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Another aim of the present invention is to provide a pharmaceutical composition comprising a
SGLT-2 inhibitor and a partner drug which avoids or reduce filming during the production
process of the composition.

30
Another aim of the present invention is to provide a pharmaceutical dosage form comprising

a SGLT-2 inhibitor and a partner drug which has an acceptable size.

Another aim of the invention is to provide a pharmaceutical dosage form comprising a SGLT-
35 2inhibitor and a partner drug which has a short disintegration time, which has good
dissolution properties and/or which enables a high bioavailability of the SGLT-2 inhibitor in a

patient.
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A further aim of the present invention is to provide a pharmaceutical composition and a

pharmaceutical dosage form, each comprising a SGLT2 inhibitor and a partner drug, and a

method for reducing the weight or preventing an increase of the weight in a patient in need
30 thereof.

Another aim of the present invention is to provide a pharmaceutical composition and a
pharmaceutical dosage form, each comprising a SGLT2 inhibitor and a partner drug, with a
high efficacy for the treatment of metabolic disorders, in particular of diabetes mellitus,

35 impaired glucose tolerance (IGT), impaired fasting blood glucose (IFG), and/or
hyperglycemia, which has good to very good pharmacological and/or pharmacokinetic and/or

physicochemical properties.
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Further aims of the present invention become apparent to the one skilled in the art by

description hereinbefore and in the following and by the examples.

Summary of the Invention

In one aspect the present invention provides a pharmaceutical composition comprising a
SGLT-2 inhibitor and a partner drug as a active pharmaceutical ingredients and one or more
excipients. In one aspect, a pharmaceutical compositions according to the invention is a
solid pharmaceutical composition, for example a solid pharmaceutical composition for oral

administration.

In one aspect, partner drugs to be combined with the SGLT-2 inhibitor within the
pharmaceutical compositions according to this invention are biguanides (e.g. metformin such

as metformin hydrochloride).

A preferred partner drug within the meaning of this invention is metformin, particularly

metformin hydrochloride (1,1-dimethylbiguanide hydrochloride or metformin HCI).

In general, pharmaceutical excipients which may be used may be selected from the group
consisting of one or more fillers, one or more binders or diluents, one or more lubricants, one
or more disintegrants, and one or more glidants, one or more film-coating agents, one or

more plasticizers, one or more pigments, and the like.

The pharmaceutical compositions (tablets) of this invention comprise usually a binder.

In more detail, the pharmaceutical compositions (tablets) of this invention comprise usually
one or more fillers (e.g. D-mannitol, corn starch and/or pregelatinized starch and/or
microcrystalline cellulose), a binder (e.g. copovidone), a lubricant (e.g. magnesium stearate,

sodium stearyl fumarate), and a glidant (e.g. colloidal anhydrous silica).

Suitably the pharmaceutical excipients used within this invention are conventional materials
such as D-mannitol, corn starch, microcrystalline cellulose, pregelatinized starch as a filler,

copovidone as a binder, magnesium stearate or sodium stearyl fumarate as a lubricant,
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accordi n(éeﬁtl)&?\h'gnaigﬁeéc?lﬁ%\f'%%eaqqlr@y\}ﬂggk\{l{o‘éﬁ%content uniformty and an effective
production with regard to tinme and costs of pharmaceutical dosage forns,
such as |et 1. . r.amr LN . " .

phar mace'éu I SglastX@g%ngg@%F 'h?ﬁ%cg}@ﬁ ﬁ”ﬁglp f?sghf'ar&ﬁ'é’ﬁ{%gﬁ‘ghg%‘é?3@%&3’% n

anot her si@pledbe bindepecaoridbné,rive hibricant pragnesies steqrhtar amd thetdlidant cdbsdaje f or m
corrqbi Sia{?ﬁ &oﬁ?@ﬁig@ce“ti cal conposition according to the invention. In one
aspect, & pharmaceuti cal dosage formaccording to the invention is a
solid pharnmaceutical dosage 15form for exanple a solid pharmaceuti cal
dosage Tar il oy B AlcoRBELRLFALRI R0 e AARhIRIeARREE ot danBRseNt

i nvention pravi Y g process for the pr gpara I'on of a Bﬁar maceuti cal dosage
f or m acovicdicrygtallmetdediulpse; e biodercoppyidsia ¢hednkricant mageesjurastdasate on

process I tiV . | I egd t L. Wwth one or
Tor e oxcralarpEogbiReaE et BuRigTR ealdd Shol X g BRENIRISY | Cal
conpdsi tdesimtegranirorasipagidaneSaLargsdavhellisesodiand partner drug as defi ned

her ei nafter can advant ageously be used for preventing, slow ng progression
of, delaying or treating a netabolic disorder, in particular for inproving
gl yceni cThesninmaiticutar, 26 atdsentigverifihn is dirsstes! taja phevmadeetion eamiposifiossi bi liti es
inthe t : ' f 1. ' - ' o) i ght,
obesi t y, COMaT A0 sBh YL M peliRBny g SR ThaRoRd f BT NG 00

st at es. metformin hydrochloride and one or more pharmaceutical excipients, particularly one or more

_D_g
h

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

In more particular, the present invention is directed to a pharmaceutical composition
(especially an oral solid dosage form, particularly a tablet) comprising a SGLT-2 inhibitor,
metformin hydrochloride, copovidone as binder and one or more further pharmaceutical

25 excipients.

Typical pharmaceutical compositions of this invention may comprise in the SGLT-2 inhibitor
portion (% by weight of total SGLT-2 inhibitor portion):
0.1-10 % SGLT-2 inhibitor,
30 0.1-3%  SGLT-2 inhibitor,
0.4-2.2 % SGLT-2 inhibitor, or
0.1-2.11 % SGLT-2 inhibitor

Typical pharmaceutical compositions of this invention may also comprise in the SGLT-2
35 inhibitor portion (% by weight of total SGLT-2 inhibitor portion):

0.1-10 % SGLT-2 inhibitor,

0.1-3%  SGLT-2 inhibitor,



WO 2011/ 039337PCT/ EP2010/ 064619 - 12 - Therefore, in a first aspect the
present invention provides a nethod for preventing, slow ng the progression
of , del aywogonrosb3zeati ng a netabolic disorder sel ected Pcomprbdie/ogicoup
conS|st|ng of type 1 diabetes nellitus,_type 2 diabetes nellitus, inpaired
gl ucose tol erance (I1GTI), inpaired fastthg bl ood gl ucose (I FQ,

hyper gl ycem a, postprandi al hyperglycem a, 5overwei ght, obesity and

met abol i G4-2yh%r GELT-A irdilptat.icent i n need thereof characterized in that a
phar mac lo CHPR or a pharmaceutical dosage form of the present
|nvent|gﬁ Pg%aénlnls?gﬂgﬁﬁTo the patient. According to another aspect of
the invention, there is provided a nethod for inproving 10glycem c control
and/ or f l,.asma

al ucose JRisPEEia8e Sloal SiotfioR BRHR sReTR ey SorBRSe A GBI SHEES

t her &of follttavnag:areourztewélbywmamt oa’itqmzhia:loer@deattlétcraassc)orrpom tion or a

phar mac odogﬁg the present invention is admnistered to the
patlentqyig$ﬂekpharnggéﬂ{lcaf conposition according to this invention nmay
al so havy-8&Yauabl enetfosmimstdCl, nodi fyi ng properties with respect to di seases
or condi =l gl ucose tolerance (IGI), inpaired fasting
bl ood glclh?:gs%(saﬁ’(l F@r%%r?teoglwrég{r”é@?e t ance and/or netabolic syndrone.

20Accor 2.36.6 % andileret (eagpeot stafch),he i nvention, there is provided a nethod

for re iong, sl I ersing progression frominpaired

gluégse g%e?ancef?%%?gygq%ﬁgth%eﬁgg%gﬁg bl ood gl ucose (IFGQ, insulin

resi st arled3 dnd/ or filleoiiengtkbehnitolsyndrome to type 2 diabetes nellitus in a

pati ent dt hat a pharmaceutical conposition
4,78 2&6 @gétaggbap?agh% ‘PealrE'te

or a pharnaceutlc e présent invention is adm nistered to
t he 25pdt®@ﬁﬁV%Assﬁ?aMNQQUGﬂbmblaﬂwhamﬁaﬂ@allcaI conp05|t|on according to
this iny I patients in need
thereof(fgﬁgg?glnngﬂﬂka¥ﬁggg r8%xﬁgﬁﬂgf¥gﬁgbéﬂgﬁ |se Ses related to or
caudéd by an increased bl ood glucose | evel may be treated 30 According to
anot her r venti ng,
slow ng t @%E‘tr’%agﬁ‘gééslﬁ"%%m Oléﬁpns Bﬂﬁfsqn\}e%tlgrq ﬁ] \ék%g%fo ﬂsg@%@ngﬂpﬁ%ndﬁeedl sor der
sel ect edolfavang ameunis ¢yocreightf 101@ Ooﬁteddameh maSS)ons of diabetes nellitus
such as 24t S and macrovascul ar di seases, such as
nephr opa(fﬁ;?%zfﬁt. nsgffﬁ)\'g]t?rﬁmr?lem opat hy, tissue ischaem a, 35diabetic foot,
arteri o84 Usi s, mgtteemindil@, i nfarcti on, accute coronary syndrone, unst abl e
angipa Lofds, ¢ i toris, stroke, peripheral arterial
occPQsisgg ?iéase?£@§$§t§2§€§§9ﬁ35’heart failure, heart rhythmdi sorders
and vascliB-8r0 Yest diflers] &.g.icormaestpah),ent in WO 2011/ 039337PCT/ EP2010/ 064619 -
13 - ne her eof C a pharmaceutical conposition or a
pharnacgﬁt%cgl doggggigaéﬁﬁé§§%H%%8%§§é invention is adm nistered to the
pati ent .0-Bh%arti dillea? (comd-orannibdlp aspects of di abetic nephropathy such as
hyper perd $5i:0q, pf, Lt i 1 ia my be treated, their
progresé?gﬁ's omeé&%ﬁbﬁﬁgﬁgn%ﬁgggbﬁgﬁ%ﬁé%ior prevented. The term "tissue
| scRaenm @05-0% Par tdlidantde hycaloidpl ardwdradisafliea), c macr oangi opat hy, di abetic
m croang Gpa. AP PHNGoIRAdoRE o Bibs i ARAE S thify - The terms
"mcro- and nacrovasc ar eas an m Cro- macr ovascul ar
conplications” are used interchangeably in this application. By the
adm ni st Lo a t t o ion
and due Pooerodfdtt HEPERE; (AlAFREP BR: ehORBR UM E Rk ghish S) AR
| evel s aimilarthy ot:lowuercﬂle@lltt@nlmefddmarhcﬁorsarerbagaautvatemto the rteet:ambmbtt@n ex o) et ed
t hr @agh i f  pat t. e g iyn g r a
rodagti o, d el od NEvRR' Rl BEbE GhEnca R dhel IeBEDM, £ prettfipa B, o
i nvent i @ambadireed the ipventibdedlatesrr‘@t htoedmf:dty stebleciing fooaylatighseingintaining the
preventi i t A body
et ont 1 oeh dIsBGLEAR bbb il ron BT L T R TR ), W P e
conp03|Ue@ﬁW@bbda@hbmnmceutlcaI dosage form of the present invention is
adm nistered to the patient. The pharmacol ogi cal effect of the SGET2
inhibitor in the pharmaceutical conposition 20according to this invention
is Bﬁdeﬁe@deﬁmb@ﬂlmmtﬂ pharmaeritisélorompoaition phihipieyention if protieceg usaeriugd
controlé; Sﬂ&ﬁg Rlne Wi thout an additional strain on the pancreatic beta
cells. By a mnistration of a pharmaceutical conposition according to
this invention a beta-cell degeneration and a decline of beta-cel
functionality such as for exanple apoptosis or necrosis of pancreatic beta
cells can be delayed or prevented. Furthernore, the functionality 25 of
pancreatic cells can be inproved or restored, and the nunber and size of
pancreatlc beta ceIIs |ncreased It may be shomn that the dlfferentlatlon

.4 o . T . e



- preventing, slowi ng the progression of, delaying or treating a netabolic
di sorder selected fromthe group consisting of type 1 diabetes nellitus,
type 2 diwbebass3psllitus, inpaired glucose tol erance (| @Cr/EP20MPALL6R9
fasting blood glucose (IFG, hyperglycem a, postprandial hyperglycem a,
over wei ght, obesity and netabolic syndrbme; or 25- inproving glycenc
control and/or for reducing of fasting plasma glucose, of postprandi al

pl asma diwihesdetaiteddlmut e [P davswyiladivesiofibisoyleobom ekgp e ingmdientgyraiventt i ng,

sl ow ng,; i r ' r.essi N j - al e tol erance
1o iR £ SR B BL R AR bt PR B Bl 1 or “From
met abol iexcipjantk) opeetitubartyyth r2spkich bespesiardddagedermsotalBds) ysedwéthin thig, sl owi ng
the pro i Vi S i dii L i er

sl cct odn a2 ey 26 el Bl dlot B8EHE dpiire G AL MPRIRUEET L
suchdas disdeuecharembeion gmbheraindftercchviagdyi veay ofiexeaptesthe sallowvings
nephropq&?xfk&ﬁtinopathy, neur opat hy, tissue ischaem a, diabetic foot,
arterioscC efbs”s, nyocardi al infarction, accute coronary syndrone, unstable
angi na pectoris, stable angina pectoris, stroke, peripheral arterial
35o0ccl usid ' r di [ ' A di sorders
and vas§ﬁ¥§?£#€§%§ﬁgéﬁ§?H%ﬁ&xgéggg%iP@%@%@VE@#&%&%wfgﬁg@ﬁ%ﬁg%%gg%a reduci ng
body weidghivatire gftte/fermiladl)an i ncrease in body weight or facilitating a
reduction in body weight; or preventing, slow ng, delaying or treating the
degeneration of pangreati g beta cglls and/or the decline of the
functionality of paggre R Rcel | s and/or for inproving and/or

S5restoring the pancreatic beta cells and/or restoring the
functi onghtd FAMFED apsul in secretjon; or preventing, slow ng,

del aying or tfeat)jng diseases or conditions attributed to an abnor nal
accumrul at i g0 g4 fat; or mai nt ai ni ng and/ or inproving the

i nsulin sensiti.ﬁty and/or for treating or preventing 10hyperinsulinem a
and/!18r insulin Tesistance; in a patient in need thereof characterized in
that the SGAT2 inhibitor is adm nistered, as defined hereinbefore and

o ovl Qa6 Rppled by R Hind W 48RS  BEbl Sreho S s bl ca
d(r)]sage f(:cynme@fetwn?:yplbﬁmgylt eihwﬁ,n?th@ry, ate)eterraihymgct)f_t:@nt:hgow@s(smt_ i nven: ihog f or
t he nman tur (6] a nedl canen 0, a erapeuti c..an ntive ne (0] as
L e Ok BB RS e SO MBSt RE S it oo

i ngriédi ent" of a pharmaceutical conposition according to the present

i nventign, means the SA.T2 inhibitor according to t resent jnyentjion. An
et ve TG duved cosyan gy Samib i aSient fpdthibes ilfe Rl thhe YpHing
subst anagfinitions of thd Bebdtiereits' dregyefemss | ndex" or "BM " of a human patient is

defined as,t i,ght in 25kil ograms djvided by the square of the height in
ot er o LB ISt USRS O e HEIST SN o e Cer - over el gt " 1 <
def i ned rasferdigy ROGEMdteOA. wherei n the individual has a BM greater than or
25 / and less .than 30 kg/nP. The ter "overweight" and " -obese" are
e G0 e B R dSmI: SPHeH b by TR B SR PR ot o

wher ei n teighyidrefurahBagbxyh &semnidhd pretaratbly R denotgs erti@iropynasthydiyl, kgJ-n2.

Accor di to a VWHO definiti the term gbesit be £90r|zed as

fof L ovs- Srib ety con SEhuaRyofr - TR el e r ARy ol T s
equal t qRMet@hg@atotira3Styiuxy o8 (S kigtraid deeflraneBagioxy. han 35 kg/ n2; the term
"class Il obesity" is the condition wherein the BM is equal to or greater
than 35 kg/ n2 but |ower than 40 kg/n2; the term"class IIl obesity" is the
con@bt | rrefdied glutoprantvl-siisstiegetberizene dedvaiae£of thd forméd (KaireBelectd®from
2011/03% 37PCT/ P2010/064g%ﬁ8- %8_- The term "visceral obesity" is defined
as the cBRETWPSH CARBPUNYS ( sVt o0-hip ratio of greater than or equal to
1.0 in nmen and 0.8 in wonen is neasured. It defines the risk for insulin
resi stance and the devel opnment of pre-diabetes. 5 The term "abdom nal
obesity" is usually defined as the condition wherein the wai st
circunference is > 40 inches or 102 cmin nmen, and is > 35 inches or 94 cm
in wonen. Wth regard to a Japanese ethnicity or Japanese patients

abdom nal obesity may be defined as waist circunference 85 cmin nen and 90
cmin wonen (see e.g. investigating commttee 10for the diagnosis of

nmet abol i ¢ syndronme in Japan). The term "euglycem a" is defined as the
condition in which a subject has a fasting bl ood glucose concentration
within the normal range, greater than 70 ng/dL (3.89 nmol /L) and | ess
than 110 ng/dL (6.11 nmol/L). The word "fasting"” has the usual neaning 15as
a nedical term The term"hyperglycema" is defined as the condition in

whi ch a subject has a fasting blood glucose concentrati on above the nornal

e o A A~ ~ Ao o N n T T o T




30 range from 100 to 125 ng/dl (i.e. from5.6 to 6.9 mol/1), in particular
greater than 110 ng/dL and less than 126 ng/di (7.00 mmol/L). A subject

wi th "norwel2ofasbisng gl ucose" has a fasting gl ucose coneempradiioonesIal | er
than 100 ng/di, i.e. smaller than 5.6 mvbl/ 1. The term "inpaired gl ucose
tol erance” or "IGI" is defined as the <c®ndition in which a 35subject has a
2 hour postprandial blood glucose or serum glucose concentration greater
than 140 nmg/dif (7.78 nmol/L) and |ess than 200 ng/dL (11.11 nmol/L). The
abnor nal| gl ucose tolerance? i.e., the 2 hour postprandial bl ood glucose or
serum gllucose|concentrati ga # D MQ 2011/ 039337PCT/ EP2010/ 064619 - 17 -
nmeasured as the bl ood sugd mg of glucose per dL of plasma 2 hours
after takildg 75,4 ) » fast. A subject with "normal ¢l ucose
tol erange"” has a 2 | postprandlal bl ood gl ucose or serum gl ucose
concent nati on|smabl'erythapm 140 ng/di (7.78 mol /L). 5The term
“hyperinsulinem a" isy¢efined as the condition in which a subject Wth
insulini|resistance, with or w thout euglycem a, has fasting or posfprandial
serum orn pl asy C i eyvat 8¢ normal, |ean

i ndi vi dyal s V\Art%h(!g:}tiwltls’@lﬁ?l?aqg itk e’gselvg'? ggnégp% bg{”gta&'fr?é.’p rati¢ < 1.0
(for nmen) or « 0.8 (for%monen). 10The terns "insulin-sensitizing", ["insulin

resi stance-i nprovi ng" o resi stance- Iomerlng are synonynpus and

used interchangeably. T esi stance"” is defined as a state

in which circul ati n excess of the normal response to a
gl ucose at® requi red 06 fntain the euglycemc 1l5state (Ford|ES, et

al. JAMA. (2002) 284 356-:9). A nethod of determining insulin resistance is
t he euglycaenic-ﬁ%berlnsu@Wnaenlc clanp test. The ratio of insulin|to

gl ucose |is determ nedowi thin the scope of a conbined insulin-glucose
i nfusion techmnique. There is found to be insulin resistance if the|glucose
absorptijon is thmmylﬂsmrzﬂl,wlﬁ(ﬁptegIoedswrehr&)sof-ylo Beném@ksglsemonitrm@pul ati on

i nvestl caf od VMHO- AdAeof 1 ni Rat hay acc | Aahnri A than +hna A1 D test

1
(.S v | \A B4R A% IIIIILIUII} T\NXAT T7TCT I\/JJ mTAVUT T UUO I.Ilull L LA Y2 \JIMII'

are so 20call ¢d mnimal nodels jgNwhich, during an intravenous glug¢ose
tol erange test, the insu 2rd gé~eoncentrations in the blood are
nmeasured at fixed tIﬁB i ng fromthese the insulin resistance is
cal cul atle ﬂ ) | tHO T I e hot possible to distinguish befween
hepatic |a ésp rlpheral rnsulln resi stance. 25Furthernore, insulin

resi stance, the HeSponsSe 0H a patient with insulin resistance to therapy,
insulin|sensifivity agpg hyperinsulinema may be quantified by assessing the
"honeost|asi s del assessnent to insulin resistance (HOMA-IR)" scofe, a

reliable indigat I Ky etes Care
A B s v A s o
deterniratlon of the HOVA- |ndeg/mor insulin sens|t|V|ty (Matthews et al .,
30Di abet/ol ogi a 1985, 2§\ 442 Re ratio of intact proinsulin to
insulin|(Forsy et al. i ¥, 52(Suppl.l): A459) and to an
eugl ycerm ﬁtélﬁ (rd Y S, pl asma adi ponectin | evels can|be

moni torgdvas a potential surrogate of insulin sensitivity. The estimte of
insuliniresistant® b

t h®toneost asi s assessnment nodel (HOWVA)-I1R s¢ore is
cal cul ated wth the fomnula (Galvin P, et al. D abet Med 1992;9:921-8): 35

(& m

WO 2011/ ot her paraneters|are used
in every dk&abgﬁgﬂmﬁb Preferably, t he
patient' exanp 3 creased

triglycerlde Ievels correlate S|-r|f|cantly mnth the presence of imsulin
resistance. 5katients wt ] QS on for the devel opnent of |I GT or
| FG or tlype 2 dlabeteg ar ng euglycem a with hyperinsulinem a
and are bgfgefuru ant. A typical patient with insulin
resi st arn usual lly oyerwei ght or obese. If insulin resistance can be
detected, thig isicd partionlarly strong indication of the presence|of
pre-di abetes. |Thus, ipymay be that in order to nmmintain glucose
honoeostlasi s a person needs 2-3 tines as nuch insulin 10as a heal t hy

person, mﬁthOL @ t?gﬁﬂb?‘ggRéﬂj mﬁh &qpﬁons The nethods to

investigate the are sinmlar to the above
nmet hods with regard to insulin sens|t|V|ty, hyperlnsullnenla or insulin
resi stance: An inprovenent of beta-cell function can be neasured for
exanpl e by determ ning a HOVA- 15index for beta-cell function (Mutthews et
al ., Diabetologia 1985, 28: 412-19), the ratio of intact proinsulin to
insulin (Forst et al., Diabetes 2003, 52(Suppl.l1l): A459), the

i nsulin/Cpeptide secretion after an oral glucose tolerance test or a neal
toIerance test or by enploylng a hyperglycenlc clanp study and/or m ni nmal
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The term "type 2 diabetes” is defined as the condition in which a subject
has a fasting bl ood glucose or serum gl ucose concentration greater than 125
ng/ dL (6.Wé 20mmi3H33y. The neasurenent of bl ood gl ucose vatcwar2019/08463¢ andar d
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156:1070-7). Triglycet

ﬂqa

efcrrbed for exanple in Thomas L (Editor
TH agsgesel | schaft nbH, Frankfurt/Main, 2
: connonK?*used definition, hypertension is dragnosed
| pressure (SBP) exceeds a value of 140 mm Hg and di as
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gbqgg %ﬁ; is currently recormmended that the systol
uced to'a level below 130 mm Hg and 25t he diastolic

bl ood

pressure be lowered to below 80 mm Hg. The term "SG.T2 inhibitor” in the
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The terns "prophylactically treating”, "preventivally treating” and
"preventing" are used 10i nterchangeably and conprise a treatnent of

pati ents w0 20119089330 devel op a conditi on nmenti oned her ei roefEPe@0/0645uS
reducing said risk. The term"tablet” conprlses tablets without a coating
and tablets with one or nore coatings: furthernore the "ternt tablet
conprises tablets having one, two, three or even nore layers 15and
press-coated tablets, wherein each of the before nentioned types of tablets

may be wi thouff or with ong (1 rigs. ~Jhe term"tablet" also
conprises mni, 'esc t y/and oraIIy di sintegrating
tabl ets.| The tétOrs "phar macopoei as" refer to stampdard

phar macopbéihs such R0as. the "USP 31-NF 26 through Second Suppl ement"

(United|States Phﬁ?naoopeﬁ&i Convention) or the "European Pharnmacopoei a
6.3" (European Direct@mte for the Quality of Medicines and Health|Care,
2000- 2009). 2%Det ai |l ed Descri ption The aspects according to the present

inventign, in naﬁ&th - (SR trBRRI R ERAUS-ISR))-ePBR RS - 50%&0@%6@118 and uses,

refer to SGT2 inhibitors ‘as defined hereinbefore an ereinafter
30Pr ef efabl y 1 HBPSEEE®-i nhibitor is selected froma

gl ucopyranosyl -substituted benzene derivative of the fornmuta (1) WO
2011/ 039337PCT/ EP2010/ 064619 - 22 - wherein Rl denotes C, nethyl cyano;

Ro denotBsentmoieapri{aredraaapYganesy Heybtivgd dbeaoee deiietivas of helformue (0 sropy|
et hynyl , cefchQ¥om (H%) &?Juﬁ@é/gr@f(w?p 83: (ngéﬁ/d @n1(S)- tetrahydrof

uran- 3-yl oxy; or one 0 ef orenenti oned SGA.T2 inhibitors.

5 Conpoufies meret naréferrr@firﬂw@py@)ﬂoamuh@tttu\t@@@ea?ert%é@rrvaﬁm plelbpJornuwa dd6¢ i bed

for exa 14 /
20067 11%6%@\;8@310%%%890%%% '6%‘%02 ,tb%éfzoé 06/ 064 oé:g%\g/\g)r?d (%P

2007/ 031548, WD 2007/ 093610, WD 2008/ 020011, WO 2008/ 055870. 10 In the
above gl FrﬁQ@e’iMEal%'dpﬁ)BkﬁlHﬁseéjccBWﬂ&EihQﬁﬁ/bﬁ(tﬁ)tn'éﬂ%ﬁ/ eprﬁ.gﬁ B@nt&&rumbﬁméél) t he

followi ng definitions of the substituents are preferred. Preferabl
denot es &\ a5y feghivecpraaestion withaegard (@ Bme @np 6pgs OPP@ﬂré\aﬁbqlt&ﬁaF@OS@éﬁ&r% H.

15Pr ef erqfl, vis BbisleBAY %§ps‘iﬁé§¥|:urﬂ%fﬁ1lo%3rr98ﬂé emBbAI¥R¥, these pharmaceutical
(R) -tetrahydrof uran- 3-yl ox - tetrahydrofuran-3-yloxy . Even nore

preﬂ@ra&%a%f%@ﬁ@ffé@R?yt!ﬂuéﬁﬁ%WF ethynyl, (R)- tetrahydrofuran-3-yl oxy or
(S)-tetrahydrofuran-3-yl oxy. Most preferably R3 denotes et hynyl,

(R) - tetrahydrofuran 3-vyl ox%/ or (S)-tetrahydrofuran-3-yloxy. 20Preferred

gl ucopyr Hiesxfore.ig @pethet agregt hepreseat ipuentipamrerdess Phat@aceitival ¢ospag fagme

sel ect ed:ofnﬁf?lg?nb'éepr%rrrﬂ%blﬁit:al%mglﬂg§ abdordihg tPthk Invbhion. (Fodd asfeclNidgt0lel  HO
6- (4- et rmaﬁ@wilyawo(sq%fgﬂmae@%wgé%@ invepiipn 5. areqlpbrBeGeLdeal deragae. (1. 2)

N/ ’IHOE"meH%tC&a%Ieasoh [gharmaceutlcal dosage form for oral administration. ]
2- (4-et hyl benzyI)-4 gl ucopyranos- 1-y1) - 5- net hoxy- benzonitrile, - 23

- (1.3) HO
In another aspect, the present invention provides a process for the preparation of a

pharmaceutical dosage form according to the invention comprising one or more granulation
processes wherein the active pharmaceutical ingredient together with one or more excipients

20 is granulated.

It can be found that a pharmaceutical composition comprising a SGLTZ2 inhibitor and partner
drug as defined hereinafter can advantageously be used for preventing, slowing progression
of, delaying or treating a metabolic disorder, in particular for improving glycemic control in

25 patients. This opens up new therapeutic possibilities in the treatment and prevention of type
2 diabetes mellitus, overweight, obesity, complications of diabetes mellitus and of

neighboring disease states.



HO "COH OH

1- cyano- 2- (4- et hyl benzyl) - 4- (13- D- gl ucopyr anos- 1-y1) - 5- net hyl - benzene, N
1.10 (1. 4AyvoH@1ker3d0 OH OH PCT/EP2010/064619

2- (4- et hyl benzyl) 4- (6- D-gl ucopyranos-1-y1l)-5- hydroxy-benzonitrile, NO O
(1.5) O HO HO " OH OH -12-

2- (4-ethyl -benzyl)-4-(6-D gl ucopyranos-1-yl)-benzonitrile, N 140lel (1.6)
HO OH 2-Therefgrel, mpr tislaspeetithy Dyesént iBveétion pieMidesla method for preventing, slowing

1ehl or ST PRRPESER A AORIEEQ bbb a st Bdselbleitop e groe
| ei 1401 COVIﬂsmgldf/tmngﬁiﬁéﬂés Mﬂaﬂﬁﬁ@%mgbeteQmellltusl—Kfm;@hred glycbs@joleram@ ' " OH
(IGT), impaired fasting blood glucose (IFG), hyperglycemia, postprandial hyperglycemia,
5  overweight, obesity and metabolic syndrome in a patient in need thereof characterized in that
a pharmaceutical composition or a pharmaceutical dosage form of the present invention is

administered to the patient.

According to another aspect of the invention, there is provided a method for improving

10  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
in that a pharmaceutical composition or a pharmaceutical dosage form of the present

invention is administered to the patient.

15  The pharmaceutical composition according to this invention may also have valuable disease-
modifying properties with respect to diseases or conditions related to impaired glucose
tolerance (IGT), impaired fasting blood glucose (IFG), insulin resistance and/or metabolic

syndrome.

20  According to another aspect of the invention, there is provided a method for preventing,
slowing, delaying or reversing progression from impaired glucose tolerance (IGT), impaired
fasting blood glucose (IFG), insulin resistance and/or from metabolic syndrome to type 2
diabetes mellitus in a patient in need thereof characterized in that a pharmaceutical
composition or a pharmaceutical dosage form of the present invention is administered to the

25  patient.

As by the use of a pharmaceutical composition according to this invention, an improvement
of the glycemic control in patients in need thereof is obtainable, also those conditions and/or
diseases related to or caused by an increased blood glucose level may be treated.
30
According to another aspect of the invention, there is provided a method for preventing,
slowing the progression of, delaying or treating of a condition or disorder selected from the
group consisting of complications of diabetes mellitus such as cataracts and micro- and
macrovascular diseases, such as nephropathy, retinopathy, neuropathy, tissue ischaemia,
35 diabetic foot, arteriosclerosis, myocardial infarction, accute coronary syndrome, unstable
angina pectoris, stable angina pectoris, stroke, peripheral arterial occlusive disease,

cardiomyopathy, heart failure, heart rhythm disorders and vascular restenosis, in a patient in



OH 1-chl oro-4-(6-D gl ucopyranos-1-y1)-244-((R)-tetrahydrofuran-3-yl oxy) -

benzyl Fbenzene, . Cl 0,Cb HO(1.9 HO'""OH OH

1- chl or o-we(6t1d3gdsucopyr anos- 1-y1) - 244- (( S) - t et r ahydr of rcamp3o1plocicy? -

benzyl Fbenzene, HO el lei (1.10) HO''"OH OH

1- net hy1- 244- ((R) - t et r ahydr of ur an- 3- yt dRy) - benzyl ] - 4- (6- D- gl ucopyr anos- 1-

yl) - benzene, (1.11) HO el lei, HO'"OH OH

1- met hy Ine@d4h€réS) chaetotarizpd irothat aph@macexticat tempositiondr @ehBrrgacstitipst dasags- 1-

y1) - ben . f: . | - '

ot vat REoLpE b S fER od R F RPERARSK HHARLIE thE Ly AERE EPors

(1.7), (dfd@peti¢ dediroraiy §uchlas)hyperperfugiorrproemeripeed elbuadhuria may be treated,

gl ucopyr | - titute rivati f ak: e
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2011503 98BttRETY EPRPLiSE D@46t macroangiopathy, diabetic microangiopathy, impaired wound
healing and diabetic ulcer. The terms "micro- and macrovascular diseases” and "micro- and

macrovascular complications” are used interchangeably in this application.

By the administration of a pharmaceutical composition according to this invention and due to
10  the activity of the SGLT2 inhibitor excessive blood glucose levels are not converted to
insoluble storage forms, like fat, but excreted through the urine of the patient. Therefore, no

gain in weight or even a reduction in body weight is the result.

According to another aspect of the invention, there is provided a method for reducing body
15  weight or preventing an increase in body weight or facilitating a reduction in body weight in a
patient in need thereof characterized in that a pharmaceutical composition or a

pharmaceutical dosage form of the present invention is administered to the patient.

The pharmacological effect of the SGLT2 inhibitor in the pharmaceutical composition

20  according to this invention is independent of insulin. Therefore, an improvement of the
glycemic control is possible without an additional strain on the pancreatic beta cells. By an
administration of a pharmaceutical composition according to this invention a beta-cell
degeneration and a decline of beta-cell functionality such as for example apoptosis or
necrosis of pancreatic beta cells can be delayed or prevented. Furthermore, the functionality

25  of pancreatic cells can be improved or restored, and the number and size of pancreatic beta
cells increased. It may be shown that the differentiation status and hyperplasia of pancreatic
beta-cells disturbed by hyperglycemia can be normalized by treatment with a pharmaceutical

composition according to this invention.

30  According to another aspect of the invention, there is provided a method for preventing,
slowing, delaying or treating the degeneration of pancreatic beta cells and/or the decline of
the functionality of pancreatic beta cells and/or for improving and/or restoring the functionality
of pancreatic beta cells and/or restoring the functionality of pancreatic insulin secretion in a
patient in need thereof characterized in that a pharmaceutical composition or a

35 pharmaceutical dosage form of the present invention is administered to the patient.



- 25 - According to this invention, it is to be understood that the
definitions of the above |isted gl ucopyranosyl-substituted benzene
deri vat i wee 20f/t3bss7f ormul a (1) al so conprise their hydratesr2s0lvsies and
pol ynmor phic forms thereof, and prodrugs thereof. Wth regard to the
preferred conpound (1.7) an advantageod4 -crystalline formis described in
the international 5 patent application WO 2007/028814 which hereby is
i ncor porBy thd adevirgstration of & phamdcestical colpdsitiaacpcdrding totiee preeérdrimwedticompound
(1.8), all | [ ri bad | ' t | onal
pai ont PN B O o DAt T R el BokBR e el rich ol D EE gL AT
i ts entiamether avpedh of thgaresenbinvérgiopr thber is @dovidmupomathof Torrewamtiaghvsowiageous
crystalljne.fo i i [ i i i ati
voboos LIS SR aREEATE ey PbEEAT b AR S RRIGR it vy
regabd tioatpadeprie heed therend niparacidrized i ) atan SRViZnnbigdawes defiged béreinbefofeor m i s
descri beg b gd, i SERAKIINRL, RBLERn ABBLEIRr AP RANRLOAAARH W) §0
ereby isincorporated herefini1nits entirety. ese crystalline formns
possess ayoajphogvaldsicliintkatipr ofdwet faksreviriridulazlysielesteal fypoo thetgrogveorisisting ot y  of

the SG.T2 inhihit. r : S ' . "

physi co- ng%ﬂ'{@{y“@égp gﬁﬁgggﬁ@%t@u@}eg oﬁ%éﬁg_égé}ﬁ)hgg{s% h? E) ?tlltF éNsAtSEB’i lity of

t he pharhygealimeotltion-intposd faity fiverFdinbeticdatialives, abddohaligrindocdst fatty fieer dr txdcosur e

of gach (of, ¢ f oregoi ng docunents cited above in connection with the
A,

specifi inhibitors is specifically incorporated herein by reference
inits entirety. A preferred crystalline form(l.9X) of the conmpound (1.9)

can be ¢ i - ol i rn. C i ses
peaks. at b gy efE Mo Eoher BRMRTnh iyt e RAl bl inal R 3
X-ray pdngervirgi the irsolin senspixity endior BHRPE)tingr peadenting hypeTinkolkhendairad/oon. | n
articul.ar sai - . di | - , i , at 14. 69,
5 g4 18RSyt AR Qo 1BEed BBk SR A RFRaBABE °\ o i
sai d5X- rewynpositide or diphémzeckeiical desagerform ef thageesast ingerGokddadraidisterédio. thg0l n
parti cul ar. id X-ray powder diffraction pattern conprises peaks at 14.69,
Bige?

17.95, 1 18.84, 19.16, 19.50, 20.36, 22.71, 23.44, 24.81, 25.21 and
25. 65 degrees 20 (0.1 degrees 20), wherein said X-ray powder diffraction

pattern j [ [ i at.l 19 -
Do - WADofifioi oty MR of RENRERfGh merds B eI B InatpldelRal ™y o,
X-ray poedgositioh or aphamraceaticaddesagedoen ofsthe greSartainverdidn &aritag manhiacture of

co is egrees 20 (0.1 degrees 20) as contained in Table 1.
5ngpe ??gggéﬁﬁﬁﬁagr diffraction pattern of the crystalline form (I.9X)

(only peaksevgnting, sByOng theZorograssion d& teldying 2r Bedtihgdr metabelid diportet satexited; 1/ 10
[ 070] 4. 4849480, 8 9e53: 8093 fod b Rlboeshoithuddy552 Bisbicbndhud mBaflh 42
glucose tolerance (IGT), impaired fasting blood glucose (IFG), hyperglycemia,
postprandial hyperglycemia, overweight, obesity and metabolic syndrome; or
25 - improving glycemic control and/or for reducing of fasting plasma glucose, of postprandial
plasma glucose and/or of glycosylated hemoglobin HbA1c; or
- preventing, slowing, delaying or reversing progression from impaired glucose tolerance

(IGT), impaired fasting blood glucose (IFG), insulin resistance and/or from metabolic
syndrome to type 2 diabetes mellitus; or

30 - preventing, slowing the progression of, delaying or treating of a condition or disorder
selected from the group consisting of complications of diabetes mellitus such as cataracts
and micro- and macrovascular diseases, such as nephropathy, retinopathy, neuropathy,
tissue ischaemia, diabetic foot, arteriosclerosis, myocardial infarction, accute coronary
syndrome, unstable angina pectoris, stable angina pectoris, stroke, peripheral arterial

35 occlusive disease, cardiomyopathy, heart failure, heart rhythm disorders and vascular

restenosis; or



30 18.31 4.84 22 18.43 4.81 23 18.84 4.71 100 19.16 4.63 42 19.50 4.55 31
20.36 4.36 74 20.55 4.32 13 21.18 4.19 11 21.46 4.14 13 22.09 4.02 19 22. 22
4.00 4 22v@LoB/B33328 WO 2011/ 039337PCT/ EP2010/ 064619 - PRT/EP2018/04618. 79 27
23.72 3.75 3 24.09 3.69 15

- 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

5 restoring the functionality of pancreatic beta cells and/or restoring the functionality of

pancreatic insulin secretion; or

- 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

10 hyperinsulinemia and/or insulin resistance;
in a patient in need thereof characterized in that the SGLT2 inhibitor is administered, as

defined hereinbefore and hereinafter.

According to another aspect of the invention, there is provided the use of a pharmaceutical
15  composition or a pharmaceutical dosage form of the present invention according to the
present invention for the manufacture of a medicament for a therapeutic and preventive

method as described hereinbefore and hereinafter.

Definitions
20  The term "active ingredient"” of a pharmaceutical composition according to the present
invention means the SGLT2 inhibitor according to the present invention. An “active

ingredient is also sometimes referred to herein as an “active substance”.

The term "body mass index” or "BMI" of a human patient is defined as the weight in
25 kilograms divided by the square of the height in meters, such that BMI has units
of kg/m2.

The term "overweight" is defined as the condition wherein the individual has a BMI greater
than or 25 kg/m? and less than 30 kg/m2 The terms "overweight" and "pre-obese" are used

30 interchangeably.

The term "obesity" is defined as the condition wherein the individual has a BMI equal to or
greater than 30 kg/m2. According to a WHO definition the term obesity may be categorized
as follows: the term "class | obesity" is the condition wherein the BMI is equal to or greater
35 than 30 kg/m? but lower than 35 kg/m2; the term "class |l obesity" is the condition wherein the
BMI is equal to or greater than 35 kg/m? but lower than 40 kg/m?; the term "class Ill obesity"

is the condition wherein the BMI is equal to or greater than 40 kg/m>.



3 24.33 3.66 7 24.81 3.59 24 25.21 3.53 46 25.65 3.47 23 26.40 3.37 2 26.85
3.32 8 27.26 3.27 17 27.89 3.20 2 28.24 3.16 3 29.01 3.08 4 29.41 3.03 18
Even nor ewepecridbszal |y, the crystalline form (1.9X) is ebameeienssed by an
X-ray powder diffraction pattern, nade using CuKai radiation, which
conprises peaks at degrees 20 (0.1 degr@es 20) as shown in Figure 1 of WO
2006/ 117359. Furthernore the crystalline form (1.9X) is characterised by a
mel ti ng point of about 151C 5C (determ ned via DSC; evaI uat ed as
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ot ARBTELSahD. L AE DA AR ML Akbage 10 8 focat fonrsensitive
1,54056 A, 40kV, 40md). In the Table 1 above the val ues "20 [ 01" denote

the angl g, af, g AfinePhbddinASOLSER, BRFANE e hdbin rflengks the

specifie I'stances I n tice p anes. he I nt ensi shown in
t he Fi guireurbfepénops 2G06ndAEEIEI0L smgn veam, Bnd isrk 35;|nohes:¢ys@4(cmmnmmperwlth

second) . 93{}&39%2;@9%%% a%li-( %Pég&%e%gg)ggr%asa ﬁ?omlnel 'slwatrngégeﬁg i

experlnen erro escri ues s ou QORS| ered
accur at evaist CIrﬁumfed@gJeek&ﬁ @0,in menpadt ¥udrain wOmes (sbegr.@dsvedgatifigaiomngtiee

say O\Ahefgrlﬁg%%?@bg ﬁc %ngy&ﬁgms\% L)g of crystals of the conpound

I'n accor e wth the invention, a 20 val ue
mhlch i's experlnentally observed for the sanple 5 should be considered

| dent i capy, "Yle%“g?éi{)ﬁéerﬂ%ﬁ% bSnlel LR HE %Wuh ?ﬁ%haab@‘éﬁeu:tﬁaé égefsﬂbé Plobhi thin

0. 1degrees aracteristic va
Wi t hin @J@Sedegwwe"sticzrowmm theenarmal lamge,rgreatecthaalmeng/dL (3.89 The nel ti ng

poi nt rm A T fer. 0 a DSC
521" 10( NED Y EreRAIRE i PRl GGRneRL, PREWSHE FaduDiasib Ll WL oy
dosd§e fasraﬂnadi@elrtdinmg to the present |nvent| on conpri ses the conpound

(1.9), wherein at |east 50 % by weight of the conmpound (1.9) is in the form

of its crystalline form (1.9X) as defined hereinbefore. Preferably in said
The term “hyperglycemia” is defined as the condition in which a subject has a fasting blood

glucose concentration above the normal range, greater than 110 mg/dL (6.11 mmol/L). The
word “fasting” has the usual meaning as a medical term.

20
The term “hypoglycemia” is defined as the condition in which a subject has a blood glucose

concentration below the normal range of 60 to 115 mg/dL (3.3 to 6.3 mmol/L).

The term "postprandial hyperglycemia” is defined as the condition in which a subject has
25 a2 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

subject has a fasting blood glucose concentration or fasting serum glucose concentration in a
30  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.

The term “impaired glucose tolerance” or "IGT" is defined as the condition in which a
35  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



15conposition or dosage format |east 80 % by weight, nore preferably at

| east 90 % by wei ght of the conpound (1.9) is in the formof its

crystall iwe 20owuspi3lr. 9X) as defined herei nbefore. The pretCemrediodesage range
of the SAT2 inhibitor is in the range fromO0.5 ng to 200 ny, even nore
preferably from1 to 100 ng, nost prefdfably from1 to 50 ng per day. The
oral 20adm nistration is preferred. Therefore, a pharnmaceutical conposition
of the pnessaintd astherplacorsugayleed ipmigsd gtutesdperal Lndfelasnea 2rbours eftedtakinp bt s,
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the tablet friability is lower than or equal 0.5 % the tablet core weight
is fromabout 560 to about 1180 ng, and the tablet disintegration tine is
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as e.g. colloidal anhydrous silica) and one or nore |ubricants (such as
e.g. magnesium stearate). 30 Atypical filmcoated tablet (the SGET-2

i nhi bi t orwoeatiagsson netformin HCl tablet, i.e. drug |aperiErgoiopcsc19
filmcoating for drug |oading) of this |nvent|on conprises a netform n HCl
core portion conprising metfornin hydrd®hloride, one or nore fillers (such
as e.g. corn starch), one or nore binders (such as e.g. copovidone), one or
nore glidants 35(such as e.g. colloidal anhydrous silica) and one or nore
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WO 2011/ 039337PCT/ EP2010/ 064619 - 35 - pm even nore preferably X90 75 pm
In addition the particle size distribution is preferably such that X90> 1
pm nore woebhewmhizy X90 5 pm nost preferably X90 10 pnmpCcThre@bos#519
preferred particle size distributions are such that 1 pm <X90 <200 pm
particularly 1 pm< X90 150 pm nore pEBferably 5 pm X90 150 pm even nore
preferably 5 pm X90 5100 pm even nore preferably 10 pm X90 100 pm A
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For mwl ati on optim zation studies have identified a conposition with over
83% drug | oad of nmefformin HCl and inproved crushing strength by
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al so be used accordingly in veterinary nmedicine in mammals. In the scope of
this invention adult patients are preferably humans of the age of 18 years
or ol derTheAsrnd €8GLTRénhibidordiimihefssope bi/the neesedhinMértionaelates tofomheunds, in
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met hods ﬂé @ %Ifg;mgr esent invention allow a reduction of the HbAlc
val ue 2 edPre arget range, for exanple <7 % and preferably < 6.5 %
for a hi gher nunber of patients and for a longer tine of therapeutic
treatnment conpared with a correspondi ng nonot herapy or a therapy using only
two of the conbination partners. The pharnaceutical conposition according
to this invention and in particular the SGT2 30inhibitor therein exhibits
a very good efflcacy W|th regard to gI ycem ¢ control |n partlcul ar in view
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(c)an HbAlc 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 nore
parti cul avbyosgsaeds7t o or greater than 8.0 % 10The presegt/EPpMONticon al so
di scl oses the use of the pharmaceutical composition for inproving glycemc
control in patients having type 2 diabéfles or showing first signs of

pre-di abetes. Thus, the invention also includes diabetes prevention. If

t her ef or'ﬁf\edep'lhsa‘r'tn@atmnt'baﬂd "treatrus icoimpriseathecangiutigtireameht of patieetathrwingi s used
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type 2 or type 1 diabetes nellitus characterized in that an SGT2 i nhibitor
as defined hereinbefore and hereinafter is admnistered to the patient. 30
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insufficient glycemc control despite oral nonotherapy with nefformn, in
particul ar despite oral nonotherapy at a maxi mal tol erated dose of
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accordlq@ §iln $é&iHQMﬁpéé£n2mﬁ)ﬂgﬁxlin-independent. Therefore, a
pharnaceu I cal conpositron’ according to this invention is particularly
suitable in the treatnent of patients who are di agnosed having 10one or
nore of the following conditions insulin resistance, hyperinsulinem a,
pre-di abetes, type 2 diabetes nellitus, particular having a | ate stage
typ@52 dPeibidedkPeswiptiarus, 15-type 1 diabetes nellitus. Furthernore, a
phar mac i 1 IS 1 ficularly
SUItab|§an ?hmﬁ%ﬁ@%ﬁh ﬁ?ﬂgﬁ%%&%ggﬂgg&ahkhgﬁgh@¥ g H{Eg@?% one or nore
of the faompositings, cuaitods antsusea) retinés SO TR inhditod a&gdeﬂnawelremueroraadﬂ or |11
obesi ty),o %h ral obesity and/or abdom nal obesity, 20(b) triglyceride
bl ood Ieve "ng/dL, (c) HDL-chol esterol blood | evel <40 ng/dL in fenale
patients and <50 ng/dL in nmale patients, (d) a systolic blood pressure 130
nmm a i k(G f gl ucose
TovaP 17eReth He3i e T2 ARt SERMER it B ety e bR oo e
gIucose(kﬁW@ﬂ@ﬁﬂéﬁ(b@ﬂyw(analred fastlng bl ood glucose (IFG, with insulin
resi stance and/ or th metabolic syndrone suffer froman increased risk of
devel opi ng a cardi oyascul gr dlseage such as for exanpl e nyocardi al

-4 5% , heart insufficiency, thronboenbolic
Icordlng to this invention may result in a
ri sks. A pparmaceutical conposition
according to fhis |nvent|on exhibits a good safety profile. Therefore, a
treat ment o ' pPrepifdxi s according to this invention is advantageously
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SFurthernore, it can be found that the adm nistration of a pharnaceuti cal
conposition according to this invention results in no risk or in a lowrisk
of hypoglwoenimsssherefore, a treatment or prophyl axis ®crmpdegetens t his
invention is al so advant ageously possible in those patients show ng or
havi ng an increased risk for hypogl yce#la. 10A pharmaceutical conposition
according to this invention is particularly suitable in the long term
treatment or prophylaxis of the diseases and/or conditions as described
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(1.10)

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

yh)-benzene,

(1.11)

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 (1.6), (1.7), (1.8), (1.9) and (1.11).

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

selected

from the compounds (1.8) and (1.9).
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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 (1.7) an advantageous crystalline form is described in the international
patent application WO 2007/028814 which hereby is incorporated herein in its entirety. With
regard to the preferred compound (1.8), 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 (1.9) an advantageous crystalline form is
described in the international patent applciation WO 2006/117359 which hereby is
incorporated herein in its entirety. With regard to the preferred compound (I.11) an
advantageous crystalline form is described in the international patent applciation
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 SGLT2 inhibitor.
Furthermore, the crystalline forms are physico-chemically stable and thus provide a good

shelf-life stability of the pharmaceutical composition.

For avoidance of any doubt, the disclosure of each of the foregoing documents cited above
in connection with the specified SGLT2 inhibitors is specifically incorporated herein by

reference in its entirety.

A preferred crystalline form (1.9X) of the compound (1.9) can be characterized by an X-ray
powder diffraction pattern that comprises peaks at 18.84, 20.36 and 25.21 degrees 20 (0.1
degrees 20), wherein said X-ray powder diffraction pattern (XRPD) is made using CuKq;

radiation.

In particular said X-ray powder diffraction pattern comprises peaks at 14.69, 18.84, 19.16,
19.50, 20.36 and 25.21 degrees 20 (£0.1 degrees 20), wherein said X-ray powder diffraction

pattern is made using CuKy,; radiation.

In particular said X-ray powder diffraction pattern comprises peaks at 14.69, 17.95, 18.43,
18.84, 19.16, 19.50, 20.36, 22.71, 23.44, 24.81, 25.21 and 25.65 degrees 20 (0.1 degrees

20), wherein said X-ray powder diffraction pattern is made using CuK; radiation.
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1016. 00 W 02811039337 WO 2011/ 039337PCT/ EP2010/ 06461 2CTAEPA@0/6I6aD| € 1. 2:
Exanpl es of conposition of SAT-2 inhibitor + Metform n HCI FDC Mono-| ayer
Tablets Dose Strength (SGLT-2 inhibr2ér / metformin HO), ng 12.5 / 500
12.5 /

More specifically, the crystalline form (1.9X) is characterised by an X-ray powder diffraction

pattern, made using CuKg,1 radiation, which comprises peaks at degrees 20 (+0.1 degrees

20) as contained in Table 1.

5 Table 1: X-ray powder diffraction pattern of the crystalline form (1.9X) (only peaks up to
30°in 2 © are listed):

20 d-value Intensity I/l
[°] [A] [%]
4.46 19.80 8
9.83 8.99 4
11.68 7.57 4
13.35 6.63 14
14.69 6.03 42
15.73 5.63 16
16.20 5.47 8
17.95 4.94 30
18.31 4.84 22
18.43 4.81 23
18.84 4.71 100
19.16 4.63 42
19.50 4.55 31
20.36 4.36 74
20.55 4.32 13
21.18 4.19 11
21.46 4.14 13
22.09 4.02 19
22.22 4.00 4
22.71 3.91 28




850 12.5 / 1000 [ng] [O/0] [ng] [O/0] [ng] [O/0] 12.50 2.12 12.50 1.25
12.50 1.06 500.0 84.75 850.0 85.0 1000.0 84.75 22.63 3.83 44.5 4.45 57.76
4,89 47. 278.20118398378.0 94.4 8.0 2.95 0.5 5.0 0.5 5.9 0. pc4/EP2010/081689 0 0. 8
9.44 0.80 590.00 100.00 1000.00

-27 -
23.44 3.79 27
23.72 3.75 3
24.09 3.69 3
24.33 3.66 7
24.81 3.59 24
25.21 3.53 46
25.65 3.47 23
26.40 3.37 2
26.85 3.32 8
27.26 3.27 17
27.89 3.20 2
28.24 3.16 3
29.01 3.08 4
29.41 3.03 18

Even more specifically, the crystalline form (1.9X) is characterised by an X-ray powder

diffraction pattern, made using CuK,1 radiation, which comprises peaks at degrees 20 (+0.1

degrees 20) as shown in Figure 1 of WO 2006/117359.

Furthermore the crystalline form (1.9X) is characterised by a melting point of about 151°C +
5°C (determined via DSC; evaluated as onset-temperature; heating rate 10 K/min). The
obtained DSC curve is shown in Figure 2 of WO 2006/117359.

10 The X-ray powder diffraction patterns are recorded, within the scope of the present invention,
using a STOE - STADI P-diffractometer in transmission mode fitted with a location-sensitive
detector (OED) and a Cu-anode as X-ray source (CuKal radiation, A = 1,54056 A , 40kV,
40mA). In the Table 1 above the values "20 [°]" denote the angle of diffraction in degrees
and the values "d [A]" denote the specified distances in A between the lattice planes. The

15 intensity shown in the Figure 1 of WO 2006/117359 is given in units of cps (counts per

second).



100. 00 1180. 00 100.00 6.00 50.00 8.00 50.00 9.00 50.00 0.60 5.00 0.80 5.00
0.90 5.00 2.40 20.00 3.20 20.00 3.60 20.00 2.928 24.40 3.744 23.40 3.78
21.00 0. 686 201133957128 0. 80 0.36 2.00 0.036 0.30 0.128 @C3EPO18O64190 12. 00
100. 00 16.00 100.00 18. 00 100. 00 602. 0%8 1016. 00

In order to allow for experimental error, the above described 20 values should be considered
accurate to + 0.1 degrees 20, in particular + 0.05 degrees 20. That is to say, when
assessing whether a given sample of crystals of the compound (1.9) is the crystalline form in
accordance with the invention, a 2@ value which is experimentally observed for the sample

5 should be considered identical with a characteristic value described above if it falls within +
0.1 degrees 20 of the characteristic value, in particular if it falls within + 0.05 degrees 20 of

the characteristic value.

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

In one embodiment, a pharmaceutical composition or dosage form according to the present
invention comprises the compound (1.9), wherein at least 50 % by weight of the compound
(1.9) is in the form of its crystalline form (1.9X) as defined hereinbefore. Preferably in said

15  composition or dosage form at least 80 % by weight, more preferably at least 90 % by weight

of the compound (1.9) is in the form of its crystalline form (1.9X) as defined hereinbefore.

The preferred dosage range of the SGLTZ2 inhibitor is in the range from 0.5 mg to 200 mg,
even more preferably from 1 to 100 mg, most preferably from 1 to 50 mg per day. The oral

20 administration is preferred. Therefore, a pharmaceutical composition of the present invention
may comprise the hereinbefore mentioned amounts, in particular from 0.5 to 50 mg,
preferably 1 to 25 mg, even more preferably 2.5 to 12.5 mg. Particular dosage strengths for
use in the present invention (e.g. per tablet or capsule) are for example 0.5, 1, 1.25, 2, 2.5,
5,7.5,10,12.5, 15, 20, 25 or 50 mg of the SGLT2 inhibitor, for example a compound of the

25 formula (1), in particular of the compound (1.9) or its crystalline form (1.9X). Particularly
preferred dosage strengths (e.g. per tablet or capsule) are for example 0.5, 1, 1.25, 2.5, 5,
10, or 12.5, mg of the SGLT2 inhibitor, for example a compound of the formula (1), in

particular of the compound (1.9) or its crystalline form (1.9X).

30 In one aspect, partner drugs to be combined with the SGLT-2 within the pharmaceutical
compositions according to this invention are biguanides (e.g. metformin such as metformin

hydrochloride).

A preferred partner drug within the meaning of this invention is metformin, particularly

35  metformin hydrochloride (1,1-dimethylbiguanide hydrochloride or metformin HCI).



1198. 00

5Tabl e 1.3: Exanples of conposition of SGT-2 inhibitor +

Metform n HCI FDC Mono-| ayer Tablets - 47 - 4.72 0.80 8.00 0.80 9.44 0.80
590. 00 109#0Q01113083700 100. 00 1180. 00 100.00 6.00 50.00 BCEEP200064699 00
50.00 0.60 5.00 0.80 5.00 0.90 5.00 2.40 20.00 3.20 20.00 3.60 20.00 2.76
23.00 3.68 -29-

10

15

20

25

30

35

The biguanide antihyperglycemic agent metformin is disclosed in US patent No.
3,174,901.The preparation of metformin (dimethyldiguanide) and its hydrochloride salt is
state of the art and was disclosed first by Emil A. Werner and James Bell, J. Chem. Soc.
121, 1922, 1790-1794. Other pharmaceutically acceptable salts of metformin can be found in
US application Serial No. 09/262,526 filed March 4, 1999 or US patent No. 3,174,901. Itis

preferred that the metformin employed herein be the metformin hydrochloride salt.

Metformin is usually given in doses varying from about 250 mg to 3000 mg, particularly from
500 mg to 2000 mg up to 2500 mg per day using various dosage regimens.

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

The unit dosage strengths of the metformin hydrochloride for use in the present invention
may be from 100 mg to 2000 mg or from 100 mg to 1500 mg, preferably from 250 mg to
1000 mg. Particular dosage strengths may be 250, 500, 625, 750, 850 and 1000 mg of
metformin hydrochloride. These unit dosage strengths of metformin hydrochloride represent
the dosage strengths approved in the US for marketing to treat type 2 diabetes. More
particular unit dosage strengths of metformin hydrochloride for incorporation into the fixed
dose combination pharmaceutical compositions of the present invention are 500, 850 and

1000 mg of metformin hydrochloride.

In a further aspect of the present invention, the present invention provides a pharmaceutical
composition, formulation, blend or dosage form of this invention which is substantially free of
or only marginally comprises impurities and/or degradation products; that means, for
example, that the composition, formulation, blend or dosage from includes about <5%, or
about <4%, or about <3%, or less than about 2%, preferably less than about 1%, more
preferably less than about 0.5%, even more preferably less than about 0.2% of any individual

or total impurity or degradation product(s) by total weight.

Dosage forms for the FDC formulations of this invention:

Another purpose of this invention is to develop the FDC formulations of this invention with a
reasonable tablet size, with good tablet properties (e.g. stability, hardness, friability,

disintegration, dissolution profile, content uniformity and the like).

Thus, it has been found that suitable dosage forms for the FDC formulations of this invention
are film-coated tablets (film-coating for drug loading, such as particularly SGLT-2 inhibitor

drug loading by film coating on tablet cores containing the partner drug), mono-layer tablets,
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bi-layer tablets, tri-layer tablets and press-coated tablets (e.g. tablet-in-tablet or bull's eye
tablet with SGLT-2 inhibitor core), which dosage forms are good measures to achieve the
goal under consideration of desired pharmaceutical profiles and characteristics of a SGLT-2
inhibitor and a partner drug used.

Said dosage forms have been found to be applicable to the FDC formulations either keeping
the original dissolution profiles of each mono tablet or adjusting the profiles to desired levels,

and a reasonable tablet size.

A typical mono-layer tablet of this invention comprises a SGLT-2 inhibitor, metformin
hydrochloride, one or more fillers (such as e.g. corn starch), one or more binders (such as
e.g. copovidone), one or more glidants (such as e.g. colloidal anhydrous silica) and one or

more lubricants (such as e.g. magnesium stearate).

In one embodiment of the present invention, the present invention is directed to an oral solid
pharmaceutical composition, preferably a tablet, particularly a mono-layer tablet, wherein one
or more of the following applies:

- the percentage of metformin hydrochloride is about 84 % by weight of total tablet core,

- the percentage of SGLT-2 inhibitor is about 0.1 % - 2.12 %, e.g. 0.1 % - 2.11% by weight of
total tablet core,

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

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

- the tablet core weight is from about 560 to about 1180 mg, and

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

In one embodiment, the SGLT-2 inhibitor a compound of the formula (1), in particular of the

compound (1.9) or its crystalline form (1.9X).

In a preferred embodiment of the present invention, the present invention is directed to an
oral solid pharmaceutical composition, preferably a tablet, particularly a mono-layer tablet
comprising or made from

a compound of the formula (1), for example of the formula (1.9) or its crystalline form (1.9X),
e.g. in an amount of 0.5, 1, 1.25, 2.5, 5, 10 or 12.5 mg,

metformin, particularly metformin hydrochloride, e.g. in an amount of 500 mg, 850 mg or
1000 mg,

and one or more pharmaceutical excipients, particularly one or more fillers (e.g. corn starch),
one or more binders (e.g. copovidone), one or more glidants (e.g. colloidal anhydrous silica)

and/or one or more lubricants (e.g. magnesium stearate),

FDC
ng 5
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as well as, optionally, a film coat e.g. comprising one or more film-coating agents (e.g.
hypromellose), one or more plasticizers (e.g. propylene glycol, polyethylene glycol or triethyl
citrate), one or more pigments (e.g. titanium dioxide, iron oxide red/yellow/black or mixture

thereof) and/or one or more glidants (e.g. talc).

In a further aspect of the present invention, the present invention provides methods of
manufacturing of the compositions, formulations, blends or dosage forms of this invention,
such as e.g. by using methods known to one skilled in the art and/or in a manner as
described herein, for example they may be obtained by processes comprising using (e.g.
mixing, combining, blending and/or composing) the components and/or ingredients, or pre-
mixtures thereof, mentioned hereinbefore and hereinafter, as well as the present invention
further provides compositions, formulations, blends or dosage forms obtainable by these
methods or processes and/or obtainable from the components, ingredients, pre-mixtures

and/or mixtures mentioned hereinbefore and hereinafter.

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

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

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

i.) combining (e.g. dissolving or dispersing) a binder (e.g. copovidone) and, optionally, the
SGLT-2 inhibitor (e.g. a compound of the formula (), for example of the formula (1.9) or its
crystalline form (1.9X)) in a solvent or mixture of solvents such as purified water at ambient
temperature to produce a granulation liquid;

ii.) blending metformin HCI, a filler (e.g. corn starch) and, optionally, the SGLT-2 inhibitor in a
suitable mixer (e.g. fluid-bed granulator) to produce a pre-mix;

wherein the SGLT-2 inhibitor may be included either in the granulation liquid obtained in i.)
or in the pre-mix obtained in ii.), preferably the SGLT-2 inhibitor is dispersed in the
granulation liquid and is absent in the pre-mix;

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

iv.) drying the granulate, e.g. at about 70° C inlet air temperature until the desired loss on

drying value in the range of 1-3 %, for example 0.8-2 %, is obtained;
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v.) delumping the dried granulate for example by sieving through a sieve with a mesh size of
0.5t0 1.0 mm;

vi.) blending the sieved granulate and preferably sieved glidant (e.g. colloidal anhydrous
silica) in a suitable blender;

vii.) adding preferably sieved lubricant (e.g. magnesium stearate) to the granulate for final

blending for example in the free-fall blender.

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

a mixture comprising the SGLT-2 inhibitor and metformin.

A typical bi-layer tablet of this invention comprises

a SGLT-2 inhibitor portion comprising a SGLT-2 inhibitor, one or more fillers (such as e.g. D-
mannitol, pregelatinized starch and corn starch), one or more binders (such as e.g.
copovidone) and one or more lubricants (such as e.g. magnesium stearate),

and

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

stearate).

A typical press-coated tablet (tablet-in-tablet or bull’'s eye tablet) of this invention comprises
a SGLT-2 inhibitor core portion comprising a SGLT-2 inhibitor, one or more fillers (such as
e.g. D-mannitol, pregelatinized starch and corn starch), one or more binders (such as e.g.
copovidone) and one or more lubricants (such as e.g. magnesium stearate),

and

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

stearate).

A typical film-coated tablet (the SGLT-2 inhibitor coating on metformin HCI tablet, i.e. drug
layering by film-coating for drug loading) of this invention comprises

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

stearate),
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wherein said core portion is seal-coated with a film coat comprising one or more film-coating
agents (such as e.g. hypromellose), one or more plasticizers (such as e.g. propylene glycol,
Macrogol 400, Macrogol 6000, Macrogol 8000), one or more pigments (such as e.g. titanium
dioxide, iron oxide red/yellow/black or mixture thereof) and one or more glidants (such as
5 e.g.talc)

and
a SGLT-2 inhibitor layer comprising a SGLT-2 inhibitor, one or more film-coating agents
(such as e.g. hypromellose) and one or more plasticizers (such as e.g. propylene glycol,
Macrogol 400, Macrogol 6000, or Macrogol 8000, triethyl citrate).

10  Another typical film-coated tablet (the SGLT-2 inhibitor coating on metformin HCI tablet, i.e.
drug layering by film-coating for drug loading) of this invention comprises
a metformin HCI core portion comprising metformin hydrochloride, one or more fillers (such
as e.g. corn starch), one or more binders (such as e.g. copovidone), one or more glidants
(such as e.g. colloidal anhydrous silica) and one or more lubricants (such as e.g. magnesium

15  stearate),
wherein said core portion is seal-coated with a film coat comprising one or more film-coating
agents (such as e.g. hypromellose), one or more plasticizers (such as e.g. propylene glycol,
Macrogol 400, Macrogol 6000, or Macrogol 8000, triethyl citrate), one or more pigments
(such as e.qg. titanium dioxide, iron oxide red/yellow/black or mixture thereof) and one or

20  more glidants (such as e.g. talc);
and
a SGLT-2 inhibitor layer comprising a SGLT-2 inhibitor, one or more film-coating agents
(such as e.g. hypromellose) and one or more plasticizers (such as e.g. propylene glycol,
Macrogol 400, Macrogol 6000, or Macrogol 8000, triethyl citrate).

25
Preferably, these abovementioned tablets (mono-, bi-layer, press-coated and drug-coated
tablets) are further over-coated with a final film coat, which comprises a film-coating agent
(such as e.g. hypromellose), a plasticizer (such as e.g. propylene glycol, Macrogol 400,
Macrogol 6000, or Macrogol 8000, triethyl citrate), pigments (such as e.g. titanium dioxide,

30 iron oxide red/yellow/black or mixture thereof) and a glidant (such as e.g. talc). Typically this
additional film over-coat may represent 1-4 %, preferentially 1-2 %, of the total mass of the

composition.

A pharmaceutical composition or dosage form according to the present invention may be an
35 immediate release pharmaceutical composition or dosage form, or a time-release

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

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

10  dissolution properties can be determined in standard dissolution tests, e.g. according to
standard pharmacopeias (e.g. using paddle method with agitation speed of 50 or 75 or 100

rpm, dissolution medium pH 6.8 at a temperature of 37°C).

A time-release dosage form refers to a formula that is not an immediate release dosage

15  form. In a time-release dosage form the relase of the active ingredient is slow and occurs
over time. Time-release dosage forms are also known as sustained-release (SR), sustained-
action (SA), extended-release (ER, XR, or XL), time-release or timed-release, controlled-
release (CR), modified release (MR), or continuous-release (CR or Contin), In one aspect, a
time-release dosage form may be a bi-layer tablet in which one or more of the active

20 ingredients is released slowly. In one aspect, in a pharmaceutical composition and
pharmaceutical dosage form according to the invention the SGLT-2 inhibitor, for example a
compound of the formula (1), for example of the formula (1.9) or its crystalline form (1.9X), or
the partner drug, for example a biguanide, for example metformin such as metformin
hydrochloride, is time-release.

25 In another aspect, in a pharmaceutical composition and pharmaceutical dosage form
according to the invention the SGLT-2 inhibitor, for example a compound of the formula (1),
for example of the formula (1.9) or its crystalline form (1.9X), and the partner drug, for
example a biguanide, for example metformin such as metformin hydrochloride, are time-
release.

30
In the pharmaceutical compositions and pharmaceutical dosage forms according to the
invention the SGLT-2 inhibitor, for example a compound of the formula (1), for example of the
formula (1.9) or its crystalline form (1.9X), preferably has a particle size distribution (preferably
by volume) such that at least 90 % of the respective active pharmaceutical ingredient has a

35 particle size smaller than 200 um, i.e. X90 < 200 ym, more preferably X90 < 150 ym. More
preferably the particle size distribution is such that X90 < 100 pym, more preferably X90 < 90
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pMm, even more preferably X90 <75 ym. In addition the particle size distribution is preferably

such that X90 > 1 um, more preferably X90 = 5 ym, most preferably X90 > 10 ym. Therefore
preferred particle size distributions are such that 1 ym < X90 < 200 um, particularly 1 ym <
X90 < 150 ym, more preferably 5 ym < X90 < 150 pm, even more preferably 5 pm < X90 <
5 100 ym, even more preferably 10 um < X90 < 100 um. A preferred example of a particle size

distribution of the SGLT-2 inhibitor is 20 ym < X90 < 50 um. It can be found that a
pharmaceutical composition comprising compound (1.9), or crystalline form (1.9X) of
compound (1.9) with a particle size distribution as indicated hereinbefore shows desired
properties (e.g. with regard to dissolution, content uniformity, production, or the like). The

10 indicated particle size properties are determined by laser-diffraction method, in particular low
angle laser light scattering, i.e. Fraunhofer diffraction. Alternatively, the particle size
properties can be also determined by microscopy (e.g. electron microscopy or scanning
electron microscopy). The results of the particle size distribution determined by different

techniques can be correlated with one another.

15
Optimized formulation of metformin HCI portion:
Another purpose of this invention is to provide improved formulations of the metformin HCI
portion of the pharmaceutical compositions according to this invention.

20

For the metformin HCI part a high drug load is advantageous to be achieved as a pre-

requisite for a reasonable small tablet size.

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

treatment of metformin HCI with a water-soluble polymer, particularly copolyvidone.

Several water-soluble polymers including polyvinyl alcohol (PVA), hypromellose (HPMC),
hydroxypropyl cellulose (HPC), methyl cellulose (MC), Povidone (PVP) and copolyvidone

30 may be tested to improve compactability (compression force-crushing strength profile). As
the results, PVA shows the best effect in terms of compactability but the manufacturability
can be poor due to sticking problem during fluid-bed granulation. Further on, PVA may be not
finally selected because of its negative impact on the stability of certain SGLT-2 inhibitors of
this invention.

35
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Formulation optimization studies have identified a composition with over 83% drug load of
metformin HCI and improved crushing strength by surface-treatment of metformin HCI with

the water-soluble polymer copolyvidone.

Therefore, finally, copolyvidone is selected and advantageously resulting in stable
formulations and the viscosity of the granulating solution is enough low to prepare the

agueous solution and operate spraying by a fluid-bed granulator.

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.

As described hereinbefore by the administration of the pharmaceutical composition
according to this invention and in particular in view of the high SGLT2 inhibitory activity of the
SGLT2 inhibitors therein, excessive blood glucose is excreted through the urine of the
patient, so that no gain in weight or even a reduction in body weight may result. Therefore, a
treatment or prophylaxis according to this invention is advantageously suitable in those
patients in need of such treatment or prophylaxis who are diagnosed of one or more of the
conditions selected from the group consisting of overweight and obesity, in particular class |
obesity, class Il obesity, class Il obesity, visceral obesity and abdominal obesity. In addition
a treatment or prophylaxis according to this invention is advantageously suitable in those
patients in which a weight increase is contraindicated. The pharmaceutical composition as
well as the methods according to the present invention allow a reduction of the HbA1c value
to a desired target range, for example < 7 % and preferably < 6.5 %, for a higher number of
patients and for a longer time of therapeutic treatment compared with a corresponding

monotherapy or a therapy using only two of the combination partners.

The pharmaceutical composition according to this invention and in particular the SGLT2
inhibitor therein exhibits 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 hemoglobin (HbA1c¢). By administering a pharmaceutical composition according
to this invention, a reduction of HbA1c equal to or greater than preferably 0.5 %, even more
preferably equal to or greater than 1.0 % can be achieved and the reduction is particularly in
the range from 1.0 % to 2.0 %.

49
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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 110 mg/dL, in
particular greater than 125 mg/dL;
5 (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 %.

10  The present invention also discloses the use of the pharmaceutical composition 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 according to this invention is used to improve the glycemic control as soon as
one of the above-mentioned signs of pre-diabetes is present, the onset of manifest type 2

15  diabetes mellitus can be delayed or prevented.

Furthermore, the pharmaceutical composition 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 with an insulin or a derivative of insulin or a
20  substitute of insulin or a formulation comprising an insulin or a derivative or substitute there-

of. 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
method for improving glycemic control and/or for reducing of fasting plasma glucose, of

25 postprandial plasma glucose and/or of glycosylated hemoglobin HbA1c in a patient in need
thereof who is diagnosed with impaired glucose tolerance (IGT), impaired fasting blood
glucose (IFG) with insulin resistance, with metabolic syndrome and/or with type 2 or type 1
diabetes mellitus characterized in that an SGLT2 inhibitor as defined hereinbefore and
hereinafter is administered to the patient.

30
According to another preferred embodiment of the present invention, there is provided a
method for improving gycemic control in patients, in particular in adult patients, with type 2

diabetes mellitus as an adjunct to diet and exercise.

35 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:

(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 tolerated dose of metformin;

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

antidiabetic agent.

The lowering of the blood glucose level by the administration of an SGLT2 inhibitor according
to this invention is insulin-independent. Therefore, a 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,

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

- type 1 diabetes mellitus.

Furthermore, a 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

(a) obesity (including class I, 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,

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

(e) afasting blood glucose level = 110 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
increased risk of developing a cardiovascular disease, such as for example myocardial
infarction, coronary heart disease, heart insufficiency, thromboembolic events. A glycemic

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

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

advantageously possible in those patients showing or having an increased risk for one or
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more of the following disorders: renal insufficiency or diseases, cardiac diseases, cardiac

failure, hepatic diseases, pulmonal diseases, catabolytic states and/or danger of lactate

acidosis, or female patients being pregnant or during lactation.

5  Furthermore, it can be found that the administration of a pharmaceutical composition
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.

10 A pharmaceutical composition 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.

15  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.

Therefore, a particularly preferred embodiment of the present invention provides a method
20  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
obesity.
25
It will be appreciated that the amount of the pharmaceutical composition according to this
invention to be administered to the patient and required for use in treatment or prophylaxis
according to the present invention will vary with the route of administration, the nature and
severity of the condition for which treatment or prophylaxis is required, the age, weight and
30 condition of the patient, concomitant medication and will be ultimately at the discretion of the
attendant physician. In general, however, the SGLT2 inhibitor and partner drug according to
this invention is included in the pharmaceutical composition or dosage form in an amount
sufficient that by its administration the glycemic control in the patient to be treated is
improved.
35
In the following preferred ranges of the amount of the SGLT2 inhibitor and partner drug to be

employed in the pharmaceutical composition and the methods and uses according to this
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invention are described. These ranges refer to the amounts to be administered per day with
respect to an adult patient, in particular to a human being, for example of approximately 70
kg body weight, and can be adapted accordingly with regard to an administration 2, 3, 4 or
more times daily and with regard to other routes of administration and with regard to the age
5  of the patient.

Within the scope of the present invention, the pharmaceutical composition is preferably
administered orally. Other forms of administration are possible and described hereinafter.
Preferably the one or more dosage forms comprising the SGLT2 inhibitor and partner drug
are oral or usually well known.

10
A pharmaceutical composition which is present as a separate or multiple dosage form,
preferably as a kit of parts, is useful in combination therapy to flexibly suit the individual

therapeutic needs of the patient.

15  According to a first embodiment a preferred kit of parts comprises a containment containing a
dosage form comprising the SGLT2 inhibitor and partner drug and at least one

pharmaceutically acceptable carrier.

A further aspect of the present invention is a manufacture comprising the pharmaceutical
20  composition being present as separate dosage forms according to the present invention and
a label or package insert comprising instructions that the separate dosage forms are to be

administered in combination or alternation.

According to a first embodiment a manufacture comprises (a) a pharmaceutical composition
25 according to the present invention and (b) a label or package insert which comprises

instructions that the medicament is to be administered.

The desired dose of the pharmaceutical composition according to this invention may
conveniently be presented in a once daily or as divided dose administered at appropriate

30 intervals, for example as two, three or more doses per day.

The pharmaceutical composition may be formulated for oral, rectal, nasal, topical (including
buccal and sublingual), transdermal, vaginal or parenteral (including intramuscular, sub-
cutaneous and intravenous) administration in liquid or solid form or in a form suitable for

35 administration by inhalation or insufflation. Oral administration is preferred. The formulations
may, where appropriate, be conveniently presented in discrete dosage units and may be

prepared by any of the methods well known in the art of pharmacy. All methods include the
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step of bringing into association the active ingredient with one or more pharmaceutically
acceptable carriers, like liquid carriers or finely divided solid carriers or both, and then, if

necessary, shaping the product into the desired formulation.

The pharmaceutical composition may be formulated in the form of tablets, granules, fine
granules, powders, capsules, caplets, soft capsules, pills, oral solutions, syrups, dry syrups,
chewable tablets, troches, effervescent tablets, drops, suspension, fast dissolving tablets,

oral fast-dispersing tablets, etc..

The pharmaceutical composition and the dosage forms preferably comprises one or more
pharmaceutical acceptable carriers which must be "acceptable" in the sense of being
compatible with the other ingredients of the formulation and not deleterious to the recipient
thereof. Examples of pharmaceutically acceptable carriers are known to the one skilled in the
art.

Pharmaceutical compositions suitable for oral administration may conveniently be presented
as discrete units such as capsules, including soft gelatin capsules, cachets or tablets each
containing a predetermined amount of the active ingredient; as a powder or granules; as a
solution, a suspension or as an emulsion, for example as syrups, elixirs or self-emulsifying
delivery systems (SEDDS). The active ingredients may also be presented as a bolus,
electuary or paste. Tablets and capsules for oral administration may contain conventional
excipients such as binding agents, fillers, lubricants, disintegrants, or wetting agents. The
tablets may be coated according to methods well known in the art. Oral liquid preparations
may be in the form of, for example, aqueous or oily suspensions, solutions, emulsions,
syrups or elixirs, or may be presented as a dry product for constitution with water or other
suitable vehicle before use. Such liquid preparations may contain conventional additives
such as suspending agents, emulsifying agents, non-aqueous vehicles (which may include

edible oils), or preservatives.

The pharmaceutical composition according to the invention may also be formulated for
parenteral administration (e.g. by injection, for example bolus injection or continuous
infusion) and may be presented in unit dose form in ampoules, pre-filled syringes, small
volume infusion or in multi-dose containers with an added preservative. The compositions
may take such forms as suspensions, solutions, or emulsions in oily or aqueous vehicles,
and may contain formulatory agents such as suspending, stabilizing and/or dispersing

agents. Alternatively, the active ingredients may be in powder form, obtained by aseptic
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vehicle, e.qg. sterile, pyrogen-free water, before use.

Pharmaceutical compositions suitable for rectal administration wherein the carrier is a solid
5 are most preferably presented as unit dose suppositories. Suitable carriers include cocoa

butter and other materials commonly used in the art, and the suppositories may be

conveniently formed by admixture of the active compound(s) with the softened or melted

carrier(s) followed by chilling and shaping in moulds.

10  The pharmaceutical compositions and methods according to this invention show
advantageous effects in the treatment and prevention of those diseases and conditions as
described hereinbefore. Advantageous effects may be seen for example with respect to
efficacy, dosage strength, dosage frequency, pharmacodynamic properties, pharmacokinetic
properties, fewer adverse effects, convenience, compliance, etc..

15
Methods for the manufacture of SGLT2 inhibitors according to this invention and of prodrugs
thereof are known to the one skilled in the art. Advantageously, the compounds according to
this invention can be prepared using synthetic methods as described in the literature,
including patent applications as cited hereinbefore. Preferred methods of manufacture are

20  described in the WO 2006/120208 and WO 2007/031548. With regard to compound (1.9) an
advantageous crystalline form is described in the international patent application
WO 2006/117359 which hereby is incorporated herein in its entirety.

The active ingredients may be present in the form of a pharmaceutically acceptable salt.

25 Pharmaceutically acceptable salts include, without being restricted thereto, such as salts of
inorganic acid like hydrochloric acid, sulfuric acid and phosphoric acid; salts of organic
carboxylic acid like oxalic acid, acetic acid, citric acid, malic acid, benzoic acid, maleic acid,
fumaric acid, tartaric acid, succinic acid and glutamic acid and salts of organic sulfonic acid
like methanesulfonic acid and p-toluenesulfonic acid. The salts can be formed by combining

30 the compound and an acid in the appropriate amount and ratio in a solvent and decomposer.

They can be also obtained by the cation or anion exchange from the form of other salts.

The active ingredients or a pharmaceutically acceptable salt thereof may be present in the
form of a solvate such as a hydrate or alcohol adduct.

35
Any of the above mentioned pharmaceutical compositions and methods within the scope of

the invention may be tested by animal models known in the art. In the following, in vivo
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experiments are described which are suitable to evaluate pharmacologically relevant

properties of pharmaceutical compositions and methods according to this invention.

Pharmaceutical compositions and methods according to this invention can be tested in

5 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.

10  The effect on glycemic control according to this invention can be tested after single dosing 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
pharmaceutical compositions according to the present invention significantly improve glucose
excursion, for example compared to another monotherapy, as measured by reduction of

15  peak glucose concentrations or reduction of glucose AUC. In addition, after multiple dosing in
the animal models described hereinbefore, the effect on glycemic control can be determined
by measuring the HbA1¢ value in blood. The pharmaceutical compositions according to this
invention significantly reduce HbA1c¢, for example compared to another monotherapy or
compared to a dual-combination therapy.

20
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.

25
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.

30
The effect of a SGLT2 inhibitor and partner drug according to the present invention on 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

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

secretion in isolated pancreatic islets.
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The present invention is not to be limited in scope by the specific embodiments described

herein. Various modifications of the invention in addition to those described herein may
become apparent to those skilled in the art from the present disclosure. Such modifications

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

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

10  example, the principles of the invention without restricting it.
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Examples

1. Mono-layer Tablet

Examples of the composition of mono-layer tablets for a SGLT-2 inhibitor of this invention
(compound (1.9), or a crystalline form (1.9X) of compound (1.9)) + metformin HCI FDC (Film-

coated Tablets) is shown in Tables 1.1 to 1.11.

10 Table 1.1: Examples of composition of SGLT-2 inhibitor + Metformin HCI FDC Mono-layer

Tablets
Dose Strength (SGLT-2 inhibitor / metformin HCI), mg
Ingredient 12.5/500 12.5/850 12.5/1000
[mg] [%] [mg] [%] [mg] [%]

Compound (1.9), or crystalline

12.50 2.1 12.50 1.25 12.50 1.06
form (1.9X) of compound (1.9)
Metformin Hydrochloride 500.0 84.76 850.0 85.0 1000.0 84.75
Corn starch 22.63 3.83 44.5 4.45 57.7 4.89
Copovidone 47 .2 8.0 80.0 8.0 94.4 8.0
Colloidal Anhydrous Silica 2.95 0.5 5.0 0.5 5.9 0.5
Magnesium stearate 4.72 0.8 8.0 0.8 9.44 0.80
Total Mass (tablet core) 590.00 100.000 1000.00 100.00f 1180.00 100.00
Hypromellose 2910 6.00 50.00 8.00 50.00 9.00 50.00
Propylene glycol 0.60 5.00 0.80 5.00 0.90 5.00
Talc 240  20.00 3.20 20.00 3.60 20.00
Titanium dioxide 276  23.00 3.68 24.00 414 24.00
Iron oxide, black 0.12 1.00 0.16 1.00 0.18 1.00
Iron oxide, red 0.12 1.00 0.16 1.00 0.18 1.00
Total Mass (film-coat) 12.00 100.00 16.00 100.00 18.00 100.00
Total Mass (coated tablet) 602.00 1016.00 1198.00

15
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Table 1.2: Examples of composition of SGLT-2 inhibitor + Metformin HClI FDC Mono-layer

Tablets

Ingredient

Compound (1.9), or crystalline
form (1.9X) of compound (1.9)
Metformin Hydrochloride
Corn starch

Copovidone

Colloidal Anhydrous Silica
Magnesium stearate

Total Mass (tablet core)
Hypromellose 2910
Macrogol 400

Talc

Titanium dioxide

Iron oxide, black

Iron oxide, red

Total Mass (film-coat)

Total Mass (coated tablet)

Dose Strength (SGLT-2 inhibitor / metformin HCI), mg

12.5 /500 12.5/850 12.5/ 1000
[mg] [%] [mg] [%] [mg] [%]
12.50 212 12.50 1.25 12.50 1.06
500.0 84.75 850.0 85.0 1000.0 84.75
22.63 3.83 44.5 4.45 57.76  4.89
47.2 8.0 80.0 8.0 94.4 8.0
2.95 0.5 5.0 0.5 5.9 0.5
4.72 0.8 8.0 0.8 9.44 0.80
590.00 100.000 1000.00 100.00f 1180.00 100.00
6.00 50.00 8.00 50.00 9.00 50.00
0.60 5.00 0.80 5.00 0.90 5.00
240  20.00 3.20 20.00 3.60 20.00
2928 2440 3.744 23.40 3.78 21.00
0.036 0.30 0.128 0.80 0.36  2.00
0.036 0.30 0.128 0.80 0.36  2.00
12.00 100.00 16.00 100.00 18.00 100.00
602.00 1016.00 1198.00

Table 1.3: Examples of composition of SGLT-2 inhibitor + Metformin HCI FDC Mono-layer

Tablets

Ingredient

Compound (1.9), or crystalline
form (1.9X) of compound (1.9)
Metformin Hydrochloride
Corn starch
Copovidone

Colloidal Anhydrous Silica

Dose Strength (SGLT-2 inhibitor / metformin HCI), mg

5/500 5/850 5/1000
[mg] [%] [mg] [%] [mg] [%]
5.00 0.85 5.00 0.50 5.00 0.42
500.0 84.76 | 850.00 85.00 | 1000.00 84.75
30.13 5.09 52.00 5.20 65.26 5.53
47.20 8.00 80.00 8.00 94.40 8.00
2.95 0.50 5.00 0.50 5.90 0.50



Table 1.11: Exanples of conposition of SGT-2 inhibitor + Metform n HCI FDC
Mono- | ayer Tablets Dose Strength (SGT-2 inhibitor / nmetformn HO), ng
Mat eri al wol2oabizeds7( Sum) Conpound (1.9), or crystalli nepCompre¢ivios)o of
conmpound (1.9) 5.000 ng 5.000 ng 5.000 ng Metformn HClI, mlled 500.000 ng
850. 000 ng 1000.000 mg Corn starch, undfi-ed 30.130 ny 54 721 nmg 65. 260 ny
Copovi done 47.200 ng 80.240 ng 94.400 ng Water, purified* 175.000 ng
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Macr ogol  400Hhr&ReIId¥e 2@1@50 ng 8.0900 nEp.0o tlangom di &oloe | 9.00  50.00
Propylene glycol 0.60 5.00 0.80 5.00 0.90 5.00
Talc 2.40 20.00 3.20 20.00 3.60 20.00
Titanium dioxide 2.76 23.00 3.68 24.00 4.14 24.00
Iron oxide, black 0.12 1.00 0.16 1.00 0.18 1.00
Iron oxide, red 0.12 1.00 0.16 1.00 0.18 1.00
Total Mass (film-coat) 12.00 100.00 | 16.00  100.00 18.00  100.00
Total Mass (coated tablet) 602.00 1016.00 1198.00

Table 1.4: Examples of composition of SGLT-2 inhibitor + Metformin HCI FDC Mono-layer

Tablets
Dose Strength (SGLT-2 inhibitor / metformin HCI), mg
Ingredient 57500 57850 571000
[mg] [%] [mg] [%] [mg] [%]
Compound (1.9), or crystalline
form (1.9%) of compound (1.9) 5.00 0.85 5.00 0.50 5.00 0.42
Metformin Hydrochloride 500.0 84.75 | 850.00 85.00 [ 1000.00 84.75
Corn starch 30.13 5.10 52.00 5.20 65.26 5.53
Copovidone 47.20 8.00 80.00 8.00 94.40 8.00
Colloidal Anhydrous Silica 2.95 0.50 5.00 0.50 5.90 0.50
Magnesium stearate 4.72 0.80 8.00 0.80 9.44 0.80
Total Mass (tablet core) 590.00 100.00 | 1000.00 100.00 | 1180.00 100.00
Hypromellose 2910 6.00 50.00 8.00 50.00 9.00 50.00
Macrogol 400 0.60 5.00 0.80 5.00 0.90 5.00
Talc 2.40 20.00 3.20 20.00 3.60 20.00
Titanium dioxide 2.928 24.40 3.744 23.40 3.78 21.00
Iron oxide, black 0.036 0.30 0.128 0.80 0.36 2.00
Iron oxide, red 0.036 0.30 0.128 0.80 0.36 2.00
Total Mass (film-coat) 12.00 100.00 | 16.00  100.00 18.00  100.00
Total Mass (coated tablet) 602.00 1016.00 1198.00
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Ingredient

Compound (1.9), or crystalline
form (1.9X) of compound (1.9)
Metformin Hydrochloride
Corn starch

Copovidone

Colloidal Anhydrous Silica
Magnesium stearate

Total Mass (tablet core)
Hypromellose 2910
Macrogol 400

Talc

Titanium dioxide

Iron oxide, black

Iron oxide, red

Total Mass (film-coat)

Total Mass (coated tablet)
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Dose Strength

Dose Strength (SGLT-2 inhibitor / metformin HCI), mg

12.5/500 12.5/850 12.5/ 1000
[mg] [%] [mg] [%] [mg] [%]
12.50 212 12.50 1.25 12.50 1.06
500.0 84.75 850.0 85.0 1000.0 84.75
22.63 3.83 44.5 4.45 57.76  4.89
47.2 8.0 80.0 8.0 94.4 8.0
2.95 0.5 5.0 0.5 5.9 0.5
4.72 0.8 8.0 0.8 9.44 0.80
590.00 100.0¢ 1000.00 100.00f 1180.00 100.00
6.00 50.00 8.00 50.00 9.00 50.00
0.60 5.00 0.80 5.00 0.90 5.00
240  20.00 3.20 20.00 3.60 20.00
2928 2440 3.744 23.40 3.78 21.00
0.0012 0.10 0.08 0.50 0.36  2.00
0.0012 0.10 0.08 0.50 0.36  2.00
12.00 100.00 16.00 100.00 18.00 100.00
602.00 1016.00 1198.00

Table 1.6: Examples of composition of SGLT-2 inhibitor + Metformin HClI FDC Mono-layer

Ingredient

Compound (1.9), or crystalline
form (1.9X) of compound (1.9)
Metformin Hydrochloride
Corn starch

Copovidone

Tablets
Dose Strength (SGLT-2 inhibitor / metformin HCI), mg
5/500 5/850 571000
[mg] [%] [mg] [%] [mg] [%]
5.00 0.85 5.00 0.50 5.00 0.42
500.0 84.75 | 850.00 85.00 | 1000.00 84.75
30.13 5.10 52.00 5.20 65.26 5.53
47.20 8.00 80.00 8.00 94.40 8.00
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Total Mass (tablet core)

Hypromellose 2910
Macrogol 400
Talc
Titanium dioxide
Iron oxide, black

Iron oxide, red

Total Mass (film-coat)

Total Mass (coated tablet)

0 ngy

9.500 ng Macrogol 400 0.600 ng 0.850 ny

802199 4. 2060ng| 35990 ngl.5al d 25400 ngy0304(
4.72 0.80 8.00 0.80 9.44 0.80
590.00 100.00 [ 1000.00 100.00 | 1180.00 100.00
6.00 50.00 8.00 50.00 9.00 50.00
0.60 5.00 0.80 5.00 0.90 5.00
2.40 20.00 3.20 20.00 3.60 20.00
2.928 24.40 3.744 23.40 3.78 21.00
0.0012 0.10 0.08 0.50 0.36 2.00
0.0012 0.10 0.08 0.50 0.36 2.00
12.00  100.00 | 16.00  100.00 18.00  100.00
602.00 1016.00 1198.00

Table 1.7: Examples of the composition of SGLT-2 inhibitor + Metformin HCI FDC Mono-

layer Tablets

Dose Strength (SGLT-2 inhibitor / metformin HCI), mg

Ingredient

Compound (1.9), or crystalline
form (1.9X) of compound (1.9)
Metformin Hydrochloride
Corn starch
Copovidone
Colloidal Anhydrous Silica

Magnesium stearate

Total Mass (tablet core)

Hypromellose 2910
Propylene glycol
Talc
Titanium dioxide
Iron oxide, black

Iron oxide, red

Total Mass (film-coat)

Total Mass (coated tablet)

1.25/500 1.25/850 1.25/ 1000
[mg] [%] [mg] [%] [mg] [%]
1.25 0.21 1.25 0.125 1.25 0.10

500.0 84.76 | 850.00 85.00 | 1000.00 84.75
33.88 5.73 55.75 5.575 69.01 5.85
47.20 8.00 80.00 8.00 94.40 8.00
2.95 0.50 5.00 0.50 5.90 0.50
4.72 0.80 8.00 0.80 9.44 0.80
590.00 100.00 | 1000.00 100.00 | 1180.00 100.00
6.00 50.00 8.00 50.00 9.00 50.00
0.60 5.00 0.80 5.00 0.90 5.00
2.40 20.00 3.20 20.00 3.60 20.00
2.76 23.00 3.68 24.00 4.14 24.00
0.12 1.00 0.16 1.00 0.18 1.00
0.12 1.00 0.16 1.00 0.18 1.00
12.00 100.00 | 16.00  100.00 18.00  100.00
602,00 1016,00 1198,00
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undried 5.11%

Table 1.8: Examples of the composition of SGLT-2 inhibitor + Metformin HCI FDC Mono-

Ingredient

Compound (1.9), or crystalline
form (1.9X) of compound (1.9)
Metformin Hydrochloride
Corn starch
Copovidone
Colloidal Anhydrous Silica
Magnesium stearate
Total Mass (tablet core)
Hypromellose 2910
Propylene glycol
Talc
Titanium dioxide
Iron oxide, black
Iron oxide, red
Total Mass (film-coat)

Total Mass (coated tablet)

layer Tablets

Dose Strength (SGLT-2 inhibitor / metformin HCI), mg

1.25/500 1.25/850 1.25/ 1000
[mg] [%] [mg] [%] [mg] [%]
1.25 0.21 1.25 0.125 1.25 0.10

500.0 84.76 | 850.00 85.00 | 1000.00 84.75
33.88 5.73 55.75 5.575 69.01 5.85
47.20 8.00 80.00 8.00 94.40 8.00
2.95 0.50 5.00 0.50 5.90 0.50
4.72 0.80 8.00 0.80 9.44 0.80
590.00 100.00 | 1000.00 100.00 | 1180.00 100.00
6.00 50.00 8.00 50.00 9.00 50.00
0.60 5.00 0.80 5.00 0.90 5.00
2.40 20.00 3.20 20.00 3.60 20.00
2.52 21.00 3.36 21.00 3.78 21.00
0.24 2.00 0.32 2.00 0.36 2.00
0.24 2.00 0.32 2.00 0.36 2.00
12.00 100.00 | 16.00  100.00 18.00  100.00
602,00 1016,00 1198,00

Table 1.9: Examples of the composition of SGLT-2 inhibitor + Metformin HCI FDC Mono-
layer Tablets with MCC

Ingredient

Compound (1.9), or crystalline
form (1.9X) of compound (1.9)
Metformin Hydrochloride

Microcrystalline cellulose

Dose Strength (SGLT-2 inhibitor / metformin HCI), mg

1.25/500 1.25/ 850 1.25/1000
[mg] [%] [mg] [%] [mg] [%]
1.25 0.21 125  0.125 1.25 0.10

500.0  84.76 | 850.00 85.00 | 1000.00 84.75
3388 573 | 5575 5575 | 69.01 585




5.46% 5. 53% Copovi done 8. 00% 8. 00% 8. 00% Water, purified* Col | oi dal
Anhydrous Silica 0.50% 0.50% 0. 50% Magnesi um st earate 0.80% 0. 80% 0. 80%

Total (cowe) oiliB9839% 100. 00% 100. 00% Hypronel | ose 2910 POTAP20150643090 50. 00%
Macr ogol 400 5.00% 5. 00% 5. 00% Ti t ani um di oxi de 24. 00% 24. 80% 21. 00% Tal c
20. 00% 20. 00% 20. 00% | ron oxi de, bl ack90.-50% 0. 10% 2. 00% | r on oxi de, red
0.50% 0. 10% 2. 00% Water, purified *
Copovidone 47.20 8.00 80.00 8.00 94.40 8.00
Colloidal Anhydrous Silica 2.95 0.50 5.00 0.50 5.90 0.50
Magnesium stearate 4.72 0.80 8.00 0.80 9.44 0.80
Total Mass (tablet core) 590.00 100.00 [ 1000.00 100.00 | 1180.00 100.00
Hypromellose 2910 6.00 50.00 8.00 50.00 9.00 50.00
Propylene glycol 0.60 5.00 0.80 5.00 0.90 5.00
Talc 2.40 20.00 3.20 20.00 3.60 20.00
Titanium dioxide 2.76 23.00 3.68 23.00 4.14 23.00
Iron oxide, black 0.12 1.00 0.16 1.00 0.18 1.00
Iron oxide, red 0.12 1.00 0.16 1.00 0.18 1.00
Total Mass (film-coat) 12.00 100.00 | 16.00  100.00 18.00  100.00
Total Mass (coated tablet) 602.00 1016.00 1198.00

Table 1.10: Examples of the composition of SGLT-2 inhibitor + Metformin HCI FDC Mono-
layer Tablets with MCC
Dose Strength (SGLT-2 inhibitor / metformin HCI), mg

Ingredient

Compound (1.9), or crystalline
form (1.9X) of compound (1.9)
Metformin Hydrochloride
Microcrystalline cellulose
Copovidone
Colloidal Anhydrous Silica
Magnesium stearate
Total Mass (tablet core)
Hypromellose 2910
Propylene glycol
Talc
Titanium dioxide
Iron oxide, black
Iron oxide, red
Total Mass (film-coat)

Total Mass (coated tablet)

12.5/500 12.5/850 12.5/ 1000
[mg] [%] [mg] [%] [mg] [%]
12.50 2.1 12.50 1.25 12.50 1.06
500.0 84.76 | 850.00 85.00 | 1000.00 84.75
22.63 3.83 44.50 4.45 57.70 4.89
47.20 8.00 80.00 8.00 94.40 8.00
2.95 0.50 5.00 0.50 5.90 0.50
4.72 0.80 8.00 0.80 9.44 0.80

590.00 100.00 | 1000.00 100.00 | 1180.00 100.00
6.00 50.00 8.00 50.00 9.00 50.00
0.60 5.00 0.80 5.00 0.90 5.00
2.40 20.00 3.20 20.00 3.60 20.00
2.76 23.00 3.68 23.00 4.14 23.00
0.12 1.00 0.16 1.00 0.18 1.00
0.12 1.00 0.16 1.00 0.18 1.00
12.00 100.00 [ 16.00  100.00 18.00  100.00

602.00 1016.00 1198.00




Total (filmcoated tablet) 100.00% 100. 00% 100. 00% * Renoved during

processi ng, does not appear in the final product. WO

2011/ 039386Ra1/BRPRO10/ 064619 - 54 - Dose Strength (SGLTe2TiEPROt0iI0b®N9 /
metformn HO), ng Material 12.5/500 12.5/850 12.5/1000 Conpound (1.9), or
crystalline form (1.9X) of conpound (198) 2.12% 1.25% 1. 06% Metfornin HCl,
mlled 84.75% 84. 75% 84. 75% Corn starch, undried 3.84% 4.71% 4. 89%

Copovi done 8. 00% 8. 00% 8. 00% Water, purified* Col | oi dal Anhydrous Silica

0. 50% 0. 5044,0, 5% MORGS) UEH BbERS A5G I ArbiBP Y AR TS ADS SR aO- 00%
Tablets
Dose Strength (SGLT-2 inhibitor / metformin HCI), mg
mg/tablet
Material (Sum)
Compound (1.9), or
crystalline form (1.9X) of
compound (1.9) 5.000 mg 5.000 mg 5.000 mg
Metformin HCI, milled 500.000 mg 850.000 mg 1000.000 mg
Corn starch, undried 30.130 mg 54.721 mg 65.260 mg
Copovidone 47.200 mg 80.240 mg 94.400 mg
Water, purified* 175.000 mg 297.500 mg 350.000 mg
Colloidal Anhydrous
Silica 2.950 mg 5.015 mg 5.900 mg
Magnesium stearate 4.720 mg 8.024 mg 9.440 mg
Total (core) 590.000 mg 1003.000 mg 1180.000 mg
Hypromellose 2910 6.000 mg 8.500 mg 9.500 mg
Macrogol 400 0.600 mg 0.850 mg 0.950 mg
Titanium dioxide 2.880 mg 4.216 mg 3.990 mg
Talc 2.400 mg 3.400 mg 3.800 mg
Iron oxide, black 0.060 mg 0.017 mg 0.380 mg
Iron oxide, red 0.060 mg 0.017 mg 0.380 mg
Water, purified * 84.000 mg 119.000 mg 133.000 mg
Total (film coated
tablet) 602.000 mg 1020.000 mg 1199.000 mg
* Removed during processing, does not appear in the final product.
Name of colours: (or | pale grayish pinkish white dark grayish
shift of colours brown to pale brown to dark
between dose grayish ruby grayish ruby
strengths)

Dose Strength (SGLT-2 inhibitor / metformin HCI), mg

mg/tablet
Material (Sum)
Compound (1.9), or
crystalline form (1.9X) of
compound (1.9) 12.500 mg 12.500 mg 12.500 mg
Metformin HCI, milled 500.000 mg 850.000 mg 1000.000 mg
Corn starch, undried 22.630 mg 47.221 mg 57.760 mg
Copovidone 47.200 mg 80.240 mg 94.400 mg
Water, purified* 175.000 mg 297.500 mg 350.000 mg




Hypronel | ose 2910 50. 00% 50. 00% 50. 00% Macr ogol

400 5.00% 5. 00% 5. 00%

Titani um di oxi de 24. 00% 24. 80% 21. 00% Tal ¢ 20. 00% 20. 00% 20. 00% | r on oxi de,

bl ack 0. 59@620111039532. 00% | r on oxi de,

red 0.50% 0. 10% 2. O@¥rebew/ 064wy i fied *

Total (filmcoated tablet) 100.00% 100.00% 100. 00% * Renoved during
processi ng does not appear in the finaP3product. A broad dose range of
SG.T-2 inhibitor, e.g. 1.25, 5 or 12.5 ng, could be used, in which 5case
t he anoylollofialAmgdrousor n |starch or mgrocrystalline cellul ose i s adjusted.
| nst ead | §iliceorn starch, mijcrocr 2968Inhd he cebOGb oxr| coul A9G@mgsed. I n the
further |degpesiphi déargfe t hel manufgobuid N preoeduige| onl y9.8400 mgst arch is
descr I byGotA(REIRIT aCTUT TG Pr85685) fnd 07603808 g FL1FBEAG0 Mg, 2 1 i bi tor
of this IVUIIL | ey ——conpoun E e n{H. 9X) of
CorrpounclH ez&i armlin I_lf‘l gl@mmgknn | a8§bﬁm at o QBQC) duced by a
05 fret-ormr—HE—FEBE—+b ets—atre—p
fluid-be Q?F%ﬁﬁ ﬂQ}Q ion procless aQr@OQ nﬂgn\/pnf 6185%”19 hl pf@-ﬂao r1']’9?\'(:ess with a
rotary pr'l'ésmuml‘abwﬁdﬂ mn HJ and2&8Pmg 5 st 4236 mg he SE.99@mignhi bitor is
ei ther added as powder and prenxed nef ore 8400 chdoed grasod aigijon is
conduct egroRY%xRIB! Q%Y Of "|Gr anubasb iy |1 qui §01¢eqgrpsed @ée@ﬁ@ol yvi don
'('Kol i dep ) A"u I 9“V\Ia[8r060% Ii regbbxl%i grse@%@mtg
gr anul am e rernart v |6, ot dded as
powder t%QW 'ﬁdr h —QOLME@CL id bed
gr anul af d'lotalkﬁlmacoatedl shing of fluid-bed granulatipn, the granulate is W
2011/ 03938E&XCT/ EP2010/ 0646119 608900 myg evd02eD00mg suil 13H0@0 sxgrleen. The
si eved @romithahed dlﬁlnp|p%lféz§§n | ddas Get éﬁbé"a‘ﬂn RERMSPsFucei | i ca (Aerosil 200)
and magmesi um stearate as a ubri cant he final m xture |s corrpressed into
tabl ets : rotarytaplet—ptess 5The—taplet—cores may be
filmcog Rt 7 : f‘?rlivn':{%g' ;II ng 'hk' EHVE.ﬁ%n ((J:r 5\, %aS/'Sh hypr onel ?/ose
as filmfor e1%e8‘ﬁ5!§ pr op Penﬁar yco as plastic Er rIsh gb as glidant and
the pigments reyith ed, vV "POW (18n oki de and ni x}¥UPE°0f ry ed/|lyel | ow bl ack
and tltd—H—I—bl-m—é'l-gvét
Dose Strength (SGLT-2 inhibitor / metformin HCI), mg
Material 5/500 5/850 5/1000
Compound (1.9), or
crystalline form (1.9X) of
compound (1.9) 0.85% 0.50% 0.42%
Metformin HCI, milled 84.75% 84.75% 84.75%
Corn starch, undried 5.11% 5.46% 5.53%
Copovidone 8.00% 8.00% 8.00%
Water, purified”
Colloidal Anhydrous Silica 0.50% 0.50% 0.50%
Magnesium stearate 0.80% 0.80% 0.80%
Total (core) 100.00% 100.00% 100.00%
Hypromellose 2910 50.00% 50.00% 50.00%
Macrogol 400 5.00% 5.00% 5.00%
Titanium dioxide 24.00% 24.80% 21.00%
Talc 20.00% 20.00% 20.00%
Iron oxide, black 0.50% 0.10% 2.00%
Iron oxide, red 0.50% 0.10% 2.00%
Water, purified *
Total (film coated tablet) 100.00% 100.00% 100.00%
* Removed during processing, does not appear in the final product.
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ng Dose Strength (SG.T-2 inhibitor / metformn HCl),

my 12.5 /500 12.5 /

12.5/ 5 /500 5 /850 5 /1000 850 1000 [mo] [rmg] [no] [no][no] [no]

(300) (300P 207@8¥33¢325) (325) (425) 12.50 12.50 12.50 5. @OFEP01D06B1465. 50
165. 50 165.50 181.25181.25 181.25 125.00 125.00 125.00 131.25131.25 131.25

3.00 3.00 3.00 3.753.75 3.75 2.00 2.0095-
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sieved with a suitable screen. The sieved granulate is blended with colloidal anhydrous silica
(Aerosil 200) and magnesium stearate as a lubricant. The final mixture is compressed into

tablets using a conventional rotary tablet press.

The tablet cores may be film-coated by an aqueous film-coating suspension, containing
hypromellose as film-forming agent, propylene glycol as plasticizer, talc as glidant and the

pigments black, red, yellow iron oxide and mixture of red/yellow/black and titanium dioxide.

Narrative more specific description of the preferred manufacturing process for the mono-
layer tablets:

a) Metformin HCI and corn starch are sieved using a screen with a mesh size of 0.5 to1 mm

before dispensing.

b) Compound (1.9), or crystalline form (1.9X) of compound (1.9)) and finally copolyvidon are

dissolved resp. dispersed in purified water at ambient temperature with a propeller mixer to

produce the “Granulation Liquid”.

c) Metformin HCl and corn starch are sucked into a chamber of a suitable fluid-bed

granulator and preheated up to a product temperature target of approx. 36°C. Preheating is

optionally. Alternatively, the compound (1.9), or crystalline form (1.9X) of compound (1.9)) and

metformin-HCI and corn starch are sucked into a chamber of suitable fluid-bed granulator.

d) Immediately after the product temperature target is reached, the “Granulation Liquid” is

sprayed into the mixture for fluid-bed granulating under dry condition to avoid blocking during

granulation.

e) At the end of spraying, the resultant granulate is dried at approx. 70 C inlet air

temperature until the desired LOD value (i.e. 1 — 3 %, for example 0.8-2%) is reached.

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

g) The sieved granulate and colloidal anhydrous silica (Aerosil 200) are blended with a

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

granulate through a 0.8 mm-screen before use.

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

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

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

j) Titanium dioxide, polyethylene glycol or propylene glycol and iron oxide (yellow, red,

black or mixture thereof) are dispersed in purified water with a high shear homo-mixer. Then,

hypromellose and talc are added and dispersed with a homo-mixer and propeller mixer at

ambient temperature to produce the “Coating Suspension”.



2.00 2.502.50 2.50 0.50 0.50 0.50 0.0250.625 0.625 0.50 0.50 0.50

0.6250. 625 0.625 (570) (969) (1140) (570)(969) (1140) 1000. 0 500. 0
850. 00 10§0.2001/B6£370850. 00 0 15.00 25.50 30.00 15. @O2EPEA0B646AD 47. 50
80. 57 95.00 47.5080.57 95.00 2.50 4.25 5. 00 2.504.25 5.00

k) The tablet cores are coated with the “Coating Suspension” to the target weight gain to
produce the “Film-coated Tablets”. The “Coating Suspension” should be stirred again before

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

5 Narrative more specific description of an alternative manufacturing process for the mono-
layer tablets:

a) Metformin HCl is sieved using a screen with a mesh size of 0.5 to1 mm before weighing.

b) copolyvidon are dissolved in purified water at ambient temperature with a propeller mixer
to produce the “Granulation Liquid”

10 c¢) is added into the container, then blended with metformin HCI and corn starch in the fluid-
bed granulator.

d) The “Granulation Liquid” is sprayed into the mixture for fluid-bed granulating under dry
condition to avoid blocking during granulation.

e) Atthe end of spraying, the resultant granulate is dried at 70 - 80 °C until the desired LOD

15 value (i.e. 1 — 3 %, for example 0.8-2%), in case the LOD is more than 2 %.

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

g) The sieved granulate and colloidal anhydrous silica (Aerosil 200) are blended with a
suitable blender. Aerosil 200 should be sieved with a 0.5 mm-screen before use.

h) Magnesium stearate passed through a 0.5 mm sieve and added into the granulate.

20 Subsequently the “Final Blend” is produced by final blending in the blender.

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

i) Hypromellose and polyethylene glycol or propylene glycol are dissolved in purified water
with a propeller mixer. Talc, titanium dioxide, and iron oxide (yellow, red and/or black
and mixture thereof) are dispersed in purified water with a homo-mixer. The suspension

25 is added into the hypromellose solution, then mixed with a propeller mixer at ambient
temperature to produce the “Coating Suspension”.

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

30

2. Bi-layer Tablet

Examples of the composition of bi-layer tablets for a SGLT-2 inhibitor of this invention

(compound (1.9), or a crystalline form (1.9X) of compound (1.9)) + metformin HCI FDC (Film-

coated Tablets) is shown in Table 2.

35
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Table 2: Examples of the composition of SGLT-2 inhibitor + Metformin HCI Bi-layer Tablets

Dose Strength (SGLT-2 Dose Strength (SGLT-2
inhibitor / metformin HCI), |inhibitor / metformin HCI),
Ingredient m9 m9
12.5/500( 12.5/ | 125/ | 5/500 | 5/850 |5/1000
850 1000
[mg] [mg] [mg] [mg] [mg]| [mg]

SGLT-2 inhibitor-portion: (300) (300) (400) (325) (325)| (425)
compound (1.9), or crystalline

form (1.9X) of compound (1.9)) 12.50 12.50 12.50 5.00 5.00 5.00
Lactose monohydrate 165.50| 165.50| 165.50| 181.25( 181.25| 181.25
Cellulose microcrystalline 125.00| 125.00| 125.00| 131.25( 131.25| 131.25
Hydroxypropylcellulose 3.00 3.00 3.00 3.75 3.75 3.75
Croscarmellose sodium 2.00 2.00 2.00 2.50 2.50 2.50
Colloidal silicium dioxide 0.50 0.50 0.50 0.025 0.625| 0.625
Magnesium stearate 0.50 0.50 0.50 0.625 0.625| 0.625
Metformin HCI-portion: (570) (969)| (1140) (570) (969)| (1140)

1000.0

Metformin Hydrochloride 500.0( 850.00| 1000.00 500.0| 850.00 0
Corn starch 15.00 25.50 30.00 15.00 25.50| 30.00
Copovidone 47.50 80.57 95.00 47.50 80.57| 95.00
Colloidal Anhydrous Silica 2.50 4.25 5.00 2.50 4.25 5.00
Magnesium stearate 5.00 8.50 10.00 5.00 8.50( 10.00
Total Mass (tablet core) 870,00 1269,00 1540,0 895,00 1494,0 1565,0
Hypromellose 2910 7.00 9.00 10.00 7.00 9.00] 10.00
Propylene glycol 0.70 0.90 1.00 0.70 0.90 1.00
Talc 2.80 3.60 4.00 2.80 3.60 4.00
Titanium dioxide 3.22 414 4.60 3.22 414 4.60
Iron oxide, black 0.14 0.18 0.20 0.14 0.18 0.20
Iron oxide, red 0.14 0.18 0.20 0.14 0.18 0.20
Total Mass (film-coat) 14.00( 18.0000 20.0000 14.00| 18.000, 20.000
Total Mass (coated tablet) 684.00( 1087.00( 1260.00f 709.00| 1112.00, 1285.00

A broad dose range of SGLT-2 inhibitor, eg. 1.25, 5 or 12.5 mg, could be used, in which case

5 the amount of binder corn starch or microcrystalline cellulose is adjusted. Instead of corn
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tengerature to produce the "Coating Suspension”. 35b) The tablet cores are
coated with the "Coating Suspension” to the target wei ght gain to produce
the "Fil mcoated Tablets". The "Coating Suspension” should be stirred again
before use and kept stirring slowy during the coating (spraying) process.
WO 2011/ 039337PCT/ EP2010/ 064619




- 60 - 3. Tablet-in-Tablet or Bull's eye tablet 5Exanples of the
conposition of Tablet-in-Tablet or Bull's eye tablets for a SGT-2

i nhi bi t orwof2otinizsss7nvention (conpound (1.9), or crystal PcoErb@omsdsio 9X) of
conmpound (1.9)) + metformn HCl FDC (Fil mcoated Tablets) is shown in Table
3. Tabl e 3: Exanples of the conpo$Ption of conpound (1.9), or
crystalline form (1.9X) of 10compound (1.9)) + Metformn HCl FDC

Tabl et - iMetforinint HGI-dRanulate: EMetfoanihdtd andosernStstarplyt Mu@SEIT-Ranuidlidni tior /

12, 5 500 iged pY Sy R cf' G @Rfielon BEhTL Epbfit draheqyfibd ik ety ofF,
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5. 00 65 p&@RirlcPanaOcsth- 438h > uRlnta 624 WataiBP After finishing of fluid-bed

5 granulation, the granulate is sieved with a suitable screen. The sieved granulate is blended

with colloidal anhydrous silica (Aerosil 200) and magnesium stearate as a lubricant.

Narrative more specific description of the manufacturing process for the Metformin HCI-
granulate:

10 a) Metformin HCl is sieved using a screen with a mesh size of 0.5 to1 mm before weighing.
b) Copolyvidon is dissolved in purified water at ambient temperature with a propeller mixer
to produce the “Granulation Liquid”
¢) The “Granulation Liquid” is sprayed into the mixture for fluid-bed granulating under dry
condition to avoid blocking during granulation.

15 d) Atthe end of spraying, the resultant granulate is dried at 70 - 80 °C until the desired LOD
value (i.e. 0.8 — 2 %, for example 1 — 2 %), in case the LOD is more than 2 %.

e) The granulate is sieved using a screen with a mesh size of 0.5 to 1.0 mm.
f) The sieved granulate and colloidal anhydrous silica (Aerosil 200) are blended with a
suitable blender. Aerosil 200 should be sieved with a 0.5 mm-screen before use.

20 g) Magnesium stearate passed through a 0.5 mm sieve and added into the granulate.

Subsequently the “Final Blend B” is produced by final blending in the blender.

The “Final Blend A” and “Final Blend B” are compressed into bi-layer tablets using a multi-
layer rotary press. The tablet cores may be film-coated by an aqueous film-coating
25  suspension, containing hypromellose as film-forming agent, polyethylene glycol or propylene
glycol as plasticizer, talc as glidant and the pigments yellow, red, black iron oxide and

mixture thereof and titanium dioxide.

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

30 a) Hypromellose and polyethylene glycol or propylene glycol are dissolved in purified water
with a propeller mixer. Talc, titanium dioxide, and iron oxide (yellow, red or yellow and red)
are dispersed in purified water with a homo-mixer. The suspension is added into the
hypromellose solution, then mixed with a propeller mixer at ambient temperature to produce
the “Coating Suspension”.

35 b) The tablet cores are coated with the “Coating Suspension” to the target weight gain to
produce the “Film-coated Tablets”. The “Coating Suspension” should be stirred again before

use and kept stirring slowly during the coating (spraying) process.
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3. Tablet-in-Tablet or Bull’s eye tablet

5 Examples of the composition of Tablet-in-Tablet or Bull's eye tablets for a SGLT-2 inhibitor of
this invention (compound (1.9), or crystalline form (1.9X) of compound (1.9)) + metformin HCI
FDC (Film-coated Tablets) is shown in Table 3.

Table 3: Examples of the composition of compound (1.9), or crystalline form (1.9X) of
10  compound (1.9)) + Metformin HCI FDC Tablet-in-Tablet or Bull's Eve Tablets

Dose Strength (SGLT-2 Dose Strength (SGLT-2
inhibitor / metformin HCI), |inhibitor / metformin HCI),

mg mg
Ingredient
12.5/500| 12.5/ | 12.5/ | 5/500 | 5/850 |5/1000
850 1000

[mg] [mg] [mg] [mg] [mg] [mg]
SGLT-2 inhibitor-portion: (100) (100) (100) (125) (125) (125)
compound (1.9), or crystalline
form (1.9%) of compound (1.9)) 12.50 12.50 12.50 5.00 5.00 5.00
Lactose monohydrate 65.50 65.50 65.50 81.25 81.25 81.25
Cellulose microcrystalline 25.00 25.00 25.00 31.25 31.25 31.25
Hydroxypropylcellulose 3.00 3.00 3.00 3.75 3.75 3.75
Croscarmellose sodium 2.00 2.00 2.00 2.50 2.50 2.50
Colloidal silicium dioxide 0.50 0.50 0.50 0.025 0.625 0.625
Magnesium stearate 0.50 0.50 0.50 0.625 0.625 0.625
Metformin HCI-portion: (570) (969)| (1140) (570) (969)| (1140)
Metformin Hydrochloride 500.01 850.00( 1000.00 500.0| 850.00| 1000.00
Corn starch 15.00 25.50 30.00 15.00 25.50 30.00
Copovidone 47.50 80.57 95.00 47.50 80.57 95.00
Colloidal Anhydrous Silica 2.50 4.25 5.00 2.50 4.25 5.00
Magnesium stearate 5.00 8.50 10.00 5.00 8.50 10.00
Total Mass (tablet core) 670 1069 1240 695 1094,00 1265,00
Hypromellose 2910 6.00 8.00 9.00 6.00 8.00 9.00
Propylene glycol 0.60 0.80 0.90 0.60 0.80 0.90
Talc 2.40 3.20 3.60 2.40 3.20 3.60




5.00 8.50 10.00 5.008.50 10.00 670 1069 1240 6951094, 00 1265, 00 6.00 8.00
9.00 6.008.00 9.00 0.60 0.80 0.90 0.600.80 0.90 2.40 3.20 3.60 2.403.20
3.60 WO WO0LRa12398337PCT/ EP2010/ 064619 - 61 - Titani um dipCoXiEke018/066518. 68
4.14 2.76 3.68 4.14 Iron oxide, black 0.12 0.16 0.18 0.12 0.16 0.18 Iron

oxide, red 0.12 0.16 0.18 0.12 0.16 -°I-
Titanium dioxide 2.76 3.68 4.14 2.76 3.68 4.14
Iron oxide, black 0.12 0.16 0.18 0.12 0.16 0.18
Iron oxide, red 0.12 0.16 0.18 0.12 0.16 0.18
Total Mass (film-coat) 12.00 16.0000 18.000 12.00 16.000, 18.000
Total Mass (coated tablet) 682.00| 1085.000 1258.000 707.00| 1110.00] 1283.00

A broad dose range of SGLT-2 inhibitor, eg. 1.25, 5 or 12.5 mg, could be used, in which case
the amount of binder corn starch or microcrystalline cellulose is adjusted. Instead of corn
starch, microcrystalline cellulose could be used. In the further description of the

5  manufacturing procedure only corn starch is described.

Manufacturing procedure (Tablet-in-Tablet or Bull’s eye tablet):

SGLT-2 inhibitor of this invention (e.g. compound (1.9), or crystalline form (1.9X) of compound
(1.9)) + metformin HClI FDC Tablet-in-Tablet or Bull's eye tablets are produced by a high-
10  shear wet granulation process (for SGLT-2 inhibitor-granulate), a rotary press (for SGLT-2
inhibitor core-tablet), a fluid-bed granulation process (for metformin HCI-granulate), and

press-coating process with a press-coater.

SGLT-2 inhibitor-granulate: By using a high-shear granulator the active SGLT-2 inhibitor.

15  The overall manufacturing process consisted of following steps:

1) Screen hydroxpropyl cellulose (HPC)

2) Add the intra-granular microcrystalline cellulose portion. SGLT-2 inhibitor, lactose, HPC
and croscarmelose sodium to the granulator
20

3) Granulate the blend with water.

4) Dry the granulate in Fluid bed drier: less than 1.5 % LOD

25  5) Mill the granulation into the blender container

¢ Quadro mill with screen - 18 mesh.

6) Screen the following onto milled granulation in the container of a tumble blender
¢ Premix of the colloidal silicon dioxide with a portion of the extra-granular
30 microcrystalline cellulose screened through 20-25 mesh.

¢ Remainder of the extra-granular microcrystalline cellulose and blend.
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25 g) The sieved granulate and colloidal anhydrous silica (Aerosil 200) are blended with a

suitable blender. Aerosil 200 should be sieved with a 0.5 mm-screen before use.
h) Magnesium stearate passed through a 0.5 mm sieve and added into the granulate.
Subsequently “Metformin HCI-granulate” (Final Blend) is produced by final blending in the
blender.

30
The “SGLT-2 inhibitor core-tablets” and “Metformin HCl-granulate” are compressed into
Tablet-in-Tablet or Bull's eye tablets using a press-coater. The difference between the

Tablet-in-Tablet and Bull's eye tablet is the position of the core tablet.

35 Narrative more specific description of the manufacturing process for the Tablet-in-Tablet:

a) Fill a half of Metformin HCI-granulate in a die.
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drug- | oadi T-2 inhibitor of this
i nventi 3% %%é#ggh%?éﬁr{&%@?ly%ﬁnﬁ@@c %F'Qﬂ hag/ﬂ}gzpro%{a%qx) of conpound (1.9))
+ m@bformin HCI FDC (Fi | m coat ed TabI ets) which are prepared by drug

| oadi ng py f r - 64
| OTabl o 47 SELT2 (ARG ¥ ol b ol H Hher (RigscBifing for LT,
form (I .l9xgingj corrpound (1.9)) + I\/btform n HCl FDC SG.T-2 i nhibitor-Coating
on Metformn HCl Tabl et |ngredient Dose Strength (SAT-2 inhibitor /

metformn HCl), ng 12.5 /500 12.5/ 850 12.5/ 1000 [ng] [no]
Examples of the composition of a SGLT-2 inhibitor of this invention (Compound (1.9), or

30  crystalline form (1.9X) of compound (1.9)) + metformin HCI FDC (Film-coated Tablets) which
are prepared by drug loading by film-coating on the Metformin HCI Tablet is shown in Table
4,



[mg] Metformn HCl-portion: (570) (969) (1140) Metform n Hydrochl oride
500. 0 850.0 1000.0 Corn starch 15.0 25.5 30.0 Copovi done 47.5 80.57 95.0
Col | oi dalwénbhydesss Silica 2.5 4.25 5.0 Magnesi um st ear 2Ce/EP2@08645140. 0
Total Mass (tablet core) 570 969 1140 Seal -coat (seal -coating): (12) (16)
(18) Hypronel | ose 2910 6.00 8.00 9. 00-Pfopyl ene glycol 0.60 0.80 0.90 Talc
2.22 2.96 3.33 Titanium di oxide 3.00 4.00

Table 4: Examples of the composition of Compound (1.9), or crystalline form (1.9X) of

compound (1.9)) + Metformin HCI FDC SGLT-2 inhibitor-Coating on Metformin HCI Tablet

Dose Strength (SGLT-2

inhibitor / metformin

HCI), mg
Ingredient
12.5/500| 12.5/ | 12.5/
850 | 1000

[mgl{ [mg]| [mg]
Metformin HCI-portion: (570)| (969)| (1140)
Metformin Hydrochloride 500.0( 850.0( 1000.0
Corn starch 15.0 255 30.0
Copovidone 47.5] 80.57] 95.0
Colloidal Anhydrous Silica 2.5 4.25 5.0
Magnesium stearate 5.0 8.5 10.0
Total Mass (tablet core) 570 969 1140
Seal-coat (seal-coating): (12) (16) (18)
Hypromellose 2910 6.00 8.00 9.00
Propylene glycol 0.60 0.80 0.90
Talc 2221 296 3.33
Titanium dioxide 3.00 4.00 4.50
Iron oxide, black 0.15 0.20| 0.225
Iron oxide, red 0.03 0.04| 0.045
Drug-layer (drug-loading): (32.5)| (32.5)| (32.5)

Compound (1.9), or crystalline
form (1.9X) of compound (1.9))

1250 12.50| 12.50

Hypromellose 2910 18.00| 18.00| 18.00
Propylene glycol 2.00 2.00 2.00
Over-coat (over-coating): (12) (16) (18)
Hypromellose 2910 6.00 8.00 9.00
Propylene glycol 0.60 0.80 0.90
Talc 2221 296 3.33
Titanium dioxide 3.00 4.00 4.50
Iron oxide, black 0.15 0.20| 0.225

Iron oxide, red 0.03 0.04| 0.045




4.50 Iron oxide, black 0.15 0.20 0.225 Iron oxide, red 0.03 0.04 0.045
Drug-layer (drug-loading): (32.5) (32.5) (32.5) Compound (1.9), or

crystal |l iwe 2011/d3833m (I .9X) of conpound (1.9)) 12.50 12. pOTE22610/064619
Hypronel | ose 2910 18. 00 18.00 18. 00 Propyl ene glycol 2.00 2.00 2.00
Over-coat (over-coating): (12) (16) (18P -Hypronellose 2910 6.00 8.00 9. 00
Propyl ene glycol 0.60 0.80 0.90 Talc 2.22 2.96 3.33 Titanium di oxi de 3.00
4. 00 Total Mass (film-coat) 445 48.5 50.5

Total Mass (coated tablet) 614.5|1 1017.5| 1190.5

A broad dose range of SGLT-2 inhibitor, eg. 1.25, 5 or 12.5 mg, could be used, in which case
the amount of binder corn starch or microcrystalline cellulose is adjusted. Instead of corn
starch, microcrystalline cellulose could be used. In the further description of the

5  manufacturing procedure only corn starch is described.

Manufacturing procedure (SGLT-2 inhibitor-drug layering by film-coating on Metformin
HCI Tablet):
SGLT-2 inhibitor (e.g. Compound (1.9), or crystaline form (1.9X) of compound

10  (1.9)) + metformin HCI FDC with drug coating is produced by a fluid-bed granulation process,
a conventional tableting process, and film-coating process with three steps: seal-coating,
drug-loading and over-coating. The over-coating may be able to be skipped by combining

with the drug-loading, if the stability is acceptable.

15  Metformin HCI Tablets: Metformin HCI and corn starch, fluid-bed granulation is conducted

by spraying of “Granulation Liquid” composed of copolyvidon (Kollidon VA64) and purified
water. Alternatively, the SGLT-2 inhibitor is added as powder together with metfomin-HCI
and corn starch to the fluid bed granulator. After finishing of fluid-bed granulation, the
granulate is sieved with a suitable screen. The sieved granulate is blended with colloidal
20 anhydrous silica (Aerosil 200) and magnesium stearate as a lubricant. The final blend is

compressed into the tablets with a conventional rotary press.

Narrative more specific description of the manufacturing process for the Metformin HCI-
granulate:

25  a) Metformin HCl is sieved using a screen with a mesh size of 0.5 to1 mm before weighing.
b) Copolyvidon is dissolved in purified water at ambient temperature with a propeller mixer to
produce the “Granulation Liquid”

d) The “Granulation Liquid” is sprayed into the mixture for fluid-bed granulating under dry
condition to avoid blocking during granulation.

30 e) At the end of spraying, the resultant granulate is dried at 70 - 80 °C until the desired LOD
value (i.e. 0.8 — 2 %, for example 1 — 2 %), in case the LOD is more than 2 %.

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

suitable blender. Aerosil 200 should be sieved with a 0.5 mm-screen before use.
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Tabl e 8a: Product Description of Conpound
9X) of conpound 10(1.9) + Metform n HCl

FDC

Itens Dose Strength (SG.T-2 inhibitor /

met f or m TabkCB9:, Rrgduds Descriftiob of CBOPoandHl.9)L 2r BrystaBme farmod.9X2obcdmx@D0 Tabl et

shag@ éﬁg) & Y8H1Y|§WO MBh@ﬂgﬁéPsﬂ‘?t%té \ﬂ'}atﬁét‘i@@

strength (Melberhs> 100 > 1
< 15 Frlablllty [ <0.5 <0.5

<0.5

mg

50r12.5/500

50r12.5/ 850

50r12.5/1000

Tablet shape Oval, biconvex Oval, biconvex | Oval, biconvex
Core tablet size [mm] 16.2x 8.5 19.1x9.3 21.0x9.6
Color white
Weight 590 1000 1180
Crushing strength [N], (Mean) >100 > 150 > 150
Disintegration time [min] <15 <15 <15
Friability [%] <05 <05 <05

Table 8b: Product Description of Compound (1.9), or crystalline form (1.9X) of compound
(1.9) + Metformin HCI FDC Mono-layer Tablets (Tablet Core)

Items Dose Strength (SGLT-2 inhibitor / metformin HCI),
mg
50r12.5/500 50r12.5/850 | 50r12.5/1000
Tablet shape Oval, biconvex Oval, biconvex | Oval, biconvex
Core tablet size [mm] 16.2x 8.5 19.1x9.3 21.0x 9.6
Color white
Weight 590 1003 1180
Crushing strength [N], (Mean) >100 > 150 > 150
Disintegration time [min] <15 <15 <15
Friability [%] <05 <05 <05

15

x Core tablet size [mm
ght 590 1000 1180 Crushing
50Dose S0ebpth ﬁ(ﬂ.g'r%ltnmmmnlrmet[cmmh HCIL5

< 15



Tabl e 8b: Product Description of Conpound (1.9),
of conpound (1.9) + Metform n HCl

5 or 12.5/ 850 5 or

Oval ,

Disintegration tinme [mn]
2011/ 03
Conmpound
HCl

bi convex Oval ,

or crystalline form(I.
FDC Mono-| ayer Tablets (Tablet Core)

|t ens DoswoSbriangish (SG.T-2 inhibitor / netformn HC), pow/EP2010064629 5 / 500
12.5 / 1000 Tabl et shape Oval,
bi convex Core tablet size [rm] 1682 x 8.5 19.1 x 9.3 21.0 x 9.6 Col or
white Weight 590 1003 1180 Crushing strength [N, (Mean) > 100 > 150 > 150
< 15 <15 < 15 Friability [ <0.5 <0.5 <0.5 WO

IEP %F / %grgwc(l)/D%?érﬁfn%n of ?gm%oqﬁobgg %e? r}P fa(ﬂmé% HP? %&g?\p&d% ?Ior i n

FDC (Nﬁh’oMeﬁyemm'bebIF@tCsMpmarmyedTabletertj@o@ee)e St rengt h (SGLT 2/ metformn

HC|) ng 5—or J.L'_I\)UU\)UI 9/ r
yel | ow red/ bl ack IFﬁgx ures or r ed/ bP gtﬂéng’th (‘gGL‘I‘ 2’/ heff‘dﬁﬁm‘ﬁbﬁ mg
50r12.5/500 50r125/850 | 50r12.5/1000
yellow/red/black | yellow/red/black
yellow/red/black . .
mixtures or mixtures or
Color mixtures or
red/black red/black
red/black mixtures . .
mixtures mixtures
Weight 602 1016 1198
Crushing strength [N] (Mean) > 120 > 160 > 160
Disintegration time [min] <15 <15 <15

5 Table 9b: Product Description of Compound (1.9), or crystalline form (1.9X) of compound

(1.9) + Metformin HCI FDC Mono-layer Tablets (Coated)

Items Dose Strength (SGLT-2 / metformin HCI), mg
50r12.5/500 50r12.5/850 | 50r12.5/1000
red/black red/black
Color red/black mixtures . .
mixtures mixtures
Weight 602 1020 1199
Crushing strength [N] (Mean) > 120 > 160 > 160
Disintegration time [min] <15 <15 <15

Stability Data:
10

Stability data of Compound (1.9), or crystalline form (1.9X) of compound (1.9) + Metformin HCI

FDC_mono-layer tablets (Table 1.1 and 1.7) is shown in the following tables.

12.5+500 mg tablets

Test parameter

Initial

60°C glass bottle

8w

Degradation compound

(1.9), or crystalline form

(1.9X) of compound (1.9)
(%)

<0.2

bi convex




yel |l ow red/ bl ack m xtures or red/black m xtures yell ow red/black m xtures
or red/black m xtures Wi ght 602 1016 1198 Crushing strength [N (Mean) >
120 > 160w® 206@3M333i ntegration time [mn] < 15 < 15 < 1pcTEPadbecsine
Product Description of Conpound (1.9), or crystalline form(Il.9X) of
compound (1.9) + Metfornin HCl FDC Mon&9l-ayer Tablets (Coated) Items Dose
Strength (SA.T-2 / netformin HC), nmg 5 or 12.5/ 500 5 or 12.5 / 850 5 or
12.5 / 100egakten Medddimck mi<a.2res red/ bl ack s2tures red/ Rl ack m xtures
Wi ght 602 1020 &/#‘939 Crush{ng strength [N] (Mean) > 120 > 16Q > 160

D sintegration ti [mn] g 15 < 15 < 15

Total <0.2

12.5+500 mg tablets

40°C glass bottle
Test parameter Initial
8W
Degradation compound <0.2
(1.9), or crystalline form
(1.9X) of compound (1.9)
(%)
Degradation Metformin <0.2 <0.2
(%)
Total <0.2 <0.2

12.5+500 mg tablets

40°C glass bottle, open
Test parameter Initial
8W
Degradation compound <0.2
(1.9), or crystalline form
(1.9X) of compound (1.9))
(%)
Degradation Metformin <0.2 <0.2
(%)
Total <0.2 <0.2

12.5+500 mg tablets

60°C glass bottle, with NaCL
8W

Test parameter Initial

Degradation compound 1.0
(1.9), or crystalline form
(1.9X) of compound (1.9))
(%)




Stability Data: 10Stability data of Conpound (1.9), or crystalline form
(1.9X) of compound (1.9) + Metformn HCI FDC nono-layer tablets (Table 1.1
and 1.7) weshmsmsrn the following tables. 12.5+500 ng trelEPbei0/064619

60C gl ass bottle Test parameter Initial 8W Degradati on conmpound<0.2 (1.9),
or crystalline form (l.9X) of conpound’/Pt.9) - 69 - Degradation

Met f or m n<0. 2<0.2 (QA) Total<0.2 12.5+500 ny tablets Test paraneter Initial
40C gl ags Degtddaton M8ifdiegr adatd @2 conpound (1. R 0.20or crystallline form
(1.9X) of corrpo%/% (1.9 (9/0) <0.2 Degradation Metformn (Q/0) Total <O0.2
<0. 2 <O0. 12. 5+500| ng tabl et|s Test paraneter Initial |[40C gl ass
bottl e, open G¥Wdpegr adat | on «cpppound (I1.9), orygrystalline|form (I.9X) of
conmpound_(1.9)) (0/0)

1.25+500 mg tablets

60°C glass bottle
Test parameter Initial
8W
Degradation compound <0.2
(1.9), or crystalline form
(1.9X) of compound (1.9)
(%)
Degradation Metformin <0.2 <0.2
(%)
Total <0.2

1.25+500 mg tablets

40°C glass bottle
Test parameter Initial
8W
Degradation compound <0.2
(1.9), or crystalline form
(1.9X) of compound (1.9)
(%)
Degradation Metformin <0.2 <0.2
(%)
Total <0.2 <0.2

1.25+500 mg tablets

40°C glass bottle, open
8W

Test parameter Initial

Degradation compound <0.2
(1.9), or crystalline form
(1.9X) of compound (1.9))
(%)




<0.2 Degradation Metformn (0/0) Total
with NaCL Test paraneterlnitial
conpoundiw® 20i1/8¥3370r crystalline form (I.9X) of conpoumrdT(EP28D)H64619 70 -
Degradation Metformn (QA) <0.2<0.2 <0.21.0 Tot al
Test paranmeter Initial 60C glass bottté]
crystalline form(1.9X) of conpound (1.9) (0/0)

tabl ets

60C gl ass bottle,

<0.2 <0.2 <0.2 <0. 2

(0/0) Tat degr@aior<Blefformin <0.2 <0.2
(%)
Total <0.2 <0.2
1.25+500 mg tablets
60°C glass bottle, with NaCL
Test parameter Initial
8W
Degradation compound 1.0
(1.9), or crystalline form
(1.9X) of compound (1.9))
(%)
Degradation Metformin <0.2 <0.2
(%)
Total <0.2 1.0

12.5+500 ny
8W Degr adat i on

1. 25+500 ny tablets
- 8W Degradati on conpound (1.9),
<0.2 Degradation Metformn

Stability Data:
5  Stability data of Compound (1.9), or crystalline form (1.9X) of compound (1.9) + Metformin HCI

FDC_mono-layer tablets (Table 1.9 and 1.10) is shown in the following tables.

12.5+500 mg tablets

60°C glass bottle
Test parameter Initial
8W
Degradation compound <0.2
(1.9), or crystalline form
(1.9X) of compound (1.9)
(%)
Degradation Metformin <0.2 <0.2
(%)
Total <0.2

10




<0.2
(07 0)

1. 254500 ny tablets Test paraneter
Degradati on conmpound (1.9), or crystalline form(l.
<Ow® 2begr3essat i on Metformin (0/0) Total

1. 25+500 ng tabl ets 40C gl ass bottl e,

Degradati on conmpound<0.2 (1.9), or

(1.9))

Initial
crystall

5

Initial

alline form(I.

40C gl ass bottle
9X) of conpound (1.9)
<0. 2 <0. 2 Pc@/EP2010/064629

ogen Test paraneterlnitial
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1. A pharmaceutical composition comprising a SGLT-2 inhibitor, a partner drug, and one or

more pharmaceutical excipients.

2. The pharmaceutical composition according to claim 1, wherein the partner drug is
selected from the group consisting of biguanides including metformin, such as metformin

hydrochloride.

10 3. The pharmaceutical composition according to claim 1 or 2, wherein the SGLT-2 inhibitor is
present in a dosage range from about 0.5 mg to about 50 mg, particularly from about 1 mg to

about 25 mg.

4. The pharmaceutical composition according to claim 3, wherein the SGLT-2 inhibitor is
15  presentin a dosage strength of 0.5, 1, 1.25, 2.5, 5, 10 or 12.5 mg.

5. The pharmaceutical composition according to claim 3, wherein the SGLT-2 inhibitor is

present in a dosage strength of 5mg or 12.5 mg.

20 6. The pharmaceutical composition according to any of the claims 1 to 5, wherein the partner

drug is metformin hydrochloride.

7. The pharmaceutical composition according to claim 6, wherein metformin hydrochloride is
present in a dosage range from about 100 mg to about 1500 mg.

25
8. The pharmaceutical composition according to claim 7, wherein metformin hydrochloride is

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

9. The pharmaceutical composition according to any of the claims 1 to 8, wherein the

30 excipients are selected from the group consisting of one or more fillers including
microcrystalline cellulose (MCC); D-mannitol, corn starch and pregelatinized starch; a binder
including copovidone; a lubricant including magnesium stearate or sodium stearyl fumarate;

and a glidant including colloidal anhydrous silica.

35 10. The pharmaceutical composition according to any of the claims 1 to 9 comprising

copovidone as binder.
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11. The pharmaceutical composition according to claim 10, further comprising one or more
of the following: the filler corn starch, the lubricant magnesium stearate or sodium stearyl

fumarate and the glidant colloidal anhydrous silica.

12. The pharmaceutical composition according to claim 10, further comprising one or more
of the following: the filler microcrystalline cellulose, the lubricant magnesium stearate or

sodium stearyl fumarate and the glidant colloidal anhydrous silica.

13. The pharmaceutical composition according to claim 10, further comprising one or more
of the following: the filler microcrystalline cellulose, the lubricant sodium stearyl fumarate and

the glidant colloidal anhydrous silica.

14. The pharmaceutical composition according to any of the claims 1 to 13 in the dosage

form of a tablet.

15. The pharmaceutical composition according to claim 14, wherein the tablet is selected
from a mono-layer tablet, a bi-layer tablet, a press-coated tablet (including a tablet-in-tablet

and a Bull's eye tablet), and a tablet which is film-coated for drug-loading.

16. The pharmaceutical composition according to claim 14 or 15, wherein the tablet

comprises a film-coat.

17. The pharmaceutical composition according to claim 16, wherein the film-coat
comprises a film-coating agent, such as e.g. hypromellose; a plasticizer, such as e.g.
propylene glycol or polyethylene glycol; optionally a glidant, such as e.g. talc, and optionally
one or more pigments, such as e.g. titanium dioxide, iron oxide red and/or iron oxide yellow

and/or iron oxide black and mixture thereof.

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

- the percentage of metformin hydrochloride is about 84 % by weight of total tablet core,

- the percentage of SGLT-2 inhibitor is about 0.1 % - 2.5 % by weight of total tablet core,

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

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

- the tablet core weight is from about 550 to about 1180 mg, and

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

or crystalline form (I.9X) etTmropowedifl.9))

74 -
8W

or crystalline form (1.9X) of conpound (1.9))



1.6 Degradation Metformn (0/0) Total <0.2 <0.2 <0.2 1.6 WO

2011/ 039337PCT/ EP2010/ 064619 - 75 - Clains 1. A pharnmaceutical conposition
conpri si ngoa0H@3d332 inhibitor, a partner drug, and one @®CT/BP2@0/064619
pharmaceutical excipients. 5 2, The phar maceuti cal conposition according to
claim1, wherein the partner drug is séfected fromthe group consisting of
bi guani des including netformn, such as netform n hydrochl oride. 103. The
pharmaceutical conposition accor di ng to claim1 or 2, wherein the SGLT 2

i nhi bit i r

parti culogrl ;S/r rpg%?'ﬁ %éd@ C% Cg%%ggﬁoig&t%?diéé %rgr@bo?%e gﬂ'%s'rlﬁg‘ t%qﬁgglﬁrghésa b cal
conposi tlmmedm@wehsngiosage:foanmf&radﬂmedllmtrtalhm eS@EQ'olti’thnrthsttafteoﬁS minutésppatesent
in a do to The

phar mcaasi 317 BOMsRbr Guchior s SpER2 filliorang Bl gty § fonetl 1
inhibitor is present in a dosage strength of 5ng or 12 5 ng. 206. The

phar mac i G ein
Phe. par taer “apiEREaRlch| SaBE R b Boiheriyal lfich EhiPReho BectyyihG
conposi tarerorawae oflthegldims dltailth 6 wherein netformn hydr ochloride is
present in a dosage range from about 100 ng to about 1500 ng. 25 8. The
phar maceuti cal conposition according to claim7, wherein netformn

hydr ochlri denei phapnacsiticalidesagetiosagecating g the adim3I0chatpctdEod mythet it 5G:00 ng.

9. ' t f th I 1 to 8,
mhe;qglenp{& exc?ﬁﬁégh?gg%rgzé@e?%cp%d& ﬁé@ng hg gp)c/)ug congl gt ?Ingsof o(r)Ie or

nore fill ers | ncl ud| ng mcrocrystalline cellulose (MCC); D-mannitol, corn
star ch GREARbALAES LA i Ackh B To LR R ORRAINE s al -

| ubri cant i nc nmagnesi u Stear ium steary mar and a
glidant 2 lnblbu@hlngn@mduot e abnbiydd ovgstosibbulcH) memﬂtlcuTaﬂw fmrlraalnmﬂéung tal
conposi tai%%%%%rdi ng to any of the clains 1 to 9 conprising copovi done as
bi nder. / 039337PCT/ EP2010/ 064619 - 76 - 11. The pharnmaceuti cal
conpdsi tion according to claim 10, further conprising one or nore of the

fol |l ow ng; : r

sodium s earﬁ]% 4%%%?%“38%@8@%%%8? iagg(ﬁ?wgé F%?@E a%ﬂ rousﬁﬁsﬁglnggt%r@%z.
The pharhydwbtqudalm aoaposmnttiioonalzatt d 0@ imeotaboed Hi0MM®, further conpri sing
one or nore of the following: the filler mcrocrystalline cellul ose, the

| ubri cant magnesi um stearate or sodium stearyl fumarate and the gli dant
col | oi dad4. arfsttiedies psivientieg, slowingliBe pTdgeegsivir ofad@arting af treating agnetabolic

di I
20000 e TR o T4 B8 ARG S Bl 1 Rhed RE R0 Fe L Drfl! o
f umar at enallitds timpaigéd dlaewsedoleramcdampainey thstngbleod gltiaose, bipergilyeemia,

phar Macedd 'Fﬁqgr#dlézl%ﬁ%@g&érﬂ&%%@%@%%ﬂ%b&ﬁy@m rﬂét baR s%éﬁjom% itt 2 p%tl&r?’t ih He%ﬁ]ﬁg

dosage fo rRceut s el composi tion accor
to clai rth&nepf @tmamnzeﬂhrethtaabIpbarma;:esh;i%cwreploa‘itmmcaommgdoIoay@r moadhbkthe a

bi - Iayer I r - : f =l nd a
Dt | L AR 00 3R SRR oo BBl bRl 0o bARLE gt bt
20185 Tk@ Ipladmmﬁie@ﬂiﬂ(teibatmmom tion according to claim 14 or 15, wherein
the tablet conprises a filmcoat. 17. The pharmaceutical conposition
according to claim 16, wherein the filmcoat conprises a filmcoating

agent, sAfch Methed tpr imgnorviogwlyicemis, coatrpl arslardorzedycingieifastingelagma2glupesepyl ene
gl ycol osﬂ)%ﬁ’o%I?)YAs% |9&&é8%'nd/o?8F {;}gﬁ%gl'al’ed%e%q‘i‘c?dﬁn HERYE é"‘ﬁac}ﬁe’ngm dedhc. and

optionally one o oI € um di ox Iron oxide
red and/tberept @.mar@terdf@dytetHaba/paamameuilqabnorommlwntﬂoaortdlrmid oner ovoge ohibe eof .

30 claims 1 to 19 or a pharmaceutical dosage form according to one or more of the claims 20 to

23 is administered the patient.

26. Method for preventing, slowing, delaying or reversing progression from impaired
glucose tolerance, impaired fasting blood glucose, insulin resistance and/or from metabolic
35 syndrome to type 2 diabetes mellitus in a patient in need thereof characterized in that a

pharmaceutical composition according to one or more of the claims 1 to 19 or a
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35. Method according to one of the claims 24 to 31 or use according to one of the claims

32 to 34 wherein the patient is an individual diagnosed of one or more of the conditions
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selected from the group consisting of overweight, obesity, visceral obesity and abdominal

obesity.

36. Method according to one of the claims 24 to 31 or use according to one of the claims
32 to 34 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 110 mg/dL, in
particular greater than 125 mg/dL;
(b) a postprandial plasma glucose equal to or greater than 140 mg/dL;
(c) an HbA1c value equal to or greater than 6.5 %, in particular equal to or greater than
7.0 %.

37. Method according to one of the claims 24 to 31 or use according to one of the claims
32 to 34 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,
(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 2 110 mg/dL.

38. Method according to one of the claims 24 to 31 or use according to one of the claims
32 to 34 wherein the patient has insufficient glycemic control despite diet and exercise or

despite monotherapy with an antidiabetic agent, in particular with metformin.



