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Abstract: The preparation and in vitro evaluation of a series of pcptidic a’$-diamino-a,a-difluorokctones are 

described. Comparison of the efficacy of these compounds to both their corresponding trifluoromcthylketone 

and a-carboxamido-a,a-difluoroketone inhibitors reveals a divergent set of structure-activity relationships. This 

divergence indicates that the inhibitor’s PI’-amino group is strongly interacting with the enzyme’s St’-subsite. 

The possible clinical utility of potent, specific inhibitors of human leukocyte elastase (EC 3.4.21.37, HLE) 

for the treatment of a variety of pathological states has rcsultcd in such compounds being an important target for 

chemists. 1 At ZENECA Pharmaceuticals (formerly ICI Pharmaceuticals) several series of reversible, low 

molecular-weight, peptidic inhibitors of HLE have been explored. Those efforts examined a variety of 

elcctrophilic carbonyl derivatives which wcrc capable of forming reversible tetrahedral adducts with the active- 

site serinc of HLE, e.g. trifluoromethylketone (TFMK),2 a-carboxamido-a,a-difluorokctone (CDFK),3 a- 

carbonyl [c.g. keto, amido, carboxy] ketone,3 and a-ketoheterocyclc 4 based inhibitors, and ultimately led to the 

selection of a trifluoromethylketone (ICI 2OO,88O),5 for clinical development. 

Recently Schirlin et al.6 have developed peptidic a’$-diamino-a,a-difluoroketones as electrophilic 

carbonyl based inhibitors of several proteases, with emphasis on inhibitors, e.g. 1,6b.c of the aspartic acid 

protease human renin. Since interest in new inhibitors of HLE remains high1 we chose to prepare a series of 

analogues 2 designed to examine how this pharmacophorc functions for inhibition of HLE when coupled to a 

backbone (R-Val-Pro-Val-) known to afford potent HLE inhibitors.2,334 

Synthesis of the intermediate difluoroamines m was accomplished using the general methodology 

described by Schirlin et al. for 2 6a and exemplified hem by the synthesis of m (Schcmc l).7*8 
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OH 

aR=H 
7t~ R = CH*Ph 

a (a) NH,, EtOH or PhCHflH2. EtOH (60%); (b) I. Me@BH,, THF, ii HCI. Et,0 (76%): (c) (BOC)20. K&O3 

THFiH,O (75%): (d) Hi. 10% PdiC, E1OH/HCI (>95%; 

’ The ywlds reported (%) are for the R = CH,Ph se,es 

Conversion of these intcrmediatc amincs into the test compounds was achieved as outlined in Scheme 2. 

The appropriately N-protected dipcptidc acids 8 were coupled with difluoroamines m using l-(3- 

dimethylaminopropyl)-3-ethyl-carbodiimidc hydrochloride, a water soluble carbodiimide (WSCDI), to afford 

alcohols 9. Modlficd Pfitzner-Moffact oxidation 9 of these alcohols yielded the a’,l)-diamino-a,a- 

difluoroketones 111. Deprotectton of the PI’-amino nitrogen atom and direct conversion to the trilluoroacetic 

acid salt of the product amincs. 2, was cffcctcd by treatment of lJ with neat tritluoroacctic acid. 

a (a) WSCDI. trwxhylamw, Z. THF (67%). (b) WSCDI. Cl&HCO&f, DMSO. Toluene (67%). (c) CF&O,H (61%) 

’ R - H or CH,Ph. R’ - 4-(MeO&H,CO-. PhCH@$- or PhO$-. Representatwe yields (%) are for the 

R P CHQh. R’ - PhCH20,C- sews 

We chose to preparc a set of analogues, B-21, in which the P3-amine was substituted with either the 4- 

methoxybcnzoyl, CBZ or phenoxycarbonyl groups (see Table I). For comparison purposes we also examined 

several similarly substituted TFMK’s (fl-lJ)2 and C’DFK’s (14-u). lo The p-amino-a,a-difluorokctonc 

analogues (ADFK) 19-E displayed rclativcly large differences m potency, in subsets that contained cithcr a 

constant P?-amino substitucnt (e.g. compare JJ 10 2 [43-fold] or 2J to a [I IX-fold]) or a constant PI’-amino 

group (e.g. compare 24 to 2J [ l43-fold]. In contrast. the greatest potency diFFcrences seen in the earlier sets of 
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inhibitors were much smaller in similar subsets with either a constant P3-amino substituent (e.g. compare 12 to 

fi [g-fold] or PI’-region (e.g. compare fi to fi [Cfold]]. Furthermore the differences between the TFMK’s and 

CDFK’s which had a constant P3-amino substituent were also relatively small (e.g. compare u to 12 [7-fold]). 

The reasons for the greater degree of potency variation arc not obvious and indicate that the p-amino 

regions of these a’$-diamino-a,a-difluoroketoncs have significant interactions with HLE. Since these amines 

are only weakly basic @Ka > 6.7) 6a and should be only partially protonated under the conditions of the assay 

@H 7.6) it is probable that these interactions are not of the charge-charge variety. Previously, X-ray studies in 

the TFMK 1 I and CDFK12 inhibitor series had shown similar conformations for both bound inhibitors. 

However, the greater effect of the P3-amino substituent on Ki values seen in the ADFK’s as compared to those 

found in either of the other two series of inhibitors, indicates that the P-amino-region interactions must result in 

significant changes in the conformation of the bound inhibitors from that previously observed in these other two 

series. 

Table I. Test compounds and in-vitro inhibition of HLE.a,h 

R’\ 

1 
N 

%%f 
II 

x c”2,0JAoo;o~ %. o\,s... 
CQUUL / K (Wb UlIl&/Ki (tW UIU / Ki (nM) 

T>< fi/ 3.1 f 0.8 12 12.5 f 0.3 fi 12.3 f 0.5 

F ..*% 

NH, 
1410.65 f 0.27 fi/0.38fO.l3 Not prepared 

/ 

“B- ,/ :: 16 / 3.4 rt 0.4 L1. I 3.0 f 0.9 1[1 I0.85f 0.2 

‘cH, 

‘*C ! 

r% 

,Bu 
fil3.4f0.9 za/ 1.1 f 0.4 1l l0.39f 0.04 

/ 

F . ..G H2.CF,C&H 
nl l5.0f 2.5 p/ 130.0f7.0 ‘24/0.81+ 

*..* 
.CF,C&H 

F Y/ :: x I 0.35 f 0.09 261 1.6f0.3 u 14. If 0.4 

,/ VPh 
g The tnfluoromethylketones (u-u) wcr~: mixtures of diastereotncrs at the iodcatcd carbon (*) whereas t he n-carboxamido-c*a- 

ddluoroketones (14-u) and the a’.B-dialnino-c*a-difluoroketon~ 0-W were single S-enantiotners 

h The inhtbitlon wnstrant (K,) versus HLE was dctennincd usmg a synthetic subsaate as described in detail in reference 5 

These results arc especially interesting since Powers et al. 13 had also examined the effect of varying the P’- 

region, on substrate recognition, in a series of P’-extended substrates, and found only relatively limited 
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differences in enzyme affinity. Preliminary structural analysis of these molecules docked into a molecular model 

of the active-site of HLE did not provide a clear explanation. Nonetheless these results exemplify that the P’- 

groups in reversible peptidic HLE inhibitors can play an important role in cnzymc recognition. 

References and Notes 

2 

3 

8 

9 

10 

II 

12 

13 

For two recent, complementary reviews on inhibitors of human leukocyte elastasc. see: 

a) Edwards, P.D.; Bernstein, P.R. Med. Rex Rev. 1994, 14, 127. 

b) Bernstein, P.R.; Edwards, P.D. and Williams. J.C. Prog. Med. Chcm.; Ellis. G.W. and Luscombc. 

D.K., Eds.; Elsevicr, Amsterdam, 1994; Volume 3 I, pp. 59- 120. 

Bergeson, S.H.; Edwards, P.D.; Krell, R.D.; Shaw. A.; Stein, R.L.; Stein, M.M.; Strimpler. A.M.; 

Trainor, D.A.; Wildonger, R.A. and Wolanin, D.J. in Ahsfracfs of Papers. I93rd Yu~ional Mccfing q/fhc 

American Chemical Sociefy. Denver, Colorudo. April %lO. 1987; American Chemical Society: 

Washington, D.C., 1987; MEDI 0001. 

Stein, M.M.; Wildongcr. R.A.; Trainor, D.A.; Edwards, P.D.; Yee. Y.K.; Lewis, J.J.; Zottola, M.A.; 

Williams, J.C. and Strimpler, A.M. in Pepprides: Chcmisf~, Structure and Bioloe: Proceedings o/fhc 

Efevenfh American Pepfide $vtnposium. Rivier, J.E. and Marshall, G.R., Eds.; Escom. Lciden, The 

Netherlands, 1990; pp. 369-370. 

Edwards, P.D.; Meyer, E.F.; Vijayalakshmi, J.; Tuthill, P.A.; Andisik, D.A.; Comes, B. and Strimpler, 

A. J. Am. Chcm. Sot. 1992,114, 1854. 

Williams, J.C.; Falcone, R.C.; Knee, C.; Stein, R.L.; Strimpler, A.M.; Rcaves, B.; Giles. R.E.; Krcll, R.D. 

Am. Rev. Respir. Dis. 1991, 144, 875-X83. 

a) Schirlin, D.; Baltzcr, S.; Altenburger, J.M. Tel. Left. 1988, 29, 3687. 

b) Tamus, C.; Jung, M.J.; Rcmy, J.-M.; Baltzer, S. and Schirlin, D.G. FEBS Left. 1989,249,47. 

c) Schirlin, D.; Tamus, C.; Baltzer, S. and RCmy, J.-M. BioMed. Chcm. Leff. 1992, 2, 6S I. 

d) Altenburger, A.M.; Schirlin. D. Tel. Leff. 1991, 32, 7255. 

All new compounds were characterized by lH NMR, MS and combustion analysis. Like many peptidic 

trifluoromcthyl ketones, several of these compounds held on to water tightly and analyzed as partial or 

full hydrates. 

As an example, 9.7g of compound&was dissolved in 80 mL EtOH to which was added 0.95g 10% 

PEVC and I mL concentrated HCI. Treatment with H2 (50 PSI, at room temperature, overnight) followed 

by filtration and evacuation in vacua afforded a quantitative yield of 2 as an off-white foam. 

Pfitzner, K.E.; Moffatt, J.G. J. Am. Chem. Sot. 1965,87, 5661. 

These compounds were prepared using the procedures and intennediates described in rcfcrencc 3: 

unpublished results of Bernstein, P.R. and Veale, C.A., these laboratories. 

Takahashi, L.H.; Radhakrishnan, R.; Rosenfield, R.E.; Meyer, E.F.; Trainor, D.A. and Stein, M. J. Mol. 

Biol. 1988,201,423. 

Takahashi, L.H.; Radhakrishnan, R.; Rosenfield, R.E.; Meyer, E.F. and Trainor, D.A. J. Am. Chem. Sot. 

1989, III, 3368. 

McRae, B.; Nakajima, K.; Travis, J. and Powers, J.C. Biochetnisfty 1980, 19, 3973. 

(Received in USA 11 July 1994; accepfed 10 August 1994) 


