
~~oorganic & Uedm~l Chenusny Letters, Vol. 4, No. 19, pp 2359-2364, 1994 
Copynght 0 1994 Ekevler SClence Ltd 

F’nntcd I” Great Bntam. All rights metvcd 
@X0-894X/94 $7.00+0 00 

0960-894X(94)00340-8 

THE SYNTHESIS AND EVALUATION OF 
PEPTIDYL ASPARTYL ALDEHYDES AS INHIBITORS OF ICE. 

Michael D. MuUican*t, David J. Lauffert, Roger J. Giipieg, Saroop S. Mathan& David Kay& Geoffrey 

M. Porrittfi, Phillip L. Eva&, Julian M. C. Goiect, Mark A. Murckot, Yu-ping Luongt, Scott A. 

Baybuck?, and David J. Livingstont. 

f Vertex Pharmaceuticals Inc., 40 All&on Sweet, Cambridge MA, USA 02139-4211. 
0 Roussel Laboratories L.&i, Kingfisher Drive, Swindon, UK SN3 5BZ 

Ab!&flCt. 
The tetrapeptide aldehyde AC-Tyr-Val-Ala-AspH (1, L-709,049) has been reported to be a potent reversible 
inhibitor of Interleukln- 1 B Converting E e (ICE). We have prepared a series of analogs of 1, in order to 
explore the active site of ICE. The e ects of truncation, methylation of the amide nitrogens and “x” 
modification of the aldehyde group of 1 are presented. 

Introduction. 
Interleukin-1 B (IL- l/3) is a potent intlammatory cytokine. 1 Interleukin-la Converting Bnxyme (ICE) is an 

intracellular cysteine protease which specifically processe s the 31 kDa inactive precursor of IL-1s to the 

mature, active 17.5 kDa form (mIL-1 p) at the Asp 1 16.~lall7 site.2-6 Inhibitors of ICE have potential as 

therapeutic agents for the treatment of chronic intlammatory disease states. 

Substrate specificity studies2-6 have shown that P4 to P 1 (Tyr-Val-His-Asp) are required to optimize V/K. 

Further, while P2 tolerates a variety of amino acid side chain residues, Pl must be Asp. Two laboratories 

have reported that peptide C-terminal aidehydes am potent ICE inhibitors, i.e. Ac-Tyr-Val-Ala-Asp-H (1, L- 

709,@49)7 and Z-Val-Ala-Asp-H.8 In addition, it has been shown that truncation of P4, P3 and P2 results in 

a significant decrease in enzyme inhibition potency.8 

In the course of our research we have prepared a series of aldehyde-based compounds to explore the S2 - S4 

subsites, and we have N-methylated all positions from St to S4 in order to explore the significance of the 

amide N-H groups. We have further prepared a number of compounds in which the aldehyde moiety was 

modified. 

Chemistry. 

Aldehydes 1-12 wete prepared by coupling the 0benzylacylal 18 to various peptides 19 as described by 

Chapman7 (Scheme 1). The diiodo-Tyr compound 2 was prepared in 30% yield by treatment of 1 with 

benzyhtimethylammonum dichloroiodate (l-). 9 The peptides or amino acids 19 for compounds l-10 were 

prepared by standard solution phase chemistry utilizing EDC and HOBT as coupling agents. 
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Scheme 1. 
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a) Bu3SnH. (PPh3)2PdC12; EDC. HOBT; b) H2. Pearhnan’s catalyst 

The N-methyl amide bonds were formed in 11-13 using PyBroP as the coupling agent. The N-methylated 

tripeptide intermediates 19a- 19b for compounds 11 and 12 were prepared as shown in Scheme 2. The N- 

methylated Asp aIdehyde 13 was prepared as shown in Scheme 3. The alanine a-carbon in 17 racemized 

under the coupling conditions. The NMR data for aldehydes 1-13 is consistent with the cyclic hemiacetal 

form.7.8 The semicarbazone 14 was prepared using a method described by Graybill et al.8 The synthesis 

of lactam 16 and lactone 17 are shown in Scheme 4. 

Scheme 2. 

a) HZ. PdC 1M HCWtOH; b) PyBroP, DIPEA, Z-Tyr(OBn)-OH, 43%; c) Ac20, Pyr, 67%; d) NaOH aq., 

MeOH, 99%; e) TFA; f) PyBroP, DIPEA, Z-VaI-OH, 58 96; g) PyBroP, DIPEA, Z-Tyr-OH, 53% 
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Scheme 3. 

26 27 

Ac-Tyr-W-Ala . 

13 

a) Me** Ag20, DMP. 72%; b) NaOH aq., Acetone, 99%; c) see reference 7, 63%; d) BU~SIIH, 

ePh3)2pdC12. CH2C12; e) PyBroP, DIPEA, AC-Tyr-W-Ala-OH (19c). 40%; f) H2, Pd/C, MeOH. 

Scheme 4. 

a, b,c 
OH - H$I 
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Ac-~-W-Ala . 

16 

17 

a) H2, Pd/C, EtOH, 80%; b) p-TsOH, toluene, 70%; c) TFA, d) HBTU, DIPEA, Ac-Tyr-R&Ala-OH, 

88%; e) (PhO)2PON3, Ph3P, DEAD, 47%; 0 HS(CH2)3SH, IPA, NaBH4, 60%l”; g) H2, PdK, MeOH, 

100%; h) EDC, HOBT, DIPEA, Ac-Tyr-Val-Ala-OH, 32% 
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Table. Enzyme Data 

13 Ac-Tyr-Val-Ala-NMe-Asp-H 

14 Ac-Tyr-Val-Ala-Asp-H semicarbazone 

C02H 
15 

Ac-Tyr-Val-Ala- 
R 

16 (X=0) 

17 (X=NH) 
Ac-Tyr-W-Ala . 
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Protocol for ICE Assay. 

The visible ICE assay was run in a 96-well microtiter plate, using a reader with kinetic capability.11 65 p.l 

of assay buffer (1OmM Tris, 1 mM D’lT, 0.1% CHAPS @pH 7.6). 10 pl of ICE (40 r&4), 5 ~1 of DMSO 

containing the inhibitor, and 20 pl of 400 pM substrate were combined in a total reaction volume of 100 ~1. 

The final concentration of substrate (Sue-Tyr-Val-Ala-Asp-pNA) was 80 l.tM. Buffer, ICE, and inhibitor 

were added to the wells. and the components incubated at room temperature for 15 minutes. Substrate was 

added and the release of pNA was monitored at 405 run at 37 “C for 20 minutes. The Km of the substrate is 

18 @I. Ki values were calculated from rate vs [inhibitor] plots by a nonlinear least squares fit of the data to 

the equation of Henderson for tight binding competitive inhibition.12 A commercial program, KineTic 

(BioKin Ltd.) was used for this procedure. 

Results and Conclusions. 

The data in the Table demonstrates that removal of P4 results in a considerable loss of inhibitory activity (on 

the order of lOO-fold) while further truncation results in >l,OOO-fold loss of activity.8 Removal of the 

para-OH from the tyrosine ring in P4 results in only a seven-fold loss of activity. Any modification of the 

aldehyde group either diminishes activity greatly (compound 14) or completely (1517). 

N-methylation of the Pt or PJ amide nitrogens results in complete loss of activity, while N-methylation at P2 

or Pq is tolerated, with a mild (10 to 20-fold) loss of activity. These results suggest that the P2 and P4 amide 

nitrogens do not form strong hydrogen bonds with ICE and may be reasonable locations for substitution, 

while the P1 and P3 amides may be forming hydrogen bonds. This pattern is consistent with the high- 

resolution crystal structure of the complex of compound 1 with 1CE.13~ 14 

Acknowlegements. 

We thank Beth Jarrett and Cameron Stuver for their assistance in development of the enzyme assay, Steve 

Chambers, John Fulgum, Ted Fox, Jo-Anne Black, and John Thomson for providing recombinant ICE, 

Roger Tung for the synthesis of 1 and valuable discussions, and Stuart S. Jones for careful reading of the 

manuscript. 

References and Notes. 

1. Dinatello, C.A.; Wolff, S.M. New En&z& Journal of Medicine 1993.326.106. 

2. Thomberry. N. A., Bull, H.G., Calaycay, J.R., Chapman, K.T.. Howard, A.D., Kostura, M.J., Miller, 

D.K., Molmeaux, S.M., Weidner, J.R., Aunins, J., Elliston, K.O., Ayala, J.M.. Casano, F.J., Chin, J., 

Ding, G.J.-F.. Egger, L.A., Gaffney, E.P., Limjuco, G., Palyha, O.C., Raju, S.M., Rolando, AM., 

Salley, J.P., Yamin, T.-T., Lee, T.D., Shively, J.E., MacCross, M., Mumford, R.A., Schmidt, J.A.. 

Tocci, M.J. Nature 1992,356,786. 



2364 M. D. MULLICAN et al. 

3. Howard, A.D., Kostura, M.J., Thomberry, N., Ding, G.J.F.. Limjuco, G., Weidner, J., Salley. J.P., 

Hogquist, K.A., Chaplin, D.D., Mumford, R.A., Schmidt, J.A., Tocci, M.J. J. Immunology 1991, 147. 

2964. 

4. Howard, A. D.; Chartrain, N.; Ding, G. F.; Kostura, M.J.; Limjuco, G.; Tocci, M.J. Progress in 

Inflammation Research and Therapy 1991.77. 

5. Sleath, P.R.; Hendrickson, R.C.; Kronheim, S.R.; March, C. J.; Black, R.A. J. Biol. Chem 1990.265, 

14526. 

6. Black, R.A.; Kronheim. S.R.; Sleath, P.R. FEBS L&t. 1989,247,386. 

7. Chapman, K.T. Bioorganic & Medicinal Chemistry Letters 1992,2,613. 

8. Graybill, T.L.; Dolle, R.W.; Helaszek, C.T.; Miller, R.E.; Ator, M.A. 206rh American Chemical 

Society Meeting Chicago, IL, August 22-27, 1993: MEDI 235. 

9. Kajigaeshi, S.; Kakinami, T.; Yamasaki. H.; Fujisaki, S.; Kondo, M.; Okamoto, T. Chemistry Letters 

1987,2109. 

10. Pei, Y.; Wickman. B.O.S. Tet. Letters, 1993.34,7509. 

11. Presented by: Livingston, D.L.; Raybuck, S.A.; Luong, Y-P.; Margolin, N.; Jones, S.D., Matharu, S.; 

Mullican, M.D. Journal of Cellular Biochemistry, Keystone Symposia on Molecular & Cellular 

Biology, Feb.26 - Apr. 17, 1994, Supplement 18D, S 218, p. 145. 

12. Henderson, P. J. F. Biochem. J. 1972,127,321. 

13. Wilson, K.P.; Black, J.F.; Thomson, J.A.; Kim, E.E.; Griffith, J.P.; Navia, M.A.; Murcko, M.A.; 

Chambers, S.P.; Aldape, R.A.; Raybuck, S.A.; Livingston, D.J. Nature ,370, 270. 

14. Walker, N.P.C.; Talanian, R.V.; Brady, K.D.; Dang, L.C.; Bump, N.J.; Ferenz,C.R.; Franklin, S.; Ghayur, 

T.; Hackett, M.C.; Hammill, L.D.; Herzog, L.; Hugunin, M.; Houy, W.; Mankovich, J.A.; McGuiness, L.; 

Grlewicz, E.; Paskind. M.; Pratt, C.A.; Reis, P.; Summani, A.; Terranova, M.; Welch, J.P.; Xiong, L.; 

Moller, A.; Tracey, D.E.; Kamen, R.; Wong, W.W. Cell, 1994,78,343. 

(Received in USA 27 July 1994; accepted 1 September 1994) 


