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GSK- 3 inhibitors for the treatnment of osteporosis
Field of the Invention The present invention rel ates
W 000a/100370 use of certain GSK3 inhibitors, nanmeP@I/SE2007/000216
3- am no- 6-
{4-substituted)sul fonyl] phenyl}-N-pyridin-3-yl pyrazi ne
- 2-carboxam des in the manuf acture of a nedi canent for
the treatnment and/or prevention of bone-rel ated
di sorders or conditions, such as osteoporosis and
GSH-& rigdskl hore for nEtié ofrithdonefi sk aposispsity. The
present invention further relates to a nmethod of
treatment and/ or prevention of these disorders.
FielBatkgipntof the Invention G ycogen synthase kinase 3

(GSK3) 1s a serine / threonine protein_ kinase conposed
The gresenjanvienBonrclaiestaanew ye ofgertein Gle3 ihevges nyyyely 3-amino-6-

. N 0 e he
(s A5 A0 Bparidlh A ARl Dl
mangRapturedf samedigamanp foe thed treagnan asd/symtemtios8KBone-related disorders
sphoryl ates several .substrates.incl.uding tau,. .

or oOEPE D B oB iR oy B ried Yopr SUBRLSBHS G GuPialslonsic
The pfederf? iOREASA BifthbiYelated td & hefhd@lo® tredhelhdrdZR brevemisodl dffihese
. and growth factors activate protein kinase B, which
disoplBs phor yl at es GSK3 on the serine 9 residue and

i nactivates it. GSK3 and bone di sorders Renodeling of

the skeleton is a continuous process, controlled by
Backgyeundmf¢hdhmvemiions such as par at hyroi d hor none (PTH),

| ocal f.actors ( r.ost agl apndi n.E2 cy.t.oki nes an
GlygRREmiRSt Blee TP e Dt o B RS e of owo
isof@n® (@bndk By wihighoké aeésd Wadigilet asites bt £8 Ri@A Hoh@ldedts within

bone fornatk%%% and ?steoclasts (responsi bl.e for bone

the qagabyficsioms. O3S preblyrearressadanikg Geghiplpog waripheral nervous
syst@B L GORs &gﬁéﬂyﬁtés%%aﬁfs%sﬁat%yﬁkﬁﬂiﬂé‘ﬁﬁ,%-%é@%é%%&c%éﬁpes

interact to maintain nornal.bone.turnove
synt@ses psievaby dehydrogepessand alongation Eitihtion ifantor@bEeBBL). Irpulin and

grov@h %e(l)ctcéjrg E&iva?eopqg'feinlléir?a%é %E%}ﬁch phosphorylates GSK3 on the serine 9

residue and inactivates it.

GSK3 and bone disorders

Remodeling of the skeleton is a continuous process, controlled by systemic hormones such
as parathyroid hormone (PTH), local factors (e.g. prostaglandin E,), cytokines and other
biologically active substances. Two cell types are of key importance: osteoblasts
(responsible for bone formation) and osteoclasts (responsible for bone resorption). Via the
RANK, RANK ligand and osteoprotegerin regulatory system these two cell types interact
to maintain normal bone turnover (Bell NH, Current Drug Targets — Immune, Endocrine

& Metabolic Disorders, 2001, 1:93-102).

Osteoporosis is a skeletal disorder in which low bone mass and deterioration of bone
microarchitecture lead to increased bone fragility and fracture risk. To treat osteoporosis,
the two main strategies are to either inhibit bone resorption or to stimulate bone formation.

The majority of drugs currently on the market for the treatment of osteoporosis act to
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Osteoporosis is a skeletal disorder in which | ow bone
mass and deterioration of bone mcroarchitecture | ead
wo eoornex7eased bone fragility and fracture ri skPCT8E2007/000216
treat osteoporosis, the two nain strategies are to
either inhibit bone resorption or to stinulate bone
formation. The majority of 2drugs currently on the
mar ket for the treatnent of osteoporosis act
toi ncrease bone mass by inhibiting osteoclastic bone
increase borptmams by lithibiting estegiisteborierasorptidh. Uds Wchgnitdaghat a drug
aci tﬁ/to |ncr§ase bone for ion woul d he of great

Wit B parity torereeg Pﬂ%ﬁ?{m@fono‘g?%%%% Pbgieat valieye fie teggtment of
ostebigotbdi0ast gl RAOMHgI B pdtehtRIMIAARS L TACRY FeallfRk O;Pagiellgp.

patlents Recent in vitro studi es suggest a
GSK3b in osteoblast differentiation. First, it has

R U ol SRR 0 LD e 5

beerr:shloWu Itieat gmeccnﬁcmmmmbem Eyte pridbfesdisn a&idoVdtdoBRstof
GSK3h in osteoblasts, resulting 1n c-Mc
dlffed?mﬁtl?%’@uﬂ%eoﬁh%\ﬁﬁchaﬁﬁ&hmt igfis adtizat@y & GHIIP inycl e

os’ce&‘tﬁ%sS kdshi@Re i ﬁ:t &Omul%g\ﬁ?h&leénd i g(%ll\ﬁle an ‘%{&%1/ S §d11 cycle

| eve are returne (0] norma
transmw Bhe eiterusted gell cydid amb rethicod t-ddyd 1Sméltake @tur@dd to ndrmal when

S e i Al G, St v esenclr 15191
181937§| Bedoh@, fRflbhlar S IR ¢ *@?}ﬂnédt?,[}'rﬁésg%apceﬁﬁase in

endogenols b-catenin si'gna
CSHIQTH,Z léadsl tocees geXipan Sk @se mfenabgeabum&cmhmmg@hmgeacﬂﬁk% This,

| roteln . %gq @L rly osteobl ast
in o g o O il pataSen BHctd Tapisiong arime of carly
osteSBMBIUterendiQich (BAhlete Bibdhe P W Ir5 88 s | bl WP, 8% a%)1 84- 91)

confirming the in vitro effects of GSK3b on ost
differentiation are still I|acking. However, studies by

Ie show i, NG bone . formati on
P L e P T R0l
differsntietiorEa syl Eﬁkmgl Howdiet!sthdads $9 tReinh&li&d clcha % sIRA¥ Nt S
treated with I|th|un1have i ncreased |l evels o

incraggderosp &xppien g Rl teatsd p‘h@iﬂfﬁﬁlﬂ%& @hiliited (see beloy under
e BRSSP AR0h rc
of bamesperaedkiorehbsphatké, Gxtdn(eBﬁ;OpﬂowidH%t sugport fdelhdNfidn that

. ...Chem a, 84, 140:151-155).Detall ed Description
inhibgiion, %ﬁﬁi\’f?‘iﬂéﬁeaﬁﬁ% osjpeblash ftlm‘H%féﬁm Jnglingreasgd penst tgnnztﬁ@n
(Brotid€ets® SCBAicA CHOMRAYM, 9634 %0191 Ma (1)
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(1) wherein Rl i sNH2, piperazin-1-yl,
4- met hyl pi perazin-1-yl, 4-nmethyl-1,4-di azepan-I|-yl or
wad2@vhyld7pd per azi n-1-yl; R2 is hydrogen, fl uor oPCTIZ6#2007/000216
CH2CH3, OCH3, CF3 or OCF3; R3 is hydrogen, CH3 or
fluoro; as a free base or a pharnmaceutically
acceptabl e salt thereof, for the manufacture of a
medi canment for use in the treatnent and/ or prevention
of bone-rel ated disorders or conditions. One aspect of
the invention is directed to the use of a conpound of
. fornmula.(l), wherein RL is NH2, piperazin-1-yl or
Detai s BUOB| Ro s hydrogen and R3 is
he pRRACAERMIBS isaihfef:@& thBSsO6! Dcqiund ottt faatula/(T)
acceptable salt thereof, for the manufacture of a
medi canent for use in the treatnent and/ or prevention
of bone-rel ated disorders or conditions. One aspect of
the invention is directed to the use of a conpound of
the formula (1), which is Ny
3- am no- 6- [4 (4- metd Iplpwra2|n I-yI)squonyIphenyI]

3- ami no- 6 (4 pi per g -ylﬁblfo ylphenyl)
N—pyridin-S-yugyra' d
3-am no- N pyri 3 Y- 6- (4-sul fano Iph yl') pyrazine-2
- car boxam de, aqﬁ}eerase or a phar
accept abl e sdl, thereof, for the manu
medi cament for use in the treatment and/ or prevention
of bone-rel ated disorders or conditions. The uses of
the foll owi ng named conpou fs of the formula (1) are
al so included in the prese i nventi on,

3-am no-6-[ 2, 5-difl uoro-4-(4- nethylpiperazin | -yl)sulf

whergineba InOT6: peEy ] ACaIp IR B BV b TRELRYIgH ) Sl gyl or

4€ﬂ8ﬂﬁﬂﬁginﬁhﬁyrldln 3-yl - pyrazi ne- 2-

R; is hydrogen, fluoro, CHs, CH,CHjs, OCHj3, CF; or OCF3;

R3 is hydrogen, CHj3 or fluoro;

as a free base or a pharmaceutically acceptable salt thereof, for the manufacture of a

medicament for use in the treatment and/ or prevention of bone-related disorders or

conditions.

One aspect of the invention is directed to the use of a compound of the formula (I),
wherein Ry is NH,, piperazin-1-yl or 4-methylpiperazin-1-yl, R, is hydrogen and Rs is
hydrogen as a free base or a pharmaceutically acceptable salt thereof, for the manufacture
of a medicament for use in the treatment and/ or prevention of bone-related disorders or

conditions.

One aspect of the invention is directed to the use of a compound of the formula (I), which
is 3-amino-6-[4-(4-methylpiperazin-1-yl)sulfonylphenyl]-N-pyridin-3-ylpyrazine-2-
carboxamide, 3-amino-6-(4-piperazin-1-ylsulfonylphenyl)-N-pyridin-3-ylpyrazine-2-

carboxamide or 3-amino-N-pyridin-3-y1-6-(4-sulfamoylphenyl)pyrazine-2-carboxamide, as
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car boxam de;
3-am no- 6-[ 3-fl uoro-4- (4- net hyl pi perazin-1-yl)sul f onyl
WO pivengd7fe N- pyri di n- 3-yl - pyrazi ne- 2-car boxam BE&T/SE2007/000216

3-am no- 6-[ 3- net hyl - 4- (4- net hyl pi perazi n-1 -yl ) sul f onyl

- phenyl ] - N-pyri di n-3-yl - pyrazi ne- 2-carboxam de;

3- ami no- 6-[ 2- net hyl - 4- (4- et hyl pi perazin-1 -yl ) sul f onyl

-phenyl ] -N-pyri di n-3-yl - pyrazi ne- 2-carboxam de;

3-am no- 6-[ 4- (4- net hyl pi perazin-1-yl)sul fonyl -3-(trifl
a freeloase oed himyheubcally] acheptahlé shlith@eof, for the manufacture of'a

Yyl -pyr.azi ne- 2- carboxam.de; . .
medifaryf 16 8 Py SESRBROY Bemrssaption of Pymsrefs fisosdere f 1
conditnenet hyl ) phenyl ] - N- pyri di n- 3-yl pyr azi ne-

2- car boxam de;

3-am no- 6-[ 5-fl uor o- 2- net hyl - 4- (4- net hyl pi perazi n-1 -yl
The %s_%g gfr“ @g if(‘(g%]q%;ﬁée; 'ﬂalrﬁedl\éomﬁ'ohﬁlél%f:%hé/ foRM#18¢]) 3R also included in the
presé@y avemong- [ 2, 5- di et hyl - 4- (4- et hyl pi perazin-1-yl)sul f

onyl - | ]- ridin- 3- vl kne-, 2- - de; 1
N e e ST R L e T
pyrazif®eRytbloxfnidyy | di n- 3-yl - pyrazi ne- 2-carboxami de;

3-am no-6-[4-(4-e | pi.rerazi n-| - S onyl phenyl ] - N-
3-anpuq-p3-sthyl- <4%3¢F iﬁt}%@gén-lcgfsaﬁsz%ylﬁ)snﬁaﬁp 1B 5 Y pdradine -
carb&aﬁ[{wo- 6-[4-[(4-methyl -1, 4-di azepan-1| -yl ) sul fonyl ] phe

nyl']-N-pyridin-3-yl -pyrazi ne-2- carpoxam. de, as a free
3-anfies 6-[diflugroph-metheinipesaainy -yAlsebpryhphenyilaN wyrifiar Epkpxaane-
7caBSREGHOf the invention is directed to the use of a

coifpound of the formula (1) , as a free base or a
3-anfih@ b Raetiiyl-daidimethglpipptaatn- b yhallfonyhehreept]-N-pyridin-8atl-pyrazine-

st eoporosis. One aspect of the invention is directed
2‘°a¥%9xi“ﬁgleijse of a conpound of the formula (1), as a free

3-anfAG.8-[O methyR AU TRGR b ipe Azt 1 §DSR R IR nFIMN-pIiEA B0f1,pytaZine-
I ncrease and pronote bone
2-carboxamide;
3-amino-6-[4-(4-methylpiperazin-1-yl)sulfonyl-3-(triffuoromethoxy)phenyl]-N-pyridin-3-
yl-pyrazine-2-carboxamide;
3-amino-6-[4-(4-methylpiperazin-1-yl)sulfonyl-2-(trifluoromethyl)phenyl]-N-pyridin-3-yl-
pyrazine-2-carboxamide;
3-amino-6-[5 -ﬂuoro-2-methy1—4—(4-methy1piperaiin— 1-yDsulfonyl-phenyl]-N-pyridin-3-yl-
pyrazine-2-carboxamide;
3-amino-6-[2,5-dimethyl-4-(4-methylpiperazin-1-yl)sulfonyl-phenyl]-N-pyridin-3-yl-
pyrazine-2-carboxamide;
3-amino-6-[2-fluoro-4-(4-methylpiperazin-1-yl)sulfonyl-phenyl]-N-pyridin-3-yl-pyrazine-
2-carboxamide;
3-amino-6-[4-(4-ethylpiperazin-1-yl)sulfonylphenyl}-N-pyridin-3-yl-pyrazine-2-
carboxamide and
3-amino-6-[4-[(4-methyl-1,4-diazepan-1-yl)sulfonyl]phenyl]-N-pyridin-3-yl-pyrazine-2-

carboxamide, as a free base or a pharmaceutically acceptable salt thereof.
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formation in manmal s. One aspect of the invention is
directed to the use of a conpound of the fornmula (1),
w@200/1627¢&@ base or a pharmaceuti cal |y accept abP@r/SEd0D7/000216
thereof, to increase bone mneral density in mammals.
Anot her aspect of the invention is directed to the use
of a conpound of the fornuba (1), as a free base or a
pharmaceutically acceptable salt thereof, to reduce
the rate of fracture and/or increase the rate of
Onefaseect ofithe tivaitiongs dimeatedhtodhesuse Af atcbnepom@pé tite fofmuladl) , as a

nvent i n i S lr cted t use ound of the
free b P ryroeich Y et AP bR i o SRERRAEE 7
acceptable salt thereof, to increase cancellous bone
format i on, and/ or, new bone formation in rmmm
One gspsichely the iyentionds dirgrted to\hasise 94 alcgmawné&f e ’fiosnala (D, asa
free WRdNRY pﬁ&n&"c@tﬁﬁ:ﬁﬁj{r Q&eﬁt@glle Qhlt IeRRE T8 Herddbe Qﬂ%oﬁx@ie%ﬁg
di sordérs conprising admnistering to a mammal | n need
forngtios ircimapmelsent i on and/ or treatment, a therapeutically
ef fective anount of a conpound of the formula (1) as a
free base or a pharnaceutically acceptable salt
Onetaspaceof the Aveitivaris dBgeead toahe tideef b Ru@pb UL fitlse ﬁlrmelfat(Bdas a

0 ane hod of event| /or .treatnent of
free hasesB 3 6%‘?3§G‘Et§ﬁ{h‘ PLERE ﬁa%t eE0E 1P HigTeR8° Bonvamingel ?1‘?’?5“3’ mn
mamiggd of such prevention and/or treatnment, a
therapeutically effective amount of a conpound of the
formula (1) as a free base or a pharmaceutically
AncH B Bo oo R cica D IRE RS PHiboril o R ol @, asa
freefoasemitaj pdnarrmaqttmaﬂy agrep@hiersils therdofigo tealuee themualof fractmeadd/or
uch tr atne a therapeuticallyeffective anmount
mcrﬁafse B 5% e?]ﬁtég W&P?ﬂi‘gé (1) as a free base or a
pharmaceutically acceptable salt thereof. Another
aspect of the invention is directed to a nethod of
Anoithes pengst ¢ ghisrention aedizsgcteddn dotupe ebnprnrquag of the formula (I), as a
[ L&
froe i B s AP AL IRATR o URRDE (F R O B o
fomﬁzcbmnmh:ﬂo(m@w bxmeefoxfmﬂi@nbmﬁmrrmalsa phar maceutical ly

Another aspect of the invention is directed to a method of prevention and/or treatment of
bone-related disorders comprising administering to a mammal in need of such prevention
and/or treatment, a therapeutically effective amount of a compound of the formula (I) as a

free base or a pharmaceutically acceptable salt thereof.

Another aspect of the invention is directed to a method of prevention and/or treatment of
osteoporosis comprising administering to a mammal in need of such prevention and/or
treatment, a therapeutically effective amount of a compound of the formula (I) as a free

base or a pharmaceutically acceptable salt thereof.

Another aspect of the invention is directed to a method of increasing bone formation

comprising administering to a mammal in need of such treatment, a therapeutically
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acceptabl e salt thereof. Another aspect of the
invention is directed to a nethod of reducing the
w0 p@i7deatce of fracture conprising adm ni steri NRCT/BE207/000216
mammal in need of such treatnent, a therapeutically
effective amount of a conmpound of the forrmula (1) as a
free base or a pharmaceutital ly acceptable salt
t hereof. Anot her aspect of the invention is directed
to a nethod of enhancing fracture healing conprising
effectideramowstt of 2 pgmpannd ofitherfatmila (Ih exdfref basaoha phanpeticallya
t herapeutically effective anount of a conpound of the
a“*?%ﬁﬁﬁﬁH%?Fyﬁas a free base or a pharnaceutically
acceptabl e salt thereof. Another aspect of the
invention is directed to said nethods and wherein f id.
Anotherasaet psthe inygREen is ARettpkio aapibed olipcrepsing brreipeR $%ISW
a) o . . a
comH BBy L RuRPler) MRRaLR RRFoFREh Bulluel § AR
effectivg gmourani aadspandivf de foonge §l) aga fret basedr o pheraraseudigelly
no@_lipﬁ}ed t hereto. Conpounds of formula (1)
acceptable S h§™Phe herein named are disclosed in WO
03/004472. The effect of the conmpounds of the present
i nvention on bone grow h has been |nvestigated, It has
Anoihgieaspec hthe imgntian B igeiRd i musthad 8Jf TRdPywg Hedpadgage of
fractife Fisiap Qdﬁlfﬁ?é'téarﬁ%qo hoRSnhA AR VT sudSBASR, DBBRpeutically
m neral density and consequently for inhibiting )
effedtiyn empwitaf e gontbemndddithe fortadb ap8 fise paess pPhameceycaliy
acm;éﬁiesagﬁwkgpibitors, t he conpounds of the fornmula (1),
P primary and secondary ostopeorosis, where prinmary
ost eoporosi s i ncludes postnmenopausal osteoporosis and
eni |l e osteqporqgsis jn both men an nmen, .and .
AnoEt et} s aReooh BABR pERogar eHOBHRE Adf isdesling
comP3iSORMiABtePing 852 MRhimal i @RY 0P blt8 irehttiRat, Afthdrasbutiesly
secondary osteoporosis, are included in the term
effecsiye amovntod iasompaungdefithe Grmale (D1E & freg hasgeor @glarmaceutically

i.nhi hi y also be used in treatnents of nyel oma
ac“?%ggga%gkgm?ﬁhibitors may be administered locally or

Another aspect of the invention is directed to said methods and wherein said mammal is a

human.

Another aspect of the invention is directed to said methods and wherein said mammal is a
vertibrate animal, preferably but not limited to bigger animals such as horses, camels,

dromedars but not limited thereto.

Compounds of formula (I) including the herein named are disclosed in WO 03/004472.
The effect of the compounds of the present invention on bone growth has been
investigated. It has been found that such compounds are well suited to promote and
increase bone formation, increase bone mineral density and consequently for inhibiting

bone-related disorders such as osteoporosis.



10

15

20

25

30

systemcally, in different fornulation regines, to
treat these conditions. The pronotion and increasing
w@Rooboees7d or mat i on makes these conpounds of theCT/SE2001/@0216
(1) suitable to reducing the incidence of fracture, to
reduce the rate of fracture and/or increase the rate
of fracture healing, to intrease cancellous bone
formati on and/ or new bone formation in manmals. The
use to pronote and i ncrease new bone formation may be
in nn jon.wth surgery., Thi.s inveni.ion _can be .used
The o 5 -y ot p SoRREYids S LR fhohe Py Bace
' ' i¥ry i e b6stinbfiopdhal bfbporosis
B 5 A e e v v
and seniteostepofosis in beth arenent axcendnean] ssraidery, osteodongsis frickideg
the invention as described and cl aimed herein, will .
cortigqpeRdUsEd BHERROEPSISnaHY Cih syt rmafm@%fﬁﬁﬁ‘@dasfp%sﬁeopmmsa
are ildI@RHYA Bie1GRALsteopbidsis OMBAEARDL B EES NG SRB $A85 I MaP &lso
m Ssi ng fe.g. af Per tunour removal or severe
be usedsnabitinesty of @pelonhi Thezé GEKBHehibitote nialy dra admindssred idseldly or
and clainmed herein will then be placed near the site
systegficallyn iy di tiereptiarpeplionggeigss,to UEAGheRecoOBERMSt of t he
invention is directed to inplants for inplantation
The b B B b D o Rl L oS L S TORA e
@) syitable-te wedyeiny thedatidege péfincds, trreduceducrtt cfitcore and/or

. diate.or early. | oading of the inplant are enabl ed.
increA G ERGH BHTSEE BF e O BHECBHoT & BB RSV G SP0L rE
bond feRh&h if efafini@. @ mechani cally stronger bond wi th bone
tissue. Thus, an inplant intended for inplantation
into bone tissue having an inproved bioconpatibility
The hse tF%r@rﬁotQ Eﬁﬁﬁlgl%gse%vx}ﬁﬁlg L8R nfol) e if EdAnedtIRIVARE surgery.
I'ncludes wthin its scope any deviCe or nateri al
Thistiogatite canetused during satgeny) vdferd the tregimgouradon wilkpldeaithe o

. be implanted into.the body. of a vertebr ani.nmal., i
invefor BB AD sttt Prpfftiod nel HE AN A ESnd Rl tlsody
cavityS €He béhel13] L BsRANES WY baditbroken, &5t @il tie fnvamidnais of

t he bod¥. ner al | an inplant is cqonposed of one or

descaibebang clairsd Aereingiiliaen heglagerdp ghessr th THERFSfuring open

fracture repair. In some instances bone pieces may be missing (e.g. after tumour removal

or severe casualties), and utilizing the invention as described and claimed herein will then

be placed near the site of constructive bone surgery.

Another aspect of the invention is directed to implants for implantation into bone tissue
having an improved rate of attachment between the implant and the bone tissue such that
post-surgery healing periods are reduced and/or an immediate or early loading of the

implant are enabled.

Another object of the invention is to provide an implant forming a mechanically stronger
bond with bone tissue. Thus, an implant intended for implantation into bone tissue having

an improved biocompatibility is to be provided.
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i mpl ant usually conprises a dental fixture coupled to
secondary inplant parts, such as an abutnent and/or a
WO e®re02aré on tooth. However, any device, such BGI/8E2007/000216
dental fixture, intended for inplantation nmay al one be
referred to as an inplant even if other parts are to
be connected thereto. As ued herein the term"inpl ant
(intended) for inplantation into bone tissue" refers
to inplants intended for at |east partial inplantation
| bone tissue uch, as dental inplants,. orthgopaedic
A s(H fer AR B el a8, i P st TR 5P e ] ogether
withi freul e fiheSord oY inddneied REbd i{pMniRntohéBo® dPANRrtebrate
_tissue inplant. Non-limting exanples of such inplants
aningd.dn paghicdst depinmat, snady 28l 2 hingan]. biplants mapbe ssdugd ireplace

fenoral head; a_.prastheti cetabul ar cup; a
anatpyoy &‘ﬁ@i o aﬁg\ﬂ%oﬁﬂ% Pg&ﬁe%@g}"rrpl ants adapted to

repl ace a stem a wedge, or an articular insert; a

prosthetic knee, including inplants adapted to repl ace
Generaflg morimplagoirpaneesed ofiond dri saberaldmpianepdrts. Borsh@mMcepa dental
. __wedge, an articular insert or a patellar component; a
implgREpH fal

Bt GOmPERTA fixRES eRPG tP SeAoRFRTE IaRIARNeEs sych as an
r . net | ;
obu B B 1SR Ao B0, BYURLRE shch U Bl B
interfded d@rimphnfatios tag talone be esfere PloeS bh @hplantwd el EERE pards are to
rosthetic spinal disc; a prosthetic heart valve; a
be coppeelra fsFeto-q cat heter; a prosthetic vessel; a space
filling inplant; an inplant for retention of a hearing
aid; an inplant for external fixation; an intrauterine
As we&lheeein (HeldBs) inpldat (iglefddd) GoY ipl@aWHeR intd BEAUERY refers to
. Jintracochl ear and intracranial el ectronic devices; an
implgpts itended forjableast pagiawpplantationinterione sissuersublopadadital implants,

' ant i cul opl astic. pnplant: .a mddl e ear
oA PR LSRG Mg 45 moy
be rdfEtediSto adla BBhd @Se inthlSit ANES lindtihl é%ﬁﬁh?l’é bARRE imPlants are a

mal | eus-incus, or a malleus-incus-stapes; a cochl ear

prosthefi¢ Eemoraldiipjozns; aoprostbgaeiimord heal; b prosthetic eeetabutac buliang
B S SBBet SBe P eReBLt G E80, A
insexg,ed; ﬁrﬁﬁﬂet&%&é}%lﬁcﬁﬂé Ab1aes Qﬂhﬁ'téla% ?é?)tiic]:e IBUSoral Qfnponent, a

L efi ned surface region may I nc ude“the entire surfaceé
tibiahewapontnt hgteinnpivadge, am anpiontai et dihepaeeifar component; a prosthetic

shoulder, including implants adapted to replgce a stem or a head; a prosthetic wrist; a
prosthetic ankle; a prosthetic hand; a prosthetic finger; a prosthetic toe; a prosthetic
vertebrae; a prosthetic spinal disc; a prosthetic heart valve; a pacemaker; a catheter; a
prosthetic vessel; a space filling implant; an implant for retention of a hearing aid; an
implant for external fixation; an intrauterine device (IUDs); a bioelectronic device,
including intracochlear and intracranial electronic devices; an artificial joint; a dental
implant; an orthopaedic implant; an ossiculoplastic implant; a middle ear implant,
including implants adapted to replace an incus, a malleus, a stapes, an incus-stapes, a
malleus-incus, or a malleus-incus-stapes; a cochlear implant; and an orthopaedic fixation

device, including a nail, a screw, a staple or a plate.
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An exanpl e of an inplant surface intended for

inplantation into bone tissue is the surface of a
waleswad2776 xture that is intended for inplantatPONSE200T000216

the jawbone of a patient and to be in contact with

bone tissue. Another exanple of an inplant surface

i ntended for inplantation Pnto bone tissue is the

surface of a hip joint inplant that is intended for

i mpl antation into the neck of the fenmur of a patient.

lt.4s .essential that the,inplant. establish .
As god beto RO Bipiatf Sooked® 158 A0 RE PR e praperogisnet an
implahts Thigs, the deRadd Brtaliereaon \eaydhaGAOHE ntird WBH RlafeaQf the implant
early loading of the rnplant. It shall also be noted
or perkigns therepfmedi at e or early | oading of the inplant nmay
be beneficial to bone formation. Sone of the netals or
al l oys, such as titanium zirconium hafnium
An &@RbRI T bR sUhchiteRld 05 irﬁﬂl?x{t?t v infotRhe Bbdte Y$RY surface
for bone inplants are capable 'of formng a re atlver
of a dentdritxtioe fiwt isiintendddefobinmdarttatimiintp the jawhohandtl agfatiomyant €o be
. as str Sg as the bone tissue per se, sonetinmes even
lnc@¥%%ﬁ@£ Oner{sue. hond between the netal and the bone
ti ssue has been terned "osseointegration” by Branemark
et al. Acta Othop Scand, 1981, 52, 155-170. Although
Anothieeesaopie dfenimelint fiefaoe insdnde® fg implah@fidnifto Ba@ tishe is the
bon§ gissue_nay be conparatively strong, it is
surfage of p 4D 8I0F BRdpi At & inemdedsion Hoplaaion isteethesprkaat thef femur of
apaﬁaﬁinvention is directed to inplants treated with a
conmpound of the fornmula (1), as a free base or a
pharmaceutically acceptable salt thereof or a

) conppsition,including such a coggpynd. One aspect of
It 1s pysentish thahihp dnpleat agiabbeh eentfigennstahility and byiddetwecen implant and

: r t.of t-he invention is directed.to.
B e R
It shill bigebe!ndted that dodmrddidt bASN Tba MBS ind1RR SlayWe YehSricial to
invention is a dentalinplant and an orthopaedic
bong fephatin. Exanpl es of compounds useful in treating
implants are without |imtation conpounds of the
formula (1), such as

Some of the metals or alloys, such as titanium, zirconium, hafnium, tantalum, niobium, or

alloys thereof, that are used for bone implants are capable of forming a relatively strong
bond with the bone tissue, a bond which may be as strong as the bone tissue per se,
sometimes even stronger. This bond between the metal and the bone tissue has been

termed “osseointegration” by Branemark et al. Acta Orthop Scand, 1981, 52, 155-170.

- Although the bond between the metal, e.g. titanium, and the bone tissue may be

comparatively strong, it is desirable to enhance this bond.

Thus, one aspect of the invention is directed to implants treated with a compound of the
formula (I), as a free base or a pharmaceutically acceptable salt thereof or a composition
including such a compound. One aspect of the invention is directed to metallic implants.
Another aspect of the invention is directed to metallic implants, which are made of

commercially pure titanium or alloy of titanium. Another aspect of the invention is a dental
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3-am no- 6-[ 4- (4- met hyl pi perazi n-1|-yl)sul fonyl phenyl ] -
N-pyridi n-3-yl pyrazi ne-2- carboxam de;
WQ@2@nies76- (4- pi per azi n- 1-yl sul f onyl phenyl ) - N- pgy¥/8ERONZ/®0216
-yl pyrazi ne- 2- car boxam de;
3-am no- N- pyri di n- 3-yl - 6- (4-sul f anoyl phenyl ) pyr azi ne- 2
- car boxami de; 10
3-am no-6-[ 2, 5-di fl uoro- 4- (4- net hyl pi perazin-1-yl)sulf
. onyl -phenyl]-Npyridin-3-yl pyrazi ne- 2-carboxam de;
lmplanteaﬁriﬁaﬂéﬁ?p@e@pmplant(4- met hyl pi perazin-1-yl)sul fonyl -
phenyl ] - N-pyridi n-3-yl -pyrazi ne-2- carboxam de;
3-am no- 6-[ 3-fl uoro- 4- (4- net hyl pi perazi n-1-yl)sul f onyl
Examplee nf/dcdmpsapdsniselfub i-rﬁfqa%iﬂ@ j&ﬁlﬁﬁﬁtf] ere vAthoat bmlitﬁtﬂfin;iﬁfrrllpfoundsl of
- am no- 6- [ 3- net hyl - 4- (4- met hyl pi perazi n-1-yl)sul fony
the fggﬂ@ﬁ@ﬁ,]spf\é Byri di ¥ 3-yl -pyrazi ne- 2-carboxani de;

3-andn& B[ A4 6n = ' HARIE Honyl
: - I|c;he.n[yilq] - &%@%% ?}43;/1 - W&%@ gg?%gdrl%gx%#gé#é :

carbexagiifi¢io- 6- [ 4- (4- net hyl pi perazin-I-yl)sul fonyl-3-(trifl
3- ngﬁ(‘_i-gg&%?({%ﬁaﬁxg?—?%E%%ﬂégf?%—gﬁ?dmé-ylpyrazine-Z—carboxamide;
3-anﬁn@m-midﬁ*-ﬁ-4’1—64(4-rmlﬁhyd)ﬁp];mybpjrmzihe-yic)iﬁpkirﬁﬂy;I -2-(trifl
3-a ug%—g&gggg@oggﬁ&ﬂ&étﬁhg rerlag{n- _-91_)5}{1|1f[c))}i}rll§p Ielrll}?l_]-N—pyridin%-yl-
pyradingiZidatbofatfilef | uor 0- 2- met hyl - 4- (4- et hyl pi perazin-1| -yl
3-anéﬁ%é&%—%ﬁx&%ﬁ%@tygt}lﬁ%gr%éilnfjll-}?lis%i orllyq}iarhgrfylll]rll%:pyridinﬁ-yl-pyrazine-Z—
carb&eé&ﬁhé}o' 6-[2, 5-di met hyl -4- (4- et hyl pi per azi n-| -yl )sul f
onyl - phenyl ] - N- pyri di n- 3-yl pyrazi ne- 2-carboxam de;
3-angnexfril frdlugrop$(4-mathy tpigkr{zla-tetsylfpiybehemi JiN{pyyitinsi+y Foyrydine-
2-cafb%§lﬁﬂi36|e;] -N-pyridin-3-yl- ryrazine- 2-carboxam de;
3-amino-6-[3-methyl-4-(4-methylpiperazin-1-yl)sulfonyl-phenyl]-N-pyridin-3-yl-pyrazine-
2-carboxamide;
3-amino-6-[2-methyl-4-(4-methylpiperazin-1-yl)sulfonyl-phenyl]-N-pyridin-3-yl-pyrazine-
2-carboxamide;
3-amino-6-{4-(4-methylpiperazin-1-yl)sulfonyl-3-(triftuoromethoxy)phenyl]-N-pyridin-3-
yl-pyrazine-2-carboxamide;
3-amino-6-[4-(4-methylpiperazin-1-yl)sulfonyl-2-(trifluoromethyl)phenyl]-N-pyridin-3-yl-
pyrazine-2-carboxamide;
3-amino-6-[5-fluoro-2-methyl-4-(4-methylpiperazin-1-yl)sulfonyl-phenyl]-N-pyridin-3-yl-
pyrazine-2-carboxamide;
3-amino-6-[2,5-dimethyl-4-(4-methylpiperazin-1-yl)sulfonyl-phenyl]-N-pyridin-3-yl-
pyrazine-2-carboxamide;
3-amino-6-[2-fluoro-4-(4-methylpiperazin-1-yl)sulfonyl-phenyl]-N-pyridin-3 -yl-pyrazine-
2-carboxamide;
3-amino-6-[4-(4-ethylpiperazin-1-yl)sulfonylphenyl ]-N-pyridin-3-yl-pyrazine-2-
carboxamide and
3-amino-6-[4-[(4-methyl-1,4-diazepan-1-yl)sulfonyl]phenyl]-N-pyridin-3-yl-pyrazine-2-

carboxamide, as a free base or a pharmaceutically acceptable salt thereof.
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3-am no- 6-[ 4- (4- et hyl pi perazi n-1-yl)sul fonyl phenyl ] -N-
pyri di n-3-yl - pyrazi ne-2- car boxam de and

WQ@2@nie76- [ 4- [ (4- met hyl -1, 4-di azepan- | -yl ) sul PoRiyE3ophi@0216
nyl]-N-pyridin-3-yl-pyrazine-2- carboxam de, as a free
base or a pharmaceutically acceptable salt thereof. The
conmpounds used in accordandé with the present
i nvention may have chiral centres and/ or geonetric
isomeric centres (E- and Z- isonmers), and it is to be
understood that the invention enconpasses uses of al so

L&al j ' thic 1.SOMers.

e e = o RS ok ARESn O RERTEL b UG Binges

and/gf geomgtricapmendrs deoiress(Ee indZcBomens))dndft is fodefupdensioad (Ha) the

: .sui tabl e phar utical | ceptable salt of the,

inve Qi RRPGaBAEre Shiishuh oeifel SFaRtRBoTRTaRRmIEC iogers.
exanpl e, an acid-addition salt, which is sufficiently
basi ¢, for exanple an inorganic or organic acid. In

The ipygriqndrther sueqrapasess ;Sh?a‘#%%)g ani anskall tyutamene farbis of & apmpound

of tHeffonfi@s @pMpounds of the invention, which is
sufficiently acidic, is an alkali netal salt, an
al kaline earth nmetal salt or a salt with an organic

i.ch .affords hysi gl ogi cal | y- accept ab
A s R Bl PR S P55 ER E co o me
invehtiver i, fbr examiple) an peiepddieidn adl, dsdis e iRV RAR3FAUAdBle an
.__wWhich hereby. ? i ncor porated by reference.
inori GHALERRNG A T AR 3 RERDPRBAERsRpRISTRY eiscpiatld silhof the

comPGHAL HARE Tvehtidh, WARKAS SFRBENIYEAE i FRY; Hﬁ%gail gaéf? gﬁ Qi Mine

suitable for oral adm nistration, for exanp
earth mpfabsalt opp salt with pnpreapinides, whigheaffords aophysiapridaly-ataptable
catidd@r enteral injection (including intravenous,

subcut aneous, intranuscul ar, intravascul ar or

infusion) as a sterile solution, suspension or

emul sign, for topical adm nistration as an ointnent,
The porppaying of fhe dommyuls d) of sdtthgreafamay be piepared as descrbed in WO

hi : l.pistration in a body

Oa@?ﬁ@??ﬁh%g5¥ﬁaggﬁ%%%p%gégkgﬂggk%%'inplant or on the

i npl ant surface. The conposition can be incorporated

PhatfloARA%nBSSRS] 21 0 W th (physi cally and /or

The composition used in accordance with the present invention may be in a form suitable
for oral administration, for example as a tablet, pill, syrup, powder, granule or capsule, for
parenteral injection (including intravenous, subcutaneous, intramuscular, intravascular or
infusion) as a sterile solution, suspension or emulsion, for topical administration as an
ointment, patch or cream, for rectal administration as a suppository and for local
administration in a body cavity or in a bone cavity as an implant or on the implant surface.
The composition can be incorporated in and/or associated with (physically and /or
chemically) the surface of the implant, or administrated separately (before, at the same

time or after) with regard to the implant in the body cavity or bone cavity.

The composition can be incorporated in and/or associated with the implant surface using

any suitable method, such as:
- plasma deposition of the substance onto the implant,
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chem cally) the surface of the inplant, or

adm ni strated separately (before, at the sane tinme or
w@bdoend27m th regard to the inplant in the bodyPCEHSEX0Y7/000216

or bone cavity. The conposition can be incorporated in

and/ or associated with the inplant surface using any

sui tabl e method, such as: 12 plasma deposition of the

substance onto the inplant,- any el ectrocheni cal

treatnment involving the substance, e.g. anodisation of

the I mplagkcitdihaficst @&Hﬁ&{tﬁxﬁ)l\ﬁﬁgﬁk Isgbsitthcé, Rey. anodisation of
substance, - treatnent. of the.i *1 &?\M th an aqueous
and/ or tfdAPkatERRelessioltts ¢ ﬂﬂﬁﬁwgg FIPStaPtfe subst ance,

e. g. - byregtnfept diﬂgthé hﬁplammflﬁrun aquemmadd/snhcm—acmapus solution

treat ”%Qrtnp]?% eé 4n%@t %"bgfbh 11?ﬁ,0tlh gﬁélaﬁﬁﬁ Qﬁﬂg?ﬁtiﬁ

i nvol vi'ng subs ance nation o
met hodsreatmenhef the keplantrvigenet2e] eriaisdvelas thei sglagfance, or

CONPOSiahi eRALIARYonST thes8 Rdiiesds bPthd likenvent i onal manner
usi ng pharmaceutically acceptable carriers or
di luents. Suitable daily doses of the conpounds of the
In geﬁﬁalrtht abdvk Hesgsibeld compdsiions ey fre prepefed an aragrvgntional manner
udi n uman 'y fromabout 0.01 to
“mn%ﬁéﬁ W%:E%S?ﬁgfg gg ﬁ%?g gadmnlstratlon and
from about 0.001 to 250 rrg/ kg bodyvvel ght at parenteral

~adnministration. The typi.cal dall f thea
Suitaplelay deses of D epmRowdE R Fefortie 3%—? &n %bend

manaf 1, Vi RS hidn@at RSy ﬁfé%ﬁnﬁ@lytﬂb%l &‘&Ju?(‘! alto 25@%@/&@ IbBdlyweight
8 route of adm ni stratlon he a%e ht and sex

at peuﬁaltaﬁmupﬁtaﬁxenan@ﬁdrnmyuﬁw@etpéﬁ Wmeﬁhw.p@:reaf?ral
admlfng ﬁ];it Eiﬁl ¥ elCrale(Parl o0 gft'hé’ gctgjg%ﬁ@cﬁgrﬂg #raﬁ?els vl ﬁ?? &ide range

n|ng he conpounds ornmul a
and wilicdeyélid @ various factors such as the relevant indication, the route of

admigai fiee, OGN 1 TSP CRP DY ARy
physRidm no- 6- (4-pi perazin-
1-yl'sul fonyl phenyl)-i V- pyri di n- 3-

yl pyra2| ne 2 car boxam de or 3-am no-N- pyridin-3

)

Illus?‘%tgg %1% Seh 8r1V A S%?&%ﬂéérl élg%/arg@g‘érgﬁ ntaﬁf'i'@btgé Qgﬁle\%nﬁ§ ofithe
form@BY (DN Ak tiding\Bhiraino o §af(d-methylpiperazin-1-yl)sulfonyljphenyl}-N-pyridin-
3-ylpyrazine-2-carboxamide, 3-amino-6-(4-piperazin-1-ylsulfonylphenyl)-N-pyridin-3-

ylpyrazine-2-carboxamide or 3-amino-N-pyridin-3-yl-6-(4-sulfamoylphenyl)pyrazine-2-
carboxamide as a free base or a salt thereof, are described in WO 03/004472, which dosage

forms are hereby incorporated by reference.

For veterinary use the amounts of different components, the dosage form and the dose of
the medicament may vary and will depend on various factors such as, for example the

individual requirement of the animal treated.

It has been found that bone formation and bone mineral density can be increased by the
uses of compounds of the formula (I) above. The term "therapy" as used in accordance
with rhe invention also includes "prevention™ unless there are specific indications to the

contrary. The terms "therapeutic" and "therapeutically" should be construed accordingly.
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fornms are hereby incorporated by reference. For
veterinary use the anounts of different conponents,
wo b@7desage form and the dose of the nedi cameneCTaE2007/000216
vary and wi Il depend on various factors such as, for
exanpl e the individual requirenment of the aninal
treated. It has been foundl®hat bone formation and
bone m neral density can be increased by the uses of
conmpounds of the formula (1) above. The term "t herapy"
as used in accordance with rhe invention al so includes
Exahégsyention" unl ess there are specific indications to
— tne contrary. The terns "therapeutic" and

"t herapeutically" oul.d be construed
Theﬁ?@Bﬁ%ﬁﬁﬁPV. 5%%@E§°Wﬁgt HURRE RS cZamBlRF descr i bed

bel ow by the non-limting exanples: Exanple 1

| ncreased bone formation in rats treated with

Exagpder] no- 6- [ 4- (4- et hyl pi perazin-1yl) sul fonyl phenyl ] -
- I.di n-3-yl pyrazi ne-2-car boxam de The conpound
Incrﬁg%fmbﬁbg &rﬂlﬁét%-lﬂélﬁﬁﬁr‘iﬁt%wé i)-g’r?‘-‘?m9ﬂ%'[45ﬂ4flégglwﬁﬂb¢fwlfb1'
Mol g ine-2- ] f | at ed
D Ay A, e Wt ar
The campouer3eanmias-@d 4by-msthy Ipiparaipel -yBiulfdagipaas110f-pdAdin30

or .60 mmvpl / kg/day for four weeks and conpared to
yipyirginect-earegnitdn was iopnplrises peelpipspewtarMalqradifompe dlan
WisBE St 08U A3 SOBLY el 1] 30T Mg PGl Vo

weekteand|combiued o edhixael elatirold CEﬁiFi])ﬂaﬁcef hadropSiRs twe othedarlthe
t hi ckness and stai ned with hematoxylin and eosin. As

tissugt/piesayin 4 %4 fognalingilhe &seuspfpmoratibiad sajetd stommen and hind paws

j [ he. f f thi d tr.ab | . .
werq ARt b b iR s R iR ned i
hemhtdgy1@PERIA S REEVaQiatAyEIR: ASdrSscBFf Liﬁcfr@éiec?%o&l f*gnﬂeﬁlﬁﬁ in the

levels (Figure Ib). Figure la shows normal trabecul ae
fornpefcthigkened trabeculge; thickeredfoortical Yabie apinipsteal)hypérostosis and
. vehjcletreated control rat. Figyre |h sho a mar ked
mcr?aﬁ%dr%ﬁlgbé’r Pﬁ°§?9pf?ﬁ o5 frEd ah ekl Qquegqul‘F @F@“‘s area of

the fenmur in a rat treated with 60 mml /kg of

3-am no-6-[4-(4-nmethyl pi rerazin-lyl)
Figure 1a shows normal trabeculae and bone marrow in the femur (diaphysis) of a vehicle-

treated control rat. Figure 1b shows a marked increase in formation of osteoid in the same
area of the femur in a rat treated with 60 pmol/kg of 3-amino-6-[4-(4-methylpiperazin-1-
yDsulfonylphenyl]-N-pyridin-3-ylpyrazine-2-carboxamide for 4 weeks. (magnification:
x100).

Example 2

Increased osteocalcin, parathyroid hormone (PTH) and calcitonin levels in rats
treated with 3-amino-6-[4-(4-methylpiperazin-1-yl)sulfonylphenyl]-N-pyridin-3-
ylpyrazine-2-carboxamide

In a separate rat study, the effect of the compound 3-amino-6-[4-(4-methylpiperazin-1-
yDsulfonylphenyl]-N-pyridin-3-ylpyrazine-2-carboxamide on osteocalcin levels, used as a

marker for bone formation, was studied. Parathyroid hormone (PTH) and calcitonin levels



10

15

20

25

30

sul fonyl phenyl]- -pyridin-3-yl pyrazi ne-2-car boxam de
for 4 weeks (magnification: xl QO . Exanple 2 Increased
w@gioeneareci n, parathyroid hornmone (PTH) and caPCi/S$E2eTi000216
levels in rats treated with
3-am no- 6-[ 4- (4- met hyl pi perazi n-1-yl)sul fonyl phenyl ] -i
V- pyridi n-3- yl pyrazi ne- 2- &arboxam de In a separate
rat study, the effect of the conpound
3-am no- 6-[ 4- (4- net hyl pi perazin-1lyl)
- r | - - -
e BRI R B S eI A SRl AT B
DawleyrraBtwenngivaye3) sindlikg@day dtanaddnygoahd ofally fored{ys bl thand
calcitonin | evel swere al so anal ysed. The cogpound was
)

compaspchign vehiste castral 13ts| Blood samplesweisriakenbebrspedgsiarmmw ey
. hV 0 [ ka/.d of .the.c ouhd orall
sl 89 B0 TN ERUAR Y R a7 OB Pp S bves
werd3hed3tred ABAL 8 SomBletriil kaitinbaksf @IIHL kit (EahlogdWBT-490,
~admnistration at day 1, and 3 hours after the |ast

Biorgeskical dechaglpgips Inos Moo d 3% 4) inpac bR 14velsevge mmlyredusivgred

usin rci.al i ssa ELI SA kit t.al ogue #
comigiopd E1ER BT LCeid Gpoe IR RS Ebubpire Ty s, P oo
was Rlbur&Ma lige fd/ﬁé@ingwgymﬂuy plaSila af BRI GHcA lyifalel e} aidt

(cat al ogue # 60-2700, Inmmutopics Inc. CA USA). The
ethanel) wixed Nigoronaly amd asnirifged fortlienihak | 00 g Jheayper2dnt mas

wa reci,pitated, wiith 1nL agid ethanql,. m xed
deceie3HE 800y Bhraod NI i PSR SE CRpioREn B30higS VAR er
recoRHREIIAaL &ty ¥RBerd&EahEdedl Qe aﬂﬁ%&dﬁ%ﬁlﬁ}%&%ﬂ jal ELISA

evaporated Wth a stream of nitrog \C/ap.
kit (gukdleguerie0H¥t Penibsudm A4y Ussay buffer, calcitonin
| evel s were | yzed using a comrercial ELISA kit .
Ostepgalgig P%}j{a]ré 3%9@ fné 939“%%19%%@ levelgerq sagyificantly derseased i the
; | . ; . . '
o3 D8I Q0BG PRSI B P 1 e st o
calcififr ig WiieerminBrafijation o€ tHenemepoetledBihea Hikt skl el R, neréded
reflect the need for calciumin the mneralisation of

bone floamafiap) of asBRiliE ghaarer asmresieisht ohseyed iuenple 1,figwaddvas
e f AL | a simlar character as previously
pes BRI BE 2

Figure I b) was

Example 3

Increased bone formation in rats treated with 3-amino-6-[4-(4-methylpiperazin-1-
yDsulfonylphenyl]-NV-pyridin-3-ylpyrazine-2-carboxamide

In a separate rat study, the effect of the compound 3-amino-6-[4-(4-methylpiperazin-1-
yDsulfonylphenyl]-N-pyridin-3-ylpyrazine-2-carboxamide on the bone mineral density
(BMD) was measured in rat plasma in nM. The compound was formulated as a ultrapure
solution in water (pH 3.5). The Male Sprague Dawley rats were dosed during 14 days by
oral gavage. The study contained 4 dose groups with different dosing regimes and a
vehicle control, namely 3 pmol/kg (twice daily) or 30 pmol/kg (once daily, once every
second day or once every fourth day). Plasma samples were always taken 2 hrs after the
oral dose was given in the morning. After 14 days, the rats were euthanized, and their right

femurs were removed. The trabecular bone density of the femur metaphyses were
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present in the drug-treated rats. Exanple 3 Increased
bone formation in rats treated with
W@2@mieny76- [ 4- (4- met hyl pi perazin-1yl) PCT/SE2007/000216
sul fonyl phenyl ] -i V- pyri di n- 3-yl pyrazi ne- 2- car boxamn de
In a separate rat study, the effect of the conmpound
3- ani no- 6- [ 4- (4- met hyl pi petazin-1yl) sul fonyl phenyl ] -
- pyridi n-3-yl pyrazi ne- 2- car boxam de on the bone
m neral density (BVMD) was neasured in rat plasma in

b FOBA AR St A s o

showmaindigwere 6a,dlrs eltbvebuthe BYID dncdeugss (bynoinileral aMage incié8es) in mg
%Ud cont ai n%d 4 dose groups with different dosing
per qua; GeRUmefFonthg dhixs, dhat @peur & theighequiaedf thegighk engurwi ce

L d: i . on ve econd
et TG A% TR AR SRR G Shlata DGR o >
amir-6vpdr61-tnathgipiperd2 s 1-gf)s@fonly b B RIV-H oRig- Mg Hyi-#RM-i N

the norning. After 14 days, the rats were euthanized,
carbgfmifitei r rijght femurs were renoved. The trabecul ar

bone density of the fenmur nmetaphyses wereneasured

utilizing peripheral quantitative conputed Tonography
Exanpldwd. The results are shown in Figure 5a, that shows

the BMD increases (bone mneral density increases) in
Incrpgped bone [gymation in rate treatagr3-aiminov6-fd-piperadimil-dadfonylphenyl)-
N-p§nj?§‘inzf gecul a_ezt_of the rjght femur netaphysis. The X

j %4 arbgxam trat +/ -_ St andar d
The %%/cl%g hséym ?m@f}-argltm- - -I%Seglrgz%g-l[ sdl orr]1§lp enyl)-N-pyridin-3-

ylpy &R @-EarbokafnfterBRl thy boHei A Bedsity (BHHY) WREHRARRY nliat plasma
. N-pyridin-3-yl pyrazi ne-2- carboxam de. Exanple 4
in nlfiie paralRgoBBWAY odaseribediin Examples abpea(ldd results are shown in

P P g s bR B P BB npLigymiper cubi
centintetrectbatpoourdn the trabeculae of the right femur metaphysic.

3-am no- 6- ( 4- pi perazi n-1 -yl sul fonyl phenyl ) -

N-pyridi n-3- yl pyrazi ne-2-carboxam de on the bone

m neral density (BVMD) was neasured in rat plasnma in nM
Exampleh, anal ogous way as described in Exanple 3 above.
Increased pene formatipr ins ratofreated with 3-amino-N-pyridin-3-yl-6-(4-

sulfamoylphenyl)pyrazine-2-carboxamide

The effect of the compound 3-amino-N-pyridin-3-yl-6-(4-sulfamoylphenyl)pyrazine-2-
carboxamide on the bone mineral density (BMD) was measured in rat plasma in nM in an
analogous way as described in Example 3 above. The results are shown in Figure 5c, that
shows the BMD increases (bone mineral density increases) in mg per cubic centimetre, that

occur in the trabeculae of the right femur metaphysic.
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Fi gure 5b, that shows the BMD i ncreases (bone mnera
density increases) in ng per cubic centinetre, that
w@ewanol7m t he trabecul ae of the right fenmur neP@EPBEXDIT000216
Exanpl e 5 Increased bone formation in rats treated
wi th 3-am no-N pyridin-3-yl-6-(4-
sulfannylphenyl)pyrazine-21§arboxan1de The effect of
t he conpound
%- m no- N- pyri di n- 3-yl - 6- (4- sul f anoyl phenyl ) pyr azi ne- 2
CLA rboxam de on the bone m neral density (BVD) was
nmeasured in rat plasma in nMin an anal ogous way as
descri bed in Exanple 3 above. The results are shown in
1. Use gtia eorgpound kthe soowda the BVD i ncreases (bone minera
density increases) in ng per cubic centinetre, that
occur in the trabecul ae of the right fenur
nmet aphysi c. CLAIMS 1. Use of cQ und of the formula
i paazi n- 1-yl ,
- di azepan-1-yl or
fluoro, CHS,

4- et hyl pi perazin-1 -\
4- et hyl pi perazi n-1 -
CH2CH3, OCH3 CE3 or
fluoro; as a f :
accept abl e sala/t eoR, facture of a
medi canent foR1use in the treatnent or prevention
of bone-related disorders or conditions. 2. Use of a
conmpound according to claim1, wherein RL i sNH2,
pi perazin-1-yl, 4- nmethylpiperazin-1-yl, R2is
hydrogen and R3 is hydrogeﬂ? 3. Use of a conpound
according to claim1, which is
3-am no-6-{2, 5-di fluoro-4-[(4-

whereit Ryis pilpe minermzin- {4y}, dun tmlpideplzanHyl, 4Magtyl Yi#-diadenydnplryl or

4£ﬂgﬁgﬁgﬁéég%ﬁg?éﬁﬂyﬁ?h-(4-nethyIpiperazin-l-yl)sulfonyl-
R, isthyeirogeh,-fhkopy, IO OHICHI,-(YHACENEer GCFs;

R3 is hydrogen, CHj; or fluoro;

as a free base or a pharmaceutically acceptable salt thereof, for the manufacture of a
medicament for use in the treatment and/ or prevention of bone-related disorders or

conditions.

2. Use of a compound according to claim 1, wherein R; is NH,, piperazin-1-yl, 4-

methylpiperazin-1-yl, Ry is hydrogen and R; is hydrogen.

3. Use of a compound according to claim 1, which is 3-amino-6-{2,5-difluoro-4-[(4-
methylpiperazin-1-yl)sulfonyl]phenyl}-N-pyridin-3-ylpyrazine-2-carboxamide;
3-amino-6-[3-ethyl-4-(4-methylpiperazin-1-yl)sulfonyl-phenyl]-N-pyridin-3-yl-pyrazine-2-
carboxamide;
3-amino-6-[3-fluoro-4-(4-methylpiperazin-1-yl)sulfonyl-phenyl]-N-pyridin-3-yl-pyrazine-
2-carboxamide;
3-amino-6-[3-methyl-4-(4-methylpiperazin-1-yl)sulfonyl-phenyl]-N-pyridin-3-yl-pyrazine-

2-carboxamide;
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car boxam de;
3-am no- 6-[ 3-fl uoro-4- (4- net hyl pi perazin-1-yl)sul f onyl
WO piwengd7fe N- pyri di n-3-yl - ryrazi ne- 2-car boxanPCESE2007/000216

3-am no- 6-[ 3- net hyl - 4- (4- net hyl pi perazi n- 1-yl ) sul f onyl

- phenyl ] - N-pyri di n-3-yl - pyrazi ne- 2-carboxam de;

3- am no- 6-[ 2- et hyl - 4- (4- &et hyl pi perazi n-1-yl)sul f onyl
-phenyl ] -N-pyri di n-3-yl - pyrazi ne- 2-carboxam de;

3-am no- 6-[ 4- (4- met hyl pi perazin-1-yl)sul fonyl -3-(trifl

3-amine6e Fendioplyl)- [Feety piperagin- 1-Dsuifnyl-phenyl]-N-pyrdin-3-yl-pyrazine-

| - azi ne- 2- car boxam de; 5
Z'Caﬂ%’zﬁﬁﬁ?o- 6-[4-(4-methylriperazin-1-yl)sul fonyl-2-(trifl

3-amiHOBJARE hydidpigakih-1M Iyt bolylr-@rifthqrymathbrgpheny!]-N-pyridin-3-
2- car boxam de;

e

yl-pyr3ziaei2rietexpmide} uor o- 2- met hyl - 4- (4- net hyl pi perazin-1 -yl

3—am%(?—?lé[%ggi?ge%]ﬁ’}ggile{IIa&ihN‘-ﬁyéh'lf@lhﬂ:ﬁ(Mh%ﬁéih@ﬁphenyl]-N-pyridin—3-y1—

pyrazﬁ}eélﬁtanbo)ﬁnﬁ(]k:,;Sl di rrpfjhyl -4- (4- met hyl pi perazin-1-yl)sulf
onyl -phenyl.] - i ne- i de:

eGSR P O RO ot L I SRAD e R i 3 1

pyrazh@tgaa_satb(}xaNﬂwri di n- 3- y! - pyr a_zi ne- 2-carboxam de;

ity 1SS (et B oo el oy s a0 Bl

pyrazﬁfe%eﬁ@é}@h{iéé;[ (4-nmethyl -1, 4-di azepan-1-yl)sul fonyl] phe
nyl ] -N-pyridin-3-yl-pyrazine-2- carboxanide, as a free
3-amipade2eflucioPHArmneiedpipereaint yybediopylateay d-Al-pyridiesd sbpyragine-
e of a conpound according to claim?2, which is
2 Car%qxaarrﬁnneo- 6-[ 4- (4- et hyl pi perazin-1yl)
3-amigl6-plagd-gihepipblazit- ipylsutfony!BhenlylylX- @y ridie-32ylemrdyancadn de
as a free base or a o pharmaceutically acceptable salt
carbopp@ide¥ . 5. Use of a conpound according to claim 2,

3-amiNOL 6 Y- (3Rt iR 100G B 2dpAn -0 LR RGPy S LN iy inpd ¢ By thrine-2-

carboxamide, as a free base or a pharmaceutically acceptable salt thereof.

4. Use of a compound according to claim 2, which is 3-amino-6-[4-(4-methylpiperazin-1-
yl)sulfonylphenyl]-N-pyridin-3-ylpyrazine-2-carboxamide as a free base or a

pharmaceutically acceptable salt thereof.

5. Use of a compound acéording to claim 2, which is 3-amino-6-(4-piperazin-1-
ylsulfonylphenyl)-N-pyridin-3-ylpyrazine-2-carboxamide as a free base or a

pharmaceutically acceptable salt thereof.

6. Use of a compound according to claim 2, which is 3-amino-N-pyridin-3-yl-6-(4-
sulfamoylphenyl)pyrazine-2-carboxamide as a free base or a pharmaceutically acceptable

salt thereof.

7. The use of a compound as described in any one of claims 1 to 6,wherein the

medicament is for the use in the prophylaxis and treatment of osteoporosis.
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N-pyri di n-3-yl pyrazi ne- 2-car boxam de as a free base or
a pharmaceutically acceptable salt thereof. 5 6. Use
wo@Roov1eompound according to claim2, which is PCTI/SE2007/000216
3-am no- N-pyri di n-3-yl -6-(4-
sul f anoyl phenyl ) pyrazi ne- 2- car boxam de as a free base
or a pharmaceutically accdgtable salt thereof. 0 7.
The use of a conpound as described in any one of
claims 1 to 6,wherein the nedicanment is for the use in
8. Tlehge pf o phypauaidss demtriberd-:lfatame ane of claigtsddp 6+ insthe menufeiuring of

a .conpound a cribed | ny one of clains 1
ameéisar%ent oF IpFE SH@EI?P i f?]rbmafmamf%‘gl cament for

|ncrea5|ng bone formation in a nannal 9. The use of a
onpound as described in any ﬁl cl ai mp
Qa

9. Thehl@e@ﬁﬁ gempeind;as gessribed | wayeaﬁ@ 1tpr§e1ﬂef§§ flﬁaufactuﬂng of
a me&@ﬂﬁ&ltlf&"lﬁi% Jaﬁééﬁ%é E’Jheafﬂl%zﬁfon REWPARE bR fABhAtRA th B
e use a conmpound as described in
mamany one of clainms 1 to 6 in the manufacturing of a
nmedi canent for increasing bone mneral density in a
manmal . 11. The use of a conpound as described in any
10. TREu& ofl o’étr?%uﬂd dsQlefribed irt 418 dn@REERGNAT g iwtheananufacturing
medi canment for reducing the incidence of fracture in a
of a mediparnent for incppasinghong mineral dlenstyg 2488&cr i bed in any
one of claims 1 to 6, in the manufacturing of a
medi canent for enhancing fracture healing in a mamm
11. T ustloda lgsmpami@s disegbedbinamy oopef elims) lLforps inthe gappfacturing

rein e accordin
of a PRSER TR GHHEIRY i ffee HTRMnd e MR SECOTH N
vertebrate anlnal 15. A nethod of prevention and/or
treat ment of bone-rel d di sorders. or, co di |on
2. Ehsmeiof pregmaetRdAs de @3?%1%036 Sl 1 ° PiRaplagpring

ofa ﬂih&@%ﬁ@rﬁ%&t énﬁ@ﬁcﬁﬂ/% #ihashbaiRgaRWinedl. a co ”p ound of
e formul a

13. The use according to any one of claims 1 to 12, wherein said mammal is a human.

14. The use according to any one of claims 1 to 12 wherein said mammal is a vertebrate

animal.

15. A method of prevention and/or treatment of bone-related disorders or conditions
comprising administrering to 2 mammal in need thereof a therapeutically effective amount

of a compound of the formula (I)

NH,

hL\
R

= O

N
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wherein R is NH2, piperazin-1-yl,
4- met hyl pi perazin-1-yl, 4-nmethyl-1,4-di azepan-I|-yl or
wa2@rhgd7pi perazin- 1-yl; s R2 is hydrogen, fl upCDSEAHBY00216

CH2CH3, OCH3 or OCF3; R3 is hydrogen, CH3 or fluoro;

as a free base or a pharmaceutically acceptable salt

thereof. 16. A nmethod of piPevention and/or treatnent

of bone-rel ated disorders or conditions o conprising

adm nistering to a mammal in need thereof a

therapeutical ly effective @Gmunt of a conmpound of the

formula (I) as defined in claim15, wherein RL is NH2,

pi perazin-1- yl, 4-methyl piperazin-I-yl, R2is
wherbindt;dg &, apipefaZink syl enaidpiperbZin- Ay e tohaslalyldf 4-diazepan-1-y1 or

hg eventl n.and/or treatnent of bone-related disorders
4-et ?@"@ds administering to a manmal in need thereof
Rzls@lyafb%éﬁﬁﬁe&d o] gHsH O r@v/Nt of 3-ani no-

4-(4- et Ryl pi perazi n-1 -yl ) sul f onyl phenyl ] -
Ramﬁwévgﬂmﬂﬁieﬂﬁh@yka2|ne 2-carboxani de as a free base or
hereof. 18. A

asaﬁee{)ﬁﬁ Slgagr&é]\%%ﬁltl%/acl)g%@%}%?é t&}tgg%r%r%ftm of bone-rel ated

dlsorders conprising O adm nistering to a mammal in

eed éfge p?g\}cengo& altﬂln%yoar1 Qr%gttnlle%? otl l}lon%frglgt%a SRR W@ IlOIlS

com]_ﬁ‘ls(n{]g RinpefRALAtd a hhistal Brmce BRR0M b 1Nrientichlln -eBeytiveiahatint
I ne-2-carboxam de _as a free base or  a har utically

of a eqrarqyod oF Bredamula fiasedsfined i clampby, gt K pis pIpgZeL-
yl, 4%@1 bLag it ]_flﬁlnk & QlQJ%@n 51?(1 Rl Raydisgeg ders conprising

I ster in need thereof a
therapeutlcally effectlve anDunt of 3-am no-

ul.fa n oxa
. SR e R R B
admiB@tdrireht6 b @@fmmal Gn ndddiedréutth thérapaugivalint efﬁmtlwaﬂlmrnt of 3-amino-
6- [4%%-24?%111@!1?}@?1‘% bl%g)e% rf%ﬁ;é%yﬁmﬁg%gggéﬁéggn%ﬁgb Wrpoxamide as a
free %&Fféﬁl Bphi b6 éic%ﬁﬂtéﬁ'l@ sATAbE of 3-ami no-

uoro net hyl pi perazi n-1-yl ) sul fonyl ] ph
enyl }- N-pyri din- 3- ylpyrazine-z-

18. A method of prevention and/or treatment of bone-related disorders comprising
administering to a mammal in need thereof a therapeutically effective amount of 3-amino-
6-(4-piperazin-1-ylsulfonylphenyl)-N-pyridin-3-ylpyrazine-2-carboxamide as a free base

or a pharmaceutically acceptable salt thereof.

19. A method of prevention and/or treatment of bone-related disorders comprising
administering to a mammal in need thereof a therapeutically effective amount of 3-amino-
N-pyridin-3-yl-6-(4-sulfamoylphenyl)pyrazine-2-carboxamide as a free base or a

pharmaceutically acceptable salt thereof.

20. A method of prevention and/or treatment of bone-related disorders comprising
administering to a mammal in need thereof a therapeutically effective amount of 3-amino-
6-{2,5-difluoro-4-[(4-methylpiperazin-1-yl)sulfonyl]phenyl} -N-pyridin-3-ylpyrazine-2-

carboxamide;
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car boxam de; 3- am no- 6-[ 3- et hyl - 4- (4- et hyl pi per azi n-
1-yl)sul fonyl - phenyl ] -N-pyridi n-3-yl - pyrazi ne- 2-
W@ 2a00n0%ans de; PCT/SE2007/000216
3-ani no- 6- [ 3-fl uoro- 4- (4- net hyl pi perazin-1-yl)sul fonyl
- phenyl ] - N-pyri di n-3-yl - pyrazi ne- 2-carboxam de;
3- ani no- 6- [ 3- net hyl - 4- (4- mPhyl pi perazi n-1-yl)sul fonyl
- phenyl ]- N pyri d| n- 3- yI pyraznme- 2-carboxam de;
0- 6- [ 2- met hyl - 4- (4- et hyl pi perazi n-1-yl)sul fonyl
-amlp?rér[§16}hm4p(ﬁﬁlf‘dlilsﬂplaeryzmpgryla\ fvayl-phepyt- No@aamnaé-yl-pyrazme—z-
carb' %10 6- [ 4- (4- et hyl pi perazi n-1-yl)sul fonyl -
trifl uoronet hoxy) phenyl]-N-pyridin-3-
—anylhe-p{;{B dhiorred-24-vmthytpiperazie:1-yl)sulfonyl-phenyl]-N-pyridin-3-yl-pyrazine-
mn -6 [ 4- (4- et hyl pi perazin-1-yl)sul fonyl-2-(trifl
2-ca (5’?% hyI ) phenyl ] - N- pyri di n- 3-yl pyrazi ne-
3-andn6-BF[BaXARY1die(4-methylpiperazin- -yl)sulfonyl—phenyl]-N-pyrldm 3-yl-pyrazine-
3-am no-6-[5-fl uoro- meat hyl - 4- (4- et hyl pi perazin-1-yl
2-cayhoxpingiey | - phenyl ] - N-pyri di n- 3-yl pyrazi ne-
_angi?g %r[ggﬁéé% hdeg 4-methy lpﬁ)ﬁ:razm—%-Xl)sulf ny} Bhen I];\I\%-P%r_idin—}yl—pyrazine-
-caﬂ_bcyhl)ﬂglsrt f onyI phenyl ]-N-pyridin-3-yl pyrazi ne-

s-ann e N AR iy onl iy ppas b ey Uoarigo >
yl-pymabiaeptdarddxpytdedi n- 3- yl - pyrazi ne- 2- car boxami de;

- ani 6- -1-
-aréag%ﬁ;ﬂﬁ ﬁPF&WS’Egl}’efRFlB;}r%ﬁpuﬁfrog‘ﬁﬁn(tBW%{E]inﬁ@YQPheéﬁlr]%?&%haé'yl'

pyra@d-2-carboxamide;
3-ani no- 6- [ 4- [ (4-met hyl -1 , 4-di azepan-| -yl )sul fonyl ] phe

3-ampipp o= [ﬁkfbm'%mﬁf@d%(%mtaﬂfpmr@m-ba})mﬂﬁoam -ehenyldN-pytidind-yl-
pyra%é% gagb(%ﬁglggr maceutical ly acceptable salt thereof.

of prevention and/or treatnent of

3-anuabd-SeAgr dimethy b dfpnieshyigip adninAi-gl) st fomd-phenyd] - Nepyriglin-3-y1-
t her apeutica Iy ef fective anmount of a conmpound as

PYregREr $F M eany one of
3-amino-6-[2-fluoro-4-(4-methylpiperazin-1-yl)sulfonyl-phenyl}-N-pyridin-3-yl-pyrazine-

2-carboxamide;
3-amino-6-[4-(4-ethylpiperazin-1-yl)sulfonylphenyl]-N-pyridin-3-yl-pyrazine-2-
carboxamide and
3-amino-6-[4-[(4-methyl-1,4-diazepan-1-yl)sulfonyl]phenyl]-N-pyridin-3-yl-pyrazine-2-

carboxamide, as a free base or a pharmaceutically acceptable salt thereof.

21. A method of prevention and/or treatment of osteoporosis comprising administering to
a mammal a therapeutically effective amount of a compound as described in any one of

claims 15 to 20.

22. A method of increasing bone formation comprising administering to a mammal a

therapeutically effective amount of a compound as described in any one of claims 15 to 20.
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claims 15 to 20. 22. A nethod of increasing bone
formation conprising admnistering to a mammal a

wo b@ramsod i cal |y ef fective anbunt of a conmpounBCESE2007/000216
described in any one of clainms 15 to 20.23. A nethod
of increasing cancell ous bone formation and/ or new
bone formation conprising &Hmi nistering to a mamal a
therapeutically effective amount of a conmpound as
described in any one of clainms 15 to 20. 24. A nethod

23. pimethed fanirerRsnggivacationebene tgupriop pn¢/ahps Beneformation

0 et i cal .
e L B e e e 2
as debbrilted iR @ny Q. of Alamps hdtb 2F. r educi ng t he inci dence of
fracture conprising admnistering to a manmal a
therapeutically effective anount of a conpound as
24. das@hodefinérbasiipybods eniféralCdenkibeokiprisihg2AdmimSteridy 1505 Mmemal a
of enhancing fracture healing conprising adninistering
thergpguticaliy fHfeqtive 3moHerof ﬁé@fqpe‘étl“’? 3p deparibed in, Y006 96 clagps b o 20.
conpound as described in any one of clains 15 to 20.
27. A nmethod according to any one of clainms 15 to 26,
25. WheetbodofadutingstheridcidescaofHiaetme cagprisingrsintivigtesiog ¢ dinagmal

a thetégp\}ag{r%%/ag% %gffagegvg%:m%iaupnfofl a5cotn%o%1§d as%?ér?oieﬁ i gﬁﬁo&%ﬁﬂlmé 15 to
20.

26. A method of enhancing fracture healing comprising administering to a mammal, a

therapeutically effective amount of a compound as described in any one of claims 15 to 20.
27. A method according to any one of claims 15 to 26, wherein said mammal is a human.

28. A method according to any one of claims 15 to 26, wherein said mammal is a

vertebrate animal.



