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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
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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.
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Another aim of the present invention is to provide a new pharmaceutical composition and a
pharmaceutical dosage form, each comprising linagliptin in combination with an SGLT2
35 inhibitor, with a high efficacy for the treatment of metabolic disorders, in particular of diabetes

mellitus, impaired glucose tolerance (IGT), impaired fasting blood glucose (IFG), and/or
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str oke I-Tmihieph@ea\bitharmersbme afclod p&ismet ivendiars & has aeeh tmuyd et fiyagliptar t

fail art t hm di sorders, and vascul ar resten Si S n a tiept in
oeg0! heBiMen DB RIS Sl o SRl il PRI Sighs ol fodtafitoh &
phar mac dinbgliih add$lagaeerfabrerslaagaoordlab wewcgdodrseelm lifef lorpartuthr iterasibeaf feainditisat
adm ni stﬁred tofg1 atlent The term ds H1

the aims or the pres ent invention can be achleve Wwith a pharmaceutical composition as

described above which comprises only one diluent.

35  Furthermore within the scope of the present invention it has been found that a

pharmaceutical composition comprising linagliptin as a first active pharmaceutical ingredient



30i schaem a" particularly conprises diabetic macroangi opathy, diabetic

m cr oangi opat hy, i npaired wound healing and di abetic ulcer. In particular
one or nowe aapeei2s of di abetic nephropathy such as hypecpapbusiosrss
proteinuria and al bum nuria may be treated, their progression slowed or
their onset delayed or prevented. The terns "m cro- and nacrovascul ar

di seases" and "m cro- and nacrovascul aré conpl i cations" are used

35i nterchangeably in this application. WD 2010/ 092124PCT/ EP2010/ 051735 9
By the adm‘;mb‘mbﬂ@terma@fucapyrbamsyacmlimai bemzap@sérﬁ\iamme aﬁdemdrramlm(ct)mﬁi cal
dosage f qgrdln tC)tf%%.tfvﬁgtlon and due e acti V|t

SGALT2 in SB”*%%’ LRI &Mt Bkt g E%rssé‘ol’v8\9‘8|ség”§r°é°ﬂ tm%r8'ﬁ‘9

i nsol ubldegsddatiagef fnagligin dridkbud egbldsd g@)ct:tbefengddtursmenget mmsmesuﬁe:oofd t he

atient erefore ain in t .or _even wei ght is
Phe o et Hevebdtitirpfieddh Trtbrd deimidd nakRe afimaatfiandine fingfind ' ©
prov|5decbrwﬁmdfhlmaiglhwpwmwsglksn@sﬂmtéxd bﬁﬁk@fﬁd@WaW&?\fﬂﬁHW(ﬂ@ar&lﬁEl ncrease in
body wei kn a . re uctlo i n body weight in a patient in need
Pher cof rtepiienasish SR RS HEIeRet oot compasi i on or

pharmaceuti cal 10dosage form as defi ned herelnbefore and hereinafter is
adm ni stered ta the patie ffect qf th

o1 ucopyr TIFEEs e aBSBEttreh! be Al BLFTER rris e Biereibadicel dipestien 1 ¢ ne
phar mac esshpeigingdinaglipsin taé @n aatheoptdinmgcdudicallingrediene atglwopyranosytteptestitlest  of

|ns Therefore nt of the glycemc control is possible
ﬁbuttﬁWZgH%??P@HQ?&ngﬁyg ﬁnﬁn the pancreatic beta cells. By an

adnlnlstratlon of a pharmc i cgf conposition or pharmaceutical dosage
formaccording to t h a bet a-cel | degeneration and a decline of
bet a- cel | Asucly as for exanple apoptosis or necrosis of

pancr eathl® befa c IIs can be del ayed or prkvented. Furthernore, the
functional it y\of aancreatic cells can be inproved or restored, and the
number andQi ze of‘ﬂhncreatlc beta cells increased. It may be 20shown t hat
the differenti &@Hon status and hyperpl asia of pancreatic beta-cells

di sturbed by hyperglycem a can be nornmalized by treatnent with a
pharmaceuti cal conposition or pharmaceutical dosage form according to this

i nvent i orherédia Grddnoigs tchloanot methylaape RE daiotéénethylwmpwl osthostyherR)e i s provided

a net ho fin | ow, ng, del ayi ng or t he de eneration
ot "pancrgta R R S uPRor SRR B Rt Ry R oF retb i Pdar fe 56

pand Seatpr@rrb@é@tucahr@ediem/, otie broholendiitevts Neheadttn@re birkistOandehd (b‘rﬁ*nore

functional.it pancreatic beta cells and/or restoring the functionality
of pancr %WF%% ulin secretion in a patient in need thereof characterized
in that a pharmaceutical conposition or pharnaceutical dosage form as

defi ned r.ei nbef ore_and hereinafter. |s adm _ni s t he patient. 30 By

Che adn WISE i sose &1 1 et Btarush s Siedotiid BhCanbpietiwBebuc ca

slosage fcmhfploamc@bdnnpgsuh@tm@qmgmaaéylﬁummite@benMe%aibnwmalasaadcmmd ation of
at ,i.n the liver ce i nhibited. Therefo ordin

another Hepsedete e pRSulS pardtn B e fien o £ i S0B0 50 HEshes For
prevent iawanﬁb@wmssodmbawo*r@ @fd/(brrgi@tjibitgavdile&ﬂﬁﬁaﬁd slfowscnitigh cortent
35attributed n ahpor.mal ac tion iver, f in a t|en in need

her cof VETAbEEradReVY WarogtpaPrBS R e a@8r&‘~8§‘§ f Pofimpel

phar maceldshgaforiesage form as defined herei nbefore

2010/ 092124PCT/ EP2010/ 051735 10 and hereinafter is adnlnistered to the
patient. D seases or conditions which are attributed to an abnornma

acc@sul athepstorefin lahvtber dsectthe ppeseht muér&roh)pr@ﬁdle!scd @tﬁhrﬁb@éﬂtkbﬁ:@%Mon

consi stin fatty .Iiver,  non-al coho ver NAFL)

on- & cGRIAEnSTBGY e gR eiYstcol TR horg iR s s G oA TEPeY s £
liver, d;u&bﬁtmed bleatdne ddrivetive (ﬁltlm)fwrhule-(l)Iadld@@chbfeaﬂﬁte};elhaﬂeeés arsetond activéat ty
l'iver. ﬁﬁP erlrlltrlltltheéeq:f anot her aspect P é ventuﬁn PrOVIdeS

met hod fROPTHRFTH'SH G IEHANG O e e ﬁg 'P'RESi "UFi” S EREFAYS NAREISF £ or
treati nthasra grsiesize AEtiyygen bhs i NEAD & 280 préfosiblyl deteratiealt BN@tuhe by
pati,gnt in n d t ere f characterized in that a pharnaceuti cal

10¢8 ﬁpoé??qr r@#mﬁﬁgﬁﬁ%%eutical dosage form as defined herei nbefore and
hereinafter is admnistered to the patient. According to another aspect of
the invention there is provided the use of a pharmaceutical conposition
according to the invention for the manufacture of a nedi canent for 15-
preventing, slow ng the progression of, delaying or treating a netabolic
di sorder selected fromthe group consisting of type 1 diabetes nellitus,
type 2 diabetes nellitus, inpaired glucose tolerance (1GI), inpaired
fastlng blood glucose (IFC§ hyper gl ycem a, postprandi al hypergl ycem a,

. T




i mproving glycemc control and/or for reducing of fasting plasma glucose,
of postprandi al 20pl asma gl ucose and/ or of gl ycosyl ated henogl obi n HbAlc;
or prevewbingyoesi2awi ng, del ayi ng or reversing progressipom/EPe@0ios1vRRi r ed

gl ucose tolerance (IGI), inpaired fasting blood glucose (IFG, insulin

resi stance and/or from netabolic syndrone to type 2 diabetes nellitus; or
preventing, slow ng the progression of,7delaying or treating of a condition
or disorder 25selected fromthe group consisting of conplications of

di abet esThegdHarhacewivallvoapositidves acbslivyid the tventicanadowerchiglv astahtamifdinsigases,

such as nephr gpat. h r.etinopath neur opat.h tissue i schaem a, diabetic
oot 2 AR Ry o ol SR Bare P BRR s oL R ae R SR AT RPoe o
unst abl esuahgs meblgie ahdcassulest Bbitieermoes thase phdratacsyticat daskge ferers pharédular

arteri al | usi ve di seas card ear ur.e Heart rhyt hm

o L omyopat h . fail
i sor derabER TR e SR FapB OB B sy a8 B PUteg e SovbPevent i ng
an 1 Ber esigrs drionlyadyrginei giots offdelgeandation af linagligtinraduibtis @rmablena wodyshetliight ;  or
preventing, slow ng, delaying or treating the degeneration of pancreatic
beta cells and/or the decline of the functionality of pancreatic beta cells
and/ or fTorerefoierinanoienmspeot thd presehbiniérgion peovidesct premmlacéyticalf dgzage foeat | C
beta cells and/or restori.ng the functionali of papcreatic insulin
secr et | MR MORE 67 00a saBeor s 05 0T aud e TR TRk A il ng,
del ayi nglosagé foeat iangprding eéathesnvintionadi prefensblyasdlidi dhatrescdutical nloadgeoiormas,

acc lation of liver fat. or maintaining.and/or I avi ng.the insulin
condB g Mt pist Bby i abme o et e R liara and or
insulin resistance; 5in a patient in need thereof. According to another
aspect qf thgmi nvent is e u ar mace

ﬂﬁ ther? rﬁ.rovi de.(a th se of_a Rh ti CZ|
conposi t' o™ ero?s%eCL ¥ BN 'BEFUGB SAGEIOPY rn PALESP dichd ?oorFR%raE‘?"éso nt

i nvent i gphatraacdultiealimsufe tdrmr ccofdiry toette dausatibn tampdsitidienepe niores gandlation
preventive nethod as descri beg 10h§rei bef aor e, aEd he(geitnzftgriﬁ. finitions
The ter RrOGESES AR LU 8t ©F &0 248G PRIBIRLPICEL oMty Aol &ith 0%
phariiac enbrecatipzotpasigraruated. phar maceuti cal dosage form according to the
present invention nmeans 15linagliptin and optionally a

gl ucopyr anosyl - substituted benzene derivative of the fornula (1) as
accor di rRurtherrhdre itpraaerfboundithatthe @harmaceptcd compagitidrheongwispguindgl(ptind) . The

term "body ,mass index" or "BM" 0 h n patjent.is_define t he wei ght

o | o HRRn AES sy SRk e FRRs R e sy e ol B a8 o "B

has uni tdes2fltadd HegéinRfter the atiedntageouely wei bt foripgevdatingetbvwaisg plogressiodiof,i on
he.i ndi Vi ess than 30

whe inf{? ¢ ual hq :ixlgl\/l reater.tlha]n or 25k(rr2 and(L{I
kgl fY. RSN Ofdrea ?\%‘?%?ﬂ'“ 586"%“5?8?6“8%?% OFEW%rOWE%g YR & ORdRdeabl y. 25
The t er mpdtiehtssfot glamde ttepativats veith inhdequatedylycedric vhreradinmith eRistingitherdpg wdth has a
BM equal to.qr,greater than 30 kg/nP. Accordi.ng to.,a definition,the
Cor m abaeri e HE 16 ohB e Hefia A5 BN e LP 1R o BeiTue T p sy Eub s
t he condiftyper? dibbstes mellines, Bidrweigght g@basityt corapliogtierat @rdiddesss rdéllitkgan@ obut

e term"class!! obesity" is the condition wherein

| over thaeri] hg)%r'k /ing-s tsq te
t he 30BM®Y éﬂfggﬁ % o7 E)'r eater than 35 kg/n2 but |ower than 40 kg/n2; the
ter@"class Il obesity” is the condition wherein the BM is equal to or
greater than,.40 Kk /H\%é he termvigsceral obesity" is defined as the
Qondi &1 AR ees psped] BTk EMERIG, T5Te HinBVERt binsth G OEREIFND 1 0% n
men and dloving thevpogressisn ok dslayied or treatihgfd metbbliedisorskr dadect@biroma e group
resi st anc%%si%{?rgg E[) ?ped?\é%bgt%rsmmnetllitl?sf, t}PpreeZ ((jiilagelﬂgg %Seﬂitus, impaired glucose tolerance

(IGT), impaired fasting blood glucose (IFG), hyperglycemia, postprandial hyperglycemia,

30  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 another aspect of the invention, there is provided a method for improving
35  glycemic control and/or for reducing of fasting plasma glucose, of postprandial plasma

glucose and/or of glycosylated hemoglobin HbA1¢ in a patient in need thereof characterized



WO 2010/ 092124PCT/ EP2010/ 051735 12 The term "abdom nal obesity" is usually
defined as the condition wherein the waist circunference is > 40 inches or
102 cm i nwoenio/®@e4i s > 35 inches or 94 cmin wonen. W poTrepg@ndsies a
Japanese ethnicity or Japanese patients abdom nal obesity may be defined as
wai st circunference 85 cmin nmen and 90 cmin wonen (Ssee e.g. investigating
committee 5for the diagnosis of netabol8c syndrone in Japan). The term
"euglycem a" is defined as the condition in which a subject has a fasting
bl ood gIiudcmen@mtraaﬁaasantlbatmomdpbhtmm bhehanobo@lticalalogege tpreaisefefihdtan 70 ng/ dL

3.89 : | /L nd .| L | /L). Th d "fast
gtas t he rl?éﬂﬁ%;&ﬂr&fiﬂd r‘?igaef%dés gqre(?g)rtﬁ? p%ﬁ%rﬁt m hg/pergfy\(,:\gtn a" ?: ne’

defi ned as the condition in mhlch a subject has a fasting bl ood gl ucose

concentr abov the n a t ha /L).

The wor d 8T A ke orige Havand AEimelt e doshaRrerd secBrine g5 et
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gl ucose ¢ ntrat.ion bel ow the n l. ran i N i,cul ar | ow 70 ng/ dL

05" 56" it B il Yt s anef IR AR Er e RS O B (he

condi t i assistanedacdioamstabplecdyndasnea 2 hour post prandi al bl ood gl ucose or

serum gl ucose concentration great er than 200 ng/dL (11.11 mml/L). The term

"inpaired fasting blood glucose"” or "IFG' is defined as the condition in

whi ch a Azosiiny ®cinotres aapécmstﬂwegwlehth@d trgdrelmewdedmmﬁ:tmcatﬁoopreoentfr@st| ng

serg@ grﬁlﬁ;ose ncent atia 8 ?]2 n;g (i Hf fromb5. 6
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gl ucose entr ion_s mal | er n,5.6 mol/ 1.
Jothe: ¢ shrsmafbisi s PRl & piiEPartobotBedenaif et Braitiafellly pe

condi t i aconmpositibh ohplearsiabg@ichl daagea fatmhasudefipes hpreimefcad abd bedirglitaciese or
serum gl ucase, ¢ tion greater than 140 ng/di (7.78 mmol /L) and | ess

t han 206"%7‘8@ ?(Qti’q'[i] %Hﬁ??/ L). The abnormal glucose tolerance, i.e. the 2
hourl5post prandi al bl ood gI ucose or serum gI ucose concentratl on can be
nmeasur ed he bl ood, su ucose 2 hours
Srrer i phoas8sbs anSiiREulEY Borbiilh o ot BT olielor GRRNG! icose
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concentrati.on,.snaller than.140
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eugl ycaem ¢-h ul II naem. c t ¢ Ee | nsu(J in._to glucose
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toI ance . test . the jnsulin.and cose concentrations in the blood are

o et EH, el L S et SR ER B e SieBr B nae i o
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"ho rreosta5|s nod Ie q .0 Lesi ?;7(& Iﬁ% score,
reliabl €"THYYEAY 6 'S?aﬁeﬁsﬁnﬁpﬁn%’r 8E$§ta§hovés‘i‘té.{t08m?c 0% 3P USe§ apet es Care
20085 24nte@bhi2nggablyHurthis@pplicafier.ence is made to



nmet hods for the determ nation of the HOVA-index for insulin sensitivity
(Matthews et al., D abetol ogia 1985, 28: 412-19), of the ratio of intact
pr oi nsul iwot010/ms12ki N (Forst et al., Diabetes 2003, 52( Popmrb2dipiosd59) and
to an euglycem c clanp study. In addition, plasma adi ponectin |levels can be
nonitored as a potential surrogate of insulin sensitivity. The 30estimate
of insulin resistance by the honeostasi% assessnment nodel (HOMA)-IR score
is calculated with the formula (Galvin P, et al. Di abet Med 1992;9:921-8):
WO 2010/&9@&%45’@&5%613% Qﬁérﬁﬂﬁ:eﬂltﬂcaASorapdisﬂcﬁl areit ghermpegutioaltdessgeafoenused i n
everyday cl i ni ractice to asses n I t. Prefer t he
pat ot asSpEig 0 if IEME g BB Tiae Aot P 2aRMiBr etk b
trigl yceg1mad>eelleareel &e 00t cerivaited ®iigsolible atotdge fmmhsh |rké1%tpjuesm1etedmrﬁroug‘rstmler n
resi stance. redi sposition for t ment . of . 1 GT or
Fo o 1g5e 3 T AR S TRelbrd LT, B bR R T K ORI B e o
and 8re rbyuldefinition, insulin resistant. A typical patient with insulin
resi stance is usually overwei ght or obese. If insulin resistance can be
detected, this is a particularly strong indication of the presence of
pr e- di abedcesiinglioumpother asmect bethe akention, tiedeis grovided ahatiodfoucaiseing body
honoeost asi n needs 2-3 tipes. ch insulin 10as eal.t hy
per son. G shRERTE BEBFRaRyh S A o el B3 Ak Bt RS Bodilaadtn 2o
[ nvest [ gmtrenttrheeédrmereaﬁnharbclpazmr iedhata Mmac&ltrbsl mn@osrtlm bephdrmatdgicalbove
e ard sulin.sensitivit h a.or, insulin
FesiiD arfisnOafoF s s B A el Bioht A aerb i P BTl oS BBy or
exanpl e by determ ning a HOVA- 15i ndex for beta- ceII function (Matthews et
al ., ogi a 198 121 t he r ntact, prqginsulin to
hsul i n (e egIagiea ofpdior e iaidburanasyafibn gy berB R85 eh
i nsul i n/mlem intibiterdae thet prmnmatemrbalzmnmoaitrogbucrm&egttcr)ihwrammroh ésihdependenteal

hodel & ot inepE ThRfera, ENRrgr et of R el Bt s B e ihoR L, el gl ™
( St Uﬁ\é O| dtra@t orathe paEcneatlc Kibth melllsnB@sin a&@ﬁdrstrzﬁ[bhdofﬂa(bgaﬁﬁaceﬁﬁcal' hergb%rmn c()jr
t t t
b dovaienTasaiy BSad B bagle © Bnfhibl A Sl aarBleBofar i At | on of
i Irrpar r e@ag{rr;md&mté-oélemaamahtg sucichsifde i)égdpleraduaﬂosrsm hécrasié aafspaxrra;n;reehilcdnragab(at os
cose n

J005. 545 falng a5Vl deudien, FDBE MR P hitkidroun e pbite EhSsan ooy i
concent rrnbrcme)j or Tdstored,i exdtthé hemberdanuesitecel pabarsiatic bete celiteintiebyedidt maebe

et 2D ccproandnaagt Al a5 R Py oBPinacbul s PRSI MR BTy ¢ e

Aner i carhypeahebsda Assoen@triatredindirédimenavitroa pharhmastuticat eorofosdioalret es and
Di gesti vr;n arﬂd K|I ed%/) Di s\%ar% S {[Enatg h] i CarF 2002; 25:742-749). 30
| ndi vi dUAP§ ??ﬁ?é?%) 52 IaVEM A YRS OYANO8 are those who have two or

nore of the foll ovvi ng attributes: 1) over wei ght or obese, 2) high bl ood
pressure er| | |de e relativve with a

di agnosrécc8¥d"f grofpcadhety Qﬁih & e %Oé‘fng%ere 'ﬁs"u?‘f ‘ﬂe‘fés’?“%ﬁh%é%r ?HG@QQ’
coni26r mesowing t dedséng odiredtiigahe dbgermzhtrml @ftgangreatie bé’@\d@rls Rndfootres déatine tohe
pur pose f th venti o i.nsul istance is i the clinical
Conar &1 o el SRERaRl: et rtin S e BEam A S e 10 esBh L T
HOVA- | R csfcmnereatrdbétamellaahlﬂWArdsR)rmgdheflatn;t)mmlrtwa pedexatit iimsutin eécratisrmial a as

defined f r t.he | r at.o form t he ase and i sulrn assa

Cor m 1 yisaeet i apE MR RB R e84 FL0% 4 A etif RS A fpanlietlie” B8RS e

fasti ng dusegelfdoglascafieedherembaiorghudt bareinatiacie ati matistereddo ﬂmt;mtretﬂhan 125
g)b (6.94 mol /L). The neasurenent of bl ood glucose values is a standard

procedure in routine nedical analysis. If a glucose tolerance test is

carri ed Buthe adhminidtratiod ofsagaarnha&:eeiicabtorapeﬁrtaimeetridqoha’rr‘nhcdnﬁcalrdoeargzeefsenof 200

mg of glucos er, dL (11.1 1/1)_ . of hour gl ucose

nave bedlicp e ine bt uRh Ao e date yrdh e ady 8557, o1

gl ucose radéceadmintitstedr Eaeréfdos, alcbgrdlng td laeotpertasrpett dﬁemengesemnre@naén dhieré@ 12

hours of_fast bef ore

ok no. eV L el b GRS AGRG. Ao oS HReShes Rl uby ect,

t he 36l ocdtribuigdrto bewabhorbed accermwx#tlong)f tivez fatlinia @atentiin hedabthbetohveleara@Orizend 110

ng per dL.of pla hour after akj t

o ubose e FRLB T Rey 6 BogBuf o TR TEe Bba dnedt ofin ek Leh ™ e B,

val ue i s between 140 and 200 ng, this is regarded 15as abnormal gl ucose

tolerance. The term "l ate stage type 2 diabetes nellitus” includes patients

with a secondary drug failure, indication for insulin therapy and

progr essr on to m cro- and macr ovascul ar conplications e.g. diabetic



20 The term "HbAl c" refers to the product of a non-enzymatic glycation of
t he haenogl obin B chain. Its determnation is well known to one skilled in
the art. wo20mmisteni ng the treatnent of diabetes nellit esTtEPeoibinéites val ue
is of exceptional inportance. As its production depends essentially on the
bl ood sugar level and the life of the erythrocytes, the HbAlc in the sense
250f a "blood sugar nenory" reflects tA@ average bl ood sugar |evels of the
precedi ng 4-6 weeks. Diabetic patients whose HbAlc value is consistently
wel | adjamsitheteibyftdr s adrsiniseered atae @atidnt cdiseases of comditicts.vihich ak dtthibuteotal

i abeti CHHbeERRareRATRYSH ot iPeEiel a ety shipdRor el Sinehdfadth,
aver age gemprab¥egtygingr, hon-bleehdticAdity el (NMAKL), hdrealdotadie sicatadlephiits (NASen, of 1.0

- 1.5 30% This duction, pf the HbALC val ue is not suffigcient in all
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- 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
35 restoring the functionality of pancreatic beta cells and/or restoring the functionality of

pancreatic insulin secretion; or



17 The terns "prophylactically treating”, "preventivally treating” and
"preventing" are used interchangeably and conprise a treatnent of patients
at risk twoadewalepsa condition nentioned herei nbefore, thwxre@dwsi’eg said
risk. 5 The term"therapeutically effective amount” as used herein refers
to an anmount or dose of the active pharnmaceutical ingredient that effects
the desired therapeutic response, for dtanple a reduction in blood glucose
| evel s, a reduction of HbAlc or weight reduction, in a manmalian subject or
patient ,- hprévepting,eiaviihy, ddGgthgnmitreating disdygee @r yomdiliansiattribined saibn abtioreal 10
patient. In casg\%he}c IFha]r gaceuti cal conposition or pharnmaceutical dosage
form corrpralcgié@u N JetPl@ ’pﬂ'iar maceutical ingredients, the term

"t her apeutmaiatainin eéridatimpeovimptba tisuis sersiidithendomfor eéating dr preventrmpount or
dose of tB}e resgogcti.ve ﬁ}:t I ve.rﬁhar maceuti cal ingredient that in conbination
with the SPREVTSLIFSTE RN RIS Phgr edi ent ef fects the desired

t her §peut agatiestponsed theaof.exanpl e a reduction in bl ood glucose |evels, a
reducti on of HbAlc or weight 15reduction, in a mammalian subject or
patient, but preferably does not cause hypoglycem a in the subject or

pat i ent . AcEbadingetoranttreb bepect obthp inveatort, didre tsspravitidéd the L Beobatphagnadedtitabl et s
w th one_ or re coatings. Furthermore the "ternd . tablet conprises,tablets
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chewabl e, %P? P A orally disintegrating tablets. The terns

"phar macopoe” and "pharnacopoei as" refer to standard pharmacopoei as such
25as the " USE 31-NF 26 through Second Supplenent” (United States

Phar rracg%eeflrﬁ.'mlfonventi on) or the "European Pharmacopoei a 6.3" (European
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reactive glucose 35AUC after a glucose challenge in four different groups

of ZDF rats whi.ch . received a cagisol., WO 2010/ 092124PCT/ EP2010/.051735 18
' nag) i plenelroe e e Rl ot i Ea enbs et s PR TR of
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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

35 insulin resistance and the development of pre-diabetes.



advant ages or inprovenents when used in conbination with a

gl ucopyranosyl -substi tuted benzene derivative according to this invention.
The gl ucoppramayi24substitut ed benzene derivative is debpcmapoxg/osives f or mul a
(1) 25 wherein RL denotes chloro or nethyl; and R3 denotes ethyl,

et hynyl, ethoxy, (R)- tetrahydrofuran-3-yloxy or
(S)-tetrahydrofuran-3-yloxy; or a prodl2ug thereof. WO

2010/ 092124PCT/ EP2010/ 051735 19 WO 2006/ 120208, WD 2006/ 064033, WO

2007/ OZSBMermm/rﬂBthy"MQ&ﬂ]ﬁﬂ@m% the conditicm WHim'eiathWaist

glucopyranos - Subst ne derivatives

Pol Ton i CSmerRiEes o0 hesRe 05 B8 M Fuish Bad K558 beher il Rrtwimkni Yty
denot es rebérdrt@a JEpai@eaalﬂhrycnKbrdansmtees petlémwbdor(ul?ézl-dtetslmﬂnwl belefiestr & yl oxy
or (S)-tet.r furan”?t_b % a e era R3 denotest. . :

(R -tet r"éﬁ‘{ é‘?{‘°§ éi) I ES K %{WHWES?%P 3Pe- 91 9B comET PRy

gl uc6pyrfa:nt¢ns;diagau@sbf metabdhdasmmlame ﬁh&falpﬂﬂ);l ves of the formula (1) are
selected fromthe group of conmpounds (1.1) to (1.5): (1.1) HOO HO "OH CH
1-chl oro-4- (13- D gl ucopyranos-1-yl)-2-(4-et hynyl - benzyl ) - benzene,

(1. 2) HOH4@&mM CeLglycdmia? yd Eéfmlezlensehe condition in Which a subject has a fasting blood

éLngI) or o4 4 1%@1;[)-%{' Fc?rp\)oﬁhqu%e nor ra%f;lé1 g(rgeﬁgrt an 78@(9(} [é’ég’in 3-yloxy)- . @

mmoI/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 fasting blood
glucose concentration above the normal range, greater than 100 mg/dL (5.6 mmol/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 postprandial blood glucose or serum glucose concentration greater than 200 mg/dL
(11.11 mmol/L).

The term “impaired fasting blood glucose” 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 mg/dl (i.e. from 5.6 to 6.9 mmol/l), in particular greater than 110 mg/dL

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

glucose concentration smaller than 100 mg/dl, i.e. smaller than 5.6 mmol/l.

30 The term “impaired glucose tolerance” or "IGT" is defined as the condition in which a
subject has a 2 hour postprandial blood glucose or serum glucose concentration greater than
140 mg/dl (7.78 mmol/L) and less than 200 mg/dL (11.11 mmol/L). The abnormal glucose
tolerance, i.e. the 2 hour postprandial blood glucose or serum glucose concentration can be
measured as the blood sugar level in mg of glucose per dL 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

blood glucose or serum glucose concentration smaller than 140 mg/dl (7.78 mmol/L).



benzyl Fbenzene,

1-chl oro-4-(13-D gl ucopyranos-1-yl)-244-((S)-tetrahydrofuran-3-yloxy)- . C
0, WO 2WdehaR124PCT/ EP2010/ 051735 20 (1.4) HO HO'" OHpOHEPi)r0beraene, e
1- nmet hyl- 244- ((R) -t et rahydr of uran- 3-yl oxy) - benzyl ] - 4- (6- D- gl ucopyr anos- 1-
lei (1.5) HO HO'"OH OH yl)-benzene. el

1- met hy1- 244- ((S) -t et rahydr of ur an- 3-yl d8y) - benzyl ] - 4- (6- D- gl ucopyr anos- 1-

| ei, Even nore preferred glucopyranosyl -substituted benzene derivatives of
the formula (1) are selected fromthe conpounds (1.2) and (1.3). 5According
to this.}nventL
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crystalline formis described in the international patent application WO
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regard to the r‘L;){r eferr&d c(g)ngounnd %ll?{?’) an advant ageous crystalline formis

descri beti®PHMYHEVRABP HEET Ohat %’g 2y application W2006/ 117359 whi ch
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. B) . .15 advant talli formis d i ped in th
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0101 002N HHER ERB0 s Ba a8 Bruk Ibare vBon IErgpe: ThoRds P95 of the

cgnpﬁundn@mn3¢gﬂamxhéﬂehﬁnasieb?zaﬁgﬁybgbg?heaﬁgnnmdgmkggﬁm%ammgamnpatt26?

t hat conprises peaks at . 20, : eqr.ees : eqgr ees :

wher ef 1 1R BT5 PEESFaludihio Bendfen e B3 RboSRET L hirad sl Y Bokod

radLati?mgi5ggﬂm?ghg%ﬂmggnTgak?ﬂ%%gayggmgmnsgﬂhﬁﬁegﬂéﬁomamanmSSns%mnpmises

s a . : : . n . eqr.ee :
Flogr eeo S8 RRacATS ] 1SE HiaT BB U T 9 TEe P el e ntirse e ng
CuKod r dd$udihiresistaddd in cplaulbteculdth tsiaintbtdod, #ys patwaesibiaith tisteduismbetaterer n

co i ses aks, at.14.69, 17,95, 18.43, 18.84, 19.16, 19.50, 20.36, 22.71,
23. E? %ﬁp@% a%?‘irf’%ﬁﬁgmfg'}%?sﬁéa&pg'es 20 (0.1 degrees 20), wherein said

X-ray powder diffraction pattern is made using CuKai radiation.
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 insulin

25 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 levels can be monitored as a potential surrogate of insulin sensitivity. The

30 estimate 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 (uU/mL)] x [fasting plasma glucose(mmol/L)/22.5]



More specifically, the crystalline form(1.3X) is characterised by an X-ray
powder diffraction 15pattern, made using CuKai radiation, which conprises
peaks at wegoaa®220 (0.1 degrees 20) as contained in Talpke/Ep2010abi7es 1: X-r ay
powder diffraction pattern of the crystalline form(l1.3X) (only peaks up to
300 in 2 0 are listed): 2 O [1 d-value [A] Intensity 1/10 [0/0] 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
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.

5 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 glucose homoeostasis a person needs 2-3 times as much insulin

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

The methods to investigate the function of pancreatic beta-cells are similar to the above
methods with regard to insulin sensitivity, hyperinsulinemia or insulin resistance: An
improvement of beta-cell function can be measured for example by determining a HOMA-

15  index for beta-cell function (Matthews et al., Diabetologia 1985, 28: 412-19), the ratio of
intact proinsulin to insulin (Forst et 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 sampled
intravenous glucose tolerance test (Stumvoll et al., Eur J Clin Invest 2001, 31: 380-81).

20
The term “pre-diabetes” is the condition wherein an individual is pre-disposed to the
development of type 2 diabetes. Pre-diabetes 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

25 (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 Association
and the National Institute of Diabetes and Digestive and Kidney Diseases (Diabetes Care
2002; 25:742-749).

30
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

35 invention, insulin resistance is defined as the clinical condition in which an individual has a
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4. 00 WO 2010/092124 PCT/EP2010/051735
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HOMA-IR score > 4.0 or a HOMA-IR score above the upper limit of normal as defined for the

laboratory performing the glucose and insulin assays.

The term “type 2 diabetes” is defined as the condition in which a subject has a fasting blood
5 glucose or serum glucose concentration greater than 125 mg/dL (6.94 mmol/L). The

measurement of blood glucose values is a standard procedure in routine medical analysis. If
a glucose tolerance test is carried out, the blood sugar level of a diabetic will be in excess of
200 mg of glucose per dL (11.1 mmol/l) of plasma 2 hours after 75 g of glucose have been
taken on an empty stomach. In a glucose tolerance test 75 g of glucose are administered

10  orally to the patient being tested after 10-12 hours of fasting and the blood sugar level is
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, this is regarded

15  as abnormal glucose tolerance.

The term "late stage type 2 diabetes mellitus” includes patients with a secondary drug
failure, indication for insulin therapy and progression to micro- and macrovascular
complications e.g. diabetic nephropathy, or coronary heart disease (CHD).

20
The term "HbA1c" 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 HbA1c 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 total haemoglobin in the sample), are significantly
better protected against diabetic microangiopathy. For example, metformin on its own
achieves an average improvement in the HbA1¢ 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 to achieve the desired

target range of < 6.5 % and preferably < 6 % HbA1c.

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 %.
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The “metabolic syndrome”, also called “syndrome X” (when used in the context of a
metabolic disorder), also called the “dysmetabolic syndrome” is a syndrome complex with the
cardinal feature being insulin resistance (Laaksonen DE, et al. Am J Epidemiol
2002;156:1070-7). According to the ATP III/NCEP guidelines (Executive Summary of the
5  Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment
Panel Ill) JAMA: Journal of the American Medical Association (2001) 285:2486-2497),
diagnosis of the metabolic syndrome is made when three or more of the following risk factors
are present:
10 1. 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 2 90 cm in
women;
2. Triglycerides: = 150 mg/dL
15 3 HDL-cholesterol < 40 mg/dL in men
4. Blood pressure = 130/85 mm Hg (SBP = 130 or DBP = 85)
5 Fasting blood glucose = 100 mg/dL

The NCEP definitions have been validated (Laaksonen DE, et al. Am J Epidemiol. (2002)

20 156:1070-7). Triglycerides and HDL cholesterol in the blood can also be determined by
standard methods in medical analysis and are described for example in Thomas L (Editor):
"Labor und Diagnose®, TH-Books Verlagsgesellschaft mbH, Frankfurt/Main, 2000.

According to a commonly used definition, hypertension is diagnosed if the systolic blood
25 pressure (SBP) exceeds a value of 140 mm Hg and diastolic blood pressure (DBP) exceeds

a value of 90 mm Hg. If a patient is suffering from manifest diabetes it is currently

recommended that the systolic blood 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 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 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 treatment over a

period of time as well as for chronic therapy.
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2010/ 092124PCT/ EP2010/ 051735 23 Even nore specifically, the crystalline
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usi ng CuKai radiation, which conprises peaks at degrees 20 (0.1 degrees 20)
as shown in Figure 1. S5Furthernore the crystalline form (I.3X) is
characterised by a nelting point of abddt 149C 3C (determ ned via DSC,

eval uated as onset-tenperature; heating rate 10 Kim n). The obtai ned DSC
curve is shown in Figure 2. The X-ray powder diffraction patterns are
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di std8nces in A between the lattice planes. The intensity shown in the
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inventio e?W@e A PIEBhar naceuti cal i ngredi ents preferably have a particle
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distributi

h ical i di icl ith. . n b
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parti cl ewithioneor with one or more coatings. The term "tablet” also comprises mini, melt, chewable,

effervescent and orally disintegrating tablets.

The terms "pharmacopoe" and "pharmacopoeias" refer to standard pharmacopoeias such

25 asthe “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, 2000-2009).

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 thermoanalysis and determination of the melting 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,



di stribution (by volune) such that at |east 90 % of the respective active
phar maceuti cal ingredient has a particle size smaller than 200 pm i.e. X90
<200 pm woneioweferably X90 5150 pm More preferably tlreTperéionbessi ze

di stribution is such that X90 100 pm even nore preferably X90 75 pm In
addition the particle size distribution is preferably such that X90> 0.1
pm nore preferably X090 1 pm nost prefl8rably X90 5 pm Therefore preferred
particle size distributions are such that 0.1 pm <X90 <200 pm particularly
0.1 pm <XagliptibQCpenA)nbeeopipetied 413) YCAd. BNoKaGotbhafon oliragliptraadphef er ably 5
pm X90 1 referred, exanpl e of a particle size distribution of
l'inagli pctqqppougdé%ﬁe?'ﬂ 'Inagﬁftf‘géﬁpm or 10 pm X90 50 pm Furthernore in the
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sur pri siTg tgrr dlmaglipttihaas Iemplogemhérepanefdrs Ioehrmigz;ﬁm aindfdhaenmutub@ly

manuf act ur a or _exanpl.e stic t her hand
Too. 30 1pgebashls lbtotiBTHIRe By Slep Al 8 Rles dhert o lelBs BiPecs of t ne
phart Sacahéneo’abrmmmfbtrh@areajwcﬂh:wagw@(2007/&281721hesefedn@1 tiystaliae faumislaréd y. 1 n

he foll f f th
boccr | bale bPBlESH Aif R RR R MerkiowBRobs B hE R uPRRI TP 3 e form
gccor di |t ngasbldbdd?ﬁ érﬂ?péa;t?rfruﬁrﬁgpmmlbhevm POOGPY TS0 I VEQI2006/048427 heazende.

er|l vatl,v . E . .
5010/ oo isme) BaisyRaread Aot sub B basitrAbie % v inpipjtors, as i pampipes

cryst al lexseptfonahpdtdry>idnd gploed-trstibd yifduh svith fpautdbtd ghasmaeoldgisalmirdpsriiesn ( by

I . I 90 9 h I
noPla dntertr oy e oy et e el RS0 6 i b0utReReR BgE HpRi
pr ef er alddyat@fe< Si0nmproveMznes et esealbh gombidatiar witlc b glusop@aciosyt-subdstitutean | s

such that X90 eve r erably X90 90 pm In addition the
par 11 o deergee Goeihaceiind e BedReRifiy stch that x90 1 pm nore
pr ef erably X90 5 pm even nore pref erably X90 10 pm Therefore preferred

om %00 155 tePBEsRb SRTef heaiih tebtheds el e Bl B r iy 5 o

X902500 pm even nore preferably 10 pm X90 100 pm A preferred exanple X90
75 pm Anot her 10preferred exanplg is 20 pm X90 50 pm Furthernore in the
phar maceuti cal pftar maceut i cal dosage form according to the
invention the glucop bstituted benzene derivative of the formula
(1), in pe ' wrd (1.3), forpexanple its crystalline form
(13.X), prefe abl. has a partlcle 15 size distribution (by volune) such
that X50 99oD 3feH preferably X50 75 pm even nore preferably X50 50 pm
nost preferably 50 40 pm In addition the particle size distribution is
preferably such that X50 1 pm nore preferably X50 5 pm even nore
preferably X50 8 pm Therefore preferred particle size distributions are

such that articul ar 1 pm referably 5 pm
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Therefore a pharmaceutical conposition or pharnmaceutical dosage form
according to this invention may preferably be characterized by the above
specified particle size distributions




30X90, X50 and/or X10 or one of the follow ng enbodi nents: Enbodi nent
Linagliptin d ucopyranosyl -substituted benzene derivative, in particul ar of
t he conpowoco{olo93)24 WO 2010/ 092124PCT/ EP2010/ 051735 26THEP2018881735 200 pm
X90 < 200 pmE. 2 0.1 pnmX90150 pm 1 pnX90150 pm E. 3 0.1 pmxX90150 pm 5
pmX90150 pm E. 4 0.1 pnmX90150 pm 10 pnmX90100 pm E. 5 0.1 pmxX90150 pm X90150
pm 1 pnX5075 pmE. 6 0.1 pnX90150 pm X90850 pm 5 pnX5050 pm E. 7 0.1 pnX90150
pm

WO 2006/120208, WO 2006/064033, WO 2007/028814, WO 2007/031548, WO

2008/049923.

In the above glucopyranosyl-substituted benzene derivatives of the formula (1) the following
5  definitions of the substituents are preferred.

Preferably R' denotes chloro.

Preferably R® denotes ethynyl, (R)-tetrahydrofuran-3-yloxy or (S)-tetrahydrofuran-3-yloxy.

Most preferably R® denotes (R)-tetrahydrofuran-3-yloxy or (S)-tetrahydrofuran-3-yloxy.

10  Preferred glucopyranosyl-substituted benzene derivatives of the formula (1) are selected from
the group of compounds (1.1) to (1.5):

(1.1)

(1.2)

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

benzyl]-benzene,

(1.3)

1-chloro-4-(3-D-glucopyranos-1-yl)-2-[4-((S)-tetrahydrofuran-3-yloxy)-

benzyl]-benzene,




X90150 pm 1 pmX5075 pm X100.1 pm E. 8 0.1 pnmX90150 pm X90150 pm 5 pmX5050 pm
X100.5 pmE. 9 0.1 pnmxX90150 pm X90100 pm 5 pmX5050 pm X100.5 pm E. 10 5
pmMX90100 wonKkAAbeR4pm 5 pnX5050 pm X100.5 pm E. 11 X9015@cpmprdooakE68y5 pm
X90100 pm 5 pmX5050 pm X100.5 pm E. 12 X90100 pm 4 pnX5075 pm X100. 05 pm
X90100 pm 5 pnX5050 pm X100.5 pm E. 13 >2<80100 pm 4 pmX5050 pm

(1.4)

1-methyl-2-[4-((R)-tetrahydrofuran-3-yloxy)-benzyl]-4-(3-D-glucopyranos-1-

yh)-benzene,

(1.5)

1-methyl-2-[4-((S)-tetrahydrofuran-3-yloxy)-benzyl]-4-(3-D-glucopyranos-1-

y)-benzene.

Even more preferred glucopyranosyl-substituted benzene derivatives of the formula (I) are

selected from the compounds (1.2) and (1.3).

5 According to this invention, it is to be understood that the definitions of the above listed
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 crystalline form is described in the international
patent application WO 2007/028814 which hereby is incorporated herein in its entirety. With

10  regard to the preferred compound (I.2), an advantageous crystalline form is described in the
international patent 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 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 crystaline form is described in the international patent application
WO 2008/049923 which hereby is incorporated herein in its entirety. These crystalline forms
possess good solubility 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



X100. 1 pm X90100 pm 5 pnX5050 pm X100.5 pm WO 2010/ 092124PCT/ EP2010/ 051735

27 The value X90 refers to the 90% val ue of the vol une distribution
measur ed wei2ogy/®212aser di ffractoneter.
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30 Copovi done as nentioned hereinbefore and hereinafter is preferably a
copol yneri sate of vinylpyrrolidon with vinyl acetate, preferably with a

mol ecul arwoebghto2f2eom about 45000 to about 70000. An exaawleP2019/0KaB3 i donTM
VA 64 (BASF). 5Hydroxypropyl nethylcellul ose (also called HPMC or

hypronel | ose) as nentioned hereinbefore and hereinafter is preferably
hypronel | ose 2910. Hydroxypropyl nethyR8el | ul ose has preferably a
visicosity in the range fromabout 4 to about 6 cps. An exanple is

Met hoc el BvanEhorBrspetitidall( DowvciBaiftine dbre) (1.3X0 Isyshacacypisop vl an&d-taylposeef al so

s e TR RO B S SR el el
d I f bl I I ht f b 60000
OGR4 035 BRRLE TSP 2 o cou ar wer o rom b

(Aqual on). 15Pol yvi nyl pyrrolidone (also called PVP, polyvidone or povidone)

as nt i I b wei ght
R S A e R A e e
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properties of the pharmaceutical composition and dosage form and thus the bioavailability of

the active ingredients is affected infer 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 to the distribution by volume, has a particle
size smaller than 200 pym, i.e. X90 < 200 pym.
35
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(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 large 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

size 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 particular
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to the invention the glucopyranosyl- sm%stltuted 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 ym, even
more preferably X50 < 50 um, most preferably X50 < 40 ym. In addition the particle size
distribution is preferably such that X50 > 1 ym, more preferably X50 > 5 ym, even more
preferably X50 > 8 um. Therefore preferred particle size distributions are such that 1 um <
X50 <90 ym, particularly 1 ym < X50 <75 um, more preferably 5 ym < X50 <75 ym, even

20  more preferably 5 ym < X50 < 50 ym. A preferred example is 8 um < X50 < 40 um.

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

25  size distribution (by volume) such that X10 > 0.1 uym, more preferably X10 > 0.5 ym, even
more preferably X10 > 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 and/or X10 or one of the following embodiments:

Embodiment Linagliptin Glucopyranosyl-substituted
benzene derivative, in particular of

the compound (1.3)
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wherein the percentages are by weight of the total conposition.

Addi tionally said pharmaceutical conposition may conprise one or nore

| ubri cantwoi2nismorage from 0. 1- 15 % by wei ght of the total/epesposi7ss on. 25

A pharnmaceutical conposition according to the second enbodi ment conprises

preferably 0.5-25 %40-88 % 0.5-20 % 30 0.5-20% 0. 1-15% active

phar maceutical ingredient(s), one or mdfe diluents, one or nore binders,

one or nore disintegrants, one or nore lubricants wherein the percentages

are by weight of the total conposition. In the above pharnaceuti cal
manni referred 35pi nder is
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size below which 10% of the quantity of particles is found based on the volume distribution.

Preferably all X90, X50, X10 values hereinbefore and hereinafter are by volume and
determined by laser-diffraction method, in particular low angle laser light scattering, i.e.

15  Fraunhofer diffraction. A preferred test is described in the experimental section. The laser
diffraction method is sensitive to the volume 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 results 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 determined by microscopy, in particular

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 crystalline form (1.3X), is milled, for example jet-milled 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



0-2 %rospovi done, 20wherein the percentages are by wei ght of the total
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15  even more preferably comprise one or more diluents and one or more binders and one or

more disintegrants and one or more lubricants and optional further ingredients.

Some of the excipients may have two or more functions at the same time, for example may
act as a diluent and as a binder or as a binder and as disintegrant or as a diluent, as a binder

20  and as disintegrant.

The one or more diluents, another term is filler, are added as the quantity of the active

pharmaceutical ingredient(s) is small and thus to achieve a minimal tablet weight (for

example 100 mg or more) and a satisfying content uniformity (for example < 3 % standard
25  deviation) according to the pharmacopeias. Common diluents as for example lactose,

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

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



dosage form according to the present invention conprising a pharmaceuti cal
conposition according to the present invention is preferably a solid

phar macewbealo/@erage form in particular for oral adm rcsterasioost73Exanpl es
are a capsule, tablet, for exanple a filmcoated tablet, or a granulate. 30
A pharmaceutical dosage formaccording to the first enbodi ment of the

i nvention, for exanple a capsule or a £8blet, conprises only one active
pharmaceutical ingredient which is lin agli ptin . 35A pharmaceuti cal
dosage flocasateqhdimgceutcd kempesitivrdacohie 1wehe invbntidnecdnprisas bea dilfeat,

e e TRt oty S bR pietrneSs 3670k DAL A TS 1 and

gl ucopyranosyl -substituted benzene derivative of the fornula (1) as defined
her ei nbef are %nd her ei naft er artrdﬁ tblqﬁﬁ % tin and he conpound
(1.3). TR&TRBCHHETCHY 0%08’?.‘80? ‘Ej)b?“toé |%° "R E ‘i"lﬁ*é”tsﬁi)"\é Pinee
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t abl et

sphar oy ergR ! PGSt Pes horaBoRrs bvaR Frofe plefphl Budtiite eias
active phachrsicevst adzidtionaingndsdipesierties. present in a second | ayer.

Alternatively the formulation may be a fil mcoated tablet in which one of
the two active pharnaceutical ingredients is present in the core tablet and
t he ot heviaradtol a/semphlmmfdmetﬁrrhtfmbreiamgmecﬁnmﬂer lsq)rpﬁe@ﬂgnzh gradetwith smdllrpaciosdd | ng

| . Al i | b| i which th
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separated by a third Iayer whi ch does not contain any active pharnaceutica

ingredient. Alternatively the tablet be ress co ed t et, i.e.
bt et eappIEE g E et D RarPlontBn FrafePRaRE B Ty Ak h nea i n
smal |t adohebarciaflpavatizbispiradasi Ah eaardblanesmrcrofsob%(amrcam)d the ot her active
pharmaceutical ingredient is contained in a second granul ati on or blend and
conpressed together with one 15snall tablet to one | arge press-coated
t abliét . Td prtayrpaeetmbaltcbmpbertrah ah&fr@n@tmmeipmrsedt ma@ttehsarefagabbrejoaistnbbut a
coating or Ry g % qgﬁ qﬁ t|n k)cu ar fi coat i,ngs.
Preferr eé’”}t’r”é ?taﬂ%‘t? FEPd £t ‘?18'?“ QE“C\RrFtr “*8 SHpPICEECaPSRSERAY t he
anount oﬁaltddexmnes (0] pa;thcrﬂaraad:tbsre Pptahrah@credcbesmit comgnmla eutbetarit@aﬁdu:r ding to
this invention % 3e adm. ni ﬂ S ﬁ pati ent Qﬁ urre ¢ Fm gseI n
tr eat mert® §FMSP AP BRTRs 'rh'% W ?%e ER_7HPLETRI T el PTG wi ¢ h
t he routmngiosiiding eviea tnicae |pmierably@boee an amandt FEVeYd tbwweghttdiehecmtmll tion for
mhi?ﬁ treatnent or prophylaxis is required, the age, weight and condition
éW”?ﬁt O"-conconmitant nedication and will be ultimately at the
discretlon of the attendant physician. In general however, a preferred
anount i§ such that ﬁ% Q% ahntnlsgratlon of 4& ceutlc dosage
form t he' §1 Y ESHETRBIPE MK PHRMESe SR CQETb"QSé'OPPE S'V%‘?SS H‘e In the
f ol | ow rahaphedetica dompnsgitien, dbr éxiaen plenawring tiod grtarnnmgd)m rﬂndmo &reaoboh’rmessed
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ohar nacdaRPE ANl gRist S SRR isaRb ot el st R EPathoctfiasey.
The2é r amgés exefmple duordshend micrmotiystatinb eckhdosenwlstiewerdt gesenaadyaswiot beingspect
to an adul t t'e%tm W Rartrcular to a human being, for exanple of
approxrﬁﬁpgpy 7dvkd 8%5? Wwei ght, and can be adapted accordingly with regard
to an admnistration 2, 3, 4 or nore tines daily and with regard to other
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dosage for r di t he secaon ont al ns lin tinin a
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Ny, nostis popdvidtoablayd@r peegdlatimizedPsafabr r ed dosages are for exanple 0.5 ng, 1
ng, 2.5 ng, 5 ng and 10 ng. A preferred anmount of the

gl ucopyr anosyl substituted benzene derivative (in particular the conpound
(1.3)) isin arange fromO0.5 to 100 ng, preferably fromO0.5 to 50 ngy, even
nore preferably from1 to 25 ng, even nore preferably 5 to 25 ny, nost
preferably 10 to 25 ng. Preferred dosages of the 10

gl ucopyr anosyl -substi tuted benzene derivative are for exanple 1 ng, 2 ng,
2.5nm, 5nm, 7.5 ny, 10 ny, 12.5 ny, 15 ng, 20 ng, 25 ng and 50 ng. A
pharmaceuti cal dosage form according to the second enbodi nent contains for
exanple a dosage conbrnatron selected fromthe enbodi nents as depicted in
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Amount of linagliptin Amount of the glucopyranosyl- substituted benzene
derivative, in particular of the conpound (1.3) E2.1 2 ngto 5 ng 1 ng to

25 ng E2.R0201mmot245 Ny 5 ng to 25 ng E2.3 2 ng to 5 nypt@/mrgoes2ss ng E2. 4
SnmS5Snmto?25n E2.52 ngto5ng5n E2.6 2 ngto5ng 7.5 ng E2.7 2
rrgtoSrrglorrgE2.82n‘gtoSnng.gongEZ.Qant05ng15rrgE2.102

mg to 5 ng 20 ny
Copovidone as mentioned hereinbefore and hereinafter is preferably a copolymerisate of
vinylpyrrolidon with vinyl acetate, preferably with a molecular weight from about 45000 to
about 70000. An example is Kollidon™ VA 64 (BASF).

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

10  Hydroxypropyl 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 to about 100000, for example

around 80000. An example is Klucel™ EF (Aqualon).

15  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).

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

by weight.

The above mentioned binders pregelatinized starch and L-HPC show additional diluent and

25 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 composition and dosage form after administration. A common disintegrant is
for example microcrystalline cellulose which was observed as not being compatible with

30 linagliptin.

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 starches, in

35  particular corn starch, and pregelatinized starch, including derivatives and hydrates of the



E2.11 2 ngto 5 ng 25 ng E2.12 5 ng 2.5 ng E2.13 5 ng 5 ng WO

2010/ 092124PCT/ EP2010/ 051735 40 E2.14 5 ng 7.5 ng E2.15 5 ng 10 ng E2.16 5
ng 12.5 ngoRBioclod2f24ng 15 ng E2.18 5 ng 20 ng E2.19 5 ngped/mPoleds26s5 ng 30
ng E2.21

31

beforementioned substances. Among the beforementioned disintegrants corn starch,

pregelatinized starch and crospovidone are even more preferred.

Surprisingly it has been found that at least two disintegrants are preferred, if linagliptin and a
5 glucopyranosyl-substituted benzene derivative of the formula () are combined in a
pharmaceutical composition according to the invention, in particular in one dosage form, e.g.

a tablet or a capsule. Preferred disintegrants are corn starch and crospovidone.

Even more preferred is a combination of at least three disintegrants, if linagliptin and a

10  glucopyranosyl-substituted benzene derivative of the formula (I) inhibitor are combined in a
pharmaceutical composition according to the invention, in particular in one dosage form, e.g.
a tablet or a capsule. Preferred disintegrants are corn 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 (extra white) (Roquette).

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 selected 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



5 nmg 50 ng A tablet according to the invention may be fil m coated.
Typically a filmcoat represents 2-5% by weight of the total conposition
and conprweesigmvefzerably a filmform ng agent, a pl asti ecraro@/ogi7ssiant and
optionally one or nore pignents. An exenplary coat conposition 5Smay
conprise hydroxypropyl net hyl cel | ul ose (HPMC), pol yethyl ene glycol (PEG,
talc, titani um dioxide and optionally B2on oxide, including iron oxide red
and/or yellow. An exenplary coat conposition nay conprise

hydr oxy phagmeshmet stgbieed (for e)@mp{d-{lal\@)—lymel@andmdceMt ol Mgarhed@Hater Gralen).
titanium.dio and op t i onal I (ggéom de, including iron oxide

red and/ ?refénggW @Bcﬁﬁaﬁn@?%@éﬁ? Ft@af formaccording to the

invention preferably has dissol ution propert| es such that after 45 m nutes

for each.of .t ar e [0 active ingredi tsatlest 75 %
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| east 9Mléndoiyi theemghtfacturd dfeablesgecéxawgleohar maceuti cal active ingredients is
di ss@l ved. The dissol ution 20properties can be determned in a standard
dissolution test, for exanple as described in pharnmacopoei as, such as the
USP31- NFtfe b2, ormhmptgedanlé.ére(aijeamhuttlhmrt)ve pawaeefigdityed theegtiarmacelgigalr i bed i n
the exper| msntt section. The pharnmaceutical dosage form according to
the i nveffTFOR""BPef erabl y has disintegration 25properties such that within
40 mnutes, nore preferably within 30 mnutes, even nore
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according to the invention preferably has a high content uniformty,
preferably within a range from85 to 115 % nore preferably from90 to 110
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t he one Skltln| eﬂ/ in the art. Preferred nethods of manufacturing a tablet are
corrpressfg‘n o1 eﬁe(arﬂ)%ar maceutical conposition in the formof a powder, i.e.
di r@dt conpression, or corrpr ession of the pharmaceutical conmposition in the
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the granul ation of the one or nore active ingredients together with the
exci pients include wet granul ation, for exanple high shear wet granulation
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granul ation step is usually followed by one or nore drying and sieving
steps. Optional a wet sieving step is



WO 2010/ 092124PCT/ EP2010/ 051735 42 inserted, followed by drying and dry

sieving of the granules. For exanple a fluid bed dryer can then be used for

dryi ng. TWe 2proowmers for the preparati on according to thipeTiEPZ@OIEDBS i S

preferably characterized by a 5granul ati on process wherein the first and

the second active pharmaceutical ingredient together with one or nore

diluents, one or nore binders and one 88 nore disintegrants are granul ated.

The process for the preparation according to this invention is preferably

char acteUB—ZGd/oby a atthag phhamateutical |ggrediehati on processes wherein in one

gr anul at rocess the first Eﬁtbl ve p r maceuti cal 1ngredient together

W th one o re did"GEME C-dHE® Fﬂtders and one or nore

di si nt edr.®20%i s groaeldratceelbmddrsl, n anot her granul ati on process the second

active g ga eutlcal "%(5 gl EIj[lt t ether with one or nore diluents, one or

more bi nUBFY “And or?@eé)rr ¥ 'Stﬂ‘i%qrﬁ't grants is granul ated. 15 Preferably in

t he &bowehgpeiadies paserithgegramylvatight obthei toabcdmypdsitenone or nore granul ati on

processes is optionally blended with one or nore additional disintegrant

and is blended with one or nore lubricants. 20The dried granules are sieved

t hr ough e falgwioprangbe ass @ea.mdkbtpesfea@eldti ti on of the other excipients, in

parti cul(f51§rg}a or nore qé%' nt e ralnts 8nd the glidant and optionally the

| ubri can o wi TR Wfa8‘?1 67 P& Clbri cant, in particul ar nmagnesi um

st ear at €h0-THh% m xt whe or sndod,emefechbiynoree diluebiabl e bl ender, for exanple a free

fall eﬁg fol |l owed b d|t|on of the one or rmrelubrlcants for

exart'BI e gr{‘em um s‘t”Sé’(gfoée 'Qﬂ‘arsfl nal bl ending in the bl ender. 25 Thus an

exenpl ary15ed grantdnetdrmbr@drsmaﬁariter t he preparation of granul es

conpri SI t.h ceutic ti on accor lng to the present

vent ; ol SE6ERSER 6 R AL bl 0§ e o more’ binders in a

sol vent or m xture of solvents such as purified water at anbi ent

t enper at ranul ati on 3
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one 16r M50 nder Sacti\mjphmmaoeﬂlaichl}/lngl’eeleﬂhe or nore disintegrants in a

sui tabl e roducea e-m x: m)lstenlngthe pre-mx with the

gr anul at“or%té(?l qU| d ﬁé’rgt%g’eo(ﬁ%émquyorber(gquﬁpat| ng the noi stened pre-m x for

exanpl e 0.5-28 %i gh sihear mor&binde@5d. optional 'y sieving the granul ated

pre m x ggh a sieve wt size of at least 1.0 mm and preferably
\;ﬁgﬁ /g/ ongﬂ&ﬁéﬂ%@ht‘éﬁ r}%5’9'\-‘5“1'43 e. drying the granul ate at about

40 750 antlj-4p’/r3eferatdn¢ obmdB&Wbricdres, air tenperature for exanple in a fluid

bed Bry unt i sire vaIu in the range of 1-5 %is

obt gl ned”hefe'”&'ét B?T'B?'ﬂag‘?sh re&ylvxéedgrgIogﬁwgyrgﬁagcqn&?os&%np| e by sieving through a

sieve with a nesh size 5of 0 6 m"nl 6 mm preferably 1.0 mm and g. adding
preferat:ulilr?%}fstI eved | ubri cant to tfhe ranul ate for final blending for

exanpl e g8 Vﬂ'h%rarﬁg%?reervr‘? Orglptr%?rﬁ ive process part of the excipients
such as Qa10 %f th@CWEEthTmHDﬂElEICdiIBgI‘BUBgf ants, 10 for exanple corn starch,
or an aldsSJ ?é nal di sintegrant of exanp crospovi done, and/or the one or

nore di for 9BX& eerf)f%faea\ JaYt?'t?dZé' starch can be added

ext 2agr al?ﬂl5%|y pr iode dr endré bimdetsl endi ng of step g. In another alternative
ver si on Pﬁ)%t/he process._the ﬁr anul at.e 4}{ oduced in steps ato e is 15produced
P

in a one hi gh s%&é’(”?cj’(% ﬁl”é‘tqr%”nts cess and subsequent drying in a one
pot 0.5-3 % one or more lubricant,

wherein the percentages are by weight of the total composition.

30 Inthe 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



granul ator. Therefore one aspect of the present invention relates to

granul es conprising the pharmaceutical conposition of this invention.

An exenplwoyotvop2gaanul ati on process for the preparati orcofEpgs@nsi7ss
conprising the 20pharmaceuti cal conposition according to the present
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ot epar acbireupd s aghs i 06 oARllisp anEC KT B g @RS PRIV ¢ ne
i nvent i che ghmmﬂcestmd:ccmnpbsrt@ntcm dbb@g@femndmenmmnaglrmlnmﬁ omdner monesafitheon,
i.e. granu thetwo actlve h ut| may be
used. oA DS 1§ bafaraEng By BAF RS HNaER WS (oo
i nv@bt i omhich herebygisdamedresratedrerais imits éntingtgl | ptin as the one active
phar maceuti cal ingredient, and granul es conprising
gl ucopyr anosyl -substi tuted benzene derivative of the fornula (1) as defined
her ei nbeA pnre@readchwnefcmtaI@ompioaltluaacdomdjh@to thb aecamtipaipatirgdntf thenprgsdre
used. \ﬁ” ér?é?r%é&szeé%g%/o%ﬁfpgégﬁ n%735 ?'rSné)lrt? Bilngl?rls%gdg)lngz) taﬂ%g? one active
phar mace ient n anul es
conpri S|dmntggmtsp}\nmesworspteﬁrrddpfmdnbmleaiesod@osmm amrdnhg tdtbefsecond a (1)
as %@fl d%oqereltn fore ar,tldn herenl nafter L artli th ercrg nod %1 3),
may AR r%’ B Mygaio %’W%EF%P ePo'F‘O @8 SR PRy bl et
accor di rpetay nidre dsirdegrdnts mind dnaentnood lubtieants) \Reeferabiy samdmasmpswthnr@hmna@é y
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 two
diluents, one binder and one disintegrant. Even more preferably said composition comprises
35  one 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.



0.5-25 % 40-88 % 10 0.5-20%0.5-20 % 0. 1-15% active pharnmaceuti cal

i ngredient(s), one or nore diluents, one or nore binders, one or nore

di si nt egrwots10/0B240r nore | ubricants, wherein the per eemtmpg@s/ares by
wei ght of the total conposition. 15The follow ng ranges are even nore
preferred: 0.5-20 % 50-75 % 1-15% 1- 15% 200. 5-10% active pharnmaceuti cal
i ngredi ent(s), one or nore diluents, o@& or nore binders, one or nore

di sintegrants, one or nore |ubricants, wherein the percentages are by
wei ght cEvehhﬂorteqdr@fbrabtyramﬁtdrhm:tloﬁwbhfpasmm oriterofddlidrasyiomg cexeod bineleﬂssatand

d t h d t 2550-7

Sarmnni t gFast S YErigEn ' i 0o b kanl el By O e B 0 R Lo EReY 6. g
Mai ze staeat tdddludniél ohEot twa:lmnde)rs a’&-leébs?/@ﬁpdlmhthghmti gn(goraé:’((ﬁ tmllm?{o‘,em\dA 64
| NT B t nar.l e e
0. 5 stk eh kel SirfibshiEy SomPrsdsatd S1iHR AIKHS SebiRe Bhiesl
Ser Cé{]t agﬁtt\ﬂcb dislyegnaitghhd ofo Iubﬂcatrmet ﬂvenmm@srdferehlytsé#d (m)dtﬂjgtsllttlonﬂad)n}prtl)ses

eqgr an I exa n,_an u r,om %
et unt bt HudE Rt B RO SR g Rednf vl et afts, Budietoleuner
a hi gherthé ahhﬁdb&m nghy ad@tumahy emdrlsmctdsasasm plidzane-Arafgered didnet, dindeisch ar e

Pﬁdfv\gf |02\ rétpgr[aggﬁ ]E\J;%gc S a%(gglsqa%u nerg{sjgé%r aéglerembe?gre%%%lh\é?elrlm r}%rr_edi ents) or

10 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,

0.5-20 % one or more disintegrants,

15  wherein 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,
1-15 % 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 0.5-20% one or more disintegrants,
0.1-15% one or more lubricants

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 lubricants are selected from magnesium stearate and talc. In case



Furthernore the foll ow ng excipients and ranges are nore preferred: WO
2010/ 092124PCT/ EP2010/ 051735 46 0.5-20 %acti ve pharmaceutical ingredients,
50- 75 %rawoi2bmlao212¢. g. Pearlitol 500, Roquette) 0-15%r egelmebomwiozeds st arch
(e.g. Maize starch 1500 INT (Colorcon)), 2-4 %opovidone (e.g. Polyvidone
VA 64 INT (BASF)), 58-12 %orn starch (e.g. Miize starch undried
(Roquette)), O0-2%rospovi done (Kol lidod®M CL-SF, (BASF)) 0.5-2 %agnesi um
stearate (e.g. HyQual, (Mallinckrodt)), 0-10%alc (Talc, (Luzenac)) wherein
t he per aeaphgescautcabyormgositioh complribes 4 et@ndatiiopaspregelatiniddéd dtarcheéduce t he
required unt of lubricant in the . tablets it i.s an option to use an

et or nal PP PR CBPRRt g Son s SBubd bpupreic SR hiteldy  ani et s a
coating suspension is prepared and the 15conpressed tabl et cores are coated
with the.coatin uspensi on t wei ght gain qf abqut 2-5 %  preferably
about - aoirerapisgrael e RREiniRteh el coBbaiond eBo fingta Bt g e o BiierL %

vol abi | ehacagpsized by thhfotidwidgesmpoditiorenai n in the final product. In an

al t er nat enmbodi nept the filmcaoat conprise one of the two active

phar rracet]??égl i ngragg Shfparma ?J%%@PW&HH%EW tablets according to the

i nventi d0-a% be pmegpmiteld by direct conpression. A suitable direct

corrpres_s%gg/? process _conprises the follow ng steps: (1) Prem xing the one or
[

two act ngr edi erp ﬂ@?ﬂf’the mai n portion of the excipients in a mxer to
obt ai n a8-p2 & m xt urcern starch, (2) optionally dry screening the pre-mxture

t hr qugh screen in qrder to segr e .25cohesi ve particles and to inprove
contnt TTFBAN pg/Peaget a3l SEhe RIS Brst ep (1) or (2) in a

m xer, optionally by adding remai ning excipients to the m xture and

cont i nui mxing; (4) tabletting the final mxture of ste b

conpr oo yrErgtred arge el §uicdfions 83osThd kithB et Flnodihettives.
30(5) opdhiacatidrizgd b the fob@wing goapoditien: t abl et cores of step (4) with a
non-func{%é)?al coat. .Th har m%celuti cg.l onposi tions and dosage forms, in
particul af’ tabl et's a8pvec§1rba§@?8 YR (01035] 'FH%’to this invention may be packaged
usi 1§ krenams packaginmgnnital, eri al s, such as PVC-blisters, PVDC-blisters,

PVC/ PVDC: bl sters or a i_stur e-proof packagi ng material 35such as

al um nmn% i1 Dbli g%qel%%gﬁg,sbﬁrﬁ/ alu blister, transparent or opague

pol ymer bérster w tcoppadarte, pol ypropyl ene tubes, glass bottles, PP bottles
and HDPI;3r Egt,/t | es optional hy WO 2010/ 092124PCT/ EP2010/ 051735 47 cont ai ni ng
a child-¥esi'stant e UFE (for exanple with a press-and-tw st cl osure) or
may be t&Eper evi dendspoVidengyri mary packaging material nmay conprise a
des%ﬁcant such as nol.ecul ar siev el .to inprove chem cal

a
staBOl i (4T hEPeI O e FREGTH CLUR PRESROsERs) | Opaque packagi ng such

as colored blister materials, tubes, brown glass bottles 5or the |ike can
be used &0 PLQ) BRGNS HELbEd BhafiEefidal ¥snBRoTBESHbIShadifigiafigh ent (s) by
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,



reduction of photodegradation. An article for distribution may conprise the
phar maceuti cal conposition or dosage form packaged in a packaging nmateri al
as descriwedotvameizabef ore and a | abel or package insert pcwhiredvonsfes to
instructions customarily included in comercial packages of therapeutic
products, that may contain information about the indications, usage,
10dosage, admini stration, contraindi caBifons and/ or warni ngs concerning the
use of such therapeutic products. In one enbodi nent, the | abel or package

i nsert g2 eat es t hatn §thehconpositi on can be used for any of the purposes
descri bedj herein. The §h%r maceuti cal conpositions and pharmaceutical dosage
forns acc'% tli ng t o CHiP8Y'99%°:i nventi on show advant ageous effects in the
treat neri.52pd pr evemdgnesiuof sttdrake di seases and conditi ons as descri bed

her ei nbef ore conpared with anti di abeti not her,.api es. Advant ageous effects
may be s"g?aerﬁe'f'gheng‘?{é\tﬁ%?%ewr?ﬁ’yr%eé%ﬁ(?f &]FBOtgP?qn&%of)'}',ORdosage strength, dosage
freqgdency, pharmacodynam c properties, pharnmacokinetic properties, fewer
adverse geffects,. conveni enc onpliance, etc.. 20 A pharnmaceutical

Conposi I RETBHGT et BREr Cice! GORRSaorS PRELEES G RGePE H AMESTREGA' on

si gni f i cchatdcyerizep by esfolidveingcy@positorcont rol , in particular in patients as
descri be greinafter, conpared. wi.th a nmopnotherapy using either a SGT2

i nhi bi to€2(g|ﬁ> a DPP alC{')/q ﬁr?ﬁq%faf%&c\é\fl'%rgggp 2 nonot herapy of nmetform n. The

i nprovedgTy¥%em ¢ aaarnitol, i s determ ned as an increased 25 |owering of

bl oqg g|dJ(1‘,§§/e and an il’ll reaaeg reduction of HbAlc. Wth nonotherapy in a
patient,” in’parti c ' &#*'? W'Zﬁ t5 aé?ﬂ’s as described hereinafter, the glycemc
control Z4&ms usual | ywopotiddre, f urt her i nproved significantly by an

adm ni st%:n?% iyon of the c{r ug above a certain highest dose. In addition, a

| ong t ertnt reat ment®™®lsY'A§ 'a hi ghest dose may be unwanted in vi ew of

pot enti a-2%% de ef f etdspovidbves,ef ore, a satisfying glycem c control cannot be
achi evecbr'égyal | 30 pati .entﬁ Vi %‘a nonot herapy using either the SLGT2

i nhi bi t or°6r° t he PSHART'BTEST al one or another antidiabetic drug, such
as métf a@.m,10% | n sdalh, patients a progression of the diabetes nellitus may
continue ,and conplications associ at ith diabetes nellitus may occur,
such as HiRFB IR Rorra e e R IR F el s BTkt 1 cal compos: 1 on and
phar maceuti cal dosage formas well as the nethods according to the present
:c g;’eg;;%egéhlg\%\#gy?eéﬁga lé%tg#pgglagr}: ﬁ%ﬁ@%%ﬁéﬁn&){aﬁg&%ﬁ agdifljgnsalllyr/ %gmtp)rellsré:]grtle cr)range,
2010/ 092ta4Presté BR2RRING/206A1E 3or étanplgbeeetenemear flafoupsitand pigmentsl f or a | onger
ti g of therapeutic treatnent conpared with an antidi abetic nonot herapy.
The 8har maceuti cal conposition and the pharnmaceutical dosage form according
t o t he Spregshanhacawiestcoompositibroaccrdieg to thelireeatibremb addiigndlp comeriggadneemt and

an i nprovenent . of th atients .conpliancge. A nonotherapy using a DPP IV
i nhi bi t JPOPSORBIS E?g%'g%%%rﬁtnoﬁfwﬁ%ﬂ%l Cloﬂgn $n secretory capacity or the

insulin sensitivity of a patient. On the other hand, a treatnent with the
10 adm nistration %f 2 SGLTiﬁ ri]nhi bimtor qﬁes vnr?tt dergepeg rOBI thﬁdi nsul i n
secr et or Y CARHERYS ISR PRROPHRN § O IOMY VY FREPAEPYSC™ Ther ef or e,
any 2pat i pratmaceddipa edspbsitdn g, repgpti@iaiihtended fos ofai adrhieisehoroA phasmbceutical

resi stange_an /ror h%r@eritn ul irnerp;ta Vrra?{&nbenefrit froma th raf)(,r\; usi ﬁi%na

phar mac et REA[ L AGESING: B A AES A ShAP AL EUTR NI JBLATECR B! FRNRS

accor di regcomirighibshe presaritiimentiomidepefrckbht a sdlidtdharmagaudvaidosage forrsuihi n | evel s
or their irtncsglri n rrqsi stance. or a15 Ih% reeri nsul ien{ean]' a ftrhexs?n at Irt}E'Et S tg@n
still bPHIEH LY i PR e TR R r e syl FRIFtdR % 6&%? gttt eal
dosage keblatiseagfarutede.conbi ned or alternate adm nistration of the SGE.T2

i nhi @i tor. Linagliptin according to the present invention is able - via the
incr3 ases in active GLP-1 20 levels - to reduce the glucagon secretion in
a pati emi phdrhiagsewmidal dddage édror &ccbiding totthefilsepabodimghuafdiseinpetnc for on.
Furthermpre, the el evat ed tive GLP-1 |evels produced,.by.linagliptin wll
nave bertBrIBIGT CarYBG S GRebEeLPEEr oPegihar e mon e el ehelrt WP hese
f eat ur edinaglipdier a a pharmaceuti cal conposition and a pharmaceuti cal dosage
quite useful and therapeutically relevant. 25 Wen this invention refers to
patients requiring treatnment or prevention, it relates primarily to

t r e86nem plarchape@ticahd osage iformhatrarding toube sdmnplarbvdbeartt ot tle im@mporsifori on may
al so be used, accordingly, in.veter.inar dicine in mammals. | n the scope of
Chis | ARt Sl e eblfe SOPLS AR ATEER 6 FirkRu BB Rionse b 25°) bar <
or older. Also in the scope of this invention, 30patients are adol escent
humans, i.e. hunmans of age 10 to 17 years, preferably of age 13 to 17
years. It is assuned that in a adol escent popul ation the adm nistration of
t he pharnmaceutical conposition according to the invention a very good HbAlc

Y R r a S



The pharnmaceutical conposition and pharnmaceutical dosage form according to
this invention exhibit a very good efficacy with regard to glycemc
control, wopavdopeul ar in view of a reduction of fastingcplresam/ogi7acose,
post prandi al plasma gl ucose and/ or gl ycosyl ated 15henogl obi n (HbAlc). By
adm ni stering a pharmaceutical conposition or a pharnmaceutical dosage form
according to this invention, a reductid8 of HbAlc equal to or greater than
preferably 1.0 % nore preferably equal to or greater than 2.0 % even nore
pr ef er abinggléginaindtaoylasopgramat isubdtiuted bOn2énealeribativaciitreMfednaad) addefireduct i on

[ ticularly in the . f 1.0 %to 3.0 % 20 F th
ot hod iy ByerEc e nEey BTG, paetker Al i ne el las IR SR e ol o
i n t hosebgpabdmeizysr tablet mhavictothe,twbd wotiver phamecaiticalegrédibhte\srégres enmtdn tHeons:

fasting blood .gl I trati ter. th 100
e b | ety A gl RE BoR i SRR ek R TSRl 5 N et 1K BRLACf me
gl ucése ;ﬂﬁuah%dugca}nngye@emtegg mr’eaeéhtmafimlyla?bcar(obt}mamtr:diméﬂ:?/r?/;aia?maea}miadal to or
ter .than. 6.5 % in particul|ar ual .. r .greater n 7.0 9
S roct i eety? pidsenfinBrisepy -9y Atshaule Bb iR En A dri forted 1o
or gr eattebletihavhid dhed6f tiOTreagtive pharimacoutiat ingredéEnsois (resehdisdise tire tatdet of

t he phar utjcal conpositio r th har maceut | cal dosage form for

| mpr ovi oS et ol P Rnasen et indi TR ORRgT L e Ty alE Bor - show ng
first siAjsnaivelpitiee tbebeatagbe althtee-laydraablanie nhichrthabveolayes|codamird) abet es
prevention. Lf therefore har maceutical co sition or arnaceut,i cal
fosaBe. 18Pacie BRMRGeUE-RBEATERN o oS BB A PRt BBREBET Yot c
cont r ol cantahoary acive peamiacehiicaB megheaient atermativeld tise bkt ohaypbea greababetedi s
present,, the.ons f mani fest type 2 diabetes nellitys can.be.del ayed or
b event dabEE i S BbisF g% b Hner S TPt 33V G Faiepicb PRt Smal

phar mac agbletsafor exdrppls ivtithendiameter b&2-ghmam nackihkiotiadr adibeagarihaceuntiagicor di ng to
this invention .is rt]),[articul ar | dsui t@b%% in the treatnent })f atietnts W th

i nsul i n "GEBERAEREYTANeE N 2 ge i LAY AR LT RIS G LORR SR {496 YENREEI d be
t r edbed wmallrteleldt toropatismgatpress-conted talsiei. Al tipies obthedhetidnbefatemeatioied tabletsi N or
a substitutg of ilgsuli[] or a fﬁrrml ation corrgﬁiisinﬁ)g{r};)ean E‘lﬁi n_or a

deri vat i'V® 8 WHBE & GOt PHEPLBPVE HRe dnPE RIS NRaTRY rz' TEI"ESwi th

di abet esPrefgped2ranch-hmicti@rd soatingb. di abetes type 1. Therefore, according to
a preferred enbodi mrent of the present invention, there is provided a

10met hod for inproving glycemc control and/or for reducing of fasting

pl asma gt witldeeppodcigied that tiedinadunpbitheangloutoseactivd /pbarnedcegtisat oyd ddresl

he | obin HbAlc.i.n.a patient in.need thereof. who is di agnosed. with

28 echelpl g Sl Bt S B SRR P P R BeflbaPBr BE il deeegt wi ¢
i nsul i n argsoilyRRiGeaccHiding totiegrebert irsaentisrowil vandwitr theirolite tof pémisdratiory, piee 1

di abet es rtrerl i 'gjus charfatﬁt er;r@id ]J n }‘hﬁﬁf a@)h?r macthIi clal rcorrig%z' tion or a
phar macelft &4 I PEYSIREEN? SPRTEY QErIE A eAY N RhRPBPEER E RAVEH G E® ar e
adm ni stvesightt aind cohditipradf tea patieht ,camndomitartt onetiioatibe angh i ke vldatetyoddharent  of
the present .inventi there is provided a nethod f.or inprovi. l.ycem c
cont For i glerieE e g b Fpishin b Yenean Rr i Percered AORCTY pE D HA bt os
mel 6t ushaadaimisactiom of the @hdinedceatichl dasagei fsen th2Qylydemiacorve! ihndbe datimato ey

usi ng atph EgorriaceurtoiVC@H conposition or a pharnmaceutical dosage form

accor di nge o th€ %R Vention, an i nprovenent of the glycemc control can be
achi eved even in those patients who have insufficient glycemc control in
particular,d ite treatpent w an ant i.di abet.i ¢ u for exanpl e despite
i rml | arco BB a1 e by olia Settorab A Bln Sad b B vt for i n,
a SG.T2 dubktitbiet dienpanead diivBivé to el donplayed ik\thesphianabceudicalrdos agkeibrd s eordingh

d ff inis f | e 2000 d 50 t.h i
oy 3B AR RO Encert Sendibalt TheRe TakeRar ot i Britiitel e S8 lneI e d to o
SA.T2 i ndaylwithars@ent tr ah adylt matieht, 8 panticaidritoa humanpeiry, toulkazmpletai regard to

the compound.(1.3),.is for e | e 100 .. preferabl 0 r even 25 ng

once perstiag el AsthefaiR Tt B AP wRl bR Mose v t 1

regard taantinis@ation®, Bn4 ios moor tirrsadyilyeantiQvithgeganiad ethebrqutds ofgpadorimistratianl y or

any equi v%l elﬁltrthrerte f. . Th rtﬁf ore, LI}F]e et hog an%/ Qr usg acco ding to this
i nvent i oo S HEIAS: 83?50?%‘1 PRFILLLINE PHOTHALE FaPogRld AUE §W one, two
or Bbr e aafcutated footHedmtlimigualaativd moiesy. 35(a)i nsufficient glycem c control

wi th diet and exercise al one;



WO 2010/ 092124PCT/ EP2010/ 051735 51 (b) insufficient glycem c control
despite oral nonotherapy with netformn, in particular despite oral

nonot her awy 2a8fo/@21maxi mal reconmended or tol erated dose etTmebéwnm@s (c)
insufficient glycem c control despite oral nonotherapy w th another

antidi abetic agent, in particular despite oral nonotherapy at a maxi mal
recommended or tolerated dose of 5the 8Pher antidiabetic agent; (d)
insufficient glycemc control despite oral nonotherapy with the SAT2

i nhi bi t oX preferrgaigstarmatauticalempagefonn akccordingtid éesgezoad embodixienttont@#sOmended

t ol ted.d of th i.nhi bit : ff | i t |
Sesort o IBpEMRIRS g odialRe Srpirdena s b i eSS s (b b Sasn: { o
or ﬁl brr;)rntﬂnhiﬂa@qm ﬁﬁrtl(ﬂlldl‘ﬂbﬁe;c Cffnpwlﬁ?qmnd@memm}umaly@ﬁedwdmwf Atﬂ)\tefela{éﬂ'l \VJ f

I DI TOr e 0 e 0 cose ev mnistrati on o
2"g1 voogy ey rRTHEF i etrdB LRERd el PR BreU€ Bl e i 28 M eRed fbit i on
I s 1 Bsulpreferantiefpendeat!0 md)enaest preéeraalyﬂﬁptsangm%'etetrnedaibsa:gnmefdrleaamanacor di ng

to this {pvention articu ble, in the_ treat nent patients who
bre di aghobEh R0 aEEna msrensb i har K S planiler b RatsSsyhaul
resi st arwestltuﬂexdmehzmmﬂerwamea(m parti@ﬂailtbdaetbrasourﬂm B))pem% rdhgded@D.Frel 100t us,

| 2 di 1 di ab
| a6, ol Bom Do N6 bR Eudie PP obBrolE ) 14 2 Pianalell s, maout | cal
dosage fmeﬁaﬂac?ymﬁtﬁmgtmotﬂprefengﬁm totﬂo‘lﬁ nrr:g mfdrrzeg;doga%?s &fuhd alg:c etig t he
1 t | en WO re | agdhose |
for B HupuaRbhfalss 1Sy Bl GRe WARIRE sralor SRafRNm el 2 M7 5 7g. 13 Fa.
?)bes: t>1/)5705 vngsgemaj,g@ksaﬂgtwhrg?,;ﬂ(?mgaiﬂjmgiamaBOob@sq pbfarn(abézuttcal cgjsygefdrnhe bl ood
eve . S
Lot et Sogias e decomr e SRAN R b aRE " e iRle Refrp il STRuE uy o
130 mm Hgprathd eamtshdiaéntk ine dbpioted ipthesslloven@tablan Hy, (e) a fasting bl ood

gl ucose | evel 100 ng/dL. It is assuned that patients diagnosed with
i mpai red glucose tolerance (1GI), inpaired fasting bl ood glucose (IFGQ,

with | SthbdbimERl St aC ARt B indbhfinTe} ahghb it oY A B p51shbep. f flom an
35i ncregased risk of devel opi ng a cardi pvascul ar di sease, such ag for
exanpl d myocardial YD 2010/ 092124PCT/ EFRbsiBpied beazersxXdrivatecin dn, cor onary
heart di sease, heart [insufficiency, throggg@mputﬁe%ﬁ,%%d d3gl ycem c
control| according to|this invention may result in a reduction off the
cardi ovascibar risksi A phajaeeRyi cal | conposi iy g phar mageut i cal
dosage |[form according to th| s i nvention 5exhi bi ts goo safety |profile.
Therefdre, gg ot reat nent orop p{gqgtgyrlngm s pccording n’igj)totiB' Mg

E2.3 2mgto5mg 10 mg to 25 mg

E2.4 5 mg 5 mgto 25 mg

E2.5 2mgto5mg 5 mg

E2.6 2mgto5mg 7.5mg

E2.7 2mgto5mg 10 mg

E2.8 2mgto5mg 12.5 mg

E2.9 2mgto5mg 15 mg

E2.10 2mgto5mg 20 mg

E2.11 2mgto5mg 25 mg

E2.12 5 mg 2.5mg

E2.13 5 mg 5 mg




invention is advantageously possible in those patients for which the

nono-t herapy with anot her antidiabetic drug, such as for exanple netformn,
i s cont ravodomabetsand/ or who have an intol erance agai netTgreshodsirgs at

t herapeutic doses. In particular, a treatnent or prophylaxis according to
this invention may be advantageously possible in those patients 10show ng
or having an increased risk for one or4fore of the follow ng disorders:
renal insufficiency or diseases, cardiac di seases, cardiac failure, hepatic
di seasgs, pylponal diseasesdsﬁgtabolyt c states qu danger off lactate
acidosi|ls, or female patients being pregnant or during lactation.
15Furtherngbegs it can be foupg,that the adm nistr h n of a pharjmaceutica
conposijtion or a phalnaceutlca? dosage| form according to this invention
resultsg I ngpggrisk of in a Ipw.risk of| hypoglyceyba.,Jherefore, |a treatment
or prophyIaX|s according to thi's invenfion is al so ég ant ageousl|y possible
in those pgbisgnts show ng org having anf i ncreased {P for hypogllycem a. 20
A pharnaceutlcal conp05|t|on or a pharpaceutical dosage formacgording to
this invenkbq? I's pafticulardgy,suitable in the | mL€r m treat mgnt or
prophyljaxi s of the dijseases an8/or conditions as descri bed hereilnbefore and
hereinafteE lgn particul ar |g|bhe [ ong tern1g|ycqﬂ3ﬁ control 1 nlpatients
with type Jlabetes mellitus. 25 The term "l ong ferit as used Her ei nbefore
and herfei nghtgr Tndi¢ates a4 Satnent pf or adﬁlQ% gatlon in alpatient
within |a period of tine |onger~“than 12| weeks, preferdbly |onger |[than 25
weeks, levegponnre preferably Jgnger thap 1 year. 3Qfherefore, a particularly
pr ef errled enbodlnent of the pr sent inyention providés a nethod |for

t her apy, preferably oral therapy, for |nprovenent espeC|aIIy [ong term

i nprovenent . of ycenm c control in patients with pe 2 di abetes nellltus
especi al® V’bﬁﬁ aﬁ%&ri"éﬂtt%”\%'?‘f?”F'%@ é‘agtbﬁd@“ﬂ?ﬁt@d 2T¥:H'%Hlétaé'£“ FERYTEPIgSENts §-57

parti cul @rwéu?htrmheetem c& P diti pnadl dbnfbr@%@@%ialﬂg aqwﬁifmnggﬂéger@t@em ty
ass |, class Il and/or class III esit vi sceral obesity

i ncl udi
famd/ or éﬁ%gﬁ'ﬁizﬁ'é@ e optionaipon PHMEEDRIMEB!E £PSY %P'@B’lef’?éc%@p?% Hog) |
her esnbehsy @orﬁ@ﬁ%eh@xﬁ&ixpa%bﬂmmnulbgéi(HmOp%lyaw;leué@@con (pEmc)rtblccul ar the

nmet hods for treatjng, reven phar maceuti cal osition or

phar nacéﬁ?ri"é’ald'%aﬂj@ PP@'%(dré’Br‘Hldﬁg'“P'Hd't”ﬁl'@”|°|’ﬂ?’8r'it3?jBﬂ P‘syeéBWI Pstered to

the patisa Tpnarrﬁ&@ét@bhmogn@few@@lcbmnwﬁwr@fypwwmadaw@eumé (l@PRIE).conposi ti ons
and dosage forns within i nvent be sted, by ani mal

nodel s WWV'%%%B@O&?F%E%)St%It'Fa”&@ fiexide; ARl %rfch%l‘?t@&a”yi 'FP”t%d%Hl WHing,
i N ViVvo ierRSideelbhdF feld@scri bed which are suitable to evaluate

pharnacol ogi cal ly rel evant properties of pharmaceutical conpositions and
doségg forms according to this invention: 10 Pharmaceutical conpositions,

dosage fmdmwaaﬂécémbﬁl%ga@@@%@bwmng té meSnVéh‘f@ﬁibréﬂékaﬁ@rhab%|§S@I§1Il@r¢ in
genetlcaIR%errtl erinsulinemc or djabetic animals |ike db/db m ce, ob/ob

nmce B4 thatartenss miguesior ogehdthopam et e Hf‘éf'f‘?o%’ﬂﬁﬁ*)a‘:?“éet s. In

addi ti Onn?rbbﬁﬁts@lbab,ﬁ?t‘s %S"eeé’n mBrea@bfé‘ﬂétﬂy Wi [E8stSOPE bly MR bof Melr@§bé%ﬁ\¢b
di abetes Ti ke HanW star_ or gue Eamﬁe%ﬁ rats 15 retreated w
t

st r ept o ANPHERGEUlIGH @ClYS 'aa&edt?ﬁtsg ysanived-do AP p{ﬁf W%G'HH%?'W&%%HWQQI

comM@si trhiplesdnbdaAgR Jr\@rdiﬁw@jéﬁé}hﬁicegtldapaéthb ndr&MEME boRasENs Reetst ed in
| ucose tol erance test I n an el s descri bed herej nbefore.

an oral

The ti né%%réupﬂ’%féra@fy %l"%ﬁ)‘a96|"/m@b§’8'9f‘50fft6? rWE@'Véfpﬂ“éFm%??UB?%laCtz\@dPQf’@S@@ s

chal | gnge dltsgolgé’h(ﬁﬂrﬁlla%ﬁst Pl@‘b‘ér%ﬂj ?ﬁbd&ﬁh&t aTt]?ﬂ 5ﬁ1t"i’|ﬁm§é for ea6h @frtllale g5 agmvdf or ns
accorailn 0 e esent |1 nventi Sl I can rove ucos excursi on
conpar eooglaﬁ“%%?é’ﬁcﬁ@ﬁtﬁ‘f%'égréﬂﬂﬁnb?sati%aéé Zg Jﬁ S F@é‘%\;eﬁ%ﬁb'wt ééﬁ@%“?@ose
concent nadigiares tHy rebesbioé bRamice@icara@Re Mdrediéits Msédlm TI@é aueéolmdnt iple
dosing of the active pharnaceuti cal |n redjents ﬁgone and

phalffac SUPRLES camisodsteinyned Bra gardagd dissplHion st eéﬂmH‘&IasrPc?&%”%edd%scrl bed
25her ei qﬂ@hﬁé@)pobiae &fchestth® 0SEBY NFPEE X eR4tel 7 Cla@iskelutia!)eA prdietedtest is
measurin QD HbAlc val ue |n bl ood. The conpositions and dosage fornmns
accor di n‘%SPr qdHn &g expEREst?! §‘?°é'ﬁf"f| cantly reduce HbAlc conpared to each
nonot herapy. The inproved independence frominsulin of the treatment
accordi tqQ this invention can be 30shgwn after sing|e dosing in. oral

gl ucosenﬁlﬂ F@}agﬁe%eqtlgglt SP9F A8 A5RPTAEM tﬁ’rﬁtﬁ’éf‘?ﬂ@%@@ﬂ%b'yﬁ‘@?éﬂf RIBIX  The
ti mM25coysrggertés UoAsha witheido minutes, Aor@pRErably Aithin Wl HRORE, Sleal herge in
overnight fasted aninmals. The conpositions and dosage forns according to
the invention will exhibit lower insulin peak concentrations or insulin AUC
at | ower bl ood glucose excursion than |inagliptin alone.




WO 2010/ 092124PCT/ EP2010/ 051735 54 The increase in active GLP-1 |levels by
treatnent according to this invention after single or nmultiple dosing can
be det er mvoediomp2r@asuri ng those levels in the plasnma ocamprowmbosrdel s
descri bed hereinbefore in either the fasting or postprandi al state.

Li kew se, a reduction in glucagon levels in plasnma can be neasured under
the sane conditions. The conpositions 43 and dosage forms according to the
invention will exhibit higher active GLP-1 concentrations and | ower

gl ucagorpreferabiyniviticih 20 MENGtER Mbsh eradérablgpyithantiyinusasithé phatetebiuar doeage
derivatiye alone. A s rior effect of the co siti.ons. and dosgge forns
accor di 1 & THaegRSbATe dRRIPER RRAPIEReea: RorT eI EgenEr Br PO dnd
neogenedisintegratibe tedg tferaxangtt af describad i phlaemaapongs) such lze tenUBRB1KF26! S
describ her ei nbef ore by peasuri t he increase  in pancreatic insulin
cont ent Sy aregien A8t Gisiiesrp T A bislihrad sl P SREY D RSB S ha y i

afteb i mmunhi st ochem cal staining of pancreatic sections, or by measuring

ol ero et R kG B Rt PoSR bl P e ERbee Rt R
benefi ciulifomhifye ptefarnblg mytbimn @nge omads 1of 1156, mordprafetabbnfrera @ontdinng %,0 t he

t | tion. 2 | ding t fi | |
P beose 181 Stk e BBy REPAE i b i g i Batrors e fishe o e
Zucker DictibephamBatitical iBGfeYienat $hé ZOREArnifbeyityf @h. beAlgisrenintasie abitaatiréanpl e

IS tai,ned by tail bleed., Blo | ucose i s asured wi.th | uconet er, and
the 13, ransRbdb atis ol s e b ee RIS p B e PR e Ty
t he gr ouescrilstdn paamnasiopgeias suchl as2ba di@R31SNF28 $2rchapteebdh emifuediiyadfe al one
(0.5% aqﬁgous hgsgr oxyet hyl cel I ul ose containing 3 mM HCl and 0.015%

Pol ysor bat280Y"'6Y" vehi cl e contai ning either the SGLT2 inhibitor or the
DPPIV inhibitor or the conbination of the SGT2 inhibitor plus the DPP |V
inhibito | us.. The ani.ma| s, receive an oral .glucose |oad. (2 30 mn

i ter conpBiAE ameeL Pl bl T rles el RERulRd i rofiet fatod 5o
m n, 1560 maybe P@pated, bylrdéthodswelkkabvlr 80 the bnabkiked inhiee 3@gl ucose chal | enge.

A ucose excursion is quantified by cal culating the reactive gl ucose AUC
The data are presented as nean SEM The two-sided unpaired Student t-test
i s used Freferet atétsddscaflmarnfquauringentabliet fleecoopnégsiin o tiouphaamecédtiealact i ve
groups. The result is shown in Figure 3. "Cpd. A" is |inagliptin at a
dose of PTHPRG" Teilh Tork o e Riesl o BT Rarmpiessin: of Comiressih i uld”

1- chl or pharrhbeddtighl wompysidooB-the Yok & 4ar((eS) abeif hadyeat withruadditicialéxaigignts.

ben bl Fbenzene, at a dose of 3 ng/kg. Conbination A + B is the conbination
of Mnagliptin WD 2010/ 092124PCT/ EP2010/ 051735 55 and the conpound (1.3)
at the Sammuldeséthe phavadaesetical evmpssit@nadcootding © the thveaticadnby bs prapatezi Bbove

the bars. P-yalu of 1 combi.nat.i Qn versus the not.her api es are
i cat daeBe S ERatn fofe 578 SkfFRLN G 4R 20 Sy TRRR B SR g ot the
Li nagl i pinerormedte aetiveghgredsatsargathai waith thy eséiptentshiecicdenpetgrdny(dticd) foreduces

gl ucose excursi.on 51% The . .conbjnati ecreased.. 5gl ucqse excursion in
Phe or al S Ld bl brripub® B haRes® B el G PR e A Bl e ac

i s 2bat iadda calel yoler gompadtiant ver sus each nonot herapy. Exanple 11: According
to a second exanple an oral glucose tolerance test is performed in

overni ght 10fasted nale Sprague Dawl ey rats (Crl:CD(SD)) wth a body wei ght
of aboutin2(Defgrredwet grandiagien pltooesk thagpdreldtion dibtidiisjest thy solaent dolhexedre @l ood

gl ucose iiv asrurerd V\r/iﬁhn & Iucrorret g)lr, ranld thv a irrrr%IX§ ar e rvarrllgo 'Ietﬂ for
bl ood glTCEEE Vit EOBF %r%u%;e.o I YHeht T 7 SofRa" grBipee PeraliRie- UEeigi e

oral adrimles$ atdesaritodd edréihbefonee An@xemaleds eofdvidate aguitablessolvents are for

hyd t hyl [ ul t ai ni 0.015% Pol bat L. hi cl. ,

0 B e e RS0 Mehghed Sadroioh, Poub o rdtbgspikp g Btery Fpdinge

t hi rd antixtliredtebieof. ahersolvent it levotatiftdosanaddnent, ahichlueeSGhili2mairhinbihg fimal pl us t he
DPP |V inhibit | the third tidi abeti t.. t. ti th

T oupe. 1Ry o Bielth rdIE kel faRieh S s SupPERtniattsy SRR L4EIng B3y

vehi cl e nortdiuentapptiohdigrthé bee &GhdEE binderbiahd bpionatiyh theldPelov maréi bi t or pl us

t he thi .anti di abeti t t third tidiabet, t L

conbi natt UReBP oy 18R Rkr dlon f s nB Hisem et doRPidodh s e

t hi 38 argradlilativetligaidafpe ekampleaisaugi anfeiyls shext grarailzdor. Dhalvegyraavlstion stadis( 2 g/ kg)

30 mn aJstugIrIy followed by one or more drying and sieving steps. Optional a wet sieving step is



conpound adm ni stration. Blood glucose is neasured in tail blood 30 mn, 60
mn, 90 mn, and 120 mn after the glucose challenge. 3 ucose excursion is
guanti f i estoly10m@brul ati ng the reactive glucose AUC. The pdatep2@ndspsesent ed
as nean S.E.M Statistical conparisons are conducted by Student's t test.
25 Exanple I11:Treatnment of pre-diabetes The efficacy of a pharnmaceuti cal
conposi tion or pharmaceuti cal dosage fé2m according to the invention in the
treatment of pre-diabetes characterised by pathol ogi cal fasting glucose
and/ or iingeietiefdllghved o eryingl addadng eieciag obthetgesiudek. Bar exganedle niflaal besitdrgdres. 1 n
st udi es ove[é a SOS%gfrtgr. period (e.g. 2-4 weeks) the success of the

t r eat merti G%Q%H% a I')}”n@etern‘i ning the fasting glucose val ues and/or the
gl ucose values after a neal or after a |loading test (oral glucose tolerance
test or food tol erapce test . after def.i.ned al) after the end. of the

per 1 od oS HseaEs of B e s i LB TR T TS or ol BT 8 bhar o e

t he &t ardgramdlatidnepreteasd whangh tre finsttamdithe secopil aatiyd pleeimacguticalingredieaddi ti on,
the fru tostﬁm' nﬁ] val ue can. be det erm ned B%before and aft%r .t her apy and
conpar ed®$FTH YRTHTTTYF VdeR W G1O7F RSSO TRUPYATPidant
drop in dgrheuldtedti ng or non-fasting glucose | evels denonstrates the efficacy
of the WD 2010/092124PCT/ EP2010/051735 56 treatnent. In studies over a

| onger period (12 weeks or nore) the success of the treatnent is tested by
det er m niteg ptdeesdHoAte praparetiorbyccoatinmatoitisio mventidn ik ipeeferabtyi chlaractdrized &pd/ or

W t ht he ,val of the,.placebo group. A significant change in the HbAlc
vl 08" et frdarehiEid farRef Wi A AR SR IR AP R et r at es
t he ef f iphaayacdutitdengredipattodatioer with ahesargeort alilve i anerad imuge bimdefseandronent i on
for treatin re-di abet es. | e.lV:Preventing nanife type .2 di abetes
Treat i nrsite BiRTuSHARR i en i gTcs i Aacth et g BhyuE Shori the SYRBAA o ueose
t ol er angsha(rpaceuticalejredigntitsgetharavithnoreusrsnidre ditierthieng@aimodé biptersesmidiong t he
transition to naqifest -t pe 29\%i abetes. 10The efficacy of a treatnent can
dipteargnts i SEPup

be i nvesti"y4t e clinical study in which pre- diabetes
patilénts are treated over a lengthy period (e.g. 1-5 years) with either a

phar maceyt}j cal, c osition according to this invention or with placebo or
With a faReity RBPERY Pogeheeddrdrabanedk P gnd ol mar patiehd of ¢ he
t her apy,prbgesded sroptionallg bidnelefl adthiong ogmoce additerdd disintedraddind ds blesded ity .
oGIT), a check i?bmadet to determ ne how many 15pati ents exhibit manifest
type 2 A& Y® lf(S'Pa'éﬁ'arrpl e a fasting glucose |evel of >125 ng/di and/or a
2h val ue according to oGIT of >199 ng/dl. A significant reduction in the

ohar oL @i este Satod R it 48 oy B AR pB0lT &k 6BRE Ton s

conpar etexcipientee iropartitigaraineerr niave disindégramte ahdehd gliddetamisdptiahally thé@beitdntcacy

i i ition from pre-diab 0 2 i f di ab _
Ecanpl & GeThEaPreRionp b Berealh RirdrCuRr e g ST an, Stk §pEhged
di abet ednwaisuitattib lepbar, faxeeamplea fraxofal b&ntieo followed bg agéitibrooihthacaendmoge t 0

he i | i ddi ti ) duc] . [ h I
25imet abdlPicagte (iR anb PRl Seale o PiinSirk T BTl 1 ottt on

in 2be long term This can be observed is patients are treated for a | onger

eriod, €.9.. 3 months tp 1 vear or even to 6 vears, with the . .

P har e oS an e EBRaE b arintEin FastE: the btebrllRR ples doMbesinodte and
ar e conpamedasdutibalgatpesitisn advordiay ® the eresentiaverdionicbmppsescebo or ot her

anti di abetic c[redi”c%r.renfs. t;}l’here S evi.dgnce of Ith ra EL{ti Cr3UCCEIS, Sonpar ed
with patdent® PPN CETONNOHNSERF QcBBS RPIE Hed SANTT Qr B eO SRYPUR FURT 2% i 1

no or only eusifiedwater atarebiset tempbiaturt s prodgce b gecoslatiantgad; H bAlc val ue is

obsegrved. Fuyrther evidence of therapeutic.success iI.s.obtained if.
o onDt T dunt ierifile FEONEG ot abbBBPRR U HRFERed S sPRRN,Prifols affonts
phar maceut i cgltiocaliypios one ommorre iodsag end optianathyethediner horé Higinteyrants iroa,
conpared wt h't&fﬁti entrs V\/@od have bgaeln_ treated with ot her medi canents,
undergo a detEry oMt btrq R4 %ﬂad"&é’se nmet abol i ¢ 35position (e.g. an
i ncr easec.i n méistehingiloe pretraie vith thé gisutatiorr T§gid bod shitesepoently gureraingrtieat ment
WO 2010/ 092124BCT/ EP2010/.051735 5.7 V\FHtrr]l @n additional oral antidiabetic
medi canent dPO%eP% PSSP "R BT 1 N9 R i~ Anal ogue is indicated.

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;



Exanple VI: Treatnment of insulin resistance 5In clinical studies running for
different lengths of tine (e.g. 2 weeks to 12 nonths) the success of the

t r eat nentwooneeieed usi ng a hyperinsul i naen ¢ eugl ycaewce/rphaoosess! anp
study. A significant rise in the glucose infusion rate at the end of the
study, conpared with the initial value or conpared with a placebo group, or
a group given a different therapy, pro#ds the efficacy of a pharmaceuti cal
conposition or dosage formaccording to the 10invention in the treatnent of
insulin er.esiosyiagltr@.grEortaaqelaeablbut 4Ur‘fsaCrmdtpreférde e Yialetraiatdmpetature foal

Suocecs of "axateledhatd 5Bt R URled BE ob Srflia e b ride A ey "

determ ni ng i$ bBtafnasti ng 159I ucose or non-fasting glucose (e g. after a neal

| oad t. f fall th
o1 ucose Tval GeLd 1 WS brartfatd i damo i Sedin MU d i h Res P el
val ué or congareedmai Brnnra ;m’emabyﬂ@rmmpand)r a group given a different

t herapy, proves the efficac raceutic or _dosage form
acoor o) 8"t pe s Shvat o@D UE B o PG fr BaBRRI R, o
VI11: Preverdubemixdr. m cro- or macrovascul ar conplications The treatnent of
type 2 di abetes or pre-diabetes patients with a pharmaceutical conposition
or dosage form according to the invention prevents or reduces or reduces
the risknah aliemtivmbnogesm' Earoofalse ekdgierto sPEH @asaparbofsthé eng or thoedbditintegrants,

neur path bet| c r |no 5d| bet| e hro i abet i Qot
G a8t T oY prehe G R 8B e chfond Asvteion 0 1eE SRang R HigRbou P iy LRey
acute ccnrrertam)orsydnmhrrmsmor exlaaﬂomregetanﬁrmaj giach oransye &tdedleatragrgnuariypeddror i s,
stroke, tgﬁriﬁ;{?er I ‘% tterl al occlusive disease, cardionyopathy, heart
failure, °HBAY® (ﬁiﬂ Mt $orders, vascul ar restenosis). Type 2 diabetes or
patients with pre di abetes are treated Iong-term e.g. for 1-6 years, wth
a pharnmgceutjca ition a orm acc r t he invention or
2 Ponbr naensheopaiRe Soistudie PEo s S BREhET el bR Su Conpar e
Wi t h5patprea111ced\Mna oha‘pet Hngleehéarr@adr&niatmntproaetsk\end amttseduaheiryrng me;jomwnt s or
wth placelgt g of t et? nqoeutlcscce %t g atltents
who have? BEERtr 88[3%6’\&”?@38‘?‘%8 S PR NN TE RS ﬂ@ﬁt”éle&r""\mp{ 9"t ebo
can be fphandadeutitdeospasitien ofitbigherentbn.si ngl e or nultiple conplications. In
the case of macrovascul ar events, diabetic foot 35and/or diabetic ulcer,
the nunbers are counted by anamesis and various test nethods. In the case
of di abéAn exemactlény@pﬁgr’rayrulehm snmceﬁsfsrthfe ptrdstmratroeatfrgmmﬂdsszodeinermgitmted by
mlé 0. Uﬁ aQI 092124PCT(/: %P g)/th & ngl ?,B”O led illum nation and
eva atupé‘r'i’ B SRTRGF Bk aceE §&"GP o' EH B SRTREPTH ¢ met hods. In the
case of (d) abwaiking tmmume)@atwmactwmpmmabetﬂmatmgrad@m%emtrsermedald:bn apardibn of
exam nat i on,,[htheCI eryve C(r)nl’lldUCtI on rate can be nmeasured using a calibrated
tuning fork, § & %%Prﬂﬂ% Wt h regard to di abetic nephropathy the follow ng
par anmet g% rna)ynplaetrormfelse middrecdf Stepf(0y @n & beitableardler chmpasrand at the end of
the stu reti al bumi n, .creat.in cl earance erum nin
val ues. 81 e S0usgis BP sBoofk A oGIERHRIA € sl ERFGroad it Bt PRl oken
unt i2b di al ysievilgestepes necessary. Exanple | X Treat nent of Met abolic
Syndr o OThe efficacy,of a pharpaceutical, conposition osa m
avcor ar id) ¢ SPERE O ERY 1o BaRes o REE bR PRy SETR RN I RATeE! o1 ng
run times (enb@prnﬂt%ﬁmérh&ture; 6 years) by determ' ning the fastl ng gl ucose or
non-fast %I y os or a.loadi oGIT. or

aft er
o1 neq (barSP8HRS e Fatefblattn  BF Beghiet PdtBl BRp 4P n otelediit s b
val ues or Hts/érilteblwdblmgprehsrtorpg)dmceate teblet emds of the study, conpared with the
i ni tyihal | ue,.or ared w Iacebo or a.arou iyen a
o't 207 erfP T 1SS APIGED i BpRLBTER B 489 [P Lol RGP HAS on o
dosage formaccording to this |nvent| on in the treatnent of Metabolic
Syndr o nio.s d/or dqastollc

stoli.c
b1 ood preDiEse g Merdierehd i o b r Y Ehiatie 807 p8GathA5n %
t ot al orphaBhacdutita sigedient (diig) whickdslknagfhiptidDL chol esterol or a reduction in
wei ght, either conpared with the starting value at the
35  Granules according to the second embodiment of this invention comprise two active

pharmaceutical ingredients which are linagliptin and a glucopyranosyl-substituted benzene



20begi nning of the study or in conparison with a group of patients treated
with placebo or a different therapy. Exanples of Pharnmaceuti cal
Conposi t iwoommd2Phar maceuti cal Dosage Forns | n the foltowro@oinbess er m
"APl 1" denotes a gl ucopyranosyl -substituted benzene derivative of 25the
formula (1), in particular the conpound (1.3), preferably inits
crystalline form (13.X), and the term 4APl 2" denotes linagliptin. The
active pharmaceutical ingredients, i.e. linagliptin and the compound (1.3),
pr ef er aldeyivativetdiehecoyratilal(l) kaﬁdefrm’drhe(réjﬁbéﬁ)re @Ardehangihhfedt, inipiahticalas imdghiplire m | |
li ke pin in order to 30obtain the desired particle size

distri bLﬁrﬁdc}he B%?’B%’l@dn@htf acturing of the pharnmaceutical conposition or
dosage form Exanples of typical part icle size distribution values X90, X50

and X10 for the r ef ed acti.ve arrra eut ngr edi ent s ac
he | nveh IS SHaNRSPROERE Tl BGBT ol 28 G0 eR Mo BRAEEEl o ©
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95 % by weight of the granules is in the given range.

For the preparation of capsules the granules or the final blend for example as described

10 above in steps (f.) and (g.) are further filled into capsules.

For the preparation of capsules according to the second embodiment of the invention
granules according to the second embodiment of the invention, i.e. granules comprising the
two active pharmaceutical ingredients, may be used. Alternatively granules according to the
15  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.

20  For 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
appropriate size and crushing strength, using an appropriate tablet press. The final blend
comprises granules according to the invention and one or more lubricants and optionally one
or more disintegrants and the optional one or more glidants. Such an additional disintegrant

25 is crospovidone for example.

For the preparation of one-layer tablets according to the second embodiment of the invention
granules according to the second embodiment of the invention, i.e. 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
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40-88 % one or more diluents,
10 0.520% one or more binders,
0.5-20 % one or more disintegrants,
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 % active pharmaceutical ingredient(s),
50-75 % one or more diluents,
1-15 % one or more binders,
1-15 % one or more disintegrants,
20 0.5-10% 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, Roquette)
0-15 % pregelatinized starch (e.g. Maize starch 1500 INT (Colorcon)),
2-4 % copovidone (e.g. Polyvidone VA 64 INT (BASF)),
8-12 % corn starch (e.g. Maize starch undried (Roquette)),
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 tablets as described above.

35

Furthermore the following excipients and ranges are more preferred:
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0.5-20 % active pharmaceutical ingredients,
50-75 % mannitol, (e.g. Pearlitol 50C, Roquette)
0-15 % pregelatinized starch (e.g. Maize starch 1500 INT (Colorcon)),
2-4 % copovidone (e.g. Polyvidone VA 64 INT (BASF)),
5 8-12% corn starch (e.g. Maize starch undried (Roquette)),
0-2% crospovidone (Kollidon™ CL-SF, (BASF))
0.5-2 % magnesium stearate (e.g. HyQual, (Mallinckrodt)),

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 to use an external

lubrication 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 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 one of the two active pharmaceutical ingredients.

20  Alternatively tablets according to the invention may be prepared by direct compression. A
suitable 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-mixture 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, optionally by adding remaining
excipients to the mixture and continuing mixing;
(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 may be packaged using known packaging materials, such as

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

with pouch, polypropylene tubes, glass bottles, PP bottles and HDPE bottles optionally
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tabl et composition can be used for any of the purposes described herein.

The pharmaceutical compositions and pharmaceutical dosage forms according to 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 patients as described hereinafter,
compared with a monotherapy using either a SGLT2 inhibitor or a DPP IV inhibitor alone or a
monotherapy of metformin. The improved glycemic control is determined as an increased
25 lowering 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
potential 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 |V 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 to a desired target range, for example <7 % and preferably < 6.5 %, for a
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higher number of patients and for a longer time of therapeutic treatment compared with an

antidiabetic monotherapy.

The pharmaceutical composition and the pharmaceutical dosage form according to the
5 present invention allow a well tolerable therapy to the patient and an improvement of the

patients compliance.

A monotherapy using a DPP IV inhibitor is not independent from the insulin secretory
capacity or the insulin sensitivity of a patient. On the other hand, a treatment 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 and/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 particular in overweight and/or obese patients, a pronounced

35  weight loss can be observed.
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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 to 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 composition or a pharmaceutical
dosage form according to this invention, a reduction of HbA1¢ 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) afasting blood glucose or serum glucose 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 invention also discloses the use of the pharmaceutical composition or the
pharmaceutical dosage form for improving glycemic control in patients 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 control 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.
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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 treatment
5 with an insulin or a derivative 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 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 HbA1¢ 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 mellitus 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
SGLT2 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 example 10 mg, preferably 5

mg once daily 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 glycemic control with diet and exercise alone;
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(b) insufficient glycemic control despite oral monotherapy with metformin, in particular
despite oral monotherapy at a maximal recommended or tolerated dose of metformin;

(c) insufficient glycemic control despite oral monotherapy with another antidiabetic agent,
in particular despite oral monotherapy at a maximal recommended or tolerated dose of

5 the other antidiabetic agent;

(d) insufficient glycemic control despite oral monotherapy with the SGLTZ2 inhibitor, in
particular despite oral monotherapy at a maximal recommended or tolerated dose of
the SGLT2 inhibitor;

(e) insufficient glycemic 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 level by the administration of a glucopyranosyl-substituted
benzene derivative according to this invention is insulin-independent. Therefore, a

15  pharmaceutical composition according to this invention is particularly suitable 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,

- type 1 diabetes mellitus.

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 |, Il and/or Il obesity), visceral obesity and/or abdominal obesity,
(b) triglyceride blood level = 150 mg/dL,
(¢) HDL-cholesterol blood level < 40 mg/dL in female patients and < 50 mg/dL in male
patients,
30 (d) a systolic blood pressure 2 130 mm Hg and a diastolic blood pressure 2 85 mm Hg,

(e) 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
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pharmaceutical dosage form according to this invention results in no risk or in a low risk 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
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 diabetes mellitus.

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 I, 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 to the patient preferably once daily.

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:

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

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
models described hereinbefore. The time course of blood glucose is followed after an oral
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
hereinbefore, the effect on glycemic control 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
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 insulin peak concentrations or insulin AUC at lower blood glucose excursion

than linagliptin alone.
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The increase in active GLP-1 levels by treatment according to this invention after single or
multiple dosing can be determined by measuring those levels in the plasma of animal models
described hereinbefore in either the fasting or postprandial state. Likewise, a reduction in
glucagon levels in plasma 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 glucagon concentrations than the glucopyranosyl-substituted benzene derivative

alone.

A superior effect of the compositions and dosage forms according to the present invention on
10  beta-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 by measuring increased glucose-stimulated insulin

secretion in isolated pancreatic islets.

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

20 Example 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 (ZDF/Crl-Lepr®). A pre-dose blood sample
is obtained by tail bleed. Blood glucose is measured with a glucometer, and the animals are
randomized for blood glucose (n = 5/ group). Subsequently, the groups receive a single oral

25 administration of either vehicle alone (0.5% aqueous hydroxyethylcellulose containing 3 mM
HCI 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 after compound administration. Blood
glucose is measured in tail blood 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 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  compound (1.3), i.e. 1-chloro-4-(3-D-glucopyranos-1-yl)-2-[4-((S)-tetrahydrofuran-3-yloxy)-

benzyl]-benzene, at a dose of 3 mg/kg. Combination A + B is the combination of linagliptin
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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 (I.3) reduces glucose excursion by 51%. The combination decreased

5 glucose excursion in the oral glucose tolerance test by 84%, and this reduction in glucose

AUC is statistically significant versus each monotherapy.

Example II:
According to a second example an oral glucose tolerance test is performed in overnight

10 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. Blood glucose is measured with a glucometer,
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
hydroxyethylcellulose containing 0.015% Polysorbat 80) or vehicle containing either the

15  SGLT2 inhibitor or the DPPIV inhibitor or the third antidiabetic agent or the combination of
the SGLT2 inhibitor plus the DPP IV 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 |V inhibitor plus

20 the third antidiabetic agent. The animals receive an oral glucose load (2 g/kg) 30 min after
compound administration. Blood glucose is measured in tail blood 30 min, 60 min, 90 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
conducted by Student’s t test.

25
Example llI: Treatment of pre-diabetes
The efficacy of a pharmaceutical composition or pharmaceutical dosage form according to
the invention in the treatment of pre-diabetes characterised by pathological fasting glucose
and/or impaired glucose tolerance can be tested using clinical studies. In studies over a

30  shorter 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
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

35 before and after therapy and compared with the initial value and/or the placebo value. A

significant drop in the fasting or non-fasting glucose levels demonstrates the efficacy of the
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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

20 manifest diabetes.

Example V: Treatment 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

25 metabolic situation, prevents a deterioration in the metabolic situation in the long term. This
can be observed is patients are treated for a longer period, e.g. 3 months to 1 year 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

30 placebo or other antidiabetic medicaments if no or only a slight increase in the fasting
glucose and/or HbA1c¢ value is observed. 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

35 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

5 Inclinical 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 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,
proves the efficacy of a pharmaceutical composition or dosage form according to the

10 invention in the treatment 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 treatment in patients with hyperglycaemia is checked by determining the fasting

15  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 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 hyperglycaemia.

20
Example VIII:  Prevention of micro- or macrovascular complications
The treatment of type 2 diabetes or pre-diabetes patients with a pharmaceutical composition
or dosage form according to the invention prevents or reduces or reduces the risk of
developing microvascular complications (e.g. diabetic neuropathy, diabetic retinopathy,

25 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

30 according to the invention or a combination of active ingredients according to 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 multiple complications. In the case of macrovascular events, diabetic foot

35 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-
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controlled illumination and evaluation of the background to the eye or other ophthalmic
methods. In the case of diabetic neuropathy, in addition to anamnesis and clinical
examination, the nerve conduction rate can be measured using a calibrated tuning fork, for
example. With regard to diabetic nephropathy the following parameters may be investigated
5  before the start, during and at the end of the 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

10  The efficacy of a pharmaceutical composition or dosage form according to the invention can
be tested in clinical studies with varying run times (e.g. 12 weeks to 6 years) by determining
the fasting glucose or non-fasting glucose (e.g. after a meal or a loading test with oGTT or a
defined meal) or the HbA1¢ value. A significant fall in these glucose values or HbA1¢ values
during or at the end of the study, compared with the initial value or compared with a placebo

15  group, or a group given a different therapy, proves the efficacy of a pharmaceutical
composition or dosage form according to this invention in the treatment of Metabolic
Syndrome. Examples of this are a reduction in systolic and/or diastolic blood pressure, a
lowering of the plasma triglycerides, a reduction in 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 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
25  the formula (1), in particular the compound (1.3), preferably in its crystalline form (13.X), and

the term "API 2" denotes linagliptin.

The active pharmaceutical ingredients, i.e. linagliptin and the compound (I.3), preferably in
the crystalline form (13.X), are milled with a suitable mill like pin-mill or jet-mill in order to
30 obtain the desired particle 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
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Copovidone is dissolved in purified water at ambient temperature (about 20°C) to produce a
granulation liquid. The API 2 and API 1, 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 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.

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.

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 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
APl 1 25 5.0 10.0 25.0 50.0
API 2 5.0 5.0 5.0 5.0 5.0
Mannitol 12841 1259 120.9] 105.9 80.9
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 54 54 54
Magnesium stearate 2.7 2.7 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
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Copovidone is dissolved in purified water at ambient temperature to produce a granulation
liquid. The API 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 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 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 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 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
APl 1 25 5.0 10.0 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
Copovidone 54 54 54 54 54
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] 185.0] 185.0] 185.0| 185.0
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The tablet hardness, the friability, the content uniformity, the disintegration time and the

dissolution properties are determined as described hereinbefore.

Example 3: One granulation, mono-layer tablet

Copovidone is dissolved in purified water at ambient temperature to produce a granulation
liquid. API 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 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. Crospovidone is added to the dried granulate and mixed for 5 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
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
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
APl 1 25 5.0 10.0 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 2.0 2.0 2.0 2.0
Copovidone 54 54 54 54 54
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 187.01 187.0] 187.0] 187.0| 187.0
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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
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
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.

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
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.

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 17 kN. The following formulation

variants can be obtained:

Ingredient mg / tablet| mg/tablet| mg/tablet| mg/tablet| mg/ tablet
1st granulation

APl 1 25 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
[ron oxide red 2.7 2.7 2.7 2.7 2.7
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around 5 minutes and the dissolution of both APIs is > 85% after 15 minutes.

Example 5:

Two granulations, mono-layer tablet

. The
e dlsmtegratlon time is

bi -

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

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 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.

The API 1, mannitol, microcrystalline cellulose, hydroxypropyl 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 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.



WO 2010/ 092124PCT/ EP2010/ 051735 67 | ayer tablets are produced on a suitable
tablet press with a first conpression force of 2 kN for the first |ayer and
a mai n conpnreswivonsf orce of 12 kN for produci ng 10 nm r egmaipe@blost73sor es.
The followi ng fornulation variants can be obtained: Ingredient ng / tablet
ng / tablet ng / tablet ng / tablet ng / tablet 1st |ayer APl 1 2.5
5.0 10.0 25.0 50.0 Mannitol 123.5 121.64116.0 101.0 76.0 Mcrocrystalline
cellulose 36.0 36.0 36.0 36.0
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
5 mm oval-shaped tablet cores with a compression force of 15 kN. The following formulation

variants can be obtained:

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

APl 1 25 5.0 10.0 25.0 50.0
Mannitol 123.5 121.0 116.0 101.0 76.0
Microcrystalline 36.0 36.0 36.0 36.0 36.0
cellulose

[ron oxide red 2.7 2.7 2.7 2.7 2.7
Hydroxypropyl 5.4 5.4 5.4 5.4 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 54 54 54
Final Blend

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

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

10 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

15  temperature to produce a granulation liquid.



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 Magnesium stearate 4.5 4.5 4.5 4.5 4.5 Crospovidone 5.4 5.4 5.4
5.4 2nd |wpean10/092124API 2 5.0 5.0 PCT/EP2010/051735
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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 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.

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
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.

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 in a
suitable blender for three minutes. The final blend containing API 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-
layer tablets are produced on a suitable tablet press with a first compression force of 2 kN for
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
1st layer

APl 1 25 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
[ron oxide red 2.7 2.7 2.7 2.7 2.7
Copovidone 54 54 54 54 54
Magnesium stearate 4.5 4.5 4.5 4.5 4.5
Crospovidone 54 54 54 54 54
2nd layer

API 2 5.0 5.0 5.0 5.0 5.0

5.
5.

4
4



5.0 5.0 5.0 Mannitol 130.9 130.9 130.9 130.9 130.9 Pregel atinised starch
18.0 18.0 18.0 18.0 18.0 Mui ze starch 18.0 18.0 18.0 18.0 18.0 Copovi done
5.4 5.4 5y@ 2b10A9d124 Magnesi um stearate 2.7 2.7 2.7 2.7 2CT/EP2418l051735

66
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 54 54 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 APIs is > 85% after 15 minutes.

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 granulation
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 60 °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, hydroxypropyl 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 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.
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 in a
suitable blender for three minutes. The final blend containing API 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-
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dryi ng valrese Tae fdllodirkp fosnwitoni vaeidnts The berobexihegt: anul ate i s si eved through a
sieve with a nmesh size of 1.0 mm Crospovidone and talc are added to the
5 the main blend.

dried granulate and m xed for 5 mnutes to produce

Magnesi §imgsddeetat e i s phargdtablet Jtmwil/tabﬁzt e iRy /ftebledeh1grvnatmgt amg / astsket
nain b| thn 'Fln '1| nnrl S nrndur\ h\l flr‘al hl nnrl ng |n a
sui tabl ¢18I'@f6der for th{ee m nutps and co[rpressed into 8 m round t4bl et
cores WIRB| & CONPressi oy 10TC6 A 10 KI§ o |The Copy [natt OBsQf| L he £
| ubricapts talc and nagphesium stkarate discovelred to b especl alll y
usef ul nnimPI 1 and APl 2 32335 conbi HEA ) n orerng} anul anon@r and 76.0
10subse it otre—tpbtet arcie m ey O —e] ot S—et=HY
avoi di ni %‘Z?tﬂ'lj”eof the fi n:ﬁ@ | end tgﬁ he t abl %EOE puncﬁ’g? Hydrg%) ropyl
nmet hyl cvbdzllwldsse pol yet hyl ene gl ycol, talg, titanifum dioxide, mannifol and
i ron OXI da atr-e Susnnndn~| | a) nllrl | nrl vy 1 | 1 | ent
t enper at U?'éo’f'gefﬁdoduce 15 a coh i ng s@s7p nsi on2-flhe t abPet| cores?dfe
coat ed Va ok oA at | ng susper§4 N 10 & JETgNt gajn 01 agoyt 3 N k@ prijuce
fil mcoited tabl ets. e follow pg fornulption varf ants carl be obt ailned:
| ngr edi ¢egllulage/ t abl et by / tablbt ng / thblet ng J tablet |ng / tabllet
Magnesium stearate 4.5 4.5 4.5 4.5 4.5
Crospovidone 54 54 54 54 54
2nd layer
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 54 54 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. APl 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 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



APl 1 2.5 5.0 10.0 25.0 50.0 API

25.05.05.05.05.0 vannitol 114.0 111.5

106.5 91.5 66.5 Pregel atinised starch 18.0 18.0 18.0 18.0 18.0 Muai ze starch
19.8 19. wd208/dN28 19.8 Crospovidone 3.6 3.6 3.6
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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

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 APl 1 and API 2 are combined in one granulation and

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

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 /
tablet | tablet | tablet | tablet | tablet
APl 1 25 5.0 10.0 25.0 50.0
API 2 5.0 5.0 5.0 5.0 5.0
Mannitol 114.01 111.5] 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 54 54 54 54 54
Talc 9.0 9.0 9.0 9.0 9.0
Magnesium stearate 2.7 2.7 2.7 2.7 2.7
:ﬁﬁ;ﬁ:iﬁie 1.7500| 1.7500] 1.7500] 1.7500| 1.7500
Polyethylene glycol 0.6000| 0.6000| 0.6000) 0.6000| 0.6000
I[ron oxides 0.0125] 0.0125] 0.0125] 0.0125] 0.0125
Titanium dioxide 0.7375| 0.7375| 0.7375] 0.7375| 0.7375




3.6 3.6 Copovidone 5.4 5.4 5.4 5.
Stearate 2.7 2.7 2.7 2.7 2.7 Hydo
1. 7500 1.wbQ01010970290 Pol yet hyl ene
I ron oxides 0.0125

4 5.4 Talc 9.0 9.0 9.0 9.0 9.0 Magnesi um
xypropyl nethylcellul ose 1.7500 1.7500
gl ycol 0.6000 0.6000 @cea®010/,06089 0.6000

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 disintegration time and the

dissolution properties are determined as described hereinbefore.

5 Examples of Tests with regard to Properties of Pharmaceutical Compositions and

Pharmaceutical Dosage Forms

1. Disintegration Test
Disintegration test was performed as described in USP31-NF26 S2, chapter 701
10  (disintegration).

2. Dissolution Test

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

paddle method (Apparatus 2) with an agitation speed of 50 rpm was used. The dissolution
15  mediais 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 API 1
is the compound (1.3) and the API 2 is linagliptin are depicted 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 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 (0.5/0.9uym — 175um)

Sample Dispersing Unit: Dry disperser RODOS/M



0. 0125 0.0125 0.0125 0.0125 Ti tani um di oxi de 0.7375 0.7375 0.7375 0.7375

0. 7375 WD 2010/ 092124PCT/ EP2010/ 051735 69 Talc 0.9000 0.9000 0.9000

0. 9000 0.Ww00Q010Mart o 1. 0000 1.0000 1.0000 1.0000 1.00@0T/EPb@l/0if3s 0 185.0
185.0 185.0 185.0 The tablet hardness, the friability, the content
uniformty, the disintegration tinme and the dissolution properties are

det erm ned as descri bed herei nbefore. 70

Vacuum: Nilfisk
Feeder: ASPIROS
Feed Velocity: 60.00 mm/s
Primary pressure: 2.00 bar
5 Injector depression: maximize (mbar)2

Reference Measurement: 10 seconds
Cycle Time: 100 msec
Trigger Conditions: Start 0.0 seconds after optical concentration = 1% valid always

Stop after 5.0 seconds optical concentration < 1% or after 30 seconds real time

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 of a
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



5 Exanples of Tests with regard to Properties of Pharmaceuti cal
Conpositions and Pharnaceutical Dosage Forns 1. Disintegration Test

Di si nt egrwbi2ony/doett was perfornmed as described i n USP31leNFa®2&88/,05cB=pt er
701 10(disintegration). 2. Dissolution Test The standard dissol ution test

i s described in USP31-NF26 S2, chapter 711 (dissolution). The paddl e net hod
(Apparatus 2) with an agitation speed @fl 50 rpm was used. The di ssol ution
15nedia is 900 nL 0.05 M Pot assi um phosphate buffer pH 6.8 at a tenperature
of 37C. Sanples are taken after 10, IHain®), 30 and 45 minutes. The sanples
are anal yzed via HPLC. A dissolution profile of tablets according to the

exanple 4 and the exanple 6 wherein API. 1 is the co und (1.3) and the API
S el Cringh i o PRTERGo ke e Stian CRE PR g FRsaibioes ATER SooetPaRe bRl o o
tabl ets aCCOI’iﬁi@r@@iehﬂar{df’@e&j{ﬁﬁ@b%x&pWﬁg[Ei n APl 1 is the conpound (1.3) and
the APl 2 is Iinagliptin are depicted in the Figure 5. 3. Particle Size

Di st i buti on Measurenent by Laser Diffraction 25Particle size distribution
nmeasur enent Viae Pefrhacdiicalicompeiadihecovding to g8 clait atddaniondlydompaisag a
diffraction technique. To d@hergine the,pa%rti | e siz?%ége powder is fed
into a | aser THIPYFEPTHURTILEY Brracar degyatg QhihedomH ns of a dispersing
unit. The test nethod is bekow i n detail: 30Equi pnent: Laser

D ffracti on Spectroneter FLOS Particle Sizer. Lens:R31 (0.5/0.9pm
- 175pm Sanpl e Q spgr Sj di sperser RODOS/ M WO

Vel oci ty: 60. 00 my.§_Puh,yary pressure: 2. 00 bar 5Injector depression: maxim ze
(mbar) 2 Ref ererft@® Measur@hent: 10 seconds Cycle Tine: 100 nsec Trigger
Conditions: Start 0. ®weconds after optical concentration 1% valid al ways
Stop after 5.0 seconds optical concentration 1% or after 30 seconds real
time 100ptical Concentration: Approxi mately range 3 - 12 % Eval uati on: HRLD
Sanple Si ze: ApiyréiXiRtRieAbtts EABraE MAPEENER® BB SIRPINEGYN, diBoky! [R)at €)
15The instrument is set uq accor in%l t(? Tthe mapuf acturer's reconmendati on
and using t hdetrahydrofuran-3-yloxy or (S)-tetrahydrofuran-3-yloxy, or a prodrug thereof, as a

second active pharmaceutical ingredient.

3. The pharmaceutical composition according to the claim 1 wherein the first active
15 ingredient has a particle size distribution of X90 < 200 pm.
4. The pharmaceutical composition according to the claim 2 or 3 wherein the second

active ingredient has a particle size distribution of 1 ym < X90 < 200 ym.

20 5. The pharmaceutical composition according to claim 1, 2, 3 or 4 wherein the one or

more excipients comprise one or more diluents.

6. The pharmaceutical composition according to claim 1, 2 ,3 or 4 wherein the one or

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

25
7. The pharmaceutical composition according to claim 1, 2, 3 or 4 wherein the one or
more excipients comprise one or more diluents, one or more binders and one or more
disintegrants.
30 8. The pharmaceutical composition according to one or more of the previous claims

comprising

0.5-25 % of the one or two active ingredients,



manuf acturer provi ded software. The sanple container is thoroughly m xed
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13. The pharmaceutical dosage form according to the claim 10, 11 or 12 additionally
comprising a glucopyranosyl-substituted benzene derivative of the formula (1) as
20 defined in claim 2 as a second active pharmaceutical ingredient in an amount from
0.5 to 100 mg.

14. The pharmaceutical dosage form according to the claim 10, 11, 12 or 13
characterized in that in a dissolution test after 45 minutes at least 75 % by weight of
25 the first active pharmaceutical ingredient or at least 75 % by weight of the first and at

least 75 % by weight of the second active pharmaceutical ingredient are dissolved.

15. The pharmaceutical dosage form according to the claim 10, 11, 12, 13 or 14
characterized in that in a disintegration test the pharmaceutical dosage form is

30 disintegrated within 30 minutes.

16. A process for the preparation of a pharmaceutical dosage form according to one or
more of the claim 10 to 15 comprising one or more granulation processes wherein the
one or two active pharmaceutical ingredients together with one or more excipients are

35 granulated.
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preventing, slow ng the progression of, delaying or treating a netabolic
di sorder selected fromthe group consisting of type 1 diabetes nellitus,
type 2 diwbebmmopehl i tus, inpaired glucose tol erance, i wpaiprediofoasBs ng
bl ood gl ucose, hyperglycem a, postprandi al hyperglycenm a, overweight,
obesity and netabolic 10syndrone; or inproving glycem c control and/or for
reduci ng of fasting plasma glucose, of 7gostprandi al plasma gl ucose and/ or
of glycosyl ated henogl obi n HbAlc; or preventing, slow ng, delaying or
reversing propgressiutical fdosagd fopraiatestdigh tie oseott raber dtieclainssid fonl srigsi st ance
and/ or from ngetabol IOft %ﬁ me to type 2 diabetes 15nellitus; or
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abnor mal % Fﬂﬁ Stion of liver fat; or mai nt ai ni ng

and/ or i nprovi nngptdvmglgmkmmcmmiamd/uﬁ fbyrealndhgbf fasting plestha glycose, jpf event i ng
30hyperinsulin

[lor insulin resjst need t hereof.
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24. 18kt hod acconeliitog dro one of the clainms 17 to 21 or use accordi ng to
claim 22 V\herelntrr]]f nor e of

n v
the fol | owi ng CORE P@ﬁi"‘”‘”g tle progress'?’b?‘l §e'%g9.%ge% ”gooéagﬁoﬂﬂhg%o serum
gl ucose concentmsairderrse@lcmnf&jm tH@ag]Oll;:D&)rng;/tldg. of &Jnnpllpamdnsmﬂ kjmlbeg;semnﬂm t han
125 ng/dL; (b) a @o grang asma | ucose %u(ﬁ ﬁreater th 140
mg/ dL; (c)an HEATR 3 SPAE ey Cocﬂ“ TSR S%asgso/%“" RS p5PbroR }ér
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17 ? 21 or use agcar in n the patient is an individual

to
whef€i n one, tv% T APLR® ﬁ%rage'a?rpotcﬁgs'Y%fj\SSWQrﬁa conditions are present:
(a) obesity,- virsdwira) balyegdight oapdventirgatointieake ldesly tweight by facilitagihy @er 1 de
bl ood | evel 150 /dL 1 chol esterol blood Ievel <40 ng/dL in
femal e patl ent £° % 3°ngb%§/‘%fi§%° "mal e patients,
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
25 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
30 hyperinsulinemia and/or insulin resistance;

in a patient in need thereof.

23. Method according to one of the claims 17 to 21 or use according to claim 22 wherein
35 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.



(d) a systolic blood pressure 130 mm Hg and a di astolic bl ood pressure 85
mm Hg, (e) a fasting blood glucose | evel 100 ng/dL. 26. Method according to
one of th&oebmiysi2d7 to 21 or use according to clai m 22potraresw/osives pat i ent
has insufficient glycem c control despite diet and exercise or despite
nonot herapy with an anti di abetic agent 2e

24. Method according to one of the claims 17 to 21 or use according to claim 22 wherein
the patient is an individual who shows one, two or more of the following conditions:
(a) afasting blood glucose or serum glucose concentration greater than 100 mg/dL,
5 in particular greater than 125 mg/dL;
(b) apostprandial 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 %.

10 25. Method according to one of the claims 17 to 21 or use according to claim 22 wherein
the patient is an individual wherein one, two, three or more of the following conditions
are present:

(a) obesity, visceral obesity and/or abdominal obesity,
(b) triglyceride blood level = 150 mg/dL,
15 (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 Hg and a diastolic blood pressure = 85 mm
Hg,
(e) afasting blood glucose level = 100 mg/dL.
20
26. Method according to one of the claims 17 to 21 or use according to claim 22 wherein
the patient has insufficient glycemic control despite diet and exercise or despite

monotherapy with an antidiabetic agent.

25



