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(57) ABSTRACT 

A treatment process is disclosed that comprises administer 
ing an effective amount of an aromatic sulfone hydroxamic 
acid that exhibits excellent inhibitory activity of one or more 
matrix metalloprotease (MMP) enzymes, such as MMP-2, 
MMP-9, and MMP-13, While exhibiting substantially less 
inhibition at least of MMP-1 to a host having a condition 
associated With pathological matrix metalloprotease activity. 
The administered enzyme inhibitor corresponds in structure 
to formula (I), beloW, or a pharmaceutically acceptable salt 
thereof, wherein R1 and R2 are both hydrido or R1 and R2 
together With the atoms to Which they are bonded form a 5 
to 8-membered ring containing one, tWo, or three heteroa 
toms in the ring that are oxygen, sulfur, or nitrogen. R3 in 
formula (I) is an optionally substituted aryl or optionally 
substituted heteroaryl radical. Also disclosed are metallo 
protease inhibitor compounds having those selective activi 
ties, processes for manufacture of such compounds and 
pharmaceutical compositions using an inhibitor. 
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AROMATIC SULFONE HYDROXAMIC ACID 
METALLOPROTEASE INHIBITOR 

TECHNICAL FIELD 

[0001] This invention is directed to proteinase (protease) 
inhibitors, and more particularly to the use of aromatic 
sulfone hydroxamic acid compounds that, inter alia, are 
selective inhibitors of matrix metalloproteinases in a process 
for treating conditions associated With pathological matrix 
metalloproteinase activity, the selective inhibitors them 
selves, compositions of proteinase inhibitors, intermediates 
for the syntheses of proteinase inhibitors, and processes for 
the preparation of proteinase inhibitors. 

BACKGROUND OF THE INVENTION 

[0002] Connective tissue, extracellular matrix constituents 
and basement membranes are required components of all 
mammals. These components are the biological materials 
that provide rigidity, di?ferentiation, attachments and, in 
some cases, elasticity to biological systems including human 
beings and other mammals. Connective tissues components 
include, for example, collagen, elastin, proteoglycans, 
?bronectin and laminin. These biochemicals makeup, or are 
components of structures, such as skin, bone, teeth, tendon, 
cartilage, basement membrane, blood vessels, cornea and 
vitreous humor. 

[0003] Under normal conditions, connective tissue tum 
over and/or repair processes are controlled and in equilib 
rium. The loss of this balance for Whatever reason leads to 
a number of disease states. Inhibition of the enZymes respon 
sible loss of equilibrium provides a control mechanism for 
this tissue decomposition and, therefore, a treatment for 
these diseases. 

[0004] Degradation of connective tissue or connective 
tissue components is carried out by the action of proteinase 
enZymes released from resident tissue cells and/or invading 
in?ammatory or tumor cells. A major class of enZymes 
involved in this function are the Zinc metalloproteinases 
(metalloproteases). 
[0005] The metalloprotease enZymes are divided into 
classes With some members having several different names 
in common use. Examples are: collagenase I (MMP-l, 
?broblast collagenase; EC 3.4.24.3); collagenase II (MMP 
8, neutrophil collagenase; EC 3.4.24.34), collagenase III 
(MMP-l3), stromelysin l (MMP-3; EC 3.4.24.17), stromel 
ysin 2 (MMP-l0; EC 3.4.24.22), proteoglycanase, matril 
ysin (MMP-7), gelatinase A (MMP-2, 72 kDa gelatinase, 
basement membrane collagenase; EC 3.4.24.24), gelatinase 
B (MMP-9, 92 kDa gelatinase; EC 3.4.24.35), stromelysin 3 
(MMP-ll), metalloelastase (MMP-l2, HME, human mac 
rophage elastase) and membrane MMP (MMP-l4). MMP is 
an abbreviation or acronym representing the term Matrix 
Metalloprotease With the attached numerals providing dif 
ferentiation betWeen speci?c members of the MMP group. 

[0006] The uncontrolled breakdown of connective tissue 
by metalloproteases is a feature of many pathological con 
ditions. Examples include rheumatoid arthritis, osteoarthri 
tis, septic arthritis; corneal, epidermal or gastric ulceration; 
tumor metastasis, invasion or angiogenesis; periodontal dis 
ease; proteinuria; AlZheimers Disease; coronary thrombosis 
and bone disease. Defective injury repair processes also 
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occur. This can produce improper Wound healing leading to 
Weak repairs, adhesions and scarring. These latter defects 
can lead to dis?gurement and/or permanent disabilities as 
With post-surgical adhesions. 

[0007] Metalloproteases are also involved in the biosyn 
thesis of tumor necrosis factor (TNF), and inhibition of the 
production or action of TNF and related compounds is an 
important clinical disease treatment mechanism. TNF-ot, for 
example, is a cytokine that at present is thought to be 
produced initially as a 28 kD cell-associated molecule. It is 
released as an active, 17 kD form that can mediate a large 
number of deleterious effects in vitro and in vivo. For 
example, TNF can cause and/or contribute to the effects of 
in?ammation, rheumatoid arthritis, autoimmune disease, 
multiple sclerosis, graft rejection, ?brotic disease, cancer, 
infectious diseases, malaria, mycobacterial infection, men 
ingitis, fever, psoriasis, cardiovascular/pulmonary effects 
such as post-ischemic reperfusion injury, congestive heart 
failure, hemorrhage, coagulation, hyperoxic alveolar injury, 
radiation damage and acute phase responses like those seen 
With infections and sepsis and during shock such as septic 
shock and hemodynamic shock. Chronic release of active 
TNF can cause cachexia and anorexia. TNF can be lethal, 
and TNF can help control the groWth of tumor cells. 

[0008] TNF-ot convertase is a metalloprotease involved in 
the formation of soluble TNF-ot. Inhibition of TNF-ot con 
vertase (TACE) inhibits production of active TNF-ot. Com 
pounds that inhibit both MMPs activity and TNF-o. produc 
tion have been disclosed in WIPO International Publication 
Nos. WO 94/24140, WO 94/02466 and WO 97/20824. 
Compounds that inhibit MMPs such as collagenase, stromel 
ysin and gelatinase have been shoWn to inhibit the release of 
TNF (Gearing et al. Nature 376, 555-557 (1994), McGeehan 
et al., Nature 376, 558-561 (1994)). There remains a need for 
effective MMP inhibitors. There also remains a need for 
effective TNF-ot convertase inhibiting agents. 

[0009] MMPs are involved in other biochemical processes 
in mammals as Well. Included is the control of ovulation, 
post-partum uterine involution, possibly implantation, 
cleavage of APP ([3-Amyloid Precursor Protein) to the 
amyloid plaque and inactivation of oq-protease inhibitor 
(al-PI). Inhibition of these metalloproteases permits the 
control of fertility and the treatment or prevention of AlZhe 
imers Disease. In addition, increasing and maintaining the 
levels of an endogenous or administered serine protease 
inhibitor drug or biochemical such as al-PI supports the 
treatment and prevention of diseases such as emphysema, 
pulmonary diseases, in?ammatory diseases and diseases of 
aging such as loss of skin or organ stretch and resiliency. 

[0010] Inhibition of selected MMPs can also be desirable 
in other instances. Treatment of cancer and/or inhibition of 
metastasis and/ or inhibition of angiogenesis are examples of 
approaches to the treatment of diseases Wherein the selective 
inhibition of stromelysin, gelatinase A or B, or collagenase 
III appear to be the relatively most important enZyme or 
enZymes to inhibit especially When compared With collage 
nase I (MMP-l). A drug that does not inhibit collagenase I 
can have a superior therapeutic pro?le. Osteoarthritis, 
another prevalent disease Wherein it is believed that cartilage 
degradation of in?amed joints is at least partially caused by 
MMP-l3 released from cells such as stimulated chrondro 
cytes, may be best treated by administration of drugs one of 
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Whose modes of action is inhibition of MMP-13. See, for 
example, Mitchell et al., J. Clin. Invest., 97:761-768 (1996) 
and Reboul et al., J. Clin. Invest., 97:201'-2019 (1996). 

[0011] Inhibitors of metalloproteases are knoWn. 
Examples include natural biochemicals such as tissue inhibi 
tors of metalloproteinases (TIMPs), (x2-macroglobulin and 
their analogs or derivatives. These endogenous inhibitors are 
high molecular Weight protein molecules that form inactive 
complexes With metalloproteases. A number of smaller 
peptide-like compounds that inhibit metalloproteases have 
been described. Mercaptoamide peptidyl derivatives have 
shoWn ACE inhibition in vitro and in vivo. Angiotensin 
converting enzyme (ACE) aids in the production of angio 
tensin II, a potent pressor substance in mammals and inhi 
bition of this enZyme leads to the loWering of blood pres 
sure. 

[0012] Thiol group-containing amide or peptidyl amide 
based metalloprotease (MMP) inhibitors are knoWn as is 
shoWn in, for example, WO95/12389, WO96/11209 and 
Us. Pat. No. 4,595,700. Hydroxamate group-containing 
MMP inhibitors are disclosed in a number of published 
patent applications such as WO 95/29892, WO 97/24117, 
WO 97/49679 and EP 0 780 386 that disclose carbon 
back-boned compounds, and WO 90/05719, WO 93/20047, 
WO 95/09841 and WO 96/06074 that disclose hydroxam 
ates that have a peptidyl back-bones or peptidomimetic 
back-bones, as does the article by SchWartZ et al., Pnogn 
Med. Chem., 29:271-334(1992) and those of Rasmussen et 
al., Phanmacol. Then, 75(1): 69-75 (1997) and Denis et al., 
Invest. New Drugs, 15(3): 175-185 (1997). 

[0013] One possible problem associated With knoWn 
MMP inhibitors is that such compounds often exhibit the 
same or similar inhibitory effects against each of the MMP 
enZymes. For example, the peptidomimetic hydroxamate 
knoWn as batimastat is reported to exhibit IC5O values of 
about 1 to about 20 nanomolar (nM) against each of MMP-1, 
MMP-2, MMP-3, MMP-7, and MMP-9. Marimastat, 
another peptidomimetic hydroxamate Was reported to be 
another broad-spectrum MMP inhibitor With an enZyme 
inhibitory spectrum very similar to batimastat, except that 
marimastat exhibited an IC5O value against MMP-3 of 230 
nM. Rasmussen et al., Phanmacol. Then, 75(1): 69-75 
(1997). 
[0014] Meta analysis of data from Phase I/II studies using 
marimastat in patients With advanced, rapidly progressive, 
treatment-refractory solid tumor cancers (colorectal, pancre 
atic, ovarian, prostate) indicated a dose-related reduction in 
the rise of cancer-speci?c antigens used as surrogate mark 
ers for biological activity. Although marimastat exhibited 
some measure of ef?cacy via these markers, toxic side 
effects Were noted. The most common drug-related toxicity 
of marimastat in those clinical trials Was musculoskeletal 
pain and stiffness, often commencing in the small joints in 
the hands, spreading to the arms and shoulder. A short dosing 
holiday of 1-3 Weeks folloWed by dosage reduction permits 
treatment to continue. Rasmussen et al., Phanmacol. Then, 
75(1): 69-75 (1997). It is thought that the lack of speci?city 
of inhibitory effect among the MMPs may be the cause of 
that effect. 

[0015] International application Wo 98/38163, published 
on Sep. 3, 1998 disclose a large group of hydroxamate 
inhibitors of MMPs and TACE. The compounds of WO 
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98/38163 contain one or tWo substituents adjacent to the 
hydroxamate functionality and a substituent that can be an 
aromatic sulfonyl group adjacent to those one or tWo sub 
stituents. 

[0016] International application WO 98/37877, published 
on Sep. 3, 1998 discloses compounds that contain a 5- to 
7-membered heterocyclic ring adjacent to the hydroxamate 
functionality and can contain an aromatic sulfonyl group 
adjacent to the heterocyclic ring. 

[0017] Although many of the knoWn MMP inhibitors such 
as batimastat, marimastat and the hydroxamates of WO 
98/37877 and WO 98/38163 exhibit a broad spectrum of 
activity against MMPS, those compounds are not particu 
larly selective in their inhibitory activity. This lack of 
selectivity may be the cause of the musculoskeletal pain and 
stiffness observed With their use. In addition, it can be 
therapeutically advantageous to utiliZe a medicament that is 
selective in its activity as compared to a generally active 
material so that treatment can be more closely tailored to the 
pathological condition presented by the host mammal. The 
disclosure that folloWs describes a process for treating a host 
mammal having a condition associated With pathological 
matrix metalloprotease activity that utiliZes a compound that 
selectively inhibits one or more MMPs, While exhibiting less 
activity against at least MMP-1. 

SUMMARY OF THE INVENTION 

[0018] The present invention is directed to a treatment 
process that comprises administering a contemplated aro 
matic sulfone hydroxamic acid metalloprotease inhibitor in 
an effective amount to a host mammal having a condition 
associated With pathological metalloprotease activity. A con 
templated molecule, inter alia, exhibits excellent inhibitory 
activity of one or more matrix metalloprotease (MMP) 
enZymes, such as MMP-2, MMP-9 and MMP-13, While 
exhibiting substantially less inhibition at least of MMP-1. 
By “substantially less” it is meant that a contemplated 
compound exhibits an IC5O value ratio against one or more 
of MMP-2, MMP-9 or MMP-13 as compared to its IC5O 
value against MMP-1, e.g., IC5O MMP-2:IC5O MMP-1, that 
is less than about 1:10, preferably less than about 1:100, and 
most preferably less than about 1:1000 in the in vitro 
inhibition assay utiliZed hereinafter. The invention also 
contemplates particular compounds that selectively inhibit 
the activity of one or more of MMP-2, MMP-9 and MMP 
13, While exhibiting substantially less inhibition at least of 
MMP-1, as Well as a composition containing such a MMP 
inhibitor as active ingredient. The invention further contem 
plates intermediates in the preparation of a contemplated 
aromatic sulfone hydroxamic acid molecule and a process 
for preparing an aromatic sulfone hydroxamic acid mol 
ecule. 

[0019] Brie?y, one embodiment of the present invention is 
directed to a treatment process that comprises administering 
a contemplated aromatic sulfone hydroxamic acid metallo 
protease inhibitor that selectively inhibits matrix metallo 
protease activity as above in an effective amount to a host 
mammal having a condition associated With pathological 
metalloprotease activity. The administered enZyme inhibitor 
corresponds in structure to formula (I), beloW, or a pharrna 
ceutically acceptable salt thereof: 
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[0020] wherein 

[0021] R1 and R2 are both hydrido or R1 and R2 together 
With the atoms to Which they are bonded form a 5- to 
8-membered ring containing one, tWo or three heteroa 
toms in the ring that are oxygen, sulfur or nitrogen. 

[0022] R3 in formula I is an optionally substituted aryl or 
optionally substituted heteroaryl radical. When R3 is a 
substituted aryl or heteroaryl radical, a contemplated sub 
stituent is selected from the group consisting of an aryl, 
heteroaryl, aralkyl, heteroaralkyl, aryloxy, arylthio, 
aralkoxy, heteroaralkoxy, aralkoxyalkyl, aryloxyalkyl, aral 
kanoylalkyl, arylcarbonylalkyl, aralkylaryl, aryloxyalky 
laryl, aralkoxyaryl, arylaZoaryl, arylhydraZinoaryl, alkylth 
ioaryl, arylthioalkyl, alkylthioaralkyl, aralkylthioalkyl, an 
aralkylthioaryl radical, the sulfoxide or sulfone of any of the 
thio substituents, and a fused ring structure comprising tWo 
or more 5- or 6-membered rings selected from the group 
consisting of aryl, heteroaryl, carbocyclic and heterocyclic. 

[0023] The substituent bonded to the aryl or heteroaryl 
radical of Which the R3 radical is comprised itself can be 
substituted With one or more substituents; i.e., the substitut 
ing substituent is optionally substituted. When that aryl or 
heteroaryl radical is substituted, and the substituting moiety 
(group, substituent, or radical) is itself substituted, the 
last-named substituent is independently selected from the 
group consisting of a cyano, per?uoroalkyl, tri?uo 
romethoxy, tri?uoromethylthio, haloalkyl, tri?uoromethyla 
lkyl, aralkoxycarbonyl, aryloxycarbonyl, hydroxy, halo, 
alkyl, alkoxy, nitro, thiol, hydroxycarbonyl, aryloxy, 
arylthio, aralkyl, aryl, arylcarbonylamino, heteroaryloxy, 
heteroarylthio, heteroaralkyl, cycloalkyl, heterocyclooxy, 
heterocyclothio, heterocycloamino, cycloalkyloxy, 
cycloalkylthio, heteroaralkoxy, heteroaralkylthio, aralkoxy, 
aralkylthio, aralkylamino, heterocyclo, heteroaryl, arylaZo, 
hydroxycarbonylalkoxy, alkoxycarbonylalkoxy, alkanoyl, 
arylcarbonyl, aralkanoyl, alkanoyloxy, aralkanoyloxy, 
hydroxyalkyl, hydroxyalkoxy, alkylthio, alkoxyalkylthio, 
alkoxycarbonyl, aryloxyalkoxyaryl, arylthioalkylthioaryl, 
aryloxyalkylthioaryl, arylthioalkoxyaryl, hydroxycarbony 
lalkoxy, hydroxycarbonylalkylthio, alkoxycarbonylalkoxy, 
alkoxycarbonylalkylthio, amino, Wherein the amino nitro 
gen is (i) unsubstituted, or (ii) substituted With one or tWo 
substituents that are independently selected from the group 
consisting of an alkyl, aryl, heteroaryl, aralkyl, cycloalkyl, 
aralkoxycarbonyl, alkoxycarbonyl, arylcarbonyl, aral 
kanoyl, heteroarylcarbonyl, heteroaralkanoyl and an 
alkanoyl group, or (iii) Wherein the amino nitrogen and tWo 
substituents attached thereto form a 5- to 8-membered 
heterocyclo or heteroaryl ring containing Zero to tWo addi 
tional heteroatoms that are nitrogen, oxygen or sulfur and 
Which ring itself is (a) unsubstituted or (b) substituted With 
one or tWo groups independently selected from the group 
consisting of an aryl, alkyl, heteroaryl, aralkyl, het 
eroaralkyl, hydroxy, alkoxy, alkanoyl, cycloalkyl, heterocy 
cloalkyl, alkoxycarbonyl, hydroxyalkyl, tri?uoromethyl, 
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benZofused heterocycloalkyl, hydroxyalkoxyalkyl, 
aralkoxycarbonyl, hydroxycarbonyl, aryloxycarbonyl, ben 
Zofused heterocycloalkoxy, benZofused cycloalkylcarbonyl, 
heterocyclo-alkylcarbonyl, and a cycloalkylcarbonyl group, 
carbonylamino 

[0024] Wherein the carbonylamino nitrogen is (i) unsub 
stituted, or (ii) is the reacted amine of an amino acid, or 
(iii) substituted With one or tWo radicals selected from 
the group consisting of an alkyl, hydroxyalkyl, 
hydroxyheteroaralkyl, cycloalkyl, aralkyl, tri?uorom 
ethylalkyl, heterocycloalkyl, benZofused heterocy 
cloalkyl, benZofused heterocycloalkyl, benZofused 
cycloalkyl, and an N,N-dialkylsubstituted alkylamino 
alkyl group, or (iv) the carboxamido nitrogen and tWo 
substituents bonded thereto together form a 5- to 
8-membered heterocyclo, heteroaryl or benZofused het 
erocycloalkyl ring that is itself unsubstituted or substi 
tuted With one or tWo radicals independently selected 
from the group consisting of an alkyl, alkoxycarbonyl, 
nitro, heterocycloalkyl, hydroxy, hydroxycarbonyl, 
aryl, aralkyl, heteroaralkyl and an amino group, 

[0025] Wherein the amino nitrogen is (i) unsubstituted, 
or (ii) substituted With one or tWo substituents that are 
independently selected from the group consisting of 
alkyl, aryl, and heteroaryl, or (iii) Wherein the amino 
nitrogen and tWo sub stituents attached thereto form a 5 
to 8-membered heterocyclo or heteroaryl ring, and an 
aminoalkyl group 

Wherein the aminoalkyl nitrogen is (i) unsubstituted, or 
(ii) substituted With one or tWo substituents indepen 
dently selected from the group consisting of an alkyl, 
aryl, aralkyl, cycloalkyl, aralkoxycarbonyl, alkoxycar 
bonyl, and an alkanoyl group, or (iii) Wherein the 
aminoalkyl nitrogen and tWo substituents attached 
thereto form a 5- to 8-membered heterocyclo or het 
eroaryl ring. 

[0026] In preferred practice, R1 and R2 together With the 
atoms to Which they are bonded form a 6-membered ring. 

[0027] An R3 radical preferably has a length that is greater 
than that of a pentyl group [a i(CH2)4CH3 chain] and more 
preferably greater than about that of a hexyl group [a 
i(CH2)5CH3 chain]. An R3 radical preferably has a length 
that is less than that of an icosyl group [a i(CH2)19CH3 
chain], and more preferably a length that is less than that of 
a stearyl group [a i(CH2)l7CH3 chain). A preferred R3 
group contains tWo or more 5- or 6-membered rings. A 
contemplated R3 group, When rotated about an axis draWn 
through the SO2-bonded l-position and the substituent 
bonded 4-position of a 6-membered ring or the SOZ-bonded 
l-position and substituent-bonded 3- or 4-position of a 
5-membered ring, de?nes a three-dimensional Volume 
Whose Widest dimension has the Width in a direction trans 
Verse to that axis to rotation of about one furanyl ring to 
about tWo phenyl rings. 

[0028] It is also preferred that a R3 radical be a single 
ringed aryl or heteroaryl group that is 5- or 6-membered, and 
is itself substituted at its oWn 4-position When a 6-membered 
ring or at its oWn 3- or 4-position When a 5-membered ring 
With an optionally substituted substituent selected from the 
group consisting of one other single-ringed aryl or het 
eroaryl group, a C3-Cl4 alkyl group, a N-piperidyl group, a 
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N-piperaZyl group, a phenoxy group, a thiophenoxy group, 
a 4-thiopyridyl group, a phenylaZo group and a benZamido 
group. The substituent of the 5- or 6-membered aryl or 
heteroaryl group can itself be substituted as discussed 
before. 

[0029] A preferred compound for use in a contemplated 
process has a structure that corresponds to formula II, beloW, 
or a pharmaceutically acceptable salt thereof: 

[0030] Wherein 

[0031] R14 is hydrido, a pharmaceutically acceptable 
cation or C(W)Rl5 Where W is O or S and R15 is 
selected from the group consisting of an Cl-C6-alkyl, 
aryl, Cl-C6-alkoxy, heteroaryl-Cl-C6-alkyl, C3-C8-cy 
cloalkyl-Cl-C6-alkyl, aryloxy, ar-Cl-C6-alkoxy, ar-Cl 
C6-alkyl, heteroaryl and amino Cl-C6-alkyl group 
Wherein the aminoalkyl nitrogen is (i) unsubstituted or 
(ii) substituted With one or tWo substituents indepen 
dently selected from the group consisting of an C1-C6 
alkyl, aryl, ar-Cl-C6-alkyl, C3-C8-cycloalkyl-Cl-C6 
alkyl, ar-C l -C6-alkoxycarbonyl, C 1 -C6 
alkoxycarbonyl, and Cl-C6-alkanoyl radical, or (iii) 
Wherein the amino Cl-C6-alkyl nitrogen and tWo sub 
stituents attached thereto form a 5- to 8-membered 
heterocyclo or heteroaryl ring; 

[0032] m is Zero, 1 or 2; 

[0033] n is Zero, 1 or 2; 

[0034] p is Zero, 1 or 2; 

[0035] the sum of m+n+p=l, 2, 3 or 4; 

[0036] (a) one of X, Y and Z is selected from the group 
consisting of C(O), NR6, O, S, S(O), S(O)2 and 
NS(O)2R7, and the remaining tWo of X, Y and Z are 
CR8R9, and CRIORU, or 

[0037] (b) X and Z or Z and Y together constitute a 
moiety that is selected from the group consisting of 
NR66C(O), NR6S(O), NR6S(O)2, NR6S, NR6O, SS, 
NR NR6 and OC(O), With the remaining one of X, Y 
and Z being CR8R9, or 

[0038] (c) n is Zero and X, Y and Z together constitute 
a moiety selected from the group consisting of 

M2 wwZ 
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-continued 
0 0 R6 

6 \\// 6, I 

R\N/S\N/ , OYNYO, 
R12 R12, R12 

R6 R6,, R6 A 
\I; I5/ \15 \ N, 

R12 R12 R12, 

)\ /R6> /R6’ 
mo 0 W2 

R6\N><O, OiN/RG’ 
5 5 5 5 

RKN O, siN/R? 
5 5 5 5 

I; S, I; 8’ 
R12 RlZr R12 RlZr 

R6, 

2 15/ 5) (5) 
l3 l3 l3 l3 

R\N/R R N/R 

[0039] Wherein Wavy lines are bonds to the atoms of the 
depicted ring; 

[0040] R6 and R6‘ are independently selected from the 
group consisting of hydrido, Cl-C6-alkanoyl, C6-aryl 
Cl-C6-alkyl, aroyl, bis(Cl-C6-alkoxy-Cl-C6-alkyl)-Cl 
C6-alkyl, Cl-C6-alkyl, Cl-C6-haloalkyl, Cl-C6-per 
?uoroalkyl, C 1 -C6-tri?uoromethylalkyl, C 1 -C6 
per?uoroalkoxy-Cl-C6-alkyl, Cl-C6-alkoxy-Cl-C6 
alkyl, C3-C6-cycloalkyl, C3-C8-heterocycloalkyl, 
C3-C8-heterocycloalkylcarbonyl, C6-aryl, C5-C6-het 
erocyclo, C5-C6-heteroaryl, C3-C8-cycloalkyl-Cl-C6 
alkyl, C6-aryloXy-C1-C6-alkyl, heteroaryloXy-C1-C6 
alkyl, heteroaryl-C 1 -C6-alkoXy-C 1 -C6-alkyl, 
heteroarylthio-Cl-C6-alkyl, C6-arylsulfonyl, C1-C6 
alkylsulfonyl, C5-C6-heteroarylsulfonyl, carboXy-Cl 
C6-alkyl, Cl-C4-alkoxycarbonyl-Cl-C6-alkyl, ami 
nocarbonyl, Cl-C6-alkyliminocarbonyl, 
C6-aryliminocarbonyl, C5-C6-heterocycloiminocarbo 
nyl, C6-arylthio-Cl-C6-alkyl, Cl-C6-alkylthio-Cl-C6 
alkyl, C6-arylthio-C3-C6-alkenyl, Cl-C4-alkylthio-C3 
C6-alkenyl, C5-C6-heteroaryl-Cl-C6-alkyl, halo-C1 
C6-alkanoyl, hydroXy-C1-C6-alkanoyl, thiol-Cl-C6 
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alkanoyl, C3-C6-alkenyl, C3-C6-alkynyl, C1-C4 
alkoXy-C 1 -C4-alkyl, C 1 -C5 -alkoxycarbonyl, 
aryloxycarbonyl, NRSR9 -C 1 -C5 -alkylcarbonyl, 
hydroxy-Cl-Cs-alkyl, an aminocarbonyl wherein the 
aminocarbonyl nitrogen is (i) unsubstituted or (ii) sub 
stituted With one or tWo radicals independently selected 
from the group consisting of Cl-C6-alkyl, ar-Cl-C6 
alkyl, C3-C8-cycloalkyl and a Cl-C6-alkanoyl group, 
hydroxyaminocarbonyl, an aminosulfonyl group 
Wherein the aminosulfonyl nitrogen is (i) unsubstituted 
or (ii) substituted With one or tWo radicals indepen 
dently selected from the group consisting of C1-C6 
alkyl, ar-Cl-C6-alkyl, C3-C8-cycloalkyl and a C1-C6 
alkanoyl group, an amino-Cl-C6-alkylsulfonyl group 
Wherein the amino-Cl-C6-alkylsulfonyl nitrogen is (i) 
unsubstituted or (ii) substituted With one or tWo radicals 
independently selected from the group consisting of 
Cl-C6-alkyl, ar-Cl-C6-alkyl, C3-C8-cycloalkyl and a 
C l-C6-alkanoyl group and an amino-Cl-C6-alkyl group 
Wherein the aminoalkyl nitrogen is (i) unsubstituted or 
(ii) substituted With one or tWo radicals independently 
selected from the group consisting of Cl-C6-alkyl, 
ar-Cl-C6-alkyl, C3-C8-cycloalkyl and a Cl-C6-alkanoyl 
group; 

[0041] R7 is selected from the group consisting of a 
arylalkyl, aryl, heteroaryl, heterocyclo, Cl-C6-alkyl, 
C3-C6-alkynyl, C3-C6-alkenyl, Cl-C6-carboxyalkyl 
and a Cl-C6-hydroxyalkyl group; 

[0042] R8 and R9 and R10 and R11 are independently 
selected from the group consisting of a hydrido, 
hydroxy, Cl-C6-alkyl, aryl, ar-Cl-C6-alkyl, heteroaryl, 
heteroar-Cl-C6-alkyl, C2-C6-alkynyl, C2-C6-alkenyl, 
thiol-Cl-C6-alkyl, C1-C6-alkylthio-Cl-C6-alkyl 
cycloalkyl, cycloalkyl-Cl-C6-alkyl, heterocycloalkyl 
Cl-C6-alkyl, Cl-C6-alkoXy-C1-C6-alkyl, aralkoxy-Cl 
C6-alkyl, C1-C6-alkoXy-Cl-C6-alkoXy-Cl-C6-alkyl, 
hydroXy-C 1 -C6-alkyl, hydroXycarbonyl-C 1 -C6-alkyl, 
hydroXycarbonylar-C 1 -C6-alkyl, aminocarbonyl-C 1 - 
C6-alkyl, aryloXy-Cl-C6-alkyl, heteroaryloXy-C1-C6 
alkyl, arylthio-Cl-C6-alkyl, heteroarylthio-Cl-C6 
alkyl, the sulfoxide or sulfone of any said thio 
substituents, per?uoro-Cl-C6-alkyl, tri?uoromethyl 
Cl-C6-alkyl, halo-Cl-C6-alkyl, alkoxycarbonylamino 
Cl-C6-alkyl and an amino-Cl-C6-alkyl group Wherein 
the aminoalkyl nitrogen is (i) unsubstituted or (ii) 
substituted With one or tWo radicals independently 
selected from the group consisting of Cl-C6-alkyl, 
ar-Cl-C6-alkyl, cycloalkyl and Cl-C6-alkanoyl, or 
Wherein R8 and R9 or R10 and R11 and the carbon to 
Which they are bonded form a carbonyl group, or 
Wherein R8 and R9 or R10 and R11, or R8 and R10 
together With the atoms to Which they are bonded form 
a 5- to 8-membered carbocyclic ring, or a 5- to 8-mem 
bered heterocyclic ring containing one or tWo heteroa 
toms that are nitrogen, oxygen, or sulfur, With the 
proviso that only one of R8 and R9 or R10 and R11 is 
hydroxy; 

[0043] R12 and R12‘ are independently selected from the 
group consisting of a hydrido, Cl-C6-alkyl, aryl, ar-Cl 
C6-alkyl, heteroaryl, heteroaralkyl, C2-C6-alkynyl, 
C2-C6-alkenyl, thiol-Cl-C6-alkyl, cycloalkyl, 
cycloalkyl-C 1 -C6-alkyl, heterocycloalkyl-C 1 -C6-alkyl, 
Cl-C6-alkoXy-C1-C6-alkyl, aryloXy-Cl-C6-alkyl, 
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amino-Cl-C6-alkyl, C1-C6-alkoXy-Cl-C6-alkoXy-Cl 
C6-alkyl, hydroXy-C1-C6-alkyl, hydroXycarbonyl-Cl 
C6-alkyl, hydroXycarbonylar-Cl-C6-alkyl, aminocar 
bonyl-Cl-C6-alkyl, aryloXy-Cl-C6-alkyl, 
heteroaryloXy-C 1 -C6-alkyl, c 1 -C6-alkylthio -C 1 -C6 
alkyl, arylthio-Cl-C6-alkyl, heteroarylthio-Cl-C6 
alkyl, the sulfoxide or sulfone of any said thio sub 
stituents, per?uoro-Cl-C6-alkyl, tri?uoromethyl-Cl 
C6-alkyl, halo-Cl-C6-alkyl, alkoxycarbonylamino-Cl 
C6-alkyl and an amino-Cl-C6-alkyl group Wherein the 
aminoalkyl nitrogen is (i) unsubstituted or (ii) substi 
tuted With one or tWo radicals independently selected 
from the group consisting of Cl-C6-alkyl, ar-Cl-C6 
alkyl, cycloalkyl and Cl-C6-alkanoyl; 

[0044] R13 is selected from the group consisting of a 
hydrido, benZyl, phenyl, Cl-C6-alkyl, C2-C6-alkynyl, 
C2-C6-alkenyl and a Cl-C6-hydroxyalkyl group; and 

[0045] G-A-R-E-Y is a substituent that preferably has a 
length greater than that of a pentyl group, and more 
preferably has a length greater than that of a hexyl 
group. The substituent G-A-R-E-Y preferably has a 
length that is less than that of an icosyl group, and is 
more preferably less than that of a stearyl group. In this 
sub stituent: 

[0046] G is an aryl or heteroaryl group; 

[0047] A is selected from the group consisting of 

[0048] (l) ADi; 
[0049] (2) isi; 
[0050] (3) iNRUi; 
[0051] (4) iCOiN(Rl7) or iN(Rl7)iCoi, 

wherein R17 is hydrogen, Cl-C4-alkyl, or phenyl; 

[0052] (5) %owi or wicoi; 

[0053] (6) A)%OiOi; 
[0054] (7) iHC=CHi; 

[0055] (8) iNH%OiNHi; 
[0056] (9) %Eci; 
[0057] (10) iNH%OiOi or A)%OiNHi; 

[005s] (11)iN=Ni; 
[0059] (12) iNHiNHi; and 

[0060] (13) %SiN(Rl8)i or iN(Rl8)iCSi, 
wherein R18 is hydrogen Cl-C4-alkyl, or phenyl; or 

[0061] (14) A is absent and G is bonded directly to R; 

[0062] R is a moiety selected from the group consisting 
of alkyl, alkoxyalkyl, aryl, heteroaryl, cycloalkyl, het 
erocycloalkyl, aralkyl, heteroaralkyl, heterocycloalky 
lalkyl, cycloalkylalkyl, cycloalkoxyalkyl, heterocy 
cloalkoxyalkyl, aryloxyalkyl, heteroaryloxyalkyl, 
arylthioalkyl, heteroarylthioalkyl, cycloalkylthioalkyl, 
and a heterocycloalkylthioalkyl group Wherein the aryl 
or heteroaryl or cycloalkyl or heterocycloalkyl sub 
stituent is (i) unsubstituted or (ii) substituted With one 
or tWo radicals selected from the group consisting of a 
halo, alkyl, per?uoroalkyl, per?uoroalkoxy, per?uoro 
alkylthio, tri?uoromethylalkyl, amino, alkoxycarbony 
lalkyl, alkoxy, C l-C2-alkylene-dioxy, hydroxycarbony 
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lalkyl, hydroxycarbonylalkylamino, nitro, hydroxy, 
hydroxyalkyl, alkanoylamino, and a alkoxycarbonyl 
group, and R is other than alkyl or alkoxyalkyl When A 
is iOi or iSi; 

[0063] E is selected from the group consisting of 

[0061491] (l)4CO(Rl9)i or i(R19)COi, Wherein 
R is a heterocycloalkyl, or a cycloalkyl group; 

[0065] (2) iCONHi or iHNCOi; and 

[0066] (3)%oi; 
[0067] (4) isoziRlg- or iRlgisozi; 

[0068] (5) isozi; 

[0069] (6) iNHiSOZi or iSOZiNHi; or 

[0070] (7) E is absent and R is bonded directly to Y; and 

[0071] Y is absent or is selected from the group consisting 
of a hydrido, alkyl, alkoxy, haloalkyl, aryl, aralkyl, 
cycloalkyl, heteroaryl, hydroxy, aryloxy, aralkoxy, het 
eroaryloxy, heteroaralkyl, per?uoroalkoxy, per?uoroalky 
lthio, tri?uoromethylalkyl, alkenyl, heterocycloalkyl, 
cycloalkyl, tri?uoromethyl, alkoxycarbonyl, and a ami 
noalkyl group, Wherein the aryl or heteroaryl or heterocy 
cloalkyl group is (i) unsubstituted or (ii) substituted With one 
or tWo radicals independently selected from the group 
consisting of an alkanoyl, halo, nitro, aralkyl, aryl, alkoxy, 

and an amino group Wherein the amino nitrogen is unsubstituted or (ii) substituted With one or tWo groups 

independently selected from hydrido, alkyl, and an aralkyl 
group. 

[0072] A particularly preferred compound for use in a 
contemplated process corresponds in structure to formula 
III, beloW, or a pharmaceutically acceptable salt thereof: 

X Y 

[0073] Wherein 

[0074] m, n, p, X, Z, Y and R14 are as de?ned above for 
formula II, and the R3 radical that is de?ned beloW is a 
sub-set of the previously discussed G-A-R-E-Y sub 
stituents. 

[0075] Thus, R3 is a radical that is comprised of a single 
ringed aryl or heteroaryl group that is 5- or 6-membered, and 
is itself substituted at its oWn 4-position When a 6-membered 
ring and at its oWn 3- or 4-position When a 5-membered ring 
With a substituent selected from the group consisting of a 
thiophenoxy, 4-chlorophenoxy, 3-chlorophenoxy, 4-methox 
yphenoxy, 3-benZodioXol-5-yloxy, 3,4-dimethylphenoxy, 
4-?uorophenoxy, 4-?uorothiophenoxy, phenoxy, 4-tri?uo 
romethoxy-phenoxy, 4-tri?uoromethylphenoxy, 4-(tri?uo 
romethylthio)-phenoxy, 4-(tri?uoromethylthio)-thiophe 
noxy, 4-chloro-3-?uorophenoxy, 4-isopropoxyphenoxy, 

Apr. 20, 2006 

4-isopropylphenoxy, (2 -methyl-l ,3-benZothiaZol-5 -yl)oXy, 
4-(lH-imidaZol-l-yl)phenoxy, 4-chloro-3-methylphenoxy, 
3-methylphenoxy, 4-ethoxyphenoxy, 3,4-di?uorophenoxy, 
4-chloro-3 -methylphenoXy, 4-?uoro-3-chlorophenoxy, 
4-(lH-l,2,4-triaZol-l-yl)phenoxy, 3,5-di?uorophenoxy, 3,4 
dichlorophenoxy, 4-cyclopentylphenoxy, 4-bromo-3-meth 
ylphenoxy, 4-bromophenoxy, 4-methylthiophenoxy, 4-phe 
nylphenoxy, 4-benZylphenoxy, 6-quinolinyloxy, 4-amino-3 
methylphenoxy, 3-methoxyphenoxy, 5,6,7,8-tetrahydro-2 
naphthalenyloxy, 3-hydroxymethylphenoxy, N-piperidyl, 
N-piperaZinyl and a 4-benZyloXyphenoXy group. 

[0076] A more particularly preferred compound for use in 
a contemplated process has a structure that corresponds to 
formula IV, beloW, or a pharmaceutically acceptable salt 
thereof: 

IV 

HO—HN R3 
so2 

[0077] Wherein R3 is as de?ned above for formula I, 
more preferably as de?ned for formula II (Wherein this 
R3 group is the G-A-R-E-Y substituent), and more 
preferably still as de?ned for formula III, and Z is 
selected group the group consisting of O, S, NR6, SO, 
S02, and NSO2R7, 

[0078] Wherein R6 is selected from the group consisting 
of hydrido, Cl-Cs-alkyl, Cl-Cs-alkanoyl, benZyl, ben 
Zoyl, C3-C5-alkynyl, C3-C5-alkenyl, Cl-C3-alkoXy-C1 
C4-alkyl, C3-C6-cycloalkyl, heteroaryl-Cl-C6-alkyl, 
Cl-Cs-hydroxyalkyl, Cl-Cs-carboxyalkyl, C1-C5 
alkoxy C l-Cs-alkylcarbonyl, and NR8R94Cl -C5 -alky 
lcarbonyl or NRsRgiCl-Cs-alkyl Wherein R8 and R9 
are independently hydrido, C l-C5 -alkyl, C l-Cs-alkoxy 
carbonyl or aryl-Cl-Cs-alkoxycarbonyl, or NRSR9 
together form a heterocyclic ring containing 5- to 
8-atoms in the ring; and 

[0079] R7 is selected from the group consisting of an 
arylalkyl, aryl, heteroaryl, heterocyclo, Cl-C6-alkyl, 
C3-C6-alkynyl, C3-C6-alkenyl, Cl-C6-carboxyalkyl 
and a Cl-C6-hydroxyalkyl group. 

[0080] A still more preferred group of compounds for use 
in a contemplated process correspond in structure to formula 
V, beloW, or a pharmaceutically acceptable salt thereof: 

0 C113 
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[0081] wherein 

[0082] Z is as previously de?ned in formula IV; 

[0083] W and Q are independently oxygen (0), NR6 or 
sulfur (S), and R6 is as de?ned in formula IV; and 

is zero or one suc t at W en 1s Zero, t e 0084 q' h h h q' h 
tri?uoromethyl group is bonded directly to the depicted 
phenyl ring. 

[0085] The use of a compound of formulas I-V, or a 
pharmaceutically acceptable salt of one of those compounds 
is contemplated in a before-described process. In addition, 
the compounds of formulas II, III, IV and V, and their 
pharmaceutically acceptable salts are contemplated com 
pounds of this invention. 

[0086] The present invention also contemplates a precur 
sor or intermediate compound that is useful in preparing a 
compound of formulas I-V. Such an intermediate compound 
corresponds in structure to formula VI, beloW: 

X Y 

\ 
20 (CH2)m (CH2)p 
R 24 

O 

[0087] Wherein m, n, p, X, Z and Y are as de?ned above 
for formula II, g is Zero, 1 or 2 and R24 is R3 as de?ned 
in formulas I, III or IV, is the substituent G-A-R-E-Y of 
formula II (formula VIA) or is R3‘, an aryl or heteroaryl 
group that is substituted With a coupling substituent 
reactive for coupling With another moiety (formula 
VIB), such as a nucleophilically displaceable leaving 
group, D. 

VIA 
(CH)I.—Z 
/ 2 \ 
X Y 

\ 
20 (CHz)m (CHz)p R3 
R W‘/\S(O)g/ 

O 
VIB 

(CH)I.—Z 
/ 2 \ 
X Y 

O 

[0088] Exemplary nucleophilically displaceable leaving 
groups, D, include a halo (?uoro, chloro, bromo, or idodo) 
nitro, aZido, phenylsulfoxido, aryloxy, Cl-C6-alkoxy, a 
Cl-C6-alkylsulfonate or arylsulfonate group and a trisubsti 
tuted ammonium group in Which the three substituents are 
independently aryl, ar-Cl-C6-alkyl or c l-C6-alkyl. 
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[0089] R20 is (a) 4OiR21, Where R21 is selected from the 
group consisting of a hydrido, Cl-C6-alkyl, aryl, ar-Cl-C6 
alkyl group and a pharmaceutically acceptable cation, or (b) 
iNHiOiRZZ Wherein R22 is a selectively removable 
protecting group such as a 2-tetrahydropyranyl, Cl-C6-acyl, 
aroyl, benZyl, p-methoxybenZyloxycarbonyl (MOZ), benZy 
loxycarbonyl, C 1 -C6-alkoxycarbonyl, C 1 -C6-alkoxy 
CHzi, Cl-C6-alkoxy-Cl-C6-alkoxy-CH2i, trisubstituted 
silyl group or o-nitrophenyl group, peptide synthesis resin 
and the like. Trisubstituted silyl group is substituted With 
Cl-C6-alkyl, aryl, or ar-Cl-C6-alkyl. 

[0090] A particularly preferred precursor intermediate to 
an intermediate compound of formula VI is an intermediate 
compound of formula VII 

X Y D 

0 

[0091] Wherein m, n, p, g, X, Z, Y, D and R20 are as 
de?ned above for formula VI. 

[0092] Among the several bene?ts and advantages of the 
present invention are the provision of compounds and com 
positions elfective as inhibitors of matrix metalloproteinase 
activity, the provision of such compounds and compositions 
that are effective for the inhibition of metalloproteinases 
implicated in diseases and disorders involving uncontrolled 
breakdown of connective tissue. 

[0093] More particularly, a bene?t of this invention is the 
provision of a compound and composition effective for 
selectively inhibiting certain metalloproteinases, such as one 
or more of MMP-2, MMP-9 and MMP-l3, associated With 
pathological conditions such as, for example, rheumatoid 
arthritis, osteoarthritis, septic arthritis, corneal, epidermal or 
gastric ulceration, tumor metastasis, invasion or angiogen 
esis, periodontal disease, proteinuria, AlZheimer’s Disease, 
coronary thrombosis and bone disease. 

[0094] An advantage of the invention is the provision of 
compounds, compositions and methods effective for treating 
such pathological conditions by selective inhibition of a 
metalloproteinase such as MMP-2, MMP-9 or MMP-l3 
associated With such conditions With minimal side effects 
resulting from inhibition of other metalloproteinases, such 
as MMP-l, Whose activity is necessary or desirable for 
normal body function. 

[0095] Yet another advantage of the invention is the pro 
vision of a process for preparing such compounds. 

[0096] Another bene?t is the provision of a method for 
treating a pathological condition associated With abnormal 
matrix metalloproteinase activity. 
[0097] A further advantage of the invention is the provi 
sion of a process for preparing such compositions. 

[0098] Still further bene?ts and advantages of the inven 
tion Will be apparent to the skilled Worker from the disclo 
sure that folloWs. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0099] In accordance With the present invention, it has 
been discovered that certain aromatic sulfone hydroxamic 
acids (hydroxamates) are effective for inhibition of matrix 
metalloproteinases (“MMPs”) believed to be associated With 
uncontrolled or otherWise pathological breakdown of con 
nective tissue. In particular, it has been found that these 
certain aromatic sulfone hydroxamates are effective for 
inhibition of one or more enZymes such as MMP-2, MMP-9 
and MMP-13, Which can be particularly destructive to tissue 
if present or generated in abnormal quantities or concentra 
tions, and thus exhibit a pathological activity. Included in 
that pathological activity is the assistance of tumors and 
tumor cells in the process of penetrating basement mem 
brane, and developing a neW or improved blood supply; i.e., 
angiogenesis. 
[0100] Moreover, it has been discovered that these aro 
matic sulfone hydroxamates are selective in the inhibition of 
one or more of MMP-2, MMP-9 and MMP-13 Without 
excessive inhibition of other collagenases essential to nor 
mal bodily function such as tissue turnover and repair. More 
particularly, it has been found that a contemplated aromatic 
sulfone hydroxamate of the invention, or a pharmaceutically 
acceptable salt thereof, is particularly active in inhibiting of 
one or more of MMP-2, MMP-9 and MMP-13 in an in vitro 
assay that is predictive of in vivo activity. In addition, While 
being selective for one or more of MMP-2, MMP-9 and 
MMP-13, a contemplated aromatic sulfone hydroxamate, or 
its salt, has a limited or minimal in vitro inhibitory effect on 
MMP-1. 

[0101] There is thus a substantial difference in the activity 
of a compound used in a contemplated process toWard one 
or more of MMP-2, MMP-9 and MMP-13 and MMP-1. This 
substantial difference is assayed using the in vitro inhibition 
assay discussed in the examples. A substantial difference in 
activity corresponds to a compound exhibiting an IC5O value 
against one or more of MMP-2, MMP-9 and MMP-13 that 
is about 0.1 times that of the compound against MMP-1, and 
more preferably 0.01 times that against MMP-1 and most 
preferably 0.001 times that against MMP- 1, or more. Indeed, 
some compounds exhibit selectivity differences measured 
by IC5O values that exceed the bounds of the assay at the 
number 100,000-fold. These selectivities are illustrated in 
the Inhibition Tables hereinafter. 

[0102] Put differently, a contemplated compound can 
inhibit the activity of MMP-2 compared to MMP-9 or 
MMP-13 and MMP-1. Similarly, a contemplated compound 
can inhibit the activity of MMP-13 and MMP-2, While 
exhibiting less inhibition against MMP-1 and MMP-9. In 
addition, a contemplated compound can inhibit the activity 
of a MMP enZyme, While having less of an effect on tumor 
necrosis factor release. 

[0103] The advantages of the selectivity of a contemplated 
compound can be appreciated, Without Wishing to be bound 
by theory, by considering the therapeutic uses the com 
pounds. For example, inhibition of MMP-1 is suggested to 
be undesirable due to its role as a housekeeping enzyme, 
helping to maintain normal connective tissue turnover and 
repair. Inhibition of MMP-1 can lead to toxicities or side 
effects such as such as joint or connective tissue deteriora 
tion and pain. On the other hand, MMP-13 has been sug 
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gested to be intimately involved in the destruction of joint 
components in diseases such as osteoarthritis. Thus, potent 
and selective inhibition of MMP-13 compared With inhibi 
tion MMP-1 is highly desirable because a MMP-13 inhibitor 
can have a positive effect on disease progression in a patient 
in addition to having an anti-in?ammatory effect. 

[0104] Inhibition of MMP-2 and MMP-9 can be desirable 
for inhibition of tumor groWth, metastasis, invasion and/or 
angiogenesis. Apro?le of selective inhibition of MMP-2 and 
MMP-9 relative to MMP-1 can provide a therapeutic advan 
tage. 

[0105] Yet another advantage of a contemplated com 
pound is the selectivity With respect to tumor necrosis factor 
release and/or tumor necrosis factor receptor release that 
provides the physician With another factor to help select the 
best drug for a particular patient. While not Wishing to be 
bound by theory, it is believed that there are several factors 
to this type of selectivity to be considered. 

[0106] The ?rst is that presence of tumor necrosis factor 
can be desirable for the control of cancer in the organism, so 
long as TNF is not present in a toxic excess. Thus, uncon 
trolled inhibition of release of TNF can be counterproduc 
tive and actually can be considered an adverse side effect 
even in cancer patients. In addition, selectivity With respect 
to inhibition of the release of the tumor necrosis factor 
receptor can also be desirable. The presence of that receptor 
can be desirable for maintaining a controlled tumor necrosis 
level in the mammal by binding excess TNF. 

[0107] A contemplated selective MMP inhibitor com 
pound useful in a contemplated process can be administered 
to by various routes and provide adequate therapeutic blood 
levels of enZymatically active inhibitor. A compound can be 
administered, for example, by the oral (IG, PO) or intrave 
nous (IV) routes. Oral administration is advantageous if the 
patient is ambulatory, not hospitaliZed, physically able and 
suf?ciently responsible to take drug at the required intervals. 
This is true even if the person is being treated With more than 
one drug for one or more diseases. On the other hand, IV 
drug administration is an advantage in a hospital setting 
Wherein the dose and thus the blood levels can Well con 
trolled. A contemplated inhibitor can also be formulated for 
IM administration if desired. This route of administration 
can be desirable for the administration of prodrugs or regular 
drug delivery to patients that are either physically Weak or 
have a poor compliance record or require constant drug 
blood levels. 

[0108] Thus, in one embodiment, the present invention is 
directed to a treatment process that comprises administering 
a contemplated aromatic sulfone hydroxamic acid metallo 
protease inhibitor, or a pharmaceutically acceptable salt 
thereof, in an effective amount to a host mammal having a 
condition associated With pathological matrix metallopro 
tease activity. A contemplated aromatic sulfone hydroxam 
ate inhibitor compound useful in such a process inhibits the 
activity of one or more of MMP-2, MMP-9 and MMP-13, 
and exhibits substantially less inhibitory activity against at 
least MMP-1 in the in vitro assay noted above and discussed 
in detail hereinbeloW. An aromatic sulfone hydroxamate 
inhibitor compound for use in a contemplated process cor 
responds in structure to formula I, beloW: 
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O 

HONH—HWSOZ/ 
[0109] wherein 

[0110] In one embodiment, R1 and R2 are both hydrido. In 
another embodiment, R1 and R2 together With the atoms to 
Which they are bonded form a 5- to 8-membered ring 
containing one, tWo or three heteroatoms in the ring that are 
oxygen, sulfur or nitrogen. 

[0111] It is preferred that R1 and R2 together With the 
atoms to Which they are bonded form a ?ve- to eight 
membered ring that contains one or tWo heteroatoms in the 
ring, although R1 and R2 together With the atoms to Which 
they are bonded form a 5- to 8-membered ring containing 
one, tWo or three heteroatoms. The heterocyclic ring can 
itself also be substituted With up to six Cl-C6-alkyl groups 
or groups that comprise a another 5- to 8-membered car 
bocyclic or heterocyclic ring, an amino group, or contain 
one or tWo oxo (carbonyl) groups. 

[0112] R3 in formula I is an optionally substituted aryl or 
optionally substituted heteroaryl radical. That R3 radical is 
selected from the group consisting of an aryl, heteroaryl, 
aralkyl, heteroaralkyl, aralkoxy, heteroaralkoxy, aralkoxy 
alkyl, aryloxyalkyl, aralkanoylalkyl, arylcarbonylalkyl, 
aralkylaryl, aryloxyalkylaryl, aralkoxyaryl, arylaZoaryl, 
arylhydraZinoaryl, alkylthioaryl, arylthioalkyl, alkylthio 
aralkyl, aralkylthioalkyl, an aralkylthioaryl radical, the sul 
foxide or sulfone of any of the thio substituents, and a fused 
ring structure comprising tWo or more 5- or 6-membered 
rings selected from the group consisting of aryl, heteroaryl, 
carbocyclic and heterocyclic. 

[0113] The substituent of Which R3 is comprised itself is 
unsubstituted or substituted With one or more substituents 

independently selected from the group consisting of a cyano, 
per?uoroalkyl, tri?uoromethylalkyl, hydroxy, halo, alkyl, 
alkoxy, nitro, thiol, hydroxycarbonyl, aryloxy, arylthio, 
aralkyl, aryl, heteroaryloxy, heteroarylthio, heteroaralkyl, 
cycloalkyl, heterocyclooxy, heterocyclothio, heterocy 
cloamino, cycloalkyloxy, cycloalkylthio, heteroaralkoxy, 
heteroaralkylthio, aralkoxy, aralkylthio, aralkylamino, het 
erocyclo, heteroaryl, arylaZo, hydroxycarbonylalkoxy, 
alkoxycarbonylalkoxy, alkanoyl, arylcarbonyl, aralkanoyl, 
alkanoyloxy, aralkanoyloxy, hydroxyalkyl, hydroxyalkoxy, 
alkylthio, alkoxyalkylthio, alkoxycarbonyl, aryloxy 
alkoxyaryl, arylthioalkylthioaryl, aryloxyalkylthioaryl, 
arylthioalkoxyaryl, hydroxycarbonylalkoxy, hydroxycarbo 
nylalkylthio, alkoxycarbonylalkoxy, alkoxycarbonylalky 
lthio, amino, 

[0114] Wherein the amino nitrogen is (i) unsubstituted, 
or (ii) substituted With one or tWo substituents that are 
independently selected from the group consisting of an 
alkyl, aryl, heteroaryl, aralkyl, cycloalkyl, aralkoxycar 
bonyl, alkoxycarbonyl, arylcarbonyl, aralkanoyl, het 
eroarylcarbonyl, heteroaralkanoyl and an alkanoyl 
group, or (iii) Wherein the amino nitrogen and tWo 
substituents attached thereto form a 5- to 8-membered 
heterocyclo or heteroaryl ring containing Zero to tWo 

Apr. 20, 2006 

additional heteroatoms that are nitrogen, oxygen or 
sulfur and Which ring itself is (a) unsubstituted or (b) 
substituted With one or tWo groups independently 
selected from the group consisting of an aryl, alkyl, 
heteroaryl, aralkyl, heteroaralkyl, hydroxy, alkoxy, 
alkanoyl, cycloalkyl, heterocycloalkyl, alkoxycarbo 
nyl, hydroxyalkyl, tri?uoromethyl, benZofused hetero 
cycloalkyl, hydroxyalkoxyalkyl, aralkoxycarbonyl, 
hydroxycarbonyl, aryloxycarbonyl, benZofused hetero 
cycloalkoxy, benZofused cycloalkylcarbonyl, heterocy 
clo-alkylcarbonyl, and a cycloalkylcarbonyl group, car 
bonylamino Wherein the carboxamido nitrogen is (i) 
unsubstituted, or (ii) is the reacted amine of an amino 
acid, or (iii) substituted With one or tWo radicals 
selected from the group consisting of an alkyl, 
hydroxyalkyl, hydroxyheteroaralkyl, cycloalkyl, 
aralkyl, tri?uoromethylalkyl, heterocycloalkyl, benZo 
fused heterocycloalkyl, benZofused heterocycloalkyl, 
benZofused cycloalkyl, and an N,N-dialkylsubstituted 
alkylamino-alkyl group, or (iv) the carboxamido nitro 
gen and tWo substituents bonded thereto together form 
a 5- to 8-membered heterocyclo, heteroaryl or benZo 
fused heterocycloalkyl ring that is itself unsubstituted 
or substituted With one or tWo radicals independently 
selected from the group consisting of an alkyl, alkoxy 
carbonyl, nitro, heterocycloalkyl, hydroxy, hydroxycar 
bonyl, aryl, aralkyl, heteroaralkyl and an amino group, 

[0115] Wherein the amino nitrogen is unsubstituted, 
or (ii) substituted With one or tWo substituents that are 
independently selected from the group consisting of 
alkyl, aryl, and heteroaryl, or (iii) Wherein the amino 
nitrogen and tWo substituents attached thereto form a 5 
to 8-membered heterocyclo or heteroaryl ring, and an 
aminoalkyl group Wherein the aminoalkyl nitrogen is 
(i) unsubstituted, or (ii) substituted With one or tWo 
substituents independently selected from the group 
consisting of an alkyl, aryl, aralkyl, cycloalkyl, 
aralkoxycarbonyl, alkoxycarbonyl, and an alkanoyl 
group, or (iii) Wherein the aminoalkyl nitrogen and tWo 
substituents attached thereto form a 5- to 8-membered 
heterocyclo or heteroaryl ring. A compound of formula 
I can also be used in the form of a pharmaceutically 
acceptable salt. 

[0116] The R3 radical has a length that is greater than that 
of a pentyl group [a i(CH2)4CH3 chain], and is more 
preferably greater than about the length of a hexyl group [a 
i(CH2)5CH3 chain]. A R3 group has a length that is less 
than that of an icosyl group [eicosyl; a i(CH2)l9CH3 
chain), and more preferably, a length that is less than that of 
a stearyl group [a i(CH2)l7CH3 chain). When rotated about 
an axis draWn through the SOZ-bonded l-position and the 
substituent-bonded 4-position of a 6-membered ring or the 
SO2-bonded l-position and substituent-bonded 3- or 4-po 
sition of a 5-membered ring, a contemplated R3 radical 
de?nes a three-dimensional volume Whose Widest dimen 
sion has the Width of about one furanyl ring to about tWo 
phenyl rings in a direction transverse to that axis to rotation. 

[0117] Where the SO2-linked R3 radical is 4-phenoxyphe 
nyl for purposes of illustration, a contemplated compound 
can be vieWed as a phenoxyphenylsulfone derivative of the 
desired 5- to 8-membered ring N-hydroxycarboxamide. 
Exemplary compounds can therefore be named: 
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[0153] (a) one of X, Y and Z is selected from the group 
consisting of C(O), NR6, O, S, S(O), S(O)2 and 
NS(O)2R7, and the remaining tWo of X, Y and Z are 
CR R9, and CRIORU, or 

[0154] (b) X and Z or Z and Y together constitute a 
moiety that is selected from the group consisting of 
NR66C(O), NR6S(O), NR6S(O)2, NR6S, NR6O, SS, 
NR NR6 and OC(O), With the remaining one of X, Y 
and Z being CR8R9, or 

[0155] (c) n is Zero and X, Y and Z together constitute 
a moiety selected from the group consisting of 

5 3 5 5 

E 3 5 5 g 3 

R111 and 1 

[0156] Wherein Wavy lines are bonds to the atoms of the 
depicted ring; 

[0157] R6 and R6‘ are independently selected from the 
group consisting of hydrido, Cl-C6-alkanoyl, C6-aryl 
Cl-C6-alkyl, aroyl, bis(Cl-C6-alkoXy-Cl-C6-alkyl)-Cl 
C6-alkyl, Cl-C6-alkyl, Cl-C6-haloalkyl, Cl-C6-per 
?uoroalkyl, C 1 -C6-tri?uoromethylalkyl, C 1 -C6 
per?uoroalkoxy-C l -C6-alkyl, C l -C6-alkoXy-C 1 -C6 
alkyl, C3-C6-cycloalkyl, C3-C8-heterocycloalkyl, 
C3-C8-heterocycloalkylcarbonyl, C6-aryl, C5-C6-het 
erocyclo, C5-C6-heteroaryl, C3-C8-cycloalkyl-Cl-C6 
alkyl, C6-aryloXy-C1-C6-alkyl, heteroaryloXy-C1-C6 
alkyl, heteroaryl-C 1 -C6-alkoXy-C 1 -C6-alkyl, 
heteroarylthio-Cl-C6-alkyl, C6-arylsulfonyl, C1-C6 
alkylsulfonyl, C5-C6-heteroarylsulfonyl, carboXy-Cl 
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C6-alkyl, Cl-C4-alkoxycarbonyl-Cl-C6-alkyl, ami 
nocarbonyl, Cl-C6-alkyliminocarbonyl, 
C6-aryliminocarbonyl, C5-C6-heterocycloiminocarbo 
nyl, C6-arylthio-Cl-C6-alkyl, Cl-C6-alkylthio-Cl-C6 
alkyl, C6-arylthio-C3-C6-alkenyl, Cl-C4-alkylthio-C3 
C6-alkenyl, C5-C6-heteroaryl-Cl-C6-alkyl, halo-C1 
C6-alkanoyl, hydroXy-C1-C6-alkanoyl, thiol-Cl-C6 
alkanoyl, C3-C6-alkenyl, C3-C6-alkynyl, C1-C4 
alkoXy-C 1 -C4-alkyl, C 1 -C5 -alkoxycarbonyl, 
aryloxycarbonyl, NR8R94C 1 -C5 -alkylcarbonyl, 
hydroxy-Cl-Cs-alkyl, an aminocarbonyl Wherein the 
aminocarbonyl nitrogen is (i) unsubstituted or (ii) sub 
stituted With one or tWo radicals independently selected 
from the group consisting of Cl-C6-alkyl, ar-C1-C6 
alkyl, C3-C8-cycloalkyl and a Cl-C6-alkanoyl group, 
hydroxyaminocarbonyl, an aminosulfonyl group 
Wherein the aminosulfonyl nitrogen is (i) unsubstituted 
or (ii) substituted With one or tWo radicals indepen 
dently selected from the group consisting of C1-C6 
alkyl, ar-Cl-C6-alkyl, C3-C8-cycloalkyl and a C1-C6 
alkanoyl group, an amino-Cl-C6-alkylsulfonyl group 
Wherein the amino-Cl-C6-alkylsulfonyl nitrogen is (i) 
unsubstituted or (ii) substituted With one or tWo radicals 
independently selected from the group consisting of 
Cl-C6-alkyl, ar-Cl-C6-alkyl, C3-C8-cycloalkyl and a 
C l-C6-alkanoyl group and an amino-Cl-C6-alkyl group 
Wherein the aminoalkyl nitrogen is (i) unsubstituted or 
(ii) substituted With one or tWo radicals independently 
selected from the group consisting of Cl-C6-alkyl, 
ar-Cl-C6-alkyl, C3 -C8-cycloalkyl and a C l-C6-alkanoyl 
group; 

[0158] R7 is selected from the group consisting of a 
benZyl, phenyl, Cl-C6-alkyl, C3-C6-alkynyl, C3-C6 
alkenyl and a Cl-C6-hydroxyalkyl group; 

[0159] R8 and R9 and R10 and R11 are independently 
selected from the group consisting of a hydrido, 
hydroxy, Cl-C6-alkyl, aryl, ar-Cl-C6-alkyl, heteroaryl, 
heteroar-Cl-C6-alkyl, C2-C6-alkynyl, C2-C6-alkenyl, 
thiol-Cl-C6-alkyl, Cl-C6-alkylthio-Cl-C6-alkyl 
cycloalkyl, cycloalkyl-Cl-C6-alkyl, heterocycloalkyl 
Cl-C6-alkyl, Cl-C6-alkoXy-Cll_6-alkyl, aralkoxy-Cl 
C6-alkyl, Cl-C6-alkoXy-Cl-C6-alkoXy-Cl-C6-alkyl, 
hydroXy-C1-C6-alkyl, hydroxycarbonyl-Cl-C6-alkyl, 
hydroXycarbonylar-C 1 -C6-alkyl, aminocarbonyl-C 1 - 
C6-alkyl, aryloXy-Cl-C6-alkyl, heteroaryloXy-C1-C6 
alkyl, arylthio-Cl-C6-alkyl, heteroarylthio-Cl-C6 
alkyl, the sulfoxide or sulfone of any said thio 
substituents, per?uoro-Cl-C6-alkyl, tri?uoromethyl 
Cl-C6-alkyl, halo-Cl-C6-alkyl, alkoxycarbonylamino 
Cl-C6-alkyl and an amino-Cl-C6-alkyl group Wherein 
the aminoalkyl nitrogen is (i) unsubstituted or (ii) 
substituted With one or tWo radicals independently 
selected from the group consisting of Cl-C6-alkyl, 
ar-Cl-C6-alkyl, cycloalkyl and Cl-C6-alkanoyl, or 
Wherein R8 and R9 or R10 and R11 and the carbon to 
Which they are bonded form a carbonyl group, or 
Wherein R8 and R9 or R10 and R11, or R8 and R10 
together With the atoms to Which they are bonded form 
a 5- to 8-membered carbocyclic ring, or a 5- to 8-mem 
bered heterocyclic ring containing one or tWo heteroa 
toms that are nitrogen, oxygen, or sulfur, With the 
proviso that only one of R8 and R9 or R10 and R11 is 
hydroxy; 

[0160] R12 and R12‘ are independently selected from the 
group consisting of a hydrido, Cl-C6-alkyl, aryl, ar-Cl 
C6-alkyl, heteroaryl, heteroaralkyl, C2-C6-alkynyl, 
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C2-C6-alkenyl, thiol-Cl-C6-alkyl, cycloalkyl, 
cycloalkyl-C 1 -CG-alkyl, heterocycloalkyl-C 1 -C6 
alkyl, C 1 -C6-alkoXy-C 1 -C6-alkyl, aryloXy-C 1 -C6-alkyl, 
amino-Cl-C6-alkyl, Cl-C6-alkoxy-Cl-C6-alkoXy-Cl 
C6-alkyl, hydroXy-C1-C6-alkyl, hydroxycarbonyl-Cl 
C6-alkyl, hydroXycarbonylar-Cl-C6-alkyl, aminocar 
bonyl-Cl-C6-alkyl, aryloXy-Cl-C6-alkyl, 
heteroaryloxy-Cl-C6-alkyl, Cl-C6-alkylthio-Cl-C6 
alkyl, arylthio-Cl-C6-alkyl, heteroarylthio-Cl-C6 
alkyl, the sulfoxide or sulfone of any said thio sub 
stituents, per?uoro-Cl-C6-alkyl, tri?uoromethyl-Cl 
C6-alkyl, halo-Cl-C6-alkyl, alkoxycarbonylamino-Cl 
C6-alkyl and an amino-Cl-C6-alkyl group wherein the 
aminoalkyl nitrogen is (i) unsubstituted or (ii) substi 
tuted With one or tWo radicals independently selected 
from the group consisting of Cl-C6-alkyl, ar-Cl-C6 
alkyl, cycloalkyl and Cl-C6-alkanoyl; 

[0161] R13 is selected from the group consisting of a 
hydrido, benZyl, phenyl, Cl-C6-alkyl, C2-C6-alkynyl, 
C2-C6-alkenyl and a Cl-C6-hydroxyalkyl group; and 

[0162] G-A-R-E-Y is a substituent that preferably has a 
length greater than that of a pentyl group, and more 
preferably has a length greater than that of a hexyl 
group. The substituent G-A-R-E-Y preferably has a 
length that is less than that of an icosyl group, and is 
more preferably less than that of a stearyl group. In this 
sub stituent: 

[0163] 
[0164] 
[0165] 
[0166] 

G is an aryl or heteroaryl group; 

A is selected from the group consisting of 

(1) 43*; 

(2) *$*; 

[0167] (3) iNRUi; 
[0168] (4) %OiN(R17) or iN(Rl7)iCoi, 

wherein R17 is hydrogen, Cl-C4-alkyl, or phenyl; 

[0169] (5) %OiOi or ADiCOi; 

[0170] (6) ADiCOADi; 
[0171] (7) iHC=CHi; 
[0172] (8) iNHiCOiNHi; 

[0173] (9) 4CECi; 
[0174] (10) iNH%OiOi or iO%OiNHi; 

[0175] (ll) iN=Ni; 
[0176] (12) iNHiNHi; and 

[0177] (13) %SiN(Rl8)i or iN(Rl8)iCSi, 
wherein R18 is hydrogen Cl-C4-alkyl, or phenyl; or 

[0178] (14) A is absent and G is bonded directly to R; 

[0179] R is a moiety selected from the group consisting 
of alkyl, alkoxyalkyl, aryl, heteroaryl, cycloalkyl, het 
erocycloalkyl, aralkyl, heteroaralkyl, heterocycloalky 
lalkyl, cycloalkylalkyl, cycloalkoxyalkyl, heterocy 
cloalkoxyalkyl, aryloxyalkyl, heteroaryloxyalkyl, 
arylthioalkyl, heteroarylthioalkyl, cycloalkylthioalkyl, 
and a heterocycloalkylthioalkyl group Wherein the aryl 
or heteroaryl or cycloalkyl or heterocycloalkyl sub 
stituent is (i) unsubstituted or (ii) substituted With one 
or tWo radicals selected from the group consisting of a 
halo, alkyl, per?uoroalkyl, per?uoroalkoxy, per?uoro 
alkylthio, tri?uoromethylalkyl, amino, alkoxycarbony 
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lalkyl, alkoxy, C l-C2-alkylene-dioxy, hydroxycarbony 
lalkyl, hydroxycarbonylalkylamino, nitro, hydroxy, 
hydroxyalkyl, alkanoylamino, and a alkoxycarbonyl 
group, and R is other than alkyl or alkoxyalkyl When A 
is iOi or iSi; 

[0180] E is selected from the group consisting of 

[01811] (l)4CO(R19)i or i(R19)COi, Wherein 
R is a heterocycloalkyl, or a cycloalkyl group; 

[0182] (2) %ONHi or iHNCOi; and 

[0183] (3) %oi; 
[0184] (4) iSOZiRW- or iRlgisozi; 

[0185] (5) isozi; 
[0186] (6) iNHiSO2i or iSOZiNHi; or 

[01871] (7) E is absent and R is bonded directly to Y; 
an 

[0188] Y is absent or is selected from the group consisting 
of a hydrido, alkyl, alkoxy, haloalkyl, aryl, aralkyl, 
cycloalkyl, heteroaryl, hydroxy, aryloxy, aralkoxy, het 
eroaryloxy, heteroaralkyl, per?uoroalkoxy, per?uoroalky 
lthio, tri?uoromethylalkyl, alkenyl, heterocycloalkyl, 
cycloalkyl, tri?uoromethyl, alkoxycarbonyl, and a ami 
noalkyl group, Wherein the aryl or heteroaryl or heterocy 
cloalkyl group is (i) unsubstituted or (ii) substituted With one 
or tWo radicals independently selected from the group 
consisting of an alkanoyl, halo, nitro, aralkyl, aryl, alkoxy, 

and an amino group Wherein the amino nitrogen is unsubstituted or (ii) substituted With one or tWo groups 

independently selected from hydrido, alkyl, and an aralkyl 
group. 

[0189] The substituent -G-A-R-E-Y preferably contains 
tWo to four carbocyclic or heterocyclic rings, including the 
aryl or heteroaryl group, G. More preferably, each of those 
rings is 6-membered. Additional separate preferences for a 
compound of formula II include: (a) that A is iOi or 
iSi, (b) R is an aryl, heteroaryl, cycloalkyl or heterocy 
cloalkyl group, (c) E is absent, and (d) Y is selected from the 
group consisting of hydrido, an alkyl, alkoxy, per?uoro 
alkoxy and a per?uoroalkylthio group. 

[0190] A more preferred compound for use in a contem 
plated process has a structure that corresponds to formula 
III, beloW: 

(CHz)m (CHz)p 

[0191] Wherein R3 is a single-ringed aryl or heteroaryl 
group that is 5- or 6-membered, and is itself substituted 
at its oWn 4-position When a 6-membered ring and at its 
oWn 3- or 4-position When a 5-membered ring With a 
substituent selected from the group consisting of a 
thiophenoxy, 4-chloro-phenoxy, 3-chlorophenoxy, 
4-methoxyphenoxy, 3-benZodioXol-5-yloxy, 3,4-dim 
ethylphenoxy, 4-?uoro-phenoxy, 4-?uorothiophenoxy, 
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stituted With one or tWo radicals independently selected 
from the group consisting of Cl-C6-alkyl, ar-Cl-C6 
alkyl, C3-C8-cycloalkyl and a Cl-C6-alkanoyl group, 
hydroxyaminocarbonyl, an aminosulfonyl group 
Wherein the aminosulfonyl nitrogen is (i) unsubstituted 
or (ii) substituted With one or tWo radicals indepen 
dently selected from the group consisting of C1-C6 
alkyl, ar-Cl-C6-alkyl, C3-C8-cycloalkyl and a C1-C6 
alkanoyl group, an amino-Cl-C6-alkylsulfonyl group 
Wherein the amino-Cl-C6-alkylsulfonyl nitrogen is (i) 
unsubstituted or (ii) substituted With one or tWo radicals 
independently selected from the group consisting of 
Cl-C6-alkyl, ar-Cl-C6-alkyl, C3-C8-cycloalkyl and a 
C l-C6-alkanoyl group and an amino-Cl-C6-alkyl group 
Wherein the aminoalkyl nitrogen is (i) unsubstituted or 
(ii) substituted With one or tWo radicals independently 
selected from the group consisting of Cl-C6-alkyl, 
ar-Cl-C6-alkyl, C3-C8-cycloalkyl and a Cl-C6-alkanoyl 
group; 

[0202] R7 is selected from the group consisting of a 
benZyl, phenyl, Cl-C6-alkyl, C3-C6-alkynyl, C3-C6 
alkenyl and a Cl-C6-hydroxyalkyl group; 

[0203] R8 and R9 and R10 and R11 are independently 
selected from the group consisting of a hydrido, 
hydroxy, Cl-C6-alkyl, aryl, ar-Cl-C6-alkyl, heteroaryl, 
heteroar-Cl-C6-alkyl, C2-C6-alkynyl, C2-C6-alkenyl, 
thiol-Cl-C6-alkyl, C1-C6-alkylthio-Cl-C6-alkyl 
cycloalkyl, cycloalkyl-Cl-C6-alkyl, heterocycloalkyl 
Cl-C6-alkyl, Cl-C6-alkoXy-C1-C6-alkyl, aralkoxy-Cl 
C6-alkyl, C1-C6-alkoXy-Cl-C6-alkoXy-Cl-C6-alkyl, 
hydroXy-C l -C6-alkyl, hydroXycarbonyl-C l -C6-alkyl, 
hydroXycarbonylar-C 1 -C6-alkyl, aminocarbonyl-C 1 - 
C6-alkyl, aryloXy-Cl-C6-alkyl, heteroaryloXy-C1-C6 
alkyl, arylthio-Cl-C6-alkyl, heteroarylthio-Cl-C6 
alkyl, the sulfoxide or sulfone of any said thio 
substituents, per?uoro-Cl-C6-alkyl, tri?uoromethyl 
Cl-C6-alkyl, halo-Cl-C6-alkyl, alkoxycarbonylamino 
Cl-C6-alkyl and an amino-Cl-C6-alkyl group Wherein 
the aminoalkyl nitrogen is (i) unsubstituted or (ii) 
substituted With one or tWo radicals independently 
selected from the group consisting of Cl-C6-alkyl, 
ar-Cl-C6-alkyl, cycloalkyl and Cl-C6-alkanoyl, or 
Wherein R8 and R9 or R10 and R11 and the carbon to 
Which they are bonded form a carbonyl group, or 
Wherein R8 and R9 or R10 and R11, or R8 and R10 
together With the atoms to Which they are bonded form 
a 5- to 8-membered carbocyclic ring, or a 5- to 8-mem 
bered heterocyclic ring containing one or tWo heteroa 
toms that are nitrogen, oxygen, or sulfur, With the 
proviso that only one of R8 and R9 or R10 and R11 is 
hydroxy; 

[0204] R12 and R12‘ are independently selected from the 
group consisting of a hydrido, Cl-C6-alkyl, aryl, ar-Cl 
C6-alkyl, heteroaryl, heteroaralkyl, C2-C6-alkynyl, 
C2-C6-alkenyl, thiol-Cl-C6-alkyl, cycloalkyl, 
cycloalkyl-C 1 -C6-alkyl, heterocycloalkyl- lC6-alkyl, 
Cl-C6-alkoXy-C1-C6-alkyl, aryloxy-Cl-C6, alkyl, 
amino-Cl-C6-alkyl, Cl-C6-alkoxy-Cl-C6-alkoXy-Cl 
C6-alkyl, hydroXy-C1-C6-alkyl, hydroxycarbonyl-Cl 
C6-alkyl, hydroXycarbonylar-Cl-C6-alkyl, aminocar 
bonyl-Cl-C6-alkyl, aryloXy-Cl-C6-alkyl, 
heteroaryloxy-Cl-C6-alkyl, Cl-C6-alkylthio-Cl-C6 
alkyl, arylthio-Cl-C6-alkyl, heteroarylthio-Cl-C6 
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alkyl, the sulfoxide or sulfone of any said thio sub 
stituents, per?uoro-Cl-C6-alkyl, tri?uoromethyl-Cl 
C6-alkyl, halo-Cl-C6-alkyl, alkoxycarbonylamino-Cl 
C6-alkyl and an amino-Cl-C6-alkyl group Wherein the 
aminoalkyl nitrogen is (i) unsubstituted or (ii) substi 
tuted With one or tWo radicals independently selected 
from the group consisting of Cl-C6-alkyl, ar-Cl-C6 
alkyl, cycloalkyl and Cl-C6-alkanoyl; and 

[0205] R13 is selected from the group consisting of a 
hydrido, benZyl, phenyl, Cl-C6-alkyl, C2-C6-alkynyl, 
C2-C6-alkenyl and a C l-C6-hydroxyalkyl group. Again, 
the use of a compound of formula III as a pharmaceu 
tically acceptable salt is also contemplated. 

[0206] Preferences related to a compound of formula III 
that also apply to a compound of formula 11 include the 
folloWing, Which are independently preferred: (a) the sum of 
m+n+p=l or 2, and more preferably 2; (b) Z is O, S or NR6; 
(c) R6 is selected from the group consisting of C3-C6 
cycloalkyl, Cl-C6-alkyl, C3-C6-alkenyl, C3-C6-alkynyl, 
Cl-C6-alkoXy-C1-C6-alkyl, amino-Cl-C6-alkyl, aminosulfo 
nyl, heteroaryl-Cl-C6-alkyl, aryloxycarbonyl, and C1-C6 
alkoxycarbonyl; and (d) m=n=Zero, p=l, and Y is NR6. 
Another preference for a compound of both of formulas II 
and III is that R14 be hydrido, or that W of the C(W)Rl5 
pro-drug form be 0 and R15 be a Cl-C6-alkyl, aryl, C1-C6 
alkoxy, heteroaryl-Cl-C6-alkyl, C3-C8-cycloalkyl-Cl-C6 
alkyl, or aryloxy group. 

[0207] A still more preferred compound for use in a 
contemplated process corresponds in structure to formula 
IV, beloW: 

IV 

HO—HN 

so2 

[0208] Here, R3 is as de?ned above as to formulas I, III 
and more preferably as de?ned as to formula II (Wherein the 
R: radical is the substituent G-A-R-E-Y). Most preferably, 
R is as de?ned in formula III. 

[0209] Z is selected group the group consisting of O, S, 
NR6, so, so,, and NSO2R7, 

[0210] Wherein R6 is selected from the group consisting 
of hydrido, Cl-Cs-alkyl, Cl-Cs-alkanoyl, benZyl, ben 
Zoyl, C3-C5-alkynyl, C3-C5-alkenyl, Cl-C3-alkoXy-C1 
C4-alkyl, C3-C6-cycloalkyl, heteroaryl-Cl-C6-alkyl, 
Cl-Cs-hydroxyalkyl, Cl-Cs-carboxyalkyl, C1-C5 
alkoxy C l-Cs-alkylcarbonyl, and NR8R94Cl -C5 -alky 
lcarbonyl or NRsRgiCl-Cs-alkyl Wherein R8 and R9 
are independently hydrido, C l-C5 -alkyl, C l-Cs-alkoxy 
carbonyl or aryl-Cl-Cs-alkoxycarbonyl, or NRSR9 
together form a heterocyclic ring containing 5- to 
8-atoms in the ring; and 

[0211] R7 is selected from the group consisting of an 
arylalkyl, aryl, heteroaryl, heterocyclo, Cl-C6-alkyl, 
C3-C6-alkynyl, C3-C6-alkenyl, Cl-C6-carboxyalkyl 
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and a Cl-C6-hydroxyalkyl group. Most preferably, Z is 
O or NR6. Here too, the use of a compound of formula 
IV as a pharmaceutically acceptable salt is contem 
plated. 

[0212] A still more preferred group of contemplated com 
pounds for use in a contemplated process correspond in 
structure to formula V, beloW; 

[0213] Wherein 

[0214] Z is as previously de?ned for formula IV; 

[0215] W and Q are independently oxygen (0), NR6 or 
sulfur (S), and R6 is as de?ned in formula IV; and 

[0216] q is Zero or one such that When q is Zero, Q is 
absent and the tri?uoromethyl group is bonded directly 
to the depicted phenyl ring. Here again, the use of a 
compound of formula IV as a pharmaceutically accept 
able salt is contemplated. 

[0217] Particularly preferred compounds Within the group 
de?ned by formula V have the structural formulas shoWn 
below: 

0 
o 

Q CF HO/ s s/ 3 

O o//\\o 
o 

0 

$21; r; HO/ s C113 

0 o//\\o 
O o o 

\\// 
HO\N s c1:3 

H 

o 
N 2 HCl 

I \ 

N / 
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-continued 
0 o o 

\\s// c1:3 

O U o 

O o o 

\\s// SCF3 

fl 0 o 

O o o 

\\s// c1:3 

fl U o 

N 
HCl 

A 
[0218] Also particularly preferred are the following com 
pounds: 

0 o o 

HOHN Q Q 
S 

l 

S 

HC N 

\ACH 
O 

o\\S//o 
I) Q S 

CH3SO3H 

NACH 

[0219] Several particularly preferred compounds Whose 
structures correspond to formulas I through V are illustrated 
in the Tables and examples provided hereinafter. 

[0220] As Was noted before, the compounds of formulas 
II, III, IV and V, and their pharmaceutically acceptable salts 
are themselves contemplated compounds of the invention. 

[0221] In preferred practice, an SO2-linked R3 radical is an 
aryl or heteroaryl group that is a 5- or 6-membered single 
ring that is itself substituted With one other single-ringed 
aryl or heteroaryl group or, With an alkyl or alkoxy group 
having a chain length of 3 to about 16 carbon atoms (and 
more preferably a length of up to about 14 carbon atoms), a 
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phenoxy group, a thiophenoxy [C6H5iSi] group, a phe 
nylaZo [C6H5iN2i] group, a N-piperidyl [C5HlON-] 
group, a N-piperaZyl [NC4HgNi) group or a benZamido 
[iNHC(O)C6H5] group. The SO2-linked single-ringed aryl 
or heteroaryl R3 group here is substituted at its oWn 4-po 
sition When a 6-membered ring and at its oWn 3- or 4-po 
sition When a 5-membered ring. 

[0222] The SO2-linked aryl or heteroaryl group of a R3 
radical is preferably itself substituted at the 4-position When 
a 6-membered ring or the 3- or 4-position When a 5-mem 
bered ring. A particularly preferred substituent is a single 
ringed aryl or heteroaryl, phenoxy, thiophenoxy, phenylaZo, 
N-piperidyl, N-piperaZyl or benZamido group that is unsub 
stituted or can itself be substituted. 

[0223] The 4- and 3-positions of rings discussed here are 
numbered from the sites of substituent bonding as compared 
to formalized ring numbering positions used in heteroaryl 
nomenclature, as is discussed further hereinbeloW. Here, 
single atoms such as halogen moieties (?uoro, chloro, 
bromo, or iodo) or substituents that contain one to a chain 
length of about ?ve atoms other than hydrogen such as 
phenyl, Cl-C4 alkyl, tri?uoromethyl, tri?uoromethoxy, trif 
luorothiomethyl or carboxyethyl groups are preferred, 
although longer substituents can be accommodated up to a 
total length of an icosyl group. 

[0224] Exemplary particularly preferred substituted SO2 
linked R3 radicals include 4-(phenyl)phenyl [biphenyl], 
4-(4'-methoxyphenyl)-phenyl, 4-(phenoxy)phenyl, 
4-(thiophenyl)phenyl [4-(phenylthio)phenyl], 4-(aZophe 
nyl)phenyl, 4-[(4'-tri?uoromethylthio)phenoxy]phenyl, 
4-[(4'-tri?uoromethylthio)thiophenyl]phenyl, 4-[(4'-tri?uo 
romethyl)phenoxy]phenyl, 4-[(4'-tri?uoromethyl)thiophe 
nyl]phenyl, 4-[(4'-tri?uoromethoxy)phenoxy]phenyl, 4-[(4' 
tri?uoromethoxy)thiophenyl]phenyl, 4-[(4'-phenyl)N 
piperidyl]phenyl, 4-[(4'-acetyl)N-piperaZyl]phenyl and 
4-(benZamido)phenyl. 
[0225] Inasmuch as a contemplated SO2-linked aryl or 
heteroaryl radical of an R3 group is itself preferably substi 
tuted With a 6-membered ring, tWo nomenclature systems 
are used together herein for ease in understanding substitu 
ent positions. The ?rst system uses position numbers for the 
ring directly bonded to the SO2-group, Whereas the second 
system uses ortho, meta or para for the position of one or 
more substituents of a 6-membered ring bonded to a SO2 
linked aryl or heteroaryl radical. Although ortho, meta and 
para positional nomenclature is normally not used With 
aliphatic ring systems, it is believed more readily understood 
for describing the present compounds When used in con 
junction With the numerical system for the ?rst ring bonded 
to the SO2-group. When a R3 radical is other than a 6-mem 
bered ring, substituent positions are numbered from the 
position of linkage to the aromatic or heteroaromatic ring. 
Formal chemical nomenclature is used in naming particular 
compounds. 
[0226] Thus, the l-position of an above-discussed SO2 
linked aryl or heteroaryl group is the position at Which the 
SOZ-group is bonded to the ring. The 4- and 3-positions of 
rings discussed here are numbered from the sites of sub 
stituent bonding from the SOZ-linkage as compared to 
formaliZed ring numbering positions used in heteroaryl 
nomenclature. 

[0227] When examined along its longest chain of atoms, 
an R3 radical including its oWn substituent has a total length 



US 2006/0084688 A1 

that is greater than a saturated chain of ?ve carbon atoms (a 
pentyl group), and preferably has a length greater than that 
of a saturated chain of six carbon atoms (a hexyl group); i.e., 
a length of about a heptyl chain or longer. An R3 radical also 
has a length that is less than that of a saturated chain of about 
20 carbon atoms [an icosyl group (icosyl Was formerly 
spelled eicosyl)] and more preferably about 18 carbon atoms 
(a stearyl group). Most preferably, the length of R3 is about 
that of an 8 to about 12 carbon atom chain, even though 
many more atoms may be present in ring structures or 
substituents. This length requirement is discussed further 
beloW. 

[0228] Looked at more generally, and aside from speci?c 
moieties from Which it is constructed, an R3 radical (group 
or moiety) has a length that is greater than that of a pentyl 
group. Such an R3 radical also has a length that is less than 
that of an icosyl (didecyl) group. That is to say that R3 is a 
radical having a minimal length longer that a saturated ?ve 
carbon chain, and preferably greater than a hexyl group, but 
is shorter than the length of a saturated tWenty carbon atom 
chain, and preferably shorter than an eighteen carbon chain. 
Most preferably, R3 has a length greater than that of an octyl 
group and less than that of a lauryl group. 

[0229] More speci?cally, an R3 group has a minimal 
length of a hexyl group only When that substituent is 
comprised of tWo rings that can be fused or simply 
covalently linked together by exocyclic bonding. When R3 
does not contain tWo linked or fused rings, e.g., Where a R3 
radical includes an alkyl or second, third or fourth ring 
sub stituent, R3 has a length that is greater than that of a hexyl 
group. Exemplary of such tWo ring R3 groups are a 2-naph 
thyl group or a 2-quinolinyl group (each With a six carbon 
chain length) and 8-purinyl (With a ?ve carbon atom chain 
length). Without Wishing to be bound by theory, it is 
believed that the presence of multiple rings in R3 enhances 
selectivity of the enZyme activity inhibitor pro?le. 

[0230] The radical chain lengths are measured along the 
longest linear atom chain in the radical, folloWing the 
skeletal atoms around a ring Where necessary. Each atom in 
the chain, e.g. carbon, oxygen, sulfur or nitrogen, is pre 
sumed to be carbon for ease in calculation. 

[0231] Such lengths can be readily determined by using 
published bond angles, bond lengths and atomic radii, as 
needed, to draW and measure a desired, usually staggered, 
chain, or by building models using commercially available 
kits Whose bond angles, lengths and atomic radii are in 
accord With accepted, published values. Radical (substitu 
ent) lengths can also be determined someWhat less exactly 
by assuming that all atoms have bond lengths saturated 
carbon, that unsaturated bonds have the same lengths as 
saturated bonds and that bond angles for unsaturated bonds 
are the same as those for saturated bonds, although the 
above-mentioned modes of measurement are preferred. For 
example, a phenyl or pyridyl group has a length of a four 
carbon chain, as does a propoxy group, Whereas a biphenyl 
group has a length of about an eight carbon chain using such 
a measurement mode. 

[0232] In addition, a R3 group When rotated about an axis 
draWn through the SOZ-bonded l-position and the 4-position 
of a 6-membered ring or the SO2-bonded position and 
substituent-bonded 3- or 4-position of a 5-membered ring 
de?nes a three-dimensional volume Whose Widest dimen 
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sion has the Width of about one furanyl ring to about tWo 
phenyl rings in a direction transverse to that axis to rotation. 

[0233] Thus, a 2-naphthyl substituent or an 8-purinyl 
substituent is an appropriately siZed R3 group When exam 
ined using the above rotational Width criterion as Well as the 
before-discussed criterion. On the other hand, a l-naphthyl 
group or a 7- or 9-purinyl group is too Wide upon rotation 

and is excluded from being an R3 group. 

[0234] As a consequence of these length and Width 
requirements, R3 radicals such as 4-(phenyl)phenyl [biphe 
nyl], 4-(4'-methoxyphenyl)-phenyl, 4-(phenoxy)phenyl, 
4-(thiophenyl)phenyl [4-(phenylthio)phenyl], 4-(aZophe 
nyl)phenyl, 4-[(4'-tri?uoromethylthio)phenoxy]phenyl, 
4-[(4'-tri?uoromethylthio)thiophenyl]phenyl, 4-[(4'-tri?uo 
romethyl)phenoxy]phenyl, 4-[(4'-tri?uoromethyl)thiophe 
nyl]phenyl, 4-[(4'-tri?uoromethoxy)phenoxy]phenyl, 4-[(4' 
tri?uoromethoxy)thiophenyl]phenyl, 4-[(4'-phenyl)N 
piperidyl]phenyl, 4-[(4'-acetyl)N-piperaZyl]phenyl and 
4-(benZamido)phenyl are particularly preferred R3 radicals. 
Those substituents can themselves also be substituted in the 
second ring from the S02 group at the meta- or para-position 
or both With a single atom or a substituent containing a 

longest chain length that is preferably of up to ?ve atoms, 
excluding hydrogen. 

[0235] Without Wishing to be bound by theory, the length 
of a R3 radical substituent bonded to the S02 group is 
believed to play a role in the overall activity of a contem 
plated inhibitor compound against MMP enZymes generally. 
The length of the R3 radical group also appears to play a role 
in the selective activity of an inhibitor compound against 
particular MMP enZymes. 

[0236] In particularly preferred practice, R3 is a PhR23 
group, wherein Ph is phenyl. The phenyl ring (Ph) of a 
PhR group is substituted at its para-position (4-position) by 
an R23 group that can be another single-ringed aryl or 
heteroaryl group, a piperidyl group, a piperaZinyl group, a 
phenoxy group, a thiophenoxy [C6H5iSi] group, a phe 
nylaZo [C6H5iN2i] group or a benZamido 
[iNHC(O)C6H5] group. 

[0237] In one embodiment of a particularly preferred 
aromatic sulfone hydroxamate inhibitor compound, an R23 
substituent is phenoxy and is itself substituted at its oWn 
para-position With a moiety that is selected from the group 
consisting of a halogen, a C l-C4 alkoxy group, a C l-C4 alkyl 
group, a dimethylamino group, a carboxyl Cl-C3 alkylene 
group, a Cl-C4 alkoxy carbonyl Cl-C3 alkylene group, a 
tri?uoromethylthio group, a tri?uoromethoxy group, a trif 
luoromethyl group and a carboxamido Cl-C3 alkylene 
group, or is substituted at the meta- and para-positions by a 
methylenedioxy group. It is to be understood that any R23 
substituent can be substituted With a moiety from the above 
list. Such substitution at the para-position is preferred. 

[0238] The present invention also contemplates an inter 
mediate compound that is useful in preparing a compound of 
formulas I-V. Such an intermediate compound corresponds 
in structure to formula VI, beloW: 
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X Y 

O 

[0239] wherein g is Zero, 1 or 2; 

[0240] R20 is (a) 4OiR21, Where R21 is selected from 
the group consisting of a hydrido, Cl-C6-alkyl, aryl, 
ar-Cl-C6-alkyl group and a pharmaceutically accept 
able cation, or (b) iNHiOiRZZ Wherein R22 is a 
selectively removable protecting group such as a 2-tet 
rahydropyranyl, Cl-C6-acyl, aroyl, benZyl, p-methoxy 
benZyl (MOZ) carbonyl-Cl-C6-alkoxy, trisubstituted 
silyl group or o-nitrophenyl group, peptide systhesis 
resin and the like, Wherein trisubstituted silyl group is 
substituted With Cl-C6-alkyl, aryl, or ar-Cl-C6-alkyl; 

[0241] m is Zero, 1 or 2; 

[0242] n is Zero, 1 or 2; 

[0243] p is Zero, 1 or 2; 

[0244] the sum of m+n+p=l, 2, 3 or 4; 

[0245] (a) one of X, Y and Z is selected from the group 
consisting of C(O), NR6, O, S, S(O), S(O)2 and 
NS(O)2R7, and the remaining tWo of X, Y and Z are 
CR8R9, and CRIORU, or 

[0246] (b) X and Z or Z and Y together constitute a 
moiety that is selected from the group consisting of 
NR66C(O), NR6S(O), NR6S(O)2, NR6S, NR6O, SS, 
NR NR6 and OC(O), With the remaining one of X, Y 
and Z being CR8R9, or 

[0247] (c) n is Zero and X, Y and Z together constitute 
a moiety selected from the group consisting of 
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-continued 
0 O O 

R6 i i R6 R6 i 
\Ig 0, g g/ \Ig S, 

R12 R12’ R12 R12’ R12 R12’ 

RKNX, SXN/RE, OX0 
2 s5 2 2 a 

R6\N)\N and NAN/R6; 
E 5 2 E 

[0248] Wherein Wavy lines are bonds to the atoms of the 
depicted ring; 

[0249] R6 and R6‘ are independently selected from the 
group consisting of hydrido, Cl-C6-alkanoyl, C6-aryl 
Cl-C6-alkyl, aroyl, bis(Cl-C6-alkoxy-Cl-C6-alkyl)-Cl 
C6-alkyl, Cl-C6-alkyl, Cl-C6-haloalkyl, Cl-C6-per 
?uoroalkyl, C 1 -C6-tri?uoromethylalkyl, C 1 -C6 
per?uoroalkoxy-Cl-C6-alkyl, Cl-C6-alkoxy-Cl-C6 
alkyl, C3-C6-cycloalkyl, C3-C8-heterocycloalkyl, 
C3-C8-heterocycloalkylcarbonyl, C6-aryl, C5-C6-het 
erocyclo, C5-C6-heteroaryl, C3-C8-cycloalkyl-Cl-C6 
alkyl, C6-aryloXy-C1-C6-alkyl, heteroaryloXy-C1-C6 
alkyl, heteroaryl-C 1 -C6-alkoXy-C 1 -C6-alkyl, 
heteroarylthio-Cl-C6-alkyl, C6-arylsulfonyl, C1-C6 
alkylsulfonyl, C5-C6-heteroarylsulfonyl, carboXy-Cl 
C6-alkyl, Cl-C4-alkoxycarbonyl-Cl-C6-alkyl, ami 
nocarbonyl, Cl-C6-alkyliminocarbonyl, 
C6-aryliminocarbonyl, C5-C6-heterocycloiminocarbo 
nyl, C6-arylthio-Cl-C6-alkyl, Cl-C6-alkylthio-Cl-C6 
alkyl, C6-arylthio-C3-C6-alkenyl, Cl-C4-alkylthio-C3 
C6-alkenyl, C5-C6-heteroaryl-Cl-C6-alkyl, halo-C1 
C6-alkanoyl, hydroXy-C1-C6-alkanoyl, thiol-Cl-C6 
alkanoyl, C3-C6-alkenyl, C3-C6-alkynyl, C1-C4 
alkoXy-C 1 -C4-alkyl, C 1 -C5 -alkoxycarbonyl, 
aryloxycarbonyl, NR8R94C 1 -C5 -alkylcarbonyl, 
hydroxy-Cl-Cs-alkyl, an aminocarbonyl Wherein the 
aminocarbonyl nitrogen is (i) unsubstituted or (ii) sub 
stituted With one or tWo radicals independently selected 

from the group consisting of Cl-C6-alkyl, ar-Cl-C6 
alkyl, C3-C8-cycloalkyl and a Cl-C6-alkanoyl group, 
hydroxyaminocarbonyl, an aminosulfonyl group 
Wherein the aminosulfonyl nitrogen is (i) unsubstituted 
or (ii) substituted With one or tWo radicals indepen 
dently selected from the group consisting of C1-C6 
alkyl, ar-Cl-C6-alkyl, C3-C8-cycloalkyl and a C1-C6 
alkanoyl group, an amino-Cl-C6-alkylsulfonyl group 
Wherein the amino-Cl-C6-alkylsulfonyl nitrogen is (i) 
unsubstituted or (ii) substituted With one or tWo radicals 

independently selected from the group consisting of 
Cl-C6-alkyl, ar-Cl-C6-alkyl, C3-C8-cycloalkyl and a 
C l-C6-alkanoyl group and an amino-Cl-C6-alkyl group 
Wherein the aminoalkyl nitrogen is (i) unsubstituted or 
(ii) substituted With one or tWo radicals independently 
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selected from the group consisting of Cl-C6-alkyl, 
ar-Cl-C6-alkyl, C3-C8-cycloalkyl and a Cl-C6-alkanoyl 
group; 

[0250] R7 is selected from the group consisting of a 
benZyl, phenyl, Cl-C6-alkyl, C3-C6-alkynyl, c3-C6-alk 
enyl and a Cl-C6-hydroxyalkyl group; 

[0251] R8 and R9 and R10 and R11 are independently 
selected from the group consisting of a hydrido, 
hydroxy, Cl-C6-alkyl, aryl, ar-Cl-C6-alkyl, heteroaryl, 
heteroar-Cl-C6-alkyl, C2-C6-alkynyl, C2-C6-alkenyl, 
thiol-Cl-C6-alkyl, C1-C6-alkylthio-Cl-C6-alkyl 
cycloalkyl, cycloalkyl-Cl-C6-alkyl, heterocycloalkyl 
Cl-C6-alkyl, Cl-C6-alkoxy-Cl-C6-alkyl, aralkoxy-Cl 
C6-alkyl, C1-C6-alkoxy-Cl-C6-alkoxy-Cl-C6-alkyl, 
hydroxy-C l -C6-alkyl, hydroxycarbonyl-C l -C6-alkyl, 
hydroxycarbonylar-C 1 -C6-alkyl, aminocarbonyl-C 1 - 
C6-alkyl, aryloxy-Cl-C6-alkyl, heteroaryloxy-Cl-C6 
alkyl, arylthio-Cl-C6-alkyl, heteroarylthio-Cl-C6 
alkyl, the sulfoxide or sulfone of any said thio 
substituents, per?uoro-Cl-C6-alkyl, tri?uoromethyl 
Cl-C6-alkyl, halo-Cl-C6-alkyl, alkoxycarbonylamino 
Cl-C6-alkyl and an amino-Cl-C6-alkyl group Wherein 
the aminoalkyl nitrogen is (i) unsubstituted or (ii) 
substituted With one or tWo radicals independently 
selected from the group consisting of Cl-C6-alkyl, 
ar-Cl-C6-alkyl, cycloalkyl and Cl-C6-alkanoyl, or 
Wherein R8 and R9 or R10 and R11 and the carbon to 
Which they are bonded form a carbonyl group, or 
Wherein R8 and R9 or R10 and R11, or R8 and R10 
together With the atoms to Which they are bonded form 
a 5- to 8-membered carbocyclic ring, or a 5- to 8-mem 
bered heterocyclic ring containing one or tWo heteroa 
toms that are nitrogen, oxygen, or sulfur, With the 
proviso that only one of R8 and R9 or R10 and R11 is 
hydroxy; 

[0252] R12 and R12‘ are independently selected from the 
group consisting of a hydrido, Cl-C6-alkyl, aryl, ar-Cl 
C6-alkyl, heteroaryl, heteroaralkyl, C2-C6-alkynyl, 
C2-C6-alkenyl, thiol-Cl-C6-alkyl, cycloalkyl, 
cycloalkyl-C l -C6-alkyl, heterocycloalkyl-C l -C6-alkyl, 
Cl-C6-alkoxy-Cl-C6-alkyl, aryloxy-Cl-C6-alkyl, 
amino-Cl-C6-alkyl, Cl-C6-alkoxy-Cl-C6-alkoxy-Cl 
C6-alkyl, hydroxy-Cl-C6-alkyl, hydroxycarbonyl-Cl 
C6-alkyl, hydroxycarbonylar-Cl-C6-alkyl, aminocar 
bonyl-Cl-C6-alkyl, aryloxy-Cl-C6-alkyl, 
heteroaryloxy-Cl-C6-alkyl, Cl-C6-alkylthio-Cl-C6 
alkyl, arylthio-Cl-C6-alkyl, heteroarylthio-Cl-C6 
alkyl, the sulfoxide or sulfone of any said thio sub 
stituents, per?uoro-Cl-C6-alkyl, tri?uoromethyl-Cl 
C6-alkyl, halo-Cl-C6-alkyl, alkoxycarbonylamino-Cl 
C6-alkyl and an amino-Cl-C6-alkyl group Wherein the 
aminoalkyl nitrogen is (i) unsubstituted or (ii) substi 
tuted With one or tWo radicals independently selected 
from the group consisting of Cl-C6-alkyl, ar-Cl-C6 
alkyl, cycloalkyl and Cl-C6-alkanoyl; 

[0253] R13 is selected from the group consisting of a 
hydrido, benZyl, phenyl, Cl-C6-alkyl, C2-C6-alkynyl, 
C2-C6-alkenyl and a Cl-C6-hydroxyalkyl group; and 

[0254] R24 is R3 as de?ned in formulas I, III, IV or is the 
substituent G-A-R-E-Y of formula II (formula VIA). 
Alternatively, R24 is R3 , an aryl or heteroaryl group that 
is substituted With a coupling substituent reactive for 
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coupling With another moiety (formula VIB), such as a 
nucleophilically displaceable leaving group, D. 

[0255] Exemplary nucleophilically displaceable leaving 
groups, D, include a halo (?uoro, chloro, bromo, or idodo) 
nitro, aZido, phenylsulfoxido, aryloxy, Cl-C6-alkoxy, a 
Cl-C6-alkylsulfonate or arylsulfonate group and a trisubsti 
tuted ammonium group in Which the three substituents are 
independently aryl, ar-Cl-C6-alkyl or Cl-C6-alkyl. Addi 
tional coupling substituents include, Without limitation, a 
hydroxyl group and an amino group that can be coupled With 
carbonyl-containing moieties to form esters, urethanes, car 
bonates, amides and ureas. Similarly, a carboxyl coupling 
substituent can be used to form an ester, thioester or amide. 
Thus, a coupling substituent is useful in converting a cou 
pling substituent-containing aryl or heteroaryl group into a 
substituent such as a G-A-R-E-Y substituent discussed here 
inabove by the formation of a covalent bond. 

[0256] A compound of formula VI can be coupled With 
another moiety at the R3‘ coupling substituent to form a 
compound Whose neWly formed R3 group is that of formulas 
I, III, IV or -G-A-R-E-Y. Exemplary of such couplings are 
the nucleophilic displacement to form ethers and thioethers, 
as Well as the formation of ester, amide, urea, carbonate, 
urethane and the like linkages. 

[0257] A particularly preferred precursor intermediate to 
an intermediate compound of formula VI is an intermediate 
compound of formula VII, beloW 

[0258] Wherein m, n, p, g, X, Z, Y, D and R20 are as 
de?ned above for formula VI. 

[0259] R20 is preferably iNH4OiR22, Wherein R22 is a 
selectively removable protecting group such as a 2-tetrahy 
dropyranyl, Cl-C6-acyl, aroyl, benZyl, p-methoxybenZyl 
































































































































































































































































































































































































































































































































































































































































































































































