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AbmK1-_*“-Ethyloxyc~honyl-a-az~ornirhinc phenyl ester har hecn synfhcsscd and shown IO bc more staMe al 

neutral pH than the N’-hcnroyl analoguc. Conuqucnlly II IS a more clTecfi~e inhrbitor of trypsin 

.%“.Ethyloxycarlwnyl-a-azaormthinc phcnyl ester alto stron& inhihrtcd thrtlmhin hul had no ctTecl on 

chymotrypsin or urokinasc. 

It has been shown that chymotrypsin’ and trypsin’ can bc 
selectively inhibited by the phenyl esters of a-azapheny- 

lalanine and a-alaornithine derivatives respectively. The 
inhibition is due to the slower rate of deacylation of the 
azt-aminoacyl-cnzymc intermediate compared with that 

of the corresponding derivative of a natural amino-acid. 
No-Benzoyl-a-araornithine phenyl ester was a selcc- 

tive inhibitor of trypsin.’ It was. however. unstahlc, 

decomposing spontaneously at neutral pH. with liberation 
of phenol. In the preceding communication’ it is reported 

that esters of certain acyl-a-azaamino-acids I undergo 
cyclisation giving the corresponding oxadiazolonc 2. 

-- 
I 2 

It seemed probable therefore that the lack of stability of 

N’benroyl-a-araornithine phcnyl ester reported’ war 
due to cyclisation to the oxadialolone (2: R 2 ((‘H,),NH:. 
R’ = C,H,]. 

The reaction is analogous to the formation of ox- 
azolones from u-amino-acid derivatives. In the u-amino- 
acid series the cyclisation is prevented if the derivative is 
of the urethan type and this appears also to bc the ca.sc for 

a-azaamino-acids.’ We therefore set out to prepare an 
alkyloxycarbonyl- or aralkyloxycarbonyl-derivativc of 

azaornithine in order to obtam a stable enzyme inhibitor 
and incidentally to provide support for the suggestion that 

the instability of the h”-bcnzoylJcrivative is due to 
oxadiarolone formation. 

The synthetic route followed the method previously 
reported. At first WC proposed to USC the hen- 
7yloxycarbonyl-protecting group. Rcnryloxycarhonyl 
hydrazide was condensed with Hoc-3-amino propanal’ IO 

give the hydraronc. Attempts to reduce selectively the 

iminodoublc bond using sodium cyanoborohydride’ were 
unsuccessful. Mixtures were always obtained and it was 

clear that reductive cleavage of the benzyloxycarhonyl 
group was occurring. The hydrazone 3 obtained from 
ethyloxycarhonyl hydraridc and Hoc-3-amino propanal 

was reduced by catalytic hydrogenation. However even in 
this case ytelds were low and there was evidence of 

cleavage of the ethyloxycarbonyl group. Treatment of 1 
with phcnyl chloroformate in the usual way’.’ gave 
M’-cthyloxycarbonyl-.V’-Boc-u-araornithinc phcnyl cs- 

ter 5. 
The final step was the removal of the Hoc-protecting 

group with trifluoroacetic acid (TFA). The product from 
the evaporation of TFA was first thought to bc the free 
amine as the tritluoroacetatc salt. In water it gave a 
solution of pH 2-3 in which it was very stable giving a 

single. ninhydrin-positive spot on TLC with R,, 0.65. 
However. adjustment of the pH to 7 gave a new product 
with R,, 0.44. In this case no phenol was liberated at this 

stage (in contrast to the case of .V’-bcnzoyl-u-azr- 

ornithinc phenyl ester’) indicating that no cyclisation 

involving the phenyloxycarbonyl group had taken place. 
We think it probable that the product of treatment of 

the h’*-Hoc-derivative with TFA. followed by evapora- 
tion to dryness. is not the amine tritluoroacetatc salt but 
the M”-tritluoroacetyl derivative. This appears to bc 

stable in aqueous solution at pH 2-3 and under the 
conditions of TI.C with solvent system A. but at neutral 

pH hydrolyses rapidly to the amine, R,, 0.44. 
This ammc U’S cxtractahlc from h’aHC0, solution by 

CHCI,. yieldmp an OII (again R,. 0.44). Retreatment of the 
011 with TF.4 pave the product with original behaviour on 

‘TIX‘ (R,, 0.65). 
A possible objection to the assignment of the first 

product as the trifluoroacetyl derivative is that it gave a 
positive response to the ninhydrin tcct on TLC. However 
the conditions of this test. requiring as it does heating the 
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Fig. I. i’arialron wilh lime of activity of trypsin treated w,th N--clhylorycarhanyl-a-ataornithlne phenyl Ester 

Trypsin (100 w) was treated at pH 7.6 with M-tthylorycarhonyl-o-araornithine phenyl cs~cr (0 825 rmol) at 2f as 

described in the Experimental. 

plate. are such that hydrolysis of the derivative is likely. 

with suhsequenl production of the positive response. We 

have observed a similar phenomenon with some N-Hoc- 
derivatives. 

At neutral pH, as expected, the N’.cthyloxycarbonyl- 
a-azaornithine phenyl ester was more stahle than the 
benzoyl derivative in that it did not undergo the rapid 

cyclisation with liberation of phenol. Its stability was 

further demonstrated by its isolation by extraction from 

alkaline solution as the free amine. For this reason it 
proved 10 be a more effective inhibitor of trypsin. Figure 1 

shows the effect of treating trypsin with an excess of 

,~*~thyloxy~ar~nyl-~-a7aornithine phenyl ester. The 
enzymic activity was destroyed very rapidly and did not 

reappear even after 24 h. This contrasts strongly with the 
case of the N”henzoy1 analogue. in which the activity 

had returned 10 approx. 35% of the original after 1 h. 

under virtually identical conditions. 

method of Yapel <t a!.‘] and N.n-bcnzoyl-t -argininc ethyl ester 

were obtained from Siima (London) Chemical Co.. Kingston- 

upon-lIamcs. Surrey. U.K. Human serum albumin for protein 
standard curves. thrombm (fihrinogcnasc. EC 3.4.21.5) and 

N-acerylglycyl-t..lynlM methyl ester were obtained from Koch- 

kghl bbonlorrcs Ltd. Utoiriaasc (EC 3.4.99.26) and fibrinogen 

were provided by Abbott labontories, North Chrcago, Illinois, 

U.S.A. TLC was carried out by using Merck “Kicsclgel Ct nach 

Stahl” and the following solvent systems. (a) Butanol-acctlc 

acid-water (4: I : 5 by vol): (b) hcnanc-cthylacctate (I I, by vol): 

(cl. hcxanc-ethylacetate (2: 3); (d) cthylacctatexthcr (I : 3); (cl 
ethylacetarc-chloroform (6: I); (0 rthylacctate-chloroform (I : 3); 
components were detected by u\mg iodmc vapour. rnnhldrtnor the 

chlorine spray of Pan and Dutchcr l 

The regeneration of activity is the result of spontaneous 
deacylation of the acylsnzyme intermediate. hut in the 

presence of excess of the stable analogue re-acylation 
should take place. Figure I therefore demonstrates the 
greater stability and effectiveness at pH 7.6 of the 

No-ethyloxycarbonyl derivative. 

Protcinasc acuvltics of trypsin and ~hymotryp~in preparation\ 

were determined by rhc cascm method of Laskouskr.‘ moddicd to 

allow the concentration of hydrolysis products in the suprnatant 

aflcr precipitalron by trichloroacctic acid to be determmcd hy 

using ~hc FolinCiocaltcu reagent in a manner \Irndar to that 

described by Anson.’ II was cstabhshcd for the enzyme assays 

that over rhc range required the method was hncar rtth respect IO 

both time and cnrymc concentration. Protein concentrations were 
determined by the method of Lowry <t af.’ 

Interestingly the N”-ethyloxycarbonyl-a-azaornithine 
phenyl eF[er had no measurahk effect on the activity of 

chymotrypsin under the conditions described. This 
contrasts with the result for the .N”-benzoyl analogue’ 

which did react, but more slowly than with trypsin. 
The new stable analoguc was also tested for its ability 

to inactivate two other proteolytic enzymes, both of 

which function by “active-site serinc” mechanisms and 
show specificity for basic side-chain amino-acid residues 
in their substrates. ~thyioxyc~~nyf-u-a~~o~ithine 
phcnyl ester (7.5 x IO ’ Mf caused rapid and complete loss 
of activity of thrombin with respect to both its action 
against the synthetic suhstrate txnzoyl-I.-arginine ethyl 
cskr (RAEE) and its ability to cause clotting of 
fihrinogcn. The same concentration of the azaornithine 
crter. however. had no apparent effect on the ability of 
urokinase to catalyse the hydrolysis of the peptide 
suh\trate M’-acetylplycyl-r.-iysjne methyl ester. 

N-~-Bul~loxyca#onyi-3-nmint,pr~~punal ben:)rlt~xycurhon~l 
hydrrxunr. Benryloxycarbonyl hydraride’” (I 5 1 g. 9. I mmol) was 

added IO X-t~hutyloxycarbonyl~3+urtmopropanal’ (I.57 g; 

9.0% mmol) in ethanol (20 cm’) and the solution stirred at room 

temperature for 24 h and then cvaporatcd IO give a light brown 

syrup. The product was dissolved in chloroform. which was then 
washed with 0.5 M citric acid and *atcr, dried (M&SO,) and 

evaporated to pve a residue which was treated with ether to give a 

white solid (I 95 g: 67.a). Recnstallizahon was achieved from 

chloroform-cthcr. M.p. IIS-6’. (i‘ound: C, 59.5; H. 7.2; N. 13.4. 

C,.H,,N,O, requires: C. 59.8; H. 7.2; N. 13.1%). T1.C: Single 

iodine posi(i\c spot (R,, 0.5). So aldthydc rcmaincd CR, 04; 

positive to chiormc and iodine). IR Y,. (Nujol mull): 1070 and 
1740 (C-0). 3260 and ZZOO cm ’ (N-If) SMR tchloroform.d\~ 7 

1.4 ls.tnglel; I proton: =N-Nij). 2.7 (multipleI; 5 protons: 

aromatic). 4.8 (sin&t; 2 protons. -O-Clj,). 5.0 lhroad triplet: 1 
prolon: -CCrNy*), 6 7 (quartet; 2 protons’ -NH’-C’H,‘-CH:-. 

J., = I,, = 8 Hz). 7.6 (quarter; 2 protons: -CH:“-W;_(‘H’=. 

I.., - J., = 8 HI). and A 6 (singlet; 9 protons: t-hutyl) 

Trypsm (EC 3 4.21.4) (2 x crystalliscd; ethanol precipitate, 
csscntially $alt free). chymotrypsin (EC 3.4.21.1) 13 x cryatallised; 

prcnarcd free of autolvsls oroducts and contaminants hv the . 

T~atmenf of ti.1.butyloxycarhonyl~3~aminupmponolbfn- 
.-)h,xvrcrhonylhydra~~~nr vifh t&urn c~onoborohvdnde. 
So&m cyanoborohydtic tO.??3g) was &xx&cd tn p&cd 
methanol (3Dcm’). Ihc stirred %nlution wa\ adjutted to pfi 3 0 

with HCI-saturated methanol. and .%.I-butyloxycarbonyl-% 

arnmopropanal hen~)lux~carh)n~Ih)dra~~~nc (0 5 g) m purified 

methanol (25cm’) was added m one portmn The pH changed 
immediately IO alkahnc and was adjusted again to pH 3 0 hy 
HCCsatuntcd methanol The reactmn WI followed hy T1.V: 

, V~ 
three iodmc.positire spots were observed. The rcacrion was 



.V--Elhyloxyc~nyl-a-a~mithrne phenyl ester 839 

stopped after 2 5 h and the solbent evaporated down, waler was 

added IO the ret&c. and the aqueous layer was en~racted with 
chloroform (4 x 75 cm’). The organtc layers were combrned and 

washed with water. dried (MgSO.) and evaporated IO give a brown 
oil (0.443 g). The product was chromarographed on silica gel (70 g 

in 20mm diameter cdumn) eluting wifh ethyl acetate-hexaae 
(I.1 v/v) (ISOcm’) followed by ethyl acetate-bexane (3:!vlv) 
(4.50 cm’). The cluare was monitored by TLC and fractions 
contaming ~hc major products were pookd and evaporated IO give 
the following components 

The fractions with R,, 0.75 gabe a whltc solid (0 082 g) which 

was recr~5ralhzed from chloroform-hexane, m.p. 132-3”. IR 0,. 
(Nu)ol mull): I?10 ((‘=O). 3280 and 3560 cm ’ (N-H). The 

fracrrons uirh R,, 0.6 gave a syrup (0.131 g) wrrh srmrlar IR. ‘The 

fractions with R,, 0 C gave a white solid (0 197g). m.p. IlSd’ 
which corresponds IO ~hc srarring marerial 

N~r-Hur~lo.r~rarbon~~~3~~minopmpcmcl~ rrhvlorvcarbonvl 

hydmronr. Fthyloxycarbonyl hydrazde” (0.87 g; X.36 mmol) In 

ethanol (IO cm’) uas added IO .~-t-buryloxycarhonyl-.ramino 
propanal’ (I .U g: X.32 mmol) In ethanol (20 cm’). The \olurlon ~‘a\ 
stirred a~ room temperature for 20 h. and the solvent was then 
removed under vacuum IO avc a brown oil which soldtfied after a 
short time. The solid was dissolved in chloroform which was 

washed with 0 C M citric acid (3 x 40 cm’). water (2 x 40 cm’). 
drred (MgSO,) and cvaporarcd. TLC: UK producr showed three 

iodine posirivc spots. R,, 0.36 (farnt. hydrazjde). R,, O.(? (major) 

and R,, 0.X (faint) The mtxlurc on washing with ether gave 

N I . hutyloxycarbonyl . 3 - aminopro& erhyloxycarbonyl 
hydrazone (0.97 g; 449%). whKh was recrystallired from ethyl 
acetate M.p 112-3’ (Found: (‘. 51 3; H.X I; N. 16.4. C,,H,,S,O, 

requires: C. 51.0; H. 8 I. S. 16.1%). IR Y,. (Nujol mull). 1675 and 
1740 (C=OI. 3420 and 332Ocm ’ IS-H). SMR (ch1oroform.d): I 
I.4 (\mglcl: I proton: ;N-NY). 2.7 ltnplcl; I prolon: CH=E). 4.95 
(broad rnplct. I proton. CO-NY). 5.75 (quartet. 2 protons: 
CH:-CH,). 6 7 (quarter; 2 proton5 -EH’-Cli,“-CH:‘-. 

J., = J.. = ? HI). 7 ( (quarter. ! protons. <H,“<u;- 
(‘H’J.. -I.., ,: HII. X - r:r~plc~. 3 prorons -CH,CH,I and g 6 

(srngler. 9 proton\ f.hu!yll 

Palladium catalyst (IO% on charcoal; 0 5 g) was carefully added 
in small portions IO dry methanol (.Wcm’). followed by a solulron 

of pure .~-r-hrtyk,xycarbonyl.3-amingropanal cthyloxycar- 
bonylhydralonc (I !RgI in methanol (4Ocm’). The mtxture was 
%hakcn under hydrogen at room temperature and atmospheric 
pressure for 24 h. and then filtered; the filtrate was ebaporarcd 
down IO gi\c an oil (I.12 p). T1.C. several iodine positive spots 
were present. R,, 0.25 (faint). R,, 0.4 (intense). R,, 0.45 (in&) 
and R,. 0.75 (intense). The crude materlal was purifkd hv column 

chrom&graphy using s~hca gel (7Og. m 20 mm diameter column) 
cluling with chloroform+thyl acetate r I :4 v/v) The clua~e was 

monitored by T1.C and fractions containing the component (R,, 

O.7.C) were pooled and evaporated IO give an oil which war 
crystallired from cthcr-hcxanc IO gibe a whllc solid (0.5 g). hi p 

7Gc’ The IR and N.MR specrra and rhc ekmcnial analysis were 
not conslslenl wtth the proposed siructurc. ‘Ihe fractions 
contaming the component (R,, 0.45) were pooled and evaporated 
IO give an oil u hrch was c~s~ll~~ed from cfher-petrol IO give N 

cthyloxycarbon)l . 3” (1 . hutyloxycarbonylamrdo) . propyl- 
hydratine (O.!hp: 26 WI. m.p. 474 (Found: C. ‘0.8; H. 8 2; S. 
IC 9. C’,,H,,S,O, requires: C. (0.6. H. 8.X: N. 16.1%). IR Y,. 

(Sujol mull) 17OO(C-O). 3320cm ‘(N-H) h’MR(chloroform-d) 
r 3 2 (ringlet. I proton: S-NH-CO). 4.Y (broad tnplcf; I proton. 
(‘O-NH). 5 9 (quarter; 2 protons: CH,A‘H,). 68 (quartet. 2 

protons SH’_(1_H,“-(‘H,‘. J., J,, - 7.0H1). 7 I (inpIer: 2 

proton\ CH,‘-C‘H,“-NH’. 1. d = 7.0 Hz. 1.. 0 Hz). 7.4 (\malcr. I 
proron. -CH,J-NN’j.g.35 (quintet: 2 proto& -(‘H,“A~i!!:.i‘H:‘). 
8 75 (trIplet. 3 protons. -CH,-C’.j and g s! (sin&: 9 protons 
r.hutyl) 

Phcnyl chloroformate (0 07R g; 0 C mmol) in ethyl aceiaic (IO 

cm’) was added over 20 mm IO a stirred ice-cooled solution of N . 
clhyloxycarbonyl . N’ . (3 . I - butyloxycarbonylamldo) . 
propylhydrazine (chromatographically pure; 0.13 g; 0.5 mmol) and 

tricthylamine (O.OS2g; 0.5 mmol) in ethyl acetate (I! cm’). 
Triethylamine hydrochloride precipitated from the colurion The 

mixture was sfined al V for 2 h and ovcrntght at room 
lcmpcralure. then waler (20 cm’) war a&dcd IO dissolbc the 
precipitate. The organic layer was separated. washed with 0.1 \I 
sodium carbonale solution 0 x 25 cm’). 0.5 M crlnc acid solution 
(2 x 25 cm’) and water (2 x 25 cm’). dned (MgSO.) and c\aporaled 

IO give an oil (0.17 g). R,, 0 25 (faint; starting material).. R,, 0 VI 

(major) and R,, 0.8 (faint). 
The crude malerial was chromatographed on \dica gel (40~ In a 

20 mm dlamcrcr column) eluling with ethyl acetare~hloroform 
(I : 3 v/v) ‘Ihe eluate was monitored by TLC and fractions 

containing the major componcnr (R,, 0 58) were pooled and 
evaporated IO give an oil (0.132 g, 69.5$) of .V’ . I . 
hutyloxycar~nyl .V cthyloxycarbonyl - n . araornithrnc 

phenyl ester IR Y,. (CH,CI,): 1730 (t’=(j). 3400 and 3440 cm ’ 
(N-H). NMR (chloroform-d) r 28 (broad smglcl: I proton: 
S-NH). 2.8 (multiplel. 5 protons. aromatic). c.0 (broad triplet; I 
proton: (‘0-NIj). 5.X (quartet: 2 proton\ m,<H.). 6.35 (rnplc~: 
! proton\: (‘H,‘-(I:“-N’-. I,. =h.llHt. I,. 0 Hz). 6.8 
(quarter: 2 proton\ SH--C~f~-C’H,‘-. J.,- J... -HI). 82 
~quartct: 2 proton\ -CH,‘-(‘I1,‘-(‘H:‘-b. X ‘! Itrtplcr. 1 proron\ 

-C’H,C~,l and 8 C! (singkr; 9 protons. l.buf)l) 

N’-Erhylo~yrarhonyI-o-o:aonrilh,nr phenyl ester 
A solution of N’ -I. butyloxycarbonyl . S’ clhylox)carbonyl 

. o - azaornirhinc phenyl ester (chromatographically pure; 27 mg) 
In lnfluoroacclic acid (!.Ocm’) was lcff al room temp. for 60 mm 

Excess trifluoroacc!K acid was evaporated in vacua IO give an oil 
assumed IO be N’ tritluoroacctyl . 3” . cthyloxycarbonyl a 
acaornlthrne phenyl ester TI.C: an aqueous solution. ap 

proximately pH 2.0 ga\c a cmgk spot (R,, 0.65: ~WIIIVC IO 
nmhydrm). Adjusting the pH of ~hc solution IO approx i gave IWO 

new spots (R,, O..ch (minor) and R,. 0 44); both ninhjdrm posihvc. 
No phenol was detected The ester was charackri?cd as II\ 
picrate. a yellow solid prepared from aqueou\ solurion. m p 
l3f&. (Found: (‘. 45 0: H. 4 4: S. I6 6. (‘,H::N.O,, rcqulrc,’ (‘. 
44 ?; H. 4.3; K. 16%) 

Tnduoroacctk acid (2.0 cm’) was added to a solurion of S’ . I . 
hulyloxycarbonyl . S’ cthoxycarbonyl . n . azaornithinc phcnyl 

ester (3( mg) and the mixture was allowed IO <land for 60 mm. and 
then ebaporarcd IO dryness lcaving h” . tnflwroaccryl . .‘v’- 
cthyloxycarbonyl . n . azaornrrhine phenyl csrcr as an oil The 

producr was dissolved in waler and the pH wa\ adjusted IO abo\c 
pH 8.0 wrfh I.0 M sodium hydrogen carbonate. and extracted u-ith 

chloroform The er~racl was dried (MgSO.) and cbaporakd IO 
grvc an oil (!!mp) TIC single sp01 IR,, 0.44: postlive IO 
ninhydrin). NMR (ch1oroform.d). I 2.85 (mulfiplcf. C proIons. 

aromatic). 4.4 (broad Gnglct; I proton: S-NH), 5 8 (quartet: 2 
protons. O’Jr-CH,). 6.45 (III~ICI: 2 protons CH;-C_H1”-N). 6.75 
(lripkl: 2 protons: N-C’H,‘-CH:‘). 8.0 (quartet, 2 protons. 
<H,“-Qf:‘-CH,‘) and 875 (triplcf: 3 prolons _(‘H,Ay.) 

‘Ilu narrion o/ N’-rfhvloxycorbonyl-a-a:aomifhinr phenyl rs~cr 
Cfh rrypsin 

An aqueous solurion of K’-ethyloxycarh~nyl-o-araornithmc 

phcnyl csler (X.2( mM: 0.1 cm’) was added IO a rolurron of rrypsin 

(I00 @[cm’. I .O cm’) in 0.05 M phosphate bulTer. pH ‘.6 al 25:. 
The rmxlure ~a\ mainrained at Zs” and alrquors 10.05 cm’) vverc 
removed a~ intervals (&!4 h) and assayed for protcolyhc actrvr~y 
by the cavin mcrhod using an rncuharion rime of 5 mm ar a remp 
of 25’ 

A conlrol cxperimenr was conducrcd rn which buffer only was 
added. The results are shown in Fig I. 

Tht norlion o/ N’-rrhyloxyrarhonyI-a-oroomirhinr phrnvl rsrrr 
wi!h chymorrypsin 

To a solution of a-chymorrypsin (I35+g/cm’; I Ocm’) in 

00s M phosphare buffer. pH 7.6 ar 35’ was added an aqueous 
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solution of N'..c[hyloxycarbonyl-a-azaorni[hine phenyl ester 
(75 mM: 01 cm'). The mixturc was maintained at 25" and aliquots 
(0.05 cm') were removed at intervals and assayed for proteolytic 
activiD b~, the cascin method using an incubation time of I0 rain at 
temp. 2 5  ° . 

A control experirnent was carried out in which buffer alone was 
added to the enzyme solution. 

Another experiment was also performed in which 0.05 M 
phosphate buffer pH 6.-" was used. No loss of activity was 
detected in either case 

The reaction of N'-ethyloxycarbonyl-a-azaomilhiae phenyl ester 
a'ith thmmbi~ 

(a) To a solution of N'-bcnzoyl-t.-arginine ethyl ester 
hydrt~hloride ( 1 mg/cm'; 2.0 cm') in water was added a mixture of 
thrombin solutKm (100 N I.H. units/10cm'; 0.1 cm') in 0.05 M 
phosphate buffer, pH 7.6 and an aqueous solution of N ' -  
eth>loxycarhenyl-o-azaorni[hin¢ phenyl ester (7.5 raM; 0.1 cm'). 
The mixture was titrated automatically against 0.02 M sodium 
hydroxide at :~7: using a Radiometer autoburette ABUII. 
Autotitrator TTT2 and Timgraph system. A control experiment 
was perforrned in which the analogue solution was replaced by 
water. 
The analogue caused complete loss of activity against [his 

suhslrate. 
lb) ('lotting o/fibrinogen (based on the method of l.akJ"') 

Thrombin solution (I00 N.I.H. units!10cm'. 0.2cm') in 0.05 M 
phosphate buffer pH 7.6 was diluted with {02 cm') using the same 
buffer. 

To a solution of fibrinogen (I mg/cm'; 1.0cm') in 0.05M 
phosphate buffer was added a diluted [hrombin solution (0.I cm'), 
the mixture was s "haken ",rod incubated at 37". After a short time 
clotting appeared and the time recorded. The average of several 
incubations ga,,¢ a clotting time of 40see. 

Am)ther experiment was carried out in which the buffer was 
replaced by an aqueous solution of N°-cthyloxycarhonyl-a - 
azaornithmc phenyl ester (7.SmM: 0.2cm'). No clotting was 
ob,,,crved, even after 3.0 rain. 

T ~  reaction of N'-ahyloxycarbonyl-a-azaornithine phenyl ester 
v,.ilh urokinas¢ 

To a solution of N-acetylglycyl-t.-[ysin¢ methyl ester acetate 
(5 miJcm'; 2.0cm ~) in water was added a mixture of urokinase 
solution (0.3 mg/cm'; 0.1 cm') in 0.05 M phosphate buffer pH 7.6 
and an aqueous solution of N'-cthyloxycarhonyl-a-azaornithine 
phenyl ester {7.SmM; 0.1cm'). T'he mixture was titrated 
automaticalb against 0.02 M sodium hydroxide at 37' as described 
above. 

A control experiment was conducted in which the analogue 
solution was re#aced by water. No loss of activity was caused by 
the analogue. 
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