15 SEPT 2005 1 0 018-1. Metall oproteinase inhibitors The present inventigH 5
relates to conpounds useful in the inhibition of netalloprotein&§e§Egﬁd ]
particul ar to pharnaceutical conpositions conprising these, as s well as
their use. The conpounds of this invention are inhibitors of one or nore

met al | opr ot ei nase enzynes. Metalloproteinases are a. superfamly of

pr ot ei nases (enzynes) whose nunbers in recent years have increased
dramatically. Based on structural and functional considerations these
enzynes have been classified into fanilie$ and subfanilies as to described
in NM Hooper '(1994) FEBS Letters 354:1-6. Exanples of netall oproteinases

I ncl ude the matrix netall oproteinases (MWs) such as the coll agenases (MW
I, MW8, MW 13), the gel atini MP2, MVP9)., .t he stronel ysins (MW3, MW
10, MWP 11), matrilysin (wb@?fﬁﬁ%éafrﬁeb%%%{rﬁ@bl§w 12), enanelysin (MP
19), the MI-Mws (MW 14, MW 15, MW 16, MWP 17); the reprolysin or

adamal ysin or MDC fam |y which 15 includes the secretases and sheddases such
a@s TNF conver tThegpreseny iventi AXDANMLEs pn@mpbikdl) usefillén drtiakibitidnaed | y whi ch

i ncl ude enzynmes such as procol L agen processing proteinase (PCP); and other
net al | opr otre¢tabisrstenases and inggrisadands pharmacewvdbedmpdsitians wemprismg thasz.yase
famly and the apgi otensin converting enzynme famly. Metalloproteinases are
bel i eved t 3¥Bk23 M8%nt in a plethora of physiol ogical disease 20 processes
t hat i nvolve thss [ i h .as: I VO vel ne

f\‘%’o mation an %tcérﬁ}p Hgﬂn&%&l thles ﬂﬁ‘(‘”’?\’g‘%a t?fa? ‘r’\’g’ r{’brlrté%ss Tr"ﬁ’&?c‘. %?rg%h%ﬁ‘?%&g%‘?d on the
abl ity of ehbgmedraVielatiopiofiifisBasRSs fufeFhBAY Bf BrolifRes (AR 9ReOf whtte Hhbers
substrates such as collagen, proteoglycan and fibronectin.

Met al | opr otieravasiesans leava iisoedsed deanedichlly bBasedpar starotural ranti fenctjpheicessi ng, or
secretion, of biological inportant cell nediators, such as tunpur necrosis
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MMP13), the gelatinases (MMP2, MMP$}, the stromelysins (MMP3, MMP10, MMP11),
matrilysin (MMP7), metalloelastase (MMP12), enamelysin (MMP19), the MT-MMPs

(MMP14, MMP15, MMP16, MMP7); the reprolysin or adamalysin or MDC family which

15 includes the secretases and sheddases such as TNF converting enzymes (ADAM]10 and
TACE); the astacin family which include enzymes such as procollagen processing
proteinase (PCP); and other metalloproteinéses 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 devei;meent, bone formation
By . and uterine remodelling during menstruation. This is based on the ability of the
metalloproteinases to cleave a broad range of matrix substrates such as collagen,
proteoglycan and fibronectin. Metalloproteinases are also believed to be important in the
processing, or secretion, of biological importanf cell mediators, such as tumour necrosis
25 factor (TNF); and the post translational proteolysis processing, or shedding, of biologically
important membrane proteins, such as the low affinity IgE receptor CD23 (for a more
complete list see N. M. Hooper ef al., (1997) Biochem J. 321:265-279).
Memlloproteinagcs have been associated with many diseases or conditions. Inhibition

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



of the activity of one or nore netall oproteinases may well be of benefit in
t hese di seases 15 SEPT 2005 2 or conditions, for exanple: various
inflammatory and al l ergi ¢ di seases such as, inflammation of the }J%iS#PT 2005
(especially rheumatoid arthritis, osteoarthritis and gout), inflammtion of
the gastro-intestinal tract (especially inflammtory bowel disease,

ul cerative colitis and gastritis), inflammtion of the skin (especially
psoriasis, eczema, 5 dermatitis); in tunmour nmetasfasis or invasion; in

di sease associated with uncontroll ed degradation of the extracellular matrix
such as osteoarthritis; in bone resorptisve di sease (such as osteoporosis
and Paget's disease); in diseases associated with aberrant angi ogenesis;

t he enhanced col | agen renodel i ng associ ated with di abetes, periodontal

di sease (such as gingivitis), corneal ulceratjon, ulceration of the skin,
post - oper 8f FRREIRUSE IR G AMBIGS VIS H tognhand alicsgic Grsases suehas, der mal  wound
heal ing; d elinati . di seases.of, the central. an i.pheral nervous

syst ems (Eﬁ%"é%“%‘rfﬂﬁ%lc’émzﬁpgf gyygy?u%tgﬁmhs,sosgefvgtgég@s, MM o | Ul ar

mat ri x remﬂﬁir}]' TN j ol : est enosi s
and at herosce eértg%l dgtmgé%ﬁgrmﬂl{bﬁ E@ﬂ%ﬁg@%gﬁgﬁ%ﬁﬁ@@ st}J ?‘gglthll \?;%Sé’pul nmonary
di seases {IceRBYe cdIftis\dd ghatritia), Sinflkmavdtion of m@mi&lygﬁbﬂ&@s, @Ezema,

net al | oel astase, was initially cloned in the nouse by Shapiro et al [1992Z2,
Jour nad oderBiatitie)yirc AimaGh exitastasis AGTvast@5 i disgade pssoaated vagh wiventratied gr oup i n
1995. MWP-12 | s przf er entia} Ly expressed in activated nmacrophages, and has
been shov#Faraben Of SespFdcs Hth MPPE Seh 25288608 HEHS 41 PPRfTEsoRpREF disEaRapi ro et
at, 1993, Jgu of _Bi ol agi , LStr 268; .23 as .well as in foam
cei 15 1 n OB Breslor G BRs SRRt YisePoefdRdB5 bt 3 pat hol - 163:
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snoke for si X nonths, two cigaréettes a day six days a week.” Wl dtype mce .
devel opediipaske¢r(znah ys gimghwise woraéd @icetdtion, ult¢reddmethe ske posivBerhfiviknock- out @
mce were tested in this npdel they devel oped no significant enphysens,

st ronyl y donditioas (swgh apgelomernastomosis hardedermal Yy and hﬁaﬂn&; deopplinging
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It was recent | fSCOVéI‘e I ng 1 ncreases nacropnage I n rati on
and nmacr epétageredenosie tnditherbeced2epsie SBiley; rhinitis; and chronic obstructive

pulmonary diseases (COPD). |

15 MMP12, also known as macrbphage elastase or metalloelastase, was initially cloned in
the mouse by Shapiro et al {1992, Journal of Biological Chemistry 267: 4664] and in man
by the same group in 1995. MMP-12 is preferentially expressed in activate;d macrophages,

and has been shown to be secreted from alveolar macrophages from smokers [Shapiro et

al, 1993, Journal of Biological Chemistry, 268: 23824} as well as in foam cells in

20  atherosclerotic lesions [Matsumoto ef a/, 1998, Am J Pathol 153: 109]. A mouse model of

COPD is based on challenge of mice with cigarette smoke for six months, two cigarettes a
day six days a week. Wildtype mice developed pulmonary emphysema after this
treatment. When MMP]2 knock-out mice were tested in this model they developed no
significant emphysema, strongly indicating that MMP-12 is a key enzyme in the COP-D

25 pathogenesis. The role of MMPs such as MMP12 in COPD (emphysema and bronchitis) is
discussed in Anderson and Shinagawa, 1999, Current Opinion in Anti-inflammatory and
Immunomodulatory Investigational Drugs 1(1): 29-38. It was recently discovered that

smoking increases macrophage infiltration and macrophage-derived MMP-12 expression



15 SEPT 2005 3 in human carotid artery plaques Kangavari [Mtetzky S

Fi shbein MC et al., Circulation 102:18 36-39 Suppl. S, Cct 31152@@'@]1' 2008
13, or collagenase 3, was initially cloned froma cDNA |ibrary derived from
a breast tunour [J. M P. Freije et al. (1994) Journal of Biol ogical

Chem stry 269(24):16766- 5 16773]. PCR-RNA anal ysis of RNAs froma w de
range of tissues indicated that MW 13 expression was limted to breast
carcinomas as it was not found in breast fibroadenomas, normal or resting
manmary gl and, 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 MW13 has been detected in transfornmed epidernal keratinocytes_
[ NN Johansson et al., to (1997) Cell Gowth Differ. 82):243-250], squanpus
.cell carcipeBsnl 1 +:499- 508]
and epi derlﬂqﬂ tur?gﬁor S g\l rﬂgﬁéaKﬁgag?n W%%kﬁnﬁghbeﬁsgg&%é%%%ﬁg

109( 2) : 2252318 36M®w®®¢ts1anm@uggestuve that MW 13 is secreted by
transforned epithelial cells and may be involved in the extracellular matrix

‘degradati on MMP3ebf cottagenaseidnwas awtialpnclassbirpa 2dDMAt libramyt desived from a
especially as observed asi ve br east cer. lesions and_in nmalignant
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\;99‘7(3) 761-7/68; V. Knauper et al The Bi ochem cal Journal.
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primary ossification and skeletal renodell I@B% [M Stahl e-Backdahl et al.
(1997) Lalerin hve@tcanqeeeslﬂ lingy (TAY8D, MCE3d et £8dA- l)etSUbﬁequesqtﬁggmy obxeyvatiopn .
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(1997) Art eum zs 40 dur| ng t aseptic ooéenl ng

of hip replm DSBﬁIJSPbﬁoll BR2)&09H08] andé;ﬂt@&inainnﬁ?@_ﬂemo,&ﬂblaﬁubg (1897) 1.
80(4):701-710 MWP13 has al so been inplicated in chronic adult
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and cell-matrix interaction associated with metastasis especially as observed in invasive
15 breast cancer lesions and in malignant epithelia growth in skin carcinogenesis.
Recent published data implies that MMP13 plays a role in the turnover of other
connective issues. For instance, consistent with MMP13’s substrate speciﬁéity and
preference for degrading type II collagen [P. G. Mitchell ez al., (1996} J. Clin. Invest.

97(3):761-768; V. Knauper et al., (1996) The Biochemical Journal 271:1544-1550],

20 MMP13 has been hypothesised to serve a role during primary ossification and skeletal
remodelling [M. Stahle-Backdahl et al., (1997) Lab. Invest. 26(5):717-728; N. Johansson
etal., (1997) Dev. Dyn. 208(3):387-397], in destructive joint diseases such as rheumatoid
and osteo-arthntis [D. Wemicke et al., (1996) J. Rheumatol. 23:590-595; P. G. Mitchell ez
al., (1996) J. Clin. Invest. 37(3):761-768; O. Lindy et al., (1997) Arthntis Rheum
35 40(8):1351-1399]; and during the aseptic loosening of hip replacements {S. Imai ef 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. I. Uitto er al., (1998) Am. J. Pathol



4 152(6):1489-1499] and in renodelling of the collagenous matrix in chronic
wounds [M  Vaal ano et al., (1997) J. Invest. Dermatol. 109(1):96-101].
MWPO (Gel atinase B; 92kDa Typel V Col | agenase; 92kDa Gel ati nase) 1% SEPT 2005
secreted protein which was first purified, then cloned and sequenced, in
1989 [SSM Wlhelmet al 5 (1989) J. Biol. Chem 264 (29): 17213-17221,
published erratumin J. Biol Chem (1990) 265(36):225701. A recent review of
MVP9 provides an excellent source for detailed information and references
on this protease: T.H Vu & Z. Werb (1998) (In: Mtrix Metalloproteinases.
1998. Edited by WC. Parks & R P. Mechath ppl 15 - 148. Academ c Press.

| SBN 0- 12-545090-7). The following points are drawn fromthat review 10 by
T.H Vu & Z Wrb (1998). The expression of MMWP9 is restricted normally to a
few cell types, includin trophoblasts osteocl asts, neutrophils and

magr ophatgk32§h i@)—kﬁ@@l I vE9S] nrd & iexmdelisiger thmwlbeendmdll;@tgld in mhtdmeswowdsdfl\rttelhl s
and in other ce Y, seve udi ng exposure o e
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this activation in vivo are not known- The al ance of attive MVP9 versus

i nact s ve (es89)jeBid Ghent. 264 (2BgUTHBeU722); piblishby erranineirak BionChérk (1F90P- 1
(Tissue Inhibitor of Metalloproteinases -1), a naturally-occurring 20
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induced in these same cells and in other cell types by several mediators, including

exposure of the cells to growth factors or cytokines. These are the same mediators often
15 implicated in initiating an inflammatory response. As with other secreted MMPs, MMP9

is released as an inactive Pro-enzyme which is subsequently cleaved to form the

enzymatically active enzyme. The proteases required for this activation in vive are not

known. The balance of active MMP9 versus inactive enzyme is further regulated in vivo by

interaetion with TIMP-1 (Tissue Inhibitor of Metalloproteinases_—} ). a natllrally;occun"ing'
20  protein. TIMP-1 binds to the C-terminal region of MMP?9, leading to inhibition of the -
catalytic domain of MMPY. The balance of induced expression of ProMMP9, cleavage of
Pro- to active MMP9 and the presence of TIMP-1 combine to determine the amount of
catalytically active MMP9 which is present at a local site. Proteolytically active MMP9
attacks substrates which include gelatin, elastin, and native Type IV and Type V collagens;
25 it has no activity against native Type I collagen, proteoglycans or laminins.
There has been a growing body of data implicating roles for MMP9 in various”
physiological and pathological processes. Physiological roles include the invasion of

embryonic trophoblasts through the uterine epithelium in the early stages of embryonic



i npl antation; sone role in the growth and devel opnent of bones; and
mgration of inflammatory cells fromthe vasculature into tissuas. sEp®- 2005
rel ease, neasured using enzynme i mmunoassay, was significantly enhanced in
fluids and in AM supernantants from untreated asthmatics conpared with those
fromother s populations [Am J. Resp. Cell & Mol. Biol., Nov 1997, 17
(5):583-591]. Also, increased MW9 expression has been observed in certain -
ot her pathol ogi cal conditions, thereby inplicating M9 in disease
processes such as COPD, arthritis, tunourimetastasis, Alzheiner's, Miltiple
Sclerosis, and plaque rupture in atherosclerosis |eading to acute coronary
condi tions such as Myocardial Infarction. 10 MW-8 (col |l agenase-2,

neutrophil .collagenase) is a 53 kD enzyne of the nmatrix tal | oprqt ei nase
Fan |yt hate e sohe . i B grlaa ey elemerb phane adraeratiitos

i ndi cate 3 'ﬁ ' S, such as osteoarthritic
chondrocy'ltvggﬂ f%gg{%ﬁ%?&gltﬁé?%gbﬂn%%%ﬁrgln{tgﬁlglsl?heum 40: 2065] . MWPs produced
By neutrophi | SM8&N9 refReeemiech8F¢Pudi SN BEBINd RtnuiadsySRae sighIchhitgeMBedd in
shoul d have a positive effect inis fibrotic diseases of for instance the

| ung, and ifluidegrdadat Msepeinsstasts $rom ketrgatddastianaticseopipaseanmith Mdse &omasthed so
found to be up-regul.ated in osteoarthritis, indicating that bl ocking Mw-8
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J. et al, 1 ' : , have
been corr elqjglﬁieliﬁat{}lg Iffﬁlepg;g\c}fg%e?%eyﬁg?%saﬁmgﬁé%ase %’&I@rﬁgﬁ @ G&de%% 1987,
J. Peri odomigheimBes Muldple®Bkldi8dis, avliiplayuve suptbifdnpeladoadody ldadmglto acute

keratinocytes in a variety of chronic ulcers [Saarial ho-Kere U K. et al,
8994, J. Ccprenanyneoaditions uchzg-Mgacardinpldarafids and protein were detected in

basal keratin es adjacent _to but, distal fromt und ed in 25 what
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1992, Arthritis Rheum, 35:35-42; Zafarullah M et al, 1993, J. Rheumatol .,
20: 693- 697{Shidfmese adt 1987 e4rthrioy Rbednt HB20683i M¥Bs prddaicedby péuttdphils eam 15 SEPT
2005

cause tissue remodelling, and hence blocking MMP-8 should have a positive effect in

15 fibrotic diseases of for instance the lung, and in degradative diseéses like pulmonary
emphysema. MMP-8 was also found to be up-regulated in osteoarthritis, indicating that
blocking MMP-8 many also be beneficial in this disease.

MMP-3 (stromelysin-1) is a 53 kD enzyme of the matrix metalloproteinase enzyme

family. MMP-3 activity has been demonstrated in fibroblasts isolated from inflamed

20 gingiva [Uitto V. J. et 2l, 1981, J. Periodontal Res., 16:417-424), and enzyme levels have

= been correlated to the severity of gum disease [Overall C. M. er a/, 1987, J. Peniodontal

Res., 22:81-88]. MMP-3 is also produced by basal keratinocytes in a variety of chronic
ulcers [Saarialho-Kere U. K. et a/, 1994, J. Clin. Invest., 94:79-88]. MMP-3 mRNA and
protein were detected in basal keratinocytes adjacent to but distal from the wound edge in

25 what probably represents the sites of proliferating epidermis. MMP-3 may thus prevent the
epidermnis from heéling. Several investigators have demonstrated consistent elevation of
MMP-3 in synovial fluids from rheumatoid and osteoarthritis patients as compared to

controls [Walakovits L. A. er al, 1992, Arthritis Rheum., 35:35-42; Zafarullah M. ez a/,
1993, J. Rheumatol., 20:693-697]. These studies provided the basis for the belief that an



6 inhibitor of IMP-3 will treat diseases involving disruption of
extracellular matrix resulting in inflanmmation due to |ynphocytic
infiltration, or loss of structural integrity necessary for orgdgh SERC4A?
A nunber of netalloproteinase inhibitors are known (see for exanple the
review of s MW inhibitors by Beckett R P. and Wiittaker M, 1998, Exp.
Opin. Ther. Patents, 8(3):259-282J). Different classes of conpounds may have
di fferent degrees of potency and selectivity for inhibiting various '
net al | oprot ei nases. Wiittaker M et at (1999, Chem cal Reviews
99(9):2735-2776) review a w de range of “known MWP inhibitor conpounds. They
state that an effective MW inhibitor requires a io0 zinc binding group or
ZBG (functional group capable of chelating the active site zinc(ll) ion), at

I t g U i i j . d..int ti ith
the: " enpydetBbl AIONPE Mk Bl MO ERTA LU BIBHER RS RRBERE 1 00 1'e
van der Me&ati%g MRNAGIR08 Ak b ynfhoB MY 81848 668ss or?'ysg@gﬁm%@grci%oups in

known MVP inhiblitors include carboxylic acid groups, xam ¢

groups, suetdngahy\fbr organdemajpho, etc. For 1s exanple, Wittaker M et al
di scuss the follow ng MVWP inhibitors: NHVe The above conpound entered
clinical devetapmben of metaleproteinase iipvitras ¢ie kaowa (Brerfat expmpje thepevigw of

trimet hyl t pi,nyl et hyl gr at e Pl sidion and .a leucinyl-tert 20

but y1 131 y NG BiEERES e beqdrdp Ry S biaker Bt obe Unig ot Heidors

mer capt oagydy.ZgeRi il i 0 ; position. s
The. above MAND g eatEnt g AP Cortfnl 65y B0t iclterk WEget o ARNAR 1 ¢
non- pept i dlectivitycfol MHibiking vaxnamRhealbptoteiaséd. ng group and a y

tri met hyl hydant oi nyl ethyl group at the P1 position. The above conmpound is a
pht hal i mi do d@hirteledri Meentdi{{ 99% Khbiniwl Beviewy QRE32335-R7 76las viewrowidelrangeeef i di ¢
succi nyl hydroxa i oup and a cyclic imde group at P1. 7'

Wi t t aker KipwaM tiﬁb@'&ﬁﬁ?@'@g&%ﬁt &%f»’y Wi hatienstiestie MR mjibitapTequresiac €
' m do 1f O%Qlc%ri]&ling group or ZBG (ﬁnctional group capable of chelating the active site zinc(IT)

ion), at least one functional group which provides a hydrogen bond interaction with the

enzyme backbone, and one or more $ide chains which undergo effective van der Waals

interactions with the enzyme subsites. Zinc binding groups in known MMP inhibitors

inciud_e carboxylic acid groups, hydroxamic acid groups, sulfthydryl or mercapto, etc. For

15 example, Whittaker M. et al discuss the following MMP inhibitors:

The above compound entered clinical development. It has a mercaptoacy! zinc binding
~ group, a tnmethylhydantoinylethyl group at the P1 position and a leucinyl-tert-

20 butyliglycinyl backbone.



various zinc binding groups (succinyl hydroxamate, carboxylic acid, thiol
group, phosphorous-based group). 15 SEPT 2005 8 HN HN NH 0 Thel2b¥RRT 2005
conpounds appear to be good inhibitors of MW8 and MW9 (PCT patent s
appl i cati ons WO858925, W9858915). They have a pyrimdin-2,3,4-trione zinc
bi nding group. The follow ng conpounds are not known as MVP inhibitors: 1o
Lora- Tamayo, Met at (1968, An. Quiet 6416): 591-606) describe synthesis of
the follow ng conpounds as a potential anti-cancer agent: O 11 CGS-NH H
11 20 N2 HO O-—~iNN, SC-NH HII NH® 11 CGS-NH Hz 11

|
S
O O
H .
HS N
H N 4 NHMe
! H s
(_ 0 =

o\,_Nfo O

The above compound has a mercaptoacyl! zinc binding group and an imide group at the P1

position.

s The above compound was developed for the treatment of arthritis. It has a non-peptidic
succinyl hydroxamate zinc binding group and a trimethylhydantoinylethyl group at the P1

position.

The above compound 1s a phthalimido derivative that inhibits collagenases. It has a non-

1w  peptidic succinyl hydroxamate zinc binding group and a cyclic imide group at P1.
Whittaker M. er al also discuss other MMP inhibitors having a P1 cyclic imido group and
various zinc binding groups {succinyl! hydroxamate, carboxylic acid, thiol group,

phosphorous-based group).



0O 11 GCGS--NH H 011 01 H%- Ot 15 15 SEPT 2005 9 Czech patent
nunbers 151744 (19731119) and 152617 (1974022) describe the synthesis and
the anticonvul sive activity of the follow ng compounds: 0 R= 4- Nb3, SHPT\R005
2-NO2, 5 US patent nunber 3529019 (19700915) describes the foll ow ng
conpounds used as internediates: io PCT patent application nunber WO

00/ 09103 descri bes conpounds useful for treating a vision disorder,

i ncluding the foll ow ng (conpounds 81 and 83, Table A page 47): 0 0O W have
now di scovered a new cl ass of compounds that are inhibitors of 15

met al | opr ot ei nases and are of particular8interest in inhibiting MWs such as
MWP-12. The conpounds are netall oproteinase inhibitors having a netal

bi ndi ng group that is not found in known netalloproteinase inhibitors. In
particul ar, we have di scovered conmpounds that 15 SEPT 2005 10 are potent
MWP12 i nhi bitors and have desirable activity profiles. The conpounds of this
i nvention have beneficial potency, selectivity and/ or pharnmacokinetic
properties. The netall oproteinase inhibitor cogpounds of the invention
conprise a nmetal binding 5 group and one or Egge ot her functional groups or
side chains characterised in that the net%LN ghng group has the fornmula

(k)

Q

The above compounds appear to be good inhibitors of MMP8 and MMP9 (PCT patent -
s applications W09858925, W09%858915). They have a pyrimidin-2,3,4-trione zinc binding

group.
The following compounds are not known as MMP inhibitors:-

10 Lora-Tamayo, M et af (1968, An. Quim 64(6): 591-606) describe synthesis of the

following compounds as a potential anti-cancer agent:

H
: H o]
O N Os N It
X C=S—NH X C—S—NH
N 2 H., 1l
H \! N 0
0 H o NO,
H
0. N 9 H



(k) wherein X is selected fromNRI, 0, S; Y1 and Y2 are independently
selected from0, S; io R is selected fromH, alkyl, hal oal kyl ; 1AnSERT 3405
groups outlined above may be strai ght chain or branched; any al kyl group
outlined above is preferably (C-7)al kyl and nost preferably (Cl-6)alkyl. A
met al | opr ot eéi'nase i nhi bitor conmpound is a conpound that inhibits the
activity of a 15 netall oproteinase enzynme (for exanple, an MW). By way of
non-limting exanple the inhibitor conpound may show I C50s in vitro in the
range of 0.1-10000 nanonvol ar, preferably¢.1-1000 nanonol ar. A netal binding
group is a functional group capable of binding the nmetal ion within- the
active site of the enzyne. For exanple, the netal binding group will be a
zinc binding 20 group in MW inhibitors, binding the active site zinc(ll)
ion. The n€tedh prterdinnmbgrsolhd 744 (15731 9)aandK)526 57 bidFet DniegeriteBe sRithaised
ring structure and is preferably a hydantoin group, nost preferably a -5
subst i t ut egndithe agticpnvisisinezastivay eétiz fpllgwingcona®ungs:SEPT 2005 11 In a first
-aspect of the invention we now provide conpounds of the formula | RS -A |
wherein 5 Xis selected fromNRI, O, S; Y] and Y2 are independently sel ected
fromO, S fis ;selected fromSO, S®; mis | or 2; Ais selected froma

Z
di rect boné),*(( - 6pal kyl, (C 1-6) hal N ar (C 1-6) heteroal kyl 10
contai ning a heero grovy sel ected fromN, -0 O, S02 or containing two-
het er o gr oupsHsehect eq omN, O, S S 2 an parated by at |east two
$arbon atons; Rl is s€élekRted fromH (C IO-3)a ;eihal oal kyl; Each R2 and

i's independently selected fromH, halogen (prgferably fluorine),

R= 4-NO2, 4-OMe, 2-NO2,

?ﬁ,
wh

US patent number 3529019 (19700915) describes the following compounds used as

intermediates:

H < _
H
O\\\(N o O_Me o. N " OMe o H OMe
N X © X 0
H Y5 ﬁ N
o] H 0O
NH,
' F

“1o PCT patent application number WO 00/09103 describes compounds useful for treating a

vision disorder, including the following (compounds 81 and 83, Table A, page 47):

(0] C
NNH NNH
N N
. | 5—< | N
s 0=8=0 o 0=5=0 H
il

We have now discovered a new class of compounds that are inhibitors of
15 metalloproteinases and are of particular interest in inhibiting MMPs such as MMP-12. The
compounds are metalloproteinase inhibitors having a metal binding group that is not found

in known metalloproteinase inhibitors. In particular, we have discovered compounds that



al kyl, heteroal kyl, cycloal kyl, heterocycl oal kyl, aryl, heteroaryl,

al kyl aryl, alkyl 15 heteroaryl, heteroal kyl -aryl, heteroal kyl - héBesSERFyR005
aryl -al kyl, aryl-heteroal kyl, heteroaryl- alkyl,

het er oaryl - het er oal kyl , aryl -aryl, aryl-heteroaryl, heteroaryl-aryl,

het eroaryl - heteroaryl, cycloal kyl -al kyl, heterocycl oal kyl -al kyl,

al kyl -cycl oal kyl, al kyl - heterocycl oal kyl; Each R4 is independently sel ected
fromH, halogen (preferably fluorine), (C1 -3)alkyl 20 or halcal kyl; Each
of the R2 and R3 radicals may be independently optionally substituted with
one or nore (preferably one) groups selected fromal kyl, heteroal kyl, aryl,
heteroaryl, hal o, hal oal kyl, hydroxy, al koxy, hal oal koxy, thiol,

al kylthiol, arylthiol, alkylsulfon, haloalkylsulfon, arylsulfon,

am nosul f oage pétedtkyMAtriokibitéand Navé dbisahidy laativinoptolfilean The ZofSpBlnd0s¥5hit 2
aryl am nosul fon, amino, N-alkylamno, N Ndialkylamno, amno, N-alkylam do,
N, N- di al kjivandigmhavabeneficiel patensansalestiviy rRyd/eu Phumesvkiveticaprpperties.onani no,
am di no, N- am nosul f on-an di no, guani di no, N-cyano-guani di no,

t hi oguani di no, 2- nitro et hene-1, 1- di am n, carboxy, alkyl- carboxy, nitro,

car bamat e; Sor E?E& h}’%@%a&r]ﬂmgﬁo éo%ﬁs E)PthL%v@nﬁoﬁrl Spﬁg %l %gld&'rpgqt o7

ring atoms, orma rirn

atons, por Ei%uﬁ@&ld Bfie BRMCrObRet ﬁncri&fang@ups 6195&@8&&@&11&%%5&@“7%{ fhg at ons;
R5 is a monocyclic, bicyclic or tricyclic group conprising one, two or three
ring strumewt ésdemrgroop hegthe dorula ¢k at ons i ndependently sel ected from (&
cycl oal kyl, argl, io heterocycloal kyl or heteroaryl, with each ring *‘»
structure bei i ndependently optionally substituted by one or nore
substituents ipdependently sel ected from hal ogen, hydroxy, alkyl, al koxy,

hal oal koxy, i N-al kyl am no, ‘N, N-di al kyl am no, al kyl sul f onam no, j
cyano, nitro, thiol, alkylthiol, alkylsulfonyl, %
, ~al kyl am nosul fonyl, carboxyl ate, alkyl carboxyl ate, :
| kyl 'ami no- carboxy, is N, N-dial kylam no-carboxy, wherein any
al kyl radical w ty¥y,n any substituent may itself be optionally substituted
with one or nore grdups sghected from hal ogen, hydroxy, alkoxy, haloal koxy,
am no, N-al kyl ami no, N, N-di al Kyl am no, N-al kyl sul fonam no, N

al kyl car boxtyeaeimi Xas sedgcsasofromiNR G, O.t%hi ol , al kyl thiol, al kyl sul fonyl, .
N- al kyl am nosul fonyI

hal oal kyl sul{ f ony
am nocar boxy;

nd Y2 are 1ndependently selected from O, S;
10 R1 is selected from H, alkyl, haloalkyl;
Any alkyl groups cutlined above may bé straight chain or branched; any alkyl
group outlined above is preferably (C1-7)alkyl and most preferably (C1-6)alkyl.

A metalloproteinase inhibitor compound is a compound that inhibits the activity of a
15 metalloproteinase enzyme (for example, an MMP). By way of non-limiting example the
inhibitor compound may show IC50s in vitro in the range of 0.1-10000 nanomolar,
preferably 0.1-1000 nanomolar.
A metal binding group is a functional group capable of binding the metal ion with'in
the active sitf_: of the enzyme. For example, the metal binding group will be a zinc binding
20 group in MMP inhibitors, binding the active site zinc(I1) ion. The metal binding group of
formula (k) is based on a five-rnembered ring structure and is preferably a hydantoin

group, most preferably a -5 substituted {-H,3-H-imidazolidine-2,4-dione.

25



car boxyl ate, al kyl carboxy, am nocarboxy, N al kyl am nocarboxy, N, N 20

di al kyl ani i nocar boxy, carbamate; when R5 is a bicyclic or tricyéﬁi§EBToaBP5
each ring structure is joined to the next ring structure by a direct bond,
by -0-, by (CI -6)alkyl, by (C1 -6)haloalkyl, by (C1l -6)heteroal kyl, by
(C 1-6)al kenyl, by (C1 -6)al kynyl, by sulfone, by CO by NCO by CON, by
NH, by S, by C(OH) or is fused to the next ring structure; 25 Any .
het er oal kyl group outlined above is a hetero atom substituted al kyl
containing one or nore hetero groups indépendently selected fromN, 0, S,
SO, S02, (a hetero group being a hetero atomor group of atons); Any

het erocycl oal kyl or heteroaryl group outlined above contains one or nore
hetero grou i ndependently selected fromN, 0, S, SO $S02; 15 SEPT 2005 13
Any al kyl . g Eéﬁﬁﬁpﬂ@?efgtﬁﬁy“ﬁ%rﬂlg? B voRRaV s mRosds ofehe fermitla hi ght chain or
branched; unl ess otherw se stated, any al kyl group outlined above is
preferably (Cl-7)al kyl and nobst (A-6)alkyl. 5 Preferred
conpounds of the formula | aR8 hn any one or nore of the
followi ng apply: Xis NRL; Z is\S specially Z is SO2; At |east one
of Y1 and Y2 is 0; especiall 1 Y2 are O; 10 mis R is H
(C1-3) alkyl, (Cl1-3) hal oal ky; i y ‘is H (Cl-3)al kyl; nost
especi al | y Rl Rrigs—H- pR2—-s-29, hy roxyaJNVI, al koxyal kyl , aryl oxy

al kyl, am noal kyl, cycl oal kyl -al kyl , | kyl - ¢ycl oal kyl , aryl al kyl,
ghkylaryl, al kyl-heteroaryl, heteroalkyks erocycl oallkyl -al kyl, is

WWkyl - het erocycl oal kyl , heteroaryl -al kyl, he oal kyl -aryl; especially R2 is
al kyl, am noal kyl, al kyl-heteroaryl, alkyl-hetef,ocycl oal kyl or
heteroaryl-alkyl. R3 and/or R4:-is H R3 and/or R4 is nethyl; R5 conprises
one, two or tyk&eipoptionally substituted aryl or heteroaryl 5 or 6

f:‘%ﬁ& 5 . Xis selected from NR1, O, S;
Y1 and Y2 are independently selected from O, S;

Z 1s selected from SO, SOs;
mis1or2;
A is selected from a direct bond, (C1-6)alkyl, (C1-6)haloalkyl, or (C1-6)heteroalkyl
10 containing a hetero group selected from N, O, S, SO, SO2 or contaimng two hetero 'grou;}s
selected from N, O, S, SO, SO2 and separated by at least two carbon atoms;
R1 is selected from H, (Cl—B)alk}.fl, haloalkyl;
Each R2 and R3 is independently selected from H, halogen (preferably fluorine),

-alkyl, heteroalkyl, cycloalkyl, hcterocycloalkyi, aryl, heteroaryl, alkylaryl, alkyl-

15 heteroaryl, heteroalkyl-aryl, heteroalkyl-heteroaryl, aryl-alkyl, aryl-heteroalkyl, heteroaryl-
alkyl, heteroaryl-heteroalkyl,aryl-aryl, aryl-heteroaryl, heteroaryl-aryl, heteroaryl-
heteroaryl, cycloalkyl-alkyl, heterocycloalkyl-alkyl, alkyl-cycloalkyl, alkyl-
heterocycloalkyl; | '

Each R4 is independently selected from H, halogen (preferably fluorine), (C1-3)alky!

20 or haloalkyl;

Each of the R2 and R3 radicals may be independently optionally substituted with one
or more (preferably one) groups selected from alkyl, heteroalkyl, aryl, heteroaryl, halo,
haloalkyl, hydroxy, alkoxy, haloalkoxy, thiol, alkylthiol, arylthiol, alkylsulfon,

haloalkylsulfon, arylsulfon, aminosulfon, N-alkylaminosulfon, N,N-dialkylaminosulfon,



20 nenbered rings; RS is a bicyclic or tricyclic group conprising two or
three optionally substituted ring structures. Particularly prefldr S&PT 2005
conpounds of formula | are those wherein R5 is a bicyclic or 25 tricyclic
group conprising two or three optionally substituted ring structures. 15
SEPT 2005 14 The invention farther provides conpounds of the fornula U
wherein 5 each of G, & and G4 is a nonocyclic ring structure conprising
each of up to 7 ring at ons i ndependent|y sel ected from cycl oal kyl, aryl,

het er ocycl oal kyl or heteroaryl, with eakh ring structure being
I ndependent |y optionally substi t ut ed by one or two substituents
| ndependently sel ected from hal ogen, hydroxy, hal oal koxy, am no,
N-al kyl am no, N, N- dial kylam no, cyano, nitro, alkyl, alkoxy, alkyl sulfone,
hal oal kyl agdarhinesulfen, kymeadbabeiamine oNAV-diadlaminoshmidd, N-alkyleatidg] NNadi cal

W thin an stituent ma itself i onal | tltuted W|th one or
mor e groué@@gﬁ@é"ea}’WO H?Yﬁ]&???f““%%ﬁ sulfer naging; [aER{IRG, N

N, N-di al k (o} ero yI oxy,
car barmt S“&grb%mﬁ%é‘ahfd‘??o %’ T e
direct bopgmif, ca('lgxyfsﬁlﬁhkh’ rbo:()cmtr@)cﬁﬂiaﬂia@@' kyl, alkynyl, CO NCO CON, NH:
S; R2is selected from hydr oxyal Kyl | aI koxyal kyI aryl oxy al kyl,
ani noa} kyl , O(puoaﬂlwmianm@sahmmn fd\foiknc zaﬂxg(yduamxmg ab ktyU,rmgm'miﬁ@,Idt)ﬂZ

t hi oal kyl %cl oal kyl -al kyl, _al kyl -cycl oal k_)/ yl al kyl , Q/I ary
al kyl - het ardBRAymay jatn @rfeamawng EIBIIE/ & ©al kDS a@mpr Gde maYJom to

al kyl - het er ocycl oal k het )él -al kyl, heteroal kyl-aryl; R3 and R4 are
i ndependewgﬁ 8%‘{‘5‘6@?&8% SIBER™S o) kyl : Optional |y R2 and R3 may join
to forma rigg Iggm%béwﬁ y@#&& thwalcagr @bﬂgaﬁgﬁg%ﬁ%rm&wgn to form

arlngcorrprlsmgu ointo ma ring .
conpri si ngmmrtss)ezi’:hrdfrmg t@tmm atd;ﬁs _SEBiEex&Qﬁﬂy lélccted from cycloalkyl, aryl,

Je:
&

e
3
5

10 heterocycloalkyl or heteroaryl, with each ring structure being independently optionaily
substituted by one or more substituents independently selected from halogen, hydroxy,
alkyl, alkoxy; haloalkoxy, arﬁino, N-alkylamino, N,N-dialkylamino, alkylsulfonamino, ' Y
alkylcarboxyamino, cyano, nitro, thiol, alkylthiol, alkylsulfonyl, haloalkylsulfonyl,
alkylaminosulfonyl, carboxylate, alkylcarboxylate, aminocarboxy, N-alkylamino-carboxy,

is  N,N-dialkylamino-carboxy, wherein any alkyl radical within any substituent may itself be

optionally substituted with one or more groups selected from halogen, hydroxy, alkoxy,
haloatkoxy, amino, N-all;ylamino, N,N-dialkylamino, N—alkylsuifonamino, N-
alkylcarboxyamino, cyano, nitro, thiol, alkylthiol, alkylsulfonyl, N-alkylaminosulfonyl, i;@
carboxylate, alkylcarboxy, aminocarboxy, N-alkylaminocarboxy, N,N-
2  dialkylaminocarboxy, carbamate; ' '
when RS is a bicyclic or tricyclic group, each ring structure is joined to the next ring
structure by a direct bond, by -O-, by (C1-6)alkyl, by (C1-6)haloalkyl,
by (C1-6)heteroalkyl, by (Cl-6)alkenyl, by (C1-6)alkynyl, by sulfone, by CO, by NCO, by
CON, by NH, by S, by C{OH) or is fused to the next ring structure;

25 Any heteroalkyl group outlined above is a hetero atom-substituted alky! containing
‘one or more hetero groups independently selected from N, O, S, SO, 802, (a hetero group
being a hetero atom or group of atoms);

Any heterocycloalkyl or heteroaryl group outlined above contains one or more hetero

groups independently selected from N, G, S, SO, SO2;



Any heteroal kyl group outlined above is a hetero atom substituted al kyl
containing one or nore hetero groups independently selected frdﬁlﬁﬂg& 2905
SO, S02, (a hetero group being a hetero atomor group of atons); Any

het er ocycl oal kyl or heteroaryl group outlined above contains one or nore
hetero 5 groups independently selected fromN, 0, S, SO S02; Any alkyl,

al kenyl or al kenyl groups outlined above may be straight chain or branched,
unl ess ot herw se stated, any al kyl group outlined above is preferably (C
1-7)al kyl and nost preferably (C 1-6)al kil . to Preferred conmpounds of the
formula Il include those wherein R2 is al kyl, am noal kyl, al kyl -heteroaryl,
al kyl - het erocycl oal kyl or heteroaryl-alkyl. The invention further provides

conpounds of the formyla |lla 5 wherein each of @ and G is a
monocyclic ri ﬁ@ys'?[l’r}’ﬁrcacﬂéﬁ”é’y Bbﬂlg%‘ | STURRUSiRsd %BV? giay beisegieht efain or
i ndependent | vy sel ect ed c al kyl ryl t erqcycl.oal kyl, .or
het er oaryl fara&ﬂcﬁ, %gse%gé&q}%é&g?‘r Mﬂ{’g%@%@u}lﬁﬂ%ﬁ’éﬁﬁ é%Pnggf%‘BEf (GhApay!
substitute jjtuents independently sel ected from hal ogen,
hydr oxy, h%%?ﬁgigfagﬁ\%ﬁgﬁglkyl am no, N, N di al kyl am no, cyano, nitro,
al kyl, al koxy, alkyl sulfone, hal oal kyl sulfone, alkyl carbanate,
al kyl am de, wherein any al kyl radical within any substituent nmay itself be
optional |y sRis&rtedirostponndhobthe ferrnyis [ ereghesepsheseinaoy ede or mmorhaf bgen,
Q%/dr oxy, g‘]nhno, N 1? SEPT 2005 16 al kyl am no, NN-di al kyl am n, cyano, nitro,
d@bkoxy, halPoaMK®»A@PPYaryl oxy, heterocaryl oxy, carbamate; Z is S2; Bis
Sel ect ed fronkqsﬂggect bond; 0, (Cl-6)al kyl, (C1-6)heteroal kyl,” CO NCO, CON,
5 NH, S, akynyl; is selected fromH (C1I -6)alkyl, haloal kyl,
hydr oxyal kyl ,z & d@xoreddodspedatigpas Bp,; (N-al kyl ami no) al kyl,

N, N- di al kyl am no) al kyl, am doal kyl, thioalkyl, or R2 is a group of formnula
T At least one of Y1 and Y2 is O; especially both Y1 and Y2 are O;

10 misl;
R1is H, (C1-3) alkyl, (C1-3) haloalkyl; especially R1 is H, (C1-3)alkyl; most
especially R1 i1s H;
R2 is H, alkyl, hydroxyalkyl, alkoxyalkyl, aryloxy alkyl, aminoalkyl, cycloalkyl-alkyl,
alkyl-cycloalkyf, arylalkyl, alkylaryl, alkyl-heteroaryl, heteroalkyl, heterocycloalkyl-alkyl,
15 alkyl-heterocycloalkyl, heteroaryl-alkyl, heteroalkyl-aryl; especially R2 is alkyl,
aminoalkyl, alkyl-hetercaryl, alkyl-heterocycloalkyi or heteroaryl-alkyl.
R3 and/or R4 15 H;

R3 and/or R4 is methyl;

RS comprises one, two or three optionally substituted aryl or heteroaryl 5 or 6
20 membered nngs;
N RSisa bicyclic or tricyclic group comprising two or three optionally substituted ring

structures.

Particularly preferred compounds of formula I are those wherein R5 is a bicyclic or

25 ftricyclic group comprising two or three optionally substituted ring structures.



1l to C and D are independently selected froma direct bond, H (C

-CB)al kyl, (C 1- C8)haloalkyl, or (C | -C6)heteroal kyl containii§ &EFTorR 0o
hetero atons selected fromN, O or S such that when two hetero atons are
present they are separated by at |least two carbon atons; G 3 is a
nmonocyclic ring structure conprising up to 7 ring atons independently 15

sel ected fromcycloal kyl, aryl, heterocycloal kyl or heteroaryl, optionally.
substituted by one or two substituents independently sel ected from hal ogen,
hydr oxy, am no, N-al kylam no, N, N-di al kyidam no, cyan, .nitro, al kyl, al koxy,
al kyl sul fone, hal oal kyl sulfone, or alkyl substituted with one or nore
groups sel ected from hal ogen, hydroxy, am no, N al kyl am n,

N, N-di al kyl ai riino, cyano, nitro, alkoxy, haloal koxy, 20 Optionally R2 is
subst i t ut edhaiinventens Sirthsapwaidey icomppurdsf theafarmule Iihal oal koxy, ami no,

am doal kyl, N-al kyl am no, N, N-di al kyl am no, (N-al kyl am n)al kyl, (N N

N, N-di al kyl am no- sul fone, ami do, N-alkylan do, N, Radi AK , cyano,

sul f onam no X 3 am di ng i guani di no,
N- cyano- idi [ i di 4 25/ ni troguayi di no

al kyl carfpoxy ; 4 a H or

(C -3)alikyl; PT 2405 1 1Optionally B ring
conprisiRg up to R2 % gy join to forma rfng
conprising~up to¢ 7 ring atans.~or R3 and~R4—nhy join to for e 11
conprising up to 7 ring atons; Any heteroal kyl group outli ne abo is a

hetero atom substituted al kyl containing 5 one or nore hetero groups.
i ndependent |y ﬁel ected fromN, 0, S, SO S02, (a hetero group being a \
hetero atom oP'gfBup of atons); Any heterocycl oal kyl or heteroaryl group

tli b i , i |
fromns oS EefBPER, 02 A0k Rl BpRHE KU IUAT: LOATRARE B o BROTHEE
may be strabg@bindepéideny sé‘léhte@ﬁ-@ﬂﬁd}/@ﬂiaﬂ@ﬂ,'d?jﬁl§ hefehRkWosEys bk eroadilywith Ky |

group outlined above is preferably (Cl-7)al kyl and nost preferably
( C1- 6) al kydach ring structure being independently optionally substituted by one or two substituents

independently selected from halogen, hydroxy, haloalkoxy, amino, N-alkylamino, N,N- N
" dialkylamino, cyano, nitro, alkyl, alkoxy, alky! sulfone, haloalky! sulfone, alkyléarbamate,

1o alylamide, wherein any alkyl radical within any substituent may itself be optionally
substituted with one or more groups selected from halogen, hydroxy, amino, N-
alkylamino, N,N-dialkylamino, cyano, nitro, alkoxy, haloalkoxy, aryloxy, heteroaryloxy,
carbamate; '

_ Z is SOs.

15 Eachof Band F is indepéhdently selected from a direct bond, O, (C1-6)alkyl, (CI-

6)heteroalkyl, alkyny!l, CO, NCO, CON, NH, S; |

R2 is selected from H, alkyl, hydroxyalkyl, alkoxyalkyl, aryloxy alkyl, aminoalkyl,
(N-alkylamino)alkyl, (N,N-dialky!amino)alkyl, amidoalkyl, thioalkyl cycloaikyl-alkyl,
alkyl—cyclbalkyl, arylalkyl, alkylaryl, alkyl-heteroaryl, hetercalkyl, heterocycloalkyl-alkyl,

20 alkyl-heterocycloalkyl, heteroaryl-alkyl, heteroalkyl-aryl; _

R3 and R4 are independently selected from H or (C1-3)alkyl;

Optionally R2 and R3 may join to form a ring comprising up to 7 ring atoms, or R2
and R4 may join to form a ring comprising up to 7 ring atoms, or R3 and R4 may join to

form a ring comprising up to 7 ring atoms;



Preferred conpounds of the formula Ha are those wherein one or nore of the
following apply: is Bis selected froma direct bond, 0, CO S, B5k§BEF ;2005
especially Bis a direct bond, 0, S, or alkynyl; R2 is selected fromH, .(C
1-6)al kyl, aryl-(C 1 -6)alkyl or hetcroaryl-(C I -6)al kyl optionally
substituted wth hal o, haloallcyl, hydroxy, alkoxy, haloal koxy, am no,

am noal kyl , N-al kyl am no, N, N-di al kyl am no, (N-al kyl am no)al kyl, (N, N 20

di al kyl am no) al kyl, al kyl sul fone, am nosul fone, N-al kyl am no-sul f one,

N, N-di al kyl ar ni no- sul fone, am do, N al kylam do, N, N-dial kyl am do,

carbamat e, cyano, sulfonam no, al kyl- sul fonam no, am dino, N -am no

sul fone-am-di no, guanidino, N cyano-guanidino, thioguanidino,
2-nitroguanidino, 2-nitro-ethene-1, 1 -diamno, carboxy, alKkylcarboxy,
carbamate; 25 @xhﬁteﬁoaml mpmﬂu@dﬁbowmashesprﬁ iatqnogubstitetad alkyl eantaining

or o1 orred CUEBHIE PEFTY %rpﬁﬁ% BaFpeadandysTisted THBh O Dlh PLRDEGED BDs 1

For exanpl g,.. I gp&% the invention include conpounds of
formul a Haedem%%lteértée%lﬂn %&‘%ﬁbnd 0, Sor alkynyl; and R2 is

sel ected fromagy Ke@mﬁ‘))(ﬁéd‘lh()lfl or%békoa(rf %roup%@tﬂ:h&’d a@éve%hﬁixﬂa&ﬁél or (fork h?:t@@' kyl
optionally substituted with cyckl oa het er ocycl oal kyl', hal o, hal oal kyl,
hydroxys algkeupy,indepyhdeayly shizkwedlfiomx iy, 0618136 S0dy ni noal kyl, N-al kyl am no,

N, N-di al kyl am no, (N al kyl am no)al kyl, (N, N-_dial kyl am no)al kyl ,

Kyl sul fonyI Alyrﬁllﬁdsalkﬂaﬂ;wr alkmnbh gfyn@mmeleﬁmbpdﬁwaylﬁ sralght chain or

g@al kylam ﬁ‘L }/e t%mdio tte%zﬁﬁ'?@ l¥- Lﬁ%,lamw? lﬁé?&
sulfonamn f SUPPSIVRAT F8te3HY At %Pa?HH S B R SJ:MFH% no,

N- cyano- QUQHMHo@ f:egm gtiiRQ, 2- nltroguanl di no, carbamate, carboxy,
al kyl car boxy; gmgach gk@RB%and R4 is H Is Particularly pref erred

\é@ pounds of the |nvent|on are those of Fornmula lib: fib

1o Preferred compounds of the formula II include those wherein R2 is alkyl, aminoalkyl,

alky!l-heteroaryl, alkyl-heterocycloalkyl or heteroaryi-alkyl.

The invention further provides compounds of the formula Ila

R3 R4 O
R2

Z NH

N—< a
H S

0

15

i wherein
each of GI and G2 is a menocyclic ring structure comprising each of up to 7 ring
atoms independently selected from cycloalkyl, aryl, heterocyeloalkyl or heteroaryl, with
20 each ring structure being independently optionally substituted by one or two substituents
independently selected from halogen, hydroxy, haloalkoxy, amino, N-alkﬂamino, N,N-
dialkylamino, cyano, nitro, alkyl, alkoxy, alky! sulfone, haloalky! sulfone, alkylcarbamate,
alkylamide, wherein any alkyl radical within any substituent may itself be optionally

substituted with one or more groups selected from halogen, hydroxy, amino, N-



wherein & is optionally substituted piperidine or piperazine, and Gl, B,
and R2 are as 20 described for Formula Ila. In a conpound of FdkSmSEPT |2005
preferably & is unsubstituted and G is optionally substituted, preferably
G| is para substituted. 25 15 SEPT 2005 19 r'\ Suitable values for R2
include the following: /~/ OHN _N/ NSINU 00C G NyN~f NO NaFr
---"N S x 5 15 SEPT 2005 20 Suitable values for R5 include the follow ng: V

16

alkylamino, N,N-dialkylamino, cyano, nitro, alkoxy, haioalkoxy, aryloxy, heteroaryloxy,
carbamate; |
Z 15 SO,
B is selected from a direct bond, O, (CI-6)alkyl, (C1-6)heteroalkyl, CO, NCO,CON,
s NH, S, akynyl;
R2 is selected from H, (Cl1-6)alkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, &
{N-alkylaminojalkyl, (N,N-dialkylamino)alkyl, amidoalkyl, thicalkyl, or R2 is a group of ;

formula 111

X

10 C and D are independently selected from a &irect bond, H, (CI—Cﬁ_)alkyl, (C1-
C6)haloalky1, or {C1-Cé6)heteroalkyl containing one or two hetero atoms selected from N,
O or S such that when two hetero atoms are present they are separated by at least two
carbon atoms; _ -
(3 is a monocyclic ring structure comprising up to 7 ring atoms iﬁdependently

15 selected from cycloalkyl, aryl, heterocycloalkyl or heterdaryl, opticnally substituted by one

or two substituents independently selected from halogen, hydroxy, amino, N-alkylamino,
N,N-dialkylamino, cyano, nitro, alky}, alkoxy, alkyl sulfone, haldalkyl sulfone, or alkyl '
substituted with one or more groups selected from halogen, hydroxy, amino, N- (56
alkylamino, N,N-dialkylamino, cyano, nitro, alkoxy, haloalkoxy;

20 Optionally R2 is substituted ‘with han haloalkyl, hydroxy, alkoxy, haloalkoxy, amino,
aminoalkyl, N-alkylamino, N,N-dialkylamino, (N-alkylamino)alkyl, (N,N-

‘ dialkylamino)élkyl, alkylsulfone, aminosuifone, N-alkylamino-sulfone, N,N-dialkylamino-

sulfone, amido, N-alkylamido, N,N-dialkylamido, c;}ano, sulfonamino, alkyl-sulfonamino,
amidino, N-aminosulfone-amidino, guanidino, N-cyano-guanidino, thioguanidino, 2-

25 nitroguanidino, carboxy, alkylcarboxy, carbamate;

R3 and R4 are independently selected from H or (C1-3)alkyl;



X---NN LI NNS5 X= bond, 0, CH2, CHF, CF2, S, S02, CO X "= bond, CH2;

CHF, CF2; S02, COR=F, d, Br, CF3, CF30 CH30, OH, CF3CH2 It will be
appreci ated that the particul ar substituents and nunber of subst}? U8fRE 340>
10 conpounds of the invention are selected so as to avoid sterically

undesi rabl e conbi nations. 15 SEPT 2005 21 Each exenplified gonpound
represents a particular and i ndependent aspect of the invention. Were
optically active centres exist in the conpounds of the invention, we

di scl ose all individual optically active fornms and conbi nati ons of these as
i ndi vi dual specific 5 enbodi nents of thejpnvention, as well as their
correspondi ng racemates. Racemates may be separated into individual
optically active fornms using known procedures (cf. Advanced Organi c

Chem stry: 3rd Edition: author | March, pl04-10t) including for exanple the
formation of OpdsiatlyeRirend B3 deay joat iofesm haitiggngoisigniperst 7 Apg aoats, yr Reti ve
auxiliary species followed by separation and then cleavage of the auxiliary
speci es. }3ndi4 mayupin to ferma g gingciompagingt tothengaamserdR3 and BA dhapgotrotot he
.inventionhg%¥ contai n _one or npre as mretrically substituted carbon atons.
The prese G IR EPTBPIHD BP & /R8P MG sy et ric centres (chiral centres) in

a conpound of ' ﬂﬂﬁi can;: i L S“Eﬁf" i ﬁm%r in-each
case the i nveﬁ{‘{]gﬁljefssé to%@puﬂggﬁc;/%ggkiﬁagﬁgrgp gs%gﬁ Sg%%gﬁgg%t'rag%l Somers,
i ncl udisng gRAMHQTBEERSBELURE AtdcpERRABY Scle@Bd HFMMUOES, $Ocsodi (E%e{e@@@fﬂu‘ﬁx 15
m xtures thereof. Were tautoners exist in the conpounds of the invention,
e di scl oseeirgd 4 héetahi atbuual grodmef momsj;c f or s and conbi nati ons of these as
Lt o, P . : . .
*¥ndi vi dual specific enbodi nents of the invention. ) :

Any heterocycloalky!l or heteroaryl group outlined above contains one or more hetero

groups independently selected from N, O, §, SO, SO2;
Any alkyl, alkeny! or alkynyl groups outlined above may be straight chain or

i
£ed

2

10 branched; unless otherwise stated, any alkyl group outlined above is preferably (C1-7)alkyl
and most preferably (C1-6)alkyl.

Preferré_d conipounds of the formula Ia are those wherein one or more of the -
following apply:
15 B is selected from a direct bond, O, CQ, S, alkynyl; especially B is a direct bond, O, S,
or alkynyl; i
R2 is selected from‘ H, (C1-6)alkyl, aryl-{C1-6)alkyl or heteroaryl-(C1-6)alkyl
optionally substituted with halo, haloalkyl, hydroxy, alkoxy, haloalkoxy, amino,
aminbalkyl, N-alkylamino, N,N-dialkylamino, (N-alkylamino)alkyl, (N,N-

20  dialkylamino)alkyl, alkylsulfone, aminosulfone, N-alkylamino-suifone, N,N-dialkylamino-
» sulfone, amido, N-alkylamido, N,N-dialkylamido, carbamate, cyano, sulfonamino, alkyl-
sulfonamino, amidino, N-aminosulfone-amidino, guanidino, N-cyano-guanidino,
thioguanidino, 2-nitroguanidino, 2-njtro—ethene-1,i-diamino, carboxy, alkylcarboxy,
carbamate,
25 Each of R3 and R4 1s H;
(G2 is a nitrogen containing six-membered ring;

(1 is para substituted.



As previously outlined the conpounds of the invention are netall oproteinase
20 inhibitors, in particular they are inhibitors of MW 12. Eaéh BEPTHh&005
above indications for the conpounds of the the invention represents an

i ndependent and particul ar enbodi ment of the invention. Certain conpounds
of the invention are of particular use as inhibitors of MWI 3 and/or MW9
and/ or MVW8 and/or MVP3. 25 Conpounds of the invention show a favourable
selectivity profile. Wiilst we do not w sh to be bound by theoretical

consi derations, the conpounds of the ipyention are believed to show
selective inhibition for any one of the above indications relative to any
MWPLl inhibitory activity, by way of non-limting exanple they may show

100- 1000 fold selectivity over any MW | inhibitory activity. 30 The
conpounds  ofarfif\8arl MR edtotibul@s §f PrhiRdIAse Mhicke Wieesh e bHRAGEERYADI €
salts. These include acid addition salts such as hydrochl oride,
hydr obr dgiHle, citrate and 15 SEPT 2005 22 nal eate salts and salts forned
wi t h phosphoric and sul phuric acid. In another aspect suitable salts are
base salts such as an alkali netal salt for exanple sodiumor potassium an

Sat tor ek B o SO S FairiiPe SRk Shipmalile °M "
hydr ol ' AP i~C:al hat
ydro Y%Péran;tﬁfes%}g rect Cfi‘@eorfihgfg PGEY gsé%cte@?r%ﬁpﬁaggs-éé%lg(ﬁf,igtsl-a

hydr 0l yse 1 n unman body’to pr e parent conpol ters can
be i denyC L@akhYoraétersdrst-€T i-Blkyf @pti@mymuesmfeawﬁﬂ@mldélm, a test aninmal, s
the conpound under test and subsequently exam ning the test aninmal's body =&
f1 ui ds. hewireaybloalkyl,hald, helohlkal, blydsaly| akexy, ardotyrhabatidweryyammol ude
met hoxynet hyl and for hydroxy include tao fornyl . and acet§lb, especially

0

acet yl . aminealigpd, Nadkylaming, NeY-sialeyaming, (=dkylamingalkyl, @dbound of the’

i i d_ of the f | on b lla ordl P
ohar moc St kaaR APk S itE Ao o Bt N rer cor 1o @
the |} hepameuhh ol ffRhiERhidd, Bﬁél!&?iaﬂﬂdd}Mmﬂmhﬂ@gﬂgdgjrﬁgﬁa%%nﬁndmmm| s

including humans, it 1s normally fornulated in accor ce with standard 15
phar nmac elkyl-s@lforardnd, iacedias, 1d-amiacswibecHairddinocguapoding, Noyanthguafidine, i n
anot her aspect the present invention provides a pharnmaceuti cal

thioguanidino, 2-nitroguanidino, carbamate, carboxy, alkylcarboxy; and each 0of R3 and R4

is H.
S Particularly preferred compounds of the invention are those of Formula ITb:
H H §9; i
/N 8
B
.
[N,C) G2 N-——_*S\\:‘-O NH
- \__/ o
' ' N [ib
. H :

O

wherein G2 is optionally substituted pipendine or piperazine, and G1, B, and R2 are as

20  described for Formula [ia.

In a compound of Formula [Ib, preferably G2 is unsubstituted and G1 is optionally

substituted, preferably G1 is para substituted.

25



conposition which conprises a conpound of the invention (a conpound of the
formula | or Il, Ilaor IIb) or a pharmaceutically acceptabl e st tSBRT a309%
vivo hydrol ysabl e ester and pharmaceutically acceptable carrier. 20 The
pharmaceutical conpositions of this invention nmay be admi nistered in
standard manner for the disease or condition that it is desired to treat,
for exanple by oral, topical, parenteral, buccal, nasal, vaginal or rectal.
adm nstration or by inhalation. For these purposes the conpounds of this
invention may be fornul ated by nmeans knowg in the art into the formof, for
exanpl e, tablets, capsules, aqueous or oily solutions, suspensions, 25
emul si ons, creans, ointnents, gels, nasal sprays, suppositories, finely

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

(i ncl udi ng Suhtislawelves for Rninchde geufoilowing: | nfusi on) sterile aqueous or oily
solutions or suspensions or sterile emulsions. In addition to the conpounds
of the present invention the pharmaceutical conposition of this invention
may al so contain, or be co-admnistered (simulitaneously or sequentially) 30
wi th, one or re phafﬁhc6]ogicaL/Egents of value in treating gpR or nore

di seases or conditions referred”to "hereinabove. 15 S PT,20&5/§% The

phar maceuti cal compgsi ti gas~gb~this LQ¥9iL10n w | | %piqplly be adm ni stered
to hunmans so that, for exanple, a daily dose of 0.% tlo 75 ng/ kg body wei ght
(and preferabl y~of 0.5 toy30 no/ kg body*wej ght) is'received. This daily
gose may bei n-di vwded doses. as dssary, the precise ount of the
8onpound receitved and the route el Badiai st rationNdeperding on the wei ght,
age and sex of the gatient being treated and on the particular disease or
condition being tredted acegrdin 0 princi s_kpown in the art. Typically
unit dosage farfsun'N. contain %gﬁi I ﬁgqF%L§_6kﬁp of nd of this
gavention. io Therefore in a fur K.aspect, ®vi de a conpound of the

rmula | or a pharnmaceutically acceptable salt or Lgfoﬁgfﬁydqﬂlysable
ester thereoﬁﬁior\%s@\'n a nethod of therapeutic treathe ohrt grﬁunan or
ani mal body or for lus ] ' in

ejas al NG . Ngdi scl ose u t he
treatment of a di sé or,condition!neéiated by lbne{or nore
met al | opr ot ei nase enzynes. In partil r we di sdiege gse in the treatnent of

a di sease or 15 conditiop,nmediated by MW 12 and/or MW 13 angy or MVP9

and/ or MVP8 a or \\,/“\V/N\%,/
- : I
,/\\/f\nyN 0

— \/\/\NA

Biie: e RN Ve

O
N/ILO

X

5



MWP3; especially use in the treatnent of a disease or condition nedi ated by
MWP12 or MWP9; nost especially use in the treatnent of a di seasks c3EPT 2005
condition nediated by MW 12. In particular we provide a conpound of the
formula I'l, Ila or |lib or a pharnmaceutically 20 acceptable salt or in vivo
hydrol ysabl e ester thereof for use in a nethod of therapeutic treatnent of
t he human or ani mal body or for use as a therapeutic agent (such as use in
the treatnent of a.disease or condition nediated by MW12 and/or MW13
and/ or MW9 and/or MWP8 and/or MWP3; espécially MW 12 or MWP9; nost
especially MW 12). 25 In yet a further aspect we provide a nethod of
treating a netall oprotei nase nedi ated disease or condition which conprises
adm nistering to a warm bl ooded animal a therapeutically effective anount
of a conpoundSwifeblehealyesfaRg inclode thefbliowingeuti cal |y acceptable salt or in
vivo hydrol ysabl e ester thereof W also disclose the us of a conpound .of the
formula | or a pharnaceutlcally acceptable salt or in viva hydrolysable 30
precursor therg e\ preparation of a nedicanent for use in the

treat ment of geaNe ¢ condition nedi ated by one or nore

met al | opr ot ei naSe enzymes. 15 SEPT 2005 24 For exanple we provide a nethod
of treating a netall oprotei nase nedi ated di sease or condition which
conprises admnistering to a marn}blooded anlnal a therapeutically

effective am)u@ acung._@ _{ﬂa or Ilb (or a

phar maceutic accipt e sal d lysabl e ester thereof). VE@T
al so provide the use of a 5 conpound of t he for all, Ilaor lib (or a S
pharmaceutical |y acceptable salt or in vivo hydrolysable precursor thereof)

in the preparati f canenzégzgﬁ#se ¢the treatnment of a disease or

condi tion nedi gt nor tgi nase enzynes. !
N@talloprotelnase dlated’dlseases r condﬂtlons i nclude ‘asthma, rhinitis, @%
chronic obstructive pul nonary di seases (COPD), arthritis (such as

rheumatoid arthritis and io - osteoarthritis) at heroscl erosi s and

restenosis, cancer, invasion and netasta5|54£EFseas S |nvoIV|ng tissue -

destruction,. rQ of 0| At % epl ace eriddont al. di sease,
fibrotic disea 'tfarntlo car N di sease, liver and renal fibrosis,
endonetri osi s, i seasés rela -d to-tThe weakeni ng of the extracellul ar N

matrix, heart failure, aortic aneurysns CNS related dlseases such as

Alzhelner s di sease and Nhltlple r05|s
" | VY N
=N

X' =bond, Q, CH2, CHF, CF2, §, 802, CO
X"= bond, CHZ; CHF, CF2; 502, CO
5 R=F, C|, Br, CF3, CF30, CH30, OH, CF3CH2

It will be appreciated that the particular substituents and number of substituents in

10 compounds of the invention are selected so as to avoid sterically undesirable combinations.



15 hemat ol ogi cal di sorders. Preparation of the conpounds of the invention In
anot her aspect the present invention provides a process for prepasi Sgpa 2005
conmpound of the formula | or Il, Ila, Ilb or a pharmaceutically acceptable
salt or in vivo hydrol ysable 20 ester thereof, as described in (a) to (d)
below. It will be appreciated that many of the relevant starting materials
are commercially or otherwi se available or may be synthesised by known

nmet hods or nay be found in the scientific literature. (a) Conpounds of
formula | in which Y1 and Y 2 are each 0,2Z is S02, R2 is as 25 defined in
formula |, Ais a direct bond and-R5 conprises a nitrogen directly attached
to Z, or Ais (C1-6) Nalkyl, nay be prepared by reacting a conpound of
the fornula | EachexathpiticdRonsoua répiestnasa parti@lenendiniepdnidontt L3 d¢ DO
compounds of the formula Vin which X and mare as defined in fornula |: Ar
15 SEPT 2005¢280MH 1V V The reaction is preferably performed in suitable

sol vent optio i f.. b [ t 4h at..anmbient to

refl ux tenper ??%%% op Ecrag Zarc g(b/??/;gﬂgegle\%esh nstﬁg Egﬁgg%&%yogitﬁq He ,entéon, we disclose all

di met hy| f ojaRdea optiedilyadryide FbuiiP@Rl corsihaldnk OFf esOhs Hidohbed epRiAee are used
w th bases |ike triethylamne, N-rnethylnorpholine, pyridine or alkali
met al car bomhodsneats afrihé Byvention @p avedtagtheir eprezpasding rasgotatesn Racemsatepmapint i |

d of tion i hi tect ed h t hi t i
o nods. B tholE SR UG Pl RSl BriB R B RIS SRR S PR PR on,
#hd secondef 'H@ﬁis&yemrarmﬁ@xusdumdemﬁb,qﬂ0401072%1&&3@ #rbx@mpifle 10 the

WFari ations of the conditions wll be evident for those skilled in the art.

Synt hesi s formatepofidigstcspricor Mgrzatives haviag spnvrdenteptipally aatizve auxitieryand can
be prepared fr e. g.,.cystein ar honocystein.(Msher. J.:J. Org. Chem 23,1257
To58) . SHEFSHYTITHE PR EHOP Sphlreh Srepee Oh Rt RamieRer (- H) and Ro
&% as gescri braviilbe hppleeiatad taf the 3b@p6@MRREGAlg/toRRE RFESGLPMa P ¥balatn 0ne
| orination of.conpounds of fornmula Va, in which R2 is as described in
fornul a | qraperefasymmegrically substijpted caden atongg 3TheppRsenge of one or more of these
asymmetric centres (chiral centres) in a compound of the invention can give rise to
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
15 mixtures thereof.
Where tautomers exist in the compounds of the invention, we disclose all individual
tautomeric forms and combinations of these as individual specific embodiments of the -
invention. '

As previously outlined the compounds of the invention are metallbproteinase

, 20 inhibitors, in particular they are inhibitors of MMP12. Each of the above indications for
the compounds of the the invention represénts an independent and particular embodiment

of the invention.

Certain cdmpounds of the invention are of ]:;articular use as inhibitors of MMPI3
and/or MMP9 and/or MMP8 and/or MMP3.

25 Compounds of the invention show a favourable selectivity profile. Whilst we do not
wish to be bound by theoretical considerations, the compounds of the invention are
believed to show selective inhibition for any one of the above indications relative to any
MMP1 inhibitory activity, by way of non-limiting example they may show 100-1000 fold
selectivity over any MMP1 inhibitory activity. ' _

30 The compounds of the invention may be provided as pharmaceutically acceptable

salts. These include acid addition salts such as hydrochlonde, hydrobromide, citrate and



1591). Va 20 15 SEPT 2005 26 5 (b) Conpounds of fornmula I in which Yl and Y2
are each 0, Zis S, and X and R5 are as described in fornula | 1¥ayFERE 2005
prepared by reacting a conpound of fornmula VI in which K is a |eaving group

(e.g chloride, or sulfonate ester) and R5 as described in formula I, VI VIl .
10 '5 with a conmpound of formula VII, in which Gis a sulfhydryl (SH), X and
m as described in formula I. The reaction is preferably perfornmed in the
presence of base such as diethyl isopropyl am ne or cesium carbonate and in

the presence of a suitable solvent e.g Ddb. Alternatively, the conpounds
under process (b) may be prepared in the same manner as in process (b), by
reacting the conpounds of fornmula VI and VII, but in which Kin conpound Vi

| cavi g or B S bl Rtk W Eho i RHP aB Sl e Vin Brefher R oach 0.

Z i's 502 0kyifbfd salts ancba¥e sfits sushds BPalRRR nasal 48R €67 SRthp1Osd Qb WrdotassiiBy e
prepared by oxidizing the final products described under process (b)- and in

whi ch Z i saisalkalineeasth mietzl sedt fagexamplt caleiunper mxrguksivm aganpanic pmadesaitiby
m chl or oper benzoi Ct@ﬁi d.or oxone. 20 (d) Conpounds of the forrmula I in which
Yl and Y2 SPEERRSOFWRNC NRL(RI=H), m is 1, and R2, R3, R4, R5 are as

described in fRéfithdalsoBRYrd8de SNALAS 698l 8derd THOMPRE B £ a X
in which R2, stgjl R5 a‘)rﬁl)d A are as descriged in fornmul a I,BlaSﬁ;Sangﬁ%BS 27
x| 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 ey
compound under test and subsequently examining the test animal’s body fluids. Suitable
in vivo hydrolysable esters for carboxy include methoxymethyl and for hydroxy include
1o formyl and acetyl, éspecially acetyl. | ' %
In order to use a metalloproteinase inhibitor compound of the invention (a compound
of the formula I or II, Ila or 1Ib) or a pharmaceutically acceptable salt or in vivo
hydrolysable ester thereof for the thefaj:eutic treatment (including prophyléctic treatment)
of mammals_fncludihg humans, it s normally formulated in accordance with standard
15 pharmaceutical practice as a pharmaceutical composition.
Therefore in another aspect the present invention provides a pharmaceutical
composition which comprises a compound of the invention (a compound of the formula I o
or 11, Ia or [Ib) or a pharmaceutically acceptable salt or an in vivo hydrolysable ester and
pharmaceutically accéptable carrier. _ o
20 The pharmaceutical compositions of this invention may be administered in standard

manner for the disease or condition that it is desired to treat, for exampie by oral, topical,

parenteral, buccal, nasal, vaginal or rectal adminstration or by inhalation. For these
purposes the compounds of this invention may be formulated by means known in the art
into the form of, for example, tablets, capsules, aqueous or oily solutions, suspensions,

25 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 composttion
of this invention may also contain, or be co-administered (simultaneously or sequentiaily)

30 with, one or more pharmacological agents of value in treating one or more diseases or

conditions referred to hereinabove.



wi th ammoni um and cyanide salts in protic solvents, preferably in the
presence of excess ammoni um carbonat and potassi um cyanide in etha¥B¥T|40%°
seal ed vessel at 40-80 C for 4- 5 24 hours. The ketones of fornula Xl are

conveniently prepared by treating sulfonamdes of fornmula XIl in which R3
Is Hand R5 is as described in fornmula I, with excess strong base and then
treatnment with esters of formula XIIl , in which Ris an al kyl or aryl
residue and R2 are as described for formula I, in non-protic solvents.
Preferrable conditions are 2-3 io equivalEnts of lithiumbases like |ithium
di i sopropyl am de or |ithium hexanethyl disilazane or butyl lithiumin dried
etheral solvents |ike tetrahydrofurane. X1 The ketones of fornmula XI, in

whi ch R3 and %@M@&%@Mx}n‘ B5itibRY BF @is'ihPéhtioRSviliSormhall Bé’% rﬁfmﬂefe&rtgary'

and R2 is alkyl or aryl, can so be prepared by treatin |na es
formul a Xl \hummenekeo cat,For e;&maplg,la dmlyhbseobﬁ.ﬁw Tasgles bodyowei ghn(ahd prefembly,

hab h b b d k ff la XV
b whi ch- RE @1 melE badyIweRley BAERAe (1T Sy d5vg Magthedvaroes! I%Eae”«‘i 50,
1327-1329) 4 r {ixfd"‘xce ghal i des or
al kyl di hal ggﬁrb%ﬁ%%?@a@ﬁ%ﬁ&lés%&r egera I y%ge Or%@f@dwg} % presence of
base sugh aﬂnmtmmnﬂ@emmnﬁtle weighesd and seanf divapatieanteingiredted pidsetee of

a suitable solvent  e. DMSO at 50-10QC. 15 SEPT 2005 XIV 5 28 XV The
conpounds Wt%erﬂwmqr&ﬁn%yn bamgsrisdpeerriing e RERAPPIESKROVRED £ aTbwi ng

d@gsays: | sol a din
For - oxanp o PSR 4OSRRSmeti ik BB b 8S SOCBTTS Rl bR "
expressed ammtnnuml fied as described by Parkar A A et aI (2000), Protein

Expression and Purification, 20:152. The purified enzyne can be used to
nmoni;tor inhibitors of activity as follows: MW12 (50

"E\::Z‘;,J 10 Therefore in a further aspect, we provide a compound of the formula l or a
pharmaceutically accepfable salt or in vivo hydrolysable ester thereof for use in a method
of therapeutic treatment of the human or animal body or for use as a therapeutic agent. We
disclose use in the treatment of a disease or condition mediated by one or more
metalloproteinase enzymes. In particular we disclose use in the treatment of a disease or

15 condition mediated by MMP12 and/or MMP13 and/or MMP9 and/or MMPS8 and/or .

MMP3; especially use in the treatment of a disease or condition mediated by MMP12 or
MMPY; most especially use in the treatment of a disease or condition mediated by o
MMPI12.

In particular we provide a compound of the formula I1, ITa or IIb or a pharmaceutically

20 acceptable salt or in vive hydrolysable ester thereof for use in a method of therapeutic
trea;tlnent of the human or animal body or for use as a therapeutic agent (such as use in the
treatment of a disease or condition mediated by MMP12 and/or MMP13 and/or MMP9
and/or MMP8 and/or MMP3; especially MMP12 or MMP9; most especially MMPI12).

25 Inyeta further aspect we provide a method of treating 2 metalloproteinase mediated
disease or condition which comprises administering to a warm-blooded animal a
therapeutically effective amount of a compound of the formula [ or a pharmaceutically
acceptable salt or in vivo hydrolysable ester thereof. We also disclose the us¢ofa
compound of the formula { ora pharmaceutically acceptable salt or in vivo hydrolysable

30 precursor thereof in the preparation of a medicament for use in the treatment of a disease or

condition mediated by one or more metalloproteinase enzymes.



i5 ng/m final concentration) is incubated for 30 mnutes at RT in assay
buffer (0.1M Tris- HCl, pH 7.3 containing 0.1M Nadl, 20nmMv CaQ2, XB GREPTM005
ZnCl and 0.05% (w'v) Brij 35) using the synthetic substrate

Mac- Pro- Cha-d y-Nva- Hi s-Ala-Dpa-NH2 in the presence or absence of

inhibitors. Activity is determ ned by neasuring the fluorescence at kex

328nm and 2. em 393nm Percent inhibition is calculated as follows: %
Inhibition is equal to 20 the [FluorescenceQ" 5 inhibitor -

Fl uor escencebackgrfl und] divided by the [BEtuorescence,,inus inhibitor -

Fl uor escencebackground]. Reconbi nant human proMW13 nmay be expressed and
purified as described by Knauper et a]. [V. Knauper et al., (1996) The

Bi ocheni cal Jotyrnahmgielyd pAfidohelhbdMdeating' 8 SreRiffobfdt sed

Do et on i i Rample e phS iVity as fQHe(%V\l%g: meAfloptds %ﬂ?%ﬁ@%ﬂ?ﬂ?"“
activat ed ushdgioh wihitanompr gsedylinisericpto & wacnebl¢oeNapimaQ thexapsutrklly 21C,

the activat MVP13 (11.25ng per ,assay) is i bated for 4-5 hours at 35C in
assay buffé?g%‘.’qar&?%ti -aﬁe?rspoapfi?f Fetbmmaedh ﬁé %&ﬁ’ﬁ%&l&’éﬁm%ma@m 2, 0.02
m ZnCl |t ! 0 ] i heti c
M L S S S L

- (2, 4- di ni tompbeandy b)) the-farr3ula di, Ak os dfy @piaghyimadeatidhlly . abbthtable sdlher iprve&ence or
absence of _inhibitors. Activity_i.s determ ned(gby nmeasur i r}g the fluorescence
at A ex 328ncArabicgrauafiherpab dethe BTAPARIAN it MedicanentIior U A4S AR o
s Inhibiti i I - F1's i.Ahihit - £
Fl-uorescen gg é‘ciﬁ?g%g‘ﬁf nd }181&%05} ?rc]iéedc?ﬁg@ E? %gg FE@S (%er ‘Z‘SJE:"Q E %'ﬁf’{]ﬁ%sse “TEATBY t or "
FI uor escencebad&glieproginasénedintddadisqused @cwhdians heluds egthrey, righines chesgic essed
and purified pro MWPs using. substrates and buffers conditions optimal for
the parti cabgrucRve pulnenary disgiies (GQPHasuthings fsucn s cheumpagid aritigpnd et al . | e
(1992) FEB L,ggrm] ). - 2 j N ' | Belaudiog; exanpl e
TNF coﬁA\jer t§%{se eu%gg#@lr?%@%?%? %éd %%ﬁpﬁgﬁg?gx ?é(l)’nmf"%]{ dnd i 19,%1§e%5es o
i nhi bht t p: {nvibting tipsne dgsvucsghgdbedilihg aflpfoipr @plicememnveiiodsstabdizease may be
assessed sing a partially purified, iso]ated enzyne assay, the enzyne

bei ng_obt af R ayciOpRg hgE disepseTiipsT |and serngb SBFAs e BOAAPAIONE Nhl er

et al., (1&9?4;:35‘: #&E@t@&l@vg&%ﬁééﬁgoftl"y@mﬁ&gﬂuﬁdr%tgﬂ,zﬂe% 3ikreVidric and

inhibition thereotf 1's determn by 1 ncubati ng
aneurysms, CNS related diseases such as Alzheimer's disease and Multiple Sclerosis (MS),

5 hematological disorders.

Preparation of the compounds of the invention ' “

In another aspect the present invention provides a process for preparing a compound

of the formula I or 11, Ila, 1Ib or a pharmaceutically acceptable salt or in vive hydrolysable

20 ester thereof, as described in (a) to (d) below. It will be appreciated that many of the
relevant starting materials are commercially or otherwise available or may be synthesised

by known methods or may be found in the scientific literature. (Y

(a) Compounds of formula I in which Yl and Y 2 are each O, Z 1s SO,, R2 is as
25 defined in formula I, A is a direct bond and R5 comprises a nitrogen directly attached to Z,
CorAlis (C1-6) N-alkyl, may be prepared by reacting a compound of the formula IV in
which RS is defined as in formula I with the known compounds of the formula V in which

X and m are as defined in formula I;



partially purified enzyne in the presence or absence of test conpounds usi&g
the substrate 4',5'-Dinethoxy-fluoresceinyl Ser.Pro. 15 SEPT 2005
Leu. Ala. @ n. Al a. Val _Arg. Ser. Ser. Ser. Arg. Cys(4-(3-
succinimd-1-yl)-fluorescein)-NH2 in assay buffer (50mM Tris HC, pH 7.4
containing 20 0,1% (wv) Triton X-100 and 2nM CaCl 2), at 26C for 18 hours.
The anount of inhibition is determned as for MW13 except ), ex 490nm and)
em 530nm were used. The substrate was synthesised as follows. The peptidic
part of the substrate was assenbl ed on Fnmo25 NH Ri nk- MBHA- pol ystyrene resin
ei ther manually or on an automated peptide synthesiser by standard nethods
i nvol ving the use of Fnoc-am no acids and O benzotriazol- | -yl 25

N, N, N , N-t et ramet hyl ur oni um hexaf | uor oplgpsphate (HBTU) as coupli ng agent
wi.-th at |east a 4-~por 5-fold excess Qﬁ -am no acid and HBTU. Seri and
Pro 2 were doubl e- coupled. The foll de chain protection strategy was
enpl oyed; Ser&pBut), NFGLn5(Trity ?___ r r&z‘w or Pbf), Ser9' 10" 11(Trityl),
Cys13(Trityl). Foll oWwi ng assenbl Y, - tif% term nal Fnoc-protecting group was
renoved by treati-ng the Fnoc-peptidf@-resin with 30 in DMF. The

am no-peptidyl -resin so obtained was acyl ated by treatnent for 1.5-2hr at
70C with 1.5-2 equjval ents of 4',5'-di gethoxy-fluorescein-4(5)-carboxylic
acid [ Khanna 15 SEPT 2005 30 & U I nman, (1980) Anal Biochem 108:156-161)

whi ch had been preactivated with diisopropyl carbodiimde and I

Wdr oxybenzot Thazgkeon iy gobfatably perfoshdtEinlzaiatile solvesaptioynalihpRixhet gresys dfhen
| taneously deprotected and cleaved fromthe resin by treatnment with

S

et
[

trif | uor oacbesedont t2 Hoatrambippgo sobwampsratuiat Biefaably sol vants sush |2 prridige. The
oo Pt ; . | . ; ) -
ai othy! et HEMIBARE B RS e B Bl R o OO B o B iR

SR\ nal ei niikojretiylanpeclimethylméiholms) batidine gr dikiak eidtalakininas apabbient t he
preduct purified by RP-HPLC and finally isolated by freeze-drying from
aqueous acetemperitieg forrdd 6 brisachan wme, ehwrtdend of seeguenyis aghleped FOietRaed by

am no aci d m%é%mﬁ?ﬂﬁg%@cg%%étﬁﬁf%e}gtg%r?sﬁ)fiﬁﬁjfgy 1%%%&{1%5 GRRRAMRCG of

the i nvention recan d assayed usi ng

met hods f or witk aapibes frased add sebenddinsahings seprefiolsly deschibeg in e Adrature, hhd

(1998) GCsteoarthritis and rtilage 6:214-228; (1999) Journal of Biol ogical
Cheni st #ty, the vanations of the conditions will be evident for those skilled in the art. -

Synthesis of compounds of formula V is described in the literature and can be prepared
from e.g. cystein or homocystein (Mosher,J.:J.0Org.Chem.23,1257 (1958). e
Sulfonylchlorides of formula V, in which m=1, X=NR1(R1=H) and R2 is as described in
1s  formulal, are conveniently prepared by oxidative chlorination of compounds of formula
Va, in which R2 is as described in formula [ (Griffith, O.: J. Biol. Chem., 1983, 258, 3,
1591).

Va

20



274 (10), 6594-6601 and the anti bodies described therein. The potenc
conpounds to act as inhibitors against collagenases can be det¥tmt 2005
described by T. Cawston and A. Barrett (1979) Ana;. Biochem 99:340-345. 20
I nhi bition of -metal |l oproteinase activity in ceIUtissue based activity Test
as an agent to inhibit nenbrane sheddases such as TNF convertase The ability
of the conpounds of this invention to inhibit the cellular processing of
TNFa production may be assessed in THP-1 cells using an ELI SA to detect

rel eased TNF essentially as described @ M Mohler et al ., (1994)

Nat ure' 370: 218-220. Ina simlar 25 fashion the processing or shedding of

ot her nenbrane nol ecul es such as those described in N. M Hooper et al.

(1997) Bi oclerfromposris.of bgnpig ] imwehichel k andt ¥4 atesianly Qa@'pus@pnand&@andc&ﬁ Iarel | nes

and th ta tib t he .shed ote n

Tast s 28 ULGERTS FLLCHRI To% b PEOAEaM VLR GrroRRE SHPT Fargnels Vo eipound
of this 'm%rl&a\mgg gfbu'prz@lgmmoﬂdaeomxﬂfoam@aeafana%a%de@cﬁ%d ihF¥ARLIRN, assay
may be determ ned as described in A Al bini "et al., (1987) Cancer R’esearc_h

47:3239-3245. 5 Test as an agent to inhibit whole bIood TNF sheddase

activity The ability of the conpounds of this invention to inhibit TNFa

producti on assessed in a human ol e bl ood assay where LPS is used to

stimul ate fhe rel\ease of TNFa. HepafTRized (I QUnits/m ) human bl ood

obt ai ned fi®dm volbnakKeers. is. di d 1:5 with zo -medi um (RPM | 640 -+

bi carbonat®, penjcillin, strept®myci X an® gl utam ne) and incubated: (160i)

with 20l of “est conpound (triplicates), in DVSO or appropriate vehicle, for

30 mnat 37Cin a humdified (5%CO2/95%ir) incubator, prior to.-addition

of 20l LPS (E.y coli. 0111: B4, flnablconcentratlon I Cg/ni) Each assay

i ncl udes controls of diluted bl ood ‘Wncubated with nedium ai one (6 =

wel | s/plate) or a known TNFa inhibitor as standard. The 15 plates are then%&

i ncubated for 6 hours at 37C (hum dified |ncubator§mcentr| fuged (2000r pm

for 10 nwith agompoupd af faarrivle V stne\dhl(il‘mlli acoifhydmit(SHo Xeahd m a9 @leswibedph at es

at -70C%bef ubhsequent : an Si s TNFE concentr tlon Ry ELISA Test as
Bl B CERHOg ARy P Bhel BeBRRGRe of Bt fhohs diau]

an agent
isopropyl amine or cesium carbonate and in the presence of a suitable solvent e.g DMF. )

10
Alternatively, the compounds under process (b) may be prepared in the same rnanner.as in
process (b), by reacting the compounds of formula VI and VII, but in which K in
compound V1 is the sulfhydryl (SH) or a hydroxy! group and G in formula VII represents a

leaving group.

(c) Compounds of the formula [ in which Y1 and Y2 are each O, Z is SO2 or S{0),
and X, A, and R5 are as described in formula [, may be prepared by oxidizing the final
products described under process (b) and in which Z is S, with oxidizing agents like (J)
peroxide reagents, preferably m-chloroperbenzoic acid or oxone.
20
(d) Compounds of the formula I in which Y1 and Y2 are each O, X is NRI1(R1=H), m
is 1, and R2, R3, R4, RS are as described in formula | may be prepared by reacting a
compound of formula X! in which R2, R3, R4, RS and A are as described in formula I,



. LM )

20 The ability of the conmpounds of this invention to inhibit the de radatl%n
of the aggrecan or collagen conponents of cartilage can be ass PT 200
essentially as described by K M Bottomey et al., (1997) Bi ochem J.

323: 483-488. Pharmacodynanic test 25 To eval uate the cl earance properties
and bi oavailability of the conpounds of this invention an ex vivo

phar macodynam c test is enployed which utilises the synthetic substrate
assays above or alternatively HPLC or Mass spectronetric analysis. This is a
generic test which can be used to estimatg the clearancerate of conpounds
across a range of species. Aninmals (e,g, rats, marnosets) are dosed iv or
po with a soluble formulation of 30 conpound (such as 20% w v DMSO, 60% w v
PEG400) and at subsequent g—\; points (e.g- 5, 15, 30, 60, 120, 240, 480,
720, 1220 mns e bl es are taken froman 15 SEPT 2005 32

appropri ate /vessel\into | parin. Plasma fractions are obtained foll ow ng
centrifugatd®n ang—thAe1d asng proteins precipitated with acetonitrile (80%
w v final cogcentration). After 30 mins at -20C the plasma proteins are
sedi nented by centrifugation and the supernatant fraction is evaporated to
dryness using a Savant speed vac. The sedinent .is reconstituted in s assay
buf fer and subsequ«lag?I | y anal ysed for conpound content using the synthetic
substrate assay. iefly, a conpound concentration-response curve is
constructed for the conpound undergoing evaluation. Serial dilutions of the
raconstituted plasma extracts are assessed for activity and the anount of
ednpound pwithemtmbmutrhandaryiagidaabltsphgseric séveatse preferabllyd kgt resentis bhexdebe
concentrati on-respon curve taking into. account the total plasma dilution
factor. | 0PN S{é L and potapuum Gyangp ”éﬁﬂc’ﬁn N Vesscl*t?é‘“éﬁﬁl@f%}"‘of t he
conpounds 94 h ‘]Iyss invention as ex vivo TNFa inhibitors is assessed 15 in
ftge rat. Briefly, groups of male Wstar Al derley Park (AP) rats (180-21 (g)
&Fe dosed wi The kewpaoufdofbuladisye conveniently plepated bytfeating syifdmymiide of

R T S LA N AT
conCent 1 at o pof okl And oS Olioithila W18 BRI 105 HFIRYGAURR LANG Sl .

of sodi um heparin/nm bl ood. B ood sanples "are |m're on 1ce and
centri f ugeR?2 are as described for formula I, in non-protic solvents. Preferrablc conditions are 2-3

10 equivalents of lithium bases like lithium diisopropylalﬁide or lithium hexamethyldisilazane

or butyl Iithium in dried etheral solvents like tetrahydrofurane.

R3 '
| R R2
70 o~
o 0
Xl Xm o .

Th;a ketones of formula Xi, in which R3 and R4 are each é.lkyl or form aring, R5 is
is  aryl or heteroaryl and R2 1s alkyl or aryl, can also be prepared by treating sulfinates of
formula XIV in which R5 is aryl or heteroary! as described in formula I, with a base such
as tetrabutylammonium bromide and a ketone of forrnula XV in which R2 is alkyl or aryl
(Crandall er ! J. Org. Chem. 1985, (8) 50, 1327-1329). R3 and R4 are then introduced by
reaction with alky! halides or alkyl dihalides. The reaction is preferably performed in the
10 presence of base such as potassium carbonate or caesium carbonate and in the presence of

a suitable solvent e.g. DMF or DMSO at 50-100°C.



20 at 2000 rpmfor 10 mn at 4C and the harvested plasmas frozen at -20C for
subsequent assay of their effect on TNFa production by LPS-sti mistsspt@ows
bl ood. The rat plasma sanples are thawed and 1751 of each sanple are added
to a set format pattern in a 96U well plate. Fifty | of heparinized human
bl ood is then added to each well, m xed and the plate is incubated for 30
mn at 37C (humdified incubator). LPS (2541; final 25 concentration 10g/ m)
is added to the wells and incubation continued for a further 5.5 hours.
Control wells are incubated with 2541 of 2fedi um al one. Plates are then
centrifuged for 10 mn at 2000 rpm and 200l of the supernatants are
transferred to a 96 well plate and frozen at -20C for subsequent analysis
of TNF concentration by ELISA. 30 Data anal ysis by dedi cated software

cal cul ates for_each conmpound/ dose: 15 SEPT 2005 33 Percent inhibition of

TNFa= Mean Conprols) - MearCITNFa RZreated) X 100 Mean TNFct

(Control s) : anti-arthriti ent 5 Activity of a conpound as an
anti-arthriyi ted in the collagen-induced arthritis (ClIA) as defined
by D. E. Treqthas ., (1977) J. Exp® Med. 146,:857. In this nodel acid
soluble native type Il collagen causes polyarthritis in rats when

adm ni stered | r}H}:reunds i nconpl ete ﬁg{\}want. Simlar conditions can be used
to induce arthrf s in nice and pri es. 10 Test as an anti-cancer agent

Activity of a compound as an anti-cancer agent nmay be assessed essentially

as described in|. J. Fidler (1978) Methods in Cancer Research 15:399-439, g
using for exanple is the B 16 cell line (described in B. Hi bner et al., i
Abstract 283 p75 10th NCl - EORTC Synposi um Ansterdam June 16 - 19 1998).

Test as an anti-enphysena agent Acti vi ty of a conpound as an anti-enphysena

agent may be.assessed ess scrhbhed in Haut et al (1997)
Sci ence, 277:ﬁ'fcf(9§1.pmllﬂcg fetgémvcgﬁm\%ﬂay B%te\d? TP %g?oklk’ D€ it ed by@%
the fol | owkfagsExanpl es: 25 CGeneral anal yt| cal nmethods: 'H NWR spectra were >
recorded on either a Varian u" "Ylnova

Isolated Enzyme Assays

Matrix Metalloproteinase family including for example MMP12, MMP13.

Recombinant human MMP12 catalytic domain may be expressed and purified as
described by Parkar A.A. er al, (2000), Protein Expression and Purification, 20:152. The
purified enzyme can be used to monitor inhibitors of activity as follows: MMP12 (50

15 ng/ml final concentration) is incubated for 30 minutes at RT iﬂ assay buffer (0.1M Tris-
HCI, pH 7.3 containing 0. lM‘NaCI, 20mM CaCl,, 0.040 mM ZnCl and 0.05% (w/v) Brijj
35) using the synthetic substrate Mac-Pro-Cha-Gly-Nva-His-Ala-Dpa-NH2 in the presence

or absence of inhibitors. Activity is determined by measuring the fluorescence at kex

328nm and Aem 393nm. Percent inhibition is calculated as follows: % Inhibition is equal to
20 the [Fluorescenceps innibiror - FluOrescenceyackeround] divided by the [Fluorescencemipus inhibitor
- Fluorescencepackground).
Recombinant human proMMP13 may be expressed and purified as described by )
Knauper er al. [V. Knauper ez al., (1996) The Biochemical Journal 271:1544-1550 (1996)).
The purified enzyme can be used to monitor inhibitors of activity as follows: purified
25 proMMP13 is activated using 1 mM amino phenyl mercuric acid (APMA), 20 hours at
21°C; the activated MMP13 (11.25ng per assay) is incubated for 4-5 hours at 35°C in
assay buffer (0.1M Tris-HCl, pH 7.5 containing 0.1M Na(Cl, 20mM CaCl2, 0.02 mM Zn(l}



400MHz or Varian Mercury- VX 300MHz instrunment. The central solvent peak of
chloro formd (5H 7.27 ppm), dinmethylsulfoxide-dé6 (SH 2.50 ppn) b% SEPT 2005
nmet hanol -d4 (Sk 3.31 ppn) were used as internal references. Low resol ution
mass spectra were obtained on a Agilent 1100 LC- M5 system equi pped with an
APCI ionization chanmber. 30 15 SEPT 2005 34 EXAMPLE | 5...(2-f[4.(4 -
fluorol LI'-bi phenvl|-4-y!)-1-piperazinyllsul fonyl}ethyl)-2,4- -
i m dazol i di nedione 5 To the solution of 1-(4-fluorophenyl)-phenyl piperazin (
0.125 ng,0.48 mol) in 5 mM of dichloromsthane was added triethylamn (0.06
m, 0.5 mmol) and 2-(2, 5-di oxo-4- imdazolidinyl)-1-ethanesul fonyl chloride
(0.113 mM 0.48 nol). The m xture was stirred for 30 18 hrs,diluted with DCM
to 25 m,e 405 (ﬁ?ﬁjﬂ

dried, evapgﬁl&a?%@g(r%{ Bn? ?\Ss)gg ng(éeg:%%;éﬁisadr?@ LC-&I\I/Séth(%%\ Cl 1r'124-446. 9 (MH).
1H NVR 8 1yDB&eetylBdp LeﬁﬁGlmI(ean-BJrﬂ? 43d1ﬁlt11:(p]16n)8)4L 2, 3{dharfitbidpropiéibd Ala.Arg NH;
-Erwza'lt_%rralzgd&kﬁhﬁ pﬁqs@%(gﬁ.g‘gl SQuce B'f?rgg\gttors Actnlf_lj%y d%tenmneﬂlby méas?.l?mghee starting

2-(2,5-d I I
21 (227, e o el Sons bLen b e TR S, WA SO,
-2,4- 20 i hhitdvioh istiqueldioaire[RlGorBsaentdy,,i ,a,,btmeFmoxéwemngckggﬁd]rﬂxvnﬂe@ay&md 2 m

wat er sti L@ﬁ\'—:‘l violently in l;hree necked flask with gas-inlet
t ube, t her TEICeRFehinatisrivtor TIPPIERCE Sadieevwier | pl aced in the ice bath, was

{Babbl ed chl ormﬁnﬂ rafaeollc'zngmgédlwriokh@ek KQES%Q'aBHg%}l g} mqt?ﬂém t max.

terrp +5C. Then, S stirre mn nore vaporat ume in
vacuo (rmXSubemnesﬂE) buffas aindétibrisophthatiforahe partibtlar MMPhfonénstirek ap desaeibbdl | y

o SEPTe\Z,g,gggggé@aﬁnhKﬁ%h b RaRR f”r? 2508 8 Ll 10% sodi um thiosul fate,

10

Adamalysin_family including for example TNF convertase

The ability of the compounds to inhibit procTNFa convertase enzyme may be assessed -
using a partially punfied, isolated enzyme assay, the enzyme being obtained from the
ts  membranes of THP-] as describe;d by K. M. Mohler et al., (1994) Nature 370:218-220.

The purified enzyme activity and inhibition thereof s dcter_mined by incubating the
partially purified enzyme in the presence or absence of test compounds using the substrate -,
4',5"-Dimethoxy-fluoresceinyl Sér.Pro.Leu.Ala.Gln.Ala.Val.Mg.Ser.Ser.Ser.Arg.Cys(4-(3-
succinimid-1-yl)-fluorescein)-NH, in assay buffer (50mM Tris HCI, pH 7.4 containing

i 20 0.1% (w/v) Triton X-100 and 2mM CaCl,), at 26°C for 18 hours. The amount of inhibition

is determined as for MMP13 except ex 490nm and Aem 530nm were used. The substrate

was synthesised as follows. The peptidic part of the substrate was assembled on Fmoc-
NH-Rink-MBHA-polystyrene resin either manually or on an automated peptide synthesiser
by standard methods involving the use of Fmoe-amino acids and O-benzotriazol-1-yl-

25 N,N,N'N'-tetramethyluronium hexafluorophosphate (HBTU) as coupling agent with at
least a 4- or 5-fold excess of Fmoc-amino acid and HBTU. Ser' and Pro® were double-
coupled. The following side chain protection strategy was employed; Ser'(But),
GIn’(Trityl), Arg®'%(Pmc or Pbf), Ser™'®"!(Trityl), Cys*(Trityl). Following assembly, the
N-terminal Fmoc-protecting group was removed by treating the Fmoc-peptidyl-resin with

30 in DMF. The amino-peptidyl-resin so obtained was acylated by treatment for 1.5-2hr at
70°C with 1.5-2 equivaients of 4',5"-dimethoxy-fluorescein-4(5)-carboxylic acid [Khanna



crystallised from THF- hexane (Lora-Tamayo, M et al, 1968, An. Quim
66:591-606): "H NMR : 5 2.55m (1. 1H), 2. 65m (1.8H), 2. 70m (1 H) , 45 588PF | 2055
5-(2-{[2- (2, 5-di oxo-4-i m dazolidinyl)ethyl]disul fanyl}ethyl)-2,4-im dazoli di
nedi one Commercially available RS honocystine (0.18 nol) was suspended in
25 mM water and of potassiumcyanate 1.5 g (0.2 nol) was added and the

m xture was stirred at 100C for 45-min.Then it was allowed to cool
partially and 10 m of 10% HCI were added at once and the m xture was
stirred at 100C again for 50 mn.lIt wag placed in the fridge 10 overnight,
cry stals were filtered and washed successively with water and dried in
vacuo. LCG-Ms (APCl) rnlz 319.1 (MH). The overall generalised reaction _
schene | Qened, dhahik, . 13 Neem\ A -ANS 1 Ar-ANu
Vo Tfsél,g&ﬁmnh:&l?gb%@ %‘%lﬁfmf{%'t-@rgogr%y% l%z‘ii%ﬁdr\];eﬁ’:’ﬂ“éag“fg"??“ PT 2005 36
EXAVPL Edizsopbdpyl&arbodiimide and 1-hydroxybenzotriazole in DMF]. The

((4-phenyl -1-pi perazi,nyl )sul fonyl | methv] | -2, 4-i m dazol i di nedi one
dimethoxyfluoresceinyl-peptide was then simultaneously deprotected and cleaved from the

resin by treatment with triflucroacetic acid containing 5% each of water and uiéthylsilane.
s The dimethoxyfluoresceinyl-peptide was isolated by evaporation, trituration with diethyl

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

MALDI-TOF MS and amino acid analysis.

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,
15 (1998) Osteoarthritis and Cartilage 6:214-228; (1999) Journal of Biclogical Chemistry,
274 (10}, 6594-6601 and the antibodies described therein. The potency of compounds to
act as inhibitors against collagenases can be determined as described by T. Cawston and A. S

Barrett (1979) Anal. Biochem. 99:340-345.

20 Inhibition of metalloproteinase activity in cell/tissue based activity

Test as an agent to inhibit membrane sheddases such as TNF convertase

The ability of the compounds of this invention to inhibit the cellular processing of (o
TNFa production may be assessed in THP-1 cells using an ELISA to detect released TNF
essentially as described K. M. Mohler e? al., (1994) Nature 370:218-220. In a similar
25 fashion the processing or shedding of other membrane molecules such as those described
in N. M. Hooper et al., (1997) Biochem. J. 321:265-279 inay be tested using appropriate

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



The title conmpound was prepared according to the schene shown in Exanple 1.
To the solution of R-(2,5-dioxo-4-imdazolidinyl)nmethanesul fonyl 18hBBPTde005
(100 ng,0.47 s nmmol) in 2.5 nM THE was added the sol ution of |

- phenyl pi perazine (85 ng,0.52 mmol) and 65 ul of triethylamne (0.52 mmuol)
in 2.5 nmM THE via syringe at once. The m xture was stirred for 3 hrs,
precipitated triethylanmoniumchloride was filtered, washed with two small
portions of THF, evaporated and recrystallised fromEtOH and a snmall anount
of AcCOH io LCGM (APCl) mz 339.1 (M#)31 '"HNWR 6 2.5 m
(2H),3.1bs(6.5H),3.3m(2.5H),4.55m (1 H),6.8 t(IH),6.9d(l.88H),7.2
t(2.05H),9.1 bs (1.7H). The starting materials were prepared as follows: !5
R-(2,5-dio yl chloride To the suspension
ofR-5({[(x'%€"‘ §s‘P‘J‘“%)onsu|fany|}nrethy|) 2, 4-

i m dazol i di nedlhelabllity 6fﬂ1ermha)poundbﬂm1mn>o&micm tofinkibit ihe MgPtiGNSE cllsTin amt er
stirred violently in three necked flask with gas-inlet tube,thernoneter and
short ref| i2sOnEsyRIAEP friamaiged as @%éﬂb@emb“&tfhlbm@ BlLHBPRY CanrerRessaghs

for 15 mn4§.g%¢ 2%' precipitate dissolved) at nax. tenp. +5C Then, it was
stirred 15-nin m%re ‘evaporated to a small volune in vacuo (max.tenp

30C), di ssolved in 50 m of dichloronethane, shaken carefully wth sat.NaHC03

(ca 25 nl),then vvlth 10%sod| umthl osul fate, dried, evaporated,
crystal | i s&estrascan g inhibit whole bined INF sheddase attivitos, An. Quim ,

4.12%!(56 ( [591 606) The2§blht3|( %&Q%&% of tl%s%nv%%m 01( nﬁm?rﬁ?‘aﬁa dul_%on 1s%§sess(.edH)
[ (2, 5- di oxprAhimitlakoleitbotyissap viyie) B Sishisadid stimmilinglthe 2idsé 67 TEEQ! i di nedi on
e Commercjally available R cystine (0.18 nol) was suspended in 25 m water

and of polerasinizaddy dHaite/ml) Bargar blog @bta}nqﬂésonadabmt@&rﬂsﬂﬁetemlx& witB was

Qi o ) i S abd oSS heAle R SV AR Frin i S Pt

stirred at(150Q¢vAgatorl botesbébmpaundt(tripikarlRaeDMSO bhepﬁrbpﬂ&e vehicle, for 30
over ni ght, crystal s were filtered and washed successi vel deith wat er and

dried in Vrag\fg 7°Eap phuphdifieg (ee P Yapprincubator, prior to addition of 20ul LPS (E.

coli. 0111:B4; final concentration 10pg/ml). Each assay includes controls of diluted blood

incubated with medium alone (6 wells/plate)} or a known TNFa inhibitor as standard. The
15 plates are then incubated for 6 hours at 37°C (humidiﬁed incubator), centrifuged
(2000rpm for 10 min; 4°C ), plasma harvested (50-100n]) and stored in 96 well plates at
~70°C before subsequent analysis for TNFa concentration by ELISA. "

Test as an agent to inhibit in vitro cartilage degradation

20 The ability of the compounds of this invention to inhibit the deg';adation of the
. aggrecan or collagen components of cartilage can be assessed essentially as described by
K. M. Bottomley et al., (1997) Biochem J. 323:483-488.

Pharmacodvnamic test

25 To evaluate the clearance properties and bioavailability of the compoundls' of this
invention an ex vivo pharmacodynamic test is employed which utilises the synthetic
substrate assays above or alternatively HPLC or Mass spectrometric analysis. This is a
generi‘c test which can be used to estimate the clearance rate of compounds across a range™
of species. Animals (e,g. rats, marmosets) are dosed iv or po with a soluble formulation of

30 compound (such as 20% w/v DMSQO, 60% w/v PEG400) and at subsequent time points
(e.z. 5,15, 30, 60, 120, 240, 480, 720, 1220 mins) the blood samples are taken from an



5 EXAMPLE 3 (5S)-5-{1{4-phenyl -1-pi peraziny!)sul fonyl | net hyl
}-2,4-imdazolidinedione The title conpound was prepared according $EptT h®E005
schenme shown in Exanple 1. To the solution of

S- (2, 5-di oxo-4-im dazolidinyl)net hanesul fonyl chloride 10 (100 ng, 0. 47 mol)
in 2.5 mM THF was added the solution of 1-phenylpiperazine (85 nyg,0.52
nmol ) and 65 ul of triethylamne (0.52 nmmol) in 2.5 mM THF via syringe at
once. The m xture was stirred for 3 hrs, precipitated triethylamoni um
chlioride was filtered, washed with two shgl | portions of THF, evaporated
and recrystallised fromE OH and a small amount of AcOH 15 LGMS (APCl) mz
339.1 (MH#). "HNWVR S 2.5 m(2H),3. |bs(6.5H),3.3m2.5H),4.55m (1H),6.8 t(1
H) , 6. 9d( 1. s&romtiate vessel. 108H)0bhepapg. Plasmplfractiansers obigined dohewmgicantsi fugation

P ePar o0 o bt Sl nto ot ittt hEhIRA0E [AEWA BRAT SIRSHELSRY, Ateer

5-5- ([ (2, S3¢Pin@sQn 420°0 @ pRksind | RXte TRt el A et S)aéeﬂtﬂﬁ%taﬁé{xk i hg supernatant
6.9 nol) f 25 mM Ac

i m dazol i di nedi one ( i'n the mxture o OH and 2 wat er

stirred vifodatiohliyevapotatrdete drpedse dsinp aSevamttsheqglasici Thesedimbst, it reonsiimetedin and
short refl ux 25l? %Pndens%, | aced |aln tc@@ I ce bath, was bubbl ed chl ori ne gas
for 15 i n aseAvt§uttearnd sibsenysnglyapalygs & 105 coRRY UL Content tiEiRg thesgy A SHPStRES
stirred 15 m I Tap=] I iin L A( t

300 di ssolued PReBy Y AR o AR repoll (i f Soll PR AP e EBound g
(ca 25 nl) undergouigh dvah@fion. dtirmahd il intions wlf thetrecomdtiteal plestapextedotsiare assessed for
crystallised . from IHF- hexane, ( Lor a- Tanayo,, et .al, 1968, An. K Quim,

64( 6) : 591- GOBYILY angt Gepmodppef @@PW&stmged@)Em%@.@,ﬂ?ﬁ S(ael.ﬁéﬂsyalys ted
(0.9H),4.5 | . .. I |
S5 (11 (2, SRR oS S EseRs Y SR B P by Sty ion gt g
i nedione Commercially available S cystine (0.18 nol) was suspended in 25 m &g

wat er and of 5 potassiumcyanate 1.5 g (0.2 nol) was added and the mixture
was stirred at 100C for 45 mn.Then it was allowed to cool partially and 10

m of 10% KELivelsedddad at once and

Test as an anti-TNF agent

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

(p.o.), intraperitoneal (i.p.), subcutaneous (s.c.). Ninety minutes later rats are sacrificed
using a rising concentration of CO7 and bled out via the posterior vena cavae into 5 Units.

of sodium heparin/m! blood. Blood samples are immediately placed on ice and centnfuged

20 at 2000 rpm for 10 min at 4°C and the harvested plasmas frozen at -20°C for subsequent
assay of their effect on TNFa production by LPS-sthnulafed human blood. The rat plasma
samples are thawed and 175u! of each sample are added to a set format pattern in a 96U
well plate. Fifty pul of heparinized human blood is then added to each well, mixed and the
plate is incubated for 30 min at 37°C (humidified incubator). LPS (25ul; final

25 concentration 10ug/ml) is added to the wells and incubation continued for a further 5.5
hours. Control wells are incubated with 25! of medium aloné. Plates are then centrifuged
for 10 min at 2000 rpm and 200p1 of the supernatants are transferred to a 96 well plate and

frozen at -20°C for subsequent analysis of TNF concentration by ELISA.

36 Data analysis by dedicated software calculates for each compound/dose:



the m xture was stirred at i 00C again for 50 mn.It was placed in the
fridge overnight,crystals were filtered and washed successivel y-with water
and dried in vacuo. LCGM (APCI) niz 291.1 (MHO ). 10 EXAMPLE 4 15 SEPT 2005
(R -5-((14-(4'-fl uoroll, |

' - bi phenyl | -4-yi)-1-piperazinYllsulfonyl)nmethyl)-2,4- imdazolidinedi one 20
[ (R) -2, 5-D oxoi m dazol i di nyl ] met hanesui fonyl chloride (0.0127 g, 0.060

mol ), I|-(4'- fluoro[l, | '-biphenyl]-4-yi)piperazine (0.0154 g, 0.060
mol ), triethylamne (0.0084 nL, 0.060 mmol) and dry tetrahydrofuran (0.70
m.) were stirred at roomtenperature over315 SEPT 2005 39 ni ght. Pol ystyrene
met hyl i socyanate (0.025 g, 0.030 nmol) was added and the m xture was shaken
over night. The white suspension was carefully transferred to a

round- bot t peeent ihhibstkon dfENFes MeandNFa (Cedrolsit-hMeah Tavfed (Trksted X (128 | nl)
and washings were transferred to the bul k of _suspension. The sol vent was
evaporated, the white solid was suspendedldap BNEgf{eentdsim), coll ected on a
filter, washed with wat er (2x 1 mL), sucked free of water and dried in
vacuo at 45C over night to afford approx. 0.010 g of the title conpound.

LC- VB ( APt WsZanditi-aMititic adénVR (DVBO-d6) 6 10.8 (IH, bs), 7.98 (IH d, J
=2147), mﬁ_dﬁ_j_wd%'z OHz), 7.53 (2H, d, J=9Hz), 7.23 (2H t, J
OHz), s 05 ( 2Rictivity of Dedrrpouhds ag Bhti-agiidtic J tefted in the chPaddnizinddGedbdrritis3. 51

s obsculiR) B 4G LB YT ¢ s R [ ORBOMAS 146859, K imodel o,

JmQ43 Hz) c%cpz %I%le %ﬁ?v@tygéiﬁ &)lﬂig&gcau%ai%d@arthﬁ'tﬁ% Jrzjftﬁ v%'l%z fén{tﬁster]eﬁqhh)

e starting
material s Frewedsinepaplet &ai;mfaut ISomEar conditions can be used to induce arthritis in mice and
[(R) 2,5-Di ox0| m dazol i di nyl | met hanesul f onyl chl ori de was prepared accordi ng
to :MosherPHpalg§. 1958 3. Org. Chem 23: 1257.

@ .

Test as an anti-cancer agent

Activity of a compound as an 'anti-cancer- agent may- be assessed essentially as
described in I. J. Fidler (1978) Methods in Cancer Research 15:399-439, using for example
15 the B16 cell line (described in B. Hibner er al., Abstract 283 p75 10th
NCI-EORTC Symposium, Amsterdam June 16 - 19 1998). |

Test as an anti-emphysema agent

Activity of a compound as an anti-emphysema égem may be assessed essentially as

20  described in Hautamaki et af (1997) Science, 277: 2002.

The invention will now be illustrated but not limited by the following Examples:

25 General analytical methods: '"H-NMR spectra were recorded on either a Varian Y Inova
400MHz or Varian Mercury-¥X 300MHz instrument. The central solvent peak of
chloroform-d (6y 7.27 ﬁpm), dimethylsulfoxide-ds (04 2.50 ppm) or methanol-ds (i 3.31
ppm) were used as internal references. Low resolution mass spectra were obtained on a

Agilent 1100 LC-MS system equipped with an APCI ionization chamber.

30



20 1-(4 '-Fl uvo ro (1,1 '-Dbiphenyl]-4-yl)piperazine

4- Bronp- 4' -fl uorobi phenyl (4.46 g, 17.8 znnol), N-tert-butoxycar IG\EEPT 2005
pi perazine (3.97 g, 21.3 nznol), sodiumtert-butoxide (2.39 g, 24.9mnol),
racemc 2,2'- bis(diphenyl phosphino)- 1,1 binaphthyl (rac-BlI NAP) (0.082 g,
0.131 mml ), bis 25 (diberzylideneacetone)palladium (0) (0.041 g, 0.045
nmol ) and dry toluene (45 nL) were stirred at 80C under nitrogen atnosphere
for six hours. The warm m xture was filtered, the solids were washed tw ce
with warmtoluene and the filtrate was c@dcentrated in vacuo giving an
orange-red crude, which was stirred with ether (50m) for two hours. The
solid was filtered off, washed with small volunes of ether and dried in
vacuo at 45C over night 15 SEPT 2005 40 to give 5.57 g (88%yield) of
rert-but yl EXAMPIH Loro[l, | -biphenyl]-4-y1)-1- piperazinecarboxylate. This
product (5.52 g, 15 1), was di ssol v i n, di oxane m.) and stirred
Wi th 4M hy2tteeif-uy (181018] 1 1l H-4-y}-b-pipRra sul 4 od
hydrochloqic achgiSS.O nm.) was added and stirring was continued at 45C for
1.5 hours-gﬂgggléL—ggé£$or 1 hour. .The solution was concentrated to dryness
and the solid was triturated wth ether (100 nL), filtered, washed with
smal | volunes of ether and dried uy vacuo aty 45C for two hours to give 5.26
g (103%vyield) of 1-(4'-fluoro[1, % biphemyl ™=y ) pi perazi ne

di hydrochl oride as a light-ye SR . T -MS (APCl) miz 257 (MH+). 1H
NVR (DMSO-d6) -5 9.40 (2H, bs), 7.4 62H, dd, J1=6Hz, J2=9Hz), 7.55 (2H, d,
J=9Hz), 7.24 (2H, t, N, 707 (2H, Y, J OHz), 3.46-3.41 (4H, m,
3.25-3.17 (4H, m. The f was treated with aqueous sodi um hydroxi de
solution and the b taken up in 1s dichloro-nethane. Drying with
Na2SO4, filteri d coricentrating the organic phase gave the title
conpound as an Bite solid. 'H NWR (DVMBO-d6) 8 7.61 (2H, dd, J1-6Hz,
J2=9Hz), 7.4¥(2R~d, J=9Hz), -7.22 (2H, t, J=9Hz), 6.98 (2H, d, .19Hz),
3.10-3.06 (4H, m, 2.86-2.81 (4H, nm. 20 15 SEPT 2005 41

To the solution of 1-(4-fluorophenyl)-phenylpiperazin ( 0.125 mg ,0.48 mmol) in 5 ml of |

dichloromethane was added triethylamin (0.06 ml, 0.5 mmol ) and 2-(2,5-dioxo-4-

imidazolidinﬂ)-l-ethanesulfonyl chloride (0.113 ml 0.48 mol). The mixture was stirred for
10 18 hrs,diluted with DCM to 25 ml.extracted with IN HCI (5 ml) sat. NaHCO3 (5 ml) and

dried,evaporated,crystaliised (EtOH-dioxan).

LC-MS (APCD) m/z 446.9 (MH+).

1H NMR 6 1.95m (1H); 2.1m (1.15H),3.2“m(13._3H),4.1m (1H),7.05d |

(2H),7.25d(2.1H),7.65d (2.2H),7.80d(1.8H),8.0 bs (NH). |

The starting matenals were prepared as follows:

2-(2,5-dioxo-4-imidazolidinyl)-1-ethanesulfonyl chloride
To the suspension of 5-(2-{[2-(2,5-dioxo0-4-imidazolidinyl)ethyl]disulfanyl }ethyl)-2,4-
20 imidazolidinedione (6.9 mol) in the mixture of 25 ml AcOH and 2 ml water stirred
violently in three necked flask with gas-inlet tube,thermometer and short reflux
- condenser,placed in the ice bath,was bubbled chlorine gas for 15 min (until all precipitate
dissolved) at max.temp.+5°C.Then,it was stirred 15 min more,evaporated to a small

volume in vacuo {max.temp 30°C),dissolved in 50 ml of dichloromethane,shaken carefully



EXAMPLE 5 Using an anal ogous procedure to that described in Exanple 4,

[ (4R) -2, 5- dioxoi m dazol i di nyl ] met hanesul fonyl chloride was reactes sEph 2065
appropriate primary or secondary amne to give the conpounds |isted bel ow.
Al'l the am nes enployed are comercially available. 0 HNNHO I hl (R -

Amne-S---~" 0 it O The Table bel ow gives the Am ne group for each conpound
of -the above structure. NN-\ FN- - - N MV 353.40 MW 355.39 mz 354 :
(MH)mz 356 (MH) F I ~fl i MN 357.360 nfz 358 (MH)MN 421.52 mz 422

M+ CIMeO Cl ONN MN 422.29 mz 423 (MB)MN 433.49 nlz 434 MH+

with sat.NaHCO3 (ca 25 mi),then with 10% sodium thiosulfate, dried, evaporated,
crystallised from THF-hexane (Lora-Tamayo, M. et al, 1968, An. Quim., 64(6):591-606);
i 'H NMR :82.55m (1.1H),2.65m (1.8H),2.70m (1H),4.55m (1H).

5 5-(2-{[2—(27,5—di0x0—4—imidazolidinyl)ethyl]disulfanyl}ethyl)-Z,4-imidazolidinedione

Commercially available RS homocystine (‘0.1 8 mol) was suspended in 25 m] water and

of potassium cyanate 1.5 g (0.2 mol) was added and the mixture was stirred at 100°C for
45 min.Then it was allowed to cool partially and 10 ml of 10% HCI were added at once

and the mixture was stirred at 100°C again for 50 min.]t was placed in the fridge

10 overnight,crystals were filtered and washed successively with water and dried in vacuo.

LC-MS (APCD) m/z 319.1 (MH+).

The overall generalised reaction scheme is shown below:

P Mo ' 3. N
sl Ta 1KONO s Do

N

e ' o ’
L
= 0 n=1,2
n=1,2 Clz
O
N
0 Ar—A N /CI
/ by W /O — N n S\
Ar—A N—87 - N 4 0
n_/ ] TEA o} o
" _ n=1,2
N Ar=aryl, heteroaryl

)\ =0 """ " A=CHN
N



GL NN MN 437-91 mz 438 (MH) _ 15 SEPT 2005 42 EXAMPLE 6 ( )-5-
([4-(4"-fluoro[1,1"-bi phenyl 1-4-yp-1. -piperazinyll sul f onyl ) met hyls) 82p2- 2005
i m dazolidinedione O N X-0 05 [(S)- - Di oxoi m dazol i di nyl ] net hanesul f onyl
chloride (0.0127 g, 0.060 mmol), 1- (4'

fluoro[ 1,1 -bi phenyl]-4-yl)piperazine (0.0154 g, 0.060 mml ), triethylam ne
(0::0084 nm., 0.060 nmol) and dry tetrahydrofuran (0.70 nL) were stirred at
roomtenperature over night. Polystyrene nethylisocyanate (0.025 g, 0.030
mol ) was added and the. m xture was shaké&n over. night. The white
suspensi on was carefully transferred to a round-bottoned is flask, the resin
was rinsed with tetrahydrofuran (2x 1 nL) and washings were transferred to

t he bul k of suspension. The sol vent was evaporated, the white solid was
suspended iEEEﬂﬁEEELlS m), collected on a filter, washed with water (2x1

m ), sucked_f [ night to afford

approx. 0.0

DMVSO- d6

Y250t . 769%%t%f4ﬂ#f’*yd3wzssﬁwp#&c§§%éﬁﬁﬁ % t&géﬁé‘@ *‘938@??%%8 ),
4.45 (1H deghe sdhmdhiaf RIZSdo xoﬂnﬁﬂﬁoltd&g@}’kﬂd{&ﬁksﬂfbnyﬂ bﬁlbné&"(w(}]rﬁg,?)m)
3.44 (1H, dd, Jj=l 5Hz, 2=4Hz 3.35-3.2 8H, ns; Obscured by water

si gnal) 513(&1mmi(:[2[\m1 dalx \GaSLaZBled thel®utRn(cf 1 -pheBdPphirrazideB53ng, 042 Mmol)36. 4
(d, J 3Hz), 130. 20 127.7 g) 1=814z§ 127.2, 116,2, 115. 5 d, J=21 Hz),
53. 4, 49. 4anf4@5011 of riashylaminedDaimmghineSrmhTEF Wiz &yriiessheres- 15e mukiusosas

ggcgﬁdﬁng LK Q e ARZ O e S lel TRERAISSA O Hh1oBHE Ok $iel35 wRLEAA £ two

small portions of THF, evaporated and recrystallised from EtOH and a small amount of
AcOH.

1o LC-MS (APCI) m/z 339.1 (MH+).
'HNMR § 2.5 m (2H),3. Ibs(6 5H),3.3m(2.5H),4.55m (1H),6.8 t(1H),6.9d(1.88H),7.2
%(2.05H),9.1 bs (1.7H).

The starting materials were prepared as follows:

R-(Z,5-dioxo—4-imidazolidinyl)rﬁethanesulfonyl chloride

To the éuspension of R-S -({[(2,5-dioxo-4-imidazolidinyl)methy!]disulfanyl }methyl)-2,4-
imidazolidinedione ( 6.9 mol) in the mixture of 25 ml AcOH and 2 ml water stirred
violently in three necked flask with gas-inlet tube,thermometer and short reflux

20  condenser,placed in the ice bath,was bubbled chlorine gas for 15 min (until all precipitate '

dissolved) at max.temp.+5°C.Then,it was stirred 15 min more,evaporated to a smail W

volume in vacuo (max.temp 30°C),dissolved in 50 ml of dichloromethane,shaken carefully

with sat.NaHCO?3 (ca 25 ml),then with 10% sodium thiosulfate, dried, evaporated,

crystallised from THF-hexane (Lora-Tamayo, M. er al, 1968, An. Quim., 64(6):591-606);
25 'HNMR (DMSO-dg): § 3.21m (1.1H),3.3m (0.7H).4,65m (1H).

R-5-({{(2,5-dioxo-4-imidazolidinyl)methyl]disulfanyi}methyl)-2,4-imidazolidinedione
Commercially available R cystine (0.18 mol) was suspended in 25 ml water and of

potassium cyanate 1.5 g (0.2 mol) was added and the mixture was stirred at 100°C for 45

ETRR
o




Mosher eta!, 1958, J. Og. Chem 23:1257. 25 1-(4'-Fluoro[l, |

bi phenyl ) -4-yl) pi perazi ne was prepared according to Exanple 4. 155SEFFT2B085
43 EXAMPLE 7 Using an anal ogous procedure to that described in Exanple 6,

[ (45)-2,5- dioxoimdazolidinyl]nethanesul fonyl chloride was reacted with the
appropriate primary or secondary amne to give the conpounds |isted bel ow.
Al the am nes enployed are s commercially available. 0O HN -NH O fi )
Amine--S Ol | O The Table bel ow gives the Anm ne group for each conpound of
t he above structure. \ NNF\ N-- MN 3%5.39 MV 353.40 mlz 356 (MH) niz
354 (MH#) OCN--- MW 357.36 rritz 358 MHHMN 421.52 mz 422 (MH) :10cxMeC N

MN 422, 29N-N m z 423 MH++)MN 433.49 mz 434 (M#) cl~
min. Then it was allowed to cool partially and 10 ml of 10% HCI were added at once and
the mixture was stirred at 100°C again for 50 mir.It was placed in the fridge

overnight,crystals were filtered and washed successively with water and dried in vacuo.

LC-MS (APCD) m/z 291 (MH+).

EXAMPLE 3 '
(58)-5-{|{4-phenvl-1-piperazinylsulfonyl]methyl}-2.4-imidazolidinedione

The title compound was prepared according to the scheme shown in Example 1.

To the solution of S-(2,5-diox0-4-imidazolidinyl)methancsulfony[ chloride

10 (100 mg,0.47 mmol) in 2.5 ml THF was added the solution of l-phehy}piperazine (85
mg,0.52 mmol) and 65 ul of triethylamine (0.52 ramol) in 2.5 m] THF via syringe at
once.The mixture was stirred for 3 hré, precipitated triethylammonium chloride was ._
filtered, washed with two small portions of THF, evaporated and recrystallised from EtOH
and alsmall amount of AcOH.

15 LC-MS (APCDy m/z 339.1 (MH+).
'H NMR: § 2.5 m (2H),3. 1bs(6.5H),3.3m(2.5H),4.55m (1H),6.8 t(1H),6.9d(1.88H),7.2

T

t(2.05H),9.1 bs (1.7H)

The starting materials were prepared as follows:

20

S-(2,5-dioxo-4-imidazcolidinyl)methanesulfonyl chloride

To the suspension of S-5-( {[(2,5-dioxo-4-imida201idinyl)methy!]disulfanyl}methyl);2,4-
. imidazolidinedione ( 6.9 mol) in the mixture of 25 m! AcOH and 2 m] water stirred

violently in three necked flask with gas-inlet tube,thermometer and short reflux 7_

25 condenser,placed in the ice bath,was bubbled chlorine gas for 15 min (until all precipitate
dissolved) at max.terﬁp.+5°C.Thcn,it was stirred 15 min more,evaporated to a small
volume in vacuo (max.temp 30°C),dissolved in 50 ml of dichloromethane shaken carefully
with sat. NaHCOQ3 (ca 25 ml),then with 10% sodium thiosulfate, dried, evaporated,
crystallised from THF-hexane (Lora-Tamayo, M. et al, 1968, An. Quim., 64(6):591-606);



cCil:lbLrk.l::N. N MN 437.91 nlz 438 M#) is 15 SEPT 2005 44 EXAVPLE 8
Hydantoins with the foll ow ng general structure were synthesi sediéwsep® E00S
carbon or a heteroatom: R---E N-S 5 Representative synthetic route:

(5R, S)-5-(4-(4-Fluoro-ph enyliperidine-I-sul fonyl nethy _
fl-5-nmethyl-imdazolidine- 2,4-dione. 10 a (76% b (59%9 0 C} (62% O 1 |
N-S 11 O Reagents: a) MS02Cl, DCM (rC, 2.5h. b) i. L1-FMDS, THF, 45mn.
ii. MeQAc, THE,- 40min. c) KCN, (NH4)2CCB:iiSt5 50%&t OH/ H20, 70C, 17h.

'H NMR (DMSO-dg): § 3.2m (0.9H,3.35m (0.9H),4.50m (1H).

S-S—{{ [(2,5-dioxo-4-imidazolidinyl)methyl]disulfanyl}methyl)-2,4—imidazolidinediohe
Commercially available S cystine (0.18 mol) was suspended in 25 ml water and of

potassium cyanate 1.5 g (0.2 mol) was added and the mixture was stirred at 100°C for 45

min.Then it was allowed to cool partially and 10 ml of 10% HCI were added at once and ﬁ"‘“
the mixture was stirred at 100°C again for 50 min.It was placed in the fridge

overnight,crystals were filtered and washed successively with water and dried in vacuo.

LC-MS (APCI) m/z 291.1 (MH+).

EXAMPLE 4

{R)-5-({[4-(4 -fluore|l.]1 -biphenvl]-4-yD-1-piperazinvllsulfonvlimethvi}-2.4-

imidazolidinedione

20

[(R)-2,5-DioxoimidazolidinylJmethanesuifonyl chloride (0.0127 g, 0.060 mmol), 1-(4'-
fluoro[1,1 -bipheny!]-4-yl)piperazine (0.0154 g, 0.060 mmol), triethylamine (0.0084 mL,

0.060 mmol) and dry tetrahydrofuran (0,70 mL) were stirred at room temperature over



15 SEPT 2005 45 SULFONYL- AM DE | NTERVEDI ATES StructureAnal ysis (11 O mz 258
(M) F/ Ns- 00 Nmz 291 (M#) ci ~ is NOF Fnfz 310 ( MH+)L5NSEBTO 208657
267 (M) TNC\ , NNS NO F\ / NNS mz 259 (M) 11

20

23

39

night. Polystyrene methylisocyanate (0.025 g, 0.030 mmol) was added and the mixture was
shaken over night. The white suspension was carefully transferred to a round-bottomed
flask, the resin was ninsed with tetrahydrofuran (2x1 mL) and washings were transferred to
the bulk of suspension. The solvent was evaporated, the white solid was éuspended in
water (5 mL), collected on a filter, washed with water (2x1 mL), sucked free of water and
dried in vacuo at 45°C over night to afford approx. 0.010 g of the title compound.

LC-MS (APCD) m/z 434 (MH+).

'H NMR (DMSO-dg) 8 10.8 (1H, bs), 7.98 (1H, d, J=2Hz), 7.63 (2H, dd, J,=5Hz, /;=9Hz),

©7.53 (2H, d, J=9Hz), 7.23 (2H, 1, J=9Hz), 7.05 (2H, d, J<9Hz), 4.45 (1H, ddd, J;=2Hz,

J,=4Hz, /5=6Hz), 3.51 (1H, dd, J;=15Hz, /,=7Hz), 3.44 (1H, dd, J;=15Hz, /;=4Hz), 3.35-
3.25 (8H, m’s; obscured by water signal) ppm.

BC NMR (DMSO-dg)  173.7, 161.3 (d, /=243Hz), 157.3, 149.8, 136.4 (d, =3Hz), 130.1,
127.7 (d, /=8Hz), 127.2, 116.2, 115.5 (d, J/=21Hz), 53.4, 49.4, 48.0, 44.9.

The starting materials were prepared as follows:

[(R)-2,5-Dioxoimidazolidinyljmethanesulfony} chloride was prepared according to

Mosher et al, 1958, J. Org. Chem 23:1257.

1-(4"-Fluoro[1,1 -biphenyl}-4-yl)piperazine
4.Bromo-4'-fluorobiphenyl (4.46 g, 17.8 mmol), N-tert-butoxycarbonyl piperazine (3.97 g,
21.3 mmol), sodium tert-butoxide (2.39 g, 24 9mmol), racemic 2,2"- '
bis(diphenylphosphino)-1,1 -binaphthy! (rac-BINAP) (0.082 g, 0.13]1 mmol), bis-
(dibenzylideneacetone)palladium (0) (0.041 g, 0.045 mmol) and dry toluene (45 ml) were
stirred at 80°C under nitrogen atmosphere for six hours. The warm mixture was filtered,
the solids were washed twice with warm toluene and the filtrate was concentrated in vacuo
giving an orange-red crude, which was stirred with ether (S0mL) for two hours. The solid

was filtered off, washed with small volumes of ether and dried in vacuo at 45°C over night



Onmz 273 (MH) Ir-N FCNMz 243 (M#) //\-NN- NOomz 274 (MH#) C O
("): For NVR-data see experinental part. 5 4-(4-Fl uoro-phenyl)-]

- met hanesul f onyl - pi peri di ne 4- (4- Fl uor o- phenyl ) pi peri di ne hydr odtfi GiEEJe 2005
(2.16g; | Omwol) and diisopropyl ethylam ne (4.35nl; 25mmol) was dissol ved
in DCM (60mL) and cool ed under nitrogen on a ice/water bath.

Met hanesul fonyl chloride (1.56nl; 10.lrnnmol) was dissolved in DCM (5m) and
added droppwi se during' 2 mn. The reaction mxture was stirred for ‘2.5 h on
the ice/water to bath. The reaction m xture was washed with dilute HC (aq),
pH=2, H2O, and 1M Na2CQO3. The organi c phase was dried (Na2SO4), filtered
and evaporated to give a crude product that 15 SEPT 2005 46 was
recrystallised from THF/ n- Hept ane. The col ourl ess crystalls was renoved by
filtration and dried under vaccum at 45C. Obtained 1.96g (76%vyield) of the

title conpowive S5TNB8YVuRdr) ohfer-egl 4-KHjuors{ L, H-ipk yie)- S 7.31 (m

S0 1 66 pimrasiapearbonylatt Thié phodudt 3152 8 15.5 kol wak dibfBtved in'dioxane {10! ™

5-Chloro-2-¢1- h f |+ RI -1 dl; - idi.ne~The titlhe
5. or o 2p4 VAP LPEL b BEGHL 07Tk IR VA" T
4- (4- Fl uor @ phi@iorid acld (1.0 mIBhitanaed hadhitrriRl BRk ichiifued at 45°C for 1.5 hours and
s at 60°C for 1 hour. The solution was concentrated to dryness and the solid was triturated
with ether (100 mL), filtered, washed with small volumes of ether and dried in vacuo at
45°C for two hours to give 5.26 g (103% yield) of 1-(4"-fluoro[1,1 "-biphenyi]-4-

yl)piperazine dihydrochlonde as a light-yellow salt.

10 LC-MS (APCI) m/z 257 (MH+). _
'H NMR (DMSO0-dg) § 9.40 (2H, bs), 7.64 (2H, dd, J;=6Hz, J;=9Hz), 7.55 (2H, d, J=9Hz),
7.24 (2H, t, J=9Hz), 7.07 (2H, d, J=9Hz), 3.46-3.41 (4H, m), 3.25-3.17 (4H, m).
The salt was treated with aqueous sodium hydroxide solution and the base was taken up in
15 dichloro-methane. Drying with Na,SOy, filtering and concentrating the organic phase gave

the title compound as an offwhite solid.

" NMR (DMSO-dg) 3 7.61 (2H, dd, /;=6Hz, ,=0Hz), 7.49 (2H, d, J=9Hz), 7.22 (ZH, ,
J=9Hz), 6.98 (2H, d, J=9Hz), 3.10-3.06 (4H, m), 2.86-2.81 (4H, m).

20




5- Chl or o- 2- (pi peridi ne-4-yl oxy)-pyridine (2.13 g; 10mvol) (preparation of
this conmpound was nmade as described in WO 99- GB2801), 15 SEPT 2005
di i sopropyl et hylarnine (2.20nml; 12. Snmol) and Met hanesul fonyl chl ori de
(1.56nl; 10.1mol) gave 2.14g (749 of the title conpound. is LCM (APCl)
mz 291 (M+#). "H NWVR (DMSO-d6): S 8.20 (d, 111), 7.81 (dd, 1H), 6.87 (d,
1H, 5.09 (m 1H), 3.41-3.30 (m 2H), 3.15-3.06 (m 2H), 2.90 (s, 3H), 2.04
(m 2H), 1.75 (m 2H).

1- (met hyl sul fonyl )-4-[5-(trifluoronethyl)$yridin-2-yllpi perazine 20
1-[5-(Trifluoromethyi)-Pyridin-2-yi)-piperazine (I .0g, 4.3mol) and

Di i sopropyl ethylam ne (0.9mL; 5.4nmmol) was dissolved in DCM (JOM ). -
Mol ecul ar sieves §4Ag was added and the solution was cooled on a ice/water
bath. Meth chloride (0.9nl; 12mmvol) was added and a slurry forned

that was stjrred for, 15 m.n he reactio m [ lowed to reach room
t enper at ur eﬂjgﬂ% aﬁﬁ?ég?gqusﬁmqeﬁémrtgéﬁﬁi&Sﬁcr&ﬁg ”&Egé%gﬁlggpi@%? 1ddi ng 5% KHCCB.
Evapor ati ony; Qf i . Lo i . %
D, Sepa e R i B P pri e Yty o
conbi ned orsgedtidarpiiaieso whe the tadpdidiSOded beloht etlbthe antinevanplo eto give a
crude product as a slightly yellow solid.' Recrystallised (3x) from
Et OAc/ Hept amngmreiaﬂhevai?atblee conpound as col ourless crystalls. 15 SEPT 2005
47 btained 1.06g (79% yield) ofGthe title compound. Purity >95% ( HPLC,
284nm LC-Ms (APCI) mz 310 (MH+)). ' H-NVR(DVMS O-d6): 88.44 (IH, bs), 7.85
, dd), 7.02 (1 H d), 3.7{NEdH NM )., 3.20-(4H, s bt), 2.90 (3H s). The
owi ng conpounds were grepajed gs descr(hg_ed in the synthesis of 1-
hyl sul fonyl )-4-[5-(trjfl u\s‘r‘&r@i&yl )pyridin-1 yl _]piperazine is
(et hyl sul fony%mbiepefiaz‘i‘ne- 1-yl Ppyridine-3-carbonitrile
%) 1- Pi perazino) - pyridi ne63 -carbonitrile (2.07g; I | mol),

i sopropyl ethylam ne (2.4ml; 13.8mmvol) and Met hanesul fonyl chl ori de

(0.86nmt; | lTﬂE Ff?i'b)e ﬂerﬂ)vngeg ﬁ'ﬁ*@)ﬂi&aé’rsugfé%gch éﬁl@}%ungfoftth@aﬁdvtelsﬁu@tﬁfg?ound'
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Purity >95% (NWVR). 1s LCG-Ms (APCl) rn/z 267 (MH). ' HNVR(DMS O d6): 5 8.52
(1 H dd), 7.90 (1 H dd), 7.00 (IH, d), 3.79 (4H, brt), 3.19 (4H, bt),
2.90 (3H, s).. 1-(4-fluorophenyl)-4-(methylsul fonyl)piperazine 26 SEPT 2005
1- (4- Fl uor ophenyl ) - pi perazine (1.98g; | Imuol), Diisopropylethylam ne
(2.4rnl1; 13.8mmvol) and Met hanesul fonyl chloride (0.86nl; | |Imol) in DCM
(20mL) gave 2.46g (86% of the title conpound. Purity >95% (NVR). LC M5
(APC1l) mz 259 (MH). 25 ' H NVR(DMSO-d6): 5 7.11-6.96 (4H, m), 3.28-3.20
(4H, m, 3.20-3.14 (4H, m, 2.92 (3 H, s). 15 SEPT 2005 48

1- 1( 4- f 1 uor ophenyl ) met hyl | - 4- (r net hyl sul f b#yl ) pi per azi ne :

1- (4- Fl uor-benzyl)-piperazine (2.14g; 1 Imol), D isopropyl ethyl am ne
(2.4mL; 13.8mml) and Met hanesul fonyl chloride (0.86nml; 11 mmol) in DCM
(20nl) gav 6‘3% of the title corrpound S Purity >95% (NVR) LC- M5
(APC) rﬂzm "H NVR(DMSO-d6): 8 7.40-7.28 (2H, n') 7.21-7.10 (2H,
rn), 3.50 - . i
2-[4-(nmeth
di hydr ochl gxiierolidifeliéhe | 1 nMmol ) and Diisopropyl et hyl am ne (7 2mL;

41. 3mmol ) m@a—m‘m\ﬂ(zon@ for 30 mn. The precipitated salts. was
renmoved by filtration and solv nt s ¥t ed, residue was redissolved in
DCM (20nmt) _  Diisopropyl et hyl@am (\\g. 4 ;}ﬁ%l) and 4A nol. sieves was
added, the yellow is solution was/ cool i ce/water bath and

Met hanesulfonylchl or|d B8t 11 m‘?DI) was added. The resulting red
solution was stirred f 5 mn, the reaction mxture was allowed to reach
room t enper at ur.e 3 | h. the reaction was quenched by addi ng 5%
KHCG3. Evapor at f solvents and the residue was dissol ved bet ween DCM

and 5%HC03. ¢

5 [(S)-Z,S-Dioxoinﬁdazolidinyl]mefhanesulfony] chloride (0.0127 g, 0.060 mmol), 1-(4"-
fluorof1,} '-biphenyl]74—y1)piperazine (0.0154 g, 0.060 mmol), triethylamine (0.0084 mL,
0.060 mmol) and dry tetrahydrofuran (0.70 ml.) were étirred at room temperature over
night. Polystyrene methylisocyanate (0.025 g, 0.030 mmol) was added and the mixture was S
shaken over. night. The white suspension was carefully transferred to a round-bottomed

to  flask, the resin was rinsed with tetrahydrofuran (2x1 mL}) and washings were transferred to
the bulk of suspension. The solvent was evaporated, the white solid was suspended in
water (5 mL), collected on a filter, washed with water (2x1 ml.), sucked free of water and
dried in vacuo at 45°C ¢ver night to afford approx. 0.010 g of the title compound.
LC-MS {(APCI) m/z 433 (MH+).

s 'HNMR (DMSO-dg) § 10.8 (1H, br s), 7.98 (1H, d, /=2Hz), 7.63(2H, dd, J;=5Hz, .
J=9Hz), 7.53 (2H, d, J=9Hz), 7.23 (2H, t, J=9Hz), 7.05 (2H, d, /=9Hz), 4.45 (1H, ddd,
J |=2Hi, Jy=4Hz, J;=6Hz), 3.51 (1H, dd, J,=15Hz, J,=7Hz), 3.44 (1H, dd, /,=15Hz,

J=4Hz), 3.35-3.25 (8H, m’s; obscured by water signal).
13C NMR (DMSO-ds) 6 173.7, 161.3 (d, /J=243Hz), 1157.3, 149.8, 136.4 (d, /=3Hz), 130.1,;
w1277 (d,J/=8Hz), 127.2, 116.2, 115.5 (d, /=21Hz), 53 .4, _49.4, 48.0, 44.9.

The starting matenals were prepared as follows: -
[(5)-2,5-Dioxoimidazolidinyl}Jmethanesulfonyt chloride was prepared according to
Mosher et al, 1958, J. Org. Chem 23:1257.

25 1-(4’-Fluoro[l,1 -biphenyl|-4-yl)piperazine was prepared éccording to Example 4.



Separation difficult due to foam formation. \Waterphase was saturated with
NaCl and pH 20 adjusted to 10-11. Extraction with EtQAc (3x). ThelsosEPTe2i005
organi ¢ phases was dried (K2C33), filtered and evaporated to give a crude
product-as a red solid. Recrystallised (3x) from Et OAc/ Hept an gave the title
conpound as a red powder. Obtained 0.6g (22% of the title conmpound. Purity
>95% (NVR). 25 LC-M5 (APCl). mlz 243 (MH). 'H NVR(DMSO-d6): 8 8.39 (2H, d),
6.68 (1H, t), 3.85 (4H, bt), 3.17 (4H, bt), 2.88 (3H, s). 15 SEPT 2005 49

4- (4-chl orophenyl ) - 1- (et hyl sul fonyl ) pi pe#3dine The title conpound was
prepared as described in the synthesis of 4-(4-Fluoro-phenyl)-1-

nmet hanesul fony | - pi peridi ne. 4-(4-Chl orophenyl) pi peri di ne hydrochl ori de

(0.99, 3.9 m’ﬂ)liE dllsopropylethylam ne (1.7 5nm, 9.7 mol) and
met hanesul f 7 de (0.33nl, 4.3 mml) i n DCM (30rrfL) and gave 0.82g

bority s o0Gaine 2 Sa PR PeaRbteSh ks B i RRABR 4. IOMOSRS BEPt oy
1.92-2.0.1 97
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Ois Al other esters used are commerci aIIy avail abl e or earlier described.
: s commercially available.

9]
R
HN NH
0 [ [ (S)-
H
_ Amine*—*ﬁ 0
& , o

The Table below gives the Amine group for each compound of the above structure.
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4-Pyrimdin-2-yl-butyric acid ethyl ester 2-Bronopyrimdine (1.0g, 6.3mol)
was slurried in dry THE (8nlL). N2 (g) was bubbled through the shi&rsgpPfoR085
m n. Pd(CH3CN)2C12 (8ng, 0.03mmol) and PPh3 (23.6ng, 213 0.09mmvl) was
added. Under N2-at nosphere 4-Ethoxy-4-oxo-butyl zincbrom de (0.5M THF)

(15nmL, 7.5nmL) was added in one portion- The resulting brown solution was 15
SEPT 2005 50 stirred at roomtenperature for 2h. H20 (5nlL) was added and the
m xture stirred for 60 mn. before evaparation of solvents. The residue was
redissolved in DCM (1501) and washed Wt h 0.5Mtrisodiuncitra.te (I OOM),
H20 (1 0GOm.) and brine (100m), dried (MySHM), filtered and evaporated to
give 1.3 g of an orange oil..The crude product was s purified on 70g of N
Si - 60 gelm%gadi ent of 100%eptane to 100% Et OAc as eluent. The
fractions f g the product was coll ected and sol vent evaporated to
give ay [ [ ' f ed.
Gt ai el g e GRS IR Ry ™ oPH5s
(M) . 1OnetddobdR()CDCI 3): 5 8.67 (d, 2H), 7.14 (t, IH, 4.12 (q, 2H, 3.02
(t, 2H, 2.41 (t, 2H, 2.18 (q, 2H), 1.25 (t, 3H). _
3-Pyrimdin-2-yl-propionic acid ethyl ester 2-Bronopyrimdine (1.Qg,

6. 3mmol ) was ;I-i—s-s\ol véd in THE (8 nlL) and bubbled through' 1s with nitrogen.
Pd( MeCN) 2C121 8ny, _Q”CBm’rRD) @nd PPh3 (23.6ng, 0.09mmol) was added followed
by additi nzFuLi-th y-8qoxgpropyl zi nkbrom d (15nL, 7.5mmol). The reaction
was stirred-at foQ several\ days. The crude product was purified on silicat
w th Heptane - Et OAc 3 jNas BiFuent giving 0.60g (52% of the title
conpound. LC-NMS (APCI) rﬂz\gl (MHO-). 20 tert-butyl

4- (2- met hoxy- 2- oxoet hyl ) pi peyi di ne-1-carboxyl ate iert-Butyl

4- ( 2- ret hoxy- 2- oxoet hyl i den€) pi peri di ne-1-carboxylate (3.6 g,14 mmol) and
10% Pd/ C noi stered with water (0.8 g) was mxed in MeOH (75 nL) and stirred
under H2 25 (1 atn) for 4 h. The m xture was filtered through Celite and

concent r gepbskrafld §yrthicliblidee conmpound (3.6 g, 99%.

{53R,5}-5-[4-(4-FInoro-phenvl)-piperidine-1-sulfonylmethyl]-5-methvl-imidazolidine-

2.4-dione. ' - ' '

10

O
a Il
OO 2 OOk '
(76%}) o]
b : Q X
(59%) ‘ O—>*
: 0
(0
7N i
c
- F _ N ﬁWO
(62%) 0
HNYNH
0]

Reagents: a) MeSO;Cl, DCM, 0°C, 2.5h. b) i. LHMDS, THF, 45min. ii. MeOAc, THF, 40min. ¢) KCN, (NH(),CO,,

§] 50%EOH/H,0, 70°C, t7h.



LC-MS (APCI) mz 158 (M+-boc;. '"H NVR (CDC13): 8 4.07 (2 H, bs); 3.68 (3 H,
s); 2.72 (2 H t); 2.25 (2 H, d, J=7.1 Hz); 2.01-1.86 (I H n): 1.68 (2 H,
d;: 1.46 (9 H s); 1.23-1.08 (2 H, ). 15 SEPT 2005 51 KETONE | NPEEMEBRTARSDS
0/ \ 1l RENSR2 RERAnalysis F\ /CHVemz 300 (MH+) F \ /CHH NMR see
exp. part. CHv~-N Jmz 394 (MH+) F--- \ /CH nmlz 406 (M+) (1) N\ CHWenl z
333 (M) WN cl a~\/,CHm z 423 (M) (') cF \-~\ CHN miz 427 (M#) ('} N-N-
ci \NICH mz 439 (MH#)(') Nci \ iCHmMz 347 (MH)(') c- CH -mz 361 - _
(M) a)
45

SULFONYL-AMIDE INTERMEDIATES

Structure Analysis
o]
F—Q—CN—;:;— m/z 258 (MH+)
o .
Q
cl l x Olﬁ— " m/z 291 (MH+)
N/ (o] '
FF A~ § m/z 310 (MH+)
= \_ 7\
=\ ,\ m/z 267 (MH+)
NC \ / N N—'S—“
AN |
_@_ N\ § n/z 259 (MH+)
F N N—5-—
A
1 m/z 273 (MH+)
j A
F .
CN>—~/.—\N~§—~ m/z 243 (MH+) >
\_ 7 /1 :
g m/z 274 (ME+)
[a}

M. For NMR-data see experimental part.

5 4-(4-Fluoro-phenyl)-]-methénesulfonyl—piperidine
4-(4-Fluoro-phenyl)piperidine hydrochloride (2.16g; 10mmol) and diisopropylethylamine
(4.35mi; 25mrﬁol) was dissolved in DCM (60ml) and cooled under nitrogen on a ice/water
bath. Methanesulfony! chloride (1.56ml; 10.1mmol) was dissolved in DCM (5ml) and
added droppwise during'2 min. The reaction mixture was stirred for 2.5 h on the ice/water
10 bath. The reaction mixture was washed with dilute HCl (aq), pH=2, H,0, and 1M Na,CO;.

The organic phase was dried (Na;SO;), filtered and evaporated to give a crude product that
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375 (M) (') NG \ CHW' nih 425 (MH#) (') Nc~\ N o\CHMz 423
CHM z 417 (M) ") 52 RER2Anal ysis CHonfz 446 (MH+) (') C15a8¥DT 2005
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was recrystallised from THF/n~Heptaﬁe. The colourless crystalls was removed by filtration
and dried under vaccum at 45°C. |

Obtained 1.96g (76% yield) of the title compound.

LC-MS (APCI) mv/z 258 (MH+). _

'H NMR(DMSO-dg): & 7.31 (m, 2H), 7.12 (m, 2H), 3.67 (m, 2H), 2.80 (dt, 2H), 2.64 (m,
1H), 1.85 (m, 2H), 1.65 (m, 2H).

S-Chloro-?.—(]-methanesulfnnyl-piperidine-4-jfloxy)-pyridine
The title compound was prepared as described in the synthesis of 4-(4-Fluoro-phenyt)-1-
methanesulfonyl-piperidige. - :
5-Chloro-2-(piperidine-4-yloxy)-pyridine (2.13g; 10mumnol) (preparation of this compound
was made as described in WO 99-GB2801), diisopropylethylamine (2.20mi; 12.5mmol)
and Methanesulfony! chloride (1.56ml; 10.1mmol) gave 2.14g (74%) of the title

| compound. -
LC-MS (APCI) m/z 291 (MH+).
'H NMR (DMSO-dg): & 8.2‘0 (d, 1H), 7.81 (dd, 1H), 6.837 (d, 1H), 5.09 (m, 1H), 3.41-3.30
(m, 2H), 3.15-3.06 (m, 2H), 2.90 (s, 3H), 2.04 (m, 2H), 1.75 (m, 2H).

1-(methylsulfonyl)-4-[5-(trifluoromethyl)pyridin-2-yl]piperazine
1-{5-(Trifluoromethy!)-Pyridin-2-yl}-piperazine (1.0g; 4.3mmol) and
Diisopropylethylamine (0.5ml; 5.4mmol) was disselved in DCM (10ml). Molecular sieves
(4A) was added and the solution was cooled on a ice/water bath. Methanesulfonyichloride
{0.9ml; 12mmol) was added and a slurry formed that was stirred for 15 min, the reaction
mixture was allowed to reach room temperature and after 1 h. the reaction was quenched
by adding 5% KHCO;. Evaporation of solvents and the residue was dissolved between
DCM and 5% KHCO;. Separation and extraction of the waterphase with DCM (1x). The
combined organic phases was dried (MgSOy), filtered and evaporated to give a crude

product as a slightly yellow solid.’
Recrystallised (3x) from EtOAc/Heptan gave the title compound as colourless crystalls.




cf “~f \ CHNm z 414 (M##) (') N FCHM z 392 (M) (') CHmMz 384 (M) (')  FCH
mz 405 (M) (') N F \CHNm z 352 (MH+)"} N~ CH- miz 400 (MH+)"15 SEBT 2005
aCH-—~NOM z 429 (M) {'} FF )LC N Mnz 352 (M#)") F N NCN Meni z 309
(M) WFN Memfz 301" (MH+) (') 15 SEPT 2005 r 15 SEPT 2005 53 RER2Anal ysis

FNMer z 315 (MH+) (')
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Obtained 1.06g (79% yield) of the title compound.

Purity >95% (HPLC, 254nm)

LC-MS (APCI) m/z 310 (MH+).

'H—NMR(DMSQ-de): 5 8.44 (1H, bs), 7.85 (1H, dd), 7.02 (1H, d), 3.77 (44, bt), 3.20 (4H,
s bt), 2.90 (3H, s). |

The following compounds were prepared as described in the synthesis of 1-

(methylsulfonyl)-4-[5-(trifluoromethyl)pyridin-2-yl]piperazine

ge‘g?g',fa

10 6-[4-(methylsulfonyl)piperazine-1-yi]pyridine-3-carbonitrile
6-(1-Piperazino)-pyridine-3-carbonitrile (2.07g; 11mmol), Diisopropylethylamine (2.4ml;
13.8mmol) and Methanesulfonylchloride (0.86ml; 11mmol) in DCM (20mi) gave 2.53g
(86%) of the title compound. |
Purity >95% (NMR).

15 LC-MS (APCI) m/z 267 (MH+). |
"H-NMR(DMSO-dg): & 8.52 (1H,dd), 7.90 (1H, dd), 7.00 (1H, d), 3.79 (4H, brt), 3.19 (4H,
bt), 2.90 (3H, 5). |

| 1-(d-fluorophenyl)-4-{methylsulfonyl)pip era.zine
| 20 1-(4-Fluorophenyl)-piperazine (1.98g; 11mmol), Diisopropylethylamine (2.4ml;
g 13.8mmol) and Methanesulfonylchloride (0.86ml; 1 Immol) in DCM (20ml) gave 2.46g
(86%) of the title compound. '
Purity >95% (NMR).
LC-MS (APCI) m/z 259 (MH+).
25 'H-NMR(DMSO-de): § 7.11-6.96 (4H, m), 3.28-3.20 (4H, m), 3.20-3.14 (4H, m), 2.92

(3H, s).



CN />- Nvemz 285 (MH)(a) Nc~( ,] \ CHMz 517 (MH#)(') N (1) : crude
products, no NVR available, ntrl. used directly in next syntheti ad5sSBpT 2005
1- 14- - 4( Fl uor o- phenyl ) - pi peri di ne- 1- sul fonyl | - pr opan- 2- one.

4- (4- Fl uor o- phenyl ) - 1- met hanesul f onyl - pi peri di ne (100ng; 0.39mMmmol) was

di ssolved in s dry THE (3nL) under a protective nitrogen atnosphere. Lithium
bis(trinmethylsilyl)amde as a 1.0 Msolution in THE (1.0Or; |I.Omol) was
added in one portion at room tenperature, the resulting yell ow solution was
stirred for 45 min. Methylacetate (50ng;48 0. 68mmol ) dissolved in dry THE
(0.5m) was added, the m xture was stirred at room tenperature for 40 mn.
The reaction was quenched by adding NHACl (sat.) (2ml)..The 10 m xture was
evaporated and the resulting solid was dissolved in a m xt ure of . DCM and

H20. The &gérﬂltorﬁnhwl)mgthguﬁ%@a@@a!saﬁanmne@mqh brine, dried (|vg304)

filtrated Th fied f. Si-

gel - uai ng GeGFuG EREADAbempcr e R el R SR by b e AR S0 s e
d Uv=254p f: t

was evapor o Wﬁwgﬂe@@% 4R LR IV BonPRNE I TS 28 o é’”°

(ot ai ned tREGopIUny.i el d). TLC( Sl -60; EtOAc: Heptane (2:1)): Rf=0.65 LC—MS

(APCI) mz 300.1 (MH). EH-NVR(CDA3): S 7.17 (m 2H), 7.01 (m 2H), 4.02
(s, 2Hp, Puwary ¢P3%INMRP. 94 (dt, 2H), 20 2.63 (m | H, 2.46 (s, 3H), 1.91

(m 213). 13 (. (Befis 48 (RHED, 2005 54 | | &
' '"H-NMR(DMSO-dg): § 7.40-7.28 (2H, m), 7.21-7.10 (2H, m), 3.50 (2H, bs), 3.10 (4H, m),
2.87 (3H, bs), 2.44 (4H, m). ' '

10 2-[4<(methylsulfonyl)piperazin-1-yl)pyrimidine
1-(2-Pyrimidyl)-piperazine dihydrochloride (2.61 g, 1 lmmol) and Dusopropylethylamme
(7.2ml; 41.3mmol) was stirred in DCM (20ml) for 30 min. The precipitated salts was .
reﬁoved by filtration and solvents evaporated, residue was redissolved in DCM (20ml).
Diisopropylethylamine (2.4ml; 1 1mmol) and 4A mol. sieves was added, the yellow
15 solution was cooled on ice/water bath and Methanesulfonylchloride (0.86ml; 11mmol) was
added. The resulting red solution was stirred for 15 min, the reaction mixture was allowed

to reach room temperature and after 1 h. the reaction was quenched by adding 5% KHCOs;.

Evaporation of solvents and the residue was dissolved between DCM and 5%KHCO;.
Separation difficult due to foam: formation. Waterphase was saturated with NaCl and pH

20  adjusted to 10-1]. Extraction with EtOAc (3x). The combined organic phases was dried
(K2CO3), filtered and evaporated to give a crude productas a red solid.
Recrystallised (3x) from EtOAc/Heptan gave the title compound as a red powder.
Obtained 0.6g (22%) of the title compound.

- Purity >95% (NMR).

25 LC-MS (APCI) m/z 243 (MH+).

"H-NMR(DMSO-d): & 8.39 (2H, d), 6.68 (1H, 1), 3.85 (4H, bt), 3.17 (4H.,-ht), 2.88 (3H, s).



The foll ow ng conmpounds were prepared as described in the synthesis of

1-f 4- 4(Fl uoro- phenyl) piperidine-1 -sul fonyl propan-2-one. 1-[41%($FRBre4LY>
henyl ) - pi peri di ne-1 -sul fonyl ] -4-phenyl -b utan-2-one s

4- (4- Fl uor o- phenyl ) - 1- et hanesul f onyl - pi peri di ne (100ng; 0. 39mmol),

Met hyl - 3- phenyl propi onate (112ng; 0.68mvl) and Lithium
bis(trinmethylsilyl)amde 1.0 MTHF (1.0Onl; 1. 0Ompl) gave 93 ng (61 % of
the title conmpound. TLC(Si-60; EtQAc:Heptane (2:1)): RF=0.68 H-NI\/R(CDCI 3)
S7.30-7.10 (m 7H), 6.99 (m 2H), 3.97 (& 2H, 3.79 (m 2H), 3.11 (t, 10
2H), 2.94 (t,.2H), 2.83 (dt, 2H) 2.57 (m 114), 1.83 (m 2H), 1.70 (m 2H).
1-[4-4(F1n oro-phenyl)-pi peridine-1|-sul fonyl)-5-imdazol - pentan-2-on e

4- (4- Fl uor o- phenyl ) - 1- met hanesul f onyl - pi peri di ne (100ng; 0. 39nmmol ),

4-im dazol 4- ch]bwwdngl)ap(lﬁemtymﬂfogﬂ)pf eflaa?d‘rg 0. 70mol ) and Lithium
bis(trinmethylsilyl)amde 1.0 i s MTHF (1. Onl; Omol ) gave 75 ng (48% of
the title Mml@rmbmpou@i MBS @p@@re)i am'd.;scaﬁxdém/ﬁhe)synﬂﬁlsmbm((@m@-pmnyl)ads (s,

I H, 7.16 ( 7.08 (s, H, 7.02 (m 2H), 6.93 (s, 2H) 4.00 (t,
2H) 397 (éﬂe‘%ftfsméow Hﬁﬂdm 2. 92 (dt 2H), 2.77 (t, 2H), 2.63 (m 1H),

2.12 (q,

1-[4-(4-F uol-&bag)iﬁ rﬂl/'x% ?}lbp ll_gerﬁlﬁe %’7&& ﬂ? oﬁ?ﬁa 3§ mg)rall)mdﬂf%r%o)gfthﬁlgm;%%(l -one
4- (4- Fl yor ag1pogiyinbh) knighdinaRsM kS | I ng )

di ssol vgd ig;lpgdry T) E (3nL) and ggg%eormgﬁggﬁgyceg’g%?ﬁlg%mpghzgﬁe@miela?ﬁ%gm
s (tri met DB2gi(V§o) afiitdaitksompobndafitraetytabization frofn KtOAuHeplanbmol ) was
added and the mixture was stirred for 40 25 min. 4- Pyrimdin-2-yl-butyric
acid et hyl PeBbet 98%%69ny; 0.87mmwl) in THE (0.5nL) was added,. the reaction

was stirre n,allowed to reach roomtenperature. After 2
. LCI M5 aﬂgr%{ggg{ﬂ We@@ﬁ )Jn m xture showed >98% cogeer sion of the
arting dst .NH4Cl
fr%ﬁ?tq) (o3, TaRRAtDERds LS ORgel) an e QTR R SRV A
di ssol ved 2B543Hi )t 8199 (0H, BV 16ndH]8); SERT2B0AR 55 5%HCO8. The organi ¢ phase

was separated and the water phase was extracted once with DCM The conbi ned
organi ¢ phases was washed with brine, dried (MgSO4)7 filtered, and

ESTER INTERMEDIATES
Structure ' Analysis
&N o *
- +
QKA)LO/\ | miz 195 (MHEH)
'H-NMR

s
- 1
-QN\J‘\/YO‘\/ m/z 181 (MH+)
(]
O\
. m m/z 158 (MH+ - boc)
Yy

15 All other esters used are commercially available or earlier described.

4-Pyrimidin-2-yl-butyric acid ethyl ester
2-Bromopyrimidine (1.0g, 6.3mmol) was slurried in dry THF (8mL). N3 (g) was bubbled
through the slurry for 5 min. Pd(CH;CN),Cl; (8mg, 0.03mmol) and PPh; (23.6mg,

20 0.09mmol) was added. Under N;-atmosphere 4-Ethoxy-4-oxo-butylzincbromide
(0.5M/THF) (15mL, 7.5mL) was added in one portion. The resulting brown solution was



evaporated to give a yellow oil. The oil was dissolved in Et OAc and

i soHexane was added wuntil a solid forned. Evaporation of solvebhs SBRE 2005
yel l ow solid crude product. This s material was anal ysed using LC/ M5 only
and used without further purification in the next step. Cbtained 234 ng of
the crude title compound. LCG-MS (APCI) mz 406.1. (M#). 10 The foll ow ng
conpounds were prepared as described in the synthesis of 1-[4-(4-Fluoro-
phenyl ) pi peridine-1 -sulfonylJ-5 pyrimdin-2 yl pentan-2-one. They were

obt ai ned as crude products and used vvitﬁ ut further purification.
1-[4-(5-Chl oro-pyridin-2-yl oxy) - pi peridi ne-1-sul fonyl J- pr opan-2-one as
Starting from 5-Chl oro-2-(1-nmet hanesul f onyi - pi peri di ne-4-yl oxy) - pyri di ne
(150ng; O. 51mm|) Met hyl acetate (61ng; 0.82mmol) and Lithium

bi s(trimetg Jmly

the crude® e %:/Ac?)xrrlgggtﬁ%m%rsqg{ Fﬁéét(é?ﬂf?ﬁ;a@% ri |ﬁé%18@%rﬁr %ﬁr&&% 6?S,%\PCI)
rn/z 333. meﬁMiEﬂJre @Riporation of solvents. The residue was redissolved in DCM (150mL) and

| -[4-(5-Chl oro-pyridin-2-yl oxy)-piperidine-I-sul fonyl J-4-phenyl - but an- 2- ore

Starting fwashedwithlhFM- tﬁseﬁcﬂmmettﬂm@mhﬂc)mie lélmItiinhnaidarﬁxe)(llmmL}, dyied di ne
(150mg; O.51mmol), Methyl - %ﬂ%pr opi onat e (126ng; 0.77mmol) and Lithium
bis(tri rrel(MgSQdﬁ feaed end qvacpo give bAE ofandmrange oil. hecnidsipredic? 988y of

Lhe'cride LLELS SORRRUd syl 10Uk, L UF BB YA\ ST ions G k)
1-(4-(>- Ckl"hg rﬁodcﬂ &}rﬁ‘:?n?nr%l )odm:tg\%ﬁ t.cHH@g[e d solv]pnt evaporated to give a yellow Cf}:

-sul fonyl) tan one

5- Chl or o- 3:1(11111 tHyaﬂpﬂwngWaslabmerea &w@wbpemzr)ndawosuaﬁ@d(m@ % yield
0.5/ mol ), 4- |mdazol | yl-butyric acid ethyl ester (140ny; %gmmmyll) )and

Li t hi um bfﬂ:(etmlammmdlmdl yl)anmde 1.0 MTHF (1.3nl; 1.3mml)_ 5 Obtained
268ng of the cru t|t|<=19(5:?ﬂ’]>_?tﬁnd Used wi thout further purification. LC

(APC) m % AP, Z
1-[4- Rﬁ%ﬁﬁc‘ﬂ) 5397 PR gy (%“bir?'%i a2y 2l i, 2.18

2-yi - éent an-
{(q, 2H), 1.25 (t, 3H).

3-Pyrimidin-2-yl-propienic acid ethyl ester _

2-Bromopyrimidine (1.0g, 6.3nunoi) was dissolved in THF (8 mL) and bubbled through -
ts  with nitrogen. Pd(MeCN),Cl; (8mg, 0.03mmol) and PPh; (23.6mg, 0.09mmol) was added.

followed by addition of 3-ethoxy-3-oxopropylzinkbromid (15mL, 7.5mmol). The reaction

was stirred at rt for several days. The crude product was purified on silica with Heptane -

EtOAc3:1as elueﬁt giving 0.60g (52%) of the title compound.

LC-MS (APCI) m/z 181 (MH+).
20 '

tert-butyl 4-(2-methoxy-2-oxoethyl)piperidine-1-carboxylate

tert-Butyl 4-(2—mcthoxy-2-oxoetﬁylidene)piperidine-l-carboxylate (3.6 g,14 mmol) and

10% Pd/C moistered with water (0.8 g) was mixed in MeQOH (75 mL) and stirred under H;
25 (1 aun) for 4 h. The mixture was filtered through Celite and concentrated to give the title

compound (3.6 g, 99%). . |

LC-MS (APCI) m/z 158 (MH+-boc).

'H NMR (CDCl;): § 4.07 (2 H, bs); 3.68 3 H, s5); 2.72 (2 H, t); 2.25 (2 H, d,/~7.1 Hz);

2.01-1.86 (1 H, m); 1.68 (2H, d); 1.46 (9 H, s); 1.23-1.08 (2 H, m).



Starting from 5-Chl oro-2-(1-nethanesul fonyl - pi peri di ne-4-yl oxy)-pyridi ne
(150ny; 10 0.51 nmmol), 4-Pyrimdin-2-yl-butyric acid ethyl ester 1 4&Pr 2005
0.76mml ) and Lithium bis(trinmethylsilyl)amde 1.0 MTHF (1.3nml; 1.3mol).
bt ai ned 244ng of the crude title conpound. Used without further
purification. LC M (APCI) xn/z 439.2 (M#). 15

1- 14-(5-Chl oro- pyri di n- 2-yl oxy) - pi peridi ne-1 -sulfonyl}-b utan--2-one LG MS
(APCl) mlz 347 (M) v
1- 14- (5- Chl or o- pyri di n- 2-yl oxy) - pi peri di ngll-sulfonyl] pent an-2-one LG M5
(APCl) mz 361 (MH) 20

1-[4-(5-Chl oro-pyridin-2-yl oxy)-piperidine-|-sul fonyl]-4-nethyl -pentan-2-one
LG MS (APCl) mlz 375 (MH)

1- (4-(5-Cnl ikt B TER! peridine-1-sul fonyl]-4-pyrimdin-2-yl-buta
n-2-one 2 = (M) |

-((4-((5-Chl oropyridin-2-yl)oxy]piperidin-I-yl}sul fonyl)-3-(3-nethyl phenyl)p
rropan- 2-one LC_MS (AP@I) mz 423 (M+) 15 SEPT 2005 57

1-({4-[ (S Chl or/opy?\: di H- 2-yl ) oxy] pi peri di n-1-yl } sul fonyl) - 3- tetrahydro 2H py
ran-4- vyl prBpdn- 2 (APCl) mz 417 (M#) 5

I -({4-[(5-chlor d| 2- | pi peridin-1-yl}sul fonyl)-5- nDrpholln 4-yl pe
ntan-2 one LC M5 (AP ) z 446 (MH) 10

5-({4-[ (5-chl oropyridin-2-yl)oxy] pi peri

. @t*n 1-yl }sul fonyl)-4- oxopent anenitrile LC—IVB (APCI) znJz 372 (M)

51 - di net hytethyt—5=—({&={{5=chtorqpyridin—2- ytrgx
pi peridin{Ryl }sul fonylp - 4- oxoperftxpcarbanate i %ﬂ@yﬁ@ (APCl) nllz 476 (MH)
—~_)— |cH Me m/z 300 (MH+) |
o
| & F—@— CH \/\© H-NMR. see exp. part.
= |
—~ )~ |cH oty |z 398 (ME)
: N
c. \*N/ o |CH Me | m/z 333 (MH+) ©
o \_é' o |cH \/\© m/z 423 (MH+H)®
— r_:,N
TN | P | Wz 427 (MHR) @
@ = e
. o) |cH v\)”\;j | miz 439 (MEHW
“ \—N’ o | CH | ~~ m/z 347 (MHH®
N\ |[CH SN m/z 361 (MH+)P
o \2/ ° |CH \/l\ m/z 375 (MH+)™
cl \—N/ o |CH . /Jj] m/z 425 (MH+)™"
N
o \_N, o [cH /\Q m/z 417 (ME+)"




1- ({4-[(5-chloropyridin-2-yl)oxy] pi peridin-|I

-yl )sul fonyl) -4-norpholin-4-yl butan-2- one LC-M (APCI) mlz 432 (1dHIEEX 2005
2-({4 [ (5-chl oropyridin-2-yl)oxy] pi peridin-1-yl}shlfonyl)-1-phenyl et hanone
LC-M5 (APCl) mz 395 (M)

2-({4-[(5-chl oropyridin-2-yl)oxyl pi peridin-I-yl}sul fonyl)-1-(4-fluorophenyl)
ethanon e 25 LG-Ms (APCl) mz 413 (M) i
2-({4-[(5-chl oropyridin-2-yl)oxy]pipe ridin-1-yl}sulfonyl)-1-(IHim dazal -
yl ) et hanone LG-M5 (APCI) miz 385 (M#) 155SEPT 2005 58

4-[ ({4-[(5-chl oropyridin-2-yl)oxyl pi peridin-1-yl }sul fonyl)acetyljbenzam de
n.d. 5 1-({4-[(5-chloropyridin-2-yl)oxyl pi peridin-1

yl } sul f onyt =4t 2 4-trrazot=—fFyH)butam=2=-pnetCM5(APEH— z 414
ENH+£ 1[{ R E R2 Analysis

L

4- (4-fl upropRERyr )y pipert di n- I-yr{sul T onyri-4-pyri m di n- 2-yrbutan- 2-one 10
C- M8 (APCICI)—@—ZQZ M) 1-{ Yol m/z 446 (MH+)"
[4-(4-fluoroptehyl )pi peridin-1-yl squonQT+43-tetrahydro 2H pyrajn-4-ylp
ropan-2- ¢ne MS (A éﬁg mz 384 ( 15 4-({ N
[ 4- (4-f1 upfo e 9 pi din-1-yl|surfoiyl} acetB3ben@Hitde LG MS (APC)
mz 405 ( +H7_:

[4-(4-f|uaeog§§bykgpioe;gdln 1-yl | sulfapy iT{J&#'gﬁ L@-yi )pth anone

20 LC- VB { AP m ® 357 (M) 1-{ ]T% 2 Meipaal

[ 4- (4-chl prophenyl) pi peri di n-1-vyl sulfonyl} 3-tjot rahydr o- 2H pyr an- 4-yl propan 2
-2- one LIC-Ms (APCl) niz 400 (MH+ a

"— ~ 1
o |CH | 0 m/z 432 (MH+)

o CH — m/z 395 (MHH)®

CH S m/z 413 (MEH®

Za
/O

2]
=
|Q
/O

N
N | CH AD | miz3ss apn® | .
N
= , G '
a CH _q<:>}4( -
7N N
= = 03]
o\ |CH /\/N~N/> m/z 414 (MH+)
CH N’*,fj m/z 392 (MH+)®
y !

-

e

CH /\Q) m/z 384 (MHH)®
. O .
CH : —@—{ m/z 405 (MH+H)®
N

s

— )~ |cH AP m/z 352 (MH+)® T
CI—<: :}—-— CH . /\Q m/z 400 (MH+)(U
o )— |cH A~ G m/z 429 (MH+)™ )
FF = .
~ N Me m/z 352 (MH+)™
—_f.: N

'O N Me m/z 309 (MH+)

— )— [N Me m/z 301 (MHH®




25
1-{[4- (4-chl orophenyl ) pi peridi n-1-yll sul fonyl }-5-nor phol i n-4-yl pent ager 03§05
LC-Ms (APClI) mz 429 (M#) 15 SEPT 2005 59 1-({4-
f5-(trifluoronethyl)pyridin-2-yl]piperazine-1-yi}sulfonyl)propan-2-one

LC-M5 (APCl) mlz 352.1 (M)

6-.(4-[ (Z-oxopropyl)sul fonyl] pi perazin-1-yl}pyridine-3-carbonitrile s LC M
(APCl) mz 309.1 (MH) 1-([4-(4-fl uoroph enyl) pip erazin e-1 -yl]sul

fonyl) propan-2-one LC-M5 (APCI) miz 30153 (M) V 10

1- ((4-[(4-fluorophenyl)nethyl] piperazine-1-yl)sulfonyl)propan-2-one LC M
(APCI) mlz 315.1 (MH) -
1-[ (4- pyrifm di n-2-yl piperazine-1-y])sulfonyl)prgpan-2-one LCNM}(APCl) nlz
285.1 (MH)R15 1,1 -diln th yleth yR24-[3-({4-[ (5AmHysis prop yridijn-2-yl)oxy]
pip a ridijn-I } sul fonyl)-2- okopropyl]pipenidjne-1-carhoxyl dte LC M5
(APCl) i Z %‘@F&). 29 HYDANTO Ns\/&: FORMULA | @Z%«SMJ@?\?-/ tf1 0O 25 15
SEPT 2005 60=RERZAMatysts—FCHvEM 2z 370 )( 1)

\ N Me m/z 285 (MH+)"
K

TN | 7’)-0’\ m/z 517 (MH+)"
Q

M crude products, no NMR available, mtrl. used directly in next synthetic step.

1-{4-4(Fluoro-phenyl)-piperidine-1-sulfonyl]-propan-2-one.
4-(4-Fluoro-phenyl)-1-methanesulfonyl-piperidine (100mg; 0.39mmol) was dissolved in
s dry THF (3mL) under a protective nitrogen atmosphere. Lithium bis(trimethylsilyl})amide

as a 1.0 M solution in THF (1.0mL; I.O@ol) was added in one portion at room
temperature; the resulting yellow solution was stirred for 45 min. Methylacetate (50mg;
0.68mmol) dissclved in dry THF (0.5mL) was added, the mixture was stirred at room
temperature for 40 min. The reaction was quenched b~y adding NH4Cl (sat.) (2mL). The -4

10 mixture was evaporated and the resulting solid was dissolved in a mixture of DCM and
H,O. The organic phase was separated and washed with brine, dried (MgSQ,), filtrated and
evaporated. The crude product was purified on 20g of Si-60 gel using a gradient of

100%Heptane to 50%EtOAc, a flow of 20mL/min was used and UV=254nm was used for

[ detection, The fractions containing the product was evaporated and this gave the title

15 compound as a colourless solid.

Obtained 70mg (59% yield).

TLC(S1-60; EtOAc:Heptane (2:1)): R=0.65

LC-MS (APCI) m/z 300.1 (MH+).

'H-NMR(CDCl3): § 7.17 (m, 2H), 7.01 (m, 2H), 4.02 (s, 2H), 3.93 (m, 2H), 2.94 (dt, 2H),
20 2.63 (m, 1H), 2.46 (s, 3H), 1.91 (m, 2H), 1.77 (m, 2H).



FCHM z 460 (MH+) (') FCH] ~Jnfz 464 (MH) (') FCH- mfz 476 (M) (i) Nc I--
CHVem z 403 (MH+) (') Ncc \CHimz 493 (MH) (') Ncl N \ CHw z 457 SBRF)Z005

Ncl [ \ CHrn/z 509 (MH#)(') NACHMz 417 (MH)(s) + cr iii CHmz 431
(MH)(,) Nc: \ CHMz 445 (MH) (') QN> cl \CHr-Nmlz 495 (M) (') cz CHn z
(MH) (') N\ CHtamz 487 (M) (') Nct , \CHz 517 (M) (")

493

54

The follawing compounds were prepared as described in the synthesis of I-[{4-4(Fluoro-
phenyl)-piperidine-1-sulfonyl]-propan-2-one. |

1-[4-4(Fluorc-phenyl)-piperidine-1-sulfonyl]-4-phenyl-butan-2-one
5 4-(4-Fluoro-phenyl)-1 -methanesulfonyl-piperidine (100mg; 0.39mmol), Methyl-3-

phenylpropionate (112mg; 0.68mmol) and Lithium bis(trimethylsilyl)amide 1.0 M/THF
(1.0mL; 1.0mmol) gave 93 mg (61%) of the title compound.
TLC(Si-60; EtOAc:Heptane (2:1)): Ri=0.68 |
 TH.NMR(CDCL): § 7.30-7.10 (m, 7H), 6.99 (m, 2H), 3.97 (s, 2H), 3.79 (m, 2H), 3.11 (,
1w 2H), 2.94 (1, 2H), 2.83 (dt, 2H) 2.57 (m, 1H), 1.83 (m, 2H), 1.70 (m, 2H).

1-[4-4(Fluoro-phenyl)-piperidine-1-sulfonyl}-5-imidazel-pentan-2-one X
4-(4-Fluoro-phenyl)-1-methanesulfonyl-piperidine (100mg; 0.39mmol), 4-imidazol-1 yl-
butyric acid ethy! ester (127mg; 0.70mmoi) and~Li‘thium bis(trimethylsilyl)amide 1.0
15 M/THF (1.0mL; 1.0mmol) gave 75 mg (48%) of the title compound.

LC-MS (APCI) m/z 394 (MH+). | '

lH—NMR(CDCI;): 6 7.48 (s, 1H), 7.16 (m, 2H), 7.08 (s, 1H), 7.02 (m, 2H), 6.93 (s, 2H},
4.00 (t, 2H), 3.97 (s, 2H), 3.90 (m, 2H), 2.92 (dt, 2H), 2.77 (t, 2H), 2.63 (m, 1H), 2.12 (q,
2H), 1.92 (m, 2H), 1.77 (m, 2H).

20
1-{4—(4-Fludro-phenyl)—piperidine-lﬁsulfonyl]-_S—pyrimidin—Z-fl-pentan-Z-one
4-(4-Fluoro-phenyl)-1-methanesulfonyl-piperidine (150mg; 0.39mmol) was dissolved in
dry THF (3mL) and cooled on an ice/brine mixture. Lithium bis(trimethylsilyl)amide as a
1.0 M solution in THF (1.5mL; 1.5mmol) was added and the mixture was stirred for 40

25 min. 4-Pyrimidin-2-yl-butyric acid ethyl ester (169mg; 0.87mmol) n THF (0.5mL) was
added, the reaction was stirred for 30 min and then allowed to reach room temperature.
After 2 h. LC/MS analysis of the reaction mixture showed >98% conversion of the starting
material and the reaction was quenched by adding saturated NH4Cl! (aq) (2mL). The

mixture was evaporated and the resulting solid was dissolved in a mixture of DCM and



Ncl ° NCHJ 'cNmz 442 (MH)") Cz - NCHy--miz 547, 490 (M), - OLBu(' )
15 SEPT 2005 61 RER2Analysis cs \ , CH'mz 502 (MH+)(2) N cs CC CHm z 465
(M) (2) NcsCH \ Fmiz 483 (M) (2) cs \ \ CHNm z 455 (NMH+)'2) MSOSEPFCRO0E
mz 508 (M) (2) N\CHN miz 484 (MH+)(2) N> CHW z 462 (M) (') F \CHoznl z

454 (M) (')
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5%KHCO;. The organic phase was separated and the water phase was extracted once with
DCM. The combined organic phases was washed with brine, dried (MgS0y), filtered, and
evaporated to give a yellow oil. The oil was dissolved in EtOAc and isoHexane was added
until a solid formed. Evaporation of solvent gave a yellow solid crude product. This

material was analysed using LC/MS only and used without further purification in the next

R : ‘ .
Obtained 234 mg of the crude title compound.
LC-MS (APCI) m/z 406.1 (MH+).

The following compounds were prepared as described in the synthesis of 1-[4-(4-Fluoro-
phenyl)-piperidine-1-sulfonyl]-5-pyrimidin-2-yl-pentan-2-one. They were obtained as .

crude products and used without further purification.

1-[4-(5-Chloro-pyridin-2-yloxy)-piperidine-X-sulfonyl}-propan-2-one
15 Starting from 5-Chloro-2-(l-methane:sulfonyl—piperidine-4-yioxy)—pyridine {150mg;
0.51mmol), Methylacetate (61mg:; 0.82mmoli) and Lithium bis(trimethylsilyl)amide

1.0M/THF (1.3ml; 1.3mmol).
Obtained 161mg of the crude title compound. Used without further purification.

LC-MS (APCI) m/z 333.1 (MH+).

20
e ' 1-[4-(5-Chloro-pyridin-2-yloxy)-piperidine-1-sulfonyl]-4-phenyl-butan-2-one
Starting from 5-Chioro-2-(1-methanesulfonyl-piperidine-4-yloxy)-pyridine (150mg;
0.51mmol), Methyl-3-phenylpropionate {126mg; 0.77mmol) and Lithium
bis(trimethylsilyl)amide 1.0 M/THF (1.3ml; 1.3mmol).
25 Obtained 258mg of the crude title compound. Used without further purification.

LC-MS (APCI) m/z 423.2 (MH+).



F \Ctondz 475 (M) (") F\ ~C HNWz 422 (M#){z) . cs \CHWz 470 (M) (') cs

\CHOm z 499 (M) (') FF \ Nvemz 422 (M) (i) F NNC\ i Nvenlk3 SEB

(M) (') NF \~~Nvem z 371 (M) (') F \~~Nvenfz 385 (M) (') N /> Nventz
355 (M) {r) Ncs \-/ O CHWz 446 (M#)mNcs ¢ ~/ \CH-CNmz 472 (M) t")
15 SEPT 2005 62 RER2Analysis \CH-Camlz 403 (MH+) (') cl \CHW z 466 (NMH+) (')

c, 0 CHWz 530 (M+ - boc)('} N
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1-{4-(5-Chloro-pyridin-2-yloxy)-piperidine-1-sulfenyl]-5-imidazol-1-yl-pentan-2-one
Starting from 5-Chloro-2—(I-methanesulfonyl-piperidine-4-yloxy)¢yridﬁxe (150mg;
(0.51mmol), 4-imidazol-lyl-butyric acid ethyl ester (140mg; 0.77mmol) and Lithium
bis{trimethylsilyl)amide 1.0 M/THF (1.3ml; 1.3mmol). )

Obtained 268mg of the crude title compound. Useq without further purification.

LC-MS (APCI) m/z 427.2 (MH+).

1-[4-(5—Chloro-pyridin-z-ytoxy)-piperidine-l-sulfonyl]—S—pyrimidin-2-yl—pentan-z-one
Starting from 5-Chloro-2-(1-methanesulfonyl-piperidine-4-yloxy)-pyridine (150mg;

10 0.5immol), 4-Pyrimidin-2-yl-butyric acid ethy! ester (147mg; 0.76mmol) and Lithium
bis(trimethylsilyl)amide 1.0 M/THF (1.3m; 1.3mmol). S
Obtained 244mg of the crude title compourid. Used without further purification.

L.C-MS (APCI) m/z 439.2 (MH+).

15 1-[4-(S-Chloro—pyridin-2—yloxy)-piperidine-l-sulfonylj—butan-Z—one
LC-MS (APCI) nvz 347 (MH+)

1-][4-(5-Chloro-pyridin-2-yloxy)-piperidine-1-sulfonyl]-pentan-2-one
LC-MS (APCI) m/z 361 (MH+)

20
1-[4-(5-Chloro-pyridin-2-yloxy)-piperidine-1-sulfonyl}-4-methyl-pentan-2-one

LC-MS (APCI) m/z 375 (MH+)

1-[4-(5-Chloro-pyridin-2-yloxy)-piperidine-1-sulfonyl]4-pyrimidin-2-yl-butan-2-one
25 LC-MS (APCI) m/z 425 (MH+) '

1-({4-[(5-Chloropyridin-2-yl)oxy]piperidin-1-yl}sulfonyl)-3-(3-methylphenyl)propan-

2-one
LC-MS (APCI) m/z 423 (MH+)

N

2




0 ca C\, CHNmiz 486 (M+H - boc)('" Nc, ;CHtmz 524 (MH)("" NO (') : NWR
avai l abl e, see experinental part- (2) : Not purified. (5 R S)-5-1¥ -4dep1I2005
oro-p b enyl)-piperidine-l-sulfo nyi metb yll -5-methyl-i md a zoli din
e- s 2,4-dione The ketone 1-[4-4(Fl uorophenyl)-pi peridi ne-|

-sul fonyl ] - propan-2-one (68ng; 0.23nunol), KCN (30ng; O0.46mmol) and

(NH4) 2C38 (111ng; 1..16mmol) was suspended in 50% EtOH H20 (8nml) in a 22 nL
seal ed tube and heated to 70C, a solution was formed. The m xture was
stirred at 70C for 17 h. a solid forned i fi7the tube, the m xture was cool ed
to 10 roomtenperature and sol vent evaporated, the residue was suspended in
wat er and pH adjusted to pH=6 using 1. OM HCJ and preci ptated product
renoved by filtration and washed with water. The water phase was saturated
with NaC and extracted with MeCN. The solid material -and MeCN sol uti ons was

conbi ned and ev ted. The crude. prodyct s.purjfied usin

sem prepar a]t'.{{gé[?%g&@o%‘v’é’f 'z}ﬁ%ly‘g‘y&r&fgr lam-bwﬁaswfgwlhﬁ-%eﬁw %’?WPK’ “as
eluent. Fr %ﬁ%ﬁ%ﬁ-ﬂgﬂaai ning the product was conbi ned and solvent renoved
by evaporation‘to give the title conmpound as a col ourless solid, QObtained
53 ny (62%5(1‘-@»&81%8@%}2%10»@% >98% LC-M5 (APCl) mz 370.0 (MH). 15 SEPT
2005 63 “H NWR ( O-d6é): S 10.74 (s, 1H, 8.02 (s, 1H), 7.31 (m 2H), 7.12
(m-2H)5 3.61 (rim 2H), 3.51°(d, I H, 3.34 (d, I H, 2.86 (m 2H), 2.63
(i 1H), 1.82 (a 2H) , 1.,6,35 2H), 1.34 (s, 3H). s .

EBR S) - 5- 14-({4-l(-clobopHadipr *%Pﬁélmmmnjl:ﬂm@ﬁyl)wﬁewplrolmﬁwémtamz:

i m dazol i di ne-2, 4-di one
] oné

LC-MS (APCI) m/z 446 (MH+)

A

10 S5-({4-[(5-chloropyridin-2-yl)oxy]piperidin-1-yl}sulfonyl)-4-exopentanenitrile
LC-MS (APCI) m/z 372 (MH+)

1,1-dimethylethyl 5-({4-[(5-chloropyridin-2-yl)exy]piperidin-1-yl}sulfonyl)-4-
oxopentylcarbamate

15 LC-MS (APCI) m/z 476 (MH+)

1-({4-[(5-chloropyridin-2-yDexy]piperidin-1-yl}sulfonyl)-4-morpholin-4-ylbutan-2-
one ' ' '

LC-MS (APCI) m/z 432 (MH+)

20

2-({ 4-[(S—chl0ropyridin-Z-yl)oxy]piperidin;l -yl}sulfonyl)-1-phenylethanone
LC-MS (APCI) m/z 395 (MH+)

2-({4-{(5-chloropyridin-2-yl}oxy]piperidin-1-yl}sulfonyl)-1-(4-fluorophenyl}ethanone
25 LC-MS (APCI) m/z 413 (MH+)

2-({4-[(5-chloropyridin-2-yl)oxy]piperidin-1-yl}sulfonyl)-1-(1H-imidazol-4-
yl)ethanone
LC-MS (APCI) m/z 385 (MH+)



The title conmpound was prepared as described in the synthesis of

(5R, S)-5-[4-(4-Fl uoro-

phenyl ) - pi peri di ne-1-sul fonyl net hyl ] -5- et hyl -i mi dazol i di ne- 2, 4-d|lgnngPT 2005
1-[ 4- 4(Fl uor ophenyl ) - pi peri di ne-1-sul fonyl ] -4-phenyl - but an- 2- one (93ny;
0.24mmol ), io KCN (40ng; 0.6l mopl) and (NHa)zCO3 (117ng; 1.22mmol) gave 37ny
(33% of the title conmpound LC-Ms (APCI) nmz 460.1 (M#). "H NVR (DMSO d6) :
b 10.87 (s, 1H), 8.13 (s, 1H), 7.30 (m 4H§, 7.15 (m 5H), 3.63 (m 2H,
3.56 (d, 1H), 3.41 (d, 1H), 2.87 (m 2H),38.61 (m 2H), 2.39 (m 1H), 1.92
(bt, 2H), 1.83 (m 2H), 1.63 (m 2H). (5R S)-5- '

4- (4- Fl uor o- phenyl ) - pi peri di ne-1-sul fonvl net hyl i -5-(3-i m dazol -| -v! -
propyl)-im dazolidi ne-2, 4-dione |-[4-4(Fl uorophenyl)-piperi dine-

| -sul fonyl]-5-imdazol - butan-2-one (75ng; 0.19mo1l), 20 KCN (30ng; O0.46muol)

2 Seal o0 oo R HEaEbp AR A0V Te PR AEVh ) ik tpliberiami {7 o

(40mg; 0.61ygmol) and (NH4) C03 (250ng; 2.60 nmol) was added and the m xture
was stirred at 70" C for another 16 h. Evaporation of solvent and the
residual material was suspended in H20, preci-pitating crude product was
renoved by filtration and purified 25 using a sernipreparative HPLC system
and a C518 bb{ﬁuhﬁ-cmqrnpmwmmmpm-asl-yldwléqny.l)-ﬁ{gﬂti,%,ﬁstr@@nl—&i ning the
product was .Go iged and MeCN was renoved by evaporation, the acidic

wat er phase XA&%‘ ARda®Mfasi c, pH=8-9, using 5% KHO03 and the precipitating
product wag @xi§agbes Hel N9 . Organic phase dried (Na2SO4), filtered
and evaporated to give the title conmpound as a colourless solid. 15 SEPT
2005 . 64 Obtained 60ng (68%yield) LCM (APCI) mz 464.2 (MH). 'H NWR
(DVMsO-d,6): 8 10.75 (bs, IH), 8.06 (s, IH, 7.59 (s, IH, 7.30 (m 2H), :
7.16-7.08 L -{if-(3tfjuorepBenyipipeniffin-Bylsifenylpippyrgniglin-Caylbptgn-2-9n47 (d, 1H), -

(5= 5) 6. [ R me RO Der ol ne- |- Sul fonyi met nyl 15 (5

;pyrimdin-2-vl-. propyl)-imdazolidine-2,4-dione

@

1-{[4-(4-fluerophenyl)piperidin-1-yl}sulfony!l}-3-tetrahydro-2H-pyran-4-ylpropan-2-
one

LC-MS (APCI) m/z 384 (MH+)
15 , _
4-({[4-(4-fluorophenylpiperidin-1-yl]sulfonyl}acetyl)benzamide S

LC-MS (APCI) m/z 405 (MH+)

2-{[4-(4-fluorophenyDpiperidin-1-yljsulfonyl}-1-(1H-imidazol-4-yl)ethanone
20 LC-MS (APCI) m/z 352 (MH+)

1-{[4-(4-chlorophenyl)piperidin-1-yl}sulfonyl}-3-tetrahydro-2H-pyran-4-ylpropan-2-
one |
LC-MS (APCI) m/z 400 (MH+)

25
1-{[4-(4-chlorophenyhpiperidin-1-yl]sulfonyl}-5-morpholin-4-ylpentan-2-one )
LC-MS (APCI) m/z 429 (MH+)



Crude

1-[4- (4-Fl uorophenyl ) -pi peridine-I-sul fonyl]-5-pyrimdin-2-yl-penianggpPegos
io (234ny; max 0.58mmol), KCN (151ng; 2.3mol) and (NH4) 2CO3 (557nmy;
5.8mmol ) was suspended in EtOH/ H20 (II11) (26nL) in a 40nL seal ed tube. The
m xture was heated. 70 C and the resulting yellow solution was stirred for
16h. LC/ M5 anal ysis showed that 15% unreacted ketone remai ned and anot her
portion of KCN (65ng; | mml) and (NH4)2CO8 (245ny; 2.55m nol) was added
and the m xture was is heated to 70C for %hother |16h. Solvent was renoved by
evaporation and the residue was treated with H20 (25nL). The precipitating
crude product was renoved by filtration and purified using sem preparative
HPLC system and a C-18 col umm with MeCN/ H20+0. | 99FA as eluent. Fractions
cont ai ni ng ltHié-[pr{tdileeromeshrbpyyidind2-aHpipevazne-daxl} s fanydproparedamer at i on,
the acidic Ne ic, pH=8-9, using 20 5% KHCO3 and the
preci pitat %%%@%?ﬁﬁﬂm of f, washed with water and dried in a
desi ccat or under reduced pressure at 40C over night. This gave the title
conpound as a colourless solid. Purity >98% by NVR  btai ned 120ng (43%
yield, 2 sggasp2-ok ( Ayl [Pigerhifh-2- ine3-calfb WM ifeDVSO- d6) S 10. 77
(s, IH), 8.%[%(& gﬁo@yg.os (ys],ﬂgH), APy (magbro, 715 7.09 (m 2H),
3.60 (m 2HCMS GPQHIm/LBH.18vB4+Yd, IH), 2.92-2.80 (m 4H), 2.62 (m 1H),
1,86-1.54 (m 8H). 15 SEPT 2005 65 The follow ng conpounds were prepared as
described in the synthesis of (5RS)-5-[4-(4- Fluorophenyl)

prper| dine; 4ol Ho0KgTRh K blpePafin@t hTuftoR Fpop R gRY,) -1 M dazol T dine- 2,
(SR ' S) - 5- 14¢/( I A hdi P | oxy) - pi peridi ne-I|-sul fonyl net hyl | - 5- net hyl
- m dazol?gilﬁg%ipg@?%geﬁghﬁdﬁ%ati on not needed, after evaporation of
s@action mxture and addition of water the precipitating product was pure
enough >98% by HPLC (220nm 254nin) and NVR.  Obtained 1-47ng (71 %yield,
2st eps)o of 14{{Hel(#iflyoroplaenydimethyl pipecswine-lod bsudfgnyprogan-Zon8 (APCl) m z

403. 1 (Wﬁ%ﬁﬁﬁg‘&f@'\?&dﬂmﬁ)lo 73 (bs, 1H), 8.20 (d, IH, 8.01 (s, 1H,

7.81 (dd,

1-[(4-pyrimidin-2-ylpiperazineJ -yD)sulfonyljpropan-2-one
LC-MS (APCI) m/z 285.1 (MH+)

1,1-dimethylethyl 4-[3-({4-[(5-chloropyridin-2-yl)oxy]piperidin-1-yl}sulfonyl)-2-
oxepropyl]piperidine-1-carboxylate
LC-MS (APCI) m/z 517 (MH+).

20
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1H, 509(m 1 H, 3.52((d, I H, 3.35(d, I H, 3.42-3.26 (m 2H + Hzg}
3.18-3.06 (m 2H), 2.08-1.96 (m 2H), 1.79-1.65 (m 2H), 1.33 (]{5 2045
(SS)-5-14-(5-Chl oro-pyridin-2-yl oxy) - pi peridine-I-sul fonyi nmet hyl 1- et hyl -

i m dazol i di ne-2, 4-di one and

(SR) - 5- 14- (5- Chl oro- pyri di n2-yl oxy) - pi peri di ne-1- sul fonyl net hyl

| -5-met hyl -i m dazol i di ne-2, 4-di one The corespondi ng racem c material (74ny),
was di ssolved in 36nL of. i soHexane/ EtOH (25/75) and separated into the pure
enantiomers by using the following G1lson d—iPLC 20 system Colum: CH RALCEL
oD, 2.0x25 cm flow = 6.0 nL/mn, eluent i soHexane/ Et OH (25/75), tenp =
anbi ent, detector UV = 220nrn. The enantioners were coll ected and anal ysed
on a CHIRALCEL OD-H, 0.46x25 cm 0.5 ni/mn, isoHexane/ EtOH (25/75),

anbi ent terrperature 220nm 25 Rt = 9.88 min. ee>99%for the faster eluting

enant i omer—29mg—{ 39N T R—1145 w}m—ec—ﬁ%&%ﬁb—ﬁm%he—sﬁw—e-l—bti ng
enati oner, g7ng (3 6%I.E LCMS (ARGRY m z 403. 1 |(AMidtysis 15 SEPT 2003 66
(5R, S) -5-[ FOro-[pvri di N- Z-VIOXy) - pt pert di ge- - soufrfonytmethytt- 5- phenet
hyi - im daze re- 2, 4-@Hlone. Starfthag from cruden/t 370 (MH+)‘”
-[4-(5-Chllaro-myridin<2-yl oxy)-pigeridine-1-sulflonyl]-4 phenyl - but/an- 2- one
(258ny; E@ml ). Puri fi catji ude pr mﬁde on {70g Si -60
gel using yove OH e\scg%l uent. Rurity % by Nw%lﬂ'ghéwﬁié C (220nm 254nm .
Obt ai ned 264 88%yretd—2—stepyg)—of—th "_NLL; t+¢—conpodre—as—a—cota
sol i d. Lépfb@ecl) may 493. 0 (MHW( d6) (VBI0? 86 ( bs
8.21 (bd, LB 13 (4 I1H. 7 81 (qd 7 7,38 10 7.24 nle). .
(m 3H), 6.87 , 1H), 10 (m I1H), 3.564¢, II a 3.
(m 2H + [ 20-3/068 (m 2H), 2%2 (m %‘Iiﬁ%éw*:) 31 (m
2.08- 1.9 (m ?L—Il 1196-1.83 (m [2H) g 1. (m 2H JED S)=5-|
| or o- pyri fdi q:;(y) iperi di ne- | I f onyl net hv ?M'If" d)azol i
I vl-(!ropy H] Noi/dazol i |Hr31e- 2, 4- di o;l%éj H/Z 403 tH®)
Ct—Oo\ CH V@ m/z 493 (MH+)®
N -
- =" m
o=/ |CH o~ | m/Z 497 (MHH)
TN N ™
oo, |cH \/\/k;j | m/z 509 (ME+)
Cl .\_/ O\ CH ~— m/z 417 (MH"')(D
N
a—{ )0 |CH N m/z 431 (MHEH®
N
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N
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o \_,;’ o |cH ~ o m/z 442 (MH+)™
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Starting fromcrude 1-[4-(5-Chloro-pyridin-2-yl oxy)-piperidine- |

-sul fonyl]-5-imdazol- | - yl-pentan-2-one (268ny; max 0. 51mmol) .10dEsmMehos
151nmg (59% vyield, 2 steps) of the title conpound as a col ourl ess solid.
Purity >98% by NVR 20 LC-MS (APCl) nmiz 497.2 (MH#). f HNWR (DVSO-d6): 8
10.81 (bs, 11-1), 8.20 (d, IH, 805 (s, I H, 7.81 (dd, I H, 7.59 (bs, |
H) , 7.13(bs, | H, 6.88 (bs, I H, 6.87 (d, I H, 508 (m | H, 3.47 (d, |
Hy, 3.40-3.28 (m 3H + H20), 3.17-3.06 (m 2H), 2.07-1.95 (m 2H),
179164(m 3H), 1.61-1.48 (m 3H). 25 g

(5R S)-5-[4-(5-Chl oro-pyridin-2-yl oxy) - pi peridine- I-sulfonyl met hyl
1-5-(3-pyrimdin- 2-yl- proIIy )-|mdazoI|d| ne- 214-di one Startlng from crude
1-[ 4- (5- Gptoro=pyr T U= 2=yt oxXy) = prper tdr me=—t—=guf fonyt{=5=py+imi-di n- 2-

yl -pentany R one (244ngE max 0.51 e ). Oot ai ned Aldyegs (49% yi el d, (2 steps)
of the tifTe ralnilT 15 SEPT ZQU5 ity $98% by NVR _IHNWVR

( DMSO- d6) &@%(bsCHM), 8.72 (d, #H) | 8. 20nyd 502 EH+9?D3 (s, |1H), 7.81
(dd, | 7ﬂ(t 1 H, 687 (d | H>~>5.08{m 1 H, 3.50 (d, H) ,

3. 41-3. 29 ¥ F20). 3.16- 3.07 2H) 2.33 t 06- 1. 06
oH), 1.81} %?@}nﬁ\sw)‘:ﬁ 63-1.51 (m( .H)5 ( (4{551(1%“@% (m

TOI’O-pyI’I IUA_y} Pt pmiulllt‘: 1 oﬁl‘unyl 5
yl - propyl) ci di i di pgr 2, 4- di ong )

pi peri di ne-1 - 8uff onyl fret hyl (-5- (3{pyr¥= din
g-:’"‘,_wone The coyespondi pg racem c mht ergal
"SoHexane/ £ 25| %8) and separ i
t he sanme lconditl-ons—as—descri-bed—|for—sep
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4ﬁﬁ§4§?¥ MEQ4®yridi nt2-yl oxy)
- propyl) -|Pnidazol di ne- 2, 4-

was di ssol yed in penL of

emﬁmﬂéﬁ eviEm Poners by using
(5R, S) - 5- 4-(/&- Shlor of pyy i di n-2-y OW dih ¢”ﬁ biet hyl | - 5-
met hyl -i ni daz di ke- 2,é -dione. R} = /6 Win. ee>J9%®J or ?{he faster eluting
,an,tiorrer, T (429%. K = 2T’ P m F,ee:%. efjuti ng
&nat | omar,ClT@t@?% CH15 LC- M5 [ ARCl )x (Alz 5 9m(zi\4&4)(MH+)‘2’
5-1({4-[ (5=ch ’\'/urnn\/r din-2-y0oxyl pipéridin-l-y lsulfonyl)nmethy|]|-I5-

CH N’@ m/z 462 (MH+H)D

CH /@0 m/z 454 (MH+)®
o
CH m/z 475 +)®

a
-0 o< -

-

ik

™

O

N .
CH /4: P m/z 422 (MH+)® . .
ca~<\i>—‘ CH /\Q [ m/z 470 (MEH®
C"©~ CH s 'OJ m/z 499 (MH+)®
FF o — - . -
\__ 4 N Me m/z 422 (MHH®
i Ne—{ N Me m/z 379 (MH+)®

N Me : m/z 371 (MEH®

m

a5

m/z 385 (MH+)"

=N
<\: N,}— N Me m/z 355 (MH+)™
C \— / o\ CH S~ m/z 446 (MH+)(”
N

CH m/z 472 (MH+)

0
-
i
/O
fﬁ]




et hyli m dazol i di ne-2,4-dione LC-M5 (APCl) mz 417 (MH#). 20 "H NMR
(DMSO-d6): 5 0.76 (3H, t); 1.63 (2H q); 1.66-1.76 (2H, m; 1.9612. 9BPT22P05
m; 3.12 (2H, bt); 3.48, 3.35 (1H each, ABqg, J=14.9); 3.32-3.41 (2H, m;
5.04-5.12 (1H, m; 6.86 (IH d); 7.80 (1 H dd); 7.96 (IH, s); 8,19 (1 H,
d; 10.73 (IH, s). LCGM (APCl) nmlz 417 (MH). 25 5- f

({4-1(5-chl oropvridin-2-yl)oxyl pi peridin-1-yl)sul fonyl) net hy!{-5-
propyl i m dazol i di ne-2, 4-dione LCMS (APCI) mz 431 (M+). 1H NVR (DVBO- d6):
S0.8 (3H, t); 1.03-1.16 (1H, m; 1.20-16§5 (1H, m; 1.58 (2H, t);
1.65-1.77 (2H, m; 1.96-2.06 (2H, m; 3.11 (2H, t); 3.21-3.42 (3H, D20);
3.48 (1 H, half 15 SEPT 2005 68 ABg, J=14.9); 5.04-5.12 (IH, rr) 6.86 (1H,

d); 7.80 (jfH—dey—F99—(tHt—s)r—8rio—(+H—e)—t—4—(t1+H—=)
5-[(14-[ (9-ghl oropvri dj p- 2- VI') oxyl prperi di n- I-y1}§;,1:;1&gg I)rrethyll 5 (2- 5
met hyl pr opyt )y TREEgazol Tdine- 2, 4-dirofe VB (APCH) Tz 245 vr)—H NWR
(DVSO-d6) : @—@@B—«BH ay; 0:88 (3H,~Ql 50- 1.|58/z(438, (MBI+)M. 64-1.[78 (2H,
m,; 1.95-2.05—=0H 'm 3.06-3 16 {2 . 3.22-[3.41 (3H, D20);: 3.46 (1 H
hal f Abq, [J=1 ; 5.03-5.12 (1 H, .86 (1 d 1 H dd); 7.99
(1 H bs);| % 1°, af;H 10.71 (4 A . |05["(’F4)66(M b
4-[(5-Ch|C""“‘y"’:di 2=ty oxyt+pt }JCIIUIII' -v1ja HromrrethyH—5—2-xgyri m di n-
2- % let hyl&#@}zelim@g 2, 4-di one/tf@ nﬁyizgg,éqw_wt@c)m 14 NVR (DM
SO d6): S|1.6 1}78\(?4 m: 1.967 2.1 ; .76 (I 'H, m); 2.84-
15 2.95-(# H™ m; 3.08-3.18 (2H, H), 3 3 3°41 QZH, m ; 3 43, 3.57 (1 H
each, ABq, J 14.9); 9§.04-5.12 (1H, m; 6.86 (1H, d) 7.34 (1 H t);
(1H, dd); PBt2=titt—d)—819 (o) 870 16841+ +H—%) .
5-1( 1 4- [(fs-cehg)}pwu diam2-y1) oxy! pyﬁe@m n-1 -yl howlbomvinephyt -
met hyl phenyl ) hyl\i i m dazol idine-2, 4- ne
— e}
e/~ |CH SN miz 524 (MEH®
o}

. NMR available, see experimental part.

@ . Not purified.

{5R.S)-5-[4-(4-Fluorc-ph enyl)-pkLeridine-l;sulfonv!me-thyl]—S—methvl—i midazolidine-

s 2.4-dione
The ketone l—[4—4(FIqorophenyl)-piperidine-1 -sulfonyl]-propan-2-one (68mg; 0.23mmol),
KCN (30mg; 0.46mmol) and (NH4)2CO; (111mg; 1.16mmol) was suspended in 50%
EtOH/HzO (8mL) in a 22 mL sealed tube and heated to 70°C, a solution was formed. The

‘mixture was stirred at 70°C for 17 h. a solid formed in the tube, the mixture was cooled to

10 room temperature and solvent evaporated, the residue was suspcn&ed in water and pH

adjusted to pH=6 using 1.0M HCI and preciptated product rernoved by filtration and
washed with water. The water phase was saturated with NaCl and extracted with MeCN.
The solid material and MeCN solutions was combined and evaporated. The crude product
was purified using a semipreparative HPLC systern and a C-18 column with

15 MeCN/H;0+0.1%TFA as eluent. Fractions containing the product was combined and
solvent removed by evaporation to give the title compound as a colourless solid.
Obtained 53 mg (62% yield).
Purity by NMR >98%
LC-MS (APCI) m/z 370.0 (MH+).



LC-Ms (APCl) mz 493 (M#). 3H NWR (DVMBO-d6): 6 1.66-1.78 (2H, n'); 1.96-2. 07
(2H, rn); 2.23 (3H, s); 2.84 (2H, s); 3.09-3.20 (2H, m; 3.34-3.43 &rbr Hhos
3.45, 3.69 (1 H each, ABq, J=14.7 Hz); 5.06-5.13 (I H m; 6.87 (1 H d);
6.93-6.98 (2H, m); 7.01-7.06 (1 H m; 7.10-7.17 (1 H m; 7.81 (1 H 25
dd); 8.08 (1 H s); 8.20 (IH d); 10.35 (IH s). 15 SEPT 2005 69
5-1(WU4-1(5-chl oropyridin-2-yl)oxylniperidin-1"-

yl }sul fonvl) nmet hyl | - S-(t etrahydro-2H pyran-4-yl net hy :

)i i dazol i di ne- 2, 4-di one LC-MS (APClI) mf z6387 (MH+). 'H NVR (DMSO-d6): S
1.06-1.26 (2H, m; 1.39-1.77 (7H, m; 1.95-2.05 (2H, m; 3.06- 3,27 (4H n;
3.27-3.41 (3H, D20); 3.48 (IH half ABq, J=15.0 Hz) 3.69-3.79 (2H, ;

?'00“;"95'( ' (‘s}rm@(p&?@ d6)1|5‘10d‘)4 (s N189 &ddts, 89 78 & HhHy 8%k 2?1)13961(ELH d)
L propyl S rARE S TP SAAPE S S fn AP bR 'lhﬁg“{@@%iég’ s

(MHE) . H NV (DhBS- d6) : & 1.40-1.78 (6H, m): 1.96-2.06 (2H, m: 2.94-3. 18
(6H, n); 3.31- 3.44 (5H, m:; 3.54 (1 Hhalf Abg, J=14.9 Hz): 3.60 (2H, t):
3.90- 4. 01 (2H m 425 6.27 (1H);6.85 (I H, d); 7.80 (1H, dd); 8.05 (IH,
bs) 9,52 (1H bs): 10.88 (1H ). |

d-tdsfluogprphs : thyll-2,5-

anenltrlle LC—I\/S(APCI) rrlz 442 (MH). "H NWR
n'); 1.95-2.05 (4H, m,; 2.37-2.57 (2H, DWVSO- d6);

C“‘- y : .
3.07-3. 17 r L7
04 E 1o (Zigié(tﬁﬂgﬁon?poa%&ggg ép%l’éd d?)%@%c%nbg% ﬂthe%yﬁt%es(ﬁbf@.ﬁgg) -5 fb@qtt bFsh)l%8 )20

(I H d); Thesyl)-pibetiding)l.- smfohyﬁncthylﬂw-mﬂhyl uﬂxd{m}lidﬁne-z 4- dlone
_\I ('5-chl Oroﬂ[‘)ﬂe‘il di n-2-yl) oxyl pi.peridi n-1 -
W81 sul f onyIFidet(Finorephey loipinesidmed s wifomnl hd-phonyl Sutasyd -ene (Bvg: ©-24meanl, ( APC)

Téffag“?@;ﬁ@%ééﬁ‘ﬁ%_b bfr TR oeipansaly oricho sofesth

3.06-3. 16 4 3.22-3.40 (4H, 'D20); 3.47 (1 H half ABg, J=15.1 Hz);
5.03-5. 12 (1 ﬁ rr) 6.76-6.88 (2H, m); 7.80 (1 H, dd); 7.95 (IH bs); 8.19
(1 H, LC-MS (APCI) m/z 460.1 (MH-+).

IH-NMR(DMSO dg): 6 10.87 (s, lH) 8.13 (s, 1H), 7.30 (m, 4H), 7.15 (rn 5H), 3.63 (m,
2H), 3.56 (d, lH) 3.41 (d, 1H), 2.87 (m, 2H), 2.61 (m, 2H), 2.39 (m, 1H), 1.92 (bt, 2H),
15 ‘1.83 (m, 2H), 1.63 (m, 2H).

(5R.S)-5-1 4-(4-Fluoro-phenvl)—piperidine-l-sulfonvlmethvﬂ-S-(B}-imidazul-l-vl-

grogvl)-imidazolidine-2,4—dione‘ '

1-{4-4(Fluorophenyl)-piperidine-1 —sulfonyl]-5-imidazol—butan-2-9ne (75mg; 0.19mmol),
20 KCN (30mg; 0.46mmol) and (NH,),CO; (91mg; 0.95mmol) ‘was ciisso]ved in EtOH/H,0
' (1/1) (10mL) in a sealed 22 mL tube and stirred for 17.5 h at 70 °C. Another portion of
KCN (40mg; 0.61mmol) and (NH4)CO; (250mg; 2.60 mmol) was added and the mixture
was stirred at 70 °C for another 16 h. Evaporation of solvent and the residual material was
suspended in H,0, precipitating crude product was removed by filtration and purified
25 using a semipreparative HPLC system and a C-18 column with MeCN/H;0+0.1%TFA as
eluent. Fractions containing the product was combined and MeCN was removed by
evaporation, the acidic waterphase was made basic, pH=8-9, using 5% KHCO3 and the
precipitating product was extracted using EtOAc. Organic phase dried (Na;SOy), filtered

and evaporated to give the title compound as a colourless solid.



d); 10.73 (114, bs). 15 SEPT 2005 70

5-(({4-((5-chl oropyridin-2-yl)oxyl pi peridin-I-yl)sul fonyl)nethyllzt$ sgpT 2005
(2-nmorpholin-4- ylethyl)imdazolidine-2,4-dione Not purified. LCGM (APCl)
mz 502 (MH). 5

5-F({4-f(5-chloropyridin-2-yl)oxyluiperidin-I-yl}sul fonyl}nethyl]-5-

phenyl i m dazol i di ne-2, 4-di one Not purified. LCGMs (APCl) mz 465 (MH). to -
S-(({4-((5-chloropyridin-2- yI)oxyI pi peridin-1-yl}sul fonyl)methyl[-5-(4-

f1 uorophenyl )i m dazol i di ne-2, 4-di one Notggourified. LCGM (APCI) nmiz 483
(MH). 1s 5- f(( -
hl or opyri di n- .)oxvl]2iperidin-I-yl}sul fonyl)nethyll-5-(1Him dazol - 4-

yl)i mdazoI|d| ne 2 4-dione Not purified. LCM (APClI) mz 455 (MH). 20
4-{4-1 ({4- QtBaiotd @mgixﬁ&%iyh:—l@} yl)oxyl pi eridin-1-yl}sul fonyl)nmethyll-2,5-
di oxoi m dazol i di n-4-yl }benzam de Not purified. LCMS (APCI) mlz 508 (MH).
o5 C-MS (APCE mi/z 4642 (MH+). ' e

S e 2235’ DK BEERaT A LA IS0k P 08 B nle? RIS B SR A T b
(m, 3H), 6.88 (s, 1H), 3.95 (m, 2H), 3.60 (m, 2H), 3.47 (d, 1H), 3.35 (d, 1H), 2.86 (m, 2H),
s 2.62(m, 1H), 1.86-1.50 (m, 8H).

(5R§)—5-[4—(4-Flu0ro-phen_y!)-p_igeridine-l;sulfonyygmtz_ﬂxvl]-—S—(B-pyrimidin-Z-yl-
propvl)-imidazolidine-2.4-dione : :
Crude 1-[4-(4-Fluoro-phenyl)-piperidine-1 -sﬁlfonyl]—5-pyrimidin~2—yl-pentan—2-one =
o (234mg; max 0.58mmol), KCN (151mg; 2.3mmol) and C\TH4)2CO3 (557mg; 5.8mmol) was
suspended in EtOH/H,0 (1/1) (26mL) in 2 40mL sealed tube. The mixture was heated _

70°C and the resulting yellow solution was stirred for 16h.
LC/MS analysis showed that 15% unreact‘ed ketone remained and another ponio_n of KCN
(65mg; Immol) and (NH4)2CO; (245mg; 2.55mmol) was added and the mixture was

15~ heated to 70°C for another 16h. Solvent was removed by'evaporation and the residue was
treated with HO (25mL). The precipitating crude product was removed by filtration and

purified using semipreparative HPLC systern and a C-18 column with

MeCN/H,0+0.1%TFA as eluent. Fractions containing the product was combined and
MeCN was removed by evaporation, the acidic waterphase was made basic, pH=8-9, using

20 5% KHCO; and the precipitating product was filtered off, washed with water and dried ina

desiccator under reduced pressure at 40°C over night. This gave the title compound as a
colourless solid. Purity >$8% by NMR. .
Obtained 120mg (43% yield, 2 steps).
LC-MS (APCI) m/z 476.2 (MH+).

35 'H-NMR (DMSO-d¢): 8 10.77 (s, 1H), 8.72 (d, 2H), 8.03 (s, 1H), 7.36-7.27 (m, 3H), 7.15-
7.09 (m, 2H), 3.60 (m, 2H), 3.50 (d, IH)', 3.34 (d, 1H), 2.92-2.80 (m, 4H), 2.62 (m, 1H),
1.86-1.54 (m, 8H). |



LC-MS (APCl) miz 484 (M+). 15 SEPT 2005 71
5- ({f4- (4-fluorophenvl )p| peridin-1-vllsulfonyl }methyl)-5-(2-pyr}fiSEHT 2005
yl et hyt)i m dazol i di ne-2, 4-di one LC-M5 (APCl) mz 462 (MH). 'H NWR
(DVMBO-d6): 5 1.62 (214, dq); 1.77-1.86 (2H, nm); 2.07-2.19 (2H, n); 2.57-2.76
(2H, m; 2.81-2.96 (3H, m; 3.42, 3.56 (1H each, ABq, J=14.6 Hz); 3.59-3.68
(2H, m; 7.11 (2H, t); 7.27-7.36 (3H, m; 8.08 (IH bs); 8.71 (IH d);
10.84 (1H, bs). ( , 5-(f4-(4-fluorophenyt)pi peridin-

| -yl sul fonyt}nethyl)-5-(tetrahydro-2H pysan-4- io

yl met hyl )i m dazol i di ne-2, 4-dione LC-M5 (APCl) rn/z 454 (M+). '"H NMR
(DVMBO-d6): 6 1.07-1.28 (2H, m; 1.40-1.68 (7H, m; 1.77-1.85 (2H, m; 2.56- .
2.67 (1 H m; 2.85 (2H, dqg); 3.22 (2H, dq); 3.39-3.45 (111, m; 3.48 (1 H
bal f ABq, JTnéd lﬁsz éorrgﬁoﬁﬂs azeﬁﬁp)(eﬁhi'edrﬁi deScribed idtthe .gh}hesz} cgffjﬂ,gﬁﬁ—[ﬂ-)@-
7.26-7.33 (2H, 1H, bs); 10.68 is (IH bs). 4-f

14- (4-fl qub;ﬂwe—Wbr)}pi)-pwndmm -Sulfdﬂsflﬂlza‘t@dmﬁm}lﬂw!ﬂ%z&—pmpyt)ummwmm n- 4-
yl | benzami de LC-M5 (APClI) mz 475 (M#). 20 "H NWVR (DVMSO-d6): 6 1.61 (2H,
dg); 1. 77-%.48@0(“2H, m; 2.58-2.69 (1H, n); 2.85-3.01 (2H, m; 3.60 (1H half
ABq, J=14.6 Hz); 3.60-3.69 (2H, m); 7.12 (2H, t) .7.26-7.34 (2H, m); 7.42
(1 H bs); 7.65 (2H, d); 7.91 (2H d); 8 01 (1 H, bs); 8.85 (1 H, s); 10.95

(1 H bs).
5-({14-(4- pr p 1y ol -4- 25
)l m daz oimidiapet Biné-2 di-aivaeNot purlfled LG Ms (APCl) rﬂz 422 (MH). 15 SEPT
(*2 P05 72 5515 éq (4-chl orgﬂphenyl )piperidin-Il-yllsulfonyl
} yrifeqat
(

met hvl) ian pat reedpfl. plte pvaporatiogeaf ioacrioringix e red addidomofivaieethe C- VS
AP.CI ) m ZprAe'mpxtg.tmg }groduct was pure enough >98% by HPLC (220nm, 254nm) and NMR.
fﬁﬁ‘;@ Obtained 147mg (71% yield, 2steps) of the title compound as a colorless solid.
o LC-MS (APCI) m/z 403.1 (MH+).
'H-NMR (DMSOQ-dg): & 10.73 (bs, IH), 8.20 (d, 1H), 8.01 (s, 1H), 7.51 (dd, 1H), 6.87 (d,
1H), 5.09 (m, 1H), 3.52 (d, 1H), 3.35 (d, 1H), 3.42-3.26 (m, 2H + H,0), 3.18-3.06 (m, 2H),

2.08-1.96 (m, 2H), 1.79-1.65 (m, 2H), 1.33 (s, 3H).

15 (58)-5-[4-(5-Chloro-pyridin-2-vloxv)-piperidine-1-sulfonyimethyl}-S-methyl-

imidazolidineé&—dione and (SR)-5-[4-(5-Chloro-pyridin-2-yloxy)-piperidine-1-

sulfonylmethyt]-5-methvl-imidazoelidine-2.4-dione

The corcspondihg racemic material (74mg), was dissolved in 36mL of isoHexane/EtOH

(25/75) and separated into the pure enantiomers by using the following Gilson HPLC
20 system:
Column: CHIRALCEL OD, 2.0x25 cm, flow = 6.0 mL/min, eluent = isoHexane/EtOH
(25/75), temp = ambient, detector UV = 220nm.
The enantiomers were collected and analysed on a CHIRALCEL OD-H, 0.46x25 cm, 0.5
mL/min, isoHexane/EtOH (25/75), ambient temperature, 220nm.
25 Rt=9.88 min. ee>99% for the faster eluting enantiomer, 29mg (39%).

Rt = 11.45 min. ee=98.7% for the slower eluting enatiomer, 27mg (36%).
LC-MS (APCI) m/z 403.1 (MH+).



1H NVR (DMSO-d6): 5 1.07-1.28 (2H, m); 1.40-1.68 (7H, m,; 1.76- 1 %’gﬁéﬁﬂﬁgé

2.56- 5 2.68 (IH m; 2.85 (2H, q); 3.22 (2H, q); 3.48 (IH half 15
Hz); 3.53-3.67 (2H, m; 3.75 (2H, t); 7.26-7.37 (4H, m; 8.02 (IH, bs);
10.79 (IH bs). 5-(( (444-ch |orophenyl)piperidin-I-yllsulfonyi |
met hs!) - 543- nor phol i n-4- vyl propyl )i m dazol i di ne-2, 4-dione trifluoroacetic

acid 10 LCMS (APCI) iz 499 (NMH+). 'H NVR (DMBO-d6): S 1.41-1.87 (8H, m); .

2.56-2.69 (IH in); 2.86 (2H q); 2.95-3.14 (4H m; 3.33-3.44 (3H m;
3.52. (1 H half ABgq, J=14.6 Hz); 3.55-3. ?g (4H, m; 3.90-4.00 (2H m;
7.25-7.37 (4H, m; 8.07 (I H s); 9.89 (1 H bs); 10.87 (1 H s) 15

(SR, S)-5-Methyl -5-[({4-[5-(trifluoromethvl)pyridin-2-yllpiperazine-I|.- vyl
| sul fonyl)methyl i m dazolidine-2,4-dione LC-MS (APCl) rn/z 422.1 (MH).
Purity >9&% S)sIiME-Ciloro-pv k- meﬁﬁemﬁnm-ﬁﬂf&ﬁ}ﬁet}&hj -Dhifeth H dg

8.02 (1 H™S), 7-85 (I H dd); 7.03 (1H, .

3.35 (1 Hmidhzoldlid2(#4dionen); 1.31 (3H, s).

6-(4-{j ({4R S}-4-nethvl -2, 5-di oxoi m dazol i di n-4-yt) net hsl

sul f onyl }%BﬁmgafzqfﬂCmdeyll54pS/ﬁ"Ch-|Qﬁ@'{’Bﬂélar%b*ﬁW}-PIPelzémEd'N@ﬁl(né(ﬁa-}!hmﬁ- 379.1

(|VH+). Pur t ?{g)é)%%’N |3LIN|VR§D|\/50d6) 310.74 (1 H s); 8.52 (1 H,
8.00 } R

3.,36 I‘u}hji agém crfie gzﬁ!&uc{mias ljnlai:}s é?g% ﬁ%éﬁlsﬁgﬁéc%/&%dé 53 éllérﬁ_ ({

[4 (4- quorop eny pi pefazi ne- t hy

met hyl i m Ngbgé%ﬂglﬂl‘vﬁidﬁ@HQ’UQQZN&uﬁAm gm z 371.1 (M#). Purity >98% by

NMVR. s S 10.75 (I H, s) 03 (1H, s); 7.11-6.95 (4H m:
3.56 (IH, Olmt)amee 28bng ((8@% yigld, Bsteps)cdthe trje caBnpidiingd 4kia cn)curlts%hﬁBH s).

LC-MS (APCI) m/z 493.0 (MH+).
- "H-NMR (DMSO-dg):  10.86 (bs, 1H), 8.21 (bd, 1H), 8.13 (s, 1H), 7.81 (dd, 1H), 7.33-
1o 7.24 (m, 2H), 7.22-7.14 (m, 3H), 6.87 (d, 1H), 5.10 (m, 1H), 3.56 (d, 1H), 3.42 (d, 1H),
3.43-3.28 (m, 2H + H;0), 3.20-3.08 (m, 2H), 2.66-2.52 (m, 1H), 2.45-2.31 (m, 1H), 2.08-
1.96 (m, 2H), 1.96-1.83 (m, 2H), 1.81-1.65 (m, 2H.

(5R.S)-3-[4-(5-C hloro-pyridin-—2-vloxyl-piperidine—1 -sulfonvimethvyl]-5-(3-imidazol-

15 1vi-propyD-imidazolidine-2.4-dione

Starting from crude 1-[4-(5-Chloro-pyridin-2-yloxy)-piperidine-1 -sulfonyl]—S-imidazol-‘l-
yl-pentan-2-one (268mg; max 0.51mmol).
Obtained 151mg (59% yield, 2 steps) of the title compound as a colourless solid.

_ Purity >98% by NMR. | o a

20  LC-MS (APCI) m/z 497.2 (MH+).
'H-NMR (DMSO-dg): 8 10.81 (bs 1H), 8.20 (d, 1H), 8.05 (s, 1H), 7.81 (dd, 1H), 7.59 (bs,
1H), 7.13 (bs, 1H), 6.88 (bs, 1H), 6.87 (d, 1H), 5.08 (m, 1H), 3.47 {d, 1H), 3.40-3.28 (m,
3H + H;0), 3.17-3.06 (m, 2H), 2.07-1.95 (m, 2H), 1.79-1.64 (m, 3H), 1.61-1.48 (m, 3H).

25 (5R.S)-5-[4-(5-Chloro-pyridin-2-vloxy)-piperidine-1-sulfonyimethyl]-5-(3-pyrimidin-

Z-Ll propvh-imidazolidine-2.4-dione

Starting from crude 1-{4-(5-Chloro-pyridin-2-yloxy)-piperidine-1-sulfonyt]-5- pynmxdm -2-
yl-pentan-2-one (244mg; max 0.51mmol).

Obtained 105mg (49% yield, 2 steps) of the title comnond ac 2 ralanelans ~o14

7.00 (1'H d): 3.78 (4H m: 3.55 (1H,

“.‘_,

@




(5R, S)-5-[({4-[(4-f[uorophenyl)nethyll piperazine-I-yl}sul fonyl)nethyll-5-
met hyl i mi dazol i dine-2,4-dione io LCGMS (APCl) n-iz 385.1 (MH). 15’u$EP"y‘ 2085,
by NV\VR. "H NWR (DMSO-d6): S 10.72 (1H, s); 7.99 (1H, s); 7.33 (2H, m; 7.15
(2H, m; 3.50 (2H, s); 3.49 (1 H d); 3.30 (1 H d); 3.12 (4H, m; 2.42
(4H, m; 1.32 (3H, s). 15
(SR, S)-5-net hyl -5-1[ (4- pyri m di n-2-yl pi perazi ne-1-yl)sul fonyl | net hyl _
[imdazolidine- 2,4-dion e. LGWS (APCl) rn/z 355.1 (.M+). Purity >99% by
NMR. "H-NWR (DVM5 O-d6): 8 10.74 (1 H, s);g$.40 (2H d); 8.01 (1 H s), 6.68
- (1H, t); 3.83 (4H, 20 m); 3.53 (IH d); g 33 (1H, d); 3.18 (4H m,; 1.31
(3H, s). 5-(3-am nopropvl)-5- 1({4- ((5-chloropyridin-2-vl oxyl pi peridin-I-
yl}sulfonyl)nethyl | i m dazol i dine-2,4-dione trifluoroacetic acid

, 1-di met hypg{thwlogds bANMRA- [ (5- chi or opyri di n- 2-yl ) oxy] pi peri di n-|
-yl}sulfonyl)neth | 1-" 25 2, 5-di oxoi mi dazol i di n-4-yl } propyl carbamate (426ny,
0. 78mml ) v&&smgm deh 511@ ?ﬁ.(bs,O—]?)CBZDdd,dZH) |812(b(ﬁ THA 80855 (satlHRd. 8 T,
reaction was _stirred at it vent was renoved to give

408rg (939 Lk 7ttt lH) & SZéﬂsp'dﬂné 0§§malb$%|3t%0 %Ilﬁaa 34E3m8 (P t He(), 346

MH+) . 851,63, 1H, 2.12
ng ) m 2%%%@ ELTr e R ey 9‘%&“ %5)263% 566 %‘Ekﬁ"ﬁ%%y}%(ms?éb (1 H
each ABq, J 14.6 Hz); 3.44-3.54 (2H, n); 4.85 (4H D20); 5.14-5.22 (IH m;
6.78 (1H, d); 7.67 (IH dd); 8.08 (1 H, d).

55 4- ( 5- ChI(gspsqyr(smmeo-»bﬂug.)-zmcpmmbarm:he-awuﬂmmylxﬂaumwﬁﬁpphﬂﬁmrdnn 4-v
5 i m dazol 1 di ne- 2 4 dl on h dro chl orlde 4-{

di ne- 1- sul fonyl rret hyI
acid tert-

€8 T ed at BSOS ﬁ’ifﬁgﬁ‘w&étg%% { Eﬂ%fd*ésglf?d 62§ éf?%&i%%ﬂr’%?ﬁ of

the tithe ¢onp sepirdteliQnio the pure enantiomers by using the same conditions as described
(5-Chl oro-pyridin-2-yl oxy) - pi peridi ne-1-sul fonyl nethyl]-5-piperidin-4-yl-irn
i dazol i di nder.separation of (5R,S)-5-[4-(5-Chloro-pyridin-2-yloxy)-piperidine-1-sulfonylmethyl]}-5-

_ methyl-imidazolidine-2,4-dione.
Rt=17.6 min. ee>99% for the fasfer eluting enantiomer, 17mg (42%).
Rt = 21.0 min. ee=98.9% for the slower eluting enatiomer; 15mg (37%).
15 LC-MS (APCI) m/z 509 (MH+).

S-[({4-[{5-chloropvridin-2-yDoxy]piperidin-1-yl}sulfonyl)methvl]-5-

ethylimidazolidine-2.4-dione

LC-MS (APCI) m/z 417 (MH+).
0 'HNMR (DMSO-dg): 8 0.76 (3H, 1); 1.63 (2H, @) 1.66-1.76 (2H, m); 1.96-2.06 (2H, m);
= 3.12 (2H, bt); 3.48, 3.35 (1H cach, ABq, J=14.9); 3.32-3.41 (2H, m); 5.04-5.12 (1H, m);
6.86 (1H, d); 7.80 (1H, dd); 7.96 (1H, s); 8.19 (1H, d); 10.73 (I1H, s).
LC-MS (APCI) m/z 417 (MH+).

35 5-[({4-[(5-chloropvridin-2-yDoxv]piperidin-1-vi}sulfonyllmethvl}-5- -

propvlimidazelidine-2 ,4-dione

LC-MS (APCI) m/z 431 (MH+). '

"H NMR (DMSO-dq): § 0.84 (3H, 1); 1.03-1.16 (1H, m); 1.20-1.35 (1H, m); 1.58 (2H, t);
1.65-1.77 (2H, m); 1.96-2.06 (2H, m); 3.11 (2H, t); 3.21-3.42 (3H, D;0); 3.48 (1H, half



2,4-dion hydro chloride in quantitative yield. LCM (APCl) mz 472.3
(M#). "H NWR (DMSO-d6): 610.88 (1 H, s); 9.05 (1H, d); 8.48 (I R5MSEPE. 2005
(1H, d); 7.82 (1H, dd); 6.87 1H d); 5.10 1 H m; 3.47 (2H, s); 3.43-3.13
(711, m; 2.78 (2H, m; 2.02-1.39 15 (9H, m.
4-{4-[4-(5-Chloro-pyridin-2-yloxy)-piperidine-I-sul fonyl nethyl]-2, 5-di oxo-

i m dazol idin-4-yl}-piperidine-l-carboxylic acid tert-butyl ester For
preparation of the reacting ester, piperidine-Il,4-dicarboxylic acid
l-tert-butyl ester 4- nethyl ester, se fgg exanple Al bert A Can et al,
Journal of Organic Chemstry (1990), 20 55(4), 1399-401. LC-Ms (APCl) mz
472.3 (MH+-Boc). 5- -
4- (5- Chl oro- pyri di n-2-yl oxy) - pi peri di ne-1-sul fonyl net hyl | -5-(tetrahydo-pyran
-4- yl) - 2,4Bdj.bri425; L.GH9E 2((APCID); 5186 (AH3dP 7(8HAH, dd) DR IHONE@: tB)1H, w);10. 77
(1 Hs) 820 1 H d) 8.19 (I H/s); 7.81 (1 H dd); 6.87 (1 H d); 5.09
(1H, m; ‘fl 3.45 (2H, s); 3.38 (2H, m; 3.21 (2H, t); 3.13 (2H,
m; 2.02 (2H rT) 184(1H t); 1.72 (2H m; 1.60 (1H d); 1,32 (4H m.
15 SEPT 2005 75 5-[4-(5- Chl or o- pyr|d|n 2-yl oxy) - p| peridine-|

-sul fonyl krbfluoroacetic
acid LG . (1H, s); 8.97
(1H, s); Gueth bbzﬂl)rmd&oﬁﬂhﬁw.nt-ihnﬂ 82 (2H, s dd); 7.80 (I H, d); 6.86
(1 H d); TH rn); 417(1H m; 3.73 (1 H d); 3.41 (2H, m; 3.17
(2H, m; LOMSAPCHWzB4IIMIBY, ). 1, 1-di met hyl et hyl

| -yl dip-1 _yl | fon
et %gl ok ?M&yﬁ%‘ﬁ% b Gl Wéa"sﬁﬁphﬁ 5‘%@?%3& L5TIR @Hos) ate
Eo The tit t {Rediriabg nthesi
019 (Sg sl) 1543[.%95*@#1'}41 ‘%%?ﬁ% gﬁg@%i% 41363 HI éz ?ﬁ&r(lﬁ%glf'A%q,D@ws}’)” es',sﬁ
:EgL;onyl BHIBhﬂlhi(ﬁifm} M&am ngzpkm@lmaid)b 99@19%)1-3319/@1}MBC107U‘(12HE§§> (MHES

5-[({ 4i(5-chloropyridin-i—y@xy[pjperidin-l -y sulfonylymethyl]-5-(2-pyrimidin-2-

viethvl}imidazolidine-2.4-dione _ N

LC-MS (APCI) m/z 495 (MH-+). |

"H NMR (DMSO-dg): 6 1.66-1.78 (2H, m); 1.96-2.16.(4H, m); 2.64-2.76 (1H, m); 2.84-
s 2.95 (1H, m); 3.08-3.18 (2H, m); 3.33-3.41 (2H, m); 3.43, 3.57 (1H each, ABq, J=14.9);

5.04-5.12 (1H, m); 6.86 (1H, d); 7.34 (1 H, 1); 7.80 (1H, dd); 8.12 (1H, d); 8.19 (1H, d);

8.70 (1H, d); 10.84 (1H, s). ' a

5-[{{4-](5-chloropyridin-2-y}Joxvipiperidin-1-vlisulfonvimethvl]-5-[(3-

20 methylphenyDmethyllimidazolidine-2.4-dione
LC-MS (APCI) m/z 493 (MH+).
"H NMR (DMSO-dg): 8 1.66-1.78 (2H, m); 1.96-2.07 (2H, m); 2.23 (3H, s); 2.84 (2H, s);
3.09-3.20 (2H, m); 3.34-3.43 (2H, m); 3.45, 3.69 (1H each, ABq, J=14.7 Hz); 5.06-5.13
(1H, m); 6.87 (1H, d; 6.93-6.98 (2H, m); 7.01-7.06 (1H, m); 7.10-7.17 (1H, m); 7.81 (1H,
25 dd); 8.08 (1H, s); 8.20 (1H, d); 10.35 (1H, s).




"H NVMR (DMSO-d6): S 0.88-1.10 (2H, m; 1.30-1.77 (16H, m; 1.94-2.06 (2H,
m; 2.53- 2.77 (2H, m; 3.05-3.17 (2H, m; 3.21-3.41 (4H, D20); B54SERUHR005
hal f ABq, J=14.7 Hz); 1s 3.73-3.88 (2H, m; 5.03-5.12 (1H, nm); 6.86 (1H, d);
7.80 (111, dd); 8.04 (1H, bs); 8.19 (1H, d); 10.55 (1 H, bs). 5- 4-
5-chloro ridin-2-yl oxv i eridin-l-vl sulfon 1 nmeth 1 -5- i eridin-4-
yl.met hyl )i m dazol i di ne-2, 4-drone trifluoroacetate 20 The title conpound was
prepared as described in the synthesis of
5-(3-aninopropyl)-5-[({4-[(5-ch|oropyrid%g;Z-yl)oxy]piperidin-I- yl
sul fonyl ) met hyl ] i m dazol i di ne- 2, 4-di one t41 fl uoroacetic acid. LC M (APCl)
mz 486 (M+). "H NVR (DMSO-d6): S 1.17-1.40 (2H, m; 1.47-1.81 (7H, m;
1.94-2.07 (2H, m; 2.75- 25 2.93 (2H, m; 3.06-3.42 (7H, m; 3.50 (I H half
) 0 H .6.85 (1 .H . .d): 7.80 ( ;

H .o

H s); 8.08 ) e — A5 LT AL , Ll af-ls
N-(3-{4- 1(£n4fa(n(~5-'hn II‘.; } %;dﬂona%th%g;pl peridin-I-yl)sulfonyl)rnethylt
2,5- di oxormroazofTdrn-4-yr) prop Xt) mnet hanesul f enam de

5- ( 3- Ami nopCawtgl (APEI) (/A48T BviER) or opyri di n- 2-yl ) oxy] pi peridin-1I -
yI}squonyJ.gpeth |11 m dazolidine-2,4-dione trifluoroacetic acid (100ng,
0. 18mml ) RS MRIDMIOed): id0nt -06-M2602H, n} PBA-1(BR(7H,0036 862 D5 (R, mjjdedb-and

SR DTN L I NE IS SOR
5 SIS SERURSE ) 4B o 0 M N o,

10 (3H, s); 2.83-2.93 (2H, m; 3.12 (2H, t); 3.19-3.46 (3H, D20); 3.50 (1 H
hal f ABq, J-15.7 Hz); 5.04-5.12 (1 H nm; 6.86 (1 H d); 6.97 (1 H, t);
7.80 (1 H 5-8d3-](BcKbrdpyridins-yh @ vipipetidih-1-d}sulfbdylighetivIHS-S}moipleolimxd\NVPLE 9
&SR, S) - 5-14-(5-Chl oro-pyrid i - "iperazine-l -sulfon ylmethyl

ey -(3- pyri p rppylpmidazolidines?, h RAEIHAOU A di one C(

1w LC-MS (APCI) m/z 517 (MH+). |
'H NMR (DMSO-dg): § 1.40-1.78 (6H, m); 1.96-2.06 (2H, m); 2.94-3.18 (6H, m); 3.31-
3.44 (SH, m); 3.54 (1H half Abq, J=14.9 Hz); 3.60 (2H, 1); 3.90-4.01 (2H, m); 4.25-6.27
(1H);6.85 (1H, d); 7.80 (1H, dd); 8.05 (1H, bs); 8.19 (1H, d); 9.52 (1H, bs); 10.88 (1H, s).

15 3-{4-[({4-](5-chloropyridin-2-vDoxylpiperidin-1-yl}isulfonylymethvi}-2.5-

dioxoimidazolidin-4-yl}propanenitrile
- LC-MS (APCI) m/z 442 (MH+).
(G : 'H NMR (DMSO-de): & 1.66-1.78 (2H, m); 1.95-2.05 (4H, m); 2.37-2.57 (2H, DMSO-ds);
3.07-3.17 (2H, m); 3.25-3.40 (2H, D,0); 3.42, 3.52 (1H each, Abq, /=14.7); 5.04-5.12
20 (1H, m); 6.86 (1H, d); 7.80 (1H, dd); 7.99 (1H, bs); 8.20 (1H, d); 10.91 (1H, s).

1.1-dimethvlethyl 3-{4-[({4-[(5-chloropyridin-2-vDhoxv]piperidin-1-

yvi}sulfonylimethvyli-2.5-digxoimidazolidin-4-yl}propylcarbamate
LC-MS (APCI) m/z 547, 490 (MH+); (MH+)-tBu.

35 'HNMR (DMSO-dg): § 1.10-1.27 (1H, m); 1.27-1.43 (9H, s); 1.52-1.77 (4H, m); 1.94-2.06
/(2H, m); 2.80-2.90 (2H, m); 3.06-3.16 (2H, m); 3.22-3.40 (4H, D,0); 3.47 (1H half ABq,
J=15.1 Hz); 5.03-5.12 (1H, m); 6.76-6.88 (2H, m); 7.80 (1H, dd); 7.95 (1H, bs); 8.19 (1H,
d); 10.73 (1H, bs).




20 Li N, _,-~ N N21-([4-(5-Chloro-2-pyridinyl)-I
- pi perazi nyl ] sul fonyl)-5-(2-pyrimdinyl)-2-pentanone (0.397 g, O1938EpI02005
pot assi um cyani de (0.122 g, 1.87 mol), amoni um carbonate (0.500 g, 4.68
mol ) and 50% et hanol (4 mL) were stirred in a sealed vial at 75C (oil

tenp) for 17 hours. The ethanol was renoved by rotary evaporation, pH was
adjusted to 6 25. with IMHC, the suspension was filtered- the eniiri urac
x"charl fir;+J.., 1:+41,.-- 15 SEPT 2005 77 0 The starting materials were
prepared as foll ows:

1-((4--(5-Chloro-2-pyridinyl)-1-piperazi nm | sul fonyl)-S-(2-pyrimdinyl)-2-pe
nt anone coll ected and dried. in vacuo at 45C. Sone nore product was
recovered fromthe aqueous filtrate by adding solid SOdI um chloride to
saturation za ; X

w th Na2SOA C :
crop. The dgganﬁnmmedghgsol ved in tetrahydrofuran (5 10 rrL) 5
adsor bed o%—rﬁﬁrﬁ—aﬁﬂ ied on a short silica colum. Elution with
Et OAc foIINw;luriﬁydEtOAc MeCN (1:1) gave 0.30 g (65%yield) of the title
conmpound as a crystalline solid. LCM5 (APCI) mz 494 (M+). 'H NWR

( DVBO- d6) 5C1MS7@\R¢I)HW§93(M§*?0 (2H, d, J= 5Hz); 8.13 (1H, d, J= 3Hz);
8.02 to (1H, s); 7.63 (1H, dd, Ji- 3Hz, J2= 9Hz); 7.33 (IH t, J-- 5Hz);
6.93 (IH, d, ,P-- 10Hz); 3 63- 3. 56 (4H rr) 3.52 (1H, d, J= 14Hz); 3.34

(1H, d, J=z3Akzi<0hs M 2.82 (2H t,
J THz) and%uéﬁ'rgg ‘ %169 5, 157. 2,
157.0, 156phe ng,.ﬁaaﬁohd.az.zg.dmg 2, 119.1, 108.8, 62.4, 52.7, 44.5, 38.2,

36.4 and 21.2. 15 d
Notpun'fied.

LC-MS (APCI) m/z 465 (MH+).

5-{({4-1(5-chloropyridin-2-yDoxyvlpiperidin-1 -yl}sulfonvl)methﬂ]-s-m-

fluorophenvhimidazolidine-2. 4-dione ) \

Not purified.
LC-MS (APCI) m/z 483 (MH+)

5-[{{4-{(5-chloropyridin-2-vD}oxv]piperidin-1-yl}sulfonvylimethvl]-5-(1 H-imidazol-4-

vhimidazolidine-2.4-dione

Not purified.
LC-MS (APCI) m/z 455 (MH+).
20

4-{4-]({4-{(5-chleropyridin-2-yloxv]piperidin-1-yl}sulfonylimethyi}-2.5-

dioxoimidazolidin-4-yl}benzamide
Not purified. o
LC-MS (APCD) m/z 508 (MH+).

25

5-{({4-{(5;(:}1!0ropvridin-2-vl)oxv]piperidin-1~yl}sulfonvl)metth]-S-lZ-(lH-l 2.4

triazol-1-vl)ethyilimidazolidine-2.4-dione

Not purified.
LC-MS (APCI) m/z 484 (MH+).



/-1 0 NNSi Il 0 LHVWS ZM603902 Sul f onam de0 N M=275. 76ZMb03902 Ester
M=194.23 ON NJN _ SO ON/ 20 ZWMb03902 Ketone M=423.93 15 SEY b 7605
A stirred solution of 1-(5 -Chloro-2-pyridinyl)- | -nethylsulfonyl

pi perazine (0.64g, 2.32mmol) in dry THE (25 nlL, 40 rel vol), under

nitrogen, was cooled to -10C causing the sulfonam de to precipitate out of
solution. LHVMDS 1 Min THE (4.64nL, 4.64mvl) was added dropw se, over 4
mn, to the suspension of sulfonam de, the m xture was then s stirred for 40
mn. 4-(2-Pyrimdinyl)-butyric acid ethyly;ester (0.68g, 3.48mml) (exanple
8) indry THE (6.4 nL, 10 rel vol) was adﬁed dropwi se, over 4 min, and the
m xture stirred for 30 mn. The m xture was quenched with saturated NH4Cl
(0.64 nmL, | rel vol) and evaporated to a sem -solid residue. The residue
was taken up in DCM (20 ref vol) and the organic |ayer was washed with
water (15 mL, 24 rel vol), brlne (1 5nL 24 reI voI) and io dried with
MySO4_ RenByall4-(@ & 3 i & pveiniidén-2+ ude product
as an off mhlte SO|Id (0. 84g, 859@ The crude product was purified by

Bi ot age FLARH mzplidimespidvdione ng et hyl acet ate/i sohexane (90:10) as

el uant, . .o white anorphous solid. Is

1- l(J5 ChI or&%%f%ﬁﬂﬂ#%sﬁmﬁ sul :‘pnyl pi Bergzi ne ITo_ a solution
cont ai ni ngi g nutR (NE -2y VT ESTIY | APl PR 3% (BB, bl); £870. 19 2P 98 /276
(2H, m); 2.81-2.96 (3H, m); 3.42, 3.56 (1H each, ABq, /=14.6 Hz); 3.59-3.68 (2H, m);
7.11 (2H, t); 7.27-7.36 (3H, m); 8.08 (1H, bs); 8.71 (1H, d); 10.84 (1H, bs).

R } I
ﬁ‘%ﬁ\ﬁ -~ 5-({{4-(4-fluorophenvl)piperidin-1-yi]sulfonyl}methyl)-5-(tetrahydro-2H-pyran-4-

10 yvlmethvDimidazolidine-2.4-dione
LC-MS (APCI) m/z 454 (MH+).
'H NMR (DMSO-dg): & 1.07-1.28 (EH,lm); 1.40-1.68 (7H, m); 1.77-1.85 (2H, m); 2.56-
2.67 (1H, m); 2.85 (2H, dq); 3.22 (2H, dq); 3.39-3.45 (IH; m); 3.48 (1H half ABq, /=14.5
Hz); 3.53-3.66 (2H, m); 3.75 (2H, dt); 7.11 (2H, t); 7.26-7.33 (2H, m); 8.00 (1H, bs); 10.68

15 (1H, bs).

4-[4-({14-(4-fluorophenvl)piperidin-1-vljsuifonyljmethyl)-2.5-dioxoimidazolidin-4-

yllbenzamide '

LC-MS (APCI) m/z 475 (MH+). |
. »  'HNMR (DMSO-dg): & 1.61 (2H, dq); 1.77-1.88 (2H, m); 2.58-2.69 (1H, m); 2.85-3.01
E (2H, m); 3.60 (1H half ABq, J=14.6 Hz); 3.60-3.69 (2H, m); 7.12 (21, t); 7.26-7.34 (2H,
m); 7.42 (1H, bs); 7.65 (2H, d); 7.91 (2H, d); 8.01 (1H, bs); 8.85 (1H, s); 10.95 (1H, bs).

5-({ [4-{4~ﬂuorophenvl]piperidin-i-yl]sulfonvl}m ethy-5-(1H-imidazol-4-

15 vllimidazolidine-2.4-dione

Not purified.
LC-MS (APCI) m/z 422 (MH+).



vol unes) is added triethylamne (1. | eq), and the mxture is cooled down to
5Cin an ice bath. Mthanesul fonyl chloride diluted with toluenf (§ﬁ§¥o%§95
is slowy added to the cooled solution, keeping the tenperature %e ow 10C_
Once the addition is finished, the reaction is 20 allowed to warmup to room
tenperature. Water (6.6vols) is added and the m xture is filtered and cake
slurried in Toluene (2 vols). The cake is then washed with Tol uene (2 vols)
and dried in a vacuum oven at 40C overnight. 15 SEPT 2005 79 '
1- (5-Chl oro-2-pyridinyl)-piperazine u DCP Pi perazine MW 148 M W86 ZMb03902
Pyridine MW 197.5 Piperazine (4 eq) is ¢harged in the reaction vessel as a
solid. At roomtenperature pyridine 5 (1.43 vols) is added to the vessel
foll owed by toluene (2.14 vols). The final slurry is stirred and heated to
reflux at 120C to obtain a conplete solution. To a separate vessel charge

2, 5-di chl oraffy4{4 bib & ribis dimeethyl)4 b - seanye

solid. The _di ssl_ut,i oni S ‘. o] .hrc, and it is necessary to warmup the
sol uti on t ¢lmeth ne- e solution. The solution containing DCP
is then sl ' r i e reaction to vessel over 5hours. At this
poi nt the 33%%#§¥§§E§&§§%ﬁmg@ﬁﬁgg shoul d be about 20% The reaction is left
refl uxing OHENMIQUI)MS@-HS?@@.D‘?OH% EAH Of); I-Hlﬁl.%ﬁg‘?ﬁ! 2 & W: 2H§m’3§ bgped to
cool to roomtenperature, then water is added (6 vol$§). The twd I'ayers are
separ at ed, 284 1Hhen)aQ8EqRH, phask (281, ni-3248 (13T had ABd, b=Th5 HeNe3.65-3v (@H, The
two organic |layers are conbi ned and re-washed with H20 (6 vols). Finally,

t he organi &); 3551(35e); 7 26vbEhed. wi); §.03: (1 Heb$)e 10.3P I H, 10! uene Pyri di ne 120C
15 SEPT 2005 - '

5-({[4-(4-chlorophenyl)piperidin-1 -vllsu-lfo'nyl}methvl)-s-( 3-morpholin-4-

ylpropvhimidazolidine-2.4-dione triﬂuoroécetic acid

LC-MS (APCI) m/z 499 (MH+).

'"H NMR (DMSO-dq):  1.41-1.87 (8H, m); 2.56-2.69 (1H, m); 2.86 (2H, g); 2.95-3.14 \
(4H, m); 3.33-3.44 (3H, m); 3.52 (1H half ABq, J=14.6 Hz); 3.55-3.69 (4H, m); 3.90-4.00

(2H, m); 7.25-7.37 (4H, m); 8.07 (1H, 5); 9.89 (1H, bs); 10.87 (IH, ).

{SR.S)-5-Methvyl-5-[({ 4~[5-ﬂriﬂuoromethvl)pYﬁdin-z-vlipiperazine-l-
vlisulfonv)methyllimidazolidine-2.4-dione ’
LC-MS (APCI) m/z 422.1 (MH+).
Purity >85% by NMR.

0 'H-NMR (DMSO~d5):-6 10.75 (1H, s); 8.44 (1H, d); 8.02 (1H, s); 7.85 (1H, dd); 7.03 (1H,
d); 3.75 (4H, m); 3.55 (1H, d); 3.35 (1H, d); 3.21 (4H, m); 1.31 (3H, s).

6-(4-{{({4R.S}-4-methvl-2.5-dioxoimidazolidin-4-yl)methyllsulfonvi}piperazin-i-

yl)pvridine-3-carbonitril
25 LC-MS (APCI) m/z 379.1 (MH+).
Purity >99% by NMR.
'H-NMR (DMSO-dg): § 10.74 (1H, s); 8.52 (1H, d); 8.00 (1H, s); 7.90 (1H, dd); 7.00 (1H,
d); 3.78 (4H, m); 3.55 (1H, d); 3.36 (1H, d); 3.20 (4H, m); 1.31 (3H, s).




80 (55)-5-[4(5-Ch 1l oro-l)vri di n-2-yl)-p iperazin e-1-s u | fonyl net hvl
l.5-(3-pyrimdin-2-yl- propyl)-imdazolidine-2, 4-di one and 15 SEPT 2005
(5R)-5-[4-(5-Chl oro-pyridin-2-yl)-piperazi ne-|
sul fonyl net hyl | -5-(3-pyri m di n-2-yl -Rropyl ) -i mi dazol i di ne-2, 4-di one The
corespondi ng racem c material (23ng) was dissolved in 8 nL of isoHexane/ Et OH
5 (25175) and separated into the pure enantioners by using the follow ng
G lson HPLC system Colum: CH RALCEL OD, 2.0x25 cm flow = 6.0 nmilmn,
el uent = i soHexane/ EtOH (25175), tenp = ient, detector W = 230nm The
enanti oners were collected and anal ysed' oit a CH RALCEL OD-H, 0.46x25 cm 0.5
to mL/mn, isoHexane/EtOH (25/.75), anbient tenperature, 220nm Rt = 11.5

m n, ee>99% for the faster el uti ng enantionmer, 8.7nmg (37%. LC—IVB (APCI)
n124941 4T ( S ‘ NG Rt = 14.5 min.
ee=98 % fo ' ¥ C—IVB(APCI) m z
494. 1 (M'|+)rnet{l|§1:911&az'bm"§1ﬂ1ﬁoﬂé)26 g/rrL EtO—| r --200C) 011 15 SEPT 2005
81 EXAMPLE™TU The TolTow ng conpounds were prepared using a nethod anal ogous
to that deddl- MﬁadﬁP(ﬁI)xﬁkéﬂ@He{Wﬁ) 9. 0 .
5-14- (4- Chl_oro- phenyl I&l perazine-1-N"0 G sul fonylneth

y11- 5- ( 3- pPrriRy aPFL2YNMEB: opyl | - Ono i mi dazol i dine-2,4-dioneN ) iz 493 (M)

05 1e (4~ FLUQLAL RSGRY-4oPS RET3T RS 8 31 s); 7.11-6.95 (4H, m); 3.56 (1H, d); 3.36
(1H, d); 3.25 (4H, m); 3.15 (4H, m); 1.33 3H,s). |

(5R,S)-5-]({4-]{4-fluorophenylYmethyl]piperazine- l-vl}sulfony’l)methylLS-

methylimidazolidine-2.4- dlone
1w LC-MS (APCI) m/z 385.1 (MH+).
Purity >95% by NMR.
" 'H-NMR (DMSO-dg): & 10.72_ (1H, s); 7.99 (1H, s); 7.33 (2H, m1); 7.15 (2H, m); 3.50 (2H,
s); 3.49 (1H; d); 3.30 (1H, d); 3.12 (4H, m); 2.42 (4H, m); 1.32 (3H, s).

15 @,S)-S-methyl-S—{[(4—pvrimidin-2ﬂpipei‘nz_i_ge-l-vl)sulfonvl]methvl}imidazolidine—
2.4-dione. |
LC-MS (APCI) m/z 355.1 (MH+).
Purity >99% by NMR.
IH-NMR (DMSO-dg): 6 10.74 (1H, s); 8.40 (2H, d); 8.01 (1H, s); 6.68 (1H, t); 3.83 (4H
20 m); 3.53 (1H, d); 3.33 (1H, d); 3.18 (4H, m) 1.31 (3H, s).

5-(3-aminopropyh-5-[({4-f(5-chloropvyridin-2-vDoxvipiperidin-1-

vllsulfonyl)methyllimidazolidine-2.4-dione trifluoroacetic acid

1,1-dimethylethyl 3-{4-[({4-[(5-chloropyridin-2-ylJoxy]piperidin-1-yl} sulfony)methyi]-
25 2,5-dioxoimidazolidin-4-yl} propylcarbamate {426mg, 0.78mmol) was dissolved in 10 mL

CH,Cl; and 4 mL of TFA was added. The reaction was stirred at rt for 1 hour. The solvent

was removed to give 408mg (93%) of the title compound as a white solid.

LC-MS (APCD m/z 446 (MH+).

'H NMR (CD30D): & 1.48-1.63 (1H, m); 1.69-1.96 (5H, m); 2.01-2.12 (2H, m); 2.93 (2H,



sul fonyl net hyl | -5-12-(5-fluoro-pvrimdin-2-yl)-0 N

ethyll-im dazolidine-2,4-dioneF mlz 481 (M-1---) O N" 15 SEPT 2005
5-14-(5-Chl oro-pyridin-2-vl)-piperazine-1-C3 - " 0

sul fonyl net hvl | -5-12- (5-fl uoro-pvrimdin-2-yl-DSO N_

ethyl | -im dazolidine-2,4-dionemz 498 (M+) O

5-14- (4-Di chl or o- phenyl ) - pi per azi ne-1-"

sul fonyl net hyl 1- 5- (3-pyri m di n-2-yl - prapyl .-00 i m dazol i di ne- 2, 4-di one" "
mz 527 (MH+) 5 15 SEPT 2005 82 5 | a EXAMPLE || Conpounds with the general
formul a were synthesi sed according to t H& nmethod described in Examl e 8
KETONE | NTERVEDI ATES RR2xAnal ysis (r) MeSGC'Ms nmlz 242 (M') Nc \-MSGC M5
mz 267 (M) ' '

t); 3.20-3.29 (2H, m); 3.40, 3.60 (1H each ABq, J=14.6 Hz); 3.44-3.54 (2H, m); 4.85 (4H,
D,0); 5.14-5.22 (1H, m); 6.78 (1H, d); 7.67 (1H, dd); 8.08 (1H, d).

5-]4-(5-Chloro-pyridin-2-vloxy)-piperidine-1-sulfonvlmethvl]-5-piperidin-4-vi-

5  imidazolidine-2.4-dion hydro chloride '

4-{4-[4-(5-Chloro-pyridin-2-yloxy)-piperidine-1-sulfonylmethyl}-2,5-dioxo-imidazolidin-
4-yl}-piperidine-1-carboxylic acid tert-butyl ester (100 mg, 0.16 mmol) was solved in 2 M

hydrogen chloride (ethy! acetate, 30 mi) and methanol (5 ml). The solution was stirred at

50 °C for | hour. Evaporation afforded 90.5 mg (0.16 mmol) of the title compound 5-[4-
10 (5-Chloro-pyridin-2-yloxy)-piperidine-1 -sulfonylmethyl]-S-piperidiﬂ-4-yl-irnidazolidine- ,
2,4-dion hydro chlornde in quantitative yield.
LC-MS (APCI) m/z 472.3 (MH+).
'H NMR (DMSO-dg): 510.88 (1H, s); 9.05 (1H, d); 8.48 (1H,m); 8.21 (1H, d); 7.82 (1H,
dd); 6.87 1H, d); 5.10 1H, m); 3.47 (2H, s); 3.43-3.13 (7H, m); 2.78 (2H, m); 2.02-1.39
15 (9H, m). ' ' - .
4-{4-[4»(5—Chloro-pyri@in—2-yloxy)—piper§dine-l-sulfonylmethyl]-2,5-dioxo~ -

imidazolidin-4-yl}-piperidine-1-carboxylic acid tert-butyl ester

For preparation of the reacting ester, piperidine-1,4-dicarboxylic acid 1-tert-buty! ester 4-
methy! ester, se for example Albert A Carr et al, Journal of Organic Chemistry (1990),

20 55(4), 1399-401.
LC-MS (APCI) m/z 472.3 (MH+-Boc).

5-[4-(5-Chloro-pvridin-2-vioxy)-piperidine-1-sulfonylmethvl]-5-(tetrahydo-pyran-4-
yh-2.4-dion

25 LC-MS (APCI) m/z 403.2 (MH+).
'H NMR (DMSO-dg): & 10.77 (1H,s); 8.20 (1H, d); 8.19 (1H,s); 7.81 (1H, dd); 6.87 (1H,
d); 5.09 (1H, m); 3.88 (2H, 1); 3.45 (2H, s); 3.38 (2H, m); 3.21 (2H, t); 3.13 (2H, m); 2.02
(2H, m); 1.84 (1H, t); 1.72 (2H, m); 1.60 (1H, d); 1.32 (4H, m). '




F MeSGC/ M5 mfz 326 (M) F~ - F\ MeS02LC/ MB nl/z 275 (MH+) FNr--o- 1MeSO2-

(r): For NVR-data see experinental part. 1-(I,1" -biph 15 SEPT 2005
enyl - 4-yl t hi 0) propan- 2-one 1-[(4-bronophenyl)thi o] propan-2-one (357 ng, 1.46
rnnol) was treated with phenyl |Is boronic acid (231 ng, 1.89 mmuol),

[1-, 1" - bi s(di phenyl phosphi no)ferrocene]dichloro palladium(ll) conplex with
di chl oronet hane (1:1) (36 ng), toluene (20 m ), nethanol 15 SEPT 2005 83 :
(7.5 m), saturated sodi um carbonate solution (3.5 nl)-and were stirred
together at 80 C for 18 hours. After COOZ% ng the reaction m xture was
treated with dilute hydrochloric acid and extracted into ethyl acetate. The
product was purified by flash chromatography on silica, eluting with 25 %
ethyl acetate : iso-hexane to gl ve 277 nmg product. s GOUMS mz: 242 [M}].
“H NVR ( e R e
L MR W.(5 drdihe-$syifbn
the synt heSihfdHfoliline-2 - dioRitpifaYbacedi afidy! t hi 0) pr opan- 2- one
-[ (2- oxopropyl )t hi nj - I, 1" -bi phenyl -4-carbonitrile GO M mz: 267 [M +J.
H NVR (CDGLG—MSK)AECB)@(%&SOMH&)?S (2H, s); 7 44 7 54 (4H abqg, J=8.5

Hz): 7.67, 7,74 15 (4
ronet hyl ) ox A NYIR (OMSsh é@yg-uf 1 I()lHt W 3)9[3&)%&@ Qjér@H @@8»2@ Az 438 @f. +

751 (2f TS 03B RO S s L 5 B P Ry GRS e

3.17 (2H, m); 2.08 (24, m); 1.72 (2H, m).

- 1.1-dimethylethvl 4-({4-[{({4-[(5-chloropyridin-2-yDoxy]piperidin-1-

f@w 1isulfonylymethvl]-2.5-dioxoimidazolidin-d-yvlimethylDpiperidine-1-carboxvlate

to  The title compound was prepared essentially as described in the synthesis of (5R,8)-5-{4-
(4-Fluoro-phenyl)-piperidine-1-sulfonyimethyl]-5-methyl-imidazolidine- 2,4-dione
LC-MS (APCI) m/z 530 (MH-+ -bac). o | |
'H NMR (DMSO-dg): 8 0.88-1.10 (2H, m); 1.30-1.77 (16H, m); 1.94-2.06 (2H, 1:n); 2.53-
2.77 (2H, m); 3.05-3.17 (2H, m); 3.21-3.41 (4H, D;0); 3.48 (1H half ABq, /~=14.7 Hz);

15 3.73-3.88 (2H, m); 5.03-5.12 (1H, m); 6.86 (1H, d); 7.80 (1H, dd); 8.04 (1H, bs); 8.19 (1H,
d); 10.55 (1H, bs).

5-[({4-I{ 5~chloropyridin—Z—vl)oxvlpiperidin—i -yl¥sulfonymethyl]-5-(piperidin-4-

vimethyimidazolidine-2.4-dione trifluoroacetate

N 20 The title compound was prepared as described in the synthesis of
5-(3-aminopropyl)-5-[({4-[(5-chloropyridin-2-yDoxy]piperidin-1-
yl}sulfonyl)methyl]imidazolidine-2,4-dione trifluoroacetic acid.
LC-MS (APCI) m/z 486 (MH-). |
'H NMR (DMSO-dg): 8 1.17-1.40 (2H, m); 1.47-1.81 (7H, m); 1.94-2.07 (2H, m); 2.75-
25 2.93(2H, m); 3.06-3.42 (7H, m); 3.50 (iH half ABq, /=15.6 Hz); 5.04-5.12 (1H, m); 6.85
(1H, d); 7.80 (1H, dd); 8.06 (1H, s); 8.08-8.22 (2H, m); 8.45 (1H, bd); 10.85 (1H, s).



1- (1, 1' - bi phenyl -4-yl t hi o) propan-2-one (69 ng, 0.28mml) was stirred at rggn1
tenperature with sodi um bi carbonate (72 ng, 0.85 nmol), oxone ({B28ERY, 26085
mol ), 25 water (5 m) and nethanol (10m) for 3 hours. Water (50 m) was
added and the product extracted into ethyl, acetate (3 x 25 m). The
extracts were brine washed, sodium sul phate dried and evaporated to give 78
mg (99% product that was of sufficient purity to use with out further ]
purification. 15 SEPT 2005 84 LC-Ms (APCl) mz 275 (M#). "H NWR (CDClI 3): 8
2.47 (3H, s); 4.22 (2H, s); 7.44-7.54 (3H, m; 7.64 (214, d); 7.80, 7.97
(414, abqg, J=8.6 Hz). 76

4' -1(2- oxopropyl)sul fonyl J-1, 1' - bi phenyl -4-carbonitrile s The title
conpound was prepared as described in the synthe5|s of 1 (1, F- bi phenyl -4- vyl

sul fonyl) _ s); 7.74
2H, d A | S5 ;
f?'R' 23“) g_@-gg@ﬁaﬁs.am&.;;%rﬁ?@ﬁﬁtmeq,?ﬁ&um@ i the synthesi s o

i peri di L Srpyy et 5 bt dih L emtind, 4- di one Example  8).
RrDs Anal v oo e e B S 413 (M) P e Fom

/I MeS02niyt}salfonyileethyl)midazol il B02 #rdiodraiflabtéayeticacid § 100k, ONNRirdel) svasee
experi ment al

CEAL: e g BEM- BIREA (R2uky §-36evmalhpataddsdy b giumy svagstingd for

some munutes. Sulfonylchloride (16pL, 0. lSmmo}) was added and the reaction was stirred

.&Qq“-::’»
ol
S

at rt over night. The crude product was purified by preparative HPLC.

LC-MS (APCI) m/z 524 (MH+).

'H NMR (DMSO-dg): § 1.19-1.52 (2H, m); 1.58-1.77 (4H, m); 1.95-2.06 (2H, m); 2.85
10 (3H, s); 2.83-2.93 (2H, m); 3.12 (2H, 1); 3.19-3.46 (3H, D,0); 3.50 (1H haif ABg, /=15.7

Hz); 5.04-5.12 (1H, m); 6.86 (1H, d); 6.97 (1H, t}; 7.80 (1H, dd); 8.01 (1H, s); 8.19 (1H,

d); 10.79 (1H, s).

15  EXAMPLE 9
(5R,8)-5-{4-(5-Chloro-pyridin-2-vl)-piperazine-1-sulfonylmethvi}-5-(3-pyrimidin-2-vl-

propyl)-imidazolidine-2.4-dione

20
1-([4-(5-Chloro-2-pyridinyl)-1-piperazinyljsulfonyl)-5-(2-pyrimidinyl)-2-pentanone
(0.397 g, 0.936 mmol), potassium cyanide (0.122 g, 1.87 mmol), ammonium carbonate
(0.500 g, 4.68 mmol) and 50% ethanol (4 mL) were stirred in a sealed vial at 75°C (oil
temp) for 17 hours. The ethanol was removed by rotary evaporation, pH was adjusted to 6

25+ with 1M HCI, the suspension was filtered. the solid wac wachad vrith o Linlaonen



i m dazol idine-2,4-dione LCMS (APCI) mz 396 (MH). 20 "H NWR (DMSO-d6): 6
1.27 (3H, s); 3.71, 3.78 (IH each, ABg, J=15.0): 7.23 (IH d); ¥538EBT 43005
(2H, m; 7.82-7.87 (3H m; 8.04 (I H dd); 8.27 (I H d); 10.79 (1 H, s).
15 SEPT 2005 85 , 5-chloro-2-f [4-(nethylsulfonyl)phenyl)oxy}pyridine
2,5-dichl oropyridine (1.48g; 1Omol), 4-nethylsul fonyl phenol (1.89g;
Il Intnol) and Cs2COB (4.249g; 13mmol) was slurried in 75m. of NMP. The slurry
was heated to approx 5 170C over night. After cooling the Cs2CO3 was
filtered off and the solvent was extract e§i7 bet ween H20 and Et OAc. The
organi ¢ phase was dried over Na2SO4 and evVaporated. Heptane: EtOAc 2:1 was
added to the residue and the crystalls was filtered off. 1.42 g (50%.
LC-MS(APCI) mz 284 (MH). 10 "H NWR CDC13: S 3.09 (3H, s); 7.02 (IH, d);
Z 33 (2H, 2

hret hyl - 5‘1:%0 If%ec? Qrzc% éﬁ%c} ﬁlggag?rgtﬁyl ?O)%Tgi-n ore %E) %éﬁgf)ecov?red from the aqueous
| sul fi nyI ) fRiriee byl i thgaatitlisedingr chldridh nendition and extractmg the mixture with
5-nmethyl -5-[({4" - [(trlfluoronethyl)oxy] 1, 1' - bi phenyl - 4-vyl
} t hi 0) met hyacgtomtmllia @k 1 ik g-- Drydng mtb MNa2$Qg fritpring .and Zomamhmngvﬁm aFgamic pl:lasat
roomterrperature w th axgne , sodi um bi cglr bonat e ( n&) water (5
)" and I\/Etgﬁ&‘?ﬁ)ﬁec@ﬁé CFAD) T?lﬁrcoqléuﬁ &r@s wete dissplvg Wa@tmwclr@@r@a 19 o

Dt

m, 7. 47 ErOhc. oTvi 8. 37 IH
i Ws) 10. gé?‘a}iﬁghfoﬂ%@ﬂ (- 15:%1(/@[)*30?(65/ yZﬁ%?}f %{%41&?3"50{1??%11'11% grgéavﬁfﬂﬂz (

met hyl )oxylcry]sta]lmdmﬂ]henyl 4-yl }t hi o) net hytI i m dazol i di ne- 2,4-d | one
LC- MS(APCl ) ml z veré weak 397 (MH+) 25 "H NVR (DVMBO-d6): 5 1.33 (3H, s);
3.29 (2H, HE-MS 4APTDa/zAR4 (MBI).7.61 (2H, d); 7.77 (2H, d); 7.99 (1-H s);

- 75 (1 My (DMSO-dg) 8 10.78 (1H, bs); 8.70 (2H, d, J= 5Hz); 8.13 (1H, d, J= 3Hz); 8.02

o (1H,s): 7.63 (1H, dd, /,= 3Hz, /= 9Hz); 7.33 (1H, t, J= SHz); 6.93 (1H, d, /= 10Hz);
3.63-3.56 '(4H, m); 3.52 (1H, d, /= 14Hz); 3.34 (1H, d, /= 14Hz; obscured by water
signal), 3.24-3.14 (4H, m); 2.82 (2H, t, /= 7Hz) and 1.79-1.50 (4H,m"s). °C NMR
(DMSO-dg) & 175.6, 169.5, 157.2, 157.0, 156.5, 145.6, 137.3, 119.2,119.1, 108.8, 62.4,
siz.?, 44.5,38.2,36.4 and 21.2.

The starting materials were prepared as follows:

1-([4-(5-Chloro-2-pyridinyl)-1-piperazinyl}sulfonyl)-5-(2-pyrimidinyl)-2-pentanone

~— O LLHMDS
CJ@ N N-§” —_—
=N hY / It

8]

ZM503902 Suifonamide O N
M=275.76 ZM503902 Ester
M=194.23

wn=0

CI—@ N N-
—N \___/ 1

ZM503902 Ketone
20 M=423.93

O



15 SEPT 2005 86

5-1(1, 1' - bi phenyl - 4-yl sul fonvl ) net hy11- 5- net hyl i m dazol i di ne- 2, 41% ¥FRT 2005
LC-MS(APCI) mlz 345 (MH). "H NWR (DMSO-d6): 5 1.27 (3H, s); 3.72, 3.81
(211, abqg, J=15.3 Hz); 7.45 (IH, t); 7.52 (2H, t); 7.76 (2H, d); 7.82 (IH,
s); 7.88, 7.94 (4H, abqg, J=8.9 Hz); 10.80 (IH, bs). s 4" -{

1(4-methyl -2,5-diox oimd azolidin-t-yl)rn ethyl] sul fonyll-1.1"-biph :
envl -4- carbonitrile LCGMS(APCI) mz very weak 370 (M+H). '"H NVR (DVSO d6):
5 1.26 (3H, s); 3.74, 3.84 (2H, abq, J=1640 Hz); 7.81 (I H s); 7.91- 8 ,03
(8H, m; 10.81 (1H, s). EXAMPLE 12 Is Syntghesis of enantioneric pure
hydant oi ns Representative synthetic route is shown overleaf. rri .1 20 15
SEPT 2005 87 b Aa (90% Cd + C (80% B Reagents and conditions; a) KCN,

S R Pl BRSO AR AR A o Tl o
-20C, 30 raBPmmol) in dry THF (25 mL, 40 rel vol), under nitrogen, was cooled to -10°C causing
the sulfonamide to pfccipitate out of solution. LHMDS 1M in THF (4.64mL, 4.64mmol)
was added dropwise, over 4 min, to the suspension of sulf_‘onamide, the mixture was then
-5 stirred for 40 min. 4-(2-Pyrimidinyl)-butyric acid ethyl ester (0.68g, 3.48mmol) (example
' 8) in dry THF (6.4 mL, 10 rel vol) was added dropwise, over 4 rnin,_ and the mixture stirred G}:
for 30 min. The mixture was quenched with saturated NH,Cl (0.64 mL, 1 rel vol) and

evaporated to a semi-solid residue. The residue was taken up in DCM (20 rel vol) and the

organic layer was washed with water (15 mL, 24 rel vol), brine (15mL, 24 rel vol), and
10 dried with MgSOs. Removal of the solvent by rotary evaporation gave the crude product
as an off white solid (0.84g, 85%). The crude product was purified by Biotage FLASH

chromatography, using ethyl acetate/isohexane (90:10) as eluant, to give pure ketone as a

white amorphous solid.

15 1-(5-Chloro-2-pyridinyl)-1-methylsulfonyl piperazine
To a solution containing 1-(5-Chloro-2-pyridinyl)-piperazine (1 eq.) in toluene (25

volumes) is added triethylamine (1.1eq), and the mixture is cooled down to 5°C in an ice

bath. Methanesulfonyl chloride diluted with toiuene (0.5vols) is slowly added to the cooled
solution, keeping the temperature below 10°C. Once the addition is finished, the reaction is

20 allowed to warm-up to room temperature. Water (6.6vols) is added and the mixture is

filtered and cake slurried in Toluene (2 vols). The cake is then washed with Toluene (2

vols) and dried in a vacuum oven at 40°C overnight.



5 Experinental procedures (5S
5-({(4-(4-fluarophenyl)pipgridin-I-vllsulfony}}nethyl)-S-rnethylixg dasel izbgs
e- 2,4-dione 4-(4-Fluorophenyl)piperidine hydrochloride (63 ng, 0.29 mmol)
was taken up in 3 nL of 10 dry THE, neutralized with diisopropylethylam ne
(50 }tL, 0.29 mol) and cooled on an ice-water bath.

[ (4S)-4-metyl -2, 5-di oxo-i m dazol odi n-4-yl ] net hanesul fonyl chloride (80 ng,.
0.35 mml) was added and after stirring for 10 mn, diisopropylethylam ne
(50 ptL, 0.29 mmol) was added and the reagtion m xture was stirred at

anbi ent tenperature until LC M5 (APClI) indicated consunption of the am ne.
The reaction m xture was evaporated 15 SEPT 2005 88 and the residue taken up
in EtOH and heated to 50 C and all owed to cool before water was added. The
preci pi t at gd(PChlnuet2-paeidaoi)-pipeesziand washed with Et O/ water and dried in
vacuumto yield 87 mg. LC-Ms (APCl) rn/z 370 (MH). s "H NWVR (DVSO-d6): S
10.73 (1 H s); 801 (1 H s); 7.29.(2 H, dd); 7.11 (2 H, dd); 3.61 (2 H,
dd); 3.50, 8.33 (1 H each, ABgq, J=14oWendz); 2.91-2.80 (2 H, m,; 2.67-2.57 (1

H m; 1.82 d), 1.62 (2 H dfwjdinel. 33 (3 FA=\s). /Ttg starting
mat eri al s wer d<pr dpar ed 4 f ol Nows: ~T0 B~ net Giyt4s- (; NH
henyl r net hyl ) t hiNol- m&t hyl {i nidazol i di 9°Q, 4- di one—M st vessel was charged

wi th ethanol and water (315m/135nl). 31.7g (0.175 nol) of
benzyl t hi oacet BRE, 22.-9gFP8™38¢ nol ) of pot assizmsozspamydineand 84. Sg (0. 879

fmt) of ammopj r bonat added. The cl ose action vessel was kept in

£€r§ 1s oil ba%%gfh tenp@r\/\\gf%r e-90 C) under vi %&‘gdg;'gti rring for 3h. The

reaction v : ' pces O A )t ' I was

cvapor at oo RS AT S8 e A BE R R bl & Joich RPN LlcE b e

wat er and 7043 wbls) & iMeaeetRtves@n iRyt tetiend (12140b16Y. THB FHRI Maﬁ%eﬁtrr&@t ed
was

@%%th ethylacetate (300 nL). The conbined organic phases were ed with
$At ur at ed &nd heatgd 30 reflux atdr308Q 10 Nb2EO4) onagetispiwgioad Tandsepraporyesseldcharge

dryness. | 5,5E£ghl%?(?p%%%gnedétgcﬁogolﬁawe%t l?)lz lTiolzueehe %?%3 rr\l_ols?)f to dissolve the solid. The
dissolution is endothermic, and it is necessary to warm up the solution to ~ 30°C to get
complete solution. The solution containing DCP is then slowly discharged into the reaction
10 vessel over Shours. At this point the remaining amount of DCP should be about 20%. The
reaction is left refluxing overnight to reach completion. |
The rc-:action mixture is allowed to cool to room temperature, then water is added (6 vols).
The two layers are separated, and the aqueous phase is re-extracted with Toluene (5 vols).

The two organic layers are combined and re-washed with H>O (6 vols). Finally, the organic

ts  layer is washed with brine (6 vols).




di chl oronet hane was added to the oil. Evaporation gave the product as a
slightly yellowi sh powder,43.8 g (90%. LC-Ms (APCl) rn/z 251.1 1svtéRpT ‘4605
NVR (DMSO-d6) 5:10.74 (IH,s); 800 (IH, s); 7.35-7.20 (5H, m; 3.76 (2H, s);
2.72, 25 2.62 (1 Heach, ABg, J 14.0 Hz); 1.29 (3H, s). 13C NWR (DVBO- d6)

5: 177.30, 156.38, 138.11, 128.74, 128.24, 126.77, 62.93, 37.96, 36.39,
23.15. 15 SEPT 2005 89 (5S)-5-nethyl-5-f I(p

henyl met hyl )t hi o] met hyl }i mi dazol i di ne-2, 4-di one The title conpound was
prepared by chiral separation of the racggic material using a 250mm x 50mm
colum on a Dynam c Axial Conpression Preparative HPLC system: The
stationary phase used was CH RALPAK AD, el uent=Methanol, flow=89nl/mn, 5

t enp=anbi ent, UV=220nm sanple conc= 150rrg/m_ i njection vol unme=20nt.

Ret enti on g
made using a | m n,
el uent =Et hmmwméﬂll]—%ﬂﬁﬂwmyﬂ%lhﬂnglperazg@bund =
9.27m n. to Purlt estlnated to >99%ee LC—IVB (APCIz) mz 251.1 (M—I+) [a]n
=-30. 3 ( c=mlfynylmet RANAZ ddione (1 H s); 8.00 (1

(1Y zg%orgap n?l&%%%%ﬁl%@é&%) s df lvgﬁ 8 L oS pand g 514 O

128 24,1 7
[ (phenyl me Z@EW s %%?e“f?ﬁh'f/’?c?ﬂ‘.e &%f'agmlébé'(‘%@ e Mg i g R und vas

pr epar ed s@m ral separation of the racem c material using a 20 250mMm x
50mm col um1 on a nam c_Axi al Conpression Preparative HPLC system The

st at i onar YC@hmoe CldBA L. @H mmmﬁo“@r 68rm helnent = fspYd@es@fitOH n,

t emp=anbi e =220nm,.sa | mL, injection vol ume=20rL.
Ret ent i on (Eglr@)’f YSRP £ AplieRiy ’Eﬁ}ﬂrd ~ '129%3’91 !
The enantiomers were collected and analysed on 2 CHIRALCEL OD-H, 0.46x25 cm, 0.5 o

10 mL/min, isoHexane/EtOH (25/_75), ambient temperature, 220nm.
Rt=11.5 min. ee>99% for the faster eluting enantiomer, 8.7mg (37%).
LC-MS (APCI) m/z 494.1 (MH+).

[alp= -26.4“. (c=0.0022 g/mL, EtOH, =20°C)
Rt=14.5 min. ee=98 % for tﬁc slower eluting enatiomer, 9mg (39%).

15 LC-MS (APCI mvz 494.1 (MH+).

[ct]p = +24.5° (c=0.0026 g/mL, EtOH, =20°C)




Anal ysis of chiral purity was made using a 250mm x 4. 6mm CH RALPAK- AD col um
25 from Daicel, flow=0.5nL/mn, eluent=Ethanol, U/=220nm tenp=anipsesEpT 2005
Retention tinme for title conmpound = 17.81 mn. Chiral purity estimated to
>99% ee. LC-MsS (APCl) mlz 251.0 (M#). [a]o=+30.3 (c=0.01 glnL, MOH,
T=20C). 15 SEPT 2005 90 'H NMR (DVMBO-d6) 5:10.74 (1 H,s); 8.00 (1 H, s);
7.33-7-20 (5H, m; 3.76 (2H, s); 2.72, 2.62 (1 H each, ABg, J 14.0 Hz);
1.29 (3H, s). 13C NWR (DMSO-d6) 5:177.3 1,

156. 30, 138. 11, 128. 74, 128. 25, 126- 77, 62. 94, 8. 97, 36.40, 23.16. 5

[ (4S) 4- net hyl - 2, 5-di oxoi mi dazol i di'n-4-yl | met hanesul fonyl chloride
(5S)-5-nmethyl -5-([ (phenyl nethyl )thi o] nmethyl:} i m dazolidine-2,4-dione
(42.69g; 0.17nmol) was dissolved in a mxture of AcOH (450 nlL) and H20 (50
nL). The mEXAMPLEJO i nmersed in an ice/water bath, Cl2 (g) was bubbl ed

t hrough t he_sol utlon the flow of gas to was adj usted so that the

t enper at urérm R‘éfﬁlg 'q9ERGWPds) BeTe Prawated USing Apethqdeanadnaous inthabégsariped in

yel | ow gree}:_? ‘{(,:\g ? and a sanple was withdrawn for LG M5 and HPLC

anal ysi s. (l) hat .starting material was consuned. The yellow cl ear
solution was stirred for 30 mn and an opaque solution /slurry was forned.
The sol vent was renoved on a rotary evaporator using waterbath with
tenperature held at 15 +37C. The yellow sh solid was suspended in Tol uene

(400rrL) afd solvent rénpbved on the sane rotafy evaporator. This was
-{M%peat ed once nore. The crude product was thep suspended in iso-Hexane
(‘ﬁOOrrL) amd vvarmed to +40C Wmle stlrrlng t1e slurry wasy al l owed to cool
to roomt es QrisE 2 lTE Huc r ved by filtration,
washed wi t . d dr E{%\Z\E "55" preassure at
+50C over y 56 i ghtly vyel l\ow powder
@ht ai ned 3ﬁnﬁjagoﬁ&$‘%)2 &ﬁ,@nlge title corrpound Purity by H \C? @93%+
§”upported that purity. [aJo=-12.4 (c=0.0lg/nL, THF, T=20 ).
5-[4-(4-Fluoro-phenyl)-piperazine-1- - F ey 4 M
sulfonylmethyl]-5-]2-(5-Aluoro-pyrimidin-2-yh- Dol co
N ,N .
ethyll-imidazolidine-2.4-dione FS_/ m/z 481 (MH+)
- o)
5-[4-(5-Chleore-pyridin-2-v)-piperazine-1- —n Y
A OF
sulfonvimethvy]l-5-[2-(5-fluoro-pyrimidin-2-vi- o2
: »’
ethvl]-imidazolidine-2.4-dione . }J m/z 498 (MH+)
5-[4-(3.4-Dichloro-phenyl)-piperazine-1- C’C "C/‘ ?\ 1
. _‘ 1 o
sulfonylmethvl]-5-(3-pvrimidin-2-vl-propyvl]- °e
imidazolidine-2_4-dione "\,-_) m/z 527 (MH+)




"H NWR (THF-d$): S 9.91' (1 H, bs); 7.5 7 (1 H s); 4.53, 4.44 (I H each,
ABg, J--14.6Hz); zs 1.52 (s, 3H, CH3). 13C NWR (THF-d8): 5 1741968SEPT 2005
1.5-5.86; 70.96; 61.04; 23.66. 15 SEPT 2005 91

[ (4R) - 4- et hyl - 2, 5- di oxoi m dazol i di n-4-yl ] rret hanesul f onyl chl oride

Fol |l owi ng the pr ocedure descri bed for

[ (4S)-4-met hyl -2, 5-di oxoi mi dazol i di n-4- yljmethanesul fonyl chl ori de.
Starting from(SR) 5-nmet hyl -5- { '

[ (phenyl met hyl) t hi o] met hyl }i m dazol i di neg3, 4-dione s (10.0g, 40mmmol).

ot ai ned 8.78g (96% yield) of the title corrpound Purity by NVR > 98%
[aJD=+12.8 (c=0.01 g/nlL, THF, T=20C). 1 HNW (THF-d$): S 9.91 (1H, brs);
7.57 (1H, s); 4.53, 4.44 (1H each, ABq, J=14.6Hz); 1i0 1.52 (s, 3H, CH3).
13C NWR (THF-d8): S 174.96; 155.84; 70.97; 61.04; 23.66. EXAMPLE 13
Conmpounds with the general fornmula 15 0 were synthesised according to the
nmet hod described in Exanple 12. 20 AM NE | NTERMEDI ATES Am neAnal ysis F niz
246 (MH); 'HNVR data F -- F O\ / N= Nn/z 185 (M#); 1H NWR data N\

Nnl z 198 (EXAMPLE MR dat a
Compounds with the general formula

rR2 O
NH
J©/ e
R 0

were synthesised according to the method described in Example 8

KETONE INTERMEDIATES

R2 - z Analysis
Me S GC/MS m/z 242 (M)

Me S GC/MS m/z 267 (M)

R
-

NC-Q—

F—F,<: _@_ Me S GC/MS m/z 326 ™MD
©__

NC—Q—

Me SO2 LC/MS m/z 275 (MH+)

Me S02 -

M: For NMR-data see experimental part.

1-(1,1'-biphenyl-4-ylthio)propan-2-one

1-[(4-bromophenyl)thio]propan-2-one (357 mg, 1.46 mmol) was treated with phenyl
15 boronic acid (231 mg, 1.89 mmol), [1,1’-bis(diphenylphosphino)ferrocene]dichloro

patladium (II} complex with dichloromethane (1:1) (36 mg), toluene (20 ml), methanol



92 ¢, - Nmz 218/220 3:1 (M#): 'H NVR data O mlz 247 (M#+); 1H NVR data F F
NN O ~NNmMz 204 (M##); 'HNVWR data ' i NCi 'H NWR data \18\ 8kpt 4005

NVR data o J| OCt \1 HNVRdata NO y "HNWR data NNF ~\ F

83

(7.5 ml), saturated sodium carbonate solution (3.5 ml)-and were stirred together at 80 °C
for 18 hours. After cooling the reaction mixturé was treated with dilute hydrochloric acid
and extracted into ethyl acetate. ‘The product was purified by flash chromatography on
silica, eluting with 25 % ethyl acetate : iso-hexane ta give 277 mg product

s GC/MS m/z: 242 [M™].
'"H NMR (CDCls): & 2.33 (3H, s5); 3.73 (2H, s); 7.37 (1H, s); 7.42-7.48 (4H, m); 7.54-7.59 |

(4H, m).

The following compounds were prepared as described in the synthesis of 1-(1,1’-biphenyl-

10 4-ylthio)propan-2-one

4'-[(2-oxepropyl)thio]-1,1'-biphenyl-4-carbonitrile
GC/MS myz: 267 (M +].
'H NMR (CDCI3) & 2.34 (3H, s); 3.75 (2H, s) 7.44,7.54 (4H, abq, J=8.5 Hz); 7.67, 7.74

15 (4H, abq, /=8.5 Hz).

1-({4'-|(trifluoromethyDoxy]-1,1'-biphenyl-4-yl} thio)propan-2-one
GC/MS m/z: 326 [M +]. '
'HNMR (CDC)3): & 2.34 (3H, s); 3.73 (2H, s); 7.30 (2H, d); 7.43 (24, d); 7.51 (2H, d);
20 7.58 (2H, d). "

1-(1,1'-biphenyl-4-ylsulfonyl)propan-2-one

1-(1,1'-biphenyl-4-ylthio)propan-2-one (69 mg, 0.28mmol) was stirred at room

temperature with sodium bicarbonate (72 mg, 0.85 mmol), oxone ({525 mg, 0.85 mmol),
25 water (5 ml) and methanol (10m}) for 3 hours. Water (50 ml) was added and the product

extracted into ethyl acetate (3 x 25 ml). The extracts were brine washed,_sodium sulphate

dried and evaporated to give 78 mg (99%) product that was of sufficient purity to use with

out further purification.



NO'HNW data F W N
f \ ON Nvrxi/z 240 (MH

O rY NIHNWdata ~\ NNI Qmiz 225 (M)

N N
) Nmz 235 (M#) 0 -ON NC d miz 203 (MHi5 BENT12005

aNm z 208(MH#+) Fes® O mz 262 (M#) ~F' N F

20
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LC-MS (APCI) m/z 275 (MH#).

'"HNMR (CDClLy): 8 2.47 (3H, s); 4.22 (2H, s); 7.44-7.54 (3H, m); 7.64 (2H, d); 7.80, 7.97
(4H, abgq, J=8.6 Hz). |
4'-{(2-oxopropyl)sulfonyl]-1,1'-biphenyl-4-carbonitrile

The title compound was prepared as described in the synthesis of 1-(1,1"-biphenyl-4-

::.1.5‘3
LS

ylsulfonyl)propan-2-one. 6
"H NMR (DMSO-d): & 2.48 (3H, s); 4.23 (2H, s); 7.74 (2H, d); 7.81 (4H, 1); 8.02 (2H, d).

HYDANTOINS OF FORMULA I | %

The following compounds were prepared as described in the-.syntkesis of (5R,S)-5-[4-(4-
Fluoro-phenyl)-piperidine-1-sulfonylmethyl] -5-methyl-imidazolidine-2,4-dione (Example v

8).

R R2 y4 Analysis

Q
/@;’ ~ Me S02 m/z 396 (MH+)
o XN 7
F
F—( Me $(0) m/z 413 (MH+)
F 0‘< >— .

@ Me S02 | m/z345(MH+Y) |

NC“Q_ Me $02 m/z 370 (MH+) o

M: For NMR-data see experimental part.

{SR.S)-[4-(5-Chloro-pyridin-2-vioxy)-benzenesulfonvimethyi]-5-methvl-

imidazolidine-2.4-dione
LC-MS (APCI) m/z 396 (MH+),

'HNMR (DMSO-d6): 5 1.27 (3H, 5); 3.71, 3.78 (1H each, ABq, J=15.0); 7.23 (1H, d);
7.36-7.41 (2H, m); 7.82-7.87 (3H, m); 8.04 (1H, dd); 8.27 (1H, d); 10.79 (1H, s).




/z 214 (MH+) &()' ONm 15 SEPT 2005 C 15 SEPT 2005 93 cl \rnlz 212 (M) " | o
Nmz 203 (M#) NCniz 208 (M) cl Omz 246 (M#) ci NF niz 28 di¥i+)2005

O j mz 235 (M) N1 -Nmz 220 (M) a _ Cmiz 220 (M#+) Ncl ~~, Nulz
197 (MH+); 'H NVR data N )
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5-chloro-2-{[4-(methylsulfonyl)ph enyl]oxy} pyridine
’ . 2,5-dichloropyridine (1.48g; 10mumol), 4-méthylsulforiylphenol (1.89g; 11mmol) and
Cs2CO; (4.24g; 13mmol) was slurried in 75mL of NMP. The slurry was heated to approx
170°C over night. After cooling the Cs;CO3 was filtered off and the solvent was extracted

between H,O and EtOAc. The organic phase was dried over Na; SO, and evaporated.

Heptane:EtOAc 2:1 was added to the residue and the crystalls was filtered off.1.42 g
, (50%).
@ LC-MS(APCI) m/z 284 (MH+). |
10 'HNMR CDCl3: 3 3.09 (3H, s); 7.02 (1H, d); 7.33 (2H, d); 7.76 (1H, dd); 8.00 (2H, d);

8.17 (1H, s).

5-methvl-5-[({4'-](triflaoromethy}oxy]-1.1'-biphenyl-d-

vl }sulfinv—ﬁmethvl]imid azolidine-2.4-dione
15 5-methyl-5 -[({4';[(triﬂuoromethyl)oxy]— 1,1'-biphenyl-4-yl} thio)methyl]imidazolidine-2,4-

dione (48 mg, 0.112 mmol) was stirred at room temperature with oxone (50 mg), sodium

bicarbonate (50 mg), water (5 ml) and Methanol (10 ml) for 18 hours. The solid was

filtered off and crystalissed from ethanol to give 20 mg of the title compound.

LC-MS(APCI) m/z very weak 413 (MH+). .
_ u 'HNMR (DMSO-dey: 5 1.41 (3H, 5); 3.04-3.27 (2H, m); 7.47 (2H, d); 7.67-7.73 (2H, m);
(e 7.78-7.90 (SH, m); 8.21 and 8.37 (1H, 25); 10.79 and 10.91 (1H,2s)
3-methyl-5-[({4'-[(trifluoro methyl)oxy]-l,l'-biphenyl-4-yl}thio)methyl]imidaquidine-
2,4-dione '
LC-MS(APCI) m/z very weak 397 (MH+).
35 'H NMR (DMSO-dg): § 1.33 (3H, s); 3.29 (2H, s); 7.42-7.45 (4H, m); 7.61 (2H, d); 7.77

(2H, d); 7.99 (1H, s); 10.75 (1H, s).



f 10N Lomz 28 (MH#) | J~1 oe ~N nlz 195 (MH); 'H NWVR data HO O
mz 257, 259 (MH#) er \ NNmz 258 (MH#) F\ v .-.Nmz 270 (M15 SEPT 2005
| _1 NrNmlz 274,276 (M#) F F -N~-~mz 324 (MH#) O\ ° NN N Nz 230
(M+) 0 15 SEPT 2005 :
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iphenvi-4-ylsulfonvhmethylj-5-methylimidazolidine-2_4-dione
LC-MS(APCI) m/z 345 (MH+).
'HNMR (DMSO0-d¢): 8 1.27 (3H, s); 3.72, 3.81 (2H, abq, /=15.3 Hz); 7.45 (1H, t); 7.52

(2H, 1); 7.76 (2H, d); 7.82 (1H, s); 7.88, 7.94 (4H, abg, J=8.9 Hz); 10.80 (1H, bs).

4'-{[( 4-meth1l-2,S-dioxoimidazﬁdin-&ti!ﬁxethvl]sulfonyl}-l,1 '-biphenvi-4-

carbenitrile

LC-MS(APCI) m/z very weak 370 (MH+).

'HNMR. (DMSO-dg): & 1.26 (3H, s); 3.74, 3.84 (2H, abq, /=16.0 Hz); 7.81 (1H, s); 7.91-
10 8.03(8H, m); 10.81 (1H, s).

EXAMPLE 12

t5  Synthesis of enantiomeric pure hydantoins

O . [\ ;N

i /S ) o
F \ /1 Nﬁ /<f N \\O p

5, ;

>//NH

0 F

Representative synthetic route is shown overleaf.

20




94 fmz 229 (MH+ t ) N ~J NN mz 241 (MH) N= _\ / Vmz 265 (MH) All
ot her am nes used are comercially available or earlier describedls SEPT 2005
4-14-((tritlu oronethyl)oxyl phenyl }piperidine trifluaroacetic acid

Pd(PPh3)4 (87 ng, 0.0075mmmol), LIiCl (190 nmg, 4.5 mmol), tert-butyl 4 s {
[(trifluoronethyl)sulfonyl]oxy}-3,6-di hydropyridi ne-1(2H)-carboxylate (0.50
gxl.5 mol), 4-(trifluoronethoxy)phenyl boronic acid (0.43 g, 2.1 mmol) and.
aqg Na2CB (2 nL, 2N solution) were mxed in 5.2 nL DME and heated at 85 C
for 3h foll owed by-cooling to roomtenpegature and concentrated under
reduced pressure. The residure was partitioned between DCM (10 i), aq
Na2CO3 (10 nmL, 2N solution) and conc N1440H is (0.6 nL). The | ayers were

separated and the aqueous |ayer extracted with DCM ((3;x 10 nL). The
/
i’iw

conbi ned or gani c . taye 3 ried, (Na2SOR, 2 el rated. Purification
by col um chro aphy (Sil 02, —Hept-anyl aCet atje
tert-butyl 4-{4-Y¢zFf| uor omE hoxyjeptenyl 3~ 6-

5:1:1) gave
di hydropyri di ne- 1(2H) - car boxyl ate (0.27g, 52% . TH® prbduct and 5% Pd/ C (30
ng) was i s mxed. in MeCOH (3 nL) and stirred under H2 (I atm for 24 -h, The
m xture was filtered through Celite and concentrated to give tert-butyl
4-[ 4 (trifluoronethoxy)phenylLphperidine-I-carboxyIate Qp.23g, 86% . The

crude product gwas L.SSolV inn mxture ol JEA(2Z2-nl) . nand DCM (4 nL) and
stirred at RL_for Thé‘&ér\ict):m@ m xt @: ncent Neted and purified
B% preparative HPL give t fitle 20 cangdund (0. , 58% three steps
2509 . 0" H 0" H

A

B
{95%) N
0 H
c

) : H
% : N
| NH S\ 8
. d N ‘JNF :
+ C 0" H
(B0%) :
F F - T

Reagents and conditions: a) KCN, NH,CO,, EtOH/H:0, +90°C, 3h, b) Chiral separation, CHIRALPAK AD, Methanol as

eluent, c) Cl; (g), AcOH/MH,0, <+15°C, 25min. d) Diisopropylethytamine, THF. -20°C, 30 min.

{5 Experimental procedures

{5.5)-5-({[4-(4-Nlucrophenyl}piperidin-1-vi]sulfony} methy-5-methvlimidazolidine-

2.4-dione

4-(4-Fluorophenyl)piperidine Hydrochioride (63 mg, 0.29 mmol) was taken up in 3 mL of
10 dry THF , neutralized with diisopropylethylamine (50 uL, 0.29 mmol) and cooled on an
tce-water bath. [(4S)-4-metyl-2,5—dioxo—imidazolodin-4-yl]méthaneslulfonyl chJoriclg: (80
mg, 0.35 mmol) was added and after stirring for 10 min, diisopropylethylamine (50 pL,
0.29 mmol) was added and the reaction mixture was stirred at ambient temperature until

LC-MS (APCI) indicated consumption of the amine. The reaction mixture was evaporated



LC-M5 (APCl) mlz 246 (MH). "H NWR (CDC13): S 9.338 (1 H, bs); 8.97 (1 H,
bs): 7.26 (2 H d); 7.20 (2 H d); 3.60 (2 H bd); 3.07 (2 H ¢35 SEBB.-204%
(1 H m; 2.18-2.01 (4 H m. 19F NWR (CDC13): 8 -58.35 (3F), -76.19 (3F).
25 15 SEPT 2005 95 4-[(4-chl orophenyl)ethynyl]-1, 2,3, 6-tetrahydropyridine
hydrochl ori de PdC12(PPh3)2 (47 ng, 0.07 mmol) and Cul (13 ng, 0.07 mmol)
were dissolved in Et3N (2.7 nL) and THE (8.4 nlL) under a stream of argon
and stirred for 10 rain. A solution of tert-butyl 4-{

[ (trifluoronethyl)sulfonyl]oxy)-3,6--di hy8§g opyridi ne-1(2H)-carboxyl ate (0. 46
59 1.4 mol) and 2-ethynyl pyridine (152 L, 1.5 nmol) in 3.5 nL THE was
added. The reaction m xture was stirred at RT for 2h, diethyl ether was
added and the preci pltate was filtered off. The clear solution was washed
wi th satur aamédlg mﬁ@@@@ﬂﬂm@lm Ei@Heand igaieddo 46.4C addlaﬁdwé‘dmﬂ@@))efore water
Concentration rificatio by col utm _chr omat ogr aphy. ( Si

Hept ane/ Di Ya%yA g@@ preaipitaled, Broduct was gojieciad pp Wéﬁ‘l“‘ér‘ﬁ%@ﬁ?ﬁ"éﬁtﬁyﬁ@l qried 6
10 di hydrop |d| ne- 1)(%@8 -£al boxyl ate (0.26 g, 8% The product was

di ssol ved | ? ! ang conc HCl (3 n) and stirred at RT for 30 mn.
Concent r at 'L@M@Y&P@l) itz 89 (MH@ tol uene and Et OH gave the title corrpound
(0.20 g, 98% two stéps 579 M5 (APCI) nmfz 2181220 3:1 (MH). 'H NWR
(DVBO- d6) : lHI*@Ivi'éRS(IQKZ[SE) d&)s&) 10.73 4D H] sRE.QA1H, 5)) 7.29 (28; 6d)} 7. 1042H, dd); 3.61 (2

3.75-3.63 is (2 H 2 3.25.3.15 (2 H m: 2.48-2.42 (2 H m. 1 The

fol | owi ng &hiddsd. 55633 dp secdy ABQ, =44 %H@ﬂﬂh@@s@d&s‘@) BeaV-2.87 (4-H, @a); ey
chl or ophen opyri di ne hydrochl oride. 20 - =
2-(1,2,3, esitgét(&g%ry‘é Léér(fﬁsﬂg‘% H#‘e@%’n‘@l )pyrl dine LC-MS (APCI) mz 185

(V). H NVR (CDCL3): b 8.59-8.55 (1'H m; 7.64 (1 H di); 7.43:7.39 (1 H.
m: 7.20 (1 H ddd); 6.30 (1 H bs); 3.51 (2 H q): 3.04 (2 H t);

2.37-2.31 (2 ftihe Sartintbmaterials were prepared as follows: @

4-[ (4-rnethyl phenyl)ethynyl)-1, 2,3, 6-tetrahydropyridine LC-M (APCl) rr/z
198 ( M) . _

5-methyl-5-{[(phenylmethyl)thio]lmethyl}imidazolidine-2,4-dione
A stee} vessel was charged with ethanol and water (315mL/135mL). .
31.7g (0.175 mol) of benzylthioacetone, 22.9g (0.35]1 mol) of potassium cyanide and 84.5g
(0.879 mol) of ammonium carbonate was added. The closed reaction vessel was kept in an
15 oil bath (bathltemperature.% °C) under vigorous stirring for 3h. ~
The reaction vessel was cooled with ice-water (0.5. h), the yellowish slurry was evaporated -

to dryness and the solid residue partitioned between 400 mL water and 700 mL

ethylacetate and separated. The water-phase was extracted with ethylacetate (300 mL). The
combined organjc phases were washed with saturated brine (150 mL), dried (Na;SO,),

20  filtered and evaporated to dryness. If the product did not crfstallize, 300 mL of
dichloromethane was added to the oil. Evaporation gave the product as a slightly yellowish
powder,43.8 g (50%).

LC-MS (APCI) m/z 251.1 (MH+).
'"H NMR (DMSO-dg) 6: 10.74 (1H,s); 8.00 (1H, s); 7.35-7.20 (SH, m); 3.76 (2H, s); i.72,

25 2.62 (1H each, ABq, /=14.0 Hz); 1.29 (3H, s).
13C NMR (DMSO-dg) &: 177.30, 156.38, 138.11, 128.74, 128.24, 126,77, 62.93, 37.96,

36.39, 23.15.



"HNWR (CDCI3): 6 891 (I H bs); 7.33 (2 H d); 7.15 (2 H, d); 6.06 (1 H,
bs); 3.93-3.80 (2 H n); 3.49-3.335 (2 H nm; 2.73-2.60 (2 H m;12.8apt Rdb5
s). 15 SEPT 2005 96 2-(Piperidin-4-yloxy)-5-trifluoronethyl-pyridine Sodium
hydride (0.52g, 12 nmmol, 55%in oil) was washed tw ce in hexane, and
suspended in dry dinethoxyethane (30 m ). 4-hydroxypiperidine (1.21g, 12
mol ). and 2-chloro-5- trifluoronethylpyridine was di ssolved in dry

di met hoxyet hane (30 m ). The solution was s added dropwi se to the sodi um
hydri de- suspensi on. The reaction was stirged at 80 C under nitrogen over
night. After cooling. Water was carefully added to the m xture and the

sol vents were renoved by rotary evaporation. The residue was di ssolved in
water and extracted with ethyl acetate.' The organi c phase was dried over
Na2SO4 and @spsonathatts-{[([phenylksitlyBthiaknethyl)imidagoladined, fdiowiel | ca gel
electing with 80:20:2 Et OAc/ MMOH/ Et3N to affording 1.7g (63% of the title
conpound asTke tyhd ¢apopasind wwwqﬁr%@l@tral iseRagatic Qafg thgracemic matgrigl usirg a8

f’aAE’Cis)z " A0py 7 ol Ot DY Ryl Campmgion Prighave PG siers iy (o
M 2 B3igiohiof Akt wlhied G2 OPAKCAH) oboretfhed Bl ] 73 1. 62

(2 H, I'OW hg am nes were prepar "'ar way as desci bed

descri b%d 'tE‘m Bgnbe) Uesizongl sén léBbﬁ@*]ﬂ@h{yﬂﬂnﬁ%ﬁbn%hﬁﬂégzﬂﬁimmﬂ hyl
pyri di ne. - (Pi peridin-4- yfoxy -nicotinonitrile LCM (APCI) mz 204.2

Hmmnéﬁm{ﬁi&jcrtlﬂe%&omﬁo(lﬂdHGm)q 7.76 (1 H, dd, J 2.40, 8.77 H):
\}3'5\78(1Hd\]877 ). 5.28-5.17 (1 .H m; 3.19-3.09 IB 2.83-2.74
‘m - Ampdsisal qhga].guqﬁz Wag nng_e]psggz(QSqum 4.6mm CHIRAiPAK-A column

1 Met ol 57.90 (1 H,
(f%ﬁerﬁlepﬁg’év—ggm%ﬁ%ﬁﬂgﬁ?ﬁ {‘N@z@ S 6"&?2% 2 0704, 55 (1
15(e?én93nﬁ12r1e"formle cgmﬁg\m?d;a Lk M 2.23 (3 H s); 2-07' 1.97 (2

.84-1.74 H,
Punty estxmatcd to >99% ee.

LC-MS (APCI) m/z 251.1 (MH+).

[a]p=-30.3° (c=0.01g/mL, MeOH, T=20°C).

'HNMR (DMSO:dg) &: 10.74 (1H,s); 8.00 (1H, 5); 7.35-7.20 (SH, m); 3.76 (2H, 5); 2.72,

2.62 (1H each, ABq, J=14.0 Hz); 1.29 (3H, s). | |
s ’CNMR (DMSO-de) 5: 177.30, 156.28, 138.11, 128.74, 128.24, 126.77, 62.93, 37.96,

36.39, 23.15.

(5R)-5-methyl-5-{[(phenylmethyl)thio]methyl}imidazolidine-2,4-dione

The title compound was prepared by chiral separation of the racemic material using a
_ 20 250mm x 50mm column on a Dynamic Axial Compression Preparative HPLC system. The
( stationary phase used was CHIRALPAK AD, eluent=Methanol, flow=89mlL/mun,
temp=ambient, UV=220nm, sample conc=150mg/mL, injection volume=20mL.
Retention time for title compound = 10 min.
Analysis of chiral purity was made using a 250mm x 4.6mm CHIRALPAK-AD column
25 from Daicel, flow=0.5 th/rnin, eluent=Ethanol, UV=220nm, temp=ami3ient.
Retention time for title compouhd =17.81 min.
Chiral purity estimated to >95% ee.
LC-MS (APCI) m/z 251.0 (MH+).
[@]p=+30.3° (c=0.01g/mL, MeOH, T=20°C).



s 15 SEPT 2005 97 2- Met hoxy-6- (pi peridin-4-yloxy)-pyridine "H NW (CDCl 3): 5
7.44 (1 H t, J--7.90 Hz); 7.25 (2 H, dd, J--1.83, 7.90 Hz); 5.1955SEPT( 2085
rn); 3.82 (3 H s); 3.23-3.16 (2 H mM; 2.96-2.88 (2 H m; 2.13-2.05 (2 H,
m; 1.89-1.79 s (2H,m. (; 2-chloro-6-(piperidine-4-yloxy)-pyridine 'H NWR
(Methanol -d4): 5 7.64 (1 H, dd, J=7.60, 8.22 Hz); 6.96 (1 H, dd, J=0. 66,
7.60 Hz); 6.73 (1 H dd, J 0.60, 8.19 Hz); 5.25-5.14 (1 H, m; 3.28-3.18 (2
H m; 3.05-2.94 (2 is H m; 2.19-2. 07 ég H m; 1.93-1.80 (2 H m.

5- Fl uor o- 2- (pi peridi n-4-yloxy)-pyrimdin "H NWVR (CDC13): 5 8.36 (2 H, 5s);
5.16-5.06 (1 H m; 3.29-3.18 (2 H, rn); 2.98-2.87 (2 H m; 2.21-2.08 (2 H,
m; 1.97-1.81 (2 H m. is : -
2- (Pi peri diRz 4=yl ~Arteif t - pyr smLdi-ne, . L H NMR ( )M .75
(1L H d J 13?@‘@%#@9‘?‘§97d2375-(%d-fff1 Sa%b(% ﬂz”?g}’s?%@b’%g 3(%,@ Si’r?)s%zé’3
3.44-3.33 ' ’ ;,g@ 14 - ool )2. 35-2.10 (4 H m_ 20

5- Et hyl -2-%%?5%% e Hp w%if/')a-}gzéf raoism 97, S0 2 (Met hanol - d4): 5 8.40 (2 H,
s); 5.16- 5YQaNNMR (HMS0)-de)3: 187.31,066(30, H38.Mm),;128.747128.79, 12627 4162.98) 37.87,60 (2
H g, J=7.66, 15.28 Hz); 2.10-2.00 (2 H m; 1.76-1.66 (2 H m; 1.23 (3 H,
t, J--7.6336#0,2326.5- Met hoxy- 2- (pi peri di n-4-yl oxy) - pyridi ne; hydrochl ori de
4- (5- Met hoxy- pyri di n-2-yl oxy) - pi peri di ne-|-carboxylic acid tert-butyl ester
(45 ng,” 0.14 mmol) was dissolved in THE (3 mM) and conc. HO (2 m) was

added. Th i ST Lk . Egﬁg p 2:hrs after which -
t he sol veﬁt(l'isﬁ\;\ig&%&gg%%ddg%dﬁﬁ]\'fg%? g‘ha'{%wgﬁ eg %H‘éﬁy@@ﬂqgﬁge remai ni ng wat er G
was renpvedspy-a&B et 5-9iphertiap®l BiHiSlfnets)] ighiBisridieu £deoneah 6500 19m3P Ny
(97% of the title conmpound as oi-ly crystals. :
was dissolved in a mixture of AcOH (450 mL) and H,O (50 mL). The mixture was
immersed in an ice/water bath, Cl, (g) was bubbled through the solution, the flow of gas @
10  was adjusted so that the temperature was kept below +15 ¢C. After 25 min the solution '
became yellow-green in colour and a sammple was withdrawn for LC/MS and HPLC
analysis. It showed that starting material was consumed. The yel]dw clear solution was .
stirred for 30 min and an opaque solution /sturry was formed. |
The solvent was removed on a rotary evaporator using waterbath with temperature held at
15 +37°C. The yellowish solid was suspended in Toluene (400mL) and solvent removed on

the same rotary evaporator. This was repeated once more.

The crude product was then suspended in iso-Hexane (400mL) and warmed to +40°C

while stirring, the slurry was allowed to cool to room temperature before the insoluble
product was removed by filtration, washed with iso-Hexane (6x100mL), and dried under

20 reduced preassure at +50°C over night. This gave the product as a slightly yellow powder.

Obtained 36.9 g (95%) of the title compound.

Purity by HPLC = 99%, NMR supported that purity.

[alp=-12.4° (¢=0.01g/mL, THF, T=20°C).

"H NMR (THF-dg): & 9.91 (1H, bs); 7.57 (1H, s); 4.53, 4.44 (1H each, ABq, J=14.6Hz);
25  1.52(s, 3H, CHay).

3C NMR (THF-dg): & 174.96; 155.86; 70.96; 61.04; 23.66.



LCGMs (APCl) mlz 225.1 (M#). s The starting nmaterial was prepared as

foll ows: 2-Chl oro-5-net hoxy-pyridine |-oxide 2-chl oro-5-net hoxy-pyrsEPhe2005
(200 ng, 1.39 nmmol) and nCPBA (360 ng, 2.09 mmol) was dissolved in CH2Cl 2
(10 mM). The m xture was stirred at roomtenperature for 2 days. The to

m xture was then diluted with CH2Cl 2 and washed with 10% aqueous K2CO3 and
brine and dried over Na2SO4. The sol vent were renoved in vacuo affording 140
ng (63% of the title conpound as white crystals. "H NMR (DVMSO-d6): S 8.30
(1 H d, J-2.72 Hz); 7.68 (1 H, d, J--9.2§I 7.08 (1 H dd, J=2.70, 9.23
Hz); 3.31 (3 H s). 15 4-(5-Methoxv-1 -ox pyr|d|n 2-yl oxy) - plperldlne-

| -carboxylic acid tert-butyl ester Potassiumtert-butoxide (128 ng, 1.14
nmol ) was dissolved in dry THE (10 n1) and 4- Hydroxy- pi peri di ne-

- car boxy'i@%@ggs}n&tggz%ximsﬁaﬂm {ah{ B fiTne@aRBItEAY] cffoppl ved in dry THE

(5 M) was ni trogen evvas st room tenperature
for 20 10 rEgNeaaR gﬁéce‘dfﬂteCdksanﬁd f mpsf@) maﬁétﬁwz BMibetiRgdabofdinde (140 ny,
0.88 mml) dissolved in dry THE (5 was added. The reaction was stirred
for 3 days ydlmetbamesulfeypehlatidee. The sol vent mere renoved and the residue
was partitioned between H20 and CHC13. The organi ¢ phase was, washed with

bri ne and (ﬁtﬁl@&gcﬁi’é‘? (Wﬁwthﬁﬁe{MWéHQmM@h’é }éﬁl“ilfﬁoliéﬂélﬁ@ 4fl1o8e di ng
245 ny 860 0 &r%’u tIe conmpound as a brown oil 25 "H NWR (CDCI3): S
7.95-7. 86 6.84 (2 H m; 4.95-4.85 (1 H m; 3.79 (3 H s);
3,25- 3. 14 (Ctidneds;783 (66 3i98) PobliBhomboBRr 179 (4 H m. 1,46 (9 H o)
&5 SEPT 2005 99 4-(5-Met hoxy ‘pyridin- oxy)-pi peridine- I-carbolic acid
tert-butyl Paslt)ebyNMR>98%

4- (5- Met hoxy- 1| - oxy- pyridin-2 ong) B eridine-l-carboxylic acid tert-butyl
ester (200[&lnF+18: %ﬁcmqm%a Ha’, 58P¥ed -in EtOH (5 n). |ndium (498 ny,

G’ e R LR M S sr el e e B Er

celite afterspgeolingggnd the sol vents were renoved in vacuo. The residue
was chromat ographed on silica gel eluting with 5:1 Hept ane/ Et OAc affording
50 ny (26%°CORMIbETHF dy)e Q0rw,n65.38; 20.95|61004; 35.66i | .

EXAMPLE 13

Compounds with the general formula

i5

were synthesised according to the method described in Example 12.

20 AMINE INTERMEDIATES

Amine Analysis

F— @‘C m/z 246 (MH+); '"H NMR data
FO N ‘ '

@_,_——_CN m/z 185 (MH+); 'H NMR data
=N

= m/z 198 (MH+); '"H NMR data




;HNWMR (CDCI3): 5 7.77 (1 H d, J=3.06 Hz); 7.20 (1 H, dd, J=3.07, 8.89 Hz);
6.66 (1 H d, J=8.99 Hz); 5.14-5.07 (1 H m; 3.80 (3 H s); 3.79-3.72£

H m; 3.31-3.23 (2 H, n); 10 2.00-1.91 (2 H, n); 1.75-1.64 (2 H $FFT120%5
(9 H s). 4-(4-Pyridin-3-yl-phenyl)pip.erazine; hydrochloride

4- (4-Pyridin-3-yl -phenyl ) pi perazine- | -carboxylic acid tert-butyl ester (60
ng, 0.18 mml) in THE (3 m) and conc. HCI (3 m) was stirred for 1 hr. The
solvents were renoved in 15 vacuo and the remai ning water was renoved by
azeotropi c evaporation using EtOH Toul ﬁg@ af fording 50 rrg (100% of the
title conpound as a yell ow powder. LC (APCI) mz 240.2 (M#). The

starting material was prepared as follows: .
4- ( 4- | odoghenyld) 91'—.0‘:"’ azine-l-car th\]LI o-—-aci-d ri tert-but \zL ester. was pr epar ed

accordi ng lair /A nyAngew. Che g ¢ -329 in 55%
overall vy [ om N phenyInTlpl perlazilziril)eal? %!Hnﬁb %NM%ZS

4- (4-Pyridin- 3- yI phenyl ) pi per azi ne- | dAr boxyl ic acid tert-bugyl ester
(Ref . Wl fmar—gtr gt -] Heterocycl. [Chem 32(4), 1995, IT159-1164.)

4- (4-1 odoLph,en )Ipi pr aki ne-1-car boxyjl intz 247i (YA€) t HMdﬁster (0.272 g, 0.70
mmol es), (3¢ Byl Bni'c acid (0.478 g, 0.64 mmol es),
t et raki s(Jt r iiphenyi phosphi ne) pal-l adi ym (0.024 g, 0.02 inrnolels), | M sodium

hydr ogen carb/ 0 L) and I, Z-[dimethoxyethane (IL.5 15 SEPT 2005 100
) were stﬁg@ nitrogen at §40zf204 (S{Hrou'H NMRkdma up fi n et hyl
acetate and hed th water and Bbrine. The organi c phase was dried over
anhydrouy sQ ate, fiTtered, .concenirafed Wih STTica (i g) by
“rotary e\/agﬁia;ﬁzlmm give a solid whHJNMHEadatapplied on a short silica
colum. &l di chl or onet hané. di chl or onet hane/ et hyl dcetate (4: 1)
and 5 neﬂt| et hyl acetate gave 0.066%9@%%4 eld) of the titlie conmpound as &

whi t e solji g of startin (the iodide), rlespectively.
Yield wag c | alegnfrom anount of | converted iodide. LGM|(APCI) mz
340. 3 (M%—;H—gdkﬂ—&%%hmﬁ—d@:——;—%——d% 8.43 (1H m;
8.04 (1H, wf5 (2H, d, i 038@H"I@ﬂ{c7 £7 (1 H-rn); 7.10 (2H d,

J=8.0 Hz): (4, Mm): 3.22 (4H, ) 1.50 (9H s).
M. (a]
O’ 'HNMR data
F N | N
K | | '11 NMR dat
N, O atad
F /\”/ . .
S| N
/N Q : .
\L\ﬂ’ '"H NMR data X
e, oM N
" o T
| \]:) m/z 225 (MH+)
~o M N
/ \ /_'\

m/z 240 (MH-+)

\n’ \©’ \O m/z 235 (ME+)
U U | m/z 203 (MH+)
/OUOU | m/z 208(MH+)

el o o

m/z 262 (MH+)
IR0
,@O\O | m/z 214 (MH+)
£ N -

€
iy




N-[ 3- (Pi peridi n-4-yl oxy) - phenyl ) - acet am de; hydrochl ori de

4- Hydr oxy- pi peri di ne-1-carboxylic acid tert-butyl ester (300 ngl5 1ISEPTmP §5
was dissolved in dry CH2Cl2 and cooled to -10C. Pol ymer bound

tri phenyl phosphine (750 ng, 2.25 1s mmol ) was added and all owed to swell.
N- ( 3- Hydr oxy- phenyl ) -acetam de (340 ng, 2.25 mmol) dissolved in dry TI-1F
was added and the reaction was stirred at -10C for 10 mnutes after which
DEAD (0.35 m, 2.25 mmol) was added dropwi se to the m xture. The reaction
was stirred over night allow ng the tengﬁ{ature rise to roomtenperature.
The polynmer was filtered off, using a shiort plug of silica with -
Tquene/EtCﬁc (5: 1) as eluent 20 The vol une of the conblned fractions was
reduced ' #t h 5% agueous

KCH and Vat g;g; t reaned injvacuo. The
resultind

10 M) and conc{ HCl (10 ml)

and stirf-d—at afgbtent—tenperature—for—t—hr—Fhe—sotvents—wefe renoved in
vacuo anq t nrng wat er was reﬁpygg3PMHg§eotropic evaporation using
EtCH/TouI *hg 25 230 ny 57@@ of the title conpound as a white
powder . I qu. nfz 2351+ (i —Thefottowng—antrmes—were prepared in
a simlal ” ljbed descri bed| iz e t hesi s

N-[3-(Pi -\- )phenyl) acet am de. 15 SEPT 2005 101

3- (Pi per irgiT=4- benzomtTitTe LG MBS (APCH)—mz—20372(VH+) . 4-(3-Meth
miﬁé dine 5 LC Mp/fARCINHWz 208.2 (M) | Kk~

o : - phenoxy) - pi pefidine LGM (APCI) miz p62.1 (MH). 10

4-(2,4-D o 0o OXy)-piperidinel LGNS (APCT) mMZ 214 Z [ M) .

4- ( 4- Chl aré.’ og )\ pi peridine LG b PARGHIHHI 2 212.2 (MH). 15

)L /@’ 7\/) m/z 235 (MH+)
ﬂ C"' m/z 220 (&mﬂ

m/z 220 (MH+)

| c:—<\_=>—<3rv | mfz 197 (MH+); "H NMR data |
N b
@\/o - Q m/z 285 (MH+) )
| |

N C
1 O m/z 195 (MH+); 'H NMR data
S
HO _ .
N G
~ m/z 257, 259 (MH+)
Bl = N
—N
F \ NSN m/z 258 (MH+)
—N
% W “C/\“ m/z 270 (MH+)
—=N
¢ W N@m m/z 274, 276 (MH+)
F
r—£F I\ m/z 324 (MH+)
°—< >—<\ />—\__/
S\
|O\ 4 / N m/z 230 (MH+)




| peridi nd-yloxy)-b enzonitril e LCM (APCl) mz 203.2 (MH).

- Met hoxy- phenoxy) - pi peridine 20 LCM (APCI) nmz 208.2 (M+H)01LS SEPT 2005
4- Di chl or o- phenoxy) - pi peridine LCM (APCl) miz 246.1 (MH+). 25
, 4-Di fl uor o- phenoxy) - pi peridine LCM (APCl) mz 214.2 (MH).
N—[4 (Pi peridin-4-yl oxy)-phenyl]-acetamde LCM (APCI) mz 235.1 (M#). 15
SEPT 2005 102 4- 1E( 3, 4-di net hyl phenyl ) net hyl ] oxy} pi peri di ne hydrochl ori de
LCG-M5 (APCI) mz 220 (MH). 5 4-{((2, 5- dygret hyl phenyl ) net hyl ] oxy} pi peri di ne
hydrochloride LG M (APCl) mlz 220 (MH). 5-chloro-2-piperidin-4-ylpyridine
hydrochl oride Zn dust (225 ng, 3.5 nunol) was stirred in THE (1 nL) under Ar

B

and 1, 2-dm onU TanME— 10 (90 L) Wayg. added at toomrtenperatyre. The m xture
was heat ¢dj t for 8 m n and al In@wRE9 (fH90l to room tenperature before
trimethylsrtyl Ior‘t-déJ?n ) was added and the mixture wag stirred at
room t enpefalur =Por /30\Nm n. A sol utli on L%gdo-l\l—Boc pi pefi dei ne (840 ng,
2.7 mol n .M) was sl ow y a&g ( the reaction |m xture was
stirred @20 forT =A yei((uba)‘s (/4 mg, 0. 024—Tmmot ) —and P(R-furyl )3 (23 15
ng, 0.10 inm THE (0f ovpl$s (MReym xture stirred at room -
tenperatwre fa émﬁ_t_h,gn added to the organozink reagent sol ution,

;ﬁljl c[))V\l\/lelﬁxd(%{lrﬂ_ eq%ﬁné%rgg%p |ag%19?n lrjar%h}\)\%sag lgﬁgg?gzgﬁg’{ 3%’5{{%£or i:%nhTHEI I((l)wema) to

cool to roomtenperature and then filtered through Celite and diluted with
Et OAc. The filtrate was washed with saturated aqueous NaHCO3 20 and bri ne,

dried Na2$({)4-[emﬂlmnmrﬁylm¢bhdﬁyl}ipfilier&hhomﬂﬁoﬁa%eiciﬂi ng with
hept ane/ Et QAc 95:5 to 2:1 gave tert-buty
4- ( 5- chl oPBYhie(HL rzlgyDPB? odh he(:ll(l%mgbé)éyn@pB test-butyl®l | ow oi | (128 ng, .

169 . The{ ﬁmﬂuoromghyﬁsul%/ nyl]oxy} lj‘ 'Z:S &&ydsropyr}dmc—?(ZH)-carboxylate (050g 1.5
mmol), 4-(trifluoromethoxy)phenylboronic acid (0.43 g, 2.1 mmol) and aq Na,CO; (2 mL,
2N solution) were mixed in 5.2 mL DME and heated at 85 °C for 3h followed by-cooling
to room temperature and concentrated under reduced pressure. The residure was
partitioned between DCM (IQ mL), ag Na,CO; (10 mL, 2N solution) and conc NH,OH

10 (0.6 mL). The layers were separated and the aqueous layer extracted with DCM (3 x 10
mL). The combin_ed organic .Ia‘yers were dried (Na;S0,) and concentrated. Purification by
column chromatography (Si | o ‘ |
O,, Heptane/Ethylacetate/DCM 5:1:1) gave terr-butyl 4-[4-(trifluoromethoxy)phenyi]-3,6-
dihydropyridine-1(2H)-carboxylate (0.27g, 52%). The product and 5% Pd/C (30 mg) was

15 mixed in MeOH (3 mL) and stirred under H; (1 atm) for 24 h, The mixture was filtered
through Celite and concentrated to give tert-butyl 4-14-
(triflucromethoxy)phenyl]piperidine-1-carboxylate (0.23g, 86%). The crude product was
dissolved in a mixture of TFA (2 mL) and DCM (4 mL) and stirred at RT for 2 h. The
reaction mixture was concentrated and purified by preparative HPLC to give the title

20  compound (0.14 g, 58%, three steps 26%).
LC-MS (APCI) m/z 246 (MH+).
"H NMR (CDCl): § 9.38 (1 H, bs); 8.97 (1 H, bs); 7.26 (2 H, d); 7.20 (2 H, d); 3.60 (2 H,
bd); 3.07 (2 H, q); 2.88-2.72 (1 H, m); 2.18-2.01 (4 H, m).
'"’F NMR (CDCly): § -58.35 (3F), ~76.19 (3F).

25

@




conc HC1 (1.5 nmL) and stirred at RT for 30 m n. Concentration several timnes
with toluene and Et OH gave the title conmpound (89 ng, 89% 25 LC '2)005
mz 197 (M#+). "H NVR (MeOD-d4): 8 8.54 (1 H, d); 7.86 (1 H, dd);

d); 3.55-3-45 (2 H m; 3.22-3.06 (3 H m; 2.19-2.09 (2 H m,; 2. 08 98
(2 H m. 15 SEPT 2005 103 5-Benxyi oxy-2-(pi peridin-4-yloxy)-pyridi ne;

hydr ochl ori de The am ne was prepared in the same way as described in the
synt hesi s of 5-Methoxy-2- (piperid in-4-yloxy)-pyrid ine. LGM (APCl) mz
285 (MH). s The starting material was prédared as foll ows:

2- Chl or o- 5- beri zyl oxypyri di ne Sodi um hydride (55%in oil, 236 ng, 5.40
nmol ) washed in Hexane and 2-Chl oro-5 10 hydroxypyridine (350 ng, 2.70 nmol)
was suspended in dry &U’O rﬂi. After 10 nminutes at room tenperature
Benzyl br o dd(‘tﬂhmomenwe yhiol .3 3viateteahtysgopyridingrydapshioridewas stirred

7% 5 e o AR A D P
cvapor at onl 18097 5, g SRR 28 U Reol By %@%ﬁdﬁé‘%‘m“‘

. LC MSrehARGY) 4 224 1fdn SlEhidyd ﬁd:h@- -catboxyiat 0 siz
gl. 55 (I H, dfje(y J= 3D 1?[(1% 810%))?48%1( y TO‘I??Y 1 (1((1>H)c ox’zﬁ cQ 46iz) ;
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relic acid ggud O\ba98®4)?€bﬁfent;atzon and purification by column chromatography (SiO,,
Heptane/Diethyl ether 1:2) gave tert-butyl 4-[(4-chlorophenyl)ethyny!]-3,6-

10 dihydropyridine-1(2H)-carboxylate (0.26 g, 58%). The product was dissolved in THF (3
mL) and conc HCI (3 mL) and stirred at RT for 30 min. Concentration several times with
toluene and EtOH gave the title compound (0.20 g, 98%, two steps 57%). -

LC-MS (APCD) m/z 218/220 3:1 (MH+).
'H NMR (DMSO-dg): & 9.25 (2 H, bs); 7.49-7.44 (4 H, m); 6.24-6.11 (1 H, m); 3.75-3.63

s (2H, m);3.25-3.15(2 H, m); 2.48-2.42 (2 H, m). |

The following amines were prepared in a similar way as descibed for 4-[(4-

chlorophenyl)ethynyl]-1,2,3,6-tetrahydropyridine hydrochloride.

20 - 2-(1,2,3,6-tetrahydropyridine-4-ylethynyl)pyridine
o LC-MS (APCI) m/z 185 (MH+). |
"H NMR (CDCl;): 6 8.59-8.55 (1 H, m); 7.64 (1 H, dt);'7.43—7.39 (1H, m); 720 (1 H,
ddd); 6.30 (1 H, bs); 3.51 (2 H, q); 3.04 (2 H, 1); 2.37-2.31 2 H, m).

25 4-[(43methylphenyl)ethynyl]- 1,2,3,6-tetrahydropyridine‘
LC-MS (APCI) m/z 198 (MH+).
"H NMR (CDCl;): 6 8.91 (1 H, bs); 7.33 (2 H, d); 7.15 (2 H, d); 6.06 (1 H, bs); 3.93-3.80
(2 H, m); 3.49-3.335 (2 H, m); 2.73-2.60 (2 H, m); 237 3 H, s).



The conpound was prepared as described in the synthesis of 2005
4- (5- Met hoxy- 1 - oxy-pyridin- 2-yl oxy)-piperidine- |-carboxylic 1RiFEFT
tert-butyl ester. 15 SEPT 2005 104 LC-Ms (APCI) mlz 401 (MH). "H NWR
(DVMSO-d6): 8 8.12 (1H, d, J=2.79 Hz); 7.48-7.32 (5H, m); 7.19 (1H, d, J=9.16
Hz); 7.07 (1 H, dd, J=2.88, 9.18 Hz); 5.13 (2H, s); 4.84-4.76 (1 H m; _
3.20-3.11 (2H, m; 3.00-2.87 (2H, m; 1.86-1.78 (2H, m; 1.59-1.49 (2H, m;
-1.40 (9H, s). 5 4-(5-Benzyl oxy-pyridi ngg-yl oxy)-pi peridine-1-carboxylic
acid tert-butyl ester The conpound was prepared as described in the

synt hesi s of 4-(5-Methoxy-pyridin-2- yloxy)-piperidine-I-carboxylic acid
tert-butyl ester. LGMs (APCI) mz 385 (MH). is "H NWR (CDC13): 6 7.86 (IH,
d, .J=3. 1@-(H?aid7n4@13xﬁ2s-ﬁ5ﬂhomﬁéth I-p¥ridinkl, dd, J=3.16, 9.04 Hz); 6.67 (1
H d, J--9.04 Hz); 5.16-5.08 (1 H, ; 5.05 (2H, s); 3.84-3.72 (2H, rn);

3. 33- 3. 258¢dikin hyyride (@ 32g, 193n010k1 5599 tn oil) Pés wWaslied Hce in) hextnel And Buspenled

5- Hydr oxy- 2- (pi.peri di n-4-yl oxy)-pyridine trjflugoroacetic acid is

2 (5 Benyip e bRtiane GO R pinseriaiChal & Comeislydc2-sblowp-5-
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purified using preparative HPLC affording, er freeze yi ng,

(30% of hitregdd dved nighnpoftsrdtoaking Whtdr was tarefintly 3ddaito(thO WMixwife dddahaeut r al 29»~»
Boc-protected internediate. LC-MS (APCI) mz 195 (MH). 'H NVR (DVMBSO-d6): 8=E
7. 66 (1H,sadvengowergqempyed by, rptery prapogation) Thorsidge Sesidigsolved d8weatkkland d, J=8. 93
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(25 Dr P afithsbitnd Re: SRBTaIabSd 073k Refbildhd D RDOFEIGASMORIRPY 2 @
10 affording 1.7g (63%) of the title compound as a yellow oil, which crystallised after a few

hours. _

LC-MS (APCI) m/z 247.1 (MH+). | - - \

'H NMR (CDCl3): & 8.40 (1 H, 5); 7.74 (1 H, dd, J’=2.52,-8.70 Hz); 6.78 (1 H, d, /=8.74

Hz); 5.25-5.17 (1 H, m); 3.19-3.08 (2 H, m); 2.83-2.73 (2 H, m); 2.10-2.00 (2 H, m); 1.83

5 (1H,s); 1.73-1.62 2 H, m). | -

-

The following amines were prepared in a similar way as descibed described in the

synthesis of 2-(Piperidin-4-yloxy)-3-triflucoromethyl-pyridine.

20 6-(Piperidin-4-yloxy)-nicotinonitrile s
LC-MS (APCI) m/z 204.2 (MH+). ‘ |
'H NMR (CDCl3): 8 8.45 (1 H, s); 7.76 (1 H, dd, /=2.40, 8.77 Hz); 6.78 (1 H, d, /<8.77
Hz); 5.28-5.17 (1 H, m); 3.19-3.09 (2 H, m); 2.83-2.74 (2 H,.m); 2.10-2.01
(ZH, m); 1.74-1.63 (Z H, m).
25 )
5-Methyl-2-(piperidin-4-yloxy)-pyridine
"H NMR (Methanol-da): & 7.90 (1 H, s); 7.46 (1 H, dd, /=2.47, 8.46 Hz); 6.68 (1 H, d,
.f=8.50 Hz); 5.07-4.98 (1 H, m); 3.15-3.07 2 H, m); 2.82-2.73 (2H, m); 223 3 H, s);
2.07-1.97 (2 H, m); 1.84-1.74 (2 H, m).



LCGMs (APCl) mz 257 + 259 (M#) 15 SEPT 2005 105 5 to The starting materi al
was prepared as described in the synthesis of 4-(5-Mthoxy-pyridilh-SEPT 2005
2-yl oxy) - pi peridine-l-carboxylic acid tert-butyl ester:

4- (5-Brono-nyridi n-2-yl oxy)-uirperidine-l-carboxylic acid tert-butyl ester
LC-Ms (APCl) rnlz 357 + 359 (M#). "H NWR (DMSO-d6): 5 8.26 (1 H, dd,
J-0.53, 2.67 Hz); 7.88 (I H, dd, J--2.66, 8.81 Hz); 6.80 (IH dd, J 0.53,
8.79 Hz); 5.15-5.07 (1 H m,; 3.72-3.64 (2H, in); 3.20-3.09 (2H, M, -
1.97-1,88 (2H, nm); 1.58-1.48 (2H, m; 1.40Q (9H, s).

4- (5- (4- Fl uor o- phenyl ) - pyri di ne-2-yl) - pi perazi ne hydrochl ori de

4- (5-(4- Fl uoro-phenyl)-pyridi ne-2-yl)-pi perazine- | -carbal dehyde (98 ng,
0.34 mmol) was dissolved in McOH (5 mM) and conc. HC (12M 5 n]) was
added. The mi xture was stirred at roomtenperature over night. The solvents
were renoved in vacuo and the renmining 15 water was renoved by azeotropic
evapor at i 0A-MsthaxyR-(Hpaidinehyioxy)-giydidimg 102 ng  (100% of the title

ﬁ??gffgﬁh\ig% Wé&g&i@?ﬁﬁ% q@_ﬁf’i@@ﬁ ﬁ_z};i;ﬂﬁczzﬁ?dé,'\ﬁ??gs, 195 3525155 ¢
- (5. Br ooy BRSSP 20 B R TR a S BORE T Y50 052 1 3 Ll 72 .

Fl uor obenzegngbgyoni c acid (55 g, 0.39 mml), ,

(1, 1' - bi s(di phenyl phosphi no) f errocene)- dichloropal | adium(11) (10 ng, 0.01
#pol ), Toluene (2 m), EEOH (0.5 nl) and 2M Na2C33 25 solution (0.5 m, |
mHol ) were heated at 80C under N2 overnight. After cooling the nmixture was
di | ut ed wi 3hlespfetpiperidingdprery)epyriding or gani ¢ phase was washed with water

ot vent werbNME EEARRETTE 76937 e v A8 PREEL S5 QT P o auc
@ a bei gegpowdar tkGdVir-d.66)F. 19 1% 288 14 WHH), m)15.286718 2000 m); 3.05-2.94 (2
1w H,m); 2.19-2.07 (2 H, m); 1.93-1.80 (2 H, m). |

5-F luoro-?.-(p_iperidin—4-yloxy)—pyfimidine _
'HNMR (CDCL): § 8.36 (2 H, s); 5.16-5.06 (1 H, m); 3.29-3.18 (2 H, m); 2.98-2.87 2 H,
m); 2.21-2.08 (2 B, m); 1.97-1.81 (2 H, m). '

2-(Piperidin-4-yloxy)-4-trifluoromethyl-pyrimidine
'H NMR (CDCl;): 8 8.75 (1 H, d, /=~4.93 Hz); 7.27 (1 H, d, /=5.07 Hz); 5.39-5.30 (1 H,
m); 3.44-3.33 (2 H, m}); 3.28-3.17 (2 H, m); 2.35-2.10 (4 H, m).

. 20  5-Ethyl-2-(piperidin-4-yloxy)-pyrimidine

'H NMR (Methanol-ds): & 8.40 (2 H, s); 5.16-5.08 (1 H, m); 3.16-3.06 (2 H, m); 2.77-2.70
(2 H, m); 2.60 (2 H, g, J=7.66, 15.28 Hz); 2.10-2.00 (2 H, m); 1.76-1.66 (2 H, m); 1.23 (3
H, 1, J=7.63 Hz).

25 5-Methoxy-2-(piperidin-4-yloxy)-pyridine; hydrochloride
4-(5-Methoxy-pyridin-2-yloxy)-piperidine-1-carboxylic acid tert-butyl ester (45 mg, 0.14
mmol) was dissolved in THF (3 ml) and conc. HCI (2 ml) was added. The reaction was

stirred at room temprature for 2 hrs after which the solvents were removed in vacuo and



106 1H NV\R (DMSO-d6): S 8.44 (1H, d, J=2.66 Hz); 8.10 (IH, s); 7.97 (1H, dd,
J==2.52, 8.82 Hz); 7.70-7.31 (2H, m; 7.31-7.21 (2H, m; 6.97 (15HSEET 2005
J=8.97 Hz); 3.65-3.43 (8H, m. The foll ow ng conpounds were synthesised as
described in the synthesis of 4-(5-(4-Fluoro- 5 phenyl) pyridine-2 yl~

pi perazi ne hydrochl oride: 4-(5-(4-Methoxy-phenyl)-pyridine-2-yl)- plpera2|ne
hydrochloride LG M (APCI) mz 270 (M) . to

4- (5- (4- Chl or o- phenyl ) - pyridi ne-2-yl) - plgera2|ne hydrochl oride LC M5 (APCl)
mz 274, 276 (NMH+). 8

4-(S—(4-Trif|uoronethoxy-phenyl) pyri di ne-2-yl)-pi perazine hydrochloride

LG Ms (APCl) mlz 324 (Mt). 35 4-(S-Furan-2-yl-pyridine-2-yl)-piperazine

“éS{?zP'd‘” f fermgigon @rg%g se"bq‘fﬁ@af%?@@ﬁw%@ﬁwaw?g B e
comPouN i B 88 RE (AT Enk Sk ARl EEagne. Y1) Py Ldine 5. v1)-

pyrrole | -'car yI|c tert uty

4-13,3") - 3_,@.M$@APED-;§J‘Z\/225[)] @aEegi ne hydrochloride 25 LGMs (APCI) mz 241
(MH+) . 4-(6-Piperazine-1-yl-pyridine-3-yl)-benzonitrile hydrochloride LG M
(APCl) mz 265 (M+). 15 SEPT 2005 107 HYDANTO NS OF FORMULA | H dant oi nAnal
sis(l) 0 mz 380 (MH) NOO O O

The starting material was prepared as follows:

o
T

2-Chloro-5-methoxv-pyridine 1-ogxide

2-chloro-5-methoxy-pyridine (200 mg, 1.39 mxﬁol) and mCPBA (360 mg, 2.09 mmol) was

dissolved in CH2Cl; (10 ml). The mixture was stirred at room temperature for 2 days. The
10 mixture was then diluted with CH,Cl, and washed with 10% aqueous K,CO; and brine and
dried over Na;SO4. The solvent were removed in vacuo affording 140 mg (63%) of the title

compound as white crystals.

'H NMR (DMSO-de): & 8.30 (1 H, , J=2.72 Hz); 7.68 (1 H, d,/=9.23 Hz); 7.08 (1 H, dd,
J=2.70, 9.23 Hz); 3.31 (3 H, s).

4-(5-Methoxvy-1-oxy-pyridin-2-yloxy)-piperidine- I -carboxvlic acid tert-buty! ester

Potassium tert-butoxide (128 mg, 1.14 mmol) was dissolved in dry THF (10 ml) and 4-

Hydroxy-piperidine-] -carboscylic acid fert-butyl ester (177 mg, 0.88 mmol) dissolved in
| dry THF (5 ml) was added under nitrogen. The mixture was stirred at room temperature for
20 10 minutes after wh_ich 2-Chloro-5-methoxy-pyridine 1-oxide (140 mg, 0.88 mmol)
dissolved in dry THF (5 ml) was added. The reaction was stirred for 3 days at room
temperature. The solvent were removed and the residue was partitioned between I‘izO and
CHCI;. The organic phase was washed with brine and dried over Na;SOy4. The solvent
were removed in vacuo affording 245 mg (86%) of the title compound as a brown oil.
25 '"H NMR (CDCL): § 7.95-7.93 (1 H, m); 6.86-6.84 (2 H, m); 4.95-4.85 (1 H, m); 3.79 3 H,
s); 3.25-3.14 (2 H, m); 3.07-2.96 (2 H, m); 1.98-1.79 (4 H, m); 1.46 (9 H, 5).



mz 382 (MH+) = NOO O Na mz 402/403 3:1 (M#) o NCL\ / NlIns 000 O
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4-(5-Methoxv-pyridin-2-yloxy)-piperidine-1-carboxvlic acid tert-butyl ester

| 4-(5-Methoxy-1-oxy-pyridin-2-yloxy)-pipendine-1-carboxylic acid terz-butyl ester (200
mg, 0.62 mmol) was dissolved in EtOH (5 ml). Indium (498 mg, 4.34 mmol) and saturated
aqueous _NH;CI {(4ml) was added to the solution aﬁd the reaction was refluxed for 4 days.
The mixture was filtered through celite-éfter cooling and the solvents were removed in

vacuo. The residue was chromatographed on silica gel eluting with 5:1 Heptane/EtOAc

affording 50 mg (26%) of the title compound as a yellowish oil.

| 'H NMR (CDCl3): 8 7.77 (1 H, d, J=3.06 Hz); 7.20 (1 H, dd, /=3.07, 8.89 Hz); 6.66 (1 H,
A ~d, /=8.99 Hz); 5.14-5.07 (1 H, m); 3.80 (3 H, 5); 3.79-3.72 (2 H, m); 3.31-3.23 2 H, m);
10 2.00-1.91 (2 H, m); 1.75-1.64 (2 H, m); 1.47 (9 H, s). |

4-(4-Pyridin-3-yl-phenyl)piperazine; hydrochloride _
4~(4—Pyridin_,—3-yl-phenyl)biperazine-l-carboxylic acid tert-butyl ester (60 mg, 0.18 mmol)
in THF (3 ml) and conc. HCI (3 mli) was stirred for 1 hr. The solvents were removed in

ts  vacuo and the remaining water was removed by azeotropic evaporation using

EtOH/Toulene, affording 50 mg (100%) of the title compound as a yellow powder.
LC-MS (APCI) m/z 240.2 (MH+).

The starting material was prepared as follows:

20

{« 4-( 4-IodODhenyl)piperazine-l-éarboxllic acid tert-butyl ester
was prepared according to La Clair in Angew. Chem. Int. Ed. 1998, 37(3), 325-329 in 55%

overall yield starting from N-phenylpiperazine (19 mmol). .

25 4-{4-Pvyridin-3-vl-phenyl)piperazine-1-carboxvlic acid tert-butyl ester

{Ref Wellmar et al. J. Heterocycl. Chem. 32(4), 1995, 1159-1164.)
4-(4-lodophenyl)piperazine-1-carboxylic acid tért-butyl ester (0.272 g, 0.70 mmoles), 3-
pyridyiboronic acid (0.078 g, 0.64 mmoles), tetrakis(triphenylphosphine)palladium (0.024

g, 0.02 mmoles), 1 M sedium hydrogencarbonate (1.0 mL) and 1,2-dimethoxyethane (1.5



Cl// Ns 0000 P--CNNSmz 370 (M#+) 00 0 F5 108 0 OOct CNmz 370
(M) mz 3 66 (M) mz 366 (M) miz 359 (MH+) nfz 408 (MH+) ni% 9BBT (28P5
mz 386/388 3.1 (IVIIH+) miz 345 (MH+) miz 375 (MH+) mz 395 (MH+) miz 462
(M) mz 276 (M#) mz 274 (MH#+) 15 SEPT 2005 Q 15 SEPT 2005

15

25

100

ml.) were stirred under nitrogen at 84°C for 3 hours, taken up in ethyl acetate and washed |

with water and brine. The organic phase was dried over anhydrous sodium sulfate, filtered,
concentrated with silica (1 g) by rotary evaporation ta give a solid which was applied on a

short silica column. Elution Wim dichioromethane, dichloromethane/ethyl acetate (4:1) and

neat ethyl acetate gave 0.060 g (32% yield) of the title compound as 2 white solid and 0.060

g of starting material (the iodide), respectively. Yield was calculated from amount of i
converted iodide. |

LC-MS (APCI) m/z 340.3 (MH+).

'H NMR (Methanol-d,): & 8.75 (]H, d, /=2.0 Hz); 8.43 (14, m); 8.04 (1H, m); 7.58 (2H, d,
J=8.0 Hz); 7.47 (1H, m); 7.10 (2H, d, /=8.0 Hz); 3.59 (4H, m); 3.22 (4H, m); 1.50 (9H, s).

N-[3-(Piperidin-4-yloxy)-phenyl}-acetamide; hydrochloride ,
4-Hydroxy-piperidine-1-carboxylic acid tert-butyl ester (300 mg, 1.5 mmol) was dissolved

in dry CH;Cl; and cooled to -10°C. Polymer bound triphenylphosphine (750 mg, 2.25

mmol) was added and allowed to swell. N-(3-Hydroxy-phenyl)-acetamide (340 mg, 2.25

mmol) dissolved in dry THF was added and the reaction was stirred at -10°C for 10

minutes after which DEAD (0.35 ml, 2.25 mmol) was added dropwise to the mixture. The

reaction was stirred over night allowing the temperature rise to room temperature. The

polymer was filtered off, using a short plug of silica with Toluene/EtOAc (5:1) as eluent.

The volume of the combined fractions was reduced by rotary evaporation and the solution .
was washed with 5% aqueous KOH and water, dried over Na;SOy4 and the solvent removed

in vacuo. The resulting white powder was dissolved in THF (10 ml) and cone. HCI (10 ml)

and stirred at ambient temperature for 1 hr. The solvents were removed in vacuo and the

remaining water was removed by azeotropic evaporation using EtOH/Toulene, afford-ing

230 mg (57%) of the title compound as a white powder.

LC-MS (APCI) m/z 235.1 (MH+).

The folfowing amines were prepared in a similar way as descibed described in the

synthesis N-[3-(Piperidin-4-yloxy)-phenyl]-acetamide.
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3-(Piperidin-4-yloxy)-benzonitrile
LC-MS (APCI) m/z 203.2 (MH+).

4-(3-Methoxy—phenoxy)-piperidine
LC-MS (APCI) m/z 208.2 (MH+).

4-(3-Trifluoro methoxy-phenoxy)-piperidine
LC-MS (APCI) m/z 262.1 (MH+). - '

4-(2,4-Difluoro-phenoxy)-piperidine
LC-MS (APCI) m/z 214.2 (MH+).

4-(4-Chloro-phenoxy)-piperidine
LC-MS (APCI) m/z 212.2 (MH+).

4-(Piperidin-4-yloxy)-benzonitrile
LC-MS (APCI) m/z 203.2 (MH+).

4-(4-Methoxy-phenoxy)-piperidine
LC-MS (APCI) m/z 208.2 (MH+).

4-(3,4-Dichloro-phenoxy)-piperidine
LC-MS (APCI) m/z 246.1 (MH+),

4-(3,4-Difluoro-phenoxy)-piperidine
LC-MS (APCI) m/z 214.2 (MH+).

N-{4-(Piperidin-4-yloxy)-phenyl]-acetamide
LC-MS (APCI) m/z 235.1 (MH+).

0 a N=N

N NyO m z 393
15 SEPT 2005
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4-{[(3,4-dimethylphenyl)methyl]oxy}piperidine hydrochloride
LC-MS (APCI) m/z 220 (MH+). '

s 4-{{(2,5-dimethylphenyl)methyljoxy}piperidine hydrochloride
LC-MS (APCI) m/z 220 (MH+). ' @

5-chloro-2-piperidin-4-ylpyridine hydrochloride

- Zn dust (225 mg, 3.5 mmol) was stirred in THF (1 mL) under Ar and 1,2-dibromoethane - ﬁ
10 (50 pL) was added at room temperature. The mixture was heated to 65 °C for 3 min and
allowed to cool to room temperature before trimethyisilyl chloride (70 pL) was added and
the mixture was stirred at room temperature for 30 min. A solution of 4-iodo-N-Boc-
piperideine {840 mg, 2.7 mmol) in THF (1.5 mL} was slowly added and the reaction
mixture was stirred at 40 °C for 2h. Pd;(dba); (22 mg, 0.024 mmol) and P(2-furyl); (23
15 mg, 0.10 mmol) were mixed in THF (0.5 mL), the mixture stirred ét room temperature for
10 min and then added to the organozink reagent solution, followed by 2-bromo-5-chloro-

- pyndine (624 mg, 3.24 mmol) in THF (1 mL) and DMA (4 mL).The reaction mixture was

heated at 80 °C for 3 h, allowed to cool to room temperature and then filtered through
Celite and diluted with EtOAc. The filtrate was washed with saturated aqueous NaHCO;
20 and brine, dried Na,SO, and concentrated. Purification on 510, eluting with
heptané/EtOAc 95:5102:1 gaﬁe tert-butyl 4—(5-chloropjridin-Z-yl)piperidine-] -
carboxylate as an ‘y‘ellow oil (128 mg; 16%). The o1l was dissolved in THF (1.5 mL) and

conc HC! (1.5 mL) and stirred at RT for 30 min. Concentration several times with toluene
and EtOH gave the title compound (8% mg, 89%)

25  LC-MS (APCI) nv/z 197 (MH+). ‘
'"HNMR (MeOD-ds): § 8.54 (1 H, d); 7.86 (1 H, dd); 7.38 (1 H, d); 3.55-3-45 (2 H, m);

3.22-3.06 (3 H, m); 2.19-2.09 (2 H, m); 2.08-1.98 (2 H, m).
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S-Benzyloxy—Z-(piperidin—4—yloxy)-pyridinre; hydrochloride

The amine was prepared in the same way as described in the synthesis of 5-Methoxy-2-
} (piperidin-4-yloxy)-pyridine.
LC-MS (APCI) m/z 285 (MH+).

The starting material was prepared as follows:

2-Chloro-5-benzyloxypyridine

Sodium hydride (55% in oil, 236 mg, 5.40 mumol) washed in Hexane and 2-Chloro-5-

10 hydroxypyridine (350 mg, 2.70 mmol) was suspended in dry DMF (20 ml). After 10
minutes at rdom temperature Benzylbromide (0.32 mi, 2.70 mmol) was added and the
mixture was stirred for an additional 2 hrs. The reaction was diluted with water and |
extracted with EtOAc (3*50 ml). The combiped organic léyers were washed with water
and brine, and dnied over Na,SQO,. Th; solvent was removed by rotary evaporation,

15 affording 520 mg (88%) of the title compound as a yellow oil.

LC-MS (APCI) nvz 220 (MH+).
'H NMR (CDCls): 8 8.19 (1H, d, J=3.00 Hz); 7.55 (1H, dd, /=3.15, 8.81 Hz); 7.48-7.31

(6H, m); 5.19 (2H, s).

20 2-Chloro-5-benzyloxy-pvridine 1-oxide

SEs " The amine was prepared in the same way as described in the synthesis of 2-Chloro-5-

methoxy-pyridine 1-oxide.
LC-MS (APCI) m/z 236 (MH+).
'H NMR (DMSO-dg): & 8.38 (1H, d, /=2.61 Hz); 7.65 (1H, d,./=9.28 Hz), 7.47-7.33 (5H,

25 m); 7.15 (1H, dd, /=2.69, 9.15 Hz); 5.19 (2H, s).

4-(5-Benzyloxy-1-oxy-pyridin-2-vloxy)-pipenidine-1-carboxylic acid rert-butyl ester

The compound was prepared as described in the synthesis of 4-(5-Methoxy-1-oxy-pyndin-

2-yloxy)-piperidine- 1-carboxylic acid terr-butyl ester.
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LC-MS (APCI) m/z 401 (MH-+).
'H NMR (DMSO-dg): & 8.12 (1H, d, J=2.79 Hz); 7.48-7.32 (SH, m); 7.19 (1H, d, /=9.16

" Hz); 7.07 (1H, dd, J=2.88, 9.18 Hz); 5.13 (2H, s); 4.84-4.76 (1H, m); 3.20-3.11 (2H, m);

3.00-2.87 (2H, m); 1.86-1.78 (2H, m); 1.59-1.49 (2H, m});"1.40 (9H, s).

4-(5-Benzyloxy-pyridin-2-vloxy)-piperidine-1-carboxvlic acid tert-butyl ester

The compound was prepared as described in the synthesis of 4-(5-Methoxy-pyridin-2-
yloxy)-piperidine-1-carboxylic acid rerr-butyl ester.

LC-MS (APCI) m/z 385 (MH+).

'H NMR (CDCl3): § 7.86 (1H, d, J=3.10 Hz); 7.46j7.32 {5H, m); 7.28 (1H, dd, J/=3.16,
9.04 Hz); 6.67 (1H, d, /=9.04 Hz); 5.16-5.08 (1H, m); 5.05 (2H, s); 3.84-3.72 (2H, m);
3.33-3.25 (2H, m); 2.02-1.93 (2H, m); 1.76-1.66 (2H, m); 1.49 (9H, s).

5-Hydroxy-2-(piperidin-4-yloxy)-pyridine trifluoroacetic acid
4-(5-Benzyloxy-1-oxy-pyridin-2-yloxy)-piperidine-1-carboxylic acid fert-butyl ester (476
mg, 1.19 mmol) was dissolved in Methano! (20 ml) and Pd(OH), (30 mg) was added. The
mixture was hydrogenated at 1 atm and room temperature for 24 hrs. The catalyst was -
filtered off, and the mixture was puriﬁe_d using preparative HPLC affording, after freeze
drying, 110 mg (30%}) of the title c';ompound as a TFA-salt and 34 mg (10%) of the neutral
Boc-protected intermediate.

LC-MS (APCI) m/z 195 (MH+).

*H NMR (DMSO-dg): § 7.66 (1H, d, J=2.94 Hz); 7.20 (1H, dd, .f=3.07, 8.82 Hz); 6.68 (1H,
d, /=8.93 Hz); 5.12-5.00 (1H, m); 3.29-3.00 (4H, m); 2.16-2.02 (ZH, m); 1.93-1.75 (2H,

m).

S-B.rom0-2-(piperidin-4—yloxy)—pyridine hydfochloride

The amine was prepared in the same way as described in the synthesis of 5-Methoxy-2-
(piperidin-4-yloxy)-pyndine.

LC-MS (APCI) mvz 257 + 259 (MH+)

Qp O %j~ NB SEPT 2005
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The starting material was prepared as described in the synthesis of 4-(5-Methoxy-pyridin-

2-yloxy)-piperidine- 1 -carboxylic acid zert-butyl ester:

5 4-(5—Bromo—pvridin—2~yloxy)—piperidine;1»carb_oxylic acid rert-butyl ester
LC-MS (APCI) m/z 357 + 359 (MH+).
"H NMR (DMSO-ds): & 8.26 (1H, dd, /=0.53, 2.67 Hz); 7.88 (1H, dd, /=2.66, 8.81 Hz);
6.80 (1H, dd, /=0.53, 8.79 Hz); 5.15-5.07 (1H, m); 3.72-3.64 (2H, m); 3.20-3.09 (2H, m);
1.97-1.88 (2H, m); 1.58-1.48 (2H, m); 1.40 (9H, s). |

4-(5-(4-Fluoro-phenyl)-pyridine-2-yl)-piperazine hydrochloride
. 4-(5-(4-Fluoro-phenyl)-pyndine-2-yl)-piperazine- 1 -carbaldehyde (98 mg, 0.34 mmol) was
dissolved in MeOH (5 ml) and conc. HCI (12M, 5 ml) was added. The mixture was stirred
at room temperature over night. The solvents were removed in vacuo and the remaining
15 water was removed by azeotropic evaporation using EtOH/Toulene affording 102 mg
(100%) of the title compound as a yellow powder.

LC-MS (APCI) m/z 258 (MH+).

The starting material was prepared as follows:

20

i 4-(5-(4-Fluoro-pheny)-pyridine-2-v])-piperazine-1-carbaldehvde

4—(5-Bromo-pyridine-2-yl)—piperaiine-1-carbaldehyde (100 mg, 0.37 mmol), 4-
Fluorobenzeneboronic acid (55 mg, 0.39 mmol), (1,1'-bis(diphenylphosphino)ferrocene)-
dichloropaliadium(II} (10 mg, 0.01 mmol), Toluene (2 ml), Ett)H (0.5 ml) and 2M Na;CO3

25 solution {0.5 ml, 1 mxﬁol) were heated at 80°C under N, overnight. After cooling the
mixture was diluted with toluene and separated. The organic phase was washed with water
and brine, filtered through a pad of celite and dried over Na;SO,4. The solvent were

removed in vacuo affording 100 mg (94%) of the title product as a beige powder.

LC-MS (APCI) m/z 286 (MH+).
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'H NMR (DMSO-de): & 8.4 (1H, d, J=2.66 Hz); 8.10 (1H, 5); 7.97 (1H, dd, J=2.52, 8.82
Hz); 7.70-7.31 (2H, m); 7.31-7.21 (2H, m); 6.97 (1H, d, /=8.97 Hz); 3.65-3.43 (8H, m).

The following compounds were synthesised as described in the synthesis of 4-(5-(4-Fluoro-
s phenyl)-pyridine-2-yl)-piperazine hydrochloride: '

4—(5-(4~Methoxy-phenyl)-pyridine_-z-yl)-piperazine hydrochloride
LC-MS (APCI) m/z 270 (MH+).

o 4-(5-(4-Chloro-phenyl)-pyridine-2-yl}-piperazine hydrochloride
LC-MS (APCI) m/z 274, 276 (MH+).

4-(5-(4-Trifluoromethoxy-phenyl)-pyridine-2-yl)-piperazine hydrochloride
LC-MS (APCD) nv/z 324 (MH+).

4-(5-Furan-2-yl-pyridine-2-yl)-piperazine hydrochloride
LC-MS (APCI) m/z 230 (MH+).

4-(5—(1H-Pyrr0l-l-yl)-pyridine-2-yl)-piperazine dihydrochloride
20 The title compound was prepared from 2-(6-(4-Formyl-piperazine-1-y!)-pyridine-3-y})- o
pyrrole-1-carboxylic acid zert-butyl ester. ) ‘ | '

LC-MS (APCI) m/z 229 (MH-).

4-[3,3'}-Bipyridinyl-6-yl-piperazine hydrochloride
25 LC-MS (APCI) m/z 241 (MH+),

4-(6-Piperazine-1-yl-pyridine-3-yl)-benzonitrile hydrochloride
LC-MS (APCI) m/z 265 (MH+).
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i~~-~N\ NN5 rl. \ 0,0 0ONOMz 455 (M#) -f NOO O For NVR-data see
experinmental part. The follow ng conpounds were prepared in the @y 2395
(5S)-5-(([4-(4- fluorophenyl)piperidin-1

yl Jsul fonyl } net hyl ) - 5- met hyl i m dazol i di ne- 2, 4-di one (Exanple 12) and purled
either by precipitation and washing with DOH water or by preparative HPLC
(58 -5-nethyl -5-({ (4-[4-(nethyloxy) phenyll-3,6-di hydropyridin-1(2H)- 1a

yl I sul fonyl | met hyl )i m dazol i di ne-2, 4-di one LC-Ms (APCI) niz 380 (iv}). 1H
NVR (Met hanol -d4): 8 7.35 (2 H, d, J--89 HKg}; 6.87 (2 H d, J=8.9 Hz); 6.01
(1 H dd); 3.92 (2 H dd); 3.78 (3 H s); 3.56, 3.41 (1 H each, ABqg, J=14-6
Hz) ; 351346(2H m; 2.62-2.57 (2 H m; 1.47 (3 H s) 15 15 SEPT 2005
114 (59)- 5 i ' 11}

sul fonyl ) met da;nL\l di 4- di onemjLzO%MS(I\(qupl rnlz 382 (MH). "H NWR
(DVBO-dj ) : ,NSWI(]. H s); 7.17 (2 H d); 6.85 (2 H, d);
3.71 (3 os) ) ); 3.50 (1 H part of ABqg, J¥14.8 Hz); 2.85

(2 H q); [Z254 (T H t) 179N H d); I.64-1.53 (2 H M3 1.33 (3 H s).

(5S) - 5- ( ((4Wophgnyl fydr oxypn{xeﬂ%[MH’rl-}yl sul fonyl } et hyl ) - 5-

"R
0 O
3 Nl '
N s O m/z 431 (MH+)
Y 2N R ' :
: o
N "T m/z 455 (MH)
N= \ / N\_-/N—OE\\

% For NMR-data see experimental part.

The jfollowing compounds were prepared in the same way as (5S)-5-({{4-(4-

s fluorophenyl)piperidin-I-ylsulfonyl} methyl)-5-methylimidazolidine-2,4-dione (Example
12) and purified either by pre&z;piration and washing with EtQH/water or by pr:eparative
HPLC.

(55)-5-methvl-5-({[4-[4-(methvloxy)phenvyl]-3.6-dihydropyridin-1({2 H)-

10 vlisulfonylimethyvhimidazolidine-2.4-dione
LC-MS (APCI) m/z 380 (MH+).
'H NMR (Methanol-dg): & 7.35 (2 H, d, J=8.9 Hz); 6.87 (2 H, d, J=8.9 Hz); 6.01 (I.H, dd);
3.92 (2 H, dd); 3.78 (3 H, 5); 3.56, 3.41 (1 H each, ABq, J=14.6 Hz); 3.51'-3.46 (2 H, m);
2.62-2.57 (2 H, m); 1.47 (3 H, s). |




met hyi i m dazol i di ne-2, 4-dione ao LGMS (APCI) mz 402/404 3:1 (MH ' %{ISQ
(DMBO-d6): S 10.72 (1 H, s); 8.01 (1 H s); 7.51 (2 H d); 7. 3716525ﬁPTd?°
5.22 (1 H s); 3.49, 3.34 (1 Heach, ABq, J=14.9 Hz): 3.47-3.35 (2 H, m;
3.15 (2 H qg); 1.93 (2 H t); 1.64 (2 H d); 1.33 (3 H s). '5
(5S)-5-nethyl -5 (((4-(2-(nethyl oxy)phenyl | pi peridin-I- "

yl ) sul fonyl ) nmet hyl | i m dazol i di ne- 2, 4-di one LC-I\/IS (APCI)" mz 382 (MH). '"H
NVR (DVBO-d6): 8 10.72 (1 H, s); 8.01 (1]3 7.24-7.14 (2 H, n); 6.96 (1
H d); 6.90 (1 H t); 3.78 (3 H s); 3.6 4(2 H dd): 3.51, 3.33 (1 H each,
ABq, J=14.7 Hz); 3.02- 20 2.94 (1 H n); 2.88 (2 H q); 1.77 (2 H, d):
1.66-1.56 (2 H, rr) 133(3H s)
(5S) - 5- net hylw & , her tperidin-|I-

yllsulfonyl - 4 M= APCl ) mlz 420 (M#). 25
"H NVR (DVER:dfibaytSindd ?hnfcﬂazbﬁxdﬁn)etzﬁd%e(l H s); 7.66 (2 H d); 7.50 (2 H
d): 3.63 ( ABq, J--14.9 Hz); 2.88 (2 H, ddd);
2.79-2.68 (Ltmsmcnnﬂﬁz.szmﬁﬁd) 1 67 (2 H, ddd); 1.33 (3 H s). 15 SEPT
2005 115 (3S)-5- net hyl 13-(tr|fluororrethvl)phenylI i peridin-|-
yl}su fonymwﬁwwéod@m L7761 B, 8 e HLE A b 6242003 H

H”Rdé?”’so%%zs it i sBie Rt oP A ol F oy B 0 gl g0 7

(1 H m; 5 1.33 (3 H 5s). o
) (58) 5-1(14- dg%bls t%l(ﬂ{uo I%?gf“}l%’p)nenyl | pi peridin-|- w}sulfonyl)rret hyII-fw.
5- rrethyllmdazolldl ne- 2, 4- d| one 10 LC-I\/IS (APCI) mz 488 (M—|+) "H NWR

( DVBO- d6) :
3.64 (2 H,
1. 89 (2 H, ndLylilmBﬁzdluﬁﬂe-(Z}i Hionen) ; 1.34 (3 H, s).

10 LC-MS (APCI) m/z 402/404 3:1 (MH+). |
'"HNMR (DMSO-de): § 10.72 (1 H, 5); 8.01 (1 H, s); 7.51 (2 H, d); 7.37 2 H, d); 5.22 (4
H, 5); 3.49, 3.34 (1 H each, ABq, J=14.9 Hz); 3.47-3.35 (2 H, m); 3.15 (2 H, ); 1.93 2 H,
t);1.64 (2 H, d); 1.33 (3 H, s).

15 (585)-5-methyl-5-[({4-[2-(methvlexy)phenyl]piperidin-1-

vilsulfonvimethyllimidazolidine-2.4-dione

LC-MS (APCT) m/z 382 (MH+).

"HNMR (DMSO-dg): 6 10.72 (1 H, 5); 8.01 (1 H, s); 7.24-7.14 (2 H, m); 6.96 (1 H, d);

6.90 (1 H,1);3.78 (3 H, s); 3.60 (2 H, dd); 3.51, 3.33 (1 H each, ABq, J=14.7 sz; 3.02-
20 294(1H,m);2.88(2H,q);1.77(2H, d); 1.66-1.56 (2 H, m); 1.33 3 H, s).

(5.8)-5-methvl-5-{({4-[4-(trifl uorometh-yﬂxﬂg_nyl]n@eridin_—l_-v —/
vilsulfonvlimethvyllimidazolidine-2.4-dione )
LC-MS (APCI) m/z 420 (MH+).
25 'HNMR (DMSO-dg): § 10.73 (1 H, 5); 8.01 (1 H,s); 7.66 (2H,d); 7.50 (2 H, d); 3.63 (2
H, dd); 3.52, 3.34 (1 H each, ABq, /=14.9 Hz); 2.88 (2 H, ddd); 2.79-2.68 (1 H, m); 1.86
(2H,d); 1.67 (2 H, ddd); 1.33 (3 H, 5).




is
(5S)-5-f114- (4-chl orophenyl) -3, 6-di hydropyri di n-1(2H) -yl | sul f onyLsneEbyl 2065
met hyl i m dazol i di ne-2, 4-dione LC-MsS (APCI) rn/z 384/386 3:1 (M#). "H NWR
(DVBO-d6): S 10.74 (1 H, s); 803 (1 H s); 7.47 (2 H d); 7.40 (2 H, d);
6.23 (1 H, app s); 3.85 (2 H, app s); 3.52, 3.39 (1 Heach, ABq, J 14.7
Hz); 3.39-3.32 (2 H m; 20 2.55 (2 H, br s) 1.32 (3 H s).

(5S)-5-(114-(3-tl uorophenvl) pi peridin-1 - yIIsquonyI}nethyI) 5- et hyl i m dazol
idine- 2,4-dione LC-Ms (APCI) mz 370 (N%ﬁé 25 "H NWVR (DVBO-d6): 8 10.73 (1
H s): 801 (LH s): 7.38-7.31 (1 H m 15-7.08 (2 H, m; 7.05-6.98 (1
H m; 3.62 (2 H dd); 3.51, 3.33 (1 Heach, ABq, J-- 14.7 FE) 2.95-2.80

(2 H m;, 2.68-2.60 (1 H m; 1.82 (2 H, br d) 1 69-1.58 (2 H m; 1.33 (3
H s). 15

4-(2-fl uor hyl i m dazol i di ne-

2, 4-di one : 510.73 (1 H, s);
8.01 (I H, S 7. 30- O(1H mM; s 7.18- 7 12 (2 H, n) 3.63
(2 H dd) I@MMBWMN{MM ABg): 2.96-2.85 (3 H, m: 1.80 (2 H,

Pl ﬁe? okt S5 Bo .ty 3 2 sl s rﬁef’ﬁﬁ 7 é?(ﬁéi%m)daﬁé (25{ 4% one
wsy 5 ARSI H B gt Al Vo g ) SYRC HIRRYS 90 Srd b 47 mﬁJ (it Pl O s

&j;'l OI) 2:75%.8 BIH(d)H33B HZs)25 (3 H s); 1.79 (2 H br 1.60 (2 H
(58)'5 nethyl 5- ({f4 (phenvlnethyl)plperldln | - vIIsulfonylInethyl)lnldazolld
i ne- 2 4 di hE}- S 3_6-A ), ip D 570 (1 H,

)796(1 s)729715(5H m ( ; 24 (1 H each,
Uq J=14. methyiimidagelidipe-Bid-dione 2. 52 (2 H, d); 1.54-1.51 (3 H, rr)
‘\"\\

0 LC-MS (APCI) m/z 488 (MH+).

'H{ NMR (DMSO-dg):  10.74 (1 H, s); 8.02 (1 H, s); 8.00 (2 H, s); 7.93 (1 H, s); 3.64 (2 H,
dd); 3.52 (1 H, part of ABq, J=14.9 Hz); 2.95-2.81 (3 H, m); 1.89 (2 H, d); 1.83-1.69 (2 H,
m); 1.34 3 H, s). : '

15 (85)-5-({[4-(4-chloropheny])-3,6-di hydropvridin-l (ZH)-vl]sulfonviimethyl)-5-

methylimidazolidine-2.4-dione

LC-MS (APCI) m/z 384/386 3:1 (MH+).

'H NMR (DMSO-dg): § 10.74 (1 H, s); 8.03 (1 H, s); 7.47 (2 H, d); 7.40 2 H, d); 6.23 (1

H, app s); 3.85 (2 H, -app s); 3.52, 3.39 (1 H each, ABq, /=14.7 Hz); 3.39-3.32 (2 H, m);
20 2.55(2H,brs); 132 (3 H, ). '

i

{3.5)-5-{{[4-(3-Auorophenvlpiperidin-1-ylisulfonylimethyl}-5-methvlimidazolidine-

2.4-dione
LC-MS (APCI) m/z 370 (MH+).

25 'HNMR (DMSO-d): 8 10.73 (1 H, s); 8.01 (1 H, s); 7.38-7.31 (1 H, m); ~7.15-7.08 (2 H,
m); 7.05-6.98 (1 H, m); 3.62 (2 H, dd); 3.51, 3.33 (1 H each, ABq, /=14.7 Hz); 2.95-2.80
(2 H, m); 2.68-2.60 (1 H, m); 1.82 (2 H, brd); 1.69-1.58 (ZH, m); 1.33 3 H, 5).




20 1.30(3H,s). (59)-5 1
|, 4'-bipii2eridin-1'-vlsul fonyl)methyll-5-methylin dazolidine- 215 3FBHe2005

trifluoroacetic acid LG NS (APCl) nmlz 359 (MH). 25 "H NWR (DVMBO-d6): S
10.74 (1 H, s); 9.25 (1 H, br s); 802 (1 H s); 3.63 (2 H t); 3.51, 3.34
(1 Heach, ABg, J=14.8 Hz); 3.39 (2 H d);.3.24 (1 H t); 2.92 (2 H q);
2.81 (2 H 1); 2.07 (2 H d); 1.82 (2 H d); IL74-1.58 (5 H nm; 1.45-1.34
(L H rn); 1.31 (3 H s). "9P N\R (DM5(D-d6): 5 -74.48. 15 SEPT 2005 117
(5S)-5-({ [4-(3-furan-2-v1-1 H pyrazol -5fyg ) pi peridin-1-yllsul fonyllmnmeth
yl)-5- nmethyl imdazolidine-2,4-dione LCM (APCI) mz 408 (M#). 'H NWR
(DMs Od(,): 510.73 (1 H s); 801 (1 H s); 7.66 (1L H s); 6.64 (1 H s);-
6.53 (1 H 5s); 6.34 (I H s); 3.61-3.49 (2 H m; 3.49 (1 H half ABq,
J--14. 9 HzES)-3-(H4-(2-BdorpphenyidpiperidiB 1 vHsuilfo llriet -S-n&8ylimidhzolidixd) ;
1.70-1.58 (2 H m; 1.32 (3 H s). (55 -5-nethyl- 1(4-14-(7

trifl uor orZzésdinne) oxyl phenyl | pi peri din-1 -

i SB[ 000, 5
R L T et

Is (58} 5‘7(1f8712(2H m);3.63 (2 H, dd? 3.52,3.33 (1 H each, ABq); 2.96-2.85 (3 H, m); 1.80 (2
f4-(4-chl orophenvl)pl peridin-1-v I'sul f onvi | rret hyl ) - S net hyl'i m dazol i di ne-

2, 4- di one H,G:d)51 ((ARTIH, datly BBB(33E8s)3: 1 (MH+) 'H NMR (DMSO-d6): S 10.73 (1 H(f.
s); 8.01 (1 H s); 7.36-7.28 (4 H m; 3.66-3.54 (2 H nm; 3.51, 3.33 (I s
each, ABq, J--149Hz) 292280(2H n, 267 2.58 (1 H m; 1.81 (2 20
H, br d); (3568 o ; ' : derid !nmﬁmwhrlﬁm’ldazohdme-
1(4-pyrrolidin-1-ylpiperidin- I-yI)squonvllrrethyII|mdazoI|d| ne-2, 4- dione
trifluoroddetioBEACid LC-MS (APG) Mz 345 (MH).

10 LC-MS (APCI) m/z 366 (MH+).
"H NMR (DMSO-dg): § 10.73 (1 H, s); 8.01 (1 H, 5); 7.15-7.07 (4 H, m); 3.60 (2 H, dd);
3.50,3.32 (1 H each, ABq); 2.85 (2 H, q); 2.59-2.51 (1 H, m); 2.25 3 H, s); .79 2 H, br
d); 1.60 (2 H, ddd).

15 (585)-5-methyl-5-({[4-{phenylmethylpiperidin-1-yl]sulfonyl}methvhimidazolidine-2,4-

dione

LC-MS (APCI) m/z 366 (MH+).

'H NMR (DMSO-d): & 10.70 (1 H, s); 7.96 (1 H, s); 7.29-7.15 (5 H, m); 346 (2 H, )

3.41,3.24 (1 H each, ABq,J/=14.9 Hz); 2.68 (2 H, dt); 2.52 (2 H, d); 1.54-1.51 (3 H, m}); j:\
20 1.30(3 H,s). |

(55)-5-[(1.4'-bipiperidin-1'-ylsulfonyhmethyl-5-methylimidazolidine-2.4-dione 5%

triffuoroacetic acid
LC-MS (APCI) m/z 359 (MH-+),

25 'HNMR (DMSO-dg): 8 10.74 (1 H, 5); 9.25 (1 H, br s); 8.02 (1 H, s); 3.63 (2 H, t); 3.51,
3.34 (1 H each, ABq, /=14.8 Hz); 3.39 (2 H, d); 3.24 (1 H,1); 292 (2 H, @); 2.81 2 H, 1);
2.07 (2 H, d); 1.82 (2 H, d); 1.74-1.58 (5 H, m); 1.45-1.34 (1 H, m); 1.31 3 H, ).
'°F NMR (DMSO-dg): & —74.48.




25 "H NWR (DVSO-d6): S 10.74 (1 H, s); 9.61 (1 H br s); 8.01 (1 H s); 3.60

(2 H t); 3.51, 3.36 (1 Heach, ABq, J 14.8 Hz); 3.55-3.47 (2 H5 8EPT 2005

3.27-3.15 (1 H m; 3.13-3.02 (2 H m; 2.80 (2 H t); 2.12 (2 H br d);

2.07-1.94 (2 H nm; 1.86-1.77 (2 H m; 1.62-1.49 (2 H m; 1.32 (3 H s).

"9F NVR (DMSO-d6): 6 -74.02 15 SEPT 2005 118 (5S)-5-nethyl-5-(]

[ 4- (t et rahydrof uran-2-vl carbonyl) pi perazin-1- - .

yi I sul fonyi | met hyi )i m dazol i di ne- 2, 4-di one LC—IVB (APCI) mz 375 (M+). s 'H

NVR (DMSO-d6): 8 10.73 (1 H, s); 801(1g§, 4.65 (1 H, dd); 3.80-3.68 (2
m; (1H,

H m;

3.60-3.42 (3 H and water, hal f ABq, J-14.9 Hz);

3.19-3.00 (4 H, m: 2.09- 1.92 (2 H m: 1.87-1.75 (2 H m: 1.30 (3 H s).

] d|n4-io
éﬂ@e—?z (1 H, s);

8.30 (1 Hm&hyl:ﬁu@ﬂzoﬂxhnd'é-za)dnoﬂeSZ (2 H, d) 7.51 (1 H t) 7.45 (2 H t);
.3.96-3.85 (I H M. 3.52 (2 H, t); 3.50, 3.32 (I Heach, ABg, J=14.7 Hz)';

R Bq \]
rinitdy
R
SR

10

20

25

.92 (2 HLG-MS GAB@I)(xﬂ/zHOSc(MH-&) 55 (2 H q); 1.33 (3 H s) is (55)-Sf
4-j12-(1, 1-di neth Iethyli}/ll—l-lndol yl.lam n
)

erid

oy FTEIYSEE R Pir e it 8. 0 GBL T, 5o (0 b 48 1 e

2;( i A0SRy Caloghin Ol bl v v 2 B g inlls (4

4. @581(217%*(1 rrgél 9§(é§£ b@d?fl% ’510%-1 @Séﬁﬁ%)ﬂ'ﬁ% (34%35237 Hz); 3.46 (2 H,

93 (2°H (3 H s): 1.29

s). (58) 5- et hyl - 5 [(plperldl n-
sul fonyl n'ethylllmdgzolldl ne- 2, 4- di one

25 LC-MS (APCl) iz 276 (Mi).
lgn ~ll-{_l4§ .23 (1 H each

14yﬁsulfor?ﬂmet}1iyl}lmi(?i]ii%lhc!l_jne- 4 dil'o 28-1-42 (6 H rn); 1.30 (3 H s).
LC-MS (APCI) m/z 436 (MH+).
'H NMR (DMSO-dg): § 10.73 (1 H, s); 8.01 (1 H, s); 7.40 (2 H, d); 7.28. (2 H, d); 3.70-3.55
(2 H, m); 3.51,3.33 7(1 H each, ABq, /=14.7 Hz); 2.94-2.80 (2 H, m); 2.73-2.61 (2 H, m);
1.86 (2 H, d); 1.71-1.57 (2 H, m); 1.33 (3 H, s).

(55)-5-({{4-(4-chlorophenvl)piperidin-1-vl]sulfonvi}methyl)-5-methylimidazelidine-

2.4-dione
LC-MS (APCI) m/z 386/388 3:1 (MH+),
'H NMR (DMSO-de): 5 10.73 (1 H, 5); 8.01 (1 H, s); 7.36-7.28 (4 H, m); 3.66-3.54 (2 H,
" m); 3.51, 3.33 (1 H each, ABq, /=14.9 Hz); 2.92-2.80 (2 H, m); 2.67-2.58 (1 H, m); 1.81 (2
H, br d); 1.68-1.56 (2 H, m); 1.33 GHs). '

{S_S)-S—methvl—S-{[(tﬂwrrolidin-l-vlpiperidin‘-l—vl}shlfonv“methvl}.imidazolidine-ZA- :
dione trifluoroacetic acid '

LC-MS (APCY) m/z 345 (MH+).

'H NMR (DMSO-d¢): & 10.74 (1 H, 5); 9.61 (1 H, brs); 8.01 (1 H, s); 3.60 (2 H, 1); 3.51,
3.36 (1 H each, ABq, /=14.8 Hz); 3.55-3.47 (2 H, m); 3.27-3.15 (1 H, m); 3.13-3.02 (2 H,
m); 2.80 (2 H, t); 2.12 (2 H, br d); 2.07-1.94 (2 H, m); 1.86-1.77 (2 H, m}; 1.62-1.49 (2 H,

m); 1.32 (3 H, s).
PF NMR (DMSO-dg): & =74.02



15 SEPT 2005 119
(5S) - 5-1( 3, 6- di hydr opyri di n- 1( 2H) - yl sul f onyl ) net hyl ) - 5- net hyl i H5dSE8M d0fe- 2
,4- dione LCG-Ms (APCl) rn/z 274 (MH). '"H NVR (DVMBO-d6): 8 10.72 (1 H, s);
8.00 (1 H s); 5.85-5.78 (1 H nm; 5.74-5.68 (1 H, s n), 3.67-3.62 (2 H,

m; 3.47, 3.33 (I Heach, ABg, J 14.7 Hz); 3.22 (2 H, dd); 2.14-2. 10 (2 H
m; 1.31 (3 H s). (5S)-5-nethyl-5-({ [4--(2-0x0-2,3-dihydro-1

H benzi m dazol -1 -yl) pi peridin-I1- yllsul fonyll net hyI)l m dazol i di ne- 2, 4-di one
to LGM5 (APCl) miz 408 (M+). "H NWVR (pypO-d6): 6 10.86 (1 H, s); 10.75 (1
H s); 8.02 (1 H s); 7.27-7.17 (1 H m; 7.05-6.91 (3 H, n); 4.38-4.20 (1
H m; 3.65 (2 H t); 3.56, 3.38 (1 H each, ABq, J=14.8 Hz); 3.03-2.90 (2
H m; 2.41-2.24 (2 H nm; 1.76 (2 H d); 1.34 (3 H s). is
(5S)-5-({14-(1H1, 2, 3-benzotriazol -1-y1)pi eridi n-I-yII's'quonyI)rreth l)-5-
rrethylirni dazol i di ne- 2, 4-di one LC—IVB (APCl) mz 393 (MH). "H NVR (DVSO d6):

6 10.77 ({5 5-91 h ~tepah 2{vicadbodylpipe@&if-1-H,- d); 7.56 (1 H,
t); 741(- t); 12497(1H n‘)j 3.71 (2 H t); 3.58, 3.43 (1 H each,
ABgq, J=1 ethiSinydszeliding 24 Siape 2.29-2.16 (4 H m; 1.35 (3 H s).
(58) 5- 2-vl et hynyl) -3, 6-di hydropyri di n-| (2H)

yl | sulfge’;{a%? 'Fﬁ?zg??z/oﬁjéﬂple 2,4-dione trifluoroacetic acid LC M

APCl ). m % H d
(P0G SR D085 9 HSOLE b, B AT s s BEH A, )

s); 3.83 1.808,4208;H 3nbdated, A}, XjaﬁIéﬂfdhﬁABBg]*MHzﬁ 3H29-3.0034 B619); 299( 2 H, ¢
m: 2.42- S 9F :-NVMR (DVSBO- d6): 5 -75.10 15 SEPT =

2005 120 l(%ﬂfslméx hg%ié'ﬁ(@ I[IAmj, 1 30 23 H, s).
(4-net hyl phenv]) et hynyl | - 3, 6- di hydropyri di n-1(2H) -
yl I sul fonyl } met hyl )i m dazol i di ne- 2, 4-di one

N-[1-({[(45)-4-methy]-2. S-dxoxmmldazohdm-4-vlknethyl}sulfonjllmggndln-4— €
ic  yl]lbenzamide '

LC-MS (APCI) m/z 395 (MH-+).

'H NMR (DMSO-de): 5 10.72 (1 H, 5); 8.30 (1 H, d); 8.01 (1 H, s); 7.82 (2 H. d); 7.51 (1 ‘

H, 1); 7.45 (2 H, 1); 3.96-3.85 (1 H, m); 3.52 (2 H, t); 3.50, 3.32 (1 H cach, ABq, J=14.7

Hz); 2.92 (2 H, 1); 1.88 (2 H, d); 1.55 2 H, q); 1.33 3 H, 5).

(55)-5-{[(4-{]2-(1,1-dimethylethy-1H-indol-5-yllamino}piperidin-1-

yD)sulfonyljmethvh-5-methylimidazolidine-2.d-dione '

LC-MS (APCI) m/z 462 (MH+).

'H NMR (DMSO-dg): § 10.72 (1 H, 5); 10.37 (1 H, 5); 8.00 (1 H, s); 7.02 (1 H, d, J=8.4
20 Hz); 6.58 (1 H, s); 6.45 (1 H, d, /~8.4 Hz); 5.86 (1 H, s); 4.65 (1 H, Brs); 3.48, 3.25 (1 H

each, ABq, J=14.7 Hz); 3.46 (2 H, t); 2.93 2 H, 1); 1.95 2 H, t); 1.45-1.35 2 H, m); 1.33

(3H,s); 129 9 H, s). |

( SS)-S-methii-S—J( piperidin-1-visulfonyl)methvl]limidazolidine-2.4-dione
35 LC-MS (APCI) m/z 276 (MH+). |
"H NMR (DMSO-dg): 8 10.70 (1 H, s); 7.97 (1 H, s); 3.44, 3.23 (1 H each, ABq, J=14.8
Hz); 3.13-3.01 (4 H, m); 1.58-1.42 (6 H, m); 1.30 (3 H, s).




LCMs (APCl) mz 388 (M#). "H NWR (DVMSO-d6): 5 10.74 (1 H s); 8.02 (1 H,
s); 7.32 (2 H d); 7.19 (2 H d); 6.17 (1 s H, br s); 3.80 (2 H5 BEPB.ZMS
3.39 (1 Heach, ABg, .1-14.8 Hz); 3.29 (2 H t); 2.39-2.32 (2 H m,; 2.30
(3 H s); 1.32 (3 H s). (59-5-(

f 4-f (4-ehi or ophenyl ) et hynyl | - 3, 6-di hydropyri di n- 1( 2H) - yI]squonyI | met hyl ) -

5-net hyl i m dazolidine-2,4-dione io LGMs (APCl) mz 408 (M+). '"H NWR
(DVBO-d6): b 10.74 (1 H, s); 802(1H i 7.54-7.38 (4 H m; 6.23(1H,
br s);: 3.87-3.76 (2 H, m: 3.53, 9H each, ABg, J=14.9 Hz):
3.34-2.25 (2 H, rn); 2.42-2.29 (2H n) 1.32 (3 H s). is

(5S)-5-f4-(3, 4- D chl or o- phenoxy) - ni peri di ne-1-snl fonyl met hyl | - 5- rrethyl

i m dazol i di . ] . . H). " H NWVR
(DVBO-  d6) §298-21i83.91angp VERTIN - praudpnyymetavy ety limgida; - 7.31
(1 H d, 29Hz)702(1Hde92 29Hz)465457(1Hn')

3. 51, 334—'@?—Heach ABg, 20 J==152 Hz); 3.39-3.27 (2 H m; 3.17-3.08 (2

H m; 2. 00e@Qaberi074 (MAP).1. 65 (2 H  m; 1.33 (3 H s).

(5S)-5-14-(5-Ch | oro- py r|d|n 2- yI oxy) - pi ueri di ne-|

-sul f onyl n‘é{NMR{BMm )t & 10r?i2c(leﬁ,csD|8d®(h@ H, &: ﬁjSérﬁe‘l&@ HQnI){E‘»' '(AB@S)(NHJJZ

403. 3 (M), 5 DVBO-d) ; 10.74 (1 H s} }é J=2 Hz

7.81 (1 Hmid; 62}&é2f Hyny; 3F112)3 3% (BH queh,-hBg, /<1477 Hzkgy22 B, H_,eid5 2)34@11 :

52, 3.35 h Bg, J=15.0 Hz); 3433.28(2Hrr)319307(2H

&y, 2.08- 124%‘532(?% (H)HA? 80-1.65 (2 H, m: 1.33 (3 H, s). fi 15 SEPT 2005

121

(5S)-5-Methyl-5-14-(5-trifluoronnethyl - pyr|d|n 2- onxy) pi perldl na- 1-sul fon
dazali MNI1-beRgh)i

vl!sulfonyl}methvl}:r'mdazohdme-z 4-dione

10 LC-MS (APCI) m/z 408 (MH+). _ _ _

'H NMR (DMSO-dg): 5 10.86 (1 H, 5); 10.75 (1 H, s); 8.02 (1 H, s); 7.27-7.17 (1 H, m);

| 7.05-6.91 (3 H, m); 4.38-4.20 (1 H, m); 3.65 (2 H, t); 3.56, 3.38 (1 H each, ABq, /=14.8
Hz); 3.03-2.90 (2 H, m); 2.41-2.24 (2 H, m); 1.76 (2 H, d); 134 (3 H, s).

15 {(58)-3-({|4-(1H-1.2,3-benzotriazol-1-yD)piperidin-1-yl]sulfonylimethvyh-5-

' meth_vjimidazolidine-2,fl—dioné
LC-MS (APCY) m/z 393 (MH+).
'H NMR (DMSO-de): 6 10.77 (1 H, s); 8.05 (1 H, s); 8.05 (1 H, d); 7.93 (1 H, d); 7.56 (}
H, t); 7.41 (1 H, 1); 5.12-4.97 (1 H, m); 3.71 (2 H, t); 3.58, 3.43 (1 H each, ABq, J=14.7
20 Hz);3.19-3.03 (2 H, m); 2.29-2.16 (4 H, m); 135 3 H, 5). ’

(55)-5-methyvl-5-({[4-(pyridin-2-vlethynyl)-3.6-dihydropyridin-1(2 )~

yllsulfonyl}methylimidazolidine-2.4-dione trifluoroacetic acid
LC-MS (APCD) my/z 375 (MH+).

25 'HNMR (DMSO—d(,):S 10.57 (1 H, s); 8.56 (1 H, d); 8.03 (I‘H, s); 7.82 (1 H, t); 753 (1 H,
dy; 7.38 (1 H,dd); 6.31(1 H,.br s); 3.83 (2 H, d); 3.54, 3.41 (1 H each, ABq, /=14.8 Hz);
3.36-3.25(2 H, m); 2.42-2.34 (2 H,m); .32 (3 H, s).

'*F NMR (DMSO-dg): § ~75.10




(1 H d J=8.8 Hz); 6.71 (1 H, s); 5.40-5.28 (1 H, m; 3.52-3.39 (2.H m;
3.40-3.28 (2 H m; 3.32 (2 H ABq, J=24.6, 14.0 Hz); 2.16-2.02 (2 H m;
2.02-1.84 (2 H m; 1.67 (3 H s). 10 15 SEPT 2005
6-J1-((4,S)-4-Methyl -2, 5-di oxo-im dazol i di n-4-vl net hanesul fonyf)-piperidin-4
-yl oxyl - nicotinonitrile LGCM (APCI) mz 394.3 (M#). 'H NWVR (DMSO- d6): 8
10.72 (1 H, s); 8.68 (1 H d, J 23 Hz); 8.14 (1 H, dd, J'=8.7,2.3 Hz); 8.00
(1 H s); 698 (1 H d, J--8.7 Hz); 5.27-5.14 (1 H m; 3.56-3.28 (4 H m; .
3.18- 15 3.06 (2 H m; 2.08-1.96 (2 H, rpzo 1.81-1.66 (2 H m; 1.31 (3 H,

S) . ‘

(5S) - 5- Met hyl - 5- (4- p-tol yl oxy- pi peri di ne- | - sul fonyl rrethyl)-imdazolidi ne-2,4
- di one LC—I\/IS(APCI) m z 3825(M—I+) HNI\/R(DIVISO de) : 10 73(1H S);
8.01 (1 H, 7. H268 2.

4.50- 4. 42 ydropyi
m; 3.17-3 99189(2Hrr) 173163(2H
m; 1.33 ( -trlfluoronethyl P

henoxy) - pi pgtMgl(necl)mmmmm hyI |- i md azolidine-2,4-dione 25 LC- M5
(APCl) rﬂz 436 318 ) H NVMR (DMSO- d6): 6 10. 71(1H brs); 8.02 (1 H,
s); 7.65 NMH( BeXi2)10. 7,4(17H,(Sa $02 (UH, 3x9.3 @, d)y712- (a Hidi);(ﬂ 11—[1 rr)

o op. 353%(%5236%6@#‘&’37%2 33560 (*r%lmf’ Oq,%l—iis&m@.zlg? Tﬁ?;%éﬁﬁ%g% 125
1- (4S) - - pi peri di n- 4-
|o‘xy|f perotir ) GRS IM 2 5052 (M. - H R (DVBD "46)+5 10, 73 @

(1H s); 800 (1H s); 7.76 (2 H, d, J=8.8 Hz); 7.15 (2 H, d, s J=8.8 il
Hz); 4.74-4.65 (I H, m; 3.51, 334(1Heach ABg, J=14.9 Hz): 3.40-3.27 (2

H nm; 3. @m-s-mm-m@-ehioml)hexa;mﬂamﬂgmahm ropyridid L2AHB§ed fehyl hethid)32 (3
H s). (59 -5-(4-(4- I\/bthoxy
- phenoxy) - i 2 hyI i -5-methyl-imdazolidi ne- 2,4-dione '0 @

LGB (APGAR N EAPCH WZQWEMHﬂ
'{ NMR (DMSO-dq): 6 10.74 (1 H, s); 8.02 (1 H, s); 7.54-7.38 (4 H, m); 6.23 (1 H, br s);
3.87-3.76 (2 H, m); 3.53, 3.41 (1 H each, ABq, J=14.9 Hz); 3.34-2.25 (2 H, m); 2.42-2.29
QH m); 132 (3 H, ). '

15 (58)-5-14-(3.4-Dichloro-phenoxy)-piperidine-1-sulfonvimethyl]-5-methvi-

imidazolidine-2.4-dione - "
 LC-MS (APCI) m/z (APCI) m/z 436.1 (MH+).
'"HNMR (DMSO- dg): § 10.74 (1 H, s); 8.01 (1 H, s); 7.53 (1 H, 4, J=9.2 Hz); 7.31 (1 H, 4,
- J=2.9Hz); 7.02 (I H, dd, /=9.2, 2.9 Hz); 4.65-4.57 (1 H, m); 3.51, 3.34 (1 H each, ABq,
20 J=152Hz);3.39-3.27 (2 H, m); 3.17-3.08 (2 H, m); 2.00-1.90 2 H, m); 1.75-1.65 2 H,
m); 133 3 H, s). | &

(55)-5-[4-(5-Chloro-pyridin-2-yloxv)-piperidine-1-sulfonylmethvl]-5-methvi-

imidazolidine-2.4-dione
25 LC-MS (APCI) m/z 403.3 (MH+).
‘ "H NMR (DMSO-dg): § 10.74 (1 H, 5); 8.20 (1 H, d, J—27Hz) 7.81(1 H, dd,/=8.7,2.7
Hz); 6.87 (1 H, d, /=2.7 Hz); 5.16-5.03 (1 H, m); 3.52, 3.35 (1 H each, ABq, J=15.0 Hz),
3.43-3.28 (2 H, m); 3.19-3.07 (2 H, m); 2.08-1.95 (2 H, m); 1.80-1.65 (2 H, m); 1.33 (3 H,

s).




"HNWR (DMSO d6): S 10.73' (1 H,.s); 8.01 (1 H s); 6.89 (4 H ABq, J=29.1,
9.1 Hz); 4.43-4.34 (1 H m; 3.70 (3 H m; 3.51, 3.33 (1 H ABgsJsErPts2005
Hz); 3.38-3.(2 Hm; 3.16-3.05 (2 H m; 1.97-1.87 (2 H m; 1.73-1.62 (2
H m; 1.33 (3 H s). 15

(5S)-5-f4-(3,4-Di fl uoro-phenoxy) - pi peridine-I-sul fonyi net hytl -5-net hyl -

i m dazol i di ne-2,4-dione LCM (APCI) nlz 404.2 (MH). "H NVR (DMSO- d6): 8
10.74 (1 H, s); 801 (1 H s); 7.35 (1 H, q J 19.6, 9.2 Hz); 7.19- 7.11 (1
H m; 6.86-6.80 (1 H m; 4.57-4.48 (1 H 7 1 3.51, 3.34 (1 H each, ABq,
J=14.9 20 Hz); 3.38-3.28 (2 H nm,; 2.16- 3 06 (2 H m; 2.00-1.90 (2 H m;
1.74-1.64 (2 H m; 1.33 (3H,s). (5.5 -5-14-(4-Chl oro-phenoxy) - pi peri di ne- |
-sul fonyl met hyl | - 5- net hyl -i m dazal i di ne- 2, 4-dione 25 LCG-Ms (APCl) niz 402
(MH). "HNW (DVSO d6): S 10.73 (1 H s); 800 (1 H s); 7.32 (2 H, d,
J=8.8 Hz); 7.00 (2 H d, J=8.8 Hz); 4.56-4.48 (1 H m; 3.50, 333 (1 H

;acrr;) Aisq7 r'idm32 éridite- Mhulfon¥ifedyP0 (2
(SS)-5-[4- @Etbivdmﬁ; gmlen 2-yl oxy) p| perl di ne- I-suI fonyl met hy12- 5- net hyl -
i m dazol i dj ne-2. , 4- one LC— APCI) ‘mz 398 (MH). "H NWR (DVBO- d6): S
10. 74 (1 H-CIYS QPP iz .02 (1 H s): 5.11-5.03 ( 1Hrr)5352

> 5 (3 1 B iEBoy) %ﬂa%'f'@ s&%éfﬁ%éﬁ?ézrﬂf’wcl FE P 6P 1 o

H s Y/
("(fSS) 5- ?\/bt(% I-Ii-dS(]a?lIEd H%)t f’il?g ITE(%-?SKSZ?%/SZ&/(} |Hm d) %522 ?/3(9»@/}{ pr)lll)pérltlod?'%%g% I-{’ 10
sul f onyl rrehh)BI 32 (ZrH,dABqJ J=i4ne-12,(4Hd); Qries-2.02 KBH] AB@)OZFMM(%HSUOJVHM (3 HH NWR
(CDC]3): S 8.84-8.76 (1 H m; 8.02 (]'H s); 7.31 (1 H d, J=4.8 Hz); 6.33
(1 H s):95.41-5.34 (1 H m; 4.54-4.42 (4 H m; 3.3 5, 3.24 (1 H each,
Mq J'=12.9 Hz); 2.17- 2.07 (4 H, ran); 2.02. (3 H 9 ‘

0 6—[1-((4.§')-4—Mefhyl-Z.S-dioxo-imidazo]idin-4-vlmethanesulfonvl)-pigeridin—4-yloxﬂ-

—

nicotingnitrile

LC-MS (APCI) m/z 394.3 (MH+).

'H NMR (DMSO- dg): & 10.72 (1 H, s); 8.68 (1 H, d, J=2.3 Hz); 8.14 (1 H, dd, J=8.7, 2.3

Hz); 8.00 (1 H, 5); 6.98 (1 H, d, J/=8.7 Hz); 5.27-5.14 (1 H, m); 3.56-3.28 (4 H, m); 3.18-
15 3.06 (2 H, m); 2.08-1.96 (2 H, m); 1.81-1.66 (2 H, m); 1.31 (3 H, s). |

(585)-5-Methvi-5-(4-p-tolvloxv-piperidine-1-sulfonylmethvD-imidazolidine-2_4-dione

LC-MS (APCI) m/z 382.5 (MH+). _

'"H NMR (DMSO- dg): 8 10.73 (1 H, s); 8.01 (1 H, s); 7.09 (2 H, d, /=8.4 Hz); 6.87 2 H, 4,
2 J=8.4Hz);450-4.42 (1 H, m); 3.50, 3.34 (1 H each, ABq, J=14.8 Hz); 3.38-3.29 (2 H, m);
3.17-3.09 (2H, m); 2.23 3 H, 5); 1.99-1.89 (2 H, m); 1.73-1.63 (2 H, m); 133 3 H,s).

(55)-5-Methyl-5-]4-(4-trifluoromethyl-phenoxy)-piperidine-1-sulfonvimethvl]-

imidazolidine-2.4-dione

235 LC-MS (APCI) m/z 436.3 (MH+).
'H NMR (DMSO- dg): § 10.71 (1 H, brs); 8.02 (1 H,s); 7.65(2 H, d, /=88 Hz); 7.17 (2 H,
d, /=8.8 Hz); 4.72-4.64 (1 H, m); 3.52, 3.35 (1 H each, ABq, /~14.7 Hz); 3.40-3.28 (2 H,
m); 3.19-3.10 (2 H, m); 2.05-1.95 (2 H, m); 1.78-1.68 (2 H, m); 1.33 3 H, s).




15
(5S) - 5- Met hvl - 5- [ 4- (5- met hyl - pyri di n- 2- vl oxy) - pi peri di ne-1 - sul f by §ERFy3903
i m dazol i di ne-2, 4-dione LC-Ms (APClI) rr1/z 383 (MH). 1H NWR (CDC13): S 8.14
(1 H s); 806-7.99 (2 H mM; 7.19 (1 H s); 7.09 (1 H d, J--11.6 20 Hz);
5.28-5.21 (1 H, m; 3.70-3.41 (6 H, m; 2.44 (3 H, s); 2.13-1.96 (4 H m;
1.62 (3 H s).
(5S)-5-[4-(4-Fl uoro-benzoyl) - pi peridine-|-sul fonyl met hyl | -5-net hyl -im dazol i
dine- 2,4-dione 25 LCG-M5 (APCl) rnlz 39§,¢M+). 1H NVR (DVMBO- d6): S 8.06 (2
H q, J=9.2,6.0 Hz); 7.40 (2 H t, J=8.8 Hz); 3.61-3.41 (4 H m; 3.00-2.91
(2 H m; 1.90-1.81 (2 H m; 1.62-1.50 (2 H mM; 1.33 (3 H s). 15 SEPT
2005 124 (5S)-5-f4-(5-Fiuoro-pyrimdin-2-yf
oxy) - pi pegJ[gli
(APCl) Mz . ,
(1 H, s);bénz80Qithil@3 (1 H rr) 3.53- s 3.35 (4 H m; 3. 36 3.21 (1 H each
ABq, J=J4.4 Hz); 2.10- (4 H m; 1.70 (3 H s).
(5S)-5- 14L€6\4§/é6ﬁ§>£}/N{5§r3Pa12rLM12+3/| oxy -
- pi peri di Rexh; t t I,y dazolidi ne-2_4- di - APC
ml(ozp399 (RERIREOMSUTR & (R ! ?*5%@ R LR s A Aeteh i v
, 5.;24- 274 (1 H
each ABq{isﬁsfH&)'La;Hm-ﬁks §§}§§%) @?51H3 3&>(1 I'}?‘caléﬁ §B§ J 121#%15??34933%%(23%%% 82 (2
H, n) 1.31Y7-6B7H2 15)m); 2.03-1.94 (ZH m) 177—1 66 (2H,m); 1.32 (3 H, s).
(5S}-5-f4-(6-Chloro-pyridin-2-yloxv)-piperidine-|- sulfonyl nmet hyl | - 5- net hyl -

15 inni daZO|IdI ne- 2, 4- d| one LC-Ms (APCI) mz 403 (MH). “H NWVR (MeQD): 5
765(1 : fers 7. -6§1H, J_I7_.,2 Hz)

3. 28243‘0]"% (2 H, 'rr) 2.14-2.02 (2 H m; 1.92-1.79 (2 H m; 1.47 (3 H §

1o LC-MS (APCI) m/z 398.2 (MH+).
' NMR (DMSO- dg): 5 10.73 (1 H, s); 8.01 (1 H, s); 6.89 (4 H, ABq, J=29.1, 9.1 Hz);
4.43-434 (1 H, m); 3.70 (3 H, m); 3.51, 3.33 (1 H, ABq, J=15.0 Hz); 3.38-3.28 (2 H, m);
3.163.05 (2 H, m); 1.97-1.87 (2 H, m); 1.73-1.62 (2 H, m); 133 3 H, ).

s (58)-5-{4-(3.4-Difluoro-phenoxy)-piperidine-1-sulfonytmethyt]-5-methyl-

imidazolidine-2.4-dione
LC-MS (APCD) m/z 4042 (MH+): | .
'HNMR (DMSO- dg): 8 10.74 (1 H, 5); 8.01 (1 H, s); 7.35 (1 H, q,J=19.6, 9.2 Hz); 7.19- &
7.11 (1 H, m); 6.86-6.80 (1 H, m); 4.57-4.48 (1 H, m); 3.51, 3.34 (1 H each, ABq, J=14.9
20 Hz); 3.38-3.28 (2 H, m); 2.16-2.06 (2 H, m); 2.00-1.90 (2 H, m); 1.74-1.64 (2 H, m); 1.33

(3 H,s).

(55)-5-]4-(4-Chlero-phenoxv)-piperidine-1-sutfonylmethyll-5-methvi-imidazolidine-

2.4-dione '

25 LC-MS (APCI) m/z 402 (MH+).
'H NMR (DMSO- dg): & 10.73 (1 H, 5); 8.00 (1 H, 5); 7.32 (2 H, d, J=8.8 Hz); 7.00 (2 H, d,
J=8.8 Hz); 4.56-4.48 (1 H, m); 3.50, 3.33 (1 H each, ABq, /=14.8 Hz); 3.37-3.28 (2 H, m);
3.16-3.06 (2 H, m); 2.00-1.90 (2 H, m); 1.73-1.63 (2 H, m); 1.32 3 H, s).




20 3-f

1- ((4S) - 4- Met hyl - 2, 5-di oxo-i mi dazol i di n-4-vl met hanesul f onyl ) - pi pé&r5 GEPL- @005
ox_Y_1- benzonitrile LGMs (APCI) nlz 393 (MH#). "H NWR (DVSO d6): 5 10.74
(1 H s);, 802 (1 H s); 7.52-7.47 (2 H m; 7.42-7.3 8 (1 H 25 m;
7.36-7.31 (1 H m; 4.69-4.61 (1 H m; 3.52, 3.35 (I Heach, ABq, J--17.2
Hz); 3.18- 3.07 (2 H m,; 2.02-1.95 (2 H m; 1.79-1.65 (2 H m; 1.33 (3 H,
s). G 15 SEPT 2005 125 (5S)-5-(4-(3- Mt hoxy phenoxy) - pi peri di ne-1 - Sul ‘
fonyl met hyl | - 5- net hyl -i r ni dazol i di ne- %3 ne LCMs (APClI) mz 398 (MH).
'H NMR (DVBO- d6):5 10.74 (1 H, s); 8. 01( H s); 7.21'-7.15 (1 H m;
6.58-6.50 (3 H m; 4.57-4.49 (1 H mM; 3.73 (3 H s); 3.51,.3.34 (1 H
each, ABq, J 14.4 Hz); 3.17-3.08 (2 H, nm); 2.01-1.912 (2 H m; 1.74-1.64 (2
H, rr) 1.33 : - 1. & .

14- {1 ((454- 1er|d1ne1su!fon Imethyl methyl i di n- 4-
yloxyl - phenydnkda&@lia&nemd&h&&h LC-M5 (APCl) mz 425 (MH). '"H NWVR (DVSO- d6):
S,10.69 (1 H, brs); 9.78 (1 H s); 800(1H s); 7.47 (2 H, d, J=9.2 Hz);
6.91 (2 H, &cme@@)mwa(m&w 41 (1 H, ni); 3.51 (1 HfromABq, J=14. 4

) %at iR ots ) a5 10 A, 3)3471(29?1 3; ?%z%fs) i-dod G b g (2

(% R A ST R B

brs); 7.99 1J=HS B):6 1712)332 ((611 kg (21—1 4@81%1H271, 27}-101%? (133 H;s)JF27%3 HZ}
#i2.6. 95 ( n; 6 (1 % rom AB(,
203.17309=’(2Hi)ﬁ) 200191(2H n) 175165(2H zn); 133(3H
s). {5

(5S)-5-Methvi -5-[4-(4-trifluoromethoxy-phenoxy)-pi peridi ne-1-sul fonyl net hyl |

-Q\"iﬂé* m dazolri g&:ﬁeﬂﬁﬂlgpﬁﬁ—triﬂuoromethyl-pvrirﬁidin-Z—ylokaDLﬂjridine-l-
o sulfonylmethvl]-imidazolidine-2.4-dione ' |
LC-MS (APCD) m/z 438 (MH+).
'H NMR (CDCls): & 8.84-8.76 (1 H, m); 8.02 (1 H,s); 7.31 (1 H, d, J~4.8 Hz); 6.33 (1 H,
s); 5.41-5.34 (1 H, m); 4.54-4.42 (4 H, m); 3.35, 3.24 (1 H each, ABq, /=12.9 Hz); 2.17-
2.07 (4 H,m); 2.02 (3 H, s).

15

(585)-5-Methvl-5-[4-(5-methv]-pyridin-2-vloxy)-piperidine-1-sulfonylmethvl]-

imidazolidine-2.4-dione ‘

LC-MS (APCI) m/z 383 (MH+).

"HNMR (CDCls): 8 8.14 (1 H, s); 8.06-7.99 (2H, m); 7.19 (1 H, s); 7.09 (1 H, d, /=11.6
20 Hz); 5.28-5.21 (1 H, rh); 3.70-3.41 (6 H, m); 2.44 (3 H, s); 2.13-1.96 (4 H, m); 1.62 (3 H,

o s).

{55)-5-{4-(4-Fluoro-benzovl)-piperidine-1-sulfonyimethvyi}-S5-methyl-imidazolidine-
2.4-dicne '

25 LC-MS (APCI) m/z 398 (MH+). .
'H NMR (DMSO- dq): & 8.06 (2 H, g, /=9.2,6.0 Hz); 7.40 (2 H, t, /=8.8 Hz); 3.61-3.41 (4
H, m); 3.00-2.91 (2 H, m); 1.90-1.81 (2 H, m); 1.62-1.50 (2 H, m); 1.33 (3 H, s).




LC-Ms (APCl) mz 452 (M#). 2s "H NWR (DVSO- d6): 5 10.74 (1 H, 52% 8.01 1
H s); 7.29 (2 H d, J=8.8 Hz); 7.08 (2 H, d, J9.2 Hz); 4.604. (3ERT

3.51 (1 HfromABq, J--14.8 Hz); 3.17-3.08 (2,H m; 2.02- 1.93 (2 H, rT)
1.75-1.65 (2 H rn); 1.33 (3 H s). 15 SEPT 2005 126 (5S)-5- Met hyl
-5-{4-(3-trifluoroneth oxy-phenoxy)-pi peridine-1 -sulfonyinethyl1- i

m dazol i di ne-2, 4-dione LC-M5 (APCl) mz 452 (M#). '"H NWMR (DMSO d6):5 10. 74
(1 H s); 801 (1 H s); 7.41 (1 H t, J=8.4 Hz); 7.06-6.91 (3 H m;
4.65-4.58 (1 H m; 3.51 (1 HfromABq, 14314.8 Hz); 3.18-3.08 (2 H, rn);
2.02-1.93 (2 H m; 1.76-1,65 (2 H m; 1.33 (3 H s).

(5S)-5-14-(2, 4- D f1 uor o- phenoxy) - pi peri di ne-1-sul f onyl rret hyl ) - 5- net hyl -

i m dazol i di ne- 2 4-dione io LGM (APCl) mz 404 (M+). 'H NVR (DMSO d6) S
10.74 (1 i en(lalrlé-l-m:lfor?
4.50-4.41 ) :
m; 1 78;&1&501gmle|»2 m)d,uorile 33 (3 H s). 15 (5S)-5-14- (4 Fl uoro phenoxy
- pi peridi ne-1-sul fonyl met hyt] -5-nnet hyI-| m dazol i di ne- 2, 4-di one LC- M5

(APCl ) mszf%((f’m@I)nvzm& “DVBO- d6): S 10.75 (1 H, s): 8.02 (1 H, s):

: ;171 75- ﬁ%ﬁ@@c%g%ﬁs@(’éﬁ 3%%26)3(5%65‘9’1%(% abls Bigt 05) T (21
E?;- B AR Q@z@sé#ﬁ&“ﬁ%@d‘%@&%@? 20 5025 1 76, @Pc} (1 H

s); 7.36-7.26 (1 H m; 6.91-6.71 (3 H, m; 4.62-4.52 (1 H m;
3.18-3.06 (2 H, r‘r);202191(2Hr‘r)178163(2Hr‘r)133(3Hs).
Cl {58)-5-[4-(6-Methoxv-pyridin-2-yloxy)-piperidine-1-sulfonylmethyl}-5-methyl-

imidazolidine-2.4-dione
LC-MS (APCI) m/z 399 (MH).

10 'HNMR (MeOD): § 7.54 (1 H, t, J=8.4 Hz); 6.33-6.28 (2 H, m); 5.24-5.14 (1 H, m); 3.86
(3 H, s); 3.53-3.42 (2 H, m); 3.58, 3.39 (1 H each, ABq, J=14.4 Hz); 3.30-3.22 (2 H, m);
2.13-2.02 (2 H, m); 1.96-1.82 (2 H, m); 1.47 3 H, s).

{(585)-5-f4~( 6—Chloro-pvridin—z-vloxv}-piperidji.ne-l-sulfonylmethvl]-S-methvl-

t5 imidazolidine-2 . 4-dione
LC-MS (APCI) m/z 403 (MH+).
'H NMR (MeOD): 8 7.65 (1 H, t, J=7.8 Hz); 6.97 (1 H, d, /=7.2 Hz); 6.73 (1 H, d, /=7.2
Hz); 5.25-5.14 (1 H, m); 3.55-3.44 (2 H, m); 3.58, 3.39 (1 H each, ABq, J=14.4 Hz); 3.28-
3.19 (2 H, m); 2.14-2.02 (2 H, m); 1.92-1.79 (2 H, m); 1.47 (3 H, s).

20

3-{1- (45’)—-4-Methvl-Z,S-dioxo-imid azolidin-4-vimethanesulfonvl)-piperidin-4-yloxyl-

benzonitrile

LC-MS (APCT) m/z 393 (MH+).

'HNMR (DMSO- dg): § 10.74 (1 H, 5); 8.02 (1 H, s); 7.52-7.47 (2 H, m); 7.42-7.38 (i H,
5 m); 7.36-7.31 (1 H, m); 469-461 (1 H, m); 3.52,3.35 (1 H each, ABq, /~=17.2 Hz); 3. 18-

3.07(2 H,m); 2.02-1.95 (2 H, m); 1.79-1.65 (2 H, m); 1.33 (3 H, s). R
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(5%) - 5- (4- (2- Fl uor o- phenoxy) - pi peri di ne-1-sul fonyl met hvi | - 5- net hyb- 8BPTWa2060b
dine- 2.4-dione LGM (APCI) mz 386 (MH+). "H NVR (DVSO- d6): S 10.74 (1 H,
s); 801 (1 H s); 7.28-7.17 (2 H m; 7.17-7.08 (1 H 5 m; 7.02-6.97 (1 H,
m; 4.59-4.47 (1 H m; 2.04-1.92 (2 H nm; 1.80-1.67 (2 H m; 1.33 (3 H,
s). : ,‘
(5S) - 5- 14- (5- Met hoxy- pyri di n- 2-yl oxy) - pi peri di ne-1| -su)fonyl met hyll-5-net hyl -
i m dazolidine-2,4-dione 'o LGCMS (APCI) nmis 399 (M#). "H NWR (DVMSO- d6): S
10.74 (1 H s); 801 (1 H s); 7.89 (1 H d, J=3.16 Hz); 7.39 (1 H, dd,
J=3.18, 9.07 Hz); 6.77 (1 H, d, J=8.95 Hz); 5.08-4.96 (1 H m; 3.76 (3 H _
s); 3.51, 3.34 (1 Heach, ABq; J 14.7 Hz); 3.43-3.29 (2"H, m; 3.18-3.05 (2
H m; 2.055$)-844{2-Methoky-phindxi)IpipdriditieH -sulfinylmathv{|35theth)yl-imfazolidine-
(5S)-5-Met hyl -514- (4- pvridi n-3-yl -phenyl) - pi perazi ne- I -sulfonyl methylT -

i m dazol i di2ediunt- di one LG-MS (APCI) miz 430 (MH#). '"H NVR (DVMB O d6): S

10.76 (1 H, 60 (1 H, d, J=4.91 Hz); 8.35 (1 H, 20 d,
J=7. 81(Hz) LC@%&(@@QM@BS%@&%M H( d J=8.87 Hz): 7) 12 (2 H( d, J=8.91

Hz 3.57 2 :

(5)5) 5- met. %M%@Bﬂ -4 lo: (§| 5% IrgfflcnZ %%1 % lﬁbﬁ’%??’rgtéw‘?’lmdazo
| i di ne-;2, 4y 3

(13 Ht,ne 4;19) 4}@32452 ang/ﬁit fsﬁgﬁx s)FTB251 994(1\/@@11 k!a&ll\ﬁl(ct@ﬁhg)s 1753 bs}%

My M 3. 4%, 3n)50. 0(12]H?1 H 51)219?451263(QII-[-,|,111);)1 ;336330 5. H bs); 6.78 (1H, d);
893 O H t); 7.65 (1 H t); 7.70 (1 H bs); 8.16 (1 H d). 15 SEPT 2005
128 (SS)-5-1(14-((3, 4-di net hyl benzyl ) oxvl pi peridin-1-vi sul fonyl)nmethyl 1-5-

N-{4-11-((45)-4-Methvi-2.5-dioxo-imidazolidin-4-vlmethanesulfonvl)-piperidin-4-

vioxvy]-phenvl}-acetamide

10, LC-MS (APCI) m/z 425 (MH+).
'H NMR (DMSO- dg): 6 10.69 (1 H, brs); 9.78 (1 H, s); 8.00 (1 H, s5); 7.47 (2 H, d, /=9.2
Hz); 6.91 (2 H, d, J=9.2 Hz); 4.48-4.41 (1 H, m); 3.51 (1 H from ABq, /=14.4 Hz); 3.16-
3.06 (2 H, m); 2.00 (3 H, s); 1.98-1.90 (2 H, m); 1.73-1.63 2 H, m); 1.33 3 H, s).

t5 (5.5)-5-[4-(3-Chloro-phenoxy)-piperidine-1-sulfonylmethvl}-5-methvl-imidazolidine-

24-dione
LC-MS (APCI) nvz 402 (MH+).
'"H NMR (DMSO- dg): & 10.76 (1 H, brs); 7.99 (1 H, s); 7.31 (1 H, 1, /=8.4 Hz); 7.08 (1 H,
t, /=2.2 Hz); 7.02-6.95 (2 H, m); 4.64-4.56 (1 H, m); 3.51 (1 H from ABq, /=14.4 Hz);
20 3.17-3.09 (2 H, m); 2.00-1.91 (2 H, m); 1.75-1.65 (2 H, m); 1.33 3 H, s).

(55)-3-Methvyl-5-[4-(4-trifluoromethoxy-phenoxyv)-piperidine-1-sulfonvimethvlj-

imidazolidine-2,4-dione
LC-MS (APCI) m/z 452 (MH+),

25 'H NMR (DMSO- dg): 8 10.74 (1 H, s); 8.01 (1 H, s); 7.29 (2 H, d, /=8.8 Hz); 7.08 (2 H, 4,
J=9.2 Hz); 4.60-4.52 {1 H, m); 3.51 (1 H from ABq, /~14.8 Hz}; 3.17-3.08 (2 H, m); 2.02-
1.93 (2 H, m); 1.75-1.65 (2 H, m); 1.33 (3 H, 5).




met hvl i m dazol i di ne-2, 4-di one (NB_ contains 30% of the 2, 3-dinet hg/l |sorrer
whi ch was in the startlng material) LCM (APCI) rn z 410 (MH+H) 1

(DV8O-d6): 6 1.3 (3H, s); 1.53-1.64 (2H, m; 1.83-1.89 (2H, m; 2.18 (3H

s); 2.20 (3H, s); 2.95-3.33 (2H, m; 3.25-3.31 (3H, m; 3.45 (1H, d);
3.45-3.53 (1H, m; 4.42 (2H, s); 7.01-7.15 (314, m; 7.97 (1 H s); 10.70
(1 H s). (55)-5-nethyl-5-
((4- phenoxypi peridin-1-yl)sul fonyll methyl)im dazolidine-2,4-dione 10 LC-MS
(APCI) mz 368 (MH). "H NWR (DMSO-d6): ®61.30 (3H, s); 1.64-1.73 (2H, m;
1.92-2.00 (2H, m; 3.08-3.15 (2H, m; 3.28-3.44 (4H, nm); 4.49-4.54 (IH, nm;
6.92 (1H, t); 6.96 (2H, d); 7.28 (2H, t); 7.69 (1 H bs); 10.7 (1 H bs). 15
4-Fl uoro-N-(1-((4S)-4- rrethyl 2, 5- di oxo- |mdazoI|d|n 4-vyl nethanesulfonyl) pi p
eridin- 4-{§5}-SiMethakddd-(B-Trifly peyidi vBREhyII6): 5
1073(1Hs)834$1HdJ750Hz)802(1Hs)794788 (2Hn')
7.33-7.26! oligine- 86 (1 H m; 3.58-3.47 (2 H m; 3.51, 3.32 (1 H

iagg L 48@%&?#&)%%%?%% _%7 2.88 (2 H m; 1. 92-1.84 (2 H m;
(5S) - 5- (({ Al éar@lsmeugybh@nfa (Ix)fpéylaoepngd?n-zln\{g}i%tt't{ﬁymﬁ.mﬂ?m

nmet hvl i m dazol 1 di ne- dione 25 [
O-d6):sS H,3W); @IEHAS&(I H, m3-3568 HZl'dJmI?P)Bq,Jl—%SJHﬂﬂﬁ(IBH 0812 H2m3;12.6341.93s) ;
2.24 (3H, s); 2.97-3.03 (2H, mM; 7-3,34 (3H, m; 3.45 (1H, d); 3.49-3.55

(IH m; 628ym)y7l @ﬁ-I(@{ZPﬂ@m)ﬂﬁﬁ(fﬂﬁ) s); 7.98 (1 H s); 10.70 (1 H, s). 15¢&
SEPT 2005 129 (5S)- S
5-{14-(5- chloropyrldln 2- yI)plperldln | - yIIsquonyII-S neth

yl i m dazol4 ¢

10.72 (1 # 8 8. U ; : ,

d); 3.61 (,a,ddmm,he-zgq 5{},,“@3 32 (1 H each, ABq J=14.9 Hz) 2.96-2.76 (3 H @{g
m; 1.92 (2

1o LC-MS (APCI) m/z 404 (MH+):
"H NMR (DMSO-dg): & 10.74 (1 H, s); 8.02 (1 H, 5); 7.34-7.23 (2 H, m); 7.06-6.97 (1 H,
m); 4.50-4.41 (1 H, m); 3.50 (1 H from ABq); 3.17-3.06 (2 H, m); 2.02-1.90 (2 H, m);
1.78-165 (2H, m); 133 G H;s).

15 (55)-5-]4-(4-Fluoro-phenoxy)-piperidine-1-sulfonylmethyl}-5-methyl-imidazolidine-
2.4-dione '
LC-MS (APCI) m/z 386 (MH+). '
'H NMR (DMSO- d): & 10.75 (1 H, s); 8.02 (1 H, 5); 7.17-6.97 (2 H, m); 4.52-4.43 (1 H,
m); 3.17-3.06 (2 H, m); 2.00-1.89 (2 H, m); 1.75-1.62 (2 H, m); 1.33 3 H, 9).

20

{ 5.5')-5-[4—( 3-Fluoro-ph enaxyhgiperidine-l -sulfonyimethvi]-5-methvl-imidazolidine-

2.4-dione

LC-MS (APCI) m/z 386 (MH+).

'H NMR (DMSO- d): & 10.72 (1 H, 5); 8.02 (1 H, 5); 7.36-7.26 (1 H, m); 6.91-6.71 (3 H,
25 m); 4.62-4.52 (1 H, m); 3.18-3.06 (2 H, m); 2.02-1.91 (2 H, m); 1.78-1.63 (2 H, m); 1.33 (3

H, s).



H brd); 1.77-1.62 (2 H m; 1.33 (3 H 5s).

(SS) - 5-14- (5-Benzyl oxv- pyridi n- 2-yloxy) - pi peri di ne-1|-sul fonyl net hyl11l-5- net hy
| - gMimdazolidine-2,4-dione 10 LGM (APCl) mz 475 (M+). 'H NSPRSEPT 2005
(DMSO-d6): S 10.73 (1H, s); 8.01 (1H, s); 7.90 (IH, d, J=3.13 Hz); 7.48-7.30
(6H, m; 6.76 (1 H d, J=897 Hz); 5.10 (2H, s); 5.05-4.98 (1H, m; 3.51 (1 H
(fromABq), JJJ14.84 Hz); 3.40-3.30 (3H, m; 3.15-3.07 (2H, m; 2.07-1.95
(2H, m; 1.74-1.64 (2H, m; 1.33 (3H, s). 15 (59)-5-14 :
(6-Chl oro-pyri di ne-3-yl oxy) - pi peri di ne-1-sul fonvl net hvl| -5-nethyl -

i m dazol i di ne-2, 4-dione LCM5 (APCl) mz 493 (M+). 20 'H NWVR (DMSO-d6): S
10.74 (1H, s); 8.17 (IH d, d--3.10 Hz); 8.01 (IH s); 7.56 (IH dd,

JJ3.18, 8.80 Hz); 7.44 (1 H d, J--8.77 Hz); 4.67-4.59 (IH, m; 3.52, 3.35
(2H, ABg, J 15.22 Hz); 3.39-3.28 (2H, m;. 3.17-3.08 (2H, m; 2.03-1.93 (2H,
m; 1.77- 1(8N-3-24(2-Kyoroipi8BokBHpipe)idiis1-sulfonylmethyll-5-methyl-imidazelidine-
(5S)-5-14- E 5- I—b/droxy- pvridi n-2-yl oxy) - pi peri di ne-1-sul fanyl net hyl | - 5- met hyl -
i m dazol i di -dione LCG-Ms (APCl) mz 385 (M#). "H NWR (Met hanol -d4): 5

7.73 (1H, H dd. J=3.11, 9.03 Hz): 7.04 15 SEPT 2005
130 ((lH dﬂqﬂ@m@égﬁ@z%@@%m (1H, m: 3.58, 3. 41)(2H ABg, J 15.04
(HEL %5313;38 (sabw@idﬁ)%%ﬁ(ﬁ{(s%om ' HZ5)17 28087 O, miP7.1 47981181
(59) - 5-{ 4- A: Tob-@ o7 e yt); MQ-amwl()mInp)@QmLm@zqzslu}nf)onsd)mlﬁ rﬂ)' rrest3fx>3
|mdazoI|d| ne-2,4-dione LGM5 (APCl) nmz 41. MH). "H NVR (DVSO d6) :

% 74 (1 Hls); 8.00 (1 H s); 7.45-7.3 9 (4H rr) 2.97-2.89 (2H, m;
2“"00191(2H m; 1.56-1.45 (2H, nm); 1.31 (3H, s). 10

"~ (55)-5-]14-(5-Methoxy-pyridin-2-vloxy)-piperidine-1-sulfonylmethyl]-5-methvi-

imidazolidine-2,4-dione

10 LC-MS (APCI) m/z 399 (MH+).
'H NMR (DMSO- de): § 10.74 (1 H, s); 8.01 (1 H, s); 7.89 (1 H, d, J=3.16 Hz); 7.39 (1 H,
dd, J=3.18,9.07 Hz); 6.77 (1 H, d, /=8.95 Hz); 5.08-4.96 (1 H, m); 3.76 (3 H, 5); 3.51,
3.34 (1 H each, ABg, J=14.7 Hz); 3.43-3.29 (2 H, m); 3.18-3.05 (2 H, m); 2.05-1.94 2 1,
m); 1.77-1.61 2 H, m); 1.33 3 H, 5).

15-

(58)-5-Methyl-5-[4-(4-pyridin-3-vi-phenvl)-piperazine-1-sulfonylmethyl]-

imidazolidine-2.,4-dione

LC-MS (APCI) m/z 430 (MH-+). |

'"H NMR (DMSO- de): 5 10.76 (1 H, s); 8.99 (1 H, s); 8.60 (1 H, d, J=4.91 Hz); 8.35 (1 H,
. 1 d,J=7.81Hz); 804 (1 H,5);7.70 (2 H, d, J=8.87 Hz); 7.12 (2 H, d, J=8.91 Hz); 3.57 (1 H
“ from ABq); 3.35 (4 H, m); 3.27 (4 H, m); 1.33 3 H, s).

(585)-5-methyl-5-({[4-(pvridin-2-yloxv)piperidin-1-yllsulfonvl}methyllimidazolidine-
2,4-dione '

25 LC-MS (APCI) m/z 369 (MH+). _
'H NMR (CDCl3): 8 1.73 (3H, s); 1.96-2.04 (2H, m); 2.04-2.13 (2H, m); 3.21 (1H, d);
3.36-3.42 (3H, m); 3.45-3.50 (2H, m); 5.29-5.33 (1H, m); 6.30 (1H, bs); 6.78 (1H, d); 6.93
(1H, t); 7.65 (1H, 1); 7.70 (1H, bs); 8.16 (1H, d).




(5S)-5-[4-(4-Chl oro-benzen esul fonyi)-pi peridine-l-sul fo et hylli_
-5-rnethyl - inidazolidine-2,4-dione LG-M5 (APCI) nlz 450 (MH+). 135SERT\RRLS
(DVMBO-d6): 5 10.73 (1 H, s); 7.99 (1 H s); 7.86 (2H, d, J=8.77 Hz); 7.77
(2H, d, J=8.75 Hz); 3.66-3.54 (2H, m; 3.50-3.41 (1H, m; 3.44, 332 (1H
each, ABg, J=14.63 Hz); 2.82-2.73 (2H, m; 1.97-1.88 (2H, n); 1.57-1.42
(2H, m; 1.30 (3H, s). 20

(5S)-5-f4-(4-Fl uoro-phenyl am no) - pi peri di ne- 1- sul fonyl et hyl | - 5- net hyl -

i m dazol i di ne-2, 4-dione LC-Ms (APCI) m 2385 (M#). 'H NWVR (Met hanol -d4): 5
7.20-7.11 (4H, m; 3.84-3.71 (2H, m; 3.60-3.48 (1H, m; 3.56, 3.39 (1 H
each, ABq, J 14.96 Hz); 2.97-2.84 (2H, m; 2.10-2.00 (2H, m; 1.69-1.53 (2H,
25 nm; 1.46 (3H, s). 15 SEPT 2005 131 _
N- 13- (1 - ((359)5-H{ MeBhAdirme thvih emeohpxv] o hweidinlil avlisu fors ) hssnlast onvl ) - pi peri din

-4- yloxvl-phenyl }-acetam de LGMs (APClI) mz 425 (M#). "H NMR'(DMBO-do): 5
10. 74 (1I—Lm_§l!.,_ﬂlm_f£9_' olidine-24-diepen1 (1H, s); 7.37-7.33 (IH, m; 7.21- 7.14 (1
H, 7 70 6 9,.8 04 Hz 4.49-4.42 (1 H,
b conigin 3 §h ol hogd bl solerphichyVagindne e mprah + - |
318308 2.00-1.92 (2H, - 1.76-1.65 2H, 1.33
&g%?lgéﬁka?n{?%zx PLMER); (2H -m; (2H m;

(3H, s).
- 5- 14-{ 4- GANMRA chosdﬁg -8P1.B QBHZQH@”SB 1564 gqsp N&n@tsl:\syﬂ B9 Ezmqhmgl rg g;ol i di ne

- 2,4-dione LGNS (APC) m'z 415 ( M+ 757(1 H,
s): 8.04 uoﬂsH,ss)) 29513433((255 mu 3RS, 38(}H)m) B%(I(HZH) 3145 3.151;5(138@;442 &
3. 79-3.55 bs) 3. 56, ng each J 14.84 Hz): 3.51-3.31 (2H, =
15 Dbs): ?MGHS 19281 103?0(1

1- ((4S) -4 I\/bt hyI 2, 5-di oxo-irnidazolidine-4- yI met hanesul f onyl ) - pi peri di ne- 4-
carboxylic acid (4-f| uor o- phenvi) - am de
(55)-5-methvyl-5-{[(4-phenoxvypiperidin-1-yl}sulfonvlimethyllimidazolidine-2_4-dione

0 LC-MS (APCI) mv/z 368 (MH+).
'H NMR (DMSO-dg): § 1.30 (3H, s); 1.64-1.73 (2H, m); 1.92-2.00 (2H, m); 3.08-3.15 (2H,
m); 3.28-3.44 (4H, m); 4.49-4.54 (1H, m); 6.92 (1H, 1); 6.96 (2H, d); 7.28 (2H, 1); 7.69
(1H, bs); 10.7 (1H, bs). ' ‘

15 4-Fluor0~N-[1-(@Sl—d-methl]—z,sfdioxo-imidazolidin—4-ylmethanesulfonyl}-pim:ridin»

4-vil-benzamide

LC-MS (APCI) 1.'nfz 41.3 (MH+).

'H NMR (DMSO- d¢): 8 10.73 (1 H, s); 8.34 (1 H, d, /=7.50 Hz); 8.02 (1 H, 5); 7.94-7.88

(2 H, m); 7.33-7.26 (2 H, m); 3.96-3.86 (1 H, m); 3.58-3.47 (ZH, rﬁ); 3.51,3.32 (1 ‘H each,
20  ABg,J=14.81 Hz)_; 2.97-2.88 (2 H, m); 1.92-1.84 (2 H, m); 1.62-1.48 (2 H, m); 1.33 3 H,

s).

(5.5)-5-[({4-[(2.5-dimethvlbenzyDoxvlpiperidi n-ljl}sulfonyl)Ln-eth vi]-5-

methvlimidazolidine-2.4-dione

s LC-MS (APCD) m/z 410 (MH+).
'H NMR (DMSO-dg): & 1.30 (3H, s); 1.54-1.62 (2H, m); 1.85-1.91 (2H, m); 2.21 3H, s);
2.24 (3H, s); 2.97-3.03 (2H, m); 3.27-3.34 (3H, m); 3.45 (1H, d); 3.49-3.55 (1H, m); 6.97-
7.04 (2H, m); 7.11 (1H, s); 7.98 (1H, s); 10.70 (1H, s).




20 LG M5 (APCl) m/z 413 (MH). 1 HNWR (DVMSO-d6): S 10.74 (1 H, s); 9.97 (1
H s); 802 (1 H s); 7.65-7.58 (2H, m; 7.16- 7.09 (2H, m; 3.&3-SEB? 2QBS
m; 3.49, 3.33 (1H each, ABq, J--14.94 Hz); 2.87-2.77 (2H, m; 2.48-2.39
(1H, m; 1.91-1.84 (2H, m; 1.70-1.57 (2H, m; 1.33 (3H, s). 25
(5S)-5-1f4-(5-Brono-pvridi n-2-vl oxy)-pi peridine-I|-sul fonyl methyl | -5-net hyl -
i m dazol i dine-2,4-dione LCNM5 (APCl) mz 447, 449 (M#). | H NWR (DVS O d6):
S10.73 (1 H s); 828 (1 H d, J--2.64 Hz); 8.01 (1 H s); 7.91 (1 H, dd.,
J=2.60, 8.84 Hz); 6.83 (1 H d, J=8.79 Hghyp 5.12-5.05 (1 H, m; 3.52, 3.3 5
(1 H each, ABqg, 15 SEPT 2005 132 J=14.85 Hz); 3.41-3.34 (2H, m; 3.17-3.08
(2H, m; 2.06-1.97 (2H, m; 1.78-1.67 (2H, m; 1.33 (3H, s).
(5S)-5-{4-(5-(4-Fluoro-phenyl)-pvridin-2-yl)-piperazi ne-1-sul fonyl nmet hyl | - 5-
k] i !

met hyl - s -{3le @1 8p Y dinonoN hipeMain AR shl f6h 711 4 thet M HiidazblidiNR A VB
O db): S 10. . S),; 8. , d, J=Z. , O. . S),; 7.88 (1 H,
dd, J 2.5d@ion®. 86 Hz); 7.70-7.62 (2H, m); 7.30-7.22 (2H, m); 6.98 (1H d,
J=8.94 Hz); 3.70- 3 .62 (4H , 3.36 (1 Heach, ABq, J=14.73 Hz);

\ ; 3.55

3.26-3. 19 LGS (Mﬁ&@ﬁ%@?ﬂfﬁ- 10

(59)-5-14-(,5: (45 Vi P - pyrivdh - 2: vl )< R i neslo-sul f onyl hyl | -5
Cothyt - 1 i OB PRI ETARY R O HONE S R R BFUGE Dhasp L A S Y
(5S)-5-] 4-(541- 4- 5 - . . .

enyl ) yp’g/r g ?f%éﬁt)b q%f’%‘é? o po L B pach AR Ir4Y Hal 226276 @ Bomy driats

(amZ 4- di ong, b«@);NB71-ABCI(R H,mY, 14843 HiGH. (VHH) .

EHS) - 5- 14- (5-(4-Trifl uoronet hoxy- phenyl ) -pvridin-2-yl)-pi perazi ne-1-sul f onyl
rnethyl |- 20 5-nethyl-imdazolidine-2,4-dione LC M (APCI) mz 514 (MH).
O s AR i B iR PETRF S Sl A TR b ™ ™' -

imidazolidine-2.4-dione

0  LC-MS (APCI) m/z 475 (MH+).
'H NMR (DMSO-ds): & 10.73 (1H, s); 8.01 (1H, s); 7.90 (1H, d, J=3.13 Hz); 7.48-7.30
(6H, m); 6.76 (1H, d, J=8.97 Hz); 5.10 (2H, s); 5.05-4.98 (1H, m); 3.51 (1H (from ABq),
J=14.84 Hz); 3.40-3.30 (3, m); 3.15-3.07 (2H, m); 2.07-1.95 (21, m); 1.74-1.64 (2H, m);
1.33 (3H, s). ' '

{58)-5-[4-( 6—Ch]oro—pvridine—3-vloxv)-ﬁiperidine-l-suifonvlmethvl] -5-methvl-
G imidazolidine-2,4-dione |
LC-MS (APCI) m/z 403 (MH-+).
__ 20 'HNMR (DMSO-dg): & 10.74 (1H, s); 8.17 (1H, d, /=3.10 Hz); 8.01 (1H, s); 7.56 (1H, dd,
Co J=3.18, 8.80 Hz); 7.44 (1H, d, /=8.77 Hz); 4.67-4.59 (1H, m); 3.52, 3.35 (2H, ABq,
/=15.22 Hz); 3.39-3.28 (2H, m); 3.17-3.08 (2H, m); 2.03-1.93 (2H, m); 1.77-1.67 (2H, m);
1.33 (3H, s).

25

(5S)-5-14-( S-Hyd'roij{;j)v'ridin-2-vioxﬂ—piperidine—]-iglfonylmethvl]-S-methvll- -

imidazolidine-2.4-dione
LC-MS (APCI) mv/z 385 (MH+).
'H NMR (Methanol-ds): § 7.73 (1H, d, /=3.01 Hz); 7.53 (1H, dd. /=3.11. 9.03 H2): 7.04




25 LC-Ms (APCl) mz 420 (MH). (5S)-5-Methyl-5-(4-FS-(I Hpyrrol-2-yl)

pyri dl ne-2-yl | - pi perazi ne-I|-sul fonyl nethyl)- i mdazolidine-2, 4-di bheSERF D05
(APCl) mz 419 (MH). 15 SEPT 2005 133 5 (5S)-5-(4-13,3'|

Bi pyri di nyi - 6-yl - pi perazi ne-| - sui f onvl met hyl ) - 5- et hyl -

I m dazol i di ne-2, 4-dione LCGMS (APCl) mz 431 (MH).

(4S)-4-(6-{4-(4- Met hyl -2, 5-di oxo-i m dazol i di n-4-yl met hanesul f onyl ) - pi perazin
e-l-vii- pyridine-3-vl)-benzonitrile LCM (APCI) mz 455 (MH). 10 EXAVPLE
14 Conmpounds with the general fornula OR?l E 15 R'\ \, T >N were

synt hesi sed according to the nethod descriB d in Exanple 12. RR2Anal ysis
l-mz 543 (MH#) (') ci/ ~~ 0 F 0 mz 562 (MH)~') F NNF _

(1H, d, /=9.04 Hz); 3.80-3.67 (1H, m); 3.58, 3.41 (2H, ABq, /=15.04 Hz); 3.53-3.42 (2H,
m); 3.36-3.18 (2H, m); 2.17-2.02 (2H, m); 1.96-1.81 (2H, m); 1.48 (3H, s).

5 {585)-5-f4-{4-Chloro-phenylsulfanyl)-piperidine-1-sulfonylmethvl}-5-methy}-

imidazolidine-2,4-dione ' o
LC-MS (APCI) m/z 418 (MH+). .

'H NMR (DMSO-dg): & 10.74 (1H, s); 8.00 (1H, s); 7.45-7.39 (4H, m); 2.97-2.89 (2H, m);
2.00-1.91 (2H, m); 1.56—1_.45 (2H, m); 1.31 (3H, s). | @‘E

(5S8)-5-[4-(4-Chioro-benzenesulfonyl)-piperidine-1-sulfonvimethvyi]-5-methyl-

imidazolidine-2.4-dione
LC-MS (APCI) nv/z 450 (MH+).

15 'HNMR (DMSO-dg): & 10.73 (1H, s); 7.99 (1H, s); 7.86 (2H, d, /=8.77 Hz); 7.77 (2H, d,
J=8.75 Hz); 3.66-3.54 (2ZH, m); 3.50-3.41 (1H, m); 3.44, 3.32 (1H each, ABq, /~14.63
Hz); 2.82-2.73 (2H, m); 1.97-1.88‘(2H, m); 1.57-1.42 (2H, m); 1.30 (3H, s).

26 (55)-5-[4-{4-Fluoro-phenvlamino)-piperidine-1-sulfonvimethvl]-5-methyl-

imidazolidine-2.4-dione
LC-MS (APCI) m/z 385 (MH+).

 '"HNMR (Methanol-dq): & 7.20-7.11 (4H, m); 3.84-3.71 (2H, m); 3.60-3.48 (1H, m); 3.56,
3.39 (1H each, ABqg, J=14.96 Hz); 2.97-2.84 (2H, m); 2.10-2.00 (2H, m); 1.69-1.53 (2H,

25 m); 1.46 (3H, s).



0 FuOmz 511(M#) (1) JLN O Fa --/'""o NN/1n/z 523 (M#)t1l) 0 15 SEPT
2005 134 RR2Analysis O f miz 443 (MH)(r) d NN! 11 0 O (1) shWR 2005

avai |l abl e, see experinental part.
5-1(14-i (5-chloropyridin-2-yl)oxyl piperidin-I-vll sulfonyl)rnethyll-5-f (3
4,4-trirnethyl- 2,5-di oxoi mdazolidin-1-yl)nethyllimdazolidin a-2,4-dione

131 ]

N-{3-[1-((4S)-4-Methvl-2.5-dioxo-imid azolidin-ﬁl-v@ ethanesulfonyl)-piperidin-4-

vlexvl-phenvl}-acetamide

LC-MS (APCI) m/z 425 (MH+).

'"H NMR (DMSO-dg): § 10.74 (1H, s); 9.89 (1H, s); 8.01 (1H, s); 7.37-7.33 (1H, m); 7.21-
s 7.14(1H, m); 7.08-7.03 (1H, m); 6.65 (1H, dd, /=1.89, 8.04 Hz); 4.49-4.42 (1H, m); 3.51,

3.34 (1H each, ABq,/=14.73 Hz); 3.39-3.28 (2H, m); 3.18-3.08 (2H, m); 2.02 (3H, s);

2.00-1.92 (2H, m); 1.76-1.65 (2H, m); 1.33 (3H, s). '

(55)-5-4-(4-Chloro-benzovl)-piperazine-1-sulfonvlmethyll-5-methvi-imidazolidine- -

2.4-dione

LC-MS (APCI) m/z 415 (MH+). _

'H NMR (DMSO-dg): § 10.75 (1H, s); 8.04 (1H, s); 7.54 (2H, d, /=8.38 Hz); 7.45 (2H, d, |

J=8.38 Hz); 3.79-3.55 (2H, bs); 3.56, 3.35 (1H each, ABq, J=14.84 Hz); 3.51-3.31 (2H,
15 bs); 3.27-3.06 (4H, bs); 1.33 (3H, s).

(e \ 1-({48}-4-Methvl-2,5-dioxo-imidazolidine-4-vimethanesulfonvl)-piperidine-4-

carboxylic acid (4-fluoro-phenvl}-amide

20  LC-MS (APCI) m/z 413 (MH+).
'‘H NMR (DMSO-dg): 8 10.74 (1H, 5); 9.97 (1H, s); 8.02 (1H, s); 7.65—7.53 (2H, m); 7.16- -
7.09 (2H, m); 3.62-3.52 (ZH, m); 3.49, 3.33 (1H each, ABq, /=14.94 Hz); 2.87-2.77 (2H,
m); 2.48-2.39 (1H, m); 1.91-1.84 (2H, m); 1.70-1.57 (2H, m); 1.33 (3H, s).

25 (58)-5-{4-(5-Bromo-pvridin-2-vloxy)-piperidine-1-sulfonylmethyl]-5-methvl-

imidazolidine-2.4-dione

LC-MS (APCI) m/z 447, 449 (MH+).

'H NMR (DMSO-de): 8 10.73 (1H, s); 8.28 (1H, d, /=2.64 Hz); 8.01 (1H, s); 7.91 (1H, dd,
J=2.60, 8.84 Hz); 6.83 (1H, d, /=8.79 Hz); 5.12-5.05 (1H, m); 3.52, 3.35 (1H each, ABq,




s The title conpound was prepared as described in Exanplel2 fromracemc
(2,5-dioxo-4- [(3,4,4-trinmethyl-2,5-di oxoi m dazol i di n-
-yl )Ymet hyl ]i mi dazol i di n-4-yl} met hanesul fonyl chloride, and 15 SEPT 2005
5-chl oro- 2- (pi peridin-4-yloxy)-pyridine. LCGM (APClI) mz 543 (M#). ' HNWR
(DVMBO-db): S 1.28 (6H, s); 1.63-1.74 (2H, m; 1.95-2.05 (2H, m; 2.77 (3H,
s); 10 3.14 (4H, d); 3.5 3-3.73 (3 H m; 4.14 (1 H q); 5.04-5.11 (1 H,

m; 6.85 (I H d); 7.80 (1 H dd); 7.94 (111, s); 8.19 (1 H d); 10.83 (I

H, s). a The startingmaterial was prepared as follows: 15 3-f

3- (benzyl t hi 0) - 2- oxopropyl 1.5.5-trinmethy{4yn dazolidine-2,4-di one Benzyl
nmercaptan (256 1, 2.2 mmmol) was stirred mnth ceS|un1carbonate (712 ng, 2.2
mol) in dinethyl formamde (5 ml) at roomtenperature for 1 hour.
3-(3-brono-2- oxopropyl)- | ,5,5-trinethylimdazolidine-2,4-dione (552 ny,
1.99 mmol) pi12pared; 3&113@4/@99/11%36117 o8 (zdldayl 20061 bheaH] my urr, gg- $t6t7r(21adm;t8
hours at roomtenperature. The 20 reaction m xture'was treated with wat
extract ed ilm3o(3&k byl acetate (3 x 25 nl), the organic phases conbi ned, brlne
washed and dried. The product was purified by silica chromatography,
eluting with 5096ethy| acetate / iso-hexane to give 300 ny product LC M5
(APCl) nlz ' : ;

(2H, s); 38 X ' ; DErAZULE Y8 PR met !
5-f (be{zylul;1 a% Yiltdfi_’onel(:’* 4,4-trimet hyI 2, 5- di oxoi mi dazol [ d| n-1-
) met hyl | ione The title conpound was prepared as

- descri bed Eﬂ:wﬁa%syﬁmhﬁanSQW&ﬁanethyI 5- 5 {[(phenyl net hyl )t hi o] met hyl)
i m dazol i dine-2,4-dione in Exanple 12. LCM (APCl) mz 391 (Mt). 'H NWR

( DMSO- d6) : @WB&D(MSD ds)::5 10. 6&(%@)28 28 (\12H, Jazél 18.02 (Hd)s); D8FGIH 3N, s);

550010 85 HA ST e 80 T B2 G ) 73050 (0B i) 6 B8 (178 AR Ga D 3 0% (11
3.62 (4H, m); 3.55,3.36 (1 H each, ABq, J=14.73 Hz); 3.26-3.19 (4H, m); 1.32 (3H, 5)

1

{ 58)—5-[4-—(5—(4-Meth oxv-phenvl)-pyridin-2-vh)-piperazine-1-sulfonylmethyl]-S-methvi-
imidazolidine-2.4-dione

LC-MS (APCI) m/z 460 (MH+).

1S (58)-5-]4-(5-(4-Chloro-phenvyl)-pyridin-2-yl)-piperazine-1-sulfonylmethyl]-5-methvi-

imidazolidine-2.4-dione

LC-MS (APCI) m/z 464, 466 (MH+).

: (SS)-S—[4—15-{4-Trifluorom.ethoxv—phenvl)-pvridin-Z-jrl)apiperazine-l-sulfonvlmethjlk
20 5-methvl-imidazolidine-2.4-dione '

LC-MS (APCT) m/z 514 (MH+).

(58)-5-{4-(5-Furan-2-yi-pvridin-2-y)-piperazine-1-sulfonvimethvl]-5-methvyl-

im.idazolidine—z.tl-dione

25 LC-MS (APCI) m/z 420 (MH+).

(58)-5-Methyl-5-(4-[S-(1 H-pyrrol-2-yD}-pvridine-2-yl]-piperazine-1-sulfoenylmethyl)-

imidazolidine-2.4-dione

LC-MS (APCI) m/z 419 (MH+).




to { 2,5-di ox0-4-[(3,4,4-trinethyl-2.5-di oxoi mdazolidin-

-yl )ymet hyl I i m dazol i di n-4- yl }net hanesul fonyl chloride The titl elso8EPEUNA005
was prepared as described in the synthesis of [(45) and (4R)-4-nethyl -

2, 5- di oxoi mi dazol i di n-4-yl ] met hanesul fonyl chloride in Exanple 12. is '"H NWR
(CD30D): S 1.38 (6H, s); 2.89 (3H, s); 3.81 and 3.92 (2H, abq, J=14.3 Hz);
4.61 (2H, s). The follow ng conpounds were prepared as described in the
synt hesis of 5-[({4-[(5- chloropyridin-2 yl)oxyJpiperidin-1

yl)sul fonyl)methyl]-5-{(3,4,4-trimethyl-23% 20 di oxoi m dazolidin-1

yl)met hyl ] i m dazol i di ne- 2, 4- di one.

5-1 ({4-[5-(trifluoronethvl)pyridin-2-yllpi perazin-I|-yl)sulfonyl)mnmethvll-5-f(
3,4,4 tri nethvl-2,5-dioxoinid azol idin-I-yl)nethylJimdazolidi ne-2, 4-di one
LC-M5 (APCl) mlz 562 (M#). 25 "H NWR (DMSO-d6): S 1.26 (6H, s); 2.76 (3H,
S); 3.16-3.22 (4H, n); 3.48-3.76 (84, m; 7.02 (1 H d); 7.81-7.76 (2H, nm);
8.43 (I H, [S§1—5—1&|§3’|§§ pridénvi- 6 6l-SpPfazie0 b-saifen Hnfeth Yif-Shhethyi-

uor o- phenv! - pi perazi ne- | -sul fonylnet hyl 1-5-1(3, 4. 4-tri net hyl - 2, 5-
d|0x0|nldaﬂﬂmlﬂﬂﬂﬂlL§h$J§£ﬂ$ | I'i mi dazol i di ne-2, 4-dione LG MS (APClI) nafz 511

(M) . (6H, s); 2.77 (3H, s); 3.10-3.16 (4H m;
3.21-3.26 P&ﬁ%@?%?%ﬁ?%&g4?%&§%%l (4H, m,; 6.95-7.09 (4H, m,; 7.88 (1 H s);
10.84 (1 H, bs)

5-(({4-1(5- chloropyrldln 2-yl ) oxyl pi peridin-I-vl}sul fonyl)nmethyll-5-{2-
Jphenyl metaSyd) @xdh @t MetRylip S diaxotitdiidezolidin-divbmethahiealforivi B piperaxdnad-wbs

@yepared as described in the synthesis of 5-[({4-[(5-chloropyridiniO
y| ) oxy] piyrédingdyvl{bengonitrile

!t onyl thyl - 2, 5-di oxoi rni dazol i din- | -
ol o R Ay o 2o ol s

Chl or 0- 2- (pi peri di ne-4-yl oxy) - pyri di ne hydrochlorlde and .
§§ 5-di oxo-4-{2-[ (phenyl net hyl ) oxy] et hyl }|n1dazoI|d|n 4- yl) nmet hanesul f onyl
chlorige. tXANMPPLRRGI ) nMz 523 (MH#). is "HNW (DVMBO-d6): 8 1.37-1.79 (3H

nm; 1.83-2.08 (4H, m; 3.00-3.56 (7H, mpartially
Compounds with the general formula

R2
H
o JH_
R/ \b >::O
N .
O H

15 were synthesised according to the method described in Example 12.

R R2 Analysis
Y Q -
):/\“/ \O N~ m/z 543 (MH+)
(e o N N ‘/ﬁirii
' 0
FF — —— 0
>/_<\j>' " N m/z 562 (MH+)"V
F N /~

(@]
) N m/z 51 1 {(MH+H)®

50
\_/ N
Q
/@f \O \/‘0’\© m/z 523 (MH+)®
o T N N




obscured by D20); 4.33-4.44 (2H, m; 5.01-5.12 (1 H nm; 6.85 (1 H d);
7.21-7.36 (5H, m; 7.80 (111, dd); 8.02 (114, s); 8.19 (1 H, d}> EP702?25
H bs). 6-{]4-((5-chloropvridin-2-yl)oxy}piperidin-|

-yl }sul fonyl)-1, 3-di azaspi ro(4. 51decane- 20 2,4-dione LC-M (APClI) mz 443
(MH). The startingmaterial was prepared as follows: 2%

6- ((phenyl nethyl )thio]-1, 3-di azaspiro r4.51 decane-2, 4-di one

Benzyl rnercaptan (937mg, 7.5mmol) was dissolved in 70 nL of TGAF. NaH (362ny
60% 9. 0Ompl) was added and the slurrymggf stirred for sone m nutes.

2-chl or ocycl ohexanone (1.0g, 7.5nmml) added and the reacti on was
stirred at rt over night. The solid was filtered of and the solvent was
renoved b ) i i , 15 SEPT 2005 137
(NH4) 2CC3 ﬁ8eq) and 25nL' et hanol dgqu The redctlon was stirred in a
seal ed vi jg——at--806C-overr-ghi- Thﬂ—°“° Hvwas—filitered and the solid
was. recrystallm ed from DM and wat er ytlitl e compound as a
white solfid LC APCI m (NH+) §w9ﬁ¥$gg$€ﬁé @} d6): & 1.21-1.81 (8H
m; 2.79 |(1H, dd) NP 3N7 7.(18-7.32 (5H, im; 8.43 (1 H, s);
10.68 (1 |H, s). EXAWPL
5- Met hyl -15-(1-(tal uene-4- '§JI| foAyl)-cycldapentyl)-in dadolidi ne-2, 4-di one

1-(t- (Tolwgn »SUl f cIo ent.yl - et hanone (0.10 g, 0.38 nmol),

pot assi um cy vyl q&éi%eex Qﬂﬁﬁ%% amoni um car bonate (0.18 g, 1.9

mol ), 50@6ethano| |n wat er (1 6 nL) were stirred in a sealed tube (2 nL o5
volunme) at 90C for 70 hours. The solution was acidified with 10% acetic S
aci d to pH-B{aNE-ddnoeytida-2dixy]mbatidinealjenmon @imt thvitasi(30f. 4tk ignethyl-
original volunme upon which part of the prodUct rell out. The solution and
its solid2pdicxpimidagelidin yllimidaz gebtaliene t he aqueous phase was
separ at ed,and. washed tw ce mnth et combi ned nlc hases
spar 2ol aagamshed d ce L S L gl ALl from ieeepis (% P G and €
concent 2y Biis ShSLY SUBRAAALAN:0L S PO BiaR b ER S %%ﬁ e (1
g). by rothgydeaneyahiira-@ipenidih-2pixygdyaaine. short silica colum. EI ution

with ethyl acetate/ n-heptane Sl 2
LC-MS (APCI) m/z 543 (MH+
'HNMR (DMSO-de): 8 1.28 (6H, s); 1.63-1.74 (2H, m); 1.95-2.05 (2H, m); 2.77 (3H, s);
w 3.14 (4H, d); 3.53-3.73 (3H, m); 4.14 (1H, g); 5.04-5.11 (1H, m); 6.85 (1H, d); 7.80 (IH,

dd); 7.94 (1H, s); 8.19 (1H, d); 10.83 (1H, s).

The startingmaterial was prepared as follows:

15 3-I3-(benzylthio)-2-oxopropyl]-1.5.5-trimethvlimidazolidine-2 4-dione

Benzyl mercaptan (256 pl, 2.2 mmotl) was stirred with cesium carbonate (712 mg, 2.2
mmal) in dimethyl formamide (5 ml) at room temperature for 1 hour. 3-(3-bromo-2-
oxopropyl)-1 ,5,S-trimethylimidazolidine—2,4—dione (552 mg, 1.99 mmol) prepared as in
W099/06361 was added and the mixture stirred 18 hours at room temperature. The
20 reaction mixture was treated with water, extracted into ethyl acetate (3 x 25 ml), the
organic phases combifxed, brine washed and dried. The product was purified by silica
chromatography, eluting with 50% ethy! acetate / iso-hexane to give 300 mg product.
L.C-MS (APCI) nvz 321 (MH+).
'H NMR (CDCl3): 8 1.45 (6H, s); 2.1 (3H, s); 3.16 (2H, 5); 3.70 (2H, s); 4.53 (2H, s);
25 7.22-7.33 (5H, m).



and 2:1) gave 0.060 g (48% of the title product as col ourl ess needl es.

LC-M5 (APCI) mlz 337 (M#). 1H NVR (DVBO-d6): & 0.96-1.10 (1H mis5lgggrls

(1H, m; 1.36 (3H, s); 1.47-1.58 (2H, m; 2.10-2.30 (414, m; 2.40 (3H, s);

7.41 (2H, d, J 8 Hz); 7.72 (2H, d, J= 8 Hz); 7.80 (1 H, 25 bs) and 10.7 (1

H, bs). 15 SEPT 2005 138 E3C NWR (DMSO-d6): 8 21.0, 22.60, 22.64, 26.1,

26.3, 30.8, 31.5, 64.1, 78.9, 129.2, 130.3, 135.3, 144.2, 156.0 and 176.2.:

The starting material was prepared as follows: s

1- (Tol uene- 4-sul fonyl ) - propan- 2-one was pr¥pared according to Crandall et

al. J. Og. Chem 1985, (8) 50, 1327-1329 from sodium p-toluensulfinate

di hydrate (4.2 g, 18 mml), chloroacetone (1.0 ni, 12 mml), n-

t et rabut yl anmr noni um brom de (0.30 g) and wat er-benzene-acetone 4:3:3 (10

n.). Work-up and chromat ography on si I ica of the crude using ethyl acetate/
h 1: )

n- heptane(s' .95% of the title
product as =a# ' FHrhe—fridge. LC M
(APCl) nmlz 8 2 38 (3H s); 2.42 (3H, s) 4.10

(2H, s); T7: ' F . 7.74 (d, 2 H d, J 8 Hz). ~s '3C NWR
(CDA 3): BT%@tl?le cgﬁa Guncﬁ\Z/ag rc%&%d@ts dbdFibed u’i'-ﬁé synthd4s of Saﬂl‘éﬂﬁgg 9.

1- (1- (Tol uene-4-sul fonyl)-cycl opentyl))-et hanone

1-( Tol uene{Kph&ﬁyﬂmmbf))thw]umhylzamr&zélﬁﬂmﬂzg -diOneih Bxamply,121, 4- di i odobut ane
(0 068 i, 52 mmol), fine %round pot assi um carbonate (0. 14 g, 1.0
ol ) and BEMMQF%W&]}%@'(O 80 20 nL) were stirred at 50C (oil bath

{mer atur )i RAS8ULE T8 LA e R P AR,
acetate, yaghed 6\4‘(9?61%{%} 9142403 ARG, bbb“ﬁ‘z:ﬁgﬁ@ 8 (18 Ledogyer

anhydr ous sodi um sul ed a hcent.rat rota y’ evVaporati on.
@@- oi ly r@¢i,dye was chromat ographed on silica using ethyl acetate/

n- heptane (1:4 through 1:3) to give 0.10 g (80% of the title product 25 as
a colowless oil. LGM (APCl) rn/z 267 (MH).

- {2 5-dioxo-4-[(3.4.4-trimethyl-2.5-dioxoimidazolidin- 1 -vlYmethylimidazolidin-4-

yl}rhethanesulfonvl chloride

The title compound was prepared as described in the synthesis of [(4S) and (4R)-4-methyl-
2,S-dioxoimidazolidin-fl-y[]mcthanesglfonyl chloride in Example 12.

15 - 'HNMR (CD;0D): 6 1.38 (6H, s); 2.89 (3H, s); 3.81 and 3.92 (2H, abq, /=14.3 Hz); 4.61
(2H, s).

The following compounds were prepared as described in the synthesis of 5-[({4-[(5-

chloropyridin-2-yljoxy] ptperfdin-] yi}sulfonyl)methyl]-5-((3,4,4-trimethyl-2,5-
20 dioxoimidazolidin-1-ylimethyl]imidazolidine-2,4-dione.

5-[{{4-[5-{trifluoromethvypvridin-2-yl]piperazin-1-yl}sulfonvhimethvl]-5-[(3.4.4-

trimethyl-2.5-dioxoimidazolidin-1-yIYmethvllimidazolidine-2.4-dione
LC-MS (APCI) m/z 562 (MH+).

25 'HNMR (DMSO-dg): § 1.26 (6H, s); 2.76 (3H, s); 3.16-3.22 (4H, m); 3.48-3.76 (8H, m);
7.02 (1H, d); 7.81-7.76 (2H, m); 8.43 (1H, s); 10.83 (1H, s).




"H NWR (CDCI3): 8 1.52 (2H, m); 1.77 (2H, n); 2.26 (2H, m; 2.37 (2H n)
2.42 (3H, s); 2.48 (3H, s); 7.30 (2H, d, 8 Hz) and 7.60 (2H, %.
'3C NWVR (CDCI 3): 8 21.7, 25.4, 28.0, 31.3, 83 9, 129.4, 129.5, iésSEPTﬁ@U
and 202.5. 30 15 SEPT 2005 139 CLAIMS: What we claimis: 1. A compound of
the formula | or a pharmaceutically acceptable salt or an in vivo 5
hydr ol ysabl e ester thereof R3 R4 Y1 R5 -A | wherein - 10 Xis selected from
NRI, O, S; Yl and Y2 are independently selected fromO0, S; Zis selected .
fromSQO 502; ms | Ais selected froma direct bond, (C1l -6)alkyl, (C
-6) hal oal kyl, or (C 1 -6)heteroal kyl isjggntaining a hetero group sel ected
fromN 0, S, SO SO or containing two hetero groups selected fromN, O,
S, SO 502 and separated by -at | east two carbon atons; Rl is selected from
H, (Cl-3)al kyl, haloalkyl; Each R2 and R3 is |ndependently sel ected fromH,
hal ogen, sl4yd- Fldrmafmbkwiperuelloﬂiﬁmbimmymamgﬂ patikethyiasd |

het er oar yl aIkyIaryI aIkyI heteroafyT het er oal kyl-aryl, — 20

het er oal kdi : I kmlidazs hidiom Kyl heteroaryl-alkyl,

et i?giiiﬂ ﬁﬁ&ﬁ&iw @Jéhvsériw oLyl ohetroaryl, heteroarylaryi.
o o o el oyl B ey oot s P Sl g fdcpspasail ) oot

s 3.48-3.71 (4H, m); 6.95-7.09 (4H, m); 7.88 (1H, s); 10.84 (1H, bs).

5-[({4-](5-chloropyridin-2-vDoxy]piperidin-1-yl}sulfony)methvl}-5-{2-

[{phenvimethyDoxvy]ethvl}limidazolidine-2.4-dione

The title compound was prepared as described in the synthesis of 5-{({4-[(5-chloropyridin-
1 2-yloxylpiperidin-1-yl}sulfonyl)methyl]-5-f(3,4,4-trimethyl-2,5-dioxoimidazolidin-1-
yDmethyl)imidazolidine-2,4-dione starting from 5-Chloro-2-(piperidine-4-yloxy)-pyridine
hydrochloride and (2,5-dioxo-4-{2-[(phenylmethyl)oxy]ethy]}inﬁdazolidin-él- _ \
yl)methanesulfony! chloride. '
LC-MS (APCI) m/z 523 (MH+).
15 'HNMR (DMSO-dg): 8 1.37-1.79 (3H, m); 1.83-2.08 (4H, m); 3.00-3.56 (7H, m partially
obscured by D,0); 4.33~4.44 (2H, m); 5.01-5.12 (iH, m); 6.85 (1H, d); 7.21-7.36 (5H, m),
7.80 (1H, dd); 8.02 (1H, s); 8.19 (1H, d); 10.70 (1H, bs). ' '

6-{{4-[(5-chloropvridin-2-yDoxylpiperidin-1-yl}sulfonyl}-1.3-diazaspire[4.5]decane-

20 2.4-dione

LC-MS (APCD) m/z 443 (MH+).

The startingmaterial was prepared as follows:

25 6-[{phenyimethyDthio]-1.3-diazaspirof4.5]decane-2.4-dione

Benzylmercaptan (337mg, 7.5mmol) was dissolved in 70 mL of THF. NaH (362mg 60%,
9.0mmol) was added and the slurry was stirred for some minutes. 2-chlorocycichexanone
(1.0g, 7.5mmol} was added and the reaction was stirred at rt over night. The solid was

filtered of and the solvent was removed by rotary evaporation. Potassium cyanid (4 eq),



Each of the R2 and R3 radicals may be independently optionally substituted
with one or nore groups selected from al kyl, heteroal kyl, aryl, 1setsgpaanylos
hal o, hal oal kyl, hydroxy, al koxy, hal oal koxy, thiol, alkylthiol, arylthiol,
al kyl sul fon, hal oal kyl sul fon, arylsul fon, arinosulfon, N-alkylam nosulfon,
N, N-di al kyl am ri osul fci h, aryl am nosul fon, am no, N 5 al kyl am no,

N, N-di al kyl am no, am do, N-al kylam do, N, N-di al kyl am do, cyano,

sul f onam no, al kyl sul fonam no, aryl sul fonam no, am di no,

N- am nosul f on-am di no, guani di no, N-cyang guani di no, thi oguani di no,
2-nitro-ethene- 1,1-diamn, carboxy, al k carboxy, nitro, carbamate;
Optionally R2 and R3 may join to forma ring conprising up to 7 ring atons,
or R 10 and R4 may join to forma ring conprising up to 7 ring atons, or

monocycl + caPeEr (dedopnd pE i clgBONE aBhar Ta s it St R d vishg
Structures,eaeh Qi ﬂﬁgttt Phd sﬁs'lp@lgﬁ gﬁ Q18 ﬁutﬁﬂa%a%@{mm é&{ﬁﬁé&%ﬂw&@

cycl oal kyl, aryl, erocyc eteroary ring %S ructure

bei ng i ndepRSIRALd WaePid gmaﬂieytxtﬂécosmhutayhea}umoﬁae or nore substituents
i ndependent|y sel ected from hal ogen, hydroxy, alkyl, alkoxy, haloal koxy,

am no, N al@WISGARCT) mizNe@l @vkiH)ami no, al kyl sul f onani no, al kyl car boxyani no,
cyano, nitro, thiol, alk iiol . a |'sul fon hal gal kyl sul f onyl

o kol af now%mm&fi@ééﬁa 51 DS o SO 465 G caFoemy 1 18-7.32

N-al kyl a I y am no- car boxy, wherein any al kyl radical
i’{jﬁt hi n an%gglﬂgjz’t?@jgm h gdt@ be 20 optionally substituted with one or
nore groups sel ected from hal ogen hydr oxy, al koxy, hal oal koxy, am no,

N-al kyl am no, N, N-di al kyl am no, N-al kyl sul fonam no, N al kyl car boxyan no,
cyano, ni tEXAMPLBI15 al kyl thiol, al kyl sul fonyl, N alkylam nosul fonyl,

carboxyl ate, al kyl boxy, am nocarboxy, N-al kylam nocarboxy, N, N
d¥al kyl am nocarb rbgmate; 25 when R5 is a bicyclic or tricyclic group,
each ring structux i#ined to the next ring structure by a direct bond,

by -0-, by ( al yIN by (C 1 -6)haloalkyl, by (C I -6)heteroal kyl, by
(C1 -6)al ke )9( -6) al kynyl, by sulfone, by CO by NCO by CON, by
NH, - by S, By OH) or fused to the next ri ng structure 15 SEPT 2005 141
2. A conpound of the f rmula | as claimed in claim1l or a pharmaceutically

accept, G‘b ! 8.Methyl-5-(1-(toluene-4-sulfonvh)-cyclopentyl)-imidazolidine-2.4-dione

1-(1-(Toluene-4-sulfonyl)-cyclopentyl))-ethanone (0.10 g, 0.38 mmol), potassium cyanide
(0.049 g, 0.75 mmol), ammonium carbonate (0.18 g, 1.9 mmol), 50% ethanol in water (1.6
mL) were stirred 1n a sgaled tube (2 mL volume) at 90°C for 70 hours. The solution was o
acidified with 10% acetic acid to pH 6 and concentrated by rotary evaporation to half of its
15 original volume upon which pairt of the product fell out. The solution and its solid contents
were taken up in ethyl acetate, the aqueous phase was separated and washed twice with ethyl
acetate. The combined organic phases were washed with brine, dried over anhydrous sodium
sulfate, filtered and concentrated by rotary evaporation to give 0.74 g of a white solid. The
crude product was dissolved in methanol (5 mL), concentrated with silica (1 g). by rotary
20 evaporation and applied on a short silica column. Elution with ethyi acetate/ n-heptane (1:2
and 2:1) gave 0.060 g (48%) of the title product as colourless needles.
LC-MS (APC)) m/z 337 (MH+).
'H NMR (DMSO-dg): § 0.96-1.10 (1H, m); 1.32-1.44 (1H, m); 1.36 (3H, s); 1.47-1.58 (2H,
m); 2.10-2.30 (4H, m); 2.40 (3H, s); 7.41 (2H, d, J= 8 Hz); 7.72 (2H, d, J= § Hz), 7.80 (1H,
25 bs)and 10.7 (1H, bs).



salt or an in vivo hydrol ysable ester thereof, wherein Xis NRL, Zis SOQ2 or
SO at least one of Yl and Y2 is 0, mis 1, and Rl is H, (Cl"-3]L5aSEPIT, 2005
(C-3) haloalkyl. $ 3. A conpound of the fornmula | as clained in either
claiml or claim2 or a pharnmaceutically acceptable salt or an in vivo
hydrol ysabl e ester thereof, wherein R2 is H, alkyl, hydroxyal kyl,

al koxyal kyl, aryl oxy al kyl, am noal kyl, cycl oal kyl -al kyl, al kyl - cycl oal kyl
arylal kyl, alkylaryl, alkyl-heteroaryl, heteroal kyl, heterocycloal kyl -al kyl,
al kyl 1o heterocycloal kyl, heteroaryl -al kylg, heteroal kyl -aryl. 4. A conpound
of the formula | as clainmed in any of the preceding clains or a

phar maceutically acceptable salt or an in vivo hydrol ysabl e ester thereof,
wherein each of R3 and R4 is independently selected fromH, nethyl. 15 5. A
conpound of’(t K¥E (DMIGL): 82 1d), areed22 .64 2181, 6.3, 36.BeGedl 19785 21w QB3
pharmaceutical |y acceptable salt or an in vivo hydrol ysable ester thereof,
wher ei n R513&3nit4i3d$68mnd ¥3@2.or three optionally substituted aryl or
heteroaryl 5 or 6 nenbered rings. 20 6. A conpound of the formula | as
clainmed in any' of the preceding clains or a pharnaceutically acceptable

salt or anghgs%ﬁﬂ%rg%gﬁﬂk%iﬂ§%5%§3%§ﬁﬂﬁ> reof, wherein R5 is a bicyclic or

tricyclic group cénprrsingt ree optionally substituted ring

struct uf esy.(Poludme-PERFortdar ond compound of the fornula Il or a
pharmaceuticalTy acceptable salt or an in vivo hydrolysable ester thereof

11 5 wher ewas preparhd atcotling@ CamtlaBetiak JaOrm Gheyrc [1085,1(RN§0,SB32AAB09 drom sodium
conprising each of_ u ri ngz<at ons | ndeﬁendent ly selected from
;

pto 7
cycl oal kylz-telrgasulfinatedibrdreted ik 1 Sonmebs ehloapaaetongi(i 1§ mbabhmmally nst ruct ur e
bei ng i ndeRRndent ¥ AREL HiGhide RUTS) b ba%rBen20®- Setdni%: 74996 b1y Sofk-up

. and chromatography on silica of the crude using ethyl acetate/ n-heptane (1:3 through 1:2) as @

10 eluent gave 2.4 g (95%) of the title product as an oil which crystallised on standing in the
fridge. .
LC-MS (APCI) m/z 213 (MH+).
'H NMR (CDCls): 8 2.38 (3H, s); 2.42 (3H, 5); 4.10 (2H, s); 7.35 (d2H, d, /=8 Hz); 7.74 (d,
2 H, d, J~ 8 Hz).

15 CNMR (CDCly): & 21.7,31.4,67.7, 128.0, 129.8, 135.5, 145.3 and 195.9.

1-{1-(Toluene-4-sulfonyl)-cyclopentyi))-ethanone _
1-{Toluene-4-sulfonyl)-propan-2-one (0.10 g, 0.47 mmol), 1,4-diiodobutane (0.068 mL, 0.52

mmol), finely 'gréund potassium carbonate (0.14 g, 1.0 mmol} and dry dimethylsulfoxide (0.80
2¢; mL) were stirred at 50°C (oil bath temperature) for 22 hours. The heating was shut off and

stirring was continued at 22°C for 22 hours. The crude product was taken up in ethyl a-cetate,

washed with water (5x 50 mL) and brine (Ix 50 mL), dried over anhydrous sodium sulifate,

filtered and concentrated by rotary evaporation. The oily residue was chromatographed on

silica using ethy! acetate/ n-heptane (1:4 through 1:3) to give 0.10 g (80%) of the title product
25 asa colourless oil. |

LC-MS (APCI) my/z 267. (MH+). | - .

"H NMR (CDCl): & 1.52 (2H, m); 1.77 {2H, m); 2.26 (2H, m); 2.37 (2H, m); 2.42 (3H, s);

2.48 (3H, s); 7.30 (2H, d, J= 8 Hz) and 7.60 (2H, d, /= 8 Hz).

C NMR (CDCh): & 21.7, 25.4, 280, 31.3, 83.9, 129.4,129.5, 133.2, 145.0 and 202.5.
30



i ndependently sel ected from hal ogen, hydroxy, hal oal koxy, am no,

N-al kyl am no, N, N ia dialkylam no, cyano, nitro, alkyl, alkoxy, a&¥Wegpr 2005
sul fone, hal oal kyl sul fone, al kyl carbamate, al kyl am de, wherein any al kyl
radical within any substituent nay itself be optionally substituted with
one or nore groups sel ected from hal ogen, hydroxy, am no, N al kyl am no,

N, N-di al kyl am no, cyano, nitro, alkoxy, haloal koxy, aryloxy, heteroaryloxy,
carbamate; 15 Z is S02; each of B and F s i ndependently selected froma
direct bond, 0, (C 1-6)alkyl, (Cl- 6) he‘ eroal kyl, al kynyl, CO NCO CON,

NH S; R2 is selected fromH, alkyl, hydroxyal kyl, al koxyal kyl, aryloxy

al kyl , am_noal kyl, (N-al kyl am no) aI kyl, (N, N-di aI kyl am no) al kyI

am doal kQL.ﬂM:S-baI kyl cycl oal kyl -al kyl,” 20 al kyl -cycl oal kyl , aryI al kyl ,

al kyl ar y{sp4 @uéy*mﬂﬁg&er oaryl, heteroal kyl, heterocycl oal kyl -aI kyl,

al kyl - heterocycl o het er oaryl - al kyl , heteroal kyl -aryl; R3 and R4 are

i ndependent |y sel ect ed fromH or (d-3)alkyl; Opti onally R2 and R3 may join
to forma ring conprising up to 7 ring atomns, and R4 may join to form

a ring conmphic: d into .25 forma
ring COIT]f;I’IéI ?\Jg&%}f ?O%glcrq-?%&gt%%%ﬁg%ﬁﬁca?@ ci% ésl‘ﬂ EW of the
formul a Hdraigsdbl@bi@ahémoe! aim 7 or a pharmaceutically acceptable salt or .
an in vivo hydrol ysabl e ester thereof, wherein R2 is al kyl, aninoal kyl,

al kyl - heteroaryl, alkyl -heterocycl oaI kyl or heteroaryl-al kyI . 59. A
conpound of the fornmula Ila or a pharmaceutically acceptable salt or an in
vivo hydrolysable ester thereof Ha 10 wherein each of Gl and & is a
monocyclic ring structure RanpriR&ing e €h of- up to 7 ring atons

i ndependently selected fromygy Io% kyl ,ilaryl, heterocycl oal kyl or
heteroaryl, with each ringys ‘ i ng i ndependently optionally
substi t ut ed by one or two _

NH

R6E—A z
X I
Y, .
wherein’
10 X is selected from NR1, O, §;

Y1 and Y2 are independently selected from O, S;
Z is selected from SO, SO,;
mis 1 i . . :
A is selected from a direct bond, (C1-6)alkyl, (Ci-6)haloalky!, or (C1-6)heteroalkyl
15 containing a hetero group selected from N, 0, §, SO, SO2 or containing two hetero groups
selected fro:d N, 0, §, SO, SO2 and separated by at least two carbon atoms;
R1 is selected from H, (C1-3)alkyl, haloalkyl; | ‘
" EachR2 and R3 is independently selected from H, halogen, alkyl, heteroalkyl,
 cycloalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, alkyl-heteroaryl, heteroalkyl-aryl,
20 hetercalkyl-heteroaryl, aryl-alkyl, aryl-heteroalkyl, heteroaryl-alkyl, heteroaryl-
heteroalkyl,aryl-aryl, aryl-heteroaryl, heteroaryl-aryl, heteroaryl-heteroaryl, cycloalkyl-
alkyl, heterocycloalkyl-alkyl, alkyl-cycloalkyl, alkyl-heterocycloalkyl;
Each R4 is independently selected from H, halogen, (C1-3)alkyl or haloalkyl;



I's independently sel ected from hal ogen, hydroxy, hal oal koxy, am no,
N-al kyl am no, NN di al kyl am no, cyano, nitro, alkyl, alkoxy, alkyl sulfone,
hal oal kyl sulforie, alkylcarbamate, alkylam de, wherein any al k5 BEHTcZ005
Wi thin any substituent may itself be optionally substituted with one or
nore groups sel ected from hal ogen, hydroxy, am no, N al kylam no,

N, N- di al kyl am no, cyano, . nitro, al koxy, hal oal koxy, aryl oxy, heteroaryl oxy,
20 carbamate; Zis S2, Bis selected froma direct bond, 0, (C 1-6)alkyl,
(C 1 -6)heteroal kyl, CO NCO CON, NH, S,4 kynyl; 15 SEPT 2005 144 R2 is
selected fromH, (C -6)alkyl, haloalkyl,lhﬁdroxyalkyl, al koxyal kyl ,

am noal kyl , (N-al kyl am no) al kyl, (N, N-di al kyl am no) al kyl, am doal kyl ,
thioalkyl, or R2 is a group of forrmula IIl IIl s Cand D are independently "

sel ected fr Om]fél Aof B RPAERS 'f'adiéa%lfn%)bﬁgﬁtﬁék)en({&?i%ﬁgé@b{)@gggmedovk}tﬂ 8:166 or S

C
1- C6) het eroal kyl containing one or t o ato rom

such that wWaesbrt g&bugggts.@léﬁe@ﬁ@iﬂi atky$, HeteeSal, mp,meﬂﬁ@a@@aaroahﬂeamyx,ﬁydﬂoﬂg,st
t wo carbon at ons, I S- a m)nocycl IC ring structure conpri st ng up to

ring atons alkeotgpeatotdkotyy thiol, abdybbiobcrylthooh alicglsoHbiyHajoaticylbylfdre kemtfpa) oal kyl
or heteroaryl, optianal Iyﬁ/-s_ubstitut ed by one_ or two substituents

i ndependent@mjnessifan: Nalefgringsulige N Nijdlk gzpinossipe, aramngsuifanmmino, N-

N, N- di al kyl_am no Ltro, alkyl 0X yk. sul f ane, hal oal kyl

sul fone; OF@PWPO’C%%@H@LH‘%@OWZW OONéﬁi&lf(laW@Oeigﬁé‘hﬁ@y L"é‘f@&%’a‘l?’r om

hal ogen,  hydiSsind iBdsuMnafhie/ AT Y dinddiky il T 0.
al koxy . bal on anind Byl ionaiy |’>%m?3mgbd§étgfin i, [ oquttod nidiHo, vl
hydr bxy, algkaginodlyahdouanidian] thioguanidinop2nityd-ethidned] Kydiaminaarboxy, alkyl-

N, N-di al kyl am no, (N-al kyl am no)al kyl, (N, N- di al kyl arni no) al kyl , al kyl
sul f one, aRTREX i EarhmEtky| ani no- sul fone, N, N-di-al kyl am no- sul f one,

2l Kyl sul T ona FPABIARY o B3 YR G0 b A ESRTUrROE GLdr] Hrmtoms, or R2
6'\1'[ Ezf‘gg? gg%ﬁ ﬁ!é i a{?rgllt tgglb'ﬁﬁ‘ b Hin3 Lompridfhg b GHUA Utbin8 or IERLRPHN may join to
form a ring comprising up to 7 ring atoms;

RSisa monocyclic, bicyclic or tricyclic group comprising one, two or three ring
structures each of ﬁp to 7 ring atoms independently selected from cycloalkyl, aryl,
heterocycloalkyl or heteroaryl, with each ring structure being independently optionally

15 substituted by one or more substituents independently selected from halogen, hydroxy,
alkyl, alkoxy, haloalkoxy, amino, N-alkylamino, N,N-dialkylamino, alkylsulfonamino,
alkylcarboxyamino, cyano, nitro, thiol, alkylthiol, alkylsulfonyl, haloalkylsulfonyl,
alkylaminosulfonyl, carboxylate, alkylcarboxylate, aminocarboxy, N-alkylamino-carboxy,
N,N-dialkylamino-carboxy, wherein any alkyl radical within any substituent may itself be

20 optionally substituted with one or more groups selecte& from halogen, hydroxy, alkoxy,
haloalkoxy, amino, N-alkylamino, N,N-dialkylamino, N-alkylsulfonamino, N-
alkylcarboxyamino, cyano, nitro, thiol, alkylthiol, alkylsulfon_yl, N-alkylaminosulfonyl,
carboxylate, alkylcarboxy, aminocarboxy, N-alkylaminocarboxy, N,N-
dialkylaminocarboxy, carbamate;

25 when RS is a bicyclic or tricyclic group, each ring structure is joined to the next ring
structure by a direct bond, by -O-, by (ClI-6)alkyl, by (Cl-6)haloalkyl,
by (C1-6)heteroalkyl, by (C1-6)alkenyl, by (C1-6)alkynyl, by sulfone, by CO, by NCO, by
CON, by NH, by S, by C(OH) or is fused to the next ring structure



R3 and R4 are independently selected fromH or (Cl-3)alkyl; Optionally R2
and R3 may join to forma rlng corrpr|S| ng up to 7 ring atons, or 1@3@@;5@005
may join to forma rlng conpri si ng up to 7 ring atonms, or R3 and R4 may join
to forma ring conprising up to 7 ring atons. 25 15 SEPT 2005 145 10. A
compound of the fornula Ha as clained in claim9 or a pharmaceutically
acceptable salt or an in vivo hydrol ysable ester thereof, wherein B is
selected froma direct bond, 0, CO S, aI ynyl. s 11. A conpound of the
formila Ila as claimed in either claim9l®t claim10 or a pharmaceutical ly
acceptable salt or an in vivo hydrol ysabl e ester thereof, wherein R2 is
selected fromH, (Cl-6)al kyl, aryl-(Cl-6)al kyl or heteroaryl-(Cl-6)alkyl
optionally substituted with hal o, haloal kyl, hydroxy, al koxy, hal oal koxy,
am no, am noal kyl, N alkylam no; N, N-dialkylam no, (N-alkylam no)alkyl,

(N, N-di al kyl a ﬁ‘cﬁ%éhﬁﬁ’&f thk ?ox?ﬂnﬂ% Fﬁé‘élﬁﬂﬁ\ﬁi m%‘iﬁlﬂpﬁHxlzI gl%m ceuch er acccgtable

N- al kyl am no- sul N, N- di al kyl am no- sul f one,

N, N- di al kysaRror @e in e hgdnilpsableyetee theved ] dherim, is Nﬂqyz i5 810, @80, BOleast one
ani di no, N-ani nosul fone-am di no, guani di no, N-cyano-guani di no,

t hi oguani difio] argl YAis @onuiadi ] iHN(G1-3) dkplene(Ql-1) bileatiylo, car boxy,
al kyl car boxy, carbamate. 15 12. A conpound of the fornula Ila as clainmed in
any of Sclainms 9 to 11 or a pharnaceutically acceptabl e salt or an in vivo

hydr ol ysal e £3L8EaLIRIARL B PSRN iRLindRANd: Bty Hlopd3, A compound

ar ITB.CE,‘U I ca accep e sa or 'an in vivo 20

hydrolys a@hm&eﬁcaﬂls}%@éﬁmm& Bal2er a@hﬁwmhﬂc&o%ﬂe SQBahdABL, Aher@nXR2 is H,

nmonocycliC ring structure conprising each of up to T ring atomns

i ndependeniltyy, hysled)qaﬁcgd alkmnynlkytlaqdbkyhlkybammoaﬂiqﬂ,ea}mmﬁimmwIalbyl-
heteroaryl, with each ri n%gst ructure being i n endent ly optionally
substi tut éuclwkbhery&lkrw Loy riiyheteropry vh peterocycloalkyl-alkyl, alkyl-

10 heterocycloalkyl, heteroaryl alkyl, heteroalkyl-aryl.

4. A compound of the formula I as claimed in any of the preceding claims or a
pharmaceutically acceptable salt or an in vivo hydrolysable ester thereof, wherein each of

R3 and R4 is independently selected from H, methyl.

5. A éompound of the formula I as claimed in any of the preceding claims or a
pharmaceutically acceptable salt or an in vivo hydrolysable ester thereof, wherein RS
comprises one, two or three optionally substituted aryl or heteroary] 5 or 6 membered
Tings.

20
6. A compound of the formula I as claimed in any of the preceding claims or a
pharmaceutically acceptable salt or an in vivo hydrolysable ester thereof, wherein RS isa

bicyclic or tricyclic group comprising two or three optionally substituted ring structures.

25



sel ected from hal ogen, hydroxy, hal oal koxy, am no, N alkylam no,

N, N-di al kyl am no, s cyano, nitro, alkyl, al koxy,. al kyl sulfone, hal oalk

sul fone, al kyl carbarnate, al kyl amide, wherein any al kyl radical 1% ERPR §995
substituent may itself be optionally substituted with one or nore groups
sel ected from hal ogen, hydroxy, am no, N alkylarnino, N, N dialkylam no,
cyano, nitro, al koxy, hal oal koxy, aryloxy, heteroaryl oxy, carbamate; & is
optionally substituted piperidine or piperazine; 10 Bis selected froma
direct bond, 0, (C1l -6)alkyl, (C 1-6)heteroal kyl, CO NCO CON, NH, S,
akynyl; R2 is selected fromH (C1| -6)all#, hal oal kyl, hydroxyal kyl

al koxyal kyl, am noal kyl, (N-al kyl am no) al kyl, (N, N-di al kyl am no) al kyl,

am doal kyl, thioalkyl, or R2 is a group of fornmula IlIl 15 C and D are

i ndependently selected froma direct bond, H (C 1-C6)al kyl, (C 1-

C6) hal oal kYl , ActorEinrds)fiikes Earaalady lor 6 phemmasentdcadiyacorptable sdde beaningtivns

sel ected fgggl , ,,0 or su that when two hetero atons are present they
are separa oBba@@ep@a crg carbon atons; 20 03 is a monocyclic ring
structure conprising up to 7 ring atons independently selected from
cycl oal kyl, aryl, heterocycl oal kyl or heteroaryl, optignally substituted by
one or two substituents independently selected fridd h

am no, N atkyTawi no, N Xdia | am no,~cyan,™nitro, oxy, al kyl

sul f-one ul fOne, 2 kgl i k i re groups
selected fr Dgerm- Jdm no o, N m no,

cyano, i al koxy, oxyJ 15 tiona

substi t i hal o, hydr kOXy, hal oal ko no,

am noal kyI—~N-al kyl ami no,~N-Ndi al kyl ami o~ {N- al kyl ami no) al¥yT, I

(N, Ndi al kyl ami no) al kyl, al kyl sul fone, am nosul fone, N al kyl'am no-‘syl f one,

N, N- di al kyl am nosul fone, am do, N- al kyl am do, N, N-di al kyl am do, cyano,

sul fongm no, @i k¥ sul fonam no, am di no, N-am nosul fone-aniidino, guanidino,
N- cyano- guani di no, thi oguani di no, 2- nitroguanidi no, carboxy, alkyl carboxy,
carbamate; RZashdf R4, @2eandnGée pendaotiyclizelmciednié odtphisihg esehlofHpbKyding

atoms independently selected from cycloalkyl, aryl, heterocycloalkyl or heteroaryl, with
each ring structure being independently optionally substituted by one or two substituents
independently selected from halogen, hydroxy, haloalkoxy, amino, N-alkylamino, N,N-
10 dialkylamino, cyano, nitro, alkyl, alkoxy, alkyl suifone, haloalkyl suifone, alkylcarbamate,
alkylamide, wherein any alkyl radical within any substituent may itself be optionally
substituted with one or more groups selected from halogen, hydroxy, amino, N-
alkylamino, N,N-dialkylamino, cyano, nitro, alkoxy, haloalkoxy,.aryloxy, heteroaryloxy,
carbamate; '
15 Z1s SO,
each of B and F is independently selected from a direct bond, O, (C1-6)alkyl, (Cl1-
6)heteroalkyl, alkynyl, CO, NCO, CON, NH, S;
R2 is selected from H, alkyl, hydroxyalkyl, alkoxyalkyl, aryloxy alkyl, aminoaikyl,
(N-alkylamino)alkyl, (N,N-dialkylamino)alky!, amidoalkyl, thioalkyl cycloalkyl-alky!,
20 alkyl-cycloalkyl, arylalkyl, alkylaryl, alkyl-heteroaryl, heteroalkyl, heterocycloalkyl-atkyl,
alkyl—heterocycloaikyl, heteroaryl-alkyl, heteroalkyl-aryl;
| R3 and R4 are independently selected from H or (C1-3)alkyl;
Optionally R2 and R3 may join to form a ring comprising up to 7 ring atoms, or R2
and R4 may join to form a ring comprising up to 7 ring atoms, or RS and ‘R4 may join to

25 form a ring comprising up to 7 rine atoms.



Optionally R2 and R3 may join to forma ring conprising up to 7 ring atons,
or R2 and R4 may join to forma ring conprising up to 7 ring atons,SEPT R8005
and R4 may join to forma ring conprising up to 7 ring atons. 14. A
pharmaceuti cal conposition which conprises a conpound of the fornula | as
claimed in claiml or a conpound of the formula Il .as clainmed in claim?7 or
a conpound of the fornula Ha as clainmed in claim9 or a conpound of the -
formula fib as clained in claim 13 or a pharmaceutically acceptable salt or
an in vivo hydrol ysabl e ester thereof and4a pharnmaceutically acceptable
carrier. 15. Use of a conpound of the formulae | or Il or Ila or Ilb or a
pharmaceutically acceptable salt or in vivo hydrol ysabl e precursor thereof
in the preparation of a nmedicanent for use in the treatnment of a di sease or
condition nedi ated by one or nore netall oprotei nase enzynes.

8. A compound of the formula II as claimed in claim 7 or a pharmaceutically acceptable
salt or an in vivo hydrolysable ester thereof, wherein R2 is alkyl, aminoalkyl, alkyi-

heteroaryl, alkyl-heterocycloalkyl or heteroaryl-alkyl.

9. A compound of the formula Ila or a pharmaceutically acceptable salt or an in vivo

hydrolysable ester thereof

R3 R4 Q
R2

ﬁ% ~\ Ila

each of G1 and G2 is 2 monocyclic ring structure comprising each of up to 7 ring

10

wherein

atoms independently selected from cycloalkyl, aryl, heterocycloalkyl or heteroaryl, with
each ring structure being independently optionally substituted by one or two substituents
15 independently s:a_lected from halogen, hydroxy, haloalkoxy, amino, N-atkylamino, N,N-
dialkylamino, cyano, nitro, alkyl, alkoxy, alkyl sulfone, haloalkyl sulfone, alkylcarbamate,
alkylamide, wherein any alkyl radical within any substituent may itself be optionally
substituted with one or more groups selected from halogen, hydroxy, amino, N-
alkylamino, N,N-dialkylamino, cyano, nitro, alkoxy, haloalkoxy, aryloxy, heteroaryloxy,
20  carbamate; )
Zis SO,
B is selected from a direct bond, O, (C1-6)alkyl, (Cl-6)heteroalkyl, CO, NCO,CON, |

NH, §, akynyl;



15

20

25

15 SEPT 2005

144

R2 is selected from H, (C1-6)alkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl,
(N-alkylamino)alkyl, (N,N-dialkylamino)alkyl, amidoalkyl, thicalkyl, or R2 is a group of

formmula I

i

C and D are independently selected from a direct bond, H, (C1-C6)alkyi, (C1-
Co)haloalkyl, or (C1-C6)heteroalkyl containing one or two hetero atoms selected from N,
O or S such thét when two hetero atoms are present they are separated by at least two
carbon atoms; _

G3 is a monoceyclic ring structure comprising up to 7 ring atoms independently
selected from cycloalkyl, a'ryl,. heterocycloalkyl or heteroaryl, optionally substituted by one
or two substifuents independently selected from halogen, hydroxy, amino, N-alkylamino,
N,N-dialkylamino, cyano, nitro, alkyl, alkoxy, alkyl suifone, haloalkyl sulfone, or alkyl
substituted with one or more groups selected from halogen, hydrbxy, aminb, N-
alkylamino, N,N-dialkylamino, cyano, nitro, alkoxy, haloalkoxy;

Optionally R2 is substituted with halo, haloalkyi, hydroxy, alkoxy, haloalkoxy, amino,
aminoalkyl,.N-aIkylamino, N,N-dialkylamino, (N-alkylamino)alkyl, (N,N-
dialkylamino)alky.l, alkylsulfone, aminosulfone, N-alkylamino-sulfone, N,N-dialkylamino-
sulfone, amido, N-alkylamido, N,N-dialkylamido, cyano, suifonamino, alkyl-sulfonamino,
amidino, N-aminosulfone-amidino, guanidino, N-cyano-guanidino, thioguanidino, 2-
nitroguanidino, carboxy, alkylcarboxy, carbamaté;

R3 and R4 are independently selected from H or (C1-3)alkyl;

Optionally R2 and R3 may join to form a ring comprising up to 7 ring atoms, or R2

and R4 may join to form a ring comprising up to 7 ring atoms, or R3 and R4 may join to

form a ring comprising up to 7 ring atoms.



15 SEPT 2005

145

10. A compound of the formula Ila as claimed in claim 9 or a pharmaceutically acceptable

salt or an in vivo hydrolysable ester thereof, wherein B is selected from a direct bond, O,

CO, S, alkynyl.

11. A compound of the formula Ila as claimed in either claim 9 or claim 10 or a
pharmaceutically acceptable salt or an in vivo hydrolysable ester thereof, wherein R2 is
selected from H, (C1-6)alkyl, aryl-(C1-6)alky! or heteroaryl-(C1-6)alkyl optionally
substituted with halo, haloalkyl, hydroxy, alkoxy, haloalkoxy, amino, aminoalkyl, N-
alkylamino, N,N-dialkylamino, (N-alkylamino)alkyl, (N,N-dialkytamino)alkyl,
10 alkylsulfone, aminosulfone, N-alkylamino-sulfone, N,N-dialkylamino-sulfone, amido, N-
' alkylamido, N,N-dialkylam:do, carbamate, cyano, sulfonamino, alkyl-sulfonamino,
amidino, N-aminosulfone-amidino, guanidino, N—cyano-guaﬁidino, thioguanidino, 2-

nitroguanidino, 2-nitro-ethene-1,1-diamino, carboxy, alkylcarboxy, carbamate.

12. A compound of the formula Ila as claimed in any of claims 9 to 11 or a

pharmaceutically acceptable salt or an in vivo hydrolysable ester thereof, wherein each of

R3 and R4 is H.

13. A compound of the formula IIb or a pharmaceutically acceptable salt or an in vivo

20 hydrolysable ester thereof

: R2
B
~.
N

G1 - INC] N——S\\=O NH

/o ﬁ<\ o

25 wherein
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G1 is a monocyclic ring structure comprising each of up to 7 ring atoms independently
selected from cycloalkyl, aryl, heterocycloalky! or heteroaryl, with each ring structure
being independently optionally substituted by one or two substituents independently
selected from halogen, hydroxy, haloalkoxy, amino, N-alkylamino, N,N-dialkylamino,
cyano, nitro, alkyl, alkoxy, alkyl sulfone; haloalkyl sulfone, alkylcarbamate, alkylamide,
wherein any alkyl radical within any substituent may itself be optionally substituted with
one or more groups selected from halogen, hydroxy, amino, N-alkylamino, N,N-
dialkylamino, éyano, nitro, alkoxy, haloalkoxy, aryloxy, heteroaryloxy, carbamate;

G2 is optionally substituted piperidine or piperazine;

B is selected from a direct bond, O, (C1-6)alkyl, (C1-6)heteroalkyt, CO, NCO,CON, .
NH, S, akynyl, ' |

R2 is selected from H, (C1-6)alkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl,
(N-alkylamino)alkyl, (N,N-dialkylamino)aikyl, amidoalkyl, thicalkyl, or R2 1s a group of

formula 111

i

C and D are independently selected from a direct bond, H, (Cl—C6)alkyl, (Cl-
Cé6)haloalkyl, or (C1-C6)heteroalky! containing one or two hetero atoms selected from N,

O or S such that when two hetero atoms are present they are separated by at least two

carbon atoms;

G3 is a monocyclic ring structure comprising up to 7 ring atoms independently
selected from cycloalkyl, aryl, heterocycloalkyl or heteroaryl, optionally substituted by one
or two substituents independently selected from halogen, hydroxy, amino, N-alkylamino,
N,N-dialkylamino, cyano, nitro, alkyl, alkoxy, alky! sulfone, haloalkyl sulfone, or alky!
substituted with one or more groups selected from halogen, hydroxy, amino, N-

alkylamino, N,N-dialkylamine, cyano, nitro, alkoxy, haloalkoxy;
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Optionally R2 is substituted with halo, haloalkyl, hydroxy, alkoxy, haloalkoxy, amino,
aminoalkyl, N-alkylamino, N,N-dialkylamino, (N-alkylamino)alkyl, (N,Ndialkylamino)alkyl,
alkylsulfone, aminosulfone, N-alkylamino-sulfone, N,N-dialkylaminosulfone, amido, N-
alkylamido, N,N-dialkylamido, cyano, sulfonamino, alkyl-sulfonamino,
amidino, N-aminosulfone-aniidino, guanidino, N-cyano-guanidino, thioguanidino, 2-
nitroguanidino, carboxy, alkylcarboxy, carbamate;

R3 and R4 are independently selected from H or (C 1-3)atkyl;
Optionally R2 and R3 may join to form a ring comprising up to 7 ring atoms, or R2
and R4 may join to form a ring comprising up to 7 ring atoms, or R3 and R4 may join to

form a ring comprising up to 7 ring atoms.

14. A pharmaceutical composition which comprises a compound of the formula I as claimed
in claim I or a compound of the formula II as claimed in claim 7 or a compound of the formula
Ila as claimed in claim 9 or a compound of the formula fib as claimed in
claim 13 or a pharmaceutically acceptable salt or an in vivo hydrolysable ester thereof and a

pharmaceutically acceptable carrier.

15. Use of a compound of the formulae I or I or Ila or IIb or a pharmaceutically
acceptable salt or in vivo hydrolysable precursor thereof in the preparation of a
medicament for use in the treatment of a disease or condition mediated by one or more

metalloproteinase enzymes.
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