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Summary 

Tnfluoroacetyl-dlalmme-p-nitroanfl lde is a highly po ten t  inhibitor of  pan- 
creatlc elastase (EC 3.4.21.11) (K, = 1 . 2 . 1 0  -~ M) and a moderate ly  poten t  
mhlbl tor  of  leukocyte  elastase (KI = 2.5 • 10 -s M) meta-Trlfluoromethylben- 
zoyl-dlalanlneop-nltroanihde is a po ten t  inhibitor of  leukocyte  elastase (KI = 
4 • 10 -6 M) while bemg completely mactive on pancreatm elastase. The mterac- 
t lon between leukocyte  elastase and this inhibitor is conmderably stereospeciflc, 
since the ortho derivative is 65 times less active and the para denvatwe is com- 
pletely reactive. 

Elastases (EC 3.4.21.11) have given rise to more and more interest m recent 
years because of their involvement m connective tissue diseases [ 1]. Elastase 
inhlbltors may thus be considered as potential therapeutic agents. Several types 
of synthetic mhIbltors have been designed, including peptide aldehydes [2], 
peptide carbazates [3], peptides chloromethylketones [4] and trifluoroacetyl- 
peptides [5]. In this paper we wish to report on a new class of potent reversible 
elastase mhlbltors namely tnfluoroacetyl- and trifluoromethylbenzoyl-dlpep- 
tlde-p-nitroanlhdes. 

Porcine pancreatic and human leukocyte elastases were isolated by pub- 
hshed methods [6,7] Succmyl-tnalanme-p-nitroanilide was synthesized as 
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described earher [8]. Compounds 1 to 6 of Table II were prepared by acyla- 
tlon of the correspondmg alanme, dlalanme and tnalanme p-nltroan,hdes whmh 
were synthes:zed accordmg to methods pubhshed earher [8] or by the repeti- 
tive mLxed anhydride procedure [9,10] The acylatlon step was performed by 
methods A (compounds 1--3, table II) and B (compounds 4--6, Table II) 
described below All the compounds were checked by thin-layer chromatog- 
raphy and NMR and gave correct mmroanalysls values. Meltmg pomts are gnven 
m Table II The synthesis of compound 2 by method A was performed m the 
followmg way Dissolve 15 ml of dry tne thy lamme in a m~xture of 2 5 g 
(0 0079 mol) of L-alanyl-L-alanme-p-nltroanlhde hydrochlonde and 70 ml of 
dry methylene chloride. Remove the solvent and the excess of tne thylamme 
under reduced pressure. The residue ,s dissolved m methylene chloride and the 
solvent :s agam removed by evaporat:on. Then a solution of 2.2 ml {0.0158 
mol) of tne thylamme m 100 ml methylene chloride is added, followed by a 
dropwme add,tlon of 3.3 g (0 0158 mol) of tnfluoroacetm anhydride m 20 ml 
of methylene chloride. The mucture ,s stirred overmght at room temperature 
and then evaporated to dryness. The residue is tri turated with water, the preci- 
pitate :s collected by ffltratmn and recrystalhsed twine m a mixture of water 
and acet,c ac:d 

The synthems of compound 6 by method B will now be descr:bed. Cool to 
--15°C a solution of 1.7 g (0.009 mol) p-tnfluoromethylbenzo'/c acM and 
0.91 g (0.009 mol) N-methylmorphohne m 15 ml of dlmethylformamlde.  Then 
add 1 14 g (0.0084 mol) of lsobutylchloroformmte and stLr the mixture durmg 
2--3 mm. Add then m one time a solutmn of  1.9 g (0.006 mol) of L-alanyl-L- 
alanme-p-mtranfllde hydrochlonde and 0.6 g (0.006 mol) of N-methylmorpho- 
hne m 20 ml of dlmethylformamlde.  After 2--3 h of stlrnng at --15°C, allow to 
warm up to 0°C and make alkaline w,th a 2 M solutmn of CO3KH After 30 
mm of sttrrmg add 100 ml of saturated NaCl solutmn, collect the precipitate 
and recrystalhse m an acetm acid/water mixture. 

The rate of p-mtroanflme release was measured spectrophotometncally at 410 
nm. The elastase concentratmn was 0.2--0.3 #M. The kmetm constants were 
derived from double-reciprocal plots Inhlbltmn was assayed by using two dif- 
ferent concentratmns (0.5 K m and 3.0 Kin) of the succmyltnalmme-p-mtro- 
anfllde and 3--5 concentratmns of inhibitor. Whenever possible, the range of 
mhlb,tor concentratmn was such that  the extent  of mh~bmon was at least up to 
50% for each substrate concentratmn. Pancreatic and leukocyte elastase con- 
centratmns were 10 and 100 nM, respect:rely. The mhlb, tmn constants K, were 
determmed from Dixon plots [11]. Cormsh-Bowden's [12] graphical method 
was also used to ascertain whether mh:b~tmn ~s purely competmve or ,s mtxed 

We have prev:ously shown that  CF3CO-peptlde-chloromethylketones have 
lower K, values and alkylatmn rate constants for elastase than acetylated mh,b- 
ltors [13,14]. In the case of pancreatm elastase, NMR spectroscopy demon- 
strated that  th,s is due to the presence of tightly bound non-productive com- 
plexes [15]. In order to confnnn th,s effect with true substrates we have com- 
pared the reactlwtms of tnf luoroacetylated and succmylated dl- and tnalanme- 
p-mtroanflldes. From Table I :t can be seen that  the former compounds have 
lower Km and kca t values than the latter ones The effect of trffluoroacetylatmn 
0.e. better binding -* lower reactivity), therefore, ,s s:mflar whether the peptldes 
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T A B L E  I 

K I N E T I C  P A R A M E T E R S  F O R  T H E  E L A S T A S E - C A T A L Y Z E D  H Y D R O L Y S I S  O F  N - A C Y L - D I -  A N D  

T R I A L A N I N E - p - N I T R O A N I L I D E S  A T  p H  8 0 a n d  2 5 ° C  

T h e  data for t h e  N - s u c c I n y l a t e d  s u b s t r a t e s  [ 8 , 1 8 ]  w e r e  o b t a i n e d  In  t h e  a b s e n c e  o f  o r g a m c  s o l v e n t  T h e  
o t h e r  c o m p o u n d s  w e r e  t e s t e d  In t h e  p r e s e n c e  o f  1% ( v / v )  a n d  7 4 %  ( v / v )  o f  d t m e t h y l f o r m a m l d e  In t h e  

c a s e  o f  l e u k o c y t e  a n d  p a n c r e a t i c  e l a s t a s e ,  r e s p e c t i v e l y  S u c  = N - s u c c i n y l ,  n h 0 n o t  h y d r o l y z e d  f o r  E ° = 

0 3 u M  

Substrates P o r c i n e  p a n c r e a h c  e l a s t a s e  H u m a n  l e u k o c y t e  e l a s t a s e  

t) K m  k c a t  K m  
(M) (s -I ) (M) 

Suc-Ala2-P-mtroamhde 7 0 10 -2 1 4 10 -2 1 5 10 -2 

CF3-CO-Ala2-P-mtroandlde n h n h 7 1 10 -4 

Suc-Ala3-P-mtroanfllde 1 6 10 1 1 10 -3 1 5 10 -I 

CF3CO-Ala3-P-nltroanfllde 5 7 10 -2 5 1 10 -$ 1 4 10 -2 

1 3  10  -3  
3 7 1 0 - 5  

5 0  10  - 4  

8 3  10  -5  

are true substrates (p-nltroanilides) or n-reversible mhibltors (chloromethyl- 
ketones). The most likely explanation for thls behavior is that a great propor- 
t10n of CF3CO-peptlde-anthdes form tightly bound non-productlve complexes 
which are excluslve from the productive ones. The observed kcat values would 
then correspond to the small fraction of productive complexes. 

Since the CF3CO-peptide-anlhdes had rather low Km values, It was found to 
be of interest to measure their mhibltory capacity of the elastase/succlnyl-trl- 
alanlne-p-nltroamhde system The enzyme concentration used m thls system is 
low enough to prevent slgmfmant hydrolysis of the CF3CO-peptlde-anihdes. The 
results are shown m Table II The dmlanine derivative is a potent inhibitor of 
both pancreatic and leukocyte elastase. Shorter or longer peptldes are less effi- 
cient. The values of Km (Table I) and KI (Table II) are very slrnflar. Thls con- 

T A B L E  I I  

I N H I B I T I O N  C O N S T A N T S  A T  p H 8 0  A N D  2 5 ° C  A N D  M E L T I N G  P O I N T S  O F  N - T R I F L U O R O -  
A C E T Y L -  A N D  N - T R I F L U O R O M E T H Y L B E N Z O Y L - P E P T I D E - p - N I T R O A N I L I D E S  

n i , n o  I n h i b i t i o n  

C o m p o u n d  I n h l b l t o r s  K i ( M )  

S t r u c t u r e  M e l t i n g  P o r c m e  H u m a n  
p o i n t  p a n c r e a t i c  l e u k o c y t e  
(o C)  e l a s t a s e  e l a s t a s e  

1 C F 3 C O - A l a - p - m t r o a a t h d e  1 6 7  
2 C F  3 C O - A I a  2 - p - m t r o a n t h d e  2 1 8  

C F 3 C O - A l a  3 - P - m t r o a n t h d e  2 7 9  
ortho-CF3-C6H4-CO-Ala2op-mtroanthde 2 4 8  

meta-CF3-C6H4-CO-Ala2-p-mtroanthde 2 1 7  

para-CF3-C6H4-CO-Ala2-p-mtroamhde 2 6 1  n i 

1 1  10  -3  * * *  i 0 10  - 4  **  
1 2 1 0  - 7  * 2 5 1 0 - 5  **  

1 2  10  -6  * * *  
5 5 I 0  -$  * * *  1 0  1 0 - 4  **  
n l 1 7  10  -3  * * *  
n l  4 0  1 0 - 6  **  

2 6 10 -5 * * *  

n l  

* N o  o r g a n m  s o l v e n t ,  **  1% ( v / v )  d u n e t h y l f o r m a m l d e 0  * * *  7 4 %  ( v / v )  d u n e t h y l f o r m a m l d e  
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firms that the productive and the non-productive binding modes of  the CF3CO- 
peptlde-anihdes are mutually exclusive 

Replacement of the CF3CO group by a t r l f luoromethylbenzoyl  substituant 
leads to mhlbltors which are highly specific for leukocyte elastase On the other 
hand, they exhibit a considerable degree of  stereospeclfmlty for this enzyme 

Cornlsh-Bowden plots [12] showed that in all cases the inhibition is purely 
competitive This mdlcates that  at least one subslte of  the active centers of  the 
elastases must be occupied by both  substrate and inhibitor As shown m Table 
II, dlmethylformamlde decreases strongly the affinity of  the mhlbitors Hydro- 
phobm lnteractmns, therefore, must contr ibute to a large extent  to the bmdmg 
energy. 

Compound 2 IS among the most potent  synthetm inhibitor of  pancreatic elas- 
tase reported thus far [2,3,5]. It has about  the same efflcmncy as elastatlnal, 
the natural low molecular weight inhibitor produced by Actmomycetes [16] 
Compound 5 is the most potent  synthetic inhibitor of  leukocyte elastase 
reported thus far [3] (The hydrolysis of compound 5 by leukocyte elastase is 
very small (kca t ~ 10 -3 s-l).) It has the same K, value as elasnm, a compound 
secreted by Streptomyces [17]. In addition, it is highly specific for leukocyte 
elastase This is not the case for other synthetic or natural mhlbltors which 
usually act on both elastases [3,5,16,17]. 

It Is hoped that compounds derived from thls new class of elastase mhibitors 
will prove to be useful therapeutm agents for the treatment of connective tlssue 
dlseases 

This work was supported by a grant from the Instltut Natmnal de la Santa et 
de la Recherche M~dlcale (C.R L. 78 1 038.3). 
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