WO 2010/092124PCT/EP2010/051735 PHARMACEUTICAL COMPOSITION COMPRISING
LINAGLIPTIN AND OPTIONALLY A SGLT2 INHIBITOR, AND USES THEREOF 5Technical Field of
the Invention The present invention relates to pharmaceutical compositions comprising linagliptin as a
first active plepreiaeeotical ingredients. Furthermore the present inventiorP(EI&BW 16 FR&rmaceutical
dosage form comprising such a pharmaceutical composition. In addition the invention relates to a
process for the preparation of such a pharmaceutical dosage form. In 10addition the invention relates
to the use of the pharmaceutical co éposltlon and of the éharmaceutical dosa%e form in the treatment

and/or prEARNACHLER A FANRREIAN FRNERSING IINAGHIEHN MNP Mdr conditions
selected from type 1 diabete® %%T@W#ﬁ'mmlﬁ%ﬁlﬁd@* d glucose tolerance, impaired
fasting blood glucose and hyperglycemia inter alia. Furthermore the present invention relates to
methods of 15treating and/or preventing of such diseases and medical conditions wherein a pharma-
ceutical composition or pharmaceutical dosage form according to the invention is administered to a
patientin n&ecktticabbfelBadkrolnmeraicthe Invention 20The compound linagliptin is a DPP-1V inhibitor.

The enzyme QRRIN (HpsRipRaal! JML%%QA@%%@@QQ%@M%W%%%% krpwn to lead

to the cleavage of a dipeptide from the N-terminal end of a number ofc? ?glns havmg at their

N-terminal 8FY QRSP Lﬁ%lﬁ?@&‘ﬁﬂ? BHEFTIRE PidpEty DN RS <dRerfere with the
plasma Ievehefdwoactmi pepiddermcodinigitespeptdbaBnPeguding epererigiteredddiiss fromising

drugs for thﬁéﬁﬁ&@#&%ﬁ@é &f dliabetes @&Hglﬁeﬁa@a&%ﬂ@ﬁémepzéﬂiﬁ&%@tﬁzmu%ﬁe torattempts to
prep aceutical com osjtion iEselect IV inhi |torsb suchma% |I%%%%Qtln it has been
observ ﬁiﬂ %?’Igvﬁﬂ'ﬁ |[ﬁ% 3\?|t QBfifany 8 AR AT g0 5 S S iR compatibilities,
degradatlommmmpﬁrma@ﬁmm prdhierastovitht afsib?mfﬂj@ﬂ@ﬁftefsﬁéhaﬁﬁﬂ gissiphen®nduch as
microcrystaiiagselienprsotivanziate hiaiNs daireraseatiteliasecenriem, tp@etarmawéi@scitric acid,

glucose. rucigaes Sacehiiase lacione  maloroxiies. Duglh e coppouiils lepiglisseve very
stable, they r%aélt man eXC|p|ents used’in soli osage 1orms an UI’I eXC|p|ents

especially |ﬁrt¢g§mmimnpaom@e@ilm uphenarttae ﬁrgﬁﬁémp@@ﬁ%f@@tpétieanfh@dérﬁﬁno group

appeass to ggggﬁggﬂﬂtbrr@@ugmggsgmf@@’géggéb @ﬁb%é@@gtlg@@&;ﬁb@%@@@@@d@mth carboxylic
acid functional s formed for exam e atthe ace of mi rys I lgse by oxidation,
WO 2010/05%%3%8%@3 8/(%\?%% %gg Surl%if%rgsn%gﬁc ﬁlj él#e@r%sgﬁlﬁn%ﬁﬁy observed in low
dosage rang@¥iniERgdie Fegtiaedrdiretdhei®Surprising potency of the selected inhibitors, such as
linagliptin. Thus, pharmaceutical compositions are required so solve these technical problems
associated g/é %}SL}JRI&E%P %@R{%@py of selected DPP-IV inhibitor compounds. Pharmaceutical
SComposmons C mprlsm iptin as the only active pharmaceutical |(f%red|ent are described in the

WO 25@7/158?2@”‘?9‘#@ '?:ﬁakfﬁl’ééglé BRAAM BAGReTy hreearAehidabt (Heeriidy! RPRINRST f€quency of
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and amputations in the industrialized world. In addition, thestﬁresence of type 2

diabetes is RGP IRHIS RDTEMDE T iR arasla i pasadad! oidicaeifer long
duration of dissidse jrmiostnpetie ptsplidehGl el 2uctiare tensillbmvkintbaliydaibog onedstiertsy and become

insulir,gepepdentwith shpassessiti{ondaliiniesions anddRuliinidaily glucose measurements.

In attempts o prepare pharmaceuticat compositions of selected DPP-IV inhibitors, such as
finagliptin, it has been observed, that the DPP-IV inhibitors with a primary or secondary
amino group show incompatibilities, degradation problems, or extraction problems with a
30 number of customary excipients such as microcrystaliine celiulose, sodium starch giycolate,
croscarmeilose sodium, tariaric acid, citric acid, glucose, fructose, saccharose, {actose,
maltodextrines. Though the compounds themselves are very stable, they react with many
excipients used in solid dosage forms and with impurities of excipients, especially in tight
contact provided in tablets and at high excipient/drug ratios. The amino group appears to
35  react with reducing sugars and with other reactive carbonyl groups and with carboxylic acid

functional groups formed for example at the surface of microcrystalline cellulose by oxidation.



Oral antidiabetic drugs conventionally used in therapy (such as e.g. first- or second-line, 20and/or
mono- or (initial or add-on) combination therapy) include, without being restricted thereto, metformin,
sulphonylureas, thiazofidinediones, glinides and a-glucosidase inhibitors. The high incidence of
therapeutic f@ifreifgiezradjor contributor to the high rate of long-term hyp&glyERatigicassS6ciated
complications or chronic damages (including micro- and 25macrovascular complications such as e.g.
diabetic nephrophathy, retinopathy or neuropathy, of cardiovascular complications) in patients with
type 2 diabetes. Therefore, there is an unmet medical need for methods, medicaments and
pharmaceutical commpesitiangaiiig 9rogRifisponvdriiesad @ehyemissoniioh yihisgad to
disease- 30 odlg/{n roperties and with regard to reduction oEcardlovascuI r morbidity and mortality
while at the‘@értﬁ ‘i"rggg %%Wr?ﬁtﬁﬂ%%lt %éig%t%i[' BRI & fﬁmﬁ%%?sﬁmﬁaitors represent a

novel classpbapprstgithhteredriingsdevetspirddse tuiver daapedaciordn probleme ashegdjedmid control in

patients withdype:-slirhgissndpelucrpidanesyhspwiitedhsensrrerdRivativeiase described in the
prior agt as SGLT2 inhibitors, for g){i%@]@@%%g\loo /27128, WO 03/099836, WO 2005/092877, WO

WO 2010/GGTFEABE T EBSS RGN TSR ES S BB B0 RSB a88/11 7359, wo
2006/117366ss@Dioc7a ¥BA87ANB872807/028814, WO 2007/031548, WO 2007/093610, WO
2007/128749, WO 2008/049923, WO 2008/055870, WO 2008/055940. The glucopyranosyl-substituted

benzene derivatives are proposed as inducers. of urinar ar excretion and as medicaments in the
ereatmont D G T B B R B S i to provide
pharmace fRFEPESHIEIRASIS EoatiaRfitgmHEgHptierwhtdheskeaiansy- S§rruse ehtleRfdg§inal signs of
degratationnblinegliptin-eaddnaschagnabiessa igeed imversgoochshelf tike misotbguaimaldhe

invention is o IR A AAVRSSIICALCBRIRESIRD FAMABDS Iaglipifbish g igh content

uniformity and/or which allows an effective production with regard to time and costs of pharmaceutical
dosage fordfiitas ARRHeseaing of tRe A Rssis BSFTviae WipRaMedediadardeesgecttim comprising
linagliptin whidivhas d=gata sfetiskie, which has a short disintegration time, which has good dissolution
properties and/or which enables a high bioavailability of linaglitpin in a patient. 20A further aim of the
present invention is to provide a pharmaceutical composition comprising a combination of a DPPIV

inhibitot ant'i§h 'SICERiIGhEisRRBMSh RIS heif besrt fivketrsmiSeuepiRll &L Phdhaceutical
compositiothecampaisirizetioaglipsiulimdepariirdtioih WithmaoeSKBY 1R daiilibit@ctivine brehowl§pe signs or

only margi@iigwg%%&%@g@g@ of linagliptin and thus enables a good to very good shelf life.
Another aim of the invention is to provide a pharmaceutical composition comprising linagliptin in

combination with a SGLT2 inhibitor which has high content uniformity and/or which allows an effective
production ith getaticls tingaeeheedisreliphsemindbenticyl (osage sanfist30 Aerserdtinem of the
inventign isAQuRavise oPAtmasIMicah QRSB SRR IRIRg i agiiRin iBisp rebinatign with an
SGLT2 inhit itortwhicpf r}as aS%P%d Sﬂ‘&'f Iife{h\{ghi} iﬂigg 8 shorht dé%inte%ra_ti n g‘gpqes Wpigité_ 1as good
dissolution p%ﬁgr“t?é% Sl WRICh ehabies & ﬁlg o] avgﬁaglﬁfy OF INAG U i & Sa?le pors:
The high incidence of therapeutic failure is a major contributor to the high rate of long-term
hyperglycemia-associated complications or chronic damages (including micro- and
25  macrovascular complications such as e.g. diabetic nephrophathy, retinopathy or neuropathy,

or cardiovascular complications) in patients with type 2 diabetes.

Therefore, there is an unmet medical need for methods, medicaments and pharmaceutical
compositions with a good efficacy with regard to glycemic control, with regard to disease-
30  modifying properties and with regard to reduction of cardiovascular morbidity and mortality

while at the same time showing an improved safety profile.

SGLT2 inhibitors inhibitors represent a novel class of agents that are being developed for the
treatment or improvement in glycemic cantrol in patients with type 2 diabetes.

35  Glucopyranosyl-substituted benzene derivative are described in the prior art as SGLT2
inhibitors, for example in WO 01/27128, WO 03/099836, WO 2005/092877, WO



WO 2010/092124PCT/EP2010/051735 4 Another aim of the invention it to provide a pharmaceutical
composition and a pharmaceutical dosage form, each comprising linagliptin in combination with an
SGLT?2 inhibitor, and a method for preventing, slowing progression of, delaying or treating a metabolic
disorder, in paatimalarsofiype 2 diabetes mellitus. 5 A further aim of the presentPrwensioasis to provide
a pharmaceutical composition and a pharmaceutical dosage form, each comprising linagliptin in
combination with an SGLT2 inhibitor, and a methodafor improving glycemic control in a patient in need
thereof, in particular in patients with type 2 diabetes'mellitus. 10 Another aim of the present invention

s to providsp ghalmacoseakRBRCEIIAR A0 PR ARRYSGH Ha9a8E (DB RATbGEImPriSing

Ilnagllptln in combination wit 21n itor, and a method for | grovmg&écemlc control in a

patient with Y S af&8ARY] ﬂc%@%ﬁ%ﬁf@sm@ RO ORGSR O ARSI drug, for example

metformin @08IRGAZB2VWEIALASIHOE5S78, DRP2VtSNEHeEN. Ahethiec @moobiybspretantdivanton is to
provide & pharmacaulieabcameasiianand R Amaceulical deransPHTnRaRL ARPISAY lmagliptin

in compination with an SGLT2 inhibitor, and a method for preventing, slowing or delaying progression
from i palﬁé‘?fmhﬁogg%@ance (IGT), impaired fasting blood glucose (IFG), insulin resistance
and/or metabolic syndrome to type 2 diabetes mellitus. Yet another aim of the present invention is to

provide a phaHBRERLHFA SRR and a pharmaceutical dosage form, each comprising linagliptin
in comblnarllgn with fa?q’ SGLT2 25|nh|b|tor and a method revap slowin % %ressmn of,
) 6” i HER

Mo AERaHaN SM LSt PRERS RE POPEBMENERIRAY of diabetes

delaying or trea ing
mellitus. A fopgiwtiainhish ghopsasesioimemion Teigmiciite of gharmateutititagimjositichusnd a

pharmeceusicalisosagsde5e9eid £eRapniang linagliptin in combination with an SGLT2 30inhibitor,
and a method for reducing the weight or preventing an increase of the weight in a patient in need

thereof. Another aim of the present invention is to provide a new pharmaceutical composition and a
pharmaceutieaihgoaiag ef fheminveaipnde iapsiige | makdiptreayiieinmsimagstianitemprsicy iregBitmibitor,
with a highﬁﬁwfﬁgﬂ@%mmﬁf&ﬁftﬂmeli.fhdiﬁ@!l&@ésad%ﬁ&fﬂwﬁb&idﬁ@bﬁtﬁﬁéﬁﬁ}ﬁtt& impaired
glucose tolg n?&g%;%%‘{g aired fasting blood glucose (IFG), and/or 5 hyperglycemia, which has

good to very goo pharma o?oanﬁ:%ff and/or ?garmacoklnetlc and/or physicochemical properties.

Anothet aim of the present invention is to provide a process for the preparation of a pharmaceutical
dosage formnatesraingioheiavemvitionorieh sdig b efiecitvedasegstmand®migigieg Further aims of

the present;iiRRHRNAFRISARRE S&{giftﬁféhw&eh%@&e&& Bl yn&%%saé?émg% gigbefore and

in the following and by the example ummar)( resent disclosure provide aceutical
compositiof! mwﬁ%mgnm@.aﬂwswmw g& %ﬁlgm@é{aﬁe@i ihﬁféﬂ?&‘ﬁpé[htﬂ‘ Blsinore

eXC|p|ents in partlcular
20 Afurther aim of the present invention is to provide a pharmaceutical composition comprising
a combination of a DPPIV inhibitor and an SGLT2 inhibitor.

Ancther aim of the present invention is to provide a pharmaceutical composition comprising
linagliptin in combination with an SGLT2 inhibitor which shows no signs or only marginai

25  signs of degradation of linagliptin and thus enables a good to very good shelf life.

Another aim of the invention is to provide a pharmaceutical composition comprising linagliptin
in combination with a SGLTZ2 inhibitor which has high content uniformity and/or which allows
an effective production with regard to time and costs of pharmaceutical dosage forms.

30
Another aim of the invention is to provide a pharmaceutical dosage form comprising
linagliptin in combination with an SGLT2 inhibitor which has a good shelf life, which has a
short disintegration time, which has good dissolution properties and/or which enables a high
bioavailability of linagliptin in a patient.

35



one or more diluents, one or more binders and/or one or more disintegrants. In a first aspect, there is
provided a pharmaceutical dosage form comprising linagliptin or a pharmaceutically acceptable salt
thereof as a first active pharmaceutical ingredient in an amount from 2 mg to 5 mg and
1-chloro-4-(¥sDglaeeigranos-1-y1)-2-[4-((S)-tetrahydrofuran-3-yloxy)-b dA/RH36 W id as a second
active pharmaceutical ingredient in an amount from 5 mg to 25 mg and one or more excipients. The
pharmaceutical composition according to the disclo&ure is preferably a solid pharmaceutical
composition, for example a solid pharmaceutical composition for oral administration. Within the scope
of the presgptdisclasuadt s frenieundibabaRirRacauicahamBasinLomprising linagliptin as
an active pharmaceutical ingredient with a particle size (?Jstrlbutlon of X90 <,é!00 pégs{:bows an
advantageBD@rm"s‘%‘ﬂl‘ﬂ?fﬁrﬁj‘bﬁ?ﬂﬁéoérﬁd?@rca(‘}fia‘%ri’ég\?alﬁg RYLAEAMBRESHIYH @Bttt dniformity and
an effectivenpiigthuctitthanitétired focbrevimién arrlopdsgpuigpesainTadie dtita rdpgaigratoens. Therefore the
present disglosHIRiRUIdes & BRarmacsuljeal carpasitipaieaenprising linagliptin as a first active
pharmaceutical ingredient and one or more excipients, wherein the first active ingredient has a patrticle

size distribution of X90 < 200 pm, preferably determined by volume by laser-diffraction method. 5a
Furthermor® fithin alve afdbperesanerprersiantidiiconsadide # pharrpaesyfisaePirrasiayipdid combined with

certain excipigmis Shaws R SENse o5y BrginMPinngiplicdeosasaticmel ipgkpteiand thus enables
a good to very, good shelf life. In particular it has been found that.the aims qf.th odiments
disclosed Hg%t?ﬂc)éaanng]g f&’c{%\‘}g‘}ov‘ﬁ&{%{’ J[r)'ﬂgrlyﬁg{:né% |%%%%%%ar)§gtliﬁgnfgsn ; egsg%ﬁgeeg(ﬁﬁ)ove which
comprises Bajcaise iniRap i Uthpaeraiabeis RlEEepe of the present disclosure it has been found
that aypharmaceutical composition comprising linagliptin as a first active pharmaceutical ingredient 6
in combinatjon.with a alucop - i ! lyative of the farmula (1) .as described
hereinafter%%oggérsa&%ﬁ)ﬁﬁé%gﬁiﬁgéﬁ%ﬁo%ggﬁég g@éﬁﬁﬁf@l{%{i ggncs ofD Q(a‘gradation of linagliptin
and thus eRhBIE@eey et d8576R¢Bb&aHEromer TRkiRsaliRtBdt cPAINAIRE WERADRSGted in view of
the_che_mic_aﬂWemxi ﬁna@ihpﬁm@ndlﬁﬂ@;fmmgtjmeaﬁ@coum of mhmtyiucwpynamyieaubsﬁmm benzene
derivarive, ) At LRI 1A ERAANRR Y RIS IO GBS IRSRI: Jrefare dhe present
disclosure provides a pharmaceutical composition comprising linagliptin as an active pharmaceutical
ingredrént, BYRieopY~BRY-EhiiNuted benzene derivative of the formula (1) RLR3 HO HOOH OH
wherein Ize denotes chloro or methyl; and R3 denotes ethyl, ethynyl, ethoxy, (R)-

tetrahydrofurans3-y|ox%ahd Sretrahyarefi a3 pre QhRRRedughrERhARan Artye

pharmaceutical ingredient, one or more diluents, one or more binders and one or more disintegrants.
Within the SLBEBHPHEHHOSERP ISR S0 RAEXRSHI URRD AP TBRAABAL (T Botposition
comprising ithébtdncaplsanebyddabstiveathbesizeing dedsiative aparessiaod ghampaicelitical ingredient
with @Bartigiﬁcﬂz@tgiéﬁém@@ﬂf PR aRingA00 M RRRY BRE) Arlvaniaeaaun@issrlgion profile

and/or good bjoavailabiljity and allow igh content uniformity and an effective production with regard
to time andBBERO REHES ?gga@ gie?o@r%ﬁsﬁ.u‘fherefore the present disclosure provides a
pharmaceutical composition comprising linagliptin as a first active pharmaceutical ingredient and a
glucopyranggylsvhstitutecperzaasAervativenal thedenas ladth assdesasivednmsisinafteiias a second

active pharmaceutical ingredient.and one ar more excipients, wherein the secon ivg ingredient has
oo S AR G R By 60 Sopr AR M e RnAl R SEHfs
laser-&ffradtioniieretnod MEliee fohaFaYRcEGCHPYEI prgRISEOBGEREIMGNS IhEHESE Fre allow a high
content unitemRityRBdddeHertiveRs edvgiopwiintegaishipitisnerand castacaf meidmaceutical dosage
forms, such as tablets and capsules. Furthermore these pharmaceutical dosage forms, in particular
tablets, such as one-layer tablets or two-layer tablets, according to the disclosure show no signs or
only marginfeigasardigrasrsnidryepisiiaiarave S ehaBTE ceItig! SREPAFEICRIAB Efore the present
disclosure prairidascatiphadosage ihieal dasageniotsing traptisindnacphamatice uiitadrc8MIPDAItion
accordina 9 fidisele e dedhRuaRe Healdanros LEns-aesioiinn Lo thediaeiantipaare
preferably solid pharmaceutical dosage forms, evén more preferably solid pharmaceutical dosage
forms for ore@tEMihigedtiBereH a second aspect, there is provided a process for the preparation of a
pharmaceutical dosage form as disclosed herein comprising one or more granulation processes

wherein the,0ne or INCRAHIVE-EDAMASAISICA IDgrediRnisinuppnuith RRP QrpSaGHERiIgNtSs are
granulated. Furthermare it can be found that theghar‘ma eytical compasition om%r%s(suﬂg linagliptin in
e

combinatio WREE G CEANSAIE 0 By BREM ARGV INE HBH0 At GR R HRYFB A TIA scribed
hereilidfter ichibibatyvaitteg bighsifibecy SedHe rpatventivign sleviiidnogeessivnaoicdelayidigsttreating a
metabolic disofeeY, iiRpAREICH R HIRPSRVINGCAY GRIpIF &PRE BN I RAMEI ofr Py NRig/én patients with
inadequate glycemic control with existing therapy with oral antidiabetics. This opens up new
therapeutic possibilities in the treatment and prevention of type 2 diabetes mellitus, overweight,
obesity, complications of diabetes mellitus and of neighboring disease states. According to the
disclosure, there is provided a method for preventing, slowing the progression of, delaying or treating a

metabolic disorder selected from the group consisting of type 1 diabetes mellitus, type 2 diabetes
mallitiice imnaired aliicoce tnlerance (1ICTY impaired factina blood aliicoce (1IECY hvneralh/eemia



8 in that an a pharmaceutical composition or pharmaceutical dosage form as defined hereinbefore and
hereinafter is administered to the patient. The pharmaceutical composition and pharmaceutical dosage
form according to this disclosure may also have vag.lable disease-modifying properties with respect to
diseases or conditions related to impaired glucose tolerance (IGT), impaired fasting blood glucose
(IFG), MREAHYRESTFa MEBCR D BANSHED BHTY SatdrBhfsMAceIRinR) 20U RisEatrkINgiisrand/provided a
methoshigideshenidagplpavirg. delaying or reversing progression from impaired glucose tolerance
(IGT), impaired fasting blood glucose (IFG), insulin resistance and/or from metabolic syndrome to type
2 diabetes mellitus in a patient in need thereof characterized in that a pharmaceutical composition or
pharmieibecai ol dge fomeeridniefiied hdedinbadere piogensrisintifecprigpachtimisteeed to the patient. As
by thegusened & PRAIMBSSIIERHF ARMBRSHIP R 3R IRDEKRACRHEAAL %ﬂf%ﬁ@ﬂ?ﬂ/@%%@ﬁg to this
disclosure, an improvement of the glycemic control in patients in need thereof is obtainable, also those
conditfBHLEATEr diseases related to or caused by an increased blood glucose level may be treated.
According to the disclosure, there is provided a method for preventing, slowing the progression of,

delayipg gl ireptingqha &%ggm%gaﬁég%gs&ﬁs'sgb%%ﬁp{a fhe HOURRARISHEG 2EGqRplications of

diabetes mellitus such as cataracts and micro- and macrovascular diseases, such @s nephropathy,
retinofRFPHENRRTEIRYSRs_ @B IdEHRER ARl vinbane rydhespraiodieRrosis, myocardial infarction, accute
coronary syndrome, unstable angina pectoris, stable angina pectoris, stroke, peripheral arterial
occlu%’\ﬁemdr;‘saease, cardiomyopathy, heart failure, heart rhythm disorders and vascular restenosis, in a
patient In heed thereof characterized in that a pharmaceutical composition or pharmaceutical dosage
form abgdfigeent diesiasefererayidasar @haeadsudigaieisiensdion ¢anpasEag. The term "tissue
ischaejmiglipi ieUes i GRIRRY iIsesdiakelicnpgreansionaibdabelic BicroaRaionaNcinpaired
wound healin an%diabetic ulcer. In%r)]arti ular one or more %}s?gects of diabetjc ne,phrog?atgly such.as
hyperPERTSBI BrateR S Hh 8 AR MRS BE P& 0 WreH PP B aFo I Aol e M Bi5e Bt
delayedovided egritacnddzefeamivtayervranmaisiogdbag ivtti se asgisrarzd ¢ niicaty acckptatgrosalscular
complifgfions-ars et erlanaeaibul SRRSO AR ABSAIPMET Aohioro.a-(6-D-

pharmaceutical composition and pharmacedutical dosage form according 1o this disclosure and due to
the acﬁ\&if;‘?%\frﬁ{@%ﬂ; Mﬁ“@1%@9&@@?3@%@%@5]&5&"QbeB@@ZI\QJIQ%”ﬁF@%F%&ﬁfé??é‘ﬂ &ti8oluble
storagshtnrag dike dahdratiexcietad dhroughrthe sirreto g atienind bereivses-nmpEails.imgeight or
even a reduction..in Odﬁ}i We.it%ht is the res%t,{h,éécgg%g to.the isc!)qsure .tgeri,?airsm%mﬁigeq a method

for recFuhc%n&ar(f&%/'cv?/e?g pgrsiorenvg?\(ff)r{g'g% Increase In Bedi;s v%eldeﬁ? oyl%gﬁi'{at ng a feduction in body

weightainegsitiemtiiT Asmniecr cofidheitisaowiral saarepien s csatirdndtalisgsnion or
pharmaceutical dosage form as defined hereinbefore and hereinafter is administered to the patient.
The pharmacological effect of the glucqopyrangsyl-substituted henzene derivative as an SGLT2

T S R R APPSR B Ere RER HEh S A e T AR dent of insuiin.
Therefompasiticproverisng dhesigly esmiv adive olhisrpessiticalitigoediant adtittopartistessizon the
pancreplifdfish @ Re By afcasminsiation.al smehasnacrtisalicopienvitoner ghagmaceutical dosage

form according to this disclosure a beta-cell degeneration and a decline of beta-cell functionality such
as for @Qﬁﬁ?ﬂé’%ﬁﬁ’oﬂf&sﬁ@%‘%@f@%i%O&F%ﬁE}’@%{ﬂE’%éfé? GA ettt seraiagiaroriiacente i

Furthethme eand he disneftigratitscel pedictesdipedelsican be improved or restored, and the number and
size of pancreatic beta cells increased. it may be shown that the differentiation status and hyperplasia
of pancreatic beta-cells disturbed by hyperglycemia can be normalized by treatment with a

pharmEt&&iRa BerRmsanbAsI e rREMd ffcal IGERIGETeliR? RUBRIFECD this disclosure.
Accordhgipifingineionpte. thesqirpraide gametbasiiasareveating: slening, cielyieeiiegating the

degeneyation gf pancreatic beta cells.and/or the decline gf the functignality of pancreatic beta cells
o T TS 13 s PELSSHA RS ARG e 57 SARLTEAE e oEr AP 8N the
functicieaitnvlegdncvehtics hylipesatifieticiiomnaetiatibnt in need thereof characterized in that a
pharmaceutical composition or pharmaceutical dosage form as defined hereinbefore and hereinafter is
administered to the patient. By the administration of a pharmaceutical composition and pharmaceutical
dosage form according to the present disclosure, an abnormal accumulation of fat in the liver may be
reduced or inhibited. Therefore, according to the present disclosure, there is provided a method for
preventing, slowing, delaying or treating diseases or conditions attributed to an abnormal accumulation
of liver fat in a patient in need thereof characterized in that a pharmaceutical composition or
pharmaceutical dosage form as defined hereinbefore 10 and hereinafter is administered to the patient.
Diseases or conditions which are attributed to an abnormal accumulation of liver fat are particularly
selected from the group consisting of general fatty liver, non-alcoholic fatty liver (NAFL), non-alcoholic
steatohepatitis (NASH), hyperalimentation-induced fatty liver, diabetic fatty liver, alcoholic-induced
fatty liver or toxic fatty liver. As a result thereof, the disclosure provides a method for maintaining
and/or improving the insulin sensitivity and/or for treating or preventing hyperinsulinemia and/or insulin

resistance in a patient in need thereof characterized in that a pharmaceutical composition or
nharmaceritical docane form ac defined herainhaefore and hareainaftar ic adminictarad to the natiant



preventing, slowing, delaying or treating the degeneration of pancreatic beta cells and/or the decline of
the functionality of pancreatic beta cells and/or for improving and/or restoring the functionality of
pancreatic beta cells and/or restoring the functionaggy of pancreatic insulin secretion; or 11 -
preventing, slowing, delaying or treating diseases or conditions attributed to an abnormal accumulation
of liveF Ha@MREF AR @ Sareeim Hre R ené dissitse AdasiBeandrertohadiirgi®inpreventing

hyperigsulinespiaiancéaninsbibaaisthocs: id sigadientiyvnasetharaghs d1eslsslesiaiealso provides

the usg of a phar eutical compositjon or of a r utical dosage, form accarding to the present
oo R T oot Hon A a1 VB e HEAROAES cmcribea
hereintbefeiasaptiitersimatitnerie riecasedthingiaspecbethehisiegruitide ghhemese wicalpharmaceutical
dosagesfappsfnAaingd ahrveiibgmandagieoldyediafmsnt for preventing, slowing
the progression of, delaying or treating a metabolic disorder se lected from the group consisting of type
| diabetes mellitus, type 2 diabetes mellitus, impaired glucose tolerance, impaired fasting blood
glucodeyrihpergly cdthia teo stppsnai dhd ppesgly cisics we drivesgidc o imsity taatdametabolic syndrome; or
- ImPrRKAINSRIRIe CORHALANAEBHTRH(RY G BTN RS R BHAORE QT RAPIRERLAR) Plasma
glucose and/or of glycosylated hemoglobin HbA1c; or preventing, slowing, delaying or
reversing progression from impaired glucose tolerance, insulin resistance and/or from metabolic
syndrome to type 2 diabetes mellitus; or preventing, slowing the progression of, delaying or
treating of a condition or disorder selected from the group consisting of complications of diabetes
mellitus such as cataracts and micro- and macrovascular diseases, such as nephropathy, retinopathy,
neuropathy, tissue ischaemia, arteriosclerosis, myocardial infarction, stroke and peripheral arterial
occlusive disease; or reducing body weight or preventing an increase in body weight or
facilitating a reduction in body weight; or preventing, slowing, delaying or treating the
degeneration of pancreatic beta cells and/or the decline of the functionality of pancreatic beta cells
and/or for improving and/or restoring the functionality of pancreatic beta cells and/or restoring the
functionality of pancreatic insulin secretion; or for preventing, slowing, delaying or treating
diseases or conditions attributed to an abnormal accumulation of liver fat; or maintaining
and/or.improving the insulin sensitivity and/or for treating or preventing hyperinsulinemia and/or insulin
resistance; in a patient in need thereof. Definitions The term "active ingredient" or "active
pharmaceutical ingredient” of a pharmaceutical composition or pharmaceutical dosage form according
to the present invention means linagliptin and optionally a glucopyranosyl-substituted benzene
derivative of the formula (1) as according to the present invention, in particular the compound (1.3).
1l1a The term "body mass index" or "BMI" of a human patient is defined as the weight in kilograms
divided by the square of the height in meters, such that BMI has units of kg/m2. The term "overweight"
is defined as the condition wherein the individual has a BMI greater than or 25 kg/m2 and less than 30
kg/m2. The terms "overweight" and "pre-obese" are used interchangeably. The term "obesity" is
defined as the condition wherein the individual has a BMI equal to or greater than 30 kg/m2. According
to a WHO definition the term obesity may be categorized as follows: the term "class | obesity" is the

. condition wherein the BMI is equal to or greater than 30 kg/m2 but lower than 35 kg/m2; the term
"class Il obesity" is the condition wherein the BMI is equal to or greater than 35 kg/m2 but lower than
40 kg/m2; the term "class Il obesity" is the condition wherein the BMI is equal to or greater than 40
kg/m2. The term "visceral obesity" is defined as the condition wherein a waist-to-hip ratio of greater
than or equal to 1.0 in men and 0:8 in women is measured. It defines the risk for insulin resistance and
the development of pre-diabetes. WO 2010/092124PCT/EP2010/051735 12 The term "abdominal
obesity" is usually defined as the condition wherein the waist circumference is > 40 inches or 102 cm
in men, and is > 35 inches or 94 cm in women. With regard to a Japanese ethnicity or Japanese
patients abdominal obesity may be defined as waist circumference 85 cm in men and ?. 90 cm in
women (see e.g. investigating committee 5for the diagnosis of metabolic syndrome in Japan).



The term "euglycemia” is defined as the condition in which a subject has a fasting blood glucose
concentration within the normal range, greater than 70 mg/dL (3.89  mmol/L) and less than 100
mg/dL (5.6 mmol/L). The word "fasting" has the us%al meaning as 10a medical term. The term
"hyperglycemia" is defined as the condition in which a subject has a fasting blood glucose

concelfteaiabindiere/ie helvraryeapsyreassiitesroeoteny iariyslisaaiibrLprmueWo s "fasting” has
the f_@@éin@@@ig?@g@?én@eigalsamlﬁqm%rtglﬂawwe%?m%‘1@?@5@@@@@@' gftlzonoggon i7devhich
a supj ct a DIo icaQse concentratjQn below the normal r np ticular below mg

s 0 S e e et SRR S LT Bt Glhich = scibjoct
has a2 bdicwavedsiprapreidicisio du vigucothecisemnitalglatosetbmrmgintiatod Hredterctbaal 200 mg/dL

(11. 11 ramaliby g essyampairedianling B slsase0k6 I Gartfcdgfiagd as the condition in which

a 25 subject has a fasting blood glucose concentration or fasting serum glucose concentration in a
range HEFRPYTRS Y7 eI Ihe SYREY SR 1855 R01/1), in particular greater than 110 mg/dL and

less than 126 mg/di (7.00 mmol/L). A subject with "normal fasting glucose" has a fasting glucose
conce ' I L E. ler S mmol/l. 30 The term. "impaired glucose
tolerar?ggg%@%@lg' k?srregéﬁﬂgié) gosgtlﬁédégb%%g%h%ﬁ IC %Jgéaggt as%:{oﬁl ﬁgru%rp ég? randial blood
glucodEFipirAs glueste dbcanreadingneatsianan JWGRYRANPFYF8UPFHBIIEY and less than 200
mg/dLugrkdde asnottye dienaipermalglucose tolerance, i.e. the 2 hour postprandial blood glucose or
serum glucose concentration gan be megsured as the blood sugar level in mg of glucose per dL of
plasma 2 hours after taking-75 356 of gfiicose after a fast. A subject with "normal glucose tolerance”
se or serum glucose concentration smaller than 140 mg/di (7.78
4PE€T/EP2010/051735 13 {The term "hyperinsulinemia” is defined as the
condition in \mhich 8, subject with insulin resistance, with or without euglycemia, has fasting or
postpran#i@l seffim oPPlasma insulin concentration elevated above that of normal, lean individuals
without insulin résistance, S5having a waist-to-hip ratio <1.0 (for men) or <0.8 (for women). The terms
"insulin-sensitizing”, "insulin resistance-improving" or "insulin resistance-lowering" are synonymous
and used interchangeably. 10The term "insulin resistance” is defined as a state in which circulating

insulinveee@in iR CerusvEitmerMaliTdsponst tracirecbyciware sdguretRlo maintain the
euglycefripyriaiRdrordfoRy of a5) MRy (RN 843268} Loraethgdhefdaterminiggilpsulin resistance

is the euglycaemjc-h erinsu\inaemic clamp, test. The ratio of insulin to glucose is determined within
the ScER OF KRB BN PR BB P S PR LB hARS RSGR 15 BE T8 Reulin resistance i
the glutsisteaitastsption is below the 25th percentile of the background population investigated (WHO
definition). Rather less laborious than the clamp test are so called minimal models in which, during an
intravenous glucose tolerance test, the insulin and glucose concentrations in the blood are measured
at fierifPr\ré%Pﬁeﬁ%% ghiperarrseRidistesiyeiRra deearednd thataRhai s YRR method, it is not
possibiertpaigtimpensiplisiwden Z0hepatio@yt quikiptiesdlbasping dsisianee akartetvore, insulin

resist ient with.i infesi e r | | nsitivity .and

ryper e S e ol B A i

resist{M@TIIEANS IRFSALHRE. RIGERME RWeatbPiorMaRA Y Sredianee (KalistHaNet aL Diabetes

Care 20@irddy 3R 4 Jfuttney priguense WatnagdatpingiwdsdenifeAetaiminadiaraf the HOMA-index
for insglin ser}sg_tivity (Matthews et at, Diabetologia 1985, 28:412-19), of the ratio of intact proinsulin to

insulin a§8 S5 fgﬁ,' Diabetes 2003, 52(Suppl.1): A459) and to an euglycemic clamp study. In addition,
plasma ‘

Therefore the present disclosure provides a pharmaceutical composition

comprising linagliptin as a first active pharmaceutical ingredient and a glucopyranosyl-

substituted benzene derivative of the formula (1) as described hereinafter as a second active
pharmaceutical ingredient and one or more excipients, wherein the second active ingredient
has a particle size distribution of 1 pm < X90 < 200 um, preferably determined by volume by

iaser-diffraction method.



adiponectin levels can be monitored as a potential surrogate of insulin sensitivity. The 30estimate of
insulin resistance by the homeostasis assessment model (HOMA)-IR score is calculated with the
formula (Galvin P, et al. Diabet Med 1992;9:921-8): HOMA-IR = [fasting serum insulin (pU/mL)] x
[fasting plasma glucose(mmol/L)122.51 WO 2010/092124PCT/EP2010/051735 14 As a rule, other
paraméterstaenasegtitaes@ryaiaiticinisatprin de tteeatisdssursuliowesisthnasiEredeiablyitthe patients
triglycaride s ereeiiabiRRIiR fbTERithig%AMP ima S CERaRes! KicvsaHEgIay fisseau shatsssignificantly
with the, resenge ol Insullp (eslstanchpbaichis Wi g piedisposion.or fe. development of IGT or
IFG or't Pe labetes are those havmg@?u ?ycemlffwuh yperinsulinemia And are 6‘y ef?nltlon, insulin
resistéﬂ%ﬁt?yﬁi{é] BEABRTVIE RRGH FeMerive: RSy QUaRedR ot isHesw e hRMING resistance
can beigeteotedithigigizapsigivutddpgredaipindidagalindihthediaseatabsf plerdiabetdieThus, it may be
that in order to maintain glucose homoeostasis a person needs 2-3 times as much insulin 10as a

health At his: Ing. clinj 1. ods to investigate the function
of paniﬁ%?@%é&?gge té}lg lsg%r{%faﬂr%ﬂ{%gaa So%@ﬁ&?ﬁ%@%éﬁdr%%ﬁ tgq?nsulin sensitivity

Il )
hyperifQuRNE e AL R SRS R RS MBPSORIREHP SP B S5l Fin heRamBesHsR ured for
examplespgeiermaney dnddMie dispieraxgerpetateeply setio nimatsevicel dusmiaiembgia 1985,
28: 41&véQ)nthe patierabintadicprbisiduedtdaisidsnedtstral ot dDinbair®i2088:R2(Suppl.1): A459), the
insulin/Cpeptide secretion after an oral glucose tolerance test or a meal tolerance test, or by employing
a hypq[{}glycemic claé'np stud tang{or minimal mode in%lafter a frequently %ampled intr venmjs glucose
tolerance st §?ﬁ?nvol?%?% . EUr 3%””;5'[0\/8%({\/ , 31 fé?)g@ij 2 Théfern? AR et "‘isathe
conditi§iFiMasRIHCah ifeRFeRIaf % Pretisfisdesad the'alyefSpMERINeT PR LHidpeies I5EURiPRtes
extendsabessiefinitianedt ithpaived giudese dolermmietodneiutite: indiyicdiatdavitipatfestingblond glucose
within {haighiperiedrapasdiaama/dL (J. B. Meigs, of at Diabetes 2003; 52:1475-1484) and fasting
hyperinsulinemia 25(elevated plasma insulin concentration). The scientific and medical basis for
identif}%in pre- diabetes as a serious health threat js laid out in a Position Statement entitled "The
PrevehtiBRTMB&A 8P Prie blapkius Plamagsyiar smresiirAeansiasdpaslidityiation and the
Natioresimpiniatios ufitbialgdtesparahDigesitialitated Kiehrep®©thuivedisd DidbeforTladl 2892; 25:742-749).
30 Indilgsitriadikelsitrhavesinadlinriegistangearestinke wroochang, Wewdignesg ekt feflowing
attr'bua%%éagoe{re{eahsfﬁgraonq%%c%mmp'm%nr&ﬁﬁwsr HYRRYIBIOSIMR SHnpiapQr more 1st

degree relative wit agnosis of IGT ar IEG or type 2 diabetes. insu in resistance can be confirmed
in thedE IAId0LR By RELRRIRS e I RRE L SR G LSS DSRRANER, isuln
resistetieeaRtidEneigsad Freopmie arconuitisrerPifaeasitiiiiRgduiingaimandand prevention

2010/@9 2b2APGABERR il x] 636rdbitD MidetRyscongplicdtbes af Hiahéfed hsiitue alwe the upper limit

of normalassistingskiaithgdaboratory performing the glucose and insulin assays. The term "type 2
diabetes" is defined as the condition in which a subject has a fasting blood 5glucose or serum glucose

concentration greater than 125 mg/dL (6.94 mmol/L). The measurement of blood glucose values is a

stand4YerproReda s FIsiaRd tETEEMaKLR F BYRDEE RBRYAHEW test is carried out, the blood
sugar s&vehgfthediabeissinlt bé ifelextessrdfc200geywitghmiosiispedatis¢Lizairmiiig ofqplasma 2
hours ediglistia@dhglecosribaee heemtakaiandbetpy aiamasihdia glueese taletmaee test 75 g of

glucospaP AN REMd BREY LRAE REETTHRRIRAENRS BUSHAdE A9BSR JRNg and the blood
g overweight, obesity and metabolic syndrome in a patient in need thereof characterized in that
a pharmaceutical composition or pharmaceutical dosage form as defined hereinbefore and

hereinafter is administered to the patient.

According to the disclosure, there is provided a method for improving
glycemic conirol and/or for reducing of fasting plasma glucose, of postprandial plasma
glucose and/or of glycosylated hemoglobin HbA1c in a patient in need thereof characterized



recorded immediately before taking the glucose and 1 and 2 hours after taking it. In a healthy subject,
the blood sugar level before taking the glucose will be between 60 and 110 mg per dL of plasma, less
than 200 mg per dL 1 hour after taking the glucose and less than 140 mg per dL after 2 hours. If after
2 hours the value is between 140 and 200 mg, thisSis regarded 15as abnormal glucose tolerance. The

term "jat@ stage Wnarddaheiacmneliusoins piampalivmtanits aysaeandardsiiwgpfailure, indication for
msuhq,]g}gir an rpcf(?x%@%ﬁ%)tgz%ﬁﬂ?zus‘?‘é}gﬂg%@@ﬁ%ﬁl@r complications e.g. diabetic nephropathy,

or coronary eart Isease he term "HDAIC" refers to the product of a non-enzymatic
glycation of the haemoglobin B chain. Its determination is well known to one skilled in the art. In
monitdiectizsraastien chatasdirsand ntesriseaybrel desage forot eseepiishial ihphaiselresreas its
produﬁi&gﬂ@kﬁpﬁé\iﬁiﬁm@We@@éhﬁohi@@@bi&t@ﬁéﬂﬁé@hﬂhddb@e&i&coﬂMﬁythn’@oy!téﬁorﬁbe HbAI ¢ in

the sefsa &Py ihdd Epaﬂgﬁmemgﬂgﬁxe riectRIBSRYeRARPIRAL IR VRS idbgiRreceding 4-6

weeks. Diabetic ents e HbAlc value is consistently well adjusted by intensive diabetes
treatn{gﬁ'ts PES% %aé)f%%? 8t3¥?1da8mgglobln in the sample), are significantly better protected
against dlabetlc mlcroanglopathy. For example, metformin on its own achieves an average
improxﬁem&dtﬁ@ théenélbiddioarakeHer¢hie pialidtic eftkethodder pfelvéntidgb 30°)/0. This reduction of the

HbALG RN &9@@8‘#@%&%@'b%@k@;%t%ﬁmﬁaar@@gq@&mww@@mpm@@% and
prefer?‘b'%( théod gugcse Tél?f%%nh”%%@? gRL d%#&%“%t&%%g%' p% éE} %ﬁ&gg)@!gg“‘c control” in

the SCOop vention'means a condition wherein patients’s ues above

6.5%, %Bh?fﬁérﬁ}ﬁjlﬁ’rsdﬁé‘v%a?%‘b)@ vt thiore ;ﬁ'éefé?ﬁfﬁﬁ/zﬁﬂﬁ?/éh?@%haé?&cﬁﬁﬂ%bove 8 %. WO
2010/0921R4RGTHE PRODG/OSIIRES dB qieefvmetsbtsitn sgindreinbef el arvhietkingfliteirsme X" (when
used igdhmresiaxiofhr meataholic disorder), also called the "dysmetabolic syndrome” is a syndrome
complex with the cardinal feature being insulin resistance (Laaksonen DE, et at Am J Epidemiol 2002;

156:1070- 7) According to the ATP II|/NCEP guidelines (Executive af mmar of the 5Third Report of
the N RAISHAE LN EATEA LR GOPRAE NRE Y ERRERFP AR ASRECAS, 293T0Mbn, and

Treatrirefitofisis B o CholessroN 9iioe Bty cRmNACPRiE e ARTERIN Il)eﬁﬁil‘ﬁ)@f eugnal of the

AmerigamkMasli;all Assesiaiondif00d s R0 286 240Biatidgo esisank ey etabotieasgddrionte is made
when Uggsgr,g(}g(g..g;ug@tf@g%lng risk factors are present: 101.Abdominal obesity, defined as waist
circumference >40 inches or 102 cm in men, and >35 inches or 94 cm in women; or with regard to a

Japanese ethnicity or Japanese patients defined as waist circumference 85 cm in men and 90 cm in
womeAcoordiny katigetisaloansg/hera Sannyidehsigsitrsl LAFPTRYAIMS men 4. Blood pressure .?

130/85lmmng1g:¢mm3@m bER&R:BY)NG. dFastaigdvadeghditee A0yl sFhetdtGEMdidinitions have
been ya ?t@&ne,s%b&ﬁnﬂm Bleagb® HMaideridenaimhd 200R)=3kRSddd And mitialysegides and HDL

3225%2? AVl LRI SR RS dggwgﬁ%gxe% AOsYS elaealh Nedieanaliai ond e

or example in Thomas L or un Books Ver a?%gesellschaft
i

mbH, ﬁ&%ﬁﬂ%ﬁﬂﬂﬁaﬁﬁteﬁ%@eﬂ?&ﬁaﬁ&% E’IdBfﬁfﬁtb‘?ﬂyal‘%é‘ﬁeﬂ AftASH SKYPTh 4B iagnosed if the
systol|e®mweﬁpr§s§m@%389m@m§d§aﬁtfalwe rAriG ALy A Re g0 ESBRISd pressure (DBP)
exceedsraiyalip o9 Onan RHgutt areatanlism iteringdrand maniiestdiabeses itdsaqputientlin
f?comﬁz%qqﬁgré%%ﬁa?a%yeﬁ%%a blansk @rsﬁé%s&%ﬁ@g%%&%ﬂvcﬁ'&%%&é%mb@g@d the
diasto orm as d eremb(e)lw reer %né%ereeg\z’avfter is arlgmigastered to the pafient. The term "tissue

ischaemia” particularly comprises diabetic macroangiopathy, diabetic microangiopathy,

impaired wound healing and diabetic ulcer. in particular one or more aspects of diabetic

nephropathy such as hyperperfusion, proteinuria and albuminuria may be treated, their

progression slowed or their onset delayed or prevented. The terms "micro- and

macrovascular diseases” and "micro- and macrovascular complications” are used

interchangeably in this application.



30The terms "treatment' and "treating” comprise therapeutic treatment of patients having already
developed said condition, in particular in manifest form. Therapeutic treatment may be symptomatic
treatment in order to relieve the symptoms of the specific indication or causal treatment in order to
reverse or partially reverse the conditions of the inélication or to stop or slow down progression of the

diseassy hausithniseampatiansanshdesags dormpsansh3bmehadmebinedpreegbimention may be

used t W I therapy. WO
2010/§é§%@tﬁ§égr@§§§f%?/§g%%§ ]@;E}E&éﬂfer%tsﬂl %%Pﬁ)?o a%:tdt%j y treat#ﬁgg)@%%};gr%%é? eating" and

"preveéltrfPedrRYTIs AErinR RARFSIESIR 1aRo R ﬂ@ﬁ@@gﬁnm B 5uft SHeend W%'%E}éelop a
conditivingrritie neticméréhssefoie, nnwv@mmgréardeﬂgn Hregectomin brshapeiaidasyheffective
amounrgsas used herein refers to an amount or dose of the active pharmaceutical ingredient that
effects the desired therapeutic response, for example a reduction in blood glucose levels, a reduction
of HbAlc or w wére uction, in a mammall t or patient, but preferably does not cause
hypog?‘)ﬁ:cé)ﬁﬁﬁ%% B s[u(S? 1%%&5%3{0??5 835 rﬁ?ﬁ‘ﬁﬁe@ﬁgggﬁ{ﬂ%&g}%posmon or pharmaceutical
dosag\yer@hh%wﬁ%@q\% inetRASPH aRPACHEIRH) oh feltialing arnadesientincrape wriat i fective
amountitasisetd tednarefeins toc Bmized du tiaraduserobf thetiad pectivesidictiver pharmacsitiieal ingredient
that ineemhingtipasdthitae athemsetive RhamBasrstisakingredisriaifecindhagianired therapeutic

response, for example a reduction in blood glucose levels, a reduction of HbAlc or weight
15reduction, in a mammalian subject or patient, but preferably does not cause hypoglycemia in the

subject/ét FﬁéﬁfgiﬁCqJ‘ﬂ%*%'rF‘rV%&Hh%Shﬂ?ﬁ%@l%‘lﬁfb%’%ffﬁﬁﬁg LEFRNITIRAYAAEES ith one or more
coatin§§iLAZrthiehitore the Hermisehlbtaamphselitalsietsrdingrig hirdisetmsines mdependserdre layers

20andopiRssieonkersialichs WheseHRAEBIahd g RefaretapREPRAsbiMAS Aftilieds Baitbaavithout or
with ope.or Joge. r:f)%t %Pfgla%:cT ‘%at%@f‘s ek a%&?n?sq%r?sﬁ AL RSl SRS o%ﬁ%WSFcem and

orally dlsmte rati e erms harmacopoe” and arrgr%ab%)oelas refe standard

pharn%ﬁ@é%@'%c‘?f’?@%%%@" FEFETINE D8 HIFGIO5H S At SrSHE ’&Urﬂ States
Pharntiestpeiel ietmvehfiormtionsity Tgropeint Pieriiacopotiais @ ngapsisciraiesetbediettor the
QualityaisMeadisingsaad bleakhbrie, RA0R2002) (i ivhDeseiplionmeiitredtigusts &The Figure 1
SEOW%&&M@%P%Q%@'férﬁ;cmg@meéﬁtaﬁ&@](zié%hesﬁam Bath AbiReraeHd fbdhe Tfhe Flc(zluéeX§
SNOWS SIS rmination of the me n oln S Ine rorm

of the %&5 o%ﬂr?i% ‘}Yere %arf |g%r%s g h\XPsefHIGSI fu@o %’%&%%}%l%%?%g%ﬁ;an D/é%%e calculated

reactiiyRHIEeeTIs AP AR AR Y Hﬁﬁ“@ﬂ@‘éﬂﬁ‘fé%ﬁﬁé@éﬂ‘ﬂwwzm‘r‘aﬁs which received a
controphaiea20 1M AE24L CTER2010/@ED ABE dBdinagilptin (Cpd. A), the compound (1.3) (Cpd. B) or
a combination of linagliptin and the compound (1.3) (Combination A + B). The Figure 4 shows

dissolytion roflles of tablets rding to the Exa ple4an e Exa herein e
compo%ﬂng Flrgg) an thateRﬁPl gasc??r?gr% tlntt | urgrgwﬁ%%]vs% ut?S%é,v Esﬁ \é?lé?sﬁg

accorcﬁW@’Wth@%Yﬁ?ﬁp‘Pé g%atfagemggpgenerahon of pancreatic beta cells and/or the deci[ne of

the functionality of pancreatic beta cells and/or for improving and/or restoring the functionality
of pancreatic beta cells and/or restoring the functionality of pancreatic insulin secretion in a
patient in need thereof characterized in that a pharmaceutical composition or pharmaceutical
dosage form as defined hersinbefore and hereinafter is administered to the patient.

By the administration of a pharmaceutical composition and pharmaceutical dosage form
according to the present disclosure, an abnormal accumulation of fat in the liver may be
reduced or inhibited. Therefore, according to the present disclosure, there is

provided a method for preventing, slowing, delaying or treating diseases or conditions
attributed to an abnormal accumulation of liver fat in a patient in need thereof characterized
in that a pharmaceutical composition or pharmaceutical dosage form as defined hereinbefore



is the compound (1.3) and the API 2 is linagliptin. Detailed Description The aspects according to the
present invention, in particular the pharmaceutical 10compositions, pharmaceutical dosage forms,
methods and uses, refer to linagliptin and glucopyranosyl-substituted benzene derivatives as defined
hereinbefore and hereinafter. The term "linagliptin" a$%mployed herein refers to linagliptin and
pharmaeshcatyfaece ptahiesatts teteopanettdiig:byek atesonad sedvateshther eafianedary stalline

forms &ﬁgﬁ{&ﬂfagé’éﬂmU%‘?éﬂ@ﬁ@ﬁ&%@%@ﬁc@%&@@@&%ﬁ?&@ d @ﬁ@&h‘é@{ﬁ‘ia'l&@e forms are

the p cri na re described in
A e e S el T
distindlYBpEiToMAEatEIdrERY (IR hxPALHa Do ﬁaityhlmm&igoa@hﬁ HuteRrdatbxbwstiiaxipotency and a
long-ldstingvetiect with favourable pharmacological properties, 20receptor selectivity and a favourable
side-effect profile or bring about unexpected therapeutic advantages or improvements when used in

comblnatlon Wll‘ﬂh %gp g/%a I substltgted ben eraef derlvartlve .accor |nrg to this invention. The
e ine

glucopyranosyll Bstitute ﬁ?eHree erivative is defined. matvlq formdia ( 25 wherein R11 denotes

chloro“BPFﬁ}é‘ﬂ%/F SH&SF@ a%%E@gye‘t‘ﬁﬁ'r’oéfHWﬁa@iﬁ&Efr?ﬁ‘?“@ﬁahijﬁ‘%f‘ﬁf&??ﬁ“ﬁ‘lé@ 8r
(S)-tetrsuwidnsiistanGsyfoxpatieat prodged tttteecdEhan0t@ 0K 00 R 4RO AMEREOL0H51 735 19 WO

2006/ 2R8I 2ORAMB44 332165 200 THRRABR 1NN RORMOSAP4 8niia2RHi848923.  Inthe
above MW%@@QﬁXké;&Qﬁﬂmted benzene derivatives of the formula () the following 5definitions of

the substituents are preferred. Preferably 1:21 denotes chloro. Preferably 123 denotes ethynyl,
(R)-tetrahydrofuran-3-yloxy or (S)-tetrahydrofuran-3-yloxy. Most preferably R3 denotes
(R)-tetrARytiveiRfdie-3isaop ¢S e tan g FoRheimaceldior! 10Preferred glucopyranosyl-substituted
benzeneviersiiativescofding tormu Bisdidare setestaddrofadhesgsd 8 preticemeaufads (1.1) to (1.5): (1.1)
HOCI poﬂ:reventing, slowing the progression of, delaying or treating a metabolic disorder selected
from the group consisting of type 1 diabetes mellitus, type 2 diabetes mellitus, impaired
glucose tolerance (IGT), impaired fasting blood glucose (IFG), hyperglycemia,
postprandial hyperglycemia, overweight, cbesity and metabolic syndrome; or
- improving glycemic control and/or for reducing of fasting plasma glucose, of postprandial
plasma glucose and/ar of glycosylated hemoglobin MbAtc; or _
- preventing, slowing, delaying or reversing progression from impaired glucose tolerance
(IGT), impaired fasting blood glucose (IFG), insulin resistance and/or from metabolic
syndrome to type 2 diabetes mellitus; or
- preventing, slowing the progression of, delaying or treating of a condition or disorder
selected from the group consisting of complications of diabetes mellitus such as cataracts
and micro- and macrovascular diseases, such as nephropathy, retinopathy, neuropathy,
tissue ischaemia, diabetic foot, arteriosclerosis, myocardial infarction, accute coronary
syndrome, unstable angina pectoris, stable angina pectoris, stroke, peripheral arterial
occlusive disease, cardiomyopathy, heart failure, heart rhythm disorders and vascular
restenosis; or
- reducing body weight or preventing an increase in body weight or facilitating a reduction in
body weight; or
- preventing, slowing, delaying or treating the degeneration of pancreatic beta cells and/or
the decline of the functionality of pancreatic beta cells and/or for improving and/or
restoring the functionality of pancreatic beta cells and/or restoring the functionality of
pancreatic insulin secretion; or



OOH OH 1-chloro-4-(6-D-glucopyranos-1-y1)-2-(4-ethynyl-benzyl)-benzene, (1.2) CI HOO O'OH OH
1-chloro-4-(6-D-glucopyranos-1-y1)-244-((R)- tetrah drofuran-3-yloxy)- benzylkbenzene, (1.3) Ci S HO
OOH OH 1-chloro-4-(6-D-glucopyranos-1-y1)-244- ( S)-tetrahydrofuran-3-yloxy)- benzyl)-benzene,
WO 2010422124 PSwWiEe 20 ey061 7:35:20r(d A543 B0 ORijbrbeatizingd 1o an abnormal
1-methyl=244:((Rtesralyerafuan-3-yloxy)-benzyl]-4- (8 D- glucopyranos 1-0 (1.5 HOOOH

y1)-be n%zeaqgtallmriﬂs t§z¥c¥762r4i'n4n'b :%%%Pé’%gﬂ%aé‘eﬁ'sﬂ benevil A3 ing lru;%% "%‘285'1' 40C0
hyperinsulinemia and/or insulin resistance;
in a patient in need thereof.

The disclos ure also provides the use of a pharmaceutical composition or of a pharmaceutical
dosage forrm according to the present disclosure for the manufacture of a medicament for a
therapeutic and preventive method as described hereinbefore and hereinafter. Hence, in a third
aspect, there is provided the use of a pharmaceutical dosage form as defined above for the
‘manufacture of a medicament for

- preventing, slowing the progression of, delaying or freating a metabolic '
disorder selected from the group consisting of type | diabeles meliiius, type 2 diabetes meliitus,
impaired glucese tolerance, impaired fasting blood glucose, hyperglycemia, postprandial
hyperglycemia, overweight, obesity and metabolic syndrome; or

- improving glycemic control andfor for reducing of fasting plasma giucese, of
postprandial plasma glucose and/or of glycosylated hemoglobin HbA1c; or

- preventing, slowing, delaying or reversing progression from impaired glucose
tolerance, insulin resistance and/or from metabolic syndrome fo type 2 diabetes mellitus; or

- preventing, .sicw}ng the progression of, delaying or ireating of a condition or
disorder selected from the group consisting of complications of diabetes mellitus such as
cataracts and micro- and macrovascular diseases, such as nephropathy, retinopathy,
neuropathy, tissue ischaemia, arierioscierosis, myocardial infarction, stroke and
peripheral arterial occlusive disease; or

. reducing body weight or preventing an increase in body weight or facilitating a
reduction in body weight; or

- preventing, slowing, delaying or treating the degeneration of pancreatic beta cells
and/or the decline of the functionality of pancreatic beta celis and/or for improving and/or
restoring the functionality of pancreatic beta cells and/or restoring the functionality of pancreatic
insulin secretion; or

- for preventing, slowing, delaying or treating diseases or conditions attributed fo
an abnormal accumuiation of liver fat; or

- maintaining and/or improving the insulin sensHivity andior for treating or
preventing hyperinsulinemia and/or insulin resistance;

in a patient in nsed thereof.

Definitions _
The term "active ingredient” or "active pharmaceutical ingredient” of 2 pharmaceutical

composition or pharmaceutical dosage form according to the present invention means
linagliptin and optionaily a glucopyranosyl-substituted benzene derivative of the formula (1) as
according to the present invention, in particuiar the compound (1.3).



OH Even more preferred glucopyranosyl-substituted benzene derivatives of the formula (1) are
selected from the compounds (1.2) and (1.3). 5According to this invention, it is to be understood that
the definitions of the above listed glucopyranosyl-substituted benzene derivatives of the formula (1)
also comprise their hydrates, solvates and polymdrfzhic forms thereof, and prodrugs thereof. With
regardrigstherarajeeg e pried &-’ﬂBm/ﬁ' aﬁaarm;a@g%ﬁ@ﬁy%&nﬁef@a@ ﬁ%dﬁérf]@f}ﬂbﬁd inthe
interngt icatio incarpoLa erein in its entirety.
With %8%%23%&?(9 &%Bpm%ré%yggm%o&%g%%%ﬁlﬁé g‘??\?é%@&ﬁé%&%:@ﬁ%ﬁié@ orm is described in the
interné’[figﬁgppatent application WO 2006/117360 which hereby is incorporated herein in its entirety.
With regard to the preferred compound (1.3) an advantageous crystalline form is described in the
internatienakpatent apgitati endsies2006Hd ohdtwhishdiere ysimiticaporaied mreddatés entirety.
With rgH o416 PRELRIRALCAmROUNELINE AR U AdKIBIRARMS Y SIALIBdoLTLIs dgsgribed in the
mternat%on%l ater%lappllcatlon WO 2008/049923 which hereby is incorporated herein in its entirety.
These'%r%}g ii9838rns possess good solubility properties which enable a good bioavailability of the
glucopyranosylsubstituted benzene derivative. Furthermore, the crystalline forms are
physicbreltermicalbesial ésaiwdinhd e pibyidenditioodistrelf: ltre Stalbilityad hthezpRiiinacaiticat
compasiger mgq@ :&9&&49}?%%6%9%?&@435&@&%& Aoteleratarysiales ibdn ot he
compq 3) can, be characterize -ray.powder diffracti attern that comprises peaks a
P A et A S s Cand amed
(XRPIY)38 ARSI CHRENBHRRIE M e SptRuRRSaIbokssily psviRR Feiditiasd it iecomprises
peaksBil s equalg@ar g@dier tRB05XQ0/86 and@8e? hdedi@eg/20; (Bdltemyleles20) ohvbmitein said X-ray
powdes eilirasigndpaiiesrels MacRmRRg Gl kb askationnhaflmpatieular said X-ray powder diffraction
pattern comprises peaks at 14.69, 17.95, 18.43, 18.84, 19.16, 19.50, 20.36, 22.71, 23.44, 24.81, 25.21
and 25.65 dergr,ees 20 (FO. degrees ?ﬁ \gherein said X-ray powder diffraction pattern is made using
CuKai TARI1SHan. VISRig LRI RN TRR Ry B8 FROFLIRS (ﬁ"ﬁff'& THASEIRTR A 8h X-ray powder
diffracetatEs Jadtean ezl doukih i CeraENG8igtionvanfchscosasised. Heddlines twyrisksor0 (0.1 degrees
28) asicaanreiantalkledthd dbleibpagayoppredaitbifisaction pattern of the crystalline form (1.3X) (only
peaks up to 30 in 2 Bare listed): 2 0 [01 d-value [A] Intensity I/10 MI 4.46 19.80 8 9.83 8.99 4



11.68 7.57 4 13.35 6.63 14 14.69 6.03 42 15.73 5.63 16 16.20 5.47 8 17.95 4.94 30 18.31 4.84 22 22
18.43 4.81 23 18.84 4.71 100 19.16 4.63
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The term "abdominal obesity” is usually defined as the condition wherein the waist
circumference is > 40 inches or 102 cm in men, and is > 35 inches or 94 cm in women. With
regard to a Japanese ethnicity or Japanese patients abdominal obesity may be defined as
waist circumference = 85 cm in men and = 90 cm in women (see e.g. investigating commities

5  for the diagnosis of metabolic syndrome in Japan).

The term “euglycemia” is defined as the condition in which a subject has a fasting biood
glucose concentration within the normal range, greater than 70 mg/dL (3.89
mmai/l.) and less than 100 mg/dL (5.6 mmol/L). The word “fasting” has the usual meaning as

10  a medical term.

The term “hyperglycemia” is defined as the condition in which a subject has a fasiing blood
glucose concentration above the normal range, greater than 100 mg/dL (5.6 mmoi/L}. The
word “fasting” has the usual meaning as a medical term.

15
The term “hypoglycemia” is defined as the condition in which a subject has a blood glucose
concentration below the normal range, in particular below 70 mg/dL {3.89

mmol/L).

20  The term "postprandial hyperglycemia” is defined as the condition in which a subject has
a 2 hour posiprandial blood glucose or serum glucose concentration greater than 200 mg/fdL
(11.11 mmoliL).

The term “impaired fasting blood giucose” or "IFG” is defined as the condition in which a
25  subject has a fasting blood glucose concentration or fasting serum glucose concentration in a

range from 100 to 125 my/d (i.e. from 5.6 to 8.5 mmol/l), in particular greater than 110 mg/dL

and less than 126 mg/di (7.00 mmol/l.). A subject with "normal fasting glucose" has a fasting

glucose concentration smaller than 100 mg/dl, i.e. smalier than 5.6 mmolfl.

30  The term “impaired glucose tolerance” or "IGT" is defined as the condifion in which a
subject has a 2 hour postprandial blood gliucose or serum glucose concentration greater than
140 mg/d! (7.78 mmol/L) and less than 200 mg/dL (11.11 mmol/L). The abnormal glucose
tolerance, i.e. the 2 hour postprandial biocod glucose or serum giucose concentration can be
measured as the blood sugar level in mg of glucose per dlL of plasma 2 hours after taking 75

35 g of glucose after a fast. A subject with "normal glucose tolerance” has a 2 hour postprandial
biood glucose or serum glucose concentration smaller than 140 mg/d! (7.78 mmol/L).



42 19.50 4.55 31 20.36 4.36 74 20.55 4.32 13 21.18 4.19 11 21.46 4.14 13 22.09 4.02 19 22.22 4.00 4
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The term “hyperinsulinemia” is defined as the condition in which a subject with insulin
resistance, with or without euglycemia, has fasting or postprandial serum or plasma insufin
concentration elevated above that of normal, lean individuals without insulin resistance,

having a waist-to-hip ratio < 1.0 (for men) or < 0.8 (for women).

The terms "insulin-sensitizing", "insulin resistance-improving” or "insulin resistance-lowering”

are synonymous and used interchangeably.

The term “insulin resistance” is defined as a state in which circulating insulin levels in
excess of the normal response to a glucose load are required to maintain the euglycemic
state (Ford ES, ef al. JAMA. (2002) 287:356-0). A method of determining insulin resistance is
the euglycaemic-hyperinsulinaemic clamp test. The ratio of insulin to glucose is determined
within the scope of a combined insulin-glucose infusion technique. There is found to be
insulin resistance if the glucose absorption is below the 25th percentile of the background
population investigated (WHO definition). Rather less laborious than the clamp test are so
called minimal models in which, during an intravenous glucose tolerance test, the insulin and
glucose concentrations in the blood are measured at fixed time intervals and from these the
insulin resistance is calculated. With this method, it is not possible to distinguish between
hepatic and peripheral insulin resistance.

Furthermore, insulin resistance, the response of a patient with insulin resistance to therapy,
insulin sensitivity and hyperinsulinemia may be quantified by assessing the “homeostasis
model assessment to insulin resistance (HOMA-IR)" score, a reliable indicator of insufin
resistance (Katsuki A, et al. Diabetes Care 2001; 24: 362-5). Further reference is made to
methods for the determination of the HOMA-index for insulin sensitivity (Matthews et al.,
Diabetologia 1985, 28: 412-19), of the ratio of intact proinsulin to insulin {Forst et al.,
Diabetes 2003, 52(Suppl.1): A459) and to an euglycemic clamp study. in addition, plasma
adiponectin leveis can be monitored as a potential surrogate of insulin sensitivity. The
estimate of insulfin resistance by the homeostasis assessment model (HOMA)-IR score is
calculated with the formula (Galvin P, et al. Diabet Med 1992;9:921-8):

HOMA-IR = [fasting serum insulin (uU/mL)] x {fasting plasma glucose{mmol/L)/22.5]



24.09 3.69 3 24.33 3.66 7 24.81 3.59 24 25.21 3.53 46 25.65 3.47 23 26.40 3.37 2 26.85 3.32 8 27.26
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As a rule, other parameters are used in everyday clinical practice to assess insulin
resistance. Preferably, the patient's triglyceride concentration is used, for example, as

increased triglyceride levels correlate significantly with the presence of insulin resistance.

Patients with a predisposition for the development of IGT or IFG or type 2 diabetes are those
having euglycemia with hyperinsulinemia and are by definition, insulin resistant. A typical
patient with insulin resistance is usually overweight or obese. If insulin resistance can be
detected, this is a particularly strong indication of the presence of pre-diabetes. Thus, it may
be that in order to maintain gluccse homoeostasis a person needs 2-3 times as much insulin

as a healthy person, without this resulting in any clinical symptoms.

The methods to investigate the function of pancreatic beta-cells are similar 10 the above
methods with regard to insulin sensitivity, hyperinsulinemia ot insulin resistance: An
improvement of beta-cell fungstion can be measured for example by determining a HOMA-
index for beta-cell function (Matthews et al., Diabetologia 1985, 28: 412-19), the ratio of
intact proinsulin to insutin (Forst ef al., Diabetes 2003, 52(Suppl.1): A459), the insulin/C-
peptide secretion after an oral glucose tolerance test or a meal tolerance test, or by
employing a hyperglycemic clamp study and/or minimal modeling after a frequently sampied
intravenous glucose tolerance test (Stumvoll et al., Eur J Clin Invest 2001, 31: 380-81).

The term “pre-diabetes” is the condition wherein an individual is pre-disposed to the
development of type 2 diabetes. Pre-diabeles extends the definition of impaired glucose
tolerance to include individuals with a fasting blood glucose within the high normal range 2
100 mg/dL (J. B. Meigs, et al. Diabetes 2003; 52:1475-1484) and fasting hyperinsulinemia
{elevated plasma insulin concentration). The scientific and medical basis for identifying pre-
diabetes as a serious health threat is laid out in a Position Statement entitled "The
Prevention or Delay of Type 2 Diabetes" issued jointly by the American Diabetes Asscociation
and the National Institute of Diabetes and Digestive and Kidney Diseases (Diabetes Care
2002; 25:742-749).

Individuals likely to have insulin resistance are those who have two or more of the following
attributes: 1) overweight or obese, 2) high blood pressure, 3) hyperlipidemia, 4) one or more
1% degree relative with a diagnosis of IGT or IFG or type 2 diabetes. Insulin resistance can
be confirmed in these individuals by calculating the HOMA-IR score. For the purpose of this

invention, insulin resistance is defined as the dlinical condition in which an individual has a



3.08 4 29.41 3.03 18 WO 2010/092124PCT/EP2010/051735 23 Even more specifically, the crystalline
form (1.3X) is characterised by an X-ray powder diffraction pattern, made using CuKai radiation, which
comprises %85%1%%%%5 20 (0.1 degrees 20) as shown in Figure 1. §furthsrmars the crystalline
form (1.3X) is characterised by a melting point of about 149C 3C (determined via DSC; evaluated as
onset-temperature; heating rate 10 K/min).The obtained DSC curve is shown in Figure 2. The X-ray
powder diffraction patterns are recorded, within thd&cope of the present invention, 10using a STOE -
STADI P-diffractometer in transmission mode fitted with a location-sensitive detector (OED) and a
Cu-anode HOMAHY sevpce4E axaHaiadGrscrre abgvothe ser2plvt 2bperyal RtKe re8iPARbove the
values "20idbodenpirdienangteod difrcsioniiddegreayand the values "d [A]" denote the specified
distances in A between the lattice planes. The intensity shown in the Figure 1 is given in units of cps
(counts per second). 15 In order to allow for experimental error, the above described 20 values should
be considerdeltarplture tdiphetrsyriseledted Ppircandionds W@(j?e%%‘@&cﬁ%ﬁ %%5104,P'0fen
asses5ing yueiwesragiveyisansplecobenysitls gietitercimmpaindgdl3)6is4ermrifisiallime form in
accordance, i) (e IN¥eRIicR: 2B AlRARCD s xpaTmEBtR AsEMed-e dessaguple 120 should

be considered identical with a characteristic value descri above if it falls within 0.1 de%)rees 20 of

the charactedlegRseARREa D iGtds LTI Rifs RRIP OSSR 26/373He h SRBERSR Vhiue.
The meltingopoint i gletesmiredLogt DS tDIerEnitishs E4rmirpCal 3R metiy)cesiagayDSEB21

25(Mettler Toleda) -RegprdincnibeaqHephaunasedticaingredientaiitcesn e danndstbpidhe

dissolution properties of the pharmaceutical composition and dosage form and thys the bioavailability
of the Betiv¥aihyiR e RRIRS LIRIGEESISR AT By Ré%%éi%@ﬁ%%}%%ﬁ?{?& %‘l‘?grd?é’t%]lﬁsution of 30the

respective ractivdep ramedistsitivaldregirkdignbel olithespiraharveld daiico aliso Siling And piaatificeutical
dosage forgyaegoidingotoy iR vardierths Behivah ginaeaic iraredientsnieferanlyjeave a
particle size dlftributior] su %thﬁé@t least 99 ﬁAhof thgeﬁg%%ct%g alﬁggéeepahaﬁreasct%gticﬁ]d%edient
particles, Vit 8&5.‘8%%% Ctfi {ino%pﬁf} g/olun%)é],r as a paﬁic & e Shallerivan 200 pm;i.e. X90
<200 pm. WGiReter@Irus FCIERIBLO3 05 Y3528 bepwratiddarng #R pradhiaieeesitbmposition

and pharmaceptisatonadedasrracaording to the invention linagliptin, for example a crystalline form
thereof, preferably has a particle size distribution (by volume) such that at least 90 Ai of the respective

active pharmaceutical ingredient has a particle size smaller than 200 pm, i.e. X90 <200 pm, more
preferably Xunterm 1 esiaandveraiirhpios e bitvsc B dude s RHBUASIEIRIOMARDHES95 100 pm,
even morespiefsmaly=¥805r Team teragdiiensibgrpssibeleosierclistributiorviagueerably such that X90

> 0.1 pm, mor;Ie%ra%fenrgg!}éé?%?%C j@:@b@g@,%@@;&gﬁ%gg@%&s@ggm e preferred particle size

r
diStI‘ibUtiOﬂ%Oal% such tha pm, partictlarly 0.1 pm’'<X905 150 pm, more preferably
1 pm%)x90 5 150 pm, even more preferably 5 pm .5 X90 5 100 pm.

The term "HbA1¢" refers to the product of a non-enzymatic glycation of the haemoglobin B

chain. Its determination is well known to one skilled in the art. In monitoring the treatment of
diabetes mellitus the HbA1c value is of exceptional importance. As its production depends
essentially on the blood sugar level and the life of the erythrocytes, the HbA1¢ in the sense

25  of a "blood sugar memory" reflects the average blood sugar levels of the preceding 4-6
weeks. Diabetic patients whose HbA1¢ value is consistently well adjusted by intensive
diabetes treatment (i.e. < 6.5 % of the tofal haemoglobin in the sample), are significantly
better protected against diabetic microangiopathy. For example, metformin on its own
achieves an average improvement in the HbA1c value in the diabetic of the order of 1.0 - 1.5

30  %. This reduction of the HbA1C value is not sufficient in all diabetics fo achieve the desired
target range of < 6.5 % and preferably < 6 % HbA1cC.

The term "insufficient glycemic control” or "inadequate glycemic control” in the scope of
the present invention means a condition wherein patients show HbA1c values above 6.5 %,

35  in particular above 7.0 %, even more preferably above 7.5 %, especially above 8 %.



10A preferred example of a particle size distribution of linagliptin is such that X90 5 50 pm or 10 pm
X90 5 50 pm. Furthermore in the pharmaceutical composition and pharmaceutical dosage form
according to_the.inventian linagliptin, for example a crystalline form thereqf ferably has a particle
15size distri%%ﬁ%&g/%\%fume) such that X50 5 90 pm, more preferably X%B%&?ﬁ%%é%%n more
preferably X50 5 50 pm, most preferably X50 5 40 pm. In addition the particle size distribution is
preferably such that X50 0.1 pm, more preferably X80 0.5 pm, even more preferably X50 4 pm.
Therefore preferred particle size distributions are such that 0.1 pm 5. X50 5 90 pm, particularly 0.5 pm
5 X50 5 751h¢ meiebplisfeyadipagmasx sgled7sypricager pehatovessrefdatssniesmis X50 5 50 pm.
Ahpreferredn@ffalwc?m&afj@m 59?65@&@9&91@fﬁy&ﬂ&BSW@H}?}?@”HE}@F@%@%F%%@PQ}FK@? and
pharmaceutic age form according tq the invention li iptin, for mple.a, crystalline form
thereof, préjt%rrgé%?g%aaggrg%gﬂgcfésgI'zner |§S%ralgﬁ i&afgso\?gfbrr@g)%{f%ﬁﬁp{ﬁg)%ﬁggﬁ pm, more preferably
X10 0.1 prr0eeetPedfisré) phererding Rited S pHYNREAatidrdn sl regdig Bumeary of the
glucopyranvsyl siepsttuteskhenzeaecivibatie Bidbaitarmup-) (ooEmricurthaepapound (1.3), it is
surprisingl h a ' i i nufacturabilit by sticking
o fiming. G I R o of the
pharmace Ut dbpdétidruars odsage i aiedisa BRsrAraBIg 8 2S etieiing preferred
ranges of thagartielef shizandistbitilstkynditendas eftpdy hAMGhREE 6/ 082 4 24 e THERZQLA0 BLI36 25 the
compound {1.3). for example its crystalline form (I13.X), preferably has a particle size distribution (by
volume) such that at least 90 A of the respective active pharmaceutical ingredient has a particle size
smalléP than 200 pm, i2PdestnabeReaii, SrEreraRIsb-ECHEE BRe RISRBTR ADIVA AR Barticle size
distribution is suctethatX905irdAd@pon SévenimevenSpreferitiohede8d b a 98ppnesmetidddiprthe particle
size distribution i preferAblySHC A KR I Bir RIS BFRIBLAIN XD R n G Wash IRKR preferably
X90 10 pm. Therefore preferred particle size distributions are such that 1 pm _5 X90 < 200 pm,
particularly 1 pm"98'X80 5 150 pm, more preferably 5 pm _5 X90 5 150 pm, even more preferably 5
pm 5 X90 5 10@.pm, éviglysaritespeetéfablydO pm 5 X90 5 100 pm. A preferred example X90 5 75

pm. Anpther 10 greferrgd | exampieds 20 Mgrk #0men50 pm. Furthermore in the pharmaceutical
composition and pharmaceutical dosage form according. to the in ion the
glucopyranosyl-éubsti:%i{ga&lboéﬁiseuﬁg %329&%“ %ﬁﬁﬁ%%ﬁu]gﬁﬁf ié]%%taart%céﬂar the compound (1.3), for
example its crysfalline fesing 8i50d lesesalzy! Bhgre/Particle 15size distribution (by volume) such that
X50 5 90 pm, more preferably X50 5 75 pm, even more preferably X50 5 50 pm, most preferably X50
540 pm. aqgél;ém | particle size distribution js preferably such, that X50.7 1 re preferably
X505 pm, L(f\n/gn moreu%p}fgl era .3? %%egnp\fﬁ}ﬁ%r #g%éﬁr%?g??gd {f:)galar‘f'ficl%?eT éjlzé ’%?g?rfﬂapuﬁ%gns?are such that
1 pm 42 X5838: YT o peetisariass Pt baiplestzrhmthmbleopere aimps friesnined®s 75 pm, even
20 more preferably hpnads XDO bl aRBAIPERTE Betiexampleds skanph inXGa 40 pRtikHrthermore in
the pharmageiltical sempesiionand phawaceutical dasaps {0 AGEAIIRG, | invention the
glucopyranosy -suabst?tfl%%d éer’]zenecg)erivat?}vg éct\%e forr?%ﬁa (), in particu a?’?ﬁgb@(bmpound (1.3), for
example its crystalline form (13.X), preferably has a particle 25size distribution (by volume) such that
X10 0.1 pnaseaeringreferabhnsal Osegdefiatien, ngrertnesarald\dXdodqant.the Byskafornad

pharmgceulical coraesiion arahamaceisshiosaos (mAasralinn o s dnwesianuay preferably

be characterized by the above specified particle sizé distributions 30X90, X50 and/or X10 or one of the

following eﬁlﬁﬁ‘amﬁ%@i’ﬁ%d rﬁéﬁgiﬁmé?gﬁﬁm'ing from manifest diabetes it is currently

recommended that the systolic bicod pressure be reduced to a level below 130 mm Hg and

the diastolic blood pressure be lowered to below 80 mm Hg.

30  The terms "treatment” and "treating" comprise therapeutic ireatment of patients having
already developed said condition, in particular in manifest form. Therapeutic treatment may
be symptomatic treatment in order to relieve the symptoms of the specific indication or
causal freatment in order to reverse or partially reverse the conditions of the indication or to
stop or slow down progression of the disease. Thus the compositions and dosage forms and

35  methods of the present invention may be used for instance as therapeutic freatment over a

period of time as well as for chronic therapy.



Glucopyranosyl-substituted benzene derivative, in particular of the compound (1.3) WO
2010/092124PCT/EP2010/051735 26 E.1 X90 <200 pm X90 <200 pm E.2 0.1 pm 5X90 5 150 pm 1

pm 5X90 5 150 pm E.3 0.1 pm 5_ X90 5 150 pm 5 pm 5_ X90 5 150 pmS% 451% gggg 5 150 pm 10
pm 5X90 5. TOb o E24%0.1 pm 5X90 5. 150 pm  X90 5 150 pm 1 pmX50.. ‘ﬁﬂ" 6.1 pm 5 X90

5. 150 pm X90 5. 150 pm
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The terms "prophylactically treating”, "preventivally treating” and "preventing” are used
interchangeably and comprise a freatment of patients at risk to develop a condition

mentioned hereinbefore, thus reducing said risk.

The term “therapeutically effective amount" as used herein refers to an amount or dose of
the active pharmaceutical ingredient that effects the desired therapeutic response, for
example a reduction in blood glucose levels, a reduction of HbA1c or weight reduction, in a
mammalian subject or patient, but preferably does not cause hypoglycemia in the subject or

10  patient. In case the pharmaceutical composition or pharmaceutical dosage form comprises
two active pharmaceutical ingredients, the term "therapeutically effective amount” as used
herein refers to an amount or dose of the respective active pharmaceutical ingredient that in
combination with the other active pharmaceutical ingredient effects the desired therapeutic
response, for example a reduction in blood giucose levels, a reduction of HbA1¢ or weight

15  reduction, in a mammalian subject or patient, but preferably does not cause hypogiycemia in
the subject or patient.

The term "tablet” comprises tablets without a coating and tablets with one or more coatings.
Furthermore the "term" tablet comprises tablets having one, two, three or even more layers

20  and press-coated fablets, wherein each of the beforementioned types of tablets may be
without or with one or more coatings. The term "tablet” also comprises mini, melt, chewable,
sffervescent and orally disintegrating tablets.

The terms "pharmacopoe™ and "pharmacopoeias” refer {o standard pharmacopoeias such

25  as the "USP 31-NF 26 through Second Supplement” (United States Pharmacopeial
Convention) or the “European Pharmacopoeia 6.3” (European Directorate for the Quality of
Medicines and Health Care, 2OGO~2009).

Brief Description of the Figures
30  The Figure 1 shows an X-ray powder diffractogram of the crystalline form (1.3X) of the
compound (1.3).
The Figure 2 shows the thermcanalysis and determination of the meiting point via DSC of the
crystalline form (13.X) of the compound (1.3).
The Figure 3 shows the glucose excursion as quantified by the calculated reactive glucose
35  AUC after a glucose challenge in four different groups of ZDF rats which received a control,



5pm S. X50 550 pm E.7 0.1 pm 5X90 5 150 pm X90 5 150 pm 1 pm 5_ X50 575 pm X10 ?. 0.1 pm
E.8 0.1 pm 5_X90 5150 pm X90 5 150 pm 5 pm 5 X50 5.50 pm X10 ?_ 0.5 pm E.9 0.1 pm 5_ X90 5
150 pm X90 5100 pm 5 pm 5 X50 5.50 pm X100.5 pm E.10 5 pm 5 X94,5,408,pm,2(925100 pm 5 pm
W i} :
5X50 550 pri X100.5 P E.11 X90 5 150 pm 4 pm .5 X50 5 75 pm X90 55100 p“r”'ng}s pm 5 X50 5_ 50
pm X100.5 pm E.12 X90 .5 100 pm 4 pm 5 X50 5 75 pm X10 .?. 0.05 pm
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linagliptin (Cpd. A), the compound (1.3) (Cpd. B) or a combination of linagliptin and the
compound (1.3) (Combination A + B).
The Figure 4 shows dissolution profiies of tablets according to the Example 4 and the
Exampie 6 wherein AP 1 is the compound (1.3) and the API 2 is linagliptin.

5  The Figure 5 shows dissolution profiles of tablets according to the Example 8 wherein API 1
is. the compound (1.3) and the API 2 is linagliptin.

Detailed Description
The aspects according o the present invention, in particular the pharmaceutical
10  compositions, pharmaceutical dosage forms, methods and uses, refer to linagliptin and

glucopyranosyl-substituted benzene derivatives as defined hereinbefore and hereinafter.

The term "inagliptin® as employed herein refers to linagliptin and pharmaceutically
acceptable salts thereof, including hydrates and solvates thereof, and crystalline forms

15  thereof. Crystalline forms are described in WO 2007/128721. Preferred crystalline forms are
the polymorphs A and B described therein. Methods for the manufacture of linagliptin are
described in the patent applications WO 2004/018468 and WO 2006/048427 for example.
Linagliptin is distinguished from structurally comparable DPP IV inhibitors, as it combines
exceptional potency and a long-lasting effect with favourable pharmacotogical properties,

20 receptor selectivity and a favourable side-effect profile or bring about unexpected therapeutic
advantages or improvements when used in combination with a glucopyranosyl-substituted

benzene derivative according to this invention.

The glucopyranosyl-substituted benzene derivative is defined by the formula (1)
25

wherein R' denotes chloro or methyl; and R® denotes ethyl, e’{hynyl., ethoxy, (R)-
tetrahydrofuran-3-yloxy or (S)-tetrahydrofuran-3-yloxy; or a prodrug thereof.

30
Compounds of the formula (1) and methods of their synthesis are described for example in
the following patent applications: WO 2005/092877, WO 2006/117360, WO 2006/117339,



X905 100 pm 5 pm 5_ X50 550 pm X10.?. 0.5 pm E.13 X90 5 100 pm 4 pm 5 X50 5 50 pm X10 ?Al
pm X90 5 100 pm 5 pm 5_ X50 5 50 pm X10 .?. 0.5 pm WO 2010/092124PCT/EP2010/051735 27
The value XQ%r%l;%rﬁgE?z}‘he 90k value of the vo!ume cjistribution measur ﬁi{;&,ﬁjgﬁgg@iffragtometer.
In other words, %or{ € purposes of the present invention, the X90 value denotes the particle size below
which 90% of the quantity of particles is found based on the 5volume distribution. Analogously the
value X50 refers to the 50% value (median) of the ¥8lume distribution measured using a laser
diffractometer. In other words, for the purposes of the present invention, the X50 value denotes the
particle siZ&/0S16051RI2A%S Y6 GORTOGABRIIVET RATHOSTHHNAEDREEA16A8NY Yolume distribution.
Analogouspytiamyedss X10 refers to the 10% value of the volume distribution measured using a laser
diffractometer. In 10other words, for the purposes of the present invention, the X10 value denotes the
particle size below which 10% of the quantity of particles is found based on the volume distribution.
Preferably 'alfhegtpoxs glugary waierd Hiaivird sirngens Hervpiyre chiredormuia e B Pt nined by
laser-djffragénntimethothe 8upatiticsHay devpasighedaser light scattering, i.e. 15Fraunhofer diffraction. A
preferred t%%fjérﬂﬁj?{i %%h&ﬁﬁperimental section. The laser diffraction method is sensitive to the
volume of a particlé and provides a volume-average particle size, which is equivalent to the
weight-averEeBRMiRletenciss #ibvaun Ry reBrRiHE Aok Qb SHELAWRIOWRTHAY B results of the
particle sizeiaistribietiaryoRteeminzti(?)-miromnel tethmetigl @ancb 65 terelaydcbivitin thatolkpm another
technique, for example on an 20empirical basis by routine experimentation. Alternatively the particle
size distribution in the pharmaceutical composition or d,osage form (%an be zlstermir]e b 1:microscopy,
in partulaP EisERE FHIRPSRISSY SH LR BeERIrTPHYRISRE BhYe Tairskady B avR i Eble
starting materigocprsistmgdmedactiVetplisgnmaceutical ingredient, 25such as linagliptin or the
glucopyranosyt=supstituted-benzene derivative, m particutar the compound (1.3)and itscrystalline form
(1.3X), is milled, for example jet-milled orcpin-'lle./ the following the preferred excipi¢nts and
carriers in the pharmaceutical co i ;mccording to the invention are described in further
detail. Pre erab{y thél@xcipients afes3 arfmaecutically acceptable.

OH

(i.2)

1-chloro-4-(8-D-glucopyranos-1-yl)-2-[4-({R)-tetrahydrofuran-3-yloxy)-

benzyll-benzene,

(1.3)

1-chtoro-4-{B-D-glucopyranos-1-yi)-2-[4-({S)-tetrahydrofuran-3-yloxy)-

benzyl]-benzene,




Preferably the excipients are chosen such that they are compatible with linagliptin, i.e. such that there
is no or only marginal degradation of linagliptin in the pharmaceutical composition. The degradation
can be tested in standard tests, for example after a 6 months storage at 3540C and 75% relative
humidity. In his2EhEEthe term "marginal degradation” shall mean a chemical leog?%lgg?ion of
linagliptin of less than 5 %, preferably less than 3 %, even more WO
2010/092124PCT/EP2010/051735 28 preferably 1e&a3 than 2 % by weight of linagliptin. The content
and thus the degradation can be determined by well-known analytical methods, for example using
HPLC or UV methpds.  In the phagmaceutical coraposition according to the invention Lthe excipients
preferably 5comprise one or more ' Armorg in‘ghe pharmaceutical composition according
to the invention the 8% iBlentS pref ATRLiSe one ore diluents and one or moie binders.
10Furtherrn0(r|e45n the pharmaceuti mposition according to the invention the excipignts preferably
comprise gne or more gijtients anggne or more binders and one or more disintegrants and optional
further ingredients|  Furtherfore in the pharmaceutical composition according to the invention the
excipients [L5evenimore preferably comprise one or more diluents and one or more binders and one or
more disinfegranty angd-anen[4neietuRHcarisRRBGomignashuhar inargdiessrandsome of the
excipients may haveI t_\p)/o or more functions at the same time, for example may act as a diluent and as
a binder o as a bh?ﬁ%r ST as disintegrant or as a diluent, as a binder 20and as disintegrant. The one
or more diluents, another term is fille added asdhe guantity of the active pharmacegutical
ingredient(g) is small an

i Al tabfet Weight (for example 100 mg @r more) and a
satisfying ¢ontent Lnjform S5 % standard-25deviation) according to the
pharmacopeigg) Common diluents as for example lactose, sucrose, and microcrystalling cellulose are
observed as not beingigetnpatibleawth linagliptin. Preferably the one or more diluents suitable for a
pharmaceytical composition ggcording to the invention are selected from the group consisting of
cellulose, in particylar cellulose 30powder, dibasic calciumphosphate, in particular anhydrous or
dibasic caltiumphosphateydihydepiaaridis aapyitady starchi prapelatinaegsiasch, gnd xylitol,
including derivative !r?qggggﬁiéates of the beforementioned substances. The diluents prergelatinized
starch shows addi idnal bindet properties. Among the diluents. listed above mannitol and pregelatinized
starch are particularly preferred. WO 2010/092124PCT/EP2010/051735 29 In case the
pharmacetiegl esrppaifareacpocdiyeaiodhesimetiniion cemprisesont dituehthdhemibe diueat is
preferably g&%@é@(&ﬂﬁﬂﬂ%&%ﬁ%&%& ﬁt_ascg}fdrﬂ%s)@ preferably mannitol. In case the pharmaceutical
composition according to the invention comprises two or more 5 diluents, then the first diluent is
preferably mannitol and the second diluent is selected from the group of diluents as described
hereinbeforssoewtingnoriprefesatizly, pfegatatinizedstiool Wiicthshipfisit@oditodribé mhder pstperties.

glucopyranosyl-substituted benzene derivatives of the formula (I) also comprise their

hydrates, solvates and polymorphic forms thereof, and prodrugs thereof. With regard to the
preferred compound (1.1) an advantageous crystailine form is described in the intemational
patent appiication WO 2007/028814 which hereby is incorporated herein in its entirety. With

10  regard to the preferred compound (1.2), an advantageous crystalline form is described in the
international patent appiication WO 2006/117360 which hereby is incorporated herein in its
entirety. With regard to the preferred compound (1.3) an advantageous crystalline form is
described in the international patent application WO 2006/117359 which hereby is
incorporated herein in its entirety. With regard to the preferred compound (1.5} an

15  advantageous crystalline form is described in the international patent application
WO 2008/048923 which hereby is incorporated herein in its enfirety. These crystalline forms
possess good solubilify properties which enable a good bioavailability of the glucopyranosyl-
substituted benzene derivative. Furthermore, the crystalline forms are physico-chemically
stable and thus provide a good shelf-life stability of the pharmaceutical composition.

20



Mannitol as mentioned hereinbefore and hereinafter is preferably a grade with small particle 10size
suitable for granulation. An example is PearlitolTM 50C (Roquette). Pregelatinized starch as _

- mentioned hereinbefore and hereinafter can be any of the commercially available %rades. An example
is Starch 158’(5’!"”19!1?6%%&%0n). 15The pharmaceutical composition accordll)r% s B?é%?’esnt invention
preferably does not comprise a substance selected from the group glucose, fructose, sucrose, lactose

and maltodextrines, in particular lactose. Preferablg-it does not comprise a substance of the
beforementioned group, in particular lactose, above an amount of 2 % by weight of the total
compositioh pesferratioresaitifier vty GB¥Yyef dremopoiref 0.5 %erbyevbigiatiefided totah 20tmposition.
The one or,more: RIRARIR IR RNAIMARSHIER! OMPASIHaM PF B e APDESVEEGER42180.1

pharmaceutical composition, for example during the granulation, and to the compressed tablet. They
add to the EBHESR A SWhBIALRRIAN AV ARLERS MTRETIMRHIEE STThGH BEEss S8 Yrexample
sucrose ang faigspcrystalline cellulose which were observed as not being compatible with linagliptin.
Prefer%bly the one or more binders suitable for a pharmaceutical composition according to the
invention are selected from the group consisting of copovidone, hydroxypropyl 30methylcellulose
(HPMC), hirdpexigutepsastKules e iHimdtiarponiamteyreokds nealy el dfebhiz8 $4takchb.and
low-substitygesh hyslrpamionyeeliirse dotiRG)iirlding derivativasiand by drales afthRtion
beforementioned substances. An even mare preferred binder is copovidone and/or pregelatinized
starch. W@%Tbﬁ)@fé%’ﬁ‘&@)%ﬁé@l 735 30 Copovidone as mentioned hereinbefore and
hereinafter is preferably a copolymerisate of vinylpyrrolidon with vinyl acetate, preferably with a
molecular weight from ahqut 45000.t0 ut. 70000. An example is. Kolli 64(BASF).
5Hydqr§xyp\(r\% %ﬁq%ue%w églc?sllrggé) ‘Eé‘i‘%%”c@aﬁ%akfifb%%’%‘r °yp$8%gé|f’§€£5 éléqr%%-gm?w{e ’r?gfgﬁbefore and

hereinafter'i8 gtet8rably hHPramefiose 9 20 4yt Sly sPopl PRhyiedifawss RESHHdraeames visicosity
in the rangediopmakattAdx aRpHbRP It RRRRE S Melheaslng EBRemdiMigRow Chemicals).
10Hydroxypropyl cellulose (also called HPC) as mentioned hereinbefore and hereinafter has
preferably a viscosity range in the range from about 300 to about 600 mPa*s. Hydroxypropyl cellulose
has preferaiysaspaelecaiprineigpitinns rboyl SO0 CrHeradetitsHOB080 Xtarye@mvdpleligractivs 80000. An
example is KlucelTM EE (Agualon). 15Polyvinvipyrroli | I VR, -palyvi povidone)
2 mesor e Rt e O 000 0
about 5400t Relywinyipytrelidane has preferably a viscosity range from about 3.5 to about 8.5 mPa's.
An example is Kollidonim 25 or KollidonTM 30 (BASF). 20Low-substituted hydroxypropylcellulose
(also called L-HPC) as mentioned hereinbefore and hereinafter has preferabli/ a hydroxypropoxy

content in d #Blfgt frofrapeavseiFiiRTicr SN WelmhtrystelinfdABbleTERIb REB GBS

pregelatinized starch spdnLzHPEeskaadditional diluent and 25disintegrant properties and can also be

used as the se egrant—The-one-ormore-disintegratingagentsserves to assist
in the fragmeritation of the Bharmaceutical comPd@lih and dosage forHPAREY ggministration. A
common disintegrant is fag.example m crocrystallim cellulose which was ctl;) erved as npt being

compatible with 30Iinag|i%ﬁ. Preferably the one or more disintegrants suitable for a phgrmaceutical
composition according tg the present invention afg gelected from the groupgconsisting of
crospovidone,|low- substituted hydroxypropylcellulose (L-HPC); and starches, such as native starches,
in 9.83 8.99 4
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13.35 6.63 14

14.69 6.03 42

18.73 5.63 16

16.20 547 8

17.95 4.94 30

18.31 4.84 22




35particular corn starch, and pregelatinized starch, including derivatives and hydrates of the WO
2010/092124PCT/EP2010/051735 31 beforementioned substances. Among the beforementioned

disintegrants_corn starc
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5glucopyranosyl-substituted benzene derivative of the formula (I) are combined in a pharmaceutical
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The one or more glidants are agents that improve powder fluidity in the pharmaceutical composition.

The pharmaceutical composition according to the present invention may additionally 15comprise one

or more glidants. Preferably the one or more glidants suitable for a pharr%g%'h%% gﬁg?rgosition
colloidal s

according to'the Invention are selected from the group consisting of talc an llicon dioxide

(e.g. Aerosiln4200 Pharma (Evonik)). It is preferred that the excipients, in particular the one or more
diluents, such as mannitol, 20have a particle size iBdhe range from 1 to 500 pm. A particle size from
25 to 160 pm is preferred in.granulation processes. A particle size from 180 to 500 pm is preferred in
direct tabletiag proeepseicatietha mivieline iy préfefalsigharietg diey Sevirigy PPeRSably at least 80

%, more prafesahly phdeast-Yddnesttsiarabined, lashVopivewpiaht af Herpasticlegostin the

given range. 25 According to a first embodiment of the present invention the pharmaceutical
compositioteamepASe suPWhis &lgve pharmaceutical ingredient which is linagliptin. A preferred
composition according to the first embodiment of the present invention comprises 30a diluent, a binder

and a gisiniogiant, Feferably.seid ampostion.compdags anly anGAlueN: &uRapole preferably said
compasition cormprises onf\}’ one dildent-arn on?y oné bihder’ Even more preferably said composition
comprises dihyidairraingsniadihconebingd s iipoReraiiRt8aiRE rpie \CdMPBRTiBH may
additionallyseimgissetdarstioapiicaiurE@thermore the composition may additionally comprise at
least one glidant. 35 WO 2010/092124PCT/EP2010/051735 33 0.5-20 %active pharmaceutical

ingredient, 40-88 Aone or more, preferably one diluent, 0.5-20 %one or more binders, 0.5-20%one or
more disintBifantay BasetiftRepe RAINAG SseREH Wit bR ETREILIEIEEHSh MY Rd RHowing
rangé$are gue arsUEEprafaid-0ifitacivie phanmisdenhoalérfjratiati 230:7%(1400sitver more,

preferably 82%&&!%&%%%@5{@39&% Tote biders. IhREORR AR diaiseg RN iyherein the

percentages are by w total composition. Another pharmaceutical composition according

to the first éadHimeet tansptiseaverbrrabios80 b2 dasdetibe MegnbdEiRraningiesest, 40-88 %one
or more, prefgrably-ans diliant P &Be ipetifardBrredint ek deadOiieonecerphnase. disitegrants,
and intensity shown in the Figure 1 is given in units of cps (counts per second).
15
In order to allow for experimental error, the above described 20 values should be considered
accurate to + 0.1 degrees 26, in particular £ 0.05 degrees 20. That is to say, when
assessing whether a given sample of crystals of the compound (1.3} is the crystalline form in
accordance with the invention, a 20 value which is experimentally observed for the sample
20  should be considered identical with a characteristic value described above if it falls within £
0.1 degrees 2@ of the characteristic value, in particular if it falls within + 0.05 degrees 20 of

the characteristic value.

The melting point is determined by DSC (Differential Scanning Calorimetry) using a DSC 821
25  {Mettler Toledo).

Regarding the active pharmaceutical ingredients it can be found that the dissolution
properties of the pharmaceutical composition and dosage form and thus the bioavailability of
the active ingredients is affected inter alia by the particle size and particle size distribution of

30 the respective active pharmaceutical ingredient. In the pharmaceutical composition and
pharmaceutical dosage form according to the invention the active pharmaceutical ingredients
preferably have a particle size distribution such that at least 90 % of the respective active
pharmaceutical ingredient particles, with regard fo the distribution by volume, has a particle
size smaller than 200 pm, i.e. X890 < 200 pm.

35



0.1-4%one or more lubricants, 20wherein the percentages are by weight of the total composition. The
following ranges are even more preferred: 0.5-10%active pharmaceutical ingredient, 50-75 %one or
more, preferably one diluent, 251-15%one or more binders, 1-15%o0ne o ising nts, and
0.5-3 %one‘gpr%‘}c}%o?agﬁcant, wherein the percentages are by weight of %r%%ﬁ@éar:ﬁ[%%tion. 30In the
above pharmaceutical compositions the preferred diluent is mannitol. The preferred binder is
copovidone. The preferred disintegrant is corn stai@h. A preferred lubricant is magnesium stearate. In
case the pharmaceutical compaosition comprises a second diluent, pregelatinized starch would be

preferred. It pagiadditiotial biadeaediveltes @Gt TAcemkcs! tesl Agedarivrmopeswaiiidoa tablet or
capsule, prgpaechivithifpAMRceMticRcarBResiiins Braardirartpibe sy rakosimestseentains
linagliptin as the WO 20%}%09512 P&ZF;E&ZO]&{S)"}N%E 3r4 acti igeing‘ll;&egient rgéglrj%géy ina
therapeutichy BHERHTE YHHBIEY A’bre?e?re SOk et AR SRR 1S oG TG e preferably
from 0.5 torkPadigntvesramatisipreterabpliérohan 26010Mmige - UTer A8 dosans Biefdmbbxaiste 0.5 mo,

1 mg, 2.5 Mgy B A ARGEME, RACEAFMNG:IR-A e ERAERNRGN MMk S theopreseabévaption the

pharmaceutical comt%?smon comprises two active Pharmace_utiqal ingredients which are finagliptin and
a glucopyraffieALlF IR éa Benserieition asna e teido ARiiaUio 48 e RabH B 6 and
hereinafterg in partiaiapdnagliptixoandithe compersicr{big X LOSHprisThgheitrequiddsedbserved that a
glucopyranosyl-substitut enzene derivative of the wila (1), in parti rt 0 nd (1.3),
although hB\'“}.r%E;‘eaS&; %cggﬁﬁkgﬁ%gy -‘"r%‘.’é’[‘y\{@ﬁh?ffé‘é“ hi/gra(r)(g;y -géo%%’s?%%ﬁﬁ%@a%gé%vith inagliptin, i.e.
linagliptin ctifibimechevithreiergicopyranédy siidstinitedtberremsedrrebbtferdsePAst KHovmer shows

only margingl degradafian LA psiried-BhamaseiisahegpersitieRmeerstiod sothe seeond

embodiment comprises linagliptin and the compound (1.3) as the two active pharmaceutical
ingredientsiPre 6I§?()(H€‘pharmaceutical composition or dosage form comprises finagliptin and the
compound (1.3) wherein at least 50 % by weight of the compound (1.3) is in the form of its crystalline

form 20('-32&)ﬁ%{%@éiy@e«@'tn%wmQésﬁMP&&%&&@PM@%M%@@@Ifsmmor dosage

form at least 80 ¢ welght, even more preferably at least 90 % by weight of the comp und (1.3) is in
the form of‘RNERMEfAR fBReIRENs oy §§aﬂ’é?|ﬁ@&W@@mﬁé%’?é?r\g@‘?grﬁ‘iﬁg‘?wyﬂﬁirﬁﬁ%ﬁ cal
compBitiosizy dlesagiofofm caonpsjsestitieg Kithde©pe ononopecidrtidy§Btaliberformsn in particular

o TORaE (AN, 28 fesnRe i B HAgSER L ATURIOR ARIADY rdncARa et nere

entirety. A prefefre rmaceutical composition according to the second embodiment of the present
invention cdisipkigias dnereeradvesdduEmsXehe Bl rBrenprisdsricalyoR 6r hiorB di¥RitedfEhts. An

even more pesferrechpharmageuticabepmpesition areaing s sersnrk3dembedimenk of the
present invention comprises one or more diluents, one or mor? binge‘{s,
X50 < 90 um, particularly 0.5 ym < X50 <75 pm, more preferably 4 um < X50 <75 um, even

20  more preferably 4 ym < X50 < 50 ym. A preferred example is 8 pm £ X50 <40 ym.

Furthermore in the pharmaceutical composition and pharmaceutical dosage form according
to the invention linagliptin, for example a crystalline form thereof, preferably has a particle
size distribution (by volume) such that X10 = 0.05 ym, more preferably X10 2 0.1 ym, even

25  more preferably X10 2 0.5 pm.

In particular with regard to the glucopyranosyl-substituted benzene derivative of the formula
(1), in particular the compound (1.3), it is surprisingly found that too small particle sizes
influence the manufacturability, for example by sticking or filming. On the other hand too

30 iarge particles negatively affect the dissolution properties of the pharmaceutical composition
and dosage form and thus the bioavailability. In the following preferred ranges of the particle

stze distribution are described.

In the pharmaceutical composition and pharmaceutical dosage form according to the
35  invention the glucopyranosyl-substituted benzene derivative of the formula (1), in pariicular



one or more disintegrants and one or more lubricants. Preferably said composition comprises one or
two diluents. Even more preferably said composition does comprise one or two diluents and one
binder. Even more preferably said composition does comprise one or tWQ&P&gﬁUﬁy&g}%deef and one

o 3010/0971 74 : " . i
dlsmtegrantWI?ven oré preferably said composition comprises 350ne or two diluents, one binder and

at least two disintegrants. Even more preferably said composition comprises one or two diluents, one
or two binders and at least two disintegrants. WOZ22010/092124PCI7EP2010/051735 35 Even more
preferably said composition comprises one or two diluents, one or two binders, at least two
disintegrarite antmnedubdic deteRveriate s ysialinafsmsdioopipiestibies mprsES 61 or two diluents,

one or twodpiR@RERnabIBARIMNOIGINIRY NS00 W Pletvsedebiiealtisdprerracsatieseferably said
composition comprises one or two diluepts, one_ar two binder least two disingegrants,and two
Iubricants.i@&ﬂ’%@@%&@ﬁﬁﬁ '§3i%fnca£ﬁ{5%%i i%BnBéJc')nmb%‘s%%OZ%%b?r vmv’opa?lft%é%btﬁg%%nge"oqr%?)wo binders,
three disintegrifts areeralyl tiwricatitde Faetistritotonie somiosidh H1P sodigwampEomprise at least

one glidant, Breferredglilusnts, hindersoAisioiagiants brisaninand gudants airdessibed

hereinbefore and hereinafter. 10A pharmaceutical composition according to the second embodiment
comprises bH&te MR eferEbnRive prasHar e A Fiilieiss, Wouss Weriost MRt fluents,
0.5-20 %opgrasiansre hindenod. 3raQlenneaon mare xiisirteguams pabwlierein Hhepreoentages are by

weight of the total composition. The following ranges are even.more preferred: 1-20%active
pharmacel&ﬁ‘&amf?{&%r&fé‘:ﬁs?éﬁ, éﬁjfsﬁ%ﬁﬁ%?‘fnr%rgevgﬂlﬂne%%f)%i%&§o”nrg Sorﬁ rgn{)o"'fe?% ers, 1-15%one
or more disiveegrargpreitrabiyr ShempeEhtatidsumeroyreleitst axamelectil copusitaeiedditionally
said Qbarang%%%aémg%ig@ @g)kg@ggéi%_one or more lubricants in a range from 0.1-15 % by

weight of the total composition. 25 A pharmaceutical composition according to the second embodiment
comprises preferably 0.5-25% 40-88 % 0.5-20% 30 0.5-20 % 0.1-15%
Furthermore in the pharmaceutical composition and. pharmaceutical dosage form according

to the invention the glucopyranosyl-substituted benzene derivative of the formula (1), in

particular the compound (1.3), for example its crystalline form (13.X), preferably has a particle
15  size distribution {by volume) such that X50 <90 ym, more preferably X50 < 75 um, even

more preferably X50 < 50 um, most preferably X50 < 40 ym. in addition the particle size

distribution is preferably such that X50 2 1 pm, more preferably X50 = 5 ym, even more

preferably X50 > 8 ym. Therefore preferred particle size distributions are such that 1 ym <

X50 < 90 um, pasticularly 1 gm < X50 < 75 um, more preferably 5 pm < X580 <75 pym, even
20  more preferably 5 um < X50 < 50 pm. A preferred example is 8 ym < X50 <40 ym.

Furthermore in the pharmaceutical composition and pharmaceutical dosage form according
to the invention the glucopyranosyl-substituted benzene derivative of the formula (1), in
particular the compound (1.3), for example its crystaliine form (13.X), preferably has a particle

25  size distribution (by volume) such that X10 = 0.1 ym, more preferably X10 = 0.5 pm, even
more preferably X106 2 1 pm.

Therefore a pharmaceutical composition or pharmaceutical dosage form according to this
invention may preferably be characterized by the above specified particle size distributions
30  X90, X50 andfor X10 or one of the following embodiments:

Embodiment Linagliptin Glucopyranosyl-substituted
benzene derivative, in particular of
the compound (1.3)




active pharmaceutical ingredient(s), one or more diluents, one or more binders, one or more
disintegrants, one or more lubricants wherein the percentages are by weight of the total composition.

In the abov%gp

copovidone

an

lubricants are selected from magnesium stearate and talc. In case WO
2010/092124PCT/EP2010/051735 36 the pharma@éutical composition comprises a second diluent,
pregelatinized starch is preferred. Pregelatinized starch has additional binder and disintegrant

harmaceutical compositions the preferred diluent is manni%,ﬁ(?gzgf&ﬁ%gggg 35binder is

ﬂ&%ﬂéﬂﬁ&%rred disintegrants are selected from corn starch crospovidone. Preferred

cond embodiment

edients, 50-75
y weight of the total

1d embodiment are

U7

ch, 0-2
Preferably the

ricant. The lubricant is
e total composition. 25

10% by weight of

properties.  glherefore preferxed phapmaceuticallcompositioi®s acirdng to the se
are 5chatacterized by the following composition:- 120 “)/Oactive pharmaceutical-ngt
%mannitol, 2-8-26copoyiddh 8 EXeeceitbearch, 10wherbirmiseXgBredAtages are b
compositlen—Ancther-preferred-pharmaceutical-compositions-aceording tothe-secor
characterized By the followingHEmP8LiEIR0 120 hactive ﬁlﬁ'ﬁhﬁgg&f’(ié{? MGredient
1550-75%mannitol, 6-15% .cgciaﬁuiw{d starch, 24 %(,U{Jé.)viu'%ryg9 Sél%gocnqrn sta
%crospoyidorke: 20Whereir¢)th8rﬁér>égﬁtaé%%% by weight of the toPaTcomBosition.
above depcri d pharmaceufical cCompasHgis comprise addg@@gllﬁg@ wp
preferably magnesium gtearate in an amount from!0.5-2 % by weight of th
Preferably the above de¢scribed pharmaceutical compositionss¢ampgiserggditionally at least two
lubricants. The first lubricant is preferably magnesium stearate in an amount from 0.5-2 A by weight of
the total gompegition. The secend: iuboicarsogipreferably talc xear astoumt from 0.5-
the total gomposition. 5 um < X50 < 50 pm
E.7 0.1 ym £ X980 < 1580 pm X90 <150 pm
1Tpum s X50 <75 pm
X102 0.1 pm
£.8 0.1 pm < X80 <150 uym X80 €150 prn
5 pm £ X50 £ 50 um
X102 0.5 um
E.9 0.1 um < X90 < 150 um X90 < 100 ym
5 pm < X50 550 ym
X1020.5um
E.10 5 pm < X80 < 100 ym X80 £ 100 um
5 um = X50 £50 um
X102 0.5 um
E.1 X80 < 150 ym X90 <100 um
4 um £ X50 <75 um 5 um < X50 £ 50 um
X102 0.5 pm
E.12 K90 <100 ym X80 <100 ym
4pm<X50 <75 um 5 um = X50 <50 pm
X10 z 0.05 um X102 0.5 pm
E.13 X90 £ 100 pm X80 <100 uym
4 um £ X50 <50 ym 5 um < X50 <50 pm
X100 z0.1pm X110z 0.5 um




30 Therefore preferred pharmaceutical compositions according to the second embodiment are
characterized by the following composition: 1-20 “3/0active pharmaceutical ingredients, 50-75 %man
nitol, 350-15%pregelatinized starch, 2-4 %copovidone, WO 2010/09212 P 51735 8-12
%corn starcw(g %rogpowdone 0.5-2%magnesium stearate, wherein ?kéﬁ%%e%%‘g%g are by

weight of the total composition. Another preferred pharmaceutical compositions according to the
second embodiment are characterized by the follo®g composition: 1-20% 50-75 % 10 0-15% 2-4%
8-12% 0-2% 0.5-2% 150.5-10% active pharmaceutical ingredients, mannitol, pregelatinized starch,
copovidone, corn starch, crospovidone, magnesium stearate, talc, wherein the percentages are by

weight of thedatal 6 MBPASHIQNe the 90% value of the volume distribution measured using a laser
diffractometer. In other words, for the purposes of the present invention, the X80 value
denotes the particle size below which 90% of the quantity of particles is found based on the
5  volume distribution. Analogously the value X50 refers to the 50% value (median) of the

volume distribution measured using a laser diffractometer. In other words, for the purposes of
the present invention, the X50 value denotes the particle size below which 50% of the
quantity of particles is found based on the volume distribution. Analogously the value X10
refers to the 10% value of the volume distribution measured using a laser diffractometer. In

10  other words, for the purposes of the present invention, the X10 value denotes the particle

size below which 10% of the quantity of particies is found based on the volume distribution.

Preferably all X890, X50, X10 values hereinbefore and hereinafter are by volume and
determined by faser-diffraction method, in particular low angie laser fight scattering, i.e.

15  Fraunhofer diffraction. A preferred test is described in the experimental section. The laser
diffraction method is sensitive to the voiume of a particle and provides a volume-average
particle size, which is equivalent to the weight-average particle size if the density is constant.
The skilled artesian knows that the resuits of the particle size distribution determination by
one technique can be correlated with that from another technique, for example on an

20  empirical basis by routine experimentation. Alternatively the particle size distribution in the
pharmaceutical composition or dosage form can be defermined by microscopy, in particutar

electron microscopy or scanning electron microscopy.

in order to provide suitable starting material consisting the active pharmaceutical ingredient,
25  such as linagliptin or the glucopyranosyl-substituted benzene derivative, in particular the
compound (1.3) and its crystaliine form (1.3X}, is milled, for example jet-milied or pin-milled.

In the following the preferred excipients and carriers in the pharmaceutical compositions
according to the invention are described in further detail. Preferably the excipients are

30 pharmaceutically acceptable.

Preferably the excipients are chosen such that they are compatible with linagliptin, i.e. such
that there is no or only marginal degradation of linagliptin in the pharmaceutical composition.
The degradation can be tested in standard tests, for example after-a 6 months storage at

35  40°C and 75% relative humidity. In this context the term "marginal degradation” shall mean a
chemical degradation of linagliptin of less than 5 %, preferably less than 3 %, even more



The pharmaceutical composition according to the invention may additionally comprise one or more
taste masking agents, for example sweeteners or flavours, and pigments. 20 The pharmaceutical
composition according to the invention may additionally comprise one or more coatings. Preferred are
non-functionsPcAtRgE e pharmaceutical compositions according to tﬁg?ﬁ%m%ﬁ% preferably
solid 25pharmaceutical compositions, in particular intended for oral administration. A pharmaceutical
dosage form according to the present invention coggprising a pharmaceutical composition according to
the present invention is preferably a solid pharmaceutical dosage form, in particular for oral
administraticsfe Bkbrgsiethane & dapsalgh ttabietdimtiexanepterdefilmpodhtedabkeadetogreamulate. 30 A
pharmaceicaldnangs (M mbRAkABIAIRAIRMDS frshembrriment.ef Hae dnverdep Jomssmpmle a capsule
or a tablet, comprises only one active pharmaceutical ingredient which is linagliptin. 35A
pharmaceutical dosage form according to the second embodiment of the invention, for example a
capsule ora tadkhpromprides cororastive pbradingduticainvericidheseudinin tererelg@bly
2010/092124R6- R HBRLARRAS linagliptin and a glucopyranosyl-substituted benzene derivative
of the formula (I) as defined hereinbefore and hereinafter, in particular linagfiptin and the compound
(1.3). The tablet may be a one-layer tablet in which the two active pharmaceutical ingredients are
present in frstbereaapdn. ipgtehaamoespiing capleesitiep Becarding-layee iatsation WhiBkCHRNGT the two
active 5ph@r;mgmgigahmg{@gm;sAﬁ;wamﬂb@&ibﬁlaya{mdgm@rgther active pharmaceutical
ingredient is present in a second layer. Alternatively the formulation may be a film-coated tablet in
which one of the two active pharmaceutical ingredients is present in the core tablet and the other
active Pharigbetitiers ihgie aiarreprise fomrptiiaRRecRing RyBe IRYRHRASIPIFHRIEAR et may be a
three-layerpgripesny whighitbete odayresicosiaining wrlyriGonchaciire plsnaaautieal ingredient each
are separated ird | whi ain any active pharmaceutical ingredient.
AIternativeIEjSt'ﬁzé/?a %’t %qg))/é %égélgﬁ%g’é%ﬁ%%g%%ﬁét, i.e. a tablet in which the one active
pharmaceutical ingredient is contained in small tablets, for example with a diameter of 2-6 mm, and
the other attivegpimarsacedticatingrediencierqasitdinedcordisg totid gramtiatite exdpdndsand
compyEssed (AaaME LI AP brRal JAD It RIS IHE S5 RAd BRIl A BRS f the

hereinbeforementioned tablets may be without a coating or may have one or more coatings, in
particular fIRESERINGS BsRARNe RorRARERRMNE G ARTgS e (WilBd dpeRiSted that the amount of

the one or more active pharmaceutical ingredients 20according to this invention to be administered to

the patient gnddeamised fondme WLirRNmaR O RERPRMadRSecREinaiaime Riesemtiyspijon will vary

with the route of adrpinistration, the nature and s veritg of the condition for which treatment or
prophylaxi€fd PBGUHHEANREGRR2 REHCLAG R oA Bt & AR RO AT R BHSR and will
be ultatehrdathdsiisegetidn of the attendant physician. In general, however, a preferred amount is
such that by 25the administration of the pharmaceutical dosage form the glycemic control in the
patient to bghtreated is |m%p(¥)%\j/ep§é 'Qnﬂ}ﬁ followmqipreferreg Jagngéa of the 'mc%l.{gt %1(‘: gj\pagllptln and the

glucopyranbs?/lgﬁ%gfi Ute ﬁzehe'é’erle\;aiﬁ% o %r’earﬁep oyg mnt 8% fArmaceunca id%sage form

according 30msiceiiirahiiaredientelerivead. arddbusrieddasrerinttiel dzhisl meiabt eradministered per

day with respaebie AID adhbpRilentria Dastisylas adiimabaipgofexexpBR!e of spteximately 70 kg
body yeeight \%Qﬁ'o%?” %Srgf]a%etﬂeaﬁ?o%j'%%He%évlci*br&ﬁ%ﬁ%t&’uSQn%dég'%%%J%ezua%mée?r more times
daily and with rega FE50thet foutes of administration

sucrose, and microcrystalline cellulose are observed as not being compatible with linagiiptin.

Preferably the one or more diluents suitable for a pharmaceutical composition according to
the invention are selected from the group consisting of cellulose, in particular cellulose

30 powder, dibasic calciumphosphate, in particular anhydrous or dibasic calciumphosphate
dihydrate, erythritol, mannitol, starch, pregelatinized starch, and xylitol, including derivatives
and hydrates of the beforementioned substances. The diluents pre-gelatinized starch shows
additional binder properties. Among the diluents listed above mannitol and pregelatinized
starch are particularly preferred.

35



and with regard to the age of the patient. The ranges of the dosage and amounts are 35calculated for
the individual active moiety. WO 2010/092124PCPEP2010/051735 39 A preferred pharmaceutical

dosage form according to the second embodiment contains linagliptin in ically effective
amount andWIﬁ)ezlgl?fg%%%anosyl-substituted benzene derivative (in particﬁ%@‘?&%&%@%d (2.3))ina
therapeutically effective amount. A preferred amount of linagliptin is in a range from 0.1 to 30 mg,
preferably from 0.5 to 20 mg, even more 5preferal$ from 1 to 10 mg, most preferably 2 to 5 mg.
Preferred dosages are for example 0.5 mg, 1 mg, 2.5 mg, 5 mg and 10 mg. A preferred amount of the
glucopyrariosyistibstitheetdsentictsdenositive Iepdiniciddratieventiap sanpisesyng Meehange from 0.5

to 100 mg ggteERlyHom Herctac? Masnfien sayeieiewmbibrdromdbiprafaly enimiore preferably
5 to 25 mg, most preferably 10 to 25 mg. Preferred dosages of the 10 glucopyranosyl-substituted

benzene derivative are for example 1 mg, 2 mg, 2.5 mg, 5 mg, 7.5 mg, 10 mg, 12.5 mg, 15 mg, 20 mg,
25 mg ands0asrgthA prramasedinnt sPagssierfensritiediaing tovand SeedRBrErtHdifiéneEontains for
Exatr)n paie adilgéﬁ@?tﬁ@mﬁaﬂmﬁoaaagm@qﬂeﬁwmammwdhnené&aeodepmmeﬁt i dbleditoinding table:
mbodiment Amount of linagliptin Amount of the gluc - ' ehEsnederiyative, in
particular o{%?h%oéjgn?%iuﬁ %&% #5’ P%el?nr}ée%@b%nfggr%’ F%‘%/ﬁﬁ ﬁgéz?lérge%é%%gzl{) t'n%(éét?o 5mg ggﬁgwto 25 mg

E2.3 2 mgWhishaboy adt it PHYEPPEPARES mg to 25 mg E2.52 mgto 5 mg 5 mg E2.6 2 mg to 5
mg

Mannitol as mentioned hereinbefore and hereinafter is preferably a grade with small particle

10  size suitable for granulation. An example is Pearlitol™ 50C (Roguette).

Pregelatinized starch as mentioned hereinbefore and hereinafier can be any of the

commercially available grades. An example is Starch 1500™

{Colorcon).

15  The pharmaceutical composition according to the present invention preferably does not
comprise a substance selected from the group glucose, fructose, sucrose, lactose and
maltodextrines, in particular lactose. Preferably it does not comprise a substance of the
beforementioned group, in particular lactose, above an amount of 2 % by weight of the total
composition, even more preferably above an amount of 0.5 % by weight of the fotal

20  composition.

The one or more binders in the pharmaceutical composition provide adhesiveness 1o the

pharmaceutical composition, for example during the granulation, and to the compressed

tablet. They add to the cohesive strength already available in the diluent. Common binders
25  are for example sucrose and microcrystalline cellulose which were observed as not being

compatible with linagliptin.

Preferably the one or more binders suitable for a pharmaceutical composition according to
the invention are selected from the group consisting of copovidone, hydroxypropyl

30  methylcellulose (HPMC), hydroxypropylceliulose (HPC) and a polyvinyipyrrolidone,
pregelatinized starch, and low-substituted hydroxypropylcellulose (L-HPC), including
derivatives and hydrates of the beforementioned substances. An even more preferred binder

is copovidone and/or pregelatinized starch.



7.5mgE2.72mgto5mg1l0 mgE2.82mgto5mg 12.5 mg E2.9 2 mg to 5 mg 15 mg E2.10 2 mgto
5mg20mg E2.11 2 mgto 5 mg 25 mg E2.125 mg 2.5 mg E2.135 mg 5 mg WO
2010/092124PCT/EP20}0/051735 40 E2.14 5 mg 7.5 mg E2.15 5 Mg 1Q,MG¢pa010/651735
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Copovidone as mentioned hereinbefore and hereinafter is preferably a copolymerisate of
vinylpyrrolidon with vinyt acetate, preferably with a molecular weight from about 45000 to
about 70000. An example is Kollidon™ VA 64 (BASF).

Hydroxypropyl methylceliulose (also called HPMC or hypromeliose) as mentioned
hereinbefore and hereinafter is preferably hypromellose 2910. Hydroxypropyl methylceliulose
has preferably a visicosity in the range from about 4 to about 6 cps. An exampile is
Methocel™ E5 Prem LV (Dow Chemicals).

Hydroxypropy! cellulose (also called HPC) as mentioned hereinbefore and hereinafter has
preferably a viscosity range in the range from about 300 to about 600 mPa*s. Hydroxypropyl
cellulose has preferably a molecular weight from about 60000 fo about 100000, for example
around 80000. An-example is Klucel™ EF (Aqualon).

Polyvinylpyrrolidone (also called PVP, polyvidone or povidone) as mentioned hereinbefore
and hereinafter has preferably a molecular weight from about 28000 to about 54000.
Polyvinylpyrrolidone has preferably a viscosity range from about 3.5 to about 8.5 mPa%s. An
example is Kollidon™ 25 or Kollidon™ 30 (BASF).

Low-substituted hydroxypropylcellulose (also called L-HPC) as mentioned hereinbefore and
hereinafter has preferably a hydroxypropoxy content in a range from about 5 fo about 16 %
by weight.

The above mentioned binders pregelatinized starch and L-HPC show additional diluent and
disintegrant properties and can also be used as the second diluent or the disintegrant.

The one or more disintegrating agents serves to assist in the fragmentation of the
pharmaceutical compaosition and dosage form after administration. A common disintegrant is
for example microcrystalline cellulose which was observed as not being compatible with

linagiiptin.

Preferably the one or more disintegrants suitable for a pharmaceutical composition according
to the present invention are selected from the group consisting of crospovidone, low-
substituted hydroxypropylcellulose (L-HPC), and starches, such as native starchas, in

particular corn starch, and pregelatinized starch, including derivatives and fhydrates of the



E2.16 5mg 12.5mg E2.17 5 mg 15 mg E2.18 5 mg 20 mg E2.19 5 mg 25 mg E2.20 5 mg 30 mg
E2.21 5 mg 50 mg A tablet according to the invention may be film-coated. Typically a film coat
represents 2-5% t()g We%i‘?ht of the total composition and comprises prefe@bll)hgzggmégqt}gging agent, a
plasticizer, ?falﬁ%l 4 optionally one or more pigments. An exemplary coat composition 5may
comprise hydroxypropylmethylcellulose (HPMC), polyethylene glycol (PEG), talc, titanium dioxide and
optionally iron oxide, including iron oxide red and/&lyellow. An exemplary coat composition may
comprise hydroxypropylmethylcellulose (HPMC), polyethylene glycol (PEG), talc, titanium dioxide,
mannitol amefaratientdlysitosubsidechsciitimp irofexkiforementipend cishtegrrmse ghandaedutical

dosage forrn.a0cerding e ienyeniignwisierak!y haswissetetipre@roperties such that after 45 minutes
for each of the one or two pharmaceutical active ingredients at least 75 A, even more preferably at

least 90 % by weight of the respective pharmaceutical active ingredients is dissolved. In a more
preferred éhatpodingbrit bitcpsD IBmMHhEs STineshie SiTRieeRe s 2R 6 BitatHat SRR RIAGRERingredients

at leagf 75{0sSypanagiaaierabeatinrsidN M bymeighiaiithe) wepeatbiesphammaceutical active

ingredients js dissolved, In a mast preferred iment after ' SaLJs afrthesqne or two
pharmacelﬁ’é@é'rg?:%l\J}éCiarﬂa%n en 'éjrg? Fecggft}%?é/? ,pg\%%ﬁéiﬁr%&fggﬁyﬁﬁggt 90'A b;/ we(i%nht of the
respective piekiehata saearigciveisrgrURNaIEHseE el TR RIRRPYBR Sperties can be

determined in a standard dissolution test, for example as described in pharmacopoeias, such as the

USP31-NF26 S2, chapter 711 (disspliion), & Brelalesdeshis dessribeiniipmaryimental section.

2 . . tspant |
The pharmaceutlgé? Hdosage form according to the invention preferably has |S|nteg[rl%tg)'rr1} g5propert|es

ge It  the
such that vattsipPH PRRUEDSGRY BROSABRPINEIP SO AR ATEY A TREPE ™ com
pharmaceutical composition according to the invention, in particular in one dosage form, e.g.
a tablet or a capsule. Preferred disintegrants are com starch, pregelatinized starch and

crospovidone.

15 Crospovidone as mentioned hereinbefore and hereinafter is preferably an insoluble
polyvidone, i.e. a cross-linked form of PVP. An example is Kollidon™ CL or Kollidon™ CL-SF
(BASF).

Corn starch as mentioned hereinbefore and hereinafter is preferably a native starch. An

20 example is Maize starch (exira white) (Roguette).

The above mentioned disintegrants starch and pregelatinized starch show additional diluent

properties, and thus can also be used as the second diluent for example.

25  The one or more lubricants in the pharmaceutical composition reduce friction in the
preparation of the tablet, i.e. during the compression and ejection cycle. In addition, they aid

in preventing adherence of tablet material to the dies and punches.

Preferably the pharmaceutical composition according to the present invention additionally
30 comprises one or more lubricants. Preferably the one or more lubricants suitable for a
pharmaceutical composition according to the invention are selacted from the group
consisting of talc (e.g. from Luzenac), polyethylene glycol, in particular polyethylene glycol
with a molecular weight in a range from about 4400 to about 9000, hydrogenated castor oil,
fatty acid and salts of fatty acids, in particular the calcium, magnesium, sodium or potassium

35  salts thereof, for example calcium behenate, calcium stearate, sodium stearyl fumarate or



WO 2010/092124PCT/EP2010/051735 41 preferably within 20 minutes, most preferably within 15
minutes the pharmaceutical dosage form is disintegrated. The disintegration properties can be
determined in a standard disintegration test, for example as described in pharmacopoeias, such as the
USP31-NF2%’%§?’(?(?§E)][%‘$ 701 (disintegration). A preferred test is describ gjff'gz?ﬁ%lﬂe/x:bjgrsfsmental
section. 5 The pharmaceutical dosage form according to the invention preferably has a high content
uniformity, preferably within a range from 85 to 11%%0, more preferably from 90 to 110 c/o, even more
preferably from 95 to 105 % by weight with regard to the each of the one or two active pharmaceutical
ingredientsndgresiometeatatddionigyarap e detéytninigd Mebistaodbed UgtestdfsiRgitoGeseenple
randomly %Q&@?@@Q@h@mg@&i%gg@gg,{p&g@a{@%gawle as described in pharmacopoeias
such as the USP31-NF26 32, chapter 905 (uniformity of dosage units). A dosage form according to
this invention, such as a tablet, capsule or film-coated tablet, 15may be prepared by methods
well-knowrBtottengheitdkiidgen thendtha aifeasidwadahternist arfaprefatestifidinaedblistane xompression
of the phargaceytisalRaBasiien Hathentosatiehn PemveEe foifuging sh6epMBREsiaNa or compression of
the pharmaceutical comlposition in the for(_‘m1 o[ogtran.ules and if needed with agditionf%ll rem%<ci ients. 20

17

Granules of ﬁ%“sﬁ%lﬁ%:gc%%'ﬁ%%ﬁ*%%?nagggft.(5 accff)erI |\r’1%n¥lc? The i%?/rgﬁflgwrrincg]f bgsﬁlgeepgred '9'methods
well-knowrptaiies Sriecsiildel fir¢feras lubrisrefedreielhatl Tranrsyrasiaamdh oPEEBRESIOMore active
ingredientsstagetheronitioib Rigxeipiesiinsiuee welipraprationd forasasipkinbighiaean wet
granulatiorbprn glfri‘qi%ed Er%qavc\;’t%tr qugpatg%giso%raegg nﬁj% granulation, 25also called roller compaction. In a
preferred wet granuf%ﬂqon process the granulation ﬁjiq'uid is just the solvent or mixture of solvents or a
prepdf@tion of one or more binders in a solvent or mixture of solvents. Suitable binders are described
hereinbefomesfon€sampie didaaposic agentS thtallepsoly @oisdare dali:3 detamplernatartethanol,
methanol, iggrgr%%(r)lgl, acetone, preferably purified water, including mixtures thereof. The solvent is a
volatile compoﬁent, which does not remain in the final product. The one or more active ingredients and
the other excipients, in particular the one or more diluents, optionally the one or more binders and
optionally thirsostenenavaricdisttegestits susuaiyyvitthe poegeit medthen| diaycaidiiarellpremixed and
aranygted i Hag SroremiRtandauh I expRIe e g R Ag R AR atar. The wet

granulation step is usually followed by one or more drying and sievin ste%smé)grtional a wet sieving

. V€ . . g
step is WORITGRRP T A0CRIEEIALHRETES 15 R FGRRIRKFE) A KdRdry sieving of the
granules. Fameistingpiétaldlord bethidayeiican dritd & s da forilbtieg Pamprioesddbr the preparation
according to this invention is preferably characterized by a 5granulation process wherein the first and
the second active pharmaceutical ingredjent to r with one or mﬁ%eB iluents, one or, more binders

th
and one or MibPEEGERTBRPARE SHEPiASuIARRITHRY BroeRELTaTRY %,gﬁngﬁ éa%@oarfa?ﬁa”to this
invenZon is preferasticierirabidhiz cahby on0hideii: o Ayraniflgtiire fiooesiostwbereis in one
granulationpacessithpdirabastivephawnasesticat gsedientsoaster itk presaemiargdivents, one

or more bindeiaand ane.aLinare dlsiniedrants i aranmaed 20 ApoiherHaluiayan prgeess the
second active pharmaceutical ingredient together with one or more diluerits, one or more binders and
one or mor80disirmets arttels iy ahifase80 6 most preferably at least 95 % by weight of the particles

is in the given range.
25
According to a first embodiment of the present invention the pharmaceutical composition

comprises only one active pharmaceutical ingredient which is linagliptin.

A preferred composition according to the first embodiment of the present invention comprises
30  adiluent, a binder and a disiniegrant. Preferably said composition comprises only one
diluent. Even more preferably said composition comprises only one diluent and only one
binder. Even more preferably said composition comprises only one diluent, only one binder
and only one disintegrant. The composition may additionally comprise at least one jubricant.
Furthermore the composition may additionally comprise at least one glidant.
35
A pharmaceutical composition according fo the first embodiment comprises preferably



Preferably in the above processes the granulate obtained by the one or more granulation processes is
optionally blended with one or more additional disintegrant and is blended with one or more lubricants.
20The dried granules are sieved through an appropriate sieve. After addjtjon. excipients, in
particular oﬁ’goo%or'r‘?&%]&i‘sintegrants and the glidant and optionally the Iubr@%ﬁg@%ﬁﬁexception of
the lubricant, in particular magnesium stearate, the mixture is blended in a suitable blender, for
example a free fall blender, followed by addition ofdBie one or more lubricants, for example magnesium
stearate, and final blending in the blender. 25 Thus an exemplary wet granulation process for the
preparatiof.6f2rénules cotiveridingriwepitatmacdigital composition according to the present invention

comprises gy qptignally digsolineiheRie-a5vmaTe bimsiers in a solvent or mixture of solvents such as
purified water at %mbient terg{i}peratu%e té) Produce a granulation liquid; 30b.blending the one or more
active phaﬂﬁé%%u‘tical in@ﬂ? émgfet €'one or more diluents, optionally the one or more binders and
optionally the-8héeor morendisimiegs sitieRoEasisitable mixer, to produce a pre-mix; c.moistening the
pre-mix withnihieig e wationdisuidang sihseqnenhograouiptisgethe moistened pre-mix for example in
a high shear mixer; 35d.optionally sieving the granulated pre-mix through a sieve with a mesh size of
at least 1.0 mm and preferably 3 mm; WO 2010/092124PCT/EP2010/051735 43 e. drying the
granulate dtretfolrwioorsaoanadrp RramNeIsethiet air temperature for example in a fluid bed dryer
until the desked less on dgingpratretedhesrangedadnt-5 % is obtained; f. delumping the dried
granulate f% a;,ynple byosie\éiprggltér %%f%f e With.a;mesh size 50f 0.6 mm-1.6 mm, preferably 1.0
mm; and g> adding preferarbely sieved lubrica t(eé) to the granulate for final blending for example in a
cube Wixerl P an alternafiVe PrBEEESIREF S the excipients such as part of the one or more
disintegrantst 529 for exasuelercatnestasiategosras additional disintegrant, for example crospovidone,
and/or the \9\/(?8 rgirnr@l%rsegéléﬁga&ésfggemggﬁt%rfqggmggig&q feh, can be added extragranularly prior
to final blending of step g. In another alternative version of the process the granulate produced in steps
a to e is 15produced in a one pot high shear granulation process and subsequent drying in a one pot
granulator. Arheisefpie onecasizec tahtiusifve senbidingrit drerisitesibodmant ssneosasrEe ey
pharmgce%i_gai&%mpositmﬁfﬁh§%@m§@£ .ingre@,gngxemplary dry granulation process for the
preparation of %rgnules comprising the ZOPharma(\:;Ptic?l composition according to the present
invention c8Mffiges (1) niny IAFRE RRY SRE Sk rmaceutical ingredients with either all or a
portion of theseXcipients inre wrirEre(@ndermpaction of the mixture of step (1) on a suitable roller
compactoryy 5.3, reduciggethehibens-eipined Mdaring step (2) to small granules by suitable milling

or )
0.14 % one or more lubricants,

20  wherein the percentages are by weight of the total composition.

The following ranges are even more preferred:

0.5-10 % active pharmaceutical ingredient,

50-75 % one or more, preferably one diluent,
25 1-15% one or more binders,

1-15 % one or more disintegrants, and

0.5-3 % one or more lubricant,

wherein the percentages are by weight of the total composition.

30  in the above pharmaceutical compositions the preferred diluent is mannitol. The preferred
binder is copovidone. The preferred disintegrant is corn starch. A preferred lubricant is
magnesium stearate. In case the pharmaceutical composition comprises a second diluent,

pregelatinized starch would be preferred. It has additional binder properties.

35 A pharmaceutical dosage form, for example a tablet or capsule, prepared with a

pharmaceutical composition according to the first embodiment contains linagliptin as the



25sieving steps; (4) optionally mixing the granules of step (3) with the remaining excipients in a mixer
to obtain the final mixture; (5) tabletting the granules of step (3) or the final mixture of step (4) by
compressing it on a suitable tablet press to produce the tablet cores; 30(63}0 tional%lf;l -coating of
the tablet cAYEBHGEHI%) with a non-functional coat. Granules according 8’%‘1%%?/& er#{)odiment of
this invention comprise only one active pharmaceutical ingredient (drug) which is linagliptin. WO
2010/092124PCT/EP2010/051735 44 derivative ofthe formula (1) as defined hereinbefore and
hereinafter, in particular linagliptin and the compound (1.3). A preferred size of the granules is in the
range from, 2R40-3PEIRM, eyRADN e Priefershiidibyre S linatmaa0/pne et fashothaizdsis

measured yia siev lysis ith. & sopissifter RugfarRb AL ISESHRR Yaomore preferably
at least 90“5%’3%85%&%%@[) yc%%gg} %@J\/ﬁ%%?v%e?geh%}zf tfgramgles%fs in *Hg iven rgnge. For the

at

preparatiof"8f RERIFSIARBFHRANEY SX3AW'EHP B1End RS QMBS 59 F84CHbEE 10above in steps (f.)
and (g.) are further filled into capsules. For the preparation of capsules according to the second
embogimegtof e, pyenlion diaRbiss-AGe kiR iedie mosansherhodimantaicihednmyeion i
granules comprising the two active pharmaceutical ip%ﬁdiﬁnts,ﬁma .Eq]% ggg% Aﬁ'ﬁ:eor gxg lgranules
according RS THEIEHIEP S B ARRERe i AR R S L RIS Edmpriamg finagliptin as the one
active pharuisstsuttidaidnegeeigatyativd of treutesobnip esidefigricopspinhrieia-atbaattialpeizene
derivative %m&@rm@@n%gg@m@@ejwe and hereinafter, in particular the compound (1.3),
may be used. 20For the preparation of tablets or tablet cores the granules or the final blend, for
example of the above step (g.) is further compressed into tablets of the target tablet core weight with
apprdfriatésigesimuyctashinesomegied thihg SHcappRPRits thsibterdeszerRRPRE R Bmprises
g_fa_nules a@&%@%\ )t,c?ntlﬁﬁ_rﬂé\ﬁ[%?tiﬁ@o%ﬁib&ﬂ% ng%mwigﬁimage@dimmmmwmmmm |

isintegrants and the optional one or more glidants. Such.ag iSi 5is crospovidone
for exampldERY ?Iﬁ%xiﬁ?F f%rpgtib%cgpgéﬁ- 33‘?8%5%?@?%}6&8%%53 %%ﬁg&sﬁgéﬁﬁﬁggn@%mem of the
invention geiunolsaTssy ey ibierkbeseanr dEMFSHMIORE SEIRE AVRTRRSYS G FAAEIBE comprising the
two active ggg,réegg&wical ingredients, may be used. Alternatively granules according to the 30first
embogdiment of the invention, i.e. granules comprising linagliptin as the one active pharmaceutical
ingredient, and granules comprising glucopyranosyl-substituted benzene derivative of the formula (1)
as defined Aarelaberbrbaimatasiishl sRELIRTE AEERTIDAI L IR SEERTY ATSPINE b TEE*swo
2010/0921 24RMidik B208Q/05mhpa3on b linagliptivaadive gharactdetshbinpackertical intprabiient, may be
used in a fifgl el B0 AANHIERCOMUN Y RGALeRRYTRORRM L IRIHAR BRnRRNQABHNAI vRT the

formula (I) as eﬁrrle erelnlge re and hereinafter, in agtic,ul,ar th corﬁf_ unds(t%]c[ﬁr)é may be used in
the secondYAgernetianek ShodangiIBt 8'dhe JaTICH £t atBrlh S SEESHY emBodiment of the
inventign cormspnisesiphedaradlyinBefo5 More preferably in said pharmaceutical composition or

dosage form at least 80 % by weight, even more preferably at least 90 % by weight of the

compound (1.3) is in the form of its crystalline form {1.3X) as defined hereinbefore. Preferably

the pharmaceutical composition or dosage form comprises linagliptin in one or more of the
crystalline forms, in particutar the polymorphs A and B, as described WO 2007/128721,

25  which hereby is incorporated herein in its entirety.

A preferred pharmaceutical composition according to the second embodiment of the present
invention comprises one or more diluents, one or more binders and one or more
disintegrants. An even more preferred pharmaceutical composition according fo the second
30 embodiment of the present invention comprises one or more diluents, one or more binders,
one or more disintegrants and one or more lubricants. Preferably said composition comprises
one or two diluents. Even more preferably said composition does comprise one or two
diluents and one binder. Even more preferably said composifion does comprise one or two
diluents, one binder and ore disintegrant. Even more preferably said composition comprises
35  one or iwo diluents, one binder and at least two disintegrants. Even more preferably said

composition comprises one or two diluents, one or two binders and at least two disinfegrants.



40-88 % 10 0.5-20% 0.5-20% 0.1-15% active pharmaceutical ingredient(s), one or more diluents, one
or more binders, one or more disintegrants, one or more lubricants, wherein the percentages are by
weight of the total composition. 15The following ranges are even more preferred; 0.5-20% 50-75 %
1-15% 1-159% 288 4%26%, active pharmaceutical ingredient(s), one or mgfeT@}R%ng’yﬁg or more
binders, one or more disintegrants, one or more lubricants, wherein the percentages are by weight of
the total composition. Furthermore the following exggpients and ranges are preferred: 0.5-20 %active
pharmaceutical ingredients, 2550-75 %mannitol, (e.g. Pearlitol 500, Roquette) 0-15%pregelatinized
starch (e.gENMai restanetietBD0NT «@alosition p@ptissopayiiane fdugniBobnadoned\binddrsNil (BASF)),
8-12 Ycorn.siangh (Bstddpire ST CALRANEh(RBHEHSEY Fepsa iy iaanaeriiR SRASIR (R HyQual,

(Mallinckrodt)), 30wherein the percentages are by weight of the total composition. An additional
disintegran?™fo? ¥ AMETFo 8RB aBRS TR §H%?mt“?f%msﬁ]f89?%stip%é')?@h?ré‘F’ﬁw!«gtfg?gpf:SOmposition,
may be usédreinmartiptdfarably asesonhpesitivhigiepriatianeeigindslitusinieyets subkoddrideshetlayer
tabletsswhigh, argynadaebivaskings.ef graeses (QBR f8arbabileariveripasadicatm @isi two-layer

tablets as described above. ,
one or Wwo gi?uen?s, one or iwo binders, three disintegrants and two lubricants. Furthermore
the composition may additionally comprise at least one giidant. Preferred diluents, binders,

disintegrants, lubricants and glidants are described hereinbefore and hereinafter.

10 A pharmaceutical composition according to the second embodiment comprises preferably

0.525% actfive pharmaceutical ingredient(s),
40-88 % one or more diluents,

0.5-20 % one or more binders,

0.5-20 % one or more disintegrants,

15  whersin the percentages are by weight of the total composition.

The following ranges are even more preferred:

1-20 % active pharmaceutical ingredient(s),
50-75 % one or more diluents,

20 1-15% one or more binders,
118 % one or more disintegrants,

wherein the percentages are by weight of the total composition.
Additionally said pharmaceutical composition may comprise one or more lubricants in a

range from 0.1-15 % by weight of the total composition,

25
A pharmaceutical composition according to the second embodiment comprises preferably
0.5-25 % active pharmaceutical ingredient(s),
40-88 % one or more diluents,
0.5-20 % one or more binders,
30 0520% one or more disintegrants,
0.1-15% one or more lubricanis

wherein the percentages are by weight of the total composition.

in the above pharmaceutical compositions the preferred diluent is mannitol, the preferred
35  binder is copovidone and the preferred disintegrants are selected from corn starch and

crospovidone. Preferred |ubricants are selected from magnesium stearate and talc. In case



35 Furthermore the following excipients and ranges are more preferred: WO
2010/092124PCPEP2010/051735 46 0.5-20% 50-75 A 0-15% 2-4 % 5 8-12% 0-2% 0.5-2 % 0-10%
active pharmaceutical ingredients, mannitol, (e.g. Pearlitol 50C, Roquetteﬁfﬁ_y elatj 5%(3 starch (e.g.
Maize starcK Y504 1NF olorcon)), copovidone (e.g. Polyvidone VA 64 | (%9,&{;5@)% corn starch (e.g.
Maize starch undried (Roquette)), crospovidone (KollidonTM CL-SF, (BASF)) magnesium stearate
(e.g. HyQual, (Mallinckrodt)), talc (Talc, (Luzenac)B8vherein the percentages are by weight of the total
composition. 10 To reduce the required amount of lubricant in the tablets it is an option to use an
external |lutidcatimaystical Fongbstiorepamatiossef fitroeddivdrtabreusattizgihgiasokfension is prepared
and the 15corpresseeLiabiflearas /rene0alRRivAt! thr soatingsHeRrItigRtegeweight gain of about
2-5 %, preterably about 3%, using a standard film coater. The film-coating solvent is a volatile
component, which does not remain in the final product. In an alternative embodiment the film-coat may
comprise ofesfateepiaiersastipbasmansidiselicabiifient @serdoa e atoerpdamdriareddifg to the
inventipn nagY-hadrrRare thBYHERFCRMBERRRIAN. A suitable direct compression process comprises

the foIIowinlgzz)tg s: (1) Pre ivg(iq%}g%c%n 9f Etr\]N% tiYSe ingredients and the main portion of the
excipients in ixer to obtain a pre-mlxuture; g ﬂobtionally dry screening the pre-mixture through a

screen in d¥dEbts segregat@BBbohesive particles and to improve content uniformity; (3) mixing the
pre-mixture.afsgtep (1) orcopbidanaixer, optionally by adding remaining excipients to the mixture and

continuing ém)éllgg, corn starch,

10  wherein the percentages are by weight of the total composition.

Another preferred pharmaceutical compositions according to the second embodiment are

characterized by the following composition:

1-20 % active pharmaceutical ingredients,
15 50-75% mannitol,

0-15 % pregelatinized starch,

2-4 % copovidone,

8-12 % corn starch,

0-2% crospovidone,

20  wherein the percentages are by weight of the total composition.

Preferably the above described pharmaceutical compositions comprise additionally a
lubricant. The lubricant is preferably magnesium stearate in an amount from 0.5-2 % by
weight of the total composition.

25
Preferably the above described pharmaceutical compositions comprise additionally at least
two lubricants. The first lubricant is preferably magnesium stearate in an amount from 0.5-2
% by weight of the total composition. The second lubricant is preferably talc in an amount
from 0.5-10% by weight of the total composition.

30
Therefore preferred pharmaceutical compositions according to the second embodiment are
characterized by the following composition:
1-20 % active pharmaceutical ingredients,
50-75 % mannitol,

35 0-15% pregelatinized starch,
2-4 % copovidone,



(4) tabletting the final mixture of step (3) by compressing it on a suitable tablet press to produce the
tablet cores; 30(5)optionally film-coating of the tablet cores of step (4) with a non-functional coat. The
pharmaceutical compositions and dosage forms, in particular tablets or capsules, according to this
invention m¥Po&ip4¢kdded using known packaging materials, such as Pp\(fpg’i%ll)lzsﬂtleﬂr/g?&;DC-blisters,
PVC/PVDC-blisters or a moisture-proof packaging material 35such as aluminium foil blister packs,
alu/alu blister, transparent or opaque polymer blistgy with pouch, polypropylene tubes, glass bottles,
PP bottles and HDPE bottles optionally WO 2010/092124PCT/EP2010/051735 47 containing a
child-resistang faature (faroexatpte with a press-and-twist closure) or may be tamper evident. The
primary pagkaging mategpcjsrwd%gg}prise a desiccant such as molecular sieve or silica gel to improve
chemical stability of the active pharmaceutical ingredient(s). Opaque packaging such as colored blister
materials, 91%“3%2,’/ brown REEHHILEEBPHie like can be used to prolong shelflife of the active
pharmaceutieabingre gené(sh issraeuntionigitoh dte degractositian article for distribution may comprise
the pharmaceutical composition or dosage form packaged in a packaging material as described
hereinbefore and a label mackg%e lns’ert, Whicp refer tori istr%ctﬁj'orésegéjsdt%m cr}il ing{u&?ed in
commercidl B R & B P IR R e 5 G R OB AT R ESdin information abouit the indications,
usage, 10dbssapigrizachnyidteaiidavemeatrdidintons and/or warnings concerning the use of such
therapeutig gipgucts. In gpg.emhadisenticthedrbebaspackage insert indicates that the composition
can be us?%fg% gny of thn(-;-‘ag%ri%?ses described herein. The pharmaceutical compositions and
pharmaceutical dbsage forms according to this 15 invention show advantageous effects in the
treatrtént &ntbfkeventiorptsiagiatiezgibeisey and conditions as described hereinbefore compared with
antidiabetie mponotherapiespAeiaiiageous effects may be seen for example with respect to efficacy,
dosage strength, dosage frequency, pharmacodynamic properties, pharmacokinetic properties, fewer

fggi% 76 .comqsl‘{arc?\),/ ! : . .
adverse effects, convenience, compliance, etc.. 20 A pharmaceutical composition and pharmaceutical
dosage forfn?aécording t6"#fiBaMdERtion significantly improves the glycemic control, in particular in
patients asglegeribed herainliei;reempaned with a monotherapy using either a SGLT2 inhibitor or a
DPP %\‘é inh&pé"[_q(g) lone ortgw’nonotherapy of mefformin. The improved glycemic control is determined
as an increased 25 lowering of blood glucose and an increased reduction of HbAlc. With monotherapy
in a patientViesE e RE TS PagRh RS NReHRI NS PBhERBPOEEPBiy cemic control can usually not be
further improved significantly by an administration of the drug above a certain highest dose. In

addition, a {4, {erEAEAP0 Bl ar akisl-Aasa AN GRAMHENIdb iSRRGl side effects.
Therefore, a satls%:lg %%cemlc control cannot be achieved én all 30

tients via a monotherapy using
either the SNETE Ut THENSP IS AR OY SRS 6L SYH’EFSaﬁ% RABERC Grug, such as

meffd2fhin. In such patients a progression of the diabetes mellitus may continue and complications

associated Wiéqﬂmg&%%m'E&ﬁp@@w%&(w?fs&am&ww@awm&mm@g@ane or
pharmaceutical com osisijon and pharma$eu£ica flgos?ﬁe form as well as the methods according to the
a

present invBRiDACEHBH o FERIGIOR F BHETBRLEVAITE to a desired target range, for example <7 %
and preferably < 6.5 %, fora WO 2010/092124PCT/EP2010/051735 48 higher number of patients

AT o o e e et ke e oy invenion
LR e R R S LI A
monotheraggasmipanBrrIina e rre st indepion FeRtATBIROtA @ IRETIRRCSEEFEEORRSS 48ty or the
insulin sensitivitding GoRRdipRisSANHerBthek hestdalireasne phiavitatbetical dosage form, in

particular for oral administration. Examples are a capsule, tablet, for example a film-coated

tablet, or a granulaie.

30
A pharmaceutical dosage form according to the first embodiment of the invention, for
example a capsule or a tablet, comprises only one active pharmaceutical ingredient which is

linagliptin.

35 A pharmaceutical dosage form according to the second embodiment of the invention, for

example a cépsute or a tablet, comprises two active pharmaceutical ingredients which are



10 administration of a SGLT2 inhibitor does not depend on the insulin secretory capacity or the insulin
sensitivity of the patient. Therefore, any patient independent of the prevailing insulin levels or insulin
resistance and/or r}g@p?rinsulinemia may benefit frqm a therapy usir_lg a qumgw&@%gompositiqn
and a pharrWa%%lﬁﬁ af &osage combination according to this invention. Independent of their prevailing
insulin levels or their insulin resistance or 15 hyperinsulinemia these patients can still be treated with a
pharmaceutical composition and a pharmaceuticaB8osage because of the combined or alternate
administration of the SGLT2 inhibitor. Linagliptin according to the present invention is able - via the

increases inawtitiie BUR-Yucmisvetsy-ibetiutas thrrgine sgaiadue @iibn frayatieas seiredil therefore
limit the heRatinddierosRaOdRIIRR. i yeiemmonsadheirlevatad astiveutd B3). [Bvelsipedcuyed by
linagliptin yill have, ben?fb‘l?'?lmeﬁ %ﬁ’.tgg t?v%t%b%‘ég ﬁgﬁﬂaeééﬁ%m&ma%@@ﬁé&eéémmeﬁ%features

render a a ﬁhaa%eé@gﬁﬁ@a Fi':omp05| ion and a pharmaceutical dosage quite useful and therapeutically

relevant. 28R thisimibelions éblel iy fch e edarrriRp BRI BPHPERG I ¥EIates primarily
to treagmephaneh EEHRNTIROMEMA PRt e Prbalsyacedtitel abempotitorhmapasiche used

accordingly eter N medicne Aol e R AhURIR YeReD Adlidaaliants are

preferably %rmans of the age of 18 years or older. Also in the scope of this i_nvgntion, tsgp tients are
adolescentaffhianglicrorridia WeagivEr g TR erdsaly BruGRTRBFYEaR Tt is assumed
that in a adpleseesthpoptitatiphathexaclimialstiaticierofitheephalrim doefiticabsimapaisition according to the

invention ety 900 b AL I STHCLANAA MEDY GORCRINGOMD st asralasoel cose can be
seen. In addifion 1t iIs assumed that in an adolescent %%@%%%i%g,%grtlcular in.o erwe(ljght and/or

obestbatienrd (s BRTTRGEH 5B WEIGAERPEAABE layer which does 1
2010/092124RAOTAEP2A16 (051 TREAGcAs HiFsdispb d ieraifitsdidre tHpticreainiin s @ssPettad

pharmaceuyfical cGampgsition aRRRRIBHYSERHIGRS RRRAGRANARBRAIGH HiBivMnahiEIR high SGLT2
inhibitory activity of the glucopé‘rano%subst't%ted beni ne (}?rivattive trg}erein e>&cg§sive blood

glucose is BREEJar EiANGH MY &SR SR ST E54A2% RO Gain e eight gerwe\?en a reduction in
body weiglvidratiant asuitEnedtioresacorsbereniabepeo pleyidrRiiasroreRte bl earNAV R ORgs
advaniageguslysHitaplieln thasgratieniadn Rerd Al surk benmrméiabatophytanseyiibrte diagnosed

of one or more of the conditions selected from the group consisting of, overwel nd.obesity, in
particular cRRSASOHEGH) 2§38 8hTEN, 24assY) 5%8%?%/?%% 8?;{]98%%%&%%’;%9 g%ad%(ljar%?hal obesity. In
addition a tPezfamen oy Profdicielaeedrding to this invention is 10advantageously suitable in those
patients in which a weight increase is contraindicated. The pharmaceutical composition and
pharmaceyicgl gosage dorm acaarding, o s dventan eulililiy Bhioad ailisarydidhiegard to
glycemic c ntr F,’?r? articular in'view of a reauctlon of fasting p}asma glucose, postprandial plasma
glucod@ anadeprgiyadeinadyasisaritobasimipiad jo tie adian Sudimg 4 pR msedu eare HEposition
or a pharmgegiisalsirsagerirgraeeprbsgricrivistioveritiomyavitdtetiontabHolklussgtiat ither greater

than preferably 1.0 %, more nrefer J9.Qn greater than, 2 0.%. .evendnaredpieiesgbly equal to
or greater t %tﬁyl' %.%%o%%r‘? %2 %ﬁ?e(\:;%gy g%%q?r]\]e rgjuction isnpar icmﬁ;@/&g theé%gn%g é‘g%mgf)o % to 3.0%.

20 Furtherigight i sraitien sl d1ePalenksIcht a6t ARIIFRASTIF YL SG ARSI Yhplicable in
those patiepiswiensave aneydure chysices o thenfodbhing conaiticferdd pafastifgbibdbayRicose or
serum glucpse. concentialion reaterHhian Hon BELLL tolfh RS URMEAresieb AR 25ienle 1ba25(b) a
postprandial pﬁasr_na glucose equal to or greater than 140 mg/dL; (c)an HbAlc value equal to or
greater thaHB89SilTpEHtRIar equal to or greater than 7.0 (3/0, especially equal to or greater than 7.5
%, even more particularly equal to or greater than 8.0%. 30The present invention also discloses the
use of the PhArIRFSHHGALCRMRPSIIGRLSIRG RRaIMAgaHHGRbHPSAOE EEpyiamkgKing glycemic
control in patients having type 2 diabetes or sh Wlng.flﬁ:?‘t S|Hn§m%1; 5%&9,! Ogiéese.% gcéggdmgentlon
also includ SSAUHIRE SBHRNSHRIY 2 & o PT R P h AteRital Composition b pharmaceutical
dosa@dforno désordintooatsisasvamibi isss et gedngiroireiisagiyedmnie kR ANBIEEEBRYUS one of the

35above-mguiipnedsigns iRrsadiabsies: impasent- e onseinbamres-apei@diabetes
approximately 70 kg body weight, and can be adapted accordingly with regard to an
administration 2, 3, 4 or more times daily and with regard to other routes of administration
and with regard to the age of the patient. The ranges of the dosage and amounts are

35 calculated for the individuai active moiety.



mellitus can be delayed or prevented. WO 2010/092124PCPEP20101051735 50 Furthermore, the
pharmaceutical composition and the pharmaceutical dosage form according to this invention is
particularly suitable in the treatment of patients with insulin dependency, i.e. in patients who are
treated or ot WEHHEENd be treated or need treatment 5 with an insulif 6F & d&HAE of insulin or a
substitute of insulin or a formulation comprising an insulin or a derivative or substitute thereof. These
patients include patients with diabetes type 2 and pgafients with diabetes type 1. Therefore, according
to a preferred embodiment of the present invention, there is provided a 10method for improving
glycemic carireleand/ pridondecuicing o fastinen plasmmnghichescebpdsipradhehpastamglucose and/or
of glycosyl . lQbi i ient. r Is.dia ithl ired glucose
ﬁé MRS %%%g&?@a%g&%gy%gﬁd%%rgﬂ@&ﬂ}?aﬁo%ﬁgﬁ'ﬁéﬁ?ﬁéﬁ L imna

tolerance ( , Impaired with insulin‘resistance, with metabolic syndrome

and/or wittP§ipEt e HRRastie R Rt e oMY chalaethsrarpiicalkt BB RARRRERIcAI REIRFESition or a
pharmaceuttsalidtaddsageiormias mmemmgmemmmmwmmeﬁmmmmednmhe
patient, Acgarding{o.8Reiien Brale R Gmadimentof e BrererinueRtion, thereisprgyided a

method for improving glycemic control in patients, in particular in adult Patlents, with type 2 diabetes
mellitus as % B8jdreet 'éiglgaﬁd"@)@rﬂiéi% h R ERTBIIA That BS BB haceutical
compositiosubsiydrhbeTaesaticaivdtisade fericbatbelingtodhis(ifyeistior, rangerprove mentlsf the
glycemic capirglgambeg RGRISLEE syeRyiBAsRRaHRAS WD G-HRVEW s Higiankalyrsgnic control in
particular despite treatment with an anyd(??bkiﬁgﬁ dr %] forégx?m%fl desglte m; ximal recommended or
tolerated dBEBFIYal B oMberA BRI SmT e ST IBEREF YA BPPIV inhibitor. A
maxital regonemesaniesy dobelivitt regrmentoiafbymaneifoforearaepl erR0B0ng @ Seraidye.850 mg

three timesyasGiay, @6 ay easivlers hereomd raximakrssonamepsiachalasgiwitiongardia a SGLT2
inhibitor accordigrj(lﬁ to this invention, in Parti%:ular wit rekﬁ%(ard tP thﬁ compou di %33 isI fO{ xample 100
mg, preferdSf H% g e S N A B M e e e S
recommenéeth desembitkdiregisdec! BRGNS fokasaniplie10 mg, preferably 5 mg once daily or any
equivalent thereof. Therefore, the method and/or use according to this invention is advantageously
applicable+ ; i A -ORe ia A erditons-35(a)insufficient
glycemic ¢&RRAYAETHiet a 35 51 (b)

3 idepizetienlan despite oral
ted,daseief Sefarmnin. el ingpfficient glycemic

control despite oral monotherapy with another anti¢liabetic agent, in particular despite oral

monotherapy @zatmaximal recomimegeed @gtolerated dose of hiheaheigantidiabetic agent; (d)
insufficie | despite-oral-monotherapy-with the SG inhibitorin-particular despite
oral monother&@y2at a maximal retB1aMen@ed or tolerated dds&dfaR® 8GLT?2 inhibitor; (e) insufficient

glycemic ¢ontrgl-despite-orat-monotherapy-withther DPPH-inhibitor,in-tOparticutar-despite oral
monotherapy &t@’maximal ‘ecom%@%‘éay@?toler;]ted dose Jfﬁtﬁg I 3nhibitor.

E2.4 5 mg E5mglo25mg

E2.5 2mgto5mg b mg

E2.6 2mgto 5 mg 7.5 mg

E2.7 2mgtobmg 10 mg

E2.8 2mgto 5 mg 12.5 mg

E2.9 2mgto5mg 15 mg

E2.10 2mgto5mg 20 my

EZ2.11 Zmgtobmyg 25 mg

E2.12 5myg 2.5 mg

EZ2.13 & mg 5mg




The lowering of the blood glucose level by the administration of a glucopyranosyl-substituted benzene
derivative according to this invention is insulin-independent. Therefore, a 15pharmaceutical

composition according to this invention is particularly suitable in the treat}r)nernt 0
diagnosed ARG YREBE more of the following conditions insulin resistance. -Hy

f E)atients who are
20100557 ;
perinsulinemia,

pre-diabetes, 20-type 2 diabetes mellitus, particular having a late stage type 2 diabetes mellitus, -type

1 diabetes mellitus.

Furthermore, a pharmaceutig@ composition and a pharmaceutical dosage form

according to this invention is particularly suitable in the treatment of patients who are diagnosed

having 25
visceral o

one o5 more of th
besity and/or abd

e following ggnditions (
pminal obesity, (b).trigl

1) obesity (inciugliag class |, 1l anc

ceride blood level 150 mg/dl , (c)

/or 11l obesity),
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blood levs
pressure

2| <4@2m@/dL in fe

male patiéntg and < 50

mg/dL in maldpatients, 30(d) a s

o Q8 mm Lo . (o) o fact hl

ystolic blood
lucose level 100
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130.mm Hg and
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narome suffer 1
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thromboe
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this inven
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mbolic events. A

51735 52 jpfarction, cq
lycemic control accord

pronary heart gisggse, heart insuf
ng to this invention may result in

ficiency,
a reduction of the

culaersks. A pha

'maceuticebepmpositiol

h and a pharmziceytical dosage fd

rm according to

ion 5exhibits a gdod safety profile..Ther

possibledrighose patis

; ccording to this

s advaitageously nts for which tH&MP8ono-therapy with another
antidiabe g;-stehas-forexampte-metformin; L,Ulltldillu'ibd'%d andforwhohave an intolerance
against sych 0‘1:'2 beutic doSel9n particujar, a treatmen orP%rophylaxis according to this
invention may be advantageously possible in those patients 10showing or having an increased risk for

invention

-h AVII
AV INY |

’g?s" at thera

one or more of the following disorders: renal insufficiency ordiseases.cardiac diseases, Gardiac
failure, hep t‘ﬁ%bE g%%%%gi,n ?J[rr{lo%glvgpstggsrggygg&[ﬁ‘%ﬁ/%cgégat Ig?an%(:/%r@:'illnger%)11é lactate acidosis, or

female patientsissing Sretniiresrasting 2aeteaoRrasRIAiTER MoRIRETS REFAY that the
administratipssefizepagaasesticabtonappsitios eiaaharoaseiticakdqsayeatroaresiting to this

inventign results in no risk or | Ik RENYROSY mqu?' RIS B pent @prophylaxis
accordlgng {0 i nven |§X%)§(qg%0a vé%mgeousgy :()ossib é?nqiaﬁ&ogepé p%’?e{’rf{%jkshovéng or having an

increased rt%ﬂéﬁtﬁ%@%@hﬂaﬁw“y iron oxide, including iron oxide red and/or yellow. A
exemplary coat composition may comprise hydroxypropylmethylcellulose (HPMC),

polyethylene glycol (PEG), talc, titanium dioxide, mannitol and optionally iron oxide, including
iron oxide red and/or yellow.
10
The pharmaceutical dosage form according to the invention preferably has dissolution
properiies such that after 45 minutes for each of the one or two pharmaceutical active
ingredients at least 75 %, even more preferably at least 90 % by weight of the respective
pharmaceutical active ingredients is dissolved. in a more preferred embodiment after 30
15  minutes for each of the one or two pharmaceutical active ingredients at least 75 %, even
more preferably at least 90 % by weight of the respective pharmaceutical active ingredients
is dissolved. in a most preferred embodiment after 15 minutes for each of the one or two
pharmaceutical active ingredients at least 75 %, even more preferably at least 90 % by
weight of the respective pharmaceutical active ingredients is dissolved. The dissolution
properties can be determined in a standard dissolution fest, for example as described in
pharmacopoeias, such as the USP31-NF286 S2, chapter 711 (dissolution). A preferred test is

20
described in the experimental section.

The pharmaceutical dosage form according to the invention preferably has disintegration

25  properties such that within 40 minutes, more preferably within 30 minutes, even more



A pharmaceutical composition or a pharmaceutical dosage form according to this invention is
particularly suitable in the long term treatment or prophylaxis of the diseases and/or conditions as
described hereinbefore and hereinafter, in particular in the long term glycemic control in patients with
type 2 diabe¥3 8IMPEE45 The term "long term" as used hereinbefore aht HErEIh4IR Rdicates a
treatment of or administration in a patient within a period of time longer than 12 weeks, preferably
longer than 25 weeks, even more preferably longegthan 1 year. 30Therefore, a particularly preferred
embodiment of the present invention provides a method for therapy, preferably oral therapy, for
improvemenéf@aproialiyhlaogniesas mpravyeatenbipiditycdibivicotet dhérppatieantsulicti dpped? diabetes
mellitus, e;&?ﬁﬁ@'!}{s'iﬂ c?&r%‘r’é&%@(é”&@%?eé@%?{n Rpeniiabsias mallingda Ry iciasdp patients

additionall gnosed of overweight, obesity (including class I, class Il and/or class Il obesity),
visceral ob@SiRESFieR %Hé?ﬁm%ﬁéﬁ??“% BOHIEESPPAR PR 3361938 Y it al
hereinbefos arrchiter&iaftisitegeribel metfodsdiedt isdssirnbpartictimetherimetiadsdbenreating,
preverging etc., the pharmaceutical composition or pharmaceutical dosage form according to this
invention |s admlnlstered to the pat| referably once dall 5 An tﬁF%abo e entoned
compositionSSR I TRSYEFY FREIRRT t?@qé?fgﬂg & ??1@9"}’{9 SRR 1fﬁ)ycacl)rr?lmal models
known in thaifneity ywedifers ity elithiced mndee‘wﬂm&ﬁéofd)ﬂlé%ngﬁorﬁ m@f&@hﬁeﬁ‘ﬁﬁéﬂ&’f@ﬁé @é&scribed which
are suitablejone¥ald ?%@%W@Qm%f%%m eﬁ@mm@@@{m@m@@&ﬁ%mbm@omns and

in

dosage forms accor to_this inventign: gho Ph trgcatl comgosmons d(asa%e forgg C{a
methods a@EBY&H aan WEWB% 3Qn Fes?e in Lg’;{gr‘fe'ﬁ'c?il?a'P1yperlns ulinémic or animals
like dbfidb m&m(ﬁfw mp@u&néw@at%@ @aﬁaﬁb@%ﬂ@@@k&@%ﬁ@%mm [PTR§ TS 3R addition,
they can bgdgsteddmanmalcyitriexpesimantally srducrd daze s i ttanWisianier $Sprague Dawley
rats 15pretreated Wltp streptozotocin. The effect on glycemic control of the pharmaceutical

compositio 418 djo ige forms according to this invention can be tested in an oral glucose tolerance
test in the animal models described hereinbefore. The time course of blood glucose is followed after

an oral 20glusasg s hatieagrigiay e dightiasted anicnals a tascompasdiontiarddes ageetorms
accorging to th gresent cp gntl ns 1_)gN|f|‘c$§‘|otv§,/ﬂ| p}ﬁ%v&glggﬁ)gﬁﬁ%jgﬂon compared to each
nli)eé)sureolb CﬁJCtIO

rnonot erapy’é yre ucose concentrations or reduction of glucose AUC.
In addition, after multiple dosing of the active pharmaceutical ingredients alone and the pharmaceutical
compositiopsegxr aisagt dasmsrtbaanimabratke| srdeseriesk 2bhvé teinpedonecthiicaffect on glycemic

control candag BEIRHRIRGHER MRS HImARe EIRAdG el JRinos T raIBpsfines and dosage

forms according to this invention significantly reduce HbAlc compared to each monotherapy. The
improved itf8pBERERicE! ﬁ%’ﬁ?ﬁ?&ﬂﬂw"bf%@ﬁ%&ﬁﬂ@ﬁﬁ?@c@%H@?Sqﬁﬁvmoé’ﬁﬁgﬁ@ﬁ’g@%%own after

single2@osing in oral glucose tolerance tests in the animal models described hereinbefore. The time

course of plasmadnseiin isiolewed; e&ﬁ%%g&ﬁ%eaeea%@@ m&w%amtm%e @@maéa pyhe
compositions and dosage forms accorleggg L%:lnve |OF%|II exhlbl(% %lnsu |n
I|

concentratiBiE BATEEHRRYE AFIBRET B DEE- SYRIVERHTRAR G A O'Wghe
2010/0921 24P QTiHER28I0HOEIZRE64 fﬁgethwneﬁiséwmeagm@ts L@lqdl@v@@mﬂtﬂé&%ém according to

this inventiRAR9E %'iBQ|§w@5M%Q@%H}Q&%@Q&I@&%W&Qﬁmm%ﬂsuﬁ@ﬁrU@%ﬂd%ﬁ@lﬁS in the

plas of arglmal (& egs escrlb d hereinbefore in either the fasting or postprandial state. Likewise, a
reductivn wf’éﬁﬁage] TeTerS Y gﬂ‘la can be measured under the same conditions. The compositions
5 and dosage forms according to the invention will exhibit higher active GLP-1 concentrations and

lower glucaganseraeatialigRshaniadscomy anosyiterliidteduseneansderivativeuaaie. A
superior effegt of ihe. ComposIion3 ANG d3A0E {RIHaR APSUNAS- BRI I A INVS0 SR
binders are described hereinbefore. An example is copovidone. Suitable solvents are for
30 example water, ethanol, methanol, isopropancl, acetone, preferably purified water, including
mixtures thereof. The solvent is a volatile component, which does not remain in the final
product. The one or more active ingredients and the other excipients, in particular the one or
more diluents, optionally the one or more binders and optionally the one or more
disintegrants, usually with exception of the lubricant, are premixed and granulated with the
35  granulation liquid, for example using a high shear granutator. The wet granulation step is

usually followed by one or more drying and sieving steps. Optional 2 wet sieving slep is



10beta-cell regeneration and neogenesis can be determined after multiple dosing in the animal models
described hereinbefore by measuring the increase in pancreatic insulin content, or by measuring
increased beta-cell mass by morphometric analysis after immunhistochemical staining of pancreatic
sections, or ¥ Aéeiy increased glucose-stimulated insulin secretionth i&8HEY pdtreatic islets.
15 Pharmacological Examples The following examples show the beneficial effect on glycemic control
of the combination according to the present inventipm. 20Example I: According to a first example an
oral glucose tolerance test is performed in overnight fasted 9- weeks old male Zucker Diabetic Fatty
(ZDF) rats it Bi/& toliepstady Arpirey das el sedisqaoiple isohtaincdinxtaipiesiliBleodiglecose is
measured wi luc r he animals are randomized for blood glucose (n = 5/ group).
Subsequer?ﬁa}{%g g?ogu%gt%%‘g}%éé single oral 25administration of either vehicle alone (0.5% aqueous
hydroxyethylcellulose containing 3 mM HCI and 0.015% Polysorbat 80) or vehicle containing either the
SGLT2 inhititgopactie oPRE\biahdbitemarctivedbanbithatioveofithesSEEar2uiy ititacishi they BPP 1V
inhibitg! s TN IRAISLEGRYe PRl NG9 doash k@A iacaies caund administiation.

Blood glucose Is measured in tail bloo min, 60 min, 90 min, 120 min, and 180 min after the 30
glucose chi9PEHIE YT RUs 8" SRR SIBRTES R AHEG By LRSI Z0AG RS T LA G GERNESATE . The data
are presengeshalstetean SEM. The two-sided unpaired Student t-test is used for statistical comparison
of the control group and the active groups. The result is shown in Figure 3. "Cpd. A" is linagliptin at a
dose of 1 mg/kg. Cpd. B is the 35(:ompound5g1.3}, ,e. . ion.i farably characterized b

1-chloro-4-{ 13- Brfified By raR e A AT & R PR B S IS S R A B A A5 28 e Yt a dose of 3
mg/kd0ComibezatioroArarBiiithesorisermtiberenlinagkmianvigiop 1oresothe AFCayie2010/051735 55

and the compmadakicd)l Hdiaaisamsy Sasewith vl we s e Sissan tiakasenaeicaiadrb usy arols above
the bars. P-values of the combination versus the m%otheraﬁi?.s are indicated bel%}/v the figure (*, pc
%ﬁf)et atl @I acll

0.05; = ORISR PN ASHARSH0 S GRS BISHES Beoh the compound (1.3)
reduces glpbesvasgotivsionotsdBIYOTHReE W bANGLISTMEE FHSEYE St CO T BRDFSGER tPREoral
glucose tolgrange tmshy8Alvisapaniisggduction in glucose AUC is statistically significant versus
each monotherapy. Example According to a second example an oral glucose tolerance test is
performed in overnight 10fasted male Sprague Dawley rats (Crl:CD(SD)) with a body weight of about
200 g. A pretefrsabhhindep oy IeceBtamba BRtHIRINCSR e BitensLidiELaratinth a
glucometeryapgktiae RniplalsareaIdomizeshioshiand glutiose! @sndrgroap). iStiesequetly, the
groups rec%ivee a sigl%lgugﬁgggtg_ministration of either vehicle alone (0.5% aqueous
hydroxyethy?ceﬂu'igse containing 0.015% Polysorbat 80) or vehicle containing either the 15 SGLT2
inhibitor or the DPP1V inhibitor or the third antidiabetic agent or the combination of the SGLT2 inhibitor
plus the DPRd \drinbiditonlpkisrthsidhiriiaotidiedetipmgetate/deradtite] pdtidgrolips ndoive a single oral
administratign,gLether ¥shicle AR0S, A YRNURESIAL I RIEHAR S\ TRRIIPIRS RbtREDPPIV

[

inhibitor plus t rd antidiabetic ?ﬁgnt or the third antidiabetic agent or ;ﬁe Qombinfﬁi!on of the

SGLT?2 inhiBiforHiete s s 0SB teR it S B BHR AP SRR B A S &R TR & RS % eive an
oral glucose loaditdig/kign86r nivn exftenio miperiiad bidndeisteitiead BYoutd ijhacofdedoneezsupes in tail

blood 30 mip, 60, i 98,2l @R 2L TR ta AyeaseIGhalguReBlusase excursion is

guantified by calculating the reactive glucose AUC. The data are presented as mean S.E.M. Statistical
comp Fisons are conducted by Student's t test. 25 Example lll: Treatment of pre-diabetes The efficacy
of a pharmdtestivedxonpiozitehgamptiationacectisdiod dxapreperaicicetitngad hEMITEAtIon in the

treatment ofpferdiahelas chaasierised huiratb elegirakiastinshabucasepagsior impaired glucose
tolerance Cg.n beo%;%%tnegly 81@ I(\:/l|inngi(%ﬁé %t#g g)er%ﬁtl)rr]estgilf%ieerg %Vae ngvent or mixture of solvents such as
purified water at ambient temperature io produce a granulation liquid;

30 b blending the one or more active pharmacectical ingredients, the one or more diluents,
optionally the one or more binders and optionally the one or more disintegrants in a
suitable mixer, to produce a pre-mix;

¢, moistening the pre-mix with the granulation liquid and subseguently granulating the
moistened pre-mix for example in a high shear mixer,

35 d. optionally sieving the granulated pre-mix through a sieve with a mesh size of at least

1.0 mm and preferably 3 mm;



30shorter period (e.g. 2-4 weeks) the success of the treatment is examined by determining the fasting
glucose values and/or the glucose values after a meal or after a loading test (oral glucose tolerance
test or food tolerance test after a defined meal) after the end of the period %%Qgrﬂ‘%ﬂrgsthe study and
comparing NSRRI EHE values before the start of the study and/or with thoSe of & placebo group. In
addition, the fructosamine value can be determined 35before and after therapy and compared with the
initial value and/or the placebo value. A significant4@op in the fasting or non-fasting glucose levels
demonstrates the efficacy of the WO 2010/092124PCT/EP2010/051735 56 treatment. In studies over
a longer period diihweeksratuntre) the s YOcEEE ainthpréfeeabie b5 et oy theresiviiegehe HbALc
value, by Comp@bQé%Bxé{VM%dfﬂ&@h\f&k{&ﬂﬂﬂ@&&ﬂ@&k&y%m@ﬁ Blagehe @iyorA Significant
change in the HbA1cC value compared with the initial value and/or the placebo value demonstrates the
efficacy of the éérﬁﬁ@%ﬁ% or dosage form 5according to the invention for treating pre-diabetes.
Example 1¥/:Preseintipipotanifestiypedakdbetss Mpisdinsip e Hrovatte i Wicalmestifgglucose

and/ogimpaired gligos6. tolerance-{rresiabetas); islso in pursuit of the goal of preventing the
transition to manifest type 2 diabetes, 10The gi of a treatment be in ' [ a
comparative clifCHNgIRPIRRMAHSY BT UDTie s@%ﬁ?sngﬁg%r%é ’é’aq%@%“r‘?g‘ ?e\(r(?gi %E}é%%o% (e.g.1-5
years) with eithepizephiemhaceutical composition according to this invention or with placebo or with a
non-drug therapy or other medicaments. During and at the end of the therapy, by determining the

fasting glucose and/or.a loading tes . 0GTT), a check is R gtglrmg}g How.many15patients
exhibit ma#ﬁf@%l%%@%ﬁ%%ﬁ%% ?gﬁ égfégr{ﬁp ¥4 a?é iﬁ%%lﬁ% é@?ﬁveﬁ_} 8?>125 mg/dl lar‘lgglor §’2h value

accofding fore&IMisf corgetangider AnsagitienriidienirRasart- IR HIN D BPSR PAIRIRARHE R Ribit
manifest type 3/habetasyhendreriatwithegapiiniradcesrtibat so pasitdrexiragosagarfoprpaccording to
this inventipnqasi é?m([ﬂareo é ) gne of the other forms of treatment, demonstrates the efficacy in
preventing 8 ¥rahifioh tom prg-%iabetes to 20manifest diabetes. Example V:Treatment of type 2
diabetes Treating patients with type 2 diabetes with the pharmaceutical composition or dosage form
according tq thetinventkiamntinadeilipnieprodesisgrangesutiatanpoduesdéntiaphe gledese 25metabolic
situatjQn, prevents.a deterioration. i lic. situatian, j M i pbserved is
patierJ@sq ar8 rﬁe%%%% [?02? énl% rﬁ; g‘ﬁg@%ﬁ%&@ gﬁ%% o R%%%%@agﬁég\@g?ﬁ aglgé;fafg H\;ﬁ?ﬁ the

. 3 mon
pharmace féal Béh pesiiRir @ PR S8 8fg S RESTRITh S YB YRS IR ARG SR S EREIRIPEd Kith patients
who have bpemiseatedanitmplettdoodiriteratitidiabetic medicaments. There is evidence of
therapeutic success compared with patients treated with 30placebo or other antidiabetic medicaments
if no or only a slight increase in the fasting%ucose and/or HbA;c value is observe% Further evidence

of therape it R{FE¥I8Y/ i€y BRI APEGRT AR SRRAEHISE LS BF B pAlENTE treated with a
pharrgaceuticahcampositimmpositeagesfodingdodbedirggeotthudnieeonpéeitpared with patients who

have been {ﬁ?at%wig\r@%% megdisamenishraeteAiGiasinationindnralucpsepmetabslic
35position (e.g. an increase in the HbAlc value to >6.5% or >7%) to the point where treatment WO

2010/092124PCHAEPSBEDE31 73857 with an additional oral antidiabetic medicament or with insulin or
with an ins@@h anaiumeéds idiearedueaisipiel VI orrastiiebie 6pipstpmraditance 5in clinical studies

running for @ifferept,lgnoins Midime A e de 2 Mo sihe) jreutes by suitable milling or
25 sieving steps;
(4) optionally mixing the granules of step (3) with the remaining excipients in a mixer to
obtain the final mixture;
(5) tableiting the granules of step (3) or the final mixture of step (4) by compressing iton a
suitable tablet press to produce the tablet cores;
30 () optionally film-coating of the tablet cores of step (5) with a non-functional coat.

Granules according to the first embodiment of this invention comprise only one active

pharmaceutical ingredient {(drug) which is linagliptin.

35  Granules according to the second embodiment of this invention comprise two active

pharmaceutical ingredients which are linagliptin and 2 glucopyranosyl-substituted benzene



success of the treatment is checked using a hyperinsulinaemic euglycaernic glucose clamp study. A
significant rise in the glucose infusion rate at the end of the study, compared with the initial value or
compared with a placebo group, or a group given a different therapy, proyes tpze %J acy of a
pharmaceutft@Pe#iEdLtion or dosage form according to the 10inventiof In the featment of insulin
resistance. Example VII:Treatment of hyperglycaemia In clinical studies running for different lengths of
time (e.g. 1 day to 24 months) the success of the #@atment in patients with hyperglycaemia is checked
by determining the fasting 15glucose or non-fasting glucose (e.g. after a meal or a loading test with
oGTT or adigfiage arad) fornsignificandirein toeswgioecse Valeis terimgpertistidrdieguintinthe study,
compared XW#MQ%AW '&Ijﬁlcpmg)pr compared with a placebo group, or a group given a different therapy,
proves the efficacy of a pharmaceutical composition or dosage form according to the invention in the
treatment of hyperglycaemia. 20 Example VIII:Prevention of micro- or macrovascular complications
The treatimeptasé tgpeiZetifibetgsonipsdsdiabhetes gafiem2 it B At it ESeFIvS iR or
dosagg foﬁp E}&Ffa@élmggﬁﬂ. fdﬂ%@\éﬁ tigg ?E@V@%&DF@@MS%?& ERRGRS ,ﬁ%ﬂzéﬁﬁ@é@letwoping N
microvascular complications (e.g. dia neuropa iahetic retinopathy, ia ropathy,
diabetic foSP ISRt UREBf ?Ehe&%\%g)slg’u @?Eeogﬁ%qﬁg%th ﬁ??%?é%%o%?ﬁﬁﬂ%dﬁcg lé(l%(:%tg(ea{]:oronary
syndrome, Srfstap lecighgiefdhseptenisesialbidhargiina [986foris, stroke, peripheral arterial occlusive
disease, cardiomyopathy, heart failure, heart rnythm disorders, vascular restenosis). Type 2 diabetes
or patients with pre-diabetes are treated long-term for 1- [ )ygmé ceytical
compositioﬁoé}r@&ggagr%?& 638?:%68 |ngeI%F%HQ?ﬁ\?e%}%)frfﬁnglrjté%c%ofn%?ﬁatlo ]%F gc?t%\gle% i%gggedients
according &beve instamsdh)and hasafed wifilghinig teRtHIEhave been treated with other antidiabetic
medicaments or with placebo. Evidence of the therapeutic success compared with patients who have
been treat ith other antidigbetic medicaments qr with pl d. ] smaller number
of single o?dﬁ{vgﬂ?p?é@ Sﬁ% f‘cé’ﬁB%%*?Li‘r‘? Y6 case o @5&%@%@%&@%@@%@5&%@%@3@35and/or diabetic
ulcer, the raTAfivas ane@Ehhie e peaeampBsRIERRN A BB RN ifo S THISR CYRRES Db etic
retinopathyntlae: stecsssahtbaticeatnediisid etarbinestbyAtemptively ddules according fo the

2010421 P Crinty an%QHTO({P%g?f?e%%ﬁ?mr%eU%il:!e%%ﬂ@m&%&wy&lH%@Qﬂ@éﬁ@%@@kground to the

eye or other op mic methods. In the caseé of diabetic neuropathy, in addijtion to anamnesis and

clinical exaPhAfBIRSAVERR NSFOE R0 ATASER TS CURPHENA QM RREISHIG X eSiBIsd S8 1R fork, for
example. Wishvegarst toediabetic (Nepshtofratt i ¢renfoifowingddarainetersinzgrtisalaniestigated 5 before

the start, dggggoq‘p‘g g_tﬁhgngpgeo&ggg study: secretion of albumin, creatinin clearance, serum creatinin
values, time taken for the serum creatinin values to double, time taken until dialysis becomes

necessary. Example IX:Treatment of Metabolic Syndrome 10The efficacy of a pharmaceutical
comp2BitioFwrtitosegertoion aicebletngrtaliet doresrtionrearieeacibreting elimddestrgi@s'rh varying run

times (e.9- ¢i2 %%E%@pf(gf?%rﬁ)rmr%t%m@w ithe fastisbaivcasgotMmIdfaslingighuaase (e.g. after a
meal or a loading test with oGTT or a defin?d meal) or the Hb 1(% %%yer.eéssignrgfg% p&f&}{hin these
glucose vaRREBIRIBATE BaHFE SNMhY GrAr e ah 8 T RE RIGE Compared with t%e initial value or

compared with@igtaceneSaeopdios i dreinpyenien 2ndites sntmRet 44y carévesdretenrtiGrer a

pharmaceugical Ao FRGIiaR 9 Ao s RsaI apeaseing sy iaimts ventioanindbi draptisiatigedtvetabolic
Syndré)éne.,Examéple of this are a reduction in systolic and/or diastolic blood pressure, a lowering of
a'PrigRAESN

the plasm i4&8® OFe@d(EE?%% in total or LDL cholesterol, an increase in HDL cholesterol or a
reduction in weight, either compared with the starting value at the
For the preparation of one-layer tablets according to the second embodiment of the invention

granules according io the second embodiment of the invention, Le. granules comprising the
two active pharmaceutical ingredients, may be used. Alternatively granules according to the
30 first embodiment of the invention, i.e. granules comprising linagliptin as the one active
pharmaceutical ingredient, and granules comprising glucopyranosyl-substituted benzene
derivative of the formula (1) as defined hereinbefore and hereinafter, in particular the

compound {1.3), may be used.

35  For the preparation of two-layer tablets according to the second embodiment of the invention

granules according to the first embodiment of the invention, i.e. granules comprising



20beginning of the study or in comparison with a group of patients treated with placebo or a different
therapy. Examples of Pharmaceutical Compositions and Pharmaceutical Dosage Forms In the
following the term "API 1" denotes a glucopyranosyl-substituted benzene derivative of 25the formula
(1), in partlcmgr%f?%ﬁ%ound (1.3), preferably in its crystalline form (I3. )?f%?ﬁ@?é?ﬁ? "AP| 2"
denotes linagliptin. The active pharmaceutical ingredients, i.e. linagliptin and the compound (1.3),
preferably in the crystalline form (13.X), are milled wgh a suitable mill like pin-mill or jet-mill in order to
30obtain the desired particle size distribution before manufacturing of the pharmaceutical composition
or dosage fowlidiraniesof dypicabipartietedize tigtebenio mualess$dd; X5 tdmgkxd@ for the
preferred %%Fé‘h% BOALAAS é‘@ &g%%&&[ﬁé'a%ﬂzt@ﬁe'%ﬁ%&% BFehENOMHIN [hgstable below.
WO 2010/092124PCT/EP2010/ API 1 Batch 1 API 1 Batch 2 API 2 Batch 1 API 2 Batch 2
X10 1,8 pn?di7esmesep ?f?‘fé‘"pﬂﬁ‘%{%@af%‘Bﬁﬁf?ﬁ%?ﬁ%@%ﬁ%@brﬂ“%{%@eﬁ Bhi"85,9 pm

second layer.

5

A tablet, for example a one-tayer tablet, according to the second embodiment of the invention
comprises preferably
0.5-25 % active pharmaceutical ingredieni(s),
40-88 % one or more diluents,

10 0520% one or more binders,
0.5-20 % one or more digintegrants,
0.1-15% one or more lubricants,

wherein the percentages are by weight of the total composition.

15 The following ranges are even more preferred:

0.5-20 % aclive pharmaceutical ingredient(s),
50-75 % one or more diluents,
1-15 % one or more binders,
1-15 % one or more disintegrants,
20 0.510% one or more lubricants,

wherein the percentages are by weight of the total composition.

Furthermore the following excipients and ranges are preferred:

0.5-20 % active pharmaceutical ingredients,
25 50-75% mannitol, (e.g. Pearlitol 50C, Roquetie)
0-15 % pregelatinized starch (e.g. Maize starch 1500 INT {Colorcon)),
2-4 Y copovidone (e.g. Polyvidone VA 64 INT {BASE)),
8-12 % corn starch (e.g. Maize starch undried (Roguette)),
0.5-2 % magnesium stearate (e.g. HyQual, {Mallinckrodt)),

30  wherein the percentages are by weight of the total composition. An additional disintegrant,
for example crospovidone, in an amount from 0 to 2 % by weight of the total composition,
may be used, in particular in cases where a higher tablet weight is achieved, such as in one-~
layer tablets which are made of two kinds of granules (one for each of the active ingredients)
or in two-layer {ablets as described above.

35

Furthermore the following excipients and ranges are more preferred:



31,8 pm 36,8 pm Example 1: One granulation, mono-layer tablet Copovidone is dissolved in purified
water at ambient temperature (about 20C) to produce a granulation liquid. The API 2 and API 1,
mannitol, pregelatinized starch and corn starch are 5blended in a suitable mixer, to produce a pre-mix.
The pre-mix Y$ORBSEREE with the granulation liquid and subsequently grE&RAIEREA145€7Moist granulate
is sieved through a suitable sieve. The granulate is dried at about 60 C inlet air temperature in a fluid
bed dryer until a loss on drying value of 1-4 % is obfgined. The dried granulate is sieved through a
sieve with a mesh size of 1.0 mm. 10 Magnesium stearate is passed through a sieve for delumping
and added(‘,tqsrjz‘@ogranul%@i@@@mue&%mmgmlwgnd is produced by final blending in a suitable
blender for r o |nute % m re tablet cores with a compression force of
15 kN. 15 df)f(){gropyl met Fﬁie oiiea%o (itylen ycol talc, titanium dioxide and iron oxide are
suspended&{ﬁ Pitrified wabEPIA @‘%@ﬁﬁ@@rﬁﬁ*@@aﬁ’ﬁiﬁ%ﬁéﬁﬂ%ﬁﬁ'ﬁgr@{Tr@R@fﬁ@fHQJce a coating

suspensiore-4 he tablet cetpsvagerzo@igdrwiihvitiacvatirg SUSpASFIN to a weight gain of about 3 % to
produge filg-copgted tablets, . Eﬁgrggl g\g %%L%H%(y‘%&i(ﬁ %‘é}t@% obtained: Ingredient mg / tablet
tab 0.0

mg / tablet mzcl/ tablet mg et mg 11255.0 .050.0 API 25.0
crospovudone (Koiiudoa CL-SF, (BASF))
0.5-2 % magnesium stearate (e.g. HyQual, (Malilinckrodt)},
0-10% talc (Talc, (Luzenac))

wherein the percentages are by weight of the total composition.
10
To reduce the required amount of lubricant in the tablets it is an option o use an external

fubrication system.

For the preparation of film-coated tablets a coating suspension is prepared and the

15  compressed tablet cores are coated with the coating suspension to a weight gain of about
2-5 %, preferably about 3%, using a standard fiim coater. The film-coating solvent is a
volatile component, which does not remain in the final product. In an alternative embodiment

the film-coat may comprise one of the two active pharmaceutical ingredients.

20  Alternatively tablets according to the invention may be prepared by direct compression. A
suitabie direct compression process comprises the following steps:
(1} Premixing the one or two active ingredients and the main portion of the excipients in a
mixer to obtain a pre-mixture;
(2} optionally dry screening the pre-mixiure through a screen in order to segregate
25 cohesive particles and to improve content uniformity;
(3) mixing the pre-mixture of step (1) or (2) in a mixer, oplionally by adding remaining
excipients to the mixiure and continuing mixing;
(4} tabletting the final mixture of step {3) by compressing it on a suitable tablet press to
produce the tabiet cores;
30 (5) optionally film-coating of the tablet cores of step (4) with a non-functional coat.

The pharmaceutical compositions and dosage forms, in particular tablets or capsules,

according to this invention may be packaged using known packaging materials, such as

PVC-blisters, PVYDC-blisters, PVC/PVDC-blisiers or a moisture-proof packaging material
35  such as aluminium foil blister packs, alu/alu blister, transparent or opague polymer blister

with pouch, polypropylene tubes, glass bottles, PP bottles and HDPE bottles optionally



5.0_5.0 5.0 5.0 Man nitol 128.4 125.9 120.9 105.9 80.9 Pregelatinised starch 18.0 18.0 18.0 18.0 18.0
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containing a child-resistant feature (for example with a press-and-twist closure) or may be
tamper evident. The primary packaging material may comprise a desiccant such as
molecular sieve or silica gel to improve chemical stability of the active pharmaceutical
ingredient(s). Opaque packaging such as colored blister materials, tubes, brown glass botiles
5  orthe like can be used 1o prolong shelflife of the active pharmaceutical ingredient(s) by
reduction of photodegradation. An article for distribution may comprise the pharmaceutical
composition or dosage form packaged in a packaging material as described hereinbefore
and a label or package insert, which refer to instructions customarily included in commercial
packages of therapeutic products, that may contain information about the indications, usage,
10  dosage, administration, contraindications and/or warnings concerning the use of such
therapeutic producis. In one embodiment, the label or package insert indicates that the

composition can be used for any of the purposes described herein.

The pharmaceutical compositions and pharmaceutical dosage forms according fo this
15  invention show advantageous effects in the treatment and prevention of those diseases and
conditions as described hereinbefore compared with antidiabetic monotherapies.
Advantageous effects may be seen for example with respect to efficacy, dosage strength,
dosage frequency, pharmacodynamic properties, pharmacokinetic properties, fewer adverse
effects, convenience, compliance, efc..
20
A pharmaceutical composition and pharmaceutical dosage form according to this invention
significantly improves the glycemic control, in particular in patfients as described hereinafter,
compared with a monotherapy using either a SGLT2 inhibitor or 2 DPP 'V inhibitor alone or a
monotherapy of metformin. The improved glycemic control is determined as an increased
25 jowering of blood glucose and an increased reduction of HbA1c. With monotherapy in a
patient, in particular in patients as described hereinafter, the glycemic control can usually not
be further improved significantly by an administration of the drug above a certain highest
dose. In addition, a long term treatment using a highest dose may be unwanted in view of
potertial side effects. Therefore, a satisfying glycemic control cannot be achieved in all
30 patients via a monotherapy using either the SLGT2 inhibitor or the DPP 1V inhibitor alone or
another antidiabetic drug, such as metformin. In such patients a progression of the diabetes
mellitus may continue and complications associated with diabetes mellitus may occur, such
as macrovascular complications. The pharmaceutical composition and pharmaceutical
dosage form as well as the methods according to the present invention allow a reduction of
35 the HbA1c value o a desired target range, for example <7 % and preferably < 6.5 %, for a



2.7 2.7 2.7 Film coat 5.0 5.0 5.0 5.0 5.0 Total 185.0 185.0 185.0 185.0 185.0 WO
2010/092124PCT/EP2010/051735 60 The resulting tablets have a tablet hardness around 85 N, the
friability is below 0.5%. The content uniformity fulfills the requirement according to the USP. The
disintegratio @A#a%8%#&tind 7 minutes and the dissolution of both API 1 BhlBBY 9IS YE50s after 15
minutes, e.g. 5 97% of APl 1 and 101% of APl 2. Example 2: One granulation, mono-layer tablet
Copovidone is dissolved in purified water at ambieggtemperature to produce a granulation liquid. The
API 1, API 2, mannitol, pregelatinized starch and corn starch are blended in a 10suitable mixer, to
produce a @iegrdnixurhbe prepaibais anadistencdnyih the gfahelapionididqueiciaed sobseqebntly granulated.
The moist iS.Si ough a suitable sieve. The granulate is dried at about 60 C inlet air
temperaturgeﬁ?}r? %ﬁﬁ%%%‘ﬁ%ﬁ%ép%mn a loss on drying value of 1-4 % is obtained. The dried granulate is
sieved through a sieve with a mesh size of 1.0 mm. 15 Magnesium stearate is passed through a sieve
for delumping: guteh acketed ttoatheogrzositlate a&libse premtip chetifinabbiegd iprodocwdity fmddlending in

a suitaple hiaader folHirse JMHIER AN eriBRy assadynp R isiepvnddabiehaates Mt arapenpression
force of 17 kN. 20Hydroxypropyl methylcellulose, polyethylene glycol, talc, titanium dioxide and iron

oxide are RRFERIET A BUHlied water in a suitable mixer at ambient temperature to produce a coating
suspension. The tablet cores are coated with the coating suspension to a weight gain of about 3 % to

produce filp-caaieddaliptssit e feliswing faimationyanirpisraenberobtairedisuiin secretory
capacity or the insulin sensitivity of a patient. On the other hand, a treatme;ht with the

10  administration of a SGLT2 inhibitor does not depend on the insulin secretory capacity or the
insulin sensitivity of the patient. Therefore, any patient independent of the prevailing insulin

levels or insulin resistance andf/or hyperinsulinemia may benefit from a therapy using a
pharmaceutical composition and a pharmaceutical dosage combination according to this

invention. Independent of their prevailing insulin levels or their insulin resistance or

15  hyperinsulinemia these patients can still be treated with a pharmaceutical composition and a
pharmaceutical dosage because of the combined or alternate administration of the SGLT2

inhibitor.

Linagliptin according to the present invention is able — via the increases in active GLP-1

20 levels - to reduce the glucagon secretion in a patient. This will therefore limit the hepatic
glucose production. Furthermore, the elevated active GLP-1 levels produced by linagliptin
will have beneficial effects on beta-cell regeneration and neogenesis. All these features
render a a pharmaceutical composition and a pharmaceutical dosage quite useful and
therapeutically relevant.

25
When this invention refers to patients requiring treatment or prevention, it relates primarily to
treatment and prevention in humans, but the pharmaceutical composition may also be used
accordingly in veterinary medicine in mammals. in the scope of this invention adult patients
are preferably humans of the age of 18 years or older. Also in the scope of this invention,

30 patients are adolescent humans, i.e. humans of age 10 to 17 years, preferably of age 13 to
17 years. It is assumed that in a adolescent population the administration of the
pharmaceutical composition according to the invention a very good HbA1¢ lowering and a
very good lowering of the fasting plasma glucose can be seen. In addition it is assumed that
in an adolescent population, in particutar in overweight and/or obese patients, a pronounced

35  weight loss can be observed.



Ingredient mg / tablet mg / tablet mg / tablet mg / tablet mg / tablet API 1 2.5 5.0 10.0 25.0 50.0 API 2
5.05.05.05.0 5.0 Mannitol 127.5 125.0 120.0 105.0 80.0 Pregelatinised starch
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As described hereinbefore by the administration of a pharmaceutical composition and a
pharmaceutical dosage and in particular in view of the high SGLT2 inhibitory activity of the
glucopyranosyl-substituted benzene derivative therein, excessive blood glucose is excreted
through the urine of the patient, so that no gain in weight or even a reduction in body weight
5 may result. Therefore, a treatment or prophylaxis according to this invention is
advantageously suitable in those patients in need of such treatment or prophylaxis who are
diagnosed of one or more of the conditions selected from the group consisting of overweight
and obesity, in particular class | obesity, class 11 obesity, class Il obesity, visceral obesity
and abdominal obesity. In addition a treatment or prophylaxis according to this invention is

10  advantageously suitable in those patients in which a weight increase is contraindicated.

The pharmaceutical composition and pharmaceutical dosage form according fo this invention
exhibit a very good efficacy with regard to glycemic control, in particular in view of a
reduction of fasting plasma glucose, postprandial plasma glucose and/or glycosylated
15  hemoglobin (HbA1c). By administering a pharmaceutical compaosition or a pharmaceutical
dosage form according {o this invention, a reduction of HbAlc equal to or greater than
preferably 1.0 %, more preferably equal to or greater than 2.0 %, even more preferably equal
to or greater than 3.0 % can be achieved and the reduction is particularly in the range from
1.0 % t0 3.0 %.
20
Furthermore, the method and/or use according to this invention is advantageously applicable
in those patients who show one, two or more of the following conditions:
(a) a fasting blood glucose or serum glucese concentration greater than 100 mg/dL., in
particular greater than 125 mg/dL;
25 (b) a postprandial plasma glucose equal to or greater than 140 mg/dL,;
(¢) an HbA1c value equal to or greater than 6.5 %, in particular equal to or greater than 7.0
%, especially equal to or greater than 7.5 %, even more particularly equal to or greater
than 8.0 %.

30 The present inveniion also discloses the use of the pharmaceutical composition or the
pharmaceutical dosage form for improving glycemic control in patienis having type 2
diabetes or showing first signs of pre-diabetes. Thus, the invention also includes diabetes
prevention. If therefore a pharmaceutical composition or pharmaceutical dosage form
according to this invention is used to improve the glycemic controf as soon as one of the

35  above-mentioned signs of pre-diabetes is present, the onset of manifest type 2 diabetes

mellitus can be delayed or prevented.



18.0 18.0 18.0 18.0 18.0 Maize starch 18.0 18.0 18.0 18.0 18.0 Copovidone 5.45.45.45.45.4
Magnesium stearate 3.6 3.6 3.6 3.6 3.6 Film coat 5.0 5.0 5.0 5.0 5.0 Total 185.0
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Furthermore, the pharmaceutical composition and the pharmaceutical dosage form
according to this invention is particularly suitable in the treatment of patients with insulin
dependency, i.e. in patients who are treated or otherwise would be treated or need treaiment
5  with an insulin or a derivative of insulin or a substitute of insulin or & formulation comprising
an insulin or a derivative or substitute thereof. These patients include patients with diabetes

type 2 and patients with diabetes type 1.

Therefore, according to a preferred embodiment of the present invention, there is provided a
10  method for improving glycemic control and/or for reducing of fasting plasma glucose, of
postprandial plasma glucose and/or of glycosylated hemoglobin HbA1c in a patient in need
thereof who is diagnosed with impaired glucose tolerance (IGT), impaired fasting blood
glucose (IFG) with insulin resistance, with metabolic syndrome and/or with type 2 or type 1
diabetes mellitus characterized in that a pharmaceutical composition or a pharmaceutical

15  dosage form as defined hereinbefore and hereinafter are administered to the patient.

According to another preferred embodiment of the present invention, there is provided a
method for improving glycemic control in patients, in particular in adult patients, with type 2
diabetes mellifus as an adjunct to diet and exercise.

20
It can be found that by using a pharmaceutical composition or a pharmaceutical dosage form
according to this invention, an improvement of the glycemic control can be achieved even in
those patients who have insufficient glycemic control in particular despite treatment with an
antidiabetic drug, for example despite maximal recommended or tolerated dose of oral

25  monotherapy with metformin, a SGLT2 inhibitor or a DPPIV inhibitor. A maximal
recommended dose with regard to metformin is for example 2000 mg per day or 850 mg
three times a day or any equivalent thereof. A maximal recommended dose with regard to a
SGLTZ inhibitor according to this invention, in particular with regard to the compound (1.3), is
for example 100 mg, preferably 50 mg or even 25 mg once per day or any equivalent thereof.

30 A maximal recommended dose with regard to linagliptin is for exampie 10 mg, preferably 5

mg once dally or any equivalent thereof.

Therefore, the method and/or use according to this invention is advantageously applicable in
those patients who show one, two or more of the following conditions:

35 (a) insufficient giycemic control with diet and exercise alone;



185.0 185.0 185.0 185.0 WO 2010/092124PCT/EP2010/051735 61 The tablet hardness, the friability,
the content uniformity, the disintegration time and the dissolution properties are determined as
described hereinbefore. 5SExample 3: One granulation, mono-layer tablet Copovidone is dissolved in
purified wat&¥ @2H#BERE temperature to produce a granulation liquid. APTYYEBPY i dhitol,
pregelatinized starch and corn starch are blended in a suitable mixer, to produce a pre-mix. The
pre-mix is moistened with the granulation liquid angsubsequently granulated. The moist granulate is
sieved through a suitable sieve. The 10granulate is dried at about 60 C inlet air temperature in a fluid
bed dryer yptil adesaRmOiyicgate el tebieisrehtainetcipg diiechgianuiate: isssiievied through a

sieve with & mesh ige 011, . CAOSRaVIHBNG IS lEHdn e Hsg Harulass pnid il for S

minutes to produce the main ble a?nesu_Jm stearate Is passed through a sieve for delumping and
added to mgin BRsHiicsibearmitRPIYETHREPERIA S prtGERRY B RRAPBIRRIHY IR SeReHie
15blender for thiregantituliesaspilcconipressidraiy 8 amuxovalddadtet ended withaatedrmession force of

16 kN.5Hydr.oxy[f}qg.%é;pgmmggg%%nﬂolyethylene glycol, talc, titanium dioxide and iron.oxide are
suspended in purified water in a suitable mixer at ambient temperature to E)aroduce a coating

20suspensith. THyHESEE SHFED g eopltEasRih Wt ARG AL MEREHIG A WETYREYAIR of about 3 %
to produce film-cestadataitetie T fodiovirgiyralalattormarerisoandsd obieifteigd fegreefient mg /
tablet mg / table§,mgd tablgimgnf-tablet mg / tablet API 1

{e) insufficient giycemic control despite oral monotherapy with the DPPIV inhibitor, in
10 particular despite oral monotherapy at a maximal recommended or tolerated dose of
the DPPIV inhibitor.

The lowering of the blood glucose ievel by the administration of a glucopyranosyi-substituted
benzene derivative according to this invention is insulin-independent. Therefore, a

15  pharmaceutical composition according to this invention is particularly suitabie in the
treatment of patients who are diagnosed having one or more of the following conditions

insulin resistance,

- hyperinsulinemia,
- pre-diabetes,

20 - type 2 diabetes mellitus, particular having a late stage type 2 diabetes mellitus,
- iype 1 diabetes meliitus.

Furthermore, a pharmaceutical composition and a pharmaceutical dosage form according to
this invention is particularly suitable in the treatment of patients who are diagnosed having
25  one or more of the following conditions
(a) obesity (including class I, il andfor Il obesity), visceral obesity and/or abdominal obesity,
{b) trigiyceride blood level 2 150 mg/dL,
(¢) HDL-cholesterol blood level < 40 mg/dL in fernale patients and < 50 mg/dL. in male
patients,
30 (d) asystolic blood pressure = 130 mm Hg and a diastolic blood pressure z 85 mm Hg,
(8) afasting blood glucose level = 100 mg/dL.

It is assumed that patients diagnosed with impaired glucose tolerance (IGT), impaired fasting
blood glucose (IFG), with insulin resistance and/or with metabolic syndrome suffer from an

35 increased risk of developing a cardiovascular disease, such as for example myocardial



2.55.010.0 25.0 50.0 API 2 5.0 5.0 5.0 5.0 5.0 Mannitol 127.5 125.0 120.0 105.0 80.0 Pregelatinised
starch 18.0 18.0 18.0 18.0 18.0 Maize starch 18.0 18.0 18.0 18.0 18.0 Crospovidone 2.0
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infarction, coronary heart disease, heart insufficiency, thromboembolic evenis. A glycemic

conirol according to this invention may result in a reduction of the cardiovascular risks.

A pharmaceutical composition and a pharmaceutical dosage form according to this invention
5 exhibits a good safety profile. Therefore, a treatment or prophylaxis according to this

invention is advantageously possible in those patients for which the mono-therapy with
another antidiabetic drug, such as for example metformin, is contraindicated and/or who
have an intolerance against such drugs at therapeutic doses. In particular, a treatment or
prophylaxis according to this invention may be advantageously possibie in those patients

10  showing or having an increased risk for one or more of the following disorders: renal
insufficiency or diseases, cardiac diseases, cardiac failure, hepatic diseases, puimonal
diseases, catabolytic states and/or danger of lactate acidosis, or female patients being

pregnant or during iactation.

15  Furthermore, it can be found that the administration of a pharmaceutical composition or a
pharmaceutical dosage form according to this invention results in no risk or in a low rigk of
hypoglycemia. Therefore, a treatment or prophylaxis according to this invention is also

advantageously possible in those patients showing or having an increased risk for

hypoglycemia.

20
A pharmaceutical composition or a pharmaceutical dosage form according to this invention is
narticularly suitable in the long term treatment or prophylaxis of the diseases and/or
conditions as described hereinbefore and hereinafter, in particular in the long term glycemic
controt in patients with type 2 diabetes meilitus.

25

The term "long term" as used hereinbefore and hereinafter indicates a treatment of or
administration in a patient within a period of time longer than 12 weeks, preferably longer

than 25 weeks, even more preferably longer than 1 year.

30  Therefore, a particularly preferred embodiment of the present invention provides a method
for therapy, preferably oral therapy, for improvement, especially long term improvement, of
glycemic control in patients with type 2 diabetes mellitus, especially in patients with late
stage type 2 diabetes mellitus, in particular in patients additionally diagnosed of overweight,
obesity (including class 1, class Il and/or class Il obesity), visceral obesity and/or abdominal

35 obesity.
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in all hereinbefore and hereinafter described methods and uses, in particular the methods for
treating, preventing, etc., the pharmaceutical composition or pharmaceutical dosage form
according to this invention is administered fo the patient preferably once daily.

5  Any of the above mentioned compositions and dosage forms within the scope of the
invention may be tested by animal models known in the art as well as in clinical studies. In
the following, in vivo experiments are described which are suitable to evaluate
pharmacologically relevant properties of pharmaceutical compositions and dosage forms
according to this invention:

10
Pharmaceutical compositions, dosage forms and methods according to this invention can be
tested in genetically hyperinsulinemic or diabetic animals like db/db mice, ob/ob mice, Zucker
Fatty (fa/fa) rats or Zucker Diabetic Fatty (ZDF) rats. In addition, they can be tested in
animals with experimentally induced diabetes like HanWistar or Sprague Dawley rats

15  pretreated with streptozotocin.

The effect on glycemic control of the pharmaceutical compositions and dosage forms
according to this invention can be tested in an oral glucose tolerance test in the animal
modeis described hereinbefore. The time course of blocd glucose is followed after an oral

20 glucose challenge in overnight fasted animals. The compositions and dosage forms
according to the present invention significantly improve glucose excursion compared to each
monotherapy as measured by reduction of peak glucose concentrations or reduction of
glucose AUC. In addition, after multiple dosing of the active pharmaceutical ingredients alone
and the pharmaceutical compositions or dosage forms in the animal models described

25  hereinbefore, the effect on glycemic confrol can be determined by measuring the HbA1c
value in blood. The compositions and dosage forms according to this invention significantly

reduce HbA1c compared to each monotherapy.

The improved independence from insulin of the treatment according to this invention can be
30 shown after single dosing in oral glucose tolerance tests in the animal models described
hereinbefore. The time course of plasma insulin is followed after a glucose challenge in
overnight fasted animals. The compositions and dosage forms according to the invention will
exhibit lower insuiin peak concentrations or insulin AUC at lower blood glucose excursion
than linagliptin alone.
35



The tablet hardness, the friability, the content uniformity, the disintegration time and the dissolution
properties are determined as described hereinbefore. Example 4: Two granulations, mono-layer tablet
5Two separate granulations containing only one active pharmaceutical ingredient each are prepared.
For both graW@IEi80€2¢povidone is dissolved in purified water at ambieht IEhperaturdto produce a
granulation liquid. The API 2, mannitol, pregelatinized starch and corn starch are blended in a suitable
mixer, to 10produce a pre-mix. The pre-mix is moigtened with the granulation liquid and subsequently
granulated. The moist granulate is sieved through a suitable sieve. The granulate is dried at about
6000 inlet @iteRIBEsAtIMIEciiva dLid hedetl e teatihaniossanidgyin thigahveroioh-afes sngletained. The
dried granylgif s SIRKELINBIALARIRLE B LONRRD FIRE LA MR, LBTRE Barimamamala

pregelatini tarch, com starc angﬁgﬁgonally pigments like iron oxides red a%(a blended in a suitable
mixer, to pAEAEHReS hEIRRIOTHE BiRemie LRIGB RS HRRYAS FEn IR RAIGURF AR S bsequently
granulatedgiliteyonoistetr anpliated saiehe chtasonghumdriithblsasie venTitiengrdivel acenizogitlets at about 60
C inletair tampetatre ima gk rg nvertiiadas ameryinghuahie el d-s Yodsebiainess The dried

granulate is sieved 20through a sieve with a mesh size of 1.0 mb'ljcttlettwg %ranulgtes are combined,
crospovidoti 19UV aR AP eIREHIRSR a4 @Bﬁoﬁﬁlf@ﬁ?ﬂ} HESTIES CRABTS BT Broduce the

main blendsidtagnesium stearate is passed through a sieve for delumping and added to main blend.
Subsequently the final blend is 25produced by final blending in a suitable blender for three minutes
and compressed jnto 15x6.mm oval-sriﬁl ed tﬁb‘%et cores with a cgmé)t[eﬁlsmn force of 1?

following foHHRASHYPUSH e C PR HReAREY ARG IR i T XabIdt g 7 ?5%%?%“’%5%&“%26/ tablet
mg / tébletbese-geiinageneration APd NeREE69I9 02) be determined after muftiple dosing in the animal

models described hereinbefore by measuring the increase in pancreatic insulin content, or by

measuring increased beta-cell mass by morphometric analysis after immunhistochemical

staining of pancreatic sections, or by measuring increased glucose-stimulated insulin

secretion in isolated pancreatic islets.

15
Pharmacological Examples
The following examples show the beneficial effect on giycemic control of the combination
according to the present invention.

20 Example It

According to a first example an oral glucose tolerance test is performed in overnight fasted 9-
weeks old male Zucker Diabetic Fatty (ZDF) rats (ZDF/Cri-Lepr™). A pre-dose blood sample
is obtained by tail bieed. Blood glucose is measured with a glucometer, and the animals are
randomized for blood giucose (n = 5 / group). Subsequently, the groups receive a single oral

25  administration of either vehicle alone (0.5% agueous hydroxyethylceliulose containing 3 mM
HCl and 0.015% Polysorbat 80) or vehicle containing either the SGLT2 inhibitor or the DPPIV
inhibitor or the combination of the SGLT2 inhibitor plus the DPP IV inhibitor plus. The
animals receive an oral glucose load (2 g/kg) 30 min afier compound administration. Blood
glucose is measured in tail biood 30 min, 60 min, 90 min, 120 min, and 180 min after the

30 glucose challenge. Glucose excursion is quantified by calculating the reactive glucose AUC.
The data are presented as mean = SEM. The two-sided unpaired Student t-test is used for
statistical comparison of the controt group and the active groups.

The result is shown in Figure 3. "Cpd. A" is linagliptin at a dose of 1 mg/kg. Cpd. B is the
35  compound (1.3), i.e. 1-chioro-4-(B-D-glucopyranos-1-yi)-2-[4-((S)-tetrahydrofuran-3-yloxy)-
benzyll-benzene, at a dose of 3 mg/kg. Combination A + B is the combination of finagliptin
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and the compound (1.3) at the same doses. P-values versus control are indicated by symbols
above the bars. P-values of the combination versus the monotherapies are indicated below
the figure (*, p < 0.05; **, p < 0.01; ***, p < 0.001). Linagliptin reduces glucose excursion by
56%, the compound (1.3) reduces glucose excursion by 51%. The combination decreased
glucose excursion in the oral glucose tolerance test by 84%, and this reduction in glucose

AUC is statistically significant versus each monotherapy.

Example H:

According to a second example an oral glucose tolerance test is performed in overnight
fasted male Sprague Dawley rats (Crl:CD(SD)) with a body weight of about 200 g. A pre-
dose blood sample is obtained by tail bleed. Bicod glucose is measured with a gliucometer,
and the animals are randomized for blood glucose (n = 5 / group). Subsequently, the groups
receive a single oral administration of either vehicle alone (0.5% aqueous
hydroxyethyiceliulose containing 0.015% Polysorbat 80) or vehicle containing sither the
SGLT2 inhibitor or the DPPIV inhibitor or the third antidiabetic agent or the combination of
the SGLT2 inhibitor plus the DPP 1V inhibitor plus the third antidiabetic agent. Alternatively
the groups receive a single oral administration of either vehicle alone or vehicle containing
either the SGLT2 inhibitor or the DPPIV inhibitor plus the third antidiabetic agent or the third
antidiabetic agent or the combination of the SGLT2 inhibitor plus the DPP IV inhibitor plus
the third antidiabetic agent. The animals receive an oral glucose load (2 a/kg) 30 min after
compound administration. Blood glucose is measured in tail blood 30 min, 80 min, 80 min,
and 120 min after the glucose challenge. Glucose excursion is quantified by calculating the
reactive glucose AUC. The data are presented as mean = S.E.M, Statistical comparisons are
conducied by Student’'s f test.

Exampile Iii: Treatment of pre-diabetes

The efficacy of a pharmaceutical composition or pharmaceutical dosage form according 10
the invention in the treatment of pre-diabetes characterised by pathologicai fasting glucose
and/or impaired glucose tolerance can be tested using clinical studies. In studies over a
shorter period {e.g. 2-4 weeks) the success of the treatment is examined by determining the
fasting glucose values andfor the glucose values after a meal or after a loading test (oral
glucose tolerance test or food tolerance test after a defined meal) after the end of the period
of therapy for the study and comparing them with the values before the start of the study
and/or with those of a placebo group. In addition, the fructosamine value can be determined
before and after therapy and compared with the initial value and/or the placebo value. A

significant drop in the fasting or non-fasting giucose levels demonstrates the efficacy of the
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freatrment. In studies over a longer period (12 weeks or more) the success of the treatment is
tesied by determining the HbA1¢ value, by comparison with the initial value and/or with the

value of the placebo group. A significant change in the HbA1c value compared with the initial
value and/or the placebo value demonstrates the efficacy of the composition or dosage farm

according to the invention for treating pre-diabetes.

Example 1V; Preventing manifest type 2 diabetes

Treating patients with pathological fasting giucose and/or impaired glucose tolerance {pre-
diabetes) is also in pursuit of the goal of preventing the transition to manifest type 2 diabetes.
The efficacy of a treatment can be investigated in a comparative ciinical study in which pre-
diabetes patients are treated over a lengthy period (e.g. 1-5 years) with either a
pharmaceutical composition according to this invention or with placebo or with a non-drug
therapy or other medicaments. During and at the end of the therapy, by determining the
fasting glucose andfor a loading test (e.g. oGTT), a check is made to determine how many
patients exhibit manifest type 2 diabetes, for example a fasting glucose level of >125 mg/di
and/or a 2h value according to oGTT of >199 mg/dl. A significant reduction in the number of
patients who exhibit manifest type 2 diabetes when treated with a pharmaceutical
composition or dosage form according to this invention as compared to one of the other
forms of treatment, demonstrates the efficacy in preventing a transition from pre-diabetes to
manifest diabetes.

Example V! reatment of type 2 diabetes

Treating patients with type 2 diabetes with the pharmaceutical composition or dosage form
according to the invention, in addition to producing an acute improvement in the glucose
metabolic situation, prevents a deterigration in the metabolic situation in the long term. This
can be observed is patients are freated for a jonger period, e.g. 3 months to 1 vear or even 1
to 6 years, with the pharmaceutical composition or dosage form according to the invention
and are compared with patients who have been treated with placebo or other antidiabetic
medicaments. There is evidence of therapeutic success compared with patients treated with
placebo or other antidiabetic medicaments if no or only a slight increase in the fasting
ghlucose and/or HbA1c value is cbserved. Further evidence of therapeutic success is
obtained if a significantly smaller percentage of the patients treated with a pharmaceutical
composition or dosage form according to the invention, compared with patients who have
been treated with other medicaments, undergo a deterioration in the glucose metabolic

position {e.g. an increase in the HbA1c value to >6.5% or >7%) to the point where treatment
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with an additional oral antidiabetic medicament or with insulin or with an insulin analogue is
indicated.

Example Vi Treatment of insulin resistance

In clinical studies running for different lengths of time (e.g. 2 weeks to 12 months) the
success of the treatment is checked using a hyperinsulinaemic euglycaemic glucose ciamp
study. A significant rise in the glucose infusion rate at the end of the study, compared with
the initial value or compared with a placebo group, or a group given a different therapy,
proves the efficacy of a pharmaceutical composition or dosage form according to the

invention in the treatment of insutin resistance.

Example VII.  Treatment of hyperglycaemia

In clinical studies running for different lengths of time (e.g. 1 day to 24 months) the success
of the freatment in patients with hyperglycaemia is checked by determining the fasting
glucose or non-fasting glucose (e.g. after a meal or a loading test with oGTT or a defined
meal). A significant fall in these glucose values during or at the end of the study, compared
with the initial vaiue or compared with a placebo group, or a group given a different therapy,
proves the efficacy of a pharmaceutical composition or dosage form according to the

invention in the treatment of hyperglycaemia.

Example VIli:  Prevention of micro- or macrovascular complications

The treatment of type 2 diabetes or pre-diabetes patienis with a pharmaceutical composition
or dosage form according to the invention prevents or reduces or reduces the rigk of
deveioping microvascular complications (e.g. diabetic neuropathy, diabetic retinopathy,
diabetic nephropathy, diabetic foot, diabetic ulcer) or macrovascular complications (e.g.
myocardial infarct, acute coronary syndrome, unstable angina pectoris, stable angina
pectoris, stroke, peripheral arterial occlusive disease, cardiomyopathy, heart failure, heart
rhythm disorders, vascular restenosis). Type 2 diabetes or patients with pre-diabetes are
treated long-term, e.g. for 1-6 years, with a pharmaceutical composition or dosage form
according to the invention or a combination of active ingredienis according {o the invention
and compared with patients who have been treated with other antidiabetic medicaments or
with placebo. Evidence of the therapeutic success compared with patients who have been
treated with other antidiabetic medicaments or with placebo can be found in the smaller
number of single or multipie complications. In the case of macrovascular events, diabetic foot
and/or diabetic ulcer, the numbers are counted by anamnesis and various test methods. In

the case of diabetic retinopathy the success of the treatment is determined by computer-



360.0 360.0 The resulting tablets have a tablet hardness around 105 N. The content uniformity fulfills
the requirement according to the USP. The friability is below 0.5%. The disintegration time is around 5
minutes and the dissolution of both APIs is > 85% after 15 minutes. 5 Example 5: Two granulations,
mono-layer Wb L3 & parate granulations containing only one active PhATACCUTICAT ingredient
each are prepared. 10Copovidone is dissolved in purified water at ambient temperature to produce a
granulation liquid. The API 2, mannitol, pregelatiniged starch and corn starch are blended in a suitable
mixer, to produce a pre-mix. The pre-mix is moistened with the granulation liquid and subsequently
granulatedzoRheigwisirgirativlaie dssitveadtvonhg hackgitablbtsitres yERe orenokitthidmigied at about 60
C inlet air t5mperarin adLid Bk YL HAtR, 435 AdRdBMRgrfAllg ofdodluls obtained. The

dried granulate Is sieved through a sieve with a mesh size of 1.0 mm. ThetA&l 1i‘ mgrgirgitfglr,
microcnistENHBRRIANOEE, R SYAHSHON CRiRTBRE A AT BHEBR AR B BRI FRE NS SX9&Y red are
blended inex=ujiablaimxerrtbtpribahstie aephecpriyThe fplowlomnag pigisteaebalnyepigaied water and

subseguently granulated \The moistaransals is-Siexsd JBeaueh ar switahle siexenid bedgeapslate is
dried at about 60 C inlet air temperatyre in a fluid bed d%gr.unti a Io,[ssdoU r;%r%\{aqlge oftﬂ.-4% is
obtained. PABEREYRRHES S DB REFTBIGH S SEVESHHA R HEEh 8ige 8L 6 m. WO
2010/092124RE1ieP2029/@5EISH6G4 The two granulates are combined, crospovidone is added and all
components are mixed for 5 minutes in a suitable mixer to produce the main blend. Magnesium
stearate is passed through_a sjeve {oré@ialyr@ iré%ag gdded to main blend. Subsequently the final
blend is pr&&AEEYHS final BIERTIRG iR a SUltabls Blender for three minutes and compressed into 15x6
5mmiéval-Shapéitaap Wtecoresnaituticebrapreasiion fsresaga BINATRE oMY RYRMARTER variants
can be obtgingdied in ThadakigtRardnessnihg fiabilits, the. aontesksini®ritg) Hyeddismtiagration time

(?agﬂlée’fem RigBr Iwp

and the 10%5 olytion properties are determined.as d cribl% %reairg
granulatior;[ ?Eﬁﬁ%?@ﬂg? Wo %'cfeabsalpa%g%?gﬁ%fgt%ﬁ?eéoanta%#n ) only one active pharmaceutical

ingredient daftedrmeal) prépm Colst gianiirand 7 ivdbera & YR dTRE D EMNALGvater at
ambient 13igrageyiedtiieeterRretites Ry adptian hdththe WiBaP Q00520 2iRET AEP2001852 735 65
The ARI 2, mannitol, pregelatinized.star 0 A A, suitaplg mixer, to produce
a preA:Ir%ix. e %r%rf%%()l‘é%nﬁlgfg?e%g ﬁtﬁ?@%@éé&ﬁgrﬁﬁ Il%q%ﬁ%%ér?(?) i%%sequentl% gé,anulated. The
moist granGRIEIS EREFESRSIGJA" R SGRAIMIRSTe s FredRhinide feamea  MERYHE6 ¢ inlet air
temperaturgyifdecfiid bechiiiyebintd ardosssdnctinyingsyaloie ahdier AlastBabtiinedreperered granulate

's sieved t%%%%%?%%‘é%ﬂé%@tﬁé%@rﬁié& eréo%ﬂéﬁ-m total or LDL cholesterol, an increase in
HDL cholesterol or a reduction in weight, either compared with the starting value at the
20  beginning of the study or in comparison with a group of patients treated with placebo ora

different therapy.

Examples of Pharmaceutical Compositions and Pharmaceutical Dosage Forms
In the following the term "API 1" denotes a glucopyranosyl-substituted benzene derivative of

25  the formula (1), in particular the compound (1.3), preferably in its crystalline form (I3.X), and

the term "API 2" denotes linagiiptin.

The active pharmaceutical ingredients, i.e. linagliptin and the compound {1.3), preferably in
the crystalline form (I3.X), are milled with a suitable mill fike pin-mill or jet-mill in order to
30 obtain the desired particie size distribution before manufacturing of the pharmaceutical

composition or dosage form.

Examples of typical particle size distribution values X90, X50 and X10 for the preferred active
pharmaceutical ingredients according to the invention are shown in the table below.
35



The API 1, mannitol, pregelatinized starch, corn starch and optionally pigments like iron oxides red are
blended in a suitable mixer, to produce a pre-mix. The pre-mix is moistened with the granulation liquid
and subsequently granulated. The moist granulate is sieved 10through a suitable sieve. The granulate
is dried at a%ﬁt’“é&@zmt air temperature in a fluid bed dryer until a IOSJSE%F§?AQ(¥G&§ 02 of 1-4 % is
obtained. The dried granulate is sieved through a sieve with a mesh size of 1.0 mm, crospovidone is
added and the components are mixed in a suitablesgixer for 5 minutes. 15Magnesium stearate is
passed through a sieve for delumping and added to the two granulations separately. Subsequently two
final blends are produs@d by final|pAé@hding in g s&it@ble blendé&t for three minutes. The final blend

containing|API 1 is usgd,farithe first layes and the,final blendggntaining API 2 is used for the second
layer of the_bi-layer tablet. The bilayer tablets are produced i tablet press with a first

on
compressiptt Brce of 2&KMFor 20the-fitdPlayer kfid Hhain cofribH8sion force of 12 kN for producing 10
mm rounditablet cored.8khenfollowing, fanmulatiotByapants cat7ieuobtaingd: Ingredient mg / tablet mg /

tablet mg /[tagtetmg /gggiﬁwg Haaet st ey Es T AR T T 2 8ea0,4P02p.0 50.0 Mannitol 123.5 121.0
116.0 101.0 ’ ’ ' ’ ‘

Example 1. One granulation, mono-layer tablet
Copovidone is dissolved in purified water at ambient temperature (about 20°C) to produce a
granulation liquid. The AP! 2 and APl 1, mannitol, pregelatinized starch and corn starch are
5 biended in a suitable mixer, to produce a pre-mix. The pre-mix is moistened with the

granulation liquid and subsequently granulated. The moist granulate is sieved through a
suitable sieve. The granulate is dried at about 60 °C inlet air temperature in a fluid bed dryer
until a loss on drying value of 1-4 % is obtained. The dried granulate is sieved through a
sieve with a mesh size of 1.0 mm.

10
Magnesium stearate is passed through a sieve for delumping and added to the granulate.
Subsequently the final blend is produced by final blending in a suitable blender for three

minutes and compressed into 8 mm round tablet cores with a compression force of 15 kN.

15 Hydroxypropyl methylcellulose, polyethylene glycol, tale, titanium dioxide and iron oxide are
suspended in purified water in a suitable mixer at ambient temperature to produce a coating
suspension. The tablet cores are coated with the coating suspension o a weight gain of

about 3 % to produce film-coated tablets. The following formulation variants can be obtained:

Ingredient mg / mg/ mg/ mg / mg /
tablet | tablet | tablet | tablet | tablet
APl 1 2.5 5.0 10.0 2501 50.0
API2 5.0 50 5.0 50 5.0
Mannitol 128.4] 12591 1209} 1059 80.9
Fregelatinised starch 18.0 18.0 18.0 18.0 18.0
Maize starch 18.0 18.0 18.0 18.0 18.0
Copovidone 54 54 5.4 5.4 5.4
Magnesium stearate 2.7 27 2.7 2.7 2.7
Fiim coat 5.0 5.0 5.0 5.0 5.0
Total 185.0] 185.0] 1835.0} 185.07 185.0}
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The resulting tablets have a tablet hardness around 85 N, the friability is below 0.5%. The

content uniformity fulfills the requirement according to the USP. The disintegration time is

around 7 minutes and the dissolution of both AP! 1 and API 2 is > 85% after 15 minutes, e.¢.
5 97% of APl 1 and 101% of API 2.

Example 2: One granulation, mono-layer tablet
Copovidone is dissolved in purified water at ambient temperature to produce a granulation
fiquid. The APL 1, API 2, mannitol, pregelatinized starch and corn starch are blended in a
10 suitable mixer, to produce a pre-mix. The pre-mix is moistened with the granulation liquid and
subsequently granulated. The moist granulate is sieved through a suitable sieve. The
granulate is dried at about 60 °C inlet air temperature in a fluid bed dryer until & loss on
drying value of 1-4 % is obtained. The dried granulate is sieved through a sieve with a rmesh
size of 1.0 mm.
15
Magnesium stearate is passed through a sieve for delumping and added o the granulate.
Subsequently the final blend is produced by final blending in a suitable biender for three

minutes and compressed into 8 mm round tablet cores with a compression force of 17 kN.

20  Hydroxypropyl methylcellulose, polyethylene glycol, talc, titanium dioxide and iron oxide are
suspended in purified water in a suitable mixer at ambient temperature to produce a coating
suspension. The tablet cores are coated with the coating suspension fo a weight gain of

about 3 % to produce film-coated tablets. The following formulation variants can be obtained:

ingredient mg / mg / mg / mg / my /
tablet | tablet | tablet | tablet | tabiet
AP 1 2.5 5.0 10.0 25.0 50.0
AP 2 5.0 5.0 5.0 5.0 5.0
Mannitol 127.5] 125.0| 120.0f 105.0 80.0
Pregelatinised starch 18.0 18.0 18.0 18.0 18.0
Maize starch 18.0 18.0° 18.0 18.0 18.0
Copovidone 54 5.4 54 54 54
Magnesium stearate 3.6 3.6 3.8 3.6 3.6
Film coat 5.0 5.0 5.0 5.0 5.0
Total 185.0] 185.0f 185.0f§ 185.0] 185.0




Crospovidone 5.4 5.45.45.45.4 2nd layer API25.05.05.05.05.0 WO
2010/092124PCT/EP2010/051735 66 The resulting tablets have a tablet hardness around 120 N, the
friability is below 0.5%. The content uniformity fulfills the requirement according.to the USP. The
disintegratioW?iﬁ?éﬂfggaﬁ)‘hnd 6 minutes and the dissolution of both APIs iggTQZg"%Jlagf?gF7f§ minutes. 5
Example 7: Two granulations, bi-layer tablet Two separate granulations containing only one active
pharmaceutical ingredient each are prepared. 10Cgpovidone is dissolved in purified water at ambient
temperature to produce a granulation liquid. The API 2, mannitol, pregeiatinized starch and corn starch
are blended in a suitable mixer, to produce a pre-mix. The pre-mix is moistened with the granulation

iquid and syRsegueRtymanyatedyTiRe MolshuAHRSRRSIRYerkiayaon suisable sieve. The
granulate is dried at about 60 C inlet alr_tet(?ge\%turﬁ?m fluid bg}d dryer until a loss on 15drying value
of 1-4% is BISEAHEY RIFRIN RS PG ASRETL RIS Ve T 8%5%”8{%?8 &Swith a mesh size of 1.0 mm. The

API 1, mannitol, microcrystalline cellulose, hydroxypropyl cellulose and optionally pigments like iron
oxideszred pxgrhipaded Bha gHilahieisXRlote RipsiuesIatpre-mix. The pre-
Copovidone is dissolved in purified water at ambient temperature to produce a granulation
liquid. AP 1, API 2, mannitol, pregelatinized starch and comn starch are blended in a suitable
mixer, to produce a pre-mix. The pre-mix is moistened with the granulation liquid and
subsequently granutated. The moist granulate is sieved through a suitable sieve. The
10  granulaie is dried at about 60 °C inlet air temperature in a fluid bed dryer until a loss on
drying value of 1-4 % is obtained. The dried granulate is sieved through a sieve with a mesh
size of 1.0 mm. Crospovidone is added to the dried granulate and mixed for  minutes to
produce the main blend. Magnesium stearate is passed through a sieve for delumping and
added to main blend. Subsequently the final blend is produced by final blending in a suitable
15  blender for three minutes and compressed into 8 mm round tablet cores with a compression
force of 16 kN,

Hydroxypropyl methylcellulose, polyethylene glycol, talc, titanium dioxide and iron oxide are
suspended in purified water in a suitable mixer at ambient temperature to produce a coating
20  suspension. The tablet cores are coated with the coating suspension to a weight gain of

about 3 % to produce film-coated tablets. The following formulation variants can be obtained:

Ingredient mg / mg / mg/ mg / mg /
tablet | tablet | tablet | tablet | tablet
API 1 2.5 5.0 10.0 25.0 50.0
APl 2 5.0 5.0 5.0 5.0 5.0
Mannitol 127.5] 125.0§ 1200 105.0 80.0
Pregelatinised starch 18.0 18.0 18.0 18.0 18.0
Maize starch 18.0 18.0 18.0 18.0 18.0
Crospovidone 2.0 2.0 2.0 2.0 2.0
Copovidone 5.4 5.4 54 5.4 5.4
Magnesium stearate 3.6 3.6 3.6 3.6 3.6
Film coat 5.0 50 5.0 5.0 5.0
Total 187.01 187.07 187.0F 1870 187.0




20mix is moistened with purified water and subsequently granulated. The moist granulate is sieved
through a suitable sieve. The granulate is dried at about 60 C inlet air temperature in a fluid bed dryer
until a loss on drying value of 1-4% is obtained. The dried granulate is sieved through a sieve with a
mesh size oWP@M%%spovidone is added and the components are m&%ﬁﬁ%@@ﬂ&ﬁ% mixer for 5
minutes. 25 Magnesium stearate is passed through a sieve for delumping and added to the two
granulations separately. Subsequently two final blegls are produced by final blending in a suitable
blender for three minutes. The final blend containing API 1 is used for the first layer and the final blend
containing ARl@histusedhtes e Seaciig, ltperoofdheubiftaydy tfid elis Ty lkioni®L6191092124

PCT/EP20) QU0 7 UELI201AiR AR PIACWEEIRA AP 2bIet press witha frst compression
Irs

force of 2 kN for the layer and a main compression force of 12 kN for producing 10 mm round
tablet cores. The following formulation variants can be obtained: Ingredient mg / tablet mg / tablet
mg/Whblet Egattgiret: mJwoadlmt distitayemonaféviepiskied 10.0 25.0 50.0 Mannitol

5  Two separate granulations containing only one active pharmaceutical ingredient each are
prepared. For both granulations, copovidone is dissolved in purified water at ambient

temperature to produce a granulation liquid.

The API 2, mannitol, pregelatinized starch and corn starch are blended in a suitable mixer, to
10  produce a pre-mix. The pre-mix is moistened with the granulation liquid and subsequently
granulated. The moist granulate is sieved through a suitable sieve. The granulate is dried at
about 60 °C inlet air temperature in a fluid bed dryer until a loss on drying value of 1-4 % is
obtained. The dried granulate is sieved through a sieve with a mesh size of 1.0 mm.

15  The API 1, mannitol, pregelatinized starch, corn starch and optionally pigments like iron
oxides red are biended in a suitable mixer, to produce a pre-mix. The pre-mix is moistened
with the granulation liquid and subsequently granulated. The moist granulate is sieved
through a suitable sieve. The granulate is dried at about 80 °C inlet air temperature in a fluid
bed dryer until a loss on drying value of 1-4 % is obtained. The dried granulate is sieved

20  through a sieve with a mesh size of 1.0 mm.

The two granulates are combined, crospovidone is added and all components are mixed for
5 minutes in a suitable mixer fo produce the main blend. Magnesium stearate is passed
through a sieve for detumping and added to main blend. Subsequently the final blend is

25  produced by final blending in a suitable blender for three minutes and compressed into 15x6
mm oval-shaped tablet cores with a compression force of 17 kN. The following formulation

variants can be obtained:

tngredient mg / tablet] mg/tabiet] mg/tablet] mg/tablet] mg/ tablet
1si granulation

AP 1 2.5 5.0 10.0 25.0 50.0
Mannitol 123.5 121.0 116.0 101.0 76.0
Pregelatinised starch 18.0 18.0 18.0 18.0 18.0
Maize starch 18.0 18.0 18.0 18.0 18.0
fron oxide red 2.7 2.7 2.7 2.7 27




123.5121.0 116.0 101.0 76.0 Microcrystalline cellulose 36.0 36.0 36.0 36.0 36.0 Iron oxide red 2.7 2.7
2.7 2.7 2.7 Hydroxypropyl cellulose 5.4 5.4 5.4 5.4 5.4 Magnesium stearate 4.54.54.54.54.5
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Copovidone 5.4 5.4 5.4 5.4 5.4
2nd granulation

API 2 5.0 5.0 5.0 5.0 5.0
Mannitol 130.9 130.9 130.9 130.9 130.9
Pregelatinised starch 18.0 18.0 18.0 18.0 18.0
Maize starch 18.0 18.0 18.0 18.0 18.0
Copovidone 5.4 54 54 5.4 5.4
rinal Biend

Magnesium stearate 7.2 7.2 7.2 7.2 7.2
Crospovidone 5.4 54 54 54 54
Total 360.0 360.0 360.0 360.0 360.0

The resulting tablets have a tablet hardness around 105 N. The content uniformity fulfills the

requiremeni according to the USP. The friability is below 0.5%. The disintegration time is

around & minutes and the dissolution of both APls is > 85% after 15 minutes.

Example 5: Two granulations, mono-layer fablet

Two separate granulations containing only one active pharmaceutical ingredient each are

prepared.

Copovidone is dissolved in purified water at ambient temperature to produce a granulation

liguid. The API 2, mannifol, pregelatinized starch and corn starch are blended in a suitable

mixer, to produce a pre-mix. The pre-mix is moistened with the granulation liquid and

subsequently granulated. The moist granulate is sieved through a suitable sieve. The

granulate is dried at about 60 °C inlet air temperaiure in a fluid bed dryer until a loss on

drying value of 1-4 % is obtained. The dried granulate is sieved through a sieve with a mesh

size of 1.0 mm.

The AP 1, mannitel, microcrystalline cellulose, hydroxypropy! cellulose and optionally

pigments like iron oxides red are blended in a suitable mixer, to produce a pre-mix. The pre-

mix is moistened with purified water and subsequently granulated. The moist granulate is

sieved through a suitable sieve. The granulaie is dried at about 680 °C inlet air temperature in

a fluid bed dryer until a loss on drying value of 1-4 % is obtained. The dried granulate is

sieved through a sieve with a mesh size of 1.0 mm.



5454 54 5.4 2nd layer  API 25.0 5.05.05.0 5.0 Mannitol130.9 130.9 130.9 130.9 130.9
Pregelatinised starch18.0 18.0 18.0 18.0 18.0 Maize starch18.0 18.0
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The two granulates are combined, crospovidone is added and all components are mixed for
5 minutes in a suitable mixer to produce the main blend. Magnesium stearate is passed
through a sieve for delumping and added to main blend. Subsequently the final blend is
produced by final blending in a suitable blender for three minutes and compressed into 15x6
mm oval-shaped tablet cores with a compression force of 15kN. The following formulation

variants can be obtained:

Ingredient mg / tablet] mg / tablet] mg/tablet] mg/tablet{ mg/ tablet
1st granulation

AP 1 2.5 5.0 10.0 25.0 50.0
Mannitol 123.5 121.0 116.0 101.0 76.0
Microcrystalline 36.0 38.0 36.0 36.0 36.0
celiulose

Tron oxide red 2.7 2.7 27F 27 2.7
Hydroxypropyt 5.4 54 54 54 5.4
cellulose

2nd granulation

API 2 5.0 5.0 5.0 5.0 5.0
Mannitol 130.9 130.9 130.9 130.9 130.9
Pregelatinised starch 18.0 18.0 18.0 18.0 18.0
Maize starch 18.0 18.0 18.0 18.0 18.0
Copovidone 54 54 5.4 54 5.4
Final Blend

Magnesium stearate 7.2 7.2 7.2 7.2 7.2
Crospovidone 54 5.4 54 5.4 5.4
Total 360.0 360.0 360.0 360.0 360.0

The tablet hardness, the friability, the content uniformity, the disintegration time and the

dissolution properties are determined as described hereinbefore.

Example 6: Two granulations, bi-layer tablet
Two separate granulations containing only one active pharmaceutical ingredient each are
prepared. For both granulations, copovidone is dissolved in purified water at ambient

temperature to produce a granuiation liquid.



18.018.0 18.0 Copovidone5.4 5.4 5,45.4 5.4 Magnesium stearate2.7 2.7 2.72.72.7 Total360.0
?60.0 330h0 3_60.0|360.0 The tablet hardness, the friability, the content uniformity, the disintegration '
ime and the dissolution properties are determined as described hereinb : One
granulationw&%q/llg &tablet 10Copovidone is dissolved in purified Watgéq;?grgnﬁbgigﬁj}t%esﬁnperature
(about 20C) to produce a granulation liquid. API 1, API 2, mannitol, pregelatinized starch and corn
starch are blended in a suitable mixer, to produce @pre-mix. The pre-mix is moistened with the
granulation liquid and subsequently granulated. The moist granulate is sieved through a suitable sieve.
The granuTite AS tRiguaat dbjoptegsiainived sirtanapecativetiiad Atrdlsadedier shitatiegidesiowo

t2h0r$0/ or?z%%éﬁ)&g %ﬁmw §hd HREAR drvingtuabeeah 1hd 4risabliainkgid aeldiuesegrantiate is sieved
irough 2 Sieve J B esh P28 0L KO0, Y RTRRYILPIANE Ll e g Raidpdcranuiate
about 60 °C inlet air temperature in a fluid bed dryer until a loss on drying value of 14 % is

5 obtained. The dried granulate is sieved through a sieve with 2 mesh size of 1.0 mm.

The API 1, mannitol, pregelatinized starch, comn starch and optionally pigments flike iron
oxides red are blended in a suitable mixer, to produce a pre-mix. The pre-mix is moistened
with the granulation liquid and subsequently granulated. The moist granulate is sieved
10 through a suitable sieve. The granulate is dried at about 60 °C inlet air temperature in a fluid
bed dryer until a loss on drying value of 1-4 % is obtained. The dried granulate is sieved
through a sieve with a mesh size of 1.0 mm, crospovidone is added and the components are
mixed in a suitable mixer for 5 minutes,
15 Magnesium stearate is passed through a sieve for delumping and added to the two
granulations separately. Subsequently two final biends are produced by final blending in a
suitable blender for three minutes. The fina! blend containing AP1 1 is used for the first layer
and the final blend containing API 2 is used for the second layer of the bi-layer tablet. The bi-
fayer tablets are produced on a suitable tablet press with a first compression force of 2 kN for
20  the first layer and a main compression force of 12 kN for producing 10 mm round tablet

cores. The following formulation variants can be obtained:

Ingredient mg / tablet] mg/ tablet] mg/ tablet] mg/tablet] mg / tablet
tst layer

APIA 2.5 5.0 10.0 25.0 50.0
Mannitol 123.5 121.0 118.0 101.0 76.0
Pregelatinised starch 18.0 18.0 18.0 18.0 18.0
Maize starch 18.0 18.0 18.0 18.0 18.0
Iron oxide red 2.7 2.7 2.7 2.7 27
Copovidone 54 5.4 5.4 5.4 54
Magnesium stearate 4.5 4.5 4.5 4.5 45
Crospovidone 54 54 5.4 54 5.4
2nd layer

API 2 5.0 5.0 5.0 5.0 5.0




5the main blend. Magnesium stearate is passed through a sieve for delumping and added to main
blend. Subsequently the final blend is produced by final blending in a suitable blender for three
minutes and compressed into 8 mm round tablet cores with a compressi f . The
combination’df Eﬂ@%?ﬁbricams talc and magnesium stearate Wars) discgggt%gz?)cli 0é;sseﬁzfg%c:lecially useful
when API 1 and API 2 are combined in one granulation and 10subsequently in one tablet by enabling
low ejection forces and by avoiding sticking of the @ial blend to the tablet punches. Hydroxypropyl
methylcellulose, polyethylene glycol, talc, titanium dioxide, mannitol and iron oxide are suspended in
purified wate¢adni@lsuitable mixgr at amﬁbiélilt tempabaiigre to pRodlce 1513Bating stkpehsion. The
tgblet corgsser ce].é\ﬁﬂﬁéév {%ircﬁ Te coatmn 5 pcllaiﬂlg_' a vveigillg_g .' g oo geguce
film-coatedl tablets. The followihg formulatibn variantslcan be obidined: Ingrédient.mg [fablet mg /
tablet mg | Maitetstaechtablet m) / tablet8H1 1 2.5180] 10.0 258P%0.0 AP1®.01 5.0'8:8/5.0 5.0

Copovidone 5.4 5.4 5.4 5.4 54
Magnesium stearate 2.7 2.7 2.7 2.7 2.7
Total 360.0 360.0 360.0 360.0 360.0

The resulting tablets have a tablet hardness around 120 N, the friability is below 0.5%. The
content uniformity fulfills the requirement according to the USP. The disintegration time is
around 6 minutes and the dissolution of both APls is > 85% after 15 minutses.

Example 7: Two granulations, bi-layer tablet
Two separate granulations containing only one active pharmaceutical ingredient each are

prepared.

10  Copovidone is dissolved in purified water at ambient temperature to produce a granuiation
liquid. The API 2, mannitol, pregelatinized starch and corn starch are blended in a suitable
mixer, to produce a pre-mix. The pre-mix is moistened with the granulation liquid and
subsequently granulated. The moist granulate is sieved through a suitable sieve. The
granulate is dried at about 680 °C inlet air temperature in a fluid bed dryer until a loss on

15 drying value of 1-4 % is obtained. The dried granulate is sieved through a sieve with a mesh

size of 1.0 mm.

The API 1, mannitol, microcrystalline cellulose, hydroxypropy! cellulose and optionally
pigments like iron oxides red are blended in a suitable mixer, to produce a pre-mix. The pre-
20  mix is moistened with purified water and subsequently granulated. The moist granulate is
sieved through a suitable sieve. The granulate is dried at about 60 °C inlet air temperature in
a fiuid bed dryer until a loss on drying value of 1-4 % is obtained. The dried granulate is
sieved through a sieve with a mesh size of 1.0 mm, crospovidone is added and the
components are mixed in a suitable mixer for 5 minutes. |
25
Magnesium stearate is passed through a sieve for delumping and added to the two
granulations separately. Subsequently two final blends are produced by final blending ina
suitable blender for three minutes. The final blend containing AP! 1 is used for the first layer
and the final blend containing AP! 2 is used for the second layer of the bi-layer tablet. The bi-



Mannitol 114.0 111.5 106.5 91.5 66.5 Pregelatinised starch 18.0 18.0 18.0 18.0 18.0 Maize starch
19.8 19.8 19.8 19.8 19.8 Crospovidone 3.61 3.6 3.6 3.6 3.6 Copovidone 5.41 5.4 5.4 5.4 5.4 Talc
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the first layer and a main compression force of 12 kN for producing 10 mm round tablet

cores. The following formulation variants can be cbtained:

Ingredient mg / tabiet] mg/tablet] mg/tablet| mg/ tablet] mg/ tablet
1stlayer “
AP 55 5.0 10.0 75.0 50.0
Mannitol 123.5 121.0 116.0 101.0 76.0
Microcrystaliine 36.0 36.0 36.0 36.0 36.0
cellulose

iron oxide red 2.7 2.7 2.7 2.7 27
Hydroxypropyl 5.4 b.4 5.4 5.4 5.4
celiulose

Magnesium stearate 4.5 4.5 45 4.5 4.5
Crospovidone 5.4 5.4 5.4 5.4 54
2nd layer

APl 2 5.0 5.0 5.0 5.0 5.0
Mannitol 130.8 130.9 130.9 130.9 130.8
Pregelatinised starch 18.0 18.0 18.0 18.0 18.0
Maize starch 18.0 18.0 i8.0 18.0 18.0
Copovidone 54 5.4 54 5.4 54
Magnesium stearate 2.7 2.7 2.7 2.7 2.7
Total 360.0 360.0 360.0 360.0 360.0

5

The tablet hardness, the friability, the content uniformity, the disintegration time and the
dissolution properties are determined as described hereinbefore.

Example 8: One granulation, mono-layer tablet

10  Copovidone is dissolved in purified water at ambient temperature (about 20°C) to produce a

granulation liquid. AP 1, API 2, mannitol, pregelatinized starch and corn starch are blended
in a suitable mixer, to produce a pre-mix. The pre-mix is moistened with the granulation liguid
and subsequently granulated. The moist granulate is sieved through a suitable sieve. The

granulate is dried at about 80 °C inlet air temperature in a fluid bed dryer until a loss on



9,01 9.0 9.0 9.0 9.0 Magnesium stearate 2.71 2.7 2.7 2.7 2.7 Hydoxypropyl methylcellulose 1.7500
1.7500 1.7500 1.7500 1.7500 Polyethylene glycol 0.6000 0.6000 0.6000 0.6000 0.6000 Iron oxides

0.0125 0.0125 0.0125 0.0125 0.0125 Titanium dioxide 0.7375
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drying value of 1-4 % is obtained. The dried granulate is sieved through a sieve with a mesh

size of 1.0 mm.

Crospovidone and talc are added to the dried granulate and mixed for 5 minutes to produce
B the main blend. Magnesium stearate is passed through a sieve for delumping and added to

main blend. Subsequently the final blend is produced by final blending in a suitable blender
for three minutes and compressed into 8 mm round tablet cores with a compression force of
16 kN. The combination of the two lubricants talc and magnesium stearate was discovered to
be especially useful when AP| 1 and API 2 are combined in one granulation and

10 subsequently in one tablet by enabling low ejection forces and by avoiding sticking of the
final blend to the tablet punches.

Hydroxypropyl methylcellulose, polyethylene glycol, talc, titanium dioxide, mannitol and iron
oxide are suspended in purified water in a suitable mixer at ambient temperature to produce
15 a coating suspension. The tablet cores are coated with the coating suspension to a weight

gain of about 3 % to produce film-coated tablets. The following formulation variants can be

obtained:
Ingredient mg / mg / mg/ mg/ mg /
tabiet | tablet | tablet } tablet | tablet
APl 1 2.5 5.0 10.0 25.0 50.0
API 2 5.0 50 5.0 5.0 5.0
Mannitol 114.0 111.5 106.5 91.5 66.5
Pregelatinised starch - 18.0 18.0 18.0 18.0 18.0
Maize starch 19.8 19.8 19.8 19.8 19.8
Crospovidone 3.6 3.6 3.6 3.6 3.6
Copovidone 5.4 5.4 5.4 5.4 5.4
Taic 9.0 9.0 9.0 9.0 8.0
Magnesium stearate 2.7 2.7 2.7 2.7 27
:‘;‘::;f;ﬁie 17500} 1.7500| 1.7500] 1.7500] 1.7500
Polyethylene glycol 0.6000¢ 0.8000| 0.6000} 0.6000)] 0.6000
Iron oxides 0.0125} 0.0125] 0.0125} 0.0125] 0.0125
Titanium dioxide 0.7375) 0.7375} 0.7375§ 0.7375] 0.7375




0.7375 0.7375 0.7375 0.7375 WO 2010/092124PCT/EP2010/051735 69 Talc 0.9000 0.9000 0.9000
- 0.9000 0.9000 Mannitol 1.0000 1.0000 1.0000 1.0000 1.0000 Total 185.0.185.0 185.0 185.0 185.0

The tablet hardness, the friability, the content uniformity, the disintegratiqp.ti issolution
properties PP Ftied as described hereinbefore. 5 Examples of Tests%v’%%reg{}a%rhﬁsg Properties of

Pha_lrmacegtical Compositions and Pharmaceutical Dosage Forms 1. Disintegration Test
Disintegration test was performed as described in 885P31-NF26 32, chapter 701 10(disintegration).

Talc 0.9000} 0.9000{ 0.9000} 0.2000; 0.8000
Mannitol 1.00007] 1.00007 1.0000) 1.0000] 1.0000
Total 185.0; 185.0F 185.0 185.0] 1850

The tablet hardness, the friability, the content uniformity, the disintegration time and the

dissolution properties are determined as described hereinbefore.

5  Examples of Tests with regard to Properties of Pharmaceutical Gompositions and
Pharmaceutical Dosage Forms

1. Disintegration Test
Disintegration test was performed as described in USP31-NF26 52, chapter 701
10 (disintegration).

2. Dissolution Test

The standard dissolution test is described in USP31-NF26 S2, chapter 711 (dissolution). The

paddie method {Apparatus 2) with an agitation speed of 50 rpm was used. The dissolution
15  media is 900 mL 0.05 M Potassium phosphate buffer pH 6.8 at a temperature of 37°C. |

Samples are taken after 10, 15, 20, 30 and 45 minutes. The samples are analyzed via HPLC.

A dissolution profile of tablets according to the example 4 and the example 6 wherein APt 1
is the compound (1.3) and the API 2 is linagfiptin are depicted in the Figure 4.

20
A dissolution profile of tablets according to the example 8 wherein AP| 1 is the compound

(1.3) and the API 2 is linagliptin are depicted in the Figure 5.

3. Particle Size Distribution Measurement by Laser Diffraction
25  Particle size distribution measurement was performed for example via light scattering or laser
diffraction technique. To determine the particle size the powder is fed into a laser diffraction

spectrometer for example by means of a dispersing unit. The test method is described below

in detail:
30  Equipment: Laser Diffraction Spectrometer Sympatec HELOS Particle
Sizer.
Lens: R31 (0.5/0.9um — 1756pm)

Sample Dispersing Unit: Dry disperser RODOS/M



2. Dissolution Test The standard dissolution test is described in USP31-NF26 32, chapter 711
(dissolution). The paddle method (Apparatus 2) with an agitation speed of 50 rpm was used. The
dissolution 15media is 900 mL 0.05 M Potassium phosphate buffer pH 6 re 0137C.
Samples ard hREY %%%é?“lo, 15, 20, 30 and 45 minutes. The samples are%gé@%&e@%%%LC. A
dissolution profile of tablets according to the example 4 and the example 6 wherein API 1 is the
compound (1.3) and the API 2 is linagliptin are depibted in the Figure 4. 20 A dissolution profile of
tablets according to the example 8 wherein API 1 is the compound (1.3) and the API 2 is linagliptin are
depicted irvdwaikigure 5. 3. Particle SiffsDistribution Measurement by Laser Diffraction 25Particle size
distribution-mgasurement was perfopgegiosexample via light scattering or laser diffraction technique.
To determine the particle size the p iﬁ ris de into a laser diffraction spectrometer for example by
means of g%‘?gp\é‘? ﬁ'a’Unit. The testoé@g‘ (t??w(r)norlnlé‘:’ described below in detail: 30Equipment:Laser
Diffraction Bipeatyomesteresympatec RBL OB Particle Sizer. Lens:R31 (0.5/0.9pm - 175pm) Sample
Dispen@ng;%{@&&%ger RODQSNmiY¢Qatk/092124PCT/EP2010/051735 70 Vacuum:Nilfisk
Feeder:AS%%%%CEWgag{jerg%:g t:,60. 8 Srrér%[r;: Erimary pressure:2.00 bar 5Injector depression:maximize
(mbar)2 Retérence Measurement: 1 secongs Cycle Time:100 msec Trigger Conditions:Start 0.0
seconds afe@eigptiesl concentration .20P99sRdid always  Stop after 5.0 seconds optical concentration
5 1% or aftgiggfesesantsneeal time 16pticakeandenitatioptiép proxmataiynranigegid 2kays
Evaluation (it [ SaiE. sige AnpirumalehedaPma Wumhesoloreastiements: 2 (duplicate) 15The

. i8] 11 : 3
Instrument is ge% up accor(?lng to the manufacturer's recommendation and using the

10 Optical Concentration: Approximately range 3 — 12 %
Evaluation: HRLD
Sample Size: Approximately 100 mg

Number of measurements: 2 (duplicate)

15  The instrument is set up according to the manufacturer's recommendation and using the
manufacturer provided software. The sample container is thoroughly mixed and tumbled prior
to removing a portion of the sample to ensure that a representative sample is tested.
Duplicate samples are prepared by using a spatula to transfer approximately 100 mg ofa
sample into the ASPIROS glass vials and cap the vials. The capped vials are placed into the

20 feeder.

4, Tablet hardness and friability
Tablet hardness and friability test was performed as described in USP31-NF26 S2, chapter
1217 (tablet breaking force).

25



manufacturer provided software. The sample container is thoroughly mixed and tumbled prior to
removing a portion of the sample to ensure that a7r1epresentative sample is tested. Duplicate samples
are prepared by using a spatula to transfer approximately 100 mg of a sample into the ASPIROS glass
vials aRdaggya the vials. The capped vials are placed into the 20feeder. 4. Tablet hardness and friability
Tablet hardness and friability test was performed as described in USP31-NF26 S2, chapter 1217
(tablet breaking force). 25 71 CLAIMS: 1. A pharmaceutical dosage form comprising linagliptin or
a pharmaceutically acegpiaidesaitdherenigas wfirstaetivespliaiinagiticalingredsnidbeamicmount

from 2 mg to 5 m d . . o L

Leniorb s §hEMereot oo 2 s sctye aarmacsutis) ngresient o ap amopt fom 2.1 105 g
active’phaandcéwiteiorytediesitaormaneoint Fraolt-§ Sidasabs dimiusaitt Do v rheraydxearieans. 2.
The pharmnasesiiealdosatinEBasear GHgNHRIM dnvdiseein henfirstagtivednaredigrt bas arparticle
size distribution of X90 < 200 pm. 3. The pharmaceutical dosage form according to claim 1 or 2
wheren i8R active ingredient has a patrticle size distribution of 1 pm < X90 < 200 pm. 4,
The pharmaceutical dosage form according to any one of claims 1 to 3 wherein the one or more

excipients comprisegae pLMATEHilHaSsage Bl NRANEIBRERLHRA dosAgRiiPIm.ageRsting:to any

one of claims 1 to 3 wherein the one or more excipients comprise one or more diluents and one or
more BIfERSHENt has g peRicisRiFmdistiRtionI e AP HEtording to any one of claims 1 to 3 wherein

the one or more excipients comprise one or more diluents, one or more binders and one or more

disintegrants, TG BHAUNSRUGALAGSAGS (N AGEO AR 0% 09S, LIE REVIgUs glaims

comprising 0.5-25%o0f the two active ingredien %o0fthe one or more diluents, %of the
one oPAiNRIMIFRIERST O35 a0AiGlE 672t EigiHBUWPMetd BSiftéghnE0Erein the percentages are by
weight of the total composition. 8. The pharmaceutical dosage form according to any one of the
previous claims comprising 72 0.5-25% 40-88% 0.5-20%.0.5-20% 0.1-15% the active, pharmaceutical
marecionts. the or 11 SLAUCATE U P ETe BRI oP AN r g e BFIBR
lubricdneseneioe reina e prirrdn tayesriaeeoby wokpredfitientetal composition 9. The pharmaceutical
dosage form according to any one of the previous claims wherein the one or more diluents are
selected from the group consisting of cellulose, dibasic calciumphosphate, erythritol, mannitol, starch,

pregelatinized starcﬁf‘ﬁrﬂﬁ‘%%ﬁﬂ?%&ﬂmﬂ@aaﬁrf95ﬂ\/%%cﬁ'f?3“ﬁf8r§fé’s°6‘letﬁé Hagr nerighern

substdheesie or more excipients comprise one or more diluents and one or more binders.

G. The pharmaceutical dosage form according to any one of claims 1 to 3 wherein
the one or more excipients comprise one or more diluents, one or more binders and one or

more disintegrants.

7. The pharmaceutical dosage form according fo any one of the previous claims
comprising

0.5-25% of the two active ingredients,

40-88% of the one or more diluents,

0.5-20% of the one or more binders,

0.5-20% and of the one or more disintegrants,

wherein the percentages are by weight of the total composition.

8. The pharmaceutical dosage form according to any one of the previous claims

comprising



10. The pharmaceutical dosage form according to claim 9 wherein the one or more diluents are
selected from mannitol and pregelatinized starch’?2 11. The pharmaceutical dosage form according
to any one of the previous claims wherein the one or more binders are selected from the group
consisting of £ap@vidone, Qy@my@r&%@g@%@llw ;g—,l)l%ll\/IC), hydroxypropylcellulose (HPC), a
polyvinylpyrrolidone, pregelatinized starch, low-substituted hydroxypropylcellulose (L-HPC), including
derivatives afer#fdrates oPRRCbEIRIR HHiti®ned substances. 12. The pharmaceutical dosage
form accordingsteoskaim 1 bywhereiivth®iaderor more binders are selected from copovidone and/or
pregelatinizegl 5??69/!? O%%. 0‘}[%}@@{&@\%@%%& dosage form according to any one of the previous
claims wherein'the’one or more disintegrants are Selected from the group consisting of crospovidone,
low-substituted HydroxypropicalnBseutrisants), and starches, such as native starches, in particular
corn starch, apdRieaaiatinrzadjascieipelwdige: dethetbiascanthbydeates of the before mentioned
substances. 14. The pharmaceutical dosage form according to claim 13 wherein the one or more
disintegrants are selected from corn starch, pregelatinized starch and crospovidone. 73 15. The
pharmaceuti®al doséige fdamacenitiagdosagy tmenofcher pireyiousrolains eiHbeepreliowhslamsore
lubricapis are $RIGHELIAD-ENGIREMD SASENRELHEHE (ROYRIYIBas Aol o BRIIYaEBRLYSthy lene

glycol with a molecular weigtht_in a range from about 4400 to about 9000, hydrogenated castor oil, fatty
acid afflSaRe sRig e ciBY N BA-TRaIGhe RETGtmPIeRRIAlERRA, SEim b atieluiefthereof,
for exampleticatcina eheateate! taldioitrsiearditm«<bslibeizsteasyl fumarate or magnesium stearate.
16. The pharmaceutical dosage form according to claim 15 wherein the one or more lubricants are
selected from magnesium stearate and talc. 17. The pharmaceutical dosage form according to
any one of cliims 1tBe1BharBrsriicRl dewsae fharmageatitivaltacdaige Yommerein thegonggr more
pharmaretcalslosaer iorahaseeislioot gadaebiinn-daastaren of a granulate, capsule, a tablet or a
film-coated tablet. 19. The pharmaceutical dosage form according to any one of the previous
claims comprising the first active pharmaceutical ingredient in an amount of 5 mg and the second
active pharméteuticaidngihetisaveiiionl soragst tormOaseprding R0aThe phaintagauteidgogagesform
according o-amy0BRLINSBIEVigHgFLIMS cRBpIsINg ihe fEsiAstive Rrarnageyicabipagsdignt in an
amount of 5 mg and the second active pharmaceutical ingredient in an_amount of 25 mg., 21. The
pharm AR RS TR HOS8 AIENG a6y PR 98%2 6 (Rbr rP RO BIRATHIGANEst after
45 minuteglatiteast F@raHyoweigbsiahtbe Hirstcapdrapyeadit k&4 by R@)ghtcbfding sedeaiivestvel
phar g{&a&irﬁ%ebcg%% %gn‘{’ii@ﬁé’év&ﬂ:stan Qe%Z The pharmaceutical dosage form according to any
one of Claims 1 to 21 wherein in a disintegration test the pharmaceutical dosage form is disintegrated
within 30 minutes. 23. The pharmaceutical dosage form according to any one of the previous
claims wherein it is aRNefRYeRtRMRIEN ddRighetTeriwaactintrpghasmasautical ingiedigntsmareqyesent in
the one layer. .74 24. The pharmaceutical dosage,form according to any one of the previous
claims W e}ﬁginbfl{‘cljsﬁf2 ?t\?vrg-%%/%?t%db%?% vcv?ﬁgﬁi%%%eoﬁﬁeo{m%r%%?%gnﬁ%ésrn%%cpéﬁ'tical ingredients is
present in a first layer and the other active pharmaceutical ingredient is present in a second layer.
25. The pharmgaceutiggl Qﬁm@fﬁﬂa@%ﬁﬁﬂa%ﬂrﬁ%m&ﬁ iReprevwiRILiiEnsahsnsinidina
film-coated tablet in which one of the two activlseee%%harq]jceutbcal inﬁg)edientstfj%fr sent in the core

‘" iﬁg

tablet ¥R BfharadiVaPRAHHABARNS F RRE R DR BRI PR S Y TERREVCO%6. A
processwWenthetifoteparatydrogy@ qhdraiaosaticdl dtf2ayeafuimtactedingdo asyahe chatahes Into 25
Comprﬁﬂ%ﬂﬁﬁ QU GFAHAUGR PIRRRBRES &Q%Fﬁ'@n%]ﬁo‘i\q% aetveRRarmareicaldogedignts
together with one or more excipients are granulated. 27. Use of a pharmaceutical dosage form
accordiBifi® BRYREDRUBHAE o 25 for the manufacture of a medicament for preventing,
slowing the progression of, delaying or treating a metabolic disorder selected from the group
conisiing of e | drbsies mellus.hes 20 phsies el meR oo ghiesedplence mpaed
fasting blood g ucose,%yper@]ycemla, pos?pqrancflal yperglycemia, overweight, obesity and metabolic
syndrotisitegrants armpeirgiag (oeeeait staia| it o pddiielnt afdasapeeyid’nsa glucose, of
postprandial plasma glucose and/or of glycosylated hemoglobin HbAlc; or preventing,
slowing, delaying or reversing progression from impaired glucose tolerance, insulin resistance and/or
from metabolic syndrome to type 2 diabetes mellitus; or preventing, slowing the progression
of, delaying or treating of a condition or disorder selected from the group consisting of complications of
diabetes mellitus such as cataracts and micro- and macrovascular diseases, such as nephropathy,
retinopathy, neuropathy, tissue ischaemia, arteriosclerosis, myocardial infarction, stroke and peripheral
arterial occlusive disease; or reducing body weight or preventing an increase in body weight
or facilitating a reduction in body weight; or



preventing, slowing, delaying or treating the degeneration of pancreatic beta cells and/or the decline of
the functionality of pancreatic beta cells and/or for3mproving and/or 75 restoring the functionality of
pancreatic beta cells and/or restoring the functionality of pancreatic insulin secretion; or for

reveing, S B LS e e U bl sy

IRNG a
prevemtiegety feginsalprenteednoroniisin sesistad derintbepaitient tomesthghareds, 28lygskeyireording to

claim 3:@6&!}%%ﬁ%i@ﬁ%ﬂ?&%ﬁ@ﬂ@‘%}@%%@iﬁgWﬁé%@&éro%iﬁm}%e AhierRpRdIigns seJs Gied from

the group consisting of overweight, obesity, visceral obesity and abdominal obesity. 29.Use according
to claiftP 24 \%%Qemci!ﬁcégﬁ%@ﬁt‘@%i RGN AShaneHeRlis shERFEsnip RaBicHe IR fAk Ebnditions:
(a) a fastingblood ghdeose@r petasnighnicesitscinaentyaiion graates tharilf0 betmehati) paiticuhar

greategt%é@g;@l’?Sﬁ(pp'_‘l%dg.&;a?,P/I fm%ﬁg‘?ﬁﬁﬁg%% A S& &Iéjcose equal to or greater than 140 mg/dL;

(c) an HbAlc value equal to or gr in particular equal to or greater than 7.0 /0. 30.Use
according to claim 27 wherein the patient is an individual wherein one, two, three or more of the

following congtionsTake ggseatautical (@ <esitymvizearalbesipiandonASEAMIRALABRS KoL)

triglyc[sride blpod Ievc?l >a%5f90rrpw%%lgne i ngcQtHDLf%:%?@%ferol blood level < 40 mg/dL in female

patien%bgﬁ%n%ﬁr%%?gﬁtln male patients; e%a) % & blood pressure > 130 mm Hg and a

diastolic blood pressure >85 mm Hg, (e) a fasting blood glucose level > 100 mg/dL. 31.Use

according to gjaim Zhwheseiihe pRalienikhas 1BRHicieriialy &8 a1y 6AateARwRIte Wighalrtgreise or
despite ,monot_gerag,y with an antidiabetic agent.
it is a solid pharmaceutical dosage form.

18. The pharmaceutical dosage form according fo claim 17 in the form of a

granulate, capsule, a tablet or a film-coated tablef.

19. The pharmaceutical dosage form according to any one of the previous claims
comprising the first active pharmaceutical ingredient in an amount of 5 mg and the second

active pharmaceutical ingredient in an amount of 10 mg.

20. The pharmaceutical dosage form according to any one of the previous claims
comprising the first active pharmaceutical ingredient in an amount of 5 mg and the second

active pharmaceutical ingredient in an amount of 25 mg.

21.  The pharmaceutical dosage form according to any one of claims 1 to 20 wherein
in a dissolution test after 45 minutes at least 75 % by weight of the first and at least 75 % by

weight of the second active pharmaceutical ingredient are dissolved.

22. The pharmaceutical dosage form according to any one of claims 1 to 21 wherein

in a disintegration test the pharmaceutical dosage form is disintegrated within 30 minutes.

23. The pharmaceutical dosage form according to any one of the previous claims
wherein it is a one-layer {ablet in which the two active pharmaceutical ingredients are present in

the one layer.
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24, The pharmaceutical dosage form according to any one of the previous claims
wherein it is a two-layer tablet in which one of the two active pharmaceutical ingredients is
present in a first layer and the other active pharmaceutical ingredient is present in a second

layer.

25.  The pharmaceutical dosage form according to any one of the previous claims
wherein it is a film-coated tablet in which one of the two active pharmaceutical ingredients is
present in the core tablet and the other active pharmaceutical ingredient is present in the film-

coating layer.

26. A process for the preparation of a pharmaceutical dosage form according to any
one of claims 1 to 25 comprising one or more granulation processes wherein the two active

pharmaceutical ingredients together with one or more excipients are granulated.

27. Use of a pharmaceutical dosage form according to any one of claims 1 to 25 for
the manufacture of a medicament for

- preventing, slowing the progression of, delaying or treating a metabolic
disorder selected from the group consisting of type | diabetes mellitus, type 2 diabetes mellitus,
impaired glucose tolerance, impaired fasting blood glucose, hyperglycemia, postprandial
hyperglycemia, overweight, obesity and metabaolic syndrome; or

- improving glycemic control andfor for reducing of fasting plasma glucose, of
postprandial plasma glucose and/or of glycosyiated hemoglobin HbA1c; or

- preventing, slowing, delaying or reversing progression from impaired glucose
tolerance, insulin resistance and/or from metabolic syndrome to type 2 diabetes mellitus: or

- preventing, slowing the progression of, delaying or treating of a condition or
disorder selected from the group consisting of complications of diabetes mellitus such as
cataracts and micro- and macrovascular diseases, such as nephropathy, refinopathy,
neuropathy, tissue ischaemia,  arteriosclerosis, myocardial  infarction, stroke and
peripheral arterial occlusive disease; or

- reducing body weight or preventing an increase in body weight or facilitating a
reduction in body weight; or

- preventing, slowing, delaying or treating the degeneration of pancreatic beta cells

and/or the decline of the functionality of pancreatic beta cells and/or for improving and/or
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restoring the functionality of pancreatic beta cells and/or restoring the functionality of pancreatic
insulin secretion; or

- for preventing, slowing, delaying or treating diseases or conditions attributed to
an abnormal accumulation of liver fat; or

- maintaining and/or improving the insulin sensitivity andfor for treating or
preventing hyperinsulinemia and/or insulin resistance;

in a patient in need thereof.

28. Use according to claim 27 wherein the patient is an individual diagnosed of one
or more of the conditions selected from the group consisting of overweight, obesity, visceral
obesity and abdominal obesity.

29. Use according to claim 27 wherein the patient is an individual who shows one,
two or more of the following conditions:

{a) a fasting blood glucose or serum glucose conceniration greater than
100 mg/dL., in particular greater than 125 mg/dL;

(b) a postprandial plasma giucose equal to or greater than 140 mg/dL;

{c) an HbA1c¢ value equal to or greater than 6.5 %, in particular equal to or greater
than 7.0 %.

30. Use according to claim 27 wherein the patient is an individual wherein one, two,
three or more of the foliowing conditions are present:

(a) obesity, visceral obesity and/or abdominal obesity,

(b) triglyceride blood level > 150 mg/dL.,

(c) HDL-cholesterol blood level < 40 mg/dL in female patients and <50 mg/dL in
male patients,

(d) a systolic blood pressure > 130 mm Mg and a diastolic blood pressure > 85 mm
Hg,

(e) a fasting blood glucose level > 100 mg/dL.

31. Use according to claim 27 wherein the patient has insufficient glycemic control

despite diet and exercise or despite monotherapy with an antidiabetic agent.



