5-[ 3- (4- BENZYLOXYPHENYLTHI O - FUR- 2- YL] -1 M DAZCOLI DIN-2, 4 - Di ONE AND
ANALOGUES AS | NHI Bl TORS OF MACROPHAGE ELASTASE RELATED APPLI CATI ONS [ 0001]
Thi s applwoaveemszskai ns priority from U S. Provisional Patramstoodppiscati on
Serial Nunber 60/602,736 filed on August 19, 2004, the entire content of
which is herein explicitly incorporated as reference. BACKGROUND OF THE

| NVENTION 1. Field of the Invention [0002] This invention is directed to
novel conpounds, which are useful as inhibitors of matrix netal oproteinases
in treating di seases associated with these enzynes. 2. Descri ption of the

Rel ated Art [0Q | X et al opr ot ei nases ( areasu mly of

pr ot ei nases M(éﬁﬂzam%Yh%?‘}XP Wé?ﬁg@ UEPMWPWM@ h?t ears. They
are believed t DIONEiANIDANNIIOGUES As INFRITORS OF M AlRe@Eh G EDASTASTECt | ve
tissue, which relates to a few di sease processes such as rheunatoi d

arthritis, osteoarthritis, gastric ML%WE@APPLIC%%@@ enphysenma, and tunor
netastasis. Therefore, inhibition of one or nore MMWPs nay be of benefit in

t hese di sease f @xhibits all the
©asCooo g fr6 Pr W %éﬁ

characteristi @g o?ﬁ@ hgy%%%gﬁta gr ei‘@?tesﬁt |O\f' uced from

macr ophages i Applicatian Sﬁgahfmmb@n @#%7%@% onnﬁuguyt tﬁ, ZOQﬁDTbelanhg% is

occurring and |p% rati on of the

i ncrease of t%(Sejrﬂ?@t\?dgﬁﬁﬂakﬂ\r)%@éegﬂ&ﬁtwqﬁéc{]g&ate ﬁ(?)én of enphysema

suggests that a crucial rol BAGKGR@@\IBM’HEHWWW@@ MWP- 12 knocked out

mouse model 4 Eigig of the Invention

[0002] This invention is directed to novel compounds, which are useful as

inhibitors of matrix metaloproteinases in treating diseases associated with

these enzymes.

2. Description of the Related Art

[0003] Matrix metaloproteinases (MMPs) are a superfamily of proteinases
whose numbers have increased dramatically in recent years. They are
believed to be important in the uncontrolled breakdown of connective tissue,
which relates to a few disease processes such as rheumatoid arthritis,
osteoarthritis, gastric ulceration, asthma, emphysema, and tumor
metastasis. Therefore, inhibition of one or more MMPs may be of benefit in
these diseases.

[0004] Human macrophage elastase (MMP-12) exhibits all the
characteristics of other MMPs, but is preferentially produced from
macrophages infiltrating into tissues where injury or remodeling is occurring
and degrades extracellular matrix. The demonstration of the increase of the
level of MMP-12 during the manifestation of emphysema suggests that a
crucial role of this enzyme. Likewise, MMP-12 knocked out mouse model
also demonstrated no development of emphysema by being exposed for a
lengthy period of time to cigarette smoke (Science, 1997, 277: 2002-2004).
More recently, using MMP-12 deficient model of asthma, the investigator

suggested the involvement of MMP-12 in the development of chronic asthma



al so denonstrated no devel opnent of enphysema by bei ng exposed for a

| engthy period of tinme to cigarette snoke (Science, 1997, 277. 2002-2004).
Mor e recewol2go6/a2336ng MVP- 12 defi ci ent nodel of asthma, trhE/tsawssLI2gat or
suggested the invol venent of MW-12 in the devel opnent of chronic

ast hma( FASEB, 2002, 16: A590). These results inply that inhibitors of MW-12
m ght be very useful in the treatnent of2 pul monary di seases, such as

chroni c obstructive pul nonary di sease (COPD), enphysema and asthma. [0005]
MWP- 12 has been shown to be secreted from al veol ar macrophages of snokers

(Shapiro et al(FA3EB3200%16:r900f TBee egHEiImpththait EthrWtOFSZ‘Q‘S\ﬂMES’@M in foam
cells in ather 153:
109), and in r@%ﬁr%?ﬁwgg%ﬁﬂngﬂ?t%%@%ﬁka@sﬁaﬂ) ?Qgé%tééa %Ogﬁémﬁmmol
170: 3377) . |t ohatuctivepuirhovasy disease (BOPD2 qnmrztwsemarauﬂdeaatfnmaor onary artery
obser vat | ons. SABLoFAfP T (@S Rl Towdt B 58ERY T BREER e seace.
treatmentss5 [ @@6Gpkens (@hepirmét a/ht093nvolmeneiiolo§icANEheimidtry,R68: nunber  of

NP 121 i bi £oP8 e BRI (LB sg RO IRr Pa Ll Eo Rt e B ee 1 on No.
WO 00/ 40577; ERtHol 288: 168, dndlin ripaiitis rabodebloskiketsu }(Sé‘v%kbl d2t bnlzbsz;t or; U S
Patent No. 6, 352, 97 . Pat ent ubl i catj on .

2004/ 0075871 3 A SRBASEDH s e Suone it FRln 18 pBASkiag) Lat el y.
there is a ne\&ofdmaﬂéry%abéms&ﬁéwrmsjb S1C1 000, cncmlaucﬁq Rés&ddilch,Bepubl i shed
PCT Patent Applicatio . WD 02/ 096426, descrj bes hydant oi n derivatives of

formul a wHér e %OR: 'glpﬂﬁetqt{s&f\@qus puggestes thaiMMe12 rauld e thextargets @ R1 1 are

w del y defi nednesEisélffel thafimi¥gg. are active as MW inhibitors, in particular

for TACE
[0006] In view of the involvement of MMP-12 in a number of diseases,

attempts have been made to prepare its inhibitors. A number of MMP-12
inhibitors are known (see e.g., published PCT Patent Application No. WO
15 00/40577; EP 1 288 199 A1, 2001, Shionogi & Co. MMP-12 Inhibitor; U.S.
Patent No. 6,352,9761, and U.S. Patent Application Publication No.
2004/0072871; published European Patent Application EP1394159). Lately,
there is a new class of MMP inhibitors disclosed in this field. A published
PCT Patent Application No. WO 02/096426 describes hydantoin derivatives

20 of formula

where the substitutents R4, Ry, Rs, R4, Rs, R, Ry, and Ry¢ are widely

25 defined. The derivatives are active as MMP inhibitors, in particular for TACE
and aggrecanase, although there were no biological data demonstrated. The
feature of the structures of these derivatives is the spiro-linkage between the

hydantoin ring and its side chain.



and aggrecanase, although there were no biol ogical data denonstrated. The
feature of the structures of these derivatives is the spiro-linkage between
t he hydamnwoiznoarizegg2zand its side chain.[0007] U. S. PatenPCiiskeosard2en
Publ i cati on No. 2004/0067996 and published PCT Patent Application No. WD
2004/ 108086 descri be sim |l ar hydantoin derivatives of formula where R, R4,
R5, and Rn were al so broadly defined. The derivatives in these two patents
are also said, in general term to be inhibitors of netall oprotei nase and
in particular for TACE and gggrecanase. Still, there were no biol ogical

dat a denonst r 8] [ 000¥]S-miseRtApelcatien Rollieattonipy PRRA/PRYRE.adp 02/ 074752
describes the M%H&?@Tﬁat&ﬁﬂ%ﬁﬁ@tiﬁnw'W@ito(ﬁl%m%ﬁfe"sbr’ﬂ)e similar

met al | opr ot ei nase i nhibitors. ese are the first series of hydantoin
derivatives adARmongaryptivasofipimilgeneral structure of where Y 1, Y2, R,
B, and G are well defined. It was generally said that these conpounds
showed MVWP inhibitory activities andrgone of them have been di scovered to
be potent MWP-12 inhibitors, but theje were no biological data provided in
detail. [0009] Another publishedo NRat ept Application No. WO 2004/020415
di scl oses a group of MWP-12 inhi b%%rrs f Poggmfftanhere R 1, R2, R3, X, Y, Z
1, Z2, L, and G are wel |l defined. | Vil ues of sone conpounds are

provi ded, but | acking the sel ec'lt\}'ﬁﬁ\gfty ta in detail. [0010] Hydantoin
derivatives are a new cl ass of i nhibitors. is desirable to find nore

It
new conpound of this class wth inproved specjficity, potepcy, and
phar macol ogi cé(Yhe(E‘F]g"alg‘t’g% ang gtW‘g:Jé OBy n?%\fl@m‘fwaf"(%l'”l] In the
present inventh&de tWo itk dfe alsd eWdIMUEnerd] téhifladbeiirhibitors of

metalloproteinase and in particular for TACE and aggrecanase. Still, there

were no biological data demonstrated.

10  [0008] Published PCT Patent Application No. WO 02/074752 describes the
synthesis of hydantoin derivatives as matrix metalloproteinase inhibitors.
These are the first series of hydantoin derivatives as MMP inhibitors with

general structure of

Y2
15
where Y1, Y2, R6, B, and G are well defined. It was generally said that these

compounds showed MMP inhibitory activities and some of them have been
discovered to be potent MMP-12 inhibitors, but there were no biological data
provided in detail.

20
[0009] Another published PCT Patent Application No. WO
2004/020415 discloses a group of MMP-12 inhibitors of formula



derivatives of fornmula (1V) (IV) wherein R represents phenyl-(IVa),

4- benzyl oxyphenyl - (1Vb), 4-biphenyl-(1Vc), 4-nmethoxyphenyl-(1Vvd),

3- met hoxywbengdo26de¥e) , 2- net hoxyphenyl - (1Vf), 3, 5- di net Rroxyyshesypko269 V) ,
4-chl orophenyl - (1Vh), 3-chlorophenyl-(IVi), 2-chlorophenyl-(1Vj),

4- et hyl phenyl - (1 Vk), 3-nethyl phenyl -(1Vo), 2-nethyl phenyl-(1Vp), or
3-trifluoronethyl phenyl-(1Vg). [0012] THe conpounds of fornmula (I1V) are
MWP-12 inhibitors and nay be used in the treatnent of diseases or
conditions nediated by MW-1 2, such as asthma, chronic obstructive

pul nonary di seases (COPD), arthri'ti S ancer, heart disease and nephritis.

[0013] The various features of n veI% ﬁWni h characterize the invention are
pointed out with particularity i i @n’%bxedto and formng a part
of the disclosure. For a betteHNundegst gndi ng of the invention, its
operating advantages, and specif Yobj e€ts attained by its use, reference

shoul d be had to the drawi ng ang, descriptive matter in which there are
illustrated and

where R1, R2, R3, X, Y, Z1, Z2, L, and G are well defined. IC50 values of

some compounds are provided, but lacking the selectivity data in detail.

5 [0010] Hydantoin derivatives are a new class of MMP inhibitors. It is
desirable to find more new compound of this class with improved specificity,
potency, and pharmacological characteristics.

SUMMARY OF THE INVENTION

10 [0011]In the present invention we provide a new group of hydantoin

derivatives of formula (IV)

)
15

wherein R represents

phenyl-(IVa),

20  4-benzyloxyphenyl-(1Vb),
4-biphenyl-(IVc),
4-methoxyphenyl-(1Vd),
3-methoxyphenyl-(IVe),
2-methoxyphenyl- (1Vf),



described preferred enbodi nents of the invention. BRI EF DESCRI PTI ON OF THE
DRAW NGS [0014] In the drawings: Fig. 1 illustrates the reaction schene for
t he synt hweizgoeaR23ishe conpounds of the present inventi onPCDER20EAEY259

DESCRI PTI ON OF THE PRESENTLY PREFERRED EMBODI MENTS Preparati on of the
conpounds of the invention [001 5] Based on the availability of the
chenical s and easiness of the reaction conditions, the conpounds of the
present invention were synthesized using the nethods described bel ow and

t he general schenme of the synthesis is showmn in Figure 1. These nethods are
present ed her 8imdigrgtiyoxyphers€iMgli fi cation, not for limtation of the
present inventi | ocedures: [0016] 1HNWMR was recorded on a Bruker
AC300 instrun%n‘?ﬁbr%@g{ggépg{)bf chloroformd (7.27 ppn) and

di met hyl sul f ogiahderdpléer(y2(1%0, ppm) were used as internal reference. Mss

spectra were gbtal /4rbo lon Spray mass spectronetry (Sciex API
4000). Col um%c‘lrﬁ‘%éﬁgﬁ%@g\dﬂy was carried out using EMD silica gel 60. Thin

| ayer chr ofat dgneipipphemd-(B&),ri ed out using silica gel 60 F254s (500 urn for

prep) and J. T. Baker's r-flex silica gel IB2-F (analytical). The
purity of the-géraﬁﬁé‘@hagy'mﬁ’anal yzed with Shi madzu HPLC system Al

reagents and gahe@plhemps(/p)adroratory grade and used directly. Preparation

of 3-bronofuran-2-carbgxal dehv (I): [0017] To a solution of freshly
prepared LDA ér'ﬁ‘wﬂ?‘?ﬁﬂvﬁmﬂ?n%ﬁw m) at - 780C was add slowy

3- bronmof uran (od4 2] PRe BomPoditisBrabomuIA (IViard MMHA-) 2 inMiBiFs and may be
10  used in the treatment of diseases or conditions mediated by MMP-12, such
as asthma, chronic obstructive pulmonary diseases (COPD), arthritis,

cancer, heart disease and nephritis.
[0013] The various features of novelty which characterize the invention are
pointed out with particularity in the claims annexed to and forming a part of
15 the disclosure. For a better understanding of the invention, its operating
advantages, and specific objects attained by its use, reference should be
had to the drawing and descriptive matter in which there are illustrated and
described preferred embodiments of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS
20
[0014] In the drawings:
Fig. 1 illustrates the reaction scheme for the synthesis of the compounds of
the present invention.
DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED
25 EMBODIMENTS

Preparation of the compounds of the invention

[0015] Based on the availability of the chemicals and easiness of the
reaction conditions, the compounds of the present invention were

30 synthesized using the methods described below and the generai scheme of
the synthesis is shown in Figure 1. These methods are presented herein

only for exemplification, not for limitation of the present invention.



stirring for 15 mn, DWF (0.56 m, 7.20 nmmol) in THF (2 m) was dropw se
added. The resulting m xture was stirred for 1 hour at -78 0OC and then

al | oned twowasam2832r oom t enperature. The reacti on was qRemalseasnwe4289 wat er
and extracted with Et OAc (2x50 m ). The conbi ned organic extracts were
washed with H2O, brine and dried (MgSH4) After renoving the sol vent under
reduced pressure, columm chromatography SI |ica gel, EtQAc/hexane, 20:80)
of the residue afforded the title conmpound as an oi | (0.49 g, 419%, which
will be solidified upon cooling. Ms: (M+H)+=175, 177. HNVR 9.74-9.72 ( 1H,
d), 7.64-7.63Qeneral ppcedueess_6. 66 ( 1H, d). Preparation of

3-(4- hvdr oxyphenyl) th| o-furan- 2 car boxal dehvde (11): [0018] To a sol ution
of 4- marcaptolct))hen (59, 40 mmol) in 100 M of THF was sl owy added sodi um
hydri de (2. 5g] 00164 HNYR) wasTrasord e Qir @ Bieer &AG30Pdestiusrent0 The peaksiold. 4 g (25

mol ) 3- br onof, %ﬁ% m xture

was stirred fgﬁrogd}ﬁﬁﬁgg?angﬁ;nﬂ%?ﬁ@ \}\J/gé%é%? g%?%%a-vf W%P%g%ggéb The

extract wa$§ dintetabredereMesdiass, SpEc@avamsbhamw\ka’dr wbe len Bpragmyassvapor at or .

The residue t I r t p fol | oned

by crystalli \2% ?%}thHé %rgﬂxa,i\:/%ﬂ @Hﬁﬁ@%%#ﬁ@%ﬁﬁpﬁ%gﬁ%ﬁf S (MEH)  +=221
HNVR: 9. 77- @sﬂﬁEML’DH;th)gel(704]9&1IéyéBﬂwr()miatdzgrabhyWawarﬁedlﬂ)uﬁue(lrﬂg-l m,

6. 925- 6. 822 1.d Pr epar at i on
o Rop- - substre BT B RORRA R Bt T oBek 2 ekt IaR Bisa PRy de
(111): [0019] IB-Fi(ahalykicatfl TREPUAN of Shelcampdunds Svdstariayyde e wipreHiyalizu
thiofur a0 HPLC system. All reagents and solvents were laboratory grade and used

directly.

Preparation of 3-bromofuran-2-carboxaldehyde (l):

15 [0017] To a solution of freshly prepared LDA (6.80 mmol) in THF (4 ml) at -
78°C was add slowly 3-bromofuran (1.00 g, 6.80 mmol) in THF (5 ml). After
stirring for 15 min, DMF (0.56 ml, 7.20 mmol) in THF (2 ml) was dropwise
added. The resuiting mixture was stirred for 1 hour at —78°C and then
allowed to warm to room temperature. The reaction was quenched with

20  water and extracted with EtOAc (2x50 ml). The combined organic extracts
were washed with H;O, brine and dried (MgSO,). After removing the solvent
under reduced pressure, column chromatography (silica gel, EtOAc/hexane,
20:80) of the residue afforded the title compound as an oil (0.49 g, 41%),
which will be solidified upon cooling.

25 MS: (M+H)"=175, 177.

HNMR: 9.74-9.72 (1H, d), 7.64-7.63 (1H, m), 6.675-6.66 (1H, d).

Preparation of 3-(4-hydroxyphenyl) thio-furan-2-carboxaldehyde (11):

30 [0018] To a solution of 4-mercaptolphenol (5g, 40 mmol) in 100 ml of
THF was slowly added sodium hydride (2.5g, 104 mmol). The mixture was
stirred for 10 min and 4.4 g (25 mmol) 3-bromofuran-2-carboxaldehyde was



2- car boxal dehyde (600ng, 2.7 nmol) and potassium carbonate ( 1 .5q,
10.9mmol ) in 40m of acetonitrile was refluxed for 3-7 hours and product
was extr awoedoon283s2Et OAc. After the Et OAc was renoved, Prhe/use@sdzRsNAS
purified by re-crystallization o r silica gel chromatography, which gave
the title conmpound Il11. Preparation of conpound IV: [0020] A mixture of 111
(0.3mmol ), 260 ng of (NH4) 2CO3, 33 ny df KON, 2 nl of EtOH and 1 m of H20
in seal ed tube was heated at 60-70 OC for 20 hours. The reaction m xture
was then extracted with EtOAc. After the Et OAc was renoved, the residue was

purified by tBiowly agded. Ehe serstion MmiXHie wasistFechfor 8hopes and thequodugie fi nal

duct |
L s IS Y MO U WSO, | oy,

.5 HNVR  11. 06mo®dIsh & ratery evppo@iar4TBe assiqueiwas pyrified vdith @ sifiea gell H1 d)

L3 L3 (Sl B g gt e Rl & By )

phenyl t hi o} f utlﬂéeombc}wnd dazol i di ne-2, 4-dione Ms: (MH)- =485.8 HNVR
11.02-1 1.00 ( 1H 8 39- 1H, d), 7.79- 7.775 (1HLd), 7.47-7.24
(8H, M), 7.04-6 '{"% éﬁiéféél 1H d), 5.475-5.462 ( 1H, d), 5.12-
5.09 (2H, s), and ENMR') 4 97@7?-®H57S()1H BY7.495-7.485 (1H, d), 7.47-7.417

5-{3-[4- (4-Dbi phenyl met hoxy) phenyl thi.al £ ubs 5! @61832285’59?15 & 5.6-
5.5 (1H, s).
10
Preparation of R-CH.- substituted 3-(4-hydroxyphenvyl) thio-furan-2-

carboxaldehyde (1I1):

[0019] A mixture of RCH2X (5.1 mmol), 3-(4-hydroxyphenyl) thio-

15 furan-2-carboxaldehyde (600mg, 2.7 mmol) and potassium carbonate (1.5g,
10.9mmol) in 40ml of acetonitrile was refluxed for 3-7 hours and product was
extracted with EtOAc. After the EtOAc was removed, the residue was
purified by re-crystallization or silica gel chromatography, which gave the title
compound 1.

20

Preparation of compound 1V:

[0020] A mixture of Il (0.3mmol), 260 mg of (NH4),CO3, 33 mg of KCN, 2 ml

of EtOH and 1 ml of H,0 in sealed tube was heated at 60-70°C for 20 hours.
25  The reaction mixture was then extracted with EtOAc. After the EtOAc was

removed, the residue was purified by thin layer chromatography and then

recrystallized. The final products all showed the right molecular mass and

NMR spectra.
30 IVa, 5-[3-(4-Benzoxyphenylthio)fur-2-yllimidazoline-2,4-dione
MS: (M+H)" =381.5
HNMR;: 11.06-10.95 (1H, s), 8.44-8.32 (1H, s), 7.83-7.75

(1H, d), 7.51-7.30 (5H, m),



dione Ms: (MH)- =455.0 HNVR 5-{3-[4-(4-Bi phenyl net hoxy) phenylthio]fur-2-
), 11.07-10.98 ( 1H, s), 8.40-8.36 ( 1H,
4H, m), 7.58-7.32 (5PBCTMS2008/03255. 25

6.48 (1H, d), 5.50-

NEt hogybenzyl- oXxy)

yl }i m dazol i di ne- 2, 4-di one (QPS021
s), 7.81-WO2@06(0233d2 d), 7.74-7.62 (
(2H, m, 7.05-6.95 (2H1 m, 6.53-
5.17-5.13 (2H, s). Ivd, 5-{3-[4-(4-
phenyl t hi o] fur-2-yl}im dazoli di ne-
0.91 ( 1H, s), 8.40-8.36 ( 1H, s),
7.00-6.90 (4H, m, 6.53-6.48 ( 1Hld
3.84-3.62 (3H 1 s). IVe, 5-{3- [4

5.45 (1H, d),

phenyl t hi o] f ur -

0.98 1H, s 844 784774 1H1d 7.36-7.21 (3H, m,
7. oes-gs 93 4?4 1, 925%3&’5 qu'wbewmqtph@ydthm ur-d), 5.52-5.43 ( 1HL
d), 5.1 1-3.00 (2H1 s) yiimiglezolidimn2dsgione ) . | vf 1 |
5-{3-[4-(2- I\/bt hoxybenzyl oxy) phenyl t hi o] f ur-2 yl }im dazol i di ne- 2, 4-di one
MS: (M H)-=409.0 (M-H)" =485.8

HNMR. 11.02-11.00 (1H, s), 8.39-8.365 (1H, d), 7.79-

7.775 (1H, d), 7.47-7.24 (8H,m), 7.04-6.94 (4H,

10 m), 6.495-6.48 (1H, d), 5.475-5.462 (1H, d), 5.12-
5.09 (2H, s), and 5.000-4.975 (2H, s).
Ve, 5-{3-[4-(4-biphenylmethoxy)phenylthiolfur-2-yl}imidazoline-2,4-
dione
15
MS: (M-H) =455.0
HNMR: 5-{3-[4-(4-Biphenylmethoxy) phenylthio]fur-2-
yl}imidazolidine-2,4-dione (QPS021),
11.07-10.98 (1H, s), 8.40-8.36 (1H, s), 7.81-7.77
20 (1H, d), 7.74-7.62 (4H, m), 7.58-7.32 (5H, m),
7.32-7.25 (2H, m), 7.05-6.95 (2H, m), 6.53-6.48
(1H, d), 5.50-5.45 (1H, d), 5.17-5.13 (2H, s).
IVd, 5~{3-[4-(4-Methoxybenzyloxy) phenylthio]fur-2-yllimidazolidine-
25 2,4-dione
MS: (M-H)=409.0
HNMR: 11.09-10.91 (1H, s), 8.40-8.36 (1H, s), 7.79-7.75
(1H, d), 7.42-7.23 (4H, m), 7.00-6.90 (4H, m),
30 6.53-6.48 (1H, d), 5.56-5.41 (1H, d) 5.08-4.88
(2H,s), 3.84-3.62 (3H, s).
Ve, 5-{3-[4-(3-Methoxybenzyloxy) phenylthiolfur-2-yl}imidazolidine-
2,4-dione
35
MS: (M-H)=409.0
HNMR: 11.03-10.98 (1H, s), 8.44-8.31 (1H, 8), 7.84-7.74
(1H, d), 7.36-7.21 (3H, m), 7.06-6.93 (4H, m),
6.92-6.85 (1H, m), 6.54-6.46 (1H, d), 5.52-5.43
40 (1H, d), 5.11-5.00 (2H, s), 3.81-3.69 (3H, s).
IV,  5-{3-[4-(2-Methoxybenzyloxy)phenylthio]fur-2-yl}imidazolidine-
2,4-dione
45 MS: (M-H)'=409.0
HNMR: 11.04-10.97 (1H, s), 8.40-8.36 (1H, s), 7.81-7.77
(1H, d), 7.40-7.24 (4H, m), 7.08-6.92 (4H, m),

6.52-6.48 (1H, d), 5.50-5.46 (1H, d), 5.05-5.02.

one MB: (M H)-=409.0 HNVR 11.09-1
779775(1Hd)742723(4H m,
6- 5, 4 1H1d 4.88 (2H, s
K@SNS 655 6.45 ( )
2-yl }i ni dazol i di n )49 g¢ F&ﬁélﬂo@FbSHNwR 11.03-1



HNVR: 11.04-1 0.97 ( 1HL s), 8.40-8.36 ( 1H1 s), 7.81 -7.77 ( 1HL d),
7.40-7.24 (4H1 m, 7.08-6.92 (4HL nm, 6.52-6.48 ( 1HL d), 5.50-5.46 ( 1H1
d), 5.05-w0QRo6Ngs62 PCT/US2005/029259
5-{3-[4- (3, 5-di met hoxybenzoxy) phenyl t hi o] fur-2yl }i m dazol i ne- 2, 4-di one NE:
(MH)-=439.0 HNVR 11.04-1 0.96 ( 1H, s), 8.41-8.34 ( 1H, s), 7.82-7.75 (
1H, d), 7.31-7.22 (2H, d), 7.02-6.92 (28, d), 6.62- 6.54 (2H, d), 6.53-6.46
( 1H1 d), 6.46-6.39 ( 1H, t), 5.50-5.44 ( 1H, d), 5.06-4.97 (2H, s),
3.80-3.66 (6H, s). IVh, 5-{3-[4-(4-Chl orobenzyl oxy)
phenyl thi o] fur-2-yl}imdazolidine- 2,4-dione M5: (MH"=41 3.0, 415.0 HNWVR
11.09-10. 95 ( 1H, dY9, &-@OMa3Drdimetigxybenzoxyphenylitto]lfuryllindyiazofing7- 7. 42
(4H, s), 7.33-7.23 (2H24djone. 00-6.95 (2H, d), 6.53-6.48 ( 1H, d),
5.50-5.45 ( 1H1 d), 5.13-5.08 (2H, s). IVi, 5-{3-[4-(3-Chl orobenzyl oxy)
phenyl t hi obfur-2-yl }i mM&zol i di n@vd-H)=438i0one M5: (M H) "=41 3.0, 415.0 HNMR
11.05-1 0.94 ( 1H, s), HNMR: 8. 311(.04H0.99 (1H! sBB-41-834((1HHs), @)82-7.753- 7. 35
(4H m, 7.32-7.22 (2H, m, 7.050H,93, 1.2H7.29 (2H6 dp4- -8 H2((2HiId), 61B2-
5.52-5.42 ( 1H1 d), 5.18-5.03 (26154 (28H, d), 6.53-6.46 (1H, d), 6.46-6.39 (1H, t),

5.50-5.44 (1H, d), 5.06-4.97 (2H, s), 3.80-3.66

10 (6H, s).
IVh, 5-{3-[4-(4-Chlorobenzyloxy) phenylthio}fur-2-yl}imidazolidine-
2,4-dione
15 MS: (M-H)=413.0, 415.0
HNMR:
11.09-10.95 (1H, s), 8.49-8.27 (1H, s), 7.80-7.78
(1H, d), 7.47-7.42 (4H, s), 7.33-7.23 (2H, d),
7.00-6.95 (2H, d), 6.53-6.48 (1H, d), 5.50-5.45
20 (1H, d), 5.13-5.08 (2H, s).
IVi, 5-{3-[4-(3-Chlorobenzyloxy) phenylthio]fur-2-yl}imidazolidine-
2,4-dione
25 MS: (M-H)=413.0, 415.0
HNMR: 11.05-10.94 (1H, s), 8.45-8.31 (1H, s), 7.82-7.75

(1H, d), 7.53-7.35 (4H, m), 7.32-7.22 (2H, m),
7.05-6.93 (2H. m), 6.54-6.44 (1H, d), 5.52-5.42
(1H, d), 5.18-5.03 (2H, s).

30
IVj, 5-{3-[4-(2-Chlorobenzyloxy) phenylthio]fur-2-yl}imidazolidine-
2,4-dione
MS: (M-H)=413.0, 415.0
35 HNMR: 11.05-10.96 (1H, s), 8.42-8.33 (1H, s), 7.84-7.74
(1H, d), 7.63-7.35 (4H, m), 7.33-7.24 (2H, m),
7.06-6.95 (2H, m), 6.54-6.48 (1H, d), 5,51-5.45
(1H, d), 5.18-5.08 (2H, s).
40 IVK, 5-{3-[4-(4-Methylbenzyloxy) phenylthio]fur-2-yl}imidazolidine-
2,4-dione
MS: (M-H)=393.0
HNMR: 11.04-10.96 (1H, s), 8.84-8.34 (1H, s), 7.82-7..76
45 (1H, d), 7.36-7.14 (6H, m), 7.02-6.92 (2H, m),

6.51-6.46 (1H, d), 5.50-5.43 (1H, d), 5.06-4.99
(2H, ), 2.34-2.24 (3H, s).



1V, 5-{3-[4-(2-Chl orobenzyl oxy) phenylthio]fur-2-yl}imdazolidine-
2,4-dione Ms: (MH"=41 3.0, 415.0 HNVR 11.05-1 0.96 ( 1H, s), 8.42-8.33 (
1H, s), M™W62ed2d4s6¢ 1H, d), 7.63-7.35 (4H, m), 7.33-7.22CCA1H20059029239 06- 6. 95
(2H, m, 6.54-6.48 ( 1H d), 5,51-5.45 ( 1H d), 5.18-5.08 (2H, s). IVk,
5-{3-[4-(4- Met hyl benzyl oxy) phenylthi o] f ur- 2-yl }i m dazolidine- 2,4-dione
M5: (M H)-=393.0 HNVR 11. 04 10. 96 ( ) 8.84-8.34 ( 1H, s), 7.82-7..76
( 1H, d), 7.36-7.14 (6H, ,702692(2H n),651646(1H d),

5.50-5.43 ( 1H, d), 5.06-4 H, 24 (3H, s).
5-{3-[4- (3( Met hyl )b'é/ﬁ’z %g) N@ﬁw'@ﬁwlqw pbewtpuoaﬁJaaz}@nmaaﬁétdlr@ 4- di one
MS: (M H)- 3930HN|\/R311<4061097(1H s), 8.41-8.34 ( 1H, s), 7.82-7.76
( 1H, d), 7.35-7.10 (6H, ,702693(2Hr’r)652646(1Hd)550544
( 1H s), 5.08-5.00 (2HMS), 2. 34M2H)2=3°)9§33H s) .
5-{3-[ 4- ( 25Met hyl - benzyHd pheriyiQ4i® T(ITH,ZS)yﬂ?}H-r&ii:Pa(ﬂdﬂ isthi 1@2-7764- di one
MS: (M H)-=393.0 HNVR 11. 04- 1 0.(917, q), 7¥5-%570 (&,48), §.B46.0312H, m),, 7.82-7.76
( 1H, d), 7.42-7.34 ( 1H, d), 7.3BX64651(BH 5.60-5.44 (1H, s), 5.08-5.00

(2H, s), 2.34-2.28 (3H, s).

10 IVp, 5-{3-[4-(2-Methyl-benzyloxy) phenylthiolfur-2-yl}imidazolidine-
2,4-dione
MS: (M-H)y=393.0
HNMR: 11.04-10.97 (1H, s), 8.43-8.34 (1H, s), 7.82-7.76
15 (1H, d), 7.42-7.34 (1H, d), 7.33-7.15 (5H, m),

7.06-6.97 (2H, m), 6.54-6.48 (1H, d), 5.51-5.44
(1H, d), 5.11-5.02 (2H, s), 2.35-2.27 (3H, s).

IVq, 5-{3-[4-(3-Trifluoromethyl-benzyloxy) phenylthio]fur-

20 2yl}imidazolidine-2,4-dione
MS: (M-H)=447.0
HNMR: 11.03-10.97 (1H, s), 8.40-8.33 (1H, t), 7.85-7.59
(6H, m), 7.34-7.21 (2H, m), 7.05-6.97 (2H, m),
25 6.51-6. 48 (1H, d), 5.48-5.46 (1H, d), 5.30-5.24

(1H, d), 5.22-5.16 (2H, s).

[0021] All the compounds listed above showed MMP-12 inhibitory activity

with different potency (all IC50s are lower than 0.3 uM) and selectivity over
30 other MMPs determined by the MMP assays as described below.

MMP Inhibitory Assays

[0022] The enzymatic activities of MMPs were assayed according to
manufacture protocols (Biomol Reseaerch Laboratory, Inc. E-mail:

35 info@biomol.com). All the enzymes are recombinant human active domains
from E. coli (Biomol). The fluorescent substrate has the sequence of (7-
methoxycoumarin-4-yl) acetyl-Pro-Leu-Gly-Leu-N-3-(2,4-dinitrophenyl)-L-

o, B-diaminopropionyl-Ala-Arg-NH,.AcOH. All the assays were conducted at
room temperature with 96 well flat bottom black plate (Nalge Nunc

40  International, Catalog number, 465200). Briefly, certain amount of enzyme in
89 ul of assay buffer (50 mM Hepes, 10 mM CaCl,, 0.05% Brij 35, pH 7.5)



7.06-6.97 (2H, nm), 6.54-6.48 ( 1H, d), 5.51-5.44 ( 1H, d), 5.1 1-5.02 (2H,
s), 2.35-2.27 (3H, s). IVg, 5-{3-[4-(3-Trifluoronethyl-benzyl oxy)

phenyl t hiwpf2006/022362} i m dazol i di ne-2, 4-di one MS: (M H) - =2¢T/u3200850B254.1. 03- 1
0.97 ( 1H, s), 8.40-8.33 ( 1H, t), 7.85-7.59 (6H, m), 7.34-7.21 (2H, m,
7.05-6.97 (2H, m), 6.51-6. 48 ( 1H, d), 5.48-5.46 ( 1H, d), 5.30-5.24 ( 1H,
d), 5.22-5.16 (2H, s). [0021] Al the c&rjrpounds | i sted above showed MWP-12
inhibitory activity with different potency (all 1C50s are |lower than 0.3
mV) and selectivity over other MWs determ ned b'ﬁn t he MWP assa/s as

descri bed bel o¥@s iRPAtethWED (6 FONGeEFalian perose) orwithoshinpipiter 6n Acd PUi ti es of
MWPs wer e assayadoaer QLIDNMEE OnifRr DB GhH! End Pk RAQYMaliEitRbn Faseaer ch
Laboratory, Inc. E-mail: info@ionol.com. Al the enzymes are reconbi nant
human active dofaeddyitheafdition ef the sepeirie (40 aMdn fI0wh pbassaytbuifaband at e has
t he sequence : W o e ; o :

acetyl - Pro- Legﬁ%f@/gﬁ?gﬂeﬁﬁ{%%?g%y% Snl“llzi)tS ?%%Hséﬁy%wl [pe activity was determined

a, b- di am népr dyyireegsuring dhenflgerabeenceaDBEX/Ean+328ne1/383rey andéveasdimeduct ed at

o W f I Nal N
|t or nat onal g2 ke Yefltedo e B35 el at il 28 S P T RHIBS cnzyme
in 89 ul of asdéfinmewbeld eb@®nsidekEhasthe tackivoGadhAd sObtﬂf%chrbm htﬁﬁ pH ( .
. [ b ] { t it t i i bitor (in
i o ovea:  on e sEgeafe FGHR bBl ARy Biaf i hetiualtertits Rt o' vis
initiated by tthecautbintrationsodf théyhihitoss ofadaeh (@48ayMth Pristh softweke. agmay buffer

32? e'; rr:]gngi&r&al 1E86¢ ggtglrn%gjlrgﬁgeo ¥rortnrb?0(§7u B ttcr> %t296 L!Il\ﬁ Iﬁiegrl}/a»riisr;lr g?ud?ecstrle\\;éély nas

that the inhibitors are competitive. For competitive inhibitor:

Ki=IC50/(1+[S)/Km)

15 [0023] In the assay conditions, [S](4 uM) is smaller than Km (20 uM for
MMP-12). So Ki equal to IC50/1.2, which is little smaller than 1C50, or
roughly equal to IC50.

[0024] As shown by the following table, all compounds tested in the above
assays show desirable activity and favorable selectivity profile. 1C50s on

20 MMP-12 fall in the range of 1-300 nM, therefore they are all considered to be
active. Most of the above compounds do not show inhibition on MMP-1 and
MMP-7 at 10 uM. Their selectivity for MMP-12 over MMP-2, MMP-3, MMP-9
and MMP-13 range from 50 to 1000 fold.

Compound IC50 (uM)
MMP-12 MMP-1  MMP-2 MMP-3 MMP-7 MMP-9 MMP-13

IVa 0.013 >40 0.447  2.099 63.67 07266  1.072
Vb 0.084 >40 1.18 0.3829  1.882  4.468  0.3353
Ve 0.131 >40 1.735 35.91 1.039 3220  0.7065
Ivd 0.01 >40 0422  0.3176 7.6 0.74 0.26

Ve 0.019 >40 2.009 3.624 27.43 3.755 2.438
IV 0.202 >40  232.832 603601 315599  30.38 11.63




by neasuring the fluorescence at Ex/Em328nm 393nm and it was |inear within
2 hrs. The fluorescence was read at 0 and 20 or 40 mn. The reading at O

ti me woulwohkeoconsweder ed as the background and subt ract edTfusesnsiobess i nal
readi ng. The 1C50 was obtained by plotting the fluorescences versus the
concentrations of the inhibitors of each assay wth Prismsoftware. The

| C50s obtained range from0.007 uMto 0126 uM Mechani sm st udi es reveal

that the inhibitors are conpetitive. For conpetitive inhibitor:

Ki=I C50/ (I +[ S]/Km) [0023] In the assay conditions, [S](4 uM is smaller

than Km (20 uM f d¥9 MVR- 12)02650 Ki egygal t qyg C50k b4z 2, sphbeh bs74 it tkgo
smal l er than 1 C50, or |roughly equal to I1C50. [0024] As shown by the

following table, il | qonpaweds tested i n d.b58 ab@vseoassayss showsdespeahl e
activity and favorable selectivity profile. 1C50s on MW-12 fall in the
range of 1-300 nMvi t her ef are@at hey ass@ al | 1.¢onsidgyred teysbe aghiwve. oMot of
t he above conpounds dq not show i nhibition on MW-1 and MW-7 at 10 uM
Their sel ectivitwyvfor [MP-0ldd7over MMB-2, MB- 3, 1808- O camd MVP1d1 3 range
fromb50 to 1000 fold. [Compound 1 C50 (UM MWP-12 MWP-1 MWP-2 MWP-3 MVP-7
MWP-9 MVP-1 3 |Vavio. 01 3 04050. 447 20099 ®31267 0586266 3D.8872 0.47B4 0. 0.84B5>40
1.18 0.3829 1.882 4.468 0.3353 IVc 0.131 >40 1.735 35.91 1.039 3220 0.7065
I'vd 0.01 >40 0.42% 0.31 78.0116 0. 74>49. 26 1.8 0. 011359 >418.73. 0089, 624.987. 43

3.755 2.438 | Vf 0.202|>40 232.832 603601 315599 30.38 11.63l Vg
IVp 0.042 >40 7.032  4.044 539384 2075 = 4.261

Vg 0.034 >40 213 3.312 5095 2.884 2.062

[0025] The invention is not limited by the embodiments described above
which are presented as examples only but can be modified in various ways

within the scope of protection defined by the appended patent claims.



0.264 >40 N D 7.947 309192 35.77 16.82 1Vh 0.007 >40 0.235 0.1569 7.451
0.2551 0.3291 1Vi 0.022 >40 1.022 0.2975 675.9 1.441 0.7728 1Vj 0.057 >40
1. 845 1. 098 266b228562. 131 2. 415 | Vk 0.015 >40 0.612 0. 5863C30S3@50292F324
0.6435 IVo 0.011 >40 1.115 1.35 46.73 2.954 1.953 |Vp 0.042 >40 7.032 4.044
539384 2.075 4.261 1Vg 0.034 >40 2.13 3.312 5095 2.884 2.062 [0025] The
invention is not limted by the enbodi méAts described above which are
presented as exanples only but can be nodified in various ways within the
scope of protection defined by the appended patent clainms. CLAIMS | claim
1. A conpound of fornmula (1V) or a thtLﬁ'H\@\%uti cally acceptable salt thereof
|V wherein Ris selected fromthe group consisting of phenyl, 4-

benzyl oxyphenyl , 4-bi phe#§Mm: 4- net hoxyphenyl, 3-net hoxyphenyl, 2-

met hoxyphenyl , 3, 5-di met hoxyphenyl, 4-chl orophenyl, 3-chl orophenyl, 2-

chl or ophenyl , 4-tefrsanpasinglof f@mya (Y) greepharmazewicelly pperighle salhd
3-trifluoronethyl ptheigef. 2. The conpound of claim 1l wherein Ris

4- met hoxyphenyl . 3. A pharmaceutical conposition conprising a conpound of
formula (1V) or a pharmaceuticalby acc §abl e salt thereof 1V wherein Ris
b consistifng of

wherein R is selected from the group consisting of phenyl, 4-
benzyloxyphenyl, 4-biphenyl, 4-methoxyphenyl, 3-methoxyphenyl, 2-
10  methoxyphenyl, 3,5-dimethoxyphenyl, 4-chlorophenyl, 3-chlorophenyl, 2-
chlorophenyl, 4-methylphenyl,
3-methylphenyl, 2-methylphenyl, and 3-trifluoromethylphenyl.
2. The compound of claim 1 wherein R is 4-methoxyphenyl.
3. A pharmaceutical composition comprising a compound of formula (IV)

15 or a pharmaceutically acceptable salt thereof

o)
0 \ R
N : Ly
/ 2
o)
v

wherein R is a substituted group selected from the group consisting of

20  phenyl, 4-benzyloxyphenyl, 4-biphenyl, 4-methoxyphenyl, 3-methoxyphenyl,



phenyl, 4-benzyl oxyphenyl, 4-biphenyl, 4-nmethoxyphenyl,

3- net hoxyphenyl , 2- net hozyphenyl , 3, 5-di net hoxyphenyl, 4-chl orophenyl,

3- chl or opWeryd6/023s62chl or ophenyl , 4- et hyl phenyl , 3- nmet hplcphisegos/029259
2-nmet hyl phenyl, and 3-trifluoronethyl phenyl. 4 . The conposition of claim3
wherein R is 4-nethoxyphenyl. 5. A nethqg of treating a disease or
condition nediated by MVWP-12 conprising ddm nistering to a patient a
therapeutically effective amount of a conpound of formula (1V) or

h t ] b |t .th f ubstituted
O oup. sel cot od-PERRARETG aupIBAPaP P o c%@@mw@éwﬁw;ph@ﬁyl
4- bi phenyl , 4-net hohx(%gp H%%tthbﬁ'ﬁﬁrmt hoxyphenyl 2- met hoxyphenyl ,

3, 5-di et hoxy %Wﬁd chlorophenyl, 2- chlorophenyl,
4- et hyl phenyl nethy phenyl henyl , and

3-trifl uor onethiF BM?WPY' 8 mqfhﬂpmm@@ddﬁetrtﬂparom%hwmwi nRis

4- met hoxyphenyl . . . . .
4. The composition of claim 3 wherein R is 4-methoxyphenyl.

5 5. A method of treating a disease or condition mediated by MMP-12
comprising administering to a patient a therapeutically effective amount of a

compound of formula (IV) or a pharmaceutically acceptable salt thereof

o)

R
I
c

R

v
10
wherein R is a substituted group selected from the group consisting of
phenyl, 4-benzyloxyphenyl, 4-biphenyl, 4-methoxyphenyl, 3-methoxyphenyl,
2-methoxyphenyl, 3,5-dimethoxyphenyl, 4-chlorophenyl, 3-chlorophenyl, 2-
chlorophenyl, 4-methylphenyl,
15 3-methylphenyl, 2-methylphenyl, and 3-trifluoromethylphenyl.

6. The method of claim 5 wherein R is 4-methoxyphenyl.



