1 DPP-1V Inhibitor Combined With A Further Antidiabetic Agent, Tablets Comprising Such
Formulations, Their Use And Process For Their Preparation 5The present invention relates to
pharmaceutical compositions comprising fixed dose combinations of a DPP-4 inhibitor drug and a

partner drug, processes for the preparation Wrec:é nd their use {o treat certain diseases. In a more
detailed aspecPHRiEY dabipitpehasmbned Wih, I%t') 86 AR 'fbﬁ@?éb(’di%eﬂ combination
(FDC) of ageinpadifip S| ReRfitiiatohs) THef) USEANTIRIO 888 Rk Prspatationhe FDC
formulations are chemically stable and either a) display similarity of in-vitro dissolution profiles and/or
are bioequivater S mbination—or-b)y-atew-to-adiustthe-in=vitre-and-n=vivo-perfermance to
desired levels. In a preferred embodiment the invention relates to chemically stable FDC formulations

maingaining Y ledaerigioal flasaluianeiniesseassenndisasnonaihists fleadedadividual eniy

with a reasonable tablet size. The enzyme DPP-4 also known as CD26 is a serine protease known to
lead to thELTRARRRNS PhRPHHB AN RIS ERA RiRATRHIHIS RRTRsES o BieiRERAARY at their
N-terminahersb Qadtodin oscadanisatesifdbie. dgadedhis property DPP-4 inhibitors interfere with the
plasma level of bioactive peptides including the peptide GLP-1 and are considered to be promising
drugs for the treatment of diabetes mellitus. For example, DPP-4 inhibitors and their uses are
disclosed I a\aprEDdeiaEgUasRastiEs resenb TyeslionVel 369 4r0984 68 Id\Hos2e8 4 TEu B fed

20051085246, WO, 200000 7304, WG 2000107108 or WO200 /0T 4608, or 1 WO, 2000050856, WO
% 69 or . - orin ,
2004/1116%3?\?\/6%6/8%@90?‘%%%0 fB@‘?;%? W6 5%8%8 %W@E%@)ﬁ%?@é'%@
2008/017sm;amwczmmz&mmtjwc_ra_meg/amasammmﬂimﬂmﬁ PtPefried mmmmwang
compoundg£anbe ) enlione - RHAARINAMEOpamb g the Sesridrabieigula A i8d
(3R)-3-amino-143- (trifluoromethyl)-5,6,7,8-tetrahydro-5H-(1,2,4]triazolo[4,3-a]pyrazin-7-y1]-4-(2,4,5-
35trifluoroPRBASHRIANE-GENURD IRAtRS e RYemisal s e biRn B oRsMyistoRs maintairing the
dihytiBo[1,2rid]trimzidephibica] pyredites- 6(Stdjrydpdndhg, atribu roipte oy Bhutaimd@vidnaiesntity, -withame
embodimgg&sgilggglgq%;i& igége form of its dihydrogenphosphate salt, i.e. sitagliptin phosphate. In a
further embodiment, sitagliptin phosphate is in the form of a crystalline 5anhydrate or monohydrate. A
class of this embodiment refers to sitagliptin phosphate monohydrate. Sitagliptin free base and
pparmacefﬁé@«&@ﬁ@@%ﬁbé@&&ﬁ?ﬁreﬁhmeﬂ@@sédnlé;] &g&&a@ﬁaﬁdz\lﬁn .68 ihamrbhr/v@@mple z
of WO 03/004498. Crystalling sitagliptin phosphate mpnohydrate is disclosed. in 2005/003135 an
1 WO 2061 BB 0T e S e B aE B L e B3RS Bl PP LA A heroor,

refedéhce #spiiolis onadrnio ieridecd Suientetits. property it €LinMbRGR interfate tvishsthegpasinformula B

below is (@L«K%Mwas&ma@mw&@m@?&?%ywr@uac#@%ra-@@mei%qoaiécbwqg

(S)-14(3-hgdrox -1- 15adamantyl)amino]acetyl1-2-cyano-pyrrolidine, FIN-Thr N AOH
rugs for the treatment of'diabetes mellitus.

U U UV

For example, DPP-4 inhibitors and their uses are disclosed in WO 2002/068420, WO

25  2004/018467, WO 2004/018468, WO 2004/018489, 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 W02007/014886; or in WO 2004/050658, WO
2004/111051, WO 2005/058901, WO 2005/097798; WO 2006/068163, WO 2007/071738,
WO 2008/017670; WO 2007/128721 or WO 2007/128761.

30
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-
(triffuoromethyl)-5,6,7,8-tetrahydro-5H-{1,2,4]triazolof4,3-a]pyrazin-7-yl}-4-(2,4,5-

35  trifluorophenyl)butan-1-one, also named (2R)-4-oxo-4-[3-(trifftuoromethyl)-5,6-
dihydro[1,2, 4]triazolo[4, 3-a)pyrazin-7 (8H)-yl}-1-(2,4,5-triflucrophenyl)butan-2-amine,



Vildagliptin is specifically disclosed in US Patent No. 6,166,063 and in Example 1 of WO 2000134241.
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 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. -3- - Saxagliptin (BMS-477118) having the structural formula C below is
(1S,3S,5S)-2-{(2S)-2-
amino-2-(3- ydroxyad%mantan-l-yl)acetyl)-2-azabicyc|o[3.1.0]hexane-3-carbonitrile, also named
(S)-3-hydroxyads A tylgiyidineCl -cis-4,5-methanoprolinenitrile, Saxagliptin is specifically disclosed in
US Patent No.8,395,767 and im Ex le QP of WO 01168603. In one embodiment, saxagliptin is in
the form of & NCT'salt’r its mondbenzfate 0 salt as disclosed in WO 2004/052850. In a further
embodiment, saxagliptin is in the f&@dﬁ&j ree base. In a yet further embodiment, saxagliptin is in
the form of the monohydr@\;? of the free %as as disclosed in WO 2004/052850. Crystalline forms of
the HCI salt and the free base of saxagli F_L aré disclosed in WO 2008/131149. A process for
preparing saxagliptin is also disclosed in WO 2005/106011 and WO 2005/115982. 15For details, e.g.
on a process to manufacture this compound or a salt thereof, reference is thus made to these
documents. - Denagliptin (GSK-823093) hayjng.the structural formula D below is.(25,45)-1:[(2S)-2-
amino-3,3-0R QA S HER Y ﬂ%;g’ﬂf\ﬁhg%@ﬁ%%ﬁ# Ir%&%g&ggggﬁ?{ﬁ §n g?gosﬁé,rﬁ%ﬁ\)a&h%s
20(25,45)-4ghesphdtd Al aduotmtartdtimeniaglipin phosphataislin-the feraliolrceamelingle -4-
Denagliptin | '&}c ly. di in ; obrdrt i A hifeOne
embodif'%en? cri?gfr?ragg |r§t‘frﬁﬁ %ﬂﬁﬁﬁ"ﬁ%ﬁiﬁﬁsﬁﬁ?&de salt?gf%%g’}%% ?&E%ﬁg% 2 of WO
03/002531 dRoRoRYSYRiEe SiRokRtMdEs LS PN B BERRIGEREY AERE F@fﬂf& ﬁ]ﬁ%ﬁﬁﬁ%nt refers to
denagliptin tgisylaéed Gryaatinena iy @008, snaat ik taeyiate?i ool @S 9802 esBI089956. For
details, e.g. on a.process to manuf [ s%j {s thus made to
P B R g B e

these docunt having the structural formula E below is
2-({6-1(3R)-2MWTREGABSridin-

1-y11-3gnethy}-dedaflionqs 3uh-diphskios? - maiisin de Yhi ethybbenzonirdst tHerpoh wiegintiniss
specifically disclosed in US 2005/261271, EP 1586571 and in WO 2005/095381. In one embodiment,
alogliptin is iN#SERIMIBHESEAMYME S, its hydrochloride salt or its tosylate salt each as disclosed
in WO 2007/035629. A class of this embodiment refers to alogliptin benzoate. Polymorphs of alogliptin

benzoate are Qiaggﬁ%_ipd@@ﬂ%% & st RIGRRs-HRlIRE RN i8|aEinli(s s ydirslpseskiantda:
2007/112368 and, specirically, in'WO 20 2007/035629. For deéa?g%fd%ﬁ _ggﬁ[ {g d@(ry%?ss to manufacture
e S

this compourlcdybrriealesai R AURREHESILANIS!F AR BANE
(S)-1-((28, 3Sdahmn2ydmintabetyPadcyanthppyelidige, 4,7 ,11b-hexahyd ro-2 H-pyrido[2,1-

25a]isoguinolin-3-yl)-4-fluoromethyl-pyrrolidin-2-one or a pharmaceutically acceptable salt
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Vildagliptin 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 crystalline form
of vildagliptin is disclosed in WO 2006/078593. A crystalline form of vildagliptin is disclosed in
WO 2006/078593. |
For details, e.g. on a process to manufacture this compound or a sait thereof, reference is

thus made to these documents.



thereof: -5- This compound and methods for its preparation are disclosed in WO 2005/000848. A
process for preparing this compound (specifically its dihydrochloride salt) is also disclosed in 5 WO
2008/031749, WO 2008/031750 and W02008/055814. For details, e.g. on a process to manufacture
this compound or a salt thereof, reference is thus made to these documents. -
(R)-2-[6-(3-Amino-piperidin-l-yl)-3-methy|-2,4-dioxo_-§,4-dihydro-2H-pyrimidin-l-ylmethyl]-4-
10fluoro-benzonitrile or a pharmaceutically acceptable salt thereof: This compound and methods for its
preparation and use are disclosed in WO 2005/095381, 15 US 2007060530, WO 2007/033350, WO
2007/035629, WO 2007/074884, WO 2007/112368 and WO 2008/033851. Specifically claimed salts
include the saaTRARIDKS0HBI 0ATER B ARG U1 HEah JeFTMla foRSiR i ce Saharkds -2
(R)-mandelatginnd-(Beireebigrdembatdet sl cegliah sz sishseks 30 DiaaxdactGreatiisnittiapasad or a
salt thereof, refer IS L m documents. rtnec. 0 be combined with the
DPP-4 inhigi?onPg (\ﬂﬁfgj %t‘?@%% ?%%%é%ﬂ@?cﬁ%%ﬁ%ﬁ%%ﬁ%%%ﬁ? @%ﬁﬁ %Iréfvention are biguanides
(e.g. mefformin such as metformin hydrochloride), thiazolidinones (e.g. pioglitazone such as
pioglitazone hydroghloride), statines (e.g. atorvastatin) or ARBs (e.g. telmisartan). - 6 - The biguanide
antihyperglyc gent in is disclosed in US patent No. 3,174,901 .The preparation of
metformin (dimeth diguni gl its hydrochloride salt is state of the art and was disclosed first by
Emil A. Wernerarnd' Jg es. Chem. Soc. 121, 1922, 1790-1794. Other pharmaceutically
acceptable salts:of mgfformiry can be found in 5US application Serial No. 09/262,526 filed March 4,
1999 or US patéHt No. 3,17#X001. It is preferred that the metformin employed herein be the metformin
hydrochloride sa\. Unless specifically noted, in the present context the terms "DPP-4 inhibitor(s)",
"biguanide(s)", "thiazolidinone(s)", "statine(s)", "ARB(S)", or any species thereof like 10"metformin”,
"pioglitazone", are als()q}utended to eomprise any pharmaceutically acceptable salt thereof, crystal
form, hydrate, solvate, diastereomer or enantiomer thereof. For avoidance of any doubt, the disclosure
of each of the foregoing documents cited agov i ecifically.incor. atefg,h ein b rﬁ.@@er e inits
entirety. 15 FPRARIBSHSAIRAY SIRanss éﬁ&ilac%ﬁ% u8r$§§1f§g|88 @gﬁmﬁ% ?ﬁ!@lt has
been obsen@tisdtactHe feRvhbokibicots saxhglippinmeaiy tbe decondlisy-intall grdaprsinovbenzoate
IncomRgtibiliigs, 8 RARP 5051035 83 A0 AL RFP BT Bl At WBRAGICh S HaRAGHAXFIIents

ﬂ{&géé%r!}‘ .
such as microcrystalline cellulose, sodium starch glycolate, croscarme sodium, tartaric acid,

citric acid, ghiedeee hagso Y 2yt uahesembediaenmemaalipiimisdn i M fldomamiNGetidhselves
are very stalp, fae\beRacisdibdosenipaiilepes10e2E00C oystisiiingrforing prabe ciChsaltangitherfrany

very stae faelbiacdibdbsannaNDIuaHI0S2 0 CCysislin (Casllandith
eroviid m BB A R A ey B T g

sugars and \Bige dinepestdaP20HRR0 b and¥RE M ¥y lic acid functional groups formed for
exampig at thg {ake OigMiarapsiadling sriliRsLRY i dakarbuhaase waloteseen eifiesitigssare
primarily observedég Iow‘gosa e ranges of the DPP-4 inhibitor used, which are required due to their
surprising poticSraghdNRRMASHEEE Fanges of the partner drug used. Thus, pharmaceutical
compositions are required to solve these technical problems, which may be 30associated with the
unexpected P%H&éiegfiﬁ?@féﬁd%ﬁé’sﬂhf mﬁtat@wmawgémgﬁl &y GHBw & @i sgseppdyvention wil

become apparent to the skilled man from the foregoing and following remarks.
amino-3,3-bis(4-fluorophenyl)propionyii-2-fluéropyrrolidine-Z-carbonitrile, also named

20  (28S,45)4-fluoro-1-[4-fiuoro-beta-(4-fluorophenyl)-L-phenylalanyl]-2-pyrrolidinecarbonitriie




- 7 - It has now been found that the pharmaceutical compositions, which are described in greater
details herein, have surprising and particularly advantageous properties. In particular, it has been
found that by the use of a nucleophilic and/or basic agent, which may be suitable for stabilizing, such
as e.g. a suitable buffering agent as stabilizer, within 5these pharmaceutical compositions one can
overcome these problems, e.g. of incompatibility and_&o_or stability, especially decomposition 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 partner
drug, or its impurity product and/or a pharmaceutical excipient having such functional group (such as a

reducing 10&ifrag RiELgSPeeEcnlr visplospd Subls fatent Ma. 463, ST ansamD G30p253 form

gﬁrivaftives g;ﬁt?lﬁa%ﬂssdm,tuaﬁdafp?rﬁémW@%ﬁ@ghﬁﬁ@cmm%gr?gzﬁ%m%w dafivative&
erefore, by the yse of a,su eophijlic and/or basic_agent (e.q. a buffering and/or

modifying ag%?%?é;ﬁ%ﬁﬁﬁé@é@ﬁﬁﬁ%ﬁi@ﬂ{%%ﬁm%&ﬁlﬁ8ﬁ§l§|‘g‘?§8 d q%%lﬁ%q%@é%%ﬁﬁoéiﬁ%%%ﬂfd

degradation birebadinert:ias Thimabkippndseyitiey EnyistalindisatiaiidosadehegtistinliosyaineidDC

formulation ¢ppRdsig d/BRBH4,HiYEEgr. a partner drug, and a nucleophilic and/or basic agent.
Thus, the present invention is also directed to a chemically stable FDC formulation 20comprising a

DPP-4 inhibitGF, 3 {lffef 0§, REeAS I R s s GeRParn ofesaiiberr ohvefaiBRca ialso
directed to atiohemiciliip stabtedoRGntanimulation comprising a DPP-4 inhibitor, a partner drug, and a pH
modifying agent. 25A 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, preferably

orally d&ive TBEIPRHBYBr32/ bavipsdhe siBisiae farautrP belewilsiIHiAR Hleaminaningrioinhe
present inventgra3aERpdes adeb2B 4L MY MU RRAMIN BRRUR RaResiatie free or primary amino
group. In a yet closer embodiment, a DPP-4 inhibitor in the context of the present invention is a DPP-4
inhibitor with a primary amino group, particularly with a free primary amino group. - 8 - The partner
drug used is selected N1 the group consisting of a biguanide (e.g. metformin such as metformin
hydrochlorideya tiezolidinone (e.g. pioglitazone such as pioglitazone hydrochloride), a statine (e.qg.
atorvastatin) a0 ARB (e.g. telmisartan). A preferred partner drug within the meaning of this
invention is metfoafmin, partietfady metformin hydrochloride 5(1,1-dimethylbiguanide hydrochloride or
metformin HCI) ~The B ffert used may be a basic amino acid, which has an intramolecular
amino group an all aracte ﬁ?’gs (isoelectric point, pl: 7.59-10.76), such as e.g. L-arginine,
L-lysine or L-histigine. Ajpreferred bufféring agent within the meaning of this invention is L- 10
arginine. L-Argirfine he® a particular suitable stabilizing effect on the compositions of this invention,
e.g. by suppressing gggradation 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 15drug, a
nucleophilic and/or basic agent, and one or more pharmaceutical excipients. The present invention is
also directed to a pharrtfakeutical composition 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
to a pharmaceutical comprising a DPP-4 inhibitor, a partner drug, a pH modifying agent, and one or
more pharmadegitptal ixpipbifinisiy diec @ad oS00 81260 EBE EPMSIR BT iISdinached 065/095381.

pharmaceu“ﬁ?l}ﬁggﬁ%m%rﬁﬁ'gib%fi]ptin is in the form of its benzoate salt, its hydrochloride salt or its
tosylate salt each as disclosed in WO 2007/035629. A class of this embodiment refers to
alogliptin 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-((28,38,11bS)-2-Amino-9,10-dimethoxy-1,3.4,7 .1 1b-hexahydro-2H-pyrido[2, 1-
25  alisoguinolin-3-yl)-4-fluoromethyl-pyrrolidin-2-one or a pharmaceutically acceptable salt
thereof:



25oral solid dosage form, particularly a tablet) 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. 30In
another embodiment, the present invention is directed to a pharmaceutical composition (e.g. an oral
solid dosage form, particularly a tablet) obtainable fropy a DPP-4 inhibitor; a partner drug (particularly
mefformin); and L-arginine for stabilizing the composition and/or the DPP-4 inhibitor, particularly
against chemical degradation; as well ag one or more pharmaceutical excipients. - 9 - In general,
pharmaceutical excipients which may be used may be selected from the group consisting of one or
more fillers, one or more biEHers {uents, one or more lubricants, one or more disintegrants, and

ot -coating agents, one or more plasticizers, one or more
ceutical compositions (tablets) of this invention comprise usually
a binder. In pharmaceutical compositions (tablets) of this invention comprise usually
one or more fillerg! (e.gi D-mannitol, corn starch and/or pregelatinized starch), a binder (e.g.
1000povidon®f?a luBricarnt (e.g. magnesium stearate), and a glidant (e.g. colloidal anhydrous silica).
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 as Ehl?cﬁﬂfﬁﬁ‘?}’%lﬁﬂe@%Wér%é‘%ﬁf@&%@%@%ﬁﬂ?ﬁ%ﬁﬂfﬁ%@@%ﬁ%@)&ing agent,
propylene glyeekss ipasiiniagrisaninipotiaxigeedidtabyitediaddretinloraie agtipimneist disddade) @tc.

A typicrg cow%w&qc&gﬂ%c#@&gﬁ?ggt EI‘YWB%Q(QM%'S the binder copovidone 20(also

known as copolyvidone or er, a typical composition according to the present
invention cohfsidséaithe-fllen coprrsaRTn MenbigierelpooRbRRUHEDERA HiataheBnStEarate,
and the glidgni<CrIkRid e artaediedsmiiag. 25 A pharmaceutical composition according to an
embodiment of the present invention is intended for the treatment of diabetes and/or to achieve
glycemic control in a type 1 or type 2 diabetes mellitus patient and comprises a fixed dose combination
formulation agRlex{giiedmareipipeddihdrliroaitatia phitmroatdedibpt e ipipyrimidivditidmatyytheé-
comporgfions e Ber3BHEAE B 4 ALFBUIAIAIA AbEBcRbEsty aRcbpSteoporasis as well as to
support allograft transplantation. Thus, in particular, the present invention is directed to a
pharmaceutical composition (especially an oral solid dosage form, particularly a tablet) comprising a
DPP-4 inhibitor, ¥1Q-~etformin hydrochloride, L-arginine and one or more pharmaceutical
excipients, particula e or more fillers, one or more binders, one or more glidants, and/or one or
more lubricants. Ip mofé padicular, the present invention is directed to a pharmaceutical composition
5(especially ag 5 olid dosage form, particularly a tablet) comprising a DPP-4 inhibitor, mefformin
hydrochloride, ?-ar%!'nine, copovidone as binder and one or more further pharmaceutical excipients.
Typical pharraceaticalt &%itions of this invention may comprise in the DPP-4 inhibitor 10portion
0.1-10% L-arginine (sugh ds e.g. about 0.1 %, 0.25%, 0.556%, 2.12%, 2.22% or 10 %) by weight of
total DPP-4 inhibitor portion, particularly about 2 % (e.g. more specifically, 2.12% by weight of total
tablet core of uncoated monolayer tablet).  Typical pharmaceutical compositions of this invention

may comprisgria PR iRERIcHRREFIRDHIBLYNE IR AbiokR: BREA4IFOIRD RODEYS381,
15  US 2007060530, WO 2007/033350, WO 2007/035629, WO 2007/074884, WO 2007/112368
and WO 2008/033851. Specifically claimed salts include the succinate (WO 2008/067465),
benzoate, benzenesulfonate, p-toluenesulfonate, (R)-mandelate 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
hydrochloride), thiazolidinones (e.g. pioglitazone such as pioglitazone hydrochloride),
statines (e.g. atorvastatin) or ARBs (e.g. telmisartan).

25



0.2-10% DPP-4 inhibitor, and 0.1-10% L-arginine. Typical pharmaceutical compositions of this
invention may comprise the DPP-4 inhibitor and 20 L-arginine in a weight ratio of from 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, especially from 1:10 to
5:2, such as e.g. in a weight ratio of 1:10, 1:8.5, 1:5, 1:1, or 1:0.4, more detailed in a weight ratio of
2.5mg:25mg, 2.5mg:21.2mg, 2.5mg:12.5mg, 2.5mg:_265_[ng, or 2.5mg:Img. 25Typical pharmaceutical
compositions of this invention may comprise metformin hydrochloride and L-arginine in a weight ratio

of rom about 40,410 AREUI 0Ny LR ARE-BriBAMAION SURCLAR LS00 N0 L4001 5001

850:1, or 100 ore detal atio of 500mg:12.5mg, 850m 1000mg:25mg,
500mg:2.5m8g. 7@5%5 lzewaimwﬁwmé@m@tw%s%wﬁ@ gﬂﬁ’gt%fmtse@}?ﬁmﬁﬁj“aa Typical
pharmaceugc@b@mﬁmﬁttwﬁdfamm@atmﬂ BAERIMPAsSibe 438 BdniabiBior JnGHianTHac.
hydrochlori ay ht ratio of from, about 0:0.4 to.abqut 1: 200 0 0.4,
RS v L el e T e Ay T e
from atfout U3 eppicatomberaiNeo 0¥ 86 a7 t1filego\anctss.11500. o1 @Q@@FQOWCF yiﬁ)l‘t% BR4rthigceutical

compositions GEHia tRYEMORISHARBRERG A ReRbimasarR hefatawingianasnie G4y weight of
total coated tablet mass): 0.1-05% 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, mefformin HCI, L-arginine, binder (e.g. copovidone), filler 1 (e.g.
corn starch)Ufilexs 2 fedfiqatygeltadimeth s tarse) tfitevtex{dheg. BrmaiiDREY lobibdar(sfe.g. magnesium

stearate), a“&&]ﬁﬁi@e & G;tgf(g%em;'flhwwr%ﬁg@ Bwey dotany PaULRERG femulations of

this invention, e.g. t ents, ratio of 15ingredients (such as e.g. ratio of DPP-4 inhibitor,
metfortfin hya?géﬁWﬂdeQ'E@Fm aﬁ‘fﬂ/%'ﬁ%k’&tﬁ'd“@ﬁ%}oﬁQFﬁEﬂP&I?’WlHWQBB@%WS%W@ﬁ%?U@Q?ge

forms (tabletg)tunedyrjttrpsthisormvemfipatessuletasdieicprepearaiomdrtioaraectappatent to the skilled
person from the disclosure hereinbefore and hereinafter (including by way of example the following
examples as well as the claims).

For avoidance of any doubt, the disclosure of each of the foregoing documents cited above is

specifically incorporated herein by reference in its entirety.

15
In attempts fo prepare pharmaceutical compositions of selected DPP-4 inhibitors it has been
observed, that the DPP-4 inhibitors with a primary or secondary amino group show
incompatibilities, degradation problems, or extraction problems with a number of customary
excipients such as microcrystalline cellulose, sodium starch glycolate, croscarmellose

20  sodium, tartaric acid, citric acid,-glucose, fructose, saccharose, lactose, maltodextrines.
Though the compounds themselves are very stable, they react with incompatible partner
drug, or its impurity 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 other

25  reactive carbony! groups and with carboxylic acid functional groups formed for example at
the surface of microcrystalline cellulose by oxidation. These unforeseen difficuities 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 DPP-4 inhibitor compounds.

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



20 In a first embodiment (embodiment A), a DPP-4 inhibitor in the context of the present invention is
any DPP-4 inhibitor of formula (1) or formula (1) O I R2(1l) or formula (11I) 0 R1, ONK>R2(lll) 5CN
wherein R1 denotes ([1,5]naphthyridin-2-yl)methyl, (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-yl)methyl, (4-methyl-pyrimidin-2-ylymethyl, or (4,6-dimethyl-pyrimidin-2- 10yOmethyl
and R2 denotes 3-(R)-amino-piperidin-1-yl, (2-amino-2-methyl-propyl)-methylamino or

(2-(S)-aminpproRYH HESIIYAAIRG: SliishRhAERARRICB I RSRRPEINGISAISe ddBRAtsREINgteater

embodiment (embodiment B), a DPP-4 inhibitor irl ti’&aézgntﬁt of the [I_)reSﬁnt 15invention is a DPP-4
inhibitor seRRIlS HBrRTHRRY R RIS RS R ERA B N AT AIRERBER PER&S fBtin and alogliptin, or its
pharmaceuticpitiagieeptaile waih founRégaolrigehsdisteemisdiphdic: fedtrdiirie aAo2)! weiffyred

bPP-4 i”h“?n‘tgg%%r&uﬁ‘%Of&'ggg@%g (ollavdog gompauds BRfLHARBbAmAsakiselaepepiable
salts: 1-[(4-me hyl-quinazolin-2-yl)metny11-3-methyl-7-(2-butyn-1-y1 -8-§3-(R)-am| oéglp%?r%gijgﬁ -
y1)-xarthindh@ssrpPara ey a0 AT IREEIRNG,QR SRPYarsPMe these LrQgTN: I‘NQN?-?Z omp y
and poor stability, especially decomposition 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 partner drug, or its impurity
product and/or a pharmaceutical excipient having such functional group (such as a reducing
10  end of a sugar or an acyl group, such as e.g. an acetyl or carbamoyl group) to form
derivatives with the free base type DPP-4 inhibitors, such as e.g. N-acetyl or N-carbamoyl
derivatives. Therefore, by the use of a suitable nucleophilic and/or basic agent (e.g. a
buffering and/or pH modifying agent) within these pharmaceutical compositions protection
against decomposition and degradation can be achieved.
15
Thus, the present invention is directed to a chemically stable FDC formulation comprising a
DPP-4 inhibitor, a partner drug, and a nucleophilic and/or basic agent.

Thus, the present invention is also directed to a chemically stable FDC formulation
20 comprising a DPP-4 inhibitor, a partner drug, and a suitable buffering agent.

Thus, the present invention is also directed to a chemically stable FDC formulation
comprising a DPP-4 inhibitor, a partner drug, and a pH modifying agent.

25 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, preferably orally
active DPP-4 inhibitors.

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

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

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

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



1-[([1,5)naphthyridin-2-Amethyl]-3-methy1-7-(2-butyn-1-y1)-8-((R)-3-amino-piperidin-1- y1)-xanthine
(compare WO 2004/018468, example 2(252)): 0 5NH2
1-[(Quinazolin-2-yOmethyl]-3-methyl-7-(2-butyn-1-y1)-8-((R)-3-amino-piperidin-1-y1)- xanthine
(compare WO 2004/018468, example 2(80)): N O N\ | NH2
2-((R)-3-Amino-piperidin-1-y1)-3-(but-2-yiny1)-5-(4-mgthyl-quinazolin-2-yImethyl)-3,5-

dihydro- imidazo[4 5 d]pyridazin -4-one (compare WO 2004/050658, example 136): 0 IN N\ - 14 -

1-[(3- Cyangg!
(compare WO 005/ 0852 exgs %E'rllé&%fgﬁrg"‘g%&]g’ “Ydoshs(iti) of RBiguardReN Metichinkanthine
1-(2- Cyanosﬁéﬁﬂ‘ﬁl')"%ﬁﬁ{@my Qﬁﬁ&'ﬂﬁ?ﬂaﬁbﬂ@'@j‘@grﬁﬁrﬂ) %ﬂ% ARANESY yehas &Orge’t?z(c)”r"r?pare WO

2005/08524ydexetinplge],(39)tir2- zeld-ratirikiskiia) 46d an ARB (e.g. telmlsartan) A preferred pariner
1-[(4-Methyl-quinazolin. % Yimet r%y(gv lg}ﬁmf@,,@s%m&aﬂ)pgr{@a@y%@&rnmﬂyéaocmonde

methylammofg(anthlne compa O 2006/029769, example 2(4))
5 (1, 1-damethylbiguamde hydrochloride or metformin HCI).

The buffering agent used may be a basic amino acid, which has an intramolecuiar amino

group and alkaline characteristics (isoelectric point, pl: 7.59—1 0.786), such as e.g. L-arginine,

L-lysine or L-histigine. 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 suppressing 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 nucieophilic and/or basic agent, and one or more pharmaceutical excipients.

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

In an embodiment, the present invention is directed to a pharmaceutical composition (e.g. an
25  oral solid dosage form, particularly a tablet) 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 pharmaceulical
excipienis,

30  In another embodiment, the present invention is directed fo a pharmaceutical composition
(e.g. an oral solid dosage form, particularly a tablet) obtainable from a DPP-4 inhibitor; a
partner drug (particutarly 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.

35



N N:ONNNH2 -15-
1-[(3-Cyano-pyridin-2-yOmethy1]-3-methy1-7-(2-butyn-1-y1)-8-((R)-3-amino-piperidin-1-y1)- xanthine
(compare WO 2005/085246, example 1(52)): 110 IN IN\ONN NH2
51-[(4-Methyl-pyrimidin-2-yOmethy11-3-methyl-7-(2-butyn-1-y1)-8-((R)-3-amino-piperidin-1-
y1)-xanthine (compare WO 2005/085246, example 1¢31)):
1-[(4,6-Dimethyl-pyrimidin-2-yl)nethyl]-3-methyl-7-(2-butyn-1-y1)-8-((R)-3-amino10piperidin-1-yl)-xanth

ine (comp ) ) | )3 aminolopipe
1-[(Quinogﬁr$-%%§r?ﬁ%?ﬁ%l A0tEXURBIHE Mich may be used may be selected from the group

>-Y -3-methy1-7-(2-butyn-1-y1)- -(%Ré—égmmo-&lferidin-1-¥J[)6r!>(<:%g hir&e
(compare \WeRSIBII GBS 6" Sxern Ners (985 OF MAse BRI SRR THRIBNS Y e SidtiGE ehed fom
structurally gompa'abistdRintg, ishdbies srasctieayidantbineeaceystie fiithposting 2gen . lOAR Jasting
effect with favourable pharmacoloqi ¢ ies, FeaRRtSelectivity and a favourable side-effect
profile or br‘.ﬂ%‘%B@&ﬁ ﬁ%%&spggféart%%%&%%%%g’vaamages or improvements when combined with other
pharmaceutical active 5substances. Their preparation is disclosed in the publications mentioned. A

more preferfed RRRrhiabiRPcameite abpnenentionesdilch4ontphitesobibnabinditeent A of this
invention is 1-[(4-methyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-
y1)-8-(3-(R)-amino-piperidin-1-y1)-xanthine, particularly the free base thereof (which is also 10known
as Bl 1356)irRegarditgitbespoambeeniiodinwnpgaitnnsdiviatss pf thisdiveatior rompfish e8! ire

selected ffogy e oGRS ahHFRSIBIm saxadlininapratalinisd safdip haunacgutically
acceptable salts. 15 Unless otherwise noted, accordlnrc%b% this quir%tlo it is to pe %PQ%SH? that the
Y

definitiéhs oteRevidense: rsleRrERPP(a MABABPSUR S sl EMH& S %?ﬂ%@eﬁﬁ(‘:%\?y acceptable salts

as well as hypigates, 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 hereinbelow. With respect to embodiment A, the methods of synthesis for the DPP-4 inl‘&t')_gt%Frs

according toSeltaihihre RharBREGUticRlaiRents KRB WIBIMIBSMERN BN FAVERIL98LTE
DPP-4 inhibiges aecoraibantoeBeedines, A eidhlitinyenttarcande filspacedavidogesystiactioder,

25methods as described,in the literatyre, Th ine.derivati
ohtaind o BEGEROM I BRGSO ol G B B B e o
WO 2006/0482dtiregdigelts presytenerabiealresincbpstivierd Harkim tigide. denvatidesastysiamesan

can be obtaig%gg%gpgga%%’ far.example, in WO 2004/050658 or WO 2005/110999, the disclosures
of which are Incdrporated herein.

A typical composition according to the present invention comprises the binder copovidone

20  (also known as copolyvidone or Kollidon VA64).

Further, a typical composition according to the present invention comprises the filler corn
starch, the binder copovidone, the lubricant magnesium stearate, and the glidant colloidal

anhydrous silica.

25
A pharmaceutical composition according to an embodiment of the present invention is

intended for the treatment of diabetes and/or to achieve glycemic control in a type 1 or type 2

diabetes meliitus patient and comprises a fixed dose combination formulation as described

herein together with suitable pharmaceutical excipients. Additionally the compositions can be
30  used to treat rheumatoid arthritis, obesity and osteoporosis as well as to support aliograft

transplantation.

Thus, in particular, the present invention is directed to a pharmaceutical composition
(especially an oral solid dosage form, particularly a tabiet) comprising a DPP-4 inhibitor,



30Purine derivatives of formula (l1l) 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 mentioned in connection therewith. Polymorphous crystal modifications and
formulations of particular DPP-4 inhibitors are - 17 - ghisclosed in WO 2007/128721 and WO
'2007/128724, respectively, the disclosures of which are incorporated herein in their entireties. With

respect to %Rﬁ]%%eﬁgfﬁoéﬂ%Eﬂ%ﬁ.‘%g@ﬁfn%yéﬁ'aeg?@& rHI?r%?t’r%f#] H@%ﬁi&%ﬁ%&?&ﬁ%ﬂ@&%ﬁ&%ﬁﬂ e

described in the scientific literature and/ or in published patent documents, particularly in those' cited
herein. WitlPMe$5eeet® fikersirene ehbarmBindessn BHE RTERES Slide s sar ay pRafy MeyaiiddicHise
DPP-4 inhibitors mentioned herein in embodiment A when administered orally is 0.5 mg to 10100 mg,
preferably 2.5 mg to 5 or 0.5 mg to. 10 mote preferably 2.5 mq to. 10 mg or 1. mg to 5 mg, in
Coch ase TG B RSy RS A Rl s & prarmiacklicat EBBber?
1-[(4-mizthylgshesiadire 2 gkahsthigidosz gecionyi-Facliaulapyia 1gbsetBegripaRiigE MPE-dimtibiie)-xanthine
when adminigigsadRIjrdRidaridRILQ AfhME, BEPRAHERE BRI HIRYeRIRIESABIY: Zra@ ELEAO Mg or 1 mg
to 5 mg per patient per day. 15 A dosage form prepared with a pharmaceutical composition comprising
a DPP-4 infBRBR3RERRHN S HRANE in embodiment A contain the active ingredient in a dosage range
of 0.1- 100 mg, in particular 0.5 to 10 mg. Thus, particular dosage strengths of
1‘[(4-'methy‘fgﬂﬂQFBHQi%‘é(éﬁﬂ&égb’ﬂéﬁi%sefﬁa’rl@75%%ﬁfi’é’FM{?éﬁf%P' APARAATIR RIPBBEIN: Inyblyanthine
are 20 0.5 mg, I mg, 2.5 mg, 5 mg and 10 mg. A more partlocular unit os%qoe streggth of 1-[(4-

methyl QuinBeBiaR 8.y ety arainingdausd-as @ $HeRIY Oy 8 Y28R5. dhirbopidrd/in 425 1) Bkanthine
for inclusiomimty fasedslgrect esahiDaton iphibitsasettiten ertenesiliche a9 @rgsatiriyesitsaiy,2.5
mg. 25 With_respect to the secon bodiment (embodiment B), the doses of DPP-4 inhibitors
mentioned rf?é?girg i%ye‘fvneﬁé\h Iﬁqi?ﬂ}%%%‘lggcgr n?%‘gl%cr’gge onﬁ”?gr%ﬁ?aelrst%f@?émmple human beings, of, for
example, approximately 70 kg body weight, may be generally from about 0.5 mg to about 350 mg, for

example frofy ot M 40tRAPLEABOSh PoeiaIaMytRraD By bomBR P iREAD YR HhARIMA. of the

active moiety per person per day, or from about 0.5 mg to 30 about 20 mg, preferably 2.5-10 mg, per
persor:’-%er (ﬁ)’/&m?ﬂ\fﬁe@' 8@?5%}}9&’[‘08??6 4'@%}’%}9 8%hich may, for example, be of the same

size. Single dl@sHyeostrBRgtHEeittbitmrsaydor example, 2.5, 5, 10, 25, 40, 50, 75, 100,150 and 200 mg of
the DPP-4 ir&h{bjltgs/actiy_%@ﬁiﬁgy. - 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
for the active moiety (free base anhydrate) once daily. Unit dosage strengths of sitagliptin free base
anhydrate (apjpieanyigtneefial 20mpositions b5hiich20@dnandectinuasaitie rRGesilsitg thsdof
Ssitagliptin (e.g. per tablet) are 25,50 and \V ) of. sitaqgliptin p t
monorfiratt TS ot En e oo S 20 ST T B R LS Lol 1o
namely, 32. P8 femzné B30 1oamut d9:Tresnreialy fra fetpéeidlpunltpsstadl HosaRiahbrativo ghd 50
mlﬁ(ilj sitlagliptiﬁ e 1J|f|83§| a5 pRYCHES ygth, maléﬁéaﬂ@i 'ﬂq%m§?g.%ﬁ@raﬁ9.gfr@2. @E@Pd , %éﬁgi.bmrmgd
vildagliptin is usually between 10 150 aily, in particular between 25 and 150 mg, 25 and 100
mg or 25 an&%ﬁ'?ﬂ c%%@ frg&%% ’&ﬁi@gﬂ‘grﬁ”ﬁar examples of daily oral dosage are 25, 30, 35,

45, 50, 55, 60, 80, 100 or 150 mg. In a more particular aspect, the daily administration of vildagliptin is
betweess 25 gpd Ly Qe BEHNSCRABARLAOG: TS IVBRAIREHMIYERHES WRkBRRRChy AR e

administrationi of 15vildagliptin is 50 or 100 mg. The application of the active ingredient may occur up
to three time3" 428/ SEHER A8 BI9E SRR GBS o) BARERSM BN steR gthe Brd S0 RESr 100
mg vildagliptigtio of Metfa20Tn |SdSuakpQivesttnid8Sestyaryingiro malode2Bedrtga e 8ig80ratig, of

particularly fr, ) ) p ' ' e regimens. A
dosage rangﬁﬁﬁé%gﬁgrégpﬁggf%% |r11t8|2%3(s?é)a%$ﬁ ﬁoegndﬁ(gb?hg}%gl g({)é(()aan %?’ 0 mg to 850 mg
(1-3 times a #6899 #-6MBEOMPMBDEFIMPIRS 6F AREMITAYI The unit dosage strengths of the

metformpan hydrochloride for use in the present invention may be from 100 mg to 2000 mg or from 250

Mg 10 2000 Mg, relar A AP SomddStions of this invention may comprise the DPP4-inhibitor,

metformin hydrochioride 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, 1:200:5), or from about 1:340:0.4 to about 1:340:8.5 (e.g.

1:340:0.4, 1:340:1, 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).



251000 mg. Particular dosage strengths may be 250, 500, 625, 750, 850 and 1000 mg of mefformin
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 into the fixed dose combination pharmaceutical
compositions of the present invention are 500, 850 ang 301000 mg of metformin hydrochloride. - 19 -
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 partner drug atorvastatin is usually from 1 mg to 40 mg or 10 mg to 80 mg 5 once a
day The amount of the DPP-4 inhibitor and of the partner drug in the pharmaceutical composition

according td YRi§ahReaRATediraspRBcRitiens Ridpiscivetihgey £AgHSisR e PuswIsrEiRBefore. For

example, a RhawacaHtcalConpEREight ePBRIisesthd tne thysgpinazolin-

102-yOmet é@yﬁethylaé%‘%%ﬂb‘ -¥1)-8-(3-(R)-amino-PiPeridin-l.11)-xanthine in an amount of 0.5
mg to 10 mg-(n fy 0.5 Mg, 1 mg, 2.5 mg, 5 mg or 10 mg) and of mefformin hydrochloride in an

- amounbof 2604640 100@etfgremani&ly 250, 500, 625, 750, 850 or 1000 mg). 15Specific embodiments
of dosage sy@pgihsdor 1i{(d-maiRyl-quinazolin-2-yOmethyl]-3-methyl-

7-(2-butyn-1- 1%—8-((3-(R)-am|no-piperidin:l-)élzj-xanthine and mefformin hydrochloride in the fixed dose
combinatior%)% the/pres@RIRTEREOFPRPX ' HBFblIowing: (1) 2.5 mg of
1-[(4-methyRd+tha26lin-2ijerndeny!e8amatdngtt)/ -(2-butyn-1-y1)-8-(3-(R)-aminopiperidin-1-y1)-xanthine
free base, mg metfarenin by ide; .5 mg of

1-[(4-meth;@c%?r?a%olin-2ﬁ ﬁ%}ﬂﬁé}]ﬁéﬁﬁﬁﬁﬁg?é%%-I-yl)-8-(3-(R)-amino- piperidin-1-0)-xanthine
free b8, afPB30 mg mERIAHiR-In/BERde; (3) 2.5 mg of
14(4-methyleqrinazalin-2ybrratyb-g-megngsi(tshetiyatel; \ihd8-(3-(R)-aminopiperidin-1-y1)-xanthine
free base, a 000, mg mefformin hydrochloride. 25The patrticular fixed dose combinations of Bl 1356
and meffornﬁgI 'Jgf h%’ pres%ﬁrﬁjta %%lﬂioxr?ﬁr%g?/ ggq’a}’gr%ﬁ’s%r%%'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 pharmaegtealieppasiRiespRCiaivARBRR! SOk IRRRARAOHTY. BRticgradisms ARIGS) of
30comprising or o,btain?ble from a DRP-%W#W selected from Ihﬁ OUﬁ{COﬂSi tin'%_of /
1-[(4-mBthy RIS BIRM SHG AT TS 2 (B H-T-?/‘i‘ifg‘-'(b-%%ﬁ’ﬁ RS be iR r/or
xanthine freelgients)dagitjstigryawiiylipsvecid stegigtipsageiomme (akletehlosdeyiBhi taryinine, - 20
- and one orparg a&mﬂeégtmtrgﬁsw%fén,%@bﬁﬁe%gpémqodﬁ%%_m BYSHH frofhRAEticularly

preferred DPP-4 inhibitor to be emphasized within the meaning of this invention is
1-[(4-methyldisriesssniersieheiomryang ammafier sl iRc by 1yay. ol srgmplaibedniiadng gxamples
Syl)-xanthinexérae basendssirkgiown as Bl 1356). In particular, it has been found that L-arginine is
effectivg,as stabilizing agent for FDC
combinationsofl-[(4-methyl-quinazolin-2-yl)nethyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-
amino-piperitfig-firgt grRbpdimpetiesbadeantfonatfirfin HuPteyEhaepBaratie fserE at
10acceleratagveangiidnml-BrovungHBiaklerto suppress degradation of 1-[(4-methyl-quinazolin-

formula (1)

0 =
R1 \N)JIN(
|l R2 ()
o)\lT N/

25



2-yl)nethyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-amino-piperidin-1-y1)-xanthine free base effectively.
The effect seems to be concentration dependent. Thus, L-arginine may act as stabilizing and buffering
agent in the formulation. 15In 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 12
1-[(4-methyl-quinazolin-2-yOrnethyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-amino-piperidin-1-y1)-
xanthine fre(()-:‘rpe}, eufaBgIJI‘o’%)’ 20metformin hydrochloride, L-arginine, and one or more pharmaceutical
excipients, SUch as 8.9’ those described herein. Typical pharmaceutical compositions according to
this invention comp@e or are 25comprising combining any one of the following amounts (1),
(2) or (3) of active ingredients and L-arginine: (1) 2.5 mg of

1-[(4-methyl% ' M- 2= methyl]-3-methyl-?-(z-butyn-1-y1)-8-(3-(R)-aminopiperidin-1-y1)-xanthine
free base, 500 mg metfgrmi ggchloridg,l and from 1.0 mg to 12.5 mg L-arginine (specifically 1.0

1-[(4-methyl-guinazolin-2-yOmethy11-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-amino-
piperidin-1-y1)-xanthine free base, 850 mg metformin hydrochloride, and from 1.0 mg to 21.2 mg
L-arginine (%p%igﬁﬁg*@o mg, 2.5 mg or 21.2 mg L-arginine); (3) 2.5 mg of
1-[(4-methyl-quinazolin-2-yOmethyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-aminopiperidin-1-y1)-xanthine
free base, 1000 mg @etforWoride, and from 1.0 mg to 3525.0 mg L-arginine (specifically 1.0
mg, 2.5 mg or 25 mg|L-argifine). - 21 - In a further aspect of the present invention, the present
invention prc'):% d\sﬁ $of manufacturing of the compositions, formulations, blends or dosage
forms of this invention, pch RR by using methods known to one skilled in the art and/or in a
manner as 5 ' n, for example they may be obtained by processes comprising using (e.g.
mixing, combifing, bLending d/or composing) the components and/or ingredients, or pre-mixtures
thereof 8mentioned hereinbeftre and hereinafter, as well as the present invention further provides
compositions, formulations, blends or dosage forms obtainable by these methods or processes and/or
obtainable from the components, ingredients, pre-mixtures 10and/or mixtures mentioned hereinbefore

and hereinatt@EfHR drapEs ELD Myrekiare Yhmeiyh (Aenaraliam YIWRAESh GHivRraingb-
pharmaceutigdhetimip ¢sithethyiegmintatitn 2oibnethy dsegmn tebenafit{(3-tyaeotininolirichyhrsatbgtantially

free of or on ' eJagleyl ' Cifi ' r ; f
Lexample, Loy B P O 2
<4%, dCaboviiagtyy! Gnfk-B2 Wreiiciasoirt BhamyRereasidirdsyh frapier 208 iyrerpryteragiiy wainthan
about 0.5%, @ven S)eraipsetespilyrirssyibatinabout 0.2% of any individual or total impurity or
degradation product(s) by taotal weight h as,e.g. N-acetyl and/or Ncarbamoy! derivative of the free
base type D ILﬁﬁ‘?ﬁé{gf&)ér/?"?\'?g!Wo%gg?ﬁ%l‘ﬁ%lg?ﬁéegradation 20can be determined by well-known
analytical methods, for example using HPLC methods. In this context, in a further aspect of the
present inveHigRethm PEIRSHAIANRNIEPRRERVIERSEeH vtves afh Bild PR théntikitadt beiHe praBeanino
group, particularly a free primary amino group, as mentioned herein, said derivatives being obtainable
by ace atioWYﬁ%ﬁ@éﬁﬁrﬁ)PfﬁHBUt?'@f NG %’?ﬁéta?&fﬁqf{l?ﬁfﬁﬁmfor by carbamoylation of the
amino groupsitagigbny idldagieirosexagipGiOntH2egidsage forms for the FDC formulations of this
invention: 304\ tBﬁﬁMB&?’tﬁ:QN@é& pficgLis 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 préiasdaiemeltirsonaiaiebin taabwfitesiral profheidoireRdiwaldnesvaitl aninomitest risk
of failugg, - 22 - Designing of the dosage. farm. i ' rtant matter no y to optimize the tablet
size an diséﬁﬁﬂ %%uﬁgrnélri e 3%’0 %giqﬁimggr&%é%%ﬁﬁ é?é?gg?ﬁé?ngg&gég’ent, because the pH
change by dissolving of buffering agent may affect the dissolution profiles of the DPP-4 inhibitor or a

partner drug.+The SeleaEeViA{iha 2meass iR 2erRiding-2ndh819SR)-8-(3-(R)-amino-piperidin-1-
y!}xanthine (compare WO 2004/018468, exampie 2(142):




5strengths of the active ingredients used and their physicochemical and solid state characteristics. A
conventional approach (i.e. physical separation) may not be useful for stabilization of certain DPP-4
inhibitors of this invention. A buffering agent like L-arginine need to be added 10 into the formulation
for suppressing degradation, however it may be necessary to minimize the amount of L-arginine
because its alkaline characteristics give a negative _irfﬂga_ct on the dissolution profiles or the stability of
the DPP-4 inhibitor or a partner drug. Thus, it has beén found that suitable dosage forms for the FDC
formulations of this invention 15are film-coated tablets (film-coating for drug loading, such as
particularly DPP-4 inhibitor drug Idading an on tablet cores containing the partner drug),
mono-layer tablets, biayer tabletsltri-layet tablets and press-coated tablets (e.g. tablet-in-tablet or
' inT which dosage forms are good measures to achieve the
rm%éé (cal profiles and characteristics of a DPP-4 20inhibitor
2 e foldhs hav n found to be applicable to the FDC formulations
either keeping the original dissolutipn profiles of each ig@no tablet or adjusting the profiles to desired
levels, e.g. including extended release characteristics, and a reasonable tablet size. 25A typical
mono-layer tablet of this invention comprises a DPP-4 inhibitor, metformin hydrochloride, L-arginine,

one or more fille h as.e.q..corn star r% ne re,hinder h .g. copovidane), one or

more glidants (sﬁiﬁg%;égng%ﬁt%%%ﬁ “eétlr:@m?g? Ry |c5a35qla9r'1%'orl1J g BFﬁr-ﬁ#é_I@%é%n sm(glﬂjc':%egg’%)ﬁg.

magnesium dje@aribéne Smmpapeefépr e84 Sdbieanastpiie3FdZa Nt invention, the present invention is

directed to an oral solid pharmacet(J)ticaI C(:Pl,preferably a tablet, particularly a mono-layer
i

tablet comprising or made from
1-[(4-methyl-quinazoli-2-yprethylik3-meghyl-7-( n-1-y1)-8-(3-(R)-amino-piperidin-1-y1)- xanthine
(also known §s BRY356> .g. infan ampuntQf 2.5'mg),\- 23 - mefformin (particularly metformin
% ig 85
Icu

hydrochloride} e.g. in an.amount of 500 m g 01000 mg), L-arginine, and one or more
pharmaceuticaliXciptents, @@ Bly on€ or moreTifters (e.g. com starch), 5one or more binders (e.g.
copovidone), one or more glidants {e.g. colloidal anhydibiis silica) and/or one or more lubricants (e.g.
magnes?um 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. propylene glycol), one or more pigments

(e.g. titaniurg dioy| uMgibﬁ%-@smﬁfbﬁw_é@rni{&ﬂmlqg.ueﬂm,\w-@l QIFORE QRiMQEReldRNS,(g-0. 10talc).
e

A method of manutacturing a ta of this invention comprises tabletting (e.g. compression) of one or
more final bAAYENE {BH’??WSr\ﬁ’&@ﬁéﬁﬁés%@ﬁﬁ%@%end(s) according to this invention may
be prepared by methods well-knowg to one ski ir-the art (e.g. high 15shear wet granulation or fluid
bed granulation). Granules accordifig to thi;%r%;gr‘l‘ as well as details of granulation processes
(including their.sgparz B aratio ranules of this invention are described by way of
example in the ing gxamples. ni tive gxanulation process for the preparation of
granules comyyrising.the- ) ositign comprises i.) combining (e.g. dissolving or
dispersing) L-arginine, a bindér (e.g!;‘.l copovidone) and\optionally, the DPP-4 inhibitor (e.g. Bl 1356) in
a solvent or mixture of solvents suc“n as purified water Admbient temperature to produce a
granuI%t'on liquid; ii.) blending mefforrnin HCI, a filler (e.g. corn starch) and, optionally, the DPP-4
inhibitor{e.g. 25BI 1356) in a suitable mixer (e.qg. fluid-bed granulator) to produce a pre-mix; wherein

the DPP-4 inhibith{(R-g-Ahih3aaperiaitieyichiderejthy-6- thengtapkdaticar titni2-pivietingH354.) or in
the pre-mix Qgined il b @S AN BILIZA S HREIREA D S8RV B 338)'s absent in the

pre-mix;
') /
N N
X N
\(\ i | />-—N

NH,

15 ¢ 1-[(4-Methyl-quinazolin-2-yl)Ymethyl]-3-methyl-7-(2-butyin-1-y|}-8-[(2-amino-2-methyl-
propyl-methylamino}-xanthine (compare WO 2006/029769, example 2(1)):



iii.) spraying the granulation-liquid into the pre-mix and granulating the mixture for example in 30a
fluid-bed granulator, preferably under dry condition; iv.) drying the granulate, e.g. at about 70 C inlet air
temperature until the desired loss on drying value in the range of 1-2% is obtained; v.) delumping the
dried granulate for example by sieving through a sieve with a mesh size of 0.5 to 1.0 mm; - 24 - vi.)
blending the sieved granulate and preferably sieved glidant (e.g. colloidal anhydrous silica) in a
suitable blender; vii.) adding preferably sieved lubricant (e.g. magnesium stearate) to the granulate for
final blending for example in the free-fall blender. 5 Preferentially, a mono-layer tablet according to this
invention comprises or is obtaina ¥are comprising any one of the following amounts (1),
(2) or (3) of active inggedients and : (1) 2.5 mg of
A7) matliyl]- -butyn-1-y1)-8-(3-(R)-aminol0piperidin-1-yl)-xanthin

e free base, g mefforrnin hydro ' . L-arginine; (2) 2.5 mg of

p N tyn-1-y1)-8-(3-(R)-aminopiperidin-1-y1)-xanthin
e free base, 850 mg mefformin hyd]rochloride, and 2112 mg L-arginine; (3) 2.5 mg of
1-[(4-methyl-guinazolin-2-yl)methyl]-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 CqmpH§[?§-é>13ﬁ’@q‘bik%lihlﬁlpméﬂﬁwg—%lﬂ?ewﬂﬂ(é-%%ﬁl% Bltaty b-araiiing peRg-f more

fillers (such as e.g. D-mannitol, pregelatinized starch and corn starch), one or more binders (such as
e.g. copovidbneritaceBPAB Y HIBACHIRS G B XIS Hilesium stearate), 20 and a mefformin

HCI portion comprjging metformin hydrochloride, one or more fillers (such as e.g. corn starch), one or
more binders (suc |as e.g. copqvidone), one.o re glidants (such as e.g. colloidal anhydrous silica)
and one or more lupricants (such as e.grMagnesium stearate). 25 Preferentially, a bi-layer tablet
according to this ipkentigR.compii is obtainable from a mixture comprising any one of the
following amourjts (b (2) orff3) of FtiV%lm ¢ 5 and L-arginine: (1) 2.5 mg of
1-[(4-methyl-guidazolin-2-yJmethy1i-3-ethy putyn-1-y1)-8-(3-(R)-amino30piperidin-1-yl)-xanthin
e free base, 00 my mefformin hydrocmoride, andX.5 mg L-arginine; (2) 2.5 mg of

1-[(4-methyl- 3 oIin-2-yOmet]hyI]-3-methyl-7-(2-Hdl'jfp-l-yl)-S-(B-(R)-aminopiperidin-l-yl)-xanthine
free bagge, 85

g metformin hydrochloride, and 2.5 mg L-arginine; (3) 2.5 mg of
1-[(4-methyl-quinazolin-2-yOmethy11-3-methyl-7-(2-butyn-1-yl)-8-(3-(R)-aminopiperidin-1-y1)-xanthine
free base, 1000 mg mefformin hydrochloride, and 2.5 mg L-arginine. - 25 - A typical press-coated
tablet (tabletin-taf=Cpatrirenayd-Gameth df i hrieniioh-Sottipridesinprpadidithibiorestaitrtion
comprising 3 gRRafeiibiansnaszngexanpiermeses 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. mnesium stearate), 5 and a metformin HCI portion comprising metformin
hydrochloride, ape or more fithers (suzﬂaﬁ(corn starch), one or more binders (such as e.g.
copovidone), ong or more gligants (stch as e.g. colloidal anhydrous silica) and one or more lubricants
(such as e.g. #1ag 0 Preférentjally, a press-coated tablet (tablet-in-tablet or bull's
eye tablet) adg r is obtainable from a mixture comprising any one of
the following ' edients and L-arginine: (1) 2.5 mg of
1-[(4-methyl-guinazolin-2-Amethyl]-3-methyl-7-( tyn-111)-8-(3-(R)-aminol5piperidin-1-yl)-xanthine
free base, 500 mg mefformin hydrochloride, and 1.04ng L-arginine; (2) 2.5 mg of
1-[(4-mgghyl-guinazolin-2-yOmethyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-aminopiperidin-1-y1)-xanthine
free base, 850 mg metformin hydrochlaride, and 1.0 m L-%r 'r%rde; (3)2[5 %of ,
1-[(4-methyl-uin ”%ﬁM@W@H&ﬂﬁﬂU@%lﬂﬁtﬁwﬁﬂnﬁaﬂy&-y%’- SR AN BIO TR R PP anthine
free base, 10A&mimiatipxanthimedfcaintatd &VarkDA600aHY &Samyiamae 2(4)):

q = |
N OA\N N/ H
| NH

2




20 A typical film-coated tablet (DPP-4 inhibitor coating on metformin HCI tablet, 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), whergipssgid core portion is seal-coated with a film coat
comprising one or more film-coating agents (such as e-g. hypromellose), one or more plasticizers

(suchas e.g. pr _@Q_ e glycol). one or more pigments(sich as e.g. titanjum dioxide . iron. oxjde. red
and/or iron oxidg ele@\’/vaﬁ%)gﬁ '5h %rrngr}]%@ gl?ﬂgﬁfg‘s(ézgrc?%@%qg%{l;@(&rg S'B%@P Fﬁﬁ‘gﬁoﬂ)ayer
comprising ¥eDihPe4{dembite WCh2G0HAE 5346 axarsadili®2bating agents (such as e.g. hypromellose)
and one or morg plasticizers (such as e.g. propylene glycol). - 26 - Preferentially, a film-coated tablet

(DPP4-inhibitoq ({:lrug loading) according to this invention comprises or is obtainable from a mixture
comprising any pne of the f owingﬁﬁm), (2) or (3) of active ingredients and L-arginine: (1)

(2-butsm-1-y1)-8-(3-(R)-amino5piperidin-1-yl)-xanthin
d 2.5 mg L-arginine; (2) 2.5 mg of
thyT|’8-methy=7=2-butyn-1-y1)-8-(3-(R)-aminopiperidin-1-y1)-xanthine
free base, 850 mg metformid hydrochloride, andlxarlS2 mg L-arginine; (3) 2.5 mg of
1-[(4-methyl-quinazolin-2-yOmethyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-aminopiperidin-1-y1)-xanthine
free base, 1000 mg metformin hydrochloride, and 2.5 mg L-arginine. 10 Preferably, these

abovenggntigned IF(@JQF&KWB%iéﬁh'—%yﬁfm@'E%Q@Qﬁéﬂ%@ﬁﬁﬂﬂﬁk&%ﬁ%@sﬁ%@aﬂﬁé%FB‘&{din-1 -

over-coated with a final film coat, whic com%es a film-coating agent (such as e.g. hypromellose), a

plasticizer (ScEAYRS (GHBRHENEQ KON OBRAABRXITRS HEBY. titanium dioxide, iron oxide red

and/or iron oxide yellow) and.a glidant ( e.g. talc). 15Typically this additional film over-coat may
represent 1-4 A., preferentialiy 1-2 A,.,cﬁy‘ﬂ%’tao‘ial mass of the composition. The following dosage
forms of the inyblati n pligd to the-FD
methyl-quina olin-2fAme y11-3tmethyl

formulation of 14(4-

yn-1-y1)-8-(3-(R)-amin o-piperidin-1-yl)- 20xanthine
i{ droc @ based on the characteristics of drug substances and

e dégired Pharmateutical proNles: a) Mono-layer tablets Mono-layer tablets with

L-arginine show Isatisfactory stability results, gooMidissolution 25 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 inhibior as|@osvDehah@ainddinedylsetndGiortiniifegraumytat on HBHA ta-thaifibid bed
granulgtor). 30b).Bi-I tablets Bi-laye ithlesarginine s jsing stability results, good
dissoljltltgn prr)g)r%ir%g?)éﬁr& 8%@51 %%éaf)é{‘%%%%@g} ggr?%%@h?gﬁu cic%tllﬁé%rﬂjsing conventional bi-layer
tableting technologies (e.g. rotagy bi-Iayg‘ewmg machine). - 27 - Press-coated tablets
(tablet-in-tablets and advanced piress-cgated bull's eye tablets) show promising stability, good CU and
dissolution. P ed using conventional press-coating technology,
such as e.g. on lKiIia tablef press -tablet or on other conventional press-coater to
obtain bull's eye NA%;n e of this approach, it is easy to minimize the amount of
L-arginine in the formulatioh and,control the assay CU of the DPP-4 inhibitor portion (very small
amount of drug loading; 2.5 mg/tablet where the dose'strengths of mefformin 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

e 1-[{Quinoxalin-6-y)methyl]-3-methyl-7-(2-butyn-1-y1)-8-((R)-3-amino-piperidin-1-y!)-

xanthine (compare WO 2005/085246, exampie 1(83)x

- 0 ==
sopeYe
N~ O)\l\ll N Y
15

H,



10 eye tablet" may be a universal dosage potentially for bi-layer tablets 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 tableting) being necessary. It is to be noted that within the meaning of this invention the skilled
person is aware about 15what 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 in1l y tablet or a dot) is composed of an outer coat
and an inner core, and in which, instead of the inner cote zone being completely surrounded by the

ablets (o 1B er i MCLERLAG AR BTGP COUTMIP Y DISar MAeeE Al rave on

tablets (drug oadi 0
the metforniiney Comilinetsxsieptiznacieisrhientiss shnddastexueleshwith danizineblstpbititgaeamglcalrginine

needs to begeled datodiopreoatiBen(aty Laliiaaon D AaLRRIAEHE oA APRLRREInbRBRRPDIe 10

integrate DPP-4 inhibitor portion into a partner drug portion as it is, even if the dosage form is a
modified/colitRSBAISRIXALBIBHALITBAYHMANIT ISR FRELRRY Wib Qlae AharmgspRiActve
determbhaticuisiaacessangiviacpaadyicrsis Idec kst dd thé lpyklivag efstheeBtBRed.inhibitor by film-coating
as described herein (including the steps of seal-coating, drug-loading and, optional, over-coating) may
be applied to any 30kind of cores or tablets which may comprise an active ingredient (e.g. a partner
drug as merftiéie8 REEFsdBP Bxhinpleitricfprarihorbs wmneapinred F b iBhibiipim@diate release
metformin tagrgjsdisnsiametineleasmaetiornia nbkeis.iendat rgigaseeiaemyiahstutynodified
release metioripip. blets, conalisth ielasse metiormin dahles el delaved ielease mefiomip fablets
Thus, the pré entIMvention Turther relates 16 & tapfet which ¢ MpPrises 8 S5l m-coé\?’ ayer comprising
the DHPB-4 ikhigitoraaBilt3$6iming agent (e.g. hypromellose), a - 28 - plasticizer (e.g. propylene
glycol) and L-arginine, or which is obtainable by comprising using such a method of layering of the
DPP-4 inhibitor by film-coating as described herein. The present inventi Iso relates to a FDC tablet
comprising AFEARIFCRAE SY EPL AP HERL R E Aot LoD Lo BB RISt
comprising tfrerD PE-grachibiosisting ,0bejtdmgipiliy, aa agipttoatdeaipgbiptih, asdltsirietrhaceiticatywell
as to such a{ &Qggegmgde by a process comprising 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 sﬂé_’p such as described herein. 10Pharmaceutical immediate release dosage forms of this
invention prefietaddyobiasreigissoledioicpoagingiesiss chythaibafltes 46 teinntesstone aeh oftliemmatives
ingredients aoéf.'&%sé%%%s‘?é’ue ﬁ%ﬁ&%rﬁ{%@%‘i" 58t 'c?r"’?‘t%%s?oéﬁ%i?}é V&?A?ahée% itgﬁa/][%éggg

ti |
ingredients iR acive.
ingredient is diSSO In"a’particular em ment, after 30 minutes for eac clive ingredients

especially ofwah asdnerrigersaivriesecoramymortiic ioveatbereeic i sesisiet tecialtarhy firaiesandd

tablel) at 15/gagiriAoh YorhuafRrably iRt S iR Wl IRoAeSIREN AraritvR dadiecient i
dissolved. In a turther emb ({{g}nen ,?Tfter 15 minutes for each of the active ingredients especially of the
é@ert BigraRexFR

mono- R HINtion (including tablet core and film-coated tablet) at least
55-60 A) by weight of the respective active ingredient is dissolved. The dissolution properties can be

determined ipyaanclarchis SAMBARSSR, 88 ASERIAING L9rARSANURIH PBRIIAGARGIER (ScBokining

paddle method with agitation speed of 50 rpm, 0.1M hydrochloric acid as dissolution medium af a
temperature Or&PROUMEN AIRE i T¥eRj Ry "EJ'&P‘%P‘H%%I‘bWﬁi SLRG QI MvaaiAgRausynthrPPP-
pharmaceutidahaibiesitongiag dopiratmeiceutict bl tisa ge datiors arcbedingptodi e:dbinsenhieit Bl 1356,
for ex le lline form. t f ly il ize distribution. (pref I volume)
such o0 a1t o S e O e B P e R e
than 200 pm,Cﬁ@.bksmfaiwd)%ﬁ?ﬁ?ﬂ#@ﬁﬂéﬂ%@@é@ﬁ%@%ﬂ%@&&é%|W€E@Q§&/@&é2é§e
g@strﬁlgut@on iwgc.ftnﬁﬁg?mo@d@ﬂﬁnggemwo 2 pneéeﬁaabsmf %ﬁ@f@l ¥ hlgraqieﬁﬁqsbm@@aeﬁéglﬁ. S)i<29<a0 :
istribution is_preferably 30such that X .1 pm, mare prefera m, most rably
om. ThereforE BTTENAIAR 0 SRR L TR TRt T B 58 RO IO partioudarly
0.1 pm <X902(63/66065% rs Yireababh! 10pRY SthexdisdosBesphwbighrandre prsiaiabipedgim 5 X90 100
pm. A pigferigRxaBriaficd BARIAR BT AikBU iR 3R &HistehdPakaife PR 10 pm 5_

X90 S. 50 pm. It can be found that afharmaceutlcal composition cqurlsmg 35BI 1356 with a particle
size distributiofc S RN EPAHBEAIEHOWS 49SRET 16 peftfedisclosures of which are

incorporated herein. The preparation of those DPP-4 inhibitors, which are specifically
mentioned hereinabove, is disclosed in the publications mentioned in connection therewith.
Polymorphous crystal modifications and formulations of particular DPP-4 inhibitors are



- 29 - (e.g. with regard to dissolution, content uniformity, production, or the like). The indicated particle
size properties are determined by laser-diffraction method, in particular low angle laser light scattering,
i.e. Fraunhofer diffraction. Alternatively, the particle size properties can be also determined by
microscopy (e.g. electron microscopy or scanning electron 5microscopy). The results of the particle
size distribution determined by different techniques gagm.be correlated with one another. Optimized
formulation of mefformin HCI portion: 10Another purpose of this invention is to provide improved
formulationgof shesmpefiersin R arartianeitoepbarmaredtiest estpeisitibasiacosmirpfovich
invention. For the metformin HCI, part a high {Jlrug load is advantageous to be achieved as a
prerequisitéﬁ%l“&‘?@é’%tﬁgﬁ%r%%g\)l%ﬁgf‘ CI78°35 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 impwf{@%egxe%%a&%mﬁ%ﬁﬂ@%&ﬁw@ bIGY Wit aersiensOrbla polites, grarticularly

copolyvidone. 20Several water-soluble polymers including polyvinyl alcohal (PVA romellose
(HPMO®), hﬁ?@?&‘ﬁ?@ﬁﬁ/&%’ﬁ%ﬁ"@-ﬂg@,ﬂ?ﬁestﬂﬁpgﬁﬁd'f&%ﬁ(%%: (%!’?)é\r/i'&c%%ﬁzé‘ )pgﬁ%tgopolyvidone
may be testpgiienbn Paticqmpatiahiiy (tedipression 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 fluid-bed granulation. Further on, PVA may be not ﬁ%palg/ select gecause
of its negatiVétimrenschiotihe Stabampedicarniie DRIIMRNi Aol AARAITIRIRRIY e =BRS8N

optimizatiorygidiesHisies Aasifiad areem asiiapcuithcovek 8460 ddrgitdstered wratfp rerdbHGItand

improved crushing strength by surface-treatment of formj ith30ths - eh@qumer
copolﬂadoanoﬂﬁgrgggé?qg%ﬁgﬁ, 9&%&\%”8%8 riré’ézale ?éo(l? %ﬁgdgggf?nt canyvtgégg w?éiljgd,
advantageotsty teguitiggirreathitasernialations adethd Digodamyresase gpravieditly 6tmelYs enough

low to prep gs,ﬁggom%@ayﬁeﬁmf@n@ \oREFARAYIRg-by Rildidihedigeridinato)-xahine optional

addition, it h een found t eating/dryin metformin HCI drug subst is,effecti improve
the stability WheeRanBEees iﬂ'ﬁ!&hﬁ%@qc’if’ﬂ%%g&éﬁﬁo?ﬂr?ég%%i%%ﬁfgaﬂmﬁ{ﬁ%?é@ fﬁﬁ@ﬁﬁﬁ@”&
pre-treatmegt fom@ 3o rtpét Gateridsetalbe conducted before starting of granulation with the DPP-4
inhibit% The heating/drying at 80C with a fluid-bed 5granulator may be helpful to reduce an excessive
amount of volatile impurities (which might be urea) in the metformin HCI. The pr _tz‘invrﬁgﬁion IS not

to be limitedArigsagse By REHRERIN Bt maTR e SB RIS R GIRIASiicatDNS oF the
invention in afgitism:tordieneislertihne diaraioomain 10 ectivecappaisTititcatiosagskidiegenitAd art from
the present disclosure. Such madificatjons int fall withi f e, nded
claims. Al pAEHTp0iR& "SH‘sa{:%c‘ééd& %ae}reriﬂg:rfs' H%’é%@ﬁﬁgrrgéﬁgé%%%ﬁ%g) ?rgwihe@i?gﬁtireties. 15

Further embqdimaeoits; Fedmateysrmeluhiaib Wy tht Presthi Mvntshrirg) dedsheapbiie Alfrom
the follgwingeexapiesqT8e falowing axamples seriertodlvaiase ubl wrsagé sxamuthesthd(principles of
the Inventlonmvglttgﬁ_%tugﬁg%ﬁgp -yllt)'m-et %rlj»:%lgr)}(w%mell-%(&ibu Orq?‘l_l%?g-@@&?-tamino-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 mammals, 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 to
30  about 20 mg, preferably 2.5-10 mg, per person per day, divided preferably into 1 {o 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.



5The composition of mono-layer tablets for a DPP-4 inhibitor of this invention (Bl 1356) + Dose

Strength (Bl 1356/ metformin NCI), mg 2.5/ 500 2.5/ 850 2.5/ 1000 [mg] NI [mg] [%1 [mg] [0/01 2,50

(2364502,50 0,25 2,50 0,21 500,0 84,75 850,00 85,00 1000,00 84,75 12,50 2,12 21,20 2,12 25,00 2,12

-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 for the active moiety
(free base anhydrate) once daily. Unit dosage strengths of sitagliptin free base anhydrate
(active moiety) are 25, 50, 75, 100, 150 and 200 mg. Particular unit dosage strengths of

5 sitagliptin (e.g. per tablet) are 25, 50 and 100 mg. An equivalent amount of sitagliptin
phosphate monohydrate to the sitagliptin 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 patients with renat failure.

10 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 daily.
Particuiar examples of dally oral dosage are 25, 30, 35, 45, 50, 55, 60, 80, 100 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

15  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 vildagliptin.

Metformin is usually given in doses varying from about 250 mg to 3000 mg, particularly from
20 500 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
25 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 into the fixed

dose combination pharmaceutical compositions of the present invention are 500, 850 and
30 1000 mg of metformin hydrochloride.

A dosage of the partner drug pioglitazone is usually 1-10 mg, 15 mg, 30 mg, or 45 mg once a
day.



3,39 33,10 3,31 42,50 3,60 47,50 8,05 80,50 8,05 95,00 8,05 2,50 0,42 4,20 0,42 5,00 0,42 5,00 0,85
8,50 0,85 10,00 0.85 186** 315*" 372** 590,00 100,00 1000,00

-19-

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 partner drug atorvastatin is usually from 1 mg to 40 mg or 10 mg to 80 mg
5 oncea day

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 compfises 1-[(4-methyl-quinazolin-

10 2-y)methyl}-3-methyi-7-(2-butyn-1-yl}-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 1000 mg (namely 250, 500, 625, 750, 850 or 1000
mg).

15  Specific embodiments of dosage strengths for 1-[(4-methyl-quinazolin-2-yl)methyi]-3-methyl-
7-(2-butyn-1-yi)-8-(3-(R)}-amino-piperidin-1-yl}-xanthine and metformin hydrochioride 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-(2-butyn-1-y1}-8-(3-(R)-amino-
piperidin-1-yl)}-xanthine free base, and 500 mg metformin hydrochloride;

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

(3) 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, 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 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 solid dosage form, particularly a tablet)
30 comprising or obtainable from

a DPP-4 inhibitor selected from the group consisting of
1-{(4-methyl-guinazolin-2-y)methyl]-3-methyl-7-(2-butyn-1-y})-8~(3-(R)}-amino-piperidin-1-yi}-
xanthine free base, vildagliptin, saxagliptin and alogliptin,
metformin hydrochioride,

+ 35  L-arginine,
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and one 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-yl}-8-(3-(R)}-amino-piperidin-1-
yl)}-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-ymethyi}-3-methyl-7-(2-butyn-1-yl}-8-(3-(R)-
amino-piperidin-1-yi)-xanthine free base with metformin HCI. Even after 6 months storage at
accelerated conditions L-arginine is able to suppress degradation of 1-[(4-methyl-quinazoiin-
2-y)methyl}-3-methyl-7-(2-butyn-1-yl}-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-methyi-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl}-8-(3-(R)-amino-piperidin-1-yl}-
xanthine free base (Bl 1356),

metformin hydrochloride,

L-arginine,

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

Typical pharmaceutical compositions according to 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) 2.8 mg of 1—[(4-methyl-quinazoiin-z;yl)methy!]~3-methy[~7-(2—butyn-1-yl)—8-(3~(R)«amino-
piperidin-1-yl)-xanthine free base, 500 :ﬁg metformin hydrochloride, and from 1.0 mgio 12.5
mg L-arginine (specifically 1.0 mg, 2.5 mg or 12.5 mg L-arginine);

(2) 2.5 mg of 1-[(4-methyl-quinazolin-2-yl)methyi}-3-methyl-7-(2-butyn-1-y1}-8-(3~(R)}-amino-
piperidin-1-yl)}-xanthine free base, 850 mg metformin hydrochloride, and from 1.0 mgio 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-yl)methyl}-3-methyl-7-(2-butyn-1-y!}-8-(3-(R)}-amino-
piperidin-1-yl}-xanthine free base, 1000 mg metformin hydrochioride, and from 1.0 mg to
25.0 mg L-arginine (specifically 1.0 mg, 2.5 mg or 25 mg L-arginine).
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Manufacturing procedure (Mono-layer tablets): DPP-4 inhibitor of this invention (e.g. Bl 1356) +
metformin HCI FDC mono-layer tablets are 5 produced by a fluid-bed granulation process and a
conventional tableting process with a rotary press. Optionally, metformin HCI and corn starch may be
pre-treated by heating in a chamber of fluid-bed granjjator to remove excessive HCI and/or impurity
products before mixing with the active DPP-4 inhibitor ingredient. After the optional pre-treatment of
metformin 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 "Granulation Liquid" compgsed of copol vidon

(Kollidon Vineaiutthar gisnsetah dheREenaYenton d S RIPERP RYBRtioNREY] m%‘f@ﬁﬁ. Gid". After

finishing of mgmmgﬁgwlﬂt@mﬁ{@gmﬂgjmmamm biithda suidabigestvaes ol shweetiogranulate
is blended with colloid anh drou SI C i r Iybricant. The
final mixtur&4& c%?’rﬁjg% rﬁon‘fe s %é?rﬁ a 1%%%%@%%0@2@0‘3@%@8%@? 3@@ W%Iglé;ablet cores

may béfllmmédﬁmmdmﬂm%aw%ﬁbw ROREEHSFRE hGPRATIENGSSIRY 18:8:forming
agent, propylie SRR ) BRliESS: éﬁ@o@é&ﬁﬁ@@h@?ﬁw&@oﬁ@m@m@ Mﬁﬂ@;\t\/ilrgmdmde angfer red iron

oxide and titanium dioxide. 20 Narratijye mor ecifi scription of the pr e n ing
process for THEYRSHSEER 'E%%“H@’eg\ﬁ\%%?ﬁﬁ? el-?@ﬁé‘r%eé%#\{es&arch aﬁeg SS?Q% d%sefﬁgﬁg%%r%%n with a
mesh size dhAEtpionteseimpasitpeasimgutdivns. diginearBpsagsamisitifipeblsdyiss are
dissolved regp, (ispE} jﬁg BEQ%Q/%S@M‘HWSH* RERSRRHEN hgrearpeligsBatdrroduce

the "Granulation Liqui Mefformin HCI and corn starch are sucked into a chamber of a suitable
fluid-bE gréﬁglafé'ﬂ'éwﬁeﬁr@ﬁ’@ﬁﬂéﬁ’%ﬁ‘iff’ﬁ?ﬁ'@&%@f’f%ﬂ%%‘r%ﬁﬁ?é target of approx. 36C.  d)

Immediately after the product temperature target is reached, the "Granulation Liquid" is 30sprayed into

the mixture L(])r fl,w bed Hﬁe Qgﬁ{ (ﬁ%é%ata 1R avRI0 DIAGKING-GHYHEY SpRaHAIRIG) At the

end of spraying, YheFedt tant ran e IS drie x 70 CInlet air temperature until the desired
LOD value (¢emnpospion) f@m@d@h@@, biend or dosage form of this invention Wthh is substantially free of

or only marginally comprises impurities and/or degradation products; that means, for
15  example, that the composition, formutation, blend or dosage from includes about <5%, or
about <4%, or about <3%, or less than about 2%, preferably 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-
carbamoy! derivative of the free base type DPP4 inhibitor. The content and/or degradation
20  can be determined by well-known anaiytical 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)CHs) 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  Another 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
bioequivalence with minimized risk of failure.



f) The granulate is sieved using a screen with a mesh size of 0.5 to 1.0 mm. - 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 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.
5Subsequently the "Final Blend" is produced by final bhlending in the free-fall blender. i) The "Final
Blend" is compressed into tablets with a rotary press:~9) 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, hypraseauea R RS i Bl o B e R S Pt e et
ambient tengirseittins toralipsobuice!shetocohimigsikp ammmt. of) stakilzinicpeendseeassatte with the
"Coating Sugpaieialy KstoRiRgost WRighhainda RERUsadbe tHellMscorish THBIRER of e Gpatiag
Suspension’ should be stirred again before use andcge@t stirrin sl%v%durin th ,coatin(%\gprqa%ing)
process. 15BN, @A RAUPEL ML Bed R HIRCHP AN A 1B AR ST R AREHIUBE TP B oo
layer tabletstenitsfoofnithd] Glcls/sicngrbdising aiseeanvitithaim edlysiretafidtodnd msbigfostate
weighing. b).}zprgiging.and copolyvidon are dissolved in purified water at ambient temperature with a
propeller mixer to produce the "Granulation Liquid" 20c) 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 & dpMehBotaisagaestinip.shewantainsspireiobie resd wvethbeelefimifoHS hbingagon starch
in the fluid-bed. gra tor. . . .. e) The 'Granulation Liguid:' i a inta the. mixture for, fluid-he
granulating ﬁﬁﬁept§§%§égﬂi |Ett|%rr% '?(? g‘\‘/%fﬁt?l%@"’n&?%%é"ﬁé%&@% b%g{ e en egftgp?éﬁ%é%}?ﬂe
resultatfl graniadie foramdetian for-seroresaitghécdeanialipr.oDWaYEE i @2y b2 ggcaswydaainionds
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The sieved granulate and_colloidal anhydrous,silj ergsil. are blen with a 30suitable
plender. ActSSTOHSAELIF 8 SR BRI S B8 Mo 2oL GRE RN MiGnesium stearato
passed through a 0.5 mm sieve and added into the granulate. Subsequently the "Final Blend" is

produced byqiinal RIENHIG IR PIRNARH ML MR SHRALRIRNE: B SPBRI RSRRAMIALAPIAIS Milhadptary

press. k) HyPromeIIose and propylene glycol are dissolved in purified water with a propeller mixer.
35Talc! AtanRifHTbRRAehIRPIFEN BRcRoRfBEdW, Brgdnetinen dueliparaticparydann Hunhiior dug
water with albagirg mpéiem dbstisy spaabienciregiceddiiiadghadpproraiasy, sodndaayheblaixds-with a

propeller mixer lent €.10, pradu P i u sion”, ). T I re
Coated with (L Ca e L O e B T B e
The "CoatingviuESFéhdisrribiles Gride Whitbdiagran s 8adMeaRUSaF AR SRS B8ra8g'the
coating (Sprayiggn Jiesiesstior3sf tdsifid ayarm atiatiddIpramenesition ahbidaseistabletsriosa DPP-4
inhibitoéd)f thi%jg¥entiodw (Bl r3[3563 + metfgrrnin HCI FDC (Film-coated Tablets) is shown in Table 2.

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 lubricants {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 a mono-{ayer tablet
comprising or made from
1-[{(4-methyl-quinazolin-2-yi)methyi]l-3-methyi-7-(2-butyn-1-y1}-8-(3-(R)-amino-piperidin-1-yl1)-
xanthine (aiso known as B! 1356, e.g. in an amount of 2.5 mg),



Table 2: Composition of Bl 1356 + Metformin HCI FDC Bi-laver Tablets Dose Strength (Bl 1356/

mefformin NCI), mg 2.5/500 2.5/850 2.5/ 1000 [mg] [/0] [mg] PM [mg] [/0] (450) (100) (450) (100)
(450) (100) 2,50 0,556 2,50 0,556 2,50 0,556 2,50 0,556 2,50 0,556 2,50 0,556
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metformin (particularly metformin hydrochloride, e.g. in an amount of 500 mg, 850 mg or
1000 mg),

L-arginine,

and one or more pharmaceutical excipients, particularly one or more fillers (e.g. com starch),
5  one or more binders (e.g. copovidone), one or more giidants (e.g. colloidal 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. propylene 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.
10  talc).

A method of manufacturing a tablet of this invention comprises tabletting (e.g. compression)
of one or more final blends in form of granules. Granules of the (final) biend(s) according to
this invention may be prepared by methods well-known to one skilled in the art (e.g. high

15  shear wet granulation or fluid bed granulation). Granules according to this invention as well
as details of granulation processes (including their separate steps) for the preparation of
granules of this invention are described by way of exampie in the following examples.

An iliustrative granulation process for the preparation of granules comprising the mono-layer
20  composition comprises

i.) combining (e.g. dissolving or dispersing) L-arginine, a binder (e.g. copovidone) and,

optionally, the DPP-4 inhibitor (e.g. Bl 1356) in a solvent or mixture of solvents such as

purified water at ambient temperature to produce a granulation liguid;

ii.) biending metformin HCI, a filler (e.g. corn starch) and, optionaily, the DPP-4 inhibitor (e.g.
25 Bl 1356) in a suitable mixer (.g. fluid-bed granulator) to produce a pre-mix;

wherein the DPP-4 inhibitor (e.g. B! 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 example in
30  a fluid-bed granulator, preferably under dry condition;

iv.) drying the granulate, e.g. at about 70° C inlet air temperature until the desired 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
0.5to 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;

vii.) adding preferably sieved lubricant (e.g. magnesium stearate) {o 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 following amounts (1), (2) or (3) of active ingredients and
L-arginine:
(1) 2.5 mg of 1-[(4-methyl-quinazolin-2-ylYmethyl}-3-methyl-7-(2-butyn-1-yl)-8-(3-(R)-amino-
10 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-y)methyl]-3-methyi-7-(2-butyn-1-yl)-8-(3-(R)-amino-
piperidin-1-yl}-xanthine free base, 850 mg metformin hydrochloride, and 21.2 mg L-arginine;
(3) 2.5 mg of 1-[(4-methyi-quinazolin-2-yl)methyl}-3-methyl-7-(2-butyn-1-yi)-8-(3-(R)}-amino-
piperidin-1-yl}-xanthine free base, 1000 mg metformin hydrochioride, and 25 mg L-arginine.
15
A typical bi-layer tablet of this inveniion 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.qg.
copovidone) and one or more lubricants {(such as e.g. magnesium stearate),
20 and
a metformin HC! 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 (such

as e.g. colloidal anhydrous silica) and one or more lubricants (such as e.g. magnesium
stearate).

25

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-ylYmethyl]-3-methyl-7-(2-butyn-1-yi)-8-(3-(R)}-amino-
30  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-yhmethyl]-3-methyl-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-guinazolin-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.
35
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A typical press-coated tablet (tablet-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),

and

a metformin HCI portion comprising metformin hydrochloride, one or more fillers (such as
€.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 {ubricants (such as e.g. magnesium
stearate).

Preferentially, a press-coated tablet (tablet-in-tablet or bull's eye 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-methyi-quinazolin-2-yl)methyl}-3-methyi-7-(2-butyn-1-y|}-8-(3-(R}-amino-
piperidin-1-yl}-xanthine free base, 500 mg metformin hydrochloride, and 1.0 mg L-arginine;
(2) 2.5 mg of 1-{{4-methyl-quinazolin-2-yl)methy!]-3-methyl-7-(2-butyn-1-yl)-8-(3-(R)}-amino-
piperidin-1-yl)-xanthine free base, 850 mg metformin hydrochioride, and 1.0 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 1.0 mg L-arginine.

A typical film-coated tablet (DPP-4 inhibitor coating on metformin HCI tablet, 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
(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 coat comprising one or more film-coating
agents (such as e.g. hypromeliose), 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 yeliow)
and one or more glidants (such as e.g. talc);

and

a DPP-4 inhibitor layer comprising a 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).
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Preferentially, a fiim-coated tablet (DPP4-inhibitor 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-butyn-1-yi)}-8-(3-(R)-amino-
5  piperidin-1-yl)}xanthine free base, 500 mg metformin hydrochloride, and 2.5 mg L-arginine;
(2) 2.5 mg of 1-[(4—methyi-quinazolin-2~yl)methyl]—S—methyl-?-(z-butyn—1-y!}8—(3-(R)~amino-
piperidin-1-yl)-xanthine free base, 850 mg metformin hydrochloride, and 2.5 mg L-argining;
(3) 2.5 mg of 1-[(4-methyl-quinazolin-2-yl)methyl}-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-amino-
piperidin-1-yl}-xanthine free base, 1000 mg metformin hydrochloride, and 2.5 mg L-arginine.
10 _
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 giycol), pigments (such as
e.g. titanium dioxide, iron oxide red and/or iron oxide yellow) and a glidant (such as e.g. talc).

15 Typically this additional film over-coat may represent 1-4 %, preferentially 1-2 %, of the total
mass of the composition.

The foliowing dosage forms of the invention can be applied to the FDC formulation of 1-{{4-
methyi«quinazolin-2-yi)methyI}~3-methyl~7-(2—butyn-1-yl)—8—(3-(R)~amino-piperidin-1-yl)-

20  xanthine free base (Bl 1356) and metformin hydrochloride based on the characteristics of
drug substances and requirements of the desired pharmaceutical profiles:

a) Mono-layer tablets

Mono-layer tablets with L-arginine show satisfactory stability results, good dissolution

25  properties and good content uniformity (CU). Mono-layer tablets can be manufactured using
conventional technologies (including fiuid-bed granulation for the DPP-4 inhibitor and
metformin hydrochioride, e.g. comprising adding the DPP-4 inhibitor as powder or as an
aqueous suspension in the granulation liquid to the fluid bed granulator).

30 b)Bi-layer tablets

Bi-layer tablets with L-arginine show promising stability results, good dissoiution properties
and good CU. Bi-layer tablets can be manufactured using conventional bi-layer tableting
technologies (e.g. rotary bi-layer tableting machine).

35 ¢) Press-coated tablets



0.20 1,25 0,2375 1,25 0,275 1,25 0.04 0,25 0.0475 0,25 0.055 0,25 16,00 100,00 19,00 100,00 22,00
100,00 1036 100,00 1438 100,00 1612 100,00 - 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-granulate), a fluid-bed 5granulation process
(for metformin HCI-granulate), and bi-layer tableting pCess 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 di'Lf?ﬂ%?&a%@ﬂg&‘é%l&?%%g&ﬂ?t%}jéﬁda?’ié“a'%dﬁt?eﬁ}%@-&%&t@@qBlﬁt%“@&%@&éﬁl%mng
iquid, containing purified water and copovidone as a binder. After
promising stability, good CU and dissolution. Press-coated tablets can be manufactured
usiﬁg conventional press-coating technology, such as e.g. on a Kilian tablet press to obtain
tablet-in-tablet or on other conventional press-coater to obtain bull's eye tablet. 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 smail 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 HCl- 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 tablets as well as other FDC.
Bull's eye tabiet can be manufactured in a one-step press-coating without separate core
formation (like in bi-layer tableting) 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 tabiet” used herein. As it known to the skilled
person, this tablet (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 exposed.

20 d) Film-coated tablets {drug layering by fiim-coating for drug loading)
Coating of DPP-4 inhibitor drug substance on the metformin HCI tablets 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 possibie to integrate DPP-4 inhibitor
portion into a partner 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, extended release metiormin tablets,
modified release metformin tablets, controlled release metformin tablets or delayed release
metformin tablets. Thus, the present 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



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:
15a.Copovidone and L-arginine are dissolved in purified water at ambient temperature to produce the
Granulation Liquid. b. Bl 1356, mannitol and pregelatinized starch are blended in a suitable mixer, to
produce the Pre-Mix. c. The Pre-mix is moistened wigla the Granulation Liquid and subsequently
granulated. 20d.The moist granulate is sieved through a suitable sieve. e. The granulate is dried at

about 50 C 4k .éi%%.%o&%nﬁgg A5 SN SIS deslindh RshedBlg, @rpisibained. f. The

dried grantﬁa e Is sieve . e with a mesh size of 1.0 mm. .glﬁa ,escij m stearate is
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condudied bpiRDaraimyettcatamdatarhiag deschepoesinasihade S RLRIERHakeh 47iP
purified watgy. Afterdiishing ahdliddetang Walirnetbegiatiriissinstiomithtabititabie screen.

The sieved granulate is blended with collgidal anhydrous silica (Aerosil 2 M, Stearate
as a lubricalgyerng of AR éﬁdﬁliBP@fs%%é. iéca’@ggép%on 2 ﬁﬁ%a%g‘%llﬁ%?ggtal%%;%igé?g&s? %%#he

Metformin k€ iggatvidateherein) Metformin HCI is sieved using a screen with a mesh size of 0.5 tol mm
before weighing.  b) Copolyvidon is dissolved in purified water at ambient temperature with a

propeller mixer 5to produce the "Granulation Liquid" c) Metformjn HCI and corn starch are heated in a
T e e P e

empera?u re
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granulate is pactiedansimgediseest mliatSe misdiesios oreh Dt aGHE .in§5eﬁ|'f’é‘§ié’\§88(iﬁ%ﬁétfg and
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sieved with a 0.5 mm-screen before use. nesiyum rat ssed tF 05.mm sieve
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description ofifae|nian wiepkttieg erotesiefertirestlin-saatagl dissolution tests, e.g. according to
20 standard pharmacopeias (e.g. 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 13586, for example a crystalline form thereof, preferably has a particie size
distribution {preferably by volume} such that at least 90 % of the respective active
pharmaceutical ingredient has a particle size smaller than 200 ym, i.e. X80 < 200 pm, more
preferably X80 < 150 um. 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 ym, more preferably X90 2 1 ym, most preferably X90 2 5 ym. Therefore
preferred particle size distributions are such that 0.1 ym < X90 < 200 ym, particularly 0.1 pm
< X90 < 150 ym, more preferably 1 pm < X90 < 150 ym, even more preferably 5 ym < X90 <
100 pm. A preferred example of a particle size distribution of BI 1356 is such that X80 < 50
pm or 10 ym £ X80 < 50 pm. It can be found that a pharmaceutical composition comprising

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



a) Hypromellose and propylene glycol are dissolved in purified water with a propeller mixer. 25 Talc,
titanium dioxide, and iron oxide (yellow, red or yellow and red) are dispersed in purified 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”. b) The tablet cores are coated
with the "Coating Suspension” to the target weight gajg to produce the "Film-coated Tablets". The
"Coating Suspension" should be stirred again before 30use and kept stirring slowly during the coating

or Bults oyd ablale PR BE R, S Y R ) O R Mg bl

|s Inventi | 1356) + metformin HCI FDC
(Film- coate@amﬁmaﬁimﬁrﬁfﬁa@ﬁ@mw%I@’éaéﬁfrﬁﬁﬁ%ﬁﬁ@ﬁ m@r%%nﬁmﬂ%ﬂmﬁ #eerDC

;asb/'elt in-Tablat a5 ulstEN, T?@'ﬁ%uﬁﬂﬁ@r%ﬁfﬁé@ﬁbd%ﬂ&ﬁﬁﬁm@ﬁmmm §120 FHGpLERE B / 850
o0 [rgg]a[so oIet mr'/r?‘l b\%‘l'cr gpg?é) E} (4@0 :rch)nO Jsgo%?f)ozr g{%én?n%%’lggtu%é 62,50

5  microscopy). The results of the particle size distribution determined by different techniques
can be correlated with one ancther.

Optimized formulation of metformin HCI portion:

10 Another purpose of this invention is to provide improved formulations of the metformin HCI
partion of the pharmaceutical compositions according to this invention.

For the metformin HCl part a high drug load is advantageous to be achieved as a pre-
requisite for a reasonable small tablet size.

15
Thus, it has been found that drug load of metformin HC! and compactability (compression
force-crushing strength profile) of the tablets of this invention can be improved by surface
treatment of metformin HC! with a water-soluble polymer, particularly copolyvidone.

20  Several water-soluble polymers including polyvinyl alcohol (PVA), hypromeilose (HPMC),
hydroxypropyl cellulose (HPC), methyl celiulose (MC), Povidone (PVP) and copolyvidone
may be tested to improve compactability (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 fluid-bed granulation. Further on, PVA 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 HCI 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 agueous solution and operate spraying by a fluid-bed granulator.
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 HCIL. The pre-treatment for metformin HCI needs to be conducted before
starting of granulation with the DPP-4 inhibitor, The heating/drying at 80°C with a fluid-bed

granulator may be helpful to reduce an excessive amount of volatile impurities (which might
be urea) in the metformin HCI.

The present invention is not to be limited in scope by the specific embodiments described
herein. Various modifications of the invention in addition to those described herein may
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.
Further embodiments, features and advantages of the present invention may become

apparent from the following examples. The following examples serve to iliustrate, by way of
example, the principies of the invention without restricting it.
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Examples
1. Mono-layer Tablet

5 The composition of mono-layer tablets for a DPP-4 inhibitor of this invention (B! 1356) +
metformin HCl FDC (Film-coated Tablets) is shown in Tabie 1.

Table 1: Composition of B! 1356 + Metformin HCI FDC Mono-layer Tablets

Dose Strength (Bl 1356 / metformin HCI), mg
ingredient 2.5/ 500 2.5/7850 2.57/1000

[mg] [%] [mg] [%] [mg] (%]
Bl 1356 2,50 0.42 2,50 0,25 2,50 0,21
Metformin Hydrochloride 500,0 84,751 850,00 85,00t 1000,00 84,75
L-Arginine 12,50 2,12 21,20 2,12 25,00 2,12
Com starch 20,00 3,39 33,10 3,31 42,50 3,60
Copovidone 47,50 8,05 80,50 8,05 895,00 8,05
Colloidal 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" . 3185 372m
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 0,60 5,00 0,80 5,00 0,90 5,00
Talc 2,88 18,50 2,96 18,50 4,455 18,50
Titanium dioxide 240 25,00 4,00 25,00 3,60 25,00
Iron oxide, yellow 0,12 1,25 0,20 1.25
lron oxide, red 0.04 0,25 0.045 1,25
Purified water™ 88** 117 132**
Total Mass (film-coat) 12,00 100,00 16,00 100,00 18,00 100,00
Total Mass (coated tabiet) 602,00 1016,00 1198,00

10  ** Removed during processing, does not appear in final product
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Manufacturing procedure (Mono-iayer tablets):

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

5 produced by a fluid-bed granulation process and a conventional tableting process with a
rotary press. Optionally, metformin HC| and com starch may be pre-treated by heating in a
chamber of fluid-bed granulator to remove excessive HC| and/or impurity products before
mixing with the active DPP-4 inhibitor ingredient. After the optional pre-treatment of
metformin 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 “Granulation Liquid” 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 grahulate 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 tablet cores may be fiim-coated by an aqueous film-coating suspension, containing

hypromellose as film-forming agent, propylene glycol as plasticizer, taic as glidant and the
pigments yeliow iron oxide and/or red iron oxide and fitanium dioxide.
20

Narrative more specific description of the preferred manufacturing process for the mono-
layer tablets:
a) Metformin HCIi 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 propelier mixer to produce the “Granulation Liquid™.
¢) Metformin HCl and corn starch are sucked into a chamber of a suitable fluid-bed
granulator and preheated up to a product temperature target of approx. 36°C.
d) | Immediately after the product temperature target is reached, the “Granuiation Liquid” is
30 sprayed 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
temperature until the desired LOD value (i.e. 1 — 2 %) is reached.

fy  The granulate is sieved using a screen with a mesh size 0f 0.5 to 1.0 mm.
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g) The sieved granulate and colicidal anhydrous silica (Aerosit 200) are blended with a

suitable blender. 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 Biend” is produced by final blending in the free-fall biender.

i) The “Final Blend” is compressed into tablets with a rotary press.

j} 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 a homo-mixer and propelier mixer at ambient temperature to
10 produce the “Coating Suspension”.

k) The tablet 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  Narmrative more specific description of an alternative manufacturing process for the mono-
layer tablets:
a) Metformin HC! 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 temperature with a
propeller mixer to produce the “Granulation Liquid”
20 c¢) 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) B! 1356 is added into the container, then blended with metformin HCI and com starch in
the fluid-bed granuiator.
e) The “Granulation Liguid” is sprayed into the mixture for fluid-bed granulating under dry
25 condition to avoid blocking during granulation.
fy Atthe 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 %.
g) The granulate is sieved using a screen with a mesh size of 0.5 to 1.0 mm.
h}y The sieved granulate and colicidal anhydrous silica (Aerosil 200) are biended with a
30 suitable blender. Aerosil 200 should be sieved with a 0.5 mm-screen before use.
i) Magnesium stearate passed through a 0.5 mm sieve and added into the granulate.
Subsequently the “Final Blend” is produced by final biending in the blender.
i) The “Final Blend” is compressed into tablets with a rotary press.
k) Hypromeliose and propylene glycol are dissolved in purified water with a propeller mixer.
35 Talc, titanium dioxide, and iron oxide (yellow, or yeliow and red) are dispersed in purified



- 39 - Manufacturing procedure (Tablet-in-Tablet or Bull's eye tablet): DPP-4 inhibitor of this invention
(e.g. Bl 1356) + mefformin HCI FDC Tablet-in-Tablet or Bull's eye tablets are produced by a
high-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 mefformin HCI-granulate), and press-coating
process with a press-coater. DPP4 inhibitor core-tat_;lg - 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 moisten | ing ligyid, Ining .pUrifi j .a binder.
After 10further ﬁﬁﬁg&%ﬁ%@% s?e(%\fir?gf gthsgj%gr%(? ig%#ﬁé%%s%?éﬁb%g‘%éﬁ%“%ﬁ%%%%?ﬁ%b@?aﬁe as
a lubricant. Narfaiee mdtie sherigieediescibisn of tRERiRIHufentoamiUsPodesPredupe Bhe 3Keating
core-tablets: a. §@pyisiene and L-arginine are dissolved in purified water at ambient temperature to
15produce ge % anulation Liquid. b. B] 135 annitol and pregelatinized starch are blended in a
Sutable mitbr. (BRI ATETHEE GREIED D BIE A o CrORE A B Pt LR e
subsed@ently grenedlatedhe.“Fie-meisdgTabittae Bheic\Gating Sglsessitablehoiddeh tmMideagrinulate
is dried at aboutaffe Ué@éﬁﬂ%@b@&i%ﬁ‘s@owamﬁneﬁ}ﬁ%rd&%hﬁ‘ﬁs&%ﬁi@ Ip88eR8. 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. 25h."Final Blend" is compressed into "Bl 1356
core-tablets" with a rotary press. Metformin NCI-granulate: Metformin 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 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
granulate is blended with colloidal anhydrous silica (Aerosil 200) and magnesium stearate as a
lubricant. -40 - Narrative more specific description of the manufacturing process for the Metformin
HCI- granulate: a) Metformin NCI is sieved using a screen with a mesh size of 0.5 tol mm before
weighing. b) Copolyvidon is dissolved in purified water at ambient temperature with a propeller mixer
to S5produce the "Granulation 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 "Granulation Liquid" is sprayed into the
mixture for fluid-bed granulating under dry condition to avoid blocking during granulation. 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 %. f) The granulate_iggieved 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
HCI-granulZ:eBi#tayar Bate is produced by final blending in the blender. The "DPP-4 inhibitor
core-tabletsfrangdoMssimsrinH BiligyanuiafietamcampresgeshinbnatO baltes-invaliet (BBUltS&ye
tablets using a press- The differe ween the Tablet-in-Tablet and Bull's eye tablet is the
position of t%'g‘f ’?ﬁ&ﬁ%f&%&?ﬁ%ﬁ%ﬁ%@%}ﬁ% 1aess;]c?r\i"'p ig}nlf) t%eE manufacturing process for the
Tablet-m-Tablet: a) Fill a half of Metformin HCI-granulate in a die. 25b) Place a Bl 1356 core-tablet on

the surface pf \esforminbibeamilatzse) WRerRR neietabletwibrspaqed half of Mefformin

HCI-granulate, then compressed into th prative-more-specHic-desertion

of the manufacturing process for the Bull's eye Ra58RISHSH K meﬁeﬁ\ﬁﬂhﬁﬁgtéqﬂ a die.|b)

Place the Bl 1356 cotagridiehon the Mefformia . BCS@panulafe in RS didsdhen comp2§3ei®dbto the
tablet (Bull's eye tablet). -41 - The table i = i 5ion,

containing hypromellose as film-forminglagen m pylent dlycol gg lasticiZer, talc as glidant andithe

pigments yellRM 38Bymoditienand/or red irgn oxi@é@ind titdA8WIM did4Ed. SNd#EMe meAedspecifid0)
description ?%m%ganufacturing procesgfor thEgim-cgaEE ) i—éymume't;% , o
i oIp T ’ ’ | iron oxide

are dissolved in purified water with a propeller mixer. Talc, titanium dioxide, an ( ellowl, red
or yellow and-rB&giniré dispersed in purified wate?Qvith % o-mixel0 TheCsePensionr IS addﬁféffﬁto the
hypromellosensglrim then mixed with g propellss mixps, abamppant Sempedcdone B3aro8uce Thd9
weigh gain BRI coated rab B 0T [E0ging SogSensiquo T oulc B Strrelr o
before use afikegiasthring slowly during the4®88ng (3BR%ing) Prétkess. 18.a0 DPﬁﬁqghibitbQﬁ} ig
!_aye_ring on MSHQWBH?]@:"U Tablet (film-coatir?ggfg@ drugd : ing)13,50he cormpos itions),g@ DPP340
e om0 g “Eheeed ) g ae e
Metformin HCl-portion: (570} (100) (969) (100)1 (1140) {100)
Metformin Hydrochloride 500,0 87,72 850,00 87,72| 100000 87,72
Corn starch ' 15,00 2,63 25,50 2,63 30,00 2,63
Copovidone 47,50 8,331 80,57 8,331 95,00 8.33
Colloidal 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
Hypromeliose (5 mPa*s) 8,00 50,00 9,50 50,00 11,00 50,00
Propylene glycol 0,80 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 5,80 25,00
iron oxide, yeliow 0.20 1,251 0,2375 1,25 0,275 1,25
fron oxide, red 0.04 0,251 0.0475 0,25 0.055 0,25
Total Mass (film-coat) 16,00 100,00 19,00 100,00 22,00 100,00
Total Mass {(coated tabiet) 1036 100,00 1438 100,00 1612 100,00




Tablet is shown in Table 4. - 42 - Table 4: Composition of Bl 1356 + Mefformin HCI FDC BI
1356-Coating on Mefformin HCI Tablet Dose Strength (Bl 1356 / mefformin NCI), mg 2.5/500 2.5/

850 2.5 / 1000 [mg]r/01 [mg] ryd [mg] MI (570) (100) (969) (100) (1140) (100) 500,0 87
1000,0 87,72 15,0 2,63 25,5 (969) (100) (1140) (100) 500.0 87.72 80,0 87,72
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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-granulate), a fluid-bed

5  granulation process (for metformin HCl-granulate), and bi-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 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 to
' 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 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 80 °C) in a suitable dryer until the
desired loss on drying value is obtained.
£, 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.
25  Subsequently the “Final Biend A" is produced by final blending in a suitable blender.

Metformin H'Clzgranuiate: Metformin HCl and corn starch are pre-treated by heating in a
chamber of fluid-bed granulator to remove excessive HCl and/or impurity products. After the
pre-treatment of metformin HCl and corn starch, fluid-bed granulation is conducted by
30 spraying of ‘Granuiation Liquid” composed of copolyvidon (Kollidon VAB4) and purified
water. 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 ubricant.



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 1140 100,00 (12) (100) (16) (100) (18)
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Narrative more specific description of the manufacturing process for the Metformin HCI-
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
5 to produce the “Granulation 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 “Granulation Liquid” is sprayed into the mixture for fluid-bed granulating under dry
condition to avoid blocking during granulation.

10 e) Atthe 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 %.
) 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 the “Final Blend 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 aqueous film-coating
20  suspension, containing hypromellose as film-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) Hypromellose and propylene glycol are dissolved in purified water with a propelier mixer.
25  Talg, titanium dioxide, and iron oxide (yellow, red or yellow and red) are dispersed in purified

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”.

b) The tablet 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
30 use and kept stirring slowly during the coating (spraying) process.



(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 1,25 0,20 1,25 0,225 1,25 0.03
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3. Tablet-in-Tablet or Bull’s eye tablet

The composition of Tablet-in-Tablet or Bull's eye tablets for a DPP-4 inhibitor of this invention
5 (Bl 1358) + metformin HC! FDC (Film-coated Tablets) is shown in Table 3.

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

Dose Strength (Bl 1356 / metformin HCI), mg
Ingredient 2.51500 2.51850 2.57/1000

[mg] [%] [mg] [%] img] [%]
Bl 1356-portion: (45) (100) (45) {100) (45) {100)
Bi 1356 2,50 5,56 2,50 5,56 2,50 5,56
L-Arginine 1,00 2,22 1,00 2,22 1,00 2,22
D-mannitol 30,475 67.72}F 30,475 67,72 30475 67,72
Pregelatinized starch 4,50 10,00 4,50 10,00 4,50 10,00
Comn starch 4,50 10,00 4,50 10,00 4,50 10.00
Copovidone 1,380 3,00 1,350 3,00 1,35 3,00
Magnesium stearate 0,675 1,50 0,875 1,50 6,75 1,50
Metformin HCl-portion: (570) {100} (9639} (100} (1140} (100)
Mefformin Hydrochloride 500,06 87,72 850,00 87,721 1000,00 87,72
Corn starch 15,00 2,63 25,50 2,83 30,00 2,63
Copovidone 47,50 8,33| 80,57 8,33| 95,00 8,33
Colioidal 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) 615 100,00 1014 100,00 1185 100,00
Hypromeliose (5 mPa*s) 6,00 50,00 8,00 50,00 9,00 50,00
Propylene glycol 0,60 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
iron oxide, yellow 0.15 1,25 0,20 1,25 0,225 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




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 18,00 72,00 2,00 8,00 2,00
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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 HCl FDC Tablet-in-Tablet or

Bull's eye tablets are produced by a high-shear wet granulation process (for DPP-4 inhibitor-

granulate), a rotary press (for DPP-4 inhibitor core-téblet), a fluid-bed granuiation process
5  (for metformin HCl-granulate), and press-coating process with a press-coater.

DPP-4 inhibitor core-tabiet: 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
moistened with granulating liquid, containing purified water and copovidone as a binder. After

10  further mixing, drying and sleving, the dried granulate is blended with magnesium stearate as
a lubricant.

Narrative more specific description of the manufacturing process for the Bl 1356 core-tablets:
a. Copovidone and L-arginine are dissolved in purified water at ambient temperature to
15 produce the Granulation Liquid.
b. BI 1358, mannitol and pregelatinized starch are blended in a suitable mixer, to produce
the Pre-Mix.
The Pre-mix is moistened with the Granulation Liquid and subsequently granulated.
The moist granulate is sieved through a suitable sieve.
20 e. The granulate is dried at about 50 °C (maximum 60 °C) in a suitable dryer uniil 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 biender.
25 h. “Final Blend” is compressed into "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 fluid-bed granulator to remove excessive HCl and/or impurity products. After the
pre-treatment of metformin HCl and corn starch, fluid-bed granulation 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 suitable screen.

The sieved granulate is blended with colloidal anhydrous silica (Aerosil 200) and magnesium
stearate as a lubricant.



8,00 2,00 8,00 (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
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Narrative more specific description of the manufacturing process for the Metformin HCl-
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 “Granulation Liguid”

¢) Metformin HC! 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 “Granulation Liquid" is sprayed into the mixture for fluid-bed granulating under dry
condition to avoid blocking during granulation.

10 &) 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) Fill a half of Metformin HCl-granulate in a die.
25 b) Place a Bl 1356 core-tablet on the surface of Metformin HCl-granulate.

¢} 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 Metformin 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 tabiet).



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 - 43 - Manufacturing procedure (DPP4 inhibitor-drug layering by
film-coating on Mefformin HCI Tablet): 5DPP-4 inhibitor (e.g. Ell 1356) + metformin 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-coating, pIgHg;Ioading and over-coating. The over-coating
may be able to be skipped by combining with the drug-loading, if the stability is acceptable.

10Metformin H ets; Megformin | orp st f -l b e Wiy mRsr of
fluid-bed grlgrrll%% gﬁ% rté%rr? ng ée)xﬂ@g\%tﬁ%dlbgné}gr ?ﬁ[{%ﬁl{s gﬁgglﬁ%ﬂe@%ﬁ?&%ﬁﬂe@aﬂgﬂ 0

metformin HYBremelesm agisrfeRminecperhrRIRRdANe abirdl AR @BStisHelyilkr AS SidAti ash tfyuid-
composed pigpeRalyyitiow (Hoalliskeds \GAG4) rrirortiedevsaie titaitemfistdeg of fluid-bed granulation,

the granulate is sieved with a suitable screen.
5  Narrative more specific description of the manufacturing process for the film-coating:

a) Hypromellose and propylene glycol are dissolved in purified water with a propetler 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 hypromellose solution, then
mixed with a propelier mixer at ambient temperature to produce the “Coating Suspension”.

10 E)) The tablet 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
4. DPP-4 inhibitor—Drug Layering on Metformin HCi Tablet (film-coating for drug-
loading)

The composition of a DPP-4 inhibitor of this invention (Bl 1356) + metformin HCI FDC (Film-
- 20 coated Tablets) which are prepared by drug loading by film-coating on the Metformin HCI
Tablet is shown in Table 4.
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Table 8: Product Description of Bl 1356 + Metformin HCI FDC Mono-laver Tablets (Tablet Core) ltems
Dose Strength (Bl 1356/ metformin NCI), mg 2.5/500 2.5 1 850 2.5/ 1000 Tablet shape Oval,
biconvex Oval, biconvex Oval, biconvex Tablet size [mm] 16.2 x 8.5 19.1 x9.3 21.0 x 9.6 Color white

Weight 590 1000 1180 Thickness [mm], (Mean) Approx. 5.8 Approx. 7.3 Approx. 7.6 Crushing strength
[N], (Mean) > 100 _, Approx. 140 > 150, Approx. 19043 150,

Manufacturing procedure (DPP-4 inhibitor-drug layering by film-coating on Metformin
HCI Tablet):

5  DPP-4 inhibitor (e.g. Bl 1356) + metformin HCI FDC with drug coating is produced by a fiuid-
bed granulation process, a conventional tableting process, and film-coating process with

three steps: seal-coating, drug-loading and over-coating. The over-coating may be able to be
skipped by combining with the drug-loading, if the stability is acceptabie.

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

chamber of fiuid-bed granulator to remove excessive HCl and/or impurity products. After the
pre-treatment of metformin HC! and com starch, fluid-bed granulation is conducted by
spraying of ‘Granulation Liguid” composed of copolyvidon (Kollidon VAB4) and purified
water. After finishing of fluid-bed granulation, the granulate is sieved with a suitable screen.

15  The sieved granuiate is blended with colloidal anhydrous silica (Aerosil 200) and magnesium
stearate as a lubricant. The final biend is compressed into the tablets with a conventional
rotary press.

Narrative more specific description of the manufacturing process for the Metformin HCI-
20  granulate:
a) Metformin HC! 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
produce the “Granulation Liquid”
c¢) 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 to 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 ) 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.
h) Magnesium stearate passed through a 0.5 mm sieve and added info the granulate.
Subsequently “Final Biend” is produced by final biending in the biender.
35 i) The “Final Biend” is compressed into the tablets with a conventional rotary press.



Approx. 200 Disintegration time [min] < 15 <15 _ < 15 Friability rid < 0,5 < 0,5 < 0,5 Table 9: Product
Description of Bl 1356 + Mefformin HCI FDC Mono-layer Tablets (Coated) Items Dose Strength (Bl
1356 / metformin NCI), mg 2.5/500 2.5/850 2.5/ 1000 Color light yellow light orange light red

Weight 602 1016 1198 Thickness [nun], (Mean) Approx. 5.9 Approx. 7.4 Approx. 7.7 Crushing strength
[N) (Mean) > 100, Approx. 180 - 44 -

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

5 (2) drug-loading: by an agueous film-coating suspension, containing hypromellose as film-
forming agent, propylene glycol as plasticizer, Bl 1356 as drug substance, and L-arginine as
stabilizer, and (3) over-coating: by an agueous film-coating suspension, containing
hypromellose as film-forming agent, propylene 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
coafing machine:

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

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

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

20  with a propeller mixer at ambient temperature to produce the “Drug Suspension’ for “drug-
ioading”.
¢) The Metformin HC! tablets are coated with the “"Coating Suspension” to 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 loading). The “Drug Suspension” shouid
be stirred again before use and kept stirring slowly during the coating (spraying) process.
The coating end point can be determined by available PAT (Process Analysis Technology).
) After drug loading the “Coating Suspension” is applied to the Bl 1356 drug-loaded tablets

30 o form the “over-coat” and to produce the “Fiim-coated Tablets”. The “Coating Suspension”

should be stirred again before use and kept stirring slowly during the coating (spraying)
process.



> 150, Approx. 240 >150, Approx. 250 Disintegration time [min] <15 _ <15 < 15 - 46 - Stability Data.
Stability data of Bl 1356 + Metformin HCI FDC mono-layer tablets (tablet core) with or 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: Test parameter Initial 2W 60C glass bottle 1M 3M Degradation 311356
(%) Total <0.2 <0.2 <0.2 <0.2 2.5+500 mg tablets + Qﬂg arginine: Test parameter Initial

Product Description:
The product description of Bl 1356 + Metformin HCI FDC_mono-layer tablets (tablet core and

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

5
Table 8: Product Description of Bl 1356 + Metformin HCl FDC Mono-layer Tablets (Tabiet
Core)
ltems Dose Strength (Bl 1356 / metformin HCI), mg
2.51500 2.5/ 850 2.511000
Tablet shape Qval, biconvex {Oval, biconvex | Oval, biconvex
Tablet size [mm)] 16.2x8.5 19.1x9.3 21.0x986
Color white
Weight 590 1000 1180
Thickness [mm], (Mean) Approx. 5.8 Approx. 7.3 Approx. 7.6
Crushing strength [N], (Mean) =100, 2 150, 2 150,
Approx. 140 Approx. 180 Approx. 200
Disintegration time [min] <15 <15 <15
Friability [%] <05 <05 <06
Table 9: Product Description of Bl 1356 + Metformin HCl FDC Mono-layer Tablets (Coated)
ltems Dose Strength (Bl 1356 / metformin HCI), mg
2.51 500 2.51 850 2.5/1000
Color light yellow light orange light red
Weight 602 1016 1198
Thickness Jmm], {Mean) Approx. 5.9 Approx. 7.4 Approx. 7.7
Crushing strength [N] (Mean) 2100, 2150, 2150,
Approx. 180 Approx. 240 Approx. 250
Disintegration time [minj <15 <15 <15
10

15




2W 60C glass bottle 1M 3M Degradation 311356 (c1/0) Total <0.2 1.1 2.9 8.5 102.5+1000 mg tablets
+ 25 mg arginine: Test parameter Initial 2W 60C glass bottle 1M 3M Degradation B1 1356 (%) Total
<0.2 <0.2 <0.2 0.2 2.5+1000 mg tablets + 0 mg arginine: Test parameter Initial 2W 60C glass bottle

10

- 46 -

Stability Data:
Stability data of Bl 1356 + Metformin HC| FDC_mono-layer 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 bottle
Test parameter initial
2w 1M 3M
Degradation Bl 1356 (%)
Total <(.2 <0.2 <(0.2 <0.2
2.5+500 mg tablets + 0 mg arginine:
60°C glass bottie
Test parameter initial
2W 1™ 3M
Degradation Bl 1356 (%)
Total <0.2 1.1 2.9 8.5
2.5+1000 mg tablets + 25 mg arginine:
60°C glass bottie
Test parameter Initial
2w 1M 3IM
Degradation Bl 1356 (%)
Total <0.2 <0.2 <0.2 0.2

2.5+1000 mg tablets + 0 mg arginine:

60°C glass botlie
2w T™ 3M

Test parameter initial

Degradation Bi 1356 (%)

Total <0.2 1.9 4.7 13.6




1M 3M Degradation B1 1356 (%) Total <0.2 1.9 4.7 13.6 - 47 - Claims 1. A pharmaceutical
composition comprising or made from a DPP-4 inhibitor, a partner drug, and one or more
pharmaceutical excipients, and a nucleophilic and/or basic agent for 5stabilizing said DPP-4 inhibitor
against degradation. 2. A pharmaceutical composition according to claim 1 comprising a DPP-4
inhibitor, a partner drug, one or more pharmaceuticghzxpipients, and a buffering agent for stabilizing
said DPP-4 inhibitor against degradation. 10 3. The pharmaceutical composition according to claim 1
or 2, wherej iId DPP-4 inhibitor is stabilized against chemical degradation. 4. The pharmaceutical
composition according to claim 1, 2 or 3, wherein the partner drug is 15selected from the group
consisting of biguanides including metformin hydrochloride, thiazolidinones including pioglitazone
hydrochloride ssiieadeckiding AissymstabiompRsi iy B gt ing dabPBartaniviiol bepphasmiragutical
composition according to any of the cfims 1.to 4, whergin the 20nucl ilic and/or |c agent or the
buffering a 08 Y8 aRIATEEd '%?)iﬁ)ém r'F{H ra?rrllglegcrﬂ gieg%ﬁﬂlg %agg%éﬁasn% ﬁ?r?jé?
characteristitabiizohgdiag DRRghinkibitolyagainsitearagatione. 6. The pharmaceutical composition
according to any of the claims 1 to 5, wherein the DPP-4 25inhibitor has an intramolecular free primary
or secondary amino group. 7. The pharmaceutical compaosition accordin XOf tlg claims Ito 6,
wherein theloPHDAIRIABRAIE SOBRRH B APCATLLA R A GHBLATER ARGt P YBHOT Re

otin.
pharmaceuticaireoripgsiten acoordipigatmacsutitshexclpirvgs] s0bawhiecimgtheeD B 4tatilibitgr is

1'[(4'methylétgéldi®y§_lj{1r Qgg%gggué%qg&tgy&%‘?-butyn-1-y1)-8-(3-(R)-aminopiperidin-1-y1)-xanthine
- 9. eutic

free base. - he pharma al composition according to any of the claims 1 to 8, wherein the
DPP-4 thhibitor is present in a dosage range from about 0.5 mg to about 20 mg, particularly from about
0.5 mg to abputrpmsrmbteulite ehrapmasevticebeinarosiion ace@dngsteicsid BRP-S, niikiteiristhe
DPP-4 inhibito iis%%%esent ir;tlé,}‘dosa € streg th of 0.5, 1, 2.5, 5 or 10 mg. 11. The pharmaceutical

n

compositionsé% ' aqe(lnmcﬁalmegf' o?i%,aw €1&in the DPP-4 inhibitor is present in a dosage strength
of 2.5 mg.

4. The pharmaceutical composition according to claim 1, 2 or 3, wherein the partner drug is
15  selected from the group consisting of biguanides including metformin hydrochloride,
thiazolidinones including piogiitazone hydrochloride, statines including atorvastatin, and

ARBs including telmisartan.

5. The pharmaceutical composition according to any of the claims 1 to 4, wherein the
20 nucleophilic and/or basic agent or the buffering agent is a basic amino acid having an
intramolecular amino group and alkaline characteristics, including L-arginine, L-tysine and L-

histidine.

6. The pharmaceutical composition according to any of the claims 1 to 5, whergin the DPP-4
25  inhibitor has an intramoiecular free primary or secondary amino group.

7. The pharmaceutical composition according to any of the claims 1 to 6, wherein the DPP-4
inhibitor is selected from vildagliptin, saxagliptin and alogliptin.

30 8. The pharmaceutical composition according to any of the claims 1 to 6, wherein the DPP-4
inhibitor is 1-[(4-methyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-(3-(R)-amino-
piperidin-1-yl)-xanthine free base.



10 12. The pharmaceutical composition according to any of the claims 1 to 11, wherein the partner
drug is metformin hydrochloride. 13. The pharmaceutical composition according to claim 12,
wherein metformin 15 hydrochloride is present in a dosage range from about 100 mg to about 1500
mg. 14. The pharmaceutical composition according to claim 12 or 13, wherein mefformin
hydrochloride is present in a dosage strength of 25@,8500, 625, 750, 850 or 1000 mg. 2015. The
pharmaceutical composition according to claim 12, 13 or 14, wherein metformin hydrochloride is
present in @ dRSAGR SIS GHRBEIGEERIdRIGRISMOT (6. FhiephamiavdereialtberRpbstion
according to any of the claims 1 to 15 Where'rgzlm ¢S PRIGANGRE Besig aaptiéRadbersmffering
agent is L—‘ﬁﬂj‘i’ﬁﬂé. Ef)esf"?f“f‘r%‘iﬁ?gﬁﬁéggﬁ%éra cgrébgjog%)n Q\ccording toil‘%im 16, wherein L-arginine
is present Hiesatab®uiglionabtaitat®atds0 mg, preferably from about 1 mg to about 25 mg.  18. The
pharmaceutical composition according to claim 16 or 17, wherein the DPP-4 30inhibitor and L-arginine
are present in a weight ratio from about 1:20 to about 10:1, or fr ot il Mhibitor
prefer@bly #dm Eb@@hﬁ‘.’m‘fﬁlﬁﬁahﬂr@WS'E'%QCEBF%‘S?ER: l%{nmd%égéag?e%ﬁez}ed starch; a binder
including c@,l}g}\ém{ﬁ@i 8 ddkrigantiasytidioid rhabrisidnesiéarde; and a glidant including colloidal
anhydrous silica 20. The pharmaceutical composition according to any of the claims 1 to 19
comprising 5 copovidone as binder. 21. The pharmaceutical co sitign accordin ODCf_L@'_IE 20 further
comprisingidne Eﬂnmldnefﬁfél@@f@%ﬁmw?‘%ﬁéqﬂI%?Q%Wf‘gtﬁ?aiﬁ'fﬂnggb?fcgbritwrﬁgrgeﬁ%g%m stearate, and
the glidant coligidalapraxaress Stissaddsi@engtinefshamaceutical composition according to any of the
claims 1 to 21 in the dosage form of a tablet. 23. The pharmaceutical composition according to claim
22, wh@rein the tablet is selected 15from a mono-layer tablet, a bi-layer tablet, y)re?s-rc%a{}gd tablet
(including attableTrie pabletamedtsa wvemeysitien RGO B AL QR RRIFRITR - L Ate 15T APUGT0ading.
24. The phar lical compesitionyassaidingsto claim 22 or 23, wherein the tablet comprises a
film-coat. 28%§$€F¥1e|‘&gharmaceutica)i@composition according to claim 24, wherein the film-coat
comprises a film-coating agent, such as e.g. hypromellose; a plasticizer, such as e.g. propylene glycol;
optionally aglidamhespiivmaceatidal cormubsifitionatiprding & Arire PgiBeFaINJNERCAZIB g, titanium
dioxidg, iron oxide red and/or ir ide yelawa 2 #6m Hisehesnagutigsheorspositon according to
any of%\e gbé@é%ﬁ%u{é’%‘i'gi’r%gﬁ% %v’%ﬁg;lgzhe p%arm‘?c%eutical 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.tptal 4l gh&RFac3CHdHRCBRIsEIRg aaioRRR toinfibtdRioratb BN meP TR IBy weight of
total tablet core, - the percentage of L-arainine js alaul:2 & bynyeight ebtoidapleteprrg - the tablet
crushing str&¥gRAGNIGRE ?53?1%8? !gqaua?%%%eﬁ, tRe tablet friability is lower than or equal 0.5 /0, - the

tablet thickness is from about 5.7 to about 8.4 mm, 35- the tablet core weight is from about 590 to
about %680 1Y), a?ﬁje pharmaceutical composition according to claim 12, 13 or 14, wherein metformin

hydrochioride is present in a dosage strength of 500 mg, 850 mg or 1000 mg.

16. The pharmaceutical composition according to any of the claims 1 fo 15, wherein the

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

25
17. The pharmaceutical composition according to claim 16, wherein L-arginine is present

from about 1 mg to about 50 mg, preferably from about 1 mg to about 25 mg.

18. The pharmaceutical composition according to claim 16 or 17, wherein the DPP-4
30  inhibitor and L-arginine are present in a weight ratio from about 1:20 to about 10:1, or from
about 1:15 to about 10:1, preferably from about 1:10 to about 10:1.

19. The pharmaceutical composition according to any of the claims 1 to 18, wherein the
excipients are selected from the group consisting of one or more filiers including D-mannitol,



- 50 - - the tablet disintegration time is lower than or equal 15 min. 27. The pharmaceutical
composition according to any of the claims 22-26, which is an immediate release dosage form,
characterized in that in a dissolution test after 45 minutes at 5least 75 A by weight of each of the active
ingredients is dissolved. 28. A solid pharmaceutical composition comprising or made from
1-[(4-methyl-quinazolin-2-y1)methyl]-3-methyl-7-(2:lqgyn-l-y1)-8-(3-(R)-amino-piperidin-1-y1)-
xanthine, 10metformin hydrochloride, L-arginine, and one or more fillers, one or more binders, one or

more glidanisAnd(en 9GR8 ?’eg@éﬁdﬁéﬂm; HRAddhadheiy 2oputicaneom ubsitant mchatidg to claim
8 or 28, wherein 1-[(4-meth

quinazolin-T—%?ﬁ@ﬂi?lf—tg?’rﬁi?l:ﬁﬁﬂﬁ‘-?ﬂmwlf_’y,ﬁsflg_f('gl_ia%é}éranq%drous sifica,

-piperidin-1-yl)-xanthine has a particle
size distribution of X90 < 200 pm. 30. A process for preparing a pharmaceutical composition according

to claim 1. 3019 §1 2 20RaMRHENGAARIRSARARAA Enparesieatsaed o atoiaimerisiape or more
u

pharmaceutical excipients, such as e.g. one or more pharmaceutical excipients selected from
D-manfitol COPAYISERCAS %‘é@]atinized starch, copovidone, magnesium stearate, and colloidal
anhydrous silica. 2531. The pharmaceutical composition according to any of the preceding claims

which s m32d1e. b%ﬁg %]PJ}?AQ%%%P@A%g&{%&nﬁgg@ﬂ&m claim 20 further comprising one or more
of the following: the filler corn starch, the lubricant magnesium stearate, and the glidant
colioidal anhydrous silica.
10
22. The pharmaceutical composition according to any of the claims 1 to 21 in the dosage
form of a tablet.

23. The pharmaceutical composition according to claim 22, wherein the tablet is selected
15  from a mono-layer tablet, a bi-layer tablet, a press-coated tablet (including a tablet-in-tablet
and a Bull's eye tablet), and a tablet which is film-coated for drug-loading.

24. The pharmaceutical composition according to claim 22 or 23, wherein the tablet
comprises a film-coat.

20
25. The pharmaceutical composition according to claim 24, wherein the film-coat
comprises a film-coating agent, such as e.g. hypromellose; a plasticizer, such as e.g.
propylene glycol; optionally a giidant, such as e.g. talc, and optionally one or more pigments,
such as e.g. titanium dioxide, iron oxide red and/or iron oxide yellow.

25

26. 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 hydrochioride is about 85 % by weight of total tablet core,
30 - 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 friability is lower than or equal 0.5 %,
- the tablet thickness is from about 5.7 to about 8.4 mm,
35 - the tablet core weight is from about 590 to about 1180 mg, and
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- the tablet disintegration time is lower than or equal 15 min.

27. The pharmaceutical composition according to any of the claims 22-26, 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.

28. A solid pharmaceutical composition comprising or made from
1-[(4-methyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R}-amino-piperidin-1-yl)-
xanthine,

metformin hydrochioride,

L-arginine,

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

29. The pharmaceutical composition according to claim 8 or 28, wherein 1-[{4-methyl-
quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yi)-8-(3-(R)-amino-piperidin-1-yf)-xanthine has
a particle size distribution of X80 < 200 um.

30. A process for preparing a pharmaceutical composition according to claim 1, 2, 19 or 28
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 colioidal anhydrous
silica.

31. The pharmaceutical composition according to any of the preceding claims which is
made by comprising combining said ingredients.



