WO 2009/ 121945PCT/ EP2009/ 053978 New formul ati ons, tablets conprising such
formul ati ons, their use and process for their preparation 5The present

i nvent i 8YP PPATIAS t o phar maceut i cal conpositions conprpsimgdobred7gose
conbi nati ons of a DPP-4 inhibitor drlug and a partner drug, processes for
t he preparation thereof, and their use to treat certain diseases. In a nore

For 11 wed U1bads o, BAEE HmbMRRAToRF L ES, b B end PispPes i tfacc. 4

(DPP-4) inhibitor drug and a cert apmapgaftitomer drug. The FDC fornul ati ons are
chemically stable and either a) dlsplay S|n1Iar|ty of in-vitro dissolution
profiles amu/or are broegurvalent—to-the—free—~conbinat+en,—er—bj—allow to
adj ust the in-vitro and in-vivo perfornance to desired levels. In a

h I FDC
e U L R I

corr esp@nbllhh@nme Q%Herufsbttﬁ{ da@céndlmdameﬂlmajxg enidebyes o thB pregRasmnabl e

tabl et P-4 .al known as CD26 is a serine protease known
to Iea to t -Ehtﬁ gg\g/éla%gro C%é%ﬁ‘g%%??ecfe fromthe N-term nal end of a nunber

of proteins haV| ng at their N-term nal end 20a prolin or aI ani n residue.

Due to i r e the eyel of

bi oact! v% ”E"e"gtd%gé& %ﬁé?éadtﬂ ngDQ%Hr?l% Lgﬁ? ;od]er i gﬁ\% (ghd %fg}se‘JéF b$dhe
?ﬂbsﬁm chruigisatioor (FOG dfreeaeinetnt dufep@lgﬁbmtpwaml (DPRSY) fﬂﬁ@ﬂi:t(ﬁ@i@'&:ﬁd aDPP- 4

i nhi bi e osed in, WO 842

2004/ o%%{fénz%%é’h%@z J15458¢ (ﬂ%@%ﬂ%fé%é@em\ﬁﬁpbéé?%f@o&‘lgﬁ}/‘\oﬁ/@? display

2004/ ogigiiadty oiND-200 Bis85LBE0proes 26054 @&Qﬂ@éqw%rﬁ@@ﬁle&%’g&@nblmgz orb

2005/ 08h24 / 4 2006/ 029769 or 2007/014886; or in

2004/ 020868 Y3008 TIB5 EN D S0 0BHGH IS Vip Sa08] d8FRos aopretemes

2006/ oesm@@memreowemwwtem zﬁemmy Gtdbie \PBCZ@@%M&I&EQ In@hta\WRg the

2047/ 1 P-4 hi bi t b

et 1 oo aiduSn ool b Riterd ol MRadhord BrleSet Beerting -Gl RO, Wibei ow | s

(3R) - S%ﬁmmeﬁap@ size.

(trifluoronethyl)-5,6,7,8-tetrahydro-5H41, 2, 41tri azol o[ 4, 3-a] pyrazin-7-yll-

4-(2,4,5- 35trifluorophenyl)butan-1-one, also naned
(2R) - 4Ti@(@1?4!n'[8331‘fff’~r41 isaiioronmedsh@ D6 B, Hsertielprdicasd known to lead to the cleavage

, 2,4t (2,4, 5-trifluoroph butan2amn
o S B0t s BB bRLb bl SigsRips Reuns §f REF Rk

edSodi areretin os aleaig regtius D torihis peopeay MRF-4 nrtrsbztdsmmdarrr@gﬁmﬂﬂofemﬁérﬁa Sal t,

i.e. s furth rrbo i_ment liptin, phosphate
isin i'te é}%k biBtd&tR’ %raéggér?&glbawmﬁe@%peﬁh' 8%’2{1 &' 6F %Wiﬁ% dzt% bR REPRSNGof ¢ hi s
enbodi drens fqr@f%’tr@%tmenmftdmjjeﬁegstmdilmaosphat e nonohydrate. Sitagliptin free
base and pharmaceutically acceptable salts thereof are disclosed in US

Patent No. 6,699,871 and in Exanple 7 of WD 03/004498. Crystalline
si t agl TqteixampleoBpReat Bhibitoshardriatieuses att sidcnsed i wONDEZAEH4003486 and in WO

2087/ ORARP 8467, WO 2004/018468, WO 2004/018469, WO 2004/041820, WO 2004/046148,
WO 2005/051950, WO 2005/082906, WO 2005/063750, WO 2005/085246, WO
2006/027204, WO 2006/029769 or WO2007/014886: or in WO 2004/050658, WO
2004/111051, WO 2005/058901, WO 2005/097798; WO 2006/068163, WO 2007/071738,
WO 2008/017670; WO 2007/128721 or WO 2007/128761.
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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-

(trifluoromethyt)-5,6,7,8-tetrahydro-5H-[ 1 2., 4ltriazolof4,3-a]pyrazin-7-yl}-4-(2,4,5-
35 trifluorophenylbutan-1-one, also named (2R)-4-oxo-4-[3-(trifluoromethyl}-5,6-

dihydro[1.2,4}triazolof4,3-a]pyrazin-7 (8 H)-yl]-1 -(2.4,5-trifluorophenylbutan-2-amine,



10For details, e.g. on a process to manufacture this conpound or a salt
thereof, reference is thus made to these docunents. - Vildagliptin

(LAF- 230 hepgiap4t he structural fornmula B below is pcrmgpmogmﬂmg

(2S)- ([ (3-hydroxyadamant anl-yl)am no] acetyl } pyrrolidi ne-2-carbonitrile,
al so named (5)-1-[(3-hydroxy-1-

15adanant ypamni nol acet y1- 2-cyano-pyrroljdine, N HN OH(B) Vildagliptinis

specifically disclosed in US Patent . 6,166,063 and in Exanple 1 of WO
2000/ 34-_241 Spe[EI fic salts of vildagliptin are disclosed in WO 2007/ 019255.
A crysta < orm_gofow I dagliptinis disclosed in WO 2006/ 078593. A
crystalli bf “vill dagliptin is disclosed in WO 2006/ 078593. For

detail 7 eg7 T S Nyanuf acture this conpound or a salt thereof,
reference is thus rrade to t es/d\ldocurrents WO 2009/ 121945PCT/ EP2009/ 053978
-3 - Saxagliptin (BV5-4 aving the structural fornmula C belowis

(1S, 3S,59)-2-{(2%p 2- =

am no- 2- ( 3- hydr oxyadamant an- yoé:cet y1) - 2- azabi cycl o[ 3. 1. 0j hexane- 3- car boni
trile, also naned .

(S) - 3- hydroxyadanant yl gl yci ne- L-ci s-4, 5-nmet hanoprolinenitrile, 5 (C

Saxagl Lrptl n |s specifically disclosed in US Patent No. 6,395,767 and in
Exanpl &' @tF SPbedinen). siminin isrn hedomnbbit deydrogenmragitiapt sait, i.e. simgligtie f or m of
i ts HChheephtedln at@h@@ﬂb@&%%&@a&@ufBh&s@%ﬁ%fnc na3sh orh A ERQFT 052850.

In ? furt her enbodi nent, saxagli "pase. In a
yet fu??watéﬁﬁﬁm”ﬁﬁmrateséﬁé?@ﬁlob isernBodimentyefdro tositablintheohoeprotiydr at e of

(i, arbpsnsscastoneuid G AUPLOSERN o UG IORARLTS o L HO

salt and the free base of saxa tin are 31149. A
pr oces&isfigrepipdparaiegt Nax&gps pe ﬁiﬂd i Easwlel of WS 830044 980C2GEBIED6011 and

WO 2005’4379145@8&1%?355@%&%?5%% s &isdi os@@'.lrg\l\ﬁ?&%%cﬂ t‘l@{; gﬁ?ﬁ, @pfure this

conmpound_ or t thereo eference i us na ese docunents. -
Denagl ??JQ I WQ“&K— 823093) having the structural fornmula D below is

(20D 4SForlddi4ikShy2on a process to manufact

am no- E'Hg bi s( 4-gf | uorpophenyl ) pr oﬁ?é‘%@yﬁ js %"ﬁoun 8?)3a/r8?%fheae0f feifr%ré?eﬂ%m trile,
 al so” niyedgrade to these documents.

20( 2S, 45) - 4-f | uor o- 144-f| uor o- bet a- (4-f | uor opheny1) - L- phenyl al anyl ]-2-pyrro
l'idinecagrbonitrile WD 2009/ 121945PCT/ EP2009/ 053978 -4- Denagliptin is
speci f 1 E4IAP $EF A€o havinatSemitietal Rmula B 32londs (2He[(BhydOXQ002681. | n

one em%!ﬂﬁ@ ce%Pﬁ%E!dmeu\}%rﬁorﬂlﬁiié Ié?sofr%rn{'@ (;S) T(;gjyl 4? Cﬁ' oride salt as

V\dsi @.;d in 02531 or e’salt as disclosed in
Y Eminola pet¥le-grangmirelidng odi rrent refers to denagliptin tosylate.
Crystal li ne anhydrous denagliptin tosylate is disclosed in WO 2005/ 009956.

N
Y

HN Y NO

OH (g

Vildagliptin is specifically disciosed in US Patent No. 8,166,063 and in .Example 1 of WO

20  00/34241, Specific salts of vildagliptin are disciosed in WO 2007/019255. A crystaliine form
of vildagliptin is disclosed in WO 2006/078593. A crystalline form of vildagliptin is disclosed in
WO 2006/078593.
For details, .g. on a process to manufacture this compound or a salt thereof, reference is
thus made to.these documents.



For details, e.g. on a process to manufacture this conpound or a salt
thereof, reference is thus made to these docunents. 10- Alogliptin

( SYR- 3227 0nsgpratp4i he structural formula E below i s PCT/EP2009/053978

2- ({6-[(3R)-3-am nopi peri di n- '

1-y11- 3- et hyl - 2, 4- di oxo- 3, 4-di hydr o- 2H pyri m di n-1-yl | met hyl ) benzonitrile
0 (B) 15 Alogli pt| nis specifically dISSC| osed in US 2005/261271, EP 1586571
and in WD 2005/095381. |In one enbodinment, alogliptinis inthe formof its
benzoate salt, its hydrochloride salt or |ts tosylate salt each as

di scl osed in WD 2007/ 035629. A class of this enbodinment refers to

al ogl i pteamagi@nzme-wpmgomwnbsrumzrmmgﬂfbmut@ Oawd @ sesd-2¢ie V\%Qd in VWO

2007/ 1D IR AR Ry T Ao St RO b BBBRUEn 2B AP eao®. o on

pr ocessnamdr(ﬁh&mmwafammsngzmmum O5-neetisdlobrdineniend,, reference is thus
madg to these docunents.
(S)-1-((2S. 3S, 11bS) - 2- Am no- 9 10-di nmet hoxy- 1, 3, 4, 7, 11b- hexahydr o- 2H pyri do[

2,1- 25alisadgui nolin-3-yl1)-4-fluoronethyl - pyrrolldln 2-one or a
phar rracc:ﬁi;l | yNlaccept abl e salt thereof: WO 2009/ 121945PCT/ EP2009/ 053978
ou P

This co ds for its preparation are disclosed in WO

2005/ 000848. for preparing this conpound (specifically its

di hydrochl:ori is also disclosed in WO 2008/ 031749, WD 2008/ 031750
and W2008/ 055814HCFor details, e.g. on a process to manufacture this
conpound & a-salt thereof, ref erence is thus made to these docunents.

(R) - 246- ( 3- Ami(gge- pi peridin-1-y1)-3-nmet hyl - 2, 4-di oxo- 3, 4-di hydr o- 2H pyr'i m di
n-1-yl met hyl]-4- 10fl uoro-benzonitrile or a pharmaceutically acceptable
salt thereof: 'This conpound and nethods for its preparation and use are

2007/ 032639P s SH0T 0T RRE R =GB o571 D366 end° (&r308 o3aeH of N

Speci f DEABAY3. dh anerenibediinest, saxcglitn it rethedced nﬁtsel-lf(il\/@lt%ﬁkg/n%%ﬁzoate

| f del at
hy roc%@or‘?g@ag@“g{’ Q f)‘?f%f%tgolno%ﬂjﬁlé? %‘35@@”‘?8‘( ﬁé’fﬁﬁgﬁrfeﬁﬁ% Pém €bnpound
or a sé#lefrachiegseoln a y@ftemnemboentehusaxmﬁem B it tresferral ot theenbdisohydfitdar t ner

drugs bitprs.within th har maceuti cal
corrposﬁ%l fg%sga%cg:?gr :éjr%}\géﬂe{g B WEFZS@AQ;%EW VEPLUNG; ‘b’ﬁ‘érﬂfgb@sﬂ?b At adPe GPfi n
such abaseeffsaradliiptingerdeddsedid @O 2006/ aa0lMBdA poswess (@ GepPingBuki@pane such

a1 i SAp e PR Ph EhenT R o0GT5558% T 6 “The bi quani de

antd hy per dgtgitse igc omgemcenetd manmifactire tiswohpsedd bna BSt pateitireMence is

3,174, I r f metform n (dinethyldiguanide) and its
hydrocﬁ\%orl%g 0} gf@&’ %?tg of the art and was disclosed first by Em| A

Wer ner and Jarres BeII J. Chem Soc. 121, 1922, 1790-1794. O her

ohor sl o sesem bl AL 8 SRR LaNE Y

3, 174, 80iho-3.8-bis¢t-fumdehangdorobiatyl}- Mu@rebf/mlmwe-zetmiboyﬁde kgdcehdindte t he

or l.QL 1 I nl C|f|ca ot e in the present
T YR SR LB TR A% S DB
"thiazolidinone(s)", "statine(s)", "ARB(s)", or any species thereof like

10"nmetformn", Ig{-pi oglitazone", are also int ended to conprise any
pharmaceutical |y acceptabl e




salt thereof, crystal form hydrate, solvate, diastereomer or enantioner

t hereof. For avoi dance of any doubt, the disclosure of each of the

f or egoi ngodesueEni s cited above is speC|f|caIIy i ncor pereipshddgERn by
reference in its entirety. 15 In attenpts to prepare pharmaceutica
conpositions of selected DPP-4 inhibitors it has been observed, that the
DPP-4 inhibitors wwth a primary or sgggndary am no group show
inconpatibilities, degradation proble or extraction problenms with a
nunber of customary excipients such as mcrocrystalline cellul ose, sodium
starch glycol ate, croscarnell ose 20sodium tartaric acid, citric acid,

gl ucos EerbyitihtseechisgiyAs SRR ih BCt@Aent NIt arexdy ings wd heuebs %r
conmpounds theEB | ves are veré stabl e, they react with inconpatible partner
31 Bng EmPRg

drug, BETL geraadatie s in Kisdeor OW%W%GNOV@@CGE‘B@@W@*Q?@@@ insolid

dosage Exempt musfd/vwc}smozapubr frd Q}%ylgfe SN GsRiiSM s I#WQD@é/bdggs% i L gontact
proyid d in bl ets an&“ﬁh exci pient/drug rati os. am no group
€

appear P@@@F”Wefeﬁs msfa@%\?f@ Gatallirersney treps Q%’F@l@%ﬂ ipsyleripony|
groupsdamdmwﬁ&mNeaKMmebgysaC|d functional groups forned for exanple at the
surfac% oftnﬁcrocrgsta cellulose by oxi dation. These unforeseen

di f fi caPf PE"sed B PrPé?ﬁ%Sﬁ QBEBHFENS R QPRAYSE G rsafi deayeo referencPe- 4

i nhi bi thars miskoo tivdkeclcanentsequi red due to their surprising potency, and/or
hi gh dosage ranges of the partner drug used. Thus, pharnaceuti cal
conpositions are required to solve these techni cal problens whi ch may be

3083 s 0€ AatgeptinWiSty R-3429 havie ﬂ%CétQ!étL@é!tf@rWa efoeksil %Czt dgﬂg’sﬁamzﬂ% iBL AL

conpou p esent jnvention mn one apparent to the
skille y?ﬁa%”“%“éjﬁé ﬁ% o%%a @WﬁfmdferH@enyHﬁ?rk@mtrrie 7 - It has now
been found that the pharnaceutlcal conpositions, which are described in
greater details herein, have surprising and particul arly advantageous

properties. |lpzparticular, it has been found that by the use of a

nuci eopff and/ or basic agent, which may be suitable for stabilizing,
such as di a suitable buffering agent as stabilizer, w thin 5these

phar macettl ca] copgOs{ti ons one can overcone these problens, e.g. of
|nconpatt?|I| y ahd poor stability, especially deconposition and/or "assay
decr ease’ sed e.g. by reaction (e.g. by acylation, urea
formation illard r ion, or the like) of free base type DPP-4

i nhi bitors M1 conbi ned with an inconpatible partner drug, or its inpurity

product and/or a pharmaceutical excipient having such functional group
(such as a ré&ducing 10end of a sugar or an acyl group, such as e.g. an
acetyl or carbanmoyl group) to formderivatives with the free base type

DPP- 4 |nh|b|toEﬁ such as e.g. N-acetyl or N-carbanoyl derivatives. _
Ther ef or e, e use of a suitable nucleophilic and/or basic agent (e.g. a
buffering and/or pH nodi fyi ng agent) within these pharnmaceuti cal
conpositions protection agai nst deconposition and degradation can be

adiii evAldglichs isTiisificailyedich sseas Wse2dos/ @b e sl 1 585 57 1Gha T 9\% bbjo@b@&%sﬁ FDC

fornu“atlon(hgq%%ﬁ %%a DPP-4 inhibitor, a partner drug,

nucl eoPHiFiE PN sde tite FPATST ihertros %ﬁhﬁ%h)’%’owl@@%ﬁaﬂeﬁmt@d to a

cheni ciabyistesnbheh &DGsE65d8ih IVOPD02OG ISR, inShAG & tt@E’Pnﬂ)oHWiEn*P'réf&fs @ partner
disclosure 1s also directed

drug, @ﬂi %U|tabl Byfferlng agent. Thus, the
to a c% p@a ?VO&E%E’P mMeReR s raRANREN BRnzoaiepie sisspsad mpwmzwﬂﬁ@&ﬁsﬁam a
part nepsrocbssgor meghriagRIbgMBEH kidtthsag @Nivo biloA1 { iiﬁ%tarfi’isé’%e%ﬁcaﬁ Wﬁ/

q%% %ﬁ%ﬁgénaceutlcal conposi tion conprising or P-4

Y his 1-[(-4-

rret hyl F oy ieteia Gd. §.on 2r pHOvEds Y Im ardraBRirh Yhis zo&lgow g Eaib’t%ére%f (réreﬁé?)ce%“ nopi per
i di n- % ¥ %ﬁaaptglne free base, a partner drug wh formn

hydr odRFOPPEE ©© BR RMSSvor e phar maceut i cal ex0|p|ents, and a

nucl eophilic and/ or basic agent for stabilizing said DPP-4 inhibitor

200 1o AL 6006 SuFSEED OB 1L, RL e 2 ool
ﬁﬁﬁfo flqag!rélt)dé;ymnohflwﬁl?@ﬂb&rﬂn%{hﬂ! byRsiRH-2-0Re BRE %}ﬂbrﬂac{e%n%&%céptyﬂi% <8r (3- (R) -am



xant hi ne, netform n hydrochloride, L-arginine, and one or nore fillers, one
or nore binders, one or nore glidants and/or one or nore lubricants. In a
third a¥gedy/11i8ére is provided a process for prepari ngCBEPias/FeaUti ca
conposition as defined above conprising incorporating the active
ingredients and L-arginine in one or nore pharmaceutical excipients, such
as e.g. one or nore pharnmaceuti cal ex%Lpients sel ected from D manni tol,
corn starch, pregelatinized starch, coOpovi done, magnesi um stearate, and
col I oi dal anhydrous silica..A DPP-4 inhibitor within the neaning of the
present invention includgs, without being [imted to, any of those DPP-4

i nhibitors nentlonﬂﬁ i nabove and herei nbel ow, preferably orally active
DPP-4 inhibitors. An 3 ser enbodinment, a DPP-4 inhibitor within the
nmeani ng ¢f theypfes vention includes a DPP-4 inhibitor with an am no
group, eep | Xy g freecor primary amno group. In a yet closer

enbodi nent PPPM inhibitor in the context of the present invention is a
DPP- 4 ihi-bi s th a primary am no group, particularly with a free
primary am no group. WD 2009/ 121945PCT/ EP2009/ 053978 - 8 - The partner
drug used is selected fromthe group consisting of a biguanide (e.g.
netforg&n such as netform n hydrochloride), a thiazolidinone (

pi ogl i t 48 SAEPEYRtandsmBineds far dis errepartionsEaiseloged in W%@WQ@@SG% /@g
at Or Va§ﬁo@éés"\‘br @*@Qar@‘f@ tﬁ@%o(’rﬁ)ognd K@e@?fféél[yttt%rﬁlhydbbcw Sle'H s %f%;r({%os%ﬁﬁgr Min

invention 1S nmetfformn, particu

hi s
W’ft%gﬁ)%g@(@glw@ FRNBIRATEDE aBm NR2NBNISSAf or i de or rretform n HCl). The
bt f o1 FR%IRNE QUSEH pMRYO® AaRABLErAIN Rk owg'sgmméof%férgﬁaquv' ecul ar
am no grou and al kal i ne characteristics (isoelectric p0|ni
7. 59- 1BUg Fjadedp fipsagogurgentp. ar gi ni ne, bl y5| ne or L-histigine. A preferred
buf f eri ng agent Wlthl n the meaning of this invention is L- 10arginine.
L- Arginjne has a i cular suitable stabilizing effect on the conpositions

of thi s(ﬁ%r%/@r{ﬁtﬁéwm@w@“dfﬁy1 -Kirdprels iy degriattdiny die-25-pytraid DPPyimdtmilidi t or
| Mt hefprepeREMitAk or BnBARARRTIcAR YWBceptable saTﬂ'?ere%fesent i nvention is
directed to a pharmaceutical conprising a DPP-4 1 nhibitor, a partner
15drug, a nucl eophilic and/or basic agent, and one or nore pharmaceuti cal
exci pi ent & present invention is also directed to a pharnmaceuti cal

conposition prising a DPP-4 inhibitor, a partner drug, a suitable

buf f eri ng pgest ~c.gnd one or nore pharmaceutical excipients. 20 The present
|nvent|quL§ pl so directed to a pharmaceutical conprising a DPP-4

i nhi bit partner drug, a pH nodifying agent, and one or nore

phar mac tjAal XGhi ents. In an enmbodi nent, the present invention is
direct8d to a”phjrnaceutlcal conposi tion (e.g. an 25oral solid dosage form
particularly bl et) conprising a DPP-4 |nh|bitor; a partner drug
(particularly metformn); and L-arginine for stabilizing the conposition
and/or the DPP-4 inhibitor, particularly against chem cal degradation as

wel | afhi® BEmSSurIIg rﬁé}%ﬁ@ﬁ?% P%%ra%éﬁ IRk €9k %re &P&Qseadmwgr%%g@@géérp the

sent _invention is directed har maceut| ca an oral

s8|5| d ¢B 2885083 WRR00T 3080 yVa %0§510§6§2%wa| 08B0 48840 WQ 2DPPL142368
i nhi bi dpr weopRIdaR8E 1 HddinkCARS é!élﬁ\‘éh%%lté’ Bg%%%%@%]ur})ﬁ:na@@é 2%69)0@;7ar \for

stabilizing the conposition and Itor, partrcu
agai nsterefRii RaNZonRIyatRIe: @rﬁpluwsu@mataaé%m@n@@iam@ fpddecrqtmméatmm

exci pi ffbifs; e. QVQI 8%%9%@%5?@6@@@@9&%%§§ or a Fi tr’:e‘? e%‘?%‘@hce Is thus

pharnaceutlca exci pi ents which be use Be 'sel ected from the group
consi SR¢RylodPessiocsmentsre fillers, one or nore b| nders or diluents, one or
nppe | ubricants, one or nore d|S|ntegrants, and one or nore glidants, one
or nore flln}coatlng agentsh one or nore plasticizers, one or nore

pi gmerﬁ%'tneéﬁ@ag@ tebg pabingd with the DPP-4 inhibitors within the pharmaceutical

. compositions according 1o this invention are biguanides (e.g. metformin such as metformin
hydrochloride), thiazolidinones (e.g. pioglitazone such as pioglitazone hydrochtoride),
statines (e.g. atorvastatin) or ARBs (e.g. felmisartan).

25 |



The pharnmaceutical conpositions (tablets) of this invention conprise
usually a binder. In nore detail, the pharmaceutical conpositions (tablets)
of thisWwavertizodsconpri se usual ly one or nore fiplkhaSodoRishs
D-mannitol, corn starch and/ or pregelatinized starch), a binder (e.g.
10copovi done), a lubricant (e.g. nmagnesium stearate), and a glidant (e.g
col I oi dal anhydrous silica). Suitably é he pharmaceutical excipients used
within this i nventl on are conventional” materials such as D-mannitol, corn

starch, ?jtl n|t ﬁt arch as a Il er ovi done as a binder, 15
nmagnesi u% @ St 'é%oeég YGRBHT agett m‘?f%fﬂfmﬁ‘i "élé!scgﬁﬁ@@rlé%@a?iﬂf Nea as a glidant,
Py pr 0nﬁHITg&Té)Tél'$ea3féwérmimgﬂTMrrg/Gﬂﬂknetﬁﬂ@s@ﬁbﬁ@é’) %Mfécﬂyd?%h%neb %éaft !sC' zer,

i tani | i,ron oxide re ow as a
A typi ggte 8ﬂﬁﬁ8§|aﬁdd¥?s W&Prﬁ‘éﬁtpgegﬁ"ﬁép‘pw&%?” Homas Beh ¢ G §es t he
bi tnder 120pIHZ2A6TE- Wmmr‘Sﬁ@mﬁﬁtlﬁﬂ?%b&’éﬁtﬂﬁt@%a&rof'ﬂ?éﬁdrﬁjuﬂpca\lﬁ%lﬂ)und:ﬁrt her,
a [ 0Si ac o, the present Invention conprises
fil gr E‘?Oarprp?g%’tgpc%enap e @iﬁ%ﬁﬁ%%ﬁﬂ%ﬁﬁe 198Rer USaterdito. %@@1 uttis
st ear apsferettithbhibe ghdtidanin sradibiddadrein HanaE AletrosthihinGarockrrids BRAT Maceut i cal
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phar maceha E5(®)e %P@ﬁ?%“e( dd?‘f?i el 1 PRk B Py sPediemibetan likke 30used to
t righat  trhetoredo] @to@rﬂala@mer; e a@@eﬁﬂewe@ﬂﬁc&%r%@%% QBbFnASuMELN a%éeéﬂ%’o@“ppor t

al | ogr trans Thus, in particular, the present inv fon is
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form particularly a tabl et) corrprl sing a DPP-4 inhibitor, WO

2009/ 131945P /EP 009/ 0 g? met form n hydrochl oride, L-arginine

and one’'ot’ rﬁﬁ:‘g’ hec%FC’%%?ﬁiféﬁ‘f%Of"b%tFth@@ﬁ}PQa@ql%kmﬁmés otedraboge is

f| I I er meoﬁmeuphcmb@tem AR By rORArRE iR Bn@khdant s, and/or one or nore
l%rl cants. In nore particular, the present invention is directed to a

phar maceuti cal conposition 5(espeC| ally an oral solid dosage form
parti clalatsmptatot ;ab;b@b);)hg@rﬁﬁvemtangomp&?ﬁorﬁ éf@glefeiefd%zvp-ﬁ%ﬁz&w& R has been
ur

hydr oct}@? |deht ovi done -as binder and one or nore

phar S A ina %&@% t' 'b“ﬁ/gw%? pimavaceRACN Y a@’dm@mupls@nw of this
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25% 0.556 A % or

h
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s@Eéci f$ozihlrh ytartéi':clé,’ad%chﬂc el Gicort, Hliade, %@éﬁh@Fos@oi%gtfo% HAERRLEALonol ayer

t abl et.@ ¢ i cal, phar m?ceutl cal conpositions o hi's 1nvention may
conpri fioush *E% ingls HAmss rar%%r%% they tepchimirgiReorspatinte partroPP- 4
i nhi bi drog Cp‘dlﬂStImpm‘)ty pEbdectlQmﬁ(oDBﬁ'a ﬁén@@xahfeﬂf& us@AGh Qoiilr d]c%a@é lfor@%ga'ngmﬁ
Typi ca ceut | C{'Jl WP?SI tions of this invention may conprise e
DPP- 4 mﬁp@?stn%rexg Rignts. espe ly 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 carbonyl groups and with carboxylic acid functional groups formed for example at
the surface of microcrystalline cellulose by oxidation. These unforeseen difficulties are
primarily observed in low dosage ranges of the DPP-4 inhibitor used, which 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 foliowing remarks.



20 L-arginine in a weight ratio of fromabout 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 wight ratio of 1:10, 1:8.5, 1:5, 1:1, or

1: 0.4, nore detailed in a weight ratio of 2.5ng:25ngy, 2.5ny: 21. 2ny,
©2.5ng: 12. 5ng, 2.5ng:2.5ngy, or 2.5ng:|ng. 25Typical pharnmaceuti cal
conpositions of this invention may conprise nmetform n hydrochl ori de and
L-arginine in a weight ratio of fromabout 40:1 to about 1000:1, such as
e.g. in a weight ratio of 40:1, 200:17%340:1, 400:1, 500:1, 850:1, or

- 1000: 1, nore detailed in a weight ratio of 500ng: 12. 5ng, 850ny: 21. 2ny,
1000ny!t 2BsgewiBemiouhdShef, th8 Bbaazebig! cdbpsitpr2, Whigh b9 degrribey in Geeey: 1ng,
or 100 ca 03|t|on of this invention may
corrprlgéelEg %H&BEPBEJJ%rgﬁ%"ﬁ%ngﬁglﬁ%ﬁ%a%‘?B?%H‘I’%Pmﬁg %fd L-arginine in a
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exci pi ent S%‘i partl cularly wirth respect- to special dosagé forns gl ets)
used wIeHEHVehilgerairanty BA uas oheskitalle pudeerhiicandiaitiesis, aopatisre aappar ent to

t he Skbuﬁe‘?ﬁxg@?fd&@'b?—ﬁrﬁ@ﬁﬁy‘rﬁ%g@n%%i%‘ésgﬁﬁm& a?c@rﬂﬂoﬂﬁn@ gf'@tfa%
(1 ncluding exa he fol | om hg exanpl es: as S e clains).
against ecomposztlon and degradation can be achaeved

15
Thus, t.he disclosure is directed to a chemically stable FDC formulation comprising a DPP-

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

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

20 comprising 2 DPP-4 inhibitor, a partner drug, and a suitable buffering agent.

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

‘comprising a DPP4 inhibitor, a partner drug, and a pH modifying agent.

In & first aspect, there is provided a pharmaceutical composition comprising or made from a DPP-4
inhibitor, which is 1-{(-4- methyl-quénazoién-Z-yl)methyl]—S—methyl-7~(2-buiyn—'! -yl)—S-(3~(R)~am%no—
piperidin-1-yl)-xanthine free base, a partner drug which is metformin hydrochloride, and one or more

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



20 In a first enmbodinent (enbodiment A), a DPP-4 inhibitor in the context
of the present invention is any DPP-4 inhibitor of formula (1) O Rl | R2(1)
ONN 25 WO 2009/ 121945PCT/ EP2009/ 053948 .- 12 - or formula (H o R r N or
formula (I111) 0O R 5 R20OW ON whereln Rl denot es

(11, 5] EQF&E rsl dl‘[ re i¥| )om?ed So?id %l:cpn;% é{clrz)cgﬁér@. ébrr(\ Ifr@r%xal I n-6-
RE
3 g‘;;h% WJfﬂwﬁaéﬁ'p&yWé‘feﬁw -3 Téﬂ%‘y *[% A ESEGV PRI percin- )

(4- rret,@ﬁ{m{g(rl m din-2-yl)methyl, or (4,6-dinet hyI pyri m d| n- 2- 10yl ) met hyl

and R2 d not Q‘EJ( am no- pi per|d| n-1-yl,

(2- amrH% '?Wy?c BByl ) - met hyl ami no or (2-(S)- ani no- propyl) - net hyl ani no,
or i tsL‘Q;I@arrﬁaceutl cally acceptable salt; In a second enbodi ment

i( gngocgﬁljgeog]tel%ﬁﬁ%?{ %,:r)s Dé'FIeOEH? i bi #95@13 nterbg n%?@tgﬁ’d(atn@éncﬁcn%ng PR 15i nvention

rom' group “consi sting of sitagliptin,
vi | daglbitants, saxagliptin and al ogli pt| n or its phar rraceutl cally
acceptabl e salt.
In a third aspect, there is provided a process for preparing a pharmaceutical composition as defined above

comprising incorporating the active ingredients and L-arginine in one or mora pharmaceutical
excipients, such as e.g. one or more pharmaceutical excipients selected from D-mannitol,
corn starch, pregelatinized starch, copovidone, magnesium stearate, and colloidal anhydrous

silica.

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

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

i 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.



Regarding the first enbbdi ment (embodinent A), preferred DPP-4 inhibitors

are any or all of 20the follow ng conpounds and their pharmaceutically

accept abve 2g@lie®4s PCT/EP2009/653978 _
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mventaon e.g. by suppressing degradation of the DPP-4 inhibitor in the presence of the
pariner drug.

The present invention is directed to a pharmaceutical comprising a DPP-4 inhibitor, a partner

15 drug, a nucleophiiic 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 aiso directed to a pharmaceuﬁcai 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 pharmaceutical
excipients.

30  Inanother embodiment, the present invention is directed o a pharméceuticat composition
(e.g. an oral solid dosage form, particularly a tablet) obtainable from a DPP-4 inhibitor: &
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



WO 2009/ 121945PCT/ EP2009/ 053978 - 16 - These DPP-4 inhibitors are

di stinguished fromstructurally conparable DPP-4 inhibitors, as they

conbi ne wyceptizodal potency and a | ong-1lasting effect %&&é@\é@ggﬁ?l e

phar macol ogi cal properties, receptor selectivity and a favourable side
effect profile or bring about unexpected therapeutic advantages or

i nprovenents when conbi ned with other pharmaceutical active 5substances.
.Their preparation is disclosed in thé 9pubI ications nentioned. A nore
preferred DPP-4 inhibitor am)n? t he abovenenti oned DPP-4 inhibitors of
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of par it¥RIF3A FOPPRRIPN; 39BN dheapre senWD 20607 LaOASRATE EP200&05R0978 - 17 -
dixrl o kridwMBs 2001 A& 2dr 7/ 128724, respectively, the
dISC|O§ﬁ?%S of ahlghﬁare |nég?g%%§h%%9hereln intheir entireties. Wth
respect to embodiment B, the nethods of synthesis for the DPP-4 inhibitors
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r especti®ich: Wﬁ@”ﬁ??%ﬁxﬁﬁﬁaﬁﬁhﬁhﬁme@ﬁﬁ@ﬁmﬁ@nnwﬁpaakhendd&agmanmﬁmombly
requi r gehyafoukRAcHDPP- 4 i nhibitors nentioned herein in enbodi nent A when
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mentioned herein in enbodinent B to be adm-nistered to mammal s, for exanple
human bei ngs, of, for exanple, approximately 70 kg body wei ght, may be
generaIMM)Mmamnabout 0.5 ng to about 350 ng, for exanpbgrfpavabew 10 ng
to about 250 ng, preferably 20-200 ng, nore preferably 20-100 ng, of the
active noiety per person per day, or fromabout 0.5 ng to 30about 20 ng,
preferably 2.5-10 ng, per person per y, divided preferably into 1 to 4
single doses whi ch may, for exanple,” be of the sane size. Single dosage
strength n%rlse for exanple, 2.5, 5, 10, 25, 40, 50, 75, 100, 150 and
200 ngy Olfr‘ipig pechlofide, iLraiginesnd G q;ﬁncgegahamw@eutacal excipients, parttcularly
2009/ 184945RET fiBR0BAL B5A8%PIngd S onclordAs@fiasty E%P& oA driforPifBridants.
inhibitor sitagliptin is usually between 25 an of the acti

noi ety. A reconmended dose of sitagliptinis 100 ng calculated for the

act i veinmbetparfdulehb ANy engt hs of
SI t gI |n tin % eeJ base%?r?ﬁyd‘r a?g%?g%:?'%%&n%?ée@y rmlé@éﬁitz gpécg%?%?%% 100, 150
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phosphalt&er rmno ydrate to the sitagliptin free base anhydrate Is used in the
phar maB RIS ICeLRsHSY$-ons, namely, 32.13, 64.25, 96.38, 128.5, 192.75,
and 257 ng, respectively. Adjusted dosages of 25 and 50 ny sitagliptin are
used fi)r 'g%Ttl ents with renal failure. 10A dosage range of the DPP-4
i nhi bi { G1¢3) PPAFACERIGhCIBPRRY PR o) e invietion ToR PR IrS6 mﬁwedaPP;A inhihitor
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100 ng. In another nore particul ar aspect, H y adm ni stration of
15vildagliptin is 50 or 100 ng. The application of the active ingredient
may OCTicalBhawhdcBliRgl &d S
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mg to %Monﬁ dré®@tNsy to 850 ny (1-3 tines a day), or from 300 ng to 1000
ng once or twice a day. The unit dosage strengths of the netformn
hydr oc Iorlde for use in the present invention may be from 100 ng to 2000
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2289/ 121945PCT/ EP2009/ 053978 - 19 - A dosage of the partner drug
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10 ng)_ and of nmetformin hydrochloride in an anmount of 250 ng to 1000 ny

( narel yPB8phagmacewioal compigsitigapolghis inGmtiag nay tespess thecDBRRbodiiient s of

dos agenstor@Ihgtyasoch@idd ahb 4-4r8hhg in QUGG s3ror HBIY3do:Ba ReL iyl -
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. 1:40C:0.4,
35 1:400:1, 1:400:10).



7-(2-butyn-1-y1)-8-(3-(R)-am no-pi peridin-1-yl)-xant hine and netform n
hydrochloride in the fixed dose conbi nations of the present invention are
the fol vodwengi12(94j 2.5 ngy of PCT/EP2009/053978 _
1-[ (4- et hyl - qui nazol i n- 2- Amret hy11- 3- net hyl - 7- (2- butyn-1-y1) - 8- (3-(R) -am no
pi peridin-1-yl)-xanthine free base, and 500 ng netform n hydrochl ori de;
20(2) 2.5 ng of

1-[ (4- et hyl - qui nazol i n- 2- Aet hyl | - 3- n%t'hyl -7-(2-butyn-111)-8-(3-(R)-amnm no-
pi peridin-1-yl)-xanthine free base, and 850 ng netform n hydrochloride; (3)
2.5 ng of

1- [ (4- mepibsil phgerhaczatal I&or%pdéaﬁdﬁ%ﬁdﬂ(ﬁﬂnr@eﬂ?éﬂ%by Zcrﬁgrlw%ﬂ@orjm&%)ofﬁwe( 3-(R) -am

nopi peridin-1-y1 hi ne free base, and orm n hydrochl ori de.
25The @PY"!”@LE%‘P‘}”F? &g%}yﬂ@%’t gt ﬁ%ﬁtﬁ%@'%Fﬂ@ﬁ) 1356 and netformn of the

pr esent.li-Mpeqt i ompmzymh@,,t@gqm ni stered once or twice daily to the patient,

i n par r twice daily. In a preferred aspect of the present invention,
t he préjégrgit/al nveH}eFTBW'T‘gC&i rected to a phar maceut i cal conposition
(espect}@l?Lz/zam OLairgﬂiiﬁbl d dosage form particularly a tablet) 30conprising
or obt % fr m.a DPP-4 inhibjtor selected fromthe group consisting of
1-[ (4- vI7e qui RBZ%1 (B9 SORRWASIRY 1] - 3- et hyl - 7- (2- but yn- 1-y1) - 8- (3- (R) - ani n
0- pi pepj3ds.o- - ylmemq@tghbd}g star@p, base, vildagliptin, saxagliptin and

al ogl i met f ydrochl ori de, 35L-arginine, WO

2009/ 1 'fg‘gép %&96 3?@5@@?8’3“”@%’ StaEhd one or nore phar maceuti cal

ex pi e3E% suchfn@s 3qeg Dtmogescrl bed herein. A particularly preferred
DPP- 4 hghtg} bfg haS| zed within the neaning of this invention is
1-[ (4- mét qui E?ﬁﬁ* @?sr}%éwnyﬁt)?a@i%wﬁfl 7-(2-butyn-1-y1)- 8- (3- (R) - ani
no- pi perials s 1- él}dla)mteé@hbmd'@a|faﬁ%r8@§§n&a§| so known as Bl 1356). In
particular, it has been found that L-arginine is effective as stabilizing
agent for FDC

corrbl nAdrtimtsefals hodutRs RPL-Ta MRS I0R s KlAdmhhY. é;t‘sh% %bﬁ.gﬂ&%t ,];ag]r mPﬁt yHgl 1-yl

- ( eridin-1- xanthine free
a‘f‘g(é%d*%“%%%g g@oF%’@é} QF)EI%)HEMO@m@aﬂ@dquqhmﬁ@euargymm aed/ps abl e

tO SUp@fo@;ﬂéntQ paidabHPERiIt9Feshelt(d sHBLIMM:

yl) net % )egrret hy 1!O7 2- Eutyn E1}@(%/1)-8?1%ng %Q-tgﬂengus?%gﬁtpﬂltwsl yl)-xanth
i ne fr'B}ée'}H/Q é‘sé”t’ef'[&?tth%‘é!)&‘r‘pa“ﬁﬁ@” dIECetE apparmst foohpskidemhperson omdhe dependent .
Thus, dis@bglirg lh@ﬁéfm}br@%hd asrefi=ABH lihdid8g W%??Hﬁéﬂnkﬁlg ‘El?egt%%wxhﬁ @E(Q'ﬁp ie
formul atio m)re preferred aspect” o resent 1 nvention, the
pr esent® Y"ﬁC@% E’ocrlla’i‘@ ‘directed to a pharmaceutical conposition (especial 'y
argpor al solid dosage form partlcul arly a tabl et) conprising or nmade from
1[(4- adh% qui pazol i n-2-yOret hy11- 3-met hy1l-7- (2- butyn-1-y1)-8-(3- (R -amn
o- pi pePiadt felm?/(i%]me‘%ta(ﬁ't“ﬁ??f@ef’?éé AfdSR-4(Bpbigssihe ol pbihaipredepdr ochl or i de,
L-ar g|.nvm.ona@glnpgjgpo;r,nn’gﬁ@@har maceuti cal excipients, such as e.g. those
descrlrb hzr ei n. Typi cal pharmaceutical conpositions according to this
i nvent’PBRUlE Hprlse or are made by 25conpri si ng conbining any one of the
fol |l owi ng am)unts (1) or (3) of active ingredients and L-arginine:

)\Jt )—R2 ()

25



(1) 2.5 ng of

1-[ (4- nmet hyl - qui nazol i n-2-yOret hyl ] - 3-net hyl - 7- (2-butyn-1-y1)-8-(3-(R)-am n
opi per i divo-2teyibyegant hi ne free base, 500 ng nmetformn @Mﬁ%mg%ggg and
from1.0 ng to 12.5 ng L-arginine (specifically 1.0 ng, 2.5 ny
L-arginine); 30(2) 2.5 ng of

1-[(4- et hyl - qU| nazol i n-2-yOnet hy11- 3- gethyl 7-(2-butyn-1-y1)-8-(3-(R)-amn
o- piperidin-1-yl)-xanthine free base 850 nmg netform n hydrochl oride, and
from1.0 0,21.2 nmg L-arginine (specifically 1.0 ng, 2.5 ng or 21.2 ny
L-argi rﬂrﬁtggf a(ll%(?)) 2.5 mg of

1-[ (4- met hyl - qui nazol i n-2-yOret hyl ] - 3-net hyl - 7- (2-butyn-1-y1)-8-(3-(R)-amn
opi peridin-1-¥y1l)-x e free base, 1000 ng netform n hydrochl oride, and
froml;@»lrrg t .0 ng L-arginine (specifically 1.0 ng, 2.5 ng or 25 ny
L- ar gi ni ne)\l 09/ 121945PGT/ EP2009/ 053978 - 21 - In a further aspect of
t he present i iom REhe present invention provides methods of

manuf act ur Mpe conmpositions, formulations, blends or dosage forns of
this invention, such as e.g. by using nethods known to one skilled in the
art and/or in a manner as 5 described herein, for exanple they may be

obt ai n%‘i’f&?éﬁu%@ esses conprising using (e.g. mxing, conbining, blending
and/ or conposi Q) t he conponents and/or ingredients, or pre-mxtures

t her eof , nentd oned herei fore and hereinafter, as well as the present

i nvention furfher pfovides conpositions, formulations, blends or dosage
fornms dbtai t hese net hods or processes and/or obtainable fromthe
conmponent s! ntFrg1 pre- mxtures 10and/ or m xtures nentioned

her ei nbef%gI an eimafter(lin a further aspect of the present invention,
t he pregert on provides a pharmaceutical conposition, fornulation,

bl end or dosajge fo of this invention which is substantially free of or
onl§/‘ margi nal ly conprises inpurities and/or degradation products: that
means, for 15exanple, that the conposition, formulation, blend or dosage
fromincludes apout <5% or about <4% or about <3% or |less than about 2%
pr ef er 86F(FT B Leprigs (4 idnarhivyidinor-wpeieile foatiazolie@ ¢/misthy!, amornmaen-s% even
Mor e pyBetahldmeasaqtiRarnialoy imna% . urity or
degr ad%:zl ofr}lﬁpr(o (q) by totgf &hﬁgQ%?a;%‘M%ﬂng(yhﬂﬁ% ugr{coeil éci or

Ncar ba 931’3"@9934”\9‘5‘1’2 \v,!ém@,thyt ffemewepyERidintd pameiby, dr Erihdibietrof- pyr‘fhuémebnt ent
antl or ygeghadaid RY deReani e -gat &efh- ds,

for exam mum ng HP LC nle?t Lgds@% t hi E%:g%t lé]xréﬁ‘z‘.’%t@f‘?rérfp&hgﬁét%q%%@

the pr BE@n& HARRTPIOBH)-MeHe/ /BPIB8ent i nvention provi des derivatives of a
DPP- 4 bnid mgr@facaméhmga@@p@m@%ﬁgr oup, particularly a free primary am no
group, as nentioned herein, said derivatives bei ng obtainable by
acetylation of the am no 25group (e.g. to yield the group - NHC(0) CH3) or by
car bampyd sédadd eibouiRerd dhBoGheHPs | NE12) -
D%gfge fornms for_the FD(r(Eéfor mul atléﬁs@oﬁﬁ?‘hr?{%%l %v%%??g%w@é%\@%g pur pose
1% hi EVERHABHE AR -4 ihibiige velpelgd fee thporowy sansistinons of this i nvention with
a reasgnbi, ch%lg%tar%éﬁagnmﬁ B 09edidi@b! et properties (e.g. stability,
hardness, friabili di sintegration, content uniform ty and the like) and,
ina p?re‘%seﬁ“}aé@a%%'Séﬂyr@ﬁ?ptametqﬁﬁut di sturbing the original dissolution
profiles of each nono tablet in case.of desired proof of bioequival ence
with r'rhnl m.zed risk of failure. WD 2009/121945PCT/ EP2009/ 053978 - 22 -
Desi gn ﬁ%a"8’f”Qt"‘?l%f‘r(%%@@%d‘Wéﬁfrﬁeﬂ"@oﬁiﬁ“ﬁ%ﬁdrmafﬁfremﬁ%ﬁ iniktitocdirg anp ooplt bimi ze
{128t AbleslchiTecdsb A 3Rl Wi QhaPhald s iitbeAb@ o.M ni m ze the amount of
stabilizing agent, because the pH change by %ISSO|VIng of buffering agent
may affect the dissolution proflles of the DPP-4 inhibitor or a partner
drug. <Theiseleshiioni h rengt hs
of the act]ﬁve m%?@dr%féﬁ%rggtﬁﬁéﬁ@ﬂ H%%Wéﬁgg&@g g%n%gg% 88%{1% ate
charac%”é’ﬁ"’i"@'?'ﬂ%écomaé%mﬁ@@%ﬂh@"fﬁﬁppﬁb’a@h2(14% physi cal 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 formnulation
for suppressing degradation, however it may be necessary to mnimze the
anount of L-arginine because its al kaline characteristics give a negative

i mpact on the dissolution profiles or the stability of the DPP-4 inhibitor
or a partner drug. Thus, it has been found that suitable dosage forns for
the FDC formul ations of this invention 15are filmcoated tablets
(filmcoating for drug |oading, such as particularly DPP-4 inhibitor drug




| oading by filmcoating on tablet cores containing the partner drug),
nono- | ayer tablets, bilayer tablets, tri-layer tablets and press-coated

t abl et s We.2g09/2addbet -i n-tabl et or bull's eye tabl et w pPOTRPR04/053E bi t or
core) , which dosage forns are good neasures to achieve the goal under
consi deration of desired pharmaceutical profiles and characteristics of a
DPP-4 20i nhi bitor and a partner drug_used. Said dosage fornms have been
found to be applicable to the FDC formul ati ons either keeping the original
di ssolution profiles of each nono tablet or adjusting the profiles to
desired levels, e.g. in@udin nded rel ease characteristics, and a
reasonabl e tablet size. |25A typical nono-layer tablet of this invention

conpri ses &l ‘\ﬁ/(“h hydrochl ori de, L-arginine, one or
nore fil (such a

, one or nore binders (such as e.g.
one hor tgdnts {su as e.g. colloidal anhydrous silica)
and one or noré¢ IuﬂPlcaﬁis (such as e. magnesi um stearate). 30ln a
preferred enbodi nent of hhe present in tion, the present invention is
directed to an oral solid pharmaceutical conposition, preferably a tablet,
particularly a nono-layer tablet conprising or nade from

1-[ (4- nget ek - (R -amn

o- plpeﬁfdrgqu§Q§§ﬁ@L Fﬁ?%%g?mPﬁgléﬁgvgaghxkﬁ 1géépwk¥§?%Wﬁ;gﬁ§g%§&nt of

2. 5 ng)yf)-xandino Gerba1WsPEAKP3868,/ 0B89RE2(2523 - rretfor mn (particularly

metform n hydrochloride, e.g. in an anmount of 500 ng, 850 ng or 1000 nm),

L- ar gi ni ne, and one & nnrzfﬁﬁéﬁﬁﬁggutical exci pients, particularly one

or nore fiIIerﬁ (e.qg. n starch), 5one or nore binders (e.g. copovi done),

one or > | oi d nhydrous silica) and/or one or nore
Ist9 e), as well as, optionally, a film coat

e.g. co NI m ceat i/ng agents (e.g. hypronell ose), one or

nore pl as ropyl ene gly %% one or nore pignments (e.qg.

titani um di oxi de, |ron o&lde red and/ oNfar on oxi de yel |l ow) and/or one or

nore glidants (e.g. 10talc). A nethod of manufacturing a tablet of this

i nvention conprises tabletting (e.g. conpression) of one or nore final

bl ends J n {. Ramngzoaarﬁpl%@sﬁys %&W:%@o&u d>tnh¢ -yl m)ta aRbrRAd6SiRg ML di ng to

this invention may be’ prepared own to one skill'ed in the

art (e. @nﬂwagwom‘@@ree\ého W/%ﬁé%leéﬁmw 4O UI d bed granul ation). Granul es

according to this invention as welL details of granul ation processes

invention are gescrlbed y way of exanple in the follow ng exanpl es.

An il |l ustratyve an ti ocess T t he preparatlon of granul es

conpri si Océ%pd§' i conpri ses .) conbining (e.g.

di ssol vi C i 35 a bi nder (e.g. copovi done) and,

optlonally, the DP lIbItOF (e.qg. 1356) in a solvent or m xture of

sol vents such as purlfled wat er at anbi tenperature to produce a

grgbulation l'iquid; ii.) blending netformn HCl, a filler (e.g. corn
ch) and, optionally, the DPP-4 inhibitor (e.g. 25BI 1356) in a suitable

m xer (. @-((Rh- Qlﬁdmh@gv g@hamml -PH8-91, &uttzoyuﬁyupme%mgmamn Z\A&]@aremyn 345e DPP-4

i nhi bitor e e included eith ranul at’i on l'i quid

obt ai nédMd ﬁo-im'?a%ﬂH Pl rfwéaaﬁé‘ AREx COmPATCHNE 20&94 0i50§58 ﬁ%@?}@#@a@ﬁ}, Bl 1356 is

di spersed in the granul ation |iquid d is absent in the pre-mx;

iii.) spraying the gran i-quid into the pre-m x and granulatlng t he

m xture for exgnple in ranul ator, preferably under dry
condi ti V. rdryi e.g. at about 70 Cinlet air
t enper at ntill the !desi rying value in the range of 1-2%is

obt ai ned =N Ny

15 ¢ 1-[(4-Msthyl-quinazolin-2-yhmethyl]-3-methyl-7-(2-butyin-1-y1)-8-[{2-amino-2-methyl-
propyl}methylaminoj-xanthine (compare WO 2006/029769, exampie 2(1)):



v.) delunping the dried granulate for exanple by sieving through a sieve
with a nesh size of 0.5 to 1.0 nm WO 2009/ 121945PCT/ EP2009/ 053978 - 24 -
vi.) bl avdieng/ietves si eved granul ate and preferably si evBAl/gPrgAni3o ke, g.
col | oi dal anhydrous silica) in a suitable blender; wvii.) adding preferably
sieved lubricant (e.g. nmagnesium stearate) to the granulate for final

bl ending for exanple in the free-fall{blLender. 5 Preferentially, a

nono- | ayer tablet according to this |nvent|on conprises or is obtainable
froma m xture conprising any one of the follow ng anounts (1), (2) or (3)

of active ingredients aod L-argi-&Fne: (1)2.5 g of

1-[(4- nethyl- thylj-3-nmethyl-7-(2-butyn-1-y1)-8-(3-(R)-am
nolOpi per i ree base, 500 ng netform n hydrochloride, and
12.5 ny NH,

1-[ (4- et qui-hiaz ol th nethyl 7-(2-butyn-1-y1)-8-(3-(R)-am

nopi peridin-1-y1)- %&nthphe free base O ng netform n hydrochl oride, and
21.2 ny L-arginine; [3) 2.5 ng of

1-[ (4- et hyl - qui nazol i n-2-yl ) met hyl}-3-nmet hyl-7-(2-butyn-1-y1)-8-(3-(R)-am
nopi peri di n-1-y1)-xant hine free base, 1000 ng netform n hydrochl ori de, and
25 Ny Ly ar@idlichSno-dandlink Y phmad hyﬁle rhéﬁéﬁf Dga&h@ﬁ 1q/i)-at{mslawle@bipend;ﬁqrrprl ses
a DPP-4 inhibifor portion conprising i nhi'b L-argi ni ne, one or
mor e fm')l-@nﬁw(%@@ﬁﬂpa§ WCRO0SIGPRAHE t%ﬁmplﬁr*é@% atinized starch and corn
starch), oneg;or nore binders (such as e.g. copovidone) and one or nore
Iubricantsnzquch as e.g. magnesiumstearate), 20 and a netform n HCl

- - - - /—’ - -
portion co i sing netﬁorn;g/hyéFEEhlorlde, one or nore fillers (such as
ong or re binders (such as e.g. copovidone), one or

e.g. corn st;
nore glida N col I/6ithal anhydrous silica) and one or nore
| ubricantgj (such asje. g.{na $) um stearate). 25 Preferentially, a bi-Ilayer
tabl et aceard LQvent hon Conprises or is obtainable froma
m xt ure| conp!|S|ﬁb ang one of the f&llow ng amounts (1), (2) or (3) of

i L-arginine: NH, (1) 2.5 ng of
| - qui nazol i n-2- Anet hyl ] - 3-net hyl - 7- (2-butyn-1-y1)-8-(3-(R)-am no
30pi peridin-1-yl)-xanthine free base, 500 ng netform n hydrochl oride, and
2.5 ng L-arginine; (2) 2.5 ng of
1- [ (4- reet hy{2-Qutridazealziing nathyive@tydigr- 8-y st (i )-3-&rlib-biobydin- -y Dar@ifs- (R) - am

nopi peri di n-1- e free b 850 met f orm n hydrochl ori de, and
o P (&R e 20BBRBBAIE e 1958 °°° ™ g
1-[ (4- et Ryl - qui nazol i n- 2- yl)nethyl] 3-met hyl-7-(2-butyn-1-y0-8-(3- (R -amn

opi peridi tl-yl)-xanthine free base, 1000 ng netform n hydrochl oride, and
gi ni ne. ©WO 20 945PCT/ EP2009/ 053978 - 25 - A typica

2.5 ng L-
press-coatied t bIet (taclet-!n tablet or bull's eye tablet) of this

¢—oN noreg fillers (such as e.g. D-mannitol,
arch), one or nore binders (such as e.g.
ts (such as e.g. nagnesium stearate), 5

2 ] COr
copovi done) an@ onel nore | ubri
img nefform n hydrochloride, one or nore

and a netformn HCl 'portion conpri
flllers (such as e.g. corn starch), one or nore binders (such as e.g.
co V|done) one or nore glidants (such as e.g. colloidal anhydrous silica)

g? gf g? ?n? ir1aWt@%b?ﬁg@igi?gﬁ@ﬂwlﬁs-n@et@yl Tllg(I@ gtm}lmnﬂm I [gtéa)p(gﬁem)bia?_lbg?spyg;/e
t abl et )m%&'s%i%a%mﬁﬁ%m?%gﬂ@35!4%8 §§%m6*?2|% ‘obt ai nabl e froma
m xture conprising any gne of the t ow ng anmounts (1), (2) or (3) of
active ingredients and (1) 2.5 ng of

1-[ (4- et hyl - gni nazal i n- thyI] 3-met hyl -7-(2-butyn-1-y1)-8-(3-(R)-am n
015pi per, 1- - xaht hi ee base, 500 ng nmetform n hydrochl oride, and
1.0 ny (2) 2.8 mpotN_

1-[ (4- mety t hyl cmet hyl -7-(2-butyn-1-y1)-8-(3-(R)-amn

y
opi peridin-1-y ) ngthlnF free base, 8 ng nmetform n hydrochl ori de, and
1.0 ng L-arginine; (3)2.5 ng of 2

1-[ (4- nmet hyl - gui nazol i n-2-yOret hyl ] - 3-net hyl - 7- (2-butyn-1-y1)-8-(3-(R)-am n
opi peridin-1-yl)-xanthine free base, 1000 ng netform n hydrochl ori de, and
1.0 ng bargini ne.



20 A typical filmcoated tablet (DPP-4 inhibitor coating on netformn HCl
tablet, i.e. drug layering by filmcoating for drug | oading) of this

i nvent i oo caperivges a netformn HCl core portion conprPET/EGa0I3OTET N

hydr ochl ori de, one or nore fillers (such as e.g. corn starch), one or nore
bi nders (such as e.g. copovidone), one or nore glidants 25(such as e.g.
col | oi dal anhydrous silica) and one ofznore |ubricants (such as e.g.
magnesi um st earate), wherein said core portion is seal-coated with a film

bypr omsl | dsby CYREDeRa LTS uUE BrOur % BRE 20 UG Tl Pmaoiar e ).
one or xabpthéelbompatIvVOOB/08$246, @xatplearib2im di oxi de, iron oxide red and/ or

iron oxidﬁ yel | ow) 30and one or nore glidants (such as e.g. talc); and a
DPP-4 inh Eitor | ayer conmprising a DPP-4 inhibitor, L-arginme, one or nore

fil mcoatiing agent gy (such ~0. hypronel | ose) and one or nore
pl asticizers (such .g. propylene glycol). WO
/

2009/ 12 978 - - Preferentially, a filmcoated tablet

( DPP4- i fihi d§>ngm accarding to this invention conprises or is
obt ai nak] e ' r& conmprising any one of the follow ng amounts (1),
(2) or (3)Y of @cti W indledi enfsyxand L-ar gi ni ne: (1) 2.5 ng of

1-[(4-nethy|-quinazblin-2-yCXnethyﬁ{§3-nethyl-7-(2-butyn-1-y1)-8-(3-(R)-am
no- 5piperidin-1-yl)-xanthine free base, 500 ng nmefform n hydrochl oride,
and 2.5 ng L-arginine; (2) 2.5 of

ng
1-[ (4- et hyl - gui.nazol i n- 2-yl thyl] - 3- |- 7-(2- -1-y1)-8-(3-(R)-am
nopPpert di i MAPER G Y BB e Ao e el Y B il hipgi . and
2.5 ng ymahthiny @emphad) WOb2005/085246, example 1(81)):
1-[ (4- et hyl - qui nazol i n-2-yOnet hyl ] - 3-nmet hyl - 7-(2-butyn-1-y1)-8-(3-(R)-am n
opiperidin-l-yl)-x&mthingfLﬁééfﬁgse, 1000 ng nmetform n hydrochl oride, and
2.5 ngy L-ﬁrginine. 0 Pre¢ferably, these abovenentioned tablets (nono-,

S d drug-tpated tablets) are further over-coated
with a ‘inal fil icly conprises a filmcoating agent (such as e.g.

, iizer {such as e.g. propylene glycol), pignents
. 0. @itaﬁrun1 Ioxi de, 1¥0on oxide red and/or iron oxide yellow)
ant (suchias e.g. talc) .NHbTypically this additional film
over-coat may represent 1-4% preferentially 1-2% of the total mass of the
conposition. The follow ng dosage forns of the invention can be applied to

the FDC far ] 1-L( 45 ,

ot hy | qut TR Y o sy el - G LYY B B AT - am no- pi pe
ri dDn- Jpipetidin- 2O-aatthinedcdmpaeYdS00BI08E3EE pxamdiertg8Z)or m n hydr ochl ori de
based on the characteristics of drug substances and requirenents of the
desi red pharnaceuti caD prof}Le§53§7 Mono- | ayer tablets Mono-layer tablets

with L-arginine show gati sfiactory stability results, good dissolution 25
properti 0 0 N uniformity (CU. Mno-layer tablets can be
nanufacturpd usi ng onvemtip N techpol ogi es (including fluid-bed

granul ati N thEDPP N hi binxt or /and et form n hydrochl ori de, e.g.
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prom si MP 2w0amr1éty, good CU and di ssol ution. Press-coiEBPHEHIEYE can be
manuf act ured usi ng conventional press-coating technol ogy, such as e.g. on a
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distribution (preferably by volune) such that at |east 90 A of the
respective active pharmaceutical ingredient has a particle size smaller

t han 200v@agosi12945 X00 <200 pm nore preferably X90 150PPHEPNEY/@S5pTsef er abl y
the particle size distribution is such that X90 100 pm even nore
preferably X90 5 75 pm In addition the particle size distributionis
preferably 30such that X90 > 0.1 pm_#pre preferably X90 1 pm nost
preferably X90 5 pm Therefore preferred particle size distributions are

such t hat . < I X e
or of or A0S SRS sreR Ay BT WD BRP LT 2 oo BT B RS R0 6 R R
pr ef er redlinexgopied oéreim ip&rdriattietisbze di stribution of Bl 1356 is such that
X90 50 pmor 10 pm X90 50 pm It can be found that a pharmaceuti cal
conposition conprising 35BI 1356 with a particle size distribution as
i ndi catVéith tespeitibembodmehbtidsthd esithets @isppbetis &s thaDPP-4 inhibitors of
conbent THEPS e 9o ranaa b i BefayBeh b BBtk B30 1 PO i e
pr oper tdoesmants, mmtl@ﬂaﬂynemdsy cltedseeredh. f fracti on nethod, in particular |ow
angl e laser light scattering, i.e. Fraunhofer di ffracti on. Alternatively,
the particle size properties can be also determ ned by m croscopy (e.g.
el ect r dMitmiespeddo the fost estadimerng (@hbediment Sniterdrseop picaltheequiesdibt e of t he
parti cl i
e A T b il A St b e Ve
pof Qi odﬂommfhablymjﬁ pusie 56fmg ht 6.5inmy ntd rop, meretmefpraiw Zté niigror ‘Gvied or
f or nul at Ay | irGa )
compos 18RS AL g 06 R TR ARt ot s boReBBHRER ot o 1y gn
drug | wdwazsinraﬂ«yamewg&@usethsd be- mﬂmew@eﬁi s(Ry- amm~etq>artd;ln{’1eyl)‘ Kﬂ”ﬂﬂaﬂﬂf easonabl e
smal |t ln adrr%% i d1$ral-m5s'%5r'né tgefﬁ aﬂ&p{% H}%S pq fg%b O%gnﬁ;ft r§ rmn
HCl an conpacta 9 (‘Conpr &ssi on cruds g’s renJ pro PiT&Y¥of the
t abl et S)rdfmgltuémg'pselpairm peataybe i npr oved by surface treatnent of metformn
HCI1 with a water-sol uble polyner, particularly copolyvidone. 20Sever al

gr-sol ubl e pol yners including polyvinyl alcohol (PVA), hypronell ose
E E\P/g;:) A tysthgeyrpr mayiared alithud ;m“mm(abdﬂréﬂ):'tal quetdegitioc ebhptiosea (G4 irihfx'rtbdone

a 0 oTpr essi on

force- c@e”tﬁgﬁgkéﬁeﬂrneﬁgﬁ}?%g%o%?ﬁe%ﬁ e aclt%){n %'eq‘?%%%%%vsréﬁ%e fg)e{s? ef fect
i n ternmf0ohg.coppictiabd.bikd §O gt Thime plaramulfaadmagamiﬂengiys car- [bﬁérr]amyf— due to

sti cki ng. pr.obl i | O e not
25t 1 nal e beona bl are e e R Rh A EE- Fkon bR sy ERRTRY oft

ceifai . DR 4 ma i Ebringpﬁ sgadndt i gl /iWrE:mée panhcular unitaorsapd atrérgth opt-[(Ad zat i on
studi es velden {4 i v, ) | of metformn
HCO  and" %}ﬁ na&%ru ﬁfnﬁ%g%yg'?’ P@‘%%‘%’ I ﬁgiylbs 'H? é@éﬁ?_h' @ﬁtannghéj%gF ﬂ%gf?f%)r mn HC
with BOdaht‘fnnwfoemeissslbub"lief iyl gosercootratipr ipHameceltiert edropasitidne méthey

copol yvi don el.egt.ed and the anmobunt can be optim zed, advantageously
resul “pﬁ%sen mv%rélgqn !S?orrﬁ%l ations and the viscosity of the granul ating

soI ution is enough low to prepare the aqueous sol ution and operate sprayi ng

0y 28 e 95 PR R0 e RSP ST FEOR S0 e 1
dr Egb??gfrgmgee helsawelﬁfeadio![d:rmrtt(ﬁ ﬂortpraﬁmnrsﬂeeactmammmtays of egmnplaihomBPP- 4
pre- ¢ dRTERE" [ e P POl T e R EL L DRy Blol M BB BB et Bg of
?lr 3Ingl gg% m;ahmut A5@ hng, DPBxdmplatiiob atmzlrut 1Timey ﬂoem;uh@ﬁwn? prgfeadbh8RE200 trig. a
vol at 1 1B RPN A o Rbr i e st e P PH S 6n B8 7 B o BB ™y, csene
hg\zgpf Ibabxguih? rmgt pr@fﬁrftﬂ%lZiSH‘l(t g, pev mmmgado?iay vidgere fa_rzﬂbh_e_mtmﬂtmarlhgie o
those deSETI" %gh "y el %{ X?L;af/)iel %t%%gag%ﬁéz%eﬁkn@% oéq%éggé{;sr%tﬁ#%(g‘q&ﬁgt hg art
from t hexapmiss @rit, 5dilC$c2150$(mrE® 75udR, nBlehd 280 mgrd trer BP Pt iemibidat activef al | wi t hin
t he scor%e@f t he appended cl ai ns.



Al'l patent applications cited herein are hereby incorporated by reference
in their entireties. 15Further enbodi nents, features and advantages of the
present waveswizensinay beconme apparent fromthe fol |l ow BGTEP2WPI0EITS The

foll ow ng exanples serve to illustrate, by way of exanple, the principles
of the invention without restricting it. WD 2009/121945PCT/ EP2009/ 053978 -
31 - Exanples 1. Mono-|ayer Tablet 5Thg _conposition of nono-layer tablets
for a DPP-4 inhibitor of this invention (Bl 1356) + netformn HCl FDC

et & e gk R gk TR el tRru Bt LR Padiyer 7B 3B MR or i
I Cl), mgtide 51oletyﬁmaﬁmﬁn'/enﬁéxﬂdf&e&)f/sﬂ&@[b@n fsf]0 @Qbsfbulbtag]forﬁh@]ac[um]woapt‘yo] 2,50
0,42 2, ? ge Bage anzriy%rat% orfice dai(Py n% dosage strengths of sitaglipiin free base anhydrate
{(active moiety) are 25, 50, 75, 100, 150 and 200 mg. Particular unit dosage strengths of
5  sitagliptin (e.g. per tabiet) are 25, 50 and 100 mg. An equivalent amount of sitagliptin
phosphate monohydrate to the sitagliptin free base anhydraie 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 renal 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 1060 mg daily.
Particular 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 between 25 and 150 mg or
between 50 and 100 mg. in ancther more particular aspect, the daily administration of

15  vildagiiptin is 50 or 100 mg. The application of the active ingredient may occur up to three
fimes 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 5006 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 hydrochloride 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.
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A dosage of the partner drug telmisartan is usually from 20 mg to 320 mg or 40 mg toc 160
mg per day.

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

The amount of the DPP-4 inhibitor and of the partner drug in the pharmaceutical composition
according to this invention correspond to the respective dosage ranges as provided
hereinbefore. For example, a pharmaceutical composition comprises 1-[{(4-methyl-quinazolin-
10 2-ymethyl]-3-methyl-7-(2-butyn-1-yi}-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-guinazolin-2-ylmethyl]-3-methyl-
7-(2-butyn-1-y1)-8-(3-(R)-amino-piperidin-1-yl)}-xanthine and metformin hydrochloride in the
fixed dose combinations of the present invention are the following:

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

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

(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-yi)-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 o the patient, in particuiar twice daily.

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

30  comprising or obtainable from
a DPP-4 inhibitor selected from the group consisting of
1-[(4-methyl-quinazolin-2-ymethyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R}-amino-piperidin-1-yl}-
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 particutarly 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-y1}-8-(3-(K}-amino-piperidin-1-

5  vyh-xanthine free base (also known as Bi 1356).

In particular, it has been found that L-arginine is effective as stabilizing agent for FDC
combinations  of  t-[(4-methyl-guinazolin-2-yDmethyl]-3-methyi-7-(2-butyn-1-y}-8-(3-(R)-
amino-piperidin-1-yl}-xanthine free base with metformin HCl. Even after 6 months storage at
10  accelerated conditions L-arginine is able to suppress degradation of 1-{{4-methyl-quinazoliin-
2-yymethyl}-3-methyl-7-(2-butyn-1-y1)-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.

15  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)
comuprising 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 free base (Bl 1356),

20  metformin hydrochloride,

L-arginine,

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

Typical pharmaceutical compositions according to this invention comprise or are made by

25  comprising combining any one of the following amounts {1}, (2) or (3) of active ingredients
and L-arginine:

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

30  {2) 2.5 mg of 1-[(4-methyl-quinazolin-2-ylmethyi]-3-methyl-7-(2-butyn-1-yl)-8-(3-(R}-amino-
piperidin-1-yl)}-xanthine free base, 850 mg metformin hydrochioride, and from 1.0 mg to 21.2
mg L-arginine (specifically 1.0 mg, 2.5 mg or 21.2 mg L-arginine);

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

35  25.0 mg L-arginine (specifically 1.0 mg, 2.5 mg or 25 mg L-arginine).
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In a further aspect of the present invention, the present invention provides methods of
manufacturing of the compositions, formulations, blends or dosage forms of this invention,
such as e.g. by using methods known fo one skilled in the art and/or in 2 manner as

5  described herein, for example they may be obtained by processes comprising using (e.g.
mixing, combining, blending and/or composing) the components and/or ingredients, or pre-
mixtures thereof, mentioned hereinbefore and hereinafter, as well as the present invention
further provides compositions, formulations, blends or dosage forms obtainable by these
methods or processes andfor obtainabie from the components, ingredients, pre-mixtures

10 and/or mixtures mentioned hereinbefore and hereinafter.

in a further aspect of the present invention, the present invention provides a pharmaceutical
composition, formulation, blend or dosage form of this invention which is substantially free of
or only marginally comprises impurities and/or degradation products; that means, for

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

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

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

25  group (e.g. to yvield the group -NHC(O)CH3) or by carbamoylation of the amino group (e.g. to
yield the group -NHC{O)NH;).

Dosage forms for the FDC formuiations 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 dissoiution profiles of each mono fabiet in case of desired proof of

biceguivalence with minimized risk of failure.
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(such as e.g. copovidone), one or more glidants {such as e.qg. 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, particuiarly a mono-layer tablet
comprising or made from
1-[(4-methyl-quinazolin-2-ylymethyl}-3-methyl-7-(2-butyn-1-y})-8-(3-(R}-amino-pipsridin-1-yi)-

xanthine (also known as B! 1356, e.g. in an amount of 2.5 mg),
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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 liquid;
ii.) blending metformin HCI, a filler {e.g. corn starch) and, optionally, the DPP-4 inhibitor (e.g.
25 Bl 1358) in a suitable mixer (e.g. fluid-bed granulator) to produce a pre-mix;
wherein the DPP-4 inhibitor (e.g. B! 1356) may be inciuded either in the granulation liquid
obtained in i.) or in the pre-mix obtained in ii.), preferably Bi 1356 is dispersed in the
granulation liguid and is absent in the pre-mix;
ili.) spraying the granulation-liguid 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 untit the desired loss on
drying value in the range of 1-2 % is obtained;
v.) delumping the dried granulate for exampile by sieving through a sieve with a mesh size of
0.5 to 1.0 mm;
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vi.) blending the sieved granulate and preferably sieved glidant {e.g. colloidai anhydrous
silica) in a suitable biender;

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

Preferentially, a mono-layer tabiet according to this invention comprises or is obtainable from
a mixture comprising any one of the following amounts (1), (2) or {3) of aciive ingredients and
L-arginine:
(1) 2.5 mg of 1-{(4-methyl-quinazolin-2-yl)methyl]-3-methyi-7-(2-butyn-1-y1)-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-yl)methyl}-3-methyl-7-(2-butyn-1-yI)-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-methyl-quinazolin-2-yl)methyl}-3-methyl-7-(2-butyn-1-yl)-8-(3-(R)}-amino-
piperidin-1-yl}-xanthine free base, 1000 mg metformin hydrochloride, and 25 mg L-arginine.
15 :
A typical bi-layer tabiet of this invention comprises
a DPP-4 inhibitor portion comprising a DPP-4 inhibitor, L-arginine, one or more fillers (such
as e.g. D-mannitol, pregelatinized starch and corn starch}, one or more binders (such as e.g.
copovidone) and one or more lubricants (such as e.g. magnesium stearate),
20  and
a metformin HCI portion comprising metformin hydrochloride, one or more fillers (such as
e.g. comn starch), one or more binders {such as e.g. copovidone), one or more giidants (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-y)methyl]-3-methyi-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-y)methyl}-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-methyi-quinazolin-2-y[)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.
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),
5 and
a metformin MCI 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. colioidal anhydrous silica) and one or more lubricants (such as e.g. magnsesium
stearate).
10
Preferentially, a press-coated tablet (tablef-in-tablet or bull’'s eye tablet) according to this
invention comprises or is obtainable from a mixture comprising any one of the following
amoﬁnts (1), {2) or {3) of active ingredients and L-arginine:
(1) 2.5 mg of 1-[{(4-methyl-guinazolin-2-yYmethyl}-3-methyl-7-(2-butyn-1-y}-8-(3-(R)-amino-
15  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-ylimethyli-3-methyi-7-(2-butyn-1-y}-8-(3-(R)-amino-
piperidin-1-yl)-xanthine free base, 850 mg metformin hydrochloride, and 1.0 mg L-arginineg;
(3) 2.5 mg of 1-[(4-methyi-quinazolin-2-ylimethyi]-3-methyl-7-(2-butyn~1-y1}-8-(3-(R}-amino-
piperidin-1-yl}-xanthine free base, 1000 mg metformin hydrochloride, and 1.0 mg L-arginine,
20
A typical film-coated tablet {(DPP-4 inhibitor coating on metformin HCl tablet, i.e. drug
layering by film-coating for drug loading) of this inveniion comprises
a metformin MCl core poriion comprising metformin hydrochloride, one or more fillers (such
as e.g. corn starch), one or more binders (such as e.g. copovidone), one or more glidants
25  (such as e.g. colloidal anhydrous silica) and one or more lubricants (such as e.g. magnesium
stearate),
wherein said core portion is seal-coated with a film coat comprising one or more film-coating
agents (such as e.g. hypromellose), one or more plasticizers (such as e.g. propylene giycol),
one or more pigments (such as e.g. titanium dioxide, iron oxide red and/or iron oxide yellow}
30  and one or more glidants {such as e.g. talc);
and
a DPP-4 inhibitor layer comprising a DPP-4 inhibitor, L-arginine, one or more fiim-coating
agents (such as e.g. hypromellose} and one or more plasticizers (such as e.g. propylene
glycol).
35
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Preferentially, a film-coated tablet (DPP4-inhibitor drug loading) according to this invention
comprises or is obtainable from a mixture comprising any one of the foliowing amounts (1),
(2) or (3) of active ingredients and L-arginine:
(1) 2.5 mg of 1-[(4-methyl-quinazolin-2-yl)methyl}-3-methyl-7-(2-butyn-1-y1}-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-methyl-quinazolin-2-yl)methyl]-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-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-(3-(R)}-amino-
piperidin-1-yi}-xanthine free base, 1000 mg metformin hydrochloride, and 2.5 mg L-arginine.
10
Praferably, these abovementioned tablets (mono-, bi-layer, press-coated and drug-coated
tablets) are further over-coated with a final film coat, which comprises a film-coating agent
(such as e.g. hypromellose), a plasticizer (such as e.g. propylene glycol), pigments (éuch as
e.g. titanium dioxide, iron oxide red and/or iron oxide yeillow) and a glidant {(such as e.g. taic).
15 Typically this additional film over-coat may represent 1-4 %, preferentially 1-2 %, of the total

mass of the compaosition.

The following dosage forms of the invention can be applied to the FDC formulation of 1-{(4-
methyl-quinazolin-2-y)methyi}-3-methyi-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 pharmacsutical profites:

a) Mono-layer tablets

Mono-layer tabiets with L-arginine show satisfactory stability results, good dissoiution
25  properties and good conient uniformity (CU). Mono-tayer tablets can be manufactured using

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

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

agueous suspension in the granulation liguid to the fluid bed granutator).

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

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

35 c¢) Press-coated tablets
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Press-coated tablets (tablet-in-tablets and advanced press-coated bull's eye tablets) show
promising stability, good CU and dissolution. Press-coated tablets can be manufactured
using conventional press-coating technology, such as e.g. on a Kilian fablet press to obtain
tabiet-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 confrol the assay and CU of the DPP-4 inhibitor portion {very small amount of drug
loading: 2.5 mg/tablet where the dose strengths of metformin HCI are 500, 850 and 1000
mg/tablet). Another advantage is that DPP-4 inhibitor- and metformin HCIl- portion can be
designed flexibly to minimize the tablet size. A modified press-coated fablet named “bull's
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-coaling 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 tablet” 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 1o the inner core zone is exposed.

20  d) Fiim-coated tablets {drug layering by fiim-coating for drug loading)
Coating of DPP-4 inhibitor drug substance on the metformin HCI tabiets shows acceptabile
dissolution resulis and promising stabiiity data. L-arginine needs to be added into film-coating
for stabilization. As an advantage for this approach, it is possible o integrate DPP-4 inhibitar
portion into a partner drug portion as it is, even if the dosage form is & 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, cptional, 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.qg. immediaie release
metformin tablets, sustained release metformin tablets, extended reiease metformin tablets,
modified release metformin tablets, controlied release metformin tabiets 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
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such a method of tayering of the DPP-4 inhibitor by film-coating as described herein. The

present invention also refates to a FDC tablet comprising an immediate or exiended reiease
metformin tablet core, a seal coat, a film-coat layer comprising the DPP-4 inhibitor, and,

5  optionally, an over-coat; e.g. each as described herein, as well as to such a FDC tablet made
by a process comprising the following steps of seai-coating on a metformin tablet core,
layering of a DPP-4 inhibitor by film-coating and, opticnal, over-coating, e.g. each step such

as described herein.

10 Pharmaceutical immediate release dosage forms of this invention preferably have dissolution
properties such that afier 45 minutes for each of the active ingredients at least 75 %, even
more preferably at least 90 % by weight of the respective active ingredient is dissoived. In a
particutar embodiment, after 30 minutes for each of the active ingredients especially of the
mono-layer tablet according to this invention (including tablst core and film-coated tablet) at

15 least 70-75 % (preferably at least 80 %) by weight of the respective active ingredient is
dissolved. In a further embodiment, after 15 minutes for each of the active ingredients
especially of the mono-layer tablet according to this invention (including tablet core and film-
coated tabiet) at least 55-60 % by weight of the respective active ingredient is dissolved. The
dissolution properties can be determined in standard dissolution tests, e.g. according to

20  standard pharmacopeias (e.g. using paddie method with agitation speed of 50 rpm, 0.1M
hydrochioric acid as dissoiution medium at a temperature of 37°C, and HPLC (Bt 1356) and

UV {metformin) analysis of the samples).

in the pharmaceutical compositions and pharmaceutical dosage forms according to the

25  invention Bl 1356, for example a crystalline form thereof, preferably has a particie size
distribution (preferably by volume) such that at least 90 % of the respective active
pharmaceutical ingredient has a particle size smaller than 200 um, i.e. X80 < 200 ym, more
preferably X900 < 150 um. More preferably the pariicle size distribution is such that X80 < 100
um, even more preferably X90 <75 um. In addition the particle size distribution is preferably

30  suchthat X80 > 0.1 um, more preferably X80 = 1 um, most preferably X80 = 5 um. Therefore
preferred particle size distributions are such that 0.1 pm < X980 < 200 pm, particularly 0.1 gm
< X890 < 150 pm, more preferably 1 pm < X980 < 150 um, even more preferably 5 pm < X80 <
100 um. A preferred example of a particle size distribution of Bl 1356 is such that X80 < 50
pum or 10 ym < X90 < 50 um. li can be found that a pharmaceutical composition comprising

35 Bl 1356 with a particle size distribution as indicated hereinbefore shows desired properties
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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 HCl and improved crushing strength by surface-treatment of metformin HC! with

30 the water-soluble polymer copolyvidone.

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

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

enough low to prepare the aqueous solution and operate spraying by a fluid-bed granulator.
35
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fil mcoating 20suspensi on, containing hypronellose as filmform ng agent,
propyl eneogbopaoissas pl asticizer, talc as glidant and t RET{HEPYWRATI78/ el | ow
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specific description of the manufacturing process for the filmcoating:
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Tabl et -ggyrdaph @ie el Hel.eye tablets for a DPP-4 inhibitor of this

invention 5(BlI 1356) + netform n HCLFDC (Fil mcoated Tablets) is shown in
Tabl e 3. Table 3: Conposition of 81 1356 + Metform n HCl FDC

Tabl et -7 graddretinventidaut hoStobBgaimiblietsope Hake s§dinghibodiménid Jaécribetref f or m n

0
I( %)2)) (lr%\g;m5 Véréo?xg?nozdif%at/ion%% th2é i%vént%g(i)no ac[iélT%n tgy%clse[d”e%]critgeﬁhérrgiﬂ]m&ym 01 (45)
10  become apparent to those skilled in the art from the present disclosure. Such modifications

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

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

example, the principles 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 (Bf 1356) +
metformin HCE FDC (Film-coated Tablets) is shown in Table 1.

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

Dose Strength (Bl 1356 / metformin HCI), mg
Ingredient 2.5/500 2.5/850 2.5 11000

[mg] [%0] [mg] [%e] [mg] [%]
Bl 1356 2,50 0.42 2,560 0,25 2,50 0,21
Metformin Hydrochloride 500,0 84,75 850,00 85,00 1000,00 84,75
L-Arginine 12,50 2,12 21,20 2,12 25,00 2,12
Corn starch 20,00 3.39 33,10 3,31 4250 3,60
Copovidone 47,50 8.05 80,50 8,05 85,00 8,05
Colloidal Anhydrous Silica 2,50 0,42 420 0,42 5,00 0,42
Magnesium stearate 5,00 0,85 8,50 0,85 10,00 0.85
Purifled water” 186™ 315™ 372
Total Mass {tablet core) 580,00 100,00! 1000,00 100,00 1180,80 100,00
Hypromellose {6 mPa*s) 6,00 50,00 8,00 50,00 9,00 50,00
Propyiene glycol 0.60 5,00 0,80 5,00 0,90 5,00
Talc 2,88 18,50 2,98 18,50 4,455 18,50
Titanium dioxide 2,40 25,060 4,00 25,00 3,60 25,00
fron oxide, yellow 0,12 1,25 0,20 1,25
iron oxide, red 0.04 0.25 0.045 1.25
Purified water*® 88** 117 132
Total Mass (film-coat) 12,00 100,00 16,00 100,00 18,00 100,00
Total Mass {(coated tablet) 502,00 1016,00 198,00

10 ** Removed during processing, does not appear in final product
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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 granulator to remove excessive HCI and/or impurity products before
mixing with the active DPP-4 inhibitor ingredient. After the optional pre-treatment of
metformin HCl 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 VAB4), L-arginine and purified water, or directly dispersed in the
“granulation liquid”. After finishing of fluid-bed granulation, the granulate is sieved with a
suitable screen. The sieved granulate is blended with colloidal anhydrous silica (Aerosil 200)
and magnesium stearate as a lubricant. The final mixture is compressed inte tabiets using a

15 conventional rotary tablet press.

The tablet cores may be film-coated 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.
20
Narrative more specific description of the preferred manufacturing process for the mono-
laver fablets:
a) Metformin HCI and corn starch are sieved using a screen with a mesh size of 0.5 to1 mm
before dispensing.
25 b) L-arginine, Bl 1356 and finally copolyvidon are disscived resp. dispersed in purified
water at ambient temperature with a propelier mixer to produce the "Granulation Liquid”.
c) Metformin HC| and com 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 farget is reached. the “Granulation Liquid” is
30 sprayed into the mixture for fluid-bed granulating under dry condition to avoid blocking during
granulation.
g) At the end of spraying, the resultant granulate is dried at approx. 70 C inlet air
temperature until the desired LOD vaiue (i.e. 1 — 2 %) is reached.

fy The granulate is sieved using a screen with a mesh size of 0.5 to 1.0 mm.
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g) The sieved granuiate 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.

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

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

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

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

added and dispersed with a homo-mixer and propeller 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 fo

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

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

15 Narrative more specific description of an alternative manufacturing process for the mono-
layer tablets:
a) Metformin HCl is sieved using a screen with a mesh size of 0.5 to1 mm before weighing.
b) L-arginine and copoiyvidon are dissolved in purified water at ambient temperature with a
propeller mixer to produce the “Granulation Liguid”
20 ¢) 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) Bl 1356 is added into the container, then blended with metformin HCl and corn starch in
the fluid-bed granulator.
e) The “Granulation Liquid” 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 uniil the desired LOD
value (i.e. 1 -2 %), in case the LOD is more than 2 %.
g) The granulate is sieved using a screen with a mesh size of 0.5 to 1.0 mm.
h) The sieved granulate and colloidal anhydrous silica (Aerosil 200) are blended with a
30 suitable blender. Aerosil 200 should be sieved with a 0.5 mm-screen before use.
i}y  Magnesium stearate passed through a 0.5 mm sieve and added into the granulate.
Subsequently the “Final Blend” is produced by final blending in the blender.
i} The “Final Blend” is compressed into tablets with a rotary press.
k) Hypromellose and propylene glycol are dissolved in purified water with a propeller mixer.
35 Tale, titanium dioxide, and iron oxide (yellow, or yeliow and red) are dispersed in purified



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 0,25 0.04 0,25 0.045 0,25 12,00
100, 00 ¥6) O@918004D0 18, 00 PCT/EP2009/053978

-34 -

water with a homo-mixer. The suspension is added into the hypromellose solution, then
mixed with a propeller mixer at ambient temperature to produce the “Coating
Suspension”,
[y The tablet cores are coated with the “Coating Suspension” to the target weight gain to
5 produce the “Fiim-coated Tablets”. The “Coating Suspension” should be stirred again
before use and kept stirring slowly during the coating (spraying) process.
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- 39 - Manufacturing procedure (Tablet-in-Tablet or Bull's eye tablet):
DPP- 4 i NP BIOPOBR219%T this invention (e.g. Bl 1356) + met FOVEPHUHEISYEDC

Tabl et-in-Tablet or Bull's eye tablets are produced by a high-shear wet
granul ati on process (for DPP-4 inhibitor- granulate), a rotary press (for
DPP-4 inhibitor core-tablet), a fluidsded granul ati on process 5(for
metformn HCl -granul ate), and press-coating process with a press-coater.
DPP-4 inhibitor core-tablet: By using a high-shear granulator the active
DPP-4 inhibitor ingredient is pre-mxed with the diluents D mannitol and
pregel & Biilayed Tobletch. The mixture is noistened with granulating liquid,
cont ai Ri, ggccﬂ%ds tfoﬁdof\’\@itlg%era’{égﬁ%o?&vé gﬂﬂﬁ -42 ?olth Q)@I%ls lﬁ@érﬁi'bnléy | AsRers

m Xi ng, Si evl drie gran ate is blended with rragneswm
st ear atnmtmma% H@iﬁﬂ%&hﬂﬁ@%’éﬂ hehlete) isshews petaliie . descrl ption of the

rrangf acturing process for the Bl 1356 core-tablets: a. Copovi done and
L-afrginine are dissolved in purified water at anbient tenperature to

15pr odUeélet h&o@rmmnitibanf Bh156quMetfoimin BC! E@@@;mﬂébﬁts_ and pregel atini zed

Proomx 15 moi stened with t e G SUT AT BRL BT P e A e g TTF
granul ated. d.ingrediembi st gr ftpulﬂgzniidl Eg(rl‘sLeved t:hﬁcblagﬁ a sui tatﬂ/é_ﬂﬁpgye
antil tha dosired |oss on dryi ng GAl ue &|obt ATaba. {0 [The T cd grAhul ot o
e e Wi oyt agof st o, Tagpes e
SubsequBhi$3f t he "Fi nal %I end" 1% odlRRE by y %ithal %Fdi ng E{O” Usﬁgfilat abl e
bl ender | _2ghineFi nal Bl end” ils comppesseskdnt o 288 1346eqor e2fzabl eppsewi th a
oAy B et form n HCl i papylate;, NECTOLTD HGly 1 5T st ayg)are
Pregelatinized starch 45,60 10,00 45,00 10,00 45,00 10,00
Corn starch 45,00 10,00 45,00 10,00 45,00 10,00
Copovidone 13,50 3,00 13,50 3,00 13,50 3,00
Magnesium stearate 6,75 1,50 6,75 1,50 6,75 1,50
Metformin HCl-portion: (570} (100) {969) (100)! (1140) (100)
Metformin Hydrochloride 500,0 87,72 850,00 87,721 1000,00 87,72
Corn starch 15,00 2,63 25,50 2,863, 30,00 2,63
Copovidone 47,50 8,33 80.57 8,33 95,00 8,33
Colloidal Anhydrous Silica 2,50 0,44 4,25 0,44 5,00 0,44
Magnesium stearate 5,00 0,88 8,50 0,88 10,00 0,88
Total Mass (tablet core) 1020 100,00 1419 100,00 1590 100,00
Hypromellose (5 mPa®s) 8,00 50,00 9,50 50,00 11,00 50,00
Propylene glycol 0,80 5,00 0,95 5,00 1,10 5,00
Tale 2,96 18,50 3,515 18,50 4,07 18,50
Titanium dioxide 4,00 2500 4,75 25,00 5,50 25,00
lron oxide, yellow 0.20 1,25 0,2375 1,25 0,275 1,25
fron oxide, red 0.04 0,251 0.0475 0.25 0.0585 0,25
Total Mass (film-coat) 16,00 100,00 12,00 100,00( 22,006 100,00
Total Mass (coated tabiet) 1836 100,00 1438 100,60 1612 100,00




chanber of fluid-bed granulator to renove excessive HClI and/or inpurity

products. After the pre-treatnment of netformn HCI and corn starch,

fl ui d- bed0 geognedsat i on is conducted by 30 spraying of PGEEABRAMOYEINT Li qui d”

conposed of copol yvidon (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_gglloidal anhydrous silica (Aerosil
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during granul ation. 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
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bl endi raglubmcanhe bl ender . The "DPP-4 inhibitor core-tablets" and
"Metformn HCl-granul ate" are conpressed into 20Tablet-in-Tablet or Bull's
eye tablets using a press-coater. The difference between the

TabI et -Nawraliabhrete aml:ifBLdelsb:fwti@y@f tmbheﬁufwu:ﬁr@prpmstfbmhe(ﬁl 18hegeoveie abl et .
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conpr edbea Hricee etk PEFEBI AT Hoo S Eph AL e ARG, B froghte”

specific deﬂs@F’rqalsfmon of the manufacturing process for the Bull's eye
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manuf act uri
g. Magnesium stearate is passed through a 1. O mm sieve and added to the granulate.

25 Subsequently the “Final Blend A" is produced by final blending in a suitable blender.

Metformin HCl-granulate: Metformin HC! 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-ireatment of metformin HCl and corn starch, fluid-bed granulation is conducted by
30  spraying of “Granulation Liquid” composed of copolyvidon {Kollidon VAgG4) and purified
water. After finishing of fiuid-bed granulation, the granuiate is sieved with a suitable screen.
The sieved granulate is blended with colloidal anhydrous silica {Aerosil 200) and magnesium

stearate as a lubricant.



a) Hypronell ose and propyl ene glycol are dissolved in purified water with a
propeller mxer. Talc, titaniumdioxide, and iron oxide ellow, red or

yel | ow 3H2008d31%¢F e di spersed in purified water wth aPGREEBRINEPE The
suspension is added into the hypronellose solution, then mxed with a
propel l er m xer at -anbient tenperature to produce the "Coating Suspension".
10 b) The tablet cores are coated wifythe "Coating Suspension” to the
target weight gain to produce the "Fil mcoated Tabl ets". The "Coating

Suspengi_on: St i | btk ddhi y
dur | g A A B B e R S o R T P e g
on Met paarwiate:NC! Tabl et (fil mcoating for drug-1oading) The conposition

O o 3o AL Bl DUEL) AL B B0 TR LSRG,
on t he bMeChpolyvidoH@! diFiblegtin ipgrifigtowpter At arabiest ympexghire with a propeller mixer
Vet or 1 ROPET® ERCCBT AR BT i ng on NeLior i n HOL Tabl et Dose Strength
(Bl 135p1 Mutfofroinrti Gl adg gorn istpreh Bref hastied in § chagber of Buid-bed @oaTuaipr §4/6)]- [ mg]
[1/0] [E%JJC fo?imc(ré Zh%)n 1%%9@%@!9@3%&&%%996%%4@8 ré&&@s g00@. 0 87.72
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 uniil 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
suitabie 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 hypromeliose 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 fiim-coating:

a) Hypromellose and propylene glycol are dissolved in purified water with a propeller mixer.
25  Talg, 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 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.
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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 1356) + metformin HCI FDC (Film-coated Tablets) is shown in Table 3.

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

Dose Strength (Bl 1356 / metformin HCI), mg
ingredient 2.5 1500 2.5/850 2.5/1000

img] [%] [mg] [%] [mg] [%]
Bl 1356-portion: (45) (100) (45) (100) (45) (100)
Bl 1356 2,50 5,56 2,50 5,56 2,50 5,56
L-Arginine 1,00 222 1,00 2,22 1,00 2,22
D-mannitoi 30,475 67,72} 30,475 687,72} 30,475 67,72
Pregelatinized starch 4,50 10,00 4,50 10,00 4,50 10,00
Corn starch 4,50 10,00 4,50 10,00 4,50 10.00
Copavidone 1,350 3,00 1,350 3,00 1,35 3,00
Magnesium stearate 0,675 1,50 0,675 1,50 6,75 1.50
Metformin HCl-portion: (570) (100) (969) (100)| (1140} (100)
Metformin Hydrochioride 500,0 87,72 850,00 87,721 1000,00 87,72
Corn starch 15,00 2,63 25,50 2,63 30,00 2,63
Copovidone 47,50 8,33 80,57 8,33 95,00 8,33
Colloidal Anhydrous Silica 2,50 0,44 4,25 (.44 5,00 0,44
Magnesium stearate 5,00 0,88 8.50 G,88 10,00 0,88
Total Mass (tablet core) 615 100,00 1014 100,00 1185 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 2,22 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
lron 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
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Manufacturing procedure (Tablet-in-Tablet or Bull’s eye tablet):
DPP-4 inhibitor of this invention (e.g. Bl 1356) + metformin HClI FDC Tablet-in-Tablet or
Bull's eye tablets are produced by a high-shear wet granulation process (for DPP-4 inhibitor-

granulate), a rotéry press {for DPP-4 inhibitor core-tablet), a fluid-bed granulation process

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

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

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

a {ubricant.

Narrative more specific description of the manufacturing process for the Bl 1356 core-tablets:
a. Copovidone and L-arginine are dissolved in purified waier at ambient temperature to
15 produce the Granulation Liquid.
b.  Bi 1356, mannitol and pregelatinized starch are blended in a suitable mixer, to produce
the Pre-Mix.
c.  The Pre-mix is moistened with the Granulation Liquid and subseguently granulated.
d.  The moist granulate is sieved through a suitable sieve.
20 e. The granulate is dried at about 50 °C (maximum 60 °C) in a suitabie dryer until the
desired ioss on drying valug 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 2 1.0 mm sieve and added fo the granulate.
Subsequently the “Final Blend” is produced by final blending in a suitable blender.
25 h. “Final Blend” is compressed into “Bi 1356 core-tablets” with a rofary press.

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

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

stearate as a lubricant.
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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 to
5  produce the “Granulation Liguid”

¢) 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 Liguid” is sprayed into the mixture for fluid-bed granuiating under dry
condition to avoid biocking during granulation.

10 &) At the end of spraying, the resuitant 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 (Aerosit 200) are blended with a
suitable blender. Aerosii 200 shouid be sieved with a 0.5 mm-screen before use.

15  h) Magnesium stearate passed through a 0.5mm 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-Tabiet 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 {ablets:
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 (Buli's eye tablet).
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The tabiets may be film-coated by an aqueous film-coating suspension, containing
hypromellose as fiim-forming agent, propylene giycol as plasticizer, taic 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.
Tale, titanium dioxide, and iron oxide (yellow, red or yeliow and red) are dispersed in purified
water with a homo-mixer. The suspension is added into the hypromeliose solution, then
mixed with a propeller mixer at ambient temperature to produce the "Coating Suspension”,

b} The tabiet cores are coated with the “Coating Suspension” {o 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.

4, DPP-4 inhibitor—Drug Layering on Metformin HCI Tablet (fiim-coating for drug-
toading)

The composition of a DPP-4 inhibitor of this invention (Bl 1356) + metformin HCI FDC (Film-
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 4: Composition of Bl 1356 + Metformin HCI FDC B 1356-Coating on Metformin HCI

Tabiet
Dose Strength (Bl 1356 / metformin HCI), mg
Ingredient 2.5/500 2.51850 2.5/1000

[mg] [%]|  img] [%]]  [mg] [%]
Metformin HCl-portion: (670) (100)| (969) (100)| {1140) (100)
Metformin Hydrochioride 500,0 87,72 850.,0 87,721 1000,0 87,72
Corn starch 15,0 2,63 25,5 263 300 2,63
Copovidone 47.5 8,331 80,57 8,33 95,0 8,33
Colloidal Anhydrous Silica 2,5 0,44: 425 0,44 5.0 0,44
Magnesium stearate 5,0 0,88 8,5 0.88 10,0 0.88
Total Mass (tablet core) 570 100,00 969 100,00 1140 100,00
Seal-coaf (seal-coating}: (12) {100) {16) {100) (18) (100)
Hypromeliose (5 mPa”s) _ 6,00 50,00 8,00 56,00 $,00 50,00
Propylene glycol 0,60 5,00 0,80 5,00 6,90 5,00
Talc 222 18,50 2,96 18,50 3,33 18,50
Titanium dioxide 3,00 2500 4,00 25,00 4,50 25,00
lron oxide, yeliow 0.15 1,25 0,20 1,251 0,225 1,25
Iron oxide, red 0.03 0,25 0.G4 0.25] 0.045 0,25
Drug-layer {drug-loading): (25) (100) (25) (100) (25) {100)
Bl 1356 2,50 10,00 2,50 10,00 2,50 10,00
L-Arginine 2,50 10,00 2,50 10,06 2,50 10,00
Hypromeliose (5 mPa’s) 18,00 72,00} 18,00 72,00 18,00 72,00
Propylene glycol 2,00 8.00 2,00 8,00 2,00 8,00
Over-coat (over-coating): (12) (100} {16) {100) (18) (100)
Hypromellose (5 mPa™s) 6,00 50,60 8,00 50,00 9,00 50,00
Propylene glycol 0.60 5,00 ¢,80 5,00 G,90 5,00
Tale 2,22 1850 2,96 18,50 3,33 18,50
Titanium dioxide 3,00 2500| 4,00 25,00 4,50 25,00
tron oxide, yellow 0.15 1,25 0,20 1,25 0,225 1,25
tron oxide, red 0.03 0.25 0.04 0,25 0.045 0,25
Total Mass (film-coat) 48 100,00 57 100,00 61 100,00
Total Mass (coated tablet) 619 100,00 10626 100,001 1201 100,00
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30 f)The granulate is sseved using a screen Wlth a mesh size of 0.5 {0 1.0 mm.

a) The sieved granuiate and colloidal anhydrous silica (Aerosil 200) are blended with a
suitable biender. Aerosil 200 should be sieved with a 0.5 mm-screen before use.
h) Magnesium stearate passed through a 0.5mm sieve and added into the granuiaté.
Subsequently “Fina! Blend” is produced by final blending in the biender.

35 i) The “Final Blend” is compressed into the {ablets with a conventional rotary press.
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coating machine:
a} Hypromellose and propylene glycol are dissolved in purified water with a propeller mixer.
Talc, titanium dioxide, and iron oxide (yellow, red or yellow and red) are dispersed in purified
15  water with a homo-mixer. The suspension is added into the hypromeflose solution, then
mixed with a propelier mixer at ambient temperature to produce the “Coating Suspension”
for “seai-coating” and “over-coating”.
b) Hypromellose, propylene givcol and L-arginine are dissolved in purified water with a
propeller mixer. Bl 1356 {active drug) is added into the hypromellose solution, then dispersed
20  with a propeller mixer at ambient temperature to produce the “Drug Suspension” for “drug-
loading”.
¢} The Metiormin HC| tablets are coated with the “Coating Suspension” io the farget weight
gain to form the “seal-coat”. The "Coating Suspension” should be stirred again before use
and kept siirring slowiy during the coating {spraying) process.
25 d) Following the seal-coating, the “Drug Suspension” is applied to the surface of the
Metformin HCI tabiets to form the “drug layer” (drug loading). The “Drug Suspension” should
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).
e) After drug loading the “Coating Suspension” is applied to the Bl 1356 drug-loaded tablets
30  to form the “over-coat” and to produce the “Film-coated Tablets”. The “Coating Suspension”
should be stirred again before use and kept stirring slowly during the coating (spraying)

process.
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Product Description:

The product description of Bl 1356 + Metformin HCl FDC_mono-layer tablets (tablet core and

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

5
Tabile 8: Product Description of Bl 1356 + Metformin HC! FDC Mono-{ayer Tablets (Tablet
Core)
ltems Dose Strength (Bl 1356 / metformin HCI), mg
2.5/ 500 2.51850 2.5/1000
Tablet shape Oval, biconvex Oval, biconvex | Oval, biconvex
Tabiet size [mm] 16.2 x 8.5 1.1 x9.3 21.0x9.6
Color white
Weight 580 1000 1180
Thickness [mm], {(Mean) Approx. 5.8 Approx. 7.3 Approx. 7.6
Crushing strength [N], (Mean) 2109, =150, 2150,
Approx. 140 Approx. 190 Approx. 200
Disintegration time [min] <15 <15 <15
Friability [%] <05 =05 <05
Table 9: Product Description of Bl 1356 + Metformin HCI FDC Mono-layer Tabiets (Coated)
ltems Dose Strength (Bl 1356 / metformin HCI), mg
2.51500 2.5/ 850 2.5/1000
Color light yellow tight orange light red
Weight 802 1016 1198
Thickness [mmj], (Mean) Approx. 5.9 Approx. 7.4 Approx. 7.7
Crushing strength [N] (Mean) =100 2 150, 2150
Approx. 180 Approx. 240 Approx. 250
Disintegration time [min] <15 <15 <15
10

15
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Stability Data:

Stability data of Bl 1356 + Metformin HCI FDC_mono-laver tablets (fablet 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 M 3 M
Degradation Bl 1356 (%)
Total <0.2 <0.2 <0.2 <{.2
2.5+500 mg tablets + 0 mg arginine:
60°C glass bottle
Test parameter initial
2W 1M 3 M
Degradation Bl 1356 (%)
Total <(0.2 1.1 2.9 8.5
2.5+1000 mg tablets + 25 mg arginine:
80°C glass bottie
Test parameter tnitial
2W 1M 3 M
Degradation Bl 1356 (%)
Total < 0.2 < 0.2 <0.2 0.2
2.5+1000 mg tablets + 0 mg arginine:
60°C glass botiie
Test parameter initial
2W TM 3M
Degradation Bl 1356 (%}
Total <(0.2 1.9 4.7 13.6




Test paranmeter Initial 2W 1M 3M Degr adation 31 1356 (/D) Tot al
<0.2 <0.2 <0.2 <0.2 2.5+4500 ng tablets + O ng argi nine: Test paraneter
Initial 2W60C gl ass bottle 1M
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Claims

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

2. A pharmaceutical composition according to claim 1 comprising a DPP-4 inhibitor which is 1-[(-4-
methyl-quinazolin-2-y)methyl}-3-methyl-7-(2-butyn-1-yl)-8-{3-(R)-amino-piperidin-1-yi)-xanthine free
base, a pariner drug, which is metformin hydrochloride, one or more pharmacsautical excipients, and a

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

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

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

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



3M Degradation 311356 (/0) Total <0.2 1.1 2.9 8.5 102.5+1000 ng tablets +
25 ng arginine: Test paraneter Initial 2W60C gl ass bottle 1M 3M

Degradation 31 1356 (3A) Total <0.2 < 0.2 < 0.2 0.2 2.5+1000 ng tablets +
0 ng arg nine: Test paraneter Initial 2W60C gl ass bottle 1M 3M Degradati on

311356 (% Total - 48 -

5. The pharmaceutical compoesition according to any of the claims 1 to 4, wherein the DPP-4
inhibitor is present in a dosage range from about 0.5mg to about 20 mgq, particuiarly from about 0.5mg
to about 10mg.

8. The pharmaceutical composition according to any of the claims 1 to 5, wherein the DPP-4
inhibitor is present in a dosage strength of 0.5, 1, 2.5, 5 or 10mg.

T The pharmaceutical composition according to any of the claims 1 to 6, wherein the DPP-4
inhibitor is present in a dosage strength of 2.5mg.

8. The pharmaceutical composition according to any of the claims 1 to 7. wherein metformin

hydrochlorid'e is present in a dosage range from about 100 mg to about 1500 mg.

9. The phamaceutical composition according to any of the claim 1 to 8, wherein metformin
hydrochloride is present in a dosage strength of 250, 500, 625, 750, 850 or 1000 mg.

10. The pharmaceutical composition according to of any claims 1 to'9, wherein metformin
hydrochloride is present in a dosage strength of 500 mg, 850 mg or 1000 mg.

1. The pharmaceutical composition according to any of the claims 1 to 10, wherein the
- nucieophilic-and/ar basic agent or the buffering agent is L-arginine.

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

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

14, The pharmaceutical composition according to any of the claims 1 to 13, wherein the
excipients are selected from the group consisting of one or more fillers including D-mannitol,
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conposition according to any of the clains 1 to 5, wherein the DPP-4

i nhi bi t &f i sTh eResmeceutical caopagjéorsaacortiiidio ehy Of the cljm®1 fo 16indhe d6nge 7.
The phajpmceytigal conposition according to any of the clainms 1 to 6,
wherein the DPP-4 inhibitor is present in a dosage strength of 2.5nmy. 8.
The pharnaceutical conposition according to any of the claims 1 to 7,

wher ei nigret f W@Mhnhé(@guﬂ&h|c9r'hb5’§tndnsao€5%‘ﬁﬁ% c!aﬁ'ﬂ 37 A0RAGH PRIR EISQ{QC@B out 100

ng to about 1500 ) phar maceut 'cal conposition accor 0 any of
the cl alf¥ne m@*%‘ay%@‘%ﬁ f bh‘éYEfré?’?’r?tna Iﬁgﬁiﬁﬁéﬁﬁéﬁﬂ%ﬁ (msiuwﬂegémletﬂm@!eﬂos age

st r engt indoé BABE eyD@Biet) Ol a 16BRt whiRR iOfimIB8R4TBH drudbagifge Phar maceuti cal
conposition according to of any clains 1 to 9, wherein"netformn '

hydrochl oride is present in a dosage strength of 500 ng, 850 ng or 1000 ny.

11. Thetphar TRcghammeelutic Ep@pbditdacaseMydb BRint 97 8nYs Aiherdig i @higp 1 to 10,
wherei n_t he. nucl h| lic and/or basic agent or the buf feri ng agent is

L-argi n?orfnepnseiiﬁﬁ:\' phar maceut i cal conposition according to claim11,
wherein L-arginine is present fromabout 1 ng to about 50 ng, preferably

from abgyt 1 13. The hr tical nposi tion _
accor di g toTAc?%%a%ﬁ%%&af %gm%ttopesi‘:ﬁ%dwg %ﬁ%’- ?Hﬁ?%?'t’é)?e fgwocoet argi nine are
pr esent camprigesefilphtoatiag iagertr amhaiseay. hypr2thetiosea b plastiditer lsuchrasfag@m about 1: 15
to abo e gl fs f t 0:1. 14, The

phar na(g%ragrge Woﬁp gé’rﬁ[%ﬁ g@%:ﬂérasglgwas (?1 s Qmﬁgé’:ﬁ gﬁf AHY OBHAE Swher ei n
t he exc$11§i"éﬁte§ &?aé'uﬁbfﬂf%@%dfoflmﬁﬁvma@f@’umnmwswsﬁmmg of one or nore
fillers including D-mannitol, -49 - corn starch and pregel atini zed starch;

a binder including copovi done a lubricant including magnesi um stear at e;
and a gl danthe Ri@IMRREHECE: 6P RPN asAPtE e18nseflthe arecedisg claies, phanicibeut i cal

COMPOSi fHzAMad 604 @bMPoditdrad ¥ n@tfnottg‘yeer@éb?étnﬁhéeth%négﬁr %P@Bi’tﬁ ﬂfﬂoﬁ%@%’ done as
arm a

bi nder. 6. The pharnaceutical conposition according to c rt her
corrprls"il one or nore of -the followng: the filler corn starch, the

| ubri carthe FE@BGEGLIN rEétRANRLIGArRABIEAR Dol adigi SrlotAdLe:s silica.
- 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,
- the tablet core weight is from about 590 to about 1180 mg, and



- 17. The pharmaceutical conposition according to any of the clains 1 to 16
in the dosage formof a tablet. 18. The pharmaceutical conposition
according to claim17, wherein the tablet is selected froma nono-I|ayer
tablet, a bi-layer tablet, a press-coated tablet (including a
tablet-in-tablet and a Bull's eye tahlgf), and a tablet which is
filmcoated for drug-loading. 19. The pharnmaceutical conposition according
to claim17 or 18, wherein the tablet conprises a filmcoat. 20. The

phar maceths tablet disinfegsition tne &cloeedihag ot eyuel @ mil9, wherein the fil m coat
conprises a filmcoating agent, such as e.g. hypronellose; a plasticizer,
such as e.g. propylene glycol; optionally a glidant, such as e.g. talc, and
opt i onal2Ry orféephammceutpaigrentositios acdordisg ®. ghy df iHeaokit@ 1Gi2axivBieh id 4ron oxi de

red and/ [ j . The pharmaceutical . c osj_tion accordi ng
to any ci)r?&te H‘g r %%%?Ons)ég‘%:Itog'}ﬁh%ﬁ;ag%ﬁe%%ﬁéﬁ{%tahg apﬁ%\sro *8@6?%?3%" CSHPYEr & on i s
a nono- ledpbfS Yt weight \wheaabi of thenectige ingoediendd istdissolved.l owi ng may apply: - the
percentage of netform n hydrochloride is about 85 % by wei ght of total

tabl et core, - the percentage of DPP-4 inhibitor is about 0.2 %- 0.4 % by
wei ght 6f- t ofAdoli¢ aireaceile@ comphaitigecarentisiigerr ofadefargi ni ne i s about 2 % by
wei ght afj4 @bl _ n:l et shing st£engt.h s hi r than
A e Al e S N b L
tabl et tAMERBess is fromabout 5.7 to about 8.4 mm - the tablet core

wei ght  hRetbmemhadetiicRB0 to about 1180 ng, and - 50 - - the tablet

di si nt egrat.i on tinme is lower than or equal 15 mn. 22. The pharnmaceuti cal
conposi tidA™4Ecording to any of the claims 17-21, which is an i mrediate

r el easeadosager hoterfiiere heeast ik BRetsN ohd Gt mbrid Ad&H:S 8RL/BE briurtgst after 45

m nut es, i tricl éatst 75 % by weight of each of the active ingredients is
di ssol ved. . A solid pharmaceutical conposition conprising or nade from

1-[ (4- et hyl - qui nazol i n-2-yOnet hyl ) - 3-net hyl - 7- (2- butyn-1-y1)-8-(3-(R)-am

no- pi pekj, di N+l - _xapt hine tformr drochl oride, L-arginine, and one
or nor e5 il g&%?ﬂ%wgc%jrng%f) @bggﬁ%?cgprc@wggéa: r% 25 W‘EI%fﬁ‘ﬂ"s1'[g‘hH‘F8W“one or
mor e | ubvinazatie-<-ynthyl]-Brreetblaf- (Balneynt-if gB8-(CqRpasirio- miferRine 05 0lixaghine heb ai m 1
or 23, 2| A i,

qui nazo%g'g-sgf)jdﬁ%@ﬁw&%ﬁé A HD- (2. but yn- 1- y1) - 8- ( 3- (R) - ani no- pi peri di n-
1-yl)-xanthine has a particle size distribution of X90 < 200 pm- 25. A
processp$0r RieRALL er*h'ad' ' C A1 ] ording .t almil, 2,
~ 14 or 23 conprisi I%ég{blgﬁ%gr 60r§?§%§4&%ﬁ§kg‘cﬁg§]®§§#iw§% I eg %%aﬁ 1I’_-961f‘{g?r i"ne in
- one or RYPRIYKHPPRIPYALINIGRS aetveiiparedients and bergisine irgeneotmanae pirammeaceutical

phar macexisiems, xs b8 Sh&eRdmidRNdd SR 1OLeic &G04 ﬂo@tiﬁhgﬁnitol
pregel atini zed starch, copovi done, magnesium stearate, and col |l oldal
anhydr o™ s%fqr&b Kregelatinized starch, copovidone, magnesium stearate, and colloidal anhydrous

silica.



