COVPOUNDS The present invention relates to novel hydantoin derivatives,
processes for their preparation, pharnmaceutical conpositions containing

t hem and wbebes/assa6i n t her apy. Met al | opr ot ei nases are aPsuserdoan019ys of
prot ei nases (enzynes) whose nunbers in recent years have increased
dramatically. Based on structural and functional considerations these
enzynes have been classified into fani\ | ies and subfam lies as described in
N. M Hooper (1994) FEBS Letters 354:1-6. Exanples of netall oproteinases

i nclude the matrix metall oproteinases (MWs) such as the col | agenases
(MW, MW8, MW 13), the gelatinases (MW2, MW9), the stronelysins (M3,
MWPI O, MVPI ), costrolyesn (MW7), netall oel astase (MW 12), enanelysin (MW
19), the MI-Mws (MW 14, MW15, MW16, MWP17); the reprolysin or

adamal ysin or MDC fam |y which includes the secretases agg sheddases such

as TNF cahwre@mﬁgwmﬁé@te@ IORVEIGYARRfom dertyatives, #rogesssHioR i | y whi ch
i ncl ude ﬁ%%gns @S SUC ueal% gbﬁﬁl&iﬁ cOAEREESThAY ol @LiRLEAR MekPGP) ;. and ot her

nmet al | opro as aggrecanase, the endothelin converting enzyne
famly and the angi otensin converting enzyne famly. Metall oproteinases are
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that invo ssue reno as e yoni‘c devel opnent, bone
f or mat i ogeanbhvetisreased dmmaﬁtallyi Basedon |stngctlnm}rmtdrfula1tuomi COﬂ'SMﬁSahOQS thaseed on t he

ability of the neta pr o esto cle abr n I X
subst r at &EY8E I‘?a‘é?sb%’ﬁ)olla%?bfté% i TEpligy pafts ﬁ S g%%ﬁgeeadtlg?\] 0 H0Bhd:
Met al | opyioe) EBBSEe@ér@?»i?d B6. Eedimlﬂvséﬁfmaalh@mtﬁﬁmﬁ anldé thetoleerixor ocessi ng, or
secretion, of biolog eII nour necrosi s
oot ob ( FhislopRirnavtd ey Tetutrare g e bon SR Bt MBI G or
sheddi ng ge@finREQMAPE ANIMPY), the stromelysins (MMP3, MMP10, MMP11), matrilysin

(MMP?7), metalloelastase (MMP12), enamelysin (MMP19), the MT-MMPs (MMP14,

MMP15, MMP16, MMP17); the reprolysin or adamalysin or MDC family which includes

the secretases and sheddases such as TNF converting enzymes (ADAM10 and TACE); the

15 astacin family which include enzymes such as procollagen processing proteinase (PCP);
and other metalloproteinases such as aggrecanase, the endothelin converting enzyme

family and the angiotensin converting enzyme family.

Metalloproteinases are believed to be important in a plethora of physiological disease

20  processes that involve tissue remodelling such as embryonic development, bone formation |
and uterine remodelling during menstruation. This is based on the ability of the
metalloproteinases to cleave a broad range of matrix substrates such as collagen,
proteoglycan and fibronectin. Metalloproteinases are also believed to be important in the
processing, or secretion, of biological important cell mediators, such as tumour necrosis

25 factor (TNF); and the post translational proteolysis processing, or sheddmg, of blologlcally
important membrane proteins, such as the low affinity IgE receptor CD23 (for a more
complete list see N. M. Hooper et al., (1997) Biochem. J. 321:265-279).

Metalloproteinases have been associated with many diseases or conditions. Inhibition of
30 . the act1v1ty of one or more e metalloproteinases may well be of benefit in these diseases or. .
conditions, for example: various inflammatory and allergic diseases such as, inflammation

of the joint (especially rheumatoid arthritis, osteoarthritis and gout), inflammation of the



| nportant menbrane proteins, such as the low affinity IgE receptor CD23
(for a nore conplete list see NNM Hooper et al, (1997) Bi ochem J.

321: 265- 2v@noockssak| opr ot ei nases have been associ at ed wpCh/SEa0vg/0divseases or
conditions. Inhibition of the activity of one or nore nejtall oproteinases
mayj wel | be_of benefi t_in _1 ese di seases_ox . conditions, for exanple:
various inflamatory and al |l ergi ¢ di seases such as, inflammtion of the
joint (especially rheunatoid arthritis? osteoarthritis and gout),

i nflammati on of thegastro-intestinal tract (especially inflammatory bowel

di sease, ulcerative colitis and gastrltls i.nfl anmati on of . the skin
(especi al |1§stsBfostRdl Factdesperially Ermmaton Lowel digeaseyisgrative peliisaad s or
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Al zhei rrer csnﬂalaﬁmmongﬂwraﬁml dfuﬂeaslqmptbstmperatwmxdﬁdhhonim[smh&e colenici n

car di ovascu S such rest enos and,.at her pscel erpsis; ast hnm;
R o ARPRO AR EIaBaL Y D e Ty T L of PEEBI P12, Al S0
known as mRepiepageotd §sieas esudh admikibleeleAsisRyazheas s di$eh$eab>|itbacéilhﬂd}ed in
t he nouse by Shapiro et al [1992, Journal of Biological Chemi stry 267 :

4664] ¥nd mqiiﬂmm%ylhpaeb%wé ipypadigvasprlarglissasegpishas restenpsis @dent i al | v

expr essed JiRrR6L1E8at:; ea‘é‘ﬂlﬂﬁcfh‘ﬁﬁhégﬁéchréﬁl@' oﬁﬁ%ct@s%%iﬁhﬁ&f%@"d&é&s&‘%@?ﬁ) eted from
al veol ar macrophages from snokérs [Shapiro et al 3, Journal

Bi ol ogi cal Chemistry, 268: 23824] as well as in foamcells in
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mouse by Shapiro ef al [1992, Journal of Biological Chemistry 267: 4664] and in man by

15 the same group in 1995. MMP12 is preferentially expressed in activated macrophages, and
has been shown to be secreted from alveolar macrophages from smokers [Shapiro et al,
1993, Journal of Biological Chemistry, 268: 23824] as well as in foam cells in
atherosclerotic lesions [Matsumoto ef al, 1998, Am. J. Pathol. 153: 109]. A mouse model
of COPD is based on challenge of mice with cigarette smoke for six months, two cigarettes

20 aday six days a week. Wild-type mice developed pulmonary emphysema after this
treatment. When MMP12 knock-out mice were tested in this model they developed no
significant emphysema, strongly indicating that MIMP12 is a key enzyme in the COPD
pathogenesis. The role of MMPs such as MMP12 in COPD (emphysema and bronchitis) is
discussed in Anderson and Shinagawa, 1999, Current Opinion in Anti-inflammatory and

25 Immunomodulatory Investigational Drugs 1(1): 29-38. It was recently discovered that
smoking increases macrophage infiltration and macrophage-derived MMP-12 expression
in human carotid artery plaques Kangavari [Matetzky S, Fishbein MC et al., Circulation
102:(18), 36-39 Suppl. S, Oct 31, 2000].

_ 30__ MMP9 (Gelatinase B; 92kDa TypelV Collagenase; 92kDa Gelatinase) is a secreted protein

which was first purified, then cloned and sequenced, in 1989 [S.M. Wilhelm et al (1989)
J. Biol. Chem. 264 (29): 17213-17221; published erratum in J. Biol. Chem. (1990) 265



of COPD is based on challenge of mce with cigarette snoke for six nonths,
two cigarettes a day six days a week. WIld-type mce devel oped pul nonary
enphysenmawefverostshiss treatment. Wien MWP12 knock-out m eeTsec@spested in
this nodel they devel oped no significant enphysema, strongly indicating
that MWP12 is a key enzyme in the COPD pat hogenesis. The role of MWs such
as MW12 in COPD (enphysema and bronchjtis) is discussed in Anderson and
Shi nagawa, 1999, Current Opinion in Anti-inflammatory and | munonodul atory
I nvestigational Drugs 1(1) : 29-38. It was recently di scovered that snoking
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17213- 1722\2baddﬁﬁbee§§1€I@BNG-@I-l5m30907} TR Rhlow%%]nté&? AR ﬁl@gre 70]. A

recent review Q rovi des an excel |l ent source ormation
and refer &ided ‘th%u\’égbl(b%bse T.H Vu & Z Werb (1998) (In : Matrix

Met al | opr ot ei nases, 1998, edited by WC. Parks & R P. Mecham pp. 115 -

148, Academ c Press. | SBN 0-12-545090-7). The follow ng points are drawn
from t hat Thegznrsessiop of MYPX/ig r&uz:ted/mrmmm@%t):w cThéypesx pmamgmmbblwg is

restricte I I uding.tro

ost eocl astg %Q&?\%%tllrl%mhﬁlg a%ﬁﬁa@g#%%ggé eve we‘??‘gfegm%‘éﬁgy ‘ﬁ?g‘?@n can be
i nduced i theshese cs]émzmdoabthsr rmﬂdylbds bgtsaeral aeldatdry presudng cs;@bfﬁﬁr@bf thedi at or s,
incluq}ng factors or t okji nes.. These are
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As with Oirime}ttmgeﬁ[lﬂaﬁﬂlaﬂ&d\/?mspbﬂ‘é?gﬂs $v1ﬂ1&it1%@§&?etét§MMPs, MMP?9 is released as

an inactive Pro-enzyme which is subsequently cleaved to form the enzymatically active

enzyme. The proteases required for this activation in vivo are not known. The balance of

active MMP9 versus inactive enzyme is further regulated in vivo by interaction with
15 TIMP-1 (Tissue Inhibitor of Metalloproteinases -1), a naturally-occurring protein. TIMP-1

binds to the C-terminal region of MMP9, leading to inhibition of the catalytic domain of

MMP9. The balance of induced expression of ProMMP9, cleavage of Pro- to active MMP9

and the presence of TIMP-1 combine to determine the amount of catalytically active

MMP9 which is present at a local site. Proteolytically active MMP9 attacks substrates b1
20 which include gelatin, elastin, and native Type IV and Type V collagens; it has no activity

against native Type I collagen, proteoglycans or laminins.

There has been a growing body of data implicating roles for MMP9 in various

physiological and pathological processes. Physiological roles include the invasion of
25 embryonic trophoblasts through the uterine epithelium in the early stages of embryonic

implantation; some role in the growth and development of bones; and migration of

inflammatory cells from the vasculature into tissues.

MMP9 release, measured using enzyme immunoassay, was significantly enhanced in fluids
% andin AM supernantants from untreated asthmatics compared with those from other
populations [Am. J. Resp. Cell & Mol. Biol., Nov 1997, 17 (5):583-591]. Also, increased

MMP9 expression has been observed in certain other pathological conditions, thereby



an inactive Pro-enzyme which is subsequently cleaved to formthe
enzymatically active enzyne. The proteases required for this activation in
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further regulated in vivo by interaction with TIMP-1 (Tissue Inhibitor of
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MWP9. The bal ance of induced expressioh of ProMw9, cleavage of Pro- to
active MWP9 and the presence of TIMP-1 conbine to deternine t he amount of
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fluids an H3ptPaN Y <e{Mr’r?’Cd 19385@1%@:@11 Regiewp (OB W5-2770bv 1997, 17
(5):583-59U Al so, increased MVP9 expression has been observed in certain

ot her pathologlcal condi tions, therebyinplicating NWPQ in di sease processes
such as CMDIZ/Q74 167 idisclosesthydestioin detivativessifdormallz hei mer ' s di sease, multipl e
sclerogis, and plaque rupture in atherosclerosis |eading to acute coronary
condi tions such as nyocardial infarction. A nunber of netall oproteinase
inhibitors are known (see, for exanplte, RMe revigws of
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that are useful as MMP inhibitors, particularly as potent MMP12 inhibitors.

We now disclose a further group of hydanioin derivatives that are inhibitors of

15 metalloproteinases and are of particular interest in inhibiting MMPs such as MMP12 and
MMP9. The compounds of the present invention have beneficial potency, selectivity
and/or pharmacokinetic properties. The compounds of the present invention are within the

generic scope of WO 02/074767 but are of a type not specifically exemplified therein.

20 In accordance with the present invention, there are provided compounds of formula (I)




MVP inhi bitors by Beckett R P. and Wittaker M, 1998, Exp. Opin. Ther.
Patents, 80):259-282; and by Wiittaker M et al, 1999, Chem cal Reviews
99(9) : 2738020052190 02/ 074767 di scl oses hydant oi n der i yarisEe®so619ior mul a
that are useful as MW inhibitors, particularly as potent MW12 inhibitors.
W now di sclose a further group of hydantoin derivatives that are

i nhi bitors of netall oproteinases and gre of particular interest in

i nhibiting MWs such as MW12 and MW9. . The conpounds of the present

i nventi on have beneficial potency, selectivity and/or pharmcokinetic
properties. The conpounds of the present invention are within the generic
scope of WO 02/074767 but are of a type not specifically exenplified

t herei n. khergi@cor dance with the present invention, there are provided
conpounds of fornmula (l)wherein R represents H, halogen, CF3 or CH2CN, 2 R
represents C to 3 aIkyI and A3A and B each independently represent CH or
N, and p rnaceutl alts thereof. The conpounds of formula
(1) may e ‘wmnsﬁa%?¥ f(nﬁgi It is to be understood that al
enantipners, dlastereoners, racenates and m xtures thereof are included

wi thin the scope of the invention. Conpounds of formula (1) may al so exi st
in vari oug &@uﬁ@ﬂ@@lﬁ;i@myﬁmmﬁjl possi bl e tdutoneric fornms and m xtures
thereof are included within the scope of the invention. In one enbodi nent,
R represents chloro. In one enbodinent, R represents CF3.

A, A1 and B each independently represent CH or N;

10 and pharmaceutically acceptable salts thereof.

The compounds of formula (1) may exist in enantiomeric forms. It is to be understood that
all enantiomers, diastereomers, racemates and mixtures thereof are included within the
scope of the invention.

T 15
Compounds of formula (I) may also exist in various tautomeric forms. All possible

tautomeric forms and mixtures thereof are included within the scope of the invention.

. 1
In one embodiment, R~ represents chloro.
20

. 1
In one embodiment, R~ represents CF3.

. 2
In one embodiment, R2 represents methyl or ethyl. In one embodiment, R™ represents

methyl.

25

In one embodiment, A and A1 each represent N. In another embodiment, A represents N

and A1 represents CH. In another embodiment, A and A1 each represent CH.

In one embodiment, B represents N. In another embodiment, B represents CH.



2 2 In one enbodi nent, R represents nethyl or ethyl. Ih one enbodi nent, R
represents nethyl. In one enbodinent, A and A each represent N. |In another
enbodi mrenwp 200aq0epriesent s N and A represents CH. | n anot rer/Seadvsdorment , A
and A each represent CH. In one enbodinent, B represents N. In another
enbodi nent, B represents CH. 1 2 1 In one enbodinent, R represents CF3; R
represents nethyl or ethyl; A and A e%ch represent N and B represents CH.
121 1n one enbodinment, R represents®CF R represents nethyl or ethyl; A
and A each represent N, and B represents N. 12 In one enbodi nent, R
represents chloro; R represents nethyl or ethyl; A represents N and A
represents CH, and B represents NN 1 2 1 In one enbodinent, R represents

1 01 0! Rl SRERER IR Iesplis BN S mnfind By pACH T SbLgpent O

Unl ess Ot ervvl Se |n erre 0 herein

denot es anﬁkg@hgh@n@graﬁ@@ﬁgegicharn al kyl group havrng from1l to 3 carbon
atons.. Exanples of such groups include nethyl, ethyl, n- propyl and

|-propyl Unl ess ot herwi se i ndi cat ed, the term "hal ogen" referred to herein

denot es .f| uoro, | oro, 1brono a
5 Jﬁn one embo iment, R1 represents %g‘g, R represents methyl or ethyl; A and A each

represent N; and B represents N.

In one embodiment, R1 represents chloro; R2 represents methyl or ethyl; A represents N

and A1 represents CH; and B represents N.

10
In one embodiment, R1 represents chloro; R2 represents methyl or ethyl; and A, A1 and B -

each represent CH.

Unless otherwise indicated, the term "C1 to 3 alkyl" referred to herein denotes a straight or %
15 branched chain alkyl group having from 1 to 3 carbon atoms. Examples of such groups

include methyl, ethyl, n-propyl and i-propyl.

Unless otherwise indicated, the term "halogen" referred to herein denotes fluoro, chioro,
bromo and iodo.

20
Examples of compounds of the invention include:
(55)-5-methyl-5-({]6-[2-(trifluoromethyl)pyrimidin-5-y1]-3,4-dihydroisoquinolin-2(14)-
yl]sulfonyl }methyl)imidazolidine-2,4-dione;
(58)-5-({[6-(4-chlorophenyl)-3,4-dihydroisoquinolin-2(1H)-yl]sul fonyl } methyl)-5-

25 methylimidazolidine-2,4-dione;

- {4-[2-({[(45)-4-methyl-2,5-dioxoimidazolidin-4-yljmethyl} sulfonyl)-1,2,3,4~
tetrahydroisoquinelin-G—yl]phenyl}acetonitrile;
(55)-5-methyl-5-{[(6-pyridin-3-yl-3,4-dihydroisoquinolin-2(14)-

~yl)sulforyl [methyl Fimidazolidine-2,4-dione;



Exanpl es of conpounds of the invention include:

(55)-5-me% -5-({[6-[2-(1xifluorome%)pyrimdin-5-yl]-3,4-di hydroi soquinolin
-2(1 H)- wb]2eeaddesnigl } net hyl )i m dazol i di ne- 2, 4-di one; PCT/SE2005/001918
(5<S)-5-({[6-(4-chl orophenyl) -3, 4-di hydroi soqui nol m 2(I H) -yl ] sul fonyl } net hy
| )-5- methylimdazolidine-2, 4-di one;

{4-12-({[ (45" )-4-nmet hyl -2, 5-di oxoi m da,;ol idin-4-yl]lmethyl }sul fonyl)-I,2, 3,4
- tetrahydroi soqui nolin-6-yl]phenyl} acetonitrile; " (55)-5-nethyl-5-
{[(6-pyridin-3-yl-3 ,4-di hydroisoquinolin-2( IH- yl)sul d

yT] met hy] ¢5emiqd i - ATOREVERD Pad O (A= r n -

4- dnydr o- g %’1 ng{?ﬁyhg{rl%? %ngr();%{@ﬁ%? 2 t|7ls? 6n yﬁ‘?ﬁ%?ﬁyf’? ylg{)uﬂgnﬁi%etﬁyl)-s -

met hyl i m depvilinddazelidingd2didore; and phar maceutical ly acceptable salts

t her eof . J C ound.represents a particul ar and i ndependent
aspect of 't ghﬁg%ﬁﬂlagk%gﬁgg%cf‘ SotBFfﬁgfr' of formula (1) may exist in
enantionmeric forns. Therefore, all enantionmers, diastereoners, racenates
and m étuﬁaﬁ&égﬁf ggf are | ngl uded within the_scope of the invention. The
vari ous optre@rPetrbeunnound fraresens apasticylsy aadmslepgndens asreckofithiceni ¢ ni xt ur e
of the coigvemtihs usi ng conventional techni ques, for exanple, fractional
crystallisation, or HPLC. Alternatively the optical isomers nmay be obtained
by asymmetric synthesis, or by synthesis fromoptically active starting

mat er i al s ThiweERuidlofr i 'm axi st 0. f t.he invention,
we di scl ose al Iﬁ)i ndi vi dug?é(gp_tl Cgﬁ@%g%ﬁf\%%@&ﬁ%%;}g%@%%%g%a PORE of these
as i ndi vi diagieredpgsiraepashpsinimsshasol atsandhnied mithinrihe seperfitie ingentitiei r

correspon Q*h@%ﬂbﬁsc@ﬂﬁ@&l?s%mers may be isolated by separation of a racemic mixture of the

compounds using conventional techniques, for example, fractional crystallisation, or HPLC.

Alternatively the optical isomers may be obtained by asymmetric synthesis, or by synthesis

from optically active starting materials.

15 Where optically isomers exist in the compounds of the invention, we disclose all individual
optically active forms and combinations of these as individual specific embodiments of the

invention, as well as their corresponding racemates.

Preferably the compounds of formula (I) have (55)-stereochemistry as shown below:

R! Al
Y I
A
X = 0
R2
Ba. N\S/'"u,, NH
W
H
0

20
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Where tautomers exist in the compounds of the invention, we disclose all individual

tautomeric forms and combinations of these as individual specific embodiments of the

25 invention.



Preferably the conmpounds of fornmula (1) have (5S)-stereochem stry as shown
bel ow. Where tautoners exist in the conpounds of the invention, we disclose
al | i ndi wouade/atssaisoneri c fornms and conbi nati ons of thegseTasg200800migiual
speci fic enbodi mrents of the invention. The present invention includes
conpounds of formula (1) in the formof salts. Suitable salts include those
formed with organic or inorganic acids_,or organic or inorganic bases. Such
salts will normally be pharnaceuticall% acceptabl e salts although

non- pharmaceutically acceptable salts may be of utility in the preparation

and purifi I ticular co unds. Such.salts include acid addition
salts suc rﬁgyﬁ%hé?%'gﬁ?%nrlfl 3‘,&8??9’8]1"%@’%8??? %’é‘,m%éi?gﬂ% g forpyfsalts. Sukkable 535 eat e
sal ts and isdudeghdse foreed wiithhorgis@ g ki @adidt 0@ brgabic PR ok ganRGasks. $unanot her
aspect sui sal s such as an alkali metal salt, for

t.abl . t b t
exanpl e, SS%lggl W&%Fnﬂg'tb%@?%ﬁ?ﬂ%g sg‘lélf fogrripRle galis pkhapgh apn-gharmaceugeallyx anpl e,

cal ci um omcspRbRShltMayObe Fhtilifyda MCpraphraRn 984 burif QF r?&fgﬁm triethyl am ne.
Sal ts of congou ds, of formul af}? DI %lorn%%nbyl?ea ti ﬁglatrhe free base

: 1) may be
or anot’helf°% ?‘{nqﬁ-ﬁé‘P]éﬁltsﬂcﬂWe@ﬁ’é aglitipg padts suhi ag Ay meldondde, bydralppmider i at e aci d
or base. Thete afd Al WS ﬁé I 0SSess
phar macol ogi f:afﬂg}gci \r/é%1 ?)I/Iﬁ ifeﬁ{egali mal ssglzltis?]fgﬁgeﬁe t Hsbs%}%?%%ﬁﬁg)r%@ﬁﬁusr&aﬁ]l " as
phar naceutl #ther agpgetsyitatiesalts are baseesalipseb anasalldli mbtel sahyfonttaaplar e -

i soases. oot oL o aeD oh Bl T M NP e BB
rhinitis, agpigeric emgtgssakt,fot ¢xampjeyiriethydamyingli seases (COPD), arthritis (such as

rheumatoid arthritis and osteoarthritis), atherosclerosis and restenosis,
cancer, invasion and netastasis, diseases involving tissue destruction,

| ooseni ngSdfs dicgmpamnds offepiudo@mrat i, folReid ibo eavfia thélfh&aasEor shbh&Qll ¢ di sease,

infarcti op, anfl I%ﬁaart di sease,. liver and renal fibrosis, endonetriosis,
ercol with one or more equivalents of an appropriate acid or base.

The compounds of formula (I) are useful because they possess pharmacological acivity in

15 animals and are thus potentially useful as pharmaceuticals. In particular, the compounds of
the invention are metalloproteinase inhibitors and may thus be used in the treatment of
diseases or conditions mediated by MMP12 and/or MMP9 such as asthma, rhinitis, chronic
obstructive pulmonary diseases (COPD), arthritis (such as rheumatoid arthritis and
osteoarthritis), atherosclerosis and restenosis, cancer, invasion and metastasis, diseases " HE

20 involving tissue destruction, loosening of hip joint replacements, periodontal disease,
fibrotic disease, infarction and heart disease, liver and renal fibrosis, endometriosis, v
diseases related to the weakening of the extracellular matrix, heart failure, aortic
aneurysms, CNS related diseases such as Alzheimer's disease and multiple sclerosis (MS),
and haematological disorders.

25
In general, the compounds of the present invention are potent inhibitors of MMP9 and
MMP12. The compounds of the present invention also show good selectivity with respect
to a relative lack of inhibition of various other MMPs such as MMP14.

30 Accordingly, the present invention provides a compound of formula (I), ora

pharmaceutically acceptable salt thereof, as hereinbefore defined for use in therapy.



di seases related to the weakening of the extracellular matrix, heart
failure, aortic aneurysns, CNS rel ated di seases such as Al zhei ner's di sease
and mul t iwbeosalesriesi s (MS), and haenat ol ogi cal di sor dePsT/SER0gOmOIRI , t he
conpounds of the present invention are potent inhibitors of MW9 and MW12.
The conpounds of ne present invention also show good selectivity with
respect to a relative lack of inhibition of various other MWs such as
MWP14. Accordingly, the present i nvent? on provi des a compound fornula (I
orjt pharmaceutically acceptable salt thereof, as herei nbefore defined for
use in thera I n anot her aspect, the invention provides_ the use of a
conpound ceJP aﬁ%“%ﬂ%{’c‘(’ fhe nysntign B‘l‘?éﬂdﬁ?aglé Y86 L qoprgende] fommiuda @}ap’f at hereof, as

her ei nbef ghemeiRbitRel dddeithfle SRNHEBOL M IRrGibeRori B WPAL nlRifattaR Jrd t herapy.
I n anot her aspect, the invention provides the use of a conpound of fornmula

(1)3 or a Wdigamseidor psedn thgra@cept abl e salt thereof, as hereinbefore defined
in the manufacture of a nedicanent for use in the treatnment of di seases or
conditions in which inhibition of MW12 and/or MW9 is beneficial. In

anot hers adpewdthertappeci, theanvention providesiths usehe awompoiindzofdompibaudd ood f or nul a

(1), or a ' I e .sal. hereof .. . her el nhef ore defi ned
in the mr{ﬁ%ﬂ%@@%ﬁ@ﬁh&?&%&?@%ﬁﬁ% &1‘ %Srhegeééabe}foﬁe fl %ﬁe)nefl %n:%F nmélﬂ‘? aé(}?ml O(r%fi | ammat ory
di sease. Inedanokhchr aepe tie, trebineent ofudisehses or gonditiodes wiieh inbditioh ofi conmpound of

formula (1,) a ceutical]ly acceptabl.e salt thereof, as hereinbefore
defi ned |MW3£%%SFQQMI%H H?:Plf’%ﬁl di canent for use in the treatnment of an
obstructive airways di sease such as asthnma or COPD. In another aspect, the

i nvention provjdes the use of a conmpound of formula (I), or a
10 IE another aspect, thel{nvention providgg) the use of a compound of or%nula {I), ora

pharmaceutically acceptable salt thereof, as hereinbefore defined in the manufacture of a

medicament for use in the treatment of inflammatory disease.

In another aspect, the invention provides the use of a compound of formula (I), or a
15 pharmaceutically acceptable salt thereof, as hereinbefore defined in the manufacture of a

medicament for use in the treatment of an obstructive airways disease such as asthma or
COPD.

In another aspect, the invention provides the use of a compound of formula (I), or a e
20  pharmaceutically acceptable salt thereof, as hereinbefore defined in the manufacture of a
medicament for use in the treatment of rheumatoid arthritis, osteoarthritis, atherosclerosis,

cancer or multiple sclerosis.

In the context of the present specification, the term "therapy™ also includes "prophylaxis"
25 unless there are specific indications to the contrary. The terms "therapeutic" and

"therapeutically" should be construed accordingly.

Prophylaxis is expected to be particularly relevant to the treatment of persons who have
suffered a previous episode of, or are otherwise considered to be at increased risk of, the
_30__disease or condition in question. Persons at risk of developing a particular discase or

condition generally include those having a family history of the disease or condition, or



pharmaceutically acceptable salt thereof, as hereinbefore defined in the
manuf acture of a medi canent for use in the treatnent of rheumatoid
arthritiswoastawazichriti s, atherosclerosis, cancer or nmeCTiISER@5®eioes 0Si S.
In the context of the present specification, the term"therapy" al so

i ncl udes "prophyl axi s" unless there are specific indications to the
contrary. The terns "therapeutic" and "therapeutically" should be construed
accordingly. Prophylaxis is expected t¥ be particularly relevant to the
treatment of persons who have suffered a previous episode of, or are

ot herwi se .consi.dered to.be .at..increased.risk of, th di.sease_or

condi t i qn_tﬁ%semhﬁgigﬁ eﬁnﬁfgepgg?psb_yﬁejnf;ﬁ‘%tfa? OHé‘if‘éqnﬁPﬁtﬂgeB%ﬁlP‘ﬁﬁr ar di sease or
condi ti on sgsuptitdt toydevelopitig thetdivase dnadmidigna family history of the disease or
condition, orthose who have been identified by genetic testing or screening
to be particularly susceptible to devel opi ng the disease or condition. The

i nvent i on ThdfhRaoPfulHidRSyidesBBAGRSA FHirehthBA] difsPordos@GAGLmAUngPNdi tion in
whi ch inhibition of MW12 and/or MMWP9 is beneficial which conprises

adni ni st erphipitipn, oEMYER12 apd/on MR} i5 beraficieh which spprises edministauimg tod  a conpound
of formul gafidnk o WerddeRRANTREEHY! of as
hereinbefg?e dgff% g. The |nvgﬁgﬁ%ﬁﬁg?gg&gggebgggﬁéh%%pﬁ% of treating an
obst r uct i \Phamacqwigallyiosentahde safltdhereofanpereinbefoteifvlinal. COPD, whi'ch conpri ses
adm nistering to a patient a therapeutically effective anount of a conpound
of formula (I) or a pharmaceutically acceptable salt thereof as
her ei nbef dihe imehiionerdso Fovidéstanethod/ ef-treatitig anshdiriidtior apeaytsidiscaeefrt he dosage
adm nistered will of e,.vary with the conpound.enployed,  the node of
adni ni Bt r StrBhe ek R Rbidhdoteltrs AT G P £ BepEitalY ed. The
dai | y -dosaffectvk atbentedapompshndiof e @) drla)phs@aceftReilyl MBeptable salt ‘
thereof as hereinbefore defined.

For the above-mentioned therapeutic uses the dosage administered will, of course, vary
15 with the compound employed, the mode on administration, the treatment desired and the
disorder to be treated. The daily dosage of the compound of formula (I)/salt (active
ingredient) may be in the range from 0.001 mg/kg to 75 mg/kg, in particular from 0.5
mg/kg to 30 mg/kg. This daily dose may be given in divided doses as necessary.
Typically unit dosage forms will contain about 1 mg to 500 mg of a compound of this A

20 invention.

The compounds of formula (I) and pharmaceutically acceptable salts thereof may be used
on their own but will generally be administered in the form of a pharmaceutical
composition in which the formula (I) compound/salt (active ingredient) is in association

25 with a pharmaceutically acceptable adjuvant, diluent or carrier. Depending on the mode of
administration, the pharmaceutical composition will preferably comprise from 0.05 to 99
%w (per cent by weight), more preferably from 0.10 to 70 %w, of active ingredient, and,
from 1 to 99.95 %w, more preferably from 30 to 99.90 %w, of a pharmaceutically
acceptable adjuvant, diluent or carrier, all percentages by weight being based on total

% composition. Conventional procedures for the selection and preparation of suitable

pharmaceutical formulations are described in, for example, "Pharmaceuticals - The Science

of Dosage Form Designs", M. E. Aulton, Churchill Livingstone, 1988.



ingredient) may be in the range fromO0.001 ng/kg to 75 ng/kg, in particular
from0.5 ng/kg to 30 ng/kg. This daily dose nay be given in divided doses
as necesswoeooclppiieal |y unit dosage fornms will contain zbosE20890908 500 ny
of a compound of this invention. The conpounds of fornula (1) and
pharmaceutically acceptable salts thereof may be used on their own but wll
generally be adm nistered in the form of a pharmaceutical conposition in
which the fornmula (1) conpound/salt (a](,lti ve ingredient) is in association
wi th a pharnmaceutically acceptabl e adjuvant, diluent or carrier. Depending
on the node of adm nistration, the pharmaceutical conposition wll
preferably conprise fromO0.05 to 99 % (per cent by weight), nore

pr ef er abl Yhfif, o8 Restf ihentifn 36 pidlidBes prembfiOH b&hbositRALombfiGad L0 99, 95
%v, nore preferably from30 to 99.90 %, of a pharmaceutically” acceptable
adj uvant , ceperadtof frrmyle (f)ias o phenmaceidicelbracaepsablosaltikdretiias batinbefbesed on
total co i Lyl ; i ]ﬂﬁhj? > I rflie ~eleti prej
aration ng Qg%e{dtng S(e)&%ﬁ\gsﬁ%ﬂc?g ti c%a ef %ﬁ#ﬁ?@a{a@lﬁg hjgr@aent, é@%ét%gg%ﬂlgrﬁ for
exanpl €, "Pharnmaceuticals - The Sci ence of Dosage Form Designs", M E.

Aul t on, I Lﬂ%ﬁl ol the.present invention also

provi descgﬂéﬁgr%]!ﬁt%ogeu |62§?0tvgd§r§}%8iq%?$g%ﬂgig) rep?r'énil ng(ﬁépg%ﬁ?&gﬂﬁl&alof formula (1)
or a phar rempasitionalfithe incnam ahick campiiset hexiegh caspduad of fopafian® odef i ned in
associ ation wth .a phar ut j cal l ce | e adjuvant, diluent_ or
carrier. ?ﬁ%nﬁaﬁq}‘gﬁaflfg'c?ﬁceg?ﬂ%f%é#%&f%%iagﬁ?elgﬁ%gr(%lﬁg%édf%‘ 4 PREPIcEpEl i on of a
phar maceuhépiable adjuogitdigent@k cirfer. i nventi on which conprises mxing a
conmpound of forrmula (I) or a pharmaceutically acceptable salt thereof as
herei nflef ore defined with a pharmaceutically acceptabl e adjuvant, diluent
Or carri efThe plmPEbatiRReQHbdsARKs 6OMRAN i SiaPhe hdhhifislcRient sQRIARY be

adm nistered in a standard . o ]
manner for the disease or condition that it is desired to treat, for example by oral, topical, o

parenteral, buccal, nasal, vaginal or rectal administration or by inhalation. For these

purposes the compounds of this invention may be formulated by means known in the art ¥
15 into the form of, for example, tablets, capsules, aqueous or oily solutions, suspensions,

emulsions, creams, ointments, gels, nasal sprays, suppositories, finely divided powders or

aerosols for inhalation, and for parenteral use (including intravenous, intramuscular or

infusion) sterile aqueous or oily solutions or suspensions or sterile emulsions. :

20 In addition to the compounds of the present invention the pharmaceutical composition of
this invention may also contain, or be co-administered (simultaneously or sequentially)
with, one or more pharmacological agents of value in treating one or more diseases or

conditions referred to hereinabove such as “Symbicort” (trade mark) product.

25 The present invention further provides a process for the preparation of a compound of
formula (I) or a pharmaceutically acceptable salt thereof as defined above which,
comprises:

a) reaction of a compound of formula (II)



manner for the disease or condition mat it is desired to treat, for exanple
by oral, topical, parenteral, buccal, nasal, vaginal or rectal

adm ni st raDI2006/086216y | nhal ati on. For these purposes thePcosgowsdeides t his
invention may be fornmulated by nmeans known in the art into the formof, for
exanpl e, tablets, capsules, aqueous or oily solut}] , AR

enurgions, Creans, o?ntnents,qgels, nasAal gprays,?Qﬁ2§§§§§@ffgsﬁqﬁ%3§|y

di vi ded powders or aerosols for inhalation, and for parenteral use

(i ncluding intravenous, intranuscular or infusion) sterile aqueous or oily
solutions or suspensions or sterile emulsigns. In addition to the conpounds
of the present invention the pharnmaceug? conposition of this invention
may al so'contain, or be co-adm nistere | taneously or sequentially)
with, one or nore pharmacol ogi cal e of MHlue in treating one or nore
di seases or conditions referred toy b%ve such as "Synbicort" (trade
mar k) product. The present inventhnOfurWMerdgrovides a process for the
preparation of a conpound of forrmula (I) or pharmaceutical ly acceptabl e
salt thereof as defined above which, cgyprises: a) reaction of a conpound
of formula (I1)(1l) 2 1 wherein Ris as defined in fornula (1) and L
represents a | eaving group, with a conpound of forrmula (I1l1) (or a salt

t her eof) re as defined in for

reaction o ﬂe}ée}%ighn%[)aghgﬁ%fi’i‘? ﬁ‘maZB?a{ﬁL?\rﬁpresents 7 1CAvIng Eroup, Wltﬁné” e ®

compound of formula (IIT) (or a salt thereof)

Bao NH

Q)

wherein Rl, A, A1 and B are as defined in formula (I); or

b) reaction of a compound of formula (V)

0]
o Ry
\\//
N\<
LG X H
O
V)

10

.2 .
wherein R and B are as defined in formula (I) and LG is a leaving group; with a boronic

- acid derivative-of formula (X1~



wherein R and B are as defined in fornula (1) and LGis a |leaving group;
with a boronic - acid derivati-ve-of-formula (XiI)--(XIl) wherein R, A and
A are as wefwewadsiia fornmula (1); or c) reaction of a corposEesPOPOS Mul a
(IX) 1 2 1 wherein R, R, A Aand B are as defined in formula (1); wth
ammoni um car bonat e and pot assi um cyani de; and optionally thereafter form ng
a pharmaceutically acceptable salt thereof. In the above process (a),

sui tabl e | eaving groups L include hal ol3 particularly chloro or
trifluoronethyl sul fonate. The reaction is preferably perforned in a

sui tabl e solvent optionally in the presence of an added base for a suitable

period of time, typically 0.5 tBg Hi~at anbient to reflux tenperature.
Typi cal ly solvents such as N, N-di hyl flor mam de, pyri di ne,
tetrahydrofuran, acetonitrile, N gt rrolidine or dichloronethane are
used. When used, the added base may an Bioggni ¢ base such as
triethylam ne, N, N-diisopropyl ethylam ne, N nethyknorpholine or pyridine,
or an inorganic base such as an alkali netal carbonate. The reaction is
typically conducted at anbient tenper@ture for 0.5 to 16 h, or until

conpl etion of the reaction has been achi eved, as determ ned by
chronatographicﬁgr specfroscopic nmet hods. Reactions of sul fonyl halides
with vari ggspid par n PSR well known in the literature,
and the variatioﬁéyg?lfhégggﬁgﬁ%?ons mﬁﬁﬁggg evident for those skilled in
the art. &) 2re3utidnofylcolipouridagsorafuld @Kyul a (11) wherein L represents chloro
and R represents Me are disclosed in WO 02/ 074767 and references cited

t herei . Correspondi ng conpounds

=)

. 1 .2 1 :
wherein R", R™, A, A" and B are as defined in formula (I); with ammonium carbonate and
potassium cyanide;

10 and optionally thereafter forming a pharmaceutically acceptable salt thereof.

In the above process (a), suitable leaving groups L1 include halo, particularly chloro or

trifluoromethylsulfonate. The reaction is preferably performéd in a suitable solvent

optionally in the presence of an added base for a suitable period- of time, typically 0.5 to 16
15 h, at ambient to reflux temperature. Typically solvents such as N,N-dimethylformamide,

pyridine, tetrahydrofuran, acetonitrile, N-methylpyrrolidine or dichloromethane are used.

When used, the added base may be an organic base such as triethylamine,

N,N-diisopropylethylamine, N-methylmorpholine or pyridine, or an inorganic base such as

an alkali metal carbonate. The reaction is typically conducted at ambient temperature for
20 0.5 to 16 h, or until completion of the reaction has been achieved, as determined by

chron]étdéféﬁﬁé or spectroscopic methods. Reactions of sulfony! halides with various



2 wherein Rrepresents O to 3 alkyl may be prepared using anal ogous

nmet hods. Suitabl e processes for the preparation of conpounds of formula (1)
are descrwbedodg/mmsaer et rosynthetic way in Schene 1. SchemreTHSELMp/0011ECchene
1, protecting groups (PG can be either carbamates (e.g. am des (e.qg.
trifluoroacetyl) or alkyl (e.g. tert-butyl or ben yl). Leaving groups (LG
canbe either chloride, bromde, iodide or trifluoronethylsulfonate. In the
pal | adi um cat al ysed Suzuki couplings, 14i ther boronic acids or

pi nacol boronates nmay be used. Internediate (1Va-c) can be prepared by
standard Suzuki coupling (Chem Rev. 1995, 95, 2457) between an

el ect r ophprima\and secopdary gminep arearellkaqys it the ¥iarytureggndithevasiafens okdie ar ound,
bet ween a : i agent (Vllla-c). The latter can
be obt ai ngo %&W/F%gﬁ%ﬂ%{?gi%gg@gﬁgg%PI[\r/Fyaura conditions (J . Og. Chem
1995, 60, 7508-7510). Deprotection of (I1Va-c) either by hydrogen chloride
in methanal (PG = /[ert-butoxycarbonyl} or refluxing_ la chloroethyl

L1 o o o Rl e PR ARG sTEroe HgTo i B rarEsonts SRe 105. 106)

i i I 1.].a< d hi i d | t.. he f b b bt ai d
e s el iRl E o 923y et ve Bi8e e iaifortin COR M BRI BOGRE, Csorvent
such as emﬂeirgﬁl lteﬂ'lte Trf?§ ci g yﬁ%ﬂ'ﬂé@%%&ép@&d%ﬁlk%ﬁ%g&b B'Jr%ﬁlrodés a salt or

base in a suit e solvent (e. ni'trile, “tetrahydrofuran,
-met hyl pyrrolidine or N, N-dinethyl fopnam de) with the sul fonyl chloride

(I'l') in the presence of a tertiary amne (e. triethyl ampe, pyridine or
N, N- di i sopPENG BesRpsearfonihs pqea%ra@@ftc@nmm%&g@nﬁvlazﬁeééiae&%%%m%s of
formil a (ldrosfindictefyNAbinegeoute to conpounds of formula (1) from

(1l i

i nternedi at e a-c) via
10
Scheme 1
RYA| R, Al
g R
“d A Z (RO),! 7
By N e} | ]
\/,s\\o :> Baw N;S‘\/ Ba Mo
(IXa-c) g ° (Vilfa-c)

I l ]

1

RA AL
\r/ | R'\r/A R‘YA .
Ay 7 o Ax I & Ay | a
]
B N, g — " — s S,
o"\\oR ﬁ' é

(la<c) . (IVa-c)

R l

In Scheme 1, protecting groups (PG) can be either carbamates (e.g. fert-butoxycarbamate),

amides (e.g. trifluoroacetyl) or alkyl (e.g. ferz-butyl or benzyl). Leaving groups (LG) can



met hanesul f onam de (Xa-c) and ketone (IXa-c) has been previously described
(WO 02/074767). Briefly, treatment of (Illa-c) with methansul fonyl chloride
and a terwoanys/mnimne (e.g. triethylamne, pyridine or PCT/SE2005/001918

JV, N-di i sopropyl enylanine) in a suitable solvent (e.g. dichloromethane or
tetrahydrofuran) produces the nethansul fonam de (Xa-c) which in turn can be
transforned into the ketone (I Xa-c) usigﬁg standard procedures. Heating
ketone (1 Xa-c) with amoni um car bonat e"and pot assi um cyani de i n 50% aqueous

ethanol in a sealed vial at 80-90 0OC for 1hto 5 hourshgi ves a racem'ﬁ oh
i . | by .chi ral t ogr a .9. O Wi
100% et harsigrer AR R S50 o Rmalale Ao By Ytk Sindsdleeticd as
descri bed Salgwieoupdings, ‘eﬁh@lhfbfa)ﬁic(a\z’idaoﬁbiﬁaﬁollﬁ)rd}m%g arapltbe mge{a_.ehﬁ@in,te?iﬁfégﬁ 1; : gg e
i S0l d b t i 1) se and extraction w
lsxcj)lis\e/e(rzlf1 ne?éﬂ@%ﬁ@ﬁﬁ%@%ﬁé&%@% i .Coéé{@t(pﬁ@’-(@f"al%ﬁs & 24D between sal t or
base in a anuiecabibiic §vlN-eyind(Ebogon @lﬁgﬁ]@@mx bil Be oth&tw ANl ?Et\gﬁnoaﬁ de (1)

N- et hyl | i di or N N-dinethylfornmanide) wth sulfonyl ¢
in n?heyspféggﬁe@l apd a bprop yeaganti ¥ [fasc)y The kajtericay bapbtpiacd %yml(ﬂﬂma) or

S . . i m de
N -diis opru@IﬂF kahdiyd I L) con@fiiofls g (tv?\,i% h@i@zgingiggg,r@ég%}rﬁ%?g? Heﬁ%ote%ﬂ!n; gpa

(Va-¢). The latter can be coupl ed 0 using s andard
Suzuki cozﬁ{ar‘f)é’ﬁgertbéf hyfispgercSvqstsigrial methndl (P farrPhloxydartcayrediedring (VI | a- b)

' ' f ol -eming. ods. 1 2, _
T e b e e Gl R T S
1, 2, 3, 4- t éP$-ARQ)c ¢sis awinei (HEd-¢)re 8 hadrochietide daholire ﬁre:? baeecah :b‘g el?]taiélad By tTﬂea
[ ' he F -Eritz reaction of benzal de S W _
i acetal Br A R e o ialitol® oG8 oot Sy fedte i ng
t he i soquiontohicne Reacting|(Hlam)icitheruap asalc et bakyini aaaltabl € i L 13 ﬂéﬁ‘é&ﬁtg?eéﬁ,sii
- cacti on ey draiHty Mg DO -G Briiagy st suttny]

chloride (II) in the presence of a tertiary amine (e.g. triethylamine, pyridine or

N,N-diisopropylethylamine) for 0.5 to 16 hours produces compounds of formula (I).

15
An alternative route to compounds of formula (I) from intermediate (Illa~c) via
methanesulfonamide (Xa-c) and ketone (IXa-c) has been previously described (WO
02/074767). Briefly, treatment of (Ila-c) with methansulfony] chloride and a tertiary
amine (e.g. triethylamine, pyridine or N,N-diisopropylethylamine) in a suitable solvent

20 (e.g. dichloromethane or tetrahydrofuran) produces the methansulfonamide (Xa-c) which
in turn can be transformed into the ketone (IXa-c) using standard procedures. Heating
ketone (IXa-c) with ammonium carbonate and potassiurmn cyanide in 50% aqueous ethanol
in a sealed vial at 80-90 °C for 1 to 5 hours gives a racemic hydantoin that can be resolved
by chiral chromatography (e.g. on OD-H with 100% ethanol).

25
In a third route, intermediate (VIla-c) is deprotected as described above to give amine
(VIa-c) as a hydrochloride salt. The free base can be isolated by treatment with base and
extraction with an organic solvent e.g. ethyl acetate or toluene. Reacting (VIa-c) either as a
salt or base in a suitable solvent (e.g. acetonitrile, tetrahydrofuran, N-methylpyrrolidine or

30  N,N-dimethylformamide) with sulfonyl chloride (1) in the presence of a tertiary amine

(e.g. triethylamine, pyridine or N,N-diisopropylethylamine) for 0.5 to 16 hours produces



2- phenyl et hanam nes wi th phosphoryl chloride in refluxing toluene or

xyl enes. Reduction of the resulting cyclic benzam de with Iithium alum nium
hydri de iwotetambydr of uran (J . Med. Chem 1987, 30(12) pCZRB3002A0B)S Or

di borane in tetrahydrofuran (J. Med. Chem 1980, 23(5), 506-5 11) affords
the 1,2, 3,4-tetrahydroi soqui noline. A variation of the Bischler-Napieral ski
reaction is the Pictet-Spengler synthesis (Org. React. 1951, 6, 151). In
this reaction anides, carbamates or sul®onani des of 2- phenyl et hanam nes are
heated wi th paraf ormal dehyde and strong proton acids (e.g. trifluoroacetic

acid, sulfuric acid). of Lews acids jn a salvent (e.g. dichloronethane,

t ol uene, fcg.}rgh-sg %‘%sle %“5% ot c?}%%{uﬁledﬂ’%@rb&ﬁv’dﬁﬁ%ﬁaﬂpwg ne in a
singl e st epndda Shadke d6iiitioad BReivo&nfounddhkorkfhlB)). Schene 2 Route A (+
8-Br-isoner) VHa (B and Bl= C%—l and LG Br) Reagents: a) (CF3CO 20, Et3N;, +4
C. b) (HCHOn, H2SO, HOAc; RT. o) NaBH4, EtOH, RT or NH (cone), EtOH heat
d) (t-BuOgakmeQiat&t e : .

1,2,3,4-tet rahydaf(gi(igigui noIﬁgeiﬁl?%?{?g%{egygelﬂg%eIf%o“lmslg?ﬁtrlll%sési sed by Route
A shown in Scheme 2. This route is a Friedel-Craft-type reaction of

-[2-(3-br | hyl]-2.2.2- M| uor.o ide with forml dehyde and
sul furic UL REEMULS o .%M—@e v t. 1996, 37(31), 5453-5456)
gi ving a milethadsdorahe syrmmleﬁs bf D,Q}B;él—ﬁﬁghy@rdﬁoqﬂﬁbﬁﬁgﬁfe Wwéll 1&ofvatih theOf 3 ES/ ll-)
Repl acenment of t trifluoroacetam de group wi.th a BOC-group .gives ila).
The regi oihieéﬂjéﬁ'esjfger@asﬁ‘(‘}iﬂ re'btﬁ\'ﬁetﬁ? E?I‘P?rﬁ%g‘btélr%%@‘ ‘éﬁbefl?ﬁl%e%%‘?éd\@.wr he | 2
-t et r ahvddec@dt pra@bied aﬁrnbmddﬁy@{(}@gl RdaBr. 1981 9)19|1?yiefamgrtﬁéfso&1ﬂm]§hh€

e

1,2, 3,4-tetrahydroi soqui nolines, there are rather tew exanples o
10 nucleus which upon catalytical reduction gives 1,2,3 4-tetrahydro-isoquinolines. Another

route is the Bischler-Napieralski reaction (Org. React. 1951, 6, 74) of a carbamate of
2-phenylethanamines with phosphoryl chloride in refluxing toluene or xylenes. Reduction
of the resulting cyclic benzamide with lithium aluminium hydride in tetrahydrofuran (J.
Med. Chem. 1987, 30(12), 2208-2216) or diborane in tetrahydrofuran (J. Med. Chem.

15 1980, 23(5), 506-511) affords the 1,2,3,4-tetrahydroisoquinoline. A variation of the
Bischler-Napieralski reaction is the Pictet-Spengler synthesis (Org. React. 1951, 6, 151). In
this reaction amides, carbamates or sulfonamides of 2-phenylethanamines are heated with

- paraformaldehyde and strong proton acids (e.g. trifluoroacetic acid, sulfuric acid) or Lewis
acids in a solvent (e.g. dichloromethane, toluene, formic acid) to give the 1,2,3,4-

20 tetrahydroisoquinoline in a single step (Zetrahedron 2002, 58(8), 1471-1478).
Scheme 2

Br a,b  Br ¢ Br d Br
s 00,00 0
* ~COCE, NH N

Route A (+ 8-Br-isomer) VIIa (B and B'= CH
and LG = Br)

~COOBu-t

Reagents:
a) (CF;C0),0, Et;N; +4°C. b) (HCHO),, H,80,, HOAc; RT. ¢) NaBH,, EtOH; RT or NH; (conc), EtOH, heat.
d) (+BuOC0),0, Et;N, DCM, RT.

Preferably the 1,2,3,4-tetrahydroisoquinoline intermediate (V1Ila) is synthesised by Route
25 A shown in Scheme 2. This route is a Friedel-Crafi-type reaction of N-[2-(3-



synthetic nmethods for |, 2,3,4-tetrahydro-2, 7-naphthyridines in the
literature. One inportant nmethod to prepare

|, 2, 3, 4- twonadw@sne2, 7- napht hyri di ne is the regi o-sel ecPCYSEc@SabNWIS C
reduction of 2,7-naphthyridine {Eur. J . Med. Chem Ther. 1996, 31(11),
875-888). The synthesis of 2,7-naphthyridine and sonme derivatives thereof
has been described in the literature. g]e cl assical route involves several
steps and starts with the acid catal ysed condensation of malononitrile with
di et hyl 1, 3-acetonedi carboxylate (J . Chem Soc. 1960, 3513-3515; see also

J. Eetero 7 7,.4419-421).. A slightly different rqute to
2, 7- napht ﬁ%&?g‘?(ﬂrgqu}er%\g%’sz 'ﬁbl?g}l%fgﬁegaﬁﬁ%efwﬁh #%‘%%fﬂ%lyél? ?Ui%ﬁpﬁﬁ‘fl & 384¢ o gi ve
2, 7- napht regidi (Aem@edrandicrobOP6] 37(0] Sh5BAbOVEARDY ndQGRTJTOKY bBkdndR 2hPY Nt hesi s

1973, 46-47). A. conpl et el jfferent nethad i s based on the internal
Di el s- A défgl'PglggPJingﬁn&fratlc}/ ofq‘}I to 1. Ir{ep acement of the trifluoroacetamide group with a

N- (et hoxy dE0O@rytip)zives (U4): BheyseyiolseifeRQrd it By R1eAT) Rpmafed aPinkeEea M xture

of 1,2,3,4- tetrahydro-2,7-naphthyridine and

5,6,7,8-tetrahydro-1, 7-napht hyri dine after hydrolysis of the carbanmate

gr oup (WO 102110645 {ehiy Be e B SORRY kg viReNt S: - - _2)

Li CH3NCH2CH2N(CH 3 | .- , D) N-BULT N ones, -70C, then 12. c)

TVB- acet vl Reitrastidethe Iphp, 4 d5trhy digisoquinaines, Thee ar6 Gatherddw Zxaupisdf Et OH, 80C.

c)H2, Pt OZynihih 0 ( 200C ] 2 t 3N O THF. hj T,q
PhMe, 30% Ksp%ﬁ?%?dggoglg%”ﬁ tiétﬂ%lyij‘?’%??ﬁ%hé&rﬁ%%ﬁ‘r e E‘Frf‘-“%{%p ®hyri di ne

i nt er medi ampor{ayt mighod trprgars VAL Hesirsydrad, 7shphihyridineSe Heregio-Scladtide4. | n

Soccastsy STUIBRE fidtloh ok R Rp B XL Chirf o N Sf gt BAbETER e, ¢ hen
n- BuLi i n Thegarlesisaid, 7iaphihlydih©gidrem dead f0Ethta6f has been described in the

literature. One classical route involves several steps and starts with the acid catalysed

condensation of malononitrile with diethyl 1,3-acetonedicarboxylate (J. Chem. Soc. 1960,
3513-3515; see also J. Heterocycl. Chem. 1970, 7, 419-421). A slightly different route to

15 2,7-naphthyridine involves oxidation of 4-formyl-2,7-naphthyridine to give
2,7-naphthyridine-4-carboxylic acid followed by decarboxylation (Synthesis 1973, 46-47). A
A completely different method is based on the internal Diels-Alder reaction of
N-(ethoxycarbonyl)-N-(but-3-ynyl)amino-methylpyrazine and gives a mixture of 1,2,3,4- :
tetrahydro-2,7-naphthyridine and 5,6,7,8-tetrahydro-1,7-naphthyridine after hydrolysis of #

20 the carbamate group (WO 02/064574).

Scheme 3
Route B

SiMe,
=
MeO, 7 ab MeO. Z 1 c MeO. Z = d MeO
Nao 20 Nao 20 Naw 20 I
Na 2N
c‘
MeO.
TO._- h HO. e HO z £ LN
A A N A e N nw ne M
“COOBu-t “COO0Bu-t
xHBr

e = w — Reagents: . . _.____
a) LiCH;NCH,CH,N(CH;},, THF, -70°C, b} n-BuLi in hexanes, -70°C, then I,. ¢) TMS-acetylene, PdCl,(PPh,),, Cul, Et,N, THF, 60°C.
d) 7 MNH,, EtOH, 80°C. ¢)H,, PtO,, HOAc. f) 48% HBr (ag), 120°C. g) (BOC),0, Et;N, H,0, THF. h) T£,0, PhMe, 30% K,PO,.



4-1 odo- 6- et hoxyni coti nal dehyde (cf. Tetrahedron Lett. 1993, 34(39),
6173-6176). The iodo conpound is coupled with trinethylsilylacetylene under
usual Somaigastimsziblagi hara conditions (Synthesis 1980, ®2T/sSE3@p/oerds t he
resulting 6-nmethoxy-4- [(trimetliylsilyl)ethynyl]hicotinal dehyde is
condensed wi th ammoni um hydroxi de in ethanol to give

3- net hoxy- 2, 7- napht hyri di ne ( Synt hesi s 1999, 2, 306-311). Regioselective
catal ytical reduction (cf. Eur. J. Med 18 chem Ther. 1996, 31(11), 875-888)
af fords 6-net hoxy-1I, 2, 3, 4 tetrahydro-2, 7- napht hyri di ne. Denet hyI ation and

N-protecti B nd f tre sul tjng

t Y- but yl & W\MP%QE} ggé i %flw g-n?Pm%fdeﬁmeH{@Eﬂ% n‘?mﬁ)ca% Fistde with
trifiic arab}z’ldj’WIﬂlﬁScﬂeﬂest%dﬂhﬁﬁ@olﬁé@t@ﬁ’ﬁrﬁlér&i 4vdithie . Schene 4 Route Cr g
Bu-t XXX " OBu-t Reagents: a) THF, OC then DVF, -70C to RT. b)

t - BUNH2, écﬂ%ﬂlgwn%ﬁﬂmalé?hé%@ treét)ed Elicmwely voith e Fifhéthm WO - 20 to - 10C. d)
NaBH 3CN, Wmﬁ%ﬁleﬂg%ne(ﬁamﬂlg o &Bh-BLAR: heﬁaﬁﬂce% Wi ﬁﬂ’éﬂl? Iﬁgﬁﬁ: WaEBrdfBEA  (aq) .

f)y T O pyrl di ne +4 Route C, conmerci al aval

5- br ond- 2- rﬂ@@%éu@ethmmtcnfgmb%phm (a Tﬁl‘ﬁd@d’rm@ldﬂol@& HEUNGTB LT OnjThes
met al | at ed, @5‘5& ) et P
afford 6- necit@hég&f IS% ﬁ %%Q??Fﬁéﬁﬁgﬁﬁgc?\é&yifﬁl %%géuggﬁd&gg#@?pgﬁ%g
tei't-but ybndm@sm;m@mmmgzma@)mdm relSutthigd-methblade. Metal lation with
litliium t i.de Chem 1993,
55, 2463 08 SRR BRREL Gkt SV RhahBlonam brhioerd
i m noacet athdedlytolgivet3imdthisxs-2, Daashad rididel{SHokbsis1999, 2, 306-311). Regioselective
10 catalytical reduction (cf. Eur. J. Med. Chem. Ther. 1996, 31(11), 875-888) affords
6-methoxy-1,2,3,4-tetrahydro-2,7-naphthyridine. Demethylation and N-protection with
BOC-anhydride and finally treatment of the resulting zert-butyl 6-hydroxy-3,4-dihydro-

2,7-naphthyridine-2(1H)-carboxylate with triflic anhydride in a two-phase system gives
(VIIb).
15

Scheme 4

Route C

MeO. . MeO =20
< I : MCO\q/ : MCO\’@(/ : m
B —— _
N - N N.
Y Br Nao 20 Na /N\Bu-t 2 A gt

TfO P f HO Z e MeO a
N | N N I N Na | N
X ~But X “Bu-t “Bu:

Reagents:
) n-Buli, THF, -70°C then DMF, -70°C 1o RT. b) t-BulNH,, DCM, 3A mol. sieves. ¢) Li-TMP, -20°C then DMF, -20 to -10°C,
d) NaBH,CN, MeOH, HOAg; RT. ¢) 48% HBr (ag), reflux; work-up with K,CO, (aq). f) Tf,0, pyridine +4¢C,

In Route C, commercially available 5-bromo-2-methoxy-4-methylpyridine in anhydrous
_ . __tetrahydrofuran is metallated with n-Buli and then treated with N,N-dimethylformamide to_
20  afford 6-methoxy-4-methylnicotinaldehyde. This was converted to the ferf-butylimine with



cyanobor ohydride in nmethanol to give 2-/ert-butyl-6-nmethoxy-
1,2,3,4-tetrahydro-2, 7~ naphthyridine. C eavage of the nethyl giOUp with
ref | uxi ngwoebamgsriebr omi ¢ acid and treatnent with trifliPcTsERYdI0OES | N t he
presence of base gives (VIIb) protected as the teMbutylamne. It will be
appreci ated by those skilled in the art that in the processes of the
present invention certain potentially reactive functional groups such as
hydr oxyl or ami no groups in the startiH@ reagents or intermnedi ate conpounds
may need to be protected by suitable protecting groups. Thus, the

preparation of the conpounds of t i.nvention may_involve, at vari.ous
stages, t H%”‘gﬂ'éﬁaml‘&%né]h‘g‘yqr_ e @gtal(l)lﬂ‘éono‘?“ﬂﬁg ]Jéu%?’é’géétlefr?f@e@l@@ﬁ%&l&sm tabl e
prot ect i nqLATRIPYErANddeatihl. 199%, 5010689868 ah®idaniti gy and removing such
groups are_described in 'Protective Goups in Organic Chem stry', edited by

J.WF. M OVelimehelformamidesfopdsghaimingagetaldelyde sthidhds tedaesdvithsodiugani ¢

Synt hesi s’ arwbgroﬁgargdgqg%neﬁa}{gl t&ﬁ/@@,—%ﬁ-@&gﬁ&%&ﬂox Vit 53 4 Wil ByabBier sci ence

(1999). The conpoun e invention a i nterhedi'ates thereto nay be

i sol at ed foaphthyridine: Cleasiagei of therrhsthyl iseapayith reflixing:4896 dsdrpbionic #réd aslur i f i ed,
by using QEQ . %QH : N\ i 1 further
expl ai ned%tbey r g¥ ‘glrtféﬁggg 0 tﬁﬁge ]H;% ]glr&&%gyéﬁqa%s@?%t(?@g%ngﬁ%ﬁgsé&l%Gener al
Met hods 1HedNbRylaanok.13C NVR spectra were recorded on a Varian Inova 400 MHz
or a Varian Mercuiy -V 300 MHz instrument. The central peaks of chloroform
d (5H 7.27 ppm, dinethylsulfoxide- (5H 2.50 ppn), acetonitrile-~ (5H 1-95
ppm) or et RArs appreclatdd by Ihdke PENYd indliceartthatditl tiesprodebes bedhe pebatences Col um
chro mi'goog rir?\%g%{or\ll\&?*t)éinapro%nﬁéﬁy regéjt}ve %i{cggnal groups such as hydroxyl or amino groups

in the starting reagents or intermediate compounds may need to be protected by suitable

protecting groups. Thus, the preparation of the compounds of the invention may involve, at

_various stages, the addition and removal of one or more protecting groups.

15 Suitable protecting groups and details of processes for adding and removing such groups
are described in 'Protective Groups in Organic Chemistry', edited by J.W.F. McOmie,
Plenum Press (1973) and 'Protective Groups in Organic Synthesis', 3rd edition, T.W.
Greene and P.G.M. Wuts, Wiley-Interscience (1999).

20 The compounds of the invention and intermediates thereto may be isolated from their

reaction mixtures and, if necessary further purified, by using standard techniques.

The present invention will now be further explained by reference to the following
illustrative examples.

25
General Methods
"H NMR and C NMR spectra were recorded on a Varian Jnova 400 MHz or a Varian
Mereury-VX 300 MHz instrument. The central peaks of chloroform-d (8g 7.27 ppm),
dimethylsulfoxide-ds (8g 2.50 ppm), acetonitrile-ds (g 1.95 ppm) or methanol-dy (8x 3.31

.30 . __ppm) were used as internal references. Column chromatography was_carried out using.
silica gel (0.040-0.063 mm, Merck) with a slight over-pressure (0.2-0.4 bars) applied on
the column. A Kromasil KR-100-5-C;s column (250 x 20 mm, Akzo Nobel) and mixtures



silica gel (0.040-0.063 mm Merck) wth a slight over-pressure (0.2-0.4
bars) applied on the colum. A Kromasil KR-100-5-C 8 columm (250 x 20 mm
Akzo Nobewd 2a0vdh6niikt ur esof acetonitrile/water with 0.1 HCTRR2@s5/08918 ow r at e
of 10 mL/mn were used for preparative HPLC. Unless stated otherw se,
starting materials were commercially available. Al solvents and conmerci al
reagents were of |aboratory grade and v&ere used as received. The organic
phases from extractions were dried ovet anhydrous sodium sulfate if not
stated otherwi se. Organic phases or solutions were concentrat ed by rotary

evaporatio el ds were.n i,m S The d was used for
CC e anarasdoritiquttetich 1 48 ar § Hote o G ke TrRATREBYE ¢ 30
m  Mass ARGIC. Unl@wsth@l @th@n%sm{afﬂn@,ma\tmé@d Wag bhinMartiaty aaaaﬁbmml Sol vent A
water + 0.1% TFA; Solvent B: acetonitrile + 0.1% TFA ; G adient 15-95% /B
2.7 min, 9SYSHSedeoRmercithigagests| T ﬁ@abﬁé@t%@%@@é%& ysed agecsdahbd ysis
Instr Um?ntoré?ﬁi@ &%Ees%ﬁk@h@ctﬁﬁg%eﬁe&ieﬁ%véﬂ ”é'adrﬁﬂf uftfe it tafed® m x 0. 32
nm | D); Mass sel ective detector Hew ett Pac 5971 Series ; Pressure 55
kPa He;s Ondierysisoiramnia pipeey® Sﬁliumnﬁwr@@@mg,ltrakﬂcby rafary, evapdreiéan. idléms:

BOC- anhydrj, gnétoh@]{:sx@ ityl dicarbonate H BuLi "-butyl Iithium DCM

di chl or onet hane L i V-diisopi Qoyl et hyl am ne DVF N /V-di net hyl f or ram de
DMSO " di net hyl sul f oxi de

The following method was used for LC-MS analysis:

Instrument Agilent 1100; Column Waters Symmetry 2.1 x 30 mm; Mass APCI; Flow rate
10 0.7 mL/min; Wavelength 254 or 220 nm; Solvent A: water + 0.1% TFA; Solvent B:
acetonitrile + 0.1% TFA ; Gradient 15-95% /B 2.7 min, 95% B 0.3 min.

The following method was used for GC-MS analysis:

Instrument Hewlett Packard 5890 Series II; Column Agilent HP-5 (30 m x 0.32 mm ID);
15 Mass selective detector Hewlett Packard 5971 Series ; Pressure 55 kPa He; Oven program

109°C (3 min) to 306°C, 25°C/ min.

Abbreviations:

20 BOC- anhydnde di-zerz-butyl dicarbonate

n-Bul.i n-butyl lithium
DCM dichloromethane
DIPEA N,N-diisopropylethylamine
DMF N,N-dimethylformamide
25 DMSO * dimethylsulfoxide

EtOAc ethyl acetate
EtOH ethanol
GC-MS gas chromatography- mass spectrometry
LDA lithium diisopropylamide

~30 MeOH = methanol
LC-MS liquid chromatography- mass spectroscopy

PdClL, x dppf 1,1"-bis(diphenylphosphino)ferrocene palladium(IT)dichioride



Et OAc et hyl acetate Et OH et hanol GC-MsS gas chromat ography- nass
spectronetry - LDA lithiumdiisopropylam de MeOH net hanol LC-MS |iquid
chr omat ogwepbhys/068Hss spect roscopy PdC 2 x dppf 1,1 PCT/SE2005/001918

' - bi s(di phenyl phosphi no) ferrocene pal |l adi un(11)di chlori deRT room
tenperature, normally 20 to 22 OC TEA triethylam ne THF tetrahydrofuran
TBME tert-bxLtyl nethyl ether TFA trif]uoroacetic acid Triflic anhydride
trifluoromethanesul fonic anhydride (Tf20 Exanple 1 (55)-5-Methyl-5-(
{r6-r2-( trifluoromethyl )pyrimdin-5-yl1-3.4- dihvdroisoquinolin-2(l H

)-yllsulf | I met hyl )i m dazol i di ne-2, 4-dj one .

[(4,S)-4- ﬁf/g?lhw -2, 5-di o>{8?lﬁmg?i%1}e6ﬁﬂi“8il?ﬂn&%f¥%t%ﬁesul fonyl chloride (0.0295
g, 0.13 miHA in dry THRriélyleRidel) was added dropwise to a stirred sol ution
of - - fl methy pyrimdin- -y -1 S -tetrahydroi soqui noline (0.039 g,

0. 14 mmol ), ™Dl PEA (0. 034°tabydeefiran ol ) and dry THF (0.60 nl) at ice-bath

t enper at urBMAf ter the ng_ibﬁgypﬂlet\ﬂ?ﬁet&&rml ete the solution was stirred at RT
for 2 h and then taken up in"watefbrine and extracted twice with Et OQAc. The

combi néd dfdani ¢ phases tiBi@osgghedd with brine, dried, filtered and

concent r atregl; ; a Gf urificati by preparative HPLC
af f or ded O. o%%ﬁgg?ﬂ?/‘%% g‘?‘ﬂl‘%ﬁ%‘%ﬁﬂ?‘ﬁgﬁlﬁoﬁp%%%@%se@ ite solid.

Example 1  (55)-5-Methyl-5-({[6-[2-(trifluoromethyl)pyrimidin-5-v1]-3 4-
dihvdroisoqujnqlin-2( LH)-y1]sulfonyl}methyl)imidazolidine-2.4-dione

F
F
N
F>'\r/ l
H
O
N, 7 N
S
2
p 2&

[(45)-4—Methyl-2,5-djoxoimidazolidin—4—yl]methanesulfonyl chiori&e (6.0295 g, 0.13
mmol) in dry THF (0.60 mL) was added dropwise to a stirred solution of

15 6-[2-(triﬂuoromethyl)pyﬁmidin—5-yl]—1,2,3,4-tetrahydroisoquinoline (0.039 g, 0.14 mmol)
DIPEA (0.034 mL, 0.20 mmol) and dry THF (0.60 mL) af ice-bath temperature. After the

addition was complete the solution was stirred at RT for 2 h and then taken up in water-

10

2 P

brine and extracted twice with EtOAc. The combined organic phases were washed with

brine, dried, filtered and concentrated to give a crude product. Purification by preparative
20 HPLC afforded 0.050 g (76%) of the title compound as a white solid.

LC-MS m/z 470 (M+1);

1
HNMR (CDsCN) 8 9.19 (s, 2H), 8.51 (br s, 1H), 7.62 (s, 1H), 7.61 (dd, 1H), 7.36 (d,

1H), 6.33 (br s, 1H), 4.51 (s, 2H), 3.57 (t, 2H), 3.52 (d, 1H), 3.42 (d, 1H), 3.04 (t, 2H) and
1.48 (s, 3H) ppm.
25

The starting materials were prepared as follows:

6-[2-(Trifluoromethyl)pyrimidin-5-y1]-1 .2.3.4-tetrahydroisoquinoline




LCMs mz 470 (Mtl); 1HNWMR (CD3CN) d 9.19 (s, 2H), 8.51 (br s, IH), 7.62
(s, I'H, 7.61§dd,)ll—|), 7.36 (d, IH, 6.33 (br s, IH, 4.51 (s, 2H), 3.57
(t, 2H), BoRBogd5216H), 3.42 (d, IH), 3.04 (t, 2H) and 1pr¢@/Sgs0058¢dpppm The
starting materials were prepared as foll ows: _ _ _
6-r2-(Trifluoromethyl)pyrimdin-5-yll-1,2,3,4-tetrahvdroi soqui nolinetert-Bu
tyl 6-[2-(trifluoronethyl)pyrimdi n-5-¥i]-3 , 4- di hydr oi soqui noli ne-2( |H)-
carboxylate (0.051 g, 0.13 nml) was stirred in TFA (1.0 nL) and DCM (1.0
m.) at RT overnight, then concentrated twi ce, the second tine with added

t1 al Klﬁ/ge( (Cg%;g%)myl%gzﬁﬁﬁﬁb%rﬁeﬁ@l)b%ﬁﬁﬂcﬁifﬁ %jgﬁ; a&]gdli%l {Jlan&(ﬁﬁb%lz; 252?2 (g/:;l))
3.56 (t, ZpHPosvacs0.o3l g0, 32mgno ppvas stitheal i frﬁae(mrmmmﬁ DG (1.8kel1) auRTi N | M
sodi um CaroQ%Pgth? R ddheARated Byl hne ?égont% {Iilggddtéﬁ ilgan\émﬁ WEF%%HThe

conbi ned organi c phases were waghet
concent r atteairiflyorpacetat@sali3o g (100% of the title product as a white solid.

2-(TrifJl ugr, di n-5-yl trifluoromethanesul fonate Triflic
an§1ydr| deq“(dig g Zb@%@“ﬂ% indry DCM (70 nmL) was added slowy to an

556030 ”%%%é%‘%?%gﬁé’%é%'%ﬂfﬁé}% A3 et ) ARG Tt e

that the tedpeddd MHEppr@s kept between 4 OC and 6 OC. After the addition was

| ete, .the solution was stirred for 2.5 h at 4 OC and then allowed to
\(/:vgn)n to 9&’%8 progdugy W?Efﬁ‘ﬁﬁﬂp VM sedipr satbenaie pajutfap. (50 mL) anestragidded and

t he phase $WMB Wweth WO A8 r1RREmS 2RE8 bALEE phdREwe $RH3hG v&ﬁ%e%?edy\‘?ﬁé}gg
1o and concentrated to give 0.039 g (100%).of the title product as a white solid.

2-(Trifluoromethyl)pyrimidin-5-vl trifluoromethanesulfonate

Triflic anhydride (13.9 g, 85 mmol) in dry DCM (70 mL) was added slowly to an ice-cold

solution of 2-(trifluoromethyl)pyrimidin-3-ol (13.9, 85 mmol) (US 4,558,039), DIPEA (16
15 mL, 93 mmol) and dry DCM ( 260 mL) at such a rate that the temperature was kept

between 4 °C and 6 °C. After the addition was complete, the solution was stirred for 2.5 h

at 4 °C and then allowed to warm to RT. Water (50 mL) and 1M phosphoric acid (4.5 mL)

were added and the phases were washed and separated. The organic phase was washed

successively with water and saturated sodium bicarbonate, dried, filtered and carefully

20 concentrated by rotary evaporation (pressure 300-400 mbar). The dark-red oil was purified
by column chromatography with EtOAc-heptanes (1:8 through 1:4) as eluent to give 22.5 g
(90%) of the title product as a colourless oil that crystallised in the cold. Alternatively, the
product could be purified by distillation, b.p. 75-77 °C/10 mbar.

"H'NMR (CDCls) 5 8.90 (s, 2H) ppm.

25
fert-Butyl 6-[2-( triﬂuoromethvl)nvrimidin—5—vl]-3,4—dﬂ1vdroisoqujﬁoline-2( 1H)-
carboxylate
A 4:1 mixture (0.10 g, 0.28 mmol) of ter~-butyl 6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2—yl)—3,4-dihydroisoquinoline-2(llzl)—carboxylate and fert-butyl 8-(4,4,5,5-tetramethyl-

30” ~~1;3,2-dioxaborolan-2-y1)-3 4-dihydroisoquinoline-2(1 H)-carboxylate,




successively with water and saturated sodi um bi carbonate, dried, filtered
and carefully concentrated by rotary evaporation (pressure 300-400 nbar).
The dar k-weado@idésmas purified by col um chromat ography WRCTISEEISSCHNE Pt anes
(1:8 through 1:4) as eluentto give 22.5 g (90%9 of the title product as a
colourless oil that crystallised in the cold. Alternatively, the product
could be purified by distillation, 75-77 C/ 10 nbar. 1H NMR (CDC 3) d
8.90 (s, 2H) ppm te/Y-Butyl 6-[2- (tr|%31 uoromenyl ) pyrirm din-5-yll-3

4- di vdr oi soqui nori ne-2(| H) carboxyl ate A 4:1 mxture (0.10 g, 0.28 nmol)

f - but t t t.h b
oyl 3 st B R ot oRRE (ChE % a8 mawryhac
8 I( 4, 4, g( iﬂppﬁﬂrﬂ@m&ghyl\/f soﬂilzu&l %ﬂd}nlﬁ%%bm rn&)@t@h%né’ {4)():1&5) éncﬂEtkDHj(!lQl BDYwas
i ol i ne- riflu rim.din-5-
trifluor o%%%gﬁ’aé@l%f g’ %‘ : 365813’6 %e%ﬂﬁg%/ﬂe%@atﬁlo%&w(}{)m@% g), 2M
sodi um carbta@laéctleudnlwés filteted th@hgte%tﬁss(ﬁo& tAken)upah dakeh-Bhhd dndQydthda 9RS Pur ged
en

for ten mnutes t heated in a sealed vial at 8 1 0C for 6

th d
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dried, flltered and concentrated w t raphy
wi th Et OAeT Repitlamecsiuetes ghithsalidgh 1: 5) gave 0. 051 g (48% of the title

pr oduct ai t.e " LC—I\/S mz 380 (M ); 1H NWR (CDCl 3) d 9.06 (s, 2H),
7.44 (dd, ’é%mg\q? 7.30 (d, IH, 4.66 (s, 2H), 3.71 (t, 2H)

2.95 (t MR C I u 0 g, 1.6
e R e TR E Yl
10 3.71(t, 2H), 295 (t,2H), and 1.51 (s, 9H) ppm.

fert-Butyl 6-(4.4.5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-3.4-dihydroisoquinoline-2( 1 H)-
carboxylate
A 3:1 mixture (0.49 g, 1.6 mmol) of zerz-butyl 6-bromo-3,4-dihydroisoquinoline-2(1.H)-
15 carboxylate and fert-butyl 8-bromo-3,4-dihydroisoquinoline-2(1H)-
carboxylate, bis(pinacolato)diborane (0.45 g, 1.8 mmol), PdCL, x dppf (0.039 g, 0.048
mmol), potassium acetate (0.48 g, 4.8 mmol) and DMF (8.0 mL) was heated at 81 °C

overnight. The solvent was evaporated, the residue taken up in water-brine and washed
twice with EtOAc. The organic phase was dried, filtered and concentrated. Column

20 chromatography with EtOAc-heptanes (1:10 through 1:4) gave 0.24 g of a 4:1 mixture of
the title product and ferz-butyl 8-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-3,4-
dihydroisoquinoline-2(1H)-carboxylate.
lH NMR (CDCls)-6 7.62 (d, 1H), 7.60 (s, 1H), 7.13 (d, 1H), 4.59 (s, 2H), 3.64 (t, 2H), 2.85
(t, 2H), 1.50 (s, 9H) and 1.35 (s, 12H) ppm (6-isomer).

25 1H NMR (CDCls) 8 7.69 (d, 1H), 7.24-7.14 (m, 2H), 4.88 (s, 2H), 3.64 (t, 2H), 2.85 (t,
2H), 1.50 (s, 9H) and 1.35 (s, 12H) ppm (8-isomer).

fert-Butyl 6-bromo-3.4-dihydroisoquinoline-2( 1 H)-carboxvlate

.. b-Bromo-2-(rifluoroacetyl)-1,2,3 4-tetrahydroisoquinoline was prepared in two steps from __
30  [2-(3-bromophenyl)ethyl]amine (4.0 g, 20 mmol) following the procedure of Stokker
(Tetrahedron Lett. 1996, 37(31), 5453-5456). Column chromatography with EtOAc-



carboxyl ate and -butyl 8-brono-3, 4-di hydroi soqui noline-2(l1 H)- carboxyl ate,
bi s(pi nacol at 0) di borane (0.45 g, 1.8 nmmol), Pdd 2 x dppf (0.039 g, 0.048
nmol ), povexseiamssaecet ate (0.48 g, 4.8 mmol) and DVF (8. @CrisSE2easotemt ed at
8 1 0C overnight. The solvent was evaporated, the residue taken up in

wat er - bri ne and washed twice with Et QAc. The organi c phase was dri ed,
filtered and concentrated. Col um chro%pt ography wi th Et QAc- heptanes (1:10
through 1:4) gave 0.24 g of a 4:1 mixtlre of the title product and
tert-butyl 8-(4,4,5, 5-tetranmethyl-1, 3, 2-di oxaborol an- 2- yI) 3 4-

di hyd d, | 7. 60
oLy o >R b D AP SV (R Ck hlngly ( L1
P L zﬁp“eﬁa‘;w‘“?“é‘zllﬂ“ﬂ”’?i‘s“)ﬁ?@g@%‘msﬁ?m P05, om
t t S,

and 1. 35 getﬁaﬂli%%-{%‘bumrﬁq |(§orrelr_|)) tert(ButyI
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6- B;Sg 2- %twgrg?réégcety III}%Z%%(s&’uﬁH&t}etra yﬁo?ssg Iﬁ%B’p%e(t\%gQ 2p§ epar ed

t wo sst €ip3HJ amin. §Pcs( B 940,20 1) foll n
ItRe \S?ozegqarej of Sfo%ﬁer%g%gﬁ%%gb%ét %S%me 86( 37(%1) 5215Tg )5458) ow ng
Col umm chrH@ﬂﬂB@Cﬁ)@@ S\MGQ(dHIDA@De-ﬁtlaI(ﬁSZH)LAm (&, &; m) gayg 298 9 (7.5

mmol) of a 3:1 m xture of 6-brono- (trifluoroacetyl)-

, 4-tetrah bﬁg@qﬁﬂ?\@q]n@@n@f@mwdﬁﬂ_%i)rlfl uor o- aceryl) 1 2, 3 4-

t et r ahyd 7. 60 7.13
(3 ra H)y r ghg 91%%9 Smkérﬁ?wasléﬁn% ﬂ@%&élmgtggﬂgm?ﬁnﬁgﬁd 2"% m%] 9H) e

1.35 (s, MMQMO(Q-) & OREE ﬂ)r 4 1. YIOUVRS Yo@DEhorBym diydfroﬁae (st m]LH)/as a?idéﬂﬂf 7.14
(m 2H), ﬂn@ﬁl{lgﬁg ccglmuedsdt RY o(VE:nng%lt_DThe voI8 t?leg were ewlpore@ced tlo leave (the cru and 1.35

amine as a wlute sohd

LC-MS m/z 212, 214 (M+1).

Dry THF (50 mL) and DIPEA (1:3 mL, 7.5 mmol) were added followed by BOC-

anhydride (1.8 g, 8.2 mmol). The mixture was stirred at RT overnight. The volatiles were
15 evaporated and the residue was taken up in water. The pH was adjusted to 2 with 1M -

phosphoric acid and the product was extracted twice with EtOAc. The combined organic

phases were washed with brine made slightly alkaline with saturated sodium bicarbonate,

dried, filtered and concentrated. The crude product was purified by column

chromatography with EtOAc-heptanes (1:50 through 1:20) to give 2.24 g (96%) of a 3:1
20 mixture of the title product and tert-butyl 8-bromo-3,4-dihydroisoquinoline-2(1H)-

carboxylate.

LC-MS m/z 256,258 (M-56);

'H NMR (CDCls) 8 7.31 (dd, 1H), 7.30 (br s, 1H), 6.98 (d, 1H), 4.52 (s, 2H), 3.63 (t, 2H)
2.81 (t, 2H) and 1.50 (s, 9H) ppm (6-isomer).

s THNMR (CDCl3) 6 7.42 (dd, 1H), 7.12-7.01 (m, 2H), 4.55 (s, 2H), 3.64 (t, 2H), 2.84 (¢,
2H) and 1.51 (s, 9H) ppm (8-isomer).

2

Example2  (58)-5-({[6-(4-Chlorophenyl)-3.4- d1hvdr01soqu1nohn-2( LH)-
vijsulfonyl}methyl)-5-methylimidazolidine-2.4-dione

30



The above material was stirred with absolute EtOH (100 nmL) and 25% anmmoni um
hydroxide (10 nL) at 6 O OC for 4 h . Mire 25% anmoni um hydr oxi de (15 nl)
was addedwoao@ndsEbi rring continued at R T overni ght. TReTER@SIO0®IS Wer e
evaporated t o leave the crude amne a s a white solid. LGMs mz 212, 214
(Mtl). Dry THF (50 mL) and DIPEA (1.3 nL, 7.5 mml) were added foll owed by
BOCanhydride (1.8 g, 8.2 mmol). The mxture was stirred at R T overni ght.
The volatiles were i5 evaporated and tfre resi due was taken up in water. The
pH was adjusted t o 2 with I M phosphoric acid and the product was extracted
twice with EtOAc. The conbi ngd organic phases were washed with brine nade

slightly alkaline wth saturat odi um bi carbonate, dried, filtered and
concentrated. The crude product N i ed, by col um chromat ography with
Et OAc- hept anes (1: 50 t hrough 1:20) ingd 2. (9699 o f a 3:1 20

g
m xture of the title product and tert-bug@?“‘N)§o
8- br onp- 3, 4- di hydr oi soqui noli ne-2(l1 H)- carboXylate. LCGMs mz 256, 258
(M56); IHNWR (CDA 3 ) d 7.31 (dd, IH, 7.30 (br s, IH), 6.98 (d, IH),
4.52 (s, 2H), 3.63 (t, 2H), 2.81 (t, 2 and 1.50 (s, 9H) ppm 6-isoner) .
25 1H NNM('%‘%([(@B[%X[Q‘&‘* iy dgoigoruinglin 2 (Do)l fonyl Imepy}-5-nethyk12- 7. 01 (m

(250_ i Sg mgf ngnﬁiazEc)E(Hglnel-zgat-gﬂ)gé to.07 2, 0.040 8tnd1S, - M Borddic G8ia (8 bB7PPM
f)-5-(isr 6-0(6415 @hhgﬁd“@ﬁbnydp)ﬁ 3).e030igh\2M sodwy varbodata 022G ml) toluene (0.80 mL)
and EtOH (0.20 mL) were stirred in a sealed vial at 95 °C for 17 h. The solvent was
evaporated and the residue was taken up in water. The solution was acidified with 10%
HOAc to pH 6 and then extracted twice with EtOAc. The combined organic phases were
washed with brine-saturated sodium bicarbonate, dried, filtered and concentrated to give a
10 crude product.
LC-MS m/z 434 (M+1).
Purification by preparative HPLC afforded 0.0080 g (46%) of the title compound as a
white solid.

1
H NMR (CDsCN) & 8.53 (br s, 1H), 7.62 (m, 2H), 7.46 (m, 4H), 7.23 (d, 1H), 6.34 (brs,
15 1H), 4.45 (s, 2H), 3.53 (m, 2H), 3.49 (d, 1F), 3.39 (d, 1H), 2.99 (m, 2H) and 1.46 (s, 3H)
oo, | |

The compounds of Examples 3 and 4 were prepared using the general method of Example
2.

20
Example 3  {4-[2-({[(45)-4-Methyl-2,5-dioxoimidazolidin-4-yllmethyl} sulfonyl)-
1,2,3.4-tetrahydroisoquinolin-6-yl]phenyl} acetonitrile

A
0O,
H
O N N
'/S\-"" k
0 N o

25

White solid.



yl I sul fonyl | met hyl ) - 5- et hyl i m dazol i di ne- 2, 4-di one

30(55)-5-{[ (6-Brono- 3, 4-di hydroi soqui nol i n-2(|

H) - yl ) sulworygédasetibyl } - 5- ni et hyl i mi dazol i di ne- 2, 4- di oneCtBEQM®S/0gL919. 040

mol ), 4-chl orophenyl boronic acid (0.0072 g, 0.045 mmol), Pdd 2 x dppf

(0.0030 g), 2M sodium carbonate (0.15 nlL), toluene (0.80 nm.) and EtCOH (0. 20

m.) were stirred in a sealed vial at 9%60C for 17 h. The sol vent was

evaporated and the residue was taken up in water. The sol uti on was

acidified with 10% HOAc to pH 6 and then extracted twice with Et QAc. The

conbi ned ar, i vere washed with brine-saturated sodi um
Ry

bi car bonatle, €éred and concentrated to give a crude product.
LCM5 iz D.CNY&r8 41i i r-atd 40080 ¢
(469 of the tit1e3cgﬁg(§u6;lld(9§§s’ @’ﬁ%@i?%@‘w%ﬁﬁﬁﬁ%%ﬁieﬁz%dsg (br s,
| H), 7.62 1) 6.28br s,/LHY64.461s, 2H), 3.87.(RIH) B 53 @rﬂ,,zfg,.s%fﬂo %d?ﬂH?aAlol-&Ll .45 (s,
2H), 3.53 (661 2'%%1 342§d IH, 3.39 (d, IH, 2.99 (m 2H) and 1.46 (s,
3H) ppm 'lghe (Eno Q)El‘?'ﬂj% bfs: g ‘es 3 and 4 were prepared using the general
met hod sof Exanple 2. Exanple 3

| 4-r2-((r(4y)-4-Met]iyl-2, 5-di oxouni dazolidin-4-yllmethvUsul fonyl ")- 1,2;3
, 4-t et rah@d%%ﬂpé%ﬁui@iﬂwﬁlﬂw}gﬁéﬂﬁAmmW®mmd. LC-M5 iz
439 (M) 31 f it Bdfd-ADfioge 'H), 7.65 (m 2H), 7.48 (m 2H),
7.43 (m , r s, IH, 4.46 (s, 2H), 3.87 (s, 2H),

3.53 (m 2H). 3.50 (d, IH), 3.40 (d, IH),

“
Na ' o
H
0
. 0,' ) II:I] (0]

10
White solid.
LC-MS m/z 401 (M+1);
: .
HNMR (CDsCN) 6 8.98 (br s, 1H), 8.71 (m, 1H), 8.54 (d, 2H), 7.89 (m, 1H), 7.56 (m,
2H), 7.34 (m, 1H), 6.34 (br s, 1H), 4.49 (s, 2H), 3.55 (m, 2H), 3.52 (d, 1H), 3.41 (4, 1H),

15 3.03 (m, 2H) and 1.47 (s, 3H) ppm.

The starting material was prepared as follows:

(58)-5-({[6-Bromo-3.4-dihydroisoquinolin-2( 1LH)-yl]sulfonyl Y methyl)-5-

20  methylimidazolidine-2.4-dione

A 3:1 mixture (0.44 g, 1.4 mmol) of 6-bromo-2-(trifluoroacetyl)-1,2,3,4-
tetrahydroisoquinoline and 8-bromo-2-(trifluoroacetyl)-1,2,3,4-tetrahy droisoquinoline
(prepared according to Tetrahedron Lett. 1996, 37(31), 5453-5456) was stirred in ethanol
(10 mL) containing a few drops of 25% ammonium hydroxide at RT. After 2.5 h, the
25 solution was concentrated, dissolved in dry THF (1.0 mL) under argon and cooled on an

ice-bath. DIPEA (0.41 mL, 2.4 mmol) was added followed by a solution of [(4S)-4-methyl-

) -2,5-dioxoimidazolidin-4-yljmethanesulfonyl-chleride-(0.27-g; 1.2 mmol)-and-dry-THF (1.0 --
mL). The mixture was stirred at RT for 1 h and then concentrated. The crude product was

taken up in water and extracted twice with EtOAc. The combined organic phases were



3.00 (m 2H) and 1.46 (s, 3H ppm Exanple 4 5 SV5-Met hyl -5- (

| Y6- pyridin-3-yl -3 , 4-di hvdroi soqui nol i n-2f |H)-

yl ) sul f onyD]20estdeydibi m dazol i di ne-2, 4-di one Wiite solid. PCCSEBs0a1949 1
(MH); 1HNVR (CD3CN) d 8.98 (br s, IH, 871 (m IH, 8.54 (d, 2H), 7.89
(m IH), 7.56 (m 2H), 7:34 (m IH, 634(br s, IH, 4.49 (s, 2H), 3.55
(m 2H), 3.52 (d, IH), 3.41 (d, IH, 8/:5)’ m 2H) and 1.47 (s, 3H ppm The
starting material was prepared as foll% 5Sr)-5-((]

6- Br ono- 3, 4- di hydr0| soqui nolin-2(l1 H)-yl 1sul fonyl |inethyl)-5-

th I - di A 3.1 m (0 1..
et R 5 o 0B bl P05 o ol g
oo o ?ﬁrﬁm"dﬁ“gﬁ"“ﬂ“”‘ii‘ﬂm"m‘ﬁ1’4}“@“‘@““““&2%9’32*‘““@”““M??1??‘2{3‘9?n
et hanol ?1 W?Laf‘&é%% (:{ %‘Eéﬁﬂ&@b‘@ %?&MMW%W){IW@?‘ Pde at RT.
After 2.5 ﬂ‘iemytlﬁﬁdmlld!ﬁlb@m Hose. TROERMVidoddeHverd ls%ﬁﬁ'tédﬁ preg)aﬂiﬁye feEc( 1.0 )
under argon and cool ed on an ice-bath. DI PEA ( 4 mmol) was added
followed by a solution of [(45)-4-nethyl-
-2, 5-di OXQBS?-Si@GSUB'r&ih&S A4t dr S8 JuaRBR Y| P sufdty B g1 8- 2 7 9, 1.2 nmol)

and dry -THF nm.) . The m xture was stifred ai RI for 1 h and then
concentratmﬁthﬁdamhgléé'_ﬁndimluﬁagﬁfsé)ken up in water and extracted twice
wi th Et QAcyicilihg 1§ j@ani ¢ phases werewashed with brine, dried,
filtered anlgl concgﬁ?%g@gﬁ%o give 0.55 g of a mxture of (5S5)-5-

({[ 6- br omd-GMs§- rdlzwpamm @dﬂ@t HV/421-(R(+18);

-f/)-yl]sul fonyl th nmet hyl i m dazol i di ne-2, 4- di one and
(53% %10]( {18 %@3@ I‘ﬁﬁérwbﬁ?»di!%&q‘lﬁ (@b 11HR- 7231 (FIH)IHW}Ms(m f1EpA-3 8 Ges.hyl ) -5 -
1H), 4.36 (s, 2H), 3.48 (m, 4H), 2.95 (m, 2H) and 1.46 (s, 3H) ppm.

(58)-5-({[6-Bromo-3.4-dihydroisoquinolin-2( 1H)-yl]sulfonyl }methyl)-5-
methylimidazolidine-2.4-dione (eluting second)

15 Yield: 0.25 g of a white solid.
LC-MS m/z 402/404 (M~+1), 419/421 (M+18);

1I—l NMR (CDsCN) 8 8.47 (br s, 1H), 7.38 (m, 1H), 7.36 (m, 1H), 7.08 (m, 1H), 6.29 (brs,
1H), 4.36 (s, 2H), 3.48 (m, 2H), 3.47 (d, 1H), 3.37 (d, 1H), 2.92 (m, 2H) and 1.45 (s, 3H)
ppm.

20
ExampleS  (55)-5-({[6-(4-Chlorophenyl)-3.4-dihydro-2.7-naphthyridin-2(1H)-
yl]sulfonyl}methyl)-5-methylimidazolidine-2.4-dione

Cl
x o
t/
/ \I,S I\...m )§
o) Il:li o

[(45)-4-Methyl-2,5-dioxoimidazolidin-4-ylJmethanesulfonyl chloride (0.086 g, 0.38 mmol)
in-anhydrous-NMP-(0:50 mL.)-was added dropwise to-a-stirred- solution of-
6-(4-chlorophenyl)-1,2,3,4-tetrahydro-2,7-naphthyridine (0.046 g, 0.19 mmol),

25



met hyl i m dazol i di ne- 2, 4-di one. The regi oi soners were separated by
preparative HPLC. (5”)-5-((r8-Brono-3.4-di hvdroi soquinolin-2(I H

) -yl | sul fwoybéeestigl V5- net hyl i mi dazol i di ne-2 , 4-di one PeTSELNG/06191St )
Yield: 0.13 g of a white solid. LCGCM mz 402/404 (M+H), 419/421 (Mm+18); 1H
NVR (CD3CN) d 8.48 (br s, IH, 7.48 (m IH, 7.21 (m IH, 7.14 (m IH,
6.31 (br s, IH, 4.36 (s, 2H), 3.48 (%4H), 2.95 (m 2H) and 1.46 (s, 3H)
ppm - - r -Brono-S*-di hvdroi soqui nol i aH

t-yl I sul fonvUnet hvD- Sni et hyl i m dazolidine- 2 ,4-dione (eluting second)

Yi el d: O. i lid LC m.z 402/ 4 | 419/ 421 (M+18); 1H
NVR ( CoRCTPHARD.486 s 038 St and aghy e P (15 g ot W i thoadi@ipn 119
g- Sg E E]r ;NF?)S 'cgﬂﬁglefié-t%?scﬁlﬁion% stided RTMor 2/, thdn difutbdlwith Whier 81 BY) &b 1 H)

(s, BI% ppm . Example 5 i
(57- 5- (i r euyifieddy epprBgHBLGoATRrdR:8079-2(8Yn o Herijle cempound|as piyhite
yl I'sul fonyljaet hyl ') -5-nethylim dazolidine-2,4- dione
[ (45) - 4- Met hyl - 2, 5- di oxoi m dazol i di n-4-yl ] net hanesul fonyl chloride (0.086
g, 0.38 misl-MS mzdahyldé QMd-1lIVP- (0-.5q nl)-was added dropwi se to a-stirred

RNt NIRRT DN
0.046 g, & IBPER-{ 6 (e > &1l oGS 1.5
for 1.5 n- et 1 Bl o MR R0 O ooy Gt BeofRbsddts Ve rec

to afford30)@pmh0 g (8% of the title conpound as a white
10 The starting materials were prepared as follows:

6-(4-Chlorophenyl)-1.2,3 4-tetrahydro-2,7-naphthyridine

tert-Butyl 6-{[(trifluoromethyl)sulfonyljoxy}-3,4-dihydro-2,7-naphthyridine-2(1H)-

carboxylate (0.69 g, 1.8 mmol), 4-chlorophenylboronic acid (0.39 g, 2.5 mmol), PdCl, x
15 dppf (0.050 g), saturated sodium carbonate (2 mL), EtOH (4 mL) and toluene (4 mL) were

stirred at 80 °C for 6 h. The solution was cooled to RT, taken up in water (10 mL) and

extracted with EtOAc (25 mL). The combined organic phases were washed with brine,

dried, filtered and concentrated. Purification by column chromatography with EtOAc-

heptanes (1:1) as eluent gave 0.065 g (10%) of rert-butyl 6-(4-chlorophenyl)-3,4-dihydro- -
20  2,7-naphthyridine-2(1H)-carboxylate.

LC-MS m/z 345 (M+1). ' |

This material was dissolved in MeOH (2 mL) and acetyl chloride (0.2 mL) was slowly

added. After stirring at 40 °C overnight, the solution was concentrated, the residue was

taken up in 1M sodium hydroxide (10 mL) and extracted with EtOAc-ether (1:1) (4 x 30
25 mL). The combined organic phases were dried, filtered and concentrated to give 0.046 g

(100%) of the crude title compound.

LC-MS m/z 245 (M+1).

tert-Butyl 6-{[(trifluoromethyl)sulfonyl]oxy}-3.4-dihydro-2.7-naphthyridine-2(1.H)-

~ - --30- ~carboxylate
Crude 3-methoxy-2,7-naphthyridine (prepared from 4.4 mmol of 6-methoxy-4-

[(trimethylsilyl)ethynyl]nicotinaldehyde) was hydrogenated (30 psi pressure) at RT over



solid. 5 LCM mlz 435, 436 (M+H); 1HNVR (DMSO-J 6) d 10.8 (s, IH), 8.49
(s, IH, 8.10 (d, 2H), 8.06 (s, IH, 7.84 (s, IH, 7.54 (d, 2H), 4.45 (s,
2H), 3. 6IwOapodadsz163. 48 (d, I H), 3.47 (t, 2H), 2.98 (t, peiHSEa00d/001988! ( S,
3H) ppm io0 The starting naterials were prepared as foll ows:

6- (4- Chl orophenyiy 1,2,3 ,4-tetrahydro-2 J-naphthyridi ne -Butyl

6- {[(trlfluororrethyl)sulfonyl]oxy }-3, 4-di hydro-2, 7-napht hyri di ne-2( | H)-
carboxylate (0.69 g, 1.8 nmol), 4-chl &90phenyl boror ic acid (0.39 g, 2.5
mol ), Pdd 2 x i dppf (0.050 g), saturated sodi um carbonate (2 nL), EtOH (4
m.) and toluene (4 nL) were stirred at 80 C for. 6 h. The_ sol ution_was

cool ed t o D@ (appire. hg) in F Qg @5 n(u)dorr%@ Hiscolyion ¥as Bliered through @helifeos i) .
The conbi {Eﬁ%mﬁ%ﬁ?%&rfﬂﬂ%%& o4 BBl 18 Sive Ald8 B:mdhddyer ed and

concentra I catlon hromat ogrrapfRy w t h Et OAchept anes
(1:1) as diAbhtetghydod, m@h@ym@e@s 1tbf: atetate S%tnt y\

6- (4- chl or,ophen P -di hydro- 20 2, 7-napht hyri di ne-2( | H)-carboxyl at e.
LC M5 MZL%Q&(I%I)%?(@R $ material was dissolved in MeOH (2 nlL) and acetyl
chl ori de (ThisZnarbrjal was refhuesd iyt Mdd@drob@dmieraciﬂtfbxr]roilnqllat/oléﬁle@vmer ni ght, the

oL o1 Ve SADPE ke LSS LS R B W 0 e
or gani ¢ phages,oEs-etdhy®@e, Lidph@yadnans wonbantidat ed to give 0.046 g (100%
of the cr ti%eMtsl ’}z/lzelﬁcg\r}pi))und LCGMs mz 245 (MH) .
This material (approx. 4.8 mmol) was dissolved in water (13 mL) and treated with THF
10 (33 mL), EtsN (0.85 mL, 6.0 mmol) and BOC-anhydride (1.6 g, 7.3 mmol) at RT. After
stirring at the same temperature for 6 h the solution was concentrated to one third of its
original volume and the residue was taken up in water and extracted three times with
EtOAc. The combined organic phases were dried, filtered and concentrated to give 0.80 g
(67% crude yield) of tert-butyl 6-hydroxy-3,4-dihydro-2,7-naphthyridine-2(1H)-
15 carboxylate as a white solid.
LC-MS m/z 251 (M+1), 195 (M-55).
This material (approx. 5.4 mmol) was dissolved in a two-phase system of toluene (20 mL)
and 30% aqueous tripotassium orthophosphate (20 mL) and treated with triflic anhydride
(1.6 mL, 6.8 mmol) at 4 °C [Org. Leit. 2002, 4(26), 4717-4718]. The ice-bath was removed
20 and the stirring was continued for 2 h at RT after which the two phases were separated.
The aqueous phase was washed once with toluene. The combined organic phases were * -
washed with brine, dried and concentrated. Purification by column chromatography with
EtOAc-heptanes (2:1) as eluent gave 0.45 g (17 % yield) of the title product.
LC-MS m/z 383 (M+1), 283 (M-99).
25
3-Methoxy-2.7-naphthyridine
To a stirred solution of N,N,N"-trimethylethylenediamine (1.9 mL, 15 mmol) in anhydrous
THF (65 mL) under argon at —70 °C was slowly added 1.6M r-BuLi in hexanes (9.0 mL,
14 mmol). After stirring at —70 °C for 15 minutes, 6-methoxy-nicotinaldehyde (1.3 g, 9.8

——  -30-_.mmol)-was added dropwise.-Afier the addition was.complete, stirring was continued at. . __ _
-70 °C for another 15 minutes. Then 1.6M n-Buli in hexanes (10 mL, 16 mmol) was
added dropwise and stirring continued at —45 °C for 4 h. The solution was cooled to



te/t-Butyl 6-{[(trifluoromethyl)sulfonyl]oxy>

-3, 4-di hydro- 2, 7-napht hyridine-2( IH)- -30 carboxyl ate- Crude

3- met hoxyw02deammptichyri di ne (prepared from 4.4 nmol of @CTSER@IPIW1S
[(trimethylsilyl)ethynyl]nicotinal dehyde) was hydrogenated (30 psi
pressure) at RT overPtQ2 (approx. 0.1 g) in HOAc (25 niL) for 2.5 h. The
solution was filtered through a Celite pad and the clear filtrate was
concentrated by freeze-drying to give ude 6- et hoxyl ,
2,3,4-tetrahydro-2, 7- naphthyridi ne as the acetate salt. LCGMs nmlz 165
(MH) 5 This materlal was refluxed in 48% hydrobrom c_acid for 10 h. The

vol ati | es WAre a@d HisBaapBiompldoding (3-8 lduemal andjpnhydroph BEF Gmliand 45 C
to give apREQKdro 1@9 Whenocfle é:cfdﬂ’ijcﬁ vﬁasQoglpf%tet ?cﬁrﬁﬁ@%qg QOn%nlzed%QW Ffl '30 3-ol

hydr obr om de. LC- 51 his materi al (approx. 4.8 mmol) was
di ssol ved mlnu%@@rﬂa@ma Riﬁ_ljoré dTher@adeauowct WasTiaken; up ip3thenf4) ; mlEtaBN (0.85 i,

6.0 ol ) gl A ANNIFhelSuhebed otk BERld: @b S A0, Sigg 1 ng & Che

sane tenperature on was conc 0 ‘one |rd of its
ori gi nal \Ibllo&mﬁtee(ﬁcx 20al ). 8¢ dmgemmhast:a&aedncqoﬁita‘edvam@wonamiraem racted three

concent r at e R gy ORGP oS Gl BICAR e lR T e el T A 21
6- hydr oxy (BS%yﬁl@yﬁnao&-ﬁﬂm@ﬂnwﬂnaﬂblm&iﬁ( | H)- 15 car boxyl ate as a white
solid. L&fﬁ&’ /zéi%\%m 195 (M55). This material (appr ox0 5.4 mol)
was di ssol § ase system of toluene (20 nL) and 30% aqueous
. o, o it CIRASRPE 6 LY s T5{n 308 1 55, A 25 PP Wi T O bt h v
removeg
| 4-Iodo-6-methoxynicotinaldehyde (0.41 g, 1.6 mmol), trimethylsilylacetylene (0.35 mL,
2.8 mmol), PdCl,(PPhs), (catalytic amount), Cul (catalytic amount), TEA (2 mL) and THF
(10 mL) were stirred at 60 °C for 2 h. The volatiles were evaporated and the residue was
taken up in water and extracted with ether. The organic phase was dried, filtered and
15 concenirated. Purification by column chromatography with EtOAc-heptanes (1:3) as eluent
gave 0.25 g (68% yield) of 6-methoxy-4- [(trimethylsilyl)éthynyl]nicotinaldehyde.
LC-MS m/z 234 (M+1); ‘
'H NMR (CDCls) & 10.4 (s, 1H), 8.73 (s, 1H), 6.84 (s, 1H), 4.03 (s, 3H) and 0.30 (s, 9H)
ppm.
20 . .
6-Methoxy-4-[(trimethylsilyl)ethynyl nicotinaldehyde (0.25 g, '1.1 mmol) and 7M
ammonia in MeOH (5 mL) were stirred in a sealed vial at 80 °C overnight. The solution
was concentrated, taken up in saturated sodium carbonate and extracted with ether. The

organic phase was dried, filtered and concentrated to give 0.20 g of the title product.
25 GC-MS m/z 160 (M),

"HNMR (CDCl3) 8 941 (s, 1H), 9.27 (s, 1H), 8.47 (d, 1H), 7.64 (d, 1H), 7.03 (s, 1H) and
4.12 (s, 3H) ppm.
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20 and the stirring was continued for 2 h at RT after which the tw phases
wer e separated. The aqueous phase was washed once wth tol uene. The

conbi ned wogarwmwssphases were washed with brine, dried ardTseEr@msoomas ed.
Purification by colum chromatography wi th Et OAc- heptanes (2:1) as el uent
gave 0.45 g (17 Wbyield) of the title product. LC-M5 mz 383 (M), 283
(M99). 25 3-Methoxy-2,7 naphthyrldlne To a stirred solution of iV N
"-trinethylethylenediamne (1.9 nm., 15 hﬂDI) i n anhydrous THF (65 ni) under
argon at -70 C was slowy added 1.6M/ -BuLi in hexanes (9.0 nL, 14 mmmol).

After stirring at -7Q C for 15 m nutes, 6-nethoxy-nicotnmal dehyde (1.3 g,
9.8 30 - Gl pWi se

After-tiie- addltlonJmasxoanete Jtirringjwasxonfinued_at. -70 C for
anot her 15 m nutes. Then 6M "-BuLi in hexanes (10 nL, 16 mml) was added
dr opwi se dﬂdﬂ@iﬁmnmﬁgéﬁmﬁﬂinued at -45 C for 4 h. The solution was cool ed

to-70 OC and then a solution of iodine (3.0 g, 12 nmmmol) and anhydrous THF
(25 nmL) was added dropw se. When the addition was conplete, stirring was
conti nued NﬂﬂPﬂm OC:for 30 minutes and then at RT for 3 h. The crude

Cat ur at ed SRRBHORy AP ATHE L S U0 S B SoRr o L BT LIRS « 20
lr)ﬂ_) IThe ny%a:ﬂta@ ApRas el @0y hrPr@ein prﬂgb@@ﬂdmdﬁeﬂm@ 1162.€The pavified i |0 c 2& ion
(5% yi ol GRS S BB R RO PO oA A R P o ToB s NP ISR NI | LH MR
(CDA 3) d Bn&atrhtfon) idtheubBtedFor(69, miltrks at fodR tdnSperdtife vathdhSsyRthelie sub@tl‘ﬂte ppm

4- | odo- 6- et hoxyni coti nal dehyde (0.41 g, 1.6 mmol), trinmethylsilylacetylene

(0. 35 m., Mca-Pro-Cha-Gly-Nva-His-Ala-Dpa-NHj (10 pM) in assay buffer (0.1M “Tris-HCI”
(trade mark) buffer, pH 7.3 containing 0.1M NaCl, 20mM CaCl,, 0.020 mM ZnCl and
0.05% (w/v) “Brij 35” (trade mark) detergent) in the presence (10 concentrations) or
absence of inhibitors. Activity is determined by measuring the fluorescence at Aex 320 nm

and Aem 405 nm. Percent inhibition is calculated as follows:

15 % Inhibition is equal to the [Fluorescencepys jnhibitor - FlUOIESCENChackground] divided by

the [Fluorescencep,yys inhibitor - Fluorescencepaciground)-

MMP8

Purified pro-MMP8 is purchased from Calbiochem. The enzyme (at 10 pg/ml) is activated
20 by p-amino-phenyl-mercuric acetate (APMA) at 1 mM for 2.5 h, 35 °C. The activated

enzyme can be used to monitor inhibitors of activity as follows: MMP8 (200 ng/ml final

concentration) is incubated for 90 minutes at 35 °C (80% H,O) with the synthetic substrate

Mca-Pro-Cha-Gly-Nva-His-Ala-Dpa-NHj (12.5 uM) in assay buffer (0.1M “Tris-HCI”
(trade mark) buffer, pH 7.5 containing 0.1M NaCl, 30mM CaCl, 0.040 mM ZnCl and
25 0.05% (w/v) “Brij 35” (irade mark) detergent) in the presence (10 concentrations) or

absence of inhibitors. Activity is determined by measuring the fluorescence at Aex 320 nm

and Aem 405 nm. Percent inhibition is calculated as follows:

% Inhibition is equal to the [Fluorescenceplus mhl bztor - Fluorescencebackg,ound] d1v1ded by

the [Fluorescenceminu < inhibitor - Fluorescencebackgmund].
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2.8 mol ), Pdd 2(PPh3)2 (catalytic anpunt), Cul (catalytic anount), TEA (2
m.) and THF (10 nmL.) were stirred at 60 OC for 2 h. The volatiles were
evapor at esoanah/ashrér esi due was taken up in water and exPrasEe@snidms et her.
The organi ¢ phase was dried, filtered and concentrated. Purification by

col um chr omat ogr aphy with Et OAc- heptanes (1:3) as eluent gave 0.25 g (68%
yi el d) of 6-nmethoxy-4-[(trinmethylsilyl)ethynyl]nicotinaldehyde. LC-M niz

234 (M+l); 1H NWR (CDCI 3) d 10.4 (s, I, 8.73 (s, IH, 6.84 (s, IH, 4.03
(s, 3H) and 0.30 (s, 9H) ppm

6- Met hoxy-4- ri methyl silyl)ethynyl]nicotinal dehyde (0.25 g, 1.1 nmol) and
7M anmoni OH (5 nm) were stirred in a sealed vial at 80 C overnight.

The sol ut iRomBRaROREaR MMPE Bataly K @i wadle:padshédeing then@itiiBa GezRonat e and
extracted th et her . The organi ¢ phase was dried, filtered and

concent r at@iatesoympeshpomiogranty folpwed by hydpxamete effingroplsmm 2 160 (M: 1H NWR
(cba3) d o%rcﬂlilat((g%%) H)Ihe gnz%&e(cﬁm bé @ed t@mﬁ&t&r%hlﬂlwrs of7ac g)(;g foﬂdd)sr 7.03 (s,
IH and 4.12 armacol ogi cal Exa | sol ated Enzyne Assays

MVP12 RecdWMPRAMne/m ﬁ'ml aomrRRratée) & ipeubsted Monmmtys sRewjph 8espathetivd ;
urified as des ri bed ar et 00), Protein Expression an

Igurl fi cat iSgppirasgVicarks- 8%51%’ YEH‘I}S@Q é?Pz"y‘ﬁ% @éh"M?)@ agsy Puffer (P pB‘F |

i nhi bi tor £, [ n tion) is

i ncubat ed%?(glr (%@te nﬂﬂ% %&’ﬁlr’oégxn\?qtaénm% MJ&%CI\?\AS{)@/{{%%&Q r??ﬁgﬁ\l‘i?tn?gbst rate

Mca- Pr o- Claad GOﬁ%l‘de)l—My Bb’atidpamhitt) detérkOntiriv) the pre@&saylolwﬁcfeﬁﬁat(dﬁs)]d&/l

Tris-HC absence of inhibitors. Activity is determined by measuring the fluorescence at Aex 320 nm

10 and Aem 405 nm. Percent inhibition is cal¢ulated as follows:

% Inhibition is equal to the [Fluorescencepys inhibitor - FUOrescencepackground] divided by

the [Fluorescence, inys inhibitor- FluoreScencebackgroundj~

MMP14

15 Recombinant human MMP14 catalytic domain may be expressed and purified as described
by Parkar A.A. et al, (2000), Protein Expression and Purification, 20, 152. The purified
enzyme can be used to monitor inhibitors of activity as follows: MMP14 (10 ng/ml final

concentration) is incubated for 60 minutes at room temperature with the synthetic substrate »
Mca-Pro-Cha-Gly-Nva-His-Ala-Dpa-NHj (10 uM) in assay buffer (0.1M “Tris-HCI”

20  (trade mark) buffer, pH 7.5 containing 0.1M NaCl, 20mM CaCl,, 0.020 mM ZnCl and
0.05% (w/v) “Brij 35” (trade mark) detergent) in the presence (5 concentrations) or

absence of inhibitors. Activity is determined by measuring the fluorescence at Aex 320 nm

and Aem 405 nm. Percent inhibition is calculated as follows: % Inhibition is equal to the

[Fluorescencepyys inhibitor - Fluorescencepgceround] divided by the [Fluorescenceyys

25 jnhibitor- Fluor eSCeNCepackground)-

A protocol for testing against other matrix metalloproteinases, including MMP9, using
. expressed and purified pro MMP is described, for instance, by C. Graham Knighteral.,

(1992) FEBS Lett., 296(3), 263-266.
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(trade mark) buffer, pH 7.3 containing 0.1M Nad, 20 Cad 2, 0.020 mM zZnd
and 0.05% (w'v) "Brij 35" (trade mark) detergent) in the presence (10
concent r avpang)ossricabsence of inhibitors. Activity is deCESERWSH19YS
measuring the fluorescence at I ex 320 nmand | em 405 nm Percent inhibition
is calculated as follows: % Inhibition is equal to the [Fluorescence p/ ,y
i nhibitor - Fhiorescencebackgwnd divided by the [Fl uorescence™”

i nhi bitor- Fluorescence / ]. MWP8 Puri3fied pro-MW8 is purchased from

Cal bi ochem The enzyne (at 10 ng/m) is activated by

p- am no- phenyl -nmercuiic acetate (APMA) at 1ImMfor 2.5 h, 35 C. The
activated%ﬂh&e can be used to nonitor inhibitors of activity as foll ows:
MWP8 (200p| il A& 35 C
(B0% 120, T R B Dpa- N 2
(12.5 m\) by RarkersA. wl;r(afw()()d’rmn'ﬁxnr@smand Purificddomai§2.plsmyifiegy 7. 5
containin n rij 35"
(trade magrkzgl %Wgesr? I'n gﬁglé?lg%e%gu( Oaécqgi'}]oggsmg/lrl\g]gl 4®§1ynﬁ)ﬁg%§ence of

i nhi bi t or soncéwtativn} iy 1ncsbedi@1 for t20nmihuipy ahﬁa‘ﬁmlthgletsymhﬁicwobmmé‘ﬁ@?eP@t | ex 320
nm and | em 405 nm Percent inhibition is calculated as follows: %

| nhi bi ti oheﬂ-éxlﬁaﬂﬁfappﬁr&lﬁ-ﬁég NE2ue rdBdR Arsay i (G Mor! mﬁ@r dsdemaskgr ow' < |

catalyti cough el TR R bR AT D

chr omat ogrepis”i(@hdeaueR) deyerfundrio wamrésencl(b lcmdemramhs)rm adenenadt ogr aphy. The
enzyne can_he used to nonitor inhibitors of act|V|t%/ %ollg&g MVP9 (5
ng/ M fi nEIBIeFE diVRY Issisiernmed By msauang the flusesseinAy s Mt he

synt hebi €405 nm. Percent inhibition is calculated as follows: % Inhibition is equal to the

[Fluorescencepp,s inhibitor - Fluorescencepgekground] divided by the [Fluorescenceysinys

inhibitor - FIUOTeSCENCepqckground]-

15 The following table shows data for a representative selection of the compounds of the

present invention.

Table

’ hMMP12 | hMMP9 | hMMP14
Compound

ICs0 (nM) | IC5 M) | ICso (nM)
Example 1 10.4 29.3 > 10000
Example 2 1.4 3.5 415

Example 5 7 83 1990

20



substrate Ma-Pro-Cha-@y-Nva-H s-Ala-Dpa-NH 2 (5 mM in assay buffer (0.1M
"Tris- HO" (trade mark) buffer, pH 7.3 containing 0.1M NaCl, 20vM Cad 2,
0. 020 MM ¥oGhocams16. 05% (W v) "Brij 35" (trade nark) detremserdor/oorig he
presence (10 concentrations) or absence of inhibitors. Activity is

determ ned by neasuring the fluorescence at | ex 320 nm and | em 405 nm
Percent inhibition is calculated as follows: % Inhibition is equal to the
[ Fl uorescence™/” inhibitor - Fluoresce¥cef ¢ g " | divided by the

[ Fl uorescence, >2I inhibitor- MW14 Reconbi nant human MW14 catal ytic
dormain may be expressed and purified as described by Parkar A A et al,
(2000), Protein Expression and Purk; % , 2J), 152. The purified enzyne
can be used to nonitor inhibitors activity as follows: MW 14 (10 ng/m
final concentration) is incubated for 60 m nutes at roomtenperature with
t he synthetlc substrate Ma-Pro-Cha-dy-Nva-H s D?a NH 2 (10 MV in
assay buf fler A @mpopndref fornpyds (1) (’Mﬁ@éﬂ@ﬁ&\ﬂ%‘ﬂlﬁﬂ?%@bleﬁﬂ thersot ont ai ni ng 0.1 M
NaCl , 20vM Cadl 2, 0.020 nM zZnCd and 0.05% (wv) "Brij 35" (trade mark)
detergent) in the presence (5 concentrations) or absence of inhibitors.
Activity is determi ned by neasuring the fluorescence at I ex 320 nm and | em
405 nm Percent inhibitkqn L& _calculated as follows: % Inhibition is equal
to the [Fluorescence® iﬁﬁ?ﬁ%tq

Fl uorescence a :g. ] divided by the

[ Fl uorescence,, ™, ™ inhibit for testiyng agai nst other matrix
nmet al | opr ot ei nases, i ncl udi ; I ngyexpresse
descri bed, for instance, by C C?a\e Kni ght ef
296(3), 263-266. MVWP19

and purified pro MW is
N%1992) FEBS Lett.,

@ ©
wherein
10 R1 represents H, halogen, CF3 or CHyCN;

R2 represents C1 to 3 alkyl; and

A, A1 and B each independently represent CH or N;

15

2. A compound according to Claim 1, wherein R1 represents chloro.

3. A compound according to Claim 1, wherein R1 represents CF3.

20 4. A compound according to any one of Claims 1 to 3, wherein R2 represents methyl or

ethyl.

5.7 “A compound according to any one of Claims I to4; wherein A and A‘l‘ eachrepresent” "

N.



Reconbi nant hurman MMP19 catal ytic dormain may be expressed and purified as
descri bed by Parkar A A et al, (2000), Protein Expression and

Puri fi catworepoed®s21852. The purified enzyne can be used POTISERI05001918
inhibitors of activity as follows: MW19 (40 ng/m final concentration) is

i ncubated for 120 mnutes at 35 Cwith the synthetic substrate Ma- Pro-
Leu- Al a- N\va-Dpa- Ala-Arg-NH2 (5 mM in assay buffer (0.1M"Tris-HO" (trade
mark) buffer, pH 7.3 containing 0.1M NBCl 20"M CaCl 2, 0.020 mM Znd and
0.05% (w v) "Brlj 35" (trade mark) detergent) in me presence (5
concentrations) or absence of inhibitors. Activity is determ ned by
nmeasuring the fluorescence at | ex 320 nmand | em 405 nm Percent inhibition

| cul 0f n
o bi tor O ) Gwgfiad @5t BIR R s SpBkFhon 6wl CRBRPSETRE L
Fl uor esce r@ﬁiéfﬁemethgrrﬂ-{\m-][z (ﬁliﬂeorbmlethgl/)pyrgmﬂmbfb -gl| Sheiiby dratsaquimmring?(1.H)-

representa on of he conpounds of the present invention. TableC
L AI b \i%nev,@ ng?zo]h ]rnﬁﬁl’4 gg‘f“ﬁ or a pharmaceutically acceptable

sal t ther &5X)-5af{§5-e1- aﬂ&opmylasﬁndlﬁydmsmhmmm(1)@:3’&]mrfo@ﬂ)21ﬂ‘ﬂhylﬁsx epresents C
to 3 al ky and B each independently represent CHor N, 2. A
conmpound &E@HP&I&?&%@%@Q 4one: wherei-n Rl represents chloro. 3. A conpound

accor di ng {4qo. ¢ Il mEWNEY, RidxBnli@RbESRALE kS } sélfonyl)-1,2,3,4-
tetrahydroisoquinolin-6-ylJphenyl} acetonitrile;
(59)-5-methyl-5-{[(6-pyridin-3-y1-3,4-dihydroisoquinolin-2(1H)-
10 ylDsulfonyl]methyl}imidazolidine-2,4-dione;
(58)-5-({[6~(4-chloropheny!)-3 ,4-dihydro-2,7-naphthyridin-2(1H)-yl]sulfonyl }methyl)-5-
methylimidazolidine-2,4-dione;

and pharmaceutically acceptable salts thereof. ]

15 7. A process for the preparation of a compound of formula (I) as defined in claim 1 or a
pharmaceutically acceptable salt thereof which comprises:

a) reaction of a compound of formula (IT)

(in)

20
wherein R2 is as defined in formula (T) and L1 represents a leaving group, with a

compound of formula (I1I) (or a salt thereof)



4. A conpound according to any one of Clains 1to 3, wherein R represents
nmet hyl or ethyl. 5. A conpound according to any one of Clains 1 to 4,
r wher ei n woane/6saach represent N. 6. A conpound accor di RgTISB2@5a011E whi ch
is selected fromthe group consisting of:
(55)-5-nmethyl -5-({[6-[2-(trifluoronethyl)pyrimdin-5-yl]-3,4-dihydroi soquin
olin-2(IH)- yl]sul fonyl}nethyl)im dazol i di ne-2, 4-di one;
(55)-5-({[6-(4-chlororhenyl)-3, 4-di hydoi soqui nol i n-2(1 H)-yl]sul fonyl }netl
yl)-5- nethylim dazolidi ne-2, 4-di one;
{4-12-({[(45")-4-net hyl -2, 5-di oxoi m dazol i di n-4-yl ] et hyl }sul fonyl)-1,2,3,4
- tetrahydroi soqui nol i n- 6- yIR'ahe acetonitrile;
(55")-5-nmethyl -5-{[ (6-pyridin- '?ﬁ , 4- di hydi G soqui nol m 2(I H) -
yl')sul fonyl ] net hyl }i m dazol i di §?1 -dione; (95)-5-({[6-(4-chlorophenyl)-3
4-di hydro-2 7-napht hyridin-2(1H)

4 tically acceptable salts
ound of formula (1) as

nmet hyl i m dazol i di ne- 2, 4-di one; and phal nac

thereof. 7. A process for the preparath

defined in claim1 or a pharmaceutically acceptable salt thereof which
conprises: a) reaction of a compound of formula (I1l1) (lI1) 2 1 wherein Ris
as defined in fornmula (1) and L repreﬁﬁnts a | eaving group, with a conpound
of formula (111) (or a salt thereof)(1l'l) wherein R, A A and B are as
defined in formula (I); or

wherein Rl, A, A1 and B are as defined in formula (I); or

b) reaction of a compound of formula (V)

V)

wherein R2 and B are as defined in formula (I) and LG is a leaving group; with a boronic

acid derivative of formula (XII)

10 X1

wherein Rl, A and A1 are as defined in formula (I); or

- == -—— - -¢)--reaction of-a compound of formula-(IX) — - —- — - o



b) reaction of a conpound of formula (V) (V) wherein R and B are as defi ned
in formula (1) and LGis a leaving group; with a boronic acid derivative of
formul a (WOI2pog(assdty wherein R, A and A are as defined ipaTiSaeovmsioansfs ); or
-e-)- -reaction of-a conpound of fornula (1X)1 2 1 wherein R, R, A A and
B are as defined in forrmula (1); wth amoni um carbonate and pot assi um
cyanide; and optionally thereafter form ng a pharnaceutically acceptable
salt thereof. 8. A pharnaceuti cal conhﬁ%ition conprising a conmpound of
formula (1) or a pharnmaceutically acceptable salt thereof as clained in any
one of claine 1 to 6 in association with a pharmaceutically acceptable

adj uvant, diluent or carr A process for the preparation of a

phar maceutical conposition g5 cljpimed in claim8 which conprises mxing a

conpound of forrmula (I) or asph ti |y acceptable salt thereof as
defined in any one of clains i a pharmaceutically acceptable

adj uvant, diluent or carrier. . BC of 10 la (1) or a
pharmaceutically acceptabl e salt thereof @E@ine in any one of clains 1
to 6 for use in therapy. 11. Use of a conpou@ﬁcpf fgrmula (1) or a

pharmaceutically acceptable salt thergof as clainmed in any one of clains 1
to 6 in the manufacture of a nedicanent for use in the treatnent of an
obstructive airways di sease.

wherein Rl, RZ, A, Al and B are as defined in formula (I); with ammonium carbonate and
potassium cyanide;

5 and optionally thereafter forming a pharmaceutically acceptable salt thereof.

8. A pharmaceutical composition comprising a compound of formula (I) ora - o
pharmaceutically acceptable salt thereof as claimed in any one of claims 1 to 6 in
association with a pharmaceutically acceptable adjuvant, diluent or carrier.

10
9. A process for the preparation of a pharmaceutical composition as claimed in claim 8
which comprises mixing a compound of formula (I) or a pharmaceutically acceptable salt
thereof as defined in any one of claims 1 to 6 with a pharmaceutically acceptable adjuvant,
diluent or carrier.

15
10. A compound of formula (I) or a pharmaceutically acceptable salt thereof as claimed

in any one of claims 1 to 6 for use in therapy.

11.  Use of a compound of formula (I) or a pharmaceutically acceptable salt thereof as
20 claimed in any one of claims 1 to 6 in the manufacture of a medicament for use in the

treatment of an obstructive airways disease.

12. Use according to claim 11, wherein the obstructive airways disease is asthma or
" chronic obstructive pulmonary disease. 7

25



12. Use according to claim1l, wherein the obstructive airways disease is
asthma or chronic obstructive pul nonary di sease. 13. Use of a conpound of
formul a (W,20avo6s21phar maceuti cal ly acceptabl e salt ther ecft/SEamsob@isred i n
any one of claims 1 to 6 in the manufacture of a medi canent for use in the
treatment of rheumatoid arthritis, osteoarthritis, atherosclerosis, cancer
or nmultiple sclerosis. 14. A nethod of_treating a disease or condition
medi ated by MW12 and/ or MVP9 whi ch cdﬁbrises adm nistering to a patient a
therapeutically effective amount of a compound of forrmula (1) or a

phar maceut.i ca cceptable_salt thereof as clained in any one of clains 1
PoTe se. 1A mits o GPiRenngof Ranin (Goeemherrs Gy e eiSisdh

conpri ses catdinsn ohd6f JAmS 1R66 LMk nAnbASHARTUIhGRankniebf @etih e anmount  of
a conpound of fopnulazé&é or a pharmaceutically acceptable salt thereof as

cl ai med i Areamenbefgheym farfaritas, pgeq@rthritis, atherosclérosis, cancer or multiple

sclerosis.

14. A method of treating a disease or condition mediated by MMP12 and/or MMP9
which comprises administering to a patient a therapeutically effective amount of a
compound of formula (I) or a pharmaceutically acceptable salt thereof as claimed in any
one of claims 1 to 6.

10
15. A method of treating an obstructive airways disease which comprises administering
to a patient a therapeutically effective amount of a compound of formula (I) or a
pharmaceutically acceptable salt thereof as claimed in any one of claims 1 to 6.
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