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WD 2006/ 065215 PCT/ SE2005/ 001917 1 NOVEL COVPOUNDS
The present invention relates to novel hydantoin
waenbeeRives, processes for their preparati onPCT/SE2005/001917
phar maceuti cal conpositions containing themand their
use in therapy. 5 N@tallopﬂoteinases are a
superfam |y of proteinases (enzynes) whose nunbers in
recent years have increased dramatically. Based on
structural and functional considerations these
NCﬂﬂ%Y@@ﬁﬂQﬁyﬁE@ﬁen classified into famlies and
subfamlies as described in NM Hooper (1994) FEBS
Letters 354:1-6. Exanpl es of netall oprotei nases

Thé presendmvehtornmiatés}o nOvehiy ddritaip detivdtivesasogehdd®SOr their h

as the coll agenases ( 1, 8 13 the .
pregTigh RASEECE RRBLCOMATBHIINS pUmB I e 7 Het gy herapy.
MVWP10, MWP1ll), matrilysin (MW7), netall oel astase
(MW12), enanelysin (MW19), the MI- MWPs gI\/I\/P14, )
Metdippieinyrs &e anaperfanyily efpsoteingses (privimes) WasserRIgberninggcent

fam | ich.inclugdes h . . X
v A g 95 b P 6 80065 Ao e
enzy¥eEhavel ten thsdfib@iitd fandlies ahdwhbfimiliescdsuidecribed ymBisM. Hooper
such as_procoll agen processin% and

f,orOt el nasgnaréPCP X
(198¢ e BFrbetists d4-dttei Fremsplessai avrtallorsefginascs ipdude thpatrix
me%ﬁgﬁllg% gllr'#s? |Qs'nC con v);gr%clﬂ%a enz ;I/[E n%en%%% (W?I‘,%MI%, MMP13), the
geldiriaats (MIVIBL SMDMRY stha seolnelysiay QMRS , DEMPADAVIVERLL ), mateilysin
| et hora of physjologjcal di
W TR B i i e e e G
MMBY$ NP L VINITTS; the &@1&9{1 or 8dnaly &k bPRIDE Mgy Whith includes
during nmenstruation. ThiS is based on the ability of

thetsheretasastaat] Ishqsidasasisnels essTND convesting enziimes A PAMGK 4xd TACE); the

mat ki X, subsirates such .
o SRR R0 P L bESTreenPERGOH Ui RO ).
andEhérmenll§RbteidaséshRch hOSRSSIangse, e efdathelin @myeihg enzyme

bi ol ogi cal inpaortant cell nediators, such as tunour
fampibicnslsthe anmiotensip spnveriige enzymg AMdy-post transl ati onal

proteol ysis processing, or shedding, of biologically

i nportant menbrane proteins, such as the low affinity
Médtaboprateiaptes areGafidvdd torbeamportant i@ pletlere of physiodegical|diskase

Hooper et al.,. (1997 j.oche J. . 321:265-279) . .
Progessat ihabm&@a P ﬁ‘éélég eli‘fé@@"b?e%ﬁglé‘é, SBLRAPL %"%’Hn@‘h{?om formation
an@hiSAAS ReRIEIRG kb Mpstrlaioh P Thisaf bed 30 thdwbigtdf id Y

of one or nore netal | oprotei nases may well be of
metpdloptateingses tve@@avaiaé@agg

proteoglycan and fibronectin. Metalloproteinases are also believed to be important in the

rangg of matrix substrates such as collagen,

processing, or secretion, of biological important cell mediators, such as tumour necrosis
factor (TNF); and the post translational proteolysis processing, or shedding, of biologically
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

the activity of one or more metalloprotemases may well be of benetit i 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
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conditions, for exanple: various inflamuatory and
al l ergi c di seases such as, inflammtion of the joint

w@ ewpeei2ad |y rheunmatoid arthritis, osteoart hripdBSE005/001917
gout), inflammtion of the WD 21)1) 61065215
PCTI SE211115111111917 2 gastro-intestinal tract
(especially inflammatory bowel disease, ulcerative
colitis and gastritis) i nflammati on of the skin

; {
seshriniterig] tene PRty B iR boREL TRk oidirayd ol P
gasﬁﬁféﬁ ) Bl AhinedofisOha dah i(@pedibily Poriasiyldcasna,|detaatitishtin tamour
such as osteoarthritis; in bone resorftlve di sease

metpsfasih oninvesens ip diserse aswocitnd il ancogtrgiledsdpgagdatipp of the

o R L LT PR SRR IGRER L omocss

anddPagbed giseasp)gin @@méwssﬁhlﬂeﬁsﬁh(a‘bm@hntaﬁglgge@sm thie @hhanced
corneal ulceration, u]cer tlon of

ool regiosp O ReS s BHRd Vb B bpigh BRIado T BReh e (such as gingivits),
corfili S RRSh Sl)lce%%ﬂj&f t@%klwgoﬁﬁ%\}er&n i8Ry Guta ddishic

i Seases of the centra peri ph era nervous
anastpsiosisparfdsdarmabwound hdapihgs deniyetioating)diseabesiodithreesentral and

perli SRRy BG SR it s FRUPTE btop b ebampEr GRHRE, Sifeltutar

mafixeBasIEhe bBsirded iR Thidivasdulldritidehses sa¢HasGB§tOiYss and
obstructive pulnonary diseases (COPD). MW 12, als

athgmoeseteresis; matbwmsp Hipisiseindsheanic ofstietiv m%@pawéeeaS%QOPD)
initially cloned in the nouse by Shapiro et al [1992,
Journal of Biological Chemi stry 267: 4664] and in man

MNMp12, slsbh@owarne ngctuphagdelddis or Mdfbllz)elastam, efag irdtidliyatlbyed in the
expressed in activated pmacro

s ol oLy e o L hARHS 240 poshin man by
theé%% 1§|'ig95 r 9%\% 22?63 pref%ﬁﬁeﬂy]%&%d i%facgbﬂé@ﬂlh&%bhages and

as we as in foamcells in
hasdiche Blumml tartmet secreteddram slvieMat sanwpbages fimty sme@ss [Shapird et al,

1o 3t gf BiploRRRL PR 208 2iicd) et B o8 g R,

athémcleﬂoﬁeu&!iéxﬁgm%uﬁmﬂﬁw 31 999 aX . 3. PHEIRN. 199 091t VD fouse model
m ce devel ope ul nonary e hysena after this

of €OBBxigbased cwcéxn nnemgﬁ sieratic saokp fr sixampaiys, tiyo cigarettes
t hi del d ,
b3 A7 bl oYL FRE s S0 RN 288

treAbeht. WisdnMyeriedindck-bhemicelveere testdiis tiismodel shéyMii2lopad no

COPD (enphysenma and bronchitjs di scussed in
SR aEH ST PRSI L0 81t SV PARS gt i the COPD

patﬁ@ dnediff TRORIALLUN NG R 3s MBI IPdabRt (@fn}ﬂhysema and bronchitis) is

estigational Drugs 1(1): 29-38. It was recently
disciissebinesmdbrednand Shimkawg I9A8r Gases Opaueo phegfemﬂammatory and

Imhlﬂgcl)rlng)élﬂgtlo?y In%gsduggggrga? ?ﬂﬁ&e Ji? \_/&q IM/P as recer‘iatﬁpélsecso%el%ﬁ 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].

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 ez al (1989)
J. Biol. Chem. 264 (29): 17213-17221; published erratum in J. Biol. Chem. (1990) 265
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in human carotid artery plaques Kangavari [ Matetzky S,

Fi shbein MC et at., Crculation 102:(18), 36-39
weupphes2s Oct 31, 2000]. 30 MWP9 (CGel ati nase B;T/S2300%001917

Typel V Col | agenase; 921c Da Celatinase) is a secreted

protein which was first pu?ified, t hen cl oned and

sequenced, in 1989 [S M Wrhelmet at (1989) J.

Biol. Chem 264 (29): 17213-17221; published erratum

inJ. Biol. Ch
€10 SELEAY m&tlr%gi]ﬂvg;f%9?@%313%%1%1?%9 SREER o fepied,
info?xfn?ﬁ@ﬂj %&%&Y&&@s%@ﬂn%%aé@mHW@E Werb devsy (ied Matrix

ornmat1 on and references on this protease: T.H Wu &
MetZllopbreinabds9 9898, (adited bW iCx Paiigs daRiBs @b@mn #9ebl5 1648,

Sy B A0 P850, P AP, i, i ot rvin

by'pfﬂ N/tus&qrwéif,#mg fromthat review 5 by T.H W & Z.
Verb (1998) he expression of MW9 is restricted
nornaI:y to a few cell types, including trophobl asts,
osteocl a r

SRR S b YA g B R e YRR g b

ostedtchets, Skdophijsrad rhycrahagesal Hoveslies tthhr sxpréssivnwdi bg 1nduced in

the%&%ﬁ%ﬁ%ggdpﬁqgg@%g eI l Sb§t§ gq}% ai@@pg&%g ég(g.}si?lgﬁ exposure of the
cell %’}ﬁx‘ 9&1& BfltdrSor éeﬁbﬁlh@st 'rﬁ&e%?/ep ihefshAEHRHREN s bﬁélﬁ)ﬁﬂlﬁﬁ;ateﬁiin

er secr 9 is rel eased as
initiatiag b inflaRimateryapsponehi A with othes sereted MMP&IMMP@OIS tedeased as

o L RT3 B Rl 1309 s

enz'?vr he. Tak Rfeased reqaieéd foe HMRQivaa6s ﬂﬁvzvmﬁetnbtllmcﬁ)ﬁzm baknce of
urt her regul ated in vivo by interaction wth

active MEMP9 (veisss activerengyms s Srthprregplptsgovap ﬂ?é{é%fém&?n with
Tﬂ%ﬁtlu(;[?%shg 1%%%'} E)f gaﬁm&ﬂ?sep Npa Hatufdil g%cﬁﬁ’mgﬁ?%t?m. TIMP-1

fon o to 1hhibiti
blnﬂbﬁa tﬁélCaﬂthJJnal @givaiof M¥IPOMyRENg ﬂdﬂlﬁhibﬁimnmfeh@éatalmi@ dewdain of

VN e balPeS BhBES KPS CRBMRL D APER Ff Ha il tve MMP9
an(f"t'ﬂg gﬁ{seﬁge JratRipy E&abinY t@&étél’ﬁ'ﬂne WVBhonhi StatadytiRiais atkive

ocal site. Proteolytically active MW9 attacks
MMBQ) sihichtie pregéntwha bival sitel lrm@teglyu@aliyracu@ NEVIPH attapky substrates

Whg:gi'i p(lieygéf S Vﬁ nrg Ifé%{ F‘%tév ’@363 %ga%ﬁsll‘ygetv g‘(ﬁﬁag@ﬁ’s it has no activity

agais® hee 'J??@rlscona dn@piotdogBicand @ eminas. been a grow ng
body of ta inplicating roles for M9 in various
phyS|oIog|caI and pat hol ogi cal processes.

Th&YSL Bl gr@l)vn{g%o?ﬁl JrAGlYRBLL R O Rir MV in various

physiological and pathological processes. Physiological roles include the invasion of

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
and in 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



10

15

20

25 enbryoni c trophobl asts through the uterine
epitheliumin the early stages of enbryonic

w0 npbae2at | on; sonme role in the growh and devedDPE®N/001917
of bones; and migration of inflammatory cells from
the vasculature into tissues. MW9 release, neasured
usi ng enzyne i mmunoassay, was significantly enhanced
in fluids 30 and in ANIsupenantants fron1untreated

R SRR Bt SR CORREALAEE nlgBihati gne
AlzheRrs dkbaseAnSRipld f%dr6asedd M&{E@ s stherstlawsiideing to
observed in certain other hologlcal condi ti ons,
acutehenrelnyy mdz@ms)seglommcap%msg@mg@ 5/11111 91 7 4
i mplicating MWP9 in disease processes such as COPD
arthritis, tunmour netastasis, Al zheiner's disease,
A rfiitet pf ReRilbgiotsnase imbiltsltopd agkaowu fsear for iemample the reviews of

L BB 2L LSRR S Wl
_(_gEBQbP?pa{n‘atbg'WﬂﬁﬁkéM' %410@93@ xhiaglvmex&aﬁse%(éﬁms 2776).

reviews of MW in |b|tors by Bec
R P. and Wi ttaker , 1998, Exp. Opin. Ther. Patents,

ker et. al, 1999,
W@ﬁ%’?ﬁ% ‘fké“ﬁ?s&ﬁgy%%/@m?? IVS%9%50rmulan 05/ 074767

di scl oses hydantoin derivatives of fornula 10 R s F24
Y, R2 MRS-Az NH X4 YZ that are useful as MW
i nhibitors, particularly aR3poﬂéht MVPY i nhi bitors.
We now di scl ose a further gr
derivatives that are inhibi
net al | opr ot ei nases and are
i nhibiting ’s sych_as
conpounds o he gﬁesent
pot ency, selectivity and/or pharnac
properties. In accordance with the presen 'nvention,
there are provided conpounds of formula (1) Y2

interest in

that are useful as MMP inhibitors, particularly as potent MMP12 inhibitors.

We now disclose a further group of hydantoin derivatives that are inhibitors of
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.

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

AN % 0
RZ
B N\SA%j\NH
7\ N_4g
0O_O _ H._N_

o - o

wherein
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wherein WO 21)1)611) 65215 PCTI SE211115111111917 5 R

wo epseeem s cycl obutyl or cyclopropyl; said cyrd¢DSEWP001917
group being optionally further substituted by CH3, CN
or one or two fluoro atons; .s R2 represents C to 3
al kyl or cycl opropyl; and i Al and B independently
represent CH or N, and pharmaceutically acceptable
salts thereof. 10 The conpounds of fornmula (1) may
exist in enantionmeric forns. It is to be understood

1that all _enantioners, ‘di astereoners, racenmates.

R iepRot e ANRraar TR PRE: SOE TP e SURs SRiRlly futher
i nvention. 15 Conpounds of fornula (1) nmay al so exi st

substifuted by i3, CALe0RRSQr dWe SluA%D 21IF; possi bl e taut oneri ¢
forms and m xtures thereof are included within the
scope of the invention. In one enbodinment, Rl

2represe yel opropyl ;. said .cycl opropyl group being
R Y?ngsgﬁ%&ltljogfaﬁ?y?ﬂﬁ?}?%?pﬁg?yﬁt%ded by one or two fluoro
atons. 20 In one enbodi nent, Rl represents
cycl opropyl. In one enbodi ment, R2 represents mnethyl

A, R a8l BYhdepb ARG 1Ei10Q 6N ;R2 represents  methyl. 25
I 'n?one erf’golg‘lierregtr, A and Al each represent N. In
anot her enbodi nent, A represents N

and pharmaceutically acceptable salts thereof.
The compounds of formula (I) 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.

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.

In one embodiment, R1 represents cyclopropyl; said cyclopropyl group being optionally

further substituted by one or two fluoro atoms.

In one embodiment, R1 represents cyclopropyl.

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

methyl.

. 1 .
In one embodiment, A and A each represent N. In another embodiment, A represents N

~ and A Tepresents CH. ™

In one embodiment, B represents N. In another embodiment, B represents CH.
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and A represents CH. In one enbodinent, B represents

N. In anot her enbodi nent, B represents CH WO
WQ@igptp&re65215 PCTI SE211115111111917 6 | n onePCT/SE2005/001917

enbodi nent, Rl represents cyclopropyl; R2 represents

methyl or ethyl; A and Al gach represent N, and B

represents CH 5 In one enbodi nent, Rl represents

cycl opropyl; R2 represents nethyl or ethyl; A and Al

each represent N, and B represents N. In one

enbodi nent, Rl represents cyclopropyl R2 represents

I Pl B SRR ) 3Rl AR A 4
ea q&&g&gpﬁsw&yg&aﬂgﬁmﬁkngz represents nethyl or ethyl;

represents 1 represents CH and B
represents CH In one enbodinent, Rl represents

cycl opropyl ; said cycl opropyl oup being optiona
In g1 dmquhaentsklgsﬂpmsamé dydypropl; %?:mpmpsemén@hyltwtw u%md A
atons; R2 represents Cl to 3 alkyl; and A, Al and B
eaqhﬁé@ﬁ&ﬂﬂﬁ@nﬁmfi/) Breiest- CH or N, Unl ess ot her wi se
indicated, the term"C to 3 alkyl" referred to herein
denotes a stralght or branched chain al kyl group

Tn SEdrih ik oM ! k?ré%eﬁt@%?élﬁpﬁ%gﬁk r@%@%ﬁ{s‘?ﬁetﬁfll St@aY1; A represents

groups 20 | ncl ude net hyl n- propy and

B PR AT 27, 08 o

i nclude 1-fluoro-I1-cycl opropyl,
2,2-difluoro-|-cycl opropyl and 2 3-difluoro-1I-

e R X fepkescis Wiado) & k088 adents methyl o cihyl; A represent
O T S BRR ea or Conpouns oP et

‘{ Yf&ﬁ@%ﬁ%ﬁ?@é?ﬁ%&ﬁf?@@%@#@ﬁw ) -3, 4- di hydr oi s0

qui nol i n-2( 1H) -
In one embodiment, R1 represents cyclopropyl; said cyclopropyl group being optionally
further substituted by CH3, CN or one or two fluoro atoms; R2 represents C1 to 3 alkyl;

and A, A1 and B independently represent CH or N.

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

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

Examples of a cyclopropyl ring optionally further substituted by one or two fluoro atoms
include 1-fluoro-1-cyclopropyl, 2,2-difluoro-1-cyclopropyl and 2,3-difluoro-1-
cyclopropyl:
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yI'] sulfonyl} nethyl)-5-nethylimdazolidine-2, 4-dione,
S

W@ 3y0&52(5 [ 6- (6- cycl opropyl pyri di n-3-yl) - 3, 4- dPdTysiE02001917
7-napht hyridin-2(1H)- yl] sulfonyl}
met hyl ) - 5-met hyl i m dazol i di ge- 2, 4-di one; (5S)-5-({
[ 6- (2-cycl opropyl pyri m di n-g
-yl) -3, 4-di hydro- 2, 7- napht hyridi n-2(1H)- yl] sul fonyl
} methyl)-5-nethylimdazolidine-2,4-dione; (5 S)-5-({
[6 (2-cycl opropyl pyri mdin-5-yl)-3, 4-di hydro- 2, 7- napht

lésdc} fosdoon Alodtdlds o¥@he invention include:

met hyl ) - 5-et %/lmdazol|d|ne2 4-di one;
(SSI 5—351[65(2(e[yclopropy1pyr1m1d1n— -yl)-3,4-dihydroisoquinolin-2(1H)-

yl]sh?fgxg %imgﬁlyspg-r%%%yf)& cliazofjclhnegﬁxclli})hg"’ 4-di hydroi soqui nol i
(ssybig[}&(fégutwlobwadnﬁsgnmmdﬁnﬂw 0| 7-stiphehy2idér-2{16he;
yl]sp&“om}@lytbvlab’izwﬂwmlqlﬁzshwns23A §i08¢;4- di hydr oi soqui nol i n
(ss%éf(%gﬁft?-@:‘é %p{(ﬂ{%l g%zn(—)? )3, dihydro-2. T-naphthyridin-2(1H)-
y1]sufGhy1Pmettiyt)y3- nﬁm@{l[rﬁda{zthmem tipheyycl opropyl ) pyri mi din
(S%I(ﬁgﬁr@rwﬁgg'%%» @?@3&“@@ i glhyéi@ S S S H3-

1]sifony] EJr rﬁ@t}‘l timidafolidine-2 4-dione;
Y]T%Ol?%% proplgs/, I py rl(r)nd -B5-yl) -3, 4- di hydr o soqw nol i

(58%52({(61(2}—1)yclqplrc}p}§wrﬁmdm -5- }ll) -3,4- d1hydr01soqu1n olin-2(1H)

d
B BP0 A o Bingn Rhar et ool 1
(sswmmeymu@apﬁmdm-saym AuligrdreisstuimedmpBnHRNt

ect of the 1nvention. The conpounds of fornmula (1)

Y1] n}éb}n@th}’ﬂ)ﬁ'Wﬁhﬂ%ﬁﬁoilémﬁ@rﬁﬂmn%er efore, all

TR AL IR AT b it
e o 8
B e e

yl]&%i%ﬁwg 1)%)6%%@1tdme3§t4tdaéhe or HPLC. Alternatively
ti c | somers may be obtai ned by asymetric

ancbpharmg@ugpalb'ramwtéglnsﬂ&th@eoﬁ romoptically active
starting materials. 30 WD 21) 1) 61065215
PCTI SE211115111111917 8 Where optically isonmers exist

Eaé%é&ﬁggﬁ@?rb&np&ma%pﬂemw ayettilanandisddgheaddno aspeal df the
I Ndl VI aua
invention.

The compounds of formula (I) may exist in enantiomeric forms. Therefore, all enantiomers,
diastereomers, racemates and mixtures thereof are included within the scope of the invention.
The various optical isomers 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.
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optically active fornms and conbi nati ons of these as

i ndi vi dual specific enbodi nents of the invention, as
wowdob/oex13 hei r correspondi ng racemates. s PrefBtESE05/001917

t he conpounds of formula (1) have (5S)-stereochenistry

as shown below R A -~AI % 0O Rx // ~\ N O0O0HI(I)

0O Wiere tautoners exist in“the conpounds of the

i nvention, we disclose all individual 10 tautoneric

forms, and, conbi nat|ons of these_.as .i ndi.vi dual eci.fic. .
@wmﬁemsns i 8 GORPPIS Of 1 b ve fisSRE 4 tndividual

op’dcgﬁ HARS SU| rb%ﬁlb%atlfoﬁ Wh@se(als )indl%dhﬁl%p&élﬁﬂbﬁbodlments of the

table salts include those formed with
mventgmnas:wdi as their gamésponding sacematgsgani ¢ or i norganic
bases. Such 15 salts will normally be pharnmaceutically
accept abl e salts al t hough non-pharmaceutically
Pre?éf&tﬁ?ttlﬁkﬂoﬁlp%ﬂh&ssoﬂ"fﬁﬁmhﬁ (Dhatk (5iS)kterdodhétistrp be parvai badow:
and purification of particular conpounds. Such salts
include acid addition salts such as hydrochl ori de,
hydr obr om de C|t[ate tosyl ate and nal eate salts and
salts fornedR osphoric acid or sul phuric acid.
I n anot her aspe¢t s¢|table salts are base salts such
as an al kali nes L oRQr anpl e, 20 &odi um or
‘ [ or exanpl e,
cal ci um or magnesi um ni c-anesgalt, for
exanpl e, triethylam ne. npouRds jof fornmul a
(1) may be forned by reacting the foee or anot her
salt thereof with one orgpore equival ents of an
appropriate acid or base. The conpounds of formula (1)
are useful because they possess pharnacol ogi ca
W}ﬁgé %ﬁh{o\{ne'r exi@H ﬁﬁl c% i cﬁ‘ tﬁ@iﬁ%elﬂﬁ)tne%'(ﬁ’échdée Wf ‘i’ﬁdﬂ/ldﬁﬁ
arnaceu |cals articular, the ¢conpounds of
tauﬂih)eljo&ﬂ)ﬂrhﬁﬁﬂﬂ@nﬂﬁﬂ'%ﬁi ofl the& dstindivitiugl spedific gntbhélments of the
i nyvention are netal |l oproteinase inhibitors and may
InvVeR{RA he used in the treatnment of di seases or
condi tions nediated by MW 12 and/or MW9 such as

asthma, rhinitis, chronic
The present invention includes compounds of formula (I) in the form of salts. Suitable salts

include those formed with organic or inorganic acids or organic or inorganic bases. Such
salts will normally be pharmaceutically acceptable salts although non-pharmaceutically
acceptable salts may be of utility in the preparation and purification of particular
compounds. Such salts include acid addition salts such as hydrochloride, hydrobromide,
citrate, tosylate and maleate salts and salts formed with phosphoric acid or sulphuric acid.
In another aspect suitable salts are base salts such as an alkali metal salt, for example,
sodium or potassium, an alkaline earth metal salt, for example, calcium or magnesium, or

an organic amine salt, for example, triethylamine.

Salis of compounds of formula (I) may be formed by reacting the free base or another salt

thereof with one or more equivalents of an appropriate acid or base.

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

animals and are thus potentially useful as pharmaceuticals. In particular, the compounds of
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obstructive pul nonary di seases (COPD), arthritis (such
as rheumatoid arthritis and osteoarthritis),
w@bdweneresd er osi s and restenosis, cancer, i nvasPONSEN05/001917
net astasi s, diseases 5 involving tissue destruction,
| oosening of hip joint repl gcenents, periodontal
di sease, fibrotic disease, “infarction and heart
di sease, liver and renal fibrosis, endometriosis,

di seases related to the akeni f the e trac ul a
the FREYER§IGN At @%3{0&359@19?% inbiBer and Hify E]P%F use Gttt or
disé%k %%Sﬁdlﬁ?lg})néﬁa@h B 2 andloS RAIRY m d¥akthtdal hinitis, chronic

erosi s and” haemat ol ogi cal di sorders. 10 I'n
obsgectareqju,lmbllmey disepes (GQPD), arthstlp fsesle m rhenmemd ghrigisand

ostRR s eNs R aeRe S s sioH M RPN Bisses

61% 5 Aéatractr&ll Rlokdtingd &k i 1@plabérhérng) flo&mtalomase
inv ﬁﬁﬁ ﬁﬁﬁs such as NhF’é ngg%ﬁ agd M\/Plpe

ﬁbrAtJ@ drsdasngmv;arcttqmeanédv@glé diseasqvkver b rpeblibigss, %Pdeg’ﬁﬁlf’lﬁﬁd
I I
dlsqaﬁ%ﬁ,rgw o ‘)Vé:ak%ﬁl[r)lgfog @{e]eaéd(ﬂ?&qfﬁtl ?rﬁ‘!th% Iféﬁft?m 9 a%rtﬁ:a t

herein use I'n t
anehfysﬁfé oCNSrelatd@lideases hech asvAlnhdimer'pdicsdse esd tﬂllﬁlp]lcs sa:l@'bsm(MS),
nmpound of forpula (1), or a 20 pharmaceutically
anddta@mﬁfoé‘kﬂl‘éa diordefsher eof , as hereinbefore defined in
the manufacture of a nmedicament for use in ther apy.
I n anot her aspect, the invention provides the use of a
In genepbdhecafipduadsrof the présentonveatiop h@rm intiikiggrs of MMP9 and

ent abl e sal er eof erei,nbef ore
w5 sp e et e DR o o 3ot i respect
to 4 feBAlvERk FintilhiS6@RSE Faritius GEHRE MNBPH sudhrhs MIVEPIS, MMP 14 and
inhibition of MW12 and/or MWP9 is benef|C|aI In

MMRW.-her aspect, the invention provides the use of a
compound of forrmula (1), or a pharmaceutically
acceptable salt thereof, as hereinbefore defined in

Actdi@ingBy) tlfeﬁﬁtmhelnoéntam Bovitecucangund od forusida (I)) ome

treatnent of in tor d sea /0652
phm%@lf&lﬁ@fm@ili@ﬁt e&f@ ﬁ}?&r\”ggé@l or P?Fem]féefapy-
i nvention provides the use of a conpound of fornmnula
(1), or a pharmaceutically acceptable salt thereof,

In amthve nepech ioineentihimeddésthe hee ofsrmebaonnd ef frmala (I), or a

pharmaceutically acceptable salt thereof, as hereinbefore defined in the manufacture ofa

medicament for use in therapy.

In another aspect, the invention provides the use of a compound of formula (1), or a
pharmaceutically acceptable salt thereof, as hereinbefore defined in the manufacture of a
medicament for use in the treatment of diseases or conditions in which inhibition of

MMP12 and/or MMP?9 is beneficial.

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

medicament Ior use m tne weatment of inflammatory disease.
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medi canent for use in the treatnent of an obstructive

ai rways di sease such as asthnma or COPD. s In another
wW@sEenss213 he i nvention provides the use of a CRIPSERN0S/001917

of formula (1), or a pharmaceutically acceptable salt

t hereof, as herei nbefore de&;ned in the manufacture of

a nedicanent for use in the treatnent of rheumatoid

arthritis, osteoarthritis, atherosclerosis, cancer or

i b BB Sa e B SO G g RaBlEOT

pharn?efc@ﬁtli%hg)éb&gtabwﬂaﬁstﬁeﬂe@ie AEheREiBbSTBRANINEd i1k GRinufiBtire of a
. ternms "therapeutic”" and

medi¢anenafieusé ahe y‘eatgtmumméos@wtmeramy&d@@asa S 48 asthgna or
COfﬁophyIaX|s IS expected to be particularly relevant to
e treatnent of persons who have suffered a previous
epi sode of, or are otherw se considered to be at
i ncreased ri sk of, the _disease_or condition |q
In agetbet dspect, the inysatomPprovidsk theruse ef e FerpPoHRdPL farmpyla ()4 2
di sea
phaptaf T apofOlts} (e G B AL bnLON ARCLIPRE MAiKittEof a
medibiandd@ ¥ vge anthe deatnichi efirhbymgeitedritritis pestéaaghutis, atherosclerosis,
screeni nls’ to be particularly 20 susceptible to
canerE e MBMING SELEESIS sease or condition. The invention
further provides a nethod of treating a disease or
condition in which inhibition of MW12 and/or MWP9 is
In thecetféxt ofithewnéseht &p@c&ﬁpatimls thedetinn| therepy rajsq @Cbld%'éﬁmléwﬂam"

tically off t "
uni s thiay arepyeif mlcsBons i SR ahnlenth, ABFERHAR: B
"thér&?eﬁﬁ@iuya%h&ﬁa%eb@@e@a@t@idlﬁgg The invention al so

provi des a nethod of treating an obstructive ai rways
di sease, for exanple, asthma or COPD, which conprises

Progg)?%)@ fl e‘?Jp%&Qd 1% a?ﬁ'(t,dlﬁ re?evgmp W ltrﬁéllltl of )persons who have

amount oun or a
sufﬁlwrm@eemhs epibdde cﬁ,cmrem aihbmws:actdnsﬁl@redhe be af 1na®ased risk of, the

her ei nbefore defined,, WD 21)1)6 15
disqasepropopglifions f9astip Persens 3 615 Pﬁ a%‘&\}%g ARATCEARgecase of
contdﬁ ?%ﬁé‘xtallf 1&&&1% tﬁ&% ﬂ%@%@aﬁﬂ?‘h&k QF € dibdaks ordondition, or

h the conpound enpl oyed, the node of
thomjwhcm hsxtermen odemlﬁh@b]z’ geetinbesting es $qresmingi@ berparticularly

susceptible to developing the disease or condition.

The invention further provides a method of treating a disease or condition in which
inhibition of MMP12 and/or MMP? is beneficial which comprises administering to a
patient a therapeutically effective amount of a compound of formula (I) or a

pharmaceutically acceptable salt thereof as hereinbefore defined.

The invention also provides a method of treating an obstructive airways disease, for
example, asthma or COPD, which comprises administering to a patient a therapeutically

effective amount of a compound of formula (I) or a pharmaceutically acceptable salt

“ 'tligre_o—f- a4s—Iié-r~e\ihb~ef6rAe. aé_ﬁri&i
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di sorder to be treated. The daily dosage of the

conpound of formula (l)/salt (active ingredient) may
wheoobne2ine range from 0. 001 ng/ kg to 75 ng/ kg, PCTISE2005/001917

particular fromO0.5 5 ng/ kg to 30 ng/kg. This daily

dose may be given in d|V|de9 oses as necessary.

Typically unit dosage forrrs contain about 1 ng to

500 nmg of a conpound of this |nventi on. The conpounds

o e T B BRSSP A
W1thgtﬁ9 @51?% b%cp&néflgﬁdq RS RbA aﬂnﬁﬁl@tritﬁihmh@ fire@tment de 31red and the

eutl c osition in which the formula (

dlsombmtfé&ted tTmeadaﬂ;y\d@sagegafébn eqmapjoting of foramiao@)/ sl (@ﬁtwe
a phar.mgceuti c ce
e B RGO B BRI o P st o
mg/k f Ak Vl%celqﬁd &l db@éfﬁﬁﬁlbblgmmdh Hiv1¢l=fd&fo€d§ﬁ$lr§ecessary
nprise fromO. O to 99 & per cent by weig
Typmallxe upiteipeass ﬁmynwmrﬁoatalmab%lt g o0 Be I P?%O d of this
in redl ent, and, Is from1l to 99.95 %v, nore
1nve|511t ‘erably from 30 to 99.90 %v, of a pharmaceuti call y

accept abl e adjuvant, diluent or carrier, al
per cent ages. by

b |
o oDyt st R bl i ety b ed
on tﬁo T nﬁfﬁm%@%ﬁ gé}{éraﬁéf bceLHdhﬁHllséredihQliérﬂﬁlﬁtﬂfla%hrmaceutlcal

ations~are describ In, for exanple,
coniplahmlbrrmm ehidhdbé ormulbv@) c&mmugé/salb(actmgmg&edmm in association

|
iS5 S S A Sk o098 ok e o o

adnRRRHERGE W fatmERIRes bbmp@slﬁ@mwm Briefgatily cempnmm«iin@fOS t0 99
formula (1) or a pharnaceuticall g accept@&le sa
Y%wt (er esot by weightle mebprsfesably SOMHB 40 10,74 %% a?ti"&r}n%eflﬁma and,
Wl . C NGy
ol B R ROyt L STty
accéhblt Agjupagpditi@it mfbaﬁﬁeraalbhacms by sadight ibomgdogsetd axtotal

of the invention whi S..m Xi tgl
conpostionaCopyengpnal Pr%ﬁg ?qg fiie gefign aa@ﬂrﬁ %B?&P gﬁff‘i‘ able
phahﬂ%e%ﬂf:al%nﬂﬁ?tfdﬂg hes @lserisiel ih R e¥drhifle 2 Pharmaceuticals - The Science

arnmaceuti ca accept abl € adj uvant, diluent or
ofmmage Eprm Blasfghsé’ Mhi daidtent Cnthill dipogstencsAl8Sbf t hi s
invention may be administered in a standard nmanner
for the disease or condition that it is desired to
Thﬁsr fRtpredeRf inf¥RINRAl Bsohtodited a plisdplacatical doatpesition abmprising a
blccal, nasal, vaginal or rectal adm nistration

cormpaR i FOmIE) OF SEETogs ey D) ey e pat hercof o heteinbetore
defP Cglln aszs%%l%&é}év}tﬁ ]a]p%gnznac%gtlcally acceptable adjuvant, diluent or carrier.

The invention further provides a process for the preparation of a pharmaceutical
composition of the invention which comprises mixing a compound of formula (I) or a
pharmaceutically acceptable salt thereof as hereinbefore defined with a pharmaceutically

acceptable adjuvant, diluent or carrier.

The pharmaceutical compositions of this invention may be administered in a standard
manner for the disease or condition that it is desired to treat, for example by oral, topical,

parenteral, buccal, nasal, vaginal or rectal administration or by inhalation. For these
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pur poses the conmpounds of this invention nmay be

formul ated by neans known in the art into the form
wotgoshen21exanpl e, tabl ets, capsul es, agueous OPCDSE05/001917

sol utions, suspensions, emnulsions, creanms, ointnents,

gel s, nasal sprays, supposi&gries, finely divided

powders or aerosols for inhdlation, and for

parenteral use (including intravenous, intranuscul ar

or s _infusion teril e agueou r_oil ol uti qns_or.
purg%bgﬁscpewgu%& ot frvenon,maY B Somteh Y PeRs v the art
intoCRORAHNEKS f&fex?ﬁﬁlteﬁfaﬁﬁz?sr,‘ Eaplsié8 g &dks toh 8ilp BallHBis:S Mishedions,

conposition o I's invention may al so contain, or be .
emulsions) ioteainst eintoents igals) nasplepraysysupposierias dincky diyided powders or

' h | 9gi cal.: i
sl e BP0 SR AL A G BOG Gl Rk ar o
inﬁfsﬁfnz bl d@ehRr RiolghoNtosi s ugFensiOsTl gatle trlsiade

mar k) product. The present invention further provides
a process for the preparation of a conpound of

f I | i . . s
n P ol g RS b, oo o
thig' i@e&ition Mayfald @amginunde od-atlminisiktred ($iultBnddusly of sequentially)
LOOH (Il), wherein R2 is as defiped. in fornula..(l
withyfpeor mosp PharaReQlogicplaggy Q?ejﬁﬂaﬁﬂl, tf%q f °8° 5H™CH é‘tﬁ%ﬁs or
i ek b P XtradR rharkPprobibit:
Con%t}({“)g &%}r%‘(ﬂﬂé’/& %%é%g%&cﬁssé %%C?ﬁsxt/rﬁfﬁr gﬁf s
wherein R A A and B are as defined in fornmula (I);

Theo érese%)t ian%gt?(t)ﬂ A %I pr%v1 R_{P Sllrjorc]:gss%r 1f.h% r};)%f)lagat&)}{)of 4 08np5md of
formula (I) or a pharmaceutically acceptable salt thereof as defined above which,
comprises:

a) reaction of a compound of formula (IT)

(i)

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

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

()



Ga Bi I NHS NH LG\ H (V) 5. wherein RR and B are
as defined in fornmula (1) and LG is a | eaving group;
wOowdk/oes2bor oni ¢ aci d derivative of fornula (XPd/SiRogs/001917

AB(OR2 (XI I) wherein R A and Al are as defined in
formula (1); or «c) reactloq3of a conpound of fornula
(1Y) Ry A AO BNES ~/ \\"z -.__.O0O0-.- R (IX

15 WD 21) 1) 61065215 PCTI SE211115111111917 14 wherei n

Rl, R2, A, Al and B are as defined in formula (I);

mﬁth annoniun1carbonate and potassium cyani de; and

opt i [yt eaft r.m.n \ar.maceutical ly
whgg égnzb @g% rFﬁlé lgf?%"’ﬁ%@s]aqﬁove process (a),
sui t.abl i nclude hal o, particularly
b) RPEICE gra C%ﬁ%f)%%q orre@ﬁgl{,%ul fonate. The reaction is
preferably performed in a suitable solvent optionally
in the presence of an added baseyfor a suitable period

of time, typically 0.5 t9 6}
\\//

BOG e
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)

(XIN)

10
wherein Rl, A and A1 are as defined in formula (I); or

¢) reaction of a compound of formula (IX)

A\

)

IxX)

15
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h, at anbient to reflux tenperature. Typically
sol vents such as N, N-di net hyl f ormam de, pyri di ne,
wo edosaésedy of uran, acetonitrile, N nethyl pyrrol PCi/sE2003/001917
di chl oronet hane are used. to When used, the added base
may be an organi c base such. as triethylam ne,
N, N- di i sopropyl et hyl am ne, l@met hyl nor phol i ne or
pyridine, or an inorganic base such as an al kal i
netaH carbonﬁte. The reaction is typically conducted
wheatin®TDRENA, AeapeBareimsddfined ir0fosmule (Dewith apymemem|carbonate and
conpl etion of the reaction has been achieved, as
potabeiuer ¢jianisld; by chr omat ogr aphi c or spectroscopic

and R e canany iR 9 ko PRIl ddkog ° 1o

literature, and the variations of the conditions wl]l
be evident for those skilled i n,t he art.
In tReAB0R8 phedaboia), daatdé lehonmgraups [ )inakiwder keiloy patticularly chloro or
represents chloro and R2 represents Me are discl osed
triflunron@tiRA¢0foae 7T ket actiinas preferably ipeeformdsking syitable solvent

Correspondi n 20 ' .
oo AR BR RS SRR PR 8 A Rt R il s 16
h, aPHinbR8t ® BASCREFR IR THiEIRTBRRAR sheasON, N> dipsthyiftsmafide,
formula (1) are described in a retrosynthetic '

pyrinee tasrahy drpforan, pegtenitels 2 snetonpgrolidine aridighle ahg gre used

WER IR tsedleg OhsBiing i b isg PG | | o

N, M dBSopropytéthlamnine, NHiethylnrbrpholide or pikidine oG ingrggniobge such as
an qli\&éfm}]:{sqﬁ] 'paLrp(()lg.altelg. al"?h%%req%\t/igg |IS| t_yggcally co\lludulc?tgc;d 91: &rr?b{entl}'gm{)erature for
0.5 to 16 h, or until completion of the reaction has been achieved, as determined by
chromatographic or spectroscopic methods. Reactions of sulfonyl halides with various
primary and secondary amines are well known in the literature, and the variations of the

conditions will be evident for those skilled in the art.

Sulfonylchlorides of formula (II) wherein L1 represents chloro and R2 represents Me are
disclosed in WO 02/074767 and references cited therein. Corresponding compounds

wherein R2 represents C1 to 3 alkyl may be prepared using analogous methods.

Suitable processes for the preparation of compounds of formula (I) are described in a

retrosynthetic way in Scheme 1.
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ORAEN-H Nx ~ OOII 0o (Vo-c) (Viv-c) (Mlv-c)
JiI'~R "AavA C S/xrl"/ "Nl ' Q@ a\oRn, \NA LGA
WORORIGS213 1 ~O (p) (XI) (XR) In Schene 1, prot eptT/SER005/001917

groups (PG can be either carbamates (e.qg.

tert-butoxycarbamate), aniggs (e.g. trifluoroacetyl)

or alkyl (e.g. tent-butyl or~benzyl). Leaving groups

(LG can s be either chloride, brom de, iodide or

trifluoronethylsulfonatqS In.the palladi umcatal ysed
. . . chemel . .

Suzuki couplings, either boronic acids or

pi nacol boronates may be used. Internediate (I1Va-c)

can be prepared by standard Suzuki coupling (Chem

"Re¥y 1995, 95, 2457) bet weenan el ectrophile (VIla-c)
ahﬁazggfzﬁn reagent (X 1), 9 her way ar oung,. -
bet wcepectropiEe (XI) a Qron reagent m\

(VIIIa}p).J?h% latter can be obtajnedfrom (Vila-c) 10
usi ng $t'andard Myaura conditions (J. Og. Chem 1998"9
60, 750B-7510). Deprotection of I Va-c) either by

hydr og chloride in nmethanol (PG ‘U
yl) or refluxing 1- chloroethyl

"ot prof or mat e/ refl uxing n%ﬁﬁigéilégj = tert - blitg!y or

b ynleft.} 1993 198~ Nves qgjge (I*#lﬁ:il:?
agggﬁigggggnwg%“ e salt® The freel e can be obtai Mra
by treatreht fof [(111a-c) with base and extraction .,
With an organi ¢ solvent such as ethyl acetate 15 or

t ol uen Reacting (llla-c) either as a salt or base iTL

a suitable solvent (e.g. acetonitrile, WO

21)1) 61065215 PCTI SE211115111111917 16

tetw of uran, N-nethyl pyrrolidine or o

N, N- di_det hylf,.@kpam de=hi t h t heyg nyl :d:bloridem
(11) in thewpkdsence of a tertid fi ne (e.g. S “ra
triethyPam ne, pyridine or N, N-diesopropyl et hyl ami nej=o
for 0.5 to 16 hours produces conpounds of fornula (I).

s An alternativg route to conpounds of fornmula (1)
frominterge %gkg (I'lla-c) viasynet hanesul fo mde

(Xa-c) and;%g e (| Xa-c) ha:ﬁhgqp previously'*\| BOR),
described (WO 02/074767). Briefly, treatnent of

(I11a-c) with fethansul fonyl chloride and a tertiary

PG

In Scheme 1, protecting groups (PG) can be either carbamates (e.g. fert-butoxycarbamate),
amides (e.g. trifluoroacetyl) or alkyl (e.g. fert-butyl or benzyl). Leaving groups (LG) can
be either chloride, bromide, iodide or trifluoromethylsulfonate. In the palladium-catalysed
Suzuki couplings, either boronic acids or pinacolboronates may be used. Intermediate
(IVa-c) can be prepared by standard Suzuki coupling (Chem. Rev. 1995, 95, 2457) between
an electrophile (VIIa-c) and a boron reagent (XII), or the other way around, between an
electrophile (XI) and a boron reagent (VIIla-c). The latter can be obtained from (VIla-c)
using standard Miyaura conditions (J. Org. Chem. 1995, 60, 7508-7510). Deprotection of
(IVa-c) either by hydrogen chloride in methanol (PG = fert-butoxycarbonyl) or refluxing 1-
chloroethyl chloroformate/ refluxing methanol (PG = tert-butyl or benzyl) (Synleit. 1993,

| 195-196) gives amine (IIla-c) as a hydrochloride salt. The free base can be obtained by

treatment of (Illa-c) with base and extraction with an organic solvent such as ethyl acetate

or toluene. Reacting (Illa-c) either as a salt or base in a suitable solvent (e.g. acetonitrile,
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amne (e.g. triethylamne, pyridine or
N, N- di i sopropyl ethylam ne) in a suitable sol vent

w@ en0goetihl or omet hane or tetrahydrofuran) proRUDes0031@1917
nmet hansul f onam de (Xa-c) which to in turn can be
transfornmed into the ketonelél Xa-c) using standard
procedures. Heating ketone (IlXa-c) with amoni um
carbonat e and pot assi um cyani de i n 50% aqueous et hanol
in a sealed vial at_ 80-90 or 1.1to0 5 h

et e h R PH T RRS Sl bUTB S pBgeR) W TRy

chlo"f‘ﬂir Eﬁ?g) Pégéfn&%fg tert] 15\3 Y. % r’cﬂét@?fé‘hﬁﬁé“ aYAllihe ot S 1 N

I nt ernedi"at e i s déeprotected as

N, Nddilsopnobylét}QIMI&nﬁe) for giSve 1éﬂmoms prvédrlcas cf)mmunés of formula (I).
hydrochl ori de salt. The free base can be isol ated by
treatnent with base and extraction with an organic

An SN ANVe rButd to 85hYdunds 6f murar(b)t I} b emermddeae (MAL) via
(Ma-c) either as a salt or base in a suitable

metbarievelfitnaprddey(Xae)kandrietane |(EXa-e)dtas rguipisyignsly described (WO

hyl lid L N-d
o B SRS e P e
amiaB\(d)e tAbth{Rnfne, byiigind pt BI[N—ﬂﬁsomwyldhyﬂanmte) in a suitable solvent
NN- di i sopr opyl et ﬁl am ne) for

t
(e. gcﬁnchh)rorg@hvw@ Y@V@ré‘? pr?ﬁléceﬁ éliet lgPt E%H?fé%a%‘g‘ﬁgg §Whl‘>h
in tht% ReLARHERIER tﬁlgk&})né’g f) u§1fn? @%H&d@#&k‘:hﬁres Heating
PO ons to gl ve conpounds ).
ketdrret (EX are}livith emnforiidra chtbonate andwp@te!rsnlemcy@m @@We@qu@gum@thanol

he f ol 25 The
in s tigt ikt G 6 G HESPH P BEICERS TRPIg]n et g esolved
by Efifal Em%n%g&éiﬁ%l(é Obn HDHIvithr 160% aiAsIRi Soqui nol i nes

are wel | known |nthe literature. The classical route
is the Pomsr anz-Fritz reaction of benzal dehydes with a
et I ote ) (P :
In altégﬁ %% (%t%qd ngﬁ? ee%%(g%%g?%o |Sérggegl0a bﬁg cletis. e
(Vl‘ﬂhﬂ% ada hﬁ&ﬁclﬂaﬁaé ydli. Tht freeBasetcan be fiokead by treatment with base and

3, 4-tetrahydro-isoqui nolines. the rou [ .
extrak oW P OF gavimiodyeaF &R cthAcettsPr( Resgiing (i’é%'s) either as a

O -
Saltﬂé?%%%?%f@i‘g@? f%%l(g g %ng@l%ﬁg%t&e?ﬁréﬁg%l rJ]\é gne;tllvllytl%yrrohdlne or
N, Jpbasqlyifornantida) “Vlﬂﬁuﬂﬁonyleﬂlﬂander@) imothe @reserne of pltestiary, amine

Reduction of r l,tin i.C_he an
(o4 R URPRI PPy o) PP Sr SRR B 1ol prgduces
chifd? @ﬂ‘fonja%ﬁge (BRE)L 2h® 182P&mAe1dhpRE vilihrameapent (XII) using

tetrahydrofuran (J. Med. Chem 1980, 23(5), 506-511)
standaid Buaila henditions3o givesorppyedsaffomuladi ne. A

variation of the s Bischler-Napieralski reaction is

the Pictet-Spengler synthesis (Org. React. 1951, 6,
Intdrbietiatds(VIIa-b) are conveniently prepared using the following methods.

The 1.2.3.4-tetrahydroisoquinoline intermediate (VIIa)

Methods for the synthesis of 1,2,3,4-tetrahydroisoquinolines are well known in the

literature. The classical route is the Pomeranz-Fritz reaction of benzaldehydes with a

diacetal protected aminoacetaldehyde (Org. React. 1951, 6, 191) yielding the isoquinoline

nucleus which upon catalytical reduction gives 1,2,3,4-tetrahydro—iséquinolines. Another

route is the Bischler-Napieralski reaction (Org. React. 1951, 6, 74) of a carbamate of
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this reaction am des, carbamates or sul fonam des of

2- phenyl et hanam nes are heated with parafornml dehyde
w@nes620g proton acids (e.g. trifluoroaceti cP@EDSER005/001917

sul furic acid) or Lewis acids in a solvent (e.g.

di chl or onet hane, tol uene, fOf ic acid) to give the

1,2,3,4 tetrahydroi soquinoline in a single step

(Tetrahedron 2002, 58(8), 1471 1478). 10 Scherre 2 Hr

2-sipyle B tmiper it plosPhpnyt Efiins e N e oreebsg, fauction

of thOredulting d?eﬁ@ﬁéﬁzamlc&)wﬂlﬂﬁhﬁ@l aﬁimlh_:ﬁmi\hydi'ﬁéi in ®Yrah an (J.
H, SO4, HOAc; (gal\laBl—M Et OH, RT or (cone),

Megly G 98T, 3(21{12)4 2208:2336) 00 diterangin B@Wh}'@wfurm ef dedoClem.

1980, ot AP LD G T S A TR P Pt of B

BiscBlét-Hal Eﬁereﬂsl&&éa@ﬁ@ﬁ is@h@ Plctdtypenglenshtiebis ¢Or dgN acz( 805156, 151). In

br omophenyl )ethyl]-2,2,2-trifl uoroacetam
thi§ yeaeRANRERIders C@mamgﬁ.@ﬁ prsylfongwides o Zavbémyl@tha%?emaes are heated with

T
acidd in3 dodveht (e plichit@omethans, tbllnend., forblic acidpoatienind @ ,2903,4up

R R e SR

1,2,3,4-tetrahydro- 2, 7- napht hyri di ne i nternedi ate
(M1b) In contrast to the

1, 2, 3, 4-t et rahydr oi sdesmadl i nes, there are rather few
exanpl es of synthetic nethods for
1,2,3,4-tetrahydro-2, 7-naphthyridines in the

B’\@e‘n\pt Uragb, ortant s t 0 apr ep= -2, 3;
etymahydro 2| RRI AyTT di vt e m\m‘m
regi o-sel ective- cat al ytic reduction of "
%bu L napht hyri di-agicrur . J. Med Chem Ther. 1998,sumin-cn
T(11), 875-888). 25 The synthesis of and LG =59

2 7-napht hyri di ne and sone derivatives thereof has

A S At T T L

route involves several steps and starts W|th the acid
cat al ysed

Preferably the 1,2,3,4-tetrahydroisoquinoline intermediate (V1la) is synthesised by Route
A shown in Scheme 2. This route is a Friedel-Craft-type reaction of N-[2-(3-
bromophenyl)ethyl]-2,2,2-trifluoroacetamide with formaldehyde and sulfuric acid in acetic
acid (Tetrahedron Lett. 1996, 37(31), 5453-5456) giving a mixture of the 6-bromo- and
8-bromoisomer in a ratio of 3 to 1. Replacement of the trifluoroacetamide group with a

BOC-group gives (VIIa). The regioisomers are not conveniently separated at this stage.

The 1.2.3.4-tetrahydro-2.7-naphthyridine intermediate (VIIb)

In contrast to the 1,2,3,4-tetrahydroisoquinolines, there are rather few examples of

synthetic methods for 1,2,3,4-tetrahydro-2,7-naphthyridines in the literature. One

-important-method-to prepare 1,2;3;4-tetrahydro-2,7-naphthyridine is-the regio-selective—

catalytic reduction of 2,7-naphthyridine (Eur. J. Med. Chem. Ther. 1996, 31(11), 875-888).

The synthesis of 2,7-naphthyridine and some derivatives thereof has been described in the



condensation of malononitrile wth diethyl

1, 3-acet onedi car boxyl ate (J. Chern. Soc. 1960,
wW@ah8o&id; see also J. Heterocyci. Chem 1970PCWSE2005/001917

419-421). A slightly different route to

2, 7- napht hyri di ne invol ves q i dation of

4-fornyl -2, 7-napht hyri di ne t0 give s

2, 7-napht hyri di ne- 4- carboxyllc acid foll owed by

decar boxyl ati on (Synthesis 1 4
htemﬂ%rf:e@w a-ﬁ'éaah@agq @V@é{%se%fvsﬁ% %“F\P:S f}n??t &Iﬁé’r“@ hg Pet &aﬁg‘/rSXd
ﬁhﬁ) Bf ﬁfalogomtrille with dlethyl 1,3-acetonedicarboxylate ?J Chem. Soc. 1960,
oxycar bonyl) (but=3-ynyl ) am no- met hyl pyr azi ne
35 léﬂitb' 1§; weals JTHetanocezcbehkmz 19707, 419-421). A slightly different route to

r 0- 2
2, TRy g el DRt bR A priginoH 88 i
2 79faphﬂ19ﬁd1ﬁéf4b@ \;@hl h&ld I@ol(d»@@d)c%/ &&%3&})’1&16195@@%@5@ 1873, 46-47).
Route”B S I d MA N O N-e /
A completely CHEEAEY R baseiap o feterp] Digly-Alderygestion of

By 5 o P b R G b 23

teﬁlﬁﬁrﬁﬁ‘?ﬁﬁ%ﬁ%gmdgg@nd(SEH?VLS)tetraI@diq—1ﬂt-nakﬂhth‘ljﬁl&i,ne @66 hydaglysis of
t ., Ptoz, HOAc. f) 48% HBr (a
thefzrb@na@gre%@}’ 9%5)71’0 H,O THF. h) )Tf 20, Phl\/te,( 3)0%

le, PO . Preferably t he

1,2,3,4-tetrahydro- 2, 7- napht hyri di ne i nternedi ate

(VIIb) can be synthe¥haed as shown in Schenmes 3 and

4...kN Route B, commercially avail able 15

6- met hoxyni cot i nal dehyde is treategd %cces& vely with

Me ﬂ,ﬁgn\l/lthlaum e I N B, N -9y yl ethyl @:rtp ne,
[ ~A-BuLi inn es and fin /qodlne to Nd

Lett. 1993, 34(39), 6173-6176). The iodo conpound is
coupled with trinethylsilylacetyl ene Linder usu
Sonagashira-kbgihara

HO Z £ McO. Z
| R — |
Naw NH Na NH
“~COOBu-t ~COO0Bu-t

x HBr

the 4-iodo-6-nethoxynicotinal dehyde (cf. Tetr aEedr on

Reagents:
a) LiCH,NCH,CH,N(CH;,, THF, -70°C, b) n-BuLi in hexanes, -70°C, then L. ¢) TMS-acetylene, PACL(PPh,),, Cul, Et;N, THF, 60°C.

d) 7 M NH;, EtOH, 80°C. )H,, PO, HOAc. f) 48% HBr (aq), 120°C. g) (BOC),0, Et;N, H,0, THF. k) T£,0, PhMe, 30% K;PO,.

Preferably the 1,2,3,4-tetrahydro-2,7-naphthyridine intermediate (VIIb) can be synthesised
as shown in Schemes 3 and 4. In Route B, commercially available
6-methoxynicotinaldehyde is treated successively with the lithium salt of

N,N,N -trimethylethylenediamine, then »-BuLi in hexanes and finally iodine to afford the
4-iodo-6-methoxynicotinaldehyde (cf. Tetrahedron Lett. 1993, 34(39), 6173-6176). The
jiodo compound is coupled with trimethylsilylacetylene under usual Sonagashira-Hagihara
conditions (Synthesis 1980, 627-630) and the resulting 6-methoxy-4-
[(trimethylsilyl)ethynyl]nicotinaldehyde is condensed with ammonium hydroxide in

ethanol to give 3-methoxy-2,7-naphthyridine (Synthesis 1999, 2, 306-311). Regioselective
catalytical reduction (cf. Eur. J. Med. Chem. Ther. 1996, 31(11), 875-888) affords



10

15

20

conditions (Synthesis 1980, 627-630) and the resulting
6- net hoxy-4 20
\VQ@MMmmﬁlmyIS|IyI)ethynyI]nlcotlnaldehyde i S CPOMSIDesi001917
wi t h ammoni um hydroxide in ethanol to give
3- met hoxy- 2, 7- napht hyri di ne .(Synt hesi s 1999, 2,
306-311). Regi osel ective catalytical reduction (cf.
Eur. J. Med. Chein. Ther. 1996, 31(11), 875-888)

-r%f ﬁé&gﬁ;,ﬁ 23 leé)dgol—g 3?1?2%?} qulng %%ﬁ%ﬁ% 1 11%’(? ﬁlgpro%e%tion with
BO@e&ﬁ#ﬁMh@Eﬂma@l@'%M& b tHelrOIMd z@rt-tﬁ%@ﬁ‘ﬁﬂ@iy‘ 99-amgiro-

fina treatment of the resulting tert-buty
2 76}aplytdiynd1yle (W d¢anlyakydate with triflic anhydride in a two-phase system gives
(Vﬁt?f napht hyri di ne-2(1B)-carboxylate with triflic
hydride in a two-phase systemgives (VIIb). 5
Scheme 4 Route C MO C MO/ /O MO Meo It rly a |
Br N ON, %Bwt M / -BU-t dl TID\ N HO N
NBv=t ~MeO NBni{ Hu -t Re¥B@Mts: a)n-Buli, THF,-70C
then DMF, -0C to RT.b)t-Bsl NH3, DCM
B#aool . si eves. c)Li-TWMP, -20C then DVF, -20 to-10-C. d)
NaBH3CN, MeOH, HOAC, RT, e) 4G% HBr (aq), retlun;
work-up with R CO (nq). }) Tf,O pyridine +4eC. In

MeO C, conmert avai b abl W<~ MO 2
)TD- Z=TTeT hox y hyl pyri di ;%Naﬂmthydr ousmsm

tetrahydrofuran is netallated with n-BuLi and then
treated with NN-di nethylformam de to 10 afford

6- met hoxy- 4- nmet hyl ni cot i nal dehyde. This was converded
to the tert-butylimne with tert-butylamne in

di chl or onet hane. I\/btallation Wi th Iithi um
2,2,6,6-tetraneth eridide @di- (cfe Jwo

Chem 1993, 58, 263267‘)‘7n7d adltilo of— No
N, N- di net hyl f or mam ~deaf®ords the Imnodtet al dehyde
which is reduced with sodium

u-t

Reagents:
a) n-BuLi, THF, -70°C then DMF, -70°C to RT. b) t-BuNH,, DCM, 3A mol. sieves. ¢} Li-TMP, -20°C then DMF, -20 to -10°C.

d) NaBH,CN, MeOH, HOAG; RT. ¢) 48% HBr (aq), reflux; work-up with K,CO; (aq). ) TR0, pyridine +4°C.

In Route C, commercially available 5-bromo-2-methoxy-4-methylpyridine in anhydrous
tetrahydrofuran is metallated with »-BuLi and then treated with N,N-dimethylformamide to
afford 6-methoxy-4-methylnicotinaldehyde. This was converted to the zert-butylimine with
tert-butylamine in dichloromethane. Metallation with lithium 2,2,6,6-tetramethylpiperidide
(Li-TMP) (cf. J. Org. Chem. 1993, 58, 2463-2467) and addition of
N,N-dimethylformamide affords the iminoacetaldehyde which is reduced with sodium
cyanoborohydride in methanol to give 2-tert-butyl-6-methoxy-1,2,3,4-tetrahydro-2,7-
naphthyridine. Cleavage of the methy! group with refluxing 48% hydrobromic acid and
treatment with triflic anhydride in the presence of base gives (VIIb) protected as the

tert-butylamine.

It will be appreciated by those skilled in the art that in the processes of the present
invention certain potentially reactive functional groups such as hydroxyl or amino groups

in the starting reagents or intermediate compounds may need to be protected by suitable
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cyanobor ohydri de in nmethanol to give

2-tert-butyl-6-nmethoxy-1,2,3,4-tetrahydro-2,7 15
woaphoeszis di ne. Cl eavage of the nethyl group WdTSE2005/001917

refl uxing 48% hydrobrom c acid and treatnment with

triflic anhydride in the pre§ence of base gives (VIIDb)

protected as the tert-butyl@mne. It will be

appreci ated by those skilled in the art that in the

rQcesses th resent 20._.inventio rtain,. )
proffsian Eicapt Bt PYBIRNG of WhAPTRPUUPS! Qfcivagion may involve, at
var{Dig 5REY, ﬂeradamoﬁcanareﬁmr of Bnd emEledrbtedithe’ SoGRNt S Or

i nter medi ate conpounds may need to be protected by
sui tabl e WD 2006/ 06' M6 PCTI SE21111 5 /11111 9 17 20

s S BB o R R b i e o
areHe@@®ed il *Pﬁotédﬂflet(}r@gpsarﬁd)ﬂg@rﬁﬁ‘@bmﬁﬁtry(} Reital by MWEF. McOmie,
itable protecting groups and

t ect
Pleaétgd’?gsl(g%ﬁ :agéj Psataetivedprogpeindreanig SyBMSHS ndrdsditipn, T.W.
e}
GrépBRE P GNE WP B blindd (5600 LV P e ' B enum

Press (1973) and’ Protective C}oups in Organic
Synthesis', 3rd editio G.eene an P. M, Wit s, .
Thegqmapaurds of teitraEon 4 @}emrﬂlateé Shrea My sqlgd from i
reabﬂﬁ%ﬂtﬁl@s Al if Ro8IsIE A&k E SyOusiy sthRial SRLRIigtbs.
fromtheir 10 reaction m xtures and, 1f necessary
further purified, by usrng st andard technrques The

resent .inventi o e furthe y
T SR AYE0R ey Bbwobf TR LIPS s RABR 48 g dottowing
illusenefedxaMplesods 1H NMR and 13C NMR spectra were
recorded on a Varian Inova 400 MHz or a Varian
Nbrcury VX 300 Mz instrunent. The central peaks of
Rl d (SH 7.27 ppm),  di met hyl sul f oxi de-d6
ppn), acetonitrile-d3 (SH 1.95 ppn) or
IH dAMRanA P%mmrsrsp@tra Werpodrdad ve aléenin d80viard08rMHL or a Varian
references chr gmat ogr aphy was, caryri ed

Megigirgy 58 %Mfﬂwsaepelrto 1 genrad psaknft chlorfRym @727 pom),

oSBT e I R P, o5

ﬂk%ré‘ﬁb@ b9 inbditlal Feftant &S Cohfmrﬁﬁﬁbmltotgfaphﬁ/\mtceme\d/lothSIng
TFA at a flowrate of 10 rnL/m n were us

0.
sl 84D DD IDEIAPRCCESH) B8 S igbbonSrrswe g o-0F Gt Fplied on
thene% dﬁﬁ% E}i iréﬁﬁ{l ERIEBI C clo}"unﬁ'lvé' P@gi()emmb‘lAkz ?\R)‘g Qfx& mixtures

AT 1 Al reagent S'were o ratoéry grade’and
of mtcﬁnﬂﬂﬁ&‘da’aﬁ wiith Ol %e'ﬂ? A Rheflow rate of 10 mL/min were used for preparative

HPLC. Unless stated otherwise, starting materials were commercially available. All
solvents and commercial reagents were of laboratory grade and were used as received. The
organic phases from extractions were dried over anhydrous sodium sulfate if not stated
otherwise. Organic phases or solutions were concentrated by rotary evaporation. Yields

were not optimised.

The followmg method was used for LC-MS analvs1s

Instrument Agilent 11 00 Column Waters Symmetry 2 1 X 30 mm; Mass APCI; Flow rate
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.
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25 organi c phases fromextractions were dried over
anhydrous sodiumsulfate if not stated otherw se.
w@r@anéeiphases or sol utions were concentrat edPdE/SE2005/001917
rotary evaporation. Yields were not optimsed. The
foll owi ng net hod was used 1‘051 LC- M5 anal ysis: 30
I nstrunent Agilent 1100; Columm Waters Symmetry 2.1 x
30 nm Mass APCl; Flowrate 0.7 nL/m n; Wavel ength
254 or 220 nm Solvent A water + 0.1% TFA; Sol vent B:
acetonitrile + 0.1% TFA ; Gradient 15-95% B 2.7 nin,
Th3 381 Bvitle tnefidl w86 G6 I andfGstd: SE2111151(1111917

21 The follow ng nmethod was used for GC-MS anal ysi s:

Ingtrysnent HewtettRagend 5898 Serieti I6@ 0o MBetgikes! HP:5 G9Impmd.32 mm ID);
MBS0 R S09P AR Ny SERBF LY Bven program

100UPEB i) t68€0P(HLOYT/anin. 5 100C (3 min) to 300C, 25C
m n. Abbreviations: BOC anhydride di-tert-butyl
di carbonate io0 n-BuLi n-butyl Iithium DCM
AvbkrSMtRpeet hane DI PEA NN-di i sopropyl et hyl am ne DW
—MﬁWt'hyl formam de DMSO di et hyl sul f oxi de 1s Et OAc
ethyl acetate FEtCOH ethanol GC-MS gas chromat ography-

SS. S tromet it hiumdiisopropylam de MeOH
B@@'Pﬁ%%%%zo L :ﬁ%—‘ﬂ%%ﬁf@?ﬂaﬁ%ﬁt ogr aphy- mass
n-BEECt r 0Scopy Pk 13hieRpf

1,1' - bi s(di phenyl phosphi no) ferrocene
DGM] | adi un( 1 1) diceleremnettiane RT room tenperature, normally

pBRAl 0 22 C TER &k &3yl A0k A&ine

DMF N,N-dimethylformamide

DMSO dimethylsulfoxide

EtOAc ethyl acetate

EtOH ethanol

GC-MS gas chromatography- mass spectrometry
LDA lithium diisopropylamide

MeOH methanol

LC-MS liquid chromatography- mass spectroscopy
PdCl, x dppf 1,1"-bis(diphenylphosphino)ferrocene palladium(IT)dichloride
RT room temperature, normally 20 to 22 °C
TEA triethylamine

THF tetrahydrofuran

TBME tert-butyl methyl ether

TFA trifluoroacetic acid

Triflic anhydride trifluoromethanesulfonic anhydride (Tf;0)

_Examplel _(55)-5-({[6-(2-Cyclopropylpyrimidin-5-y1)-3.4-dihydroisoquinolin-2(1H)-

yl]sulfonyl}methy])-5-methylimidazolidine-2.4-dione
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THE tetrahydrofiuan 25 TBME tent-butyl nethyl ether
TFA trifluoroacetic acid Triflic anhydride
wo eiobhbesaromet hanesul f oni ¢ anhydri de (Tf20 Exapqi/eE2D005/001917
(5S)-5-({16-(2-Cycl opropyl pyrimdin-5-yl)-3,4-dih dry
oi soguinolin-2(1H-_ 30 9
yl I sul fonyl } net hyl ) - 5- et hyl ?i ni dazol i di ne- 2. 4-di one
WO 21) 1) 611) 65215 PCTI SE211115111111917 22 /N N~ H
NN N ea OH
[(4.9S)-4-Met hyl - di mx0| m dazol i di n-4-yl ] met hanesul f
onyl chloride (O 020 0, ] 0.087 nmol) in anhydrous THE
(0.40 nL) was added 8\p astlgred sol uti on of
S No //
6[2(cyclopropyl)pyrlmdlnSyJ @/\*3;4tetrahydr0|s
oqui noline (0.023 g, 0.091 mmuol), DI‘PEA(O 022 mnmi,
0.13 nmol) and dry THE (0.50 nL) at RT. After the
addition was conplete, the solution was stirred at RT
[(48)4-Methylast didxeimidadodidinp-yl |metiainesu fony hehl@ide (0.020 g, 0.087
extracted tw ce conbi ned .or [

mmghLisashyees FHE (Bb mIShW%r%dﬁey digpyes, 0 SefiTedr o ef
35K SRR S AR Ak Y 1024 )
DIREA I((éozz)mm 03 namola apdhidtyeTHB (9.0 mIL)@t BE. Adier theaddition was
congpl\{létf "(hg soﬂTHfNR tirrez %ﬁ{ﬁfgbra @a%ﬁ%%takgrlﬁsz 1n(§atgbbr(1%e'_gnd

extfacteli"fbvwe‘kélﬁg]%((SAc 2tle ,coﬁlbfh@d (oirgan?d”bhas@s Wdre (\xdlsheli'%th Bride} dried,

(d : : (s, 3H)_and
filigred and mncmatpfé)m giysa tfwée §fcﬁil“€‘imﬁgﬂﬁﬁ%t@ﬁbéﬂ PECRRERtYe HPLC

a‘
afﬁ%tdg‘g-ag a/ gl%g%é \é%l§[/1F AR Syal ‘T’hlie s2011:§i 4-tetrahydrois
LCavSimpUuheM+1);

'H NMR (CD,CN) 6 8.97 (s, 2H), 8.62 (br s, 1H), 7.52 (s, 1H), 7.51 (dd, 1H), 7.30 (d,

1H), 6.40 (br s, 1H), 4.48 (s, 2H), 3.54 (t, 2H), 3.51 (d, 1H), 3.42 (d, 1H), 3.01 (t, 2H), 2.38
(m, 1H), 1.48 (s, 3H) and 1.23 (m, 4H) ppm.

The starting materials were prepared as follows:

6-[2-(CyclopropyDpyrimidin-5-y1]-1,2.3.4-tetrahydroisoquinoline

tert-Butyl 6-[2-(cyclopropyl)pyrimidin-5-yl]-3,4-dihydroisoquinoline-2(1H)-
carboxylate (0.034 g, 0.13 mmol) was stirred in TFA (1.0 mL) and DCM (1.0 mL) at RT
overnight, then concentrated twice, the second time with added toluene (5 mL), to afford
the trifluoroacetate of the title product.

1H NMR (CD;0D) & 8.87 (s, 2H), 7.60 (d, 1H), 7.59 (s, 1H), 7.37 (d, 1H), 4.43 (s, 2H),
3.55 (t, 2H), 3.21 (t, 2H), 2.27 (m, 1H), and 1.14 (m, 4H) ppm.

The crude product was taken up in 1M sodium carbonate solution (10 mL) and extracted

““twice with EtOAC. The combinéd organic phases were washed with brine, dried, filtered -

and concentrated to give 0.023 g (94%) of the title product as a white solid.
LC-MS m/z 252 (M+1).



tert-Butyl 6-[2-(cycl opropyl)pyrimdin-5-yl]-3,4-di hydr
oi soqui nol i ne-2(1Fl) 20 carboxylate (0.034 g, 0.13

womnmbpeizes stirred in TFA (1.0 nL) and DCM ( 1.8CTrB2003/001917
RT overnight, then concentrated tw ce, the second
time with added tol uene (5 ), to afford the
trifluoroacetate of the title product. 1H NVR (CD3QD)
6 8.87 (s, 2H), 7.60 (d, IM 7.59 (s, iH), 7.37 (d,
111), 4.43 (s, 21-1), 3.55 (t, 211), 3.21 (t, 211),
2.27 (m 1H), and 1.14 (m 4H) ppm 25 The crude

5. gucty aso el N 1M sodi um car bonate sol ution

ract e twice WfhEt OAd. The domnbi ned
Thétifl Qeomppupt ase praparea] asesidig toflitkeyret ale (WQHPG/660566).

filte = oncentrated to give 0.023 949% of
LCtME ”féi?%%f@ﬁ[’jg}: as a white solid. LC-MS ?ﬂg 25/%
1 ) 1 P
R ne BY T o e T T
prepared according to Hi ckey et al. (W 00/066566) .
LC-M5 mlz 199/201 (M+l); s 1H NVR (CDC13) 8 8.61 (s,
ter2Biityl 8-[BQevlckBorfypyfitiidiardelyl)-3 ¥sdihydroisoauindlifie- A )-

en tBut_yI 6 f2 (cyclopropyl)pyrimdin-5-vll-3 4-dih
__Ewaﬁiﬁcar ol ine-2(1K)- carboxylate A 4:1 nmixture (0.097 g,

A 41)%) Lhx (01099 g, HrTtnREl W rdr-bekyH6-84,5,5t Plctaniethiyil 32-3, 2
10 diodahlomalbm%ﬁhﬁAzdibleIOGP@liﬂOW(éﬁé-G@ﬁbpﬁﬂMer@@dZé(ri'h)lt}’l:§1(‘ﬂ>6’5:5'
xyl at tert - but o (Ao S
iy eng o Fhirdih Sy Tty doBogyipotine, 2 Aegbornylate,
S-Ug&gblzecyazo]aﬂ)pyfbﬂﬂbﬁmwle@ﬂﬂ _g,d 0.27 mmol)d PdCl, x dppf (0.0045 g),
- brono- 2-cycl oprao rimdin : 0,27 I .
2MEendiamn gapmte (100 DBALoREne he BRG-DRERG UL FaS Bovgdd with dry
t ol.uene._ (. : ) '
il PHE0F D s B P S R ToPIAOEE i v
15 filt8red Ghrbesh Blaks-wabietarbmak irswhtdt-biiie mmkwashbd fwice eriddEtOAc. The

t hrough gl ass-wool , taken [ ter-bri nd
com ol o A5 00l LK B ol B SR AE 8R 495
' il.t: 1 7 j ih i 0 .
o8 B AR SRISTR B Yol oy (p0bor e
prdductoasghhite: sBlidgave 0. 034 g (36% of the title product

LA B8 0§ LG Ms Mz 352 (MH1);

2  'HNMR (CDCl) & 8.74 (s, 2H), 7.35 (dd, 1H), 7.29 (s, 1H), 7.22 (d, 1H), 4.62 (s, 2H),

3.68 (t, 2H), 2.90 (t, 2H), 2.30 (m, 1H), 1.50 (s, 9H), 1.18 (m, 2H) and 1.11 (m, 2H) ppm.

tert-Butyl 6-(4.4,5.5-tetramethyl-1,3.2-dioxaborolan-2-y1)-3.4-dihydroisoquinoline-
2(1H)-carboxylate

25 A 3:1 mixture (0.49 g, 1.6 mmol) of zert-butyl 6-bromo-3,4-dihydroisoquinoline-2(1H)-
carboxylate and zerz-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 Tesidug taken up in water-brine and washed
30  twice with EtOAc. The organic phase was dried, filtered and concentrated. Column

chromatography with EtOAc-heptanes (1:10 through 1:4) gave 0.24 g of a 4:1 mixture of
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20 1H NWMR (CDC13) 6 8.74 (s, 2H), 7.35 (dd, 11-1),

7.29 (s, 1H), 7.22 (d, 1H), 4.62 (s, 2H), 3.68 (t,
WQ@kos/0&290 (t, 2H), 2.30 (m 1H), 1.50 (s, 9H)PCTSH®05/001917

(m 2H) and 1.11 (m 21-1) ppm tent-Butyl 6-(4 4 5

5-tetranethyl-1 3 2-di oxabor2 | an-2-yD- 3

4- di hydr oi soqui nol i ne- 20H) -gar boxylate 25 A 3:1

m xture (0.49 g, 1.6 mmol) of tent-butyl

6- b - 3, 4- di hydr qi ' i ne- -
the (P PRSP AR S L TR SOt B AL g DS
; [ i to)dib 0.45 g, 1.8
?lhi‘?ﬁgp@hgg%izz@wgg%?ﬁ%degs8)gl g.rgzg (mml )? pot assi um
H RG%R ?CBC(IS $4B6B¢d, 418, m{%mﬁ, o 1ONE, (18), 359, e 3 leaqd, ad), 2.85
at 81 C-"- - ovémglit: The sol vent was

(t, HJY)?@!SOSE,@HJ%HQ.Jse(s,dlmi)tp@he(ré-iu@gég). wat er- brine an

) -washed- 30 twice with EtOAc. The organi c phase was

H MR dCDIOL)t5eT.691 (dan H) codvs-2nt (at € AH) Cb8Risn2H), 3.64 (t, 2H), 2.85 (4,
chromat ogr aphy wi th Et OAc- heptanes (1:10 through 1:4)

2Hyd\sd (8. 9H) apddf35a(s412H)ppa (B-isomer)\\O 21) 1) 61065215
PCTI SE2111151(1111917 24 the title product and
tert-butyl

terBB {1 G-bPoro-B et didp@blvhuideltne2 (AHpxaldokAb@N- 2- yI ) - 3, 4-
di hydr oi soqui nol | ne- 2('1H) - car boxyl ate. 1H NVR ( CDC13)
6-Bsorpo g(tiifluoreaqetylyr1 8B 4-istraliydressoqiinaline was prepareg;ingyosieps from

gy i S
(Telrdhedioh Leit. B9673A1X 6433-5234), CelufiB cheyma2efraplsy 6ith EEQAc-
hep(%ngl_e’ﬁ &b ?hrg_:lg’:ht Jé%fgﬁggtlzﬁg 6 S gl off 91 niteurl 3¢ 6:b75tho BE™
(tri ?%‘Pg%%flg—il%oﬂmjt&@hkf&%is%(lﬂinoﬁx% BRI bR -2-(trifluoroacetyl)-1,2,3,4-

| (frl fluofoacetyl)-1, 2,3, 4-tetrahydroi soqui no
tetthhyrroisaquipolegared in two steps from to
1. [2-(3-brono henyl)eth%lléam' ne (4.0 20 mml})é
HNVRAGDIG B 6pEbABRLT-60 5 LB)ok e, (hdth ShegPah 3164 6. 21D, 2.85

1996, 37(31 5453-5456). Col u chr omat ography with
(t, ﬁim&l'ﬁéﬁﬁa éﬁéémt 133 =t1I)ZfHQ>96‘P? @@)ﬂlﬁhve 2.3 9 (7.5
1 ) : i r ) - -
ARG 2Lt 1 TSPAPLAT ) SIS G A e 2P
an®1.50 @g@gﬁ afdl 1i36/(dr2eh petny(8)isdmér).3, 4-
tetra roi soqui nolj ne. s S 7.62 (d,, .
Thig i gpsiiged il absplits EFQE (194 1) K86 331% shigpguiy Hyroride (10
Ot 12508 i
it 8 e Fraaldas Byt ok B (BLARA, Jod iRcing
contin®éd 7t R o eanighit) ThedvoBBildsswer? kefyapoBatédito(legvezhy crude 8fine as a
Whgt% ’sol%ctDLC—MS mfz 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 overnight at RT. The volatiles were

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 througﬁ 17:'270) to give»2~.2\éi_£~(§g%) ofa3:l
mixture of the title product and ferz-butyl 8-bromo-3,4-dihydroisoquinoline-2(1H)-

carboxylate.
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and 1.50 (s, 9H) and 1.35 (s, 12H) ppm 8-isonmer . This

m xture was stirred with absolute EtOH (100 nL) and
wWQ@asaesToni um hydroxi de (10 20 nlL) at 60 C f oPCHESER005/001917

Mor e 25% ammoni um hydr oxi de (15 nL) was added and

stirring continued at RT Oégr ni ght. The volatiles

were evaporated to | eave thé“crude amne as a white

solid. LCGMs rn/z 212/214 (M+l). Dry THE (50 nlL) and

DI PEA &1.3 n% 7.5 nmmol ) were added followed by BOC-
LCAMPyHr 2204238 (M-56) 8.2 mmol ). The mixture was stirred

B e I A I T T L
254, Fatibl QORI gt o, e product vas
RS A R S ST I S, e 9, 214
o £ETGEDH Bl ude product vas pir {1 ed by

through 1:20) to give 2.24 g (96% of a 3:1 30 m xture

of the title product and tert-butyl
ALtEmBH R 6324yl ingAidiAS-y e ;224 A htrahgardoRsylinslte i be

21) if%?oe%zf% @ﬁ%@llllﬂ(%ﬁlgﬂ Zé@ LC-M5S nif z
prep&ied 26®llpoms56) ; 1H NVR (CDC13) 8 7.31 (dd, 1H), 7.30

(br s, 1H, 6.98 (d, 111), 4.52 (s, 2H), 3.63 (t,

211), 2.81 (t, 2H) and 1.50 (s, 9H) ppm 6-isoner . 1H
a) NVRR ,3%%&-%0@511&1@6—01E%droﬁrolﬁdg .01 (ms, 2H), 4.55

S, , 3. ) , 2. t, s 2H and 1.51 (s,
6-Mudthoxpp 2 (3, 4-tetmbydroisoghirtodine hydroellyride, prepared as in WO 2004/26305,

6- (2-cycl gpropyl -pyrimdin-5-yl)-1,2,3,4-t bydr o-J.s
(18624 Hanmab mﬁ@%@uewwgf@m@ i W%atef@?ig?g e %0%12 frand

4- Tet kah | S i.NQldn- 6 I :
theg e Bl G DA SR R AT . PR P 81 methyl etherand dried.
Yidlydrigehg prdogle, prepared as in WO 2004/ 26305, (18.9 g,

94 [

nmol) in 48% aqueous hydrobrom c acid was heated
APEI-MO @/ ¥50rIMEHH; and then cooled to O C. The solid

g S5 i SIS, LB P B st

11, M4, 11), 6.66 (dd, 1H), 7.00 (d, 1H), 9.07 (s, 2H) ppm.

b) 6-Trifluoromethanesulfonyloxy-3.4-dihydro-1H-isoquinoline-2-carboxylic acid tert-

butyl ester

HO (Boc),0, Et,N HO TH,0, Et;N TO
T e = OO —- !
NHHBr  THFMH,0 “boc “boc

CH,Cl, 4°C, 3h

The above two steps were performed as described in Synthetic Communications, 25(20),

3255-3261, (1995).

- - ¢)-- 6-(2-Cyeclopropyl-pyrimidin-5-y1)-3.4-dihydro-1H-isoquinoline-2-carboxylic acid tert-

butyl ester
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1H NWR (400 MHz, DVMBO-d6) S 2.91 (t, 211), 3.27 - 3.35
(m 2H), 4.13 (t, 211), 4.52 (s, 1H), 6.59 (d, 1H),
w®206/06dds 1H), 7.00 (d, 1H), 9.07 (s, 2H) ppnPCDHIE2005/001917
6-Tri fl uoromet hanesul f onyl oxy- 3
4-di hvdr o-1 Hi soqui nol i n- 2- c%gboxyl ic acid tert- 20
butyl ester HO Il (Bc)20 Et NONTF'O Et,NTFO
NH HBr THEFHO/ , /| N~ , bc CHzCl,4C, 3h bc The above
two steps were perforned as described in Synthetic
6- ’ﬁ@ﬂ]ﬂfﬁtﬂﬂn@&bﬁ&ﬁﬁonﬁ&(}z@%rdlhﬁﬂ5ﬂi—ﬁ%6%mn&1ﬁ1%9§larb3>5ylrc acidtert-butyl
6- (2- Cycl opropyl - pyri m di n- 5- 4-di hvdro--1-H1isoqu
esten@lli 31-2-30 anrboly yas disaelived HIIDMH(QﬁQ mLd shé they@llow solution was

Pk o e ron e o i 4Py sl (883, FommoD,
bﬁ%ﬁ)ac%ié%@)’dﬁ%giwﬂ %8‘?383%' , V'P,) pd)(gléhprﬁ_ gﬁg {%émrgé)qnd 3Pt (0.83 g,

1. ssmhwll) Were\wdded Eﬂidrtﬁeﬂuﬂ)drebﬂ&mwg@ a%ﬁﬂmltﬁ @6goh hriegtkniB vas then
sol uti on. Potassium acetate (8.83 90

nmol ) ,
hegpd {p?th e Bir: Io) Duipnsassiung phaghafe nmomrdsat)‘: (19Pe0 Smipel) was added

Fol i o OB b DR, 60 g L G e

coffintlel F6r 'Rt e Tﬂa%ééc%nmxt%@e ng(fl.g‘gd hto &4 JH&%cﬁs%ﬁhﬂﬁn

phosphat e nonohydrate ( was a
bldadidnotmesdllimpn and yx:tkan:m&myéra&ﬂhemnh pthy1 adethite) he "étlﬁiﬂi a@tate
and stirring was. continued for 5 h at

SOhiH@n Wé&é{lP%ﬁV%%gG?%uWEIPbé‘iﬁr g dpringpagent iktered @ffse@dl tmrﬁltrate

waQ 'e9 ol?a(l tblg}e%gél '&%Iﬁﬁ%eﬁ)ﬁt zftSﬁ el?rgmsaoq%rrﬁaplhg r?lhg\{ﬁ’ W}f %834
acam@r hBiﬁQﬁEﬁ )T SileBRE @76%)‘& tHE 11O BoAFRM af lal oRugdssolid.

and the filtrate was evaporated. The residue was
ARSI MSined: 332 IMEEH; chr onat ography eluting with ethyl

DI B AT etk arau EtL 70 it i G hi’? 63 0H, ),
3 e, M oo, G, MPOSFA R . 51 e o) “’@6

3.70 (2H, brt), 2.92 (21- 1, brt), 2.35 (1H , 1.51

(9H, s), 1.24-1.10 (4H J;)pm
d) " 6-(2- Cyclopropyl-pyrimidin-5-v1)- 1,2. A-tetrahydro-isoguinoline

6-(2-Cyclopropyl-pyrimidin-5-yl)-3,4-dihydro-1H-isoquinoline-2-carboxylic acid tert-
butyl ester (9.49 g, 27 mmol) was dissolved in ethyl acetate (100 mL) at 50 °C, and to this
warm solution was added 1.5M hydrogen chloride in ethyl acetate (200 mL). After 1 h, the -
mixture was cooled to room temperature and the solid was filtered off and dried.

APCI-MS nv/z: 252 [M+H'];

1H~NMR(CD3OD): 8 9.35 (2H, s), 7.76-7.70 (2H, brs+brdd), 7.46 (1H, d), 4.47 (2H, s),
3.57 (2H, 1), 3.25 (2H, t), 2.46 (1H, m), 1.51-1.45 (4H, m) ppm.

C-NMR(CD;OD): & 168.39, 155.82, 134.34, 132.65, 132.52, 131.32, 129.22, 128.74,
126.69, 45.56, 42.69, 26.17, 16.51, 14.11 ppm.

The dihydrochloride salt (8.82 g:..2—7 mmol) was suspended in water (100 mL) and 2M
NaOH (300 mL) was added. The mixture was then extracted with 4:1 ethyl acetate / diethyl
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d)
6- (2-Cycl opropyl -pyrimdin-5-vl)-1,2,3,4-tetrahydro-is
Wo@esne2ine PCT/SE2005/001917
6- (2- Cycl opropyl - pyri m di n-5-yl) -3, 4-di hydro-| H i soqui
nol i ne- 2-carboxylic acid ter G- butyl ester (9.49 g, 27
mol ) was di ssolved in et hyI acetate (100 nL) at 50 C
and to this 20 warm sol uti on was added 1.5M hydrogen
chloride in ethyl acetate (200 nL). After 1 h, the
eth&P (40D MBS BRABDIAG Jrofie bﬁd@@%ﬁetﬁrﬂzd%@r irﬂh?dl%ﬂgs_lgé‘tassium
was filtered off and drred. Cl-M5 mz: 252 1;
carEIdﬂaNl}/R(téiBa@@l cv@o%t&ﬁto(g’;iﬂ: ths)tl,tle Toimpoind/ s the Hee base (6.65 g).
+brdd) 1H, d), 4 47 (211, s), 3.57 (2H, t),
AP§Lé@3§¢H iNHiI 6 (1H, m), 1.51-1.45 (4H m ppm 25

R GE %%@253 5@%@?“@ i3 Rl gy 310

(2}122) 260 (é!ﬁ %731 2éémlmpnm8 F@@(ﬁﬂ%hﬂﬂf paghl ori de salt

mol) was suspended in water (100 nL) and
CZWR@EDszD&IM§3 Mas.83dtisNs, The0hi 133uh0e 13®32,t128/51, 128.36,

1258585 o ke Bl S 61 o 17 27 ether (4 x

300 nmL). The conbi ned organi c phases were dried over

anhydr ous potassium carbonate, filtered and

evaporated to give the title conmpound as the free base

(6.65 g). APCI-M5 mz: 252 [ MtHH]: | H NVR(CD3QD) :
Exanal_p 2( 2H5Sx$-({[- chwlmomwaw -3, %@_@n—z ﬂnanhhughn—

.25 (1H, m,

' : F s S INIVIRC CE : s 171. 53,
155. 83, 137. 05, 137 01, 133.50, 132 32, 128.51,
128.36, 125.20, 4R35, 44.28, 29.49, 18.38, 11.16 ppm
10 Exarrpl e 2

7- napht hyr|d| n- 2(1 H) H org)ylo B

met hyl | - 5-met hyl i m dazol i oje NOFI NNO
N iS\lea OHO15 The title coq’rpon Was prepared
from 6-(6-cycl opropyl pyridin-3-yl)-1, 2, 3, 4-tetrahydro-

The title compound was prepared from 6-(6-cyclopropylpyridin-3-yl)-1,2,3,4-tetrahydro-
2,7-naphthyridine hydrochloride (0.63 mmol) and [(4S)-4-methyl-2,5-dioxoimidazolidin-4-
yllmethanesulfonyl chloride (0.70 mmol) following the general procedure of Example 1.
Column chromatography with neat EtOAc and EtOAc-MeOH (9:1) as eluents gave 0.060 g
of almost pure product. Recrystallisation from 99% EtOH gave 0.019 g (7.0 %) of the title
compound as white solid.

LC-MS m/z 442 (M+1);

1H NMR (DMSO-dy) & 10.8 (s, 1H), 9.06 (d, 1H), 8.49 (s, 1H), 8.26 (dd, 1H), 8.06 (s, 1H),

7.83 (s, 1H), 7.39 (d, 1H), 4.45 (s, 2H), 3.61 (d, 1H), 3.48 (d, 1H), 3.46 (m, 2H), 2.97 (m,
2H), 2.16 (m, 1H), 1.34 (s, 3H) and 1.02-0.94 (m, 4H) ppm.

The starting materials were prepared as follows:

6-(6-Cvclopropylpyridin-3-v1)-1.2.3.4-tetrahydro-2.7-naphthyridine hydrochloride
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2, 7- napht hyri di ne hydrochl oride (0.63 mmol) and
[ (4S) - 4- et hyl - 2, 5-di oxoi m dazol i di n-4- .

w bjosméf2anesul fonyl chloride (0.70 nmol) fol | oRETIFEA0DR001917
general procedure of Exanple 1. Col umm chr omat ogr aphy
with neat Et OAc and Et OAc- Meg (9:1) as eluents gave
0.060 g of alnost pure product. Recrystallisation
from99% Et OH gave 0.019 g (7.0 % of the title 20

R RSy Rl 5 15 4 S LN

caioAatedel. ,34 19.908u1061),(Scycldpropyl 5-@34, 5 Srteﬂtéﬁleth B@ 2(d10xaborolan—

2 }%Iggyng}qf (8 38 §7O§?nmm?lbal I}délgx g!Bp}g(,Q]OS 1), saqlrqu §c§ilurg |q§1rbonate @
mIae?ted% ?ﬁg%) %gd tdTh %'Z')l n{\}@ru/erg gtllIQ(Fat%tO&Ud fo?g hn'?’fle solutlon was

codled &> Kfy,cﬂamrumml vpater (d b mI3-anld)ex kacdteBitded tehésaRite 6O Ae-EtjO. The
ridine hydroc or| de WD 21)1)611)65215

CO@%?Fgéﬁgfw@ﬂ%ﬂ% flétefeéqund BORgAntrgted{Purification by column

chilofrfabdgh rv@iﬂ?EfUAa-ﬁ Ql?‘ré}l%li?y [i) gx’bch%gj&c—ﬁ/][e)zjﬁ e E])t 4

yridine-2(1f1)- car
elugnig geveo(ibizb g)(VO%) ()ﬂfent-lﬁl,tﬁ & @ﬁt—c)a;i‘tmrdimllp}hdﬁa-z -ydj-dpatibydeb-2,7-

nailinidho R Lol Bis Stk Sltbonat & (2 ni), ELOH (4

LOAMS mrdskovaene (4 rrL) were stirred at 80 C for 2 h.
The sol ution a/asscooledto RT, taken up in water (15

Thisimateriad wag disselved in BiOAc (5 mbkang sticegivacl. SMA@drages chloride in

|ed red.and
e s N L
compdiddeO GBantheletainemartitativetyigldugh 3: 1) and Et OAc- MeCH
(9:1) as eluents gave 0.22 g (70% of tert-butyl
6- (6-cycl opropyl pyridin-3-yl)-3, 4-di hydro-2, 7-
2-CRRIBSPYLIsHanes, %&B)m&ﬁm%'d%&ba%la%-éﬂ-’obﬁﬁiaﬁé id. 10

LG M5 ns/z 352 ( This materral was df ssorved in
0.5M Zime chBride )in ZHdF (§tﬁ mE.£218 wirhbl) 25 Mideddo agelutioh b0 i50e

oo bbadl BEE G5 1 BAER t Shgtu

wasigtireddes RT for thadit\xi'}ﬁcﬂi tihe a)éh@ﬂy%ad]fgrmed To this slurry was added in
2- Cycl opropyl -5-(4 5 5-tetramethyl -1 3

onexqytigf Ao oamzndmy @65 i h n@n@lnmi BdCb bl dppf €504 Ing, THESO
mn@. A 2 féw iR dn %?he?ﬁjlqggs & qust% 1t (c);.mg tther, the

exotherm subsided and the shurry was stirred at RT overnight. The reaction mixture was

poured into saturated sodium bicarbonate solution and extracted with ether. The ether
phase was dried, filtered and concentrated, then re-dissolved in DCM and applied to a short
plug of silica gel. The gel was washed with DCM and the washings were concentrated. The
residue was taken up in ether and washed with 1.0M hydrochloric acid. The acidic water
phase was made basic with 2.0M sodium hydroxide and the product was extracted back
into ether. The combined ether phases were washed with brine, dried, filtered and
concentrated to give 0.28 g (50%) of 5-bromo-2-cyclopropylpyridine as a yellow oil.
LC-MS m/z 197.9/199.9 (M+1);

1i;LNMR(CDCh) 6 8.48 (d, 1H), 7.63 (dd, 1H), 7.04 (d, 1H), 1.99 (m, 1H), 1.03-0.98 (m,
4H) ppm.
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cycl opropyl magnesi um brom de in THE (5.5 niL, 2.8 nmol)

under argon. The solution was stirred at RT for 2 h
wa@rooshéeins time a slurry had formed. To this slePCT/§E203001917

added in one portion 2,5-dibronopyridine (0.65 g, 2.8

mol ) and PdCl2 x dppf (0.0 g, 0.050 20 mmol ). After

a few m nutes an exotherm seen and the slurry

becanme thicker, the exotherni subsided and the slurry

g Bgaaﬁpz?tciés?qaﬂepgoge\wﬂdﬁ%@r o ohmBDa bhGneace R oot 12
f i oga%sﬂYg{ {eBhd@) % r’.":? ﬁ'ﬁﬁlﬁf Welﬁﬁﬁﬁﬁn&@ﬁn@iéﬁﬁ%&% mL). The

conce then re-di'ssol ved
sluay avaa plpgdsest] with argeh cﬁmt 10 Ipiruugesomd Sheni Rl gedppf 0626 €) was added.

hed h
Th Gaedft i wephevss 4 b ToeiReh B sopting s T filfered
thr&?g?nrhe@el% biugl TERMilaek \Q&J‘&&kblﬁra@é‘d 1d-giviEblackt 6l thavvias dissolved

phase was nmade basic wth OM sodi um hydr oxi de, and

in ather apil etoduosT Bes WebAQO M soium IEowiedsdhe crmpined yellow water

oo AP R B 4 o
extBrcydaspeatedly with pthenylihe\tobined cdganic pelsésomereidried otzﬁ: -adBydrous

/z 197. 9/1999 (Mel); 30 1HN 1
magp.ﬁzsmny s@@tf é‘gter@.zﬁnd cpn@p@tr@@d tq gb%e 2% 3 3{% Pﬁl?h title product as a

0,
yelgyég é&%?%ﬁ?g@( 10111?5%61@ Fﬁgg o- %% &1 2-cyc gtp‘)rag(p))];} 68y6r5|/&|°ﬁgw
reqfifie® ﬂzro@uctlthb majmi ()ontdmmsémlbaaxgmlmcoyoﬁr&ncr"ﬂm qrodgmatgrial was used

d@@ (?otassmmacetate(o 32 g, 3.2 mol)
withaptfugt 9% di oxane (10 nL). The slurry was
G@mgemy@(ﬂlﬁarzgm(ﬁ\@n 10 m nutes and then PdCl12 x

dppf (0.026 g) was added. The reaction mxture was

Htlelam{@mg FB. 1B ek, 119), 1. 93r(ddtmw 16f(@, e H)c2ADi(mg 1HY 1559, (s,

filtered s through a Celite plug. The filtrate was
12HpricEnt .Da(mddlppgnhve a bl ack oil that was dissol ved

in ether and extracted four tines with 1. OM sodi um

hydr oxi de. The conbi ned yel | ow water phases were

terﬁBﬁJcV@@ {r Qrifiorome S NShIFIR oM 1-8.424i BIBYCT-BE N I8 ri dincAZ1 #7)-

fo pH 6.5 and then extracted repeatedly with ether.
_El_@b&ul@nbl ned organic phases were dried over anhydrous

S SRR L bl dld G A ERLIBLE LMl
[(tlﬁllﬁéﬂlyfsil?%thy@@]nh@tﬁahlﬂéhydeb‘kw%/ﬂy(ﬁu gaRsdeso pmﬂiﬂéﬂsﬁm) of RT over
about 60-65% of the éggw red product, the

PHGoAPBRrAE) BOA P a1 BE & o T HIUGSR MES gbrey fiapugh a Celite
pad‘@red the Qfbar MttaROWhs SotcbliBlePbY HbdEak+iAR to give crude 6-methoxy-

1,2,3,4-tetrahydro-2,7-naphthyridine as the acetate.

LC-MS m/z 165 (M+1).

This material was refluxed in 48% hydrobromic acid for 10 h. The volatiles were
evaporated and the residue was dried under vacuum at 45 °C to give crude 5,6,7,8-
tetrahydro-2,7-naphthyridin-3-ol hydrobromide (approximately 0.70 g).

LC-MS m/z 151 (M+1).

_This material (about 4.8 mmol) was dissolved in water (13 mL) and treated with THF (33~~~

mL), EtzN (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
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GC-M5 rnlz 245.2 (M), 244.2 (M1); 1H NVR(CDC13) 6

8.78 (br s, 1H), 7.93 (dd, 1H), 7.10 (d, 1H), 2.10 (m
wdbhogods28t (s, Is 12H), 1.10-1.00 (m 4H) ppnPCT/SE2005/001917

tert-Butte-f f(trifluoronethyl)sulfonvlloxy}-3

4-di hydr o- 2. 7- napht hyri di ne-2(1H) - carbox r}late Crude

3- net hoxy- 2, 7- napht hyri di ne repared from4.4 mol es

of 6-net hoxy-4 20

A oy Bt FEe PR oS ki SyLoncpRgied fo give 0.80 &
(67(/§Qﬁ{dgglel&ao]f - Bty IHERErb4R3 Vﬂ-&w&s 227 ﬁaﬂhtha;fﬂ%e 2(LH)-

sol ut| i1tered through a Cel
carbbadatefashmmiteeohés concentrated by freeze drying to

L%%fi#?gﬁéwgsgf%ssi) napht hyri dine as the acetate.

ThisGnd¥Brid TaFout §3 thMblek) wR@dﬁJ@ﬂ%dHﬁh%b%aWsﬁﬁf dfugiend (20 mL)

48% hydrobrom c acid f h. The vol atiles were

anfé%%@ﬂm@@ trapriassiven mélzqnﬁle@hms@a nileganshigested with triflig anhydride
(1. ? r ahy Y)Zat%mrd}g&%y%;gf |§(r)12 f (2(3) ?’17 lg r47183) Thg ice-bath was

rerf @zl b stifingl cpnfinued g 2 hlaCRWSﬂﬁir Whibﬁlhe( tWidlphasdshivere separated.
mat eri al . about 4.8 di ssr%ﬁved N wat er éﬁS m

Thg adreope pbase Was (1S n&s Wl@dolme tRed HTgAnIc p1ages were

waSHE \)fﬂl‘?ﬁl‘?ﬂeB%e@QﬁW BcB@rdtdd. Publfication W&nﬁ%r%atd%{‘efpﬁgf with

stirring at the same tenperature for "6 h the sol ution
EtQAs-heptasesr(Rriane diucn gave 01hig d 7%f yieldy of e itigle padduebl une

t ' ken up in water and extracted
ch-‘ﬂ{&d@;} |85rgl§i+3v>{tezr§%% 1) 61065215 ,
PCTI SE2111151(1111917 30 Et OQAc. The conbi ned organic

phases vvere dried, filtered and concentrated to give
yield) of tent-butyl

< ?%Péﬂ QLMY Tt (RIS (05 5. 1 g i ghycrons
THIM6551)L) indéhingonat €10 & whadlowty dildéd M6M esulvids hexanes (9.0 mL,
RS B T LSEEL LT ELAELIE (20 130

nuﬂ&lﬁi vk Q?deﬁ%ré%&a@e LA fedelhCa IMIHARAL Sy éte &titing RaScdimbad at
tr. 2002, “A(26) . ATLT-4718] - The

-7 O i‘iéfd:ramhthwahi mireriesy &tlen 1 6M mHuLi mﬂgexamst(ilﬁ odd 1H6anmol) hvas
ad&ed cﬁoleste hd ¥ r'n%E corliltmue%t —4{58‘%6 for ¥4 The gla[lgrtl \?V%Is cooled to —70

°C and then a solution of iodine (3.0 g, 12 mmol) in anhydrous THF (25 mL) was added

dropwise. When the addition was complete, stirring was continued at —70 °C for 30
minutes and then at RT for 3 h. The crude product was taken up in ether (40 mL) and
washed successively with saturated ammonium chloride (2 x 40 mL) and 5% sodium
thiosulfate (2 x 20 mL). The organic phase was dried, filtered and concentrated.
Purification by column chromatography with EtOAc-heptanes (1:1) as eluent gave 0.41 g
(15% yield) of 4-iodo-6-methoxynicotinaldehyde.

LC-MS m/z 264 (M+1);

"HNMR (cDCL) 59.95 (s, 1H), 8.53 (s, 1H), 7.32 (s, 1H) and 3.98 (s, 3H) ppm.

4-Todo-6-methoxynicotinaldehyde (0.41 g, 1.6 mmoles), trimethylsilylacetylene (0.35 mL,
2.8 mmol), PAC1,(PPhs), (catalytic amount), Cul (catalytic amount), triethylamine (2 mL)
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The aqueous phase was washed once with tol uene. The

conbi ned organi c phases were to washed with brine,
waleioedesanl concentrated. Purification by col unPCT/SE2005/001917

chromat ography with Et OAc-heptanes (2:1) as el uent

gave 0.45 g (17%yield) of the title product. LG M

mz 383 (M+l), 283 (M 99).

3- Met hoxy- 2, 7-naphthyridine is To a stirred solution

LRSI SO0 ATIRE i e TR
re@didaeﬁas]talﬁdﬁl up-iBukdter andReranedw(il eﬂhem:rhe olganidBhake wAb €&d,

stirring at -7Q C for 15 mnute
filigredeand sRycentratse Praifiragrby eqlu@ngfhrcgn%ogrﬁﬂw Vithd50Agdeptanes
(135 8P 1 B0l 0RO SO ot
aldehgdd.n- BuLi in hexanes (10 nmL, 16 mml) was 20 added

W tirring continued at -45 C for 4 h. The
II?&&&W@ 4 +]'sj,’ooled to -70 C and then a solution of

SR encph e Ctlne vac AR ELR. Tard 6y sl o 6, om)

ppﬁﬁirring was continued at -70 C for 30 mnutes and
len at RT for 3 h. The crude product was taken up in
ether (40 nL) and washed successively wth saturated

' hlorid 0, 5% sadi 25
s figsrenhisbat iy T rihabeRgaicdd ghs L Lgsonapd M
anioh i £ O 5GRDFR e sBed in a Eéé[édf\hﬁ% BG’BCQY/e hg.%e solution

chromat ography w th Et OAc-heptanes (1:1) as e
wag @o@ce@ﬁmdgake(nllgp/mya@mﬁd grfdium carbonate and extracted with ether. The

org_aln %fed% @ne@_;] Oc%}/@ a(1 %lmg%g ate%tqo-%lv%/?;ZWﬁz_ﬁt?tgé/giégg%)glyct.
GANIS andied.@8)(s, 3H ppm 30
1 4-1 odo- 6- met hoxyni coti nal dehyde (0.41 g, 1.6 mmol es), ‘
HNMR(GDCE) § 94agstiF)ene7 () 189, 8147 (d, 2HY, TebLd, 1H), 7.03 (s, 1H) and
PdC12(PPh3) 2 (catal ytic amount), Cul (catalytic
4. e dH)ppni.ri et hyl amine (2 nl) WO 21) 1) 61065215
PCTI SE21111 5 /11111 9 1 7 31 and THE (10 nL) were
stirred at 60 C for 2 h. The volatiles were evaporat ed
and t he reS|due was taken up in water and extracted
Exmrmie ét hEYS)-5 (2-Erxal oz adin-Sdyl)-Sdt-dibfddor Hh7-mdphthyridin-
an Y coI . chr omat ogr aphy
Fertl%ve 0.25 g (68%

yleld) of

6- met hoxy- 4-[(trin&hzlsilyl)ethynyl]nicotin-
N
N\I
T e 4
Z N
/,\‘Nko
H

To a stirred solution of 6-(2-cyclopropylpyrimidin-5-y1)-1,2,3,4-tetrahydro-2,7-
naphthyridine hydrochloride (0.12 g, 0.42 mmol) in DCM (10 mL) was added TEA (0.12
mL, 0.84 mmol) followed by the dropwise addition of [(4S)-4-methyl-2,5-

" dioxoiniidazolidin-4-yl]methanesulforiyl chloride (0,090 g, 0.40 mmol) in THF (10 mLyat”

~10 °C. The mixture was stirred at RT overnight, concentrated, taken up in water (10 mL)

and extracted four times with EtOAc. The combined organic phases were dried, filtered
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s al dehyde. LCG-M5 in/z 234 (M+tl); 1H NIVIR (CDC13) 8

10.4 (s, 1H), 8.73 (s, 1H), 6.84 (s, 1H), 4.03 (s, 3H)
wa@pe0620s (s, 9H) ppm to PCT/SE2005/001917

6- Met hoxy-4-[(trinmethylsilyl)ethynyl]-nicotinal dehyde

(0.25 g, 1.1 mmol ) and 7M %%Tmniain MeOH (5 nmL) were

stirred in a sealed vial at “80 C overni ght. The

solution was concentrated, taken up in saturated

odi um t d t d t . ~Ihe.
R Ba I BRGS0 PP L6 B ik A g G ileggmpgund as o
Whgéy(gldo 20 g of the title product. GC-Ms rnlz 160 (M;
I's 1H NW\R (CDC13) 8 9.41 (s, 1H), 9.27 (s, 1H), 8.47
LC(MSrﬂ/lzI)4429l(M’r31();j 1H), 7.03 (s, 1H and 4.12 (s, 3H)
m Exa e
'H @‘B\@ (GJXs‘PDG 390 Kec?Bp r%’éy(l&plﬁl i8di(s- 1By 4.3 &5, 21 hi@ifto2H),

napht h) ri di n- |1 sul fon
3 3%1; BT ety PR s - Bher bl oo By /
aN psi ON-HTo a stirred solution of
6 (2-cycl opropyl pyrimdm5-yl)-1,2,3,4-tetrahydro-2, 7-

Expmpiad ) (oG-S elofonilsvimidits Y1y S finlliR D7 hipHiidin:
2 Mvm&éasggga%ﬁﬁaeamaﬁém-d@sne

-Tetn )
di oxoi m dazol i di n-4=y1]iinet hanesul f 6nyl chl oride
(0.090 g, 0.40 Mo in THE (10 mL) at -10 C. The

m xture was stirre N over ni ght, concentr at ed,
taken up in water (1 ext roact ed four tines
with Et QAc. The combi ned i'c dohysks were dri ed,
filtered WD 21) 1) 6106521 SE6104182411111917 32
and concentrated. Purification by Ep-?—PLC gave 0. 12
g (64% of the title conpound as a

The title compound was prepared by the general method of Example 3 but using
[(4S)-4-ethyl-2,5-dioxoimidazolidin-4-ylJmethane-sulfonyl chloride.
LC-MS m/z 457 (M+1). |

The starting materials were prepared as follows:

6-(2-Cyclopropylpyrimidin-5-y1)-1.2.3.4-tetrahydro-2.7-naphthyridine hydrochloride

A mixture of 2-tert-butyl-6-(2-cyclopropylpyrimidin-5-y1)-1,2,3,4-tetrahydro-2,7-
naphthyridine (0.12 g, 0.39 mmol), 1-chloroethyl chloroformate (1.0 mL, 5.8 mmol) and
toluene (10 mL) was refluxed for 4 h under protection from moisture (calcium chloride
tilbe). Afier concentration to dryness, the dark residue was taken up in MeOH (10 mL) and
refluxed for 3 h more. Charcoal (1 g) was added and refluxing continued for 20 minutes.
Then the mixture was filtered through Celite and the clear filtrate was concentrated to give

the title compound (0.12 g) as a solid.

~EC-MS-m/z 253-(M+1); -

1H NMR(CDCI3) 6 9.22 (s, 2H), 8.57(s, 1H), 7.98 (s, 1H), 4.41 (s, 2H), 3.45 (t, 2H), 2.44
(m, 2H), 2.32 (m, 1H) and 1.21 (m, 4H) ppm.



10

15

20

25

30

white solid. LCGMS mz 442.9 (Mtl); 1H NMR (CD3OD) S
9.05 (s, 2H), 8.43 (s, 1H), 7.81 (s, 1H), 4.63 (s,
wWQ@kog/o&240 (t, 2H), 5 3.38(q, 2H), 3.00 (t, 2POT/S202€001917

(m 11-1), 1.40 (s, 3H) and 1.05 (m 4H) ppm Exanple
4 (59)-5-({
j 6-(2-Cycl opropyl pyri m di n- 5 y1) 3, 4-di hydro- 2, 7- napht
hyridin- 2(1H)-yll sulfonyl
}et hyl ) -5-eetthylim dazolidine-2,4-dione N N~ ~ OH
NN.S-..oa ONLO 10 H The title conmpound was
2-pricipay L6y tlhprogelperimidinest Vpd. 2, 4-E=)tﬁ1lhpﬂa% B7-Bdphtbigidife

- i d I di th f
T e U LB NN of 27 DA kb sy TS driarasRp-2.7-
B354 1740 P Sl g e o
(0.14 ﬁépi@t&Wnn@l)nWdehﬁmﬂﬂlm wias cofnplete] the enixtiire was stlrred at 4°C

forz_{ %ﬂ{}lae?gé 1, Eeﬁf)wﬁlié%%ﬁ-fg?ﬁs’ﬂ%h&%%‘%%@uu% @é rr#,)ﬁpg extracted

fork-tihdsOrigEDIRL, TH REMiIdTREfhid ééeﬂvereﬁir%dmﬁéréd fconcentrated

toluene (10 nmL) was refl uxed under protection
to give mersledredust. (Calrmp @hﬂiO@lﬂtQﬁfﬂd?é’ thlmEtC)H TBMEN(1:9) as eluent gave

o SAGER S ghGeLIaFSS, Lhe dark e due vas Laken

LN ead3921(Miy1)was added and refl uxi ng continued for

Th%@*ﬁ%tg%aﬁ SispoicEinalionont (1} SLS snhanlisgheue poRasion Agai0d3 2,4.
ztm@ycld;&b@l%@fmwf%é% B%ﬁﬁﬁ Na%%dﬁl% 991915151) (24 PgGh x dppf

(. 903)7g)swerg pfided7 Tog n‘{izgtmelwas degassed (Ns‘r,h aigd)n, s@letban(tstirrddht 90 °C

ovgrhlgﬁt. Af@r coc')_ﬁﬂg, %he soh{tnlu was taken up in wate(rr&O m'i% aﬁg extracted three

times with EtOAc. The combined organic phases were washed with brine, dried, filtered

and concentrated. Column chromatography EtOH-TBME (1:9) and TBME-EtOH-TEA

(20:2:1) gave 0.12 g (53% from two steps) of the title compound as a light brown solid.

LC-MS m/z 309 (M+1);

'H NMR (CDCL;) 9.05 (s, 2H), 8.45 (s, 1H), 7.38 (s, 1H), 3.97 (m, 2H), 2.95 (m, 4H), 2.00
(m, 1H), 1.21 (s, 9H), 1.11(dt, 2H) and 1.09 (dt, 2H) ppm.

2-tert-Butyl-6-hydroxy-1,2.3 4-tetrahydro-2,7-naphthyridine
A solution of 2-terz-butyl-6-methoxy-1,2,3,4-tetrahydro-2,7-naphthyridine (5.1 g, 23

mmol) and 45% hydrobromic acid in acetic acid (70 mL) was heated in a sealed tube at
100 °C for 1 h, cooled to RT and concentrated. The residue was dissolved carefully in 20%
potassium carbonate solution (100 mL) and extracted four times with EtOAc. The
combined organic phases were dried, filtered and concentrated. Recrystallisation from

TBME-hexanes gave 3.7 g (77%) of the title compound as a white solid.

LC-MS m/z 207 (M-+1);

1H NMR (CDCls) 6 7.21 (s, 1H), 6.35 (s, 1H), 4.77 (m, 2H), 4.11 (m’s, 4H) and 1.31 (s,
9H) ppm.
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2-tert-Butyl-6-(2-cyclopropylyyrimdin-5-vl)-1 2 3
wdal200en62inydr o- 2 7- napht hyri dine To a stirred BOmMSERDTI001917

(4 C solution of

2-tent-butyl -6-hydroxy-1, 2, -tetrahydro-2, 7-

napht hyridine (0.15 g, 0.73 nol) in pyridine (5.0

nm.) was slowy added triflic anhydride 5 (0.14 mi,

0.80 mmol ). Wien the addition was conplete, the

m xture was stirred at 4 C for 30 m nutes, quenched
2- N ASbroIPHARBI U ERRRORAL € SOl ution (10 ni) and

extracted four tines wih DCM The conbi ned organic
The hidle ssmpeurs! wad praparéd frpmrdeblromqﬂwﬂcmpvlammldm@ (§Ove

00yt Sa SURIITR (0w TR:I0 GV REEO R b o L Yore

Crh. 2002, 6105394-3987). mlahm&gges&émhht thd Peoduct wdsadonpased of the
di ssol ved in di oxane (10 mL) and anhydrous potassium
boppwia apidandt hggngerlqa@ygﬁﬁ@(sym-boroxme

2 ik -boronic acid (0.14 g, 0.89
LCZR@@Z%HWCBS%BQE%%E 1 0. 0050 g) were added. The
m xture was degassed with argon, sealed and stirred at

ol uti on was taken
Is tinmes wth

ToFaf s%%d smﬁoﬁ @F@ Qrseate%raﬁﬁmyg)@aﬁﬁ%gwm wﬁﬁﬁ&i) W drh THF (300

brine, dried ered concent r at ed.

mighmdemargon a’fp+%0 B - STRNEE a(dde@ 6hu-BrRi/R E}%ﬁﬂﬁﬁm 6|0 mumol)
W eSS i B Y 20 ARDY S GRSy Prafig i wes

co%tﬂldﬁﬂ’gt 52733@ for ;9 rﬁ)iﬁ.z’ﬂgeél Q&(Dlutzcﬁx &5627(%)8 HszgrmZthB?y-@s
mefhlhyridn.Safihe hyIehSTee AP Al memold i gy 1B 1095 was added
drc?pl\%?ér'] cjtéc'—%ﬁt"bl Tﬁ&ﬁﬂﬁﬁ%as]stl?reg af=1558h L8YE RS £5 halaRttntooled to

sol ut
—26PC- Aﬂhydrbuust lfs)MFG(6rﬁemh Gﬂymﬁo]a Vs 4ddet drapwxse ov&, fivverrajplntels and

stiffing copnmseiat 0 Cilor [RB: Hoddart et (4 b8 MEob250 mi)

wak QQd& ﬁ‘&lfov&edtb tﬁ@?&r@i@n—t\)ﬂsﬂaﬂ% SOBERM EahSsbrodiRide (2.3 g, 40

resi diue was di ssolved careful lét in 20% ‘potassium
mmalt) Io@mﬁ\@ rsmlutm Afier(stiodngrovermight, etsolvsniedas eyaponafedand 20%

nb
polthitin P SroEREr aPE TR Gl AR BB 0%, T bl wes
exttivEd fvax anes Wit VEBME/ The é&ﬂ%e@érgﬁﬂe phhdeb &/e€OWRNNEA Gvithsbrine,

a white solid, LCM5 mz 207 l\/H-()i
dried and concentrated to give a crude oil. Vacuum distillation gave 5.2 g (77%) of the title

compound as a colourless oil, b.p. 105-106 °C/0.5 mmHg.
GC-MS m/z 220.1 (M");

1H NMR (CDCl,) & 7.90 (s, 1H), 6.55 (s, 1H), 3.95 (s, 3H), 3.81 (m, 3H), 2.95-2.90 (m,
3H) and 1.11 (s, 9H) ppm.

tert-Butyl-[ (6-methoxvy-4-methylpyridin-3-y)methvlenelamine

_2-Methoxy-4-methylnicotinaldehyde (1.8 g, 12 mmol), fers-butylamine (15 mL), 3A_

molecular sieves (8 g) and dry DCM (10 mL) were mixed and allowed to stand at RT
under protection from moisture (calcium chloride tube). After two days the mixture was

filtered and the molecular sieves were washed several times with dry DCM. The combined
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30 1H NWR (CDC13) S 7.21 (s, 1H), 6.35 (s, 1H), 4.77
(m 2H), 4.11 (nms, 41-1) and 1.31 (s, 9H ppm WO
wQ@eMehe1Vb PCTI SE2111151(1111917 34 PCT/SE2005/001917
2- Cycl gpropyl pyri m di ne-4-boronic acid The title
conmpound was prepared from 5
4- br ono- 2- cycl opropyl pyrim dPne (WO 00/066566) in 90%
yield (25 mmol scale) follow ng the procedure by Li et
.. (J. Og. s em 02, 61, 5394-539
waghipgiire Gofiairaiefip &Weé?%cs (350 chél%ﬁp%%f-‘e%?r%ﬁowh & B0l tht
waﬁ‘fée‘aim ma ﬂ’{h%%ktcsté}ﬁhydrl de (sym boroxine). LC M
z 165 (1 and 439 (M+l).
IHMWQ)VS 8.85 (@tshPH)"81502(s3H4) ts%t)r(@hmr 9:98 (5, 38BPNEM (s, 3H)
riti dine 10 To a stirred sol ufion
and1.30 s, 6H) ppfnanet hyl pi peridine (9.0 rrL 60 mmol) in dry
THE (300 ni) under argon at -20 C was slowy added
1.6M n-BuLi in hexanes (40 nL, 60 mmol) while the
-20 C. After the addition was
2M B S continued at -20 C for 40 mn.
To Bhséined salotiot oD ﬁ-hnbmbér-methutcw hétBylpptitioz (2.4 g, 13 mmol) in dry

T e M8 K e d TR L 1B 1 ke

mn'iﬂl)( bty Qeﬂ"ﬁﬁm%és' Tlieeﬁ'u)@ﬁre‘\ﬁa% shPred 40710 d0for 30 mifluRsgnd R
cooled to - C i/drous (6.5 m, 70 nmmol) was

anhydee Iehﬂ@‘p(msehoiﬁemf saidded pertianavisess artpferibat Kept the
RO AR S b T B gL

forf30rthin@fes whé theB AR T ovormdght DY neaetiyarastpiendhed withel Ni2ydrochloric
g, 40_ mmol) over five mnutes. After stirrin

acig (49 mlgﬁtld thep exgatorbibres oy ip S BMIE T ersgmbinis sganic phases
W%Ha ORAE il bhE eoe{&ﬁtra@&' %@%ﬁexﬁa@og&}s}%ﬁh

he n’xture was extracte ur tinmes
TBME-ngIFBMErolﬂm ethenl: heat duaphpae b8 g o)ef the titls kemipound as
vvitﬂ brine, dried and concentrated to give a crude
palgiyellowseliim di stillation gave 5.2 g (77% of the title
Lccpfg),g}éqqzqmﬁ)col ourless oil, b.p. 105-106 C/ 0.5
miHg. GCG-MS mz 220.1 (M); 25 1H NVR (CDC13) 6 7.90
THOSME C15) &50¢§s 11) 8.58 (9 2H),%6.6 BH) 1HR 4806 (63H)3 RO (s, 3H) ppm.
2.95-2.90 (m 3H) and 1.11 (s, 9H) ppm
tent-ButyI -r (6- net hoxy- 4- et hyl pyri di n- 3-yl ) net hvl enel

[C 4%')m4p]§chvl-2,5-dioxoimidazolidin—4-vl]methanesulfonvl chloride
Prepared as described in WO 02/074767 for [(4S)-4-methyl-2,5-dioxoimidazolidin-4-

yl]methanesulfonyl chloride.

Example 5  (59)-5-({[6-(2-Cyclopropylpyrimidin-5-y1)-3.4-dihydroisoquinolin-2(14)-

vllsulfonyl}methyl)-5-ethylimidazolidine-2.4-dione
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2- Met hoxy- 4- et hyl ni coti nal dehyde (1.8 g, 12 mmol),
tert-butylamne (15 nL), 3A 30 nolecul ar sieves (8 Q)
w@neds21DCM (10 nL) were mixed and al | owed t oPGL/SEROTR01917

RT under protection from noisture (calciumchloride
tube). After two days the mixture was filtered and
the nol ecul ar sieves were washed several tinmes wth

dry DCM The conbi ned WO 21) 1)61065215

P | SE21 11119 ncent d
The gl Spapans s ey Cry et B R e HESEOE e -

c mYBs- 2 ¥io ethydils-
yélb rofggﬂén Sgﬂgg 41-dk[)ﬂr1?ds}bﬁ %ﬁ{ol %h‘? y‘l'}% rﬁﬂﬁﬁ j‘lb‘l
ethyh’m q;ob@n@-§4 gqq;)e ugngt_he(pgocegpq)e deacmbeg! 113@V 92/0§ﬂ§67ppm

5 2- Met hoxy-4-net hvl ni coti nal dehLde To a stirred

sol ution of 5-bronop-2-nethoxy-4-nethyl pyridine (2.6 g,
Prépdrative lchroniataiaphid fiifa: 40 ) under argon at -70 C was

added 1.6M n-BuLi in hexanes (8 14 nmol over

Chyrgpel QDb eadunrie 2ficky & & coDaies! rC‘rb@an%al Indpgtries L&
t he S I )
enfGof AR oY BONTRREY S Retp gty 2Ra
tenperature at -70 C. Wien the addition was conpl ete,
t he, mxture vvas stlrred at -70 C for 30 mnutes and
et 19%1ap Y. The reaction was quenched with
r1.C t t ree
CrPRBISEARRL A SELS 1 B RS 2 0
Elveas: HOG%EWOH br | rféowd@ B@eehl/iiht er doktestidbnddvi aemzzanad.
Col .um chr omat o hy with 15 TBME- |ight petrol eum
Refanfigp tipme. (iR $“§§eg?lﬂg(nt gave 1.8 g (91% of the title
compound as pale yellow solid. LC-M nalz 152 (Mtl);
1H NW\R (CDC13) S 10.1 (s, 1H), 8.55 (s, 1H), 6.61 (s,
(S)léﬁ)antidme)'s(ty(lﬁomilymteg 60 (s, 3H ppm 20
1. ] (4S) - 4- Et hyl - 2, 5- di oxoi mi dazol i di n-4-yl | met hanesul f on

‘IDMS@edsWéQader 219 H0e%94 (0@H).i O Ibr 02017 4667 T 3 (m, 2H),

733 bR anidOu 3Ry BIONE 39 - 360 (s AHDIAD (L J = 6.2 Hz, 280, 228 - 2.21
(o gﬁzﬁ:%s%[ﬁ =(7% ﬁréoi ﬁqlthp()({drﬁ?élgi)%émﬁéz (t, J= 7.5 Hz, 3H) ppm.

dr oi soquhi of'i n-2
yi ] sul fonyl } met hyl)-5-ethylil ni dazol i di ne-2. 4-di one

(R)-enantiomer (tg 18.3 minutes)
1H NMR (DMSO-ds) 6 10.79 (br s, 1H), 8.94 (s, 2H), 7.97 (br s, 1H), 7.60 - 7.56 (m, 2H),

7.32 - 7.28 (m, 1H), 4.41 (s, 2H), 3.58 - 3.40 (m, 4H), 2.96 (t, J = 6.2 Hz, 2H), 2.28 - 2.21
(m, 1H), 1.65 (q, J= 7.6 Hz, 2H), 1.11 - 1.00 (m, 4H) and 0.78 (t, J = 7.5 Hz, 3H) ppm.

(2)-5-({[6-(2-Cyclopropylpyrimidin-5-y1)-3.4-dihydroisoquinolin-2(1 H)-

yl]sulfonyl}methyl)-5-ethylimidazolidine-2.4-dione)
The title compound was prepared from 6-(2-cyclopropylpyrimidin-5-y1)-1,2,3,4-

tetrahydroisoquinoline according to the procedure described in WO 02/074767.
LC-MS m/z 456 (M:+1);

T NMER (DMSO-ds) s 10.78 (br's, 15, 8.94 (5, 2105, 803 (br s, 1H), 7.61- 7.56 (., 2H),
7.30 (d, J = 8.5 Hz, 1H), 4.42 (s, 2H), 3.60 - 3.40 (m, 4H), 2.96 (t, J = 6.2 Hz, 2H), 2.26 -
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N N~1 \ 3\"a O 0N HW 21)1)61065215 PCTI SE21111
5 /11111 9 1 7 36 The title conpound was prepared by
w@ hiosaés2ehr omat ogr aphi ¢ resol ution of (t)-5-({PGF§R2005/001917
cycl opropyl pyrimdin-5 -yl)-3, 4-di hydroi s
oqui nol i n-2(1H) -yl ] sul fonyl }7 met hyl ) - 5-
et hyl i m dazol i di ne- 2, 4-di on usi ng the procedure
descri bed in WO 02/074767. s Preparati ve

A G R s R T O R

ppIE_tCH Flow. 15 nL/ mn Detection W 254 nm Anal yti cal
chr omat ogr aphi ¢ data 10 Chiral cel OD-H colum (L 15

cm 0 0.46 cm) Daicel Chenical Industries Ltd

Fl uf“z&z
Exynp 0 B8 )-3.4-dl
vn&@onenﬁmﬁv@)nﬁmeeﬁvﬁinﬁaa&hmnw Aea)onés 1H NVR (DIVBO dé) S

.79 (br s, 114), 8.94 (s, 211), 7.97 (br s, 1H),

760- 7.56 (m 21),, 7.33 - 7.28 (m 1H), 4.41 (s,

2H), 3.59 - 3.40 (m 4 2.96 (t, J=6.2 Hz, 2H),

2.28 - 2.21 (m 111) NP J= 7.6 Hz, 2H), 1.11 -

1.00 (m 4H) and 0.78 (t, ' ppm

(R) -enanti omer (tR183mntes)c;2 NMR (DVBO-d6) 6

10.79 (br s, 11-1), 8.94 (s, 2H), WNQ\K(br s, 1H),

7.60 - 7.56 (m 21T), 7.32 - 7.28 (mo 1H), 4.41 (s,

211), 3.58 - 3.40 rg 4H), 2.96 (t, J= 6.2 Hz, .211),
Thetitigcompoyrd wasprepprgd usingsthe pt?thoaide?créveﬁlzfor Byaoplg 117"

1.00 (m 4H) and 0.78 (t, J= 7.5 Hz, 3H ppm ()-5-({

[ 6- (2- Cycl opropyl pyri mdin-5-yl)-3, 4- di hydr oi soqui nol i
LCAMB(1ik kIR 58 M+1);

1. yl'I'sul fonyl }ethyl)-5-ethylin dazol idine-2, 4-di on2
HTHER (00 d1Kn MId80e16)ds! pr sp3kikd . 83r132ﬂ2 (m 2H), 2.26 - 2.45 (m, 4H),

6- (2-cycl opropyl pyri m di n- 5}%‘%

2%és,rzaﬂyaaar§ i 4H).e7 (st & @SésOZHLé PBr Gkl 82 (d, 1H), 7.60

(s, IB5. 6PED 1] 1981/ RHHpRL

The required starting materials were also prepared using the general methods described in

Example 1:

1.1-Dimethylethyl 6-(2-cyclobutylpyrimidin-5-y1)-3.4-dihydroisoquinoline-2(1H)-

carboxylate
LC-MS m/z 366 (M+1);

'H NMR (300 MHz, CDCL) § 8.81 (s, 2H), 7.13 - 7.37 (m, 3H), 4.55 (d, 2H), 3.64 (t, 2H),
2.82 - 2.90 (m, 2H), 2.30 - 2.50 (m, 6H), 1.84 - 2.14 (m, 1H), 1.45 (s, 9H) ppm.

6-(2-Cvyclobutylpyrimidin-5-y1)-1.2.3.4-tetrahydroisoquinolinium chloride
LC-MS m/z 266 (M+1);

Cvyclobutvl(imino)methanaminium chloride
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LC-MS mfz 456 (M+l); -1H RVR (DVSO-d6) S 10.78 (br s,
1H), 9.94-(s-, -?H)-18-.63 (br s,-IM-7-.-6 1 - 7.56

w@ m0080452)5 30 7.30 (d, J= 8.5 Hz, 1H), 4.42 (BCT/2H2DY5/001917
3.60 - 3.40 (m 4H), 2.96 (t, J= 6.2 Hz, 211), 2.26
WO 20116/ 065215 PCTI SE21111 %/11111 917 37 2.20
(m 111), 1.65 (q, J=7.2 HZ,” 2H), 1.10 - 1.01 (m 4H)
and 0.78 (t, J= 7.5 Hz, 3H) ppm Exanple 6 (5SS 5-(

(2-C c~tylp r|md|n5Y di h
H&}EM@@QDMH@( O -do)yA 1.69 - 1.84 (m lH), 1.86 - 2.05 (m, 2H), 2.08 - 2.32 (m,
sulfon I}me 5-net hyl i m dazol i di ne- 2. 4-di one
3Hi:13--251\r 4Rj(m0, H:Ei N8 (3 4ED Bpm. 17 NH HNC, ( O The title
conmpound was prepared using the nethod described for
Exanple 1. LC-MS miz 456 (Mrl); 10 1H NMVR (300 MHz,
5-BBO-216yclétylB¢rifnsding11), 1.83 - 2.12 (m 2H), 2.26 -

Gcf- 485711%)”5111{5%33( ,96 (s 62502’ (2' 1% [)3' 553(2m(d4l_|)1’H) 510

HIR @é@%ﬁaﬁ?ﬁ@%&& 2 AomgPa %6 52 g BT 135 g, 10, 872

(s, ?ﬁ%pﬁeneral nmet hods described in 15 Exanple 1: |
hyl et hyl 6-(2-cycl obutyl pyrimdin-5-yl)-3
4- di hydr oi soqui nol i ne-2(1H)- carboxylate LCGMS mz 366
(M+1l); 20 1H NWR (300 MHz, CDC13) 3 8.81 (s, 2H), 7.13
- 7.37 (m 3H), 4.55 (d, 2H), 3.64 (t, 2H), 2.82 -
Ex%m%@e f(l m4g5§£51\4%ﬂ§;@5 =({Po-BO(1REth 91 eloproBdn)pyrémititn -6 1]-3.4-
dlhvdr01soqu1nohn-2( 1H)—vl]sulfonvl}methvl)1m1dazohd1ne-2 4-dione

HN\\(NH

o

Oo=n=0

The title compound was prepared using the method described for Example 1.

LC-MS m/z 456 (M+1);

"HNMR (300 MHz, DMSO0-d6) § 0.94 (q, 2H), 1.30 (d, 2H), 1.34 (s, 3H), 1.54 (s, 3H),
2.96 (t, 2H), 3.40 - 3.62 (m, 4H), 4.42 (s, 2H), 7.31 (d, 1H), 7.58 (d, 2H), 8.06 (s, 1H), 8.97
(s, 2H), 10.77 (s, 1H) ppm.

The required starting materials were also prepared using the general methods described in

Example 1:

6-12-(1-MethylcyclopropyDpyrimidin-5-y11-1.2.3.4-tetrahvdroisoquinolinium chloride

. LC-MS m/z 266 (Mt1);_
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6- (2-Cycl obutyl pyrimdin-5-yl)-1,2.3, 4-tetrahydroi soqu
i noliniumchloride LGCM nmz 266 (Ml); -25
wEywbo&R2ty | (i m no) net hanam ni um chl ori de WO 20P61/96521&1917
PCTI SE21111 5 /11111 9 1 7 38 1H NWR (300 MHz,
DVSO-d6) 8 1.69-1.84 (m 11 1.86-2.05 (m 2H), 2.08

- 2.32 (m 3H), 3.29 - ]2’)9(m 1H), 8.85 (s, 4H)
ppm 5- Brono- 2-cvcl obutyl pyrl mdine s GC-Ms to/z
211/ 213 (M; 1H NWVR (300 MHz, CDC13) 6 1.88 - 2.17 (m
HZH)IR (ZOCBMHZ DMSO(da) 54H)4 (q32H3 1(30dg, 2H),,1.5. 3BH), 2,96 - 3.14 (m,
214) ppm io0 Exanp
2H), 5&@953 fi (thy2H )5 4(1{3[ GL-“[ZZGDQ PHes 8V (B EDopt Dpy L3y MlYi7R36 (¢

e R SO AT S N 2 80 Vs 11 o

NH HN-( O The title conpound was prepared using the
met hod descri bed for Exarrpl e 1. 15 LC-M5 mz 456
et PN BB 0. 94 (g, 211),

ol o B q(.}fs o oo Bt bt 213 Bl g 40

7 58 (d, 211), 8.06 (s, 1H), 8.97 (s, 211), 10.77 (s,
PP 1) ppm 20 The required starting naterials were al so
prepared using the general nethods described in

Exanpl e 1: oo
5-Bromo-2-(1-methylcyclopropyl)pyrimidine

LC-MS m/z 213/215 (M+1);

'H NMR (399.988 MHz, CDCls) & 0.93 (dd, 2H), 1.35 (dd, 2H), 1.54 (s, 3H), 8.59 (s, 2H)

Example 8  (5S)-5-Cyclopropyl-5-({[6~(2-cyclopropylpyrimidin-5-y1)-3.4-

dihydroisoquinolin-2(1H)-yl]sulfonyl}methyl)imidazolidine-2.4-dione

The title compound was prepared from 6-[2-(cyclopropyDpyrimidin-5-yl}-1,2,3,4-
tetrahydroisoquinoline and (4S)-(4-cyclopropyl-2,5-dioxoimidazolidin-4-

yl)methanesulfonyl chloride using the general method described in Example 1.

LC-MS m/z 468 (M+1);
1H NMR (400 MHz, DMSO-dg) 6 0.18 (g, 1H), 0.33 - 0.56 (m, 3H), 1.02 - 1.17 (m, 5H),

2.24 (dd, 1H), 2.96 (t, 2H), 3.40 - 3.82 (m, 4H), 4.43 (s, 2H), 7.31 (t, 1H), 7.58 (d, 2H),
7.95 (s, 1H), 8.94 (s, 2H), 10.74 (s, 1H) ppm.
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6-[2- (1- Met hyl cycl opropyl ) pyrimdin-5-yll-1,2,3,4-tetr
ahydr oi sogui noliniumchloride 25 LC-MsS nf 266 (M); _
wW0204skes 065215 PCTI SE2111151(1111917 39 1H MMRKED00001917

MHz, DMSO-d6) S 0.94 (g, 2H), 1.30 (g, 2H), 1.53 (s,

3H), 2.96 - 3.14 (in, 2H), 3.29 - 3.42 (m 2H), 4.18

- 4.32 (m 2H), 581 (s, 1IH 7.15 - 7.27 (m 1H),

7.36 (t, 1H), 7.63 (d, 1H), 8.98 (s, 2H), 9.85 (s,

1H) ppm 5 Imno(1l-nmeth}leyclopropyl)nethanan ni um
chloride 1H NWMR (300 MHz, DMSO-d6) S 0.46 (dd, 2H),

Thg %{%lrgg st&l%f(?% mé!tef‘lﬁillf were p%géa)red ﬁﬁm(v? 4H  ppm

opy pyrimdine 10 LC M5
m z 21/2} ilH NVR (399.988 MHz, CDC13) S 0.93
M&M 54 (s, 3H), 8.59 (s, 211)
l-e. 8
Be%g;ne%éa&@éﬁ(gg Pg%lyp 133 pyal)was stited in DOM (100 i), rigthylgming (20.5
ml; @146 mdf)théd? itige0g kiR lcbsted (nldmh ice / acetone bath and 2-bromo-1-

-yI | sul fonyl | met hyl )i m dazol i di ne-2, 4-dione L\ ~N | ot
cyddpprpd-ethanoge, Wep s IDWR O3 Q74195 E3hpband 1 3kmol) dissolved in

D@&?g&{@@cwgﬁﬁgﬂﬁogwqe nilde H“ét”&‘f a4 stg’reg’ for 4%5, washed with water,
the%x @%d%v%f’gﬂhﬁﬁ %ﬁlgﬁaté B4 evaporated.

-(4-cycl opropyl di oxoif m dazol i di n-4-
G@MSmi’zhamﬁaSM)fonyl chl oride using the general nmethod

'HOE 5 s B ET o & 5 -0 G 21§98 55 lmp 2y by 216 (o,
I@i%ZZé 26036 Gy By Lk el @ 1R (800

7.58 (d, 2H),

This material was used without any further purification.

Benzylsulfanylmethyl-5-cyclopropyl-imidazolidine-2.4-dione

2-Benzylsulfanyl-1-cyclopropyl-ethanone (27.55 g, 0.133 mol) was dissolved in ethanol
(250 ml) and dispensed into 20 x 40 ml vials. Sodium cyanide (6.52 g, 0.133 mol) and
ammonium carbonate (64 g, 0.667 mol) were dissolved in water (250 ml) and divided into
the vials, which were then sealed and heated at 90 °C for 5 h behind a safety screen. After
cooling to room temperature, the contents of the vials were combined, TBME was added,
and the mixture was washed with water (x 2), brine (x 1), and then dried over sodium
sulphate. Evaporation then gave the crude product (16.5 g, 45%). This material was
absorbed onto silica and chromatographed (5 x 9.5cm column of silica) eluting with
iso-hexane to 50% ethyl acetate : iso-hexane to yield the title compound (11.81 g, 32.1%).
LC-MS m/z 277 (M+1);

1H NMR (400 MHz, CDCl3) 6 0.23 - 0.59 (m, 4H), 1.12 - 1.19 (m, 1H), 2.87 (dd, 2H),
3.67 - 3.74 (m, 2H), 6.06 (s, 1H), 7.15 - 7.33 (m, 5H), 8.66 (s, 1H) ppm.

The isomers were separated on a Chiralpak AD semi-prep column.



10

15

20

7.95 (s, 1H), 8.94 (s, 2H), 10.74 (s, 1H) ppm WO
21)1) 61065215 PCTI SE2111151(1111917 40 The required
WG @shea2gs mat erials were prepared as foll ows: PCT/SE2005/001917
2- Benzyl sul f anyl - 1- cvcl opr opyl - et hanone Benzyl
mercaptan (15.6 m, 0.133 n%h) was stirred in DCM (100
m), triethylamne (20.5 s 0. 146 nol) added, the
m xture cooled in an ice / acetone bath and 2-brono-I -
cycl opropyl - et hanone, prepared as in WO 03/074495,
(21.77 g, 0.133 nol) dissolved in DCM (100 m) was
added dropwi se. The m xture was stirred for 4811,
Elhwag 66%h BihtholWat%s iso-hexeme bri ne, dried over sodi um
sul phate and evaporated. GCG-Ms mfz 206 (M; 10 1H NWR
Coperatratipp: SO@gzmg)mls 0.86 - 0.91 (m 2H), 0.99 - 1.03
2 05 2.16 (m 1H), 3.22 (s, 2H), 3.64 (s,
31 (m 5H) ppm This naterial was used
Ruwﬁtn{éogq nﬁﬁy furt her purification. 15 Benzylsul fan
I ~yl -5-cvcl opropyl -i m dazol i di ne- 2, 4-di one
2 Benzyl suI fanyl -I - cycl opropyl - et hanone (27.55 g,
ssol ved |n et hanol

(250 m) and .
ChigaLipehgan %@@raz@alyA@osz 3 Sronigmy md i g4 gtention times

of §3, 8 1233 5 Joiere IR WAL Nekatol b rlofiE, |
the vial s, V\,hl ch were then seal ed and heat ed at 90 C
1. for 5 h behi nd a safety screen. After 20 cool

HNMR ¢e0pEHAGIPEL) & Ad9c Ol 415 11fe 12 dms 1ﬁér2e86 (a4, 28,

s GRG0 YT AREE o275, SHG CHE TR B v

sodi um sul phate. Evaporation then gave the crude
product (16.5 g, 45% . This material was absorbed
(49U Cwildpropyl il divkbmndsadidaphebincthaxedilbaph didriden  of
silica) eluting with iso-hexane to 50% ethyl acetate
I so-hexane to yield the title conpound (11 81 g,

32.19%. 25/T% 277 (Mrl): 1H NI\/R
CDC13) S 0. m 4H), c;zl 12 - 1p

Inj on V;q

2.87 (dd, 2H), 3. 374 ,606
7.15 - 7.33 (m 5H)4N "66 (s ot ppm 30 Ha(lsomsrs
were separated on a iral pak AD sem -prep coPum. WO

21) 1) 61065215 PCTI SE21111 5 /11111 9 1 7

(5S)-Benzylsulfanylmethyl-5-cyclopropyl-imidazolidine-2,4-dione (770 mg, 2.78 mmol)
was dissolved in 90% acetic acid (100 ml) and cooled in an ice water bath whilst chlorine
gas was bubbled through for 10 minutes. The reaction mixture was freeze dried to give the

title compound as a white solid (640 mg, 91%).

1H NMR (400 MHz, THF) 6 0.37 - 0.65 (m, 4H), 1.25 - 1.33 (m, 1H), 4.62 (dd, 2H), 7.39
(s, 1H), 9.86 (s, 1H) ppm.
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41 Eluent: 65% Et hanol / 35% i so- hexane
Concentration: 50 ng per m  Injection volune: 2 n s
wowenesres 21 mins Chiral analysis on a Chiral pakSEDI21917
X 0.46 cmcolum, 0.7 m / mn gave retention tines
of 8.9 and 11.5 mn. The fasji%r runni ng i soner was
used for further reactions. H NVR (400 MHz, CDC13)
8 0.19 - 0.58 (m 411), 1.10 - 1.24 (m 1H), 2.86 (dd,
2H), 3.62 - 3.78 (m 211), 5.87 (s, 1H), 7.16 - 7.34
(m 5H), 8.51 (s, 1H ppm de
Pl{ﬁ.@,ﬁﬂg@é@ﬁ;ﬁ@yl - 2, 5-di oxoi m dazol i di n-4-yl ) nmet hane
sartonyl chlori \ ¢c (p az a-5 NH HN-( 91%H HN% 15
00
(583- Benzgll sul fanyl met hyl - 5- cycl opr opyl -i m dazol i di ne-
Isolatad Enzyme ASSENS ny' 2. 78 mmol ) was di ssol ved in 90%
acetic acid (100 m) and cooled in an ice water bath
whi | st chlorine gas was bubbled through for 10
MMRi2 es. The reaction nmixture was freeze dried to give

Retf&%kwﬁn' Zot(gtiwi ! 'W&,‘é a‘f';gi"cgqo%;f‘{‘@ h%?: b3 %'zﬁlgﬁ%ss%ﬁ;égd ﬁ&rﬁg@@lﬁ? described
byPadidr A dkad 12006, Bedidifl Exgl%b@ion dnBRurificatiod, 140, 192, 8bhd Surified
111) ppm WO 21) 1) 61065215 PCT| SE2111151( 1111917 4

enpag Frcks] W Eamopeiriphibiters of aetbatyRI A9ew AP 2 () ng/ml final
coﬁ%@xg{tiorggg %%ﬁaﬁ@d‘fo}x I%g gﬂﬂum%oﬁl%lgb é/r%f;l?ﬁagﬁgg#%ﬁ%étig ?ub strate

expr ess pur i as descri be

M%}Er.o(érﬁ%@%;ﬁr | ?—i‘iieigjzé{la-@iﬁfl@ﬁf (L h Ry BRRY(0 M “BR-HCT

(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:

% Inhibition is equal to the [Fluorescence, s inhibitor - Fluorescencep oior divided b
plus inhibi background. Yy

the [Fluorescence,,inys inhibitor - Fluorescencepackground)-

MMP8

Purified pro-MMPS is purchased from Calbiochem. The enzyme (at 10 pg/ml) is activated
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,0) with the synthetic substrate

Mca-Pro-Cha-Gly-Nva-His-Ala-Dpa-NH; (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

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:

% Inhibition is equal to the [Fluorescenceyyys inhibitor - Fluorescencepackground divided by

the [Fluorescence,,inys inhibitor - Fluorescencebackgmund].



10

15

20

25

30

enzyme can be used to nonitor inhibitors of activity
as follows: Mw12 (50 ng/m final 10 concentration) is
wo nimabe2ex for 60 m nutes at room tenperat ure RCT/BEA0NE001917
synthetic substrate
Mca- Pro- Cha- 3@ y- Nva- Hi s- Al a-%}?a- NH2 (10 M in assay
buffer (0.1M "Tris-HCL" (trdade mark) buffer, pH 7.3
contai ning 0.1M Nad, 20mM CaCl2, 0.020 WM ZnCl and
0.05% (w'v) "Brij 35" (trade mark) detergent) in the
presence (10 concentrations) or absence of
MMP9I bitors. Activity is determ ned by neasuring the
fTuorescence at Xex 320 nm 1s and Xem 405 nm Percent

Regompbipantingman MVRO catabitisdlomain whs expressed andhihph pumified by Zn

i nhi bt -
SRR SRR g A oty ot
chipfratoeaphge Mhe 2niymiscanrtiuged @ monitor inhibitors of activity as follows:

MyERY B G06T SoHEREAPE) bR the Sy aL 1 Bpyge yhcic

oo P oS RID ALK i 5 EhES o b i
S TS S ME PSR! Sl aAGDRE bl B0 vt

and Q05%tvbe) “fBatj 390 (tRAde i R) ddtergbntfin 8O Yrdseide (Y0 Edhceit@ations) or
synthetj.c. substrate

absgice. ¢3ihibiters APt isidetermingd by moqspripg theglupyespanca stkax 320 nm
BTy buffer, pH 7.5

e 8 8 BT By BB Rde (R Dot T, P

% R M//eg&al 't Bte) [Fﬁl%;eséérfcgpg% l-g};};,-@5@ﬁfo?ésgérg(egac}cgﬁloZ},,Dfdivided by

presence (10 concentratio sence o

irphi.Di .. Actj Vvityngi term ned measuring the
thef[FElgggéég%%E’émdPhWOéngéﬁgﬁer%%?baéff%m’? m 405 nm Per cent

inhibition is calculated as-follows: % Inhibition is

equal to the [Fluorescencepl us inhibitor -

MMPidr escencebackground] divided by 30 the

Fl.uor escencem i nhi bitor - Fluorescencebackgrouyndl . .
ReqR T s SVB e ets 1o maa SPressabaRgied 3 described
by RekenRiAankl, (20085 PGER Iodhdsithi and PRRBLLONRS0, 5P 958 gﬂgliﬁed

and then purified by zn chel ate col urm chromat ogra

enzygEie| canee bR thyenmiten mbititoss ¢f astivigy epfollowssMMP14 (10 ng/mi final
I used to. Ltor, ..

R T N A .
MchiEAICHEQSY f/fﬂ\ﬁ-}lg%s%%ﬁ)Dbas-NH}%Q AB b o Oday F0H AU S TR A
(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

[Fluorescence,ys innibitor - Fluorescencepackground] divided by the [Fluorescencey,s,s

inhibitor - Fluorescencebackground] .

* A protocol for testing against other matrix metalloproteinases, including MMP9, using

expressed and purified pro MMP is described, for instance, by C. Graham Knight ez al.,
(1992) FEBS Lett., 296(3), 263-266.
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substrate Ma-Pro-Cha-3@y-Nva-His-A a-Dpa-NH2 (5 .t M
in assay buffer (0.1M"Tris- HO" (trade mark) buffer,
w@kbog/n&2¢cont ai ning 0. 1M NaCl, 20nM CaCl2, 0. 02BcTrik2d0301917
and 0.05% (w'v) "Brij 35" (trade mark) detergent) in
the presence (10 concentratigﬁf) or i o absence of
inhibitors. Activity is detefimned by neasuring the
fluorescence at Aex 320 urn and Aem 405 nm Percent
inhibition is calculated as follows: % Inhibition is
equal to the [Fluorescenceel us inhibitor -
MMp@r escencebackground] divided by the
— [ Fruorescencem nus inhibitor - Fluorescencebackground]
RecgmhvRavhiResnovibi BHi@ratatytieedonpiiPingy batexprgssed add peiifie escribed

exnr esse pyrif.ied as.descyib .by Rarkar_, A A..
by gy BLRS 568, BOb Pltoih ESpR R i hticatip 20ker e pkified
enZfne ddrdbe UkBE tPMOTtdrERhibROE YWIRCIHAY RFolGeH MIIPTD (40 fF/ml final
i nhi bitors_ of act|V|t8 as follows: MW14 (10 ng/n

copganiptiony dninsnbaied o5 AL0 minytecaiBat owitls theaynthptie substrafe Mca-Pro-
roon1teq8§rature with the syntheti¢ substrate

Loyl aPY - B AT ot 2 §551MA) 50 8 BT (L MM i HIG L g mark)

oufl, 8 7 apeining A eGP EERGE kB fRG e b v
“Beij 85%tfadk Yoark Pietdrgeth) in(thé pSerdB (K torteh®4tRB) or abberch 8f

_ presence (5 concentrations) or absence of i nhibitors.
infyibitorgi Hiptivity aletarmingd dyimeasuring thp figoresesnte alotesSg@marand Aem
- W0, ¢ <l S
403l g 0o SRR B3R SbibRN St B 5
h RS R '
S e RBer EF SR ek heaferprd iR B BRAFKRA QLA
_ Fluorgscencebackground]. A protocol for testing
inghitar s P ORET Crhaeieraendret al | opr ot ei nases, i ncl udi ng
MMP9, using expressed and purified pro MW is

descri bed, for instance, by C. G aham Kni ght et at,
30 (1992) FEBS Lett., 296(3), 263-266. WO

21) 611) 215 PCTI SE211115111111917 . 44 _ _MVP19
Tlﬁé’e@mﬁna éﬁ&ﬁe W%ﬁig TepRessnipfiy e S%?m@rl 9f theyrogwounds of the

pré¥RrigeSknand purified as described by Parkar A A et
al, (2000), Protein Expression and Purification,
20:152. The purified 5 enzyne can be used to nonitor
inhibitors of activity as f@l ows: MW19 (40 ng/n
final concentration) is in fBSted for 120 ninutes at
35 Cwith the synthetic substrate Ma- Pro-

hMMP12 | hMMP9 hMMP8 | hMMP14 | hMMP19

Compound

ICSO (nM) IC5[) (nM) IC50 (ﬂM) IC50 (nM) IC50 (nM)
Example 1 8.78 10.1 3050 >10000 | > 10000
Example 2 26.6 21.5 2470 >10000 | > 10000

Example 5 6.9 3.8 1310 8810 3760

1



Leu- Al a- N\va- Dpa- Al a-Arg-NH2 (5 M in assay buffer (0.

IM " Tris-11C1" (trade mark) buffer, pH 7.3 containing
0. 1M Nad, 20mM CaCl2, 0.020 mM zZnCl and 0. 05% (W v)
"Brij 35" (trade mark) detergent) in the presence (5
concentrations) or absence of 10 inhibitors. Activity
is determ ned by nmeasuring the fluorescence at ?,ex
320 rimand Aem 405 nm Percent inhibition is

cal gl fksdngs follows: % Inhibition is equedrsemosomer

[ Fl uorescencepl usi nhi bitor - Fl uorescencebackgronend]
di vided by the [Fluorescencegg nus inhibitor -

FI uor escencebackground]. 15 The foll ow ng table shows
data for a representative selection of the conpounds
of the present inventiongylaphgy 20 hMVWP12 hMWP9
hMWS hMwP14 hMWP19 Corrpound ICSO (nM 1C50 (nM 1C50
(nM 1C50 (nM 1Cso (nM Exanple 1 8.78 10.1 3050 >
10080 C pggﬂ of gﬁmﬁ%rg heehafuicdityuceftdile 21t HOQE0 >
10000 Exanp 5 6.9 3.8 1310 8810 3760 25 WD

2006/ O6521S PCT/ SE2005/ 001917 45 CLAIMS 1. A
cbnpound of formula (1) or a pharnmaceutically

accept abl e SaltRll\Q%K, f sR /A A O R B I SN
00 N

A 0
RZ
N /vk H
//\\
o 0

wherein

10 R1 represents cyclobutyl or cyclopropyl; said cyclopropyl group being optionally further |

substituted by CHs, CN or one or two fhioro atorys;

RZ represents C1 to 3 alkyl or cyclopropyl; and
15 A, Al and B independently represent CH or N;

2. A compound according to Claim 1, wherein Rl represents cycloprapyl.

3. A compound according to Claim 1 or Claim 2, wherejin R2 represents methyl or ethyl.
20

. gl
4. A compound according to any one of Clains 1 to 3, wherein B™ represents CH.

. 1
A compound according to any one of Claims 1 to 4, wherein A and A~ each represent

=




~ HO wherein 10 Rl represents cycl obutyl or

cycl opropyl; said cycl opropyl group being optionally
further substituted by CH3, CN or one or two fluoro
atons; R2 represents C1 to 3 alkyl or cycl opropyl;
and is A At and B independently represent CH or N
2. A conpound according to Claim1, wherein Rl
represents cyclopropyl. 3. A conpound according to
G aiwPHoshds© ai m 2, wherein R2 represents PEWdEgdos9?
ethyl. 20 4. A conpound according to any one of
Claims | to 3, wherein B 1 regpresents CH 5. A
compound according to any one of Clains 1 to 4,
wherein A and Al each represent N WO 20061065215
PCT/ SE20051001917 46 6. A conpound according to Caim

|( 5\’3\’;& CR chipoRl 28t R t6 CIRIM 1t Wiich Gs6letied GO Sogkdup Eonaiting of:
[ 6- 6@8&&%%?"8@%%& P %diéifsﬁ})§14ﬁil}yflr §i,scﬁu8f’]ﬁ§2 o soqui nol i
n- 2(y hﬂfogbﬂ}}nethyl)-S -methylimidazolidine-2,4-dione;
syl foqldy YlodropyipyBdily i)} Az Shipthgidr-HiDRe, s
A R s R R R )
-n 1 £ y .
%/ g13;{ﬁﬂé}uﬁzfﬁ-l(}Webiirylwpa’ﬁmid'mtSW)F%W&I@@M"@PWQ@-@(WP'O ne;
ylJsulfortyl}methyl)-5-methylimidazolidine-2,4-dione; _
o i‘%,]%:,%:y(g%,%ﬁ@,%%gxp%m%ts%w&lzyar%zzf%:n%{,ﬁayy%aig:zad.- napht
yib | sibiompimetingl)-tipthylingdazelidipy-Rtiodtiz ol | di ne- 2, 4di one;
(59) (5.5-‘5 (({[6-(2-cyclopropylpyrinﬁidiné-yl)—3,4—dihydmisoquinolin-2(lH)—
[6-(2-cyclopro gl em&iniq&ptghylg-3,4-dihydro-2,7-naph
tlr ﬁ’ﬂf‘&%ﬁ“ﬁgﬂﬁ" -(egm dazolidine-2,4-dione;
%/ g]S)s(sﬁg)jszgtw@-metomtjrll)yriﬁli@t—hylrhﬁrﬂiéﬂiz@ﬁndwﬁ?z@H)-‘I:- di one;
ylshlfory]} methyl)-5-methylimidazolidine-2,4-dione; _ _ _ _
o O R St S NS 00
sul fagglystddyPithimtdmplidive-Ltediori di ne- 2, 4- di one; o
(5S) (;51%}'5%]&1%;(:1% 15 16 b oot By B3 Wl iy oidoqinbi i 21)S

oqui TP .

yl ] steiEpinerEbmalidng2d-49%% 1 dazol i di ne- 2, 4- di one;
15 and pharmaceutically acceptable salts thereof,

(5S)-5-nethyl -5- ({[6-[2-(1-nmethyl cycl opropyi)pyrim din
o T e BepRas of s gorend o s () b detbed W dd 1 o

pharmaceutically acceptable salt thereof which comprises:

a) reaction of a compound of formula (II)

0]
/M

H

L—s

I/A\Y
7
o}
[{1)}

a5 -



(5S) - 5- Cycl opropyl -5-({

[ 6-(2-cycl opropyl pyri m di n-5-y1) -3, 4-di hydr oi soqui nol
n-2(1 H)- yl]sulfonyl}nmethyl)imdazolidi ne-2, 4-di one;
and pharmaceutically acceptable salts thereof. 20 7.
A process for the preparation of a conpound of formula
(1) as defined in claiml1l or a pharmaceutically
acceptabl e salt thereof whi H conprises: a) reaction
of a conpound of formula (I11) O RaH /Ac HO as).

PS5 i A S B i % oouns o
erB[lﬁ'gﬂll?(cfr'alsélathér%Da salt thereof) R 1j ' Al / B~

NH (ITl') 5 wherein Rt, A, Al and B are as defined in
formula (1); or b) reaction of a conpound of fornula
(V) 20 00 B~1 NgNH N LG H 10 wherein R2 and Bare

as defined in fornmul )yand LOis a | eaving group;
with a boronic acid |

{1

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

b) reaction of a compound of formula (V)

R f
o0f
g% ‘ N’S NH
N—<
LG = H

4

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

derivative of formula (XII)

(X1

15 wherein Rl, A and A1 are as defined in formula (1) and wherein R represents H or the group

B(OR); represents pinacolboronate; or



derivative of formula (XIl) RAB(OR2 (X1) 15

wherein Rl, A and At are as defined in fornmula (1) and
wherein R represents H or the group B(OR)zrepresents
pi nacol boronate; or WD 20061065215 PCT/ SE2005/ (101917
48 c) reaction of a conmpound of fornula QX) RYA |
A~0 8 NHSOOR (IX) s wherein Rl, R2, A, Al and B
are as defined in formula (1); wth amoni um car bonat e
and wPRlsassisum cyani de; and optional |y therenft@siooisnr
formng a pharnmaceutically acceptable salt thereof. 8.
A pharnaceuti cal conpositionggonprising a conmpound of
formula (1) or a ]a pharmaceutically acceptable salt
thereof as clained in any one of clains 1 to 6 in
assc¥i sedtipmofgicemppornd st Eorpba@t i cal Iy acceptabl e
adjuvant, diluent or carrier. 9. A process for the
preparation of alpharnaceutical conposition as clained
in claim8 which i ses m xi ng a conpound of
formula (I) or a pharmageutical |y acceptable salt is
t hereof as defined i laims 1 to 6 with a
phar maceutical | y accept abl j uvant , i uent or
carrier. 10. A conpound of adl) §r a
phar maceutical ly acceptabl e salt uﬁepeoﬁ?as cl ai ned
in any one of clains 1 to 6 ®r use in therapy. 20

5  wherein Rl, R.z, A, A' and B are 25 defined in formula (D); with amumonivm carbonate and

potassium ¢yanide;
and optionally thereafter forming a pharmaceutically acceptable salt thereof.

8. A pharmaceutical composition comprising a compound of formula (I) ora
10 pharmaceuticaily acceptable salt thereof as claimed in any one of claims 1 to 6 in

association with a pharmaceutically acceptable adjuvant, diluent or carrier.

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

diluent or carxier.

10. A compound of formula (¥) or a pharmaceutically acceptable salt thereof as claimed
in any one of claims 1 to 6 for use in therapy.

20
11. Use of a compound of formula (1) or a phanmaceutically acceptable salt thereof as

claimed in any one of claims 1 to 6 in the manufacture of 2 medicament for use in the

treatment of an obstructive airways disease.



11. Use of a conpound of fornmula (1) or a
pharmaceutically acceptable salt thereof as clained
in any one of clains 1 to 6 in the manufacture of a
medi canent for use in the .geatnent of an obstructive
airways disease... . 49 12. Use according to claim
11, wherein the obstructive airways disease is asthnma
or chronic obstructive pul @8nary di sease. 13. Use, of
a conmpound of formula (1), or a pharnaceutically
acceptable salt thereof, as clained in any one of

12 alsrcdording t6 claim 1 1) @/herain teabitnrtiveafrwaysnisdise rgthina braihronic
use jn the treatment of rheumatoid arthritis,
obsEpisE PYFPPAY $5€25 her oscl erosi's, cancer or multiple
sclerosis. 14. A conpound accor d| ng to claiml,

15ubgdears b@&ﬂoﬂn@& f&ﬁmlﬁxﬁl(r) beh gnaemai&aﬁdanpﬁﬁepmmenam etesmce

to any one Exa
claimed myany one of clalms 110 6in the manufacture of a medicament for use in the treatment

of rheumatoid arthritis, osteoarthritis, atherosclerosis, cancer or multiple sclerosis.

14. . A compound according to claim I, substanually as hcrmnhefore described with refercncc

| to any one of Examples 1 to 8.
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