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DI SEASES 5 BACKGROUND OF THE | NVENTI ON Heal bile acid transporter (IBAT) is
t he mai n weQbamisstssf or re-absorption of bile acids frompthsetditisass .
Partial or full blockade of that mechanismw Il result in | ower
concentration of bile 10acids in the small bowel wall, portal vein, liver
parenchyma, intrahepatic biliary tree, extrahepatic biliary tree, including
gal | bl adder. D seases which may benefit frompartial or full blockade of
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concentration of bile acids in serumand in the above organs. WO

2008/ 058630 describes the effect of certain ileal bile acid transport
(IBAT) in the treatment of liver disease related to fat disorders. 20
SUMVARBAGK GRIBUNEMENTHENNMENTIOBSent i nvention regards specific | BAT
inhibitors in the prophylaxis and/or treatnment of a |iver disease. 25
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The invention relates to | BAT
i nhi bi tllealbileacfictamdportdr (FBATYIH the (hgin meGRarkiérh f&@-rd\absorplRan of bi@cids from

2012/ OQ#ezgﬂ?%./ §aE|%gllolr/fl9F€I§(§<5adg o? Mat mechanism will result in lower concentration of bile
10 acids in the small bowel wall, portal vein, liver parenchyma, intrahepatic biliary tree,

extrahepatic biliary tree, including gall bladder.

Diseases which may benefit from partial or full blockade of the IBAT mechanism may be

those either having as a primary pathophysiological defect, causing or having symptoms of
15  too high concentration of bile acids in serum and in the above organs. WO 2008/058630

describes the effect of certain ileal bile acid transport (IBAT) in the treatment of liver disease

related to fat disorders.

20 SUMMARY OF THE INVENTION

The present invention regards specific IBAT inhibitors in the prophylaxis and/or treatment of

a liver disease.

25
DETAILED DESCRIPTION OF THE INVENTION

The invention relates to IBAT inhibitory compounds of formula (1):
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wherein: Mis CH2, NH One of al and R2 are selected from
hydr ogen or Cl_6alkyl and the other is 5selected fromC _sal kyl; Rx and RY
are i ndepsodentdey2esel ect ed from hydrogen, hydroxy, am necTSEL@APEB3S

C _sal kyl, G _sal koxy, N (G _sal kyl)am no, N, N-(Cl_6alkyl)2am no,

C _6al kyl S(0)a wherein ais 0 to 2 IR,,is selected fromhalo, nitro, cyano,
hydr oxy, am no, carboxy, carbanoyl, 18?narcapto, sul phanoyl , G _sal kyl,
C2_6al keeydin: C2_6al kynyl " C _sal kanoyl, G _sal kanoyl oxy,

N (G _sal kyl ) am,no, ~N, I,\\Il- 01 6alkyl)2am no, C _sal kanoyl am no,

N-( G “sal kyl ) carbEnsyd NN, N(01_6alkyl) 2carbanoyl, G 6al kyl S(0)a wherein a
is 0to 2, G _sddeofiR'amd®Adre sbletled fidailkydtdgenl @iGiraliyl aaddhe other is

N, N-(01 ak@*l{) Ziula%%gnoyl; v is 0-5; 150ne of R4 and R5 is a group of

f or ful &SCCRM:TM ag and R6 and the other of R4 and R5 are independently
sel ect ed from hyRfrangeRt, arb&ldepemiently seleytad dromhtyydiraney, hydroxo amirar, boxy,

car banpy| rcapt o, ~sul,pha , 01,.4alkyl, C2, 4al kenyl kynyl ,

o aal R RC AR Co A RETRYG aRRS Ao AR TR eSO

N, N- ( Olvhéedikwig QéasrRno, Cl_4al kanoyl ami no, N (01_4alkyl)car banoyl,

N, N- (01 4alkyl arb L. G 4al kyl S(0)a erein.a is.0to

S s Ko et bodS S SAERE] rafinel nliE Ebaleb)YOIERG i 8o omh Zelama phamoy!
whaonei mdr3a@o,cksulkfhaaroyl, thealiof hessakEnyRAC asatkyRd, MBywsalienontCeaibhgyleybst i t ut ed

on car b e .or R16:, 25X is -0-. -N(Ra) iz, ~ S(Q)h-.ar -CH Ra)-;
wher o1 et JUR-G: g, S ariaporghihiec AR L) i o
heL e[ QEN,M(?-W' )gja![rbd(?]m @‘-egk%lsp@)'amréirqu gsimiac:] Q,Ejﬂteetﬁomgclhmzylirk T)r e
substi tuent s s e ro A i.s. hydrogen, _4dalkyl,

car boc;f\?:] fané}(l%%@q% Fn&({/%q%’;’\}%é?IéYI}?S%?hei'rgoyipti onal |y substituted by one or
nore substituentwis®ed;ected from R18; 30R8 is hydrogen or 01_4alkyl; R9 is
hydr.ogen or 01 4alkylx 5.. . RL 1S dr , 01 4alkyl, carbocyclyl or
heﬁgrocycl y1; V\hoenFec%{r# ﬁTgRi & %BEQUB%WVUP%@H tuted by one or nore
substituents sel ected from R19; 12/ 064266PCT/ SE2011/ 051335 3
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(1A)
R? and R® and the other of R* and R® are independently selected from hydrogen,
halo, nitro, cyano, hydroxy, amino, carboxy, carbamoyl, mercapto, sulphamoyl, C,4alkyl,

20 Cygalkenyl, Coqalkynyl, Cq4alkoxy, Ci4alkanoyl, Ci4alkanoyloxy, N-(C4alkyl)amino,
N,N-(Cq.4alkyl);amino, Cq.4alkanoylamino, N-(Cq4alkyl)carbamoyl, N,N-(C44alkyl),carbamoyl,
C14alkylS(O), wherein a is 0 to 2, Cq4alkoxycarbonyl, N-(Cq.4alkyl)sulphamoyl and
N,N-(C1.4alkyl),sulphamoyl; wherein R® and R°® and the other of R* and R® may be optionally
substituted on carbon by one or more R'®;

25 Xis -O-, -N(R?)-, -S(O)y- or -CH(R®)-; wherein R® is hydrogen or Cqalkyl and b is 0-2;

Ring A is aryl or heteroaryl; wherein Ring A is optionally substituted by one or more
substituents selected from R’

R is hydrogen, Cq.4alkyl, carbocyclyl or heterocyclyl; wherein R’ is optionally
substituted by one or more substituents selected from RS

30 R® is hydrogen or Cy4alkyl;

R® is hydrogen or Cy4alkyl;
R' is hydrogen, Cy.alkyl, carbocyclyl or heterocyclyl; wherein R is optionally

substituted by one or more substituents selected from R'?;



R' is carboxy, sul pho, sul phino, phosphono, -P(0)(ORc)(0ORd),

-P(O)(OH) (ORc), -P(0)(OH)(Rd) or -P(0)(ORc)(Rd) wherein Rc and Rd are

i ndependewblyizehmet ed from Cl_6alkyl; or R11 is a groupcefsebannosisas (1 B) or
(10: 5(1B)(1C) wherein: 3 Yis-NRn)-, -N(RC(0),

-N(Rn)C(O)( and_ - ( r o Vis 1-2,
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subst i t-B(@)cblbemﬁ -RYD) (PR F@) WyehemgécmrmfR(t‘éremgﬁderﬁIQRé%ciesl fltopdr ogen or
Cl_4al nd R14 ar % ﬁ.&? Kltey sel ected from hydrogen, Cl_4alkyl,
car boc 616 ryb?r %7 IR Ormé{ (F))( & & is 0, RI4 may additionally be

sel ected from hydroxy erein R13 and .-04 |1-K nay be dependent |y

optionally substituted by nore substituents sel cted from R20; 15R15
i s carboxy, sulpho, B A

no, -P(0)(@Re) - P(0) (OH) (ORe),
-P(0) (OH) (Re) or -P(O)(ORe)(Rf) ere| n Re and [Rf Eétr%I i ndependently
sel ected from G _6alkyl; p is 1- R"“wherein the of R13 may be the

sane or different; qis 0-1; 20r is 0-3; wherein the val ues of R14 may be
the’sane or di flpbrent mis 0-2; wherein the values of Rl rré')? be the sane
or diffyeehihs nis 1- 3 wherein the values of R7 may be the sane or

different: Bis anitrogen |inked heterocyc substituted on
carbon by one gro§p "ggl)ec’t\‘@)@@' '@%)C@@%&)YWRE)IQ@yaﬁr 9“%7?6(%)

subst i twHepsn Qns OQF b@sm QYRDM R%r@@fd%p%ntlﬁ@@'le%@l’fr@kﬁhydfrog%'iscﬁlcﬂ 4élk3blf ogen
| i nked het eroc cont gl noi ety, that nitrogen may be

opt CnaPrg i sUbs e dhy B & AR DV UenBEoRaT A Ro6: R16. RL7 and RIS are

i ndependent IR/ gelyaeiged ofr cqgmmaxl o, n| t ro, cyano, hydroxy, am no, carboxy,
car banoyl , ca Q, Su C2 4a

en ynyl,
& hal ooy, TS SaER @ IRpeAteraY SiRGiS A G Pt ot Raephrahomim o
N, N- ( Chefsaddxl): 2amiwhen oGd 04R1*kaaoxdRiBnamy be selected from hydroxy wherein R and

R™ may be independently optionally substituted by one or more substituents selected from

RZO;

15 R' is carboxy, sulpho, sulphino, phosphono, -P(0)(OR®)(OR"), -P(O)(OH)(OR®),
-P(O)(OH)(R®) or -P(O)(OR®)(R") wherein R® and R' are independently selected from
Cisalkyl;

p is 1-3; wherein the values of R'® may be the same or different;
qis 0-1;
20 r is 0-3; wherein the values of R' may be the same or different;

m is 0-2; wherein the values of R'® may be the same or different;

n is 1-3; wherein the values of R” may be the same or different;

Ring B is a nitrogen linked heterocyclyl substituted on carbon by one group selected
from R?®, and optionally additionally substituted on carbon by one or more R*; and wherein if

25  said nitrogen linked heterocyclyl contains an -NH- moiety, that nitrogen may be optionally
substituted by a group selected from R?;

R', R" and R are independently selected from halo, nitro, cyano, hydroxy, amino,
carboxy, carbamoyl, mercapto, sulphamoyl, Cq4alkyl, C,4alkenyl, C,4alkynyl, Cq4alkoxy,
Ci4alkanoyl, Cq4alkanoyloxy, N-(C,4alkyl)amino, N,N-(C4.salkyl),amino, C,_alkanoylamino,

30  N-(Ciqalkyl)carbamoyl, N,N-(C_4alkyl),carbamoyl, C4.4alkylS(O), wherein ais 0 to 2,
Ci.salkoxycarbonyl, N-(Cyalkyl)sulphamoyl and N,N-(Cq.salkyl),sulphamoyl; wherein R'¢, R
and R may be independently optionally substituted on carbon by one or more R*';
R", R®, R* and R% are independently selected from halo, nitro, cyano, hydroxy,

amino, carboxy, carbamoyl, mercapto, sulphamoyl, Cq4alkyl, C,4alkenyl, C,.4alkynyl,



30N- (C1_4alkyl)carbamoyl, N, N-(Cl_4alkyl)2carbanoyl, C _4al kyl S(0)a wherein
ais 0to 2, Cl 4al koxycarbonyl, N-(Cl_4alkyl)sul pham)yl and

N, N- ( C1_dwmbkyib)iksisb phanoyl ; wher ei n R16, R17 and R18 maychsrendepssdent |y
opti onaIIy substituted on carbon by ome or nore R21; R19, R20, Rz24
and R2
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5- P(0) (rﬂﬁ@)a(ld)eﬁb)ﬂ)/ sebl?@)]‘l(ﬁ( £fa); wheRGO R ORYY, R&) araf R*A(4) {eORageRldpntiysher ei n
Ra and ent@i’az’ﬁl ect ed frﬁm Cl 6alkyl; wherein R19, R20, R24

and ?- é’@ yyﬁﬂ?fsqﬁge? ﬂ@lgﬁ toln§ OBmor% ably substituted on carbon by one
or nore R22 R21 and R# ar&ﬂwbleaemhdﬁﬂ? saleetei rﬁdeplmloimydl‘wys@laectcmba‘mmymdnabo

hyd b , d b
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a X bon
N 7oL oatB s DR e R L BB e ey IR o
benzyl axysalaylbonyl , benzoyl and phenyl suI phonyl ; 200r a phar maceutical ly
acceptable sabt ol,vat Prods reof for
use in the ?)?o'ﬁhs)?fe Xi Srom a”&?rgr?glkgﬁ y‘frlhe\a/%?lsgp 16&%%#38%'% as
used i radmowmyt MR ea\lkyl)catﬂwmotheNt(Coéalkmparbumoylg benrzyt bsnajlc(wearbnmysl,m no

t r ansf rase i,stology and significantly reduce hydroxyproline
cont en;% eany ?)f’ﬂ@pg%w#g"é‘?”%' infiltrating neutrophils and proliferating

hepat omyagmaanmbeuhmllgmgcemmlesalt Isnlvtatmesbli/ateroaslun‘nea $d¥Adr d prodinigttoersofar e of t en
referreT:d to. Zhdlf er be under st ood t hat where | BAT

S

i nhi bi 13reAD &e perf’%r?yaé(df 0" ngrp%ntr?tfa I'H?r %P al so enconpasses conpounds
known in the literature as: i) ileal apical sodium co-dependent bile acid
transporter SBT) 30inhibitors acid tr
o b csraoun R et MR irb ik efaf Fisteyt Ve PR SEul il or s
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inhibitors; where they act by inhibition of I BAT 35l n this specification
the terrrﬂhea} elz(r%{ure |I§)\CI1 ilrllgf%ﬁorg%trebo etnr rae%gpetd tg%g/d Palt rPlg%e(s:hl’%l SQO%Lzl(L%lcjer%{o%Hps

that where IBAT inhibitors are referred to herein, this term also encompasses compounds

known in the literature as: i) ileal apical sodium co-dependent bile acid transporter (ASBT)

30 inhibitors; ii) bile acid transporter (BAT) inhibitors; iii) ileal sodium/bile acid cotransporter
system inhibitors; iv) apical sodium-bile acid cotransporter inhibitors; v) ileal sodium-
dependent bile acid transport inhibitors; vi) bile acid reabsorption (BARI's) inhibitors; and vii)

sodium bile acid transporter (SBAT) inhibitors; where they act by inhibition of IBAT.

35 In this specification the term "alkyl" includes both straight and branched chain alkyl groups
but references to individual alkyl groups such as "propy!" are specific for the straight chain

version only. For example, "Cq.galkyl" includes Cq4alkyl, Cqsalkyl, propyl, isopropyl and



but references to individual alkyl groups such as "propyl" are specific for
the straight chain version only. For exanple, "C _sal kyl" includes

Cl_4alkywoGai2amddeyl, propyl, isopropyl and WO PCT/SE2011/051335

2012/ 064266PCT/ SE2011/ 051335 5 t-butys. However, references to individual

al kyl gro such as 'propyl.' .are specific for the straight .chained version
only af@opEHsres Iprsortie ndfidie b aiuts 29ch 35 SRyl g oaeEe B as

' i sopr apyight eranesipeesién onlf and tdferehcemiolindlvidinaibrancaed tledin alklylygrodpsssuchl ar
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substi tuents, are sen, f.r "qQne Qr. ., nore" groups jt is to be understood
Shas ¢ IERY R R et doedpi HaPh e HTBORE ehibrok Biskh S B one. of t he

specified groups or the substituents being chosen fromtwo or nore of the

speci fi roups., 10 "Heteroaryl" is a totally,unsaturated, nono or

o oyel MNPt sdri R A 2ttt S raard s Pr B L5 B ie brlos en
f r om nithis dginitiorsintiptes allcsubstitygreta beinkjichbsaralyom wné e theaipbeifisd g@uppecihki ed, be
carbon o tnitro en Ig']nkeq. P{eferably vhet er an |" refers to a totally
unsat uﬁgﬁ%ﬁge%ﬁ%eg’/&?s@nrfoﬁb V\éoo?{tra?rﬁiorf@%s%?' 's §f°61|9§' or a bicyclic ring
convbaining 9 or 10 atons of which 15at |east one atomis chosen from

ni trogen,, sul phur_ or ox n ich ma nl ess ot herw, se,speci f.i ed e
car bon BptefiPo e SR e aieth PRl B BePoSo ) W Ea ERER Coilinfioar v -
r ef er s l¢éast and otoal is\chosesaftam atteden,ufphay ot doxygen nghicromiag, unlesy dhewisé at ons or
a bi cyclic.rd'nrt]) cont ai ni.ng 8, 9do 0 ﬁfqa‘% of V\hi?h %it L a}lst ane qté)mis
chosen SPRAMIThiPEaE 0RO QRTINS -Ei&j}%“@ YRR Yy e O A
speci f inezhochdicciaglontading or ® giomd orrekiscycli€Exagrpbrasinmg® @ Uit atine oP@kighues of
the1 term"h terqaryl " arefthi en | islo azolyl, imd zol}yl r hoI .Ie
thitadi S0E91 o BT adeiiton Piegn. gHIBN R iyger. hiEi i uplset elrpts

pyr azi mykgcifigry bedaionydr nitgen dytedardargiien@lspéct oPthefievemkiby, "héterdaeyl'hnefers
"het er ar¥l,["I refers L t hi enxl or 'ngol. I "é\ra)(l " LS .tq.ta.lly unsat ur at ed,
mono orOSi%9@W%8aéuz§? thmpri'%cé' fiito el g 056 2toss gra RigyS 5diBo&ParIig,
"aryl " 8,9 oa16mtumeycf which atigast oné atam isgchbseanr frémaitargen psulghubiocyxyigea, ri ng
containing 9 or 10 atons. Suitab values for "aryl" Lnclude phenyl or
mapht hyV Ryl i SRR Br AGA0R Ba nipge Elkep FOAMHEE AT SIARIC! e,
parbi alvalpes af thedéred"hateroargiitary thieng!, isoraznlydrimidazyglyl, pgrrolyintpisdoaroi,ni ng 3 - 12
at ons of trWhi ql] tﬁt Iqast onen%\thﬁm iiS' kllosenif rlomri(rjli trq gg)renl saul phur gr
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i nked,Pr eder: ergarglli peferano dpdriyborintiglylbe repl aced by a - - or a
ring sul phur atomnay be optionally oxidised to formthe S-oxides.
Preferably a "heterocyclyl"” is a saturated, partially saturated or

unsat ur'atyf'ds anataky wrsahiratgd) monag omgcycbatabon nag habco@aias Grrsl 2aftombii ch at

I 2i.S..ch f [ whi.ch.
uniiass POERGIN <07 adne et RS e Bai s 3o B S Sy ik dno CMENY o
- CH2- grifugtorasurs uitpblie amabiek Yortdaryt"dmpdladseghdnyl @ naPbbyk Particalarly fegyl" is phenyl.

A "heterocyclyl" is a saturated, partially saturated or unsaturated, mono or bicyclic ring
containing 3 - 12 atoms of which at least one atom is chosen from nitrogen, sulphur or

30  oxygen, which may, unless otherwise specified, be carbon or nitrogen linked, wherein a
-CH,- group can optionally be replaced by a -C(O)- or a ring sulphur atom may be optionally
oxidised to form the S-oxides. Preferably a "heterocyclyl" is a saturated, partially saturated or
unsaturated, mono or bicyclic ring containing 5 or 6 atoms of which at least one atom is
chosen from nitrogen, sulphur or oxygen, which may, unless otherwise specified, be carbon

35  or nitrogen linked, wherein a -CH,-group can optionally be replaced by a -C(O)- or a ring
sulphur atom may be optionally oxidised to form S-oxide(s). Examples and suitable values of

the term "heterocyclyl" are thiazolidinyl, pyrrolidinyl, pyrrolinyl, 2-pyrrolidonyl,



sul phur atom nmay be optionally oxidised to form S-oxide(s). Exanples and
sui tabl e values of the term "heterocyclyl" are thiazolidinyl, pyrrolidinyl,
pyrrol i nwo 28tymei166! | donyl , WO 2012/ 064266PCT/ SE2011/ 0p¢38B2611/051335

2, 5-di oxopyrrolidinyl, 2- benzoxazollnanyl 1, 1- dloxotetrahydrothlenyl,

2, 4-di d Linyl | ,
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"AT- ( O(métﬂyk)wIphemhc(yﬂ:an@M(be))sulpina]lﬂnerhaIﬂdesmff Ny C+.dkybtduidhameyti@andnd
VT-pr QRIYAaIN')Z pﬁ% l(5§/I8|a(rje N, I\Ilzi(dzilrgg h?ﬁsu%hanﬁaé-yl yrq'd chaheﬁ%ﬂ)w thyl)sulphamoyl
Examples of "N-(Cqsalkyl)carbamoyl!" and "N-(C4.4alkyl)carbamoyl" are methylaminocarbonyl
35  and ethylaminocarbonyl. Examples of "N,N-(Cealkyl),carbamoyl” and "N, N-(C_salkyl),.
carbamoy!" are dimethylaminocarbonyl and methylethylaminocarbonyl. Examples of "C;.

salkoxycarbonylamino” are ethoxycarbonylamino and t-butoxycarbonylamino. Examples of



5N- (Cl_6alkyl)urei do are AT, N1l-di nethyl-N-nethyl urei do and

' f-met hyl -Wethyl - N-propyl urei do. A suitable pharnmaceutically acceptable
salt of awoeupasmmeof the invention is, for exanple, anrpatistz@addstzzon salt
of a compound of the invention which s sufficiently basic, for exanple, an

e 5 L oA RS S O )
D T e e R e hich i s
ar nac cal | '
P o hyBteida AR R ERY S Rigo S AR OF 4P e DS bRk
pot ass!am&mbthyl-unnahylateiidmr&iaml tmomﬁngg\a:ulreidcp.gﬁr:(ampMsmr fglr\lli‘c)l\l'e(glggéelltwm?L ]
t or
P e e B busfile AR RO BB Pt dRRE oo SRR NEy B ey

met hyl am ne, di nethyl am ne, trinethylam ne, piperidine, norpholine or

is-(2-_h hyl ). ine, d f. .f or mul g b
ot e o Captas s 7 BT Enod BIEREM Dol TAERe numan
or ani ramlacibaldition gilt\od aaoopopadioithe invehitorf whiohilsasufflcientliEkasip) fesexa@impde,0- dr ugs

i nclude in.vive. hydrol.ysabl e esters. and in vivo.hydrql ysabl e am des of a
compourtd i THIFEARIIE. Y pramier 3T DPUEnispi P e &M “a conpound of
t heof omyudtoahlpli¢, hydritbes mic ngulgrauribophosphortay thifloapa2&igy ctrie drsnaléioacidxanpl e, a
pharmaceutically acceptable ester which is hydrolysed in the human or

ani mal body to produce the parent acid or alcohol. Suitable

phar madeuaddital & guitabteepizninbeedisbir sccbptableanb @k § compburtteofGie Gakktipoywnathny |
esters.for.ex | e, met hoxymet hyl , Ci.  6al kanoyl gxynet hyl esters for exanple
o val oft SUIFE AR A AT el o BB S BB IR SAE DGt
est er s dialinezaittpihetal saly cdraxamplecacddcinml axysnkyilimlsaB; an ammonium salt or a
30di_oxal gn-,2-onyl nethyl esters for exanmpl.e .

S et nypP 8 2Rk s R RBRHS P o e oRBRY e SRR IR T est er s
f or exaaphith letepldraig; diarckotanhios tembihlylaarick, piperibiaef mompbdliret orarig-(Zar boxy
group in_ the tﬁﬁggounds of this invention. An in vivo hydrol ysabl e ester of

a corrp(%ﬂré)xg? M6t nmul a (I') containing a hydroxy group 35 includes
i norgani c esters such as phosphate esters and a-acyl oxyal kyl ethers and

rel ated. ¢ nds. Wi s aresult. of the in vivo hydrol vsi f . lhe ester
or cakaai bRgr oot s by Fibercgib R il oy X ReC¥ el 5y eushy,

et lrer s domolinthe facetnoonemtéidogdy dngive WooRpdarnd6/(4Reé 6iPai/a3h2011/ 051335 8

2,2-di neth r Qpi onyl oxy- met.nox A selection of in.vivg hydrolysabl e ester

For m nEg Bl Pir o LR Rt nuhoRBae e e Bve iR e A% i

subst i taxtoetpdoed pdthke famdulpllpnyl acet yl , al koxycar bonyl (to give al kyl

carbonate esters), dial kyl carbanoyl and

N(di al kyl am noet hyl ) - N-al kyl car banoyl (to gi ve carbamates),

di al kylrannnpadgtsdysabld estgiobexgmpetnd of tha fomplkeyl) @bntainig ¢cdrbeytas hgdrozgnzoy|

i n¢cl.ude nor. lino and piperazino, linked froma ring, nitrogen. atomvia a

oy SRORGRnb TR BEReAAE M AGkFGp el B8 rTabhGEr R 65 it e

val ue foomniaral bodwioywodycdrtiod psrebt ecidon aleotad. Suitablepbamdacztitaiy atceptatla (1)

ﬁoﬁfg} 2 %‘rggﬁ%@%gﬁﬁg@dg[gggﬁgc'éx%me‘ir%ﬁ e SERTB! Eanthid el fmistim, O
salka_noyloxymethyl esters for example pivaloyloxymethyl, phthalidyl esters,Ca.
scycloalkoxycarbonyloxyCq.ealkyl esters for example 1-cyclohexylcarbonyloxyethyl;1,3-

30 dioxolen-2-onylmethyl esters for example 5-methyl-1,3-dioxolen-2-onylmethyl; and C;.

salkoxycarbonyloxyethyl esters for example 1-methoxy-carbonyloxyethyl and may be formed

at any carboxy group in the compounds of this invention.

An in vivo hydrolysable ester of a compound of the formula (l) containing a hydroxy group
35 includes inorganic esters such as phosphate esters and a-acyloxyalkyl ethers and related
compounds which as a result of the in vivo hydrolysis of the ester breakdown to give the

parent hydroxy group. Examples of a-acyloxyalkyl ethers include acetoxymethoxy and



N-nmethyl, N-ethyl, N-propyl, N N-dinethyl, Nethyl-Nnmethyl or N,
N-diethyl amde. It is also to be understood that certain conpounds of the
fornmul a (WP 20mee266St i n sol vated as well as unsol vat ed pCorsEBo1S0si33RSs, for
exanple, hydrated forns. It is to be snderstood that the invention

o o e BB R BrESy R TReh ohd BRI sBleled b g S V' Y

e B e e O o R an
odal n | | | -

Mo oe B A& BEbBh AP el sd B Eslsrr dRiES R A are

i ndepemidiatklylansredettot ed-afkyloarbattoy| (t@give ctnamakds) adiggkgéreinabletyl@hdand R2 are

i ndependent | | ected fr.o t hyl opyl or hutyl. l.n one aspect of the

| vant ropaseeRt ParTipd ks pRbEEA Bhids Moyl BPERBEREEect of ¢ he
I nvent iliokedofearh iacingatitrogealatemn diaR2methyldnetdroyp tolye 3-o02 Blpositinobhite eapedt of
the invention particularly one of al and R2 is ethyl and the other is

butyl . "BPef er abl y IR and RY are independently selected from hydrogen or
Cl_6alkyl. More preferably IR and RY are both hydrogen. Preferably

Rz is selected fram hal o, amng, 6alk Cl _6al carbonyl.am no or
501" 1 - (TkEGME abr HeT D B urlEan R e cheal i S BB o1 o ani o,
t - bat ylcpntaining @gyvaxpgoyp axfarexample, & N-Crdalkyly@uv, &l-dleC .. 3ERrapfide aldhyasy is 0
or 1. lL.n_one ct »of the,inyventi nofr referably. v 1s 0. In one aspect
of the THGUN PERTY Ao n’e@”@?éﬁ\e@hygW‘%thi'?ﬁ'"P\%‘%81%%&?%!3%‘#59011/ 051335
9 | n origs akpéc be ahdérkod that ceitain cpmpbendsidfthdFbrisladl) gaoegisith sbbatedlaa (| A)
(as depi ¢t ed above). In another aspect of the inventio r ef er abl 5 is a
G oup SIS RS 4 gm0 s SXRGG s Lfplri g B dr§loBe iy e
hydr ogémenforeéetoaipagsdédal aaichablvafedRdrmanehiBo pddsass iBATbhibitbry agtidtyp of
forlgul a (lA) is selected fromhalo, Cl_4al koxy or C _4al kyl S(0)a wherein a
is to 2; wherein that R4 or R5 nay be optionally substituted on carbon by
one or RrefegeRibluesbEREIRY, R R*j R’ amiRbaedarivlloyss SLecvatded moyrbaydedwierand
N, N-(CL 4a1k¥1 2%m N0 .10, . .. . . , :

appropriate’/with any of the definitions, claims or embodiments defined hereinbefore or

hereinafter.

20  Preferably R" and R? are independently selected from Cy_salkyl.
More preferably R' and R? are independently selected from ethyl or butyl.
More preferably R' and R? are independently selected from ethyl, propyl or butyl.
In one aspect of the invention particularly R' and R? are both butyl.
In a further aspect of the invention particularly R' and R? are both propyl.

25 In another aspect of the invention particularly one of R' and R? is ethyl and the other is butyl.

Preferably R* and RY are independently selected from hydrogen or Cy.salkyl.

More preferably R* and R" are both hydrogen.

Preferably R? is selected from halo, amino, Cqsalkyl, C1.salkoxycarbonylamino or
30  N'-(Cqealkyl)ureido.

More preferably R? is selected from chloro, amino, t-butyl, t-butoxycarbonylamino or
N'-(t-butyl)ureido.

35  Preferably vis 0 or 1.
In one aspect of the invention, more preferably v is 0.

In one aspect of the invention, more preferably v is 1.



More preferably the other of R4 and R5 that is not the group of fornmula
(I'A) is selected from brono, nethoxy, isopropoxy, nethylthio, ethylthio,

i sopropylwbi2014w8syl ; wherein that R4 or R5 nmay be optricesabdiyosusbstitut ed
on carbon by one or nore R16; wherein9Rl6 is independently selected from

hydroxy_and_N. N:-di.net hyl am no articul ar t he pther of R4 and R5 that
2 ot Yo RRE gnsin ST RO Brosgoly Lot R0 E G brofiRuPigs oftirRE G0

i sopr opoxyotherddpett dfitog ine¢rdtiphtoneferablysRbis agybuhofdornd a) (syktpitydd hi o, 2- (N,
Ndi et %I arsi no) ethylthio or mesyl. 20More particularly the other of R4 and
R5 t hat™P¥hot the group of fornula (1A) is nethylthio. Preferably the
other of R4 and R5 that is not the group of fornmula (IA) is selected from
hydr.og hal 0,5 C1 4dal koxy or C _4al kyl S(0)a wherein a is 0 to 2; wherein
that R r%fler%é\/ ﬁa?/n e %rlgﬁ]y H’é’lepy substituted on carbon by one or nore RI16;
wher ei Prétkfabiysthe ottep enBREand R® salt satot thef gronp bifdrmondy (1A} & detecyedsina halo,

N, N- (CL 4alkyl m 5 Mre preferably th erof R4 and RS that is
ot ¢ h&GIRO e rarRSIGR R ' RLZ G0 SR B B5 ey B8 e noxy.
i sopr opokstitutaebhyhtdondy ceely Inidne &'®; inbeiroRflis mdeperdentpyélectatiéomi n t hat R4
or RS rrr}aﬁr be o(%h?re Ilﬁﬁﬁubstitut ed on carbon by one or nore R16; wherein
R16 is ¥ (%}Sgﬂ g] I@“@ Ve AP f rom hydr oxy, carboxy and N, N-di net hyl am no.
30 1Particularly the other of R4 and R5 that is not the group of fornula

(IA) ig,selected from hyd en, or oNo, t hox I.SONI ORAXY, V.l t hi o,

o box AR RITE Ry NEPHGY PHREE RoBRER P 0% ary Bl Bahisp el ot

2- (N, Nbdometrhgthaxy, isoprapoRy; | rdthyithinr, etreitlyib, isopropylthicmoranedyhavheasip ¢t Rbr t he
inventign, nore preferably. the other, of R4 and R that. isenot the 35group
of £ or B TP REELE BRI P AT et O BESTe VEPERE® RdbassRfoetd

i sopr opelegtedriminhydrbxyoande Nrdlitrizitteylaamind.sopr opyl t hi o; wherein that R4 or R5
may, be optionally substituted on WD 2012/ 064266PCT/ SE2011/ 051335 10 car bon
by dne or more R16; wherein R16 is independently selected from hydroxy,

car boxPaatimilaNy Mhelotiret bR samidrRy. thatris anioth b @roupsys éatmute (IAhe selevtedtfioom,

particuylarly ot her of R4 RSt is n he qr f: o £ arpul a
(| + & dabliipoR 1Dl ondor S Pic PMIRb Sl Rty Blmd A

met hyl tdimethylamirogethytthibyk tieisgl, et hyl t hi o, i sopropylthio, 2-hydroxyethylthio
or 2-(N, N-di net hyl am no) ethylthio. I n anot her aspect of the

invention, nore particularly the other of R4 and R5 that is not the 10group
of 2bor midra pattidllarg tHer aher aiR* @hb & dhatlisnatriod peup @ freotlaqfA)tihmethylteint i on,

nore payticularly,.the. giher_ e and R5 that. is nat..the group of formula
(o Pl e e 58" 4% el rt%gne.%wf%f,U'%?'Ee“?'esrsa%%eﬁ?%? N
151 n amytifogen asge @y akotyhe GinalkylS{@) whpreif aisabto2; Ritegeidtizs Riet BF omyye. Wien
Ring Ais aryl referably Rinag A is phgmyl ., WiegsR ng A i et eraryl,
oref er ggﬁgnq@ﬁab%ttﬁggpﬂfg%yp bgr nler?(rjg]ogr}? ﬁ ; Wherein R'sY mgependsen ly $&ER&Y

from hydroxy, carboxy and N,N-(Cq4alkyl),amino.

25
More preferably the other of R* and R® that is not the group of formula (lA) is selected from
hydrogen, bromo, methoxy, isopropoxy, methylthio, ethylthio, isopropylthio or mesyl; wherein
that R* or R® may be optionally substituted on carbon by one or more R"; wherein R is
independently selected from hydroxy, carboxy and N,N-dimethylamino.

30

Particularly the other of R* and R® that is not the group of formula (lA) is selected from

hydrogen, bromo, methoxy, isopropoxy, methylthio, carboxymethylthio, ethylthio,

isopropylthio, 2-hydroxyethylthio, 2-(N, N-dimethylamino) ethylthio or mesyl.

In another aspect of the invention, more preferably the other of R* and R?® that is not the
35  group of formula (1A) is selected from hydrogen, chloro, bromo, methoxy, isopropoxy,

methylthio, ethylthio or isopropylthio; wherein that R* or R* may be optionally substituted on



Preferably Ring Ais aryl or heteroaryl; wherein Ring Ais optionally
substituted by one or nore substituents selected fromRLl7; wherein R17 is
sel ect ed woamPwhms hydroxy or O 4al kyl; 20wherei n RL7 pomgeb®10pt3zonal |y
substituted on carbon by one or nDre m21; mherein R21 is selected from

hal o. erably X is-Qqe. , refer henyl .. thienyl or
ol yICP AN AIg RIEE K's 4ngi B M CCEETTY e s By mAES: sl
subst i tN)Nrtimethglediced from hal o, hydroxy or trifluoronmethyl. Particularly
Ring Ais selected from phenyl, 4-hydroxyphenyl, thien-2-yl, 4-
trifluoronethyl phenyl, 3-hydroxyphenyl, 2-fluorophenyl, 2,3-di hydroxyphenyl
or i ndod aBotiiér aéwcmfmmvwioarﬂ)wlﬁilmytﬁebEhepbfeR%nd ROihat amot thergragpefct of

thelnentlo i or hetero vvher inRng Ais
opt fonde L IBL BBl Bt el Brasdt moghibeRbtiopet L FehinRer

wher ei raRbxymsthgitie aitieydthfo; Goploplyithio Brlydboxyeth@lithidat Ry N, ddinEthyiarhinoXy ;
wher ei n r@ may be optionally substituted on carbon by one or nore R21;

wher ei ¥ % s selected fromhalo. 35In another aspect of the invention,
nor e preferably Ring Ais phenyl, thienyl or indonI ; wherein Ring Ais

option ubsti t.ut b ne or sel gegs ed. from hal o,
o) eHeiHoRpeb O By PYeriRe br e fodidh b b BRaSR AR <51 TPOk 355 11 1 n
anav hergragpefdormafa (IA)alsihn(vrenbr ohﬂoropartl cularly RI ng Ais selected from
phenyl, dr 0x 4- net hox ] 5

ey POt RPN I m B PRy PR P ang R thtis not he

2, 3-di tgy@rmo:fyiqnh&ﬂa/(lApns metbady- 3-yl . 5In a further aspect of the invention,
particularly Ring Ais selected from phenyl, 4-hydroxyphenyl,

4- met hoxyphenyl, thien-2-yl, 4-trifluoronethyl phenyl, 3-hydroxyphenyl,
2-11 uoﬂmpheag«bect éf the iroveotidre pydferaBly Ridg Iﬂyiellaq»typhenyl or indol-3-yl.

Pr fer i s _hydro en Cl 4alk t C 10More preferably R7
Giﬁyd éﬁﬁernae%oﬁcﬁ Oqt H%ntvp_prﬁéérr%%%&fn g I%%Xtoé‘}{%ydr ogen. I n one aspect
of t he erweﬁlngoms wlebmfeabbly Ri®g Ads hyeiwthgen I n anot her aspect of the
i nventi R% . her aspect of the
i nvent |Vgrr]1én R %rlpg ,)P el:fe%rab@al%‘méjAl thler&l or |n @f
Preferably Rlng A is aryl or heteroaryl; Whereln Ring Ais optionally substituted by one or
more substituents selected from R"; wherein R" is selected from halo, hydroxy or Cl 4alkyl;
20 wherein R" may be optionally substituted on carbon by one or more R?'; wherein R* is
selected from halo.
Preferably X is-O.

More preferably Ring A is phenyl, thienyl or indolyl; wherein Ring A is optionally substituted
25 by one or more substituents selected from halo, hydroxy or trifluoromethyl.

Particularly Ring A is selected from phenyl, 4-hydroxyphenyl, thien-2-yl, 4-

trifluoromethylphenyl, 3-hydroxyphenyl, 2-fluorophenyl, 2,3-dihydroxyphenyl or indol-3-yl.

More particularly Ring A is phenyl.

30 In another aspect of the invention, preferably Ring A is aryl or heteroaryl; wherein Ring A is
optionally substituted by one or more substituents selected from R'"; wherein R" is selected
from halo, hydroxy, Cy.alkyl or Cyalkoxy; wherein R'” may be optionally substituted on

carbon by one or more R*'; wherein R is selected from halo.

35  In another aspect of the invention, more preferably Ring A is phenyl, thienyl or indolyl;
wherein Ring A is optionally substituted by one or more substituents selected from halo,

hydroxy, methoxy or trifluoromethyl.



151 n one aspect of the invention, preferably RO is hydrogen. |In another
aspect of the invention, preferably RO is Cl 4alkyl. In another aspect of

t he i nvenvoaoiz2oswtee preferably RO is hydrogen or nethyl pcerseb@nabisys R1 i s
hydrogen. In one aspect of the inventilon, preferably R11 is carboxy,

sul pho, sul phi no, phosphono, - 20P(0)(ORc)(ORd), -P (0)(OH (ORc),
-P(O)(OH)(Rd) or -P(0)(ORc) (Rd) wherein Rc and Rd are independently

sel ect édahotben £&3hebiadf khyelinvémtioanpdrti@narysRiagtA sfsetdeted fronepbhérom, preferably R11

is agr of formula (IB) . (a epicte ove).. 25 Preferabl 11 i
car bosyt RGP r e CeeoRlenk R, BE T FaMi b B3 eE Rt tove)
Mor e preffueradhleyylR2,B-dilsydeaxybberyl or iIRGENI-@H) (OEt) or a group of fornula (1B)
depi b . 30I. t her,. f .the i ti f bly R11
(2 43R 85008 o A2 P AR R R el st BB B P! 1700,
a group-fdréxyphenyd 4-inBhokgshedgpthtdne2tyla Banfelororfstayipheryl, \B-Nydrexyphhyl,or - NHC
0)-. f ly Y is. - - t of the i tion,
(00 o RGBS B 25 haaneb GIGRBPESE 51 (e prvont o
preferably R12 is Cl_4alkyl. In another aspect of the invention, nore
f | 2.+ S hyd t hyl . 2012/ 064266PCT/ SE2011/ 051335 12
Ilgi 2f g?&?@%@#%%é@% ’2 1;“%[59('%?[6%%&?9/ Y carbocyclyl;: wherein R13 is

optibonalldryg psefersblytRitie tydrggemenaihylmopkeerstibst i t uent s sel ected from R20;

wher ei IS drpxy. More preferably R13 is hydrogen, nethyl or phenyl;
wher ei %%Heﬁ”ﬂ%ﬁ ﬁ%%%ﬁ’ ny substituted by one or nore substituents
sel ect ¢aohe aspdRR6f thalraeeiion, BférablyyRiriokydrogdar ti cul arly R13 is hydrogen,

hydr oxypmet hyl or ph | . re particulbarl 3 i s hydrogen or
nyalr o hEvagr el By B BRfY RES Sk o, pref or ably R13 i
hydr ogéman@herasbleytlof thie inaeriiooymbsd prefsnateRhisRardgen @ptrietmal | y substi t ut ed
by one or more suhstituents sele fromR0; wherein 10R2 is hydroxy,
carlgomllr,' oré%?%%eézigﬁﬁ? '”HF”Q?H’ Ro: er\%ﬁf ﬁéeii'%l:]@]o ”y be optionally substituted on
In another aspect of the invention, preferably R® is Cy_4alkyl.
In another aspect of the invention, more preferably R® is hydrogen or methyl.
Preferably R' is hydrogen.
In one aspect of the invention, preferably R' is carboxy, sulpho, sulphino, phosphono, -
20  P(O)OR®)(ORY), -P (O)(OH)(OR®), -P(O)(OH)R) or -P(O)(OR®) (R) wherein R® and R® are

independently selected from Cqgalkyl.

In another aspect of the invention, preferably R is a group of formula (IB) (as depicted
above).

25
Preferably R" is carboxy, -P(O)(OH)(OR®) or a group of formula (IB) (as depicted above).
More preferably R" is carboxy, -P(O)(OH)(OEt) or a group of formula (IB) (as depicted

above).

30 In another aspect of the invention, preferably R is carboxy, sulpho, -P(O)(OH)(OR®) wherein
R® is selected from Cq4alkyl or a group of formula (IB) (as depicted above).
Preferably Y is -NH- or -NHC (O)-.
More preferably Y is -NHC (O)-.
In one aspect of the invention, preferably R'? is hydrogen.
35 In another aspect of the invention, preferably R'?is Cialkyl.

In another aspect of the invention, more preferably R'? is hydrogen or methyl.



carbon by one or nore R22; R22 is hydroxy. In another aspect of the

i nvention, nore preferably R13 is hydrogen, nethyl, ethyl, butyl or phenyl;
wher ei n Ri8 w/m@picsonal | y substituted by one or nore sulpstrisep@nisizsel ect ed
from R20; 15wherein R2 is hydroxy, carboxy, phenyl or am no; wherein R2 may

b | b d b b
oot her Ba s Ror® bikiohl Saea R of Gllpooselil Sy Rle iRt s SPfionalg Gupet by 11
hydroxwmetanqreéutmhﬁueotnﬂ@dciecﬂfrmrﬂ%myetdmyR”|dhp|(yrdxy)xybenzyl or phenyl. 20

In a f ther as of, the inve on ref rabI R13 .i s dr aoge Cl_4alkyl
or car G SRR & nopdbs HRRY| FhineRis WEEAR A I ShloBo A BE e
subst i tdnermrmosebmménfsrmm&&mnmﬁ?‘ @iherdR2 Rf%is hydhorxy, car boxy,

car 18! wherein R2 nmay be optionally
sub tl)ﬁp@f%cdnaéﬁi F&gﬁ(’@é bWéj Odry"r?g%or WR22 is hydroxy. 25 In a further

aspect Mdretphdiculavg R |emydrmgemopm3@r®ryaidtwl R13 i s hydrogen, nethyl, ethyl,
butyl or phenyl; wherein R13 is optionally substituted by one or nore
substituents selected from R20; wherein R2 is hydroxy, carboxy, phenyl,

i m dazoh ghotber sapentoyf thdiawention R2refergblp R oip hiydrogén, )Eﬁallbxsltdrt:arrlbedydm; car bon by
one or IS 30 In a further as f t@e. ipvention,
o ¢+ calTrey Reys opLonay g Qe by B phmpimy Ao REEaE SRE o Tiort BELWPHER e hyt
4- hydr &) iserydydxy, canb@i@rzcﬂrb&yyzlyhertémrhomhepbreerP may be optrbmell&rwbskt&mteﬂ ont her
aspect of the inventiOoRao. 2£f R13 is hydrogen, Cl_4alkyl, carbocyclyl
or 35Rf§rb°\/\,2) r & Orﬁloéerk ptr g\@ " substituted by one or nore substituents
sel ected from R20; wherein R2 i s hydroxy, Cl 4a| kyl S (0) a wherei n a is O,
Cl_4al am nag r boc CT/ SE2011/

et or o0 EgnEGiRaet S B9 il mere RsPiy BE W RLGd Y SRRy

subst i tpheey; wnerearRIdis dptiopaly substitoted biR22p oRﬂibre sutmtlmtseséldatemfrmm%xy; and

i's arbo I n anoth further ect of .t oInV nt| (RIS erably
R1351 & R0 Berts AR IH e o BERAG i i GV BB s R B BhE

opt i onainIOﬁrmngmodaﬂrenbrbﬁzbriéz srhydomxg. substi tuents sel ect ed from R20;
wherein R2 is hydroxy, nethylthio, nmethoxy, am no, imdazolyl or mnercapto;
wherein R2 may be independently optionally substituted on carbon by one or
mor e R22andRBEr aspesiadf¢ind mderitroonpdTydﬂa)wyR“mIdjdmm, bydrexyostlyyl, 4-@mimoantyt, her

further as ect.o |nvent rticularly R13 is hydrogen, carboxy,
nydr ot R et AT RN & e oxy et vl © et byt bt omet byl
2- et hyIthr oet hyl, 4-am nobutyl 4- hydroxybenzyl i m dazol - 5- yI nmet hyl or

ot hy su?p%“hryrﬁ%%ﬁ%f"ﬁr AR TR EARASE heRdoh, BL3M Pol BB L] oot by

wherein R" is optionally substituted by one or more substituents selected from R¥; wherein
R? is hydroxy, carboxy, carbocyclyl, heterocyclyl or amino; wherein R** may be optionally

substituted on carbon by one or more R%; R# is hydroxy.

25
In a further aspect of the invention, more preferably R" is hydrogen, methyl, ethyl, butyl or
phenyl; wherein R"? is optionally substituted by one or more substituents selected from R%;
wherein R? is hydroxy, carboxy, phenyl, imidazolyl or amino; wherein R* may be optionally
substituted on carbon by one or more R%; R# is hydroxy.

30

In a further aspect of the invention, particularly R™ is hydrogen, hydroxymethyl, 4-

aminobutyl, 2-carboxyethyl, 4-hydroxybenzyl, imidazol-5-ylmethyl or phenyl.

In another further aspect of the invention, preferably R' is hydrogen, Ci.4alkyl, carbocyclyl or
35 R?; wherein R™ is optionally substituted by one or more substituents selected from R%;

wherein R% is hydroxy, Cq4alkylS (O) a wherein a is 0, Cyalkoxy, amino, carbocyclyl,



Preferably R14 is hydrogen. I n anot her aspect of the invention,
preferably R14 is selected from hydrogen, Cl 4alkyl or 20carbocyclyl;
wher ei n swpdoGlycdmekyl or carbocyclyl nay be optional | ypsussbittiussss by one
or nore substituents sel ect ed fromR2G; and R2 is hydroxy I n anot her
aspect the nvent i on, oef er abl ed fromnh

et byl "I Ve P R ElcaP B 1R ET SR SRR aermanyl ok Uaet R yer”

subst i thytomd dnynanenszRzﬁslseleslebsfrtom netndysy; aed B&tiedadboryn R20; and R2 is
hydroxy. 25 In another aspect of the invention, particularly R14 is

hydr ogen, phenyl or hydroxynethyl. Particularly R15 is carboxy or sul pho.

| n one Imapethér fofthdrespectvod td ioventiony reoeapréfecabaR ®ys Ridsogen, etindyethyl, 301 n

et oA, VB 0 TS SO e Rkl 0
-P(0) ( @elbe@iael)from R”PQvﬁMeﬁ)Rﬁ (|H19drmyeneitrryltﬁe anetholy, eameoiimﬂiapelpbl@fnt |y

selected fr

refer sul
"B ) ( sy CenfPlruspero Bl Poleghiel Suifeo BB shaear) wher ein
Re and anreeRzéRhdae@ctbelrftdnyh&ﬁbgciaedne?lemamhyl or ethyl. Preferably R15
i s carboxy, sulpho, -P(0)(OEt)(OEt), -P(0)(OH (OEt), -P(O)(OCH) (M) or P
(0) (OEt) (Me). WD 2012/ 064266PCT/ SE2011/ 051335 14 Preferably R15 is
carlboxyn asethghfartherresppttathe inR{rBipo OReliulRly)R " isP(yd)dgeh) 0By, - P(0) (OH) (Re)

20 2o RYARETEY, PG SoRer ASfheRimPS retSREREEY 2 Aah ERIGI & \or

pr ef er abdninBA &yl $-hgdrolkgbenzyls imipdm)-5pirostpianphe®y(.0) (ORe) (ORf) ,

-P(0)(OH) (ORe), P(0)(OH)(Re) or -P(O)(ORe)(Rf) wherein Re and Rf are

i ndependently selected frommneth or ethyl or R1I5 is a group of formula
(10 (as adﬁpercaspdciabmeq)artlchwﬂyﬁ%lsabdztyylmlcﬁnétbylcmetb\gbsyl,phmylnmﬁlwl ophosphono,
P( )(OEttg‘ﬁéi}gf;’gd&P’%éﬁ)(Ot Bu) (Ot-Bu), P(O)(OCH)(OEt), -P (0)(OH (M) or

-P( is a group of formula (1C) (as depicted above). In
one aspect of the invention, preferably R15 is carboxy. 15In another aspect

of the Fjr ?abﬁ'ﬁn IS||g?0erg‘)geernably R15 is sul pho.

In another aspect of the invention, preferably R is selected from hydrogen, Cialkyl or

20 carbocyclyl; wherein said Cq4alkyl or carbocyclyl may be optionally substituted by one or
more substituents selected from R?’; and R is hydroxy.
In another aspect of the invention, more preferably R' is selected from hydrogen, methyl or
phenyl; wherein said methyl or phenyl may be optionally substituted by one or more
substituents selected from R?’; and R® is hydroxy.

25
In another aspect of the invention, particularly R' is hydrogen, phenyl or hydroxymethyl.

Particularly R" is carboxy or sulpho.

In one aspect of the invention, more particularly R" is carboxy.

30 In another aspect of the invention, more particularly R*® is sulpho.

Preferably R" is carboxy, sulpho,-P(O)(OR®) (OR"), -P(O)(OH)(OR?®), -P(O)(OH)(R®) or

-P(O)(OR®)(R") wherein R® and R" are independently selected from Cy_alkyl.

More preferably R' is carboxy, sulpho, -P(O)(OR®)(OR"), -P(O)(OH)(OR®), -P(O)(OH)(R®) or -
35  P(O)(OR®)(R") wherein R® and R' are independently selected from methyl or ethyl.

Preferably R" is carboxy, sulpho, -P(O)(OEt)(OEt), -P(O)(OH)(OEt), -P(O)(OH)(Me) or

-P (O)(OEt)(Me).



I n anot her aspect of the invention, preferably R15 is -P(0)(OH) (OEt). In
anot her aspect of the invention, preferably R1I5 is -P(0O)(OH (Me). In

anot her aspeotzwishe i nvention, preferably R15 is -P(0pC®BEX(1MB31333 N One
aspect of the invention, preferably R34 is hydrogen. 20In another aspect of
the invention, preferably R24 is Cl_4alkyl. Preferably R25 is hydrogen.
Preferably R26 is carboxy. 25Preferably pis 1 or 2; wherein the val ues of

R13 naPréferadheRSasrearboxyd siilples,qmibspHamopREOXOFER ORI -F(OH OH)(ERR,i-B¢0 )(@8l) e
referahly not h a ct of, the e 0 r.ef enabl is
D& e dBter PROY AR AED BT AR et Rlteddtiighlly S Lol SoRVE KL, P

aspect godup dfdorinmiae(iC) @s,depites qhoeé)erabl y pis 3; wherein the val ues of R13
may be 30the same or different. In one aspect of the invention, preferably
gis 0. In a further aspect of the invention, preferably g is 1. In one

aspect I\Mretplﬂenablyd%ff |soafaa,rquye£tﬁprablpy03ph|oso @(O)@W@I%iﬁg@(@)(@ﬁ)(@ﬁé) i nventi on,

nore pr not t he, i t|on

or ef ef SR GHHE o SRR ANERGRATE A Rt PrieyHiish P e RE P Y er ent
WO 2012#@642@6%’6@5&2;0&bf&ﬁrﬁ8&5(l0)5a$ depictedmbbes). aspect of the invention,
nore preferably r is 3; wherein the values of R14 nmay be the sanme or
different. Preferably mis 0. In another aspect of the invention,

pr eber d&éfgrably R'°Gs carbdxy, SiApied,grhabphyono, iFXOYOBNORDPHEN)(Ge1-Bof), t he
e RGP ROEN I Ao CEPBRENAT Sy o Winftieh el Lor !
t hi enyldepictddrabohvy).; wherein Ring Ais optionally substituted by one or nore
substituents
In one aspect of the invention, preferably R is carboxy.
15  In another aspect of the invention, preferably R is sulpho.
In another aspect of the invention, preferably R is -P(O)(OH)(OEt).
In another aspect of the invention, preferably R is -P(O)(OH)(Me).
In another aspect of the invention, preferably R'® is -P(O)(OEt)(Me).
In one aspect of the invention, preferably R* is hydrogen.

20 In another aspect of the invention, preferably R* s Cialkyl.

Preferably R? is hydrogen.

Preferably R is carboxy.

25 Preferably p is 1 or 2; wherein the values of R" may be the same or different.
In one aspect of the invention, more preferably p is 1.
In another aspect of the invention, more preferably p is 2; wherein the values of R'* may be
the same or different.
In a further aspect of the invention, more preferably p is 3; wherein the values of R'® may be
30 the same or different.
In one aspect of the invention, preferably q is 0.
In a further aspect of the invention, preferably q is 1.
In one aspect of the invention, preferably r is 0.
In one aspect of the invention, more preferably ris 1.
35  In another aspect of the invention, more preferably r is 2; wherein the values of R' may be

the same or different.



10sel ected from hal o, hydroxy or trifluoronethyl, mis O and R9 is carboxy,
-P(O)(OH) (ORc) or a group of fornmula (IB). The group of formula (IA)

wher ei n: Woi2812d@@4266Ri ng A i s phenyl, thienyl or indolyl pculsge@insBsng A is
optionally substituted by one or noreissubstituents sel ected from hal o,

2y ) bR Nethol e s RUOTNE pisté B0l aVAS BIGe WA REBIEY 0.2

wher ei rthd s@me at diffsreaf. R19 nay be the sane or different; and R11 is carboxy,
20 - P( QQQDMEQ or a group of formula (IB) (as depicted in claim1l); The
group BN 91 B) wherein R19 is hydrogen, hydroxynethyl or phenyl, p

i s 1 orn Znothireaspent dfiee nadnties, pkfdrilby maig Obe 1t he sanme or different and R11
is %ar foéﬁ%g‘/ sul pho. The group of forrmula (IB) wherein: R12 is hydrogen or
met hyl Vi (S ydrogen, nethyl, ethyl, butyl or phenyl or R23; wherein
R13 i s lophotberaddpgcisafitisd inveritiod, prgfepatgdy aris mor 2. substi tuents sel ected from
R29; i s hydroxy, nethylthio, nmethoxy, am no, imdazolyl or mnercapto;
Mereﬁ%%?if?b%fl'sbﬁ i ndependently optionally substituted on carbon by one or
nmor e hyltheaxgup (2&muwa (A) Wbargin R is siydidben,anethNHEph&)y,; n R1Y4 Riisg Adé pisgéred! f r om

hyd hyl h l : . i i et hyl h I v b i [ 1
e bec P Silpat o b BT K ACOSRefE BB Ity B F SR syRRIL 25 o™ Y
carlboxselesteldifivm halbosyinaxyar trifluBtd&tBRen (OREhd R R rb&t) (FABGQH ¥PRD ot &H) ( Re)

or -P(0)(0Re)(Rf rein Re and Rf are independently sel ected from nethyl
or et hﬁ)r(gu&)r&)gé@@%&gﬁgroup of formula (I1C) (as depicted inclaiml); pis

1-3 \/\hé'meignoud'@‘ foralwee ApWh&ED: Xey -bBe t he sanme or differ ent; 35q is 0-1; and
of ' tor TPE ATr & Ol R Bl A Rt BB P sl SIER St ogen
R25 i s shipstitugngnsel&@éd fremdaatd) iygroxamiethoxysortrifluoromethyl;

15 R is hydrogen, methyl or phenyl;

R® is hydrogen or methyl;

R® is hydrogen or methyl;

R'" is hydrogen;

m is 0-2 wherein the values of R'® may be the same or different; and R" is carboxy,

20 -P(O)(OH)(OEL) or a group of formula (IB) (as depicted in claim 1); The group of formula (IB)
wherein R" is hydrogen, hydroxymethyl or phenyl, p is 1 or 2; wherein the values of R'® may
be the same or different and R" is carboxy or sulpho.

The group of formula (IB) wherein:
R'%is hydrogen or methyl;

25 R"™is hydrogen, methyl, ethyl, butyl or phenyl or R?®; wherein R" is optionally substituted by
one or more substituents selected from R?’; R is hydroxy, methylthio, methoxy, amino,
imidazolyl or mercapto; wherein R?® may be independently optionally substituted on carbon
by one or more hydroxy; R? is carboxy; Y is -NH- or -NHC (O)-; R" is selected from
hydrogen, methyl or phenyl; wherein said methyl or phenyl may be optionally substituted by

30  one or more substituents selected from hydroxy; R is carboxy, sulpho, phosphono, -
P(O)(OR®)(OR"), -P(O)(OH)(OR?®), -P(O)(OH)(R®) or -P(O)(OR®)(R") wherein R® and R" are
independently selected from methyl or ethyl or R" is a group of formula (IC) (as depicted in
claim 1);

p is 1-3 wherein the values of R" may be the same or different;

35 qis0-1;and

r is 0-3 wherein the values of R may be the same or different;

The group of formula (IC) wherein



50r a pharnmaceutically acceptable salt, solvate, solvate of such a salt or

a prodrug thereof. Therefore in a further aspect of the invention, there is
provi ded woomuewsd of formula (1) as depicted above wheceiss2iRbsBssl R2 are
i ndependently selected fromethyl or utyl; 10R3 and R6 are hydrogen; R4 is
sel ect ﬁg‘;fror(p hal o, Cl1_4al koxy or C _4al kyl S(0)a wherein a is 0 to 2;

wher ei tﬁoﬂy [:?@ery be optionally substituted on carbon by one or nore R16;
wher ei R¥RbGydogendependent |y sel ected from hydroxy and

N, N-(C zéfall%/\?lg)égam 0o; R5 is a group of formula (I1A); 15Ring Ais aryl or

het er oat yI*;“3Mf&Ye?f Ring A is optionally substituted by one or nore

substi tzuents sel ected fromR1l7; wherein R17 is selected from halo, hydroxy
o S B LR DL SRR S5 S PR RRGeR e
carbocyclyl; R11 is carboxy, -P(0)(OH)(01Rc) or a group of fornula (IB) (as
cer o e hRe e O BT Rent Y Bl RSEEy Ai
wher ei niepRtddsatoydmbesin:25R15 i s carboxy or sulpho; pis 1 or 2; wherein the
val ues af My be t 16, Sane Qf frgi f ft nent M is O0; and nis 1; or a
phar naclgtﬁnlﬁjc'gla\ ?/ 388%’5{@8)/8 S%F?, Tor VArE "ol vat e of such a salt or a
pr adr ug(e’tdmdrl%@ga‘re hgdrogérerefore in an additional aspect of the invention,
e L e PR Bl L IH BB e AR IR
R4 i s roetdpyibndilyaubstituted on carbon by one or more R'; wherein R is independently
selected from hydroxy and N,N-(C,_salkyl);amino;
R® is a group of formula (1A);
15 Ring Ais aryl or heteroaryl; wherein Ring A is optionally substituted by one or more
substituents selected from R""; wherein
R' is selected from halo, hydroxy or Cy4alkyl; wherein R may be optionally substituted on
carbon by one or more R*'; wherein
R% is selected from halo;
20 R’ is hydrogen, Cyalkyl or carbocyclyl;
R" is carboxy, -P(O)(OH)(OR®) or a group of formula (IB) (as depicted above);
R" is hydrogen, Cialkyl or carbocyclyl; wherein R' is optionally substituted by one or more
substituents selected from R?’; wherein
R? is hydroxy;
25 R"is carboxy or sulpho;
p is 1 or 2; wherein the values of R" may be the same or different;
mis 0; and
nis 1;
or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug thereof.
30
Therefore in an additional aspect of the invention, there is provided a compound of formula
() as depicted above wherein:
R' and R? are both butyl or one of R' and R? is ethyl and the other is butyl;
R* is methylthio;
35 R®is a group of formula (IA) (as depicted above);
R? and R® are hydrogen;
Ring A is phenyl;



35R5 is a group of formula (1A (as depicted above); R3 and R6 are
hydrogen; Ring A is phenyl; WO 2012/064266PCT/ SE2011/051335 17 R7 is
hydr ogen;wo-20ikloslesss a group of fornmula (IB) (as depict edTaBome)ps13683 i s
hydrogen or hydroxynmethyl; R15 is cartioxy or sulpho; 5p is 1 or 2; wherein
t he valygses o(% R13 may be the same or different; mis O; nis 1; or a
phar maceu P% Pﬁ’?ﬁ’accept able salt, solvate, solvate of such a salt or a

pr odr uR' iser grofip ofl@itheln ¢IB) (as depicted abalie)i onal further aspect of the

i nvent i htger% i§ ?rgvi dqﬁ 2 conmpound of forrmula (1) as depicted above
wherei it RIVERGCRST YU EPYhdent Iy sel ected from ethyl or butyl: R3 and
R6 ar e Riydroagenxy or sulphd®4 i s sel ected from hal o, Cl_4al koxy or

C _4al kyl $S(0)a wherein a is 1:0_2: erein th R4 may 15be optionally
subdt1 s o REElhEAG s o Br ik e B et 6 s T ndependent | y
sel ect emlisfG;om hydroxy and N, N-(Cl_4alkyl)2am no; R5 is a group of fornula
(lI1A); Rng.Ais aryl or heteroaryl; wherein Rng Ais optionally

substi t'Ufed by one or nore substituents selected fromRl7; 20R7 is

hydr ogen a pBarrackkisidallg racceptiiae galt, \sblvated solgath yofl s adhean sait omeeprogiug thereof.

10  Therefore in an additional further aspect of the invention, there is provided a compound of
formula (l) as depicted above wherein:
R' and R? are independently selected from ethyl or butyl;
R? and R® are hydrogen;
R*is selected from halo, Cy.4alkoxy or Cy4alkylS(O). wherein a is 0 to 2; wherein that R* may
15  be optionally substituted on carbon by one or more R'®; wherein R is independently
selected from hydroxy and N,N-(C,_salkyl);amino;
R® is a group of formula (1A);
Ring A is aryl or heteroaryl; wherein Ring A is optionally substituted by one or more
substituents selected from R'";
20 R’ is hydrogen, Cyalkyl or carbocyclyl;
R® is hydrogen or methyl;
R® is hydrogen or methyl;
R" is carboxy, -P(O)(OH)(OR®) or a group of formula (IB) (as depicted above);
Xis -NH- or -NHC(O)-;
25 R"is hydrogen or methyl;
R" is hydrogen, Cialkyl or carbocyclyl; wherein R' is optionally substituted by one or more
substituents selected from R%;
R is hydrogen;
R'S is carboxy or sulpho;
30 R"is selected from halo, hydroxy, Ci4alkyl or Cqalkoxy; wherein R'” may be optionally
substituted on carbon by one or more R%;
R? is hydroxy, carboxy, carbocyclyl or amino; wherein R*® may be optionally substituted on
carbon by one or more R%;
R* is selected from halo;
35  RZ®is hydroxy;
p is 1-3; wherein the values of R" may be the same or different.

qis 0-1;



RO is hydrogen or nethyl; R11 is carboxy, -P(0)(OH) (01Rc) or a group of
formula (1 B) (as depicted above); X is -NH or -NHC(0)-; 25R12 is hydrogen
or mnet hylwoRaB/iss268ydr ogen, Cl_4alkyl or carbocyclyl; werersEpoiRbSi38s
optional Iy substituted by one or nnrewsubstituents selected from R20; R14

hydr o b | | d f
o oy O wheRi Pe R RBS R S bR sare Sk iteled HE RO L Bt ¢ ut e

on carlion by one or nore R21; R2 is hydroxy, carboxy, carbocyclyl or am no;
wherein R%HH%¥ e optionally substituted on carbon by one or nore R22; R21
is sel &&f° hal o; 35R22 is hydroxy; p is 1-3; wherein the val ues of
R13 may ibd-3;he same or different. g is 0-1; WO

201 /06426 PCT/ SE 1/ 05 18 4 b
he stk aghata Rty aoaminin snieg e 3t PSR Ml foditiodhetat Doy o°

Is 1-3; 5or a pharnaceutlcally acceptabl e salt, sol vate, solvate of such a
anot h furt her pect

o 1 ho THRURHENbA b AeEMoga D0 eBhPe RuRpatmonr o s BrS eh daup ot oo
above wm&nmum(DE&cﬁm@kﬁzﬂﬁwemmmdmmendentIy selected from Cl_4alkyl; 10IR
and RY th hydro sel d.from hal o, am no, Cl_6alkyl,
Cl_6al fvgggﬁgﬁﬁﬁgﬁ$ﬂ%m6¥s ?dféﬁ q %YLreido; vis Oor 1
10  R*and RY are both hydrogen;
R? is selected from halo, amino, C4salkyl, C4.salkoxycarbonylamino or N'-(Cqealkyl)ureido;
vis0or1;
R? and R® are hydrogen;
one of R* and R® is a group of formula (lA) (as depicted above) and the other is selected
15 from hydrogen, halo, Cs4alkoxy or C1.4alkylS(O), wherein a is 0 to 2; wherein that R*or R®
may be optionally substituted on carbon by one or more R'; wherein R'® is independently
selected from hydroxy, carboxy and N,N-(C4.salkyl)2amino;
Xis -0-;
R’ is hydrogen, methyl or phenyl;
20 R%is hydrogen or methyl;
Ring A is aryl or heteroaryl; wherein Ring A is optionally substituted by one or more
substituents selected from R""; wherein R" is selected from halo, hydroxy, C;.4alkyl or
Ci.4alkoxy; wherein R'” may be optionally substituted on carbon by one or more R*'; wherein
R* is selected from halo;
25 R%is hydrogen or methyl;
R'" is hydrogen;
R" is carboxy, -P(O)(OH)(OR®) wherein R® is selected from C.4alkyl or a group of formula
(IB) (as depicted above);
R'%is hydrogen or methyl;
30 Yis -NH-or -NHC(O)-;
R" is hydrogen, Ci4alkyl, carbocyclyl or R?; wherein R is optionally substituted by one or
more substituents selected from R?’; wherein R? is hydroxy, Ci4alkylS(O), wherein a is 0,
Cs.4alkoxy, amino, carbocyclyl, heterocyclyl or mercapto; wherein R* may be independently
optionally substituted on carbon by one or more R*%; R# is selected from hydroxy; and R is

35  carboxy;



R3 and R6 are hydrogen; one of R4 and R5 is a group of forrmula (1A) (as
depi cted above) and the other is selected 15 from hydrogen, hal o,

Cl_4al koxwoan12sszkal kyl S(0)a wherein a is 0 to 2; whereipoTiSE2411/881385 R5 nay
be optionally substituted on carbon by one or nore R16; wherein R16 is

i ndepengent | elected fromhy X arboxy and N Cl,4alk 2am no; X
o< b MR el B ol g vl O r BB Sl o B SRRk o
A i's amydy o ofitiehaliyocsubglitutedtbyrarieror Riarg shbstituenie $ederadd fora RIS tant R%2@d by one or
nor e s%bati tuents selected fromR17; wherein R17 is selected from hal o,

hydr oxyY9CfY4a1ky1l or Cl_4al koxy; wherein RL7 may be optionally substituted
on car IRIhisloprisoxe, suiphop peodrPibno,wRED XOR®)RIR'),i-B(GROENOERI), FR@)(PH)(R?) 025R9 i S

hydr.oge r | . al is hydrogen: R11 s garb =P(0) (O 0LRc) wherein
et s PIREIR Yy B e rogr ol T RimC By TR Bebrda
above) ;of RtdulayIC)y(ds dgentedraboed)nyl ; 30Y is -NH or -NHC(0)-; R13 is
hydrogq{}.;i gl 4alkyl, carbocyclyl or R23; wherein RL13 is optionally
substitut& YSSPQSHe or nore substituents selected from R20; wherein R2 is
hydr oxyR? Bihydadgey] S(0) a wherein a is 0, Cl_4al koxy, ami no, carbocyclyl,

het er o%gl yl_.or nmercapto; wherein R2 may be independently optionally
substit t'&f%tf?xéfar bon by one or nore R22; R22 is selected from hydroxy; and
R230i s p35dal; lndveyein tHAD aRGE2f BOU26 6 PETHSENNL 47 @FdraBs 19 R14 is sel ected from
hydr ogen 0g1__4a1ky1 or carbocyclyl; wherein said Cl1_4alkyl or carbocyclyl
may beaoﬁti onal |y substituted by one or nore substituents selected from
R20; amds &3; ivbetejrdthe xgtueRDER! ‘snayarditie\samewrplifteremihosphono, - P(0) (O0Re) (ORf),

P e B TP M SRR o = 1 e
depi ct edis ) waiereiRihe Vatudsyad RO gy, beRBS samehy difiegsnt;
15 zis 0-1; wherein the values of R®® may be the same or different;
or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug thereof.
In another aspect of the invention, preferred compounds of the invention are any one of the
Examples or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug
thereof.
20 In another aspect of the invention, preferred compounds of the invention are any one of the
Examples or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug

thereof.

25 An aspect of the invention is a compound of formula Il

R‘I

Formula Il
30

wherein



R26 is carboxy; 10p is 1-3; wherein the values of R13 may be the sane or
different; qis 0-1; r is 0-3; wherein the values of R14 may be the sane or
di f f er entwormize®268; wherein the val ues of Rl may be thecsasmeoiensdss f erent;
nis 1-2; wherein the values of R7 nemp be the sane or different; 15z is
0-1; wherein the values of R25 may be the sanme or different; or a
phar maceutically acceptable salt, solvate, solvate of such a salt or a
pr odr ugM tihereadr.NH;n anot her aspect of the invention, preferred conpounds of
the invention are any one of the Exanples or a pharmaceutically acceptable
salt, solvate, solvate of such a salt or a prodrug thereof. 20l n another
aspect Rifis Hive hiydreent i on, preferred conpounds of the invention are any one
of the Exanples or a pharnaceutically acceptable salt, solvate, solvate of
suc a salt or a prodrug thereof. 25An aspect of the invention is a

npourRf i©H, Cols,FCHaCHA, RH:IZCPFFQ]ngKH-IzIGHZGBIZGAH@r@H(CHs\)!p-CHZCH(CHs)Z,

2012 OO O 2l 5 R a1, 5 bbb,
-CH(CH3)0H20H3, -CH20H, - 0H200H3, - CH( OH)0H3, CHZSCHB or CH2CH28CH3;
for use in the prophylaxis or treatment of a liver disease.

10
Examples of useful substances in accordance with the invention are:
1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-a-[N-(carboxymethyl)carbamoyl]
benzyl} carbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine,
1,1-Dioxo-3, 3-dibutyl-5-phenyl-7-methylthio-8- (N-{(R)-a-[N'-((S)-1-carboxyethyl) carbamoyl]

15 benzyl} carbamoylmethoxy)-2,3,4, 5-tetrahydro-1, 5-benzothiazepine,
1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-o-[N-((S)-1-carboxypropyl)
carbamoyllbenzyl}carbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine,
1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-a-[N-((R)-1-carboxy-2-
methylthioethyl)carbamoyl]benzyl}carbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-

20  benzothiadiazepine,
1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-o-[N-((S)-1-carboxypropyl) carbamoyl]-
4-hydroxybenzyl}carbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine,
1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-o-[N-((R)-1-carboxy-2-methylthio-
ethyl)carbamoyl]-4-hydroxybenzyl}carbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-

25  benzothiadiazepine,
1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-a-[N-((S)-1-carboxy-2-
methylpropyl)carbamoyl]benzyllcarbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-
benzothiadiazepine,
1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-a-[N-((S)-1-carboxy-2-(R)-

30 hydroxypropyl)carbamoyl]-4-hydroxybenzyl}carbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-
benzothiadiazepine,
1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-a-[N-((S)-1-carboxybutyl) carbamoyl]-
4-hydroxybenzyl}carbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine,
1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-o-[N-((S)-1-carboxyethyl)

35  carbamoyl]benzyllcarbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine,



for use in the prophylaxis or treatnent of a liver disease. 10 Exanpl es of
useful substances in accordance with the invention are:

1, 1- D oxow®,28tMiclmeby1- 5- phenyl- 7- met hyI t hi 0- 8- (N-{ (R) - ag¢br(se201bozpsset hyl ) ca
r banoyl | benzyl }

S e A A el asepas,
( N- { ( RicafralSyi4C5)drdxyb an 230 s fddmdy)metas e nny U] 5-kiaryayl1} 5-benzothiazepine,

S B o Bxe AT M R Shnis e v R R b B 1 sy SRy Desrbamedoxy pr o

pyl) hy droxybenz?/ Fcarbamoylmethoxw -2,3.4, 5 tetra dro-1,2,5- benzothladlazeplne
car bam)yIE enz car banoyl net P 5-tefrahydro- 1, 2, 5- benzot hi adi azep
i ned ioxo-3,3-dibutyl-5- phenyI -7- methyth|o 8- (N {(R) O-[N-((S)-1- carboxy 2

ﬁetlha t hi oet hyﬂ? c?tééior%@yl %ﬁ%%?%@?ﬁ?ﬁ@?m hcg&?/{z@a)S %Mh%’g%t%ﬁ;g{ lo)o>1<y22-5
- 20berPeordihigdiczoring ard
1,1-D QXPdn%xé‘s]Cﬁ _BBGYls-phee ety IRS-BYNL IR 21 SsHely A - @4Mokfrdth iy car boxypr o

pyI ) carbano
4- hydr @ﬁg}l@@?ﬂyﬂlm&i%ﬁwmﬁ@ﬁw)) 2234, ddteBahysire-a 1pyerngothiazeBinenz ot hi adi azepi

ne,
1110D|ox033d|but 1- 5- phenyl-7-nmet hyl t hi 0- 8- (N-{(R)-a4N-((R) - 1- car boxy- 2-
met hyl tqqnﬁféluﬁgiti PE@F'D@%'?Q!I fOMh'?dHW?bé@\Wh”@h@WﬁéWﬁ/@f BOXYSUIQ ISPMEris- t et r ah

ydro- 1, |
A Oc)%gﬁ%s %Sﬁut et ﬁﬁ@f?'isnt@ be underst oldothat_t?elnel? Son enco {)agses ot boxy- 2-
met hyl ﬁﬂd@)ypt)qahrdwtﬁﬁw?me@wnﬂespmsmwmrﬁmPogsesstB@T tnél tapwantiviyl, 2, 5-

benzot KiadhRAGHH Fe(l’ates to an and all tautomerlc forms of the compounds of the formula (1) or
1, 1- Di oxo- 3, 3-di SEé/h 1- %/|'[th -(N{(R) - a4N—?(S) 1-car boxy- 2-

( R)lj formula (1 that possess IBAT in |b|tory act|V|

30hydr oxypropyl ) car banoy1] - 4- hydr oxybenzyl | car banoyl nmet hoxy) - 2, 3, 4, 5-tetrah
ydro-1, 2, 5- benzothladlazeplne
1, 1- Di J%6-nvestion Blge yelatgs |§H@ﬂ§81b|$’13¢§teﬁ§/9ftthﬁ co@poppds(gRihesinkentios)sugh adr boxybut

yl) carf ﬂ%ﬁ?lé%/‘or eometrlcal ure or as a myxtyre, in_all proportions, of the sa|d ounds of
4- hydr oxybenzyl | Car banoy 1%9t oxR/ , 3, 4, 5- t%t ?a ro enpzot ﬂl adi azepi
ne, formulas I'and Il and those specifically mentioned and the pOSS|bIe tautomerlc forms

1, 3D oxo- 3, 3-di butyl-5-phenyl-7-nethylthio-8-(N-{(R)-a4N-((S)-1-carboxyeth

yl)
35car bame§itgibempodimeatsh aaDpPURsSigRgIbeg herein bayeenaprmprg-chiral ®nenAst hi adi az

eD' ne, suMPa%%i&é&@&%@éPQéﬁﬁ&QHéd P&élﬁ?’ﬁl Vadiods ém%(ﬂ?ﬁ%n% compounds
'5-phenyl - 7- et thio-8- (N-{(R-a-[N-((S)-1-carboxypropyl)
car banﬁéi‘fﬂbﬁdh‘?&'@ﬁmﬁ%ﬂt In @@WBW'N?{@{ FeeRyC forms luis o b%tlﬂ%ﬁt?*étp@ﬂ@t

5- benz @t L ARERINAS of the present invention encompasses racemic, optlcaIIy -active,
1, 1- Di oxo- 3, 3-di but y1-5-phenyl - 7- met hyl t hi 0-8-(N-{QR)- 4N—(QS) 1- car boxyet h
y| Y& ar Begipigamedc and stereoisomeric forms, or combinations thereof that possess the

hydr ox yh&aagalicsiRf R BIIFRHR ML cribed Heret IFRERAANSH O cbtidal-ReNZRIHE &di azepi ne
51, 1- DiasRigvaingany; sijelle manpRe ipludingiu wey efnos-IBiling eER)adnresaytion dar boxy- 2

the racemic form by recrystalllzatlon techniques, by synthesis from optically-active starting
nethylpropy car banbyl roxybenzyl | car banoy Inethoxy% 2,3,4,5-tetrahydr

o-1, 2, @aty@{s&ymhg@l,sdg%ﬁplﬁeoréqycphromatographlc separation using a chiral stationary
1, ]ST)d' Bh9sed: Ir?’s&h@‘éhtb%dﬁté?ttsew*tuyesr@bné( bt J%Fb |§or41$’t’ dre utllllz}ed as the therapeutic

(R) 11-phenyl -T"-[ N~ (car boxynet h car banoyl |
car ban@?ﬂt@@ﬂ%ﬂ%a@e@hﬂre& trertqr@ﬁy@m dlmgniﬁewwndiém%@ed herein, contains

one or more chiral centres. These compounds are prepared by any means, including

enantioselective synthesis and/or separation of a mixture of enantiomers and/or

diastereomers. Resolution of compounds and isomers thereof is achieved by any means
35  including, by way of non-limiting example, chemical processes, enzymatic processes,

fractional crystallization, distillation, chromatography, and the like.



Compounds of fornmula (1) or formula (11) may have chiral centres and/or
geonetric isoneric centres (E-and Z-isoners), and it is to be understood

t hat the wowentdsormsenconpasses all such optical, diasterevisson@insizand
geonetric isoners that possess |BAT ixhi bi tory activity. The invention

rel ates. to an nd all tautoneric for he conmpounds qf hefor la (1)
o 151 PPt Ak b0 LT o eThsR et § BEA PO S el SRR "ol st
rel at esamlfdrrrptrseartaireembmjmestspé cd)rhpomdmnsumtsj ledreih legistsnivt @ntuneolvsted lor as

opti cal netrlca ure or as a ture ortions,

Che saisaNaAIomRGEREIh EFpsr MR e R 2R Bl Bl iR LT onec
and t he.gowsstehlethdnaltaaditia likef orms 20 I n certain enbodi nment s, corrpounds
descri bed herein have one or nore chiral centres. As such, al

stereoi soners are envisioned herein. In various enbodi ments, conpounds
descri &d itmengomfuather rregasierﬁcdnnpasplbhcatnbysiagbt Ieastmherlaaeririmbitfonoﬂsomiuta isto
be undefstpod th he conpound f.the, pres I pn_enconpasses
Facem & obEormd ). ketisE HT R pad B irea iy obd B fihefrc f br . or
conbinations t her eof that possess t he therapeutlcally useful properties
descri bed_ here Prepa jan of .optica e in any
Su ¢ ablhD Ry T LF TR T By sy SBpmRBd okt AR FRrada g € lH Lt on o
t heor apespatatfoarahabyedicoes §os ttad treat@enioof o lvehdisepses, by synthesis from
optically-active starting materials, by chiral synthesis, or by

chr omat ogr aphi ¢ separation using a chiral stationary 30phase. In sone
enbodi rrenBAT nmrinbiltanroéEortnfula)her E)erlmtarle) rha,ohmm@irtegethedwwteai lesst bhe othleer apeut iC
conmpound des nds descr |

ner o1 n hegeionl S40E bRy B LR B T b&eaGOR 8t A fB iR hl BF e o
by any tmepmphylacticl andion theeagniic deelnesit of/e ligy niseasé.s and/ or separation of a
nié%gre of enantioners and/or diastereoners. Resol ution of conpounds and
is rs thereof is achieved by any means 35incl udi ng, by way of
non-limting exanple, chem cal processes, enzymatic processes, fractional

cr ystal!l.vi zgti ong di stillation, chromatography, and the like. W)
2012/ 0 2011/ 051335 22 The conpounds may exist in free-acid or

free-base form or in a pharrraceutically acceptable salt form In certai n
a _co oun escrl be i.sts, in.an unsgn vat ed

enbodi r
Solvat CHY Dissfsd RTBRT SeBROG ATAIBHR BaiEpdiiuehl oSt tel Bt
aceept aiogemssmhnmted theregwth witheds, thetplaamrehs patad veinetheiliker. paEeﬁEitngmlanthenti on
furt her ards itio sin ast | BAT i nhi bi tor of
For mul &Y (F%p%trmff E?Fi‘traﬂ}e {%é(h, ﬁr%eh%ndptfglgﬁyﬁféspgr. and/ or treatnment of
ali veﬂledll Hleaskl. transportthr(IEﬂlsTpeEcﬂhecmhalm hrechanigmtforoa- absortphen ufSelecicida foompound
of For or L), the 10 di.ci ne, for the
0t ens ming Bbadt iyl Badieut g R 8o R WEPRS B ity ool RESRBT RIS 11
may be aasieah thegxmdhleb“owmi whll, alhe berés Nemnmedtt/érqvaredrﬁhlympetmmnﬁi&dHepamﬂ)lllam

ortlda crlbdher |(§1tg1 ajr nof a d|c E”for t he

C Ry e e SERaH4RE nily ik phd b B GUTRRIGBH FRBs SnlE AR Rl (0 oy

d| seas @artial od.futlrblockhdeezﬁstee IBsATheemarmmdefnapl@dtMeahavnt taerwharyd (BA) dependent
di sease Oorgins conn ecte er evvlt

mer o patohiSoioyisieR SallifaBr A% SAIMERE B b ddrelntidilbe Bl 1, | ce

t he extacakdépa¢num doid indhreyatiaveergansd t he gal I bl adder

30 An aspect of the invention is a compound of Formula (1) or Formula (Il) as defined above, for
use in the prophylaxis or treatment of liver parenchyma; an Inherited metabolic disorder of
the liver; Byler syndrome; a primary defect of bile acid (BA) synthesis such as
cerebrotendinous, or xanthomatosis; a secondary defect such as Zellweger’'s syndrome,
neonatal hepatitis, cystic fibrosis, manifestations in the liver, ALGS (Alagilles syndrome),

35  PFIC (progressive familial intrahepatic cholestasis, autoimmune hepatitis, primary biliary
cirrhosis (PBC), liver fibrosis, non alcoholic fatty liver disease, NAFLD/NASH, portal

hypertension, general cholestasis such as in jaundice due to drugs or during pregnancy, intra



Heal bile acid transporter (IBAT) is the main nechanismfor re-absorption
of bile acids fromthe G tract. Partial or full blockade of that nechani sm
will resuvbbme/deewer concentration of bile acids in thepsnmsiEboivossss wal |,
the portal vein, the liver parenchymazs t he intrahepatic biliary 25tree t he
extrahept| bi Li tree

bener | SRR ERAF BoSiETs s i ps MrebdoroPron &1 RIS unichERT ST, BinDRose
havi ng salepo"snngac‘ryolqmgttulspg;ﬁll;&cormls@gndmbledeér&mm;asmumhgrgarmy cbasm@gbﬁwkrtnnbroofs of

t oo hlq Bf ntrath i aci dﬂ i\n SEruE{Ea,ar}d .ip tp argans. 30An
aspect 61 PT#E TRy YRR S’HS (%CF%C*E:'B%%W HSISHeAB SRRl PARUS 'C&oﬁ’%ﬂﬂ%? E ') as
defi ned:hamm/wtoﬁrmnuneSmen disé¢dse Igadipnipl pagressive thiotestaats)tor pfuritiswer  par enchyma,;
an Inheh | r’rF abolic disorder of the liver; Byler syndrome; a primary

def &ct © f’eBaf% "EIOB®EEA) synthesis such as cerebrotendi nous, or

xant honat osi s; a secondary defect such as Zellweger's syndrorre neonat al
hepatity s éstl fibrosis Iles

P ofin dspatirite inLGiRR iSa oBRBUT o e PR ) By EdGpyie ias e pad@dte

aut oi musedn thegadpHylaxis qwrtnelar&n@ntlof & hapaticadigortiersir & r(eIBBﬁI) reldted eonditidor; fagtys, non

alcohollc at t.; i al  hypert ensi on er al

chol os i bR el s, oA ERARo WaSh AR B PG PRl T B e vo
2018/ Oﬂinaé&ﬁﬁﬁ@T Skt @ﬂe@n@ﬁd}aaﬁjgzladmudi hﬂpbm&h &pmbverldahmjlmdeas irepatictibrass,

her edi %’t or ;s . of al esta h stg ﬁs PEI C Ir [cyt scl erosi ng

chol anéxep e s, ' DeBRTRA ViR bRediEde 8[‘?%?%&@?“% YRSHE  Pausi ng

obst r ucikebplasmés dphtbe livér afrthie biliesy, traxy agd ofithe pacerad<hi ng, pruritus) due to

chol est asi s/jaundi ce, pancreatitis, chronic autoi mune |iver disease

| eadi ng to progressive cholestasis, or pruritus of 5cholestatic liver

di seas€onfbinativpedth aliiertdedvd substances i s a conpound of Fornula (1) or Fornul a
(I'l) as defined above, for use in the prophylaxis or treatnent of a hepatic
di sorder or a hepatic related condition, fatty liver, hepatic steatosis,
non- al colaspect csﬂtlmilnodmipatlé an BATNABIH)tor aajcomjli'r@j todoresa(l) o Formatautih aat ty

10l i ver a | iver r egnan rug-in cedh titis, tron overl|oad
ai sor adFEehabars I oand S WAL east chP P RO LEERN BT shb® b iofidBf Tt s
and pr ableassorienothed theiapeutically antivarssbsiald:ermayobaanm'bfnhtdﬁer tomeoundof t he
biliary tract and of the pancreas. Conbination with other active substances
15 An aspect of the invention is an |IBAT inhibitor according to formula (1)
or 2For rimdretiesladny heasmoreds preducelddydhe Lceltonbi nati on with at | east one ot her

t herapeutically active substance. The at | east one other therapeutically
active substance may be an | BAT i nhi bitor conmpound. 20l ncretines and

hor nond@$epat edhstat: dtieit therapeotedallgadiive sabstheasmaphe aotliestirteheraapembneal | y
active sdg @gcg}emafy" I%e an I ncretine or a hornone produced by the L cells.
251 n af'% y lf €t nvention, the at |east one ot her t herapeutically
active substance is a L-

25 In an aspect of the invention, the at least one other therapeutically active substance is a L-
cell endocrine peptide enhancer such as a GLP-1 enhancer. Examples of a GLP-1 enhancer
useful in accordance with the invention are GLP-1, a GLP-1 secretion enhancer, a GLP-1

degradation inhibitor, or a combination thereof.

30 In an aspect of the invention, the L-cell endocrine peptide enhancer is a GLP-2 enhancer
such as GLP-2, a GLP-2 secretion enhancer, a GLP-2 degradation inhibitor, or a
combination thereof.

In an aspect of the invention the L-cell endocrine peptide enhancer is a PYY enhancer such
as an oxyntomodulin enhancer.

35



cell endocrine peptide enhancer such as a GLP-1 enhancer. Exanples of a
GLP-1 enhancer useful in accordance with the invention are GLP-1, a G.P-1
secreti onwenbeneserss a GLP-1 degradation inhibitor, or apcoseRnAFBES
thereof. 30l n an aspect of the inventi4don, the L-cell endocrine peptide
enhancer GL[P-Z enhancer such as GLP-2, a GLP-2 secretion enhancer, a
GP-2 Z%%?—éod@-%%—l nhi bitor, or a conbination thereof. In an aspect of the
invention the L-cell endocrine pepti de enhancer is a PYY enhancer such as
an oxynt onodul i 012/ 064266 I ncretin. Mmetics .24
e Siab 38 P 35 WARon. e ol A8 pINRH Berarslft Al ol SRbleRER 185h one
ot her tilestapeaimdticalubly agekénatids Bgitta®g.e is an incretin mnetic such as
exegati de (Byetta(r)). One aspect of the invention is an oral conbination

n I BAT inhibitor of Formula (1) or Formula (I1) as disclosed herein and
a DPP- IOfe anip)iebli dftiie inEvition dead o torebiRetidn cfes |BAT arhitsitop eEForefuld feori nvent i on,
the at 1 east t her.apeyt i . t| ve substanceis an
entero r?HBEI?‘l( )a @f)‘?ﬁfg héeu' ané@'h\y'% DEPP-1 anal ogs, for exanple
Taspogl utide(r) (Ipsen), or the |ike. 15Conbi nati on Therapy with an | BAT
i nhi bitor and a .DPB-1V Inhibitor In an aspect of the invention, the at
| east MME%%U cally active substance is a DPP-1V i nh| bitor.
200ne aspect of the invention is a conbination of an | BAT-inhibitor and
rretfor n and/or sit nmet C d/ o pP- ibitors suitable
for uedh ir aRoee herABalol e pBa She Phreh Teray b R oS R A e o
(29) - 1e{nﬂer{>e(r8}ob5mhf eeptidé sadaanGLpplaon Gio}-1 mete)gylfbpgxanqdle dasmgRitide®boni tril e
(vildagﬁgsg |n|) R) 3-am no-149-(trifluoromethyl)-1,4,7, 8-
tetraz cPot[”ﬁ .’'0] nona- 6, 8-
-di en- 4- yI] 4-(2,4, 5- trlfluorophenyl)butan 1- one (S|tagllpt|n)

- 2= -, 3.

rr%ntt ypacet yl ]-2-azabi cycl of -

2 ({6 [(3R) 3 am nop| perldl n-1- yl] 3- rrethyl 2, 4- di oxo- 3, 4- di hydropyrimdi -
n-1( 2|_i)ln gk laggéct[]%% %g?r']’]vzecr)] c')r¥ rtrllé at Igéaslt% rmerap GIQS I§%%F\Pé sourbsl(\/tr)m((j:glisaetq ors 30
DPP-IV inhibitor.

20 One aspect of the invention is a combination of an IBAT-inhibitor and metformin and/or
sitagliptin (Janumet®) and/or DPP-IV inhibitors suitable for use with the methods described
herein include but are not limited to (2S)-1-{2-[(3-hydroxy-1-adamantyl)amino]-
acetyl}pyrrolidine-2-carbonitrile (vildagliptin), (3R)-3-amino-1-[9-(trifluoromethyl)-1,4,7,8-
tetrazabicyclo[4.3.0]nona-6,8- -dien-4-yl]-4-(2,4,5-trifluorophenyl)butan-1-one (sitagliptin),

25 (18,3S,5S)-2-[(2S)-2-amino-2-(3-hydroxy-1-adamantyl)acetyl]-2-azabicyclo[- 3.1.0]Jhexane-3-
carbonitrile (saxagliptin), and 2-({6-[(3R)-3-aminopiperidin-1-yl]-3-methyl-2,4-dioxo-3,4-
dihydropyrimidi- n-1(2H)-yl}methyl)benzonitrile (alogliptin).

TGR5 Receptor Modulators

30
In one aspect of the invention, the at least one other therapeutically active substance is a
TGRS5 agonist. TGRS modulators (e.g. agonists) include, but are not limited to, the
compounds described in WO 2008/091540, WO 2008/067219 and U.S. Appl. No.
2008/0221161.

35



In one aspect of the invention, the at |east one other therapeutically
active substance is a TGRS agonist. TGR5 nodul ators (e.g. agonists)

i ncl ude, wotoarmwswet |imted to, the conpounds descri be@cTsEY?128G83 091540,
WD 2008/ 067219 and U.S. Appl. No. 2008/0221161. WO

2012/ 034266,3&/ E2011/ 051335 25 Thi azol i di nedi ones I n one enbodi ment of
the in Q 'H¥Sat | east one ot her therapeutically active substance is a
t hi azol i di nedi one such as Rosi gl i tazone (Avandia), Pioglitazone (Actos),

Troglitazone r| vo i tazaon azone o the |ike.
Conti ndS BERETRERTRY brlbs YR GRAT e Julg P obs-DO8r Berepaflc R RN sthstanEsmp. | v

| nhi bi tiva tHiazotidieedioie siareds R@eflglltdtze)ner(lktm”ltdia(),rPloglhazchA'(Ad:tbﬂs-)l Broglilazofie For mul a
(1) .or Eor 0_desc bed er.ei is adm nistered in conbination
i 1o GBI iebo s Dol SR BEma Rl ° Beanpl os of bili ary. shant s
include but are not limted to shunts descrl bed in WO 2007/ 0050628 whi ch

di sclo r| i orora ed .theterm
"addi t iERT glion 1he i Wit S

15pharmaceutically active agents that IS equal to the sum of the effect of

A U S %u?%ﬁmﬁtﬁﬁw?@ﬁﬁt% b %0@%&“@ &Fhan e

sumoof debeibetfreedin,og aemmlrstexgemt ca@nbieationl vithea DRRAYVSnliibitblbed/ooabiliaat i on of an

ASBTI ntioned.other actjve.in ents and
opt onay) BReRAGs P ferisp S (RLRe LRI B FRUR By AR b b R T ces 501 s
cont enmaoar/edsee2shehict didctdsure is ireogoogted béreirhtey mebdrbogts descri bed herein. In
sonme enbodi nents, the particular choice of conpounds depends upon the

di agnosi s of the attendi ng physicians and their judgnment of the condition

of the Asndiedihe e, tlamtérmttedcammeffmct"aieecdbee&hemmhbiped)emmbf tht(er @morgounds are
tlonaII adm.ni stered co G rrentl 25(e. g. i t.aneoys essentially
or il t DheRR Y B seeRanets oSt o e et SR esknL ARREI | .
dependlantgteua@pnér’getmatfemg afe it lneniah the asmbpindd effecterf twao(or canmely ti on, the
condition of the indjvidual, and.t t ual o f compounds used. In
con e BeSlec N A iRl Rk IEa R0l GIBLERPbLERPRUAL dpec I
t he nurdewe. Ahy suﬂtmte d:amhtmat.h oA dmMASIEST wéth looe oomoeacftthe bmreapemttoned athent
during & trleartge %@0 | iiﬁt baserd on an e ar uat | | tt| e 3§ql sease
bei ng -84t D CIRE"S %"oﬁﬁ? T S HRoTe ey PlitimecoloiteBhactiRisy P REATS,
t hewapdsuutorderhplpteelf dseietingneithdo hagespe af the wietimodshiesdribagisheaeie. used 1 n treat nent
conbi nati ons. Met hods for experinentally determ ning
t herapeutically-effective dosages of drugs and other agents for use in

conbi nath some embatiimenits, tlegpartagaratheicd @$ compeuthds Siepetidsaudontties diagnasis oD

2012/ Ot?ﬁlezaGt? %-I;t/gsp'%%/gljcljélngg%gﬁtelrJudgment of the condition of the individual and the

appropriate treatment protocol. The compounds are optionally administered concurrently

25 (e.g., simultaneously, essentially simultaneously or within the same treatment protocol) or
sequentially, depending upon the nature of the disease, disorder, or condition, the condition
of the individual, and the actual choice of compounds used. In certain instances, the
determination of the order of administration, and the number of repetitions of administration
of each therapeutic agent during a treatment protocol, is based on an evaluation of the

30 disease being treated and the condition of the individual.

In some embodiments, therapeutically-effective dosages vary when the drugs are used in
treatment combinations. Methods for experimentally determining therapeutically-effective
dosages of drugs and other agents for use in combination treatment regimens are described

35 in the literature.

In some embodiments of the combination therapies described herein, dosages of the co-
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I nt3est iwith.either therapeutic compound being administered by a regimen calling for two-step
administration. In some embodiments, two-step administration regimen calls for sequential
administration of the active agents or spaced-apart administration of the separate active
agents. In certain embodiments, the time period between the multiple administration steps
varies, by way of non-limiting example, from a few minutes to several hours, depending upon

35  the properties of each pharmaceutical agent, such as potency, solubility, bioavailability,

plasma half-life and kinetic profile of the pharmaceutical agent.



10 Exanpl es of useful bile acid binders according to the invention are
Chol estyram ne, which is a hydrophilic polyacrylic quaternary anmmoni um
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corTEri si ng chol estyram ne, or pharmaceutically acceptable salts 20t hereof.
These are also called Questrans TM Questran Light Questrans Light
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| east 30% of the available glycocholic acid within 5 m nutes when exposed
t o an agqueoius pslymer havin@ fiest selogiiflent, bound to a first amine of the amine polymer, that

25 includes a hydrophobic aliphatic moiety, and a second substituent, bound to a second amine

of the amine polymer, that includes an aliphatic quaternary amine-containing moiety as
described in USP 5,693,675 and 5,607,669.

The salt of an alkylated and cross linked polymer comprising the reaction product of: (a) one
30 or more cross linked polymers, or salts and copolymers thereof having a repeat unit selected
from the group consisting of: (NR-CH,CH2)n (2) and (NR-CH,CH,-NR-CH,CH,-NR-
CH,CHOH-CH2)n (3) where n is a positive integer and each R, independently, is H or a C1-
C8 alkyl group; (b) at least one aliphatic alkylating agent, said reaction product characterized
in that: (i) at least some of the nitrogen atoms in said repeat units unreacted with said
35  alkylating agent; (ii) less than 10 mol percent of the nitrogen atoms in said repeat units

reacting with said alkylating agent forming quaternary ammonium units; and (iii) a fixed
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bi nder Anotheulsdfalbibaicid @haadea watdrlrgsolubleomyn-teicpolyndeid dmjinahaving @r | ayer

3 hi bj mul . E | def i ned
Sbovar mledidhrSikiart ol Bl 8 4 8o, Moy GiR bibebid o tinditd BtaBu Sl 0B 0°1 1 "F e
di st al qveu]ahxlmgtymchblhmmﬂmﬂmnﬁlmlnhtesmhen\@p@&ﬁ%@ﬁ%ﬁé&@ﬁoﬂi&%mbﬂﬁﬂ;%S 29
Statins | ot. he%‘lﬂa}é&)ect of the ,inventi

| BAT _i nhi bi t.qr. conpound e. g.
> compdtidht Sl SRR TG 2 BPvist sketelo et e godate o MRt davind
phar rra(vmmsnaoatelnyg@etmmmw) sfidrtgquilibtatiah eyithsairl at dD@%otlabsalcimiditgad.4., or a
pr rug,there red in association with an HVG Co- A
gct %lee? ?Bﬁcgﬁgd &S‘reug‘g?r%?@ﬁu cally acceptable salts, solvates,
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st at i nshalkstifdl ovedésevelam. | ovast ati n, pravastatin, simvastatin,
atorvastatin, 1Ocerivastatin, bervastatin, dalvastatin, nevastatin and
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[ met hyIthereof, in association with a pharmaceutically acceptable diluent or carrier.
25
One embodiment of the invention relates to a combined oral pharmaceutical formulation
comprising an IBAT inhibitor compound of formula (I) or Formula (1) as defined above or a
pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug thereof and a
bile acid binder or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a
30  prodrug thereof, said formulation being designed to deliver the bile acid binder in the colon

and the IBAT inhibitor in the small intestine.

One embodiment of the present invention is a pharmaceutical formulation comprising a core
of a bile acid binder formulated for release in the colon, surrounded by an outer layer
35  comprising an IBAT inhibitor of formula () or Formula (Il) as defined above, and formulated

for immediate release or for delayed release in the distal jejunum or the proximal ileum.
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or | i st aboy&er hzhamidieudically sicbegtasiesale sopBte? sdl84te bPRuch a salt or a prodrug
thereof may be administered in association with an HMG Co-A reductase inhibitor, or a
pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug thereof, and/or

25  a bile acid binder thereby avoiding a possible risk of excess of bile acids in colon caused by

the inhibition of the ileal bile acid transport system. An excess of bile acids in the visceral
contents may cause diarrhoea. Thus, the present invention also provides a treatment of a
possible side effect such as diarrhoea in patients during therapy comprising a compound of
formula (1) or formula (Il) as defined above, or a pharmaceutically acceptable salt, solvate,

30 solvate of such a salt or a prodrug thereof.

An HMG CoA-reductase inhibitor, or a pharmaceutically acceptable salt, solvate, solvate of
such a salt or a prodrug thereof will by its action decrease the endogenous cholesterol
available for the bile acid synthesis and have an additive effect in combination with a

35  compound of formula (1) or formula (l1) as defined above, or a pharmaceutically acceptable

salt, solvate, solvate of such a salt or a prodrug thereof on lipid lowering.
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An antihypertensive compound for example an angiotensin converting enzyme (ACE)

inhibitor, an angiotensin Il receptor antagonist, an adrenergic blocker, an alpha adrenergic

blocker, a beta adrenergic blocker, a mixed alpha/beta adrenergic blocker, an adrenergic

20 stimulant, calcium channel blocker, a diuretic or a vasodilator;
Insulin;
Sulphonylureas including glibenclamide and/or tolbutamide.

Biguanides

25  In some embodiments, the additional therapeutic agent is a biguanide. In some instances,
biguanides reduce blood and/or plasma glucose levels. Examples of biguanides include and
are not limited to metformin, buformin, phenformin, proguanil or the like.

Acarbose;
or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug thereof,
30 optionally together with a pharmaceutically acceptable diluent or carrier to a warm-blooded

animal, such as man in need of such therapeutic treatment.
Angiotensin Il antagonists
35  Preferred angiotensin |l antagonists, pharmaceutically acceptable salts, solvates, solvate of

such salts or a prodrugs thereof for use in combination with a compound of formula (l)

include, but are not limited to, compounds: candesartan, candesartan cilexetil, losartan,



agoni sts, pharmaceutically acceptable salts, solvates, solvates of such
salts or prodrugs thereof are well known in the art. These include the
conpoundswoestyislhmd in WO 01/ 12187, WD 01/12612, WO 99/ 28/8@2011¥051388 62872,
WD 99/62871, WD 98/57941, WD 01/4017®1 J Med Chem 1996, 39, 665, Expert
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35 inhibitors of fructose-1,6-bisphosphatase, modulators of glucose transporter 4, inhibitors of

glutamine-fructose-6-phosphate amidotransferase, inhibitors of dipeptidylpeptidase 1V,

inhibitors of 11-beta-hydroxysteroid dehydrogenase 1, inhibitors of protein tyrosine
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25 combination: insulin, insulin-mimetics, DPP-IV inhibitors, or TGR5 modulators.

Further active substances to be combined with one or more IBAT inhibitors of the invention
may be chosen from one or more of the following substances:
Ursodeoxycholic acid; nor-ursodeoxycholic acid; Rifampicin and related rifamycin derivatives
30 as described in US 3,342,810; opiat antagonists such as Naloxone and Naltrexone; serotonin
antagonists such as 5-HT3 receptor antagonists and 5 HT2 antagonists, e.g. Trazodone,
Nefazodone , Amoxapine, Clozapine; antihistamines such as Brompheniramine,
Chlorpheniramine Dimenhydrinate, Diphenhydramine, Doxylamine Loratadine Cetirizine;
serotonin reuptake inhibitors such as Citalopram, Dapoxetine, Escitalopram, Fluoxetine,
35  Fluvoxamine, lindalpine, Pparoxetine , Sertraline, Zimelidine; corticosteroids such as
glucocorticoids and mineralocorticoids e.g. chosen from Hydrocortisone (Cortisol), Cortisone

and acetate, Prednisone, Prednisolone, Methylprednisolone, Dexamethasone,



agoni sts, statins and bile acid binders in any conbination. According to
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one. ot Aamangsond; TR Phe PRI Ee0PL i Bboy g artf el
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relates to a conposition conprising one or nore |IBAT inhibitors of the

i nvention and chol estyram n and/or col esevel am and/ or chol esti pol .
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sre bR end Apbarii Rty

exci pi % he invention may further conprise a
pharmaceutically acceptable diluent or carrier. 30Pharnmaceuti cal
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dependi ng on the route of adm nistration chosen. A carrier includes, in
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of the above mentioned other compounds.

According to one embodiment the IBAT inhibitors of the present invention are combined with
25  atleast one other active substance selected from dipeptidyl peptidase-IV-inhibitors, PPAR y

agonists, statins and bile acid binders in any combination.

According to one embodiment the IBAT inhibitors of the present invention are combined with
at least one DPPIV, at least one PPAR y agonist, such as Sitagliptin and Pioglitazon.

30
According to one other embodiment the IBAT inhibitors of the present invention are

combined with at least one DPPIV and at least one statin e.g. Sitagliptin and Simvastatin.

Another active substance which may be combined with the IBAT inhibitors of the invention is

35  ursodeoxycholic acid.



35sel ected on the basis of conpatibility with conpounds described herein,
such as, conpounds of any of Fornmula | and Il, and the rel ease profile
properti eysoahiddeecdesi red dosage form WO 2012/ 064266PEETSE2010561354335 35
Exenplary carrier materials include, &. g., binders, suspendlng agents
disintegratio ent fll nts,_surfactants., sol ubi

St abi | PPl BAE Bhhea ey e RFNGR Forae it £ EbAPRSnos Gimtisigteir more
corrposﬂBA'ﬁmﬁutainck @‘alnes ineesticaranddbsesiybenin ahdfor exlasmleam and/Bechofegtipol: The
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enbodi nents, suitabl e dgs forms i ncl ude non-J jmting exanple,
aqueoud‘GPEINIANG §F15?Hg H\?'H\ée”t@%reéate%ﬁ %:)é%mpéf' Y3 ‘Poé“pr@I”@rQ“ieég

suspensharssf theaohfboahad ofdp$mot3234mmmwerm@ayw ma g RHib8o(N- @H) n edr@ay‘lm -

| yopni TNGATRsHREdl FahemoyKige Byl S Risrpuree o P AT Chpsul es,

del ayedengdtriasepih®(ERahpld m%ndeﬂqb@@@mﬂmh %h&/@ﬁ@oléﬁvmdnﬂérhdmﬁchowshﬁdlI | e

rel ease formulations, nmultiparticulate fornulations, and m xed i medi ate
rel ease and controlled rel ease formul ati ons. 35The pharnaceutical solid
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30 Pharmaceutical compositions may be formulated as known in the art using one or more
physiologically acceptable carriers including, e.g., excipients and depending on the route of

administration chosen.

A carrier includes, in some embodiments, a pharmaceutically acceptable excipient and is
35 selected on the basis of compatibility with compounds described herein, such as, compounds

of any of Formula | and Il, and the release profile properties of the desired dosage form.
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25  The pharmaceutical compositions described herein are formulated as a dosage form. As
such, in some embodiments, provided herein does a dosage form comprise a compound
described herein, suitable for administration to an individual. In certain embodiments,
suitable dosage forms include, by way of non-limiting example, aqueous oral dispersions,
liquids, gels, syrups, elixirs, slurries, suspensions, solid oral dosage forms, aerosols,

30  controlled release formulations, fast melt formulations, effervescent formulations, lyophilized
formulations, tablets, powders, pills, dragees, capsules, delayed release formulations,
extended release formulations, pulsatile release formulations, multiparticulate formulations,

and mixed immediate release and controlled release formulations.

35  The pharmaceutical solid dosage forms described herein optionally include an additional
therapeutic compound described herein and one or more pharmaceutically acceptable

additives such as a compatible carrier, binder, filling agent, suspending agent, flavouring
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30  disintegrating agent, dispersing agent, surfactant, lubricant, colorant, diluent, solubilizer,

moistening agent, plasticizer, stabilizer, penetration enhancer, wetting agent, anti-foaming
agent, antioxidant, preservative, or one or more combination thereof. In some aspects, using
standard coating procedures, such as those described in Remington's Pharmaceutical
Sciences, 20th Edition (2000), a film coating is provided around the formulation of the

35 compound of Formula I-Il. In one embodiment, a compound described herein is in the form of
a particle and some or all of the particles of the compound are coated. In certain

embodiments, some or all of the particles of a compound described herein are



A conbi nation therapy according to the invention should preferably conprise
si mul t aneously, separately or sequentially adm nistration of an | BAT

i nhi bi t orwoeomémtééand a bile acid binder. The | BAT i nhipbirtsgroicosisss
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uni t dé'%dé the range, for exanple, 1-100, preferably 1-50 is WO
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in the distal ileum comprises microparticulate active agent (e.g., micronized active agent). In

s
c
(

some embodiments, a non-enzymatically degrading poly(dl-lactide-co-glycolide) (PLGA) core
is suitable for delivery of an IBAT to the distal ileum. In some embodiments, a dosage form
25 comprising an IBAT is coated with an enteric polymer (e.g., Eudragit.RTM. S-100, cas
number 25086-15-1), cellulose acetate phthalate, polyvinylacetate phthalate,
hydroxypropylmethylcellulose phthalate, anionic polymers of methacrylic acid, methacrylic
acid esters or the like) for site specific delivery to the ileum and/or the colon. In some
embodiments, bacterially activated systems are suitable for targeted delivery to the ileum.
30 Examples of micro-flora activated systems include dosage forms comprising pectin,
galactomannan, and/or Azo hydrogels and/or glycoside conjugates (e.g., conjugates of D-
galactoside, beta -D-xylopyranoside or the like) of the active agent. Examples of
gastrointestinal micro-flora enzymes include bacterial glycosidases such as, for example, D-
galactosidase, beta-D-glucosidase, alpha-L-arabinofuranosidase, beta-D-xylopyranosidase
35  orthe like.



| ow daily dose of the bile acid binder, such as less than 5 g of a resin,
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35Further, the invention relates to a kit conprising conpound or a
conposition according to the invention and possibly also an instruction for
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rmlﬂg i(I'S,ec;[rlé\'pharmaceutically acceptable salt, solvate, solvate of such
a salt or a prodrug thereof, will normally be administered to a warm-blooded animal at a unit

25 dose within the range 5-5000 mg per square meter body area of the animal, i.e.
approximately 0.1-100 mg or 0.01-50 mg, and this normally provides a therapeutically-
effective dose. A unit dose form such as a tablet or capsule will usually contain, for example
1-250 mg of active ingredient. Preferably a daily dose in the range of 1-50 mg is employed.
In another aspect a daily dose in the rage of 0.02-20 mg is employed. However the daily

30 dose will necessarily be varied depending upon the host treated, the particular route of
administration, and the severity of the illness being treated.
Accordingly the optimum dosage may be determined by the practitioner who is treating any

particular patient.

35  The size of the dose required for the therapeutic or prophylactic treatment will necessarily be
varied depending on the host treated, the route of administration and the severity of the

illness being treated. A unit dose in the range, for example, 1-100, preferably 1-50 is



The expression "conprising" as used herein should be understood to include,
but not be limted to, the stated itens. 25Exanple 1 1

, 1- Di oxo-8wo3etideudey 1- 5- phenyl - 7- met hyI t hi 0- 8- (N-{ (R) - adRectsardaonyses hyl ) car
banDyI] benzyl}

car bamp t rahydro- 1 5- benzpt hi_adi pi.ne 696, 89.
Thi o cotyBrad TS gRuiacteeh Bl RBedk 457 BERAReS 0P B B85 na o g0

Exanpl ¢hrde ot mote hibdases, 3- di but y1- 5- phenyl - 7- et hyl t hi o- 8-

(N{(R-a-[N -((S)-1-carboxyethyl) carbanoyl] benzyl}

car banoyl met hoxy) - 2, 3, 4, 5-tetrahydro- 1, 5- benzot hi azepi ne, Mv. 709,92. This
CorrpoumdphampCﬁpaale‘drrmﬂatdmmbme@ tb mh@mmten\&n%n WA 3 1864183 .deliVADy in

2012/ 064266PCT/ S /05133
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W) 3022 28asukedabypderurd cholesterol reduction.
101, 1- D oxo- 3, 3-di butyl- 5- phenyl - 7-met hyl t hi 0- 8- (N-{(R) - a4N- ( (R) - 1- car boxy-
2.
metiby| tAhcamethitytioncaerh pyrogrh pritsdmzyn 1B2AT ibbibitgr emelthisibeygcidbisdel, contpeisesahydr o- 1, 2, 5
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described in Exanple 29 of W)3022286 Exarrpl e 6
ety Chrsae Ry p R OB A el ond s, s or
ahydr oddw 2aib+dose of the bile acid binder, such as less than 5 g of a resin, and more preferably

less than 4, 3, 2 or less than 1 g. Suitable ranges may be 0,1-59,0.5-49,1-39,2-49,2-3 g

per day. A dosage form with colon release of the bile acid binder could be constructed by any

of the above described principles for delayed release formulations.

20

A tablet may consist of an inner core of 1-1000 mg, e.g. 200-800 mg, 10-400mg, 10-200mg

or 20-80 mg acid binder in a colonic delivery formulation and an outer lamina with 1-100 mg,

5-50 mg e.g. 1-20 mg of an IBAT inhibitor.

25  The daily dose of IBAT inhibitor and /or bile acid binder can be administered as a single dose

or divided into one, two, three or more unit doses.

Dosing three times a day with 400 mg of colesevelam in a colonic release formulation will

give an adequate binding of bile acids in the colon as the total luminal volume is expected to
30  be about 100 ml, which is in accordance to an accepted pharmacokinetic calculation volume

of 250 to 300 ml for the small gut. The daily recommended total dose of colesevelam to block

bile acid absorption in total gut of humans is 3750 mg/day.

Kit
35  Further, the invention relates to a kit comprising compound or a composition according to the

invention and possibly also an instruction for use.



benzot hi adi azepi ne, Mv. 773,00. This conpound is prepared as described in
Exanpl e 30 of W3022286. Exanple 7 30 1,1 -Dioxo-3, 3-d

i but y1-5-wbenyoszéget hyl th i0-8-(N-{(R)-a4N-((S)-1 -car lpersE2011/051335
nethylpropyl)carba noyl ] benzyl | car ba 4wpyl nethoxy)-2 ,3,4 ,5-tetrahyd ro-1

hi.ad h d.
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Exanpl éBAT inhibitor according to the invention or a pharmaceutlcally acceptable salt, solvate,
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mentloned substances for use in combination or a pharmaceutically acceptable salt, solvate,

15 solvate of such a salt or a prodrug thereof; in a second unit dosage form; and ¢) container

means for containing said first and second dosage forms.

The following contemplated Examples are intended to illustrate, but in no way limit the scope
of the invention. All references cited herein are hereby incorporated by reference in their

20  entirety.

The expression "comprising" as used herein should be understood to include, but not be

limited to, the stated items.

25 Example 1

1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-a-[N-(carboxymethyl)carbamoyl]
benzyl} carbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine, Mw. 696,89.
This compound is prepared as described in Example 2 of WO3022286.
30
Example 2
1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8- (N-{(R)-a-[N'-((S)-1-carboxyethyl) carbamoyl]
benzyl} carbamoylmethoxy)-2,3,4,5-tetrahydro-1,5-benzothiazepine, Mw. 709,92.
This compound is prepared as described in Example 2 of WO03106482.
35



This conpound is prepared as described in Exanple 1 of W3022286. Exanpl e
12 30 1 ,1-Dioxo-3,3-d i butyl-5-phenyl-7-nmethylth

i 0- 8- ( N-{WBros4166S) - 1- car boxyet hyl ) carba noy1] - 4- PCT/SE2011/051335

hydr oxybenzyl | car banmoyl net hoxy) - 2, 3, 415- t et r ahydr o- 1, 2, 5- benzot hi adi azepi ne

, Mw. 7§6m9iL'thi s conmpound is prepared as described in Exanple 11 of
W3022 . 2012/ 064266PCT/ SE2011/ 051335 43 Exanple 13

1, 1- Di oxo- 3, 3-di but y1- 5- phenyl- 7-net hyl t hi 0- 8- (N-{(R)-a4N- ((S) - 1- car boxy- 2-

met hyl pr I 1-4- ro enzyl rb t hoxy) -2, 3,4, 5-tetrahydr
0-1, 2, ép%éh%ﬁ?’w éi’@ﬁf‘ﬂédmﬁﬁj %’éf@ﬁf%‘f’g}zg&ﬁ%ﬁ%%?% epared as
descr i kabambyReHphcarBamefiméddRA228a,5-fexranglre-1145-benzothiadiazepine, Mw.

101, 1- [;l zég 3, 3-di but yl-5- phenyl- 7- net hyl t hi 0- 8- ( N-{

(R 211-/BAdfy1-1' -[ N - (car boxynet hyl ) carbanoyl] nethyl}

car banopig@insoun 12prépéred-ab elesainedn® Edaraple@vravbsezeene, Mv. 695, 90. This
conpound is prepared as described in Exanple 43 of WO0250051. Exanple 15 15

Phar maceutical effect Mean Inhibitory effect ((Yip) | SBT Hu HEK Upt ake
SPA 13203mpBAM HUM Heal Bile Acid Transporter Human HEK G ycocholic acid
Upt ake Radionetric - SPA Inhibitor 1050 Mean 1050 (nM was determ ned 20f or
t he conpounds of exanples 1-14 Test system Aninals Speci es Muse;

St rigi n 1éqagE>xl§r3,73:lsibgtyt-5-pS@bylstmaihpltrﬁ“éwu{gsa)-@w-é@rn%aﬁrbom—aI No. of
25ani mal s 70; Body wei ght range 20 g to 22 g; Supplier Mllegaard' s
Br eedi rMeftyditieivdaaroparrieRyy! qa&F&’ﬁqyfW@QPW&%’%W%QW@V%&?& (bar code).

Accl | myehsathin@inz&ind, aAst757E . week at the Section of Laboratory; Animal
Resource at AstraZeneca; Housing conditions K%gt five by five in cages

( Makr ol 18 qampound igprepargd 2sdgserbsdvi ExaPRIGU it 939%2%?@ ature (220,
relative humdity (40%to 60% and a 12/12 hours light/dark cycle. Diet
Free access to R3 pellets (Lactam n, Vadstena, Sweden) during the housing
and%x;féélﬂ@@fﬂal period. Water, free access to tap water during the housing
and experinmental period.

1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-o-[N-((S)-1-carboxypropyl) carbamoyl]-
4-hydroxybenzyl}carbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine, Mw.
740,94.

20 This compound is prepared as described in Example 29 of W03022286.

Example 6

1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-o-[N-((R)-1-carboxy-2-methylthio-
25 ethyl)carbamoyl]-4-hydroxybenzyl}carbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-

benzothiadiazepine, Mw. 773,00.

This compound is prepared as described in Example 30 of W03022286.

Example 7
30

1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-a-[N-((S)-1-carboxy-2-
methylpropyl)carbamoyl]benzyllcarbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-
benzothiadiazepine, Mw. 738,97.
This compound is prepared as described in Example 15 of W03022286.

35



WO 2012/ 064266PCT/ SE2011/ 051335 44 Experinental procedures The animls were
orally adm ni stered vehicle (n=3 ) or the conpound of Exanple 14 (0.156
(n=3) , Ow62b1xw=By or 2.5 pnol/kg (n=3)) at 13:00 o' cl ech/sepoitibos133s
experinmental day. Thirty 5mnutes |at4#r, a trace anount of 75SeHCAT

(758e-E§ quro cholic acid) (0.1 nG per 0.1 nL per npuse) was orally
given t nouse. Twenty-four hours after 75SeHCAT adm ni stration, the

animals were killed by CO2 inhalation. At sacrifice, the gall bl adder and
t he whol lnt ihe rer ved, an fa urin 24- hour peri od
L rer s eRa LR SR er e o AR e R e

radi oaChtyuwxypreﬁylQ,farﬁba?@ﬁaH%Toxybeﬁiwcére@meglrrwﬂd)xym,B,hmes -@ahydro-1,2,5-

bl adder -i nt estj ne V\ems{eﬁ%a@atel y counted by 1282 ConmpuGanmma CS Ganmma
count erbe(‘%‘%{h'?g'@z%%}”e inl and). The stability as well as the quantity
of t he ThsSIdlnaWprapsrica e deteibRdch ERBple. 26\ VeO3aaPRee) | ed wi th an

addi tional 75SeHCAT aliquot follow ng the sane experinental process as

ot her tested sanples in the study. 15 Data analysis The sum of the gamma
count s Hxampld®@t h the faeces and the gall bladder-intestine was considered
as the total recovered 75SeHCAT, which was averaged around 85% of the total
75SeHCAT adm ni stered to each nouse. O the recovered radioactivity of

759@HCAT1-Didxe- ﬁ@@@nwaipagﬁylmmémgltrﬁésqmeﬁ) Q@Nfe@)adcdrumyb@tyb IQMAMOYAS

consi dered as the faecal excretjon ile t in the adder-intestine
as bodyMereuPeryicarRAMBYIMSEROXEY£.8 &o- ﬁtrahwér%ﬂ@%rﬁ@ﬁnépt%ﬁd@%%mmﬁ M4 on
75SeHCAB4ignt esti nal absorption was cal cul ated fol |l owi ng the 75SeHCAT body
retenti_on and the faecal excretion, and the ED50 of the conmpound was

est i mat’éé BRI Hfgprﬁﬂ%reﬂﬁé’-eéﬁ“ft@étm EyRele 28:f 342286 The mean | BAT
inhibitory effect (% at a dose (pnol/kg): 0.156 was determ' ned for the
30conpounds of exanples 1-14 and is reported in Table 1. WD

2012/ o&xaBwiec) SE2011/ 051335 45 Table 1 Exanple Structure % i nhibition

1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-o-[N-((S)-1-carboxyethyl)
carbamoyl]benzyl}carbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine, Mw.
710,91.

20 This compound is prepared as described in Example 5 of W0O3022286.

Example 11

1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8- (N-{(R)-a-[N'-((S)-1-carboxypropy!)

25 carbamoyl]-4-hydroxybenzyl} carbamoylmethoxy) -2,3,4,5-tetrahydro-1,5-benzothiazepine,
Mw. 739,95.
This compound is prepared as described in Example 1 of W03022286.

Example 12
30

1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-o-[N-((S)-1-carboxyethyl)carbamoyl]-4-
hydroxybenzyl}carbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine, Mw. 726,91.
This compound is prepared as described in Example 11 of W0O3022286.

35



0. 156 pnol/kg Mean |1 C50 nM 1. O HON HO:ri i- 43 0,45 2. OH 41 H®O 0 H
oSl 41 550,39 3. SI HO5N H® S le 63 0,18 4.

WO 2012/064266 PCT/SE2011/051335
43

Example 13

1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-a-[N-((S)-1-carboxy-2-

methylpropyl)carbamoyl]-4-hydroxybenzylicarbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-
5  benzothiadiazepine, Mw. 754,97.

This compound is prepared as described in Example 27 of W03022286.

Example 14

10 1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{ (R)-1'-phenyl-1'-[N'-(carboxymethyl)
carbamoyl] methyl} carbamoylmethoxy)-2,3,4,5-tetrahydro-1,5-benzothiazepine, Mw. 695,90.
This compound is prepared as described in Example 43 of WO0250051.

Example 15
15

Pharmaceutical effect Mean Inhibitory effect (%)

ISBT Hu HEK Uptake SPA 13203 IBAT HUM lleal Bile Acid Transporter Human HEK
Glycocholic acid Uptake Radiometric - SPA Inhibitor IC50 Mean IC50 (nM) was determined

20  for the compounds of examples 1-14

Test system
Animals

Species Mouse; Strain ApoE knock out; Sub strain C57BL/6; Sex Female; Total No. of
25  animals 70; Body weight range 20 g to 22 g; Supplier Méllegaard’s Breeding (Skensved,

Denmark); Identification method ID cards (bar code).

Acclimatisation At least one week at the Section of Laboratory; Animal Resource at
AstraZeneca; Housing conditions Kept five by five in cages (Makrolon lll, 7 dm2) in a room
30  with regulated temperature (22°C), relative humidity (40% to 60%) and a 12/12 hours
light/dark cycle. Diet Free access to R3 pellets (Lactamin, Vadstena, Sweden) during the
housing and experimental period. Water, free access to tap water during the housing and

experimental period.

35  Bedding Sprinkle bedding of aspen wood (Tapvei, Finland).
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Experimental procedures

The animals were orally administered vehicle (n=3 ) or the compound of Example 14 (0.156
(n=3), 0.625 (n=3) or 2.5 umol/kg (n=3)) at 13:00 o’clock on the experimental day. Thirty
5  minutes later, a trace amount of °SeHCAT ("*Se-homo-tauro-cholic acid) (0.1 mCi per 0.1

mL per mouse) was orally given to each mouse. Twenty-four hours after °SeHCAT
administration, the animals were killed by CO2 inhalation. At sacrifice, the gall bladder and
the whole intestine were removed, and the faeces during the 24-hour period after °SeHCAT
administration was collected for each mouse. The gamma radioactivities of

10 "°SeHCAT in the faeces and in the gall bladder-intestine were separately counted by 1282
CompuGamma CS Gamma counter (Wallac oy, Turku, Finland). The stability as well as the
quantity of the ’SeHCAT administered to each mouse, were controlled with an additional
®SeHCAT aliquot following the same experimental process as other tested samples in the
study.

15
Data analysis
The sum of the gamma counts from both the faeces and the gall bladder-intestine was
considered as the total recovered "°SeHCAT, which was averaged around 85% of the total
®SeHCAT administered to each mouse. Of the recovered radioactivity of °SeHCAT, the

20  percentage of the "°SeHCAT detected in the faeces was considered as the faecal excretion
while that in the gall bladder-intestine as body retention. Inhibitory effect of the compound of
Example 14 on "°SeHCAT intestinal absorption was calculated following the ">SeHCAT body
retention and the faecal excretion, and the ED50 of the compound was estimated following
the dose-effect curve.

25

Results

The mean IBAT inhibitory effect (%) at a dose (umol/kg): 0.156 was determined for the

30 compounds of examples 1-14 and is reported in Table 1.
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Table 1
Example | Structure % inhibition Mean IC50
0.156 pmol/kg nM
1. 43 0,45
HOLHO H)Ho O'SUO—H
JOL
2. 55 0,39
3
3. 63 0,18
Ho)j/ncl H)H o‘s/c’iﬂ
4, 63 0,35
Hojj/no H)So o’s'c')\ﬁ
v e
5. Y 74 0,16
3
6. T 59 -
Ho)ﬁ/no H)HO O\\SP\H
i ?IjN =
7. o EO . 66 0,36
ﬁ e =
O
8. o 46 0,11
Hoiif“o uk:(jzjﬁwﬁ
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9. I 67 -
Hoo " ujk/o o\\s//\n
10. . . 68 0,2
s
11. " 63 0,15
Hof\jn%ﬁ o562
% X
12. i 63 0,3
Hoj\l/n uko OS//\N
o Sﬁé
13. w 68 0,13
1a L1,
OQ//H
FD/%{VO | Sﬁigj
14. 28 1,2
3
5 Example 16

10

in Vivo Animal Model of Primary sclerosing cholangitis (PSC

A genelic mice with targeled disruption of the Mullidrug resistant Mdr2 (Abcb4) gene

encoding a canalicular phospholipid flippase {(Mdr2 -/~ mice) spontaneously develop

sclerosing cholangitis with macroscopic and microscopic features of human Primary

sclergsing cholangitis. Bile duct injury in these mice is linked to defective billary phospholipid

secretion resulting in an increased concentration of free non-micellar bile acids which

WO
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Ani mal Model of Primary sclerosing cholangitis (PSC) A genetic mce with

t ar get ed wooipickma of the Miltidrug resistant Mir2 (Abeb4)srganesbeencodi ng

a canal | cul ar phospholipid fllppase (4tir2 -A- mnice) spont aneously devel op
and m.cr.o es ,of

Pr i mar 7 BEYP R0 g ey S BB g Bl e RF TS PR kel e e Siricad o
def ect |fs§z>a>sbs| Watmm@;cttpmqspihedaﬁsm dn@ﬁwi!gtsbi@msxmhotanggssj Re@nsimesstasgediling
Concenthcﬁgtrelev%réie%fre:tﬂtﬁ % &,imiidr%e&, lba{wez% i&?dr%cwl’dgn umgn PSC. in analogy o the
Mdr2— /~ mouse model of sclerosing cholangitis, Multidrug resistant protein MDRS/ABCB4
5 {the human orthologue of rodent Mar2/8hcb4} defects play a role in the pathogenesis of
various cholangiopathies in humans. MDR3 variants play a role as a modifier gene in the
pathogenesis of various cholangiopathies such as PSC, Primary Biliary cirrhosis (PBC) and

adulthood idiopathic ductopenia/ biliary fibrosis.

10 MdrZz —/- mice were given daily oral doses of the compound of Example 14 by gavage for 2-4
weeks and conirols were dosed the vehicle in the same way. Serum liver tests, liver histology
and fibrosis were investigated. The compound of Example 14 improves liver lests, liver

histology and fibrosis.

15
Example 17
A formulation for delayed release of the IBAT inhibitor having the following composition is be
prepared:
20
Substance amount/capsule (mg)
IBAT inhibitor compound
Example 14 10
25
Non pareil spheres 500
Ethyl cellulose 2
Hydroxypropylmethyl cellulose 10
Eudragit L100-55 , CAS No: 25212 - 88 - 8 25
30  Triethylcitrate 24

The IBAT inhibitor compound of Example 14 is dissolved together with ethyl cellulose and
hydroxypropyl cellulose in ethanol 99 %. The mixture is then sprayed onto the non-pareil
35 spheres in a fluidized bed apparatus. Thereafter, the pellets are dried and aerated to remove

residual ethanol. The Eudragit L100-55 dispersion with addition of triethyl citrate is then
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humans. MDR3 variants play a role as a nodifier gene in the pathogenesis of
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adul t hdxempth that hi ¢ ductopenia/ biliary fibrosis. 10Mdr2m ce were given
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hi st ol eggpaaed] fi brosis were investigated. The corrpound of Exanple 14

i nproves liver tests, liver histology and fibrosis. 15 Exanple 17 A

formul ation for del ayed rel ease of the I BAT inhibitor having the follow ng

conposiltgredients be prepared: 20 Subst anceantamdunt/ggisatl(@gf ng) | BAT i nhi bitor

conpound Exanple 1410 25 Non pareil spheres500 Ethyl cell ul ose2

Hydr oxypropyl net hyl cellul osel0 Eudragit L100-55 , CAS No: 25212 - 88 - 825

30Toi etiBAT dihibitat e@mgdoubde | BAT i nhi bi t or corrpound of Exanple 14 is dissol ved

togeth with, ethyl cellul ose and hydroxypr cellulose in ethanol 99 %
Bl hived

The m then sprayed onto the non-pa
Silicon dioxide 200
Povidone K-25 20

15  Eudragit FS30D, CAS no: 26936 — 24 — 3 30
Microcrystalline cellulose 250
Sodium stearyl fumarate 5

The IBAT inhibitor compound of Example 14is suspended in water and sprayed onto silicon
20  dioxide cores of a predefined size in a fluidized bed apparatus. The drug pellets are dried in
an oven at 40°C for 24 h. Thereafter, a layer of Povidone K-25 is applied on the beads from
an ethanolic solution in a fluidized bed apparatus. A final coat of Eudragit FS30D dispersion
is applied thereafter in a fluidized bed. The coated beads are mixed with microcrystalline
cellulose and sodium stearyl fumarate in a mixer and subsequently compressed to tablets.

25
Example 19

An IBAT inhibitor — colesevelam combination tablet with immediate release of the IBAT
inhibitor and colon release of the bile acid binder having the following composition is

30 prepared:

Ingredient amount/tablet (mg)
Core
Colesevelam hydrochloride 400

35  Microcrystalline cellulose 150

Hydroxypropyl methyl cellulose 50



35spheres in a fluidized bed apparatus. Thereafter, the pellets are dried

and aerated to renove residual ethanol. The Eudragit L100-55 di spersion

wi t h addiwbpemmfs4desi et hyl citrate is then WD 2012/ 0642@6PCELEEAOBIS 051335

48 sprayed onto the drug beads in a fd9ui di zed bed apparatus. Subsequently,

the coated beads are.filled in hard | ati ne capsules after drying and

si evi n§°%%ggﬁ%|08n%§)x'(%A formul ati on g@r del ayed rel ease of the |BAT

i nhi bi tMagnleaivnngedrate f ol | ow ng conposbtion is prepared:

| ngr edi ent anpunt /t abl et (nmg) 101 BAT i nhi bi tor conmpound Exanpl e 1410 Silicon

di oxi de %g%ﬁsﬁé%&’m 2520 15Eudragit FS30D, CAS no: 26936 - 24 - 330

M cr ociBusitaitt iS8®Dcel | ul 0se250 Sodi umedt earyl fumarate5 The | BAT i nhi bitor

compou f 4i s nded in_water and sprayed onto silicon

20df oxﬂ%s%cﬁsaﬁé’%ﬁ%%&z#%%d size Pn a fluidized bed apparatus. The drug

pel | et IBAT énhdbifoethyen an oven at 40C for 24 h. Thereafter, a |ayer of

Povi don -25 .0 s_appli on the beads_froman ethanolic solution in a

fluidi é@éﬂfﬁ"tgbﬁég’ﬁi"ﬁgq A final coat 7of Eudragit FS30D di spersion is

appl i edHydredypa@byletetiyhcalludsei di zed bed2 The coat ed beads are mixed with

m cr oc&zystal | i ne cell ul ose and sodi umgstear yl fumarate in a m xer and

subseq éﬂﬁagr/m%%&sgg@gh to tablets. 25 Exanple 19 An I BAT inhibitor -

colieseeblantvecrdatimat i on tablet with i mmedi ate rel ease of the | BAT inhibitor

?QdSSSIr'_B/ 59&%&)%35”%6%3” Egﬁjlobs'el e acid b|19der having the foll ow ng conposition
Polyethylene glycol 2

Colesevelam hydrochloride, microcrystalline cellulose and colloidal silicon dioxide are mixed
15 and granulated with hydroxypropyl methyl cellulose dissolved in water. The granules are
dried and mixed with magnesium stearate and compressed to tablets. The EUDRAGIT
FS30D dispersion and water are stirred into the PlasACRYL T20 and sprayed onto the core
tablets using a suitable coating machine. The IBAT inhibitor coating suspension is prepared
by mixing the IBAT inhibitor, hydroxypropyl methyl cellulose and croscarmellose sodium in
20  water and sprayed onto the tablet cores with the colon release layer using a suitable coating
machine. Finally the protective coating solution of hydroxypropylmethyl cellulose and

polyethylene glycol are sprayed onto the tablets using a suitable coating machine.

Example 20
25
A Colesevelam colon release tablet having the following composition is prepared:
Ingredient amount /tablet (mg)
Core
30 Colesevelam hydrochloride 400
Microcrystalline cellulose 150
Hydroxypropyl methyl cellulose 50
Colloidal silicon dioxide 10
Magnesium stearate 5

35  Colon release layer
Amylose 30
Eudragit S100 60



I ngr edi entanount/tabl et (nmg) Core Col esevel am hydrochl ori de400

35M crocrystalline cellul osel50 Hydroxypropyl nethyl cellul ose50 WO

2012/ 064266BCH/(BER011/ 051335 49 Col | oi dal silicon dioxi ¢detBEbagnesBuM
stearate5 Col on rel ease | ayer Eudragiio FS30D60 5 Pl asACRYL T20, CAS no

123- 94- 46 I A,[\T i nhi bitor |ayer |BAT ighi bi tor Exanple 147

Hydr oxJ SB% ??é hyI cel lul osel2 Croscarnel |l ose sodi unt 10Protective coating
Hy dr ox\yGiyeepyimwabstgaratel | ul osel2 Pol yeBhyl ene gl ycol 2 Col esevel am

hydrochl oride, mcrocrystalline cellulose and colloidal silicon dioxide are
m xed 15and granul ated wi th hydroxypropyl nethyl cellul ose dissolved in

wat er . Cilesegelamyesochfogiddr migcbcaysthllimexcetiulobd Andregioaizi sillsodt diaxidd areaniged

ed The EU d
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m Xi ng T|nh tor I OXYPr o cel l ul gse, and

cr oscari risBbual o ¢ Cesairer e S s Bl sl Rl MR EP R ¢ ¢ e
col on roetcelaseabletyxeresusamwa auitblet @latieg oaghinag machine. Finally the
protective coating solution of hydroxypropyl methyl cellul ose and

pol yet hyl ene glycol are sprayed onto the tablets using a suitable coating
maahi ne.



Exanmpl e 20 25 A Col esevel am col on rel ease tabl et having the foll ow ng
conposition is prepared: Ingredientanount /tablet (ng) Core 30Col esevel am
hydr ochl owbdedd@4ddscr ocrystal | i ne cel | ul osel50 Hydr oxypromsiE20m@iohnsss

cel l ul ose50 Col l oidal silicon dioxidetiO Magnesi um st earate5 35Col on rel ease
| ayer Anyl ose30 Eudragit S10060 WO 2012/ 064266PCT/ SE2011/ 051335 50
Triethylcitrate6 d ycerol nonost earat e3 Col esevel am hydrochl ori de,

m cr ocrGigtiBl i ne cel | ul ose and colloidal silicon dioxide are m xed 5 and
granul ated wi th hydroxypropyl nethyl cellul ose dissolved in water. The
granules are dried and m xed with nagnesi um stearate and conpressed to
tabl et sl. Anyl ose&\ camiplyumgidf fakQla it ri et hyl citrate and gl ycerol nonosterate are
di ssolved in suitable solvents and sprayed onto the tablet cores using a
sui tabl e coating machine. 10 WD 2012/ 064266PCT/ SE2011/ 051335 51 CLAI M5

R‘I

Formula I
10

wherein

M is CH, or NH;

15 R'is H or hydroxy;

R?is H, CHs, -CH,CHas, -CH,CH,CHs, -CH,CH,CH,CHs, -CH(CH3),, -CH,CH(CH3),,

-CH(CH3)CH,CHj3, -CH,OH, -CH,OCHjs, -CH(OH)CH3;, -CH,SCHj;, or -CH,CH,SCHj;

or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug thereof,
20

for use in the prophylaxis and/or treatment of a liver disease.

2. A compound according to claim 1, chosen from

25 1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-o-[N-(carboxymethyl)carbamoyl]
benzyl} carbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine;
1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8- (N-{(R)-a-[N'-((S)-1-carboxyethyl) carbamoyl]
benzyl} carbamoylmethoxy)-2,3,4,5-tetrahydro-1,5-benzothiazepine;
1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-o-[N-((S)-1-carboxypropyl)

30  carbamoyllbenzyl}carbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine;



1. A conpound of formula 11 5 Formula 11 10 wherein Mis CH2 or NH, 15al
Is Hor hydroxy; R2 is H CH3, -CH2CH3, -CH2CH2CH3, -CH2CH2CH2CH3,

- CH( CH3) Ay0-20HAGKc6eH3) 2, - CH( CH3) CH2CH3, - CH2CH, - CH2OCH8T/SESH{ /03633,

- CH2SCH3, or -CH2CH2SCH3; or a phar mexeeutically accept abI e salt, solvate,

andl or e PO SpRkbRoaf el ST R ey tthioicor di ho Lo ci ai m

1, Chomh}fllhﬂj&h cfcarbamoyI]benzyI}carbamoyImethoxy) -2,3,4,5-tetrahydro-1,2,5-
251, 1- Di 0x0- I but y1l-5-phenyl-7-net hyl t hi o- 8- (N—{e/R) - a4N- (car boxynet hyl )
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(N-§( Ry wdmybwzsj}carbe@pwm%f&xmwﬁ F%@HWW 25 weprathiadiazepine;

car bay barmy,. mﬁ}xB%yhrbatyﬁséhémﬂﬁtrhémymﬂ@sl( (@P&gﬁ?ﬁ)ﬂZ@?b&ﬁﬁz methylthio-

, 1- Di oxo-3 phenyl-7-meth éS) - car boxypro
pyl ) ethyl)carbamoyl] -4- hydroxybenzyl}carbamoylmethoxy) -2,3,4,5- tetra ydro-1,2,

2o R RO o A oot i ad o

, 1-Di 0X>6F®X$~2d11©ﬂwlvﬂopﬂ)wmdyﬂbenad}h9ﬂbaMWWWM{ 213)4 @‘teft'fﬂh(/@@)%lfﬁear boxy- 2-

neggyl%ghgﬁb Xm% gannyl]benzylIcarbannylnethoxy) 3,4,5-tetrahydro-1
2 benzo azépi ne;

1, 1- Di dxbDRxa-%f- blbtJ;y]l:51:'phph}dﬂyrﬁefhykﬂﬂo-ﬁy(M{KRbec-&\l-((N)ﬂ(d%)"b@@N!-(R)S) 1- car boxypr o

pyl) c
5 hy 0PSB BT PR3 4O AB MR P T BB A i adi azep
i ne; benzothiadiazepine;
1, 1- Di gxp=3, 3- y1- 7-met Qyl t hio- 8- R boxy- 2-
et hy! Ot DR AR B Ao IR B PR G e b BT e s 2
ydrie- 1 4rf%4d5oxyb@rﬁlzwt:é}baﬁhbﬁlﬁ%ﬁid&§) -2,3,4,5-tetrahydro-1,2,5- benzothladlazeplne;
1, 1- D oxp-3, 3-d adN-((S)-1-
o G DRt b R S BN e B kNS 35 et  anyar
0-1 , 2,carbatiygperl Neaehmagmiett®xy)-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine;
1, 1-dioxo-3, 3-dibutyl-5-phenyl-7-methylthio-8- (N-{(R)-a-[N'-((S)-1-carboxypropyl)
carbamoyl]-4-hydroxybenzyl} carbamoylmethoxy) -2, 3,4, 5-tetrahydro-1, 5-benzothiazepine;

20 1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-a-[N-((S)-1-carboxyethyl)carbamoyl]-4-
hydroxybenzyl}carbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine;
1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-a-[N-((S)-1-carboxy-2-
methylpropyl)carbamoyl]-4-hydroxybenzylicarbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-
benzothiadiazepine; and

25 1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{ (R)-1'-phenyl-1'-[N'-(carboxymethyl)
carbamoyl] methyl} carbamoylmethoxy)-2,3,4,5-tetrahydro-1,5-benzothiazepine.

3. A compound according to claim 1 or 2, wherein the liver disease is any one of
30 liver parenchyma; an Inherited metabolic disorder of the liver; Byler syndrome; a primary
defect of bile acid (BA) synthesis such as cerebrotendinous, or xanthomatosis; a secondary
defect such as Zellweger’'s syndrome, neonatal hepatitis, cystic fibrosis, manifestations in the
liver, ALGS (Alagilles syndrome), PFIC (progressive familial intrahepatic cholestasis,
autoimmune hepatitis, primary biliary cirrhosis (PBC), liver fibrosis, non alcoholic fatty liver
35 disease, NAFLD/NASH, portal hypertension, general cholestasis such as in jaundice due to

drugs or during pregnancy, intra and extrahepatic cholestasis such as hereditary forms of
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t hyl ) can kegatioy 19 tubaours and neoplasmas of the liver, of the biliary tract and of the pancreas.

hydr oxybenzyl | car banoyl net hoxy) - 2, 3, 4, 5-tetrahydro-1, 2, 5- benzot hi adi azepi ne

EL, LoD oxo- 3, 3-di butyl-5-phenyl-7-nethylthio-8-(N-{(R)-a4N- ((S)-1-carboxy-2-
OBy PR BRI, § AR B 67 s O t et rahelr
251, 1- Di oxo- 3, 3-di butyl-5- phenyl-7-net hyl t hi 0- 8- ( N-{

(R)-11- phenyl-11-[ N1- (car boxynet hyl ) carbanoyl] methyl}

car bamoyl met Kxy) - 2, 3, 4, 5-t et r ahydr o- 1, 5- benzot hi azepi ne. 3. A conpound
according t gim1l or 2, wherein the liver disease is any one of 30liver
par enchynma; I rited ngtabolic disorder of the liver; Byler syndrone; a

primary def ect L e Cis"q\,,(BA) ynt hesi s such as cerebrotendi nous, or
xant homad, 0S NS5 d*secy fect such as Zel lweger's syndrone, neonat al
RCANS rfestations in the liver, ALGS (Alagilles

hepatiti§r*bys®ic TNgb
syndron®), M2 C (progressfive fanilial intrahepatic chol estasis, autoinmune
hepatitis, primary bil ié cirrhosis (PBC), liver fibrosis, non al coholic
fatty liver 35di sease, NAELD/ NASH, portal hypertension, general chol estasis
such as in ﬂaundice due to drugs or during pregnancy, intra and

ext r ahéPatie khol estasi s such as hereditary forns of WO

2042/ 064266PCT/ SE2011/ 051335 53 chol estasis such as PFICl, Prinmary
sclerosing cholangitis, gall stones and chol edocholithiasis, malignancy
causi ng"$h¥fruction of the biliary tree, synptons (scratching, pruritus)
due tomheotesbaRHs/ j aundi ce, pancreatitis, chronic autoimune |iver disease
| eadi ng ,t o progressive cholestasis, or pruritus of cholestatic Iiver

di seas® 1SHREPYEPYY:di sorder or a Shepatic related condition, fatty |iver,
hepat | R*s¢ pALASI-EH,08N-8HIOMMHC-CH 2RLeRsoR, -HECHMASEN,Cricrrpol i ¢
hepatitis, acute fatty liver, fatty |liver of pregnancy, drug-induced

hepat i rER(CTYEH:CHeCoh ISt s CHOSECH (FbSa8r©r FEelCHS I f hosi s,
hepat o a phiafridcdieal iactsptand shit, @BlvaES sbifate &f 3lidhoNsdiOortHproHFuY tRéWof,

neopl asmas of the liver, of the biliary tract and of the pancreas. 10 4..A
phar maceuti cal conposition conprising a conmpound of Fornula (I1)

for use in the prophylaxis and/or treatment of a liver disease.

25

5. Use of a compound according to Formula (II)



Rl Formula Il 15 wherein Mis CH2 or NH, Rl is H or hydroxy; R2 is H,
CH3, -CH2CH3, -CH2CH2CH3, -CH2CH2CH2CH3, -CH(CH3)2, -CH2CH(CH3)2, 20

- CH( CH3) GK@Gbid/064%6620OH, - CH200H3, - CH( OH) CH3, - CH2SCH3, pom/SEGHZOKISCHSI; or
a pharmaceutically acceptable salt, sulvate, solvate of such a salt or a
prodrug thereof for use in the prophyIaX|s and/or treatnent of a liver

di sease. Use of a conmpound according to Formula (l11) WO

2012/ 06426 %52011/ 051335 54 Formula Il wherein 5Mis CH2 or NH Rl is
H or hydrox CHBO - CH2CH3, - CH2CH2CH3, - CH2CH2CH2CH3, - CH(CH3) 2,
- CH2CH( CHB) - , -CH200H3, -CH(OH)CH3, -CH2SCH3, or

- CH2CH2 pha eut ca Iy accept abl e salt, solvate, solvate of
such a s rOa pT\@ 10 for the manufacture of a nedi cament

for use?n tRie prophyl amf and/ or treatment of a |iver disease.

Formula I

wherein
5 M is CH; or NH;

R'is H or hydroxy;

R?is H, CHs, -CH,CHas, -CH,CH,CH3, -CH,CH,CH,CHs, -CH(CH3),, -CH,CH(CH3),,

-CH(CH3)CH,CHj3, -CH,OH, -CH,OCHjs, -CH(OH)CH3;, -CH,SCHj;, or -CH,CH,SCHj;

or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug thereof,
10

for the manufacture of a medicament for use in the prophylaxis and/or treatment of a liver

disease.

15 6. A method for the treatment and/or prophylaxis of a liver disease, whereby a

compound of Formula (I1)

R‘I

Formula Il
20

wherein

M is CH, or NH;

R'is H or hydroxy;

R?is H, CHs, -CH,CHas, -CH,CH,CH3, -CH,CH,CH,CHs, -CH(CH3),, -CH,CH(CH3),,
25 -CH(CH3)CH,CH3, -CH,0OH, -CH,0OCH3;, -CH(OH)CHjs, -CH,SCH3, or -CH,CH,SCHg;



156. A method for the treatnent and/or prophylaxis of a |liver disease,

wher eby a conpound of Forrmula (11) Formula Il 20 wherein Mis CH2 or NH;

Rl is H owohytrmexss R2 is H CH3, -0H20H3, -O0H20H20H3/SE20MBOEZOH20H3,

-CH( OH3) 2, -CH2CH(OH3) 2, 25 - CH( OH3) (d20H3, - CH2OH, - 0H200H3, - CH( OH) OH3,
6PCT/ SE2011/ 51335 55
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prodrug thereof is administered to a subject in need of such treatnent. 5
7. A mstho n ein the conpound is selected from
1,1-Di d&% ’§'” (gkﬁ i“%e%ﬁbﬁ‘iﬁfﬁdf Fue,?tm? E 8- (N-{ (R) - a4N- (car boxynet hyl ) ca
rbam)yl ] benzyl }
car banoyl met hoxy) - 2, 3, 4, 5-tetrahydro-1, 2, 5- benzot hi adi azepi ne; 1
, 1- Di oxo- 3, 3-di butyl-5-phenyl-7-nmethylthio-8-(N-{(R-a-[N -((S)-1-carboxyet
hyl ) ca&rbanoyl ] Al@ktiedydcEording to claim 6, wherein the compound is selected from

T B B by pengne e R SN IR R BRI baotl car boxypr o

pyl ) benzyl} carbamoylmethoxy)-2,3,4,5- tetrahydro 1,2,5- benzothladlazeplne _
car barmyl Bben | | car banoyl net P 3 4 S-tetrahydro-1 5-benzot hi adi azep
i ne: iOX0- 3 -dibutyl-5-phenyl-7- methy thio-8-(N-{(R)-o-[N'-((S)-1 carboxye’thyl) carbamoyl]

1, 1D pxfzyd &T%@WIM&W@X*&@@M%t%trﬂl@}dﬂé”ﬂd&béhz&h(dﬁ‘ef)iﬁg) a4N- ((R) - 1- car boxy- 2-
mathylthloethyI%car ano benzyl | car banoyl net ho 3,4,5-tetrahydro-1,2,5

- 15bedzbPixadh Q@HMT@ enyI -7- methylthlo -8-(N={{R)-0-[N=((S)-1-carboxypropyl)

1 1-D Q;é@a?n&g%rﬁyﬁéfalrbénmﬁebh%ﬁ):ﬁh!B\lﬂeErQhﬁrén,(é}!s-Bé@oTrﬂé&\laie(pﬁ)e; 1- carboxypro

yl) car
4 hydr dxi-Biaxeyd. 3-divp yabwpewgt/os iy tito-8; (A- R el V-4 dreahoxy;:5- benzot hi adi azepi

1, 1- b Senioetnycatameyiinenzyicatbamavrcthon) 234 tetralydron 2 R - 1-car boxy- 2.
metiby| tlenoedbipgiayerindgianoy 1] - 4- hydroxybenzyl | car banoyl net hoxy) - 2, 3, 4, 5-tetrah
dro-1, .

RN - —

car box y-t2«dnetybghaytiopibnoginetoxy )-2 B et tdtlabpdrbanh §ibeerdtoiayipzéhids; 4, 5- t et r ahydr

0-1,2, 51 Benz hiad] Az epl NG methylthio-8-(N-{(R)-0-[N-((R)-1-carboxy-2-methyithio-

ethyl)carbamoyl]-4-hydroxybenzyl}carbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-

20  benzothiadiazepine;1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-a-[N-((S)-1-
carboxy-2-methylpropyl)carbamoyllbenzyl}carbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-
benzothiadiazepine;
1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-a-[N-((S)-1-carboxy-2-(R)-
hydroxypropyl)carbamoyl]-4-hydroxybenzyl}carbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-

25  benzothiadiazepine;
1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-a-[N-((S)-1-carboxybutyl) carbamoyl]-
4-hydroxybenzyl}carbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine;
1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-o-[N-((S)-1-carboxyethyl)
carbamoyllbenzyllcarbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine;

30 1, 1-dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-o-[N'-((S)-1-carboxypropyl)
carbamoyl]-4-hydroxybenzyl} carbamoylmethoxy) -2,3.,4,5-tetrahydro-1,5-benzothiazepine;
1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-o-[N-((S)-1-carboxyethyl)carbamoyl]-4-
hydroxybenzyl}carbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine;
1,1-Dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(N-{(R)-a-[N-((S)-1-carboxy-2-

35  methylpropyl)carbamoyl]-4-hydroxybenzyllcarbamoylmethoxy)-2,3,4,5-tetrahydro-1,2,5-

benzothiadiazepine; and



1, 1- D oxo- 3, 3-di butyl- 5- phenyl-7-net hyl t hi 0- 8- (N-{(R)-a4N- ((S) - 1- car boxy- 2-
(R)-

hydr oxyprwpybjxmutsanoy 1] - 4- hydr oxybenzyl | car banoyl net horgrsg2@1456834 et r ahyd
ro-1,2,5- 25benzot hi adi azepi ne; 56

L. 1-D1 axpr 361 Bt SRRty RS BN TR BaA LS L R Rl by o2 Doy but
4- hy dr @astaens/i] Inetley beamogrhoptbiboyy )-23,3,5tebraltvelrs-d [Bytobnaothjazepinbenz ot hi adi azepi
ne;

1, 1- D oxo- 3, 3-di but y1- 5- phenyl-7-net hyl t hi 0- 8- (N-{(R)-a4N- ((S) - 1- car boxyeth
yl)

car banoyl ] benzyl | car banmoyl et hoxy) - 2, 3, 4, 5-t et rahydr o- 1, 2, 5- benzot hi adi azep
ine; 301, 1 -dioxo-3,3-d ibutyl-5-phenyl-7-nethylth
i0-8-(N{(R-a-[N-((S)-1 -carboxypropyl) carbanoyl]-4-hydroxybenzyl |

car banoyl net hoxy) -2, 3,4, 5-tetrahydro-1, 5-benzot hi azepi ne;

1, 1- Di oxo- 3, 3-di but yl- 5- phenyl-7-net hyl t hi 0- 8- (N-{(R)-a4N- ((S) - 1- car boxyet h
yl ) car banmoyl] - 4-

hydr oxybenzyl | car banmoyl net hoxy) - 2, 3, 4, 5-t et rahydr o- 1, 2, 5- benzot hi adi azepi ne

1, 1- Di oxo- 3, 3-di but y1- 5- phenyl- 7-net hyl t hi 0- 8- (N-{(R)-a4N- ((S) - 1- car boxy- 2-
35net hyl propyl ) car banmoyl] - 4- hydr oxybenzyl | car banoyl net hoxy) - 2, 3, 4, 5-tetrahy
dro-1, 2,5- benzot hi adi azepi ne; and WD 2012/ 064266PCT/ SE2011/ 051335 56 1

1 -Di oxo-3, 3-di butyl-5-phenyl-7-nethylth io-8-(N-{ (R)-I

1- phenyl - 11-[ N1- (car boxynet hyl ) carbanoyl] methyl}

car banoyl met hoxy) - 2, 3, 4, 5-tetrahydro- 1, 5- benzot hi azepi ne.



