1 5 SEP 2005 1 COMPOUNDS The present invention relates to conmpounds useful
in the inhibition of netalloproteinases and in particular to pharnqgfﬁﬁj@g
conpositions conprising these, as well as their use. The conpounds h

i nvention are inhibitors of one or nore netall oprotei nase enzynes.

Met al | oprot ei nases are a superfam |y of proteinases (enzymes) whose nunbers
I n recent years have increased dramatically. Based on structural and
functional considerations these enzynes) have been classified into famlies
and subfamlies as is described in NNM Hooper (1994) FEBS Letters 354: 1-6.
Exanpl es of netall oproteinases include the matrix netall oprotei nases (MWS)
such as the col |l agenases (MW1l, MW8, MW13), the gel ati nases (MW2, MWP9),
the stronelysins (MW3, MW10, MPIZODMPOBNDSYysin (MW7), netall oel astase
(MW 12), enanelysin (MM 19), the ™MI-MWs (MN 14, MW15, MWP16, MWPL7);
the reprolysin or adanmalysin or MDC fam |y which is includes the secretases
and sheddase such s _TNE. conyerting enzynes DAM 1 ACE); the
astacin fam L9 RIFSEH PRETHARSC Wﬁﬁgmg %f&b% "glﬂgﬁmﬁro cessing
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fam|ys; Mtpll eRioOlel nases are belleved to be inportant in a plethora of
physi ol ogi cal di sease 20 processes that involve tissue renodelling such as
enbryoni ¢ deVid opmpatndsiedikisfiovention ere inlabiorstod ona er mere detdllopteinaseng
nmenstruation. This is based on the ability of the netalloprotelnases to
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and fibronectin r ot ey nase eve e.. ortant in the
processi n§,} e‘fﬁ“&%?éf‘ Cr%afse ﬁ@%@. %Q’I ar?ﬁ PP Ian&rgﬂﬂ s, such as

t unour n?&fn@ﬁb&hons these enzymes have been classifiéd into families and subfamilies as

10 described in N.M. Hooper (1994) FEBS Letters 354:1-6. Examples of metalloproteinases
include thé matrix metalloproteinases (MMPs) such as the collagenases (MMP1, MMPS,
MMP13), the gelatinases (MMP2, MMP9), the stromelysins (MMP3, MMP10, MMP11),
matrilysmn (MMP7), metalloelastase (MMP12), enamelysin (MMP19), the MT-MMPs
(MMP14, MMP15, MMP16, MMP17); the reprolysin or adamalysiﬁ or MDC famuly which

15 includes the secretases and sheddases such as TNF converting enzymes (ADAMI10 and
TACE); the astacin family which include enzymes such as procollagen processing
proteinase (PCP); and other metalloproteinases such as aggrecanase, the endothelin
converting enzyme family and the angiotensin converting enzyme family.

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

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

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

Metalloproteinases have been associated with many diseases or conditions. Inhibition

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



25 factor (TNF); and the post translational proteolysis processing, or
sheddi ng, of biologically inportant nenbrane proteins, such as the

affinity I1gE receptor CD23 (for a nore conplete list see N M Hoobé&ﬁgﬂm5
al ., (1997) Biochem J. 321:265-279). Metall oproteinases have been associ ated
wi th many di seases or conditions. Inhibition of the activity of one or nore
net al | opr ot ei nases may well be of benefit in these diseases 1 5 S E P 2005 2
or conditions, for exanple: various inflammatory and allergic di seases such
as, inflammation of the joint (especial %y rheunatoid arthritis,
osteoarthritis and gout), inflammtion of the gastro-intestinal tract
(especially inflammatory bowel disease, wulcerative colitis and gastritis),

i nfl anmati on of _the skin ecial l. sorjasis czemp, 5 dermatitis); in
tumour met AstRGOnS, isoir a3 5%%’”?9’1‘56@%‘%@@"0% %?@F@G CEFESFHER AR ol | ed
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associ ated w th di abetes, .periodontal di'seasé (such as gingivitis), corneal
ul cer at i onlceraties adlittrundfgabineis}y kinflampesion of éreaskin/ @speridbnghokiasissecgaiah as

col oni ¢ anastonosis) and dernmal wound healing; denyelinating diseases of
t he cent r adermatitige it pivevs metastassng 1BYasiosrn diseash assockiad with snewielledi s) ;

Al zheinmer's di sease;. .extracel |l ul ar .matrix renodel.l.i ng,observed. i n,.
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al so known as %hadc’:sg%bbﬁgoge e al#s:d ?Sﬁ%d%?&%@ﬁ%ﬁ%@%g@%d@ %ﬁr{#lgl |y cl oned
in  the nobhserdeiesthiaid énhaBteddollad&Premobeinpassiatd MithdiiftesCh@ddehtay 267:
4664) and in man by the sane group in 1995 MWP-12 is preferentially

expr essed disease {suolategingbai) ptaged ulcemtidnhaiserlbtanofthe\skin, pofteopeetivet ed from (S

al veol ar nacrophages. from spokers (Shapiro et . L
10 condxti%ns such as colonic anastomgms) z?nd d%mlal 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 atheroscelerosis; asthma; rhinitis; and chronic obstructive
pulmonary diseases (COPD).

15 MMP12, also known as macrophage elastase or metalloelastase, was initially cloned in
the mouse by Shapiro er al (1992, Jom‘ngl 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 et
al, 1993, Journal of Biological Chemistry, 268: 23824) as well as in foam cells in
20  atherosclerotic lesions (Matsumoto er al, 1998, Am J Pathol 153: 109). A mouse mode] 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 COI;D

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

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



at, 1993, Journal of Biological Chemstry, 268: 23824) as well as in foam
cells in 20 atherosclerotic |esions (Matsunoto et al, 1998, AmJ PaiS$ lﬁ'}%
109). A nouse nodel of COPD is based on challenge of mce with cig ElP
snoke for six nonths, two cigarettes a day six days a week. W dtype mce
devel oped pul nonary enphysenma after this treatnent. Wien MW12 knock- out
mce were tested in this nodel they devel oped no significant enphysems,
strongly indicating that MWP-12 is a key,enzyne in the COPD 25 pat hogenesis. -
The role of MWs such as MW12 in COPD (grrphysema and bronchitis) is

di scussed in Anderson and Shi nagawa, 1999, Current Opinion in
Anti-inflammatory and |munonodul atory Investigational Drugs 1 | : 29-38. )
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artery pl qqggg)},(aag@/m (SVee32k3008). Fi shbein MC'et al., Grculation
~102: 18 36-39 Suppl . &t 31, 2000). MW 13, or coll agenase 3, was
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Freije et al. (1994) Jour nal _of Biological Chem stry 269(24): 16766-
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TAT7- D, -7 and ZR75 . Subsequent to this observation ’been

det ect ed hﬁmt;arl@msmiﬂg&da:ﬁma@e lawd, plaeatal ﬁo&ybﬁaymﬂenﬁqhanaw patotil gland O
(1997) Cell Gowmh Differ. 8(2): 243- 250]] uanous cell carcinomas [N
Johanssonoein kyeast cal(l@@ﬁﬂ)l lings (T#7-AVI&ST-7 and -BoSubggpentrid thipobsarvation

mour s et 997).J | nvest. Dermataol . 10912):225-23 1
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(1997) Am. J. Pathol. 151(2):499-508] and epidermal tumours [K. Airola et al., (1997) J.
Invest. Dermatol. 109(2):225-231]. These results are suggestive 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 instance, consistent with MMP13’s substrate specificity and
preference for degréding type 11 collagen [P. G. Mitchell ez al., (1996) J. Clin. Invest.

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

20 MMP13 has been hypothesised to serve a role during primary ossification and skeletal
remodelling [M. Stahle-Backdahl et al., (1997) Lab. Invest. 76(5):717-728; N. .Tohanssoﬁ
et al., (1997) Dev. Dyn. 208(3):387-397], in destructive joint diseases such as rheumatoid
and osteo-arthritis [D. Wernicke ef al., (1996) J. Rheumatol. 23:590-595; P. G. Mitchell et
al., (19596) J. Clin. Iﬁvest. 97(3):761-768; O. Lindy et al., (1997) Arthritis Rheum

25 40(8):1391-13997; and during the aseptic loosening of hip replacements [S. Imai et 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 al., (1998) Am. J. Pathol



and cell-matrix interaction associated with netastasis especially as
observed in invasive 15 breast cancer |lesions and in nmalignant epithelia
growth in skin carcinogenesis. Recent published data inplies that MV kB 5
plays a role in the turnover of other connective tissues. For instance,
consistent wwth MWI3's substrate specificity and preference for degradi ng
type Il collagen [P. G Mtchell et al., (1996) J. din. Invest. 9.
7(3):761-768; V. Knauper et al., (1996) The Bi ochem cal Jour nal

271: 1544- 1550], 20 MW13 has been hypothgsised to serve a role during
primary ossification and skeletal renodélling [M Staple-Backdahl et al.,
(1997) Lab. Invest. 76(5):717-728; N. Johansson et al., (1997) Dev. Dyn.
208(3):387-397], in destructive joint diseases such as rheumatoid and
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The expression of MMP9 is restricted normaily to a few cell types, including

trophoBlasts, osteoclasts, neutrophils and mac-}ophages. However, it's expression can be
induced in these same cells aﬁd in other cell types by several mediators, including
exposure of the cells to growth factors or cytokines. These are the same mediators often
15 implicated in injtiatmg an inflammatory response. As with other secreted MMPs, MMP9
1s released as an inactive Pro-enzyme which is subsequently clcavea to form the
enzymatically active enzyme. The proteases required for this activation in vivo are not

known. The balance of active MIMP9 versus mmactive enzyme is further regulated in vive by

interaction with TIMP-1 (Tissue Inhibitor of Metalloproteinases -1), a naturally-occurring
20  protein. TIMP-1 binds to the C-terminal region of MMP9, leadir;g to inhibition of the

catalytic domain of MMP9. The balance of induced expression of ProMMP9, cleavage of

Pro- to active MMP9 and the presence of TIMP-1 combine to determine the amount of

catalytically active MMP9 which is present at a local site. Proteolytically active MMP9

attacks substrates which include gelatin, elastin, and native 'fype IV and Ty‘pr-; V collagens;
25 it has no activity against native Type I collagen, proteoglycans or laminins.

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

physiological and pathological processes. Physiological roles include the invasion of

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




Met al | opr ot ei nases. 1998. Edited by WC. Parks & R P. Mecham pp 115 - 148.
Academ c Press. | SBN 0-12-545090-7). The follow ng points are drawn %o iy
that review io by TH WVu & Z Wrb (1998). The expression of MW9 is
restricted normally to a few cell types, including trophoblasts,

osteocl asts, neutrophils and macrophages. However, it's expression can be

I nduced in these sane cells and in other cell types by several nediators,

i ncluding exposure of the cells to growsh factors or cytokines. These are
the sane nediators often 15 inplicated in initiating an inflanmatory
response. As with other secreted MWs, MW9 is released as an inactive
Pro-enzynme which is subsequently cleaved to formthe enzymatically active
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¥ ot eogl ycans or |aminins. There has been a grow ng body of data inplicating
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10 MMP-8 (collagenase-2, neutrophil collagenase) is,a 53 kD enzyme of the. matrix

metalloproteinase family that is preferentially expressed in neutrophils. Later studies
indicate MMP-8 is expressed also in other cells, spch as osteoarthritic chondrocytes
[Shlopov et al, {(1997) Arthritis Rheum, 40:2065]. MMPs produced by neutrophils can
cause tissue remodelling, and hence blocl(iﬁ;g MMP-8 should have a positive effect in
15 hbrotic diseases of for instance the lung, and in degradative diseases like pulmonary
emphysema. MMP-8 was also found to be up-regulated in osteoarthntis, indicating that
blocking MMP-8 may also be beneficial inithis disease.

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

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

20 gingiva [Uitto V. I et al, (1981) J. Periodontal Res., 16:41 7—424], and enzyme levels have
been correlated to the severity of gum diseasé [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 tSaarialho-Kere U. K. eral, (1994) 1. Clin. Invest., 94:75-88]. MMP-3 mRNA and

- protein were detected in basal keratinocytes adjacent to but distal from the wound edge in

25 what probably represents the siies 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 pétients as compared to
controls [Walakovits L. A. et al, (1992) Arthritis Rheum., 35:35-42; Zafarullah M. et 4/,
(1993) J. Rheumatol,, 20:693-657]. These studies provided the basis for the belief that an



inflammatory cells fromthe vasculature into tissues. MW-9 rel ease,

nmeasur ed usi ng enzynme i mmunoassay, was significantly enhanced in f1 gisgp 18Md
in AM supernatants fromuntreated asthmatics conpared with those from ot her

5 populations [Am J. Resp. Cell & Mdol. Biol., (Nov 1997) 17 5 :533-591].

Al so, increased MVW9 expression has been observed in certain other

pat hol ogi cal conditions, thereby inplicating MW9 in di sease processes such
as COPD, arthritis, tunmour netastasis, 6AI zheinmer's, Miultiple Sclerosis, and-
pl ague rupture in atherosclerosis |leading to acute coronary conditions such
as Myocardial Infarction. 10 MW-8 (col | agenase-2, neutrophil coll agenase)

is a 53 kD enzyne of the matrix netalloproteinase famly that is .

pref er ent {aldidr @ BOSEES il iR LBEERR LY Svid %ﬁ%’hpﬁ&ﬁ' dF %acgn@maﬁw- 8 is
expressed also in other cells, such as osteoarthritic chondrocytes [ Shlopov
et al, (189MinAih hfildchsafvedns tod9mpR6Sic iMiatiphosticechiBympar iapkidys can
cause tissue renodelling, and hence bl ocking. MW-8 shoul d have a positive

ef fect i nnecessafy frergen tieBes of for instance the lung, and in degradative
di seases |i ke pul nonar hysema., -8 was al sQ found to_be up-regul ated
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Peri odontal Res., 16:417-424], and enzyne | evels have been corfrelated to
t he severselegtiofty fomrmblitstas earfddsenadllopdteibksest al , (1987) J. Peri odont al
Res., 22:81-88]. MwW-3 is al soQgro_duced by basal keratinocytes in a variety

of chronic Yihetaksr Mogipf 1998, Khsmaice) Revievat SYP):273158470) yeviewiarwidesgrgsof

94:79-88],. MVR- nd _protein.were detected in . keratinocytes
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of 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 groups, hydroxamic acid groups, sulfhydryl or mércapto, ete. For
15 example, Whittaker M. er al discuss the following MMP inhibitors:

The above compound entered clinical development. It has a mercaptoacyl zinc binding
20 group, a trimethylhydantoinylethyl group at the P1 position and a leucinyl-tert-
butyliglycinyl backbone.



MWP-3 in synovial fluids fromrheunmatoid and osteoarthritis patients as
conpared to controls [Wal akovits L. A et al, (1992) Arthritis Rheutb,SEP 2005
35:35-42; Zzafarullah M et al, (1993) J. Rheumatol ., 20:693-697]. These
studi es provided the basis for the belief that an 1 5 SEP 2905 6 i nhi bitor
of MWP-3 will treat diseases involving disruption of extracellular matrix
resulting in inflammation due to |ynphocytic infiltration, or |oss of '
structural integrity necessary for orgap function. A nunber of
nmet al | oprotei nase inhibitors are known (see for exanple the review of s MW
i nhibitors by Beckett R P. and Wiittaker M, 1998, Exp. Opin. Ther. Patents,
8(3):259-282). Different. classes of conpounds may have different degrees of
. potency and selectivity f%h i nhibiting various netall oproteinases.
VWhittaker M et al (&,999 emc | Reviews 99(9):2735-2776) review a w de
range of known MWP [inhi biton ounds. They state that an effective MW
. inhibitor requi H@&,a‘lL group or ZBG (functional group capable
of chelating the agtlvle sifte z:nc(ll ion), at |east one_ functional group

whi ch provides a pfdrogen $ond® ggaction with the enzynme backbone, and
one or nore side|chains -whi ch'o effective van der Waals interactions
with the enz Otes. Zinc bredirng groups in known MVWP inhibitors

i ncl ude car bchi d .groups, hydroxam c acid groups, sulfhydryl or

g;‘ﬁ“ rcapto, etc i s exanpl e, V\hittaker M et al discuss the follow ng MW
“#nhi bi t or Me The ab e cor%ound e d . clini caléwflevel pprment . |t has a

mer capt oaiPF ‘f‘FcCOH?H%‘P as 3 ?Eﬁiﬁ‘bacy fl? m’t”ﬁﬁﬂ% B HHASERHP &l a
the P1 p°§b§1{191’ﬂ and a | eucinyl-tert- butyllglycinyl backbone. 1 5 SEP 2005

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

position.

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

10 peptidic succiny! hydroxamate zinc binding group and a cyclic imide group at P1.
Whittaker M. et a/ 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).



7 S The above conpound has a nercaptoacyl zinc binding group and an i m de
group at the P1 position. s The above conpound was devel oped for the
treatment of arthritis. It has a non-peptidic succinyl hydroxamate ]2 $&P 2005
bi ndi ng group and a trinethyl hydantoi nyl ethyl group at the Pl position. The
above conpound is a phthalimdo derivative that inhibits collagenases. It
has a non- i0 peptidic succinyl hydroxamate zinc binding group and a cyclic
imde group at P 1. Wiittaker M et al also discuss other MW inhibitors
having a P 1 cyclic imdo group and varu9us zi nc bindi ng groups (succinyl
hydr oxamat e, carboxylic acid, thiol group, phosphorous-based group). 1 5
SEP 2005 8 HNO NHO \ " CN O p The above conpounds appear to be. good

i nhibitors of MW8 and MW9 (PCT patent The applications W9858925,
W985891 5). They have a pyrinudin-2,3,4-trione zinc binding

The above ;:ompounds appear to be good inhibitors of MMP8 and MMP9 (PCT patent
applications WQ9858925, W(09858915). They have a pyrimidin-2,3,4-trione zinc binding ~~ _

5 group.

The following compounds are not known as MMP inhibitors:-

Japanese patent number 5097814 (1993) describes a method of preparing compounds

10 useful as intermediates for production of antibioﬁcs, including the compound having the

OH o <y
NYO :
Ve

o M i

Morton et al (1993, J Agric Food Chem 41(1): 148-152) describe preparation of

formula:

15 compounds with fungicidal activity, iﬁcluding the compound having the formula:

OH
N\fo
N
& H
O,N |



5 group. The follow ng conpounds are not known as MVP inhibitors: Japanese
pat ent nunber 5097814 (1993) describes a nethod of preparing conpoqngggggm5
useful as internediates for production of antibiotics, including the
compound having the forrmula: is Mrton et al (1993, J Agric Food Chem 4 11:
148- 152) descri be preparation of conpounds with fungicidal activity, ,
i ncl udi ng the conpound having the fornula: 0 1 5 SEP 2005 9 Dal gatov, D et
al (1967, Khira. Ceterotsikl. Soedin. 5:§08-909) describe synthesis of the
foll owi ng conpound wi t hout suggesting a use for the conpound: Crooks, P et
al (1989, J. Heterocyclic Chem 26(4: 1113-17) describe synthesis of the 5
foll ow ng conpounds that were tested for anticonvul sant activity in mce: Ph
. 0 0 G amaiDhlgalevoIRtr @l(1 94N inReR}erofiad\Socd. B90RYGH) Bageritd Ly 3B 5sissfthe
descri be syn %he5|s of  the foll ow ng conpound: i s Japanese patent nunber
- 63079879 f¢llo8a} compomichwsthauneiggedingarust lier thy ocoimgsisd:of i nt er nedi at es en
route to inportant am no acids. The foll ow ng jconggunds have been used as
starting materials: HO Wlfe, J et al (1971, H 6: 310-311) descri be

synthesis of the follow ng conpound 15 outy esﬁfﬁ a use for the
conmpound:

Crooks, P et al (1989, I: Heterocyclic Chem. 26(4):1113-17) describe synthesis of the

s following compounds that were tested for anticonvulsant activity in mice:

OH o OH |
h N =0 Ph N 0"
Ph r Ph r ‘
H H

Gramain, J.C et al (1990) Recl. Trav. Chim. Pays-Bas 109:325-331) describe synthesis of

the following compound: :
N7¢O
N
H

10 Japanese patent number -63079879 (1988) describes a method for the synthesis of

intermediates en route to important amino acids. The following compounds have been

used as starting materials:
OH | . OH f
N O
- /1\1%0 O ./’ﬁ)\g\%
@ 2 Ql”’ M
HO oA 7 H i O
b O 0

Wolfe, ] et al (1971, Synthesis 6:310-311) describe synthesis of the following compound

15 without suggesting a use for the compound:
OH
S

!
'
H

o



OH 1 5 SEP 2005 10 Moharram et al (1983, Egypt J. Chem 26:301-11) describe
the foll owi ng conpounds: OH OH OH Hungari an patent nunber 26403 (1983)
describes the synthesis and use as food additive of the follow ng crgquq@%
. We have now di scovered a new cl ass of compounds that are inhibito

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

bi ndi ng group that is not found 10 in known netal |l oproteinase inhibitors. In
particular, we have discovered conpoundgpthat are potent MWPL2 inhibitors
and have desirable activity profiles. The conmpounds of this invention have
benefici-al potency, selectivity- and/or pharmacokinetic properties. The

met al | opr ot ei nase i nhi bitor conmpounds of the invention conprise a netal

bi ndi ng  MiShargr@ upaane8 N Byet J.THen 014181 - f rfebiribeahe SRSz @bmpbELdschai ns
characterised in thalodt he net al blﬁa'ngygroup has t he forng ha (k) Y] NH Y2

(k) wherein X is ®@glected fram NRL, .8, 2 YI and Y. e mdegendently
sel ected from Oy Sy 15 PZ\ﬁﬁ 11\ 4

S

Hungarian patent number 26403 (1983) describes the synthesis and use as food additive of

the following compound :
OH ‘
] s
Naw N
7 I
N, o "
o

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 is not found
10 in known metalloproteinase inhibitors. In particular, we have discovered compounds that

are potent MMP12 inhibitors and have desirable activity profiles. The compounds of this

invention have beneficial potency, selectivity and/or pharmacokinetic properties.

The metalloproteinase inhibitor compounds of the invention comprise a metal binding

157  group and one or more other functional groups or side chains characterised in that the

metal binding group has the formula (k) ' G
A
NH
L
Tw

wherein X is selected from NR1, O, §;
20 Y1 and Y2 are independently selected from O, S;



Rl is selected fromH, alkyl, haloal kyl; Any al kyl groups outlined above may
be straight chain or branched; any alkyl group outlined above is p1édfS$apajitsy
(C1l -7)alkyl and nost preferably (C 1-5)alkyl. s A netall oproteinase

i nhi bitor conpound is a conmpound that inhibits the activity of a

met al | opr ot ei nase enzynme (for exanple, an MW). By way of non-limting
exanpl e the inhibitor conpound may show I C50s in vitro in the range:of _
0.1-10000 nanonol ar, preferably in the d&nge of 0.1-1000 nanonol ar. A netal
bi nding group is a functional group capable of binding the netal ion within
io the active site of the enzyne. For exanple, the netal binding group wll
be a zinc bindin group in MVP inhibitgors, chelating the active site
~zinc(11) ion. Thial iesedsctasi fremaAg aéfﬂ&ﬂ?ﬁl%lkﬂornul a (k) is based on a

ererante = SR oL AP U e O
St 1 OB g BT A TRy, (OO

|ndependently selected fromO0, S Z is selected fromNR2, 0, S; mis Oor 1;
Il 1 5 SEP 2005
5 A metalloProtemase mthltor compound 1s a compound that inhibits the activity of a

rnetailoprotemase enzyme (for example, an MMP). By way of non-limiting example the

inhibitor compound may show IC50s in vitro in the range of 0.1-10000 nanomolar
preferably in the range of 0.1-1000 nanomolar.

A metal binding group is a functional group capable of binding the metal ion within

£
Rty

o

10 the active site of the énzyme. For example, the metal binding group will be a zinc binding
group in MMP inhibitors, chelating the active site zinc(IT) ion. The metal binding group of
formula (k) 1s based on a five-membered ring structure and is preferaB]y a hydantoin

group, most preferably a -5 substituted 1-H,3-H-imidazolidine-2,4-dione.

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

I
Y,
wherein
X 1s selected from NR1, O, S;
20 Y1 and Y2 are independently selected from O, §;

Z is selected from NR2, O, S;

misQorl;



12 Ais selected froma direct bond, (CI -6)alkyl, (C 1-6) allkenyl, (C
1-6) hal oal kyl, or (C 1- 6)heteroal kyl containing a hetero group sel ec§&dp 2005
fromN, 0, S SO S02 or containing two hetero groups selected fromN, O,
S, SO S02 and separated by at |east two carbon atons; Rl is selected from
H, alkyl, haloalkyl; s R2 is selected fromH, alkyl, haloalkyl; R3 and R6 -
are independently selected fromH, hal ogen (preferably F), alkyl, hal oalkyl,
al koxyal kyl , heteroal kyl, cycl oal kyl, aryﬁ)%1 al kyl - cycl oal kyl ,

al kyl - het erocycl oal kyl , heteroal kyl -cycl oal kyl,

het er oal kyl - het erocycl oal kyl , cycl oal kyl -al kyl, cycl oal kyl - het eroal kyl ,

het er ocycl oal kyl -al kyl, heterocycl oal kyl - het eroal kyl, al kylaryl, heteroalkyl

eyl kY1 ar v s EL o PR ORI ARBER IV algalio n C1-
bi saryl, argyherhiehihPasnthinifles BERAY bofbeldoted BbsNAL €F 928! SOlﬁlléﬂ:&ﬁéiE}ﬂg 9o

her ocycl oat kyl conpri si.ng to 7 ring atons, wherein the a

het er oal kylhetets groupbetleciedfydm N; Y5 IS080KS02 aad sbedrated by clt abicwlo cagshincadssmay
be optionally substituted by one or.nore groups independently selected from
hydr oxy, al kyiRl Bselseteddoun tilalkydhalaslivky| | het erocycl oal kyl , aryl, -

het eroaryl, hal,o, hal oal kyl .. -hydrqxyal kyl, al koxy, al koxyal kyl, hal oal koxy,
hal oal kéxyal k ,lséﬁéﬁfﬁaﬁa’rﬂﬁﬁﬁ?&%a Yal kyl carboxy, amino, N al kyl ami no,
N, N- di al kyl ani ' 1429,

al kyl (N, N di %ﬂﬁg#ﬂ%&e %ﬁ‘%ﬁdﬁ%ﬁ%P"%?%?ﬁi(%ﬁeﬁeyr?%‘:ab%“‘ﬂaﬁ%?iﬂléﬁ%=do,
al kyl (N-al lsjidokaaticolp herbdak{1Nc Gkl kath) andyilayclahlicyl, absbaseicyciRlkyl,

al kyl carbam de, thiol, sulforie, sulfonam no, alkyl sulfonan no,
aryl sul f onhgtaraadkyl-cyalopBrydnietiypalkpl-madrryycleaikloeesioakiydlkyli eycleallylt hi o,

N N o ol ky Paisiondeth Rrecy bRyt oo SeipRBrdoal B W erm OO Ao e @
ISR b e s e B R S L S T

heteroaryl-alkyl, heteroaryl-heteroalkyl, bisaryl, aryl-heteroaryl, heteroaryl-aryl,

bisheteroaryl, cycloalkyl or heterocycloalkyl comprising 3 to 7 ring atoms, wherein the
alkyl, heteroalkyl, aryl, heteroaryl, cycloalkyl or heterocycloalkyl radicals may be
optionally substituted by one or more groups independently selected from hydroxy, alkyl,
15 heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, halo, haloalkyl, hydroxyalkyl,
alkoxy, alkoxyalkyl, haloalkoxy, halealkoxyalkyl, carboxy,
carboxyalkyl, alkylcarbolxy, amino, N-alkylamino, N,I_\J-dialkylamino, alkylamino,
alkyl(N -alkyl)amiﬁo, alkyl(N,N-dialkyl)amino, amido, N-alkylamido, N,N-dialkylamido,
alkylamido, alkyl(N-alkyl)amido, alkyl(N,N-dialkyl}amido, alkylcarbamate, -
20 alkylcarbamide, thiol, sulfone, sulfonamino, aIkylsulfdnamino, arylsulfonamino,
sulfonamido, haloalkyl sulfone, alkylthio, arylthio, alkylsulfone, arylsulfone, .

aminosulfone, N-alkylaminosulfone, N,N-dialkylaminosulfone, alkylaminosulfone,

arylaminosulfone, cyano, alkylcyano, guanidino, N-cyaﬁo-guamdino, thioguanidino,
amidino, N-aminosulfon-amidino, njtrb, alkylnitro, E-mtro—eﬂ—uene—l,l—diamine;
25 R4 is selected from H, alkyl, hydroxyalkyl, haloalkyl, alkoxyalkyl, haloalkoxy,
aminoalkyl, amidoalkyl, thioalkyl;
R5 is a bicyclic or tricyelic group comprising two or three ring structures each of 3 to
7 ring atoms independently selected from cycloalkyl, aryl, heterocycloalkyl or heferoaryl,

with each ring structure being independently optionally substituted by one or more



25 R4 is selected fromH, alkyl, hydroxyal kyl, hal oal kyl, alkoxyal kyl,
hal oal koxy, am doal kyl, am doal kyl, thioalkyl; RS is a b| cyclic or 15SEP 2005
tricyclic group conprising two or t hr ee ring structures each of 3 to 7 ring
atons i ndependently selected fromcycloal kyl, aryl, heterocycl oal kyl or
heteroaryl, wth each ring structure being i ndependent ly optionally
substituted by one or nore 1 5 SEP 2005 13 substituents independently
sel ected from hal ogen, thiolo, thioalkylji3zhydroxy, alkylcarbonyl,
hal oal koxy, am no, N-al kylam no, N, N-di al kyl am no, cyano, nitro, alkyl,
hal oal kyl , al koxy, al kyl sulfone, alkyl sul fonam do, hal oal kyl sul fone,
al kyl am do, al kyl car banaat e, al kyl carbam de, carbonyl, carboxy, wherein any

. al kyl radisglestinfentd independaytls sdisdted front halegen, ttselof thiealloylt hydrakly substitut ed
by one or nore groups independently selected from hal ogen, hydroxy, amino,
N-al kyl arrﬁHUlcal\mehd@lqaﬂ{Cam ﬁmmo al- Mbimlﬂ@ari‘éﬁi d@lksémnmmeymmm akkyl,cyano,

. hitro,

[ .k
al kyl carb P@L d Y]NS- F 4?%3’ EI?OIW%adBﬂy I L.g@gg’oal kyl car banat e,
| kyl b R |
gr %/rfg;c?ﬂgg grou’p é@%@%%@?%&gﬂ& S Fg%ph?%lc%g?%yr?é}ﬁ?m%ﬁél@é%&% ©

St ruct ur ey rparli Si@siirub@eay RY¥elf Be optdimally substiiied b %eb%&):%k L~ by
(C1.6)hal oal kyl,” by (C 1-6)hetero ?kyl by (C 1- 63’al kenyl ,

) al ky n;tidppemdenﬂjr selaeed npre halbgery (h@}dﬁrx@) ahing| N-alkylamifiel ﬁ‘é,dl ﬂmﬂdylteenme)(t
ing structure QOtlonaI{’IyRZand R4 may join to forma ri conprising up
to 7 ri ngaléftr’]é' oRpmiRg. gkyicarbyXpemiRgy cyAHoNIE; f@?%@lﬂﬂ%%@%ﬁ ifagiong up to 7

| L h
it om substYGRUEC RS e bR R ol R B it vy & Rrgependent 1y
d%@' ect ed EIRQManﬁte RkyRArbasiide, {IRoxy) HaRakosty ORI Gkt €r 0 at om or

oup of atons)
10 R51i 1s a bicyclic or tncychc group wherein each ring structure is joined to the next ring

structure by a direct bond, by -O-, by —S-, by-NH-, by (Cl-6)alkyl, by (CI1-6)haloalkyl, by
(C1-6)heteroalkyl, by (C1-6)alkenyl, by (C1-6)alkynyl, by sulfone, by carboxy(C1-6)alkyl,

or is fused to the next ring structure;
Optionally R2 and R4 may join to form a ring comprising up to 7 ring atoms or R3 and
15 R6 may join to form a ring comprising up to 7 ring atoms; A
Any heteroalkyl group outlined above or below is a hetero atom-substituted alky!
containing one or mere hetero groups independently selected from N, O, S, SO, SO2, (a

hetero group being a hetero atom or group of atoms);

Any heterocycloalkyl or het_eroaryl group outlined above or below contains one or

20 more hetero groups independently selected from N, O, S, SO, SO2;

Any alkyl, alkenyl or alkynyl groups outlined above or below may be straight chain or
branched; unless otherwise stated, any alkyl group outlined above is preferably (Cl-?)alkyl
and most preferably (C1-6)alkyl;

P‘rovidcd that: .

2s when X is NR1, Rl is H,‘fl is0,Y2is0,Zis O, mis 0, A is a direct
bond, R3 is H, R4 1s H and R6 is H, then RS is not n-methylbenzimidazole, or 5-
(benzo[1,3]dioxol-5-y1;
when X is S, at least one of Y1 and Y2 1s O, m 1s 0, A is a direct bond,

R3 is H or methyl, R6 is H or methyl, then RS is not quinoxaline-1,4-dioxide.



Any heterocycl oal kyl or heteroaryl group outlined above or bel ow contains
one or 20 nore hetero groups independently selected fromN, 0, S, $Q SEPCAQK
Any al kyl, al kenyl or al kynyl groups outlined above or bel ow may be strai ght
chain or branched; unless otherw se stated, any al kyl group outlined above
Is preferably (Cl1-7)al kyl and nost preferably (C 1-6)al kyl; Provided that:
25 when Xis NR, R is H Yl is 0, Y2is 0, Zis 0, mis O Ais a direct
bond, R3is H R4 is Hand R6 is H, then1 5 is not n-nmethyl benzi m dazol e, or -
5 (benzo [ 1,3] di oxol-5 -yl; when X is S, at |east one of Yl and Y2 is O,
mis O, Ais adirect bond, R3 is Hor nethyl, R6 is Hor nethyl, then RS
I's not quinoxaline-l,4-dioxide. 1 5 SEP 2005 14 Preferred conpounds of the
formula | are those wherein any one or nore of the following apply: X is
NRI; s At least one of Yl and Y2 is 0; especially both Y1 and Y2 are O;
ZisQ m is Prefdrédedin ?élﬁﬁ@bf Hﬁ:rfﬁrmﬁ'a I'a?e ﬁ'losé GHereishid) diél orhoeoflthe _
-3) hai oal kyl ; especi al Rl is (C )al kyl; nost to especially Rl is
H R3is fchlloah:kghppiy haI oal kkyl ; espeC|aIIy R3is H, (dC -6) al kyl or (C I
-6) hal oal kyl; R4 is H, alkyl or haloal kyl; espeC| al | y R4 is H(C]. -6)alkyl
or (C1-6 )thl&)hiRdw nost

5 At least one of Y1 and Y2 is O; especially both Y1 and Y2 are O;
 mis O '

A is a direct bond;
R1is H, (C1-3)alkyl or (C1-3)haloalkyl; especially R1 is H or (C1-3)alkyl; most

10 especially R1 is H;
R3 is H, alkyl or haloalkyl; especially R3is H , (Cl-6)é.1ky1 or (C1-6)haloalkyl;
R4 is H, alky! or haloalkyl; esPecla.lly R4isH, (C]-G)alkyl or (C1-6 )haloalkyl; most
especially R4 is H; '
RS5 is a bicyclic group corﬁprising two opticnally substituted ring structures each of 5
15 or 6 ring atoms and independently selected from cycloalkyl, aryl, heterocycloalkyl or
heteroaryl, éspecially R5 comprises two aryl or heteroaryl 5 or 6 membered rings; more
especially R5 is an optionally substituted bipheny! such as para-biphenyl, or para-

phenoxyphenyl;

| R6 1s H, alkyl, hydroxyalkyl, aminoalkyl, cycloalkyl-alkyl, alkyl-cycloalkyl, arylalkyl,
20 alkylaryl, heteroalkyl, heterocycloalkyl-alkyl, aliyl-heterocycloalkyl, heteroaryl-alkyl or

heteroalkyl-aryl; especially R6 is alkyl, amimoatkyl or heteroaryl-alkyl.

Particular compounds of the invention include compounds of formula I wherein:
At least one of Y1 and Y2 is O (preferably both Y1 and Y2 are O), and X is NH, and
25 mis0;or |
Atleast one of Y1 and Y2 is O, and X is NH, and Z is O, and A is a direct bond, and
R3 and R4 are independently selected from H, alkyl or haloalkyi; or
Both Y1 and Y2 are O, and X isNH, and m is 0, and Z is O, and R4 is H.



especially R4 is H R5 is a bicyclic group conprising two optionally
substituted ring structures each of 5 is or 6 ring atons and i ndep ggﬁgtz#]
sel ected fromcycl oal kyl, aryl, heterocycl oal kyl or heteroaryl; E Qs
R5 conprises two aryl or heteroaryl 5 or 6 nmenbered rings; nore espem ally
R5 is an optionally substituted bi phenyl such as para-bi phenyl, or para-
phen. oxyphenyl; R6 is H, alkyl, hydroayal kyl, am noal kyl, cycl oal kyl -al kyl,
al kyl -cycl oal kyl, arylal kyl, 20 al kylaryj, heteroallcyl,

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

heteroal |l cyl -aryl; especially R6 is al kyl, ain.inoal kyl or het er oar yI -al kyl .

Parti cul
Par 1 Ul a0 SRR IR b W AR o) prefe@%ﬁﬁ*ﬁﬁﬁgfﬁgff > are 0),

‘and X is NH, and 25 msO;or At |least one of Yl and Y2 is O, and X is NH,
and Zis 0, and Ais a direct bond, and R3 and R4 are independently

_sel ected frodoEualby| or haloalkyl; or Both Y1 and Y2 are 0. and X is NH,
and mis 0, and Zis 0, and R4 is H 1 5 SEP 2005 15 1In a further aspect of
t he invention we now provi de conpounds of the forrnula Ib Forrmula Ib: 5

wherein X is selected fromNR, 0, S; Y1 and Y2 are independently sel ected
from0O, S; 10 Z is sel rom NR2, 0, S; m sOorl;

% : . CHz)m

z
/

R4

wherein

X 1s selected from NR1, O, S;

Y1 and Y2 are independently selected from O, S;
16 Z is selected from NR2, O, S;

m ié Oorl;

A is selected from a direct bond, (C1-6)alkyl, (C1- @haloalkyl or (C1-6) heteroa]kyl

containing a hetero atom selected from O, S;

) B is selected from a direet bond, -O-, -S-, -NH-, amide, carbamate, carbonyl, (C1-
15 Galkyl, (Cl-6)haloalkyl, (C2-6)alkenyl, (C2-6)alkynyl, or (C1 6)heteroa1kyl containing a
hetero atom selected from O, S;

R1 is selected from H, (C1-3)alkyl or (C1-3)haloalkyl;

R2 is selected from H, (C1-3)alky! or (C1-3)haloalkyl;

R3 is selected from H, (C1-3)alky! or (C1-3)haloalkyl;

20 R4 is selected from H, (C1-3)alkyl or (C1-3)haloalkyl;

R6 is selected from H, alkyl, heteroalkyl, (C3-7)cycloalkyl, (C3-7)heterocycloalkyl,
(C3-7Yaryl, (C3-7)heteroaryl, alkyl-(C3-7)cycloalkyl, alkyl-(C3 —7)héterocycloalkyl, alkyl-
(C3-Daryl, alkyl-(C3-Theteroaryl, heteroatkyl-(C3-7)cycloalkyl, heteroalkyl-(C3-
Theterocycloalkyl, hetqroa]lcyl-(C3-7)aryl, heteroalkyl-(C3-7heteroaryl, (C3-



Ais selected froma direct bond, (Cl-6)alkyl, (Cl-6)haloalkyl, or (Cl- 6)
het er oal kyl containing a hetero atom sel ect ed fromO, S, Bis sel ect e& &m
a direct bond, -0-, -S-, -NH, am de, carbanmate, carbonyl, (C I 65) Pkiu
(C1- 6) hal oal kyI , (CZ- 6) aI kenyl , (C2-6)al kynyl, or (Cl-6) het er oal kyI
containing a hetero atomselected fromO, S; R is selected fromH,

(A-3)al kyl or (Cl-3)haloalkyl; R2 is selected fromH (C 1-3)alkyl or (C't
-3)hal oal kyl; R3 is selected fromH, (Cly@)alkyl or (Cl-3)haloalkyl; 20 R4 -
is selected fromH, (d-3)alkyl or (Cl-3)}1al oal kyl; R6 is selected fromH,

al kyl , het eroal kyI (C3-7)cycl oal kyl, (C3-7)heterocycloal kyl, (C3-7)aryl,

(G et craa sl iy (CRaf sl orb B AR e ecaoncton oy
het er Oal kylg &%c%%aﬁmﬁé?&%sﬂwﬁ ggyh)héié’ﬂo Fyd}@ilkﬂ)q{et&%]) @Cyh)aryl Feteﬁoalkyl

het er oal kyl ) het er oaryl 5 SEP 2005 16 7)cycloal kyl “a
(C3-7) heter(@éyﬁhdaidayﬂ-lmltdryﬂkyl‘é@ 7)ary-al'kyl, (C3-7)heteroaryl-al kyI

(C3-7)cyc|oa| te |,k et eroc al kyl - het er oa
g c? 7) ar;lél | hets & tﬁﬁﬁ[‘q’? b(—‘%d léﬁjqeé‘iﬁ%egff} #X. ‘ngéJi%‘ tef?‘%yckéeeﬁfﬂéa%ﬁéw
et er oal kyl a5, ted o cals
may be opt | orﬁf ypu&ﬁghf:él?ﬁhede b@lgne or)s n gugéra%gpﬁs% I nd tgaée%nt sel ected
Lr Fm | lhydr dmirow% k%di( Joeeld, dliall(dalﬂt)dﬁﬂ)*dgd)xyaﬂimrﬁkw kﬂ(bxyﬂkﬁpk@l?alkbiémxyal kyl,
al oal | coxy, al oal kox yl, car a car am no,
N-al kyl ami %aloaﬂr V1a|c§r$%¥n%fb0‘<aﬂ%ﬁ Ll ?ﬁafbﬁaq% OaNa@l? X
al kyl (N, N- fﬁ;"naﬂ&. %lg ajkyl am do,
al kyl (N-al %yﬁq% am do, al kan?i(-‘[qu il(oN dﬁgbéﬂnﬁ%@j Q%?,AN T&gd?d&d car ?n%tﬁledo N
al kyl car barikgtgmitinj NIN-dslikflamedo, silitylamaiv, allyl(N-alkyl)amido, alky}(N,N- ,-
10 dialkylamido, alkylcarbamate, alkylcarbamide, thiol, sulfone, sulfonamino, -
alkylsulfonamino, arylsulfonamino, sulfonamido, halealkyl sulfone, alkylthio, arylthio,
allcylsulfone, arylsulfone, aminosulfone, N-alkylaminosulfon, N,N-dialkylaminosulfone,

alkylaminosulfone, arylaminosulfone, cyano, alkylcyano, guanidino, N-cyano-guanidino,
thioguanidino, amidino, N—émilmsu]fbn—amidino, nitro, alkylnitro, 2-nitro-ethene-1,1-
is  diamine; _ _
either G1 is a monocyclic group and G2 is selected from a monocyclic group and a
bicyelic group, or G'l is a bicyclic group and (G2 is a monocyclic group, wherein the
menocyclic group comprises one ring structure and the bicyclic group comprises two ring

structures cither fused together or joined together by B as defined above, each ring

20 structure having up to 7 ring atorns and being independently selected from cycloalkyl, aryl,
heterocycloalkyl or heteroaryl, with each ring structure being independently optionally
substituted by oﬁe or more substituents independently selected from halogen, thiolo, o
thioalkyl, hydroxy, alkylcarbonyl, haloalkoxy, amino, N-alkylamino, N,N-dialkylamino,
cyano, nitro, alkyl, haloalkyl alkoxy, alkyl sulfone,alkylsulfonamido, haloalky} suifone,

25 alkylamido,alkylcarbamate, alkylcarbamide, wherein any alkyl radical within any
substituent may itseif be optionally substituted bj} one or more groups independently
selectéd from halogen, hydroxy, amino, N-alkylamino, N,N-dialkylamino,
alkylsulfonamino, cyano, nitro, thiol, alkylthiol, alkylisulfono, alkylaminosulfono,
alkylcarboxylate, amido, N-atkylamido, N,N-dialkylamido, alkylcarbamate,

30 alkylcarbamide,alkoxy, haloalkoxy; '

Optionally R3 and R6 may join te form a ring comprising up to 7 ning atoms.



al kyl sul f onam no, aryl sul fonam no, sul fonam do, hal oal kyl sulfone,

al kylthio, arylthio, allcylsulfone, arylsulfone, am nosulfone, 15 SEP 2005

N-al kyl am nosul fon, N, N-di al kyl am nosul fone, al kyl am nosul f one,

aryl am nosul f one, cyan, al kyl cyano, guani di no, N cyano-guani di no,

t hi oguani di no, am di no, N am nosul fon-am dino, nitro, alkylnitro,

2-nitro-ethene-1,1 is diamne; either A is a nonocyclic group and & is

sel ected froma nonocyclic group and a bicyclic group, or G is a bicyclic

group and & is a nonocyclic group, wherein the nonocyclic group conprises

one ring structure and the bicyclic group conprises two ring structures

either fused together or joined together by B as defined above, each ring 20
. Structure having up to 7 ring atons and being i ndependently sel ected from

cycloal kyl, aryl, heterocycloal kyl or heteroaryl, with each ring structure

being ind ' ! ' .

' ndependenfito Eoputp BBt MrmBth 8 HRE wRE R BxPhad W Bt The botE0e
al kyl car bggptly; hal oal koxy, ami no, N-al kylam no, NN--dialkylam no, cyano,
nitro, alkyl, haloal kyl al koxy, alkyl sulfone, al kyl sul fonam do, hal oal kyl
sul fone, 25 1 ¥&NRK do, al kyl carbamat e, al kyl car bami de, wherein any al kyl
radi cal wi thi,n,an ) i t. It f, pti | y~substituted by one -
or nore groufg‘g I?aﬁ%%%ee%g%ﬁéﬁs%@%’fﬁeeg%ai&(?ﬁ gﬁoa&gﬁ?jflﬁrfag’oxy, am no,

A8 al kyl ami noz iNON-di al kyl ami no,  al kyl sul f onami no, cyano, nitro, thiol,

&l kyl thiol, alkyl'sul fono, alkylamn nosul fono, al kyl carboxyl ate, anido,

N-al kyl ami dom B0\ di al kyl ami do, al kyl carbamate, 30 al kyl car bani de, al koxy,

ing atome. B s gL GRRARIT G b iald! St SR 5 e B o
@.:;%%Fereiwn any fiog ©rsyhore of the follow ng apply: L |
. B s a direct bond, acetylene, CON (amide), (C1-C4)alkyloxy ,-O-, -S- or ~NH-;
R1is H or methyl;
R3 is H, (C1-3)alkyl or (C1-3)haloalkyl;
R4 is H, (C1-3)alkyl or (C1-3)haloalkyl.

15
Particularly preferred compounds of the formula Ib are those wherein:
Xi1sNR] and R1 is H; and
Y1 and Y2 are each O; and
Z is O; and

20 m is 0; and
A is a direct bond; and _
B is selected from a direct bond, acetylene, -O-, -NH-, -S-, or CH,0;
= R3 is H; and - :
R4isH.

25



5 XisNRI; At |least one of Yl and Y2 is O; especially both Y1 and Y2 are O;
Zis 0; mis O; Ais adirect bond, (Cl-6)alkyl or (C|I -6)heteroaIkW$SEP2m5
containing a hetero atomselected 10 fromQ S; Bis a direct bond,
acetylene, CON (amde), (C 1-C4)alkyloxy ,-O, -S- or -NH; R is Hor
methyl; R3is H (C1 -3)alkyl or (C 1-3)hal oal kyl; R4 is H (C-3)al kyl or
(C1-3)hal oal kyl. 15 Particularly preferred conpounds of the formula Ib are -
t hose wherein: XisNRl andRl is H and Yl and Y2 are each 0; and Z is O;
and 20 mis 0; and Ais a direct bond; d8d B is selected froma direct bond,
acetylene, -0-, -NH, -S-, or CH2ZO R3 is H and R4 is H 25 1 5 SEP 2005
18 Thus we prOV|de conpounds of the formula Ic Forrmula Ic:

Thus we provide compounds of the formula Ic

Formula Ic; B
5
B NN |

=0

N

R6
OH
wherein .
10 B is selected from a direct bond, acetylene, -O-, -NH-, -S-, or CH,O;

each of G1, G2 and R6 is as defined for Formula Ib.

Preferred compoimds of Formula Ic are those wherein any one or more of the following

15 apply:
B is selected from a direct bond, -O-, -S-, or CH20; most preferably B is selected

from a direct bond, -O-, CH,0;
(G2 is a monocyclic group comprising an ary! ring; most preferably G2 is phenyl;

G1 is a monocyclic or bicyclic group comprising at least one aryl ring; most preferably
20 Glisa monocyclic or bicyclic group comprising at least one five or six mernbered aryl
ring; |
R6 is selected from H, (C1-6)alkyl, (C1-6)heteroalkyl, heterocycloalkyl,
heterocycloalkyl-(C1-6)alkyl, heteroaryl or heteroaryl-(C1-6)alkyl; preferred heteroaryls
are pyridine, diazines (such as pyrimidine) or azoles (such as imidazol); preferred
25 heterocycloalkyls are morpholino, piperidine or piperazine; preferred heteroalkyls are

amino-(C1-C6)alkyl; preferred substituents on heteroaryls are halogen; preferred



5 wherein 10 Bis selected froma direct bond, acetylene, -0-, -NH, -S,
or CH2Q, each of A, & and R6 is as defined for Formula Ib. Preferr1e€ P00
conpounds of Fornmula Ic are those wherein any one or nore of the foll %n@s
15 apply: Bis selected froma direct bond, -0-, -S, or CH2O nost
preferably Bis selected froma direct bond, -0-, CH2O, & is a nonocyclic
group conprising an aryl ring; nost preferably G is phenyl; d is a )
nonocyclic or bicyclic group conprising .l east one aryl ring; nost
preferably 20 GL is a nonocyclic or bicyClic group conprising at |east one
five or six nenbered aryl ring; R6 is selected fromH, (Cl-6)alkyl,

(d-6)heterpal kyl , heterocycl oal kyl., heterocygl qal kyl - (( -6) al kyl ,

.het er oar ylsugf‘tltﬁé‘?tépﬁmqs(% -eté)’%lﬁéﬁ}? @%ﬁ%?f@fﬁ?éaﬁﬁlélﬁé#o%lk% @M"Byri di ne,
di azi nes ( Em?& Ll d‘;u%q es (such as imdazol); preferred 25
het er ocyclatiziilglq y scg%%hﬂo?rph I%}ﬁgaﬂ%?giéri di ne or piperazine; preferred

.heteroal kyls are am no-(Cl-C6)al kyl; preferred substituents on heteroaryls
are hal ogen; preferred 1 5 SEP 2005 19. 5 substituents on amines in

het er oal kyﬂhslsmqq&dércewell?fgﬂ Qizﬁ%gﬁwﬂaﬂ%w . al kyl sul fon,

al kyl agi nocar bonyl or al kyl oxycarbonyl. Thus we provi de conpounds of the
Forrmulda 1d Fornula Id: wherein :

Formula 1d:
L
O
ey O ]
N
R6
. OH
wherein
10 B is selected from a direct bond, O or CH;0;

G1 is a monocyclic or bicyclic group comprising at least one five or six membered
aryl ring; |
R6 is H, alkyl, hydroxyalkyl, aminoéuiyl, alkyl-carbamic acid alkyl ester, alkyl-alkyl-
urea, alkylsulfonyl-alkyl, N-alkyl-alkylsulfonamide, heteroaryi-alkyl;
15 L 1s selected from H, alkyl, haloalkyl, hydroxy, aﬂcoxy, haloaﬂco;cy, amino,
alkylamino, amido, aikylamido,__ alkylcarbamate, alkylcarbamide, alkylsulfono,

P alkylsulfonamido,nitro, cyano, halo;
or L is a group:
T-U-V.
20 wherein V is attached to G1 and V is selected from CH;, O, NCO, NCOO, NCON or
NSO,
' Uis (C1-5)alkyl;
T is selected from hydroxy, alkoxy, cyano, amino, alkylamino, alkylsulfono,
alkylsulfonamide, alkylcarbamate, alkylacarbamide, alkylamide, imidazolyl, triazolyl or

25 pyrolhden.



10 Bis selected froma direct bond, 0 or CH2O, G is a nonocyclic or
bicyclic group conprising at |east one five or six nmembered aryl ringSRGs
is H alkyl, hydroxyal kyl, am noal kyl, al kyl-carbam c acid al kyl ester,

al kyl -al kyl - urea, alkylsul fonyl-al kyl, N-alkyl -al kyl sul fonam de,
heteroaryl-alkyl; 15 L is selected fromH, alkyl, haloal kyl, hydroxy,

al koxy, hal oal koxy, am no, al kylam no, am do, al kylam do, al kyl carbamate, -
al kyl car bam de, al kyl sul fono, al kyl sul fonam do, nitro, cyano, halo; or L is
a group: T-U-V- 20 wherein V is attacheddto Gl and V is selected from CH2,
0, NCO NCOO, NCON or NS@2; 25 Uis (C 1-5)alkyl; Tis selected from

hydr oxy, al koxy, cyano, am no, al kyl arni no, al kyl sul fono, '

al ky! sul f Predrrdddenmpsd iy of Fbanuitdd asl thydeackhartiarangene at kydrabhithddolldwingazol yl |,
triazolyl or pyrollidon. 1 5 SEP 2005 20 Preferred conpounds of Formula Id
are t hoseaRM¥Er ei n any one or nore of the following apply: G is selected

from phenyl , i t r I e -15. selected fromH, (C

L oyarkyl ) hhbiges OB Eip MR RBR o SiidieB” 0, °5

het eor aryl - (R4 ifeddiet fromDg] (EISpRlityd Hyrd§-(C3l -Ehallom divino-(0¥ L) alicply | gret hyl
N-substituted amno-(C 1 -4)alkyl (preferred N-substituents are al kyl,
al kyl sul fhstsarani-(€arthaliark mast gsnecially R6 is H, methyl, pyridinylmethyl, N-substituted

amino-(C1-4)alkyl (preferred N-substituents are alkyl, alkylsulfonyl or carbamic acid alkyl

ester);
L is selected from H, (C1-5)alkyl, (Cl-ﬁ)haloalkyl, hydroxy, alkoxy, haloalkoxy,
amino, {C1-5)alkylamino, aniido, (C1-5)alkylamido, (C1-5)alkylcarbamate, (C1-
10 S)alkylcarbammide, (Cl;S)all(ylsulfono, (Cl-S)aH{ylsulf_onamido, nitro, cyano, halo; or

L is the group T-U-V- wherein V is as defined for the Formula Ic, U is unbranced (C1-
S)alkyl, and T is selected from hydroxy, alkoxy, cyano, amino, (C1-3)alkylamino, (C1-
3)alkylsulfono, (C1-3)alkylsutfonamide, (C1-3 )alkylcarBamate, (C1-3)alkylacarbamide,
(C1-3)alkylamide, imidazolyl, tFiazolyl or pyrollidon; ‘

15 L is a meta or para substituent when GI is a 6 membered ring.

20



ester); L is selected fromH, (Cl-5)alkyl, (Cl-5)hal oal kyl, hydroxy, alkoxy,

hal oal koxy, am no, (C 1-5)al kylam no, aniido, (C -5)al kylarnido, (C

1-5)al kyl carbamate, (C 1 10 5)al kyl carbarnide, (Cl-5)allcyl sul fono, 5 SEP 2005

(C1-5)al kyl sul fonam do, nitro, cyano, halo; or Lis the. group T-U—G—

wherein V is as defined for the Formula Ic, Uis unbranced (C 1 - 5)alkyl,

and T is selected from hydroxy, al koxy, cyano, am no, (Cl-3)alkylamno, (Cil-

3) al kyl sul fono, (Cl-3)alkylsul fonam de, (Cl-3)allcyl carbamate,

(Cl -3)aJkyl acarban-ide, (Cl-3)alkylamide] imdazolyl, triazolyl or

pyrollidon; 15 L is a meta or para substituent when Gl is a 6 nenbered ring.

20 1 5 SEP 2005 21 Suitable values for R6 in conpounds of fornulae I, IDb,

| c, or |dghisheaehiedt:fRd Inostiniissuntle b YdrmueQHED Ic, 00 1d @t hiliethbfdWloviing:l S5 SEP
. 2005 22 Suitable values for R5 in conmpounds of fornmula | or for G -B-&Q in

conpounds of
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formula Ib, Ic or Id include the following: Oy N O NC1 5 SEP 2005 23 It
w Il be appreciated that the particul ar substituents and nunber of 15 SEP 2005
substituents in 5 conmpounds of the invention are selected so as to avoid
sterically undesirabl e conbinations. Each exenplified conpound represents a
particul ar and i ndependent aspect of the invention. \Were optically active
centres exist in the conpounds of the invention, we disclose all individual
optically active fornms and conbi nati ons t hese as individual specific 10
enbodi nents of the invention, as well as*“their correspondi ng racenmates.
Racemates may be separated into individual optically active forns using
known procedures (cf. Advanced Organic Chem stry; 3rd Edition: author J

March, pl04- 1§Zi.)caﬂlé‘$£1HQ§ IR CS@%@F@E@&%@%P@]-‘ﬁ-@iip%@ﬁ«.@@ﬁﬁ@s@f‘; ned

derivatives having conveni ent op cCtrve auxilrary s
by separ at jen,aN8 IN&1dGhaayaEe felfowig: auxiliary species. is It will be
appreci ated that the conpounds according to the invention may contain one

or nore asymmetrically substituted carbon atons. The presence of one or nore
of these asymetric centres (chiral centres) hi a conmpound of the invention
can give rise to stereoisoners, and in each case the invention is to be
under st ood tolfg%end to such stgifoisonﬁ i ncl udi ng enantioners and

: r

di ast ereoners d m x i ncl udin cemc o-m xtures thereof. Were
taut oners exi st i%the conp s ‘of thegyizention, di scl ose al

i ndi vidual tautonefic forns d conbi nat+¥ons of t e as individual
specjfic enbodi nents of the

. i
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invention. As previously outlined the conmpounds of the invention are

met al | oprotei nase 25 inhibitors, in particular they are inhibitors 0§ SEAVEI05
12. Each of the above indications for the conpounds of the invention
represents an i ndependent and particul ar enbodi nent of the invention. 1 5
SEP 2905 24 Certain conpounds of the invention are of particular use as

i nhibitors of MW13 and/or MW9 and/or \MWP8 and/or MW3. Certain conpounds .
of the invention are of particul ar use ds aggrecanase inhibitors ie.

i nhi bitors of aggrecan degradati on. Conpounds of the invention show a
favourabl e selectivity profile. Wilst we do not 5 'w sh to be bound by
theoretical considerations, the conpounds of the invention are believed to
-show sel ective inhibition for any one of the above indications relative to
any MNIP | inhibitory activity, by way of non-limting exanple they may show
100- 1000 fold selectivity over any MW | inhibitory activity. The conpounds
~of the invention may be provided as pharmaceutically acceptable 1o - salts.
These include acid addition salts such as hydrochl ori de, hydrobron de,
citrate and It wildleagprecia¢d hatihg psaticular fuhshbwnts anid mimlspled sibstitaedtssual f uri c
acid. In another agspect sujtable salfs are base salts such as an al kal i

metal Sal %OTJPB?““Q%afr&eén‘éﬂﬁioﬁrﬂf?)?el%?da@é}sdﬂﬁv%a stegloRHY URdeAPIeI OFRBENAOEE ¢

e e e e S

.T'hese ar epphasgceutically acceptable esters that hydrolyse in the human
body to produce the parent conpound. Such esters can be identified by
adm ni st er i nWhefeorpteayrpétevd centray ensius the dompuhés of theiimedntiop hee discopoeailhd

Mnder test and subsecluent,l y .exam ning the test animal's body fluids.
&Suitabl e individual optically activé forms and combinations of these as individual specific

10 embodiments of the invention, as well as their corresponding racemates. Racemates may
be separated into individual optically active forms using known procedures (cf. Advanced
Organic Chemustry: 3rd Edition: author | March, p104-107) including for example the
formation of diastereomeric derivatives ha\}mg convenient optically active auxiliary
species followed by separation and then cleavage of the auxiliary species.

15 It will be appreciated that the compounds according to the invention may contain one |
or more asymmetrically substituted carbon atoms. The presence of one or more of these
asymmetric centres (chiral centresj it a compound of the invention can give rise to

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

stereoisomers, including enantiomers and diastereomers, and mixtures including racemic

20 mixtures thereof.

g Where tautomers exist in the compounds of the invention, we disclose all individual
tautomeric forms and combinations of these as individual specific embodiments of the
ipvention. |

As previously outlined the compounds of the invention are metalloproteinase
25 inhibitors, in particular they are inhibitors of MMP12. Each of the above indications for

the compounds of the invention represents an independent and particular embodiment of

the invention.



I n viva hydrol ysabl e esters for carboxy include nethoxynethyl and for

hydr oxy i nclude 20 fornyl and acetyl, especially acetyl. In order tﬁ E @
nmet al | opr ot ei nase i nhi bitor conmpound of the invention (including a %SE & é
of the fornmulae I, Th, Ic, 1d) or a pharmaceutically acceptable salt or in
vivo hydrolysable ester thereof for the therapeutic treatnment (including
prophylactic treatnment) of mammals including humans, it is normally

fornmul ated in accordance with standard 2% pharmaceutical' practice as a
phar maceuti cal conposition. Therefore in another aspect we provide a

phar maceuti cal conposition which conprises a conpound of the invention
(such as a conpound of the formulae I, lc, 1d) or a pharnmaceutically
accept abl e s@leltafi c&ﬂndxﬂdﬂbﬁ&ehﬁ%&ioﬁ%ﬁ@b@:&ﬁélﬁﬁ 1isRek SHibAGA of MMP13
pharnmaceutically acceptable carrier EP 2005 25 The pharnaceuti ca
conposi t i andooMNPYsniloy bINPEmndy Mik{PaddGemain cempdunds «ft the davedtiomarrdr f or

t he di sease or condition that it is desired to treat, for exanple by oral,
topi cal , ppricular esens aggrreanise IRIBHPTS 1pgiipEPrs 2ggwecan degratiateanr at i on or by

| nhal ot on b Sy b SRR A oy S TR He Stled i iR Rl TR g Bot
tabl ets, ae@%' %Sbouﬂﬂlﬁg%b%r&f AP bdnti Rkt ORS coagaquﬂéu}@ﬁgl Vé:ge y p(‘) der <

creans, nasal sprays, suppositories, fin

or aer ospéisevk@tio blﬁtkﬁbéi&dti% in@bfiondor PRy G €T tht abtSe ﬁlaiaﬁdles&@b Rbtivetd awenous, @
i ntranmuscul ar or infusion) sterile aqueous or oily solutions or suspensions

or steri |M1\éH1J|11$1‘ilbﬂ@'3/ activigd diytwanof mon-hmitogpewptisthey mayshomeEnt 000nelht i on
t he p4annaceut i cal rq)o | Jo of this invention may al so contain, or be
" co- adni nl%@t"éiﬁéféfy(%’eﬁﬁﬂ §H’3‘/ Ty $e\iEnt i al 1y) with, one or nore

phar macol ogi 'f é c& g&ﬁrﬁls %E me%U%ndoﬂ 1_105}e & bﬂ?}%cﬁﬂ‘?ﬁs 85&1@2[(:%11@&3?1%%@%’{%16

conditions re erre
10 - salts. These inclide acid addition salts such as hydrochloride, hydrobromide, citrate and .

maleate salts and salts formed with phosphoric and sulfuric acid. In another aspect suitable
salts are base salts such as an alkali metal salt for exampie sodium or potassium, an
alkaline earth metal salt for examplé calcium or magnesium, or organic amine salt for
example triethylamine. ‘

15 They may also be provided as in vivo hydrolysable esters. These are pharmaceutically
acceptable esters that hydrolyse in the human body to produce the parent compound. Such
esters can be identified by administering, for example intravenously to a test animal, the

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

in vive hydrolysable esters for carboxy include methoxymethyl and for hydroxy include -
20  formyl and acetyl, especially acetyl. - .
In order to use a metalloproteinase inhibitor compound of the invention (including a |
compound of the formulae I, Ib, Ic, Id) or a pharmaceutically acceptable salt or in vive
hydrolysable ester thereof for the therapeutic treatment (ihcluding prophylactic treatment)
of Iﬁammals including humans, it is normally formulated in accordance with standard -
25 pharmaceutical practice as 2 pharmaceutical composition.
Therefore in another aspect we provide a pharmaceutical composition which .
comprises a compound of the invention (such as a compound of the formulae I, Ib, I, Idj

or a pharmaceutically acceptable salt or an in vivo hydrolysable ester thereof and

pharmaceuticaily acceptable carrier.



The pharmaceutical conpositions of this invention will normally be

adm nistered to humans so that, for exanple, a daily dose of 0.5 thﬁiszﬁ
ng/ kg body wei ght (and preferably 15 of 0.5 to 30 ng/ kg body wei ght) i
received- This daily dose may be given in divided doses as necessary, the
preci se anount of the conmpound received 'and the route of admnistration
dependi ng on the weight, age and sex of the patient being treated and on the
particul ar di sease or condition being treated according to principles known
in the art. Typically unit dosage fornms wll contain about 1 ng to 500 ng of
a conmpound of this 20 invention. Therefore in a further aspect, we provide a
conpound of the formula | (especially a conpound of the forrmulae Ib, Ic,

ld) or a pharm&%ﬁ&eéﬁ%&&%g@%& oFqhit ifentiBn YAayDbe diydhidleySE! Sarfiat el
thereof for use in .a nethod of therapeutic treatnmént of the human or 25
ani mal bodyamer farthesiésease ar ddnditrpehatiitisaigeintd toteat foe bameple be ordl, fopial,
treatnment of a disease or_condition nedjated py one or nore

net al | opr qrasémiereb bagealnpasal, vagipak aritecipbadmyastrati@rordyeinhaletiom Fargheseeat nent

of a di sease oskﬁ/g%nditiondrregi at ed b%o I\/I\/Plﬁ ?nd/ r 13 apd/or. 9 and/ or
M VLPS andREROARE SHRpds §h Mt igaton ek Oe fomnyaid BY meaph Raows intitdit of a
di sease or; et | | X : i in 30
the tr Sat D rorc? B ToELBae Ml tipalits MLAR G TRRNORIBES syt 5 26
A8 yet a feaniiéiehs, 250064, oNWRmRARYEAE rdsdIBpiagsl stbpbdiRaieh,Fehedy MRIRNIORFRESHNASE
nedi ated disease or condition which conprises administering to a

war m bl ooderbsalsifominhalatiohearaifon pareateral ued (ilechuiding iatreveambug fintearogscpbaod of t he

formulae 1, Ib, Ic or Id or a ? pharmaceutically acceptable salt or in vivo

hydr ol ysaBMases) geriigaquears ongiltolyions o8 sepensinhs pcHee cpuWsitRfound of t he

@it ae L aghfiopl ol o BNAL IPASYHLGA! 1Y eARGARE 3Rkt BldcaPLokBolhé
10 of this invention may also contain, or be co-administered (simultaneously or sequentially)

with, one or more phannacolbgical agents of value in treating one or more diseases or
conditions referred to hereinabove.
The pharmaceutical compositions of this invention will normall-y be administered to
humans so that, for example, a daily dose of 0.5 to 75 mg/kg body weight (and preferably
15 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
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.

: Typically unit dosage forms will contain about 1 mg to 508 mg of a compound of this

20 Inventiom.

Therefore in a further aspect, we provide a compound of the formula I {especially a
compound of the formulae Ib, Ic, Id) or a pharmaceutically acceptable salt or in vivo
hydrolysable ester thereof for use in a method of therépeutic treatment of the human or

25 animal body or for use as a therapeutic agent. We disclose use in the treatment of a disease
or condition mediated by one or more metalloproteinase enzymes. In particular we
disclose use in the treatment of a disease or condition mediated by MMP12 and/or MMP13
and/or MMP9 and/or MMPS8 and/or MMP3 and/or aggrecanase; especially use in the
treatment of a disease or condition mediated by MMP12 or MMP9; most especially use in

30 the treatment of a disease or condition mediated by MMP12.



preparation of a medicanment for use in the treatnment of a disease or
condition nediated by one or nore netall oprotei nase enzynes. 5 SEP 7005
Met al | opr ot ei nase nedi at ed di seases or conditions include asthna rL élf g
chronic obstructive pul nonary di seases (COPD), arthritis (such as
rheumatoid arthritis and osteoarthritis), atherosclerosis and restenosis,
cancer, invasion and netastasis, diseases involving tissue destruction,

| oosening of hip joint replacenents, per#gdontal di sease, fibrotic disease,
infarction and heart disease, |iver and nal fibrosis, endonetriosis, is
di seases related to the weakening of the extracellular matrix, heart
failure, aortic. aneurysns, CNS rel ated di seases such as Alzheiner S

di sease and NUItipIe Sclerosis (M5), hematol ogical disorders.

Preparation oun of th I nvent. In anot ect t esent
i nvention pr Gl 8@%%3&?@ WF@FO‘B L 18 artee alﬁ,qprfwﬁ@ap% ’IEF@

Ib, lc, I d;RhsPoRRBEARMSMALE 8b n@é‘s%&hﬁ@ieﬁng% Ev@HimLﬂoné@arHéﬁg.ré" ysabl e
ester thereof as described in (b) to (h) below (X, .Yl, Y2, Z 1in, A and Rl

-R6 are asheraxmeJeaH}bﬁmedammédf & gmmpdneldarfrtb@fnTmMe E &, fubald yra25 (a) A
conmpound of the invention [ conver sal t ecially a
phar maé euPPEERICHUY p?tcaﬁﬁﬁtgﬁéé%for B VA %%‘g %‘ﬁ ’Ef\?n?r met hods; a salt,

especially a pharmaceutically acceptable salt, of a conpound of the

i nventi on mayWbelsc disehrst ¢ht isetod axongtiotheé pEihe fomhulae édpelr, & brya a
pharmaceutically acceptable salt, by known nethods. 30 1 5 SEP 2005 27 (b)
Conpounds pbmq%um%ug@pp%ab f S%%hpw vrvo hydiplysebie PrecHESPT Berspiapiced by

reacting 2 compaung,PedBind AR ih bt Wabfe GURUI P Lorldifor QLAHLA LY 2 O

a suitabl yrcpar Homo

one or more metalloproteinase enzymes.

10 Metalloproteinase mediated diseases or conditions include asthma, rhinitis, chronic
obstructive pulmonary diseases (COPD), arthritis (such as rtheumatoid arthritis an.d
osteoarthritis), atherosclcrosié and resfenosis, cancer, invasion and metastasis, diseases
involving tissue destruction, loesening of hip joint replacements, periodontal disease,
fibrotic disease, infarction and heart disease, liver and renal fibrosis, endometriosis,

15 diseases related to the weakening of the extracellular matrix, heart failure, aortic '
aneurysms, CNS related diseases such as Alzheimer's disease and Multiple Sclerosis (MS),

hematological disorders.

20  Preparation of the compounds of the invention

In another aspect the present invention provides processes for preparing a compoumd L
of the formulae I, Ib, Ic, Id or a pharmaceutically acceptable salt or in vivo hydrolysable
ester thereof, as described in (b) to (h) below (X, Y1, Y2, Z, m, A and R1-R6 are as’

hereinbefore defined for the compound of formula I).

25
(a) A compound of the invention may be converted to a salt, especially a

pharmaceutically acceptable salt, or vice versa, by known methods; a salt, especially a
pharmaceutically acceptable salt, of a compound of the invention may be converted into a

different salt, especially a pharmaceutically acceptable salt, by known methods.

30



protected formof a conpound of formula Ha (as shown in Schene 1), and
optionally thereafter form ng a pharmaceutically acceptable salt of ygtrwh%o
hydr ol ysabl e ester thereof 5 Schene 1 Ila R6 |lia Al dehydes or ketones 0
formula Ila and conmpounds of formula Hla in a suitable 10 solvent are
treated with a base, preferably in the tenperature range from anbi ent A
tenperature to reflux. Preferred base-sol vent conbinations include aliphatic
am nes such as trinethylam ne, pyrrolidifse or piperidine in solvents such'
as net hanol, ethanol, tetrahydrofurane, acetonitrile or

di met hyl formazni de, with addition. of water when necessary to dissolve the

1Teh unehexamiPhoPRPRE AL A0S ioniud iR £ O an T hfts HERTbelphepdRLf

Tet r ahedr Ofeacfifg A%dinpdhd@ bf the foldailh IR0 Wil h @¥ingeuratd xhy eirahéa [IMe or a suitably
i sopropanol -water (Ajinonoto KK, 1993, Japanese Patent Nunber 05097814). |
.Pref er abl y proipeiad forapert 2 erjnpowmg of dersawle I fesishownin Sehapye Dhipad ppiivadly, R3,

R5 or R6 i1l not- contain additional functionalities such. as.al dehydes
ot ones. nieseriE coPh diaRie R ach e SHPRL T, BV AR Rt e P s
skilleds;in the art which have the potential of interfering with, conpeting
with or inhibiting the bond formation reaction. It will be appreciated that
many of th&chemedant starting materials are conmercially or otherw se
: ilabl e or may be synt hesi sed by~known nethods or nay be found in the
¥eientific literature. 25 To prepaffe conpounds of the general fornmula Illa
(R6 as herei nbgfore describﬁgé,_ ounds of fornula Isla in which R6 is H
may be reactediw th an appr e aNdehyde
1 R5" © 'R3 ' X'

i .

Y,
Ila - JHE]

Aldehydes or ketones of formula IIa and compounds of formula Illz in a suitable

10 solvent are treated with a base, preferably in the temperature range from ambient
~ temperature to reflux. Preferred base-solvent combinations include aliphatic amines such

as trimethylamine, pyrrolidine or piperidine in solvents such' as methanol, ethanol,
tetrahydrofurane, acetonitrile or dimethylformamide, with addition of water when
necessary to dissolve the reagents (Phillips, AP and Murphy, JG, 1951, J. Org. Chem. 16); .

s or lithiumhexamethyldisilazan in tetrahydrofurane (Mio, S et al, 1991, Tetrahedron

47:2121-2132); or barium hydroxide octahydrate in isopropanol-water {Ajinomoto KK,
1993, Japanese Patent Number 05097814). '
(o Preferably, when preparing compounds of the invention by this process, R3, R3 or R6

will not contain additional functionalities such as aldehydes, ketones, halogenated radicals
20 orAany other radicals well knewn to those skilled in the art which have the potential of
| mterfering vﬁth, competing with or inhibiting the bond formation reaction. '

It will be appreciated that many of the relevant staﬁing materials are commercially or
otherwise available or may be synthesised by known methods or may be found in the
scientific literature. .

25 To prepare compounds of the general fonnﬁla I1la (R6 as hereinbefore described),

compounds of formula [Ila in which Ré is H may be reacted with an appropriate aldehyde



1 5SEP2005 28 or ketone foll owed by dehydration and subsequent reduction of
the resulting double bond by nethods which are well know to those %Eﬁgkﬁﬂ&?
in the art. (c) Conpounds of the the invention in which Z =0, R4 = d “KE
Nor NRI, 5 especially specific stereoisoners thereof, may al so be prepared
as described for two of the four possible stereoisoners in Schenmes 2 and 3
below. Scheme 2 R3 R5--AR6 RBR6 OO R5--A~r ; 0 Vib 10 Schene 3 V sot O

R3 R5--A/ O VIIb OS 28

or ketone followed by dehydration and subsequent reduction of the resulting double bond
by methods which are well know to those skilled in the art.

(c) Compounds of the the invention in which Z =0, R4 =H and X=N or NR1,
s especially specific stereoisomers thereof, may also be prepared as described for two of the

four possible sterecisomers in Schemes 2 and 3 below.

Scheme 2 |
R3I  Re R3, O Ré Ré_ RS 6
>:y —— T %j L ..Z-’“"}_&
R&—A 0 R5—A 0 R A o
o . A . 0 \ O/ \
v | v Via
J ’ l When
Z1=0, R4=H
R3 RE S0 ,
\ .80, o
O"7_‘<‘0 o o S0,
.R6 5
’ A C\ R3 o
v e © . VIa g N\
10
0
R3 R6 o R3 RE
el N ~ R5— NG
R5—A
R5—A ¢—O _,/
g N . N\
VIIb a 0
R3 R6 R”3 -0
R6
o Qe / N3 O )J\
R5—A O R5—A —[N
A N

_ I N
Vila 0 VHI; a O



00 R6 R--A.. RB7 Vila RA RBREy R5- AR R6 0 +N3 R5--A; VIIIb O Via
Wen Z1=0O, R4=H soz R5-A, R6 ~ R3 VlIlai R3 R6 0" NR5-A O 15 SEP 2005

29

Starting from the propenoate derivatives of formula I'V, via the diols Vla or VIb by
either asymmetric epoxidation followed by regioselective opening with water, or
asymmetric dihydroxylation. Depending on the chiral auxiliary in the epoxidation or
dihydroxylation, e1ther the shown stereoisomers or their enantlomers of the diols of
formula V1a or VIb can be obtained. (For example, Ogmo Y. et al, 1991, Tetrahedron
Lett. 32 (41):5761-5764; Jacobsen, E. N. et al, 1994, Tetrahedron, 50(15):4323-4334;
Song, C. E. et al, 1997, Tetrahedron Asymmetry, § (6):841—844).. Treatment with organtc

base and thiony! chloride and subsequent ruthenium tetroxide catalysed oxidation yields

the cyclic sulfates Vlla and VIIb.
The cyclic sulfates of formula V1la and VIIb are converted to the hydro:xy azides

(Scheme 3) of formula VIIla and VIIIb by treatment with sodium azide in
dimethylformarnide followed by careful hydrolysis of the hemisulfate intermediates before
aqueous work-up. (Gao, Sharpless, 1988, J.Am.Chem.Soc., 110:7538; Kim, Sharpless,
1989, Tetrahedron Lett., 3Q:655). The hydroxy azides of formula VIIla and VIIIb are

15 hydrolysed and reduced to the p-hydroxy-a-amino acids (not shown in Scheme 3),
preferably hydrolysis with LiOH in THF followed by reduction with hydrogen sulfide,
magnesium in methanol or organic phosphines by the Staudinger procedure. The 3-

hydroxy-o.-amino acids in turn yield compounds of formula Ia upon treatment with cyanate

and acid in aqueous media.

20 , i
(d) Compounds of the invention in which Z =0 and R4 is not H, especially specific

stereoisomers thereof, may also be prepared as described for two of the four possible
stereoisomers in Schemes 2 and 3. The compounds may be prepared by reacting the
'epoxides of formula V in Scheme 2 with an alcohol of formula R4-OH, jielding the

. 25 alcohols Via. -Subsequent conversion to the azides with phosphoézidate (Thompson, A. S.
et al, 1993, J. Org. Chem. 58(22):5886-5888) yields the ether analogs of the azido esters
VIIla in Scheme 3, which can be carriéd through to the final products as described under
process (c). The radical R4 in alcohols R4-OH and the radicals R3, _RS and R6 in may be

suitably protected. The protecting groups can be removed as a last step after the conversion

30 to the hydantoins of formula Ia.



O RS-ANN-~laOlalb5 SEP 2005 29 Starting fromthe propenoate
derivatives of fornmula IV, via the diols Vla or VIb by either asymetric
epoxi dation foll owed by regiosel ective opening with water, or asynhbtIEPQ005
di hydroxyl ati on. Depending on the chiral auxiliary in the epoxidation or

di hydroxyl ati on, either the shown stereoisoners or their enantioners of the
diols of s fornmula Vla or VIb can be obtained. (For exanple, Qgino, Y. et
al, 1991, Tetrahedron Lett. 32 (41):5761-5764; Jacobsen, E. N et al, 1994,
Tetrahedron, 50(1 5):4323-4334; Song, C? E. et al, 1997, Tetrahedron
Asymmetry, .a (6):841-844). Treatnent w 91 organi ¢ base and t hi onyl

chl ori de and subsequent rutheniumtetroxide catal ysed oxidation yields the

T S o e Come e e e vsnSonh ods 2 esr s e ¥ csdhne o o and
VI1ib byhy L8 ﬂgstso &pfc@ﬁaeﬁgmg% ot Hlag agﬁtﬂgyﬂr{e@%g@& cLiBld AVedo BY the

car ef ul em suI ate’interne ore agueous work-u

(Gao, ShafgirgsssiblkdB@eoiborersGhdtheBec? and10TES 38inplinids iaebPsy@atesised 939,
Tet r ahedr on Lett 30: 655). The hydroxy azides of fornula Villa and VIIIDb
are is hyapmgeﬁt@rﬁPOME@é@mbﬂaMésdmmﬁy?amttythaﬂ&WQta@mB&rNHhm in

Schene_3) 8’5&% ter ?l%gétgdl? gﬁa% (ﬁ.{s%a%fgﬁnﬂ]g_' Iaesclﬁ%e&%;ftg & g%lﬁr\ﬁﬁg aBy t he

W th h§/dr |um|n ne ano org i nes
St audi ngeNTHb 96 Sdhdite 3ThHhérBa1mnes of R4-NH2 are used, it may be necessary to N-protect

the intermediate amino alcohéls, especially when the radical R4 is a n-alkyl group.

(f) Compounds of the invention in which X is S and Y1 and/or Y2 is O, especially
10 specific stereoisomers thereof, may also be prepared as described for two of the four
possible stereoisomers in Schémes 2 and 3. The compounds may be prepared by reacting
the cyclic sulfates of formula VIIa or VIIb, or the a-hydroxy esters of formula VIa via
their sulfonate esters, with thiourea and acid (1997, Japanese Patent number 09025273).
The propenoate derivatives of formula IV are widely accessible, eg from aldehydes
15 and phosphonium or phosphonate derivatives of acetic acid via the Wittig or Horner-
Emmons reaction (for examplé, van Heerden, P. S. et al, 1997, J. Chem. Soc., Perkin

Trans. 1(8):141-1146).

(2) Compounds of the invention in which X=NR1 and R1=H may be prepared from
20 reacting an appropriate substituted aldehyde or ketone of formula IId with ammonium
carbonate and potassiurm cyan_idc in aqueous alcohols at 50-100°C in a sealed vessel for 4-

24h.
R4
(CHZ)

5._......-

11d

25




hydr oxy-a-am no acids in turn yield conpounds of formula |Ia upon treatnent
Wi th cyanate and acid in aqueous nedia. 20 (d) Conpounds of the inngn%%;pm%
in which Z =0 and R4 is not H, especially specific stereoisomnmers thereof],
may al so be prepared as described for two of the four possible

stereoi sonmers in Schenes 2 and 3. The conpounds nmay be prepared by reacting
the epoxides of fornmula Vin Schene 2 with an al cohol of formula R4-CH,
yielding the is al cohols Via. Subsequent 3gonversion to the azides with
phosphoazi date (Thonmpson, A S. et al, 1993, J. Og. Chem
58(22):5886-5888) yields the ether analogs of the azido esters Villa in
Schene 3, whi : ' _ t ' : .descri bed
~under proces@?@?ﬁbﬁﬁoef% ?’fal{é:: %g?ﬁgfgpﬁﬂgf)%gﬁg&ﬁwégg%ﬁgg# Z’er?gldi cals R3, RS
and R6 i n Muate e -Msei diabbyalprdote Clead 1990)8 1 (18DRELE-2602;9r oups can be renoved
as a last step after the_conversion_ 30 to the h_\ﬁgantoi ns of formula la. 1 5

'S E P 2009138, Ve 2bdfp8uhdsnesn- $9fe: Chrmafiqmspun-ndfieH37 is S or NR2 and Y1
and/or Y2 d$ Que. l@ggg&} g?b%m[gﬂ%%%{%%ﬁ;gjﬁziﬂjasﬁ%_rlls”%hereof, may al so be

prepared as descti 0Ssi bl'e st ereoi soners in Schenes

2 and 3. TiekenonoURds aipyodPe SsHtt Ieeirmed, 4271 1)ai%esi ng of the epoxides of
formula V (Schenme2) with thiols R4-SH or am nes R4-NH2 and 5 thereafter

subj ect ed Hasdema) #géd 294 ksteabsdrmn Letha3 %40)H368173680 for the al cohols Villa
pd VIR, in 1.n o. b5 NE2 .used, it may be necessary
‘0 N-prot %h‘{der’té}cﬁg&im%f %gggg?%gghﬁg%’%( 0 éc?lls, %e%peci ally when the radical

R4 is a nhahday HoerauplooG! CheairpbundsBal, 43te1)irreentsign in which X is S and Vi
and/or Y2 is 0, especial |r9>ét4 i 0_specific stereoisoners thereof, may al so be

prepar ed Aéonfawssdi Gedd al.di9%wh Gremnoct, dherpbesimie, E:328523¥%ers in Schenes

@ and 3 PIgiC BMROUNIS T8Y2 PRuBY PRALEH AYs)($83C 49

R

Some of the aldehydes or ketones are available through aldol reactions {m=1, Z=0):
Mahrwald, R, et al, 1998, J. Am. Chem. Soc., 120(2):413-414;
Auerbach, R. A., er al, 1988, Org. Synth., VI:692;
Mukaiyama, T.; 1977, Angew. Chem., (Int. Ed.) 16;
15 Shimizu, N. ez al, 1983, Bull. Chem. Soc. Jpn., 56(12):853;
Maruoka, K. et al, 1986, J. Am..Chem. Soc., 108(13):3827.




the cyclic sulfates of formula Vila or VIIb, or the a-hydroxy esters of
formula Vla via their sulfonate esters, with thiourea and acid (1997
Japanese Patent number 09025273). The propenoate derivatives of f or rh SER 605
are widely accessible, eg fromal dehydes is and phosphoniurn or phosphonate
derivatives of acetic acid via the Wttig or Horner- Emons reaction (for
exanpl e, van Heerden, P. S. et al, 1997, J. Chem Soc., Perkin Trans.
1(8):141-1146). (g) Conpounds of the investion in which X=NRl and Rl =H may
be prepared from 20 reacting an appropriate substituted al dehyde or ketone
of formula lid with arrrmni'um carbonat e and potassi um cyani de i n aqueous

al cohol s at 50-100 in.a s aled ve 4h. 25 15SEP2005
31 Preparati WP&R?F%D ﬁ%’@gu% ?feff’ ‘é@ﬁ)q‘ WW&I%%?P@ ei\a.fescri bed
in: - Marte, A -M et al, Tetrahedron Lett., 1990, 31(19):2599-2602; Kren, V.
et al, 1993, J. Chem Soc., Chem Comun., 4:341-343; Schmttel, M et al,
1990, Angélzblellem , 122(10) 1174 1176 5 Chakraborty, R et al, 1992, Synth.

hedraon.. 1l aot.t
ALY

Conmun. , 22331)}-1523; 1 al-—1994—Fet+ahed ;

35(40) - 738%amsgEormykld eFve"S"'h‘M "%@MA%LQ rahedron. Lett CASIobencoy |-

2624, M eﬂfbnﬂ}l-ﬁﬁyr?dm-ﬁﬁ%ané’nem Pharm— But T, 45( l1f38‘1578%s_j491§33,

- 2-formyl-5-pyridin-2-y furane _ "~ 55484-36-1

5-formyl-2-phenyl oxazole 52629-13-5
2-formyl-5-phenyl furane 13803-39-9
2-formyl-3-methyl-5-phenyl furane * 160417-25-4
2-formyl-3-ethoxycarbonyl furane 50800-39
2-formyl-5-phenyl-3,4-oxadiazole 22816-01-9
2-formyl-5-phenyl oxazole’ - - 96829-89-9
2-formyl-4-chloro-5-phenyl oxazole 119344-57-9
2-formyl-4-chloro-2-pyridin-3-y] thiazole 131969-58-9
2-formyl-5-pyridin-3-yl thiophene o 133531-43-8
2-formyl-5-pyridin-2-yl thiophene 132706-12-8
2-formyl-5-pyridin-4-yl thiophene 21346-36-1
5-formyl-2-phenyl! thiazole : 1011-40-1
5-formyl-4-chloro-2-phenyl thiazole 108263-77-0
5-formyl-4-methyl-2-phenyl thiazole ' 55327-23-6
2-formyl-5-phenyl thiophene ‘ : 19163-214
2-formyl-3-methyl-5-phenyl thiophene | . 1604417-30-1
4-formyl-2-pyridin-2-yl imidazole 279251-08-0
2-formyl-1-methyl-5pyridin-3-y1 pyrrole 3614-77-5
4-formyl-2-pyridin-3-yl imidazole ‘ 279251-09-1
4-formyl-2-pynidin-4-yl 1,3,4-triazole ‘ 42786-73-2 ‘
4-formyl-2-pyridin-4-yl imidazole 279251-10-4
4-formyl-5-methoxy-5-phenyl thiazole 73725-36-7
4-formyl-5-ethoxycarbenyl-5-phenyl thiazole 88469-73-2
4-formyl-5-ethoxycarbonyl-5-phenyl oxazole 189271-85-0




Montana, J. G et al, 1994, J. Chem Soc., Chem Conmmun., 19:2289-2290; is
Davis, B. R et al, 1992, Aust. J. Chem 45(5):865 -- 875 Sonme of thfSEPZUUE
al dehydes or ketones are avail able through al dol reactions (mel, Z= (’l
Mahrwal d, R, et al, 1998, J. Am Chem Soc., 120(2):413-414; Auerbach R.
A. et al, 1988, Og. Synth., VI:692; Mikaiyam, T.; 1977, Angew. Chem ,
(Int. Ed.) 16; is Shimzu, N et al, 1983, Bull. Chem Soc. Jpn.,
56(12):853; Maruoka, K et al, 1986, J. 34m-Chem Soc., 10$(13):3827. 15
SEP 2005 32 Known preparation of- conpounds of fornmula Hd are listed in
Table | bel ow TabI e 1 Nane (forrryl 1", even V\,hen “non | UPAC") CAS nunber

2-fonnyl - ‘ S0}

£ urane, 55 azoxazol e92629 13 5 24 gp}é]y# 'é phenyil

furanel3s8 Jaf&%ﬁ 1 areﬂﬁ,ﬂw;bhsﬁ Ieiidyiol®- phenyl furanel604]64@38-62-0

2-fornyl - B-ethax' yearbonyl " f ir ane50800-.39

-2-fornyl - ssmwl—@emybiadieazbmdMqa 01-9 2-fornyl - 5- pREI3R-03-1

oxazol e' 9 4, 1 cLl.. o—5—pheny oxaze#%ll“’“"ﬂ 5+-9

2-for nyl -t éwﬁd @%%*PE?W ol €131969-58-9 2-f of hg0%B=0%3 i dni 3- yI

t hi ophenelg g3 14382 Phe i imeadRgle 01 N- 2=y TN OpNenelgzyfts3Le-o
S-formyl-1-butyl-2-phenyl imidazole 198065-92-8
2-formyl-1-methyi-4-phenyl imidazole 123511-51-3
4-formyl-2-phenyl-S-methyl oxazole : 70170-23-9

& 2-formyl-5-phenyl 1,3,4-triazole , 26899-64-9

W 4-formyl-2-phenyl-5-chloro imidazole 60367-52-4
4-formyl-2-phenyl imidazole 68282-47-3
4-formyl-2-phenyl-5-methyl imidazole 68282-50-8
2-fonmyl-1-methyl-5-phenyl 1,3,4-triazole _ 219600-03-0
2-formyl-4-phenyl imidazole - ' 56248-10-3
2-formyl-1-methyl-4-phenyl imidazole 118469-06-0
2-formyl-5-phenyl pyrazole . 52179-74-5
2-formyl-3-methyl-5-phenyl pyrazole . 160417-28-7
2-formyl-3-ethoxycarbonyl-5-phenyl pyrazole 63202-77-7
2-formyl-5-morfolin-1-yl furane _ 3680-96-4
2-formyl-5-piperdin-1-yl furane =~ | . 22868-60-6

. 2-formyl-5-cyclohexyl furane 14174-51-7
e 2-formyl-3-methyl-5-cyclohexyl furane 160417-27-6

(h) Compounds of the invention may also be synthesized according to Scheme 4
below. Suitable target compounds include the substituted 5-(biphenyl-4-yl-hydroxy-
methyl)-imidazolidie-2,4-dione series and the substituted 5-[4-phenoxy-phenyl]-hydroxy-

s methyl -imidazolidine-2,4-dione series described in Example 8.
The key reaction is the aldol condensation (Method C) that forms the target

compounds. The synthetic intermediates in this reaction are the 5-hydantoins, made from



2-fon-Dyl -5-pyridin-4-yl thiophene21346-36-1 5-fornyl-2-phenyl

t hi azol e1011-40-1 5-fornyl -4-chl oro- 2- phenyl thiazol el08263-77-0
5-fornyl - 4- met hyl - 2- phenyl thi azol e55327-23-6 2-fonnyl -5-phenyl 155EP2%5
t hi ophenel9163-21-4 2-fo=yJ- 3-net hyl - 5- phenyi thi ophenel604417- 30-
4-fornyl -2-pyridin-2-yl imdazol e279251-08-0 2-fornyl -1

-nmet hyl - 5pyri di n-3-yi pyrrol e3614-77-5 4-fornyl -2-pyridin-3-yl

in-1idazol e279251-09-1 4-fom yi-2-pyridin-4-yl 1,3,4-triazol e42786-73-2
4-fornyl -2-pyni di n-4-yl im dazol e279251-10-4 4-fornyl - 5-ni et hoxy- 5- phenyl
t hi azol e73725- 36-7 4-forny|-5-ethoxycarbéﬁyl-5-pheny| t hi azol e88469- 73- 2)
4-f or nyl - 5- et hoxvcar bonyl - 5- phenyl O xazol e189271-85-0 f 1 5 SEP 2005 33
2-forny|-3nethy| 5-phenyl 1,34-triazol e89060-36-6 4-fornyl -

ol coaeg asids TMERES! £03 ?%ﬁs%&deg,a&%edtmiz‘alsé]fa&*}%oeﬁ%eg@viatnpw
oyl - TRERE ey R GRE Blafidar® rebiid ¢ oo R0dBEES ombibilasd. BAEIY hich ay be

4-f or nyl - 2nphen Yor frdied tatsfRNATOhE E@ﬁ@kﬁ&u@lmg (Method D) and amide couphng
(Method E).

5 The aldol condensation gives a diastereomeric mixture. The racemates are isolated by

chromatography or in some cases by crystallization. The enantiomeres may be resolved by

chiral chromatography.

Scheme 4 @%
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2-fornyl -5-phenyl 1,3,4-triazol e26899-64-9 4-fornyl-2-phenyl-5-chloro

I m dazol e60367-52-4 4-forrzayl - 2- phenyl i m dazol e68282-47-3

4-formyl - 2- phenyl - 5- et hyl i mi dazol e68282-50-8 2-forrnyl -1 - et hyl - 5 phEHYI
1,3,4-triazol e219600-03-0 2-fornyl - 4- phenyl i m dazol e56248-10-3
27fornyl-I-nethyl-4:phenyl I m dazol e118469- 06-0 2-fornyl - 5- phenyl

pyrazol e52179-74-5 2-fornyl - 3- met hyl - 5- phenyl pyrazol el60417-28-7
2-fornyl - 3- et hoxycar bonyl - 5- phenyl pyrazgg e63202-77-7

2-formyl -5-norfolin-1-yl furane3680-96-4 2-fornyl-5-piperdin-I-yl
furane22868- 60-6 2-fornyl-5-cycl ohexyl furaneld4l74-51-7

2-fornyl - 3-net hyl -5-cycl ohexyl furanel60417-27-6 (h) Conpounds of the
.invention may al so be synthesized according to Schene 4 below. Suitable
target compounds include the substituted 5-(biphenyl -4-yl -hydroxy-

met hyl ) -i nli dazol i di e-2, 4-di one series and the substituted

.5-[4- phenoxyT;égenyl]- dro y.5 nethyl -im aZO|IdI ne- 2, 4-di one. series
descri bed i n!PX&fHPE eR’é’ﬁnﬁ‘@a@W@ﬁ evaluptsd %Wﬁ%ﬁﬂéﬁ@&h"ﬁﬁo(%t hod

O that forgy .the target conpounds. The synthetic internediates in this
reacti on e the 5- hydant oi ns, made from1 5 SEP 2005 34 am no acids (Method
A), and the al dehydes prepared through a Suzuki coupling (Method B) in a
conventional manner. Method C al so produces conpounds 1.. and 2. which may
4Be  utilimethttdEnizymeQhaavs r ansf ormati ons, a Suzuki coupling (Method D) and
“ni de coupl i ng

Matrix Metalloproteinase family including for example MMP12, MMP13.

Recombinant human MMP12 catalytic domain may be expressed and purified as

10 described by Parkar A.A. et al, (2000), Protféin Expression and Purification, 20:152. The
purified enzyme can be used to monitor inhibitors of activity as follows: MMP12 (50
ng/m! final concentration) is incubated for 30 minutes at RT in assay buffer (0.1M Tris-
HCI, pH 7.3 containing 0.1M NaCl, 20mM CaCls, 0.040.mM ZnCl and 6.05% (w/v) Bryj
35) using the synthetic substrate Maé—Pro-Ché—Gly—Nva—His—Ala-Dpa-NH2 in the presence

15 or absence of inhibitors. Activity is determined by measuring the fluorescence at hex
328nm and Aem 393nm. Percent inhibition is calculated as follows: % Inhibition is equal to
‘the [Fluorescencepys inbibitor - FIU0TESCENCEhackground] divided By the [Fluorescencéminus inhibitor

- Fluorescencepackground)-

_ Recombinant human proMMP13 may be expressed and purified as described by
20  Knauper ez al. [V. Knauper ef al., (1996) The Biochemical Journal 271:1544-1550 (1996)].
o The purified enzyme can be used to monitor inhibitors of activity as follows: purified
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-HCl, pH 7.5 containing 0.1M Na€l, 20mM CaCi2, 0.02 mM ZnCl
25 and 0.05% (w/v) Brij 35) using the synthetic substrate 7-methoxycoumarin-4-
yl)acety!.Pro.Leu.Gly.Leu.N-B-(2,4-dinitrophenyl)—£-2,3-diazﬁinopropionyl.Ala.Arg.NHz
in the presence or absence of inhibitors. Activity 1s determined by measuring the

Aluorescence at hex 328nm and Aem 393nm. Percent inhibition is calculated as follows: %



(Method E). 5 The al dol condensation gives a diastereoneric mxture. The

racemates are isolated by chromatography or in sone cases by
crystallization. The enantioneres nay be resolved by chiral chronaﬂégs@pqqgﬁ.

.Schene 4 0 B(OH). Method C OH OH Method D B(OH)z - ----~ OH HO Method E N
10 OH Method A + D\ -1 Method B 1 5 SEP 2005 35 The conpounds of the
I nvention may be evaluated for exanple in the follow ng assays: 5 Isol ated

Enzyne Assays
y y 36

Inhibition is equal to the [Fluorescencepius inhisie: - Fluorescencepackgounal divided by the
[Fluorescenceminus inhibitor - FlU0TESCENCE ackpround]-
A similar protocol can be used for other expressed and purified pro MMPs using
substrates and buffers conditions optimal for the particular MMP, for instance as described
s in C.Graham Knight e al., (1992) FEBS Lett. 206(3):263-266. '

RRvE
Adamalysin_family including for example TNF convertase
The ability of the compounds to inhibit proTNFa convertase enzyme méy be assessed
using a partially purified, isolated enzyme assay, the enzyme being obtained from the @

10  membranes of THP-1 as described by K. M. Mohler et al., (1994) Nature 370:218-220.
The purified enzyme activity and inhibition thereof is determined by incubating the
partially purified enzyme in the presence or absence »f fest compounds using the substrate
4' 5'-Dimethoxy-fluoresceinyl Ser.Pro.Leu.Aia.GIn.Ala.VaI.Arg.Ser.Ser.Ser.Arg.Cys(4—(3-
succinimid-1-yl)-fluorescein)-NHj in assay buffer (SOmM Tris HCI, pH 7.4 containing

15 0.1% (w/v) Triton X-100 and 2mM CaCls,), at 26°C for 18 hours. The amount of inhibition
is determined as for MMP13 except Aex 490nm an& Aem 530nm were used. The substrate

was synthesised as follows. The peptidic part of the substrate was assembled on Fmoc-

| NH-Rink-MBHA-polystyrene resin either manually or on an automated peptide synthesiser
by standard methods involving the usé of Fmoc-amino acids and O-benzotriazol-1-yl-

20 N,N,N'N'-tetramethyluronium hexafluorophosphate (HBTU) as coupling agent with at
least a 4- or 5-fold excess of Fmoc-amino acid and HBTU. Ser' and P_ro2 were double-
coupled. The following side chain protection strategy was employed; Ser' (But),
Gin®(Trityl), Arg*2(Pmc or Pbe), Ser™1®}(Trityl), Cys'*(Trityl). Following assembly, the
N-terminal Fmoc-protecting group waé removed by treating the Fmoc-peptidyl-resin with

25 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-ﬂu0rescein—4(5)—0&b0x*y1ic acid [Khanna
& Ullman, (1980) Anal Biochem. 108:156-161) which had been preactivated with
diisopropylcarbodiiride and 1-hydroxybenzotriazole in DMF]. The

- dimethoxyfluoresceinyl-peptide was then simultaneously deprotected and cleaved from the



Matrix Metalloproteinase fajnil_y including for exanple MW 2, MW13.

Reconbi nant human MWP12 catal ytic donai n may be' expressed and puri f}ﬁ%EP?UU%O
descri bed by Parkar A A et al, (2000), Protein Expression and Purification
20: 152. The purified enzyme can be used to nonitor inhibitors of activity
as follows: MW12 (50 ng/m final concentration) is incubated for 30
mnutes at RT in assay buffer (0.1M Tris- HCO, pH 7.3 containing 0.1 M Nad ,
20mM CaCl12, 0.040; nM zZnCl and 0. 05% (W v 7 Brij 35) using the synthetic
substrate Mac-Pro -Cha-d y-Nva-Hi s-Al a-Dpa-NH2 in the presence 15 or absence
of inhibitors. Activity is determ ned by neasuring the fluorescence at Xex
328nm and Xem 393nm_ Percent inhibition is calculated as follows: %
Inhibitio e ERI: igahi

“H o s onch b Al v AR HEUNALBRCRIER B ialbe PR B witer and ictglone.

Fl uoresce mbﬁ%@fo&yﬂﬂdmso@ﬁ@DﬁQbMaﬂwmﬁd r&ﬁoﬂﬁﬁt@@htﬁ%ﬂitﬁ?ﬁ&gﬂa nd
_purified as described by 20 Knauper et al. nauper et al., (1996)" The

Bi ocheni cathed aud fidtratdnl The 4sblated Peyitidzosds] reactél‘dmmtb Uk (N-nederandyrBueascebenused
to m)nltor i nhi bi taors of act|V|ty as follows: purified roMwP 13 is

act i vat ed DIMF rentesmng ARSRRronyesihy lamene thy Rroa'eqt@u(lﬁp@/hy R&&P&&Jw fpalbl C the

activated. 5 er assa isS lncu at ,.35C in
Rsshy  but oGy e S rord 0% iR RO e bprieds AR o o2
M ZnCL 254 aRAL O PRAS Mé&ﬁm@rabid a}é)ysi,kSI ng the synthetic substrate

“P m et hoxycoumari n-4 yl)acetyl .Pro.

Ay.Leu.N-3-(2,4-dinitrophenyl)-L-2, 3 d| am nopropi onyl. Ala. Arg. NH2 in the

presence or absence of inhibitors. Act i vi ty is determ ned by neasuring the
f1 uor esceM&mjﬂZBnm and Xem 393nm - Per cent i nhibition is cal cul ated

As follows: 05 36 hi hi.tion is e | uor escenceRi us
@oni i tor . TPEERUSHLRD CPQER A oY oR Y SN PR RGP LE R AR

I nhi biyf or iy Fpl WQEESE S0GE BRSS9 Wlample based on the disclosures of E. C. Arner ef al,,

| (1998) Osteoarthritis and Cartilage 6:214-228; (1999) Journal of Biological Chemistry,

274 (10), 6594-6601 and the antibodies described therein. The potency of compounds to
act as inhibitors against collagenases can be determined as described by T. Cawston and A.

Barrett (1979) Anal. Biochem. 2-9-:340--345'.

Is

Inhibition of metalloproteinase activity in cell/tissue based activity

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

The ability of the compounds of this invention to inhibit the cellular processing of

TNFa production may be assessed in THP-1 cells using an ELISA to detect released TNF
| 20 essenﬁally as described K. M. Mohler ef al., (1994) Nature 370:218-220. Ina sirnilar
o fashion the processing or shedding of other membrane molecules éuch 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 Test as an agent to inhibit cell based invasion

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

47:3239-3245.

el at



A simlar protocol can be used for other expressed and purified pro MWs
using substrates and buffers conditions optimal for the particul ar ?@?le?r
i nstance as described 5 in C. G ahamKnight et al., (1992) FEBS Lel :
296(3):263-266. Adarnalysin famly including for exanple TNF convertase The
ability of the conpounds to inhibit proTNFa convertase enzyne may be
assessed wusing a partially purified, isolated enzyne assay, the enzyne
bei ng obtained fromthe 10 nmenbranes of THP-1 as described by K M Mohler
et al., (1994) Nature 370:218-220. The P¥rified enzyme activity and
I nhibition thereof is determ ned by incubating the partially purified
enzyne in the presence or absence of test conpounds using the substrate
4' .5 -Di wqggoxyéfluoresqeile

PSARS A NP g i

Ser. Pro. Let : iy AFY&) 0560 5%h ¢ {dasesg
succi ni mi d- 1 +yl) f.luorescei n) - NH2 in.assay. buff.er. Tri,s . HCl.. pH 7..4
cont ai ni ng 1%)3?%t¥\ﬁf\%e Clcﬁll%o X2 lgvﬁﬁtbonfﬂiﬁﬁg 51%?/' %Odﬁ%nf,ls SESFSSde
hours. The, aapuah wiold BlYoRiak 1884 ﬁmdqsqtiﬁ:mtefhe%%sé& pt 2.ex

agr'\vhé :
490nm and X ern 530nm were uséd- 'Ir'ﬁe suﬁstrate was synthesised as follows:

The pepti Biepatiaizéd OFOUHES/ RISk BoMBsbt8IR6E fldhetolanteERTS diluted 1:5 with
NH- Ri nk- MBHA- pol ystyrene resin either' manually or on an automated peptide
synt hesi saredivpy (P64 eeanbatsty, pewbilimgreptomysin ehd Ehdemian) angl inchhiéedand

0 BT il bl end ST A SRR 8 o

4 hna _. . - e . ; o
oo FELH 37E b SO Y00 BB Shor H kbl Gdoior B, ot
Pbf,  Ser 9cdiy. (01Nt 1BA; ¥inaQysncdhthitidnyl Oug/fl)! IEavh Q&aﬁ%&%@s)ﬁonﬁrﬁl@ of BHted Bigeal |

Frnoc- protecting group was renoved by treating the Fnoc-peptidyl-resin with
25 i n DWVFincibmedniithnoegiept dloyd (oredisiplste) ab4 knoven ThdS: iabititat exktindatd: eBliarent

for I.5-2hr at 70C with 1.5-2 equivalents of. ) ]
4' | 5' Wi nRlelss A hen dradatsdfont byurs gt oYy (hugudidicd ipgabatpsh cemrifygefan, (1980)

e ot ool 0 2, A RO R i ey i

-70°C before subsequent analysis for TNFa concentration by ELISA.

[ 3-
o

Test as an agent to inhibit in vitro cartildge degradation

15 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.

‘Pharmacodvnamic test

20 To evaluate the clearance properties and bioavailability of the compounds of tlﬁs
invention an ex vivo pharmacodynamic test is employed which utilises the synthetic (
substrate assays above or alternatively i—IPLC or Mass spectrometric analysis. This 1s a
generic test which can be used to estimate the clearance rate of compounds across a range

- of épecies. Animals (e,g. rats, marmosets) are dosed iv or po with a soluble formulation of

25 compound (such as 20% w/v DMSO, 60% w/v PEG400) and af subsequent time potnts
(e.g. 5, 15, 30, 60, 120, 240, 480, 720, 1220 mins) the blood samples are taken from an
appropriate vessel into 10U heparin. Plasma fractions are obtained following centrifugation
and the plasma proteins precipitated with acetonitrile (§0% w/v final concentration). After
30 mins at -20°C the plasma proteins are sedimented by centrifugation and the supernatant

30- fraction is evaporated to dryness using a Savant speed vac. The sediment is reconstituted in



di met hoxyf | uor escei nyl - pepti de was then sinultaneously deprotected and
cleaved fromthe 1 5 SEP 2005 37 resin by treatnent with trlfluoroangEpzms
acid containing 5% each of water and triethylsilane. The

di met hoxyf | uor escei nyl - pepti de was isol ated by evaporation, trituration with
diethyl ether and filtration. The isolated peptide was reacted with
4-(N-mal ei m do)-fluorescein in DM containing diisopropylethylamne, the -
product purified by RP-HPLC and finally i sol ated by freeze-drying from
aqueous acetic acid. The product was characterised by MALD -TOF M5 and

am no acid analysis. Natural Substrates The activity of the conmpounds of the
i nvention as |nh|b|tors ofﬁﬁggre an degradation to nmpy be assayed using

et hods f @2k Ruke @S u#egcfpbgwwnéfcoe‘fentuswéhe pthetic subsmtygs)
Chem ot 1yl Ty RbiopbEe dncehan GRtbsplnd e 10 UE RGN B BicdpbRlng

pot ency ofindepggiog evitudtion. Bedalalihitiohs bf therrécoagitutsiiplaghd ageBsRE ased or

“determ ned as descrl bed by T. Cawston and A Barrett (1979) Anal. Biochem
99: 340- 34&:LiVly apd heAmpeusH oaﬁom@panf}p@ﬁﬂ@tl@ﬂw qigEna plasma sample sekloulatets ue

convers asisie e ERtorf3i B -ER8Rke hivk RS bR FOEORERES o) Foome.

cellular processing of T 1Fa production nmay be assessed in THP-1 cells using
ELI SA to detect released TNF 20 essentially as described K M Mbhler et

f., (199 viNpagsessment: 218-220. In a similar fashion the processing or
sheddl ng ’f’f ot her ine pDI ecul es such as those described in N M
Hooper et%———%%%m J. 321:265-279 may be tested using
appropri at e Tieeitilidyifese aRfpMrds o hik #)eftidhd BOH S TNIR: Bfltiets & hgeshad

Rrotein.
10 - 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.0.), intraperitopeal (i.p.), subcutaneous (s.c.). Ninety minutes later rats are sacrificed
using a rising concentration of CO2 2nd bled out via the posterior vena cavae into 5 Units
of sodium héparin/ml blood. Blood samples are immediat’ély placed on ice and centrifuged
15 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
samples are thawed and 175p1 of each sample are added to a set format pattern in a 96U
well plate. Fifty pl of heparinized‘human blood is then added to each well, mixed and the
plate is incubated for 30 min at 37°C (humidified incubator). LPS (25ul; final

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

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

25 Data analysis by dedicated software calculates for each compound/dose:
Percent inhibition of TNFo= Mean TNFa (Controls) — Mean TNFa (Treated) X 100
Mean TNFa (Controls)




25 Test as an agent to inhibit cell based invasion The ability of the
conpound of this invention to inhibit the mgration of cells in an %gt@ﬁm?n
assay may be determ ned as described in A. Albini et at., (1987) n
Research 47:3239-3245. In 1 5 S E P 2005 38 Test as an agent to inhibit
whol e bl ood TNF sheddase activity The ability of the conpounds of this
invention to inhibit TNFa production is assessed in a human whol e bl ood
assay where LPS is used to stimulate theggrel ease of TNFa. Heparinized (1
QUnitslm) human bl ood obtained fromvolunteers is diluted 1:5 with s nmedi um
(RPM 1640 + bicarbonate, penicillin, streptonycin and glutam ne) and

i ncubat edl S(#60& g t hEZQJ of iest conmpound (triplicates), in DVSO or
appropri a nat 37Cin a humdified (5%CQO2/ 95%ai r)
i ncubator, pRL@Yits OF @&HhEﬁdtﬁlﬂ RfanZhldife i€ Ested(ﬁi"tﬂe ccﬂﬂ%éﬂ%ucéd Qﬂﬂmﬁs '

concentratlon 10ghnl) ach assay i ncludes controls of | ut ed bl ood
i ncubat ed(GiiAf) las debiedirnal obeTtedthaet bstlp (78 J.oixpa Meth M6 T8F2A In s hiodelr as

heubat or o0 SunpE Bl e Sh6ulsen eme Bohridin e ik Attty |
(50- 1%0I )Fﬂﬁgdssjh%zﬁ)?ieierhdﬁﬁ/a%|§1mﬂh@&&ﬁ1@6ns car gguglﬂ f&rzﬁdﬁéébzﬁﬁﬂh'ﬁ% rAPRAYET S

for TNFa concentration by ELISA. Test as an agent to inhibit 1n vitro

carti | agepritegiesdati on is The ability of the conpounds of this invention to
inhibit the degradation of the aggrecan or coll agen conponents of cartil age
can be assessed essentially as described by K M Bottomey et a[, (1997)

Bi ochem ‘]Tes%%ghﬁ%ﬁ#l%'ceﬁl ga{&]_rtnacodvnam c test 20 To evaluate the clearance
properti T ry of the conpounds of this
Activity of a compound as an anti-cancer agent may be assessed essentially as ’
10 described in 1. J. Fidler (1978) Methods in Cancer Research 15:399-435, using for example -
the B16 cell line (described in B. Hibner ez al., Abstract 283 p75 10th
NCI-EORTC Symposium, Amsterdam June 16 — 19 1998).

Test as an apti-emphysema agent

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

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

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

General analvtical methods: '"H-NMR spectra were recorded on either a Varian " nova _ L
400MHz or Varian Mercury-V.X 300MHz instrument. The central solvent peak éf
chloroform-d (6y 7.27 ppm), dimethylsulfoxide-ds (8y 2.50 ppm) or methanol-d, (8y 3.37

25 ppm) were used as internal references. Low resolution mass spectra were obtained on a

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

If not stated otherwise commercially available starting materials or intermediates described
in Table 2 and 3 where used.

30



i nvention an ex vivo pharmacodynam c test is enployed which utilises the
synthetic substrate assays above or alternatively HPLC or Mass
spectrometric analysis. This is a generic test which can be used tol 5 SEP 200
estimate the clearance rate of conpounds across a range of species. Aninmals
(e,g. rats, marnosets) are dosed iv.or po wth a soluble fornulation of 25
conpound (such as 20% w v DMSO, 60% w v PEG400) and at subsequent tine '
points (e.g. 5, 15, 30, 60, 120, 240, 422 720, 1220 m ns) the bl ood
sanpl es are taken froman -appropriate véeéssel into 1 OU heparin. Plasna
fractions are obtained follow ng centrifugation and the plasnma proteins
precipitated with acetonitrile (80% w v final concentration). After 30
rains at -BEAMBEE)] asma proteins are sedimented by centrifugation and the

super nat a o.fr [ s evapgrated to dryness.usir . Savant speed vac.
The sedi rrgérft(§1p§'epgiélc1)'t¥g“?‘iy Fﬁ?rgd%lgﬁxy%-g%ﬁﬁylgg%@eagﬁlﬁggg% g\?l"lﬂer and
_subsequent |y anal ysed for conpound content using the synthetic substrate
assay. Briefly, a compound concentration-response curve is constructed for
t he conpound Ardergoi ng evaluation. Serial dilutions of the reconstituted
pl asma extracre assegsed-for activity and the amount of conpound
present in the>origfna ; sanple is calculated s using the
concentrati on-respanss : ﬁ &king into account the total plasma dilution
gdmctor. In vivo assessment’™Test as an anti-TNF agent The ability of the
“8¥npounds of this, inveftion as ex vivo TNFa inhibitors is assessed uy io in
the rat. Briefly, groups of male Wstar Alderley Park (AP) rats (180-2109)
are dosed 4nBitherdapbonddelededi &3 mgr 1. Brugol) and drimethytiming &)5%in water, 160 ul,

R e I e
Toncent r atiae])of nfe@ndNd HLEradUaty @ .0 1E). PR k@kion WieRearsarAR bR ey fs Uni-ts

hours with nitrogen as inert atmosphere.

i0 The solution was cooled, evapbrated and stirred in a 100/1 mixture of
dichloromethane/methanol (15 mb). Filtration, washing of the precipitate with the same
solvent mixture (10 ml), and drying by airsuction, afforded 5-(Biphenyl-4-yl-hydroxy-
methyl)-imidazolidi_ne-2,4-<_iione (190 mg) in 64.1 % yield as a diasteromeric mixture of
" 60/40 according to HNMR.

The isomeric mixture (180 mg) was dissolved in dioxane (8 mi) and water (4 ml).
Preparative HPLC on a Chromasil C18 250/20 mm column { KR-100-5-C18), with a
gradient of acetonitril/water (0.1 % trifluoroacetic acid), from 20/80 to 40/60 during 25

o min, afforded the two isolated diasteromeres in 43.5 % total yield.
20 o
A preliminary steréostmcmral determination was done for each isomer by comparing
the HNMR with the two diastereomeres of 5-[(4-chloro-phenyl)-hydroxy-methyl)]-
imidazolidine-2,4-dione, of which both diasteromeric structures had been determined
earlier by different NMR experiments in detail. The shift for the 1-NH proton and the
25 phenyl attached to the imidazolelidione was especially indicative in this diastereomeric

assignment.



of sodi um heparin/m blood. Blood sanples are inmediately placed on ice and
centrifuged 15 at 2000 rpmfor 10 min at 4C and the harvested pl asmpg gppggEn
at -20C for subsequent assay of their effect on TNFa production by
LPS-stinmul ated human bl ood. The rat plasma sanples are thawed and 175| of
each sanple are added to a set format pattern in a 96U well plate. Fifty
.t1 of heparinized human blood is then added to each well, m xed and the .
plate is incubated for 30 mn at 37C (hum dified incubator). LPS (25I; final
20 concentration 10 ig/m) is added to t4e wells and incubation continued
for a further 5.5 hours. Control wells are incubated with 25 of nedium

al one. Plates are then centrifuged for 10 mn at 2000 rpm and 200l of the
super nat anRR)&F-Bip haﬂﬂf-ﬁyl—ﬁﬁdi@ya(%ﬁ-m&hﬂdg-ﬁl-ﬁ@ﬂl}ﬂﬂdudiid}ﬂi?iﬂe-a,ﬁ-dlaﬂ@ for
subsequent anal sis of TNF concentration A. 25 Data anal¥3|s by

dedi cat ed 1SbNMia (400t DAES- d@r@é@ﬂ%@ﬁwﬁahhﬂﬂﬂo@& 66 i cdnit= V. 8hHB)t i on of

15 Seb 3008 8 obr G B T BB e ek B2 87t 4085 VP s ROL 2 2

anti-art hr=|15;ch)s 5%(1@ Hs)" 4@;e(1qplsb ngm(gl_;pd}lced arthritis (ClA) as defined
by D. E. Trentham et al :857. In this nodel acid

Med
sol ubl & nat i JeCEYH& tHOOMiIZaEMdeé}..égﬁﬁal 156. 25}r1i3tgi H;i1a938t $3%Win 28.91;
adm ni ster py. Simlar conditions can be
used to i&ggggqgﬁfg ﬁrggﬁf%ﬂﬁgggkﬁ%§6%g¥r%€rés io Test as an anti-cancer
agent Act|V|hycghﬂglﬁgﬁp@pgqNg§ﬂan anti-cancer agent may be assessed
essentially as described in 1. J. Fidler (1978) Methods in Cancer Research

15: 399-439, using for exanple
(SR)-5-(Biphenyl-4-yl-hydroxy-(RS)-methyl}-S-methyl-imidazolidine-2,4-dione
10 1HNMR (400 MHz, DMSO-d6): 10.48 (1H, 5); 7.67 (2H, d, ] = 7.48 Hz); 7.64 (2H, d, T =
8.29 Hz); 7.56 (1H, s); 7.48-7.45 (4H, m); 7.36 (1H, t, I = 7.30 Hz); 5.75 (1H, d, T = 4.73
Hz); 4.65 (1H, d, ] = 3.57 Hz); 1.08 (3H, s).
13C NMR (400 MHz, DMSO-d6): 177.89; 157.28; 139.88; 139.44; 139.27; 128.95;
. 128.47; 127.38; 126.54; 125.89; 74.68; 66.18; 20.22.
15 APCI-MS m/z: 297.3 [MH+].

The compounds described in Examples 2 to 4 were prepared using a method analogous to

that given 1n Example 1.

T,
e

20 EXAMPLE 2
(RR)-5-(Biphenyl-4-yl-hydroxy- (SS)-methyl)-imidazolidine-2, 4-dione

25 1HNMR (400 MHz, DMSO-d6): 10.33 (1H, s); 8.10 (1H, s); 7.66 (2H, d, J = 8.20 Hz);
7.61 (2H, d, J = 8.20 Hz); 7.45 (2H, dd, T = 8.20/7.20 Hz); 7.39 (2H, d, J = 8.24 Hz); 7.35
(1H,t,J=7.48 Hz); 5.89 (1H, bs); 4.97 (1H, d, J = 2.5 Hz); 4.40 (1H, 4, ] = 2.5 Hz).

APCI-MS m/z: 283.1 [MH+].



the B 16 cell line (described in B. Hi bner et al., Abstract 283 p75 10th

NCl - EORTC Synposi um Ansterdam June 16 - 19 1998). Test as an anti -'pmggyslg]qa
agent 15 Activity of a conpound as an anti-enphysema agent may be assesse
essentially as described in Hautamaki et al (1997) Science, 277: 2002. 20
The invention wll now be illustrated but not Iimted by the foll ow ng
Exanpl es: Ceneral analytical nethods: 'H NVR spectra were recorded on either
a Varian Un t'lnova 400MHz or Varian I\/E@ury-vx 300MHz instrument. The
central solvent peak of chloroformd (8H77.27 ppm), dinethyl sul foxide-d6
(SH 2.50 ppm) or nethanol-d4 (5113.3 1 25 ppn) were used as internal
references. Low resol ution nass spectra were obtained on a Agilent 1100

LC- M5 system equi pped with an APClI ionization chanber. If not stated

‘ot herw se rgi al ' ' i.Ak:Ss i pter medi at es

descri bed- (%?ﬁ]'@éﬁp @eh}{ lé% &ﬁg S’&'mp%ls/é ﬁ&g@-ﬁﬁ&g%@ﬂ@éﬁﬁ%ﬁogdg@ ‘EXAVPLE |

S- (Bi phenyl - 4apCT sl nox)28%et iyMH+H- met hyl -i m dazol idine 2,4-dione 0 5

4- Bi phenyl car boxal dehyde (182 ng, 1.0 mmol) and trinmethylam ne (45%in
water, 160 |, 1.0 nmrnol) was added to a warm sol uti on of

5-net hyl -i m dazol i di ne-2, 4-dione (114 ng, 1.0 mol) in nmethanol (4.0 m)
and water (1.0 mM).- The reaction was heated to reflux for 16 hours wth
nitrogen gExXiAngptEa nosphere. 10 The sol ution was cool ed, evaporated and
@Stirred in a 100/ T mxture of dichl oronethane/ nethanol (15 m). Filtration,
gshi ng of5-(Biphgnyed-pl-hydeoxyrmethyhethiaradelidine-2, 4-dione '

1

&

RN

10
(RR)-5-(Biphenyl-4-yl-hydroxy- (SS)-methyl)-thiazolelidine-2, 4-dione
1H NMR (400 MHz, DMSO-dé): 11.81 (lli-, 5); 7.68 (2H, d, J = 8.20 Hz); 7.64 (2H,d, ] = .
8.20 Hz); 7.46 (2H, dd, J = 8.30/7.50 Hz); 7.42 (2H, 4, J = 8.30 Hz); 7.36 (1H, 1, J = 7.50
Hz); 6.24 (1H, d, 1 =3.96 Hz); 5.36 (1H, t, ] =3.95 Hz); 5.06 (1H, d, T = 4.03 Hz).

15 APCI-MS m/z: 183.1{MH+ - thiazolelidine-2, 4-dicne].

(SR)-5-(Biphenyl-4-yl-hydroxy- (RS)-methyl)—fhiazolelidine-z, 4-dione

1H NMR (400 MHz, DMSO-d6): 12.04 (1H, 5); 7.67 (2H, d, J= 830 Hz); 7.65 (2H, d,J =

e 8.30 Hz); 7.51 (2H, d, J = 8.20 Hz); 7.46 (2H, dd, ] = 8.20/7.40 Hz); 7.36 (1M, t,J=7.40

0 Hz); 6.22 (1H, d, J=5.20 Hz); 5.42 (1H, dd, J = 5.20/2.60 Hz); 5.02 (1H, 4, } = 2.60 Hz).
APCI-MS m/z: 183.1[MH+ - thiazolelidine-2, 4-dione].



solvent mxture (10 m ), and drying by airsuction, afforded

5- (Bi phenyl - 4-yl - hydroxy- nethyl)-im dazoli di ne-2, 4-di one (190 np) “@Sﬁ’lﬁ%%
yield as a diasteroneric mxture of 60/40 accor di ng to HNMR 15 The

isoneric mxture (180 ng) was dissolved in dioxane (8 m) and water (4 m).
Preparative HPLC on a Chromasil C18 250/ 20 mm colum ( KR-100-5-C18), with a
gradi ent of acetonitril/water (0.1 %trifluoroacetic acid), from 20/80 to
40160 during 25 mn, afforded the two is%ated di asteroneres in 43.5 %
total yield. 20 A prelimnary stereostructural determ nation was done for
each isoner by conparing the HNVR with the two di astereoneres of

5-[ (4-chl oro-phenyl ) - hydroxy-nethyl)]- imdazolidine-2,4-dione, of which
bot h di astMﬁ.ﬁﬂructures had been determined earl i er by different NWVR

experi nment n Shlft th t he 25 phenyl
attached tg‘(llﬁﬁ'%g a‘{a%'ol‘%‘f'i"ap’ o‘ﬂ%t QS&}:'] ‘Idgz‘ﬁﬁﬁf‘%‘g é’?en this

di astereoneric assignnment. 1 5 SEP 2005 42 (RR)-5-(Bip h

enyl - 4-yl - hydr oxy- (SS)-net hyl )-5-methyl -im daz olidin e-2,4-dion e I HNWR
(400 MHz, DWVsQ¢6): 10.19 (120, s); 8.11 (1H, s); 7.66 (2H, d, J = 7.61Hz);
7.59(2H, d, J=8. z); 7. 45@Ht J= 7.68Hz);7.37(2H,d,J=8.27Hz); 7. 35(1H, t,.1 =
7.62 Hz); 5.92 oSN 6 (120, .s); 1. 44 (320, s). s 13C NWR (400 MHz,
DMSO-d6): 176.79; 18 ; 39*?@ 1' 9.39; 139.14; 128.91; 128.20; 127.37;
126.51; 125.54; 75.37; .96\\‘ 21.22. APCI-MS mlz: 297.3 [ M) .
(SR) - 5- ( Bi phenyl - 4-yl - hy@r oxy- (RS) - net hyl ) - - 5-met hyl -i mi dazol i di ne 2, 4-di one &i:

5 (RR)-5-(Biphenyl-4-yl-hydroxy- (SS)-methyl)-1-methyl-imidazolidine-2, 4-dione

1H NMR (400 MHz, DMSO-d6): 10.53 (1H, s); 7.67 (2H, d, J =720 Hz); 7.63 (2H, &, J =
8.43 Hz); 7.46 (2H, dd, I =7.71/7.20 Hz); 7.38 (2H, d, ] = 8.63 Hz); 7.35 (1H, t, ] = 7.63
Hz); 6.01(1H, d, J=4.16 Hz); 5.13 (1H, dd, J = 4.18/2.60 Hz); 4.33 (1H, d, J = 2.58 Hz);
2.97 (3H, s). ' |

10 13C NMR (400 MHz, DMS0-d6): 176.63; 156.83; 139.78; 138.97; 138.95; 128.89;
127.35; 127.13; 126.53; 125.91; 71.28; 67.81; 28.63.

APCI-MS m/z: 297.1 [MH+]

(SR)-5-(Biphenyl-4-yl-hydroxy- (RS)-methyl)-1-methyl-imidazolidine-2, 4-dione
15 - IHNMR (400 MKz, DMSO-d6): 10.73 (1H, s); 7.70 (4H, m); 7.54 (2H, d, ) = 8.22 Hz);
7.46 (2H, dd, 1 = 8.20/7.10 Hz); 7.36 (1H,t,J="7.11 Hz); 5.96 (1H, d, J = 6.06 Hz); 5.11
(1H, dd, J =6.06/2.14 Hz); 4.38 (1H, d,J=2.14 Hz); 2.33 (3H, s).
APCI-MS m/z: 297.1 [MH+}

20
EXAMPLE 5 _
5-[Hydrexy- (3-phenoxy-phenyl)-methyl}-imidazolidine-2, 4-dione

@OO\:}:}:O
o)

The compound was prepared according to the method given in Example 1 but instead of

25 preparation by HPLC, flash chromatography (Si0O, dichloromethane/methanol: gradient to



10 1H NMR (400 MHz, DMSO-d6): 10.48 (IH, s); 7.67 (2H, d, J = 7.48 Hz); 7.64
(220, d, J = 8.29 Hz); 7.56 (IH s); 7.48-7.45 (4H, m; 7.36 (120, SEP 5
7.30 Hz); 5.75 (1 H d, J =4.73 Hz); 4.65 (1H, d, J = 3.57 Hz); 1 08( 1,
s). 13CNWR (400 ML1lz, DVSO-d6): 177.89; 157.28; 139.88; 139.44; 139. 27,
128.95; 128.47; 127.38; 126.54; 125.89; 74.68; 66.18; 20.22. is APCI - VB
mz: 297.3 [ MH]. The conpounds described in Exanples 2 to 4 were prepared
using a nmethod anal ogous to that given ipn Exanple 1. 20 EXAVPLE 2,
(RR) - 5- (Bi phenyl - 4-yl - hydroxy- (SS)-neth 5)-i m dazol i di ne-2, 4-dione 25 I H
NNR(4OOM—|z DMSO-d6) : 10.33 (120, s); 8.10 (IH, s); 7.66 (2H, d, J 8. 20
761%2HdJ- 20 Hz); 7.45 (2H, dd, J:820/720Hz)739(211
5. 240014) afforddg 60(mpof fgtilei nsass@(wh&tetsg}xdmﬁﬁ(ll%iywldl 2.5Hz) ;

"4 40 1H, d, APC 28 P 20 3 4

(SR) ( 5- (B i‘ﬂ}éﬁﬁe‘%‘eﬁc %fﬁ@s‘j “ﬁ@ﬁ@%ﬁﬁhﬁf %&8 i‘h& one
APCl - M5 ni LE 3

‘5-(Bi pheny?lag%s%%%%g%e@??%t hi azol el i di ne- 2, 4-di one 10

(RR) - 5- ( Bi pheﬂﬂM{W@DMSG)dﬁ)nﬁlwuﬁ bis); A0 e Fl bs)e D441 Hnd.56H
NNR' (400 1 4 (2H
0V PSS o b B e Pardey SR B L
7 36 (1H Hz),%.ﬁ(zh,ﬁﬁ),5.89(1H,d,1 3.91 Hz); 5.78 (1H,d, T = 5.68Hz), 4.93-4.90 (2H,
G m); 4.34 (1H,dd); 4.25 (1H, dd). -
13C NMR (400 MHz, DMSO-d6): 174.04; 173.05: 158.09; 157.40; 156.89; 156.83;
156.31; 155.63; 144.01; 141.69; 129.96; 129.94; 129.55; 129.15; 123.20; 123.06; 122.26;

Rl

({‘T‘ﬁ 10 121.28; 118.44; 118.06; 118.02; 117.80; 117.46; 116.76; 71.98; 70.28; 64.01.

APCI-MS m/z: 281.1 [MH+ - H20].

EXAMPLE 6
5-[Hydroxy- (4-phenoxy-phenyl)-methyl]-imidazolidine-2, 4-dione

o O N>:_

(i The compound was prepared according to the method given in Example 1 but instead of

1

th

preparation by HPLC, flash chromatography (SiO, dichloromethane/methanol: gradient to
20 100/3) afforded 40 mg of the title compound as a White solidin 13.4 % yield '
(diastereomeric mixture). HNMR confirmed that the ratio of the mixture of the
diastereomeric isomers was 1:1.
1H NMR (400 MHz, DMSO-d6): 10.49 (1H, bs); 10.36 (1H, bs); 8.04 (1H, s); 7.55
(1H, s); 7.41-7.35 (6H, m); 7.31 (2H, d, ] = 8.60 Hz); 7.13 (2H, ddd, ] = 7.44/3.52/1.14
25 Hz); 7.01 —6.92 (8H, m); 5.84 (1H, d, ] = 3.76 Hz); 5.74 (1H, d, J = 5.55 Hz); 4.91 (ZH,
m); 4.34 (1H,dd, J = 3.03/1.05 Hz); 4.22 (1H, DD, 2.68/1.52 Hz).
APCI-MS m/z: 281.1 [MH+ - H20].



Hz); 6.24 (1H, d, J = 3.96 Hz); 5.36 (1H, t,
4.03 Hz). 15 APCI-MS rn/z: 183.1 [N17-1+ - thi
(SR) - 5- (Bi phenyl - 4-yl - hydroxy- (RS)-nethyl)-t

J =395 Hz); 5.06 (1H, d, J =
i azol elidine-2, 4-dioné]k.SEP 2005
)-thiazol elidine-2, 4-dione |IH NWR

(400 MHz, DMSO-d6): 12.04 (1H, s); 7.67 (2H, d, J =8.30 Hz); 7.65 (2H, d, J

= 8.30 Hz); 7.51 (2H, d, J = 8.20 Hz); 7.46 (2H, dd, J = 8.20/7.40 Hz);

7.36 (1 H t, J=7.40 2a Hz); 6.22 (IH, d, J =5.20 Hz); 5.42 (1 H, dd, J

= 5.20/2.60 Hz); 5.02 (1 H d, J =2.60 Hz). APCI-M5 mz: 183.1 [ M+ -

t hi azol el i dine-2, 4-dione]. 1 5 SEP 1005 44 EXAVPLE 4

5- ( Bi phenyl - 4-y1- hydr oxy- net hyl ) - 1- met hyl - i mi dazol i d ne-2, 4--dione 5

(RR) - 5- (Bi phenyl - 4-yl - hydroxy- (SS)-nethyl)-I-nmethyl-imdazolidine-2,
dlonelHE NMRVIPAGDT7 MHz, DI\/BOdG) 10 53 (1H, s); 7.67.(2H, d, J = 7.20

,763( J= 8.43 Hz); 2H, . .dd, /17.20 Hz); 7.38 (2H,

d, J = 8. 63%1%0?10%0%@@“@5 Vit ipde corging t%gf’éi%ﬁﬂlilal‘- %esmabed % 1) 5.13

(1 H, dd Jxaﬁﬁgg@é 0 Hz); 4.33 (1 H d, J =258 Hz); 297(3H s). 10

13C NI\/R(40 O-d6): 176.63; 156.83; 139.78; 138.97; .138.95; 128. 89;

127.35; 127.13; 126.53; 125 91; 71.28; 67.81; 28.63. APCI-Ms nmlz: 297.1

[ MH] (SR)- heny).- 4 hydr oxy- (RS) 1-pethyl-im dazol i di ne-2,

401 one 5 & FHIREGERPRFII-OHBOO ey R mHsza e S diame 1 . 7 54 (21

d, J =8.22 Hz); 746(2H dd, J 8.20/7.10 Hz); 736(1H t,J:7.11

Hz); 5.96 (1 H d, J = 6.06 Hz); 5.11 (I H dd, J =6.06/2.14 Hz); 4.3 8 (1

H d, J = 2F ); 2.3 3 (3H s). APC-M5S mz: 297.1 BJvll1l ~-) 20 S

APCI-MS m/z: 283 [MH+ - H201.

10

5—[(4’-Fluoro-biphenyl-4-y])-hydroxy-methyl]-s-metlfy]-imidazolidine—?.,4—dione

F
(o o,
>=O
N
5
APCI-MS m/z: 314.9 [MH+].

15 [

5-[(4’-Fluoro-biphenyl-4-yl)-hydroxy-methyl]-5-isobutyl-irnidazolidine-2,4-dione

APCI-MS m/z: 357.1 [MH+],



EXAMPLE 5 5-[ Hydroxy- (3-phenoxy-phenyl)--nethyl!-imdazolidine-2,4-dione O
0 The conpound was prepared according to the nethod given in Exanpl esg Fpﬂ]h
i nstead of 23 preparation by HPLC, flash chromatography (Si O 153k 5
di chi oronet hane/ net hanol : gradient to 1 5 SEP 2005 45 100/4) afforded 60 ny
of the title conpound as a white solid in 20.1 %yield (diastereoneric

m xture). HNVR confirnmed that the ratio of the m xture of the

di astereoneric isonmers was 1:1. 1H NWMR (é‘go M—Iz DMSO-d6): 10.51 (1H, bs);
10.37 (1H, bs); 8.04 (1H s); 7.56 s (I 7.40-7.29 (6H, m; 7.16-7.09
(4H, m; 7.05-7.02 (4H, m; 6.96 (2H, d, 8 71 Hz); 6.89 (2H, m; 5.89

(1H, d, J =, 3,91 Hz):. d, J =56 - 4.90 (2H m; 4.34
(1H, dd) ; H@’-@ﬂw%&;ﬁeﬂéwﬁ* %’G‘leﬁlﬁ*hygmda Ahd%&%:"oﬂiﬂﬂfn 05; 158. 09:
157. 40; 156,.89;,.156.83; 156.31; 155.63; 144.01; 141 69; 129.96; 129.94;
129.55; 129. p3.20; 123.06; 122.26; 10 121.28; 118.44; 118.06; 118.02;
.117. 80; 117. 46 . 71098; 70.28; 64.01. APCI-M5 niz: pvaH - H20].
EXAMPLE 6 15 5- ienoxy- phenyl ) - et hyl j -irni dazol i di ne- 2,
4-dione 0 The conp was iprepar@ed according to the nmethod given in
Exanpl e 1 but instead orepar ati on by HPLC, flash chromat ography (Si O

di chl or onet hane/ net hanol : ‘gradi ent to 20 100/ 3) afforded 40 ng of the t|tIe
conpound as a white solidin 13.4 %yield

APCI-MS m/z: 298.9 [MH+ - H201.

5  5-[(4’-Chloro-biphenyl-4-yl)-hydroxy-methyl]-5-methyl-imidazolidine-2,4-dione

=4

o
@

APCI-MS m/z: 331 [MH+].

5—[(4’-Chloro-b'iphenyl—4—yl)-hydroxy—methyl]—s-isobutyl—imidazolidine—2,4-dione

10

APCI-MS m/z: 373.1 [MH+].

5-(Biph enyl—4—y1)—hydr0xy—methyl]—S-hydrdxymethyl-imid azolidine-2 4-dione

oy
N

[l o
N

0 0

15 APCI-MS m/z: 313.0 MH+].”



(diastereoneric mxture). HNIVIR confirnmed that the ratio of the m xture of
the diastereoneric isoners was 1:1. 1H NVWR (400 MHz, DMSO- d6): 10.4%95%
bs); 10.36 (IH, bs); 8.04 (IH s); 7.55 (1H, s); 7.41-7.35 (6H, rn) - P3A05
(2H, d, J = 8.60 Hz); 7.13 (2H, ddd, J = 7.4413.5211. 14 25 Hz); 7.01 - 6.92
(8H, mM; 5.84 (1 H d, J =3.76 Hz); 5.74 (IH d, J 5.55 Hz); 4.91 (2H,
m; 4.34 (IH,dd, J = 3.03/1.05 Hz); 4.22 (1H, DD, 2. 68/1 52 Hz). APCl - M5
mz: 281.1 [NNH+ - H2OQ. 1 5 S E P 2005 42 EXAMPLE 7 The foll owi ng conpounds
were made according to the nethods descri ®d for the Exanpl es above. 5

5-[ (4' - Fl uor o- bi phenyl - 4-yl) - hydroxy-net hyl ]--im dazolidine-2, 4-dione 0

APCl -M5 nmfz: 283 [M+ - H20J. 10 5-[(4'-Flu oro-bip h

enyl - 4-y]) - hydroxy-nethyl]-5-nmethyl-imd azolidin a-2,4--1ion e 0 APCI - M5
mz: 314.9 [MH]. 15 _

5- ((4' - Fl nor o- bi phenyl - 4-yl) - hydroxy-net hyl ] - 5-i sobutyl -i mi dazol i di ne
2,4-dione p@RpipIMe g z: 357.1 [MHJ. 1 5 5EP 2005 47

Compounds were synthesized according to Method C in Scheme 4 (shown in the

s description above).

(a) Preparation of intérmediate hydantoeins ((Method A in Scheme 4) e

According to Scheme 5 below, the hydantoins 5 were prepared in two steps from

general amino acids 3 with isolation of the intermediates 4.

10 .
Scheme 5 (Method A)

OH
0= M KOCN, H20 O*S_ 10% HOl 1 ~0
il\] —— B N '
R 80 C R )0
o
3 .
3 4 5

Table 2 lists the intefmediate hydantoins that were synthesized. The general method

15 of preparation was as folows. A slurry of amino acid 3 (25 mmol) and potassium cyanate

(5.1 g, 63 mmol) in water {75 ml) was heated at 80°C for approximately 1 hour. The clear
solution was cooled to 0°C and acidified to approximately pH 1 with concentrated
hydrochloric acid (aq). The resulting white precipité.te 4 was heated at reflux for 0.5-1 hour Ry
and then cooled on ice. In some instances full conversion was not reached after 1 hour
20 heating. In these cases the crude material was treated under the same protocol again. The

white solid was filtered, washed with water, dried and analysed by HNMR and L.CMS.



5-[(4' - Cnhl or o- bi phenyl -4-y1) - hydroxy-net hyl )-im dazolidine 2,4-dione Cl O
APCI-M5 mlz: 298.9 [MH+ - H2Q . 5 155EP%W5
5-1(4' - Chl or o- bi phenyl - 4-yl)-hydz- oxy-nmet hyl ) - 5-nmet hyl -i m dazol i di ne-2, 4-di o
ne G APCI-Ms zn/z: 331 H+]. 5- [(4'-Chloro-bip

henyl - 4-yl ) - hydroxy-net hyl )-5-iso butyl-im dazolidine-2,4-di on e Cl ao
APCI -M5 nfz: 373.1 [ MH]. 5-(Biph :

enyl - 4-yl) - hydr oxy- net hyl ]-5- hydroxynet byl -i mi d azol i di ne-2, 4-di one 15
APCI-M5 mlz: 313.0 [MH]. 1 5 SEP 2000 EXAMPLE 8 Conpounds were

synt hesi zed according to Method Cin Schene 4 (shown in the 5 description
above). é%é Preparati on of internedi'ate hydantoins (Method A in Schene 4)

‘Accor di ndable Bonésrmalipie| hyidanteigshydant oins 5 were prepared in two steps
from gewmr%ﬂmmmmﬁresw heme
5 (Met hod H a ,
. - Yield | MS
| ' (%) |m/z
[MH']
5-(4-Chlero-benzyl)-imidazolidine-2,4-dione 87  [224.9
[3-(2,5-Dioxo-imidazolidin-4-yl)-propyl]-carbamic acid benzyi ester | 5¢ 292.0
5-Isobutyl-imidazolidine-2,4-dione S 85 157.0
5-Benzylsulfanylmethyl-imidazolidine-2,4-dione | 87 237.0
5-Methylsulfanylmethyl-imidazolidine-2,4-dione 45 |161.0
5-Cyclohexylmethyl-imidazolidine-2 4-dione 63 197.1
5-sec-Butyl-imidazolidine-2,4-dione 52 157.0
5-Phenethyl-imidazolidine-2,4-dione | : 54 205.1
5-Butyl-imidazolidine-2,4-dione 82 | 157.0
5-Isopropyl-imidazolidine-2,4-dione 49
5~(1H5-Indol-3-ylmethyl)-imidazolidine-2,4-dione %4 230.0
s-(z-Hydmxy-ethfl)-inﬁdazolidine;-z,4-dione 36

(b) Preparation of intermédiate aldehvdes (Method B in Scheme 4)
Substituted benzaldehydes where prepared by Suzuki coupling between different

5 commercially available phenyl bromides and 4-formylphenylboronic acid, according to

Scheme 6 below.

Scheme 6 (Method B)
PA(OAC)2
K2C03
B(OH), Dioxane (ag) O
©\ e O ®
] Br '

© | |



OHOY '"i0O H-1 0 3 KOCN, H2O 80 C 4 5 Table 2 lists the internedi ate
hydant oi ns that were synthesized. The general nethod 15 of preparation was
as follows. A slurry of amno acid 3 (25 mml) and potassi um cyanate-l(5%|g; e
63 nrnol) in water (75 M) was heated at 80C for approximately | hour.” "The
clear solution was cooled to OC and acidified to approximately pH 1 wth
concentrated hydrochloric acid (aq)_ The resulting white precipitate 4 was
heated at reflux for 0.5-1 hour and then cooled on ice. In some instances
full conversion was not reached after 1n28ur 20 heating. In these cases the
crude material was treated under the sa protocol again. The white solid
was filtered, washed with water, dried and anal ysed by HNVR and LCV5. 1 5
SEP 2005 Table 2: internediate hydantoins 49 Yield APC - Name: (%9 M5 nl Z:

5- (4-Chl or o- benzyl ) -i m dazol-i di ne- 2, 4-di one87224. 9

| 3- (2, 5-D gxo-j.nnidgzolidi,n-4-yl)-propyll-carbamc acid benzyl ester50292.0
5- 1 sobut yl -‘ipaﬁ"&&}'al'ﬁ‘ eﬁégléf’hy%‘%/one%lw. 0 5-Benzyl sul f anyl net hyl

i m dazol'i di nerjg &b ARB Wl Dfegfhred as follows. A mixture of 4-formylphenylboronic acid

(195 mg,1.3 mmol}, 2-bromopynidine (102.7 mg, 0.65mmol) and powdered X>CO; (1.07g,
5 7.8 mmol) in dioxane (12 ml) and water (2 ml) was deoxygenated (vacuum and argon).

Palladium diacetate (30 mg, 0.2 moi%) was added and the mixture was stirred for 2 hours

at 80°C under argon.
* The slurry was cooled to room temperature. Filtration and evaporation afforded the

crude product. Preparative HPLC (Chromasil C18 colurun, acetonitrile, water and
10 trifluoroacetic acid), afforded the title compound 4-pyridin-2-yl-benzaldehyde (72 mg, in
. 60 % yield. | '

'H NMR(400 MHz, DMSO-d6): & 10.07 (1H, s); 8.73 (1H,d, J = 4.20Hz); 831 (2H,d,J =
8.20); 8.11 (1H,d, J = 8.01); 8.03 (2H, d, 7 = 8.20); 7.97 {1H, m).
15 APCI-MS m/z: 184.2 [MH+]. ' '

Other substituted benzaldehydes (listed in Table 3) were pfoduced acéording to the

same method.
Table 3: Substituted benzaldehydes

‘Name: . - Yield (%) | APCI-MS m/z:

4’-F ormyl-biphenyl-4-carbonitrile 7 65 208.0
4’-Formyl-biphenyl-3-carbonitrile 208.0 {0
4°-Methoxy-biphenyl-4-carbaldehyde . 50 213.1 o
3-Methoxy-biphenyl-4-carbaldehyde 62 213.1
Biphenyl-4,4’-dicarbaldehyde 211.0

Acetic acid 4’-formyl-biphenyl-3-yl ester ' 239.1

Acetic acid 4’-formyl-biphenyl-4yl ester . 239.1
N-(4’-Formyl-biphenyl-3-yi)-acetamide 75 240.1

4’ -Hydroxymethyl-biphenyl-4-carbaldehyde 55 213.1
3’-Fluoro-biphenyl-4-carbaldehyde 70 201.1 |




5- Met hyl sul f anyl net hyl -i ni dazol i di ne-2, 4-di one45161. 0 5- Cycl oh exyl m
ethyl-im d azoli din e-2,4-di one63197.1 1.5 SEP 2008
5-sec-Butyl -i mi dazol i di ne-2, 4-di one521. 57. 0 5-Ph enet hyl -i m dazol i 'é
e-2,4-di one94205.1 5-Butyl-im dazolidine-2, 4-di one82157.0

5- Isopropyl-rnrdazolrdrne 2, 4-di one49

5-(1H5- 1 ndo] - 3- ylnethyl)-rnrdazolrdrne 2, 4-di one94230. 0

5- (2- Hydroxy-et hyl ) -i m dazol i di ne- 2, 4- d|9pe36 (b) Preparation of

i nternmedi ate al dehydes (Method B in Schene 4) Substituted benzal dehydes
wher e prepared by Suzuki coupling bet ween different 5 connercially avai |l abl e

phenyl br ENytboromt—acrd; i rrg—rol——SFI'reme—(

‘bel ow. oA f‘%érﬁeai’ééﬁigﬁﬁ’émz Pd(OAC) 2 k203" Di dxaneSay) 1 51S E P
2005 50 43 py[hﬂhamﬂbgmaﬁ@mgﬁﬁgg@ﬂgﬁgThe conpcuﬁa'm@s prlepargd as folfows. A
m xture f ornyl phenylboronic ac¢id_ (195 ng, 1.3 mol )|, 2-broj mopyr | di ne
(102.7 4 Iﬁrrﬁﬁmmlrﬂl Ianzialqichr}dered K2C1)3 (1.07g, 567.8 rmol)i8#2 di oxahe (12
m) and waterf2-A)—was—deexygenrat-ed— Vet R et ge—Pal-ae-um

di acet at ¢ (%@ﬁ OH%{ZJH%BYBEPYWQ?%HQ&% GEdhe [ xt i e V\érs stfiled. fof 2
hours  al B8, HICST S SIASY-benzal delrvde 20 226.1

(¢) Aldol condensation of intermediate hvdantoins and aldehydes (Method C in

Scheme 4) ,
The general procedure is exemplified by the synthesis of 5-{[4-(4-Fluoro-

oy 5 phenoxy)—phény]]—methyl-methyl}-5—propyl-imidazolidine—?., 4-dione below.

5-{[4-(4-Fluoro-phenoxy)-phenyl}-methyl-m ethyl}—S—propyl—imidaze]idine-z, 4-dione
Cemmercially available 4-(4-fluoro-phenoxy)-benzaldehyde (201.5 mg, 1.0 mmol),
S-propyl-hydantoin (438mg, 3.08 mmol) and 45 % aqueous trimethylamine (0.240 ml, 1.5
10 mmol) was refluxed in ethanol (12 mi} and water (3 ml) for. 20 hours.
Evaporation and preparative HPLC( C18 column, acetontrile, water and trifluoro
acetic acid) afforded the title compound 5-{ [4—(4-Fluoro~phenoxy)-phenyl]—methyf—
methyl}-5-propyl-imidazolidine-2, 4-dione (11 mg, 0.03 mmol) in 3 % yield as white solid

" in form of the pure racemate.

o =0

N
OH

'HNMR (300 MHz, DMSO-de): § 10.71 (15, 5); 7.99 (1H, 5); 7.70 (2H, dd, I = 4.38, 5.37
Hz); 7.75 (2H, d, J = 8.44 Hz); 7.35 (2H, d, J = 8.03 Hz); 7.27 (?H, dd, J = 4.59, §.60 Hz);
5.89 (1H, d, J = 4.42 Hz); 4.66 (1H, d, J = 4.34 Hz); 1.96 (1H, dd, J = 12.89, 4.36 Hz); 1.71
(1H, dd; J = 12.95, 4.77 Hz); 1.32 (1H, m); 1.10 (1H, m); 0.89 (3H, t, J = 7.49 Hz).

20
APCI-MS m/z: 343.1 [MH" - OH].



The slurry was cooled to roomtenperature. Filtration and evaporation
afforded the crude product. Preparative HPLC (Chromasil C 18 COlumTSSEPZMS
acetonitrile, water and 10 trifluoroacetic acid), afforded the title
conmpound 4-pyridin-2-yl-benzal dehyde (72 ng, in 60 %yield. 'H NVR(400 Mz,
DMSO-d6): & 10.07 (IH, s); 8.73 (IH, d, J = 4.20Hz);-8.31 (2H, d, J = 8.20);
8.11 (IH d, J =8.01); 803 (2H, d, J =8.20); 7.97 (IH m. 15 APClI-M5
mz: 184.2 WH]. Ot her substituted benzal dehydes (listed in Table 3) were
produced according to the sane nethod TaBl e 3: Substituted benzal dehydes
Nanme:Yield (% APCl-M5 m z: 4'-Fornyl - bi phenyl -4-carbonitril e65208.0

4' - For nyl - bi phenyl -3-carbonitril e208.0 4
- Met hoxy- bi phenyl - 4- car bal dehyde50213. 1
3- Met hoxy- bi phenyl - 4- car bal dehyde62213. 1 Bi phepyl -4, 4" - di car pba|] dehyde211. 0
Acoti o adi o AL5s BlRPISHr SRRMISIG? PERlsbABO TG Bt e SO dethod

4' -fornyl - bi phenyl -4yl ester239.1 NV

(4' - Forrnyl - bi phenyl -3-yl)-acetam de75.240.1 4' -

- Hy dr oxy me3-fdHphen @dyeplyényd]-bpdimndyemeiidlsS-adethi-imidazolidine-2,4-dione
3'-FIugro-biphenyl-4-carbaldehyde70201.1 1 5 SEP 2005 51 5 15

: ; O N
o >=0
N ' .
OH - _
'"HNMR (400 MHz, DMSO-dg): 8 10.12 (1H, bs); 8.06 (1H, é); 7.38 (2H, dd, ] =3.94, 7.60
Hz); 7.28 (2H, d, 1 = 8.62 Hz); 7.13 (1H, t, ] =7.43 Hz); 6.96 (2H, d, ] = 8.75 Hz), 6.91

(2H, d, 7=8.61 Hz); 5.89 (1H, d, ) = 4.33 Hz); 4.62 (1H, d, J = 4.48 Hz);
10 141 GH,s). | _ ]

@

APCI-MS m/z: 313.0 [MH].

4-[Hydroxy-(4-methyl-2,5-dioxo-imidazolidine -4-y1)-methyl]-piperidine-1-carboxylic

15 acid benzy! ester.

Prepared from commercially available starting materials.

' ‘3\ O N
o NQ?IJ:o

0
APCI-MS m/z: 362.1[MH"].

20



2a 4-Pyridi ne-3-yl -benzal dehyde67184. 2
3',4'-Difluoro-bi phenyl - 4- car bal dehyde72219. 1 15 SEP 2005
4-Pyri di ne-4-yl -benzal dehyde67184. 2
N-[ 4- (4- For znyl - phenyl ) - pyri di ne-2-yl ] -acet am de30241. 0 4- Benzof
|, 31di oxol - 5-vl - benzal dehyde20226.1 (c) Al dol condensation of internedi ate
hydant0|ns and al dehydes (Method Cin Schene 4 The general procedure is
exenplified by the synthesis of 5-{[4- (4‘§4uoro- phenoxy)
phenyl j - met hyl - met hyl ) - 5- propyl -i m dazol i o ne- 2, 4-di one bel ow.
5-{[ 4- (4- Fl uor o- phenoxy) - phenyl ) - et hyl - et hyl } - 5- pr opyl -i m dazol i di ne- 2,
4-dione Commercially availabl e 4-(4-fluoro-phenox benzaldehyde (201.5 ny,
1.0 nmol ), SHErBlvpr O%yﬂ?ﬂw i-h3drexy-metgrlimpisiagobgige-25-dionfueous
‘trimethyla Luxed in ethanol (12 m) and
water (3 n?kﬂgf Q?%ﬁﬁgﬁkgn&ﬁﬁggé%é }%§£%%1 p?%%%?atlve HPLC( C18 col um,
acetonitrile, water and trifluoro acetic acid) afforded the title conpound
"5-{{4- (4-Fl uoro- phenoxy) phenyl j - net hyl - met hyl } - 5-propyl -i m dazol i di ne- 2,

p .03 Mgy

4-di one (1F hn 3 %yield as white solid in formof the pure
racemate. F ' 2 5&%§>d6) 6 10.71 (IH s); 7.99 (1H, s); 7.70
(2H, dd, J = r_*, 75 (2H, d, J 8.44 Hz); 7.35 (2H, d, J =

8.03 Hz); 727(2H ‘ 4. 59, 8.60 Hz): 5.89 (1 H d J =442 H):
466 (IH d, J =434 HzPH 1.96 (1 H, dd, J = 12.89, 4.3 6 Hz); 1.71 (IH,
G 3 = 12.95, 4.77 Hz) 1.32 (1H, m; 1.10 (1H m); 0.89 (3H t, J = 7.49
Hz). APCI-MB mfz: 343.1 [MH+ - OH. 1 5-SEP 2005

THNMR (400 MHz, DMSO-dg): § 10.32 (1H, s); 8.09 (1H, 5); 7.71 (2H, dd, ] = 4.47, 5.60
Hz); 7.60 (2H, d, ] = 8.27 Hz); 7.38 (21, d, J = 8.33 Hz); 7.28 (2H, dd, J = 5.05, 8.68 Hz);
5.88 (1H, d, J=3.90 Hz); 4.97 (1H, t, T = 3.29 Hz); 4.39 (1H, d, ] = 2.64 Hz).

10 APCI-MS m/z: 301.2 [MH'].

5-Ethyl-5-[(4’-fluoro-biphenyl-4-yl)-hydroxy-methyl}-imidazolidine-2,4-dione
Produed by aldol condensation of 4’-ﬂuoro-b1phenyl-4-carbaldehyde and 5- Ethyl—
1midazolide-2,4-dione.

15

1H NMR (400 MHz, DMSO-d6): & 10.18 (1H, 5); 7.96 (1H, s); 7.69 (2H, dd,
J=8.77/5.53Hz), 7.57 (2H, d, J=8.20Hz); 7.35 (2H, d, J=8.20Hz); 7.26 (2H, t, }=8.87Hz),
5.87 (1H, d, J=4.39Hz); 4.66 (1H, d, 4.39Hz); 1.98 (1H, m); 1.75 (1H, m); 0.78 3H, t,

20 J=7.34Hz).

APCI-MS m/z: 329.1 [MH"]



52 The foll owi ng conpounds were. produced according to the sane nethod.
5-[ 4- phenoxy- - phenyl ) - hydr oxy- net hyl ] - 5- net hyl -1 m dazol i di ne- 2, 4-di qn‘lpls_'@p gﬂgﬁ
OH 0 "HNWR (400 MHz, DMSO-d6): 6 10.12 (1H, bs); 8.06 (1H, s); 7.38 (2H, ,
J =3.94, 7.60 Hz); 7.28 (2H, d, J = 8.62 Hz); 7.13 (1H, t, J =7.43 Hz);
6.96 (2H, d, J =8.75 Hz); 6.91 (2H, d, J =8.61 Hz); 5.89 (1H, d, J = 4.33
Hz); 4.62 (1H, d, J = 4.48 Hz); 10 1.41 (3H, s). APCI-M5 mlz: 313.0 [IHL. -
4-[ Hydr oxy- (4- met hyl - 2, 5- - di oxo-i m dazol i di ne
-4-y1)-nethyl]-piperidine-l-carboxylic 3% acid benzyi ester. Prepared from
commercially available starting materials. 0 APCI-M5 in/z: 362.1 [1V.Qice].
101 20 1 5 SEP 2005 53 :
5-[(4'-1 +51{[wﬂﬂ’n614'opbﬁ!h)éhrﬂ4é§'ﬂ))hfdﬁd&?->metﬁﬁl]Wbl‘oﬂ)ﬂﬁﬁ_ﬂiﬁdlﬂﬁﬁ@i@»&ﬁbﬂE on e
Prepared from comer ci al avail able starting materials.. 0 CH

Produced by aldel condensation of 4’-fluoro-biphenyl-4-carbaldehyde and 5-propyl-

- imidazolidine-2,4-dione.

 ITHNMR (400 MHz, DMSO-d6): § 10.16 (1H, s); 7.98 (1H, s); 7.69 (2H, dd,
J=8.68/5.44Hz); 7.56 (2H, d, J=8.20Hz); 7.34 (2H, d, J=8.20Hz); 7.26 (2H, t, J=8.77Hz);
5.87 (1H, d, J=4.39Hz); 4.64 (1H, d, 4.39Hz); 1.94 (1H, m); 1.70 (1H, m); 1.31 (1H, m);
1.10 (1H, m); 0.88 (3H, t, J=7.34Hz).

10

APCI-MS nv/z: 343.1 [MH']

5—[Hydroxy—(4’—methoxy—biphenyl—4-yl)-methyl]-S-methyl;imidazolidine-2,4-dione
Produced by aidol condensation of 4’-Methoxy—bipheny]—4-cérba1dehyde and 5-Methyl-

15 imidazolidine-2,4-dione.

15 NMR (400 MHz, DMSO-d6): 5 10.16 (1H, s); 8.08 (1H, s); 7.59 (2H, d, J=8.77Hz);
7.52 (2H, 4, J=8.20Hz); 7.31 (2H, d, ]=8.20Hz); 6.99 (2H, d, I=8.58Hz); 5.87 (1H, d,
2w J=4.39Hz); 4.63 (1H, d, 4.39Hz); 3.77 (3H, 1); 1.42 (34, s).

APCI-MS mv/z: 327.1 [MH"]



5 IHNWMR (400 MHz, DMSO-d6): 5 10.32 (1H, s); 8.09 (1H, s); 7.71 (2H, dd, J =
4.47, 5.60 Hz); 7.60 (2H, d, J =8.27 Hz); 7.38 (2H, d, J = 8.33 nﬁ)gsgpﬁ%
(2H, dd, J = 5.05, 8,68 Hz); 5.88(1H,d,J=3.90Hz);4.97(1H,t,J=3.29H2)"
4.39(1H,d,J= 2.64 Hz). 10 APCI-M5 mlz: 301.2 [MH]. 5-Ethyl-5-[(4"-fluoro-b
i phenyl - 4-yl ) - hydroxy-net hyl ]-i m dazol i di ne-2, 4-di one Produed by al dol
condensati on of 4'-fluoro-biphenyl-4-carbal dehyde and 5-Et hyl -

i m dazol i de-2,4-dione. 15 tiw IH NVR (400 MHz, DMSO-d6): S 10.18 (1H, s);
7.96 (1H, s); 7.69 (2H dd, J=8.7715.53f%); 7.57 (2H, d, J=8.20Hz); 7.35
(2H, d, J=8.20Hz); 7.26 (2H, t, J=8.87Hz); 5.87 (IH d, J=4.39Hz); 4.66
(IH, d, 4.39Hz); -1.98 (IH, m; 1.75 (1H, nm); 0.78 (3H, t, 20 J=7.34Hz).

APCl - M5 ni%&[H3@8xy-BMbigdthdxp-biHRnYDA5/ 1 bhethfl]-04hethlyl+imidazolidine-2,4-dione

+0- bi phenyl - 4-yl).-hydraoxy-net hyl ]-5-pr opyl-im dazolj din e-2,4-dion_ e

Pr oduced @yoéwf&é|byagﬁf§é:ﬁ§émsaﬁ0%9? Qr&ffthWr}é‘PB}’bﬁ'é‘nWbﬂd‘é%}fdﬁaﬂﬂé Snylgdykmd
5-propyl - ;13 ol L ne: 2 4-dione. 0 5 1H NWR (400 MHz, DVvsO-d6): 3 10.16
“(1H, s); ?‘hjg%&%&k%s’)&%gg (2H, dd, J=8.68/5.44Hz); 7.56 (2H, d.
J=8.20Hz); 7.34 (2H, d, J=8.20Hz); 7.26 (2H, t, J=8.77Hz); 5.87 (IH d,
J=4.39Hz); 4.64 (1H, d, 4.39Hz); 1.94 (IH, m; 1.70 (1H, m; 1.31 (1H m;

o O . ’ :)r:o

@]
5
-3 1H NMR (400 MHz, DMSO-d6): § 10.18 (1H, s); 8.08 (1H, s); 7.59 (2H, d, J=8.01Hz);
& 735 (3H, m); 7.21 (1, 4, I=7.63Hz); 7.17 (1H, s); 6.91 (1H, ad, ]=8.11/2.19); 5.91 (1H,

d, J=4.39Hz); 4.65 (1H, 4, 4.39Hz); 3.81 (3H, 1); 1.43 (3H, s).
10 APCI-MS m/z: 327.1 [MH']

'4’-[Hydroxy—(4-methyl-Z,S—dioxo—imidazolidin—4-yl)—methyl]-biphenyl—4-carbonitrile
Produced by aldol condensation of 4’-Formyl-biphenyl-4-carbonitrile and 5-Methyl-
imidazolidine-2,4-dione. |

15

=2
| (o,
O =0
N
O
1H NMR (400 MHz, DMSO-d6): 3 10.18 (1H, s); 8.11 (1H, s); 7.89 (4H, m); 7.69 (2H, d,
J=8.20); 7.40 (2H, 4, J=8.20Hz2); 5.97 (1H, d, J=4.39Hz); 4.67 (1H, 4, 4.39Hz); 3.81 (3H,
t); 1.43 (3H, s). '

(L
i

20

APCI-MS m/z: 322.1 [MH]



1.10 (1H, m; 0.88 (3H, t, J=7.34Hz). 10 APCI-M5 m z: 343.1 PAIn

5-j Hydr oxy- (4' - net hoxy- bi phenyl -4-yl)-nethyl }-S-net hyl -i m dazol i di n .%ggﬂmﬁ
one Produced by al dol condensation of 4'-Methoxy-bi phenyl-4-carbal dehyde
and 5-Methyl - 15 im dazolidine-2,4-dione. 0 0 1 HNW (400 MHz, DVMSO-d6): 3
10.16 (1 H, s); 808 (1 H s); 7.59 (2H, d, J=8.77Hz); 7.52 (2H, d,
J=8.20Hz); 7.31 (2H, d, J=8.20Hz); 6.99 (2H, d, J=8.58Hz); 5.87 (1H, d, 20
J=4.39Hz); 4.63 (IH d, 4.39Hz); 3.77 (3H, t); 1.42 (3H, s). APCI-M5 nl z:
327.1 [M#] 1 5 SEP 2005 55 56

5- [ Hydr oxy- (3' - net hoxy- bi phenyl - 4-y1) - et hyl ] - 5- net hyl -i m dazol i di ne-2, 4-di o
ne Produced by al dol condensation of 3-Methoxy-bi phenyl-4-carbal dehyde and

(it o): e oRHipOalnaeinhnt ARy Myl S R G ity
J=7. 63Hz) ; Pibodlided Birlalds) corfileRatiohdf 41cFordssBbiphkaylB)arbbuidile Ghitls-Mathyl-

J=4.39Hz); 4.65 (IH d, 4.39Hz); 3.81 (3H, t); 1.43 (3H s). :o APCI-MB niz:
327. 1 { Muimidazolidine-2,4-dione.

4' - [ Hydr oxy- (4- net hyl - 2, 5- di oxo-i m dazol i di n-4-yl)-met hyl ]-bi phenyl - 4-car bon
itrile Produced by al dol condensation of 4'-Formyl-biphenyl-4-carbonitrile

and 5- Met hyl - O
0]
N
T Lo
N

o
1H NMR (400 MHz, DMSO-d6): & 10.18 (1H, s); 8.14 (1H, s); 8.11 (1H,s); 8.02 (1H, 4,
J=8.01Hz); 7.80 (1H, d, J=7.63Hz); 7.69 (2H, d, J=8.20Hz); 7.64 (1H, t, }=7.82Hz); 7.38
(2H, d, ]=8.20Hz); 5.96 (1H, d, J=4.20Hz); 4.67 (1H, d, 3.81Hz); 1.42 3K, s).

10 APCI-MS m/z: 322.1 [MH"]

4’—[Hydroxy—(4-—methyl—2,S-dioxb-imidazolidin-4—yl)—methyl]-biphenyl-4-carbaldehyde
Produced by aldol condensation of biphenyl-4-4’-dicarbaldehyde and 5-Methyl-
imidazolidine-2,4-dione.

15

1H NMR (400 MHz, DMSO-d6): § 10.19 (1H, s); 10.03 (1H, 5); 8.12 (1H, s); 7.97 (2H, d,
J=8.40Hz); 7.91 (2H, d, }=8.40); 7.71 (2H, d, J=8.20Hz); 7.40 (2H, d, J=8.40Hz); 5.97
(1H, d, J=4.39Hz); 4.67 (1H, d, 4.39Hz): 3.81 (3H, t); 1.43 (3H, s).

20

APCI-MS m/z: 325.1 [MH"]



i mdazolidine-2,4-dione. iSO IH NW (400 MHz, DVMSO-d6): S 10.18 (I H s);
.8-11 (IH, s); 7.89 (4H, m,; 7.69 (2H, d, J=8.20); 7.40 (2H, d, J=8.20HZ)05
5.97 (IH d, J=4.39Hz); 4.67 (IH, d, 4.39Hz); 3.81 (3H, t); 1.43 (3H 5s).
20 APCI-M5s mz: 322.1 [MH] 1 5 SEP 2005 56
- [ Hydr oxy- (4- net hyl - 2, 5-di oao-i ni i dazol i di n-4-y1)-nmethyl]_biph

enyl -3-carbonitriie Produced by al dol condensation of
4' - For nyl - bi phenyl - 3-carbonitrile and 5-Methyl - im dazolidine-2,4-dione. 0 5
O IHNW (400 MHz, DVsO-d6): 8 10.18 (I1H7 s); 8.14 (1H, s); 8.11 (1H,s);
8.02 (IH d, J=8.0)Hz); 7.80 (1H, d, J=7.63Hz); 7.69 (2H, d, J=8.20Hz);
7.64 (IH t, J=7.82Hz); 7.38 (2H, d, J=8.20Hz); 5.96 (1H, d, J=4.20Hz);
4 67 (1H, . ¢ - ndYa -

- [ Hydr oxece('tgc %M [h%drgo_%_y dcﬁgggﬁ%’ﬁnzcﬁg?%&gl n- ﬁm’ﬁi“‘aﬁﬁ& %i/efh]}ﬁgbpﬂh%ﬁyilhl Icar b
aldehyde dtoduced by al dol condensati on of bi phenyl -4-4'-dicarbal dehyde and

) S-Methyl - r%)ldllnlze ZO' Ildgf c%%dgns%ugﬁ of fetic acid 4’-formyl-biphenyl-3-yl ester and 5-Methyl-

nrndazohdme-Z,é&—dlone.

_ |
KA o
| O N>=o

, 0
@ 1H NMR (400 MHz, DMS0-d6): 5 10.18 (1H, s); 8.16 (1H, s); 8.11 (1H, s); 7.2 (1H, dd,
J=7.72/1.24Hz); 7.66 (2H, 4, J=8.40); 7.60 (1H, t, J=7.73Hz); 7.38 (2H, d, J=8.40Hz); 5.94
(1H, d, J=4.39Hz): 4.67 (14, d, 4.39Hz); 2.63 (3H, 5); 1.42 (3H, 5).

i0
APCI-MS m/z: 321.1 [MH"-H,0]

Acetic acid 4’-[hydroxy-(4-methyl-2,5-dioxo-imidazolidin-4-yl)-methyl}-biphenyl-4-yl-
ester

15 Produced by aldol condensation of acetic acid 4’-formyl-biphenyl-4yi ester and 5-Methyl-
imidazolidine-2,4-dione.

O

—

(3 o
B O SR U
O >=0
N
O -
1H NMR (400 MHz, DMS0-d6): 8 10.19 (1H, s); 8.11 (1H, s); 8.01 (2H, 4, =8.39Hz);
20 7.82 (2H, 4, 1=8.20); 7.68 (2H, d, J=8.20Hz); 7.39 (2H, d, J=8.20Hz); 5.96 (1H, d,
J=4.39Hz); 4.67 (1H, 4, 4.39Hz); 2.59 (3H, t); 1.43 (3H, s).

APCI-MS m/z: 321.1 [MH"-H,0]



|H NVR (400 MHz, DMBO-d6): S 10.19 (1H, s); 10.03 (IH, s); 8.12 (IH, s);
7.97 (2H, d, J=8.40Hz); 7.91 (2H, d, J=8.40); 7.71 (2H, d, J=8. ZOHZI)-SI‘(YP ihﬁ
(2H, d, J=8.40Hz); 5.97 (IH, d, J=4.39Hz); 4.67 (1H, d, 4.39Hz); 3.8EEL 3 ,5
t); 1.43 (3H s). APC-MS mz: 325. | {MHQ 1 5 SEP 2005 57 Acetic acid

4' - [ hydr oxy- (4- net hyl - 2, 5- di oxo-i m dazol i di n-4-yl)-net hyl]-bi phenyl - 3-yl -
ester Produced by al dol condensation of acetic acid 4'-fornyl-biphenyl-3-yl-
ester and 5- Met hyl - irnidazolidine-2,4-dione. 5 0 0 1H NWR (400

MHz,' DMSO-d6): S 10.18 (1H, s); 8.16 (1H58s); 8.11 (1H, s); 7.92 (1H, dd,
J=7.72/1.24Hz); 7.66 (2H, d, J=8.40); 7.60 (1H, t, J=7.73Hz); 7.38 (2H, d,
J=8.40Hz); 5.94 (1H, d, J=4.-39Hz); 4.67 (1H d, 4.39Hz); 2.63 (3H, s);
1.42 (3H, s). la APCI-M5 rnlz: 321.1 [Ma} -H2Q Acetic acid

4' - [ hydr oxy- (4- net hyl - 2, 5- di oxo-i m dazol i di n-4-yl)-net hyl]-bi phenyl - 4-vyi -
est er 1s I?V‘-Qél’utﬁyﬂﬂmy&(ﬂeﬁnh@%ﬂkﬁoﬁnﬁdmiolialimﬂi—ﬁ)métﬂyl]-biphenyl-3-y]}-

4' -fornyl - bi é -4yl ester and 5-Methyl - imdazolidine-2,4-dione. 0 IH NWR
(400 MHz, @Fﬁ@‘a) S 10.19 (1H, s); 8.11 (1H, s); 8.01 (2H, d, J=8.39Hz);
2092 ?iH( %*god&ed%y%id’&)conier@%éﬁbfmf $ 58yt YiBhenyl 337)-6etambhe 20T %- 0O

5 imidazolidine-2,4-dione.

e
o
\ N
O =0
N
o .

1H NMR (400 MHz, DMSO-d6): § 10.17 (1H, 5); 9.98 (1H, s); 8.08 (1H, s); 7.87 (1H, 5):;

7.50 (3H, m); 7.32 (4H, m); 5.91 (1H, d, J=4.56Hz); 4.64 (1H, d, 4 28Hz): 2.05 (3H, 5);
o 1.42 (3H, 5). o \

APCI-MS m/z: 354:1 [MH"]

5—[Hydroxy-(4—hydroxymethyl—b1phenyl-4—yl)-methyl]-S-methyl-lmldazohdme-z 4-
i5  dione

Produced by aldo] condensation of 4’-Hydroxymethyl-bipheny!-4- carbaldehyde and 5-

R
Ee

Methyi-mndazohdmc-2 4-dione.

1H NMR (400 MHz, DMSO-d6): § 10.17 (14, s): 8.09 (1H, s); 7.61 (2H, d, J=8.20Hz);
0 7.57 (2H, d, 1=8.20); 7.38 (2H, d, J=8.20Hz); 7.34 (2H, d, I=8.20Hz); 5.90 (1H, d,
J=4.39Hz); 5.19 (1H, T, I=5.72Hz); 4.65 (1H, d, 4.39Hz); 4.52 (2H, d, J=5.72Hz); 1.43

(3H, 5).

APCI-MS m/z: 327.1 [MH"]



J=4. 39Hz) ;
321.1 [ M# -H2Q 15SEP2005 58 N-{4'
i m dazol i din-4-yl)-nethyl]-bi phenyl
condensati on of N-(4'-Fornyl-biphenyl
i m dazol i di ne- 2, 4-di one.
9.98 (1H,
(1H, d, J=4.56Hz);
APCl - M5 ni z:
-4-yl)-methyl]-5-nmethyl-imdazolidine-2, 4-

enyl

condensati on of 4'-Hydroxynethyl -
Met hyl -i m dazol i di ne- 2, 4-di on. e.

?)ZH 8d J (Sé@ 33-?)%523’ 1“3‘%&'%9117 hq’é'r g’ft‘gé‘g‘%m%'“éﬂﬁé"'?‘?#’“%gm‘be %’Q‘s‘g 20) 5.7138( 1H,
T, J=5. 72|H:dducéd@§ aldocotlendatB)4- bdnZyPoxy Bednzdl dekdal and HZMetHB/IA?’ ( 3H, s).

-APCl - M5 m z;

10

15

2.59 (3H, t); 1.43 (3H, s).
- [ Hydr oxy- (4- met hyl - 2, 5- di oxo-

3-yl}- acetam de Pr oduced by al do
-3-yl)-acetam de and 5- Methyl - s

4.67 (1H, d, 4.39Hz);

00 1H NVR (400 Mz, DMBO- d6):
s); 8.08 (1H, s); 7.87 (IH, s); 7.50 (3H m;

4.64 (1H d, 4.28Hz);.2.05 (3H, s):
3541 [M T'] 5-[ Hydr oxy- ( 4- hgdr oxynet hyl - bi ph
i 5 dione

bi phenyl - 4- car bal dehyde and 5-
0 0 1H NWR (400 MHz, DWMSO- d6):

327. VH+]
umdazohdme- 4—d1one

©\,o 0L N
>=0
N
o |
1H NMR (400 MHz, DMSO-d6): & 10.10 (1H, 5); 8.01 (1H, 5); 7.46-7.27 (SH, m); 7.18

(2H, d, J=8.58Hz); 6.89 (2H, d, I=8.58Hz); 5.75 (1H, d, J=4.39Hz); 5.04 (2H, s);
4.55 (1H, d, J=4.39Hz); 1.43 (3H, s).

APCI-MS m/z: 309.1 [MH" -H,0]

5-[Hydroxy-(4pyridine-3-yl-phenyl)-methyl]-5-methyl-imidazolidine-2,4-dione
Produced by aldol condensation of 4-Pyridine-3-yl-benzaldehyde and S-Methyl—
imidazolidine-2,4- dlone '

=

N\I 0

N
>=0
N.
0

APCI-MS nv/z: 298.1 [MH']

APCI - |v5 m z:
ISEP 1005

b 10.17 (I1H, s);
7.32 (4H, m;
10 1.42 (3H, s)_

5.

Produced by al dol
8 10.17 (1H,



1 5 SEP 2005 59
5-1(4-)Benzyl oxy- phenyl ) - hydr oxy- net hyl ) - 5- met hyl -i ni i dazol i di ne- 2, 4-5ds|:_(pnms
Produced by al dol condensation of 4-benzyl oxy-benzai dehyde and 5- Meth

m dazolidine-2,4-dione. 50 0 IHNW (400 MHz, DVM5O-d6): 8 10. 10 (IH S);
01 (1H, s); 7.46-7.27 (5H, m; 7.18 (2H, d, J:8.58Hz); 6.89 (2H, d,
=8.58Hz); 5.75 (1H, d, J=4.39Hz); 5.04 (2H, s); 4.55 (1H, d, J=4.39Hz);
43 (3H, s). 10 APCI-M5 mz: 309.1 [M-H H2Q
[
o]

Hydr oxy- (4pyri di ne- 3-yl phenyl ) - net hylgp- 5- met hyl -i m dazol i di ne- 2, 4-di one
roduced by al dol condensati on of 4-Pyridine-3-yl-benzai dehyde and 5- Met hyl
is imdazolidine-2,4-dione. 0 O APCI-M5 nfz: 298.1 [NM 1 5 SEP 2005 60

S5-[(3" - Fﬁ{@’—l@ubf&bﬂﬂ%ﬂaﬂ = -ﬂymg—methyl] -5-methyl-imidazolidine-2,4-dione
oay- et hyl I'- 5- net hyl -i m dazol'1 di ne- dione Produced by al dol condensation
of 3'-Fl uBlrodumqohjaa},dlol aemhmtaabd@lﬁ;’lﬂﬁlmb@h\?bylh%ﬁbarbaldnhyjhmdl5 -Mertlepl?,
4-di one. im1dazohdme—2,4-d10ne. _ )
s o
P
N

O
s 1HNMR (400 MHz, DMSO-d6): § 10.17 (1H, 5); 8.10 (1H, s); 7.63 (1H, d, J=8.20Hz);
7.49 (3H, m); 7.36 (2H, d, J=8.20Hz); 7.17 (1, )i 593 (1H, d, J=4.20Hz); 4.66 (1H, d,
3.81Hz); 1.42 3H, s). &

8.
J
1.
5-
P

"APCI-MS m/z: 315 [MH']

10 '
S—[Hydroxy—(4—phénylethenyl-phenyl)—methyl]-S-methjiifinxidazolidine-2,4—dione
The starting aldehyde was synthesized according; Thorand S. et.a/ ( ] Org Chem 1998,
63(23), 8551-8553).

15 - THNMR (400 MHz, DMS0:d6): & 10.18 (1H, s); 8.08 (1K, s); 7.53 (2H, m); 7.45 (24, d, - (.:-;;‘_;;__:
J=8.40Hz); 7.41 (3H, m); 7.30 (2H, d, J=8.20Hz); 5.99 (1H, d, ]=4.58Hz); 4.64 (1H, d,
4.39Hz); 1.41 3H,s). | |
APCI-MS m/z: 321.1 [MH"]



5 1HNMR (400 MHz, DVMBO-d6): 6 10.17 (1H, s); 8.10 (1H, s); 7.63 (1H, d,
J=8.20Hz): 7.49 (3H, m: 7.36 (2H d, J=8.20Hz):; 7.17 (IH rn); 5.9B5CEM008,
J=4.20Hz); 4.66 (1H, d, 3.81Hz); 1.42 (3H, s). APCI-M5 nfz: 315 [MHJ 10

5- [ Hydr oxy- (4- phenyl et henyl - phenyl ) - met hyl ] - 5- net hyl -i m dazol i di n
a-2,4-dione The starting al dehyde was synthesi zed according; Thorand S.
et.al ( J Og Chem 1998, 63(23), 8551-8553). :5 | H NWR (400 M-1z,
DMBO-d6): 5 10.18 (IH, s);, 8.08 (1H s); ¢{.53 (2H, m; 7.45 (2H, d,
J=8.40Hz); 7.41 (3H, nm); 7.30 (2H, d, J=8 20Hz); 5.99 (1H, d, J=4.58Hz);
4.64 (1H, d, 4.39Hz); 1.41 (3H, s). APCI-M5s miz: 321.1 [MH 20 1 5 SEP 2005

61 5 5- oxV-(4pyridi-n e-4-yl - . - :
henyl ) - e p Ao e S e ety - methyldmidazoliding 2 drdtigne
condensat i Bad8éedoyPMabldiohgedsaibn BE ﬁi&ydm-aé&aﬁe&{ga@m 5-Methyl-
i m dazolidine-2,4-dione. 0 | H NWR (400 MHz, DVMSO-d6): 5 10. 19}’(IH, S);
.8.61 (2H, imijamhdnecd.Mdiege. 7.74 (2H, d, J=8.39); 7.70 (2H, m); 7.41 (2H,
d, J=8.20Hz); 5.99 (1H, s,); 4.67 (IH, s); 1.42 (3H, s). APCI-M5s mlz: 298.1
wl 10 N-{4'-[Hydroxy-(4-nethyl-2,5-di oxo-im dazolidin-4
yi)-rrethyIAl/ipheny]-4-y|}- :

1H NMR (400 MHz, DMSO-d6): 6 10.19 (1H, s); 8.61 (2H, m); 8.12 (1H, s); 7.74 (2H, 4,
J=8.39); 7.70 (2H, m); 7.41 (2H, d, J=8.20Hz); 5.99 (1H, s,); 4.67 (1H, s); 1.42 (3H, s).

.|-'q'r-
R

APCI-MS m/z: 298.1 [MH]

10
N—{4’-[Hydroxy-(4-methyl—z,S—dioxo—imida_zo]‘idin-4-yi)—methyl]-biphenyl—4—yl}—
acetamide :
Produced by aldol condensation of N-(4’-formyl-biphenyl-4-yl}-acetamide and 5-Methyl- '
imidazolidine-2,4-dione. '

15

APCL-MS m/z: 354.1 [MH"]



acet am de Produced by al dol condensation

of N-(4' -fornyl -bi phenyl -4-yl)-acetam de and 5- Met hyl -

i mi dazol i di ne-2, 4-dione. 15 0 APCJ-MB mz: 354.1 [M1-t1 1 5 SEP 200b5362PR005

(5-{4-[ Hydroxy-(4-nethyl -2, 5-di oxo-i m dazolidin-4 yl)-nethyl]-phenyl}-pyrid

n-2- yl)-acetam de Produced by al dol condensation of

N-[ 4- (4- Fornyl - phenyl ) - pyri di ne-2-yl | -acet am de and

5-Met hyl -i m dazolidine-2,4-tlione. 5 APCl j\/s mz: 355.1 [M#4] O

55-[(3',4'-Ditluoro-biph

enyl - 4- y|) hydr oxy- net hyl ] - 5- net hyl - i mi dazol i di ne- 2, 4-di one 10 Produced by

al dol condensation of 3',4" -Difluqro-biphenyl-4-carbal dehyde and 5- Met hy

i m dazol i df¥E %—Hiuilw-@rmeﬂwl-zﬁqdwwéez -4y etbyll-phenyl }ﬂw@m-s)

810(1H §,) cé?f?i 1H, nm); 7.61 (2H, d, 3827Hz) 7.50 (2H, nm); 7.35 (2H,
8. 27) YURACGHIBER " 3% 3 99Hz); 4.66 (IH, d, is 3.98Hz); 1.41 (3H, s).

Produced by aldol condensation of N-[4-(4-Formyl-phenyl}-pyridine-2-yl}-acetamide and

5-Methyl-imidazolidine-2,4-dione.

N
=0

APCI-MS m/z: 355.1 [MH']

5-[(37, 4’-Diﬂuoro—biphenyl—4-yi)—hydroxy—methyl]—S—methjzl—imidazolidine-z 4-dione
10 Produced by aldol condensation of 3°,4’-Difluoro- blphcnyl—4—carbaldehyde and 5-Methyl-

1midazolidine-2,4-dione.

F’ ]
. O O N
TI >0
N
O : .
1H NMR (400 MHz, DMSO-d6): § 10.16 (1H, s); 8.10 (1H, s); 7.75 (1H, m); 7.61 (2H, d,

J=8.27Hz); 7.50 (2H, m); 7.35 (2H, d, J=8.27); 5.93 (1H, 4, J=3.99Hz); 4.66 (14, d,
15 3.98Hz);, 1.41 (3H, s).

APCI-MS m/z: 333 [MH']



APClI -M5 rn/z: 333 [MH1] 1 5 SEP 2005 63 5-[Hy der oxy-(4-[1,2,3 ]Jthiadi

azol -5-yi -ph enyl)-nethyl]-5-nethyl-imi.dazoli dine-2,4- dione Produ&&dPBHs
al dol condensation of 4-[1, 2, 3] Thi adi azol -5-yl - benzal dehyde and 5- Met hyl -

i mdazolidine-2,4-dione. 50 . APCI-M5S mz_ 305 [MI]I

5-1[ 5-(2-Chl oro-4-trifluoronnethyl - phenyl ) - -furan-2-yl]-hydroxy-met hyl }-5- net
hyl - 10 i m dazol i di ne-2, 4-di one Produced by al dol condensati on of
5-(3-chloro-4-trifluoronethyl-phenyl)-fugan-2- carbal dehyde and

5- Met hyl -i m dazol i di ne-2, 4-dione. F 15 APCI-M5 nmlz: 389 5-{ 15-(4-Chloro-p h
enyl sul ; fanyl) -t hi ophen-2-yl ] - hydroxy- net hyl } - 5- nethyl

bt 1)?%E}Sn&wd@?@mts?‘%ﬁ%‘%ﬁbﬁﬁai'hgﬁmmqﬂaﬁﬁ thygmjigeolicine 2,4-
5- Met hyl -i g, dazol i dine-2,4-dione. d 0 AP CI-M5 mlz: 350.9 [MHO -H? 0] 1 5

SEP 2005 64
Produced by aldol condensation of 4-[1,2 3]Th1adlazol- -yl-benzaldehyde and 5-Methyl-

mdazohdme—?. 4-dione.

N \
Eaha N.
ué S RN
=0
N
O
@ " APCI-MS m/z: 305 [ME]

5-{]5-(2-Chloro-4-trifluoromethyl-phenyl)-furan-2-ylJ-hydroxy-methyl}-S-methyl-
10 imidazolidine-2,4-dione
Produced by aldol condensation of 5-(3-chloro-4-trifluoromethyl-phenyl)-furan-2-
' carbaldehyde and 5-Methyl-imidazolidine-2,4-dione.

cl o

15 APCI:MS m/z: 389 [MH"]

(\'}f'i;f.-‘ 5-{ [5-(4_—Chloro-phenylsulfany])-thiophen-z-yl}-hydroxy—methyl}-S—methyl;
imidazclidine-z,4—dione
Produced by aldo] condensation of 5-(4-chloro-phenylsulfanyl)-thiophene-2-carbaldehyde
2 and 5-Methyl-imidazolidine-2,4-dione. '

ROWAN
N
sw =0
s N
0

APCI-MS m/z: 350.9 [MH"-H,0]



5-{ [4-(4-tent-Butyl-thiazol-2-yl)-phenyl)-hydroxy-nmethyl}-5-nmethyl-im d
azol xcline_2,4- dione Produced by al dol condensation of 15 SEP 2005
4-(4-tert-butyl-thiazol-2-yi)-benzal dehyde and 5- 5

Met hyl -i m dazol i di ne-2,4-dione. O APCI-M5 mlz: 360 i ] 5-{

[ 4- (2- Chl oro-6-fl uoro-benzyl oxy) - 3- net hoxy- phenyl ] - hydr oxy- met hyi . } - 5- met hyl
to i mdazolidine-2,4-dione Produced by al dol condensation of '
4( 2- chl or o- 6-fl uor o- benzyl oxy) - 3- met hoxy- ?ennzaldehyde and

5- Met hyl -i nni dazol i di ne-2,4-dione. F O AP& -Msmz: 391 [M I+ -H2Q 15
15SEP2005 65 5-{

[ 2- (4- Chl or o- phenyl sul fanyi ) - phenyl ] - hydr oxy- net hyl } - 5- net hyl -i m dazol i di ne-
2, 4-di one Produced by al dol condensati on of

1 AR HES S GEATD peipiasane

pyrrol - 2- yldiedw dr oxy- met hyl } - 5- net hyl - i mi dazol i di ne- 2, 4- di one 10 Produced
by al dol condensation_of 1-(4-Chloro- .hengll -1 K pyrrol -2-carbal dehyde and 5-
Produced by aldel condensation of 4-(4-tert-butyl-thiazol-2-yl)-benzaldehyde and 5-

5 Methyl-imidazohdine-2,4-dione.

/0
S N
‘=0

N

Q
APCI-MS m/z: 360 IMH'] -

5-{[4—(2-Chloro-6—ﬂuoro-benzyloxy)-S-methoxy-fhenyl}-hydroxy—methyl}-S-methyl—
"10  imidazolidine-2,4-dione _ - ]
Produced by aldol condensation of 4-(2-chloro-6-fluoro-benzyloxy)-3-methoxy-

bemnzaldehyde and 5-Methyl-imidazolidine-2,4-dione.
F

" T e
@] N :
l o -

APCI-MS m/z: 391 [MH"-H,0]

15



Met hyl -i m dazol i di ne-2,4-dione. 0 A APCI-M5 m z: 302.1 [ M -H20] 15

5-[ Hydr oxy- (2- pyri di n-2-yl -t hi ophen-2-yl)-nethyl]-5-nethyl-imdazoli (;fi ne- 2
-di one Produced by al dol condensation of 3 SEP
5- pyridi n-2-yl -t hi ophen- 2-car bal dehyde and 5- Met hyl - i m dazo
l'idine-2,4-dione. 0 0 APCI-M5 m z: 304 [MWI 20 1 5 SEP 2005 66

5-[ Hydr oxy- ( 5-t hi ophen-2-H

pyrazol -3--yl1)--net hyl | -5-nmet hyl -i m dazl%' di ne-2, 4-dione . Produced by

al dol condensation of 5-thiophen-2-yl-2 %yr azol - 3- car bal dehyde and 5-

Met hyl -i m dazolidine-2,4-dione. 0 5 APCI-M5 nfz: 293.1 wl 5-
{Hydroxy-[5-(4-trifluoronethyl-phenyl . X

H pyr azol -58{[%1(1"—@119@2'@“3”}'1%&3215‘91%9HEH“E’ﬂr ox)-BisehH}-Samethylimpidazghdine-
“condensat izocfldPJneS'(A"”i f I uor onet hyl - phenyl - 2H pyrazol - 3- 10 car bal dehyde
and 5- Met hyl -1'nai dazol i di ne- 2, 4-di one. APCI-MS nfz: 355 [ ME ]
. 5- ( Bi phenyHrodircyd bipyiliod xyndetishydn o 52 4cElbtopbeny] ®ilfu ) -Hef bé ghde- 2, 4- di
one 15 Produced by al dol condensati on of bi phenyl -4-carbal dehyde and

5- (4- chl oMdetbEnzyfgzolidine-2,4-dione. .
O8N
' =0
N
e S O
c :

544 [1-(4~Chloio——phenylH—pyrrol-Z-yl]-hydroxy—methyl}-S—methyl-»imjdazoﬁdine—2,4—
dione

10 Produced by aldol condensation ¢f 1-(4-Chloro-phenyl-1/-pyrrol-2-carbaldehyde and 5-
Methyl-imidazolidine-2,4-dione.

O
N
M#o
N N
O .

Cl
APCI-MS m/z: 302.1 [MH -H0]

15 5-[Hydroxy-(2-pyridin-2-yl-thicphen-2-yl}-methyl]-5-methyl-imidazolidine-2,4-dione
Produced by aldol condensation of 5-pyridin-2-yl-thiophen-2-carbaldehyde and 5-Methyl-
imidazolidine-2,4-dione. '

N =0
=N S N
O
APCI-MS m/z: 304 [MH"]

20



i mdazolidine-2,4-dione. 0 d IHNW (400 Mz, DVsO-d6): 8 9.89 (1H, s);

8.29 (1H, s); 7.65 (2H, d, J=7.73 Hz); 7.59 (2H, d, J=8.20Hz), 7.43 (2H,

m; 7.39 (2H, d, J=8.20Hz); 7.32 (3H, m; 7.20 (2H, d) 1 5 SEP 2005 165 SEP 1005

J=8.39Hz); 6.13 (IH d, J=4.0Hz); 4.85 (1H, d, 4.0lHz); 3.28 (IH, d,

J=13.35Hz); 3.04 (IH d, J=13.35). APCI-M5 mlz: 407.2 wl ID5

5- Benzyl sul f anyl net hyl - 5- - ( bi phenyl - 4-yl - hydr oxy- net hyl )

4m dazol i di ne- 2, 4-di one Produced by al dol condensati on of 3

bi phenyl - 4- car bal dehyde and 5-Benzyl sul fanyl met hyl - i m dazol i di ne- 2, 4-di one.

10 APCI -MS m z: 419.2 [ MH] 5-(Biph 66

enyl - 4-yl - hydr oxy- net hyl ) - 5- net hyl sul f anyl net hyl -i m dazol i di ne- 2, 4-di i one

Produced by al dol condensati on of bi phenyl - 4- car bal dehyde and

g;lgea h3[/ :\/'S_;Ff i SJr@P-QE’JthmBﬁeh@ LEop AL 515 dm At etk y Rimitiaz 6idthe Y- Bldné
Produced by aldol condensation of 5-th10phen—2-yl-2H—pyrazol -3-carbaldehyde and 5-

Methyl-imidazolidine-2,4-dione.

s APCI-MS m/z: 293.1 [MH']

| 5-{Hydroxy-[5-(4-trifluoromethyl-phenyl H-pyrazol-3-yl]-5-methyl-imidazolidine-2,4-
dione ; _
Produced By aldol condensation of 5 -(4—triﬂuoromethyl—phenyl-2H—‘pyrazo1—3-
10 carbaldehyde and 5-Methyl-imidazolidine-2,4-dione. ' '

APCI-MS m/z: 355 [MH'] ' £

5-(Biphenyl-4-yl-hydroxy-methyl)-5-(4-chloro-benzyl)-imidazolidine-2,4-dione
15 Produced by aldol condensatien of biphenyl-4-carbaldehyde and 5-(4-chloro-benzyl)- (35

imidazolidine-2,4-dione.

1H NMR (400 MHz, DMSO-d6): 5 9.89 (1H, s); 8.29 (1H, s); 7.65 (2H, d, J=7.73Hz);
7.59 (2H, d, J=8.20Hz); 7.43 (2H, m); 7.39 (2H, d, }=8.20Hz); 7.32 (3K, m); 7.20 (2H, d;



5-(Bi p henyl - 4-yl - hydr oxy-nmet hyl )-5-cyclo h exyl methyl-imdazoli din
a-2,4-dione Produced by al dol condensati on of biphenyl-4-carbaldeh%%e and
5-cycl ohexyl net hyl - i m dazolidine-2,4-dione. s APCI-M5 mz: 379.3 | IﬁEﬁim5
5-(Bip h enyl-4-yl-hydroxy-nethyl)-5-ph enylethyl-imd azolidine-2, 4-drone
Produced by al dol condensati on of biphenyl-4-carbal dehyde and 5-phenyl et hyl -
i m dazol i di ne-2,4-dione. 10 APCI-M5 nfz: 387.3 [ ME[J '
S- (Bi phenyl - 4-yl - hydr oxy- net hyl ) - 5- (2- hygoxy-ethyl ) -im d

azol i dine--2,4-dione Produced by al dol condensation of

bi phenyl - 4- car bal dehyde and 5-(2-hydroxy-ethyl)- 15 i m dazolidi ne-2, 4-di one.

5[ ryar oxy 0 HEbRol, OBk PL; &y IR T OTRea 88 (B J513 3ha 04

Produced byj1al @g=18gnslensati on of 4'-nethoxy-bi phenyl - 4-car bal dehyde and
i mdazolidine-2,4-dione. 0 0 1H NWVR (400 MHz, DVMBO-d6): S 10.30 (IH, s);
.8.06 (IH, s); 7.60 (2H, d, J=8.77Hz); 7.54 (2H, d, J=8.39Hz); 7.33 (2H, d,

J=8. 20Hz) ; AZ’&E}VISZIE'/Z QO'? QWEHZ) ; 5.83 (1H, d,
5 ‘ _
5-Benzylsulfanylmethyl-5-(biphenyl-4-yl-hydroxy-methyl)-imidazolidine-2 4-dione
/) Produced by aldol condensation of biphenyl-4-carbaldehyde and 5-Benzylsulfanylmethyl-
imidazolidine-2,4-dione.

L

10

APCI-MS m/z: 4192 [MH]

S—(Biphenyl-4-yl—hydroxy;methyl)-5-methylsulfany}methyl—imidazolidine-2,4—dione
Produced by aldol condensation of biphenyl-4-carbaldehyde and 5-methylsulfanylmethyl-

15 1midazolidine-2 4-dione.

{¢ £ ’ >
e O \/:O

N
C s
l

APCI-MS m/z: 343.1 [MH']



J=3.81 Hz); 4.94 (1H, t, J=3.34); 4.33 (IH, d, J=2.67Hz); 3.77 (3H, s).
APCI-M5 ml z: 295 WH2OL 10

5- (Bi phenyl - 4-yl - bydr oxy- net hyl ) - 5- pyri di n- 4-yl xnet h yl 15 SEP 2005
i m dazol i di ne-2, 4-di one Produced by al dol condensation of

bi phenyl - 4- car bal dehyde and S-pyridin-4-ylmethyl- im dazolidine-2, 4-dione.
is APCI-Ms nn/z:. 374.2 [MHAf ] 5 SEP 2005 70 5-(Hydroxy- f )
3-[4-(5-trifluoronethyl-pyridin-2-yl)-piperazin-I-yl]-phenyl}nmethyl)-5-

met hyl -i i nidazolidine-2,4-dion e Produc by al dol condensati on

of 4-[4-(5-trifluoronethyl-pyridin-2-yl)-piperazin-1-yl]- benzal dehyde and

5- Met hyl -i m dazol i di ne-2, 4-dione. F FNN ~N5APCI-M5 mz: 450.2 [ ice]

F
5-1(4-{2-[4-(3-Chl -5-trifl t hy| - i din-2-yl)-pi in-1-yl j-eth
oxy) - ph_ ergiBPHETY bR BRI ) SRR e R na o S dione |
Prepar ed fT%&W&&b@obﬁe&‘éﬁbﬁ 3P Fip bRk lcBPalRhGhd A Fs-cfRioHeARTemYE ™ Z:

528.3 [ M+
imtdazolidine-2,4-dione.

QPN
>

N
Re
5 APCI-MS m/z: 379.3 [MH']

5-(Biphenyl-4-yl-hydroxy-methyl)-5-phenylethyl-imidazolidine-2,4-dione
Produced by aldol condensation of biphenyl-4-carbaldehyde and 5-phenylethyl-

imidazolidine-2,4-dione.

10

APCI-MS my/z: 387.3 [MH']

S-(Biphenyi-4-yl—hydroxy-methyl)-s-(l-hydroxy-ethyl)—imid azolidine-2.4-dione QJJ
Produced by aldol condensation of biphenjrl-tl-carba]dehyde and 5-(2-hydroxy-ethyl)-

15 imidazolidine-2,4-dione.

APCI-MS m/z: 309.2 [MH" -H,0]



1 5 SEP 2005 71 EXAMPLE 9 Conpounds were synthesized according to Method D
(Suzuki coupling) in Schene 4 (shown in the description above) froEnSSEPmH5
comercially avail abl e aryl boronic acids and 5-

[ Hydr oxy- (4-i odo- phenyl ) - et hyl ] - 5- net hyl -ii ni dazol i di ne- 2, 4-di one or

5-[ Hydroxy-(4- 5 iodo-phenyl)-nethyl]-imdazolidine-2,4-dione described

bel ow. 5-[ Hydroxy-(4-iodo-phenyl)-methyl)--5-nethyl-am d azalidi ne-2, 4-di on
e 4-1odo--bensal dehyde (9.280 g, 40.0 mgml ), 5-nethyl-hydantoin (4.564 g,
40.0 mmol ) and 45 % agues trinethylamne (6.40 m, 40.0 mml) was refl uxed
in ethanol (60 m) and 10 water (40 m) for 20 hours under an at nosphere of

ni trogen. i t roon1tenperature
for approxﬁlggh% ﬁéﬁﬁmﬁ%&%&q}ﬁ%ﬁ}‘ﬁ‘gﬁfﬂ?@ t"\‘/?\{/zla% co %2 y filtration,
washed sede@atéed BWaMbltdbrﬂEﬁKaltl@h of 50fetlf mlﬁhewararmﬁ&bﬂyué an@nd di et hyl
ether (50 m) ying by air suction afforded the title conmpound

.5- [hydroxymmd@mﬂmbubgﬁﬁng1) methyl] -imidazolidine-2, 4-dione (7.968 g,
23.0 nol) in,57.5 %yield as 15 white solid in form of the pure racenate.

" HNMR (300 ‘ 6 10.19 (1H, s); 8.08 (IH, s); 7.64 (2H, d, J =
8.55Hz); 7. 0712k J 9 B 43 Hz); 5.98 (1H, d, J = 4.49 Hz); 4.57 (1H,
d, J 4.32 Hz); 4 s)):ﬁ&PCI-I\/BMz 3469Iwr|. 20

5- (FWdroxy (4- i odo- et hyl J-im d azolidin e-2,4-di on e Prepared
’ﬁgcordlng to the sanme pr@t{ocol used for preparation of 5-[Hydroxy-(4-iodo-

phenyl ) - net hyl ] - 5- et hyl -1 m dazohdi ne- 2, 4- di one descri bed above. 'HNMVR (300

MHz, DVSO-@bNMR (460 8814, BMSe-i6)85 06.301H, §) 8.06 @81, 68 H7.60 (2H, £ 188 F4117%,) |
7.54 (2H, 4, J=8.39Hz); 7.33 (2H, d, ]=8.20Hz); 7.00 (2H, d, J=8.77Hz); 5.83 (1H, 4,
s J=3.81Hz); 4.94 (1H, t, J=3.34); 4.33 (1H, d, J=2.67Hz); 3.77 (3H, s).

APCI-MS m/z: 295 [MH' -H,0]

5-(BiphenyI-4-yl-hjfdrox’y—methyl)—S-pyridin—4-ylmeth-y]-imidazo]idine-z 4-dione
Produced by aldo! condensation of biphenyl-4- carbaldehyde and 5—pyndm—4-ylmethyl—

imidazolidine-2,4-dione.

Coh 15 APCI-MS my/z: 374.2 [MHY)

i



25 7.10 (2H, d, J =8.27 Hz); 5.91 (1H, d, J = 3.90 Hz); 4.87 (1H t,

2.70 Hz); 4.34 (1H, d, J = 2.48 Hz). APCI-M5 m z: 333.1 [ MH]. f SRE%F
2005 72 4' -[Hyd roxy-(4-methyl -2,5-dioxo-imd azoiidin-4-yl)- nethyl SpiEp 1005
henyi - 4-carboxylic acid C5 10 OCH A stirred m xture of

4- Car boxy- phenyl -boronic acid (214 ng, 1.3 mmol), 5-[hydroxy
(4--iodo-phenyl)-nethyl]-imdazolidine-2, 4 dione (347 nmg, 1.0 rnnol) and
sodi um hydrogencar bonate (318 ng, 3.8 in acetone (5.0 nl) and water
(5.0 mM) was -deoxygenated by vacu i m ni ogene exchange 3 tinmes. Pall adi um
di acetate (20 ng, yyy rrnol) was added and deoxygenating repeated, and then
the m xture was stirred at 50C for 90 mi n under an atnosphere of nitrogen.
The solid Smét'iy@ndx'wv{éd[‘!t(é-mMrpmtﬁhﬂ—Pyrhhns’upafmacmn-\lad]-phersyiimcthgﬂ-s-

bet ween mate 20 n1% gg acetate (15 mM) and diethyl ether (15 m). The
wat er pha§B Qﬂﬂ%ﬁ? fling-%:141°¢ M Ha (ag, 10 m) then extracted two tines
Wi th ethylp.gapkats aﬁéo‘i cahaexéﬁﬁimﬂbﬂmyds-tﬁﬁhgfon&&hﬁléyﬂmh-z ﬁ){—gﬁﬁfﬁiﬁ PR f the

organi ¢ phase afforded 340 ng of the crude product’,” this slurré
di oxane (@enmﬂdﬁndewadéﬂwéﬁnWmmutagbbméﬁ4whbn6tr|f[uoroacetlc acid (100

mcrol) and filtrated. Preparative HPLC (col um,
acetonitrif ter/trifluoro acetic acid) afforded the title conpound
-[FNdrox¥ t hyl -2, 5- dIOX @ mi dazol i di n- 4-yl) - net hyl ] - bi phenyl -
g i e
N N/\ o) N : —

(N

o

APCI-MS m/z: 450.2 [MH"]

5-[(4-{2-[4-(3-Chloro-5-trifluoromethyl-pyridin-2-yl)-piperazin-1-yl]-ethoxy}-phenyl)-
10 hydroxy-methyl} ]-5-methyl-imidazolidine-2,4-dione g

Prepared from commercially available starting materials.

i =
N. =
N

Cl

N

J o,
O\PTN):O

0

APCI-MS m/z: 528.3 [MH'].



4-carboxylic acid (114 rng, 0.33 mmpl) as a white solid in 33.5 %yield. 20
"HNMR (400 MHz, DMSO-d6): 5 10.20 (1H, s); 8.13 (1H,s); 8.00 (2H, q, § 2005
8.33 Hz); 7.79 (2H, d, J =8.49 Hz); 7.67 (2H, d, J = 8.39 Hz); 7.4% EZRE,
d, J =8.48 Hz); 5.97 (IH, bs); 4.68 (IH, s); 1.44 (3H, s). APCI-M5 niz:
341 [M1+]. 25 The foll owi ng conpounds where prepared by the same protocol
used for preparation of 4' - '
[ Hydr oxy- ( 4- met hyl - 2, 5- dloxo-|n1dazolld|n%4 yl ) -nmet hyl ] - bi phenyl - 4- car boxyl i
c acid described above. 1 5 SEP 2005 73

5-[ Hydr oxy- (4' - et hyi sul f anyl - bi phenyl -4

yl)-nmet hyl ] -5-net hyl -i m dazol i di ne-2, 4- di one CH "HNMR (300 MHz, DvsO-d,):
510.18(1&%@9% (IH s): 7.62 (2H, d, J = 8.61 Hz): 7.57 (2H, d, J

542 1 b i Symedoldy il ioRu o dolir %%%%%h%ﬂh o+

APCI - M5 nn{showdria tBe ﬂé‘dﬂ'ﬂ tioPadWeyfrom Gﬁimﬁé]rcﬁﬂpf&b&ﬂzﬂﬂe oronic acids and 5~
‘phenyl ) -met hyl ]-5-"' met hyl -i mi dazolidine-2,4-dione 0 0 AP CI-M5 mlz: 347.1

[MS] 1Is 5H[I}L@mxb(%t@domh@yl)ml@hﬂ]t%ﬁ}@ﬂaﬂdlmmazwdmw%ﬂh@mnc or 5- [Hydroxy~(4-
)-5-methyl s 143 Iﬂlan)cr)ll 'rgétﬂﬁ]—szld_agoﬁ)@me 2,4-dione described below.

”:) S-[Hydroxy—(4—iodo-phenyl)—methyl]-S-methyl-imidazolidine-2,4—-&ione
4-Todo-bensaldehyde (9.280 g, 40.0 mmol), 5-methyl-hydantoin (4.564 g, 40.0 mmol) and

: 45 % aques trimethylamine (6.40 ml, 40.0 mmol) was refluxed in ethanol (60 ml) and

ﬁgjﬂ”‘& 10 water (40 ml) for 20 hours under an atmosphere of ﬁitrogen. A white precipitate was
formed. After cooling at room temperature for approximately 15 minutes the precipitate
was collected by filtration, washed sequentially with ethanol (50%, 50 ml), water (50 ml)
and diethy! ether (50 ml). Drying by air suction afforded the title compound 5-[hydroxyl-
(4-i0odo-phenyl)-methyl}-imidazolidine-2, 4-dione (7.968 g, 23.0 mol) in 57.5 % yield as

15 white solid in form of the pure racemate. |
THNMR (300 MHz, DMSO-d¢): § 10.19 (1H, s); 8.08 (1H, s); 7.64 (2H, d, J = 8.55Hz);
7.07 (2H, d, I=8.43 Hz); 5.98 (1H, d, ]=4.49 Hz); 4.57 (1H, d, T =4.32 Hz); 1.40 (3H,
S). ] | |
APCI-MS m/z: 346.9 [MH"]. .

20
5-[Hydroxy-(4-iodo-phenyl)-methyl]-imidazolidine-2,4-dione
Prepared according to the same protocol used for preparation of 3-[Hydroxy-(4-iodo-
phenyl}-methyl]-5-methyl-imidazolidine-2,4-dione described above.
"HNMR (300 MHz, DMSO-de): 8 10.32 (1H, s); 8.06 (1H, s); 7.66 (2H, d, ] = 8.14 Hz);
s 7.10(2H,d, J=8.27 Hz); 5.91 (1H, d, ] =3.90 Hz); 4.87 (1H, t, J = 2.70 Hz); 4.34 (1H, 4,
J =2.48 Hz).
APCI-MS m/z: 333.1 [MH'].

30



APCl -M5 mlz: 373.1 [MHO 20 1 5 SEP 2005 74

5-1(3' - Benzyl oxy- bi phenyl - 4-yl ) - hydr oxy- net hyl ] - 5- net hyl -i m dazol i d

ne-2, 4-dione APCI-MB m z: 403.1 [MH . 5 5-[(4-Benzo(1,3] 15 SEP 2005
di oxol - 5-yl - phenyl ) - hydr oxy- et hyl ] -i m dazol i di ne- 2, 4-di one 1H NVR (400 MHz
DVMSO-d6): S 10.31 (1H, s); 5.04 (1H, s); 7.53 (2H, d, JJ8.39Hz); 7.33 (2H,
d, J=8.20Hz); 7.24 (IH, s); 7.14 (IH d, J=8.11Hz); 6.97 (1H, d, J=8.01Hz);
10 6.03 (2H, d, J=6.87Hz); 5.84 (IH d, J=3.62Hz); 4.92 (IH, s); 4.35 (1H,
s). APCI-MB miz: 309 [Mi+ -.HO 5-[Hy& roxy- (3" -nitro-biph
enyl-4-yl)-methyl]-5-methyl-i md azolidin e2,4-d i one ONO 15 I H NW\R
(400 MHz, DVMSO-d6): S 10.18 (1H, s); 8.41 (1H, t, J=8.41 Hz); 8.20 (1H, m;
8.15 (IH m; 8.12 (1H, s); 7.73 (3H, m; 7.41 (2H, d, 3=8.20); 5.97 (1H, d,
J=4.39Hz);  4.68 (IH d, 4.58Hz); 1.43 (3H, s). 20 APCI-M5 ml z: 342.1 [ MH]
1 5 SEP zGMH?Qr@mmfhﬁ-ﬁgﬁmmga@ﬁ@lgmlmﬁw%b@rﬂﬁgartb@xw@ hod E
(Am de coaghjng) in Scheme 4 (shown in the description above). The
conpounds were prepared by the general nethod s described below. All am nes
used in the coupling are commercially avail abl e.

N

0
Q i!'& ON
O™
s ~ OH
A stirred mixture of 4-Carboxy-phenyl-boronic acid (214 mg, 1.3 mmol), 5-[hydroxy-
(4-iodo-phenyl)-methyl]-imidazolidine-2,4-dione (347 mg, 1.0 mmol) and sodium
hydrogencarbonate (318 mg, 3.8 mmol) in acetone (5.0 ml) and water (.5 .0 ml) was
deoxygenated by vacuum/nitrogene exchange 3 times. Palladium diacetate (20 mg, yyy
10  mmol) was added and deoxygenating repeated, and then the mixture was stirred at 50°C
for 90 min under an‘atmospherc of nitrogen. '
The solid was allowed to precipitate. The supcrﬁatant was partitioned between water
(20 ml), ethyl acetate (15 ml) and diethy! ether (15 ml). Thé water phase was acidified with
1 M HCI (ag, 10 ml) then extracted two times with ethyl acetate (15 ml) and diethyl ether
15 (15 ml). Evaporation of the organic phase afforded 340 mg of the crude product, this was
slurred in dioxane (6 ml) and water (6 ml) together with trifluoroacetic acid (100 microl)
and filtrated. Preparative HPLC (column, acetonitril/water/trifluoro aéetic acid) afforded
the title compound 4’-{Hydroxy-(4-methyl-2,5-dioxo-imidazolidin-4-y1)-methyl]-biphenyl-

4-carboxylic acid (114 mg, 0.33 mmol) as a white solid in 33.5 % yield. b

20 'HNMR (400 MHz, DMSO-de): § 10.20 (1H, 5); 8.13 (1H,s); 8.00 (2H, d, ] = 8.33 Hz);
7.79 (2H, 4, J=8.49 Hz); 7.67 (2H, 4, I = 8.35 Hz); 7.40 (2H, d, T = 8.48 Hz); 5.97 (1H,
bs); 4.68 (1H, s); 1.44 (3H, s).

APCI-MS m/z: 341 [MH'].
The following compounds where prepared by the same protocol used for preparation of 4’-

[Hydroxy-(4-methyl-2,5-dioxo-imidazolidin-4-yl)-methyl}-biphenyl-4-carboxylic acid

described above.




RNNR R,N- R To a 03M sol ution of

- [ hydr oxy- (4net hyl - 2, 5-di oxo-i m dazolidin-4-yl)-nmethyl]- 1o 15 SEP 2005
bi phenyl - 4-carboxylic acid in 1-nmethyl-2-pyrrolidinone (SOL) was

1--et hyl - 3(3 di nmet hyl ar ni nopr opyl ) car bdi i m de hydrochloride (1.3eq,45L 0.5M
in 1-met hyl -2- pyrrolidinone), 1-hydroxybenzotriazole (I.7eq, 5IL 0.5Min
1-met hyl - 2-pyrrolidinone), N, Ndisipropylethylamne (1 eq, 20L 1 Min
| - met hyl - 2-pyrrolidinone) and the corre%Bonding amne ( 2eq , 100~tL O3Min
| -nmethyl-2-pyrrolidinone) added. The 1s ‘reaction m xture was stirred over
night at roomtenperature. Purification was nade by preparative HPLC-Cl. 8.

4'-[Hydroxg lgl met hyl -2, S-di o

‘azol i di n_| YHydreih 1mﬁ‘ihﬁlfé4§rl¥l¢btpéﬁeab‘x‘§zﬂ) -ethyl]-§-methyl-imidazolidine-2,4-

(2- hydroxy‘a_{hgyl) met hyl - am de HO 20 OH APCI-M5S mz: 398.1 [M+] 1 5 SEP
2005 76 O APCI -M5s ml z: 410.1

4" - [ Hydroxy- (4- met hyl - 2, 5-di oxo-i m dazol i di n-4-yl)-net hyl ] -bi phenyl - 4- car box
ylic acid nmethyl-(I-nethyl-pyrrolidin-3-yi)-amde 10 5-{Hydr ‘ _
oxy- T4' - (nor phol i ne- 4- car bonyl ) - bi phenyl - 4-yl J- et hyl } - 5- net hyl -

Ol o
=0
N .
H
IHNMR (300 MHz, DMSO-dg): 8 10.18 (1H, s); 8.10 (1H, s); 7.62 (2H, d, T = 8.61 Hz);
7.57 (2H, d, J = 8.42 Hz); 7.35 (2H, 4, I = 5.73 Hz); 7.32 (2H, d, = 6.30 Hz);
591 (1H,d,J=4.32 Hz); 4.65 (1H, d, ] =4.31 Hz); 2.50 (3H, s); 1.43 (3H, s).

o APCI-MS m/z: 343.0 [MH'].

5-[Hydroxy-(4-naphtalen-2-yl phenyl)-methyl}-5-methyl-imidazolidine-2,4-dione

APCI-MS nvz: 347.1 [MH"]

5-[Hydroxy-{1,17;4.1”’]Jterpenyl-4°’-yl —methyl )}-5-methyl-imidazolidine-2,4-dione

APCI-MS mv/z: 373.1 [MH")

20



I m dazol i dine-2,4-dio ne 0 OH APCI-M5 m z: 437.1 pan 4'- fHydro

Xy-(4-methyl -2,5-dioxo-im d azolidin-4-yl)-nethylj-biph en yl -4-cam&¥lzh[§
15 acid (2-norpholin-4-yl-ethyl)-amde O OH C APC1-Ms rnlz: 453.1 | ¥
SEP 2005 77

4' - (Hydr oxy- (4- nmet hyl - 2, 5- di oxo-i mi dazol i di n-4-yl)-nmet hyl ] -bi phenyl - 4- car box
ylic acid (2-methoxy-ethyl)-anide 0 0 OH APCI-M5 mlz: 398.1 {MH7 5 '
5-{Hydroxy-{4' -(pyrrolidin a-1.-carbonyl)-bi phenyl -4-yl)-nmethyl }-5-net hyl -

i m dazol i dine-2,4-dione 0 OH APCI-Ms m7: 394.1 [MI 10

5-[(3’-Benzyloxy-biphenyl-4-yl)-hydroxy-methyl]-5-methyl-imidazolidine-2,4-dione

?:\Fo
. @)

APCI-MS my/z: 403.1 [MH'].

5 5-[(4-Benzo[l,3]dioxo}-5-yl-phenyl)-hydroxy-methyl]-imidazolidine-2 4-dione

@
G
0O
N
T L
N
O

1H NMR (400 MHz, DMSO-d6): § 10.31 (14, s); 8.04 (1H, s); 7.53 (2H, d, J=8.39Hz);

7.33 (2H, d, J=8.20Hz): 7.24 (1H, 5); 7.14 (1H, 4, J=8.11Hz): 6.97 (1H, d, }=8.01Hz);
10 6.03 (2H, d, J=6.87Hz); 5.84 (1H, d, J=3.62Hz); 4.92 (IH, s); 4.35 (11, 5).

APCI-MS m/z: 309 [MH' -H,0] |

-5-[Hydroxy-(3 ’-nitro-biphehyl-#yl)—methyl]—S—methyl-imjdazolidine—2,4-dione

N O =0
O ' N

1H NMR (400 MHz, DMS0-d6): 5 10.18 (1H, s); 8.41 (1H, t, J=8.41Hz); 8.20 (1H, m);
8.15 (1H, m); 8.12 (1H, 5); 7.73 3H, m); 7.41 (2H, d, J=8.20); 5.97 (1H, d, J=4.39Hz);
4.68 (1H, d, 4.58Hz); 1.43 (3H, s). -

20 APCI-MS m/z: 342.1 [MH']



4' - [ Hydr oxy- (4- net hyl

2, 5-di oxo-i m dazolidin-4-yl)-nethyl]-bi phenyl -4-carboxylic acid P
(2-cyano-ethyl)-nethyl-amde 0 O OH APCI-M5 m z: 407.1 [MT] 15 158éé£§ﬂgly8
4' - [ Hydr oxy- - (4-met hyl - 2, 5-di oxo-i m dazol i di n-4-y1)-net hyl]-bi phenyl - 4-car bo
xylic acid nethyl-phenethyl--amde OH5 APCI-MS rnlz: 458.1 [ M BI

4' -[ Hydr oxy- (4- net hyl - 2, 5- di oxo-i m dazol i di n-4-yl)-net hyl | - bi phenyl - 4- car box
ylic acid (4-cyano-cyc|ohexyl)-nethyl-ag%de NC OH APCI-Ms nfz: 461.1 [ MH]
10
5-{Hydroxy-[4'-(4-hydroxynet hyl - pi peridi ne-1|-carbonyl) -bi pheny] - 4-yl]-net hyl
}-5- nethyl imdazolidine-2,4--dione O 0 OH

EXAMPLE 10
Compounds were synthesized according to Method E (Amide coupling) in Scheme 4

(shown in the description above). The compounds were prepared by the general method

s described below. All amines used in the coupling are commercially available.

B o o
10 T
e N
.. . g N+ N \\(o
i@&"‘ ! N‘« R/ ~ R' O
L 0 O O . N.
R™ "R’

To a 0.3M solution of 4'-[hydroxy-(4-methyi-2,5-dioxo-imidazolidin-4-yl)-methyl}~
i0  biphenyl-4-carboxylic acid in 1-methyl-2-pyrrolidinone (SO}LL) was 1-ethy1-3(3;
dimethylaminopropyl)carbdiimide hydrochloride (1.3eq ,45upL 0.5M in 1-methyl-2-
pyrrolidinone) , 1-hydroxybenzotriazole (1.7eq, 51pL 0.5M in 1-methyl-2-pyrrolidinone),
N,N—disipropylcthylamine (leq,20uL 1M in 1-methyl-2-pyrrolidinone) and the
corresponding amine { 2eq , 100pL 0.3M in 1-methyl-2-pyrrolidinone) added. The

15 reaction mixture was stirred over night at room temperature. Purification was made by

preparative HPLC-C,3.

Rk 4°-[Hydroxy~(4-methyl-2,5-dioxo-imidazolidin-4-yl)-methyl]-biphenyl-4-carboxylic
acid (2-hydroxy-ethyl)-methyl-amide '

20

APCI-MS m/z: 398.1 [MH']



APClI-M5 rnlz: 438.1 [M S+] 15 15SEP2005 79 9

4' - [ Hydr oxy- (4- net hyl - 2, 5-di oxo-i m dazol i di n-4-yl)-nmet hyl ] - bi phenyt 1 4-SEarib5x
ylic acid [3-(2-0oxo-pyrrolidin-1-yl)-propyll-amde 0 0 OH APClI-M5 nT z:
465.1 [ MH] 5 4'-#Hydroxy-(4-meth yl-2,5-di oxo-i m dazolidin-4--yl)

-nmet hyl ]. - bi phenyl -4-carboxylic acid cyclopentylamde OO0 CH APClI - M5 nl z:
408.1 [M-1+] 4'- [Hydroxy-(4-nmethyl-2,5-dioxo-iuif '
dazol i di n-4-yl)-nethyl]-bi phenyl -4-carboxylic acid (1-phenyl-ethyl)-am de
OH APCI-M5 mz: 444.1 [M#] 15 1 5 S E P7€005 8d 4' -

[ Hydr oxy- (4-nmet hyl . - 2, 5-di oxo-i m dazol i di n-4-yl)-nethylj-bi phenyl - 4-car boxyl
iC

5—{HydroXy-[-’l’-(morpholine-4~carbonyl)—biphenyl—A—yl}-methyl}-5-methyl—
imidazelidine-2,4-dione
0

APCI-MS m/z: 410.1 [MH"]

4’-['Hydfoxy-(4-methyl-Z,S-dioxo-imidazolidin—4—yl)-methyl]-bipheny]—4—carboxjrlic
acid methyl-(1-methyl-pyrrolidin-3-yl)-amide

B!
¢
c)'N

. | OH

APCL-MS m/z: 437.1 [MH']

4’-[Hydroxy-(4—methyl-z,s-dioxo-imjdazolidin-4-yl)-methyl]-biphenyl-4-carb oxylic
15 acid (2-morpholin4-yl-ethyl}-amide

SN
1

g
Og-N
O =0
N

OH
APCI-MS m/z: 453.1 [MH]



acid (pyridin-4-ylmethyl)-amde 0 OH5 APCI-MS rn/z: 431.1 DAH io0

4" [ Hydr oxy- (4- met hy! | s sEp S
2, 5--di oxo-i m dazol i di n-4-yl)-Fnet hyl J- bi phenyl - 4-carboxylic acid
benzylarnide 0 OH AP CI-M5 rnlz : 43G | [MHQ 45

4' -[ Hydr oxy- (4- net hyl - 2, 5- di oxo-i mi dazol i di n-4-yl)-nmet hyl ] -bi phenyl - 4- car box
ylic acid cyclopropylamde O OHO C APG -M5s mM380.J [] 1 5 SEP 2005 81 .
4' - [ Hydr oxy- (4- net hyl - 2, 5- di oxo-i m dazoi i di n-4-yl)-met hylj-bi phenyl - 4- car box
ylic acid 4-methoxy-benzylanmde 0 0 OH APCl-M5 nmlz: 460.1 W

4’-[Hydroxy-(4-methyl-2,5-dioxo-imidazolidin-4-yl)-methyl]-biphenyl-4-carboxylic
acid (2-methoxy-ethyl)-amide

APCI-MS m/z: 398.1 [MH']

) .5—{Hydr0xy—[4’—(pyrrolidine-l-carbonyl)-biphenyl-4-yl]-—methyl}—5—methyl-

imidazolidine-2,4-dione
o .
g
o N
PR
N
OH
APCI-MS m/z: 394.1 [MIH]

4’-[Hydroxy~(4-methyl-2,5-dioxe-imidazolidin-4-yI}-methyl]-biphenyl-4-carboxylic

acid (2-cyano-ethyl)-methyl-amide

APCI-MS my/z: 407.1 [MH']

15



5 4' - [ Hydr oxy- (4- et hyl - 2, 5-di oxo

i m dazol i di n-4-yl)-nmethyl ] -bi phenyl -4-carboxylic acid 15 SEP 2005
(3-imdazol-1-yl-propyl)-amde O O APCI-M5 m z: 448.1 [WH 10 N-{4-[Hyd

r oxy- (4-nmet hyl - 2, 5-di oxo-i m dazol odi n-4-yl)-nethyl | -ph enyl,{-b enzam de
5-[ Hydroxy- (4-nitro-phenyl)-rnethyl]-5-nmethyl-imdazolidine-2, 4-di one was
synt hesi zed according to nethod C by the protocol described in Exanple |
(APClI -M5 m z: 268.8 [Md}]). The correspondi ng am ne

5-[ (4- Am no- phenyl ) - hydr oxy- et hyl ] - 5- mel$yl 15 i m dazoli di ne-2, 4-di one was
af forded by Pd(0) catal ysed hydrogenation in Ethanol (APCI-Ms nmlz: 218.0
[U+] (-H20)). 5-[(4- Am no-phenyl) - hydroxy-net hyl]-5-net hyl -

i m dazol i diImas ~ iad Vi RER i i i to

Lhe. pr ot ocorty dBatt iRt > bRy RERTE WiphEL A ARO[,
240. 0 [ MHagid2fethyb-pleRe@30andde EXAMPLE 11 Enanti omeres where isol ated by the
nmet hod descri bed for the resol ution of

4' - (hydr ox
rile belo
4' - (hydr oxy-14-
ile OH

- met hyb- 2, 5- di oxoi m dazol i di n-4-yl)-net hyl ) bi phenyl - 4-car boni t

APCI-MS m/z: 458.1 [MH']

4°-[Hydroxy-(4-methyl-2,5-dioxo-imidazolidin-4-yl}-methyl]-biphenyl-4-carbexylic
acid (4-cyano-cyclohexyl)-methyl-amide ‘

APCI-MS m/z: 461.1 [MH']

10

5-{Hydroxy-[4’-(4-hydroxymethyl-piperidine-1-carbonyD-biphenyl-4-yl]-methyl}-5-

methyl-imidazolidine-2,4-dione

APCI-MS m/z: 438.1 [MH"]



Chr omat ogr aphi ¢ resolution: 0.10 g of diastereonerically pure

4' - (hydr oxy- (4-nmet hyl - 2, 5- di oxoi m dazol idin-4-yl)- 1o 1 5§£P2%5
nmet hyl ) bi phenyl -4-carbonitrile was dissolved in 76 nL absol ute ethanol”/ i so
hexane (75:25) and filtered through a 0.45 pmnylon filter. Volumes of 5.0
mL were injected repeatedly on a chiral.colum (Chiral pak AD-H (2 cmID x
25 cmL)) connected to a WV detector (254 nn) and fraction collector. ‘
Separation was performed with absol ute ethanol/ is-hexane (75:25) at 8.0
nmol /mn flow and the pure enantioners el'dted after approximately is 15 and
21 m nutes, respectively. Fractions containing the sane enanti oi ner were

conbi ned, copcentrated and assessed for optical purit;&_b chiral .

chr omat ogr3pﬁ@y‘%s‘?é"(ﬁépBw.l'zé‘r&mxioo‘%F'a?!?h(i'llé'éﬂ]gfme@)iﬂt IB%WH‘\Q%FWIIG. 047 g
‘white solid .20, Chiral t a_gt]%( Chiyqal pak AD-H (0.45 cm LD x 25 cm L)
at 0.43 nL ?711533((:23);}{2@3?25@@%%?)/ i gﬁ%@%e (75:25)) Retention tine: 11.4
.mnutes Optical purity© 99.9%e.e (no enantioner B present) 25 'H NMR

(CD30D) S 1. 0)(\5%/&-‘% 4.54 (mobscured by water singlets, I H, 7.50 (d,
2H, J= 8 R N7.82 (Y, 7 =8 Hz) and 7.79 (m 4H) ppm 1 5 SEP 2005 83
Enant i oner "l ate" fra '

Yi 8 d:ny0.040 g white solid Chiral
chr omat ogr aphy (Chiral pak AD- Xx 25 cmL) at 0.43 nL/mn
absol ut e .et hanol / i so-hexane (T7&# 3 Retention tine: 19.0 m nutes Optical
/-‘E}Jrity: 99.0% e.e (0.50% of enantig

O

A present)

APCI-MS m/z: 465.1 [MH"]

4°- [Hydroxy—(4-methyl-2,5-dioxo—imidazolidin—4-.yl)~methyl]-biphenyl—4—~carboxylic
" acid cyclopentylamide '

APCI-MS m/z: 408.1 [MH"]
1o

4’-[Hydroxy-(4-methyl-2,5-dioxo-imidazolidin-4-yl)~methyl]-biphenyl-4-carboxylic

acid (1-phenyl-ethyl)-amide

ke

APCI-MS m/z: 444.1 [MH"]

5



"H NMR (CD30OD) 5 1.60 (s, 3H), 4.84 (mobscured by water singlett, IH, 7.50
(d, 2H, J= 8 Hz), 7.62 (d, 2H, J 3 Hz) and 7.79 (m 4H) ppm 15§EPZUUS
N-(4' - (bydroxy-(4-m et hyl -2, 5-di oxoi mi dazol | . di n-4-yl)-net hyl)bi ph enyl - 3-

yl )acetaniide 15 OH Chronmat ographic resolution : 0.040 g of

di astereornerically pure N

(4' - (hydroxy- (4- et hyl - 2, 5-di oxoi m dazol i di n-4-yl)-

met hyl ) bi phenyl - 3-yl )acet am de was di ssol ved in 224 nL absol ute et hanol/

i so- hexane 20 (71:29) and separated as di&tri bed above with absolute

et hanol / iso-hexane (50:50) at 6.0 nlL/mn as eluant. Enantiomer A ("early"
fractions) Yield: 0.019 g white solid 25 Chiral chromatography (Chiral pak -
A.D-H (0. 4% ¢nviir L eVl 5atiofh-Ani liR-4- . _chdRsbgxane
(50 50) ) Rt B B T - ey B PRl SRR L cpiyRe
enant i oner aBdypysidim-Y-yinetsdpazgids 84 'H NIvli: R (CD30D) 6 1.60 (s, 3H), 2.14
(s, 3H), 4.82 (mob ured by water singlett, 1H), 7.33 (m 1H), 7.36 (t,
1, J 8 Hz), 7.44 (d, 2H, J 8 Hz), 7.50 (m IH, 7.54 (d, 2H J=8 Hz) and

7.82 (m | A N stionmer B ("late",fractions) Yield: 0.018 g white
solid ‘P

.5 .
APCI-MS my/z: 431.1 [MH"]

10 #4-[Hydroxy-(4-methyl-2,5-dioxo-imidazolidin-4-yl)-methylj-biphenyl-4-carboxylic
acid benzylamide -
O

APCI-MS m/z: 430.1 [MH]

15 4-[Hydroxy-(4-methyl-2,5-dioxo-imidazolidin-4-yl)-methyl}-biphenyl-4-carhoxylic

acid cyclopropylamide

APCI-MS m/380.1 [MH']



Chiral chromat ography (Chiral pak AD-H (0.45 cmI|.D x 25 cmL) at 0.43 nL/mn
absol ute et hanol/ iso-hexane (50:50)) 10 Retention tine: 14.8 m nutes
Optical purity: 99.6%e.e (0.20% of enantionmer A present), '"H NNIR (%:E%POZ.QJ]S
3 1.60 (s, 3H), 2.14 (s, 3H), 4.82 (mobscured by water singlett, 11-1),
7.33(m | H, 7.36 (t, | H J=8 Hz), 7.44 (d, 2H, J=8 Hz), 7.50 (m | H),
7.54 (d, 2H, J 8 15 Hz) and 7.82 (in, I H ppm 5-(Biph

enyl - 4-yl - hydr oxy-net hyl ) -i m dazol i di ne- 2344-di one. 20 OH 0 Chromat ogr aphic
resol ution: Separation was made on a G |son HPLC system (col um: CH R ALPAK
AD, 20x25 cm Sol vent: isoHexane/ EtOH = 25/75. Fl ow=6. OrL/ m n. WW=254nm

I nj vol ume=3. (42D np-of 1he racem.c material was, dissolved in 24nl
of i soHexarfIzﬂ%lywxzy %SWElfleﬁse%t'%) %‘3&%‘?@%#@%‘?@&12@%%@“‘% ﬁﬂ"}ﬂf 47m n
was col | ect:@li fpsetB@hMBazydRideenoved by evaporation. Anal ysed for
enantionmeric purity using the followng Glson HPLC system (col um:

.CHl RALPAK AD, 0.46x25 cth Sol vent: isoHexane/EtOH = 25/75. C 1 5 SEP 2005 85
aster. enantioner: 9ny, R =10.12 mn, ee=99. 9%

Fl ow=0. 5L/ mi n._Al>284m9_;

Sl ower enanti .@ 7 in, ee=99.2% s EXAMPLE 12 The foll ow ng
conpounds wheye~pgfepared [ aadll ogous to that described in

J OH

APCI-MS m/z: 460.1 [MH']

4’-[Hyd rory—(4—methyl—Z,S—ﬂioxo—imidazolidin-4—yl)-methyl]—biphenyl-4~carboxylic

Gz

(:{-’3'{; ;

acid (3-imidazol-1-yl-propyl)-amide

APCI-MS m/z: 448.1 [MH"]

N~{4-[quroxy—(4—methyl-2,S-dioxo-—imidaiolodin-4-yl)-methyl}-pheny!,}-benzamide

5-[Hydroxy-(4-nitro-phernyl)-methyl]-5-methyl-imidazolidine-2,4-dione was synthesized
according to method C by the protocol described in Example 1(APCI-MS m/z: 268.8
[MH]). The corresponding amine 5-[(4-Amino-phenyl)-hydroxy-methyl]-5-methyl-

15 | imidazolidine-2,4-dione was afforded by Pd(0) catalysed hydrogenation in Ethanol |
(APCI-MS m/z: 218.0 [MH"] (-H20)). 5-[(4-Amino-phenyl)-hydroxy-methyl]-5-methyl-

imidazolidine-2,4-dione was finaly coupled with benzoic acid according to the protocol

above (Method E) to afford the title compound.

o APCI-MS m/z: 240.0 [MH*]



Example 1. 5-[(9 H Fluoren-2-yl)-hydroxy-nethyl]-iraidazolidine-2,4-dione 10
0 APCI-M5 m z: 277 [MH - H2Q (3-{4-[(4' - Fl uoro-bi phenyl -4-yl)-hydroxy-nmeth
yl]-2,5--di oxo-imdazolidin-4-yl}- 1s propyl)-carbam c acid benzyl ¢§t¢pP.200F
1H NVR (400 MHz, DMSO-d6): & 10.20 (1H, s); 8.53 (1H,d, J=4.d Hz); 8.01 (1H,
s); 7:69 (2H, m; 7.56 (214, d, J=8.39Hz), 7.30 (9H, m, 5.90 (1H, d,
J=4.20Hz), 4.99 (2H, s) 4.64 (1H d, J=4.20Hz); 2.98(2H, m, 1.97 (1H m,
1.72 (1H, m, 1.42 (1H m, 1.22 (1H 20 m. APCI-M5 mlz: 492.2 [MT]. 15
SEP 2005 86 5-(3-Am n o.-propyl)-5-[(4"-f|uor o-biphenyl-4-yl)-hydr

oxy- net hyl | _i mi dazol i di na- 2, 4- dione Prefared from above

(3-{4-[ (4" - Fl uor o- bi phenyl - 4 yl) - hydroxy-nethyl]-2,5-(Eoxo s

i m dazolidi.n-4-yl}-propyl)-carbam c acid benzyl ester by a st andard net hod
known for EXAMELE(I]Ied in the art. CAPCI-Ms niz: 358.1 W. 10

5L ont g 0 PSS avble TR R b gy et -

azol i di ne
' 4’-(hydroxy-(4-methyl-2,5-dioxoimidazolidin-4-yl)-methyl)biphenyl-4-carbonitrile below.

5 4’-(hydroxy-(4-methyl}-2,5-dioxoimidazolidin-4-yl)-methyl)biphenyl-4-carbenitrile

Chromatographic resolutlon
0.10 g of diastereomerically pure 4°- (hydroxy—(4 methyl-2, 5-dxo>;omndazohdm—4—yl)~

10 methyl)biphenyl-4-carbonitrile was dissolved in 76 mL absolute ethanol/ iso-hexane
(75:25) and filtered ﬂ).roug]i a 0.45 pm nylon filter. Voluﬁ:les of 5.0 ml, were ingected
repeatedly on a chiral column (Chiralpak AD-H (2 cm ID x 25 cm L)) connected to a UV-

detector (254 nm) and fraction collector. Separation was performed with absohrte ethanol/

is-pexane (75:25) at 8.0 mol /min flow and the pure enantiomers eluted after approximately

15 15 and 21 minutes, respectively. Fractions containing the same enantiomer were combined,

concentrated and assessed for optical purity by chiral chromatography (see beldw).

Enantiomer A (“early” fractions)
Yield: 0.047 g white solid
20 Chiral chromatog;aph; (Chiralpak AD-H (0.45 cm LD x 25 cm L) at 0.43 mL/min
absolute ethanol/ iso-hexane (75:25))
Retention time: 11.4 minutes

Optical purity: 99.9% e.e (no enantiomer B present)

25 'HNMR (CD;OD) § 1.60 (s, 3H), 4.84 (m obscured by water singlett, 1H), 7.50 (d, 2H, /=
8 Hz), 7.62 (d, 2H; /= 8 Hz) and 7.79 (m, 4H) ppm.




Prepared from 4' - met hoxy- bi phenyl - 4- car bal dehyde (Table 3, Method B) and 5-
met hyl sul f anyl met hyl -i mi dazol i di ne-2, 4. di one (Table 2, Method A) acd¢dyrSHPL
to Method 15 C, Exanple 1. 1H NWR (400 MHz, DMSO-d6): 8 10.25 (1H, s); 8.16
(1H, s); 7.59 (2H, d, J= 8.77Hz,), 7.53(2H, d, J=8.20Hz); 7.31 (2H, d,
J=8.20Hz); 6.99 (2H, d, J=8.77Hz); 5.98 (1H d, 20 J=4.20Hz); 4.71 (1 H d,
J=4.01 Hz); 3.77 ()H, s); 3.16 (1 H, d, J=14.31 Hz9, 2.92(1 H, d,
J=14.31Hz), 2.11 (3H, s). APCI-M5 nmfz: 373.1 [?vU 15SEP2005 87 5-[ Hydr
oxy-(4'-nethoxy-biphenyl-4-y|)-nethyIJ-53§yridin-2-y|nethy|-inidazOIidine-
2, 4-di one Prepared from 4'-net hoxy- bi phenyl - 4- car bal dehyde (Table 3, Method
B) and comercially avail able 5-pyridin-2-ylnethyl-imdazolidine-2,4.dione
accor di ng ExamiethedB (Blag” fecdeps)e 1. 1H NVR (400 MHz, DMBO-d6): b 10.00 (IH,

's); 8.53 (JHd, J =4 OHz):.8.13 (1H s,); 7.91 (IH s); 7.58 (2H n); 7.53
(2H, m: 7.@%‘9(049140%}&‘6?3% (2H, m, 6 1 (IH s) 4.81 10 (IH s);

3. 48(2H, MnirARGeoM (A0 (045 cmn L ‘ :

5- | Hydr ox%&l_g’iﬁ%g phen%%%lﬁh(glﬁs-cg}}ra’ﬁgf ann%)dagzooﬁ l(IillL{lne'u-RZ, 4-di one
Pr epar ed fabsehitostharml/ekahkxana(@b 28 e 4- pyrazi n- 2-yl - benzal dehyde and

(SI\/I—WEE h;élzo ﬂe?cglt%/o%a&égllr)&ﬁ%&g ng to Method C, Exanple 1. 0 APCI-M5 nmfz: 299

Optical purity: 99.0% e.c (0.50% of enantiomer A present)

A~

'H NMR (CD;0D) & 1.60 (s, 3H), 4.84 (m obscured by water singlett, 1H), 7.50 (d, 2H, J=
8 Hz), 7.62 (d, 2H; J= 8 Hz) and 7.79 (m, 4H) ppm.

Sy )

L JE

N—(4’-(hydroxy-(4-methyl-2.5-dioxoimidazelidin-4-yl)-methyl)bipheny}-3-

yhacetamide

O
)J\”O:B:o

15 OH

\ Chromatographic resglution ;

0.040 g of diastereomerically pure N4 ’-(hydrdxy-(4—meﬂ1yl—2,5-dioxoimidazolidin—fi—yl)-
{0 methyl)biphenyl-3-yl)acetamide was dissolved in 224 mL absolute ethanol/ iso-hexane -
20 (71:29) and separated as discribed above with absolute ethanol/ iso-hexane (50:50) at 6.0

mL/min as eluant.

Enantiomer A (“early” fractions)
Yield: 0.019 g white solid

25 Chiral chromatography (Chiralpak AD-H (0.45 cm LD x 25 cm L) at 0.43 mL/min
absolute ethanol/ iso-hexane (50:50)) |

Retention time: 10.4 minutes

Optical purity: 99.9% e.e (no enantiomer B present)



1 5 SEP 2005 88

5-3-[4-(5-Chl oro- pyridin-2-yl oxy) - phenyl ] - 1- hydr oxy- propyl } - 5- met hyh-5 SEP 2005
i m dazol i di ne-2, 4-dione 5 3-f4-(5-Chl oro-pyridin-27yl oxy)

phenyl | - pr opan- -0l 3- (4- Hydr oxyphenyl ) - propanol (768.5, 5.05 mmol),
2,5-dichloro-pyridine (934.8 ng, 6.32 mmol), cesiumcarbonate (2.48 g, 7.60
nmmol) mxed in N-nethyl-pyrollidone (10 M) was stirred and heated (100 O):
for 20 hours. The flask was cooled and the content was partitioned between
ethyl acetate (100 m), di-tertbutylethe84(100 m) and water (300 m). 10
The organi c phase was washed with water (3 X 30 ml). Evaporation afforded
the crude title compound (1.502 g, 5.70 nmol) as a yellow oil in 113 %
yield. Pure according to TLC analysis. APCI-MS rn/z: 264 [MTI 15 3-

[ 4- (5- Chloro ridin-2- |oxY)=phenyl 1- ropi onal dehyde
3- E I40“( §| &mw&%wpemmg lyﬁ%@ngb%lﬁ/(S} 3 ,db&h(m-O(bBCI(r;QcIBl:y migter igglett,181)) and
G chi or omek it D 56 Wojtechn Srzbg 4 6o aF PRy o0 st a0 (s /=8

chr omat ogr %d( dﬂ%ﬂ Rr onet han/ met hanol : gradient to 100/5) afforded
thetltle npoun 16 0.65 mml) as a oil in 65 %yield. APClI-M nilz:

262 [ MK 25 1 5 SEP 2005 89 5-13-44-(5-Chl oro-pyridi n-2-yl oxy) - phenyl ] - |
- hydr oxy- %rn%% omerB(qEEemfraEgig]ﬁs azol i di ne- 2, 4-di one
Yield: 0.018 g white solid ' ' —
. Chiral chromatography (Chiralpak AD-H (0.45 cm LD x 25 cm L) at 0.43 mL/min ‘

absolute ethanol/ iso-hexane (50:50))

10 Retention time: _14.8 minutes

Optical purity: 99.6% e.e (0.20% of enantiomer A present)

TH NMR (CD50D) 8 1.60 (s, 3H), 2.14 (s, 3H), 4.82 (m obscﬁred by water singleit, 1H),
7.33 (m, 1H), 7.36 (t, 1H, J= 8 Hz), 7.44 (d, 2H, J= 8 Hz), 7.50 (m, 1H), 7.54 (d, 2H; /= 8
15 Hz)and 7.82 (m, 1H) ppm. '

5.(Biphenyl-4-yl-hydroxy-methyl)-imidazolidine-2,4-dione.

O O N
| O >=q ()

OH

20

Chromatographic resolution:

Separation was made on a Gilson HPLC system (column: CHIRALPAK AD, 2.0x25 cm.

Solvent: isoHexane/EtOH = 25/75. Flow=6.0mL/min. UV=254nm. Inj volume=3.0 mL).
25 24 mg of the racemic material was dissolved in 24mL of isoHexane/EtOH = 25/75. The

two enantiomers with Rt=17.72min and 20.47min was collected and solvent was removed
by evaporation. Analysed for enantiomeric purity using the following Gilson HPLC systemn
(column: CHIRALPAK AD, 0.46x25 cm. Solvent: isoHexane/EtOH = 25/75.



3-[4-(5-Chloro-pyridin 2-yl oxy)-phenyl]-propi onal dehyde and conmercial |y
avai |l abl e 5- nethyl-hydantoin was utilized for synthesis of the titllg 1
conpound according to Method C, 5 Exanple 1. CI 0 APCI-Ms mz: 376. S[EW
5-{
[4-(5-Chloro-pyridin-2-ylo--.y)-phenyl]-hydroxy-nethyl}-5-methyl-imdazol i d|
ne 10 2, 4-dione 4-(5-Chloro-pyridin-2 -yl oxy)-benzal dehyde

4- Hydroxy benzal dehyde (620.9 ng, 5.08 nmpl), cesiuntarbonate (2.6 g, 7.98
mol ) and 2, 5-di kl oropyridine (947 ;ng, %5.40 mol ) m xed

i nN-net hyl - pyrol lidone (10 m) was is strixred and heated (75 C) for 16
hours. LCMS anal ysis indicated formation of product in a mnor anount.

Furt her reddowefl. SamL/e:lievTéVEaﬁmnb&smr@nmt@m: Dngf Bi=14ddi hing netr9%9%. Shuwes
produced i ncreased for n rod The fl ask was cool ed and the
content waSPAPIAORER /Bife r@t@\i@ﬁlﬁ) %Eé‘cet ate (100 m), ether (100 znl) and
water (200 m). The organic phase was washed with water (3 X 30 m).
Evaporation and flash chromat ography (Si 2, 20 di chl or onet hanl net hanol :
gradi ent to 100/4) afforded 4-(5-chloro-pyridin-2-yloxy)- benzal dehyde (181
ng, 0.77 m_r.nol |n 15.2 %yield. IHNW (400 Mz, DVM5O-d6): 6 9.98 (1H, s);

8.27 (1K, dd):7.97 (2H d):7.3 5 (2h, d):7.23 (i H, d).
APCl - M8

pheny| _hydbedaf %ﬁ%ﬁ e@%r@@;%%@%%g%wwa $lsB5Bed oY)
- Example 1.

5-[(9 H-Fluoren-2-yl)-hydroxy-methyl}-imidazolidine-2,4-dione

10

APCI-MS m/z: 277 [MH+ - H20]

(3-{4—'[(4’-Fluoro—biphenyl—4~y!)—hydr0xy—meth y1]-2,5-dioxo-imidazolidin-4-yl}-

15 propyl)-carbamic acid benzyl ester

1H NMR (400 MHz, DMSO-d6): & 10.20 (1H, s); 8.53 (1H,d, J=4.01Hz); 8.01 (1H, s);
7:69 (2H, m); 7.56 (2H, d, J=8.39Hz), 7.30 (SH, m), 5.90 (1H, d, J=4.20Hz), 4.99 (2H, s)
4.64 (1H, d, J=4.20Hz); 2.98(2H, m), 1.97 (1H, m), 1.72 (1H, m), 1.42 (1H, m), 1.22 (1H,

20 m).

APCI-MS m/z: 492.2 [MH].



di one 4-(5-Chl oro-pyridin-2-yl oxy)-benzal dehyde and comrercially avail abl e
5-net hyl - hydantoin was utilized for synthesis of the title conpouEP5§£P2%5
according to Method C, s Exanple I. 0 APCI-Ms nfz: 348 [MHI. 10 EXAMPLE 13
5-[ (3" - Ami no- bi phenyl -4-yl)- hydroay- Ynethyl]-5-nmethyl-imdazofidin
e-2,4-d! one Prepared from

5-[ Hydroxy-(3' -nitro-bi phenyl-4-yl)-rnethyl|-5-nethyl-i_m dazolidine-2,4 1 s
di one described in Exanple 8 by by a standard synthetic nethod wel | -known
for those skilled in the art (Pd (0) catg4ysed hydrogenation in ethanol). O
20 APCI-M5 mz: 312.1 [MI+4] 1 5 S E P 2005 91 EXAMPLE 14 The fol |l owi ng
conpounds where prepared according to the protocol used for synthesis of N
{4' -[ hydroxy- (4-met hyl -2, 5-di oxo-i m dazol i n-4-yl)-nethyl]-bi phenyl-3 -yl)) 5
met hansul f onam de descri bed below. N { 4'- [hydroxy-(4-nmeth yl-2,5-diox
o-im d azal{3nAdminb) y3- 1 4RifR bR Biphdnyl4-y]) IR diaR$Lth BETafl@aZePidine-2,4-
N@thanesulfogyl chlé?ﬁggn(lgh!, 0;I6§ﬁ%n¥% %Egﬁgddgg drogaﬁse to algolﬂtion
of 5-[(3'- ddem&o- bi phenyl - 4-yl)- hydroxy-

met hyl ) - 5-net hyl ; km dazol i dine-2 .4-di qne (4 . 132mml ) Jin pyridine (1
) The r EERPAEOR i e AT it ottt barautiaty SR Bk
5 imidazolidin-4-yI}-propyl)-carbamic acid benzy! ester by a standard method known for
those skilled in the art. '

APCI-MS m/z: 358.1 [MH'].

5-{Hydroxy-(4’methoxy-biphenyl-4-yl)-methyl]-5-methylsulfanylmethyl-

imidazolidine-2,4-dione o

Prepared from_4’-methoxy-biphenyl—4—carbaldehyde (Table 3, Method B) and 5-

methylsulfanylmethyl-irhidazolidine-.?,4.dione (Table 2, Method A) according to Method
s C, Example 1.

-0 O ' -
O =0

N
>y

1H NMR (400 MHz, DMSO-d6): § 10.25 (1H, s); 8.16 (1H, s); 7.59 (2H, d, J=8.77Hz,),

7.53(2H, d, J=8.20Hz); 7.31 (2H, 4, J=8.20Hz); 6.99 (2H, d, J=8.77Hz); 5.98 (1H, d,
2 J=420Hz); 4.71 (1H, 4, J=4.01Hz); 3.77 (3H, s); 3.16 (1H, d, ]=14.31Hz9, 2.92(1H, d,

J=14.31Hz), 2.11 (3H, s).

APCI-MS m/z: 373.1 [MH"



tenperature. Water (15 nil) was added and the aqueous m xture was extracted
with EtOAc (3 x 10 m). The conbined Et OAc extracts were dried (My$GQEpampt
concentrated under 15 reduced pressure to afford the crude product.
Preparative HPLC on a Chromasil C 18 colum with acetonitrile/water (0.1 %
trifluoroacetic acid), afforded the 40ng (80%yield) of the title conmpound
N-{4' - [ hydroxy- (4-net hyl -2, 5-di oxo-i m dazolin-4-yl)-nethyl]- biphenyl-3-yl}
- met hansul fonami de. 0 20 I H NVR (400 MHz . DMSO-d6): 8 10.17 (1H, s); 9.79
(IH,s); 8.10 (1H, s,); 7.57 (2H, d, J:8.39Hz); 7.40 (5H, m; 7.19 (1H, m;
7.25 (2H, d, J=8.39Hz); 7.20 (IH, m; 5.92 (IH n); 4.65 (1H, s); 3.01 (3H,

s); 1.42 (3 , ). APCI - rn/z: 390.1 ri 1.5 SEP 2005 .. .92 N..

{ L -[ hydr g&@e’ﬁs@ﬁ‘?rm%xm R @1?yrh‘*aél-mf\[\%:%ynlajtlﬁ’é&%rﬁ)mﬂmﬁﬁwzohdw} -
propi onat e 9'9‘18“ H NWVR (400 Mz, DMSO-d6): 5 10.17 (IH s); 9.90 (IHs); 8.09
(IH s,); % ‘le, s); 7.51 (3H, m; 7.32 (4H, m; 5.92 (IH d, J=4.39Hz);
4.65 (JH, Prepdred f39t#A)-methd3-Yiphbnyipd-cadaldobstiz | Tatle 320 RithocsP) aitl 08 (3H, t,
J=7.53Hz). APCI-M5 mz; 368.1 [M-Iqw 10 N. . L . .

{4' - [ hydr oseprparcidkyrapailsbls  yrpyridingdrylstbylripudazolifings2.fydioneacsprding to 34thed

| sobntys ant 48 hple 1.

1H NMR (400 MHz, DMSO-dé): 5 10.00 (1H, s); 8.53 (1H,d, J=4.01Hz); 8.13 (1H, s,);

7.91 (1H, 5); 7.58 (2H, m); 7.53 (2H, m); 7.38 (4H, rr), 7.00 (2H. m), 6.11 (1H, 5) 4.81
10 (1H, s); 3.48(2H, m).

APCI-MS m/z: 404.3 [MH'].

S-.{Hydroxy-(zi-pyrazin-z-yl-phenyl)-methy]]—S-methyI-imidazoiidine-z,4-dione
Prepared from_commercially availablé 4-pyrazin-2-yl-benzaldehyde and 5-methyl-

15 hydantoin according to Method C, Example 1.

N
=0

N

APCI-MS m/z: 299 [MH]. -



15 1H NMR (400 MHz, DMSO-d6): S 10.15 (1H, s); 9.87 (1H,s); 8.09 (IH, s,);
7.92 (IH, s); 7.52 (3H, m; 7.33 (4H, m; 5.92 (IH d, J=4.39Hz); #56%PC00H,
d, J=4.39Hz); 2.59 (1H, m; 1.42(3H s); 1.10 (6H, d, 3=6.87Hz). ].

APCl -M5 nmlz: 382.1 W. 20 1 5 SEP 2005 93 5 10 15 20 N-{4'-[hydro

Xy- (4-met hyl - 2, 5- di oxo-i m dazol i n-4-yl)-nethyl]-bi phenyl 3-yi}-2,2-

di met hyl propi onam de IH NVR (400 MHz, DMSO-d6): S 10.15 (1H, s); 9.23
(1H,s); 8.09 (IH, s,); 7.93 (1H, s); 7.58 (3H m; 7.33 (4H m; 5.91 (1H
d, J=4.39Hz); 4.65 (1H, d, J=4.39Hz); .B842(3H, s); 1.22 (9H Ps) APCl -Ms
mz: 396.2 [ M#]. EXAMPLE 15

5-1(4' - Chl or obi phenyl - 4-yi ) nmet hoxynet hyl ] - 5- net hyl i m dazol i di ne- 2, 4-di ane Cl1
4- Chl or 0-3#{3-{£(MCHhlom-ppedin-Reylplprykenyl- \-Hy didxyropuipyhy-bhethelal dehyde (0. 66
g, 3.0 mples),_ nitroethane (2 nL), ammonium carbonate (3.5 g) and gl aci al
acetic admidzolidng-2,4adiod¢| rred under nitrogen at 82C for 20

5 3-[4-(5-Chloro-pyridin-2-vioxy)-phenvl}-propan-1-ol
3-(4-Hydroxyphenyl)-propanol (768.5, 5.05 mmol), 2,5-dichloro-pyridine (934.8 mg, 6.32
mmol), cesium carbonate (2.48 g, 7.60 mmol) mixed in N-methyl-pyroliidone (10 ml) was

stirred and heated (100 °C) for 20 hours. The flask was cooled and the content was
partitioned between ethyl acetate (100 ml), di-tertbutylether (100 ml) and water (300 mi).
10 The organic phase was washed with water (3 X 30 ml). Evaporation afforded the crude title

compound (1.502 g, 5.70 mmol) as a yellow oil in 113 % yield. Pure according to TLC

analysis.

APCI-MS m/z: 264 [MH']

15

3-[4-(5-Chloro-pyridin-2-vloxy)-phenvl}-propionaldehyde
3-[4-(5-Chloro-pyridin-2-yloxy)-phenyl}-propan-1-ol (267 mg, 1.0 mmeol) and pyridinium
chloro chromate (302 mg, 1.4 mmol) was stirred in dichloromethan (20 ml, molecular

20 sieve dried) for 2 hours. Flash chromatography (5102, dichloromethan/methanol: gradient
to 100/5) afforded the title compound (169 mg, 0.65 mmol) as a oil in 65 % yield.

APCI-MS m/z: 262 [MH']



hours. Vol atiles were evaporated, the well ow residue was taken up in ether
and washed once with water. The aqueous phase was separated and washed once
with ether. The 15SEP2005 94 conbi ned organi c phases were washed w #ty ypt B
and brine, dried over anhydrous sodium sulfate, filtered and concentrated
with silica (3 g) by rotary evaporation- The dry residue was applied on a
silica colum. Elution with ethyl acetate/n-heptane (1:20) through (1:8)
gave 0.50 g (61%yield) of the title conpound as wellow crystalls. M.
113.8-114.3C s (uncorrected). FT-IR (ATRggv 1647 (w), 1504 (str), 1484

(str), 1320 (v str), 812 (str) cm'. "HNVIR (300MHz, CDA3) 5 2.50 (d, 3H,
J | Hz), 7.44 (d, 2H J 9 FE) 7 52 (d 2H J= 9 Hz), 7. 55 (d 2H, J-- 9
Hz), 7.65 ; . | -

8 14.2, 1

and 147. 6 ggpiL ChI oro 4 - (1 rret hoxy 2-ni tropropyl I b| phenyl -v Am xture of
4-chloro-4'-(2-nitropragpen i Shenyl nol es), sodiumis

.met hoxi de {H#-6°- @Hkﬂr@@yn YprbgRay! lr@@i@%?d?hm' GBSl ayatakie 9-

g?irgggL)éﬁagﬁ ﬁ%@ﬁﬂﬁgﬁ%ﬁﬁ%&&%%ﬁ &ﬁgguﬁ%ﬁ8T@éﬁQ %?%dﬁé%&ﬁﬁﬁﬁlﬁg?hano

(4 m) s ccmgampléat ed to dryness by rotary evaporation and then taken up in
et hyl .acetate and water. The aqueous phase was separated and washed once

wi th ethyl etate. The conbi ned organi c phases were washed 20 with brine,
disi ed over ydrous sodium sulfate, filtered and concentrated with silica
g) by fotary evaporation. The dry residue was applied on a silica
col um. El uty wi th dichl oromet hane/ n- heptane (1:3) through (1:1) gave
0.40 g (95%yi eld) of tde &itle conpound as a white solid.
; N

O
APCI-MS m/z: 376.0 [MH'].

5-{|4- (S-Chloro-pyndm-Z—ylo‘{y)-phenyl]-hydroxy—methyl}-S-methyl-lmldazohdme—
10 2,4-dione

4-(5-Chloro-pyridin-2-vloxvy)-bénzaldehvde
4-Hydroxy-benzaldehyde (620.9 mg, 5.08 mmol), cesiumcarbonate (2.6_ g, 7.98 mmol) and
2,5-dildoropyridine (947 mg, 6.40 mmol) mixed in N-methyl-pyrollidone (10 ml) was

15 strirred and heated (75 °C) for 16 hours. LCMS analysis indicated formation of product in
a minor amount. Further reaction at elevated temperaﬁlre (150 °C) for additional six hours
produced increased formation of product. The flask was cooled and the content was
partitioned between ethyl acetate (100 ml), ether (100 ml) and water (200 ml). The organic
phase was washed with watef (3 X 30 ml). Evaporation and flash chromatography (SiOs,

20 dichloromethan/methanol: gradient to 100/4) afforded 4-(5-chloro-pyridin-2-yloxy)-
benzaldehyde (181 mg, 0.77 mmol) in 15.2 % yield. '
1H NMR (400 MHz, DMSO-d6): 6 9.98 (1H, s);8.27 (1H, d);8.04 (1H, dd);7.97 (2H,
d);7.35 (2h, d);7.23 (1H, d).

APCI-MS mv/z: 234 [MH]

25



FT-IR (ATR) v 1552 (v str), 1485 (str), 1092 (str), 814 (str) cni'. 25 "'H
NVR (400 MHz, CDC13) 45 1.30 (d, 1.3 H J=7 Hz) 1.56 (d, 1.7 H, J 75|—3£P1{][!5
3.22 (s, 12 H), 3.32 (s, 1.8 H, 4.56 (d, 1.2 H J= 10 Hz), 4.63 (ne, 1.8
H, 4.76 (ne, 1.2 H, 4.88 (d, 1.8 H J 5 Hz) and 7.38-7.62 (ms, 8 H ppm
13C NMR (100MHz, CDC13) 45 13.0, 16.3, 57.0, 57.7, 83.5, 84.8, 86.9, 87.5,
127.3, 127.5, 128.3, 129.0, 129.1, 132.7, 133.7, 1339, 135.1, 135.9, 138.7,
138.8, 140.4, 140.9 ppm (di astereoneric signals). C30 15 S E P 2005 95 1
-(4' - Chl orobi phenyl -4-vl )- | -methoxypbfdp an-2-one A nixture of

4-chl oro-4'- (I - met hoxy-2-ni tropropyl)bi phenyl (0.123 g, 0.40 nmoles), dry

di chl oronethane (2.8 nL) and finely ground 3A nol ecul ar seeves (0.040 Q)
under ar gbHi[4-Sashioebridiod-aoxy & ehdal Fhvdrety-aptopysansbri-Uridassliditdenat e
(0.170 g, 0.48 nmmoles) 5 was added in a portionw se nmanner to the cold,
stirred migsdire- Wien the addition was conpl eted, the ice bath was renoved

and the 22 4.0 hours th (30 nL) was
added an(rjg ﬁ@kﬁj BV?@'H?’H@W? bﬂ%&’%‘?@% aﬂgg linfnref(‘é?%% Yﬂ%hﬁgﬁ @ll te. The
clear fi IH(;H@&@M& GNPEE Ry Fnfdsi df theStitld &ﬁnﬁdhnﬁ)ac@d(rdidgt@rMeﬁBé@Pr ation. The
dry residue was applied on"a silica colum.” Elution with

di chl er o-Iremipé/ n- hept ane (1:2) 30 through (2:1) gave 0.052 g (47% yi el d)

of the title corrpound as a vvhite solid. FT-IR (ATR) v 1716 (v str), 1485
(str), 1093 cm-' (v str). "H NWMR (300 MHz, CDC13) 5 2.16 (s, 3 H) 3.42 (s, _.
3 H, 469¢s, 1 H, 7.40 (d, 2 H J=9 Hz)746(d 2 H J8 Hz), 7.51 t_

(d, 2 H J-- 9 Hz) and 7.56 (d, 2 H J 8 Hz) ppm T3C NWR (100MHz, CDC13) S
25.1, 57. 9.1, 127.2, 127.4, 128.2, 128.8, 133.5, 135.1, 15 13 8.8, 140.1
and 206.4 [0

o} OunN -
\QJ =0
N
0
APCI-MS m/z: 348 [MH']. . B}

EXAMPLE 13

5-1(3’-Amino-biphenyl-4-yl)- hydroxy- methyl]-5-methyl-imidazolidine-?,4-dione
Prepared from 5-{Hydroxy-(3’-nitro-biphenyl-4-yl)-methyl]-5-methyl-imidazolidine-2,4-

15 dione described in Example 8 by by a standardvsynﬂ)etic method well-known for those
skilled in the art (Pd (0) catalysed hydrogenation in ethanol).

20 APCI-MS m/z: 312.1 [MH]



5-F(4' - Chl or obi phenyl - 4-y1) net hoxyne tiwli-5-nethylirnidazolidi ne-24-dione
1-(4' - Chl orobi phenyl - 4-yl) - 1- met hoxypropan-2-one (0.051 g, 0.19 m"ml1e§$55p 7005
anr noni um 20 carbonate (0.089 g, 0.93 nmol es), potassium cyanide (0.02

0.37 mmol es; CAUTION') and 50% ethanol in water (1.4 nlL) were stirred in a
sealed vial (4.5 nL) at 87C (oil bath tenperature) for 19 hours. The

sol vent was evaporated, water was added to make ‘a volune of approx. 20 ni,
pH was adjusted to 3 with glacial acetic @nd the crude product was taken up
in ethyl acetate (50 nL). The organi c phase was washed once with brine,
dried over 25 anhydrous sodiumsulfate, filtered and concentrated by rotary
evaporatio f 0.065 g (100%yield) of the title conpound as a white
solid. '"H , Dv8sO-d6) 5 1.06 (s, 2 H, 1.43 (s, I H, 3.07 (s, 2
H, 3.17 (s, 1 H, 4.33 (s, 0.7 H), 4.34 (s, 0.3 H, 7.30-7.75 (ms, 8.7
H, 8.24 (br s, 0.3 H, 10.26 (br s, 0.3 H and 10.56 (br s, 0.7 H ppm
13C NW\R (|Mom®m§9urﬂszﬁmze ppared gEosling . the pedoso! w6d for @nﬂmlssﬂ 9

15 50,2 il BTl gl ol 12, 55

(diastef eoﬁ@fﬂaﬁsﬁf&l@ﬁﬁ&)daa&%ﬁ?&% 96 EXAMPLE 16 5-j Hydroxy-(4-quinolin
3-yl -phenyl) -net hyl -i m dazol i di ne-2, 4-di one 5 Thi s conpound was synt hesi sed

according to J Org. Chem 2001, 66, 1500-1502 from commercially avail abl e

T T e A B L S e BB L B e 5> par

methansulfonamide

10 Methanesulfonyl chloride (10ul, 0.165mmol) was added dropwise to a solution of 5-[(3°-
Amino-biphenyl-4-yl)- hydroxy- methyl]-5-methyl-imidazolidine-2,4-dione (41 mg,
0.132mmol) in pyridine (1 ml). The resulting mixture was stirred for 6 hours at ambient
ternperature. Water (15 ml) was added and the aqueous.rnixture was extracted with EtOAc
(3 x 10 ml). The combined EtOAc extracts were dried (MgSO,) and concentrated‘ under

15 reduced pressure to afford the crude product. Preparative HPLC on a Chromasi! C18 .
column with acetonitrile/water {0.1% trifluoroacetic acid), afforded the 40mg (80% yield)
of the title compound N-{4’.-[hydroxy—(4-methyl—2,5—dioxo-imjdazolin—4-y1)-methyl]—
biphenyl-3-yl}-methansulfopamide.

e
RES
SRy

o 4 O
!
-uS“N © N
o N\Fo

20

1H NMR (400 MHz, DMS0-d6): 5 10.17 (1H, s); 9.79 (1H,s); 8.10 (1H, 5,); 7.57 (2H, d,
J=8.39Hz); 7.40 (5H, m); 7.19 (1H, m); 7.25 (2H, 4, J=8.39Hz); 7.20 (14, m); 5.92 (1H,
m); 4.65 (14, s); 3.01 3H, s); 1.42 (3H, s.).

25 APCI-MS m/z: 390.1 [MH']



1 5 SEP 2005 97 CLAIMs: VWhat we claimis: 1. A conmpound of the forrmula |I or
a pharmaceutically acceptable salt or an in vivo s hydrol ysable esqg;s 2008
thereof R4 z (CH2) / Y R3 R5--A | wherein X is selected fromNR, C, E& 90
Y1l and Y2 are independently selected fromO, S; Z. is selected fromNR2, O,
S; ms Qor |I; Ais selected froma direct bond, (C 1-6)alkyl, (C 1-6)

al kenyl, (C 1-6)hal oal kyl, or (C 1- 6)heteroal kyl containing a hetero group
selected fromN, 0, S, SO S02 or containing two 15 hetero groups sel ected
fromN, O, S, SO S02 and separated by &2 |east two carbon atons; R is
selected fromH, alkyl, haloalkyl; R2 is selected fromH, alkyl, haloal kyl;
R3 and R6 are independently selected fromH, hal ogen (preferably F), alkyl,
hal oal kyl ¥-{4al[kedyetyid-metinla;Daidyo-imidugdlngiioy)-metliyl]-biptdayl-3085! oal kyl ,

al kyl - het erocycl oal kyl, 20- het eroal kyl -cycl oal kyl,

het er oal kpremienateocycl oal kyl, cycl oal kyl - al kyl , cycl oal kyl -

s 1HNMR (400 MHz, DMSO-d6): 5 10.17 (1H, s); 9.90 (1H,s); 8.09 (1H, 5,); 7.90 (1H, s
. 7.51 (3H, m); 7.32 (4H, m); 5.92 (1H, d, J=4.39Hz); 4.65 (1H, d, J=4.39Hz); 2.32 (1H, q,
J=7.44Hz), 1.42(3H, 5); 1.08 (3H, ¢, =7.53Hz).
APCI-MS m/z: 368.1 [MH'].

N-{#’-[hydroxy-(4-methyl-2,5-dioxo-imidazolin-4-yl)-methyl]-biphenyl-3-y1}-
isobutyramide

o Yy |
%N:\FO |
| -0

1H NMR (400 MHz, DMSO-d6): § 10.15 (1H, s); 9.87 (1H,s); 8.09 (1H, 5,); 7.92 (1H, s); &
7.52 (3H, m); 7.33 (4H, m); 5.92 (1H, d, J=4 39Hz); 4.65 (1H, d, J=4.39Hz); 2.59 (1H,

m); 1.42(3H, s); 1.10 (6H, 4, J=6.87Hz). -

APCI-MS m/z: 382.1 [MH'].

I5

20



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

al kyl aryl, heteroal kyl- aryl, heteroaryl, alkyl heteroaryl, ' 15 SEP 2005
het er oal kyl - heteroaryl, arylal kyl, aryl-heteroalkyl, 1 5 S E P 2005 Sé

het er oaryl - al kyl , heteroaryl - heteroal kyl, bisaryl, aryl-heteroaryl,
heteroaryl -aryl, bisheteroaryl, cycloal kyl or heterocycloal kyl conprising 3
to 7 ring atons, wherein the alkyl, heteroal kyl, aryl, heteroaryl, ‘
cycl oal kyl or heterocycl oal kyl radicals nay be optionally substituted by
one or nore groups independently sel ect ed3from hydroxy, alkyl, s

het er oal kyl , cycl oal kyl, heterocycloal kyl, aryl, heteroaryl, halo,
hal oal kyl , hydroxyal kyl, al koxy, al koxyal kyl, hal oal koxy, hal oal koxyal kyl,
car boxy, cardfhpdioxly-(d4ankihyb-arbdioxp-iaidaelinMNi-gl)kykthyii-biphefP-HvRL Xyl ar ni no,
al kyl am no, . alkpkéhbalkyl)anino, al kyl (N, N-di al kyl ) am no, am do,

N-al kyl ana‘f"(ﬁ‘éﬁth)(f/ poapRde i do, al kyl ami do, al kyl (N-al kyl ) ani do,

al kyl (N, N-di al kyl )am do, al kyl carbamate, 10 al kyl carbam de, thiol, sulfone,
sul f onam no, al kyl sul fonam no, aryl sul fonam no, sulfonam do, hal oal kyl

sul fone, al kyl { hi or yl thio, alkylsulfone, arylsulfone, am nosulfone,

N-al kyl am nosyf f o , N-di abkylram' nosul f one, al kyl am nosul f one,
aryl am nos R o &) kyReyano, guani di no, N-cyano-guani di no,
t hi oguani di'np, am di o@

anino§b¢®on-arnidino, nitro, alkylnitro,
Z< Ni tro-ethene-|,|-diame; 5 M4 is selected fromH, alkyl, hydroxyal kyl,

al oal kyl , al koxyal kyl, hal g@al koxy, am noal kyl, am doal kyl, thoalkyl; R5 is
a bicyclic or tricyclic group conprising two or three ring structures each
of 3te 7 ring atons independently selected from cycl oal kyl, aryl,

het I : I i.th hri t bei
ﬁadégéﬁééa%«?@on&ﬁi%ﬁ%é@@u%é1@35"%@2 53R DR dehaH. o
W d dent | ect L hi pé s, -t : :
Akl carborg CrRaT a b P 4 Pt R NI L 26 Ry
nitro, al Rya2 (94, s). -

APCI-MS m/z: 396.2 [MH"].

10

EXAMPLE 15

5-[(4"-Chlorebiphenyl-4-yl)methoxymethyl}-5-methylimidazolidine-2,4-dione

20  4-Chloro-4’~(2-nitropropenyl)biphenvl
4-(4-Chlorophenyl)benzaldehyde (0.66 g, 3.0 mmoles), nitroethane (2 mL), ammonium

carbonate (3.5 g) and glacial acetic acid (17 mL) was stirred under nitrogen at 82°C for 20
hours. Volatiles were evaporated, the wellow residue was taken up in ether and washed

once with water. The aqueous phase was separated and washed once with ether. The



hal oal kyl, al koxy, al kyl sulfone, alkyl sul fonarnido, hal oal kyl sul fone,

al kyl am do, al kyl carbanmate, allylcarbam de, carbonyl, carboxy, wherej R SEPY(0;
al kyl radical wthin any substituent nmay itself be optionally substitute

by one or nore groups 25 i ndependently sel ected from hal ogen, hydroxy,

am no, N-al kyl am no, N, N-di al kyl am no, al kyl sul fonam no, al kyl carboxyam no,
cyano, nitro, thiol, alkylthiol, alkylsulfono, alkylamnosulfono,

al kyl car boxyl at e, am do, N al kyl am do, N, N-di al kyl am do, al kyl car bamat e,

al kyl car barni de, al koxy, hal oal koxy, carbenyl, carboxy; C 1 5 SEP 2005 99 R5
Is a bicyclic or tricyclic group wherein each ring structure is joined to

t he next

0 T Bk e e s s gl

ring structure by a direct bond, by -0-, by -S-, by-NH, by (C I

next ring stlfatef filtered an@pbncenatiey With dhick B4)rbarojany BvimprdtionnThe diyn@sidue

conprising up to_7.ring,atons or

to formar

) € R3.and, RG may join I n
conpri si ng W#s applid pp 4 giliasrmmpdutiorewith gy aWFJn%lQP?IﬂFﬁII :20Rthrpugh(1:8) j s
0, Y2 is 0_ 7 hsa0 i S. | S..a di t R3. ] Hy R4 -1 R6 i
°roerte o0 %6 Do b SuEihg o 8 S, Mg lap e 55 7. ' °

H, then

when X ks gmcghebggy_t one of Yl and Y2 is O, mis O, Ais a direct bond, R3

is H or

methyl, R6 1s Hor nmethyl, then R5 is not quinoxaline-1, 4-di oxi de.

2_ A conpobRdRo(ATRyv i 64 T(Wh 1504t bAS4deir), 1320 &v )L 862 (r)shir maceut i cal |y

N R S TRV epoRiE Y s s 3o bl SRR T Bk, B B

0, and A i 18)d756¢h, BPNE 9 Hz), 7.65 (d, 2H, J= 9 Hz) and 8.12 (br s, 1H) ppm.
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13C NMR (100MHz, CDCL) § 14.2, 127.2, 128.2, 129.1, 130.5, 131.5, 132.9, 134.1, 138.1,
141.3 and 147.6 ppm. '

4-Chloro-4 ‘(1 -methoxy-2-nitropropyl)biphenyl

A mixture of 4-chloro-4’-(2-nitropropenyl)biphenyl (0.39 g, 1.3 mmoles), sodium

- methoxide (4.0 mmoles; freshly prepared from 0.091 g of sodiwm and dry methanol) and
anhydrous 1,2-dimethoxyethane (3.0 mL) was stirred under nitrogen at 22°C for three
hours, acidified with 10% acetic acid in methanol (4 mL), concentrated to dryness by
rotary evaporation and then taken up in ethyl acetate and water. The aqueous phase was
separated and washed once with ethy! acetate. The combined orgam'c phases were washed
with brine, dried over anhydrous sodium sulfate, filtered and concentrated with silica (3 g)
by rotary evaporation. The dry residue was appliéd on a silica column. Elution with
dichloromethane/n-heptane (1:3) through (1:1) gave 0.40 g (95% yield) of the title
compound as a white solid. |
FT-IR (ATR) v 1552 (v str), 1485 (str), 1092 (str), 814 (str) cm™.
'H NMR (400 MHz, CDCl3) §1.30 (d, 1.3 H, /=7 Hz) 1.56 (4, 1.7 H, /= 7 Hz), 3.22 (s,
1.2 H)., 3.32(s, 1.8 H),4.56 (d, 1.2 H, J= 10 Hz), 4.63 (m., 1.8 H), 4.76 (m, 1.2 H), 4.88
(d, 1.8 H, J= 5 Hz) and 7.38-7.62 (m’s, 8 H) ppm. °C NMR (100MHz, CDCl;) § 13.0,
16.3,57.0,57.7,83.5, 84.8, 86.9, 87.5, 127.3, 127.5, 128.3, 129.0, 129.1, 132.7, 133.7,
133.9,135.1, 135.9, 138.7, 138.8, 140.4, 140.9 ppm (diastereomeric signals).

C

=2




3. A compound as clainmed in either claiml or claim2 or a pharmaceutically
acceptable salt or an in vivo hydrol ysable ester thereof, wherein i% kglﬂg
al kyl or haloal kyl, R4 is H, 20 al kyl or haloal kyl. 4. A conpound a él ifred
in any of the preceding clains or a pharmaceutically . acceptable salt or
an in vivo hydrol ysabl e ester thereof, wherein RS is a bicyclic group
conprising two optionally substituted 5 or 6 nenbered rings independently
sel ected fromzs cycl oal kyl, aryl, heterqﬁycloalkyl or heteroaryl. 5. A
compound as clainmed in any of the precedifg clainms or a pharnmaceutically
acceptable salt or an in vivo hydrol ysable ester thereof, wherein R6 is H,

al kyl , hydrox aIkyI arnlnoalkyl cycloalkyl aIkyI aIkyI cycl oal kyl

aryl al kyl , 14fk ;
h | oal lkyl h | h

et or Séﬁyﬁama% afé*ycfs&o #rp{;uwﬁ %%??%x‘é WS ERoD slnh%rﬁ F103 e Pl ey
.accept abl egigRlokoBéthafe (218 WMIVMandFidey el aAl mol%@ﬁ@f séeb@s!’ (@qﬁo@ ifdeRarkBn A

Kti (CH2)mz R4 10 wherein X is selected fromN
was cooled on an ice bath. Tetrapropylammonium perruthenate (O 170 g, 0.48 mmoles)

5 was added in a portionwise manner to the cold, stirred mixture. When the addition was
completed, the ice bath was removed and the mixture was stirred at 22°C for 4.0 hours.
Diethyl ether (30 mL) was added and the resulting dark suspension was filtered through
Celite. The clear filtrate was concentrated with silica (4 g) by rotary evaporation. The dry

residue was applied on a silica column. Elution with dichloro-methane/n-heptane (1:2)

1 through (2:1) gave 0.052 g (47% yield) of the title compound as a white solid. FT-IR
(ATR) v 1716 (v str), 1485 (str), 1093 cm ™ (v str).
'H NMR (300 MHz, CDCl) 52.16 (s, 3 H) 3.42 (s, 3 H), 4.69 (s, 1 H), 7.40 (d, 2 H, J=9
Hz), 7.46 (d, 2 H, /= 8 Hz), 7.51 (d, 2 H, /= 9 Hz) and 7.56 (d, 2 H, J= 8 Hz) ppm. °C
NMR (100MHz, CDCls) & 25.1, 57.3, 89.1, 127.2, 127.4, 128.2, 128.8, 133 5,135.1,

15 138.8, 140.1 and 206.4 ppm

5-[{4’-Chlorobiphenvl-4-yYmethoxyme r‘mrl]—S-methvlimidazolidine-_2,4—dione
1-(4"-Chlorobiphenyl-4-yl)-1-methoxypropan-2-one (0.051 g, 0.19 mmoles), ammonium
20  carbonate (0.089 g, 0.93 mmoles), potassium cyanide (0.025 g, 0.37 mmoles; CAUTIONY!)

and 50% ethanol in water (1.4 mL) were stirred in a sealed vial (4.5 mL) at 87°C (01l bath
{ temperature) for 19 hours. The solvent was evaporated, water was added to make a volume
J of approx. 20 mL, pH was adjusted to 3 with glacial acetic and the crude product was taken
up in ethyl acetate (50 mL). The organic phase was washed once with brine, dried over
25 anhydrous sodium sulfate, filtered and concentrated by rotary evaporation to afford 0.065 g
(100% yield) of the title compound as a white solid. 'H NMR (400 MHz, DMSO-ds) 8- -
1.06 (s, 2 H), 1.43 (s, 1 H), 3.07 (5. 2 H), 3.17 (s, 1 H), 4.33 (s, 0.7 H), 4.34 (s, 0.3 H),
7.30-7.75 (m’s, 8.7 H). 8.24 (brs, 0.3 H), 10.26 (brs, 0.3 H) and 10.56 (br s, 0.7 H) ppm.
3C NMR (100MHz, DMSO-dg) § 20.2, 21.1, 56.6, 57.0, 65.5, 66.2, 84.2, 84.9, 125.8,
0 126.1,128.20, 128.22, 128.74, 128.76, 128.79, 128.9, 132.2, 1353, 135 4, 138.2, 138.3,

138.3, 138.4, 156.1, 156.9, 175.9 and 177.]1 ppm (diastereomeric signals).



Y1 and Y2 are independently selected fromO, S; Z is selected fromNR2, O,
S; 15 mis O or 1; Ais selected froma direct bond, (Cl-6)alkyl,

(Cl-6)hal oal kyl, or (Cl-6) heteroal kyl containing a hetero atom sell fgépﬂ]%
fromO, S; Bis selected froma direct bond, -0-, -S-, -NH, amde,

car bamate, carbonyl, (C 1- 6)al kyl, (C1-6)hal oal kyl, (C2-6)al kenyl,

(C2-6)al kynyl, or (Cl-6)heteroal kyl containing a 20 hetero atom sel ected
fromO, S; R is selected fromH, (Cl-3)alkyl or (Cl-3)haloaikyl; 'R2is
selected fromH, (Cl-3)alkyl or (C1-3)hal gal kyl; R3 is selected fromH,
(d-3)alkyl or (A-3)haloallcyl; R4 is g8 ected from H, (C1-3)al kyl or
(Cl-3)haloalkyl; 1 5 SEP 2005 101 6 01b QI R6 is selected fromH, alkyl,
het er oal kyl, (C3-7)cycloal kyl, (C3-7)heterocycloal kyl, (C3-7)aryl,

( C3-7) het &E&&&XEE,E)ELL%L yl - (C3-7)cycl oal kyl, al kyl - (C3-7) het erocycl oal kyl,

al kyl - (C3-7)aryl, alkyl-(C3-7)heteroaryl, heteroal kyl -(C3-7)cycl oal kyl,
het er oal kyl - (C3- 7) heterocycl oal kyl, heteroal kyl -(C3-7)aryl,

het er oal kys {4ar RAlML3-yL- Doy 1GaliHN o1k D 4-dione

(C3-7) het ergc% Ry ,y(%r%)ary?gll e vl -al kyl . (C3
-7)cyclo al kyl-hetero allcyl, (C3 -7)heterocycl oal kyl - het eroal kyl ,

C3-7 | =.h | kyl = 7)h 4 | -h I P | kyl ,
het ot ndi |y TS eppoutLEs SHsisth SEs GRS FoPrdciero bt RITO-HS0E cal 7 iy
be opti onakdy couPSdrtlaltly s aiiblOBDrétho ARIRIGE QHRS-THILERSIAEBE YLES IREAH1f-r oM

imidazolidine-2,4-dione described above.
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1 o, hydroxy, alkyl,halo, haloal kyl, hydroxyal kyl, al koxy, al koxyal kyl,

hal oal koxy, hal oal koxyal kyl, carboxy, carboxyal kyl, alkyl carboxy, §miqyp,705
N-al kyl ami no, N, N- di al kyl am no, al kyl am no, al kyl (N-al kyl ) am no,

al kyl (N, N-di al kyl )am no, am no, N al kyl am do, NN-di al kyl arni do, al kyl am do,
al kyl (N-al kyl )am do, al kyl (N, N di al kyl )am do, al kyl car bamat e, ‘
al kyl carbam de, thiol, sulfone, sulfonam no, is alkylsulfonam no,

aryl sul f onam no, sul fonam do, hal oal kyl s%bfone, al kylthio, arylthio,

al kyl sul fone, aryl sul fone, am nosul f one, al kyl an-iinosul fon,

N, N- di al kyl am nosul f one, al kyl am nosul fone, aryl anli nosul fone, cyano,

al kyl cyano, guani di no, N cyano-guani di no, thioguanidino, am dino,

N-am nosul f epAgijgli no, nitro, alkylnitro, 2-nitro-ethene-1,1- diannine; 20
either G TS a monocyclic group and & is selected froma nonocyclic group
and a bicygthatwgretdim, isor G is a bicyclic group and & is a nonocyclic
group, wherein the nonocyclic group conprises one ring structure and the

bi cyclic group conprises two ring structures either fused together or

j oi ned together by B a fined abhove, each rin structure having .up to 7

ring atons landﬁﬁem@gumiagﬁgrfémlﬁ 0% & PRETRAGC Ty AFEPRiab IR yalt o im vive

het er ocycl-qal k r¥l, with each ring structure being independently

opti onal i y%ygﬁ%gﬁ%tﬁ%?%%e%gl%gﬁe or nore substituents independently sel ected

}‘\Dglm hal-ogen, thiolo, thioalkyl, hydroxy, alkylcarbonyl, hal oal koxy, am no,

| kyl ami no, N, N-di al kyl am no,g4cyano, nitro, alkyl, haloalkyl al koxy,

al kyl sul fone, al kyl sul f onam do, %rgl oal kyl sul fone,

. al kyl am do, al kyl car bamat e, al kyl cagbam de, wherein any al kyl radical wthin

any 30 substituent may itself be %)ti onal Iy substituted by one or nore
@u']os i ndependently sel ect g‘g_‘ ;rﬂ)om hal ogen, hydr oxy, am no, N-al kyl am no,

BBN- di al kylamino, 1 5 SEP 2 202 al kyl g3l f onam no, cyano, nitro, thiol,

al kyl thiol, al kyl sul fono, al kyl anj R&ul f

R3 -
NH
R5—A
L
. Y,
wherein
X is selected from NR1, O, S;
10 Y1 and Y2 are mdependently selected from O, S;

. Z is selected from NR2, O, S;

misQorl;
A is selected from a direct bond, (C1-6)alkyl, (C1-6) alkenyl, (C1-6)]_naloalkyl, or (C1-
" 6)heteroalky! containing a hetero group selected from N, O, S, SO, SO2 or containing two
15 hetero groups selected from N, O, S, SO, SO2 and séparatcd by at least two carbon atoms;
R1 is selected from H, alkyl, haloalkyl;
R2 is selected from H, alkyl, haloalkyl;
R3 and R6 are independently selected from H, halogen (preferably F), alkyl, haloalkyl,
alkoxyalkyl, heteroalkyl, cycloalkyl, ary!, alkyl-cycloalkyl, alkyl-heterocycloalkyl,
20  heteroalkyl-cycloalkyl, heterpalkyl-heterocycloalkyl, cycloalkyl-alkyl, cycloalkj'fl-
heteroalkyl, heterocycloatkyl-alkyl, heterocycloalkyl-heteroalkyl, alkylaryl, heteroalkyl-
aryl, heteroaryl, alkylheteroaryl, hetcroaikyl-heterbaryl, arylalkyl, aryl-hetercalkyl,



al kyl car boxyl ate, am do, N al kyl am do, NN-di al kyl am do, al kyl car banat e,

al k-yl car bam de, al koxy, hal oal koxy; Optionally R3 and R6 may join tq gggpqmﬁ
ring conprising up to 7 ring atons. 5 7. A conpound of the fornmula I'b as
claimed in claim6 or a pharmaceutically acceptable salt or an in vivo
hydr ol ysabl e ester thereof, wherein X is NRl; at |east one of Yl and Y2 is
O; Zis 0; inis 0; Ais a direct bond, (Cl-6)alkyl or (Cl-6)heteroall cyl '
containing a. hetero atomselected from0, _S; Bis a direct bond, acetyl ene,
CON (amide), (O - io C4)alkyloxy,-O-, -S?%r -NH; R is Hor nmethyl: R3 is
H (C-3)alkyl or (A 3)haloallyl; R4 is H (Ci1-3)al kyl or (C1-3)haloal kyl.
8. A conpound of the fornmula Ib as clainmed in claim6 or a pharmaceutically

accept abl e al r.an 4 ' I st.ar .t h f, wherein Xis NR
and R s HAGRRE At P B, B e BB E R BB A 1
di rect bondy; | ] RiByal ' ?I%] . - Qe ereds ,
-S-, or O%gbcl)sgéz}%&) %Sﬁyg%ﬁgggﬁg hta{IFS4 iS-oa].k&ng coﬁ%gﬁﬁ?%&%ge?ﬁlgj?‘g?%?a%% c or
a phar maceudlk@lahttyroatleentrah hetesadryl, oycladiyl or bewpocy2odilyyl radiyslslag best er

thereof Formula lc: OH C EM 25 wherein B is selected froma direct bond,
acetyl ene, eptiopallNphbstitiged by pncep Gord grousHrdepaBiendB selected from hydroxy, alkyl,
5 heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, halo, haloalkyl, hydfoxyalkyl;
alkoxy, alkoxyalkyl, haloalkoxy, haloalkoxyalkyl, carboxy, ¢
carboxyalkyl, alkylcarboxy, amino, N-alkylamino, N,N-dialkylamino, alkylamino,
atkyl(N-alkyl}amino, alkyl(IN,N-dialkyl)amino, amido, N-alkylamido, N,N-dialkylamido,
alkylamido, alkyl(N-alkyl)amido, alkyl(N,N-dialkyl)amido, alkylcarbamate, l
10 alkylcarbamide, thiol, sulfone, sulfonamino, alkylsulfonamino, ai‘ylsulfonamino,

sulfonamido, haloalkyl sulfone, alkylthio, arylthio, alkylsulfone, arylsulfone,

aminosulfone, N-alkylaminosulfone, N,N-dialkylaminosulfone, alkylaminosulfone,

arylan_linosulfone, cyano, alkyleyano, guanidino, N-cyan"o-guahidino, thioguanidinio,
amidino, N-aminosulfon-amidino, nitro, alkylnitro, 2-nitro-ethene-1,1-diamize;

15 R4 is selected from H, alkyl, hydroxyalkyl, halealkyl, alkoxyalkyl, haloalkoxy,
aminoalkyl, amidoalkyl, thioalkyl; . _

R5 is a bicyclic or ﬁicyclic group comprising two or three ring structures each of 3 to

7 ring atoms independently selected from cycloalkyl, aryl, heterocycloalkyi or heteroarﬂ, (;:)
with each ring structure being independently optionaily substituted by one or more |

20  substituents independently selected from halogen, thiolo, thioalkyl, hydroxy, '
alkylcarbonyl, haloalkoxy, amino, N;allcylamillo, N,N-dialkylamino, cyano, nitro, alkyf,
haloalkyl, alkoxy, alky! sulfone, alkylsulfonamido, haloalkyl sulfone, '
alkylamido,alkylcarbamate, alkylcarbamide, carbonyl, c;';zrboxy, wherein any alkyl radical
within any substituent may itself be optionally substituted by one or more groups

25 independently selected from halogen, hydroxy, amino, N-alkylamino, N,N-dia].kylaminp,
alkylsulfonamino, alkylcarboxyamino, cyano, nitro, thiol, alkylthiol, alkylsulfono,
alkylaminosulfono, alkylcarboxylate, amido, N-alkylamido, N N-dialkylamido,
alkylcarbamate, alkylcarbamide, alkoxy, haloalkoxy, carbonyl, carboxy;



R6 is selected fromH, alkyl, heteroal kyl, (C3-7)cycloal kyl,
(C3-7)heterocycl oal kyl, (C3-7)aryl, (C3.7)heteroaryl, 155EP2M5
al kyl - (C3-7) cycl oal kyl, al kyl -(C3-7) heterocycl oal kyl, alkyl- (C3-7)a

al kyl - (C3-7) heteroaryl, heteroal kyl -(C3-7)cycl oal kyl, heteroal kyl - (C3

7) heterocycl oal kyl , heteroal kyl - (C3-7)aryl, heteroal kyl -(C3-7) heteroaryl,
(C3 5 7)cycl oal kyl -al kyl, (C3-7)heterocycl oal kyl -al kyl, (C3-7)ary-al kyl,
(C3-7)heteroaryl -al kyl, (C3-7)cycl oal kyl 5eteroalky|

(C3-7) heterocycl oal kyl - het er oal kyl (C3-7?ary| heteroalkyl (C3 -7)hetero
aryl-hetero alkyl; in R6 the al kyl, heteroal kyl, aryl, heteroaryl,
cycl oal kyl or heterocycloal kyl radicals my be optionally substituted by

one or nore gr p;e(;}c{ﬁ
hal oal kyl , hyd%%?a%}lsg‘? al kgi‘*y%%i‘? kg%lg{éﬁé&ﬁ‘ %ﬁ‘%yﬁ"ﬁih oxya

car boxy, cahonyebkyldireal Bordc by bOXyhy 4587@ BYONEN. By ((V1-8Yuikgd, bN(C\- ﬁﬂflaﬁiamﬂl &Y ”0

al kyl am no, al kyl (N-al kyl )arni no, al kyl (N, N-di al kyl ) arni no, am do,

al ky!l ani do,{Ci¢ @tr:mauwl,dm dol- 5hl“§@plyb.r’a¥d61 -6aalkyhyINb R s dneaby darbow(k:wﬁomm
di al kyl ) am do, ct%:lt%ar bamat e, al kyl carbami de, thiol, sulfone, sulfonamn no,
15 al kyl sul°F &nEss SPﬁ g SIS0, sul fonani no, hal oal kyl sul fone,

| kyl hi I ¥ sul £ | f | K
ST Sy oy RS G0 it S S FR T e R b
cyano, al Kydaeyan fin 8 &ithOa BRg ¢ Bhl%y| LA ‘i@’?'rﬁigf‘tﬁomst hi oguani di no, ami di no,

N-am nosul fon-am di no, nitro, 0, 2-nitro-ethene-1,1- dianine; 20
either Gl i s @romdetthat:i c group and & is selected froma m)nocycl ic group
and a bicyclic group, or ii;s.a bicyclic group and & is a nonocyclic

group, wherein the mnd&l}f@XéSb’quﬁldﬁ)HpWs%Q 7ds Q. dgis 2. és @b isandiracke

B oa ©og oL AL BER PR St e I R prpt B Ebeni o0 g up 1o 7

ring atgnsggéfﬂg &R xondspendent |y sel ected from cycl oal kyl, aryl, 25
het er ocycl [Iq (} het es}garyl with each ring structure bei ng |ndependently

optionally when X1s S, at least one of Y1 and Y2 1s O, m is 0, A is a direct bond,

R3 is H or methy}, R6 is H or methyl, then R5 is not quinoxaline-1,4-dioxide.
2. A compound of the formula I as claimed in claim 1 or a pharmaceutically acceptable
15 salt or an in vivo hydrolysable ester thereof, wherein X is NR1, R1 is H or (C1-3) alkyl, at

least one of Y1 and Y2 is O, Zis O, mis 0, and A is a direct bond.

3. A compound as claimed in either claim 1 or claim 2 or a pharmaceutically acceptable

salt or an in vivg hydrolysable ester thereof, wherein R3 is H, alky! or haloalkyl, R4 is H,
20 alkyl or haloalkyl.

4. A compound as claimed in any of the preceding claims or a pharmaceutically
acceptable salt or an in vivo hydrolysable ester thereof, wherein RS is a bicyclic .group
comprising two optionally substituted 5 or 6 membered rings independently selected from

25 cycloalkyl, aryl, heterocycloalkyl or heteroaryl.

5. A compound as claimed in any of the preceding claims or a pharmaceutically
acceptable salt or an in vivo hydrolysable ester thereof, wherein R6 is H, alkyl,

hydroxyalkyl, aminoalkyl, cycloalkyl-alkyl, alkyl-cycloalkyl, arylalkyl, alkylaryl,



substituted by one or nore substituents independently sel ected from hal ogen,
thiolo, thioalkyl, hydroxy, alkylcarbonyl, hal oal koxy, am no,
N-al I cyl am no, N, N-di al kyl am no, cyano, nitro, alkyl, hal oal kyl al KOXYEP 2005
al kyl sul fone, al kyl sul f onam do, hal oal kyl sul fone,

al kyl am do, al kyl car bamat e, al kyl carbam de, wherein any al kyl radical wthin
any 30 substituent nmay itself be optionally substituted by one or nore
groups i ndependently selected from hal ogen, hydroxy, anino, N-alkylan no,
N, N-di al kyl am no, 1 5 SEP 2005 104 al kyl sul fonam no, cyano, nitro, thiol,

al kyl t hi ol , al kyl sul fono, aIkyIaninosqud%@, al kyl car boxyl ate, am do,
N-al kyl am do, NN-di al kyl am do, al kyl carbamate, all cyl carbarni de, al koxy,

hal oal koxy. 5 10. A conpound of the formula Ic as clainmed in claim9 or a

phar maceutical | y acceptable .. sal r,ap, i.n vivo o] ysabl e, est er thereof,
bher ein b hetesalal bR o TaE plned His3hhe ogucioalf hetol b Aiioer Hegrartio
monocycl i Caﬂrﬁ oup conprising an aryl ring; G is a nonocyclic or bicyclic
group conpriFSing at least one aryl ring; R6 is selected fromH (Cl-6)alkyl,
(Cl- 6)heteroal kyl, heterocycl oal kyl, heterocycl oal kyl - (C1-6) al kyl,

het eroaryl orheteroaryl io (Cl-6)alkyl; in R6 the alkyl, heteroal kyl, aryl,
het er oar yl 6. cicioogicent ob theniermubclpairagihashacenachillyadcsepmalyleelt optn amdivb y
substituted by one or.nore groups. 1 1 . A conpound of the formula Id or a
phar maceut hydiplygable sgpt Wsre®isalt or an in vivo hydrol ysable ester thereof
15 Fornula Id: wherein 20 Bis selected froma direct bond, 0 or CH2O d C
is a nonocycli ﬂ; bicyclic group conprising at |east one five or six

nmenber ed fonnuia ib.
@B

Y, N
R3, \A\Yz
A X
R6
{CH.) m\ :
Z
/
R4

10
wherein

X 1s selected from NR1, O, S;

Y1 and Y2 are independently selected from O, S;
Zis sclected from NR2, O, S; ‘
15 misQOorl;
A is selected from a direct bond, (C1-6)alkyl, (Cl-6)haloalkyl, or (C1-6) heteroalkyl

containing a hetero atom selected from O, S;

B is selected from a direct bond, -O-, -S-, -NH-, amide, carbamate, carbonyl, (C1-
6)alkyl, (C1-6)haloalkyl, (C2-6)alkenyl, (C2-6)alkynyl, or (C1-6)heteroalkyl containing a
20 hetero atom selected from O, S;
R1 is selected from H, (C1-3)alkyl or (C1-3)haloalkyl;
R2 is selected from H, (C1-3)alkyl or (C1-3)haloalkyl;
R3 is selected from H, (C1-3)alkyl or (CI-3)haloalkyl;
R4 is selected from H, (C1-3)alkyl or (C1-3)haloalkyl;



aryl ring; R6 is H, alkyl, hydroxyallyl, am noal kyl, al kyl-carbarnic acid

al kyl ester, alkyl-al kyl- urea, alkylsulfonyl-alkyl, EP 200
N-al kyl - al kyl sul fonam de, heteroaryl-alkyl; CCl 1 5 SEP 2005 105 @iéé E Pé
selected fromH, alkyl, haloal kyl, hydroxy, al koxy, hal oal koxy, am no,

al I cyl am no, am do, al kyl am do, allcyl carbamate, al kyl carbam de,

al kyl sul fono, al kyl sul fonam do, nitro, cyano, halo; or L is a group: s T-U-V
wherein V is attached to @ and V is seleﬁé d fromCH2, 0, NCO NCOO NCON
or NSO2; Uis (Cl-5alkyl; T is selected om hydroxy, al koxy, cyan, ani no,
al kyl am no, al kyl sul fono, 10 alkylsulfonanide al kyl car banat e,

al kyl acar bam de, al kyl ami de, i m dazolyl, triazolyl or rollidon. 12. A

conpound of t h&b 1S(ﬁ€}ﬁ§'ﬂ3é from &b alirdli hateroplkyk (@3orelasdiod, (hay tetesemicloalky),

bl wh
el cot od o DaSpEa PRt yﬁ%@? Ao s CE e R EloBSh i
t he formul gCi3dy)as ], aliained-Thetetdabl h@tbﬁ:laIHyﬂ-@CS)-l?%@cﬁlaIRyl Zhéi!éroﬁdk?d—(CB-
phar maceuti cal I'y "accept abl e salt an in vivo hydrol er thereof,

wher ei n R6 T)beteeyde hﬂéiﬁaﬂiylf(@f’ "Byl kagteroalydr(§dy Tiheteroargh £C3ky| , ani no- (C
| -6)al I§yl "7)C ycloha?kﬁ%likyl yaC3(ﬂheterocycloalkyl -alkyl, (C3-7ary-alkyl, (C3-7heteroaryl-alkyl,
(C3-T)cycloalkyl-heteroalkyl, (C3-7)heterocycloalkyl-heteroalkyl, (C3-7)aryl-heteroalkyl,
—D (C3-Dheteroaryl-heteroalkyl;
| in R6 the alkyl, heteroalkyl, aryl, heteroaryl, cycloalkyl or heterocycloalkyl radicals
5 may be opticnally substituted by one or more groups independenﬂy selected from
@a 10 . hydroxy, alkylhalo, haloalkyl, hydroxyalkyl, alkoxy, alkoxyalkyl, haloalkoxy,
haloalkoxyalkyl, carboxy, carboxyalkyl, alkylcarboxy, amino, N-alkylamino, N,N-
dialkylamino, alkylamino,alkyl(N-alkyl)amino, alkyl(N,N-dialkyhamino, amido, N-
alkylamido, N,N-dialkylamido, alkylamido, alkyl(N-alkyl)amido, alky](N,N-
diatkyl)amido, allcylcarbamate, alkylcarbamide, thiol,' sulfone, sulfonamino,
| 15 alkylsulfonamino, arylsulfonamino, sulfonamido, halealkyl sulfone, alkylthio, arylihio,
alkylsulfone, arylsulfone, aminosulfone, N-alkylaminosulfon, N,N-dialkylaminosuifone,
alkylaminosulfone, axylaminosulfohe, cyano, alkylcyano, guanidino, N-cyano-guanidino,
thioguanidine, amidino, N-aminosulfon-amidinoe, nitro, alkylnitro, 2-nitro-ethene-1,1-

diamine;

either G1 is a monocyclic group and G2 is selected from a monocyclic group and a
bicyclic group, or G1 is a bicyclic group Vand G2 is a monocyclic-group, wherein the
monocyclic group comprises one ring structure and the bicyclic group comprises two rmg
structures either fused together or joined together by B as defined above, each ring
structure having up to 7 ring atoms and being independently selected from cycloalkyl, aryl,
25 heterocycloalkyl or heteroaryl, with each ring structure beiﬁg independently optionally
substituted by one or more substituents independently selected from halogen, thiolo, |
thioalkyl, hydroxy, alkylecarbonyl, haloalkoxy, amino, N-alkylamino, N,N-dialkylamino,
cyano, nitro, alkyl, haloalkyl alkoxy, alkyl sulfone,alkylsulfonamido, haloalkyl sulfone,
alkylamido,alkylcarbamate, alkylcarbamide, wherein any alkyl radical within any

30 substituent may itself be optionally substituted by one or more groups independently

selected from halogen, hydroxy, amino, N-zlkylamino, N,N-dialkylamino,



20 6)al kyl. 14. A conpound of the formula Id as clainmed in any of clainms 11
to 13 or a pharnmaceutically acceptable salt or an in vivo hydrol ysfBISEp 7005
ester thereof, wherein L is selected fromH, (C-5)alkyl, (Cl-5)hal oal kyl,

hydr oxy,

al koxy, hal oal koxy, am no, (C 25 5)al kyl am no, am do,

(C1-5)al kyl am do, (C -5)alkyl carbamate, (Cl-5)al kyl carbam de,
(a-5)al kyl sul fono, (Cl-5)al kyl sul fonam do, nitro, cyano, halo; or L is the
group T-U- V- wherein Uis unbranced (Cl-5)alkyl, and T is selected from

hydr oxy,

al koxy, cyano, amino, (Cl-3)al ky#0ani no, (C1-3)al kyl sul fono, (Cl-

3) al kyl sul fonam de, (C1-3)alkyl carbamate, (C1-3)alkyl acarbam de,
(C1-3)al kylam de, 30 imdazolyl, triazolyl or pyrollidon. 1 5 SEP 2005 106
15. A conpelknidulfbndnhiacf o) mirbothis!, alkgithel aikylsabpnof alkllatmisostlfohe, 14 or a

pharmaceutically acceptable salt or an.in, vivo

wherei n L piyisaihexylats: amiga Noalkyiarideni.N-gidoam

Qédrol sabl e ester thereof,
> alkglosghmseated ring. 16. A

of the formula Ib as clained in claim®6 or

phar maceut @%m@g&b@h% X onprises a _conpound of the fornmula | as

clained in

or a -¢onpoun

a conpound of QptiendlBrRBImed R6 nady joimiofedn airhlgcdo&ipﬁs%giﬁ;l) o Teipetyifs.of the

formula Id as clainmed in claim1 | or a pharmaceuti cal

y acceptable salt or

an in vivo hydrol ysabl e ester thereof and a pharmaceutically acceptable

carrier.

17. Use of a conpound of the forrmulae | or Ib or Ic or Id or a

phar maceut 7 callgsnoasdbithedosmia Ib as clafinsd aldipds ot ¥ phirneaceteelly3REeptitds eof
in the preparation of a nedicanment for use in the treatnent of a disease or
condi ti on seldirandn vhp lydeolpsabimeseribergpf, oferieXria SR bratyeast one of Y1 and Y2

10
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20

25

is O; Z is O; m is 0; A is a direct bond, (C1-6)alky! or (C1-6)heteroalkyl containing a .

hetero atom selected from O, S; B is a direct bond, acetylene, CON (amide), (C1- @

C4)alkyloxy ,-O-, -8- or -NH-; R1 is H or methyl; R3 is H, (C1-3)alkyl or (C1-
3)haloalkyl; R4 is H, (C1-3)alkyl or (C1-3)haloalkyl.

8. A compound of the formula Ib as claimed in claim 6 or a pharmaceutically acceptable
salt or an in vivo hydrolysable ester thereof, wherein X is NRI and R1 is H; and-Yl and Y2
are each O; and Zis O; and m is 0; and A is a direct bond; and

B is selected from a direct bond, acetylene, -O-, -NH-, -S-, or CH,O; and R3 is H; and
R4isH

9. A compound of the formula Ic ora phanﬁaceutically acceptable salt or an in vivo

hydrolysable ester thereof

Formula lc:

wherein

B is selected from a direct bond, acetylene, -O-, -NH-, -S-, or CH,0;

S
bl
T
b

N
Y

c
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R6 is selected from H, alkyl, heteroalkyl, (C3-~7)cycloalkyl, (C3-7)heterocycloalkyl,
(C3-7aryl, (C3-Dheteroaryl, alkyl-(C3-7)cycloalkyl, alkyl-(C3-7)heterocycloalkyl, alkyl-
(C3-Tyaryl, alkyl-(C3-7T)heteroaryl, heteroalkyl-(C3-7)cycloalkyl, heteroalkyl-(C3-
7)heterocycloalkyl, heteroalkyl-(C3-7)aryl, heteroalkyl-(C3-7)heteroaryl, (C3-

5 7)cyclba]ky1—aikyl, (C3-7Hheterocycloalkyl-alkyl, (C3-7)ary-alkyl, (C3-7)heteroaryl-alkyl,
(C3-T)eycloalkyl-heteroalkyl, (C3-7heterocycloalkyl-heteroalkyl, (C3-7)aryl-heteroalkyl,
(C3-7heteroaryl-heteroalkyl; .

in R6 the alkyl, heteroalkyl, aryl, heteroaryl, cycloalkyl or heterocycloalkyl radicals

; may be optionally substituted by one or more groups independently selected from
| 10 hydroxy, alkyl halo, haloalkyl, hydroxyalkyl, alkoxy, alkoxyalkyl, haloalkoxy,
haloalkoxyalkyl, carboxy, carboxyalkyl, alkylcarboxy, amino, N-alkylaminoc, N,N-
dialkylamino, alkylamino,alkyl(N-aH(yl)amino, alkyl(N,N-dialkyl)amino, amido, N-
alkylamido, N, N-dialkylamido, alkylamido, alkyl(N-alkyl)amido, alkyl(N,N-

dialkyl)amido, alkylcarbamate, alkylcarbamide, thiol, sulfone, sulfonamino,

15 alkylsulfonamino, arylsulfonamino, sulfonamido, haloalkyl sulfone, alkylthio, arylthio,
alkylsulforne, arylsulfone, aminosulfone, N-alkylaminosulfon, N, N-dialkylaminosuifone,
alkylaminosulfone, arylaminosulfone, cyano, alkylcyano, guanidino, N-cyano-guanidine,
thioguanidino, amidino, N-aminosulfon-amidino, nitro, alkylnitro, 2-nitro-ethene-1,1-
diamine;

20 either G1 is a monocyclic group and G2 is selected from a monocyclic group and a

bicyclic group, or G1 is a bicyclic group and G2 is a monocyclic group, wherein the
monocyclic group comprises one ring structure and the bicyclic group comprises two ring
structures either fused together or joined together by B as defined above, each ring
structure having up to 7 ring atoms and being independently selected from cycloalkyl, aryl,

25 heterocycloalkyl or heteroaryl, with each ring structure being independently optionally
substituted by one or more substituents independently selected from halogen, thiolo,
thicalkyl, hydroxy, alkylcarbonyl, haloalkoxy, amino, N-alkylamino, N,N-diallylamino,
cyano, nitro, alkyl, haloalkyl alkoxy, alkyl sulfone,alkylsulfonamido, haloalkyl sulfone,
élkylamido,a]kylcarbamate, alkylcarbamide, wherein any alkyl radical within any

30 substituent may itself be optionally substituted by one or more groups independentiy

selected from halogen, hydroxy, amino, N-alkylamino, N.N-dialkylamino,
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alkylsulfonamino, cyano, nitro, thiol, alkylthiol, alkylsulfono, alkylaminosulfono,
alkylcarboxylate, amido, N-alkylamido, N,N-dialkylamido, alkylcarbamate,
alkylcarbamide,alkoxy, haloalkoxy.

10. A coﬁpomd of the formula Ic as claimed in claim 9 or a2 pharmaceutically acceptable
salt or an in vivo hydrolysable ester thereof, wherein B is selected from a direct bond, ~O-,
-S-,or CH,0; G2isa mdnocyclic group comprising an aryl ring; G1 is a monocyclic or
bicyclic group comprising at least one aryl ring; R6 is selected from H, (C1-6)alkyl, (Cl-
6)heteroalkyl, heterocycloalkyl, heterocycloalkyl-(C1-6)alkyl, heteroaryi or heteroaryl-
(C1-6)alkyl; in R6 the a.lkyl heteroalkyl, aryl, heteroaryl, cycloalkyl or heterocycloalkyl

radicals may be optlonally substituted by one or more groups.

LS

11. A compound of the formula Id or a pharmaceutically acceptable salt or an in vivo

hydrolysable ester thereof

Formula Id:

o

OH R6

wherein

B is selected from a direct bond, O or CH,O;

G1 is a monocyclic or bicyclic group comprising at least one five or six membered
aryl ring;

R6 is H, alkyl, hydroxyalkyl, aminoalkyl, alkyl-carbamic acid alky] ester, alkyl-alkyl-
urea, alkylsulfonyl-alkyl, N-alkyl-alkylsulfonamide, heteroaryl-alkyl;
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L is selected from H, alkyl, haloalkyl, hydroxy, alkoxy, haloalkoxy, amino,
alkylarnino, amido, alkylamido, alkylcarbamate, alkylcarbamide, alkylsulfono,
alkylsulfonamido,nitro, cyano, halo;

or L is a group: -

5 T-U-V-
wherein V is attached to G1 and V is selected from CH;, O, NCO, NCOO, NCON or
) NSOg;
U is (C1-5)alkyl;
T is selected from hydroxy, alkoxy, cyano, amino, alkylamino, alkylsulfono,
%:}f? 10 alkylsulfonamide, alkylcarbamate, alkylacarbamide, alkylamide, imidazolyl, triazolyl or

pyrollidon.

12. A compound of the formula Id as claimed in claim 11 or a pharmaceutically

acceptable salt or an in vivo hydrolysabie ester thereof, wherein G1 is selected from

15 phenyl, pyridyl, napthyl or quinoline.

13. .A compound of the formula Id as claimed in either claim 11 or claim 12 ora
pharmaceutically acceptable salt or ant in vivo hydrolysable ester thereof, wherein R6 is

selected from H, (C1-6)alkyl, hydroxy-(Cl-6)alkyl, amino~(C1-6)alkyl, or heteoraryl-(C1-
20 6)alkyl.

14. A compound of the formula Id as claimed in any of claﬁns 11to 13 ora
pharmaceutically acceptable salt or an in vivo hydrolysable ester thereof, wherein L is
selected from H, (C1-5)alkyl, (C1-5)haloalkyl, hydroxy, alkoxy, haloalkoxy, amino, (C1-
25 5)alkylamino, amido, (C1-5)alkylamido, (C1-5)alkylcarbamate, (C1-5)alkylcarbamide,
(C1-5)alkylsulfono, (C1-5)alkylsulfonamide, nitro, cyano, halo; or
L is the group T-U-V- wherein U is unbranced (Cl;S)alkyl, and T is selected from
hydroxy, alkoxy, cyano, amine, (C1-3)alkylamino, (C1-3)alkylsulfono, (C1-
3)alkylsulfonamide, (C1-3)alkylcarbamate, (C1-3)alkylacarbamide, (C1-3)atkylamide,

30  imidazolyl, triazoly] or pyrollidon.
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15. A compound of the formula Id as claimed in any of claims 11 to 14 or a pharmaceutically
acceptable salt or an in vivo hydrolysable ester thereof, wherein L is a meta or para substituent

and Gl is a 6 membered ring.

16. A pharmaceutical composition which comprises a compound of the formula I as claimed in claim
T or a compound of the formula Ib as claimed in claim 6 or a compound of the formula Ic as claimed
in claim 9 or a compound of the formula Id as claimed in claim 1 I or a pharmaceutically acceptable

salt or an in vivo hydrolysable ester thereof and a pharmaceutically acceptable carrier.

17. Use of a compound of the formulae I or Ib or Ic or Id 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.



