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METALLOPROTEINASE INHIBITORS 

[0001] The present invention relates to compounds useful 
in the inhibition of metalloproteinases and in particular to 
pharmaceutical compositions comprising these, as Well as 
their use. 

[0002] The compounds of this invention are inhibitors of 
one or more metalloproteinase enzymes. Metalloproteinases 
are a superfamily of proteinases (enzymes) Whose numbers in 
recent years have increased dramatically. Based on structural 
and functional considerations these enZymes have been clas 
si?ed into families and subfamilies as described in N. M. 
Hooper (1994) FEBS Letters 354:1-6. Examples of metallo 
proteinases include the matrix metalloproteinases (MMPs) 
such as the collagenases (MMP1, MMP8, MMP13), the 
gelatinases (MMP2, MMP9), the stromelysins (MMP3, 
MMP10, MMP1), matrilysin (MMP7), metalloelastase 
(MMP12), enamelysin (MMP19), the MT-MMPs (MMP14, 
MMP15, MMP16, MMP17); the reprolysin or adamalysin or 
MDC family Which includes the secretases and sheddases 
such as TNF converting enZymes (ADAM10 and TACE); the 
astacin family Which include enZymes such as procollagen 
processing proteinase (PCP); and other metalloproteinases 
such as aggrecanase, the endothelin converting enZyme fam 
ily and the angiotensin converting enZyme family. 
[0003] Metalloproteinases are believed to be important in a 
plethora of physiological disease processes that involve tissue 
remodelling such as embryonic development, bone formation 
and uterine remodelling during menstruation. This is based 
on the ability of the metalloproteinases to cleave a broad 
range of matrix substrates such as collagen, proteoglycan and 
?bronectin. Metalloproteinases are also believed to be impor 
tant in the processing, or secretion, of biological important 
cell mediators, such as tumour necrosis factor (TNF); and the 
post translational proteolysis processing, or shedding, of bio 
logically important membrane proteins, such as the loW a?in 
ity IgE receptor CD23 (for a more complete list see N. M. 
Hooper et al., (1997) Biochem J. 321:265-279). 
[0004] Metalloproteinases have been associated With many 
diseases or conditions. Inhibition of the activity of one or 
more metalloproteinases may Well be of bene?t in these dis 
eases or conditions, for example: various in?ammatory and 
allergic diseases such as, in?ammation of the joint (especially 
rheumatoid arthritis, osteoarthritis and gout), in?ammation 
of the gastro-intestinal tract (especially in?ammatory boWel 
disease, ulcerative colitis and gastritis), in?ammation of the 
skin (especially psoriasis, ecZema, dermatitis); in tumour 
metastasis or invasion; in disease associated With uncon 
trolled degradation of the extracellular matrix such as 
osteoarthritis; in bone resorptive disease (such as osteoporo 
sis and Paget’s disease); in diseases associated With aberrant 
angiogenesis; the enhanced collagen remodelling associated 
With diabetes, periodontal disease (such as gingivitis), cor 
neal ulceration, ulceration of the skin, post-operative condi 
tions (such as colonic anastomosis) and dermal Wound heal 
ing; demyelinating diseases of the central and peripheral 
nervous systems (such as multiple sclerosis); AlZheimer’s 
disease; extracellular matrix remodelling observed in cardio 
vascular diseases such as restenosis and atherosclerosis; 
asthma; rhinitis; and chronic obstructive pulmonary diseases 
(COPD). 
[0005] MMP12, also knoWn as macrophage elastase or 
metalloelastase, Was initially cloned in the mouse by Shapiro 
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et al [1 992, Journal 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 [Sha 
piro et al, 1993, Journal ofBiological Chemistry, 268: 23824] 
as Well as in foam cells in atherosclerotic lesions [Matsumoto 
et al, 1998, Am J Pathol 153: 109] . A mouse model ofCOPD 
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 devel 
oped no signi?cant emphysema, strongly indicating that 
MMP- 12 is a key enZyme in the COPD pathogenesis. The role 
of MMPs such as MMP12 in COPD (emphysema and bron 
chitis) is discussed in Anderson and ShinagaWa, 1999, Cur 
rent Opinion in Anti-in?ammatory and Immunomodulatory 
Investigational Drugs 1(1): 29-38. It Was recently discovered 
that smoking increases macrophage in?ltration and macroph 
age-derived MMP-12 expression in human carotid artery 
plaques Kangavari [MatetZky S, Fishbein M C et al., Circu 
lation 102:(18), 36-39 Suppl. S, Oct. 31, 2000]. 
[0006] MMP13, or collagenase 3, Was initially cloned from 
a cDNA library derived from a breast tumour [J . M. P. Freije 

et al. (1994) Journal ofBiological Chemistry 269 (24): 1 6766 
16773]. PCR-RNA analysis of RNAs from a Wide range of 
tissues indicated that MMP13 expression Was limited to 
breast carcinomas as it Was not found in breast ?broad 
enomas, normal or resting mammary gland, placenta, liver, 
ovary, uterus, prostate or parotid gland or in breast cancer cell 
lines (T47-D, MCF-7 and ZR75-1). Subsequent to this obser 
vation MMP13 has been detected in transformed epidermal 
keratinocytes [N. J ohansson et al., (1 997) Cell GroWth Differ. 
8(2):243-250], squamous cell carcinomas [N. Johansson et 
al., (1997) Am. J. Pathol. 151(2):499-508] and epidermal 
tumours [K. Airola 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 inter 
action associated With metastasis especially as observed in 
invasive breast cancer lesions and in malignant epithelia 
groWth in skin carcinogenesis. 
[0007] Recent published data implies that MMP13 plays a 
role in the turnover of other connective tissues. For instance, 
consistent With MMP13’s substrate speci?city and prefer 
ence for degrading type II collagen [P. G. Mitchell et al., 
(1996) J. Clin. Invest. 97(3):761-768; V. Knauper et al., 
(1996) The Biochemical Journal 271:1544-1550], MMP13 
has been hypothesised to serve a role during primary ossi? 
cation and skeletal remodelling [M. Stahle-Backdahl et al., 
(1997) Lab. Invest. 76(5):717-728; N. Johansson et al., 
(1997) Dev. Dyn. 208(3):387-397], in destructive joint dis 
eases such as rheumatoid and osteo-arthritis [D. Wernicke et 
al., (1996) J. Rheumatol. 23:590-595; P. G. Mitchell et al., 
(1996) J. Clin. Invest. 97(3):761-768; O. Lindy et al., (1997) 
Arthritis Rheum 40(8):1391-1399]; and during the aseptic 
loosening of hip replacements [S. Imai et al., (1998) J. Bone 
Joint Surg. Br. 80(4):701-710]. MMP13 has also been impli 
cated in chronic adult periodontitis as it has been localised to 
the epithelium of chronically in?amed mucosa human gingi 
val tissue [V. J. Uitto etal., (1998)Am. J. Pathol 152(6):1489 
1499] and in remodelling of the collagenous matrix in chronic 
Wounds [M. Vaalamo et al., (1997) J. Invest. Dermatol. 109 
(1):96-101]. 
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[0008] MMP9 (Gelatinase B; 92 kDa Type IV Collagenase; 
92 kDa Gelatinase) is a secreted protein Which Was ?rst 
puri?ed, then cloned and sequenced, in 1989 [S. M. Wilhelm 
et al (1989) J. Biol. Chem. 264(29): 17213-17221; published 
erratum in J. Biol. Chem. (1990) 265(36): 22570]. A recent 
revieW of MMP9 provides an excellent source for detailed 
information and references on this protease: T. H. Vu & Z. 
Werb (1998) (In: Matrix Metalloproteinases. 1998. Edited by 
W. C. Parks & R. P. Mecham. pp 115-148. Academic Press. 
ISBN 0-12-545090-7). The following points are draWn from 
that revieW by T. H. Vu & Z. Werb (1998). 
[0009] The expression of MMP9 is restricted normally to a 
feW cell types, including trophoblasts, osteoclasts, neutro 
phils and macrophages. HoWever, it’s expression can be 
induced in these same cells and in other cell types by several 
mediators, including exposure of the cells to groWth factors or 
cytokines. These are the same mediators often implicated in 
initiating an in?ammatory response. As With other secreted 
MMPs, MMP9 is released as an inactive Pro-enzyme Which is 
subsequently cleaved to form the enZymatically active 
enZyme. The proteases required for this activation in vivo are 
not known. The balance of active MMP9 versus inactive 
enZyme is further regulated in vivo by interaction With 
TIMP-1 (Tissue Inhibitor of Metalloproteinases-1), a natu 
rally-occurring protein. TIMP-1 binds to the C-terminal 
region of MMP9, leading 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 Type IV and TypeV collagens; it has no activity against 
native Type I collagen, proteoglycans or laminins. 
[0010] There has been a groWing body of data implicating 
roles for MMP9 in various physiological and pathological 
processes. Physiological roles include the invasion of embry 
onic trophoblasts through the uterine epithelium in the early 
stages of embryonic implantation; some role in the groWth 
and development of bones; and migration of in?ammatory 
cells from the vasculature into tissues. 
[0011] MMP-9 release, measured using enZyme immu 
noassay, Was signi?cantly enhanced in ?uids and in AM 
supematants from untreated asthmatics compared With those 
from other populations [Am. J. Resp. Cell & Mol. Biol., 
November 1997, 17(5):583-591]. Also, increased MMP9 
expression has been observed in certain other pathological 
conditions, thereby implicating MMP9 in disease processes 
such as COPD, arthritis, tumour metastasis, AlZheimer’s, 
Multiple Sclerosis, and plaque rupture in atherosclerosis 
leading to acute coronary conditions such as Myocardial Inf 
arction. 

[0012] 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, such as osteoarthritic 
chondrocytes [Shlopov et al, 1997, Arthritis Rheum, 
40:2065]. MMPs produced by neutrophils can cause tissue 
remodelling, and hence blocking MMP-8 should have a posi 
tive effect in ?brotic diseases of for instance the lung, and in 
degradative diseases like pulmonary emphysema. MMP-8 
Was also found to be up-regulated in osteoarthritis, indicating 
that blocking MMP-8 many also be bene?cial in this disease. 
[0013] MMP-3 (stromelysin-1) is a 53 kD enZyme of the 
matrix metalloproteinase enZyme family. MMP-3 activity has 
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been demonstrated in ?broblasts isolated from in?amed gin 
giva [Uitto V. J. et al, 1981, J. Periodontal Res., 16:417-424], 
and enZyme levels have been correlated to the severity of gum 
disease [Overall C. M. et al, 1987, J. Periodontal Res., 22:81 - 
88]. MMP-3 is also produced by basal keratinocytes in a 
variety of chronic ulcers [Saarialho-Kere U. K. et al, 1994, J. 
Clin. Invest., 94:79-88]. MMP-3 mRNA and protein Were 
detected in basal keratinocytes adjacent to but distal from the 
Wound edge in What probably represents the sites of prolifer 
ating epidermis. MMP-3 may thus prevent the epidermis 
from healing. Several investigators have demonstrated con 
sistent elevation of MMP-3 in synovial ?uids from rheuma 
toid and osteoarthritis patients as compared to controls [Wala 
kovits L. A. et al, 1992, Arthritis Rheum., 35:35-42; 
Zafarullah M. et al, 1993, J. Rheumatol., 20:693-697]. These 
studies provided the basis for the belief that an inhibitor of 
MMP-3 Will treat diseases involving disruption of extracel 
lular matrix resulting in in?ammation due to lymphocytic 
in?ltration, or loss of structural integrity necessary for organ 
function. 

[0014] A number of metalloproteinase inhibitors are 
knoWn (see for example the revieW of MMP inhibitors by 
Beckett R. P. and Whittaker M., 1998, Exp. Opin. Ther. Pat 
ents, 8(3):259-282]. Different classes of compounds may 
have different degrees of potency and selectivity for inhibit 
ing various metalloproteinases. 
[0015] Whittaker M. et al (1999, Chemical RevieWs 99(9): 
2735-2776] revieW a Wide range of knoWn MMP inhibitor 
compounds. They state that an effective MMP inhibitor 
requires a Zinc binding group or ZBG (functional group 
capable of chelating the active site Zinc(II) ion), at least one 
functional group Which provides a hydrogen bond interaction 
With the enZyme backbone, and one or more side chains 
Which undergo effective van der Waals interactions With the 
enZyme subsites. Zinc binding groups in knoWn MMP inhibi 
tors include carboxylic acid groups, hydroxamic acid groups, 
sulfhydryl or mercapto, etc. For example, Whittaker M. et al 
discuss the folloWing MMP inhibitors: 

0 o 

H 

Hs\)k N 1 N NHMe 
- H 

0 

0y 0 

The above compound entered clinical development. It has a 
mercaptoacyl Zinc binding group, a trimethylhydantoinyl 
ethyl group at the P1 position and a leucinyl-tert-butyllglyci 
nyl backbone. 
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H HSQNE NQkNHMe 
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The above compound has a mercaptoacyl Zinc binding group 
and an imide group at the P1 position. 

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

The above compound is a phthalimido derivative that inhibits 
collagenases. It has a non-peptidic succinyl hydroxamate Zinc 
binding group and a cyclic imide group at P1 . Whittaker M. et 
al also discuss other MMP inhibitors having a P1 cyclic imido 
group and various Zinc binding groups (succinyl hydroxam 
ate, carboxylic acid, thiol group, phosphorous-based group). 
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The above compounds appear to be good inhibitors of MMP8 
and MMP9 (PCT patent applications WO9858925, 
WO9858915). They have a pyrimidin-2,3,4-trione Zinc bind 
ing group. 
[0016] The folloWing compounds are not knoWn as MMP 
inhibitorszi 

Lora-Tamayo, M et al (1968, An. Quim 64(6): 591-606) 
describe synthesis of the folloWing compounds as a potential 
anti-cancer agent: 
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Czech patent numbers 151744 (19731119) and 152617 
(1974022) describe the synthesis and the anticonvulsive 
activity of the following compounds: 

H 
O N 

YQQO N 
H 

0 

C1 
C1 

RI4-NO2, 4-OMe, 2-NO2, 

[0017] Us. Pat. No. 3,529,019 (19700915) describes the 
following compounds used as intermediates: 

PCT patent application number WO 00/09103 describes 
compounds useful for treating a vision disorder, including the 
folloWing (compounds 81 and 83, Table A, page 47): 
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o=s=o O=S=O 

i3 0 {j 0 
[0018] 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 com 
pounds are metalloproteinase inhibitors having a metal bind 
ing group that is not found in knoWn metalloproteinase inhibi 
tors. In particular, We have discovered compounds that are 
potent MMP12 inhibitors and have desirable activity pro?les. 
The compounds of this invention have bene?cial potency, 
selectivity and/ or pharmacokinetic properties. 
[0019] The metalloproteinase inhibitor compounds of the 
invention comprise a metal binding group and one or more 

other functional groups or side chains characterised in that the 
metal binding group has the formula (k) 

(k) 

Wherein X is selected from NR1, O, S; 

[0020] Y1 andY2 are independently selected from O, S; 

[0021] R1 is selected from H, alkyl, haloalkyl; 
[0022] Any alkyl groups outlined above may be straight 
chain or branched; any alkyl group outlined above is prefer 
ably (C1-7)alkyl and most preferably (C1-6)alkyl. 
[0023] A metalloproteinase inhibitor compound is a com 
pound that inhibits the activity of a metalloproteinase enZyme 
(for example, an MMP). By Way of non-limiting example the 
inhibitor compound may shoW 1C50s in vitro in the range of 
0.1 -10000 nanomolar, preferably 0.1 -1000 nanomolar. 

[0024] A metal binding group is a functional group capable 
of binding the metal ion Within the active site of the enzyme. 
For example, the metal binding group Will be a Zinc binding 
group in MMP inhibitors, binding the active site Zinc(ll) ion. 
The metal binding group of formula (k) is based on a ?ve 
membered ring structure and is preferably a hydantoin group, 
most preferably a —5 substituted 1-H,3-H-imidaZolidine-2,4 
dione. 
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[0025] In a ?rst aspect of the invention We noW provide 
compounds of the formula I 

Y2 

[0026] Wherein 
[0027] X is selected from NR1, O, S; 
[0028] Y1 andY2 are independently selected from O, S; 
[0029] Z is selected from SO, SO2; 
[0030] m is 1 or 2; 
[0031] A is selected from a direct bond, (C1-6)alkyl, (C1 
6)haloalkyl, or (C1-6)heteroalkyl containing a hetero group 
selected from N, O, S, SO, SO2 or containing tWo hetero 
groups selected from N, O, S, SO, SO2 and separated by at 
least tWo carbon atoms; 
[0032] R1 is selected from H, (C1-3)alkyl, haloalkyl; 
[0033] Each R2 and R3 is independently selected from H, 
halogen (preferably ?uorine), alkyl, heteroalkyl, cycloalkyl, 
heterocycloalkyl, aryl, heteroaryl, alkylaryl, alkyl-heteroaryl, 
heteroalkyl-aryl, heteroalkyl-heteroaryl, aryl-alkyl, aryl-het 
eroalkyl, heteroaryl-alkyl, heteroaryl-heteroalkyl, aryl-aryl, 
aryl-heteroaryl, heteroaryl-aryl, heteroaryl-heteroaryl, 
cycloalkyl-alkyl, heterocycloalkyl-alkyl, alkyl-cycloalkyl, 
alkyl-heterocycloalkyl; 
[0034] Each R4 is independently selected from H, halogen 
(preferably ?uorine), (C1-3)alkyl or haloalkyl; 
[0035] Each of the R2 and R3 radicals may be indepen 
dently optionally substituted With one or more (preferably 
one) groups selected from alkyl, heteroalkyl, aryl, heteroaryl, 
halo, haloalkyl, hydroxy, alkoxy, haloalkoxy, thiol, alky 
lthiol, arylthiol, alkylsulfon, haloalkylsulfon, arylsulfon, 
aminosulfon, N-alkylaminosulfon, N,N-dialkylaminosulfon, 
arylaminosulfon, amino, N-alkylamino, N,N-dialkylamino, 
amido, N-alkylamido, N,N-dialkylamido, cyano, sul 
fonamino, alkylsulfonamino, arylsulfonamino, amidino, 
N-aminosulfon-amidino, guanidino, N-cyano-guanidino, 
thioguanidino, 2-nitro-ethene-1,l-diamin, carboxy, alkyl 
carboxy, nitro, carbamate; 
[0036] Optionally R2 and R3 may join to form a ring com 
prising up to 7 ring atoms, or R2 and R4 may join to form a 
ring comprising up to 7 ring atoms, or R3 and R4 may join to 
form a ring comprising up to 7 ring atoms; 
[0037] R5 is a monocyclic, bicyclic or tricyclic group com 
prising one, tWo or three ring structures each of up to 7 ring 
atoms independently selected from cycloalkyl, aryl, hetero 
cycloalkyl or heteroaryl, With each ring structure being inde 
pendently optionally substituted by one or more substituents 
independently selected from halogen, hydroxy, alkyl, alkoxy, 
haloalkoxy, amino, N-alkylamino, N,N-dialkylamino, alkyl 
sulfonamino, alkylcarboxyamino, cyano, nitro, thiol, alky 
lthiol, alkylsulfonyl, haloalkylsulfonyl, alkylaminosulfonyl, 
carboxylate, alkylcarboxylate, aminocarboxy, N-alky 
lamino-carboxy, N,N-dialkylamino-carboxy, Wherein any 
alkyl radical Within any substituent may itself be optionally 
substituted With one or more groups selected from halogen, 
hydroxy, alkoxy, haloalkoxy, amino, N-alkylamino, N,N-di 

Jan. 6, 2011 

alkylamino, N-alkylsulfonamino, N-alkylcarboxyamino, 
cyano, nitro, thiol, alkylthiol, alkylsulfonyl, N-alkylamino 
sulfonyl, carboxylate, alkylcarboxy, aminocarboxy, N-alky 
laminocarboxy, N,N-dialkylaminocarboxy, carbamate; 
[0038] When R5 is a bicyclic or tricyclic group, each ring 
structure is joined to the next ring structure by a direct bond, 
by ‘Oi, by (C1-6)alkyl, by (C1-6)haloalkyl, by (Cl-6) 
heteroalkyl, by (C1-6)alkenyl, by (C1-6)alkynyl, by sulfone, 
by CO, by NCO, by CON, by NH, by S, by C(OH) or is fused 
to the next ring structure; 
[0039] Any heteroalkyl group outlined above is a hetero 
atom-substituted alkyl containing one or more hetero groups 
independently selected from N, O, S, SO, SO2, (a hetero 
group being a hetero atom or group of atoms); 
[0040] Any heterocycloalkyl or heteroaryl group outlined 
above contains one or more hetero groups independently 
selected from N, O, S, SO, SO2; 
[0041] Any alkyl, alkenyl or alkynyl groups outlined above 
may be straight chain or branched; unless otherWise stated, 
any alkyl group outlined above is preferably (C1-7)alkyl and 
most preferably (C1-6)alkyl. 
[0042] Preferred compounds of the formula I are those 
Wherein any one or more of the folloWing apply: 
[0043] X is NR1; 
[0044] Z is SO2 or SO; especially Z is SO2; 
[0045] At least one of Y1 and Y2 is O; especially both Y1 
and Y2 are O; 
[0046] m is 1; 

[0047] R1 is H, (C1-3) alkyl, (C1-3) haloalkyl; espe 
cially R1 is H, (C1-3)alkyl; most especially R1 is H; 

[0048] R2 is H, alkyl, hydroxyalkyl, alkoxyalkyl, aryloxy 
alkyl, aminoalkyl, cycloalkyl-alkyl, alkyl-cycloalkyl, aryla 
lkyl, alkylaryl, alkyl-heteroaryl, heteroalkyl, heterocy 
cloalkyl-alkyl, alkyl-heterocycloalkyl, heteroaryl-alkyl, het 
eroalkyl-aryl; especially R2 is alkyl, aminoalkyl, alkyl 
heteroaryl, alkyl-heterocycloalkyl or heteroaryl-alkyl. 
[0049] R3 and/or R4 is H; 
[0050] R3 and/or R4 is methyl; 
[0051] R5 comprises one, tWo or three optionally substi 
tuted aryl or heteroaryl 5 or 6 membered rings; 
[0052] R5 is a bicyclic or tricyclic group comprising tWo or 
three optionally substituted ring structures. 
[0053] Particularly preferred compounds of formula I are 
those Wherein R5 is a bicyclic or tricyclic group comprising 
tWo or three optionally substituted ring structures. 
[0054] The invention further provides compounds of the 
formula H 

11 

O 

[0055] Wherein 
[0056] each of G1, G2 and G4 is a monocyclic ring struc 
ture comprising each of up to 7 ring atoms independently 
selected from cycloalkyl, aryl, heterocycloalkyl or het 
eroaryl, With each ring structure being independently option 
ally substituted by one or tWo substituents independently 
selected from halogen, hydroxy, haloalkoxy, amino, N-alky 
lamino, N,N-dialkylamino, cyano, nitro, alkyl, alkoxy, alkyl 
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sulfone, haloalkyl sulfone, alkylcarbamate, alylamide, 
wherein any alkyl radical Within any sub stituent may itself be 
optionally substituted With one or more groups selected from 
halogen, hydroxy, amino, N-alkylamino, N,N-dialkylamino, 
cyano, nitro, alkoxy, haloalkoxy, aryloxy, heteroaryloxy, car 
bamate; 
[0057] Z is SO2; 
[0058] Each of B and F is independently selected from a 
direct bond, O, (C1-6)alkyl, (C1-6)heteroalkyl, alkynyl, CO, 
NCO, CON, NH, S; 
[0059] R2 is selected from H, alkyl, hydroxyalkyl, alkoxy 
alkyl, aryloxy alkyl, aminoalkyl, (N-alkylamino)alkyl, (N ,N 
dialkylamino)alkyl, amidoalkyl, thioalkyl cycloalkyl-alkyl, 
alkyl-cycloalkyl, arylalkyl, alkylaryl, alkyl-heteroaryl, het 
eroalkyl, heterocycloalkyl-alkyl, alkyl-heterocycloalkyl, het 
eroaryl-alkyl, heteroalkyl-aryl; 
[0060] R3 and R4 are independently selected from H or 
(C 1 -3)alkyl; 
[0061] Optionally R2 and R3 may join to form a ring com 
prising up to 7 ring atoms, or R2 and R4 may join to form a 
ring comprising up to 7 ring atoms, or P3 and R4 may join to 
form a ring comprising up to 7 ring atoms; 
[0062] Any heteroalkyl group outlined above is a hetero 
atom-substituted alkyl containing one or more hetero groups 
independently selected from N, O, S, SO, SO2, (a hetero 
group being a hetero atom or group of atoms); 
[0063] Any heterocycloalkyl or heteroaryl group outlined 
above contains one or more hetero groups independently 

selected from N, O, S, SO, SO2; 
[0064] Any alkyl alkenyl or alkynyl groups outlined above 
may be straight chain or branched; unless otherWise stated, 
any alkyl group outlined above is preferably (C1-7)alkyl and 
most preferably (C1-6)alkyl. 
[0065] Preferred compounds of the formula 11 include those 
Wherein R2 is alkyl, aminoalkyl, alkyl-heteroaryl, alkyl-het 
erocycloalkyl or heteroaryl-alkyl. 
[0066] The invention further provides compounds of the 
formula Ila 

[0067] Wherein 
[0068] each of G1 and G2 is a monocyclic ring structure 
comprising each of up to 7 ring atoms independently selected 
from cycloalkyl, aryl, heterocycloalkyl or heteroaryl, With 
each ring structure being independently optionally substi 
tuted by one or tWo substituents independently selected from 
halogen, hydroxy, haloalkoxy, amino, N-alkylamino, N,N 
dialkylamino, cyano, nitro, alkyl, alkoxy, alkyl sulfone, 
haloalkyl sulfone, alkylcarbamate, alkylamide, Wherein any 
alkyl radical Within any substituent may itself be optionally 
substituted With one or more groups selected from halogen, 
hydroxy, amino, N-alkylamino, N,N-dialkylamino, cyano, 
nitro, alkoxy, haloalkoxy, aryloxy, heteroaryloxy, carbamate; 
[0069] Z is SO2; 
[0070] B is selected from a direct bond, O, (C1-6)alkyl, 
(C1-6)heteroalkyl, CO, NCO, CON, NH, S, akynyl; 
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[0071] R2 is selected from H, (C1-6)alkyl, haloalkyl, 
hydroxyalkyl, alkoxyalkyl, aminoalkyl, (N-alkylamino) 
alkyl, (N,N-dialkylamino)alkyl, amidoalkyl, thioalkyl, or R2 
is a group of formula III 

134G940 
[0072] C and D are independently selected from a direct 
bond, H, (C1-C6)alkyl, (C1-C6)haloalkyl, or (C1-C6)het 
eroalkyl containing one or tWo hetero atoms selected from N, 
O or S such that When tWo hetero atoms are present they are 
separated by at least tWo carbon atoms; 
[0073] G3 is a monocyclic ring structure comprising up to 
7 ring atoms independently selected from cycloalkyl, aryl, 
heterocycloalkyl or heteroaryl, optionally substituted by one 
or tWo substituents independently selected from halogen, 
hydroxy, amino, N-alkylamino, N,N-dialkylamino, cyano, 
nitro, alkyl, alkoxy, alkyl sulfone, haloalkyl sulfone, or alkyl 
substituted With one or more groups selected from halogen, 
hydroxy, amino, N-alkylamino, N,N-dialkylamino, cyano, 
nitro, alkoxy, haloalkoxy; 
[0074] Optionally R2 is substituted With halo, haloalkyl, 
hydroxy, alkoxy, haloalkoxy, amino, aminoalkyl, N-alky 
lamino, N,N-dialkylamino, (N-alkylamino)alkyl, (N,N-di 

Ill 

alkylamino)alkyl, alkylsulfone, aminosulfone, N-alky 
lamino-sulfone, N,N-dialkylamino-sulfone, amido, 
N-alkylamido, N,N-dialkylamido, cyano, sulfonamino, 
alkyl-sulfonamino, amidino, N-aminosulfone-amidino, 
guanidino, N-cyano-guanidino, thioguanidino, 2-nitroguani 
dino, carboxy, alkylcarboxy, carbamate; 
[0075] R3 and R4 are independently selected from H or 
(C1 -3)alkyl; 
[0076] Optionally R2 and R3 may join to form a ring com 
prising up to 7 ring atoms, or R2 and R4 may join to form a 
ring comprising up to 7 ring atoms, or R3 and R4 may join to 
form a ring comprising up to 7 ring atoms; 
[0077] Any heteroalkyl group outlined above is a hetero 
atom-substituted alkyl containing one or more hetero groups 
independently selected from N, O, S, SO, SO2, (a hetero 
group being a hetero atom or group of atoms); 

[0078] Any heterocycloalkyl or heteroaryl group outlined 
above contains one or more hetero groups independently 
selected from N, O, S, SO, SO2; 
[0079] Any alkyl, alkenyl or alkynyl groups outlined above 
may be straight chain or branched; unless otherWise stated, 
any alkyl group outlined above is preferably (C1-7)alkyl and 
most preferably (C1-6)alkyl. 
[0080] Preferred compounds of the formula Ila are those 
Wherein one or more of the folloWing apply: 

[0081] B is selected from a direct bond, O, CO, S, alkynyl; 
especially B is a direct bond, O, S, or alkynyl; 
[0082] R2 is selected from H, (C1-6)alkyl, aryl-(C1-6)alkyl 
or heteroaryl-(C1-6)alkyl optionally substituted With halo, 
haloalkyl, hydroxy, alkoxy, haloalkoxy, amino, aminoalkyl, 
N-alkylamino, N,N-dialkylamino, (N-alkylamino)alkyl, 
(N,N-dialkylamino)alkyl, alkylsulfone, aminosulfone, 
N-alkylamino-sulfone, N,N-dialkylamino-sulfone, amido, 
N-alkylamido, N,N-dialkylamido, carbamate, cyano, sul 
fonamino, alkyl-sulfonamino, amidino, N-aminosulfone 
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amidino, guanidino, N-cyano-guanidino, thioguanidino, 
2-nitroguanidino, 2-nitro -ethene-1 ,1 -diamino, carboxy, alky 
lcarboxy, carbamate; 
[0083] Each of R3 and R4 is H; 
[0084] G2 is a nitrogen containing six-membered ring; 
[0085] G1 is para substituted. 
[0086] Particularly preferred compounds of formula IIa are 
those Wherein each of R3 and R4 is H. 
[0087] For example, particular compounds of the invention 
include compounds of formula IIa Wherein B is a direct bond, 
0, S or alkynyl; and R2 is selected from H, (C1-6)alkyl, 
aryl-(C1-6)alkyl or heteroaryl-(C1-6)alkyl optionally substi 
tuted With cyckloalkyl, heterocycloalkyl, halo, haloalkyl, 
hydroxy, alkoxy, aryloxy, haloalkoxy, amino, aminoalkyl, 
N-alkylamino, N,N-dialkylamino, (N-alkylamino)alkyl, 
(N,N-dialkylamino)alkyl, alkylsulfonyl, aminosulfonyl, 
N-alkylamino-sulfonyl, N,N-dialkylamino-sulfonyl, amido, 
N-alkylamido, N,N-dialkylamido, cyano, sulfonamino, 
alkyl-sulfonamino, amidino, N-aminosulfone-amidino, 
guanidino, N-cyano-guanidino, thioguanidino, 2-nitroguani 
dino, carbamate, carboxy, alkylcarboxy; and each of R3 and 
R4 is H. 
[0088] Particularly preferred compounds of the invention 
are those of Formula IIb: 

IIb 

Wherein G2 is optionally substituted piperidine or piperaZine, 
and G1, B, and R2 are as described for Formula IIa. 
In a compound of Formula IIb, preferably G2 is unsubstituted 
and G1 is optionally substituted, preferably G1 is para sub 
stituted. 
[0089] Suitable Values for R2 include the following: 

/N1Ig 

\ 0 
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[0090] Suitable values for R5 include the following: 

7d\\ I / 

71 

2C DE) 13?; \; 0 Ci 

x' I bond, 0, CH2, CHI, CF2, s, s02, Co 
x" I bond, CH2; CHI, CF2; s02, Co 
R I r, Cl, Br, CF3, CF30, CH30, oH, CF3CH2 

[0091] It Will be appreciated that the particular substituents 
and number of sub stituents in compounds of the invention are 
selected so as to avoid sterically undesirable combinations. 

[0092] Each exempli?ed compound represents a particular 
and independent aspect of the invention. 
[0093] Where optically active centres exist in the com 
pounds of the invention, We disclose all individual optically 
active forms and combinations of these as individual speci?c 
embodiments of the invention, as Well as their corresponding 
racemates. Racemates may be separated into individual opti 
cally active forms using knoWn procedures (cf. Advanced 
Organic Chemistry: 3rd Edition: author I March, p 104-107) 
including for example the formation of diastereomeric 
derivatives having convenient optically active auxiliary spe 
cies folloWed by separation and then cleavage of the auxiliary 
species. 
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[0094] 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 centres) in a compound of 
the invention can give rise to stereoisomers, and in each case 
the invention is to be understood to extend to all such stere 
oisomers, including enantiomers and diastereomers, and 
mixtures including racemic mixtures thereof. 
[0095] Where tautomers exist in the compounds of the 
invention, We disclose all individual tautomeric forms and 
combinations of these as individual speci?c embodiments of 
the invention. 
[0096] As previously outlined the compounds of the inven 
tion are metalloproteinase 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. 
[0097] Certain compounds of the invention are of particular 
use as inhibitors of MMP13 and/or MMP9 and/or MMP8 
and/or MMP3. 
[0098] Compounds of the invention shoW a favourable 
selectivity pro?le. Whilst We do not Wish to be bound by 
theoretical considerations, the compounds of the invention 
are believed to shoW selective inhibition for any one of the 
above indications relative to any MMPl inhibitory activity, 
by Way of non-limiting example they may shoW 100-1000 
fold selectivity over any MMPl inhibitory activity. 
[0099] The compounds of the invention may be provided as 
pharmaceutically acceptable salts. These include acid addi 
tion salts such as hydrochloride, hydrobromide, citrate and 
maleate salts and salts formed With phosphoric and sulphuric 
acid. In another aspect suitable salts are base salts such as an 
alkali metal salt for example sodium orpotassium, an alkaline 
earth metal salt for example calcium or magnesium, or 
organic amine salt for example triethylamine. 
[0100] 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 com 
pound. Such esters can be identi?ed by administering, for 
example intravenously to a test animal, the compound under 
test and subsequently examining the test animal’s body ?uids. 
Suitable in vivo hydrolysable esters for carboxy include 
methoxymethyl and for hydroxy include formyl and acetyl, 
especially acetyl. 
[0101] In order to use a metalloproteinase inhibitor com 
pound of the invention (a compound of the formula I or II, IIa 
or IIb) or a pharmaceutically acceptable salt or in vivo 
hydrolysable ester thereof for the therapeutic treatment (in 
cluding prophylactic treatment) of mammals including 
humans, it is normally formulated in accordance With stan 
dard is pharmaceutical practice as a pharmaceutical compo 
sition. 
[0102] Therefore in another aspect the present invention 
provides a pharmaceutical composition Which comprises a 
compound of the invention (a compound of the formula I or II, 
IIa or IIb) or a pharmaceutically acceptable salt or an in vivo 
hydrolysable ester and pharmaceutically acceptable carrier. 
[0103] The pharmaceutical compositions of this invention 
may be administered in standard manner for the disease or 
condition that it is desired to treat, for example by oral, 
topical, parenteral, buccal, nasal, vaginal or rectal adminis 
tration or by inhalation. For these purposes the compounds of 
this invention may be formulated by means knoWn in the art 
into the form of, for example, tablets, capsules, aqueous or 
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oily solutions, suspensions, emulsions, creams, ointments, 
gels, nasal sprays, suppositories, ?nely divided poWders or 
aerosols for inhalation, and for parenteral use (including 
intravenous, intramuscular or infusion) sterile aqueous or oily 
solutions or suspensions or sterile emulsions. 

[0104] In addition to the compounds of the present inven 
tion the pharmaceutical composition of this invention may 
also contain, or be co-administered (simultaneously or 
sequentially) With, one or more pharmacological agents of 
value in treating one or more diseases or conditions referred 
to hereinabove. 

[0105] The pharmaceutical compositions of this invention 
Will normally be administered to humans so that, for example, 
a daily dose of 0.5 to 75 mg/kg body Weight (and preferably 
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 adminis 
tration 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. 
[0106] Typically unit dosage forms Will contain about 1 mg 
to 500 mg of a compound of this invention. 

[0107] Therefore in a further aspect, We provide a com 
pound of the formula I or a pharmaceutically acceptable salt 
or in vivo hydrolysable ester thereof for use in a method of 
therapeutic treatment of the human or animal body or for use 
as a therapeutic agent. We disclose use in the treatment of a 
disease or condition mediated by one or more metalloprotein 
ase 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 MMP8 and/or MMP3; especially use in 
the treatment of a disease or condition mediated by MMP12 
or MMP9; most especially use in the treatment of a disease or 
condition mediated by MMP12. 
[0108] In particular We provide a compound of the formula 
II, IIa or IIb or a pharmaceutically acceptable salt or in vivo 
hydrolysable ester thereof for use in a method of therapeutic 
treatment of the human or animal body or for use as a thera 
peutic agent (such as use in the treatment of a disease or 
condition mediated by MMP12 and/ or MMP13 and/or 
MMP9 and/or MMP8 and/or MMP3; especially MMP12 or 
MMP9; most especially MMP12). 
[0109] In yet a further aspect We provide a method of treat 
ing a metalloproteinase mediated disease or condition Which 
comprises administering to a Warm-blooded animal a thera 
peutically effective amount of a compound of the formula I or 
a pharmaceutically acceptable salt or in vivo hydrolysable 
ester thereof. We also disclose the use of a compound of the 
formula I or a pharmaceutically acceptable salt or in vivo 
hydrolysable precursor thereof in the preparation of a medi 
cament for use in the treatment of a disease or condition 
mediated by one or more metalloproteinase enZymes. 

[0110] For example We provide a method of treating a met 
alloproteinase mediated disease or condition Which com 
prises administering to a Warm-blooded animal a therapeuti 
cally effective amount of a compound of the formula II, IIa or 
IIb (or a pharmaceutically acceptable salt or in vivo hydrolys 
able ester thereof). We also provide the use of a compound of 
the formula II, IIa or IIb (or a pharmaceutically acceptable 
salt or in vivo hydrolysable precursor thereof) in the prepa 
ration of a medicament for use in the treatment of a disease or 
condition mediated by one or more metalloproteinase 
enzymes. 
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[0111] Metalloproteinase mediated diseases or conditions 
include asthma, rhinitis, chronic obstructive pulmonary dis 
eases (COPD), arthritis (such as rheumatoid arthritis and 
osteoarthritis), atherosclerosis and restenosis, cancer, inva 
sion and metastasis, diseases involving tissue destruction, 
loosening of hip joint replacements, periodontal disease, 
?brotic disease, infarction and heart disease, liver and renal 
?brosis, endometriosis, 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. 

Preparation of the Compounds of the Invention 

[0112] In another aspect the present invention provides a 
process for preparing a compound of the formula I or II, 11a, 
11b or a pharmaceutically acceptable salt or in vivo hydrolys 
able ester thereof, as described in (a) to (d) beloW. It Will be 
appreciated that many of the relevant starting materials are 
commercially or otherWise available or may be synthesised 
by knoWn methods or may be found in the scienti?c literature. 

[0113] (a) Compounds of formula I in WhichY1 andY 2 are 
each 0, Z is S02, R2 is as de?ned in formula I, A is a direct 
bond and R5 comprises a nitrogen directly attached to Z, orA 
is (C1 -6) N-alkyl, may be prepared by reacting a compound 
of the formula IV in Which R5 is de?ned as in formula I With 
the knoWn compounds of the formula V in Which X and m are 
as de?ned in formula I: 

u o 

The reaction is preferably performed in suitable solvent 
optionally in the presence of base for 1 to 24 h at ambient to 
re?ux temperature. Preferably, solvents such as pyridine, 
dimethylformamide, tetrahydrofurane, acetonitrile or dichlo 
rometane are used With bases like triethylamine, N-methyl 
morpholine, pyridine or alkali metal carbonates at ambient 
temperature for 2-16 h reaction time, or until end of reaction 
is achieved as detected by chromatographic or spectroscopic 
methods. Reactions of sulfonyl chlorides of formula V With 
various primary and secondary amines are previously 
described in the literature, and the variations of the conditions 
Will be evident for those skilled in the art. 

[0114] Synthesis of compounds of formula V is described 
in the literature and can be prepared from eg cystein or 
homocystein (Mosher, 1.: J. Org. Chem. 23, 1257(1958). Sul 
fonylchlorides of formula V, in Which m:1, XINRl (R1 :H) 
and R2 is as described in formula I, are conveniently prepared 
by oxidative chlorination of compounds of formula Va, in 
Which R2 is as described in formula I (Gri?ith, O.: J. Biol. 
Chem., 1983, 258, 3, 1591). 
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Va 

[0115] (b) Compounds of formulaI in WhichY1 andY2 are 
each O, Z is S, and X and R5 are as described in formula I may 
be prepared by reacting a compound of formula VI in Which 
K is a leaving group (e. g. chloride, or sulfonate ester) and R5 
as described in formula I, 

VI 

VII 

With a compound of formula VII, in Which G is a sulfhydryl 
(SH), X and m as described in formula I. The reaction is 
preferably performed in the presence of base such as diethyl 
isopropyl amine or cesium carbonate and in the presence of a 
suitable solvent e.g. DMF. 

[0116] Alternatively, the compounds under process (b) may 
be prepared in the same manner as in process (b), by reacting 
the compounds of formula VI and VII, but in Which K in 
compound VI is the sulfhydryl (SH) or a hydroxyl group and 
G in formula VII represents a leaving group. 

[0117] (c) Compounds of the formula I in WhichY1 andY2 
are each O, Z is SO2 or S(O), and X, A, and R5 are as 
described in formula I, may be prepared by oxidiZing the ?nal 
products described under process (b) and in Which Z is S, With 
oxidiZing agents like peroxide reagents, preferably m-chlo 
roperbenZoic acid or oxone. 

[0118] (d) Compounds of the formula I in WhichY1 andY2 
are each O, X is NR1 (R1:H), m is 1, and R2, R3, R4, R5 are 
as described in formula I may be prepared by reacting a 
compound of formula XI in Which R2, R3, R4, R5 andA are 
as described in formula I, 

XI 

With ammonium and cyanide salts in protic solvents, prefer 
ably in the presence of excess ammonium carbonate and 
potassium cyanide in ethanol in a sealed vessel at 40-80 C for 
4-24 hours. 
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[0119] The ketones of formula XI are conveniently pre 
pared by treating sulfonamides of formula XII in Which R3 is 
H and R5 is as described in formula I, With excess strong base 
and then treatment With esters of formula XIII, in Which R is 
an alkyl or aryl residue and R2 are as described for formula I, 
in non-protic solvents. Preferable conditions are 2-3 equiva 
lents of lithium bases like lithium diisopropylamide or 
lithium hexamethyldisilaZane or butyl lithium in dried etheral 
solvents like tetrahydrofurane. 

XII 
E 

R5 S G |§o 
O 

XIII 
R 
\ 
O 

O 

[0120] The ketones of formula XI, in Which R3 and R4 are 
each alkyl or form a ring, R5 is aryl or heteroaryl and R2 is 
alkyl or aryl, can also be prepared by treating sul?nates of 
formula XIV in Which R5 is aryl or heteroaryl as described in 
formula I, With a base such as tetrabutylammonium bromide 
and a ketone of formula XV in Which R2 is alkyl or aryl 
(Crandall et al J. Org. Chem. 1985, (8) 50, 1327-1329). R3 
and R4 are then introduced by reaction With alkyl halides or 
alkyl dihalides. The reaction is preferably performed in the 
presence of base such as potassium carbonate or caesium 
carbonate and in the presence of a suitable solvent e.g. DMF 
or DMSO at 50-100o C. 

XIV 

C) m—Q 

.1. 
[0121] The compounds of the invention may be evaluated 
for example in the folloWing assays: 

Isolated Enzyme Assays 

Matrix Metalloproteinase Family Including for Example 
MMP12, MMP13 

[0122] Recombinant human MMP12 catalytic domain may 
be expressed and puri?ed as described by Parkar A. A. et al, 
(2000), Protein Expression and Puri?cation, 20:152. The 
puri?ed enZyme can be used to monitor inhibitors of activity 
as folloWs: MMP12 (50 ng/ml ?nal concentration) is incu 
bated for 30 minutes at RT in assay buffer (0.1M Tris-HCl, pH 
7.3 containing 0.1M NaCl, 20 mM CaCl2, 0.040 mM ZnCl 
and 0.05% (W/v) Brij 35) using the synthetic substrate Mac 
Pro-Cha-Gly-Nva-His-Ala-Dpa-NH2 in the presence or 
absence of inhibitors. Activity is determined by measuring 
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the ?uorescence at hex 328 nm and kem 393 nm. Percent 
inhibition is calculated as follows: % Inhibition is equal to the 
[Fluorescenceplus inhl-bitOr-Fluorescencebackground] divided by 
the [Fluorescenceminus inhibnor-Fluorescencebackground]. 
[0123] Recombinant human proMMP13 may be expressed 
and puri?ed as described by Knauper et al. [V. Knauper et al., 
(1996) The Biochemical Journal 271: 1544-1550 (1996)]. The 
puri?ed enZyme can be used to monitor inhibitors of activity 
as folloWs: puri?ed proMMP13 is activated using 1 mM 
amino phenyl mercuric acid (APMA), 20 hours at 21° C.; the 
activated MMP13 (11.25 ng per assay) is incubated for 4-5 
hours at 35° C. in assay buffer (0.1M Tris-HCl, pH 7.5 con 
taining 0.1M NaCl, 20 mM CaCl2, 0.02 mM ZnCl and 0.05% 
(W/v) Brij 35) using the synthetic substrate 7-methoxycou 
marin-4-yl)acetyl.Pro.Leu.Gly.Leu.N-3-(2,4-dinitrophe 
nyl)-L-2,3-diaminopropionyl.Ala.Arg.NH2 in the presence 
or absence of inhibitors. Activity is determined by measuring 
the ?uorescence at hex 328 nm and kem 393 nm. Percent 
inhibition is calculated as folloWs: % Inhibition is equal to the 
[Fluorescenceplus inhl-bitOr-Fluorescencebackground] divided by 
the [Fluorescenceml-nus inhl-bnor-Fluorescencebackground]. 
[0124] A similar protocol can be used for other expressed 
and puri?ed pro MMPs using substrates and buffers condi 
tions optimal for the particular MMP, for instance as 
described in C. Graham Knight et al., (1992) FEBS Lett. 
296(3):263-266. 

Adamalysin Family Including for Example TNF 
Convertase 

[0125] The ability of the compounds to inhibit PI‘OTNFO. 
convertase enZyme may be assessed using a partially puri?ed, 
isolated enZyme assay, the enZyme being obtained from the 
membranes of THP-l as described by K. M. Mohler et al., 
(1994) Nature 370:218-220. The puri?ed enZyme activity and 
inhibition thereof is determined by incubating the partially 
puri?ed enZyme in the presence or absence of test compounds 
using the substrate 4',5'-Dimethoxy-?uoresceinyl Ser.Pro. 
Leu.Ala.Gln.Ala.Val.Arg.Ser.Ser.Ser.Arg.Cys(4-(3-succin 
imid-1-yl)-?uorescein)-NH2 in assay buffer (5 mM Tris HCl, 
pH 7.4 containing 0.1% (W/v) Triton X-100 and 2 mM 
CaCl2), at 26° C. for 18 hours. The amount of inhibition is 
determined as for MMP13 except hex 490 nm and hem 530 
nm Were used. The substrate Was synthesised as folloWs. The 
peptidic part of the substrate Was assembled on Fmoc-NH 
Rink-MBHA-polystyrene resin either manually or on an 
automated peptide synthesiser by standard methods involving 
the use of Fmoc-amino acids and O-benZotriaZol-1-yl-N,N, 
N',N'-tetramethyluronium hexa?uorophosphate (HBTU) as 
coupling agent With at least a 4- or 5-fold excess of Fmoc 
amino acid and HBTU. Serl and Pro2 Were double-coupled. 
The folloWing side chain protection strategy Was employed; 
Serl (But), Gln5 (Trityl), Args’l2 (Pmc or Pbf), Ser9’lo’l l (Tri 
tyl), Cysl3 (Trityl). Following assembly, the N-terminal 
Fmoc-protecting group Was removed by treating the Fmoc 
peptidyl-resin With in DMF. The amino-peptidyl-resin so 
obtained Was acylated by treatment for 1.5-2 hr at 70° C. With 
1.5-2 equivalents of 4',5'-dimethoxy-?uorescein-4(5)-car 
boxylic acid [Khanna & Ullman, (1 980) Anal Biochem. 108: 
156-161) Which had been preactivated With diisopropylcar 
bodiimide and 1-hydroxybenZotriaZole in DMF]. The 
dimethoxy?uoresceinyl-peptide Was then simultaneously 
deprotected and cleaved from the resin by treatment With 
tri?uoroacetic acid containing 5% each of Water and triethyl 
silane. The dimethoxy?uoresceinyl-peptide Was isolated by 
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evaporation, trituration With diethyl ether and ?ltration. The 
isolated peptide Was reacted With 4-(N-maleimido)-?uores 
cein in DMF containing diisopropylethylamine, the product 
puri?ed by RP-HPLC and ?nally isolated by freeZe-drying 
from aqueous acetic acid. The product Was characterised by 
MALDI-TOF MS and amino acid analysis. 

Natural Substrates 

[0126] The activity of the compounds of the invention as 
inhibitors of aggrecan degradation may be assayed using 
methods for example based on the disclosures of E. C. Amer 
et al., is (1998) Osteoarthritis and Cartilage 6:214-228; 
(1999) Journal ofBiological Chemistry, 274(10), 6594-6601 
and the antibodies described therein. The potency of com 
pounds to act as inhibitors against collagenases can be deter 
mined as described by T. CaWston andA. Barrett (1979) Anal. 
Biochem. 99:340-345. 

Inhibition of MetalloproteinaseActivity in Cell/ Tissue Based 
Activity 

Test as anAgent to Inhibit Membrane Sheddases Such as TNF 
Convertase 

[0127] The ability of the compounds of this invention to 
inhibit the cellular processing of TNFO. production may be 
assessed in THP-1 cells using an ELISA to detect released 
TNF essentially as described K. M. Mohler et al., (1994) 
Nature-370:218-220. In a similar fashion the processing or 
shedding of other membrane molecules such as those 
described in N. M. Hooper et al., (1997) Biochem. J. 321: 
265-279 may be tested using appropriate cell lines and With 
suitable antibodies to detect the shed protein. 

Test as anAgent to Inhibit Cell Based Invasion 

[0128] 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 et al., (1987) Cancer 
Research 47:3239-3245. 

Test as an Agent to Inhibit Whole Blood TNF Sheddase 
Activity 

[0129] The ability of the compounds of this invention to 
inhibit TNFO. production is assessed in a human Whole blood 
assay Where LPS is used to stimulate the release of TNFot. 
HepariniZed (10 Units/ml) human blood obtained from vol 
unteers is diluted 1:5 With medium (RPMI1640+bicarbonate, 
penicillin, streptomycin and glutamine) and incubated (160 
[1.1) With 20 [1.1 of test compound (triplicates), in DMSO or 
appropriate vehicle, for 30 min at 37° C. in a humidi?ed (5% 
CO2/ 95% air) incubator, prior to addition of 20 [1.1 LPS (E. 
coli. 0111:B4; ?nal concentration 10 [1g/ml). Each assay 
includes controls of diluted blood incubated With medium 
alone (6 Wells/plate) or a knoWn TNFO. inhibitor as standard. 
The plates are then incubated for 6 hours at 37° C. (humidi?ed 
incubator), centrifuged (2000 rpm for 10 min; 40 C.), plasma 
harvested (50-100 [1.1) and stored in 96 Well plates at —70° C. 
before subsequent analysis for TNFO. concentration by 
ELISA. 

Test as an Agent to Inhibit In Vitro Cartilage Degradation 

[0130] The ability of the compounds of this invention to 
inhibit the degradation of the aggrecan or collagen compo 
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nents of cartilage can be assessed essentially as described by 
K. M. Bottomley et al., (1997) Biochem J. 323:483-488. 

Pharmacodynamic Test 

[0131] To evaluate the clearance properties and bioavail 
ability of the compounds of this invention an ex vivo phar 
macodynamic test is employed Which utilises the synthetic 
substrate assays above or alternatively HPLC or Mass spec 
trometric analysis. This is a generic test Which can be used to 
estimate the clearance-rate of compounds across a range of 
species. Animals (e.g. rats, marmosets) are dosed iv or po 
With a soluble formulation of compound (such as 20% W/v 
DMSO, 60% W/v PEG400) and at subsequent time points 
(eg 5, 15, 30, 60, 120, 240, 480, 720, 1220 mins) the blood 
samples are taken from an appropriate vessel into IOU hep 
arin. Plasma fractions are obtained following centrifugation 
and the plasma proteins precipitated With acetonitrile (80% 
W/v ?nal concentration). After 30 mins at —200 C. the plasma 
proteins are sedimented by centrifugation and the supernatant 
fraction is evaporated to dryness using a Savant speed vac. 
The sediment is reconstituted in assay buffer and subse 
quently analysed for compound content using the synthetic 
substrate assay. Brie?y, a compound concentration-response 
curve is constructed for the compound undergoing evalua 
tion. Serial dilutions of the reconstituted plasma extracts are 
assessed for activity and the amount of compound present in 
the original plasma sample is calculated using the concentra 
tion-response curve taking into account the total plasma dilu 
tion factor. 

In Vivo Assessment 

Test as an Anti-TNF Agent 

[0132] The ability of the compounds of this invention as ex 
vivo TNFO. inhibitors is assessed in the rat. Brie?y, groups of 
male Wistar Alderley Park (AP) rats (180-210 g) are dosed 
With compound (6 rats) or drug vehicle (10 rats) by the appro 
priate route e.g. peroral (p.o.), intraperitoneal (i.p.), subcuta 
neous (s.c.). Ninety minutes later rats are sacri?ced using a 
rising concentration of CO2 and bled out via the posterior 
vena cavae into 5 Units of sodium heparin/ml blood. Blood 
samples are immediately placed on ice and centrifuged at 
2000 rpm for 10 min at 40 C. and the harvestedplasmas froZen 
at —200 C. for subsequent assay of their effect on TNFO. 
production by LPS-stimulated human blood. The rat plasma 
samples are thaWed and 175 pl of each sample are added to a 
set format pattern in a 96 U 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. (humidi?ed incubator). LPS 
(25 pl; ?nal concentration 10 pg/ml) is added to the Wells and 
incubation continued for a further 5.5 hours. Control Wells are 
incubated With 25 pl of medium alone. Plates are then centri 
fuged for 10 min at 2000 rpm and 200 pl of the supematants 
are transferred to a 96 Well plate and froZen at —200 C. for 
subsequent analysis of TNF concentration by ELISA. 
[0133] Data analysis by dedicated softWare calculates for 
each compound/dose: 

Mean TNF11(Controls) — 

Mean TNFz1(Treated) X 100 
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Test as an Anti-Arthritic Agent 

[0134] Activity of a compound as an anti-arthritic is tested 
in the collagen-induced arthritis (CIA) as de?ned by D. E. 
Trentham et al., (1977) J. Exp. Med. 146:857. In this model 
acid soluble native type II collagen causes polyarthritis in rats 
When administered in Freunds incomplete adjuvant. Similar 
conditions can be used to induce arthritis in mice and pri 
mates. 

Test as an Anti-Cancer Agent 

[0135] Activity of a compound as an anti-cancer agent may 
be assessed essentially as described in I. J. Fidler (1978) 
Methods in Cancer Research 15:399-439, using for example 
the B16 cell line (described in B. Hibner et al., Abstract 283 p 
75 10th NCI-EORTC Symposium, Amsterdam Jun. 16-19 
1 998). 

Test as an Anti-Emphysema Agent 

[0136] Activity of a compound as an anti-emphysema 
agent may be assessed essentially as described in Hautamaki 
et al (1997) Science, 277: 2002. 
[0137] The invention Will noW be illustrated but not limited 
by the folloWing Examples: 
General analytical methods: 1H-NMR spectra Were recorded 
on either a Varian U'mylnova 400 MHZ or Varian Mercury 
VX300 MHZ instrument. The central solvent peak of chloro 
form-d (61117.27 ppm), dimethylsulfoxide-d6 (61112.50 ppm) or 
methanol-d4 (6H 3.31 ppm) Were used as internal references. 
LoW resolution mass spectra Were obtained on aAgilent 1 100 
LC-MS system equipped With an APCI ioniZation chamber. 

EXAMPLE 1 

[0138] 

N o O 

\\S 7/ / 
N ‘/\N \\O 

N\) O 

F 

[0139] To the solution of 1-(4-?uorophenyl)-phenylpiper 
aZin (0.125 mg, 0.48 mmol) in 5 ml of dichloromethane Was 
added triethylamin (0.06 ml, 0.5 mmol) and 2-(2,5-dioxo-4 
imidaZolidinyl)-l-ethanesulfonyl chloride (0.113 ml 0.48 
mol). The mixture Was stirred for 18 hrs, diluted With DCM to 
25 ml, extracted With 1N HCl (5 ml) sat. NaHCO3 (5 ml) and 
dried, evaporated, crystallised. (EtOH-dioxan). 
[0140] LC-MS (APCI) m/Z 446.9 (MH+). 
[0141] 1H NMR 6 1.95 m (1H); 2.1 m (1.15H), 3.2 m 
(13.3H), 4.1 m (1H), 7.05 d (2H), 7.25 d (21H), 7.65 d 
(22H), 7.80 d (18H), 8.0 155 (NH). 
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[0142] The starting materials Were prepared as follows: 

2-(2,5 -dioxo-4-imidaZolidinyl)-1-ethanesulfonyl 
chloride 

[0143] To the suspension of 5-(2-{[2-(2,5-dioxo-4-imida 
Zolidinyl)ethyl]disulfanyl}ethyl)-2,4-imidaZolidinedione 
(6.9 mol) in the mixture of 25 ml AcOH and 2 ml Water stirred 
violently in three necked ?ask With gas-inlet tube, thermom 
eter and short re?ux condenser, placed in the ice bath, Was 
bubbled chlorine gas for 15 min (until all precipitate dis 
solved) at max. temp. +5o C. Then, it Was stirred 15 min more, 
evaporated to a small volume in vacuo (max. temp 300 C.), 
dissolved in 50 ml of dichloromethane, shaken carefully With 
sat. NaHCO3 (ca 25 ml), then With 10% sodium thiosulfate, 
dried, evaporated, crystallised from THF-hexane (Lora 
Tamayo, M. et al, 1968, An. Quim., 64(6):591-606); 
[0144] 1H NMR: 6 2.55 m (1.1H), 2.65 m (18H), 2.70 m 
(1H), 4.55 m (1H). 

5 -(2- { [2-(2,5 -dioxo-4-imidaZolidinyl)ethyl] 
disulfanyl }ethyl) -2,4-imidaZolidinedione 

[0145] Commercially available RS homocystine (0.18 mol) 
Was suspended in 25 ml Water and of potassium cyanate 1.5 g 
(0.2 mol) Was added and the mixture Was stirred at 1000 C. for 
45 min. Then it Was alloWed to cool partially and 10 ml of 
10% HCl Were added at once and the mixture Was stirred at 
1000 C. again for 50 min. It Was placed in the fridge overnight, 
crystals Were ?ltered and Washed successively With Water and 
dried in vacuo. 

[0146] LC-MS (APCI) m/Z 319.1 (MH+). 
[0147] The overall generalised reaction scheme is shoWn 
below: 

1. KCNO 

O 

S \SMO Y! 

O N 

N 

O 

Ar I aryl, heteroaryl 
A I CH, N 

o 

S x 
2. HCl NMS/ ,. N o 

)iN 
0 
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EXAMPLE 2 

(5 R)-5 -{[(4-phenyl-1-piperaZinyl)sulfonyl]methyl} 
2,4-imidaZolidinedione 

[0148] The title compound Was prepared according to the 
scheme shoWn in Example 1 . To the solution of R-(2,5-dioxo 
4-imidaZolidinyl)methanesulfonyl chloride (100 mg, 0.47 
mmol) in 2.5 ml THF Was added the solution of 1 -phenylpip 
eraZine (85 mg, 0.52 mmol) and 65 ul of triethylamine (0.52 
mmol) in 2.5 ml THF via syringe at once. The mixture Was 
stirred for 3 hrs, precipitated triethylammonium chloride Was 
?ltered, Washed With tWo small portions of THF, evaporated 
and recrystallised from EtOH and a small amount of AcOH. 

[0149] LC-MS (APCI) m/Z 339.1 (MH+). 
[0150] 1H NMR 6 2.5 m (2H), 3.1 bs (6.5H), 3.3 m (25H), 
4.55 m (1H), 6.8 t (1H), 6.9 d (1.88H), 7.2 t (2.05H), 9.1 bs 
(1 .7H). 
[0151] The starting materials Were prepared as folloWs: 

R-(2,5-dioxo-4-imidaZolidinyl)methanesulfonyl 
chloride 

[0152] To the suspension of R-5-({[(2,5-dioxo-4-imidaZo 
lidinyl)methyl]disulfanyl}methyl)-2,4-imidaZolidinedione 
(6.9 mol) in the mixture of 25 ml AcOH and 2 ml Water stirred 
violently in three necked ?ask With gas-inlet tube, thermom 
eter and short re?ux condenser, placed in the ice bath, Was 
bubbled chlorine gas for 15 min (until all precipitate dis 
solved) at max. temp. +5o C. Then, it Was stirred 15 min more, 
evaporated to a small volume in vacuo (max. temp 300 C.), 
dissolved in 50 ml of dichloromethane, shaken carefully With 
sat. NaHCO3 (ca 25 ml), then With 10% sodium thiosulfate, 

O 

N 
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dried, evaporated, crystallised from THF-hexane (Lora 
Tamayo, M. et al, 1968, An. Quim., 64(6):591-606); 
[0153] 1H NMR (DMSO-d6): 6 3.21 m (1.1H), 3.3 m 
(0.7H) 4.65 m (1H). 

R-5 -({ [(2,5 -dioxo-4-imidaZolidinyl)methyl] 
disulfanyl}methyl)-2,4-imidaZolidinedione 

[0154] Commercially available R cystine (0.18 mol) Was 
suspended in 25 ml Water and of potassium cyanate 1.5 g (0.2 
mol) Was added and the mixture Was stirred at 100° C. for 45 
min. Then it Was alloWed to cool partially and 10 ml of 10% 
HCl Were added at once and the mixture Was stirred at 100° C. 
again for 50 min. It Was placed in the fridge overnight, crys 
tals Were ?ltered and Washed successively With Water and 
dried in vacuo. 

[0155] LC-MS (APCI) m/Z 291 (MH+). 

EXAMPLE 3 

(5S)-5 -{[(4-phenyl-1-piperaZinyl)sulfonyl]methyl} 
2,4-imidaZolidinedione 

[0156] The title compound Was prepared according to the 
scheme shoWn in Example 1. To the solution of S-(2,5-dioxo 
4-imidaZolidinyl)methanesulfonyl chloride (100 mg, 0.47 
mmol) in 2.5 ml THF Was added the solution of 1-phenylpip 
eraZine (85 mg, 0.52 mmol) and 65 ul of triethylamine (0.52 
mmol) in 2.5 ml THF via syringe at once. The mixture Was 
stirred for 3 hrs, precipitated triethylammonium chloride Was 
?ltered, Washed With tWo small portions of THF, evaporated 
and recrystallised from EtOH and a small amount of AcOH. 

[0157] LC-MS (APCI) m/Z 339.1 (MH+). 
[0158] 1H NMR16 2.5 m (2H), 3.1 bs (6.5H), 3.3 m (25H), 
4.55 m (1H), 6.8 t (1H), 6.9 d (1.88H), 7.2 t (2.05H), 9.1 bs 
(1 .7H) 
[0159] The starting materials Were prepared as folloWs: 

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

[0160] To the suspension of S-5-({[(2,5-dioxo-4-imidaZo 
lidinyl)methyl]disulfanyl}methyl)-2,4-imidaZolidinedione 
(6.9 mol) in the mixture of 25 ml AcOH and 2 ml Water stirred 
violently in three necked ?ask With gas-inlet tube, thermom 
eter and short re?ux condenser, placed in the ice bath, Was 
bubbled chlorine gas for 15 min (until all precipitate dis 
solved) at max. temp. +5° C. Then, it Was stirred 15 min more, 
evaporated to a small volume in vacuo (max. temp 30° C.), 
dissolved in 50 ml of dichloromethane, shaken carefully With 
sat. NaHCO3 (ca 25 ml), then With 10% sodium thiosulfate, 
dried, evaporated, crystallised from THF-hexane (Lora 
Tamayo, M. et al, 1968, An. Quim., 64(6):591-606); 
[0161] 1H NMR (DMSO-d6): 6 3.2 m (09H, 3.35 m (09H), 
4.50 m (1H). 

S-5-({ [(2,5-dioxo-4-imidaZolidinyl)methyl] 
disulfanyl}methyl)-2,4-imidaZolidinedione 

[0162] Commercially available S cystine (0.18 mol) Was 
suspended in 25 ml Water and of potassium cyanate 1.5 g (0.2 
mol) Was added and the mixture Was stirred at 100° C. for 45 
min. Then it Was alloWed to cool partially and 10 ml of 10% 
HCl Were added at once and the mixture Was stirred at 100° C. 
again for 50 min. It Was placed in the fridge overnight, crys 
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tals Were ?ltered and Washed successively With Water and 
dried in vacuo. 

[0163] LC-MS (APCI) m/Z 291.1 (MH+). 

EXAMPLE 4 

(R)-5 -(([4-(4'-?uoro[1,1'-biphenyl]-4-yl)-1-piperaZi 
nyl] sulfonyl)methyl)-2,4-imidaZolidinedione 

[01 64] 

@N/ \\0 19:0 N O 

[(R)-2,5-DioxoimidaZolidinyl]methanesulfonyl chloride 
(0.0127 g, 0.060 mmol), 1-(4'-?uoro[1,1'-biphenyl]-4-yl) 
piperaZine (0.0154 g, 0.060 mmol), triethylamine (0.0084 
mL, 0.060 mmol) and dry tetrahydrofuran (0.70 mL) Were 
stirred at room temperature over night. Polystyrene methyl 
isocyanate (0.025 g, 0.030 mmol) Was added and the mixture 
Was shaken over night. The White suspension Was carefully 
transferred to a round-bottomed ?ask, the resin Was rinsed 
With tetrahydrofuran (2><1 mL) and Washings Were trans 
ferred to the bulk of suspension. The solvent Was evaporated, 
the White solid Was suspended in Water (5 mL), collected on a 
?lter, Washed With Water (2><1 mL), sucked free of Water and 
dried in vacuo at 45° C. over night to afford approx. 0.010 g 
of the title compound. 
[0165] LC-MS (APCI) m/Z 434 (MH+). 
[0166] 1H NMR (DMSO-d6) 6 10.8 (1H, bs), 7.98 (1H, d, 
1:2 HZ), 7.63 (2H, dd, 11:5 HZ, 12:9 HZ), 7.53 (2H, d, 1:9 
HZ), 7.23 (2H, t, 1:9 HZ), 7.05 (2H, d, 1:9 HZ), 4.45 (1H, ddd, 
11:2 HZ, 12:4 HZ, 13:6 HZ), 3.51 (1H, dd, 11:15 HZ, 12:7 
HZ), 3.44 (1H, dd, 11:15 HZ, 12:4 HZ), 3.35-3.25 (8H, m’s; 
obscured by Water signal) ppm. 
[0167] l3CNMR(DMSO-d6)6173.7, 161.3 (d, 1:243 HZ), 
157.3, 149.8, 136.4 (d, 1:3 HZ), 130.1, 127.7 (d, 1:8 HZ), 
127.2, 116.2, 115.5 (d, 1:21 HZ), 53.4, 49.4, 48.0, 44.9. 
[0168] The starting materials Were prepared as folloWs: 
[(R)-2, 5 -DioxoimidaZolidinyl]methanesulfonyl chloride Was 
prepared according to Mosher et al, 1958, J. Org. Chem 
23: 1257. 

1-(4'-Fluoro [1 , 1 '-biphenyl] -4 -yl)piperaZine 
[0169] 4-Bromo-4'-?uorobiphenyl (4.46 g, 17.8 mmol), 
N-tert-butoxycarbonyl piperaZine (3.97 g, 21.3 mmol), 
sodium tert-butoxide (2.39 g, 24.9 mmol), racemic 2,2'-bis 
(diphenylphosphino)-1,1'-binaphthyl (rac-BINAP) (0.082 g, 
0.131 mmol), bis-(dibenZylideneacetone)palladium (0) 
(0.041 g, 0.045 mmol) and dry toluene (45 mL) Were stirred 
at 80° C. under nitrogen atmosphere for six hours. The Warm 
mixture Was ?ltered, the solids Were Washed tWice With Warm 
toluene and the ?ltrate Was concentrated in vacuo giving an 
orange-red crude, Which Was stirred With ether (50 mL) for 
tWo hours. The solid Was ?ltered off, Washed With small 
volumes of ether and dried in vacuo at 45° C. over night to 
give 5.57 g (88% yield) of tert-butyl 4-(4'-?uoro[1,1'-biphe 
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nyl]-4-yl)-1-piperaZinecarboXylate. This product (5.52 g, 
15.5 mmol) Was dissolved in dioxane (150 mL) and stirred 
With 4M hydrochloric acid (8.1 mL) at RT over night. Con 
centrated hydrochloric acid (3.0 mL) Was added and stirring 
Was continued at 45° C. for 1.5 hours and at 60° C. for 1 hour. 
The solution Was concentrated to dryness and the solid Was 
triturated With ether (100 mL), ?ltered, Washed With small 
volumes of ether and dried in vacuo at 450 C. for tWo hours to 
give 5.26 g (103% yield) of 1-(4'-?uoro[1,1'-biphenyl]-4-yl) 
piperaZine dihydrochloride as a light-yelloW salt. 
[0170] LC-MS (APCl) m/Z 257 (MH+). 
[0171] 1H NMR (DMSO-d6) 6 9.40 (2H, bs), 7.64 (2H, dd, 
11:6 HZ, 12:9 HZ), 7.55 (2H, d, 1:9 HZ), 7.24 (2H, t, 1:9 HZ), 
7.07 (2H, d, 1:9 HZ), 3.46-3.41 (4H, m), 3.25-3.17 (4H, m). 
The salt Was treated With aqueous sodium hydroxide solution 
and the base Was taken up in dichloro-methane. Drying With 
Na2SO4, ?ltering and concentrating the organic phase gave 
the title compound as an off White solid. 

[0172] 1H NMR (DMSO-d6) 6 7.61 (2H, dd, 11:6 HZ, 12:9 
HZ), 7.49 (2H, d, 1:9 HZ), 7.22 (2H, t, 1:9 HZ), 6.98 (2H, d, 
1:9 HZ), 3.10-3.06 (4H, m), 2.86-2.81 (4H, m). 

EXAMPLE 5 

[0173] Using an analogous procedure to that described in 
Example 4, [(4R)-2,5-dioXoimidaZolidinyl]methanesulfonyl 
chloride Was reacted With the appropriate primary or second 
ary amine to give the compounds listed beloW. All the amines 
employed are commercially available. 

0 

A 
HN NH 

(R) 

Amine-S 

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

MW. 353.40 

m/Z 354 (MH+) 

MW. 355.39 

m/Z 356 (MH+) 

up 
MW. 357.36 

m/Z 358 (MH+) 
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-continued 

MW. 421.52 

m/Z 422 (MH+) 

0 

MW. 422.29 

m/Z 423 (MH+) 

/ 
N____ / 

MW. 433.49 

m/Z 434 (MH+) 

/ 
N____ 

N 
\N 

MW. 437.91 

m/Z 438 (MH+) 

EXAMPLE 6 

(S)-5 -(([4-(4'-?uoro[1,1'-biphenyl]-4-yl)-1-piperaZi 
nyl] sulfonyl)methyl)-2,4-imidaZolidinedione 

[0174] 

O 

\\S N 
/ 

m \O O 
N\) o N 

F 

[(S)-2,5-DioxoimidaZolidinyl]methanesulfonyl chloride 
(0.0127 g, 0.060 mmol), 1-(4'-?uoro[1,1'-biphenyl]-4-yl) 
piperaZine (0.0154 g, 0.060 mmol), triethylamine (0.0084 
mL, 0.060 mmol) and dry tetrahydrofuran (0.70 mL) Were 
stirred at room temperature over night. Polystyrene methyl 
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isocyanate (0.025 g, 0.030 mmol) Was added and the mixture 
Was shaken over night. The White suspension Was carefully 
transferred to a round-bottomed ?ask, the resin Was rinsed 
With tetrahydrofuran (2><1 mL) and Washings Were trans 
ferred to the bulk of suspension. The solvent Was evaporated, 
the White solid Was suspended in Water (5 mL), collected on a 
?lter, Washed With Water (2><1 mL), sucked free of Water and 
dried in vacuo at 45° C. over night to afford approx. 0.010 g 
of the title compound. 
[0175] LC-MS (APCI) m/Z 433 (MH+). 
[0176] 1H NMR(DMSO-d6)610.8(1H,br s), 7.98 (1H, d, 
1:2 HZ), 7.63 (2H, dd, 11:5 HZ, 12:9 HZ), 7.53 (2H, d, 1:9 
HZ), 7.23 (2H, t, 1:9 HZ), 7.05 (2H, d, 1:9 HZ), 4.45 (1H, ddd, 
11:2 HZ, 12:4 HZ, 13:6 HZ), 3.51 (1H, dd, 11:15 HZ, 12:7 
HZ), 3.44 (1H, dd, 11:15 HZ, 12:4 HZ), 3.35-3.25 (8H, m’s; 
obscured by Water signal). 
[0177] l3CNMR(DMSO-d6)6173.7, 161.3 (d, 1:243 HZ), 
157.3, 149.8, 136.4 (d, 1:3 HZ), 130.1, 127.7 (d, 1:8 HZ), 
127.2, 116.2, 115.5 (d, 1:21 HZ), 53.4, 49.4, 48.0, 44.9. 
The starting materials Were prepared as folloWs: 
[(S)-2,5-DioxoimidaZolidinyl]methanesulfonyl chloride Was 
prepared according to Mosher et al, 1958, J. Org. Chem 
2311257. 

1-(4'-Fluoro[1,1'-biphenyl]-4-yl)piperaZine Was prepared 
according to Example 4. 

EXAMPLE 7 

[0178] Using an analogous procedure to that described in 
Example 6, [(4S)-2,5-dioxoimidaZolidinyl]methanesulfonyl 
chloride Was reacted With the appropriate primary or second 
ary amine to give the compounds listed beloW. All the amines 
employed are commercially available. 

0 

A 
HN NH 

O (S) 

. "A 
Amine-Isl O 

O 

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

MW. 353.40 

m/Z 354 (MH+) 

MW. 355.39 

m/Z 356 (MH+) 
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up 
MW. 357.36 

m/Z 358 (MH+) 

(lilo 
MW. 421.52 

m/Z 422 (MH+) 

c1 D 0' 
Cl 0 

MW. 422.29 

m/Z 423 (MH+) 

MeO 

/ 
N _ _ _ _ 

N\ / 
N 

MW. 433.49 

m/Z 434 (MH+) 

C1 

/ 
N____ 

N 
\N 

MW. 437.91 

m/Z 438 (MH+) 

EXAMPLE 8 

[0179] Hydantoins With the folloWing general structure 
Were synthesised (Where E is carbon or a heteroatom): 
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Representative Synthetic Route: 

(5R, S)-5 -[4-(4-Fluoro-phenyl)-piperidine-1-sulfonyl 
methyl] -5-methyl-imidaZolidine 2,4-dione 

[0180] 

(7 6%) 

O 

F N — g — b 
H (5 9%) 
O 

O 

H 
F N — c 

u y —> (62%) 
O 

O 
O 

H 
F N — S O Q Q " W O 

HN NH 

O 

Reagents: a) MeSOZCI, DCM, 00 c., 2.5 h. b) i. LHMDS, T111145 min. ii. MeOAc, 
T111140 min. c) KCN, (N_H4)2CO3, 50% EtOH/HZO, 70° c., 17 h. 

Sulfonyl-amide Intermediates 
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Structure Analysis“) 

/_\ (i n11 273 (MH+) 
N N— — 

\ / H 
O 

F 

_N n12 243 (MH+) 

>214’ \N_ _ 
\ N \ / u 

(i n11 274 (MH+) 
C1 N—S— 

H 
O 

“For NMR-data see experimental part. 

4-(4-Fluoro-phenyl)-1-methanesulfonyl-piperidine 
[0182] 4-(4-Fluoro-phenyl)piperidine hydrochloride (2.16 
g; 10 mmol) and diisopropylethylamine (4.35 ml; 25 mmol) 
Was dissolved in DCM (60 ml) and cooled under nitrogen on 
a ice/Water bath. Methanesulfonyl chloride (1.56 ml; 10.1 
mmol) Was dissolved in DCM (5 ml) and added dropWise 
during 2 min. The reaction mixture Was stirred for 2.5 h on the 
ice/Water bath. The reaction mixture Was Washed With dilute 
HCl (aq), pH:2, H20, and 1M Na2CO3. The organic phase 
Was dried (Na2SO4), ?ltered and evaporated to give a crude 
product that Was recrystallised from THF/n-Heptane. The 
colourless crystals Was removed by ?ltration and dried under 
vacuum at 450 C. 

[0183] Obtained 1.96 g (76% yield) of the title compound. 
[0184] LC-MS (APCI) m/Z 258 (MH+). 
[0185] 1H NMR (DMSO-d6): 6 7.31 (m, 2H), 7.12 (m, 2H), 
3.67 (m, 2H), 2.80 (dt, 2H), 2.64 (m, 1H), 1.85 (m, 2H), 1.65 
(m, 2H). 

5 -Chloro-2-(1-methanesulfonyl-piperidine-4-yloxy) 
pyridine 

[0186] The title compound Was prepared as described in the 
synthesis of 4-(4-Fluoro-phenyl)-1-methanesulfonyl-piperi 
dine. 
5-Chloro-2-(piperidine-4-yloxy)-pyridine (2.13 g; 10 mmol) 
(preparation of this compound Was made as described in WO 
99-GB2801), diisopropylethylamine (2.20 ml; 12.5 mmol) 
and Methanesulfonyl chloride (1.56 ml; 10.1 mmol) gave 
2.14 g (74%) of the title compound. 
[0187] LC-MS (APCI) m/Z 291 (MH+). 
[0188] lHNMR (DMSO-d6): 6 8.20 (d, 1H), 7.81 (dd, 1H), 
6.87 (d, 1H), 5.09 (m, 1H), 3.41-3.30 (m, 2H), 3.15-3.06 (m, 
2H), 2.90 (s, 3H), 2.04 (m, 2H), 1.75 (m, 2H). 

1 -(methyl sulfonyl)-4- [5 -(tri?uoromethyl)pyridin-2 - 
yl]piperaZine 

[0189] 1-[5-(Tri?uoromethyl)-Pyridin-2-yl]-piperaZine 
(1.0 g; 4.3 mmol) and Diisopropylethylamine (0.9 ml; 5.4 
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mmol) Was dissolved in DCM (10 ml). Molecular sieves (4 A) 
Was added and the solution Was cooled on a ice/Water bath. 

Methanesulfonylchloride (0.9 ml; 12 mmol) Was added and a 
slurry formed that Was stirred for 15 min, the reaction mixture 
Was alloWed to reach room temperature and after 1 h. the 
reaction Was quenched by adding 5% KHCO3. Evaporation 
of solvents and the residue Was dissolved betWeen DCM and 
5% KHCO3. Separation and extraction of the Waterphase 
With DCM (1><). The combined organic phases Was dried 
(MgSO4), ?ltered and evaporated to give a crude product as a 
slightly yelloW solid. 
[0190] Recrystallised (3><) from EtOAc/Heptan gave the 
title compound as colourless crystals. 
[0191] Obtained 1.06 g (79% yield) of the title compound. 
[0192] Purity>95% (HPLC, 254 nm) 
[0193] LC-MS (APCI) m/Z 310 (MH+). 
[0194] lH-NMR (DMSO-d6): 6 8.44 (1H, bs), 7.85 (1H, 
dd), 7.02 (1H, d), 3.77 (4H, bt), 3.20 (4H, bt), 2.90 (3H, s). 
[0195] The folloWing compounds Were prepared as 
described in the synthesis of 1-(methylsulfonyl)-4-[5-(trif 
luoromethyl)pyridin-2-yl]piperaZine 

6-[4-(methylsulfonyl)piperaZine-1-yl]pyridine-3 - 

carbonitrile 

[0196] 6-(1-piperaZino)-pyridine-3-carbonitrile (2.07 g; 11 
mmol), Diisopropylethylamine (2.4 ml; 13.8 mmol) and 
Methanesulfonylchloride (0.86 ml; 11 mmol) in DCM (20 
ml) gave 2.53 g (86%) of the title compound. 
[0197] Purity>95% (NMR). 
[0198] LC-MS (APCI) m/Z 267 (MH+). 
[0199] lH-NMR (DMSO-d6): 6 8.52 (1H, dd), 7.90 (1H, 
dd), 7.00 (1H, d), 3.79 (4H, brt), 3.19 (4H, bt), 2.90 (3H, s). 

1 -(4-?uorophenyl)-4-(methylsulfonyl)piperaZine 

[0200] 1-(4-Fluorophenyl)-piperaZine (1.98 g; 11 mmol), 
Diisopropylethylamine (2.4 ml; 13.8 mmol) and Methane 
sulfonylchloride (0.86 ml; 11 mmol) in DCM (20 ml) gave 
2.46 g (86%) of the title compound. 
[0201] Purity>95% (NMR). 
[0202] LC-MS (APCI) m/Z 259 (MH+). 
[0203] lH-NMR (DMSO-d6): 6 7.11-6.96 (4H, m), 3.28-3. 
20 (4H, m), 3.20-3.14 (4H, m), 2.92 (3H, s). 

1- [(4-?uorophenyl)methyl] -4- (methylsulfonyl)pip 
eraZine 

[0204] 1-(4-Fluor-benZyl)-piperaZine (2.14 g; 11 mmol), 
Diisopropylethylamine (2.4 ml; 13.8 mmol) and Methane 
sulfonylchloride (0.86 ml; 11 mmol) in DCM (20 ml) gave 
1.97 g (65%) of the title compound. 
[0205] Purity>95% (NMR) 
[0206] LC-MS (APCI) m/Z 273 (MH+). 
[0207] lH-NMR (DMSO-d6): 6 7.40-7.28 (2H, m), 7.21-7. 
10 (2H, m), 3.50 (2H, bs), 3.10 (4H, m), 2.87 (3H, bs), 2.44 
(4H, m). 

2-[4-(methylsulfonyl)piperaZin-1-yl)pyrimidine 
[0208] 1-(2-Pyrimidyl)-piperaZine dihydrochloride (2.61 
g; 11 mmol) and Diisopropylethylamine (7.2 ml; 41.3 mmol) 
Was stirred in DCM (20 ml) for 30 min. The precipitated salts 
Was removed by ?ltration and solvents evaporated, residue 
Was redissolved in DCM (20 ml). Diisopropylethylamine (2.4 
ml; 11 mmol) and 4 A mol. sieves Was added, the yelloW 
solution Was cooled on ice/Water bath and Methanesulfonyl 
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chloride (0.86 ml; 11 mmol) Was added. The resulting red 
solution Was stirred for 15 min, the reaction mixture Was 
alloWed to reach room temperature and after 1 h. the reaction 
Was quenched by adding 5% KHCO3. Evaporation of sol 
vents and the residue Was dissolved betWeen DCM and 5% 
KHCO3. Separation dif?cult due to foam formation. Water 
phase Was saturated With NaCl and pH adjusted to 10-11. 
Extraction With EtOAc (3><). The combined organic phases 
Was dried (K2CO3), ?ltered and evaporated to give a crude 
product as a red solid. 
[0209] Recrystallised (3><) from EtOAc/Heptan gave the 
title compound as a red poWder. 
[0210] Obtained 0.6 g (22%) of the title compound. 
[0211] Purity>95% (NMR). 
[0212] LC-MS (APCI) m/Z 243 (MH+). 
[0213] lH-NMR (DMSO-d6): 6 8.39 (2H, d), 6.68 (1H, t), 
3.85 (4H, bt), 3.17 (4H, bt), 2.88 (3H, s). 

4-(4-chlorophenyl)-1-(methylsulfonyl)piperidine 
[0214] The title compound Was prepared as described in the 
synthesis of 4-(4-Fluoro-phenyl)-1-methanesulfonyl-piperi 
dine. 
[0215] 4-(4-Chlorophenyl)piperidine hydrochloride (0.9 g, 
3.9 mmol), diisopropylethylamine (1.7 ml, 9.7 mmol) and 
methanesulfonylchloride (0.33 ml, 4.3 mmol) in DCM (30 
ml) and gave 0.82 g (78%) of the title compound after recrys 
tallisation from EtOAc/Heptane. 
[0216] Purity>95%. 
[0217] LC-MS (APCI) m/Z 274 (MH+). 
[0218] 1H NMR CDCl3: 6 1.83 (2H, dd); 1.92-2.01 (2H, 
m); 2.55-2.68 (1H, m); 2.79 (2H, dt); 2.85 (3H, s); 3.97 (2H, 
d); 7.16 (2H, d); 7.32 (2H, d). 

Ester Intermediates 

[0219] 

Structure Analysis 

O m/Z 158 (MH+ — boc) 

YOTN O 
0 

All other esters used are commercially available or earlier 
described. 

4-Pyrimidin-2-yl-butyric acid ethyl ester 

[0220] 2-Bromopyrimidine (11.0 g, 6.3 mmol) Was slurried 
in dry THF (8 mL). N2 (g) Was bubbled through the slurry for 
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5 min. Pd(CH3CN)2Cl2 (8 mg, 0.03 mmol) and PPh3 (23.6 
mg, 0.09 mmol) Was added. Under NZ-atmosphere 4-Ethoxy 
4-oxo-butylZincbromide (0.5M/THF) (15 mL, 7.5 mL) Was 
added in one portion. The resulting broWn solution Was stirred 
at room temperature for 2 h. H20 (5 mL) Was added and the 
mixture stirred for 60 min. before evaporation of solvents. 
The residue Was redissolved in DCM (150 mL) and Washed 
With 0.5M trisodiumcitrate (100 mL), H20 (100 mL) and 
brine (100 mL), dried (MgSO4), ?ltered and evaporated to 
give 1.3 g of an orange oil. The crude product Was puri?ed on 
70 g of Si-60 gel using a gradient of 100% Heptane to 100% 
EtOAc as eluent. The fractions containing the product Was 
collected and solvent evaporated to give a yelloW oil. Purity 
by NMR>95% Was considered enough for our need. Obtained 
1.12 g (92% yield) of the title compound. 
[0221] LC-MS (APCI) m/Z 195 (MH+). 
[0222] lH-NMR (CDCl3): 6 8.67 (d, 2H), 7.14 (t, 1H), 4.12 
(q, 2H), 3.02 (t, 2H), 2.41 (t, 2H), 2.18 (q, 2H), 1.25 (t, 3H). 

3-Pyrimidin-2-yl-propionic acid ethyl ester 

[0223] 2-Bromopyrimidine (1.0 g, 6.3 mmol) Was dis 
solved in THF (8 mL) and bubbled through With nitrogen. 
Pd(MeCN)2Cl2 (8 mg, 0.03 mmol) and PPh3 (23.6 mg, 0.09 
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mmol) Was added folloWed by addition of 3-ethoxy-3-oxo 
propylZinkbromid (15 mL, 7.5 mmol). The reaction Was 
stirred at rt for several days. The crude product Was puri?ed 
on silica With Heptane-EtOAc 3:1 as eluent giving 0.60 g 
(52%) of the title compound. 
[0224] LC-MS (APCI) m/Z 181 (MH+). 

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

[0225] tert-Butyl 4-(2-methoxy-2-oxoethylidene)piperi 
dine-1-carboxylate (3.6 g, 14 mmol.) and 10% Pd/C moist 
ened With Water (0.8 g) Was mixed in MeOH (75 mL) and 
stirred under H2 (1 atm) for 4 h. The mixture Was ?ltered 
through Celite and concentrated to give the title compound 
(3.6 g, 99%). 
[0226] LC-MS (APCI) m/Z 158 (MH+-boc). 
[0227] 1H NMR (CDCl3): 6 4.07 (2H, bs); 3.68 (3H, s); 
2.72 (2H, t); 2.25 (2H, d, J:7.1 HZ); 2.01-1.86 (1H, m); 1.68 
(2H, d); 1.46 (9H, s); 1.23-1.08 (2H, m). 

Ketone Intermediates 

[0228] 

E R2 Analysis 

Cl \ N/ 

Cl \ N/ 

Cl \ N/ 

@ 
@ 
I C. N 

@ 

CH Me l'H/Z 300 (MH+) 

CH H-NMR. see exp. part. 

m/Z 394 (MH+) 

CH N/ W43 N 


























































































