
BIOORGANIC & 
MEDICINAL CHEMISTRY 

LETTERS 
Pergamon Bioorganic & Medicinal Chemistry Letters 8 (1998) 1163-1168 

THE ASYMMETRIC SYNTHESIS AND IN VITRO CHARACTERIZATION OF 
SUCCINYL MERCAPTOALCOHOL AND MERCAPTOKETONE INHIBITORS OF 

MATRIX METALLOPROTEINASES 

Jeremy I. Levin, *a John F. DiJoseph, b Loran M. Killar, b Michele A. Sharr, b Jerauld S. Skotnicki, a 
Dinesh V.Patel, c X iao-Yi Xiao, c Lihong Shi. c Marc Navre c and David A. Campbell* c 

aWyeth-Ayerst Research, Pearl River, New York 10965, U.S.A. 
bWyeth-Ayerst Research, Princeton, NJ 08543, U.S.A. 

CAffymax Research Institute, 3410 Central Expressway, Santa Clara, CA 95051, U.S.A. 

Received 28 January 1998; accepted 2 April 1998 

Abstract: A series of succinyl based mercaptoketones and diastereomeric mercaptoalcohols were prepared and 
evaluated in vitro as inhibitors of the matrix metalloproteinases collagenase-1 (MMP-1), stromelysin (MMP-3), 
and gelatinase-B (MMP-9). © 1998 Elsevier Science Ltd. All rights reserved. 

The matrix metalloproteinases (MMPs) are a family of zinc-containing enzymes that are involved in the 

remodeling and degradation of extracellular matrix proteins.l-4 The MMPs play important roles in mediating 

many normal physiological activities including tissue growth, tissue remodeling, wound healing, and multiple 

processes involved in reproduction. 5-10 Because of the destructive potential of these enzymes, their activity and 

expression is tightly controlled by a variety of mechanisms. 

The aberrant regulation of MMP production has been implicated in pathological tissue breakdown in 

numerous diseases processes, most notably arthritis and tumor metastasis. 1-4,11-14 More recently, increased 

levels of MMPs have been associated with different aspects of cardiovascular disease including smooth muscle 

cell migration in restenosis, and plaque formation and rupture in atherosclerosis. 15-17 Small molecule 

inhibitors of MMPs therefore hold great promise for the treatment of a wide variety of conditions, some of 

which are at present intractable. The potential utility of MMP inhibitors as therapeutic agents has further 

expanded with the recent recognition that tumor necrosis factor-ct (TNF-ct) converting enzyme (TACE), an 

enzyme responsible for the generation of soluble TNF-ct, belongs to a family of enzymes related to the 

MMPs 18,19 and is inhibited by some small molecule MMP inhibitors (MMPIs). 20-22 

Approaches to identify inhibitors of MMP activity at all levels of their regulation have been undertaken, 

but the most widely pursued to date has been the design of molecules that bind to the catalytic site of the 

enzymes. 23 Peptidomimetics or pseudopeptides that incorporate a zinc binding group and P1 and/or PI' side 

chains that interact with the enzyme subsites are the most common class of MMP inhibitors, although 

sulfonamide based inhibitors 24 have been reported. The vast majority of these MMP inhibitors utilize a 

hydroxamic acid to chelate the active-site zinc atom, 23 while carboxylic acids, 25 thiols 26 and phosphinates and 

phosphonates 27 have been studied less thoroughly. 

The search for novel zinc chelators has been driven by a desire to avoid potential complications 

presented by hydroxamic acid based inhibitors, including possible metabolic and pharmacokinetic problems 

which may present liabilities for a chronically administered therapeutic agent. To that end we have investigated 
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a novel series of malonyl mercaptoketones, 1, 28 and now describe the synthesis and SAR of the related 

succinyl mercaptoketone class of MMP inhibitors, 2. 
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The first compounds prepared in this series were the dipeptide mercaptoalcohol 7 (R 1 = n-heptyl, R 2 -- i- 

Bu, R 3 = Leu(N-Et)) and the corresponding mercaptoketone 8 (R1 --- n-heptyl, R 2 = i-Bu, R 3 = Leu(N-Et), 

Scheme 1). The most efficient route to inhibitors of this type, shown in Scheme 1, produces the desired 

mercaptoketones in 5 steps from the benzophenone hemithioketal of 3-mercapto-l,2-propanediol. However, 

this route provides the mercaptoalcohols as mixtures of diastereomers which must be separated 

chromatographically. The in vitro potency of 7 (Table 1) versus MMP-3 and MMP-9 thus demanded that we 

develop a practical synthetic route, incorporating differentially protected thiol and alcohol groups, that would 

allow access to either diastereomerically pure mercaptoalcohol, as well as the corresponding mercaptoketone. 
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Thus, the ,/,A-unsaturated carboxylic acids 10a and 10b are prepared in 78% and 73% yield 

respectively, via Evans' alkylation of the appropriately substituted oxazolidinones, 9, with allyl bromide 

followed by cleavage of the chiral auxiliary with lithium hydroperoxide (Scheme 2), 29,30 Iodolactonization of 
10a,b with I2/KI/KHCO3 then provides the cis-substituted iodide l l a  in 63% isolated yield (cis:trans, 1.9:1) 

and l l b  in 71% isolated yield (cis:trans, 2.4:1) after column chromatography. 31 The thiol functionality is next 

introduced from the iodides 11 via displacement of the iodide with AcSH/NaH/THF followed by reductive 

cleavage of the thioacetate and reprotection as the trityl sulfides 12a (48%) and 12b (57%). Basic hydrolysis of 

the lactone then provides the hydroxy-acid which is bis-silylated and selectively deprotected to give carboxylic 

acids 13a (90%) and 13b (79%), in which the hydroxyl and thiol moieties are differentially protected. Peptide 

coupling of acids 13a and 13b with t-butyl glycine-N-methylamide and subsequent desilylation provides 14a 
(53%) and 14b (62%). Detritylation of the sulfides with TFA/Et3SiH then furnishes the desired 

mercaptoalcohols 15a and 15b in 16% and 40% yield, respectively, The poor yields obtained for this final 
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deprotection were due to facile lactonization of 15 under the reaction conditions to produce t-butyl glycine-N- 

methylamide and the free thiols analogous to lactones 12. The corresponding mercaptoketones, 16, are 

accessed via oxidation of alcohols 14a and lgb and subsequent detritylation to give 16a (32%) and 16b (42%). 

Scheme 2 
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The epimeric mercaptoalcohols, 19a and 19b, are also readily available from carboxylic acids 10 

(Scheme 3). Thus, conversion of the acids into the corresponding dimethyl carboxamides, 17, followed by 
reaction with iodine in DME/H20 provides the trans-iodolactones (trans:cis, 6:1) 18a (62%) and 18b (63%). 32 

Conversion of these trans-iodolactones into mercaptoalcohols 19a and 19b then proceeds as in Scheme 2 in 

14% and 19% overall yields, respectively. 
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Biology 

In order to assess the dependence of inhibitory potency on the size of the PI'  substituent and the 

stereochemistry of the hydroxyl group, each of the mercaptoalcohols and mercaptoketones was tested in vitro 33 

versus MMP-1 (collagenase-1), MMP-3 (stromelysin-1), and MMP-9 (gelatinase-B), enzymes implicated in 

the pathology of osteoarthritis and rheumatoid arthritis. I-4,11-14 MMP-9 has also been implicated in the 

pathology of tumor metastasis. 13,14 Several features of the resulting SAR, shown in Table 1, are notable. 

Within the mono-peptide series (R 5 = Me) the size of the PI'  substituent has little effect on binding to 

MMP-1 as the isobutyl derivatives 15a, 16a, and 19a each have roughly the same inhibitory potencies as their 

corresponding n-heptyl analogs 15b, 16b, and 19b. However, the dipeptide analogs, 7 and 8, bearing the 

lengthy n-heptyl chain at the PI'  site (R3) are essentially inactive against MMP-1. Inhibition of MMP-3 and 

MMP-9 is strongly dependent on the chain length of the PI'  moiety. In MMP-3 the shorter isobutyl side chain 

of compounds 16a and 19a causes a 50-fold diminution in potency relative to the analogous n-heptyl 

derivatives, 16b and 19b, and the PI'  heptyl moiety is tolerated in dipeptide analogs 7 and 8. The n-heptyl 

derivatives 15b, 16b and 19b are also over 20-fold more active versus MMP-9 than isobutyl compounds 15a, 

16a and 19a, and much more potent than the dipeptide analogs. This predilection of MMP-3 and MMP-9 for 

the larger Pl '  n-heptyl group results in interesting selectivity profiles for the compounds in Table 1. Thus, the 

isobutyl analogs 15a, 16a and 19a are each at least 15 times more potent against MMP-1 and MMP-9 than 

against MMP-3. Also, the n-heptyl analogs 16h and 19b are at least 25-fold more selective than the 

corresponding isobutyl analogs for MMP-9 over MMP-1. The most selective inhibitors are dipeptides 7 and 8, 

which are over 100-fold more potent versus MMP-3 and MMP-9 than against MMP-1. 

Table 1: In Vitro Activity of Suceinyl Mercaptoalcohols and Mercaptoketones. 

RI R2 R3 .. O 

0 R 4 

IC50 (nM) 
Compound R 1 R 2 R 3 R 4 R5 MMP-1 M M P - 3  MMP-9 

7 OH, H n-C7H15 i-Bu Leu(N-Et) >4000 39 24 

15a H OH i-Bu t-Bu Me 46 3700 250 

15b H OH n-CTH15 t-Bu Me 140 430 12 

8 O n-CTH15 i-Bu Leu(N-Et) >10000 36 20 

16a O i-Bu t-Bu Me 11 480 8 

16b O n-C7HI5 t-Bu Me 10 8 0.14 

19a OH H i-Bu t-Bu Me l 1 470 8 

19b OH H n-C7H15 t-Bu Me 5 9 0.14 
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The effect of the hydroxyl group stereochemistry on inhibitory potency was the same for all three 

enzymes studied. Compounds 19a and 19b, in which the hydroxyl and PI'  groups are syn, are more than five 

times more active than the related anti- analogs 15a and 15b, and equivalent to the mercaptoketones 16a and 

16b, respectively. Although the binding mode of these compounds to the MMPs is not known, this result is 

consistent with the mercaptoalcohols and mercaptoketones acting as bidentate zinc ligands, as has been 

proposed for other thiol MMP inhibitors, 26b,e thus requiring the sulfhydryl and hydroxyl or ketone groups to 

be coplanar. The syn and anti mercaptoalcohols would then be forced to have the PI', P2', and P3' moieties 

oriented in dramatically different directions, resulting in the observed potency differences. 

A direct comparison of the thiols 8, 16a, and 16b with the analogous compounds of the malonyl class, 

described in the previous paper, reveals that there is no difference in activity between the two series. Finally, a 
comparison of the IC50's for compounds 16b and 19b with values for compound 20 (Ro31-979034) in the same 

assays 33 demonstrates that the appropriately substituted mercaptoalcohols and mercaptoketones can provide 

analogs similar in potency to the corresponding hydroxamic acid-based inhibitors versus MMP-1 and may have 

improved potency versus MMP-3 and MMP-9. The in vivo activity of thiols 15a, 15b, 16a, 16b, 19a and 19b 

will be reported in due course. 

References and Notes 
1. Woessner, J. F., Jr. FASEB J. 1991, 5, 2145. 
2. Birkedal-Hansen, H.; Moore, W. G. I.; Bodden, M. K.; Windsor, L. J.; Birkedal-Hansen, B.; DeCarlo, A.; 

Engler, J. A. Crit. Rev. OralBiol. Med. 1993, 4, 197. 
3. Cawston, T. E. Pharmacol. Ther. 1996, 70, 163. 
4. Powell, W. C.; Matrisian, L. M. Cur. Top. Microbiol. Immunol. 1996, 213, 1. 
5. Werb, Z.; Alexander, C. M.; Adler, R. R. In Matrix Metalloproteinases and Inhibitors; Birkedal-Hansen, 

H.; Werb, Z.; Welgus, H. G.; Van Wart, H. E., Eds.; Gustav Fischer: Stuttgart, 1992; Matrix; Spec. Suppl. 
No. 1, p. 337. 

6. Edwards, D. R. Int. J. Obesity, 1996, 20 (Suppl. 3), S121. 
7. Moses, M. A.; Marikovsky, M.; Harper, J. W.; Vogt, P.; Eriksson, E.; Klagsbrun, M.; Langer, R. J. Cell, 

Biochem. 1996, 60, 379. 
8. Brannstrom, M.; Woessner, J. F., Jr.; Koos, R. D.; Sear, C. H. J.; LeMaire, W. J. Endocrinol. 1988, 122, 

1715. 
9. Tabibzadeh, S. MoL Hum. Reprod. 1996, 2, 77. 
I0. Alexander, C. M.; Hansell, E. J.; Behrendtsen, O.; Flannery, M. L.; Kishnani, N. S.; Hawkes, S. P.; Werb, 

Z. Development, 1996, 122, 1723. 
1 I. Howell, D. S.; Pelletier, J.-P. In Arthritis and Allied Conditions; McCarthy, D. J.; Koopman, W. J., Eds.; 

Lea and Febiger: Philadelphia, 1993; 12th Edition Vol. 2, p. 1723. 
12. Dean, D. D. Sem. Arthritis Rheum. 1991, 20, 2. 
13. Crawford, H. C; Matrisian, L. M. Invasion Metast. 1994-95, 14, 234. 
14. Ray, J. M.; Stetler-Stevenson, W. G. Exp. Opin. Invest. Drugs, 1996, 5, 323. 
15. Dollery, C. M.; McEwan, J. R.; Henney, A. M. Circ. Res. 1995, 77, 863. 
16. Zempo, N.; Koyama, N.; Kenagy, R. D.; Lea, H. J.; Clowes, A. W. Arterioscler. Thromb. Vasc. Biol. 1996, 

16, 28. 
17. Lee, R. T.; Schoen, F. J.; Loree, H. M.; Lark, M. W., Libby, P. Arterioscler. Thromb. Vasc. Biol. 1996, 16, 

1070. 
18. Moss, M.; Jin, C.; Becherer, D.; Bickett, M.; Burkhart, W.; Chen, W.; Didsbury, J.; Hassler, D.; Leesnitzer, 

T.; McGeehan, G.; McCauley, P.; Moyer, M.; Milla, M.; Rocque, W.; Seaton, T.; Warner, J.; Willard, D. 
Eur. Cytokine Network, 1996, 7, 181. 

19. Black, R.; Rauch, C.; Kozlosky, C.; Wolfson, M.; Castner, B.; Reddy, P.; Davis, R.; Peschon, J.; Slack, J.; 
Gerhart, M.; Paxton, R.; March, C.; Cerretti, D. Eur. Cytokine Network, 1996, 7, 180. 



1168 J. L Levin et al. / Bioorg. Med. Chem. Lett. 8 (1998) 1163-1168 

20. Gearing, A. J. H.; Beckett, P.; Christodoulou, M.; Churchill, M.; Clements, J., Davidson, A. H.; 
Drummond, A. H.; Galloway, W. A.; Gilbert, R.; Gordon, J. L. Nature, 1994, 370, 555. 

21. McGeehan, G. M.; Becherer, J. D.; Bast, R. C.; Boyer, C. M.; Champion, B.; Connolly, K. M.; Conway, J. 
G.; Furdon, P.; Karp, S.; Kidao, S. Nature, 1994, 370, 558. 

22. Mohler, K.; Sleath, P. R.; Fitzner, J. N.; Cerretti, D. P.; Alderson, M.; Kerwar, S. S.; Torrance, D. S.; 
Otten-Evans, C.; Greenstreet, T.; Weerawarna, K. Nature, 1994, 370, 218. 

23. For a comprehensive review, see: Zask, A.; Levin, J. I.; Killar, L. M.; Skotnicki, J. S. Curr. Pharm. Design, 
1996, 2,624. 

24. (a) MacPherson, L. J.; Bayburt, E. K.; Capparelli, M. P.; Carroll, B. J.; Goldstein, R.; Justice, M. R.; Zhu, 
L.; Hu, S.; Melton, R. A.; Fryer, L.; Goldberg, R. L.; Doughty, J. R.; Spirito, S.; Blancuzzi, V.; Wilson, D.; 
O'Byrne, E. M.; Ganu, V.; Parker D. T. J. Med. Chem. 1997, 40, 2525. 

25. (a) Morphy, J. R.; Beeley, N. R. A.; Boyce, B. A.; Leonard, J.; Mason, B.; Millican, A.; Millar, K.; 
O'Connell, J. P.; Porter, J. Bioorg. Med. Chem. Lett. 1994, 4, 2747. (b) Xue, C.-B.; He. X.; Roderick, J.; 
DeGrado, W. F.; Decicco, C.; Copeland, R. A. Bioorg. Med. Chem. Lett. 1996, 6, 379. (c) Sahoo, S. P.; 
Caldwell, C. G.; Chapman, K. T.; Durette, P. L.; Esser, C. K.; Kopka, I. E.; Polo, S. A..; Sperow, K. M.; 
Niedzwiecki, L. M.; Izquierdo-Martin, M.; Chang, B. C.; Harrison, R. K.; Stein, R. L.; MacCoss, M.; 
Hagmann, W. K. Bioorg. Med. Chem. Lett. 1995, 5, 2441. 

26. (a) Baxter, A. D.; Bird, J.; Bhogal, R.; Massil, T.; Minton, K. J.; Montana, J.; Owen, D. A. Bioorg. Med. 
Chem. Lett. 1997, 7, 897. (b) Baxter, A. D.; Bhogal, R.; Bird, J. B.; Buckley, G. M.; Gregory, D. S.; 
Hedger, P. C.; Manallack, D. T.; Massil, T.; Minton, K. J.; Montana, J. G.; Neidle, S.; Owen, D. A.; 
Watson, R. J. Bioorg. Med. Chem. Lett. 1997, 7, 2765. (c) Foley, M. A.; Hassman, A. S.; Drewry, D. H.; 
Greer, D. G.; Wagner, C. D.; Feldman, P. L.; Berman, J.; Bickett, D. M.; McGeehan, G. M.; Lambert, M. 
H.; Green, M. Bioorg. Med. Chem. Lett. 1996, 6, 1905. (d) Bezant, B.; Bird, J.; Gaster, L. M.; Harper, G. 
P.; Hughes, I.; Karran, E. H.; Markwell, R. E.; Miles-Williams, A. J.; Smith, S. A. J. Med. Chem. 1993, 36, 
4030. 

27. (a) Goulet, J. L.; Kinneary, J. F.; Durette, P. L.; Stein, R. L.; Harrison, R. K.; Izquierdo-Martin, M.; Kuo, 
D. W.; Lin, T.-Y.; Hagmann, W. K. Bioorg. Med. Chem. Lett. 1994, 4, 1221. (b) Caldwell, C. G.; Sahoo, S. 
P.; Polo, S. A..; Eversole, R. R.; Lanza, T. J.; Mills, S. G.; Niedzwiecki, L. M.; Izquierdo-Martin, M.; 
Chang, B. C.; Harrison, R. K.; Kuo, D. W.; Lin, T.-Y.; Stein, R. L.; Durette, P. L.; Hagmann, W. K. 
Bioorg. Med. Chem. Lett. 1996, 6, 323. (c) Bird, J.; De Mello, R. C.; Harper, G. P.; Hunter, D. J.; Karran, 
E. H.; Markwell, R. E.; Miles-Williams, A. J.; Rahman, S. S.; Ward, R. W. J. Med. Chem. 1994, 37, 158. 
(d) Hunter, D. J.; Bird, J.; Cassidy, F.; De Mello, R. C.; Harper, G. P.; Karran, E. H.; Markwell, R. E.; 
Miles-Williams, A. J.; Ward, R. W. Bioorg. Med. Chem. Lett. 1994, 4, 2833. 

28. See preceding paper this issue. 
29. Evans, D. A.; Ennis, M. D.; Mathre, D. J. J. Am. Chem. Soc. 1982, 104, 1737. 
30. All new compounds gave satisfactory IH NMR, IR and mass spectral data in accord with the assigned 

structure. 
31. (a) Cardillo, G.; Orena, M. Tetrahedron 1990, 46, 3321. (b) Hoye, T. R.; Hanson, P. R. J. Org. Chem. 

1991, 56, 5092. 
32. Tamura, Y.; Mizutani, M.; Furukawa, Y.; Kawamura, S.-I.; Yoshida, Z.-I.; Yanagi, K.; Minobe, M. J. Am. 

Chem. Soc. 1984, 106, 1079. 
33. (a) Nagase, N.; Fields, C. G.; Fields, G. B. J. Biol. Chem. 1994, 269, 20952. (b) Dowling, R. L.; Lombardo, 

D.; Giannaras, J.; Copeland, R. A. FASEB J., 1995, 9, A1350, abstract 545. 
34. Broadhurst, M. J.; Brown, P. A.; Johnson, W. H.; Lawton, G. Eur. Patent EP497192 (1992). 


