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ALKENYL- AND ALKYNYL-CbNTAINING METALLOPROTEASE INHIBITORS

TECHNICAL FIELD

This invention is directed to compounds which are useful in treating diseases
associated with metalloprotease activity, particularly zinc metalloprotease activity. The
invention is also directed to pharmaceutical compositions comprising the compounds, and
to. methods of treating metalloprotease-related maladies using the compounds or the
pharmaceutical compositions..

BACKGROUND

A .number of structurally related metalloproteases effect the breakdown of
structural proteins. These metalloproteases often act on the intercellular matrix, and thus -
are involved in tissue breakdown and remodeling. Such protems are referred to as
metalloproteases or MPs.

There are several different families of MPs, classified by sequence homology,.
disclosed in.the art. These MPs include Matrix-Metallo Proteases (MMPs); zinc -
metalloproteases; many of the membrane bound metalloproteases; TNF converting.
enzymes; angiotensin-converting enzymes (ACEs); disintegrins, including ADAMs (see
Wolfsberg et al, 131 J_Cell Bio. 275-78 October, 1995), and the enkephalinases.
Examples of MPs include human skin txbroblast collagenase, human skin fibroblast .
gelatinase, human sputum collagenase, aggrecanse and gelatinase, and human stromelysin.
Collagenases, stromelysin, aggrecanase and related enzymes are thought to be important in
mediating the symptomatology of a number of diseases. _

Potential therapeutic indications of MP inhibitors have been discussed in the !
literature. See, for example, U.S. Patents 5.506.242 (Ciba Geigy Corp.) and 5,403,952
(Merck & Co.); the following PCT pubhished applications: WO 96/06074 (British Bio
Tech Ltd.); WO 96/00214 (Ciba Geigy). WO 95/35275 (British Bio Tech Ltd.), WO
95/35276 (British Bio Tech Ltd.), WO 95 33731 (Hoffman-LaRoche), WO 95/33709
(Hoffman-LaRoche), WO 95/32944 (British Bio Tech Ltd.), WO 95/26989 (Merck), WO
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9529892 (DuPont Merck), WO 95/24921 (Inst. Opthamology), WO 95/23790 (SmithKline
Beecham), WO 95/22966 (Sanofi Winthrop), WO 95/19965 (Glycomed), WO 95 19956
(British Bio Tech Ltd), WO 95/19957 (British Bio Tech Ltd.), WO 95/19961 (British Bio
Tech Ltd.), WO 95/13289 (Chiroscience Ltd.), WO 95/12603 (Syntex), WO 95/09633
(Florida State Univ.), WO 95/09620 (Florida State Univ.), WO 95/04033 (Celltech), WO
94/25434 (Celltech), WO 94/25435 (Celltech); WO 93/14112 (Merck), WO 94/0019

- (Glaxo), WO 93/21942 (British Bio Tech Ltd.), WO 92/22523 (Res. Corp. Tech Inc.), WO

94/10990 (British Bio Tech Ltd), WO 93/09090 (Yamanouchi); British patents GB
2282598 (Merck) and GB 2268934 (British Bio Tech Ltd.); published European Patent
Applications EP 95/684240 (Hoffman LaRoche), EP 574758 (Hoffman LaRoche) and EP
575844 (Hoffman LaRoche), pubhshed Japanese apphcahons JP 08053403 (Fujusowa

* Pharm. Co Lid.) and JP 7304770 (Kanebo Ltd.); and Bird et al J. Med. Chem. vol 37 pp

158-69 Q 994)
Examples of potentlal therapeutlc uses of MP inhibitors include rheumatoxd

 arthritis - Mullins, D. E etal E_l_um,_ﬁmhl_‘_AgL (1983) 695: 117-214; osteoarthntls

- Henderson, B., et al,, Drugs of the Future (1990) 15 :495-508; cancer - Yu, A. E. et al.,

Matnx Metallaprotemases - Novel Targets for Directed Cancer Therapy, Drugs & Aging,
Vol 11(3), p. 229-244 (Sept. 1997), Chambers, AF. and Matrisian, LM., Review:
Changmg Views of the Role of Matrix Metalloprotemases in Metastasis, J._of the Nat’l
Can, g Inst, Vol. 89(17), p. . 1260-1270 (Sept. 1997), Bramhall, SR., The Matrix

_ _Metallopmtemases and Iﬁezr Inhibitors in Pancreatic Cancer, Internat’l J. of
Mglggx, Vol. 4, P 1101- 1109 (May 1998), Nemunams,.l et al., Combined Analysis
of Studies of the Effects of the Matrix Metalloproteinase Inhibitor Marimastat on Serum

Tumor Markers in Advanced Cancer: Selection of a Biologically Active and Tolerable
Dose for Longer-term Studies, Clin. Cancer Res. Vol 4, p. 1101-1109 (May 1998), and

Rasmussen, H.S. and McCann, P.P, Matrix Met_all_qprateinasé Inhibition as a Novel

Anticancer Strategy: A Review with Special Focus on Bdtimastat and Marimastat,
Pharmacel. Ther., Vol 75(1) p. 69-75 (1997); the mctastasm of tumor cells - ibid,
Broadhurst, M. J., et al., Eurapean Patent Application 276 436 (pubhshed 1987) Reich, R,
et al., Cancer Res., Vol. 48, p. 3307-3312 (1988); _mu_ltlple sclerosis - Gijbels et al., J. Clin,
Invest., vol. 94, p. 2177-2182 (1994); and various ulcerations or. ulceraﬁvé conditions of

tissue. For example, ulceratlve conditions can result in the comea as the result of alkali

‘bums or as a result of infection by Pseudomonas aerugmosa Acanthamoeba, Herpes

simplex and vaccinia viruses. Other examples of condltmns characterized by undesired

metalloprotease activity include periodontal disease, epidermolysis bullosa, fever,
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inflammation and scleritis (e.g., DeCicco et al., PCT published application WO 95/29892,
published November 9, 1995).

In view of the involvement of such metalloproteases in a number of disease.
conditions; attempts have been made to prepare inhibitors to these enzymes. A number of
such inhibitors are disclosed in the literature. Examples include U.S. Patent No. 5,183,900,
issued February 2, 1993 to Galardy; U.S. Patent No. 4,996,358, issued February 26, 1991 to
Handa et al.; U.S. Patent No. 4,771,038, issued September 13, 1988 to Wolanin ct al.; U.S.
Patent No. 4,743,587, issued May 10, 1988 to Dickens et al., European Patent Publication
No. 575,844, published December 29, 1993 by Broadhurst et al.; International Patent
Publication No. WO 93/09090, published May 13, 1993 by Isomura et al.; World Patent.
Publication 92/17460, published October 15, 1992 by Markwell et al.; and European Patent
Publication No. 498,665, published August 12, 1992 by Beckett et al.’

It would be advantageous to inhibit these metalloproteases in treating discases -
related to unwanted metalloprotease activity. Though a variety of MP inhibitors have been
prepared, there is a continuing need for potent matrix metalloprotease inhibitors useful in -
treating diseases associated with metalloprotease activity.

SUMMARY OF THE INVENTION

The invention prov;ides compounds which are potent inhibitors of metalloproteases :
and which are effective in treating conditions characterized by excess acﬁvity of these -
enzymes. In particular, the present invention relates to compounds having a structure
according to the fol]owmg Formula (I):

/ \\0 w
X N\ 2
R? R
CRRD}-A—
rR? )I;_A G 0))

wherein
(A) Xisselected from -OH and -NHOH;
(B) W is selected from -S-, -O-, -N(R®)-, -CR®)=C(R™)-, -N=C(R*)-, and
-N=N-, where R* and R* each is independently selected from hydrogen,

alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl, cycloalkyl, and
heterocycloalkyl;
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(©) R'is -(CR°R®);R* where I is from O to about 4; each R® and R’ is
independently selected from hydrogen, alkyl, alkenyl, -alkynyl, aryl,
‘ heteroalkyl, heteroaryl, cycloalkyl, heterocycloalkyl, -halogen, haloalkyl,
_ hydroxy, and alkoxy; and R* is selected from hydrogen, hydroxyl, alkoxy,
alkyl, alkenyl alkynyl, heteroalkyl haloalkyl cycloalkyl heterocycloalkyl
aryl, heteroaryl, and halogen;
" (D) R?*is (CR'R"),-R® where m is from 0 to about 4; each R’ and R” is
independently selected from hydrogen,. alkyl, alkenyl, -alkynyl, aryl,
_ heteroalkyl, heteroaryl, cycloalk)ﬂ, heterocycloalkyl, “halogen, haloalkyl,
* hydroxy, and:'al'koxy; and R is selected from hy&ogm alkyl,' alkenyl,
 alkynyl, heteroalkyl, haloalkyl, aryl, heteroaryl, cycloalkyl, and
heterocycloalicyl; ' - '
. () - R is (CRR"), R’ where n is from 0 to about 4; each R® and R¥ is
- ihdependently selected from hydrogen, alkyl, alkenyl, alkynyl, aryl, -
heteroalkyl, ' heteroary], cycloalkyl, heterocycloalkyl, halogen,: haloalkyl,”
hydroxy, and alkoxy; and R’ is selected from hydrogen, hydroxyl, alkoxy,
alkyl, alkenyl, alkynyl, aryloxy, heteroalkyl heteroaryloxy, haloalkyl,
‘ cycloalkyl heterocycloalkyl aryl, heteroaryl, and halogen; |

('F)'. 4 is (CR“’R“'), A’ (CR“’"R‘“'”) R where A’ is selected from a covalent
bond, -O-, -S- and SO,, z is from 0 to about 4 o is from 0 to about 4; each
R'° R, R and R'" is independently sclected from hydrogen, alkyl,
alkeny), alkynyl, aryl, heteroalkyl, heteroaryl, cycloalkyl, heterocycloalkyl,
halogen, haloalkyl, hydroxy, and alkoxy; and R" is selected from hydrogen,
alkyl, alkenyl, alkynyl, heteroalkyl, haloalkyl, cycloalkyl, heterocycloalky,
aryl, heteroaryl, and halogen;

(G) each R’ and RY is independently selected from hydrogen, alkyl, alkenyl, .
alkynyl, aryl, heteroalkyl, heteroaryl, cycloalkyl, heterocycloalkyl, halogen,
haloalkyl, hydroxy, and alkoxy; and kis from O to about 4;

(H) A is selected from

_ _ RIZ'
AN c= -C/ AN c=c"

R '\Ru" R'? \\ and —CEC—
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- where R™ and R each is independently selected from hydrogen, alkyl,

alkenyl, alkynyl, haloalkyl, aryl, heteroalkyl, heteroaryl, heterocycloalkyl,

@

- cycloalkyl, halogen, and ~CONR¥R" where
(D)

R® and R™ each is independently selected from hydrogen, alkyl,
alkenyl, alkynyl, heteroalkyl, aryl, and heteroaryl, or

R" and R, together with the nitrogen atom to which they are bonded,
join to form an optionally substituted heterocyclic ring containing from
5 to 8 ring atoms of which from 1 to 3 are Heteroatoms;

G is selected from

(D
@

3)

@

)

hydrogen;

-(CR“R™),-R"” where p is from O to about 4; cach R™ and R is
independently selected from hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroalkyl, heteroaryl, cycloalkyl, heterocycloalkyl, halogen,
haloalkyl, hydroxy, and alkoxy; and R is selected from hydrogen,
alkyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl, arylalkyl, and
heteroarylalkyl; '
-(CR'R'),-Y-(CR"R'"),-R"* where g is from 1 to about 4 and r is

~ from 0 to about 4; each R', R', R", and R' is independently selected

from hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaliqu, heteroaryl,
cycloalkyl, heterocycloalkyl, halogen, haloalkyl, hydroxy, and alkoxy;
Y is selected from -O- and -S-; and R is selected from hydrogen,
hydroxyl, alkoxy, alkyl, heteroalkyl, haloalkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl; provided that when r=0, R® is
not hydroxyl or alkoxy; i
-CONR*R*" where (a) R*” and R*" each is independently selected from

- hydrogen, alkyl, alkenyl, alkynyl, heteroalkyl, haloalkyl, aryl,

heteroaryl, cycloalkyl, and heterocycloalkyl; or (b) R* and R¥,
together with the nitrogen atom to which they are bonded, join to form
an optionally substituted heterocyclic nng containing from 5 to 8 ring
atoms of which from 1 to 3 are heteroatoms; and

~(CR¥R"),-NR*R? where s is from 1 to about 4; each R® and R" is
independently selected from hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroalkyl, heteroaryl, cycloalkyl, heterocycloalkyl, halogen,
haloalkyl, hydroxy, and alkoxy; and R® and R% each is independently
selected from:
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hydrogen, alkyl, alkenyl, alkynyl, heteroalkyl, haloalkyl, aryl,
Theteroaryl, cycloalkyl, and heterocycloalkyl;

-C(O)R? where R? is selected from hydrogen, alkyl, alkenyl,

_ g]_k_y_nyl, heteroalkyl, haloalkyl, aryl, heteroaryl, cycloalkyl, and
 heterocycloalkyl; or R* and R”, together with the amide group

t6 which they are bonded, may join to form an optionally
substituted heterocyclic ring contammg from 5 to 8 ring atoms of
which from 10 3 are héteroatoms;

-SO,-(CR®R™)-R? where ¢ is from 0 to about 4; each R? and
R¥ is independently selected from hydrogen, alkyl, alkenyl,
alkyny],'_ aryl,  heteroalkyl,  heteroaryl, cycloalkyl,
héterocycldélkyl, halogen, haloalky.l,.hyd_roxj, and alkoxy; and

R” is selected from alkyl, heteroalkyl, haloalkyl, aryl, heteroaryl,

N cycloalkyl, and heterocygloalkyl; or _R”, and R”, together with

@

()

®

the sulfonamide group to which they are bonded, join to form an
oﬁtionally substituted heterocyclic ﬁng containing from 5 to 8
ring atoms of which from 1 to 3 are heteroatoms;

-C(O)NR*R* ‘where (i) R* and R?* arc independently selected
from hydrégen, alkyl, alkenyl, alkynyl, haloalkyl, heteroalkyl,
aryl, heteroaryl, cycloalkyl, and heterocycloalkyl; or (if) R* and
R¥, fogether with the nifroéen atom to which they are bonded,

" join to form an optionally substituted heterocyclic ring
* containing from 5 to 8 ring atoms of which from 1 to 3 are

heteroatoms; and

-C(O)OR® where R* is selected from alkyl, alkenyl, alkynyl,
hetcroalkyl, haloalkyl, aryl, heteroaryl, cycloalkyl, and
heterocycioalkyl; or | _ '

R® and R, together with the nitrogen atom to which they are
bonded, join to form an optiohaiiy substituted heterocyclic ring

. é:_ontaining from 5 to 8 ring atoms of which from 1 to 3 are

heteroatoms; and

() Zis selected from

(a)

(1) cycloalkyl and heterocycloalkyl;
(2) -D-(CR*R¥).R” where

u is from 0 to about 4; -
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D is selected from -C=C-, -CH=CH-, -N=N-, -O-, -S- and -SO,~;
each R™ and R* is independently selected from hydrogen, alkyl,
alkenyl, alkynyl, aryl, heteroalkyl, heteroaryl, cycloalkyl,
heterocycloalkyl, halogen, haloalkyl, hydroxy, and alkoxy; and
R” is selected from aryl, heteroaryl, alkyl, alkenyl, alkynyl,
heteroalkyl, haloalkyl, heterocycloalkyl, cycloalkyl and, if D is
-C=C- or -CH=CH-, then R” may also be selected from -
CONR™R™ where (i) R® and R* are independently selected
from hydrogen, alkyl, alkenyl, alkynyl, haloalkyl, heteroalkyl,

* aryl, heteroaryl, cycloalkyl, and heterocycloalkyl, or (ii) R and.

R*, together with the nitrogen atom to which they are bonded,.
join to form an optionally substituted heterocyclic ring
containing from 5 to 8 ring atoms of which from 1 to 3 are
heteroatoms; -

(3) -NR*R*® where

(@)

®

R® and R* each is independently selected from hydrogen; alkyl;.
alkenyl; alkynyl; heteroalkyl; haloalkyl; aryl; heteroaryl;

| cycloalkyl; heteroalkyl; and C(0)-Q-(CR*R*),R?, where v is

from 0 to about 4, Q is selected from a covalent bond and -
NR¥-, each R* and R* is independently sclected from hydrogen,
alkyl, alkenyl, alkynyl, aryl, heteroalkyl, heteroaryl, cycloalkyl,
heterocycloalkyl, halogen, haloalkyl, hydroxy, and alkoxy; R*
and R* (i) eacti is independently selected from hydrogen, alkyl,
alkenyl, alkynyl, heteroalkyl, haloalkyl, aryl, heteroaryl,
cycloalkyl, and heterocycloalkyl, or (ii) R* and R*, together
with the nitrogen atoms to which they are bonded, join to form
an optionally substituted heterocyclic ring containing from 5 to 8
ring atoms of which from 1 to 3 are heteroatoms; or R” and R%,
together with the nitrogen atoms to which they are bonded, join
to form an optionally substituted heterocyclic ring containing
from 5 to 8 ring atoms of which from 1 to 3 are heteroatoms; or
R and R¥, together with the nitrogen atom to which they are
bonded, join to form an optionally substituted heterocyclic ring
containing from 5 to 8 ring atoms of which from 1 to 3 are
heteroatoms; and

PCT/US00/05162
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’;“/4 )\cCR“R” M—T

@ , where
(a) E and J are independently selected from -CH- and -N-;
~(b) L is selected from -S-, -O-, -N(R*®)-, -C(R*)=C(R*)-, -
"~ N=C(R®)-, and -N=N-, where R® and R** each is independently
selected from hydrogen, alkyl a]kenyl alkyny] heteroalkyl aryl,
heteroaryl, cycloalkyl and heterocycloalkyl
" (¢) wisfrom0 to about 4;
(@) eachR* and R* is independently selected from hydrogen, alkyl,
‘alkenyl, alkynyl, aryl, heteroalkyl, heteroaryl, cycloalkyl,
ileterocycloa]kyl, halogen, haloalkyl, hydroxy, and alkoxy;
() M is sclected from covalent bond, -O-, -SO,-, -C(O)-,
" .C(O)NR¥-, -NR®-, and -NR¥*C(0O)~; where x is from 0 to 2; and
R” is selected from hydrogén, alkyl, alkenyl alkynyl, aryl,
: heteroaryl ‘Theteroalkyl, heteroaryl, cycloalkyl, heterocycloalkyl
* ‘and haloalkyl; and
@ . Tis -(CR‘“_R“’),—R“-whe;e y is from 0 to about 4; each R and
R* is independently selected. from hydrogen, alkyl, alkenyl,
aliynyl, . aryl,  heteroalkyl,  heteroaryl, cycloalkyl,
. heterocycloalkyl, halogen, haloalkyl, hydroxy, alkoxy and
_ aryloxy; and R* is selected from hydrogen, alkyl, alkenyl,
ﬂkynyl, haiogcn,_ heteroalkyl, haioalkyl, aryl, heteroaryl,
cycloalkyl, heterocycloalkyl; or R* and R*, together with the
atoms to which they arc bonded, join to form an optionaily
substltutcd heterocychc ring containing from 5 to 8 atoms of
which 1 to 3 are heteroatoms; or R™ and R‘l together with the
~atoms to which they are bonded, join to form an optionally
substituted heterocyclic ring containing from 5 to 8 atoms of
Iwhich 1 to3 are héter.oatoms;
or an bptical isomer, diastercomer or enantiomer for Formula (@), or a pharmaceutically-
acceptab]e salt, or biohydrolyzable amide, ester, or 1m1de thereof.
This invention also includes optical i isomers, chastereomers and enantiomers of the
fonnu]a above and phannaceutlcally-acceptable salts, biochydrolyzable amides, esters, and

imides thereof,
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The compounds of the present invention are useful for the treatment of diseases and
conditions which are characterized by unwanted metalloprotease activity. Accordingly, the
invention further provides pharmaceutical compositions comprising these compounds. The
invention still further provides methods of treatment for metalloprotease-related maladies.

DETAILED DESCRIPTION OF THE INVENTION
L Terms and Definitions:

The following is a list of definitions for terms used herein:

The following is a list of definitions for terms used herein.

"Acyl" or "carbonyl" is a radical formed by removal of the hydroxy from a
carboxylic acid (i.e,, R-C(=0)-). Preferred acyl groups include (for example) acetyl,
formyl, and propionyl.

“Alkyl" is a saturated hydrocarbon chain having 1 to 15 carbon atoms, preferably 1
to 10, more preferably 1 to 4 carbon atoms. “Alkene” is a hydrocarbon chain having at

least one (preferably only one) carbon-carbon double bond and having 2 to 15 carbon - -
~ atoms, preferab]y 2 to 10, more preferably 2 to 4 carbon atoms. * e” is a hydrocarbon

chain having at least one (preferably only one) carbon-carbon triple bond and having 2 to
15 carbon atoms, preferably 2 to 10, more preferably 2 to 4 carbon atoms. Alkyl, ‘alkene .
and alkyne chains (referred to collectively as “hydrocarbon chains”) may be straight or
branched and inay be unsubstituted or substituted. Preferred branched alkyl, alkene and.
alkyne chains have one or two branches, preferably one branch. Preferred chains are alkyl.

- Alkyl, alkene and alkyne hydrocarbon chains each may be unsubstituted or substituted with
from 1 to 4 substituents; when substituted, preferred chains are mono-, di-, or tri- ..

substituted. Alkyl, alkene and alkyne hydrocarbon chains each may be substituted with
halo, hydroxy, aryloxy (e.g., ‘phenoxy), heteroaryloxy, acyloxy (e.g., acetoxy), carboxy, aryl
(e.g, phenyl), heteroaryl, cycloalkyl, heterocycloalkyl, spirocycle, amino, amido, -
acylamino, keto, thioketo, cyano, or any combination thereof. Preferred hydrocarbon
groups include methyl, ethyl, propyl, isopropyl, butyl, vinyl, allyl, butenyl, and
exomethylenyl.

Also, as referred to herein, a "lower" alky}, alkene or alkyne moiety (c.g., "lower
alkyl”) is a chain comprised of 1 to 6, preferably from 1 to 4, carbon atoms in the case
of alkyl and 2 to 6, preferably 2 to 4, carbon atoms in the case of alkene and alkyne.

"Alkoxy" is an oxygen radical having a hydrocarbon chain substituent, where the
hydrocarbon chain is an alkyl or alkenyl (i.c., -O-alkyl or -O-alkenyl). Preferred alkoxy
groups include (for example) methoxy, ethoxy, propoxy and allyloxy.




10

20

25

30

. WO 00/51975 "~ PCT/US00/05162

-10-
. “Aryl" is an aromatic hydrocarbon ring. Aryl rings are monocyclic or fused
bicyclic ring systems. Monocyclic aryl rings contain 6 carbon atoms in the ring.
Monocyclic aryl rings are also referred to as phenyl rings.  Bicyclic aryl rings contain from

8 to 17 carbon atoms, preferably 9 to 12 carbon atoms, in the ring. Bicyclic aryl rings

include ring systems wherem one rmg is aryl and the other ring is aryl, cycloalkyl, or
heterocycloakyl. Preferred blcyehc aryl rings comprlse 5-, 6- or 7-membered rings
fused to 5-, 6-, or 7-membered rings. Aryl rings may be unsubstituted or substituted with
from 1 to 4 substituents on the ring. -Aryl may be substituted with halo, cyano, nitro,
hydroxy, carboxy, amino, acylamino, alkyl, heteroalkyl, haloalkyl, phenyl, aryloxy, alkoxy,
heteroalkyloxy, carbamyl, haloalkyl, methylenedioxy, heteroaryloxy, or any combination
thereof. Preferred aryl rings include naphthyl, tolyl, xylyl, and phenyl. The most preferred
aryl ring radical is phenyl. _ .

“Aryloxy” is an oxygen radical havmg an aryl substituent (i.e., -O-aryl). Preferred
aryloxy groups include (for example) phenoxy, napthyloxy, methoxyphenoxy, and
methylenedioxyphenoxy. ..

. “Cycloalkyl" isa saturated or unsaturated hydrocarbon ring. . Cycloalkyl rings are
not aromatic. Cycloa]kyl nngs are monocyclic, or are fused, spiro, or bndged bicyclic ring

systems. Monocychc cycloalkyl rings. contam from about 3 to about 9 earbon atoms, .

preferably from 3.to 7 carbon atoms, in the ring. ‘Bicyclic cycloalkyl rings conmm from 7
to 17 carbon atoms, preferab]y from 7to 12 carbon atoms, in the ring. ‘Preferred bicyclic

cycloalkyl rings comprlse 4 5, 6- or 7-membered rings fused to 5-, 6-, or 7-
membered tings. Cycloalkyl nng_s may be unsubstituted or sub_stltuted with from 1:.to 4 - -

substituents on the ring. Cycloalkyl may be substituted with Halo, cyano, alkyl, heteroalkyl,

haloalky}, phenyl, keto, hydroxy, carboxy, amino, acylamino, aryloxy, heteroaryloxy, or .

any combination thereof. Preferred cycloalkyl rings include cyclopropyl, cyclopentyl, and

cyclohexyl. ' | ' .

~ “Halo" or “halogen” is ﬂuoro, chloro, bromo or iodo. Preferred halo are fluoro

chloro and bromo; more preferred typically are chloro _and ﬂuoro, especially fluoro.
“Haloalkyl" is a straight, branched, or cyclic hydrocarbon substituted with one or

more halo substituents. Preferred are C;-Cyp haloalkyls; more preferred are C1-Cg

haloalkyls; still more preferred still are C1¥C3 haloalkyls. Preferred halo substituents are
fluoro and chloro. The most preferred haloalkyl is trifluoromethyl.
“Heteroatom” is a nitrogen, sulfur, or oxygen atom. Groups containing more than

one heteroatom may contain different heteroatoms.
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“Heteroalkyl” is a saturated or unsaturated chain containing carbon and at least one
heteroatom, wherein no two heteroatoms are adjacent. Heteroalkyl chains contain from 2
to 15 member atoms (carbon and heteroatoms) in the. chain, preferably 2 to 10, more
preferably 2 to 5. For example, alkoxy (i.c., -O-alkyl or ~O-heteroalkyl) radicals are
included in. heteroalkyl. Heteroalkyl chains may be straight or branched. Preferred
branched heteroalkyl have ome or two branches, preferably one branch Preferred
heteroalkyl are saturated. Unsaturated heteroallcyl have one or more carbon-carbon double
bonds and/or one or more carbon-carbon triple bonds. Preferred unsaturated heteroalkyls
have one or two double bonds or one triple bond, more preferably one double bond.
Heteroalkyl chains may be unsubstituted or substituted with from 1 to 4 substituents.
Preferred substituted heteroalkyl are mono-, di-, or tri-substituted. Heteroalkyl may be
substituted with lower alkyl, haloalkyl, balo, hydroxy, aryloxy, heteroaryloxy, acyloxy,
carboxy, ‘monocyclic aryl, heteroaryl, cycloalkyl, heterocycloalkyl spirocycle, amino,
acylamino, amido, keto, thioketo, cyano, or any combination thereof,

- “Heteroaryl" is an aromatic ring containing carbon atoms and from 1 to about 6
heteroatoms in the nng Heteroaryl rings are monocyclic or fused blcychc ring systems.
Monocyclic heteroaryl rings contain from about 5 to about 9 member atoms (carbon and
heteroatoms), preferably 5 or 6 member atoms, in the ring. Bicyclic heteroaryl rings
contain from 8 to 17 member atoms, preferably 8 to 12 member atoms, in the ring.
Bicyclic heteroaryl rings include ring systems wherein one ring is heteroaryl and the
other ring is ary], heteroaryl, cycloalkyl, or heterocycloalkyl. Preferred bicyclic"
heteroaryl ring’ systems comprise 5-, 6- or 7-membered rings fused to 5-, 6-, or.7--
membered rings. Heteroaryl rings may be unsubstituted or substituted with from 1 to 4
substituents on the ring. Heteroaryl may be substituted with halo, cyano, nitro, hydroxy,
carboxy, amino, acylamino, alkyl, heteroalkyl, haloalkyl, phenyl, alkoxy, aryloxy,
heteroaryloxy, or any combin&tion thereof. Preferred heteroaryl rings include, but are not
limited to, the following:

0 s N K N o
O O0OY O O

Furan  Thiophene Pyrmole Pyrazole imidazole Oxazole Isoxazole

H _
,S. S S, N S O,
Ny /7 g J NN N&J g _Z N\‘__!/N

Isothiazole Thiazole 1.2,5-Thiadiazole '1.2,3-Triazole 1.3,4-Thiadiazole  Furazan
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N, N’ 3 Ny N
W7 o [:[,3“ W
1,2,3-Thiadiazole 12 4-Thiadiazole Benzotriazole 1,2,4-Triazole  Tetrazole

o.  s_ _S.

N 7 ( 7 o « IN : « IN l. ' N\_'_r!\l
o N—N o . N—N :
1.2, 4-0xad|azole 1 3 4-Oxad|azole 1 2, 3 4-0xatnazole 1,2,3 4-Th|atnazole 1,2, 3 5-Th|atnazole

O,

" (, E N

1,2,3, 5-Oxatriazole 1 2, 3-Triazine 1 V2, 4~Tnazme 1 2, 4 5-Tetrazme leenzofuran .

N..., oA : .
N N NN SN

Pyridine  Pyridazine Pyn’midine Pyraziné '1.3,5-Tria‘zin'e'_' Indolizine Indole

Qo @D o g GO

s Isomdole Benzofuran Benzothu)phene 1H-Indazole " Purine Qulnollne
OO o0 00 (0 RO
Benzimidazole Benzthlazole Benzoxazole Ptendme . C'arbazole

OO OO GO

Isoquinaline  Cinnoline  Phthalazine Qumazohne Quinoxallne 18-Napthypynd|ne

O CEO

Acridine Phenazine
_ “Heteroaryloxy” is an oxygen radical having: a heteroaryl substituent (ie., -O-
1o heteroaryl). Preferred heteroaryloxy groups include (for example) pyridyloxy, furanyloxy,
(thiophene)oxy, (oxazole)oxy, (thiazole)oxy, (isoxazole)oxy, pyrmidinyloxy, pyrazinyloxy,
and benzothiazolyloxy. ;
“Heterocycloalkyl" is a saturated or unsaturated ring containing carbon atoms and
from 1 to about 4 (prcferably 1 to 3) heteroatoms in the ring. Heterocycloalkyl rings are

15 not aromatic. Heterocycloalkyl rings are monocyclic, or are fused, bridged, or spiro
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bicyclic ring systems. Monocyclic heterocycloalkyl rings contain from about 3 to about 9
member atoms (carbon and heteroatoms), preferably from 5 to 7 member atoms, in the ring.
Bicyclic heterocycloalkyl rings contain from 7 to 17 member atoms, preferably 7 to 12
member atoms, in the ring. Bicyclic heterocycloalkyl rings contain from about 7 to
s about 17 ring atoms, preferably from 7 to 12 ring atoms. Bicyclic heterocycloalkyl
rings may be fused, spiro, or bridged ring systems. Preferred bicyclic heterocycloa]kyl
rings comprise 5-, 6- or 7-membered rings fused to 5-, 6-, or 7-membered rings.
Heterocycloalkyl rings may be unsubstituted or substituted with from 1 to 4 substituents on
the ring. Heterocycloalkyl may be substituted with halo, cyano, hydroxy, carboxy, keto,
1o thioketo, amino, acylamino, acyl, amido, alkyl, heteroalkyl, halcalkyl, phenyl, alkoxy,
aryloxy or any combination thereof, Preferred substituents on heterocycloalkyl include

halo and haloalkyl. Pret_'ézred heterocycloalky! rings include, but are not limited to, the
following:

: H
Do Dw [ O™ [°) EN) ©:N>

- Oxirane .Aziridine Oxstane Azetidine Tetrahydrofuran Pymolidine 3H-Indole -

 |:2) | 'Es/‘s | E:) E(;‘N EO;NH

s 1.3-Dioxotane 1,2-Dithiolane 1,3-Dithiolane  4,5-Dihydroisoxazole 2,3-Dihydroisoxazole

H
NN Y i revles

4 5-D|hydropyrazole lmidazolldme Indoline 2H-Pyrrole  Phenoxazine 4H-Quinolizine

OO O

Pyrazolidine 2H-Pyran 3.4-Dihydro-2H-pyran Tetrahydropyran 2H-Chromene

Chromone Chroman Piperidine Morpholine 4H-1,3-Oxazine 6H-1 »3-Oxazine
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o o @)O

5 6-d|hydro-4H-1 3-oxazme 4H-3 1-benzoxaz|ne Phenofhiazme 1 3-D|oxane

oy () Q T O Erjf

Cepham Plperazme Hexahydroazepme 13-D|thiane 1,4-Dioxane Penem

o b o

" Goumarin Thiomorpholine _Uracll Thymme Cytosme Thiolane

H

. 2,3-Dihydro-1H-lIsoindole -Phthalan- 1,4-Oxathiane: 1 4-.Dithiane hexahydro-Pyridazine

oo O

1,2-Benzisothiazoline Benzylsultam

As used herem, "mammallan metalloprotease refers to the proteases mselosed in -

the "Background” sectxon of this apphcatlon The compounds of the present invention are

preferably active against "mammalian metalloproteases", mcludmg any metal-contalmng

_ (preferably zmc-contammg) enzyme found in ammal preferably mammahan sources
' capable of camlyzmg the breakdown of collagen, gelatm or proteoglycan under sultable

assay conditions. Appropnate assay condmons can be found, for example, in U.S. Patent

No. 4,743,587, which references the procedure of Cawston, et al., Anal. Biochem. (1979)
99:340-345; use of a synthetic substrate is described by Weingarten, H., et al., Biochem.

 Biophy. Res. Comm. (1984) 139:1184-1187. " See also Knight, C.G. et al, “A Novel

Coumarin-Labelled Peptide for Sensitive Continuous Assays of the Matrix
Metalloproteases”, FEBS Letters Vol. 296, pp.' 263-266 (1992). Any standard method for

analyzing the breakdown of these structural proteins can, of conrée, be used. The present

compounds are more preferably active against metalloprotease enzymes that are zinc-

' containing proteases which are similar in structure to, for example, human stromelysin or
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skin fibroblast collagenase. The ability of candidate compounds to inhibit metalloprotease
activity can, of course, be tested in the assays described above. Isolated metalloprotease
enzymes can be used to confirm the inhibiting activity of the invention compounds, or
crude extracts which contain the range of enzymes capable of tissue breakdown can be
used.

“Spirocycle” is an alkyl or héteroalkyl diradical substituent of alkyl or heteroalkyl
wherein said diradical substituent is attached geminally and wherein said diradical
substituent forms a ring, said ring containing 4 to 8 member atoms (carbon or heteroatom),
preferably 5 or 6 member atoms.

While alkyl, heteroalkyl, cycloalkyl and heterocycloalkyl groups may be
substituted with hydroxy, amino, and amido groups as stated above, the following are not
envisioned in the invention;

1. Enols (OH attached to a carbon bearing a double bond).

2. Ami_no groups attached to a carbon bearing a double bond (except for

vinylogous amides). '

3. More than one hydroxy, amino, or amido attached to a single carbon (except

where two nitrogen atoms are attached to a single carbon atom and all three
atoms are member atoms within a heterocycloalkyl ring).

4. Hydroxy, amino, or aniido attached to a carbon that also has a heteroatom

attached to it.

5. Hydroxy', amino, or amido attached to a carbon that also has a halogcn attached

toit.

A "pharmaceutically-acceptable salt" is a cationic salt formed at any acidic
(e.g., hydroxamic or carboxylic acid) group, or an anionic salt formed at any basic (e.g.,
amino) group. Many such salts are known in the art, as described in World Patent
Publication 87/05297, Johnston et al., published September 11, 1987 incorporated by
reference herein. Preferred cationic salts include the alkali metal salts (such as sodium
and potassium), and alkaline earth metal salts (such as magnesium and calcium) and
organic salts. Preferred anionic salts include the halides (such as chloride salts),
sulfonates, carboxylates, phosphates, and the like. '

Such salts are well understood by the skilled artisan, and the skilled artisan is
able to prepare any number of salts given the knowledge in the art. Furthermore, it is
recognized that the skilled artisan may prefer one salt over another for reasons of
solubility, stability, formulation ease and the like. Determination and optimization of
such salts is within the purview of the skilled artisan's practice.
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A "biohydrolyzable amide" is an amide of a hydroxamic acid-containing (i.e., R'
in Formula (I) is -NH,Of-I) metalloprotease inhibitor that does not interfere with the
inhibitory activity _of the compound, or that is readily converted in vivo by an animal,
preferably a mammal, more preferably a huxhan subject, to yield an active
metalloprotease inhibitor. Examples of such amide derivatives are alkoxyamides, where
the hydroxyl hydrogen of the hydroxamic acid of Formula (I) is replaced by an alkyl
moiety, and acyloxyamides, where the hydroxyl hydrogen 1s replaced by an acyl moiety

. (i.e.,, R-C(=0)-).

A "biohydrolyzable hydroxy imide" is an lmlde of a hydroxamic acid-containing

metalloprotease inhibitor that does not interfere with the metalloprotease inhibitory

- activity. of ‘these compounds, or that is readily converted in vivo by an animal,

preferably a mammal, more preferably a human subject to..yield an active

metalloprotease inhibitor. Examples of such imide derivatives are those where the amino -

* hydrogen of the hydroxa:mc acid of Formula () is replaced by an acyl moiety (i.e., R- .
- C(=0)-). ' o : '

A "blohydrolyzable ester" is an ester of a carboxylic acid-containing (i.e., R'in

'Formula (@ is --OH) metalloprotease inhibitor that does not .interfere. with the"

-metalloprotease inhibitory-activity of these compounds or that is readily converted by © =

.- an animal to yield an active metalloprotease inhibi_t_or‘.- : Such esters include lower alkyl -

20

25 -

30

35

- esters, lower acyloxy-alkyl esters - (such ‘as ' acetoxymethyl, acctoxyethyl,
armnocarbonyloxymethyl pivaloyloxymethyl and pwaloyloxyethyl esters), lactonyl esters = -
- (such as phthalidyl and thiophthalidy! esters), lower alkoxyacyloxyalkyl esters (such as

methoxycarbonyloxymethyl, ethoxycarbonyloxyethy] and ' isopropoxycarbonyloxyethyl
esters), alkoxyalkyl esters, choline esters and alkyl acylammo alkyl esters (such as
acetamidomethyl esters).

_ A "solvate" is a complex formed by the combination of a solute (e £,
metalloprotease inhibitor) and a solvent (e.g., water). See J. Honig et al,, M
Nostrand Chemist's Dic 1: ionary, p. 650 (1953). Pharmaceutically-acceptable solvents
used according to this invention include those that do not interfere with the biological
activity of the .metalloprotease inhibitor (c.g., water, ethanol, acetic acid, N,N-
dimethylformamide and others known or readily determined by the skilled artisan).

The terms "optical isomer”, "stereoisomer”, and "diastereomer" have the
standard art recognized meanings (see, e.g., Hawley's Condensed Chemical Dictionary,
11th Ed.). The illustraﬁon of specific protected forms and other derivatives of the

compounds of the instant invention is not intended to be limiting. The application of
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other useful protecting groups, salt forms, etc. is within the ability of the skilled

artisan.

. Compounds:

The subject invention involves compounds of Formula (I):

/ \
X . \-Rz
CRRD}-A—
R* )EA G o

where X, W, Z, A, G,R", R, R?, R%, R®, R¥and & have the fneanings described above. The
following provides a description of particularly preferred moieties, but is not intended to.
limit the scope of the claims.

Xis sglected from -OH and -NHOH. :

W is selected from -S-, -O-, -NR*)-, -C(R*)=C(R™)-, -N=C(R*)-, and -N=N-; in a"
preferred embodiment, W is -S- or -C(R*)=C(R*)-. Each R® and R*™ is independently
selected from hydrogen, alky!, alkenyl, alkyny), heteroalkyl, aryl, heteroaryl, cycloalkyl, and-
heterocycloalkyl; preferably at least one of R*®and R* is hydrogen, more preferably both are
hydrogen _

! is -(CR'R®)-R*, s from 0 to about 4, preferably 0 or 1, and more preferably 0. -
Each R® and R® is independently selected from hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroalkyl, ‘heteroaryl, cycloalkyl, heterocycloalkyl, halogen, haloalkyl, hydroxy, and:
alkoxy; preferably at least one of each R® or R¥ is hydrogen, more preferably each R® and
R® is hydrogen. R* is selected from hydrogen, hydroxyl, alkoxy, alkyl, alkenyl, alkynyl,
heteroalkyl, haloalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, and halogen; R* is
preferably hydrogen, alkyl, aryl, heteroaryl, or heterocycloalkyl, and more preferably 1s
hydrogen

R%is -(CR'R"),-R*. m is from 0 to about 4, preferably m is 0. Each R” and R” is
independently selected from hydrogen, alkyt, alkenyl, alkynyl, aryl, heteroalkyl, heteroaryl,
cycloalkyl, heterocycloalkyl, halogen, haloalkyl, hydroxy, and alkoxy; preferably at least
one of each R’ or R” is hydrogen, more preferably each R” and R is hydrogen. R¥ is
selected from hydrogen, alkyl, alkenyl, alkynyl, heteroalkyl, haloalkyl, aryl, heteroaryl,
cycloalkyl, and heterocycloalkyl; R* is preferably hydrogen or alkyl, more preferably
hydrogen.
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- Ris«(CR'R%),-R’. nis from 0 to about 4, preferably z is 0 or 1. EachR® and R¥ is
independently selected from hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroalkyl, heteroaryl,
cycloalkyl, heterocycloalkyl, halogen, haloalkyl, hydroxy, and alkoxy; preferably at least
one of each R* or R is hydrogen, more preferably each R® and R” is hydrogen. R’ is

* selected from hydrogen, hydroxyl, alkoxy, alkyl, alkenyl, alkynyl, aryloxy, heteroalkyl,

heteroaryloxy, haloalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, and halogen, R’is
preferably hydrogen, hydroxyl, alkoxy, alkyl, aryloxy, or aryl..
* is -(CR'R'),-A"-(CR'R'™),R". zis from 0 to about 4. A’ is selected froma
covalent bond, -O-, -S- and SO,; o is from 0 to about 4 and preferably is 0. Each R", R',
" and R"" is independently selected from hydrogen, alkyl, alkenyl, ﬁlkyhyl, aryl, .

" heteroalkyl, heteroaryl; cycloalkyl, heterocycloalkyl, halogen, haloalkyl, hydfdxy, and
" alkoky. R" is selected from hydrogen, alkyl, alkenyl, alkynyl, heteroalkyl, haloalkyl,

cycloalkyl, heterocycloalkyl, aryl, heteroaryl, and halogen; R'! is preferably hy_drogen or
lower alkyl.

Each R® and R¥ is independently selected from hydrogen alkyl alkenyl alkynyl, -

aryl heteroalkyl heteroaryl cycloalkyl heterocyc]oalkyl halogen, haloalkyl, hydroxy, and
alkoxy; preferably at least one of each R® or R¥ is hydrogen, more preferably each R* and

R¥is hydrogen.

kis from 0 to about 4; kis preférably 0 or 1, more preferably 0.
A is selected from a cis double bond containing moiety, a trans double bond -

containing moiety, or a triple bond containing moiety, as follows:

N N
o e=Cc__, o=C{
R R12-, R N\ g —C=C—

R" and R™ each is independently selected from hydrogen, alkyl, alkenyl, alkynyl,
haloalkyl, aryl, hetetoalkyl,. .heteroaryll, heterocycloalkyl, cyclgalks'l, halogen, and
-CONRPR"; preferred is where R and R each are hydrogen or lower alkyl. R™ and R™
each is independently selected from hydrogen, alkyl, alkenyl, alkyny!, heteroalky), aryl, and
héteroaryl; preferably hydrogen, lower alky! or aryl. Alternatively, R” and R", together
with the nitrogen atom to which they are bonded, join to form an optionally substituted
heterocyclic ring containing from 5 to 8 (preferably 5 or 6) ring atoms of which from 1 to 3
(pteferably 1 or 2) are heteroatoms. .

G is selected from hydrogen; (CR""R“) Rls -(CR"R*)-Y-(CR"R"),R"; -
CONR*R*"; and -(CRR"),-NR*R™.
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When G is -(CR“R"),-R", p is from 0 to about 4, preferably 0 to 2. Each R* and
RY is independently selected from hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroalkyl,
heteroaryl, ‘cycloalkyl, heterocycloalkyl, halogen, haloalkyl, hydroxy, and alkoxy;
preferably each R" is hydrogen and each R™ is independently hydrogen or lower alkyl. RY
is selected from hydrogen, alkyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl, arylalkyl,
and heteroarylalkyl, preferably alkyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl
arylalkyl, and heteroarylalkyl. .

When G is -(CR"R'),-Y-(CR"R'),R", ¢ is from 1 to about 4, preferably 1 to 2
more preferably 1. ris from 0 to about 4, preferably 0 or 1. Each R"’, R, RY, and R" is
independently selected from hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroalkyl, heteroaryl,
cycloalkyl, heterocycloalkyl, halogen, haloalkyl, hydroxy, and alkoxy; preferably each R'S,
R', RY, and R'7 is hydrogen or lower alkyl. Y is selected from  -O- and -S-. ‘R" is
selected from hydrogen, hydroxyl, alkoxy, alkyl, heteroalkyl, haloalkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl; provided that when =0, R" is not hydroxyl or
alkoxy.

When G is -CONRYR*", RY and R¥" each is independently selected from hydrogen,
alkyl, alkenyl, alkynyl, heteroalkyl, haloalkyl, aryl, heteroaryl, cyéloalkyl;' and
heterocycloalkyl; preferably hydrogen, alkyl, heteroalkyl, aryl or heteroaryl. Altemnatively,

R* and R*, together with the nitrogen atom to which they are bonded, join to form an =

optionally substituted heterocyclic ring containing from 5 to 8 (preferably S or 6):ring
atoms of which from 1 to 3 (preferably 1 or 2) are heteroatoms. In a particularly preférred
embodiment, R and R”” join to form a ring.

When G is -(CR"R"™),-NR*R” s is from 1 to about 4, preferably s 1 or 2. Each R"
and R is independently selected from hydrogen, alkyl, alkenyl, alkynyl, aryl, hetcroalkyl,
heteroaryl, cyéloalkyl, heterocycloalkyl, halogen, haloalkyl, hydroxy, and alkoxy;
preferably each R" is hydrogen and each R'” is independently hydrogen or lower alkyl. R®
and R* each is independently selected from:

(a) hydrogen, alkyl, alkenyl, alkynyl, heteroalkyl, haloalkyl, aryl, heteroaryl,
cycloalkyl, and heterocycloalkyl; preferably alkyl or aryl;

(®) -C(O)R* where R™ is sclected from hydrogen, alkyl, alkenyl, alkynyl,
heteroalkyl, haloalkyl, aryl, heteroaryl, cycloalkyl, and heterocycloalkyl;
preferably lower alkyl, aryl or heteroaryl. Alternatively, R? and R?, together
with the amide group to which they are bonded, may join to form an optionally
substifuted heterocyclic ring containing from 5 to 8 (preferably 5 or 6) ring
atoms of which from 1 to 3 (preferably 1 or 2) are heteroatoms;



20

25

- W.0.00/51975 _ PCT/US00/05162

-20-

(©). -SO,-(CR®R*)-R* where ¢ is from O to about 4, preferably 0. Each R* and
R¥ is independently selected from hydrogen, alkyl, alkenyl, alkynyl, aryl,

heteroalkyl, heteroaryl, cycloalkyl, heterocycloalkyl, =halogen, haloalkyl,

hydroxy, and alkoxy; preferably hydrogen or lower alkyl. RZ is selected from
alkyl, heteroalkyl, haloalkyl, aryl, heteroaryl, cycloalkyl, and heterocycloalkyl;
preferably R® is lower .alkyl,. aryl, or heteroaryl. Alternatively, R® and R%,
together w1th the sulfonamide group to which they are bonded, join to form an
optionally s\rbétituted heterocyclic ring conmining from 5 to 8 (preferably 5 or
6) nng atoms of which from 1 to 3 (preferably 1 or 2) are heteroatoms;

d) -C(O)NR“R" where R24 and R*" are mdependently selected from hydrogen,

alkyl, alkenyl alkynyl haloalkyl, heteroalkyl, aryl heteroaryl, cycloalkyl, and
- heterocycloalkyl preferably hydrogen or lower alkyl Alternatively, R* and
R, together w1th the mtrogen atom to whxch they are bonded, join to form an
optionally substrtuted heterocyclic ring _conmmng.ﬁ-om 5 to 8 (preferably 5 or
6) rirrg atoms of which from 1 to 3 (preferably 1 or 2) are heteroatoms; and
©) -C(O)ORzs where R? is selected from alkyl, alkenyl, alkynyl, heteroalkyl,
haloalkyl aryl heteroaryl cycloalkyl and heterocycloalkyl; preferably alkyl,
aryl or heteroa.ryl A

Altemat:vely R® and R¥, together with the mtrogen atom to which they are -

bonded, join to form an optlonally substituted heterocychc ring containing from 5 to 8

' (preferably 5or 6) rmg atoms of which from 1t03 (preferably 1or2)are heteroatoms.

Z is selected from cycloalkyl and heterocycloalkyl; -D-(CR”_R"'),R”

E—1]
Y CR36R363__M_T
and _ w

When Z is cycloalkyl or heterocycloalkyl, preferred is where Z is .an optionally
substituted p1pmdme or piperazine.,
When Z is -D-(CR*R*),R* y is from 0 to about 4, preferab]y 0 or 1 Dis selected

from -C=C-, -CH=CH-, -N—N- -0-, -8- and -8O,-. Preferred is where D is -C=C-, -

-CH=CH-, -N=N-, -O- or -S-; more preferred is -C=C-, -CH=CH-, or N=N-. Each R* and
R* eachis independently selected from hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroalkyl,
heteroaryl, cycloalkyl, heterocycloalkyl, halogen, haloalkyl, hydroxy, and alkoxy
preferably each R® is hydrogen and each R® is independently hydrogen or lower alkyl. R”
is selected from aryl, heteroaryl, alkyl, alkenyl, alkynyl, heteroalkyl, haloalkyl,
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heterocycloalkyl and cycloalkyl; preferably R? is aryl, heteroaryl, heterocycloalkyl or
cycloalkyl. ‘However, if D is -C=C- or -CH=CH-, then R¥ may also be selected from
-CONR¥R* where (i) R® and R* are independently selected from hydrogen, alkyl,
alkenyl, alkynyl, haloalkyl, heteroalkyl, aryl, heteroaryl, cycloalkyl, and heterocycloalkyl,
or (i) R* and R, together with the nitrogen atom to which they are bonded, join to form
an optionally substituted heterocyclic ring containing from 5 to 8 (preferably 5 or 6) ring
atoms of which from 1 to 3 (preferably 1 or 2) are heteroatoms.

When Z is -NR¥R”™, R” and R? each is independently selected from hydrogen,
alkyl, alkenyl, alkynyl, heteroalkyl, haloalkyl, aryl, heteroaryl, cycloalkyl, heteroalkyl, and’
-C(0)-Q-(CR™R™),R*; preferably R® and R® each is hydrogen, alkyl or aryl. When R®"
and/or R* is -C(0)-Q-(CR™R*").R*, v is from 0 to about 4; v is preferably O or 1. Q is -
selected from a covalent bond and -NR*-; Q is preferably a covalent bond. Each R™ and
R™ is independently selected from hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroalkyl,
heteroaryl, cycloalkyl, heterocycloaikyl halogen, haloalkyl, hydroxy, and alkoxy;
preferably each R™ is hydrogen and each R™ is mdependently hydrogen or lower alkyl. R*
and R¥ (i) each is independently selected from hydrogen, alkyl, alkenyl alkynyl,
heteroalkyl, haloalkyl, aryl, heteroaryl, cycloalkyl, and heterocycloalkyl, or (ii) R*' and R%,
together with the mtrogen atom to which they are bonded, join to form an. optlonally
subsututed heterocyclic ring containing from 5 to 8 (preferably S or 6) ring atoms of which
from 1 to 3 (preferably 1 or 2) are heteroatoms; preferably R* is alkyl, aryl, heteroaryl,
cycloalkyl or heterocycloalkyl. Alternatively, R? and R%, together with the nitrogen atoms -
to which they are bonded, join to form an optionally substituted heterocyclic ring -
containing from 5 to 8 ring atoms of which from 1 to 3 are heteroatoms.

Alternatively, R® and R”, together with the nitrogen atom to which they are
bonded, join to form an optionally substituted heterocyclic ring containing from 5 to 8
(preferably 5 or 6) ring atoms of which from 1 to 3 (preferably 1 or 2) are heteroatoms.

S

CRYR®: M T
When Z is (referred to herein as Formula (A)), E -
and J are independently selected from -CH- and -N-; preferred is where E is -CH and J is
-CH. L is selected from -S-, -O-, -N(R*)-, -CR®=C(R™)-, -N=C(R*)-, and -N=N-:
preferably L is -N=C(R*)- or -CR*)=C(R®*)-. R** and R** each is independently selected
from hydrogen, alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl, cycloalkyl, and
heterocycloalkyl; preferably hydrogen or lower alkyl. w is from 0 to about 4, preferably 0
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or 1. Each R* and R* is independently selected from hydrogen, alkyl, alkenyl, alkynyl,
aryl, heteroalkyl, heteroaryl cycloalkyl, heterocycloalkyl halogen, haloalkyl, hydroxy, and

alkoxy; preferably each R* is hydrogen and each R* is independently hydrogen or lower
alkyl. M is selected from a covalent bond, -O-, -80,-, ~ -C(O)-, <C(O)NR®-, -NR¥-, and -
NR®C(O)-; preferably M is -O-, -S-, SO, -C(O)NR¥-, -NR®-, and -NR¥C(0)-;
more preferably M is -O-. x is from 0 to 2. ‘R¥ is selected from hydrogen, alkyl, alkenyl,
alkynyl, aryl, heteroaryl, heteroalkyl, heteroaryl, cycloalkyl,  heterocycloalkyl, and
haloa]kyl_;_R” is preferably lower alkyl or aryl. T is -(CR"R*),-R". y is from 0 to
about 4, preferebly 0 or'1. Each R* and R* is independently selected from hydrogen,
alkyl, alkenyl, alkynyl, aryl heteroalkyl ‘heteroaryl, cycloalkyl, heterocycloalkyl, halogen,
haloalkyl, hydroxy, alkoxy and aryloxy preferably each R® is hydrogen and each R*:is

independently hydrogen_ or lower alkyl. . R* is selected from hydrogen, alkyl, alkenyl, -

alkynyl, halogen, heteroéikyl haloalkyl, aryl, heteroaryl, cycloa]kyl, and heterocycloalkyl;

preferably R*! is lower alkyl or aryl. Alternatively, R® and R", together with the atoms to

which they are bonded ]0111 to form an optlonally substltuted heteroeychc ring contammg
from 5 to 8 (preferably 5 or 6) atoms of whlch 1to3 (preferably 1 or2)are heteroatoms.

' Altematlvely, R*® and R“ together with the atoms to which they are bonded, join to form
‘an optxonal]y substituted heterocychc rmg contammg from 5 to 8 (preferably S5or 6) atoms

of which 1103 (preferably 1or 2) are heteroatoms -
Ol _mm_hemrm

The compounds of the invention can be prepared usmg a vanety of procedures

The starting materials used in preparing the compounds of the invention are known, -
made by known methods, or are commercially available, Particularly preferred syntheses -

‘are described in the follouring" general reaction schemes. (The R groups used to illustrate

the reaction schemes do not necessarily correlate to the respective R groups used describe

the various aspects of the Formula I compounds. That is, for example, R' in Formula () -

does not represent the same moiety as R, here) Specific examples for making the

compounds of the present invention are set forth in Section VIII, below.

Scheme 1 '
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Me _Rz
Toc Toc / .
NH 'NH Sic —_—
HO T Me 0  Boc
AcO = T |
NH
Sla Sib Me
—=—=—g,
Sid '

T £
NH NH
R Me

sif Sle TR

In Scheme 1, the acetate Sla depicted as starting material can be prepared from
commercially available sources and converted to various alkenyl- and alkynyl-methyl
s derivatives such as S1b as described in Tetrahedron Leit. 1994, 35 (22), 3669. These
alkenes and alkynes can then be firther functionalized using any of the methods known to
artisans skilled in the art which allow manipulations of such moieties. One preferred -
method includes a Mannich type process to provide aminomethyl compounds of type Sle¢.
Another preferred process includes, but is not limited to, metal catalyzed coupling
10 reactions well known to the skilled artisan which provide a wide range of functionalities
(S1d) including aromatic and heteroaromatic rings, as well as olefin-containing.
substituents. |
The amino functionality contained in the alkenes or alkynes of choice can be
deprotected and then acylated using methods well known to the skilled artisan. Such a
15 process can be used to access a wide range of functionalities including but not limited to
amides, ureas, carbamates or sulfonamides such as Sle depicted in Scheme 1. These acyl
type derivatives can again be further functionalized using well known methods if desired.
If desired, the ester functionality in compounds of type Sle can be transesterified,

saponified to an acid or treated with basic hydroxyl amine to give hydroxamic acid.

20 Scheme 2
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The epoxide S2a depiote_d as _starting material is available in both enantiomeric

forms from commercial sources w1th R? present as a variety of removab]e protecting -
: groups. Nucleoph:lhc opemng of th1s epoxide with alkynyl lithium nucleophlles is well
'Iknown and prowdes compounds of type S2¢. Many other alkyl, alkenyl aryl, and
-'heteroaryl anion nucleophﬂes as well as mmenes containing heteroatom nucleophlles are
well known to open epoxides in a slmﬂar manner and any of these can be used to derivatise
.' the system snmlar]y o , _
Replacement of the hydroxyl group in- SZc w:th an am1no m01ety can be
accomplxshed accordmg to a number of well known protocols mcludmg a Mitsunobu
inversion with phthallmlde to glve S2d followed by decomposmon with hydrazme to give -
' the free amine S2e. .
' Compounds of thls mventxon then can be accessed by first sulfonylatmg the free

amine. The resulting sul_fonamxde can then be further manipulated to give more complex

forms of S2f. Finally, the R? protecting group is removed and the resulting primary alcohol -

~* transformed to the carboxylic acid derivative of choice via any of the well known oxidative

methods including Jones oxidation to give S2g.

Scheme 3
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Nucleophillic additions of the anion generated from amino acid condensate S3a
into various nucleophiles such as S3b are a well known method for generating amino acids -
s of type S3d in an asymmetric way (Synthesis of Opticall ive a-

ino Acids. Robert
M. Williams; Pergamon Press, New York, 1989). These can then be functionalized

according to known methods and carried forward as described above to generate a variety-
of compounds which fall within the scope of this invention.

Scheme 4

i A s

The esters of allylic alcohols and Boc-Glycein can be coupled according to known

methods to give esters of type Sde. When treated with two equivalents of strong base in the

presence of certain bidentate chelating agents such as Zn", these molecules undergo a

Claisen rearrangement to give amino acids of type S4d which can then be functionalized
according to known methods and then carried forward to generate a variety of compounds
which fall within the scope of this invention (Synlett, 1996, 975).

A variety of compounds can be generated in a similar fashion, using the guidance
of the schemes above,

It is recogniéed that it is preferable to use a protecting group for any reactive
functionality such as a carboxyl, hydroxyl and the like, during the formation of the
sultamester. This is standard practice, well within the normal practice of the skilled artisan.
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In the above scheme, where R is alkoxy or alkylthio, the corresponding hydroxy or

. thiol compounds are derived from the final compounds by using a standard dealkylating
_ procedure (Bhatt, et al., "Cleavage of Ethers", Synthesis, 1983, pp. 249-281).

These steps may be varied to increase yield of desired product. The skilled artisan
will recognize the judicious choice of reactants, 'solvents, and temperatures is an important
component in any successful synthesis. Determination of optimal conditions, etc. is

routine. Thus the skilled artisan can make a variety of compounds using the guidance of

~ the schemes above. .

Itis recogmzed that the skllled artlsan in the arl: of organic chemlstry can readily

: carry out standard mampulahons of orga.mc compounds without further direction; that is, it
~is well within the scope and practice of the skilled artisan to carry out such manipulations.
' Thesc mclude, but are not hmlted to rcductlon of carbonyl compounds to their

: correspondmg alcohols, oxxda'aons ‘of hydroxyls and the like, acylatlons, aromatxc

substltutlons, both electrophlhc and nucleophlhc, ethenﬁcatzons, estenﬁcatlon and

" sapomﬁcat:on and ‘the like. Examples of these mampulatnons are discussed'in standard

" texts such as March Advanced Organic Chemlsg (W:ley), Carey and Sundberg, '
e Advanced Organic Chemlggg (V ol. 2) and other art that the skxl]ed artisan 1s aware of.

The skilled artisan will also readlly appreclate that certain reactions are best carried

- out when another potentlally reactive funcuonahty on the molecule is masked or ptotected,‘

" thus av01dmg any undes1rable side reactions and/or mcreasmg the yxeld of the reaction.

Often the skilled artl_san utilizes protectmg groups to accomphsh such increased ylelds or to

""" avoid the undesired reactions. These reactions are found in the literature and are also well’

within the scope of the skilled artisan. Examples of ma:ny-'of these manipulations can be -

' found for example in T. Greene, Protecting Groups in Organic Synthesis. Of course, amino
" acids used as starting materials with reactive side chains are preferably blocked to prevent
" undesired side reactions. '

The compounds of the invention may have one or more chiral centers. As a result,
one may selectively prepare one optical isomer, including diastereomer and enantiomer,
over another, for example by chiral starting materials, catalysts or solvents, or may prepare
both stereoisomers or both optical isomers, including diastereomers and enantiomers at
once (a racemic mixture). Since the compounds of the invention may exist as racemic

mixtures, mixtures of optical isomers, including diastereomers and enantiomers, or

_ stereoisomers may be separated using known methods, such as chiral salts, chiral

chromatography and the like.
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In addition, it is recognized that one optical isomer, including diastereomer and
enantiomer, or stereoisomer may have favorable properties over the other. Thus when
disclosing and claiming the invention, when one racemic mixture is disclosed, it is clearly
contemplated that both optical isomers, including diastereomers and enantiomers, or
stereoisomers substantially free of the other are disclosed and claimed as well.

IV. Methods of use:

Metalloproteases (MPs) found in the body operate, in part, by breaking down the

extracellular matrix, which comprises extracellular proteins and glycoproteins. Inhibitors of

metalloproteases are useful in treating diseases caused, at least in part, by the breakdown of
such proteins and glycoproteins. These proteins and glycoproteins play an important role in

maintaining the size, shape, structure and stability of tissue in the body. Thus, MPs are - -

intimately involved in tissue remodeling,

As a result of this activity, MPs have been said to be active in many disorders

involving either the: (1) breakdown of tissues including opthalmic diseases; degenerative -
diseases, such as arthritis, multiple sclerosis and the like; and metastasis or mobility of

tissues in the body; or (2) remodeling of tissues including cardiac discase, fibrotic disease,
scarring, benign hyperplasia, and the like.

‘The compounds of the present invention prevent or treat disorders, diseases and/or
unwanted conditions which are characterized by unwanted or elevated activity by MPs. For
example, the compounds can be used to inhibit MPs which:

1 destroy structural proteins (i.e. the proteins that maintain tissue stability and

structure); ,
2. interfere in inter/intracellular signaling, including those implicated in cytokine up-
regulation, and/or cytokine processing and/or inflammation, tissue degradation and

other maladies [Mohler KM, et al, Nature 370 (1994) 218-220, Gearing AJH, et al, -

Nature 370 (1994) 555-557 McGecehan GM, et al, Nature 370 (1994) 558-561};

and :

3. facilitate processes which are undesired in the subject being treated, for example,
the processes of sperm maturation, egg fertilization and the like.

As used herein, an "MP related disorder" or "MP related disease” is one that
involves unwanted or elevated MP activity in the biological manifestation of the disease or
disorder; in the biological cascade leading to the disorder; or as a symptom of the disorder.
This "mvolvemen " of the MP includes:

1. The unwanted or clevated MP activity as a "cause" of the disorder or biological

manifestation, whether the activity is elevated genetically, by infection, by
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autoimmunity, trauma, biomechanical causes, lifestyle [e.g. obesity] or by some
other cause; |

2. The MP as part of the observable mamfestatxon of the disease or disorder. That is,
the disease or disorder is measurable in terms of the increased MP activity. From a
clinical standpoint, unwanted or elevated MP levels indicate the disease, however,
MPs need not be the "hallmark" of the disease or disorder; or .

3. The unwanted or elevated MP activity is part of the biochemical or cellular cascade
that results or relates to the disease or disorder. In this respect, inhibition of the MP
activity interrupts the cascade, and thus controls the disease.

" The term “treatment” is used herein to meeﬁ that, at a minimum, administration of
a compound of the present invention mitigates a disease assocxated with unwanted or
elevated MP actlwty in a mammalian subject, preferably in humans. Thus, the term
“treatment” includes: preventing an MP-medxated disease from occurring in a mammal,
particularly when the mammal is predlsposed to acquiring the dxsease, but has not yet been

‘diagnosed with the disease; inhibiting the MP-medlated disease; and/or allewatmg or

reversing the MP-mechated disease. Insofar as the methods of the present invention are

“directed to preventing disease states associated with unwanted MP actmty, it is understood
‘that the term “prevent” does not require that the disease state be completely thwarted. (See

Webster’s Ninth Collegiate Dictionary.) Rather, as used herein, the term preventing refers
to the ability of the skilled artisan to 1dent1fy a populatlon that is susceptlble to MP-related _

- disorders, such that administration of the compounds of the present invention may occur . - -

prior to onset of the disease. The term does not imply that the disease state be eompletely

-avoided. For example, osteoarthritis (OA) is the most conimon rhueumatological disease

with some joint changes radmlog:cally detectable in 80% of people over 55 years of age.
Fife, R.S., “A Short Hlstory of Osteoarthritis”, Osteoarthritis: Diagnosis and
Medical/Surgical Management, R W. Moskowitz, DS Howell, V.M. Goldberg and H.J.
Mankin Eds., p 11-14 (1992). A common risk factor that increases the incidence of OA is

traumatic injury of the joint. Surgical removal of the meniscus following knee injury

_ increases the risk of radxographlcally detectab]e OA and this risk increases with time.

Roos, H et al. “Knee Osteoaxthn'as After Memsectomy Prevalence of Radiographic
Changes After Twenty-one Years, Compared with Matched Controls.” Arthritis Rheum.,
Vol. 41, pp 687-693; Roos, H et al. “Osteearthritis of the Knee After Injury to the Anterior
Cruciate Ligament or Meniscus: The Influence of Time and Age.” 'Os'teoa'rthritis
Cartilege., Vol. 3, pp 261-267 (1995). Thus, this patient j)opuletion is identifiable and
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could receive administration of a compound of the present invention before progression of

the disease. Thus, progression of OA in such individuals would be “prevented”.
Advantageously, many MPs are not distributed evenly throughout the body. Thus,

the distribution of MPs expressed in various tissues are often specific to those tissues. For:

- example, the distribution of metalloproteases implicated in the breakdown of tissues in the

joints is not the same as the distribution of metalloproteases found in other tissues. Though.
not essential for activity or efficacy, certain diseases, disorders, and unwanted conditions
preferably are treated with compounds that act on specific MPs found in the affected tissues
or regions of the body. For example, a compound which displays a higher degree of:
affinity and inhibition for an MP found in the joints (e.g. chondrocytes) would be preferred
for treatment of a disease, disorder, or unwanted condition found there than: other
compounds which are less specific.

In addition, certain inhibitors are more bioavailable to certain tissues than others.
Choosing an MP inhibitor which is more bioavailable 1o a certain tissue and which acts on
the specific MPs found in that tissue, provides for specific treatment of the disease,
disorder, or unwanted condition. For example, compounds of this invention vary in' their
ability to penetrate into the central nervous system. Thus, compounds may be selected to -
produce effects mediated through MPs found specifically outside the central nervous
system. .

Determination of the specificity of an inhibitor of a specific MP is within the skill
of the artisan in that field. Appropriate assay conditions can be found in the literature.
Specifically, assays are known for stromelysin and collagenase. For example, U.S. Pat. No.
4,743,587 references the procedure of Cawston, et al., Anal Biochem (1979) 99:340-345.
See also, Knight, C.G. et al, “A Novel Coumarin-Labelled Peptide for Sensitive
Continuous Assays of the Matrix Metalloproteases”, FEBS Letters, Vol. 296, pp. 263-266
(1992). The use of a synthetic substrate in an assay is described by Weingarten, H., et al.,
Biochem Biophy Res Comm (1984) 139:1184-1187. Any standard method for analyzing
the breakdown of structural proteins by MPs can, of course, be used. The ability ' of
compounds of the invention to inhibit metalloprotease activity can, of course, be tested in
the assays found in the literature, or variations thereof, Isolated metalldprotease enzymes
can be used to confirm the inhibiting activity of the invention compounds, or crude extracts’
which contain the range of enzymes capable of tissue breakdown can be used. -

The compounds of this invention are also useful for prophylactic or acute
treatment. They are administered in any way the skilled artisan in the fields of medicine or
pharmacology would desire. It is immediately apparent to the skilled artisan that preferred
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routes of administration will depend upon the discase state being treated and the dosage
form chosen. Preferred routes for systemic administration include administration perorally
or parenterally. : : :

However, the skllled artisan will readily appreciate the advantage of administering
the MP inhibitor directly to the affected area for many dlseasjes, disorders, or unwanted
conditions. For example, it may be adﬁantageous to administer MP inhibitors directly to
the area of the disease, disorder, or unwanted condition such as in the area affected by
surgical trauma (e. g., angioplasty), scarring, buming (e.g., topical to the skin), or for
opthalmic and periodontal indications.

Because the remodeling of bone mvolves MPs, the compounds of the invention are

useful in preventing prosthesis loosening. It is known in the art that over time prostheses

"loosen, become painful, and may result in further bone injury, thus demanding replacement.

The need for replacement of such prostheses includes those such as in, joint replacements
(for exémple hip, knee and shoulder replacements), dental prdsthesis,' including dentures,
bridges and prosthesis secured to the maxilla and/or mandible.

‘MPs are also actlve in remodeling of the cardiovascular system (for example, in °
congestlve heart failure). It has been suggested that one of the reasons angioplasty has a
higher than expected long term failure rate (reclosure over time) is that MP activity is not '
de.sired 6r is elevated in response to what may be recognized by the body as "injury" to the :
basement membrane of the vessel. Thus regulation of MP activity in indications such as -
dilated cardiomyopathy, congestive heart failure, atherosclerosis, ‘plague rupture,
reperfusion injury, ischemia, chronic ob_structiVe pulmonary disease, angioplasty restenosis -
and aortic aneuiysm may increase long term success of any other treatment, or may be a
treatment in itself. |

In skin care, MPs are 1mp11cated in the remodelmg or "turnover" of skin. ‘As a
result, the regulation of MPs improves treatment of skin conditions including but not -
limited to, wrinkle repair, regulation and prevention and repair of ultraviolet induced skin
damage._'_ Such a treatment includes prophylactic treatment or treatment before the -
physiolbgical manifestations are obvious. For example, the MP may be applied as a pre- -
exposure treatment to prevent ultaviolet damage and/or during or after exposure.to prevent
or minimize pdst—exposure damage. In.addition, MPs are iri;plica_ted in skin disorders and
diseases related to abnormal tissues that result from abnormal tumover, which includes
metalloprotease activity, such as epidermolysis bullosa, psoriasis, scleroderma and atopic
dermatitis. The compounds of the invention are also useful for treating the consequences of -

"normal” injury to the skin including scarring or "contraction" of tissue, for example,
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following burns. MP inhibition is also useful in surgical procedures involving the skin for
prevention of -scarring, and promoti(;n of normal tissue growth including in such
applications as limb reattachment and refractory surgery (whether by laser or incision).
 In addition, MPs are related to disorders involving irregular remodeling of other
tissues, such ‘as bone, for example, in otosclerosis and/or osteoporosis, or for specific -
organs, such as in liver cirrhosis and fibrotic lung disease. Similarly in diseases such as
multiple sclerosis, MPs may be involved in the irregular modeling of blood brain barrier
and/or myelin sheaths of nervous tissue. Thus regulating MP activity may be used as a
strategy in treating, preventing, and controlling such diseases. ' o

MPs are also thought to be involved in many infections, including cytomegalowrus :
[CMV]; retinitis; HIV, and the resulting syndrome, AIDS.

MPs may also be involved in extra vascularization where surrounding tissue needs
to be broken down to allow new blood vessels such as in angiofibroma and hemangioma,

-Since MPs break down the extracellular matrix, it is contemplated that inhibitors of
these enzymes can be used as birth control agents, for example in preventing ovulafion, in
preventing penetration of the sperm into and through the extracellular milieu of the ovum,' :
implantation of the fertilized ovum and in preventing sperm maturation. '

In addition they are also contemplated to be useful in preventing or stoppmg
premature labor and delivery.

Since MPs are implicated in the inflammatory response and in the processing of
cytokines, the compounds are also useful as anti-inﬂammatories, for use in disease where
inflammation is prevalent including, inflammatory bowel disease, Crohn's disease,
ulcerative colitis, pancreatitis, diverticulitis, asthma or related lung disease, rheumatmd
arthritis, gout and Reiter's Syndrome. o

Where autoimmunity is the cause of the disorder, the immune response often
triggers MP and cytokine activity. Regulation of MPs in treating such autoimmune
disorders is a uséful treatment strategy. Thus MP inhibitors can be used for treatmg
disorders including, lupus erythmatosis, ankylosing spondylitis, and autoimmune keratitis.
Sometimes ‘the side effects of autoimmune therapy result in exacerbation of other
conditions mediated by MPs, here MP inhibitor therapy is effective as well, for example m '
autoimmune-therapy-induced fibrosis,

In addition, other fibrotic diseases lend themselves to this type of therapy,
including pulmonary disease, bronchitis, emphysema, cystic fibrosis, acute respiratory
distress syndrome (especially the acute phase response). ‘
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Where MPs are implicated in the undesired breakdown of tissue by exogenous

.agents,._thes.e can be treated with MP inhibitors. For example, they are effective as rattle

snake bite antidote, as anti-vessicants, in treating allergic inflammation, septicemia and
shock. In addition, they are useful as antiparasitics (e.g., in malaria) and antiinfectives. For
example, they are tho_ug}_tt; to be useful in treating or preventing viral_ infection, including
infection which would result in herpes, "cold” (e.g., rhinoviral infection), meningitis,
hepatitis, HIV mfectxon and AIDS

MP 1nh1b1tors are also thought to be useful in treatmg Alzheimer's dlsease,
amyotrophic lateral sc]erosrs (ALS), muscular dystrophy, cornphcatrons resulting from or

arising out of dnabetes, especxally those mvolvmg loss of tissue viability, coagulation, Graft

T ys. Host dlsease, Ieukem1a cachexia, _anorexra, protemurla, and perhaps regulanon of hair

For 'sorne diseaises, conditions or disorders MP inhibition is contemplated to be a
preferred'm'ethod ot‘ h'ennnent _Such diseases, conditions' or disorders include, arthritis
(mcludmg osteoarthntls and rheumatord arthntls), cancer - (especral]y the prevention or

' arrest of tumor growth and metastasxs), ocular disorders (espectally corneal ulceration, lack
of comeal healing, macular degeneratmn, ‘and’ pterygmm), and. gum discase (especrally

penodontal dlsease and gmglvms)

' Compounds preferred for, but not limited to, the treatment of arthritis (lncludmg
osteoarthritis and rheumatold arthntxs) are those compounds that are selective for the
matnx me'mlloproteases and the dtsmtegnn metalloproteases '

Compounds preferred for, but not limited to, the treatment of cancer (especlally the

prevention or arrest of tumor growth and metastasis) are those compounds that
preferentially inhibit gelatmases or type IV collagenases. .

Compounds preferred for, but not limited to, the treatment of ocular disorders
(especially corneal uloe_rat_lon, lack of corneal healing, macular degeneration,  and
pterygium) are those cornpounds that broadly inhibit metalloproteases. Preferably these
cornpounds are administered to;tically, more preferably as a drop or gel.

Compounds pret'erred .for, but not limited to, the treatment of gum disease
(especially periodontal dlsease, and gingivitis) are those compounds that -preferentially

inhibit collagenases.
V. . Compositions:

The compositions of the invention comprise: _ |
(a) asafe and effective amount of a compound of the invention; and

(b) apharmaceutically-acceptable carrier. -
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As discussed above, numerous diseases are known to be mediated by excess or
undesired metalloprotease activity. These include tumor metastasis, osteoarthritis,
theumatoid arthritis, skin inflammation, ulcerations, particularly of the cornea, reaction to
infection, periodontitis and the like. Thus, the compoun‘cis of the invention are useful in
therapy with regard to conditions involving this unwanted activity.

The invention compounds can therefore be formulated into pharmaceutical
compositions for use in treatment or prophylaxis of these conditions. Standard
pharmaceutical: formulation: techniques are used, such as those disclosed in Remington's
Pharmaceutical Sciences, Mack Publishing Company, Easton, Pa., latest edition. -

. A "safe and effective amount” of a Formula (I) compound is an amount that is
effective, to inhibit metalloproteases at the site(s) of activity, in an animal, preferably
a mammal, more preferably a human subject, without undue adverse side effects (such
as toxicity, irritation, or allergic response), commensurate with a reasonable
benefit/risk ratio when used in the manner of this invention. The specific "safe and
effective amount" will, obviously, vary with such factors as the particular condition
being treated, the physical condition of the patient, the duration of treatment, the

nature of concurrent therapy (if any), the specific dosage form to be used, the carrier '
- employed, the solubility of the Formula: (I) compound therein, and the dosage reglmen ’

desired for the composition.

In addition to the subject compound, the compositions of the subject invention
contain a pharmaceutically-acceptable carrier. The term "pharmaceutically-acceptable
carrier”, as used herein, means one or more compatible solid or liquid filler diluents or
encapsulating substances which are suitable for administration to an animal, preferably a-
mammal, more preferably a human. The term "compatible”, as used herein, means that the
components of the composition are capable of being commingled with the subject -
compound, and with each other, in a manner such that there is no interaction which would - -
substantially reduce the pharmaceutical efficacy of the composition under ordinary use
situations. Pharmaceutically-acceptable carriers must, of course, be of sufficiently high
purity and sufficiently low toxicity to render them suitable for administration to the ammal
preferably a mammal, more preferably a human being treated. -

Some examples of substances which can serve as pharmaceutically-acceptable
carriers or components thereof are sugars, such as lactose, glucose and sucrose; starches,
such as corn starch and potato starch; cellulose and its derivatives, such as sodium
carboxymethyl cellulose, ethyl cellulose, and methyl cellulose; powdered tragacanth; malt;
gelatin; talc; solid lubricants, such as stearic acid and magnesium stearate; calcium.sulfate;
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vegetable oils, su_c_h as peanut oil, cottonseed .oil, sesame oil, olive oil, comn oil and oil of
theobroma.; polyols such as propylene glycol, glycerine, sorbitol, mannitol, and
polyethylene. glycol; alginic acid; emulsifiers, such as the Tweens®; wetting agents, such.
sodium lauryl sulfate; coloring agents; flavoring agents; tableting agents, stabilizers;
antioxidants, preservatives; pyrogen-free water; isotonic saline; and phosphate buffer
sollmons _ :

- The choice-of a pharmaceuucally-acceptable carrier to be used in conjunction with
the subject compound is basically’ determined by the way the compound is to be

- administered.

 If the subject compound is to - be mjected the preferred pharmaceutically-

_ acc_eptable carrier is sterile, physiological saline, mth-blood—compauble suspending agent,
- the pH of which has been adjusted to about 7.4,

- -In particular, pharmaceutically-acceptable carriers for systemic administration
include sugars, starches, cellulose and its derivatives, malt, gelatin, talc, calcium

sulfate, vegetable oils, synthetic oils, polyols, alginic acid, phosphate buffer solutions,

- emulsifiers, isotonic saline, and pyrogen-free water. -Preferred carriers for parenteral -
‘administration include propylene glycol, ethyl oleate, pyrrolidone, ethanol, and sesame .~~~

" -o0il. Preferably, the pharmaceutically-acceptable carrier; in-.compositions for parenteral -

administration, comprises at least about 90% by weight of the total composition.

The compositions. of this invention ‘are preferably provided in unit dosage

- form. As used herein, a "unit dosage forth" is a composition of this invention
rell g

- .containing an amount of a Formula (). compound that is suitable for administration to:

- 25

.30

35

‘. an animal, preferably a mammal, more preferably a human subj.ect,.:in a single ‘dose,”
-according to good medical practice. These compositions preferably contain from about

'5mg (milligrams)- to about 1000 mg, more preferably from about 10 mg: to about

500 mg, more preferably from about 10mg to about 300 mg, of a Formula o
compound. '

The compositions of this; invention may be m any of a variety -of forms,
suitable (for example) for oral, rectal, topical, . nasal, ocular or parenteral
administration. Depending upon. the ‘particular route of administration . desired, a .
variety of pharmaceutically-acceptable carriers well-known in the art may be used.
These include solid or liquid fillers, diluents, hydrotropes, surface-active agents, and
encapsulating substances.  Optional pharmaceutically-active materials may be
included, which do not substantially interfere with the. inhibitory activity of the -

Formula (I) compound. The amount of carrier employed in conjunction with the
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Formula (I) compound is sufficient to provi‘de a practical quantity of material for
administration per unit dose of the Formula (I) compound. Techniques #nd
compositions for making dosage forms useful in the methods of this invention are
described in the following references, all incorporated by reference herein: Modem
Pharmaceutics, Chapters 9 and 10 (Banker & Rhodes, editors, 1979); Licberman et al.,

Pharmaceutical Dosage Forms; Tablets (1981); and Ansel, Introduction to
Pharmaceutical Dosage Forms 2d Edition (1976).

- Various oral dosage forms can be used, including such solid forms as tablets,

capsules, granules and bulk powders. These oral forms comprise a safe and effective
amount, usually at least about 5%, and preferably from about 25% to about 50%, of the
Formula (I) compound. Tablets can be compressed, tablet triturates, enteric-coated,
sugar-coated, film-coated, or multiple-compressed, containing suitable binders,
lubricants, diluents, disintegrating agents, coloring agents, flavoring agents, flow-
inducing agents, and melting agents. Liquid oral dosage forms include aqueous
solutions, emulsions, suspensions, solutions and/or suspensions reconstituted from
non-effervescent granules, - and effervescent preparations reconstituted - from
effervescent granules, containing suitable solvents, preservatives, emulsifying agents,
suspending agents, diluents, sweeteners, melting agents, coloring agents and flavoring
agents. '

The pharmaceutically-acceptable carrier suitable for the preparation of unit dosage
forms for peroral administration are well-known in the art. Tablets typically comprise
conventional pharmaceutically-compatible adjuvants as inert diluents, such as calcium -
carbonate, sodium carbonate, mannitol, lactose and cellulose; binders such as starch, gelatin
and sucrose; disintegrants such as starch, alginic acid and croscarmelose; lubricants such ds
magnesium stearate, stearic acid and talc.. Glidants such as silicon dioxide can be used to
improve flow characteristics of the powder mixture. Coloring agents, such as the FD&C
dyes, can be added for appearance. Sweeteners and flavoring agents, such as aspartame,
saccharin, menthol, peppermint, and fruit flavors, are useful adjuvants for chewable tablets.
Capsules typically comprise one or more solid diluents disclosed above. The selection of
carrier components depends on secondary considerations like taste, cost, and shelf stébility;' :
which are not critical for the purposes of the subject invention, and can be readily made by
a person skilled in the art.

Peroral compositions also include liquid solutions, emulsions, suspensions, and the
like. The phannaceutically—acceptable carriers suitable for preparation of such
compositions are well known in the art, Typical components of carriers for syrups, elixirs,
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emulsions. and suspensions include ethanol, glycerol, propylene glycol, polyethylene

glycol, liquid sucrose, sorbitol and water. . For a suspension, typical suspending agents

include methyl cellulose, sodium carboxymethyl cellulose, Avicel” RC-591; tragacanth and.

sodium alginate; typical wetting agents include lecithin and polysorbate 80; and typical
preservatives include methyl paraben and sodium benzoate. Peroral-liquid compositions
may also contain one or more components such as sweeteners, flavoring agents and
colorants disclosed above, . - o S

Such compositions may also be coated by conventional methods, typically with pH
or time-dependent cogtings_,. such that: the subject compound is released in the

~ gastrointestinal tract in the vicinity of the desired topical application, or at various times to -

extend the desired action... Such dosage forms typically include, but are not limited to, one

or more of cellulose acetate phthalate, polyvinylacetate phthalate, hydroxypropyl methyl -

cellulose phthalate, ethyl-cellulose, Eudragit-“ coatings, waxes and shellac.
Compositions of the subject invention may optionally include other drug actives. .

. Other compositions useful for attaining systemic delivery of the subject compounds -
. include. sublingual, buccal and nasal dosage forms. -Such compositions typically comprise - -
" * one or more of soluble filler substances such as sucrose, sorbitol and mannitol; and binders - -
. such as .acéci'a, ‘microcrystalline . cellulose, . catboxymethyl cellulose ‘and hydroxypropyl
-methyl cellulose.” Glidants, lubricants, sweeteners,' colorants, antioxidants and flavoring
agents disclosed above may also be included.
_ | The compositions of this invention can also be administered topically to a
.- subject, e.g., by the direct laying on or spreading of the composition on the epidermal. - -
. - or epithelial tissue of the subject, or transdermally via a Mpatch", Such compositions

include, :for example, lotions, creams, solutions, gels and solids. . These topical .

compositions preferably comprise a safe and effective amount, usually at least about:
0.1%, and preferably from about 1% to about 5%, of the Formula (I) compound.

- Suitable carriers for topical administration preferably remain in place on the skin as a

continuous film, and resist being removed by perspiration or immersion in water.

Geﬂerally, the carrier is organic in nature and capable of having dispersed or dissolved -

therein the Formula (I) compound. The carrier may include pharmaceutically-

acceptable emollients, emulsifiers, thickening agents, solvents and the like.
VI. Methods of Administration:

" This invention also provides methods of treating or preventing disorders
associated with excess or undesired metalloprotease activity in a human or other

animal subject, by administering a safe and effective amount of | a Formuia (I)
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compound to said subject. As used herein, a "disorder associated with excess or
undesired metalloprotease activity" is any disorder characterized by degradation of-
matrix proteins. The methods of the invention are useful in treating or preventing
disorders described above.

Compositions of this invention can be administered topically or systemically.
Systemic application includes any method of introducing Formula (I) compound into
the tissues of the body, e.g., intra-articular (especially in treatment of rheumatoid
arthritis),  intrathecal, epidural, intramuscular,  transdermal, intravenous,

‘intraperitoneal, subcutaneous, sublingual, rectal, and oral administration. The Formula -

(I) compounds of the present invention are preferably administered orally.

The specific ‘dosage of inhibitor to be administered, as well as the duration of
treatment, and whether the treatment is topical or systemic are interdependent. ' The’
dosage and treatment regimen will also depend upon such factors as the specific
Formula (I) compound used, the treatment indication, the ability of the Formula (I) :
compound to reach minimum inhibitory concentrations at the site of the :
metalloprotease to be inhibited, the personal attributes of the subject (such as weight),
compliance with the treatment regimen, and the presence and severity of any side
effects of the treatment. '

Typically, for a human adult (weighing approximately 70 kilograms), from"
about 5 mg to about 3000 mg, more preferably from about 5 mg to about 1000 mg,
more preferably from about 10 mg to about 100 mg, of Formula (I) compournid are
administered per day for systemic administration. It is understood that these dosage
ranges are by way of example only, and that daily administration can be adjustcd '
depending on the factors listed above.

A preferred method of administration for treatment of rheumatoid arthritis is
oral or parenterally via intra-articular injection. As is known and practiced in the art,
all formulations for parenteral administration must be sterile. For mammals,
especially humans, (assuming an approximate body weight of 70 kilograms) individual
doses of from about 10 mg to about 1000 mg are preferred. '

‘A preferred method of systemic administration is oral. Individual doses of
from about 10 mg to about 1000 mg, preferably from about 10 mg to about 300 mg are
preferred.

Topical administration can be used to deliver the Formula (I) compound
systemically, or to treat a subject locally. The amounts of Formula (D) compound to be

topically administered depends upon such factors as skin sensitivity, type and location
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of the tissue to be treated, the composition and carrier (if any) to be administered, the
particular Formula (I) compound to be _admihistered, as well as the particular disorder
to be treated and the extent to which systemic (as distinguished from local) effects are
desired. |

'_Ihe inhibitors of the .invention can be targeted to specific locations where the
metalloprotease is accumulated by using targeting ligahds. _ For example, to focus the
inhibitors to metalloprotease contained in a tumor, the inhibitor is conjugated to an
antibody or fragment thereof which is immunoreactive with a tumor marker as is generally
understood in the preparation of immunotoxins in general. The targeting ligand can also be
a ligand suitable. for a receptor which is present on the tumor.- Any targeting ligand which

: spec_iﬁcally reacts with a marker for the intended target tissue can be used. Methods for -

-.coupling the invc_:nti_o_n compound to the targeting ligand are well known and are similar to

those described below- for coupling to camier. The conjugates are formulated and

. administered as described above.

For localized conditions; topical administration is preferred: For example, to treat

. .ulcerated comea, direct application to the affected eye may employ a formulation as -

. .eyedrops or aerosol. For comeal treatment, the compounds of the invention can also be

20

35

formulated as gels, drops or ointments, or can be:incorporated into collagen or a -

- hydrophilic - polymer shield. The materials can also be inserted as a contact lens or:
. reservoir or as a subconjunctival formulation. For treatment of skin inflammation, the
. compound is applied locally and topically, in a gel, paste, salve or ointment. For treatment - -

of oral diseases, the compound may be-applied locally in a gel, paste, mouth wash, or - -

implant. The mode. of treatment thus reflects. the nature of the condition and-suitable

- formulations for any selected route are available in the art.

-In all of the foregoing, of course, the compounds of:the invention can be

. administered -alone or as mixtures, and the compositions may further include additional
- drugs or excipients as appropriate for the indication. '

- Some of the compounds of the invention also inhibit bacterial mctalloproteases

- Some bacterial metalloproteases may be less dependent on the stercochemistry of the

inhibitor, whereas substantial differences are found between diastereomers in their ability
to inactivate the mammalian proteases. Thus, this pattern of activity can be used to
distinguish between the mammalian and bacterial enzymes. '

VII, P_reparatlon and Use of Antibodies:

Metalloproteases actlve at a partlcularly undesn'cd location (e.g., an organ or

certain types of cells) can be targeted by conjugating the compounds of the invention to a
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targeting ligand specific for a marker at that location such as an ‘antibody or ﬁ'agment
thereof or a receptor ligand. ConJugatxon methods are known in the art.

The invention is also directed to various other processes which take advantage of
the unique properties of these compounds. Thus, in another aspect, the invention is
directed to the compounds of Formula (I) conjugated to solid supports. These conjugates
can be used as affinity reagents for the purification of a desired metalloprotease.

In another aépect, the- invention is directed to the compounds of Formula @
conjugated to label. As the cor_npéunds of the invention bind to at least one
metalloprotease, the label can be used to detect the presence of relatively high levels of
metalloprotease in vivo or in vitro cell culture. '

In addition, the compounds of Formula (I) can be conjugated to carriers which
permit the use of these compounds in immunization protocols to prepare antibodies
specifically immunoreactive with the compounds of the invention. Typical conjugation
methods are known in the art. These antibodies are then useful both in therapy and in
monitoring the dosage of the inhibitors.

The invention compounds can also be coupled to labels such as scintigraphic labels,
e.g., technetium 99 or 1-131, using standard coupling methods. The labeled compounds are’
administered to subjects to determine the locations of excess amounts of one or more
metalloproteases in vivo. The ability of the inhibitors to selectively bind metalloprotease is
thus taken advantage of to map the distribution of these enzymes in situ. The techniques
can also be employed in histological pfocedures and the labeled invention compounds can
be used in competitive immunoassays.

The following non-limiting examples illustrate the compounds, compositions,
and uses of the present invention.

VIII. Examples - Compound Preparation

Compounds are analyzed using 1H and 13C NMR, elemental analysis, mass spectra .
and/or infrared spectra, as appropriate.

- Typically tetrahydrofuran (THF) is distilled from sodium and benzophenone,
diisopropylamine is distilled from calcium hydride and all other solvents are purchased as
the appropriate grade. Chromatography is performed on silica gel (70 - 230 mesh; Aldrich)
or (230 - 400 mesh; Merk) as appropriate. Thin layer chromatography analysis (TLC) is
performed on glass mounted silica gel plates (200 - 300 mesh; Baker) and visualized with -
UV or 5% phosphomolybdic acid in ethanol (EtOH).

The following abbreviations are used herein:

MeOH: methanol EN: triethylamine
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.EtOAc: ethylacetate

Ph: phenyl

DMF: N,N-dimethylformamide
DME: dimethoxyethane
conc.: concentrated

DCC: 1,3-Dicyclohexylcarbodiimide

The R groups used to illustrate the- compound ex_m'nplee do not correlate to the
respective R grouﬁs used to describe the various moieties ef Formula (I). That is, for —
example, R', R? and R’ used to descn'be Formula (I) in the Summary of the Invention

section and Sectlon II of the Detalled Descnptlon do not represent the same moieties as R;,

R,, and R, in tlns Sectlon VIII

- Ezmp'l_es 1-24 |

PCT/US00/05162

 Et,0: dicthylether
boc: _t-butyloxycarbqnyl

acac: acetyl acetate

T dil.: dilute

wrt.: with respect to

HOBT: 1-Hydroxybenzotriazole

The following chemical formula along with Table 1 shows the structure of

* compounds made according to the description in Examples 1-24 described below:

Example Ry
1 H-
2 R{O\Q “CH=CH- H —H
-3 _ /©/OM3 | -CH=CH- -H H
| '71 | I. .
4 /©/°Me -CH=CH- H N-
' B Morpholine
Yy : _




- 'WO 00/51975 o PCT/US00/05162

-41-
5 | -CH=CH- ~ -N- -H
Morpholine
6

-CH=CH- -H -H

7 /Q/ﬁﬂ? -CH=CH- -H H
' %

9 /@ﬁ\m CH=CH- H H
x .
10 /@/ﬁ\ “CH=CH- H H
S o
T /Q/O\L CH=CH-| = H
e |

12 /@ ' -CH=CH- -H ~ -H
% 0" N
13 /@/‘" -CH=CH- -H -H
_ P _
L
14 Me | .CH=CH-| ~ H -H
o P
%

15 -CH=CH- | H H

16 .../©/°\Ph | -CH=N- . -H -H
« _
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7
Lo | |
18 /O/OMe -CH=N- -H " -H
ki
19 OMe -0- . -H -H
Y |
NS AW R B
L o
Yy n: >
22 . /@,ﬁm -S- -H H
23 /@/’m -NMe- H -H
9 ~ :
24 -.LL/O\/\/ -| -CH=CH- -H -H
‘Example 1

a.

Methyl

ynoic acid

| .Preparation of 2-{[4-Fluoro-(1,1>-biphenyl)-4-yl]-sulfonyl}-amine-5-phenylpent-4-

2-{[4’-flnoro-(1,1 ’-bip_henyl)-4-yl]-sulfonyl}»amlno-S—phenylpenH—

ynoate: The starting Methyl 2-N-boc-amino-5-phenylpent-4-ynoate 1¢ (382 mg, 1.26
mmol, prepared as described in Tetrahedron Lett., 1994, 35, 3669), is taken in 10 mL of .
MeOH and treated with 0.5 mL of SO,Cl. The resulting mixture is stirred for 4 hr and then ~ -
evaporated to dryness. The resulting solid is taken in 6 mL of CH,Cl, in the presence of 0.5
mL of Et;N and treated with 2-4’-fluorobiphenylsulfonyl chloride (306 mg, 1.13 mmol.)
and the resulting mixture is stirred at room temp'erature (“rt™) for 18 hr and then partitioned
between IN HCl and EtOAc. The organic layer is then washed with brine, dried over
MgSQ, filtered and evaporated to give a pale yellow solid which is recrystallized from

EtOAc:Hexanes to give a white solid.
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ESI MS: m/z (rel intensity) 455.0 (100, M + NH,*), 437.7 (20, M + HY).

b. The methyl ester 1a (110 mg, 0.25 mmol) is treated with KOH (250 mg, 4.46
mmol) in 15 mL of MeOH:H,0 (10:1) and stirred for 24 hr at room temperature. A white
precipitate comes out of solution. The material is concentrated and partitioned between 1N
HCl and EtOAc. The organic layer is washed with brine, dried over MgSO,, filtered and
evaporated. The solid residue is recrystallized from EtOAc:Hexanes (2:1) to give the title
compound as white crystals.

ESI MS: m/z (rel intensity) 441.0 (100, M + NH,"), 424.0 (85, M + H").
Exemple2
Preparation of 2-(4-'Phenyloxyphenylsnlfonyl)-nmino-S-phenylpent-4-ynoic acid

a. Methyl 2-(4-phenyloxyphenylsulfonyl)-amino—5-phcnylpent-4-ynoate: The

starting t-butyl-carbamate 1¢ (734 mg, 2.42 mmeol) is converted to the title sulfonamideas -~

described for example 1a. The crude residue is adsorbed onto silica and then. eluted
through a column of flash silica with Hexanes:EtOAc (2:1 to 1:2) to give a clear: symp o
which solidified upon standing. '

ESI MS: m/z (rel intensity) 466.9 (80, M + NH,"), 449.9 (100, M + HY).

b. The methyl ester 2a (308 mg, 0.71 mmol) is hydrolyzed to its relative carboxylic
acid as described for example 1b. The solid residue is recrystallized from EtOAc:Hexanes
(1:1) to give the title compound as white crystals. '
ESI MS: m/z (rel intensity) 453.0 (100, M + NH,* ), 4359 (75, M + H".

Example 3
Preparation of 2-{[4’-Methoxy-(l,l’-biphenyl)-4-yl]-sult‘onyl}-amino-S-phenylpent—4~
ynoic acid

a. Methyl 2-(4-10dophenylsulfonyl)-ammo-s-phenylpent-4-ynoate The starting t-
butyl-carbamate 1c (3.38 g, 11.2 mmol) is converted to the title sulfonamide. upon
treatment with 4-iodobenzene sulfonyl chloride (4.05 g, 13.4 mmol) as described for -
example 1a. The crude residue is adsorbed onto silica and then eluted through a column of
flash silica with Hexanes:Et,0 (7:3 to 2:3) to give 3.9g a yellow gum which sohdnfies upon
standing. _ -
ESI MS: m/z (rel intensity) 486.9 (100, M* +NH,*), 469.8 (25, M + H").

b. Methyl 2-{[4’-methoxy-(1,1’-biphenyl)-4-yl]-sulfonyl}-amino-5-phenylpent-4-
ynoate: The starting sulfonamide 3a (804 mg, 1.71 mmol) and 4-methoxyphenylboronic
acid (391 mg, 2.57 mmol) is taken in 15 mL of benzene, 2 mL of EtOH and 2 mL of water
and treated with Pd(PPh,), and 100 mg of Na,CO;. The mixture is brought to a mild reflux
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for 18 hr and then partitioned between EtOAc and IN HCl. The organic layer is washed-
with brine, dried ovér MgSO,, filtered and evaporated. The residue is recrystallized from.
hexanes:EtOAc (2:1) to give off-white solid.
ESI MS: m/z (rel intensity) - 449.9 (100, M + NH, "), 466.9 (75 M+ H". _
¢.  The methyl ester 3b (286 mg, 0.64 mmol) is hydrolyzed to its relative carboxylic
acid as described for example._lb. The solid residue is recrystallized from EtOAc:Hexanes
(1:1) to give white crystals.
EST MS: m/z (rel intensity) 453.0.(100, M + N'H“‘), 436.0 (60, M + HY),
- Ex ample 4
Preparatlon of 2-{[4’-Methoxy-(1 l’-blphenyl)-4-yl}-sulfonyl}-amlno-5-(4-morpholinn-
- phenyl)-pent—4~ynoic acid '

a. Methyl 2-N-boc-amin0-5-(4-morpholinophenyl)-pent—4—ynoate. 4-Iodoaniline
(6 2 g 284 mmol) is taken in 50 mL of DMF in the presence of 8 mL of bromoethy! ether -
and 10 mL of Et;N and heated to 60 °C for 24 hr. The mixture is then diluted with EtOAc
and washed 3x with dil NaHCO,, 1x with brine, dried over MgSO,, filtered -and
evaporated The res:duc is then recrysmlhzed from MeOH to give 421 g. of 4-
iodophenylmorpholine as a pale brown solid. _ . : S

The starting methyl 2—N—boc-ammo-5-pent-4—ynoate 4e (l 62 g, 7 14 mmol,

| T etrahedron Lett., 1994, 35, 3669) and the 4—1odophcnylmorphol1ne 2. 06 g, 7.14 mmol)

»

are taken in 16 mL of DMF in the presence of 1.6 mL of Et;N, Pc_l(PPh_,,)4 (650 mg, 0.56

mmol), and Cul (240 mg, 1.26 mmol). The mixture is then heated to 60° C for 20 hr. and
then partitioned between EtOAc and dil. NaHCO,. The organic layer is washed 2x with
water, 1x with brme dried over MgSO,, filtered and evaporated to give a deep red residue
which is adsorbed onto silica and eluted through a column of flash silica with
hexanes:EtOAc (4: 110 1:1) to give a yellow solid. ' .

ESI MS: n/z (rel intensity) 389.1 (100, M + H?).

b. Methyl '2-(4-iodophenylsnIfonyl)-amino-5-(4-morpholinophenyl)—pent—4-
ynoate: The starting t-butylcarbamate 4a (1.23 g, 3.17 mmol) is converted to the title
sulfpnamide upon treatment with-4-iodobenzene sulfonyl chloride (1.15 g, 3.80 mmol) as
described for example 1a. The crude residue is adsorbed onto silica and then eluted '
through a column of flash silica with Hexanes:EtOAc (3:1 to 1: 2) to give a pale yellow
solid. : :

ESI MS: n/z (rel intensity)- 554.0 (100, M + H").

c. Methyl 2-{[4’-methoxy-(1,1’-biphenyl)-4-yi]-sulfonyl}-amino-5-(4-morpholino-
phenyl)-pent-4-ynoate: The starting sulfonamide 4b (420 mg; 0.76 mfnol) is converted to
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the title compound with 4-methoxyphenylboronic acid (172 mg, 1.14 mmol) as described
for compound 3b. The resulting solid is recrystallized from EtOAc to give a pale yellow
solid.

ESI MS: m/z (rel intensity) 535.0 (100, M +H").

d. The methyl ester 4¢ (128 mg, 0.24 mmol) is hydrolyzed to its relative carboxylic
acid as described for example 1b. The solid residue is recrystalhzed from EtOAc:MeOH
(10:1) to give white crystals,

ESI MS: m/z (rel intensity) 543.0 (40, M + Na'), 521.0 (100, M + H").

Example 5
Preparation of 2-{[4>-Methoxy-(1,1 ’-biphenyl)-4-yl}-sulfonyl}-amino-5-(3-
morpholinophenyl)-pent-4-ynoic acid

a. Methyl 2-N-boc-amino-S-(3-morpholinophenyl)-pent-4-ynoaté: 3-Iodoaniline is

converted to 3-iodopheny1morpholine as described for 4a. The residue i is then adsorbed

onto silica and eluted through flash silica with hexanes:EtOAc (1:1 to 0:1) to give 3-
iodophenylmorpholine as a yellow gum.

The starting free acetylene 4e (1.4 g, 6.1 mmol) and the Lioddphehylmorpholine

- (1.68 g, 5.81 mmol) are coupled as described for 4a. The crude product is adsorbed onto

silica and eluted through a column of flash silica with hexanes:EtOAc “4:1) to gwe a

- yellow gum,

ESI MS: m/z (rel intensity) 389.1 (100, M + H").

b. - Methyl 2-(4-lodophenylsulfonyl)—amino-s-(3-morphoiinophenyl)—pent—4—
ynoate: The starting t-butylcarbamate 5a (1.58 g, 4.07 mmol) is converted to the title
sulfonamide upon treatment with 4-iodobenzene sulfonyl chlorid_e (1.11 g, 3.66 mmol) as
described for example 1a. The crude residue is adsorbed onto silica and then eluted
through a column of flash silica with Hexanes:EtOAc (4:1 to 0:1) to give a pale yellow
solid. |

ESI MS: m/z (rel intensity) 554.8 (100, M + H*).

c. Methyl 2-{[4’-methoxy-(l,1’-biphenyl)-4-yl]-sulfonyl}-ammo-5—(3-morpholmo- _
phenyl)-pent-4-ynoate: The starting sulfonamide 5b (367 mg, 0.66 mmol) is converted to
the title compound with 4-methoxyphenylboronic acid (151 mg, 1.14 mmol) as described
for compound 3b. The crude product is adsorbed onto silica and then eluted through a
column of flash silica with Hexanes:EtOAc (41to1: l) to give a pale orange-yellow, foamy
solid.

ESI MS: m/z (rel intensity) 535.0 (100, M + HY.
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d. The methyl ester 5S¢ (250 mg, 0.47 mmol) is hydrolyzed to its relative carboxylic

acid as described for example 4d. . The solid residue is eluted through a short silica gel
column with EtOAc:MeOH (1:0 to 4:1) to give a brownish solid
ESI MS: m/z (rel intensity) 521.0 (100, M + H').

Example 6
Preparation of 2-{[(1,1-4’,17>-Triphenyl)-4-yl]-sulfonyl}-amino-5-phenylpent-4-ynoic
acid . S
a. Methyl 2—{[.(1,1 ’-4’,1"-Triphenyl)—4-;yl]-sulfonyl}—amino-s-phenylpent-4-

ynoate: The starting sulfonamide 3a (1.0 2, 2.13 mmol) and biphenylboronic acid (633
mg, 3.2 mmol) are coupled as described for compound 3b. The residue is recrystallized
from hexanes:EtOAc (1:10) to give an off-white solid.

ESI MS: m/z (rel intenéity) 5132(30,M + N_H‘*), 496.1 25, M+ H").

b. The methyl ésber 6a (497 mg, 1.0 mmol) is hydrolyzed to its relative carboxylic

acid as descnbed for example 1b. The solid residue is recrystalhzed from EtOAc:Hexanes

(2:1) to give a tan solid.

~ ESI MS: m/z (rel intensity) 505.0 az,M+ Na*), 499.0 (4o M + NI-L *), 482.0 (1oo M+
CHY.

Example 7

Preparation of 2-{ [4’-Methylthio-(l,l ’-biphenyl)p-4-yl]-snlfonyl}-ammo-s-phenylpent- '

4-ynoic acid

a. -Methyl 2-{ t4_’-MefliylthioJ(1,1 ’-ébiplienyl)p—4-yl]-sulfonyl}-amino;s-phenyl- :

pent-4-ynoate:  The starting sulfonamide 3a '(l 0 g 213 mmol) and 4
methylthlophcnylboromc acid (540 mg, 3.2 mmol) are coupled as described for compound
3b. The residue is recrystalhzed from hexanes:EtOAc (1:5) to give an orange solid.
ESI MS: m/z (rel intensity) 483.0 (20, M +NH,"), 466.0 (60, M + H"), 279.0 (100).
b. The methle ester 7a (665 mg, 1.4 mmol) is hydrolyzed to its relative carboxylic
acid as described for example 1b. The solid residue is recrystallized from EtOAc:Hexanes
(2:1) to give a yellowish solid. |
ESI MS m/z (rel mtensrcy) 469 0 (30 M +NH,), 452.0 (60 M+ I-I") 279.0 (100).
Example8
Preparatlon of 2-{[3’,4’-Methylenedioxy-(1,1°-bipkienyl)-4-yl]-sulfonyl}-amino-5-
phenylpent-4-ynoic acid
a. Methyl 2-{[3’,4>-Methylenedioxy-(1,1’-biphenyl)-4-yl]-sulfonyl}-amino-5-
phenylpent-4-ynoate: The starting sulfonamide 3a (804 mg, 1.72 mmol) and 4-
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methylenedioxyphenylboronic acid (430 mg, 2.59 mmol) are coupled to give the title
compound as described for compound 3b. The crude product is adsorbed onto silica and
eluted through flash silica with hexanes:EtQOAc (2:1 to 1:3) to give a pale yellow solid.

ESI MS: m/z (rel intensity) 481.0 (100, M + NH,"), 464.0 (7,M+H".

b. Methy] ester 8a (391 mg, 0.84 mmol) is hydrolyzed to its relative carboxylic acid
as described for example 1b. The solid residue is recrystallized from EtOAc:Hexanes (2:1) -
to give white crystals.

ESI MS: m/z (rel intensity) 466.9 (70, M + NH,"), 449.9 (100, M + H*).

xample 9
Preparation of 2-{[4’-Phenyloxy-(1,1 ’-biphenyl)-4-yl]-sulfonyl}-amino-5-phenylpent-4-
ynoic acid
See: to M.D. Vleeschauwer and J.Y. Gauthier, -Synlett, 1997, 375.
a. 4—Phenyloxyphenyl boronic acid: Mg turnings (820 mg, 34.2 mmol) are suspended in

THF (60 mL) in a three-necked flask fitted with addition funnel and condenser. A crystal -

of jodine is added to the suspension. Phenyloxy phenyl bromide (5 mL, 28.5 mmol) in-
THF (15 mL) is added dropwise using the addition funnel to the Mg/1, suspension, -
maintaining a slow reflux of the solvent, then after the completion of addition the mixture -
is brought to reflux for the next 3 hrs. After allowing the mixture to cool down to room
temperature, triethyl borate (5.8 mL, 34.20 mmol) in THF (15 mL) is added dropwise via
the addition funnel. To the mixture is added 10 % ammonium chloride (50 mL), the layers -
are separated and the aqueous layer is extracted with EtOAc (50 mL). The combined-
organic extracts are dried over MgSO,, filtered and the solvents removed by rotary -
evaporation. The crude solid product is recrystallized from EtOAc/hexanes mixtures to
afford an off-white boronic acid product, which is stored under refrigeration.

b. Methyl-[4°-phenyloxy-(1, 1’-biphenyl)-4-yl}-sulfide: Bromothioanisole (500 mg, 2.39
mmol) and Pd(PPh,), (138 mg, 0.12 mmol) are mixed in degassed benzene (20 mL). 2M
Na,CO3 (3 mL, 6.0 mmol) is added to the mixture follwed by boronic acid (563 mg, 2.63
mmol). The biphasic mixture is refluxed overnight. To the cooled reaction mixture is
added water (10 mL). The layers are separated and the aqueous layer is extracted with
EtOAc (2 x 10 mL). The combined organic extracts are dried over MgSO,. Filtration of
the mixture followed by removal of the solvent by rotary evaporation affords a crude solid
product, which is filtered through a plug of silica using EtOAc as solvent. The filtrate is

evaporated and the solid residue is recrystalhzed using methanol to afford the title
compound |
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c. _.Methyl-[4’-phenj'_lo_,xy-(l,l’-bip_henyl)-4-yl]-sulfoxide: The sulfide (460 mg, 1.58
mmol) is dissolved .in CH,C], (50 mL). The solution is cooled to 0 °C, and mCPBA ( 388
mg, 1.58 mmol) is added in 4 portions over 10 mins. The reaction mixture is quenched
with 10 % Na,S,0, (10 mL). The layers are separated and the organic layer is washed with
satd NaHCO; (5 mL). The washed organic layer is dried over MgSO,, filtered and
concentrated via rotary evaporation to afford a crude sulfoxide which is taken directly to
the next step without further purification. . :

d.  Acetoxymethyl-[4’-phenyloxy-(1,1’-biphenyl)-4-yl]-sulfide: The above crude
sulfoxide is mixed with NaOAc (750 mg, excess) in Ac,O (5 mL). The suspension is heated
to 140 °C for 3 hrs. The solvent is removed via rotary evaporation and the residue is
dissolved in EtOAc (10 mL). The solution 1s washed with satd NaHCO,, the layers

separated and the organic layer dried with MgSO,. Filtration of the solvent followed by
~ concentration by rotary affords the a-acetoxy sulfide which is taken as crude to the next

e Aceioxyme_thyl-[4’-phenyloxy-(l,1’-biphenyl)-4-yl]-sulfone: .The crude sulfide 9d is -

dissolved in 1:2 MeOH/CH,CI, (12 mL) and cooled to 0 °C. MMPP (1.08 g, 1.74 mmol)is '
~ added in one portion; The reaction mixture is stirred at 0.°C for 30 mins. Water (S mL) '
~ and CH,C], (5 mL) are added to the reaction mixture and the layers separated. The organic

- layer is washed with satd NaHCO, solution and then dried with MgSO,. Filtration followed

: by. removal _of the solvent by rotary evaporation affords a solid which is purified by

recrystallization from EtOAc/héxanes mixtures to give a white solid.
f. [4’-phenyloxy—(l,l’-blphenyl)—4-yl]-sulfonate Thc sulfone (400 mg, 1 .09 mmol) is -

dlssolved in 1:2 MeOH/THF (9 mL) The solution is cooled to 0 °C and 1 M NaOH (ar

mL, 1.1 mmol) is added dropwnse The solvents are removed by rotary evaporatlon and the
residual water is removed by azeotropmg with benzene The sohd is taken as crude to the
next step. '

g. [4’-phenyloxy-(l,1’;biphenyl)4yl]-sulfonyl chloride: The above crude sulfinate is.
dissolved in CH,CI, (10 mL) at 0 °C. To the solution is added 1 M éulfuryl chloride (1.1
mL, 1.1 mmol). After thc addition s c_:omplete, t_he reaction mixture is stirred_at 0 °C for -

_ another 30 mins. To the reaction mixture is added water (5 mL). The layers are separated,

the orgamc layer i is dried with MgSO4 and ﬁnally fi ltered Removal of the organic solvent
by rotary evaporatlon affords the crude sulfonyl chloride which is purified by
chromatography on silica gel (3:1 hexanes/EtOAc) to afford the pure sulfqnyl chloride.
h. The sulfonyl chloride 9g is coupled to methyl ester 1c as described for compound 1a.
This material is then saponified and purified as described for example 1.
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" -Example 10
Preparation of 2-{[4°-(2-Methoxyethoxy)-(1,1 *-biphenyl)-4-yl}-sulfonyl}-amino-5- -
phenylpent-4-ynoic acid

a. [4-(2-Methoxyethoxy)-(1,1’-biphenyl)-4-yl}-sulfonyl chloride: 1-Bromo-4-(2-
Methoxyethoxy)-benzene is converted to the title sulfonyl chloride according - to the
sequence of procedures listed for compounds 9a-g.

b. The sulfonyl chloride 10e is coupled to methyl ester 1c as described for compound 1a.
This material is then saponified and purified as described for example 1.

- ESI MS: m/z (rel intensity) 497.0 (50, M + NH,"), 479.9 (50, M + H*).

Example 11
Preparation of 2-{|4’-(2-N-pyrrolidino-ethoxy)-(1,1 *-biphenyl)-4-yl]-sulfonyl}-amino- -
S-phenylpent-4-ynoic acid

a. [4’-(2-N-pyrrolidino-ethoxy)-~(1,1 *-biphenyl)-4-yl]-sulfonyl chloride: 1-Bromo-4-

(2-N-pyrrolidino-ethoxy)-benzene is converted to the title sulfonyl chloride according to -

the sequence of procedures listed for compounds 9a-g. -

b. The sulfonyl chloride 11e is coupled to methyl ester 1c as described for compound 1a.

This material is then saponified and purified as described for example 1.
ESI MS: m/z (rel intensity) 519.1 (100, M + H").

_ Example 12 _
Preparation of 2-{[3>-Ethoxy-(1,1 ’-biphenyl)-4-yl]-snlfonyl}-amino-_s-phenylpent-4-’-
ynoic acid

a. Methyl 2-{[3’-Ethoxy—(l,l’—biphenyl)-4-y]]-sulfohyl}-amino-5-phenylpent—4-
ynoate: The starting sulfonamide 3a (1.0 g, 2.13 mmol) and 3-ethoxyphenylboronic acid
(532 mg, 3.2 mmol) are coupled as deséribed for compound 3b. The residue is 'adsorbed
onto silica and eluted through a flash silica column with hexanes:EtOAc (9:1 to 4:1) to give
a yellow-orange gum. |
ESI MS: m/z (rel intensity) 498.0 (25), 466.0 (100, M - HY).
b. The methyl ester 12a (526 mg, 1.1 mmol) is hydrolyzed to its relative carboxylic
acid as described for example 1b. The solid residue is adsorbed onto silica and eluted -
through a flash silica column with EtQAc:MecOH (1:0 to 4:1) to give a yellow solid.
ESI MS: m/z-(rel intensity) 467.0 (30, M + NH,"), 449.9 (35, M + H"), 279.0 (100).

- Example 13 _ _

Preparation of 2-[4-(4-Methylphenyl)-acetylenylbenzene sulfonyl]-amino-5-phenyl-
pent-4-ynoic acid
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a. Methyl  2-[4-(4-Methylphenyl)-acetylenylbenzenesulfonyl}-amino-S-phenyl-
pent-4-ynoate: The starting iodo sulfonamide 3a (0.7 g, 1.49 mmol) and 4-ethynyltoluene
(0.21 g, 1.79 mmol) are taken in 10 mL of DMF in the pfesence of 0.42 mL of Et,N,
Pd(PPh,),Cl, (26.1 mg, 0.037 mmol), and Cul (15 mg, 0.074 mmol). The mixture is then
heated to 50°C for 18 hr. and then partitioned between EtOAc and H;O. The organic layer is
washed with IN HCl, aqueous NaHCO; and brine, dried over MgSO,, filtered and
evaporated to give a red residue which is adsorbed onto silica and eluted through a column
of flash silica with hexanes : EtOAc (4:1) to give a pale yellow solid. . .

EST MS: m/z (rec] intensity) 475.1 (10, M + NH,"), 458.1 (100, M + H').

b. The methy! ester 13a (330 mg, 0.72 mmol) is hydrolyzed to its relative carboxylic
acid as described for example 1b. The $_.qlid resiciue is triturated from EtOAc:hexane to
give White crystals. | '

ESI MS: m/z (rel intensity) 444.1 (100, M + H").

: . . Example 14 -
Preparauon of 2-[4-(4—Methoxyphenyl)-acetylenylbenzene sulfonyl]-ammo-s-phenyl- :
. pent-4-ynoic acid .

~a.  Methyl z-[4‘-'(4.M-ethox'yphe'nyl)-acefylenylbe‘nzenesulfonyu-amino-s;phenyx-'

pent-4-ynoate: The starting ‘iodo - sulfonamide. 3a (0.54 g, 1.15 mmol) and 4-

‘methoxyphenylacetylene (0.2 g, 1.49 mmol) are taken in 10 mL of DMF in the presence of . -

0.32 mL of Et;N, Pd(PPh,),Cl; (40.4 mg, 0.058 mmol), and Cul (24 mg, 0.128 mmol).’ The
mixture is then heatéd to 55°C for 18 hr. and then partitioned between EtOAc and H,0. The
organic layer is washed with IN HCl, aqucbus NaHCO, and brine, dried over MgSO,,
filtered and évaporated't“o give a residue which is adsorbed onto silica and eluted through a
column of flash silica with hexane:EtOAc (4:1 to 2:1) to glve the desired product.

ESI MS: m/z (rel intensity) 474.1 (100, M +H).

b. The methyl ester 14a (260 mg, 0.55 mmol) is hydrolyzed to its re]atlve carboxylic
acid as described for example 1b. The solid residue is recrystallized from EtOAc:hexane to
give the desired product |

ESI MS. m/z (rel mtenSIty) 477.1 (66, M + NH‘ ), 460 1(100, M +H".

Example 15
2-(4-Phenylazobenzenesulfon'yl)-amino-S-phenylpentynoic acid

a. Methyl 2-(4-Phenylazobenzenesulfonyl)-ammo-s-phenylpentynoate° The
starting t-butyl-carbamate ic (500 mg, 2.09 mmol) is converted to the title sulfonamide
upon treatment with 4-phenylazobenzene sulfonyl chloride (700 mg, 2.5 mmol) as
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described for example 1a. The crude residue is adsorbed onto silica and then eluted
through a column of flash silica with Hexanes:Et,O (7:3 to 2:3) to give a yellow gum which
solidified upon standing, I :

ESI MS: m/z (rel intensity) 465.3 (16, M + Na), 448.3 (100, M + "),

b. The methyl ester 15a (0.46 g, 1.04 mmol) is treated with LiOH (132'mg, 3.1 mmol)
in 10 mL of THF:H,O (1:1) and stirred for 17 hr at room temperature. The solution is
acidified to pH 2-3 with 1N HC], then extracted with EtOAc. The organic layer is washed
with brine, dried over MgSOy , filtered and evaporated. The solid residue is recrystallized
from EtOAc:Hexanes (1:2) to give the title compound as an orange solid.

ESI MS: m/z (rel intensity) 451.3 (21, M + NHg*), 434.2 (100, M + HN.

Example 16
Preparation of 2-{[4’-Phenyloxy(1,1 ’-biphenyl)-4-yl]-sulfonyl}-amino-s-(pyrldin-3-yl)-
pent-4-ynoic acid

The starting Methyl 2-N-boc-amino-5-(pyridin-3-yl)-pent-4-ynoate 16a (prepared as.
described in Tetrahedron Lett., 1994, 35, 3669), is converted to the title compound as .
described for example 9.

Example 17
Preparation of 2- [4-(4-Methoxyphenyl)-acetylenylbenzene sulfonyl}-amino-5-(pyridin-
3-yI)-pent-4-ynoic acid
The starting Methyl 2-N-boc-amino-5-(pyridin-3-yl)-pent-4-ynoate 16a is converted to the
title compound as described for example 14.
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Example 18
Preparation of 2—{ [4’-Methoxy—(1 1’-biphenyl)-4-ylj -sulfonyl}-ammo-s-(pyndm-3-yl)-
_ pent-4-ynoic acid

The starting Methyl 2-N-boc-amino-5-(pyridin-3-yl)-pent-4-ynoate 16a is converted to the -

title compound as described for example 1.

Example 19
Preparation of 2-{[4>-Methoxy-(1,1 ’-blphenyl)-4-yl]-sulfonyl}-amino?s-(_furan-z-yl)-
pent-4-ynoie acid -

The staring Methyl 2-N-boc-amino-5-(furan-2:yl)-pent-d-ynoate 19a (prepared as

described in Tetrahedron Lett., 1994, 35, 3669), is converted to the title compound as

described for example 1.

~ Example 20
Preparatmn of 2-{[4’-(2-Methoxyethoxy)-(1 1’-blphenyl)—4-yl]-sulfonyl} ~amino-5-
(furan-z-yl)-pent-4-ynoic acid ]
Thc starting Methyl 2-N-boc-amino-5- (fm'an-z-yl)-pent-4~ynoate 19a is convened to the
title compound as described for exa_mple 10.

Preparation of 2-{[4’-(2-N-pyrrolidino-ethoxy)-(1,1 *-biphenyl)-4-yl}-sulfonyl}-amino- -

5-(furan-2-yl)-pent-4-ynoic acid

The starting Methyl 2-N-boc-amino-5- (ﬁman-Z-yl)-pent-4—ynoatc 19a is converted to the -

title compound as described for example 11.

xample 22
Preparation of 2-{[4’-Methoxy-(1,1 ’-blphenyl)-4-yl] -sulfonyl}-ammo-S—(thxophen—Z—
yl)-pent-4-ynonc acid
The starting Methyl 2-N-boc-am1no—5-(thlcphen—Z-yl)-pent—4—ynoate 22a (prepared as
described in Tetrahedrbn Lett., 1994, 35, 3669), is converted to the tifle compound as

described for example 1.

_ Exémple 23
Preparation of 2-{[4’-Methoxy-(1,1 ’-biphenyl)-4-yll-sulf6nyl)-amiﬁo—S—(N—
methylpyrrol-2-yl)-pent-4-ynotc acid
The starting Methyl 2-N-boc-amino-5-(N-methylpyrrol-2-yl)-pent-4-ynoate 19a (prepared
as described in Tetrahedron Lett., 1994, 35, 3669), is converted to the title compound as
described for example 1. |
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: Example 24
Preparation of 2-(4-n-Butoxybenzene)-sulfonylamino-s-phenylpent-4-ynoic acid
The starting tert-butyl-carbamate 1¢ is deprotected and coupled to »n-

butoxybenzenesulfony! chloride as described for compound 1a and then converted to its
relative hydroxamic acid as described for compound 1b,

E fes 25 - 30
The following chemical formula along with Table 2 shows the structure of

compounds made according to the description in Examples 25 - 30 described below:

ﬁ

[+

[¢] O=S\ R
!

H
HO

~ .

Table2 o
Example R, R, - Ry

25 /@,C'Me -H -H

. « | .

26 /Q/OM- H H
« .

27 H QW -H
O
28 P H H

2 Oom | H “N-morpholine
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. _ Ex le 25 .
Preparation of 2-{ [5-(4-Methoxyphenyl)—thiophen-z-yl]-sulfonyl}~amino—5-phenyl~

pent-4-ynoic acid:

a. Methyl 2-[(5-bromothiophen-2-yl)-sulfonyl}-amino-5-phenylpent-4-ynoate:
The starting t-butyl-carbamate 1c (3.38 g, 11.2 mmol) is converted to the title sulfonamide
upon treatment with 5-bromothiophen-2-yl sulfonyl chloride (4.05 g, 13.4 mmol) as

~ described for example 1a. The crude residue is adsorbed onto silica and then .eluted

through a column of flash silica with Hexanes:Et,0 (7:3 to 2:3) to give 3.9 of yellow gum
which solidified upon standing.

_ESIMS: m/z (rel intensity) 447.1 (100, M"‘ +Na*), 445.2 (85, M* + Na*), 430.1 (45, M +

H"), 428.1(42, M+ H).

b, Methyl 2-{[5-(4-Methoxyphenyl)-thiophen-z-yl]-sulfonyl}-amino-s-phenyl- ;

pent-4-ynoate: The starting sulifonaxn_lde_ 252 (430 mg, 1.0 mmol) and 4-

methoxyphenylboronic acid (230 mg, 1.5 mmol) is taken in 15 mL of benzene, 0.5 mL of .

EtOH and 1 mL of water and treated w1th Pd(PPh,)4 (35 mg, 0 03 mmol) and NazCO3 (0.21

g, 2 mmol). The mixture is brought toa mlld reﬂux for 18 hr and then partmoned between

EtOAc and IN HCL The organic layer is washed w1th brme, dried over MgSO,, filtered -

and evaporated. The residue is recrystallized from hexanes:EtOAc (7:3) to give 270 mg of
off-white solid.

ESI MS: m/z (rel intensity) 473 (100, M +NH,"), 456 (75, M+ H").

c. The methyl ester 25b (237 mg, 0.5 mmol) is hydrolyzed to its relative carboxylic

acid as described for example 1b. The solid residue is recrystallized from EtOAc:hexane to

give 130 mg of desired product.

ESI MS: m/z (rel intensity) 459 (100 M+NH,"), 442 (94, M + I-I*)

Example 26
Preparation of 2—{[5-(4-methoxyphenylacetylenyl)-thiophen-z-yl]-sulfonyl}-amino-s-
phenyl-pent-4-ynoic acid

a. Méthyl 2-{[5-(4'-meth6xyphenylacetylenyl)-thiophen-2-yl]-sulfonyl}-amino-s-
phenyl-pent-4-ynoate: The starting bromo thiophene sulfonamide 25a (0.47 g, 1.1 mmol)
and 4—methoxyphenylacctylcne 0.19 g, 142 mmol) are taken in 10 mL of DMF in the
presence of 0.31 mL of Et;N, Pd(PPh,),Cl, (38.6 mg, 0.055 mmol), and Cul (21 mg, 0.11
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mmol). The mixture is then heated to 55°C for 18 hr. and then partitioned between EtOAc
and H,0. The organic layer is washed with 1N HC], aqueous NaHCO, and brine, dried over
MgSO,, filtered and evaporated to give a red residue which is adsorbed onto silica and
eluted through a column of flash silica with hexanes:EtOAc (4:1) to give 0.21 g of pale
yellow solid.

ESI MS: m/z (rel intensity) 497.1 (28, M + NH,"), 480.3 (100, M + H").

b. The methy] ester 26a (110 mg, 0.23 mmol) is hydrolyzed to its relative carboxylic
acid as described for example 1b. The solid residue is recrystallized from EtOAc:hexane to

‘ give 80 mg of white crystals.

ESI MS: m/z (rel intensity) 483.3 (16, M + NH,"), 466.2 (100, M + H").

Example 27
Preparation of 2-{[(4-benzenesulphonyl)-thiophen-z-yl]-sulphonyl}-amino-5-
phenylpent-4-ynoic acid:

a. Methyl 2-{[(4-benzenesulphonyl)-thiophen-2-yl}-sulphonyl}-amino-5-
phenylpentynoate: The starting t-butyl-carbamate 1¢ (0.276 ing, 1.16mmol) is converted
to the title sulfonamide upon treatment with 2-{{(4-benzenesulphonyl)-thiophen-2-yl}-
sulphonyl} chloride (340 mg, 1.05 mmol) as described for example 1a.

ESI MS: m/z (rel intensity) 507 (46, M + NH,"), 490 (100, M + HY).

b. The methyl ester 27a (0.15 g, 0.30 mmol) is treated with NaOH (61 mg, 1.5 mmol) .
in 3 mL of methanol and 5 ml of water, and stirred for 17 h at room temperature. The
solution is acidified to pH 2-3 with IN HCI, then extracted with EtOAc. The organic layer
is washed with brine, dried over MgSO,, filtered and evaporated. The solid residue is
recrystallized from EtOAc / Hexanes (1:4) to give the desired product.

ESI MS: m/z (tel intensity) 493 (100, M + NH,"), 476 (12, M + H").

Example 28
Preparation of 2-{ [(S-benzenesulphonyl)-thiophen-z-yl]-sulphonyl}-amino-s-
phenylpent-4-ynoic acid
a. Methyl 2-{ [(5-benzenesulphonyl)—thiophen-z-yl]-sulphonyl}-amino—s-

phenylpentynoate: The starting t-butyl-carbamate 1le¢ (0.42 g, 1.75mmol) is converted to
the title sulfonamide upon treatment with 2-{[(5-benzenesulphonyl)-thiophen-2-yl]-
sulphonyl} chloride (620 mg, 1.93 mmol as described for example 1a.

ESI MS: m/z (rel intensit}-') 507 (75, M + NH,"), 490 (100, M + H*).
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~ b, The methyl ester 28a (0.185 g, 0.39 mmol) is converted to the title acid as

described for compound 27b.

ESI MS: m/z (rel intensity) 493 (86, M + NH.") 476 (100 M+ I—I")

- Example 29
Preparatlon of 2-{[5-(4-Methoxyphenyl)-thlophen-2-yl]-sulfonyl}-ammo-S-(3-N-
" morpholino)-phenylpent-4-ynoic acid
The methy! ester Sa is converted to the title compound as described for example 25.

Example 30
Preparation of 2-{[S-(4-Metlioxyphenyl)-thiophen-2-yl]-sulfonyl}-amino-5-(3-N,N-
dimethylamino)-phenylpent-4-ynoic acid

The dimethylamino-analog of methyl ester 5a is prepared as described for compound 5a - -

and then converted to the title compound as described for example 25.

Examples 31 - 58
' The following chemical formula along with Table 3 shows the structure of
compounds made according to the description in Examplés 31-58 described below:
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Example 31

Preparation of 2—[(1,1’-Biphenyl-4-yl)—sulfonyl]-amino-6-pyrrolidinohex-4-ynoic acid

a. Methyl ten-butoxycarbonylaminb-6-pyrrolidinohex-4—ynoate: Pyrrolidine (936
mL, 11.2 mmol) is taken in 6 mL of dioxane and treated with paraformaldehyde (337 mg,
11.2 mmol wrt. monomer) and the resulting mixture is allowed to stir for 30 min. The free
acetylene 4e (1.7 g, 7.49 mmol) is separately dissolved in dioxane and added to the
previous solution, treated with Cu(acac), (392 mg, 1.5 mmol), heated to 90°C for 3 hr., and
partitioned between EtOAc and dil. Na,CO,. The organic layer is washed with brine, dried
over MgSO,, filtered and evaporated. The crude residue is then adsorbed onto silica and
eluted through a column of flash silica with EtOAc:MeOH (1:0 to 5:1) to give a pale yellow:
syrup. -

ESI MS: m/z (rel intensity) 311.1 (100, M + H"), 255.0 (65), 211.0 (10).

b. Methyl 2-(4-iodophenylsulfonyl)-amino-6-pyrrolidinohex-4-ynoate: The
starting t-butyl-carbamate 31a (1.04 g, 3.35 mmol) is taken in 15 mL of MeOH and treated
with 2 mL of SOCL,. The resulting mixture is stirred for 30 min. and evaporated to dryness.
The residue is then taken in CH,Cl, and 3 mL of Et;N and treated with pipsyl chloride (1.32.
g, 4.36 mmol) and the mixture is stirred for 18 hr. and then partitioned between CHCI, and
dil. Na,CO,. The organic layer is dried over MgSO,, filtered and evaporated and the crude
product is adsorbed onto silica and eluted through flash silica with EtOAc:MeOH (1:0 to
2:1) to give the title compound 31b as well as unsulfonylated free amine 31c.

- 31b: ESI MS: m/z (rel intensity) 476.9 (100, M + H", 211.1 (20).

31c: ESI MS: m/z (rel intensity) 211.1 (100, M + H"), 102.1 (100).

d. Methyl 2-[(1,1 ’-Biphenle-yl)-sulfonyl]-amino-6-pyrrolidinohex4-ynoate:
The free amine 31c (132 mg, 0.628 mmol) and biphenylsulfonyl chloride (190 mg, 0.754
mmol) is taken in 3 mL of CHCl, in the presence of 0.5 mL of Et;N and stirred for 18 hr. It
is then partitioned between CHCY, and dil. CHCL,. The organic layer is dried over MgSO,,
filtered and evaporated. The residue is adsorbed onto silica and eluted through a column of
flash silica with EtOAc:MeOH (1:0 to 5: 1) to give a pale yellow syrup.
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ESI MS: m/z (rel intensity) 457.0 (7, M + H*).

e, . The methyl ester 31d (105 mg, 0.25 mmol} is taken in 10 mL of MeOH:HL,0 (10:1)
and treated with KOH (llS mg, 2.05 mmol). The resulting mixture is stirred for 18 hr.,
evaporated to dryness and partmoned between sat. NaH,PO, -and CHCl,:MeOH (15:1). The
layers are separated and the aqueous layer smularly twice extracted Combined organic
layers are dried over MgSO,, filtered and evaporated. The crude pale orange residue is then

- recrystallized from MeOH:EtOAc (4:1) to give an off-white solid.

ESI MS: m/z (rel intensity) 443.0.(100, M__+ H"*)

Example 32
Preparation of 2-{[4’-Methoxy(1 1’-blphenyl)-A-yl]-sulfonyl}-amino-ﬁ-pyrrohdinohex-

4~ynoic acid

a.. . Methyl 2-{[4’-Methoxy(1,l’-blphenyl)-4-yl]-sulfonyl}-ammo-6-pyrrol|dmohex-
4-ynoate:  The starting sulfonamide 31b (403 mg, 0.847 mmol) and 4-
methoxyphenylboronic-acid (193 mg, 1 27-mmol) ere taken in 10 mL of benzene, 1.5 mL of
EtOH and 1.5 mL of water in the presence of Pd(PPh,)4 (29 mg, 0.025 mmol) and 200 mg

of Na,CO; and brought to reflux for 18 hr. The rmxture is then partitioned between EtOAc

and dil. Na,CO;. The orgamc layer is washed with brine, dried over MgSO,, filtered and
evaporated The crudc product is adsorbed onto silica and eluted through flash silica with
EtOAc:MeOH (1:0 to 4: l) to givea pale orange tar.

ESI MS: m/z (rel intensity) 4570 (100 M+ H“) . :
b. ‘The methyl ester 32a (201 mg, 0.44 mmol) is sapomﬁed as described for

compound 3le. The crude pale orange residue is then recrystallized from MeOH:EtOAc -

(4:1)togivea pale orange SOlld
ESIMS: m/z (rel intensity) 443. (100, M + H’)

" Example 33

Preparation of 2—[(1,1’-Biphenyl)-4-yl-sulfonyl]-amiuo-ﬁ-morpholinohex-4-ynoic acid

a. Methyl 2-N-tert—butoxycarbonylammo—6—morpholmohex-4—ynoate. Morpholme
(3.23 mL, 37.1 mmol) is coupled with parafonnaldehyde (1.12 mg, 37.1 mmol wrt.

monomer) and free acetylene 4e (5.62 g, 24. 3 mmol) as descnbed for compound 31a to .

give the title compound as a pale yellow syrup

ESIMS: m/z (rel intensity) 327.1 (85, M + H"), 227.1 (100) .

b. " Methyl 2-[(1,1’-bxphenyl)-4-yl-sulfonyl]-ammo-6-morphohnhex-4—ynoate The
starting t-butyl-carbamate 33a (614 mg, 139 mmol) is deprotected and coupled with
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biphenylsulfonyl chloride (702 mg, 2. 78 mmol) as ‘described for compound 31b to give the
title compound as a pale yellow tar.

ESI MS: m/z (rel intensity) 476.9 (100, M + H), 211.1 (20).

¢ The methyl ester 33b (252 mg, 0.57 mmol) is hydrolyzed as described for
compound 31e to give the title compound.

ESI MS: m/z (rel intensity) 429.0 (100, M + H*).

Example 34
Preparation of 2-{[4’-Methoxy-(1,1 ’-biphenyl)-4-yl]-sulfonyl}-amino-6-
morpholinohex-4-ynoic acid

a. Methyl 2-(4-iodophenylsulfonyl)—amin6-6-morph01ihohex—4-ynoate: The
starting t-butyl-carbamate 31a (6.10 g, 18.7 mmol) is deprotected and coupled with pipsyl
chloride (5.11 g, 16.84 mmol) as described for compound 31b to give the title compound as
a pale yellow tar. '

ESI MS: m/z (rel intensity) 492.9 (100, M + H").

b. Methyl '2-{[4’-methoxy-(l,l’-biphenyl)-4-yl]-sulfonyl}-amino-ﬁ-morpholino-
hex-4-ynoate: The starting sulfonamide 34a (500 mg, 1.02 mmol) is coupled to 4-°
methoxyphenyl-boronic acid (233 mg, 1.53 mmol) as described for compound 32a to glve .
the title compound as a light brown solid, ' '

- ESI MS: m/z (rel intensity) 473.0 (100, M + H').

c. The methyl ester 34b (36 mg, 0.076 mmol) is hydrolyzed as described for

. compound 31e to give the title compound as a yellow solid.

ESI MS: m/z (rel intensity) 459.1 (100, M + H").

Example 35
Preparation of 2-{[4°-Methylthio-(1,1 *-biphenyl)-4-yl}-sulfonyl}-amino-6-

morpholinohex-4-ynoic acid

a. ©  Methyl 2-{[4’-Methylthio—(l,l’-biphenyl)—4-yl]-sulfonyl}-—amino-ﬁ-morpholino-
hex-4-ynoate: The starting sulfonamide 34a (500 mg, 1.02 mmol) is coupled to 4-
methylthiophenyl-boronic acid (257 mg, 1.53 mmol) as described for compound 32a to
give the title compound as a light orange solid.

ESI MS: m/z (rel intensity) 489.0 (100, M + H"). -

b The methyl ester 35a (40 mg, 0.081 mmol) is hydrolyzed as described for

compound 31e to give 16 mg of the title compound as a yellow solid.
ESI MS: m/z (rel intensity) 475.0 (100, M + H").

Example 36
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Preparation of '2-_-.[4_-(4-Methoxyphenyl)—acetylenylbenzenesulfonyl]—amino-ﬁ-
morpholinchex-4-ynoic acid

a. Methyl 2-[4-(4-Méthoxy’plienyl)-acetylenyibenienesulfonyl];amino&-
morpholinohex-4-ynoate: The starting sulfonamide 31b ( 1.00 g, 2.03 mmol) and 4-
methoxyphenylacetylene (350 mg, 2.64 mmol) are taken in 20 mL of DMF, in the presence
of Pd(PPh,),Cl, (72 mg, 0.102 mmol), Cul (40 mg, 0.20 mmol) and Et3N (0.565 mL, 4.06
mmol) and stirred at 55°C for 16 hr. The mixture is then diluted in EtOAc and washed
three times with dil. Na,CO,, one time with brine, dﬁed over MgSO,, filtered and
concentrated. The crude product is adsorbed onto silica and eluted through flash silica with
EtOAc:hexanes (1:1 to 1:0) to give a pale orange tar.
ESI MS: m/z (rel intensity) 497.4 (100, M + H’)
b.  The methyl ester 36a (920 mg, 1 85 mmol) is hydrolyzed as described for
compound 30e to give the title compound as a solid.
ESI MS: m/z (rel intensity) 521.0 (100, M+K").

- Example 37

Preparation of 2-{[4’-Phenyloxy-(1,1’-biphenyl)-4-yl]-sulfonyl}-amino-6-
morpholinohex-4-ynoic acid '

The sulphonyl chioride 9g is coupled with t-butyl-carbamate.33a as described for
compound 31b and the resulting sulfonamide is hydrolyzed as described for compound 31e-
to give the title compound.

Example 38
Preparation of 2-{{4’-Methoxy-(1,1°-biphenyl)-4-yl]-sulfonyl}-amino-6-(4N-
phenylpiperazin-1N-yl)-hex-4-ynoic acid

a. - Methyl 2-{[4’-methoxy-(1,1 ’-biphenyl)—4-yl]-snlfonyl}-amino-pent-4-ynoate:

(1)-Propargyl glycene (2.15 g, 18.9 mmole) is taken in 50 mL of MeOH and treated with 3

mL of SOCl,. The resulting mixture is stirred at RT for 16 hr and the evaporated to

dryness. The resulting residue is dissolved in 40 mL of CHCl,, 20 mL of DMF and 25 mL

of NEt,, treated with 4-methoxybiphenylsulfonyl chloride and stirred for 16 hr at RT. Itis

then partitioned between 5% NaHCO, and Hexanes:EtOAc (1:3). The organic layer is

washed 2x with 5% NaHCO?3, 1x with brine, dried over MgSOA4, filtered and evaporated to-
give a yellowish-brown solid which is recrystallized from i-PrOH:Hex to give a tan solid.

b. Methyl T2+ [4’-methoxy-(i,1’-bi.pl'1enyl)-'4-yl]-sulfon}'ljéamirio-ﬁ-(4N-
phenylpiperazin-1V-yl)-hex-4-ynoate: N—Phenyl-l,4-pipéré2ine (478 mg, 2.95 mmol) is
coupled with paraformaldehyde (96 mg, 3.21 mmol wrt. monomer) and free acetylene 38e
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(1.0 g, 2.68 mmol) as described for compound 31a to give the title compound as a white
solid.

ESI MS: m/z (rel intensity) 548.2 (100, M + H*).

c. 2-{[4’-Methoxy-(1,l’-biphenyl)-4—yl]-ulfonyl}-amino-6-(4N-phenylpiperazin-1N-
yD)-hex-4-ynoic acid: The methyl ester 38a is hydrolyzed to give the title acid as described
for compound 31e. , : :

ESI MS: m/z (rel intensity) 556.1 (25, M + Na*), 534.1 (100, M + HY).

. - Example 39
Preparation of 2-{ [4’-Methoxy-(l,1’-biphenyl)—4-yl]-sulfonyl}-amino-ﬁ-(4N-tert-
butoxycarbonylpiperazin-LV-yl)-hex-4-ynoic acid

a. Methyl 2-{[4’-methoxy-(1,1 ’-biphenyl)-4-yl]-sulfonyl}Famin0-6-(4N-tert-
butylcarbonylpiperazin-1N-yl)-hex-4-ynoate: N-tert-butoxycarbonyl-1,4-piperazine
(8.14 g, 4.37 mmol) is coupled with paraformaldehyde (143 mg, 4.7 mmol wrt. monomer) -
and free acetylene 38e (1.48 g, 3.97 mmol) as described for compound 31a to give the title
compound as a pale yellow syrup which soildified upon standing. '

ESI MS: nv/z (rel intensity) 572.2 (100, M + H").

b. 2—{[4’-Methoxy-(l,1’-biphenyl)-4-yl]-sulfonyl}-amino-6-(4N-tert-butoxy-
carbonylpiperazin-1N-yl)-hex-4-ynoic acid: The methyl ester 39a is hydrolyzed to give
the title acid as described for compound 31e.

ESI MS: n/z (rel intensity) 558.2 (100, M + H").

Example 40
Preparation of 2-{[4’-Methoxy-(1,1 *-biphenyl)-4-yl}-sulfonyl}-amino-6-(4NV-
methanesulfonylpiperazin-1N-yl)-hex-4-ynoic acid

a. Methyl 2-{[4’-methoxy-(1,l’-biphenyl)-4-yl]-sulfonyl}-amino-G-@N-methane
sulfonylpiperazin-1V-yl)-hex-4-ynoate: The protected piperazine 31a (213 mg, 0.37
mmole) is taken in 25 mL of CH,CI, and treated with 4 mL of trifiuoroacetic acid at RT.
The resulting mixture is stirred for 3 Hr and then evaporated to dryness and triturated with
CHCl,. "The residue is dissolved in 25 mL of CH,Cl, and treated with 3 mL of NEt, and
then methanesulfonyl chloride (0.032 mL, 0.41 mmole). The resulting mixture is stirred for
3 br and then partitioned between 5% NaHCO; and EtOAc. The organic layer is washed
with brine, dried over MgSO,, filtered and evaporated to give an off-white solid which is
purified via flash chromatography with EtOAc to give a white solid.

ESI MS: m/z (rel intensity) 550.0 (100, M + H*).
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b. - 2-{[4-Methoxy-(1,1’-biphenyl)-4-yl]-sulfonyl}-amino-6-(4/V-terr-butoxy- .-
carbonylpiperazin-1N-yl)-hex-4-ynoic acid: The methyl ester 40a is hydrolyzed to give
the title acid as described for compound 3le. - . .
ESI MS: m/z (rel intensity) 536.0 (100, M + H). .

Example 41
Preparation of 2-{[4’>-Methoxy~(1, 1’-blphenyl)-4-yl]-sulfonyl}-ammo-6-(4N—
" acetylpiperazin-1N-yl)-hex-4-yneic acid -

a, Methyl 2-{[4’-methoxy-(1,1> blphenyl)-4-yI]-sulfonyl}-amino-ﬁ-(4N—methane
sulfonylpiperazin-1N-yl)-hex-4-ynoate: - The protected piperazine 3ia (210 mg, 0.37

-mmole) is deprotected and converted to an acetate derivative upon treatment with acetic
.+ anhydride as described for compound 40a.. -
. ESIMS: vz (rel intensity) 514.1 (85, M+ HY). -

3 2-{[4’-Methoxy—(l,1.’-bipheny-l)-4—yl]-sulfonyl}hamino-6A(4N-tert-butoxy- :

carbonylpiperazin-1V-yl)-hex-4-ynoic acid: The methyl ester 40a is hydrolyzed to give

the title acid as described for compound 31e.

- ESI MS: m/z (rel intensity) 500 1(85, M +H").

Exam ple 42"
" Preparation of 2-{ [4’-Phenyloxy-(l 1’-biphenyl)-4-yl]-sulfonyl}-amino-ﬁ-
pyrrolidinohex—4—ynoic acid

© The sulphonyl chloride 9g is coupled with t-butyl-carbamate 31a as described for
o compound 31b and the resultmg sulfonamxde is hydrolyzed as described for compound 3le
to give the title compound ' '

Example 43 .
Preparation of 2-{[4’-Phenyloxy—(l 1’-blphenyl)-4-yl]-sulfonyl)-ammo-ﬁ-(N,N-
. o dlmethylammo)-hex-4-ynonc acid ,
a. Methyl tert-bntoxycarbonylammo-6-(N,N-dlmethylamlno)-hex-4-ynoate
Dimethylamine is couplked with paraformaldehyde and free acetylene de as described for
compound 30a to give the title compound.
b. The sulphonyl chloride 9g is coupled with t-butyl-carbamate 43a as descnbed for

‘compound 31b and the resulting s_ulfouarmde is hydrolyzed as described for compound 31e

to give the title compound..

- "Example 44
Preparation of 2-[4-(V-4-Methoxybenzoyl)-aminobenzenesulfonyl]-amino-6- '
morpholinochex-4-ynoic acid
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a. Methyl 2-(4-acetﬁmidobenzenesulfonyl)-amino-6—morpholinohex-4-ynoate: The t-
butylcarbamate 33a is deprotected and coupled to 4-acetamidobenzenesulfonyl chloride as
described for combound 31b to give the title compound.

b. Methyl 2—[4-(N-4-methoxybenzoyl)—amlnobenzenesulfonyl]-amino-ﬁ-morpholino—
hex-4-ynoate: The acetamide 44a is heated to reflux for-3h in 3N HCI and then
concentrated to dryness and azeotroped with toluene. The resulting residue is dissolved in
CH,OH, followed by slow addition of thion&l chloride. The mixture is stirred for 18h, and
solvent is removed under reduced pressure. The crude aniline sulfonamide intermediate is
dissolved in CH,Cl,, cooled to 0 °C. 4-Methylmorpholine is added, followed by 4- -
Methoxybenzoyl chloride. The reaction mixture is stirred for 18h, diluted with water, and
extracted three times with EtOAc. The combined EtOAc layers are washed with dil .
Na,CO,, H,0, brine, dried over MgSO,, and concentrated to a solid which is eluted through
flash silica with EtOAc to give the title compound.

ESI MS: m/z (rel intensity) 516.1 (100, M + H).

¢. The methyl ester 44b is hydrolyzed as described for compound 31e to give the title
compound as a sohd

ESI MS: m/z (rel mtensity) 524.1 (25, M +Na"), 502.1 (100, M. + H').

Example 45 .
Preparation of 2-[4-(N-4-n-Butoxybenzoyl)-aminobenzenesulfonyl}-amino-6-

morpholinohex-4-ynoic acid
a. Methyl 2-[4-(N-4-n-Butoxybenzoyl)-ammobenzenesulfonyl]—amino-&morpholino--.~
hex-4-ynoate: The acetamide 44a is converted to the title compound upon coulpmg with n-
butoxybenzene as described for compound 44b.

b. The methyl ester 45a is hydrolyzed as described for compound 31e to give the title
compound as a solid.

Example 46
Preparation of 2-{[4’-Methoxy-(1,1 *-biphenyl)-4-yl}-sulfonyl}-amino-6-phenylhex-4-

' ynoic acid
a. Butyl-2-hydroxy-6-phenylhex-4-ynylether: The starting 3-phenyl-l-propy1ie 271 g,
23.4 mmole) is taken in 100 mL of dry THF under argon and cooled to -78 °C. A solution
of n-butyl lithiuvm (9.36 mL, 23.4 mmole) is added dropwise and the mixture is allowed to
stir for 15 min. afterwhich BF;OEt, (2.91 mL, 23.4 mmole) is added dropwise and the
solution allowed to stir for 15 min. Tert-Butyl glycidyl ether (3.01 mL, 21.2 mmole) is
then added dropwise. The mixture is allowed to stir for 15 min. and then the cooliung bath

is removed and the solution allowed to come to room temperature for 1 hr. The reaction is
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quenched with sat. NH.Cl and then partitioned between water and EtOAc. The organic

layer is washed with brine, dried over MgSO,, filtered and evaparated to givé a crude syrup
which is adsorbed onto silica, eluted through a flash silica column with hexanes:EtOAc
(10:1 to 2:1) to give the title ether as a clear syrup. .

b. fert-Butyl-2-methanesulfonyloxy-6-Phenylhex-4-ynylether: The starting alcohol 46a
(2.61 g, 10.6 mmole) 1staken in 100 mL of CH,Cl, in the presence of 2 mL of Et;N and
treated with methanesulfdnyl chloride (1.64 mL, 21.2 mmole) and allowed to stir for 18 hr.

The mixture is then parﬁtigned-CI_-ICl; and IN HCI. The organic layer is dried over MgSO,,
filtered and evaparated. The crude material is ads_otbed onto silica and eluted through flash

silica with hexaneS'EtOAd (10:1 to 2:1) to give the desired material as a pale yellow syrup.
c. 1-hydroxy-z-azldo-ﬁ-Phenylhex-4-yn. The methane sulfonate 46b (1.05 g, 3.24

“mmole) is taken in 25 mL of CH,Cl2 and treated with 2 mL of trifluoroacetic acid and the
" resulting dark brown: s.olutlon wis allowed to stir for'2 hr. The mixture is diluted with
CH,Cl,, washed with dil. NaHCO;, dried over MgSO,, filtered and evaparated. The residue

is taken in 10 mL of DMF, treaied with 1 g of NaN; and heated to 65 °C for 18 hrs. The

" mixture is the diluted with hexanes EtOAc (1 :2) and washed 3x with water, 1x with brine,
" dried over MgSO., ﬁltered and evaparated The brown residue is adsorbed onto silica and
" eluted through a column’ of flash silica with hexanes:EtOAc (4:1 to 1:3) to give the title

compound as atan gum.
d. 1-Hydroxy-z-(4-bromobenzenesulfonyl)-ammo—6—phenylhex-4-yn The azide 46c

' (443 mg, 2.06 mmole) is taken m 5 mL of THF in the presence of PPh; (1.08 g, 4.12

mmole) and treated with a 0.3 mL of water. 'I'he mixture is. stirred for 18 hr, diluted with
10 mL of dioxane, 1 mL of H,O and 2.5 mL of Et;N and then treated with 4-
bromobenzenesulfony] chloride. The mixture is Stirred for 2 hr and then partitioned
between EtOAc and IN HCl The organic layer is washed with brine, dried over MgSO,,
filtered and evaparated. The tan resigue is then adsorbed onto silica and eluted through a
column of flesh silica with hexanes:EtOAc (4:1 to 1:4) to give the title compound as a pale
yellow solid. '

e. 1-Hydroxy-2-{[4’-methoxy-(1 1’-bipllenyl)-4-yl]-sulfonyl}-ammo—ﬁ-phenylhexJ—

yn: The bromide 46d (330 mg, 0.81 mmole) is taken in 10 mL of benzene in the presence -

of 4-methoxybenzene boronic acid, palladium tetrakisﬁ‘iphenylphosphine (50 mg), Na,CO,
150 mg) ImL of water and 1 mL of EtOH. The mixture is brought to reflux for 18 hr and
then partmoncd between water and hexanes:EtOAc (1:2). “The organic layer is washed with
brine, dried over MgSQ,, filtered and evaparated to give a residue which is adsorbed onto
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silica and eluted through flash silica ‘with hexanes:EtOAc (2:1 to 1:3) to give thie title
compound as a pale yellow oil.

f. The alcohol 46e (159 mg, 0.36 mmole) is taken in 100 mL of acetone and treated
dropwise with Jones reagent until an orange color persists. The mixture is stirred for 50
min. and then quenched with excess isopropy! alcohol and stirred for an additional 30 min.
The fine green precipitate is filtered and the solvent evaparated. The residue eluted through
a short column of flash silica with CHCl,;:MeOH (1:0 to 5:1) to give the title compound as
an off-white solid.

Example 47
Preparation of 2-{[4’-(2-Methoxyethoxy)-(1,1 *-biphenyl)-4-yl]-sulfonyl}-amino-6-
phenylhex-4-ynoic acid
a. l-Hydroxy-Z-{[4’-(2-methoxyethoxy)—(1,1’-biphenyl)-4-yl]-sulfonyl}-amino—ﬁ-
phenylhex-4-yn: The azide 46¢ is coupled to sulfonyl chloride 10a is as described for
compound 46d to give the title compound.
b. The alcohol 47a is oxidized to the title acid as described for compound 46f..

, _ Example 48 _
Preparation of 2-{[4’-(2¥N-Pyrrolidino-ethoxy)-(l,1 ’-biphenyl)-4-yl]—sulfonyl}-amino-
6-phenylhex-4-ynoic acid
a. 1-Hydroxy-z-{(4-(2-N-pyrrolidono-ethoxy)-(l,1’-biphenyl)-4-yl]-sulfonyl}-amino-
6-phenylhex-4-yn: The azide 46¢ is coupled to sulfonyl chloride 11a is as described for _
compound 46d to give the title compound.
b. The alcohol 48a is oxidized to the title acid as described for compound 46f .

Example 49
Preparation of 2-{[4’-Methoxy—(l,l’-biphenyl)-4-yl]-sulfonyl}-amino-@phenyloxyhex—
4-ynoic acid
a. tert-Butyl-2-hydroxy-6-phenyloxyhex-4-ynylether: The starting 3-phenyloxy-1-
propyne is coupled with ters-Butyl glycidyl ether as described for compound 46a.
b. The title acid is prepared from compound 49a according to the sequence reactions
described for compounds 46b-f.

Example 50
Preparation of 2-{{4’-Methoxy-(1,1 *-biphenyl)-4-yl}-sulfonyl}-amino-6-methoxyhex-4-
ynoic acid _ |
a. fert-Butyl-2-hydroxy-6-methoxyhex-4-ynylether: The starting 3-methoxy-1-propyne
is coupled with ters-Buty! glycidyl ether as described for compound 46a.

PCT/US00/05162
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b. 1-Hydroxy-2-azido-6-methoxyhex-4-ynylether: The starting ether 50a is carried for
to the title azide as described for the sequence of reactions for 46b-c.

c. The title acid is prepared from compound S0b according to-the sequence reactions.

described for compounds 46d-f. .
Example 51
Preparatmn of 2-{[4’-Bromo-(l 1’-blphenyl)-4-yl]-snlfonyl}-amino-6-methoxyhex-4-
ynoic acid " ' -

a. tert-Butyl-2-hydroxy-6-methoxyhex-4-ynylether: The starting methoxy alkyne 50a
is converted to its relative 2-azido- derivative as described for the sequence of reactions
described for compounds 46b-c.

b. 1-Hydroxy—2-{[4’—Bromo-(1 1’-blphenyl)-4-yl]-snlfonyl}-ammo-6-phenvlhex-4-yn
The azide S1c (2.5 g, 14.7 mmole) is taken in 30 mL of THF in the presence of PPh, (9.6 g,
37 mmole) and treated with a 5 mL of water. Tﬁe_mixttﬁe,is partitioﬁed between IN HCl.

_ _and hex:EtOAc (1:3). The _organic layer is extracted with IN HCI and the ‘combined..

15

2

30

aqueous layers are neutralized with solid NaHCO,, diluted with an equal volume of dioxane -

. and treated with [4’-Bromo-(l 1’-biphenyl)-4-y1]-sulfonyl chloride (5.3 g, 16.7 mmole) and

the resultmg soluhon stmed 16 br. and then partmoned between EtOAc and H;O. The -

' orgamc layer is washed w1th 1IN HC and then brine, dned over MgSO4, filtered and
~ evaporated.  The resultmg sohd is punﬁed via column chromatography with .

hexanes EtOAc (1: 1) to give the title compound asa white sohd.
b. The t1t1e acid is prepared from compound S1bas descnbed for compound 46f

Example 52
Preparatmn of 2—{[4’-Methoxy-(l 1’-blphenyl)~4-yl]-sulfonyl}-N-methyl—ammo—&
_ methoxyhex-4-yn01c acid
a. Methyi o 2-{[4’-Methoxy-(1 1’-blphenyl)-4-yl]-sulfonyl}-N-methyl—ammo-G-

methoxyhex-4~ynoate° The acid 51 (500 mg, 123 mmole) is dissolved in 20 mL of
MeOH and treated with 8 mL of SOClz The resultmg mixture is stirred at RT for 18 hr

_and then evaporated The residual solid is dissolved in 10 mL of dlmethylacetamlde and

treated with methyl jodide (0. 092 mL, 1.47 mmole) in the presence of 600 mg of CS,_CO; .
The resu]tmg mixture is stirred for 2 hr and then partmoned between EtOAc and HZO The
orgamc layer is washed with water and then brine, dried over MgSO,, filtered and

evaporated to give a yellow oil. ' '
The title acid is prepared from compound 52b as described for compound 46f.

Emnlc_ﬁ_
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Preparation of 2-{[4’~Meth0xy-(1,l’-blphenyl)-4-yl]-sulfonyl}-ammo-ﬁ-(Z-
methoxyethoxy)-methoxyhex-4-ynoic acid

a. fert-Butyl 2-hydroxy-6-tert-butyldimethylsiloxyhex-4-ynylether: The starting- tert
butyldimethylsilyl-1-propyne (20g, 133 mmole) is converted to the title ether as described
for compound 46a.
b. tert-Butyl 2-methanesulfonyloxy-6- tert-butyldimethylsiloxyhex -4-ynylether: The
starting alcohol 46a (34.3 g, 114 mmole) is converted to its relative mesylate as described -
for compound 46b. o
c. Zfert-Butyl 2-methanesulfonyloxy-6-benzoyloxyhex-4-ynylether: The starting
siloxyether (28g, 74 mmole) is taken in 500 mL of tetrahydrofuran and treated with
tetrabutylammonium flouride (96 mL, 96 mmole) and the fesulting miiture is stirred at RT
for 1 hr. and the partitioned between EtOAc and water. The organic layer is washed with
water and then brine, dried over MgSO, and evaporated. The residue is taken in 100 mL of
CH.Cl, and 40 mL of pjridine and treated with benzoyl chloride (12mL, 101 mmolé). The
resulting mixtuer is stirred at RT for 3 days and then evaporated. The residue is taken in
hexane and filtered. The filtrate is taken in hexanes:EtOAc (1:4), washed with water and
brine, dried over MgSO4, filtered and evaporated. The res1due is purified by
chromatography with hexanes: EtOAc (9:1) to give a yellow solid. .
d. 2-{[4’-Methoxy-(1, 1’-blphenyl)-4—yl]-snlfonyl}-ammo-ﬁ-benzoyloxyhex-4-ynolc
acid: The mesylate 53¢ (12 g, 32.6 mmole) is carried forward to the title acid as descnbed
for thé sequence of reactions for 46¢-f.
e .2-{[4’-Methoxy-(l,1’-biphenyl)-4-yl]-sulfo'nyl}-amino-6—hydroxyhex—4-ynoic - acid:
The starting acid 53d (3.14g, 6.36 mmole) is taken in 25 mL of methanol and treated with
1.9 mL of SOCl,. The resuiting mixture is stirred 16 hr at RT and then evaporated to
dryness. The residue is purified by chromatography with hexanes:EtOAc (7:3 to 1:1) to
give the product as a white solid. :
f. Methyl ' 2-{ [4’-Methoxy-(1,1’-biphenyl)—4-yl]-snlfonyl}-amino-6-(2—methoxy—
ethoxy)-methoxyhex-4-ynoate: The starting alcohol 53e (419 mg, 1.04 mmole) is taken in
4 mL of CH,Cl, in the presence of 0.3 mL of diisopropylethyl amine and treated with
methoxyethoxymethyl chloride. The resulting solution is stirred for 16 hr and evaporated.
The residue is purified by chromatography with hexanes:EtOAc (4:1 to 1:1) to give the
product as a white foam. _ . o
g The starting ester 53f (29 mg, 0.06 mmole) is taken in 70 mL of THF:H,O (1:1) and
treated with LiOH (25 mg, 0.6 mmole). The resulting solution is stirred at RT for 1 hr and
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then partitioned between 1N-HC1 and EtOAc. The _.organic layer is dried over MgSO,,
filtered and evaporated to give the title acid as a colorless gum.. -
ESI MS: m/z (rel intensity): 495.0 (100, M + NH,*), 476.0 (100, M - H").

" - Example 54
Preparatmn of 2-{[4’-Bromo—(1 1’-b1phenyl)-4-yl]-sulfonyl}-ammo-G-phenyloxy-4-
' - ynoic acid
The startmg tert-Butoxy-2-hydroxy-6-phenyloxyhex—4-ynylether 49a is converted to the
title acid accordmg to the sequence of reactions described for compound 46b-f.

Exmle_ﬁ_

Preparatlon of 2-{[4’-Phenyloxy-(l l’-blphenyl)-4-yl]-sulfonyl}-ammo-ﬁ-methoxyhex-

4-ynolc acid
a. tert-Butyl 2-hydroxy-6-Methoxyhex-4-yuylether The startmg 3-phenyl-1-propyne is
coupled with tert-Butyl glycldyl ether as described for compound 46a.
b. 1-hydroxy-Z-azxdo-ﬁ-Methoxyllex-4-yn. The t1t1e azide is prepared from compound
55a accordmg to the sequence of reactions descnbed for 46b-c.
¢. The amde 55b 1s decomposed and coupled to sulfonyl chloride 9g according to the
procedure descnbed for 46d and the resultmg ‘sulfonamide is subsequently oxidized
accordmg to the procedure descn'bed for 46f

_Preparation of 2—{[4’-Methoxy-(l,1’-biphenyl)—«t—yl]—sul__t‘onyl}-pmi_no—G-phenylthiohex- .

_ 4-ynoic acid o
a. tert-Butyl Z-hydroxy—6—1’henyithiohex-4—ynylether- The starting 3-phenylthio-1-
propyne is coupled with tert-Butyl glycidyl ether as described for compound 46a.

b, The title acid is prepared fro_m compound 56a according to the sequence reactions

described for compounds 46b-f.
Example 57
Preparatxon of 2-{[4’-Methoxy=(1,1°-biphenyl)-4-yl}-sulfonyl}-amino-6-[5-(furan-2-yI)-
oxadnazol-z-yl]-thiohex-4~yuoic acid

a. tert-Butyl Z-hydroxy-ﬁ-[5-(furau-2-yl)—oxadiazol-z-yl]-thiohex-4-ynylether'  The

starting 3-[5-(furan-2-yl)-oxad:azol-Z-y]]-thlo-l-propyne is coupled with tert-Butyl
glycidyl ether as described for compound 46a.

b. The tltle acid is prepared from compound 57a according to the sequence reactions
described for compounds 46b-f. '

Example 58
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Preparation of 2-{[4°>-Methoxy-(1,1 *-biphenyl)-4-yl]-sulfonyl}-amino-6-[5-(V-
- pyrrolidinyl)-thiadiazol-2-yl}-thiohex-4-ynoic acid
a. tert-Butyl z-hydroxy-6-[5-(N-pyrrolidlnyl)'-thiadiazol-z-yl]-thiohex-4-ynylether:'
The starting 3-[5-(N-pyrrolidinyl)-thiadiazol-2-yl]-thio-1-propyne is coupled with fert-
Butyl glycidyl ether as described for compound 46a.
The title acid is prepared from compound 58a according to the sequence reactions
described for compounds 46b-f.

Examples 59 - 62
The following chemical formula -along with Table 4 shows the structure of

compounds made acc_oi‘ding to the description in Examples 59-62 described below::

HO Ry
I "
Table4
Examplé R, . R; R, . R,
59 -H -H -Ph | -OMe
60 -CH,0CH,Ph -H -H -OMe
61 - CH,0OCH,Ph -H H -H
62 “H j\ — | H | -OMs
" "\3
Preparation of trans-2-{ [4-Methoxy-(1,1°-biphenyl)-4-yl}-sulfonyl}-amino-5-
phenylpent-4-enoic acid

a. - trans-Methyl 2-(4-Yodophenylsulfonyl)-amino-5-phenylpentenoate: The
starting frans-methyl 2-N-boc-amino-5-phenylpent-4-enoate (700 mg, 2.3 mmol, prepared
as described in Tetrahedron Lett., 1994, 35, 3669) is deprotected and sulfonylated with
pipsyl chloride (626 mg, 2.07 mmol) as described for 3a to give 217 mg of white solid.

ESI MS: m/z (rel intensity) 488.9 (100, M + NH,"), 471.9 (50, M + H").
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b. trans-Methyl . 2-{[4’-Methoxy-(1,1’-biphenyl)-4-yl]-sulfonyl)-amino-5-phenyl-
pentenoate: . The starting sulfonamide §9a (217 mg, 046 mmol) and 4-
methoxyphenylboronic acid (105'mg, 0.69 mmol) are coupled as described for compound
3b to give 130 mg of the title compound as a pale orange solid.

ESI MS: m/z (rel intensity) 499.0 (70, M + NH,"), 452.0 (100, M + H").

c. The starting sulfonamide 59b (43 mg, 0.46 mmol) is dissolved in pyridine in the
presence of lithium iodidé (152 mg, 1.14 mmol) and refluxed for 5 hr. The mixture is then
concenirated to dryness, faken up in EtOAc, washed 3x with 1IN HCI, 1x with brine, dried
over MgSO,, filtered and evaporated. .The crude material is purified over flash silica with
EtOAc: MeOH (1:0 to 4: 1) to give 24 mg of yellow oil whlch solidified on standing.

ESI MS: m/z (rel mvenslty) 455.0 (50, M+NH4 ), 438. 0 (100, M + H").

. . Example 60
Preparation of 2-{ [4’-Meth6xy-(l,1’-biphenyl)-4-yl]-snlfonyl}-amino-3-
benzyloxymethyl-pent-4-enoic acid

a. N-boc-Glycene-(cis-4-benzyloxybut-2-enyl) ester: ‘The N-boc-glycine (21.9 g, 0.125
mol), cis-4-benzyloxy-2-buten-1-ol (25 mL, 0.15 mol), and 4-dimethylaminopyridine (1.5
g, 0.013 mol) are dissolved in CH,Cl, and stirred at 0 °C. Then N,N-dicyclohexyl-
carbodiimide (31 g, 0.15 mol) in 30 mL é_f CH,Cl,is added and the reaction stirred at 0 °C -
for five minutes. The reacﬁon is th_en stirred 'fc.or twelve hours at 25 °C. Additional CH,Cl,

is added and the reacﬁox_l is washed with 1 N'HCI, sodium bicarbonate and then_:_ with brine.

The organic extract is dried over mé_gnesium sulfate and the solvent evaporated ir vacuoto .
give an orange oil which is absorbed onto silica gel and applied to a dry silica column
which is eluted with hexane: EtOAc (9 1) then with hexane EtOAc (8:2). Product fractions
are combined and dried in vacuo to glve the title compound as a solid.

b. 2-N-boc-ammo-3-benzquxymethyl-pent—4-enoic acid: LDA solution (37.3 mmol) is
prepared from N,N-diisopropylamine (5.2 mL, 37.2 mmol) in THF (30 ml, cooled to -20 °C) .
and n-BuLi (3.7 mL, 10 M in hexanes, 37.3 mmol) The LDA solution in THF is added to a
stirred solution of allylic ester 60a (5 0g, 14.9 mmol) and ZnCl, (17.9 mmol) in 100 mL
of THF at -78 °C. The mixture is allowed to come to room temperature overnight. The
crude mixture is partitioned between 700 mL of ethyl acetate and 700 mL of IN HCI. The
organic layer is washed with 150 mL dilute NaHCO;. solution (3x’s). The bicarbonate
washes are. acidified with conc. HCl to pH1 and extracted with 700 mL of ethyl acetate.
The ethyl acetate layer is dried over magnesium sulfate and the solvent removed in vacuo
to give a white solid. '

c. Methyl-Z—N-(4-bromobenzenesulfonyl)—amino-3-bénzyloxymethyl-pent-4-enoate:
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The olefin substrate 60b (1.8 g, 5.37 mmol) is dissolved in 54 mL of methanol and 8.3 mL -
of thionyl chioride is added dropwise to the mixture and stirred at room temperature until
the reaction is complete by tlc. The crude reaction is dried and re-cvapdrated from
methanol (3 X’s). The dried reaction is taken up in CH,C], (30 m! ) and triethylamine (7 ml
). 4-Bromophenylsulfony] chloride (1.23 g, 4.83 mmol) is added and the reaction stirred.
overnight. The reaction solvent is removed in vacuo and the oil is taken up in ethyl acetate,
washed with IN HCl, followed thh sodium bicarbonate solution, and finally with brine,
then dried over magnesium sulfate and the solvent removed in vacuo. The crude material is
adsorbed onto silica gel and purified over a silica column cluting with hexane followed with
hexane:ethyl acetate (8:2). Product fractions are combined and dried to give a yellow oil.

d. Methyl Z-N-{[4’-methoxy-(l,l’-biphenyl)-4-yl]-sulfonyl)-amino-3-benzyloxy—-
methyl-pent-4-enoate: The olefin substrate 60c (320 mg, 0.683 mmol) is dissolved in
benzene (4 mL) and sodium carbonate (148 mg), in water (0.6 mL) is added along with
tetrakis (triphenyl-phosphine) palladium. 4-Methoxyphenylboronic acid (157 mg, 1.03
mmol), in methanol (0.4 ml), is added and the mixture is refluxed overnight. Ether is added
to the reaction which is washed with water (2x’s) and brine (1x), the organic layer is dried. -

over magnesium sulfate and the solvent stripped in vacuo.to give a yellow solid. The crude. . - . .

material is adsorbed onto silica gel and purified over a silica column eluting with with
hexane:ethyl acetate (9:1) followed with hexane:ethyl acetate (1:1). Product fractions are .
combined and dried to give the title compound as a yellow oil. -

e. The olefin substrate 60d (207 mg, 0.42 mmol) is dissolved in methanol:water (10:1)
(5.5 mL) and potassium hydroxide (424 mg, 7.52 mmol) is added, then the mixture is
stirred at room temperature until the reaction is complete. Ethyl acetate is added and the
crude reaction is washed with 1N HCl (1x) and brine (1x). The organic layer is dried over -
magnesium sulfate and the solvent removed in vacuo. The crude material is adsorbed onto .
silica and purified over a silica column eluting with ethyl acetatechexane (1:1) followed
with ethyl acetate. The product is then eluted with ethyl acetate:methanol (9:1) and the
product fractions are combined and the solvent is removed in vacuo to give the title
compound as a mixture of isomers,

ESI MS: m/z (rel intensity) 482.6 (100, M + H*).

Example 61
~ Preparation of 2-|(1, 1’-blphenyl)-4-yl]-sull'onyl-ammo-3-benzyloxymethyl-pent-4-
enoic acid
a. Methyl 2-[(1,1 ’-bipheny)-4-yl]-sulfonyl-amino-3-benzyloxymethyl-pent-4-enoate:
The olefin substrate 60b (200 mg, 0.597 mmol) is dissolved in methanol (5.4 ml) and
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thionyl chloride (830 ml) is added dropwise to the mixture and stirred at room temperature
unti} the teacﬁon is comp_lete by flc. The crude reaction is dried and re-evaporated from
methanol (3x’s). The dried reaction is taken up in CH,Cl, (3 mL) and triethylamine (0.7
mL) and bipllet_lyl-4-sulfony1 chioride (136 mg, 0.537 mmol) is added and the reaction
stirred overmght. The reaction solyent is removed in vacuo and the oil is taken up in ethyl
acetate, washed with 1N HCI, followed with sodium bicarbonate solution, and finally with

" brine, then dried over ma,gnesi_um' sulfate and the solvent removed in vacuo. The crude

material is adsorbed onto silica gel and puriﬁed over a silica column eluting with hexane

followed with hexane ethyl acetate (8:2). Product fractions are combmed and dried to give

a yellow oil.

b. The methyl ester 61a (40 mg, l) 086 mmol) is dissolved in methanol water (10: l) (1.1

~ mL)and potassium hydroxlde (90 mg, 1.6 mmol) added, then the mixtute is stirred at room
' temperature until the reaction is complete Ethy] acetate is added and the crude’ reactlon is

washed with IN HCl (lx) and. brine. (lx) The orgamc layer is dried over magncslum

" sulfate and the solvent removed in vacuo. The crude matenal is adsorbed onto silica and

punﬁed over a silica column elutmg with ethyl acetate hexane (1 1) followed with ethylr

| acetate, Product is eluted w1th ethyl acetate :methanol. (9 1), product fractions are combined

and the solvent removed in vacuo to glve the txtle componnd
ESI MS. m/z (rel mtensxty) 469.1 (45 M +NH.*) 452 1 (100 M+ H’)

. CE le 62 :
Preparatlon of cis-z-{ [4>-Methoxy-(1, 1’-biphenyl)-4-yl]—sulfonyl}-ammo-S-(N-
pyrrolxdinocarbonyl)-pent-4—enolc acid '

. a. cis'-z-Broﬁo-N-pyrrol|dinocarbonylethel_1e. Ethyl-cxs-3 bromopentenoate is taken in
~ CH,Cl, and treated with excess pyrrolidine for 2hr toj' give the desired amide.

b. tert-Butyl 2-hydroxy-6-Phenylhéx-4-enylether: The starting bromoalkene 62a is

~ taken in ‘dry THF under argon and cooled to -78 °C. A solutlon of 2 eq of tert-butyl lithium:

is added dropwise and the mixture is allowed to stir for 20 min. afterwhich a solution of 1
eq of tert-Butyl glycidyl ether in THF is the added dropwise. The mixture is allowed to stir
for 15 min. and then the cooling bath is removed and the solution allowed to come to room
temperature for 1 hr. The reaction is quenched with sat. NH,,Cl and then partitioned
between water and EtOAc. The organic layer is washed with brine, dried over Mg,S0,,
filtered and evaparated to give a crude material which is adsorbed onto silica and eluted
through a flash silica column to give the title amide.

c. The amide 62b is carried forward to the title acid as described for compounds 46b-f.
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Examples 63-68
The following chemical formula along with Table 5 shows the structure of

compounds made according to the description in Examples 63-68 described below:

HO
~
R
Table 5
Example R, R, R,
63 /©/0M6 - O Me
% 5
64 SHo /O Me
g@ b
65 /©/0Me. /@ ' -CH,Ph
% Y
66 /@,ﬁm /@ CH,CH,0Ms
% Y
67 OPn ,@ -CH,CH,0Me
“'1’@/ L
68 OWle ' -CH,CH,0OMe |
070

|

(2R)-{[4’-Methoxy-(1,1 ’-biphenyl)-4-yl]-sulfonyl)#-amino-(3S)-methox'y-5-phenylpent-
4-ynoic acid '
a, -Butyl (4S,1°R)-2,2-dimethyl-4-(1 ’-hydroxy-3’-phenylprop-2’-ynyl)-
oxazolidine-3-carboxylate: A solution of phenylacetylene (1.73 g, 17 mmol) in THF (75
mL) is cooled to -78°C and then n-butyllithium (2.5 M, 6.3 mL, 15.7 mmol) is added. The

resulting mixture is warmed to -20°C and stirred for 15 minutes, The mixture is re-cooled




10

15

20

25

30

- WO 00/51975 PCT/US00/05162

-76-

to -78°C and then #-butyl (S)-4-formyl-2,2-dimethyl-3-oxazolidinecarboxylate (3 g, 13.1
mmol) in THF (10 mL) is slowly added. The mixture is then warmed to -20°C and stirred
for 30 minutes. The reaction is quenched by the addition of saturated ammonium chloride

" solution (30 mL). The mixture-is then poured into water and extracted with methylene

chloride. The organic extracts are dried (MgSOy4) and then concentrated to an oil under
reduced pressure. The oil is ‘purified by -t':hromatography on silica gel using 9:1
hexane:EtOAc as the eluent to provide 2.20 g of the desired compound as a pale oil.

ESI MS: m/z (rel intensity) 332 (100, M + H*). '

b. t-Butyl (4S,1°R)-2,2-dimethyl-4-(1°-methoxy-3’-phenylprop-2’-ynyD-
oxazolidine-3-carboxylate: The alcohol 63a (10.04 g, 30.3 mmol) in THF (150 mL) is
stirred at 0°C and then sodium hexamethyldisilazide (0.6 M, 60 mL, 36.4 mmol) is added.

The mixture is stirred at 0°C for 15 min. and then iodomethane (4.73 g, 33.3 mmol) is
added. The resulting mixture is stirred at room temperature overnight and then the reaction -
is quenched by the addition of saturated ammonium chloride solution (20 mL).. The

mixture is poured. into water and then extracted with methylene chloride. The organic
extracts are dried (NapSO4) and then concentrated to an oil under reduced pressure.

Purification of the oil is accomplished by chromatography on silica gel using 9:1 . -

hexane:EtOAc as the eluent to provide the desired product as.a colorless oil.
ESI MS: m/z (rel intensity) 346 (100,M +H?"). -

c. t-Butyl : (lS,2R)-N—[2-Methoxy-1-(hydroxymethyl)—4—phenylbut—2-ynyl)— :
carbamate: The acetonide 63b (9.22_ g, 26.7 mmol) in methanol (150 mL) is stirred at '
room temperature and then Arhberlyst 15 (15 g) is added. The resulting heterogeneous .
mixture is stirred at room temperature for 24 hr. The mixture i.s filtered throﬁgh celite with -

the aid of methanol. The pfoduct is purified by chromatography on silica gel using 7:3
hexane:EtOAc as the eluent. The produét is obtained as a colorless oil which solidified to a
white solid upon standing. _

ESI MS: m/z (rel intensity) 306 (100, M + 1-1+)

d : (1S,2R)-N-[2-Methoxy—l-(hydroxymethyl)—l-émino-4—phenylbnt—2-yne: The
carbamate 63c (5.0 g, 164 mmol) in dioxane is stirred at room temperature and then 4 N
HCI (15 mL) is added. The resulting mixture ié stirred at room temperature for 14 hr.. The
reaction mixfure is made basic by the addition of saturated sodium bicarbonate solution.
The resulting mixture is extracted _with mt_:thylene chloride. The organic extracts are dried
(MgSOy) and then concéntrat:d to an oil undéi' reduced pressure.

ESI MS: m/z (rel intensity) 206 (100, M+ Hh.
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e. [(2R)—Methoky—1-(hydroxymethyl)—(lS)-(4’-iodophenylsulfonyl)-aminw
phenylbut-2-yne: The amino alcohol 63d (3.30 g, 16.1 mmol) in dioxane (30 mL) and

water (30 mL) is stirred at room temperature and then triethylamine (3.25 g, 32.2 mmol).

followed by pipsyl chloride (5.3 g, 17.7 mmol) are added. The resulting mixture is stirred
at room temperature ovemnight. The reaction is diluted with 1N HCIl and then extracted
with methylene chloride. The organic extracts are dried and then concentrated to an oil
under reduced pressure.

ESI MS: m/z (rel intensity) 472 (100, M + HH.

f. Methyl (2R)-(4’-Iodophenylsulfonyi)famino-(SS);methcxy-S-phenylpent-4- :

ynoate: The alcohol 63e (2.0 g, 424 mmol) in acetone (100 mL) is stirred at room
temperature and. then the Jones reagent (8N, 30 mL, excess) is slowly added. The resulting
mixture is stirré_d at room temperature for 4 hr. and .then the reaction is quenched by the
addition of isopropanol. A green precipitate formed after the mixture is stirred for 30 min.
The solution is then filtered through celite with the aid of acetone. The filtrate is

concentrated to an oil under reduced pressure. The oil is dissolved in methanol and then an

ethereal solution of diazomethane is added. The mixture became slightly yellow when

excess diazomethane had been added. The mixture is concentrated to a light yellow solid. .

Purification of the solid is accomplished by chromatography on silica gel using 8:2
hexane:EtOAc as the eluent to provide the product as a yellow solid.
ESI MS: m/z (rel intensity) 500 (100, M + H™).

g. Methyl (2R)-{[4’-Methoxy-(l,l’-biphenyl)-4-yl]-sulfonyl}-amino-(3S)-methoxy- '

S-phenylpent-4-ynoate: The starting sulfonamide 63f (510 mg, 1.02 mmol) and 4-
methoxyphenylboronic acid (230 mg, 1.53 mmol) are taken up in 10 mL of benzene, 1.5
mL of EtOH and 1.5 mL of water in the presence of Pd(PPh3)4 (35 mg, 0.03 mmol) and

200 mg of NapCO3 and brought to reflux for 18 hr. The mixture is cooled to room .
temperature, poured into water, and extracted with methylene chloride. The organic layer -

is dried over MgSQy, filtered and evaporated. The crude product is purified by silica gel
chromatography using 9:1 hexane:EtOAc to give the desired product as a colorless oil.

ESI MS: m/z (rel intensity) 480.0 (100, M + H1).

h. ,(2R)-{[4’_-Methpxy-(l,1’-biphenyl)-4—yl]-suIfonyl}-amino-(3S)-methoxy—5-
phenylpent-d-ynoic acid: The methyl ester 63g (350 mg, 0.73 mmol) is dissolved in
watermethanol: THF (5mL:SmL:5mL) and then lithium hydroxide (1 g, excess) is added.
The resulting mixture is stirred overnight at room temperature. The reaction is acidified
with 1IN HCI and then the mixture is extracted with methylene chloride. The organic
extracts are dried (MgSO,4) and then concentrated to an oil under reduced pressure.

PCT/US00/05162
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Purification is aceonlplished on reverse phase HPLC using a. gradient. from water to
acetonitrile. The product is obtained as a white powder.
ESI MS: m/z (rel intensity) 464. (100, M - H'),

Example 64
" (2R)-{[4*-Thiomethoxy-(1,1>-biphenyl)-4-yl]-sulfonyl}-amino-(3S5)-methoxy-5-
phenylpent-4-ynoic acid

a.  Methyl (2R)-(4’-Thlonrethorrybipheuylsulfonylj-amino-(3S)-nrethoiy-5-pheuyl-
pent-4-ynoate' The startmg sulfonamlde 63f (620 mg, 1. 24 mmol) and 4
tluomethoxyphenylboromc acid (310 mg, 1. 86 mmol) is taken up in 10 mL of benzene, 15
mL of EtOH and l S mL of water m the presence of Pd(PPh3)4 (43 mg, 0. 03 mmol) and

262 mg of NazCO3 and brought to reflux for 4 hr. The ‘mixture is cooled to room

temperature poured mto water, and extracted with methylene chlonde The orgamc layer

'is dried over MgSO4, ﬁltered and evaporated The crude product is purlﬁed by silica gel
' chromatography using 9:1 hexane EtOAc to the desrred product asa colorless orl
_ESI MS: m/z (rel mtens1ty) 496 0 (35 M+ H"’) ' .
b (2R)-{[4’-Methoxy—(1 1-biphenyl)-4-yl]-sulfonyl}-ammo-(3S)-methoxy-5-- | _
phenylpent-4-ynonc acxd The methyl ester 64a (450 mg, 0.91 mmol) is dlssolved in
- water/methanol/THF (5 mL/5mL15mL) and then l1tluum hydroxxde (g, excess) is added.
The resulnng mixture is stirred overmght at room temperature The reaction is acidified

with IN HCI and the product crashed out of solut:on The product is obtamed asa whlte

h 'powder

ESI MS: m/z (rel intensity) 480. (100, M - H‘l').

Example 65

2R)-{ [4’-Methnxy-(1 1’-biphenyl)-4-yl]-sulfonyl}-ammo-(3.$)-benzyloxy—5-phenylpent-
. 4-ynoic acid

a.. ‘t-Butyl - (4S,1°R)-2,2-dimethyl-4-(1>-benzyloxy-3’-phenylprop-2’-ynyl)-

oxazolidine-3-carboxylate: The alcohol 63a (7.80 g, 23.5 mmol) in DME (150 mL) is
stirred at 0°C and then sodium hydride (1.13 g, 28.2 mmol) is added. The mixture is stirred
at 0°C for 15 min. and then benzylbromide (4.43 g, 25.9 mmol) is added. The resulting
mixture is stirred at room temperature overnight and then the reaction is quenched by the
addition of saturated ammonium chloride solution (20 mL). The mixture is poured into
water and then extracted with methylene chloride. The organic extracts are dried (Na3SOy)

and then concentrated to an oil under reduced pressure. Purification of the oil is
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accomplished by chromatography on silica gel usmg 9:1 hexane: EtOAc as the eluent to
provide the desired product as a colorless oil. '

ESI MS: n/z (rel intensity) 422 (100, M + H™).

b. t-Butyl (15,2R)-N-[2-Benzyloxy-1-(hydroxymethyl)-4-phenylbut-2-ynyl)-
carbamate: The acetonide 65a (8.80 g, 20.9 mmol) in methanol (150 mL) is stirred-at
room temperature and then Amberlyst 15 (12 g) is added. The resulting heterogeneous
mixture is stirred at room temperature for 24 hr. The mixture is filtered through celite with
the aid of methanol. The product is pin’iﬁed by chromatography on silica gel using 7:3
hexane:EtOAc as the eluent. The product is obtained as a colorless oil.

ESI MS: m/z (rel intensity) 382 (20, M +H™). :
c. (IS,ZR)-N-[2-Benzyloxy-1-(hydroxymethyl)-1-amino-4-phenylbut-2—yne: The
carbamate 65b (5.60 g, 14.6 mmol) in dioxane is stirred at room temperature and then 4 N
HCI1 (15 mL) is added. The resulting mixture is stirred at room temperature for 14 hr. The
reaction mixture is made basic by the addition of saturated sodium bicarbonate solution.
The resulting mixture is extracted with methylene chloride. The organic extracts are dried
(MgSO4) and then concentrated to an oil under reduced pressure.

ESI MS: m/z (rel intensity) 282 (100, M +H*).

§i 5 [(ZR)-Benzyloxy-l—(hydroxymethyl)-(lS)-(4’-bromophenylsulfonyl)-amino—4—

phenylbut-2-yne: The amino alcohol 65¢ (4.0 g, 14.2 mmol) in dioxane (30 mL) and
water (30 mL) is stirred at room temperature and then triethylamine (2.88 g, 28.4 mmol)"
followed by 4-bromophenylsulfonyl chloride (3.81 g, 14.9 mmol) are added. The resulting
mixture is stirred at room temperature overnight. The reaction is diluted with 1N HCI and
then extracted with methylene chioride. The organic extracts are dried and: then
concentrated to an oil under reduced pressure. = -

ESI MS: m/z (el intensity) 501 (100, M +H™),

e Methyl (2R)-(4’-Bromophenylsulfonyl)-amino-(SS')-benzyloxy-S-phenylpent-4-
ynoate: The alcohol 65d (5.30 g, 10.6 mmol) in acetone (100 mL) is stirred at room
temperature and then the Jones reagent (8N, 40 mL, excess) is slowly added. The resulting
mixture is stirred at room temperature for 4 hr. and then the reaction is quenched by the
addition of isopropanol. A green precipitate forms after the mixture is stirred for 30 min.
The solution is then filtered through celite with the aid of acetone. The filtrate is
concentrated to an oil under reduced pressure. The ol is dissolved in methanol and then an
ethereal solution of diazomethane is added. The mixture becomes slightly yellow when

excess diazomethane has been added. The mixture is concentrated to a light yellow solid.
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Purification of the éolic_i is ecco_n_xphfsh_ed by .chromatography on.. silica gel .using 82
hexane/EtOAc as the eluent to provide the product asa. yellow solid.
ESI MS: m/z (rel intensity) 545, 547 (100, M + NH3). :
f.  Methyl (2R)-{[4’-Methoxy—(l l’-blphenyl)-4-yl]-sulfonyl}-amno—(3S)—benzyl-
oxy-S-phenyl-pentA—yppate._ The starting sul_fonannde 65e (927 mg, 1.75 mmol) and 4-
methoxyphenylboronic acid (400 mg, 2. 63 rﬁmol) are taken up in 25 mL of benzene, 1.5
mL of EtOH and 1.5 mL of water in the presence of Pd(PPh3)4 (61 mg, 0.05 mmol) and
371 mg of NapyCO3 and brought to reﬂux for 4 br. The mixture is cooled to room
temperature, poured mto ‘'water, and extracted with methylene chlonde The organic layer
is dried over MgSQOy, ﬁltered and evaporated The crude product is purified by silica gel
chromatography using 9 1 hexane: EtOAc to give the desxred product as a colarless oil.
ESI MS: m/z (rel mtens1ty) 556 0 (20 M+ Hh).
g (2R)-{[4’-Methoxy-(1,1 ’-bnphenyl)—4-yl]-sulfonyl}-ammo—(3S)—benzyloxy-s-
phenylpent-4-ynoic ac1d° " The methyl ester 65f (630 mg, 1.13 mmol) is dissolved in
water: methanol THF (SmL SmlL.:5mL) and then hthmm hydroxule (1 g, excess) i is added.
The resulting mixture is stm'ed overmght at room temperature. The reaction is acldlﬁed
with 1N HCI and then the product crashes out of solution. The product is obtained as a
light tan powder. ' :
ESIMS: m/z (rel mtenmty) 540 (100 M H“')

. Bxample 66 .

Preparation of (2R)-{[4’-Methoxy-(1,l ’-biphenyl)-4-yl]-snlfonyl}-amino-(3S)-(2-: o

: methoxyethoxy)-_s-phenylpent-4-ynoic acid
a. t-Butyl (4S,l’R);Z,Z-dimetIgYI-‘i-[1-’-_-(2-methoxyethoxy)—3’-p_henylprop—Z’-ynyl]-
oxazolidine-3-carboxylate: The alcohol 63a is coupled with 1-chloro-2-methoxyethane to.
give the title ether as described for compound 65a.
b. The ether 66a is converted to the titl_e'acid- according to the sequence of reactions
described for 65b-g. | '

" Example 67
Preparatlon of (2R)-{[4’-Phenyloxy-(l 1’-blphenyl)-4-yl]-sulfonyl}-ammo-(3S)-(2-

" methoxyethoxy)-5-phenylpent-4-ynoic acid
a. (lS,ZR)—N-[Z-(Z-Methoxyethoxy)—l-(hydroxymethyl)—l-amino—4—pixenylbut—2-yne:
The ether 66a is cox;verted to the title amine according to the sequence of reactions
described for 65b-c. < o |
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b. (ZR)-(Z-Methoxyethoxy)-l-(hydroxymethyl)—(lS)—{[4’-phenylnxy—(l, *-biphenyl)-
4-yl]-snlfonyl)—ammo-4-phenylbut—Z—yne’ The amine 67a is coupled to sulfonyl chloride
9g according to the procedure described for 65d.

¢. The alcohol 67b is oxidized to the title acid according to the procedure described for
compound 65e.

Emle 68
Preparation of (2R)-{[4>-Methoxy-(1, l’-blphenyl)-4yl]-sulfonyl}-amino-(s.S') (2-
methoxyethoxy)-s-phenylthiomethyl-pent—4-ynoic acid

a. #Butyl (4S,1’R)-z,z-dimethyl-:t—(l’-liydroxy-S’-phenylthiomethyl-prop-z’-ynyl)-
oxazolidine-3-carboxylate: The phenylthiomethylacetylene is nucleophillically cdupled_
with zbutyl (S)-4-formyl-2,2-dimethyl-3 -oxazolidinecarboxylate as described for
compound 63a to give the title compound. _ :
b. #Butyl  (45,1°R)-2,2-dimethyl-4-(1 ’-(2-methoxyethoxy)-3"-phenylprop-2’-ynyl)-
oxazolidine-3-carboxylate: The alcohol 68a is coupled with l-chloro-2-methoxyethane
accordmg to the procedure described for 63b to give the title ether.

¢. The oxazolidine 68b is carried forward to the title acid according to the sequence of
reactions described for 63¢ - h.

Examples 69-94
The following chemical formula along with Table 6 shows the structure of

compounds made according to the description in Examples 69-94 described below:

Example| R, R,

69 CH,OPh
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. Example 69 :

Preparation of 2-{ [4-(4~Chlorobenzoyl)amino]-benzenesulfonyl}-amino—s-pheny]pent-

N ) , 4-yngic acid; S :
a. Methyl 2-(4-acetamidobenzenesulfonyl)-amino-5-pheny-pent-4-ynoate: To a
solution of boc-amine 1c (0.6 g, 2.5 mmol) in CH,C], (15 mL) is added TFA (1 mL).. The
mixture is allowed to stir for 1 hr and then it is concentrated unde reduced pressure to give
a residue which is taken in dioxane (8 mL), water (5 mL) and Et;N (1.39 mL, 10 mmol).
To this, 4-acetamidobenzenesulfonyl chloride (650 mg, 3.0 mmol) is added slowly at room
temperature. The reaction mixture is stirred overnight, diluted with water, and extracted:
three times with EtOAc. The combined EtOAc layers are washed with 1 N HCl, H,0, -

brine, dried over MgSO,, and concentrated to give the desired product as an off-white solid. .. -

b.  Methyl 2-{[4-(4-chlorobenzoyl)amino}-benzene sulfonyl}-amino-5-phenylpent-4-. -
yn-oate : To a solution of acetomide 69a (0.21 g, 0.5 mmol) in water (5 mL) is added

concentrated HC] (1 mL, 12 mmol) slowly. The reaction mixture is heated to reflux for 3h -
then concentrated to dryness and azeotroped with toluene. The resulting residue is
dissolved in 10 mL of CH,0H, followed by slow addition of 0.5 mL of thionyl chloride.

The mixture is stirred overnight, and solvent is removed under reduced pressure. The crude - .

aniline intermediate is dissolved in CH,Cl; 3 mL) and cooled to 0 °C. 4-Methyl- -
morpholine (0.16 mL, 1.4 mmol) is added, followed by 4-chlorobenzoyl chioride (0.091
mL, 0.71 mmol). The reaction mixture is stirred overnight, diluted with water, and
extracted three times with EtOAc. The combined EtOAc layers are washed with 1 N HC],
H,0, brine, dried over MgSO,, and concentrated to a solid which is purified by column
chromatography eluting with hexane:EtOAc (6:4) to give the desired product as a solid.

c. The methyl ester 69b (120 mg, 0.24 mmol) is treated with " lithium hydroxide
monohydrate (100 mg, 2.4 mmol) in 3 mL of THF and 3 mL of water and stirred for 2 hr at
room temperature, then concentrated to dryness and diluted with water. The mixture is.-
extracted twice with Et,0, The Et,0 layers are discarded and the aqueous layer is diluted
with 0.5 mL of dil. NaH,PO, and neutralized carefully with IN HCI to pH 6, then extracted
three times with EtOAc. The combined EtOAc layers are washed with brine, dried over .
MgSO,, and concentrated to a solid which is recrystallized from EtOAc/ hexane to the
desired product as a white solid. -
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Example 70
Preparatmn of 2-{[4-(4-Methoxybenzoyl)ammo]—benzenesulfonyl}-amino-S- _

phenylpent-4-ynoic acid:
a. Methyl 2-{[4-(4-methoxybenzoyl)amino}-benzenesulfonyl}-amino-S-phenyl-pent-4-
ynoate : The acetamide 69a is hydrolyzed, esterified and converted to the title amide with
4-methoxybenzoyl chloride as described for compound 69b to give the title ester.
b. The starting ester 70a is saponified according to the pi:océdure described for compound

- 69¢ to give the title acid.

Example 71
Preparation of 2-{[4-(4-Methoxybenzoyl)ammo]-benzenesulfonyl}-ammo—6—
methoxyhex-4-ynoic acid: . '

- a. 1-Hydroxy-2-(4-acetamidobenzenesulfonyl)-amino-6-methoxyhex-4-yn: The
- starting azide 50b is decomposed and coupled with 4-acetamidobenzene-sulfony} chloride.
. as described for compound 464 to give the title sulfonamide. '

b, 2-(4-acetamidobenzenesillfonyl)-amino-ﬁ-mdhoxyhex+yn0ic -acid: The starting:
alcohol 71a is oxidized to its relative carboxylic acid as described for compound 46f.

- ¢ Methyl 2-(4-:1mixiobenzene_sulfo‘nyl)-amino-G;methoxyhex-#ynoate: The starting -

amide 71b (2.12 g, 6 mmole) is taken in 25.mL of methanol, treated with 10 drops of con.

- H,S0,, stirred for 24 hr, neutralized with Na,CO, and evaporated. The residue -is
- partitioned between EtOAc and 5% NaHCO,. The organic layer is washed with brine, dried

- aver MgSO,, filtered and evaporated to give a yellow: oil which is carried forward without .

25

30

. purification.
- d. Methyl 2—{[4-(4-Methoxybenzoyl)ammo]-benzenesulfonyl}-amino-ﬁ-methoxyhex-

4-ynoate: The starting amine 71c (500 mg, 1.5 mmole) is taken in 10-mL of CH,C], in the
presence of 1 mL of NEt, and treated with 4-methoxybenzenesulfony] chloride (341 mg, .
1.65 mmole). The resulting solution is stirred for 16 hr and then partitioned between 1IN
HCl and EtOAc. The organic layer is washed with brine, dried over MgSO,, filtered and

. evaporated. The crude material is chromatographed over flash silica with hexanes:EtOAc

(1:1) to give a white solid.
e. The starting ester 71d is hydrolyzed as described for compound 69c to give the title

- acid.

ESI MS: m/z (rel intensity) 402.0 (100, M - H*).
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- Example 72
Preparation of 2-{ [4-(5-n-propylpyridin-z-oyl)-amino]-benzenesulfonyl}-amino-s-
phenylpent-4-ynoic acid:
a. Methyl 2—{[4-(5-n-propylpyridin-Z—oyl)-amino]-benzenesulfonyl}-amino-s-phenyl-
pent-4-yn-oate : The acetamide 69a is hydrolyzed and esterified described for compound
69b. This crude material is then taken in CH,C, in the presence of DCC and HOBT and
treated with 5-n-propylpyridin-2-yl-carboxylic acid to generate the title amide.
b. The starting ester 72a is saponified according to the procedure described for compound
69c to give the title acid. .
Example 73 :
Preparation of 2-{ [4-(6-N-pyrrolylpyridin-3-oyl)-amino]-benzenesulfonyl}-amino-5-
phenylpent-ll-yhoic acid:
8. Methyl  2-{[4-(6-N-pyrrolidylpyridin-3-oyl)-amino}-benzenesulfonyl}-amino-5-
phenylpent-4-yn-oate : The acetamide 69a is hydro]yzed and esterified described for
compound 69b. This crude material is then taken in CH,Cl, in the presence of DCC and
HOBT and treated with 6-N-pyrrolylpyridin-3-yl-carboxylic acid to generate the title
amide. : :
b. The starting ester 73a is saponified according to the procedure described for compound
69¢ to give the title acid.

Example 74
Preparation of 2-{ [4-(4-Methoxybenzoyl)ammo]-benzenesulfonyl}-ammo-ﬁ-
phenyloxyhex-4—ynoic acid:
a. l-Hydroxy-z-azxdo-G-phenyloxyhex—4—yn The starting alcohol 49a is converted to
the title azide as described the sequence of reactions for compounds 46b-c. _
b. l-Hydroxy-z-(4-acetamldobenzenesnlfonyl)—anuno-ﬁ-phenyloxyhex-4-yn' The
starting azide 74a is decomposed to its relative amine with PPh, and then coupled with 4-
acetanudobenzenesulfonyl chloride as described for compound 46d to give the title
sulfonamide
e 2-(4-aeemmidobenzenesulfonyl)—ammo-benzenesnlfonyl}-ammo-6—phenyl-oxyhex-
4—-ynoic acid: The starting alcohol 74b is oxidized with Jones reagent as described for
compound 46f to give the title acid,
d. Methyl 2—{[4-(4-Methoxybenzoyl)amino]-5enzenesulfonyl}-amino-6-phenyloxyhex-
4-ynoate: The acetamide 74c is hydrolyzed, esterified and converted to the title amide with
4-methoxybenzoyl chloride as described for compound 69b to give the title ester.
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e. The starting ester 74d is saponified according to the procedure described for compound
69c to give the title-acid. _ :
ESI MS: m/z (rel intensity) 526.0 (50, M +NH4*), 509.0 (100, M + H")

- Example 75
Preparation of 2-{[4-(4-Bromobenzoyl)amino]-benzenesulfonyl}-amino-6-
morpholinohex-4-ynoic acid - '
The starting acetamide 44a- is deprotected, coupled to 4-bromobenzoyl chloride, and
hydrolyzed as described for compounds 71c-e to give the title acid. '

ESI MS: m/z (rel intensity) 571.8 (23, M-+ Na*), 573.8 (50, M + Na*), 549.9 (100, M +
- H",551.9 (100, M+H". o |

Preparatlon of 2-{[4-(4-Chlorobenzoyl)ammo]-benzenesnlfonyl}-ammo-ﬁ- |
" rethoxyhex-4-ynoic acid
The startmg amine 71c¢ i 1s coupled to 4-chlorobenzoyl ehlonde, and hydrolyzed as described

for compounds T1d-e to gwe the tltle ac1d

. mle 77

Preparution of 2-{ [4-(4-Bromobenzoyl)amino]-benzenesulfonyl}-amino-ﬁ-methoxyhex— |

" 4-ynoic acid

The startmg amine 71c is coupled to 4—bromobenzoyl chloride, and hydrolyzed as described i

for compounds 71d-eto glve the title acid.
gmple 78
Preparatlon of 2—{[4-(6-mﬂuoromethylpyndm-3-oyl)-amino]-benzenesulfonyl}-ammo-
. 6-phenyloxyhex-4-ynoic acid
a. Methyl 2—{[4-(6-tr|ﬂuoromethylpmdin-3-oyl)—am|no]-benzenesulfonyl}-amino—&
phenyloxyhex-4-ynoate. The acetamide 74a is hydrolyzed and esterified as described for
compound 69b. This crude material is then taken in CH,CI, in the presence of DCC .and
HOBT and treated with 6-tnﬂuoromethylpyr1dm—2-yl-carboxyhc acid to generate the title

amide.

b. ’I’he st_al'ting ester 78a is Saponiﬁed accordiﬁg to the procedure described for eompolmd :

69c¢ to give the title acid.
- Example 79 _
Preparation of 2-{ [4-(6-cyanopyridin-3-oyl)-amino]-benzenesulfonyl}-amino-ﬁ-
phenyloxyhex—4-ynonc acid: | '
a. Methyl 2-{|4-(6-cyanopyndm-3-oyl)—ammo]-benzenesulfonyl}-ammo-6-phenyloxy—
hex-4-ynoate: The acetamide 74a is hydrolyzed and esterified as described for compound
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69b. This crude material is then taken in CH,Cl, in the presence of DCC and HOBT and
treated with 6-cyanopyridin-2-yl-carboxylic acid to generate the title amide. - -

b. The starting ester 79a is saponified according to the procedure described for compound
69c to give the title acid.

Example 80
Preparation of 2-{ [4-(6-trifluoromethylmethoxypyridin-3-oyl)-amino}-
benzenesulfonyl}-amino-6-phenyloxyhex-4-ynoic acid:

a. Methyl 2-{[4-(6—triﬂuoromethylmethoxypyridin-3-oyl)-amino]-benzenesulfonyl}-
amino-6-phenyloxy-hex-4-ynoate: The acetamide 74a is hydrolyzed and esterified as
described for compound 69b. This crude material is then taken in CH,Cl, in the presence.

of DCC and HOBT and treated with 6-tnﬂuoromethylmethoxypyndm-z-yl -carboxylic acid .

to generate the title amide.
b. The starting ester 80a is saponified accordmg to the procedure descnbed for compound
69¢ to give the title acid.
Example 81
Preparation of 2—{[4-(5-met|1ylpyrizin—2—oyl)-amino]-benzenesulfonyl}-amino-ﬁ-
phenyloxyhex-4-ynoic acid:
a. Methyl 2-{[4-(5-methylpynzm—2—oyl)-amino]-benzenesulfonyl}-ammo—ﬁ-phenyl—
oxyhex-4-ynoate: The acetamide 74a is hydrolyzed and esterified as described for
compound 69b. This crude material is then taken in CH,CI, in the presence of DCC and
HOBT and treated with S-methylpyrizin-2-yl-carboxylic acid to generate the title amide.
b. The starting ester 81a is saponified according to the procedure described for compound
69c to give the title acid. ' |
Example 82
.Preparation of 2-{[4-(S-methoxylndol-z-oyl)-ammo]-benzenesulfonyl}-ammo-G—
' ' phenyloxyhex-4-ynoic acid:

a. Methyl '2-{[4-(S-methoxyindol-z-oyl)-ammo]-benzenesulfonyl}-amino-G-phenyl-
oxyhex-4-ynoate: The acetamide 74a is hydrolyzed and esterified as described for
compound 69b. This crude material is then taken in CH,Cl, in the presence of DCC and
HOBT and treated with S-methoxyindol-2-yl-carboxylic acid to generate the title amide.
b. The starting ester 82a is saponified according to the procedure described for compound
69c to give the title acid.

Example 83
Preparation of 2-{[4-(1N-methylindol-2-oyl)-amino]-benzenesulfonyl}-amino-ﬁ-
phenyloxyhex-4-ynoic acid:
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a. Methyl 2-{[4-(1V-methylindol-2-oyl)-amino]-benzenesulfonyl}-amino-6-phenyl-
oxyhex-4-ynoate: - The acetamide.74a is hydrolyzed and esterified .as described for
compound 69b. This crude material is then taken in CH,C, in the presence of DCC and
HOBT and treated with 1N-methylindol-2-yl-carboxylic acid to generate the title amide.

b. The starting ester 83a is saponified according to the procedure described for compound
69¢ to give the title acid. - - e
_ Preparation of 2—{[4-(N-morpholmocarbonyl)-ammo]-benzenesulfonyl}-ammo-s-

phenylpent—4-ynolc acid:

a Methyl 2-{[4—(chlorocarbonylammo]-benzenesulfonyl}-ammo-s-phenyl-pent-4-yn-

oate: The acetamide 69a IS hydrolyzed and estenﬁed descnbed for compound 69b. This

crude matenal is then taken in CH2C12 in the presence of Et,N and treated with an excess of

tnphosgene to give the title carbamoyl ch]onde

b. Methyl 2-{[4-(N-morpholmocarbonyl)-ammo]-benzenesulfonyl}-ammo-S-phenyl-

‘pent-4-yn-oate: The carbamoyl chidride 84a is taken in CH,Clz in the presence of Et;N at
0°C and treated w1th 1 eq of morpholme to glve the title 1 urea.

| c. The starting ester 84b is sapomﬁed accordmg to the procedure described for compound
. 69cto give the title acid. '

E'xam le 85
Preparatlon of 2-{[4-(N-morpholinocarbonyl)-ammo]-benzenesulfonyl}-ammo-s-

phenyloxyhex-4-ynolc acid:

" a. Methyl 2-{[4-(chlorocarbonylamino]-benzenesulfonyl}-ammo-s-phenyloxyhex-4— '

yn-oate: The acetannde 74a is hydrolyzed and esterified described for compound 69b.
This crude material i 1s then taken i in CH,CL, i in the presence of Et;N and treated with an
excess of triphosgene to give the tltle cazbamoyl chloride. '

'b. Methyl 2—{[4-(N-morpholmocarbonyl)-ammo]-benzencsulfonyl}-ammo-S-phenyl-

hex-4-yn-oate: The carbamoyl chloride 85a is taken in CH,Cl, in the presence of Et;N at 0
°C and treated with 1 eq of morpholme to give the title urea.

¢. The starting ester 82b is saponified accordmg to the procedure described for compound
69c to give the title acid. '
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Example 86
Preparation of 2-{[4-(N-morpholinocarbonyl)-amino}-benzenesulfonyl}-amino-5-
: methoxyhex-4-ynoic acid
The starting amine 71c is coupled to N-morpholinecarbonyl chloride, and hydrolyzed as
described for compounds 71d-e to give the title acid.
ESI MS: m/z (rel intensity) 448.1 (25, M + NH,"), 426.2 (10, M + HY.
Example 87
Preparation of 2-{ [4-(V-pyrrolidinocarbonyl)-amino]-benzenesulfonyl}-amino-5-
' | phenylpent-4-ynoic acid: '
a. Methyl 2-{[4-(N-pyrrolidinocarbonyl)-amino]-benzenesnlfonyl}-amino-5-phenyl-
pent-4-yn-oate: The carbamoyl chloride 84a is taken in CH,Cl, in the presence of Et;N at
0°C and treated with 1 eq of morpholine to give the title urea.
b. The starting ester 87a is saponified according to the procedure described for compound .
69c to give the title acid. ' ' '
Example 88
Preparation of 2-{ [4-(N-pyrrolidinocarb‘onyl)-amino]-benzenesulfonyl}-amino-ﬁ-" :
methoxyhex-4-ynoic acid -
The starting amine 71c is coupled to N-pyrrolidinecarbonyl chloride, and hydrolyzed as .
described for compounds 71d-e to give the title acid.
ESIMS: m/z (rel intensity) 427.2 (40, M + NH,"), 410.2 (100, M + H").

Example 89
Preparation of 2-{ [4-(N-phenylaminocarbonyl)-amino]-benzenesulfonyl}-amino-5-
phenylpent-4-ynoic acid: R
a. Methyl 2—{[4-(N-phenylaminoca1_'bonyl)-amino]-benzenesnlfonyl}-alhino-s-phenyl-
pent-4-yn-oate: The carbamoyl chloride 84a is taken in CH,Cl, in the presence of Et;N
and treated with 1 eq of aniline to give the title urea. | - :
b. The starting ester 89a is saponified according to the procedure described for comﬁound
69c¢ to give the title acid.
Example 90
Preparatipn of 2-{ [4-(N,N-1hcthylphenylaminocarbonyl)-amino]-bgnzenesulfonyl}-
amino-5-phenylpent-4-ynoic acid:
a. Methyl 2-{[4-{l4-(N,N-methylphenylaminocarbonyl)-amino]-benzenesulfonyl}-
amino-5-phenyl-pent-4-yn-oate: The carbamoyl chloride 84a is taken in CH,Cl, in the
presence of Et;N and treated with 1 eq of methylaniline to give the title urea.
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b. The starting ester 90a is saponified according to the procedure described for compound
69 to give the title acid. L
| Example 91
Preparation of 2-{[4-(N-[4-methyloxazol-2-yl]-carbonyl)-ammo]-benzencsulfonyl}-
amino—S-phenylpent—A—ynmc acid:

a. Methyl 2-{[4-(N-[4—methyloxgzol-2—yl]-_carbonyl)—amino]-amino-s-phenyl-pent-45
yn-oate: The carbamoyl chlor.ide 84a is taken in CH,Cl, in the presence of Et;N and
treated with 1 eq of 2-amino-4-methyloxazole to give the title urea.

b. The smrﬁng ester 91a is saponified according to the procedure described for compound

69¢ to give the title acid. _ _ _
| Example 92 | |
Preparation of 2-{{4-(N-[benzthiazol-2-yI}-carbonyl)-amino]-benzenesulfonyl}-amino-
S-phenylpent-4-ynoic acid:

a. Methyl 2—{[4-(N-[benztmazol-z-yl]-carbonyl)—ammo]-ammo-s-phenyl-pent-4—yn-.
oate: The carbamoyl chloride 84a is taken in CH,Cl, in the presence of Et;N and treated
with 1 eq of 2-ammo—benzthlazole to give the title urea.:
b. The starting ester 92a is sapomﬁed according to the procedure described- for compound-
69¢ to give the title acid.. . B S

Preparation of 2-(4-acetylamino)-benzenwnlfonyl—amino—6—methoxyhex—4—ynoic acid .
The starting ammc 71c is coupled to acetxc anhydnde and hydrolyzed as described for .
compmmds 71d-e to glve the title acld | .

Preparatlon of 2-(4-(4-methoxybenzenesulfonyl)-ammo)-benzenesulfonyl}-ammo-ﬁ-

_ methoxyhex-4~ynolc acid

. The starting amine 71c is coupled to 4-meﬂ10xyhenzencsulfonyl chlondc, and hydrolyzed

as described for compounds 7ld-c to gwc the tltle acid.

IX. Examples - Comggsitions and Methods of Use

The compounds of the mventlon are useful to prepare composmons for the

treatment of ailments assoclated with unwanted MP activity. The following composmon

~ and method examples do not limit the mventmn, but prov1de guidance to the skilled artisan

to prepare and use the compounds, compos1t10ns and methods of the invention. In each
case other compounds within the invention may be substituted for the example compound
shown below with similar results The skilled practitioner will appreciate that the examples
provide guidance and may be varied based on the condition being treated and the patient,
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“The following abbreviations are used in this section:
EDTA: ethylenediaminetetracetic acid

SDA: synthetically denatured alcohol
USP: United States Pharmacopoeia

Example A
A tablet composition for oral administration, according to the present invention, is
made comprising: .
' " Component Amount
The compound of Example 1 15 mg
Lactose 120 mg
Maize Starch ~ 70mg
Talc 4mg
Magnesium Stuart 1mg

A human femalé subject weighing 60 kg (132 Ibs), suffering from rheurﬁatoid
arthritis, is treated by a method of this invention. Specifically, for 2 years, a regimen of .
three tablets per day is administered orally to said subject.

At the end of the treatment period, the patient is examined and is found to have

reduced inflammation, and improved mobility without concomitant pain.

Example B
A capsule for oral administration, according to the present invention, is made
comprising:

Component Amount (Y%ew/w)
The compoun_d of Example 4 15%
Polyethylene glycol .85%

A human male subject weighing 90 kg (198 Ibs.), suffering from osteoarthritis, is
treated by a method of this invention. Specifically, for 5 years, a capsule containing 70 mg
of the compound of Example 3 is administered daily to said subject,

At the end of the treatment period, the patient is examined via x-ray, arthroscopy
and/or MRI, and found to have no further advancement of erosion/fibrillation of the
articular cartilage.

Example C
A saline-based composition for local administration, according to the present
invention, is made comprising:

Component Amount (%w/w)
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The compound of Example 7 . . 5% -
Polyvinyl alcohol . 15%
Saline o - 80%

A patient having deep comeal abrasion applies the drop to each eye twice 2 day.
Healing is speeded, with no visual sequelae.

A topical composition for local administration, according to the present invention,

is made comprising: - L _ S .
| ' Compoment  Composition (% wh)
The compound of Exampl_: 9 | o 0.20 '
' Benzalkonium chloride 0402
Thimcrosal B . 0002
d-Sorbitol 500
- Glycine. . - 035
Aromatis . . 0075
Pufidwater . = . = _as
Tol= . 10000

A patient suffering from chemical bums applies-the composition at each dressing

- . change (b.i.d.). Scarring-is substantially diminished. "

* Example E o
An inhalation aerosol composition, according to the present invention, is made
comprising: '

Component© | Composition (% w/v)
Compound of Example 13 50
- Aleohol - _ 33.0.
Ascorbic acid B %
Menthol _ 0.1
Sodium Saccharin - ' ' 0.2
Propellant (F12,. F1149) - - gs.
Total = ' 100.0

An asthma sufferer sprays 0.01 mL via a pump actuator into the mouth while
inhaling. Asthma symptoms are diminished.

Example F
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A topical opthalmic composition, according to the present invention, is made
comprising:

Component ' ition (% wiv
Compound of Example 16 . 0.10
Benzalkonium chloride 0.01

EDTA 005
Hydroxyethylcellulose (NATROSOL M) 0.50

Sodium metabisulfite 0.10

Total = 100.0

A human male subject weighing 90 kg (198 Ibs), suffering from corneal
ulcerations, is treated by a method of this invention. Specifically, for 2 months, a saline

solution containing 10 mg of the compound of Example 16 is administered to said subject's
affected eye twice-daily. '

Example G

A composition for parenteral administration is made comprising:
Component Amount
The compound of Example 12 100 mg/mL carrier
Carrier:

Sodium citrate buffer with (percent

by weight of carrier):
lecithin ' 0.48%
carboxymethylcellulose 0.53
povidone 0.50
methyl paraben 011
propyl paraben 0.011

The above ingredients are mixed, forming a suspension. Approximately 2.0 mL of
the suspension is administered, via injection, to a human subject with a premetastatic
tumor. The injection site juxtaposes the tumor. This dosage is repeated twice daily, for

approximately 30 days. After 30 days, symptoms of the disease subside, and dosage is
gradually decreased to maintain the patient.

Example H
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A mouthwash composition is prepared:

Component - Yow/v
The compound of Example 14 _ 3.00
SDA 40 Alcohol 800
Flavor: ' _ 0.08
Emulsifier ' 0.08
Sodium Fluoride . .0.05
Glycerin - _ 10.00
Sweetener - : : -0.02
“Benzoicacid _ 0.05
Sodium hydroxide . . 0.20
Dye - 0.04
Water o " balance to 100%

A patient wi'ph gum diséase uses 1 mL of the mouthwash thrice daily to prevent
further oral degeneration. N

- _Examplél_

A lozenge ;:qmpqsiti_oﬁ 1s prepared |
. ot .
. The comp.ofmd.of Example 35. 0.01
Sorbitol | : 17.50
Mannitll | 17.50
' Starch : ' © 13.60
- Sweetener _ . _ 1.20
Flavor ' | 1170
Color | S 0.10

' ComSyrup balance to 100%

A patient uses the lozenge to prevent loosening of an implant in the maxilla.
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Example J
Chewing Gum Composition

Component ' wiv%:
The compound of Examplé 55 0.03
Sorbitol crystals 38.44
Paloja-T gum base 20.00
Sorbitol (70% aqueous solution) 22.00
Mannitol 10.00
Glycerine 7.56
Flavor 1.00

Example K

Components
Compound of Example 28
USP Water
Methylparaben
Propylparaben
Xanthan Gum
Guar Gum
Calcium carbonate
Antifoam

Sucrose

Sorbitol

Glycerin .

Benzyl Alcohol
Citric Acid
Coolant

Flavor

Colorant

A patient chews the gum to prevent loosening of dentures.

wiv%
4.0
50.656
0.05
0.01
0.12
0.09
12.38
1.27
15.0
11.0
5.0
02
0.15
0.00888
0.0645
0.0014

The composition is prepared by first mixing 80 kg of glycerin and all of the benzyl
alcohol and heating to 65°C, then slowly adding and mixing together methylparaben,

propylparaben, water, xanthan gum, and guar gum. Mix these ingredients for about 12

minutes with a Silverson in-line mixer. Then slowly add in the following ingredients in the

following order: remaining glycerin, sorbitol, antifoam C, calcium carbonate, citric acid,
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and sucrose. Separately combine flavors and coolants and then slowly add to the other
ingredients. Mix for about 40 minutes. The patient takes the formulation to prevent flare
up of colitis.

Example L

An obese human female subject, who is determined to be prone to osteoarthritis, is
administered the capsu]e &escribed.i'n Example B to prevent the syrhptoms of osteoarthritis. -
Specifically, a capsule is administered daily to the subject .

The patient is exammed via x-ray, arthroscopy and/or MRI, and found to have no
significant advancement of erosion/fibrillation of the articular cartilage.

Example M

A human male subject weighing 90 kg (198 1bs.), who suffers a sports injury, is -
administered the capsule described in Eximple B to prevent the symptoms of osteoarthritis. - -

Specifically, a capsule is administered daily to the subject

The patient is exammed via x-ray, arthroscopy and/or MRI, and found to have no -
significant advancemcnt of erosmnlf bnllatlon of the articular camlage

All references described herein are hereby incorporated by reference.
While particular embodiments of the subject invention have been described, it will -
be obvious to those skilled in the art that various changes and modifications of the subject -

invention can be made without departmg from the spirit and scope of the invention. Itis =

intended to cover, in the appended claims, all such modifications that are within the scope

of this invention.
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What is claimed is:
1. A compound having a structure according to Formula (I)
NS
O R /Sxxo w2
X N 2 |
Ry, X
CRR}-A—

R 91? G o

characterized in that

(A) Xis selected from -OH and -NI-IOH;

(B) W is selected from -S-, -O-, -N(R®)-, -CR®=C(R**)-, -N=C(R”)-, and
N=N-, where R* and R™ each is independently selected from hydrogen, alkyl,
alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl, cycloalkyl, and heterocycloalkyl;

(© R'is-(CRR®*);R* where / is from 0 to about 4; each R® and R® is independently
selected from hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroalkyl, heteroaryl,
cycloalkyl, heterocycloalkyl, halogen, haloalkyl, hydroxy, and alkoxy; and R* is
selected from hydrogen, hydmxyl, alkoxy, alkyl, alkenyl, alkynyl, heteroalkyl,
haloalkyl, cycloalkyl, heteracycloalkyl, aryl, heteroaryl, and halogen;

(D) R%is -(CR'R"),-R* where m is from 0 to about 4; each R’ and R” is independently
selected from hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroalkyl, heteroaryl,
cycloalkyl, heterocycloalkyl, halogen, haloalkyl, hydroxy, and alkoxy; and R* is
selected from hydrogen, alkyl, alkenyl, alkynyl, heteroalkyl, haloalkyl, aryl.
heteroaryl, cycloalkyl, and heterocycloalkyl;

(B) R’ is-(CR'R"),-R® where 1 is from 0 to about 4; each R® and R¥ is independently
selected from hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroalkyl, heteroaryl.
cycloalkyl, heterocycloalkyl, halogen, haloatkyl, hydroxy, and alkoxy; and R® 1s
selected from hydrogen, hydroxyl, alkoxy, alkyl, alkenyl, alkynyl, aryloxy.
heteroalkyl, heteroaryloxy, haloalkyl, cycloalkyl, heterocycloalkyl, anyl.
heteroaryl, and halogen;

(F) R'is (CR"R"™),-A’-(CR'R'"),-R" where A’ is selected from a covalent bond. -
O-, -8- and SO,; z is from 0 to about 4: o is from 0 to about 4; each R'°, R". R*"
and R™" is independently selected from hydrogen, alkyl, alkenyl, alkynyl. an .
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. heteroalkyl, heteroaryl, cycloalkyl, heterocycloalkyl, halogen, haloalkyl, hydroxy,

and alkoxy; and R is selected from hydrogen, alkyl, alkenyl, alkynyl, heteroalkyl,
haloalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, and halogen;

each R® and RY is independently selected from hydrogen, 'alkyi, alkenyl, alkynyl,
aryl, heteroalkyl, heteroaryl, cycloalkyl, heterocycloalkyl, halogen, haloalkyl,
hydroxy, and alkoxy; and & is from 0 to about 4;

A is selected from
: . 12'
N, R
12/C=C\ [ \/C='C’. -
R R R? N\ —C=C—

] ,and

where R and R'¥ each is independently selected from hydrogen, aikyl alkenyl,

alkynyl, haloalkyl, aryl, heteroalkyl heteroaryl heterocycloalkyl, cycloalkyl,

halogen, and -CONR"R" where

(1) R and R each is independently selected ﬁ'om hydrogen, alkyl, alkenyl,
alkynyl, hcteroalkyl aryl, and heteroaryl or

(@ R"andRY, together wrth the nitrogen atom to which they are bonded, join

O

to:form an. optionally substituted heterocyclic ring containing from 5 to 8
ring atoms of which from 1to3 are heteroatoms,

G is selected from

(1) hydrogen;

(@ -(CR"RY)R"Y where p is from 0 to about 4 each R* and R" is

mdependently selected from hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroalkyl, heteroaryl, cycloalkyl, heterocycloalkyl, halogen, haloalkyl,
hydroxy, and alkoxy; and R is selected from hydrogen, alkyl, aryl,
heteroaryl, cycloalkyl, heterocycloalkyl, arylalkyl, and heteroarylalkyl;

(3) ~(CR“R')-Y-(CR"R"),-R"® where ¢ is from 1 to about 4 and r is from 0 to
about 4; each R'%, R'¢, R", and R is independently selected from hydrogen,
alkyl, alkenyl, alkynyl, aryl, heteroalkyl, heteroaryl, cycloalkyl,
heterocycloalkyl, halogen, haloalkyl, hydroxy, and alkoxy; Y is selected
from -O- and -S-; and R™ is selected from hydrogen, hydroxyl, alkoxy, alkyl,
heteroalkyl, haloalky], cycloalkyl, heterocycloalkyl, aryl, and heteroaryl;
provided that when =0, R'® is not hydroxy! or alkoxy;

* - C L M-8 %
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(4) -CONR'R™ where (a) R and R* each is independently selected from
hydrogen, alkyl, alkenyl, alkynyl, heteroalkyl, haloalkyl, aryl, heteroaryl,
cycloalkyl, and heterocycloalkyl; or (b) R¥ and RY, together with the
nitrogen atom to which they are bonded, join to form an optionally
substituted heterocyclic Ting containing from 5 to 8 ring atoms of which
from 1 to 3 are heteroatoms; and

(5)  -(CR"R™)-NR*R® where s is from 1 to about 4; each R" and R" is
independently selected from hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroalkyl, heteroaryl, éycloalkyl, heterocycloalkyt, halogen, haloalkyl,
hydroxy, and alkoxy; and R® and R each is independently selected from:
(@) hydrogen, alkyl, alkenyl, alkynyl, heteroalkyl, haloalkyl, aryl,

heteroaryl, cycloalkyl, and heterocycloalkyl;

(®) -C(O)R* where R? is selected from hydrogen, alkyl, alkeny}, alkynyl,
heteroalky], haloalkyl, aryl,  heteroaryl, cycloalkyl, and
heterocycloalkyl; or R* and R, together with the amide group to
which they are bonded, may join to form an optionally substituted
heterocyclic ring containing from 5 to 8 ring atoms of which from 1 to

'3 are heteroatoms; -

(c)  -SO0,-(CR®R™)-R* where ¢ is from 0 to about 4; each R and R¥ s

independently selected from hydrogen, alky!, alkenyl, alkynyl, aryj,

 heteroalkyl, heteroaryl, cycloalkyl, -heterocycloalkyl, halogen,
haloalkyl, hydroxy, and alkoxy; and R® is selected from alkyl,
heteroalkyl, haloalkyl, aryl, heteroaryl, cycloalkyl, and
heterocycloalkyl; or R® and R2, together with the sulfonamide group
to which they are bonded, join to form an optionally substituted
heterocyclic ring containing from 5 to 8 ring atoms of which from 1 to
3 are heteroatoms; )

(d) -C(O)NR*R* where (i) R and R* are independently selected from
hydrogen, alkyl, alkenyl, alkynyl, haloalkyl, heteroalkyl, aryl,
heteroaryl, cycloalkyl, and heterocycloalkyl; or (ii) R* and R¥,
together with the nitrogen atom to which they are bonded, join to form
an optionally substituted heterocyclic ring containing from 5 to 8 ring
atoms of which from 1 to 3 are heteroatoms; and

T
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-C(O)OR® where R¥ is selected from alkyl, alkenyl, alkynyl,

heteroalkyl, haloalkyl, aryl, heteroaryl, cycloalkyl, and
heterocycloaltkyl; or -

R and R™, together with the nitrogen atom to which they are bonded,
join to form an optionally substituted heterocyclic ring containing from
5 to 8 ring atoms of which from 1 to 3 are heteroatoms; and

) Zis ;el_ected &om_
) c_:ycloglkyl and heterocycloalkyl;
2) -D-(CR’fR_"'_),,R”. where

(@
(b)
©

(@

u is from 0 to about 4; _ .
D_is selected from -C=C-, -CH=CH-, -N=N-, -O-, -S- and -8O,-;
each R® and R¥ is independently selected from hydrogen, alkyl,

‘alkenyl, alkynyl, aryl, heteroalkyl, heteroaryl, cycloalkyl,

heterocycloalkyl, halogen, haloalkyl, hydroxy, and alkoxy; and

R” is selected from aryl, hetercaryl, alkyl, alkenyl, alkynyl,
héferoalkyl, haloalkyl, heterocycloalkyl, cycloalkyl a.nd, if D is -C=C-
or -CH=CH-, then R¥ may also be selected from -
CONR?R® where (i) R* and R* 'arle_ independently selected from
h}fdrqgen, alkyl, alkenyl, 'alkynyL 'haloalkyl, heteroalkyl, aryl,
het_eroai’yl, cycloalkyl, and" heterocycloalkyl, or (ii) R® and R¥,

~ together with the nitrogen atom to which they are bonded, join to form

an optionally substituted heterocyclic ring containing from 5 to 8 ring
atoms of which from 1 to 3 are heteroatoms; :

'3) -NRPR™ where

(@

R® and R¥ each is independently selected from hydrogen; alkyl;
alkenyl; alkynyl; heteroalkyl; haloalkyl; aryl; heteroaryl; cycloalkyl;
heteroalkyl; and C(0)-Q-(CR¥R™),R*', where v is from 0 to about 4, Q
is selected from a covalent bond and -NR*-, each R® and R* is
independently selected from hydrogen, alkyl, alkenyl, alkynyi, aryl,
heteroalkyl, heteroaryl, cycloalkyl, 'heterocycloalkyl, halogen,
haloalkyl, hydroxy, and alkoxy; R* and R (i) each is independently
selected from hydrogen, alkyl, alkenyl, alkynyl,'heteroalkyl, haloalkyl,

aryl, heteroaryl, cycloalkyl, and heterocycloalkyl, or (ii) R*' and R%,

together with the nitrogen atom to which they are bonded, join to form

T
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an optionally substituted heterocyclic ring containing from 5 to 8 ring
atoms of which from 1 to 3 are heteroatoms; or R? and R¥, together
with the nitrogen atoms to which. they are bonded, join to form an
optionally substituted heterocyclic ring containing from 5 to 8 Iring
atoms of which from 1 to 3 are heteroatoms; or

R¥ and R™, together with the nitrogen atom to which they are bonded,
Join to form an optionally substituted heterocyclic ring containing from
5 to 8 ring atoms of which from 1 to 3 are heteroatoms; and

E—1J
/A
L CR"“R“%— M-T
' w . where

(@)
(b)

()
@

(o)

®

E and J are independently selected from -CH- and -N-;

L is selected from -S-, -O-, -N(R®)-, -C(R*)=C(R**)-, -
N=C(R*)-, and -N=N-, where R* and R* each is independently
selecfed from hydrogen, alkyl, alkenyl, alkynyl, heteroalkyl, aryl,
heteroaryl, cycloalkyl, and heterocycloalkyl;

w s from 0 to about 4; ' .

cach R* and R* is independently selected from hydrogen, alkyl,
alkenyl, alkynyl, aryl, heteroalkyl, heteroaryl, cycloalky},
heteracycloalkyl, halogen, haloalkyl, hydroxy, and alkoxy;

‘M is selected from 5 covﬁlent bond, -O-, -SO.-, -C(0)-, -

* C(O)NR¥-, -NR¥-, and -NR*C(O)-; where x is from 0 to 2; and R® is
selected from hydrogen. alkyl, alkenyl, alkynyl, aryl, heteroaryl,
heteroalkyl, heteroaryl, cycloalkyl, heterocycloalkyl, and haloalkyl;
and )

T is «(CR“R*),-R*" where y is from 0 to about 4; each R* and R is
independently selected from hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroalkyl, heteroaryl, cycioalkyl, heterocycloalkyl, halogen,

o haloalky],_ hydroxy, alkoxy and aryloxy; and R" is selected from.

hydrogen, alkyl, alkenyl. alkynyl, halogen, heteroalkyl, haloalkyl, aryl,
heteroaryl, cycloalkyl. and heterocycloalkyl; or R® and R*, together
with the atoms to which they are bonded, join to form an optionally
substituted heterocyclic nng containing from S to 8 atoms of which |

" to 3 are heteroatoms: or R* and R*, together with the atoms to which

AR R
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they are bonded, join to form an optionally substituted heterocyclic
rmg contammg from 5 to 8 atoms of which 1 to 3 are heteroatoms,
or an optlcal isomer, d1astereomer or enantiomer for Formula (I), or a pharmaceutically-
acceptable salt, or blohyd_rolyzable amide, ester, or imide thereof.

2. A ¢ompound having a structure according toFormula(Il) .
RN /ﬂ\
(o) H S\\O W Z
HO N
R H
()

characterized in that
(A Wis selected from -S- -O- -N(R”)- C(R”)—C(R”')— -N=C(R”)- and -
N—N— where R® and R¥? each is mdependently selected from hydrogen, alkyl,
alkenyl, alkynyl heteroalkyl aryl heteroaryl cyeloalkyl and heterocycloalkyl
) (B) Yis - (CR‘R") -R’ where nis from 0 to about 4 each R* and R¥ is independently
- selected from hydrogen alkyl alkenyl alkynyl aryl _heteroalkyl, heteroaryl,
cycloalkyl heterocycloalkyl halogen, haloalkyl hydroxy, and alkoxy; and R’ is
selected ﬁ'om hydrogen, hydroxyl alkoxy, alkyl alkenyl allkynyl, aryloxy,
heteroalkyl heteroaryloxy, _ haloalkyl, cycloal_kyl, heterocycloalkyl, aryl,
heteroaryl, and halogen -
(C)y Ais selected from
. : 12!
, .\c-_—.c_/ . _\c_—_c’R-.- -
RIZ/ . \RIZ"I RlZ/ N \ . and —'CEC—
where R" and R'” each is independently selected from hydrogen, alkyl, alkenyl. -
alkynyl, haloalkyl, aryl, heteroalkyl heteroaryl, heterocycloalkyl cycloalkyl,
halogen, and -CONR"R" where
() R"%and R™ each is independently selected from hydrogen, alkyl, alkenyl.
alkynyl, heteroalkyl, aryl, and heteroaryl, or -

Mg
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R® and R¥, together with the nitrogen atom to which they are bonded, join
to form an optionally substituted heterocyclic ring containing from 5 to 8§
ring atoms of which from 1 to 3 are heteroatoms;

(D) Gisselected from

)
@

£))

@

hydrogen; :

-(CR"R™),-R* where p is from 0 to about 4; each RM and R"Y js
independently - selected from hydrogen, alkyl, - alkenyl, alkynyl, aryl,
heteroalkyl, heteroaryl, cycloalkyl, heterocycloalkyl, halogen, haloalkyl,
hydroxy, and alkoxy; and R is selected from hydrogen, alkyl, aryl,
heteroaryl, cycloalkyl, heterocycloalkyl, arylalkyl, and heteroarylalkyl; )
-(CR"R"'),—Y-(CR"R'7'),-R" where g is from 1 to about 4 and » is from 0 to
about 4; each R', R, R and R” is independently selected from hydrogen,
alkyl, alkenyl, alkynyl, aryl, heteroalkyl, heteroaryl, cycloalkyl,
heterocycloalkyl, halogen, haloalkyl, hydroxy, and alkoxy; Y is selected
from -O- and -S-; and R jg selected from hydrogen, hydroxyl, alkoxy, alkyl,

heteroalkyl, haloalkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroary];

provided that when =0, R js not hydroxyl or alkoxy;

-CONR™R’™ where (a) R¥ and R™ cach ‘is independently selected from
hydrogen, alkyl, alkenyl, alkynyl, heteroalkyl, haloalkyl, aryl, heteroaryl,
cycloalkyl, and heterocycloalkyl; or (b) R and RY, together with the
nitrogﬁn atom to which they are bonded, join to form an optionally

-, Substituted heterocyclic ring containing from 5 to 8§ ring atoms of which.

(&)

from 1to 3 are heteroatoms; and

{(CR®R®)-NR*R™ where s is from 1 to about 4; each R" and R is

independently selected from hydrogen, alkyl, alkenyl, alkynyl, aryl,

heteroalkyl, heteroaryl, cycloalkyl, heterocycloalkyl, halogen, haloalky],
hydroxy, and alkoxy; and R?® and R” each is independently selected from:

(@) hydrogen, alkyl, alkenyl, alkynyl, heteroalkyl, haloalkyl, aryl,
heteroaryl, cycloalkyl, and heterocycloalky;

(®) -C(O)R* where R? is selcct-ed from hydrogen, alkyl, alkenyl, alkynyl,
heteroalkyl, haloalkyl, aryl, heteroaryl, cycloalkyl, and
heterocycloalkyl; or R? and R”, together with the amide group to
which they are bonded, may join to form an optionally substituted

AR 00
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heterocyclic ring containing from 5 to 8 ring abomé of which from 1 to

- 3 are heteroatoms; "~

-SOCRZR¥), R where ¢ is from 0 to about 4; each RZ and R¥ is
independently selected from hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroalkyl, heteroaryl, cycloalkyl, heterocycloalkyl, halogen,

‘haloalky], hydroxy, and alkoxy; and R® is sclected from alkyl,

heteroalkyl, haloalkyl, aryl, heteroaryl, cycloalkyl, and

heterocycloalkyl; "o_rfl_l” and R?, together with the sulfonamide group

to which they are bonded,  joiri to form an optionally substituted
heterocyclic nng containing from 5 to 8 ring atoms of which from 1 to

'3 -are heteroatoms;

-C(O)NR“R" where (i) R* and R are independently selected ,from
_hydrogen,. alkyl, alkenyl, alkynyl, haloalkyl, heteroalkyl, ary
heteroaryl, cycloalkyl, and heterocycloalkyl; ‘or (i) R* and R”',

together with the nitrogen atom to which they are bonded, join to form
‘an optionally substltuted heterocyclic'ring containing from 5 to 8 ring

atox"ns of which'ﬁ"om 1t0'3 ai’e heteroatoms; and

_'-C(O)OR” where R* is selected from alkyl, alkenyl, alkynyl,
_hgteroalkyl,. - haloalkyl, ' aryl; hcteroaryl cycloalkyl, and
‘heterocycloalkyl; or - : S

R® and R, together with the nitrogen atom to which they arc bonded,

join to form an optionally substituted heterocyclic ring containing from

5t08 rmg atorns of which from 1 to3 are heteroatoms, and

- (E) Zis selected from .
(1) cycloalkyl a_nd heterocycloalkyl;
(¥))] -D-(CR"R""),,R27 where

(a)
®)
(c)

@

uis from 0 to about 4;

Dis selccted from -C=C-, -CH=CH-, -N=N-, -O-, -S- and -80,-;

each R® and R® is independently selected from hydrogen, alkyl,

élkenyl, - alkynyl, aryl, heteroalkyl, heteroaryl, cycloalkyl,

hétet_'ocycloaﬂ:cyl, halogen, haloalkyl, hydroxy, and alkoxy; and

R is selected from aryl, heteroaryl, alkyl, alkenyl, alkynyl, -

heteroalkyl, haloalkyl, heterocycloalkyl, cycloalkyl and, if D is -
" C=C- or -CH=CH-, then R” may also be selected from -

- * ¢ L M S »
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CONR®R® where (i) R and R¥ are independently selected from
hydrogen, alkyl, alkenyl, alkynyl, haloalkyl, heteroalkyl, aryl,
heteroaryl, cycloalkyl, and heterocycloalkyl, or (ii) R® and RZ,
together with the nitrogen atom to which they are bonded, join to form
an optionally substituted heterocyclic ring containing from 5 to 8 ring
atoms of which from 1 to 3 are heteroatoms;
(3) -NR¥R* where

(a) R”® and R* each is independently selected from hydrogen; alkyl;
alkenyl; alkynyl; heteroalkyl; haloalkyl; aryl; heteroaryl; cycloalkyl;
heteroatkyl; and C(0)-Q-(CR*R**),R*., where v is from 0 to about 4, Q
is selected from a covalent bond and -NR*., each R® and R* is
independently_selected from hydrogen, alkyl, alkenyl, alkynyl, aryl
‘heteroalkyl, heteroaryl, cycloalkyl, heterocycloalkyl, halogen,

~ haloalkyl, hydroxy, and alkeky; R’ and R* (i) each is independently

selected from hydrogen, alkyl, alkenyl, alkynyl, heteroalkyl, haloalkyl,
aryl, heteroaryl, cycloalkyl, and heterocycloalkyl, or (i) R*' and R%,
together with the nitrogen atom to which they are bonded, join to form
an optmnally substituted heterocyche ring containing from $ to 8 ring
atoms of which from 1 to 3 are heteroatoms; or R? and R, together
. with the mtrogen atoms to which they are bonded, join to form an
optxonally substituted heterocyclic ring containing from 5 to § ring
“atoms of which from 1 to 3 are heteroatoms; or

(®) R and R?, together with the nifrogen atom to which they are bonded,
join to form an optionally substituted heterocyclic ring containing from
S to 8 ring atoms of which frem 1to3are heteroatdms; and

/ \
CR36R36' M-T.

, where

(@) EandJare independently selected from -CH- and -N-;

() Lis selected from -§-, -O-, -NR*)-, -CR*)=C(R*®)-, -
N=C(R") , and -N=N-, where R® and R* each is independently
selected from hydrogen, alkyl, alkenyl, alkynyl, heteroalkyl, aryl,
heteroaryl, cycloalkyl, and heterocycloalkyl;

: R RN
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w lS from 0 to about 4;

cach R* and R¥ is independently selected from hydrogen, alkyl,

alkenyl, . alkynyl, aryl, heteroalkyl, heteroaryl, cycloalkyl,
heterocycl_oalkyl, halogen, haloalkyl, hydroxy, and alkoxy;

M is selected from a covalent bond, -O-, -8O;-, <C(O)-, -C(O)NR™-, -
NR¥-, and -NR*C(O)-; where x is from 0 to 2; and R* is selected from.
hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl, heteroalkyl,
heteroaryl, cycloalkyl heterocycloalkyl, and haloalkyl; and

Tis -(CR“R‘“ ) R where y is from O to about 4; each R* and R is

: lnoependently selected from hydrogen, alkyl, alkenyl, alkynyl, aryl,

heteroalkyl, he_teroaryl. cycloalkyl, heterocycloalkyl, halogen,
ngioalkyl; hydroxy, alkoxy and aryio_x_y; and R* is selected from
h}}drogen,' alkyl, alkenyl 'alkynyl halogen heteroalkyl, haloalkyl, aryl,
heteroaryl cycloalkyl, and heterocycloalkyl or R* and R*, together

.w1th the atoms to Whlch they are bonded, join to form an optmnally
subsututed heterocychc rmg contammg from 5t08 atoms of which 1

to 3 are heteroatoms; or R” and R" together with the atoms to which
they are bonded jOll‘l to form. an optionally substltuted “heterocyclic
rmg conmmmg from s to 8 atoms of wluch 1to 3 are heteroatoms,

" or an optlcal 1somer, dlastereomer or. enanuomer for Formula @, or a pharmaceut:cally-

acceptable salt, or blohydrolyzable amxde, ester. or imide thereof

3. A compound of é_laim l.ox.' 2 characterized n that A is -C;_—_C-. _

4, A eompoun'd‘ of any of Cléiyns 1-3 eharocierized in that W is selected from -S- and -
CH=CH-. o | o
5. A compound of any of Claims 1-4 Lhmctenzed m that Z is selected from -D-
E— J
_ : - o
: L .c_R”R?“—)-M—T-
(CRZGRZG')"RN; _NRERZD'; md W
- 6. A compound of any of Claims -5 charactenzed in that:

“x €L M-S ox
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(a) when Z is -D-(CR*R*),R”, D is selected from -C=C-, -C=C- and -N=N-, u is 0, and R is
selected from aryl, heteroaryl, heterocycloalkyl and cycloalkyl;

(b) when Z is -NR¥R?, R” is hydrogen and R¥ is -C(0)-Q-(CR*R*") R* where Q is a covalent
"bond and v is 0, where R” is preferably selected from aryl, heteroaryl, cycloalkyl, and
heterocycloalkyl; and

E—]J

/ \
CR“R“-}V-M ~T .
(c) when Z is » E and J are both -CH-, w is 0, L is -

CR*y=C(R™)- (preferably L is -HC=CH-) and R*® and T join to form an optionally .
substituted S-membered ring containing from 0 to 2 ring heteroatoms.

7. A compound of any of Claims 1-6 characterized in that M is selected from covalent
bond, -O- and -S-; and T is -(CR"R*),-R* where y is 0 and R* is selected from alkyl,
heteroalkyl aryl, heteroaryl, cycloalkyl and heterocycloalkyl

8. | A compound of any of Claims 1-7 characterized in that with respect toR nisOorl;
one or both of R® and R¥, when present, is hydrogen; and R’ is selected from. hydrogen,
‘hydroxyl, alkoxy, alkyl, aryloxy and aryl,

9. A compound of any of Claims 1-8 characterized in that
(A) Wis-CH=CH-
(C) Giis selected from
(1) hydrogen;
(2) -(CR“R™),-R" where p is 0 or 1; each R™ and R™ is hydrogen; and R" s
selecfed from alkyl, aryl, heteroary], cycloalkyl, and heterocycloalkyl;
(3 -(CR"R')-Y-(CR"R')-R"™ where gis 1 and r is 0 or 1; each R'®, R".
’, and R" is hydrogen; Y is selected from -O- and -S-; and R" s
selected from hydrogen, alkyl, heteroalkyl, cycloalkyl heterocycloalkyl,
aryl, and heteroaryl; and
(4) -(CR"R™),-NR™R* where s is 1: each R" and R" is hydrogen; and R
- and R each is independently selected from:

¥ c L M 5 . =
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(a) hydrogen, alkyl, heteroalkyl, aryl, heteroaryl, cycloalkyl, and
heterocycloalkyl; ' .

(b) -C(O)R2l where R is selected from hydrogen, alkyl, heteroalkyl,
aryl, heteroaryl, cycloalkyl, and heterocycloalkyl; or R* and R”,
tqge_ther with the amide group to which they are bonded, may join to
form an optionally substituted heterocyclic ring containing 5 or 6
.ﬁng atoms of which 1 or 2 are heteroatoms; and

(c) -SOz-(CR”Ru'),-R" where ¢ is 0 and R® is selected from alkyl, aryl,

| and heteroaryl; and

(d R® and Rz"' together with the nitrogen atom to which they are

| _.bonded, Jom to form dn optionally substttuted hetcmcychc ring

containing 5 or 6 ring atoms of which 1 or 2 are heteroatoms.

10, - A compound selected from the group consisting of:
2-{[4’-Fluoro~(1,1’ -bxphenyl)-4-y1]—sulfony1}-ammo-S-phenylpent—lt—ynoxc acid;
-(4-Phenyloxyphenylsu1fony])-ammo-s-phenylpent-4—ynotc acid;
2-{[4’—Methoxy-(l N -btphenyl)-4~yl]-sulfonyl}-ammo-S-phenylpent-4-ynonc acid;
: 2-{[4’-Methoxy-(1 1’ -bnphenyl)—4-yl]-sulfonyl}-ammo-5-(4-morpholmo-pheny1)-pent-4-ynonc

. 2-{[4’-Methoxy-(1,1" -btphenyl)-4-yl]-sulfonyl}-ammo-S (3-morpholmophenyl)-pent—4-
ynoic acid;
2-{[(1,1’-4’,1" ’-Triphenyl)-4—yl]ésulfonyl}-amino-S —phenylpent—4-ynoic acid;
2-{[4’-Methylthio-(1 ,1’-biphenyl)p-4-yl]-sulfonyl}-amino-5-phenylpent-4-ynoic acid,
2-{[3’ 4 -Methylenedioxy-(1,1 ’-biphenyl)—4-yl]-sulfonyl}-imino—S -phenylpent-4-ynoic

2-{[4’-Phenyloxy-(1,1 ’-biphenyl)-4—yl]-sulfonyl}_-amino-S-phenylpentA—ynoic acid; "
2-{[4’-(2-Methoxyethoxy)-(1,1 * biphenyl)-4-yl]-sulfonyl}-amino-5-phenylpent-4-ynoic
acid; : _ '
2-{[4‘-(2-N-pyrrolidino-eﬂmxy)-(1,1’-biphenyl)-4—yl]-su1fony_l}-amino-S-phenylpent-'4-
ynoic acid; | '
2-{[3’-Ethoxy-(1,1 -blphenyl)-4-yl]-sulfonyl}-am1no-5-phenylpent—4-yn01c acid;
2-[4-(4-Methylphenyl)-acetylenylbenzene sulfonyl]-amino-5-phenyl-pent-4-ynoic acid;
2-[4-(4-Methoxyphenyl)-acetylenylbenzene sul_fonyl]-amino-S-phmyl-pent—4-ynoic acid;
2-(4-Pheny]azobenzenesulfonylj-amino-s-pheny!pentynoic acid,

P €t L. Mmoo s x
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2-{[4’-Phenyloxy(1,1°"-biphenyl)-4-yl}-sulfony1} -am'ino-S-(pyr'idih-'3'#yl)-pent-4-ynoic acid;

2-[4-(4-Methoxyphenyl)-acetylenylbenzene - sulfony!}-amino-5-(pyridin-3-yl)-pent-d-ynoic
acid; .

2-{[4’-Methoxy-(1,1 ’-biphenyl)—4-yl]-sulfonyl}-amino-S-(pyridin—3-yl)-pent-4—ynoic acid;

2-{[4’-Methoxy-(1,1 ’-biphenyl)—4-'yl]-sulfonyl}-amino-S-(furan-Z—yI)-pent-4-ynoic acid;

2-{[4’-(2-Methoxyethoxy)-(1,1 *-biphenyl)-4-y1]-sulfonyl} -amino-5-(furan-2-yl)-pent-4-
ynoic acid;

2-{[4’-(2-N-pyrrolidino-ethoxy)~(1,1’ -b1pheny])-4—y1]-sulfony]}-ammo-S (furan-z-yl)-pent-
4-ynoic acid;

2-{[4’-Methoxy-(1,1’ -biphenyl)-4-yl}-sulfonyl} -amino-5-(thiophcn-2-yl)-pent-4-ynoic acid,;

-{[4’-Methoxy-(1,1 -biphenyl)-4-y1]-sulfonyl)-amino-5 ~(N-methylpyrrol-2-yl)-pent-4-ynoic
acid;

2-(4-n-But_oxybenzene)—sulfonylamino—S-phenylpent-4-ynoic acid;

2-{[5-(4-Methoxyphenyl)-thiophen—Z—yl]-sulfonyl}-amino-5-phenyl-pent—4-ynoic acid;

2-§ [5-(4-methoxyphenylacetylenyl)-thiophen-z-yl]-sulfonyl}-amino-S -phenyl—pcnt-4-ynoic
acid;

2-{[(4-benzenesulphonyl)—tluophen-Z—yl]-sulphonyl} -am1no-5-pheny]pent—4-ynmc ac:d

2-{ [(5-benzenesulphonyl)—thmphen-z-yl]-sulphonyl} -ammo-S-phenylpent—4-ynonc acid; -

2-{[5- (4-Methoxypheny1)—tlnophen-Z-yl]-sulfonyl}-ammo-s-(3-N-mo:pholmo)-phenylpcnt—
4-ynoic acid;

2-{[5-(4-Methoxyphenyl)-thiophen-Z-yl]-sulfonyl}-amino-S-(3-MN-dimethylamino)- '
phenylpent-4-ynoic acid; .

2-{(1.1 ’-Biphenyl—4-y])-sulfonyl]-amino-6-pynolidinohex-4-ynoic acid;

2-{[4’-Methoxy(1,1 ’-biphenyl)—4-yl]-sulfonyl}-amino-6-pyrrolidinohex-4-ynoic acid,

2-[(1,1 ’-Biphenyl)—4-yl-sulfonyl]-amino-ﬁ-morpholinohex—li-ynoic acid;

"2 {[4’-Methoxy-(1,1 ’-biphenyl)—4—yl]-sulfonyl}-amino-6—mo:pholinohex-4-ynoic acid;
2-{[4’-Methylthio-(1, l’-biphenyl)-4-yl]-sulfonyl}-amino-6-morpholinohex-4-ynmc acid;
2- [4-(4—Methoxyphenyl)-acetylenylbenzenesulfonyl]-ammo-6-morpholmohcx—4—yno1c acid;

2-{[4’-Phenyloxy—(l I -b1phenyl)-4-yl]-sulfonyl}-ammo-6—morpholmohex—4—yn01c acid;
2-{[4’-Methoxy-(1,1 -b1phenyl)-4—yl]-sulfonyl}-ammo-6-(4N-acetylp1perazm-lN-yl)-hex-4-
ynoic acid;

4’-Methoxy-(1,1 *-biphenyl)-4-yl]-sulfonyl} -amino-6-(4V-methanesulfonylpiperazin-1N-yl)-
hex-4-ynoic acid;

;o C L Ms  »
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2-{[4’—Methoxy-(l 1’ -b1phenyl)—4-yl]-su1fony1}-ammo-6-(4N tert-butoxycarbonylptperamn—
N—yl)-hex—4-yn01c acid; . :
2-{[4'-Methoxy-(1,1 -bzphenyl)-4-yl]-sulfonyl}-ammo-6-(4N-phenylp1perazm-1N—yl)-hex-4-
ynoic acid; : .
2-{[4’-Phenyloxy~(l 1 -bxphenyl)-4-yl]-sulfonyl}-ammo-6-pyrrohdmohex—4—ynoxc acid;
2-{[4’-Phenyloxy—(l,l -b1pheny_1)-4-yl]-sulfonyl)—ammo-6-(1\I,N-d1methylammo)-_hex—4-
ynoic acid; | |
2-[4-(N—4-Methoxybenzoy1)-mninobcnzenesulfpnyl]—amino-6-morpholinohex—4—ynoic acid;
2-[4-(N-4-n-Bntoxybenzoyl)-aminobcn_z_eixesulfonyl]-amino-ﬁ-moxpholinohex-4-ynoic acid;
2-{[4’-Methoxy-(1,1 ’_-b_iphenyl).-4-y1]-sulfonyl } -_a_x_nino_-6-phe_x__1ylhex-4-ynoic acid;
2-{ [4’-(2-Meth6xyetho_i{y);(1,_l ’-biphenyl)-4-yl]-sn_lfony1}-a;nino_-6-phen§lhex—4-ynoic

" acid;

2-{[4-(2-N- Pyrrohdmo-ethoxy)—(l 1 -bxphenyl)—4-yl]-sulfony1}-ammo-6—pheny1hex—4—

ynoic acid;

2- {[4’-Methoxy-(l 1 -blphenyl)-4-yl]-sulfonyl}-ammo-G-phenyloxyhexA-ynonc acid;

" 2 {[4’—Methoxy—(l I’ -brphenyl)-4-y1]-sulfonyl} anuno-6-methoxyhex—4-ynoxc acld
2-{{4’-Bromo-(1,1’ -bxphenyl)-4—yl]—sulfonyl}-ammo-ﬁ-methoxyhex—4-ynoxc acid;

' '2-{[4’-Methoxy-(1 l -blphenyl)o4-yl]-sulfonyl-N-methyl}-ammo-6-methoxyhex-4—ynoxc

' 2-{[4’-Methoxy-(l 1 -b1phenyl)-4-yl]-sulfony1} ammo-6 (2-methoxyethoxy)—methoxyhex—

4-ynoic acid;

2-{[4’-Bromo-(l 1 -blphenyl)-4-yl]-su1fonyl}-ammo-é-phenyloxy—4—yn01c acid;

2-{[4’-Phenyloxy-(l 1 -blphenyl)-4-yl]-sulfonyl}-axmno-6-methoxyhex—4—yn01c acid'

2-{[4’-Methoxy-(1,1’ -b1phmyl)-4-yl]-sulfonyl} ammo-6-phenyltiuohex-4-yn01c acid;

2—{[4’-Methoxy—(1 1 -b:phmyl)—4-y1]—sulfonyl} ammo-6-[5-(ﬁxran-z-yl)-oxadlazol-z-yl}-
thiohex-4-ynoic acid;

2-{[4’-Methoxy-(1,1" -b:phenyl)-4-yl]-sulfony1}-ammo-6-[5 (N-pynohdmyl)-thladlazol-z-
yl]-thlohex-4~yn01c acld
trans-2-{[4’-Mcthoxy-(1 1 -bxphenyl)-4-y1] sulfonyl}-ammo—S-phenylpent—4—en01c acid;
2-{[4’-Methoxy-(1,1’ -bxphenyl)-4-yl]-sulfonyl}-ammo-3-benzyloxymethyl—pent—4-enoxc
acid; ' ' . " o :
2-{(1,1"-biphenyl)-4-yl}-sulfonyl-amino-3-benzyloxymethyl-pent-4-enoic acid;
cis-2-{[4’-Methoxy-(1,1’-biphenyl)-4-yl}-sulfonyl} -amino-5-(N-pyrrolidinocarbonyl)-pent-
4-enoic acid; |

Ll
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(2R)-{[4'-Methoxy-(l 1 -lnphenyl)-4~yl]-sulfonyl)-ammo-(3S)—methoxy-5-phenylpent—4~
ynoic acid;

(2R)- {[4'-Thiomethoxy—(l »1”-biphenyl)-4-yl}-sulfonyl}-amino-(3S)-methoxy-5-
phenylpent-4-ynoic acid; _ .

(2R)- {[4’-Methoxy~(1,1 *-biphenyl)-4-y1]-sulfonyl}-amino-(3 S)-benzyloxy-5-phenylpent-4-
ynoic¢ acid; .

(2ZR)- {[4’-Methoxy-(1,1 *-biphenyl)-4-yl]-sulfonyl} -amino-(3S)-(2-methoxyethoxy)-5-
phenylpent-4-ynoic acid;

(2R)-{[4’-Phenyloxy-(1,1 -blphenyl)—4-yl]-sulfonyl}-ammo-(3S)-(2-methoxyethoxy)-5— _
phenylpent-4-ynoic acid; _

(2R)-{[4’-Methoxy-(1,1'-biphenyl)-dyl]-sulfonyl} -amino-(38)-(2-methoxyethoxy)-5-
phenylthiomethyl-pent-4-ynoic acid;

2-{[4-(4-Chlorobenzoyl)amino]-benzenesulfonyl} -amino-5-phenylpent-4-ynoic acid,

o2+ [4-(4-Methoxybenzoy1)amino]—benzenesulfonyl }-amino-$§ ;phenylpent-‘f-ynoic acid;

2-{[4-(5-n-propylpyridin-z-oyl)—amino]-benzenesulfonyl}-amino-S-phenylpent—4-ynoic :
acid, . '

2-{[4-(6-N-pyrrolylpyridin-3-oyl)-amino]-benzcnesulfonyl}—amino-S-phenylpéht#ynoic
acid; | |

2-{[4-(4-Methoxybenzoyl)amino]-benzenesulfonyl}-ammo-6-phenyloxyhex-4-ynmc acid;

2. {[4-(6-mﬂuoromethylpyndm—B-oyl)—ammo] benzenesulfonyl} ammo-6-phenyloxyhex-4- .
ynoic acid;

2-{[4-(6—'cyanopyridin-3-6yl)-amino]-benzenesulfc’myl}-arnino—G-phenyloxyhex—4~yhoic
acid, ' -
2-{[4-(6-trifluoromethylmethoxypyridin-3 -oyl)-ammo]-henzenesulfonyl}-ammo-6-
phenyloxyhex-4-ynoic acid;
2- {{4—(5-methylpynzm—2-oyl)-amino]-benzcncsult‘onyl}-amino-6-phenyloxyhex—4’-ynoic
acid; ' '
2-{[4-(5-methoxyindol-2-oyl)-amino}-benzenesul fonyl}-amino-6-phenyloxyhex-4-ynoic
acid; '

2-{{4-(1N-methylindol-2-oyl)-amino}-benzenesul fonyl} -aminé-&phmyloxyhck-&ynoic
acid; :

2-{[4-(N-morpholhocarbonyl)-amino]-benzencsulfonyl}-amino-5-phenylpent-4—ynoic acid;

2- {[4-(N-morpholinocarbonyl)-ar'nino]-benzcncsulfonyl }-amino-5-phenyloxyhex-4-ynoic
acid;

—_—
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2-{[4-(N-py1‘rolidinoca’rbonyl)—a‘mino]-benzenesulfonyl} -athino-5-phenylpent-4-ynoic acid;

2-{[4-(N—phenylanﬁnocarbonyl)—amino]—bcnzenesulfonyl}-amino-S-phenylpentA-ynoic

acid; o o . . '
2-{[4—(N,N-methylphenylaminocar’oonyl)—ammo]-benzenesulfonyl}_-amino-S-phmylpent-4-

ynoic acid;

2- {[4-(N—{4-methyloxazol-2—yl]~carbony1)-amino]—benzenesulfony1} -amino-5-phenylpent-4-
ynoic acid; and ' : ' : '
2-{[4-(N-[benzthxazol-z-yl]-carbonyl)-ammo]-benzenesulfonyl}-ammo-i-phenylpent-4-

ynoic acid.
il A pharmaceutlcal composmon compnsmg .
(a) a safe and effective amount ofa compound of any of Clalms 1- 10 and

(b) a pharmaceuttcally—acceptable carrier.

12 The manufacturc ofa med1cament contalmng a safe and effective amount of a compound

of any of Claims 1- 10 wherem the medlcament is admmlstered to a mammahan subject for thc

treatment of a disease associated with unwanted metalloprotease activity.

'13.  The manufacture o_f a medlcament 'c':o_pﬁi'ning'_a gafe and é_t_'fective amount of a conipound

of any of Claims 1-10, characterized in that the medicament is administered to & mammalian-
subject for the treatment of a disease associated with unwanted metalloprotease activity, further ..
characterized in that the disease is chosen from the group consisting of arthritis, cancer,
cardiovascular disorders, skin disorders, ocular disorders, inflammation and gum disease. - -

14. The medicament according to Claim 13, characterized in that the disorder is (a) arthritis.
and is chosen from the group consisting of osteoarthritis and rheumatoid arthritis; (b) cancer, and
the treatment prevents or arrests tumor growth and metastasis; or (¢} a cardiovascular disorder
chosen from the group consisting of dilated cardiomyopathy, congestive heart failure,
atherosclerosis, plaque rupture, reperfusion i'njurSv, ischemia, éhronic obstructive pulmonary -

disease, angioplasty restenosis, and aortic aneurysm.
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