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ALKYNYL CONTAINING HYDROXAMIC ACID COMPOUNDS AS TACE
INHIBITORS

FIELD OF INVENTION
5 This invention relates to acetylenic hydroxamic acids which act as inhibitors
of TNF-a converting enzymé (TACE). The compounds of the present invention are
useful in disease conditions mediated by TNF-c, such as rheumatoid arthritis,
osteoarthritis, sepsis, AIDS, ulcerative colitis, multiple sclerosis, Crohn's disease and
degenerative cartilage loss.
10
BACKGROUND OF THE INVENTION
Matrix metalloproteinases (MMPs) are a group of enzymes that have been
implicated in the pathological destruction of connective tissue and basement
membranes. These zinc containing endopeptidéses consist of several subsets of
15  enzymes including collagenases, stromelysins and gelatinases. Of these classes, the
gelétinases have been shown to be the MMPs most intimately involved with the
growth and spread of tumors. It is known that the level of expression of gelatinase is
elevated in malignancies, and that gelatinase can degfade the basement membrane
which leads to tumor metastasis. Angiogenesis, required for the growth of solid
20  tumors, has also recently been shown to have a gelatinase component to its pathology.
Furthermore, there is evidence to suggest that gelatinase is involved in plague rupture
associated with atherosclerosis. Other conditions ﬁediamd by MMPs are restenosis,
MMP-mediated osteopenias, inﬂétmmatory discases of the central nervous system,
- skin aging, tumor growth, osteoarthritis, rheumatoid arthritis, sepiic arthritis, corneal
25  ulceration, abnormal wound healing, bonc disease, proteinuria, aneurysmal aortic
disease, degenerative cartilage loss following traumatic joint injury, demyelinating
diseases of the nervous system, cirrhosis of the liver, glomerular disease of the
kidney, premature rupture of fetal membranes, inflammatory bowel disease,
periodontal disease, age related macular degeneration, diabetic retinopathy,
30 proliferative vitreoretinopathy, retinopathy of prematurity, ocular inflammation,

keratoconus, Sjogren’s syndrome, myopia, ocular tumors, ocular angiogenesis/neo-
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vascularization and corneal graft rejection. For recent reviews, see: (1) Recent
Advances in Matrix Metalloprd_teinase Inhibitor Research, R. P. Beckett, A. H.
Davidson, A. H. Drammond, P. Huxley and M. Whittaker, Research Focus, Vol. 1,
16-26, (1996), (2) Curr. Opin. Ther. Patents (1994) 4(_1): 7-16, (3) Curr. Medicinal
Chem. (1995) 2: 743-762, (4) Exp. Opin. Ther. Patents (1995) 5(2): 1087-110, (5)
Exp. Opin. Ther. Patents (1995) 5(12): 1287-1196: (6) Exp. Opin. Ther. Patents
(1998) 8(3): 281-259. _ - '

TNF-a converting enzyme (TACE) catalyzes the formation of TNF-o. from
membrane bound TNF-a. precursor protein. TNF-o is a pro-inflammatory cytokine
that is believed to have a role in rheumatoid arthritis [S__hire, M. G.; Muller, G. W.

- Exp. Opin. Ther. Patents 1998, 8(5), 531; Grossman, J. M.; Brahn, E. J. Women's
‘Health 1997, 6(6), 627; Isomaki, P.; Punnonen, J. Ann. Med. 1997, 29, 499; Camussi,

G.; Lupia, E. Drugs, 1998, 55(5), 6__13.] septic shock [Mathison, et. al. J. Clin. Invest.

1988, 81, 1925; Miethke, et. al. J. Exp. Med. 1992, 175, 91, graft rejection [Piguet,

P. F; Gran, G. E;; et. al. J. Exp. Med. 1987, 166, 1280.], cachexia [Beutler, B.;
Cerami, A. Ann. Rev. Biochem. 1988, 57, 505.], anorexia, inflammation [Ksontini,
R,; MacKay, S.L.D.; Moldawer, L. L. Arch. Surg. _199_8, 133, 558.), congestive heart
failure [Packer, M. C_i_rculqtibn, 1995, 92(6), 1379; Ferrari, R.; Bachetti, T.; et. al.
Circulation, 1995, 92(6), 1479.], post-ischaemic répe__rfusion injury, inflammatory
disease of the central nervous system, inflammatory bowel disease, insulin resistance
[Hotamisligil, G. S.; Shargill, N. S.; Spiegelman, B. M.; et. al. Science, 1993, 259,
87.] and HIV infection [Peterson, P. K.; ._Gg,kker, G,; et_.. al. J. Clin. Invest. 1992, 89,
574; Pallares-Trujillo, J.; Lopez-Soriano, F. J. Argiles, J. M. Med. Res. Reviews,
1995, 15(6), 533.]], in addition to its well-documented antitumor properties [Old, L.
Science, 1985, 230, 630.]. For example, research with anti-TNFo antibodies and
transgenic animals has demonstrated that blocking the formation of TNF-o inhibits
the progression of arthritis [Rankin, E.C.; Choy, E.H.; Kassimos, D.; Kingsley, G.H.;
Sopwith, AM.; Isenberg, D.A.; Panayi, G.S. Br. J Rheumatol. 1995, 34, 334;
Pharmaprojects, 1996, Therapeutic Updates 17 (Oct.), aul97-M2Z.]. This
observation has recently been extended to humans as weil as described in “TNF-ot in

Human Diseases”, Current Pharmaceutical Design, 1996, 2, 662.
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It is expected that small molecule inhibitors of TACE will have the potential

- for treating a variety of disease states. Although a variety of TACE inhibitors are

known, many of these molecules are peptidic and peptide-like which suffer from
bioavailability and pharmacokinetic problems. In addition, many of these molecules
are non-selective, being potent inhibitors of matrix metalloproteinases and, in
particular, MMP-1. Inhibition of MMP-1 (collagenase 1) has been postulated to cause
joint pain in clinical trials of MMP inhibitors [Scrip, 1998, 2349, 20] Long acting,
selective, orally bioavailable non-peptide inhibitors of TACE would thus be highly
desirable for the treatment of the disease states discussed above.

Sulfone hydroxarhic acid inhibitors of MMPs, of general structure I have been
disclosed [Burgess, L.E.; Rizzi, J.P.; Rawson, D.J. Eur Patent Appl. 818442.
Groneberg, R.D.; Neuenschwander, K.W.; Djuric, S.W.; McGeehan, GM, Burns,
C.].; Condon, S.M.; Morrissette, M.M.; Salvino, J.M.; Scotese, A.C.; Ullrich, J.W.
PCT Int. Appl. WO 97/24117. Bender, S.L.; Broka, C.A; Campbell, J.A.;
Castelhano,A.L.; Fisher, L.E.; Hendricks, R.T.; Sarma, K. Eur. Patent Appl.
780386. Venkatesan, A. M.; Grosu, G. T.; Davis, J. M.; Hu, B.; O’Dell, M. J. PCT
Int. Appl. WO 98/38163.]. An exemplification of this class of MMP inhibitor is
RS-130830, shown below.
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Within the sulfone-hydroxamic acid class of MMP inhibitor, the linker

between the sulfone and hydroxamic acid moieties has been extended to three carbons

(I, n = 2) without significant loss in potency [Barta, T. E.; Becker, D. P.; Villamil, C.

L; Freskos, J. N.; Mischke, B. V.; Mullins, P. B.; Heintz, R. M.; Getman, D. P,;

5 McDonald, J. J. PCT Int. Appl. WO 98/39316. Mé]__)_onald, J. J.; Barta, T. E.;

Becker, D. P.; Bedell, L. J.; Rao, S. N.; Freskos, J. N, Mischke, B. V. PCT Int.
Appl. WO 98/38859.]. . |

_ . Piperidine sulfone hydroxamic acids, Il (n = 1) have been reported [Becker,

D. P.; Villamil, C. I.; Boehm, T: L.; Getman, D. P.; McDonald, J. 1; DeCrescenzo,

. 10 G. A. PCT Int. Appl. WO 98/39315.]. Similar pipe.ridine derivatives in which the

" methylene linking the piperidine ring to the sulfone has been deleted (IL, n = 0) have

been reported [Venkatesan, A. M.; Grosu, G. T.; Davis, I . M.; Baker, J. L. PCT Int.

. Appl. WO 98/37877.]. o
HOH S g

n 02
).
n
15
Sulfone-hydroxamic acids I, in which a hydroxyl group has been placed
alpha to the hydroiamic acid, have been disclosed [Freskos, J. N.; Boehm, T. L.;
Mischke, B. V.; Heintz, R. M.; McDonald, J. J.; DeCrescenzo, G. A-; Howard, S. C.
PCT Int. Appl. WO 98/39326. Robinson, R. P. PCT Int. Appl. WO 98/34915.].
20

HOH s
HO R4
m

Sulfone-based MMP inhibitors of general structure IV, which utilize a thiol as
the zinc chelator, have been reported [Freskos, J.N.; Abbas, Z.S.; DeCrescenzo, G.A.;
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Getman, D.P.; Heintz, R.M.; Mischke, B.V.; McDonald, J.J. PCT Int. Appl. WO

98/03164].
H\,fz .
1 \&(,Rz '
v
5 Inhibitors of stromelysin with general structure V have been disclosed

[Shuker, S.B.; Hajduk, P.J.; Meadows, R.P.; Fesik, S.W. Science, 1996, 274, 1531-
1534. Hajduk, P.J.; Sheppard, G.; Nettesheim, D.G.; Olejniczak, E.T.; Shuker, S.B.;
Meadows, R.P.; Steinman, D.H.; Carrera, Jr., G.M.; Marcotte, P.A.; Severin, J.;
 Walter, K.; Smith, H.; Gubbins, E.; Simmer, R.; Holzman, T.F.; Morgan, D.W.;
10 Davidsen, S.K.; Summers, J.B.; Fesik, S.W. J. Am. Chem. Soc. 1997, '119, 5818-
5827. Olejniczak, E.T.; Hajduk, P.J.; Marcotte, P.A.; Nettesheim, D.G.; Meadows,
R.P; Edalji, R.; Holzman, T.F.; Fesik, S.W. J. Am. Chem.: Soc. 1997, 119, 5828-
 5832. Fesik, S. W.; Summers, J. B.; Davidsen, S. K.; Sheppard, G. S.; Steinman, D.

. H;Carrera, G. M.; Florjancic, A.; Holms, J. H. PCT Int. Appl. WO 97/18188.]..

15

Rt
Rz

Salah et al., Liebigs Ann. Chem. 195, (1973) discloses some aryl substituted
thio and aryl substituted sulfonyl acetohydroxamic acid dérivatives of general
20 formula 1. These compounds were prepared to study the Mannich reaction.
Subsequently, they were tested for their fungicidal activity.
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5 Some sulfone carboxylic acids are disclosed in U.S. patent 4,933,367. Those

' compounds were shown to exhibit hypoglycemic activity..

DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to novel low molecular weight, non-peptide
10 mhlbltors of matrix metalloproteinases (MMPs) and TNF-or. converting enzyme
: (TACE) for the treatment of arthritis, tumor metastasls,.n_ssue ulceration, abnormal
wound healing, periodonial disease, bone disease, diébe_tes’ (insulin résistance) and

HIV infection.
15 ~ In accordance with this invention there is provided compounds of general
formula I: '
) )k
// / \ (c)n
Ry ' : R10 R11 OH
1
wherein:

20 R, is hydrogen, aryl, heteroaryl, alkyl of 1-6 carbon atoms, alkenyl of 2-6 carbon
atoms, alkynyl of 2-6 carbon atoms, cycloalkyl of 3-6 carbon atoms, or Cs-
C8-cycloheteroalkyl having from 1-2 heteroatoms selected from N, NR7, S
and O,
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R, and R, are each independently, hydrogen, alkyl of 1-6 carbon atoms, -CN, or
-CCH,;

RS5 is hydrogen, alkyl of 1-8 carbon atoms, cycloalkyl of 3-6 carbon atoms, aryl,
heteroaryl, or C4-C8-cycloheteroalkyl;

R7 is hydrogen, aryl, aralkyl, alkyl of 1-6 carbon atoms, or cycloalkyl of 3-6 carbon
atoms, oxy, C1-C8 alkanoyl, COORS, CORS, -80,-C1-C8 alkyl, -SO,-aryl;
-SO,-heteroaryl, -CO-NHR,; '

Rg. Rg, R, and Ry are each, independently, hydrogen, aryl, aralkyl, 5-10

- membered heteroaryl having from 1-3 heteroatoms selected from N, NR7, O
and S, heteroaralkyl having from 1-3 heteroatoms selected from N, NR7, O
and S, cycloalkyl of 3-6 carbon atoms, -C4-Cg-cycloheteroalkyl having from
1-3 heteroatoms selected from N, NR7, O and S, alkyl of 1-18 carbon atoms,
alkeny! of 2-18 carbon atoms, alkynyl of 2-18 carbon atoms;

R12 is hydrogen, aryl or 5-10 membered heteroaryl having from 1-3 heteroatoms
selected from N, NR7, S and O, cycloalkyl of 3-6 carbon atoms, -C5-C8-
cycloheteroalkyl having from 1 to 2 heteroatoms selected from N, NR7, S and
O, or alkyl of 1-6 carbon atoms;

Ais O, S, SO, SO,, NR,, or CH,;

Xis 0, S, SO, SO, NR,, or CH,; _

Y is aryl or heteroaryl, with the proviso that A and X are not bonded to adjacent
atoms of Y; and :

nis0-2;

or a pharmaceutically acceptable salt thereof.

In some preferred embodiments of the present invention Y is phenyl, pyridyl,
thienyl, furanyl, imidazolyl, triazolyl and thiadiazolyl.

Still more preferred compounds of the present invention are compounds of
Formula I wherein R, and R, are each, independently, hydrogen or alkyl of 1-6
carbon atoms; R12 is hydrogen; and Y is phenyl.
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The most preferred matrix metalloproteinase and TACE inhibiting compounds

of this invention are;

2-(4-But-2-ynyloxy-benzenesulfonyl)-N—hydroxy-z-methyl-3—pynd1n—3—yl-

propionamide;

2-(4—But-2—ynyloxy-phenylsulfanyl) -N-hydroxy-propionamide;

2-(4-But-2—ynyloxy-benzesulfony])—N—hydroxy—2—methy1 -3-[4-(2-piperidin-1-

yl-ethoxy)-phenyl]-propionamide; '
3-Bipheny}-4-yl-2-(4-but-2-ynyloxy-benzenesulfonyl)-N-hydroxy-2-methyl-

propionamide;

2-(4-But-2-ynyloxy-phenysulfanyl)-octanoic acid hydroxamide;
2-(But-2-ynyloxy-benzenesulfonyl)-octanoic acic__i hydroxamide;

2[(R )-(4-Butyl-2-ynyloxy)-sulfinyl-N-hydroxyoctanamide;

2[(S )-(4»Butyl-2-ynyl__oxy)-su_lﬁnyl—N—hydroxygc_:l;anamidc;

3-(4—But-2-ynyloxy—phen_oxy)—N-hydroxy—propidnamide

4—-(4-But-2—ynyloxy—phenoxy)-N-hydmxy—butyrhﬁ;id_e;

2-(4-But-2-yny10xy-phenoxy)-N-hydroxy‘-acetaﬂﬁde;

4-(4—But-2—ynyloxy-phenyl) N—hydroxy-butyramme,

Quinoline-2-carboxylic acid [5—(4—but-2-ynyloxy—phenylsulfanyl)-s-hydroxy—

carbamoyl-pentyl}-anude

2—(4—But—2—ynyloxy—phenylsulfany1) 6-[2-(1 3- d10xo-1 3 -dihydro-isoindol-2-

yb)- acetylammo]-hexanom acid hydroxyamide;

N- [5-(4-But-2-ynyloxy-phenylsulfanyl)-S—hydr(_)x}'carbamoyl-penty]]-2-

phenethyl-benzamide;

2-(4-But-2-ynyloxy-phenylsulfanyl)-6-[2-(3 4-d1chloro-phenyl)-acetylammo]-

hexanoic acid hydroxyatmde

" Quinoline-3-carboxylic acid [5-(4—but~2—ynyloxy—phenylsu1fanyl) -5-hydroxy-

carbamoyl-pentyl]-amide;

2-(4-But-2-ynyloxy-phenylsulfanyl)-6- (4-thiophen-2-yl-butyrylamino)-
hexanoic acid hydroxyamide; |
9H-Xanthene-9-carboxylic acid [5-(4-but-2-ynyloxy-phenylsulfanyl)-5-
hydroxycarbamoyl-pentyl}-amide;
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2—(4-But—2—ynyioxy-phenylsulfanyl)-6-diphen};lacétylamino-hexanoic acid
hydroxyamide;

Isoquinoline-1-carboxylic acid [5-(4-but-2-ynyloxy-phenylsulfanyl)-5-
hydroxycarbamoyl-pentyl]-amide;
6-(2-Benzo[b]thiophen-3-yl-acetylamino)-2-(4-but-2-ynyloxy-phenyl-
sulfanyl)-hexanoic acid hydroxyamide;

Quinoline-2-carboxylic acid [5-(4-but-2-ynyloxy-benzenesulfinyl)-5-hydroxy-
carbamoyl-pentyl]-amide;
2-(4-But-2-ynyloxy-benzenesulfinyl)-6-[2-(1,3-dioxo-1,3-dihydro-isoindol-2-
yD)-acetylamino]-hexanoic acid hydroxyamide;
N-[5-(4-But-2-ynyloxy-benzenesulfinyl)-5-hydroxycarbamoyl-pentyl}-2-
phenethyl-benzamide;
2-(4-But-2-ynyloxy-benzenesulfinyl)-6-{2-(3,4-dichloro-phenyl)-acetyl-
amino]-hexanoic acid hydroxyamide;

Quinoline-3-carboxylic acid [5- (4-but-2-yny10xy-benzenesulfmyl) -5-hydroxy-
carbamoyl-pentyl] -am1de
2-(4-But-2-ynyloxy-benzenesulfinyl)-6-(4-thiophen-2-yl-butyrylamino)-

hexanoic acid hydroxyamide;

-9H-Xanthene-9-carboxylic acid [5~(4-but-2—ynyloxy—benzenesulfinyl)-S-

hydroxycarbamoyl-pentyl]—am1de,
2—(4-But—2-ynyloxy—benzenesulfinyl)—6-diphenylacetylamino-hexanoic acid
hydroxyamide;

Isoi;uinoline—l-carboxylic acid [5-(4-but-2-ynyloxy-benzenesulfinyl)-5-
hydroxycarbamoyl-pentyl]-amide;
6-(2-Benzo[b]thiophen-3-yl-acetylamino)-2-(4-but-2-ynyloxy-benzenc-
sulfinyl)-hexanoic acid hydroxyamide;
2-(4-But-2-ynyloxy-benzenesulfinyl)-6-(2- 1H-indol- 3—y1-acety1am1no)-
hexanoic acid hydroxyamide;

Quinoline-2-carboxylic acid [5-(4-but-2-ynyloxy-benzenesulfonyl)-5-
hydroxycarbamoyl-pentyl}-amide;
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. 2—(4—.But—2-ynyloxy-benzenesulfonyl)—6—[2-(1-,3-.djoxo—1,3-dihydro-isoindol-2-'

yl)-acetylamino]-hexanoic acid hydroxyamide;

- N-[5- (4—But-2—yny10xy-benzenesulfonyl)-5-hydroxycarbamoyl-pentyl] 2-

phenethyl-benzamide;
2-(4-But-2-ynyloxy-benzenesulfonyl)-6-[2-(3,4-dichloro-phenyl)-acetyl-
ammo]-hexanmc acid hydroxyamide;

Quinoline-3-carboxylic acid [5- (4~but—2-yny10xy—benzenesulfonyl)—S-
5-hydroxycarbamoyl-pentyl]-amlde, :

9H-Xanthene-9-carboxyl1c acid [5- (4-but—2-ynyloxy-benzenesulfonyl)-5-
hydroxycarbamoyl-pentyl}-amide;
2-(4-But-2-ynyloxy-benzenesulfonyl)-6- d1phenylacetylam1nohexa.n01c acid
hydroxyamide; '
Isoquinoline-1-carboxylic acid [5- (4-but—2-ynyloxy—benzenesulfonyl)-S-

" hydroxycarbamoyl-pentyl]-amide;

6- (2-Benzo[b]tluophen 3—yl—acetylammo)—2—(4—but—2-ynyloxy—benzene-
sulfonyl)-hexanmc acid hydroxyatmde '
anohne-z-carboxyhc acid {[5- (4-but-2-ynyloxy-pheny1sulfanyl) 5-

‘hydroxycarbamoyl-pentylcarbamoyl]-methyl }-amide;
_2-(4-But-2-yny1oxy—phenylmllfanyi)-6— {2-[2-(1,3-dioxo-1,3-dihydro-isoindol-

2-yl)-acetylamino}-acetylamino }hexanoic acid hydroxyamide;
N-{[5- (4~B_ut-2-ynyloxy—phenylsulfanyl)—S-hy'droxycarbamoyl-pentyl—
carbamoyl]-methyl}-2-phenethyl-benzamide;

* 2-(4-But-2-ynyloxy-phenylsulfanyl)-6-{2-[2-(3,4-dichloro-phenyl)-

é.cetylamino]-ac_:etylamino}-hexanoic-acid hydroxyamide;
Quinoline-3-carboxylic acid {[5-(4-but-2-ynyloxy-phenylsulfanyl)-5-
hydroxycarba:_noyl—psntylcarbamoyl}-methyl}-axhide; :
9H-Xanthene-9-carboxylic acid {{5-(4-but-2-ynyloxy-phenylsulfanyl)-5-
hydroxycarbamoyl-pentylcarbamoyl]-methyl }-amide;
2-(4-But-2-ynyloxy-phenylsulfanyl)-6-(2-diphenylacetylamino-acetylamino)-

hexanoic acid hydroxyamide;
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Isoquinoline- 1-carboxylic acid {[5-(4-but-2-ynyloxy-phenylsulfanyl)-5-
hydroxycarbamoyl-pentylcarbamoyl]-methyl }-amide;

: l-Memyl-lH-pjlrole-Z-carboxylic acid {[5-(4-but-2-ynyloxy-phenyl-

sulfanyl)-S-hydroxycarbamoyl-pentylcarbamoyl}-methyl }-amide;
6-[2-(2-Benzo[b]thiophen-3-yl-acetylamino)-acetylamino]-2-(4-but-2-
ynyloxy-phenylsulfanyl hexanoic acid hydroxyamide;
Quinoline-2-carboxylic acid {[5-(4-but-2-ynyloxy-benzenesulfinyl)-5-
hydroxycarbamoyl-pentylcarbamoyl]-methyl }-amide;
2-(4-But-2-ynyloxy-benzenesulfinyl)-6- (2-[2-(1,3-dioxo-1,3-dihydro-
isoindol-2-yl)-acetylamino]-acetylamino }-hexanoic acid hydroxyamide;
N-{[5-(4-But-2-ynyloxy-benzenesulfinyl)-5-hydroxycarbamoyl-pentyl-
carbamoyl}-methyl }-2-phenethyl-benzamide;
2-(4-But-2-ynyloxy-benzenesulfinyl)-6- {2-[2-(3,4-dichloro-phenyl)-

~ acetylamino}-acetylamino }-hexanoic acid hydroxyamide;

Quinoline-3-carboxylic acid {[5-(4-but-2-ynyloxy-benzenesulfinyl)-5-
hydroxycarbamoyl-pentylcarbamoyl}-methyl ) amide;
2-(4-But—2-ynyloxy—benzmesu1ﬁnyl)—6—[2—(4-thiophen—Z—yl—butyx_'ylamino)-

. acetylamino]-hexanoic acid hydroxyamide;

9H-Xanthene-9-carboxylic acid {[5-(4-but-2-ynyloxy-benzenesulfinyl)-5-
hydroxycarbamoyl-pentylcarbamoyl}-methyl}-amide;
2—(4-But-2—yny10xy—benzenesulﬁnyl)-6—(2-diphenylacetylamino—acetylamino)-
hexanoic acid hydroxyamide;

- 1-Methyl- 1H-pyrrole-2-carboxylic acid {[5-(4-but-2-ynyloxy-benzene-

sulfinyl)-S-hydroxycarbamoyl-pentylcarbamoyl}-methyl }-amide ;
2-(4-But-2-ynyloxy-benzenesulfonyl)-6- {2-[2-(1,3-dioxo-1,3-dihydro-
isoindol-2-yl)-acetylamino]-acetylamino }-hexanoic acid hydroxyamide;
N-{[5-(4-But-2-ynyloxy-benzenesulfonyl)-5-hydroxycarbamoyl-
pentylcarbamoyl}-methyl }-2-phenethyl-benzamide;
2-(4-But-2-ynyloxy-benzenesulfonyl)-6-{ 2-[2-(3,4-dichloro-phenyl)-

acetylamino]-acetylamino }-hexanoic acid hydroxyamide;
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Quinoline-3-carboxylic acid {[5-(4»but-2-ynylox_y—benzencsulfonyl)-s-
hydroxycarbaxpdyl—pentylcarbam oyl]-methyl Jamide;
9H-Xanmene-9§carboxylic acid {[5-(4-but-2—ynjl_oxy—benz_enesulfonyl)—5~
hydroxycarba:_npyl—pe_ntylcarbamoyl]-methyl}-a_'xpide;
2-(4-But-2—ynyloxy-benzcnesulfonyl)-6-(2-diph§nylacetylamino-acetyl-

amino)-hexanoic acid hydroxyamide;

_ lsoqumolme—l-carboxyhc acid {[5- (4-but-2-yny]oxy—benzenesulfonyl)-S-

hydroxycarbamoyl-pentylcarbamoyl]-methyl }-amide;

6-[2-(2-Benzo [b_]thiophen-3-yl—acetylamino)-acqty_iamino]—Z—(4~but—2—
ynyloxy benzenesulfonyl hexanoic acid hydroxya_inide; _ :
2-(4~But-2-ynyloxy-benzenesulfonyl)-6-[2-(2_-_1H§indol-3—y1-acety1amino)-
acetylamino]-hexanoic acid hydroxyamide;

2-{ [4-(2-butynyloxy)pheny1]sulfonyl}-N-hydroxy-.4_-{4—[2-(l-pipeﬁdinyl)-
ethoxy phenyl}butanamide; |

2-{[4~(2-butynyloxy)phenyl]sulfonyl} -7—cyano—N—hydroxy heptanamide;

2-§ [4-(2-butynyloxy)phenyl]sulfanyl } -2-cyclohexyl-N-hydroxyacetarmde

2-{[4- (2—butynyloxy)phenyl]sulﬁnyl}-2-cyc10hexyl—N—hydroxyacetaxmde
2-{[4-(2-butynyloxy)pheny1]sulfonyl}-2-cyc10hexy1-.N—hydroxyacetannde
2-{[4-(2—butynyloxy)phenyl]sulfanyl}-N-hydroxy-Z-(4-methoxyphenyl)
acetamide;

(2R)-2-{[4-(2-butynyloxy)phenyl] sulﬁnyl}-N-hydroxy—Z-(4—methoxyphenyl)
ethanamide;

(25)-2-{[4-(2-butynyloxy)phenyl] sulﬁnyl}-N-hydroxy—Z-(4-methoxyphenyl)
ethanamide;

2-{[4~(2-butynyloxy)phenyl]sulfonyl }-N-hydroxy-2-(4-methoxyphenyl)
acetamide;

2-{[4~(2-butynyloxy)phenyl]sulfany }-2-(4-chlorophenyl)-N-hydroxyacetamide;
2-{[4-(2-butynyloxy)phenyl] sulfmyl}-2-(4-chloropheny1) N-hydroxyacetamide;
2-{[4-(2-butynyloxy)phenyl]sulfonyl-2-(4-chlorophenyl)-N-hydroxy-acetamide;
2-{ [4-(2-butynyloxy)phenyl]sulfanyl}-2-(3-chlorophenyl)—N—hydroxyacetanﬁde;
2-{[4-(2-butynyloxy)phenyl]sulfonyl}-2-(3—clﬂorophenyl)—N-hydroxyacetamide;
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2-(4-bromophenyl)-2-{[4-(2-butynyloxy)phenylJsulfanyl-N-hydroxyacetamide;
(2S)-2-(4-bromophenyl)-2-{[4-(2-butynyloxy)phenyl]sulfinyl-N-hydroxy-
acetamide;

(2R)-2-(4-bromophenyl)-2-{[4-(2-butynyloxy)phenyl] sulfinyl-N-hydroxy-
acetamide; ' '
2-(4-bromophenyl)-2-{[4-(2-butynyloxy)phenyl]sulfonyl-N-hydroxy-acetamide;
2{{4-(2-butynyloxy)phenyl}sulfanyl }-N-hydroxy-2-[4-(2-thienyl)phenyl]-
acetamide;

(2R)-2-{[4-(2-butynyloxy)phenyl] sulfinyl }- N-hydroxy-2-[4-(2-thienyl)-
phenyl]ethanamide; o
2-{[4-(2-butynyloxy)phenyl]sulfonyl }-N-hydroxy-2-[4-(2-thienyl)-phenyl]-
acetamide;

2-{[4-(2-Butynyloxy)phenyl]sulfanyl }-N-hydroxy-2-(1-napthyl)acetamide;
2-{[4-(2-Butynyloxy)phenyl]sulfinyl }-N-hydroxy-2-(1-napthyl)acetamide;
2-{[4-(2-Butynyloxy)phenyl]sulfonyl }-N-hydroxy-2-(1-napthyl)acetamide;
2-{[4-(2-Butynyloxy)phenyl]sulfanyl } -2-(4-fluorophenyl)-N-hydroxy-2-(1-
napthyl)acetamide; '
2-{[4-(2-butynyloxy)phenyl]sulfinyl-2-(4-fluorophenyl)-N-hydroxyacetamide; -
2-{[4-(2-butynyloxy)phenyl]sulfonyl-2-(4-fluorophenyl)-N-hydroxyacetamide;

- 2-(2-methoxyphenyl)-2-{[4-(2-butynyloxy)phenyl]sulfanyl-N-hydroxy-

acetamide;

2-(2-methoxyphenyl)-2-{[4-(2-butynyloxy)phenyl]sulfinyl } -N-hydroxy-
acetamide; -
2-{[4-(2-butynyloxy)phenyl]sulfanyl-N-hydroxy-2-(4-ethoxyphenyl) acetamide;
2-{[4-(2-Butynyloxy)phenyl] sulfinyl-N-hydroxy-2-(4-ethoxyphenyl)
acetamide; i

2-{[4-(2-butynyloxy)phenyl]sulfonyl-2-(4-chlorophenyl)-N-hydroxyacetamide;

' 2-{[4-(2-Butynyloxy)phenyl]sulfanyl-N-hydroxy-2-(3-bromophenyl)

acetamide; _
(2R)-2-{[4-(2-butynyloxy)phenyl]sulfinyl-N-hydroxy-2-(3-bromophenyl)

acetamide;
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. (28)-2-{[4-(2-butynyloxy)phenyi] sulﬂnyl-N-hyd;oxy-Z-(3-bromophenyl)

acetamide; : :
2-{[4-(2-Butynyloxy)phenyl]sulfonyl}-2-(3-bromophenyl)-N-hydroxy-
acetamide;

2-{ [4-(2-Butynyloxy)phenyl]sulfinyl} ~2-isopropyl-N-hydroxyacetamide;
R-2-{ [4-(2-butynyloxy)phenyl]sul-ﬁnyl} -2-isopropyl-N-hydroxyacetamide;
S-2-{[4-(2-butynyloxy)phenyl]sulfinyl }-2-isopropyl-N-hydroxyacetamide;
2-{[4-(2-butynyloxy)phenyl]sulfonyl} -2-isoprpy1-N-hydroxyacetamide;
2-{{4-(2-Butynyloxy)phenyl)sulfanyl }-2-phenyl-N-hydroxyacetamide;
R-2-{[4-(2-butynyloxy)phenyl]Jsulfinyl } -2-phenyl-N-hydroxyacetamide;
8-2-{[4-(2-butynyloxy)phenyl]sulfinyl }-2-phenyl-N-hydroxyacetamide;
2-{[4-(2-Butynyloxy)phenyl]sulfanyl }.—2-(2-naphthyl)—N—hydroxyacetanﬁdei
2-{[4~(2-butynyloxy)phenyl]sulfinyl} -.2-(2-’naphth$rl)—N—'hydroxyacetamide;

. 2-{[4-(2-butynyloxy)phenyl]sulfonyl}-2-(2-naphthyl)-N-hydroxyacetamide;

Tert-butyl-4-]1-{ [4-(2-butjnyloxy)phenyl] sulfonyl }-2-(hydroxyamino)—2-
oxoethyl}-1 -piperidine carboxylate; :

2-{[4-(2-butynyloxy)phenyl]sulfonyl }-N-hydroxy-2-(4-piperidinyl) acetamide;

2-{[4~(2-butynyloxy)phenyl]sulfonyl}-N-hydroxy-2- 1-(4-methoxybenzyl)-4-
piperidinyl} acetamide; ;
2-(1-benzoyl-4-piperidinyl)-2- {[4-(2-butynyloxy)phenyl}sulfonyl }-N-hydroxy-
acetamide; | -
2-(1-acetyl-4-piperidinyl)-2-{[4-(2-butynyloxy)phenyl]sulfonyl-N-hydroxy-
acetamide; | _ .
2-{[4-(2-Butynyloxy)phenyl]sulfonyl }~N-hydroxy-2-tetrahydro-2H-pyran-4yl-
acetamide; |
2-{[4~(2-Butynyloxy)phenyl]sulfonyl }-N-hydroxy-2-tetrahydro-2H-thiopyran-
4yl-acetamide; _ :
2-{[4-(2-Butynyloxy)phenyl] sulfonyl}-N-hydroxy-Z_.-(l -oxidotetrahydro-2H-
thiopyran-4yl) acetamide; and -

- 2-{[4-(2-Butynyloxy)phenyl]sulfonyl }-N-hydroxy-2-(1, 1-dioxidotetrahydro-

2H-thiopyran-4yl) acetamide.
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Heteroaryl, as used throughout, is a 5-10 membered mono- or bicyclic ring having
from 1-3 heteroatoms selected from N, NR7, S and O. Heteroaryl is preferably

@.Q«!@-wm
oo, Q. G O
Q- O [:D

D 0 0D- O

wherein K is defined as O, S or -NR., and R7 is as defined before. Preferred

heteroaryl rings include pyrrole, furan, thiophene, pyridine, pyrimidine,

pyridazine, pyrazine, triazole, pyrazole, imidazole, isothiazole, thiazole,

~ isoxazole, oxazole, indole, isoindole, benzofuran, benzothiophene, quinoline,

10 isoquinoline, quinoxaline, quinazoline, benzotriazoie, - indazole,
benzimidazole, benzothiazole, benzisoxazole, and benzoxazole. Heteroaryl

groups of the present invention may be mono or disubstituted.

-C4-Cg-cycloheteroalkyl is defined as
15
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wherein K is O, S or NR7 and R7 is as defined before. Preferred
hjeterbcycloa]kyl rings include piperi_diné, piperazine, morpholine,
tetrahydropyran, tetrahydrofuran or pyrfolidine. Heterocycloalkyl
groups of the present invention 'may opﬁénally be mono- or di-
substituted.

Aryl, as used herein refers to phenyl or naphthyl aromatic rings which may,
optionally be mono- or di- substituted.

Alkyl, alkenyl, alkynyl, and perfluoroalkyl include both straight chain as well
as branched moieties. Alkyl, alkenyl, alkynyl, and cycloalkyl groups may be -
unsubstituted unsubstituted (carbons bonded to hydrogen, or other carbons in the
chain or ring) or may be mono- or poly-substituted. Lo:u.re,r'alkyl is C1-C6 alkyl.

| Aralkyl as used herein refers to substituted alkyl group, -alkyl-aryl, wherein
alkyl is lower alkyl and preferably C1-C3, and aryl is as previously defined.

- Heteroaralkyl as used heréin 'refer.s to 'subst'itute_d 'ailcyl group, -alkyl-
heteroatyl, wherein alkyl is lower alkyl and prgferabl,y C1¥C3, and heteroaryl is as
previously defined. | -

Halogen means bromine, chlorine, fluorinc, and iodine.

Suitable substituents of aryl, aré]kyl, hetéroary], heteroaralkyl, alkyl, alkenyl,
alkynyl, cycloalkyl and include, but are not lirﬁited to halogen, alkyl of 1-6
carbon atoms; alkenyl of 2-6 carbon atoms; alkynyl of 2-6 carbon atoms,
cycloalkyl of 3-6 carbon atoms, -OR,, -CN, -COR,, perfluoroalkyl of 1-4
carbon atoms, -O-perfluoroalkyl of 1-4 carbon étoms, -CONR,R,, -S(O)nR,,
-OPO(OR)OR,, -PO(OR)R,, '-OC(O)ORS, FORSNR,RG, -OC(O)NR.R,,
-C(O)NR,OR,, -COOR,, -SOH, -NR,R, -N[(CH,),l,NR,, -NR,COR,
-NR,COOR,, -SO,NRR,, -NO, -NR)SOR, -NR,CONRR,
-NR,C(=NR)NRR,, -NR,C(=NR/N(SO2)R.R, -NR,C(=NRN(C=0R)R,,
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-tetrazol-5-yl, -SO,NHCN, -SO2NHCONRR,, phenyl, heteroaryl or -C,-C;-
cycloheteroalkyl;
wherein -NR,R, may form a pyrrolidine, piperidine, morpholine, thiomorpholine,

oxazolidine, thiazolidine, pyrazolidine, piperazine, or azetidine ring;

R, and R, are each, independently, hydrogen, alkyl of 1-6 carbon atoms, cycloalkyl of
3-6 carbon atoms, aryl, heteroaryl or -C5-Cg-cycloheteroalkyl;

R, is hydrogen, aryl, heteroaryl, alkyl of 1-6 carbon atoms or cycloalkyl of 3-6 carbon
atoms; and n is 0-2.

When a moiety contains more than substituent with the same designation,

each of those substituents may be the same or different.

Pharmaceutically acceptable salts can be formed from organic and inorganic
acids, for example, acetic, propionic, lactic, citric, tartaric, succinic, fumaric, maleic,
malonic, mandelic, malic, phthalic, hydrochloric, hydrobromic, phosphoric, nitric,
sulfuric, methanesulfonic, naphthalenesulfonic, benzenesulfonic, toluenesulfonic,
camphorsulfonic, and similarly known acceptable acids when a compound. of this
invention contains a basic moiety. Salts may also be formed from organic and
inorganic bases, preferably alkali metal salts, for example, sodium, lithium, or
potassium, when a compound of this invention contains an acidic moiety.

The compounds of this invention may contain an asymmetric carbon atom and
some of the compounds of this invention may contain one or more asymmetric
centers and may thus give rise to optical isomers and diastereomers. While shown
without respect to stereochemistry, the present invention includes such optical
isomers and diastereomers; as well as the racemic and resolved, enantiomerically pure
R and S stereoisomers; as well as other mixtures of the R and S stereoisomers and
pharmaceutically acceptable salts thereof. 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,



WO 00/44713 : _ PCT/US00/02078

10

15

20

-18-

including diastereomers and enantiomers, or-stereoisom;ers substantially free of the
other are disclosed and claimed as well. |

The compounds of this invention are shown to inhibit the enzymes MMP-1,
MMP-9, MMP-13 and TNF-a converting enzyme (TACE) and are therefore useful in
the treatment. of arthritis, tumor metastasis, tissue ulceration, abnormal wound
healing, periodontal disease, graft rejection, insulin 're,'.si:stance, bone disease and HIV
infection. In particular, the compounds of the invention provide enhanced levels of
inhibition of the activity of TACE in vitro and in céllular assay and/or enhanced
selectivity over MMP-1 and are thus parucularly useful in the treatment of diseases
mediated by TNF.

Also according to the present invention, there are provided processes for
producihg the compounds of the present invention, which processes comprise one of
the following:

a) reacting a compound of formula

<

whereinn, X; Y, A,R,R,,R,R,, R, R, and R are as defined above or a reactive

derivative thereof, with a compound of formula

R,,NHOH

wherein R, is as defined above, to give a compound of formula I;
or

b) deprotecting a compound of formula:

R, .

% / ™~ ><( Lf\"@hzoRem

1° 11

Ry
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wherein n, X, Y, A, R R,, R;; R, R, R, R,, and R,,, are defined above, and R, is 2
suitable protecting group such as t-butyl, benzyl, and trialkylsilyl, to give a
corresponding compound of formula I

or

c) cleaving a resin supported hydroxamate derivative containing the group

o ;
)]\ N ) . §
_ Y
O (C).,)< W \x>\
SN .
Rm/ R4 1

wherein n, X, Y, A, R, R, R,, R, R;, R, and R,,, are defined above to give a
compound of formula I;

or

d) resolving a mixture (e.g. racemate) of optically active isomers of a compound
of formula I to isolate one enantiomer or diastereomer substantially free of the other
enantiomer or diastereomers; '

or

e) acidifying a basic compound of formula I with a pharmaceutically acceptable
acid to give a pharmaceutically acceptable salt;

or '

i) converting a coinpound of formula I having a reactive substituent group or

site to a compound of formula I having a different substituent group or site.

With regard to process a) the reaction can be carried out by processes known
in the art, e.g. by reaction of an acid chloride or mixed anhydride reactive derivative
with the compound of formula R ,NHOH.

Removal of protecting groups, as illusirated by process b) can be carried out
by processes known in the art to provide the hydroxamic acid. '
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. Process c) may be carried out as described herein with reference to Scheme 11
e.g. using a strong acid such as TFA to cleave the hydromate from the resin.

With regard to process d) standard separation techniques may be used to
isolate particular enantiomeric or diastereomeric forms. For example a racemic
mixture may be con%md to a mixture of optically active diastereoisomers by
reaction with a- singie enantiomer of a ‘resolving | agent’ (for example by
diastereomeric salt formation or formation of a covalent .bond). The resulting mixture
of opticall'y. active diastereoisomers may be separated by standard techniques (e.g.
crystallisation or chromatography) and individual optically active diastereoisomers

- ‘then treated to remove the ‘resolving agent’ thereby releasing the single enantiomer

of the compound of the invention. Chiral chromatog_rapl_ly (using-a chiral support,
eluent or ion pairing agent) may also be used to separate enantiomeric mixtures
directly.

The compounds of formuia I may be isolated in the form of a salt of a
pharmaceutically acceptable acid e.g. an organic or inorganic acid by treatment with

an acid such as described above.

With regard to process €) compounds of formula I having a reactive
substituent group such as hydroxy or amino or site such as -S- can be converted to
other compounds of formula I in known manner, é.g. alcohol to ester or ether.
Reactive sites such as a sulfur atom can be oxidized to ISO or SO,. (e.g. as shown in
Schemes 2 and 8 below). If necessary reactive substituent groups may be protected
during the synthesis of compounds of formula I and removed as a last step.

The compounds of the present invention, where n=0,X=0, S or NHR’ and
A=S§, SO or SO, may be conveniently be prepared _accordi_ng to one of the general
processes out lined below. _

As outlined in scheme 1, the appropriately substituted mercaptan derivative

was alkylated using either substituted or unsubstituted o-bromo acetic acid ester
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derivative in refluxing chloroform using N,N-diisopropylethylamine as base. The

sulfide derivative thus obtained was reacted with appropriately substituted propargyl

bromide derivative in refluxing acetone using K,CO, as base. 'In the case of X=-N-R’

the N-alkylation can be carried out in DMF/NaH at room temperature. The sulfide

5  derivative thus obtained was oxidized using m-chloroperbenzoic acid in CH,Cl, or by

using Oxone in methanol/ water. - The sulfone obtained from the above mentioned

- process can be either further alkylated using variety of alkyl halides to obtain the

disubstituted derivative or it can be hydrolyzed using NaOH/ MeOH at room temp.

However instead of using the ethyl ester, if the tertiary butyl ester is present, the

10  hydrolysis can be carried out with TFA/CH,CI, at room temperature. Subsequently,

the carboxylic acid obtained was converted to the hydroxamic acid derivative by
reaction with oxalyl chloride/ DMF (catalytic) and hydroxyl amine/ triethyl amine.

Scheme 1:

]

\j

\X R8 X s _d \X
R T

000

o
\x RB
Oﬁ NHOH
000

15 a: EtN/CHCL/RT; b: Propargyl bromide derivative/ K,CO,/Acetone/Reflux;
c: Oxone/THF:MeOH/RT; d: R B/K,CO,/18-Crown-6/ Acetone/ Reflux;
e: NaOH/THF:MeOH/RT; f: (COCI)ZIDMFINH,OH.HC]/EﬁN.
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As outlined in Scheme 2, the sulfide derivative can be hydrolyzed to
carboxylic acid using NaOH/MeOH at room wxﬂperamrc and subsequently converted
to the hydroxamic acid derivative as outlined in scheme 1. The mono substituted
sulfide derivatives can be further alkylated using potassium bis(trimethylsilyl)amide

5 and the appropriately substituted alkyl halides to form the disubstituted sulfide
derivatives. These can be subsequently h’ydrb]yzed and @nvened.to the hydroxamic
acid derivative as outlined in scheme 1. The sulfinyl de_riiratives were prepared by

- oxidizing the sulfide hydroxamic acid derivatives with 30% H,0, in methanol at room

temperature
Scheme 2;
s)\ro\/_ | | s)j(“"'o"'
(o] _ ' : o)

10 | | o

a: NaOH/THF:MeOH/RT; b: (COCI)2/NH,OH.HCVELN; ¢: H,0,/ MeOH/RT;
d: KN[Si(CH,),]/THF/R’Br

15 The thiols used as intermediates for the synthesis of compounds of the
invention can be made according to Scheme 3. Thus, $Mfonic acid salts 1, where
XR,, is a hydroxy, thiol or substituted amino moiety may be alkylated with acetylenes
2, where J is a suitable leaving grOup such as halogen mesylate, tosylate, or triflate to
give 3. Acctylencs 2 are commcrcially available or known compounds, or they may
20  be synthesized by known methods by those skilled in the art. The sulfonic acid salts 3
may be converted into the corresponding sulfonyl chloride or other sulfonylating

agent 4 by known methods, such as reaction with oxalyl chloride, phosphorus
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oxychloride or other reagent compatible with substituents R, R, and R, and the
acetylene. The sulfonyl chloride 4 can then be reduced to the corresponding thiol §
using triphenylphosphiﬁe in a suitable solvent mixture such as dichloromethane/DMF
at a temperature of between -20°C and 30°C.

Alternatively, disulfide 6 may be converted into di-acetylene 7 by reaction
with compounds 2, followed by reduction of the disulfide bond to provide the desired
thiols 5. Bisacetylenes 7 may also be converted into thiols 5 via sulfony! chlorides 4.
Alkylation of the phenol, thiophenol, aniline or protected aniline 8 with 2 to give 9,

followed by reaction with chlorosulfonic acid provides sulfonic acids 10 which are

-readily converted into 4 with oxalyl chloride or similar reagents and subsequently

reduced to thiols 5. Thiophenols 11 are also precursors to 5 via protection of the thiol
with a triphenylmethyl or other suitable protecting group, alkylation of XH, where X
is O, N or S, and deprotection of the sulfur.
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Compounds of the invention wherein X is N, O, S, SO or SO,, can be

synthesized according to Scheme 4 and Scheme 5. Alkylation of the para-

disubstituted aryl 14, or its protected equivalént, with acetylene 2 in the presence of a

base such as potassinm carbonate in a polar aprotic solvent such as acetone or DMF at

a temperature of between 20°C and 120°C provides the mono-propargylic ether 185.
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Those skilled in the art will recognize that protecting groups may be required to avoid
undesirable side reactions and increase the yield of the reaction. The need and choice
of protecting group for a particular reaction is known to those skilled in the art.
Reaction of this compound with e-propiolactone, or a substituted propiolactone
derivative (wherein the substituents have been omitted from the Scheme for clarity),
in the presence of a base such as potassium t-butoxide in a polar solvent, or solvent
mixture, such as THF or DMF affords thc carboxylic acid 16. Conversion of
carboxylic acid 16 into the corresponding hydroxamic acid, 17, is accomplished via
formation of an activated ester derivative such as an acid chloride or acid anhydride
followed by reaction with hydroxylamine. It is understood by those skilled in the art
that when A is sulfur, in Scheme 4 and all relevant subsequent Schemes, the sulfur
can be oxidized to the corresponding sulfoxide or sulfone at any stage after formation
of the thioether, using a suitablc oxidant such as oxone, air, m-chloroperbenzoic acid
or hydrogen peroxide. _

Compounds 17 are also accessible from the Michael addition of compound 15
to an acrylate ester, or substituted acrylate ester (substituents have been omitted from
the Scheme for clarity), to provide 18, in which R,, is hydrogen or a suitable
carboxylic acid protecting group. Deprotection of the ester moiety then provides
carboxylic acid 16 which can be converted into the analogous hydroxamic acid, 17.
Similarly, Michael addition of mono-protected 1,4-disubstituted aryl 19, where ZR,,
is hydroxy or protected hydroxy, thiol or amine, gives compound 20. Unmasking of
the protecting group gives thiol, aniline or phenol 21 which can be alkylated with
propargyl derivative 2 to provide 18. Mono-protected compound 19 can also be
reacted with b-propiolactone to provide 22. Esterification of 22 gives 20, which can
then be converted into compounds 17 of the invention. Alternatively, 22 can be
deprotected followed by alkylation to give 16 or 18.
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Raxs COORsp XRgs H
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19 20 21
XRzs
}—OK'
> — —n 168
[ g A~/COORg A~/"“COORy
22 - 23
!
5 Synthesis of compounds of the invention wherein X is N, O, S, SO or SO,,

and the linker between the proximal heteroatom and the hydroxamic acid is a one or

three carbon chain can be synthesized according to Scheme 5. Compound 19, where

XR,; is hydroxy or protected hydroxy, thiol or amine, can react with ester 24 or

lactone 24a, in which R,, is hydrogen or a suitable carboxylic acid protecting group,
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with an appropriately substituted leaving group such as halogen, tosylate, mesylate or
triflate, to provide 25. Unmasking of the heteroatom X of compound 25 then provides
26, which may next be alkylated with propargylic derivative 2 to give acetylene-ester
27. Ester 27 can be converted into the corresponding hydroxamic acid 28 through
conversion of the ester into the carboxylic acid by acid or base hydrolysis, followed
by conversion into the hydroxamic acid as described in Scheme 4. Alternatively,
compound 15, prepared as shown in Scheme 2, can be alkylated directly with ester 24

or lactone 24a to give 27 and then 28. Substituents on the carbon alpha to the

hydroxamic, though omitted from the Scheme for clarity, may be appcnded through
deprotonation and quenching of compounds 25 or 27 with an appropriate electrophile.
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Compounds of the invention wherein A is a methylene or substituted
methylene group, and X is oxygen, caﬁ be obtained according to Scheme 6. Esters or
carboxylic acids 29, commercially available or known in the literature, can be
converted into the corresponding phenols, 30. Alkylation of the phenol with acetylene
2 gives the propargylic ethers, 31, which can be converted into the corresponding
carboxylic acids and thence the hydroxamic acids, 33, as described in Scheme 4.
Substituents on the carbon alpha to the hydroxamic, though omitted from the Scheme
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for clarity, may be appended through deprotonation and quenching of compounds 29

or 31 with an appropriate electrophile.

Scheme 6: . :
i . _ .
M BBrg H Ry
— ————
ORsp ORg , ORg
n " Rs R n
29 30 l 1

Compounds of the invention wherein A is -SO,-, and R; and R, are not
hydrogen, are available starting from 4-fluorobenzenethiol 34 as shown in Scheme 7.
Deprotonation of the. thiol followed by reaction with B-propiolactone, or an acrylate
ester, or ester deriavtive 24, and subsequent oxidation of the resulting thioether
10  provides sulfone-acid 35. Displacement of the 4-fluoro substituent of 3§, or its
corresponding ester, with propargyl derivative 36, wherein X is N, O or S, then
provides sulfone 16. Compound 16 can be converted.into the compounds of the
invention according to Scheme 4. .Fluorbaryl 35 can also react with a masked
hydroxyl, thiol or amino group (HXR,,, wherein R, is a suitable protecting group) in
15  the presence of a base such as sodium hydride in a polar aprotic solvent such as DMF
to provide 36. Deprotection of 36 followed by alkylation with acetylenic derivative 2

then gives 16.
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1 R11 fe) 2&6}1% 11
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‘65) 2002R30 | CORa0

- Compounds of the invention wherein X is NH are also available starting from

- the appropriate commercially available nitro aryl compound 38. Thus, the anion of

5 ' compound 38 can be used to alkylate -propiolactone, or a substituted derivative, or

an acrylate ester to provide 39. Reduction of the nitro group followed by alkylation of

the resulting aniline then gives 16. Compound 38 can also be alkylated with ester

derivative 24 to afford nitro-ester 40, followed by reduction to give the corresponding’
aniline, analogous to compound 26 of Scheme 5. :
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Compounds of the invention wherein R,,, alpha to the hydroxamic acid, is a
hydroxy group can be obtained via epoxides 41, as shown in Scheme 9. These
epoxides are available through the oxidation of the cofresponding acrylate esters or

‘by the Darzens reaction of an alpha-halo ester with an aldehyde or ketone. Reaction -

of the epoxide with thiol, phenol or aniline 19 in the presence of base provides alpha-
hydroxy ester 42. Deprotection of 42 followed by alkylation with propargyl
derivative 2 gives 44. Conversion of the ester of 44 into the analogous hydroxamic
acid as described in Scheme 4 then provides 45. Compounds 45, wherein A is sulfur,
may be converted into the analogous sulfoxides or sulfones through oxidation with
hydrogen peroxide, air, Oxone or 'otlier suitable reagent at this point. Similatly, thiol,
phenol or aniline 15 can be reacted with 41 to give 44. The hydroxyl group of
compound 43 can also be manipulated through its conversion into a suitable leaving
group, such as halide or sulfonate ester, followed by displacement with various

nucleophiles including amines to provide 44.
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Scheme 9:

»Ras

AH
19

Another route to alpha-hydroxy hydroxamic acids of the invention is shown in
5  Scheme 10. Compound 15 can be alkylated with alcohol 46 to give 47. Oxidation of
the alcohol, with 61' without concomitant oxidation of the ihioe_ﬂwr (for A = 8), gives
the aldehyde 48. Reaction of aldehyde 48 with trimethylsilyl cyanide or other suitable
| reagent then provides the cyanohydrin 49. Hydrolysis of the nitrile of 49 into the
corresponding carboxylic acid followed by conversion into the hydroxamic acid as

10 described in Scheme 4 gives 50.
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- Scheme 11 shows alternative methods for the preparation of hydroxamic acid

compounds using a solid phase support.

Scheme 11
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Reagents and Conditions: a) 2-bromo-6-phthaloyl caproic acid, DIC, HOBt, DMF; b)
p-hydroxybenzenethiol, DBU, Nal, THF; c) 2-bromobutyne, NaH, THF; d) 70% t-
butyl hydroperoxide, benzenesulfonic acid, DCM; e) mCPBA, DCM; f) Hydrazine,
THEF, EtOH; g) N-phthaloyl glycine, DIC, HOBt, DMF, h) RCOOH, DIC, HOBt,
DMF; i) TFA, DCM. | -

The 4-O-methylhydroxylamine-phenoxymethyl-copoly(styrene-1%-divinyl-
benzene)-resin (hydroxylamine resin) may be coupled with 2-bromo-6-phthaloyl
caproic acid to give thé hydroxyamide resin. The coupling reaction may be carried
out in the presence of carbodiimide, such as DIC, in an inert solvent such as DMF at
room temperature. The bromide group may be displaced with hydroxybenzene thiol
in the presence of a base, such as DBU, in an inert :_s_.(.)_lvent such as THF at room
temperature. The sulfide may be oxidized to the sﬂfoxide by reaction with an
oxidizing agent such as rert-butylhydroperoxide in thc;_. presence of an acid catalyst
such as benzenesulfonic acid, in an inert solvent such as DCM at room temperature.

Alternatively, the sulfide may be oxidized to the sulfone by reaction with an

- oxidizing agent such as meta-chloroperoxybenzoic acid, in an inert solvent such as

DCM at room temperature. The phthaloyl ptotection group may be removed by
reaction with hydrazine in a solvent .such as ethanol or THF. The free amine may
then be extended by a glycine spacer by reaction with N-phthaloyl glycine in the
presence of carbodiimide, such as DIC, in an inert solvent such as DMF at room
temperature. Once again the phthaloyl protecting group may be removed by reaction
with hydrazine ina soh)ent such as ethanol or THF. The free amine may be acylated

by reaction with an acid in the presence of carbodiimide, such as DIC, in an inert
solvent such as DMF at room temperature. The sulfide, sulfoxide, or sulfone may be
treated with and acid, such as trifluoroacetic acid, in an inert solvent such as DCM to

liberate the free hydroxamic acid.
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Scheme 12 illustrates an alternate route to alpha-substituted, (where A= SO,
and n=0) hydroxamic acid derivatives. Reaction of 51 with substituted sulfonyl
5 fluorides can give o-sulfonyl ester derivatives 52 and subsequently they can be

converted to their respective hydroxamic acid derivatives.

The following examples are presented to illustrate rather than limit the scope

of the invention.
10
Example 1
Preparatlon of 2-(4-Bnt-2-ynyloxy-benzenesulfonyl)-N-hydroxy-2-methyl-3-[4-
(2-piperidin- 1-yl-ethoxy)-phenyl]-propionamide
15 |

Step 1: .

To a stirred solution of 4_-mefcaptophenol (12.6 g. .100 mmol) and
diisopropylethylamine (13.0 g, 101 mmol) in chloroform (200 ml) ethyl 2-bromo-
propionaté (18.2. g, 100 mmol) was added slowly in chloroform (50 ml) solution.

20  The reaction mixture was kept' at gentle reflux during the addition. After the addition
of ethyl 2-bromo-propionate, reaction mixture was refluxed for two hours and cooled
to room temperature. The reaction mixture was washed with water and extracted with
chloroform. It was dried over Na,SO, ; filtered and concentrated. The product , 2-(4-
hydroxy-phenylsulfanyl)-propionic acid ethyl ester was taken to next step with out

25  purification. Colorless oil ; Yield 22.0 g (97%); MS: 227 (M+H)".
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Step 2:

A mixture of 2—(4-hydroxy-phenyl_sulfanyl)-propi_on_ic acid ethyl ester ( 22.6
g, 100 nimol) , 1-bromo-2-butyne (13.2 g, 100 mmol) and anhydrous K,CO, (50 g,
excess) was refluxed in acetone (‘300 ml) for 8hrs. After thereaction was complete, it
was cooled to room temperature and filtered. Acetone layer was removed by

- distillation and the residue was extracted with chlorofofm, washed well with water;

dried and concentrated. 2-(4-buty-2-ynyloxy-phenylsulfanyl)-propionic acid ethyl
ester was isolated as colorless oil; Yield 26.0 g 93%; MS: 279 (M+H)".

Step 3:

To a stirred solution of 2—(4-buty—2—yny1oxy—phg.nylsulfanyl)-propionic acid
ethyl ester (2.78 g, 10 inmol) in methanol: THF (3:1) (100 ml) oxone ( 10 g, excess)
was added in water (25 ml) at room temperature. The reaction mixture was stirred at
room temperature for 8 hrs and filtered. Organic layer \lavas'removed under reduced
pressure and the 2—(4-buty-2-ynyloxy-phenylsulfonyl)-propionic acid ethyl ester was
isolated as colorless oil. Yield 3.0 g (96%); MS: 311 (M+H)".

A mixture of 2-(4-buty—2—yny]oxy—phenylsulfbny]_)-propi6nic acid ethyl ester
(3.1 g, 10 mmoi) , 4-(2-piperdin-1-yl-ethoxy)-benzyl chloride, hydrochloride (2.9 g,
10 mmol), 18-crown-6 (500 mg), tetrabutylammonium bromide (500 r_ng) and K,CO,
(10 g, excess) was reﬂqxed in acetone (200 ml) for 8 hrs. At the end, reaction mixture
was cooled to room temperature, filtered and conéémraied. - The residue was
extracted with chloroform, washed well with water; c_irie_d and concentrated. The
crude product was purified by column chromatography by eluting it with 70% ethyl
acetate; hexane. 2—(4—Buty-2—ynjvloxy-pﬁenylsulfonyl)-2-methyl-_3-[4-(2-piperidin—1-
yl-ethoxy)-phenyl]propionic acid ethyl ester was iso_léted as red oil. Yield 3.2 g,
(60%); MS: 528 (M-+H)" |
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Step 5:

To stirred solution of 2-(4-Buty-2-ynyloxy-phenylsulfonyl)-2-methyl-3-[4-
(2-piperidin-1-yl-ethoxy)-phenyl}propionic acid ethyl ester (3.0 g, 5.4 mmol) in THF:
MeOH (1:1) (100 ml), 10 N. NaOH (10 ml) was added at room temperature. The
reaction mixture was heated to 60°C for 24 hours. The reaction mixture was
concentrated and carefully neutralized with SN HCI and extracted with chloroform.
The product , was washed well with water and dried over anhydrous Na,SO, and
concentrated. 2-(4-Buty-2-ynyloxy-phenylsulfonyl)-2-methyl-3-[4-(2-piperidin-1-yl-
ethoxy)-phenyl}propionic acid was isolated as yellow solid. Mp. 84 °C; Yield 2.0 g
(74%); MS: 500 (M'H).

Step 6:

' To a stirred solution of 2-(4-Buty-2-ynyloxy-phenylsuifonyl)-2-methyl-3-[4-
(2-piperidin-1-yl-ethoxy)-phenyl]propionic acid (4.99 g, 10 mmol) and DMF (4 ml)
in methylene-chloﬁde (100 ml) , oxalyl chloride (6.3 g, 50 mmol) was added slowly

at 0° C in methylene chloride solution. After the addition was complete, reaction

mixture was stirred at room temperature for 1hour. Ina separate flask, NH,OH. HC1
(3.5 g, 50 mmol) was dissolved in DMF (20 ml) and Et,N ( 10 g, 100 mmol) was -
added. The reaction mixture was diluted with acetonitrile (25 ml) and cooled to 0° C.
The acid chloride prepared in the separate flask was concentrated to remove the
excess oxalyl chloride and redissolved in 100 ml methylene chioride added slowly to
NH,OH. Reaction mixture was stirred at room temperature for 24 hours and
concentrated under reduced pressure. The residue obtained was extracted with
chloroform; washed well with water; dried over anhydrous Na,SO,. Chloroform
layer was filtered and concentrated. The product obtained was purified by silica-gel
column chromatography by eluting it with 10% methanol; chloroform. 2-(4-Buty-2-
ynyloxy-phenylsulfonyl)-N-hydroxy-2-methyl-3-[4-(2-piperidin-1-yl-ethoxy)-
phenyl]-propionamide thus isolated was converted to its hydrochloride salt by
reacting it with methanolic hydrogenchloride. Colorless solid, Mp. 114—116° C;
Yield 4.5 (87%); MS: 515 (M'H).
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Example 2
3. Biphenyl-4¢yl-2-(4-Bl__1ty-Z-ynyl_oxy-phenylsulfonyl)-N-hydroxy-
' 2-methyl-propionamide

3-Biphenyl_—4—y1-2-(4-Buty-z.-ynyloxy-phenylsul_fonyl)-z—methyl-propionic
acid ethyl ester was prepared following the pfocedure of Example 1 (Step 4).
Starting from 2-(4-buty.—2-ynyloxy-phenylsulfonyl)—prqpionic acid ethyl ester (3.1 g,
10 mmol) and 4-phenylbenzyl chloride (20.2 g, 10 mmol), 4.2 g of the product was
isolated as yellow oil. Yield (88%); MS: 477 (M+H)".-

3—Bipheny1-4—yl—2—(4-Buty—2—yny1_oxy_—pheny1su1_fonyl)-Z-meﬂiyl-propionic
acid was prepared starting from 3-Biphenyl-4-yl-2-(4-Buty-2-ynyloxy-phenyl-
sulfonyl)-2-methyl-propionic acid ethyl ester (4.0 g, 8.4 mmol) dissolved im MeOH

. (100 ml) and 10 N NaOH (20 ml). The resulting reaction mixture was worked up as

outlined in Example 1 (Step 5). Yie]_d 32¢g (85%); MS: 449 (M+H)".

Starting from_3—Bipheny1—4—yl—2.—(4—B_uty-2—ynyloxy—phenylsulfonyl)-Z-
methyl-propionic acid (3.0 g, 6.7 mmol) and following the procedure as outlined in
Example 1 (Step 6) 2.8 g of 3- biphenyl-4-yl-2-(4-Buty-2-ynyloxy-phenylsulfonyl)-

- N-hydroxy-2-methyl-propionamide was isolated as a colorless solid. Mp. 92-4° C;

Yield 90%; MS: 464 (M+H)".

. Example 3 _
2-(4-Buty-2-ynyloxy-phenylsulfonyl)-N-hydroxy'-2-methyl-3-pyridin-
3-.ylprop_ionamide '

2-(4-Buty-2-ynyloxy-phenylsulfonyl)-2-methyl-3-pyridin-3-yl propionic acid
ethyl ester was prepared following the procedure of EXample 1 (Step 4). Starting
from 2-(4-buty-2-ynyloxy-phenylsulfonyl)-propionic acid ethyl ester (7.0 g, 22.5
mmol) and 3-picolyl chloride hydrochloride (4.5 g, 27.4 mmol) , 9.0 g of the product
was isolated as yellow oil. Yield (98%); MS: 402 (M+H)".'
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2-(4-Buty-2-ynyloxy-phenylsulfonyl)-2-methyl-3-pyridin-3-yl propionic acid

‘was prepared starting from 2-(4-Buty-2-ynyloxy-phenylsulfonyl)-2-methyl-3-pyridin-

3-yl propionic acid ethyl ester (3.0 g, 19.9 mmol) dissolved in MeOH (100 ml) and

- 10 N NaOH (20 ml). ‘The resulting reaction mixture was worked up as outlined in

Example 1 (Step 5). Yield 5.1 g (69%); MS: 374 (M+H)".

Starting from 2-(4-Buty-2-ynyloxy-phenylsulfonyl)-2-methyl-3-pyridin-3-yl
propionic acid (6.0 g, 16 mmol) and following the procedure as outlined in Example
1 (Step 6) 4.8 g of 2-(4-Buty-2-ynyloxy-phenylsulfonyl)-N-hydroxy-2-methyl-3-
pyridin-3-ylpropionamide was iSolate& as a colorless solid. The hydrochloride sait
was prepared as outlined in exathple 1. Mp. 154-56° C; Yield 89%; MS: 389 (M+H)".

Example 4
2-(4-Buty-2-ynyloxy-phenylsulfaliyl)-N-hydroxy-propionamide

2—(4wBu_ty-2—yny1oxy-phenylsulfaﬁyl)-propionic acid was prepared starting
from 2-(4-Buty-2-ynyloxy-phenylsulfanyl)-propionic acid ethyl ester (5.56 g, 20
mmol) dissolved in MeOH (100 ml) and 10 N NaOH. The resulting reaction mixture
was worked up as outlined in Exainplql (Step 5). Yield 4.8 g (96%); MS: 249
(M-H).

Starting from 2-(4FButy—Z—ynyloxy—phenylsulfanyl)—propionic acid (6.0 g, 24
mmol) and following the procedure as outlined in Example 1 (Step 6) 500 mg of 2-
(4-Buty-2-ynyloxy-phenylsulfanyl)-N-hydroxy-propionamide was isolated as a
colorless solid.. Mp. 102-4° C; Yield 8%; MS: 266 (M+H)".



WO 00/44713 PCT/US00/02078

10

15

20

25

30

-40-

Example §
2-(4-But-2-ynyloxy-benz_enelsulfonyl)_-'oct'anoic_ acid hydroxamide

2-(4-Hydroxy-phenylsulfanyl)-octanoic acid ethyl ester was prepared
according to the general method asouﬂiﬁed in Example 1 (Step 1). Starting from 4-
mercapto phenol ( 12:6 g 100 mmol) and 2-bromo ethyl octonoate (25.2 g 100
mmol) , 25 gms of 2-(4- hydroxy-phenylsulfanyl) octanoic acid ethyl ester was
isolated as colorless liquid. Yield 84%, MS: 297 (M+H)

2-(4—But-z-ynyloxy-phenylsulfanyl)—octanmc acid ethyl ester was prepared

| according to the general method as outhngd in Example 1(Step 2). Starting from 2-

(4—hydroxy-phenylsulfany1)—_'octanoi_c acid ethyl ester 1_3.6g,. 46 mmol) and 1-bromo- .
2-butyne ( 6.23g, 47Tmmol). Yield 13.78g (86%); amber oil; MS: 349.0 (M+H)*

2-(4-But-2-ynyloxy-phenyisﬁlfanyl)-octanoic acid was prepared according to
the general method as outlined in Example 1 (Step 5). Starting from 2-(4-but-2-
ynyloxy-phenylsulfanyl)-octanoic" acid ethyl ester 4.77g, 13.7 mmol), 4.16g of
product was isolated. Yield 96%; MS: 321.0 (M+H)"

2'-(4—Bu‘t-2—ynyloxy-benzeneSulfoﬁyl)-octanoic a_cid rethyl ester was prepared
according to the general method as outlined in Example 1 (Step 3). Starting from 2-
(4-but-2-ynyloxy-phenylsulfanyl)-octanoic acid ethyl ester(7.26 g, 21 niinol) 6.78 g
of product was isolated. Yield (85%); Yellow oil; MS 381.2 (_M+H)‘

2-(4-But-Z-ynyloxy-benzenelsu]fonyl)—_oc_tanoic acid was prepared starting
from 2-(4-But-2-ynyloxy-benzenesulfonyl)-octanoic - a(_:id -ethyl ester (6.52 g,
17mmol) dissolved in THF:Methanol (100: 50 ml) and 10 N NaOH (10 ml). The
resulting reaction mixture was worked up as outlined m Example 1 (Step 5). Yield
2.42g (42%); colorless gum; MS: 352.9 (M+H)"

Starting from 2-(4-but-2-ynyloxy-benzenelsulfonyl)-octanoic acid (2.21g, 6
mmol) and following the procedure as outlined in Example 1 (Step 6) 270 mg of 2-
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(4—but-z-myloxysbeﬁienelsulfOnyl)-octanoic acid hydroxamide was isolated as a
amber gum. Yield 42%; MS: 369.7 (M+H)";'"H NMR (300 MHz, DMSO-d,): 5 0.826
(m, 3H), 1.33 (m, 9H), 1.77(s, 3H), 1.89 (d, J=2.2, 1H), 3.03 (d, ] = 4 Hz, 1H), 4.73
(m, 2H), 5.78 (s, 1H) 6.56 (s, 1H), 7.1 (d, 2H), 7.92 (m, 2H). |

- Example 6
2-(4-But-2-ynyloxy-phenylsulfanyl)-octanoic acid hydroxamide

2-(4-But-2-ynyloxy-phenylsulfanyl)-octanoic acid was prepared according to
the general method as outlined in Example 1 (Step 5). Starting from 2-(4-but-2-
ynyloxy-phényisulfanyl)-octanoic acid ethyl ester 4.77g, 13.7 mmol), 4.16g of
product was isolated. Yield 96%; MS: 321.0 M+H)"

Starting from 2—(4_-buf-?—ynyloxy-phenylsulfanyl)—octanoic acid (4.12g, 129
mmol) and fol]owitig the procedure as outlined in Example 1(Step 6), 2.23g of 2-(4-
but-2-ynyloxy-phenylsulfanyl)-octanoic acid hydroxamide was isolated as a white .
solid, mp 125 °C; Yield 73%; MS: 335.9 (M+H)';'H NMR (300 MHz, DMSO-d,): 8
0.856 (m, 3H), 1.24 (m, “6H),'1.57(m, 2H), 1.71 (m, 2H), 1.83 (1, 3H), 2.55 (m, 2H),
4.78 (d, 2H) 6.95 (d, 2H), 7.36 (d, 2H), 8.96 (s, 1H), 10.62 (s, 1H). '

Example 7
(S)-2-[(R)-[4--(2-Butynyloxy)phenylsulfinyl)]-N-hydroxyoctanamide
_ . & ' _

Example 8
(S)-2-[(S)-{4--(2-Butynyloxy)phenylsulfinyl)]-N-hydroxyoctanamide
2-(4-But-2-ynyloxy-phenylsulfanyl)-octanoic acid hj/drdxamide (prepared in

Example 6) (1.78 g, 5 mmol) was dissolved in methanol (50 ml) and H,0, (30%, 10
ml) was added. The reaction mixture was stirred at room température for 96 hours
and quenched with ice cold solution of NaHSO, solution. The reaction mixture was
concentrated under reduced pressure and the residue was extracted with chioroform.

Examination of the reaction mixture showed the formation of two diastereo isomers

~ and they were separated by silica-gel column chromatography by eluting it with 50%

ethyl acetate; hexane. 411g of (S)-2-[(R)-4-but-2-ynyloxy-phenylsulfinyl)-octanoic
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- acid hydroxamide was isolated as a white solid, mp 132.3 °C; Yield 24%; MS: 352.0

(M+H)"; 'H NMR (300 MHz, DMSO-d): & 0.834 (m, 3H), 1.19 (m, 9H), 1.76 (m,
1H), 1.84(t, 3H), 3.11-3.17 (dd, 2H), 3.33 (t, 3H), 4.81.(d, 2H) 7.15 (d, J=2.8, 2H),
7.36 (d, J=2.3, 2H), 9.00 (s, 1H), 10.56 (s, 1H).

Starting from 2—(4-but-2~y.nyloxy-phenylsulfanyl)-octanoic acid hydroxamide
(1.78g, 5.0 mmol) and following the procedure as outlined in Example 7, .411g of
(S)-2-[(S)-4-but-2-ynyloxy-phenylsulfinyl)-octanoic acid hydroxamide was isolated.
as a white solid, mp 112.2 °C; Yield 12%; MS: 352.0 kM+H)"; 'H NMR (300 MHz,
DMSO0-d): 5 0.804 (m, 3H), 1.01 (m, 9H), 1.59(m, lH),_ 1.84 (t, 3H), 3.33 (s, 3H),
4.84 (d, 2H) 7.16 (d, J=2.5, 2H), 7.61 (d, J=2.7, 2H), 9.21 (s, 1H), 10.82 (s, lH).

_ _ Example 9 -
3-(4-But-2-ynyloxy-phenoxy)-N-hydroxy-propionamide

To a solution of 4.13g (0.038 mol) of hydroquinone in 80 mL of acetone was
added 5.19g (0.375 mol) of p'otassium carbonate and 5.0g (0.038 mol) of 1-bromo-2-
butyne. The resulting mixture was heated at 55-60° C for 8h and then stirred
overnight ﬁt. room temperature. The réaction mixture w_aé then poured onto ice and
extracted with ether. The combined organics were washed with 1N sodium hydroxide
solution. The combined aqueous layers wcre acidified with 1IN HCl solution and
extracted with dichloromethane. The dichloromethane layers were washed with water
and brine, dried over Na2S04, filtered throngh Magnesol® and concentrated in vacuo

to provide 2.0g of the phenol as a brown oil.

Step 2: 3-(4-But-z-ynyloxy-phenbxy)-propionic acid )
~Toa0°C solution of 1.015g (8.60 mmol) of potassium t-butoxide suspended
in 10mL of dry THF was added a solution of 1.40g (8.60 mmol) of 4-but-2-ynyloxy-
phenol, dissolved in 30 mL of THF/DMF (5:1). The reaction was stirred at room
temperature for 10 minutes and then recooled to 0° C followed by the addition of
0.66 mL (9.46 mmol) of neat O-propiolactone. The resulting mixture was stirred
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overnight at room 'témperature and then concentrated in vacuo. The residuc was
diluted with ethyl acetate and extracted with saturated sodium bicarbonate solution.
The alkaline aqueous extracts were acidified to pH2 with concentrated HC] solution
and the precipitated solid was collected by filtration, washed with water and dried in
vacuo to provide 0.089g of the carboxylic acid as a black solid; m.p. 88-92° C.
Electrospray Mass Spec: 232.9 (M-H)

Step 3: 3-(4-But-2-ynyloxy-phenoxy)-N-hydroxy-propionamide

To a 0° C solution of 0.089g (0.379 mmol) of 3-(4-but-2-ynyloxy-phenoxy)-
propionic acid , dissolved in 1 mL of dichloromethane and 0.059 mL of DMF was
added 0.379 mL (0.758 mmol) of a 2M solution of oxalyl chloride. The reaction was

warmed to room temperature and stirred for 2h and then recooled to 0° C. A mixture

- of 0.139 mL (2.27 mmol) of a 50% hydroxylamine solution, 0.73 mL of THF and
+ 0.21 mL of triethylamine were then added to the reaction. The reaction was stirred at

room temperature for 12h and then concentrated in vacuo. The residue was extracted
with dichloromethane and the combined organics were washed with water, 2N citric

acid solution and brine, dried over Na,SO,, filtered and concentrated in vacuo. The

. residue was triturated with ethyl acetate/hexanes to give the hydroxamic acid as a

white solid; m.p. 116-118° C. Electrospray Mass Spec: 249.9 (M+H)"

" Example 10
4-(4-But-2-ynyloxy-phenoxy)-N-hydroxy-batyramide

Step 1: 4-(4-Benzyloxy-phenoxy)-butyric acid ethyl ester

To a suspension of 1.2g (0.030 mol) of 60% sodium hydride in 100 mL of
toluene was added 6.12g (0.030 mol) of 4-(benzyloxy)phenol and the reaction was
stirred at room temperature for 30 minutes followed by the addition of 5.85g (0.030
mol) of ethyl 3-bromobutyrate. The resulting mixture was heated to reflux overnight
and then filtered. The filtrate was washed with 0.5N sodium hydroxide solution, 3%
sodium carbonate solution, water and brine, dried over Na2SO04, filtered and
concentrated in vacuo to provide 5.45g of the bis-ether as a white solid. Electrospray
Mass Spec: 314.8 (M+H)"
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Step 2: 4-(4-Hydroxy-phenoxy)-butyric acid ethyl ester :

-To a solution of 3.58g (0.011 mol) of 4-(4-Benzyloxy-phenoxy)-butyric acid
ethyl ester in 200 mL of ethanol was added 0.81g of 5% palladium on carbon and the
resulting mixture was shaken under 35psi of hydrogen for 4h. The resulting mixture
was filtered through Magnesol® and concentrated in \iacuo to provide 1.97g of the
phenol as a grey solid. Electrospray Mass Spec: 225 (M+I_-I)+

Step 3: 4-(4-But-2-ynyloxy-phenoxy)-butyric acid ethyl ester
To a solution of 524 mg (2 mmol) of triphenylphosphine dissolved in 20 mL

. of benz_ene: and 50 mL of THF was added 0.175 mL (2.3 mmol) of 2-butyn-1-ol.

After five minutes 0.39g (21.28 mmol) of the 4-(4-hydroxy-phenoxy)-butyric acid
ethyl ester, dissolved in 10 mL of THF, was added to the reaction followed by 0.369
mL (2.34 mmol) of diethyl _azodicarboxylate. The resulting reaction mixture was

stirred for 18h at room temperature and then concentrated in vacuo. The residue was

chromatographed on silica gel eluting with ethyl acetate/hexanes (1:10) to provide
0.28g (58%) of the desired 4—(4-But-2-yny]oxy—phenoxy) -butyric acid ethyl ester as a
clear liquid. EI Mass Spec: 276.9 M '

Step 4: 4-(4-But-2-ynyloxy-phenoxy)-butyric acid

To a solution of 0.37g (1.34 mmol) of 4-(4-Bu;.—2-ynyloxy-phenoxy)—butyxic
acid ethyl ester in 6 mL of THF/methanol (5:1) was added 1.6 mL of 1N sodium
hydroxide solution and the resulting mixture was stirred for 1.5h at 70°C. The

reaction mixture was then concentrated in vacuo, triturated with ether, filtered and

- dried in vacuo to prov1de 0.36g of the carboxylate salt as a white solid. Electrospray

Mass Spec: 247 (M-H)

Step 5: 4-(4-But-2-ynyloxy-phenoxy)-N-hydroxy-butyramide-

According to the procedure of Example 9 (Step 3) 0.36g (1.33 mmol) of 4-(4-
But-2-ynyloxy-phenoxy)-butyric acid provided 0.237g (68%) of the hydroxamic
acid as a white solid; m.p. 123-125°C. Electrospray Mass Spec: 263.9 (M-H)
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Example 11
2-(4-Bu€-2-ynyloxy-phenoxy)-N-hydroxy-acetamide

(4-But-2-ynyloxy-phenoxy)-acetic acid ethy] ester

To a suspension of 600 mg (0.015 mol) of 60% sodium hydride in 100 mL of
toluene was added 3.0g (0.015 mol) of 4-(benzyloxy)phenol and the reaction was
stirred at room temperature for 30 minutes followed by the addition of 1.61 ml (0.015
mol) of ethyl chloroacetate. The resulting mixture was heated to reflux overnight and
then filtered. The filirate was washed with 0.5N sodium hydroxide solution, 3%
sodium carbonatc solution, water and brine, dried over Na2S04, filtered and

concentrated in vacuo to provide 2.62g of the bis-ether as a white solid. M.p. 65-67°C

To a solution of 2.58g (8.74 mmol) of the above mentioned product in 200

. mL of ethanol was added 0.81g of 5% palladium on carbon and the resuiting mixture

was. shaken under 35psi of hydrogen for 4h. The resulting mixture was filtered
through Magnesol® and concentrated in vacuo to provide 1.7g of the phenol as a grey
solid. M.p. 100-105° C.

According to the procedure of Example 10 (Step 3), 1.65g (8.41 mmol) of the
phenol and' 0.63 mL of 2-butyn-1-o0l provided 1.2g (60%) of the butynyl ether as a
yellow oil. Electrospray Mass Spec: 248.8 (M+H)"

(4-But-2-ynyloxy-phenoxy)-acetic acid

According to the procedure of Example 10 (Step 4), 1.0g (4.00 mmol) of (4-
but-2-ynyloxy-phenoxy)-acetic acid ethyl ester provided 0.47g of the carboxylic acid
as a white solid; m.p. 114-116°C. Electrospray Mass Spec: 218.9 (M-H)

2-(4-But-2-ynyloxy-phenoxy)-N-hydroxy-acetamide

According to the procedure of Example 9 (Step 3), 0.40g (1.82 mmol) of (4-
But-2-ynyloxy-phenoxy)-acetic acid provided 0.20g of the hydroxamic acid as a
white solid; m.p. 130-132°C. Electrospray Mass Spec: 235.9 (M+H)"
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Example 12
4-(4-But-2-ynyloxy-phenyl)-N-hydroxy-butyramide

4-(4-But-2-ynyloxy-phenyl)-butyric acid _
To a solution of 1.00g (5.15 mmol) of 4-(4-methoxyphenyl)butyric acid in

100 mL of dichloromethane at 0°C was added 15._5' mL (15.5 mmol) of boron

- tribromide and the reaction. was then allowed to warm-to room temperature and

stitred for 2h. The reaction mixture was then poured into 200 mL of saturated sodium
bicarbonate solution and the organic layer was separated. The aqueous layer was
acidified with concentrated HCI solution and then extracted with dichloromethane.

. The combined organ_ic's were dried over MgSO,, filtered and concentrated in vacuo to

provide 0.696g of impure 4»(4-hydroxypheny1)butyric acid.
To a solution of 0.69g of 4-(4-hydroxyphenyl)butyﬁc acid in 10 mL of DMF
was added 0.956g of sodium bicarbonate follqwed by 0.36 mL of iodomethane and

- the resulting mixture was stirred at room temperature for 5h. The reaction was then

diluted with water, extracted with ethér, dried over MgSO,, filtered and concentrated

: .i,n vacuo to provide 0.553g of meihyl 4-(4-hydroxyphenyl)butyrate.

According to the proce_,dure of Example 10 (Step 3), 0.553g (2.851 mmol) of
methyl 4-(4-hydroxyphenyl)butyrate and 0.256 mL of 2-butyn-1-ol provided 0.294g

-of the butynyl ether-methyl ester after chromatography on silica gel eluting with ethyl -

acetate/hexanes (1:10). _

To a solution of 0.294g (1.195 mmol) of the butynyl ether-methyl ester in 12
mL of THF/methanol (1:1) was added 6.0 mL of 1N sodium hydroxide solution gmd
the resulting mixture was stirred at room temperature for 6h. The reaction mixture
was then acidified with 5%. HCl solution, extracted with ethyl acetate, dried over
MgSO, and concentrated in vacuo to provide 0.223g of the carboxylic acid as a tan
solid. Electrospray Mass Spec: 231 (M-H)

4_-(4-But-2-ynyioxy-plhenyl)-N-hy&roxy-butyramide
To a solution of 0.189g (0.815 mmol) 4-(4-but-2-ynyloxy-phenyl)-butyric
acid in 4.3 mL of DMF was added 0.132g (0.978 mmol) of 1-hydroxy benzotriazole
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followed by 0.208g (1.083 mmol) of 1-[3-(dimethylamino)propyl]-3-ethyl-
carbodiimide hydrochloride and the resulting mixture was stirred at room temperature
for 1h. To the reaction mixture was then added 0.23 mL of 50% aqueous
hydroxylamine solution and the reaction was stirred overnight at room temperature.
The reaction was then diluted with water and extracted with ethyl acetatc. The
combined organics were washed with water and saturated sodium bicarbonate, dried
over Na,SO,, filtered and concentrated in vacuo to provide 0.156g of the hydroxamic
acid as a tan solid. Electrospray Mass Spec: 248.0 (M+H)"

Example 13
2-(4-But-2-ynyloxy-phenylsulfanyl)-6-[2-(1,3-dioxo-1,3-dihydroiso-indol-2-yl)-
acetylamino]-hexanoic acid hydroxyamide

Step A: Coupling of 2-bromo-6-phthaloyl caproic acid to hydroxylamine resin.
4-O-Methylhydroxylamme—phenoxymethyl-copoly(styrene—1%-dlvmyl-
benzene)—resm (20 g, 1.1 meq/g) was placed in a peptide synthesis vessel (Chemglass
Inc. Part Number CG-1866) and suspended in DMF (60 mL). 2-Bromo-N-phthaloyl
caproic acid (15. g, 2.0 eq.) 1-hydroxybenzotriazole hydrate (HHOBt, 18 g, 6.0 eq.) and
1,3-diisopropyl-carbodiimide (DIC, 14 mL, 4.0 eq.) were added. The reaction was
shaken on an orbital shaker at room temperature for 2 - 16 hours. The reaction was
filtcred and washed with DMF (3 x 50 mL). A sample of resin was removed and
subjected to the Kaiser test. If the test showed the presence of free amine (resin

turned blue) the coupling described above was repeated, otherwise the resin was

washed with DCM (3 x 50 mL), MeOH (2 x 50 mL), and DCM (2 x 50 mL). (A

wash consisted of addition of the so_lvent and agitation either by nitrogen bubbling or
shaking on the orbital shaker for 1-5 minutes, then_ filtration under vacuum). The

resin was dried in vacuo at room temperature. .

Step B: Displacemeht of bromide with 4-hydroxybenzenethiol.

The 2—bromo—6-phthaloyl hexanoi¢ acid hjdroxyamide resin prepared in Step
A (20 g, 1.1 meg/g) was suspended in THF (50 mL). 4-Hydroxybenzenethiol (12 g,
5.0 eq.), sodium iodide (13 g, 5.0 eq.) and 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU,
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8.9 mL, 3.0 eq.) were added. The reaction was shaken at room temperature for 12 -
16 hours. The reaction mixture was filtered and washed with DMF (2 x 20 mL),
DMF:water 9:1 (2 x 20 mL), DMF (20 mL), MeOH (2 x 20 mL), and DCM (2 x 20

mL). The resin was dried in vacuo at room temperature.

.Step C: Alkylation with 2-bromobutyne

The 2-(4~hydrbxy—phenylsul_fanyl)-6-phthaloyl hexanoic acid hydroxyamide
resin prepared in Step B (20 g, 1.1 meq/g) was suspended in THF (50 mL) and cooled
to 0°C. 2—Bromobuty1§e (8.0 mL, 2.0 eq.) and sodium hydride (2.4 g, 3.0 eq.) were
added and the mixture shaken at room temperature overnight. The reaction mixture
was filtered and washed with DMF (2 x 20 mL), MeOH (2x20mL), and DCM (2 x

20 mL). The resin was dried in vacuo at room temperature.

Step D: Removal of phthaloyl group o .
2-(4-but-2-ynoxy-phenylsulfanyl)-6-phthaloyl hexanoic acid hydroxyamide

- resin prepared in Step C (34 g, 1.1 meg/g) was suspendéd in THF (150 mL) and

ethanol (150 mL) and hydrazine (30 mL) was added. The reaction mixture was

_ shaken on an orbital shaker at room temperature for 12 - 24 hours. The reaction was

filtered and washed with DCM (2 x 50 mL), DMF (2 x 50 mL), MeOH (2 x 50 mL),
and DCM (2 x 50 mL). The resin was dried in vacuo at lmom temperature.

Step E: Acylation of the primary amine _

_ 6'-Amino-2~(4-bﬁt—2-ynoxy-phenylsulfanyl)-h'exanoic acid hydroxyamide
resin prepared in Step D (0.33 g, 1.1 meqg/g) was suspended in DMF (60 mL). N-
Phthaloyl glycine (1.5 g, 4.0 eq.) 1-hydroxyben20triaz§l‘e hydrate (HOBt, 1.43 g, 6.0
eq.) and 1,3-diisopropyl-carbodiimide (DIC, 0.18 mL;"4§0 eq.) were added. The
reaction was shaken on an orbital shaker at room temperature for 2 - 16 hours. The
reaction was filtercd and washed with DMF (3 x 5 mL). A sample of resin was
removed and subjected to the Kaiser test. If the test showed the presence of free

amine (resin turned blue) the coupling described above was repeated, otherwise the
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resin was washed with DCM (3 x 5 mL), MeOH (2 x 5 mL), and DCM (2 x 5 mL).

The resin was dried in vacuo at room temperature.

Step F:  Cleavage of 2-(4-but-2-ynyloxy-phenylsulfanyl)-6-[2-(1,3-dioxo-1,3-
dihydro-isoindol-2-y1)-acetylamino)-hexanoic acid hydroxyamide from the resin

The 2-(4-but-2-ynjlbxy}phénylsulfany1)-_6-[2—(I,S-Idioxo-l,3-dihydro-iso-
indol-2-y])-acety1amino]-hexanoic. acid :hydroxyamide resin prepared in Step E
(0.33g, 1.1 meg/g) was suspénded in DCM (1.0 mL) and TFA (1.0 mL) was added.
The reaction was shaken for 1 hour at room temperature. The reaction was filtered
and the resin washed with DCM (2 x 1 mL). The filtrate and the washing were
combined and concentrated to dryness on a Savant SpeedVac Plus. Methanol (1 mL)
was added and the mixture concentrated. _ _
The crude product was puﬁﬁed By reverse phase HPLC under the following
conditions: ' _ : :
Column: ODS-AM, 20mm x 50 mm, 5 *m particle size (YMC, Inc. Wilmington,
North Carolina) |

Solvent Gradient Time  Water Acetonitrile
0.0 ' 95 5

| 16 min. 5 95
Flow Rate: 22.5 mL/min. o

Example 13
2-(4-But-2-ynyloxy-phenylsulfanyl)-6-[2-(1,3-dioxo0-1,3-dihydro-
isoindol-2-yl)-acetylamino}-hexanoic acid hydroxyamide
had HPLC retention time’ 4.5 min. and MS® 510 (M+H).

The following hydroxamic acids compounds are synihesized following the
steps in Example 13, and using_quiﬁhldié acid, 2-bibenzylcarboxylic acid, 3,4-
dichlorophenylacetic acid, 3-quinoline carboxylic acid, 4~(2—thicny1)_butyric acid,
xanthene-9-carboxylic acid, diphenyi acetic acid, 1-isoquinoline carboxylic acid, N-
methylpyrro]e-z-t:arboxylic acid, thianéphﬂlalene-}acetic acid, or indole-3-acetic
acid. -
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~[HPLC S
Example| Compound name ' retention (M+H)
# " { time® (min.)

14 anolme-z-carboxyhc acid [5-(4-but-2-ynyl- 5.0 478
' oxy-phenylsulfanyl)-s-hydroxycarbamoyl— -
pentyl]-amide -

15 | N5 (4-But-2-ynyloxy—phenylsulfany1)~5- " 5.4 529
hydroxycarbamoyl-pentyl]- 2—phenethy1—
benzamide

.16 2—(4—But—2—ynyloxy-phenylsulfanyl)-6-[2-(3 41 5.1 511
dlchloro-phenyl)-acetylammo]-hexan01c a01d
hydroxyamide

17 Quinoline-3-carboxylic acid [5- (4-but-2—yny1— 4.1 478
oxy-phenylsulfanyl)-5 -hydroxycarbamoyl—
pentyll-amide

18 2-(4-But-2-ynyloxy-phenylsulfanyl)-6-4- | = 5.0 475
thlophen-z-yl—butyrylammo)-hexanmc acid
hydroxyamide

19 9H-Xanthene-9-carboxylic acid [5-(4-but-2- 53 - 531
ynyloxy-phenylsulfanyl)-s-hydroxycarbamoyl- _
pentyl]-amide '

.20 2—(4»But-2-ypyloxy-phenylsulfanyl)—é-di— : - 54 517
phenylacetylamino-hexanoic acid :
hydroxyamide

21 Isoquinoline-1-carboxylic acid [5-(4-but-2- 4.8 478
ynyloxy-phenylsulfanyl)- S-hydroxycarba;moyl-
pentyl]-amide

22 6-(2-Benzo[b]thiophen-3-yl-acetylamino)-2- = 5.0 497
(4-but-2-ynyloxy-phenylsulfanyl)-hexanoic

acid hydroxyamide

Example 23
Quinoline-2-carboxylic acid [5-(4-but-2-ynyloxy-benzenesulfinyl)-5-
.. hydroxycarbamoyl-pentyl]-amide.
Step A: Oxidation of sulfide to sulfoxide.

The 2—(4-but—2-ynoxy—phenylsulfanyl)-6—phthaloyl hexanoic acid hydroxy-
amide resin prepared 1n Example 13, Step C (6.7 g, 1. 1 meq/g) was suspended in
DCM (200 mL) and 70% tert-butylhydroperomdc 45 mL) and benzenesulfonic acid
Qg were added. T_he reaction mixture was shaken on an orbital shaker at room
temperature for 12 - 24 hours. The reaction was filtered and washed with DCM (2 x
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50 mL), DMF (2 x' 50 mL), MeOH (2 x 50 mL), and DCM (2 x 50 mL). The resin

was dried in vacuo at room temperature.

Stép B: Removal of the phthaloyl group

2-(4-But-2-ynoxy-benzenesulfinyl)-6-phthaloyl hexanoic acid hydroxyamide
resin prepared in Step A was deprotected to give 6-amino-2-(4-but-2-ynoxy-
benzcenesulfinyl)-hexanoic acid hydroxyamide resin according to the procedure in
Example 13, Step D. |

Step C: Acylation of the primary amine

6-Amino-2-(4-but-2-ynoxy-benzenesulfinyl)-hexanoic acid hydroxyamide
resin (0.33 g, 1.1 meq/g) prepared in step B was acylated with quinaldic acid (1.2 g,
4.0 ¢q) according to the procedure in Example 13, Step E to give quinoline-2-
carboxylic acid [5-(4-but-2-ynyloxy-benzenesulfinyl)-5-hydroxycarbamoyl-pentyl]-
amide resin. - o

Step D: Clecavage of quinoline-2-carboxylic acid [5-(4-but-2-ynyloxy-benzene-
sulfinyl)-5-hydroxycarbamoyl-pentyl}-amide from the resin

Quinoline—Z—carbbxy]ic acid [5-(4-but-2-ynyloxy-benzenesulfinyl)-5-hydroxy-
carbamoyl-pentyl]-amide resin prepared in Step C (0.33g, 1.1 meq/g) was cleaved
according to the procedure in Example 13, Step F to give Example 23: guinoline-2-
carboxylic acid [5-(4-but-2-ynyloxy-benzenesulfinyl)-5-hydroxy-carbamoyl-pentyl]-
amide as a mixture of diastereomers which had HPLC retention time* 4.35/4.5 min.
and MS® 494 (M+H).

The following hydroxamic acids compounds are synthesized following the
steps in Example 23, and using N-phthaloyl glycine, 2-bibe_nzylcarboxylic acid, 3,4-
dichlorophenylacetic acid, 3-quinoline carboxylic acid, 4-(2-thieny])butyric acid,
xanthene-9-carboxylic acid, diphenyl acetic acid, 1-isoquinoline carboxylic acid, N-
methylpyrrole-2-carboxylic acid, thianaphthalene-3-acetic acid, or indole-3-acetic
acid.
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- HPLC - MSs*
Example| Compound name | retention time® | (M+H)
# (min.)
- 24 2-(4-But-2-ynyloxy-benzenesulfinyl)-6-[2- 3.97/4.08 526
(1,3-dioxo-1,3-dihydro-isoindol-2-yl)-
acetylamino}-hexanoic acid hydroxyamide : .
25 | N-[5-(4-But-2-ynyloxy-benzenesulfinyl)-5- | 4.96/5.02 547
hydroxycarbamoyl-pentyl]-2-phenethyl-
benzamide
26 2—(4~But-Z-ynyloxy—benzenesulfmyl)—6-[2- ' 4.6/4.7 527
3 4-d1chloro-phenyl)-acetylammo]—hexanmc :
acid hydroxyamide

27 Quinoline-3-carboxylic acid [5-(4-but-2-ynyl- |- 3.57/3.68 494
oxy-benzenesulfinyl)- 5-hydroxycarbamoyl- :
pentyl]-amide

28 2-(4-But-2—ynyloxy—benzenesulfmyl) 6-(4- | 4.31/4.42 491
tlnophen-z-yl—butyrylammo)—hexanmc acid _
hydroxyamide '

29 9H-Xanthene-9-carboxylic acid [S- (4-but-2- 4.71/4.8 547

ynyloxy—benzenesu]ﬁnyl) S-hydroxy-
| carbamoyl-pentyl}-amide

30 2-(4-But-2-ynyloxy-benzenesulfinyl)- 6— | 4.78/4.82 533
dlphenylacetylammo-hexanmc ' acid
hydroxyamide

31 Isoqumohne—l carboxyhc acid [5-(4—but-2- 4.06/4.23 495
' ynyloxy-benzenesulfmyl) 5-hydroxy- ' '
carbamoyl-pentyl]-amide '

32 6- (2—Benzo[b]thlophen- -yl-acetylamino)-2- . 4.44/4.50 513
' (4-but-2—yny10xy—benzenesu]ﬁnyl)-hexano:c '
acid hydroxyamide

33 2-(4-But—Z-ynyloxy—benzenesulfmyl) -6- (2-IH- . 4.0/4.1 496
' mdo]-3-y1—acety1anuno)-hexano1c - acid
hydroxyam:de '

Example 34 _
N-[5-(4-But-2-ynyloxy-benzenwulfonyl)-S-hydroxycarbamoyl-pentyl]-2-
5 : phenethyl-benzamide.

Step A: Oxidation of  __sulfide to sulfone
The 2—(4-but—Zéynoxy-phenylsulfanyl)-6—phthaloy1 hexanoic acid
hydroxyamide resin prepared in Example 13, Step C (6.7 g, 1.1 meq/g) was
10  suspended in DCM (200 mL) and mCPBA (8 g) was added. The reaction mixture
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was shaken on an orbital shaker at room temperaturé for 12 - 24 hours. The reaction
was filtered and washed with DCM (2 x 50 mL), DMF (2 x 50 mL), MeOH 2x50
mL), and DCM (2 x 50 mL). The resin was dried in vacuo at room temperature.

Step B: Removal of the phthaloyl groﬁp

2-(4-But-2-ynoxy-benzenesulfonyl)-6-phthaloyl hexanoic acid hydroxyamide
resin prepared in Step A was deprotected to give 6-amino-2-(4-but-2-ynoxy-
benzenesulfinyl)-hexanoic acid hydroxyamide resin according to the procedure in
Example 13, Step D. '

Step C: Acylation of the primary amine

6-Amino-2-(4-but-2-ynoxy-benzenesulfonyl)-hexanoic acid hydroxyamide
resin (0.33 g, 1.1 meq/g) prepared in step B was acylated with 2-bibenzylcarboxylic
acid (1.6 g, 4.0 eq) according to the procedure in Example 13, Step E to give N[5-
(4-but-2-ynyloxy-benzenesulfonyl)-5- hydroxycarbamoyl-pcntyl] 2-phenethyl-
benzamide resin.

Step D: Cleavage of N-[5-(4-but-2-ynyloxy-benzenesulfonyl)-5-hydroxycarbamoyl-
pentyl]-2-phenethyl-benzamide from the resin.

N-[5-(4-But-2-ynyloxy-benzenesulfonyl)- 5-hydroxycarbamoyl-pentyl]—2—
phenethyl-benzamide resin prepared in Step C (0.33g, 1.1 meg/g) was cleaved
according to the procedure in Example 13, Step F to give Example 34: N-{5-(4-but-
2-ynyloxy-benzenesulfonyl)-S-hydroxycarbamoyl-pentyl]-2-phenethyl-benzamide
which had HPLC retention time® 5.0 min. and MS® 541 (M-+H).

The following hydroxamic acids compounds are synthesized following the
steps in Example 34, and using - quinaldic acid, N-phthaloyl glycine, 3.4-
dichlorophenylacetic acid, 3-quinoline carboxylic acid, xanthene-9-carboxylic acid,

diphenyl acetic acid, 1-isoquinoline carboxylic acid, or thianaphthalene-3-acetic acid.
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Ex_amp__le

Compomid name

tHPLC -
retention time>

(min.)

MS’
(M+H)

35

Quinoline-2-carboxylic acid [5-(4-but-2-yny)-
oxy-benzenesulfonyl)-5-hydroxycarbamoyl-
pentyl]-amide

4.82

510

36

2-(4-But-2-ynyloxy-benzenesulfonyl)-6-[2-
(1,3-dioxo-1,3-dihydro-isoindol-2-yl)-acetyl-
amino)-hexanoic acid hydroxyamide

4.35

542

37

2-(4-But-2-ynyloxy-benzenesulfonyl)-6-[2-

. | (3,4-dichloro-phenyl)-acetylamino]-hexanoic

acid hydroxyamide

5.00

542

38

Quinoline-3-carboxylic acid [5-(4-but-2-ynyl-

oxy-benzenesulfonyl)-5-hydroxycarbamoyl-
pentyl]-amide

3.91

510

39

9H-Xanthene-9-carboxylic acid [5-(4-but-2-
ynyloxy-benzenesulfonyl)-5-hydroxy-
carbamoyl-pentyl]-amide

5.12

563

40

2-(4-But-2-ynyloxy-benzenesulfonyl)-6-
dlphenylacetylammo-hexanmc acid
hydroxyamide

5.16

549

41

Isoquinoliné-1-carboxylic " acid [5-(4-but-2-
ynyloxy-benzenesulfonyl)-5-hydroxy- '
carbamoyl-pentyl]-amide

4.49

510

42

6-(2-Benzo[bjthiophen-3-yl-acctylamino)-2-
(4-but-2-ynyloxy-benzenesulfonyl)-hexanmc
acid hydroxyam:de ' :

4.7

529

Example 43

2-(4-But-2-ynyloxy-phenylsulfanyl)-6-{2-[2-(3,4-dichloro-phenyl)-acetylamino]-

acetylamino}-hexanoic acid hydroxyamide.

Step A: Removal of the phthaloyl group
2-(4-But-2-ynyloxy-phenylsulfanyl)-6-[2-(1,3-dioxo-1,3-dihydro-isoindol-2-
yl)-acetylamino]-hexaﬁoic acid hydroxyamide resin preparéd in Example 13, StepE

.was deprotected to givé 6-(amino-acetylamino)-2-(4-but-2-ynoxy-benzenesulfinyl)-

hexanoic acid hydroxyamide resin according to the procedure in Example 13,

Step D.
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Step B: Acylation of the primary amine

~ 6-(Amino-acetylamino)-2-(4-but-2-ynoxy-benzenesulfinyl)-hexanoic acid
hydroxyamide resin (0.33 g, 1.1 meg/g) prepared in step A was acylated with 3,4-
dichlorophenylacetic acid (1.5 g, 4.0 eq) according to the procedure in Example 13,
Step E to give 2—(4—But—2—yny10ky—phenylsu]fanyl)—G-_{2—[2-(3,4-dichlqro-phenyl)-
acetylamino]-acetylamino }-hexanoic acid hydroxyamide resin.

Step C: Cleavage of 2-(4-but-2-ynyloxy-phenylsulfanyl)-6-{2-[2-(3,4-dichloro-
phenyl)-acetylamino]-acetylamino }-hexanoic acid hydroxyamide from the resin

2-(4-But-2-ynyloxy—phenylsulfanyl)-6-{2—[2-(3,4-dichloro—phenyl)—acetyl—
amino]-acetylamino}-hexanoic acid hydroxyamide resin prepared in Step B (0.33g,
1.1 meg/g) was cleaved according to the procedure in Example 13, Step F to give
Example 43: 2-(4-but-2-ynyloxy-phenylsulfanyl)-6-{2-[2-(3,4-dichloro-phenyl)-
acetylamino]-acetylamino }-hexanoic acid hydroxyamide which had HPLC retention
time’ 4.94 min. and MS® 567 (M+H).

The following hydroxamic acids cdmpounds are synthesized following the
steps in Example 43, and using quinaldic acid, N-phthaloyl glycine, 2-
bibenzylcarboxylic acid, 3-quinoline carbo_xylié acid, xaﬁthene—9-carboxylic acid,
diphenyl acetic acid, 1-isoquinoline carboxylic acid, N—methylpyrrole-Z-carboxylic
acid or thianaphthalene-3-acetic acid.

: HPLC MS®
Example| Compound name retention time® | (M+H)
# ~{ (min.)
44 Quinoline-2-carboxylic acid {[5-(4-but-2- 4.7 535

ynyloxy-phenylsulfanyl)-5-hydroxycarbamoyl-
pentylcarbamoyl]-methyl }-amide

45 | 2-(4-But-2-ynyloxy-phenylsulfanyl)-6-{2-[2- 4.36 567
(1,3-dioxo-1,3-dihydro-isoindol-2-yl)-acetyl-
amino]-acetylamino }-hexanoic acid
hydroxyamide :

46 N-{[5-(4-But-2-ynyloxy-phenylsulfanyl)-5- - 527 . 588
hydroxy-carbamoyl-pentylcarbamoyl]-
methyl }-2-phenethyl-benzamide

47 Quinoline-3-carboxylic acid {[5-(4-but-2- 3.96 535
ynyloxy-phenylsulfanyl)-5-hydroxycarbamoyl-
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pentylcarbamoyl]-methyl }-amide
48 | 9H-Xanthene-9-carboxylic acid- {[5-(4-but-2- - 494 588
ynyloxy-phenylsulfanyl)- 5—hydroxycarbamoy1—
pentylcarbamoyl]-methyl}-amide

49 _2-(4~But-2-yny10xy-phenylsulfanyl) 6-(2- - 5.09 574
] d1pheny1acety1am1no-acetylammo)—hexanmc
acid hydroxyamide - :
50 Isogquinoline-1-carboxylic acid - {[5-(4-but-2- 4.52 535

ynyloxy-phenylsulfanyl)-5- hydroxycarbamoyl—
pentylcarbamoyl]-methyl }-amide

51 | 1-Methyl-1H-pyrrole-2-carboxylic acid ([5- (4— 433 487
but-2-ynyloxy-phenylsulfanyl)-5-hydroxy-
carbamoyl-pentylcarbamoyl}-methyl}-amide
52 | 6-[2-(2-Benzo[b]thiophen-3-yl-acetylamino)- -4.80 554
acetylamino]-2-(4-but-2-ynyloxy-phenyl-
sulfanyl hexano:c acid hydroxyamide

. Example 53 _ : _
5 anolme—S-carboxyhc acid [5-(4-but-2-ynyloxy—benzenesnlﬁnyl)-
S—hydroxycarbamoyl-pentyl]-ami_de

Step A: Oxidation of sulfide to sulfoxide
2—(4»-But-z-ynyloxy-pheny]sulfanyl)-6 [2-(1,3-dioxo-1 3-d1hydro-1somdol—2—
10 yl)-acetylamino]-hexanoic acid hydroxyamide resin prep_a_red in Example 13, Step E
was oxidized to 2-(4-but—2-yny1oxy-bcnzenesultinyl)—6-‘[2—(1 3-dioxo-1,3-dihydro-
1somdol-2-yl)-acetylalmno]-hexanmc acid hydroxyamide resin accordlng to the
' procedure in Example 23, Step A .

15  Step B: Removal of the phthaloyl group
2—(4'-But-2—yny105cy-benzenesﬁlﬁny1)—6-[2-(1 3-dioxo-1 3—dihydro-isoindol-2~
yD-acetylamino]-hexanoic acid hydroxyamxde resm prepared in Step A was
deprotected to give 6- (ammo-acetylammo) 2—(4-but—2—ynoxy—benzenesulf1nyl)—
hexanoic acid hydroxy-amide resin according to the procedure in Example 13,
20 StepD. B
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Step C: - Acylation of the primary amine

6-(Amino-acetylamino)-2-(4-but-2-ynoxy-benzenesulfinyl)-hexanoic acid
hydroxyamide resin (0.33 g, 1.1 meq/g).prepared in step B was acylated with 3-
guinolinecarboxylic acid (1.2 g, 4.0 eq) according to the procedure in Example 13,
Step E to give quinoline-3-carboxylic acid [5-(4-but-2-ynyloxy-benzenesulfinyl)-5-
hydroxycarbamoyl-pentyl}-amide resin.

Step D: Cleavage of quinoline-3-carboxylic acid [5-(4-but-2-ynyloxy-benzene-
sulfinyl)-5-hydroxycarbamoyl-pentyl}-amide from the resin |

Quinoline-3-carboxylic acid [5-(4-but-2-ynyloxy-benzenesulfinyl)-5-hydroxy-
carbamoyl-pentyl]-amide resin prepared in Step C (0.33g, 1.1 meq/g) was cleaved
according to the procedure in Example 13, Step F to give Example 53: quinoline-3-
carboxylic acid [5-(4-but-2-ynyloxy-benzenesulfinyl)-5-hydroxy-carbamoyl-pentyl}-
amide as a mixture of diastereomers which had HPLC retention time® 3.49 min. and
MS’ 551 (M+H). | |

The following hjdroxamic acids compounds are synthesized following the
steps in Example 53, and using quinaldic acid, N-phthaloyl glycine, 2-bibenzyl-
carboxylic acid, 3,4-dichlorophenylacetic acid, 4—(2—thie1_1y1)butyric acid, xanthene-9-
carboxylic acid, diphenyl acetic acid, or N-methylpyrrole-2-carboxylic acid.

"| HPLC MS?
Example| Compound name retention time’ | (M+H)
# (min.)

54 Quinoline-2-carboxylic acid [5-(4-but-2-ynyl- 4.19/4.27 551
oxy-benzenesulfinyl)-5-hydroxycarbamoyl-
pentyl]-amide

55 | 2-(4-But-2-ynyloxy-benzenesulfinyl)-6-[2- 3.85/390 | 583
(1,3-dioxo-1,3-dihydro-isoindol-2-yl)-acetyl-
amino]-hexanoic acid hydroxyamide

56 N-[5-(4-But-2-ynyloxy-benzenesulfinyl)-5- 4.8 604
hydroxycarbamoyl-pentyl]-2-phenethyl- : -
benzamide

57 2-(4-But-2-ynyloxy-benzenesulfinyl)-6-[2- 4.48 583

(3,4-dichloro-phenyl)-acetylamino})-hexanoic
a(_:id hydroxyamide
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58 2-(4-But-2-ynyloxy-benzenesulfinyl)-6-(4- 3.49/3.56 - | 548
ttuophen-Z—yl-butyrylanuno) hexanoic acid :
hydroxyamide

59 9H-Xanthene-9-carboxylic acid [5-(4-but-2- 4.58 - 604
: ynyloxy-benzenesulfmyl}S—hydroxy— :
carbamoyl-pentyl]-amide

60 2-(4-But-2-ynyloxy-benzenesulfinyl)-6- - 4.65 590
diphenylacetylamino-hexanoic acid
hydroxyamide

61 1-Methyl-1H-pyrrole-2-carboxylic acid {[5-(4- 3.76/3.85 503
but-2-ynyloxy-benzenesulfinyl)-5-hydroxy- .

carbamoylpentyl—carbamoyl]-methyl} amxde

_ Example 62
2-(4-But-2-ynyloxy-benzenesulfonyl)-6-(2-diphenylacetylammo—acetylalmno)-
hexanoic acid hydroxyamide.’

Step A: Oxidation of sulﬁde to sulfone

2-(4-But-2- ynyloxy-phenylsulfany]) 6-[2-(1, 3—d10xo-1 3-dihydro-isoindol-2-
yl)-acctylammo]-hexanmc acid hydroxyarmde resm prepared in Example 13, Step E

.was oxidized to 2-(4~but—2—ynyloxy-benzenesulfonyl) 6-[2-(1,3-dioxo-1,3-dihydro-

1somdol-2—yl)-acetylam1no]—hexan01c acid hydroxyanude resin according to the
procedure in Example34 StepA

Step B: Removal of the phthaloyl group

2-(4-But-2-ynyloxy-benzenesulfonyl)-6-[2-(1,3-dioxo-1 3—d1hydro—1somdol—2—
yl)-acetylamino]-hexanoic acid hydroxyamide resin prepared in Step A was
deprotected to give 6-(aminoacetylamino)—Z—(4—but-_2—ynoxy-benzenésu1ﬁny1)-
hexanoic acid hydroxy-amide resin according to the jirocedure in Example 13,
Step D. |

Step C: ACYlétion of the primary amine .
6-(Aminoacetylamino)-2-(4-but-2-ynoxy-benzenesulfonyl)hexanoic acid

hydroxya.mid.e resin (0.33 g, 1.1 meqg/g) prepared in Step B was acylated with

diphenylacetic acid (1.5 g, 4.0 eq) according to the procedl;lre-ill Example 13, Step E
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to give 2-(4-but-2-ynyloxy-benzenesulfonyl)-6-(2-diphenylacetylaminoacetylamino)-
hexanoic acid hydroxyamide resin.

Step D: Cleavage of 2—(4-but42-yny]6xy-benz_ene‘sulfonyl)—6-(2-diphenylacetylamino-
acetylamino)-hexanoic acid hydroxyamide from the resin
2-(4-But-2-ynyloxy-benzenesulfonyl)-6-(2-diphenylacetylamino-acetyl-
amino)-hexanoic acid hydroxyamide resin prepared in Step C (0.33g, 1.1 meq/g) was
cleaved according to the procedure in Exanip_le 13, Step F to give Example 62: 2-(4-
But-2-ynyloxy-bénzenesulfonyl)—6-'(Z-diphenylacetylamino-ACetylammoyhexanoic
acid hydroxyamide which had HPLC retention time’ 4.90 min: and MS® 606 (M+H).

The following hydroxamic acids compounds are synthesized following the
steps in Example 62, and using N-phthaloyl glycine, 2-bibenzylcarboxylic acid,
3,4-dichlorophenylacetic acid, 3-quinolinecarboxylic acid, xanthene-9-carboxylic

acid, 1-isoquinoline carboxylic acid, thianaphthene-3-acetic acid, or indole-3-acetic

acid.
_ HPLC MS?
Example| Compound name | retention time® | (M-+H)

# ' ' (min.) -

63 2-(4-But-2-ynyloxy-benzenesulfonyl)-6-{2- 4.49 599
[2-(1,3-dioxo-1,3-dihydro-isoindol-2-yl)-
acetyl-amino]-acetylamino}-hexanoic  acid
hydroxyamide '

64 N-{[5-(4-But-2-ynyloxy-benzenesulfonyl)-5- 4.18 620

hydroxycarbamoyl-pentylcarbamoyl]-
methyl }-2-phenethyl-benzamide

65 2-(4-But-2-ynyloxy-benzenesulfonyl)-6-{2- 5.08 599
[2-(3,4-dichloro-phenyl)-acetylamino]-
acetylamino }-hexanoic acid hydroxyamide

66 Quinoline-3-carboxylic “acid {[5-(4-but-2- ' 4.77 567
_ ynyloxy-benzenesulfonyl)-5-hydroxy-
carbamoyl-pentylcarbamoyl]-methyl }-amide

67 9H-Xanthene-9-carboxylic acid {[5-(4-but-2- 3.80 620
ynyloxy-benzenesulfonyl)-5-hydroxy- :
carbamoyl-pentylcarbamoyl]-methyl }-amide

68 Isoguinoline-1-carboxylic acid {[5-(4-but-2-| =~ 4.90 567
ynyloxy-benzenesulfonyl)-5-hydroxy-
carbamoyl-pentylcarbamoyl]-methyl}-amide
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69 6-[2-(2-Bei_ii_o[b]thiophen-3—yl-acetylamino)r?' - 433 586
acetylamino]-2-(4-but-2-ynyloxy
benzenesulfonyl hexanoic acid hydroxyamxde

70 2-(4-But-2-ynyloxy-benzenesulfonyl)-6-[2- 4.61 570
(2-1H-indol-3-yl-acetylamino)-acetylamino)-
hexanoic a01d hydroxyamlde

‘References:

1. Rickter, L. S.; Desai, M. C. Tetrahedron Letters, 1997, 38, 321-322.

2. LC conditions: Hewlett Packard 1100; YMC ODS-A 4.6 mm x 50 mm S u
column at 23°C; 10uL injection; Solvent A: 0.05% TFA/water; Solvent B:0.05%
TFA/acetonitrile; Gradlent Time 0: 98% A; 1 min; 98% A; 7 min: 10% A, 8 min:
10% A; 8.9 min: 98%A; Post time 1 min. Flow rate 2.5 mL/min; Detection: 220
and 254 nm DAD.

3. MS conditions: API-electr_ospray

Example 7
2-{[4—(2—butynyloxy)phenyl]sulfonyl}-N-hydroxy-4-{4-[2-(l-
piperidinyl)ethoxy phenyl}but__anamnde

Step 1: 2-[4-(2-Piperidin-1-yl-ethoxy)-phenyl]-ethanol

To a solution of 4-hydroxyphenethyl alcohol (5.02 g, 36.3 mmél) and chloroethyl
piperidine (7.36 g, 39.96 mmol) in 30 ml of DMF, Sg of K,COs was added. The
reaction was stirred at 80° C overnight. After céoling the nﬁxture was quenched with
water then extracted in CHCls. The organic layer was Se_parated;' dried over Na,SO,,
filtered and concentrated. 2-[4-(2-Piperidin-1-yl-ethoxy)-phenyl]-ethanol (4.58 g, 18.4

- mmol) was isolated as a brown oil; Yield 51%; MS: 250.3 (M+I-I)+

Step 2: 1-{2-[4-(Chloro-ethyl)-phenoxy}-ethyl}-piperidine

2-[4-(2-Piperidin-1-yl-ethoxy)-phenyi]-ethanol (4.23 g, 16.98 mmol) was dissolved in
200 ml of THF. HCI gas'Wés bubbled through the solution at 0°C for 5 minutes. Still
at .0°C the thionyl chloride (2.48 mli, 33.9 mmol) was added dropwise. The reaction
mixture was heated at reflux for 2 hours before it was concentrated. j-{2—[4-(Chloro-
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ethyl)-phenoxy]-ethyl}-piperidine (4.74 g, 15.6 mmol) was isolated as a brown
semisolid; Yield 92%; MS: 268.3 (M+H)"

Step 3: Ethyl 2-{[4-(2-butynyloxy)phenyl}sulfonyl}-4-{4-[2-(1-piperdinyl)ethoxy-

- phenyl}butanoate was prepared according to the general method as outlined in

Example 1 (Step 4) starting from 1-{2-{4-(Chloro-ethyl)-phenoxy]-ethyl}-piperidine
(4.74 g, 15.64 mmol) and (4-but-2-ynyloxy-benzenesulfonyl)-acetic acid ethyl ester
(3.56 g, 12 mmol); 1.21 g of crude product. Yield 19%; brown oil; MS: 528.1

(M+H)

Step 4: 2-{[4-(2-butynyloxy)phenyl]sulfonyl }-4-{4-[2-(1-piperidinyl)ethoxy]phenyl }-
butanoic acid was prepafed according to the general method as outlined in Example 1
(Step 5). Starting from ethyl 2-{[4-(2-butynyloxy)phenyl]sulfonyl}-4-{4-[2-(1-
piperidinyl)ethoxyphenyl}butanoate (1.21g, 2.29 mmol), 750 mg off white solid was
isolated. ‘Yield 65%; MS: 500.3 (M+H)"

Step S: Starting from 2-{[4-(2-butynyloxy)phenyl]sulfonyl}-4-{4-[2-(1-piperidinyl)
ethoxy]phenyl}butanoic acid (660 mg, 1.32 mmol) and following the procedure as
outlined in Example 1 (step 6) 50 mg of 2-{[4-(2-butynyloxy)phenyl]sulfonyl}-N-
hydroxy-4-{4-[2—(1-piperidinyl)éthoxyphenyl}butanamide was isolated as a pale
yellow solid. mp: 68 °C; Yield 7%; MS: 515.2 (M+H)"; "TH NMR (300 MHz, DMSO-
d¢): 6 0.853 (m, 2H), 1.36 (5, 2H), 1.67-1.82 (band, 4H), 1.84 (s, 3H), 1.95 (q, 2H),
2.94 (m, 2H), 3.45 (m, 4H), 3.73 (t, 1H), 4.33 (t, J= 4.41 Hz, 2H), 4.88 (d, 2.25 Hz,
2H), 6.91 (m, 2H), 7.05 (d, 2H), 7.16 (m, 2H), 7.69, (m, 2H), 9.28 (s, 1H), 9.88 (s,
1H).

_ Example 72
2-{[4-(2-butynyloxy)phenyl]sulfonyl}-7-cyano-N-hydroxy heptanamide

Ethyl 2-{[4-(2-butynyloxy)phenyl]sulfonyl}-7-cyancheptanoate was prepared
according to the general method as outlined in example 1 (step 4), starting from (4-
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but-2-ynyloxy-benzenesulfonyl)-acetic acid ethyl ester (10 g, 33.8 mmol) and 6-
bromohexanenitrile (4.48 ml, 33.8 mmol); 7.9 g white solid. mp 63 °C; Yield 60%;
MS (EI): 391.4 (M+H)"

2-{ [4~(2-butynyloxy)phenyl]sulfonyl}-7-cyanoheptanoic acid was prepared according

to the general method as outlined in example 1 (step 5), starting from ethyl 2-{[4-(2-
butynyloxy)phenyl]sulfonyl}-7-cyanoheptanoate (300 mg, 0.77 mmol); 230 mg yellow
gel. Yield 82%; MS: 362.4 (M-H)"

 Starting from 2-{[4-(2-butynyloxy)phenyl]sulfonyl}-7-cyanoheptanoic acid (3.78 g,

10.4 mmol) and following the procedure as outlined in Example 1 (step 6), 1.11 g of
2-{[4-(2-butynyloxy)phenyl]sulfonyl}-7-cyano-N-hydroxy heptanamide was isolated as
a white powder. mp: 120 °C; Yield: 28%; MS: 379.3 (M+H)"; 'H NMR (300 MHz,
DMSO-dg): 5 1.16-131 (band, 4H), 1.44 (m, 2H), 1.69 (m, 2H), 1.85 (s, 3H), 2.42 (3,
J=7 Hz, 2H), 3.71 (t, j=7.3 Hz 1H), 4.89 (d, 2.19 Hz, 2H), 7.18 (d, J=8.9 Hz, 2H),
7.72 (d, 7=8.9 Hz, 2H), 9.24 (s, 1H), 10.88 (s, 1H). |

Example 73
2-{[4-(2-butyhyloxy)phenyl] sulfanyl}-2-cyclohexyl-N-hydroxyacetamide

Step 1: 2-bromo cyclohexyl acetic acid

To a solution of cycloﬁexylacetic acid (10 g, 70 mmol), in 100 ml of CCl, was
added red phosphorus (6.32 g, 204 mmol). The mixture was heated to reflux and
bromine (70.7 ml, 1.38 mmol) was added over 3 hours dropwise through the
condenser via addition funnel. The reaction was heated at reflux for 5 hours before it
was quenched slowly with water then washed with 10% Na,SO,, water, then into
NaHCOs. The sodium bicarbonate solution was brought to acidic pH using 1 N HCL
The solid was collected and the aqueous filtrate was extracted into CHCl,, washed
with saturated Na,HSO, solution then with water. The organic layer was dried over
Na,S0,, filtered and concentrated and combined with solid collected earlier to provide
3.22 g 2-bromo cyclohexyl acetic acid as a white solid. Yield 2]%; MS: 219.1 M-HY
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Step 2: Ethyl cyclohexyl [4-(hydroxyphenyl)sulfanyl]-acetic acid was prepared
according to the general method as outlined in example 1 (step 1), starting from 2-
bromo cyclohexyl acetic acid (3.08g, 13.9 mmol) and 4-mercaptophenol (2 g, 14.2

‘mmol); 3.10 g yellow oil. The product was pure enough and taken for further

transformations. Yield 84%; MS: 265 (M+H)".

" Step 3: Ethyl cyclohexyl [4-(hydroxyphenyl)sulfanyl] acetate

To a solution of ethyl cyclohexyl [4-(hydroxyphenyl)sulfanyl}-acetic acid (3.1 g, 11.65
mmol) in 100 ml ethanol, 1 m! of sulfuric acid was added. The mixture was heated at
reflux overnight then concentrated, extracted in methylene chloride, washed first with

* saturated NaHCO; solution then with water. The organic layer was dried over

NaySOy, filtered over magnesol and concentrated to provide 1.22 g ethyl cyclohexyl
[4-(bydroxyphenyl)sulfanyl] acetate as a yellow oil. Yield 35%; MS: 295.4 (M+H)"

Step 4: Ethyl-{[4-(2-butynyloxy)phenyl}sulfanyl }(cyclohexyl) acetate was prepared
according to the general method as outlined in example 1 (step 2), starting from ethyl :
cyclohexyl [4-(hydroxyphenyl)sulfanyl] acetate (1 g, 3.4 mmol) and 4-bromo-2-butyne.
(0.32 mi, 3.7 mmol); 1.25 g yellow oil. Yield 100%; MS(EI): 346.1 (M+H)"

Step S: {[4-(2-butynyloxy)phenyi]sulfanyl}(cyclohexyl) acetic acid was prepared
according to the general method as outlined in example 1 (step 5), starting from ethyl-
{[4-(2-butynyloxy)phenyl]sulfanyl} (cyclohexyl) acetate (1.2 g, 3.47 mmol); 1.19 g
yellow oil. Yield 100%; MS: 317.4 (M-H)"

~ Step 6: Starting from {[4-(2-butynyloxy)phenyl]sulfanyl} (cyclohexyl) acetic acid and

following the procedure as outlined in Example 1 (step 6), 672 mg of 2-{[4-(2-
butynyloxy)phenyl]sulfanyl }-2-cyclohexyl-N-hydroxyacetamide was isolated as a white
powder. mp: 163 °C; Yield: 75%; MS: 334.1 (M+H)"; 'H NMR (300 MHz, DMSO-
ds): 6 0.86-1.12 (band, SH), 1.62 (m, 5H), 1.83 (t, J=2.25 Hz, 3H), 2.05 (d, I=11.9
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Hz, 1H), 3.12 (d, ]=0.1 Hz, 1H), 4.73 (d, ]=2.34 Hz, 2H), 6.92 (d, J=8.7 Hz, 2H),
7.36 (d, J=8.7 Hz, 2H), 8.92 (s, 1H), 10.5 (s, 1H).

Example 74
2-{[4-(2-butynyloxy)phenyl]sulfinyl}-2-cyclohexyl-N-hydroxyacetamide

Starting from 2-{[4-(2-butynyloxy)phenyl]sulfanyl }-2-cyclohexyl-N-hydroxyacetamide
(580 mg, 1.74 mmol), and following the procedure as outlined in Example 7, 230 mg
of 2-{[4-(2-butynyloxy)phenyl]sulfinyl } -2-cyclohexylsN;hydroxyacetamide was
isolated as a white solid. mp: 188 °C; Yield: 38%; MS: 350.2 (M+H)"; 'H NMR (300
MHz, DMSO-dg): § 1.05 (m, 3H), 1.24 (m, 2H), 1.41-1.72 (band, SH), 1.84 (t, J=2.22
Hz, 3H), 2.5 (m, 1H), 3.14 (d, J=7.23 Hz, 1H), 4.89 (m, 2H), 7.16 (d, }=9 Hz, 2H),

~ 7.61 (d, J=8.7Hz, 2H), 9.0 (d, 1H), 10.4 (d, 1H).

Example 75
2-{[4-(2-butynyloxy)phenyl]sulfonyl}-2-cyclohexyl-N-hydroxyacetamide |

To a stirred solution of 2-{[4-(2-butynyloxy)phenyl]sulfinyl }-2-cyclohexyl-N-hydroxy-
acetamide (180 mg, 0.52 mmol) in MeOH/ THF at room, oxone (5.0 g, excess) was
added in water (20 ml). Reaction mixture was stirred at room temperature for 6 hrs
and filtered. Methanol- THF layer was concentrated .and extracted with chloroform.
The organic layer was washed well with water, dried, filtered and concentrated. The
product was purified by silica gel column chromatography by eluting it with 4:1 ethyl
acetate; hexane and 2-{[4-(2-butynyloxy)phenyl]sulfonyl}-2-cyclohexyl-N-hydroxy-
acetamide was isolated as a white solid. mp: 191 °C; Yield: 45 mg (24%); MS: 366.3
(M+H)"; "H NMR (300 MHz, DMSO-ds): § 0.95-1.12 (band, SH), 1.58 (m, 5H), 1.85
(t, J=2.22 Hz, 3H), 2.05 (m, 1H), 3.63 (d, }=9.1 Hz, 1H), 4.87 (d, J=2.34 Hz, 2H),
7.16 (d, J=9 Hz, 2H), 7.76 (d, J=9 Hz, 2H), 9.01 (s, 1H), 10.7 (s, 1H). -
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Example 76
2-{[4-(2-butynyloxy)phenyl]sulfanyl}-N-hydroxy-2-(4-methoxyphenyl) acetamide

Step 1: Ethyl [(4-hydroxyphenyl)sulfanyl](4-methoxyphenyl) acetate

Ethyl bromo (4-nwthoxyphmyl) acetate (16.5 g, 60.4 mmol) was added to a stirring
solution of triethyl amine (10. ml), and 4-mercaptophenol (7.63 g, 60.4 mmol) in
Chloroform (200 ml). The mixture was heated at reflux overnight before it was
concentrated and the residue was extracted in ethyl acetate and washed With water.
The organic layér was dried over Na;SO,, filtered and concentrated. The compound
was isolated using silica-gel column chromatography by eluting it with 20% ethyl
acetate: hexane solution. Ethyl [(4-hydroxypheny1)sulfanyl](4-methoxyphenyl) acetate
was isolated as a yellow oil (15.82 g). Yield 82%; MS: 317.2 (M-EH)

Ethyl {[4-(2-butynyloxy)phenyl]sulfanyl}(4-methoxyphenyl) acetate was prepared
according to the general method as outlined in example 1 (step 1), starfing from ethyl
[(4-hydroxyphenyl)sulfanyl](4-methoxyphenyl) acetate (15.82 g, 49.7 mmol) and 4-
bromo-2-butyne (4.79 ml, 54.7 mmol); 17.66 g yellow oil. Yield 96%; MS(EI): 370.1
(M+H)" - '

{[4-(2-butynyloxy)phenyllsulfanyl} (4-methoxyphenyl) acetic acid was prepared
according to the general method as outlined in example 1 (step 5), (the hydrolysis was
carried out at room temperature for 24 brs) starting from  ethyl {[4-(2-
butynyloxy)phenyl]sulfanyl } (4-methoxyphenyl) acetate (10 g, 27 mmol); 5.78 g yellow
oil. Yield 63%; MS: 341.2 (M-HY

Starting from {[4-(2-butynyloxy)phenyl]sulfanyl }(4-methoxyphenyl) acetic acid (5.59
g, 16.3 mmol), and following the procedure as outlined in Example 1 (step 6), 450 mg
of 2-{[4-(2-butynyloxy)phenyljsulfanyl}-N-hydroxy-2-(4-methoxyphenyl) acetamide
was isolated as a white solid. mp: 156°C; Yield: 8%; MS: 358.3 (M+H)_*; 'H NMR
(300 MHz, DMSO-dq): & 1.8:2 (t, 3=2.25 Hz, 3H), 3.72 (s, 3H), 4.65 (s, lH)', 4.71 (q,
J=2.3 Hz, 2H), 6.89 (m, 4H), 7.26 (d, 2H), 7.53 (d, 2H), 9.0 (s, 1H), 10.8 (5, 1H).
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Example 77

(2R)-2-{[4-(2-butynyloxy)phenyl] sulfinyl}-N-hydroxy-2-(4-
: methoxyphenyl) ethanamide
& _

Example 78

(25)-2-{[4-(2-butynyloxy)phienyl} sulfinyl}-N-hydroxy-2-(4-
' methoxyphenyl) ethanamide

Starting from 2-{f4-(2-butynyloxy)phenyl]sulfaﬁyl}_—N7hydroxy-2-(4fmeth§xyphenyl)
acetamide (prepared in Example 76) (340 mg, 0.95 mmol), and following the
procedure as outlined m Exam_plé 7. The two diastereo isomers were separated by
silica-gel column dhrﬁmatography by eluting it with 50% é,_thyl acetate ; hexane. Thé
faster moving isomer, namely (2R)-2-{[4-(2-butynyloxy) pheayl] sulfinyl}-N-hydroxy-

~ 2-(4-methoxyphenyl) ethanamide was isolated as a whité powder. mp: 157 °C; Yield:

49.0 mg (14%); MS: 374.3 (M+H)"; 'H NMR (300 MHz, DMSO-de): & 1.83 (t,
J=2.25 Hz, 3H), 3.70 (s, 3H), 4.32 (s, 1H), 4.76 (d, J=2.37 Hz, 2H), 6.8 (d, 2H), 6.99
(m, 4H), 7.13 (d, 2H), 9.2 (s, 1H), 11 (s, 1H).

The slower moving isomer namely(2S)-2-{[4-(2-butynyloxy)phenyl] sulfinyl}-N-
hydroxy-2-(4-methoxyphenyl) ethanamide was isolated as a white powder. mp: 134°C;
Yield: 39 mg (10%); MS: 374.2 (M+H)"; 'H NMR (300 MHz, DMSO-d;): 5 1.85 (t,
J=2.25 Hz, 3H), 3.77 (s, 3H), 4.29 (s, 1H), 4.81 (d, J=2.4 Hz, 2H), 6.93 (d, J=8.76
Hz, 2H), 7.12 (d, J= 8.85 Hz, 2H), 7.32 (d, J=8.76 Hz, 2H), 7.48 (d, J=8.79 Hz, 2H),
8.95 (s, 1H), 10.6 (s, 1H).

Example 79
2-{[4-(2-butynyloxy)phenyl]sulfonyl}-N-hydroxy-2-(4-methoxyphenyl)

acetamide

‘Starting from 2-{[4-(2-butynyloxy)phenyl]sulfanyl }-N-hydroxy-2-(4-methoxy-
phenyl)acetamide (290 mg, 0.8 mmol), and following the procedure as outlined in
Example 75, 120 mg of 2-{[4-(2-—butynyloxy)phenyl]sulfonyl}-N—hydroxy—Z-(4—
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methoxyphenyl)aceta:ﬁide was isolated as a white powder. mp: 190 °C; Yield: 39%;
MS: 390.2 (M+H)"; 'H NMR (300 MHz, DMSO-ds): § 1.85 (t, }=2.22 Hz, 3H), 3.74
(s, 3H), 4.85 (d, =2.31 Hz, 2H), 4.94 (s, 1H), 6.86 (d, =9 Hz, 2H), 7.08 (4, }= 7.2
Hz, 2H), 7.26 (d, }=9 Hz, 2H), 7.45 (d, }=9 Hz, 2H), 9.24 (d, J=1.5 Hz, 1H), 10.9 (s,
1H).

~ Example 80
2-{[4-(2-butynyloxy)phenyl]sulfanyl}-2-(4-chlorophenyl)-N-
hydroxyacetamide

Ethyl (4-chlorophenyl){(4-hydroxyphenyl)sulfanyl] acetate was prepared according to
the general method as outlined in example 1 (step 1), starting from ethyl bromo (4-
chlorophenyl) acetate (16.5 g, 59.6 mmol) and 4-mercaptophenol (7.5 g, 59.6 mmol);
18.8 g white solid. mp: 63°C; Yield 97%; MS: 321.3 (M-H)"

Ethyl {[4-(2-butynyloxy)phenyl]sulfanyl}(4-chlorophenyl) acetate was prepared
according to the general method as outlined in example 1 (step 2), starting from ethyl
(4-chlorophenyl)[ (4-hydroxyphenyl)sulfanyl] acetate (15.37 g, 47.7 mmol) and 4-
bromo-2-butyne (4.26 ml, 48.7 mmol); 12.57 g yellow oil. Yield 69%; MS(EI): 374
(M+H)" _

{[4-(2-butynyloxy)phenyl]sulfanyl}(4-chlorophenyl) acetic acid was prepared
according to the general method as outlined in example 1 (step 5), starting from
ethyl{ [4-(2-butynyloxy)phenyl]sulfanyl } (4-chlorophenyl) acetate (3.91 g, 10.5 mmol);
2.63 g yellow oil. Yield 72%; MS: 345.2 (M-H)

Starting from {[4-(2-butynyloxy)phenyl}jsulfanyl }(4-chlorophenyl) acetic acid (2.43 g,
7.02 mmol), and following the procedure as outlined in Example 1 (step 6), 65 mg of
2-{[4-(2-butynyloxy)phenyl]sulfanyl }-2-(4-chlorophenyl)-N-hydroxyacetamide was
isolated as a white powder. mp: 152°C; Yield: 3%; MS: 362.2 (M+H)"; '"HNMR
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(300 MHz, DMSO-dg): 6 1.82 (t, J=2.31 Hz, 3H), 4.72 (m, 3H), 6.89 (d, 2H), 7.26 (d,

' 2H), 7.4 (m, 4H), 9.1 (s, 1H), 10.9 (s, 1H).

Example 81
2-{|4-(2-butynyloxy)phenyl] sulfinyl}-2-(4-chlorophenyl) N-hydroxyacetamide

Starting from 2-{[4-(2-butynyloxy)phenyl]sulfanyl }-2-(4-chlorophenyl)-N-hydroxy-
acetamide (prepared frbm example 80) (1.35 g, 3.74 mmol), and following the
procedure as outlined in Example 7, 70 mg of 2-{[4-(2-butynyloxy)phenyl]sulfinyl}-2-
(4-chlorophenyl) N-hydroxyacetamide was isolated as a white powder. This compound

- was tested as the mixture of diastereo isomers. Mp: 92 °C; Yield: 5%; MS: 378

(M+H)"; "H NMR (300 MHz, DMSO-d¢): & 1.83 (t, }=2.25 Hz, 3H), 4.43 (s, 1H),
4.77 (d, 3=2.37 Hz, 2H), 6.98 (d, 2H), 7.09 (d, 2H), 7.19 (d, 2H), 7.34 (d, 2H), 9.32
(s, 1H), 11 (s, 1H). ' '

- Example 82

_ 2—{[4-_-(2-but-ynyloxy)phenyl]sulfonyl}-z-(4-.chlorophenyl)—N—hydroxyacetamide

Starting from a mixture of 2-{[4-(2-butynyloxy)phenyl] sulfanyl}-2-(4-chloro-
phenyl)-N-hydroxyacetamide (from example 80) and 2-{[4-(2-butynyloxy)phenyl]-
sulfinyl}-2-(4-chlorophenyl) N-hydroxyacetamide (750 mg, 1.99 mmol), and following
the procedure as outlined in Example 75, 228 mg of 2-{[4-(2-butynyloxy)phenyl]-
sulfonyl}-2-(4-chlorophenyl)-N-hydroxyacetamide was isolated as a white solid. mp:
140 °C; Yield: 29%; MS: 394.2 (M+H)"; '"H NMR (300 MHz, DMSO-d¢): 8 1.85 (t,
J=2.19 Hz, 3H), 4.86 (d, J=2.28 Hz, 2H), 5.05 (s, 1H), 7.1 (d, 2H), 7.4 (m, 4H), 7.5
(d, 2H), 9.33 (s, 1H), 10.8 (s, 1H).
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Example 83
2-{[4-(2-butynyloxy)phenyl]sulfanyl}-2-(3-chlorophenyl)-N-hydroxyacetamide

Step-1: Ethyl (3-chlorophenyl)[(4-hydroxyphenyl)sulfanyl] acetate ‘was prepared
according to the general method as outlined in example 1 (step 1), starting from ethyl
bromo (3-chlorophenyl) acetate (6 16 g, 16.5 mmol) and 4-mercaptophenol (2.08 g,
16.5 mmol); 4.36 g clear oil. Yield 82%; MS: 321 (M-HY

Step 2: Ethyl {|4-2-butynyloxy)phenyTjsulfany1}(3~chlorophenyl) acetate

The ethyl (3-chlorophenyl)[(4-hydroxyphenyl)sulfanyl] acetate (4.2 g, 13 mmol) was

stirred with THF (100 ml) in a dried two-necked ﬂask under inert conditions. The 2-

butyn-1-ol (0.97 ml, 13 mmol) and 1,1’(azodicarbonyl) dipiperidine-(3.94 g 15.6

mmol). Tributylphosphine (3.90 ml, 15.6 mmol) was added dropwise at 0 °C. The

reaction mixture was allowed to stir at room temperature under nitrogen for 2 hours
before it was concentrated. The residue was triturated with ether and the filtrate was -
concentrated, Ethyl {[4—(i-butynyldxy)phenyl]sulfanyl}(3-chloro_phenyl) acetate was
isolated as a yellow oil (4.08 g) after silica-gel column chromatography, using
methylene chloride as the mobiie phase. Yield 84%; MS(EI): 375 (M+H)*

{[4-(2-butynyloxy)phenylJsulfanyl }(3-chlorophenyl) acetic acid was prepared
according to :the general me_thbd as outlined. in example 1 (step 5),.starting from
éthyl{ [4—(2-butyhyloxy)phenyl]sulfany_l}(3-§hlorophenyl) acetate (4.08 g, 10.9 mmol);
2.04 g off white powder. mp: 64°C Yield 54%; MS: 691.4 (2M-H)

Starting from {[4-(2-butynyloxy)phenyl]sulfanyl}(3-chlorophenyl) acetic acid (1.86 g,
5.37 mmol), and following the procedure as outlined in Example 1 (step 6), 130 mg of
2-{[4—(2-butynyloxy)phenyl]Sulfanyl}-24(3-&ldroph'enyl)-N-hydroxyacetamide was
isolated as a white powder. mp: 127°C; Yield: 7%; MS: 362.1 (M+H)+; 'H NMR
(300 MHz, DMSO-dq): 5 1.82 (t, 7=2.31 Hz, 3H), 4.72 (m, 3H), 6.91 (d, 2H), 7.26 (4,
2H), 7.34 (m, 3H), 7.48 (s, 1H), 9.1 (s, 1H), 10.9 (s, 1H).
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Example 84
2-{[4-(2-butynyloxy)phenyl]sulfonyl}-2-(3-chlorophenyl)-N-hydroxyacetamide

Starting from a mixture of 2-{[4-(2-butynyloxy)phenyl]sulfanyl}-2-(3-chloro-
phenyl)-N—hydroxyacetanude and 2{[4-(2-butynyloxy)phenyl]sulﬁny]}-2 (3-chloro-
phenyl) N-hydroxyacetatmde (210 mg, 0.56 mmol) and following the procedure as
outlined in Example 75, 60 mg of 2-{[4—(2-butynyloxy)phenyl]sulfonyl} 2-(3-chloro-
phenyl)-N-hydroxyacetamide was isolated as a white powder. mp: 50 °C; Yield: 27%;
MS: 394.1 (M+H)"; 'H NMR (300 MHz, DMSO-ds): & 1.84 (t, J=2.22 Hz, 3H), 4.86

~ (d, 7231 Hz, 2H), 5.06 (s 1H), 712(d J=8.97 Hz, 2H), 719—739(band 2H),748

(m, 4H), 933 (d, J=1.2 Hz, 1H), 10.9 (s, 1HD).

Example 85
2-(4-bromophenyl)—2- {[4-(2—butynyloxy)phenyl]sulfanyl}-N-hydroxyacetamlde

.' Ethyl (4-bromophenyl)[(4-hYdroxyphéhy1)§u]fanyl] acetate was prepared according to

the géneral method as Qutlinéd in example 1 (Stéi) 1), 's'taxt'ing from ethyl bromo (4-

" bromophenyl) acetate (15 g, 45.6 mmol) and 4-mercaptophenol (5.75 g, 45.6 mmol);

15.39 g white solid. mp: 55.6 °C; Yield 92%; MS: 365.1 (M-Hy

Ethy! (4-bromophenyl) {[4—(2-butynyloxy)phenyl]sulfanyl}acetate was prepared
according to the general method as outlmed in example 83 (step 2), starting from ethyl

' (4-bromophenyl)[(4-hydroxyphenyl)sulfanyl} acetate (13.57 g, 36.9 mmol) and 2-

butyn-1-ol (2.77 ml, 36.9 mmol); 9.05 g clear oil. Yield 59%; MS(EI): 420.8 (M+H)"

(4-bromophenyl) {[4—(2;butynyloxy)phenyl]_sulfanyl} acetic acid was prepared
according to the general method .as_ outlined in example 1 (step 5), starting from ethyl
(4-bromophenyl){ t4-(2-butynyloxy)phenyl]sulfahyl} acetate (1.2 g, 2.86 mmol); 860
mg brown oil. Yield 77_%; MS: 389.2 (M-H)
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Starting from (4-bromoi)henyl){[4-(2-butynyloxy)phenyl] sulfanyl} acetic acid (790

mg, 2.02 mmol), and following the procedure as outlined in Example 1 (step 6), 61 mg

of 2-(4-bromophenyl)-2-'{ [4-(2-butynyloxy)phenyl]sulfanyl }-N-hydroxyacetamide was
isolated as a white solid. mp: 153°C; Yield: 24%; MS: 408 (M+H)"; "H NMR (300
MHz, DMSO-d): § 1.82 (t, }=2.28 Hz, 3H), 4.68 (s, 1H), 4.71 (g, 2H), 6.89 (d, 2H),
7.25 (4, 2H), 7.36 (d, 2H), 7.51 (d, 2H), 9.07 (s, 1H), 10.8 (s, 1H).

Example 86

(2S)-2-(4-bromephenyl)-2-{[4-(2-butynyloxy)phenyl] sulfinyl}- N-
- hydroxyacetamide
&

Example 87

(2R)-2-(4-bromophenyl)-2-{[4-(2-butynyloxy)phenyl] sulfinyl}- N-
hydroxyacetamide

~ Starting from 2-(4-bromophenyl)-2-{[4-(2-butynyloxy) phenyl] sulfanyl }-N-hydroxy-

acetamide (from example 85) (1.54 g, 3.7 mmol), and following the procedure as
outlined in Example 7 the two diastereo isomers were isolated. The two diastereo.
isomers were separated by silica-gel column chromatography by eluting it with 50%
ethyl acetate ; hexane. The faster moving isomer, namely (2S)-2-(4-bromophenyl)-2-
{[4-(2-butynyloxy) phenyl] sulfinyl}-2-N-hydroxyacetamide was isolated as a white
solid. mp: 167 °C; Yield: 170 mg (11%); MS: 424 (M+H)"; 'H NMR (300 MHz,
DMSO-ds): 3 1.85 (t, J=2.22 Hz, 3H), 4.39 (s, 1H), 4.82 (d, J=2.34 Hz, 2H), 7.1 (d,
2H), 7.3 (d, 2H), 7.5 (d, 2H), 7.56 (d, 2H), 9.07 (s, 1H), 10.7 (s, IH).

The slow moving isomer namely, (2R)-2-(4-bromophenyl)-2-{[4-(2-butynyloxy)
phenyl] sulfinyl}-2-N-hydroxyacetamide was isolated as an off white solid. mp: 93 °C;
Yield: 20 mg, (1.3%); MS: 423.9 (M+H)"; 'H NMR (300 MHz, DMSO-ds): & 1.83

(t, 1=2.13 Hz, 3H), 4.42 (s, 1H), 4.77 (d, J=2.28 Hz, 2H), 7.0 (m, 4H), 7.2 (d, 2H),

7.5 (d, 2H), 9.33 (s, 1H), 10.9 (s, 1H).



WO 00/44713 - PCT/US00/02078

10

15

20

25

30

-72-

Example 88.
2~(4-bromophenyl)-2-{[4-(2-butynyloxy)phenyl]sulfonyl}-N-hydroxyacetamide

Startihg from a inixture_ of 2-(4-bromopheny1)_-2-{[4-(2-butynyloxy)phenyl]-

 sulfanyl}-N-hydroxyacetamide and 2-(4-bromophenyl)-2-{[4-(2-butynyloxy)phenyl]-

sulﬁﬂyl}-Z-N—hydroiyapetamide (142 g 3.4 mniol), and following the procedure as
outlined in Ekémple 75, 610 mg of 2-(4-bromophenyl)-2-{[4-(2-butynyldxy) phenyl]
sulfonj]}-N-hydroxyacetémide was isolated as a white solid. mp: 187 °C; Yield: 41%;
MS: 440 (M+H)"; 'H NMR (300 MHz, DMSO-dg):  1.85 (t, J=2.22 Hz, 3H), 4.86
(d, J=2.31 Hz, 2H), 5.03 (s, 1H), 7.11 (d, 2H), 7.31 (d, 2H), 7.47 (d, 2H), 7.55 (4,
2H), 932 (s, 1H), 109 (s, 1H). |

_ ~ Example 89
2{[{4-(2-butynyloxy)phenyl]sulfanyl}-N-hydroxy-2-[4-(2-
thienyl)phenyl]ace'tamide:

* Step 1: Ethyl [4-(2-thienyl)phenyl] acetate
- Nitrogen was bubbled through a mixture of 2-tributylstannyl thiophene (15.68 ml, 49.4
* mmol) and ethyl(4-bromophenyl)acetate (6 g, 24.7 mmol) in toluene (250 ml) before

0.5 g of tetrakis (triphenylphosphine) palladium (0) was added. The mixture was
heated at reflux under nitrogen for 4 hours before it was filtered through magnesol and
concentrated. The residue was purified using silica-gel colﬁ_mn chromatography by
eluting it with 20% ethyl acetate: hexane solution. Ethyl [4-(2-thienyl)phen);l] acetate
was isolated as a yellow oil (4.15 g). Yield 68%; MS: 247.5 (M+H)"

Step 2: Ethyl bromo [4-(2-thienyl)phenyl] acetate

To a solution of ethyl [4-(2-thienyl)phenyl] acetate (4.1, 16.6 mmol) in carbon
tetrachloride (150 ml) benzoyl peroxide (0.5 g) and N-bromosuccimide (3.26 g, 18.3
mmol) was added. The mixture was heated at reflux under nitrogen for 3 hours before
it was filtered and concentrated. The residue was extracted in chloroform and washed

with water. The organic layer was dried over Na,SO,, filtered and concentrated. The
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residue was purified using silica-gel column chromatography by eluting it with 15%
ethyl acetate: hexane solution.  Ethyl bromo [4-(2-thienyl)phenyl] acetate was
isolated as a low melting white solid (2.19 g). Yield 40%; MS(EI): 325.2 (M+H)"

Ethyl [(4-hydroxyphenyl)sulfanyl][4-(2-thienyl)phenyl] acetate was prepared according
to the general method as outlined in example 1 (step 1), starting from ethyl bromo [4-
(2-thienyl)phenyl] acetate (2 g, 6.15 mmol) and 4-mercaptophenol (0.82 g, 6.5 mmol);
1.68 g white solid. mp: 103 °C; Yield 73%; MS: 369.1 (M-H)

Ethyl {[4-(2-butynyloxy)phenyl]sulfanyl}[4-(2-thienyl)phenyl] acetate was prepared
according to the general method as outlined in example 83 (step 2), starting from
ethyl [(4-hydroxyphenyl)sulfanyl][4-(2-thienyl)phenyl] acetate (1.6 g, 4.3 mmol) and
2-butyn-1-ol (0.33 ml, 4.32 mmol); 1.34 g yellow oil. Yield 74%; MS(EI): 421.71
(M+H)"

{[4-(2-butynyloxy)phenyl]sulfanyl} [4-(2-thienyl)phenyl] acetic acid was prepared
according to the general method as outlined in example 1 (step 5), starting from ethyl
{[4-(2-butynyloxy)phenyl]sulfanyl } [4-(2-thienyl)phenyl] acetate (1.34 g, 3.17 mmol);
1.07 g white solid. mp: 137°C Yield 85%; MS: 439.1 (M+FA-H)

Starting from {[4-(2-butynyloxy)phenyl]sulfanyl }[4-(2-thienyl) phenyl] acetic acid
(840 mg, 2.13 mmol), and following the procedure as outlined in Example 1 (step 6),
1.052 g of 2{[4-(2-butynyloxy)phenyl]sulfanyl}-N-hydroxy-2-[4-(2-thienyl)phenyl]
acetamide was isolated as a white solid. mp: 182°C; Yield: 99 %; MS: 410 (M+H)";
"HNMR (300 MHz, DMSO-ds): & 1.81 (t, J=2.31 Hz, 3H), 4.71 (m, 3H), 6.9 (d, 2H),
7.13 (m, 1H), 7.28 (d, 2H), 7.44-7.62 (band, 6H), 9.07 (s, 1H), 10.8 (s, 1H).
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- Example 90
(2R)-2-{[4-(2-butynyloxy)phenyl] sulfinyl}- N-hydroxy-z-[4-(2-th|enyl)phenyl]

ethanamide

Starting from 2{ [4-(2-butynyloxy)phenyl]sulfanyl}-N—hy_droxy—Z-[4-(2-thienyl)phenyl]
acetamide (1 g, 2.13 mmol), and following the procedure as outlined in Example 7,
160 mg of (2R)-2-{[4-(2-butynyloxy) phenyl] sulfinyl}-N-hydroxy-2-[4-(2-
thienyl)phenyl]ethanamide was isolated as an off white solid. mp: 158 °C; Yield: 18%;
MS: 425.9 (M+H)"; 'H NMR (300 MHz, DMSO-d¢): 5 1.79 (t, J=2.1 Hz, 3H), 4.43
(s, 1H), 4.75 (d, =2.31 Hz, 2H), 6.98 (d, J=8.85 Hz, 2H), 7.12 (m, 3H) 722(d |

- ¥=8.79 Hz, 2H), 7.54 (m, 4H), 931 (d, 1H), 11 (s, 1H).

Example 91
2-{[4-(2-butynyloxy)phenyl}sulfonyl}-N-hydroxy-2-[4-(2-
thienyl)phenyl]acetamide

Starting from a mixture of 2{[4-(2-butynyloxy)phenyi]sulfanyl}-N-hydroxy-2-
[4-(2-thienyl)phenyl] acetainide and 2-{[4-(2-butynyloxy) phenyl] sulfinyl}-N-
hydroxy-2-{4-(2-thienyl)phenylJethanamide (410 mg, 0.96 mmol), and following the
procedure as outlined in Example 75, 110 mg of 2—{[4—(2-Butynyloxy) phenyl)
sulfonyl}-N-hydroxy-2-[4-(2-thienyl)phenyljacetamide was isolated as a gray solid.

mp: 175 °C; Yield: 26%; MS: 4422 (M+H)"; 'H NMR (300 MHz, DMSO-d¢): 5

1.83 (t, 3H), 4.85 (d, J=2.01 Hz, 2H), 5.04 (s, 1H), 7.11 (m, 4H), 739(d,2H) 7.49-
7.63 (band, 5H), 9.30 (s, 1H), 10.9 (s, 1H).

Example 92
- 2~{[4-(2-Butynyloxy)phenyl]sulfanyl}-N-hydroxy-2-(1-napthyl)acetamide

_ Ethy][(4-hydroxyphenyl)sulfanyl](l-napthyl)acetate was prepared according to
the general method as outlined in Example 1 (Step 1). Starting from ethyl bromo(1-
napthyl)acetate (11.0 g, 38 mmol) and 4-mercaptophenol (4.8 g, 38 mmol), 8.14 g of
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ethyl[(4-hydroxyphen91)sulfanyl](l -napthyl)acetate was isolated. Yield (64%); amber
oil; MS 337.1 (M-H)

{[4-(2-Butynloxy)phenyi]sulfanyl } (1-napthyl)acetate was prepared according
to the general method as outlined in Example 1 (Step 2). Starting from ethyl(4-
hydroxyphenyl)mﬂfanyl](l-napthyl)acetate (7.74 g, 23 mmol) and 1-bromo-2-butyne
(3.4 g, 25 mmol) 7.64 g of product was isolated. Yield (85%); amber oil; MS 390.5
(M+H)

{[4-(2-Butynloxy)phenyl}sulfanyl}(1-napthyl)acetic acid was prepared
according to the general method as outlined in Example 1 (Step 5). Starting from {[4-
(2-Butynloxy)phenyl]sulfanyl }(1-napthyl)acetate (7.64 g, 19.6 mmol) 4.92 g of
product was isolated. Yield (69%); white solid, mp 98.7 °C; MS 722.8 (2M-H)

Starting from {[4-(2-Butynloxy)phenyl]sulfanyl}(1-napthyl)acetic acid (4.69 g,
12.95 mmol) and following the prdcedure as outlined in Example 1 (Step 6), 2.95g of
2-{[4-(2-Butynyloxy)phenyl]sulfanyl }-N-hydroxy-2-(1-napthyl)acetamide was isolated -
as a white solid, mp 139.6 °C; MS 378.1 (M+H)"; *H NMR (300 MHz, DMSO-d; ):
51.87 (t, 3H), 4.62 (m, 2H), (s, 1H), 6.87 (d, J=10 Hz, 2H), 7.37 (d, J=8 Hz, 2H),
7.46 (bm, 4H), 7.80 (d, J=3 Hz, 1H), (d, J=4 Hz), 8.03 (d, J=8 Hz, 2H), 9.2 (s, 1H)

Example 93
- 2~{[4-(2-Butynyloxy)phenyl]sulfinyl}-N-hydroxy-2-(1-napthyl)acetamide

Starting from 2-{[4-(2-butynyloxy)phenyl]sulfanyl}-N-hydroxy-2-(1-napthyl)-
acetamide (1.95 g, 5.2 mmol) and following the procedure as outlined in Example 7,
0.19 g of 2-{[4-(2-butynyloxy)phenylJsulfinyl}-N-hydroxy-2-(1-napthyl)acetamide)
was isolated as a white solid, mp 159.4 °C; MS 394.1 (M+H)"; 'H NMR (300 MHz,
DMSO-dg ): 81.55 (t, 3H), 4.60 (m, 2H), 5.51 (s, 1H), 6.72 (4, J=11.7 Hz, 2H) 7.24
(2H), 7.37 (m, 3H), 7.77 (m, 3H), 8.19 (s, 1H), 10.68 (s, 1H).
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Example 94
2-{[4-(2-Butynyloxy)phenyl}sulfonyl}-N-hydroxy-2-(1-napthyl)acetamide

Starting from 2-{[4-(2-butynyloxy)phenyl]sulfanyl}-N—hydroxy—Z—(l-napthyl)—
acetamide (.6 g, 15.9 mmol) and following the procedu_ré as outlined in Example 75,
162 g of 2-{[4-(2-butynyloxy)phenyl]sulfonyl}-N-hydroxy-2-(1-napthyl)acetamide)
was isolated as a white solid, mp 213.3 °C; MS 410.0 m+m+; 'H NMR (300 MHz,
DMSO-d; ): 51.84 (t, 3H), 4.81 (d, J=2.3 Hz, 1H), 6.00 (s, 1H), 7.0 (d, J=9 Hz, 2H),
7.45 (d, J=11 Hz, 2H), 7.51 (m, 2H), 7.95 (m, 2H), 8.01 (d, J=17 Hz, 2H), 9.28 (s,
1H), 11.0(s, 1H) '

_ - Example 95
2-{|4-(2-Butynyloxy)phenyl]sulfanyl}-2-(4-fluorophenyl)-N-hydroxy-2-(1-
napthyl)acetamide

. Ethyl[(4-ﬂuorophenyl)[(4-hydroxyphenyl)slﬂfanyl]acetate was prepa_red
according to the general method as outlined in Example 1 (Step 1). Starting from ethyl

_ bromo(4-fluorophenyl)acetate (7.2 g, 28 mmol) and 4-mercaptophenol (3.8 g,30
~ mmol), 7.08 g of product was isolated. Yield (82.6%); amber oil; MS 305.3 (M-H)

Ethyl{ [4—(2-butynyloxy)phenyl]sulfanyl}(4-ﬂuorophenyl)acetate was prepared
according to the general method as outlined in Example 1 (Step 2). Starting from

. ethyl[(4-fluorophenyl){(4-hydroxyphenyl)sulfanyljacetate (7.05 g, 23 mmol) and 1-

bromo-2-butyne (4.02g, 30 mmol), 6.82 g of pmducf was isolated. Yield (83%);
amber oil; MS 358.0 (M-H)"

'Ethyl{[4—(2—butynyloxy)phenyl] sﬁlfanyl} (4-fluorophenyl) ac.etic acid was
prepared' according to the general method Ias_o'u'tlined in Example 1 (Step 5). Starting
from ethy_l[(4-ﬂuorophenyl)_[(4-hydroxyphcnyl)sulfanyl]acetatg (4.73 g, 13 mmol)3.26

g of product was isolated. Yield (75%); amber gum; MS 329.3 (M-H)
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Starting from ethjrl{[4-(2-butynyloxy)phenyl]sulfanyl}(4-ﬂuorophenyl) acetic
acid (3.0 g, 9.1 mmol) and following the procedure as outlined in Example 1 (Step 6),
.295g of 2-{ [4-(2-butynyioxy)phenyl]sulfanyl}-2—(4—ﬂuorophenyl)-N—
hydroxyacetamide was isolated from the reaction mixture as a white solid, mp
105.7°C; MS 346.1 (M+H)"; 'H NMR (300 MHz, DMSO-ds ): §1.82 (t, 3H), 4.70-
4.72 (m, 3H), 6.00 (s, 1H), 6.19-6.91 (d, J=6.9 Hz, 2H), 7.15-7.21 (d, J=17 Hz, 2H),
7.24-7.27 (d, J=8.7 Hz, 2H), 7.4 (m, 2H), 9.08 (s, 1H), 10.78 (s, 1H)

Starting from of 2-{[4-(2-butynyloxy)phenyl]sulfanyl}-2-(4-fluorophenyl)- N-
hydroxyacetamide (1.29 g, 3.3 mmol) and following the procedure as outlined in
Example 7 0.086g was isolated as a white solid, mp 91.1°C; The major diastereo
isomer was isolated. MS 362.3 (M+H)"; "H NMR (300 Mz, DMSO-d¢ ): 51.83 (t,
3H), 4.41 (5, 1H), 4.76-4.77 (d, J=3 Hz, 2H), 6.97-7.01 (d, J=9.9 Hz, 2H), 7.07-7.10
(dd, J=8.9 Hz, 4H), 7.16-7.19 (d, J=8.8 HZ, 2H) 9.3 (s, 1H) 10.98 (s, 1H).

Example 97
Preparatlon of 2-{[4-(2-butynyloxy)phenyl]sulfonyl}-z-(4-ﬂuorophenyl)- N-
hydroxyacetamide

Starting from of 2-{[4-(2-butynyloxy.)phenyl] sulfanyl}-2-(4-ﬂuorophenyl)-N-hydroxy-
acetamide (1.29 g, 3.3 mmol) and following the procedure as outlined in Example 75,
0.106g was isolated as a white solid, mp 160.1°C; MS 378.2 (M+H)"; 'H NMR (300
MHz, DMSO-d; ): 51.84 (t, 3H), 4.85-4.86 (d, J=2.4 Hz, 2H), 5.04; (s, H), 7.08-
7.11 (d, J=9.0 Hz, 2H), 7.16-7.19 (t, J=9.0 Hz, 2H) 7.38-7.40 (dJ—S 4 Hz, 2H) 7.45-
7.47 (d, J=6.9 Hz, 2H), 9.3 (s, 1H), 10. 90(s 1H).

Example 98
2-(2-methoxyphenyl)-z-{[4-(2-butynyloxy)phenyl]su_lfanyl}-N-hydroxyacetamide

Ethyl (2-methoxyphenyl)[(4-hydroxyphenyl)sulfanyl] acetate was prepared according
to the general method as outlined in example 1 (step 1), starting from ethyl bromo (2-
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. methoxyphenyl) acetate (24 g, 87.5 mmol) and 4-mercaptophenol (11.0 g, 87.5 mmol),

24.9 g amber colored oil. Yield 89%; MS: 320 (M+H)"

Ethyl (2-methoxyphenyl) {[4-(2-butynyloxy)phenyl}sulfanyl}acetate was prepared -
according to the general method as outlined in example 1 (step 2), starting from ethyl

~ (2-methoxyphenyl)[(4-hydroxyphenyl)sulfanyl] acetate (3.2 g, 10 mmol) and 1-bromo-

2-butyne (1.5 g, 11.2 mmol); 3.2 g clear oil. Yield 87%; MS(EI): 371 (M+H)"

(2-methoxyphenyl) {[4-(2-butynyloxy)phenyl]sulfanyl} acetic acid was brepared-
according to the general method as outlined in example 1 (step 5), starting from ethyl
(2-methoxyphenyl){[4-(2-buty1iyloxy)phenjl]su]fanyl} acetate (3.1 g, 8.3 mmol); 2.7g

~ of white solid was isolated. Yield 93%; MS: 341.4 (M-H)"

Starting from (2-methoxyphenyl){[4-(2-butynyloxy)phenyl]sulfanyl} acetic acid (2.6 g,
7.6 mmol), and following the procedure as outlined in Example 1 (step 6), 2.6 g of 2-
(2-methoxyphenyl)-2-{[4-(2-butynyloxy)phenyl]sulfanyl}-N-hydroxyacetamide was -
isolated as a white solid. mp: 172-173°C; Yield: 97%; MS: 358.4 (M+H)"; 'H NMR
(300 MHz, DMSO-dq): 5 1.85 (s,3H), 3.80 (5,3H), 4.72 (5, 2H), 5.12 (s; 1H), 6.62
(m, 4H), 7.3- 7.5 (m, 4H), 9.3 (bs, 1H).

_ Example 99
2~(2-methoxyphenyl)-2-{[4-(2-butynyloxy)phenyl]sulfinyl}-N-hydroxyacetamide

Starﬁng from of 2-{[4~(2-butynyloxy)phenyl]sulfanyl}-2-(2-methoxyphenyl)-
N-hydroxyacetamide (3.0 g, 8.37 mmol) and following the procedure as outlined in
Example 7 2.75 g of 2-(2-methoxyphenyl)-2-{[4-(2-butynyloxy)phenyl]sulfinyl }-N-
hydroxyacetamide was isolated as a white solid, mp 167.8°C; (Only the major diastereo
isomer was isolated. MS 374 (M+H)"; 'H NMR (300 MHz, DMSO-d; ): 51.83 G,

-3H), 3.32(s, 3H), 4.41 (s, 2H), 5.2 (s, 1H), 6.31 (d, 1H), 6.44 (m, 3H), 7.22-7.40 (m,

3H), 7.81 (d, 1H), 8.62 (s, 1H) 10.41 (s, 1H).
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- Example 100
2-{[4~(2-butynyloxy)phenyl]sulfanyl}-N-hydroxy-2-(4-ethoxyphenyl) acetamide

Methyl [(4-hydroxyphenyl)suifanyl}(4-ethoxyphenyl) acetate

Methyl bromo (4-ethoxyphenyl) acetate (7.6 g, 27.8 mmol) was added to a stirring
solution of triethyl amine (30 ml), sodium sulfite(3.0 g, 23.8 mmol), and 4-mercapto-
phenol (3.5 g, 27.8 mmol) in methanol (200 ml). The mixture was stirred overnight
before it was concentrated and the residue was extracted in ethyl acetate and washed
with water. The organic layer was dried over Na,SO,, filtered and concentrated. The
compound was isolated using silica-gel column chromatography by eluting it with 20%
ethyl acetate: hexane solution. Methyl [(4-hydroxyphenyl)sulfanyl](4-ethoxyphenyl)
acetate was isolated as a crude product (7.76 g, 24.4 mmol). Yield 88%. MS: 317.1

- (M-HY

Methyl  {[4-(2-butynyloxy)phenyl]sulfanyl}(4-ethoxyphenyl) acetate was
prepared according to the general method as outlined in example 1 (step 2). Starting
from ethyl [(4-hydroxyphenyl)sulfanyl}(4-methoxyphenyl) acetate (7.76 g, 24.4 mmol)
and 1-bromo-2-butyne (3.26 g, 24.4 mmol), '8.65 g of methyl {[4-(2-butynyloxy)
phenyl] sulfanyl}(4-ethoxyphenyl) acetate. Yellow oil. Yield 95%; MS(EI): 369.72
™~y |

{[4-(2-butynyloxy)phenyl]sulfanyl} (4-ethoxyphenyl) acetic acid was prepared
according to the general method as outlined in example 1 (step 5), starting from ethyl
{[4-(2-butynyloxy)phenyl]sulfanyl } (4-ethoxyphenyl) acetate (8.55g, 23 mmol); 7.86 g.
Yield 96%; MS: 355.1(M-H) - '

Starting from {[4-(2-butynyloxy)phenyl}sulfanyl} (4-ethoxyphemyl) acetic acid
(7.61 g, 20.6 mmol), and following the procedure as outlined in Example 1 (step 6),
2.904g of 2-{[4-(2-butynyloxy)phenyl]sulfanyl}-N-hydroxy-2-(4-ethoxyphenyl)
acetamide was isolated. Yield: 38%; MS: 372.2 (M+H)" 'H NMR (300 MHz, DMSO-
de): 3 1.25 (t, 1=2.22 Hz, 3H), 1.80 (s, 3H), 4.00 (q, ]=2.22 Hz, 3H), 4.60 (s, 1H),
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4.65 (s, 2H), 6.80 (d, J=9 Hz, 2H), 6.90 (d, J=9 Hz, 2H), 7.20 (d, J=9 Hz, 2H), 7.35
(d, J=9 Hz, 2H), 9.00 (s, 1H), 10.8 (s, 1H). '

~ Example 101
2-{[4—(_2-Butynyloxy)phenjl] sulfinyl}-N-hydroxy-2-(4-ethoxyphenyl) acetamide

Starting from 2-{[4-(2-butynyloxj)phenyl]sulfanyl}—N—hydroxy—Z—(4—ethoxy—

phenyhacetamide (808 mg, 2.27 mmol) and following the procedure as outlined in

Example 7, 640 mg of 2-{[4-(2-Butynyloxy)phenyl]sulfinyl}-N-hydroxy-2-(4-ethoxy-
phenylacetamide was isolated as a brown powder. Yield: 73%; MS: 388.2 (M+H)".
Mp: 192-193.

Example 102
2-{|4-(2-butynyloxy)phenyljsulfonyl}-2-(4-chlorophenyl)-N-hydroxyacetamide

2-{[4-(2-butynyloxy)phenyl]sulfonyl}-2-(4-chlorophenyl)-N-hydroxyacetamide . was
-prepared by Starting from 2-{[4-(2-butynyloxy)phenyl]sulfanyl}-N-hydroxy-2-(4-
.ethoxyphenyl) acetamide (808 mg, 2.27 mmol), and following the procedure as -

outlined in Example 75, 1.1g of 2-{[4-(2;butynyloxy)ph¢nyl]sulfonyl}-2-(4-chloro-
phenyl)-N-hydroxyacetamide was isolated as a white solid. MS: 404.2 (M+H)", Mp:
138-140 '

Example 103
2-{[4-(2-Butynyloxy)phenyl]sulfanyl}-N-hydroxy-2-(3-bromophenyl) acetamide

Methyl [(4-hydroxyphenyl)sulfanyl](3-bromophenyl) acetate
Methyl bromo (3-bromophenyl) acetate (7.2 g, 23.3 mmol) was added to. a stirring
solution of triethyl amine (30 ml), sodium sulfite(3.0 g, 23.8 mmol), and 4-
mercaptophenol (2.94 g, 23.3 mmol) in methanol (200 ml). The mixture was stirred
overnight before it was qoncentrated and the residue was extracted in ethyl acetate and

washed with water. The organic layer was dried over Na,SO, filtered and
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concentrated. The compound was 1solated using snhca-ge] column chromatography by
eluting it with 20% ethyl acetate: hexane solution. - Methyl [(4-hydroxyphenyl)-
sulfanyl](3-bromophenyl) acetate was isolated as a crude product (8.64 g). MS: 353.0

(M-H)

Starting from ethyl [(4-hydroxyphenyl)sulfanyt)(4-methoxyphenyl) acetate (8.0
g crude, 22.7 mmol) and 1-bromo-2-butyne (3.04 g, 22.7 mmol) and following the
procedure as oﬁtlined-in example 1 (step 2), 4.91 g of methyl {[4-(2-butynyloxy)-
phenyl]sulfanyl} (3-bromophenyl) acetate was isolated as yellow oil. Yield 52%; MS:
405.6 (M+H)"

Starting from ethyl {[4-(2-butynyloxy)phenyl]sulfanyl}(3-bromophenyl) acetate
(4.04 g, 10 mmol) and following the procedure as outlined in example 1(step 5), 3.83
gof {[4-(2-butynyloxy)phenyl]sulfanyl}(3-bromophenyl) acetic acid was isolated as a
semi-solid. Yield 98%; MS: 389.0 (M-H)"

Starting from {[4-(2-butynyloxy)phenyl]sulfanyl}(3-bromophenyl) acetic acid
(3.83 g, 9.8 mmol), and following the procedure as outlined in Example 1 (step 6),
1.675 g of 2-{[4-(2-butynyloxy)phenyl]sulfanyl}-N-hydroxy-2-(3-bromophenyl)
acetamide was isolated. Yield: 42%; MS: 408.0 (M+H)" "H NMR (300 MHz, DMSO-
ds): 6 1.60 (m, 3H), 2.26 (s, 3H), 4.45 (s, 1H), 4.47 (m, 2H), 6.66 (d, J=9 Hz, 2H),
7.03 (d, J=9 Hz, 2H), 7.06-7.38(m, 5H), 8.87 (s, 1H), 10.41 (s, 1H).

. Example 104

(2R)-2-{[4—(2-butynyloxy)phenyl] sulfinyl}-N-hydroxy-2-(3-
bromophenyl)acetamide

&
Example 105

(25)-2-{[4-(2-butynyloxy)phenyl} sulﬁnyl}-N-hydroxy-Z-(S—
bromophenyl)acetamide

Starting from 2-{[4-(2-butynyloxy)phenyl]sulfanyl}-N-hydroxy-2-(3-bromo-
phenyl) acetamide (470 mg, 1.2 mmol), and following the procedure as outlined in
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Example 7, the sulfide was oxidised to sulfoxide. The mixture of two diastereoisomers
were separated by silica-gel column chromatography by. eluting it with 50% ethyl
acetate; hexane. The faster moving isomer, namely (2R)-2-{[4-(2-butynyloxy)-
phenyl]sulfinyl }-N-hydroxy-2-(3-bromophenyl) acetamide was isolated as a brown
powder. Yield: 230 mg, (47%); MS: 423.9 (M+H)"

The slower moving isomer namely, (2S)-2-{ [4-(2-butynyioxy)phenyl]sulfmyl}-
N-hydroxy-2-(3-bromophenyl) acetamide was isolated as a brown powder. Yield: 100
mg (20%); MS: 423.9 (M+H)" ' '

Example 106
2-{[4—(2—Butynyloxy)phenyl]sulfonyl}-2-(3-bromophenyl)—N-hydroxyacetamide

Starting from 2—{[4-(2—butynyloxy)phenyl]sulfanyl}-N—hydrpxy-z-(3-bromoph'enyl)
acetamide (480 mg, 1.2 mmol), and following the procedure as outlined in Example
75, 270mg of 2-{[4-(2-butynyloxy)phenyl]sulfonyl}-2-(4-chlorophenyl)-N-hydroxy-

-~ acetamide was isolated as a brown powder. Yield: 52% MS: 440.1 (M+H)"

20

25

30

'H NMR (300 MHz, DMSO-ds): § 1.60 (m, 3H), 226 (s, 3H), 4.45 (s, 1H), 4.47 (m,
2H), 6.66 (d, J=9 Hz, 2H), 7.03 (d, J=9 Hz, 2H), 7.06-7.38(m, 5H), 8.87 (s, 1H),
10.41 (s, 1H).

Example 107
2-{[4-(2-Butynyloxy)phenyl)sulfanyl}-2-isopropyl-N-hydroxyacetamide

Step 1:

Ethyl isoprpyl [4-(hydroxyphenyl)sulfanyl}-acetate was prepared according to
the general method as outlined in example 1 (step 1), starting from ethyl 2-bromo-
isovalerate (2.09g, 10 mmol) and 4-mercaptophenol (1.26 g, 10.0 mmol); 2.5 g yellow
oil. The product was pure enough and taken for further transformations. Yield 99%;
MS: 255 (M+H)".
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Step 2: Ethyl-{[4-(2-butynyloxy)phenyl]sulfanyl}(isopropyl) acetate was prepared
according to the general method as outlined in example 1 (step 2), starting from ethyl
isoprpyl [4-(hydroxypheﬁy1)sulfanyl]—acetate (2.54 g, 10 mmol) and 4-bromo-2-butyne
(1.34, 10 mmol); 3.0 g yellow oil. Yield 99%; MS(EI): 307 (M+H)"

Step 3 {[4-(2-butynyloxy)phenyl]sulfanyl} (isopropyl) acetic acid was prepared
according to the general method as outlined in example 1 (step 5), starting from ethyl-
{[4~(2-butynyloxy)phenyl]sulfanyl} (isopropyl) acetate (3.06 g, 10 mmol); 2.7 g yellow
oil. Yield 99%; MS: 277 (M-H) | |

Starting from {[4-(2-butynyloxy)phenyl]sulfanyl} (isoprc;pyl) acetic acid (1.39g, 5
mmol) and following the procedure as outlined in Example 1 (step 6), 800 mg of 2-
{[4-(2-bdtynyloxy)phéhy1]sulfanyl} -2-isopropyl-N-hydroxyacetamide was isoiated asa
white powder. mp: 128 °C; Yield: 54%; MS: 294.1 (M+H)"; 'H NMR (300 MHz,
DMSO0-ds): § 0.9 (d, 3H), 1.02 (d, 3H), 1.89 (s, 3H), 1.98 (m, 1H), 3.0 (d, 1H), 3.2
(s, 1H), 4.8 (s, 2H), 6.8 (d, J=9 Hz, 2H), 7.4 (d, J=9 Hz, 2H), 9.0 (s, 1H), 10.81 (s,
1H). - | -
Example 108
R-2-{{4-(2-butynyloxy)phenyl]sulfinyl}-2-isopropyl-N-hydroxyacetamide
Example 109
S-2-{{4-(2-butynyloxy)phenyl] sulfinyl}-z-isopropyl-N-hydmxyacetamide

Starting from 2-{ [4-(2-butynyloxy)phenyl]sulfanyl}-2-isoprpyl-N-hydroxyacetamide
(1.45 g, 5 mmol), and following the procedure as outlined in Exam;ile 7, 123 mg of
R-2-{[4-(2-butynyloxy)phenyl]sulfinyl}-2-isopropyl-N-hydroxyacetamide was isolated
as a white solid. The two diastereo isomers were separated by silica-gel column
chromatography by eluting it with 50% ethyl acetate: hexane. mp: 68 °C; Yield: 15%;
MS: 310 (M+H)'. '
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The slow moving isomer namely S-2-{[4-(2-butynyloxy) phenyl] sulfinyl}-2-isopropyl-
N-hydroxyacetamide was isolated as white solid. Mp: 148 °C; Yield: 135 mg (17%;
MS: 310 (M+H)". ' - -

Example 110
2-{[4-(2-butynyloxy)phenyl]sulfonyl}-2-isoprpyl-N-hydroxyacetamide

Starting from 2—{[4-(2-butyhyloxy)ph_enyl]su1fanyl} -N-hydroxy-2-isopropyl acetamide
(14g,5 mtﬁol), and following'the procedure as outliﬁed in Example 75, 800mg of 2- -
{[4-(2-butynyloxy)phenyl]sulfonyl }-2-isopropyl-N-hydroxyacetamide was isolated as
a white powder. Yield: 49% MS: 326.1 (M+H)"; "H NMR (300 MHz, DMSO-d¢):5
0.8 (d, 3H), 1.0 (d, 3H), 2.0 (5, 3H), 2.1 (m, 1H), 3.51 (d, 1H), 3.2 (5, 1H), 5.01 (s,
2H), 7.0 (d, J=9 Hz, 2H), 756 (d, J=9 Hz, 2H), 9.5 (s, 1H), 11.41 (s, 1H).

_ _Exarhp_le 111 _
2-{[4-(2-Butynyloxy)phenyi]suifanyl}-2-phenyl-N-hydroxyacetamide

Step 1:  Ethyl phenyl [4-(hydroxyphenyl)su1fanyl]—acetate was prepared according to

the general method as outlined in example 1 (step 1), starting from ethyl 2-bromo-
phenylacetate (2.42g, 10 mmol) and 4-mercaptophenol (1.26 g, 10.0 mmol); 2.7 g
yellow oil. The product was pure enough and taken for further transformations. Yield
93%; MS: 289 (M+H)". -

| Step 2: Ethyl-{[4-(2-butynyloxy)phenyl] sulfanyl}(phenyl) acetaté was prepared

according to the general method as outlined in example 1 (st_ep 2), starting from ethyl
phenyl t4-(hydroxyphenyl)sulfanyl}-acetate_ (2.88 g, 10 mmol) and 4-bromo-2-butyne
(1.34, 10 mmol); 3.2 g yellow oil. Yield 94%; MS(EI): 341 (M+H)"

Step 3. {[4~(2-butynyloxy)phenyl]sulfanyl }(phenyl) acetic acid was prepared
according to the general method as outlined in example 1 (step 5), starting from ethyl-
{[4-(2-butynyloxy)phenyl]sulfanyl } (phenyl) acetate (3.4 g, 10 mmol); 3.0 g yellow oil.
Yield 88%; MS: 311 (M-HY
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Starting from {[4-(2-butynyloxy)phenyl]sulfanyl}(phenyl) acetic acid (3.12 g, 10
mmol) and following the procedure as outlined in Example 1 (step 6), 3.0 g of 2-{[4-
(2-butynyloxy)phenyl]sulfanyl }-2-phenyl-N-hydroxyacetamide was isolated as a white |
powder. mp: 151 °C; Yield: 91%; MS: 328 (M+H)"; 'H NMR (300 MHz, DMSO-ds):
8 1.8 (s, 3H), 4.8 (s, 2H), 4.9 (3,1H), 6.8- 7.6 (m, 9H), 9.2 (bs, 1H), 11 (bs, 1H).

Example 112
R-2-{[4-(2-butynyloxy)phenyljsulfinyl}-2-phenyl-N-hydroxyacetamide Example
_ _ Example 113 _
S-2-{[4-(2-butynyloxy)phenyl]sulfinyl}-2-phenyl-N-hydroxyacetamide

Starting from | 2-{[4-(2-butynyloxy)phenyl}sulfanyl}-2-phenyl-N-hydroxyacetamide
(1.5 g, 4.5 mmol), and following the procedure as outlined in'Example 7, 400 mg of R-
2-{[4-(2-butynyloxy)phenyl]sulfinyl}-2-phenyl-N-hydroxyacetamide was isolated as a

" white solid. The two diastereo isomers were separated by silica-gel column

~ chromatography by eluting it with 50% ethyl acetate: hexane. mp: 153 °C; Yield:

51%; MS: 344 (M+H)"; "H NMR (300 MHz, DMSO-de): 5 1.8 (s, 3H), 4.5 (s, 1H),
4.9 (s, 2H), 6.9-7.6 (m, 9H), 9.0 (bs, 1H), 10.8 (bs, 1H).

The slow moving isomer namely S-2-{[4-(2-butynyloxy) phenyl] sulfinyl}-2-phenyl-N-
hydroxyacetamide was isolated as white solid. Mp: 55 °C; Yield: 300 mg (38%; MS:
344 (M+H)"; "H NMR (300 MHz, DMSO-dq): & 1.7 (s,3H), 4.4 (s, 1H), 4.7 (s, 2H),
7.0-7.6 (m, SH), 9.3 (s, 1H), 11.0 (s, 1H).

- Example 114
2-{[4-(2-Butynyloxy)phenyl]sulfanyl}-2-(2-naphthyl)-N-hydroxyacetamide

Step 1: Ethyl (2-naphthyl)-2- [4-(hydroxyphenyl)sulfanyl]-acetate was prepared
according to the general method as outlined in example 1 (step 1),' étarting from o-
bromo-2-naphthyl acetic acid ethyl ester 2.93 g, 10 mmol) and 4-mercaptophenol
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(1.26 g, 10.0 mmol); 3.3 g yellow oil. The product was pure enough and taken for
further transformations. Yield 99%; MS: 339 (M+H)".

Step 2: Ethyl-{[4-(2-butynyloxy)phenyl]sulfanyl}-2-(2-naphthyl) acetate was
prepared according to the general ﬁxethod as outlined in eg'::alnple 1 (step 2), starting
from ethyl (2-naphthyl)-2- [4-(hydroxyphenyl)sulfanyl]-acetate (2.54 g, 10 mmol) and
4-bromo-2-butyne (1.34, 10 mmol); 3.7 g yellow oil. Yield 99%; MS(EI): 377
(M+H)* |

Step 3:. {[4-(2-butynyloxy)phenyl]sulfanyl}-2-(2-naphthyl) acetic acid was prepared
according to the general method as outlined in example 1 (step 5), starting from ethyl-

{[4-(2-butynyloxy)phenyl]sulfanyl}-2~(2-naphthyl) acetate (3.76 g, 10 mmol); 3.5 g

yellow oil. Yield 96%; MS: 361 (M-H)'

Starting ﬁom {[4-(2?butyny16xy)phenyl]su]fa_nyl}-2-(2;haphthyi) acetic acid (3.6 g, 10
mmol) and following the procedure as outlined in Example 1 (step 6), 3.2 g of 2-{[4-
(2-butynyloxy)phenyl]sulfanyl}-2-(2;napl_1thy1)-N-_hydroxj%wetamide was isolated as a
white powder. mp: 148 °C; Yield: 84%; MS: 378 (M+H)"; "H NMR (300 MHz,

. DMSO-dq): 1.8 (s, 3H), 4.7 (s, 2H), 4.95 (s, 1H), 6.8-8.0 (s, 11H), 9.0 (bs, 1H), 11

(bs, 1H).

_ Example 115
2-{[4-(2-butynyloxy)phenyl]sulfinyl}-2-(2-naphthyl)-N-hydroxyacetamide

Starting  from '2—{[4-(2—butynyloxy)phenyl]sulfanyl}-2-(2-naphthy1)-N—hydroxy—
acetamide (1.88 g, 5 mmol), and_following the pro;_:edljl_'e as outlined in Example 7,
900 mg of 2-{ [4-(2-butynyloxy)phenyl]sulﬁnyl}-2-(2-haphthyl)—N—hydroxyacetamide
was isolated as a white solid. The two diastereo isomers were not separated. Mp:
157°C; Yield: 46%; MS: 394 (M+H)".
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. Example 116
2-{{4-(2-butynyloxy)phenyl}sulfonyl}-2-(2-naphthyl)-N-hydroxyacetamide

Starting  from  2-{[4-(2-butynyloxy)phenyl}sulfanyl}-N-hydroxy-2-(2-naphthyl)
acetamide (1.81 g, 5 mmol), and following the procedure as outlined in Example 75,
1.2 g of  2-{[4-(2-butynyloxy)phenyl]sulfonyl}-2-(2-naphthyl)-N-hydroxyacetamide
was isolated as a white powder. Yield: 61% MS: 410 (M+H)"; 'TH NMR (300 MHz,
DMSO0-de):5 2.5 (s, 3H), 4.9 (s, 2H), 5.2 (s, 1H), 7.0 = 7.9 (m, 11H), 9.3 (bs, 1H), 11"
(s, 1H). '

Example 117
Tert-butyl-4-[1-{[4-(2-butynyloxy)phenyl]sulfonyl}-2-(hydroxyamino)-2-

‘oxoethyl]-1-piperidine carboxylate

tert-butyl  4-(2-ethoxy-2-oxoethyl)-1-piperidine .carboxylate was made
according to the literature procedure from Ashwood, Michae! S.; Gibson, Andrew W.;

'Houghton, Peter G.; Humphrey, Guy R.; Roberts, D. Craig; Wright, Stanley H. B.; J.

Chem. Soc. Perkin Trans. 1;6;1995; 641-643 in two steps starting from. N-tert-
butoxycarbonyl-4-piperidone; 4.69 g clear oil. Yield 95% (over two steps); MS: 272.2
(M+H)”

Step 1: tert-butyl-4-(1-{[4-(2-butynyloxy) phenyl] sulfonyl}-2-ethoxy-2-oxoethyl)-1-
piperidine carboxylate, sodium bis (trimethylsilyl) amide (7.05 g, 38 mmol) was added
to a dried flask under nitrogen. THF (100 ml) was added .slowly and the temperature
was lowered to -15°C. Tert-butyl 4-(2_-ethoxy-2—oxoethyl)-l-pipen'dine carboxylate
(4.6 g, 16.97 mmol) and 4-but-2-ynyl oxy-benzenesulfonyl fluoride (4.08 g, 17.9
mmol) Were c.ombined in THF (50 ml) and added dropwise to the mixture, maintaining
the temperature of the reaction below —15°C. The mixture stirred at -10°C for 1.5
hours before it was quenched with water and extracted in ethyl acetate. The organic
layer was washed with water then dried over Na,SQ,, filtered and concentrated. Tert-
butyl-4-(1-{[4-(2-butynyloxy) phenyl] sulfonyl}-2-ethoxy-2-oxoethyl)-1-piperidine
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carboxylate was isolated using silica-gel column chromatography by eluting with 20%

-ethyl acetate: hexane solution; 3.74 g clear gel. Yield 46%; MS: 480.2 (M+H)"

Step 2: [1-(tert-butoxycarbonyl)-4-piperidinyl]{[4-(2-butynyloxy) phenyl] sulfonyl}-
acetic acid was prepared adcording to the general method as outlined in example 1

(step 5), starting from tert-butyl-4-(1-{[4-(2-butynyloxy) phenyl] sulfonyl}-2-ethoxy-

- 2-oxoethyl)-1-piperidine carboxylate (2.5 g, 5.2 mmol); 1.85 g yellow low melting

solid. Yield 79%; MS: 450.3 (M-H)

Step3: Starting from [I-(tert-butoxycarbonyl)-4-piperidinyl]{[4-(2-butynyloxy)
phenyl] sulfonyl}-acetic acid (1.75 g, 3.88 mmol), and following the procedure as
outlined in Example 1 (step 6), 283 mg of tert-butyl-4-[1-{[4-(2-butynyloxy)
pheny_l]sulfonyl}-2-(hydroxyamino)-2-oxoethyl]-l-piperidine carboxylate was isolated
as a white solid. mp: 80°C; Yield: 16%; MS: 467.1 (M+H)"; 'H NMR (300 MHz,
DMSO-ds): 8 1.08-1.25 (band, 3H), 1.37 (s, 9H), 1.53 (m, 1 H), 1.85 (t, J=2.22 Hz,
3H), 1.99-2.12 (band, 2H), 2.70 (m, 1H), 3.67 (d, J=19.8 Hz, 1H), 3.83 (m, 2H), 4.88
(d, 1=2.31 Hz, 2H), 7.17 (d, J=9 Hz, 2H), 7.76 (d, }=9 Hz, 2H), 9.1 (s, 1H), 10.65 (s,

1H).

Example 118 |
2-{[4-(2-butynyloxy)phenyl]suifonyl}-N-hydroxy-2-(4-piperidinyl) acetamide

Step 1: 2-{[4-(2-butynyloxy) phenyl] sulfonyl}-N-hydroxj—Z-(4-piperidiny1)acetamide

Tert-butyl-4-[1-{[4-(2-butynyloxy)phenyi] siﬂfonyl} -2-(hydroxy amino)-2-oxoethyl]}-1-

piperidine carboxylate (160 mg, 0.34 mmol) was dissolved in methanolic HC1 (50 ml)
and allowed to stir at room temperature for 1 hour. ‘The mixture was concentrated.
After overnight drying, 80 mg of 2-{[4-(2-butynyloxy) phenyl] sulfonyl}-N-hydroxy-2-
(4-piperidinyl) acetamide was isolated as a pink powder. mp: 140°C; Yield: 59%; MS:
367.2 (M+H)"; 'H NMR (300 MHz, DMSO-ds): 5 1.46-1.70 (band, 3H), 1.85 (t, 3H),
2.16-2.30 (band, 2H), 2.87 (m, 2H), 3.21 (m, 2H), 3.79 (d, J= 8.79 Hz, 1H), 4.88 (d,
J=2.28 Hz, 2H), 7.17 (d, }=9 Hz, 2H), 7.77 (d, J=9 Hz, 2H), 8.52 (m, 1H), 8.73 (m,

. 1H), 9.18 (s, 1H), 10.9 (s, 1H).
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Example 119
2-{[4-(2-butynyloxyjphenyl]sn‘lfonyl}-N—hydroxy—z-[1-(4-meth‘oxybenzyl)-4-
piperidinyl] acetamide '

Ethyl{[4-(2-butynyloxy)phenyl]suifonyl } (4-piperidinyl)acetate was prepared according
to the general method as outlined in example 113 (step 1), starting from tert-butyl-4-
(1-{[4-(2-butynyloxy) phenyl] sulfonyl}-2-ethoxy-2-oxoethyl)-1-piperidine carboxylate
(2.5 g, 5.2 mmol); 1.88 g yellow solid. Yield 87%; MS: 380.2 (M+H)"

Step 2: Ethyl {[4-(2-butynyloxy)phenyl}sulfonyl}[1-(4-methoxybenzyl)-4-piperidinyl]
acetate ' |

To a solution of ethyl {[4-(,2-butynylo>ty)phenyl]sulfbnyl} (4-piperidinyl) acetate (1.08,
2.86 mmol) in chloroform (150 ml), triethylamine (2 ml) and p-methoxy benzyl
chloride (0.39 ml, 2.86 mmol) was added. The mixture was heated at reflux overnight.
The mixture was extracted in chloroform and washed twice with water. The organic
layer was dried over Na,SO,, filtered and concentrated. The residue was purified
using silica-gel column chromatography by élhﬁng it with 50% ethyl acetate: hexane
solution. Ethyl {[4-(2-butynyloxy)phenyl]sulfonyl}[1-(4-methoxybenzyl)-4-piperidinyl]
acetate was isolated as a yellow oil (650 mg). Yield 46%; MS: 500.1 (M+H)"

{[4-(2-butynyloxy)phenyl}sulfonyl}[1-(4-methoxybenzyl)-4-piperidinyl] acetic acid
was prepared according to the general method as outlined in example 1 (step 5),
starting from ethyl {[4-(2-butynyloxy)phenyl]sulfonyl}[1-(4-methoxybenzyl)-4-
piperidinyl]acetate (650 mg, 1.3 mmol); 540 mg white solid. Yield 88%; MS: 472.1
M) | |

Starting from { [4-(2-butynyloxy)phenyl] sulfonyl}[1-(4-methoxybenzyl)-4-piperidinyl)
acetic acid (430 mg, 0.913 mmol), and following the procedure as outlined in Example
1 (step 6), 220 mg of 2-{[4-(2¥butynyloxy)phenyl]sulfonyl}-N-hydroxy-z-[l-(4-
methoxybenzyl)-4-piperidinylJacetamide was isolated as a white solid. mp: 138°C;
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Yield: 50%; MS: 487.1 (M+H)"; 'H NMR (300 MHz, DMSO-d¢): § 1.67 (m, 3H),
1.85 (¢, ]=2.04 Hz, 3H), 2.12-2.26 (band, 2H), 2.86 (m, 2H), 3.17 (s, 1H), 3.27 (m,
2H), 3.77 (s, 3H), 4.12 (m, 2H), 4.88 (d, J=2.22 Hz, 2H), 6.99 (d, }=8.4 Hz, 2H), 7.16
(d, =9 Hz, 2H), 7.46 (d, J=8.7 Hz, 2H), 7.77 (4, J=8.7 Hz, 2H), 10.32 (s, 1H), 10.87
(s, 1H). |

Example 120
2-(1-benzoyl-4-piperidinyl)-2-{[4-(2-butynyloxy)phenyl]sulfonyl}-N-
hydroxyacetamide '

Step 1: Ethyl (1-benzqyl_-4-_piperic_iinyl){[4-(2-butynyloxy) phenyl] sulfonyl} acetate
To a solution of .et'l'nyl {[4-(2-butynyloxy)phenyljsulfonyl} (4-piperidinyl) acetate (2 g,
4.8 mmol) in methylene chloride (100 ml) in an ice water bath, triethylamine (1.34 ml, -
9.6 mmol) was added. Benzoyl chl_pn'de_ (0.56 ml, 4.8 mmol) was added dropwise

keeping the temperatu;e at 0°C. The mixture wals.'wanned to room terhperature and -

‘stirred overnight before it was concentrated. The residue was extracted in chloroform

and washed twice with water. The org'ariic layer was dried over Na,SO,, filtered and -
concentrated. Ethyl (1-benzoyl-4-piperidinyl){[4-(2-butynyloxy) phenyl] sulfony1}
acetate was isolated using siliéa—gel column chromatography by eluting it with 50%
ethyl acetate: hexane solution; yellow solid (1.8 g). mp: 120 °C; Yield 72%; MS:

- 484.1 (M+H)

(1-bénzoyl-4—pipeﬁdinyl)_{[4-(2;butynyloxy) phenyl] sulfonyl} acetic acid was

. prepared according to the general method as outlined in example 1 (step 5) starting
from ethyl (1-benzoyl-4-piperidinyl){[4-(2-butynyloxy) phenyl] sulfonyl} acetate (1.39

8, 2.88 mmol); 1.3 g white solid. mp:90 °C; Yield 99%; MS: 456.1 (M+H)"

Starting from (1-benzoyl-4-piperidinyl){[4-(2-butynyloxy) phenyl] sulfonyl} acetic acid
(1.22 g, 2.68 mmol), and following the procedure as o_ixtliné_d in Example 1 (step 6),
860 mg of 2-(1-benzoyl-4-piperidinyl)-2-{[4-(2-butynyloxy) phenyl] sulfonyl}-N-
hydroxyacetamide was isolated as a white powder. mp: 224°C; Yield: 68%; MS: 470.9
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(M+H)"; "H NMR (300 MHz, DMSO-dg): & 1.16-1.62 (band, 3H), 1.84 (t, J=2.1 Hz,

* 3H), 2.06-2.24 (band, 2H), 2.73-2.99 (band, 2H), 3.52 (m, 1H), 3.71 (d, J=8.61, 1H),

437 (m, 1H), 4.88 (d, ]=2.28 Hz, 2H), 7.17 (d, J=8.7 Hz, 2H), 7.34 (m, 2H), 7.44 (m,
3H), 7.77 (d, 7=8.7 Hz, 2H), 9.14 (s, 1H), 10.7 (s, 1H).

Example 121
2-(1-acetyl-4-piperidinyl)-2-{[4-(2-butynyloxy)phenyl]sulfonyl}-N-
hydroxyacetamide

Ethyl (1-acetyl-4-piperidinyl){[4-(2-butynyloxy) phenyl] sulfonyl} acetate was
prepared according to the general method as outlined in example 116 (step 1), starting
from ethyl {[4-(2-butynyloxy)phenyl]sulfonyl} (4-piperidinyl) acetate (1.5 g, 3.61
mmol) and acetyl chloride (0.26 ml, 3.61 mmol); yellow oil (1.35 g). Yield 89%; MS:
422 (M+H)" '

(1-acetyl-4-piperidinyl){ [4-(2-butynyloxy) phenyl] sulfonyl} acetic acid was prepared

according to the general method as outlined in example 1 (step :5), starting from ethyl
(1-acetyl-4-piperidinyl){[4-(2-butynyloxy) phenyl] sulfonyl} acetate (1.23 g,2.92 -
mmol); 400 mg white gel. Yield 35%; MS: 391.9 (M-H)

Starting from (1-acetyl-4-piperidinyl){[4-(2-butynyloxy) phenyl] sulfonyl} acetic acid
(290 mg, 0.74 mmol), and following the procedure as outlined in Example 1 (step 6),
60 mg of 2-(1-acetyl-4-piperidinyl)-2-{[4-(2-butynyloxy) phenyl] sulfonyl}-N-
hydroxyacetamide was isolated as an off white powder. mp: 103°C; Yield: 20%; MS:
408.9 (M+H)"; 'H NMR (300 MHz, DMSO-ds): & 1.07-1.55 (m, 3H), 1.85 (s, 3H),
1.95 (m, 3H), 2.18 (m, 2H), 3.02 (m, 2H), 3.67-3.76 (band, 1H), 4.29 (m, 1H), 4.88
(d, 2H), 7.16 (t, 2H), 7.78 (1, 2H), 9.15 (d, 1H), 10.7 (s, 1H).
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_ Example 122
2-{[4-(2-Butynyloxy)phenyl]sulfonyl}-N-hydroxy-2-tetrahydro-2H-pyran-4yl-

acetamide

Step 1. Ethyltetrahydro-4Hpyran-4-ylideneacetate was prepared from tetrahydro
pyran-4-one (9.0 g 90 mmol) and diethylphosphonoethylacetate (20.16 g, 90 mmol) in
DMF/ K,CO; at 80 °C. Colorless oil, Yield. 16.3 g, (96%), MS: 171 (M+H)"

Step 2: - Ethyltetrahydro-4Hpyran-4-ylacetate was prepared from ethyltetrahydro-4H-
pyran-4-ylideneacetate (16.0 g, 94 mmol) and Pd/ NH,COOH at 80° C. Colorless oil,
Yield: 16.3 g, quantitaive), MS: 173.2 (M+H)"

Step 3: 2-{[4-(2-Butynyloxy)phenyljsulfonyl} (tetrahydro-2H-pyran-4yl)-ethylacetate
was prepared according to the general method as outlined in Example 113 (step 1).

'~ Starting from ethyltétrahydro-4ﬂpyran-4-y1acetate (4.0 g, 23.3 mmol) and 4-but-2-

ynyl oxy-benienesulfbnyl fluoride ( 7.1g, 26.0 :ﬂrhol) 70g of product was isolated as

yellow oil. Product was purified by silica-gel column chromatography by elutmg it with
- 50% ethyl acetate : hexane. Yield: 89%, MS: 381 (M+H)*

Step 4: 2-{[4-(2-Butynyloxy)phenyl]sulfonyl} (tetrahydro-2H-pyran-4yl)-acetic acid
was prepared according to the genefal method as outlined in Example 1 (step 5).
Starting from 2-{[4-(2-Butynyloxy)phenyl]sulfonyl}(tetrahydro-2H-pyran-4yl)-ethyl-
acetate (7.0 g, 18.4 mmol), 6.1 g of product was isolated. Yield: quantitative; MS:

3514 M-H)*
25

Step 5: 2-{[4-(2-Butynyloxy)phenyl]sulfonyl}-N-hydroxy-2-tetrahydro-2H-pyran-dyl-
acetamide was prepared according to the general method as outlined in example 1
(step 6). Starting from 2-{[4-(2-butynyloxy)phenyl] sulfonyl}(tetrahydro-2H-pyran-
4yl)-acetic acid (4.0 g, 11.4 mmol), 3.4 g of the product was isolated. The product
was purified by silica-gel column chromatography by eluting it with 75% ethyl acetate:
hexane. White solid, Mp. 208-211, Yield: 84%; MS: 368.4 (M-H)"; '"H NMR (300
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MHz, DMSO-d): & 1.25 (m, 2H), 1.42-1.66 (m, 4H), 2.45 (m, 2H), 4.66 (s, 2H),
4.68 (d, 1H), 5.15 (m, 1H), 6.82 (d, 2H),7.41 (d, 2H),9.15 (bs, 1H).

Example 123
2-{{4-(2-Butynyloxy)phenyl]sulfonyl}-N-hydroxy-2-tetrahydro-2H-thiopyran-4yl-

- acetamide

Step 1: Ethyltetrahydro-4Hthiopyran-4-ylideneacetate was prepared from tetrahydro
thiopyran-4-one (10.0 g 86 mmol) and diethylphosphonoethylacetate (21.2 g, 95
mmol) in DMF/ K,COs at 80 °C. Colorless oil, Yield. 15.4 g, (96%), MS: 187

(M+H)'

Step 2: Ethyltetrahydro-4Hthiopyran-4-ylacetate was prepared from ethyltetra hydro-
4Hthiopyran-4-ylideneacetate (8.0 g, 43 mmol), NaBH, (8.2 g, Sequivalents) and
NiCl, (5.0 g) at 0° C for 1 hr. Colorless oil, Yield: 8.1 g, quantitaive), MS: 189
(M+H)" : o

Step 3. 2-{[4-(2-Butynyloxy)phenyl]sulfonyl} (tetrahydro-2H-thiopyran-4yl)-
ethylacetate was prepared according to the general method as outlined in Example 113
(step 1). Starting from ethyitetrahydro-4Hthiopyran-4-ylacetate (5.0 g, 26.6 mmol)
and 4-but-2-ynyl oxy-benzenesulfonyl fluoride ( 5.5g, 26.0 mmol), 9.3 g of product
was isolated as yellow oil. Product was purified by silica-gel column chromatography
by eluting it with 50% ethyl acetate : hexane. Yield: 88%, MS: 398 (M+H)"

Step 4:  2-{[4-(2-Butynyloxy)phenyl]sulfonyl }(tetrahydro-2H-thiopyran-4yl)-acetic
acid was prepared according to the general method as outlined in Example 1 (step 5).
Starting from 2-{[4-(2-Butynyloxy)phenyl]sulfonyl} (tetrahydro-2H-thiopyran-4yl)-
ethylacetate (7.0 g, 17.7 mmol), 6.8 g of product was isolated as white solid. Mp: 141-
3 Yield: quantitative; MS: 370 (M-H)"
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Step 5: 2-{[4-(2-Butynyloxy)phenyl]sulfonyl}-N-hydroxy-2-tetrahydro-2H-
thiopyran-4yl-acetamide was prepared according to the general method as outlined in
example 1 (step 6). Stafting from 2-{[4-(2-butynyloxy) phenyl] sulfonyl} (tetrahydro-
2H.thiopyran-dyl)-acetic acid (4.5 g, 12.2 mmol), 4.6 g of the product was isolated.
The product was purified by silica-gel column chromatography by eluting it with 1:1
ethyl acetate: hexane, White solid, Mp. 175-177, Yield: 98%; MS: 385 (M-H)"; 'H

* NMR (300 MHz, DMSO-dq):  1.52 (m, 2H), 1.81 (s, 3H), 2.1 (m, 1H), 2.22 (m, 1H),

2.38 (m, 1H), 2.69 (m, 4H), 3.73 (d, 1H), 4.71 (s, 2H), 7.05 (d, 2H),7.79 (d, -
2H),9.18 (bs, 1H), 10.62 (s, 1H). -

Example 124
2-{[4-(2-Butynyloxy)phenyl]sulfonyl}-N-hydroxy-2-(1-oxidotetrahydro-2H-
thiopyran-4yl) acetamide

2-{[4-(2-Butynyloxy)phenyl]sulfonyl}-N-hydroxy-2-(1-oxidotetrahydro-2H-thiopyran-
- 4yl) acetamide was prepared , starting from 2-{[4-(2-Butynyloxy)phenyl] sulfony!}-N-

hydroxy-2-tetrahydro-2H-thiopyran-4yl-acetamide (0.6 g, 1.6 mmol), and following -
the procedure as outlined in Example 7, 600 mg of the product was isolated as a white
solid. Mp: 219-220 °C; Yield: Quantitative; MS: 401 (M+H)". '"H NMR (300 MHz,
DMSO-de): 5 1.82 (s, 3H), 1.83-1.85 (m, 1H), 2.02-2.08 (m, 1H), 2.18-2.33 (m, 1H),
2.61-2.68 (m, 2H), 2.72-2.76 (m, 1H), 3.15-3.22 (m, 1H), 3.31 (5, 2H), 3.72 (d, 1H),

- 4.91 (s, 2H), 7.18 (d, 2H),7.75 (d, 2H),9.21 (bs, 1H), 10.78 (s, 1HD.

Example 125
2-{[4-(2-Butynyloxy)phenyl]sulfonyl}-N-hydroxy-2-(1,1-dioxidotetrahydro-2H-
. thiopyran-4yl) acetamide

Starting from 2-{[4-(2-Butynyloxy)phenyl] sulfonyl}-N-hydroxy-2-tetrahydro-2H-
thiopyran-4yi-acetamide (0.5 g, 1.3 mmol), and following the procedure as outlined in
Example 75, 0.45 g of 2-{[4-(2-Butynyloxy)phenyl]sulfonyl}-N-hydroxy-2-(1,1-
dioxidotetrahydro-2H-thiopyran-4yl) acetamide was isolated as a white powder. Yield:
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93% MS: 417 (M+H)"; '"H NMR (300 MHz, DMSO-ds): 5 1.88 (s, 3H), 2.12 (m, 1H),
2.15-2.23 (m, 2H), 2.55 (m, 2H), 2.92-3.15 (m, 4H), 3.87 (4, lH) 4.72 (s, 2H), 7.02

. (d, 2H), 7.82 (d, 2H), 9.2 (bs, 1H).

Pharmacology
Representative compounds of this invention were evaluated as inhibitors of
the enzymes MMP-1, MMP-9, MMP-13 and TNF-a converting enzyme (TACE).
The standard pharmacological test procedures used, and results obtained which
establish this biological profile are shown below.

Test Procedures for Measuring MMP-1, MMP-9, and MMP-13 Inhibition

These standard pharmacological test procedures are based on the cleavage of a
thiopeptide substrates such as Ac-Pro-Leu-Gly(2-mercapto-4-methyl-pentanoyl)-Leu-
Gly-OEt by the matrix metalloproteinases MMP-1, MMP-13 (collagenases) or MMP-
9 (gelatinase), which results in the relcase of a substrate product that reacts
colorimetrically with DTNB (5,5-dithiobis(2-nitro-benzoic acid)). The enzyme
activity is measured by the rate of the color increase. The thiopeptide substrate is
made up fresh as a 20 mM stock in 100% DMSO and the DTNB is dissolved in 100%
DMSO as a 100 mM stock and storcd in the dark at room temperature. Both the
substrate and DTNB are diluted together to 1 mM with substrate buffer (50 mM
HEPES pH 7.5, 5 mM CaCl3) before use. The stock of enzyme is diluted with
buffer (50 mM HEPES, pH 7.5, 5 mM CaCl3, 0.02% Brij) to the desired final
concentration. The buffer, enzyme, vehicle or inhibitor, and DTNB/substrate are
added in this order to a 96 well plate (total reaction volume of 200 ul) and the
increase in color is monitored spectrophotometrically for 5 minutes at 405 nm on a
plate reader and the increase in color over time is plotied as a linear line.

Alternatively, a fluorescent peptide substrate is used. -In this test procedure,
the peptide substrate contains a fluorescent group and a quenching group. Upon
cleavage of the substrate by an MMP, the fluorescence that is generated is quantitated
on the fluorescence plate reader. The assay is run in HCBC assay buffer (50mM

HEPES, pH 7.0, 5 mM Ca"‘2, 0.02% Brij, 0.5% Cysteine), with human recombinant
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MMP-1, MMP-9, or MMP-13. The subs;rate is dissolved in methanol and stored
frozen in 1 mM aliquots. For the aSsay, S_ub_strate and enzymes are diluted in HCBC
buffer to the desired céncentration_s. Co:_hp_o_unds_are-added to the 96 well plate
containing enzyme and the reaction is started by the addition of substrate. The
reaction is read (excitation 340 nm, emission 444 nm) for 10 min. and the increase in
fluorescence over time is plotted as a lmear line. |

For eijther the thiopeptide or ﬂuorescent pepude test procedures, the slope of
the line is calculated and represents the reaction rate. The linearity of the reaction

rate is confirmed (r2 >0.85). The mean (x+sem) of the control rate is calculated and
compared for statistical significance (p<0.05) with dm'g—ueated rates using Dunnett's
multiple comparison test. Dose-response relationships can be generated using

multiple doses of drug and IC50 values with 95% CI are estimated using linear

regression.

Test Procedure for Measuring TACE Inhibition

Using 96-well black microtiter plates, ¢ach well receives a solution composed

. of 10 pL. TACE (final concentration 1ug/mL), 70pLT,1is'buffér, pH 7.4 containing
- 10% glycerol (final concentration 10 mM), and 10 pL of test compound solution in

DMSO (final concenn'etion 1M, DMSO concentration <1%) and incubated for 10
minutes at room temperature, The reaction is initiated by addition of a fluorescent
peptidyl substrate (final concentration 100 M) to each well and then shaking on a
shaker for 5 sec.

The reaction is read (excitation 340 nm, emission 420 nm) for 10 min. and the
increase in fluorescence over time is plotted as a linear line. The slope of the line is
calculated and represents the reaction rate. _ |

The linearity of the reaction ratc is confirmed (12 >0.85). The mean (x:sem)
of the control rate is calculated and compared for statistical significance (p<0.05)
with drug-treated rates using Dunnett's mﬁltiple compaﬁson test. Dose-response

relationships can be generate using multiple doses of drug and IC5¢0 values with 95%

- CI are estimated using linear regression. -
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Human Monocytic THP-1 Cell Differentiation Assay For Soluble Proteins
(THP Soluble Protein Assay)

Mitogenic stimulation of THP-1 cells cause differentiation into macrophage
like cells with concomitant secretion of tumor necrosis factor (TNF-a) and TNF
reCeptor (TNF-R p75/80 and TNF-R p55/60) and Interleukin-8 (IL-8), among other
proteins. In addition, non-stimulated THP-1 cells shed both the p75/80 and the
p55/60 receptors over time. The release of membrane bound TNF-a and possibly
TNF-R p75/80 and TNF-R p55/60, but not IL-8, is mediated by an enzyme called
TNE-o converting enzyme or TACE. This assay can be used to demonstrate either an
inhibitory or a stimulatory compound effect on this TACE enzyme and any cytotoxic .
consequence of such a compound. '

THP-1 cells (from ATCC) are a human monocytic cell line which were
obtained from the periphcral blood of a one year old male with acute monocytic
leukemia. They can be grown in culture and differentiated into macrophage like cells
by stimulation with mitogens.

_ For the assay, THP-1 cells are seeded from an ATCC stock which was
previously grown and frozen back at 5 x 106/ml/vial. One vial is seeded into a T25-

- flask with 16 mils of RPMI-1640 with glutamax (Gibco) media containing 10 % fetal

bovine serum, 100 units/ml penicillin, 100 pg/ml streptomycin, and 5§ x 10° M 2-
mercapto-ethanol (THP-1 media). Each vial of cells are cultured for about two weeks

- prior to being used for an assay and then are used for only 4 to 6 weeks to screen

compounds. Cells are subcultured on Mondays and Thursdays to a.concentration of
1 x 105/ml. '

To perform an assay, the THP-1 cells are co-incubated in a 24 well plate with
50 ml/well of a 24 mg/ml stock of Lipopolysacharide (LPS) (Calbiochem Lot#

- B13189) at 37;C in 5% CO, at a concentration of 1.091 x 10° cells/ml (1.1 ml/iwell)

for a total of 24 hours. At the same time, 50 ml/well of drug, vchicle or THP-1
media is plated in appropriate wells to give a final volume of 1.2 ml/well. Standard
and test compounds are dissolved in DMSO at a concentration of 36 mM and diluted
from here to the appropriate concentrations in THP-1 media and added to the wells at
the beginning of the incubation period to give final concentrations of 100 mM, 30
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mM, 10.mM, 3 mM, 1 mM, 300 nM, and 100 nM. Cell exposure to DMSO was
limited to 0.1 % final concentration. Positive control wells were included in the
experiment which had mitogen added but no drug. Vehicle control wells were
included as well, which were identical to the positive control wells, except that
DMSO was added to gi_ve a final concentration of 0.083%. Negative control wells
were included in the experiment which had vehicle but no mitogen or drug added to
the cells. Compounds can be evaluated for their effect on basal (non-stimulated)
shedding of the receptors by replacing the LPS with 50 ml/well of THP-1 media.
Plates are placed into an incubator set at 5% CO2 and at '370 C. After 4 hours of
incubation, 300 ml/well of tissue culture supernatant (TCS) is removed for use in an
TNF-o. ELISA. Following 24 hours of incubation, 700 mV/well of TCS is removed
and used for analysis in TNF-R p75/80, TNF-R p55/60 and IL-8 ELISAs.

In addition, at the 24 hours timepoint, and the cells for each treatment group
are collected by resnspensmn in 500 pl/well of THP-1 media and transferred into a
FACS tube. Two ml/tube of a 0.5 mg/ml stock of propidium iodide (PI) (Boerhinger

Mannheim cat. # 1348639) is added. The samples are run on a Becton Dickinson

FaxCahber FLOW cytometry machine and the amount of dye taken up by each cell is
measured in the high red wavelength (FL3). Only cells with compromised
membranes (dead or dying) can take up PI. The percent of live cells is calculated by
the number of cells not stained with P, divided by the total number of cells in the
sample. The viability values calculated for the drug treated groups were compared to
the viability value calculated for the vehicle treated mitogen sﬁm_ulated ‘ group
("vehicle positive control") to determine the "percent change from control". This
"percent change from control" value is an indicator of drhg toxicity.

The quantity of soluble TNF-o, TNEF-R p75/80 and TNF-R p55/60 and IL-8
in the TCS of the THP-1 cell cultures are obtained with commercially available
ELISAs from R&D Systems, by extrapolation from a standard curve generated with
kit standards. The number of cells that either take up or exclude PI are measured by
the FLOW cytometry machine and visualized by histograms using commecrcially

“available Cytologic software for each treatment group including all controls.
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Biological variability in the magnitude of the response of THP-1 cell cultures
requires that experiments be compared on the basis of percent change from "vehicle
positive control” for each drug concentration. Percent change in each soluble protein
evaluated from the “vehicle positive control" was calculated for each compound

concentration with the following formula:

% Change = pg/m (gompound) - pg/ml (veh pos contro]) x 100
pg/ml (veh pos control) - pg/ml (veh neg control)

For the soluble protein (TNF-a, p75/80, p55/60, IL-8) studies under
stimulated conditions, the mean pg/ml of duplicat'e' wells were determined and the
results expressed as percent change from "vehicle positive control”. For the soluble
protein (p75/80 and p55/60 receptors) studies under non-stimulated conditions, the
mean pg/ml of duplicate wells were determined and the results expressed as percent

change from "vehicle positive control" utilizing the following formula:

% Change = pg/ml (compound neg control) - pg/ml (veh neg control X 100
pg/ml (veh neg control)

IC50 values for each compound are calculated by non-hnear regressmn
analysns usmg customized software utilizing the JUMP statistical package

For the cell viability studies, the viabilities (PI exclusion) of pooled duplicate
wells were determined and the results expressed as % change from “vehicle positive
control". The viability values calculated for the compound treated groups were
compared  to the viability value calculated for the "vehicle positive control” to
determine "percent change from control" as below. This value "percent change from

control" is an indicator of drug toxicity.

‘% Change = __ % live cells (c und -1 X 100

% live cells (veh pos control)
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Results of the above in vitro matrix metalloprotemase inhibition, TACE
mhxbmon and THP standard pharmacological test procedures are given in Table 1

_below.

Table 1

Example] TACE THP MMP1 IC,, MMP9 IC,, | MMP13IC,,
# | IC, (aM) | (% inhibition) | - (uM) “(nM) (nM)
1 191 25% 2 - - 180 200
2 207 5% 2.2 207 597
‘3 15.7 14% 14 142 69
4 47.2 2% 1A : ~JA IA
s 74.8 6% 10 2500 500
6 105 5% 15 3000 2000
7 . 4.3 : 67% 3 1 1500 900
8 12.4 35% 3.2 1000 150
9 30 16% 10 10,000 10,000
10 610 NT 10 10,000 10,000
11 20% NT 10 10,000 10,000
12 - 14% NT : 10 - 10,000 10,000
13 42.5 '
14 62.9
15 137.9
16 249 4
17 43.7
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Example| TACE THP MMP1 IC,, | MMP9 IC,, | MMP13 IC,,

# IC, mM) | (% inhibition) (uM) (nM) (nM)
18 _36.9

19 43.3

20 ~ 88.6

21 20.1

22 32.8

23 20.5 3.3
24 30.0

25 43.5

26 29.9

27 46.3

28 26.6

29 18.9 . 2.0
30 20.1 3.3
31 28.3

32 46.8

33 35.6

34 146.8

35 68.3

36 16.8

37 43.7

38 39.9

39 65.1

40 59.1

41 37.3

42 24.9

43 32.5

44 32.1

45 16.1

46 84.2

47 18.9

48 82.1

49 53.8

50 35.9

51 22.4

52 70.2

53 15.2 4.0
54 27.2

S§ 38.5

56 21.9 3.9
57 24.4 4.6
S8 20.1 4.6
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Example| TACE THP MMP1 IC,, | MMP9 IC,, | MMP13IC,,
# IC,, mM) | (% inhibition) | ~ (uM) (nM) (nM)
59 . 22.6 - ' 34 U
60 40.9 : ' '
61 22.5 : - 5.6
62 31.9 ' ' -
. 63 ~ 16.1
64 . 42,0
65 52.1
66 1453
67 34.8
68 21.2
> 29.2
70 _88.1
Compound [TACE ICs,"] MMP8® MMP13° MMP1* | TNFalpha at 3 uM)®
|Example 71 2514 nm 894 nm 10 um : -11%
[Example 72 | 142 [ 1363nm | 341 nm - 46.20% - -54%
[Example 73 | 119 | 55.90% | 55.90% - 4.80% ' 0
[Example 74 52 .| 336nm 93.5nm | 1502 nm -31%
[Example 75 | 26.7 68.20% | - 708nm ] 34860% | -39%
[Example 76 50.7 21.60% - 26.80%. 3% -15%
|[Example 77 201 45.40% 3687 nm . 17.50% -12%
[Example 78 17.6 32.70% 54.50% 5.90% -13%
[Example 70 | 48.1 | 27.30% | 56.80% 23.20% “14%
[Example 80 102 10.80% | 48.80% 0.00% : 4%
~ |Example 81 223 "NT - | 21.8% (1 um) 30.50% -8%
|[Example 82 [ 108 38% - -5057'nm 27.10% _ -14%
|[Example 83 133 NT - 3640% | 9.40%: 0
|[Exampie 84 145 'NT . | 23%:(1um) - 10% . 7%
I[Example 85 391 NT '30:50% 6.80%: i 10%
[Example 86 60 NT 51% 24% 2%
[Example 87 | 336 NT 33%:(1.um) 17% 5% -
[Example 88. 226 NT 21% (1-um) 20% -4%
[Example 89| 617 NT 5% _ 0 - -2%
[Example 80 | 682 "NT - 16%:(1 um) T%. ' -1%
[Example 91 | 48% | NT |  35% - | 10% 2%
[Example 92 931 | NT. | - :25% 8% 7%
Example 93 | 15.63% NT COCATY%: 7% 1%
Example 94 423 NT - 34% 8% . - 1%
Example 95 | 108 nm 5.70% - i26% 9%: 7%
Example 96 148 -0 - 53.40% 18.40% -12%
Example 97 109 0.50% 47.40% 0.50% -10%
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Compound [TACE ICs°| MMPS? MMP13* | MMP1* |TNFalpha at 3 uM)®

|Example 98 464 NT 59% 23% 1%
{[Example 99 | 1.1 um NT 33.60% 0 -1%
{Example 100 100 NT. -15% - 2% 0%
|Example 101 76 NT 51% 8% 1%
[Example 102 82 NT 1% 26% -10%
[Example 103 | - 113 NT 12% 4% 15%
|Example 104 63 NT 54% &% -4%
|Example 105 106 NT 32%- 9% 4%
|Example 108 65 NT 56% 0 5%
|Example 107 157 56.80% 59.40% 2.80% 13%
|Example 108 48 -399 nm 216 nm 6477 nm -29%
|Example 109 49 893 nm 107 nm 2992 pm -20%
|Example 110 17 5141 nm 1262 nm 39.60% -25%
Example 111 50 13.50% 0.80% 6.60% 10%
Example 112 28 8.20% 23.60% 9.90% ~15%
|Example 113 162 25.70% 59% 6.20% 4%
Example 114 | 40.90% NT 30.50% 3.50% -12%
Example 115 141 NT 45.1% (1 um) 4.11% -11%
|Example 116 495 NT 33.6% (1 um) 5.60% 7%
Example 117 190 NT 52% 22% -50%
Example 118 299 NT 69.50% 23.80% -24%
Example 118 263 NT 50% . 9% -30%
Example 120 88.5 NT 51% (1 um) 24% -83%
Example121] - . '
Example 122 51.4 NT 57% 9% . -36%
Example 123
|Example 124

Example 125

ais % @ 10uM or IC50 (M), unless otherwise specified

b is THP (percent change)

Based on the results obtained in the standard pharmacological test procedures
described above, the compounds of this invention were shown to be inhibitors of the
enzymes MMP-1, MMP-9, MMP-13 and TNF-a converting enzyme (TACE) and are

therefore useful in the treatment of disorders such as arthritis, tamor metastasis, tissue

ulceration, abnormal wound healing, periodontal disease, graft rejection, insulin
resistance, bone disease and HIV infection.

The compounds of this invention are also useful in treating or inhibiting

pathological changes mediated by matrix metalloproteinases such as atherosclerosis,
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atherosclerotic plaque formation, reductlon of coronary thrombosis from
atherosclerotic plaque rupture restenosm, MMP-medlated osteopemas inflammatory
diseases of the central nervous system, skm agmg, anglogenes1s, tumor metastasis,
tumor growth, osteoarthritis, rhenmatmd arthritis, septlc arthritis, comeal ulceration,
prot_exnuna, aneurysmal aortic dlsease, degeneranve cartilage loss follown_tg traumatic
joint injury, demyelinating. diseases of the'ne't'\'/ous system, cirthosis of ‘the Kver,
glomerular disease of the kldney, premature mpture of fetal membranes,
inflammatory bowel dlsease age related macu]ar degeneration, diabetic retinopathy,
proliferative wtreoreunopathy, retmopathy of prematunty ocular inflammation,
keratoconus, Sjogren’s syndrome myop1a, ocular tumors, ocular ang10genes1s/—
neovascularization and corneal graft re]ecuon.

Compounds of tlns mventlon ~may be administered neat or with a
pharmaceutical carrier t0 a pauent in need thereof. The pharmaceutlcal carrier may
be sohd or liquid. ' '

Applicable solid carriers can include one or more substances which may also

- act as flavoring agents, lubncants, solublhzers suspendmg agents, fillers, glidants,

compressmn aids, binders or tablet—dxsmtegraung agents or an encapsulating material.

In powders, the carrier is a finely divided _sohd which is in admixture with the finely

- divided active ingredient. In tablets, the active ingretlient is mixed with a carrier

‘having the necessary compression propertics in suitable proportions and compacted in

the shape and size desired. The powders and tablets preferably contain up to 99% of
the active ingredient. Suitable so_lid car_riets include, for example, calcium phosphate,
magnesium stearate, talc, sugars, lactose, dextrin, starch, gelatin, cellulose, methyl
cellulose sodium carboxymethyl cellulose, polyvinylpyrrolidine, low melting waxes
and ion exchange resins. _

Liquid carriers may be used in preparing solutions, suspensions, emulsions,
syrups and elixirs. The active ingredient of this invention can be dissolved or
suspended in a pharmaceutically acceptable liquid carrier such as water, an organic

solvent, a mixture of both or pharmaceutically acceptable oils or fat. The liquid

-carrier can contain other suitable pharmaceutical additives such a solubilizers,

emulsifiers, buffers, preservatives, sweeteners, flavoring agents, suspending agents,
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thickening agesits, colors, viscosity regulators, stabilizers or osmo-regulators.
Suitable examples of liquid carriers for oral and parénteral. administration include
water (particularly cohtaining additives as' . above, e.g., cellulose derivatives,
preferable sodium carboxymethjl célluldsé solution), alcohols (including monohydric
alcohols and polyhydric alcohols, e.g., glycols) and their derivatives, and oils (e.g.,

fractionated coconut oil and arachis oil). For parenteral administration the carrier can

~ also be an oily ester such as ethyl oleate and isopropyl myristate. Sterile lquid

carriers are used in sterile liquid form compositions for parenteral administration.

Liquid pharmaceutical compositions which are sterile solutions or suspensions
can be utilized by, for example, intramuscular, intraperitoneal or subcutaneous
injection. ~ Sterile solutions can also be administered intravenously.  Oral
administration may be either liquid or solid composition form.

The compounds of this invention may be administered rectally in the form of
a conventional suppository. For administration by intranasal or intrabronchial
inhalation or insufflation, the compounds of this invention may be formulated into an
aqueous or partially aqueous solution, which can then be utilized in the form of an
aerosol. The compounds of this invention may also be administered transdermally
through the use of a transdermal patch containing the active compound and a carrier
that is inert to the active compound, is non-toxic to the skin, and allows delivery of
the agent for systemic absorption into the blood'stream via the skin. The carrier may
take any number of forms such as creams and ointments, pastes, gels, and occlusive
devices. The creams and oinmients may be viscous liquid or semi-solid emulsions of
either the oil in water or water in oil type. Pastes comprised of absorptive powders
dispersed in petroleum or hydrophilic petroleum containing the active ingredient may
also be suitable. A variety of occlusive devices may be used to release the active
ingredient into the blood stream such as a semipermeable membrane covering a
reservoir containing the active ingredient with or without a carrier, or a matrix
containing the active ingredient. Other occlusive devices are known in the literature.

The dosage to be uéed in the treatment of a specific patient suffering a MMP
or TACE dependent condition must be subjectively determined by the attending
physician. The variables involved include the severity of the dysfunction, and the
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size, age, and response pattern?of the patient. Treatmeﬁtr will generally be initiated
with small dosages less than'_:t:he optimum &ose'of. the compound. Thereafter the
dosage is increased until the optimum effect under the circumstances is reached.
Precise dosages for orai, pargntéral, nasal, or inn'abrohchial administration will be
determined by the administering physician based on experience with the individual
subject treated and standard medical principles. .

Preferably the pharmacéuﬁcal,composiﬁon is in unit dosage form, e.g., as
tablets or capsules. In suéh_ form, the comp'osiﬁon is sub-divided in unit dose
containing appropriate quantities of the active ingredient; the unit dosage form can be
packaged compositions, for 'cxalmple packed powders, vials, ampoules, prefilled
syringes or sachets containing liquids. The iunit dosage form can be, for example, a

capsule or tablet itself, or it can be the appropriate number of any such compositions

. in package form.
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5 1. A compound of formula
) i
Y 4 /Y\ ><*’ l\/
Ri R1o R11 OH I
wherein:

10

15

30

R, is hydrogen, aryl, heteroaryl, alkyl of 1-6 carbon atoms, alkenyl of 2-6 carbon
atoms, alkynyl of 2-6 carbon atorhs, cycloalkyl of 3-6 carbon atoms, or Cs-
C8-cycloheteroalkyl having from'.1-2 heteroatoms selected from N, NR7, S
and O; |

R, and R, are each independently, hydrogen, alkyl of 1-6 carbon atoms, -CN, or
-CCH;

RS5 is hydrogen, alkyl of 1-8 carbon atoms, cycloalkyl of 3-6 carbon atoms, aryl,
heteroaryl, or C4-C8-cycloheteralkyl;

R7 is hydrogen, aryl, aralkyl, alkyl of 1-6 carbon atoms, or cycloalkyl of 3-6 carbon
atoms, oxy, C1-C8 alkanoyl, COORS, CORS, -SO,-C1-C8 alkyl, -SO,-aryl,
-SO,-heteroaryl, -CO-NHR ; '

Rg. Rg, R10, and Ry are each, independently, hydrogen, aryl, aratkyl, 5-10
membered heteroaryl havihg from 1-3 heteroatoms selected from N, NR7, O
and S, heteroaralkyl having from 1-3 heteroatoms selected from N, NR7, O
and S, cycloalkyl of 3-6 carbon atoms, -C4-Cg-cycloheteroalkyl having from
1-3 heteroatoms selected 'f_rox_'n'N, NR7, O and S, alkyl of 1-18 carbon atoms,
alkenyl of 2-18 carbon atoms, alkynyl of 2-18 carbon atoms;

R12 is hydrogen, aryl or 5-10 memﬁered_ heteroaryl having from 1-3 heteroatoms
selected from N, NR7, S and O, cycloalkyl of 3-6 carbon atoms, -C5-C8-
cycloheteroa]kyl having ft_om 1 to 2 heteroatoms selected from N, NR7, S and
O, or alkyl of 1-6 carbon atoms;

AisO, S, SO, SO, NR,, or CH,;

I
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Xis 0O, S, SO, SO, NR,, or CH,;

Y is aryl or heteroaryl, :with the proviso that A and X are not bonded to adjacent
atoms of Y; and '

nis 0-2; |

or a pharmaceutically acceptable salt thereof.

2. ~ Acompound of Claim 1 wherein Y is phenyl, pyridyl, thienyl, furanyl,

imidazolyl , triazolyl or thiadiazolyl.

3. A compound of Claim 1 or claim 2 wherein R, and R, are each,

‘independently, hydrogen or alkyl of 1-6 carbon atoms;

4.- A compound of any one of claims 1 to 3 wherein R, and R, are each,

independently, hydrogen or aikyl of 1-6 carbon atoms;

3. A compound of any one of claims 1 to 4 wherein R12 is hydrogen.

6. A compound of Claim 1 selected from the group consisting of:

. 2-(4-But-2-ynyloxy-benzenesulfonyl)-N-hydroxy-2-methyl-3-pyridin-3-yl-
propionamide;
2-(4-But-2-ynyloxy-phenylsulfanyl)-N-hydroxy-propionamide;
2-(4-But-2-ynyloxy-benzesulfonyl)-N-hydroxy-2-methyl-3-[4-(2-piperidin-1-
yl-ethoxy)-phenyl}-propionamide;
3-Biphenyl-4-y1-2-(4-but-2-ynyloxy-benzenesulfonyl)-N-hydroxy-2-methyl-
propionamide;
2-(4-But-2-ynyloxy-phenysulfanyl)-octanoic acid hydroxamide;
2-(But-2-ynyloxy-benzenesulfonyl)-octanoic acid hydroxamide;

2[(R )-(4-Butyl-2-ynyloxy)-sulfinyl-N-hydroxyoctanamide;
2[(S )-(4-Butyl-2-ynyloxy)-sulfinyl-N-hydroxyoctanamide;
3-(4-But-2-ynyloxy-phenoxy)-N-hydroxy-propionamide
4-(4-But-2-ynyloxy-phenoxy)-N-hydroxy-butyramide;
2-(4-But-2-ynyloxy-phenoxy)-N-hydroxy-acetamide;

This Sheet Has Been Replaced
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4-(4-But-2-ynyloxy-phenyl)-N-hydroxy-butyramide;

Quinoline-2-carboxylic acid [5-(4-but-2-ynyloxy-phenylsulfanyl)-5-hydroxy-
carbamoyl—pehtjl]—amide; |
2-(4-But-2-ynyloxy-phenylsulfanyl)-6-[2-(1,3-dioxo-1,3-dihydro-isoindol-2-
yl)-acetylamino}-hexanoic acid hydroxyamide;

N- [S—(4—But-2-yny10xy—phenylsuifany])—5-hydroxycarbamoy1—penty1]—2—
phenethyl-benzamide;
2—(4-But-Z-ynyloxy-phenylsulfanyl)-ﬁ-[2-(3,4—dichloro—phenyl)—acetylamino]-
hexanoic acid hydroxyamide;

Quinoline-3-carboxylic acid [5-(4-but-2-ynyloxy-phenylsulfanyl)-5-hydroxy-

. carbamoyl-pentyl}-amide;

2-(4-But-2-ynyloxy-phenylsulfanyl)-6-(4-thiophen-2-yl-butyrylamino)-
hexanoic acid hydroxyamide;

9H-Xanthene-9-carboxylic acid [5-(4-but—2-ynyloxy—phenylsulfanyl)—
5-hydroxycarbamoyl-pentyl}-amide;
2-(4-But-2-ynyloxy-phenylsulfanyl)-6- dlphenylacety]ammo-hexanmc acid

- hydroxyamide;

Isoquinoline-1-carboxylic acid [5-(4-but-2-ynyloxy-phenylsulfanyl)-5-
hydroxycarbamoyl-pentyl]-amide;
6-(2-Benzo[b]thiophen-3-yl-acetylamino)-2-(4-but-2-ynyloxy-phenyl-
sulfanyl)-hexanoic acid hydroxyamide; _
Quinoline-2-carboxylic acid [5-(4-but-2-ynyloxy-benzenesulfinyl)-5-
hydroxycarbamoyl-pentyl]-amide;
2-(4-But-2-ynyloxy-benzenesulfinyl)-6-[2-(1,3-dioxo-1,3-dihydro-isoindol-2-
yD-acetylamino]-hexanoic acid hydroxyamide;
N-[5-(4-But-2-ynyloxy-benzenesulfinyl)-5-hydroxycarbamoyl-pentyl]-2-
phenethyl-benzamidc;
2-(4-But-2-ynyloxy-benzenesulfinyl)-6-[2-(3,4-dichloro-phenyl)-acetyl-
amino]-hexanoic acid hydroxyamide;

Quinoline-3-carboxylic acid [5-(4-but-2-ynyloxy-benzenesulfinyl)-5-
hydroxycarbamoyl-pentyl]-amide;

This Sheet Has Been Replaced
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2—(4~But-2-ynyloxy—benzenesu1ﬁnyl) 6-(4—tlnophen-z-yl-butyrylammo)-
hexanoic acid hydroxyamde

9H-Xanthene-9- carboxyhc acid [5- (4-but-2-yny1oxy-benzenesulfmyl) 5-
hydroxycarbamoyl-pentyl] -am1de,
2-(4-But-2-ynyloxy-benzenesulfinyl)-6-diphenylacetylamino-hexanoic acid
hydroxyamide; | ' o '
Isoquinoline-1-carboxylic acid [5-(4-but-2-ynyloxy-benzenesulfinyl)-5-
hydroxycarbamoyl-peﬁtyl]-amide;
6-(2-Benzo[blthiophen-3-yl-acetylamino)-2-(4-but-2-ynyloxy-benzene-
sulfinyl)-hexanoic acid hydroxyamide; -
2-(4-But-2-ynyloxy-benzenesulfinyl)-6-(2-1H-indol-3-yl-acetylamino)-
hexanoic acid hydroxyamide; :

~ Quinoline-2-carboxylic acid [S-(4-but-2-ynyloxy-benzenesulfonyl)-5-

hydroxycarbamoyl-pentyl]-amide;

2-(4-But-2-ynyloxy-benzenesulfonyl)-6-[2-(1,3-dioxo-1,3- dlhydro isoindol-2-

yl)-acetylamino]-hexanoic acid hydroxyamide;
N—[5-(4wBut-2-ynyloxy-ben7enesulfonyl) S-hydroxycarbamoyl-pentyl]-2-
phenethyl-benzamide; -
2-(4-But-2—ynyloxy—benzenesulfonyl)-G—[Z—(S,4—dich]oro-phe’ny1)-acetyl-
amino}-hexanoic acid hydroxyamide;

Quinoline-3-carboxylic acid [5-(4-but-2-ynyloxy-benzenesulfonyl)-5- -
S-hydroxycarbamoyl-pentyl]l-amide;

9H-Xanthene-9-carboxylic acid {5-(4-but-2-ynyloxy-benzenesulfonyl)-5-
hydroxycarbamoyl—pentyl]—amide;
2-(4-But-2-ynyloxy-benzenesulfonyl)-6- dlpheny]aoetylammohexanmc acid
hydroxyamide;

Isoquinoline-1-carboxylic acid [5- (4—but-2-ynyloxy-benzznesulfonyl)—S—
hydroxycarbamoyl-pentyl]-amide;
6-(2-Benzo[b]thiophen-3-yl-acetylamino)-2- (4-but-2-yﬁyloxy-benzene—
sulfonyl)-hexanoic acid hydroxyamide; .
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Quinoﬁne-ﬁ-éarboxylic acid {[5-(4ébut—2—ynyloxY—phenylsulfanyl)-S-
hydroxycarbamoyl-pentylcﬁ:arbamoyl]?methyl}-amide;
2-(4—But-2-yny16xy~pheny]sulfanyl)-6—'{2-[2~(1,3-dioxo—1,3—_dihydroisoindol—
2—y1)-acetylamino]-ac¢ty1ah;ino}héxanoic acid hydroxyamide;
N-{[5-(4-But-Z-ynyloxy—phenylsulfanyl)-S-hydroxycarbamoyl-pentyl—
carbamoyl]-methyl }-2—phenethy1-benzaihide;
2-(4-But-2-ynyloxy-phenylsulfanyl)-6-{ 2-[2-(3,4-dichloro-phenyl)-
acetylamino]-acetylamino }-hexanoic acid hydroxyamide;
Quinoline-3-carboxylic acid {[5-(4-but-2-ynyloxy-phenylsulfanyl)-5-
hydroxycarbamoyl—pentylcarbamoyl]-‘me_thyl}-anﬁde;
9H-Xanthene-9-carboxylic acid { [5—(4-but—2—ynyloxy-phenylsu]fany])-5-
hydroxycarbamoyl-pentylcarbamoyl]-methyl }-amide;
2-(4-But-2-ynyloxy-phenylsulfanyl)-6-(2-diphenylacetylamino-acetylamino)-
hexanoic acid hydroxyamide; |

Isoquinoline-1-carboxylic acid {[5-(4-but-2-ynyloxy-phenylsulfanyl)-5-
hydroxycarbamoyl-pentylcarbamoyl}-methyl }-amide;

1-Methyl- 1H-pyrrole-2-carboxylic acid {[5-(4-but-2-ynyloxy-phenyl-
sulfanyl)-5-hydroxycarbamoyl-pentylcarbamoyl]-methyl }-amide;

- 6-[2-(2-Benzo[b]thiophen-3-yl-acetylamino)-acetylamino]-2-(4-but-2-

ynyloxy-phenylsulfanyl hexanoic acid hydroxyamide;
Quinoline-2-carboxylic acid {[5-(4-but-2-ynyloxy-benzenesulfinyl)-5-
hydroxycarbamoyl-pentylcarbamoyl]-methyl}-amide;
2—(4-But-2-ynyloxy-benzenesﬁlfmyl_)-6-{2-[2-(1,3-dioxo-l,3-dihydroisoindol—
2-y1)-acety]amino]-acetylamin6}-hexanoic acid hydroxyamide;

N-{ [5—(4—But-2-ynyloxy-benzenesﬁlﬁnyl)-S-hydrdxycarbamoyl-pentyl-
carbamoyl]-methyl}-2-phenemyl—bénzamide;
2-(4-But-2-ynyloxy-benzenesulfinyl)-6-{ 2-[2-(3,4-dichloro-phenyl)-
acetylamino]-acetylamino }-hexanoic acid hydroxyamide;
Quinoline-3-carboxylic acid {[5-(4-but-2-ynyloxy-benzenesuifinyl)-5-
hydroxycarbamoyl-pentylcarbamoyl]-methyl }amide;

-
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acetylamino]-hexanoic acid hydroxyamide;

9H-Xanthene-9-carboxylic acid {[5-(4-but-2-ynyloxy-benzenesulfinyl)-5-
hydroxycarbamoyl-pent-ylcarbamoyl]—methyl}-amide;
2-(4-But-2-ynyloxy-benzenesulfinyl)-6-(2-diphenylacetylamino-acetylamino)-
hexanoic acid hydroxyamide; '

1-Methyl-1H-pyrrole-2-carboxylic acid {[5-(4-but-2-ynyloxy-benzene-
sulfiny_l)-5-hydroxycarbamoyl-pentylcarbamoyl]-methyl)-amide ;
2-(4-But-2-ynyloxy-benzenesulfonyl)-6-{2-[2-(1,3-dioxo-1,3-dihydro-iso-

indol-2-yl)-acetylamino}-acetylamino }-hexanoic acid hydroxyamide;

N-{[5- (4-But-2-ynyloxy-benzenesulfonyl)-5-hydroxycarbamoyl-penty1-

15

carbamoyl]-me_thyl}-2-ph_enethyl-benzamide;
2-(4-But-2-ynyloxy-benzenesulfonyl)-6-{2-(2-(3,4-dichloro-phenyl)-
acetylamino]-acetylamino }-hexanoic acid hydroxyamide;
Quinoline-3-carboxylic aéid {t5-(4—b|it-2-ynyloxy—benzenesulfonyl)-s-
hydroxycarbamoyl-pentylcarbamoyl]-methyl }amide;

- 9H-Xanthene-9-carboxylic acid ([5-(4but-2-ynyloxy-‘benzcnesulfonyl)-s-

25

30

hydroxycarbamoyl-pentylcarbamoyl]-methyl }-amide;
2-(4-But-2-ynyloxy-benzenesulfonyl)-6-(2-diphenylacetylamino-acetyl-
amino)-hexanoic acid hydroxyamide; -

Isoquinoline-l-carboxylic acid {[5;(4—but-2-ynyloxy-benzenesulfonyl)-s-
hydroxycarbamoyl-pentylcarbamoyl]-méthyl}-amide;
6-[2-(2-Benzo[b]jthiophen-3-yl-acetylamino)-acetylamino]-2-(4-but-2-ynyl-
oxy benzenesulfonyl hexanoic acid hydroxyamide; | : i
2-(4-But-2-ynyloxy-ben2¢nesulfonyl)-6- [2-(2-1H-indol-3-yl-acetylamino)- ' |
acetylamino]-hexanoic acid hydroxyamide; |
2-{{4-(2-butynyloxy)phenyl]sulfonyl }-N-hydroxy-4-{4-[2-(1-piperidinyl)-

ethoxy phenyl}butanamide; _ ‘
2-{[4-(2-butynyloxy)phenyl]sulfony}-7-cyano-N-hydroxy heptanamide;
2-{[4-(2-butynyloxy)phenyljsulfanyl }-2-cyclohexyl-N-hydroxyacetamide;
2-{[4-(2-butynyloxy)phenyl]sulfinyl }-2-cyclohexyl-N-hydroxyacetamide;
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2-{[L(z-ﬁﬁtynyloxy)phenyllsulfonyl}-2-cyclohexyl-N-'hydroxyacetamide;
2-{ [4?(2abutynyloxy)phenyl]su]fanyl} ~N-hydroxy-2-(4-methoxyphenyl)
acetamide; - .

(2R)-2-{[4-.(2-butynyloxy)phenyl] sulfinyl }-N-hydroxy-2-(4-methoxyphenyl)

- ethanamide;

(2S)-2-{[4-(2-butynyloxy)phenyl] sulfinyl}-N-hydroxy-2-(4-methoxyphenyl)
ethanamide; '

2-{[4-(2-butynyloxy)phenyl]Jsulfonyl }-N-hydroxy-2-(4-methoxyphenyl)
acetamide;

2-{ [4-(2-butynyloxy)phenyl] sulfanyl}-2-(4-chlorophenyl)-N-hydroxyacetamide;
2-{[4-(2-butynyloxy)phenyl] sulfinyl}-2-(4-chlorophenyl) N-hydroxyacetamide;
2-{[4-(2-butynyloxy)phenyl]sulfonyl-2-(4-chliorophenyl)-N-hydroxy-acetamide;
2-{[4-(2-butynyloxy)phenyl]sulfanyl}-2-(3-chlorophenyl)-N-hydroxyacetamide;
2-{[4-(2-butynyloxy)phenyl]sulfonyl }-2-(3-chlorophenyl)-N-hydroxyacetamide;
2-(4-bromophenyl)-2-{[4-(2-butynyloxy)phenyl]sulfanyl-N-hydroxyacetamide;
(2S)-2-(4-bromophenyl)-2-{[4-(2-butynyloxy)phenyl]sulfinyl-N-hydroxy-

-acetamide;

(2R)-2-(4-bromophenyl)-2—{[4-(2-butynyloxy)phenyl] sulfinyl-N-hydroxy-
acetamide;
2-(4-bromophenyl)-2-{[4-(2-butynyloxy)phenyl]sulfonyl-N-hydroxy-acetamide;

- 2{ [4-(2-butynyloxy)phenyl]sulfa.nyl}-N-hydroxy-2-[4-(2-tlnenyl)phenyl]-

acetamide;

- (2R)-2-{[4-(2-butynyloxy)pheny]] sulfinyl}- N-hydroxy-2-[4-(2-thienyl)-

phenyl]ethanamide;

2-{[4- (2-butynyloxy)phcnyl] sulfonyl}-N—hydroxy-Z—[4~ (2-thienyl)-phenyl}-
acetamide;
2-{[4-(2-Butynyloxy)phenyl]Jsulfanyl}-N-hydroxy-2-(1-napthyl)acetamide;
2-{[4-(2-Butynyloxy)phenyl]sulfinyl }-N-hydroxy-2-(1-napthylacetamide;

' 2—{[4-(2-'Butjmyloxy)pl_1enyl]Sulfonyl}-N-hydroxy-Z-(l-napthyl)acetanﬁde;

2-{[4~(2-Butynyloxy)phenyl]sulfanyl}-2-(4-fluorophenyl)-N-hydroxy-2-(1-
napthyDacetamide; "
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2-{[4-(2-butynyloxy)phenylJsulfiny]-2-(4-fluorophenyl)-N-hydroxyacetamide;
2-{[4-(2-butynyloxy)phqnyl]_sinlfonyl_vz-(4-ﬂuorophenyl)-N-hydroxyacetamide;
2-(2—methoxyphényl)—2—_{[4-(2—'buWnylo:_ty)pheny_l]sulfanyl-N—hydroxy—
acetamide; |
2-(2-methoxypheny1)-2-{[4-(2-butynyloxy)phenyl]sulﬁnyl}-N—hydroxy—
acetamide; _
2-{[4-(2-butynyloxy)phenyl]sulfanyl-N-hydroxy-Z—(4-ethoxyphenyl) acetamide;
2-{[4-(2-Butynyloxy)phenyl] snﬂﬁnyl—N—hydroxy—Z-(4 ethoxyphenyl)
acetamide; _

2-{[4-(2-butynyloxy)phehyl]su]fonyl-2 (4-chlorophenyl)-N-hydroxyacetamide;
2-{ [4—(2—Butynyloxy)pheny1]sulfanyl-N-hydroxy-Z-(3 -bromophenyl)
acetamide; '

_ (2R)-2—{[4—-(2-butynyloxy)phenyl]sulﬁnyl—N-hydroxy-Z-(3-bromophenyl)
-acetamide;

(28)-2-{[4-(2-butynyloxy)phenyl] sulﬁnyl-N—hydroxy-Z-(3-bromopheny])
acetamide;
2-{[4-(2—Butynyloxy)pheny1]su}fonyl}-2-(3-bromophenyi)—N-hydroxy—
acetamide; -
2—{[4-(2-Butynyloxy)phenyl]sulfanyl}-2-1sopropyl-N—hydroxyacetanude
R-2-{ [4-(2-butynyloxy)phenyl]sulﬁnyl}-2-1sopropyl-N-hydroxyacetanude
-2-{[4-(2—butynyloxy)phenyl]sulﬁnyl}-2-1sopropyl-N-hydroxyacetamlde

2- {[4-(2-butynyloxy)phenyl]sulfonyl}-2-1soprpy1-N-hydroxyacetanude
2-{[4—(2-Butynyloxy)phenyl]_sulfanyl} 2-phenyl-N-hydroxyacetamide;
R-2-{[4-(2-butynyloxy)phenyl]sulfiny!}-2-phenyl-N-hydroxyacetamide;
S_-2-{[4-(2-butynyioxy)pheny1]sulﬁnyl}-Z-phenyl—N—hydroxyacetamide;
2—{[4-(2-Butyny10xy)phéﬁy1]sulfanyl}-2—(2-naph_thyl)-N-hyd_roxyacetamide;
2-{[4_-(2-butynyloxy)phenyl]sul_ﬁnyl}-2-(Z_-naphthyl)-N-hydroxyacetanﬁde;
2-{[4-(2-butynyloxy)phenyl]smfonyl}--2-(2-naphthyl)-N-hydroxyacetamide;
Tert-butyl—4-[1¢{[4-_(2-butynyloxy)?henyl]sulfonyl}-2:_(hydroxyamino)—2—oxo-

~ ethyl]-1-piperidine carboxylate;

2-{[4-(2-butynyloxy)phe_nyl]sulfonyl.} -N-hydroxy-2-(4-piperidinyl) acetamide;

\' . ) > ——— -
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2-§ [4-(2-butynyloxy)phenyl]sulfonyl}-N—hydroxy-Z—[1-(4-methoxybenzyl)—4—
piperidinyl] acetamide; . '
2-(1-benzoyl-4-piperidingl)-2-{ [4-(2-butynyloxy)phenyl]sulfonyl}-N-hydroxy-
acetamide; '
2-(1-acetyl-4-piperidinyl)-2-{[4-(2-butynyloxy)phenyl]}sulfonyl-N-hydroxy-
acetamide; '

2-{[4-(2-Butynyloxy)phenyl]sulfonyl }-N-hydroxy-2-tetrahydro-2H-pyran-4yl-
acetamide;

2-{ [4-(2-Butynyloxy)phenyl]sulfonyl}-N-hydroxy-Z—te’a'ahydro-2H-th10pyran-
4yl-acetamide;-
2-{[4-(2-Butynyloxy)phenyl]jsulfonyl}-N-hydroxy-2-(1-oxidotetrahydro-2H-
thiopyran-4yl) acetamide; and '
2-{[4-(2-Butynyloxy)phenyl]sulfonyl }-N-hydroxy-2-(1, 1-dioxidotetrahydro-
2H-thiopyran-4yl) acetamide.

7. A method of inhibiting pathological changes mediated by TNF-a

converting enzyme (TACE) in a mammal in need. thereof which comprises
administering to said mammal a therapeutically effective amount of a compound
having the formula:

Rq R R
// -~ Y\A>.< (c ),,)k,\/i *

R 10 11

wherein;

R, is hydrogen, aryl, heteroaryl, alkyl of 1-6 carbon atoms, alkenyl .of 2-6 carbon

atoms, alkynyl of 2-6 carbon atoms, cycloalkyl of 3-6 carbon atoms, or C5-

C8-cycloheteroalkyl having from 1-2 heteroatoms selected from N, NR7, S
and O;

R, and R, are each independently, hydrogen, alkyl of 1-6 carbon atoms, -CN, or

-CCH;
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RS is hydrogen, alkyl of 1-8 carbon atoms, cycloalky] of 3-6 carbon atoms, aryl,
heteroaryl, or C¢C8-cyclohetera1ky1

R7 is hydrogen, aryl, aralkyl, alkyl of 1 6 carbon atoms, or cycloalkyl of 3-6 carbon
atoms, oxy, C1-C8 a]kanoyl COORS COR5 -80,-C1-C8 alkyl, -SO,-aryl,
-SO,-heteroaryl, -CO—NHR,, .

Rg, Rg, Ry, and Ry are each, mdependently, hydrogen, aryl, aralkyl, 5-10
membered heteroaryl havmg from 1- 3 heteroatoms selected from N, NR7, O
and S, heteroara]kyl havmg from 13 heteroatoms selected from N, NR7, O
and S, cycloalkyl of 3-6 carbon atoms,- -C4-Cg-cycloheteroalkyl having from
1-3 heteroatoms selected from N, NR7, O and S, alkyl of 1-18 carbon atoms,
alkenyl of 2-18 carbon ato:ms'-,- alkynyl of 2-18 carbon atoms;

R12 is hydrogen, aryl or 5-10 tnémbered heieroary] having from 1-3 heteroatoms

- selected from N, NR7, S and O, cyi-:_loall?(yl of 3-6 carbon atoms, -C5-C8-

cyc]bhcteroalkyl having:fro_m_-l t02 heteroatoms selected from N, NR7, S and
O, or alkyl of 1-6 carbon a:tqms;

Ais O, S, SO, SO, NR,, or CH,;

Xis O, S, SO, SO,, NR,, or CH,;

Y is aryl or heteroaryl, with the proviso that A and X are not bonded to adjacent
atoms of Y; and ' -

nis 0-2; or a pharmaceutically acceptable salt thereof.

8. The method of Claim 7:whérein the condition treated is rheumatoid
arthritis, graft rejection, cachexia, iﬁﬂammatibn, fever, insulin resistance, septic
shock, congestive heart failure, ihﬂammatory disease of the central nervous system,
inflammatory bowel disease or HIV infection.
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9. A phgxihaceuﬁcal composition comprising a compound having the
formula: :
Ro 0
) Ra><g' )K/‘
_ Y. 12
// ' X Na )
1 Rio Rt on

wherein:

R, is hydrogen, aryl, heteroaryl, alkyl of 1-6 carbon atoms, alkeny! of 2-6 carbon
atoms, alkynyl of 2-6 carbon atoms, cycloalkyl of 3-6 carbon atoms, or C5-
C8-cycloheteroalkyl having from 1-2 heteroatoms selected from N, NR7, S
and O;

R, and R, are each independently, hydrogen, alkyl of 1-6 carbon atoms, -CN, or
-CCH; | |

RS is hydrogen, alkyl of 1-8 carbon atoms, cycloalkyl of 3-6 carbon atoms, aryl, .
heteroaryl, or C4-C8-cycloheteralkyl; '

R7 is hydrogen, aryl, aralkyl, alkyl of 1-6 carbon atoms, or cycloalkyl of 3-6 carbon
atoms, oxy, C1-C8 alkanoyl, COOR5, CORS, -SO,-C1-C8 alkyl, -SO,-aryl,
-SO,-heteroaryl, -CO-NHR ;

Rg, Rg, Rj, and R11 are each, independently, hydrogen, aryl, aralkyl, 5-10
membered heteroaryl having from 1-3 heteroatoms.selected from N, NR7, O
and S, heteroaralkyl having from 1-3 heteroatoms selected from N, NR7, O
and S, cycloalky! of 3-6 carbon atoms, -C4-Cg-cycloheteroalkyl having from
1-3 heteroatoms selected from N, NR7, O and S, alkyl of 1-18 carbon atoms,

“alkenyl of 2-18 carbon atoms, alkynyl of 2-18 carbon atoms;

R12 is hydrogen, aryl or 5-10 membered heteroaryl having from 1-3 heteroatoms
selected from N, NR7, S and O, cycloalkyl of 3-6 carbon atoms, -C5-C8-
cycloheteroalkyl having from 1 to 2 heteroatoms selécted from N, NR7, S and
O, or alkyl of 1-6 carbon atoms; '

Ais 0, S, SO, SO,, NR,, or CH,;

Xis 0, S, SO, SO,, NR,, or CH,;
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Y is aryl or heteroaryl, with the proviso that A and X are not bonded to adjacent
atomsof Y;and -

nis0-2;0ra phannaceuﬁcally:acpgptabl_e salt thereof, and a pharmaceutically

acceptable carrier. - - '

10. A prbcesses for preparing a compound of formula I as claimed in
claim 1, which processes comprise one of the following:

a) reacting a dqmﬁound 6f fofmqla_

<

wherein n, X, Y, A, R,, R,, R,, R,, R, R, and R, are as defined in claim 1 or a

reactive derivative thereof with a compound of formula -
_ R NHOH
wherein R,, is as defined in claim 1, to give a compound of formula L
or. _ _ .
b) deprotecting a compound of formula:

(o}
RZ R‘i Ré R9

Z N Y\A><(C)n/ '\NRuORso

R -l | | R{ .\?11

whereinn, X, Y, A R, Rz R, R,, R, R, R, and R,,, are defined in claim 1, and R,,
is a suitable protecting group such as t-butyl benzyl, and ma]kylsﬂyl to give a

corresponding compound of formula I

or
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c) cleaving a resin supported hydroxamate derivative contalmng the 'gfoup
o t. .

| :..'.,;;;'_'-"!‘165._7_ Rﬂ’ _ T : _ : e . {
wherein o, X, Y, A, R, R, R, R, R,, R, and R ,, are defined in claim 1 to give a
compound of formula I wherein R,, is hydrogen;

or . o |

d resolving a mixture (e.g. racemate) 'of optically active isomers of a compound
of formula I to isolate one enantiomer or diastereomer substantially fréc-; of the other -
enantiomer or diastereomers; ' |

or .

e) acidifying a basic compourid of fom"x_ii!a 1 with a pharmaceutically. acceptable
acid to give a pharmaceutically acceptable salt; '

or ' _

f)  converting a compound of formula I baving a reactive substituent group or -
site to a compound of formula I having a different substituent gfoup or site.
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