WO 2009/147125PCT/EP2009/056722 DPP-IV INHIBITORS FOR USE IN THE TREATMENT OF
NAFLD The present invention relates to certain DPP-4 inhibitors for treating and/or preventing non
5alcoholic Yay#R#Hd,dEases (NAFLD) and to the use of these DPP-4 inhiBfaBHA ¢ #rigand/or
preventing NAFLD and/or diseases related or associated therewith. The invention also relates to
combinations of certain DPP-4 inhibitors with other active substances for treating and/or preventing

NAFLD and to the use of cBMbiNatiONEEoT HidsE BrEh tHhibitsrs Wt Giier At LBbstances for

treating and/or preventing NAFLD. Pharmaceutical 10compositions for use in the treatment and/or
prevention of non alconolic Tatty Tiver diSEases comprising a -2 inhibitor fined
herein optionally together with one or more other active substances are also contemplated. The
spectrumTofef pitysive indisersesassotiaiedam th rretahhili cleterntisaiig and aaireesulimgnds from
alcohol (NAFL L. NOR-algoholic f i %? xtends from sjmple, hepatic steatosis through
inflam mator§ s@é%t%{%pa%ﬁcgg(%ﬁé%,wnﬁ%a c%f)%k']o |Cti%g’f&%gﬁ%?&%ﬁéﬁﬁ@é%%'ﬁrg%!‘,'?rﬂosis, as

well as, iRRYRICEaKEINIdpAdELRIRPCEIksABRSISIAENSH d53heiateosheeawiib. fohe ioF peLD and
recent dajgsiEicaée RYRYAHBMEESALNATE RN AARHL b e kAEIRPE AT 83U £BdS) fdihus, NASH

d NAFLD h d as. clinically tapt 20t chronic liver di in industrialized
countrie< AL RSUGH BOUET R LA B o LtR S5 D GUBAR B AMIER. O LD NASH
are currewil etbdrtaciecesyitaiarckbjorhiechitstpantidaoorddntinh oy LBs Rharimmmsugvaint hepatic
steatpsis i5,amrfaing fiede AtheRYMADRRANGIS BIBSIEARASES datb Rt dRsHYRs

resistance, fasting, low levels of adiponectin) or intra-hepatic (e.g. decreased capacity to secrete
VLDL, deléte5sEd rompasingdatibny distiiaheeSefRediper ot relvsbiegaticsriicss angore

predisposgiseandtivie gebstireseeand dutdontampidi@ohmatory event. In this context, increased levels of
reactive oxygen species (ROS) and elevated levels of pro-inflammatory cytokines like TNF-a are
discussed to promote inflammation. A significant role for the development of NASH and NAFLD
accords tohpéngstinArekiatalverdlioprses assasiakrstivithdnatabalic %@@&ﬁ*ﬂéﬁw@@ﬁéﬁbﬁ@@%@ﬁs on

30 beeak fiaraugh siateyies d inssHinlesisianeatpyihe raRaBRkiNsishagNGibZe stk TEE atic

(thiazolidinediones) or metformin. There are some, en ing results from clinical pilot stydies using
piogazoh e I B e A R LR ASEF A9 i e RLRBR (O 5001
Howeverfimesigranasjnisasisoesatel aikh im§osieoasighbganiceativfat kedinobiaio NASHddition, TZD

cause fluiddeteption anehase REiNslisaied i natingth¥ithe 3R SRRV R PR faliie N term
treatmen% with TZD agi fgsr her a\%ggciated with an mczjrﬁaéed risk of bone fractures. Other therapeutic
n Y \

approacht§ {81¢RS E)I<I’A$'fll_ P TR AVE O DT IRe AructRicrlig dmpaytaniight
coridfbl. FypeenfNABIhD e NG 2808/ IMTGRENCT ERR00840BET22ough 2006). The underlying

pathophysiological mechanisms of NAFLD and NASH are currently tried to be explained by
the first and second hit theory. As a primary event hepatic steatosis is emerging due to either
exira-hepatic (e.g. increased free fatty acid infiux, insulin resistance, fasting, low levels of
adiponectin) or intra-hepatic (e.g. decreased capacity to secrete VLDL, decreased R-
25  oxidation) disturbances. The first hit leads to hepatic steatosis and predisposes and triggers
the second hit for an inflammatory event. In this context, increased levels of reactive axygen
species (ROS) and elevated levels of pro-inflammatory cytokines like TNF-a are discussed to
promote inflammation. A significant role for the development of NASH and NAFLD accords to
the insulin resistance of obese and diabetic individuals. Thus, current therapies focus on
30  break through strategies of insulin resistance by the mean of insulin sensitizers like TZD
(thiézoliﬁinediones) or metformin. There are some encouraging results from clinical pilot
studies using pioglitazone (Promat 2004) of rosiglitazone (Neuschwander 2003) as well as
metformin (Zhou 2001). However, TZD therapy is associated with massive weight gain and
fat redistribution. In addition, TZD cause fluid retention and are not indicated in patients with
35  congestive heart failure. Long term treatment with TZD are further associated with an
increased risk of bone fractures. Other therapeutic approaches to NASH and NAFLD are
rather conservative comprising diet and exercise and weight control. Further, NAFLD and



- 2 - particularly NASH is also associated with an increased risk for endothelial dysfunction and
cardiovascular risk, especially over long term. Thus, there is still a high unmet need and a high
demand of‘%‘a\?gpghﬁ%?ﬁlcauous medicaments for the treatment of NAFLD SAGREREH 4424 recent
publication in the Annals of Hepatology (2007) Balaban et al. focused on the role 5 of DPP-4
expression in NASH patients and correlated DPP-4 intensity of immunostaining with histopathological
grade of hepatosteatosis and thus, providing additignal evidence for the use of DPP-4 inhibitors in this
indication. F The enzyme OPP-4 also known as 0026 is a serine protease known to lead to the

cleavagepked adipepisie féoammgéébteémmwi@ndmﬁwar@@mbeﬁgkff@f%ﬁﬂmmﬁm{@nﬁh@im\laﬁ&;minal

endaprolln r alanin residue. Due othls erty DRP-4 i h|b|tors ter ere with the vel of
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treatmenhighaigbaed ﬁﬁem‘«@éaa@eﬁwgwauﬁpr@eweanfﬁﬁm'tbﬁstmmﬁ@ipuélé%ﬁéaﬂdd‘ﬂﬁ%‘ézﬂ in WO
2002/0684 20 Mt ZQRMALBAGH 1YY Ardid 118458y 200HHA465h Wa. %@Qé‘é@é%ﬁ%e\%@

2004/04614 2005/051950, WO 2005/082906, WO 2005 750, WO 20 5/08524

200802 303P %8&&5@75@%A%bﬁaﬁ%?m@&c%ﬁﬁwo@%%ﬂm%%%y NSRRI, wo
2005/0589@1 os\WRIR0DEIOD 77188e @fih a2 REEBSIES WS POA0D T GALTRBDraNCG:RE08/017670;
orin WOtﬁQQfé’é-%%%’ AR 128 (8t A further DPP-4 inhibitors the following compounds can

be mentioned: - Sitagliptin (MK-0431) having the structural formula A below is (3R)-3-amino-1-[3-
25(trifluoromethyl)-5,6,7,8-tetrahydro-5H[1,2,4]triazolo[4,3-a]pyrazin-7-y1]-4-(2,4,5-
trifluoropmaeydiixytan-hrome, sitscknameds(2Rpd 0x0:44:3: (frifivarantatiwiyh, Gad to the cleavage

dihygroll.¢ 4 M Ripl 4 S RN RADABH YA 2 Achdr U BroRner wWhRHSAR ¢ ey NS Zng
a prolin or alanin residue. Due 1o this property DPP-4 inhibitors interfere with the plasma
level of bioactive peptides including the peptide GLP-1 and are considered to be promising

drugs for the treatment of diabetes mellitus.

15  For example, DPP-4 inhibitors and their uses are disclosed in WO 2002/068420, WO
2004/018467, WO 2004/018468, WO 2004/018469, WO 2004/041820, WO 2004/046148,
WO 2005/051950, WO 2005/082806, WO 2005/083750, WO 2005/085246, WO
2006/027204, WO 2006/029769 or WO2007/014886; or in WO 2004/050658, WO
2004/111051, WO 2005/058901 or WO 2005/097798; or in WO 2006/068163, WO

20  2007/071738 or WO 2008/017670; or in WO 2007/128721 or WO 2007/128761.

As further DPP-4 inhibitors the following compounds can be mentioned:
- Sitagliptin (MK-0431) having the structural formula A below is (3R)-3-amino-1-{3-
25  (trifluoromethyi)-5,6,7,8-tetrahydro-5H-[1,2 41triazolol4,3-alpyrazin-7-yl]-4-(2,4,5-

triflucrophenyl)butan-1-one, also named (2R)-4-oxo-4-{3-(trifluoromethyl)-5,6-
dihydro[1,2,4ltriazolo[4,3-a]pyrazin-7 (8 H)-yl]-1-(2,4,5-trifluorophenylibutan-2-amine,

e
(A) FX\F
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N (A) WO 2009/147125PCT/EP2009/056722 - 3 - In one embodiment, sitagliptin is in the form of its
dihydrogenphosphate salt, i.e. sitagliptin phosphate. In a further embodiment, sitagliptin phosphate is
in the form*6P 3¥{&talfRe anhydrate or monohydrate. A class of this embddiiBRFFEHIAE 17 sitagliptin
phosphate monohydrate. Sitagliptin free base and pharmaceutically acceptable salts thereof are
5disclosed in US Patent No. 6,699,871 and in Example 7 of WO 03/004498. Crystalline sitagliptin
phosphate monohydrate is disclosed in WO 2005/083135 and in WO 2007/050485. For details, e.g. on
a process to manufacture, to formulate or to use this compound or a salt thereof, reference is thus

made to thes: dassEarnist 164y ipblekformulaliendatssiaglipsisisoaespmaccially ayvailakietnder the
trade hame Ja uyia.A%RL\et for ugﬂion for.tsit liptin/metformin combination is commercially
available UIRTENTE (LA RARS TRATEh TS RIS AR 15355 Ry e aRral formula B
below is @8){f@shgtroxyeliraiatdncidsy v thinskabetient oigisdPsdaghpiiitiimspkatemamed

(5)-1-[(3-Ryshronya i@ demayRaminglaced -g%ﬁgeéwm\g%eee&g%'qg@éia%kgré%%ciﬂca“y o
dlscgsed in US Patent No. 6,166,063 and. in xam%e 1 of WO 00/34241. Sgpecmc salts of vildagliptin

are dsclSLEHAFPANO YB7AETE X5 A RARAIRRE oI BPRiRIAQhHR A8 QPS8 - LonRtaliistin tablet

formulatisiicgipihgohaseddte VGn2DREHZ 8588 closed in WO 2005/003135 and in WO
2007/050485.
For details, e.g. on a process to manufacture, to formulate or to use this compound or a salt
thereof, reference is thus made 1o these documents.
10
A tablet formulation for sitagliptin is commercially available under the trade name Januvia®. A
tablet formulation for sitagliptin/metformin combination is commercially available under the

trade name Janumet®.

15 - Vildagliptin (LAF-237) having the structural formula B below is (28 »-{[(3-hydroxyadamantan-
1-yllaminolacetylipyrrolidine-2-carbonitrile, also named (8)-1-{(3-hydroxy-1-
adamantyllaminojacetyl-2-cyano-pyrrolidine,

N

OH (@)

20
Vildagliptin is specifically disclosed in US Patent No. 6,166,063 and in Example 1 of WO
00/34241. Specific salts of vildagliptin are disclosed in WO 2007/019255. A crystalline form
of vildagliptin as well as a vildagliptin tablet formulation are disclosed in WO 2006/078593.
Vildagliptin can be formutated as described in WO 00/34241 or in WO 2005/087976. A

25 modiﬁed release vildagliptin formulation is described in WO 2006/135723.
For details, e.g. on a process to manufacture, to formulate or to use this compound or a salt

thereof, reference is thus made to these documents.



Vildagliptin can be formulated as described in WO 00/34241 or in WO 2005/067976. A 25modified
release vildagliptin formulation is described in WO 2006/135723. For details, e.g. on a process to
manufactu%%té“ﬂ?r‘mﬁ]ré’?e or to use this compound or a salt thereof, refere RE&BPAHS/HHeI2 to these
documents. WO 2009/147125PCT/EP2009/056722 - 4 - A tablet formulation for vildagliptin is
commercially available under the trade name Galvus(r). A tablet formulation for vildagliptin/metformin
combination is commercially available under the trage name Eucreas(r). 5- Saxagliptin (BMS-477118)
having the structural formula C below is (1S,3S,5S)-2-{(2S)-2-

amino-2- (& faydoxyadamantandiadinsaiidcdnarabiors a3 lBlbexare Recashanitile. @lsggamed

(S)-3-hydro antylglycine-| -cis-4,5-methanoprolinenitrile, IIIHO (C) 10 Saxagliptin is specifically
disclosedﬁ‘n%%%okgg’i@}%@g. é?ééﬁ ,?é?pgﬁ/&nﬁl RYARERIBE BN 62MBaGElY iRl Rient,
saxagliptithéstinddedoerFokisabfC salt or its mono-benzoate salt as disclosed in WO 2004/052850. In

a further embodiment, saxagliptin is in the form of the free 15base. In a yet further embodiment,

saxagliptin is in the form of the monohydrate of the free base as disclosed in WO 2004/052850.
Crystalline 38R BBV A LA i d e arihe sHue el Srapmiath BRIk Setbin o 18982t 31149. A

process femprega(igysaxagiiftinastatso-giaciayadin IR PA05/1 0508 aad \Mb300H1 1982
Saxagliptip, a8 fompHIBIEA 4. AA0IH 2% deSsrHoeg In WD 290 Lk 8L

H
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10
Saxagliptin is specifically disclosed in US Patent No. 6,395,767 and in Example 60 of WO
01/68603.
In one embodiment, saxagliptin is in the form of its HCI salt or its mono-benzoate salt as
disclosed in WO 2004/052850. In a further embodiment, saxagliptin is in the form of the free

15 base. In a yet further embodiment, saxagliptin is in the form of the monochydrate of the free
base as disclosed in WO 2004/052850. Crystalline forms of the HCI salt and the free base of
saxagliptin are disclosed in WO 2008/131149. A process for preparing saxagliptin is also
disclosed in WO 2005/106011 and WO 2005/115982. Saxagliptin can be formulated in a
tablet as described in WO 2005/117841.

20 For details, e.g. on a process to manufaciure, to formulate or to use this compound or a salt
thereof, reference is thus made to these documents.

- Alogliptin (SYR-322) having the structural formula E below is 2-({6-[(3R)-3-aminopiperidin-
1-yi}-3-methyl-2,4-dioxo-3,4-dihydro-2H-pyrimidin-1-ylimethyl)benzonitrile
25



20For details, e.g. on a process to manufacture, to formulate or to use this compound or a salt thereof,
reference is thus made to these documents. - Alogliptin (SYR-322) having the structural formula E
belowis WO 2009/147125 PCT/EP2009/056722.
2-({64(3R)-3-aminopiperidinl1-y1]-3-methyl-2,4-dioxo-3,4-dihydro-2H-pyrimidin-1-yl}methyObenzonitrile
WO 2009/147125PCT/EP2009/056722 - 5 - (E) Alogliptin is specifically disclosed in US
2005/261271, EP 1586571 and in WO 2005/095381%; In one embodiment, alogliptin is in the form of its
benzoate salt, its hydrochloride salt or its 5tosylate salt each as disclosed in WO 2007/035629. A class
of this embodiment/reﬁars to alogliptin benzoate. Polymorphs of alogliptin benzoate are disclosed in
WO 2007/ ~A& process for preparing alogliptin is disclosed in WO 2007/112368 and, specifically,

in WO 20( 629. Alogliptin (namely its benzoate salt) can be formulated in a tablet and
administerettas describedm. WO 2007/033266. Formulations of Aloglipitin with metformin or
10pioglitazone areldescribed in WO 2008/093882 or WO 2009/011451, respectively. For details, e.qg.
ona proces%m &ure A formulate or to use this compound or a salt thereof, reference is thus
made to these docurjents. - NH,

(2S)-1-([2-(5-M -phenyl-oxazol-4-y1)-ethylamino]-acetyl}-pyrrolidine-2-carbonitrile or a

O

(E)

Alogliptin is specifically disclosed in US 2005/261271, EP 1586571 and in WO 2005/095381.
in one embodiment, alogliptin is in the form of its benzoate salt, its hydrochloride salt or its

5 tosylate salt each as disclosed in WO 2007/035629. A class of this embodiment refers to
alogliptin benzoate. Polymorphs of alogliptin benzoate are disclosed in WO 2007/035372. A
process for preparing alogliptin is disclosed in WO 2007/112368 and, specifically, in WO
2007/035629. Alogliptin {namely its benzoate salt) can be formulated in a tablet and
administered as described in WO 2007/033266. Formulations of Aloglipitin with metformin or

10  pioglitazone are described in WO 2008/093882 or WO 2009/011451, respectively.

For details, e.g. on a process to manufacture, to formutate or to use this compound or a salt

thereof, reference is thus made to these documents.

- (25)-1-{[2-(5-Methyl-2-phenyl-oxazol-4-yl)}-ethylamino}-acetyl}-pyrrolidine-2-carbonifrile or a
15 pharmacedutically acceptable salt thereof, preferably the mesylate, or
(25)31-{[1.1,-Dimethyl-3-(4-pyridin-3-yl-imidazol-1-yl)-propylaminol-acetyl}-pyrrolidine-2-

- carbonitrile or a pharmaceutically acceptable salt thereof.

These compounds and methods for their preparation are disclosed in WO 03/037327.

20  The mesylate salt of the former compound as well as crystalline polymorphs thereof are
disclosed in WO 2006/100181. The fumarate salt of the latter compound as well as
crystalline polymorphs thereof are disclosed in WO 2007/071576. These compounds can be
formulated in a pharmaceutical composition as described in WO 2007/017423.

For details, e.g. on a process to manufacture, to formulate or to use these compounds or

25  salts thereof, reference is thus made to these documents.



15pharmaceutically acceptable salt thereof, preferably the mesylate, or
(2S)-1-([1,1,-Dimethy1-3-(4-pyridin-3-yl-imidazol-1-y1)-propylaminokacetyl}-pyrrolidine-2- carbonitrile
or a pharm#ce&feally Héceptable salt thereof. These compounds and mettritigEBEMRISEParation are
disclosed in WO 03/037327. 20The mesylate salt of the former compound as well as crystalline
polymorphs thereof are disclosed in WO 2006/100181. The fumarate salt of the latter compound as
well as crystalline polymorphs thereof are disclosedn WO 2007/071576. These compounds can be
formulated in a pharmaceutical composition as described in WO 2007/017423. For details, e.g. on a
process to el F g Qj §@.\ X C thereof, reference is thus
made 1 (o o e e A sy ong o 2 B
(5)-1-((z§a§§iﬁvfﬁ%ﬁ@ﬂ%‘&@@&?ﬁvﬁm}@t@%}? andexERyeHicalyRacasiable salt
ajisoguintierdsy1)-4-fluoromethyl-pyrrolidin-2-one or a pharmaceutically acceptable salt thereof: 5
This compound and methods for its preparation are disclosed in WO 2005/000848. A process for
preparing this compound (specifically its dihydrochloride salt) is also disclosed in WO 2008/031749,
WO 2008/031750 and W02008105684. This compound can be 10formulated in a pharmaceutical
composition as describedvk, W 07/017423.

This compound and methods for its preparation are disclosed in WO 2005/000848. A
- process for preparing this compound (specifically its dihydrochloride salt) is also disclosed in
WO 2008/031749, WO 2008/031750 and WO2008/055814. This compound can be
10 formulated in a pharmaceutical composition as described in WO 2007/017423. |
For details, e.g. on a process to manufacture, to formulate or to use this compound or a salt

thereof, reference is thus made to these documents.

- (3,3-Diﬂuoropyrrolidin—1-yl)—((28,48)—4~(4~(pyrimidin-2~yl)piperazin~1-y])pyrrolidin—Z»
15 yhmethanone or a pharmaceutically acceptable salt thereof.

This compound and methods for its preparation are disclosed in WO 2005/116014 and US
7291618.
For details, e.g. on a process to manufacture, to formulate or to use this compound or a salt

20  thereof, reference is thus made to these documents.

- (1{(38.,48)-4-amino-1-(4-(3,3-difluoropyrrolidin-1-y1)-1 ,3,5-triazin-2-yhpyrrolidin-3-y1)-5,5-
diftuoropiperidin-2-one or a pharmaceutically acceptable salt thereof:

B H,N
F
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This compound and methods for its preparation are disclosed in WO 2007/148185 and

25



For details, e.g. on a process to manufacture, to formulate or to use this compound or a salt thereof,
reference is thus made to these documents. -
(3,3-DifIuo%BﬁWfﬂa‘fﬁlﬁyl)-((28AS)-4-(4-(pyrimidin-2-Apiperazin-1-y1)pyﬁ5|Téﬁ?—359§/f}?ﬁ%anone ora
pharmaceutically acceptable salt thereof This compound and methods for its preparation are disclosed
in WO 2005/116014 and US 7291618. For details, e.g. on a process to manufacture, to formulate
or to use this compound or a salt 20thereof, referenge is thus made to these documents. -
(1((3S,4S)-4-amino-1-(4-(3,3-difluoropyrrolidin-1-y1)-1,3,5-triazin-2-yOpyrrolidin-3-y1)-5,5-
difluoropigerzio22ewnvs. aphasiasesiticalyaaneeptahtersalaeteef. dForMiite or to use this
2009/147125PCT{}EPZOOE?{%S%%? > f7 - US 20%0%19%)87,[6. or éjgtailljs £,¢ On a process to

OMpou or a srence 15 t f C .
manufacture,pto Pormu?a?e or to use this compouna or a saﬂtt ereo?, reférence is thus made to these

documents. - (2S,4S)-1-{2-[(3S,1R)-3-(1H-1,2,4-Triazol-1-ylmethyl)cyclopentylaminoFacetyl)-4-

Sfluoropyrrokidlig:2-garbenitriesona parmacediicalinaasspipip salihergfactiig £ompound and
methods for its preparatign are discilosed in WO 2006/040625 and 10WO 200?/001195. Specifically
clainted ARSI s EERUTE S DS ovtcally acceptatie sai éreor

H O

Nepy” O N N
O
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This compound and methods for its preparation are disclosed in WO 2006/040625 and
10 WO 2008/001195. Specifically claimed salts include the methanesulfonate and p-
toluenesuifonate. For details, e.g. on a process to manufacture, to formulate or to use this

compound or a salt thereof, reference is thus made to these documents.

- (R}2-[6-(3-Amino-piperidin-1-yl)-3-methyl-2 4-dioxo-3,4-dihydro-2H-pyrimidin-1-ylimethyl}-4-

15 fluoro-benzonitrile or a pharmaceutically acceptable salt thereof:

This compound and methods for its preparation and use are disclosed in WO 2005/095381,
20 US 2007060530, WO 2007/033350, WO 2007/035629, WO 2007/074884, WO 2007/112368
and WO 2008/033851. Specifically claimed salts include the succinate (WO 2008/067465),
benzoate, benzenesulfonate, p-toluenesulfonate, (R)-mandelate and hydrochloride. For
details, e.g. on a process to manufacture, to formulate or to use this compound or a salt
thereof, reference is thus made to these documents.
25



toluenesulfonate. For details, e.g. on a process to manufacture, to formulate or to use this compound
or a salt thereof, reference is thus made to these documents. -
(R)-246-(3-Amino-piperidin-l-yl)-3-methy|-2,4-dio>§(§?3,4-dihydro-2H-pyri din-1-ylmethyl]-4-
15fluoro-benzonitrile or a pharmaceutically acceptable salt thereof: NN2 ON- This compound and
methods foF-{{$ plejgalEtioh Qrahasy rapbidiistipsedaoWwiDyROOBIGSEBY}-30 1 St20a+406EB80, WO
200710333591, ARIENIREAS W AANFIOTARES WOZA0IA 2305404 WU F00RI0%585.

Specifically claimed salts include the succinate (WO 2008/067465), benzoate, benzenesulfonate,
p-toIuenegﬁﬁ%ﬂﬁ?é?t’%ﬂkh%%%ea?ﬁm%%?fhIoride. For details, e.g. on a process to manufacture, to
formulate or to use this compound or a salt thereof, reference is thus made to these documents. -8- -
5-{(S)-212-((Sy-2-Cyano-pyrrolidin-1-yd)-2-oxo-ethylamino]-propyll-5-(1H-tetrazol-5-y 1)-
10,11-dihydro-§H-dikenzo[a,slleyclohgptene-2,8-dicarboxylic acid bis-dimethylamide or a
pharmaceutigélly »“This compound and methods for its preparation are
disclosed in WO 2066 ] US 2006/270701. For details, e.g. on a process to manufacture, to
formulate or to use thig or a salt thereof, reference is thus made to these documents. For
avoidance of any dougt\,‘ thierdisclosure of e of the foregoing documents cited above is specifically
incorporated herein by Téference in its entigety,

0 A

N

This compound and methods for its preparation are disclosed in WO 2006/116157 and
US 2006/270701. For details, e.g. on a process to manufacture, to formulate or to use this

compound or a salt thereof, reference is thus made to these documents.

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

specifically incorporated herein by reference in its entirety.

Within the scope of the present invention it has now surprisingly been found that DPP-4
inhibitors as defined herein have surprising and particularly advantageous properties, which
make them particularly suitable for treating and/or preventing (inciuding preventing, slowing,
delaying and/or reversing the progression or reducing the occurrence or delaying the onset)
of non alcoholic fatty liver disease (NAFLD) including hepatic steatosis, non-alcoholic
steatohepatitis (NASH) and/or liver fibrosis, and/or diseases related therewith (such as e.g.
diabetes, insulin insensitivity, hepatic glucose overproduction and/or metabolic syndrome) or
associated therewith (such as e.g. cardiovascular disease and/or atherosclerosis or other
(cardio)metabolic disorders), and thus for preventing liver cirrhosis (irreversible advanced

scarring of the liver) and/or hepatocelluiar carcinomas.

Thus, the present disclosure provides a DPP-4 inhibitor as defined herein for use in the

treatment and/or prevention of non alcoholic fatty liver disease (NAFLD).



Within the scope of the present invention it has now surprisingly been found that DPP-4 inhibitors as
defined herein have surprising and particularly advantageous properties, which make them particularly
suitable for treating and/or preventing (including prgyenting, slowing, delaying and/or reversing the
progression or reducing the occurrence or delaying the onset) of non alcoholic fatty liver disease
(NAFLD)'mellishRprrapdhierstisaioyiden 8it drtobiot & BRE4th&iatitis (NASH) and/or liver fibrosis, and/or
diseases related therewith (such as e.g. diabetes, insulin insensitivity, hepatic glucose overproduction
and/or meta&qggmsl}{n?[rome) or associated therewith (such as e.g. cardiovascular disease and/or
atherosclerosis or o?he?r (cardio)metabolic disorders), and thus for preventing liver cirrhosis
(irreversible advapgced sc;@@»ﬁe liver) and/or hepatocellular carcinomas. Thus, the present
disclosure provides a DPP-4 inhibitor as defined herein for use in the treatment and/or prevention of
non alcoHBfle.f erdisease (NAFLD). - 8a - In a first aspect, there is provided the use of a DPP-4
inhibitor of fogugla ) iO RMQONN Qs of formula (1) R1, N or of formula (I11)

0~ >N~ N

or of formula (I1)
0 /%

Y N (1)
| R2

or of formuta (il

O ==
R‘I\_N N/
J_ MR m
O N
| CN

or of formula (IV)

') /

RT\N N
K\ | )R2 v
N
CN

wherein R1 denotes ([1,5]naphthyridin-2-yimethyi, (quinazolin-2-ylYmethyl, (quinoxalin-6-
yhmethyl, {d-methyl-quinazolin-2-yimethyl, 2-cyano-benzyl, {3-cyano-quinolin-2-
yhymethyt,



0-- R1,NN 0JNR2(III) CN or of formula (IV) CN wherein Ill denotes ([1,5]naphthyridin-2-yOmethyl,
(quinazolin-2-yl)methyl, (quinoxalin-6- yl)methyl, (4-methyl-quinazolin-2-yl)methyl, 2-cyano-benzyl,
(3-cyano-quinolin-2- yl)methyl, - 8b - (3-cyano-pyrigin-2-yl)methyl, (4-methyl-pyrimidin-2-yl)methyl, or
(4,6-dimethyl-pyrimidin-2- yl)methyl and R2 denotes 3-(R)-amino-piperidin-1-yl,
(2-amino-2-MReRIPBIYY-2ri BEPS T2 (HaMstTg:- ?@@ﬁiﬁ%‘%}@ﬁ&hﬂrﬁémﬁﬁﬁ?ﬁ@ybwma'r?naceutlcalIy
acceptable spHiciayipreprangseedicamaantdaisbedireatmenbantdar-peangniiopyDf non alcoholic fatty

liver disease Q}LAIE.%H[PQ@ In g‘dﬁ%ﬂ‘ rggep%r er%gjlaglr%%re further provides a DPP-4 inhibitor as defined

herein for use'in |m rovin in sensm ity. - 9°- The present disclosure further provides a DPP-4
inhibitor as Séﬁﬁ%%?éﬁiff@?%%oﬁ?%a%é@f‘ng glucose production in the liver.

for preparing a medicament for the freatment and/or prevention of non alcoholic fatty liver
disease (NAFLD).

In addition, the present disclosure further provides a DPP-4 inhibitor as defined herein for use

in improving insulin sensitivity.



The present disclosure further provides a DPP-4 inhibitor as defined herein for use in the treatment
and/or prevention of insulin resistance and/or insulin resistance syndrome. The present disclosure
further provides a DPP-4 inhibitor as defined hereingfor use in the treatment and/or prevention of
metabolic syndrome. The present disclosure further provides a DPP-4 inhibitor as defined herein for
use in thd heeptesentt dsedoreravibrtiorrofieme B mériahifitrcafedriined bersticiatadanith the metabolic
syndromeieschuag 819:MA BlddNASH (Beniray) obesity, diabetes, dyslipidemia, hypertension and/or
atherosclerotic (cardio)vascular disease or damages. The present disclosure further provides a DPP-4
inhibitor as defined herein for use in preventing and/or reducing the risk of adverse effects associated
with existimg tivesapiescbdrFuBIBABHIdesgr B THDimndéodefietfOnetami. fBustsan, ke present
disclosure {urther: proyides & QRBrhintibiierésasiineshBrieiRrRARang.Ig fiskpkendothelial
dysfunction and/or cardiovascular disease or events, e.g. while treating NAFLD/NASH. Also, the
present disclosure provides a DPP-4 inhibitor as defined herein for reducing body weight or preventing
an increasesinrbeshyt dsigtiar fatibtaimgdeseddEfohimibibayewdafhtdhpesditivelysamiflteacing body fat
distributigp, the present g}ggg}ﬁwﬁgpmggbgmvggﬁ&wPA inhibitor as defined herein for use in the
treatment and/or prevention of obesity, especially of severe or extreme obesity (e.g. class Il or 1l1), e.qg.
with a BMI ? 35 or even ? 40 kg/m2(or ?. 30 kg/m2 for Japanese patients), particularly abdorninal
and/or visteratahesigcbherpfesen misciesur @RAthemjiaide sefibde Petdintibitae as tdefined herein for

teating apdlor EXEANRS NEhARGY SALSIOINE 1Sk YL ARYEIOBING. oL BIGHRSAIDMMABRD/NASH

and/or diseases or disorders related or associated therewith, particu arg in patients with or at risk of -

10 - NAFEVIRNA®E ssiGErRas 6. ieRINAEEnts AN ¢ Rert v rdabricgisHreiiidyBidcted from NAFLD,

metabolic,gyaakanien Kisubin desisasiemtis Talfievavanuetgtiaobesituiige8MI ?_2530 kg/m2, waist
circumference > 88 (women) - 102 (men) cm, and/or waist:hip ratio >0.85 (women) - 0.9 (men),

particularly visceral and/or abdominal obesity), dyslipidemia (including hyperlipidemia, particularly
hypertriglybemeraenhdiedpsblisdurthryl peavidrs AR ME/ahiodadde dafiperHBInN Rl t8ginblood HDL
?holei;%r/egéwﬁbﬁﬁfer{amr}h )edéﬂr@mal _ @ﬁéﬁ SRl seiaf@@é%séw&i@t&a_wt%ﬁas%ﬁéﬁh@&gﬁk@wertﬁnsion
e.g.. : yperglyce erinsylinemia, hyperuricemia, severe sleep apnoe, polycystic
ovary syrmxf%rg%’: f‘?rgni%gﬁ@pms%g{ﬁfe@ﬁ Rf’B’Qﬁicularly including elderly patients >45 years. The
present disclosure further provides a DPP-4 inhibitor as defined herein for treating and/or preventing

(including-{pgldring thedisk ALASMRORIMLPLRNREE TR MatakRl G disarderagEdirpases, especially
diabetes (partlcularlg/ dtfé e 2 diabetes atients hgvm% NAFLD/NASH. Further, according to other

N . . ,
embodimEHHIANEdISEIBLEPECiEY ?u‘%y ViR IR DSEPET Y BRI ARG USRSl Berein for the
manufactwrélofraatiegiamanitNdBdne or more of the following purposes: preventing, slowing the
progression of, delaying or treating a metabolic disorder or disease, such as e.g. type 1 diabetes
mellitus, type 2 diabetes mellitus, impaired glucose tolerance (IGT), impaired fasting blood glucose
(IFG), hypetgieeRirsepbdfsiaramPry sy R cemid TNy AE a6 Sy ayRIiFdeHTa PAJerlipidemia,
hypercholestgrode mriaydntipertensioraatherosdieresis enthatlisiaicy sédaction jrostelgpesasisochronic
systemic E;@éﬁﬂ?émﬂﬂﬂeﬁ%%@%&w¥aﬂﬂ8&%@’ nephropathy and/or metabolic syndrome,;

The present disclosure further provides a DPP-4 inhibitor as defined herein for use in the
treatment and/or prevention of obesity, especially of severe or extreme obesity (e.g. class I
or 1), e.g. with a BMI = 35 or even 2 40 kg/m? (or 2 30 kg/m* for Japanese patients),

particularly abdominal and/or visceral obesity.

The present disclosure further provides a DPP-4 inhibitor as defined herein for treating andfor
preventing (including reducing the risk of developing or progressing) NAFLD/NASH and/or
diseases or disorders related or associated therewith, particutarly in patients with or at risk of



improving glycemic control and/or for reducing -of fasting plasma glucose, of postprandial plasma
glucose and/or of glycosylated hemoglobin HbAlc; preventing, slowing, delaying or reversing
progression from impaired glucose tolerance (IGT_),i' \paired fasting blood glucose (IFG), insulin
resistance and/or from metabolic syndrome to type 2 diabetes mellitus; preventing, reducing the risk
of, slowinjAé Pidffdssionhots dednjingopatenthhofreponsglications dkdidbstesiavddiitd®such as micro-

and macrQygs eI AUSRAS &S nSHERA BERNFOREH L SRR RREY o NGWABR WL SR - PiBMI 225-

cerebrovascular diseases, tissue ischaemia, diabetic foot or ulcus, atherosclerosis, myocardial
infarction S3&SHF cotBiRh S SUREREINES GrREABRMENinAGSLEsE ColaBs R YAk R (RS, HBHSheral
arterial oqolusiue)diseasescargiamyapatiycdrebantity et doedriarytbend) syede e vas gulandrpstenosis,
and/or stroke: .-11- - . reduci i 2Nt iner, in ho ight or facilitating a
reduction?ﬁgﬁl&@géhggﬁéﬁ\ﬁ%ﬁg\%ﬂ) i?\él’?ﬁﬁ%\%%ﬁ?ggtlﬁﬁ %%gréogg%ﬁee\ﬁ% ionrgg@a‘c%creatic

g,
beta cells@foRYRE e o ebta P tilfpla fyplssiiat i Héténens-Hdiee o ipatiling and/or
restoring #ispBiastionabitieh RaRsreats Hetd, ¢elbs andd iU aiing-aadion FRSteRperdM-dsngtionality of

pancreatiﬁ insulin ecretiogl; - for reducing the risk for adverse effects associated with conventional
(oral) antifparglycemic medicalishr andior Sjﬁﬁ%iﬁfi’ﬁ‘a%ri’o"/’éﬁ’ﬁfﬁrwﬁ% ?H%grr?éﬁﬂnaé‘éfnsitivity and/or
for treatinghurmis depatiig Gypediisulrretitdaihdretidngieldesistatiestpadiosarty in a patient having
NAFLD, optionally in combination with one or more other active substances, such as e.g. any of those
mentioned herein. In addition, the present disclgsure further provides a DPP-4 inhibitor as defined

herein for GEPTRSHE FRAHER f ARG BHEGERIBR o AR BYY & ARG aibiasieatA@nYer, lung, skin,
heart or kideesntiNigdipcesing disolosgtbduither peoeidps the psenodssibd) Prdtathibitoisasidefiored herein

for the mapuaciue i B AmAGR (CalGOMPI R TaLERITR' SAYIRC RIENRLHAR o Beg discases

given hereinabove or hereinbelow, particularly non alcoholic fafty liver disease (NAFLD). In a second
aspect, there is provided the use of a pharmaceutical composition for preparing a medicament for the
treatmentramnghar prevemip o afinarealbobialieniatty thedidisense, INAELD)ipahstingsepaticsteatosis,

s AN T piesboold e r SRR GRerona
methyl-qufiaxénie Rugrosgsthyl]-3-methyl-7-(2-butyn-1-y0-8-(3-(R)-amino-piperidin-111)-xanthine. The
present discipsispiiwtheprevisesadisesian condixpacontainmion nelbging addrrfparts for use in
the treatment and/or prevention of those diseases given hereinabove, particularly non alcoholic fatty
iver disonad (GAFS ) LA EamERL e RIS BPR S AS, B ot B A SRS oponally
one or moret@ttenctiCe sutrszirstisding biopdithose Medlidnedigeresmipaptistdenhdiaetform n or
pioglitazonepnan HRE S UG ARy B, YR B ipidemia, hyperlipidemia, hypercholesterolemia,
hypertension, atherosclerosis, endothelial dysfunction, osteoporosis, chronic systemic
inflammation, retinopathy, neuropathy, nephropathy and/or metabolic syndrome;
- improving glycemic control and/or for reducing of fasting plasma glucose, of postprandial
plasma glucose and/or of glycosylated hemoglobin HbA1c;
- preventing, slowing, delaying or reversing progression from impaired glucose folerance
(IGT), impaired fasting blood glucose {IFG), insulin resistance and/or from metabolic
syndrome to type 2 diabetes mellitus;
- preventing, reducing the risk of, slowing the progression of, delaying or treating of
complications of diabetes mellitus such as micro- and macrovascular diseases, such as
nephropathy, retinopathy, neuropathy, cardio- or cerebrovascular diseases, tissue
ischaemia, diabetic foot or ulcus, atherosclerosis, myocardial infarction, acute coronary
syndrome, unstable angina pectoris, stable angina pectoris, peripheral arterial occlusive
disease, cardiomyopathy, heart failure, heart rhythm disorders, vascular restenosis,

and/or stroke;



-1 1 a- The present disclosure further provides the use of a DPP-4 inhibitor as defined herein in
combination with one or more other active substances, such as e.g. any of those mentioned herein,
particularly metformin or pioglitazone or an ARB (su¢h as e.qg. telmisartan), for the manufacture of a
pharmaceutical composition for treatment and/or prevention of those diseases given hereinabove,
particularty mexfuaicpholiy fettgHiver dscated NAFicBase IR bothevprgisentfdisidasye ferthetopriovides a
pharmaceutggadmg] ition for use in the treatment and/or prevention of those diseases given
hereinabove, particufarly non alcoholic fatty liver disease (particularly diabetic NAFLD), said
pharmacéutRf&l"EBWi‘ﬁo%i/ﬁWW%oﬁjﬁmﬁﬁd’ét[?ﬁmﬁ%ﬁﬁmgﬂﬁgd’mﬂt’éﬁ@’@mﬁyﬁﬁﬁﬂ@ﬁe or more
other active tsghsialiveest srchrasiengligf phttesaioenti@res hefrinidpatisulasly snetéermin or
pioglitazone n suck .0..telmisarta uch.as e.qg. for separate uential, simultaneous,
concurrent cgrg%:ﬁg@%%cﬁﬁfﬁ%&%@f ﬂ%réaagﬁr%%&?\}g ?nnéir%)afé{'n S aﬁqg Spégé}nﬁeé}ggfg%ﬁ% further
provides a phHagtficatiebpeorrisitioi forsgsestipthe treatment and/or prevention of those diseases
given hereingbpyg, diry sty rboaseiseb ity dimiliseats EDMERRInaaig-nharmaceutical

composition (rzg,}g]gorisin a DPP-4 inhibitor as defined herein as sole active ingredient or, optionally,
together with

RS PG iHBP ARl s 388/8hces, such as e.g. any of those mentioned herein,
particularly metfdaimingarpiog litazrona g tran7sRiB: Eucitieitye gdiel fuistetzing andraptidnglly, one or
more pharmaceuficaliarceniapieiraiiiere aadiprdiluents. The present disclosure further provides a

method of treating and/or preventing any of those diseases given hereinabove, particularly non
alcoholic PREFHRY s R8ESNARY DY, NATD-HetRBSNEBHID MG aam Y PR S SStd REIBEN need
thereof (pasticiibarty arives) angadient) aaefte chivesamotiohed addER-4 inhibitor as defined herein,
optionally alone or.in combination, such as e.g. separately, sequentially, simultaneously, concurrently
or chronologically staggered with an effective amount of one, two or more other active substances,

such as de@Hicst rpREsRBtHisHet relieirepeitittta R RBtbMibiter prclsfitadherdir &1 MRB (such as

e.g. telmipagiamedniethisd ASppaivEate isf BEoyite G achharmgomiiesl paekagecamgiring, a

pharmac %ti(%@&c‘gmposition comprising a DPP-4 inhibitor as defined above, particularly
1-[(4-met y?—qumazoﬁx'-z-

yOmethyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-amino-piperidin-1-y1)-xanthine,beside instructions for
treating angioreuevantingnemalcehalicifrityyasdiseasekNAHIRbine weing epaticisteatosis,
non-alcoholic §te?tohe1patiﬂs gﬁ\llAS ? and/or Iivetr fibrosis, %Eiﬁfa” /in combinatio?? \gith one, two or
more othEIACtVE SUbSANCES Sefected fromine ‘g?r%ﬁ’ﬁ LSALISHH GO SR RETY BT ?l8R% ces, including
active sulbstaagssqireuherdovabotecob furdigoejawlavatjcativersubsicotodis (maditeloisertke lipid level
in the bloggaactiye substances used to raise the HDL level in the blood, active substances used to
lower blood pressure, active substances used for treating atherosclerosis, active substances used for

treating obesity, antioxidants, anti-inflammatory agents, and vascular endothelial protecting agents. -
12a - In dn eswodizeptdf finsedisetogdes, thens ob haliafatdyditien diseassi{bABL DY mathindhe

meaning R disgRS e Rchides withepiheingdgited t-BepRic ISt RonmIGaRslic

steatohepatitis (NASH) and/or liver fibrosis. In a special embodiment of this disclosure, non alcoholic

fatty liver BREEA%: TRERRL B n HE TR ARIR 567 ANERaLisd Nave HeABrlrd W I RSh Ssteatohepatitis
(NASH). hhammessbtieienpotitivs clistiosngs DRAHeRity of tisiddosureprinitieyriiovements in

one or mexakystRRRIMIQICAaRNIISSREMALEDIBLBHCLASES G )RRt Famatidtanthine.
hepatosteatosis, ballooning degeneration, and/or lobular inflammation.
The present disclosure further provides a fixed or non-fixed combination including a kit-of-
parts for use in the treatment and/or prevention of those diseases given hereinabove,
particularly non alcoholic fatty liver disease (NAFLD), said combination comprising a DPP-4
inhibitor as defined herein and optionally one or more other active substances, e.g. any of
those mentioned herein, particularly metformin or pioglitazone or an ARB (such as e.g.

felmisartan).



- 13 - A DPP-4 inhibitor within the meaning of the present disclosure include, without being limited to,
any of those DPP-4 inhibitors mentioned hereinabove and hereinbelow, preferably orally active DPP-4
inhibitors. In a first embodiment (embodiment A), a bEP-4 inhibitor in the context of the present

disclosure is any DPP-4 inhibitor of formula (1) 0_- R1, R2(I) ONN or formula (II) 0 or formula (111) CN
-14 - The present disclosure further provides the use of a DPP-4 inhibitor as defined herein in

combination with one or more other active substances, such as e.g. any of those mentioned
herein, particularly metformin or picglitazone or an ARB (such as e.g. telmisartan), for the
manufacture of a pharmaceutical composition for treatment and/or prevention of those

diseases given hereinabove, particularly non alcoholic fatty liver disease (NAFLD).



wherein Ett denotes ([1,5]naphthyridin-2-yl)methyl, (Quinazofin-2-Pmethyl, (quinoxalin-6- yl)methyl,
(4-methyl-quinazolin-2-yl)methyl, 2-cyano-benzyl, (3-cyano-quinolin-2-yl)methyl,
(3-cyano-pyridin-2-yl)methyl, (4-methy|-pyrimidin-g-yzl)_methyl, or (4,6-dimethyl-pyrimidin-2- yl)methyl
and R2 denotes 3-(R)-amino-piperidin-1-yl, (2-amino-2-methyl-propyl)-methylamino or
(2-(S)-amihe-pressyi dineitddhirioerar g fsisar mizeuiealiya cosprediierstait uke indbe drdtaeTodiment
(erlnbod(;r;mtfcﬁ)lp@@ﬁﬂ%ﬁc'uﬂh_i@'g@'aiafmggﬂtﬁ_@%%faéh%@iﬁ%%@liﬁﬁ%ﬁ%@lﬂsﬁgﬁsﬁﬁ%ﬁmﬁ@)gpf

selected from the group cansjsting of sitagliptin, vildagliptin, saxagliptin, alogliptin,
(25)-14[29(%%/?&@3%%%9'@&? 'f&v.’ﬁ%le%ﬁgﬂﬁ%ﬂﬁ@ﬁ&%@%ii.ﬁywmmété@@&%ﬁﬁﬂrﬁ@PP-‘*
(28)-1-{[Brﬂt1itﬁﬁkunem9&ﬁﬁe@#|@yeiidiar@-ybﬁnﬂﬂzmnbyimrwmnmpaeert;s’t}mn;&soﬁdbﬁeaae@rbonitrile,
(S)-l-((Z%EsS&%ﬁb%k%aé%m@H&é%%ﬁ%ﬁﬂr@n%ﬁo%%%h&%saﬁ%%%@B'r'BW/ﬂ:‘é’éZc&ach as

apsoquinolin-3-y1)-4-fluoromethyl-pyrrolidin-2-one, o

(3,3-DifluSrepHTIRATA Ty PREDEE AY- R APTRTFE DS p SR NSy AEIRHAEN Wmethanone,
(1((3S,4S)récanitnieat(t@ editiaro py rraligditivi-ygrdadhtdriazin-2-yl) pyrrolidin-3-y1)-5,5-
difluoropiperidin-2-one,
(2S,4S)-1-{2-[(3S,1R)-3-(1H-1,2,4-Triazol-1-ylmethyl)cyclopentylaminoFacetyll-4-
f|uoropyrfgﬁ@mgsgr&éﬁi%ﬁw{ﬁ;further provides a pharmaceutical composition for use in the treatment

(lR)-Z-[g-@nﬁmmlﬁeF)@ﬂrdﬂki@flh){ﬂ;}:-afé@aﬁéﬁjgﬂéwdi%ab%@ﬁhwgfﬁb@t@dpy{miQIEbﬂoMBH@&WﬂM‘
fluoro-benzonitri . . - . I )
oo o TS STNARE D) soid phamagpulosl componlion somprising & DFF-nibiREasgefines
dihydro-5regiberizopie diclictohersdiaat 218 aditanrb bxyihgeibier bidhrdime thytaoredeher agtipharmaceutically
acceptablg,salknBegaitingdhedinst eonhodinephemheinant AkipieieredRRRrtdphibitors are any

or all of the following compounds and their pharmaceutically acceptable salts:

1-{(4-me RHIRRAE 224 TS -t S poBUAy . el oS e Bipericin-1-
y1)-xanthirinefoanspeive W e 2004101 8468 exatiple iR (@2)): NH2
1-[([1,5]naphthyridin-2-yOmethy11-3-methyl-7-(2-butyn-1-y1)-8-((R)-3-amino-piperidin-1- y1)-xanthine

(compare WO 2004/018468, example 2(252)):
The present disclosure further provides a method of treating and/or preventing any of those

diseases given hereinabove, particularly non alcoholic fatty liver disease (NAFLD), said
method comprising administering to a subject in need thereof (particularly a human patient)
an effective amount of a DPP-4 inhibitor as defined herein, optionally alone or in
combination, such as e.g. separately, sequentially, simultaneously, concurrently or
chronologically staggered with an effective amount of one, two or more other active
substances, such as e.g. any of those mentioned herein, particularly metformin or

pioglitazone or an ARB (such as e.g. telmisartan).

In a third aspect, there is provided a pharmaceutical package containing a pharmaceutical
composition comprising a DPP-4 inhibitor as defined above, particularly 1-{(4-methyl-quinazolin-2-
yhmethyl}-3-methyl-7-(2-butyn-1-y1)-8-(3-(R}-amino-piperidin-1-yl-xanthine, beside
instructions for treating and/or preventing non alcoholic fatty liver disease (NAFLD) including
hepatic sieatosis, non-alcoholic steatohepatitis (NASH) and/or liver fibrosis, optionaily in
combination with one, two or more other active substances selected from the group
consisting of antidiabetic substances, including active substances used to lower the blood
sugar level, active substances used to lower the lipid level in the blood, active substances
used to raise the HDL level in the blood, active substances used to fower blood pressure,
active substances used for treating atherosclerosis, active substances used for treating

obesity, antioxidants, anti-inflammatory agents, and vascular endothelial protecting agents.



1-[(Quinazolin-2-yOmethy1]-3-methyl-7-(2-butyn-1-y1)-8-((R)-3-amino-piperidin-1-y1)- xanthine
(compare WO 2004/018460, example 2(80)): N O N N NH2
2-((R)-3-Amino-piperidin-1-y1)-3-(but-2-yiny1)-5-(4;methyl-quinazolin-2-ylmethyl)-3,5-
dihydro-imidazol[4,5-d]pyridazin-4-one (compare V\;g 004/050658, example 136): NH2 - 16 -
1-[(3-CyaltcrggimbhidipeyOrhtith isgasieth posvaioheity feilyyi 84 6R)s8-AAid pigeridihel - y1)-xanthine
(comparen¥ehidaQH/ RRPERESIRMMRIES ANt being limited to hepatic steatosis, non-alcoholic

steatohepatitis (NASH) and/or liver fibrosis.

In a special embodiment of this disclesure, non alcoholic fatty liver disease (NAFLD) within the

meaning of this disclosure refers to non-alcoholic steatohepatitis (NASH).

in an embodiment of this disclosure, the therapies of this disclosure provide improvements in one or
more histopathological features of patients, such as e.g. in portal inflammation,

hepatosteatosis, ballooning degeneration, and/or lobular inflammation.



1-(2-Cyano-benzy1)-3-methy1-7-(2-butyn-1-y1)-8-((R)-3-amino-piperidin-1-yl)-xanthine (compare WO
2005/085246, example 1(39)): N H2
1-[(4-Methyl-quinazolin-2-yOmethyI]-3-methy1-7-(_21tgj,u_tyn-1-y1)-8-[(S)-(Z-amino-propyl)-
methylaminc+xanthine (compare WO 2006/029769, example 2(4)): 07 NN NN ONN\ NH WO
2009/147 A ISR IR 20091066 TR2anedrimg of the present disclosure include, without being limited

1-[(3-Cyapo-pyfidinnéad)preshy et wfienat Herdnabetd Rk Faminibipesidiariay bra@nthine
(compare WO 2005/085246, example 1(52)): 1l
active DPP-4 inhibitors.

In a first embodiment (embodiment A), a DPP-4 inhibitor in the context of the present

disciosure is any DPP-4 inhibitor of

formula {1}
0 =
R’E\NJJINg_/
y—R2 ()
04]\!!\5 N

or formuia (11}

RT\N N
MR
O N

| con

or formula {IV)

0 =
R']\N N//
K\N R )

CN



0

NN ONN IKi

-14 -
wherein R1 denotes {[1 ,5]naph’{hyridin~2—yl)methy§, (quinazolin-2-yhmethyl, {quinoxalin-6-
yhimethyl, (4-methyl-gquinazolin-2-yl)methyi, 2-cyano-benzy!, (3-cyano-quinolin-2-ylymethyl,
(3-cyano-pyridin-2-ylYmethyl, (4-methyl-pyrimidin-2-yl)methyl, or (4,6-dimethyl-pyrimidin-2-
yhmethyl and R2 denotes 3-(R)-amino-piperidin-1-yl, {2-amino-2-methyl-propyl)-methylamino
or {2-{S}-amino-propyl}-methylamino,

or its pharmaceutically acceptable salf.

In a second embodiment (embodiment B}, a DPP-4 inhibitor in the context of the present
disclosure is 2 DPP-4 inhibitor selected from the group consisting of

sitagliptin, vildagliptin, saxagliptin, alogliptin,
(2S)-1-{[2-{5-Methyl-2-phenyl-oxazol-4-yl}-ethylamino]-acetyl}-pyrrolidine-2-carbonitrile,
(25)-1-{[1,1,-Dimethyl-3-(4-pyridin-3-yl-imidazol-1-yl}-propytaminol-acetyl}-pyrrolidine-2-
carbonitrile,

(S)1-((28,35,11b8})-2-Amino-9,10-dimethoxy-1,3,4,8,7,1 1b-hexahydro-2H-pyrido[ 2, 1-
alisoquinolin-3-yl}-4-flucromethyl-pyrrolidin-2-one,

(3,3-Diflucropyrrolidin-1-y)-({ 28,4 8)-4-{ 4-(pyrimidin-2-yl)piperazin-1-yhpyrrolidin-2-
yl)methanone,
(1((3S,45)-4-amino-1-{4-(3,3-diftuoropyrrolidin-1-yl)-1,3,5-triazin-2-yl)pyrrolidin-3-yl)-5,5-
difluoropiperidin-2-one,
(28,48)-1-{2-[(38,1R}-3-(1H-1,2,4-Triazol-1-yimethyl)cyclopentylaminol-acetyl}-4-
fluoropyrrolidine-2-carbonitrile,
(R)-2-[6-(3-Amino-piperidin-1-yl}-3-methyl-2,4-dioxo-3,4-dihydro-2H-pyrimidin-1-ylmethyl]-4-
fluoro-benzonitrile, and
5-{(S}-2-{2-((5)-2-Cyano-pyrrolidin-1-yi}-2-oxo-ethylamino}-propyi}-5-{ 1H-tetrazol-5-y1}-10,11-
dihydro-5H-dibenzola,d]cycloheptene-2,8-dicarboxylic acid bis-dimethylamide,

or its pharmaceutically acceptable salt.

Regarding the first embodiment (embodiment A), preferred DPP-4 inhibitors are any or all of

the following compounds and their pharmaceutically acceptable salts:

s 1-j{4-methyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-y1}-8-(3~( R}-amino-piperidin-1-
yl)-xanthine (compare WO 2004/018468, example 2(142)):



N H2 514(4-Methyl-pyrimidin-2-yOmethy11-3-methy1-7-(2-butyn-I-y1)-8-((R)-3-amino-piperidin-1-
yl)-xanthine (compare WO 2005/085246, example 1(81)): Or---- ' I\DNN i\ IKil// "11 ON.r?-N |
14(4,6-DimEhyHKAHRTIN-211) methyl]-3-methyl-7-(2-butyn-1-y1)-8-((R)-3-2rifd ¥4 1dM- 1-y1)-xant
hine (compare WO 2005/085246, example 1(82)):
1-[(Quinoxalin-6-yl)methyl]-3-methyl-7-(2-butyn-1-y1)-8-((R)-3-amino-piperidin-1-y1)- xanthine
(compare W02005/085246, example 1(83)): 15 . 45-

e 1-([1.5naphthyridin-2-yl)methyl}-3-methyl-7-(2-butyn-1-y}-8-((R)-3~-amino-piperidin-1-
yh-xanthine (compare WO 2004/018468, example 2(252)):

o) ==
W%‘(
N
POB SV
| | NH,

5
¢ 1-[(Quinazolin-2-yl)methyl]-3-methy}-7-(2-butyn-1-y1}-8-((R)-3-amino-piperidin-1-yl)-
xanthine (compare WO 2004/018468, example 2(80)):
0 /
N N
Y\N J“I
[I/ l 7
N
N A
| NH,
10

e 2-{(R)-3-Amino-piperidin-1-yl}-3-(but-2-yinyl}-5-(4-methyl-quinazolin-2-yimethyl}-3,5-
dihydro-imidazo[4,5-d]pyridazin-4-one (compare WO 2004/050658, example 136):

—_—
"

0
N N
_\\‘/\N
| N
@ifw 'y N/%
NH,

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



WO 2009/147125PCT/EP2009/056722 - 18 - These DPP-4 inhibitors are distinguished from
structurally comparable DPP-4 inhibitors, as they combine exceptional potency and a long-lasting
effect with fAHENIE’BHarmacological properties, receptor selectivity and @¢avoeradolesside effect
profile or bring about unexpected therapeutic advantages or improvements when combined with other
pharmaceutical active 5substances. Their preparation is disclosed in the publications mentioned. A
more preferred DPP-4 inhibitor among the abovemq%tloned DPP-4 inhibitors of embodiment A of this
invention is
1-[(4-methyl-quinazolin-2-yOmethyl]-3-methyl-7-(2-butyn-ly1)-8-(3-(R)-amino-piperidin-1-y1)-xanthine,
particularly the free base thereoftfwhich i Oknown as Bl 1356). Regarding the second
embodiment fembogiment.B), preferred DPP-4 |nh|b|tors are selected from the group consisting of
ogliptin, and\their gac |caIIy acceptable salts. 15 Unless otherwise noted,

Ql 1S n it ig to beiun thathf& definitions of the active compounds (including
hitorsf men@oneditiéreinkbove a einbelow also comprise their pharmaceutically

the DPP-4 int
acceptable salts as well as hydrdtes solvates and polymorphic forms thereof. With respect to salts,
hydrates and polymorphic 20fonms thereof, particular reference is made to those which are referred to
herein. With respect to embodiment A, the methods of synthesis for the DPP-4 inhibitors according to

e ORI =y eSS B S R e

accordlng}’étf 3' ent A of this invention can be prepare usin thetic

in the it C%W@Eﬁ e MRESH8RvarReIs ¥GiMlila (1) can be obtained as described in
WO 2002/068428, WO 2004/018468, WO 2005/085246, WO 2006/029769 or WO 2006/048427, the
disclosures of ich are inco orated herei rine derivatives of formula (lI) can be obtained as
described, for e mple in W 2004/ 6’5"or WO 2005/110999, the disclosures of which are
incorporated h .

5
* 1+(2-Cyano-benzyl)-3-methyl-7-(2-butyn-1 -yh-8-({R}-3-amino-piperidin-1-yl)}-xanthine
(compare WO 2005/085246, example 1(39)):
O /%
N
N
H -
o~ °NT N
J NH,
10

e 1 —[(4-Methy!—quEnazoiin—2-yl)methyi]—3~methyl—?-(2~butyn—1 -yh)-8-[(S)}-(2-amino-propyl)-
methylamino]-xanthine (compare WO 2006/029769, example 2(4)):

A fﬁﬂ |

Hz



30Purine derivatives of formula (1) and (IV) can be obtained as described, for example, in WO
2006/068163, WO 2007/071738 or WO 2008/017670, the disclosures of which are incorporated
herein. TheYprepPatiGh28f those DPP-4 inhibitors, which are specifically meatiopeshfeseinabove, is
disclosed in the publications mentioned in connection therewith. Polymorphous crystal modifications
and formulations of particular DPP-4 inhibitors are 35disclosed in WO 2007/128721 and WO
2007/128724, respectively, the disclosures of which, WO 2009/147125PCT/EP2009/056722 - 19 - are
incorporated herein in their entireties. Formulations of particular DPP-4 inhibitors with metformin or

other compinafi Q@,gggr g%g;_ 0 3978, the osure of which is
incorporated hefr)(e@m in |ts §¥1tlret 2@%%:%££§§é@ﬁgg ?Pn %6 th i)d%ég%!:i %’Waﬁdﬂpgf Bi1kue
metformir* 8RS 568 Wﬁ%ﬁzesy’qm@@ H§2&ach of Swhich may be administered orally
once or twiceMlaily, in partlcular twice daily. With respect to embodiment B, the methods of synthesis

for the DPP-zf, ‘nthItOI‘S of embodiment B.are described in the scientific literature and/ or in published
patent documents, particularly in t?(fﬁéeherem 10 For pharmaceutical application in

artigylarly h s, the compounds of this invention are usually used in
dosages fiom 0901 to OO m kg ody Wweight, preferably at 0.1-15 mg/kg, in each case 1 to 4 times a
day. For this purgose, the co ds, optiondlly combined with other active substances, may be

incorporated togeth@™ 15 With orfg or more ingrt conventional carriers and/or diluents, e.g. with corn
starch, lactose, glucose, rﬂlcrocrystalllne celluldsk, magnesium stearate, polyvinylpyrrolidone, citric
acid, tartaric acid, water, water/ethanol, water/glycerol, water/sorbitol, water/polyethylene glycol,
propylene glycol, cetylstearyl alcohol, carboxyrnethylcellulose or fatty substances such as hard fat or

suitable mixturésithvineef- W@m@@t)@mﬁg@@m@@?pa? g%,sgggp L83 Rl)a?a%?}g??ﬁéﬁg laplets,
capsules d%rs S S%Bn5|0%0é@$2$§%%%les T armaceutical composition cordlng to this
|nvent|on (o mprlsmg eﬁﬁ%@%%ﬂéﬁm Nre thus prepared by the skilled person

using pharmaceutically a eptable for n excipients as described in the art. Examples of such

excipients mclude W|thou 25be|n restricted to diluents, binders, carriers, fillers, lubricants, flow
promoters ts dIS ants, solubilizers, colorants, pH regulators, surfactants
and emul jflers

e 1 -[(4,G-Dimethyi-pyrimidin—2~yl)methyi]—3~methyl-7~(2—butyn—1 ~y}-8-((R)-3-amino-
10 piperidin-1-yi)-xanthine (compare WO 2005/0852486, example 1(82)):

P »if -

e 1-[{Quinoxalin-6-yl)methyl]-3-methyl-7-(2-butyn-1 -yI}-8-((R)-3-amino-piperidin-1-yl)-
xanthine (compare WO 2005/085246, example 1(83)):

N 0 | /%
[N‘ijﬁﬁ,ﬂ}
[ NH

NH,



Examples of suitable diluents for compounds according to embodiment A include cellulose powder,
calcium hydrogen phosphate, etythritol, low substituted hydroxypropyl cellulose, 30mapn|tol,
pregelatiniZ&€ SB4RH BRRylitol. Examples of suitable lubricants for compourds/Ben@hisgrto
embodiment A include talc, polyethyleneglycol, calcium behenate, calcium stearate, hydrogenat_ed
castor oil or magnesium stearate. WO 2009/147125PCT/EP2009/056722 - 20 - Ex_amples of suitable
binders for compounds according to embodiment A jaclude copovidone (copolymerisates of
vinylpyrrolidon with other vinylderivates), hydroxypropyl methylcellulose (HPMC),

hyd lose; - j i i regelatini a ch, or low-substituted
o e B B D A b Bl g 10

embodim&MYCHERIRR SHEPLisRIPalearISH RIsmg:lastigg;adistel wigitieda citpeapiaing ghegivalceutical
formulatigms méties DEYR gtonkinitarstpecard irwd@ﬁb%{)?wg?@@tp%ﬂf@_tag tl,ﬂtﬁg rgmjﬁﬁepé@%ﬁt:ﬁgé rllg
of the acti | wder mixtures with suitable tabletting, excipients; granulation wi
excipientygr%%sgékﬁ)@%%gh{%%?g% 'Wﬁﬁo‘s’ﬁﬁ?é?é‘% \évﬁc%i%%q]sgg}%} %ﬁgs%t g@ﬂ‘??&'@%‘fﬁ%ﬁga\%‘f?as film
coatifg; cPSBRERM BipBRERtIRt S Eisdpepdinulbs prblicapsueseBiitaiie granulation methods are
wet granulation in the intensive mixer followed by fluidised bed drying;

A more preferred DPP-4 inhibitor among the abovementioned DPP-4 inhibitors of

embodiment A of this invention is 1-[(4-methyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-

y!)-8-(3-(R)-amino-piperidin-1-yl}-xanthine, particularly the free base thereof (which is also
10 known as Bl 1356).

Regarding the second embodiment (embodiment B), preferred DPP-4 inhibitors are selected
from the group consisting of saxagliptin and alogliptin, and their pharmaceutically acceptable
salts.

15
Unless otherwise noted, according to this invention it is to be understood that the definitions
of the active compounds (including the DPP-4 inhibitors) mentioned hereinabove and
hereinbelow also comprise their pharmaceutically acceptable salts as well as hydrates,
solvates and polymorphic forms thereof. With respect to salts, hydrates and polymorphic

20  forms thereof, particular reference is made to those which are referred to herein.

With respect to embodiment A, the methods of synthesis for the DPP-4 inhibitors according
to embodiment A of this invention are known to the skilled person. Advantageocusly, the DPP-
4 inhibitors according to embodiment A of this invention can be prepared using synthetic

25  methods as described in the literature. Thus, for example, purine derivatives of formula (1)
can be obtained as described in WO 2002/068420, WO 2004/018468, WO 2005/0852486,
WO 2006/029769 or WO 2006/048427, the disclosures of which are incorporated herein.
Purine derivatives of formula (1) can be obtained as described, for example, in WO
2004/050658 or WO 2005/110999, the disclosures of which are incorporated herein.

30 Purine derivatives of formula (Ill) and (V) can be obtained as described, for example, in WO
2006/068163, WO 2007/071738 or WO 2008/017870, the disclosures of which are
incorporated herein. The preparation of those DPP-4 inhibitors, which are specifically
mentioned hereinabove, is disclosed in the publications mentioned in connection therewith.
Polymorphous crystal modifications and formulations of particular DPP-4 inhibitors are

35  disclosed in WO 2007/128721 and WO 2007/128724, respectively, the disclosures of which



ion; idi ion; [ .g. by roller compaction) with
one-pot granulation; 20fluidised bed granulation; or d_ry granulatlon (e.g _
suita%le excipients and subsequent tabletting or packing into .capsu_les. For detaqls on dosage_ forms,
formulationd¥&hehedmiistration of DPP-4 inhibitors of this 25invention, refefenogpsPade;i9 scientific
literature and/ or published patent documents, particularly to those cited herelr_l. V_Vl_th respect to the
first embodiment (embodiment A), the dosage typically required of the DPP-4 inhibitors mentioned
herein in embodiment A when administered intraven _sly is 300.1 mg to 10 mg, preferably 0.25 mg to
5 mg, and when administered orally is 0.5 mg to 106 g, preferably 2.5 rzg to 50 nzjg or%.}S m%té) %r(])e

: [ 1 to 4 times a day. Thus, e.g.
no moref%r@fﬁéﬂmﬁél@ﬂ%:@n]ﬁ RGO L PG O Banctioy. DR iioiors it
osage of 1-[(4-methyl- o o - _

quinazolif Y RFHEHY AlaehfampiraionRayiner syap 8¢S (RpamiRCPipR A5y Jesanghine when

administetisbos vy S m6dn 30N 1G9 75 OO A 09,21 20,330 1p 40 Mo o

1mgto5 r patie . WO 2009/147125PCT/EP2 ot
prep?ared véﬁﬁ%%ﬁgﬁa?rﬁg%gﬁéggy&%ﬁggfﬂcﬁ@%ﬁﬁﬁgiWaWQ%ﬁﬂfb?-ﬁﬂéﬂ%ﬁ@j heeiafin
embotliméftioh coritdin adeiisieectgretiemtce a tosagrirprigeafidularkQLesillhus, e.g. particular
dosage strengths of 1-[(4-methyl-quinazolin-2-yl)methyl]-3- _

-T2 -1-y1)-8-(3-(R)-amino-piperidin-1-y1)-xanthine are 0.5 mg, 1 mg, 2.5 mg, 5 mg and
S L SR AR PR 1)

10 mg 0 nt B, the methods of synthesis for the DPP-4 inhibitors of
' embodiment B are described in the scientific literature and/ or in published patent
documents, particularly in those cited herein.
10

For pharmaceutical application in warm-blooded vertebrates, particularly humans, the
compounds of this invention are usually used in dosages from 0.001 to 100 mg/kg body
weight, preferably at 0.1-15 mg/kg, in each case 1 to 4 times a day. For this purpose, the
compounds, optionally combined with other active substances, may be incorporated together
15  with one or more inert conventicnal carriers and/or diluents, e.g. with corn starch, lactose,
glucose, microcrystaliine cellulose, magnesium stearate, polyvinylpyrrolidone, citric acid,
tartaric acid, water, water/ethanol, water/glycerol, water/sorbitol, water/palyethylene glycol,
propylene glycol, cetylstearyl alcohol, carboxymethylcellulose or fatty substances such as
hard fat or suitable mixtures thereof into conventional galenic preparations such as plain or
20 coated tablets, capsules, powders, suspensions or suppositories.

The pharmaceutical compositions according to this invention comprising the DPP-4 inhibitors
as defined herein are thus prepared by the skilled person using pharmaceutically acceptable
formulation excipients as described in the art. Examples of such excipients include, without
25  being restricted to diluents, binders, carriers, fillers, lubricants, flow promoters, crystallisation
retardants, disintegrants, solubilizers, colorants, pH regulators, surfactants and emulsifiers.

Examples of suitable diluents for compounds according to embodiment A include cellulose

powder, calcium hydrogen phosphate, erythritol, low substituted hydroxypropy! cellulose,
30  mannitol, pregelatinized starch or xylitol.

Examples of suitable lubricants for compounds according to embodiment A include talc,
polyethyleneglycol, calcium behenate, caicium stearate, hydrogenated castor oil or
magnesium stearate.

35



It will be appreciated that the amount of a compound of this invention required for use in  treatment
and/or prevention may vary, e.g. with the nature and stage of the disease or 10condition being treated
and/or preVeA®EANtH-Fespect to the second embodiment (embodiment BjCHERISSULS6IBPP-4
inhibitors mentioned herein in embodiment B to be administered to mammals, for example human
beings, of, for example, approximately 70 kg body weight, may be generally from about 0.5 15 mg to
about 350 mg, for example from about 10 mg to abgyt 250 mg, preferably 20-200 mg, more preferably
20-100 mg, of the active moiety per person per day, or from about 0.5 mg to about 20 mg, preferably

2.5-10 mgxBRIpRAY sP8URah Ay ndbrsiedl sRlssaRhs inieckda dsiBaiscdanest whikhuday oty rample, be
of the same size. Slngle dosaé)g str?g ths ¢ mg}}zeb fO{ examgI?, 1%, 25, 40, 50, 75, 100, 150 and 200
mg of the'BPPYANRIBIES AHTEME @P'kﬁ’ QB YRGS R BB PR hBREMSEAYIRS is
usually bétirésn) 25 drmk280nyigadfitbee 4 EiRE) molerinvipyecddimépolédodo sepafsitalitiptia #2100 mg
calculated for it %HM%&%%)(%S&M@Q@QI% nce daily. Unit dosage strengths of sitagliptin
free base anhydrate (active’ moiety) are 25, 50, 75, 100, 150 and 200 mg. Particular unit dosage
strer@ths of 25sitagliptin (e.g. per tablet) are 25, 50 and 100 mg. An equivalent amount of sitagliptin
phosphatexaoptiysirabétdblshiishitaghntie fveedmaseuanhydratel irsgusedribodien phtatnrateddicain
compositigns,. namel 13, 64.25, 96.38, 128.5, 192.75, and 257 mg, respectively. Adjusted
dosages (éjfj E a%tﬁ; %%prﬁ\é%??gegliptin are used for patients with renal failure. Typical dosage strengths
of the dual combination of sitagliptin / metformin are 50/500 mg and 3050/1000 mg, each of which may

be adminisiesest oraliodnes erepusedHbmiaRaticliRihuieadRily: the\asageniange atthaiRb P-4
inhipjtor vﬂdgg!;gg%:%%grﬂ%betwegn 10 and 150 mg daily, in particular between 25 and 150 mg, 25

and I00 rtr?g or g BIEEANE £50 mg daily. 35Particular examples of daily oral dosage are
25, 30, 35, 45]i50} 6h/E0nG0f 1G0otb U atne WORGRY/HATIRSRUT SERIIOGL0SE67Z2
excipients;

¢« granulation with suitable excipients and subsequent mixing with suitable excipients and
subsequent tabletling as well as film coating; or

15 o packing of powder mixtures or granules into capsules.

Suitable granulation methods are
e wet granulation in the intensive mixer followed by fluidised bed drying;
e one-pot granuiation;
20 o fluidised bed granulation; or _
e dry granulation (e.g. by roller compaction) with suitable excipients and subsequent
tabletting or packing into capsules.

For defails on dosage forms, formulations and administration of DPP-4 inhibitors of this
25 invention, reference is made to scientific literature and/ or published patent documents,

particularly to those cited herein.

With respect to the first embodiment (embodiment A), the dosage typically required of the
DPP-4 inhibitors mentioned herein in embodiment A when administered intravenously is
30 0.1 mgto 10 mg, preferably 0.25 mg to 5 mg, and when administered orally is 0.5 mg to
100 mg, preferably 2.5 mg to 50 mg or 0.5 mg to 10 mg, more preferably 2.5 mgto 10 mg or
1 mg to 5 mg, in each case 1 fo 4 times a day. Thus, e.g. the dosage of 1-[(4-methyl-
quihazoi in-2-yhimethyl}-3-methyl-7-(2-butyn-1-yI}-8-(3-(R)-amino-piperidin-1-yl}-xanthine
when administered orally may be 5 mg to 50 mg, 20 mgto 50 mg, 0.5 mgto 10 mg, or 2.5
35 mgto 10 mgor 1 mg to 5 mg per patient per day.



- 22 - a more particular aspect, the daily administration of vildagliptin may be between 25 and 150 mg
or between 50 and 100 mg. In another more particular aspect, the daily administration of vildagliptin

may be 50%P #HHg13he application of the active ingredient may occur Ui tkRF1&E A& a day,

preferably one or two times a day. Particular dosage strengths are 50 mg 5or 100 mg vildagliptin.
Typical dosage strengths of the dual combination of vildagliptin / metformin are 50/850 mg and
50/1000 mg, each of which may be administered opally once or twice daily, in particular twice daily.
Alogliptin may be administered to a patient at a daily dose of between 5 mg/day and 250 10 mg/day,
optionally between 10 mg and 200 mg, optionally between 10 mg and 150-mg, and optionally between
10 mg anfg 00 mg, of alogligtind(inptﬁac instance .ba]sed on the molecular Weigtgli:,c_)Il thﬁ.fr,(ee base form
of aloglipfii T s LPeRifRUBLAYE ARBANEE At FLs B aLESETRE S Bd A Fot (i to 10 mg,
12.5 mg, Remnie)stbheigisd sybIdmanbAdatamipeotdivelipsiiegiendays dsatiptiangapiisl-
administerggl iryitgrige &essaf@semQf&%@é@%ﬂg@@%ﬂf@%@@%ﬁtﬁ%&ﬂ@.§Wﬁﬂ@«may be

an

administered to a patient at a daily dose of between 2.5 mg/day. 100 mg/day, optignally between
2.5 mg aftPEY e ?%Mﬁ%’ﬂ&@ééé@?f?dﬂﬂ%@f?&f 'y peUreal ReIBR Buldrd At Fit®§+18 2.5 mg, 5
mg, 10 mggEsdnt} 2@¢.mg, 30 mg , 40 mg, 50 mg and 20100 mg of saxagliptin per day. Typical dosage
strengths of the dual combination of saxagliptin / metformin are 2.5/500 mg and 2.5/1000 mg, each of
which may be administered orally once or twice daily, in particular twice daily. A sPecial embodiment of

the DPP-4 Yihfferesciaiedilahtisrrasid &5 Afs¥BrSIN PEaE IR BB daS HiFed RiHIBROPs which are
therapeutieally effieadiousratimuichosaenels cagowah anal tinse:lenelstsgd QR g dscadddang per patient

per.gay, pref ly < 50 m ore preferably <30 mg or <20 mg, even more preferably from 1 mg to
10 Pg}g pgﬁ?c%ﬁg)ﬁ))é r’gﬁ?t ie%%gsg(@r%bp r%vc?rne%épérticularly 5 mg), per patient per day (if required, divided

into 1 to 4 single doses, particularly 1 or 2 single doses, which may be of the same size, preferentially,

30adminigierad giedonee s Qidwica-talEnerenptaresiaty, encasdalyy: Bevantassayay.
administere(% ?t any tEi)rrgle ({)f ga , With or i%h ut f od.i;[[hfys Ior exam Ie,ftrge dail Io_ral amount 5_ mg BI
1356 car B URER e bHES LR e & o e i S PR TP s Rl ce daly
dosing rel@ings, (fefc? Sxangr3d. Eppecticsatan()kabady weightfrday bavigeneralifoornfabolit 0.5
15  mg to about 350 mg, for example from about 10 mg to about 250 mg, preferably 20-200 mg,
more preferably 20-100 mg, of the active moiety per person per day, or from about 0.5 mg to
about 20 mg, preferably 2.5-10 mg, per person per day, divided preferably into 1 to 4 single
doses which may, for example, be of the same size. Single dosage strengths comprise, for
example, 10, 25, 40, 50, 75, 100, 150 and 200 mg of the DPP-4 inhibitor active moiety.
20
A dosage strength of the DPP-4 inhibitor sitagliptin is usually between 25 and 200 mg of the
active moiety. A recommended dose of sitagliptin is 100 mg calculated for the active moiety
(free base anhydrate) once daily. Unit dosage strengths of sitagliptin free base anhydrate
(active moiety) are 25, 50, 75, 100, 180 and 200 mg. Particular unit dosage strengths of
25  sitagliptin (e.g. per tablet) are 25, 50 and 100 mg. An equivalent amount of sitagliptin
phosphate monohydrate to the sitagliptin free base anhydrate is used in the pharmaceutical
compositions, namely, 32.13, 64.25, 96.38, 128.5, 192.75, and 257 mq, respectively.
Adjusted dosages of 25 and 50 mg sitagliptin are used for patients with renal failure. Typical
dosage strengths of the dual combination of éitagliptin ! metformin are 50/500 mg and
30  50/1000 mg, each of which may be administered orally once or twice daily, in pariicular twice
daily.

A dosage range of the DPP-4 inhibitor vildagliptin is usually between 10 and 150 mg daily, in
particular between 25 and 150 mg, 25 and 100 mg or 25 and 50 mg or 50 and 100 mg daily.
35  Particular examples of daily oral dosage are 25, 30, 35, 45, 50, 55, 60, 80, 100 or 150 mg. In



WO 20091147125PCT/EP2009/056722 - 23 - A patrticularly preferred DPP-4 inhibitor to be
emphasized within the meaning of this invention is

1-[(4-methY {3 6T12-yOmethyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-arhint S dRe 22
y1)-xanthine (also known as B1 1356).131 1356 exhibits high potency, 24h duration of action, and a
wide therapeutic window. In people with type 2 diabetes 311356 shows a placebo-like 5 safety and
tolerability. With low doses of about 5 mg, Bl 1356 ggts as a true once-daily oral drug with a full 24 h
duration of DPP-4 inhibition. At therapeutic oral dose levels, Bl 1356 is mainly excreted via the liver

and only fo-araiperickienidpbaute d4inphirarsiratristerendambiaselyiretbenkishieys Bhd 386 is
primarily excrete unchgggea C}(bebthe qgeénggjeeﬁractrign 9 EE'IE%?% gl(i; {qat%gl via dtnq% iiéic(rjé]ae ﬁsoi‘ncreases
only very@ﬁgcﬁt yeéd\’/%ern[i 4 wﬂﬁ]?ﬁcreasmg 1'(5’8058, SO trarirere wilkl eW BEho heed 1o modify
the dose \GfBEIiBE6hzisbd Oh ehé(ihmantshecrraliftaiono. tfe@ciye-irgratisgithinatioacof B t356 in

Pomb?”atiﬁfbévfﬁé@é%ﬁ?i%@é@ﬁ}%@%ﬁmﬂirﬁBQ Pregd ﬁé@&ﬁé‘ﬂf@l@ﬂ . _@Mé?%@zfssé%‘ﬁ'@ﬁf@ benefit
in argrlabetes patient population that has a high prevalence of renal insufficienc nﬂ diabetic
nepttopdihg D45 ARRA B meBEEN R SHATBEDRICTS SHAMBRRPLIR ALASBAR (i quite often

indicatedrte tfomir rrecaS0IGH0 engacif et Sif0actige gathop lekightimanbecarbtivas i died Syreigpemdimg on the
functiona{vgl%ﬁéggg{s/igiggﬂg%g,t\;mgrggﬁg treatment outcomes may be obtained if a DPP-4 inhibitor is

combined wi e substances customary for the respective disorders, such as e.g. one or more
active substances selected from among the other 20antidiabetic substances, especially active

substancasthigtitomey thedaaotksagandeyebaethetlipihigutds tiedioech misg/iae Hal2ivel in the
bloogd, lower, blood pressure or are indicated.,i re nt,of atherosclerosis or.gbesity. Further,
poit gt e Rk R R E S e R A

one or mekdieribxbebrrsan Mo @ ifmenatelgcigtnil yeefurgiencoaiedtHe eanmecsfhis
invention,@piianaiye25ia adsitioRmaoPRhimhibits Rk beccorahipamhuith resomaore vaseular
endothelial protectiye a%er’gmrée D,IID -4 i%%’)tors gbentior%%d ab%ée - besides th irétge in ;
mono-thépg&g?-’ FRICHINELdn Lo etd A ity SMer 3 e SUBG RS B AR which
improvedaicegitriie pe80ays Al pinbeaythaindairsiieted iodta hieedaredment @mg be given as a free
comBinaten Gfaceutically acceptable salt.

Saxagliptin may be administered to a patient at a daily dose of between 2.5 mg/day and 100
mg/day, optionally between 2.5 mg and 50 mg. Specific dosage amounts that may be used
include, but are not limited to 2.5 mg, 5 mg, 10 mg, 15 mg, 20 mg, 30 mg , 40 mg, 50 mg and

20 100 mg of saxagliptin per day. Typical dosage strengths of the dual combination of
saxagliptin / metformin are 2.5/500 mg and 2.5/1000 mg, each of which may be administered
orally once or twice daily, in particular twice daily.

A special embodiment of the DPP-4 inhibitors of this invention refers to those orally

25  administered DPP-4 inhibitors which are therapeutically efficacious at low dose levels, e.g. at
oral dose levels < 100 mg or < 70 mg per patient per day, preferably < 50 mg, more
preferably < 30 mg or < 20 mg, even more preferably from 1 mg to 10 mg, particularly from 1
mg to 5 mg (more particularly 5 mg), per patient per day (if required, divided into 1 to 4 single
doses, particularly 1 or 2 single doses, which may be of the same size, preferentially,

30  administered orally once- or twice daily (more preferentially once-daily), advantageously,
administered at any time of day, with or without food. Thus, for example, the daily oral
amount 5 mg Bl 1356 can be given in a once daily dosing regimen (i.e. 5 mg Bl 1356 once
daily) or in a twice daily dosing regimen (i.e. 2.5 mg Bl 1356 twice daily), at any time of day,
with or without food.

35



the substances or in the form of a fixed combination, for example in a tablet or capsule.
Pharmaceutical formulations of the combination partner(s) needed for this may either be obtained

commerciafhP284Hdritaceutical compositions or may be formulated by th& Skif€aPAIAUng

conventional methods. The active substances which may be obtained 35commercially as
pharmaceutical compositions are described in numerous places in the prior WO
2009/147125PCT/E1'2009/056722 - 24 - art, for example in the list of drugs that appears annually, the
"Rote Liste CY of the federal association of the pharmaceutical industry, or in the annually updated

;or]ppilatiwbgﬁm@euﬁa@té@réai%fpmﬂmm mwéjwﬁaéﬂfug%ﬁ@wneaﬁéaﬁa N Bg’%aﬁﬁéﬁi%ﬁk )
ererence S O1 antiai tic nati s ar m on sSucn as
gllbenclansndi(% tgn%maz?ljﬁ ? ecégrgfzfd”éegﬁqwggﬁ gﬁ%irghjégé g|l§ é}/ ﬁegtzgllnlde
repaglinidé)- thalzaﬂfd(ﬁbdlbn@smasﬁh%@taiﬁﬁﬁe%aﬁblmmmmnemb QNRdgeahma)hamdatators such
as metagﬁﬂa%%ﬂ%%ﬁg&mm.m%%% ﬁ@@&%&%@%@@@ﬁ%@%@e@me

PPAR-gamma/alpha modulators such as tesaglitazar, mur L%ltazar and KR

PPAR-gatARY/ Afhiogatlodiialer dagrpRrT DR S ‘&§§ﬁé$&tﬁea§@eﬁﬁe@8ﬁ cdPhoRiFhse
(ACC1 antlugGEGR wifkiladdisiuldicy gy DEBladetitansier dse(RGEICT)rm hibiio tsyqanBre¢ateé keta cell

SCRP 2SRl 5083 SR EPSRIcE AP e AU S AL P IR BRI bR poonits

or analogues; alpha- lucosidase rs such as acarbose, vo |bosea

alpha2-aR@&fari @tg‘% nevaRé 1A201iH RitaRsHY 83cERIER él@?hﬁ*?%jlﬁ‘@lm‘? W@uTﬁ%%ﬁFé‘Om@Dﬁh glusilin,
r- DNAInsmbaa%ummeﬁﬂéﬁl@ﬂwmdmyélmdr@@gegomwgayzgngrﬁw%ﬂslm and wuﬁuim::@i@éw Gastric

inhipifory Peptide P Int| I|no GLP d LP 1 su Exe din-4, e.q.
exeqrjltl%tltldeADe)%l:natfl%a @&I% rﬁ]ﬁt'glu? %@t%sﬁ% %lde orfanf?glutl g@a J'%%lé% éli:bl {bra®shR ems _
KGT-125Enahivieiierofl| bmmebﬁwww@mmﬁ@b&ﬁ@nmm@m@mw@@m@pﬁmion
fructose-%&&iﬁ&%ﬁ@@@@ﬁwmaﬁ%ﬁngd YaROBMsRIMFRRINODAASE: MOkiAiarss ghtragon receptor
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EP-A-564409, WO 98/35958, US
15 As different metabolic functional disorders often occur simultaneously, it is quite often
indicated to combine a number of different active principles with one another. Thus,
depending on the functional disorders diagnosed, improved treatment outcomes may be
obtained if a DPP-4 inhibitor is combined with active substances customary for the respective
disorders, such as e.g. one or more active substances selected from among the other
20  antidiabetic substances, especially active substances that lower the blood sugar level or the
flipid level in the blood, raise the HDL level in the blood, lower blood pressure or are indicated
in the treatment of atherosclerosis or obesity. Further, within the meaning of this invention,
optionally in addition, a DPP-4 inhibitor may be combined with one or more antioxidants
and/or anti-inflammatory agents. Yet further, within the meaning of this invention, optionally
25 in addition, a DPP-4 inhibitor may be combined with one or more vascular endothelial

protective agents.

The DPP-4 inhibitors mentioned above — besides their use in mono-therapy — méy also be
used in conjunction with other active substances, by means of which improved treatment

3G resulis can be obtained. Such a combined treatment may be given as a free combination of
the substances or in the form of a fixed combination, for example in a tablet or capsule.
Pharmaceutical formulations of the combination partner(s) needed for this may either be
obtained commercially as pharmaceutical compositions or may be formulated by the skilled
man using conventional methods. The active substances which may be obtained

35  commercially as pharmaceutical compositions are described in numerous places in the prior



255093330, WO 2004/005281, and WO 2006/041976); glucokinase/regulatory protein modulators incl.
glucokinase activators; glycogen synthase kinase inhibitors; inhibitors of the SH2-domain-containing
inositol 5-pREsHIEESE%pe 2 (SHIP2) ; IKK inhibitors such as high-dose sBfidy¥RIIINK2Inhibitors ;
protein kinase C-theta inhibitors; beta 3 agonists such as ritobegron, YM 178, solabegron, talibegron,
N-5984, GRC-1087, rafabegron, FMP825; 30aldosereductase inhibitors such as AS 3201, zenarestat,
fidarestat, epalrestat, ranirestat, NZ-314, CP-74480% and CT-112; SGLT-1 or SGLT-2 inhibitors; KV
1.3 channel inhibitors; GPR40 modulators; SCD-1 inhibitors; CCR-2 antagonists; dopamine receptor

agonists (ormosintipe mW'@%@Hﬁl@§%t%@é?@é%5’li}¥tﬁwﬁé@é$;isW@_“ of the federal _
2009/147125PCT/EP2009/056722 - 25 - A riferred %am eég&an antidiabetic combination partner is

metformift Shieh 15 A5H4IY UBASRUESREE VSN InG HBM RABAY BB RIF o StBtPHRY P &ticularly from
500 mg ten200Gehgraip’ tof@B0di angeparr dayiptioTgdvegiolisclosasgire giRtersigisugDasle.g. usually in
doses of akayt100-mg to 500 mg or 200 mg to 850 mg (1-3 times a day), or about 300 mg to 1000 mg
once_5or twice a day, or delayed-release metformin in doses of about 100 mg to 1000 mg or preferably
500 ﬁ19 to 1000 mg once or twice a day or about 500 mg to 2000 mg once a day. Particular dosage
strengthsEnay iies250; aeHER0 cobhiRadapd Q00 angrebmetiorsindnomochlasidec L @dnother
preferred iS.bioglit lly in a dos . 1-1.0 ma,.15 mq, mg, or 45 mg once
a day. Roggil6 i@%%@%@u@%b%ﬁm%ﬂi%% éig)rigggtogé '98 %%ﬁgeﬂb(gz;ng ir;ln e@mﬁig[f%%fay (typical
dosage s @{wgdgiée@’ag!i@m;gtm?&pﬁdEnediones such as rosiglitazone and pioglitazone; PPAR

gamma moduiators such as metaglidases; PPAR-gamma agonists such as Gl 262570;

10  PPAR-gamma antagonists; PPAR-gamma/alpha modulators such as tesaglitazar,
muraglitazar and KRP297; PPAR-gamma/alpha/delta modulators; AMPK-activators such as
AICAR; acstyl-CoA carboxylase (ACC1 and ACC2) inhibitors; diacylglycerol-
acetyltransferase (DGAT) inhibitors; pancreatic beta cell GCRP agonists such as SMT3-
receptor-agonists and GPR119; 113-HSD-inhibitors; FGF19 agonists or analogues; alpha-

15 glucosidase blockers such as acarbose, voglibose and miglitol; alpha2-antagonists; insulin
and insulin analogues such as human insulin, insulin lispro, insulin glusilin, r-DNA-
insulinaspart, NPH insulin, insulin detemir, insulin zinc suspension and insulin glargin;
Gastric inhibitory Peptide {GIP); pramlintide; amylin or GLP-1 and GLP-1 analogues such as
Exendin-4, e.g. exenatide, exenatide LAR, liraglutide, taspoglutide or albiglutide; SGLT2-

20  inhibitors such as KGT-1251; inhibitors of protein tyrosine-phosphatase; inhibitors of glucose-
6-phosphatase; fructose-1,6-bisphosphatase modulators; glycogen phosphorylase
modulators; glucagon receptor antagonists; phosphoenolpyruvatecarboxykinase (PEPCK)
inhibitors; pyruvate dehydrogenasekinase (PDK) inhibitors; inhibitors of tyrosine-kinases
{50 mg to 600 mg) such as PDGF-receptor-kinase (cf. EP-A-564409, WO 98/35958, US

25 5093330, WO 2004/005281, and WO 2006/041978); glucokinase/regulatory protein
modulators incl. glucokinase activators; glycogen synthase kinase inhibitors; inhibitors of the
SH2-domain-containing inositol 5-phosphatase type 2 (SHIP2) ; IKK inhibitors such as high-
dose salicylate ; JNK1 inhibitors ; protein kinase C-theta inhibitors; beta 3 agonists such as
ritobegron, YM 178, solabegron, talibegron, N-5984, GRC-1087, rafabegron, FMP825;

30  aldosereductase inhibitors such as AS 3201, zenarestat, fidarestat, epalrestat, ranirestat,
NZ-314, CP-744809, and CT-112; SGLT-1 or SGLT-2 inhibitors; KV 1.3 channel inhibitors;
GPR40 modulators; SCD-1 inhibitors; CCR-2 antagonists; dopamine receptor agonists
(bromocriptine mesylate/Cycloset); and other DPP 1V inhibitors.



Glibenclamide (glyburide) is usually given in doses from 2.5-5 to 20 mg once (or divided twice) a day
(typical dosage strengths are 1.25, 2.5 and 5 mg), or micronized glibenclamide in doses from 0.75-3 to
12 mg onc&@RHi%tEdvice) a day (typical dosage strengths are 1.5, 3, ABEAPBEMGFsGRpizide is
usually given in doses from 2.5 to 10-20 mg once (up to 40 mg divided twice) a day (typical dosage
strengths are 5 and 10 mg), or extended-release glipizide in doses from 5 to 10 mg (up to 20 mg) once
a day (typical dosage strengths are 2.5, 5 and 10 mg), 25Glimepiride is usually given in doses from
1-2 to 4 mg (up to 8 mg) once a day (typical dosage strengths are 1,2 and 4 mg). A dual combination

of glibenciapidefrag EQEmindSsHall GNENHRRES KoM Ll RG-S HRI IR Q4L ROR MY twice
daily (typical dos?q%e strengths are 1.25/250, 2.5/500 and 5/500 3 . A dual combination of

30mg)
glipizide/AERBIMIPRES LBRI) RN A ad<OmnioRRs M wmgwgom%awq@g%mosage
strengthswaréo25{R60gherHa9 asiddbyadoundhshguaiicembinationoé glimepitide/ meiferafisbisusually

i comb i P AL AR L SR et g SR e,

412 g tWiE&NER? dppiclitRRgskrelpang me freninin doses of apruntP8merig)1 V@G 86mbination of
pioglitazopefgliangpBidenis usuely giyemda dosesdroae3QRai306bmePrcendaiidypiead dagage

trengths are. 30/4 and. 45/4 ma). 5A dual combinatian of sosigli fformin | lly given i
I R S s T e

and 4/1000¢rmphiardgal combination of pioglitazone/metformin is usually given in doses from 15/500
once or twice daily to 15/850 mg thrice daily (typical dosage strengths are 15/500 and 15/850 mg).

10T, no[R-s%phoné%leJre insulin secretagogue nate%}.ini,de is usually given in doses from 60 to 120 mg
with tealS"2i0 $o P66 R /8&9{’1%&%!’6’&35;8%%&&5 ¥ 18 885398 2oePAiE)! THbERinité & usually
given in d¥sexfrond ®Baedcme dviyh meals (up to 16 mg/day, typical dosage strengths are 0.5, 1 and 2
mg). A dual combination of repaglinide/metformin is available in dosage strengths of 1/500 and 2/850

mg.
g Rosiglitazone is usually given in doses from 4 to 8 mg once (or divided twice) a day (typical

dosage strengths are 2, 4 and 8 mg).

15
Glibenclamide (glyburide) is usually given in doses from 2.5-5 to 20 mg once (or divided
twice) a day (typical dosage strengths are 1.25, 2.5 and 5 mg), or micronized glibenclamide
in doses from 0.75-3 to 12 mg once (or divided twice) a day (typical dosage strengths are
1.5, 3, 4.5 and 6 mg).

20

- Glipizide is usually given in doses from 2.5 to 10-20 mg once (up to 40 mg divided twice) a

day (typical dosage strengths are 5 and 10 mg), or extended-release glipizide in doses from
5 to 10 mg (up to 20 mg) once a day (typical dosage strengths are 2.5, 5 and 10 mg).

25  Glimepiride is usually given in doses from 1-2 to 4 mg (up to 8 mg) once a day (typical
dosage strengths are 1, 2 and 4 mg).

A dual combination of glibenclamide/metformin is usually given in doses from 1.25/250 once

daily to 10/1000 mg twice daily (typical dosage strengths are 1.25/250, 2.5/500 and 5/500
30  mg)

A dual combination of glipizide/metformin is usually given in doses from 2.5/250 to 10/1000

mg twice daily (typical dosage strengths are 2.5/250, 2.5/500 and 5/500 mg).

A dual combination of glimepiride/metformin is usually given in doses from 1/250 to 4/1000

mg twice daily.



15 Acarbose is usually given in doses from 25 to 100 mg with meals (up to 300 mg/day, typical dosage
strengths are 25, 50 and 100 mg). Miglitol is usually given in doses from 25 to 100 mg with meals (up
to 300 mg/d4Y 2A8ie4Tiddsage strengths are 25, 50 and 100 mg). 20Examptéd EPeeinbitation partners
that lower the lipid level in the blood are HMG-CoA- reductase inhibitors such as simvastatin,
atorvastatin, lovastatin, fluvastatin, pravastatin and rosuvastatin; fibrates such as bezafibrate,
fenofibrate, clofibrate, gemfibrozil, etofibrate and Qt@fgllinclofibrate; nicotinic acid and the derivatives
thereof such as acipimox; PPAR-alpha agonists; PPAR-delta agonists; inhibitors of acyl-coenzyme

A:cholesterglamdginnsiatioseRRIAGAToRGgRnibindd RUCh anAyasimibe;chalssternl sesgrption

inhibitors such as,ezetimib; substances that bind to bile acid, such as cholestyramine, colestipol and
colesevelt;"’n'w(";el%i@‘lﬁ rs%frﬂﬂ E?dq?f%t%ﬁ?‘-ﬂﬁﬁarﬂ%&ﬁ%ﬂmb%ﬁv@ butiéiditcd 3 aeH 84 0a®; reverse

D4F, LXRArduditatinyradionecs nhstiaoescarithe iRdmadidating gesiver sisstaners 3SQE TRmhikigprs such
as torcetrgpi, Jbh ] (AR %gtrmggtg@%% QRWHWQC}Z from WO 30 2007/005572; LDL

receptor modulators; and ApoB100 antisense RNA. A dosage 0t the partner drug atorvastatin is
usua%y o PHE TG ARG o eaigfig1ersimREcsmie ia eripliweNe0do s JBPT DD 2000/085 722 -
27 - Examplew ot ezitbitation pestigerstibagtiones blond, messwsue betgoblaskers soshas atenolol,
bisoprolol, celipr. ; rQl rvedilol: diuretics sych as hydrochlorothiazi chlortalidon,
xipamideﬁg%%%%&é%&%?ﬁ%@?ﬁ%%&?ﬁ? é?,dé%}ir%ir?olljgg (ﬂ’f ,“é%rie')ée?]%sﬁé {Eﬂmgﬁ/§§ % RBckiSmterene;
calcium chdrihERBYCEKEPS S0 CRcE BEnskitY Siveical féeripitesinenetiiphes] HBHdipihe5/BBardipine,
felodipine, lacidipine, lercanipidine, manidipine, isradipine, nilvadipine, verapamil, gallopamil and
diltiazem; ACE inhibitors such as ramipril, lisinopril, cilazapril, quinapril, captopril, enalapril, benazepril,
T e S A 4 TR AT I PR 5%7 B0cR e

penndopnl??o% nopri
telmisartad¥dcagdedarmasls disdad60loxsdan, injestitaa gelmeseytensan 6 prastitang);

repaglinide is usually given in doses from 0.5 to 4 mg with meals (up to 16 mg/day, typical
dosage strengths are 0.5, 1 and 2 mg). A dual combination of repaglinide/metformin is
available in dosage strengths of 1/500 and 2/850 mg.

15
Acarbose is usually given in doses from 25 to 100 mg with meals (up to 300 mg/day, typical
dosage strengths are 25, 50 and 100 mg). Miglitol is usually given in doses from 25 to 100
mg with meals (up to 300 mg/day, typical dosage strengths are 25, 50 and 100 mg).

20  Examples of combination partners that lower the lipid level in the blood are HMG-CoA-
reductase inhibitors such as simvastatin, atorvastatin, lovastatin, fluvastatin, pravastatin and
rosuvastatin; fibrates such as bezafibrate, fenofibrate, clofibrate, gemfibrozil, etofibrate and
etofyllinclofibrate; nicotinic acid and the derivatives thereof such as acipimox; PPAR-alpha
agonists; PPAR-delta agonists; inhibitors of acyl-coenzyme A:cholesterolacyltransferase

25  (ACAT; EC 2.3.1.26) such as avasimibe; cholesterol resorption inhibitors such as ezetimib;
substances that bind to bile acid, such as cholestyramine, colestipol and colesevelam;
inhibitors of bile acid transport; HDL modulating active substances such as D4F, reverse
D4r, LXR modulating active substances and FXR modulating active substances; CETP
inhibitors such as torcetrapib, JTT-705/dalcetrapib, anacetrapib or compound 12 from WO

30  2007/005572; LDL receptor modulators; and ApoB100 antisense RNA.

A dosage of the partner drug atorvastatin is usually from 1 mg to 40 mg or 10 mg to 80 mg
once a day



10 A dosage of the partner drug telmisartan is usually from 20 mg to 320 mg or 40 mg to 160 mg per
day. Examples of combination partners which increase the HDL level in the blood are Cholesteryl 15
Ester Tran¥¥er29RIEETP) inhibitors; inhibitors of endothelial lipase; reBfulAFSRYHTRERA ; LXRalpha
antagonists; LXRbeta agonists; PPAR-delta agonists; LXRalpha/beta regulators, and substances that
increase the expression and/or plasma concentration of apolipoprotein A-l. 20Examples of
combination partners for the treatment of obesity argysibutramine; tetrahydrolipstatin (orlistat); alizyme;
dexfenfluramine; axokine; cannabinoid receptor 1 antagonists such as the CB1 antagonist rimonobant;

MCH-1 reseptofasagenisis M frasartonagamisisobPpreRsvwellas i rptagonists: beta3-AR
agonists such S_B4187 0 and AD-9677; 5HT2c recaoﬁtjﬂ%?gonlsts such as APD 356; myostatin
inhibitors2 S5RE B OE S BRRERIih rerRR Bl oA ERRR s Yt SHFAors; fatty acid synthase
(FAS) inhiyitorshiGCHirzgip toniagaitsts x@hrelie réceptoniden gulktorise Pyyad<tiderexin receptor

antagonigﬁmﬂé@@%% ReoRTaRRAleamPIRaNA ARSI IR IRE-HEATION Olatipigscierosis

are phospholipase A2 30 inhibitors; inhibitors of tyrosine-kinases (50 mg to 600 mg) such as
PDGE-re88paSinigasdadiine NUsadinits, e dinsosisa (94 o iationeolatidinio®s281, and WO
2006/04 L8vsanionditd,. matibosies aretipidd) hivacaines vepofehiMiaingAd AnranidesMAcRhibitors.
Examples_of antioxjdant combination partners are.selepium, ine, vitamin.C, vitamin.E 35and beta
carotene?n&%%g&gj@fﬁ%éﬁ@/@’rﬁ%% la%ﬂi?%@rlagﬁ’e%gafgr%oﬁ%’oﬁaﬁagﬁﬁ?ﬁﬁgﬁ Fértzory
combinatisHipaeaitrRepeRtoand e datrfk pe et preasigiotensin Il receptor blockers (ARBs)

such as telmisartan, candesartan, valsartan, losartan, irbesartan, olmesartan and eprosartan.

10
A dosage of the partner drug telmisartan is usually from 20 mg to 320 mg or 40 mg to 160
mg per day.

Examples of combination partners which increase the HDL level in the blood are Cholesteryl

15 Ester Transfer Protein (CETP) inhibitors; inhibitors of endothelial lipase; regulators of ABC1;
LXRalpha antagonists; LXRbeta agonists; PPAR-delta agonists; LXRalpha/beta regulators,
and substances that increase the expression and/or plasma concentration of apolipoprotein
AL

20  Examples of combination partners for the treatment of obesity are sibutramine;
tetrahydrolipstatin (orlistat); alizyme; dexfenfluramine; axokine; cannabinoid receptor 1
antagonists such as the CB1 antagonist rimonobant; MCH-1 receptor antagonists; MC4
receptor agonists; NPY5 as well as NPY2 antagonists; beta3-AR agonists such as SB-
418790 and AD-9677; 58HTZc receptor agonists such as APD 356; myostatin inhibitors;

25  Acrp30 and adiponectin; steroyl CoA desaturase (SCD1) inhibitors; fatty acid synthase (FAS)
inhibitors; CCK receptor agonists; Ghrelin receptor modulators; Pyy 3-36; orexin receptor

antagonists; and tesofensine.

Examples of combinétion partners for the treatment of atherosclerosis are phospholipase A2

30  inhibitors; inhibitors of tyrosine-kinases (50 mg to 600 mg) such as PDGF-receptor-kinase
(cf. EP-A-564409, WO 98/35958, US 5093330, WO 2004/005281, and WO 2006/041976);
oxL.DL antibodies and oxLDL vaccines; apoA-1 Milano; ASA; and VCAM-1 inhibitors.

Exampiles of antioxidant combination partners are selenium, betaine, vitamin C, vitamin E

35  and beta carotene.



an anti-inflammatory combination partner is a PDE-4 inhibitor, such as e.g. tetomilast, roflumilast, or
3[7-ethy1-2- methox¥m(_athyl)-4-(5-methyl-3-pyridinyl)pyrrolo[l,2-b]pyridazin-3-‘5 lJoropanoic acid (or
other speci®8 dt¥(b8dd%n US 7153854, WO 2004/063197, US 7459451 ahBAENRS*25661904188). A
further example of an anti-inflammatory partner drug is a caspase inhibitor, such as e.g.
(3S)-5-fluoro-3-({[(5R)-5-isopropyl-3-(1-isoguinoliny1)-4,5-dihydro-5- 1
Oisoxazolyl]carbonyllamino-4-oxopentanoic acid (opgther species disclosed in WO 2005/021516
and/or WO 2006/090997). An example of a vascular endothelial protective agent is a PDE-5
inhibitor, such as e.g. sildenafil, vardenafil or tadalafil; another example of a vascular endothelial

protectiveAa ent islé% nl%tggtgféi%ae ngrggtor. %u%%erég\(/)ighi% nerrr|18eanin %‘Emls ina/oqggpn),( olgti enaflly in
addition, a TPIRMbOS may be CompinedWitheone &7 more @8”!%— r ggéﬁ’ln agoﬁlssfs,psuaﬁ as e.g.

proton pudi@iikitiiesrsn@tetudirmghioctesibrrasnied BOrévehiiits. iniibiry s of thiogiastc

Hi-/K-F-AbRasgastos2ilexample AOShAR R -3-
Ians%raz le. A pearticuIagﬁipr%feﬁrpf(‘jeﬂ‘q %W@O' kﬁ EP%HQ%H @E&b%ﬁ%}?’&a‘ihé this
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DPP-4 inhibjtor to be emphasized within the meanin
invoon LR A B RO OB Ao IS TE IRy o U AU B (R S ercin-1-
y1)-xanthime/fred/ D0 E0Ed kBdwn as Bl 1356). 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

modificatiof4 B fERIEC AR HEXeBpRAEN & BIsHE fIeRPRRIFE hRIfYatsish Sphdations cited
herein aregsg@iydnsariBRed-Moreipiedsa B dheinamypics dhydhesembodiments, features and
ad"?é‘tag%%%z%]%}%ﬁ%‘jﬂ?%‘?ﬁ%‘ﬁ%@o%%%{@%cﬁ‘&’?&r%{}g{ MLihs fqlowing gxgfeples. The following

examples serve ustrate,
2005/021516 and/or WO 2006/090997).

An example of a vascular endothelial protective agent is a PDE-5 inhibitor, such as e.g.
sildenafil, vardenafil or tadalafil; another example of a vascular endothelial protective agent is

15  a nitric oxide donor.

Further, within the meaning of this invention, optionally in addition, a DPP-4 inhibitor may be
combined with one or more CCK-2 or gastrin agonists, such as e.g. proton pump inhibitors
(including reversible as well as irreversible inhibitors of the gastric H+/K+-ATPase), for

20  example omeprazole, esomeprazole, pantoprazole, rabeprazole or lansoprazole.

A particularly preferred DPP-4 inhibitor to be emphasized within the meaning of this invention
is 1-[(4-methyl-guinazolin-2-ylmethyl]-3-methyl-7-(2-butyn-1-yl}-8-(3-(R)}-amino-piperidin-1-
yi)-xanthine free base (also known as Bl 1356).

25
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.

30

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 further illusirate, by



- 29 - way of example, the principles of the invention without restricting it, and/or to aid in the
understanding of the invention but are not construed as a limitation. WO
2009/1471¥5pEY1EEB809/056722 - 30 - Examples Experimental models fEETVER 89455 rodents
5Animals and special diets a) Female db/db mice [C57BLKS/Bom-db/db; Charles-River, Germany],
aged 6-7 weeks at start are treated 8 weeks with the DPP-4 inhibitor. Animals are kept in groups of 5-6
mice in Makrolon cages with free access to food angfap water. The room is maintained as follows:
dark light rhythm [6 a.m. to 6 p.m. light], room temperature 22 2 C, relative humidity 1050 10 %. The

DPP-4 inhibifer iatmensedimEgodiwhd inatimmsl wiinslie daily. o iadminisiatpng gfs ma/kg/d of
the DPP-ﬂnigh;Q{g%rdm ao\((qjlume of 5 mFl}/Kgg t}/’%a}gaﬁe are performed, Control animals receive 0.5 %
[Wiv] natr680r, &80 in avollmie’ 87 kG2 A TRECE R SPhatR iRl beriod [8 weeks after treatment
start] animals are dissected and liver biopsies taken. 15 b) Male ZDF rats (ZDF/Crl-lere), age 8-10
weeks at start are treated daily with the DPP-4 inhibitor for 35 days in a dose of 3 mg/kg /d. The
application volume is 3 ml/kg natrosol. Animal (n=8-10) are houses in single cages. The room is
maintained as follows: dark light rhythm [6 a.m. to 6 p.m. light], room temperature 22 2 C, relative
humidity 50 10 %. 20 c) Diet induced steatosis: Male C57BLJ6 mice [C57BL/6NC] supplied by
Charles River, Germany] are fed with a high fat diet [D12492, 60% kcal of fat, 5.24 kcal/g, Research
diets, New Brunswick, USA] starting in the age of 9 weeks. Animals receive chow and water ad libitum.
They are kept under controlled conditions and dark light rhythm [6 a.m. to 6 p.m. 25 light]. Animals
receive the high fat diet for 7 weeks before treatment start. Thereafter, animals are treated with the
DPP-4 inhibitor (0.1 -10 mg/kg/d orally, suspended in 0.5 % natrosol or vehicle for 6 weeks once
daily). Animals are sacrificed following an overnight fast and livers are removed for further analysis.



30d) MCD induced steatosis: Male C57BL/6 mice [C57BL/6NC] supplied by Charles River, Germany]
are allowed to normal diet or a MCD (methionine and cholin deficient diet) (Research Diets, New
Brunswick, VSR taD water ad libitum throughout the experimental perRSSE/BEIMS0547 tRice are fed
the normal diet during a 1-week quarantine and acclimation period. Then, at 9 weeks of age, mice
displaying no abnormal findings at the end of the 35quarantine and acclimation period are randomly
divided into groups (8-10 mice/group) and WO 2Q094147125PCT/EP2009/056722 - 31 - are treated
for 5 weeks as follows: group 1 (normal), fed normal diet plus vehicle (0.5% [w/v) natrosol); group 2
(MCD comptyahnfegkMCD diet plus vehicle; group 3, fed MCD diet plus the DPP-4 inhibitor (3
mg/kg/day). At the end of the experimental period, blood samples are collected from the tail vein of the
mice and the livers are collected. Histological analysis of 5inflammation and fibrosis are performed like
under ne&repssiraadthistaldgis Betldéotiontedtosds friglydentie content Samples for hepatic triglycerides
measurement are generated by homogenizing a liver lobe in lysis buffer (0,5% polyoxyethylen 10
tridecylether (Sigma, P 2393), 0.01M NaPi, 1ImM 10EDTA, pH 7.4). The liver tissue is previously
heat®d inAfd@lmanslsrecid fi#ito 95C. Following the initial homogenization, samples are further

processed)ussngatbalbiih BinteqiC H7 8s S aR-24NREDITRANERh@FatasRang (doedTr wabrsles are
content 1o e R o o e R IO I b ey
histology MlgripRY tegReeithEaarracersitapaspadifaplwataninmas rmamaisastities wsH@os:
dark fight rhythm [6 a.m. t0 6 p.m. light], room temperature 22 +2 °C, relative humidity
10 50%10 %.
The DPP-4 inhibitor is suspended in 0.5 % [w/v] natrosol. Single daily oral administrations of
3 mg/kg/d of the DPP-4 inhibitor in a volume of 5 mi/kg by gavage are performed. Control
animals receive 0.5 % [w/v] natrosol, also in a volume of 5 mifkg. At the end of the treatment

period [8 weeks after treatment start] animals are dissected and liver biopsies taken.

15
b) Male ZDF rats (ZDF/Cri-lepr™), age 8-10 weeks at start are treated daily with the DPP-4
inhibitor for 35 days in a dose of 3 mg/kg /d. The application volume is 3 mlikg natrosol.
Animal (n=8-10) are houses in single cages. The room is maintained as follows: dark light
rhythm [6 a.m. to 6 p.m. light], room temperature 22 £ 2 °C, relative humidity 50 + 10 %.

20

c) Diet induced steatosis: Male C57BL/6 mice [C57BL/6NC] supplied by Charles River,
Germany] are fed with a high fat diet [D12492, 60% kcal of fat, 5.24 kcal/g, Research diets,
New Brunswick, USA] starting in the age of 9 weeks. Animals receive chow and water ad
libitum. They are kept under controlled conditions and dark fight rhythm {6 a.m. t0 6 p.m.

25  light]. Animals receive the high fat diet for 7 weeks before treatment start. Thereafter,
animals are treated with the DPP-4 inhibitor (0.1 -10 mg/kg/d orally, suspended in 0.5 %
natrosol or vehicle for 6 weeks once daily). Animals are sacrificed following an overnight fast
and livers are removed for further analysis.

30 d) MCD induced steatosis: Male C57BL/6 mice [C57BL/6NC] supplied by Charles River,
Germany] are allowed fo normal diet or a MCD (methionine and cholin deficient diet)
(Research Diets, New Brunswick, USA) and tap water ad libitum throughout the experimental
period. At first, all mice are fed the normal diet during a 1-week quarantine and acclimation
period. Then, at 9 weeks of age, mice displaying no abnormal findings at the end of the

35 quarantine and acclimation period are randomly divided into groups (8-10 mice/group) and



isoflurane / oxygen [Isoba(r), batch J10417, Essex Pharma GmbH, 81737, Germany]. The liver is
removed and fixed in 4 % paraformaldhyd solution for later microscopic. Liver lipidosis 20 is evaluated
blinded and"&etidtidMRatively by light microscopy. The slides are blindly B&AERMAWI0oded slides
and all parameters (e.g. steatosis, inflammation) are semi-quantitatively scored (severity index) by the
following scheme: Score 1 = no changes 25Score 2 = minimal changes (< 5 % of liver tissues affected)
Score 3 = mild changes (5 -15 % of liver tissue affegfed) Score 4 = moderate changes (15 -25 % of
liver tissue affected) Score 5 = severe changes (> 25 % of liver tissue affected) 30Determination of

:llvlarR stea&}téi%@ytéa&gf;,s? eI I?;ssmstwg.s_gﬂmfﬁO(ng]ﬁgm)ty%_e H&ﬁ%ﬂrcﬁgtﬂ%tpsowgﬁre"@jgﬁ@m%t by
Spectrosc , IcCe Wi el- C stealosis, are anestinetus contnuous
b e e NG Rt R o e SO
on a Bruker Bié SpebiT/4Drsgduartay(BAiktreBinS pif, t Eetlgenn@etan areyiodq bilppe dsaritiasBEAl 2
gradient egilo Vi) 28AP(A4 112 9B TERZAARIOIAI 2Re l?c%fsslé{n%t_%ué%tw!%g%ﬂm&é%s“éﬁﬂ £ of

excitation, a surface coil for signal reception. For anatomical orientation a pilot s€an comprising

horizbnta SAT BRUPRAR RS iRra RGPEE R IG AaidiestnApaiRisteiyence with the following

parameters: TR 135 ms, TE 3.5 ms, field-of view 45x45 mm2, matrix 1282, slice thickness 1.75 mm.

According)gqetggog‘ﬂg% RGaN: ngﬁé—@k%ﬁﬁ (VOI, 3x3x3 mmz2) is placed in the left ventral part of

the liver. Liver lipids in the VOI"are measured by NMR spectroscopy using a PRESS sequence
(point-resofieRiaH E¥thesadisyyidisetite somsRfivgareahrsteaePrRIEdSYY heMPEERE NG aniveibiebef
averagesiB2ysiigiiatieeso/stiondnddydaiagointstiatyiatecansivees ysipgahe camesially available
sofygare pagkage LEMadel R, Srol i oy el Fated in the same buffer 10 min to 95°C.
Following the initial homogenization, samples are further processed using the MP Biotech
(FastPrep-24) equipment and orange caps (2 x 45s). Samples are then centrifuged 2min at
3000rpm. The supernatant is collected for further analysis. Triglyceride content is measured
using the Sigma serum triglyceride kit (Sigma, TR 0100).
15

Necropsy and histology

Necropsy is performed in ad libitum fed animals. Animals are anesthetized with 3 %
isoflurane / oxygen {lsoba®, batch J10417, Essex Pharma GmbH, 81737, Germany]. The
fiver is removed and fixed in 4 % paraformaldhyd solution for later microscopic. Liver lipidosis
20 is evaluated blinded and semi-quantitatively by light microscopy. The slides are blindly
examinated on coded slides and all parameters (e.g. stéatosis, inflammation) are semi-

guantitatively scored (severity index) by the following scheme:

Score 1 = no changes

25  Score 2 = minimal changes (< 5 % of liver tissues affected)
Score 3 = mild changes (5 -15 % of liver tissue affected)
Score 4 = moderate changes (15 — 25 % of liver tissue affected)

Score 5 = severe changes (> 25 % of liver tissue affected)

30  Determination of liver steatosis by means of NMR spectroscopy

For the in vive measurement of liver lipid content by NMR spectroscopy, C57BL/6 mice with
diet-induced steatosis are anesthetised by continuous inhalation of 2 % isoflurane in a
N20:0;, (70:30, viv) gas mixture. NMR measurements are performed on a Bruker BioSpec
47140 scanner (Bruker BioSpin, Ettlingen, Germany) equipped with a BGA12 gradient coil



In-animal model c) described above (diet induced obesity mice) the following results are obtained for
El 1356: DIO mice 2 months on high fat diet (liver fat day 29 following treatment/control%: Figure 1 15
20 25 30 3% RFI¥HGE1 47125PCT/EP2009/056722 - 33 - DIO mice 4 mohti<BANRITtAtTiet (liver fat
day 21 following treatment/control): Figure 2 10 15 20 25 The effect on fatty liver diseases of the
DPP-4 inhibitors of this invention can be tested in the models given herein and/or studied and detected
by the methods described hereinabove and hereinbelow. The effect on various forms of fibrosis can be
studied via the following detection 30 methods: Methods for detection of fibrosis Quantitative
measurements of specific mMRNAs by RT-PCR 35After disruption and homogenization in lysis buffer
approximatively 50 mg snap frozen tissue, SUBSTITUTE SHEET (RULE 26)

" 32

system. A volume coil is used for excitafion, a surface coil for signal reception. For
anatomical arientation 2 pilot scan comprising horizontal and axial MR images s acquired
using a gradient-echo pulse sequence with the following parameters: TR 135 ms, TE 3.5 ms,
field-of view 45%45 mm?2, matrix 128, slice thickness 1.75 mm. According to the pilot scan, a

5  voxekof-interest (VOI, 3x3x3 mm?) is placed in the left ventral part of the liver. Liver lipids in
the VOI are measured by NMR spectroscopy using a PRESS sequence (point-resolved
spectroscopy) with the following parameters: TR 1050 ms, TE 20 ms, number of averages
32, digital resolution 1024 data points. Data are analyzed using the commercially available
software package LCModel by S. W. Provencher.

10
In animal model ¢) described above (diet induced obesity mice) the following results are
obtained for Bl 1386:
DIC mice 2 months an high fat diet (liver fat day 29 following treatment/contrel): Figure 1
15
20
25
30
35

SUBSTITUTE SHEET (RULE 26)



WO 2009/147125PCT/EP2009/056722 - 34 - total RNA is isolated using a RNeasy Mini-kit (Qiagen,
Germany) s fpr collagen type |, TGF-R1, procollagen al (1), TIM Issue |nhibitor of matrix
metalIoprOYJ#1‘5‘%1%33(9&5r % metalloproteases 1,2, 3,8,9, 13 (MMP-1, MMP-2, EMW%‘%{W@ MMP-9,
MMP-13), PDGF-R receptor and a-smooth muscle cell actin are analysed via TQ-PCR and normalized
5 to GAPDH mRNA. Sirius red staining of collagen Sections 5 pm thick from formalin fixed, paraffin
embedded tissue are prepared and are stained with Sirius red (saturated picric acid in distillated water
containing 0.1% (w/v) Sirius 10red F3B (BDH Chemicals, UK) to allow visualisation of liver fibrosis. All
samples from a series of experiments are stained simultaneously and evaluated in a blinded fashion.
Necropsy and histology Necropsy is performed in ad libitum fed animals. Animals are anesthetized
with 3 % 15 isoflurane / oxygen [Isoba(r), batch J1Q&l7, Essex Pharma GmbH, 81737, Germany]. The
organs (liver, kidney, lung, etc.) are removed and fixed in 4 % paraformaldhyd solution for later
microscopic. Fibrosis is evaluated blinded and semi-quantitatively by light microscopy. The slides are
blindly examinated on coded slides and all parameters are semi-quantitatively scored (severity index)
by the following scheme': 20 Score 0 = no fibrosis Score 1 = some portal tracts expanded

DIO mice 4 months on high fat digt (liver fat day 21 following treatment/control). Figure 2

5
10
15
20
25
The effect on fatty liver diseases of the DPP-4 inhibitors of this invention can be tested in the
models given herein and/for studied and detected by the methads described hereinabove and
hereinhelow. The effect on various forms of fibrosis can be studied via the following defection
30 methods:;

Methods for detection of fibrosis

Quantitative measurements of specific mRNAs by RT-PCR
356  After disruption and homogenization in lysis buffer approximatively 80 mg snap frozen tissue,

SUBSTITUTE SHEET (RULE 26)



Score 2 = most portal tracts expanded Score 3 = most portal tracts expended, +/- links 25Score 4 =
marked bridgin %SP-P and P-C links) Score 5 = marked bridging, occasional nodules (incomplete
cirrhosis) éﬁ%?@q Aithosis, probably or definite I) Ishak etal. J Hepatol Z%E@g,z(i@ 5536*
Determination of fibrosis by means of Magnetic Resonance Elastography Fibrosis is associated with
increased stiffness and viscosity of the tissue. The viscoelastic properties of living tissue can be
assessed with Magnetic Resonance Elastography @MRE) by measuring the propagation of
low-frequency mechanical shear waves through the tissue. 35 The propagation of the shear waves is
visualizegoby ReVAiRViBSINRMagng HciResenanaekiNQIRRE0/E 471250 CTrHRBANRI0P6FIRYer35 -

I [ MRI), hich f hani i f ' ived.
L T T T

erentiate between nown stages o

that the nmeatedaprotasies doredpdritl MttMkbse ditie4dtiiahddMros Hibeye. MMP-13),

PDGF- receptor and a-smooth muscle cell actin are analysed via TQ-PCR and normalized
5 to GAPDH mRNA.

Sirius red staining of collagen

Sections 5 ym thick from formalin fixed, paraffin embedded tissue are prepared and are

stained with Sirius red (saturated picric acid in distillated water containing 0.1% (wi/v) Sirius
10 red F3B (BDH Chemicals, UK) to allow visualisation of liver fibrosis. All samples from a

series of experiments are stained simultaneously and evaluated in a blinded fashion.

Necropsy and histology
Necropsy is performed in ad libitum fed animals. Animals are anesthetized with 3 %
15  isoflurane / oxygen [Isoba®, batch J10417, Essex Pharma GmbH, 81737, Germany]. The
organs (liver, kidney, lung, etc.) are removed and fixed in 4 % paraformaldhyd solution for
later microscopic. Fibrosis is evaluated blinded and semi-quantitatively by light microscopy.
| The .siides are blindly examinated on coded slides and all parameters are semi-quantitatively
scored (severity index) by the following scheme:
20
Score 0 = no fibrosis
Score 1 = some portal tracts expanded
Score 2 = most portal tracts expanded
Score 3 = most portal tracts expended, +/- links
25  Score 4 = marked bridging (P-P and P-C links)
- Score 5 = marked bridging, occasional nodules (incomplete cirrhosis)

Score 6 = cirrhosis, probably or definite

Y Ishak etal. J Hepatol 22: 696, 1995

30
Determination of fibrosis by means of Magnetic Resonance Efastography
Fibrosis is associated with increased stiffness and viscosily of the tissue. The viscoelastic
properties of living tissue can be assessed with Magnetic Resonance Elastography (MRE) by
measuring the propagation of low-frequency mechanical shear waves through the tissue.

35 The propagation of the shear waves is visualized by non-invasive Magnetic Resonance



2) Salameh et al. J. Magn. Reson, Imaging 26:956, 2007 Effect on body weight: Figure 3 - 36 -

Claims Use of a DPP-4 inhibitor of formula (I) -- 0 R1, /R2(l) ONN or of formula

10

18

20

25

(;Izl(? R1, R2
WO 2009/147125 PCT/EP2009/056722

- 35 -

Imaging (MR, from which parameters for the mechanical properties of the tissue can be
derived. Preclinical studies have shown that MRE can differentiate between the Known
stages of fibrosis and that the methods’ results correspond with those of the gold-standard of

biopsy*.
f Satameh et al. J. Magn. Reson, Imaging 26:856, 2007

Effect on body weight: Fipure 3

SUBSTITUTE SHEET (RULE 26)



N or of formula (lll) 0-- R1, I/ R2(lll) ON CN CN wherein RI denotes ([1,5]naphthyridin-2-yl)methyl,
(quinazolin-2-yl)methyl, (quinoxalin-6- yl Ymethyl, (4-methyl-quinazolin-2-yl)methyl, 2-cyano-benzyl,
(3-cyano-quinolin-2- yl)methyl, - 37 -

- 36 -

Claims
1. Use of a DPP-4 inhibitor

of formula (1)
0 Z
R1\N N
J J—R2 ()
o~ "N~ N
|
or of formula (1)

0 Z

R’I\N N an
| R2
-

or of formula (1H)

0 =
A M R
O N
| CN

or of formula (IV)

R'E\N N
s | )Rz v
N
CN

wherein R1 denotes ([1,5haphthyridin-2-ylimethyl, {quinazolin-2-ylimethyl, {quinoxalin-6-
yhmethyl,  (4-methyl-quinazolin-2-yhmethyl,  2-cyano-benzyl,  (3-cyano-quinolin-2-
yhmethyl,



(3-cyano-pyridin-2-yl)methyl, (4-methyl-pyrimidin-2-yl)methyl, or (4,6-dimethyl-pyrimidin-2- yl)methyl
and R2 denotes 3-(R)-amino-piperidin-1-yl, (2-amino-2-methyl-propyl)- methylarnino or
(2-(S)-amino-propyl)-methylamino, or its pharmaceutically acceptable salt; for preparing a medicament
for the treatment and/or prevention of non alcohalig£atty liver disease (NAFLD). 2.Use of the DPP-4
inhibitor according to claim 1 for preparing a medicament for the treatment and/or prevention of non
alcoholic fatty {ey=cis@asanBlNrh&NywWaerethysaidiDiBiR-2A yinhibitgr 48 @detitedyamriheigup

consisting of yl) meth | and R2 denotes 3-(R}-amino- piendm 1-yi, {(2-amino-2-methyl-propyl)-

)
1-[(4-methyl- gum olin-2- %;r] -3-methyl-7-(2-putyn-1-y1)-8-(3-(R)-amino-piperidin-1-y1)-
xanthine, 14([1“% n%lf)fﬂ{ gd{p %p mecﬂ?yﬂpé met “butyn-1-y1)-8-((R)-3-amino-piperidin-1-y1)-
xanthine, or its pharmaceutically acceptable salt;

1-[(guinazolin-2-yl)methyll-3-methyl-7-(2-butyn-1-y1)-8-((R)-3-amino-piperidin-1-y1)-xanthine, - 38 -
2-((R)-3-amino-piperidin-1-y1)-3-(but-2-yny1)-5-(4-methyl-quinazolin-2-ylmethyl)-3,5-dihydro-
imidazo[4,5-d]pyridazin-4-one,

1-[(4-methy G BIRBFIHH IO FREIRT oS heetRg Pt 2Ry R V51598 {2 hAlB S R Bty B opy1)-
methylamindissagefiite;LD).
1-[(3-cyano-quinolin-2-yl)methyl]-3-methy1-7-(2-butyn-1-y1)-8-((R)-3-amino-piperidin-1-y1)-

xanthine, 1-(2-cya )€ | -xanthine,
1-[(4- methyéqumag%lan%z% géﬁget%] ﬁﬁgn%{%e %Mé@ % Mﬁ%& e%f?i gg%%a%nﬁﬁﬂﬁgﬁé}oyfe
methylammBﬁ?(’ﬁ?ﬁ?ﬁﬁ@dior prevent:on of non alcohohc fatty fiver desease NAF wherein salg PP-4
1[(3-cyano-pyiiteker-2-s¢)acetih -3 theeg e £¢Rsistingpil -y 1)-8-((R)-3-amino-piperidin-1-y1)-  xanthine,

1-[(4-methy k- pinutin-dni PRI S Y Infel DUty Mukyy WA - Franine-pinardein: 1y 1)-
xanthine, 1-[(4,G-ngﬁ}]réyl-pyrimidin-2-y|)methy|]-3-methyl-?-(2-butyn-l-yl)-8-((R)-3-amino-piperidin-l

1-[([1,5naphthyridin-2-yhmethyl]-3-methyl-7-(2-butyh-1-y1)-8-({R)-3-amino-piperidin-1-yi}-
xanthine,

1-{(quinazolin-2-y))methyl}-3-methyl-7-(2-butyn-1-yl}-8-({R)-3-amino-piperidin-1-yl)-xanthine,



yl)-xanthine and
1-[(quinoxalin-6-yOmethyl]-3-methyl-7-(2-butyn-1-y1)-8-((R)-3-amino-piperidin-1-y1)-xanthine, or a
pharmaceutically acceptable salt thereof. - 39 - 3. Use of the DPP-4 inhibitor according to claim 1 for
preparing a medicament for the treatment and/or ggevention of non alcoholic fatty liver disease
(NAFLD), wherein said DPP-4 inhibitor is

1—[(4-methxd-@vairtaa@*iﬁb%wérmﬂtmms%nﬁmwn&fbuwylwa&d& (RIreEHNP-PiP@Rghire1-y1)-

xanthine. 4. Use 9 Rlao&{aeccordlng to any of the claims 1 to 3, particularly
1-[(4methyl-quinazo met -3-methyl-7-(2-butyn-i-yl)-8-(3-(R)- amlnoplperldlnjy xanthine, for
preparing 4 Es%a?emwawﬂwezw A REION g bOr ook HESHOR TERY TOePsease

(NAFLD), whereimegaidnmoni-atcttiotic fatty liver disease (NAFLD) is selected from the group consisting
of hepatic stgatesisonpmelsobnlitetigntohrRAtS AN G -and-verfiiesiSsiperiditdagi pf the DPP-4
inhibitor accordln%]rtgiany of the claims 1 to 3, particularly 14(4- methyl-g
uinazolin-2 yI)me 5 methyl-7-(2-butyn-1-y1)-8-(3-(R)-am ino-piperidin- 1 -yl)- xanth ine, for
preparing a‘ﬁ?eﬁi@ﬁ‘?ﬁ@ﬁ‘??ﬁr%ﬁ@%é‘aﬁ?e?ﬂté’ﬁa%‘ﬁ préfeatronnsrpiesritic: Lidagsising. Use of the DPP-4
inhibitor accgéingtigl-anyaidine clamesgijto-Beparifc(Halyd4 (4h-8-[( S)-(2-amino-propyl)-
methyl- gu|nazollgg,e%ﬁygmgg]l&%ﬁ”qgethyl -7-(2-butyn-1-y1)-8-(3- (R) am| no-pi perid in-1-yl)- xanthine,
for preparmg medicament for. thet tme reventlo non -alcoholic steatohepatltls
(NASH. T P B TN 2EE M e Gy o e e PP B iy 1.1
methyl-guinazolxarghimethy1]-3-methyl-7- (2 butyn-1-y1)-8-(3-(R)-ami no-pi perid in-1-yl)- xanthine,
for preparingj@-medigamenéfor fipntestroensand/op-plaxentgofrivesfiiegperilserpf a
pharmaceutlcal ¢ lg)esmon for preparing a medicament for the treatment and/or prevention of non
alcoholic fatt liver disease (NAFLD) including hepatic steatosis, non-alcoholic steatohepatitis (NASH)
and/or liver'fistSsiimetliy- Bﬁﬁ?mﬁ'@e‘ tieaireBripstitibn-eohvbiist n’é)&ﬁﬁlﬁ@'ﬂﬂ?ﬂﬂ'ﬁﬁ%e rding to any of
the claims 1 to 3yl peatitiredyd
1 [(4-methyiquinazelin:2-ynes i kanmetiysdrr-Rytya =y k) Beids (RsAnsBiRe M 1-y1)-xanthin
-39a- 9. Use of the ar aceuf ct?}I co osmpn according to claim 8 for preparing a medicament
for the trea?meﬁ{1 for pre\)/en%?g A7 h8A alconolic fatty liver disease (NAFLD) including hepatic
steatosis, non- alcohollc steatohepatitis (NASH) and/or liver fibrosis, said pharmaceutical composition
further comprising metformin. 10. Use of the pharmaceutical composition according to claim 8 for

preparing a



medicament for the treatment and/or prevention of non alcoholic fatty liver disease (NAFLD) including
hepatic steatosis, non-alcoholic steatohepatitis (NASH) and/or liver fibrosis, said
pharmaceuticalcompositionfurthercomprisingpioglitazone. -40- 11,Use of a DPP-4 inhibitor as defined
in any of the claims 1 to 3, particularly 1-[(4- -39 -
methyl-quinazolin-2-Amethyl)-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-amino-piperidin-1-y1)- xanthine, for
the manufacture of a pharmaceutical composition for treatment and/or prevention of non alcoholic fatty
liver disease (particularly diabetic NAFLD) including hepatic steatosis, non-alcoholic steatohepatitis
(NASH) and/or liver fibrosis. 12. Use of a DPP-4 inhibitor as defined in any of the claims 1 to 3,
particularly®t4(4- MetiRjIrRiRBZS IRbBRROATSHRY I derRiatmy 1 for (Rananie B yedBaBR Yairthéno-pi
peridin-1-y Ireavanthirel/dopthe mianof actLse ofolicfhay hec disbaat COARLOS| tidikfeih gatmrerand/or
preventing pamiglegholic fatty liver disease (NAFLD)/non-alcoholic steatohepatitis (NASH), particularly
NAFLD/NAf_i—kasst%cigted Wiilh %iia etets. 3. Tp}e use according to claim 11 or 12, wherein the
pharmaceuti (afrggmsb%ﬁ'ﬁ(a)ﬁo rene A Brrs RS BHe S MbYe SEP-Ltivs LuBRIiRREd s didéted from the
group consisting@f&fitfdiabetic substances, including active substances used to lower the blood sugar
level, active substances used to lower the lipid level in the blood, active substances used to raise the

HDL level 1 the bigadoArlivesIBSIRRAES HaSthin) el Ploqi pigRsuEe, ASiNe sUbsiangep used for

treating atherosclerosis, active substances used for treating obesity, antioxidants, a
anti-inflamMV&HBY KB Ny o -rar aYarat e d i (Shamarehsdditotubrrent or
chronologicamhstagge rrdrasecod thedimtivenirigratliemesinibht bisdwofacidPPod bihibitaicasdefined in any
of Ztheodamlf?t@ltﬁ;/&a a@hasal@gq%m%ﬂ- m»%i’r@w-%%;m“atcohqnc fadt_ty iver disease (NAELD) is

n-2-yOmet -3:methyl-7-(2-butyn-1-y1)-8-(3-(R)-amino-piperidi n-1-yl)- xanthine, for the
manufacturségéf aEdp _r%?qmé_%c%r&ffgaﬁ%gr#b Sgl{% Fé’rc t)?teeaB%PﬁéSntngﬁﬁ)g? ﬁrg\}c’é)ﬁfgﬁeigf’w&{%&ﬁolic fatty
liver diseasEeNMEE[IBIPSificluding hepatic steatosis, nonalcoholic steatohepatitis (NASH) and/or liver
fibrosis, in combination with one or more other active substances selected from the group consisting of

antidiabeticssubsterges dclysting agiivs, substangas Hﬁg%ﬁ%@é{%@? M%Dggédgag#ﬁvﬁl(ﬁdive

substances used to.lower the lipid level in the_blood, active substances used to raise the HDL level in
the blood, 5?:??\')&“555@125 il 3&’@'?6%%4’8[566"8?@511’?@,’ SetRram_enier@instdfor treating
atherosclerssithingtiles UipRIENEe Masicforarbtdondhebesitimenttioxidanseendantinfiarainatory
agents. 15stddiesuse according to claim 13 or 14, wherein said other active substances are selected
from the group consisting of biguanides including metformin, thiazolidinones including pioglitazone,
statines including atorvastatin, and ARBs including telmisartan. -41- 16. A pharmaceutical package

containing & phariis8lieaPESdaRkikH aernfsingrg any of the claims 1 to 3, particularly 1-{(4-
methyl-guinazolin-2-yl)methyl}-3-methyl-7-(2-butyn-1-yi}-8-(3(R)-amino-piperidin-1-y{)-

xanthine, for preparing a medicament for the treatment and/or prevention of non-alcoholic
steatohepatitis (NASH).

7. Use of the DPP-4 inhibitor according to any of the claims 1 to 3, particularly 1-[(4-
methyl-quinazolin-2-yl)methyl}-3-methyi-7-(2-butyn-1-yl}-8-(3-(R)-amino-piperidin-1-yl)-

xanthine, for preparing a medicament for the treatment and/or prevention of liver fibrosis.

8. Use of a pharmaceutical composition for preparing a medicament for the treatment
and/or prevention of non alcoholic fatty liver disease (NAFLD) including hepatic steatosis,
non-aicoholic steatohepatitis (NASH) and/or liver fibrosis, said pharmaceutical composition
comprising @ DPP-4 inhibitor according to any of the claims 1 to 3, particularly 1-[(4-methyl-
quinazolin-2-y)methyl}-3-methyl-7-(2-butyn-1-yl}-8-(3-( R)-amino-piperidin-1-yl)-xanthine.



DPP-4 inhibitor according to any of the claims 1 to 3, particularly 1-[(4-methyl-quinazolin-2-
yOmethyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-amino-piperidin-1-y1)-xanthine,beside instructions for
treating and/or preventing non alcoholic fatty liver disease (NAFLD) including hepatic steatosis,
non-alcoholic steatohepatitis (NASH) and/or liversfiiarosis, optionally in combination with one, two or
more other active substances selected from the group consisting of antidiabetic substances, including
active substancedJssedf tthtowsarthaecblitioal suwgaokiuel, activeisybstariges Gséd tordpwrégthe lipid level

in the blood, ARUVESHRFRBGRAMREH égovaﬁﬁetv%@%ﬁyﬁlavaom blordRrtivesubglarees used to
lower blood Elressuhs active substances UEP for@ta\l‘rte%tlngt ?t \9?\[ Ellerog /s ?ctlv substan%es used for
ascu o}

treating bl %gﬁrﬁlgagﬁ{? RS AtEPANG L PRGN 1|E)°rso’%éctang agents.
17. Use of ﬁx@mpcaummwm@&@m@%wmrﬂ@é@mmw to 3 for preparing a medicament for
treating and/or preventing NAFLD/NASH and/or diseases or disorders related or associated therewith,

inpatients iaving gge gr uorg dspideif aelerEe i NASR, eabplc SYpEomer s

resistance, IGT, IFG, overwe (particular visceral and/or abdominal obe5|t % slipidemia
(e.g. hyperﬁlﬁﬁ@?ﬁfﬁ“ﬂ?bgﬁr @q%%‘?lﬁé’ﬁﬂéra‘?ﬁ)ﬁf‘%%Hﬁ@ﬁﬁgoﬁéﬂ&@%e(ﬁ?ﬁ%?ﬁém h&?i 2 diabetes),
hypertensior|utyge rglyaensiaategse rnswivrdnia stegierepiiitim (B ASeUereddde dpeahmsispoBidystic ovary
syndrome, gigheheniahepatitisSripiagtion. 18. Ksenf the DRBrbizHgItor accpikdingzimelaim 3 for
preparing a medicament for reducing liver fat. 19. Use of a DPP-4 inhibitor according to any one of the
claims 1 to 3 for preparing a medicament for the treatment and/or prevention of fibrosis, such as e.g.
fibrosis of the liver, lung, skin, heart or kidney.
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1", Use of a DPP-4 inhibitor as defined in any of the claims 1 to 3, particularly 1-{(4-
methyl-quinazolin-2-yl)methyl}l-3-methyl-7-(2-butyn-1-y1}-8-(3-( R)-amino-piperidin-1-yl)-

xanthine, for the manufacture of a pharmaceutical composition for treatment and/or
prevention of non alcohalic fatty liver disease (particularly diabetic NAFLD) including hepatic

steatosis, non-alcoholic steatohepatitis (NASH} and/or liver fibrosis.

12. Use of a DPP-4 inhibitor as defined in any of the claims 1 to 3, particularly 1-[(4-
methyl-quinazolin-2-yl)methyi}-3-methyl-7-(2-butyn-1-y1}-8-( 3-(R)-amino-piperidin-1-y/}-
xanthine, for the manufacture of a pharmaceutical composition for treating and/or preventing
non alcoholic fatty liver disease (NAFLD)/non-alcoholic steatohepatitis (NASH), particularly
NAFLD/NASH associated with diabetes.

13. The use according fo claim 11 or 12, wherein the pharmaceutical composition further
comprises one or more other active substances selected from the group consisting of
antidiabetic substances, including active substances used to lower the blood sugar ievel,
active substances used to lower the lipid level in the blood, active substances used {o raise
the HDL level in the blood, active substances used to lower blood pressure, active
substances used for treating atherosclerosis, active substances used for treating obesity,
antioxidants, and anti-inflammatory agents, such as e.g. for separate, seguential,

simultaneous, concurrent or chronologically staggered use of the active ingredients.

14. Use of a DPP-4 inhibitor as defined in any of the claims 1 to 3, particularly 1-(4-
methyl-quinazolin-2-yhmethyil-3-methyi-7-(2-butyn-1-y1}-8-( 3-( R}-amino-piperidin-1-yi}-

xanthine, for the manufacture of a pharmaceutical composition for treatment andfor
prevention of non alcoholic fatty liver disease (NAFLD), including hepatic steatosis, non-
alcoholic steatohepatitis (NASH) and/or liver fibrosis, in combination with one or more other
active substances selected from the group consisting of antidiabetic substances, including
active substances used 1o lower the blood sugar level, active substances used to lower the
lipid level in the blood, active substances used {o raise the HDL level in the blood, active
substances used to lower blood pressure, active  substances used for treating
atherosclerosis, active substances used for freating obesity, antioxidants, and anti-

inflammatory agents.

15. The use according to claim 13 or 14, wherein said other active substances are
selected from the group consisting of biguanides including metformin, thiazolidinones
including pioghtazone, statines including atorvastatin, and ARBs including telmisartan.
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16, A phamaceutical package containing a pharmaceutical composition comprising a
DPP-4 inhibitor according to any of the claims 1 to 3, particularly 1-[{4-methyi-quinazolin-2-
yhmethyi}-3-methyt-7-(2-butyn-1-y}-8- 3-( R)-amino-piperidin-1-yl)-xanthine, beside
instructions for treating and/or preventing non alcoholic fatty liver disease (NAFLD) including
hepatic steatosis, non-alcoholic steatohepatitis (NASH) and/for liver fibrosis, optionally in
combination with one, two or more other active substances selected from the group
consisting of antidiabetic substances, including active substances used to iower the blood
sugar level, active substances used to lower the lipid level in the blood, active substances
used fo raise the HDL level in the blood, active substances used to lower blood pressure,
active substances used for treating atherosclerosis, active substances used for treating

obesity, antioxidants, anti-inflammatory agents, and vascular endothelial protecting agents.

17. Use of a DPP-4 inhibitor according to any of the claims 1 to 3 for preparing a
medicament for treating and/or preventing NAFLD/NASH and/or diseases or disorders
related or associated therewith, in patients having one or more disorders selected form
NAFLD, metabolic syndrome, insulin resistance, 1GT, IFG, overweight, obesity {particular
visceral and/or abdominal obesity), dyslipidemia (e.g. hyperipidemia, hypertriglyceridemia
andfor hypoHDLemia, diabetes (particularly type 2 diabetes), hypertension, hyperglycemia,
hyperinsulinemia, hyperuricemia, severe sieep apnoe, polycystic ovary syndrome, and
chronic hepatitis C infection.

18. Use of the DPP-4 inhibifor according to claim 3 for preparing a medicament for reducing
liver fat.

19. Use of a DPP-4 inhibitor according to any one of the claims 1 to 3 for preparing a
medicament for the treatment and/or prevention of fibrosis, such as e.g. fibrosis of the liver,

lung, skin, heart or kidney.



