5-[3-(4-1CEr4ZYLOXYPh ENI ' LTRI O - FUR-2-1, 7L] -i ~N4l | DA~/ OLI DI N- 2; 4-
DI ONE AJ ANALOGUES AS It | TORS OF MACROPHAGE ELASTASE RELATED
APPL| CATI ONS [0001] This application clainms priority fromU. S

Provi sional Patent Application Serial Number 60/602,736 filed on
August 19, 2004, the entire content of which is herein explicitly
‘incorporated as reference. BACKGROUND OF THE 11VENTIONT 1. Field of
the invention [0002] This invention is directed to novel conpounds,

whi ch are usef ul hi bitors of matri x netal oprotei nases in
treating di seasé@ﬁ@rﬁﬁ%@@@WﬁWh@é@)eﬁ%&ﬁ]z -8ntof

t he Rel ated ArtDIOSBINIVANADOGURSA D IVHIBET ORS 8 MMPSPHAGE FLASTASE
superfam |y of proteinases whose nunbers have increased dramatically

in recent years. They are believed gm® 3¢ mmggﬁﬁow§ t he

uncontrol | ed breakdown of connective ti1ssu relates to a few

di sease proceS@gg ﬁfﬁgeﬁﬁhcﬁtﬁwfgﬁ% &1&&%&%&%% Prov] (f‘: {DE{AH“ S

gastric ulcera sena asis.
Ther ef ore, i nhi\bplicaton S(erlairrmmerrﬁﬁ)v’@zw\%sﬁlamW Iéeigoi;t 1eeaed4,tthe antirehese

di seases. [000 cr | ast ase exhibits all the
characteristi csgngwﬁmgwgreﬁggiﬁ CE@H?C@(%&%%D aﬁ ?rﬁqct?duced from
macr ophages infiltrating i ntBACKsmWr‘H{EmNHNHON renmodeling is

occurring and degr[g;\dlfﬁs g@(tlrac | ular-matrix. The denonstration of
thelncreaseo t he SINAAB- 12 during the manifestation of

enphysena suggEss] Tmetnventmng@nrebtea% B0l chbipBued Wish dik Kevfus 8s
MWP- 12 knocked. ﬂﬁ’& mouse nodel | so denmpnstrated no devel gpnent of

enphyserma by bE OB HL-HEX fr&ialcaprofeérpﬂﬁeﬁw perinsrisRaser maserted Yihet t e
smoke (Scienceihed@8hzymdy: 2002-2004"- More recently, using MwP-12
deficient nodel of ast hma, the investigator suggested the

| nvol venent of MWP-12 in the devel opnent of chronic asthma

2. Description of the Related Art ‘
[0003] Matrix metaloproteinases (MMPs) are a superfamily of proteinases
whose numbers have increased drametically 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. v

[0004] Human macrophage elastase (MMP-12) exhibits all the
characteristics of other MMPs, but is preferentially produced from
macrophages infilirating into tissues where ihjury 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



2 (FASEB, 2002, 16: A590). These results inply that inhibitors of
MWP-12 mght be very useful in the treatnent of pul nonary di seases,
such as chronic obstructive pul nonary di sease (COPD), enphysenma and
asthma. [0005] MWP-12 has been shown to be secreted from al veol ar
macr ophages 5 of snokers (Shapiro et al!,2 1993, Journal of Biol ogical
Chem stry, 268: 23824), in foamcells in atherosclerotic |esions
(Mat sunoto eta!, 1998, AmJ Pathol 153: 109), and in nephritis rat
nmodel (Yoshi katBASKBN2KE, &: A090).200e rasulismonply thZ0nBiBRds.of MMMES al so

howed that MWE:, l.e | di '
Jormsio ecal . a8 > BPLEpgH B eulanRan S Bukole Gl toSRaEE < it
gpser vations suwygesttied thﬂﬁndW/Bﬁéﬁsmmm}?DbemdﬂWsém getl -‘sfstbfll\w/lqipt Q(Zase
t t nt a
number of i sodiid MAFZhEeS et S Binle et dranal eoipt Gaciophages
i nhi bitors. 5A nasbhekeef(SNyRrold: all‘rﬂmbudlﬁﬁél oliBeo| éélvr@r(e%ﬁﬁr\e 2885

ubl i shed PCT P t, lic tI on WO 15 00/ 40577; EP 1 288 199 Al
D001 et onoai 288ED): InRBINGE S (R PESFEUC eSO RITGo & 55506740

and U.S. Pat emPaﬁmHBQaiog)nalﬂllhlrieﬁﬁhﬁsQﬁt N@)del %9141&9@@&%&0 BuRl pedred

Eur opean Pat ent | ng{llcatl on_EP13 . Latel here is a new cl ass
gl

of MVP i nhi bitdr A dyesedr HV‘(%%SQ $®V\d3d tha MH $halgys paviepat ent
Appl i cation No cowa Rg?é@&?@%@agsﬁgéﬂabﬁmapbd&@v @’O@Od@irréd(%wnvf@ésea?& @k

formula R6 | ere the substitutents Ri1,
R2, R3, R4,10R5 993&3 Threse cisanriianaseddrpieel thaidgVieta eridd bFiee targets of

derl vatives ar ?hé’s%tdlé’éaaséstré%ehteh' bitors, 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 Ry, Ry, Rs, Rs, Rs, R, Rz, 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 denonstrat ed.
The feature of the structures of these derivatives is the

spi ro-1inkage between the hydantoin ring and its side chain. 3
[0007] U.S. Patent Application Publication No. 200410067996 and

publ i shed FCT Patent Application No. WO 2004/ 108086 describe sinilar
hydant oi n derivatives of formula R4 ONL7...~-RL I F R5 %5 where
Rl, R4, R' and Rl11l were al so broadly defined. The derivatives in
these two pat eft®7hre al'$s. Bateaf ADW!C@émPabl!qaémmNOt 2004/00ARIH 2wt s of

nmetal | oproten
t here V\Er e noggfﬁ'osﬁgglpcd;rl ip%%ﬂa& A%Hés r at g\?z@gﬂmggg%f&%&@ﬁ @Ir PCT
Pat ent Appl i cahvdﬂﬂtNO dewrtyR207#HTSRladescri bes the synthesis of

hydant oi n derivatives as matrix meta | oprotei nase inhibitors. These
are the first series of hydantoin dergvatives as MW inhibitors with

general structure of y OHIl | rs' R6 N Y2 15 where Y1, Y2, R6, B,
and C are well defined. It was gefer Iy sai d that these corrpounds
showed WWP inhibitory activities a ok -A-h&m have been

di scovered to be potent MVP-12 i nhi r & buf there were no

bi ol ogi cal data provided in det %51/ 5

5 where Ry, R4, Rs, and Ry were also broadly defined. The derivatives in
these two patents are also said, in general term, to be inhibitors 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

N
Re G
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



20 [ 00091 Anot her published PCT Patent Application No. WO

2004/ 020415 di scloses a group of G MP-12 inhibitors of formula 4 Z,
p, R3 G HN z2 where P1, R2. R3, X, VY, Z1, Z2, L, and O are well
defined. i C50 values of sone conpounds are provided, but |acking the
selectivity data in detail. 5 [00101 Hydantoin derlvatlves are a new
class of MW inhibitors. It is desirable to find nore new conpound
of this class with inproved specificity, potency, and

phar macol ogi cal characteristics._SUMVARY OF THE | NVENTI ON 10 [ 0011]
In the present invention we pr ov%de &2 ew roup of hydantoin

derivatives of fornmula (1V) fCNZ j (1'V) "15 wherein
R represents phenyl-(IVa), 26N4-Db R,Z oxy enyI (1'vb),
4- bi phenyl -(1Vc), 4-rn et hoxyph?/n‘gll S(fovd'), - met hoxyphenyl - (i

Ve), 2-rnethoxyphenyi- (IVf), z,

where R1, R2, R3, X, Y, Z1, Z2, L, and G are well defined. IC50 values of
some compounds are provided, but facking the selectivity data in detail.

5  [0010] Hydantoin derivatives are a new class of MMP inhibitors. Itis
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 hydan'toin
derivatives of formula (IV)

15

wherein R represents

phenyl-(IVa),

20 4-benzyloxyphenyl-(IVb),
4-biphenyl-(IVc),
4-methoxyphenyl-(1vVd),
3-methoxyphenyl-(IVe),
2-methoxyphenyl- (IVFf),



5 3, 5-di net hoxyphenyl - (1Vg), 4-chlorophenyl- (1Vh),

3-chl orophenyl-(I Vi ), 2-chlorophenyl-(1Vj), 5

4- met hyl phenyl - (1 Vk), 3-net hyl phenyl -(i Vo), 2-nethyl phenyl - (Dvp),
or 3-trifl uoronmethyi p henyl-(l Vq ). %2012] The conpounds of
formula (1V) are [MW-12 inhibitors and say be 10 used in the
treatnment of diseases or conditions nediated by MWP-1 2, such as
ast hma, chronic obstructive pul nonary di seases (COPD), arthritis,
cancer, heart disdasthameharepli¥glis. [0013] The various features of

novel ty which Q%icﬁ@ﬁﬂé{‘%?}éﬁ‘ge invention are pointed out with
cl ai {

particularity in nnexed to and formng a part of 15 the
di scl osure. FoB-chldiethesy!-vidler st andi ng of the invention, its

oper ati ng advant age and, specific objects attained by its use,
reference shou?éf%gjégpmegéfe@\z?’t he drawi ng and descriptive matter in

whi ch ther esar é-méthvisheat-¢dkand descri bed preferred enbodi ments of

t he invention. BRHFF E)ES TION OF THE DRAWNGS 20 [0014] In the
drawi ngs: Fi g. SIM¢VReEWi{1¥8)t he reaction scheme for the synthesis of
t he conpounds Qfmethtl]gh@ﬁﬁw%dﬂventi on. DETAI LED DESCRI PTI ON OF THE
PRESENTLY PREFERRED 25 EMBCODI MENTS Preparation of the conpounds of
the invention PdiiuoBg¥Rhervih)avail ability of the chenmicals and

?ﬁi;gtefinofme : 2@001@?@% ESp &I FHRia (1D Pae MPRUIE S hRltof ¥hdh ey 88t
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 nbvelty 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.



30 synt hesi zed using the nethods descri bed bel ow and the general
schene of the synthesis is shown in Figure 1. These nethods are
presented herein only for exenplification, not for limtation of the
present; nvention. 6 General procedures: [0016] 7HNVR was recorded
on a Bruker AC300 instrunent. The peaks & chloroformd (7.27 ppn
and di net hyl sul f oxi de-d6 (2.50 ppm) were used as 5 internal
reference. Mass spectra were obtained by Turbo |on Spray nass
spectronetry ( SsineralAPTcd®0e¥: Col umm chr omat ogr aphy was carried out
using EMD silica gel 60. Thin |layer chronmatography was carried out
using silica gel 60 F254s (500 urn for prep) and J. T. Baker's
Baker - f 1 ex si | (& 6ytNMRBgas Bcémiedloytd Balkgr ATBEO pistritngnof Thehpeaks of

d 1 Shi 1 PIL.C. t t d
colvents were POBIYEREAS” 27 s FRE HtodlyShoud s & et ke aRep Bs™"
3-br orrm;I urL %2- ?gm?humﬁrdmd?sé Jsbectﬂéwb@d&t lamgggg T@ﬂimtggcaﬁrgiwmfaégs hl'y

repare . i at - - was add sl o
g- blroom)f uran ( fP%‘g m@) @GW)%mwﬁ@mwmﬂam%w wag F"T‘W‘PH@“? or
15 mn, DWF (0u5iﬁngMD 6ili2Q garey. )Thirl"[a?é’ﬁk(r@mﬁio)gré%?v@f %Wl&ﬁout%ﬁ'@d

The resultlng mxture was:stirred for hour at

al |l oned to war fiiEd 9FFSh 44sJeP@t v ier preme apedcT | W%@%@%ﬂ@h@@%&'
20 water and emz-ﬁ(({a@ﬂyt’i@at)hThe,EbQﬁ? of g‘?éﬁ%rﬁ;fdu)wds@?% a%%ﬁ&é@@?h@hﬂﬁ&ﬁﬁx

extracts were washed wit ne and dri

renovi ng t H8 sﬁpxké}mﬁysf%d‘wreﬁaarﬂié@adﬁ@@@@tﬁrwred@?qwﬁ%wdmﬂdglsa%hy
(silica gel, E@Q@@ﬂyhexane 20:80) of the residue afforded the title
conpound as an oil "(0.49 g, 41%, which will be solidified upon
cooling. 25 Ms: (MtH) ~=175, 177. HNMR 9.74-9.72 (1 H, d), 7.64-7.63

(1 H rn), 6. 6_ﬁ$e@ar§’&n(af3"bro quraﬁ)-fz‘i:‘u M@Mgfﬁ 4- hvdr oxvr ~henyl 7

t hi n-furan-2-carbaxardenvde (r1rj. 30 018 to a sol ution of
- 4-ner capt ol phenol (5g, 40 nmmol) in 100 m of

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 mi). After
stirring for 15 min, DMF (0.56 ml, 7.20 mmol) in THF (2 ml) was dropwise
added. The resulting 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 HyO, 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).

=D

Preparation of 3-(4-hydroxyphenvl) thio-furan-2-carboxaldéhvde (1H:

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



THF was slowy added sodi um hydride (2.5g, 104 nnol). The m xture was
stirred for 10 mn and 4.4 g (25 mol ) 3-bronof uran- 2--car boxai dehyde
was 7 slowy added. The reaction m xture was stirred for 5 hours and
the product was extracted with Et OAc. The extract was dried over
MySO4. Et OAc was renoved on a.rotary evaporator. The residue was
purified with a silica gel colum chromatography foll owed by
crystallization, which gave 4.2 g of the S title conpound. MS:

( MtH) +=221. HNNRvly @d@@d g5 ea¢iorHnixBye was49Fed fargbhquts Hind e product

55 (1 h s At Pk MR e Ak i A Mosdl e was

3- (4- hydr oxyphremplvid bhisoofary ana@yratoarexatidebyde pltified with a@ied gal

m xture of RCH2X (5. I 3-(4-h 0X nyl.) thl.q 15

f ur an- 2car box a(foc‘f'@'ﬁ'ﬂ} 8@0%58@@?%@0@8 h)ﬁ P%g%ﬁ&%h%ﬂ’é{@@hgﬁvﬁa‘}%&%t%e
(1.59, 10.9mmle)conipodBrl of acetonltrile was refluxed for 3-7 hours
and product was extracted wth EtOAc. After the Et OAc was renoved,

t he resi due was pﬁ‘ﬁé’*fi ed by M“é’j)cT’%@t-al lization or silica gel

chromat ogr aphy, whitpligave t@erﬁg.trbﬁ(ﬂqcs;;p@n@é-ﬂ.iés g%@_dﬁwapﬂv.atqvon of
conmpound 1V: [0020] A m xture of 113&0. nrnol), 26 rlngqof

(NH4) 2008, 33 ng of KCN, 2 ni2H, 1), EPSRE7E RHaim)of-0f26.G57 dBafkd-&ube
was heated at 60-70C for 20 hayig.s) 25 The reaction mixture was then
extracted with EtOAc. After the Et OAc was renoved, the residue was
purified b¥0 thin | ayer chromatography and then recrystallized. The

final product spabhBRWPH &AS &ibGhio)- BNl RE ERSS, ARfb-(MPpsPect ra.

carboxaldehvde (l1):

[0019] A mixture of RCH2X (5.1 mmol), 3-(4-hydroxyphenyt) 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 IV:

[0020] A mixture of 11l (0.3mmol), 260 mg of (NH4),CO3, 33 mg of KCN, 2 ml
of EtOH and 1 ml of H,O 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 Va, 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),



0 5-[3-(4- Benzoxyphenylthl o)fur-2-yl]imdazol |l ne-2,4-dione M5
I 381,5 HNWR 11.05-10.95 (1 H, s)844832(1H S),
5

(1 H d), 7.51-7.30 (5H, ), 7.3 0-7.20 (2H, n), 7.05-6.92

I
N+
83 7

, , 6.55-6.45 (1 H, d), 5.52-542 (1H, d), 5.16-5.011 (2H, s).
Vb, 5-{3-[4-(4-Benzyl oxybenzy[oxy) phanythio]fur-2- 5
, }imdazolidine-2,4-dione M5: (Ms-H)- =485,8 HNMR 11.02-11.00 (1 H,
), 8.39-8.365 (1H, d), 7.79- 7.775 (1H, d), 7.47-7.24 (8H m,

04-6.94 (41d, 10 n), 6.495-6. 483047130 (24) M)57 A% @b M)1B558)45
12- 5.09 (2H s), and 5.000-4. 97l (21.52%.42I(Vd, d), 5.16-5.01 (2H, s).
5-{3-[4- (4-bi phenyi nmet hox )phenylthl o] fur-2-v1}ini dazoline-2,4- dione
15 MS: (M H) =455. 0 'ANVR-{394{(8-HeazylaxBigphdnyy) misehdsojolfur-2-
phenyl t hi o]fur-2- y1}i myQarddsaddine-24-gichene (QPS021), 11.07-10.98
(11-1, s), 8.40-8.36 (1 H, s), 7.81-7.77 20 (1 H, d), 7.74-7.62 (4H,
m, 7.58-7.32 (5H, m, MS:32-7. 25M-BIH,=48p,8 7. 05-6.95 (2H, n),
6.53-6.48 (1H, d), 5.56#8MR5 (1H1.00-1190LTH5s)]8.3024B65 )1H, ldYd;.79-

5- {3 [ 4- (4- Met hoxybenzyl oxy) pheryvThi{™,fayr7 vl m gagel, imdisne0425H,
2, 4-di one MB: (MH)-=409.0 HNVRm}5A%-60591H(d), bla76)5.46 91“%%%6111

H ) 7.79-7.75 (1H d), 7.42-988(di4H) aid 5 0000:970H( ¢ §4
6.53-6.48 (1 H, d), 5.56-5.41 (1 H, d) 5.08-4.8
B Ve, 5-{3-[4-(4- brphenylmethoxy)phenyithlo]fur- -yllimidazoline-2,4-
ione

3 Va,
(1 N+H) +=
7. 7.
I( m

y
S
7.
5.

15
MS: (M-H) =455.0
HNMR: 5-{3-[4-(4-Biphenylmethoxy) phenylthio]fur-2-
yllimidazolidine-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).

Vd, 5-{3-[4-(4- Methoxybenzy!oxy) phenylthiolfur-2-yl}imidazolidine-

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) phenylthioJfur-2-yl}imidazolidine-

2,4-dione
35
MS: (M-H)y=409.0
HNMR: 11.03-10.98 (1H, s), 8.44-8.31 (1H, s), 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, ).
IVf,  5-{3-[4-(2-Methoxybenzyloxy)phenylthiolfur-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.



(2H,s), 3.84-3.62 (3H, s). W, 5-{3-j4-(3-Mthoxybenzyloxy)

phenyi t hi o] fur-2-yi)im dazolidine- 2,4-done 35 MS: (M H)-=409,0
HNNgR: 11.03-10.98 (1 H, s), 8.44-8.31 (1 H, s), 7.84-7.74 (1 H d),
7.36-7.21 (3H m, 7.06-6.93 (4H m, 6.92-6.85 (1 H m, 6.54-6.46
(1 H d), 552-5.43 40 (1 H, d), 5.11-5.80 (2H, s), 3,81-3.69 (3H,
s). |Vf,

5-{3-[4-(2- Met hoxybenzyl exy) phenyl t hi o] fur-2-vyi }i m dazoi i di ne-
2,4-dione 45 Ms: (PGs-H)-=409.0 HNVR 11.04-10.97 (1H, s), 8.40-8.36
(1H, a), 7.81-7.77 I\, B{3d}-(3B-dddethovbgnakly)pingnyliTiolg-BylBRidegeiiner n) ,
6.52-6.48 0 H, d), 5.50=258i-d6n¢l1 H d), 5.05-5.02. 9 1IVg,
5.-{3-t14-(3,5-d net hoxvbenzoxy) pi enylihiojfuur-2yl}iniidazoline-
2,4-dione S M5 (MH-=489. 0 HNVRM-HI=028.00. 96 (1 H, s), 8.41-8.34 (1
H s), 7.82-7.75 (1 H HNMR7.31-171.@21028,(1H)s), 7.4025.84 O, (2H;.80-7.75
6.62- 6.54 (2H, d), 6.53-6.46 (1 (HH,4d),7.5.-4626234)( 1.0646.99 (2H,d), 6.62-
5.50-5.44 (1 H d), 5.06-4.97 (2H.58)2H,31)8053-666 161, 0pH.48p.39(VR, 1),

5-(3-[4-(4-Chl orobenzyl oxy) phenys, BOJSQM%E a))dde-m”edqmls)dsraeses
2,4-dione 1 NS: (MH  =4110, 41%H0s).H 11.09-10.95 (1 H, s),
8.49-8.27 (1L H, s), 7.80-7.78

IVh, 5-{3-[4-(4-Chlorobenzyloxy) phenylthiojfur-2-yilimidazolidine-

2,4-dione
15 MS: (M-H)y=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).
Vi, 5-{3-[4-(3-Chlorobenzyloxy) phenylthiolfur-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) phenytthlo]fur— -yllimidazolidine-
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) phenylthiolfur-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, s), 2.34-2.24 (3H, s).



(1 H d), 7.47-7.42 (4H, s), 7.33-723 (2H, d), 7.00-6.95 (2H, d),
6,53-6.48 (1 H d), 5.50-5.45 20 (1 H, d), 5.113-5.08 (2H, s). ltai,
5-{3-[ 4-(3- Chi orobenzyl oxy) phenyithio]fur-2-yl}imdazoll di ne-
2,4-dione 25 M5: (MH) -=413.0, 415.0 HNVR 11.05-10.94 (1 H, s),
8.45-8.31 (1 H, s), 7.82-7.75 (1 H d),17.53-7.35 (4H, m), 7.32-7.22
(2H, m), 7.05-6.93 (2H. rn), 6.54-6.44 (1 H, d), 5.52-5.42 (1 H,
d), 5.18-5.03 (2H, s). 30 IV], 5-{3-[4-(2-Chiorobenzyioxy)

pl, enyl t hi o] fur-2-yilYom @éazﬁk(ﬁdﬂa’myl—@r&ybkp)mek@ihEQ]MrkD—y!ﬁ#ﬂc&zﬁLidM&-S. 0
35 HNNR: 11.05-10.96 (1H,4sl)gne8. 42-8.33 (1H, s), 7.84-7.74 (1 H, d),
7.63-7.35 (4H, m, 7.33-7.24 (2H, m,_ 7.06-6.95 (2H, m, 6.54-6.48
(1 H d), 551-5.45 (1MB:d), 5 §8+5=08302H, s). 40 |k,

5- {3 [ 4- (4- et hyl benzyl detNMHohenynﬂbnq]ofsn(lef ¥), Bigni-glaz gl Hds n¢62776
2, 4-dione M5: (Nn-H)-393.0 HNVR -7.85-960((BHHM)$7.028:. 3,

H s), 7.82-7..76 45 (11.-1, d), 6_62 4@(@4@(@%@ 57114 (1 0- §o@%c662H,
n, 651646(1H d), 5. 50- - 5. ?234(5% H0§499 (2H, s),
2.34-2.24 (3H, s). 10 1Vo, 5-{3-[4 N[et hyI benzyloxy)

pher nyi t hi abf ur - 2- yhNg, M slaz i 2dl18@yi-Berfry @k shMBinié frtd-y FRARBlidine-

2,4-dione

MS: (M-H)'=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).

Vg, 5-{3-[4-(3-Trifluoromethyl-benzyloxy) phenylthiolfur-

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 pM) 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-

a, B—diaminopropionyI-Alav-Arg-NHz.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 CaCly, 0.05% Brij 35, pH 7.5)



5 HNVR: 11.04.10.97 (1 H, s), 8.41-8.34 (1 H, s), 7.82-7.76 (1 H,
d), 7.35-7.10 (66H, m, 7.02-6.93 (2H, m, 6.52-6.46 (1 H d),
5.50-5.44 (1 H, s), 5,08-5.00 (2H, s), 2.34-2.28 (3H, s). 10 IVp,
5-{3-[4-(2- Met hyl - benzyl oxy) phenylthioifur-2-yl}imdazolidine-
,4-dime MB: (MH)-=-393.0 HNMR 11.04-10.97 (1 H, s), 8.43-8.34 (1
H s), 7.82-7.76 15 (1 H, d), 7.42-734 (1 H, d), 7.33-7.15 (5H m,
7.06-6.97 (21-1, m, 6.54-6.48 (1 H d), 5.51-5.44 (1 H d),
5.11-5.02 (2H, W&y mchba@dgmﬂv(?(cgaﬂcexst)atloh\m[ set) or without lnhlbltor(m1 ul of

5-{3-[4-(3-T

2yl 31 m dazol | it G LS REN Y e e ARt agonvap, 1y
s), 8.40- 8(33 (ndtiskd !Dy the?acaiﬁioﬁ df@he éLBdfl;trat@ A0TUNBH# 10 Aot @By M)ffer and
7.05-6.97 (2H H,

d
5 30-2 24 (1l o85St 69 sipsige %‘ba@iﬁ%& ot heveb b image
listed a?o;/le sbpvmdasMi@ﬂ:@ﬁuamhé@eh%H it @G{Em&BZ&nTMma_CHﬁdhmgmnear
potency (a ower than nd_sel ectivity over
P her e det RRTH ooy 4 RLobRmse vbpdead Ste 861 Bhau thation feyating
I nhibitory Assays tn[n@Of?‘cit]ld bbeornayeB s GhdbhtbrdurRsarRf sUMBS eWeIoeh the
assayed accord manuf act ure protocol s (Bi onol Reseaerch

Labor at ory, i!ng Ee%\w - Thegd GoRvsaniwined By ﬁbo(ftlwtheiiH@reéeermyegﬁuzé

reconbi nant hUﬂﬁb@%&hﬁ’ﬁlﬁl@@!H&lnhlﬁft&@o@ea&?éés%@ﬁﬂfﬂhs)m sdffare. The
fluor escent substrate has the sequence o oxycournarin-4-yl)

acet yl - Pro40eul@§4p-bsined smnee, fomra 007 rLtMJ Qﬁ)JNLMechamsm studies reveal

a, p- dl am nopr OB M4 inktb ré"ag éﬁ:@ . “ﬁﬁ’}ﬁﬁ re conducted

at roomterrperaturei Wlt euHI%P tF ottom lb?ic p Qfe (Nal ge Nunc
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 IC50, 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. IC50s on

20 MMP-12 fall in the range of 1-300 nM, therefore they are all considered fo 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 0447  2.099  63.67 07266  1.072
Vb 0.084 >40° 118 03829  1.882  4.468  0.3353
Ve 0.131 >40 1735 3591  1.0389 3220  0.7065
Ivd 0.01 - >40 0422 03176 7.6 0.74 0.26
Ve 0.019 >40 2009  3.624 2743 3755  2.438
I\ 0.202 >40 232832 603601 315509  30.38  11.63
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I'vd 0.01 >40 0.422 0.3176 7.6 074 0.26 1|Ve 0.019 >40 2.009 3.624
27.43 3.755 2.438 Nf 0.202 >40 232.832 603601 315599 3038 11.63 12
Vg 0,264 >40 ND 7 .947 309192 35.77 15.82 1Vh 0,007 >40 0. 239,

. 1569 7.451 0.2551 0.3291 Vi 0.022 >40 1.022 0.2975 675.9 1.441

. 7728 V; 0.057 >40 1.845 1.093 34248 1.131 2.415 1Vk 0.015 >40
.612 0,5863 30.38 0.4724 0,6435 Vo 0,011 >40 1.115 1.35 46.73 2,954
.953 |Vp 0.042 >40 7.032 4.044 539384 2.075 4.261 Vg 0.034 >40

.13 3.312 5095 2.884 2,062 [0025] The igwgntjison is not linmted by

t he enbodi nents descri bed above which are presented as exanples only
but can be nodified in various ways wthin the scope of protection
defined by the appended patent ciainls. 13 CL M5 1. A conpound, of
formula (1V) or a pharmaceutically acceptable salt thereof L AcH |V
wherein R is sel ett acdifpmnmtl befgmatap(eonsi sidrmgeeiticalie aydeapiable sali
benzyl oxyphenyl, 4- bigphaenyl, 4-rne hoxyphenyl, 3-rnethoxyphenyl, 2-
met hoxyphenyl, 3, 5-dirnet hoxyphenyi, 4-ohlorophenyl, 3-chl arophenyl,
2- chl orophenyl, 4.-rnethyl phenylg 3<net pheny!, 2-nmet hyl phenyl,
and a-trifluoronethyl phenyL 2e Thg co u of claiﬁﬁl wherein Ris

4- met hox' yphel yl, 3. A pharnmaceutjsc OSj=hON =gBAPri sing a
conpound of orr ula (iv) or a pHarmageut i%a-!@rc@pt abl e salt

t her eof ‘

: aQ
v

NPFRPOOO™—

wherein R is selected from the group consisting of phenyl, 4-
benzyloxyphenyl, 4-biphenyl, 4-methaxyphenyl, 3-methoxyphenyl, 2-
methaﬁcyphenyl. S,S-dimethoxyphenyl; 4-chlorophenyl, 3-chlorophenyl, 2-
chlerophenyl, 4-methylphenyl, '
3-methylphenyl, 2-methylphenyl, and 3-triflusromethylphenyl.
2-ﬂ@wmmmﬁﬁw@m1Mw@nRs¢m%mwm&M
3. A pharmaceutical composition comprising a compound of formula (V)

~ or a pharmaceutically acceptable salt thereof

o o 3\
W C ZH
2
. HN)/NH N G/' |

o
v

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

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



FINrIPJH c7 wherein Ris a substituted group selected fromthe
group con isting of = phenyl, 4-benzyl oxyphe-nyl, 4bi phenyi,

4- met hoxyphenyl , 3-nethoxyphenyl, ,q94 t 2-rnethozyphenyl,

3, 5-di met hoxyphenyl, 4-chl orophenyl, 3-chl orophenyi, 2- chiorophenyl,
4- met hyl phenyl , 3-net hyl phenyl , 2-nmet hyl4 phenyl, and
3-trifluoronethyl phenyl. 4. The conposition of claim3 wherein Ris 4
met hoxyphenvL 5. Use of a compound of formula (1V) or a

phar maceut i caliathaegepihahles-dsashokheiaof, 4—ch!0rdphen§/lc HZchidiypNEh g, 2V

wherein. Ris a substituted group sel ected fromthe group consi sting

of phenyl, Wgh&ngﬂg{p‘gwheﬁypl phenyl, 4-met hoxyphenyl,

3- nethoxypheny t hox 3, 5- dlnethoxyphenyl

4-chl or ophenyi | oro chI rophenyi, 4- | phenyl,

3- et hyl pherr%/}met% 'RE?HVIB W\pheQX‘daﬁ f‘ﬁP%‘é’%ﬁEY‘ﬁ FWhenyl in the

manuf act ur e Ef a nedi canent for treating a disease or condition

nedi at ed by %1 MVMP12 CBMPPREONSE CHMcE WNRTEN Whieremetrexyghenyl.

4- met hoxyphenyl .
5. Use of a compound of formula (1V) or a pharmaceutically acceptable

‘salt thereof

N R
L SOO/CH
I
v
wherein R is a substituted group selected from the group consisting of
phenyl, 4-behzyloxyphenyl, 4—biphenvyl, 4-methoxyphenyl, 3-methoxyphenyl,
2—methoxyphenyl, 3,5-dimethoxyphenyl, 4-chlorophenyl, 3-chlorophenyl, 2-
chlorophenyl, 4-methylphenyl, |
3-methylphenyl, 2-methylphenyl, and 3-trifluoromethylphenyl in the
manufacture of a medicament for treating a disease or condition mediated by
MMP12

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



