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(6fi-trarcs)-3-(iodomethyl)-8-oxo-7-[(phenoxyacetyl)amino]-5-
thia-l-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid tert-butyl ester, 
115622-66-7; (6#-trcms)-3-(iodomethyl)-8-oxo-7-[(phenoxy-
acetyl)amino]-5-thia-l-azabicyclo[4.2.0]oct-2-ene-2-carboxylicacid 
allyl ester, 115622-74-7; [6fl-[6a,70(Z)]]-7-[[(2-tritylamino-4-
thiazolyl)(methoxyimino)acetyl]amino]-3-(iodomethyl)-8-oxo-5-
thia-l-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid iert-butyl ester, 
105514-47-4; t6fl-[6a,70(Z)]]-7-[[(2-tritylamino-4-thiazolyl)[[2-
(1 -1 ert-buty lcarboxylate-1 -methyl) ethoxy] imino] acetyl] amino] -
3-(iodomethyl)-8-oxo-5-thia-l-azabicyclo[4.2.0]oct-2-ene-2-
carboxylic acid tert-butyl ester, 117333-74-1; [6fl-(6a,73)]-3-(io-

domethyl)-7-[(2-thienylacetyl)amino]-8-oxo-5-thia-l-azabicyclo-
[4.2.0]oct-2-ene-2-carboxylic acid tert-butyl ester, 37553-14-3; 
(6/?-trans)-7-(formylamino)-3-(iodomethyl)-8-oxo-5-thia-l-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid tert-butyl ester, 
122949-51-3; [6fl-[6a,7/3(fl*)]]-7-[[2-[[(4-ethyl-2,3-dioxo-
piperazinyl) carbonyl]amino] -2-phenylacetyl] amino] -3- (iodo-
methyl) -8-oxo-5-thia-1 -azabicyclo [4.2.0] oct-2-ene-2-carboxylic acid 
(diphenylmethyl) ester, 122949-52-4; [eR-[6a,10(Z)]]-l-[[{2-tri-
tylamino-4-thiazolyl)[[(tert-butylcarboxylate)methoxy]imino]-
acetyl]amino]-3-(iodomethyl)-8-oxo-5-thia-l-azabicyclo[4.2.0]-
oct-2-ene-2-carboxylic acid tert-butyl ester, 122949-57-9. 
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Syntheses of several tripeptide analogues of leupeptin containing C-terminal argininal, lysinal, or ornithinal units 
are presented. The synthetic analogues were tested as inhibitors of trypsin, plasmin, and kallikrein. (Benzyl-
oxycarbonyl)-L-leucyl-L-leucyl-L-argininal (2a) was significantly less effective as an inhibitor of trypsin and plasmin 
activity than leupeptin. (Benzyloxycarbonyl)-L-leucyl-L-leucyl-L-lysinal (2e) and (benzyloxycarbonyl)-L-leucyl-L-
leucyl-L-omithinal (2i) display different inhibition characteristics than (benzyloxycarbonyl)-L-leucyl-L-leucyl-L-argininal 
(2a). While (benzyloxycarbonyl)-L-leucyl-L-leucyl-L-argininal (2a) showed moderate inhibition of all three enzymes 
tested, (benzyloxycarbonyl)-L-leucyl-L-leucyl-L-lysinal (2e) was less effective as an inhibitor of trypsin and plasmin 
activity. Of the three enzymes tested, (benzyloxycarbonyl)-L-leucyl-L-leucyl-L-ornithinal (2i) showed significant 
inhibition of kallikrein activity only. Modifications made in the composition and sequence of the P2 and P3 amino 
acids also resulted in variations in the inhibitory activity of the analogues. In general, plasmin showed a strong 
preference for inhibitors which contain an L-phenylalanyl-L-leucyl or an L-leucyl-L-valyl unit in the P2 and P3 positions. 

Leupeptin (1), iV-acetyl- or iV-propionyl-L-leucyl-L-
leucyl-DL-argininal, is a naturally occurring proteinase in­
hibitor isolated from the culture filtrates of various species 
of actinomyces.1-3 Leupeptin has been shown to be a very 

Table I. Inhibitors 
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1: R = CH31CH2CH3 

potent inhibitor of a number of proteolytic enzymes.4-12 

Leupeptin has also been shown to alter or suppress the 
symptoms of such disease conditions as rheumatoid ar­
thritis,1 - 1 3 muscular dystrophy,14-18 allergic encephalo­
myelitis,19 malaria,20 and immunological dysregulations.21,22 

However, leupeptin is not selective among enzymes of 
similar substrate specificities, thus limiting its usefulness 
in the investigations of disease processes and as a thera­
peutic agent. 

Several derivatives of leupeptin have been prepared that 
provide interesting insights into variation of biological 
activity with inhibitor structure.23-25 The derivatives in 
which the C-terminal aldehyde of leupeptin was reduced 
to the alcohol, oxidized to the carboxylic acid, or protected 
as the dibutyl acetal26 showed no inhibition of most en­
zymes that are strongly inhibited by leupeptin. Umezawa 
and co-workers studied the effect of minor variations in 
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2c 
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(CH2)3NHC(NH)NH2 
(CH2)3NHC(NH)NH2 
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(CH2J4NH2 
(CH2J4NH2 
(CH2)4NH2 
(CH2)4NH2 
(CH2)3NH2 
(CH2)3NH2 
(CHJ) 3NH 2 
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the amino acid composition and sequence of leupeptin.23,25 

Using a synthetic route which he later abandoned, Ume-

(1) Aoyagi, T.; Takeuchi, T.; Matsuzaki, A.; Kawamura, K.; Kon-
do, S.; Hamada, M.; Maeda, K.; Umezawa, H. J. Antibiot. 
1969, 22, 183. 

(2) Kondo, S.; Kawamura, K.; Iwanaga, J.; Hamada, M.; Aoyagi, 
T.; Maeda, K.; Takeuchi, T.; Umezawa, H. Chem. Pharm. Bull. 
1969, 17, 1896. 

(3) Ning, M. C. Y. J.; Beynon, R. J. Int. J. Biochem. 1986,18, 813. 
(4) Maeda, K.; Kawamura, K.; Kondo, S.; Aoyagi, T.; Takeuchi, 

T.; Umezawa, H. J. Antiobiot. 1971, 24, 402. 
(5) Aoyagi, T.; Miyata, S.; Nanbo, M.; Kojima, F.; Matsuki, M.; 

Ishizuka, M.; Takeuchi, T.; Umezawa, H. J. Antibiot. 1969, 22, 
558. 

(6) Toyo-oko, T.; Shimizu, T.; Masaki, T. Biochem. Biophys. Res. 
Commun. 1978, 82, 484. 

(7) Tamura, Y.; Hirado, M.; Okamura, K.; Minato, Y.; Fujii, S. 
Biochem. Biophys. Acta 1977, 484, 417. 
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zawa prepared several leupeptin analogues with C-terminal 
argininal units.23,24 These compounds were tested for their 
inhibition of plasmin fibrinogenolysis and papain casein-
olysis and showed large variations in activity.23 Later, after 
the development of a new semisynthetic route to leupeptin 
analogues involving an enzymatic cleavage of argininal 
dibutyl acetal from the protected leupeptin,27 Umezawa 
prepared other analogues containing C-terminal argininal 
units.26 Many of these new inhibitors show dramatic in­
creases in their inhibitory activities of trypsin-like pro­
teinases relative to leupeptin. For example, (benzyloxy-
carbonyl)-L-pyroglutamyl-L-leucyl-L-argininal was reported 
to be 10-fold more active than leupeptin as an inhibitor 
of trypsin and plasmin.25 Also, DL-2-pipecolyl-L-leucyl-L-
argininal was reported to be 25-fold more active than 
leupeptin as an inhibitor of kallikrein.25 Ito and co-workers 
also found that by altering the side chain of the C-terminal 
aldehyde the specificity of the inhibitor could be changed 
considerably.28 When the C-terminal argininal unit of 
leupeptin was replaced by phenylalaninal, tyrosinal, or 
tryptophanal, chymotrypsin was inhibited, but the inhib­
ition of trypsin-like proteinases was lost. So it appears that 
the specificity within this mechanistic class of proteinases 
arises from the structure of the side chain of the C-terminal 
aldehyde and the composition and sequence of the peptide 
as a whole. 

With these considerations in mind, we have undertaken 
the preparation of tripeptide analogues of leupeptin. Our 
goal was to study the effects of three distinct types of 
structural alterations (Table I) on the inhibitory activities 
and specificities among trypsin-like serine proteinases on 
the analogues. The first type of structural alteration 
studied was the N-terminal protecting group. Although 

(8) Hopgood, M. F.; Clark, M. G.; Ballard, F. J. Biochem. J. 1977, 
164, 399. 

(9) Takahashi, S.; Murakami, K.; Miyake, Y. J. Biochem. (Tokyo) 
1981, 90, 1677. 

(10) Summaria, L.; Wohl, R. C; Boreisha, I. G.; Robbins, K. C. 
Biochemistry 1982, 21, 2056. 

(11) Azaryan, A.; Galoyan, A. Neurochem. Res. 1987,12, 207. 
(12) Verweij, C; Hart, M. Thromb. Res. 1987, 47, 625. 
(13) Aoyagi, T.; Wada, T.; Tanaka, T.; Tanimoto, K.; Umezawa, H. 

Biochem. Int. 1984, 8, 529. 
(14) Aoyagi, T.; Wada, T.; Ohuchi, S.; Kojima, F.; Nagai, M.; Har-

ada, S.; Umezawa, H. Exp. Neurol. 1984, 84, 326. 
(15) Aoyagi, T.; Wada, T.; Ohuchi, S.; Kojima, F.; Nagai, M.; Har-

ada, S.; Umezawa, H. J. Pharmacobio-Dyn. 1984, 7, 681. 
(16) Aoyagi, T.; Wada, T.; Kojima, F.; Nagai, M.; H. J. Pharmaco­

bio-Dyn. 1984, 7, 312. 
(17) Kovacs, J.; Laszlo, L.; Kovacs, A. L. Exp. Cell Res. 1988,174, 

244. 
(18) Llados, F. T. Experientia 1985, 41, 1551. 
(19) Aoyagi, T.; Waga, T.; Nagai, M.; Umezawa, H. Experimentia 

1984, 40, 1405. 
(20) Scheibel, L. W.; Bueding, E.; Fish, W. R.; Hawkins, J. T. Prog. 

Clin. Biol. Res. 1984, 155, 131. 
(21) Valderrma, R.; Chang, V. K.; Stacher, A.; Maccabee, P. J.; 

Kaldany, R. R. J. J. Neurol. ScL 1987, 82, 133. 
(22) Wada, T.; Kojima, F.; Nagai, M.; Masaki, Y.; Umezawa, H. 

Biochem. Int. 1986, 13, 695. 
(23) Maeda, K.; Kawamura, K.; Kondo, S.; Aoyagi, T.; Takeuchi, 

T.; Umezawa, H. J. Antibiot. 1971, 24, 402. 
(24) Aoyagi, T.; Umezawa, H. Structures and Activities of Protei­

nase Inhibitors of Microbiol Origin; Academic Press: New 
York, 1975; p 455. 

(25) Saino, T.; Someno, T.; Ishii, S.; Aoyagi, T.; Umezawa, H. J. 
Antibiot. 1988, 41, 220. 

(26) Aoyagi, T.; Miyata, S.; Nanbo, M.; Kojima, F.; Matsuzki, M.; 
Ishizuka, M.; Takeuchi, T.; Umezawa, H. J. Antibiot. 1969, 22, 
558. 

(27) Someno, T.; Ishii, S. Chem. Pharm. Bull. 1986, 34, 1748. 
(28) Ito, A.; Takashi, R.; Buba, Y. Chem. Pharm. Bull. 1975, 23, 

3106. 
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Scheme I 

I DlBAL I H2NNHCONH2 

R1NHCHCO2CH3 ^ R1NHCHCHO 

T 
R1 N H C H C H = NNHCONH2 

4a: R1=CbZ1R2 = (CH2J4NH-BOC 
b: R1 = Cbz, R = (CH2J3NH-BOC 
c: R1 = BOC1 R2 = (CH2J3NHC(NH)NHNO2 

Table II. Chemical Data 
no. 

2a 
2b 
2c 
2d 
2e 
2f 
2g 
2h 
2i 
2i 
2k 
21 

compound" 
Cbz-Leu-Leu-argininal 
Cbz-Leu-Phe-argininal 
Cbz-Phe-Leu-argininal 
Cbz-Leu-Val-argininal 
Cbz-Leu-Leu-lysinal 
Cbz-Leu-Phe-lysinal 
Cbz-Phe-Leu-lysinal 
Cbz-Leu-Val-lysinal 
Cbz-Leu-Leu-ornithinal 
Cbz-Leu-Phe-ornithinal 
Cbz-Phe-Leu-ornithinal 
Cba-Leu-Val-ornithinal 

mp, 0C 
164-166 
176-178 
170-172 
160-162 
179-181 
142-144 
148-150 
134-136 
155-157 
133-135 
149-152 
139-141 

H 2 V deg 
-24.7 
-12.3 
-15.5 
-16.4 
-39.9 
-33.3 
-18.8 
-26.8 
-37.6 
-28.6 
-18.7 
-18.2 

"Cbz = benzyloxycarbonyl. 

there are no significant differences reported in the activ­
ities of iV-acetyl- and iV-propionylleupeptins,29 there have 
been instances reported in the literature where the nature 
of the N-terminal protecting group altered the activity of 
trypsin-like enzyme inhibitors.25,30,31 The second type of 
structural alteration examined in our leupeptin analogues 
was the effect of minor variations in the length and basicity 
of the side chain on the C-terminal aldehyde. The third 
type of structural change involved variations in the com­
position and sequence of the amino acids in the P2 and P3 
positions32 on the inhibitors. The synthesis and biological 
activities of these compounds are reported below. 

Synthesis 
The preparation of peptide aldehydes containing basic 

amino acids, especially arginine, in the C-terminal position 
is seldom seen in the literature. In his early synthesis of 
leupeptin,4 Umezawa reduced the peptide containing a 
C-terminal arginine methyl ester to the alcohol with lith­
ium borohydride and then reoxidized it to the aldehyde 
via DMSO/DCC.29 This low-yield procedure was later 
abandoned by Umezawa in favor of a semisynthetic route 
involving an enzymatic cleavage of argininal dibutyl acetal 
from the protected leupeptin.27 Ito and co-workers pre­
pared iV-CbenzyloxycarbonyO-A^-nitroargininal semi-
carbazone using a diisobutylaluminum hydride reduction 
of the corresponding methyl ester.33 Leupeptin analogues 
containing phenylalaninal, tyrosinal, and tryptophanal 
were prepared in reasonable yields by using this reduction 
technique;34 however, no leupeptin analogues containing 

(29) Kawamura, K.; Kondo, S.; Maeda, K.; Umezawa, H. Chem. 
Pharm. Bull. 1969, 17, 1902. 

(30) (a) Shaw, E.; Glover, G. I. J. Biol. Chem. 1971, 246, 4595. (b) 
Coggins, J. R.; Kray, W.; Shaw, E. Biochem. J. 1974,138, 579. 

(31) Shaw. E. Proteases and Biological Control; Academic Press: 
New York, 1952; p 455. 

(32) In accord with nomenclature described by Schechter and 
Berger (Biochem. Biophys. Res. Commun. 1967, 27, 157) 
Pn-Pn- refer to side-chain positions on the peptide substrate or 
inhibitor whereas Sn-Sn- refer to subsites on the enzyme that 
bind to the corresponding side chains on the substrate. 

(33) Ito, A.; Takahashi, R.; Baba, Y. Chem. Pharm. Bull. 1975, 23, 
3081. 

(34) Westerik, J. 0.; Wolfenden, R. J. Biol. Chem. 1972, 247, 8195. 
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Figure 1. Cyclization of argininal (top), lysinal, and ornithinal (bottom) leupeptin analogues. 

C-terminal argininal units prepared in this manner were A 
reported. Galpin and co-workers in their development of 
chymostatin analogues have reported the synthesis of 
several peptide aldehydes which contain arginine as one 
of the amino acid units.35-37 However, in these peptide 
aldehydes arginine occupies a P2 or P3 position rather than 
the C-terminal P1 position. 

Synthesis of the leupeptin analogues was accomplished 
through the use of lysine, ornithine, and arginine amino 
aldehyde derivatives prepared by diisobutylaluminum 
hydride reduction of the corresponding amino acid methyl 
esters (3). The three fully protected amino acid esters were 
each reduced directly to the aldehyde by careful treatment 
with diisobutylaluminum hydride using harsher conditions 
than is typically required for other amino acid esters. 
Without isolation the protected aldehydes were immedi­
ately converted to the semicarbazone derivatives (Scheme 
I) (4a-c). 

In the preparation of lsyine and ornithine analogues, the 
7Va-benzyloxycarbonyl groups were removed by catalytic 
hydrogenolysis.38 The resultant a-amino aldehyde sem-
icarbazones (5a,b) were coupled to a series of benzyloxy-
carbonyl dipeptide acids via a mixed carbonic anhydride 
procedure38 to yield the fully protected tripeptide aldehyde 
derivatives (6a-h). The tert-butoxycarbonyl groups were 
removed and the aldehyde was deprotected by treatment 
with formalin/HCl to obtain the lysinal and ornithinal 
leupeptin analogues (2e-l) in 25-65% yield (Table II). 

The synthesis of the argininal analogues was performed 
by a deprotection/reprotection approach. Treatment of 
^"-(tert-butoxycarbonyD-A^-nitroargininal semicarbazone 
(4c) with trifluoroacetic acid provided iV°-nitroargininal 
semicarbazone trifluoroacetate (7), which was condensed 
with a series of benzyloxycarbonyl-protected dipeptides 
to yield the fully protected tripeptide aldehyde derivatives 
(8a-d). The N-terminal benzyloxycarbonyl and the 
A^-nitro groups were removed by catalytic hydrogenolysis 
to yield the tripeptide aldehyde semicarbazone dihydro-
chloride salts. Reacylation of the N-terminus with ben-
zylchloroformate and pyridine provided the benzyloxy­
carbonyl-protected argininal semicarbazone hydro-

^ 
NH c i -

(35) Galpin, I. J.; Wilby, A. H.; Beynon, R. J. Pept. Proc. Eur. Pept. 
Symp. 17th (1982) 1983, 649-652. 

(36) Galpin, I. J.; Wilby, A. H.; Place, G. A.; Beynon, R. J. Int. J. 
Pept. Protein Res. 1984, 23, 477. 

(37) Galpin, I. J.; Beynon, R. J.; Chetland, J.; Mulligan, M. T.; 
Place, G. A. Peptide: Struct. Function Proc. Am. Pept. Symp., 
9th 1985, 799-802. 

(38) Tran, C. D.; McConnell, R. M.; Hoyng, C. F.; Fendler, J. H. J. 
Am. Chem. 1982, 104, 3002. 

Figure 2. Representative two-dimensional thin-layer chroma-
togram of leupeptin analogues (1-butanol/water/acetic acid, 
7/3/1, v/v/v). 

chlorides. Removal of the semicarbazone was effected by 
the treatment with 37% formalin and hydrochloric acid 
to provide the argininal analogues (2a-d) (Table II). 

AU spectroscopic data are cosistent with the structures 
although 1H and 13C NMR spectral data show that in 
methanolic solutions considerable cyclization occurs. The 
cyclized carbinolamine (Figure 1) appears to be the major 
form of the lysinal analog (2e-h), although trace amounts 
of the free aldehyde were also observed in the NMR. 
Although no evidence of the iminium structure was seen 
in any of the lysinal analogues, it was identified by 13C 
NMR in the ornithinal analogues (2i—1) by resonances at 
162-163 ppm. Resonances for the carbinolamine were also 
observed at 137-138 ppm in the ornithinal analogs (2i—1); 
however, no evidence of the free aldehyde was observed 
by NMR in any of the methanolic solutions of the orni­
thinal analogues. Assignments of NMR resonances were 
based on spectral data of similar systems.39 This, however, 
does not preclude the existence of the free aldehyde or 
hydrated aldehyde form of the analogues in aqueous so­
lutions. Since the free aldehyde is believed to be the form 
which is bound by the enzyme,34'40 an equilibrium would 

(39) Batterman, T. J. NMR Spectra of Simple Heterocycles; John 
Wiley & Sons: New York, 1973. 
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Table III. Inhibition Data 

no. 

1 
2a 
2b 
2c 
2d 
2e 
2f 
2* 
2h 
2i 
2i 
2k 
21 

inhibitor 

leupeptin0 

Cbz-Leu-Leu-argininal 
Cbz-Leu-Phe-argininal 
Cbz-Phe-Leu-argininal 
Cbz-Leu-Val-argininal 
Cbz-Leu-Leu-lysinal 
Cbz-Leu-Phe-lysinal 
Cba-Phe-Leu-lysinal 
Cbz-Leu-Val-lysinal 
Cbz-Leu-Leu-ornithinal 
Cbz-Leu-Phe-ornithinal 
Cbz-Phe-Leu-ornithinal 
Cbz-Leu-Val-ornithinal 

trypsin 

5.2 
163.8 
107.1 
45.9 
81.4 

195.7 
4006 

40O11 

4006 

4006 

400° 
400* 
400" 

J60, M M 

plasmin 

19.4 
127.8 

79.9 
10.2 
10.2 

183.7 
47.0 
8.9 

18.5 
>400 6 

>400 4 

241.6 
432.0 

kallikrein 

32.4 
36.0 
33.3 
25.7 
11.2 
19.0 
20.3 
25.6 
14.8 
29.3 
82.4 

111.8 
53.8 

°Acetyl-L-leucyl-L-leucyl-argininal. 6No inhibition at 400 nM. 

shift in that direction under the testing conditions. Evi­
dence for the existence of an equilibrium state between 
two major forms of each inhibitor was seen by two-di­
mensional thin-layer chromatography (Figure 2). Using 
butanol, water, and acetic acid as the mobile phase, two 
structures were partitioned on silica gel; however, a second 
elution of the same solvent partitioned each of the first 
two spots into two new spots. This indicates that a fairly 
slow equilibrium, in which there are two major compo­
nents, exists in this solvent mixture. Similar observations 
of both the cyclization and the thin layer chromatography 
effect were made by Umezawa in his initial studies of 
leupeptin.4 

Biological Activities and Discussion 
Although Umezawa saw no real differences in the in­

hibitory activities of N-acetyl and iV-propionyl leupep-
tins,29 we have now discovered that the use of a N-terminal 
benzyloxycarbonyl protection in (benzyloxycarbonyl)-L-
leucyl-L-leucyl-L-argininal (2a) did result in a decrease in 
the inhibition of trypsin and plasmin from that of leu­
peptin (Table III). This might be due to steric restrictions 
at the S4 binding sites in these enzymes. 

The alterations made in the basic side chain of the 
C-terminal aldehyde also caused significant variation in 
selectivity. The argininal analogues (2a-d) tended to be 
better inhibitors of trypsin and plasmin than were the 
lysinal and ornithinal analogues. The general preference 
by trypsin for arginine peptides is in agreement with 
crystallographic studies by Bode41 which show direct 
binding at the S1 site of arginine side chains and indirect 
binding of lysine side chains. The lack of major variation 
in the inhibition of kallikrein hydrolysis with the altera­
tions made in the side chain of the C-terminal aldehyde 
of the leupeptin analogues is also in agreement with 
crystallographic studies42 which show a more flexible S1 
binding site present in kallikrein. Also, the use of the 
N-terminal benzyloxycarbonyl group in 2a did not seem 
to cause as dramatic a decrease in activity from that of 
leupeptin in the case of kallikrein inhibition as it did with 
trypsin and plasmin inhibition. These properties can be 
useful in the design of selective kallikrein inhibitors. For 
example, (benzyloxycarbonyl)-L-leucyl-L-leucyl-L-ornithinal 
(2i) shows an inhibition of kallikrein comparable to that 
of leupeptin (Table III); however, it shows no significant 
inhibition of trypsin or plasmin. 

The variations made in the composition and sequence 
of the amino acids in the P2 and P3 positions of the leu-

(40) Thompson, R. C. Biochemistry 1973, 12, Al. 
(41) Chen, Z.; Bode, W. J. MoI. Biol. 1983, 164, 237. 
(42) Bode, W.; Chen, Z.; Bartels, K. J. MoI. Biol. 1983, 164, 237. 

peptin analogues involved the usage of phenylalanine and 
valine, which are similar in hydrophobic nature to leucine. 
Our results show that the use of L-phenylalanine in the P2 
position, as in 2b,f,j, caused a slight increase in activity 
for plasmin inhibition from those containing L-leucine in 
the P2 position (2a,e,i). It was also discovered that those 
analogues of leupeptin containing an L-phenylalanyl-L-
leucyl or an L-leucyl-L-valyl unit in the P3 and P2 positions 
proved to be much better inhibitors of plasmin than did 
the analogues of other peptide sequences (Table III). Some 
of these analogues are better inhibitors of these enzymes 
than leupeptin itself, despite having N-terminal benzyl­
oxycarbonyl protecting groups. 

Summary 
Several analogues of leupeptin were prepared through 

the use of three key amino aldehyde derivatives. These 
amino aldehyde derivatives were synthesized and then 
coupled to a series of benzyloxycarbonyl-protected di-
peptide acids. Deprotection of the resulting tripeptide 
aldehyde derivatives provided leupeptin analogues con­
taining either a C-terminal argininal, lysinal, or ornithinal. 
The leupeptin analogues were analyzed by traditional 
spectrophotometric assay techniques for their inhibitory 
activities of trypsin, plasmin, and kallikrein. 

The use of a N-terminal benzyloxycarbonyl protecting 
group caused a decrease from that of leupeptin in the 
inhibition of trypsin and plasmin activity. Of the three 
enzymes tested, the ornithinal analogues showed significant 
inhibition of kallikrein activity only. The analogues con­
taining either an L-phenylalanyl-L-leucyl or an L-leucyl-
L-valyl unit in the P3 and P2 positions were found to be 
much better inhibitors of plasmin than were analogues 
containing other peptide sequences. The inhibitors de­
scribed here compare well to other low molecular weight 
inhibitors that possess minimal functionality. Further 
testing of these inhibitors and others containing different 
N-terminal protecting groups and peptide sequences with 
other trypsin-like proteinases is currently under way and 
will be reported in due course. 

Experimental Section 
All amino acids and protected amino acids were obtained from 

Sigma Chemical Co. unless otherwise noted. The human urinary 
kallikrein used was obtained from The Peptide Institute, Osaka, 
Japan. All other enzymes, enzyme substrates, and the benzyl­
oxycarbonyl-protected dipeptides were purchased from Vega 
Biochemicals. Capillary melting points were determined on a 
Hoover melting point apparatus and are uncorrected. NMR 
spectra are consistent with the structures reported and were 
recorded on a Varian T-60, EM-390, or XL-200 spectrometer. All 
peptides and peptide derivatives were homogeneous by HPLC 
and thin layer chromatographic analysis unless otherwise indi­
cated. HPLC was performed on an Altex Ultrasphere-ODS C18 
reverse-phase column (200 mm X 4.5 mm). 

./VQ-(Benzyloxycarbonyl)-JV'-(tert-Butoxycarbonyl)-L-
lysinal Semicarbazone (4a). A stirred solution of JV"-(benzyl-
oxycarbonyl)-7V'-(£ert-butoxycarbonyl)-L-lysine methyl ester (13 
mmol) in 150 mL of anhydrous toluene was chilled to -50 0C under 
a nitrogen atmosphere and slowly treated with 33 mL of a 1 M 
diisobutylaluminum hydride suspension in hexanes. The mixture 
was stirred at -50 0C for 3 h and then quenched with 100 mL of 
0.1 M aqueous hydrochloric acid. The reaction mixture was 
extracted three times with 150-mL portions of ethyl acetate. The 
organic phase was washed with water, dried over anhydrous 
magnesium sulfate, and evaporated under reduced pressure to 
yield a clear oil (3.9 g). The crude aldehyde was dissolved in 50 
mL of 80% ethyl alcohol and treated with 13 mmol of semi-
carbazide hydrochloride and 13 mmol of sodium acetate. The 
mixture was refluxed for 45 min and then stirred overnight at 
room temperature. The solution was then diluted with 100 mL 
of water and extracted with ethyl acetate. The organic phase was 
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washed with water, dried over anhydrous magnesium sulfate, and 
evaporated under reduced pressure. The crude semicarbazone 
product was purified by silica gel chromatography using ethyl 
acetate/ethanol, (99/1, v/v) as the mobile phase. Compound 4a 
had the following: 73% yield; [a]25

Na = -27.9° (c 1.0, methanol); 
Rf = 0.32 (ethyl acetate/methanol, 9/1, v/v); 1H NMR (CDCl3, 
90 MHz) b 1.3 (s, 9 H), 1.4 (m, 6 H), 3.1 (t, J = 7 Hz, 2 H), 4.4 
(m, 1 H), 4.9 (m, 1 H), 5.2 (s, 2 H), 5.7 (m, 1 H), 6.3 (m, 2 H), 7.1 
(d, J = 7 Hz, 1 H), 7.4 (s, 5 H), 10.1 (m, 1 H). Anal. Calcd for 
C20H31N5O5: C, 56.94; H, 7.41; N, 16.62. Found: C, 57.01; H, 7.67; 
N, 16.73. 

Na- (Benzy loxy carbony 1) -JV*- (tert -butoxy carbony 1) -L-
ornithinal Semicarbazone (4b). The title compound was 
synthesized in analogy to 4a except that iV°-(benzyloxy-
carbonyl)-A''i-(tert-butoxycarbonyl)-L-ornithine methyl ester was 
used instead of ZV^benzyloxycarbonylJ-iV'-ftert-butoxy-
carbonyl)-L-lysine methyl ester. Compound 4b had the following: 
71% yield; [a]25

Na = -22.7° (c, 1.0, methanol); R, = 0.21 (ethyl 
acetate/methanol, 9/1, v/v); 1H NMR (CDCl3, 90 MHz) 5 1.3 (s, 
9 H), 1.6 (m, 4 H), 3.0 (t, J = 7 Hz, 2 H), 4.2 (m, 1 H), 4.8 (m, 
1 H), 5.0 (s, 2 H), 5.3 (m, 1 H), 6.0 (m, 2 H), 7.3 (A, J = I Hz, 1 
H), 7.4 (s, 5 H), 10.1 (m, 1 H). Anal. Calcd for C19H29N6O5: C, 
56.10; H, 7.17; N, 17.19. Found: C, 56.30; H, 7.23; N, 17.25. 

JV<*-(tert-Butoxycarbonyl)-iVG-nitro-L-argininal Semi­
carbazone (4c). A solution of 5.0 g (15 mmol) of Na-(tert-
butoxycarbonylJ-iV^nitro-L-arginine methyl ester in 150 mL of 
anhydrous tetrahydrofuran was chilled to -25 0C under a nitrogen 
atmosphere, vigorously stirred, and slowly treated with 60 mL 
of 1 N diisobutylaluminum hydride in hexanes. The mixtures 
was stirred at -25 0C for 2 h, quenched with 100 mL of 0.1 M 
aqueous hydrochloric acid, and extracted twice with ethyl acetate. 
The organic phase was then washed with water and dried over 
anhydrous magnesium sulfate. The solvent was evaporated under 
reduced pressure to give 3.7 g of an oily solid. The crude material 
was dissolved in 50 mL of 70% ethanol and treated with 1.4 g 
of semicarbazide hydrochloride and 1.1 g of sodium acetate. The 
mixture was heated to reflux for 30 min and then allowed to stir 
at room temperature overnight. The solution was then diluted 
with 100 mL of water and extracted with ethyl acetate. The 
organic phase was washed with water, dried over anhydrous 
magnesium sulfate, and evaporated under reduced pressure to 
give a white solid. The crude product was purified by silica gel 
chromatography using ethyl acetate/ethanol (95/5, v/v) as the 
mobile phase to give 2.8 g (52%) of 4c: [a]25

Na = -33.2° (c 1.0, 
methanol); mp = 117-119 0C; Rf = 0.22 (ethyl acetate/methanol, 
9/1 v/v); 1H NMR (CD3CN, 90 MHz); S 1.1 (s, 9 H), 1.7 (m, 4 
H), 3.2 (t, J = 7 Hz, 2 H), 4.1 (m, 1 H), 6.0 (m, 3 H), 7.1 (d, J = 
7 Hz, 1 H), 7.7 (m, 2 H), 9.6 (7, 3 H). Anal. Calcd for C12H24N8O5: 
C, 39.97; H, 6.72; N, 31.10. Found: C, 39.85; H, 6.76; N, 30.96. 

NG-Nitro-L-argininal Semicarbazone Trifluoroacetate (7). 
A solution containing 0.4 g (1.1 mmol) of JVQ-(ter£-butoxy-
carbonylJ-iV^-nitro-L-argininal semicarbazone (4c), in 25% tri-
fluoroacetic acid in methanol (v/v), was stirred at 0 0C for 3 h. 
The solvent was evaporated under reduced pressure and the crude 
product was crystallized from methanol/ether to yield 0.28 g 
(86%) of 7: mp = 134-136 0C; Rf = 0.22 (1-butanol/water/acetic 
acid, 7/3/1, v/v/v); 1H NMR (D2O, 90 MHz) b 1.8 (m, 5 H). 3.3 
(t, J = 7 Hz, 2 H), 4.2 (m, 1 H), 7.1 (A, J = I Hz, 1 H). 

(Benzyloxycarbonyl)-L-leucyl-L-leucyl-JVG-nitroargininal 
Semicarbazone (8a). A solution of 0.21 g (0.58 mmol) of 
(benzyloxycarbonyl)-L-leucyl-L-leucine in 5 mL of anhydrous 
/V,iV-dimethylformamide was chilled to -15 0C with vigorous 
stirring and treated with 0.08 mL (0.57 mmol) of triethylamine. 
After a period of 10 min, 0.06 mL (0.62 mmol) of ethyl chloro-
formate was added and the mixture was stirred for an additional 
30 min at -15 0C. A precooled solution containing 0.22 g (0.57 
mmol) of iV^nitroargininal semicarbazone trifluoroacetate (7) 
and 0.08 mL (0.057 mmol) of triethylamine in 6 mL anhydrous 
iV,iV-dimethylformamide was added. The resulting mixture was 
stirred at 0 0C for 3 h and overnight at room temperature. The 
solution was then partitioned between the two phases of ethyl 
acetate and 1 M aqueous hydrochloric acid. The organic layer 
was washed twice with equal volumes of 1 M aqueous hydrochloric 
acid, 5% aqueous sodium bicarbonate, and distilled water. The 
organic phase was then dried over anhydrous magnesium sulfate 
and evaporated under reduced pressure to obtain the solid tri-

peptide 8a. The crude material was recrystallized in metha­
nol/ether to yield 0.22 g (35%) of 8a. The title compound had 
the following: mp = 125-126 0C; Rf = 0.76 (ethyl acetate/ 
methanol, 9/1, v/v); 1H NMR (CD3CN, 90 MHz) & 0.9 (d, J = 
7 Hz, 12 H), 1.7 (m, 10 H), 3.0 (m, 1 H) 3.3 (t, J - 7 Hz, 2 H), 
4.4 (m, 3 H), 4.7 (m, 2 H), 5.2 (s, 2 H), 6.0 (m, 2 H), 7.1 (d, J = 
7 Hz, 1 H), 7.4 (s, 5 H), 7.7 (m, 2 H), 8.4 (m, 1 H), 9.6 (m, 1 H). 
Anal. Calcd for C27H44N10O7: C, 52.25; H, 7.14; N, 22.57. Found: 
C, 52.63; H, 7.08; N, 22.78. 

(Benzyloxycarbonyl)-L-leucyl-L-phenylalanyl-iVG-nitro-
argininal Semicarbazone (8b). This peptide was synthesized 
in analogy to 8a except (benzyloxycarbonyl)-L-leucyl-L-phenyl-
alanine instead of (benzyloxycarbonyl)-L-leucyl-L-leucine was used 
in the coupling reaction. The title compound had the following: 
51% yield; mp = 117-119 0C; R, = 0.11 (ethyl acetate/methanol, 
9/1, v/v); 1H NMR (CD3CN, 60 MHz) & 0.9 (m, 6 H), 1.6 (m, 7 
H), 3.1 (m, 4 H), 3.5 (m, 1 H), 4.5 (m, 3 H), 4.9 (m, 2 H), 5.1 (s, 
2 H), 6.0 (m, 2 H), 6.9 {A, J=I Hz, 1 H), 7.1 (s, 5 H), 7.3 (s, 5 
H), 7.8 (m, 3 H), 9.7 (m, 1 H). Anal. Calcd for C30H42N10O7: C, 
55.03; H, 6.47; N, 21.39. Found C, 54.88; H, 6.87; N, 21.67. 

(BenzyloxycarbonyO-L-phenylalanyl-L-leucyl-iV^-nitro-
argininal Semicarbazone (8c). This peptide was prepared in 
the same manner as 8a except (benzyloxycarbonyl)-L-phenyl-
alanyl-L-leucine was used instead of (benzyloxycarbonyl)-L-
leucyl-L-leucine in the coupling reaction. The title compound 
displayed the following: 57% yield; mp = 105-107 0C; Rf = 0.33 
(ethyl acetate/methanol, 9/1, v/v); 1H NMR (CD3CN, 60 MHz) 
6 0.7 (m, 6 H), 1.5 (m, 7 H), 3.0 (m, 4 H), 3.3 (m, 1 H), 4.5 (m, 
3 H), 4.9 (m, 2 H), 5.2 (s, 2 H), 5.9 (m, 2 H), 7.0 (d, J = 7 Hz, 1 
H), 7.2 (s, 5 H), 7.3 (s, 5 H), 7.9 (m, 2 H), 9.5 (m, 1 H). Anal. Calcd 
for C30H42N10O7: C, 55.03; H, 6.47; N, 21.39. Found: C, 54.85; 
H, 6.23; N, 21.10. 

(Benzyloxycarbonyl)-L-leucyl-L-valyl-JVG-nitroargininal 
Semicarbazone (8d). This peptide was prepared by the same 
method as 8a except (benzyloxycarbonyl)-L-leucyl-L-valine was 
used instead of (benzyloxycarbonyl)-L-leucyl-L-leucine in the 
coupling reaction. The title compound had the following: 30% 
yield; mp = 125-127 0C; Rf = 0.38 (ethyl acetate/methanol, 9/1, 
v/v) 1H NMR (CD3OD, 60 MHz) S 1.0 (A, J=I Hz, 12 H), 1.4 
(m, 8 H), 3.1 (m, 2 H), 3.4 (m, 1 H), 4.4 (m, 3 H), 4.9 (m, 2 H), 
5.2 (s, 2 H), 5.8 (m, 2 H), 7.0 (A, J = I Hz, 1 H), 7.3 (s, 5 H), 7.9 
(m, 3 H), 9.6 (m, 1 H). Anal. Calcd for C26H42N10O7: C, 51.47; 
H, 6.98; N, 23.09. Found: C, 51.62; H, 7.25; N, 23.18. 

(Benzyloxycarbonyl)-L-leucyl-L-leucyl-L-argininal Hy­
drochloride (2a). A solution of 0.09 g (0.14 mmol) of 8a in 50 
mL of methanol and 0.3 mL of 1 M aqueous hydrochloric acid 
containing 0.05 g of 10% palladium on carbon was stirred under 
a hydrogen atmosphere for 18 h. The catalyst was removed by 
filtration and the solvent was evaporated in vacuo to yield a clear 
oil. The oil was then triturated with ether to give a white powder 
(0.07 g), which was both ninhydrin and Sakaguchi positive. The 
powder was then dissolved in 5 mL of methanol and treated with 
0.01 mL (0.13 mmol) of pyridine. After cooling to 0 0C, the 
solution was treated with 0.025 mL (0.13 mmol) of benzyl chlo-
roformate. The resulting mixture was stirred at 0 0C for 2 h and 
overnight at room temperature. The solvent was evaporated under 
reduced pressure and the crude material was triturated with ether 
and then purified via Sephasorb H-P chromatography using 
methanol as the mobile phase. The fraction showing a negative 
ninhydrin reaction and a positive Sakaguchi reaction was collected 
and the solvent evaporated. (Benzyloxycarbonyl)-L-leucyl-L-
leucyl-L-argininal semicarbazone hydrochloride (0.05 g) was then 
dissolved in 5 mL of methanol and 1 mL of 0.3 M aqueous hy­
drochloric acid, chilled to 0 0C, and treated with 0.2 mL of 37% 
formalin. The mixture was stirred at 0 0C for 2.5 h, diluted with 
saturated aqueous sodium chloride (50 mL) and extracted with 
ethyl acetate. The organic phase was dried over anhydrous sodium 
sulfate, and evaporated under reduced pressure. The crude 
product was purified via Sephadex LH-20 chromatography using 
methanol as the mobile phase. The fractions showing a positive 
2,4-dinitrophenylhydrazine reaction and a positive Sakaguchi 
reaction were combined and evaporated to give 0.03 g (62% yield) 
of 2a. The homogeneity of the product was confirmed by re­
verse-phase HPLC (5 ̂ m, C18 column, methanol/water, 6/4, v/v). 
The product exhibited the following: HPLC Rw = 2.69 mL 
(methanol/water, 6/4, v/v, C18, 5 Mm); mp = 164-166 0C; [«l25

Na 



New Leupeptin Analogues Journal of Medicinal Chemistry, 1990, Vol. 33, No. 1 91 

= -24.7° (c 1.0, methanol); R, = 0.63 (cyclized), 0.62 (uncyclized) 
(1-butanol/water/acetic acid, 7/2/1, v/v/v); 1H NMR (CD3OD, 
200 MHz) 8 0.9 (A, J = I Hz, 12 H), 1.5 (m, 10 H), 3.2 (m, 3 H), 
4.2 (m, 3 H), 5.2 (s, 2 H), 5.4 (m, 2 H), 6.0 (m, 0.5 H, carbinol-
amine), 7.3 (s, 5 H), 7.8 (m, 4 H), 9.4 (s, 0.5 H, CHO); 13C NMR 
(CD3OD, 200 MHz) 8 21.75,21.94, 22.40, 22.53, 23.40,23.48,25.88, 
30.55, 35.39, 41.67,41.80, 58.00, 60.35,66.78,128.64,129.41,129.95, 
130.02,138.67 (carbinolamine), 158.25 (C=N), 158.89 (O=O, Cbz), 
174.40, 175.77 (amide bonds) 193.83 (CHO). Anal. Calcd for 
C26H45N6O6Cl: C, 54.49; H, 7.91; N, 14.66. Found; C, 54.72; H, 
7.83; N, 14.92. 

(Benzyloxycarbonyl)-L-leucyl-L-phenylalanyl-L-argininal 
Hydrochloride (2b). The title compound was prepared in 
analogy to 2a except that 8b was used instead of 8a in procedure. 
The title compound displayed the following: HPLC Rv = 2.95 
mL (methanol/water, 6/4, v/v, C18, 5 jim); mp = 176-178 0C; 
M25Na = -12.3° (c 1.0, methanol); R, = 0.58 (cyclized), 0.56 
(uncyclized) (1-butanol/water/acetic acid, 7/2/1, v/v/v); 1H NMR 
(CD3OD, 200 MHz) 8 0.9 (m, 6 H), 1.4 (m, 7 H), 3.2 (m, 5 H), 4.2 
(m, 3 H), 5.1 (s, 2 H), 5.3 (m, 2 H), 5.9 (m, 0.4 H, carbinolamine), 
7.1 (s, 5 H), 7.3 (s, 5 H), 7.7 (m, 4 H), 9.4 (s, 0.6 H, CHO); 13C NMR 
(CD3OD, 200 MHz) 8 20.63, 21.18, 23.20, 25.64,30.51,35.81,40.67, 
41.67, 58.20, 60.41, 66.73, 67.45, 127.60, 128.78, 128.96, 129.29, 
129.40, 129.57, 130.25, 130.53, 138.33 (carbinolamine), 157.50 
(C=N), 161.10 (C=O, Cbz), 174.70,175.41 (amide bonds), 192.50 
(CHO). Anal. Calcd for C29H43N6O6Cl: C, 57.37; H, 7.14; N, 13.84. 
Found: C, 57.46; H, 7.32; N, 13.98. 

(Benzyloxycarbonyl)-L-phenylalanyl-L-leucyl-L-argininal 
Hydrochloride (2c). The title compound was synthesized in the 
same manner as 2a except that 8c was used instead of 8a in the 
procedure. The title compound had the following: HPLC Rv = 
2.87 mL (methanol/water, 6/4, v/v, C18, 5 Mm); mp = 170-172 
0C; [a]25

Na = -15.5 (c 1.0, methanol); Rf = 0.79 (cyclized), 0.76 
(uncyclized) (1-butanol/water/acetic acid, 7/2/1, v/v/v); 1H NMR 
(CD3OD, 200 MHz) S 0.9 (m, 6 H), 1.5 (m, 7 H), 3.1 (m, 5 H), 4.4 
(m, 3 H), 5.0 (s, 2 H), 5.3 (m, 2 H), 6.1 (m, 0.5 H, carbinol amine), 
7.0 (s, 5 H), 7.3 (s, 5 H), 7.9 (m, 2 H), 9.5 (s, 0.5 H, CHO); 13C NMR 
(CD3OD, 200 MHz) 8 21.94, 22.05, 23.45, 26.02, 29.54,34.59,38.58, 
41.69,42.27,57.85,58.10,66.82,66.83,127.86,128.67,129.28,129.49, 
129.98, 130.14, 130.59, 130.69, 138.40 (carbinolamine), 157.70 
(C=N), 162.75 (C=O, Cbz), 174.30,174.60 (amide bonds), 190.10 
(CHO). Anal. Calcd for C29H43N6O6Cl: C, 57.37; H, 7.14; N, 13.84. 
Found: C, 57.42; H, 7.05; N, 13.56. 

(Benzyloxycarbonyl)-L-leucyl-L-valyl-L-argininal Hy­
drochloride (2d). The title compound was prepared by the same 
method as 2a except that 8d was used instead of 8a in the pro­
cedure. The title compound exhibited the following: HPLC Rv 

= 2.56 mL (methanol/water, 6/4, v/v, C18, 5 Mm); mp = 160-162 
°C; Ia]25N8 = -16.4° (c 1.0, methanol); Rf = 0.58 (cyclized), 0.56 
(uncyclized) (1-butanol/water/acetic acid, 7/2/1, v/v/v); 1H NMR 
(CD3OD, 200 MHz) S 0.9 (d, J = 7 Hz, 12 H), 1.4 (m, 8 H), 2.9 
(t, J = 7 Hz, 2 H), 4.1 (m, 4 H), 5.1 (s, 2 H), 5.4 (m, 2 H), 6.0 (m, 
0.6 H, carbinolamine), 7.3 (s, 5 H), 7.7 (m, 3 H), 9.6 (s, 0.4 H, CHO); 
13C NMR (CD3OD, 200 MHz) ,519.67,19.79, 21.65, 21.87, 24.80, 
29.90, 31.20, 33.45, 34.85, 41.55,41.68, 60.58, 60.72, 66.80, 67.55, 
128.45, 129.35, 129.67, 130.73, 138.45 (carbinolamine), 157.50 
(C=N), 159.50 (C=O, Cbz), 173.55,175.59 (amide bonds), 189.95 
(CHO). Anal. Calcd for C26H43N6O6Cl: C, 53.71, H, 7.75; N, 15.03. 
Found: C, 53.99; H, 7.53; N, 14.87. 

JV'-(tert-Butoxycarbonyl)-L-lysinal Semicarbazone Hy­
drochloride (5a). A solution of 0.84 g (2.1 mmol) of 4a in 50 
mL of methanol and 0.5 mL of 1 M aqueous hydrochloric acid 
containing 0.7 g of 10% palladium on carbon was stirred under 
a hydrogen atmosphere for 3.5 h. The catalyst was removed by 
filtration and the solvent was evaporated under reduced pressure 
to yield a clear oil. The crude product was triturated with ether, 
providing 0.61 g (73% yield) of 5a. The title compound had the 
following: mp = 165-167 0C; R1 = 0.42 (1-butanol/water/acetic 
acid, 7/2/1, v/v/v); 1H NMR (CD3CN/D20,1/1, v/v, 90 MHz) 
5 1.4 (s, 9 H), 1.5 (m, 6 H), 3.2 (t, J = 7 Hz, 2 H), 4.1 (m, 1 H), 
7.3 (d, J = 7 Hz, 1 H). 

JVs-(ter£-Butoxycarbonyl)-L-ornithinal Semicarbazone 
Hydrochloride (5b). The title compound was prepared in 
analogy to 5a except that 4b was used instead of 4a in the de­
blocking reaction. Compound 5b exhibited the following: 76% 
yield; R, = 0.11 (ethyl acetate/methanol, 9/1, v/v); 1H NMR 

(CD3CN/D20,1/1, v/v, 60 MHz) 8 1.2 (s, 9 H), 1.4 (m, 4 H), 2.9 
(t, J = 7 Hz, 2 H), 3.9 (m, 1 H), 7.0 (d, J = 7 Hz, 1 H). 

(Benzyloxycarbonyl)-L-leucyl-L-leucyl-iV'-(tert-butoxy-
carbonyl)-L-lysinal Semicarbazone (6a). A solution of 0.7 g 
(1.9 mmol) (benzyloxycarbonyl)-L-leucyl-L-leucine in 30 mL of 
anhydrous chloroform was chilled to -15 0C with vigorous stirring 
and treated with 0.3 mL (2.1 mmol) of triethylamine. After 10 
min, 0.2 mL (2.1 mmol) of ethyl chloroformate was added. The 
reaction mixture was stirred under a nitrogen atmosphere at -15 
0C for 30 min. A precooled solution of 0.50 g (1.8 mmol) of 5a 
and 0.3 mL (2.1 mmol) of triethylamine in 30 mL of anhydrous 
chloroform was added. The resulting mixture was stirred at 0 
0C for 3 h and overnight at room temperature. The solution was 
washed with equal volumes of 1 M aqueous hydrochloric acid, 
5% aqueous sodium bicarbonate, and water, dried over anhydrous 
magnesium sulfate, and evaporated in vacuo. Purification of the 
crude product via Sephadex LH-20 chromatography using 
methanol as the mobile phase gave 0.35 g (31% yield) of 6a. The 
title compound had the following: Ri = 0.1 (ethyl acetate); 1H 
NMR (CDCl3, 90 MHz) 8 0.9 (d, J = 7 Hz, 12 H), 1.4 (s, 9 H), 
1.6 (m, 12 H), 3.2 (m, 2 H), 3.6 (m, 1 H), 4.4 (m, 3 H), 5.0 (m, 2 
H), 5.2 (s, 2 H), 6.3 (m, 2 H), 7.2 (d, J = 7 Hz, 1 H), 7.4 (s, 5 H), 
10.1 (m, 1 H). Anal. Calcd for C32H53N7O7: C, 59.33; H, 8.24; 
N, 15.13. Found: C, 59.39; H, 8.32; N, 15.24. 

(Benzyloxycarbonyl)-L-leucyl-L-phenylalanyl-Ar<-(tert-
butoxycarbonyl)-L-lysinal Semicarbazone (6b). This peptide 
was prepared in analogy to 6a except (benzyloxycarbonyl)-L-
leucyl-L-phenylalanine was used instead of (benzyloxy-
carbonyl)-L-leucyl-L-leucine in the coupling procedure. The title 
compound exhibited the following: 35% yield; R< = 0.2 (ethyl 
acetate); 1H NMR (CDCl3, 90 MHz) & 0.9 (d, J = 7 Hz, 6 H), 1.3 
(s, 9 H), 1.6 (m, 9 H), 3.3 (m, 4 H), 3.8 (m, 1 H), 4.3 (m, 3 H), 5.0 
(m, 3 H), 5.3 (s, 2 H), 6.4 (m, 2 H), 7.2 (d, J = 7 Hz, 1 H), 7.3 (s, 
10 H), 10.2 (m, 1 H). Anal. Calcd for C35H51N7O7; C, 61.65; H, 
7.54; N, 14.38. Found: C, 61.39; H, 7.67; N, 14.43. 

(Benzyloxycarbonyl)-L-phenyl-L-leucyl-JVf-(tert-butoxy-
carbonyl)-L-lysinal Semicarbazone (6c). This peptide was 
prepared by the same method as 6a except that (benzyloxy-
carbonyl)-L-phenylalanyl-L-leucine was used instead of (benzyl-
oxycarbonyl)-L-leucyl-L-leucine in the coupling procedure. The 
title compound displayed the following: 35% yield; Rf = 0.1 (ethyl 
acetate); 1H NMR (CDCl3, 90 MHz) 8 0.7 (m, 6 H), 1.4 (s, 9 H), 
1.6 (m, 9 H), 3.0 (m, 4 H), 3.5 (m, 1 H), 4.6 (m, 3 H), 5.0 (m, 3 
H), 5.2 (s, 2 H), 6.1 (m, 2 H), 7.0 (d, J = 7 Hz, 1 H), 7.2 (s, 5 H), 
7.4 (s, 5 H), 10.0 (m, 1 H). Anal. Calcd for C35H51N7O7: C, 61.65; 
H, 7.54; N, 14.38. Found C, 61.72; H, 7.71; N, 14.34. 

(Benzyloxycarbonyl)-L-leucyl-L-valyl-JV'-(tert-butoxy-
carbonyl)-L-lysinal Semicarbazone (6d). This peptide was 
prepared in the same manner as 6a except that (benzyloxy-
carbonyl)-L-leucyl-L-valine was used instead of (benzyloxy-
carbonyl)-L-leucyl-L-leucine in the coupling procedure. The title 
compound had the following: 31% yield; Rf = 0.3 (ethyl ace­
tate/methanol, 9/1, v/v); 1H NMR (CDCl3, 90 MHz); 8 0.9 (d, 
J=IRz, 12 H), 1.2 (s, 9 H), 1.4 (m, 10 H), 3.2 (m, 2 H), 3.6 (m, 
1 H), 4.4 (m, 3 H), 4.8 (m, 3 H), 5.0 (s, 2 H), 6.2 (m, 2 H), 7.1 (d, 
J = 7 Hz, 1 H), 7.3 (s, 5 H), 10.0 (m, 1 H). Anal. Calcd for 
C31H51N7O7: C, 58.75; H, 8.11; N, 15.47. Found: C, 59.11; H, 8.24; 
N, 15.33. 

(Benzyloxycarbonyl )-L-leucyl-L-leucyl-^Vs- (tert -butoxy-
carbonyl)-L-ornithinal Semicarbazone (6e). This peptide was 
prepared in analogy to 6a except 5b was used instead of 5a in 
the coupling procedure. The title compound exhibited the fol­
lowing: 43% yield: Rf = 0.1 (chloroform/methanol, 9/1, v/v); 
1H NMR (CD3CN, 90 MHz) 8 0.9 (A, J = I Hz, 12 H), 1.4 (s, 9 
H), 1.6 (m, 10 H), 3.2 (t, J = 7 Hz, 2 H), 3.8 (m, 2 H), 4.4 (m, 3 
H), 4.8 (m, 2 H), 5.2 (s, 2 H), 6.2 (m, 2 H), 7.0 (A, J=I Hz, 1 H), 
7.3 (s, 5 H), 10.0 (m, 1 H). Anal. Calcd for C31H51N7O7: C, 58.75; 
H, 8.11; N, 15.47. Found: C, 58.63; H, 8.07; N, 15.53. 

(Ben zyloxycarbonyl) -L-Ieucyl-L-phenylalanyl-JVa- (tert -
butoxycarbonyl)-L-ornithinal Semicarbazone (6f). This 
peptide was synthesized in the same manner as 6e except that 
(benzyloxycarbonyl)-L-leucyl-L-phenylalanine was used instead 
of (benzyloxycarbonyl)-L-leucyl-L-leucine in the coupling proce­
dure. The title compound displayed the following: 41 % yield; 
Rf = 0.28 (ethyl acetate); 1H NMR (CDCl3, 60 MHz) 8 0.9 (d, J 
= 7 Hz, 6 H), 1.3 (s, 9 H), 1.6 (m, 7 H), 3.0 (m, 4 H), 3.8 (m, 1 
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H), 4.4 (m, 3 H), 5.2 (s, 2 H), 5.7 (m, 2 H), 7.0 (d, J = 7 Hz, 1 H), 
7.1 (s, 5 H), 7.3 (s, 5 H), 10.1 (m, 1 H). Anal. Calcd for C34H49N7O7: 
C, 61.16; H, 7.40; N, 14.67. Found: C, 60.98; H, 7.52; N, 14.75. 

(Benzyloxycarbonyl)-L-phenylalanyl-L-leucyl-JV6-(tert-
butoxycarbonyl)-L-ornithinal Semicarbazone (6g). This 
peptide was produced by the same method as 6e except that 
(benzyloxycarbonyl)L-phenylalanyl-L-leucine was used instead of 
(benzyloxycarbonyl)-L-leucyl-L-leucine in the coupling reaction. 
The title compound had the following: 32% yield; Rf = 0.43 (ethyl 
acetate); 1H NMR (CDCl3, 60 MHz) 5 0.9 (m, 6 H), 1.3 (s, 9 H), 
1.4 (m, 7 H), 1.8 (m, 1 H), 3.0 (m, 4 H), 3.6 (m, 2 H), 4.2 (m, 3 
H), 5.0 (s, 2 H), 5.2 (m, 1 H), 5.9 (m, 2 H), 7.0 (d, J = 7 Hz, 1 H), 
7.1 (s, 5 H), 7.3 (s, 5 H), 10.0 (m, 1 H). Anal. Calcd for C34H49N7O7: 
C, 61.15; H, 7.40; N, 14.67. Found: C, 61.11; H, 7.54; N, 14.70. 

(Benzyloxycarbonyl)-L-leucyl-L-valyl-JV5-( tert -butoxy-
carbonyl)-L-ornithinal Semicarbazone (6h). This peptide was 
prepared in analogy to 6e except (benzyloxycarbonyl)-L-leucyl-
L-valine was used instead of (benzyloxycarbonyl)-L-leucyl-L-leucine 
in the coupling procedure. The title compound exhibited the 
following: 67% yield; R, = 0.38 (chloroform/methanol, 9/1, v/v); 
1H NMR (CD3CN, 60 MHz) b 0.9 (m, 12 H), 1.2 (s, 9 H), 1.4 (m, 
8 H), 3.0 (m, 2 H), 3.6 (m, 1 H), 4.3 (m, 3 H), 4.8 (m, 3 H), 5.1 
(s, 2 H), 5.8 (m, 2 H), 7.0 (d, J = 7 Hz, 1 H), 7.3 (s, 5 H), 10.0 
(m, 1 H). Anal. Calcd for C30H49N7O7: C, 58.14; H, 7.97; N, 15.82. 
Found: C, 57.89; H, 8.06; N, 15.73. 

(Benzyloxycarbonyl)-L-leucyl-L-leucyl-L-lysinal Hydro­
chloride (2e). A solution of 0.16 g (0.25 mmol) of 6a in 10 mL 
of methanol and 0.5 mL of 0.1 M aqueous hydrochloric acid was 
cooled to 0 0C and treated with 0.3 mL of 37% formalin. The 
mixture was stirred at 0 0C for 2 h, diluted with 25 mL of water, 
and extracted three times with ethyl acetate. The organic layers 
were combined, washed with distilled water, and dried over an­
hydrous magnesium sulfate. The solvent was evaporated under 
reduced pressure, and the crude product was purified via Sephadex 
chromatography (LH-20) using methanol as the mobile phase. 
The fraction snowing a positive (2,4-dinitrophenyl)hydrazine 
reaction was concentrated and treated with 4 M hydrochloric acid 
in anhydrous dioxane. The solution was stirred at 0 0C for 3 h. 
The solvent was then evaporated under reduced pressure to give 
a white solid. The homogeneity of the product was confirmed 
by reverse-phase HPLC (5 fim, C18 column, methanol/water, 7/3, 
v/v). The title compound displayed the following: HPLC Rv = 
4.15 mL (methanol/water, 7/3 v/v C18, 5 Mm); [a]25

Na = -39.9° 
(c 1.0, methanol); mp = 179-181 0C; R, = 0.51 (cyclized), 0.49 
(uncyclized) (1-butanol/water/acetic acid, 7/2/1, v/v/v); 1H NMR 
(CD3OD, 200 MHz) 5 0.9 (d, J = 7 Hz, 12 H), 1.5 (m, 12 H), 3.1 
(t, J = 7 Hz, 2 H), 3.6 (m, 3 H), 4.3 (m, 3 H), 4.9 (m, 2 H), 5.1 
(s, 2 H), 6.0 (m, 0.7 H, CHO cyclized), 7.3 (s, 5 H); 13C NMR 
(CD3OD, 80 MHz) 8 21.74, 21.88; 22.35, 22.42, 23.42, 23.49, 27.86, 
28.01, 31.22, 35.42, 35.64, 46.31, 46.85, 58.05, 60.45, 66.67, 67.75, 
128.74,129.22,129.50,138.03 (carbinolamine), 158.53 (C=O, Cbz), 
174.33,175.61 (amide bonds). Anal. Calcd for C26H46N4O6Cl: C, 
57.29; H, 8.32; N, 10.27. Found C, 57.63; H, 8.21; N, 10.68. 

(Benzyloxycarbonyl)-L-leucyl-L-phenylalanyl-L-lysinal 
Hydrochloride (2f). This compound was prepared in analogy 
to 2e except that 6b was used instead of 6a in the deblocking 
procedure. The title compound exhibited the following: HPLC 
Rv = 3.26 mL (methanol/water, 7/3, v/v, Cj8, 5 MHI); [a]25

Na = 
-33.3° (c 1.0, methanol); mp = 142-144 0C; R1 = 0.55 (cyclized) 
0.53 (uncyclized) (1-butanol/water/acetic acid, 7/2/1, v/v/v); 1H 
NMR (CD3OD, 200 MHz) 0.7 (d, J = 7 Hz, 6 H), 1.4 (m, 9 H) 
3.2 (m, 4 H), 3.5 (m, 3 H) 4.3 (m, 3 H), 4.9 (m, 2 H), 5.2 (s, 5 H), 
6.0 (m, 0.6 H, CHO-cyclized), 7.1 (s, 5 H), 7.4 (s, 5 H), 9.3 (s, 0.4 
H, CHO); 13C NMR (CD3OD, 80 MHz) 5 20.95, 21.35, 23.47, 27.98, 
28.06, 31.10, 35.69, 40.41, 46.31, 46.85, 55.15, 60.50, 66.79, 66.85, 
127.68,127.82,128.75,129.04,129.23,129.51,130.10,130.35,138.07 
(carbinolamine), 159.20 (C=O, Cbz), 174.65,175.50 (amide bonds), 
190.50(CHO). Anal. Calcd for C29H43N4O6Cl: C, 60.14; H, 7.48; 
N, 9.67. Found: C, 60.38; H, 7.15; N, 9.87. 

(Benzyloxycarbonyl)-L-phenylalanyl-L-leucyl-L-lysinal 
Hydrochloride (2g). This compound was synthesized by the 
same method as 2e except that 6c was used instead of 6a in the 
deblocking procedure. The title compound had the following: 
HPLC Rv = 3.24 mL (methanol/water, 7/3, v/v, C18, 5 Mm); [«]%„ 
= -18.75° (c, 1.0, methanol); mp = 148-150 0C; R1 = 0.6 (cyclized), 
0.58 (uncyclized) (1-butanol/water/acetic acid, 7/2/1, v/v/v); 1H 

NMR (CD3OD, 200 MHz) 5 0.9 (c, J = 7 Hz, 6 H), 1.5 (m, 9 H), 
3.0 (m, 4 H), 3.6 (m, 1 H), 3.9 (m, 1 H), 4.5 (m, 3 H), 4.8 (m, 2 
H), 5.0 (s, 2 H), 5.8 (m, 0.9 H, CHO-cyclized), 7.0 (s, 5 H), 7.3 (s, 
5 H), 9.2 (s, 0.1 H, CHO); 13C NMR (CD3OD, 80 MHz) b 21.85, 
22.01, 23.45, 28.00, 28.82, 30.37, 35.77, 38.59, 45.89, 46.84, 57.84, 
58.00, 65.80, 66.82,127.79,128.66,129.00,129.49,129.71,129.85, 
130.00,130.36,138.30 (carbinolamine), 162.00 (C=O, Cbz), 174.29, 
174.59 (amide bonds). Anal. Calcd for C29H43N4O6Cl: C, 60.14; 
H, 7.48; N, 9.67. Found: C, 60.27; H, 7.35; N, 9.74. 

(Benzyloxycarbonyl)-L-leucyl-L-valyl-L-lysinal Hydro­
chloride (2h). This compound was produced by the same method 
as 2e except that 6d was used instead of 6a in the deblocking 
procedure. The title compound displayed the following: HPLC 
Rv = 3.39 mL (methanol/water, 7/3, v/v, C18,5 ^m); mp = 134-136 
0C; [a]25

Na = -26.8° (c 1.0 methanol); R1 - 0.21 (cyclized), 0.17 
(uncyclized) (1-butanol/water/acetic acid, 7/2/1, v/v/v); 1H NMR 
(CD3OD, 200 MHz) 6 0.9 (d, J = 7 Hz, 12 H), 1.3 (m, 10 H), 3.0 
(m, 2 H), 3.6 (m, 2 H), 4.4 (m, 3 H), 4.9 (m, 2 H), 5.2 (s, 2 H), 5.9 
(m, 1 H, CHO-cyclized), 7.3 (s, 5 H). 13C NMR (CD3OD, 80 MHz) 
6 19.75,19.99, 21.84, 21.91, 27.75, 28.06, 31.23, 31.74, 33.41, 34.95, 
45.78, 46.05,60.60, 60.70,66.78,66.87,128.37,128.79,129.04,129.51, 
138.19 (carbinolamine), 158.44 (C=O, Cbz), 173.51,175.60 (amide 
bonds), 188.23 (CHO). Anal. Calcd for C25H43N4O6Cl: C, 56.54; 
H, 8.16; N, 10.55. Found: C, 56.91; H, 8.05; N, 10.89. 

(Benzyloxycarbonyl)-L-leucyl-L-leucyl-L-ornithinal Hy­
drochloride (2i). This compound was produced in the same 
manner as 2e except that 6e was used instead of 6a in the de­
blocking procedure. The title compound exhibited the following: 
HPLC Rv = 6.59 mL (methanol/water, 7/3, v/v, C18, 5 fim); mp 
= 155-157 0C dec; [a]25

Na = -37.6° (c 1.0, methanol); R, = 0.71 
(cyclized), 0.69 (uncyclized) (1-butanol/water/acetic acid, 7/3/1, 
v/v/v); 1H NMR (CD3OD, 200 MHz) b 0.9 (d, J - 7 Hz, 12 H), 
1.4 (m, 10 H), 3.0 (m, 2 H), 3.6 (m, 2 H), 4.3 (m, 3 H), 4.9 (m, 2 
H), 5.2 (s, 2 H), 6.1 (m, 1 H, CHO-cyclized), 7.3 (s, 5 H); 13C NMR 
(CD3OD, 80 MHz) h 20.95, 21.80, 21.95, 22.32, 23.39, 23.45, 27.00, 
31.15, 36.15, 36.35, 44.85, 45.15, 57.93, 60.35, 67.70, 67.95,128.65, 
128.98,129.37,129.65,137.80 (carbinolamine), 158.25 (C=O, Cbz), 
162.90 (C=N, iminium), 174.40, 174.75 (amide bonds). Anal. 
Calcd for C25H41N4O6Cl: C, 58.52; H, 8.05; N, 10.92. Found: C, 
58.15; H, 8.16; N, 10.65. 

(Benzyloxycarbonyl)-L-leucyl-L-phenylalanyl-L-ornithinal 
Hydrochloride (2j). This compound was produced in analogy 
to 2e except that 6f was used instead of 6a in the deblocking 
procedure. The title compound had the following: HPLC Rv = 
3.43 mL (methanol/water, 7/3, v/v, C18, 5 Mm); mp = 133-135 
0C; [a]26

Na = -28.6° (c 1.0, methanol); R1 = 0.18 (cyclized), 0.13 
(uncyclized) (1-butanol/water/acetic acid, 7/2/1, v/v/v); 1H NMR 
(CD3OD, 200 MHz) 5 0.9 (d, J = 7 Hz, 6 H), 1.4 (m, 7 H), 3.0 (m, 
4 H), 3.4 (m, 1 H), 3.8 (m, 1 H), 4.2 (m, 3 H), 4.8 (m, 2 H), 5.1 
(s, 2 H), 6.1 (m, 1 H, CHO-cyclized), 7.0 (s, 5 H), 7.2 (s, 5 H); 13C 
NMR (CD3OD, 200 MHz) & 21.38, 21.72, 23.90, 26.73, 31.06, 35.96, 
40.15, 44.71, 45.63, 57.93,60.55, 67.70, 67.79,127.65,127.71,128.57, 
128.65, 128.74, 128.91, 129.37, 130.22, 137.30 (carbinolamine), 
160.32 (C=O, Cbz), 162.95 (C=N, iminium), 174.70,175.45 (amide 
bonds). Anal. Calcd for C28H39N4O5Cl: C, 61.47; H, 7.18; N, 10.24. 
Found: C, 61.09; H, 7.30; N, 9.95. 

(Benzyloxycarbonyl)-L-phenylalanyl-L-leucyl-L-ornithinal 
Hydrochloride (2k). This compound was prepared by the same 
method as 2e except that 6g was used instead of 6a in the de­
blocking procedure. The title compound displayed the following: 
HPLC ftv = 3.68 mL (methanol/water, 7/3, v/v, C18, 5 nm); mp 
= 149-152 0C; [a]25Na = -18.7° (c 1.0, methanol); R1 = 0.49 (cy­
clized), 0.44 (uncyclized) (1-butanol/water/acetic acid, 7/2/1, 
v/v/v); 1H NMR (CD3OD, 200 MHz) 5 0.9 (d, J = 7 Hz, 6 H), 
1.5 (m, 7 H), 3.0 (m, 4 H), 3.4 (m, 1 H), 3.6 (m, 1 H), 4.3 (m, 3 
H), 4.8 (m, 2 H), 5.0 (s, 2 H), 6.1 (m, 1 H, CHO-cyclized), 7.1 (s, 
5 H), 7.3 (s, 5 H). 13C NMR (CD3OD, 200 MHz) 5 21.05, 21.92, 
23.37, 26.70, 31.05, 36.35, 38.51, 44.71, 45.01, 57.84, 57.93, 67.69, 
67.96,127.72,128.58,128.90,129.04,129.18,129.37,130.02,130.22, 
137.90 (carbinolamine), 159.59 (C=O, Cbz), 163.80 (C=N, imi­
nium), 174.30, 174.61 (amide bonds). Anal. Calcd for 
C28H39N4O5Cl: C, 61.47; H, 7.18; N, 10.24. Found: C, 61.12; H, 
7.32; N, 9.89. 

(Benzyloxycarbonyl)-L-leucyl-L-valyl-L-ornithinal Hy­
drochloride (21). This compound was prepared by using the same 
procedure as that described for 2e except that 6h was used instead 
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of 6a in the deblocking reactions. The title compound exhibited 
the following: HPLC Rv = 3.66 mL (methanol/water, 7/3 v/v, 
C18, 5 Mm); mp = 139-141 0C; [ « ] % , = -18.2° (c 1.0, methanol); 
Rf = 0.53 (cyclized), 0.46 (uncyclized) (1-butanol/water/acetic 
acid, 7/2/1, v/v/v); 1H NMR (CD3OD, 200 MHz) 6 0.9 (m, 12 
H), 1.4 (m, 8 H), 3.0 (t, J = 7 Hz, 2 H), 3.6 (m, 2 H), 4.3 (m, 3 
H), 4.7 (m, 2 H), 5.1 (s, 2 H), 6.0 (m, 1 H, CHO-cyclized), 7.3 (s, 
5 H). 13C NMR (CD3OD, 200 MHz) 8 19.65,19.89, 21.65, 21.86, 
27.20, 31.28, 31.82, 33.52, 35.05, 44.51, 45.37, 60.60, 60.90, 67.65, 
67.73,128.61,128.84,129.01,129.50,138.30 (carbinolamine), 157.60 
(C=O, Cbz), 162.80 (C=N, iminium), 173.55, 175.59 (amide 
bonds). Anal. Calcd for C24H39N4O5Cl: C, 57.76; H, 7.88; N, 11.23. 
Found: C, 57.38; H, 7.98; N, 10.89. 

Inhibitor Activity Measurements. Rate measurements were 
performed with the aid of a Beckman Model DU UV-visible 
spectrophotometer in 1-cm quartz cuvettes thermostated at 37 
0C. The inhibition of the enzyme activity was measured four times 
at five or more inhibitor concentrations. The average change in 
absorbance at each inhibitor concentration was utilized in the 
calculation of percent inhibition. AU values were within 0.002 
standard deviations from the mean. The percent inhibition of 
the reactions were calculated as follows: 

% inhibition = (A - B)/A X 100 

where A = the change in absorbance without inhibitor and B = 
the change in absorbance with inhibitor. 

The concentration inducing a 50% inhibition was obtained by 
plotting the percent inhibition versus the log of the inhibitor 
concentration. The standard error for the linear-regression plots 
was calculated and in each case is less than 5%. 

Inhibition of Kallikrein Activity. To a 37 0C mixture of 
0.02 mL of a 0.3 units/mL human urinary kallikrein solution was 
added 0.45 mL of 0.46 M tris(hydroxymethyl)aminomethane 
buffer (pH 8.0) containing 0.0115 M sodium chloride and 0.05 
mL of 1% dimethyl sulfoxide/water with or without an inhibitor, 
0.1 mL of the substrate, benzoylarginine ethyl ester (0.5 mM). 
The mixture was shaken and incubated at 37 0C for 2 min. The 
change in absorbance was then measured at 253 nm over 10 min. 

Inhibition of Plasmin Activity. A solution of 0.02 mL of 
a 0.25 casein units/mL plasmin solution in 50% glycerol in 2 mM 

aqueous hydrochloric acid containing 5 g/L carbowax (mol wt 
6000) and 0.45 mL of a 0.5 M tris(hydroxymethyl)aminomethane 
buffer (pH 8.0) containing 0.12 M sodium chloride and 0.05 mL 
of 1 % dimethyl sulfoxide/water, with or without an inhibitor, 
was maintained at 37 0C. To this solution r>valyl-L-leucyl-L-lysine 
p-nitroanilide (0.1 mL of 3.35 mM in water) was added. The 
mixture was shaken and incubated at 37 0C for 1 min. The change 
in absorbance at 405 nm was then measured over 10 min. 

Inhibition of Trypsin Activity. To a 37 0C mixture of 0.1 
mL of 0.01 g/L trypsin in 0.001 N aqueous hydrochloric acid, 2.6 
mL of 0.046 M tris(hydroxymethyl)aminomethane buffer con­
taining 0.0115 M CaCl2 (pH 8.1) and 0.1 mL 1% dimethyl sulf­
oxide/water with or without an inhibitor was added 0.2 mL of 
tosyl-L-arginine methyl ester (0.01 M). The mixture was shaken 
and incubated at 37 0C for 2 min. The change in absorbance was 
measured at 247 nm over 10 min. 
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A series of 9-(arylamino)-l,2,3,4-tetrahydroacridines, including the tetrahydro m-AMSA [iV-[4-(acridin-9-yl-
amino)-3-methoxyphenyl]methanesulfonamide] derivative, has been synthesized. 23Na NMR spin-lattice relaxation 
rate (1/T1) measurements have been used to study whether these hydrogenated acridines were capable of intercalative 
binding to calf thymus DNA. The results have been compared to corresponding measurements for 9-aminoacridine, 
m-AMSA, and MgCl2. All compounds studied were capable of intercalative binding to DNA. However, it was found 
that the interaction was strongly influenced by substituents on the 9-arylamino group. Thus, tetrahydro m-AMSA 
was found to intercalate much more weakly with DNA than m-AMSA. Removal of the 3'-methoxy substituent of 
the 9-arylamino group resulted in intercalation in DNA that was almost as strong as that for m-AMSA. 

A large variety of drugs are known to interact strongly 
with nucleic acids. Many of them bind to double-stranded 
DNA through intercalation as first described by Lerman.1 

A great deal of effort has been devoted to the synthesis 
of several classes of compounds with specific intercalating 
properties to obtain agents of clinical importance. 

9-Aminoacridines constitute a class of compounds that 
are now recognized for their ability to interact with DNA 

(1) Lerman, L. S. J. MoI. Biol. 1961, 3, 18. 

by intercalation. These compounds show great biological 
activity and several of them are of clinical importance. 
More than 500 fully aromatized 9-(arylamino)acridine 
derivatives have been found to be antitumor active com­
pounds. In particular, the A/-[4-(9-acridinylamino)-
phenyljmethanesulfonamide (AMSA) has shown a broad 
spectrum of activity against animal tumors.2 Af-[4-(9-

(2) Denny, W. A.; Cain, B. F.; Atwell, G. J.; Hansch, C; Pan-
thananickal, A.; Leo, A. J. Med. Chem. 1982, 25, 276. 
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