1 5SEP 2005 1 Metalloproteinase inhibitors The present invention rel ates
to conpounds useful in the inhibition of netalloproteinases and in
particul ar to pharmaceutical conpositions conprising these, as s w4l SEsI005
their use. The conpounds of this invention are inhibitors of one or nore
nmet al | oprotei nase enzynes. Metall oprotei nases are a superfamly of
prot ei nases (enzynes) whose nunbers in recent years have increased
dramatically. Based on structural and functional considerations these
enzynmes have been classified into fanili?s and subfamlies as 10 descri bed
in NM Hooper (1994) FEBS Letters 354:1:6. Exanples of netall oproteinases
I nclude the matrix netall oproteinases (MWs) such as the col |l agenases ( MVPI
MWP8, - MV 13), the gelatinises (MW2, MW9), the stronelysins (MW3, MWLO0,
MW11l), matri lysin (MW7), netall oel astase (MW12), enanelysin (MW19),

the MI-MWPs (MW 14, MVP Tdetabpi6teilBe I8hibithes r eprol ysin or adamal ysin
or MDC fam |y which 15 includes the secretases and sheddases such as TNF

converting enzymes (ADAM 10 and TACE); the astacin famly which include
enzynes such Hs pesanliivegtion prlaestosiongpoupdonseifidds ehe HEM)tiomofl ot her
met al | opr ot ei nases such as aggrecanase, the endothelin converting enzyne
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believed to | ngortant in a plethora of physiological disease 20
processes Wi ?Strhﬁ oF%e ti ssue rermdel ling such as enbryonic devel opnent,
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Met al | oprotei nases are al so believed to be inportant in
in recent years have increased dramatically. Based on structural and functional
considerations these enzymes have been classified into farnilieé and subfamilies as
10 described in N.M. Hooper_(1994) FEBS Letters 354:1-6. Examples of metalloproteinases
include the matrix metalloproteinases (MMPs) such as the collagenases (MMP1, MMPS,
MMP13), the gelatinases (MMP2, MMPS), the stromelysins (MMP3, MMP10, MMP11),
matﬁlysin (MMP7), metalloelastase (MMP12), enamelysin (MI\/IPH), the MT-MMPs
(MMP14, MMP15, MMP16, MMP17); the reprolysin or adamalysin or MDC family which
15 includes the secretases and sheddases such as TNF con.verting enzymes (ADAMI10 and
TACE); the astacin family which include enzymes such as procoliagen processing
proteinase (PCP); and other metalloproteinases such as aggrecanase, the erdothelin
converting eniyme family and the angiotensin converting enzyme family.
Metalloproteinases are believed to be important in a plethora of physiological disease
20  processes that involve tissue remodelling such as embryonic development, bone f.ormation
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,
proteogiycan and fibronectin. Mctailoioroteinases are also believed to be important in the
processing, or secretion, of biological important cell mediators, such as tumour necrosis
25 factor (TNF); and the post transiational proteolysis processing, or shedding, of biologically
important membrane proteins, such as the low affinity Igﬁ receptor CD23 (for a2 more
complete list see N. M. Hooper et al., (1997) Biochem J. 321:265-279).

Metalloproteinases have been associated with many diseases or conditions. Inhibition

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



processing, or secretion, of biological inportant cell nediators, such as
tunour necrosis 25 factor (TNF); and the post transl ational proteolyﬁég
processi ng, or shedding, of biologically inportant nmenbrane proteinsy ER, 4485
as the low affinity IgE receptor CD23 (for a nore conplete list see NN M
Hooper et al., (1997) BiochemJ. 321:265-279). Metall oproteinases have been
associ ated with many di seases or conditions.. Inhibition of the activity of
one or nore netalloproteinases may well be of benefit in these diseases 1 5
S E P 2005 2 or conditions, for exanple: various inflamatory and allergic
di seases such as, inflammtion of the joint (especially rheunatoid
arthritis, osteoarthritis and gout), inflammtion of the gastro-intestinal
tract (espagi@hliiohsffbreamie Wapione inflindeAss, andHIefiie tiskfses Qbdhtdss and
gastritis), inflammati on of the skin (especially psoriasis, eczemn, 5
dermati ti s)inflamation of thegoms (especally rhenmawidarthrits, dsteeasiaitssmdgoat)ed wi t h
uncontrol | ed _degradatigon of the extracellular matrix such as osteoarthritis;

i n bone r edoflpnmationps Bastro-drietingl trad(eppeirldy inflammatragkewd disessase) ; i n
Cnoort SSPGE Bl s BN ED n BRGRr 5B S Bl it
Conai 1 bns CrERNRTSh bl Betabf  ERaph M Pl ool Pk pRgoR ve 1o

denyel i nat idegradaticreefhe epfradellalae ettt R buchng opRbArHiaisain eiewestspeyedisdBe (such
as multiple sclerosis); Al zheiner's disease; extracellular matrix :
r enodel | i ngsusbsie ostgdporasis andl Pageisclisease)pinghsessss assarated withstbemadi s and

at heroscel erosis; asthma; rhinifis; and roni c obstructjye pul nonar
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10 conditions (such as colonic anastomosis) and dermal wound healing; demyelinating

diseases of the central and peripheral nervous systems (such as multiple sclerosis);
Alzheimer’s disease; extracellular matrix remodelling observed in cardiovascular diseases
such as restenosis and atheroscelgrosis; asthma; rhinitis; and choﬁc obstructive
pulmonary diseases (COPD). i

15 MMP12, also known as macrophage elastase or meté.lloelastase, was initially cloned in
the mouse by Shapiro et af [1 99?, Joufnal of Biological Chemistry 267: 4664] and in man
by the same group in 1995. MMP-12 is preferentially expressed in activated macrophages,
and has been shown to be secreted from alveolar macrophages from smokers [Shapiro er {‘1“}\
al, 1993, Joumnal of Biological Chemistry, 268: 23824] as well as in foam cells in

20 atherosclerotic lesions [Matsumoto e al, 1998, Am J Pathol 153: 109]. A mouse model of
COPD is based on challenge of mice with cigarette smoke for six months, two cigarettes a &
day six days a week. Wildtype mice developed pulmonary emphysema after this
treatment. When MMP12 knock-out mice were tested in this model they developed no
significant emphysema, strongly indicating that MMP-12 is a key enzyme in the COPD

35 pathogenesis. The role of MMPs such as MMP12 in COPD (emphysema and bronchitis) 1s
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



by the sanme group in 1995. MW-12 is preferentially expressed in activated
macr ophages, and has been shown to be secreted from al veol ar nacr dphag&llh
fromsnokers [Shapiro et al, 1993, Journal of Biological Chem stry, 268:
23824] as well as in foamcells in 20 atherosclerotic |esions [ Mat sunot o et
al, 1998, AmJ Pathol 153: 109]. A nouse nodel of COPD is based on

chall enge of mce with cigarette snoke for six nonths, tw cigarettes a day
six days a week. WI dtype m ce devel oped pul nonary enphysena after this
treatment. When MWP12 knock-out mice wer® tested in this nodel they

devel oped no significant enphysema, strongly indicating that MWP-12 is a
key enzyme in the COPD 25 pathogenesis. The role of MWs such as MW12 in
COPD (enphysema and hronchitis) is discussed |n Ander son and Shi nagawa,
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MWP13, or beakd egRuasE M, P. \Wasijd dlial.i(@b94) J@hﬂmedfmom‘gxemm‘dﬁnh&;b Y4 ¥Rg76eed
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[N Johansson et at.,; io (1997) Cel | Gowh Differ. . 2) 243- 250], squarmus
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18 (1997) Cell Growth Differ. 8(2):243-250], squamous cell carcinomas [N. Johansson et al.,
(1997) Am. J. Pathol. 151(2):499-508] and epidermal tumours [K. Airola ez al., (1997) J.
Invest. Dermatol. 109(2):225-231]. These results are suggestiye that MMP13 is secreted
by transformed epithelial cells and may be involved in the extracellular matrix degradation
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 tissues. For i}xstance, consistent with MMPI3"s substrate specificity and
preference for degrading type 11 collagen [P. G. Mitchell ez al., (1996) J. Clin. Invest.

b 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 ef al., (1997) Lab. Invest. 76(5):717-728; N. Johansson

ef al., (1997) Dev. Dyn. _2Q§(_Z_ﬁ:387-3 971, in destructive joint diseases such as rheumatoid
and osteo-arthritis [D. Wernicke ef a/., (1996) J. Rheumatol. 23:590-595; P. G. Mitchell ef
al., (1996) 1. Clin. Invest. 97(3):761-768; O. Lindy et al., (1997) Arthritis Rheum
25 40(8):1391-1399); and during the aseptic loosening of hip replacements {S. Imai er al.,
(1998) 1. 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. J. Uitto et a/., (1998) Am. J. Pathol -



(1997) Am J. Pathol. 151 2 :499-508] and epidermal tunmours [K. Airola et
al ., (1997) J. Invest. Dermatol. 109(2):225-23 1 ]. These results aresEP 2005
suggestive that MW13 is secreted by transfornmed epithelial cells and may
be involved in the extracellular matrix degradation and cell-matrix

I nteraction associated wth netastasis especially as observed in invasive 15
breast cancer lesions and in malignant epithelia gromh in skin

carci nogenesis. Recent published data inplies that MW13 plays a role in
t he turnover of other connective tissues. For instance, consistent with
MWP13's substrate specificity and preference for degrading type Il coll agen
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10 by T.H, Vu & Z. Werb (1998). ' _
The expression of MMP9 is restricted normally to a few cell types, including

trophoblasts, osteoclasts, neutrophils and macrophages. However, it's expression can be
induced in these same cells and in other cell types by sevéral mediators, including
exposure of the cells to growth factors or éytokines. These are the same mediators often

15 implicated in initiating an inflammatory response. As with other secreted MMPs, MMP9
1s released a§ an inactive Pro-enzyme which -is subsequént]y cleaved to form the

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

known. ‘The balance of active MMP9 versus inactive enzyme is further regulated in vivo by {1“\9

interaction with TIMP-1 (Tissue Inhibitor of Metalloproteinases -1), a naturally-occusring

20 protein, TIMP-1 binds to the C-terminal region of MMP9, leading to inhibition of the

catalytic domain of MMPS. 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 Jocal site. Proteolytically active MMP9
attacks substrates which include gelatin, elastin, and native Type IV and Type V collagens;
2 ithasno 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 ernbfyonic



5 (1989) J. Biol Chem 264 (29): 17213-17221; published erratumin J. Biol
Chem (1990) 265 B): 225701. A recent review of MW9 provides an exlﬁgé;eﬂ]g?
source for detailed information and references on this protease: T.H “"Vu &
Z. \erb (1998) (In : Matrix Metalloproteinases. 1998. Edited by WC. Parks
& R P. Mecham pp 115 - 1 48. Academi c Press. |SBN 0-12-545090-7). The
following points are drawn fromthat review 10 by T.H. Vu & Z. Werb (1998).
The expression of MW9 is restricted normélly to a few cell types, including
trophobl asts, osteoclasts, neutrophils and nacrophages. However, its
expression can be induced in these sane cells and in other cell types by
several nediators, including exposure of the cells to growh factors or

cyt oki nes. immdswtatens spme relsrn trregontty prd d¢velopmant ofperesatmskimignation afl ati ng an
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i nactive Pr‘Bﬂéﬂ’{‘E"’r‘r@'Yv&‘#l& O the YRIRLAIMSPY 58S ved to form the enzymatical |y
active enzyne. 4 ' | i ' | r ot
Known: The. bal e SRl HiRsRRUbHE but Bhe hiloBn Bt St Sk ablsf BB

regul ated ifhidé ¥ BYAMGEARLLAE PbhinkeMEd hstbhiagsd@m e DR th@E from other
Met al | oprotei nases -1), a naturally-occurring 20 protein. TIMP-I binds to

t he G-t er mipephlategs fAmof. RdyPoCell &alohdBivb, Nohil B91,i1G(SpH83I-hel c A lad,\ihdreasddmai n
of MWP9. The bal ance .of induced expression of- ProMw9, cleavage of Pro- to

agl i ve MPMEHRD exrsessreadian beenpbserygd in cerghsitics Prdiolpsical rentitionsetherabint  of
§ al ytically acti 9 which i t local . site. Proteolyticall
o o e B AL S0 ol B AR o) SR hb Ry R oL
Type 1V a“%lﬁ&%e?’s,%hlt&@@%ém@é, hdd PaGud Riphfe ir%étﬁé’ro?&éb?i%?lea'a Otégicgt pe I

col l agen, proteoglycans or I'am nins.” There has been a grow ng dat a
lpl i cat i ngofodlaes comiitidd¥Rach as Myocandinl Ipfasesion) ogi cal and pat hol ogi cal
%%cesses. Physi ol ogi cal roles include the invasion of enbryonic

t rophobbast s tMiuGkcallsgenaserd neuteqrhilivellpganase) is & 83 &b ¢nzymeadéke mitrixnbr yoni c

metalloproteinase family that is prefercntially expressed in neutrophils, Later studies

indicate MMP-38 is expressed also in other cells, such as osteoarthritic chondrocytes
[Shlopov ez al, 1997, Arthritis Rheum, 40:2065). MMPs produced by neutrophils can
cause tissue remodeiling, and hence blocking MMP-8 silould have a positive effect in

15 fibrotic diseases of for instance the lung, and in degradative diseases like pulmonary
emphysema. MMP-§ was also found to be up-regulated in osteoarthritis, indicating that
blocking MMP-8 many also be beneficial m 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. er al, 1981, J. Periodontal Res., 16:417-424), and enzyme levels have

been correlated to the severity of gum disease [Overall C. M. et al, 1987, J. Periodontal

Res., 22:81-88]. MMP-3 is also produced by basal keratinocytes in a variety of chronic
ulcers [Saarialho-Kere U. K. et al, 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
35 what probably represents the sites of proliferating epidermis. MMP-3 may thus prevent the
epidermis from healing. Several investigators have demonstrated consistent elevation of
MMP-3 in synovial fluids from rheumatoid and osteoarthritis patients as compared to
controls [Walakovits L. A. ef al, 1992, Arthritis Rheum., 35:35-42; Zafarullah M. er 4/,
1993, J. Rheumatol.,, ;O_:693—697;]. These studies provided the basis for the belief that an



1 5 SEP 2905 5 inplantation; sone role in the growth and devel opnent of
bones; and mgration of inflamatory cells fromthe vascul ature infss 0
ti ssues. MVWP-9 rel ease, neasured using enzyne i mmunoassay, was Sign iEQ%QPy
enhanced in fluids and in AM supernantants from untreated asthmatics
conpared with those fromother 5 populations [Am J. Resp. Cell & Ml.
Biol., Nov 1997, 17 (5):583-591 ]. Also, increased MVW9 expression has been
observed in certain other pathol ogical cgnditions, thereby inplicating MW9
in di sease processes such as COPD, arthrrtis, tunmour netastasis, -
Al zheinmer's, Miltiple Sclerosis, and plaque rupture in atherosclerosis

| eading to acute coronary conditions such as Myocardial Infarction. is
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such as osteoarthritic chondrocytes [Shlopov et al, 1997, Arthritis Rheum
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hence bl ocki ng MVWP-8 shou|.d have a_pgsitive effect ipis fibrotic,_ diseases
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enzyne fa -3 activity has been denonstrated in fibroblasts ‘i sol at eg
from i nf | aetedtidiby firdghibiging Datiows Metallopreteimises. 1981, - J. Peri odontal Res.,
16:417-424], .and enzynme | evels have been caorrelated to the severity of gum

di sease [ Overdhitaker M eq! (1999, Chgmical Repieps S8GHIZAPS-2€] Tevimy B idg|anghnp. 3
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10 zinc binding group or ZBG (functional group capable of chelating the active site zine(II)

ion), at least one functional group which provides a hydrogen bond interaction with the
enzyme backbone, and one or more side chains which undergo effective van der Waals
interactions with the enzyme subsites. Zinc binding groups in known MMP inhibitors
include carboxylic acid groubs, hydroxamic a-ci_d groups, sulfhydry! of mercapto, etc. For

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

The above compound entered clinical development. It has a mercaptoacyl zinc binding
group, a trimethylhydantoinylethyl group at the P1 position and a leucinyi-terz-

20 butyliglycinyl backbone.



ulcers [Saarial ho-Kere U. K el al, 1994, J. din. Invest., 94:79- 885
MRNA and protein were detected in basal keratinocytes adjacent to bastP 2003
distal fromthe wound edge in 25 what probably represents the sites of
proliferating epiderms. MW-3 may thus prevent the epiderm s from healing.
Several investigators have denonstrated consistent elevation of MW-3 in
synovial fluids fromrheumatoid and osteoarthritis patients as conpared to .
controls [Wal akovits L. A et al, 1992, Arthritis Rheum, 35:35-42;
Zafarullah M et al, 1993, J. Rheumatol”7, 20:693-697). These studies
provi ded the basis for the belief that an 1 5 SEP 2005 6 inhibitor of MwP-3
w Il treat diseases involving disruption of extracellular matrix resulting
in inflammation due to |ymphocytic infiltration, or |oss of structural
~integrity necessary for g gan function. A nunber of netall oproteinase
i nhibitors are knowng(seg for exanple the review of s MW inhibitors by
Beckett R P. angSVhl tak r “N 98 Exp. Opin. Ther. Patents, .8f
:259-282]. Diffe nds may have different degrees of
potency and selectLV|tV 'i .|b|t|ng various netal |l oprotei nases. Wi ttaker
M et al (1999; em cal Revie O9%9) : 2735-2776] review a w de range of
known MVP i nhi bi tior conpounds. state that an effective MW inhibitor
requires a Binding group™~or ZBG (functional group capabl e of
&helatlng the agtijfe site zinc(ll) ion), at |east one functional group which
%ﬁ%OV|des a hydrogen bond interaction with the enzynme backbone, and one or
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the enzyne subsites.” Zinc binding groups In known
car boxyl i positiorl gr oups, hydroxamn ¢ acid groups, sulfhydryl or nercapto, etc.
For, 15 exanple, Wittaker M et al discuss the follow ng MW inhibitors:

7
o Nﬁfﬁo
j > NS
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 is a phthalimido derivative that inhibits collagenases. It has a non-

10 peptdic succinyl hydroxamate zinc binding group and a cyclic imide group at P1.
Whittaker M. ef 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).



NHMe The above conmpound entered clinical developnent: It has a mercaptoacyl
zinc binding group, a trimethylhydantoi ny | ethyl group at the PI1/¢gEPtZilhNn
and a leucinyl-tert 20 butyllglycinyl backbone. 1 5 SEP 2005 7 The above
conpound has a nercaptoacyl zinc binding group and an imde group at the P1
position. s The above conmpound was devel oped for the treatnent of arthritis.
It has a non-peptidic succinyl hydroxamate zinc binding group and a

trimet hyl hydant oi nyl et hyl group at the R1 position. The above conpound is a
pht hal i m do derivative that inhibits coﬁlagenases. It has a non- 10 peptidic
succi nyl hydroxamate zinc binding group and a cyclic imde group at P |
Whittaker M et al al so discuss other MW inhibitors having a P1 cyclic
imdo group and various zinc binding groups (succinyl hydroxanate,
carboxylic acid, thiol group, phosphorous-based group). 1 5 SEP 2005 .8 HN
NH NH NO O The above conpounds appear.to be good inhibitors of. MWPS and MVP9
(PCT pat ent ‘ '

The above compounds appear to be good inhibitors of MMP8 and MMP9 (PCT patent
5 applications W0O9858925, W0O9858915). They have a pyrimidin-2,3,4-trione zinc binding

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

10 Lora-Tamayo, M et al (1968, An. Quim 64(5): 591-606) describe synthesis of the

following compounds as a potential anti-cancer agent:
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s applications W9858925, W9858915). They have a pyrimdin-2,3,4-trione
zinc binding group. The followi ng compounds are not known as MvP 15 SEP 2005
inhibitors: 10 Lora-Tanayo, Met al (1968, An. Quimd4(0: 591-606) describe
synthesis of the follow ng conpounds as a potential anti-cancer agent: 0 11
CSNHHZI O 11 &GS-NH HI1 ZONXR2Z 0 11 GS-NH H21i OO0 11 GS-NH H2
O 11 .
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Czech patent numbers 1_51744 (19731119) and 152617 (1974022) describe the synthesis

and the anticonvulsive activity of the following compounds:
H |
O™ oNy
N -0 A SN
\ .
. Ho0 @ -~ H :
-~ R | cl
R=4-NO2, 4-OMe, 2-NQOZ,

US patent number 3529019 (1970091 5) describes the following compounds used as

_intermcdiates:
H ) ) ’ .
H . )

O{\(N o OMe o N OMe ; o n OMe

\ \/ s} . Y 0

H o N N\

@]
NH ©

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

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

5 We have now discovered a new class of compounds that are inhibitors of
metalloproteinases and are of particular interest in inhibiting MMPs such as MMP-12. The
compounds are metalloproteinase inhibitors having a metal binding group that 1s not found

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



OOR 1s 1 5 SEP 2005 9 Czech patent nunbers 151744 (19731119) and 152617
(1974022) describe the synthesis and the anticonvul sive activity of éggp
foll owi ng conpounds: C R= 4-NO2, 4-0wvk, 2-N02, 5 US patent nunber J5 1§m5
(19700915) describes the foll owi ng conpounds used as internedi ates: PCT

pat ent application nunmber WO 00/ 09103 descri bes conmpounds useful for
treating a vision disordér, including the follow ng (conpounds 81 and 83,
Tabl e A, page 47): 0 0 15 W have now di scovered a new cl ass of conpounds
that are inhibitors of netalloproteinase&oand are of particular interest in
I nhibiting MWs such as MW-12. The conpounds are netall oproteinase

I nhi bitors having a netal binding group that is not found in known

tall tei LAkt . ti,cul -h di er ed d
That 15 s Boae: WML iRibiom SRl “Biils sclFd BiRh, DR CaRPagRE At v 1

Cel ect vi £y SR AT b omeliia Potpel, WEBED e pIERROIEIPE pPORERAL.

i nhi bi tor conmpounds of the invention conprise a netal binding 5 group and
one or nore other functional groups-or side chains characterised in that the
The metalloproteinase inhibitor compounds of the invention comprise a metal binding
5 group and one or more other functional groups or side chains characterised in that the

metal binding group has the formula (k)

Y1
NH
{
Y, @)

wherein X is selected from NR1, O, S;
Y1 and Y2 are independently selected from O, S,
10 R1 is selected from H, alkyl, haloalkyl;
Any alkyl groups outlined above may be 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 ir 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 i;}n within
the active site of the enzyme. For example, the metal binding group will be a zinc binding
20 group in MMP inhibitors, binding the active site zinc(Il) ion. The metal binding group of
formula (k) i1s based on a five-membered ring structure and is prefei'ably a hydantoin

group, most preferably a -5 substituted 1-H,3-H-imidazolidine-2.4-dione.



metal binding group has the formula (k) YI NH X 4 1. YZ (k) wherein X is
selected fromNRL, 0, S Y1 and Y2 are independently selected from 01 53Ep i
Rl is selected fromH, alkyl, haloal kyl; Any al kyl groups outlined above nay
be straight chain or branched; any al kyl group outlined above is preferably
(C 1-7)al kyl and nost preferably (C I-b)alkyl. A netalloproteinase inhibitor
conpound is a conpound that inhibits the activity of a |Is netalloproteinase
enzyme (for exanple, an MW). By way of non-limting exanple the inhibitor
conpound may show I C50s in vitro in the ﬂénge of 0.1-10000 nanonol ar,
preferably 0.1-1000 nanonol ar. A metal binding group is a functional group
capabl e of binding the netal ion within the active site of the enzyne. For

exanpl e, the al _bindin roup will be zi nc bi ndi 20 group in MW
At bi ¢ or 98 agiist Piaget fldhe AnRbBe L mon: ey R poRRth A W ol Rl g or oup of
formula (k) is based on a five-nmenbered ring structure and is preferably a
_hydant oi n group, nost preferably
-H, 3-H i m dazol i di ne-2, 4-d

@ -5 sub§tituted I
. %EPZOOS 11 In a first aspect of the
i nventi on we now provi de conpo

s B thegiformula | RS -A

RS —A z NH
X: 1
Y,
. wherein
&
5 X is selected from NR1, O, S:

Yl and Y2 are independently selgcted from O, §;
Z is selected from SOzN(R6), N(R7)SO,, N(R7)SO;N(R6);
mis 1or?2; | . o -
A is selected from a (_i.il.’CCt bond, (C1-6)alkyl, (C1-6)haloalkyl, or (C1-6)heteroalkyl
10 containing a hetero group selected from N, O, S, SO, SO2 or containing two hctcror groups
selected from N, O, §, SO, SO2 and separated by at least two carbon atoms;
R1 is selected from H, (C1-3)alkyl, haloalkyl;
Each R2 and R3 1s independently selected from H, halogen (preferably fluorine),

alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, alkyl-
15 heteroaryl, heteroalkyl-aryl, heteroalkyl-heteroaryl, aryl-alkyl, aryl-heteroalkyl, heteroaryl-
alkyl, heteroaryl-heteroalkyl, aryl-aryl, aryI—he.teroaryl, heteroaryl-aryl, heteroaryl-

heteroaryl, cy'cloalkyi-alkyl,' heterocycloalkyl-alkyl;
Each R4 is independently selected from H, halogen (preferably fluorine), (C1-3)alkyl
or haloalkyl;
20 R6 is selected from H, alkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl,
alkyl-heteroaryl, heteroalkyl-aryl, heteroalkyl-heteroaryl, arylalkyl, aryl-heteroalkyl,
heteroaryl-alkyl, heteroaryl-heteroalkyl, aryl-aryl, aryl-heteroaryl, heteroaryl-aryl,

heteroaryl-heteroaryl;



| wherein 5 X is selected fromNRI, 0, S; Y1 and Y2 are independently
selected fromO, S; Zis selected from S02N(R6), N(R7) S02, N(R7) SOZN(gQgFPZUijn
is | or 2, Ais selected froma direct bond, (C 1-6)al kyl, (C 1-6)hal oa q
or (C1l -6)heteroal kyl 10 containing a hetero group sel ected fromN, O, S
SO, S02 or containing two hetero groups selected fromN, 0, S, SO S02 and
separated by at | east two carbon atons; Rl is selected fromH, (C 1-3)alkyl,
hal oal kyl ; Each R2 and R3 is independentl‘y sel ected fromH, hal ogen
(preferably fluorine), alkyl, heteroal kyz, cycl oal kyl, "het erocycl oal kyl ,
aryl, heteroaryl, al cylaryl, alkyl 15 heteroaryl, heteroal kyl-aryl,

het er oal kyl - heteroaryl aryl -al ky], aryl -heteroal kyl, heteroaryl aIkyI,

et e oar |- e RSEA R SV hARE S0 i S ABIEBRLY hoP e <

i ndependen%h&’o?ﬁb?&ﬁp?&erfab%ﬂ'é g?@upegaec&erf&,fnerép} %’hétleﬂb%ﬂdy’l‘%l hétkrodal Kyl

or hal oal kyl; 20 R671s selecté omH, al , er oal

het er ocycl ﬁalbkljdloalhylyhydrhg? Scdlkatyy haloalkloy atmdl alkﬁll&hyl ah,&ﬂnﬁﬂoakyllsulfon
het er oal kyl - | , heteroal kyl - het eroaryl, yl al kyl - het er oal kyl ,
het er oar yl h@lbk yisulfen, @rdauljen, hétlmsalafpk,ylﬂ—aﬂasrlgmmmsylfon a¥s 54 -dialityismaiapspilfon,

S B L S e SR S e et AT

dialkylamido, cyano, sulfonamino, alkylsulfonamino, arylsulfonamino, amidino, N-

aminosulfon-amidino, guanidino, N-cyano-guanidino, ﬂﬁoguanidino,?—nitro—ethene-l ,1-
diamin, carboxy, alkyl-carboxy, nitro;
Optionally R2 and R3 may join to form a ring comprising up to 7 ring atoms, or R2 @
10 and R4 may join to form a ring comprising up to 7 ring atoms, or R2 and R6 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, or R3 and R6 may join to form a ring comprisiﬁg upto 7
ring atoms, or R4 and R6 may join to form a ring comprising up to 7 ring atoms;
RS5 is a monocyclic, bicyclic or tricyclic group comprising one, two or three ring
15 structures each of up to 7 ring atoms independently selected from cycloalkyl, aryl,
heterocycloalkyl or heteroaryl, with each ring structure being independently optionally

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,

20 alkylaminosulfonyl, carboxylate, alkylcarboxylate, aminocarboxy, N-alkylamino-carboxy,

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,
haloalkoxy, amino, N-alkylamino, N,N-dialkylamino, N-alkylsulfonamino, N-
alkylcarboxyamino, cyano, nitro, thiol, alkylthiol, alkylsulfonyl, N-alkylaminosulfonyl,
25 carboxylate, alkylcarboxy, aminocarboxy, N-alkylaminocarboxy, N,N-
dialkylaminocarboxy;
when RS5 is a bicyclic or tricyclic group, each ring structure is joined to the next nng

structure by a direct bond, by -O-, by (C1-6)alkyl, by (Cl-6)haloalkyl,



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, 15 SEP 2003
al kylthiol, arylthiol, alkylsulfon, haloalkylsulfon, arylsulfon,

am nosul fon, N al kyl am nosul fon, NN-di al kyl am nosul fon, 5 aryl am nosul f on,
am no, N-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 fonam no, al kyl sul fonami no, aryl sul fonani no,

am di no, N am nosul fon-amnm di no, guanidi 9, N- cyano- guani di no,

t hi oguani di no, 2-nitro-ethene-|,1- diamn; carboxy, alkyl-carboxy, nitro;
Optionally R2 and R3 may join to forma ring conprising up to 7 ring atons,
or R2 10 and R4 may join to forma ring conprising up to 7 ring atons,

or
R2 and R6 i @1 et RS 4cSi j I and
Ra may | oi Gl B Balk RETYEL MR (OB By Sulibhl Pl ied B oy
join to fofdR @ingistrdcedpri sing up to 7 ring atons, or R4 and R6 may join to
forma ring conprising up to 7 ring atons; R5 is a nonocyclic, bicyclic or
tricyclic groBpicsietédiron (Cie)) aky, @13-7hkydealkylh (C2i63hes¢roalkyl (€2- each of up
to 7 ring atons i ndependently selected fromcycl oal kyl, aryl, '
het er ocyclDaYHoheterpatkylier oaryl, with each ring structure being independent!y

optionally sjbst]tut one or re substituents independentl|y .sel ected
from hdl ogen,%b?tg&oﬁﬁ( ‘gf( %)PI ou é’felgoa v, © It oea?rﬁt?)?&}?'s bﬁqﬁ%tggﬁﬁ(gp f(?}?/%lmnﬁo,

M. N-di al k ' ' ayi C ' hi ol ,
Byt thi ol S T B e S SOt YO Pty Broub

car boxyl atheinged kateroaatomoy lgadeny ofawme)c ar boxy, N-al kyl am no- car boxy,

N, N-di al kyl am no- car boxy, wherein ané al kyl radical within any substituent
may itself beAnphateresuelpgikylordetaroarastigrnip hutined 8bovenoatamoePTIBIEHLEH f r om

@%ﬁ:\fg?; kh %ﬂ%ﬁﬁdw%lpg%i%Sg{ﬁré&%lﬁi%z\ﬁ%,,@EQTSQZEZ?LE%ZQ 28: cyano, nitro,

ot RSl At N B Q0O 1
branched; unless otherwise stated, any alkyl group outlined above is preferably (C1-7)alkyl
and most preferably (C1-6)aikyl;

Provided that: _
when XisNR1,R1isH, Y1is O, Y2is O, Z1s SO.N(R6), R6isH, R2 isH, m is

15 1,R3isH, R4 is H, and A is a direct Bond, then R5 is not phenyl, p-nitro-phenyl, p-

ethoxyphenyl or m-methylphenyl;
when X is § of NRI and R1lisH, Y1is O, Y21s O, Zis SO;N(R6), R6 is alkyl,
R2isH, mis i, one of R3 and R4 is H and the other is alkyl, R3 and-R6 or R4 ax_ld R6 join

to form a 5-membered ning, and A is a direct bond, then RS is not phenyl.

20

Preferred compounds of the formula I are those wherein any one or more of the
following apply: | |
X isNR1;
25 Z 1s SO;N(R6), espcciallj' wherein the S atom of group Z is attached to group A in the
compound of formula I
At least one of Y1 and Y2 is O; especially both Y1 and Y2 are O;
mis 1;

R1is H, (C1-3) alkyl, (C1-3) haloalkyl; especially R1 is H;



di al kyl am nocar boxy; when R5 is a bicyclic or tricyclic group, each ring
structure is joined to the next ring structure by a direct bond, by -0 y
(Cl-6)al kyl, by (Cl-6)haloalkyl, M1 5 SEP 2005 13 by (C 1-6) heteroﬁlfkgﬁp’m@y
(CIl -6)alkenyl, by (C1l -6)al kynyl, by sulfone, or is fused to the next
ring structure; R7 is selected from(C 1-6) al kyl, (C3-7)cycloal kyl,
(C2-6) het eroal kyl, (C2- 6)cycl oheteroal kyl; 5 Any heteroal kyl group outlined
above is a hetero atom substituted al kyl %fntaining one or nore hetero
groups i ndependently selected fromN, O, SO, S02, (a hetero group being
a hetero atom or group of atons); Any heterocycl oal kyl or heteroaryl group
outlined above contains one or nore hetero groups independently sel ected

fromN, 0, S, gSQs1b PSaBlyHminlikany Lyl

above may be strai ght c@ aF]ber ang gﬁ )}c d%mgﬂot he’?/v%n ge%pﬁpﬁg irg a’I kyl
group out | algthrabhvierdatiyytetesafloalkyliky, %mylhetaﬂ@ctliim&yipﬁ&ér@ﬁ?@aﬂ(yﬂ C t
-6)al kyl; Provided that: when XisNRL, Rl is HYl is 0, Y2 is O S

S02N( R6) , Reeicalityl-aRd; ¢speeiallyRi2gs alkyl, amimmliyd opheterpang-alkyland A is a direct

bond, then R5_i_s he p-nitro-phenyl, p- ethoxyphenyl or
mrrethylpheny : %&%&‘ng or NRl and Rl is H Yl is 0, Y2is 0, Zis

SO02N( R H mis 1, one of R3 and R4 is H and the other
is alk R3an IR411“:&%:!1#%R6join
R3 and R4 form a 5- or 6-membered ring (preferably a 5-membered ring) or R3 and

R6 form a 5- or 6-membered ring (preferably a 5-membered ring) or R4 and R6 form a 5-
or 6-membered ring (preferably a 5-membered ring); especially R3 and R6 form a 5- or 6-

membered ring, most preferably a 5-membered ring;
10 R2 and R3 form a 5-membered ring or R2 and R6 form a 5S-membered ring;
RS coﬁpﬁses one, two or three optionally substituted ary! or heteroaryl 5- or 6-
membered rings;
R5 is a bicyclic or tricyclic group compﬁsing two or'three optionally substituted ring
structures; | ) |
15 R3 and Ré6 form a 5- or 6-membered ring (preferably a 5-membered ring) or R4 and =
R6 form a 5- or 6-membered ring (preferably a 5-membered ring) and RS is a bicyclic or

tricyclic group comprising two or three optionally substituted ring structures.

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

tricyclic group comprising two or three optionally substituted ring structures.

For example, particular compc.)unds of formula I are those wherein Y1 is O, Y2 is O, X
isNR1, Rlis H,R2isH, mis 1, R3 is H, R4 is H, Z is SO.N(R6), R6 is H, (C1-4)alkyl,

25 methylbenzyl, or methylpyridyl, A is a direct bond, and R5 is a bicyclic or tricyclic group
comprising two or three optionally substituted ring structures. Some such compounds are
described in Examples 1 and 2.

Other particular compounds of Vfonnula I are those wherein Y115 O, Y2is O, X 1s

NRI, R1 isH, R2 is H, methyl, or benzyl, mis 1, R3 is H or methyl, R4 isH, Z is



to forma 5-nenbered ring, and Ais a direct bond, then R5 is not phenyl. 20
Preferred conpounds of the formula | are those wherein any one or n%)gs Pf
the following apply: XisNRl; 25 Z is S02N(R6), especially wherein 3 @05
atomof group Z is attached to group Ain the conpound of fornmula 1; At

| east one of Yl and Y2 is G especially both Yl and Y2 are O; mis | ; ; R
| is H (C1-3) alkyl, (C 1-3) haloal kyl; especially Rl is 14 1 5 SEP 2005.
14 R2 is H, alkyl, hydroxyal kyl, am noal kyl, cycl oal kyl -al kyl,

al kyl -cycl oal kyl , arylal kyl, alkylaryl,jdeteroal kyl,

het er ocycl oal kyl -al kyl , al kyl - heterocycl oal kyl, heteroaryl -al kyl,

het er oal kyl -aryl; especially R2 is al kyl, am noal kyl or heteroaryl-al kyl. R3
and/or R4 is H s R3 and/or R4 is nethyl; R3 and R4 forma 5- or 6-nenbered
ring (prefSd,alRY), Ris W& edirgéct bopd,@ind RS ieadicyidhc bptrivyalid grovp onipeizhey ed
"ring (preferably a 5-nenbered ring) or R4 and R6 form a 5- or 6-nenbered
ring (prerepablyeaodianehpenbslitetedgng stugturssaSomeRschaempaurids am desribed in6-
menbered (i ng, st preferably a 5-nmenbered ring;- 10 R2 and R3 forma
*5-menber e X@{“ﬁ&ngr R2 and R6 forma 5-nmenbered ring; R5 conprises one, two
or three optionally substituted aryl or heteroaryl 5- or 6- :

5 The invention further provides compounds of the formula ]I
WY R3 R4 0 ~
. R2
B
! - G1- z NH
&
. N I
| F AN
‘ O
wherein
10 each of G1 and G2 is a monocyclic ring structure comprising each of up to 7 ring
atomns 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-
(“’“v} dialkylamino, cyano, nutro, alkyl, alkoxy, alkyl sulfone, haloalkyl sulfone, alkylcarbamate,

15 alkylamide, wherein any alkyl radical within any substituent may itself be optionally
substituted with one or more groups selected from halogen, hydroxy, amino, N-
1 alkylamino, N,N-dialkylamino, cyano, nitro, alkoxy, haloalkoxy;
Z is SO;N(R6):; o
B is selected from a direct bond, O, (ClI-6)alkyl, (C1-6)heteroalkyl;
20 R2 is selected from H, (C1-6)alkyl, haloalkyl, hydroxyalkyl, alkoxyaikyl, aminoaikyl,
(N-alkylamino)alkyl, (N,N-dialkylamino)alkyl, émidoalkyl, thioalkyl, or R2 is a group of

formula 1]



menbered rings; R5 is a bicyclic or tricyclic group conprising two or' three
optionally substituted ring structures; 15 R3 and R6 forma 5- or 15 SEP 2005
6- menbered ring (preferably a 5-nmenbered ring) or R4 and R6 forma 5° éﬁ

6- menbered ring (preferably a 5-nmenbered ring) and R5 is a bicyclic or
tricyclic group conprising two or three optionally substituted ring sti
uctures. 20 Particularly preferred conpounds of fornmula | are those wherein
R5 is a bicyclic or tricyclic group conprising two or three optionally
substituted ring structures. For exanpl e !éparticul ar conpounds of fornula I
are those wherein Y| is 0, Y2is 0, X isNR, RLisH RisH misl1l R3
isH R4is H Zis 502N(R6), R6 is H (Cl-4)alkyl, 25 nethyl benzyl, or
met hyl pyridyl, Ais a direct bond, and R5 is a bicyclic or tricyclic group
conprising two or three optionally substituted ring structures. Some such
conmpounds are descri in Exanples | and 2. Qther particul ar conpounds of
formula | are tho wher e Y1is O, Y2is 0, Xis NR, R is H Ris H
nmet hyl, or benzy), mis 1, is Hor methyl, R4 is'H Zis 1 5 SEP 2005 15
S2N(R6), R6 is/H AALs a di ond, and R5 is a bicyclic or tricyclic
group conprjising t t hr lonally substituted ring structures. Sone
such conpounds axe described i Exanpl e 3. s The invention further provides
Il wherein to each of G and & is a nonocyclic

g each of up to 7 ring

AT,

AT,
Fhs
(s

X

ring structure conpri
Formula ill

C and D are independently selected from a direct bond, H, (C1-Cé6)alkyl, (C1- ,

- Cé6)haloalkyl, or (C1-C6)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
5 carbon atoms;

G3 is a monocyclic ring structure comprising up to 7 ring atoms independently
selected from cycloalkyl, aryl, heterocycloalkyl or heteroéryl, optionally substituted by one
or two substituents independently selected from halogen, hydroxy, amino, N-alkylamino,
N,N—dialkylami;o, cyano, nitro, alkyl, alkoxy, alkyl sulfone, haloalkyl sulfone, or alkyl

10 substitu_ted with one or more groups selected from halogen, hydroxy, amino, N-
alkylamino, N,N-dialkylamino, cyano, nitro, alkoxy, haloalkoxy; |

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

dialkylamino)alkyl, alkylsulfoné, aminosulfone, N-alkylamino-sulfone, N,N-dialkylamino-

15 sulfone, amido, N-alkylamido, N,N-dialkylamido, cyano, sulfonamino, alkyl-sulfonamino,
amidino, N-aminosulfone-amidino, guanidino, N-cyano-guanidino, thioguanidino, 2-
nitroéuanidino, 2-nitro-ethene-1,1-diamino, carboxy, alkylcarboxy;

R3 and R4 are independentyl selected from H or (C1-3)alkyl;
R6 is selected from H, (C1-3)alkylamino, or R6 is (C1-3)atkyl optionally substituted

20 by aryl, heteroaryl, heterocycloalky!l; |

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 R2 and R6 may join to

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



atons i ndependently selected fromcycloal kyl, aryl, heterocycl oal kyl or
heteroaryl, with each ring structure being i ndependently optionallysﬁEpzm5
substituted by one or two substituents independently selected from hal ogen,
hydr oxy, hal oal koxy, am no, N-al kylam no, N,N dial kyl am no, cyano, nitro,

al kyl, al koxy, al kyl sulfone, hal oal kyl sul fone, alkylcarbamate, is

al kyl am de, wherein any alkyl radical within any substituent nmay itself be
optionally substituted with one or nore groups sel ected from hal ogen,
~hydroxy, am no, N al kylam no, N, N -dial Ryl am no, cyano, nitro, alkoxy,

hal oal koxy; Z IS SO2N(R6); B is selected froma direct bond, 0, (Cl-6)alkyl,
(C1 -6)heteroalkyl; 20 R2 is selected fromH, (C 1 -6)alkyl, haloal kyl,
hydr oxyal kyl , al koxyal kyl, am noal kyl ;, (N-al kyl am no) al kyl ,

“(N, N-di al kepimprising)ug teyd ringatodsabkRB and R fomik yoin to formpa rigg gsomposipg op to for mul a
11 1 5 SEP 2005 16 orqg#g 11, Cand D are independentL%_selected froma
ditect borfthe FPmEETRAFALRR MY Jorn (0 1orpd nng MRS NS ¥R 1q Trpg atss%iet er oal kyl

~contai ning on te am N, .or .Sysuch t.hat when
P heters aromeretbbRIILLEL RTR B R ht bR suphcdlea B E AR He o
atons; C3 gu8 o miROREYR) drbupd RdeSdidepll P EQe QEIMRLISNNG, 9SO OS@2 [ (ahdteR) BiFp
I ndependently selected Trom cycl oal kyl, aryl, heterocycloal kyl or
het er oar ylbeingd heaeralatom sopshiptaftaesingly one or two substituents independently
selected from hal ogen, hydroxy, am no, N-alkylanmno, N, N-dialkylam no,
f\ﬁano “ni t r o, Anyt heperocyslqadiyl, oraieteypargligrosp eutiinatl gbove contains orreor meredicleyd 10
Substl tut ed. WL D Sl ToleEi el R Y, 5 8 g om hal ogen. hydroxy, i no.
_‘ Any alkyl, alkenyl or alkyny! groups outlined above may be straight chain or
L@%% | branched; unless otherwise stated, any alkyl group outlined above is preferably (C1-7)alkyl

10 and most preferably (C1-6)alkyl.

Preferred compounds of the formula II are those wherein one or more of the following
apply: | :
Z is SO,N(R6) and the S atom of group Z is attached to the G2 ring;
15 B is a direct bond or O;
R2is no{ optionally substituted, or R2 is selected from H, (C1-6)alkyl, aryl-(Cl-
6)alkyl or hetgroaryi-(Cl-6)alkyl optionally substituted with halo, haloalkyl, hydroxy,

alkoxy, haloalkoxy, amino, aminoalkyl, N-alkylamino, N,N-dialkylamino, (N-
alkylamino)alkyl, (N ,N—dia!kylamino)alky!, alkylsulfone, aminosulfone, N-alkylamino-
20 sulfone, N,N-dialkylamino-sulfone, amido, N-alkylamido, N,N-dialkylamido, cyano,

sulfonamino, alkyl-sulfonaming, amidino, N-aminosulfone-amidino, guanidine, N-cyano-
guanidino, thioguanidino, 2-nitroguanidino, 2-nitro-ethene-1,1-diamino, caboxy,
alkylcarboxy;

Eachof R3and R4 is H; |

25 R6 1s H, benzyl or methylenepyndine;

G1 and G2 are each selected from an aryl or a heteroaryl;

R3 and R4 form a 5- or 6-membered ring (preferably a 5-membered ring) or R3 and
R6 form a 5- or 6-membered ring (preferably a 5-membered ring) or R4 and R6 form a 5-



al kyl am no, N, N-di al kyl am no, cyano, nitro, alkoxy, haloal koxy; Optionally
R2 is substituted with hal o, hal oal kyl, hydroxy, al koxy, haloalkoxy g@ B%
ani noal kyl, N-al kyl ami no, N, N-dial kyl ami no, (N-al kyl am no)al kyl, (N, N? 9EF 2003
di al kyl am no) al kyl, al kyl sul fone, am nosul f one, N—alkylanino-sulfone

N, N-di al kylamno 1 s sul fone, am do, N-al kylam do, N, N-dial kyl am do, cyano,
“sul fonam no, al kyl -sul fonam no, .anidino N- anmi nosul f one- am di no, guani di no,
N- cyano- guani di no, thioguanidino,s 2- nity fguanldlno

2-nitro-ethene-1,1-dian no, carboxy, al kyl carboxy; R3 and R4 are

i ndependentyl selected fromH or (Cl-3)alkyl; R6 is selected fromH, (C.
-3)alkylamno, or R6 is (Cl-3)alkyl optionally substituted 20 by aryl,

het er oar ylyr 63t @b&eH G pkfbrablyRd smwed%an@nésa%&awm R1dRE BorkPs 0 & 4-1 N9
conprising up to 7 ring atons, ‘'or R2 and RA"may join to forma ring

conpri si ngnétbdred Ming) mgstq:tréﬁ&mblpa SmembﬂedRﬁngﬁy jointo forma ring
conprising up to 7 ring atons, or R3 and R4 may join to forma ring 1 5 SEP
2005 17 coma%mddl&@maﬁ-mmgeradm or 82 ang ™Re hrerbsred v form a ring
conprising up to 7 ring atons, or R4 and R6 may join to forma ring
conprising up to 7 ring atons; Any heteroalkyl group outlined above is a

het er o, at om m&ma&w e@-@@%ﬁ%@;ﬁ%ﬂﬁ@ &g%@fo : 1? ard B ORERIPZ Y SURS( RS .

|ndependently sel ec tero group

hetero at qad &e Qﬁtaﬁpopéroa]bm)aﬁacm&t&ﬂieﬁiﬁpﬁﬁy oal kyl -or heteroaryl group
outlined above contains one or nore hetero groups independently selected

fromN, 0, S, SO S02; Any alkyl, al kenyl or al kynyl groups outlined above
may be strai ght chai n or tfranched Ss ot herw se st at ed, anly al kyl__ group
out | i ned abo¥ber §Xams %’fw @rc(ogfpop? Q e invention melude compounds of formula I1 \

wherein:
10 - (a) Bisadirect bond or O; and Z is SO2N{R6); and R2 is selected from H, (CI-.
6)altkyl, aryl-(C1-6)alkyl or heteroaryl{C1-6)alkyl optionally substituted with

u

halo, haloalkyl, hydroxy, alkoxy, haloalkoxy, amino, aminoalkyl, N-alkylamino, "
N,N-dialkylamino, (N-alkylamin.o)alkyl, (N,N-diziikyiamino)alkyl, alkylsulfonyl,
aminosulfonyl, N-alkylamino-sulfonyl, N,N-dialkylamino-sulfonyl, amido, N-
15 atkylamido, N,N-dialkylamido, cyano, sulfonarmino, alkyl-sulfonamino, amidino,
' N~anﬁndsulfone:amidiho, guanidino, N-cyano-guanidino, thioguanidino, 2-

nitroguanidino, 2-nitro-ethene-1,1-diamino, caboxy, alkylcarboxy; and each of R3

and R4 is H; and R6 is H, benzyl or methylenepyridine; or

20 (b) Zis SO;N(R6), and R3 is H, and R4 is H (compounds of the formula II'} wherein

R2 is not optionally substituted; preferably G1 and G2 are each selected from an

aryl or a heteroaryl:

0 R2
\é
B i N NH
O Rre
. N I
0

25



]o and nost preferably (Cl-6)al kyl. Preferred conpounds of the fornula II
are those wherein one or nore of the followng apply: Zis SG2N(R6) RHEP 0%
S atomof group Z is attached to the & ring; 15 Bis a direct bond or O;
R2 is not optionally substituted, or R2 is selected fromH, (Cl-6)alkyl,
aryl-(C 1- 6)al kyl or heteroaryl-(Cl-6)al kyl optionally substituted with
hal o, hal oal kyl, hydroxy, al koxy, hal oal koxy, am no, am noal kyl
N al kyl ami no, N, N-di al kyl am no, (N al kyl am no) al kyl,
(N, N-di al kyl am no) al kyl, al kyl sul fone, amd nosul fone, N-al kyl am no- 20
sul fone, N, N-di al kyl am no-sul fone, am do, N al kylam do, N, N-di al kyl am do,
cyano, sulfonam no, al kyl -sul fonam no, am di no,” N-am nosul f one-am di no,
guani di no, N-cyano- guani di no, thioguanidi no, 2-nitroguanidino,

" 2-ni t r o- etSuitable values tordk2 meiudls, the &toming: al kyl car boxy; Each of R3 and R4 is
H 25 R6-is H, benzyl or nethylenepyridine; G apd & are each selected from

an aryl or a heteroaryl; R3 and R4 forma 5- or 6-nenbered{ring (preferably
~a 5-menbered ripgf or RS and R6-AOMNWE S or ered g (preferably a

5-nmenbered ring) or R4 and R6 forma 5 1 5 SEP 2005 18 or &-nenbered ring
(preferably a 5-nenbered ring); especially R3 and R6 forma 5- or 6-

menbered ring,~nQpst preferably a 5-nenbered ring; R2 and R3 fq,m a
5-merrbered R2 @rm-a 5- nprberedring. SMa{Iy

,_ﬂ[\eferred colp is of the formula Il are those wherein Z is SO2N( R6)

s YL TN

N\ _ K/o

@




and the S atomof group Z is attached to the & ring. For exanple,

particul ar conpounds of the invention include corrpounds of formul a I1 5 SEP 2005
wherein 10 (a) Bis a direct bond or O and Zis S @2N(R6); and R2 i's
selected fromH (C-. 6)alkyl, aryl-(C-6)al kyl or heteroaryl-(Cl-6)al kyl
optionally substituted with halo, hal oal kyl, hydroxy, al koxy, hal oal 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 ,
(NN-di al kyl am no) al kyl , al kyl sul fonyl, "~am nosul fonyl,

N- al kyl ami no- sul fonyl, N, N-di al kyl ami no-3@l fonyl, anido, N 15 al kyl ani do,

N, N- di al kyl am do, cyano, sulfonam no, al kyl -sul fonam no, am di no,

N- am nosul f one- am di no, guani di no, N-cyano-guani di no, thioguanidino, 2

ni t roguanidi 2:ni tr n di.am no, caboxy, al kyl carboxy; and each
of R3 and Fﬁgﬁe Vaweszﬁ?fgkgén‘i?‘édeel—rlﬁégémpgor net hyl enepyridine; or 20 (b) Zis
SO2N(R6), and R3 is H, and R4|s H(corrpounds of the formula I1') wherein

R2 is not optiagnally p eferabl a 0 CQ are ch sel ected
froman aryl h S vaI ues for R2
i nclude the fq win ‘
Oy Q
F R

L0 O DO
A< A

X' =abond, O, CH2, CHF, CF2

R=F, Cl, Br, CF3, CF30Q, CH30, OH, CF3CH2

OO Qo O

—It will be appreciated that the particular substituents and number of substituents in
compounds of the invention are selected so as to avoid sterically undesirable combinations.
10 Each exemplified compound represents a particuiar and independent aspect of the
invention. - |
Where optically active centres exist in the compounds of the invention, we disclose all
individual optically active forms and combinations of these as individual specific
embodiments of the invention, as well as their corresponding racemates. Racemates may

ts  be separated into individual optically active forms using known procedures (cf. Advanced



ONN-"2 N , G A N N515SEP 2005 20 Suitable values for R5 include
the followwng: X = a bond, 0, CH2. CHF, CF2 R= F, O, Br, CF3, CF30 %ﬁ%ﬁh%
OH, CF3CH2 5 -CN O NIt will be appreciated that the particul ar 13
substituents and nunber of substituents in conmpounds of the invention are
selected so as to avoid sterically undesirable conbinations. is Each
exenplified conpound represents a particular and i ndependent aspect of the:

i nvention. Were optically active centres exist in the conpounds of the

i nvention, we disclose all individual opgtically active forns and

conbi nati ons of these as individual specific enbodinents of the invention,
as well as their correspondi ng racemates. Racenates nay 15 be separated into
i ndi vi dual opphicehdnisa§! 3rdeE difsi Bt PMARRVE 0RIIRG S téhREnd B exABRAGED 1 S

- SEP HO5 .
' formation of diastereomeric derivatives having convenient optically active auxiliary

species followed by separation and then cleavage of the auxiliary species.
It will be appreciated that the compounds éccording to the invention may contain one
5 Ormore asymmétn'cally substituted carbon atoms. The presence of one or more of these
aS)'fmmetric centres (chiral centres) in a compound of formula I can give rise to

£ stereoisomers, and in each case the invention is to be understood to extend to all such

Y
stereoisomers, including enantiomers and diastereomers, and mixtures including racemic
: mixtures thereof.
&9 10 Where tautomers exist in the compounds of the invention, we disclose ail individual

tautomeric forms and éombinations of these as individual specific embodiments of the
invention. _
As previously outlined the compounds of tﬁe invention are metalloproteinase
inhibitors, in particular they are inhibitors of MMP12. Each of the above indications for
ts  the compounds of the formula I represents an independent and particular embodiment of
the invention.
Certain compounds of the invention are of particular use as inhibitors of MMP13

and/or MMP9 and/or MMP8 and/or MMP3.

Compounds of the invention show a favourable selectivity profile. Whilst we do not

1 20  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.
The compounds of the invention may be provided as phannaceuticaliy acceptable

25 salts. These include acid addition salts such as hydrochloride, hydrobromide, citrate and
maleate salts and salts formed with phosphoric and sulphuric acid. In another aspect
suitable salts are base salts such as an alkali metal salt for example sodium or potassium,
an alkaline earth metal salt for example calcium or magnesium, or organic amine salt for
example triethylamine.

30 They may also be provided as ir vivo hydrolysable esters. These are pharmaceutically

acceptable esters that hydrolyse in the human body to produce the parent compound. Such



21 Organic Chem stry: 3rd Edition: author J March, p 104-107) including for
exanple the formation of diastereoneric derivatives having conveni ent
optically active auxiliary species followed by separation and then1cé§9yﬂ%§
of the auxiliary species. It will be appreciated that the conpounds
according to the invention may contain one s or nore asymetrically
substituted carbon atons. The presence of one or nore of these asymetric
centres (chiral centres) in a conpound of fornmula | can give rise to :
stereoi soners, and in each case the invenfjon is to be understood to extend

to all such stereoisoners, including en i oners and di ast ereoners, and
m xtures including racemc mxtures thereof 10 Where tautoners exist in the
conmpounds of the inventjon, we disclose all individual tautoneric forms and

combi nat i of&texsfcan ke ddengfied fyiadmupisieriagefor examplgieiarvsaesly of 2 teskanimal;éhe i on.

As previ ous| td] 2 ] ' L | opr ot g nase
oy bi tor o FoROild R DS QIRARRy Blahiiind RIS LAME Sl iR ReElST o

i ndi cati ong, $96 hydﬁggshme@mad&b@iy itudeQhetibAThethAnASB hydraRy idefleendent
and particul ar enbodi nent of the invention. Certain conmpounds of the

i nventi on &rmybindagetylcespagialiyacetyl i nhi bitors of MW13 and/or MWP9 and/ or
MVP8 and/ or 3. ound e i nyent.lon _show vourabl e selectivity
profi et wni 1 outs Bone e bk AR e P ol BEHYNIOR (R EpBBRIRA o,
t he conpoupglhe Fmitie] bﬂMEBihpﬁarﬁia%euﬁ&ﬂlF'%M@ﬁﬁt@e SAY0 if SR YdYSly$db]d Ritdrd ON

for any one of the above indications relative to any MV | inhibitory
activity, Hgregdjordhe terapeni¢ tresigneak fnplhdingpsgphylaetis isarmey) afyoamfralsd

sel ectivit }ﬁcﬁz\c/:l?nrg %ﬁﬂ?[&nM&s ﬁ({m{ah&tfgﬁxulgféﬁ iiﬁ/ L{Eé«l)rdance with standard pharmaceutical

practice as a pharmaceutical composition.

10 . Therefore in another aspect the present invention provides a pharmaceutical
composition which comprises a compound of the invention (a compound of the formula |
or 1I) or a pharmaceutically acceptable salt or an in vivo hydrolysable ester and
pharmaceutically acceptable carrier. '

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

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

20 aerosols for inhalation, and for parenteral use (including intravenous, intramuscular or
infusion) sterile aqueous or oily solutions or suspensions or sterile-emulsions.

In addition to the compounds of the present invention the pharmaceutical composition

of this invention may also contain, or be co-administered (simultaneously or sequentially)
with, one or more pharmacological agents of value in treating one or more diseases or
25 conditions referred to hereinabove.

The pharmaceutical compositions of this invention will normally be administered to
humans so that, for exéxnple, a daily dose of 0.5 to 75 mg/kg body weight (and -preférably
of 0.5 to 30 mg/kg body weight) is _received.' This daily dose may be given in divided
doses as necessary, the precise amount of the compound received and the route of

30 administration depending on the weight, age and sex of the patient being treated and on the

particular disease or condition being treated according to principles known in the art.



The conpounds of the invention nmay be provi ded as pharnmaceutically
acceptabl e 25 salts. These include acid addition salts such as 15 2005
hydr ochl ori de, hydrobrom de, citrate and naleate salts and salts for&gg
wi t h phosphoric and sul phuric acid. In another aspect suitable salts are
base salts such as an alkali netal salt for exanple sodium or potassium an
al'’kaline earth nmetal salt for exanple cal ciumor nmagnesium or organic am ne
salt for exanple triethylam ne. 30 They may al so be provided as in vivo
hydr ol ysabl e esters. These are pharnaceu%ically accept abl e esters that
hydrol yse in the hunman body to produce the parent conpound. Such 1 5 SEP
2005 22 esters can be identified by admi nistering, for exanple intravenously
to a test anilmpicallyhait dosrgediards wiideontzipsboaindmeitb S86 wegof y cemponnd afghishe
"test animal's body fluids. Suitable in vivo hydrol ysable esters for carboxy
i ncl ude meP¥EXYRet hyl and for hydroxy include fornyl and acetyl, especially
acetyl. s In order to use a netall oproteinase inhibitor conpound of the
“invention (a conpound of the formula | or 1l) or a pharmaceutically

accept abl e sdhereforeiin avinkeriagphct | Wesprol eEleestogpountief duf fofronlatThe at her apeut i ¢

treatnment (includin rophyl acti c .t reat.nment) e | s Lpcluding hunmans, it
i s nor fral Wﬁﬁ?%ﬁégc?#’%’&ﬁﬁﬁﬁéﬂﬁ ‘Wl’%’gi%?%%ﬁ%ﬁe es Hhﬁg mefiodet i ce
as a phar geapud.aatl «EAMRABH the AumAf or aniiei lB&W@r foP @9&&1&{%@%&&85 dnblwe

present inventifon provides a pharnaceutical “conposition conprises a
{@onmpound  dfsciose usenimah ireatmeat efengieeaselonéortditéorf mediated Yy omerorihgreor a

pRar maceutica|ly acceptable salt or an in vivo hydrol ysable ester and
phar naceuf'feéajlolpfpt%ﬁs@ﬁt“&ﬂ?’ﬁs'c rRerqular e disHassRecdn thee ?3@6% &Fﬁ?ﬁ%"bf this

| nvent i on oS mRERtEA Y MR 2 dhaR MNENS and/or MMPY and/or MMPS8 and/or
& 10 MMP3; especially use in the treatment of a disease or condition mediated by MMP]2 or

MMP9; most especially use in the treatment of a disease or condition mediated by
MMP12.
In particular we provide a compound of the formula I 6r a pharmaceutically
acceptable salt or in vivoe hydrolysab]e ester thereof for use in a method of therapeutic.
15 treatment of the human or am’mai body or for use as a therapcuﬁc agent (such as use in the
treatment of a disease or condition mediated by MMP12 and/or MMP13 and/or MMP$
and/or MMP8 and/or MMP3; especially MMP12 or MMP9; most especially MMP12).

In yeta further aspect we provide a method of treating a metalloproteinasc mediated

, 20  disease or condition which comprises administering to 2 warm-blooded animal a
therapeutically effective amount of a'compound of the formula I or a pharmaceutically
acceptable salt or in vivo hydrolysable ester thereof. We also disclose the use of a
compound of the formula I 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

25  condition mediated by one or more metalloproteinase enzymes.

For example we provide a method of treating a metalloprotetnase mediated disease or
condition which comprises administering to a warm-blooded animal a therapeutically
effective amount of a compound of the formula II {or a pharmaceutically acceptable salt or
in vivo hydrolysable ester thereof). We also provide the use of a compound of the formula

30 11 (or a pharmaceutically acceptable salt or in vivo hydrolysable precufsor thereof) in the



I's manner for the disease or condition that it is desired to treat, for
exanpl e by oral, topical, parenteral, buccal, nasal, vaginal or rec?gqﬁszg
adm nstration or by inhalation. For these purposes the conpounds of this

i nvention may be formul ated by neans known in the art into the formof, for
exanpl e, tablets, capsules, aqueous or oily solutions, suspensions,
emul si ons, creans, ointnents, gels, nasal sprays, suppositories, finely

di vi ded powders or 20 aerosols for inhalation, and for parenteral use

(i ncluding intravenous, intranmuscular or24infusion) 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 geefandtion afra hedicamentfonis: innlesliréfment sfandisssst yr condigsuesiiarldiby)

wi th, one or nore pharpacol ogical agents of value in treating one or nore

di seases 6N€95MAEH HIEfALORECIFIBAKISIEYMES her ei nabove. The phar maceut i cal

conposi tions | Szl | b RVA . Wl ed t hunans so
Chat. Tor  oxhpPAchrichF e Rld tscasBOL T tiof B MTisbiri Fliple it

pr ef er abl ybstafcti¥e Dulrbody diztk@s POAPDILirghit) (hichl2 ¢héuredoidHrhsitidand y dose ‘may
be given in divided doses as necessary, the precise amount of the conpound
recei ved gfgoarHuitish atherpicieosiadnd mstanesis. cancereiivasipm gndmetastasinedigtases age and

sex of the N ' rea an n_t.he rticul ar _di,sea or.. condition
berng. t 1 ostBiving N deBfioRMogtermg PR e 1R Mckinels PerifaBS@P B 50 D5 ' "
Typi cal | y fisritic disvaad) enfafttidh antlheard dixeadeN)i Pdr il réanE&is’é@HddiﬂetﬁBsis’% conpound

of this invention. Therefore in a further aspect, we provide a compound of ™
t he for nuHigeaseprelated phieverakearing o e extreeqitudayi matsixl keagh fajlurevaartic hydr ol ysabl e

ester thereof for i hod. ..of r.apeutic tre t t he n or .
ani nal boaxg/eu&sx?so d@rel%%@ggg 5 5%cé1ua}siﬁyz]]§edgﬁ ;d\ﬁgase angw.ﬁgplc%fclerosm {Mgi ,‘ o

r use
10 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 II or a pharmaceutically acceptable salt or in vivo hydrolysablc ester
15 thereof, as described in (a) to (c) below. It will be appreciated that many of the relevant
starting materials are commércially or otherwise available or may be synthesised by known

methods or may be found in the scientific literature.

(a) Compounds of formula I in which Y1 and Y2 are each O, Z is SOZN(R6), Aisa
20 directbond, X is NRI,Rl1sH,R2isH, mis 1, R3is H, R4 is H, and RS and R6 are

defined as in formula I'may be prepared according to Scheme 1.

When R6is H, an NI-BOC-D-diaminopropionic acid derivative of formula IV is t;:;; it
reacted with suitable sulfonyl chloride of formula V in basic medium to form sulfonamides
of formula VI. Deprotection in acid medium, reaction with pdtassiurn cyanate to the
25 corresponding urea and finally cyclization in acid medium yields compounds of formula I.
When R6 is alkyl such as methyl, ethyl, propyl, isopropy! and n-butYl, the N? —alkyl-
N'-BOC-D-diaminopropionic acid of formula IV is prepared according to Andruszkiewics,

R.: Pol.J.Chem, 62,257, (1988).



di sclose use in the treatnent of a disease or condition nedi ated by one or
nore netall oprotei nase enzynes. In particular we disclose use in tqqis P 2005
treatnment of-a disease or condition nediated by MW12 and/ or MW13 anJ;or
MVWP9 and/or MWP8 and/or 10 MWP3; especially use in the treatnment of a

di sease or condition mediated by MWP12 or MW9; npst especially use in the
treatnent of a disease or condition nediated by MW12. In particular we
provi de a conpound of the fornmula Il or a_pharmaceutically acceptable salt
or in vivo hydrol ysable ester thereof fof3use in a nethod of therapeutic 15
treatnment of the human or animal body or for use as a therapeutic agent
(such as use in the treatnent of a disease or condition nmediated by MW 12

and/ or MWP 1 ndjor. MVP9. and/ o and/, or 3; _espegi al | 12 or
WPo: st e<IsBES Rty SmpioRlysabstted bR ar bRl Retuyatal e hod o
treating I tel kAt I .5 ich
conpri ses%gﬁﬁ’lé?gl?ngu%ﬁged&%?‘@bﬁ%gdo%%%nghl&ﬁfﬁgpépr?g%;%dghj[@g%ﬁ]y ef fective
“anount of rrreCAPRWRL, ab,3ohe(1be3ul a | or a pharmaceutically acceptable salt
or in vivo hydrolysable ester thereof. W al so disclose the use of a
conpound of the formula | or a pharmaceutically acceptable salt or in vivo
hydr ol ysahl e precursor thereof in the preparation of a nedicanent for use
in theStreshe@Ad: of a di sease or 23 condition mediated by one or nore
®tall oprotei nage enzymes. For exanpie.ae provide a net hocﬁ5o§1°treati ng a
Wt al | opr ot ei nase nedi at ed di sease or $vgondi ti on MKEEHF conprlves
admi ni stering®tola war mAsiSEdtlest ani pdN~a t her apedkirngadid y ref'} gcti ve anmount

I

of a conpoundlLai“' 3 prﬁ—a—H—'(oro a phar paceutTcarTy accep} g salt or
in vivo hydfol ysabbe est&° thereof) > 3fso provide the use%gg a conpound
af the for lla ;g0 I'l (or a pharmaceyticaldy acceptable saltgor in vivo

&drol ysabl e precursor thereof) in e 1,5 SEP 2005

The reaction IV-VI is preferably pcrformed in suitable solvent optionally in the
presence of base for 1 to 24h at ambrent to reflux temperature.. Preferably, solvents such as
10  pyndine, dimethylfo.nnamide, tetrahydrofurane, acetonitrile or dichlorometane are used
with bases like triethylamine, N-methylmorpholine, pyridine or alkali metal carbonates at
ambient temperature for 2-16 h reaction time, or until end of reaction is achieved as
detected by chromatographic or spectroscopic methods. Reactions of sulfonyl chlorides of
formula V with various secondary amines are previously described in the literature, and the

15 variations of the conditions will be evident for those skilled in the art. A variety of

! compounds of formula V are commercially available or their synthesis is described in the
literature. Specific derivatives of formula VI may be made according to known processes

by those skilled in the art.

20 (b) Compounds of formula I in which Y1 and Y2 are each O, Z is SO2N(R6), R6 is H, A
is a direct bond, X is NR1, Rl is H, mis 1, and R2, R3, R4 and RS are defined as in
formula I may be prepared according to Scheme 1.

Compounds in which R2 is H, R3 is H and R4 is alkyl or aryl, may be prepared
starting from ﬂxe corresponding BOC N-protected a-amino aldehydes of formula VI,

25 prepared according to Fehreniz,JA, Castro,B.; Synthesis, 676, (1983).



24 preparation of a nedicament for use in the treatnent of a di sease or
condition nediated by one or nore netall oprotei nase enzynes. 2 7005
Met al | opr ot ei nase nedi ated di seases or conditions include asthma, %ﬁ%'%
chronic obstructive pul nonary di seases (COPD), arthritis (such as
rheumatoid arthritis and 5 osteoarthritis), atherosclerosis and restenosis,
cancer, invasion and netastasis, diseases involving tissue destruction,

| oosening of hip joint replacenents, perlgﬁontal di sease, fibrotic disease,
infarction and heart disease, liver and r fibrosis, endonetriosis,

di seases related to the weakening of the extracellular matrix, heart

AR A e iR SO et PR e e
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a process prepariig a co

phar maceut g ablivteaGe SEiedM 2., smé BAT N- FroncVéli LGB b k&%ﬁé@a@%@ﬂmgﬁ &é%%fcﬁﬂé

described in (a) to (c) bel ow. It will be appreci ated. that “"many of the
rel evant &t Nabmily WeanrebiSM T etrabedroniesttcd233 8 15,398 by, hptiowadly wived RAM motdd, may

be synthe5|se the scientific ,
literattred® é&ﬁ%@eﬁ?ﬁ éﬁ?&ﬁe%ﬁgﬁg@f%nd Y2 are each 0, Z is
SOZN(RG), AIS a 20 direct bond, Xis NRI, RLis H Ris H mis 1, R3is
H R4 is H and R5 and R6 are defined as in fornmula I may be prepared
according to Sotmeremipoundsirepared by the praceshiskBOCiDSchicans Aapr dgscobetinaci d
derivati ve_of for3rrula IVis reacted with suitable sulfonyl chloride of
formul a vV FEABREiI% nediumto form sul fonani des of formula V. Deprot ecti on
in acid nedium reaction with potassiumcyanate to the 25 corresponding urea
and finally cyclization in acid nmediumyields conpounds of fornula 1.

10 Scheme 2:

1.separation of

KCN, 0O R4 R3 diasterepoisomeres R4 R3
oR4 R3 ammonium J_I\ . R2 2. deprotection
PY Rz carbonate 0" N o 3 R5-502CiUBase  Osg P
0! ;;1 /f\ e N |
ﬁk R6 O }—*N _ \,«
' 8]
Vil Vila o

The compounds of formula VII are reacted with alkali cyanide and ammonium carbonate

15 (Sitrecker reaction) to yield the corresponding hydantoins of formula Vlla. The

diastereoisomeres can optionally be separated after any of the three remaining synthetic

steps: carbamates of formula VI]a and sulfonamide compounds of formula I on silicagel

chromatography, after deprotection amino intermediate by chrystallisation. The amine
intermediates are optionally used to directly couple with sulfonyl chlorides of formula V as
20 described in the sulfonylation in (a) above, in basic medium to form compounds of formula

I :
The reaction VII to VIla is preferably run in a closed steel vessel in an aqueous

alcohol solvent at 90-130°C for 3-16 hours or until end of reaction is achieved as detected
by chromatographic or spectroscopic methods. Treatment with 1-4 fold excess cyanide

25 salts, preferrably 1-2 equivalents, and 2-6 fold excess of ammonium carbonate, preferrably
4-6 equivalents yields hydantoins of formula VIla. Deprotection and sulfonylation as in

Scheme 1 then yelds compounds of formula L.



Wien R6 is al kyl such as nmethyl, ethyl, propyl, isopropyl and n-butyl, the
N2 -al kyl - N -BOC-D-di am nopropionic acid of formula |V is prepared 15 SEP 1005
according to Andruszkiewics, R : Pol.J. Chem 62,257, (1988). 15SEP2005 25
Wien R6 is an optionally substituted benzyl, nethyl benzyl, nethyl pyridyl,

met hyl heteroaryl, the N2-substituted am no acid of fornula IV is prepared
according to Helv.ChimActa, 46,327, (1963). 5 Schene 1: IV 1l.strong acid -
2. KCNO 3.strong acid The reaction IV—2 is preferably perforned in suitable
solvent optionally in the presence of"base for I to 24h at anmbient to
reflux tenperature. -Preferably, solvents such as io pyridine,

di net hyl f or gmincigldeliyeles ahyddsndswf drenula Vel ad their peotedted idehiValvesgieane are used
w th bases like triethylam ne, N-nethylnorpholine, pyridine or alkali netal
car bonat escogpmergiddiyervailaderprd ether methods - d-@nhing aldehydes anid ketones ofiferinulaend of

reaction is,.achi eved, as .. detected chr omat ogr aphi c,.or spectroscopi ¢

e trode, RS aEE SRR T forBa Y IR S TR o GRE i BR AL PReeaes by
'secondary ggid\gslied i@ e gyi ously described in the literature, and the 15
variations of the conditions will be evident for those skilled in the art. A

vari ety of - conmpounds of fornula V are commercially available or their

W "y be (Rhde. AceBPORSOf R A e g aad oy b el oY Rl TR ek art

Z=N(R7)SO2, m=1,R4=H and R2, R3, R5 and R7 are as described in formula I may be

prepared by reacting a compound of formula VIII in which R2, R3, RS5,R7 and A are as
described in formula I, with sulfony! chlorides of formula IX in polar aprotic solvents such
as THF or DMF in the presence of bases such as alkali carbonates or tertiary alkyl amines

@ 10
@

or polymeric amines.

R3 R2 Q
A“H CI\S NH
| ~
R7 1™ N—Q 5
09 H Y
Vil : IX

Amines of formula VIII are well known in the literaturé and are available from numerous
commercial sources. Specific new variations of compounds of formula VIII may be made

1s  according to known processes by those skilled in the art. The sulfonyl chlorides of formula

IX may be prepared by chlorine oxidation of sulfides or disulfides of formula X, where R8
is a group such as hydrogen, isopropyl, benzyl or a sulfide such that formula X comprises

of a symmetrical disulfide.

20 Sulfides of formula X may be made from cysteine or cystine (R2, R3=H) and their esters
by sequential treatment with alkali cyanate and strdng acids like potassium cyanate and

hydrochloric acid. Alternatively, sulfides of formula X may be prepared by subjecting



20 (b) Conpounds of formula I in.which Y1 and Y2 are each 0, Z is SO2N(R6),
R6 is H A is adirect bond, Xis NRl, RLis H mis 1, and R2, R3, %4@%05
R5 are defined as in forrmula | may be prepared according to Schenme 1.3
Compounds in which R2 is H R3is Hand R4 is alkyl or aryl, may be prepared
starting fromthe corresponding BOC N protected a-am no al dehydes of formul a
VII, 25 prepared according to Fehrentz, JA Castro,B.; Synthesis, 676, '
(1983). 1 5 SEP 2005 26 Conpounds in whi % R2 is alkyl or aryl, R3 is H and
R4 is alkyl or aryl, may be prepared starting fromthe correspondi ng BOC

N-protected a-am no ketone of fornula VII| as depicted in Schene 2., The BCC
b, SM-

N- protected a-anmno ket s are .prepared.accordin t o Nah Lnr

Tet r ahedr a?.@t"@%?@éi%&?i@%& i IE)Spig)si ‘{)eﬁ%f?tfeé 1%%&%8@@;1}18@ gfkl,élg\ég\éﬁ%%bqvﬁg to
Shuman, Rgpggry T. US 4448717 A 19840515 Some conpounds prepared by the
process shown in Scheme 2 are described in Exanple 3. io Schene 2:
1.separation of KCN, O R4 R3 diastereoi soneres o R4 R3 ammoniumJ", R2 2.
deprotection VI R2 carbonate O N0 3. R5-502Cl113ase RfiNY N O

5
The compounds of the invention may be evaluated for example in the following

assays:

Isolated Enzyme Assavs

Matrix Metalloproteinase family including for example MMP12. MMP13.

Recombinant human MMP12 catalytic domain may be expressed and purified as
described by Parkar A.A. et al, (2000), Proten Expression and Purification, 20:152. The
_purified enzyrﬁe can be used to monitor inhibitors of activity as follows: MMP12 (50
15 ng/ml final concentration} is incubated for 30 minutes at RT in assay buffer (0.1M Tris-
HCI, pH 7.3 containing 0.1M NaCl, 20mM CaCl,, 0.040 mM ZnCl and 0.05% (w/v) Brjj
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 tﬁe fluorescence at Aex

328nm and Xem 393nm. Percent inlibition is calculated as follows: % Inhibition is equal to

20  the [Fluorescencepius innivior - Fluorescencepackgound] divided by the [Fluorescenceminus inhibitor
- F]UOI’CSCCHCCbackgmund]. ‘
Recombinant human proMMP13 may be expressed and purified as described by

Knauper et al. [V. Knauper et 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 1mM 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-HCI, pH 7.5 contamning 0.1M NaCl, 20mM CaCl2, 0.02 mM ZnCl
and 0.05% (w/v) Brij 35) using the synthetic substrate 7-methoxycoumarin-4-
vl)acetyl.Pro.Leu.Gly. Leu.N-3-(2,4-dinitrophenyl)-L-2,3-diaminopropionyl. Ala. Arg NH,
30 inthe presence or absence of inhibitors. Activity 1s determined by measuring the

fluorescence at Aex 328nm and Aem 393nm. Percent inhibition is calculated as follows: %



Vila R4 RB 0\1 R O SN R5R 6 The conmpounds of forrmula VIl are reacted
with al kali cyani de and ammoni um carbonate 15 (Strecker reaction) {8 Py
t he correspondi ng hydantoins of forrmula VIla. The di astereoi soneres can
optionally be separated after any of the three renmaining synthetic steps:
carbarnates of fornmula VIla and sul fonam de conpounds of fornula I on
silicagel chromatography, after deprotection am no internedi ate by
chrystallisation. The amne internediates are optionally used to directly
couple with sulfonyl chlorides of fornmul29V as 20 described-in the

sul fonylation in (a) above, in basic nmediumto form conpounds of fornula 1.
The reaction VII to VlIla is preferably run in a closed steel vessel in an
aqueous  ahiGefih i§ ehuARS (R [FArdRRAcd, O mpior OF liBHIsCerRE,, LD /] dBAde by dheact i on
-is achi eved as detected by chromat ographl c or .spectroscoplc nethadds.

Tr eat ment [Tiubtesdentefinls dnigxcdIBoreyeancebengdmabal ts, preferrably 1-2

- equi val ent s o S RIS R B% SRt BT CxRFed ARG POt BRd Pl Mihes e+
sul f onyl atjiafs ahd bulehed@Rditi I ptitiat i sh QURAGINGD, HP [H¥tknBe bs déscxzbe%EP '

2005 27 Am no al dehydes or ketones'of fornmula VIl and their protecte
deri vat i vies GuCgaham Knight ez al., (1992) FEBS Lett. 296(3):263-266.

Adamalysin family including for example TNF convertase
; The ability of the compounds to inhibit proTNFa convertase enzyme may be assessed
ﬁ 10 using a partially purified, isolated enzyme assay, the enzyme being obtained from the

membranes of THP-] as described by K. M. Mohler ef al., (1994) Nature 370:218-220.
The purified enzyme activity and inhibition thereof is determined by incubating the
partially purtfied enzyme in the preseﬁce or absence of test compounds using the substrate
4',5'-Dimethoxy-fluoresceinyl Sér.Pro.Leu.Ala.GIn.Ala.Val.Arg.Ser.Ser.Ser.Arg.Cys(4-(3-
15 succinimid-1-yl)-fluorescein)-NH; in assay buffer (S0mM Tris HCI, pH 7.4 containing
0.1% (w/v) Triton X-100 and 2mM CaCly), at 26°C for 18 hours. The amount of inhibition
is determined as for MMP13 except Aex 490nm and emn 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

20 by standard methods involving the use of Fmoc-amino acids and O-benzotriazol-1-yl-
N,N,N',N'"-tetramethylurontum hexafiuorophosphate (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),
GlIn’(Trityl), Arg™'?(Pmc or Pbf), Ser®!®!(Trityl), Cys"(Trityl). Following assembly, the

25 N-terminal Fmoc-protecting group was removed by treating the Fmoc-peptidyi-resin with
in DMF. The amino-peptidyl-resin so obtained was acylated by treatment for 1.5-2hr at
70°C with 1.5-2 equivalents of 4',5'-dimethoxy-fluorescein-4(5)-carboxylic acid [Khanna
& Ullman, (1980) Anal Biochem. 108:156-161) which had been preactivated with - --—~ -
diisopropylcarbodiimide and 1-hydroxybenzotriazole in DMF]. The

30 dimethoxyfluoresceinyi-peptide wé.s then simultaneously deprotected and cleaved from the

resin by treatment with trifluoroacetic acid containing 5% each of water and triethylsilane.



comercially avail abl e and other nmethods to a-am no al dehydes and ket ones of
formula VII. Specific derivatives of fornula Vila may be nmade accorid§ REP 1005
known processes by those skilled in the art. 5 (c) Conmpounds of fornula I
in which Yl and Y2 are each 0, X is NRI (Rl=H), Z=N(R7)S®2, n=l, R4=H and
R2, R3, R5 and R7 are as described in formula | may be prepared by reacting
a conpound of fornmula VIIl in which R2, R3, R5, R7 and A are as described in
formula I, with sulfonyl chlorides of fornula | X in polar aprotic solvents
such 10 as THE or DVF in the presence of 3Bases such as al kali carbonates or
tertiary alkyl amnes or polyneric amnes. H A-N R7 I X Am nes of formula
VIIl are well known in the literature and are avail able from nunerous

commer ci al TiOdirEsoxyBRefsidi gyl pRptide Wad tiotiied BY e taitpalond &itafatbArm dietyl | may
be made i s according to known processes by those skilled in the art. "The

sul fonyl cdthesrand é8trafiort. ofrauiselatedpeptige wes pracisdrveath HyNenilsithide)-fiaotkatéinm of
sul fides’ | sul f.ides.of formula X ere I S r h hydr ogen,
i sopr opy! %%ﬂ:l n%alglrng QIQERIPP%IEHQ &WW@F pfoéﬁﬁm‘éfﬁ;?adc%ngy Tri'slgi;e aaaﬁaﬁy
symet r i cakojgied bl ftddee -dByiff frofaqReBus acetic acid. The product was characterised by

s MALDI-TOF MS and amino acid analysis.

Natural Substrates

The activity of the compounds of the invention as inhibitors of aggrecan degradation

10 may be assayed using methods for éxample based on the disclosures of E. C. Amer et al., Q@;
(1998) Osteoarthritis and Cartilage 6:214-228; (1999) Journal of Biological Chemistry,
274 (10), 6594-6601 and the antibodies described therein. The potency of comiaounds to
act as inhibitors aghinst collagenases can be determined as described by T. Cawston and A.

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

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

20  TNFa production may be assessed in THP-1 cells using an ELISA to detect released TNF
essentially as described K. M. Mohler er al., {1994) Nature 370:218-220. In a similar
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 may be tested using appropriate

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

25



x XI 20 Sulfides of formula X may be nade from cysteine or cystine (R2,

R3=H) and their esters by sequential treatment with alkali cyanate hﬁdEPZ%S
strong acids |like potassiumcyanate and hydrochloric acid. Aternatively,
sul fides of forrmula X may be prepared by subjecting 1 5 SEP 7005 28 ket ones
of fornmula XI to conditions as described in the transformation of VIl to
Vila above in (a). 5 The conpounds of the invention nay be eval uated for
exanple in the follow ng assays: |solated Enzyne Assays 10 Matri X

Met al | oprotei nase fam |y including for exdnple MW12, MW13. Reconbi nant
human MVPI 2 catal ytic domain nmay be expressed and purified as described by
Parkar A A et al, (2000), Protein Expression and Purification, 20:152. The
purified engaiRs SRRz AR thSRibiteMAkEPinvakiBhbi tors of activity as follows:
MW12 (50 I5 ng7mi final concentration) s incubated for 30 minutes at RT in
assay buffer (Ignelabmrsrpf the camipoupiof/this waentenip mghibit thenmiga@ion ek @ 2,

0.040 MM ZnCl and O. 05% 5) .us,i.ng, t S str

Mho- Pr o- Cham s pPhs ey i Semanig o5 JRbTHRE B A LURR Mo b Eptcaiiey Restarch
I nhi bi torsq7Aotbmbiy i s determ ned by measuring the fluorescence at % ex
328nm and Xém 393nm Percent inhibition is calculated as follows: %

I nhibitison is equal to 20 the [Fl uorescencepi 15 inhibitor -
Fl uor escencebackground] divided by the [Fluorescencer,inus inhibitor

Test as an agent to inhibit whole blood TNF sheddase activity

The ability of the compounds of this invention to inhibit TNFa production is assessed
_ in a human whole blood assay where LPS is used to stimulate the release of TNFa.
Eﬁ‘% 10 Heparinized (10Units/ml) human blood obtained from volunteers is diluted 1:5 with
medium (RPMI1640 + bicarbonate, penicillin, streptomyein and glutamine) and incubated
(160u1) with 20pu! of test compound (triplicates), in DMSO or appropriate vehjcle for 30
min at 37°C in a humidified (5%C02/95%air) mcubator prior to addition of 20ul LPS (E.
coli. 0111:B4; final concentration 10pg/ml). Each assay inciudes controls of diluted blood
15 incubated with medium alone (6 wells/plate) or a known TNFa inhibitor as standard. The
| plates aré then incubated for 6 hours at 37°C (humidified incubator), centrifuged |
" (2000rpm for 10 min; 4°C ), plasma harvested (50-100pul) and stored in 96 well plates at
-7G°C before subsequent ahalysis for TNFa concentration by ELISA.

Test as an agent to inhibit in vitro cartilage degradation

The ability of the compounds of this invention to inhibit the degradation 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.

23

Pharmacodynamic test

To evaluate the clearance properties and bioavailability of the compounds of this

invention an ex vivo pharmacodynamic test is employed which utilises the synthetic
310 substrate assays above or alternatively HPLC or Mass spectrometric analysis. This is a

generic test which can be used to estimate the clearance rate of compounds across a range



- Fluorescencebackgro,,d]. Reconmbi nant human proMW13 nmay be expressed and
purified as described by Knauper et al. [V. Knauper et al., (1996)1§§£ES

Bi ochem cal Journal 271:1544-1550 (1996)]. The purified enzynme can szg%
to nonitor inhibitors of activity as follows: purified 25 proMw 1,3 is
activated using I nMam no phenyl nercuric acid (APMA), 20 hours at 21 C
the activated MW 13 (11.25ng per assay) is incubated for 4-5 hours at 35C
in assay buffer (0.1 MTris-HCI, pH 7.5 containing MM NaCl, 20nM CaCl 2,
0.02 nM ZnCl and 0.05% (W v) Brij 35) us€ng the synthetic substrate

7- met hoxycoumari n- 4-

yl )acetyl.Pro. Leu. dy. Leu. N-3-(2,4-dinitrophenyl)-L-2,3-di am nopropi onyl . Al a
. Arg. NH2 3@f specieheAmmadse(ege rais, mirswnets) at dosdul ivior ppsvithAe soluble ormsulaedresfim ned

by neasuring the  fl uor nce ex ,328n Xem 393nm Percent,

by ore PR kS P0% W6 PGS 5% M%ﬁ%@b@n YSUPHGUERLLITRA P qual

to the [FI S i Bl bigho : Ja10H, Vg by the
[ Fl uor esceﬁ%%’ ?1%;%? ﬁﬁ’lugolf g{l‘(b,?i 82[ Z%({’ég%gg{&%gacﬂgﬁgﬁgﬁaé 1gig{séi mn%nafrr&g%gt ocol
can be useshproyrian heseldnior HE SRebazindPlasma fracionsrae MbRned Sogwing wbhtrifadationand
buffers conditions optinmal for the pﬁ;‘_ticul,ar MWP, for_ipstance as _descri bed

s in C5 Granhe RIFHAPrYeng precipipgbyitipeotoniile (8050 sy/% fingbeonsgmratiqinAfesi n

famly inc [ f 4K NE : J to
i by ¢ proSiRpi ADCORE BRkfe bR MACRAGN S By BBINOR sl BeSOBRRMRtE 10
purified, fraobatseevapozyedtoadrgmess using aSaryrapesi vag. The sedimenifis esvohitituted in R
menbranes of THP- | as descri bed Py%{% M Mohler et al., (1994) Nature

370: 218- 27553y bryffer gud sybhsequenny\analyaed fop compannyl Gantinb using the fathicdic splstrate

det ' ' ' | If d ' j
eter m nodsbup, BRRHDALLOAAR colBAbL Yo UL uFtk UGN hPEreRoETBIRE O -

absence of tés using t
10 undergoing evaluation. Serial dilutions of the reconstituted plasma extracts are assessed for

activity and the amount of compound present in the original plasmé sample 1s calculated

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

15 In vivo assessment

Test as an anti-TNF agent

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

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

using a nising concentration of CO, and bled out via the posterior vena cavae into 5 Units

of sodium heparin/m! blood. Blood samples are immediately placed on ice and centrifuged
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-stimulated human blood. The rat plasma
25 samples are thawed and 175p] of each sample are added to a set format pattern in a 96U
well plate. Fifty ul 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 (25ui; final
concentration 10pg/ml) is added to the wells and incubation continued for a further 5.5

hours. Control wells are incubated with 25p] of medium alone. Plates are then centnfuged



4' |5 - D nmet hoxy-fl uorescei nyl

Ser.Pro.Leu. Ala.dn.Ala. Val . Arg. Ser. Ser. Ser. Arg. Cys(4-(3 i s 1 5.SEP 2005
succinimd-1-yl)-fluorescein)-NH2 in assay buffer (50mM Tris HCI, pH 574f
containing 0.1 % (wv) Triton X-100 and 2nM Cad 2), at 26C for 18 hours. The
amount of inhibition is determned as for MW 13 except ?.ex 490nm and kem
530nm were used. The substrate was synthesised as follows. The peptidic
part of the substrate was assenbl ed on Fagc- NH Ri nk- MBHA- pol ystyrene resin
ei ther manual ly or on an aut omated pepti synt hesi ser 20 by standard

met hods i nvol ving the use of Fnobc-am no acids and 4:benzotriazol -1-yl -

N, N, N, N -tetranet hyl uroni um hexaf | uorophosphate (HBTU) as coupli n&@ggent
with at |%adf minst 2800 mm apd 28%heled She sunerscanthins drageledred 2 PTG mate'andnd

"Pro 2 were.doubles. | ed. The fall.ow i de chai n.pr tion strategy was
enpl oyed: S CRF altsra ey el S Mg osEe SraB Y K18 10, Tu(Tri Ty )
Cys13(Trityl). Follow ng assenbly, the 25 N-term nal Fnoc-protecting group

“was renpoved by treating the Fnoc-peptidyl-resin with in DVF. The

ami no- pept i dyData@salysis byclstiwateddofimareacalddatesifdreach eahpaumd/dose: 1. 5- 2hr at
70Cwith 1.5-2 equjyval en f 4 Jre [
aci d [Khar?ﬁacen&ﬂﬂmlu‘iﬂﬁﬁﬂ,o %@\5%0) ol ggVgan Th gated) 20 A0
preactivated with di isopropyl carbodiim roxybenzotriazole in
RQVFJ. The 30 di nmet hoxyfl uor escei nyl - pepti 8]?\;@5#% gée]élnnqrsol(?griul t aneously
hdpr ot ect ed and cleaved fromthe resin by treatnent with trifluoroacetic

{Ci d contai ning 5% each of water and triethylsilane. 1 5 SEP 2005 30 The

di met hoxyf | uorescei nyl - pepti de was isol ated by evaporation, trituration with

di et’hyl her and f.il a;ii on, t'I'he i sol ated. peptide was reacted with

4- (N-nal et 24882 SE2ERE DME cont ai ni ng diisopropyl et hyl am ne, the
$BPoducfy puri fAaRilfRRobijcenaas ah bi@lattiritié Bakateh By cbllgRagnaicsdethEitiam

aqueous acetic acid. The product -was characterised by .
(ClA) as defined by D. E. Trentham ez al., (1977) J. Exp. Med. 146,:857. In this model

acid soluble native type Il collagen causes polyarthritis in rats when administered in

Freunds incomplete adjuvant. Similar conditions can be used to induce arthritis in mice and
primates.

15

Test as an anti-cancer agent

Activity of a compound as an anti-cancer agent may be assessed essentially as
described in 1. J. Fidler (1978) Methods in Cancer Research 15:399-439, using- for example
20 the B16 cell line {(described in B. Hibner ef a/., Abstract 283 p75 10th
NCI-EORTC Symposium, Amsterdam June 16 — 19 1998).

Test as an anti-emphysema agent

.25 Activity of a compound as an anti-emphysema agent may be assessed essentially as

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



5 MALDI - TOF M5 and am no acid anal ysis Natural Substrates The activity of

t he conpounds of the invention as inhibitors of aggrecan degradatior? S@ﬁ@y
be assayed using nethods for exanple based on the disclosures of E. é rner
et al., (1998) Osteoarthritis and Cartilage 6:214-228; (1999) Journal of

Bi ol ogi cal Chem stry, 274 10 6594-6601 and the anti bodi es descri bed
therein. The potency of conpounds to act.as inhibitors against collagenases
can be determ ned as described by T. Carr\é\f‘f on and A, Barrett (1979) Anal.

Bi ochem 99:340-345. Is Inhibition of al | oprotei nase activity in
cell/tissue based activity Test as an agent to inhibit nenbrane sheddases
such as TNF cony ertase The .abili ta/ of the conmpounds of :this invention to

i nhi bit t Abeaentiprilhpowdsdingraied bat nptikemitsd by ube fAlovriag Exemplesessed in
THP- | cells using an ELISA to detect released TNF essentially as described
K. M Mhler et al., (1994) Nature 370:218-220. Ina simlar fashion the

pr ocessi NGefkras heahling nthddsh S1-NPIRDIRBEa Wetcaetdrded 8Hehthasa Vhnae tMemes4 bed
in NN M Hooper et al., (1997) Biochem J. 321:265-279 may be tested using
appr opr i af#@OMUg|ar Varaa exs P08k Haisseumeant; Hawicestralosolieeme peak ¢fe shed

tein. - 1.5 SEP.2( 31 .Test t taq inhibit .l b i i
P b | oBomig Grs gl sbm SRRy s P Bats G 2 19 PR} b1 PEiRECRIGEE Tn of |
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- Agilent 1100 LC-MS system equipped with an APCI ionization chamber.

EXAMPLE 1
10 N-{[(45)-2,5-dioxoimidazolidinyljmethyl}-4-(4- fluorophenoxy) benzenesulfonamide

and

N-{[(45)-2,5-dioxoimidazolidinyljmethyl}[1,1'-biphenyl]-4-sulfonamide

_ ] .
o - N 3s . 0,.0 0
- A ol ‘S’ .
0 I N o ~
0~ N — 5 it fii.iv /@’ N,}/KN
7~ ° A R "~
(]

O N
4\ O
15 i CeHaSOCl ii HCl/dioxane _iii KCNO v w. HCl, ]OO"C.

R = 4-fluorophenoxy or R = phenyl

To the stirred solution of N-alfa-BOC-(S)-diaminopropienic acid (100 mg,0.5 mmol) in
2.5 ml water containing 0.04g (0.55 mmol) of sodium carbonate was added the soln.of the

20  sulfonyl chloride (0.5 mmol) in 2.5 ml of dioxane.The solution was stirred overnight at
room temperature, distributed between ethyl acetate (10 ml) and-ca 20% citric acid (10 -
ml),the water phase was three times reextracted with ethyl acetate,organic extract was
washed with brine,drigd,evaporated and the residue was treated with 4N HClin© -~ -
dioxane.The mixture was stirred for 20 min,evaporated and dried in vacuo for 4 hrs at 40

25 C.Then,the residue was quenched with 3ml of water solution of sodium carbonate (0.08g,



5 Test as an agent to inhibit whole blood TNF sheddase activity The ability
of the compounds of this invention to inhibit TNFa production is asg§§§$g05
in a human whol e bl ood assay where LPS is used to stinulate the rel Q
TNFa. 10 Heparinized (1OUnits/m) human bl ood obtained fromvolunteers is
diluted 1:5 wth nedium (RPM 1640 + bicarbonate, penicillin, streptonycin
and glutarnine) and incubated (160p)) with 201lil of test conpound .
(triplicates), in DVBO or appropriate vehicle, for 30 mn at 37Cin a
hum di fied (5%02/ 95%ir) incubator, prigs to addition of 200 LPS (E. coli.
0111:134- final' concentration 10pg/mM). Each assay includes controls of
diluted blood Is incubated with nedium alone (6 wells/plate) or a known -
TNFa, inhibitor as standard. The plates are then incubated for 6 hours at
»37C (hum d0#85enmblandat bg Y].1 cemob)iof pgessium 208tatpwas addetiGandi the miGuye wpt asma
harvested (50-1001) and stored in 96 well plates _at -70C befqre subsequent
anal ysi s f3HrepNen 4denaeiG Gdifss tyy pemedhml 9f caresiCh as agded simedder 1 hnatghe in
-vitro cartijlage degradati,on The abi |i of the co unds of. this invention
Vo | b bi (e eaaruasang P Aoy lafa Blacolt  FTPRUR FeBiighnimh A
cartilage gap MerdsHasRAdyies 330k bid 8% JRSELLY Glcialllfed MonBRk k@ThSVir 61
al ., (1997) Biochem J. 323:483-488. 25 Pharnacodynam c test To evaluate the
cl ear ance pgcespart)i es and bi oavailability of the conpounds of this invention

an ex vivo pharmacodynam.ic test is enployed which utilises the synthetic 30
(&gibstrate assays above or alternatively HPLC or Mass spectronetric analysis.

T e AITOSE S S SRS AR L OnSS TRy eSSBS Sl © ©

conmpounds
. MS:m/z=380.1
tf@y N-{[(48)-2,5-dioxoimidazolidinylJmethyl}[1,1'-biphenyl]-4-sulfonamide

10 MS:m/z=346.1
1H NMR:(DMS0):3.00 m (1.5H),3.10m(0.6H),(CH}), 4.10 m (1H,CH),7.5 m (3H),7.70d
(2H),7.4 s (4H). |

EXAMPLE 2

15 Compounds of formula I were prepared wherein Y1is O, Y2is O, X is NRI,Rl is H,
R2is I—I,.m is 1, R3 is H, R4 is H, Z is SO;N(R6), R6 is H, (C1-4)alkyl, methylbenzyl, or
methylpyridyl, A is a direct bond, and RS varies. -

The syntheses were performed in parallel on 20-well plate manually operated.

Thé amino acid (20 um) was dissolved in 5 ml water containing 6.36 mg (60 um) of

20  sodium carbonate. 0.5 ml of the solution was pipetted to each well, followed by 0.5 ml of

dioxane solution containiné 20 um of corresponding sulfonyl chloride. The reaction
mixture was shaken for 18 hrs at room temperature, diluted with 2 ml of methanol and
treated with 20 mg of Lewatite S100 in each well (acid form) for 5 min. Then all reaction
mixtures was filtered, evaporated in vacuo and the evaporate was treated with 1 ml of 4 N

25 HClI in dioxane for 30 min, evaporated in vacuo and 0.5 ml of 0.5 M wt. solution of
potassium cyanate Qas added and heated to 100°C for 3 hrs. Then 10 mg of Lewatite S100
(acid form) was added to each well after being cooled to room temperature, followed by 2
m! of methanol, evaporated in vacuo and threated with trifluoroacetic acid at 80°C for 2

hrs. After being evaporated, the residue was purified by flash chromatography on silica



1 5 SEP 2005 32 of species- Animals (e,g. rats, marnosets) are dosed iv or
po with a soluble formulation of conpound (such as 20% w v DVSO, 6 993%#2%5
PEG400) and at subsequent tinme points (e.g. 5, 15, 30, 60, 120, 240, 0,
720, 1220 mins) the blood sanples are taken froman appropriate vessel into
| QU heparin. Plasma fractions are obtained follow ng centrifugation 5 and
the plasna proteins precipitated with acetonitrile (80% w v final _
concentration). After 30 mins at -20C the plasna proteins are sedi nented by
centrifugation and the supernatant fractd®n is evaporated to dryness using
a Savant speed vac. The sedinment is reconstituted in assay buffer and
subsequent |y anal ysed for conpound content using the synthetic substrate
assay. Briefly, a compound concentration-response curve is constructed for

t he conpourisingsthideeigrmgthane] aredies{up go 9% MaPH) iThapusty anfempbweight waut ed
| asma extract.s a f.0 ctivity and, the anmount of conpound
Br esent an T%%G?‘fé ﬁ?ﬁﬁ%ﬁ@gﬁle@gﬁ&.glﬁg g%fl @GP e ugi ng the ot

concentration-response curve taking into account the total plasma dilution
factor. 15 In vivo assessnent Test as an anti-TNF agent The ability of the
conpounds GH2tMethyl-thisesit3-vik tidepiexe-2isulfonididd (2)$dbixb-thill ak AiddsS-hseaRlyl)-amide he
rat. Briefly, groups of male Wstar Alderley Park (AP) rats (I 80-210g) are
dosed wth dgnpound (6 rats) or drug vehicle (10 rats) by the appropriate
route.e.g. Nér8ral 20 -(p.o.), intraperitoneal (i.p.), subcutaneous (s.c.).
Ni nety m nut | ater rats are sacrificed wusing a rising concentration of
C2 and bl ed ouy% @the posterior vena cavae into 5 Units of sodium
heparin/m bl ood, /B+ge@ sanples are i medi ately placed on ice and
centrifuged at ZOOONrEnlfor 10 mn at 4C and the harvested plasmas frozen

at -20C for subsequent] assay of their effect on TNFa production by
LPS-sti nul at ed hunﬁhﬁb d. The rat plasm

N

LC-MS (APCDH M+ H' = 373.4 (m/z)

3-(4-Chioro-phenoxy}N -(2,5-dioxo-imidazolidin-4-ylmethyl)-benzenesulfonamide
cn~©—o |
O‘ . .
. §:0
N
oL
NN
N~
O

10 LC-MS.(APCI) M*+ H' = 396.8(m/2)

4-(4-Chloro-phenexv)N -(2,5-dioxo-imidazolidin-4-ylmethyl)-benzenesulfonamide

O O
W :O
N
Cr 0

LC-MS (APCI) M*+ H' = 396.8(m/z)



25 sanples are thawed and 175l of each sanple are added to a set format
pattern in a 96U well plate. Fifty gl of heparinized human bl ood i g § SEn(05
added to each well, mxed and the plate is incubated for 30 mn at 37C
(hum dified incubator). LPS (25.d; final concentration 10Ftg/m) is added to
the wells and i ncubation continued for a further 5.5 hours. Control wells
are incubated with 251 of nedium alone. Plates are then centrifuged 1 5 SEP
2005 33 for 10 min at 2000 rpm and 200l of the supernatants are transferred
to a 96 well plate and frozen at -20C fgr subsequent analysis of TNF
concentration by ELISA. Data anal ysis by dedi cated software cal cul ates for
each conpound/ dose: 5 Percent inhibition of TNFa= Mean TNFa (Controls) -
Mean TNFa (Treated) X 100 Mean TNFa (Control's) Test as an anti-arthritic
ragent 10 Activity of a conpound as an anti-arthritic is tested in the

col l agen-in d arthritis. | A). as fined by D. Trent ham et al .
(1977) J. ]\%2555“%‘&??‘"&tﬁ%’,"?‘g’g#‘ﬁf’ﬁ)“iﬂ"é‘?ﬁﬁ’& °“'?R¥FW”§EPWF%65HH?'?Wdfype |
- col  agen causes @ol tbjitis in rats when admnistered in Freunds

i nconpl ete = aﬁ(ii§L$%ygr conditions can be 'used to induce arthritis in

mce and p t es. st as an anti-cancer agent Activity of a conpound
as an anti - Cer agent be assessed essentially as described in|. J.
-Fidler (1%?8) Met hods wa, ncer Research 15:399-439, using-for exanmple 20
the B 16 cell line (deschibdd in B. Hbner et al., Abstract 283 p75 | Oth

%ﬁhl-EORTC Synposi um Ansbbﬂ%$n1June 16 - 19 1998). '

LC-MS (APCI) M*+ H' = 392.6(m/z)

N -(2,5-Dioxo-imidazolidin-4-ylmethyl)-3-(4-methoxy-phenoxy)-benzenesulfonamide

_ o
'oz'
oL

X N

o ~
-0 | 0

LC-MS (APCI) M™+ H' = 392.6(m/z)

5-(5-TrifluoromethyH -pyrazol-3-yl)-thiophene-2-sulfonic acid (2,5-dioxo--imidazolidin-4-ylmethyl

e o  Jamide )
]

LC-MS (APCI) M*+ H' = 410.4(m/z)



Test as an anti-enphysema agent .25 Activity of a conpound as an

anti - enphysenma agent may be assessed essentially as described in Hajgt

et al (1997) Science, 277: 2002. 1 5 SEP 2005 34 The invention will now be
illustrated but not limted by the followi ng Exanpl es: General analytical
met hods: ' H NVR spectra were recorded on either a Varian u"Yl nova 400MHiz or
Varian Mercury-VX 300MHz instrunment. The central solvent peak of s
chloroformd (SH 7.27 ppm, dinethylsulfoxide-dé6 (SH 2.50 ppn) or

met hanol -d4 (SH 3.31 ppnm) were used as i38ternal references. Low resolution
mass spectra were obtained on a Agilent 1100 LC M5 systen1eqU|pped wi th an
APCl ionization chanber. EXAVPLE 1 10

N-{[(4S) - 2 5- gﬁﬁXOIHJ ZO'“ﬂh£¥yhnﬂ£?X|i4 (4- fluorophenoxy)

benzenesul ¥ Rxo-ipigagpli

[(49)-2,5- 1 {lﬁﬁthyl}[l,l'-blphenyl]-4-sulfonanide Ot
i, iii.iv ﬂ?ﬂﬁ&ﬁ%b&@éﬁk%&hﬂwv dioxane . iii KCNOiv w. HC, 100C R =
4- quorophenoxy or R= 5 To the stirred solution of

N-al f a- BOC—(S) dlanlnopr$p onic acid (100 nmy, 0.5 mol) in 2.5 mM water

containing 0.04g (07 5%.aNe]) of sodium carbonate was added the soln.of the
20 sul fonyl } pl) in 2.5 m of dioxane. The sol ution was

stirred overfjQ mpgnperature, distributed between ethyl acetate
(10 mM) and ca 20@6citrig+§§%d (10 nl),the water phase was three times
t

reextracted with ethyl ace e, organi c extract was

LC-MS (APCI) M+ H' = 376.4(m/z)

3-(3,4-Dichloro-phenoxy)- N -(dioxo—imidazolidin-4-ylmethyl)-bcnzenesulfonamidc : L8
Cl _ . i
O o]
cs@ 2 . : |
o - |
N ' .
) O =, " - .

"N
\N_\(
0

LC-MS (APCI) M™+ H' = 430.6(m/z)

o 4(3.4-Dichloro-phenoxy)- N -(2,5-dioxo-imidazolidin-4-ylmethyl)-benzenesulfonamide "iﬁ}
L
O 0 \L
NN
N
Cl )

cl
LC-MS (APCI) M*+ H' = 430.6(m/z) )



washed with brine, dried, evaporated and the residue was treated with 4N HCl

i n di oxane. The m xture was stirred for 20 m n, evaporated and dried LS SERIME
for 4 hrs at 40 25 C. Then,the residue was quenched with 3mlL of wat

sol ution of sodium carbonate (0.0Sg, N 0" 1 5 SEP 2005 35 0.85 nmol) and 0.9
g (I. I nrnol) of potassiumcyanate was added and the m xture was stirred
for 4 hrs at 1 00 C After this period, I m of conc.HCl as added,stirred for
1 hr at the sane tenperature and then allowed to stand at room tenperature
overni ght. The crystalls .were filtered, wgghed with dist.water and dried in
vacuo (recrystallised fromw-ethanol if ~ 5 necessary)

N-{[ (4S)-2, 5-di oxoi m dazolidinyl]nethyl}-4-(4- fl uorophenoxy)

benzenesul fonam de M :mz=3 80.1

> N-{ [ (4S) - 24"-biwdrokipheny Hézdfondi acid (P iFetidwol inidazdlidib#yheatyl}ardids ul f onam de 10

M5: m z=346.1 | H NVR (DVp9) : 3.00 m (1.5H),3.10n(0.6H), (CH2), 4.10 m
(IT1HCH,7.5 m(3H),7.70dg=Q2H), 7.4 s (4H). EXAMPLE 2 15 Conpounds of fornula
-1 were prepared where{ 31 is 0 Y2is 0, XisNR, RhisH R is H mis
1, R3is H R4S @ G2N(R6), R6 is H (d-4)alkyl, nethylbenzyl, or
met hyl pyrngl : e~’@ &t bond, and R5 varies. The syntheses were

per f or med on\\ZONNeII pI ate manual ly operated. - The am no acid

(20 unm) was dissol ved |nN:>“6;r1 wat er containing 6.36 ng (60 um of 20 sodium
carbonate. 0.5 ml of the solution was pipetted to each well, followed by 0.5

LC-MS (APCI) M™+ H" = 364.4(m/z)

LC-MS (APCI) M*+ H* = 353.4(av/z)

N -(2,5-Dioxo-imidazolidin-4-yImethyl)-4-(2-methoxy-phenoxy)-benzenesulfonamide

Q

L OF
o 9 N
o

N

LC-MS (APCI) M™+ H' = 392.5(m/z)



di oxane sol ution containing 20 um of correspondi ng sulfonyl chloride. The
reaction mxture was shaken for 18 his at roomtenperature, diluted WEF‘Z%
m of methanol and treated with 20 ng of Lewatite S 100 in each well (aci
formp for 5 min. Then all reaction mxtures was filtered, evaporated in
vacuo and the evaporate was treated with I m of 4 N 25 HCl in dioxane for
30 mn, evaporated in vacuo and 0.5 m of 0.5 Mw. solution of potassium -
cyanat e was added and heated to 100C for 3 hrs. Then 10 ng of Lewatite S 100
(acid fornm was added to each well after 4feing cooled to roomtenperature,
followed by 2 m of nethanol, evapor ated in vacuo and threated with
trifluoroacetic acid at 80C for his. After being evaporated, the residue
was purified by flash chronmat ogra on silica 1 5 SEP 2005 36 usin ethyl
acet at e- metfidhoiLigeakni¢relidioys }tIaet%dilféw(?c:mibupwvwéwﬂrahqnw)éﬁezemplfmnggn
nmonitored by HPLE-MS. Yields : 0.5-1 ng per each well. 5-(2-Methyl-thi azol 5
yl ) -t hi ophene-2%sul fonic acid (2,5-di oxo-imdazolid.in-4-ylnethyl)-amde g O
M F H+= 373.4 (mz) 3-(4-Chloro-phenoxy) N

dagol i di n- 4 yl m et hyl)-benzen esui fonam de 10 LC M5- ( APCI)

N z)
| or o- phenoxv) N-(Z@IB_O i m dazol i di n-4-yl net hyl ) - benzenesul f onam de
O//--~~ 0O ~0Oci gAPCI) M-+ H+ = 396. 8(ni z)

) N—{

LC-MS (APCI) M*+H" = 430.4 (m/z) -

N -(2,5-Dioxo-imidazolidin-4-ylmethyl)-3-(4-trifluoromethyl-phenoxy)-benzenesul fonamide

O oY

\
\\N—Q

LC-MS (APCD) M™+ H* = 430.4 (m/z)

N -(2,5-Dioxo-imidazolidin-4-ylmethy[)-4-(4-trifluoromethyi-phenoxy)-benzenesulfonamide

F NN
FF N—{
0

LC-MS (APCD M+ H' = 430.4 (m/2) | -



1 5 SEP 2005 37 N-(2,5-Di
oxo-im dazol i di n-4-yl met hyl) - 4- (4- met hoxy- phenoxy) - benzenesul f onam de 5 SEp 7005
0--.,(/1 Os-0 00 NN O N( 0. LGCGM (APCl) M-+ Ht = 392.6(m 2)
N- (2, 5- Di oxo-i m dazol i di n4-vl net hyl ) - 3- (4- net hoxy- phenoxy) - benzenesul f onam d
e50 ~O0 s ON Ni 0 LCM (APClI) M-+ H 392.6(m z)
5-(5-TrifluoronethyR-pyrazol - 3-yl ) -t hi ophene-2-sulfonic acid
(2,5-di oxrr-imdazolidin-4-ylnethyl )-am de

41

4'-Trifluoromethyl-biphenyl-4-sulfonic acid (2,5-dioxo-imidazolidin-4-yimethyl)-amide

2
N

\\Nﬁ
O

N «(2,5-Dioxo-imidazolidin-4-ylmethyl)—4- o -tolyloxy-benzenesulfonamide

@ 5
2 o

S—

N
oul
N~
O

LC-MS (APCI) M™+ H' = 376.4 (m/z)

4-(3,5-Dichloro-phenoxy)- N -(2,5-dioxo-imidazolidin-4-ylmethyl)-benzenesulfonamide
S

O—qu‘ =0
N
' o \L

Cl

Y
o
O

LC-MS (APCI) M™+ H™ =431.3 (m/z)



10 LG MS (APClI) Mt+ H+= 410.4(m z) 15 15SEP1005 38

N- (2, 5- Di oxo-i ni dazol i di n-4-yl methyp -4- -tolyl oxy-benzenesul f onani §é& $EP 880
0 LCMs (APCI) Mt+ H+= 376.4(nfz) s 3-(3,4-Dich |oro-phenoxy)- N -(di
oxo-irnidazo 1 idin-4-ylnethyl)-benzenesulfonamide CI 0 LCM (APC) M-+
H+ = 430.6(nlz) 4-(3 .4-Di ¢ h Toro- ph en oxy)- N-(2, 5-d io xo-imidazo
| i din-4-y | nethyl)-be nzenes n Ifo nami de 05~-0 0, NN( C O C '

42

4-(2-Chloro-phenoxy}- N -(2.5-dioxo-imidazolidin-4-yimethyl)-benzenesulfonamide <

0
cl o—@gz

LC-MS (APCI) M*+ H' =396.8 (m/2)

s  &-(2,5-Dioxo-umidazol idin-4-ylmethyl)-3- p -tolyloxy-benzenesulfonamide

LC-MS (APCI) M™+ H* =376.4 (m/z)

4-(4-Cyano-phenoxy)-N-(2,5-dioxo-imidazolidin-4-ylmethyl)-benzenesulfonamide

NN

LC-MS (APCI) M™+ H" =387.4 (m/z)



LCG-Ms (APCI) M+ H+= 430.6(m z) 15SEP2005 39 4'-Fl uoro- bi phenvl -4-sul fonic
acid (2,5-dioxo-imdazolidin-4-ylnmethyl)-amde 0 S~-O 0 LC-MS (APCl ] 5MfEP J685=
364.4(mz) 5 5-Pyridin-2-yl-thiophene 2-sulfonic acid

(2, 5-di oxo-imdazolidin-4 yhnethyl)-amde O LC M5 (APCl) M+ Ht= 353.4(nl z)
N -(2,5-Di oxo-izn idazol id in-4-yl nethy 1)-4-(2-r; iethoxy-phenoxy)-be
nzen esulfonamide OONIO O LCGM (APC) M+ H+= 392.5(mz) 1 5 SEP 2005
40 N - (2, 5-Di oxo-i m dazolidin-4-ylrnethyl)-3-(2-trifluoroinethy ’

| - phenoxy) - benzei i esul f' onanide F F S=cf

o 4-(4-Cyano-phenoxy)- N -(2,5-dioxo-imidazolidin-4-ylmethyl)- N -methyl)-benzenesulfonamide
W
Q
o*®—$z
/N‘L
Oar
N
N~
O

LC-MS (APCI) M+ H' =401.4 (m/2)

5 N-(2,5-Dioxo-imidazolidin-4-ylmethyl)-N-methyl-4-(4-trifluoromethyl-phenoxy)-benzenesulfonamide
£ F

F

ook
O
NN
N
@]
LC-MS (APCI) M'+ H'=444.4 (m/2)
| N-(zTS-Dioxo'imidazﬂlidin-4-ylmeth}’!)~N-ethyl-4'(4-triﬂuoromethyI-Phenoxy)-benzcnesulfonarnide
F F
E
| Q
O
O ?
_/N\I\
Ol |
NN
N~
O

LC-MS (APCI) M"+ H* =458.4 (m/z)



Ni O LC-M (APCl) M++. H+= 430.4 (m z)

N- (2, 5- Di oxo-im dazol i di n-4-yl net hyI) 3-(4-trifluororrietlryl-phenoxyjEpéiize
nesul fonanm de F LC-M5 (APCl) M+ H+ = 43 0.4 (nz) N-(2,5-D oxo-im

ldazol i di n-4-yl met hyl)-4-(4-trifluoronethyl - pi henoxy) - benzenesul . f onam i de
IDO Of" N N--~0 LCM (APClI) M+ H+ = 430.4 (nz) is 1 5 S E P 2005 41
4' -Trifl uoronet hyl - bi phenyl -4-sul fonic acid '
(2, 5-doxo-im dazolidi n-4-yl net hyl)-am d%bF 0 LCGM (APCl) M+ H+= 414.4
(mz) 5 N(2,5-Dioxo-imdazolidin-4-y.Inmethyl)-4- o

-tol yl oxy-benzenesul fonamde N 0" J .

N-(2,5-Dioxo-imidazolidin-4-ylinethyl}-N~isopropyl-4-{4-trifluoromethyl-phenoxy)-benzenesulfonami
de , :
£ F
F
Q
5=0
O N
s
NN
N~

o)
LC-MS (APCI) M*+ H' =472.4 (m/z)

5 N-(l,S-Dioxo-imidazo]idin—4—ylmetﬁy])~N-isobutyl-4-(4-triﬂ'uommethyl—phenoxy)—benzenesulfunamid

LC-MS (APCI) M™+ H' =486.5 (m/z)

N-Benzyl-N-(2,3-dioxo-imidazolidin-4-ylmethy!)-4-(4-trifluoromethyl-phenox y)-benzenesuifonamide

O,
A
O

LC-MS (APCI) M+ H" =520.5 (m/z)



NO LCM (APCl) Mt+ H+= 376.4 (rn/z) 4-(3,5-Di chloro-phenoxy) -

N- (2, 5-di oxo-im dazol i di n-4-yl net hyl )-benzenesul fonaniide d Cl1 10 TEF‘;SE@ZGU
(APCl) M+ H+ =431.3 (m z) 15 42 4-(2-Chl oro-phenoxy)-N-(2,5-di oxo-1m azoP
idin-4-y | methy])-benzenesul fonamde d 0-<, N ONN-~ 0 LCM (APC).
M-+ H+ =396.8 (mz) 5

N: (2, 5- Di oxo-i m dazol i di n-4-yl met hyl ) - 3- p-t ol yl oxy- benzenesul f onam de 0
LC-M5 (APCl) M+ H+=376.4 (nl z) 4 :
4- (4- Cyano- phenoxy) -. N- (2, 5-di oxo-i m dazoﬁ i di n-4-yl met hyl ) - benzenesul f onam d
e N 10

N-2,5-Dioxo-imidazolidin-4-ylmethyl}-N-pyridin-3-ylmethy!-4-(4-trifluoromethyi-phenoxy)-benzene

g F
F
9 0
S:
O’O_,:;
6L
o N o) o N
{”‘}‘\% . Nﬁ&o
LC-MS (APCI) M™+ H" =521.5 (m/z)

s N-(25 —Dioxq—i midazohdin-4-ylmethyl)-4-(4-fluoro-phenoxy)-N-methyl-benzenesulfonamide
F

S
\\N _\(N
o)

LC-MS (APCI) M*+ H =394.4 (m/z)

N-(2,5-Dioxo-imidazohidin-4-ylmethyl)}-N-ethyl-4-(4-fluoro-phenoxy)-benzenesulfonamide
i F . .

@O O%:o o _ -q
s

N
N

X 3
O

LC-MS (APCI) M+ H" =408.4 (m/z)



15SEP2005 (AD LC-Ms (APCI) M+ H+ =387.4 (mlz) 1 5 SEP 2005 43 4

4- (4- Cyano- phenoxy) - N (2, 5-di oxo-i m dazolidin-4-yl nethyl) -

N- et hyl - benzenesul fonamide N5 !0 LGCMS (APCI) M+ H' =401.4 (nfz) 1R SEP 7008
N- (2, 5- Di oxo-i nm dazol

i din-4-y)nmethyl)-Nnmethyl -4-(4-trifluoronethyl-phenoxy)-benzenesul f onam de
FOLGCGM (APCl) Mt+ H+=444.4 (mMz) F N-(2,5-D oxo-imdazolidin-4-ylnmethyl)
N-et hyl -4- (4-trifluoronethyl - phenoxy) - benzenesul fonarnide F 0 LC- M5 (APCl)
M+ H+=458.4 (mz) 1 5 SEP 2095 44 5 6

N- (2, 5- D oxo-i m dazolidin-4-yltnethyl)-N-1sopropyl-4-(4-tr

i fluoronetltyl - phenoxy) - benzenesu | f onam

N-Benzyl-N-(2,5-dioxo~-imidazolidin-4-ylmethyl)-4-(4-fluoro-phenoxy)-benzenesulfonamide
F

0 4%
d

LC-MS (APCI) M+ H" =470.5 (m/z)

5 N—{Z,S-Dioxo-imi'dazolidin-4-ylmethyl)-4—(4-ﬂuorolphenoxy)—N-pyﬁdin-S -ylmethyl-benzenesulfonami

LC-MS (APCI) M+ H" =471.5 (m/z)
4. (4 Chloro- phenov.y) N~(2,5-dioxo-iraidazolidin-4-ylmethyl)- N-methyi-benzenesulfonamide

Qo

\\N_{
0

LC-MS (APCI) M+ H"=410.5 (m/z)




de r N N~ O LCM (APCl) Mr+H+=472.4 (mz) N (2,5-D oxo-i midazo | idi
n-4-yl nmethyl)-Nisobuty3-4-(4-tri fluoronethyl-pheno xy)-benzenesu 1I 5 gg-_nm
i d FFFOLCM (APCl). M+ H+=486.5 (m z)

N- Benzyl - N- (2, 5-di oxo-i m dazol i din-4-ylmethyl)-4-(4-trifluoromethyl -phenoxy)
-benzenesul fonamde F I0 F F LCM (APCI) M-+ H+=520.5 (mz) 1 5 SEP 2005
45 N-(2,5-Di oxo-imidazotidin-
4-ylrnethyl)-N pyridin-3-yl meshyl - 4- (4- t'“ fl uor onet hyl - phenoxy) - benzene F F
F .

4-(4-Chloro-phenoxy)-N-(2,5-dioxo-imidazolidin-4-ylmethyl)- N-ethyl-benzenesulfonamide
Ci

D P 0
S:
0 /,;, N
Ot
NN
A N*

LC-MS (APCI) M+ H' =424.88 (m/z)

N-Benzyl-4-(4-chloro-phenoxy)-N-(2,5-dioxo-imidazolidin-+-ylmethyl)-benzenesulfonamide

Cl

LC-MS (APCI) M*™+ H* =486.9 (m/z)



0 LCGM (APCI) Mt+ H+=521.5 (m z)
N- (2, 5-Di oxo-irnidazolidin-4-yl methyl)-4-(4-fl uoro-phenoxy) - N- net hy{ S%ﬂ%ﬁiﬁe
sulfonamde F ONN N~( O .LCM (APCl) M++ H+=394.4 (il z)
N- (2, 5- Di oxo-i m dazol i din-4
yl met hyl ) - N-et hyl - 4- (4-f | uor o- phenoxy) - benzenesul fonami de F 10 0 LG M5
(APCl) Mt+ H+=408.4 (m'z) !5 1 5 SEP 2005 46
N- Benzyl - N- (2, 5-di oxo-i m dazol i di n-4-yl met hyl ) - 4- (4-fl uor o- phenoxy) - benzenes
ulfonanide F OLC-MS (APCI) M+ H =470.48(mz) S
N- (2, 5- D oxo-im dazolidi nn-4-yl met hyl)-4-(4-fl uoro-phenoxy)-N-pyridin-3-ytrn
et hyl - benzenesul fonam F LGMs (APCl) Mt+ H+ =471.5 (m z)
4-(4-Chloro-phenoxy)-~N-(2,5-dioxo- imldazohdm-4-ylmethyl)-N-pyrldm-3-ylmethyl-benzenesulfonaml
de

. Ci

LC-MS (APCI) M*+ H" =487.9 (m/z)

s - N-(2,5-Dioxo-imidazolidin-4-ylmethyl)- N -methyl-4- p -to lyloxy-benzenesulfonamide

0 50
S:
OO:N
Os
N
N‘&

LC-MS (APCI) M+ H"=390.4 (m/z)

N -(2,5-Dioxo-imidazolidin-4-ylmethyl)- N -ethyl-4- p -tolvloxy-benzenesulfonamide

O

NN
N—{

0

10

LC-MS (APCD) M*+ H” =404.5 (m/2)



4- (4- Chl or o- phenoxy) - N- (2, 5-di oxo-in, idazol

i di n-4-yl methyl)-N-nethyl-benzenesul fonamide & N ]o LCM (APCl) M+
H+=410.5 (mz) 15 1 5 S E P 2005 47 4-(4- Chl or o- phenoxy) - N- ( 2, 15 SEP 2005
5-di oxo-im dazol id in-4-ylnethyl)-Nethyl-benzenesul fonamde CI N, O- N
N~ 0 LG M5 (APCI) Mr+ H -=424.88 (nlz) 5 :

4-(4- Chl oro- phenoxy) -] V-(2, 5-di oxo-i m dazolidin-4

yl met hyl ) - N-i sopropyl - benzenesul fonam de, CI' 0 LC- M5 (APClI) M-+ | =424.88
(mz) rF:; 43

| V- Benzyl - 4- (4-chl or o- phenoxy) - N- (2, 5- di oxo-i m dazol i di n-4-yl net hyl ) - benzene
sul fonamde C 10 LGMs (APCI) M+ 1{ =486.9 (nlz)

N-(2,5-Dioxo-imidazolidin-4-ylmethyl)- V -isopropyl-4- p -tolyloxy-benzenesulfonamide

"N
\H
o)

LC-MS (APCI) M*+ H* =466.5 (m/z)

P N -2,5-Dioxo-imidazolidin-4-ylmethy!)- ¥ -pyridin-3-ylmethyl4- p -tolyloxy-benzenesulfonamide

(e
EL

LC-MS (APCI) M"+ H" =467.5 (m/z)



15 1 5 SEP 2005 48 4-(4-Chl oro-phenoxy)-N-(2,5-di oxo-imdazolid

- in-4-ylmethyl)-Npyridin-3-yl net hyi - benzenesul fonam de C 0 5 10 LC M5
(APCI) I\/Hr+ H =487.9 (mz) N-(2,5-Dioxo-irn idazo | id in-4-y ]meshylB)SEP 2005
N net hyl - p -to |lyloxy-benzenesu |fonam de LC M (APCI) M-+ HH =390. 4

(mz) N - (25Dox0|mdazolld|n4ylrrethy|) N- et hyl - p

-t ol yl oxy- benzenesul fonam de 0 LC-M5 (APCl) M-+ H+ 404 5 (n12) is 15 SEP
2005 49 N-(2,5-Dioxo-inlidazolidin -4-ylrgéthyl)- N-isopropyl-4-p

-tol yl oxy-benzenesul fonamde N~ 0 . LCMS (APCl) Mr+ H+=418.5 (mz) 5
N-Benzyi - N-('~1, 5-di oxo-im dazolidin-4-ylnethyl}-4-p -
-t ol yl oxy- benzenesul f onam de

N -(2,5-Dioxo-imidazolidin-4-ylmethyl)-4-(4-methoxy-phenoxy)- N -methyl-benzenesulfonamide
—0

DO‘@:E:O -
O\\\:LN
N~

O

LC-MS (APCI) M*+ H* =406.5 (m/z)

N -(2,5-Dioxo-imidazolidin-4-ylmethyl)- N -ethyl-4-(4-methoxy-phenoxy)-benzenesulfonamide
—0

LC-MS (APCI) M*+ H*=420.5 (m/z)

w N -(2,5-Dioxo-imidazolidin-4-ylmethyl)- N -isopropyl-4-(4-methoxy-phenoxy)-benzenesuifonamide

B
\N ‘<\N
e

LC-MS (APCI) M™+ H"=433.5 (m/z)



LC- M5 (APCl) Mr+ H+=466.5 (m z) N-(2,5-Di oxo-irinidazol
idin-4-y!'rnethyl)-Npyridin-3-ylnmethyl-4-p -tol yl oxy-benzenesul f onam de 10
S=0 NON OLCM (APCl) M+ H+ =467.5 (mz) 15 1 5 SEP 2005 50 N 15 SEP 2005
-(2.5-Di oxo-imdazolidin-4-yl nethyl)-4-(4-methoxy-phenoxy)- N

-met hyl - benzenesul fonam de -0 LC-Ms (APCI) Mr+ W=406.5 (mz) 5 N -(2,
5-Dioxo-i m dazol i di n-4-ylnethyl)-N :
- et hyl - 4- (4- met hoxy- phenoxy) - benzenesul fgpam de -0 0 LGMs (APCl) M+ H+
=420.5 (mz). to

N- (2, 5- D oxo-i m dazolidi n-4-y)nethyl)-N-isopropyl -4-(4-nmet hoxy- phenoxy) - benz

enesul fonamde ---0 0 LGMs (APCl) Mt+ H+=433.5 (m z)
N -Benzyl- N «(2,5-dioxo-imidazolidin-4-ylmethyl)-4-(4-methoxy-phenoxy)-benzenesulfonamide
-0
. ) —09
| @—s=0
[]
© N

AR
LC-MS (APCI) M™+ H" =482.5 (m/z)

N -(2,S-Dioxo-imidazolidin-‘#-y]methy!)—4-(4-methoxy-phenoxy)— N -pyridin-3-yimethyl-benzenesulfonam
-0

5

D)
N

0
LC-MS (APCI) M*+ H' =483.5 (m/z)

N +(2,5-Dioxo-imidazolidin-4-ylmethyl)-4-(pyridin-4-yloxy)-benzeuesulfonamide

X N
N—{
@)

10

LC-MS (APCI) M™+ H"=363.5 (m/z)



15 1 5 SEP 2005 51 N -Berizy!-

N- (2. 5-doxo-i m dazol i di n-4-yl net hyl) - 4- (4- met hoxy- phenoxy) - benzenes $ﬁﬂam?
e -005 10 LCM (APCI) MH+ H+=482.5 (m z) N -(2,5-Di oxo-imdazoli

met hvi ) - 4- (4- met hoxy- phenoxy)- N -pyridi n-3-yi mnethyl-henzenesu | fonam
---0 LG M5 (APCI) M+ H+ =483.5 (m'z) N

- (2, 5-Di oxo-i m dazol i di n-4-yl net hyl ) - 4- (pyri di n-4-yl oxy) - benzeuuesul fonam de
NIn ONn NO LCGM (APCl) M+ H+=363.5 (nfz) 15 1 5 SEP 2005 52

N- (2, 5- D oxo-i m dazolidi n-4-yi methyl)-N-méthyl -4-(pyridi n-4-yl oxy) - benzenesu
| f onam de O :

N -(2,5-Dioxo-imidazolidin-4-yImethyl)- NV -methyl-4-(pyridin-4-yloxy)-benzenesuifonamide
Q
<, Ok
Q _N
ok
NN
N~
0]

LC-MS (APCI) M™+ H" =377.4 (m/z)

s N -(2,5-Dioxo-imidazolidin-4-yimethyl)- & -ethyi-4-(pyridin-4-yloxy)-benzenesulfonamide

B *
oo, |
N~
O

LC-MS (APCI) M+ H" =363.4 (m/z)
N-(2,5- DlOXO-lmldﬂZO|ldln-4 -ylmethyl)-4-(pyridin-4-yloxy)-benzenesulfonamide

%o

\.
H

10

LC-MS (APCI) M™+ H" =363.5 (m/z)



LC-Ms (APCl) M+ | =377.4 (m z)

N- (2, 5-Di oxo-im dazolidin-4-yl nmethyl)-N-ethyl-4-(pyridin-4-yl oxy) - qegﬁgﬁnﬁ]ﬁsul
fonam de 0 LC-M5 (APClI) ME+H+=363.4 (mz) 'o

N- (2, 5- D oxo-im dazolidin-4-yl nethy])-4-(pyridin-4-yl oxy)-benzenesul f onam de
LC- M5 (APClI) Mr+ H+ =363.5 (rn/z) '5 1 5 SEP 2005 53

N- (2, 5- Di oxo-i m dazol i di n-4-yl net hy
)-4-(pyridin-2-ylo.xy)-benzenesul fonar’r%?e 0O SOON N~ O LCWM (APC)
M-+ H+=376.4 (mlz) 5

N- (2, 5-Di oxo-iinidazoiidin-4-yi.nmethyl)-Nethyl-4-(pyridin-2-yioxy)-benzenes
u)fonarnide f NO "s~O LCMs (APCl) Mt+ H+=391.4 (m z)

4-(5-Chlo O(*)QY[BfOQ&, Hmﬁ:rz)ﬁl;&ﬁm ‘l{nNh%li ﬂxdu} 2 g n%,')—benzenesulfonamxdc

" joxo-im a20|| SUI
l D
fN Q$=O
_N
sl
NN
N~
4R O
@

LC-MS (APCI) M"+ H'=376.4 (m/z)

oy

@ﬁl | 5 N -(2,5-Dioxo-imidazolidin-4-ylmethyl)- N -ethyl-4-(pyridin-2-yloxy)-benzenesulfonamide

I Sy © o)
=N ‘$=O
NN
O .\"
NN
N~

'LC-MS (APCI) M*+ H' =391.4 (m/z)
4-(5 —Chlbro—pyridin-2-yloxy)— N -(2,5-dioxo-imidazolidin-4-yimethyl)-benzenesulfonamide
Ci =N ‘$= O
N
oL
N

{\\-
O

LC-MS (APCI) M™+ H"=397.8 (m/z)



OSAO NON 1 N~O0 LGM (APCI) M+ H+=397.8 (nmz) 10 15 1 5 SEP 2005

54 5 4-(5-Chl oro-pyridin-2-yl oxy) - N-(2 5-di oxo-i m dazol i di n- 4- ylmafgélﬁg—zm
N- net hyl - benzenesul fonamide O CI~~-N' 2 ;O O N., N-i 0O LCGM (A

H+ =410.8 (mz) | 4-(5-Chloro
pyridin-2-yloxy)-N(2,5-di 0X0- I m dazol i di n-4-yl met hyl ) - N- et hyi - benzenesul t on

am de
54

4-(5-Chloro-pyridin-2-yloxy)- N -(2,5-dioxo-imidazolidin-4-yimethyf)- ¥ -methyl-benzenesulfonamide

Qs
Cl /N “$:O
N
rd
O\.1
¥ N
N~

LC-MS (APCI) M™+ H" =410.8 (m/2)

s 4-(5-Chloro-pyridin-2-yloxy)- N -(2,5-dioxo-imidazolidin-4-yimethyl)- ¥ -ethyl-benzenesultfonamide @

LC-MS (APCI) M+ H" =425.8 (m/z)

N (2 5- Dloxo imidazolidin-{ -ylmethyl)- ¥ -ethyl-4-(5- ﬂuoro—pynm:dm—Z-yloxy)—bcnzenesulfonamlde

L,Y \Q\g 0
\UN

L

O\\N_\{;’

LC-MS (APCI) M+ H' =409.8 (m/z)

10



Cl 0 0 LCGM (APCl) M+ H+ =425.8 (mz) N -(2,5-Di oxo-imdazolidin-1
-ylnetliyl)- Nethyl-4-(5-fiuoro-pyrimdin-2-yloxy)-benzenesul fonam de NYO
10 0 LCGMs (APCI) Mt+ H =409.8 (mz) 151 5 S E P 2005 55 N 15 SEP 2005
-(2,5-Di oxo-imdazolidin-4-yinethyl)-4-(5-fluoro-pyrimdin-2-yioxy)- 5I\§
-met hyl - benzenesul fonamde F 0 5 LCGMS (APCI) M-+ H+=396.4 (rn/z)
N- (2, 5-Di oxo-im dazolidin-4-ylnethyl)-4-(5-fluoro-pyrimdin
yl oxy) - benzenesul fonamide FN _ OS=00.1 i N N~

55

N «(2,5-Dioxo-imidazolidin<4-yimethyl}-4-(5-fluoro-pyrimidin-2-yloxy)- N -methyl-benzenesulfonamide

F
/ °N 0
N"( 5=0
O N
-~
ok
N N
N
o

LC-MS (APCI) M™+ H' =382.4 (m/z)

EXAMPLE 3

Compounds were prepared according to Scheme 2 as shown in the description above.

(a) Preparation of starting materials (aldehydes or ketones)
5 Aldehydes were prepared according to the procedure described by Fehrentz J4 and
Castro B, Synthesis, 676, (1983). Ketones were prepared according to the procedure

described by Nahm S and Weinreb SM :Tetrahedron Lett. 22, 3815, (1.981 ).

20



O 10 LG Ms (APClI) M+ H+=382.4 (m z) EXAMPLE 3 Conpounds were prepared
according to Schene 2 as shown in the description above. (a) Prepargtg'ﬁrpﬁﬁ.j
starting materials (al dehydes or ketones) 15 Al dehydes were prepare
according to the procedure described by Fehrentz JA and Castro B, Synthesis,
676, (1983). Ketones were prepared according to the procedure described by
Nahm S and Weinreb SM - Tetrahedron Lett. 22, 3815, (1981). 20 15 SEP 2005 56
(b) Preparation of intermnedi ate hydantoi ns The al dehyde or ketone (5 nmol)
was di ssolved in 50% wat er ethanol (10 r§|) and 0.55 g (10 mml) of sodium
cyanide and 2.7 g (25 mmol) of ammoni um carbonate was added and the m xture
was heated in the sealed tube to 80C for 6 hrs. Then it was cooled, s pH was
adj ust ed @3 é and i.t was evlggﬁr atg rE\{Pvacuo. The residue was distributed
bet ween t Fe‘t“fﬁt‘f’d‘ ®Sand wat er phase was 3-tines

epar at od by Tht PREdR S kRS aimob N8 SBRERT v iMe BB G FORRIR T ©
fol I ow ngg by gqnd ehmist) WELEdi ngﬁhﬂ@and 2.7 g (25 mmol) of ammonium carbonate was
R-1-(2, 5-di oXxoi m dazolidin-4 -eth carbamic acid tent. butylester O

04 N _ added and the mixture was heated in thc sealcd tube to 80°C for 6 hrs. Then it was cooled,

s pH was adjusted to 4 and it was evaporated in vacuo. The residue was distributed between

water (10 ml) and ethy! acetate and water phase was 3-times re-extracted with ethyl

acetate, then evaporated and diasterecisomeres were separated by silica chromatography
(grad. TBME-methanol 0-10% MeOH). The following hydantoins were prepared.
R-] (2,3—d10\0111n¢m011dn1-4 S-vl)—ethyl carbamic acid tert. butylester @

O

7<
: :}//N

10 .
LC-MS(APCI): ) M+ H" =244.4 , ) M*-56 (isobutylene) 188.6, ) M*-BOC=144.4 (main -
peak)

H-NMR (CDCl; .ppm):1.23d (3H),1.45s (9.1H),4.36m(1.1H),5.30bs(1.1H),10.1bs (1.3H)

15 R-1-(4-Methyl-2,5dioxoirmidazolin-4-S-yl)ethyl carbamoic acid

O

A
N
%N
g
LC-MS(APCI):) M+ H =258.3 , ) M*-56 (-isobutylene) 202.3, ) M’-BOC=158.3 (main
peak) |

H-NMR (CDCl; .ppm):1.22d (3H),1.44s (9.2H),1.585(3.1H), 3.95m(0.9H),5.5bs
20 (1.5H),7.9bs(0.8H)



Nit 10 0 LCMS(APCI): ) M+ H+=244.4 |) Mt-56 (isobutylene) 188.6,)

M+- BOC=144. 4 (main peak) H NWVR (CDCJ3. ppm:1.23d (3H), 1.45s
(9.1H), 4. 36m{ 1. 1H), 5. 30bs(1. I H), 10. 1 bs (1.3H) is 15 SEP 1005
R-1-(4-N-ieth)--i-2.5di oxoi mdazoiin-4-S-Yl)eti3vl carbalnoie acid O 04 0

LCMS(APCI): M+ H+=258.3 ,) M--56 (-isobutylene) 202.3, ) M+ BOC-158. 3
(main peak) H NVR (CDC13. ppm:I1.22d (3H), 1.44s (9.2H), 1. 58s(3. 1H),
3.95m(0.9H),5.5bs 20 (1.5H),7.9bs(0.8H) 1 5 SEP 2005 57 R~

| - (4- h-1ethvl -2, 5di oxoi nl i daazol i n-4-R-y37)ethyl carbamoic acid
tert-butylester 04 7~ N-- 0 LC MS5(APCl): ) M+ H+=258.3 ,) M-56
(-1sobutylene) 202.3, MBOC=158.3 (main peak) H NVR (CDCl3. ppm:1.29d
(3H),1.54s (9.1H), 1.50s(2.95H),4.25n(1. 1H),5.5bs (1.8H),7.9bs(0. 6H)

R- I-(4—Meth_vl-2,5dioxo'imidazolin-4—R—yl)ethyl carbamoic acid tert-butylester

75‘{»--20

/

N

N
O
: LC-MS(APCI): ) M™ H* =258.3 , ) M*-56 (-isobutylene) 202.3, ) M*-BOC=158.3 (main
@ s = peak) ' - '
H-NMR (CDCls.ppm):1.29d (3H),1.54s (9.1H),1.50s(2.95H),4.25m(1.1H),5.5bs
(1.8H),7.9bs(0.6H)

R-1-(2.5-dioxo-4-phenylimidazolidin-4-S-yl)-ethyl carbammoic acid terr-butyl ester,

0
0
AW
o

N

%N
e o)

LC-MS(APCI): ) M*+ H"=320.3 ) M*-56 (-isobutylene) 264.3, ) M*-BOC=230.3 (main

peak) -
H-NMR (CDCl; .ppm):1.31d(3H),1.35s (9.2H),4.65m(0.9H),6.10 d (0.94H),
7.25m(3.2H),7.60d (2.05H)

tert-butyl ( 28)-2-[(4R)-2,5-dioxoimidazolidin-4-ﬂ]pyrrolidine—1-carboxylate

LC-MS: M™+ H"=170.0 (M*-BOC)

NMR: (CDCl; .ppm):1.26 s (SH),1.7-1.9m (3.37H),2.1-2.2m (0.84H),3.35-3,44m (1.82H),
4.1 bs (1.1H), |

20



R-1-(2, 5-di oxo-4-phenylimdaizolidi.n.-4-Svi.)-etxhyl carbanoic acid
terr-butyl ester. 10 is 20 O 04 N,,... LG MS(APCI): ) M+ Ir:320.? ) EJWZ-G{]-'SG
(-isobutyl ene) 264.3, ) Mr-BOC=230.3 (main peak) H NVR (CDCL3 3
.ppm:1.31d(3H),1.35s (9.2H),4.65n(0.9H),6.10 d (0.94H), 7.25m3.2H),7.60d
(2.05H) tert-butyl ‘

(29)-2-[(4R) -2, 5-di oxoi m dazolidin-4-yl]pyrrolidine-1-oarboxylate LGC M5

M-+ H+=170.0 (M- BOC) NVR (CDCl3.ppm:1.26 s (9H),1.7-1.9m (3. 37H), 2. 1-2.2m
(0.84H),3.35-3,44rn (1.82H), 4.1 bs (1.%8H), 15SEP2015 58 tert-butyl
(2S)-2-[(4S)-2,5-di oxoi m dazolidin-4-yi]pyrroiidine-I|-carboxylate LC M5

M-+ H+=170.0 (M+-BOC) H-NVR (CDClI 3.ppm:1.27 s (9H),1.65-2.0 m

PR NErC A MR T A ATE
Me+ H=170. @ N(MBPR* =170.0 (M*-BOC)

H-NMR: (CDCl .ppm):1.27 s (9H),1.65-2.0 m (broad),(4.47H),3.55m(1.15H,), 3.62m

(0.55H),4.4 m (0.87H),
5
tert-butyl (2R)-2-{(4S)-2,5-dioxocimidazolidin-4-ylpyrrolidine-1-carboxylate 531:?%3

LC-MS: M™+ H"=170.0 M™-BOC) -
H-NMR: (CDCl; .ppm):1.47 s (9H), 1.7-2.2m (broad)r4.30H,3.6 m (1.12H),3.8m
(078H,3.6m(1.1H), .

10 . . :
tert-butyl (2R)-Z-[(4R)~—2,5-dioxoimidazoiidin—4-yl]byrro!idine-1 -carboxylate
LC-MS: M™+ H"=170.0 M™-BOC) _

H-NMR: (CDCls .ppm):1.47 s (9H), 1.7-2.2m (broad) 4.30H,3.6 m (1.12H),3.8m
(078H,3.6m(1.1H),

15

tert-butyl (2R)-2-[(4S5}-4-methyl-2,5-dioxoimidazolidin-4-yl]pyrrolidine-1-carboxylate

LC-MS: M+ H =183.1 (M"-BOC)

H-NMR: (CDCl .ppm):1.4 s (9H)1.50s(3.2H), 1.65-2.1m (broad) 4.20H,3.4 m f5d
(1.1H),3.5bs (0,78H,4.4m (0.94H),

20

Deprotection of BOC protected hydantoins was performed via 40% trifluoroacetic acid
in DCM and the final compound 5-(1-aminoethy!) 5-alky! imidazoline-2,4 dione

trifluoracetate was precipitated by ether after evaporated to dryness.

25 R-5-(S-1-aminoethyl}-imidazoline-2 4-dione trifluoroacetate

LC-MS(APCI): M'+ H = 1442 (m/z)

R-3-(1-aminoethyl)-5-S-methy! imidazoiidine-2.4-dione tritluoroacetate

LC-MS(APCI): M™+ H' = 158.2 (m/z)



HNW (CDCl3.ppm:1.47 s (9H), 1.7-2.2m (broad) 4.30H,3.6 m(l.12H), 3.8m
(078H,3.6m(I . I H), IDtert-butyl

(2R) - 2-[ (4R) - 2, 5- di oxoi mi dazol i di n-4-yl ] pyrrolidine-I-carboxylate LC3ISBEP 1005
M-+ H+=170.0 (M+-ROC) H- NVR (CDCl13.ppm:1.47 s (9H), 1.7-2.2rn (broad)
4.300H,3.6 m(I1.12H),3.8m (078H,3.6nm1. | H), 15 tert-butyl
(2R)-2-[(4S)-4-nmethyl -2, 5-di oxoi m dazolid in-4-yl]pyrrolidi ne-lI
-carboxylate LCMs: M+ H+=183.1 (M+-B HNVR (CDCI3 .ppm:1.4 s
(9H)1.50s(3.2H), 1.65-2.1m (broad) 4.20H"3.4 m (1.1H), 3.5bs (0, 78H, 4. 4m
(0.94H), 20 Deprotection of BOC protected hydantoi ns was perfornmed via 40%
trifluoroacetic acid in DCMand the final conmpound 5-(1-am noethyl) 5-alkyl
Jdmdazoline-2,4 dione trifluoracetate was precipitated by ether after
evaporated to dryness. 25 R-5-(S- | -anlinoethvv!)-ilniclazoline-2,4-dione
trifluor Oaklﬁ-ﬂtﬁnldu@ﬂiyﬁ(ﬁRCﬂn)eﬂmeddtohduléé 4241666 #Fiflubrdactiate

-am noethyl )-5-S-.nethyl i:midazolidine-2,A-dione tritluoroacetate

LC- M5S( APCI I)C-N’ISmrli'rcB|+haff'fl:3'8+ ?158121&1/21 5 SEP 2005 59
R-5-(1-amrioethyl)-5-R nethyl imdazolidine-2,4-dione trifluoroacetate
LC- MS(APCl): Mr+ H+= 158.2 (m z)

s R-3-(1-amiooethyl)-5-8-phenyhimidazolidine-2 4-dione trifluoroacetate

{f‘% LC-MS(APCI): M'+ H =220.3 (m/z)
(5R)-5-[(28)-pyrrolidin-2-ylJimidazclidine-2,4-dione trifluoroacetate

\ LC-MS(APCI): M™+ H" = 169.1 (m/z)
N (5R)-5-[(2R)-pyrrolidin-2-yllimidazolidine-2,4-dione

i0  LC-MS(APCI): M+ H"=169.1 (n/z)

(5R)—5-[(2S)-pyrrolidin-2-yl]imidazolidine—2,4—di0ne
LC-MS(APCI): M+ H = 169.1 (m/z)

(58)-5-[(2S)-pyrrolidin-2-yilimidazolidine-2,4-dione

LC-MS(APCI): M™+ H" = 165.1 (m/z)
(68)-5-methyl-5-[(2R)-pyrrolidin-2-yljimidazolidine-2,4-dione

LC-MS(APCI): M+ H" = 183.21(m/2)

20

(c) Preparation of hy&antoins of formula I
Synthesis was performed in parallel, on 20 _well plates, manually operated.

Each well was charged by ca 7.5 umol of the corresponding sﬁlfonyl chloride in 0.5 ml of
DCM, followed by ca 15-20 umol of the 5-(1-aminoethyl) 5-alkyl imidazoline-2,4-dione

25 trifluoroacetate in 0.5 m! DCM (small amount of DMF added if necessary for complete
dissolution) and 10 mg of the diethylaminomethyl polystyrene resin was added. The
mixture was shaked overnight, filtered through 200 mg of silica gel (washed with 3-5 ml of
ethy] acetate and the purity was monitored by LC-MS. The solutions were evaporated to

dryness to afford all expected compounds in sufficient purity.



5 R 5-(1-ainirioethyl)-5-S pl henyliinidazolidine-2.4-dione trifluoroacetate
LC- MS(APCl ) : M+ H+-220.3 (nlf z)
(5R)-5-[(2S)-pyrrolidin-2-yl]imdazolidine-2,4-dione trifl uor oacet at @ SEP 1005
LC- M5(APCl ) : M+ H+= 169.1 (m z)

(5R)-5-[(2R) -pyrrolidin-2-yl]im-dazolidine-2,4-dione io LCM(APCl): M+ H+=
169.1 (mMz) (5R) -5-[(2S)-pyrrolidin-2-yl]imdazolidine-2,4-dione :
LC- M5(APCl): M+ H+ = 169.1 (rn/z) 15 20
(5S)-5-[(2S)-pyrrolidin-2-yl]imndazol i dPfhe-2, 4-dione LC MS(APCI): Mr+ H+ =
169.1 (mz) (5S)-5-nmethyl-5-[(2R)-pyrrolidin-2-yl]imdazolidine-2,4-dione
LG MS5(APCI): M+ H+ = 183.21 (mz) (c) Preparation of hydantoins of formula
| Synthesis was perfornmed in parallel, on 20 well plates, manual |y operat ed.
Each well was charged by ca 7.5 unol of the correspondi ng sul fonyl chloride

in 0.5 m, gf f owed -0 =20 ypnl  Qf 1 - ami t hyl.),.5-al kyl
i m dazol i4ﬁgf‘ﬂ,‘w°6’r'm‘%‘h%fjt (P SRot Bt R4 Sy A AL b AR R
DMF added if necegsamy for conplete dissolution) and 10 ng of the
di et hyl am no8r§’ yrene resin was added. The m xture was shaked
overni ght, f®Ttered t Nt ugh 200 mg of silica gel (washed with 3-5 nm of

N

et hyl ace and the Rl was nonitored by LC-MS. The sol utions were
evapor at e dryness y af ford all expected conmpounds in sufficient

rity. 1 2005 @
purity - g _ “%a;:%

LC-MS(APCI): M'+ H = 411.1 (m/z)

4-R-(5-chloropyridin-2-oxy)-N-(1-(2,5-dioxoiniidazoline-4-S-y1)-ethyl)

benzenesulfonamide

o
N_
: S\-—~O
0 N e
} ¢}

—

N

N N

Cl

LC-MS(APCI): M™+ H" = 412.1 (in/z)

N
e}
10 .

R-N-{1-(2,5-dioxo-imidazolidin-S-4-yl}) ethyt)—4{pyridin-2-ylo‘x}S—benzenesulf011amide
o)

N/ N)"ﬁ
C

15 -~ LC-MS(APCI): M"+2 H" =378.9 (m/z)



60 5 10 4-R-(4-clilorophenoxy-N(1-(2,5di oxoiinidazoiin-4-S-vl)-ethyl)
benzenes uifonainide G ~0 S=ON' LC MS(APCl): M+ H+= 411.1 (n12)1 5 SEP 2005
4-R- (5-chl oropyridiri-2-oxy)-N(1-(2,5~-dioxoiniidazoline-4-Syl)-et hyﬁg
benzenesul fonarn ide 0 1! s=0 No LG MS(APCI): M+ H+ = 412.1 (m z)

R-N- (3 -(2.5-dioxo-imdazolidin-S-4-yl)
ethyl)-4-(py-ridin-2-yla.<y)-benzenesul foni hide 0 1s LG MS5(APCl): Mt+2
H+=378.9 (mz) 1 5 SEP 2005 61 R-N-(1-(2.5-di oxo-imdazolidin-S-4-vl)

et hyl ) - 4- (pyridiin-4-yl oxy)-benzenesul t ol de 0

» R-N-(1-(2,5-dioxo-imidazolidin-S-4-y1) ethyl)-4-(pyridin-4-yloxy)-benzenesulfonamide
o] .

@@;} 4-R-(4-cyanophenoxy-N-(1-(2.5dioxoimidazolin-4-S-yl)-ethyl) benzenesulfonamide
= |
S=0
\
O’-@, N
O
N
I; N
18]
il
N

LC-MS(APCI): M™+H' =401.5 (n/z)

10

4-R-(4-fluorophenoxy-N-(1-( iSdioxoi_m_id:-Jzoli n-4-S-vl)-ethyl) benzenesulfonamide

it
S=0
A
O’Q Niew
-0
N .
-
' 0

F

LC-MS(APCI): M+ H" =394.3 (m/z)



11 S=o0 LC-MS(APCl): MI+2 W378.9 (mlz) 5

4- R- (4- cyanophenoxy-N-(I- (2. Sdi oxoi nii dazolin-4-S-yl)-ethyl) benzenes
ulforiaride 0 rl S=ON,,. /1/ N LCM(APCl): Mr+H+ =401.5 (m z) £1€-p 2008
4-R-(4-fltiorophe. noxy-N- (I -(2.5dioxoi mdazolin-4-Syi)-ethyl) )
benzenesul fonarnide 0 u s=o0 LC-MS(APClI): Mr+ H+=394.3 (mz) 15 1 5 SEP
2005 62 4-R-(4-trill :

uor onl et hyl phenoxy- N- ( 1- (2, 5di oxoi i ni dazol i n-4-S-yl)-ethyl) benze

nesul f onar ni de 6

4-R-(4-trifluoromethylphenoxy-N-(1-(2.5dioxoimidazolin-4-5-y])-ethyl)

benzenesulfonamide

N
-
o

LC-MS(APCI): M+ H' =444 .4 (m/z)

4-R-(4-methylphenoxy-N-(! -(2,5dioxoimidazolin-4-S-y1)-ethyl) benzenesulfonamide

0]

I
S=0

Y
O
N

-

0

LC-MS(APCI): M™+ H" =389.43 (m/z)

Q

10 4-R—('4«medmxypﬁcnoxy-N-(] -(2,5dioxounidazolin-4-S-vl)-ethvl) benzenezsulionamide 6B

O
i
5=0
\
s} N

N .
=
O

8]

o<

LC-MS(APCI): M*+H" =406.4 (im/z)



0 a s=0 1% N LCM(APCI): M+ F1 =444.4 (mz) s

4- R- (4- met hvl phenoxy-N- (1 -(, 2, 5di oxoi nri dazol : i n-4-S-yl)-ethyl) 1 5.SEP 200
benzenestilfonarnide 0 'I 5=0 11 J$.. N LC MS5(APCI): Mt+ H+=389. 4?3 E(Prﬂ 25)
i 0 4-R-(4-nmet| hoxyph. enox.y-N- (1 -(2,5di oxoi niidazolin-4-Syl)-ethyl)
benzenesui fonam de !0 S=0O N LC- MS(APCT) : Mr+H+=406.4 (m'z) 1 5 SEP 2005 63
| ~R :

63

4-R-(4-phenoxy-N-(1 -(2,5dioxoimidazolin-4-S- vl)-¢ Lhyl) benzenesulfonamide
O

LC-MS(APCI): M'+ H"=390.4 (m/z)

34-(4-Chlorohenoxy-N-(1-{4-S-methyl-2.5-dioxoimidazolidin-4-R-yl)-ethyl

benzenesulfonamide

Cl

LC-MS(APCI): M+ H*=423.4 (m/z)



Vm 5 4-R-(4-pheinox)--N-(.1-(2,5dioxoi mdazolin-4-S-vl)-ethyl)

benzenesul fonamide 0 rr s=QN ~.,. LCGM(APCl): M+2H+=376.2 (n152¢PRI
-N-(1-(4-met hy

2. 5-di oxo-irnidazolidin-4-Sy:1)-ethvi-4-phenoxybenzenesuul fonam de 10 1
s=0 is LCGM5(APCl): M+ H+=390.4 (m z) benzenes ulfo.nan-. dc

4- (4- Cnhl or ohenoxy-N-(1-(4-S-net hyl -2, 5-di oxoi . m dazolidin-4-R-yl)-etllvt O
1! s=0 15 cl LC MS(APCl): M-+ H+=423.4 (mz) 1 5 SEP 2005 64

64

4-(5-chloropyridyl-2-0xy)-N-(1-{(4-S-methyl-2.5-dioxoimidazolidin-4-R-yl}-ethy!

benzenesulfonamide
O

1
S;—‘-O
O N e

N
N O}—
Ci

LC-MS(APCI): M+ H* =424 4 (m/z)

G

N-{1-(4-S-methy]-2,5-dioxoimidazolidin-4-R-yl)-ethyl})-4-( pyridin-2- vioxy)

benzenesulfonarnide

10 LC-MS(APCI): M™+ 2H"=392.4 (m/z)

N-(1-(4-5-methyl-2,5-dioxoimidazolidin-4-R-y1)-ethy!)-4-(pyridin-2-yloxy) |

benzenesulfonamide

0
i
s=0
. hY
O Nm.
—
N
N %N
N o

LC-MS(APCI): M+ 2H" =392.4 (m/z)

O



=1-(S-cl zl ~ropyridvl - oxy)-

-(1-(4-S-nethyl -2.5-di oxoi mdazolidin-4-Ryl)-et1l3vl benzeoesul fo. nai ni de Cl
O u S=0 NLCM(APCl): M+ Ht=424.4 (mz) 5 N(1-(4-S methyl- P 200
- di oxoi m dazol i di n-4-R-y1)-ethyl)-4-(pyridin-2-ylL)xy) benzenesul fonaﬁrﬁ de i)

n SO0, NlaLCM(APCI): M+ 2H+ =392.4 (n z2)

' -(I-(4-S-rnetlivl.-2,5-di.oxoi midazolidin-4-R-yl)-ethyl)-4-(pin='"-ylox )
b e nzen e-stil fonarui de 150 S-0 N Lc-M(A PCr): M+ 2H+ =392.4
(mz) 15 SEP 2005 ' 65

4-(4-cyanophenoxy-N-(1-(4-S-methyl-2,5-dioxoimidazolidin-4-R-yl)-ethyl

benzenesulfonamide

N
N
Ve

LC-MS(APCI): M™+ 2H" =415.4 (m/z)

R-N-(]-(4-methy 2,5-dioxo-imidazolidio-4-R-yl)-ethyl-4-phenoxybenzenesulfonamide

LC-MS(APCI): M*+ H' =390.4 (m/z)

1n

4-(4-Chlorehenoxy-N-( ]_—(4-R~mreﬂ1yl-2,S-dioxoilTﬂdazo]idin—-#—R—yl)-eth vl

benzenesulfonamide

Cl

1 LC-MS(APCI): M+ H' =423.4 (m/z)



65 4-(4-cyanophenoxy-N-(1-(4-S-nmethyl-2,5-dioxoiniid izolidin-4-R-vl)-ethyl
benzenesultonainide 1/ NO 11 S=0 Nil. LCM(APC): M 2H+=415.4 ﬁrgiszﬂ: ﬁ
RN-(I -(4-methy 1005
2, 5-di oxo-i ani dazoli.di n-4-R-vl)-ethyl - 4- ppeno>~ybenzenesul f onai nide p, s=0
Nil.. LCGM(APCI): M+ H+=390.4 (nmz) io

4-(4-C il orohenoxy-N-(1-(4-R-nmethyl-2,5-di oxoi nni dazolidin-4-Ryl)-etb vi be
nzenesidfonarn i.de ¢ is LCMS(APCI): M+ Hf =423.4 (mz) 1 5 SEP 2005 66

4- (5-cl hl oropyri dyl - 2- oxy) - N- (1- (4- R-met H§fl L.

- di oxoi ni i dazol i din-4-R-y1)-ethyl '

4-(5-chloropyridyl-2-oxy)-N-( 1 -(4-R-methyl-2,5-dioxoimidazolidin-4-R-y [)-ethyl

benzenesulfonamide
O

I
S=0
\ .
O’@ Nlnlﬁ
o, O
N\ N
0 . AR

Cl
LC-MS(APCI): M+ H' =424.4 (m/z)

5
N-(1-(4-R-methyl-2,5-dioxoimidazolidin-4-R-y})-ethyl)-4-( byridin-}yloxy)
benzenesulfopamide

- I?

5=0
Y

o’@ N't"{/
,,,,, o
i N),f
N
)
LC-MS(APCI): M+ 2H" =392.4 (m/z)
10

N-(1-(4-R-methy!-2_5-dioxoimidazolidin-4-R-yl)-ethy1)-4-(pyridin-2-yloxy)

benzenesulfonamide
0
i
S=0 -
\
o) Nu.-ﬁ
¢ O
o N )¢
s )»N
N

LC-MS(APCI): M™+ 2H  =392.4 (m/z)




benzenesul fonani ide ¢ 0O Il S=O N LCMS(APClI): M+ Hk =424.4 (nmz) s
N-(1-(4-R-nethyl -2.5-di oxoirnidazolidin-4-Ryl)-ethyl)-4-(pyr) din- %qggﬁq{@
benze n esulfonarn i de O Ir s=0 LC MS(APCl): M++ 2H =392.4 (niz) N ?
-(4-R-nmethyl -2 5-d.ioxoi mdazolidi Si-4-R-yi)-ethyl)-4-(pyridin-2-yloxy)
benzenesul fonam .de O Ir S=0O N LCMS(APCI): M+ 21} =392.4 (mz) 151 5
SEP 2005 '

67

4-(4-cyanophenoxy-N-(1-(4-R-methyl-2.5-dioxounidazolidin-4-R-yl)-ethyl

benzepesulfonamide

LC-MS(APCI): M*+ H* =415.4 (n/z)

4-(4-fluorophenoxy-N-(1-(4-R-methyl-2.3-dioxoimidazolidin-4-S-vl)-ethy)

benzenesulfonamide

O

i

\N Hw

O -
N.
y
o]
F

LC-MS(APCI): M+ H'=407.4 (m/z)

0]

4-(4-trifluoromethylphenoxy-N-(1-(4-R-miethvl-2, 5-dioxoimidazo lidin-4-S-yl)—eth}-'J. ‘

benzenesulfonamide
o)
I
\N
o 1408
o 0
N
) -
o]
F
7 F

15 LC-MS(APCI): M'+ H" =458.4 (m/z)



67 4-(4-cyyanophennoxy-N(1-(4-R-neth,

| - 2. 5-di oxoi i ni dazolidin-4-R-yl)-ethyl benzenesul ftnam de p, S=0 N NJgp N
LC-MS(APCl).: Mr+ H+ =415.4 (mz) 5

4-{4-fl uor ophenoxy-N-(1-(4-R-nethyl -2.5-di oxoi m dazo] idin-4-S-yl)-ethyl
benzenestul fonam de p, s=0 N LC-M5(APCl): M+ H+ =407.4 (mz) 10 4-(4-tri

i l uor onet hyl phenoxy- N-(1- (4- R-net hyl - 2. 5-di ocoi mi dazol i di n-4-S-y1)-ethyl
benzenesul foriannid.e 0 1, s=0 NJ... 15 6I_SC- MS( APCl ) . Mt+ H+=458.4 (niz)

4-(4-Methylphenoxy-N-(1-(4-R-methyl-2, 5-dioxoimidazolidin-4-S-yl)-ethvl

benzenesulfonaimide

LC-MS(APCI): M™+ H" =404.5 (in/z)

4-(4-Methoxyphenoxy-N-(1 -(4—R—methy]-Z._S-dio'xoimidazolidin—dfS-yl)-ethyl

benzenesualfonamide

—0
LC-MS(APCI): M*+ H' =420.5 (m/z)

10

4-(4-Phenoxy-N-(1-(4-R-methyl-2.5-dioxoimidazolidin-4-S-yl)-ethyl benzenesulfonamide

LC-MS(APCI): M™+ H" =390.5 (m/2)



1 5 SEP 2005 68 4-(4- Met

hyl pl henoxy- N- (1- (4- R-net hyl - 2. 5- di oxoi m da- zol i di n-4-S-yl) - et hyl 15 SEP 2005
benzenesul fonainide 0 I/ s=0 LCMS(APClI): Mr+ H+ =404.5 (mz) 5

4- (4-141et hoayphenoxv- N- (1- (4- R-met hyl - 2. 5-di o: xoi mi dazol i di n-4-S-yl)-et hyl
benzenesulfonatnide 0 [I! s=0 LC- M5(APCl): M+ H+420.5 (mz) 10 4-(4-P:lieno
XV N (1-(4-Rnethyl-2,5-dioxoinlidazolidi]l-4-Syl)-ethyl benzenesul f onam de
0O it S=015 LG MS(APCI): M+ H+=390.5 $55r>ﬂ z) 1 5 SEP 2005 69

a 4-(4-fluorophenoxy-N-{1-( 4—R-meﬂ1y1-2,5-dioxoimidazolidin-4-R-yIj—eth_v1

benzenesulfonamide

LC-MS(APCI): M*+ H' =407.4 (m/z)

@
~ - 4-(d-trifluorometh ylphenoﬁy-N-(l -(4-R-methyl-2,5-dioxoimidazolidin-4-R-yl)-ethyl

benzenesulfonamide

o
g
\Nu..
oA {/ )
Y
e

F

LC-MS(APCI): M*+ H" =458.4 (m/z)

s 4-(4-Methylpbenox y-N-(1-(4-R-methyl-2,5-dioxoimidazolidin-4-R-yl)-cthyl

benzenesulfonamide

LC-MS(APCI): M+ H" =404.5 (m/z)



4- (4-fl uorophenoxy-N-(1-(4-R-nethyl -2, 5-di oxainlidazolidin-4-R-
henzenesul i onannide p, s=o0 LC I\/IS(APCI) Mr+ | =407.4 (mz) 5 4- (4 iﬁl%f’ 2003
ut or onet hyl phenoxy-N- (1 -(4-R-xnethy 1-2,5-di oxoirnidazol i
din-4-R-vl)-ethy benzenesulfonaniide O - Ir S=O No-- LC MS5(APCl): M+
H+=458.4 (nmlz) S 10 benzenesul fonam i de 15
4- (4- Met hyl pbenoxy- N- (1- (4- R-net hyl - 2, 5-di oxoi i ni dazo. lidi 11-4-R-yl)-ethyl O
'l s=0 No... LG MS(APCI): M-+ H+=404.5 (mla) 1 5 SEP 2005 70

70

4-(4-Methoxyphenoxy-N-(1-(4-R-methyl-2.5-dioxoimidazolidin-4-R-yl)-ethyl

benzenesulfonamide

—0

s LC-MS(APCI): M™+ H"=420.5 (m/z) .

4-(4-Phenoxy-N-(1-(3-R-methyl-2.5-dioxoimidazolidin-4-R-yl}-ethyl benzenesulfonamide
i |
~S5=0 .
A0y,
'
%N
&)

LC-MS(APCI): M+ H" =390.5 (m/z)

15 4-(4-Chlorophenoxy)-N-(1-((2,5-dioxo-4-S-phenyl-imidazolidin-4-R-yl)-ethyl)

benzenesuldonamide

Cl

LC-MS(APCI): M*+ H' =486.8 (m/z)



4- (4- Met hoxyphenoxy- N-(1- (4- R-nnet h.yl -? 5-di oxoi rui dazolidin-4-R-y.!)-ethyl
benzenes ulfonaniide N'" 0 r, S=05 LCMS(APCI): W H+=420.5 (m z) ..

4- (4- Phenoxy-N-(1-(4-R-niethy.|-?.5-di oxoirnidazolidin-4-R-yl)-ethyl 15 SEP 2005
benzenesul fonam de p, N.. LCGM(APCI): M+ | =390.5 (mz) 10 15

4- (4-Cli .1 oropheno

Xy)-N-(1-((.2,5-di oxo-4-S-phenyl -imdazolidin-4-R-yl:)-ethyl) :
bennzenesul donamide CI 0 It s=0 LGMS(ARCI): M++ HA =486.8 (mz) 1 5 SEP
2005 71 }-(5-chloropyridiun-2-yloxy)-N (I -((2.5-dioxo-4-S-phenyl -1

nni dazol i di n-4-R-y1)-ethyl) benzenesul donam de Cf _

4-(5-chloropyridin-2-yloxy)}-N-(1-((2,5-dioxo-4-S-phenyl-imidazolidin-4-R-yl)-ethyl)

benzenesuldonamide

Ci

&% s LC-MS(APCI): M+ H =487.8 (m/z)

N-(1-S-2.5 —diox0;4-pheny'lilniniazolidin—4—R-ylf)-ethyl~4-(pyridj' n-2-yloxy)-

benzenesulfonamide

0
1

D,s—-—o

\N i

O / 4

N '
é’f y
N o)

0 LC-MS(APCI): M'+ 2H" =454.6 (m/z)

15 N-(1-5-(2.5-dioxo-4-phenylimidazolidin-4-R-y)-ethyi-4-(pyridin-4-yloxy)-

benzenesulfonamide

0O
i
L
\N e
0 =
fﬁ N
\\N

LC-MS(APCI): M*+ 2H" =454.6 (m/z)




0 1! s=0 N5 LC-M5(APCl): M+r+ H+=487.8 (mz) N- (I

-S- (2. 5-di oxo-4-phenvtirnidazolidin-4-R-yl)-ethyl-4-(pyridin-2-yl oxy)
benzenestilfonamde 0 It S=Oto LC MS(APCI): M+ 2H+=454.6 (nl z) 1JSSEP 2005
N-(I-S-(2.5-di oxo-4-phznvliinidazolidin-4-Ryl)-ethyl-4-(p).-i-idin-4-vloxy)
benzenesulionaanide 0 !1 s=0 Ni 1. LCMS(APCl): M-+ 2H+=454.6 (mz) 1 5
SEP 2005 72 4-(4-Cy<rnopheno. x)-N-(1-((2,5-di oxo-4-S-phe-n)r
1-imdazolidin-4-Ryl)-ethyl) benzenesul onarnide 0 |I!

72

4-(4-Cyanophenoxy)-N-(1-({2.5-dioxo-4-8S-phenyl-imidazolidin-4-R-yi}-ethyl)

benzenesulfonamide

W
N

LC-MS(APCI): M+ H' =477.6 (m/z)

4-(4-Fluorophenoxy)-N-{ 1-((2,5-dioxo-4-S-phenyl-imidazolidin-4-R-yl)-ethyl)

benzenesulfonamide

F |
LC-MS(APCD): M*+ H*=470.5 (m/z)

10

4—(4-Tﬁﬂuorom ethylphenoxy)QN-(I ~-((2,5-dioxo-4-S-phenyl-imidazolidin-4-R-¥1)-ethyl)

benzenesuwlfonamide

LC-MS(APCI): M™+ H"=519.1 (m/z)



S=O N LC-M5(APCI): M-+ H+ =477.6 (mz) 5
4- (4- Fi uorophen. oxy)-N-(1-((2. 5-di oxo-4-S-phenyl -i ani dazol i di n- 4- R—ﬁ;lg-e@ﬁ%y
I) benzen esulfonainid e 0 !l S0 7 NLCM(APC): M+ H=470.5 (hoEP
4-(4-Trif!uoromnet hyl phenoxy)-N- (I

-((2,5-(:10x0-4-S-pl7enyl-i m dazolidin-4-R-yl)-ethyl) benzenes Ldfonami de
I'5 LC-MS(APCl): MH+ Hfi =519.1 (mz) 1 5 SEP 2005 73

4- (4- Met hyl pbenoxy) - N- (1- (( 2, 5- di oxo- -S—3pheny| -i m dazolidinl-4- R—vl) et hyI)
benzenes ulfonan.ide 0 11 s=o0

4-(4-Methylphenoxy)-N-(1-((2,5-dioxo-4-S-phenyl-imidazolidin-4-R-vI)-ethyl)

benzenesulfonamide

S N
0]

5 LC-MS(APCD): M™+ H" =466.4 (m/z)

4-(4-Methoxyphenoxy)-N-(1-((2.5-dioxo-4-8-phenyt-imidazolidin-4-R-y1}-ethyl)

benzenesulfonamide

—0

0 LC-MS(APCI): M+ H =482.4 (m/z)

4-(4-Phenoxy)-N-(1-((2,5-dioxo-4-S-phenyl-imidazolidin-4-R-y1)-ethyl)

15 benzenesulfonamide

LC-MS(APCI): M*+ H' =452.5 (m/z)



N.... 5 LCGCM(APCI): M+ |- =~ =466.4 (nlz)
4- (4- Met hoxyphenoxy) - N- (1- ((2. 5-di oxo. -4-S-phenyl -iinidazolidin-4-Ry: %ﬁ P ﬁ&t
hyl) benzenesul fonanlide 10 LC-MS(APCl): M++ 13 =482.4 (m z) 15 SEP 10
4- (4- Phenoxy)-N- (I -((2,5-ciioxo-4-Sphenyl-iridazolidin-4-R-yl)-ethyl) 15
benzenes-ul fonamde 0 I/ S=ON.... LCM(APCI): M+ H+ =452.5 (mz) 15 S
E P 2005 74 :
5-(1-{[4-(4-chl orophenoxy) pheny! ] sul f'Onyzi pyrrolidin-2-y!)-5-nmethyhi m.dazol i
di ne-2,4-dione C LC MS(APCl): M+ H+=45075 (niz)
5-(1-{[4-(4-net hoxyphenoxy) phenyl )sul fonyI }pyrrol | di n-2-yl)-5-nmethyli m dazol
i di ne-2, 4 di one LC M5 1 5 SEP 2005 75 5-(

{[4- (4 h&i[ﬂtwcelﬁwar)enﬁnephﬁnwlsgmrfyaﬁxrm"sw?ai)ﬁfarawyﬁmgqa)zohﬁ*m 814h«ypn¢m d
azol i di ne-2, 4-dione LC-M5(APCl): M+ H+=430.1 (nlgz)

c\)\ /N O

S:ON
YN
0o

| ° @
LC-MS(APCI): M*+H"=450.5 (im/z) )
5-(1-{[4-{4-methoxyphenoxy)phenyl]sulfonyl}pyrrolidin-2-yl)-5-methylimidazolidine-2,4-dione

.

-

LC-MS(APCI): M*+ H =446.2 (m/z) |




5-(1-{[4-(4-cyanophenoxy) phenyl j sul fonylé

5-(1-{[4-(4-fluorophenoxy) phenyljsul fanyi}pyrrolidin-2-yi)-5-nmethytimdazoli

dine-2,4-dione 5 LG M5(APCl): M+ H+=434.1 (mlz) 1 5 SEP 2005 76

(1-{[4-(4- cyanophenoxy) phenyl ] sul fonyl } pyrroiidin-2-yl)-5-methylim dalzi)ﬁﬁpdmpﬁ
2,4-dione 0 LC-MS(APCl): M+ H+=441.1 (m z)

5 (1-{[4- (4-chtorophenoxy) phenyl }sul fonyl }pyrroiidin-2-yl)imdazolidine-2, 4-

dione d 5 LCMS(APCI): Mt+ H+ =436.1 (mlz) 1 5 S E P 2005 77 5-(

1-{[4-(4-f] uvoro p h en oxy) p henyl}s ulfo nyl}pyrrol i di n-2-y ) i

mdazoi i di ne-2, 4-dion e LCM(ARC): M+ H+=420.1 (mz) 5-(I

-{[4- (4- et hyl

phenoxy) phenyl ] sul fonyl } pyrrolidin-2-yi)imdazolidine-2,4-dione s

LC- M5( APCI§-( 1-{{#-{4rhetivighenokmiphEnyi]sbif @iy p@odBin/3-yl)-5-methylimidazolidine-2,4-dione

5-(1-{[ 4- (4- met hoxyphenoxy) phenyl ] sul fonyl } pyrrolidin-2-yl)inidazolidine-2,4

-dione 0- LC M5(APCl): M+ H+=432.1 (nl z) ‘

| i di n-2-vyi)im dazol i di he-2,4-d
ione 5 :

W/ 0
S
N}rN
O

LC-MS(APCI): M+ H"=430.1 (m/z)

5-(1-{[4-(4-%|uoroph enoxy)phenyl]sulfonyl}pyrrolidin-2-yl)-5-methylimidazolidine-2,4-dione

-.1?5?‘ ) []

T
(RS

L.
pag

s LC-MS(APCI): M"+ H =434.] (m/z)



LC-MS(APCl): Mr+ H'=427.1 (nmz) 1 5 S E P 2005 79 EXAVPLE 4

[ (4R) - 2, 5- di oxoi m dazol i di nyl ] znet hanesul fonyl chloride, [(4S)-2,5-175SEP 005
di oxoi m dazol i di nyl ] met hanesul fonyl chl ori de or

[ (R -2, 5- Di oxoi m dazol i di nyl]- met hanesul fonyl chloride was reacted with the
appropriate primary or secondary amne to s give the conmpounds |isted bel ow
All the am nes enployed are comercially avail able. Sulfonyl chloride (0.060
mmol es), am ne (0.060 nmoles), triethylam ne (0.0084 nL, 0.060 nmmles) in
dry tetrahydrofuran (0.70 nmL) were stirrgd at roomtenperature over night.
10 Pol ystyrene nethylisocyanate (0.025 g, 0.030 nmol es) was added and the

m xture was shaken over night. The white suspension was filtered-and the
sol i ds were_gfi s 1 I 23 1A s £ ] ar
cvapor at o4 FHETrEEh S PSRV AR pdi2 s ey A8 done
filter, washed with water (2x1 nlL), sucked free of_water and dried in vacua

at 45C over night to afford the title conpounds. iy The starting material s
were prepared as follows: 5-nethyl-5-{ [(pheny t hyl )t hi o] net hyl)

i m dazol i di ne-2, 4-dione A steel vessel was ch pﬂ ¥t h @t hanol and water
(315nm/135nl). 20 31.7g (0.175 nol) of benzylth$sgre 7 22.99 (0.351 nol)

of potassium cyanide and 84.5g (0.879 nol <ot carbonat e was added.
The cl osed reaction vessel was kept in a bat h 3gamh tenperature 90 C
under vigorous stirring for 3h.. The react)lQ essel s cooled with .
ice-water (0.5 h), the yellow sh slurrysfias evaporat@d to dryness and the @@&
solid residue partitioned between 400 wat er and 700 nL e

I\
N
LC-MS(APCI): M*+ H* =441.1 (m/z)

5-(1 -{[4-(4—chiorophenoxy)phegnyl]suIfonyl}pyrrolidin-i—yl)imidazolidine-2,4—dione

g&}q /,O
Sl‘:o

o7

0
LC-MS(APCI): M™+ H" =436.1 (m/z)




25 ethyl acetate and separated. The water-phase was extracted with
et hyl acetate (300 nL). The conbi ned organi c phases were washed mﬁtq SEP 7005
saturated brine (150 nlL), dried (Na2S®™4); filtered and evaporated té
dryness. If the product did not crystallize, 300 nL of dichloromethane was
added to the oil. Evaporation gave the product as a slightly yell ow sh
powder, 43.8 g (90%. 1 5 S E P 2005 80 LCMS (APCl) mz 251.1 (MH). 'H NWR
(DVBO-d6) S 10.74 (IH,s); 8.00 (1H, s);7i7.35-7.20 (SH, m; 3.76 (2H, s);
2.72, 2.62 (1H each, ABq, J=14.0 Hz); 1.29 (3H s). '3C NWR (DWVsO d6) 8:
177.30, 156.38, 138.11, 128.74, 128.24, 126.77, 62.93, 37.96, 36.39, 23.15.
(5S)-5-neth I-5&é | (phenyl met hyl )t hi o] met hyl }i m dazgql i di ne-2, 4-di one The
title conpddniddadiusrenenexyphemilisaiondpaieslidsrioy)imidazaliging-2.4ndioeei al
“using a 250mMm x 50nm col urm on a Dynamic Axial Conpression Preparative HPLC
system The 10 stationary phase used was CHI AK AD, el uent =Met hanol ,
_flow=89nL/ min, tenp=anbient, W=220nrn, sanpke cgne=I50ng/ n, injection
vol ume=20nL. Retention time for title conpey =6 mn. Analysis of chiral
purity was made using a 250mm x 4. 6ni m CH RALPAK- AD coJ@m from Dai cel,
fl ow=0. 5n/ m n, el uent=Et hanol, W220nm _tepp [ is Retention tinme for
title conpound = 9.27mn. Purity estiph LC-Ms (APCl) mz
251.1 (M#). [aJD=-30.3 (c=0.01g/m,

0O

LC-MS(APCI): M+ H"=420.1 (m/z)
5-(1-{[4-(4—methylphenoxy)phenyl]suIfonyl}pyrrolidin-2—yl_)imidazolidine-2,4-dione

s LC-MS(APCI): M"+ H*=416.1 (m/z)



"H NVR (DMSO-d6) 8: 10.74 (1 H,s); 8.00 (IH s); 7.35-7.20 (5H, n) 3.76
(2H, s); 2.72, 20 2.62 (1H each, ABgq, J=14.0 Hz); 1.29 (3H, s). 3? I;g@ 005
(DVBO-d6) 5: 177.30, 156. 28, 138 11, 128.74, 128.24, 126.77, 62.93, é 6Z
36.39, 23.15. (5)7?)-5-nethyl-

] (phenyl et hyl ) thi o)nmethyl)i m' dazol i di ne-2,4-dione 25 The title compound was
prepared by chiral separation of the racemc material using a 250mMmm x 50nm
colum on a Dynami c Axial Conpression Preparative HPLC system The
stationary phase used was CH RALPAK AD, 7§I uent =Met hanol , fl ow=89nL/ m n,

t enp=anbi ent, UWV=220nm sanpl e cone=150ng/ ni, inj ection vol une=20niL.
Retentlontlrrefor title conpound = 10 min. _w 5 SEP 2005 81 G W Anal ysi s
of chiral SﬁdF{[%;(%IH@M@@’@MBDX}QPbeaﬂmﬂywmmmmmm%dlmm
Dai cel , flow=0.5nL/mn, eluent=Ethanol, W220nm tenp=anbient. Retention
tirrefor title corrpound:17.81 m n. r purity estimated to >99%ee S
LCMs (APCl) mz 251.0 (M#). [a]ln=+30A3 (£=0.0l1g/nm., MeOH, T=20C). 'H NWR
(DVMBO-d6) S: 10.74 (1H,s); 8.00 (1H, s(%;/N R5-7.29 (5H m; 3.76 (2H, s);
2.72, 2.62 (1 Heach, ABg, J 14.0 Hz) g »~s). 33C NWR (DMVMSO- d6) 8:

177.31, 156.30, 138.11, 128.74, 1 ,7@% 77,Y62.94, 37.97,
r
o . O
O_......

LC-MS(APCI): M+ H" =432.1 (m/z)

5-(1-{[4-(4-cyanophenoxy)phenyljsulfonyi}pyrrolidin-2-yl)imidazolidine-2,4-dione

LC-MS(APCI): M™+ H*=427.1 (m/z)



o 36.40, 23.16. [(4S)-4--nethyl-2,5-di oxoi m dazol i di n-4-yl Jnet hanesul f onyl
chloride (5S)-5-nethyl-5- ( [(phenyl nethyl)thio]nethyl} 19 SEP 2005
i m dazol i di ne-2, 4-di one (42.6qg; 0.17nol) was dissolved in a m xture of AcOH
(450 nL) and H20 (50 mL). The mixture was 15 imersed in an ice/ water bath,
Cl2 (g) was bubbled through the solution, the flow of gas was adjusted so
that the tenperature-was kept below +15 C. After 25 mn the solution becane
yel |l ow-green in col our and a sanple was withdrawn for LC M5 and HPLC
-analysis. It showed that starting materiah was consuned. The yel |l ow cl ear
solution was stirred for 30 mn and an opaque solution /slurry was formned.
20 The solvent was renoved on a rotary evaporator using waterbath with
tenperature held at +37C. The yell ow sh solid was suspended in Tol uene
‘(400mL) angXxMPE/® 41 enoved on the sane rotary. evaporator. This was
repeated once nore. The crude product was then suspended in iso-Hexane
(400rrL) anEﬂMﬂhRMOKmdmhdmﬁmMﬂmﬂfongl chitmde | [(#5)y2.5vas al | owed to cool

o A St kS 5L BbE e
Thi t h duc | |
e o T SO e o G o

NVR suppo I—% @éjtlfe%h H§ Mstcd Bél]JQ:AilahéfarﬁEIeQ e%ﬁfﬁh arel; HmeIrch@avaﬁaée SEP
2005 82 -ds) (1H, bs) 1H, s); 4.53, '4.44 (1IH each,
AR, J=14. 6Hz) 1 52 (s 3H CHB) 13C NVR (THF-d8): 8 174.96; 155. 86;

e

. 96; 61.04; 23.66.

Sulfonyl chlonde (0.060 mmoles), amine (0.060 mmoles), triethylamine (0.0084 mL, 0.060

mmoles) in dry tetrahydrofuran (0.70 mL) were stirred at room temperature over night.

160 Polystyrene methylisocyanate (0.025 g, 0.030 mmoles) was added and the mixture was
shaken over night. The white suspension was filtered and the solids were rinsed with
tetrahydrofuran (2x1 mL). The filirates were evaporated, the white solid was suspended in
water (5 mL), collected on a filter, washed with water (2521 mlL), sucked free of water and
dried in vacuo at 45°C over night to afford the title compounds.

15

The starting materials were prepared as follows:

B ‘5-methyl-5-{ [(phenylmethyl)thio]methyl}imidazolidine-Z,‘i-—dione
A steel vessel was charged with ethanol and water (315mL/135mL).
20 31.7g (0.175 mol) of benzylthioacetone, 22.9¢g (0.351 mol) of potassium cyanide and 84.5g

(0.879 mol) of ammonium carbonate was added. The closed reaction vessel was kept in an
oil bath (bath temperature 90 °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

15 ethylacetate and separated. The water-phase was extracted with ethylacetate (300 mL). The
combined organic phases were washed with saturated brine (150 mL), dried (Na;SO4);
filtered and evaporated 1o dryness. If the product did not crystallize, 300 mL of
dichloromethane was added to the oil. Evaporation gave the product as a slightly yellowish

powder,43.8 g (90%).



S 1(4R) - 4- et hyl - 2, 5-di oxoi m dazol i di n-4-yl ] met hanesul fonyl chloride

Fol | ow ng the procedure described for 1 5 SEP 7005
[ (4S)-4-met hyl -2, 5-di oxoi mi dazol i di n-4- yl]methanesul fonyl chloride

Starting from (5R)-5-nethyl -5-(

[ (phenyl met hyl )t hi o] met hyl }i m dazol i di ne-2, 4-di one (10.0g, 40mvol). 10
btained 8.789 (96% vyield) of the title conmpound. Purity by NVR > 98%

[a] D=+12.8 (c=0.0lg/n, THF, T=20C). 'H NVR (THF-d$): S 9.91 (1 H, brs);
7.57 (1 H s); 4.53, 4.44 (I H each, ABgggJ 14.6Hz); 1.52 (s, 3H, CH3). 15
"3C NWR (THF-d8): S 174.96; 155.84; 70.97; 61.04; 23.66. 0 HNINH O (R
Amne--S 0 1ii O The Table bel ow gives the Am ne group for each conpound of
t he above structure. 20 MW 366 MN 373.43 niz 374 (M+l) mz 367 (Mtl) 1 5

SEP 2005 LC-MS (APCI) m/z 251.1 (MH+).
'H NMR (DMSO-dg) 8: 10.74 (1H,s); 8.00 (1H, s); 7.35-7.20 (SH, m); 3.76 (2H, s); 2.72,
2.62 (1H each, ABg, /=14.0 Hz); 1.29 (3H, s).
13C NMR (DMSO-dg) 8: 177.30, 156.38, 138.11, 128.74, 128.24, 126.77, 62.93, 37.96,

s 36.39,23.15.

(55)-5-methyl-5-{[(phenylmethyl)thio]lmethyl}imidazolidine-2,4-dione

The title compound was prepared by chiral separation of the racemic material using a

250mm x 50mm column on a Dynamic Axial Compression Preparative HPLC system. The @
lo  stationary phase used was CHIRALPAK AD, ejuent=Methanol, ﬂow=89mL/min,

temp=ambient, UV=220nm, sample conc=150mg/mL, 1njecnon volume=20mL.

Retention time for title compound 6 min. '

Analysis of chiral purity was made using a 25Cmm x 4.6mm CHIRALPAK-AD column

from Daicel, flow=0.5mL/min, eluent=Ethanol, UV=220nm, temp=ambient.
15 Retention time for title compound = 9.27rmnin.

Punty estimated to >99% ee.

LC-MS (APCI) m/z 251.1 (MH+),

[a}p=-30.3° (c=0.01g/mL, MeOH, T=20°C).

'"H NMR (DMSO-dg) §: 10.74 (1H,s); 8.00 (1H, s); 7.35-7.20 (SH, m); 3.76 (2H, s); 2.72,
20 2.62 (1H each, ABq, /=14.0 Hz); 1.29 (3H, s).

1*C NMR (DMSO-dg) 6: 177.30, 156.28, 138.11, 128.74, 128.24, 126.77, 62.93, 37.96,

36.39, 23.15.

(5R)-5-methyl-5-{[(phenylmethyDthio]methyl}imidazolidine-2,4-dione

25 The title compound was prepared by chiral separation of the racemic material using a
250mm x 50mm column on a Dynamic Axial Compression Preparative HPLC system. The
stationary phase used was CHIRALPAK AD, eluent=Methanol, flow=89mL/min,
temp=ambient, UV=220nm, sample conc=150mg/mL, injection volume=20mL.

Retention time for title compound = 10 min.



83 IN5-1--\ ONNN- HH MN320ci mz 321 (Mtl)MN 331.78 nmlz 332 Mrl N
N HH MeOH MeoMN 331.44 MN 357.39m'z 332 (M+l) miz 358 MHI H O~i 15 SEP 2005

20

25

81

Analysis of chiral purity was made using a 250mm x 4.6mm CHIRALPAK-AD column
from Daicel, flow=0.5mL/min, eluent=Ethanol, UV=220nm, temp=ambient.

Retention time for title compound = 17.81 min.

Charal purity Aestimaied to >99% ee.

LC-MS (APCI) m/z 251.0 (MH+).

[@]p=+30.3° (c=0.01g/mL, MeOH, T=20°C).

'H NMR (DMSO-dg) 8: 10.74 (1H,s); 8.00 (1H, s); 7.35-7.26 (5H, m); 3.76 (2H, s); 2.72,
2.62 (1H each, ABq, /=14.0 Hz); 1.29 (3H, s).

BC NMR (DMSO-dg) 8: 177.31, 156.30, 138.11, 128.74, 128.25, 126.77, 62.94, 37.97,
36.40, 23.16.

[(4S)-4-methyl-2,5-dioxoimidazolidin-4-ylJmethanesulfonyl chloride
(55)-5-methyl-5- {[(phenylmethyl)thioJmethyl } imidazolidine-2,4-dione (42.6g; 0.17mol)
was dissolved in a mixture of AcOH (450 mL) and HO (50 mL). The mixture was
immersed in an ice/water bath, Cl; (g) was bubbled through the solution, the flow of gas
was adjusted so that the temperature was kept below +15 °C. After 25 min the solution
became yellow-green in colour and a sample wa.;s withdrawn for LC/MS and HPLC
analysis. It showed that starting material was consumed. The yellow clear solution was
stirred for 30 min and an opaque solution /slurry was formed.

The solvent was removed on a rotary evaporator using waterbath with temperature helid at
+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 stirting, 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
reduced preassure at +50°C over mght. 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.

fa)p=-12.4° (¢=0.01g/mL, THF, T=20°C).



MAN 336.37 mz 337 (Mr1 HN O 1 If Amne-S it O The Table bel ow gives the
Ami ne group for each conpound of the above structure. 15 S E P 2005 B3ENI
MN 366 mz 367 (M+l) O-N-N ~ H MN320 mz 321 (MmM+1l) MeO MO MW 357. 39

mz 358 (M+rl) MA 336. 37
82

'H NMR (THF-dg): § 9.91 (1H, bs); 7.57 (1H, s); 4.53, 4.44 (1H each, ABq, J=14.6Hz);

1.52 (s, 3H, CH;).
130 NMR (THF-dg): § 174.96; 155.86; 70.96; 61.04; 23.66.

5 [(4R)4-methyl-2,5-dioxoimidazelidin-4-yiJmethanesulfonyl chioride
Following the procedure described for {(45)-4-methyl-2,5-dioxoimidazolidin-4-

' yi]methanesulfonyl chloride.
Starting from (5R)-5 —methyI-S—{[(phenylmethyl)thio]methyl}imidazolidinc—2,4—dione

(10.0g, 40mmol).
10  Obtained 8.78g (96% yield) of the title compound.
Purity by NMR > $8%.
[0]p=+12.8° (¢=0.01g/mL, THF, T=20~C).
'H NMR (THF-ds): 8 9.91 (1H, brs); 7.57 (1H, s); 4.53, 4.44 (1H each, ABq, J=14.6Hz);
1.52 (s, 3H, CHs). |
15 3C NMR (THF-dg): 5 174.96; 155.84; 70.97; 61.04: 23.66.

x
HN NH
0 R)- -
Amine-—ﬁ——f 0
@)

The Table below gives the Amine group for each compound of the above structure.

Ly O

N
H
MW.373.43

MW. 366
m/z 374 (M+1)
m/z 367 (M+1) ]

20

Iz,




mz 337 (M) O MV 389.43 miz 390 (Ml ) N H MV 373.43 miz 374 (Ml) ei
MV 331.78 iz 332 (Mel) MN~331.44 mz 332 (Mr1) MV 403.46 mz 404¢kdild

15 SEP2005850HNI~NH OIf Anmine-S--'~0O I | O
83
o) N—/_—\N"- N
N/ H : QJH
MW.320 ‘ Ci
m/z 321 (M+1) MW. 331.78
m/z 332 (M+1)
"/?_‘Er“: N.' N’.
MeG MW. 331.44
f\iﬁﬁé | MW. 357.39 m/z 332 (M+1)
m/z 358 (M+1)
- . =
/\N
H
MW. 336.37
m/z 337 (M+1)

HN/U\NH )
o (S)-
I ‘—\K
Amine—ﬁ——" O
o .

The Table below gives the Amine group for each compound of the above structure.



The Tabl e bel ow gi ves the Am ne group for each conmpound of the above
Hydant oi nAnal ysis(l) OMN 375.41 mlz 410 (M1 -
/[ 11~ MWI | 42 5

structure.

MN 373.43 00 O mz 388 (MH#) \ N

84

-387 N .

Imz 37

11

4 § ¥ s

o

MW. 37343
MW. 366
m/z 374 (M+1)
m/z 367 (M+1)
o] N—/_\N~ N".
N/ H QJ H
MW.320 cl
m/z 321 (M+1) MW, 331.78
m/z 332 (M+1)
N 1
MeO MW. 331.44
MW. 357.39 m/z 332 (M+1)
m/z 358 (M+1)

N L.
N
ouik
N
H

MW. 336.37
m/z 337 (M+1)

OO

MW. 403.46
m/z 404 (M+1)

s¥sa

MW. 389.43
m/z 390 (M+1)
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S
N-f 4- (4- Chl or o- phenox_y) - phenyl | - C- ((4S) - 4- net hvi - 2, 5- di oxo-i m dazol |§j§@3 Ah—y
1)- meth anesul fonami de LC-MS (APCI) mz 410 (MH). “H NVR (DVBO- dé)d o& 2005
10.75 (1 H, s); 9.89 (1 H s); 804 (1 H s); 7.45-7.39 (2 H m; 7.25-7.19
(2 H m; 7.06-6.97 (4 H m; 3.54 (1 HfromABq, J=14.1 Hz); 1.31 (3 H, s).
| 0 N-(4-Benzyl -phenyi)-C ((4S -4-nethyl -2. 5-di oxo-i m dazolidin-4-yl)- :
met hanesni fonam de LCG-Ms (APCl) rn/z 374 (MH). "H NVR (DVBO d6):5 10.74 (1
H s); 9.82 (1 H, s); 801 (1 H, s); 7.3857.05 (9 H m; s 3.49, 3.36 (1 H
each, ABq, J 16.2 Hz); 1.28 (3 H, s). 1 5 SEP 2005 86 N (4-Benzoyl-p

henyl )-C- ((4S) - 4- et hyl - 2, 5-di oxo-i m dazoi i di n-4-y1l)- nethanesul fonam de
LC-Ms (APCl) mz 388 (MbH). 'HNVR (DMSO- d6): S 10.81 (1 H, s); 10.58 (1 H,
's); 8.08 (1 H s); 7.76{7.62 (5 H m; 3 7.60-7.52 (2 H m; 7.33-7.27 (2
H m,; 3.68, 3.52 (4Nt'eagh, ABq, J 14.7 Hz); 1.33 (3 H s). EXAMPLE 5 io
Prepared from cogprercj al | y avai{Sbl e N-Boc-4-piperidone by nethods descri bed

“in Exanple 3. Cli m. MH+) MW 435. 89
Arnine-—ﬁ—“ O
8]
The Tabie below gives the Amine group for each compound of the above structure.
— o
RS
Hydantein Analysis™
4]
’ /@’ O ‘ MW. 375.41
p =
O “ m/z 410 (MH+)
o m/z 374 (MH+)
N .
MW. 373.43
2 o
Nfs“\)\\( S | MW.387.42
o} 0 ’

s N-[4-(4-Chloro-phenoxv}-phenvl]-C-({45)-4-methvi-2,5-dioxo-imidazolidin-4-vI)-

methanesulfonamide

L.C-MS (APCI) m/z 410 (MH+).

'H NMR (DMSO- dg): 5 10.75 (1 H, s); .89 (1 H, s): 8.04 (1 H, s); 7.45-7.39 (2 H, m);
725-7.19 (2 H, m); 7.06-6.97 (4 H, m); 3.54 (1 H from ABg, J=14.1 Hz); 1.31 3 H, 5)..

N-(4-Benzyl-phenyl)-C-((45)-4-methvl-2.5-dioxe-imidazolidin-4-vl)-

methaﬁesulfmmrﬂd_e

LC-MS (APCI) m/z 374 (MH+).

'H NMR (DMSO- dg): § 10.74 (1 H, 5); 9.82 (1 H, s5); 8.01 (1 H, 5); 7.33-7.05 (9 H, m);
15 3.49,3.36 (1 H each, ABg, /=16.2 Hz); 1.28 (3 H, s).




mz 432 (MH) MN 431.47 15 1 5 SEP 2665 5 87 mlz 416 (MH) MN 415.47 m z
420 (MH) MN 419.43 1 5 S E P 2005 88 CLAIMs: Wat we claimis: 1.r5A$
conmpound of the formula | or a pharmaceutically acceptable salt or ar +bF 2005
vivo hydrolysable ester thereof R3 R4 Yi RS Al wherein X is selected from
NR1, 0, S; Y1 and Y2 are independently selected fromO, S; Zis selected
from SO2N(R6), N(R7)S02, N(R7)S02N(R6); mst Ais selected froma direct
bond, (C 1-6)alkyl, (O -6)haloalkyl, or (C 1-6)heteroal kyl containing a
hetero group selected fromN, 0, S, SO 502 or containing two hetero groups
selected fromN, 0, S, SO S02 and separagged by at | east two carbon atons;

N-(4-Benzoyl-phenyl}-C-((4.5)-4-methvi-2.5-dioxo-imidazolidin4-y1)-

methanesulfonamide

LC-MS (APCI) m/z 388 (MH+).

"H NMR (DMSO- de): 8 10.81 (1 H, 5); 10.58 (1 H, 5); 8.08 (1 H, 5); 7.76-7.62 (5 H, m);
5 7.60-7.52 (2 H, m); 7.33-7.27 (2 H, m); 3.68, 3.52 (1 H each, ABq, /~14.7 Hz); 1.33 (3 H,

s).

EXAMPLE 5

10 Prepared from commercially available N-Boc-4-piperidone by methods described in

Example 3.

Cl : o
m/z 437 (MH+) MW. 435.89

o) |
\o
m/z 432 (MH+) MW. 431.47



Rl is selected fromH (C 1-3 ))al kyl, haloalkyl; Each R2 and R3 is

i ndependently sel ected fromH, hal ogen, alkyl, heteroal kyl, cycloah&ytﬁpzm5
het er ocycl oal kyl, aryl, heteroaryl, alkylaryl, alkyl-heteroaryl,

het er oal kyl -aryl, heteroal kyl -heteroaryl, aryl-alkyl, aryl-heteroalkyl,

het eroaryl - al kyl , heteroaryl- heteroal kyl, aryl-aryl, aryl-heteroaryl,

het eroaryl -aryl, heteroaryl -heteroaryl, cycloal kyl- alkyl,

het er ocycl oal kyl -al kyl ; Each R4 is independently selected fromH, halogen,
(d-3)al kyl or haloalkyl; R6 is selected8fromH, al kyl, heteroal kyl,

het er ocycl oal kyl, aryl, heteroaryl, alkylaryl, alkyl-heteroaryl,

het er oal kyl -aryl, heteroal kyl -heteroaryl, arylal kyl, aryl-heteroalkyl, 15
SEP 2005 89 heteroaryl-al k9l, heteroaryl-heteroal kyl, aryl-aryl,

‘aryl - heteroaryl, heter@aﬁyl- het gar oaryl - heteroaryl; Each of the R2, R3
and R6 radicals may be i pdenendepsM tionally substituted with one or
nore groups sel ected he?ﬁ?oalkyl, aryl, heteroaryl, halo,
"hal oal | cyl, hydroxy Noxy, thiol, alkylthiol, arylthiol,

al kyl sul fon, hal o al ryl sul fon, am nosul fon, N-al kylam nosul fon,
N, N-di al kyl anphagul fegn, aryl am nosul fon, am no, N-al kyl am no,

N, N- di al kyl an am do, N-al kyl am do, NN-di al kyl am do, cyano, sul fonam no,
al kyl sul f opam\no./ aryl sul f onam no, am di no, N-am nosul f on-am di no,
guani di no, N-cyano-guani di no, thioguani diVnd}6é Mi-HMWedhsdd-1, | -diann,
ggy boxy, al kyl - carboxy, @tro; Optionally R2 and R3 may join to forma ring
cCBnprising up to 7 riﬁg:gﬁp ~Qr R2 (gnd R4 may join to forma ring
conprising up to 7 ring Aatdws, of hd R6 may join to forma ring
conprising up to 7 rj at Ons, - 3 and R4 may join to forma ring

*ﬁ‘e
&

O

m/z 420 (MH+) MW. 419.43

m/z 427 (MH+) MW. 426.45




conprising up to 7 ring atons, or R3 and R6 may join to forma ring
conprising up to 7 ring atons, or R4 and R6 may join to forma rin 2005
conprising up to 7 ring atons; R5 is a nonocyclic, bicyclic or tricScEISE(?
group conprising one, two or three ring structures each of up to 7 ring
atons indepen;ently selected fromcycloal kyl, aryl, heterocycl oal kyl or
heteroaryl, with each ring structure being independently optionally
substituted by one or nore substituents independently sel ected from hal ogen,
hydr oxy, al kyl, al koxy, hal oal koxy, amggo, N al kylam no, N, N-di al kyl am no,
al kyl sul f onam no, al kyl carboxyam no, cyano, nitro, thiol, alkylthiol,

al kyl sul fonyl, hal oal kyl sul fonyl, al kyl am nosul fonyl, carboxyl ate,

al kyl car boxyl at e, am nocar boxy, N al kyl am no-car boxy,

N, N- di al lKQLAIMSo- car boxy, wherein any al kyl radical wthin any substituent
may it selWhieve claihonal |y substituted with one or nore groups selected from
hal ogen, hydroxy, al koxy, hal oal koxy, am no, N-al kyl am no,

thiol . alkyrt Frapotifedbe Hrbif T RBur s AT s e et e,
al kyl car Qg&% lvsaPlenQER ey N aI kyl am nocaboxy, N, N dial kyl am nocar boxy; 1
5 SEP 2005 9(?,Wnen R5 1s a bicyclic or tricyclic group, each ring structure

i.s joined to the next ring structure by a direct bond, by -0-, by (C I
-6)al kyl, by (C 1-6)hal oal kyd, I®y (C | ﬁ) het er oal kyl , by (Cl-6)al kenyl, by
(C1-6)al kynyI by sul fone, 0 the next ring structure; R7 is

sel ected from (C1-6) alkyl, - 7)RZcl oal kyl, (C2-6)heteroal kyl, (C2-
6) cycl ohet er oal kyl ; Provi de :
R5—A z NH
x-—< 1
, Y,

wherein

X is selected from NR1, O, §;

Y1 and Y2 are indepenéentlj' selected from O, S;

Z is selected from SO;N(R6), N(R7)SO,, N(R7)SO,N(R6);

mis | :

A is selected from a direct bond, (C1-6)alkyl, (C1-6)haloalkyl, or (C1-6}heteroalkyl
containing a hetero group selected from N, O, S, SO, 502 or containing two hetero groups
selected from N, O, S, SO, SO2 and separated by at least two carbon atoms;

R1 is selected from H, (C1-3)alkyl, haloalkyl;

Each R2 and R3 is independently selected from H, halogen, alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, alkylaryl, alkyl-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,

Each R4 is independently selected from H, halogen, (C1-3)alkyl or haloalkyl

R6 is selected from H, alkyl, heteroalkyl, heterocycloalkyl, aryl, heteroaryl aikylary]
alkyl-heteroary!, hetercalkyl-aryl, heteroalkyl-heteroaryl, arylalkyi, aryl-heteroalkyl,



when Xis NRI, Rl is H Ylis OY2is 0,Zis S2N(R6),R6is H P2is Hms 1, R3
is H R4 is H and Ais a direct bond, then R5 is not phenyl, 15 SEP 2005
p-nitro-phenyl, p- ethoxyphenyl or mnmethyl phenyl; when Xis S or NRL and Rl
is H Yl isO Y2is 0, Zis SO2N(R6), R6 is alkyl, R2is H mis 1, one of
R3 and R4 is Hand the other is alkyl, R3 and R6 or R4 and R6 join to form
a 5-nenbered ring, and Ais a direct bond, then RS is not phenyl. 2. A :
conmpound of the fornmula | as clainmed in claiml or a pharmaceutically
acceptable salt or an in vivo hydrol ysaRhe ester thereof, wherein X is NRI,
Rl is Hor (C-3) alkyl or C1 --3) haloalkyl, at |least one of Yi and Y2 is
O Zis S2N(R6), mis -1. 3. A conpound as clairned in either claiml or
claim?2 or a pharmaceutically acceptable salt or an in vivo hydrol ysabl e

‘est er t herlg@droamheikel, hetd2odrgl-Ittembaliyd, arflyay D xidhisteroaryla Hetefarkydryl,
cycl oal kyl -al kyl, al kyl -cycl oal kyl, aryl al kyl, al kylaryl, heteroal kyl,
het erocycll’@gﬂlrkqtb’l-htﬂzmafylal kyl - het erocycl oal kyI het eroaryl - aI kyI

o bhar naceur iathiop e K2 S04 Tl B8 ey rahe ndepmudernly by Ao bsugtea vtk '
h f fr ,

et hyl . %*é@g‘?#%cﬁ@éﬁe@%%@pﬂaﬁnhofké?ﬁﬁ?ﬁegﬁ réﬂﬁ%éﬁcbglpﬁ@aﬂ n any
of the pr%ﬁe es?alﬁbtﬁ*]flﬁld&![ko% ﬁmrmggmbl ﬁamhyelaaﬁﬂ@mm %a&ﬁhéylﬁ'ifoan in vivo

hydr ol ysab ereof, wherein and forma b5- menber ed ring,

or R3 and aBﬂsxﬂfUrrmmnﬁ}sutfon aN-adoiienmasuliog N, NFdlﬂRylandnosﬁﬁ'oﬁ,CHrymamlﬁasuﬁbn
6- nenbered rin R3.forma 5-nenbered rin and R6 5 forma

5- menmber e MRt a@wlm@sﬁm}ﬁw%ﬂa@m LR Malkyla§113¢ a¥ h%élallwlw%ﬁyanne

precedi ng Cllfc?r{axrrr?mg ralﬁyisulfonau'mno, arylsulfonamino, amidino, N-aminosulfon-amidino,

\ guanidino, N-cyano-guanidino, thioguanidino, 2-nitro-ethene-1,1-diamin, carboxy, alkyl-
carboxy, nitro;

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 étoms,‘ or R2 and R6 may join to
form a ring comprising up to 7 ring atoms, or.R3 and R4 'Inay join to form a ring
comprising up to 7 ring atoms, or R3 and R6 may join to form a ring comprising up to 7
ring atoms, or R4 and R6 may join to form a ring comprising up to 7 ring atoms;

R5 is a monocyclic, bicyclic or tricyclic group comprising one, two or three ring
structures each of ui: to 7'ring atoms indepen iently selected from cycloalkyl, aryl,
heterocycloalkyl or heteroaryl, with each ring structure being independently optionally
substituted by one or more substituents independently selected from halogen, hydroxy,
alkyl, alkoxy, haloalkoxy, amino, N-alkyla:nino, N,N-dialkylamino, alkylsulfonamino,
alkylcarboxyamino, cyano, nitro, thiol, atkylthiol, alkylsulfonyl, haloalkyisulfonyl,
alkylaminosulfonyl, carboxylate, alkylcarboxylate, aminocarboxy, N-alkylamino-carboxy,
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,
haloalkoxy, amino, N-alkylamino, N,N-dialkylamino, N-alkylsulfonamino, N-
alkyicarboﬁyamino, cyano, nitro, thiol, alkylthiol, alkylsulfonyl, N-alkylaminosulfonyl,
carboxylate, alkylcarboxy, aminocarboxy, N-alkylaminocaboxy, N,N-

dialkylaminocarboxy;



pharmaceutically acceptable salt or an in vivo hydrol ysable ester thereof,
wherein R5 conprises one, two or three optionally substituted aryl gngzmg
het eroaryl 5- or 6-menbered 10 rings. 7. A conpound of the fornula I
claimed in any of the preceding clainms or a pharnaceutically acceptable
salt or an in vivo hydrolysable ester thereof, wherein RS is a bicyclic or
tricyclic group conprising two or three optlonally substituted ring
structures. is 8. A conmpound of the formula | as clainmed in claiml or a
pharmaceutically acceptable salt or agin vivo hydrol ysabl e ester thereof,
wherein Yl is 0, Y2is 0, Xis NR, RRisH RisH inis 1 R3is H R4
iIs H Zis S2N(R6), R6is H (CIl -4)al kyl, nethyl benzyl, or

met hyl pyridyl, Ais a direct bond, and R5 is a bicyclic or tricyclic group
conpri si ng when Rir is a2fcychic ee tragyiclio gedupy evhiratg stnicede is jodnesitto et nexesing9. A
compound of the fornmula | .as clained in claim1 or a pharmaceutically

accept astrectursdiyra direchhond byi 4, W(ﬁbﬁlﬁmw&ké}hﬁ%}éof wherein Yl is 0,

Nyt bpiC] el b5 4 rpalkend), b (bR by ifbe o bRed el Re | & a

bi cyclig, Qg tgr 'n%}ﬁ%'r .C group conprising two or three optionally substituted
ring structures SEP 2005 92 10. A conpound of the fornula 11 or a

Wher o1 ﬁe”%RZ?ci“%?“eﬁa‘?ﬂ‘?lé@?‘a‘uﬁaﬁ’ﬁé’i‘?ﬂ“!"?Fﬁ?ﬂf@ﬁ?ﬁﬂ’?"ﬁ%ﬁ%?f sing each
of up t 6)cyclohetgroalkyl;
Provided that:
when X isNRI,R1isH, Y1 is 0, Y2is O, Z is SO;N(R6),R6isH,R2 is H, m is
I,R3is H, R4 is H, and A is a direct bond, then R5 is not phenyl, p-nitro-phenyl, p-
ethoxypheny] or m-methylphenyl; '
when XisSorNRIl andR1isH, Y11is O, Y2 is O, Z is SO;N(R6), R6 is alkyl,
R2isH,mis 1, one of R3 and R4 is H and the other is alkyl, R3 and R6 or R4 and R6 join

to form a 5-membered ring, and A is a direct bond, then RS is ot phenyl.

2. A compound of the formula I as claimed in claim ! or a pharmaceutically acceptable
salt or an in vivo hydrolysable ester thereof, wherein X is NR1, R1 is H or (C1-3) alkyl or
C1-3) haloalkyl, at least one of Y1 and Y2 is O, Z is SO;N(R6), m is 1.

3. A compound as claimed in either claim 1 or claim 2 or a pharmaceutically acceptable
salt or an in vivo hydrolysable ester thereof, wherein R2 1s H, alkyl, hydroxyalkyl,
aminoalkyl, cycloalkyl-alkyl, alkyl-cycloalkyl, arylalkyl, alkylaryl, heteroalkyl,
beterocycloalkyl-alkyl, alkyl-heterocycloalkyl, heteroaryl-alkyl, heteroalkyl-aryl.

4. A compound as claimed in any of the preceding claims or a pharmaceuticaily
acceptable salt or an in vivo hydrolysable ester thercof, wherein each of R3 and R4 is

independently selected from H, methyl.



atons i ndependently selected fromcycloal kyl, aryl, heterocycl oal kyl or
heteroaryl, with each ring structure being i ndependently optionally
substituted by one or two substituents independently sel ected fronwh?sgggm5
hydr oxy, hal oal koxy, am no, N-al kylam no, N, N dial kyl am no, cyano, n o,

al kyl, al koxy, alkyl sulforie, haloal kyl sulfone, alkylcarbamate, Jo

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,

hydr oxy, am no, N al kyl am no, N, N-di al kyl am no, cyano, nitro, alkoxy,

hal oal koxy; Z is S02N(R6); B is selected?froma direct bond, 0, (Cl-6)alkyl,
(Cl-6) heteroalkyl; I s R2 is selected fromH, (.C 1-6)al kyl, hal oal kyl,

hydr oxyal kyl , al koxyal kyl, am noal kyl, (N-al kyl am no) al kyl ,

(N, N-di al kyl am no) al kyl , ~ami doal kyl, thioalkyl, or R2 is a group of fornula
111 Formulda 14 Fompsur%ﬁf the asdamsdipany efdsoawsding clagrsided from a

Contai ni ngtameeshita ARt s EhECBNE Bl R skl ShER A e
two heter g A{oRE: A& RRRRSBldRRY 0ARS 288 RY BHRY R¥r %t-mleﬁﬁéxted%iéfﬁ oCRA B

atonms; s G3 1s a nonocyclic ring structure conprising up to i ng atons

i ndependerRd fprmses-anttesiemboredeing] 0ARR yhd Rarfstm alfeineimbered rired, by R2@ind R6
heteroaryl, optionally substituted by one or two substituents independently
sel ect ed ffemmaRahogberedmpgr oxy, ami no, N-al kyl ami no, N, N-di al kyl am no,

ano, nitro, alkyl, alkoxy, alkyl sulfone, hal oal kyl sul fone, or alkyl
stituted with one or nore groups sel ected from hal ogen, hydroxy, am no, N

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 R5

comprises one, two or three optionally substituted aryl or heteroary! 5- or 6-membered

10  rings.

7. A compouund of the formula I as claimed in any of the preceding claims or a

pharmaceutically acceptable salt or an in vivo hydrolysaﬁie ester thereof, wherein RS is a

bicyelic or tricyclic group comprising two or ﬂuee optionally substituted ring structures. -
15 .

8. A compound of the formula I as claimed in claim 1 or a pharmaceutically acceptable

salt or an in viva hydrolysable ester thereof, whereih Y!1isO,Y2is O, XisNR1, Rl s H,

R2isH,mis1,R3isH,R4isH,Z 15 SO;N(R6), R6 is H, (C1-4)alkyl, methylbenzyl, or

methylpyridyl, A is a direct bond, and RS is a bicyclic or tricyclic group comprising two or

20 three optionally substituted ring structures.

9. A compound of the formula I as claimed in claim 1 or a pharmaceutically acceptable

salt or an in vivo hydrolysable ester thereof, wherein Y1 is O, Y2 is O, X is NR1, R] is H,

R2 is H, methyl, or benzyl, m is 1, R3 is H or methyl, R4 is H, Z is SO;N(R6), R6is H, A
25 is a direct bond, and RS is a bicyclic or tricyclic group comprising two or three optionally

substituted ring structures. e



10 al kyl am no, N, N-di al kyl am no, cyano, nitro, al koxy, hal oal koxy;
Optionally R2 is substituted with hal o, hal oal kyl, hydroxy, al koxy,

hal oal koxy, am no, am noal kyl, N-al kyl am no, N, N-di al kyl am no; 2005
(N-al kyl am no) al kyl , (N, N- di al kyl am no) al kyl, al kyl sul fone, . am nosJISf%Er?

N al kyl am no-sul fone, N, N-di al kyl am no- sul fone, am no, N al kyl am do,

N, N- di al kyl am do, cyano, sul fonam no, al kyl -sul fonam no, is am dino,

N- am nosul f one- am di no, guani di no, N-cyano-guani di no, thioguanidino, 2-

ni troguani di no, 2-nitro-ethene-1;I|-diam no, caboxy, alkylcarboxy; R3 and R4
are independentyl selected fromH or (Clg®alkyl; R6 is selected fromH, (C
| -3)alkylamno, or R6 is (C 1 -3)alkyl optionally substituted by aryl,

het eroaryl, heterocycloal kyl; 20 Optionally R2 and R3 may join to forma
ring conprising up to 7 ring atons, or R2 and R4 may join to forma ring
conpri si ngl&pAtamandeg:f dtedivsmularl] BRa phainfageuminally acceptablé salnoraninndvo
conprising u ring atons, or R3 and R4 may join to forma ring

conpri si nghxcgolryéabﬁeﬁﬁﬁlgtbﬁte@ﬁs or R3 and R6 may join to forma ring
conprising up to 7 ring atons, or R4 gad B may j@in to forma ring

conpri sing ring atopes 25.11. A of the formula Il as
clainmed in { salt or an in vivo
hydr ol ysab G ein\z is/st the S atomof group Z
is attache ring. SEP/200% 94 12.XA co nd of the fornula I
as claimed\(n either/clai 10 or cllaim1l | ceutically acceptable
salt or an i ydr ol ysa ester thereof, wN £ Bis a Hirect bond &%
or 0. "~ H
O
wherein
5 each of Gl and G2 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, alky!l suifone, h;élcalkyl suifone, alkyicérbamate,
10 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;
Z is SO;N(RS); |
B is selected from a direct bond, O, (C1-6)alkyl, (C1-6)heteroalkyl;
15 - R2 is selected from H, (C1-6)alky!, haloalkyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl,
(N-alkylamino)alkyl, (N,N-dialkylamino)alkyl, amidoalkyl, thioalkyl, or R2 is a group of

formula III

Formuia Il



s 13. A conpound of the fornmula Il as clainmed in any of clains 10 to 12 or a
pharmaceutically acceptable salt or an in vivo hydrol ysabl e ester tHheg egf 95
wherein R2 is not optionally substituted, or R2 is selected fromH, (C
1-6)al kyl, aryl-(C 1 -6)alkyl or heteroaryl-(C-6)al kyl optionally
substituted wth hal o, hal oal kyl, hydroxy, al koxy, hal oal 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, 10

(N, N-di al kyl am no) al kyl, al kyl sul fone, am nosul fone, N al kyl am do-sul fone,
N, N- di al kyl am no-sul fone, arnido, Nalk$}am do, N, N-dial kyl am do, cyano,
sul fonam no, al kyl -sul fonam no, am di no, N-am nosul fone-am di no, guani di no,
N- cyano- guani di no, thioguani di no, 2-nitroguanidi no,
2-nitro-ethene-1,1-diam no, caboxy, alkylcarboxy. 15 14. A conpound of the

fornul a |1 asCehdDrased ndependendy seleeteddronna disect dood, B, (PhEfalicduiGleal | y
accept abl e |t or an jin vivo hydrol ysabl e ester thereof, wherein.. each of
R and Ra GRRploal, 38 (CRCE MY s oRARne SR ar hvq helses epmetelecicd feamy Rot
“clains 10 Q?#W i S r I YLVOo

hydr ol ysabc? gr é;é%léeﬂth? hVeVBeO , &ﬁgﬁoeaﬁﬁﬂnk é‘éﬁaﬁg&a{ &gg%?yﬁ%&%?a%r%%ﬂ%l%%m?i di ne.
16. A conpomed sdmé;he formula Il as clained in any of clains 10 to 15 or a
25 pharnmaceutically acceptable salt or an in vivo hydrol ysabl e ester

t her eof, wher@ i3 a rbnanydicing seuararctcosgirsoigarg thrionngatomsyhdependentlyet er oar yl .

1 5 SEP 2005 95 17. A _compound of the forpnula Il as clainmed in any of clains
3 to 16 ofleeted Farhexden oty heteresystoalive oshsteroarylaptionally gebstijutedby eaml e

& | ST 5 or 6 i _
Form a 5 CoRsSRBERRarRterly sofclBiiata niloef 45BN, S, apeglamivo. ™™ ™

N,N-diatkylamino, cyano, nitro, alkyl, alkoxy, alkyl sulfone, haloalkyl sulfone, or alkyl

substituted with one or more groups selected from halogen, hydroxy, amino, N-
10 alkylamino, N,N-dialkylamino, cyano, nitro, alkoxy, haloalkoxy;

Optionally R2 is substituted with halo, haloalkyl, hydroxy, alkoxy, haloalkoxy, amino,
aminoalkyl, N-alkylamino, N,N—diall_cylamino; (N-alkylarmnojalkyl, (N,N-
dialkylaminec)alky), alkylsulfone, aminosulfone, N-alkylainino-sulfone, N,N-dialkylamino-
sulfone, amido, N-alkylamido, N,N-dialkkylam:do, cyano, sulfonamino, alkyl-sulfonamino,

15 amidino, N-aminosulfone-amidino, guanidino, N-cyano-guanidine, thioguanidino, 2-
nitroguanidino, 2-nitro-ethene-1,1-diamino, caboxy, alkylcarboxy;

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

R6 is selected from H, (C1-3)alkylamino, or Ré is (C1-3)alkyl optionally substituted

by aryl, heteroaryl, heterocycloatkyl;

20 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 R2 and R6 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 nng atoms, or R3 and R6 may join to form a ring comiprising up to 7

ring atoms, or R4 and R6 may join to form a ring comprising up to 7 ring atoms.

25

11. A compound of the formula I as claimed in claim 10 or a pharmaceutically acceptable
salt or an in vivo hydrolysable ester thereof, wherein Z 1s SO,N(R6) and the S atom of

group Z is attached to the G2 ring.



ring, or R2 and R3 forma 5-nenbered ring, or R2 and R6 form a 5-nenber ed
ring. 18. A pharmaceutical conposition which conprises a conpound 0;5%@8 il
formula | as clained in claim1 or a pharmaceutically acceptabl e sal't or gn
in vivo hydrol ysabl e ester thereof and a pharnaceutically acceptable
carrier. 19. A pharmaceutical conposition which conprises a conpound of the

formula Il as claimed in claim10 or a pharnaceutically acceptable salt or’
an in vivo hydrol ysabl e ester thereof and a pharmaceutically acceptable
carrier. 20. Use of a conpound of the foggula | or fornula Il or a

pharmaceutically acceptable salt or in vivo hydrolysable precursor thereof
in the preparation of a nedicanent for use in the treatnent of a disease or

condition nediated by one or nore netall oprotei nhase enzynes.
12. A compound of the formula II as claimed in either claim 10 or claim 11 or a

' pharmaceutically acceptable salt or an in vivg hydrolysable ester thereof, wherein B is a

direct bond or O.

s 13. A compound of the formula [I as claimed in any of claims 10to 12 ora
pharmaceutically acceptable salt 6r an in vivo hydrolysable ester thereof, wherein @
R2 is not optionally substituted, or 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, aminoalky!, N-alkylamino, N,N-dialkylamino, (N-alkylamino)alkyl,

10 (N,N-dialkylamino)alkyl, alkylsulfone, aminosulfone, N-alkylamino-sulfone, N,N-
dialkylamino-sulfone, amido, N-alkylamido, N,N-dialkylamido, cyano, sulfonamino,
alkyl-sulfonamino, amidino, N-aminosuifone-amidino, guanidino, N-cyano-guanidino,

thieguanidino, 2-nitroguanidino, Z-nitro-ethen_e-l ,l-diarniﬁo, caboxy, alkylcarboxy.

14. A compound of the formula II as claimed in any of claims 10 to 13 ora

pharmaceutically acceptable salt or an in vivo hydrolysable ester thereof, whereir

reach of R3 and R4 is H.

20 15. A compound of the formula II as claimed in any of claims 10 to 14 ora

pharmaceutically acceptable salt or an in vivo hydrolysable ester thereof, wherein

R6 is H, benzyl or methylenepyridine.

16. A compound of the formula II as claimed in any of claims 10to 15 0ora
25  pharmaceutically acceptable salt or an in vivo hydrolysable ester thereof, wherein

G1 and G2 are each selected from an aryl-or a heteroaryl.
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17. A compound of the formula IT as claimed in any of claims 10 to 16 or a pharmaceutically
acceptable salt or an in vivo hydrolysable ester thereof, wherein R3 and R4 form a 5- or 6-
membered ring, or R3 and R6 form a 5- or 6-membered ring, or R4 and R6 form a 5- or 6-membered
ring, or R2 and R3 form a 5-membered ring, or R2 and R6

form a S-membered ring.

18. A pharmaceutical composition which comprises a compound of the formula I as claimed in
claim 1 or a pharmaceutically acceptable salt or an in vivo hydrolysable ester thereof and a
pharmaceutically acceptable carmer.

19. A pharmaceutical composition which comprises a compound of the formula II as claimed in
claim 10 or a pharmaceutically acceptable salt or an in vivo hydrolysable ester thereof and a

pharmaceutically acceptable carrier.

20. Use of a compound of the formula I or formula I 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.



