE0sqB3g, DHMN200TI053350, MEDIDANYSEGRS IRl PIZEh3tesh) vahinder (€368
Locopoidengd ouiisans (e ShdBRARPLEIRS e ANdAAlidant e foleiRlamtyprgus siica).
benzoate, benzenesulfonate, p-toluenesulfonate, (R)-mandeiate and hydrochloride. For
details, e.g. on a process to manufacture this compound or a salt thereof, reference is thus
made to these documents.
20 '
Partner drugs to be combined with the DPP-4 inhibitors within the pharmaceutical
compositions according to this invention are biguanides {e.g. metformin such as metformin
hydrochioride), thiazolidinones (e.g. pioglitazone such as pioglitazone hydrochloride),
statines (e.g. atorvastatin} or ARBs (e.g. teimisartan). |
25



Suitably the pharmaceutical excipients used within this invention are conventional materials such as
D-mannitol, corn starch, pregelatinized starch as a filler, copovidone as a binder, 15 magnesium
stearate a¥'8 RiiSfiéaH4%olloidal anhydrous silica as a glidant, hypromellosecasez filsaseaating agent,
propylene glycol as a plasticizer, titanium dioxide, iron oxide red/yellow as a pigment, and talc, etc.
A typical composition according to the present invention comprises the binder copovidone 20(also
known as copolyvidone or Kollidon VA64). Further, &-typical composition according to the present
invention comprises the fillercorn starch, the binder copovidone, the lubricant magnesium stearate,
and the di hﬁfﬁgéémﬁa@Iréliﬁhyel'r@usesﬂi@agéﬁtMpﬁanmia(ielaﬂkmbsminpwim@ﬂqobding to an
embodiment abiherhesRARIRRHedOiRNRSRA)R URAIMENLS) dlaRaies. ARCIOL L pehieve

glycemic contr% in a%y e 1 or type 2 diabetes mellitus patient and comprises a xe% TS combination
|

formulatioR G HESHHEI YRS ‘ﬁfﬁéﬁﬁ%f‘%tﬁysﬁﬁﬁllﬁe relREUtieses@diehtEhaddiGonally the
compositidhs1&ae b 30used t@ﬂneabﬂaeumdaflﬂgtmm%p%%iw RAIBERARDSEH B Welhamto
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pharmaceutical composmon (especially an oral solid do

DPP-4 ifiREEIWE mﬂt@l%mm@%@%@@mm@fomﬂmfbydmnhwmmcbﬂde L-arginine and
one or more pharmaceutical excipients, particularly one or more fillers, one or more binders, one or
more g|l%ﬂé§ rce)o ogcar]e r(})C‘r’,[more ubrlcants In more articular thegresent invention is directed to a

pharmaceutlcal mpaosition gfiéé%ecefaﬁﬁ? %‘?ﬁ)?gpg%fd oEE':S&Ef fiaﬂﬁﬁ?}a tablet) comprising a
DPP-4 inhigitarideisiforihiazeldvoutstridéstatmeminABRisYidormas hinde tangsmeor more further

phwmaemgiﬁﬁhﬂxcimﬁi@tmeﬂ@écaéME@%&@HE&&&S@&R%%"% {bipinuspianmaycorprise n the

-DPP-4 |n or 1Q0portion ? 1-10 % L- arglnlne (such as e.g. about 12 A, 2.22
" /0 or 10 % y%%)ﬁfﬁ BB PBdR At Wﬁoiﬂeﬁﬁef?&m@ma&wﬁwwmﬁr@e@f more specifically,

2.12 % by weight of total tablet core of uncoated monolayer tablet) Typical pharmaceutical

the DEP- itor 15 t % ht of total
comprsbaraslie ey R U GET T R Co it o

composisH ‘GF’Mg’ﬁﬂ?@ﬂ%ﬁdrﬁﬁgﬁﬁbﬂwﬁﬁﬁfm%@ﬁ&wﬁlmnor and 20 L-arginine in a weight ratio of
frarh about 1:20 to about 10:1 or from about 1:15 to about 10:1 or from about 1:10 to about 10:1,
1:10, 1:8.5,1:5, 1:1, or 1:0.4, more

especiall h as eg.inawe tratlo 0
detailed %\%@évné%té a8t1[ %F %ﬁcﬁiﬁ%@ ‘?J%%ffg %Bﬁ'@%thgmﬁa%P%Bmg :1mg.
25Typ|cQPBﬁ%(ﬁﬁa&@hﬁh@l%%‘&)déitmwssoﬂrthls wmeanpnrmegoodmpmm@:foﬂmushbwdrochlorlde and

L-arginine-i i i ht rati f40 1,
e e L

850mg: fffép'e” 86%1%3é@ﬁﬁac%ﬁlﬂﬁezc?sw{&%56&%@%@0%@9%@ ETW%G’@H@ng,

85tiing: Emgumr m@@mgcldng:trsﬁatyplgmbpharmes@C@é@ﬂmméltn@af@%,thigfteuéfaﬁl%smay comprise
the OPPHsinkibi [ nipe in a t.ratio of from about 1:200:0.4 to
about 1:200: (Iﬁ% % g{m&e %gglm%zgg% :5),"or rggrén grbgu&@i%x@ 'thomafbatf&? PRI 5 (e.g.
1:340:09Y9: §4{otﬁ'rﬁp§£f - SORUSL AN Al Tann FxdRiSEEIeY:HOMmIIO desgat: KOO A BEIH400: 1,

"1:400:10Np N 2608 21EAE RETACRROPHEREO T Ract provided in tablets and at high
excipient/drug ratios. The amino group appears to react with reducing sugars and with other
25  reactive carbonyl groups and with carboxylic acid functional groups formed for example at
the surface of microcrystalline celiuiose by oxidation. These unforeseen difficulties are
primarily observed in low dosage ranges of the DPP-4 inhibitor used, which are required due
to their surprising potency, and/or high dosage ranges of the partner drug used. Thus,
pharmaceutical compositions are required to solve these technical problems, which may be
30  associated with the unexpected potency of selected DPF-4 inhibitor compaounds.

Other aims of the present invention will become apparent to the skilled man from the
foregoing and following remarks.



- 11 - Typical pharmaceutical compositions of this invention may comprise one or more of the
following amounts (/0 by weight of total coated tablet mass): 0.1-0.5% 47-85 % 0.07-2.2 % 3.9-8.1 %
2.3-5.9 % 0-4,4% 10 0-33% 0.7-1.5% 0.1-0.5% DPP-4 inhibitor, metformin L-arginine, binder (e.g.

~ copovidone), filler 1 (e.g. corn starch), filler 2 (e.g. pregelatinized starch), filler 3 (e.g. D-mannitol),
lubricant (e.g. magnesium stearate), and glidant (e.g. colloidal anhydrous silica). Further details about
the FDC formulations of this invention, e.g. the ingredients, ratio of 15ingredients (such as e.qg. ratio of
DPP-4 inhibitor, metformin hydrochloride, L-argining and/or excipients), particularly with respect to

. special dosage forms (tablets) used within this invention as well as their preparation, become apparent

to the skillesspersdrefofodhe mmmmmmmrmbﬁmmmbﬂ@e@@ﬂ@@rmwa}yg@éﬁéample the
followin | claims). 2 a bodiment (embodiment A), a DPP-4 inhibitor
e T e

in the con presen vent| nis lIeﬁ?l Or--R2(I) 025 WO
2009/12r9a8 e gR FiZged/essdmad it by forvaradipg ouRedphilic and/or basic agent, which

may be suitabie for stabilizing, such as e.g. a suitable buffering agent as stabilizer, within
5 these pharmaceutical compositions ohe can overcome these probiems, e.g. of incompatibility
and poor stability, especially decomposition and/or “assay decrease” which may be caused
e.gr. by reaction (e.g. by acylation, urea formation or Maillard reaction, or the like) of free
base fype DPP-4 inhibitors when combined with an ihcompaﬁble pariner drug, or its impurity
product andfor a pharmaceutical excipient having such functional group {such as a reducing
10 end of a sugar or an acyl group, such as &.g. an acetyl or carbamoy! group) to form
derivatives with the free base type DPP-4 mhxbl‘iors such as e.g. N-acetyl or N- carbamoy%
derivatives. Therefore, by the use of a suitable nucleophlhc and/or basic agent (e.g. a
buffering and/or pH modifying agent) within these pharmacautical compositions protection.
against 'décomposition and degradation can be achieved. '
15 . '
Thus, t.he disclosure is directed to a chemically stable FDC formulation comprising a DPP-

4 inhibitor, a partner drug, and a nucleophiiic and/or basic agent.

Thus the disclosure is also directed to a chemically stable FDC formulation

20 comprising a DPP-4 inhibifor, a partner drug, and a suitable buffering agerit.

Thus, the disciosure is also directed to a chemically stable FDC formulation

comprising a DPP-4 inhibitor, a partner drug, and a2 pH modifying agent.

In a first aspect, there is provided a pharmaceutical compasition comprising or made from & DPP-4
inhibitor, which is 1-{(-4- methy}-quinazoIin~2-y§)methyl}—S-methyl—Ym(z-butyn-1-yl)—8-(3~(R)—amino—
piperidin-1-yl-xanthine free base, a partner drug which is metformin hydrochioride, and one or more

pharmaceutical excipients, and a nucleophiiic and/or basic agent for stabilizing said DPP-4 inhibitor
against degradstion.



| //R2 or formula (Ill) R1 R2(lll) 5CN wherein R-1 denotes ([1,5]naphthyridin-2-yhmethyl,
(quinazolin-2-yl)methyl, (quinoxalin-6- yl)methyl, (4-methyl-quinazolin-2-yl)methyl, 2-cyano-benzyl,
(3-cyano-quinolin-2-yl)methyl, (3-cyano-pyridin-2-yRmethyl, (4-methyl-pyrimidin-2-yl)methyl, or
(4,6-dimethyl-pyrimidin-2- 10yl)methyl and R2 denotes 3-(R)-amino-piperidin-1-yl,

(2-aminer2 ssvetitdspeopiHarmie thytartirc o @« S)kervtico-gromsiiamettptzmgro redésgharmaceutically
acceptaplgssalbihyl-qirasapepypnliadidend terTb@diment BY) S-DPEMenibitoparidineledhtext of the
present 135ni{?1\t/§ntion is a DPP-4 inhibitor selected from the group consisting of sitagliptin, vildagliptin,
saxaglip)iln an(f’alogliptin, or its pharmaceutically acceptable salt. Regarding the first embodiment
(embodimesfaray: prefeadare®P-4 inhibitors are any or all of 20the following compounds and their

pharmagesttigaty acceptable salts:

-~ 14(4-methyl-quinazolin-2-yhmethy11-3-me -7-(2- =1-¥1)-8-(3-(R)-aming-piperidin-1-
yl)-xant?lri]%! eo%go% E)né)rgg % %SZSBﬁ}é{l;g%ééﬁégga%n p?éézgfﬁ{z r(J'réflr’!j:%)aﬁ)f %%N{ﬁgl\rladl\?ﬁ%%\l HI’ﬁ\IB%H‘Z' '
1-[([1,51haphangidin-2-yOmethy11-3-methyl-7-(2-butyn-1-y1)-8-((R)-3-amino-piperidin-1- y1)-xanthine
(compare WO 2004/018468, example 2(252)): NH2, , N ,

1-{(Quirla2diFr aspestriBry i3 25 iahg PR blTiiRaZ) g BRlEETas i GopRRsHan P 7152 Sathine
(compaWHasRDMEEHB4GEN e Xan iy (B Bdients and L-arginine in one or more pharmaceutical

excipients, such as e.g. one or more pharmaceutical excipients selected from D-mannitol,
corn starch, pregelatinized starch, copovidone, magnesium stearate, and colloidal anhydrous

silica.

A DPP-4 inhibitor within the meaning of the present invention includes, without being limited
to, any of those DPP-4 inhibitors mentioned hereinabove and hereinbelow, prefarably orally
active DPP-4 inhibitors.

In a closer embodiment, a DPP-4 inhibitor within the meaning of the present invention

! includes a DPP-4 inhibitor with an amino group, especially a free or primary amino group.

In a yet cioser embodiment, a DPP-4 inhibitor in the context of the present invention is a

DPP-4 inhibitor with a primary amino group, sarticularly with a free primary amino group.



/' N ONN NH2 24(R)-3-Amino-piperidin-1-y1)-3-(but-2-yiny1)-5-(4-methyl-quinazolin-2-ylmethyl)-3,5-
dihydro-imidazo[4,5-d]pyridazin-4-one (compare WO 2004/050658, example 136): WO
2009/1219XEREIP/EPPG09/053978 - 14 - O N H2 NN N\ PCT/EP2009/053978 _
1-[(3-Cyano-quinolin-211)methyl]-3-methyl-7-(2-butyn-1-y1)-8-((R)-3-amino-piperidin-1- y1)-xanthine
(compare WO 2005/085246, example 1(30)): o _
1-(2-Cyano-benzy1)-3-methy1-7-(2-butyn-1-y1)-8-(§R)-3-amino-piperidin-1-y1)-xanthine (compare WO
2005/085246, example 1(39)): N H2

1-[(4-MetHig-gaiings cingy@hireshidbBdriatmying-(RebpityondistigS{ (ShiGRnne- nrepyddtiormin

methylargipelenitiBes Wgeéogﬁ{gggi@ﬁaﬁé(w Bi %ﬂQZOWe such as pioglitazone
2009/12§H§SPCT/EP200 53978

1-[(3-Cy AN BEPIaNfOL M ARG {SonlanAsiDl B AARB- R GRRMEETRG) phoerdrred/ayrranthine
(compareWOvRtia3/eabadeing anmpani i b hefbniin, particularly metformin hydrochloride

1- [(45Me Icpy{ VY ggég‘lag‘b W{l ?] gf%%}% YM%QIr utlyrg_iéi}ll) -8-((R)-3-amino-piperidin-1- y1)-xanthine

(compare WO 200 ample
1-[(4,6-Dimethyl-pyrimidin-2-yl)methy1]-3-methyl-7-(2-butyn-1-y1)-8-((R)-3-aminol10piperidin-1-yl)-xant

hine (Comﬁ@@W%g%ﬁm&%gé%@@@@@aé@%!rH'é‘@id which has an intramolecular amino
Gl R R N e R A L A
(compar %rbé{) B5 A8 SARISIES (83567 P g- Larginine
L-lysine or |- hlstlgme A preferred buffering agent within the meaning of this invention is L-
10 arginine. L-Arginine has a particular suitable stabilizing effect on the compositions of this
invention, e.g. by suppres‘sihg degradation of the DPP-4 inhibitor in the presence of the

partner drug.

The present invention is directed to a pharmaceutical comprising a DPP-4 inhibitor, a partner
15 drug, a nucleophilic and/or basic agent, and one or more pharmaceutical excipients,

The present invention is also directed to a pharmacsutical compaosition comprising a DPP-4
inhibitor, a partner drug, a suitable buffering agent, and one or more pharmaceutical
excipients.

20
The present invention is also directed fo a pharmaceutical comprising a DPP-4 inhibitor, a

partner drug, a pH modifying agent, and one or more pharmaceutical excipients.

Inan erhbodiment, the present invention is directed to a pharmaceuﬁéa! composition {e.g. an
25  oral solid dosage form, particularly a tabiet) comprising a DPP-4 inhibitor; a partner drug
{particularly metformin); and L-arginine for stabilizing the composition and/or the DPP-4
inhibitor, particularly against chemical degradation; as well as one or more pharmaceutical
excipients.

30  in another embodiment, the present invention is directed to a pharméceutical composition
(e.g. an oral solid dosage form, particularly a tablet) obtainable from a DPP-4 inhibitor; a
pariner drug {particularly mefformin); and L-arginine for stabilizing the composition and/or the

- DPP-4 inhibitor, particularly against chemical degradation; as well as one or more
pharmaceutical excipients.

35 '



WO 2009/121945PCT/EP2009/053978 - 16 - These DPP-4 inhibitors are distinguished from
structurally comparable DPP-4 inhibitors, as they combine exceptional potency and a long-lasting
effect with ¥&vétirgbleéspharmacological properties, receptor selectivity andy-fapesiabie sige-effect
profile or bring about unexpected therapeutic advantages or improvements when combined with other
pharmaceutical active substances. Their preparation is disclosed in the publications mentioned. A
more preferred DPP-4 inhibitor among the abovemgntioned DPP-4 inhibitors of embodiment A of this
invention is 1-[(4-methyl-guinazolin-2-Amethyl]-3-methyl-7-(2-butyn-1-
y1)-8-(3-(Rgemiabmipmmﬁetmqﬂbxapmh?mmmﬁiabé@gbﬁtbgefdead@qs@ f@@gﬁ@j (ygmqhérﬁ%g 10known
as Bl 13 ing.t 0 mbodi t (embodiment B), preferred DPP-4 inhibitors are
selected%f%r%%%gé&gjo%% ?gﬁﬁ%r@e 0 ’vﬁﬁd%gﬁ&%régoégg%ﬁlspﬁﬁgé‘Hg%t%o@ﬂﬁiﬂ{ R R P n e utically
acceptaldté BAIR IEH981aS AREMNSONBIRE, Hisentdimpeccthisdre/Bntionating aobetsinsterstood that the
definitions@ktthaakpees|istedd Ridrd paHRitass laicomarise their pharmaceutically acceptable salts
as well as hydrates, solvates and polymorphic forms thereof. With respect to salts, hydrates and
polymorphic forms thereof, particular reference is made to those which are referred to 20hereinabove
and herelfiSeiba/MaGE fespeamnesiitpsdiaties NofttiesnetbotitsnafssypthesisfantacPBRE-4 inhibitors
according to embodiment A of this invention are known to the skilled person. Advantageously, the
DPP4 inpibitors gcc<1r%in%o embodiment A of this invention can be prepared using synthetic
25methods X HEERILES rI' B ARSHICRECHRUSS o Xiahisis) stifHe inwentinn eeropiseneizall) can be
obtainedaas desuribdiiers (W/Q. ZDARIOGEA 26/ 2041468 MR 2LNBORBRAG, MVPe2006/029769 or
W@00 he di ich.are incorparated herein. Purine derivatives of formula (I1)
-c.a(r?ose o%é%?)r?gﬁd% é%s’d%gﬁ%ggﬂg;’;@%%‘%\ﬁ%%&ﬁ%%85%'%]?'WB-% Piq Yfi8tisclosures
-~ of Whichsﬁl‘%ai)ncorporated herein. 30Purine derivatives of formula (lll) can be obtained as described,
for example, in WO 2006/068163, WO 2007/071738 or WO 2008/017670, the disclosures of which are
incorpor rein. The preparation of thgse DPP-4 inhjpjtors, which are specifically mentioned
hereinab%bt%ga,% C?I]SQC (-)Esagé%ﬁ %%écst{ljgﬁggﬁ%ng% Hi&Rti ﬁté’a %B’édﬂﬁ%‘&tfﬂh e RN IBRInToRISGERS crystal
modificafiéfts ah& foanoiiatioroistaicutae @R achittitans asea @', copovidone as a binder,
2009/124URREGTHFREDO/ 53N Bdd - disieseshin NALUNTLLLETahANT VY- 800420724,

respecti\f%/_, the disclosures oflwhlch are incorporated herein in their ntlretles:%m respect fo
embodiment . the MEIMJISRHSIRPINER FSarieBisBes iliapkardisridnpierimeheBaddievcaded in
the sciertifigiiteratemd @hw/edr.in published patent documents, particularly in those cited herein. With
respect to the first embodiment (embodiment A), the dosage typically required of the DPP-4 inhibitors
mentioned herein in embodiment A when administered orally is 0.5 mg to 10100 mg, preferably 2.5 mg
to 50 md Y BB R MBoE PP GRS EFEREINES Hity 85 i rhgrenriseaghte iSnviey, toadtiooase 1 to 4
tina€s a dalyo kKhosnthe dpshgeiteguirecboidon VAG4),
1-R4-methylquinazolin-2-ylynethy11-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-amino-piperidin-1-y1)-xanthine
when administered orally is 0.5 mg to 10 mg per patient per day, preferably 2.5 mgto 10 mgor 1 mg -
to 5 mg perfRiiigrPes ¢ayrsiicacnagedioanto ghepeirse vithvarploaruaceritisalheolfiposition comprising
'a DPP-4inhibitee hiradonasbiratsis, ihebrdinens dhseniaiaithe active naredient in g dosage range
of 0.1- 10q]m mi;n Q?rticular 0.5 to 10 mg. Thus, particular dosage strengths of
1- (4-meanyYqu|ngzéﬁ-‘z-yOmethylI-3-methyl-?-(z-butyn-1-y0-8-(3-(R)-amino-piperidin-1-y1)-xanthine
aré20 0.5 mg, 1 mg, 2.5 mg, 5 mg and 10 mg. A more particular unit dosage strength of 1-[(4-
methyl-quistazalitndmeibsinelididiE RN (R amino-piperidin:1y0. xanthine for
inclusion into fixed dose combination pharmaceutical compositions of the present ifvention is 2.5 mg.

25With FREREECHER e JEEERE ErRbSahR S [8FBOWI R B diMecdseoT e PR &y thibitotgomantioned
herein infiehsedmeditSpibe: adhitisieedsta Mamais canexampledwnanheises<ekidoy example,

approxi = nerally from abput 0.5 0 about 350 mg, for example
from ab@ﬁ%trzr%)ﬁgegglgﬁt Sggn% , %?(e”?ée?aggfifi'o‘?g‘c‘%’?ﬁ‘é?-ﬁ@é%@ﬁﬁﬁﬁ@ﬂ%'m& GRS active
motety PEPPLSHREEHRR I RORTED ARSI Fi tostTabUas B Renyeh rsierablyr@rs U0gnaf; per person
per dayirdidgedtpteferably into 1 to 4 single doses which may, for example, be of the same size.
Single dosage strengths comprise, for example, 2.5, 5, 10, 25, 40, 50, 75, 100, 150 and 200 mg of the
DPP-4 inhibitor active moiety. _

- Thus, in particular, the present invention is directed to a pharmaceutical composition

(especially an oral solid desége form, particularly a tablet) comprising a DPP-4 inhibitor,



WO 2009/121945PCT/EP2009/053978 - 18 - A dosage strength of the DPP-4 inhibitor sitagliptin-is
usually between 25 and 200 mg of the active moiety. A recommended dose of sitagliptin is 100 mg
calculated¥ér i9/agth#é moiety (free base anhydrate) once daily. Unit dosege/strngiissak sitagliptin
free base anhydrate (active moiety) are 25, 50, 75, 100, 150 and 200 mg. Particular unit dosage
strengths of 5sitagliptin (e.g. per tablet) are 25, 50 and 100 mg. An equivalent amount of sitagliptin
phosphate monohydrate to the sitagliptin free basel@nhydrate is used in the pharmaceutical
compositions, namely, 32.13, 64.25, 96.38, 128.5, 192.75, and 257 mg, respectively. Adjusted
dosageséiBrainchdrocyisitagliptimgnn esed torepatients pithrreral iibiedOoransagsdange of the
DPP-4 inhjbitor vi intin,, daily, in particular between 25 and 150
mg, 25 ;Hrﬁj@l&géﬁ/ %%?ﬁ%%%ﬁgﬁgﬂn%%@%gﬁﬁ%aé}%éédga%g@g?ﬁgﬁlﬁa@[é%?n%rl8%06? 31 |T§F%%ﬁ‘dosage
are 25, 30, 35, 45, 50, 55, 60, 80, 100 or 150 mg. In a more particular aspect, the daily administration.

of vildagliptiois beticeen, 25:an¢skl M@ aioasvRerREa A JDmgeltidUhapsars particular

aspect, i) inistration, of 15vildagliptin is 50 or 1 . The application of the active
ingr%die:{%%rﬁdga?%ﬁt%ﬁ g@tgotﬁgeo ﬁﬁgiogrgafg?%lrcé‘!llgféfbﬁ)/‘%%?g[E?%VB TRNeP LIy *PaHRlAEr dosage
strength8'&HemUMIy GPSTorife Viidwmiiptn copowlererasibirdasaalyogven irodosetearying from about
250 mg ih3RR-meicheslisidady from 20500 mg to 2000 mg up to 2500 mg per day using various
dosage regimens. A dosage range of the partner drug metformin is usually from 100 mg to 500 mg or
200 mg to 850 mg (1-3 times a day), or from 300 mg to 1000 mg once or twice a day. The unit dosage
strength3 i tabphrasticreaiibyidroviisitierfooiube inthetipresent sowentianmeay befranmidlomg to 2000

ma o1 1300 10Z900 o DRI IO 230 anpio BSL0MBFAILEYAY dgsagg sirengths

-may be 250, 500, 625, 750, and 1000 mg of min hydroc ese unit’dosage
st’rengthé%f/ TBGORAR R REE MBas RippiseRethendBatise atre amS afplevadnartnepesitalynarketing
to treat t9pe Zdighesemt Maaparbetlesrui desagedtiensiizptaprtfiormin hydrochloride for
incorporation into the fixed dose combination pharmaceutical compositions of the present invention are
500, 850 and 301000 mg of metformin hydrochloride. WO 2009/121945PCT/EP2009/053978 - 19 - A
dosage OV EeapRittiBlegaugtRIcngHresHipna ity nuantemupyccea®ag ioridd Bitftd I60bing per day.
A degsaggopidhespariesightier abesvastalingih pidalsAgR). 1 mg to 40 mg or 10 mg to 80 mg 5 once a
- day Theoaﬁg?#]gy ofél&%l%PP-A.énhibit r and of the partner drug in the pharmaceutical composition
according‘to this inventTor'mn&BEH@é’p to the respective dosage ranges as provided hereinbefore. For
example].-&-phamacergicimlecomposition comprises 14(4-methyl-guinazolin-
102-yl)methy1]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-amino-piperidin-1-y1)-xanthine in an amount of 0.5
mg to 10. mg (namely 0.5 mg, 1 mg, 2.5 mg, 5 mg or 10 mg) and of metformin hydrochloride in an
amount oY %Wﬂ%@?ﬂ&%ﬁ’ﬁé@%@%@@,"6‘255‘,“?50]‘85@%? AEOtiRdY P54 pddifieeenbodiments
of 2ldsadesstreigtivs dovdeffdratietbyf-auinmzotin-20/QmeshyH B4rae it about 1:15 to about 10:1 '
7-(2-butypzlsy1)e84(34(R)-aming-biperidin- 1-y 1 -xanthin d_metformin hydrochloride in the fixed dose
combinations%t%e pr@eﬂoﬁﬁ\%ﬁﬁﬁ ’a%ggt%%a@&%\(fv%gﬁ(%p%. my’ ?as €g.Ina Welght ratio o
1-[(4-metip-diraZofinI2ly o ttdyITogrmeerigiert (p-auwgiont-rtos 8- (R)gbinopiperdia12yk)-xanthine
free basg sa g omattersindmregieridag 20(2) 2.5 mg of
1-[(4-methyl-guinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-I-y1)-8-(3-(R)-amino- piperidin-1-y1)-xanthine
free base, and 850 mg metformin hydrochloride; (3) 2.5 mg of
1-Ra-méthycgumaroieseim@heethpo§ Bomrettiyhiz iRnityn rbayl pBr{Bi6R rautfimopiperidizisyd}xanthine
free basg,andARRmamiormubwrshionde: 25 1hs Aasticytdixed dose cynhinalignr.of 13!
1356 and met]jormln of the present invention
ratio of 40:1, 200:1, 340:1, 400:1, 500:1, 850:1, or 1000:1, more detailed in a weight ratio of
500mg:12.5mg, 850mg:21.2mg, 1000mg:25mg, 500mg:2.5mg, 850mg:2.5mg,
1000mg:2.5mg, 500mg:img, 850mg:1mg, or 1000mg: 1mg.
30 _
Typical pharmaceutical compositions of this invention may comprise the DPP4-inhibitor,
metformin hydrochloride and L-arginine in a weight ratio of from about 1:200:0.4 to about
1:200:5 (e.g. 1:200:0.4, 1:200:1, 1:200:8), or from about 1:340:0.4 to about 1:340:8.5 (e.g.
1:340:0.4, ?:34{):1_, 1:340:8.5), or from about 1:400:0.4 to about 1:400:10 (e.g. 1:400:0.4,
35 1:400:1, 1:400:10).



may be administered once or twice daily to the patient, in particular twice daily. In a preferred aspect of
the present invention, the present invention is directed to a pharmaceutical composition (especially
an oral soNfHEAGEHIm, particularly a tablet) 30comprising or obtainablerrompacidAR347mnhibitor
selected from the group consisting of
1-[(4-methyl-guinazolin-2-yOmethy1]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-amino-piperidin-1-y1)-
xanthine free base, vildagliptin, saxagliptin and atogliptin, metformin hydrochloride, 35L-arginine, WO
2009/121945PCT/EP2009/053978 - 20 - and one or more pharmaceutical exc p ents, such as e.g.
those described herein. A particularly preferred DPP-4 inhibitor to be emphasized within the meaning
of this inyegiiand ; it o . -
| 1-[(4-metr?qtégui%iirgfi%?g?tﬁﬁ8?@%?3?}32%?1@?('?-Vt-?ﬂ‘th%”-i’fﬁ)?gf’(‘gfkﬁe)%‘n‘?i%%%eeﬁém?l-
5yl)-xantfl é"%?@eaﬁﬁ’é@t@?/ bRNEFHUSEPIES565!8 [RRIaEMARSE has been found that L-arginine is
effectivelat-8tabiizinglaefedt ifdi o C
conyoina&ip_%%ocf/oi-[(4-rq§é%§%-rqwrf_?é@fin-z-yl)methyl]-3-methy1-7-(2-butyn-1-y1)-8-(3-(R)-
amino-piperidin-1-y1)-xanthine free base with metformin NCI. Even after 6 months storage at
10accelérited-éofditibnd @iRGinine is able to suppress degradation of 1-[(4-methyl-guinazolin-
2-y|)metB;Q]{Sqmethy1b7n(@rlw1gnca,db],)0%7(§)—!(R)-amino-piperidin-l—yl)-xanthine free base effectively.
The effegt to bg.concentration dependent. Thus, L-arginine may act as stabilizing and buffering
agent in%h%%%ulatifﬁ?rl%ﬁ?'g’n@l%%%?é%gﬂed aspect of the present invention, the present invention is
directed @cf et Fharmac@igtichleconmpesstietini@speieiaih),an oral solid dosage form, particularly a tablet)
comprisingosmade frgmy. %g@wwﬁgﬂm 1z0lin-2-yOmethy11-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-am
no-piper'di&-l%z- xanthine free base (B11356), 20metformin hydrochloride, L-arginine, and one or
- more phgr hiCetitical BROFABHEE: & RASKEHUY) HB_E fdsRbed herein.  Typical pharmaceutical
composifidrs. aéeordingjderthis. gnvetitidnl comptisesineg)made by 25comprising combining any one of
the following amounts (1), (2) or (3) of active ingredients and L-arginine: (1) 2.5 mg of
14(4-methyl-guinazolin-2-yOrnethyli-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-aminopiperidin-110-xanthine
free basBYE0% SRjHiRABAMIM A FdIedisBdalierrIGt8ts Teemiipte 4.2.5hadnradininertdpetifically 1.0
mg;52.5 imgredidas (Mg -aargiginedo 3 @PL-5 Mdtdior, metformin hydrochioride, L-arginine and/or

1-[(4-metbhyl-guinazolin-2-Amethy11-3-methyl-7-(2-Qutyn-1-y1)-8-(3-(R)-amino-  ~
piperidin-g%/ig%%xa&% ?ﬁéc rlgrelybvgfspé,r BRI %%?Fcﬁ?ﬁrﬁﬁ%%r&ﬂ%8&@5’,‘%%%8%%@@‘Hﬁ'?o 21.2 mg
L-arginifevespesificaite o ey 2renaritrrR bacomyel aprgirsiniel; th¢3)kaLSIpgredn from the

1-[(4-medfadcairaz sl i yalpr -1 -(3-(R)-aminepiperidin-1-y1)-xanthine
~ free base 10?0 mﬁ%ﬁgﬁgﬁgﬁﬁ%ﬁﬂ@é&@@n&%@ﬁ%@%%w%viﬂg‘@%%é‘a@é%ncauy 1.0
mg,oz.s W6 f@wﬁa $af§ihine). WO 2009/121945PCT/EP2009/053978

In a first embodiment (embodiment A), a DPP-4 inhibitor in the context of the present
invention is any DPP-4 inhibitor of
formuia (1)

0 =
A EN/ R2
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- 21 - In a further aspect of the present invention, the present invention provides methods of
manufacturing of the compositions, formulations, blends or dosage forms of this invention, such as e.g.
by using nYethé¥¥/kad#h to one skilled in the art and/or in a manner as 5 Besatitethherein, for
example they may be obtained by processes comprising using (e.g. mixing, combining, blending
and/or composing) the components and/or ingredients, or pre-mixtures thereof, mentioned
hereinbefore and hereinafter, as well as the presentdnvention further provides compositions,
formulations, blends or dosage forms obtainable by these methods or processes and/or obtainable
from the @ol@poiients, ingredients, pre-mixtures 10and/or mixtures mentioned hereinbefore and
hereinafter. In a further a}sgwef%e present invention, the present invention provides a
pharmaceutical cgmpositiert; formulation, blend or dosage form of this invention which is substantially
free of ornly m inall}(I comprises impurities and/or degradation products; that means, for
15example, tHdt the mzosiktﬁé)n, formylation, blend or dosage from includes about <5%, or about
<4%, or aboug\ﬁé%, r le45 thaf about 2%, preferably less than about 1%, more preferably less than
about 0.5%, even-fore 'ﬁreferably less than about 0.2% of any individual or total impurity or
degradation product(s) by total weight, such as e.g. N-acetyl and/or Ncarbamoy! derivative of the free
base type DPP-4 inhibitor. The content and/or degradation 20can be determined by well-known
analyticaf?rr?@fﬁélfs(,%r example using HPLC methods. In this context, in a further aspect of the
present invention, the present invention provides derivatives of a DPP-4 inhibitor having an amino
group, particularly a free prifmary amino group, as mentioned herein, said derivatives being obtainable
' e amiho 25group (e.g. to yield the group -NHC(0)CH3) or by carbamoylat on of the
-amino group (&.g. to yielc\the group -NHC(0)NH2). Dosage forms for the FDC formulations of this
" invention: 308kothef purfose of this itliehtion is to develop the FDC formulations of this invention with
a reasonablé tablét size\with good tablet properties. (e.g. stability, hardness, friability, disintegration,
congent uniformit)} and théike) and, in a preferred embodiment, without disturbing the original
dissolution profiles of each mono tablet in case of desired proof of bioequivalence with minimized risk
of failure. WO 2009/121945PCT/EP2009/053978 - 22 - Designing of the dosage form is an important

matter nahenijnt& dptimizs (e spkighizedand-gipseluioy refiesbrl alsedteminimize the. amount of

stabilizi ) ?@ Eg_%q ! eerH ?h b ﬂgi§ Ivinﬁ oébuff ring agent may affect the dissolution

profiles or'the -4 inhibitor or'a partrier drug.’ The' Sete N ¥ i ing on the
S R A T bR e BB 7 B

dose 5strénsyEne s iitina¢tiveriprediemsthzenyamidiherinaicpche mibaliard goigristade:-2-

chatactefigtiathrRrRauirRR ABRFORGH o pRKaIR| SeRaralian. MRk AOLBRUSEIHLIRY siahlzation of
certain I%PP-‘_A}nén_glrl%l"[noor_g Ipof tt]}? in e?tlon. A buffering agent like L-arginine needto be a(\ﬂ ed 10 into
the formuiasgo }or supp?re%’l 8‘8@ 43Utdn, however it may be necessary to minimize the amount of
L-arginire iechagudteulikalinectemtabtersstics give a negative impact on the dissolution profiles or the
stability of the DPP-4 inhibitor-or a partner drug. Thus, it has been found that suitable dosage forms for
the FDC formulations of this invention 15are film-coated tablets (film-coating for drug loading, such as
particula\P BB iRMBREIMFY S52AAE Sy 1R 8JdaRd drnibitsin Sresevatdininbethepeitner drug),
 mofo-layseteiiets DilRyes tablotsr ktleyertrbleth aaebppessnsraRfdablets (e.g. tablet-in-tablet or
bull's ey, L Wi 4 inhiRi ore) , which dosage forms are good measures to achieve the
goal und&etr_ gﬁiﬁ&?&%@r@ t(f? dgegé'%éﬁbg aarfr)r‘lja%yé}gﬁ%tgf’profiles and characteristics of a DPP-4 20inhibitor
and a p&ftHeParigecdicehi@ernigelécialis have been found to be applicable to the FDC formulations

either keeping the original dissolution profiles of each mono tablet or adjusting the profiles to desired

levels, e.Q. | din tended release characteristics, and a reasonable tablet size. 25A typical
'mono-I:Fy%?%]écﬁé% g’?ﬁ%ﬁﬁ{}@ﬁ%ﬁ%’&i rﬂ§8 '5'?515ﬁ)ﬂﬁ’ﬁﬂ%fﬁﬁ,%g%fﬁ@ﬁ'waﬁf@kﬂﬁﬁ(ﬂ’é,a | %frginine,
ordor rivréofimurisgsirenraysig acdrthsimpbha)ote wicairadoidens(saich as e.g. copovidone), one or
more glidants (such as e.g. colloidal anhydrous silica) and one or more lubricants (such as e.g.
magnesium t[earate . 30In a preferred embodiment of the present invention, the present invention is
directed’to antorareBI HHARAABR ORI EOMbOSRESAY s fepatbiy-A tbfef3 R tietiagypipenditoitayer
tablet cotipesthgrercoagef kG 2004/018468, example 2(142);




1-[(4-methyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-amino-piperidin-1-y1)- xanthine
(also known as BI 1356, e.g. in an amount of 2.5 mg), WO 2009/121945PCT/EP2009/053978 - 23 -
metformin YS&r4eidfhetformin hydrochloride, e.g. in an amount of 500 R¢d/BBEW#HE 8P 000 rig),
L-arginine, and one or more pharmaceutical excipients, particularly one or more fillers (e.g. corn
starch), 5one or more binders (e.g. copovidone), one or more glidants (e.g. colloidal anhydrous silica)
and/or one or more lubricants (e.g. magnesium ste&fate), as well as, optionally, a film coat e.g.
comprising one or more film-coating agents (e.g. hypromellose), one or more plasticizers (e.g.
propylene glycol), one or more meenthm dioxide, iron oxide red and/or iron oxide yellow)
and/or one or more glidants (e.g; 10talc). A method of manufacturing a tablet of this invention

15 o joriof one ore final blends in form of granules. Granules of
the (final) ) according fo this 1nve%ﬂeo\may be prepared by methods well-known to one skilled
in the art Rtion onfluid’bed granulation). Granules according to this
invention as well as}details of granulation processe$ (jncluding their separate steps) for the preparation
of granules of this invention are described by way of Example in the following examples. An
illustrative granulation process for the preparation of granules comprising the mono-layer
20composition comprises i.) combining (e.g. dissolving or dispersing) L-arginine, a binder (e.qg.
copovidotie) arid; SitierianytheDpmatiwliBioe ey’ #1-2956) Invh-Sdent-emiRkRire bt isolvents such
as purifiegwateratansipatdanp ety b produse saparaiiation liquid; H.) blending metformin
HCI, afiller (e.g. corn starch) and, optionally, the DPP-4 inhibitor (e.g. 25BI 1356) in a suitable mixer
(e.g. fluid-bed granulator) to proguce a ?&Werein the DPP-4 inhibitor (e.g. Bl 1356) may be

~included either in t liquid @btained in i.) or in the pre-mix obtained in ii.), preferably B
~.1356 is di c ioniqlid and, /S absent in the pre-mix; Hi.) spraying the
granulatio, mixture for example in 30a fluid-bed granulator,

: R g the late, e.g. at about 70 C inlet air temperature until
the desired loss on drying value jn the range of 1-2 %q,is obtained; v.) delumping the dried granulate
for example by sieving through a sieve with a mesh sizé of 0.5 to 1.0 mm; WO

2009/121945PCT/EP2009/053978 - 24 - vi.) blending the sieved granulate and preferably sieved gl

dant (e.qg. colloidal anhydrous silica) in_a suitable blender; vii. ing preferably sjeved lubricant (e.g.
agnossim SIAMHEF R AP for P U PR Tor KA e o i el 5

Preferentraliyhiaaricomdayeit@iied afddriAgaathigdarii@hjion comprises or is obtainable from a mixture
comprising any one of the following amounts (1), (2) or (3) of active ingredients and L-arginine: (1) 2.5

mg of O —
1-[(4-methyl-guinazglin-2-yl)methyll-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-aminopiperidin-1-yl)-xanthine
free base, rmi;ledro ide, l%i d 125 mg L-arginine;

o~ >N~ N
_. \ NH,
10

s 2-((R)-3-Amino-piperidin-1-y)-3-(but-2-yinyl}-5-(4-methyl-quinazolin-2-yimethyl}-3,5-
dihydro-imidazo[4,5-d]pyridazin-4-one (compare WO 2004/050658, example 136):

15 o 1-[(4-Methyl-quinazolin-2-yhmethyl}-3-methyl-7-(2-butyin-1-y)-8-[{2-amino-2-methyi-
propyl)-methyiaminoj-xanthine (compare WO 2006/029769, example 2(1)}:



(2) 2.5 mg of
1-[(4-methyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-aminopiperidin-1-y1)-xanthine
free base, BEGMY 1¥EKDrmin hydrochloride, and 21.2 mg L-arginine; (3)2 B&h§iot009/053978
1-[(4-methyl-guinazolin-2-Amethyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-aminopiperidin-1-y1)-xanthine
free base, 1000 mg mefformin hydrochloride, and 25 mg L-arginine. 15 A typical bi-layer tablet of this
invention comprises a DPP-4 inhibitor portion compfising a DPP-4 inhibitor, L-arginine, one or more
fillers (such as e.g. D-mannitol, pregelatinized starch and corn starch), one or more binders (such as
e.g. copovidone) and one or make lubricant as e.g. magnesium stearate), 20 and a metformin
HCI portion comprising mefform hydrq%ﬁfne or more fillers (such as e.g. corn starch), one or
more binders{suc gy 0 one gr more glidants (such as e.g. colloidal anhydrous silica)
and one @ 8 lubricants (uch a 1e.g/>magnesiuwﬁt§arate). 25 Preferentially, a bi-layer tablet

according+g r is obtainable from a mixture comprising any one of the
r (3)'of active ingredientstand L-arginine: (1) 2.5 mg of

following amounts (1), (2)
1-[(4-methyl-guinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-amino30piperldin-1-y1)-xanthin
e free base, 500 mg metformin hydrochloride, and 2.5 mg L-arginine; (2) 2.5 mg of
1-[(4-methyl-guinazolin-2-yl)methy1]-3-methyl-7-(2-but n-l-yl)-S-g,-(R)-aminopiperjdin;l-yl)-xanthine
free base?, 850 gyt foHWIRPHY Y m@ﬁu&:émt@x% 1afiine- 88y - & anynst-piperidin-1-
1-[(4-methykgrinmaoliRrpdrmethy o omsbul, (arhpynaayt)-8-(3-(R)-aminopiperidin-1-y1)-xanthine
free base, 1000, mg metformin hydrochloride, and 2.5 mg L-arginine. WO
2009/121945P(T/EP2009/053978 - 25 - A typical press-coated tablet (tablet-in-tablet or bull's eye
_tablet) of this invention compnses a D fmhibitor core portion comprising a DPP-4 inhibitor,
' L-arginine, one s e.g. D-mannitol, pregelatinized starch and corn starch), one or
more binders one or more lubricants (such as e.g. magnesium
ising metformin hydrochloride, one or more fillers (such
S e.g. copovidone), one or more glidants (such as
. ydrous silicap and one or more Khricants (such as e.g. magnesium stearate). 10
Preferentially & press-coated tablet (tablet-in-tablet dr bull's eye tablet) according to this invention
comérises or is obtainable from a mixture comprising any one of the following amounts (1), (2) or (3) of
active ingredients and L-arginine: (1) 2.5 mg of
14(4-metby'-9ugs@ﬁ%%m?sl@wéﬁfﬂwtt%zf%:Huw.rgnw}.);%&ﬁﬁ@a@énmRMSQm%mmné-yl)-xanthin
e free base, 500 mg metformin hydrochloride, and 1.0 mg L-arginine; (2) 2.5 mg of
1-[(4-metHATeRARR YRR OABRRANG 1P ATRR VI 2-butyn-1-y 1)-8-(3-(R)-aminopiperidin-1-y1)-xanthin
e free base, 860 mg metformin hydrochloride, and 1.0 mg L-arginine; (3) 2.5 mg of
1-[(4-methyl{Iuinazolin-z- [Ymethyll-3-methyd-7-(2-butyn-1-y1)-8-(3-(R)-aminopiperidin-1-y1)-xanthine
in hy?‘m'ijcﬁ, and 1.0 mg L-arginine. 20 A typical film-coated tablet
[ blet, i.e. drug layering by film-coating for drug loading) of

. %g ore binders (such as e.g. copovidone), one or more
glidants 25(stich as¥.g. cblloidal"anhydrous §jlica) and one or more lubricants (such as e.g.
magnesium stearate), wherein said core portitfiis seal-coated with a film coat comprising one or more
film-coating agents (such as e.g. hypromellose), one or more plasticizers (such as e.g. propylene
glyé](Q), one or more pigments (such as e.g. titanium dioxide, iron oxide red and/or iron oxide yellow)

30and one orpare/elislanisitaueinasyeaetald)3amndthyl-7-(2-butyn-1-y1}-8-[{S)-{2-amino-propyl)-
methylamino]-xanthine (compare WO 2006/029769, example 2(4)):

0 /%
SOBer:e
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a DPP-4 inhibitor layer comprising a DPP-4 inhibitor, L-arginine, one or more film-coating agents (such
as e.g. hypromellose) and one or more plasticizers (such as e.g. propylene glycol). WO
2009/121948R&PEMH509/053978 - 26 - Preferentially, a film-coated tabl¥(BBPASHATBHTGT drug
loading) according to this invention comprises or is obtainable from a mixture comprising any one of
the following amounts (1), (2) or (3) of active ingredients and L-arginine: (1) 2.5 mg of
1-[(4-methyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-batyn-1-y1)-8-(3-(R)-amino-
5piperidin-1-yl)-xanthine free base, 500 mg metformin hydrochloride, and 2.5 mg L-arginine; (2) 2.5
mg of ¢ 1-{(3-Cyanc-pyridin-2-yl)methyl}-3-methyl-7-(2-butyn-1-yl}-8~((R}-3-amino-piperidin-1-yl)-
1-[(4-metudaHinpzatipRAMS By o3 2nathdkdnidbuteni-y1)-8-(3-(R)-aminopiperidin-1-y1)-xanthine
free base, 850 mg metformin hydrochloride, and 2.5 mg L-arginine; (3) 2.5 mg of
14(4-methyl;guinazolin-2-yOmethy11-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-aminopiperidin-1-y1)-xanthin
e free base, 1000 mg metformin rg,drmde, and 2.5 mg L-arginine. 10 Preferably, these
abovementioned tablets (inono-, bi-layer, press-coated and drug-coated tablets) are further

over-coat } firgy film hich €omprises a film-coating agent (such as e.g. hypromellose), a
. propylenggty®dl), pigments (such as e.g. titanium dioxide, iron oxide red

as e.g. talc). 15Typically this additional film over-coat may
represent 1-4 %, preferenpally 1-2 %, of the mass of the composition. The following dosage forms
of the invention can be applied to the FDC formufation of 1-[(4- methyl-q
uinazolin-2-yl)methy1]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-amino-piperidin-1-y1)- 20xanthine free base
(Bl 1356) and metformin hydrochlgride based on the characteristics of drug substances and

requiteménts ' tHERETRG BYRT X SOREN prIRRIBY i TdnidHay sy tabsiets BRRHAEBsTS with

- L-argining! skavh#ati sfantpayestedilty0ssais4 goaddissolysio)): 25 properties and good content
uniformity (CU). Mono-layer tablets can be manufactured using conventional technologies (including
fluid-bed granulation for the DPP-4-infatBitor and metformin hydrochloride, e.g. comprising adding the
DPP-4 inhibitpr as powde}{ or as @n aqueous suspension in the granulation liquid to the fluid bed

i tablets with L-arginine show promising stability results, good
ayer tablets can be manufactured using conventional bi-layer
tableting tetkfologigs (€ gy Totai)f bi-lay leting machine). WO 2009/121945PCT/EP2009/053978
- 27 - Press-goated tablet$ (tablet-in-tablets anmgdvanced press-coated bull's eye tablets) show
promising stability, good CU and dissolution. Press-coated tablets can be manufactured using
conventional press-coating technology, such as e.g. on a Kilian tablet press to obtain tablet-in-tablet or

on other gconventi - 10 obtal 'S | blet / .5 Adyaniage is approach, it is
easy to n"?inir\rﬁ]i"& ﬁ?eﬁ %mﬁgﬁﬁ%ﬂﬁ%tw ?oﬁ%%l tﬁ&aﬁgtgﬂgtr@(ﬁggﬁzﬁg%ﬁﬁ% CU of the

DP P04 inkilstdtprdriibrcerénp e neamasis N ot o 3844t ¢ @mniegltaBiét where the dose strengths of
metiormin HCI are 500, 850 and 1000 mg/tablet). Another advantage is that DPP-4 inhibitor- and
metformin HCI- portion can be desig exibly to minimize the tablet size. A modified press-coated
tablet named "bnll's eye ay be iversal dosage potentially for bi-layer tablets as well as
"other FDC. Bull's eye tablet can he manufgctured in a one-step press-coating without separate core
formation (like in biayer tableting) being necessary. It is to be noted that within the meaning of this
invention the sKiffed pé&»son iNawardabout T5what is meant with the phrase "bull's eye tablet" used
herein. As it known to the skilied person, this tabltH{also referred to as an inlay tablet or a dot) is

composed of an outer coat and an inner core, and in which, instead of the inner core zone being
completely surrounded by the outer coat, one surface of the zone corresponding to the inner core zone

is he>t<)p053d- Zth)gﬁiim;@qatequbé@i?:ﬁ@m@i&xem?MJHm=§9@ﬂa9ﬁ@t€?ﬂw§)l9ﬁl£gﬁi)wﬁqayling odePP-4
inhibitor drug substance on the rmin HCI tablet f}t ws acceptable dissolution results an
promisiné‘%@%ﬁ'ﬁﬁ C&’é{?ﬁ?fﬁ%ﬁﬁﬁ@%@g %’é%%%ﬂ@ %Tilm-coating for stabilization. As an
advantage for this approach, it i%possible t / te DPP-4 inhibitor portion into a partner drug
portion as it is, even if the dosage form i§ a modified/controlled 25release formulation. Within the

film-coatin N\c oat ﬁ int ggtermi is
OB
N 0 iTi N

NH
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necessary via analytics. The method of layering of the DPP-4 inhibitor by film-coating as described
herein (including the steps of seal-coating, drug-loading and, optional, over-coatin%% may be applied to
any 30kindVé¥ 32 Bifablets which may comprise an active ingredient (e¥§ B AMHER as
mentioned herein), for example mefformin cores or tablets, such as e.g. immediate release metformin
tablets, sustained release mefformin tablets, extended release metformin tablets, modified release
metformin tablets, controlled release metformin tadiéts or delayed release metlormin tablets. Thus, the
present invention further relates to a tablet which comprises a 35film-coat layer comprising the DPP-4
inhibitor, B'&E0- R Rithiy Rigiets@rg. FsinreHIERISEIMas e st op D oAb BT B1t768%59 78 - 28 -
plasticizen4e GorRERiyBkealyaalpanshbyangininen grantiie eifceblathable iy sie rppaisingasigsuch a
method of I%ye{i%q of thei I?PFE-4tliapibirt9 b {‘/i(l)rU[;c&atiSri\ gesﬁgg c;it%ﬁder} rr?rgn. %&%rr?sent itré\éention
also relatd€Hg'a ﬂ&c%b?etsgoerﬁpn ir?g AR iMmeaiate or extendBd release metrormin %BFe core, a
seal coatharfiraudicatdegripgemprisiniPuseBROWh gThiondrinadovidpatisalshaameseitisabctyvg. each as
desgjibed pRigiReas Well Brcit siipth & hiEidakiak mads bcatercras eaaRrising the following steps of
seal-coating on a metformin tablet core, layering of a DPP-4 inhibitor by film-coating and, optional,
over-coating, e.g. each step such as described herein. 10Pharmaceutical immediate release dosage
forms of fisdnyerafenga EfBFaBIinhibiterdisswigtion gropertesisuet [RR-dftehidEoninltes for each of the
active 'n%@@dﬂmﬁﬁ B3Rt i?'\/sz,e%‘éISH RPIRANRIEY QJMiﬁéi%ﬁﬁlzgﬁ)%éi’é(y\}i%%tf%{rimﬁiﬁﬁﬁ%ﬂ\le active

ingredient is dissolved. In a particular embodiment, after 30 minutes fof each of the active ingredients
especially' b tie(foHBieyeiPesisier keboramtiyne wrstiskiartydierRaRRaRG hasra S8RLCEH8 #fA-coated
tabley) atikhpleasis0-785%).(preferably at least 80 %) by weight of the respective active ingredient is
dissolved. In a further embodiment, after 15 minutes for each of the active ingredients especially of the
- mono-layer tablet according to this invention (including tablet core and film-coated tablet) at least
55-60 % Byaeediia bethecrsshemiprsigndempedineniBdisseivead Phd dtdebibites preselestan be
determinggddinistandap-dissolinion @akkipeh, a6%aMNG h30sngaidpharsreppetatia®alising
paddle method with agitation speed of 50 rpm, 0.1M hydrochloric acid as dissolution medium at a
temperatﬁ?&eﬁ?g?:?% HPLC (BI 1356) and UV (metformin) analysis of the samples). In the
phdrnaceutical compositions and pharmaceutical dosage forms according to the 25invention Bl 1356,

for exampjeya.crymialine ispdhereqtingaieiabin Nawig-Raidaeies diriRdien: (e rmi hy volume)

such that at least 90 % of the respective active pharmaceutical ingredient has a particle size smaller
than 200 Fiins porsdistesoB it MBIRIBrR ALY RIGS SH ARG rafs Amsrib patiteSize
distributiansissLeltthris X&ha 20 G auenrphiseopref enably X00tb résat. tinsatidtipd ttesparticle size

distrbution, (R ERAR LA EB NAHKIR Gl D, TOYE LRSI GG Bl Rieferably X90 5

pm. Thergh re preferred particle si stributions are such that 0.1 pm < 200 pm, particularly
0.148m <heoeBhee mid AfSRNBRMErably 1 pm 5 X90 5 150 pm, even more preferably 5 pm 5 X90 5
100 pm. A preferred example of a particle size distribution of Bl 1356 is such that X90 5 50 pm or 10

pm 5 X90 5 50 pm. It can be foun a pharmacedutical compaosition comprising 3581 1356 with a
particle s%rbfggr‘?gﬁh%%ean% iR ﬁr:lgf%éb r?é%ﬁ%%\‘%?% %ﬁ%@%‘%&‘éﬁ%&ﬁa?o%ﬁi@f”@? s dceording
{ 2009/12 11045 TIHARZODOIGBBITEN REN-Fe. §nwith tretjarakibedi psohotio Advantesrausiiorimit P -

productiop; - SkekFRdngicrissHRALICIE SiZRPIREIRISS A @@Eﬁ@aﬂ@@&w@?ﬁﬂg{@ction

method, in particular low angle laser light scatterin?ﬁ i.e. Fraunhofer diffraction. Alternatively, the

parfitle sP&prapEtideSCARTEAIES BEtEtHimd Yy MIGERTRS R B RENEH B FoSBINAdt 'scanning
electron paidse sty pdldedestiteofthe Qanide 8 ke isib 2004/ 0 ¢ttt iNE O 2paifisrgmaechniques

can be coiglaii Wby 8% AIRSoEIREIEEdQRLAR.Obmation il HEd o] aRother

purpose of this'invention'is to provide improved formulations e metformin HCtﬁortlon of the

pharmacE&uties ¢sivpdsifshdoastirdiNg s frLhioneics tRiaiemdaoramksihifta high drug load
is advantagenusiedzconoheredsns @peremisiadanad ensenablesmalliaiaisingein.

30  Purine derivatives of formula (111} can be obtained as described, for example, in WO
2006/068163, WO 2007/071738 or WO 2008/017670, the disclosures of which are
incorporated herein. The preparation of those DPP-4 inhibitors, which are specifically
mentioned hereinabove, is disclosed in the publications mantioned in connection therewith.

Polymorphous crystal modifications and formulations of particular DPP-4 inhibitors are



15 Thus, it has been found that drug load of metformin HCI and compactability (compression
force-crushing strength profile) of the tablets of this invention can be improved by surface treatment of
metforminME PWRAZdater-soluble polymer, particularly copolyvidone. 208eVEERR4t&bluble
polymers including polyvinyl alcohol (PVA), hypromellose (HPMC), hydroxypropyl cellulose (HPC),
methyl cellulose (MC), Povidone (PVP) and copolyvidone may be tested to improve compactability
(compression force-crushing strength profile). As-tfié results, PVA shows the best effect in terms of
compactability but the manufacturability can be poor due to sticking problem during fluid-bed

granulatidisclogrtér 0i4) VX187 Bé aiest PERRZANY Setiédrberetibelyf ibe misfarsamplarbish the

stability ofigen@inRBRAHRIRIasaf tigdaantion.  Formulation optimization studies have identified
a composition with over 84% drug load of metformin HCI and improved crushing strength by

surface-treatment of metformin HCI with 30the water-soluble polymer copolyvidone. Therefore, finally,
copolyvidlyite isspelgdtedraimatitmerdBotint cethbdsoptspitiedsiadvaihta§Eduslinnstotingf in stable

formylatigRs aahing MiSEOFEK SHEES TRRWAHRGEIMINN S SAOUGRANIRREGRAEANE aqueous
solution and operate sprayln%by a fluid-bed granulator. WO 2009/121945PCT/EP2009/053978 - 30 -

In option&PSHENERH; RIU BN ATIRRE (HERHRRIGHY/drying of metformin HCI drug substance is effective
to improve the stability of certain DPP-4 inhibitors of this invention in combination with metformin HCI.

The pre-i, f farmi / t tayti f L ith th
e 4 O R o e n
excessiv@BHTGdﬂ‘Piéftﬂ)'@léfFPéfiﬁWﬁi@?iMﬁi@W%@@ﬁﬁ@é%ﬁéﬁ?ﬁrﬁﬁﬁ@iW@%ﬂf@W@.%@%F@sent

invegtioniseigtaREiENiRd. BIrsgep & dMnther sPs el e MbeRinets ercHbRd ereine aninysr
_modifications f?e invention in adgittio to thos de§%ribet herein ma 1.0béecgqn al[%p%ﬁnt to those

~ skilled in }Hg%(i? W’tWeeﬁPgs%ﬁedls osttljrpegssaugﬁymodﬁta ?031%5393{ Bhdedto fgﬁ i the scope of
the appendedzdiinisylkligibyéri-agihivalidhrdeived haréit a8 Fardhy-imsorporate-ianteference in their

entiretieswﬂéﬁtaHmmgage%k@m@efs%%:&ﬁw@9&@5&%@@%@%p§@@@mwﬁ@tma {93y hgpome

apparent from the following examples. The following examples serve to illustrate, by way of example,
the principids®? (A iMERRIGPIGHAR Africting it. WO 2009/121945PCT/EP2009/053978 - 31 -
Exéarbples 1. Mono-layer Tablet 5The composition of mono-layer tablets for a DPP-4 inhibitor of this

invention (Bl 1396}t PRse s GRat (RLARRSLMEH BRIl BthaRhg B R 4 inhibitor
mentioned herein in embodiment A contain the active ingredient in a dosage range of 0.1-
100 mg, in particutar 0.5 to 10 mg. Thus, particular dosage strengths of 1-[(4-methyl-
guinazolin-2-ylYmethyl}-3-methyl-7-{2-butyn-1-yl)-8-(3-(R }-amino-piperidin-1-yl}-xanthine are
20  0.5mg, 1 mg, 2.5 mg, 5 mg and 10 mg. A more particular unit dosage strength of 1-[{4-
methyl-quinazolin-2-yimethyl}-3-methyi-7-(2-butyn-1-yl}-8-(3-(R}-amino-piperidin-1-yl}-
xanthine for inclusion into fixed dose combination pharmaceutical compositions of the

present invention is 2.5 mg.

25  With respect to the second embodiment (embodiment B), the doses of DPP-4 inhibitors
mentioned herein in embodiment B to be administered to mammails, for example human
beings, of, for example, approximately 70 kg body weight, may be generally from about 0.5
mg to about 350 mg. for example from about 10 mg to about 250 mg, preferably 20-200 mg,
more preferably 20-100 mg, of the active moiety per person per day, or from about 0.5 mg i0

30  about 20 mg, preferably 2.5-10 mg, per person per day, divided preferably into 1 to 4 single
doses which may, for example, be of the same size. Single dosage strengths comprise, for
example, 2.5, 5, 10, 25, 40, 50, 75, 100, 150 and 200 mg of the DPP-4 inhibitor aclive

moiety.
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A dosage strength of the DPP-4 inhibitor sitagliptin is usually between 25 and 200 mg of the
active moiety. A recommended dose of sitagliptin is 100 mg calculated for the active moiety
(free base anhydrate) once daily. Unit dosage sirengths of sitagliptin free base anhydrate
{(active moiety) are 25, 50, 75, 100, 150 and 200 mg. Particular unit dosage strengths of
sitagliptin (e.g. per tablet) are 25, 50 and 100 mg. An equivalent amount of sitagliptin
phosphate monchydrate to the siiagliptin free base anhydrate is used in the pharmaceutical
compositions, namely, 32.13, 64.25, 96.38, 128.5, 192.75, and 257 mg, respectively.

Adjusted dosages of 25 and 50 mg sitagliptin are used for palients with renal failure.

A dosage range of the DPP-4 inhibitor vildagliptin is usually between 10 and 150 mg daily, in
particular between 25 and 150 mg, 25 and 100 mg or 25 and 50 mg or 50 and 100 mg daliy.
Particular examples of daily oral dosage are 25, 30, 35, 45, 50, 55, 60, 80, 160 or 150 mg. In
a more particular aspect, the daily administration of vildagliptin is between 25 and 150 mg or
between 50 and 100 mg. In another more particular aspect, the daily administration of
vildagliptin is 50 or 100 mg. The application of the active ingredient may occur up to three
times a day, preferably one or two times a day. Particular dosage strengths are 50 mg or 100
mg vildagliptir.

Metformin is usually given in doses varying from about 250 mg to 30600 mg, particularly from
500 mg to 2000 mg up to 2500 mg per day using various dosage regimens.

A dosage range of the partner drug metformin is usually from 100 mg to 500 mg or 200 mg to
850 mg (1-3 times a day), or from 300 mg to 1000 mg once or twice a day.

The unit dosage strengths of the metformin hydrochioride for use in the present invention
may be from 100 mg to 2000 mg or from 250 mg to 2000 mg, preferably from 250 mg to
1000 mg. Particular dosage strengths may be 250, 500, 625, 750, 850 and 1000 mg of
metformin hydrochloride. These unit dosage strengths of metformin hydrochloride represent
the dosage strengths approved in the US for marketing to treat type 2 diabetes. More
particular unit dosage strengths of metformin hydrochloride for incorporation inte the fixed
dose combination pharmaceutical compositions of the present invention are 500, 850 and

1000 mg of metformin hydrochloride.

A dosage of the partner drug pioglitazone is usually 1-10 mg, 15 mg, 30 mg, or45 mg once a
day.
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A dosage of the partner drug telmisartan is usually from 20 mg to 320 mg or 40 mg to 160
mg per day.

A dosage of the pariner drug atorvastatin is usually from 1 mg to 40 mg or 10 mg to 80 mg

5  once aday

The amount of the DPP-4 inhibitor and of the partner drug in the pharmaceutical composition
according to this invention correspond to the respective dosage ranges as provided
hereinbefore. For example, a pharmaceutical composition comprises 1-[(4-methyi-guinazolin-
10 2-yhmethyl]-3-methyl-7-(2-butyn-1-y!}-8-(3-(R)-amino-piperidin-1-yl}-xanthine in an amount of
0.5 mg to 10 mg {namely 0.5 mg, 1 mg, 2.5 mg, 5 mg or 10 mg) and of metformin
hydrochloride in an amount of 250 mg to 1006 mg (namely 250, 500, 625, 750, 85C or 1000

mga).

15  Specific embodiments of dosage strengths for 1-[(4-methyl-quinazolin-2-yl)methyl]-3-methyl-
7-{2-butyn-1-y1}-8~(3-(R)}-amino-piperidin-1-yl-xanthine and metformin hydrochloride in the
fixed dose combinations of the present invention are the following:

(1) 2.5 mg of 1-[(4-methyl-quinazolin-2-yl)methyl}-3-methyl-7-(Z-butyn-1-yl}-8-{3-(R}-amino-
piperidin-1-yi)-xanthine free base, and 500 mg metformin hydrochloride;

20 {2) 2.5 mg of 1-[{4-methyl-quinazolin-2-yiymethyi}-3-methyi-7-(2-butyn-1-yi)}-8-(3-(R}-amino-
piperidin-1-yl}-xanthine free base, and 850 mg metformin hydrochloride;

(3) 2.5 mg of 1-{{4-methyl-quinazolin-2-y)methyl]-3-methy!-7-(2-butyn-1-yi)-8-(3-(R}-amino-
piperidin-1-yl)-xanthine free base, and 1000 mg metformin hydrochloride.

25  The particular fixed dose combinations of Bl 1356 and metformin of the present invention

may be administered once or twice daily io the patient, in particular twice daily.

In a preferred aspect of the present invention, the present invention is directed to a
pharmaceutical composition (especially an oral solid dosage form, particularly a tablet)

30  comprising or obtainable from
a DPP-4 inhibitor selected from the group consisting of
1-[{(4-methyl-quinazolin-2-yhmethyl]-3-methyl-7-(2-butyn-1-y[)}-8-(3-(R)-amino-piperidin-1-yl)-
xanthine free base, vildagliptin, saxagliptin and alogliptin,
metformin hydrochioride,

35 L-arginine,



9,00 50,00 0,60 5,00 0,80 5.00 0,90 5,00 2,88 18.50 2,96 18,50 4,455 18,50 2,40 25,00 4,00 25,00
3,60 25,00 0,12 1.25 0,20 1,25 0.04 0.25 0.045 1,25 88"

10

15

20

25

30

35

WO 2000/121945 PCT/EP2009/453978

-20-

and ong or more pharmaceutical excipients, such as e.g. those described herein.

A particularly preferred DPP-4 inhibitor to be emphasized within the meaning of this invention
is 1-[(4-methyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-y}-8-(3-(R)-amino-piperidin-1-
yh-xanthine free base (also known as Bl 1356).

in particular, it has been found that L-arginine is effective as stabilizing agent for FDC
combinations  of  1-[(4-methyl-quinazolin-2-ylimethyi]-3-methyl-7-(2-butyn-1-yl}-8-(3-(R}-
amina-piperidin-1-yi)-xanthine free base with metformin HCl. Even after 6 months storage at
accelerated conditions L-arginine is able io suppress degradation of 1-[{4-methyl-quinazolin-
2-yhmethyl}-3-methyl-7-(2-butyn-1-yH)-8-(3-(R)-amino-piperidin-1-yl}-xanthine  free  base
effectively. The effect seems to be concentration dependent. Thus, L-arginine may act as

stabilizing and buffering agent in the formulation.

In a more preferred aspect of the present invention, the present invention is directed to a
pharmaceutical composition (especially an oral solid dosage form, particularly a tablet)
comprising or made from
1-[(4-methyl-quinazolin-2-yhmethyi]-3-methyl-7-(2-butyn-1-y}-8-(3-(R }-amino-piperidin-1-yl)-
xanthine free base (Bl 1356),

metformin hydrochloride,

L-arginine,

and one or more pharmaceutical excipients, such as e.g. those described herein.

Typical pharmaceutical compositions according fo this invention comprise or are made by
comprising combining any one of the following amounts (1), (2) or {3) of active ingredients
and L-arginine:

(1) 2.5 mg of 1-[{(4-methyi-quinazolin-2-yl)methyl}-3-methyl-7-(2-butyn-1-yl)-8-(3-(R}-amino-
piperidin-1-yl}-xanthine free base, 500 mg metformin hydrochloride, and from 1.0 mg to 12.5
mg L-arginine (specifically 1.0 mg, 2.5 mg or 12.56 mg L-arginine);

(2) 2.5 mg of 1-[(4-methyi-quinazolin-2-yl)methyl}-3-methyl-7-(2-butyn-1-y1}-8-(3-(R)-amino-
piperidin-1-yl}-xanthine free base, 850 mg metformin hydrochioride, and from 1.0 mg to 21.2
mg L-arginine (specifically 1.0 mg, 2.5 mg or 21.2 mg L-arginine);

(3} 2.5 mg of 1-[{(4-methyl-quinazolin-2-ylmethyl]-3-methyl-7-(2-butyn-1-y1}-8~(3-(R)-amino-
piperidin-1-yl}-xanthine free base, 1000 mg metformin hydrochloride, and from 1.0 mg to

25.0 mg L-arginine (specifically 1.0 mg, 2.5 mg or 25 mg L-arginine).



117* 132** 12,00 100,00 16,00 100,00 18,00 100,00 602,00 1016,00 1198,00 WO
2009/121945PCT/EP2009/053978 - 32 - Manufacturing procedure (Mono-layer tablets): DPP-4
inhibitor oféis*MbBAtIYA (e.g. Bl 1356) + metformin HCI FDC mono-layer ¥NEi82408/0538F8duced by a
fluid-bed granulation process and a conventional tableting process with a rotary press. Optionally,
mefformin HCI and corn starch may be pre-treated by heating in a chamber of fluid-bed granulator to
remove excessive HCI and/or impurity products befdre mixing with the active DPP-4 inhibitor
ingredient. After the optional pre-treatment of mefformin HCI and corn starch, the DPP-4 inhibitor is
either added as powder and premixed 10 before fluid-bed granulation is conducted by spraying of

"Granulatiog 4jgudl -epapesed ofconahnidantKelidenMAGA) < LraroipingandRINHiRd yater, or

directly dlspersed in the "granulation liquid”. After finishing of fluid-bed %anulatlon the granulate is
sieved wittPAUBREHRO S BELOrPRASIEVY GramifiRNs BIeRtRar WRRASSIOTSF ShijtifoREfa (Aerosil
200) andsmagaesignbstesiraienathadsiRricanttoltrecfikdathixitive istcomdordssechantastadyets using a

LoconvenianpiaARvaLle Biei, TUGIRHE) Sares Ry b Himscoaled g aguepa iy -coating

suspension, containing Nypr se as film formln% agent, propylene gly , talc as
glidant aft’tRe HgFRIALRY SR e R ol amter e e s URRRNANE ARSI ASTRSIRTS 28 Niarrative

more spesifitaserpdion atHieryeierad rerRm Baiing asess Ineihe menedayerniableis: a)
Metforml? I—g:l and c rn starch ?re SI ved F in ab§ %en V\ﬂth a mFsh size aof 0.5 tp1 mm before

dlspensmg rb?rlf_) arS?n?r?é“ 958 and Hist I?y dopo yvidon Araise Vet tr%‘é‘éb sﬁ’erseé:’ in purified

water at aratiiefs wrnfmesses Wit @@tﬂm@e ibarthe prothanetite IGradigkiSopreigqisdres) Metformin

HCi gnd gaipstaschy ke susksshinie ashamiesof asuitakls fluid-bed granulator and preheated up to
.a product temperature target of approx. 36C.  d) Immediately after the product temperature target is

* reached, the "Granulation Liquid" is
in a further aspect of the present invention, the present invention provides a pharmaceutical

composition, formulation, blend or dosage form of this invention which is substantially free of
or only marginally comprises impurities and/or degradation products; that means, for

15  example, that the composition, formulation, blend or dosage from includes about <5%, or
about <4%, or about <3%, or less than about 2%, preferabiy less than about 1%, more
preferably less than about 0.5%, even more preferably less than about 0.2% of any individual
or total impurity or degradation product(s) by total weight, such as e.g. N-acetyl and/or N-
carbamoyl derivative of the free base type DPP-4 inhibitor. The content and/or degradation

20  can be determined by well-known analytical methods, for example using HPLC methods.

In this context, in a further aspect of the present invention, the present invention provides
derivatives of a DPP-4 inhibitor having an amino group, particularly a free primary amino
group, as mentioned herein, said derivatives being obtainable by acetylation of the amino

25 group (e.g. to yield the group -NHC{O)CH,) or by carbamoylation of the amino group (e.g. to
yield the group -NHC(O)NH,).

Dosage forms for the FDC formulations of this invention:

30  Anocther purpose of this invention is to develop the FDC formulations of this invention with a
reasonable tablet size, with good tablet properties (e.g. stability, hardness, friability,
disintegration, content uniformity and the like) and, in a preferred embodiment, without
disturbing the original dissolution profiles of each mono tablet in case of desired proof of

bicequivalence with minimized risk of failure.



30sprayed into the mixture for fluid-bed granulating under dry condition to avoid blocking during
granulation. e) At the end of spraying, the resultant granulate is dried at approx. 70 C inlet air
temperatuM QA& Esired LOD value (i.e. 1 - 2 ¢)/0) is reached. f) TheR§raHERAE#589EYed using a
screen with a mesh size of 0.5 to 1.0 mm. WO 2009/121945PCT/EP2009/053978 - 33 - g) The
sieved granulate and colloidal anhydrous silica (Aerosil 200) are blended with a suitable blender.
Aerosil 200 should be pre-sieved with a small portig@ ef the sieved granulate through a 0.8 mm-screen
before use.  h) Magnesium stearate is passed through a 0.8 mm sieve and added into the granulate.
5Subseqbéntgpite oFinaidBRaas iy Prisdeicatnsytanhirsiéedingg anithie feeéintidefentibletis Tha@ntinal

Blend” is GQBRARSSRFINER BIEIRWIth MiqHaRsPERS2mid (HiaR Wilion ea%sﬁee%%es‘,&a/qab%w iron
oxide (yellow, reg)c}?r(gell w and red%ére dispersed in§urified water with a high shear homao-mixer.
e

Then, hy BRGS0 AFPIANSaPE BHGENE RO ORbA e R GURSANAES PSR SLlGF iaBrat

ambignt ﬁeh’nlpieratglr@toalmmvodm@ tﬁ@e"@daﬁ_ﬁqﬁdspmsiosﬁgd()‘.dfhe itadkyiccatieg anre thmtm&;ewith the
oafing SsRARSIoR’ idhadaigerurighaaindesradica e disaRtRIcLabE i Saating

Suspension” should be stirred again before use and kept stirring slowly during the coating (spraying)
process. @R~ ore specific description of an alternative manufacturing process for the mono-

layer tablets: a) Metformin H CI is sieved using a screen with a mesh size of 0.5 tol mm before

weighing..b). L-araini lyvido issolved.in purified water at amhient t erature with a
propeller%%(@Vé)gé%ggh%%é%%grYr?l]l tg%?ci_gl‘ql%d&a %8 &F&ﬁﬁﬁ%l%ﬁq ‘c%% %%ag?qgg%{tr%nh{é%ated in

a chambé&rBiuiRREBed ighdhilaeref Sy vationfdy mbtsitaacesinike drndhsproehictadiapdeadre

reaghes GG Bihakbids asideshinias dhe cjainsichenisrdedydthpaeliesinriitd andraeen starch
.in the fluigd-bed granulﬂg . nulation Liguid"” is sprayed into the mixture for fluid-bed
2

. or. e) The "Gr.? l?%‘ P

" granulating HEeH dry 25 E5HAING P ES ARG BIBERINE dURRCETARAREST § AFHALEHEEIEray MY, the
resultant gigsnlltve yofiies attire sBOIGWetihthBdesiredibBD vaueiner &r@%), in case the LOD is
more than 2 A. g) The granulate is sieved using a screen with a mesh size of 0.5 to 1.0 mm. h) The
sieved granulate and colloidal anhydrous silica (Aerosil 200& are blended with a 30suitable blender.

Aerosil 200%hdUidhResR iR tray BRmAtage frk fer e A ity metalirn s fhiRdyaated through
a 0B mmesiciiemandtaddadéntarihecgeainglade d Sutiseduentydhe s FindbBlend iPprashiore: ay.nal
blending ond" . : e
iy prome T S R e e WO R e

titanium dRYRIELINRI bl 3G ROISEIRW, BESEeRteth RIS Fd disperdedably wiffetl s tablet
2009/121245 B I PRIV Bwhich dosage forms are good measures to achieve the goal

under consideration of desired pharmaceutical profiles and characteristics of a DPP-4

20  inhibitor and a pariner drug used.
Said dosage forms have been found to be applicable to the FDC formulations either keeping
the original dissolution profiles of each mono tablet or adjusting the profiles to desired levels,

e.g. including extended release characteristics, and a reasonable tablet size.

25  Atypical mono-layer tablet of this invention comprises a DPP-4 inhibitor, metformin
hydrochloride, L-arginine, one or more fillers (such as e.g. corn starch), one or more binders
{(such as e.g. copovidone), one or more glidants (such as e.g. colloidal anhydrous silica} and

one or more tubricants (such as e.g. magnesium stearate).

30  in a preferred embodiment of the present invention, the present invention is directed to an
oral solid pharmaceutical composition, preferably a tablet, particularly 2 mono-layer tablet
comprising or made from
1-[(4-methyl-quinazolin-2-yhmethyl]-3-methyi-7-(2-butyn-1-yh-8-(3-{R}-amino-piperidin-1-yl)-
xanthine (also known as Bl 1356, e.g. in an amount of 2.5 mg),



- 34 - water with a homo-mixer. The suspension is added into the hypromellose solution, then mixed
with a propeller mixer at ambient temperature to produce the "Coating Suspension I) The tablet cores
are coatedXA#E2EHating Suspension” to the target weight gain to 5pré§UcE HEY it oated
Tablets". The "Coating Suspension” should be stirred again before use and kept stirring slowly during
the coating (spraying) process. WO 2009/121945PCT/EP2009/053978 - 35 - 2. Bi-layer Tablet The
composition of bi-layer tablets for a DPP-4 inhibito#3fthis invention (Bl 1356) + metformin HClI FDC
(Film-coated Tablets) is shown in Table 2. Table 2: Composition of Bl 1356 + Metformin HCI FDC
Bi-layer TitifetsrinmipadiciashgtielRIMBSy/ Aiedtfeiffine-C i MAF2BLNE0D8 518580 B9 2000 [mg] ro]
[mg] MI [m@bl%d(450) (100) (450) (100) (450) (100) 2,50 0,556
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L-arginine,

and one or more pharmaceutical excipients, particufarty one or more fillers {e.g. corn starch),
one or more binders (e.g. copovidone), one or more glidants (e.g. collcidal anhydrous silica)
and/or one or more lubricants (e.g. magnesium stearate),

as well as, optionally, a film coat e.g. comprising one or more film-coating agents (e.g.
hypromellose), one or more plasticizers {e.g. propyiene glycol), one or more pigments (e.g.
titanium dioxide, iron oxide red and/or iron oxide yellow) and/or one or more glidants (e.g.

talc).

A method of manufacturing a tabiet of this invention comprises tabletting (e.g. compression)
of one or more final blends in form of granules. Granules of the (final) blend(s) according to
this invention may be prepared by methods weil-known to one skilled in the art (e.g. high
shear wet granulation or fiuid bed granulation). Granules according to this invention as well
as details of granulation processes (including their separate steps) for the preparation of

granutes of this invention are described by way of example in the following examples.

An illustrative granuiation process for the preparation of granules comprising the mono-layer
composition comprises

i.} combining (e.g. dissolving or dispersing) L-arginine, a binder (g.g. copovidoneg) and,
optionally, the DPP-4 inhibitor (e.g. Bi 1356) in a solvent or mixture of solvents such as
puriﬁéd water at ambient temperature {o produce a granutation liquid;

il.} blending metformin HCI, a filler {e.g. corn starch) and, optionally, the DPP-4 inhibitor (8.g.
Bl 1356) in a suitabie mixer {e.g. fluid-bed granulator) to produce a pre-mix;

wherein the DPP-4 inhibitor (e.g. Bl 1356) may be included either in the granulation liquid
obtained in i.) or in the pre-mix obtained in ii.), preferably Bl 1356 is dispersed in the
granulation liquid and is absent in the pre-mix:

iii.) spraying the granulation-liquid into the pre-mix and granulating the mixture for exampie in
a fluid-bed granulator, preferably under dry condition;

iv.) drying the granulate, e.g. at about 70° C inlet air temperature uniil the dssired loss on
drying value in the range of 1-2 % is obtained,;

v.} delumping the dried granulate for exampie by sieving through a sieve with a mesh size of
0.5t 1.0 mm;
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vi.) blending the sieved granulate and preferably sieved glidant (e.g. colloidal anhydrous
silica) in a suitable blender;

vil.) adding preferably sieved lubricant (e.g. magnesium stearate) to the granulate for final
blending for example in the free-fall blender.

Preferentially, a mono-layer tablet according to this invention comprises or is obtainable from
a mixture comprising any one of the foliowing amounts (1), (2) or (3) of active ingredients and
L-arginine:

(1) 2.5 mg of 1-[(4-methyl-quinazolin-2-yhmethyl}-3-methyl-7-(2-butyn-1-y1}-8-(3-(R)}-amino-
piperidin-1-yl}-xanthine free base, 500 mg metformin hydrochloride, and 12.5 mg L-arginine;
(2) 2.5 mg of 1-{{(4-methyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-y}-8-(3-(R)-amino-
piperidin-1-yl)}-xanthine free base, 850 mg metformin hydrochlaride, and 21.2 mg L-arginine;
(3} 2.5 mg of 1-[(4-methyl-quinazolin-2-yljmethyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)}-amino-
piperidin-1-yl}-xanthine free base, 1000 mg metformin hydrochloride, and 25 mg L-arginine.

A typical bi-layer tablet of this invention comprises

a DPP-4 inhibitor portion comprising a DPP-4 inhibitor, L-arginine, one or more fillers (such
as e.g. D-mannitol, pregelatinized starch and corn starch), one or more binders (such as e.g.
copovidone) and one or more lubricants {such as e.g. magnesium stearate),

and '

a metformin HCI portion comprising metformin hydrochioride, one or more fillers (such as
e.g. corn starch), one or more binders (such as e.g. copovidone), one or more glidants (such
as e.g. colicidal anhydrous silica) and one or more lubricants (such as e.g. magnesium

stearate).

Preferentially, a bi-layer tablet according to this invention comprises or is obtainable from a

mixture comprising any one of the following amounts (1), (2) or (3) of active ingredients and
l.-arginine:

(1) 2.5 mg of 1-[{4-methyl-quinazolin-2-yl)methyl}-3-methyl-7-(2-butyn-1-y}-8~(3-(R)-amino-

piperidin-1-yl)-xanthine free base, 500 mg metformin hydrochloride, and 2.5 mg L-arginine;

{2) 2.5 mg of 1-{(4-methyl-quinazolin-2-yl}methyl]-3-methyl-7-(2-butyn-1-y[)-8-(3-(R}-amino-

piperidin-1-yl)-xanthine free base, 850 mg metformin hydrochloride, and 2.5 mg L-arginine;

(3) 2.5 mg of 1-[(4-methyl-quinazolin-2-yl)methyi]-3-methyi-7-(2-butyn-1-y[}-8-(3-(R)-amino-

piperidin-1-yl)-xanthine free base, 1000 mg metformin hydrochloride, and 2.5 mg L-arginine.
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A typical press-coated tablet (tabiet-in-tablet or bull's eye tablet) of this invention comprises
a DPP-4 inhibitor core portion comprising a DPP-4 inhibitor, L-arginine, one or more fillers
(such as e.g. D-mannitol, pregelatinized starch and corn starch), one or more binders (such
as e.g. copovidone) and one or more lubricants {such as e.g. magnesium stearate),
5 and
a metformin HCI portion comprising metformin hydrochloride, one or more fillers {such as
e.g. com starch), one or more binders (such as e.g. copovidone), one or more glidants (such
as e.¢. colloidal anhydrous silica) and one or more lubricants (such as e.g. magneasium
stearate).
10
Preferentially, a press-coated tablet (tablet-in-tablet or bull's eye tablet) according fo this
invention comprises or is obtainable from a mixture comprising any one of the following
amounts (1), (2) or (3) of active ingredients and L-arginine:
(1) 2.5 mg of 1-[(4-methyl-guinazolin-2-ylymethyl]-3-methyl-7-(2-butyn-1-y)-8-(3-(R)}-amino-
15  piperidin-1-yi)-xanthine free base, 500 mg metformin hydrochloride, and 1.0 mg L-arginine;
(2) 2.5 mg of 1-[{4-methyl-guinazolin-2-yl)methyl}-3-methyl-7-(2-butyn-1-y[}8-(3-(R)}-amino-
piperidin-1-yi)-xanthine free base, 850 mg metformin hydrochioride, and 1.0 mg L-arginine;
(3) 2.5 mg of 1-[(4-methyl-quinazoiin-2-yhmethyl]-3-methyi-7-(2-buiyn-1-y1}-8-(3-«(R)-amino-
piperidin-1-yl)}-xanthine free base, 1000 mg metformin hydrochloride, and 1.0 mg L-arginine.
20
A typical film-coated tablet (DPP-4 inhibitor coating on metformin HCI tabiet, i.e. drug
layering by film-coating for drug loading) of this invention comprises
a metformin HCI core portion comprising metformin hydrochloride, one or more fillers {such
as e.g. corn starch), one or more binders (such as e.g. copovidone), one or more glidants
25  (such as e.g. colloidal anhydrous silica) and one or more lubricants {such as e.g. magnesium
stearate),
wherein said core portion is seal-coated with a film ccat comprising one or more film—coating
agents (such as e.g. hypromellose), one or more plasticizers (such as e.g. propylene glycol),
one or more pigments (such as e.g. titanium dioxide, iron oxide red and/or iron oxide yellow)
30  and one or more glidants (such as e.g. falc);
and
a DPP-4 inhibitor layer comprising 2 DPP-4 inhibitor, L-arginine, one or more film-coating
agents (such as e.g. hypromeliose) and one or more plasticizers (such as e.g. propylene
glycol).
35
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Preferentially, a film-coated tablet (DPP4-inhibitor drug loading) according 1o this invention
comprises or is obtainable from a mixture comprising any one of the Tollowing amounts (1),
{2) or (3) of active ingredients and L-arginine:

(1) 2.5 mg of 1-[(4-methyl-quinazolin-2-yl)methyl}-3-methyl-7-(2-butyn-1-yI}-8-(3-(R}-amino-
piperidin-1-yl)-xanthine free base, 500 mg metformin hydrochloride, and 2.5 mg L-arginine;
(2) 2.5 mg of 1-{{4-methyl-guinazolin-2-yl)methy!]-3-methyi-7-(2-butyn-1-y1)-8-(3-(R}-amino-
piperidin-1-yl}-xanthine free base, 850 mg metformin hydrochloride, and 2.5 mg L-arginine;
(3) 2.5 mg of 1-{{4-methyl-quinazolin-2-yl)methyl}-3-methyl-7-(2-butyn-1-y)-8-{3-(R)}-amino-
piperidin-1-yl}-xanthine free base, 1000 mg metformin hydrochloride, and 2.5 mg L-arginine.

Preferably, these abovementioned tablets (mono-, bi-layer, press-coated and drug-coated
tablets) are further over-coated with a final film coat, which comprises a film-coating agent
(such as e.g. hypromellose), a plasticizer (such as e.g. propylene glycol), pigments (such as
e.g. titanium dioxide, iron oxide red and/or iron oxide yellow) and a glidant {such as e.g. talc).
Typically this additional film over-coat may represent 1-4 %, preferentiaily 1-2 %, of the total

mass of the composition.

The following dosage forms of the invention can be applied to the FDC formulation of 1-[(4-
methyl-quinazoiin-2-ylymethyl]-3-methyi-7-(2-butyn-1-y}-8-(3-(R)}-amino-piperidin-1-yl)-
xanthine free base (Bl 1356) and metformin hydrochioride based on the characteristics of
drug substances and requirements of the desired pharmaceutical profiles:

a) Mono-iayer iableis
Mono-layer tablets with L-arginine show satisfactory stability results, good dissolution
properties and good content uniformity (CU). Mono-layer tablets can be manufactured using

conventional technologies (including fluid-bed granulation for the DPP-4 inhibitor and

metformin hydrochloride, e.g. comprising adding the DPP-4 inhibitor as powder or as an

aqueous suspension in the granulation liguid to the fluid bed granulator).

b) Bi-layer tablets
Bi-layer tablets with L-arginine show promising stability results, good dissolution properties
and good CU. Bi-layer tablets can be manufactured using conventional bi-tayer tableting

fechnologies (e.g. rotary bi-layer tabieting machine).

c} Press-coated tabiets
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Press-coated tablets (tablel-in-tablets and advanced press-coated bull's eye tabiets) show
promising stability, good CU and dissolution. Press-coated tablets can be manufactured
using conventional press-coating technology, such as e.g. on a Kilian tablet press to obtain
tablei-in-tablet or on other conventional press-coater 1o obtain bull's eye fablet. As an

5  advantage of this approach, it is easy to minimize the amount of L-arginine in the formulation
and control the assay and CU of the DPP-4 inhibitor portion (very small amount of drug
loading:; 2.5 mg/tablet where the dose strengths of metformin HCI are 500, 850 and 1000
mg/tablet). Another advantage is that DPP-4 inhibitor- and metformin HCI- portion can be
designed flexibly to minimize the tablet size. A modified press-coated tablet named "bull's

10  eye tablet” may be a universal dosage potentially for bi-layer tabiets as well as other FDC.
Bull's eye tablet can be manufactured in a one-step press-coating without separate core

formation (like in bi-layer tablefing) being necessary.

It is to be noted that within the meaning of this invention the skilled person is aware about
15 what is meant with the phrase “bull’'s eye tablet” used herein. As it known to the skilled

person, this tablet (also referred to as an iniay tabiet or a dot) is composed of an outer coat

and an inner core, and in which, instead of the inner core zone being compietely surrounded

by the outer coat, one surface of the zone corresponding fo the inner core zone is exposed.

20 d) Film-coated tablets {drug layering by film-coating for drug loading)
Coating of DPP-4 inhibitor drug substance on the metformin HC! {ablets shows acceptable
dissolution results and promising stability data. L-arginine needs to be added into film-coating
for stabilization. As an advantage for this approach, it is possible fo integrate DPP-4 inhibitor
portion into a pariner drug portion as it is, even if the dosage form is a modified/controlied
25 release formulation. Within the film-coating process coating endpoint determination is

necessary via analytics.

The method of layering of the DPP-4 inhibitor by film-coating as described herein (including
the steps of seal-coating, drug-loading and, optional, over-coating) may be applied to any
30  kind of cores or tablets which may comprise an active ingredient (e.g. a partner drug as
mentioned herein), for example metformin cores or tablets, such as e.g. immediate release
metformin tablets, sustained release metformin tablets, exiended release metformin tabiets,
modified release metformin tablets, controlled release metformin tablets or delayed release
metformin tablets. Thus, the preseni invention further relates to a tablet which comprises a

35  film-coat layer comprising the DPP-4 inhibitor, a film-forming agent (e.g. hypromellose), a



- 36 - Manufacturing procedure (Bi-layer tablets): DPP-4 inhibitor of this invention (e.g. Bl 1356) +
metformin HCI FDC bi-layer tablets are produced by a high-shear wet granulation process (for DPP-4
inhibitor-gr&fUFa#8) 24 Hid-bed Sgranulation process (for metformin HCI-gP&riFRE 4Bk layer
tableting process with a multi-layer rotary press. DPP-4 inhibitor-granulate: By using a high-shear
granulator the active DPP-4 inhibitor ingredient is pre-mixed with the diluents D-mannitol and
pregelatinized starch. The mixture is 10 moistened@®ith granulating liquid, containing purified water
and copovidone as a binder. After further mixing, drying and sieving, the dried granulate is blended
with magPiesiifiesttasater e eraicemt avea R i rer syaielfils @bturipblerPpatentisingfengring

prog_ess fardhe &&%@@ﬂ@g@ﬂa@%ﬂ@g@pﬁwmﬁ@@rﬁ} Eneét?'tlrgté\gg% &Hééﬁ?lbé%yé‘r&lv!!ilﬁﬁé _vva;er at )
ambient temperature to produc e Gra tlo quid. 0., )6, mannitol an regelatinized starc
e blend AL CHRALRS ATRLE e Gh b P SPES RS b TR RE RS e
Granulatiogtfdguid @biEsalrse qusnailpaptan diatech 2 0ayFheompilsirgr dmu i i4 sibimthrodigh a suitable
sieve; e. Jhe.gsapulateis-diigd alabauh 39 GelmmdmymeA 9 I suitphigritven entbie desired loss

on drying value is obtained, f. The dried granulate is sieved through a sieve with a mesh size of 1.0

mm. g. MAGREERTHP S TR 8D LEJOHOM I BT RS LOSRATSRIRS ANcPBa e TP Rifate.
25Subsetpyeritly tie Pl BleitdtaX big frodusadmniinaptdentiogincasiniiakle. kiecdete pettarmin
HCI-grangéaag'SMgggrﬁgp&kl_Cl and corn starch are pre-treated by heating in a chamber of fluid-bed
granulator to remove excessive HCI and/or impurity products. After the pre-treatment of metformin HCI
and corn starch, fluid-bed granulation is conducted by 30 spraying of "Granulation Liquid" composed

of capolyrigamdsellidoniMAed)-tn epukiedywiefoiesinishine aiciuscRe gy aaviatraothw granulate
~is sieved with %isgig%%ﬁﬁg{% n. l’jge !sni%}/eesdf rgggrl]at? t'k%ble 1ded with cigtlloi | ag%yb%rous silica
“(Aerosil 2(685)%n magnesium Stearate as a flircant. 'Wdé %Bé?ﬂé%)ﬁ PETIEP 7054978 - 37 -
Narrativereseespiewhity @é aipidrobihesaighhofdeturapastesssiforitgeerietfomdindd@tgranalate:

a) Metforpiiniifek issiRveddisingsr serapnunitha meshsize offle i aunbelyewpioking.  b)
Copolyvidon is dissalved in purified water at ambient temﬁerature with a propeller mixer 5to produce

the "GradURIRIFITGIRA L PRAGIFIPAIA E NI e QIR 4G #d Banmiebiamisd-Bed
grahbilatdeast7A-780XC forfanebdy thidnaEb 80itk Lhtiviae iprotitnet tesnpeiraduretivedochesiBot@ d) The

“Granulatioa Liidn s spRYeCHBIANG ixHYE B RTIMISR TS SRRURINILUIET YR sgpdltion to avoid
blocking during granulation.
especially of the mono-layer tablet according to this invention (including ablet core and fiim-

coated tablet) at ieast 55-60 % by weight of the respective active ingredient is dissolved. The
dissolution properties can be determined in standard dissolution tests, e.g. according to

20  standard pharmacopeias (2.9. using paddie method with agitation speed of 50 rpm, 0.1M
hydrochloric acid as dissolution medium at a temperature of 37°C, and HPLC {Bl 1356) and
UV (metformin) analysis of the samples).

In the pharmaceutical compositions and pharmaceutical dosage forms according to the

25 invention Bl 1356, for example a crystalline form thereof, preferably has a particle size
distribution (preferably by volume} such that af ieast 80 % of the respective active
pharmaceutical ingredient has a particle size smaller than 200 um, i.e. X890 < 200 um, more
preferably X90 < 150 pm. More preferably the particle size distribution is such that X90 <100
um, even more preferably X90 < 75 pm. in addition the particle size distribution is preferably

30 such that X90 > 0.1 um, more preferably X80 = 1 um, most preferabiy X90 > 5 um. Therefore
preferred particle size distributions are such that 0.1 ym < X80 < 200 um, particularly 0.1 um
< X90 < 150 pym, more preferably 1 pm < X90 < 150 um, even more preferably 5 um < X90 <
100 um. A preferred example of a particie size distribution of Bl 13586 is such that X90 < 50
um or 10 ym < X80 < 50 ym. It can be found that @ pharmaceutical composition comprising

35 Bl 1356 with a particle size distribution as indicated hereinbefore shows desired properties



10e) At the end of spraying, the resultant granulate is dried at 70 - 80 C until the desired LOD value
(i,e. 1 -2 %), in case the LOD is more than 2 A. f) The granulate is sieved using a screen with a mesh
size of 0.5WP2YHIR1?4§) The sieved granulate and colloidal anhydrous sifée R 8811343¥ are blended
with a suitable blender. Aerosil 200 should be sieved with a 0.5 mm-screen before use. 15h)
Magnesium stearate passed through a 0.5 mm sieve and added into the granulate. Subsequently the
"Final Blend B" is produced by final blending in thedflender. The "Final Blend A" and "Final Blend B"
are compressed into bi-layer tablets using a multi- layer rotary press. The tablet cores may be

film-coatée WA Erf7ED IS diRRoESm §PtRTISHERSTOIY . doREuAlRg: [y SRekslb S addisaiRiiming agent,
propylengghelsae plastisiay afalaasslidanbanskharmamamtsyelon ieaexidarand/angrd iron oxide

and titanium d'lo '%de. l\gar.rative ore ?cific deﬁcrl t'clm of the manufacturing process for the
fim-coatifg?" "4 RyPIGHIGSSe At B, A GIoto A A e B R RSP RHR = Bropeller
mixer. 25 ale; tiedaiomneidxideicerig don exidedgetiowicanamyetioseaminedieatedispersed in
purified wateh il @ ROB QRN bf Hhe siBpeHeiSATlARS, e s RYsP MRlAse %H#ib flethen mixed

with a propeller mixer at ambient temperature to produce the "Coating Suspension”. The tablet
cores ar"EDRAANRPIRS “ER AR FULBENSsion” to the target weight gain to produce the "Film-coated

Tablets". The "Coating Suspension” should be stirred again before 30use and kept stirring slowly

during th%sgm%%g%%mm&%rﬂﬁgﬁgrmwg(%pgg/[%l945PCDEP2009/053978 - 38 - 3. Tablet-in-Tablet
e

or Bull's eye ta The composition of Tablet-in-Tablet or Bull's eye tablets for a DPP-4 inhibitor of
this invention 5(BI 1356) + metformin HCI FDC (Film-coated Tablets) is shown in Table 3. Table 3:
CormposingataéBiuikgbéetoMetasmintbiCkkD§ FatdetinlallelaruBibadraentablatsrrioseStrength

(B 13507, TgtIotin iR % i SRR % &:3rtimg 19 ahlyghamal 1)

For the metiormin HCI part a high drug icad is advantageous to be achieved as a pre-
requisite for a reasaonable small tablet size.

15
Thus, it has been found that drug load of metformin HCI and compactability (compression
force-crushing strength profile) of the tabiets of this invention can be improved by surface

freatment of metformin HCI with a waier-soluble polymer, particularly copolyvidone.

20  Several water-soluble polymers including polyvinyl alcohol (PVA), hypromeliose (HPMC),
hydroxypropyl cellutose (HPC), methyl cellulose (MC), Povidone (PVP) and copolyvidoneg
may be iested to improve compactabiiity (compression force-crushing strength profile). As
the results, PVA shows the best effect in terms of compactability but the manufacturability
can be poor due to sticking problem during fiuid-bed granuiation. Further on, PVYA may be not

25 finally selected because of its negative impact on the stability of certain DPP-4 inhibitors of

this invention.

Formulation optimization studies have identified a composition with over 84% drug load of
metformin HCl and improved crushing strength by surface-treatment of metformin HCI with

30  the water-soluble polymer copolyvidone.

Therefore, finally, copolyvidone is selected and the amount can be optimized,

advantageously resulting in stable formulations and the viscosity of the granulating solution is

enough low to prepare the aqueous solution and operate spraying by a fluid-bed granuiator.
35
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In optional addition, it has been found that heating/drying of metformin HCI drug substance is
effective to improve the stability of certain DPP-4 inhibitors of this invention in combination
with metformin HCI. The pre-treatment for metformin HCl needs t¢ be conducted before
starting of granuiation with the DPP-4 inhibitor. The heating/drying at 80°C with a fluid-bed

b granulator may be heipful to reduce an excessive amount of volatile impurities {(which might
be urea) in the metformin HCL.

The present invention is not 10 be limited in scope by the specific embodiments described
herein. Various modifications of the invention in addition o those described hergin may
10  become apparent to those skilled in the art from the present disclosure. Such modifications

are intended to fall within the scope of the appended claims.
All patent applications cited herein are hereby incorporated by reference in their entireties.
15 Further embodiments, features and advaniages of the present invention may become

apparent from the following examples. The following examples serve to illustrate, by way of

example, the principles of the invention without restricting i,
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Examples
1. Mono-layer Tablet

The composition of mono-iayer tablets for a DPP-4 inhibitor of this invention (B! 1356} +
metformin HCI FDC (Film-coated Tablets) is shown in Table 1.

Table 1: Composition of Bl 1356 + Metformin HCI FDC Mono-laver Tablets

Dose Strength (Bl 1356 / metformin HCI), mg
Ingredient 2.57500 2.5/850 2.511000

[mg] [%] [mg] [%e] img] [%]
Bl 1356 2,50 0,42 2,50 0,25 2,50 0,21
Metformin Hydrochloride 500,0 84,75 850,00 85,007 1000,060 84,75
L-Arginine 12,50 212 21,20 2,12 25,00 212
Corn starch 20,00 3,39 33,10 3,31 42,50 3,60
Copovidone 47,50 8,05 80,50 8,05 95,00 8.05
Colioidal Anhydrous Silica 2,50 0.42 4,20 0,42 5,00 0.42
Magnesium stearate 5,00 0,85 8,50 0,85 10,00 0.85
Purified water* 186™" 315* 372*
Total Mass (tablet core) 590,00 100,00{ 1000,00 100,00 1180,00 100,00
Hypromellose {5 mPa™s) 6,00 50,00 8,00 50,00 9,00 50,00
Propylene glycol .60 5,00 6,80 5,00 0,90 5,00
Talc 2,88 18,50 2,96 18,50 4,455 18,50
Titanium dioxide 240 2500 4,00 25,00 3,60 25,00
lron oxide, veilow 0,12 1.25 0,20 1,25
iron oxide, red 0.04 0,25 0.045 1,25
Purified water™ 88" 117%* 132%
Total Mass (film-coat) 12,060 100,00 16,06 100,00 18,00 100,00
Total Mass {(coated tablet) 602,00 1016,60 1198,00

** Removed during processing, does not appear in final product
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Manufacturing progedure (Mono-layer tablets):

DPP-4 inhibitor of this invention (e.g. Bl 1356) + metformin HCI FDC mono-layer tablets are

5  produced by a fiuid-bed granulation process and a conventional tableting process with a
rotary press. Optionally, metformin HCI and comn starch may be pre-treated by heating in a
chamber of fluid-bed granulator to remove excessive HCI and/or impurity products before
mixing with the active DPP-4 inhibitor ingredient. After the optional pre-treatment of
metformin HC| and corn starch, the DPP-4 inhibitor is either added as powder and premixed

10  before fluid-bed granuiation is conducted by spraying of “Granulation Liguid” composed of
copolyvidon (Kollidon VA64), L-arginine and purified water, or directly dispersed in the
“granulation liquid”. After finishing of fluid-bed granulation, the granulate is sieved with a
suitable screen. The sieved granulate is blended with colloidal anhydrous silica {Aerosil 200}

and magnesium stearate as a lubricant, The final mixture is compressed into tablets using a

15 conventional rotary tablet press.

The tabiet cores may be film-coated by an aqueous fiim-coating suspension, containing
hypromeilose as film-forming agent, propylene glycol as plasticizer, taic as glidant and the
pigments yellow iron oxide and/or red iron oxide and titanium dioxide.
20
Narrative more specific description of the preferred manufacturing process for the mono-
layer tablets:
a) Metformin HCI and corn starch are sieved using a screen with a mesh size of 0.5 to1 mm
before dispensing.
25 b)) L-arginine, Bl 1356 and finally copolyvidon are dissolved resp. dispersed in purified
water at ambient temperature with a propeller mixer to produce the “Granulation Liquid”.
¢) Metformin HC! and corn starch are sucked intc a chamber of a suitable fiuid-bed
granulator and preheated up to a product temperature target of approx. 36°C.
d) Immediately after the product temperature target is reached, the “Granulation Liquid” is
30  sprayed into the mixture for fluid-bed granulating under dry condition to avoid blocking during
granuiation.
e) At the end of spraying, the resultant granulate is dried at approx. 70 C inlet air
temperature until the desired LOD value (i.e. 1 — 2 %) is reached.

f)  The granulate is sieved using a screen with a mesh size of 0.5 fo 1.0 mm.
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g) The sieved granulate and colloidal anhydrous silica (Aerosil 200) are blended with a

suitable biender. Aerosil 200 should be pre-sieved with a small portion of the sieved

granulate through a 0.8 mm-screen before use.

h} Magnesium stearate is passed through a 0.8 mm sieve and added into the granulate.

5 Subsequently the “Final Blend” is produced by final blending in the free-fali blender.

i)  The “Final Blend" is compressed into tableis with a rotary press.

i) Titanium dioxide, propylene glycol and iron oxide {yellow, red or yellow and red) are

dispersed in purified water with a high shear homo-mixer. Then, hypromellose and talc are

added and dispersed with 2 homo-mixer and propeller mixer at ambient temperature 1o
10  produce the “Coating Suspension”.

k) The tabiet cores are coated with the “Coating Suspension” to the target weight gain to

produce the "Film-coated Tablets”. The “Coating Suspension” should be stirred again before

use and kept stirring slowly during the coating (spraying) process.

15  Narrative more specific description of an alternative manufacturing process for the mono-
layer tablets:
a) Metformin HCl is sieved using a screen with a mesh size of 0.5 to1 mm before weighing.
b) L-arginine and copolyvidon are dissolved in purified water at ambient temperaiure with a
propeller mixer to produce the “Granulation Liguid”
20 ¢) Metformin HCl and corn starch are heated in a chamber of fluid-bed granuiator at 70 -
80 °C for more than 15 min until the product temperature reaches 60 °C
d) Bl 1356 is added into the container, then blended with metformin HCI and corn starch in
"""" the fluid-bed granulator.
e} The "Granulation Liquid” is sprayed into the mixiure for fluid-bed granulating under dry
25 condition to avoid biocking during granulation.
f)  Atthe end of spraying, the resuitant granulate is dried at 70 - 80 °C uniil the desired LOD
value (i.e. 1 -2 %), in case the LOD is more than 2 %.
g) The granulate is sieved using a screen with a mesh size of 0.5 to 1.0 mm.
h}y The sieved granuiate and colloidal anhydrous silica {Aerosil 200) are blended with a
30 suitable blender. Aerosil 200 should be sieved with a 0.5 mm-screen before use.
) Magnesium stearate passed through a 0.5 mm sieve and added info the granulate.
Subsequently the “Final Blend” is produced by final blending in the biender.
[y The *Final Blend” is compressed into tablets with a rotary press.
K} Hypromellose and propylene glycol are dissolved in purified water with a propeller mixer.

35 Talc, titanium dioxide, and iron oxide (yellow, or yellow and red) are dispersed in purified



18,00 100,00 627 100,00 1030 100,00 1203 100,00 WO 2009/121945PCT/EP2009/053978 - 39 -
Manufacturing procedure (Tablet-in-Tablet or Bull's eye tablet): DPP-4 inhibitor of this invention (e.g.
Bl 1356) +YReHEMHYTI FDC Tablet-in-Tablet or Bull's eye tablets are pfodUiERH B 2HiGh-shear wet
granulation process (for DPP-4 inhibitor- granulate), a rotary press (for DPP-4 inhibitor core-tablet), a
fluid-bed granulation process 5(for metformin HCI-granulate), and press-coating process with a
press-coater. DPP-4 inhibitor core-tablet: By using#&rhigh-shear granulator the active DPP-4 inhibitor
ingredient is pre-mixed with the diluents D-mannitol and pregelatinized starch. The mixture is
moistened witi#§FaMitiadimg HEciixeontaffvgRRNFHRY iWé&egﬁHt%étﬁ)%\h%ﬁ@%oéeoﬁ%ép%ﬁ@?rmfu rther
mixing, dryinghgad sigwing thegsied graxelata ishlsrdedavitheraagaesiurpratarratenas doditieant.
Narrative moge specific gescription of the manufacturing process for the Bl 1356 core-tablets: a.
Copovidone § i E’-%Sr{é)ﬁ]ﬂi'ne are dissolved in purified water at ambient temperature to 15produce the
Granulatipn ibeithtseBlores ererenatind vaid theefetating S sparsivardcdblbadawat welahhBRmiter, to
prodyce the Bres\i. e TaRrSsARN i spRigtenad with heCoanmation Ligwdiand subseaugaty
granulated. d. The moist granulate is sieved through a suitable sieve. 20e.The granulate is dried at
about 50 C (rﬂ%rﬁ&ﬁ?é’@(&'}%ﬂté’%ﬂRﬁ@'&v&‘eyavfdnﬁifftﬁ&%%%‘&%@é ARG Value is obtained. f.
The dried granulate is sieved through a sieve with a mesh size of 1.0 mm. g. Magnesium stearate is
passed through a 1.0 mm sieve and added to the granulate. Subsequently the "Final Blend" is
produced by final blending in a suitable blender.



25h."Final Blend" is compressed into "Bl 1356 core-tablets" with a rotary press. Metformin
HCI-granulate: Metformin HCI and corn starch are pre-treated by heating in a chamber of fluid-bed
granulato™¥& A6 YR cessive HCI and/or impurity products. After the prESTERAENP S etformin HCI
and corn starch, fluid-bed granulation is conducted by 30 spraying of "Granulation Liquid" composed
of copolyvidon (Kollidon VA64) and purified water. After finishing of fluid-bed granulation, the granulate
is sieved with a suitable screen. The sieved granu%“t-’e“is blended with colloidal anhydrous silica
(Aerosil 200) and magnesium stearate as a lubricant. WO 2009/121945PCT/EP2009/053978 - 40 -
Narrative more specific description of the manufacturing process for the Metformin HClgranu late:

a) Metformigijkifyds Fadved using a screen with a mesh size of 0.5 tol mm before weighing. b)

2) Metforipi iy Tieved using a ) . . ;
e Cram TG LT & M Lol Cort otk A ReAled s ReAbaror b

granulatonatfcreingoQt FDEniohe tratets! alileign il #heproau@lienperature reaches 60 C d) The
"Gragulation Liquid" is sprayed into the mixture for fluid-bed granulating under dry condition to avoid

blocking during granulation. 10e) At the end of sprayi e resultant granulate is dried at 70 - 80 C
until the d&8ife :E@ﬁ%ﬂ@"(i.éﬁi 1—%%)ﬂﬂ@g8§ﬁfﬁé¥%§%m%. f) The granulate is sieved

using a screen with a mesh size of 0.5 to 1.@Owse. SiHehigéhs{BY4aTf amadieraid dllbidw anhydrous
silica (Aerosil 200);&‘@%@%’% ed with arstt Odcl. Aetrosit2R0 stpuld e seyed Wgha 09
mm-screen before uSe. 15 h) Magnesium stearate passed through a 0.5 mm sieve and addopd into the
granulate. Subsequently "Metformin MCl-gf&llate” (Eilal Blelidlis prod¥ded bylfitll blendidy in the
blender. g hesQRfr4 jnhibitor core-fabielgEaNd NFg@IMIN Hsggrangials| are gammpresged)into

.-20Tablet-in-Tablet or Bull's eye tablet.m%mes&cozzmeﬂwuembemgemew—?

" Tablet-in-BabR&and Bull's eye tablet is the 8ition®bPHd coré@blet. RanGtive mMote spebified
descriptiop-pfghenaanufacturing process foe e Tablesin-Tablesta) Fill.ade3lf of M&ormih556
HCl-granylate in a die. 25b) Place a Bl 1 g re-ta}al on %Q?%rfac%gfsgletfggm' HCl-granulate. c)
Cover thetfé:g?g?t%%fit with second half of Met ogrmin g%granu ate, then compressed into the tablet
(Tablet-inPrapreatinizedgiarative more |spedifi@Bescrptifh] of the PRanufdefilting oE8ss forHE Bull's
eye tabletg,,30a)Fith Metformin HCI-granulgdein a dig,o0) Plagedhe BHBIHE corestablet orvthe
Mefformin HCI-granulate in the die, then ¢ essed intd the%;a et (BL?' ye t ). W
2009/1215P58¥998D2009/053978 - 41 - T%gf;?t bIets%rhSéBy be i r’r%é:oate @)ge an aglieous filmoed ating
suspensidiiagoesaimrgehayaromellose ps film-fdrminglagfent, progdlene diyish) as @dsticizer! &g as
glidant anglthe, pigm eiie Y&k iron oxide angfpr regyison oxidgsand titangay) dipxide;  (100)

Metformin Hydrochloride 500,0 87,72 850,00 87,721 1000,00 87,72
Corn starch 15,00 2,63 25,50 2,63 30,00 2,63
Copovidone 47,50 8,33 80.57 8,33 95,00 8,33
Colloidai Anhydrous Silica 2,50 0,44 4,25 0,44 5,00 0.44
Magnesium stearate 5,00 0,88 8,50 0,88 10,00 0,88
Total Mass (tablet core) 1020 100,00 1419 100,00 1590 100,00
Hypromellose (5 mPa”s) 8,00 50,00 9,50 50,00 11,00 50,00
Propylene glycol 6,80 5,00 0,95 5,00 1,10 5,00
Talc 2,96 18,50 3,515 18,50 4,07 18,50
Titanium dioxide 4,00 25,00 4,75 25,00 550 2500
fron oxide, yeliow 0.20 1,251 0,2375 1,25 0,275 1,25
Iron oxide, red 004  025| 00475  025| 0.055 025
Total Mass {film-coat) 16,06 100,00 18,00 100,00 22,60 100,00
Total Mass (coated tablet) 1036 100,00 1438 100,00 1612 100,00




5Narrative more specific description of the manufacturing process for the film-coating: a) Hypromellose
and propylene glycol are dissolved in purified water with a propeller mixer. Talc, titanium dioxide, and
iron oxide §@Rr80/¥&45r yellow and red) are dispersed in purified water With AERSBIH%EY. The
suspension is added into the hypromellose solution, then mixed with a propeller mixer at ambient
temperature to produce the "Coating Suspension”. 10 b) The tablet cores are coated with the "Coating
Suspension" to the target weight gain to produce i@ "“Film-coated Tablets". The "Coating Suspension”
should be stirred again before use and kept stirring slowly during the coating (spraying) process. 15 4.
DPP-4 inhibitor-Drug Layering on Metformin HCI Tablet (film-coating for drug-loading) The

compositigihofR R4 il @i lhigdnnia: (Bl 1356) + metformin HCI FDC (Film- 20coated
Tablets) which are p d by drug loadi film-coati th fformin HCI Tablet js sh [
Table 4, HHE-2000P0L AP TPIEIESa0) s 5 - T IHHS AT ob MGt 1L 398 & AatRormin
HCI FDCpBidl@866-Goatiing ahddetietrprantdiBlidrabtetebo ferSbffdgtin (B1it8e6ahmetpranfuikiGsd mg 2.5
1'50@2.5{ 8005 HRARINASohERGHH] IBabIad RED) GROHREP(1AALE1L400CRY 7609

muiti-iayer rotary press.

DPP-4 inhibitor-granulate: By using a high-shear granulator the active DPP-4 inhibitor

ingredient is pre-mixed with the diluents D-mannitol and pregelatinized starch. The mixture is
10  moistened with granulating liquid, containing purified water and copovidone as a binder. After
further mixing, drying and sieving, the dried granulate is blended with magnesium stearate as

a lubricant,

Narrative more specific description of the manufacturing process for the Bl 1356-granulate:
15 a. Copovidone and L-arginine are dissoived in purified water at ambient temperature o
produce the Granulation Liguid.
b. Bl 1356, mannitol and pregelatinized starch are blended in a suitable mixer, to produce
the Pre-Mix.
The Pre-mix is moistened with the Granuiation Liquid and subsequently granulated.
20 d. The moist granulate is sieved through a suitable sieve.
e. The granulate is dried at about 50 °C {maximum 60 °C) in a suitable dryer until the
desired loss on drying value is obtained.
f.  The dried granulate is sieved through a sieve with a mesh size of 1.0 mm.
g. Magnesium stearate is passed through a2 1.0 mm sieve and added to the granulate.
25  Subseqguently the “Final Blend A” is produced by final blending in a suitable blender.

Metformin HCl-granulate: Mestformin HCI and corn starch are pre-treated by heating in a

chamber of fluid-bed granulator to remove excessive HCI and/or impurity products. After the
pre-treatment of metformin HCH and corn starch, fluid-bed granuiation is conducted by
30 spraying of “Granulation Liquid” composed of copolyvidon (Kollidon VAB4) and purified
water. After finishing of fluid-bed granulation, the granulate is sieved with a suitabie screen.
The sieved granulate is biended with colloidal anhydrous silica (Aerosil 200) and magnesium

stearate as a lubricant.



87,72 850,0 87.72 1000,0 87,72 15,0 2,63 25,5 2,63 30,0 2.63 47.5 8.33 80,57 8,33 95.0 8,33 2,5 0,44

4,25 0,44 5,0 0,44 5,0 0.88 8,5 0,88 10,0 0,88 570 100.00 969 100,00
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Narraiive more specific description of the manufacturing process for the Metformin HCI-
granulate:
a) Metformin HC! is sieved using a screen with a mesh size of 0.5 to1 mm before weighing.
b) Copolyvidon is dissoived in purified water at ambient temperature with a propeller mixer
5 o produce the “Granulation Liquid”

¢) Metformin HCI and corn starch are heated in a chamber of fluid-bed granuiater at 70 -
80 °C for more than 15 min until the product temperature reaches 60 °C
d) The “Granulation Liquid” is sprayed into the mixture for fluid-bed granutating under dry
condition to avoid blocking during granulation.

10 e) Atthe end of spraying, the resultant granulate is dried at 70 - 8C °C untif the desired LOD
value (i.e. 1 — 2 %), in case the LOD is more than 2 %.
f)  The granuiate is sieved using a screen with a mesh size of 0.5 to 1.0 mm,
g) The sieved granuiate and colloidal anhydrous silica (Aerosil 200) are blended with a
suitable blender. Aerosil 200 should be sieved with a 0.5 mm-screen before use.

15 h) Magnesium stearate passed through a 0.5 mm sieve and added into the granuiate.
Subsequently the “Final Biend B” is produced by final blending in the blender.

The “Final Blend A’ and “Final Blend B” are compressed into bi-layer tablets using a multi-
jayer rotary press. The tablet cores may be film-coated by an agueous film-coating
20  suspension, containing hypromeliose as film-forming agent, propylene glycoi as plasticizer,

talc as glidant and the pigments yellow iron oxide and/or red iron oxide and titanium dioxide.

Narrative more specific description of the manufacturing process for the film-coating:

a) Hypromellose and propylene giycol are dissolved in purified water with a propelier mixer.
25  Talc, titanium dioxide, and iron oxide (yellow, red or yeliow and red) are dispersed in purified

water with a homo-mixer. The suspension is added into the hypromeliose solution, then

mixed with a propeller mixer at ambient temperature to produce the “Coating Suspension”.

b) The tablet cores are coated with the “Coating Suspension” 10 the target weight gain to

produce the “Film-coated Tablets”. The “Coating Suspension” shouid be stirred again before
30 use and kept siirring slowly during the coating (spraying) process.



1140 100,00 (12) (100) (16) (100) (18) (100) 6,00 50,00 8,00 50.00 9,00 50,00 0,60 5,00 0,80 5,00

0,90 5,00 2.22 18,50 2,96 18.50 3.33 18,50 3,00 25,00 4,00 25,00 4,50 25.00 0.15
WO 2009/121945 PCT/EP2Z009/053978
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3. Tablet-in-Tabiet or Bull's eye tabiet

The composition of Tablet-in-Tabiet or Bull's eye tablets for a DPP-4 inhibitor of this invention
5 (B! 1356) + metformin HCI FDC (Film-coated Tablets) is shown in Table 3.

Table 3: Composition of Bl 1356 + Metformin HCI FDC Tablet-in-Tablet or Bull's Eve Tablets

Dose Strength (Bl 1356 / metformin HCI), mg
Ingredient 2.5/500 2.51850 2.511000

[mgj [%] [mg] [%] [mg] [%]
Bl 1356-portion: {(45) (100) (45) (100) (45) (100)
Bl 1356 2,50 5,56 2,50 5,56 2,50 5,56
L-Arginine 1,00 222 1,00 2,22 1,00 2,22
D-mannitol 30,475 67,72| 30,475 67,72 30,475 67.72
Pregeiatinized starch 4,50 10,00 4.50 10,60 4,50 10,00
Corn starch 4,50 10,00 4,50 10,00 4,50 10,00
Copovidone 1,350 3,00 1,350 3,00 1,35 3,00
Magnesium stearate 0,675 1,50 0,675 1,50 8,75 1,50
Metformin HCl-portion: (570) (100) (969) (100)| (1140) {100)
Metformin Hydrochloride 500,60 87,721 850,00 87,72 1000,00 87,72
Corn starch 15,00 2,83 25,50 2,63 30,00 2,63
Copovidone 47.50 8,33 80,57 8,33 95,00 8,33
Colloidal Anhydrous Silica 2,50 0.44 4,25 0,44 5,00 .44
Magnesium stearate 5,00 0,88 8,50 0,88 10,00 0,88
Total Mass (tablet core) 615 100,00 1014 100,00 1185 100,00
Hypromellose {5 mPa"s) 8,00 50,00 8,00 50,00 9.00 50,00
Propylene glycol G,60 5,00 0,80 5,00 0,90 5,00
Talc 2,22 18,50 2,96 18,50 3,33 18,50
Titanium dioxide 3,00 25,00 4,00 25,00 4,50 25,00
lron oxide, yellow .15 1.25 0,20 1,25 (3,225 1.25
iron oxide, red 0.03 0,25 0.04 0,25 0.045 0.25
Total Mass {film-coat) 12,00 100,00 16,00 100,00 18,00 100,00
Total Mass (coated tablet) 627 100,00 1030 100,00 1203 100,00




1.25 0,20 1,25 0,225 1,25 0.03 0,25 0.04 0,25 0.045 0,25 (25) (100) (25) (100) (25) (100) 2,50 10,00

2,50 10,00 2,50 10,00 2,50 10,00 2.50 10,00 2,50 10.00 18,00 72,00 18,00 72,00
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Manufacturing procedure (Tablet-in-Tablet or Bull’s eye tablet):
DPP-4 inhibitor of this invention (e.g. Bl 1356) + metformin HClI FDC Tablet-in-Tablet or
Bull's eye tablets are produced by a high-shear wet granuiation process (for DPP-4 inhibitor-

granulate), a rotary press (for DPP-4 inhibitor core-tabliet), a fluid-bed granulation process

5  (for metformin HCl-granulate), and press-coating process with a press-coater.

DPP-4 inhibitor core-tablet: By using a high-shear granulator the active DPP-4 inhibitor

ingredient is pre-mixed with the diluents D-mannitol and pregelatinized starch. The mixiure is
moistened with granulating liquid, containing purified water and copovidone as a binder. After
10  further mixing, drying and sieving, the dried granuiate is blended with magnesium stearate as

a lubricant.

Narrative more specific description of the manufacturing process for the Bl 1356 core-{ablets:
a. Copovidone and L-arginine are dissolved in purified water at ambient temperature to
15 produce the Granulation Liguid.
b. Bl 1358, mannitol and pregelatinized starch are blended in a suitable mixer, to produce
the Pre-Mix.
The Pre-mix is moistened with the Granulation Liguid and subsequently granulated.
The moist granuiate is sieved through a suitable sieve.
20 e. The granulate is dried at about 50 °C {maximum 60 °C) in a suitable dryer until the
desired loss on drying value is obtained.
f. The dried granulate is sieved through a sieve with a mesh size of 1.0 mm.
g. Magnesium stearate is passed through a 1.0 mm sieve and added to the granulate.
Subsequently the “Final Blend” is produced by final blending in a suitable blender.
25 h., ‘Final Blend” is compressed intc “Bl 1356 core-tablets” with a rotary press.

Metformin HCl-granulate: Metformin HCI and corn starch are pre-treated by heating in a

chamber of fiuid-bed granulator fo remove excessive HCI and/or impurity producis. After the
pre-treatment of metformin HCl and corn starch, fiuid-bed granulation is conducted by
30 spraying of “Granulation Ligquid” composed of copolyvidon (Kollidon VAB4) and purified
water, After finishing of fluid-bed granuiation, the granulate is sieved with a suitable screen.
The sieved granulate is blended with colioidal anhydrous silica (Aerosil 200) and magnesium

stearate as a lubricant.



18,00 72,00 2,00 8,00 2,00 8,00 2,00 8,00 (12) (100) (96) (100) (18) (100) 6,00 50.00 8,00 50.00 9,00

50,00 0,60 5,00 0,80 5,00 0,90 5,00 2,22 18,50 2,96 18,50 3,33 18,50 3,00
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Narrative more specific description of the manufacturing process for the Metformin HCH-
granulate:
a) Metformin HCl is sieved using a screen with a mesh size of 0.5 to1 mm before weighing.
b) Copolyvidon is dissolved in purified water at ambient temperature with a propeller mixer to
5  produce the “Granuiation Liquid”

¢) Metformin HCI| and corn starch are heated in a chamber of fluid-bed granulator at 70 -
80 °C for more than 15 min until the product temperature reaches 60 °C
d) The “Granuiation Liquid” is sprayed into the mixture for fluid-bed granulating under dry
condition to avoid biocking during granulation.

10 e) At the end of spraying, the resultant granulate is dried at 70 - 80 °C until the desired LOD
value (i.e. 1 -2 %), in case the LOD is more than 2 %.
f) The granulate is sieved using a screen with a mesh size of 0.5 to 1.0 mm.
g) The sieved granulate and colloidal anhydrous silica (Aerosil 200) are blended with a
suitable blender. Aerosil 200 should be sieved with a 0.5 mm-screen before use.

15  h) Magnesium stearate passed through a 0.5 mm sieve and added into the granulate.
Subsequently “Metformin HCl-granulate” (Final Blend) is produced by final biending in the
blender.

The “DPP-4 inhibitor core-tablets” and "“Metformin HCl-granulate’ are compressed into
20  Tablet-in-Tablet or Bull's eye tablets using a press-coater, The difference between the
Tablet-in-Tablet and Bull's eye tablet is the position of the core tablet.

Narrative more specific description of the manufacturing process for the Tablet-in-Tablet:
a) Fili a half of Metformin HCl-granulate in a die.
25 b) Place a Bl 1358 core-tablet on the surface of Metformin HCl-granuiate.
c) Cover the core-tablet with second half of Metformin HCl-granulate, then compressed into
the tablet (Tablet-in-Tablet).

Narrative more specific description of the manufacturing process for the Bull's eye tablets:
30 a) Fill Mstformin HCl-granulate in a die.

b) Place the Bl 1356 core-tablet on the Metformin HCl-granulate in the die, then

compressed into the tablet (Bull's eye tablet).



25,00 4,00 25,00 4,50 25,00 0.15 1,25 0,20 1,25 0,225 1,25 0.03 0,25 0.04 0,25 0.045 0,25 49 100,00
57 100,00 61 100.00 619 100,00 1026 100,00 1201 100,00 WO 2009/121945PCT/EP2009/053978 -
43 - Manu%%tﬂﬁﬂdzﬁ%&edure (DPP-4 inhibitor-drug layering by film- coatlﬁézglrlilﬁﬂ({?éorﬁfﬁsMCI Tablet):
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15

20
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The tablets may be film-coated by an aqueous film-coating suspension, containing
hypromeliose as fiim-forming agent, propylene glycol as plasticizer, talc as glidant and the

pigments yellow iron oxide and/or red iron oxide and titanium dioxide.

Narrative more specific description of the manufacturing process for the film-coating:

a) Hypromeliose and propylene glycol are dissolved in purified water with a propeller mixer.
Talc, titanium dioxide, and iron oxide (yeliow, red or yellow and red) are dispersed in purified
water with a homo-mixer. The suspension is added into the hypromeliose solution, then
mixed with a propeller mixer at ambient temperature o produce the "Coating Suspension’.

b) The tablet cores are coated with the “Coating Suspension” to the target weight gain to
produce the “Film-coated Tablets”. The “Coating Suspension” shouid be stirred again before
use and kept stirring slowly during the coating (spraying) process.

4, DPP-4 inhibitor—Drug Layering on Metformin HC! Tablet (film-coating for drug-
loading)

The composition of a DPP-4 inhibitor of this invention (Bi 1356) + metformin HCI FDC (Film-
coated Tablets) which are prepared by drug loading by fiim-coating on the Metformin HCI
Tablet is shown in Table 4.



5DPP-4 inhibitor (e.g. Bl 1356) + mefformin HCI FDC with drug coating is produced by a fluid- bed
granulation process, a conventional tableting process, and film-coating process with three steps:
seal-coatiﬁ%‘,) 3?8&%’6?6%9 and over-coating. The over-coating may be ablB%’B%Zg%ﬁbé%y combining
with the drug-loading, if the stability is acceptable. 10Metformin HCI Tablets: Mefformin HCI and corn
starch are pre-treated by heating in a chamber of fluid-bed granulator to remove excessive HCI and/or
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Talc
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2,96 18,50
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Titanium dioxide

3,00 25,00

4,00 25,00

4,50 25,00

iron oxide, yeliow

0.15 1.25

0,20 1,25

0,225 1,25

tron oxide, red

0.03 0,25

(.04 0.25

0.045 0,25

Total Mass (film-coat)

49 100,00

57 100,00

61 100,00

Total Mass (coated fablet)

619 100,00

1026 100,00

1261 100,00




30 to form the "over-coat" and to produce the "Film-coated Tablets". The "Coating Suspension” should
be stirred again before use and kept stirring slowly during the coating (sprayin rocess. WO 2009/
21945PC 608735978 - 45 - Product Description: The product descrﬁ%i BYU3EE + Metformin
HCI FDC mono-layer tablets (tablet core and film-coated tablets) is shown in Table 8 and Table 9,
respectively. Table 8: Product Description of Bl 1356 + Metformin HCI FDC Mono-layer Tablets (Tablet
Core) Items Dose Strength (B11356 / mefformin N@),‘mg 2.5/5002.5/850 2.5/1000 Tablet shape
Oval, biconvex Oval, biconvex Oval, biconvex Tablet size [mm] 16.2 x 8.5 19.1 x 9.3 21.0 x 9.6 Color
white Weight 590 1000 1180 Thickness [mm], (Mean) Approx. 5.8 Approx. 7.3 Approx. 7.6 Crushing
strengthN], (Mean) > 100,

Manufacturing procedure (DPP-4 inhibitor-drug layering by film-coating on Meiformin
HCI Tablet):
5 DPP-4 inhibitor {e.g. Bl 1356) + metformin HCI FDC with drug coating is produced by a fluid-

bed granulation process, 2 conventional tableting process, and film-coating process with

three steps: seal-coating, drug-loading and over-coating. The over-coating may be able 1o be

skipped by combining with the drug-loading, if the stability is acceptable.

10  Metformin HCI Tablets: Metformin HCl and corn starch are pre-treated by heating in a

chamber of fiuid-bed granuiator to remove excessive HCI and/or impurity products. After the
pre-treatment of metformin HCl and corn starch, fluid-bed granulation is conducted by
spraying of “Granulation Liquid” composed of copolyvidon (Kollidon VA84) and purified
water. Afier finishing of fluid-bed granulation, the granulate is sieved with a suitable screen.
15  The sieved granulate is blended with colloidal anhydrous sifica (Aerosil 200} and magnesium
siearate as a lubricant. The final blend is compressed into the tablets with a conventional

rotary press.

Narrative more specific description of the manufacturing process for the Metformin MCi-
20  granulate:
a) Metformin HCI is sieved using a screen with a mesh size of 0.5 to1 mm before weighing.
b) Copolyvidon is dissolved in purified water at ambient temperature with a propelier mixer to
produce the “Granulation Liquid”
¢) Metformin HCI and corn starch are heated in a chamber of fluid-bed granulator at 70 -
25 80 °C for more than 15 min until the product temperature reaches 60 °C
d} The “Granulation Liquid” is sprayed into the mixture for fluid-bed granulating under dry
condition {o avoid blocking during granulation.
e) At the end of spraying, the resultant granulate is dried at 70 - 80 °C until the desired LOD
value (i.e. 1 —2 %), in case the LOD is more than 2 %.
30 f) The granulate is sieved using a screen with a mesh size of 0.5 to 1.0 mm.
g) The sieved granulate and colioidal anhydrous silica (Aerosil 200) are blended with a
suitable blender. Aerosil 200 should be sieved with a 0.5 mm-screen before use.
h) Magnesium stearate passed through a 0.5 mm sieve and added into the granulate.
Subsequently “Final Blend” is produced by final blending in the blender.

35 i) The “Final Biend” is compressed into the tablets with a conventional rotary press.



Approx. 140 > 150, Approx. 190 > 150, Approx. 200 Disintegration time [min] <15 _<15<15 _
Friability [0A] < 0,5 <0.5< 0,5 Table 9: Product Description of Bl 1356 + Metformin HCI FDC
Mono-laye\y éﬂfgféz('éﬁated) Items Dose Strength (Bl 1356 / metformin HE;(F)T,/ m’&o%{@qsg% 2.5/850
2.5/ 1000 Color light yellow light orange light red Weight 602 1016 1198 Thickness [mm], (Mean)

Approx. 5.9 Approx. 7.4 Approx. 7.7 44

Film-coating: The tablets are film-coated by (1) seal-coating: by an aqueous fiim-coating
suspension, containing hypromellose as film-forming agent, propyiene glycol as plasticizer,
talc as glidant and the pigments yeliow iron oxide and/or red iron oxide and fitanium dioxide,

5 (2) drug-oading: by an agueous film-coating suspension, containing hypromeliose as fiim-
forming agent, propylene glycol as piasticizer, Bl 1356 as drug substance, and L-arginine as
stabilizer, and (3) over-coating: by an agueous film-coating suspension, coniaining
hypromeliose as film-forming agent, propyiene glycol as plasticizer, talc as glidant and the
pigments yellow iron oxide and/or red iron oxide and titanium dioxide,

10
Narrative more specific description of the manufacturing process for the film-coating with a
coating machine:

a) Hypromellose and propylene glycol are dissolved in purified water with a propeller mixer.
Talc, titanium dioxide, and iron oxide (yellow, red or vellow and red) are dispersed in purified

15  water with a homo-mixer. The suspension is added into the hypromeliose solution, then
mixed with a propeller mixer at ambient temperature to produce the “Coating Suspension’
for "seal-coating” and “over-coating”.

b) Hypromellose, propylene glycol and L-arginine are dissolved in purified water with a
propeller mixer. Bl 1356 {active drug) is added into the hypromeliose soiution, then dispersed

20  with a propeller mixer at ambient temperature fo produce the “Drug Suspension” for “drug-
toading™.
¢) The Metformin HC! tablets are coated with the “Coating Suspension” 1o the target weight
gain to form the “seal-coat’. The “Coating Suspension” should be stirred again before use
and kept stirring slowly during the coating {spraying) process.

25 d) Following the seal-coating, the “Drug Suspension” is applied to the surface of the
Metformin HCI tablets to form the “drug layer” (drug toading). The “Drug Suspension” should
be stirred again before use and kept stirring siowly during the coating {spraying) process.
The coaling end point can be determined by availabie PAT (Process Analysis Technology).
e) After drug loading the “Coating Suspension” is appiied to the Bl 1356 drug-loaded tablets

30 - to form the “over-coat” and to produce the “Film-coaied Tablets”. The “Coating Suspension”
should be stirred again before use and kept stirring slowly during the coating (spraying)
process.



Crushing strength [N] (Mean) > 100, Approx. 180 > 150, Approx. 240 > 150 _, Approx. 250

Disintegration time [min] <15 _ <15< 15 _ WO 2009/121945PCT/EP2009/053978 - 46 - Stability
#) 1356 + Metformin HCI FDC mono-layer tablets (}[’ﬂ@tyég?g’fw&ﬂsor without
L-arginine is shown in the following tables (over 2 weeks, 1 month and 3 months): 5 2.5+500 mg
tablets + 12.5 mg arginine: 60C glass bottle Tesztggarameter Initial

Data: Stab‘ﬁ’iﬂ/zag?g

10

15

Product Description:

2W1M

The product description of Bl 1356 + Metformin HC! FDC_mono-iaver tablets (tablet core and

film-coated tablets) is shown in Table 8 and Table 9, respectively.

Table 8: Product Description of Bl 1356 + Metformin HCI FDC Mono-layer Tablets (Tablet

Core)
ltems Dose Strength (Bl 1356 / metformin HCI}, mg
2.5/500 2.5/ 850 2.571000
Tablet shape Oval, biconvex Oval, biconvex | Oval, biconvex
Tablet size [mm] 16.2 x 8.5 18.1 x 9.3 21.0x9.8
Color white
Weight 590 1000 1180
Thickness [mm], (Mean) Approx. 5.8 Approx. 7.3 Approx. 7.6
Crushing strength [N], {(Mean) 2100, 2150, 2150,
Approx. 140 Approx. 180 Apprax. 200
Disintegration time [min] <15 <15 <15
Friability [%] <05 <05 <05

Tabie 9: Product Description of Bl 1356 + Metformin HCI FDC Mono-layer Tablets {Coated)

items Dose Strength (Bl 1356 / metformin HCI), mg
2.51500 25718350 2.5/1000
Color light yellow light orange light red
Weight 602 1016 1198
Thickness [mm], (Mean) Approx. 5.9 Approx. 7.4 Approx. 7.7
Crushing strength IN] (Mean) 2100, 2 150, 2190,
Approx. 180 Approx. 240 Approx. 250
Disintegration time [min] <15 <15 <15




3 M Degradation Bl 1356 (%) Total < 0.2 <0.2<0.2<0.2 2.5+500 mg tablets + 0 mg érginine: 60C

glass bottle Test parameter Initial 2 W 1 M 3 M Degradation Bl 1356 (9 | < 12985
102.5+108%Prr’1&°?é% S+ 25 mg arginine: RO EH A

- 46 -

Stability Data:
Stability data of Bl 1356 + Metformin HC| FDC_mono-laver tablets (tablet core) with or without

L-arginine is shown in the following tables (over 2 weeks, 1 month and 3 months):

2.5+500 mg tablets + 12.5 mg arginine:

60°C glass botlie

Test parameter Initial
2W TM 3M
Degradation Bl 1356 (%)
Total <0.2 <0.2 <0.2 <02

2.5+500 mg tablets + 0 mg arginins:

60°C giass bottle

Test parameter initial
2W 1M 3IM
Degradation Bl 1356 (%)
Total < 0.2 1.1 2.9 8.5

10 2.5+1000 mg tablets + 25 mg arginine:

60°C glass bottle

Test parameter tnitial
2W 1M 3M
Degradation Bl 1356 {%}
Total <{.2 < (.2 <{.2 0.2

2.5+1000 mg tablets + 0 mg arginine:

60°C glass botile
2W 1M 3M

Test parameter Initial

Degradation Bl 1356 (%)
Total <0.2 1.9 4.7 13.6




60C glass bottle Test parameter Initial 2 W 1 M 3 M Degradation Bl 1356 (%) Total < 0.2 < 0.2 <
0.2 0.2 2.5+1000 mg tablets + 0 mg arginine:  60C glass bottle Test parameter Initial

-47 -
Claims

1. A pharmaceutical composition comprising or made from a DPP-4 inhibitor, which is 1-[(-4-
methyi-quinazoiin-2-ylimethyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-amino-piperidin-1-yi)-xanihine free
base, a partner drug which is metformin hydrochloride, and one or more pharmaceutical excipients, and
a nucleophilic and/or basic agent for stabilizing said DPP-4 inhibitor against degradation.

2. A pharmaceutical composition according to claim 1 comprising a DPP-4 inhibitor which is 1-[(-4-
methyl-guinazolin-2-ylymethyl]-3-methy!-7-(2-butyn-1-y1}-8-{ 3~(R -amino-piperidin-1-yl}-xanthine free
base, a partner drug, which is metformin hydrochloride, one or more pharmaceutical excipients, and a

buffering agent for stabilizing said DPP-4 inhibfitor against degradation.

3. The pharmaceutical composition according to claim 1 or 2, wherein said DPP-4 inhibitor is
stabilized against chemical degradation.

4. The 'pharmaceutical composition according to any of the claims 1 to 3, wherein the nucleophilic
andfor basic agent or the buffering agent is a basic amino acid having an intramolecular amino group

and alkaline characteristics, including L-arginine, L-lysine and L-histidine.



2 W 1 M 3 M Degradation Bl 1356 (/0) Total < 0.2 1.94.7.13.6 - 47 - Claims 1. A pharmaceutical
composition comprising or made from a DPP-4 inhibitor, which is 1-R-4-
methyl-quinazolin-2-yOmethyly3-methyl-7-(2-butyn-1-y0-3-(3-(R)-amino-piperidin-1-y1)-xanthine free
base, a partner drug which is metformin hydrochloride, and one or more pharmaceutical excipients,
and a nucleophilic and/or basic agent for stabilizingg&gid DPP-4 inhibitor against degradation. 2. A
pharmaceutical composition according to claim 1 comprising a DPP-4 inhibitor which is 1-[(-4-
methyl-quipazolin-2-yOmethyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-amino-piperidin-1-y1)-xanthine free
base, a pa?tne‘r dn}'uhza?év\ﬂ%%%‘]ﬁ?é ﬁ'tﬁﬂ)&%&‘%{)’ﬁ&é??yn%f AP Jriafritsseitidis 8REdients, and a
buffering aB&RETOF StataNtihg dar DRI iphiBMwi Sgaiat deaytdatiomard: i fivarbacestienl
compositiagn @eedidmg to claim 1 or 2, wherein said DPP-4 inhibitor is stabilized against chemical
degradation. 4. The pharmaceutical composition according to any of the claims 1 to 3, wherein the
nucleophilic and/ ' ent or the buffering agent is a basic aming acid having an intramolecular
amino grogp,and?éigrl%ﬁ%%%ﬁﬁtg?g |%sslﬁ,'?ﬂ€ ug {F% qr}-%?a nclnr]‘?teﬁ,ﬁ"lf:-i VBhE AR " HRGEAIREPE48 - 5. The
pharmacelMEPEEREEHiBiT 4L8RIRTG 18 PP 6f iné B1EIR IS 4, wherein the DPP-4 inhibitor is
present in a dosage range from about 0.5mg to about 20 mg, particularly from about 0.5mg to about
10mg. 6. The pheremmeensisaticompasiton accattigbtenary el themclaims LirSiwhasein the DPP-4

inhibitor is;pHgssnd mﬂggggﬁ%g@gga&g 9.5l42-5, 5 0r 10mg. 7. The pharmaceutical composition
according to any of the claims Ito 6, wherein the DPP-4 inhibitor is present in a dosage strength of

2.5mg. 8. The pharmaceutical composition according to any of the claims 1 to 7, wherein metformin
hydrochlofide is pRESERTTRCE HIBRSGERETIERS AEAPIHMOETOONHG esiaisdub T50Dansin nE:tibhain
pharmacebyitratoriveds tereatoardivgge emyofsheasiainm doterd iodioiginsntatigrmin hydrochloride is
' present in a dosage strength of 250, 500, 625, 750, 850 or 1000 mg. 10. The pharmaceutical

compositi%n acc rgjeing t%]of ar@éélaims 1.{;0 9, wherein metformin hydrochloride is present in a dosage
strength of 500 my. 850 T or 1000 ARG UPT 3FHY BR%MrRReRltRa ciim &R fiokhated rmtigredany of the

claims 1 téVEeRIRERSIS fesatidiea phikoa Atirootadia 58y 608 62t @ BuBskieg Bigenhés L-arginine. 12.
The pharmaceutical composition according to claim 11, wherein L-arginine is present from about 1 mg

to about SQOmg,.QF‘%f?ﬁg%éggmg}QBH%E%S%%;%%@%%{%? g?gaylc?aiin-l;g? %hg}rn}laceutical composition

according to claim 11 or 12, wherein or and’L-arginine ard perrgé%mefﬁ?Weight ratio

from about*P 68 864 ERE T BraintraR St e is MbBat 43P Mmarefdebiydrom about 1:10 to about

10:1. 14. The pharmaceutical composition according to any of the claims 1 to 13, wherein the
excipientsiare setastghiier:UeHEarpR CaNsiSingahgnsL Bare ek inguding Bananpitol,

nucleophific and/or basic agent or the buffering agent is L-arginine.

12. The pharmaceutical compasition according to claim 11, wherein L-arginine is present from |
about 1 mg to about 50 mg, preferably from about 1 mg to about 25 mg.

13. The pharmaceutical composition according to ciaim 11 or.12, wherein the DPP-4 inhibitor
and L-arginine are present in a weight ratio from about 1:20 to about 10:1, or from about 1:15 1o
about 10:1, preferably from about 1;10 to about 10:1.

14, The pharmaceutical composition according to any of the claims 1 to 13, wherein the
excipients are selected from the group consisting of one or more fillers including D-mannitol,



- 49 - corn starch and pregelatinized starch; a binder including copovidone; a lubricant including
magnesium stearate; and a glidant including colloidal anhydrous silica. 15. The pharmaceutical
composition according to any of the claims 1 to 14 comprising copovidone as binder. 16. The _
pharmaceutical composition according to claim 15 further comprising one or more of the following: the
filler corn starch, the lubricant magnesium stearate 4and the glidant colloidal anhydrous silica. 17. The
pharmaceutical composition according to any of the claims 1 to 16 in the dosage form of a tablet. 18.
The pharmaceutical composition according to claim 17, wherein the tablet is selected from a
mono-lay&PARES Bﬂ%@@?%l@ﬁeﬁ ﬁ?%@gi&8‘{@%8{&%@(&9:&9@%%%@9%@35@@%@@ Bull's eye
tablet), anthagraisietwatécheis il cogitdahfondindopdoadividal 38nybiheuphimaaceutical composition
according to claim 17 or 18, wherein the tablet comprises a film-coat. 20. The pharmaceutical
compositign according to claim 19, wherein the film-coat comprises a film-coating agent, such as e.g.
hypromelldge; a %ﬁ%ﬁ@?ﬁ%ﬁ%§%§ﬁﬁﬂ5&?§ﬁ8{ai%& FptioHameRigAR, Cernssisng talc, and
optionally cymodoneraspigaeents, such as e.g. titanium dioxide, iron oxide red and/or iron oxide yellow.
21. The pharmaceutical composition according to any of the preceding claims, in which the
pharmaceutical composition is a mono-layer tablet, wherein one or more of the following may apply: -
the percenitige of THETEIATHR CATBPRRIRNASS EiBovs ISR IGHEBhes eapmsidinasre ormere
percentage tfeIRRw4riphiétbids @boatich, dhe Digrivamynagigiaioh tatakteblaheane, githgercentage of
L-arginine s aiiabhhyarBygight of total tablet core, - the tablet crushing strength is higher than or
equal 100 N, - the tablet friability is lower than or equal 0.5 %, the tablet thickness is from about 5.7 to
about 8.4 mm, the tablet core weight is from about 590 to about 1180 mg, and - 50 - - the tablet

_disintegrafidn tinfhésdbaverrtieatioat enuat<itomatcARihgadiaraiace digalsCOPE@SH e ageading to any

- of the claiggsldr3iaMdich is an immediate release dosage form, characterized in that in a dissolution
test after 45 minutes at least 75 % by weight of each of the active ingredients is dissolved. 23,A solid
pharmaceutical composition comprising or made from -

1-[(4-metH{-quinaeotinarzgmeitay drpuettiyh adeohiitgreleisln 81 3n(fRraminotaperidiseleis xanthine,
metformiryBYCECRIRNIAGe ARG B0S eAg0r MOLedillsLe. G OF Mare bindeLs, gne of more glidants

and/or one or more lubricants, 24. The Pharmaqeu_tlcal composition acco]rr(]ﬁng o Claim I or 23,
wherein 1@@%%{1}!@4@% tablet}, and a tablet which is film-coated for drug-loading.
quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-l-y1)-8-(3-(R)-amino-piperidin-1-y1)-xanthine has a particle
size distrigytion 95X 30,2000 i BNRFESSILAISEAING 3 PhATAgelahcompgsiion
according to claim 1, 2, 14 or 23 comprising incorporating the active m@recﬁents and -arginine in one
or more pFANREE REATER@hients, such as e.g. one or more pharmaceutical excipients selected from

D-mannitol, corn starch, pregelatinized starch, copovidone, magnesium stearate, and colloidal

anhydrouggilicarhe pharmaceutical composition according to claim 18, wherein the film-coat
comprises a film-coating agent, such as e.g. hypromellose; a plasticizer, such as e.g.
propylene glycol; optionally a glidant, such as e.g. talc, and optianally one or more pigments,
such as e.g. titanium dioxide, iron oxide red and/or iron oxide yellow.

21. The pharmaceutical composition according to any of the preceding claims, in which the
pharmaceutical composition is a mono-layer tablet, wherein one or more of the following may
apply: _

- the percentage of metformin hydrochloride is about 85 % by weight of total tablet core,

- the percentage of DPP-4 inhibitor is about 0.2 % - 0.4 % by weight of total tablet core,

- the percentage of L-arginine is about 2 % by weight of total tablet core,

- the tablet crushing strength is higher than or equal 100 N,

- the tablet friabiiity is lower than or equal 0.5 %,

- the tablet thickness is from about 5.7 to about 8.4 mm,

- the tablet core weight is from about 590 to about 1180 mg, and



- 50 -
- the tablet disintegration time is lower than or equal 15 min.

22. ‘The pharmaceutical composition according to any of the claims 17-21, which is an
immediate release dosage form, characterized in that in a dissolution test after 45 minutes at
least 75 % by weight of each of the active ingredients is dissolved.

23, A solid pharmaceutical composition comprising or made from
1-[(4-methyl-quinazolin-2-ylymethyl]-3-methyl-7-(2-butyn-1 -y)-8-(3~(R})-amino-piperidin-1-yi)-
xanthine,

metformin hydrochloride,

L-arginine,

and one or more fillers, one or more binders, one or more glidants and/or one or more
fubricants.

24, The pharmaceutical composition a'ccording to claim 1 or 23, wherein 1-[{4-methyl-
quinazoiEn-Z-yi)methyi]«3—methyi-—7-(2-butyn—1—yE)-8-(3~(R)-amino—piperidin-1—yf)mxanthine has a
particle size distribution of X90 < 200 pm. '

25, A process for preparing a pharmaceutical composition according fo claim 1, 2, 14 or 23
comprising incorporating the active ingredients and L-arginine in one or more pharmaceutical
excipients, such as e.g. one or more pharmaceutical excipients selected from D-mannitol,
corn starch, pregelatinized starch, copovidone, magnesium stearate, and colloidal anhydrous
silica.



