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SUBSTI TUTE. ]) N- HYDROXYFORMAM DES AS | NHI BI TORS OF METALLO PROTEI @Eoé]["lz%
present invention relates to conpounds useful in the inhibition of

nmet al | opr oveign@s@as and in particular to pharnmaceutical conp@EITVGBN®D624
conprising these, as s well as their use. The conpounds of this invention
are inhibitors of one or nore netall oprotei nase enzynes.

Met al | opr ot ei nases are a superfam |y of lprotei nases (enzynes) whose nunbers
in recent years have increased dranatically. Based on structural and
functional considerations these enzynes have been classified into famlies
and subf apPERIBBE oSN BIPEREEYE BBG TITHTID WHY bRIYEORMANEES AR BBEsTred s arveeTADI- 1- 6.
‘Exanpl es of netalloproteinases inclPBUEMNAIES matrix metal | oprotei nases (MWP)
such as the coll agenases (MW 1, MW8, MWP13), the gelatinises (M2,
MWP9), the stronelysins (MVP3, NIVPlO MWP11), matrilysin (MW7),

‘net al | oel astah@p:(ewnmyent@naﬁbm,sgp ﬁomM)useﬁ.xhgz WE-uPgion(@fvP 14, MVP 15,

MW 16, MWP thererol sin adamal ysi.n .or MDC fam |y whic

i ncl udes THE 8 Bpged E@‘W&B‘gﬁ ¥F”§§aiﬁQP1H96HiPéFFPW§ﬂ§ﬁ% %  ADAM
10 and, TH%Hhs ﬂ_q_lsgstam n famly which include enzynes such as procol | agen
proceSS| ng proteinase (PCP); and ot her netall oproteinases such as

aggr ecanase, Thdworepslaidselfithis invenyer i igh®itaie onamv hyorafektdldprasigiet ensi n
converting enzyne famly. Metalloproteinases are believed to be inportant
in a plet mt‘-&)f Msigldapspisifiases ara|a§§a§'éﬂm:1m0§)pr9tee@a§e$(ftnﬁmefr)n»msvaumbssue
renodel lin h as.enbryonic vel o one_ for and uterine
‘renodel | |H‘8 ?’ﬁads H@‘ﬁes ﬂee?ts?%ﬁ 5‘?9215%5&588 SEHR aﬁgr%\”ﬁ"? gt the

‘et al | opr gl Bideasess Hesé bRAMResth AL BREL E@E@Eeﬁﬁtdrﬁhﬁhés tﬂ@ﬁﬁ:"fﬁﬁxﬁ%s ch as

col | agen, proteoglycan and fibronectin. Metalloproteinases are al so

bel i eved desciied inpo.M.dhvopen (198) FEBXbasirndf4: bi6. docungilesost, mﬂﬁll@rﬁﬂeﬁg};&al

i nportant cell nediators, such as tunmour. necrosis 25 factor (TN and t he

~ post  t r an$rls Bieanaignesligarotipasst EMMMIgucly s Ucallrarnases (MBI
or O LA LB a0 e B A B
321: 265- Zi%lysmtwmr ﬁkwlm&gﬁs@wmmgmna@&%i@mm% hhoRMyMNPSaSE
condit] On(sl\/l'IvIIPrIIL1 | D?III\}HI’ PSH I\%\JIPM MMP17); the reprolysin or adamalysin or MDC family which
15 includes the secretases and sheddases such as TNF converting enzymes (ADAM10 and
TACE); the astacin family which include enzymes such as procollagen processing
proteinase {PCP); and other metalloproteinases such as aggrecanase, the endothelin
converting enzyme family and the angiotensin converting enzyme family.
Metalloproteinases are believed to be important in a plethora of physiological disease
20 processes that involve tissue remodelling such as embryonic development, bone formation
and uterine remodelling duning menstruation. This is based on the ability of the
metalloproteinases to cleave a broad range of matrix substrates such as collagen,
proteoglycan and fibronectin. Metalloproteinases are also believed to be important in the
processing, or secretion, of biological important cell mediators, such as tumour necresis
15 factor (TNF); and the post translational proteolysis processing, or shedding, of biologically
important membrane proteins, such as the low affimty IgE receptor CD23 (for a more
complete list see N. M. Hooper et al., (1697) Biochem J. 321:265-279).

Metalloproteinases have been associated with many disease conditions. Inhibition of

the activity of one or more metalloproteinases may well be of benefit in these disease



the activity of one or nore netall oproteinases may well be of benef Ll;ﬂoé%lﬂﬂﬁ
t hese di sease 2 0 AUG 2004 WD 01/ 62742 PCT/ GB01/ 00624 7 conditi ons,

exanpl e: various inflamatory and allergic di seases such as J[}g# a %i on
of the joiKPO&%ecially rheumatoid arthritis, osteoarthrit!§ and @fg{% ),

i nflammation of the gastro-intestinal tract (especially inflammatory bowel
di sease, ulcerative colitis and gastritps), inflammation of the skin
(especially psoriasis, eczenma, dermatitis); in tunour s netastasis or

i nvasion; in disease associated with uncontrolled degradation of the
extracellular matrix such as osteoarthritis; in bone resorptive di sease
(such as costligiopsrfos exampedvaPage idfhntnstegsa); allergidiisemms e such sis owiflatahtisnt h
aberrant angi ogenesis; the enhanced  col | agen rempdel | ing associated with

di abet es of g jorddaipsrially shargeateid asthriss, Qpreearontes a goupe INEHIMANWR RS on,
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Al zhei ner” s di'sease; extracellular "~matrix renodelling observed in

car di ovaseathsassidbsiasssen;soditeas asestaad 9ith uanchtradled degradaioarafshs; and
chronic obstructive pul mnary di seases, ,COPD (faor exanple, the role of
MVPs  sucl§xaacalnfar matiiz seeisas QRO IR N8 OPROTF SYPEHKE ﬁg@aéﬁ,és,ucggggﬁte@?rpgﬁt
Qpinion is,ikn Anti.-inf). r n 0 | ry._lovestli i | Drugs,
1(1): 29-%%?%% Sn%} aé’?)’ ma%g?%ﬁ%S{Sg}wﬁglsgeg%?%ﬂ%g}%reg&ésf ?i%%ﬁg% fferent
cl asses QbjsnRenddsllingaye-Raval |ithbement, 608608l dicabOlsetLys adiwediectivity
for inhibiting various netalloproteinases. W have discovered a new cl ass
of conpognoheak Hatratoe, ulernibin ofthe okin, pest-apéropyotmidiinne {sushds aplonis ‘
particular interest ip inhibit] MWP-13, as.well as -9. 20 The
conpdfind SOEFOPRAFIE) ‘F’ﬁi\fgﬁ‘PF Wowﬁlﬁega&aﬁeﬁlﬂxearmw&ﬁ EREpess %Ferﬁ‘?g?ﬂ‘gcoki netic
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Jour nal efatiBk edredetiihg Sheriedtin Yardbasdylarldistabes shbly #3jesteléds BNA anal ysi s of
RNAs froma w de range of tissues indicated that MMP_13 25 expressi on was

limited egemsetlstosiaped AyRals dsThet waimerary ginsasesCBPPL&r expmpbadenits,
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or paroti©
t5  in Anti-inflammatory and Immunomodulatory Investigational Drugs, 1(1): 29-38).

A number of metalloproteinase inhibitors are known; different classes of compounds
may have different degrees of potency and selectivity for inhibiting various |
metalloproteinases. We have discovered a new class of compounds that are inhibitors of
metalloproteinases and are of particular interest in inhibiting MMP-13, as well as MMP-9.

20  The compounds of this invention have beneficial potency and/or pharmacokinetic
properties.. |

MMP13, or collagenase 3, was initially cloned from a cDNA library derived from a
breast tumour {J. M. P. Freije et al. (1994) Journal of Biological Chemistry 269(24):16766-
16773). PCR-RNA analysis of RNAs from a wide range of tissues indicated that MMP13

35 expression was limited to breast carcinomas as it was not found in breast fibroadenomas,
normal or resting mamnmary gland, placenta, liver, ovary, uterus, prostate or parotid gland
or in breast cancer cell lines (T47-D, MCF-7 and ZR75-1). Subsequent to this observation
MMP13 has been detected in transformed epidermal keratinocytes [N. Johansson et al.,

(1997) Cell Growth Differ. §(2):243-250], squamous cell carcinomas [N. Johansson et a/.,



or in breast cancer cell lines (T47-D, MCF-7 and ZR75- | ). SUbsequfﬂtAUtﬁci[lﬂl.
this observation MW 13 has been detected in transforrred epi der mal

ker at i nocyt u[g _éohansson et al. (1997) Cell Gowmh Differ,

8(2):243-2 %f) 104l#%nous cel | carcinomas [N. Johansson et al . FC3/GBUA(S€5%004
WD 01/ 62742 PCT/ GB801/ 100624 3 (1997) Am J. Pathol. 151(2 :499-508] and
epidermal tunours [K. Airola et al., (1997) J. |Invest. Dermatol.
109(2):225-231]. These results are suggestive that MM 13 is secreted by
transforned epithelial cells and may be involved in the extracellular

matri x degradation and cell-matrix interaction associated with netastasis
especi al | {12%)dosef. Pathol.rl 1 (R)aHOvEN atwl epidermma hoeours BSi Airslaand!.j (1968) J.gnant

epithelia_growmh in skj Cl o enesis. Recent published data inplies
that MWP igfeﬁ %@ﬂ%ﬁd@ﬁﬁ% urr’]f WﬁS%Fa&ﬂ@eeStwaﬁ%@MMfé 3t1r> seqieisd For
i nstance, £ fer ce for
degr adi ng ype coI genlvF@j %&8 ‘W]‘? m@ lge‘f%etﬁé k%é%? \?Est

2n. 761- 768&nd Vell-Kindtp after@bric mo&:é&aﬁhthxh@aﬂﬁ&%m}as]@wﬁ% in invasive
271: 1544-1550], to MW 13 has been hypothesised to serve a role during

primary odbsdabi @amrdnmamlaxskxelmlmnamrm&xdbd gowth [oMkirStabinegBasisdahl et al .
(1997) Lab. |nvest. ), 717- 728, N, Johanson et  al (1997)_ Dev. Dyn.
208(3 : 387- 3&PFentipid ﬁ&eﬁ efMWé%ﬁ%%%‘Z}EH‘%tPW@MWf&%CT and

osteo-art 505; P. G
W oy | Shdesivd E)?Si‘gges@@ﬁ?ﬂ? nS&é%?ﬁ@%%%lR?%%%%@e SB‘%%Eéﬁ’Od“dzt al |
(1997) Ar bi‘Hﬂ:ﬁ:mSe f3Adugradind (18 HJ;aﬂageh:i?% MataHeldbd/NoL gdﬁgexa@le:ptlhcesk ooseni ng
of hip repI acenents [S. Inal et al. 1998) J. Bone Joint Surg. Br.

80(4) : 70197(@T 6 14UB; YaKnaupesiese/- H&896)i The| Bioeheaucal dourshak BH: kS 4dell A 50],

o e MBS R et R Rt Bl ol e P e e
Pat hol 1526 &delidfb8 R 1§t81%le @Mdm eESﬂ‘{‘i'%‘Q'LQE H,fvegth%(gfb ﬁs%wsfoﬂaﬁgsb% in

chronic wounds [M™ 20 Vaal anp et al

109(t) - 96edaiQTU9TYIRS. Dzl ZNG(P): 385 - E?]Qiﬁl«@atr@pe Jc)inﬁhlséaagﬂmhes rkﬂﬂlhmom
Celatinase) is a secreted.. protein which first purified, then cloned

and sequeﬁ%%ste‘?‘fﬁrﬂmq QVRmieKe) gh 6f- nﬁ1896)aII Rh(:%g% 1598 3955 BhienMitzall (329)
17213-172 22570.)
B L S B (b, >

A recent re€ an-exce urce
s 40(8):1391-1399]; and during the aseptic loosening of hip replacements [S. Imai et al.,

(1998) J. Bone Joint Surg. Br. 80(4):701-710]. MMP13 has also been implicated in
chronic adult periodontitis as it has been localised to the epithelium of chronically
“inflamed mucosa human gingival tissue [V. . Uitto et al., (1998) Am. J. Pathol
152(6):1489-1499] and in remodelling of the collagenous matrix in chronic woun;is M.
20 Vaalamo er al., (1997) J. Invest. Dermatol. 109(1):96-101].
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 er a/
(1989) J. Biol Chem. 264 (29): 17213-17221. Published erratum in J. Biol Chem. (1990)
265 (36): 22570.). A recent review of MMP9 provides an excellent source for detailed
25 information and references on this protease : T.H. Vu & Z. Werb (1998) (In : Matrix
Metalloproteinases. 1998. Edited by W.C. Parks & R.P. Mecham. ppll5 - 148.
Academic Press. ISBN 0-12-545090-7). The following points are drawn from that review
by T.H. Vu & Z. Werb (1998).



25 information and references on this protease : T.H Vu & Z. \Wrb Q%g%ﬁ@?ﬂﬂ
(In: Matrix Metalloproteinases. 1998. Edited by WC. Parks & R P. C arrq

pp 115 - 148 @gﬁqem' c Press. | SBN 0-12-545090-7). The fol | ppiriesop@bdiys are
drawn fron CHAP*Févi ew by T.H Vu & Z. Werb (1998). 20 AUK004 WD 01/62742

PCT/ GBO / 00624 4 The expression of M9 is restricted normally to a few
cell types, including trophoblasts, osteoclasts, neutrophils and

macr ophages. However, it's expression can be induced in these sanme cells
and in other cell types by several nediators, including exposure of the

Il § cat g (eI PTeSSOR G VMPY ISR P FOR LS Boh G2 HLORFY FMOEREE. secr et 6d
MWPs, MWP9 .is._rele S Lnact v - y i Chr.i |y
ol caved tPRRAREHE sl a ol ChIRERE BB DL cpSeOHERE Y

for this ;aglckdal {R8e sdind/éclle add B GBér celiNPPEs byl fieRBhRAR 8] indltlinge MVPI
versus inactive enzyne is further regulated in vivo by interaction with

TI MP- 1 ( Expasuee dithielselinto growthstetotsoproytakiiness dbeseldre the saapeumediatprsorftanr ri ng
to protein. TIMP-1 binds to the C-term nal region of MW9, | in

i nhi bist | dmpbeatedi méé&t@gﬁli%f{a&aﬁﬁf’ﬁf wpwpgﬁsgﬂgﬂﬁ FLsrcEetet Nﬁ‘%ﬁ%é&’j&%
expression_of Pro 0., € L - i t presence of
The o3 drefased PN BacfRARR AL whidhdls S\tf‘&egg%déﬁl%ﬁ? SRLi B8 Pl ape o oh

i S preserhzAhatital]9@etivébdzgme PTRE @edtydses tdquiread ¢éd i avivlionak videkae aubst r at es
whi ch include gelatin, elastin, and native Type N and Type V collagens; 15
it has ndmeeti Vi halanmi ofattiveaviMRP Farpes inaetoid cageme iphstheotsigyplagisingivo by

| am nnins. There h n._a. graow bo f, data inplicati ol es for MVP9
| var i oderRgR FORoURET (CitheibarE st st srouEsets - Lod peflebgp ettt os

| ncluge. LGeia ARG vlas RO Mindl OBDRBE RENPOLIBLADR IhiHOLEI B
epithelidmin the early stages of enbryonic 1nplantation; sone role in the
growt h anrgratereloapimk o MMPR e balaaoeofingne¢d arpresicR®fiPnéMMPE tadsayagedl s

fromthe vasculature into tissues. |Increased MVW9 expression has observed
in certaPro-parnurolNMBY 2pbigiprgsercs off HMRHycomns ©Agsrginabs ampuat Qkase

T A L.
condi ti ORgack %Gﬂst?a?esl\(}/ﬁiﬁﬁﬁﬁiﬁlg gelatin, elastin, and native Type IV and Type V collagens;
15 it has no activity against native Type I collagen, proteoglycans or laminins. '
| There has been a growing body of data implicating roies for MMP9 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
20  inflammatory cells from the vasculature into tissues. Increased MMP9 expression has
observed in certain pathological conditions, thereby implicating MMP9 in disease
processed such as arthritis, tumour metastasis, Alzheimer's, Multiple Sclerosis, and plaque

rupture in atherosclerosis leading to acute coronary conditions such as Myocardial

Infarction.

WO-99/38843 claims compounds of the general formula
B-X-(CHz)m - (CR'R}), - W - COY



Infarction. 25 WD 99/38843 cl ai ns conpounds of the general formula
13-X-(CH2)m - (CR R2)n - W- COY 2 0 AUG 2004 WO 01/ 62742 PCT/ GBOL/1dbaYa 108
E X represents a carbon or nitrogen atom Rl represents a

trimet hyl - I'wbydapt«i n C2- 4al kyl or a trinmethyl -3-hydant oi n CRefaldtYhos240
group; phenyl or C2-4al kyl phenyl nonosubstituted at the 3- or 4-position by
hal ogen, trifluoronethyl, thio or Cl-3al kyl or Cl-3 al koxy; '

phenyl - SO2NHC2- 4al kyl ; 2-pyridyl or 2-pyridyl C2-4alkyl; 3-pyridyl or
3-pyridyl C2-4al kyl; 2-pyrimdine-SCH2CH2; 2- or 4- pyrimdinyl C24- aI kyl
optionally rmnosubstl tuted by one of hal ogen, trifluoronethyl, C -

I kyl, - I I
o BB P RO A e HEA, e

manuf act uraescefated wedlimamir Iﬁﬁetilﬁfpréthﬁaid’se@beﬁﬂ&aﬂgrmﬁl&\é@'ILIt!h@ '&o gand ' on
associated with matrix netall oprotei nases. Specifically discl e%l Is't
conmpound NE{4{Chéprophenyd) pntwrioptesyfonypreby a2 imshylpropyi} -N- hydrOK}ffOrmamlde
-sul fonyl met hyl | - 2- net hyi propyl } -N-hydroxyfornmam de. s W have now

di scovered conpounds that are potent MVP 13 inhibitors and have desirable

activity profil gsve d8y likcdyd o provide
conpounds of the formila | réiéﬁg%&gg&?a?kf r{é@k%% u%l\é\fo&ﬁn B esent s
a phenyl desrgblemnpsuylgssfitesit ed at the 3- or 4-position by hal ogen or
trifluoronethyl, or disubstituted at the 3- and 4-positions by hal ogen

(which may be the

In a first aspect of the invention we now provide compounds of the formula I

/T R1
B—X N—so’z\(
_/ N

. HO ™ ‘CHO I

wherein B represents a phenyl group monosubstituted at the 3- or 4-position by halogen or

trifluoromethyl, or disubstituted at the 3- ﬁnd 4-positions by halogen (which may be the -

same or different); or B represents-a 2-pyridyl or 2-pyridyloxy group monosubstituted at

the 4-, 5- or 6~ position by halogen, trifluoromethyl, cyanc or C1-4 alkyl; or B represents a
15 4-pyrimidinyl group optionally substituted at the 6- position by halogen or C1-4 alkyl;

X represents a carbon or nitrogen atom;

R1 represents a trimethyl- 1 -hydantoin C2-4alkyl or a trimethyl-3-hydantoin C2-4alkyl
2  group; phenyl or C2-4alkylphenyl monosubstituted at the 3- or 4-position by halogen,
triflucromethyl, thio or C1-3alkyl or C1-3 alkoxy; phenyl-SO2NHC2-4alkyl; 2-pyridyl or
2-pynidyl C2-4alkyl; 3-pyridyl or 3-pyridyl C2-4alkyl; 2-pyrimidine-SCH2CH2; 2- or 4-
pynmidinyl C2-4alkyl optionally monosubstituted by one of halogen, trifluoromethyl, C1-
3 alkyl, C1-3 alkyloxy, 2-pyrazinyl optionally substituted by halogen or 2-pyrazinyl C2-
25 4alkyl optionally substituted by halogen;



same or different); or B represents a 2-pyridyl or 2-pyridyl oxy grﬁ
nonosubstituted at the 4-, 5- or 6- position by halogen, trifluor IQHWU,G"
cyano or Cl-4 alkyl; or B represents a '5 4-pyrimdinyl group optionally
substi t ut eqrcagiige@ 6- position by halogen or C1-4 al kyl; 2PECTAUEBLIDODRE WO
01/ 62742 PCT/ GBOLl/ 00624 6 Any al kyl groups outlined above nmay be straight
chain or branched. Preferred conpounds of the invention are those wherein
any one of nore of the follow ng appl y:6 B represents 4-chorophenyl,

4-fl uorophenyl, 4-bronophenyl or 4-trifluorophenyl; 2-pyridyl or

2-pyridyl oxy nmonosubstituted at the 4- or 5- position such as 5-chl oro-2-

pyridyl, 5-br -2-pyri dyl -fluoro-2- i dyl,

5-trifl uofﬂ%lg‘?f%fpﬂﬁvﬁ,ar?%\-ec%ﬁﬁg’?f?%gr%w or branghedy | - 2. pyri dyl ;
especially 4-fluorophenyl, 5-chloro-2-pyridyl or 5
trifluoronmethyl-2-pyridyl; 10 X represents a nitrogen atom Rl is

3- chor opheny Prefdreh esmphmdy bf tha-1pyentidylare Rogywheyinpmgmyle or 2norerof e
pyrimdinylethyl (optionally nonosubstituted by fluorine), 2- or

4- pyri m difsligwyirgppply: 2- (2- pyrim dinyl ) propyl (optionally nonosubstitued by
fluorine); especially,?2- r.im dinyl pr I - (2-pyrimdiny ropyl .
(optiohal |y ﬁBrscﬁng%/ f“t‘:&l?ggp&g?ﬂﬂr ﬁgﬁ?q%@qp%ﬁ §:2“f§‘§1°$1¥‘i?8?]8€ %‘%b?‘?ﬁ?ﬁ’@% et hyl .
For conpoyngds: L0 i Sl QY- GUBo4i Heseq .
corrpoundsgr%lg?ie?r:f E%ﬁ%*ypﬁgﬁgﬁbgtr@%ﬂ rtmnosg{]orgt ,B?é’dﬁcé%@g{ t heE%?!rcgg

4- posi t i opytgylhsdbeges2eryridyt, i5tfluanaypintidal, 5-oifhairesnbthyl-RyyedyhtS-¢aeo2- and
4-positions by hal ogen (which may be the 20 same or different), or Bis a
2-pyri dyl pwidyg. HyrathloRyndyilripesandhoranhard¢>-shiorere-pyridyl of &= position

by hal ogen.trifluorgonet-nyl or cyano;, or Bis a 4-pyrimdinyl group
optional | ?ﬁﬂ%oﬁ%?f:%tfj?éﬂng 1’t he 6- position by halogen or Cl-4 alkyl; Xis a

car bongor ni i @PR8erdl Qmm,?m atogn;a trinmethyl-1-hydantoin C2-4alltyl or a
trimethyl - 3-hydant oi n C2-4al kyl group; or Rl is a phenyl or

C2- 4al kyl pheRylis fwhbsoisnyl dichébrapheryd 3Bpyrolyl.L-posnpopyby- hafogen, 25
trifluoromethyl, thif)(or_ Cl- 3al k [

) - | . or Cl1-3 al koxy,, or Rl is,.
pheny| - SCRRRRFRY[ (oPlpralrapasssbappiegy frael 77 PPy Esi PR ot G | s
3-pyri dyl p%m?ﬂim%rgﬁ/ylfl (Sgtioﬂailyﬂdnogﬁbﬁﬁéd%y fluorine); espectally 2-

pyrimidinylpropyl, 2-(2-pyrimidinyl)propyl {optionally monosubstitued by fluorine) or 5-
15 fluoro-2-pyrimidinylethyl. '

~ For compounds of formula I, a particular subgroup is représented by compounds

wherein B is a phenyl group monosubstituted at the 3- or 4-position by halogen or
trifluoromethyl, or disubstituted at the 3- and 4-positions by halogen (which may be the

20 same or different); or B is a 2-pvridyl or 2-pyridyloxy group monosubstituted at the 5- or
6- position by halogen, trifluoromethyl or cyano; or B is a2 4-pyrimidinyl group optionally
substituted at the 6- position by halogen or C1-4 alkyl; X is a carbon or nitrogen atom; R1
is a trimethyl-1-hydantoin C2-4alkyl or a trimethyl-3-hydantoin C2-4alkyl group; or R1 is
a phenyl or C2-4alkylphenyl monosubstituted at the 3- or 4-position by halogen,

2s  trifluoromethyl, thio or Cl-3alkyl or C1-3 alkoxy; or R1 is phenyl-SO2NHC2-4alkyl; or
R1 is 2-pyridyl or 2-pyridyl C2-4alkyl; or R1 is 3-pyridyl or 3-pyridyl C2-4alkyl; or Rl is
2-pyrimidine-SCH2CH2; or R1 is 2- or 4-pyrimidinyl C2-4alkyl optionally
monosubstituted by one of halogen, trifluoromethyl, C1-3 alkyl, C1-3 alkyloxy, 2-
pyrazinyl or 2-pyrazinyl C2-4alky; any alkyl group may be straight chain or branched.



2-pyrimdine-SCH2CH2; or R I is 2- or 4-pyrimdinyl C2-4alkyl optio%ﬁglﬂ
nonosubsti tuted by one of halogen, trifluoronethyl, C 1-3 alkyl, C AUG 2004
al kyl oxy, 2- pyrazinyl or 2-pyrazinyl C2-4alky; any al kyl group may be
strai ght chQ#/&r42br anched. 2 0 AUG 2004 WD 01/ 62742 PCT/ GBEBIFIGGBNAP0R24 t

wi || be appreciated that the particul ar substituents and nunber of
substituents, on B and/or Rl are selecteg so as to avoid sterically

undesi rabl e conbi nati ons. Each exenplified conpound represents a particul ar
and i ndependent aspect of the invention. 5 Were optically active centres
exi st in the conpounds of fornula 1, we disclose all individual optically
active forns japd] 6OBHIBEkIeAMSat the bAIBISQaPRDsAEN AHA husRRELS dubstiAEROGH BNt S
of the invention, as well as their correspondi ng racenmates. Racenates may
be separ ataad/or Rilare seleated s ks wptviotd btegicadiytundesifabtensomisinagordsnown pr ocedur es
(cf. Advanced. Oganic_Chem stry: 3rd Edition: author J March, pl04-107)

i ncl udi ng f orEagk sremplifiefecqrepqusdFapicstnto? Patigelae irdbindependgatdspetof s havi ng
conveni ent._ 0 %ically active auxiliary species followed by separation and
then cl eaVRg&"8% the auxiliary species. It will be appreciated that the
conpounds acaghgt Gkl 41e v RUERLS st G the < BRIpBLAdE forRlilaTOHE disclose all
asymmetrically substituted carbon atons. The presence of ohe or nore of

t hese asymiteidniloopteally esivedhimabknd emhbiasiiornsmf ahase ap aulividodl] spesifitl a | can
give rise to L5 stereoisoners, and in each case the invention is to be
under st oodMbedEnaEhel the 1Byentien.as well &Y BET SerePendingcRTaRNe- SHERRASHEIY and
di ast er eoner, nd. m x i ing. 1 C..m fe.

exanpl o 08 oo RrS b SRRl Al B IEE S lbbh Bods Rl R AL oblF
“enant i OMerGrgani FTRBINIRAEBE] FRYioRCaRhGPANRELNDY 1 N e07)aaElLHRE fBf exatfdihe

material with a chiral auxilliary, 20 separation of the diastereoners
f.or mediousifergnation odrdtasterenangric dagiviaweschayyngsenpgenjerimptichidnecttue avkiliahe chir al
auxilliary. The

condipion§pﬁ@¥épﬁé§%is;g%%%%“%#%hggﬂig%%@%?%§8gL%§§E%$55%%§g?ﬁ;n%pre active

e onet ST baeeSh B el e g caphanTRe s

det er m nator ffore d3yenraaticylty aubattitahesrbomsatonar dat @rdserek of one or more of these
asymmetric centres (chiral centres) in a compound of formula I can give rise to

5 stereoisomers, and in each case the invention is to be understood to extend to all such
stereoisomers, including enantiomers and diastereomers, and mixtures including racemic
mixtures thereof.

In the examples we disclose the isolation and characterisation of certain enantiomers.
Enantiomers may be prepared by the reaction of racemic material with a chiral auxilliary,

20 separation of the diastereomers formed using chromatography, followed by subsequent
cleavage of the chiral auxilliary. The diastereomer eluted second from the column (using
conditions herein described) and subsequently cleaved gives the more active enantiomer
when tesied. In each case we believe the active enantiomer has S stereochemistry but do
not wish to be limited by this initial determination. The active enantiomer is characterised

25 by its derivative being eluted second from the separation column. Use of different
compounds of formula I, alterative columns and/or different solvents may affect the
elution order of the most active enantiomer.

In the examples we disclose the isolation and characterisation of certain diastereomers.

Chromatographic separation and subsequent testing revealed that the more active



25 by its derivative being eluted second fromthe separati on col um
y g P 700K Al

di fferent conpounds of fornula I, alternative colums and/or differ
sol vents Gt the elution order of the nobst active epg V8 Bbs2a | N
t he exarrpr@é %Eg‘ “scl ose the isolation and characterisation certain

di astereonmers. Chromat ogr aphi c separati on and subsequent testl ng reveal ed
that the nore active 2 0 AUG 2004 WD 08&/62742 PCT/ GBOL/ 00624 8

di astereonmer is eluted first fromthe separation colum (ie the nore active
di astereorer is characterised by being eluted first fromthe separation
colum). Use of different conpounds of fornmula I, alternative col ums

and/ or  didissterenmesis| ahaed Srsviipratieseparation cabtmn (igrhomges acgive disstenessnerdst i ve

di ast F d ff la | th,t t
b'e??eﬁée?q%’éia&aease&@%m.e&@“ e e M&H} E{h ot wi sh to
be | ted %lwsn e th
anpl_.,ﬂ'ndg 8t fﬁégé Sllcfo%uaail alggéﬁ‘ggs{% a i %igua tau rrgﬁr(%l@éc orns :nd

conbi nat | PR SrdbhES@e afost Adlive ddastdrespeci f i c enmbodi nents of the invention.
10 As previously outlined the conpounds of the invention are

met al Isopr ot diarasmpounds ¢f ﬁ)Umsla Tiwithptava ¢heral eantaeh eqe betievd thhiapiiyesngngpmgnP 13,

- Each of th b di f d f the f la |
repr esenttti'sa%felS ?ﬁ%ﬁ%%@ﬁg &h n%%tr‘f?‘lrshﬁ?ge CON@B{ ﬂﬂgfﬁ%ﬁ‘ld FW%E% i on.

hilst we dayhol ddhetleld iR M b-NuhlC0f BieaY, RBRLASE Al bRAAdudine

conpounds o Invention are ow sel ective inhibition for
any one GhutbRRrit Sorouel dofliigaione 0§ tHegd ad indididual speyifidMzibddirhedts bHthe
activity, by way-of non-limting exanple they nmay show 100-1000 fold ‘
sel ecti viipyendar any MWP | inhibitory activity. Certain conmpounds of the

i nvention are of ar cul.ar, use as a anase i nhi bi nhlbltors of
aggr efan dedrHi: lty i e&%’ﬁﬂ%‘ﬂﬁ%é’? ﬁl{"‘Yf:émlc’ﬁven %%ng m?e “particul ar

use as inhjBi C}glgrﬁ;ﬁmé{w&’&h Q’e%mMYE’mJo%MtZ@ﬁhﬁaé}pmaaﬂ@vahdfcmoﬂsrﬁentIon

may be provi as pharmaceutically acceptable salts. These include acid
~addi ti on thatémpseurnls cishehfpdnolati represtents dryuhdefemdaitaed peiticnbr embndimengoéat e

salts and salts formed with hosphor C an(‘:sll LL huric acid. |n another
aspect the invention. Whilst we do not wish to ebou renc considerations, the

compounds of the invention are believed to show selective inhibition for any one of the
15 above indications relative to zmy MMP1 inhibitory activity, by way.of non-limiting -
example they may show 100-1000 fold selectivity over any MMP1 inhibitory activity.
Certain compounds of the invention are of particular use as aggrecanase inhibitors ie.
inhibitors of aggrecan degradation. Certain compounds of the invention are of particular
use as inhibitors of MMP9 and/or MMP12. |
20 The compounds of the invention may be provided as pharmaceutically acceptable
salts. These include acid addition salts such as hydrochloride, hydrobromide, citrate and
maleate salts and salts formed with phosphoric and 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 exaﬁple calcium or magnestum, or.organic amine salt for
25 example triethylamine.
They may also be provided as in vivo hydrolysable esters. These are pharmaceutically
acceptable esters that hydrolyse in the human body to produce the parent compound. Such
esters can be identified by administering, for example intravenously to a test animal, the

compound under test and subsequently exafnining the test animal’s body fluids. Suitable



suitable salts are base salts such as an alkali netal salt for exar’r‘gil[t'enA
sodi um or potassium an alkaline earth netal salt for exanple cal ci Hb 2004

magnesi um %oﬂgﬁ@i c amine salt for 25 exanple triethyl ampe,ciitisiBY
al so be provided as in vivo hydrol ysabl e esters. These are pharnaceutically

acceptabl e esters that hydrolyse in the human body to produce the parent
conpound. Such esters can be identified®by adm nistering, for exanple
intravenously to a test aninmal, the conmpound under test and subsequently
examning the test animal's body fluids. Suitable 2 0 AUG 7004 WD 01/62742
PCT/ CB01100624 9 in vivo hydrol ysable esters for carboxy inc|ude

met hoxy met/hyive dudral piableagiess (pricadryy anclyds methoxweetad eng ifor vsisery mchyde

acetyl. In _order ;to u nd of the fornmula | or a pharmaceutically
Sl g et S oBRIEHSE

accept abl ‘'ysabl e ester thereof for the therapeutic

treatment (i ngbisl Bud PRIMPAGHICE 1R foh8ala MR ) phaim TRl al:ﬁ@ééﬂﬂe Q8¢ lBiJmans,

it is normally formulated in accordance with ‘standard phar eutica
practi ce asodydhsysabbeestdrcadrecioopdsi therapeutiEheaefon éntlndagqrbgiylaspect t he
present invention provides a pharnaceut.i cal conPosi tion which conprises a
conpouhd SratmeatyfrRgmmals ip¢luding hymepsdtis noaRaly logaeladap aecordprcegyitan i n
vivo hydrql ysahl e es - an eyticall cceptable carrier. to The
phar maceu tl%%rg@gﬁ‘p%%ﬁ%[ﬂll%ﬁgmgg 9{ En?%pl nvea%%lf&(;cﬁfi%nﬁ oﬁglog'dm nistered in

standard nMamRefefdein hilRthéel S8Has% enCprashnt iRntiftdbrolided § pRBRiataidp treat, for
exanple by oral, topical, parenteral, buccal, nasal, vaginal or rectal

. adm nst r etiposinen pyidhdealpaiseon copountdnefske fqrompdses ghhemaeapcalhds of this

i nvention naytaggéfrrml at ed 3& rgiang known in the art into the form of,
for exanpPeeP tor agap ¥qyp &y drobysaals rstes and pharmasruticalbnaccegiablseitstigns, i s
emul si pns, ¢ ' - al: : J: ' i,naly

i vi ded poug e pam L BdTal @i dhe IR SRS oy BRI ELL T wapifie

(i ncl udi ngahfdrr foy SRAliseasd dindaiansthad iafs dusired fof tesit, gon) exain®ld beomquepisl, or oily
sol utions or suspensions or sterile enmulsions, In addition to the conpounds
of 't He -pr pyenterdlkusatl; prsal, yagiphlarractal admenbtraimes Sy tibglatiopf Fondsesenvent i on

I I RMALR AT I WA T e O
mor e di SegsPthe form of, for example, tablets, capsules, aqueous or oily solutions, suspensions,

15 emulsions, creams, ointments, gels, nasal sprays, suppositories, finely divided powders or
aerosols for inhalation, and for parenteral use (including intravenous, intramuscular or
infusion) sterile aqueous or oily solutions or suspensions or sterile emulsions.

In addition to the compounds of the present invention the pharmaceutical composition
of this invention may also contain, or be co-administered (simultaneously or sequentially)

20 with, one or more pharmacological agents of value in treating one or more disease
conditions referred to hereinabove.

The pharmaceutical compositions of this invention will normally be administered to
humans so that, for example, a daily dose of 0.5 to 75 mg/kg body weight (and preferably
of 0.5 to 30 mg/kg body weight) is received. This daily dose may be given in divided

25 doses as necessary, the precise amount of the compound received :;nd the route of
administration depending on the weight, age and sex of the patient being treated and on the
particular disease condition being treated according to principles known in the art.

Typically unit dosage forms will contain about | mg to 500 mg of a compound of this

invention.



conditions referred to herei nabove. The pharmaceutical conpositions of thls
invention wll normally be adm nistered to humans so that, for exaﬂﬂl 16 204
dai ly dosew@foiR2p2t0 75 nu/ kg body weight (and preferably elcTicsnito0s230
ng/ kg body weight) is received. This daily dose nmay be given in divided 25
doses as necessary, the precise anmount of the conpound received and the
route of admnistration depending on thE wei ght, age and sex of the
patient being treated and on the particular disease condition being
treated according to principles known in the art. Typically unit dosage

f il t b f d of this ti .
W0 01/ 62742 SR TOADE TIEB R RBE P HEGRA AR PP OIS 3 PPt BIe aspect
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pharmaceutically ac e saft or 1n vivo ysa ester thereo
use in a matnk&@bcpéfﬁlbﬁpmmam&mmmmm ot AmALFERIY. Gh pafidiedr veody. | n

particular we disclose use in the treatnent of a disease or condition
medi at ed b;xscweuiealratdﬂd/tr@am@nhg@a doeasas candifion myNREdNUMIYP MvRndior I n yet a

further as t the nt OV|des a nethod of treating a
met al | dpr g@%P%?§§ %gﬁg%ﬂdition whi ch conpri ses adnigistering
to a warm b'199 f\ﬂ@f&%e& th@g{eé&ﬁghéh%'oh rcﬁfuﬁ%calﬁm%f)?%‘?ﬁ@&m% a conpound

of the formula’l or a armaceut i c y ac epta e salt or 1nivo

hydrol ys abhaalﬁgatr@teuiahwmeﬁfated dideatd amiticti Wik comphiedi sdhd tistHringas @ warm-
conditions include arthritis (such as osteoarthritis), atherosclerosis,

chroni ¢ othdeqdad enipeal guheraprarigalii eféestivs aroopD){a 4=¢mmmimfrthta§p@@ia kare
present inyention.provide rocess.f e in of the _
Pormula | Reacaribivstrotels FCGe et BhEatle Sletheeit Mt Sryiie.
ester fhengQfatedMiisedie ROAGESS: IACNRBE haRSHE BACH w&st@o C%a@lepésck%mf ornul a

Il with an appropriate 15 conpound of the fornula RI1 to yield-an al kene
of f or mul ahtonic obwkriuctive milinbeary diemaws(CE&PD)0 a conpound of forrmula 1V, which

is a precursor to conpound |, and optionally thereafter formng a
phar meceut i c &P PYPHEASPERA MISPTssant Iyention poyisien pdetsys &isipgeparing a compound

of the formula I or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof
which process comprises reacting a comnpound of the formula II with an appropriate

15 compound of the formula R1CHO to yield an alkene of formula III, which is then
converted to a compound of formula I'V, which is a precursor to compound I, and
optionally thereafter forming a pharmaceutically acceptable salt or in vivo hydrolysable

ester of the compound of formula I, as set out below:



ester of the conpound of fornmula I,
01/'62742 PCT/ CBOL/ 00624 11 B- X\,
NSO-~-RL 2 Rl |V B-

"N SO2 NHCH/ A
conpound oFOf%i6%{#a 11 is conveniently prepared by reacting
formula V 5 with a conpound of formula Vi,

as set out below 2 0 AUG 2004
-/ NSO 2 Me + RL 11 111
,RL B- XN--SO2 N

wherein B' is a precur

- CHO B-

i s o

E‘B AUG 2004

sor of B

and Xrepresents X or a precursor of X or lain activated formof X suitable

for reaction with B . Il nmay also be prepared froze conpound VIl as shown
below. 2 0 AUG 2004 WD 01162742 PCT/ GBO /00624 12 V1 B' + X N-S02 Me Vi
Ir
CHO
B—X N—SQ, Me + R1”
il ¢
/N R1
i B—X N“SOIZ\/
__/
R1
v B—X N—SO,
NHOH

/N R1
B—X N—~so'2\(
N

HO

CHO

A compound of formula I is conveniently prepared by reacting a tompound of formula V

5 with a compound of formula V1, wherein B' is a precursor of B and X' represents X or a

precursor of X or an activated form of X suitable for reaction with B'. Il may also be

prepared from.compound VII as shown below:
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rel evant starting naterials are commercially available. In additio %

fol | ow ng pows details of al dehyde intermedi ates and ddy@dgossoos24

correspondi ng regi stry nunbers in Chem cal Abstracts. 5 RCHOChem cal

Abstracts Regi stry Nunbers 3-(2-pyrimdinylthio)-propional dehydel55957-56-5

3-(2-pyrazinyl)butyral dehydel77615-94-0 12

3- phenyl sul phonyl ar ni do- pr opanal 57483- 28-0

4- (4- met hoxyphenyl ) - but yr ai dehydel160093- 24- 3

4- ( 3- met hoxyphenyl ) - but yr al dehyde113504- 55-5. Al dehvdes wi t hout Chem cal

Abstracts Registry er 3(2 pyrinildyl) p dehyde To a solution
WP? E#@Eﬂt"?l le {150 nL) was

of 2-Bronopyrimdine‘(7. g, 0.05 M

added propargyl al cohol (4.2 g, 0.075 M),

(triphenyl phosphi ne)-palladiun(ll)chloride (750 mg, I mV), copper iodide
(100 ng, 0.5 20 4U62006 WD 01/ 62742 PCT/ GB01/ 00624 13 m\V) and tri et hyl am ne

(25nm., 0.25 M and the m xture was/stirred and heated at 70C for 2 hours.
An addi tional anount of propargyl &l cohol (2.1 g, 0.038 M, bis-
(triphenyl phosphi ne)-palladiun(ll)chloride (375 ng, 0.5 ml), and copper

iodide (50 ng, 0.25 ml) was then added to the reaction m xture which was

stirred and heated at 70C for 5/an wdditional | hour. The reaction mxture

was evaporated to dryness anBtHe redithiOmMiech was pre- adsorbed on to

silica, chromato graphed. Elutio it h ethyl acetate gave 3-(2-pyrimdyl)

prop 2-yn- 3- oI as a yeIIowsolld 4.45 g (66 %9. NWMR (CDCI3) 2.9 (1H, t),
4.5 (2H, d), |

B—X N Vil
, \___/
It will be appreciated that many of the relevant starting materials are commercially
. available. In addition the following table shows details of aldehyde intermediates and their

corresponding registry numbers in Chemical Abstracts.

10

RCHO Chemical Abstracts Registry Numbers
3-(2-pyrimidinylthio)-propionaidebyde 155957-56-5
3-(2-pyrazinyl)butyraldehyde 177615-94-0
3-phenylsulphonylamido-propanal 57483-28-0
4-(4-methoxyphenyl)-butyraldehyde 160093-24-3
4-(3-methoxyphenyl)-butyraldehyde 113504-55-5

Aldehvdes without Chemical Abstracts Registry Numbers

3-(2-pyrimidyl) propionaldehyde. To a solution of 2-Bromopyrimidine (7.95 g, 0.05 M)

in acetonitrile (150 mL.) was added propargylalcohol (4.2 g, 0.075 M ), bis-

(triphenylphosphine)-palladium(II)chloride (750 mg

, 1 mM), copper iodide (100 mg, 0.5




( 14, d), 8.8 (2H t), M5 found M# 135. 0o 3-(2-pyrimadyl) prop 2- ;21 L 2004
-ol (4.45 g, 0.033 M was dissolved in ethyl acetate (140 nl), [i]-’& @:
(890 ny) was added and the mi xture stirred under an atnosphere of hydr ogen
for 6 hours WORE6ZT#action mixture was filtered through Cel it @CInGEBa1NG624
filtrate evaporated to give 3-(2-pyrimdyl) propan-l-ol as a yellow oil,
4.15 g (91 %9. NWMR (CDCI3) 2.1 (2H, m, 3,2 (2H, t), 3.8 (2H t), 7.2 ( 1
H t), 87 (2H d) M found M# 15 139. 3-(2-pyrimdyl) propan-I|-ot was
oxidized to give 3-(2-pyrimdyl) propional dehyde wusing the follow ng Swem
conditions. To oxalyl chloride (14.3nl) dissolved in dichloronethane

(700m) vesnmgaed rRiundle 35kl 078} SdBMitOR LEATRELA MGG AR h%%_ﬁg%

After 15 mnutes the 7l cohol (20.8g) disso or onet hane
was 20 sl ol houasd dachddtidrnaived oG ofipaetaesyllabdore! (Py ¢, I0L0S8M), de-ne (125mL) .
After 15 mnutes the reaction mxture was allowed to warmto room

t enper at ur éripherylpkasphine}oalfadjumdbehlande 3 75me Osomildang oppper iedidal 30 313, and
h h d
N SRR IS i S 1

chr omat 9gr aphydigbidi RguM t h et hyl acet ate / nethanol (5% to give the
product (8.71 g, 25 43 %9 as an oil. NMR CDCl, 3.0 (2H, t), 3.4 (2H 1),
7.1 (1 H t), TBe Feactbh miyturOwss ¢vapbkats]) to dd;rias:ga:tdlﬁe pesidudutiieh das prd-bed
above the foll ow ng al dehydes were prepared: 4-(2-pyrimdyl) butyral dehyde
by using 320F9ad-qniglsilie ﬁhﬂawétqsraaﬁeépé#iﬁw aw&mﬁbyl azeetEAwezbolrpmna)d}aLBzmz

(oh . o0y i Ry olle 43 sl MR TERGRY 281 feny 3B B) Tedi ng

'2- br onopyr aan@) lsng(piact@ ME f@udd XOPNYS M di ne NVR (d6-DVSO) 9.77 (s, 1H),
8.61 (d, 1H) 4 (dd, IH, 8.46 (d, IH, 3.10 (t, 2H), 2.92 (t, 2H). 5
4- (2- py¥ azi nyB-)(BwylnaﬂriénWe2-by-Iu€sl|(ﬁg15% lﬂrﬁ;ﬁﬂ-@ywaidmmlved 1pleﬂxyéaoeftat2{l40

TR BT R B ey SR R el
(m 2H), éf{ﬁufo?@)houfs'.. & bdalfib ! Ofi RS Ky BY&édTlh%L['ghzcéf rd B4t B3 e Y US' ng

2ch|oro4tr| oropyri m di ne
evaporated to give 3-(2-pynmidyl) propan-1-ol as a yellow oil, 4.15 g (91 %). NMR

(CDCl5) 2.1 (2H, m), 3.2 (2H, t), 3.8 (2H, t), 7.2 ( IH, 1), 8.7 ( 2H, d) MS found MH"

15 139. o

3-(Z2-pyrimidyl) propan-1-ol was oxidized to give 3-(2-pyrimidyl) propionaldehyde

using the following Swem conditions. To oxalyl chloride (14.3ml) dissolved in
dichloromethane (700ml) was added DMSO (21.3ml), maintaining the temperature below
-60°C. After 15 minutes the alcohol (20.8g) dissolved in dichloromethane (20ml) was

20 slowly added followed 30 minutes later by triethylamine {125ml). After 15 minutes the
reaction mixture was allowed to warm to room temperature when water (100ml) was
added. The solvents were separated and the organic layer was washed with water (3 x
150ml), dried (MgSQ,) and evaporated to give an oil which was purified by flash column
chromatography eluting with ethyl acetate / methanol (5%) to give the product (8.71g,

25 43%) as an 0il. NMR CDCI, 3.0 (2H, t), 3.4 {(2H,t), 7.1 (1H, t), 8.7 (2H, d), 9.9 (1H, s).

Using the procedure described above the following aldehydes were prepared:

4-(2-pyrimidyl) butyraldehyde by using 3-butyn-1-ol in place of propargylalcohol



[ CAS registry nunber 33034-67-2] in place of 2-br ormpyrl m di ne and
3-butyno- | -ol in 10 place of propargyl alcohol 'H NVR (CDC13) a@ Q@Zﬂ&
H, 8.92 ( ,J=5.0 Hz), 7.47- (d, 1 H J = 5.0 Hz).3. J=
7.5, 7.5 Hg’f’dléﬁk‘%4o (dd. 2 H J=6.1, 6.1 H), 2.21 (m 3 %T(é%wgﬁw

4- (5-fluoropyrimdin-2-vl)butanal by using 2-chloro-5- quoro pyri m di ne

[ CAS registry nunber 62802-42-0] in plaegke of 2-bronopyrimdine and
3-butyno-1 -al in place of 15 propargyl alcohol "H NVR (CDC 3) : 9.90 (s,

Il H, 8.52 (s, 2 H, J— 5.0 Hz), 7.47, .3.47 (m 2 H), 3.33 (dd, 2H J=6.8,

6.8Hz), 3. 02(m 2H) . 4- met hox yri i di n-2-yl)but anal usin
2. ohl of o- ﬂh@tﬁ@%% s Sl rlégﬂasrri nQr{%HrHQ,z%géJéamg]li RHimke of
C oo P e A e ebi] '(J&hylieb?@h AR Bl f ' o R

all e i siia o At e AR

2-chl or o- 3- 4 faydHpgro2r,ditf)e [ CAS registry nunber 111196 81-7] in place of
2- brormpyrl m di ne and 3-butyno-I -ol in place of propargyl alcohol "H NWR
(CDC13) : 9. ﬂe(zceyra;quu)buwraide@gde bymfmgz? bomopyTazneHn placepfZ; 7.4 Hz),

gl (5;1 g)g]r i i’ﬁ%?ﬁ’%‘?‘f’%ﬁ%ﬂd io?uréig nﬂ ’ﬁpﬂja B‘;lPrng;ythcé’ﬁ%M f)cgé ﬁm) b %sl n

| ¢ | , 5 H, ,
P ﬁ??n';), épfl@ﬂaé gyr(#}abm@@ 5r1:\"\43{n§@@@(*)°*§ '85(({’#7}?))71 o8 (R 1(1? > & AUS 2004

WD 01/ 62742 mﬂmdrﬁﬁﬁ%lfnﬁnﬂuﬂﬁ-bwbbnm bymshmg Bemmjopcmrpﬁmbpmmdmmg
2-i odo- 5- brom)pyrlmdl ne in place of 2-bronmopyrim dine 'H NWR (CDCLl3) :
9.90 (s, 1¥#S ey egmbm303§ 6§o—l(lad>1a°z+fof 2- lyorslomaml ppad 3- b&ﬁ)(ﬂ%ﬂ}rm dyI

) - but a r 47, 0 [ \L

{riot i s of i e SRR D T, B9 (P BRSOt 74

0. 00015M )d,and, B= tmsmjs-wl(dw Bot,7 £).703NY), wesce(dagde el jangl 1 hie HE)x. memyvas
stirred at = anbi ent tenperature for 18hrs. After evaporation to dryness,

wat er (256rhh1 ), was added and extracted with di chl oronethane. The conbi ned

organic phase§(svﬁlioerog§n|'1%91dm-g -yl)butanal by usiﬁg 2-chloro-5-fluoro-pyrimidine [CAS

registry number 62802-42-0] in place of 2-bromopyrimidine and 3-butyno-1-ol in place of
ts  propargyl alcohol '"H NMR (CDCl3) : 9.90 (s, 1 H),8.52(s,2H,/=5.0 Hz), 7.47, .3.47
(m, 2 H), 3.33 (dd, 2 H, /= 6.8, 6.8 Hz), 3.02 (m, 2 H).
4-—(4—methoxypyrimidin-2-yl)butanal by using 2-chloro-4-methoxy-pyrimidine [CAS
registry number 22536-63-6] in place of 2-bromopyrimidine and 3-butyno-1-ol in place of
propargyl alcohol 'H NMR (CDCl) : 9.80 (s, 1 H), 8.34 (d, | H,/=5.0Hz), 6.55 (4, 1 H,
w J=5.0Hz), 3.97 (s, 3H),2.91 (dd, 2 H, /=6.8, 6.8 Hz), 2.58 (m, 2 H), 2.20 {m, 2 H)
4-(5-ethylpyrimidin-2-yl)butanal by using 2-chloro-5-ethyl-pyrimidine [CAS
registry number 111196-81-7] in place of 2-bromopyrimidine and 3-butyno-1-ol in place
of propargyl alcohol 'H NMR (CDCl3) : 9.79 (s, 1 H), 8.51 (5,2 H), 2.99 (dd, 2 H, J = 7 4,
7.4 Hz),2.54 (m,4 H),2.17 (p,] H,/=7.4Hz),1.04 (t, 2 H, /= 7.2 Hz)}.
25 5-(2-pyrimidyl)pentanal by using 2-bromopyrimidine and 4—pentyn—1-ol in place of
propargul alcohol: NMR (CDCL;) 9.8 (1H, s), 8.65 (2H, m), 7.1 (1H, m), 3.0 (2H, m), 2.5
(2H, m), 1.9 (2H, m), 1.7 (2H, m).



10 evaporated to dryness. The residual oil was chromatographed, el ultzi nﬂj
with iso-hexane/ ethyl acetatel 1 to yield 4-( 2 chloro-4- pyrimdy 0 AUG 2004
) -3-butyn-| an oil (3.3g) NMR (CDC13). d 8.5, (d 1H;

3.9, (t2H); 2\I§CI @ﬂbﬁn 1.6,(s IH. Mass Spec found M+ 183 . ﬁﬁ%c t’@ﬂ%l
was hydrogenated as descri bed above, but in the presence of 1 equival ent of
triethylamne, to give the required saturgied al cohol which is was

oxi di sed using the previously described Swern oxidation to give the
required .4-( 4- pyrimdyl)-butan- I -al . NMRCDC13 d 9.8, (s 1 H); 9.1;
(s 1 H); 8.5, &dl H; 7.1, (d I H; 2.8, (t 2H); 2.5, (t 2H; 2.1, (m
2H). Mass spec3 -‘obnunwrlmd@n—f{%yﬁpfdpanabby usihgl 2-ind@ S-Hrdmbgyﬁmiﬁmel 1§ce of
stirred soI hlon of, g&zn t hoxy (5 20f|uorﬁ§)ér|md|n nyl
ethyl et her mifiine M@R@s} UL Gy @tﬁ,zH)ﬁmfdﬂoeﬁ)eml(de,t hyl
et her (9. 7;9.(943 rrrml) in dry ethanol (100 m) at room tenperature under
an at nospher€ of argon, was added 10% pal | adium on activated charcoal (1.0
g). The reaction flask was then evacuated and filled with hydrogen gas.
The m xture was then stirred for 18 hours at roomtenperature. The

reacti or wes( 4ipenintidy} ebethat hab Zy#-Diclpenpyoinidme (el 4120 B0 Pwaparsasioey under

d d t [ 1 I 899 T | ut f thi
reduced brGasitents, B0 Joll ool (8 1.8, SO 18,8 soluiyon of T
I I i | ut. 72 | ) d
i PN RN B Dol o AR S

then di | ut echbidnt hempbeture AaBRise AREON aFbIatdRdo HRMeRHWA ught
to pH =9 by the addition of aqueous 2@8 AUG %0 © VWO oe{ 0@5%%‘19&“0

PCT/ GB01/ 0882 gxtastesywithy mcmmqbnn%éﬂlbonmbmed@irgammpha(seﬁWerair&ﬂ and00 m).
The | ayers se eous ase extracted th ethyl
acet at Iallg(3 xapfgﬁéér]rf W‘I% ?Ii IF@’&II‘BI %HB‘I?J?—QVT%I&II%I %ﬁ%g ch'érIS‘éfIIIIF?e%lIE/ Y
(Na7s™M Eibhi 81 a e eto

SR hor opr :F‘(I?ln“%’.ﬁ‘éﬁé‘?é%%%%fm%?ﬁ“?ﬂ&ﬁf%%sﬁéf;% Rt A N MRy
purificati &EDCI;HcBSEMEl(I-CDClS,)(d 1}9)909((32}11) Iﬂ)s (&Im)(ms eslrlm Riad3 spdd, 2

H J=6.9, 63% 00_(dd. 2 = 6.9, 6.9 Hz) Thestartlngmaerlal
was obt ai n&Hm & #%Ilgwsﬁ&t‘?ﬁaﬂ ﬁ@ahydr@gan@@ci @1 desariodd abogh|, bruin the

5-fl uoro- p}frrelséﬂcg P8 dfeVdE 9F E'Ielﬂ}/ylme to glzv'%(gge rAé%ugl_d gamrate% aico%om?u) and 1
.15 - was oxidised using the previously described Swem oxidation to give the required 4-( 4-
pyrimidyl }-butan-1-al . NMR CDCl; d9.8, (s 1H); 9.1; (s 1H); 8.5, (d 1H); 7.1, (d 1H};
2.8, (t2H); 2.5, (t 2H); 2.1, (m 2H). Mass spec found MH- 149.

3-(5-fluoropyrimidin-2-y)propanal. To a stirred solution of (£)-1-ethoxy-3-(5-

20  fluoropyrimidin-2-yl)prop-2-enyl ethyl ether and (Z)-1-ethoxy-3-(5-fluoropyrimidin-2-
yl)prop-2-eny! ethyl ether (9.7 g, 43 mmol) in dry ethanol (100 ml) at room temperature
under an atmosphere of argon, was added 10% palladium on activated charcoal (1.0 g).
The reaction flask was then evacuated and filled with hydrogen gas. The mixture was then
stirred for 18 hours at room temperature. The reaction was then filtered through a pad of

25 celite and evaporated under reduced pressure to give a yellow oil (8.7 g, 89%). Toa
solution of this oil (15 g, 66 mmol) in THF (200 ml) at room temperature was added an
aqueous solution of hydrochloric acid (36 ml of a 2M solution, 72 mmol) and the reaction

‘was stirred at room temperature for 3 hours. The reaction was then diluted with ethyl

acetate (100 ml) and the pH of the mixture brought to pH = 9 by the addition of aqueous



to tributyl stannyl -3, 3-di et hoxyprop-1-ene (42.8 g, 102 nunol, ﬁ L{{Gm
of E:Z isoners) Lin dry DVF (140 nl) under an atnosphere of dry apg rf\

added sequeobimstisy solid potassium carbonate (9.4 g, 68 MmPpEY/CBR1/00624
tetraethylammiiiumchloride (11.2 g, 68 nmml) and

bi s(tri phenyl phosphine)palladiurn(ll) chloride (2.4 g, 3.4 mvol). The
resulting mixture was then heated to 138C for 3 hours. The reaction was
then cooled to roomis tenperature and was diluted with water (100 m ) and
di et hyl ether (150 mM). This mxture was then filtered through a pad of

celite. ers were,separated and t phase extracted w.th
et hyi oAb PEIDeRE 6RpTRe btRs RS oRis ﬂcsf@iéﬁyga‘geaﬁéﬁ@ TREAGr | cd
(MySO4) . fid 3Ry .

chr omat ogr a g %@E%gﬁoﬁgggﬁége&%&%%%g% 1 aggl(eat e | n exg§8§§mﬁkﬁ oéaa\?lec t he
pr oduct aemacq@air@e yiednl driedqiNa, S0y, Alteked add evapoiated®under keddcéd predsuse (POgive g,

63% . E-isomer: 'H NMR (CDC13) : 8.53 (s, 2 H), 6.99 (dd, 1 H,_J= 15.4, 4.1
Hz), 6. 863-(uflugropprimidinidsylipidpsnal €16 g) paichwas usgd withoutHtherpusidicarion. AHH) |

1 24 (t ) 0 N 3 5

- ity B e ThINTY 2 TP At =6 b s g0 G Y
7 5 Hz) 36306(9 )4 H, 1.21 (t, 6 H J = 7.1 Hz) 25 An anal ogous rrethod
was used to prepare the follow ng al dehydes using the appropriately
substituted 2-chloro-pyrimdine: 2 0 AUG 2004 WO 01/ 62742 PCT/ GBO|/00624 17
3-(4- rrethoxyﬁlyrlmdln 2-yl)propaual ' H NNVR (CDCI 3) : 9.82 (s, H). 8.34
(d, | essmpgynﬂmaéavaé@ tajngd byjthe followingyne CbiFO(assohaqu)of %cfétsrocdd
2 H J=17 J Hz
3-(4-tri f% ﬁ%rlgn@frﬁn pyr |d| %’Sﬁryyrfu)t%?%gggaza%z Oi(%&g(mn and91 92 (s, 1 H)
8.90 (¢, 1 1-3,30diethid% 14§e( 2.8 g,H02 himbl, 8: Haxturé oA 2. £ Hdmets)lih J=
0 50 4, b SBatRok g i e
3- (5-et hydrpjaMH](mmnﬂ}n}dd)epampmmthemrx @B@h&)fas acgle@&ec(txspualllmlldS 49 (s, 2

I(_i)q g ﬁlj’ﬂ Sty %O%tﬁgg-‘? 5 (?g 5 jeiIaélygaxpE\Pmum clﬂonc?e(%l 2g, 68Huz1|)-nol)2 61

and bxs(mphenylphospbine)palladium(II) chloride (2.4 g, 3.4 mmol). “The resulting

mixture was then heated to 120°C for 3 hours. The reaction was then cooled to room
is temperature and was diluted with water (100 ml) and diethyl ether (150 ml). This mixture
was then ﬁlt-ered through a pad of celite. The layers were separatedi and the aquecus phase
extracted with diethyl ether (3 x 100 ml). The combined organic extracts were then dried
(MgSQ,), filtered and evaporated under reduced pressure. Flash chromatography (silica
gel, 10% ethyl acetate in hexanes) then gave the product as a pale yellow oil and 2 3:1
20 mixture of E-Z isomers (9.7 g, 63%,).
E-isommer: '"H NMR (CDCls) : 8.53 (s, 2 H), 6.99 (dd, 1 H, J=15.4, 4.1 Hz), 6.86 (d, 1
H, J=154Hz),5.14(d, 1 H,J=4.1 Hz},3.56 (m, 4 H), 1.24 ({, 6 H,/=7.]1 Hz)
Z-isomer: '"H NMR (CDCl3) : 8.57 (s, 2 H), 6.65(d, 1 H,J=12.1Hz),6.49 (d, L H,J
=75Hz),6.09(dd, 1 H,/=12.1,75Hz),3.70 (m,4 H), 1.21 (t, 6 H,/="7.1 Hz)
. .
An analogous method was used to prepare the following aldehydes using the

appropriately substituted 2-chloro-pynmidine:



10 3,5,5-trinmethy-.1-prop anal hydantoin O A solution of 3,5, 5-tri mit hxl
hydant oi n [ CAS (6345-19-3)] (3.5g, 0.025mpl), 2-(2- 0 AUG 2004
bronoet hyl ) -1, 3-di oxol ane (4.8m, 0.041nol), K2CO3 (8.5g, 0.062np1l),
benzyl t ri meYMA&Tifoni urn chloride (2.23g, 0.012nol) in MeCNPCTGHRHM/POGRAS
refluxed together for 24hrs. Allowed the reaction to cool to RT and
filtered, the filtrate was evaporated in-vacuo. The residue was taken into
DCM t hen washed with water (X3), before evaporating in vacuo. The residue
was azeotroped with toluene (X3) to afford a 20 yellow oil (5.4g). The oil
was then stirred in THE (30m) with conc. HC (4m) at RT for 20hrs.

Neut r al i sed-(airhbthogyparigmidiaioMBp asrhrax LR acked anel) Db (<9)H). Tha (g & oy ned
organi cs were dried over Na2SO4 and evaporated in vacuo to affor a yéell ow
oi | (4. 3g)*'8H= NrR 6(50@ 3, / 97.8HY s 3.91K§.,3 8),628((td, 2H) J =31.44 .4 $z).3p (d@. 90

_(m 2H) , ?ﬂyﬁ 46JF-1) &5’50 AUXR004 WD 01162742 PCT/ GBO /00624 i8
.5,5-trine I-?s‘ 8 hydantoin O NC N O 155tr|rrethy|hydantoin

E?§2(6851%g%-%%0£ca%ﬂ§c‘%g ((jl gm)‘Lf ha stl PP d&%mkfe} %C%éﬂ(dﬁhe
m Xt ur & wap HWeENRd Hz), BOC(dhafer.e=adsiipy ﬂpsr(@hea H 238119 8 %ﬂzpww (dng;zdﬂtﬁe

reaction exothertns to 45C. The reaction was allowed to cool
stirred fof 68, fdrlmer 2hrs. AcOH (o. 136nl, 2.4mmwol) and S|I|ca gel (3.Sg)

2’?[??;"35 Webnledridcm ba el 21 iﬁtﬂ@ﬁ@'} S8 tanetd) Siock Bhatbow
Al umi na ( SRAERERU 26D, 60 HL oS PEL U014 S8 6 g, Rl [ et 196 (o
(s, 1 H, 3H8%7(6H22H) 2.86 (s, 3H), 2.82" (m 2H), 1.37 (s, 6H).

10

3,5,5-trimethyl-1-propanal hydantoin

A solution of 3,5,5-trimethyl hydantoin [CAS (6345-19-3)] (3.5g, 0.025mol), 2-(2-

15 bromoethyl)-1,3-dioxolane (4.8ml, 0.041mol), K>CO; (8.5g, 0.062mol),
benzyltximethylamx_nonium chlonide (2.23g, 0.012mol} in MeCN (100m!) was refluxed
together for 24hrs. Allowed the reaction to cool to RT and filtered, the filrate was
evaporated in vacuo. The residue was taken into DCM then washed with water (X3),
before evaporating in vacuo. The residue was azeotroped with toluene (X3) to afford a

2 yellow oil (5.4g). The oil was then stirred in THF (30ml) with conc. HCI (4ml) at RT for
20hrs. Neutralised with aqueous NaHCO3 and extracted with DCM (X8). The combined
organics were dried over Na;SO, and evaporated in vacuo to afford a yellow oil (4.3g)

'H NMR (CDCl3) : 9.82 (s, 1H), 3.62 (t, 2H), 3.04 (s, 3H), 2.90 (m, 2H), 1.37 (s, 6H).



| n an anal ogous manner 2,5, 5-trinethyl-3-butanal hydantoin was pr ep%eﬂm 2004
[ MtH 213]. E5 3-(3-chl orophenyl)butvral dehyde. A m xture of

3-chl oroi qgﬁta%z,gpe (2.38g), palladium acetate (20 ng), sopégidifaEdONat e
(1.01 g crotyl alcohol (1.28 m) in N nethyl pyrrolidone (4 m) was
sti rred and heated at 130C for 2 hours. The reaction m xture was al |l owed
to cool, water (50 m) was added and thé8m xture was extracted with 20

di ethyl ether (2X50 m). The comnbi ned organic extracts were dried and the
resi due obtained on renoval of the solvent was purified by chromatography
through silica eluting with a mxture of ethyl acetate and nethyl ene
chlori de (5:.3eimethydid/prapaaal hydantei@npound as an oil, yield 519 my, MH =
181 25 3-(2-pyridyl)butyraldehyde. Prepared by Swern oxidation of the
correspondi ng al cohol (CAS 90642-86-7). 2 0 AUG 2004 WD 01/62742

PCT/ GBOl / 00624719 3-(5-fluoro rinxidin-2- 1)butanal 5 Concentr at ed

hydr ochl or i~¢ id (Im was added to a stirring solution of 2-[2-(1, 3-

di oxol an- 2- - N methylet hyl ]-5-fluoropyrimdine (I. | g) in
tetrahydrofungn/(l Onl) & anbient tenperature, stirred for 3 hours then
added sol i d.sodi hydr ogen carbonate to neutral pH The m xture was
‘poured onto a Chenelute carrtridge and washed with ethyl acetate (3x20m),
t he conbi nggk-eifanyhydaursia [amjse(cﬁseverl %@S@aélﬂhcﬂymmﬁeﬂdmamgoflo to
afford 3- (5 fl uoropyrim din-2-yl) but anal I_{1300rrg, 3599 whi ch was used

Wit hout f DieOER (0.0, ZQSGIEIWJQhataWﬁ@)@ldaEQ %t%%ﬁ%dﬁr%igé’lne@ as

follows: is 2- L, t u I
IV To a sW‘?“f%‘@i%ﬂ?ﬁ%#sﬁo @ g gégﬁ%}%ﬁ%ggf %Xn E)thfyz!)rlsgovi'lk ‘%[&[)tﬂx ré #lur an
(21nt, 1. Q%Meﬁﬁ%%o 439¢ anfided s Qidn2e Al ARG eP¥bA11d REF Shdatpedner éﬁm@g:)r 2hs.
tetrahydrofuran (50m ), a rise in
‘ AcOH (0.136ml, 2.4mmol) and silica gel (3.5g} were added to the mixture before
evaporating en vacuo. The product on silica was chromatagraphed on a silica column
0 (eluant :5% acetone/DCM ) to afford a clear oil (6.2g). Further purification of the residue
on alumina (eluant :DCM ) afforded a clear oil (2.7g). 'H NMR (CDCl;) : 9.78 (s, 1H),

3.88 (¢, 2H), 2.86 (s, 3H), 2.82 (m, 2H), 1.37 (s, 6H).
In an analogous manner 1,5,5-trimethyl-3-butanal hydantoin was prepared [M+H 213].

3-(3-chlorophenyl)butyraldebyde. A mixture of 3-chloroiodobenzene (2.38g), palladium

acetate (20 mg), sodium bicarbonate (1.01g) and crotyl alcohol (1.28 ml) in N-
methylpyrrolidone (4 ml) was stirred and heated at 130°C for 2 hours. The reaction
mixture was allowed to cool, water (50 ml) was added and the mixture was extracted with
20  diethyl ether (2X50 ml). The combined organic extracts were dried and the residue
obtained on removal of the solvent was purified by chromatography through silica eluting

with a mixture of ethyl acetate and methylene chloride (1:20) to give the title compound as

an oil, yield 519 mg, M-H = 181

25 3-(2-pyridyDbutyraldehyde. Prepared by Swern oxidation of the corresponding alcohol

(CAS 90642-86-7).



tenperature from 210 C to 40C was observed, heated at 40C for | hounzﬁmﬁﬁzwl
allowed to cool to anbient tenperature before adding

2- chi or o- 5- igtaugwaapyser i m di ne (3g) and [1, 2-

Bi s(di phenyl phosphi no) - pr opane] di chl or oni ckel (11) chioride (368 fejv %He

m xture was stirred at anbient tenperature for 4 hours then filtered

t hrough a pad of celite and the 25 filtral%. evaporated under reduced
pressure. Flash chronmat ography (silica gel, haxane-25% WD 41/62742 20 2 0O
AUG 2004 PCTI GBO1L100624 et hyl acetate in hexanes) then gave the product as
a pale yellow oil (1.1g); "H NWR (d6- DMSO : 8.81 (s, 2H), 4.73 (dd, IH,
3.66-3.87 (m 4H), 3.21-3.30 (m 1H), 2.19 (ddd, 1H), 1.83 (ddd, 1H)
1.27(d, 3Hp.f50fordpprintiin-2-yhaitsa Pr omopropyl ) - 1, 3- di oxol ane Br

Cr ot onal de added dropwi se to a stirring solution
of bronDtrlrnethyI5|Iane (24g; 156mmmol) at 0C, stirred for 1 hour at 0OC
then warned to i roomtenperatuge and stirred for a fiu-ther 1 hour.

Et hyl ene gl ycol (9.5g, 156nrnol) d PN tol unesul phonic acid (100ng) was
added and the solution was heated|to reflux, water was renoved by use of
Dean and Stark apparatus. On conpl ﬂf’ ixtdre was cooled to room
tenperature and washed w th aqueous sodi unhydrogen carbonate sol ution
(saturated 2x50 m ). The residue was purified by vacuumdistillation to
give 2-f{2 15 Spmpmgwmmhmmlaﬁeva(smdagpo A8rrding @NronHer2- ?3@3- H NWVR
(CIKHB) ; m 5 (ddd,
2.03 lggglag I—Kl)]ll_gj?%ly lgls—f)?}ﬁmg@yﬁlﬁgéﬁﬁﬁr mtﬁHgIhXHé%ﬁl@édoﬂl@ ar epar e

the f ol | owiunbjest iy tiesre i fHRE hodd tl?dﬁ%@% kAt esoui S 4f %Hﬁ@%bo te to
2-chl or o- pyri g] dine and 1, 3-di oxol ane: 3-(5-chlo ropyri. ?3

ropanal 250 Tepmixgyre wagppyred onteip Cremsit¢ sarrzidge aad 32sKeicit bfhyl 3.04
(dd, 2H). %e&t%gﬁ% thRAMiR4’ A}aamcs were dried over Na;SO, and evaporated in vacuo

10 to afford 3-(5- ﬂuoropymmdm~7-yl)butanal (300mg, 35%) which was used without further

purification. -

The starting material was prepared as follows:

s 2-[2-(1,3-dioxolan-2-yl)-1-methylethyl}-5-fluoropyrimidine

To a stiming suspension of activated “Rieke” zinc in tetrahydrofuran (21ml, 1.53M) was
2 added 2-(2-bromopropyl)-1,3-dioxolane (6.6g) in tetrahydrofuran (50ml), a rise in
temperature from 21°C to 40°C was observed, heated at 40°C for 1 hour then allowed to
ool to ambient temperature before adding 2-chloro-5-fluoropyrimidine {3g) and [1,2-
Bis(diphenylphosphino)-propane]dichloronickel(Il) chloride (368 mg). The mixture was
stirred at ambient temperature for 4 hours then filtered through a pad of celite and the

235 filtrate.evaporated under reduced pressure. Flash chromatography (silica gel, haxane-25%



21 3-(5-chloropyrimdin-2-vl)butanal PCT/GBQ /00624 Il O '"H NWR ( lﬁr) X
9.85 (s, IH), 8.60 (s. 2H). 3.65 (m 1H), 3.14 (dd, 1H), 2.75 (dd. Jb 2004
1.39 (d, 3¥p.018272-(6-C b | oro pvraziny |l) | pro pa n ECTIERMNE4 C1 N
O3-[2 -(6 -Chlo ropyrazinyl)]prop anal diethyl acetal (200 ng, 0.82 nmol)
was treated with 2N hydrochloric acid (éﬁo |) in tetrahydrofiuan (2.5 m)
at roomtenperature for 18h. After adjusSting the pHto 8 using saturated
aqueous sodi um bi carbonate, the reaction was is extracted (Y3) with ethyl

acetate and the organics dried (anyhdroys sodium syl fate), fi re and
concent r at @@y} qffekﬁawgieﬁenﬁﬁ then g heare %ﬁﬁaaﬁ@ygﬁo‘a Oeﬂa(?liégﬁir ‘M\Mﬁ (dp137
ng, 989% . p%so ’ ' iy t 1ty Iaf4 en. o'

(CDCI3) 6 % 5 )?‘?éﬂfﬂ Q?bﬂﬁ 47%%? Iyzsbkﬁg?;"'gs%ﬁ’? gﬂ p'tg § ;3'33. 6 21.1; 2‘3? .(&%Ag The
starting nHiedigsl (dddslhtl#70d S Hymizid 3f( &+ bwi ng net hod:

3-[2-(6-Chl oropyrazi nyl )] propanal diethyl acetal 25 0~~ 2 0 AUG 2006 WO
01/ 62742 PCT/ GB01/ 00624 22 3-[2-(6-Chl oropyrazinyl)] propynal diethyl

acetal , (52-?2-9mi%gp%l?]ph)_a,_aiaxﬁgﬁ@noI (55 M) was degassed with argon and
platinum (1V) oxide (52 ng, 0.23 mmol) added. The reaction vessel was

evacuated and an at nosphere of hydrogen wagy+mn roduced. After 2 days the 5
reaction m xture was concentrated in vacuo [and urified by flash

chromat ography, eluting wth a gradi - 50% et hyl acetate in

i so-hexane,” to give 3-[2-(6- Br '

Crotonaldehyde (9.18g, 108mmol} was added dropwise to a stirming solution of
bromotrirnethylsilane (24g, 156mmol) at 0°C, stirred for 1 hour at 0°C then warmed to

10 room temperature and stirred for a further 1 hour. Ethylene glycol (9.5g, 1 56mmol) and p-
tolunesulphonic acid (100mg) was added and the solution was heated to reflux, water was
removed by use of Dean and Stark apparatus. On completion the mixture was cooled to
room temperature and washed with aqueous sodiumhydrogen carbonate solution
(saturated, 2x50 ml).The residue was purified by vacuum distillation to give 2-(2-

- 15 bromopropyl)-1,3-dioxolane (18.8g, 40-42°C @1mm Hg, 89%)
'H NMR (CDCl;) : 5.05 (dd, IH), 4.18-4.33 (m, 1H), 3.84-4.0 (m, 4H), 2.25 (ddd,

1H), 2.03 (ddd, 1H), 1.75 (d, 3H).

An analogous method was used to prepare the following aldehydes using the
20 appropriately substituted 2-chloro-pyrimidine and 1,3-dioxolane:

3-(5-chloropyrimidin-2-yl)propanal

2 ' NMR (CDCls) : 9.90 (s, 1H), 8.60 (s, 2H), 3.32 (dd, 2H), 3.04 (dd, 2H).



Chl oropyrazinyl )] prop anal diethyl acetal as a pale yellow oil (1. 1@% @ih“’*
%. '"HNW (CDC13) 5 8.4 (1H, s); 8.35 (1H, s); 4.5 (1H, t); 3.75-3. l{ )
m; 3.55-3. ; 2.9 (2H, dd); 2.1 (2H,.dd); 1.2 (6H, t). 10
3-[2-(6-Chl f)l‘r"éﬁy?%’%ﬂ]yl )Jpropynal diethyl acetal f 15 0,-,, EfGT’é;Bé’é‘loﬂﬁzf‘on
of 2,6-dichloropyrazine (1 g, 6.7 nmol) and propional dehyde di et hyl acet al
(1.1 mM, 7.4 mmol) in acetonitrile (10 m) »>at room tenperature under an

at nrosphere of argon was added bi s(triphenyl phosphi ne)pal | adi un(11)
dichloride (94 ng, 0.13 mmvl) and 20 copper (1) iodide (51 ng, 0.27 mol),
followed by triethylamne (4.7 m, 33.6 mmol). The reaction was stirred at
room t enper ad-($-shlprepyriimgdin-2-Fhbutmayent was renoved in vacuo and the
residue purified by flash chromat ography, eluting with 10-20% et hyl acetate
in iso- hexane, to give 3-[2-(6-Chloropyrazinyl)]propynal diethyl acetal as
a yellowoil (660 ny, 41%. 25 'Kl 13) b 8.6 (1H, s); 8.55 (1H, s);
5.5 (1H, s); 3.9-3.75 (2H, m; 3.7-3. ¥ m; 1.25 (6H, t) ms (El )
241/243 (MH -). 2 0 AUG 2094 WO 01/62742_BCT/ GBQ /09624 23 An alternative
process for preparing a conpound of theNfor r a pharnmaceutically
acceptable salt or in vivo hydrol ysable estet thelteof conprises reacting a
conpound of the fornmula Il wth a conpound o thd?formula R1 COOR to yield

a conpound of the far I\ lg o€0n td this 1 C qund of the
fornula I X, s congef\?\l’[ggﬂcﬁ%ﬁ)c'ogﬁ%o@héﬁ?jfé'?%Fsrmhzf ﬂ‘& ?‘8’ ’g'ﬁfdtlkleﬁﬁlé‘v ) 2fhul a
L1, which i@@dtieni.seqavemy.ed to a conpound of forrmula IV, which is a

precursor to conmpound I, and optionally thereafter formng a
pharmaceutically acceptable salt or in vivo hydrol ysable ester of the

conpound of j‘_ﬁ(_{rg%glolrbpas sevt')]out be] ow.

vrazinvi)jpropana

N
/[ \j\/\/
10 — O
c- N =

. 3-[2~(6—Chlompyrazinyl)]propanal diethyl acetal (200 rﬁg, 0.82 mimol) was treated with 2N

hydrochloric acid (450 pl) in tetrahydrofuran (2.5 mli) at room temperature for 18h. -Aftcr
adjustng the pH to 8 using saturated aqueous sodium bicarbonate, the reaction was

(s extracted (x3) with ethyl acetare and the organics dried (anyhdrous sodium sulfate), filtered
and concentrated in vacuo to give the title compound as a dark brown oil (137 mg, 98%).
This material was used without further purification. .-

'"H NMR (CDCl;) 8 9.85 (1H, s); 8.4 (2H, 2 x 5): 3.5 (2H, t); 3.0 (2H, 1).
20 The starting material was obtained by the following method:

3-[2-(6-Chloropyrazinyl){propanal diethyl acetal



Appropriate esters of the formula R COOR may be commercially or ot hegwys e
I 0 avai |l able or may be produced using, for exanple, an anal ogous procedure
to that deworpilged2 in Exanple 10. It will be appreciated thaCTiGB0#/80624
possible to use any ester of the fornula RICOOR (wherein Rl is as
previously defined):- R may be any group_including, for exanple, alkyl,
aral kyl, heteroaryl etc. 2 0 AU6 2004 WO291/ 62742 PCT/ GBOL/ 00624 24 B-
\-INSO2 M + R1 COX ii RLVIIl BBXN--S .~ , RLIXB XNSO2 OHIII B-
N-SO2 alVz NHOHvV a 21 N/rte RL B-X NSo, HO CHO 2 0 AUG 2004 WO

01/ 62742 PCT/ GBOLl/ 00624

3-[2-{6-Chloropyrazinyl)]propynal diethyl acetal, (5.5 g, 22.9 mmol) in ethanol (55 ml)
was degassed with argon and platinum (I'V) oxide (52 mg, 0.23 mmol) added. The reaction
vessel was evacuated and an atmosphere of hydrogen was introduced. After 2 days the

5 reaction mixture was concentrated in vacuo and purified by flash chromatography, eluting
with a gradient of 0 - 50% ethyl acetate 1n iso-hexane, to give 3-[2-(6-
Chloropyrazinyl)]propanal diethyl acetal as a pale yellow oil (1.17 g, 21%).
'"H NMR (CDCl;) 8 8.4 (1H, s); 8.35 (1H, s); 4.5 (1H, t); 3.75-3.55 (2H, m); 3.535-3.4 (2H,
m); 2.9 (2H, dd); 2.1 (2H, .dd); 1.2 (6H, t).

3-[2-(6-Chloropyrazinyl)]propynal diethyl acetal

N
| -
/[/j\
e N TN

SN

15

To a solution of 2,6-dichloropyrazine (1 g, 6.7 mrool) and propionaldehyde diethyl acetal
(1.1 ml, 7.4 mmol) in acetonitrile {10 ml) at room temperature under an atmosphere of
argon was added bis(triphenylphosphine)palladium(Il) dichloride (94 mg, 0.13 mmol) and
20 copper (I) iodide (51 mg, 0.27 mmol), followed by triethylamine (4.7 ml, 33.6 mmoi). The
reaction was stirred at room temperature over night. The solvent was removed in vacuo
and the residue purified by flash chromatography, eluting with 10-20% ethyl acetate in iso-
hexane, to give 3-[2-(6-Chloropyrazinyl)Jpropynal diethyl acetal as a yellow o1l (660 mg,
41%).
s 'HNMR (CDCl;) 8 8.6 (1H, s); 8.55 (1H, 5); 5.5 (1H, s); 3.9-3.75 (2H, m); 3.7-3.4 (2H,
m); 1.25 (6H, t)
/s (EIN) 241/243 (MH").



25 The conpounds of the invention may be evaluated for exanple in tte)ze

foll owi ng assays: |solated Enzyne Assays 5 Matrix Metall oproteinas & AUG Zw
including f | e MWP13. Reconbi nant human proMVP 13 may expressed
and purifi e‘gbgifé%'elgcri bed by Knauper et al. [V. Knauper et BtVCBO}4%eE)
The Bi ochem cal Journal 271:1544-1550 (1996)]. The purified enzyne can be
used to nonitor inhibitors of activity agsfollows: purified io proMwP 13 is
activated using 1mM am no phenyl nercuric acid (APMA), 20 hours at 21C
the activated MW13 (11?5ng per assay) is incubated for 4-5 hours at 35C in

assay buffer . IS Wl mM CaCl 2, 0.02
mM ZnCl  and O. Oaé%%%aﬁd\%spr% fo%?r%;salﬁ H Q{E hgllp g%ﬁ%ﬂ#é% r&g%e

7- met hoxy c phararaceutically |apeapedbi¢ s4br ar. itketvo hydrolysable ester thereof comprises reacting a
dy.Leu.N-3-(2,4-dinitrophenyl)-L-2, 3-di am nopropi orzyl. A a. Arg NH2 15 in

t he presen B‘P“%%fgthﬁéo‘g?u?‘? ﬁﬁ?"fﬁ £ GrEpo quﬁ ?ﬂ“é‘%%&@%’é’d’@? 3neasuring
the [l uoresfsAGR Gk Rl UM a0hverifBuES Mo RBOERI ORI BT |1 S

cal cul ated as Ws: % inhibition 18 equal to the [Fluorescende,,., iw
‘tar - H uocesesimehackppound otformizia Idetd dpyalitdne of fdmuda HE cdncleis then , ,

i nhi bitor - Fluorescencei ,d] . siml.ar protocol can be used for

ot her expr SEYEHEARE SUEPPIRkOSPkRal: B2 aPtiser FscaPoume LT or

condi t i onse@ral®ithdresfidrFemmat td acé\AM%‘algf Q:rce%tﬁ&te%ﬁﬁ%r BSvide RgdloRREblel N C.
Graham Kni ght et al ., (199({23) FEBS Lest. 296(3):263-266. Adamkiysin famly
i ncl udi ng ¢star o barprrepdINK dnvetle dsas sTheutdlom.ty of the conpounds to

i nhibit proTNFa convertase enzyne nmay be assessed 25 using a partially
purified, |sohpbegriarzastes abeYomilleReTDOR hal Bgcihingichiel drioterivhe
menbranes of THP-1 as described by K M Mhler et al., (1994) Nature

370: 218 22@vailalfigeor seay #e madesedywinga &aricuhmpleazianalvgoyis prasadedsde dut dessribed

det er m ned. i ncubat i ng..t,he artially. purified enzyne in t resence or

absence ofm‘[b%@fnéﬁﬁg‘okfn‘gglt REAPR ec?ﬁgaa@aﬁgfsr%qs@'b k uﬂ@é‘}é%ﬁfﬁ' Otj\}% %ﬁ"@ 42

PCT/ GBO / ORPEAOR (wherein R1 is as previously defined):- R may be any group including, for
example, alkyl, aralkyl, heteroaryl etc.



26 4',5' -Di net hoxy-fl uorescei nyl

Ser.Pro.Leu. Ala.dn. Ala. Val . Arg. Ser. Ser . Ser. Arg. Cys(4-(3- succinim AL AUG 7004
| -yl)-fluokgsepéAly NH2 in assay buffer (50mM Tris HCl, pH 7p¢16@itiAipfdang
0.1% (wv) Triton X-100 and 2mM CaCl 2), at 26C for 18 hours. The anmount of
inhibition is determned as for MW 1-3 except Xex 490nm and kern 53 Onm
were used. The substrate 5 was synthesi £8d as foll ows. The peptidic part of
the substrate was assenbl ed on Fnoc- NH Ri nk- MBHA- pol ystyrene resin either
manual |y or on an aut omat ed peptide synthesiser by standard net hods

i nvol ving the use of c-am no acids and O benzotriazol- | -yl-

N, N, N, N -tetrangthyl ur qu af | uor oghegihat e (HBTU) as coupling agent
with at |east 2529<or E-fgﬁ%ngiceég ofﬁgnoc-anino acid and HBTU. Seri and
Pro 2 were double to coupled. The follow ng side chain protection strategy
was enpl oyed; Ser' (But), dns(Trityl), Arg8 2(Pnt or Pbf), Ser4
t',"(Trityl), Cys"(Trityl). Folloming assenbly, the N -term nal

Frnoc- protecting group was-renoved By treating the Fnoc-peptidyl-resin with
in DMF. The am no-peptidyl-resin so obtained was acyl ated by treatnent for
1.5-2hr at 70C with 1.5-2 equjValents R1
4' | 5' -dmet hoxy- f | UdHescei n-Br- -cawb08¢i$¢rhcid [Khanna is & Ul man, (1980)
Anal Bi ochem 108:156-161) whi ad beengpreactivated with

di i sopropyl carbodiirnide and 1-hydfoxybenzotriazole in DVWF]. The

di met hoxyf | uor escei nyl - pepti de masLthen si nmul t aneously deprotected and
cleaved fromthe resin by treatneht with trifluoroacetic acid containing
5% each of water and triethylsilape. The dinethoxyfluoresceinyl-peptide

was isol ated by evggoratiogLaErit ratd -Ridi ethyl 20 ether and
filtration. The isoftated pé€pt'inde S cifed with
4-(N-mal ei m do)-fl uorescein in cont adi ng di i sopropyl et hyl am ne, the

aqueous acetic acid. The product s characterised by MALDH -TOF M5 and

am no acid analysis. 25 Natural Substrates The activity of the conpounds of
the invention as inhibitors oﬂfaggrecaa<g§gﬁgdation may be assayed using
met hods for exanpl epased &rXhe dNsc3@sures of E. C Aner et al., (1998)
Osteoarthritis and Cartil age 6} -228; (1999) Journal of Biol ogical

Chem stry, 274 (10), 6594-6601 and the anti bodi es described therein. The
potency of conpounds to 2 0 AUG 202?

product purified by RP-HPLC and f;gally i sol ated by freeze-drying from

/ \ R1
v B—X N—S0Q,

NHOH

/N R1
| B—X  N—SO,

HO CcHO



WO 01162742 PCT/ GBOL/ 00624 27 act as inhibitors against coll agenases; £a[g g
determ ned as described by T. Cawston and A. Barrett (1979) Anal.
Bi ochern. 99:340-345. Inhibition of nmetal xo roteinase activity in
cel I /tissudPi¥d*hctivi 5 Test as an agent to inhibit menbrEECEHAM82es
such as TNF convertase The ability of the conmpounds of this invention to
inhibit the cellular processing of TNFasproduction nmay be assessed in
THP-1 cells using an ELISA to detect rel eased TNF essentially as described
K. M Mhler et al., (1994) Nature 370:218-220. In a simlar fashion the
processi ng or sheddi ng of other nenbrane nol ecul es such as those descri bed
toin N M Hihpesmpoumls of tHelif9eh):ioBi mahienevaluatédfbr 20amplé I tRyfollewimst ed
usi ng appropriate cell lines and with suitable antibodies to detect the
shed prot eRk¥¥a¥STest as an agent to inhibit cell based invasion The ability
of the compound of this invention to inhibit the mgration of cells in an
is invasion assay may be determ ned as described in AL Albini et al.,
(1987) Can?s%iatﬁ?@%%ﬁa’%m@z;;@%g‘3245 Test as an agent to inhibit whole
bl ood TNF VT e ability of the conpounds of this invention to
i nhi bits TNFa production js assessed 20 in a human whol e bl ood assay where
LPS is used to stinulate the rel ease of TNFa. Heparinized (I QuUnits/nl)
Hx Ay ptad piogst famideinclydingfor gxample MYRIB. nedi um (RPM 1640
+ bi carbonate eni.cillin, str cin and gl utamne).and | ncubated
(160} 1) wi ¢ R e BROGRIETYE1 B Porfostd 0 RERRRLS AR ac e
vehicle, f@hadfr AN AIKBGel & A, pmsgm Bebchalidal IRRN@I2) - 115844B3D QT 9043 1 O
to addition of 200 LPS (E. =~ 25 coli. 0111:134; final concentration
10p. g/ m ) . Tkapirifasisayyinacku e sseiontmali®r ofhikitdrs b€ detbliyad foltwub puededi t h

medi um al one_ (6 | I's/plate). or a known TNFa inhibitor as standard. The
pl at es '&r epriOP(éﬂP}?ﬁ&ﬂ&&ff@ad iR 4 THY Freng phestycoerHiccHd @ YlAe Ldthlagins at

trif ol 2000L: } N; , - Lo -and
Cored 1o gk ERTREPEREL Rk 1L Basiipe et FRTRC IMNOURE AR navls OG0
concent r at asgay m&qom T2s- HAUSH 209 donbdnthl/ cﬁmﬂamom@m@%z mM ZnCl

and 0.05% (w/v) Brj 35 using the synthetic substrate 7-methoxycoumarin-4-

yDacetyl.Pro.Leu. Gly.Len. N-3-(2,4-dinitropheny!)-L-2,3-diaminopropionyl.Ala.Arg. NH>
15 in the presence or absence of inhibitors. Activity 15 determined by measuring the
fluorescence at Aex 328nm and ~em 393nm. Percent inhibition is calculated as follows: %
Inhibition is equal to the [Fluorescencepius innibitor - FlUOrescencepackground] divided by the
[Fluorescenceminus inhibitor = F110T€SCENCackground]-
A similar protocol can be used for other expressed and punfied pro MMPs using
20 substrates and buffers conditions optimal for the particular MMP, for instance as described

in C. Graham Knight et al., (1952) FEBS Lett. 296(3):263-266.

Adamatysin family including for example TNF convertase

The ability of the compounds to inhibit proTNFa convertase enzyme may be assessed
25  using a partially purified, isolated enzyme assay, the enzyme being obtained from the
memnbranes of THP-1 as described by K. M. Mohler er al., (1994) Nature 370:218-220.
The purified enzyme activity and inhibition thereof is determined by incubating the

partially purified enzyme in the presence or absence of test compounds using the substrate



28 Test as an agent to inhibit in vitro cartil age degradati on The aiddd@ﬁ%&
of the conpounds of this invention to inhibit the degradation of th
aggrecan or collagen conponents of cartilage can be assessed essentially as
descri bed BXP 2741 Bottonley et al., (1997) Biochem J. 323:PAF8CRH#L06H

Phar macodynanzic test To eval uate the cl earance properties and

bi oavai l ability of the conpounds of thissginvention an ex vivo

phar macodynanic test is enployed which uiilises the synthetic substrate
assays above or alternatively HPLC or Mass spectronetric analysis. This is
a rn generic test which can be used to estimte the clearance rate of

conpounds &-Démethokpiiiyeresofingp®eires. LA dLs AL VAL AF@E&r. Sdf.%ﬂeﬂ'ﬂ?@t?)s(@(@e
dosed iv or po with a soluble formulation of conpound (such as 20% W v

DVSO, 60% sweoinpEdabod)-unresceingdideussry buffas (poni $rs HEIgpH 5,4 amtaisihg 60,
120, 240, 480,, 7 12 rain od e re taken froman _ .
appr opri at %§%’e(év§§\%’|’"r?fl§9'll aﬂéé&hﬁ%aﬂiﬂ a%tr?zgw%fﬁ E?\‘gs‘a ¢ apPuRtRfgnhibition
fOllOW ng uu.i .u 1 3’1. > ACE l 11 3l Lef! L t |

acet oni triﬁgg@%8 (%g\%/%%/hc’?imﬁa%%g%ce tregt@gﬁ?.aggﬁeer%é%{ \%Ig %egﬁsgg ﬂﬁ@%%&te

pl asma r owss gyathrsted edifotemise Thapepdit hhft g tie SuBs@atE wiab @sHdMEdd 6 Piibc-
fraction is evaporated to dryness using a Savant speed vac. The sedinent is
reconstit LMHQRJPE-MBWOBGMW 15910 ehersaguatly loy oarmalaptnenhatédpenticiespunhesiser
content usjing the sypthetic,substrate._assay.. Briefl conpound

concentr at yosgﬂd}égdpﬁ’%@é’géﬂﬂv\%mfl% J#EOf EBISFHiBP 2P %@)9%‘6‘?%8 ohhddr goi ng
eval uat i ony NS N@lerdidettlyi QBB il el 8o A
assessed for = act ievi ty e){lnd tlhe amglﬁ?&g@%ghpo nd pjr%i%m;l?ﬁﬁélggﬁé%%agi nal
pl asma saripiseaids ocSifoldlextess of Fmiargarhine aciina@r BAUL Bert esitns eeaddomdld-aki ng

into account the total plasma dilution factor. In vivo assessnent 25 Test
as an'&ntiQOTNFdaaéﬁt&’lwnéﬁ}qq IJTOCRBOT FRAeNYas eRPIoNEd SepBuYi on as ex

Vi vo TNFcta . shihit of S8 de brithe rat. Briefly, oups _of |
v L R 0 AR R M S AU AR ke e o
or drug vehidhendl Fhdoaprdlectig ichpapiieniovad By LRkt @e FmdRepeptiali-rebi Witd -
intraperitoneal (i.p.), subcutaneous (s.c.). N nety mnutes |ater rats are
sacri fi cedn2MEsilhg 2erind-peptidyborsire s eltrinod wok aatedrpt tiaguersdor L.5-&ht he
posterior 7‘6@8%&6‘1‘@‘5 équl.:tn(r)algntsugi' Il',SS'-dimethoxy—ﬂuorescein-4(5)-carboxylic acid {Khanna
15 & Ullman, (1980) Anal Biochem. 108:156-161) which had been preactivated with
ditsopropylcarbodiimide and 1-hydroxybenzotriazole in DMF]. The
dimethoxyfluoresceinyl-peptide was then simultaneously deprotected and cleaved from the
resin by ireatment with trifluoroacetic acid containing 5% each of water and triethylsilane.
The dimethoxyfluoresceinyl-peptide was isolated by evaporation, trituration with diethyl
20 ether and filtration. The isolated peptide was reacted with 4-(N-maleimido)-fluorescein in
DMF containing diisopropylethylamine, the product purified by RP-HPLC and finally

1solated by freeze-drying from aqueous acetic acid. The product was characterised by

MALDI-TOF MS and amino acid analysis.

35 Natural Substrates

The activity of the compounds of the invention as inhibitors of aggrecan degradation
may be assayed using methods for example based on the disclosures of E. C. Amer et al.,
(1998) Osteoarthritis and Cartilage 6:214-228; (1999) Journal of Biological Chemistry,
274 (10), 6594-6601 and the antibodies described therein. The potency of compounds to



2 0 AUG 2004 WD 01/62742 PCT/ GBA /00624 29 of sodi um heparin/m bl ngl
Bl ood sanples are i medi ately placed on ice and centrifuged at 200 [}6”@ 2004
for 10 mn at 4C and the harvested plasnas frozen at -20C for subsequent
assay of tMN&?P/&#kct on TNFa production by LPS-stinul ated hRGEREGBBIAGE The
rat plasma sanples are thawed and 1751 of each sanple are added to a set
format pattern in a 96U 5 well plate. Fifgy .tl of heparinized human bl ood
is then added to each well, mxed and thée plate is incubated for 30 mn at
37C (hum dified incubator). LPS (25l; final concentration 10g/m) is added
to the wells and incubation continued for a further 5.5 hours. Control

vel I's are horasbeiibdonsiaehingEebliaednai@dizahealc0ifindd Al S Beg b&h‘?@aﬁ@{b&rz{nhuﬁed
for 10 mn at 2000 rpm and 2007 of the supematants' are transferre 0 a 96
wel | pl at eBamett (1P 7#% emeh Biocher0Q9f3@0-Mbsequent anal ysis of TNF
concentration by ELI SA. Data anal ysis by dedi cated software cal cul ates for
each conpound/ dose: Percent inhibition of TNFa= Mean TNFa (Controls) - Mean

TTi F(x TEr mﬁﬁﬁog&ﬂxﬁ@:augggﬁe&w@a&ﬁqﬂ{ y &Oéeﬁzi&gé baftd ity P-arthritic
agent Acti = din the

col | agen- i Neb agAnaddehik té ixthibit @eMbanelabiasds bycDas ENF g hap et at .,
(1977) J. Exp. Med. 146, :857. Tn this nodel aci d sotubte matTtve type ||

col | agen causkre gulipaefithe cempoundsdtlss whvention i mhibtwhe dellulardfodes g o6

i nconpl et puvant .. Simlar condjti can be used to induce arthritis in
nice and eg\?ﬂ‘rﬂfoég‘.‘m%ﬂayabf AgFsstt 12 %%%CEFQEFQL@FRE AEL Gy 1 dsfechredemspbiNg as
an anti - CaR&RkiafY a0 iy, B! bAl 5.desgribed. i.n . J.
Fidler (19387 ReT RogeE ne?:gcng%&@%ﬁéﬁ%ﬁﬂ%@&@‘%@ﬁﬁé?ﬁ%BT WERmS & ihe
B 16 cel | fhshien {ldawocéssimg drshdddind dheherahedbrane AdtdudstsudBss R dQtHbed

NCl - EORTC Synposium Ansterdam June 16 - 19 1998). 20 AUG2004 WO 01/62742
PCT/ GBYY / G@é@&d Hgoper er al., (1997) Biochem. J. 321:265-279 may be tested using appropriate

cell lines and with suitable antibodies to detect the shed protein.

Test as an agent to inhibit cell based invasion

- The ability of the compound of this invention to inhibit the migration of cells in an
(s invasion assay may be determined as described in A. Albini e a/., (1987) Cancer Research

47:3239-3245.

Test as an agent to inhibit whole blood TNF sheddase activity

The ability of the compounds of this invention to inhibit TNFa production is assessed

20 ina human whole blood assay where LPS is used to stimulate the release of TNFa.
Heparinized (10Units/ml) human blood obtained from volunteers is diluted 1:5 with
medium (RPMI1640 + bicarbonate, penicillin, streptomycin and glutamine) and incubated
(160p!) with 20p] of test compound (triplicates), in DMSOQ or appropriate vehicle, for 30
min at 37°C in a humidified (5%C04/95%air) incubator, prior to addition of 20ul LPS (E.

25 coli. 0111:B4; final concentration 10pug/ml). Each assay includes controls of diluted blood
incubated with medium alone (6 wells/plate) or a known TNFa inhibitor as standard. The
plates are then incubated for 6 hours at 37°C {humidified incubator), centrifuged
(2000rpm for 10 min; 4°C ), plasma harvested (50-100p!) and stored in 96 well plates at
-70°C before subsequent analysis for TNFa concentration by ELISA.



The invention wll now be illustrated but not limted by the follow

Exanpl es: EXAMPLE | N ! OWTDALG 204
[ 1- ([ 4- (4-Rbympheny! ) pi perazzno] sul fonyl met byl ) - 4- pyri uni dpoTZ:Bohlovd2y! ] - N-
S hydroxyforrram € NNSvdON f) O To a stirred solution ofiV

[ 1- ([ 4- (4- bronophenyi ) pi per azi no] sul f onyl methyl)-4 10

pyrim di n-2-yl butyl ] hydroxyl anine (497ng8 1.0mml) in THE (5.0M) and
formc acid (2.5m), cooled to 0C, was added a prefornmed m xture of acetic
anhydride (566p.1, 6.0 nnol) and formic acid (2.0m). The mxture was
stirred at OCfor 1 hour and_all_owed o orre tQ roomtenperature. The

sol vent s 1, e residue purlfled by

o oo sp (a%qulggm 3 f‘:nE B, m‘%nlﬁgmo Qﬁ&[y&%&%@ﬁ%%‘ Prom hot

Di chl oromet h I'ONS evaporate crystarlise

et hyl acetaa%ecﬁrpor Qﬂll\éeeﬂ\bcfmﬂonents of cartilage can be assessed essentially as described by

- ([ 4- (4- br 8mophenyl) pi per azi no] sul f onyl et hyl ) - 4- pyri mi di n-2-yl butyl ] - N
hydr oxyf orkravii Bettamlex enhd. t(@9ETBivahdm he323648deA88( 262y, 51% . NVR (300MHz
DVBO- d6) 6/ ppm 9.87 (s, 1H‘), 9.55 (s, 1H‘), 8.70 (m 2H), 8.29 (s, |H),
7.98 (8, 1H*), 7.33 (m 3H), 6.92 (dd, 2H), 4.68 (m 1H), 4.13 (m 1H),
3b55 3. g)l Phi{?ngwgdm#m@éﬁﬁl ally obscured), 3.25-3.09 (m 7H, partially
obscure o) 12, 514
(B 1'sot ope AR Tage fkichidhos probBlahd Bica AnBLRy VRncampa dipbEMio 0L )
To a sol utphwsmtioh aﬁeg%\brpﬂmﬁmﬂyhz)rmqaestazemployydjwbmhlumﬂnsdieﬂv(ﬂyﬂ@eg; 18.3

nmol) and triethyl 7.67 hl h
rret hanesulsﬂ}éﬁéﬁ?e iﬁgaﬁ%gﬁé" m@fpb?ﬁﬁgb%&ﬁ%%gﬁcg%%% %%%ﬁ%r ils?agdgg ,
» 36 3l sl RRNCAEDe I8 bl NOGeRhdder@E of 8bmpoliOdN ackbssiO@fige

of species. Animals (e,g. rats, marmosets) are dosed iv or po with a soluble formutation of

compound (such as 20% w/v DMSO, 60% w/v PEG400) and at subsequent time points

(e.g. 5, 15, 30, 60, 120, 240, 480, 720, 1220 mins) the blood samples are taken from an

appropriate vessel into 10U heparin. Plasma fractions are obtained following centrifugation
15 and the plasma proteins precipitated with acetonitrile (80% w/v final concentration). After

30 mins at -20°C the plasma proteins are sedimented by centrifugation and the supernatant

fraction is evaporated to dryness using a Savant speed vac. The sediﬁent is reconstituted in

assay buffer and subsequently analysed for compound content using the synthetic substrate

assay. Briefly, a compound concentration-response curve is constructed for the compound i
2 undergoing evaluation. Serial dilutions of the reconstituted plasma extracts are assessed for

activity and the amount of compound present in the original plasma sample is calculated

using the concentration-response curve taking into account the total plasma dilution factor.

In vivo assessment

25 Test as an anti-TNF agent

The ability of the compounds of this invention as ex vivo TNFa inhibitors is assessed
in the rat. Briefly, groups of male Wistar Alderley Park (AP) rats (180-210g) are dosed
with compound (6 rats) or drug vehicle (10 rats) by the appropriate route €.g. peroral

(p.0.), intraperitoneal (i.p.), subcutaneous (s.c.). Ninety minutes later rats are sacrificed

3  using a rising concentration of CO7 and bled out via the posterior vena cavae into 5 Units



tenperature then dichl oronmethane (100m ) was added. The organics werAé UG 7004
washed with water (2x), brine and dried (Na2SO4) and evaporated in %écﬁi
to a yellow solid which crystallised fromEthanol and washed wi th diethyl
ether to giWROSY 4 bronophenyl ) -4 5 (et hanesul f onyi ) pi per azi ECPA/PAZY, 81
%yield) as a white fluffy powder. "H NVR (300MHz CDC13) S/ppm 7.38 (d,

2H), 6.91 (d, 2H), 3.21 (m 8H), 2.89 (syg3H) Ms: ES+, (MrH) += 318, 320
(Br isotope pattern) ii) To the

| - (4- br onophenyl ) - 4- (et hanesul f onyl ) pi perazi ne (902ngy, 2. Omol) 10

ded
ne-0c. {eMEEAR T Rbd MU0 DR SR BB B0 SRR
THF, 4. Onl 3t 200€hHa Ter 10 filed iyd°gi dndinBe (24 &M8H pl2sthdEBdzen2® 20°C MGubse uent

4-pyri m di n-2-yl butanal (300ngy 2.0mol ). The m xture was stlrred at -20C
for | hoursssayefitbeiedffedtion H‘éf@ rpalcwtlmahnbﬂwmwmt@ﬁ hapag blogtdi The st glaatnaowed

to stand at anbl ent te r?ﬁ,/,g nqifovern a@ﬁ %5 sol vents were renmoved in
vacuo and PHB$ST Hagepant Fapks ﬁaﬁl FOIRohEat Aameet PEEERER 240 wat er
5ml t
Srut e Sui 1 FO SRR R AL B AR G PRO SR A R cf 10 acH wbfl fplhaa B ©
2-(5-[4- (4p1a:bﬁ@m@wwfo}pommx 37TC[Hautitisny nebitof): eFgI(2Pyhifidi ne as a

white crystalline material (759ng, 84%rield) 20 Ms: ES" (MtH) += 451, 453
(Br isot op@npeamépn)lougfml) rﬁcﬁddE@tq the acells endiinicabation continued for a further 5.5

451y, 1 TGP TR T WP gt tonla R B P tieey stbes B et n

water, S0 1) nARg: 309 Mrﬁ)oﬁi bm%qugeﬁ%&hgme ua'l;t@ g%el i!% a@%@téﬁﬁvved

in 25 vacuo, azeotroping wth tol uene to give
br ormopherfydz)eplaparoafz|fmo§ms&dtmnydnmsﬁwdt‘)TNF ticemtradion- 2 FLISK y | ] hydr oxyl am ne
(497ny, quantitative) MS: ES+, (M+H) += 484, 486 (Br isotope pattern) 2 0
AUG 2004 WD 61/62742 PCTI GBOLlr 00624 32 EXAMPLE 2 NY- |
rlm(o [yf. §n 5&- fﬂ'm{@ RYAiy < By deoibaiPh RO @4k RQkuite QY EARbOYdd/ackel 5- 1 uo

- Percent inhibition of TNFa= Mean TNFa (Controls) — Mean 'I'NFOL {Treated) X 100

Mean TNFOL (Controls)

Test as an anti-arthritic agent

Activity of a compound as an anti-arthritic is tested in the collagen-induced arthritis
(CIA) as defined by D. E. Trentham et al., (1977) J. Exp. Med. 146,:857. In this model
acid soluble native type Il collagen causes polyarthntis in rats when administered in
20 Freunds incomplete adjuvant. Similar conditions can be used to induce arthritis in mice and

primates.

Test as an anti-cancer agent

Activity of a compound as an anti-cancer agent may be assessed essentially as
25 described in L. J. Fidler (1978) Methods in Cancer Research _1_5:399-43 9, using for example
the B16 cell line (described in B. Hibner et al., Abstract 283 p75 10th |
NCI-EORTC Symposium, Amsterdam June 16 — 19 1998).



yl) pro pyl]-1Y-hydroxyformamide FN-T~ NNSONS5 N O O Acetiﬁ A
anhydride (0.51m) was added directly to formc acid (2.0m) which KabARH
cooled to P& __4%hen added a solution of 2-[4-[4-(5-chl or opyfiSooczd

yl ) pi perazi no]'sul fonyl - 3- (hydr oxyam no) butyl ] -5-fl uoropyrimdine (0.485g)

in tetrahydrofuran (1 Im). The solution was stirred at roomtenperature
for 3 hours and then io evaporated in vagua, the resulting residue was
azeotroped with toluene and then it was dissolved in nethanol and heated
to 40C for 30 mnutes. The solution was evaporated to dryness and then
added di et hytid eentiow sl hdw 86 ilaistaRamut BHIRRRELB L Hedb11dRindi BNsh@Ses: SOl i d
filtered, dried in vacuo to give

11-[1- ([ 4- (5-chl oropyri di n-2-yl) pi perazi no] sul f onyl et hyl ) -
3-(5-fluoropyrimdin-2-yl)propyl]-N hydroxyformam de, (0218g) , np 154-155
C. ~s NVRekdoPMBQ 373 K): 2.20 (m 2H), 2.95 (in, 2H), 3.23 (dd, 1H), 3.30
(m 4H), 3249 (dd; 1H), 3.60 (m 4H), 4.42 (vbs, 1H), 6.88 (d, 1H), 7.59
(dd, 1H),8-[0§[4-brombpherilipiperadio] sulfionyBudtbylyst-p 2tinidB-2Hg Iutpl-V- H) ; nl z
473 (Mrl). The starting material was prepared as follows : 20 (i)

1- ( 5- chl oRBHPKYi@rmamige) - 4- (net hyl sul fonyl ) pi per azi ne (0.600g) was stirred
in anhydrous tetrahydrofuran (22 ml) under Argon then cooled to -10C
before the addition of Iithiun1bis(trirepthylsilyl)anide (4.8 M of a L OV
solution in tetrahydrof ira Jhe / m\xtére was stirred at -10C for 30

m nutes and a sol ution of @ JITehl or¥pRosphate (0.345m 1) was added. The
m xture was stirred at -10C ror 15 mhut @& andnthen 3-(5 25

fl uoropyri mdin-2-yl)propanal (0.334g) w&sMNadded, jyred at -10C for a
further 30 minutes. The mixture was alloweg to wgtmHo room tenperature
“and then was washed with 0 \_HS _

To a stirred solution of N-[1-{[4-(4-bromophenyl)piperazino}sulfonylmethyi)-4-

10 pyrimidin-Z-ylbutyl]hydroxylaminé (497mg, 1.0mmol) in THF (5.0ml) and formic acid
(2.5ml), cooled to O"C, was added a preformed mixture of acetic anhydride (566ul,
6.0mmol) and formic acid (2.0ml). The mixture was stirred at 0°C for 1 hour and allowed
to come to room temperature. The solv.ents were removed by rotary evaporation and the |
residue purified by chromatography (50g Silica Bond Elute, eluent 0-—15% Methanol /

15 Dichloromethane), pure fractions evaporated, and crystallised from hot ethyl acetate to
give N-[1-([4-(4-bromophenyl)piperazino]sulfonylmethyl)-4-pyrimidin-2-ylbutyl]-V-
hydroxyformamide as a white crystalline powder (262mg, 51%).

NMR (300MHz DMSO-dg) 8/ppm: 9.87 (s, 1H*), 9.55 (s, 1H*), 8.70 (m, 2H), 8.29 (s,
1H*), 7.98 (s, 1H*), 7.33 (m, 3H), 6.92 (dd, 2H), 4.68 (m, 1H*), 4.13 (m, 1H*), 3.55-3.31

20 (m, SH, partially obscured), 3.25-3.09 (m, 7H, partially obscured), 1.80-1.50 (m, 4H).

* rotameric signals

MS: ES*, (M+H)'= 512, 514 (Br Isotope Pattern)

The starting material was prepared as follows :
25 i} To a solution of 1-(4-bromophenyl)piperazine hydrochloride (5.09 g, 18.3 mmol)

and triethylamine (7.67 ml) in dichloromethane (100 ml) was added methanesulfony!



2 0 AUG 2006 WO 01/62742 PCTI GBO /00624 33 aqueous anmmoni um chl ori dey guadp 2004
extracted with ethyl acetate. The organic |layers were dried over Na, S04
Purificati 0%5)@6295 residue on silica eluting with 70% et hyl acetate 30%
hexane af f or 6:4 mixture of PCT/GB01/00624
2-((E)-4-[4-(5-chloropyridin-2-yl)pi perazi no] sul fonyl but-3-enyl)-5 s

fl uoropyrimdi ne and 31

2-((2)-4-[4-(5-chl oropyridi n-2-yl)pi perazi no] sul fonyl but - 3-enyl ) - 5-
quoropyrlmdl ne (0 44g) 'H NVR (CDCI3): 8.55 (d, I H), 8.48, (s, 1 H),
7.46, (dd, 1 : g H, 6.60, (d, 1 H, *6.45 (m IH, 6.15,

(d, IH), *Gh@gde@&m 6315‘1101)@@@24115-& TT&rﬁBgtur@mfasgbﬂ)TﬁdiforH%m(rm o)

*2. 81" E 0 * Denot T

soi Ut on oF BT a@%rei%@rememaawdommﬁqe&%%?aga%%g{;é’m”“ euf];l'{?s- 0
1)-5-f1

STV 2t ASHEREE THAL % 48 0ts500 ooty o i v

enyl ) - 5- f | uosnplisel fiot Bthabol AdOyashed wig cﬂ@@@déf@&%&@véﬁ %}on%ﬁ @fﬁed

hydroxylanmine is (1.0r, 50 % aqueous solution). The m ture irred
for 18 houfmethprpsulferylMiiperazide i 74 g, HM(lﬁmawandﬂmﬂyrpedrdwth sat ur at ed

anaevapor ot MRG0 L Seem (5% Gl EB0 o bS5gh: Honim, 1D, 286 (s, 310
00 P EE e TRy s IHs (VSN B0 Bl 7 50 0 1hy 62 (d
a0 310 (moar) 282 (mo LB 215 (m M. 2ot (m 1H . NS (ESH.
'445. 3( VH+) . 211701"%@@ lzﬁbb.rommnslﬁa(m%ha@mmmp@efma ©GD2mgj hgmempounds

Were pre paguggendg/u%l‘)!dg uszldHF \(lbml) under Nitrogen, cooled to between -20 and -30°C

was added sequentially Lithium bis(trimethylsilyl)amide (1.0M in THF, 4.0ml),
Chlorotrimethylsilane (217mg, 2.0mmol, 253u]) and 4-pyrimidin-2-ylbutanal (300meg,
2.0mmol). The mixture was stirred at -20°C for 1 hour, quenched with saturated -
ammonium chloride solution and allowed to stand at ambient temperature overnight. The

ts - solvents were removed in vacuo and the residue partitioned between dichloromethane
(15ml) and water (5ml), the organics separated and chromatogrammed (50g Silica Bond
Elute, eluted with 0—100% Ethyl Acetate / Hexane gradient) to give the 2-(5-[4-(4-
bromophenyl)piperazino]sulfonylpent-4-enyl)pyrimidine as a white crystalline material
(759mg, 84%Yield)

2 MS: ES", (M+H)"= 451, 453 (Br isotope pattern)

1i1) To a stirred solution of the 2~((£)-5-[4~(4-bromophenyl)piperazino]sulfonylpent-4-
enyl)pyrimidine (451mg, 1.0mmol) in THF (10ml) was added Hydroxylamine (50%
solution in water, 500pul) and the mixture stirred overnight. The solvents were removed in
25 vacuo, azeotroping with toluene (3x) to give the N-[1-([4-(4-
bromophenyl)piperazino]sulfonylmcthyl)—4-pyrimidin-2—ylbutyl]hydroxylamine (497mg,
quantitative)
MS: ES”, (M+H)"= 484 , 486 (Br isotope pattern)



B- XfN _So RL ~ 2 Nr Prepared 5BXHO CHO MtHusi ng Rl raptnet hod i 0 AUG 2004
Exanpl eht 05|- Cl-2-Pyridyl N1, 5,5-trinethyl-3- 517.32 hvdant oi nCH2CH2 ??5 éy %
C4- Cl- phenyl 474. 31 Pyndyl )oxy 5-Cl-2-PyridyiN3,5,5-trinmethyl-1-517
15hydant oi‘%@&@ﬁél(& Cl-2- C2-Pyrinidi nyl CH2CH2470. 31 pyri &‘ff’fﬁgéﬂ“"’%}‘
5- C1- 2- Pyri dyl N2- pyri m di ne- SCH2CH24871
(5-Br-2-C2-Pyrimdinyl CH2CH2CH2528. 21 20pyri dyl ) oxy
5- C1- 2- Pyri dyl N3- ( OCH2Ph) - Ph5311
3, 4-di d - phenyl N2- Pyri m di . nvl CH2CH2CH25021
4-d - phenyl N2- Pyri m di nyl CH2CH2CH24681

EXAMPLE 2

N-[1-([4-(5-chioropyridin-2-yl)piperazino]|sulfonylmethyl}-3-(5-fluoropyrimidin-2-

yl)propyl]-V-hydroxyformamide

F
7N\ E\KVL:T
ci N N—S N
=N ~7 5
N. :
. f 's)
o)

“Acetic anhydride (0.51ml) was added directly to formic acid (2.0ml) which had been
cooled to 0°C and then added a solution of 2-[4-[4-(5-chioropyridin-2-
yl)piperazino]sulfonyl-3-(hydroxyamino)butyl}-5-fluoropyrimidine (0.485g} in
tetrahydrofuran (1 1ml). The solution was stirred at room temperature for 3 hours and then

10 -' evaporated in vacuo, the resulting resi_due was a.zeotroi_ued with toluene and then it was
dissolved in methanol and heated to 40°C for 30 minutes. The solution was evaporated to
dryness and then added diethylether and stirred at room temperature for 10 minutes, solid
filtered, dried in vacuo to give N-[1-([{4-(5-chloropyridin-2-yl)piperazino]sulfonyimethyl)-
3-(5-fluoropyrimidin-2-yl)propyl]-N-hydroxyformamide, (0218g) , mp1354-155 °C.

s NMR (d6-DMSO 373 °K): 2.20 (m, 2H), 2.95 (m, 2H), 3.23 (dd, 1H), 3.30 (m, 4H), 5.49
(dd, 1H), 3.60 (m, 4H), 4.42 (vbs, 1H), 6.88 (d, 1H), 7.59 (dd, 1H),8.05 (vbs, 1H), 8.12
(dd, 1H), 8.71 (s, 2H), 9.40 (vbs, 1H);m/z 473 (M+1]).

The starting material was prepared as follows :

20 (i) 1-(5-chloropyridin-2-yl)-4-(methylsulfonyl)piperazine (0.600g) was stirred in
anhydrous tetrahydrofuran (22 ml) under Argon then cooled to -m"C before the adciton
of lithium bis(trimethylsilyl)amide (4.8 ml of a 1.0M solution in tetrahydrofuran). The
mixture was stirred at -10°C for 30 minutes and a solution of diethylchlorophosphate
(0.345ml) was added. The mixture was stirred at -10°C for 15 minutes and then 3-(5-

25 fluoropyrimidin-2-yl)propanal (0.334g) was added, stirred at -10°C for a further 30

minutes. The mixture was allowed to warm to room temperature and then was washed with



5- Cl- 2- Pyri dyl N3- CF3- Ph4931 254- Cl - phenyl N3- Pyri dyl 397. 42
5-C1- 2- Pyri dyl N4- CF3- Ph4931 5-CI - 2- Pyri dyl N3- Thi ophenyl 4311 2 0 AucZZoflb 3@
01/ 62742 PCT/ GBOL/ 00624 35 | 5-ClI-2-Pyridyl N2- Pyrazi nyl CH2CH2CH24692
5- C1- 2- Pyr i W MB2H4r azi nyl CH2CH2455. 42 PCT/GB01/00624
3- A - phenyl N2- Pyri m di nyl CH2CH2CH2468. 42
6- Me- 4- N2- Pyri mi di nyl CH2CH2CH2450. 52 spyr4sm di nyl
N2- Pyrazi nyl CH2CH2CH2460. 52 5-cyano-2- pyridyl N2-Pyrazi nyl CH2CH2446. 52
5-cyano-2- ioPyridyl N2-Pyrimdinyl CH2CH24381 4-F- Ph
5- CF3- 2- Pyri dyl N2- Pyri m di nyl CH2CH24891 5- cyano- 2- N2- Pyri m di nyl CH2CH24461
pyridyl N2-aBysousiathiomti GH20d2A200 21 trbetéd-wth 2ty idethyd. The organic layers were
[$5-Cl-2-Pyridyl N4- Pyrimi di nyl CH2CH2CH24691
4- F- PhC2- Pyripdp#rdYa28RCH2CH24512 4- F- PhC2- Pyri rni di nyl CH2CH24372
Purification of the residue on silica eluting with 70% ethyl acetate 30% hexane afforded a
6:4 mixture of 2-((£)-4-[4-(5-chloropynidin-2-yl)piperazino]sulfonyltbut-3-enyl)-5-
5 fluoropyrimidine and 2-((Z)-4-{4-(5-chloropyrdin-2-yi)piperazino]sulfonylbut-3-enyl)-5-
fluoropyrimidine (0.44g). '
'H NMR (CDCls): 8.55 (d, 1H), 8.48, (s, 1H), 7.46, (dd, 1H), 6.85, (m, 1H), 6.60, (d, 1H),
*6.45, (m, 1H), 6.15, (d, 1H), *6.03, (d, 1H), 3.61, (m, 4H), 3.28, (m, 2H), 3.15, (m, 4H),
*2.81, (m, 2H); MS (ES+): 412.3(MH™.

10 * Denotes minor 1somer.

(11) To a solution of 2-({£)-4-[4-(5-chloropynidin-2-yl)piperazinojsulfonylbut-3-
enyl)-3-fluoropyrimidine and 2-( (Z)—4-t4-(5 -chloropyridin-2-yl)piperazino]sulfonylbut-3-
enyI)—S—ﬂuoropyrinﬁdi.ne (0.44g), in tetrahydrofuran (5 ml), was added hydroxylamine

15 (1.0ml, 50 % aqueous solution). The mixture was stirred for 18 hours and then diluted with
EtOAc(10ml} and washed with saturated ammonium chioride solution(10ml). The organic
layer was dried over Na;SO, and evaporated in vacuo to give 2-[4-[4-(5-chloropyridin-2-
yl)piperazinolsulfonyl-3-(hydroxyamino)butyl]-5-fluoropyrimidine(0.483g).

'H NMR (CDCl,): 8.45 (s, 2H), 8.08 (d, 1H), 7.39 (dd, 1H), 6.55 (d, 1H), 5.76 (bs, 2H),

20 3.59 (m, 4H), 3.46 (m, iH), 3.42 (m, 2H), 3.33 (m, 4H), 3.10 (m, 4H), 2.82 (m, 1H), 2.15

(m, 1H), 2.01 (m, 1H); MS (ES+): 445.3(MH").



5-Cl - 2- Pyri dyl N2- (4- MeO 4852 205- C1- 2- Pyri dyl CPyri ni di nyl ) CH2CH2 46%
2-Pyrini di nyl CHRCH2CH2 5- I - 2- Pyri dyl C2- Pyri ni di nyl CH2CH24542 AUG 2004
5- Cl- 2- Pyr j dyl %-4(,4- CF3- Pyri zAi di nyl ) -5232 5-Cl - 2- Pyri dyl NCHiRGhiZefA b3 ez
2-(5-Ethyl = i i'm di nyl ) CH2CH2 5- Cl1- 2- Pyri dyl N2- (4- MeO- 4992 5-cyano- 2- NP
yrimdinyl)CH2 CH2CH2 4902 2- (4-MeO pyridyl Pyrimidi nyl ) CH2CH2CH2 2 0 AUG
2001 WO 01/62742 36 PCT/ GB01100624 5- Cl-23#yridyl N2-(5-F- 487 2

Pyrim di nyl ) CH2CH2CH2 5- Br - 2- Pyri dyl N2- (4CF3- 583 2 Pyrri hridi nyl) CH2CH2CH2
55- Cl- 2- Pyri dyl N2- (4CF3- 537 2 Pyrimdinyl)CH2CH2CH2 5-cyano-2- N2- (4CF3-

EXAMPLE 3

The following compounds were prepared

/T R1
B—X N——SO/EY
/N\
HO  “C

HO

B X Ri mpt M+H  Prepared
using
method in
Example

0 5-Cl-2-Pyridyl N 1,5,5-tnmethyl-3- 517.3 2
hydantoinCH2CH2 |

(5-Cl-2- - € 4-Cl-phenyl , : 4743 1

pyridyoxy | |

5-Cl-2-Pyridyl N  3,5,5-tnimethyl-1- 5173 1

15 hydantoinCH2CH?2

(5-Cl-2- C  2-PyrimidinylCH2CH2 470.3 1

pyridyl)oxy

5-Cl-2-Pyndyl N  2-pyrimidine-SCH2CH?2 487 1

{5-Br-2- C  2-PyrimidinylCH2CH2CH?2 528.2 1

20 pyndyloxy '

' 5-Cl-2-Pyridyl N  3-(OCH2Ph)-Ph 531 1
3,4-diCl-phenyl N  2-PyrimidinviCH2CH2CH?2 ‘ 502 1
4-Cl-phenyl N 2-PyrimidinvICH2CH2CH2 468 1
3-Cl-2-Pyndyl N  3-CF3-Ph 493 1

s 4-Cl-phenyl N 3-Pyridyl 397.4 2

5-Cl-2-Pyridyl N  4-CF3-Ph 403 l

S-Cl-.2-Pyridyl N 3-Thiophenvi 431 I



528 2 pyridyl Pyrirnidinyl)CH2CH2CH2 5- Cl-2- Pyridyl N2- (5-Et hyl -497 2
OPyrirnidinyl)CH2CH2CH2 5-Br - 2- Pyri dyl N2- ( 5- Et hyl -

4- F- PhN1, 5, 5-tri met hyl - 3- 85I
4- F- PhN4- MeO- PhCH( Me) CH2480 1 204- F- PhN3-
4F- PhCl, 5,5-trinet hyl -3- 77-791 hydantoin

hydant oi nCH( Me) CH2

541/ 543 2 Pyri
di nyl ) CH2 CH2CH2 5-cyano-2- N2-(5-Ethyl- 488 2 pyridyl Pyrim di nyl ) CH2CH2CH2
154- F- PhNPRSOIMORM2 CH2515 1 5- Cl - 2- Pyri dyl CPhCH( Me) CH264- 652PCT/GB01/00624

O PhCH( Me) CH2480 1
( Me) CH2

20 AUG 2004

4- C - PhN3- O - PhCH( Me) CH2500, 502 1° 6- Cl - 2- N2- pyr azi nyl CH( Me) CH279- 81470 1

z5pyri m di nyl

5- C1- 2- Pyri dyl N2- pyri dyl CH( Me) CH2468 2 5-cyano-2 -

N2- pyri dyl GHCMVRIFGIHA4DO 2 My i HprabmgycmocB28 2pyr azi nyl CH( MpoCH280460 2 20

AUG2004

0

5-CI-2-Pyridyl
3-Cl-phenyl
6-Me-4-
pyrimidinyl
S-cyano-2-
pyridyl
5-cyano-2-

pyridyl

4-F-Ph
. 5-CF3-2-Pyridyl

5-cyano-2-
pyridyl
5-CF3-2-Pyndyl
5-Cl-2-Pynidyl
4;F -Ph

4-F-Ph
5-C1-2-Pyridyl

5-Cl-2-Pyridyl
5-Cl-2-Pyridyl
5-C1-2-Pyridyl
5-Cl-2-Pyridyl

5-Cl-2-Pyridyl

5-cyano-2-

pyridyl

N
N
N

z Z

zZ 0O 0z =z

2-Pyrazinyl CH2CH2
2-PyrimidinylCH2CH2CH?2
2-PyrimidinylCH2CH2CH2

2-PyrazinylCH2CH2CH?2

2-PyrazinylCH2CH2

2-PynmidinylCH2CH?2

2-Pyrimidiny!l CH2CH?2
2-Pyrimidinyl CH2CH?2

2-Pyrimidiny!lCH2CH2CH?2 -

4-PyrimidinylCH2CH2CH2

2-PyrimidinylCH2CH2CH2

2-PyrimidinylCH2CH?2
2-(4-MeO-

Pyrimidinyl) CH2CH?2
2-PyrimidinylCH2CH2CH2
2-PyrimidinylCH2CH?2
2-(4-CF3-Pyrimidinyl)-
CH2CH?2

2-(5-Ethyl-
Pyrimidinyl)CH2CH?2
2-(4-MeO-
Pyrimidinyl)CH2CH2CH?2
2-(4-MeO-
PynmidinylYCH2CH2CH?2

4535.4
468.4
450.5

460.5

446.5

438

489

446

503

469

45]

437

485

468

454

523

483

499

490

2
2

[\

bd

S8 38}

4]



WO 01/ 62742 37 PCT/ GBOLI 00624 Pyridyl N2-Pyrimi di nyl CH2CH2CH2CH24749 51416 2004
5- CN- 2- Pyri dyl 4-Gi - Phenyl N2- Pyri mi di nyl CH2CH2CH2CHR2482. 451

5- C1- 2- Pyr.dyl N2- Pyri mi di nyl CH2CH2CH2CH2483. 4l

55- C1- 2- P;)Y‘¥ 8&%?2?11@0 - Phenyl 459. 31 PCTIGBOL00624

5- F- 2- Pyri dyl N2- Pyri mi di nyl CH2CH2CH2453. 22

5- F- 2- Pyri dyl N2- (5- F- Pyri ni di nyl ) CH2CH245%. 12

5- Br- 2- Pyri dyl N2- (5- F- Pyri ni di nyl ) CH2CH2517/ 5192

4- C1- Phenyl N2- (5- F-Pyri m di nyl ) CH2CH2472. 12

t 05- CN- 2- Pyri dyl N2- (5- F- Pyri mi di nyl ) CH2CH2464. 182

5- CF3- 2- Py siclyl-Mgri¢ - F- P3¥ i mi2efiSARd ) CH2CH2507. 142 487 2

5- C1- 2- Pyri dyl N2= (5- Br - Pyri ni di nyl ) CH2CH2533/ 5352
5- F-2- Pyri dyl N2- (5- Br - Pyri ni YRR H2

4- F- Phenyl N2- (5-,Br.- Pyri m di nyl ) CH2516/ 5182

i $5-F- 2- Pylst%‘yf”'Rlﬁgf%!- Me- Byri %ﬁ?ﬁzr) CH2CH2453. 42 583 2
4- 0- Phenyl N2- (5- Me- Pyri mi di nph LCHRCHRESH 4 o B

r-2-Pyridyl N2- (5- Me- Pyri mi di nyl ) CH2CH2513/ 5152

5- CF3- 25 Py siclyl-Ngrigfa- Me- Ryr i @H@ORg ) CH2CH2503. 42 537 2
5- F- 2- Pyri dyl N2- (4- CF3- Pyri nzi di nyl ) CH2CH2507. 062

204- Cl - Pheny| N2- ( 4- CF3- Pyr i nPomEyfiyghe84e50{ 15

5- CF3- 2- Pyri dyl Ng-(4- CF3sPyr '2[?39,‘#31/' ) CH2CH2556. 952 578 )
d‘)lg"i\flé rim

5- Br - 2- Pyr Pif 1 4- CF3- Myl ) CH2CH2566/ 5682
5- 01 - 2- Pyr FQMMZZ (5- C1- Pyri mpghinylihOhROHRABYHD12
5-Br-2-Pyridyl'™N2- (5-C -Pyrimdinyl)CH2CH253215342
5- F- 2- Pyri dyCINRPyHdgd - Py N ni @ryEth@H2CH24732 _ 497 2
4- F- Phelglyl N2- (5-C -Pyrimdi mﬁ%%'éi%ﬂé%ﬁzcm
5-Br-2-Pyridyl N  2-5-Ethyl- 541/543 2
Pyrimidiny)CH2CH2CH?2
5-cyano-2- N 2-(5-Ethyl- ' 488 2
pyridyl Pyrimidinyl)CH2CH2CH2
s 4F-Ph N  PhSO2NHCH2CH2 515 ]
5-Cl-2-Pyridyl C  PhCH{(Me)CH2 64-65 2
4-F-Ph N 1,5,5-trimethyl-3- 85 1
hydantoinCH(Me)CH2
4-F-Ph N  4-MeO-PhCH(Me)CH2 480 1
20  4-F-Ph N  3-MeO-PhCH(Me)CH2 480 1
4-F-Ph C 1,5,5-trimethyl-3- 77-79 1
hydantoinCH(Me)CH2
4-Cl-Ph N 3-Cl-PhCH(Me)CH2 500,502 1
6-Cl-2- N  2-pyrazinylCH(Me)CH2 79-81 470 1.
2s  pyrnimidinyl
5-Cl-2-Pyridyl N 2-pyridylCH(Me)CH2 468 2
5-cyano-2- N  2-pyridylCH(Me)CH2 459 2
pyridyl

5-cyano-2- N  2-pyrazinylCH(Me)CH2 80 460 2



4- C1- Phenyl N2- (5- C1- Pyri mi di nyl ) CH2CH2488/ 4902

5-Br-2-Pyri dyl N2- (5- Br- Pyri mi di nyl ) CH2CH2576/ 5782 ' 580 2 0 AUG 200

42 {6 200

01/ 62742 38 PCTJGBA /00624 4-d - Phenyl N2- (5-Br-Pyrim di nyl ) CH2CH253115332
/ 535 5- CN- OG22 N3- (5- Pyri dyl ) CH2CH2479/ 4812
4- CF3- Phenyl N2- Pyri m di nyl CH2CH2CH25022

s4- Br - Phenyl N2- (5- F-Pyri m di nyl ) CH2CH2518,, g

3, 4-Di Cl - Phenyl N2- ( 5- F- PythnldlnyI)CHZCHZS 6. 342
3-d -Phenyl N2- (5-F-Pyrim di nyl ) CH2CH2472. 382

4- CF3- Phenyl N2- (5- F- Pyri m di nyl ) CH2CH2506. 42

4- F- PhN2- Pygy
4- C1- PhN2-

i nyl CH2CH287- 891 3, 4-di

PCT/GB01/00624

- C1- PhN2- Pyri mi di nyl CH2CH24891
ri m di nyl CH2CH24551 5- Me- 2- Pyri dyl N2- Pyri mi di nyl CH2CH2CH24491

5- Me- 2- Pyriﬁﬁ%h&%@ﬁdyhidrﬁylCHPQHBA&E&HZHICH%@EQEﬁﬁazinyICHQEHQCHZﬂSZ
4- F- PhN( 6- C1- Byra2|nyI)CHZCH29 1-9

4- F- PhN5- F-%2€
4- F- PhC5- F-2,.

pi peri di ne su

ng plped%%L

PYREMiL di nyl i CI%}’M@!BYH:ﬂ-@@CHHQQLPyram ny«ﬁmm) CH24681

BB Gl Tequrr nrap PR

\EI:BI’E

avai | ablse qp@naégh@g[y o werecppgpafied as shown belomr 2Cﬁ¢ﬁﬂpO4 YO

01/ 62742 PCTI GB

T8

5-F-2-Pyndyl
5-F-2-Pyridyl
5-Br-2-Pyridyl
4-Cl-Phenyl
5-CN-2-Pyridyl
5-CF3-2-Pyridyl
5-Cl-2-Pyndyl
5-F-2-Pyridyl
4-F-Phenyl
5-F-2-Pyridyl
4-Cl-Phenyl
5-Br-2-Pyridyl
5-CF3-2-Pyndyl
5-F-2-Pynidyl
4-Cl-Phenyl
5-CF3-2-Pyndyl
5-Br-2-Pyridyl
5-Cl-2-Pyridyl |
5-Br-2-Pytidyl
5-F-2-Pyridyl
4-F-Phenyl
4-Cl-Phenyli
3-Br-2-Pyndyl

624

Z 2 ZZ 2777 LD 2w 7

N

Z

zZ zZ =z Z

2-Pyrimidinyl CHZCH2CH?2
2-(5-F-Pyrimidinyl)CH2CH?2
2-(5-F-Pyrimidinyl)CH2CH2
2-(5-F-Pyrimidinyl)CH2CH2
2-(5-F—Pyﬁﬁ1idinyl)CH2CH2
2-(5-F-Pyrimidinyl)CH2CH?2
2-(5-Br-Pynmidiny)CH2CH?2
2-(5-Br-Pyrimidinyl)CH2CH?2
2-(5-Br-Pyrimidinyl)CH2CH2
245-Me-Pyrimidiny)CH2CH?2
2-(5-Me-Pyrimidinyl )CH2CH2
2-(5-Me-Pyrimidinyl)CH2CH?2
2-(5-Me-Pyrimidinyl)CH2CH2
2-(4-CF3-Pyrimidinyl)CH2CH?2
2-(4-CF3-Pyrimidinyl)CH2CH?2
2-(4-CF3-Pyrimidinyl)CH2CH2
2-(4-CF3-Pyrimidinyl)CH2CH?
2-(5-Cl-Pyrimidinyl)CH2CH2
2-{5-Cl-Pyrimidinyl)CH2CH2
2-(5-Cl-Pyrimidinyl)CH2CH2
2-(5-Cl-Pyrimidinyl)CH2CH?2
2-(5-Cl-Pyrimidinyl)CH2CH2
2-(5-Br-Pyrimidinyl)CH2CH?2

453.2
457.1
517/519
472.1
464.18
507.14
533/535
517/519
516/518
4534
468.4
513/515
503.4
507.06
521.9
556.95
566/568
489/491
532/534
473

472
438/490
576/578
/580

2

2
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39 1-(4-fluorophenyl)-4-(nmethanesul fonyl)pi perazine N N-SO2 Me s T? ZAUE 2004
solution of 1-(4-fluorophenyl)piperazine (35 g, 194 mvol) and pyrid H

(17-5 m) W@“gﬁw“zdi chl oronmet hane (200 m) at 0C was added wetrfessessdziionyl

chloride (2 , 258 mmol) dropwi se. The m xture was stirred for 3 hours

at roomtenperature. The m xture was washed with water and extracted with
di chl oronethane (2 x 100 m). The organiid® |ayers were dried with MgSO4 and
evaporated in vacuo. The residue was triturated and i o washed wi th net hanol
to give 1-(4--fluorophenyl)-4-(nmethanesul foriyl)piperazine (39.35 g) as

white crystals. 1H NWVR (CDCL3): 7.00 (m 2 90 (m 2H) 40 (m 4H),
3.20 (m A4hl-Phengl (s, ). 7 Bafw%&?‘é%?ﬁ% per azi ne§3é%d’pi2peri di nes
used as starting naterials were is comercially availabl gs are descri bed
in the scientific literature. 1-(6-chloropyrimdin-4-yl)4-nesyl pi perazine

A m xture sqid.Rpdhghl or apyrimydp )’tq{fgtgp{g 1- mesyl pi per azrggyghydr ochl ori de
(55.79) ar?gﬁ trigﬂtlhf/ll anm ne (:{III 16%1?{)M| n et hanol (500mM ) was stirred at

refl ux terpeFpPhemylf or AN ho-Byri@@lifHEHACHAUHE2 was t hen st50Rred & room

tenperature for 12 hours. The sqlid, which h separ at ed, s col |l ected by
filtrati od:BsPhany) washdd w?{'ﬁ'ﬁtﬂﬁ%ﬂlﬂé’ﬁ%’@ﬁﬂ 160m) tt?é%% wi t K di et hyl

ther (15Qnd d dried,to g gl i i di n- 4- yloede
ﬁesslrpi(pe éz-bh%f@geﬂa’ﬁL?%ﬂ%ﬁ#ﬁ'%&fﬁ%@%%%w 2020 Nwés?gé’f‘ws%): 2. 88
(s, 3H), 3.d8pHdyt 4H), N80 LM-FHHmidindACHRCHH) , 8.38 (m723g); 225 nlz

277.3 (Mrl). Using an anal ogous procedure 1-nesyl piperazine hydrochloride,
CAS( 161 38GCBBPHIny] was N eack-6&dFByrimiding)EPBCadRr i at e chl o9pyh i di Re to give

the foll 0\2}r1i_Fn_ghcorrpounds'N 2 %PA\UG Zd%%fa\@gcgﬂ,‘/ 62742 497[8-9-\ 0 R- NN\ § CHO

3,4-di-Cl-Ph N 2-PyrimidinylCH2CH2 489 1
4-Cl-Ph N 2-PyrimidinylCH2CH2 455 1
5-Me-2-Pyridyl N 2-PyrimidinylCH2CH2CH2 449 ]
5-Me-2-Pyridyl N 2-PyrimidinylCH2CH? | 435 1
4-F-Ph N  2-PyrazinylCH2CH2CH2 . 452 1
4-F-Ph N (6-Cl-2-pyraziny)CH2CH2 91-92 2.
4-F-Ph N 5-F-2-PyrimidinylCH(CH3)CH2 143-4 2
4-C1-Ph N  2-PyrazinylCH(CH3)CH2 468 1
4-F-Ph C  5-F-2-PyrimidinylCH(CH3)CH2 469 1

The starting piperazine and piperidine sulphonamides required for the synthesis of

compounds were available commercially or were prepared as shown below:



PCTI GBO1100624 RmM z (M+l1l.) 5-Cl-2-pyridyl 276 5-CF3-2_pyridyl 310 2.0 AUG 7004
5- CN- 2- pyri dyl 267 5-Br-2-pyridyl 320/ 322 2- (4- pi peri di nyl oxy)

-5-chl or opyg i di i) Nail (2.88g, 66mmol, 55% dispersion in nneral oil)
was sti rred‘rvl ﬁ“lgﬁ%“%m (200ml), under Argon. A nixture of 2F§F/GBOI0624

di chl oropyridine (8.87g, 60nmmol) and 4- hydroxypiperidinme (6.67g, 66muol)
di ssolved in dry DMVE (200m) was added tgothe NaH suspension dropw se,
over a period of 30 mnutes. After conplete addition the reaction is
heated to 82C for 48 hrs, nmaintaining the Argon bl anket. The reaction was
slowy io quenched wth water before renoving nost of the THF. Extracted

t he aqueoud-($ifldorppivenyed metiamennlfpmillpipaypeins were dried with Na2SO4 and
evaporated in vacuo to afford 2-(4- piperidinyloxy) -5-chloropyridine as a
yellow oil (12.7g, quantitative). I HNW (DMsO: 8.17 (d, 1H), 7.76 (dd,

IH), 6.81 (d, 1H), 4.96 IH.93 (m 2H), 2.53 (m 2H), 1.91 (in,
2H); 1.46 (m 2H; MF R13. N{8bile 225.3 (MNa+). 15 In an anal ogous
manner 2-(4-pipeiidinylo -5¥b+46m)pyrj di ne was prepared M+ 257.3 20

AUG2004 WO 01! 62742 41 EXAMPLE 4 - resolution PCT/GBOL /00624 N-[(1S)-1-({
[ 4- (5-chl oropyridi n-2-yl) pi perazi no] sul fonyl ) net hyl ) -4-(pyri nudi n- 2-

yb) but vIT -85 Degr ek Rt TR S8 onshypipechzint (3% & 134 mrmol) and pyridine (17.5 ml) in
dry dichloromethane (200 ml) at 0°C was added methanesulfonyl chloride (20 ml1, 258
mmol) dropwise. The mixture was stirred for 3 hours at room temperature. The mixture

. was washed with water and extracted with dichloromethane (2 x 100 ml). The organic

layers were dried with MgSO, and evaporated in vacuo. The residue was triturated and

0 -washed with methano} to give 1-(4-fluorophenyl)-4-(methanesulfonyl)piperazine (39.35 g)
as white crystals.
'H NMR (CDCls): 7.00 (m, 2H), 6.90 (h, 2H), 3.40 (m, 4H), 3.20 (m, 4H), 2.83 (s, 3H).

The aryl/heteroarylpiperazines and piperidines used as starting materials were

15 commercially available or are described in the scientific literature.

1-(6-chloropyrimidin-4-yl)~4-mesylpiperazine
A mixture of 4,6-dichloropyrimidine (39.4g), 1-mesylpiperazine hydrochloride (55.7g) and
triethylamine (116ml) in ethanol (500ml) was stirred at reflux temperature for 4 hours.

20 The mixture was then stirred at room temperatufe for 12 hours. The solid, which had
separated, was collected by filtration, slurry washed with ethanol (2x80ml, 160ml) then
with diethyl ether (150ml), and dried to give 1-(6-chloropyrimidin-4-yl)-4-
mesylpiperazine as a cream solid (71.9g). mp 200-202°C '

NMR (d6-DMSO): 2.88 (s, 3H), 3.18 (m, 4H), 3.80 (m, 4H), 7.04 (s, 1H), 8.38 (m, 1H);

3 m/z277.3 (M+1).

Using an analogous procedure 1-mesylpiperazine hydrochloride, CAS{ 161357-89-7),

was reacted with the appropnate chioropyridine to give the following compounds:



(1) ON~~ 1l DN/ N DH ( O To. the carbamate 1 (3.8g, 5. 66mmr2)gAU52[|m
di ssolved in THE (76nl) was added nethanol (76ml), followed by wat
(38nt), n\g to?fﬁ% bs solution was added |ithium hydroxide mamluaﬂn/aleect
(2.37g 8 After stirring for 2 hours at roomtenperature the 10
solvents mere reaned under reduced pressure and the residue dissolved in
water (250m ), washed with ethyl acet at%ﬂ(zooml) and diethylether (2 x
250m ). Saturated aqueous ammonium chloride was added until the aqueous
| ayer was approximately pH 8 and it was then extracted with

di chl oronet hane (3 x 250ml). The conbi ned di chl oronet hane extracts were
dried (MgSO4) and evaporated to give the product as a white powder (2.2g,
83% . is Chiral HPLC using a/ehi\raﬁpak AS col um showed t he product had
been isolated in 96%e (ReN eved-Eo-Chgve S stereochem stry). Mt (from
Et OH) 124.5-126.5C ; (a]ozs ¥—4 é (NEO—l) NMR CDC13 d 9.9 (br s, | H)*;

8.7 (m 2H-+—85fs—i+Hy~—=8-t , 1“} 80 (s HH T 7 5 (da T
7.2 (m 1H); 6.6 (d, 1H)R49( H) 4.2 (m 1H*;m8M3)5 (m 4H; 3.5
(mlH)*;3432(m4|—1), 3. (mlH) 3129(m3H) 2.0-1.6 (m 20
4H). MB flor C19H750 NEDEPYridet) cal cd 469, found 469. *7fotaneric_signalis
DN NOJO~ON Pnf ._.>n 2 0 AUG 2004 WO 01/62742

5-CF;-2-pyridyl 310

5-CN-2-pyridyl 267

2-(4-piperidinyloxy) -5-chloropyridine

s i) NaH (2.88g, 66mmol, 55% dispersion in mineral oil) was stirred in dry DME (200ml),
under Argon. A mixture of 2,5- d1chloropyndme {8.87g, 60mmol) and 4-
hydroxypiperidine (6.67g, 66mmol) dissolved in dry DME (200ml) was added to the NaH
suspension dropwise, over a penod of 30 minutes. After complete addition the reaction is
heated to 82°C for 48 brs, maintaining the Argon blanket. The reaction was slowly

10 quenched with water before removing most of the THF. Extracted the aqueous with DCM
(x3). The organic layers were dried with Na,SO4 and evaporated in vacuo to afford 2-{4-
piperidinyloxy) -5-chloropyridine s a yellow o1l (12.7g, quantitative).
'"H NMR (DMSO): 8.17 (d, 1H), 7.76 (dd, 1H), 6.81 (d, 1H), 4.96 (m, 1H), 2.93 (m, 2H),
2.53 (m, 2H), 1.91 (m, 2H), 1.46 (m, 2H); MS (ES+): 213.3 (MH"), 225.3 (MNa").

5 .

in an analogous manner 2-(4-piperidinyloxy) -3-bromopyridine was prepared MH-+

257.3 '



42 Step ~'"aH Ni r 0 O PCT/GB01100624 /--\ 0 11 N N N-1: 5 0 ~N W) AuG 2004
(2) To the reverse hydroxamate 2 (18.76g, 40rnrnol) dissolved in

di chl orone Onml) and cooled to OC was added triethyl gm

75m nol ) fé??@ﬁ%zé%gy (4S) - 4-Benzyl 5 2-oxazol i di none- 3-carbony /Bgm(féér%rde
(10.55g, 44mmol ) [ CAS nunber 139149-49-8]. After stirring for 3 hours at -3
- 0C the mxture was washed with water (2b60nl), dried (MSO™), and
evaporated to give a beige foam (27.18). The di astereoners were separated
using preparative hplc eluting with ethyl acetate / EtOH (5% . The nore

pol ar di gEsXSVEPNEY WaSolusighated in 35% yield. M5 for C30H34C N7O/S ( MHH)
cal cd 672 Tound |o 672, Conpound 2 was prepared using the nethods gi ven

i n Examp ST H 469), rnpt 13 1 - 134'C ; NWVR (DMSO) 9.8 (ILH, br 8.7
(2H, rr) é\’é(1§ d (ﬂ‘b(ac&hiorwﬂ@ﬂﬁ-wwpegazmqlSah?m}mefhyl)%(syre@dm 4.1

(1 H br 2.8 (2H, m, 1.8 (4H m 15 2 0 AUG
2004 WO Oﬁlgﬁﬁghﬂpﬁ'gﬁlﬁ%mr 43 EXAI\/PLE 5 In an anal ogous manner to that
given in Exanple 4 the followi ng conmpounds were produced:

o] o]
/ \ N %/\/\/U ci / \ NDN_%:/\:/\/\I[/\Nj

o] =N 0 N, N~

OH
%0 — - C!)r
/-
Ph
(1) Q’%

To the carbamate 1 (3.8g, 5.66mmol) dissolved in THF (76ml) was added methanol
(76ml}, foliowed by water (38ml), and to this solution was added lithium hydroxide
monohydrate (2.37g, 56.6mmol). After stirring for 2 hours at room temperature the

10 solvents were removed under reduced pressure and the residue dissolved in water (250ml),
washed with ethyl aéetate (200ml) and diethylether (2 x 250ml). Saturated aqueous -
ammonium chloride was addéd until the aqueous layer was approximately pH 8 and it was
then extracted with dichioromethane (3 x 250ml). The combined dichloromethane extracts
were dried (MgSQOs) and evaporated to give the product as a white powder (2.2g, 83%).

15 Chiral HPLC using a Chiralpak AS column showed the product had been isolated in
96%ee (believed to have S stereochemustry). Mpt (fromm EtOH) 124.5-126.5°C
[alp” =-17.2 (MeOH); NMR CDCl; d 9.9 (br s, 1H)*; 8.7 (m, 2H); 8.5 (s, LH)*; 8.1 (br
s, LH); 8.0 (s, 1H)*; 7.5 (dd, 1H); 7.2 (m, 1H); 6.6 (d, 1H); 4.9 (m, 1H)*; 4.2 (m, 1H)*;
3.7-3.5 (m, 4H); 3.5 (m, 1H)*; 3.4-3.2 (m, 4H); 3.3 (m, 1H)*; 3.1-2.9 (m, 3H); 2.0-1.6 (m,

20 4H). MS for CgH25CINO.S (M+H) calcd 469, found 469.

* rotamenc signals



[ 4- (5- bronopyridin-2-yi)piperazi. aonquonyI}rreth )-4- (p}rDéUp]Z[lﬂl.

(19)-1-((

- yl) b utylls dygr oxyformamde ~~-~ ONNS N=N%-/ O Tmlms d
11.9 (br.s, 1H*; 8.5 (s, 1H*; 8.5-8.4 (m IH; 82 (m IH; 8.1 (s, 1H*;
7.8-7.7 (m 1H; 7.6 (m 1H); 7.3-7.2 (m 2H); 6.6 (m | H); 5.0-4.9(m
IH*; 4.3-4.2 (m 1H*; 3.7-3.6 (m 4H423.6 (m 1H*; 3.4-3.3 (m 4H);
3.3 (m 1H)*; 3.1 (dd, 1H*, 2.9 (m 1H*22.9-2.8 (m 2H); 2.1-1.6 (m
4H). M5 for C20H26Br N6O4S (MtH) ca.lcd 514, found 514. 15 * rotarneric
signals [$¢p2b = _14 (c=2.3, MeOH) The racemic starting material was
prepared using the method given in Exanple 2. MtH = 512/514 20
N-[(1S)-1-({[4-(5- chI oroopyrldln 2-yl) pi perazi ;q!s@ng'l}methyl) 3-(5-

fl uoropyri yfor 2004 WO
01/ 62742 PCT/ 1/@9624 I—}L NVR (EEB% 373K) M4 2
H, 8.10 (d, i H J= 2.6 [zl 8.05 (br s, , 7.57 (dd, i%j J':9.1 2.6
Hz), 6.86 (d, 1 H J = 9% Hz), 4.407Hr s. 1 ,359&(1 H J =5.3
5.0 Hz), 3.47 (dd, | H J = 14.6, 7.4 Hz), 3.28 (dd, 4 5.3, 5.0 Hz),
3.24 (dd, 1 H J #2014.62 4.3 Hz), 2.93 (m 2H) 216(m°2 .5NB
(ESI): 473 (MH) ad = -11.03 (MeOH, ¢ = 1.242 ). The racernic starting

mat eri al v@sthprrféﬁaﬁféwdﬂw%ﬁﬁl(@ 762, MO dliﬂc(l‘{eci 1 dichlgrpmsteph 613PAmIpi per a
zinoJsul f Oarlll lc})olett:l b‘)C wag Qé{éedm tne{byla%nxe zlkbuiz%fll I75rn.mol) followed by (4S)-4-Benzyl-

5 2-oxazolidinone-3-carbonyl chloride (10.55g, 44mmol){CAS number 139149-49-8]. After
stirri.r‘)g for 3 hours at -3 - 0°C the mixtre was washed with water (250ml), dried
(MgS04), and evaporated to give a beige foam (27.1g). The diastereomers were separated
using preparative hplc eluting with ethyl acetate / EtOH (5%). The more polar
diastereomer was 1solated in 35% yield. MS for C33H;34CIN;O;S (M+H) cated 672, found

10 672

Compound 2 was prepared using the methods given in Example 2: (M+H 468), mpt 131-
134°C ; NMR (DMSO) 9.8 (1H, br), 8.7 (2H, m), 8.3 and 7.9 (1H, s), 8.1 (2H, s}, 7.6 (1H,
m), 6.9 (1H, m), 4.1 (1H, br m), 3.6 (4H, m), 3.2 (6H, m), 2.8 (2H, m}, 1.8 (4H, m)

k3



io N hydroxyformarnide 0 N NS it O --"YI N~) N, ,~ MH 452. 44; NW%@%”H@
d 99 (br s, 1H*; 8.7 (m 2H); 8.5 (s, IH*; 8.05 (s, 1H*;, 7.2

7.0-6.9 (i 9(m||—|)*;4.2(m1|—|)*,3534(|
1H) *: 3. 2- %0%5%1744 3.3 (m 1H)*: 3.1-2.9 (rn, 3H: 2.0- fcgg’(’é“(’m
* rotameric S|gnals The racernic starti ng material was prepared using the
met hod given in Exanple 3. NVMR (DVSO) 1040 (1 H, br s), 8.6 (2H nm, 8.2
(1 H d), 722 (1 H m, 6.9 (44 m, 4.9 and 4,2 (IH br), 3.4 (6H m,
3.0 (6H, rn), 1.9 (4H, m. 20 20 AUG 2004 WD 01/ 62742 PCT/ GBOL/ 00624 45
EXAMPLE 6 - chromatographic resolution i NJ[(1S)-1-({

[ 4- (5- chl orEoR&MBILE-D- y| ) pi per azi no] sul fonyl } et hyl ) - 3- (pyri ni di n- 2-
yl)propyl] N hydroxyformam de and N [(1R)-1-({[4-(5-chloropyridin-2 5
yl) pi perazi uo] sul fonyl } met hyl ) - 3- (pyri m di n-2-yl ) propyl ] - N- hydr oxyf or mar ni d

eC O N %%niﬁalgggﬁsj\fn}nner to that given in Example 4 the following compounds were

oroduced:

N-[{18)-1-({[4-(5-bromopyridin-2-yl)piperazino|sulfonyl} methyl)-4-(pyridin-2-
yl)butyl]-V-hydroxyformamide

10 NMR CDCl;d 11.9 (brs, IH)*; 8.5 (s, 1H)*; 8.5-8.4 (m, 1H); 8.2 (m, 1H); 8.1 (s, 1H)*;
7.8-7.7 (m, 1H); 7.6 (m, 1H); 7.3-7.2 (m, 2H); 6.6 (m, 1H); 5.0-4.5 (m, 1H)*; 4.3-4.2 (m,
1H)*; 3.7-3.6 (m, 4H); 3.6 (m, 1H)*; 3.4-3.3 (m, 4H); 3.3 (m, 1H)*; 3.1 (dd, 1H)*, 2.9 (m,
1H)*, 2.9-2.8 (m, 2H); 2.1-1.6 (m, 4H). MS for CyoH2sBrNsO.S (M+H) caled 514, found
514

15 * rotameric signals
[a]p? = -14 (c=2.3, MeOH)

The racemic starting material was prepared using the method given in Example 2. M+H =
512/514.

20 N-[(18)-1-({[4-(5-chloropyridin-2-yl)piperazino}sulfonyl} methyl)-3-(5-
fluoropyrimidin-2-yl)propyl}-N-hydroxyformamide '

F
Né\/r
0 |
=N

\ / Il



OO0 /-\V 11 N-/NS 11 N Qo QN 2.0 AUG 2004
1- ({[4-(5-chl oropyridin-2-yl) pi perazi no] sul fonyl }

met hyl ) - 3- {oygileptdi n-2-yl) propyl ] -N- hydroxyformam de prepapew/dnoraogaceni ¢
~formwas separated into single enantionmer fornms to by chromatographic
separation on a colum packed with Chiral pak AD No. ADOOCJ] HKQ02 and el uted
with ethanol. Biological activity lies fh the compound el uted second from
the columm - assuned to have S stereochem stry. Is enantioner eluted M+
455. 15 2nd enantioner eluted M+ 455. The racemic starting material was

repared using the net iven.in . 2 = 455 IV 9,9,
0 6 (IH bill swﬁr%twg%gcf?#? 9&4‘.“@5%%3%%; EW@F"?&% ¥ I\—/?‘d§ %930’( B

, 6.9 (1H, PN L , , 4376 , - ,
25 20 (ou RS PR/ SRR B U o) SEA B GediPutiens Bb
EXAVPLE 7441 fau § hes. oeNanplggdafl Bhryenst§granb), 6.28qdd) 41t g STB5.0 6d),dikhg
conpounds were resolved using the conditions given in Exanple 6: 5 N[(1 S
Y io- ({ [dE; ( H, AT 14.6, 63 Haed 95/ (py? Hdi 16 (my2 H). pi perazin of sul fonyl }reth

yl)-3- (pyrimdia-2-vyl)propyl]-N hydroxyformam de and N-[(1R)-1-({[4-(5-
triflubroXﬁ@ﬁl,}iﬁ:"Mmg-yl) pi perazi no] sul fonyl { nethyl)-3-(pyrimdin-2

-yl) propyll s l¥EEox Ll 0i4pgm de

The racemic starting material was prepared in Example 2.

N-[(18)-1-({ [4-(4-fluorophenyl)piperazino]sulfonyl} methyl)-4-(pyrimidin-2-yhbutyl]-
o N-hydroxyformamide

O

N N
F—@—N N—g’““:/ R
N/ s o

M+H 452.44; NMR CDCl; d 9.9 (br s, 1H)*; 8.7 (m, 2H); 8.5 (s, LH)*; 8.05 (s, 1H)*; 7.2
(m, 1H); 7.0-6.9 (m, 4H); 4.9 (m, 1H)*; 4.2 (m, 1H)*; 3.5-3.4 (m, 4H); 3.5 (m, 1H)*; 3.2-
s 3.1{m, 4H); 3.3 (m, 1H)*; 3.1-2.9 (m, 3H); 2.0-1.6 (m, 4H).
* rotameric signals
The racemic starting material was prepared using the method given in Exarnple 3. NMR
(DMSO) 10.0 (1H, br s), 8.6 (2H, m), 8.2 (1H, d), 7.2 (1H, m), 6.9 (4H, m), 4.9 and 4,2
(14, br), 3.4 (6H, m), 3.0 (6H, m), 1.9 (4, m).

20



10 ONI ~N N5 L~ OO0'NO Is enantioner eluted MrH 489.5. 2'd enaptAgen
eluted MrH 489.5. 15 The racem c starting material was prepared in Exarrpl e
3. 2 0 AUG 2004 WD 01/ 62742 PCT/ GBOL100624 47 N [(1S)-1-({

[ 4- (5- br on¥BIFXIA%- 2-yI ) pi perazin o] sul fonyl} nethyl)-4- (p§FTPRBCIHISA! 2-
yl)butyl]-N-hydroxyformam de and N-[(1R)-1-({ [4-(5-bronopyridin-2-

yl ) pi perazi no} sul fonyl }nethyl)-4-(pyrigg di n-2-yl)butyl)-N-hvdroxvformam de
/-\ oN NNs O NNO15NNSI + --/ 011 'NN O) OOONI "
enantiomer eluted MrH 513/515,

EXAMPLE 6 - chromatographic resolution

N-[(18)-1-({[4~(5-chloropyridin-2-yl)piperazino]sulfonyl} methyl)-3-(pyrimidin-2-
yDpropyl]-NV-hydroxyformamide aad V-{(1R)-1-{{{4-(5-chloropyridin-2-
3 yl)piperazino]sulfonyl}methyl)—3—(pyrimidin-2-yl)propyl]-N-hydroxyformamide

cl N Ne N
— s A
i o]
' |
7 N W& ¥, + —/ 9 /\/u
“ =N N¥—*NB N a— Ny N'é/\["l\/k‘u
D’Nl B . —N' \._._/ o ,N

N-[1-({[4-(5-chloropyridin-2-yl)piperazino}sulfonyl} methyl)-3-(pyrimidin-2-yl)propyl]-N-

hydroxyformamide prepared in a racemic form was separated into single enantiomer forms
10 by chromatographic separation on a column packed with Chiralpak AD No. ADO0CJ-

HK002 and eluted with ethanol. Biological activity lies in the compound eluted second

from the column - assumed to have S stereochemistry.

1* enantiomer eluted MH+ 455.
15 2" enantiomer efuted MH+ 455.

The racemic starting material was prepared using the method given in Example 2.

MH+ = 455. NMR (DMSO) 9.9, 9.6 (1H br s), 8.6 (2H, m), 8.3 and 7.9 (1H, s), 8.1 (1H,
dd), 7.3 (1H, m), 6.9 (1H, d), 4.7 and 4.2 (1H, broad m), 3.6 (4H, m), 3.4-3.2 (6H, m), 2.8
20 (2H,m), 2.1 (2H, m).



2d enantionmer eluted MtH 513/515. The racem c starting materi al Wa;s/\ZDU AUG 7004
prepared using the nethod outlined in Exanple 2: MrH 513/515. to

01/62742 48 EXAMPLE 8 The foll owi ng conpounds were prepared 4

PCT/ GBO1/ 0WE&M/62742_N\ SO ~ RL B 2 5N HOB ECHO Pr epar ed Bxﬁﬁg’cﬁﬁﬁh“g?%g

met hod in Exanple 10(5-Cl-2- C2-Pyrim di nyLCH2CH2CH2 4844 pyri dyl ) oxy(S
enantioner) 5-CF3-2-Pyridyl N2-Pyrim di nyl4gH2CH2CH2141- 503 (S enanti oner) 142
4- F- Phenyl N2- (5- F- Pyri m di nyl ) CH2CH2456. 246** 15(S enanti omer)

4- F- Phenyl N2- (5- F- Pyrirni di nyl ) CH2CH2456. 22 4- Br - PhN2- Pyr azi nyl CH( CH3) CH2

EXAMPLE 7 - further examples of cairomatographic reselution

The following compounds were resolved using the conditions given in Example 6:

N-{(1S)-1-({{4-(5-trifluoromethylpyridin-2-yl)piperazino]sulfonyl} methyl)-3-
(pyrimidin-2-yl)propyl]-/V-hydroxyformamide and N-[(1R)-1-({{4-(5-
trifluoromethylpyridin-2-yl)piperazino]sulfonyl}methyl)-3-(pyrimidin-2-yl)propyl]-/v-

hydroxyformamide

1*! enantiomer eluted M+H 489.5.
2 enantiomer eluted M+H 489.5.

t5  The racemic starting material was prepared in Example 3.



5121 m xed di astereoners 3:1 (A:B) 4-Cl-PhC2-Pyrazinyl CH( CH3) CH2 46Z U200
Di ast ereonmer A 4-d - PhC2- Pyrazi nyl CH(CH3) CH2 4671 ni xed di ast er eone 3“1522
(A B) 4-Br-Wo@nskypazi nyl CH(CH3) CH2 5111 mi xed di ast er eoner s pgricEetioie

5- Cl- 2- Pyri dyl N5- F- 2- Pyri uli di nyl CH(CH3) CH2 4871 m xed di astereoners 1:2
(A:B) 4-Cl-PhN5-F-2--Pyrimdinyl CH(CH3) CH2157-91 20 AUG004 WD 01/ 62742
PCT/ GB01/ 00624 49 4-Cl - PhNDi ast ereonmer A 464-7 5-F-2-Pyrim di nyi CH( CH3) CH2
4- Br - PhNDi ast ereoner B 167-91 5-F-2-Pyrirnidi nyl CH( CH3) CH2

4- Br - PhNDi ast er eoner A 183-51 5-F-2-Pyri m di nyl CH( CH3) CH2

4- Cl - PhCDi I 95- 8l rimdin ( CH3) CH
aﬁ’ ﬁS?cin& FS %romopyndﬁl g-y pqlaeranlnof;ulfonyl}m)ethyl)—4 -(pyrimidin-2-
yhbutyl]-V-hydroxyformamide and N-[(1R)-1-({[4~(5-bromopyridin-2-
yl)piperazino}sulfonyl} methyl)-4-(pyrimidia-2-yl)butyl]-N-hydroxyformamide

o
=N 0 O’N N\)
7
a
| N\ N ~ %
s'_C>'N N-SW X 7N _n N N
=N N/ ('Zl) A NI\) + BrQN N ﬁ/\' V\Ir R
o~ \" o o N. =
b 1

{* enantiomer eluted M+H 513/515.

2™ enantiomer eluted M+H 513/515.

The racemic starting material was prepared using the method'outlined in Example 2: M+H
513/515.

10



4-Cl - PhCDi ast ereoner A 155-8l 5-F-2-Pyri m di nyl CH( CH3) CH2 2 0 AUG 2004
3,4-di -C -PhNDi astereoner B 172-31 5-F-2-Pyri m di nyl CH( CH3) CH2

. 3, 4- di - Cl WRhND2Z482t er eoner A 172-31 5-F-2-Pyri ddi nyl CH( CH3)PCHi#GB01/00624
5-CN- 2- Pyri dyl NDi ast ereoner B 4781 5-F-2-Pyrim di nyl CH( CH3) CH2

4- F- PhNDi ast ereomer A 4707 (S) 5-F-2- Pyyd mdinyl CH(CH3 )CH2 4-F-PhN(S
enantioner) 4524 (R ' S)-Pyrazinyl CH CH3)CH2 (S enantioner) In the above
Tabl e: ** indicates the conpound (S enantioner) prepared by the nmethod in
Exanple 6 using colum Chiral pak AD (250mx4. 6rnm No. ADooCE-JJ122 and
el uent MeGrikWBVEMNLEIH/ 85-1 2 0 AUG 2Dad4 WO 01/ 62742 PCT/ GBOL/ 00624 50

D astereoners A and B refer to the order of elution froma silica colum
el ut ed w tThelfollowing compounds were prepared

/N R1
B—X N—sd?j/
__/ N

HO  "CHO ;
5
B X Ri1 : mpt M+H  Prepared
using J
method in
Example
10 (5-Cl-2- C  2-PyrimidinylCH2CH2CH?2 484 4
pyridyloxy (S enantiomer)
5-CF3-2-Pyridyl N 2-PyrimidinylCH2CH2CH?2 141- 503 4
(S enantiomer) 142 |
4-F-Phenyl N  2-(5-F -Pyﬁmjdiﬁyl)CHZCHz 456.24 6%
15 (S enantiomer)
4-F-Pheny! N 2-(5-F-Pyrimidiny])CH2CH2 456.2 2 ‘
4-Br-Ph N  2-PyrazinylCH(CH3)CH?2 ' 512 I
mixed diastereomers 3:1 (A:B)
4-Cli-Ph C  2-PyrazinylCH(CH3)CH2 467 1
Diastereomer A
4-Cl-Ph C  2-PyrazinylCH(CH3)CH2 467 1
mixed diastereomers 1:2 {A:B)
4-Br-Ph C  2-PyrazinylCH(CH3)CH?2 ' 511 1

mixed diastereomers 3:1 (A:B)
5-C1-2-Pyridyl N  5-F-2-PyrimidinylCH(CH3)CH?2 487 1
mixed diastereomers 1:2 (A:B)

4-Cl-Ph N  5-F-2-PyrimidinylCH(CH3)CH2 157-9 1



5% et hanol in dichloronethane (diastereoner Ais the first fraction t(f 6 2004
elute, diastereorner B the second). 5 EXAMPLE 9 W provide NWR datz; Alrj

t he foIIovvgN;w ounds listed in Exanple 8 N[(I S)-1-({ T/GB01/00624

[ 4- (5- trlfluo?lgf’r%req?’hyl pyri di n-2-yl ) pi perazi no] sui fonyl } net PIc)- - |[o
(pyrimdin-2-yl)butyl] -N hydroxyformam de N~ SNO- Nf NNW CDCL3 S

10.1 (br s, 1H)*; 8.7 (rn, 2H); 8.5 (s, 419H)* 8.4 (br s, 1H); 8.1 (s, IH*;
7.7 (dd, 1 H; 7.2 (m | H; 6.7 (d, | H; 49 (m | H* 42 (m 1 H*;
3.9-3.7 (m 4H); 3.6 (m 15 1H)*; 3.4-3.2 (m 4H); 3.3 (m IH*; 3.1-2.9
(m 3H); 2.0-1.6 (m 4H). * rotameric signals. N-({
[ 4- f | uor ophenyl pi i per azi no] SULSHIEPPES fret hyl ) - 3- [ (5-f | uor opyri mi di n-2-yl ) pro
pyl ] - N-hvd vformam de, 20 )(%O 3K) : 9.46 (br s, |
H, 8.73 LF éh 08t 08" ml\ﬂ’ymldmllgg 7 16575 5 (dd, 3= 14’8,
7.5 He. IH), 3. 35 (m 4H), @nzc,%ere&qeré 8, 4.4 tg, 1, 3.18 (m 4H)
2.97 (m 2H), 2.21 (m 2H. | 2 0 AUG 2UU VO 01/ 62742 PCT/GBO/00624 51
4-Br-Ph N 5-F-2-PyrimidinylCH{CH3)CH2 167-9
Diastereomer A
4-Br-Ph N 5-F-2-PyrimidinylCH(CH3)CH2 183-5 1
Diastereomer B
4-Cl-Ph C 5-F-2-PyrimidinylCH{CH3)CH2 195-8 |
Diastereomer A
4-Cl-Ph C 5-F-2-PyrimidinylCH(CH3)CH2 155-8 l
Diastereomer B
3,4-&1-Cl-Ph N 5-F-2-PyrnimidinylCH(CH3)CH2 172-3 1_
Diastereomer A
3,4-di-Cl-Ph- N  5-F-2-PyrimidinylCH(CH3)CH2 172-3 -1
Diastereomer B
5-CN-2-Pyridyl N 5-F-2-PyrimidinylCH(CH3)CH2 478 1
Diastereomer A
4-F-Ph N (S) 5-F-2- 470 7
PyrimidinylCH(CH3)CH2
(S enantiomer)
4-F-Ph N (R,5)-PyrazinylCH(CH3)CH2 452 4
(S enantiomer)
In the above Table:

** indicates the compound (S enantiomer) prepared by the method in Example 6 using

column Chiralpak AD (250mmx4.6mm) No. ADooCE-JJ122 and eluent MeOH/MeCN
15/85;



N[(1R or 1.S)-({[4-chl orophenyl pi perazi no] sul phonyl } met hyl )-3-[ (3R (ﬁr -
3S)-(5- flu oropyri mdin-2 -yl) butyl] -N hydroxyfornmam de (single 20 AUG 2004

di astereo% , CNI10 M |i NHS O d 1H NWR (CDCl13) feriambpomes in
appr oxi mat y equal proportions): 8.72 (s, 0.5H), 8.57 (d, 2H), 8.25 (s,
0.5H), 7.89 (s, 0.5H),-7.23 (dd, 2H), 6.83 (dd, 2H), 4.94 (seat, 0.5H),
4.30 (m O0.5H), 3.57 (dd, 0.5H), 3.44 (®0 2H), 3.37 (m 2.5H), 3.16 (m
5.5H), 3.02 (dd, 0.5H), 2.52 (ddd, 0.5H), 235 (ddd, 0.5H), 2.02 (dt,
0.5H), 1.89 (ddd, 0.5H), 1.40 (dd, 3H); to N-[(1R or

1) - ({ [ 4- br omopheny! pi per azj no] sul phonyl } met hyl ) - 3-[ (3R or 3S)-- (5-

f1 uor opyri m dDresgergompngtsyand Wh@?ﬂ%%?fﬂéfﬁmehéw@s&%%ﬂ’&ﬁ 5@&%@#@ m}h Mo N

Na F 1H NIVR 13 r r oxi oortlons 872
(s 0. 5y ot ssheneln fienpgme ot iaslergliby X T RisGirk B s LRB0 s

6. 80 (dd, él;% s%nﬁé (sext 0.5H), 4.30 (m 0.5H), 3.57 (dd, O. 5H) 3. 44
(zm 2H), ¥4 )2 3.16 (m 5.5H), 3.02 (dd, 0.5H), 2.52 (ddd,
0.5H), 2.35 (ddd, O. 5H) '2.02 (dt, O5H), 1.89 (dt, 0.5H), 1.40 (dd, 3H); 2
0 AUG 2004 WO 01/62742 PCT/ GBA /00624 52 NN[(IR or 1S)-({]

4-chl orophenyl pi peri di no] sul phonyl }met hyl )-3-[ (3R or 3S)-(5-

fluoropyrimdin-2-yl)butys]-N hydroxyforram de (single diastereoner A CY |
H NWVR (CDCM%&LZM ners in approxi mately equal proportions): 8.69 (s,
0.5H), 8.57 Ha P@M&Sda(@f Qhesf&lo chB&xﬁ @urQlfsWed il EAdmpRiyscuUred), 7.13
(dd, 2H). 9(fq’ réxte . % v B 5 bR (dd,

0.5H), 3.35 (dd, 0.5H), 3 18 (n 1 5H) 3 00 (dd
N-[(1S)-1-({[4-(5-trifluoromethylpyridin-2-yl)piperazino|sulfonyl} methyl})-4-
v (pyrimidin-2-yDbutyi]-V-hydroxyformamide

FF — O

y'_@"‘l N"‘S?\/\_/\/YN\

PO
NMR .CDC13 8 10.1 (brs, 1H)*; 8.7 (m, 2H); 8.5 (s, 1H)*; 8.4 (brs, 1H): 8.1 (s, 1H)*; 7.7
(dd, 1H); 7.2 (m, 1H); 6.7 (d, LH); 4.9 (m, 1H)*; 4.2 (m, 1H)*; 3.9-3.7 (m, 4H); 3.6 (m,

s 1H)*; 3.4-3.2 (m, 4H); 3.3 (m, 1H)*; 3.1-2.9 (m. 3H); 2.0-1.6 (m, 4H). * rotameric signals.

N-({{4-fluorophenylpiperazino|sulphonyl}methyl)-3-[(3-fluoropyrimidin-2-yl)propyi}- '

N-hydroxyformamide

O

® g NMR (DMSO, 373K) : 9.46 (br s, 1 H), 8.73 (s, 2 H), 7.08-6.96 (m, 4H), 4.42 (br's,
1H), 3.50 (dd, J = 14.8, 7.5 Hz, 1H), 3.35 (m, 4H), 3.28 (dd, /= 14.8, 4.4 Hz, 1H), 3.18

{m, 4H), 2.97 (m, 2H), 2.21 (m, 2H).



0.5H), 2.85 (m 2H), 2.55 (m 1.5H), 2.35 (ddd, 0.5H), 2.06 (dt, 0'5‘@&%2004
1.88 (m 2.5H), 1.7 (obscured), 1.40 (dd, 3H); 10 N[(IR or

1S)- ({[ 3, 4-di chl or ophenyl pi per azi no] sul phonyl } net hyl ) -3-{(3R or 3S)-(5-

fl uoropyri ma@éme224/1 ) but yl ] - N- hydr oxyf or mam de (singl e di astPiTEeRir0081 15
1H NMR (CDCI 3) (2 rotaners in approxi mately equal proportions): 8.62 (s,
0.5H), 8.55 (d, 2H), 8.22 (s, 0.5H), ?1 , 0.5H), 7.28 (m IH, 6.95
(m 1H), 6.73 (m 1H), 4.92 (sext, O. 5H) 4.30 (m 0.5H), 3.57 (dd, 0.5H),
3.44 (m 2H), 3.37 (m 2.5H), 3.16 (m 5.5H), 3.02 (dd, 0.5H), 2.52 (ddd,
0.5H), 2.37 (ddd, 05H) 2.04 (dt, 0.5H), 1.89 (dt, 0.5H). 1.40 (dd, 3H);

20 2 0 AUG [

1S)-((14- (é\?g@glno%\%? %ﬂ)%?é pI 6 égz 2%’?sul gﬁ%ﬁr\@ r)ﬁg@g’ph3 KSR %r ?ts()S(R or 39S)-
(5-fluor Op)ﬂddi“bﬁ ﬂnﬁdtﬁ' 2%bﬁﬂl}-N-hyﬂk@yydmmﬂ‘e (kinglsldmkﬁedmstqgr eorner A)
0 Ok NO O IHNWR (CDC13) (2 rotaners in approximtely equal
‘proportions): 8.72 (s, 0.5H), 8.55 (s, 2H), 8.41 (s, IH), 8.22 (s, 0.5H),
7.86 (s, 0.5H, 7.65 (m I H, 6.61 Pdd 1H, 4.92 (m 0.5H), 430 (m
0.5H), 3.78 (m 4H), 3.57 (dd, 0.5 k368(m 2H) , 330(m 2.5H), 3.16

(m 1.5H), 3.02 (dd, 0.5H), 2.52 (r 05H)Me2 37 (m 0.5H), 2.04 (dt,
0.5H), 1.84 (dt, 0.5H), 1. 4ogedqh M{*
1S)-(([4-(4-i1uorophenyl pi perazi nOcsul phonyll} meg hyl)-3-[(3S)-(5-- fluoro

pyrim din-2-yl1)butyl]-NHh{& uyi/grmamde is (DVBO-d6): 9.9, 9.53
(2s, 1H), 8.78 (s, 2H), B (d, 1H), 7.12-6.91 (m 4H), 4.8, 4.17 (2s,
1H), 3.13 (m 4H), 3. (mIH, 1.86 (m 1H, 1.22 (m 3H).

s |H NMR (CDCI3) (2 rotamers in approximately equal proportions): 8.72 (s, 0.5H), 8.57
(4, 2H), 8.25 (s, 0.5H), 7.89 (s, 0.5H), 7.23 (dd, 2H), 6.83 (dd, 2H), 4.94 (sext, 0.5H), 4.30
(m, 0.5H), 3.57 (dd, 0.5H), 3.44 (m, 2H), 3.37 (m, 2.5H), 3.16 {m, 5.5H), 3.02 (dd, 0.5H),
'2.52 (ddd, 0.5H), 2.35 (ddd, 0.5H), 2.02 (dt, 0.5H), 1.89 {ddd, 0.5H), 1.40 (dd, 3H);

10 N-[(IR or 1S)-({[4-bromophenylpiperazinojsulphonyl}methyl)-3-[(3R or 38)-(5-
ﬂuuropyri:njdin—Z—yl)butyl]—N—hydmxyfmjmamide (single diastereomer A)

1H NMR (CDCI3) (2 rotamers in approximately equal proportions): 8.72 (s, 0.5H), 8.57

s {d, 2H), 8.25 (s, 0.5H), 7.89 (s, 0.5H), 7.38 (dd, 2H), 6.80 (dd, 2H), 4.54 (sext, 0.5H), 4.30
(m, 0.5H), 3.57 (dd, 0.5H), 3.44 (m, 2H), 3.37 (m, 2.5H), 3.16 (m, 5.5H), 3.02 (dd, 0.5H),
2.52 (ddd, 0.5H), 2.35 (ddd, 0.5H), 2.02 (dt, 0.5H), 1.89 (dt, O.SH), 1.40 (dd, 3H);



2 0 AUG 2004 WO 01/62742 PCT/ GBOL/ 00624 54 EXAMPLE 10 1-({ ALG 2004
[ 4- (4-chl orophenyl ) pi perazi n-1-yl]sul fonyl)xnethyl)-3-(5-chi oropyri (}l% %G
yl) propyl ( formamde G O )-NNS/ ONHOt 10 5 acid
(400 I, Qé%&@%%} at 0 C was added acetic anhydride (102 dPETK%ﬁmﬁ%%f) and
t he nlxture was then stirred at RT for 15 mnutes. The m xture was then re-
cooled to 0 C, and a sol ution of 52

1- (4-chl orophenyi)-4-{[4-(5-chl oropyridin-3-yl)-2-

(hydr oxyam no) butyl ] sul f onyl } pi perazine (100 ng, 0.22 mmol) in THE was

added i o dropw se via syringe. After stlrrlgg}at RT for 1.5 hours,
vol ati | es Mel(tRoshS¥-6H 4-ehlorenrhsnyipiperidigalsu w&mﬁbyaéeﬁékdrre}ﬁ)vﬁbth

t ol uene (2 L The, resl n di.ssol ve hanol ) and
Stirred st eyt RO R e e BaRt minal

evapor ated, and the residue dissolved in nethanol (O. 5 m.). Diethyl ether
(5 m.) was then added and the cl qudy suspension stirred at RT for 1 hour.
The solid that precipitated was |s[f|&,tered washed with diethyl ether and

dried in vacuo, to glvethetltlﬁcrrp nd as an off- white solid (48 ng,

0.099 mol ). 1HNNR(DIVBO S5, S, 1 H, 8.43 (d, 1 H, 8.41
(d, | H), 8.17 (br s, 7.760(dd, | \;1.25 (m 2 H, 6.96 (m 2H),
4.35 (br s, 1H), 3.49 ., 3.34 (m F

cl
s THNMR (CDCIS) (2 rotamers in approximately equal proportions): 8.69 (s, 0.5H), 8.57
(d, QH), 8.25 (s, 0.5H), 7.89 (s, 0.5H), 7.27 (obscured), 7.13 (dd, 2H), 4.91 (sext, 0.5H),
4.30 (m, 0.5H), 3.87 (m, 2H), 3.57 (dd, 0.5H), 3.35 (dd, 0.5H), 3.18 {m, 1.5H), 3.00 (dd,
0.5H), 2.85 (m, 2H), 2.55 (m, 1.5H), 2.35 (ddd, 0.5H), 2.06 (dt, O.SH), 1.88 (m, 2.5H), 1.7
(obscured), 1.40 (dd, 3H); | |

-N-{(1R or 18)-({[3,4-dichlorophenylpiperazino|sulpbonyl} methy1)-3-{(3R or 35)-(5-
fluoropyrimidin-2-yl)butyl]-N-bydroxyformamide (single diastereomer A)

1s  1HNMR (CDCI3) (2 rotamers in approximately equal proportions): 8.62 (s, 0.5H), 8.55
(d, ZH), 8.22 (s, 0.5H), 7.86 (s, 0.5H), 7.28 (m, 1H), 6.95 (m, 1H), 6.73 (m, 1H), 4.92
(sext, 0.5H), 4.30 (m, 0.5H), 3.57 (dd, 0.5H), 3.44 (m, 2H), 3.37 (m, 2.5H), 3.16 (m, 5.5H),
3.02 (dd, 0.5H), 2.52 (ddd, 0.5H), 2.37 (ddd, 0.5H), 2.04 (dt, 0.5H), 1.85 (dt, 0.5H), 1.40
(dd, 3H); '

20




H, 3.25 (m 5H), 2.67 (m 2 H, 2.02 (m 2 H. 20 M5 (ESI): 487.06, 1 pue i
48904, 490.08 (M 2 x O) 2 0 AUG 2004 WD 01/ 62742 PCTI GBOLT 00624 s5A4HY

starting material was prepared as follows: (i) ethyl

3- (5- chl or eystiediqr- 3-yl )propanoate CI N/ OEt 0 5 To a sti PEESBIYIAF on of
ethyl (2E)-3-(5-chloropyridin-3-yl)prop-2-enoate (338 ng, 1.6 mmol) [CAS
nunber 163083-45-2] in dry ethanol (10 n;?) at 0 C under an atnosphere of
argon was added solid sodi um borohydride (67 ng, 1.75 mol). The reaction
m xture was allowed to warmto roomtenperature and stirred for four
hours, whereupon additional sodium borohydride (67 ng, 1.75 mol) was

~added. Afmlli{bé#{ %%?F@H—?é—cﬁ%ﬁo@?ijﬁiﬁ-@gﬁmy&ﬁingwu dW}lHie‘ih 5L BRIGBS)-

aqueous a I on was added. = Vol a iles were

renoved i R5\MRGWEpyramidiahE y)DE ALY -Badroiy foomachite (simgte divatezeoreOANL) and
et hyl acetate (10 rnL). The layers were separated and the aqueous phase
extracted with ethyl acetate (3 x 10 nlL). The conbi ned organic extracts
were then dried (MgSN, filtered @mnd concentrated in vacuo. Flash

chromat ography (silica gel, 20%otoniD@% ethyl is acetate in hexane) gave
the title conmpound (132 ng, @% I t he saturated al cohol (70 ng).
"H NVR (CDCI3) : 8.43 (m 1\|—|)/;0834( H) 7.55 (m 1H), 4.16 (q, 2H),
2.96 (dd, 2H), 2.63 (dd; 20 (i)

| -}[4-(4-chl or ophenyl azin-1-yllsul fonyl }-4-(5-chl oropyri di n- 3-
yl)butan-2-one d C~0 N NS

s 1H NMR (CDCI3) (2 rotamers in approximately equal proportions): 8.72 (s, 0.5H), 8.55 (s,
2H), 8.41 (s, 1H), 8.22 (s, 0.5H), 7.86 (s, 0.5H), 7.65 (m, 1H), 6.61 (dd, 1H), 4.92 (m,
0.5H), 4.30 (m, 0.5H), 3.78 (m, 4H), 3.57 (dd, 0.5H), 3.38 (m, 2H), 3.30 (m, 2.5H), 3.16
(m, 1.5H), 3.02 (dd, 0.5H), 2.52 (m, 0.5H), 2.37 (m, 0.5H), 2.04 (dt, 0.5H), 1.84 (dt, 0.5H),
1.40 {dd, 3H);

10 -

N-[( 1S_)-({[4-(4—1111orop_henylpiper_azino]su!phonj‘l}methyl)—BQ[( 38)-(5-
fluoropyrimidin-2-yl)butyl]-N-hydroxyformamide

(\
)
ol

s 1H NMR (DMSO-d6): 5.9, 9.53 (2s, LH), 8.78 (s, 2H), 7.98 (d, 1H), 7.12-6.91 (m, 45D,
438, 4.17 (2s, 1H), 3.13 (m, 4H), 3.0 (m, 1H), 1.86 (m, 1H), 1.22 (m, 3H).



~| O2 0 AUG 2004 WO 01/ 62742 PCT/ G(B01100624 56 To a stirred soluti (irb rﬁﬁ{ilﬂﬂ&
1-(4- chlorophenyl) 4 (met hyl sul fonyl ) pi perazine (235 ng, 0.85 nrnol)
dry THF (7.5 rnL -10 C under an argon atnosphere was adﬂ&f%g%
over 4 ni nOdL/63 47qutlon of LiHVDS (1.71 nL of a 1.0 M sol
1.71 nmol ). The solution was then stirred at this tenperature for 40
m nutes. A solution of ethyl 3-(5 5 chl ogapyridi n-3-yl)propanoate (201 ng,
0.94 mml) in THF (i nL) was then added dropw se via cannula over a period
of 5 mnutes. The reaction was stirred at -10 C for an additional 30
m nut es before being quenched with saturated aqueous amoni um chl ori de
sol ution UixmmdPDEmatiles mere renoved in vacua, and the residue was
extracted wth CH C X m_).. The conbi ned organi ¢ extracts _were
washed wi t B- M%ct@wnﬁ_&yyaﬁwew%ﬂrﬂbuéfﬂzeymeﬂbﬂ? gr(é -BiqaegYHdiRd: (MySH4)
filtered an COﬂﬁﬁg&% %? in v gua. Fl ash chromat ography (silica gel, 50%
ethyl acet &VETPRY YIYRAE e title conpound (228 ny, 0.52 mmol) and
recovered ethyl 3-(5-chloropyridin-3-yl)propanoate (74 ng, 0.35 nmol). .'H
NVR (CDCI3) : 8.46 (m I H, 838 (m 1H, 7.58 (m 1H, 21 (m 2 H,
6.83 (m 2 H, 3.96 (s, 2 H, 3.37 (m 4H, 3.17 (m 6 H),i 2.95 (dd, 2
H, is M5 (ESI): 442.07, 444.06, 445.1 (MH+ 2 x Cl). (iii)
[4-(4- chlorophenyl)plpera2|n 1-yl]sul fonyl}-4 (5 chl or opy |d|q 3-
yi)butan-2-ol C C /-~ 1IN N/NRJ\NI 4 0ON20 | st L.y redlsol ugi on of
1-{[4- (4-chl orophenyl) pi peiraz y
chl or opyri di n- 3-yl ) but an- 2- ona in a mxed sol vent
systemof CH,CL,/MeOH (1:1, 5 nL) at RT was ?ﬂs solid sodi um
bor ohydride in one portion. The reaction was s for 40 m nutes before
bei ng quenched w th aqueous hydrochloric acid

5

To formic acid (400 ul, 10.8 mmol} at 0 °C was added acetic anhydnide (102 ul, 1.1
. mmol) and the mixture was then stirred at RT for 15 minutes. The mixture was then re-
cooled to 0 °C, and a solution of 1-(4-chlorophényl)—4—{[4—(S—chlor0pyridin-3-yl)~2—
(hydroxyamino)butyl]sulfonyl} piperazine (100 mg, 0.22 mmol) in THF was added
10 dropwise via syriﬁge. After stirring at RT for 1.5 hours, volatiles were rerﬁoved in vacuo,
-and the residue was azeotroped with toluene ('2 mL). The residue was then dissolved in
methanol (5 mL) and stirred at 40 °C for 1 hour. After cooling to RT, the solvent was
evaporated, and the residue dissolved in methanol (0.5 mL). Diethyl ether (5 mL) was then
added and the cloudy suspension stirred at RT for 1 hour. The solid that precipitated was
15 filtered, washed with diethyl ether and dried in vacuo, to give the title compound as an off-
white solid (48 mg, 0.099 mmol).
'H NMR (DMSO, 373K) : 9.55 (br s, | H), 8.43 (d, 1 H), 8.41 (d, 1 H), 8.17 (br s,
1H), 7.76 (dd, 1 H), 7.25 (m, 2 H), 6.96 (m, 2H), 4.35 (br s, 1H), 3.49 (dd, 1 H), 3.34 (m, 4
H), 3.25 (m, 5H), 2.67 (m, 2 H), 2.02 (m, 2 H). '

20 MS (ESI): 487.06, 489.04, 490.08 (MH" 2 x CI)



(1 M 2 n). The layers were then separated and the aqueous phase eétdf&ﬁé f(]ﬂ
with CH2CA, 2s (3 x 5 nmL). The conbi ned organic extracts were dried, {
(MS), filtered e,}nd concentrated in vacua. The crude produ fL- s t hen
filtered t hW8MH* % pl ug of silica gel, eluting with 50% et h§ TP
hexane to give the title conpound (111 ng, 0.25 nmmol). 20 AUXR004 WO

01/ 62742 PCT/ GB01/00624 57 '"H NI-MR (CDC%8) : 8.47 (m | H), 8.40 (rn, 1
H, 72759 (m I H, 7.21 (m 2H), 6.86 (rn, 2 H, 4.22 (m 1 H), 3.45 (rn,
4 H, 3.2 (m 4H, 311 (m 2H, 2.88 (m 2 H, 1.89 (m 2 H. 5 (iv)

1-(4-chlor Q@Qg@ﬂ%ﬁ%ﬁ&%@%ﬁ%{.@ moﬂgggzyri di n-3-yl)but-1- enyll sulfonyl}

pi per azi ne stirred solution of 1- {

[ 4- (4- chl or opfignythypB{#chbiropyridin} 3yDpooyindate 4- (5- 10

chl oropyridin-3-yl)butan-2-ol (111 ng, 0.25 mml) in dry CH Cl2 (2.5 nlL) at
RT was added under an atnosphere of argon, trinethylam ne hydrochloride (2
mg, 0.02 mmol), triethylamne (52¢d; 0.25 nmmmol), then nethanesul f onyl
chloride (21 1, 0.25 nmol). The rehction was stirred for 30 mns at RT,

t hen quenched by addition of satur d aqueous sodium bi carbonate sol ution
(5 nL). The layers were separate t he agueous phase 15 extracted with
ethyl acetate (3 x 6 nL). The co nic @gfracts were then dried,
(MgS™M), filtered and concentrate uo. 1The residue was then dissolved
in CHCI2 (2.5 nL) and treated with triethykgnine (100 I, 1.36 mmol).
After 30 mnutes, the reaction was quenched™by addition of saturated

aqueous, sodi um Bj : : i 3 _(rgtéh_ i - - ayer [5e and
the aq ueous phazg%g)é?rggg%lgtm fﬁ%ﬁ%{t %%? 3ac et aqtrgﬁf%dlé'\égyl%z) ?@Eﬁﬁggﬁ%’ ned
‘or gani ¢ ext.fachs])(EAS ri_uhsbnr d&30§d;45(—3/bi$%,etﬁahblt(éﬂa&)aat@ ‘Conclentt ateskphérd
vacuo. TheofC arrggnewgsaetuﬂ’eld %{lJliaNs?oS&ileJnsl %%rc!ahr}dtﬁgg (glF r)ﬁtg, ?tlg %‘imol). The reaction mixture

was allowed to warm to room temperature and stirred for four hours, whereupon additional

‘sodium borohydride (67 mg, 1.75 mmol) was added. After stirring for an additional
0 eighteen hours, saturated aqﬁeous ammonium chlorde solution (5 mL) was added. |
Volatiles were removed in vacuo, and the residue partitioned between water (10 mL) and
| ethyl acetate (10 mL). The layers were separated and the aqueous phase extracted with
ethyl acetate (3 x 10 mL). The combined organic extracts were then dried (MgSO;),
filtered and concentrated in vacuo. Flash chromatography (silica gel, 20% to 100% ethyl
15 acetate in hexane) gave the title compound (132 mg, 0.62 mmol) and the saturated alcohol
(70 mg).
'H NMR (CDCl;) : 8.43 (m, 1 H), 8.34 (m, 1H), 7.55 (m, 1H), 4.16 (g, 2H), 2.96
(dd, 2H), 2.63 (dd, 2H).

20 (ii) 1-{[4~(4-chiorophenyl)piperazin-1-yljsulfonyl}<4-(3-chloropyridin-3-
yl)butan-2-one
Cl
=

0
B N
./ |

O=
@)



M5 (ESI): 446.06, 428.06, 430.07 (M# 2 x d) 2 0 AU G 2004 WO 01/ 6%@4&15 2004
PCTI GB01100624 58 (v) 1-(4-chlorophenvl)-4-{ [4-(S -chloropy rid inf

-yl)-2- é@;@ﬁ ﬂ‘{? no)b utylj s ulfonyl} piperazine 0 Cl Cl pQ#so:fdokN NS

To a stirr i on of

1- (4-chl orophenyl ) -4-{[(1E)-4-(5-chloropyridin-3-yl)but-1- s enyllsulfonyl
} piperazine (crude from previous step), & THE (10 nL) at RT was added a

sol ution of hydroxylam ne (2 nL, 50% aqueous solution in water).

The

reaction was stirred for 3 hours at RT before being quenched with

sat urated aqueous, 2HB&] stTi&bOI- (ﬁ@hl%?dphtehflﬁldr((ﬁxdﬂg)lsqubﬁyl)@alp@faﬁm\éQﬂ§5 mg,
separated and the aqueous phase extracted wth ethyl acetate (3 x 10 niL).

The conbi ndeomgmdl i dx (TS mat t Hele mdeean a{gogg@wsphp@ Wis added droprdse
concentr at ed acuo, ry
chr onat ogr é’ﬁﬁ{/ m\(llgllnlfg? 330111?86‘% LW@(& H é IF%%H Piafllqg lc%ln'g%?‘}&

(100 ng, 0.7%¢ sBiBloh wastBeChiidddSit thi¥hethp aa»@med wf rzmlnslnutks A sohirpawfdthyi 31(be

formula | or a pharnaceutically accept abI e salt or _an in vivo

hydr ol ysabl e

ester t Her sbforopridingsgiprppanogs &P1 g, 0.94 mmol) in THF (1 mL) was then added

dropwise via cannula over a period of 5 minutes. The reaction was stirred at -

10°C for an

additional 30 minutes before being quenched with saturated aqueous ammoniumn chloride

solution (5 mL). Volatiles were removed in vacuo, and the residue was extracted with

CH.CL (3 x 5 mL). The combined organic extracts were washed with water (10 mL) and

0 brine (10 mL) before being dried, (MgS0Q,), filtered and concentrated in vacuo. Flash

chromatography (silica gel, 50% ethyl acetate in hexane) gave the title compound (228 mg,

0.52 mmol) and recovered ethyl 3-(5-chloropyridin-3-yl)propanoate (74 mg, 0.35 mmol).
'H NMR (CDCl;) : 8.46 (m, 1 H), 8.38 (m, 1 H), 7.58 (m, 1 H}, 7.21 (m, 2 H), 6.83

(m, 2 H), 3.96 (s, 2 H), 3.37 (m, 4 H), 3.17 (m, 6 H), 2.95 (dd, 2 H),

is MS (ESI): 442.07, 444.06, 445.1 (MH" 2 x CI).

(iii) 1-{[4-(4-chlorophenyl}piperazin-1-yi]sulfonyl}-4-(5-chlorepyridin-3-

yl)butan-2-ol
Cl

0 |

/N N
Cl N N-—ﬁ
p— 0 OH

20 To a stirred solution of 1-{[4-(4-chiorophenyl)piperazin-1-yl]sulfonyl}-4-(5-

chloropyridin-3-yi)butan-2-one (228 mg, 0.51 mmol) in a mixed solvent sj;ste:m of
CH>Cl/MeOH (1:1, 5 mL) at RT was added solid sodium borohydride in one portion. The

reaction was stirred for 40 minutes before being quenched with aqueous hydrochloric acid

(1 M, 2 mL). The layers were then separated and the aqueous phase extracted with CH.ClL,

35 (3 x 5mL). The combined organic extracts were dried, (MgSQ,), filtered and concentrated

in vacuo. The crude product was then filtered through a plug of silica gel, eluting with 50%

ethy! acetate in hexane to give the title compound (111 mg, 0.25 mmuol).



2 0 AUG 2004 wherein B is a 2-pyridyl or 2-pyridyloxy group
nmonosubstituted at the 4-, 5- or 6- position by trifluoronethyl; XZPSAUQZUM
nitrogen atom Rl is a trinethyl-1-hydantoin C24al kyl or a

trimet hyl -wolpgantoi n C2- 4al kyl group; or Rl is phenyl or CREhaiBRy/DgHa¢ny|
nmonosubstituted at the 3- or 4-position by halogen, trifluoronethyl, thio
or Cl1 -3alkyl or C1 -3 alkoxy; or RL is enyl - SO2NHC2- 4al kyl ; or Rl is
2-pyridyl or 2-pyridyl C24alkyl; or Rl i¥ 3- pyridyi or 3-pyridyl C24al kyi ;
or RL is 2-pyrimdine-SCH2CH2; or Rl is 2- or 4-pyrimdinyl Cz4al kyI

optionally rmno;ubstl tuted by one of hal ogen, trifluaroneth Cl -3 al kyl,
Cl- 3 al kyl oxy, HpPMEq(ﬁPICiﬂptgi bhemny yHs (.t BY 703 Gl loige 710(131 H) 8.86
2-pyraziny| I naII |t t hgl oge 2 u

By A e 2 £ B ar s iEhe P%a?r’ly* 4% 31 38E 2. 2 s EOTRG NG B,

“hydr ol ysablgeH)ester t hereof wherein: Bis a 2-pyridyl or 2 pyr| dyl oxy group
nonosubstituted at the 5- or 6- position by trifluoronethyl; X is a
nitrogen atom Rl is a trinethyl-I|-hydantoin C24al kyl or a

trinmet hyl - 3- hyd qi 4 21.4al kyi phenyl
rmnosubgbt ut ed gp}) h@ % Iaolrpl%hﬁg ?lcﬁﬂi))ggqh oFo en, trlﬂ??%¥ onethyl, thio
or Q1 -3al kulljauifdald(pipddaging; or Rl is phenyl - SO2NHC2- 4al kyl; or Rl is
2-pyridy] or 2-pyridyl C24al kyl; or Rl is 3-pyridyl or 3-pyridyl C24al kyl;
or RLis 2-pyrimdine-SCl-12CH2; 2 0 AUG 2004 -60 or R1 is 2- or
4-pyrimdinyl C2-4alkyl optionally nonosubstituted by one ofgjhal ogen,

a

0

/N N

Cl N N—8~ X X
/4

To a stirred solution of 1-{[4-(4-chlorophenyl}piperazin-1-yljsulfonyl}-4-(5-

10 chloropyridin-3-yl)butan-2-ol (111 mg, 0.25 mmoel) in dry CH.Cl, (2.5 mL) at RT was
added under an atmosphere of argon, trimethylamine hydrochlonide (2 mg, 0.02 mmol),
triethylamine (52 ul, 0.25 mmol), then methanesulfony! chloride (21 pl, 0.25 mmol). The
reaction was stirred for 30 mins at RT, then quenched by addition of saturated aqueous
sodium bicarbonate solution (5 mL). The layers were separated and the aqueous phase

ts  extracted with ethyl acetate (3 x 6 mL). The combined organic extracts were then dried,
(MgSQy), filtered and concentrated in vacuo. The residue was then dissolved in CH,Cl,
(2.5 mL) and treated with triethylamine (100 pl, 1.36 mmol). After 30 minutes, the
reaction was quenched by addition of saturated aqueous sodium bicarbonate solution (5
mL). The layers were separated and the aqueous phase extracted with ethyl acetate (3 x 6

20 mL). The combined organic extracts were then dried, (MgSQy), filtered and concentrated

in vacuo. The crude material was used in the next step.

MS (ESI): 446.06, 428.06, 430.07 (MH" 2 x Cl)



trifluoronmethyl, C1-3 alkyl, Ci1-3 alkyloxy, 2-pyrazinyl or 2-pyrazi leAUG 004
C2-4al kyl. 3. A conpound as clainmed in claiml or a pharmaceuti cal Ig
acceptable salt or an in vivo hydrolysable ester thereof wh i i
2-pyridyl World$abstituted at the 4-, 5-, or 6- position by F&iﬁﬂ[‘}b&%d&ét hyl
4. A conpound as clainmed in claim3 or a pharmaceutically acceptable salt
or an in vivo hydrolysable ester theregg wherein B is
5-trifluoromethyl-2-pyridyl. 5. A conpound as clainmed in any one of the
previous clainms or a pharmaceutically acceptable salt or an in vivo
hydrol ysabl e ester thereof wherein Rl is selected from 3- chl orophenyl,
4-chl or 0IOQ@)nML(A-&IEyJQHéMbL)AZﬁMSJcﬁYdrpb?ﬂ&in-‘;”%l)-br 4-pyrim di nyl et hyl
(optional I'y nohosubstituted by fluorine), 2- or4-pyrindinylpropyl,
2- (2- pyr i rthgdmoxlypmipy)butylspifpaylppipgrammosubstitued by fluorine). 6. A
conpound as clainmed in claim5 or a pharmaceutically accept@ble salt or an
in vivo hydrolysable ester thereof wherein RL is 2-pyrimdinyl propyl,
2-(2-pyrimdinyl propyl (optionally nonosubstitued by fl i
5-fluoro-2-pyrimdinylethyl. 7. A co d a® clained injclail

pharmaceutically acceptabl e gé or I M Vi Bister thereof
wherein RL is 2-pyrim di@Qytp ) w und @&s clainmed in claiml or a
pharmaceutical ly acceptabl e se"or am—+n vigo hydrol ysable ester thereof

wherein the conpound of the fornula | is as exdétipl ifQkd herein. 9. A
conpound as clainmed in claim8 or a pharnmaceutically acceptable salt or an
in vivo hydr ol isaiiredkwlgontdidrdothlomeaheyh)-HiE | SortpSutPrrryREracY bt -om

-2 y1 Fpr B RGP USRS (RLR S Py T (10 L) at RT ws added

}él) ) [])-r ??{Lls?jgti?ﬁg;f?y&fogpﬁtﬂgﬁ?@,m]_:l,;j:_ﬁ{(% 2r:tque:cu)us solution in wa_ter)l. ]:l'he rfl.-actio? r\:fai's) oy
-1- (5-trifluorone ridin-2- i perazi nolsul fonyl }ne - 3- r

i m di n- 2- Sﬁ%f@p&h‘l’“@”{'@‘ﬁ%ﬁ% Bffiﬁ&ﬁ%@eﬂﬁ;“ﬁ‘gfa%)@‘i- eqyeRYE é‘-r%l}q“ﬁ%or onmet %

pyridin- 2'%%1;%%38&%??(5' %L%gﬂg{qu%érg W’é}e@ébiﬁéﬂwrtﬁmﬂieﬂu@phase extracted with

yl ) butyl I - oXyt ormam 1 10. A conpound as-clainmed in any one of
the previ etslatabey3 arl tanphdhraombinedairganic axtwanpt weredhemdned (MgRGTah vi vo

hydr ol %S a%ll'g:re?dsz;n%r cc}ngeer[t%(t)gd im?nrn?ol. r:hlte Qgsigu%rmgsuﬁgn 8Lfiﬁed by flash chromatography

(silica, 100% ethyl acetate) to give the title compound (100 mg, 0.22 mmol).



formula | is the nost active enantiomer. 11. A conpound as clained in any.
.~one of the previous clains or a phar_‘rigageuti cally acceptable salt of DA 2004
vivo hydrol ysabl e ester thereof wherein the conpound of formula | is the S
enantiomer or the S,S enantionmer. 2 0 AUG 2004 12. A pharnaceuti cal
corrposét' .Wwhich conprises a conpound of the fornula | as clainmed in any
one of revious clains or a pharnmaceutically acceptable salt or an in
vi vo Wgatned glsiablse ester thereof and a pharnaceutically acceptable carrier.
13. A compound of the formula | as clainmed in any one of clains 1 to 11 or
a pharmaceutical |y acceptabl b i er thereof
For ek Theampiie R ERTHET sh adetm Bieuhbally dtCgib el S o hody.
14. A c%ound g( trtle Eorr‘ryla | as clainmed in any one of clains 1 to 11 or
a phar me¥eYSaie SHRIEPEbI e salt or in vivo hydrol ysabl e ester thereof
for use as a therapeutic agent. 15. The use of a conpound of the formula I
as clained in/any one clmmys 1 to 11 or a pharmaceutically acceptable
salt or ig-v¥xvo hywkgQsabwl e precursor thereof in the preparation of a

medi cament fox_use in tzhe treatment of a disease condition nediated by one

or nore netall oprotei naseNen'z_ﬁres. 16. The use of a conpound of the fornula
€ m 1

| as clained in any ondOof tol11 or a pharmaceutically acceptable
salt or ipnatkiho hydrol ysable precursor thereof in the preparation of a

medi canment for use in _the treatnent of | se conditign nedi ated by one
or more o$istmg-PVBW'@{?\/?rPg”@Y{%’SYrﬁé’g't'pW?S@S%ﬂgﬁfég%g’sgfo ,S'twglb. 17. The
use of a gompeweghyef the formula | as claimed in any one of claims 1 to 11

or a pharnmaceutically acceptable salt or in vivo hydrol ysabl e precursor
t her eof iXigdaitrogeRB® kL on of a medicament for use in the treatnent of

a][t hl” ti 5R11 18a trifhhHSienyRbnRircOPRBIY oS trifdethyl-8mydbstoin Ga-4alkgiigredp;i n any one
(0] Cl al nB

hydr ol ysa® %1t i%ré‘éﬂ?‘g%r% haé%g%?ﬁ%ﬁgulb%ﬁi@%&%ﬂn%%%é {i;%}sj{%hibé/g'f%(!’zé/e% or use
in the treglsepkudd thbRECISRUIGI 65C5-3 Hdxy2 0 AUG 2004

or R1 is phenyl-SO2NHC2-4alkyl;

or R1 is 2-pyridyl or 2-pyridyl C2-4alkyl;

or R1 is 3-pyridyl or 3-pyridyl C2-4alkyl;

or R1 is 2-pyrimidine-SCH2CH2;

or R1 is 2- or 4-pyrimidinyl C2-4alkyl optionally monosubstituted by one of halegen,

trifluoromethyl, C1-3 alkyl, C1-3 alkyloxy, 2-pyrazinyl optionally substituted by halogen

or 2-pyrazinyl C2-dalkyl optionally substituted by halogen.

2. A compound as claimed in claim 1 or a pharmaceutically acceptable salt or an in vivo
hydrolysable ester thereof wherein:
B is a 2-pyridyl or 2-pyridyloxy group monosubstituted at the 5- or 6- position by
trifuoromethyl;
X is a nitrogen atom;
R1 is a trimethyl-1-hydantoin C2-4alkyl or a trimethyl-3-hydantoin C2-4alky! group;
or R1 is phenyl or C2-4alkylphenyl monosubstituted at the 3- or 4-position by halogen,
trifluoromethyl, thio or C1-3alkyl or C1-3 alkoxy;
or R1 is phenyl-SO2NHC2-4alkyl;
or R1 is 2-pyridyl or 2-pyridyl C2-4alkyl,
or R1 is 3-pyridy! or 3-pyridyl C2-4alkyl;
or R1 is 2-pyrimidine-SCH2CHZ;



19, The use of a compound of the forrmula | as-clainmed in any one of (HEﬁWEM
1 to 11 or a pharnaceutically acceptable salt or in vivo hydrolysaGIe
precursor thereof in the preparation of a nmedicanent for use in the
treatment of chronic obstructive pul nonary diseases. 20. A process for
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salt or e ester thereof which process _conprises reacting
a conpoumfluoafmdth, Corinalk, ©1-3wlktox. Somrating opE-RyYFREbEARKYRI cHO to yiel d
an al kene of the formula Ill, converting the al kene to a conpound of the
formula IV, and then converting the conpound of fornula IV to a conpound
of the. fordgahpound aarthioptimdain ¥ or Aaheahacauticalyragcerfable sal oraR &YV al | y
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5. A compound as claimed in any one of the previous claims or a pharmaceutically
acceptable salt or an in vivo hydrolysable ester thereof wherein R1 is selected from 3-
chlorophenyl, 4-chlorophenyl, 3-pyridyl, 2-pyridylpropyl, 2- or 4-pyrimidinylethyl
(optionally monosubstituted by fluorine), 2- or 4-pyrimidinylpropyl, 2-(2-pyrimidinyl)propyl
(optionally monosubstitued by fluorine).

6. A compound as claimed in claim 5 or a pharmaceutically acceptable sait or an in vivo
hydrolysable ester thereof wherein R1 is 2-pyrimidinylpropyl, 2-(2-pyrimidinyl)propyl
(optionally monosubstitued by fluorine) or 5-luoro-2-pyrimidinylethyl.

7. A compound as claimed in claim 6 or a pharmaceutically acceptable salt or an in vivo

hydrotysable ester thereof wherein R1 is 2-pyrimidinylpropyl.

8. A compound as claimed in claim 1 or a pharmaceutically acceptable salt or an in vivo

hydrolysable ester thereof wherein the compound of the formula [ is as exemplified

herein.

9. A compound as claimed in claim 8 or a pharmaceutically acceptable salt or an in vivo
hydrolysable ester thereof wherein the compound is selected from
N-[(15)-1 -({[4-(5—triﬂu0romethyipyridin-2-yl)piperazino]sulfonyi}methyl)-B-(pyrimidi n-2-
yl)propyl]-N-hydroxyformamide,
N-[(1R})-1 -({[4—(5-triﬂuoromethy|pyridin-2-yi)piperazino]su{fonyi}methyi)-3-(pyri midin-2-
yl)propyl]-N-hydroxyformamide,
N-{(1S)-1-({[4-(5-trifluoromethyl pyridin-2-yl)piperazino]sulfonyl}methyl)-4-(pyni midin-2-
y!)butyl]-N-hydroxyformamide.



2 '0 AUG 2004 converting the conmpound of forrmula I X to an al kene of the
formula 111, converting the alkene tq a conpound of the fornula IVZQ&AUGZU(M
t hen co_nvertl ng the conpound of fornula 1V to a conpound of the fornula I,
and optionally thereafter form ng a pharnmaceutically acceptable salt or in
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CHO formula | is the most active enantiomer.

11, A compound as claimed in any one of the previous claims or a pharmaceutically
acceptable salt or an jn vivo hydrolysable ester thereof wherein the compound of

formula | is the S enantiomer or the 5,5 enantiomer.

12. A pharmaceutical composition which comprises a compound of the formula | as claimed
in any one of the previous claims or a pharmaceutically acceptable salt or an in vivo

hydrolysable ester thereof and a pharmaceutically acceptable carrier.

13. A compound of the formula | as claimed in any one of claims 1 to 11 or a
pharmaceutically acceptable salt or in vivo hydrolysable ester thereof for use in a

method of therapeutic treatment of the human or animal body.

14. A compound of the formuia | as claimed in any one of claims 1to 11 or a
pharmaceutically acceptable salt or in vivo hydrolysable ester thereof for use as a

therapeutic agent.

15. The use of a compound of the formula | as claimed in any one of claims 1to 11 ora
pharmaceutically acceptable salt or in vivo hydrolysable precursor thereof in the
preparation of a medicament for use in the treatment of a disease condition mediated by

one or more metalloproteinase enzymes.

16. The use of a compound of the formula | as claimed in any one of claims 1to 11 ora
pharmaceutically acceptable salt or in vivo hydrolysable precursor thergof in the
preparation of a medicament for use in the treatment of a disease condition mediated by

one or more of the following enzymes: MMP13, aggrecanase, MMP9, MMP12.

17. The use of a compound of the formula | as claimed in any one of claims 1 to 11ora
pharmaceutically acceptable salt or in vivo hydrolysable precursor thereof in the

preparation of a medicament for use in the treatment of arthritis.

18. The use of a compound of the formula | as claimed in any one of claims 1to11ora
pharmaceutically acceptable salt or in vivo hydrolysable precursor thereof in the

preparation of a medicament for use in the treatment of atherosclerosis.



22. A conpound as clainmed in claim1l or a pharmaceuti cal l
( ( y acceptab I
or an in vivo hydrolysable ester thepeof wherein the conpound is &ﬁ‘ﬁ'% ZE[”'
bl . .
ri fluoromethyl pyridin-2-yl)pi perazinoj sul fonyl }met hyl)-4-(pyrimd!
n-2-yL byt y|ke BF o RYARBANI 8f tRBHbHRAa | as claimed in any one of claims 1to 11 or a

pharmaceutically acceptable salt or in vivo hydrolysable precursor thereof in the
preparation of a medicament for use in the treatment of chronic obstructive pulmonary

diseases.

20. A process for preparing a compound of the formula | or a pharmaceutically acceptable
salt or in vivo hydrolysable ester thereof which process comprises reacting a compound
of the formula Il with a compound of the formula R1CHO to yield an alkene of the
formula Hll, converting the alkene to a compound of the formula IV, and then converting
the compound of formuia IV to a compound of the formula 1, and optionally thereafter
forming a pharmaceutically acceptable salt or in vivo hydrolysable ester of the

compound of formula |, all as set out below:

B—X N—SO,Me + R-]”CHO
1! i
/ \ e AR
10 B—X N—SO/Z\/
_/
R1
v B—X N—SO,
NHOH

/N R1
| B8—X Nusd?j/
— N

HO  “CHO

21. A process for preparing a compound of the formula | or a pharmaceutically acceptable
salt or in vivo hydrolysable ester thereof which process comprises reacting a compound
of the formula Il with a compound of the formuta R1COOR to yield a compound of the

formula V111, converting the compound of formula VIl to a compound of the formula IX,
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converting the compound of formula 1X to an alkene of the formula IlI, converting the
alkene to a compound of the formula 1V, and then converting the compound of formula
iV to a compound of the formula |, and optionally thereafter forming a pharmaceutically
acceptable sait or in viva hydrolysable ester of the compound of formula |, all as set out
below:

B—X  N—SO,Me +  RICOOR

'

7\ R1
Vil B—X  N-S6,
./ 5
7\ R1
X B—X  N—SG,
— OH

1 B—X N—

/N R1
B—X N—-so'z\(
n_/
H

IN\
0 CHO

22. A compound as claimed in claim 1 or a pharmaceutically acceptable salt or an in vivo
hydrolysable ester thereof wherein the compound is N-[(18)-1-({[4-(5-
triﬂuoromethy|pyridin-2-yl)piperazino]suIfonyl}methyl)-4-(pyrimidin-2-yl)buty|]-N—
hydroxyformamide.



