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Synthesis of benzylamides of dipeptides as potential inhibitors of plasmin
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Four benzylamides of dipeptides with the general formula: X-l-Lys-NH––CH2––C6H5 , where X ¼ l-or
d-Leu and l-or d-Phe were prepared as potential inhibitors of plasmin. All of them influenced on the
fibrynolytic activity of plasmin, but only d-Leu-l-Lys-NH––CH2––C6H5 inhibited the amidolytic activity of
this enzyme. None of the tested compounds was an inhibitor of thrombin in an amidolytic test.

1. Introduction

Plasmin, a key enzyme for fibrynolysis, is a trypsin-like
serine protease. The optimal P2–P1 substrate specificity
for plasmin seems to be Phe-Lys or Leu-Lys. This clea-
vage sequence has been identified in many of natural and
synthetic substrates [1, 2].
Recent studies indicate that this enzyme plays an impor-
tant role in a variety of biological processes like wound-
healing, tissue repair, cell migration [3] and also in patho-
logic phenomena such as inflammation and tumour cell
growth and metastasis [4, 5].
At present e-aminocaproic acid (EACA) and trans-amino-
methylcyclohexanecarboxylic acid (AMCHA) are clini-
cally used as plasmin inhibitors. These compounds inhibit
the fibrinolytic activity of plasmin, but they practically do
not influence amidolytic and fibrynogenolytic activities of
the enzyme. This is because of the fact that these inhibi-
tors act on plasmin by blocking the lysine-binding sites of
this enzyme, which are not the catalytic site [6]. Synth-
esis of active centre directed inhibitors of plasmin is a
research field with the object of obtaining inhibitors of
this enzyme to influence not only fibrynolysis but also
amidolysis and proteolysis. Substituted anilides of lysine
and short peptides inhibited amidolytic and fibrynolytic
activities of plasmin [7] but an heptylamide of the tripep-
tide with C-terminal lysine showed only antifibrynolytic
activity [8]. Recently, several benzylamides of dipeptides,
having the structure H-D-Xaa-Phe-NH––CH2––C6H5 have
been reported as potent chymotrypsin inhibitors. Inhibitory
activity of these compounds was probably a result of side
chain-side chain intramolecular CH/p interactions [9–11].
It seems to be interesting whether these kinds of dipeptide
derivatives may be also plasmin inhibitors. Therefore, we
were prepared benzylamides of l-leucyl-l-lysine (H-l-
Leu-l-Lys-NH––CH2––C6H5), d-leucyl-l-lysine (H-d-Leu-
l-Lys-NH––CH2––C6H5), l-phenylalanyl-l-lysine (H-l-Phe-
l-Lys-NH––CH2––C6H5) and d-phenylalanyl-l-lysine (H-d-
Phe-l-Lys-NH––CH2––C6H5) and examined their activity
on amidolytic and fibrinolytic activities of plasmin and the
amidolytic activity of thrombin.

2. Investigations, results and discussion

Dipeptide benzylamides were obtained according to stan-
dard synthetic procedures. Removal of the benzyloxycar-
bonyl group (Z) was carried out carefully by catalytic hy-
drogenation (Pd/C) with TLC monitoring. It was observed
that too long reaction times may result in partial cleaving
of the benzylamide bond.
The benzylamide of d-leucyl-l-lysine is a weak inhibitor of
the amidolytic activity of plasmin and probably an active
centre directed inhibitor of this enzyme. Although a de-
crease in fibrinolysis time by lower concentrations and a
prevention of clot forming in higher concentrations of this
compound is difficult to explain. None of the tested com-
pounds was an inhibitor of thrombin in an amidolytic test.
The other examined benzylamides of dipeptides (H-l-Leu-
l-Lys-NH––CH2––C6H5, H-l-Phe-l-Lys-NH––CH2––C6H5

and H-d-Phe-l-Lys-NH––CH2––C6H5) inhibited the fibrino-
lytic but not the amidolytic activity of plasmin, similar to
observed ealier activity of the heptylamide of l-alanyl-l-
phenylalanyl-l-lysine [8]. This fact can be connected with
an interaction of these compounds with weak lysine binding
sites (AH-sites) as N-acetyl-l-lysine-methylester proposed
by Christensen [12].
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Table 1: Structure of synthesized compounds

A-l-Lys(X)-NHBzl

Compd. A X

1
2
3
4
5
6
7
8

Z-l-Leu
Z-d-Leu
Boc-l–Phe
Boc-d-Phe
H-l-Leu
H-d-Leu
H-l-Phe
H-d-Phe

Z
Z
Z
Z
H
H
H
H

Z ¼ benzyloxycarbonyl (C6H5CH2OCO)
Boc ¼ t-butoxycarbonyl (CH3)3COCO)
Bzl ¼ benzyl



3. Experimental

3.1. Synthesis of the compounds

3.1.1. General

Organic solutions were dried over anh. MgSO4. Reactions were monitored
and the homogeneity of the products was examined using the silica gel
plates (Kieselgel 60 F254, Merck) using the following systems: 1: benzene/
methanol/acetic acid (12 : 5 :1); 2: ethanol/water/25% ammonia solution
(18 : 0.5 : 0.5); 3: chloroform/methanol/water (3 : 3 : 0.5). Spots were visua-
lised with tolidine/chlorine or iodine and ninhydrin. The melting points
were determined on Boëtius heating block and are uncorrected. The speci-
fic optical rotations were measured with a polarimeter (Optical Activity
LTD AA-10R).
1H NMR spectra were recorded with 200 MHz Brucker AC 200F spectro-
meter. Elemental analysis were performed on a Perkin-Elmer analyser and
the results, indicated by symbols C, H, N, were within �0.4% of the theo-
retical values.

3.1.2. Na-t-Butoxycarbonyl-Ne-benzyloxycarbonyl-l-lysine benzylamide

The compound was obtained from Boc-Lys(Z)-OH and benzylamine with
the use of dicyclohexylcarbodiimide and 1-hydroxybenzotriazole in the pre-
sence of N-methylmorpholine in ethyl acetate. Yield 55%, m.p. 103–108 �C,
½a� 20D ¼ �20; 9 (c ¼ 1, MeOH); Rf ¼ 0.4 (1), 0.76 (2), 0.93 (3); 1H NMR:
8.3 (t, J ¼ 5.9 Hz, 1H, BzlNH), 7.12–7.42 (m, 11H, ZC6H5, BzlC6H5,
CONH), 6.85 (d, J ¼ 8 Hz, 1H, CONH), 5.0 (s, 2 H, ZCH2), 4.28 (d,
J ¼ 5.9 Hz, 2H, BzlCH2), 3.93 (m, 1H, CHa), 2.97 (m, 2H, CH2

e), 1.12–
1.8 (m, 15H, CH2

a; b; g, Boc 3 � CH3).

3.1.3. Benzylamides of dipeptides

The compounds (structures are given in Table 1) were obtained by cou-
pling of hydrochloride of Ne-benzyloxycarbonyl-l-lysine benzylamide with
respective Boc- or Z-aminoacid with dicyclohexylcarbodiimide and 1-hy-
droxybenzotriazole in the presence of N-methylmorpholine in DMF. The
Boc group was removed with HCl/anhydrous methanol and Z group with
hydrogenolysis (10% Pd/C) in methanol. Analytical data of the compounds
are given in Tables 2 and 3.

3.2. Enzymatic investigations

3.2.1. General

Plasmin (Novo Industri A/S Copenhagen, Denmark), thrombin and bovine
fibrinogen (Lubelska Wytwórnia Szczepionek, Lublin, Poland), S-2251 and
S-2238 (Kabi-Virtum, Stockholm, Sweden). Every value represents the
average of triplicate determination.

3.3.2. Inhibition of plasmin

Antifibrinolytic and antiamidolytic activities (with the use of S-2251) were
determined as described previously [13]. Results are given in Table 4.

3.3.3. Inhibition of thrombin

The enzyme assay was performed according to the literature [14]. 0.2 mL
of solution of examined compounds in the concentration range of 0.001–
0.1 mol/mL (in control 0.1 mL 0.15 mol/L NaCl) was added to the mixture
of 0.1 mL thrombin solution (5 units/mL) and 0.5 mL of Tris buffer
(pH 8.4). After preincubation for 3 min at 37 �C, 0.2 mL of S-2238 solu-
tion (0.75 mmol/L) was added. The mixture was incubated for 15 min at
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Table 2: Analytical data of protected benzylamides of dipeptides

Compd. Yield
(%)

Molecular
formula

Rf M.p. (�C) ½a� 20D
(C ¼ 1, DMF)

1H NMR (DMSO-d6) d [p.p.m.]

1 26 C35H44O6N4 0.77 (2)
0.81 (3)

168–176 �5.0 8,39 (t, J ¼ 5.7 Hz, 1H, BzlNH), 7.93 (d, J ¼ 8.2 Hz, 1H, CONH),
7.46 (d, J ¼ 8.2 Hz, 1H, CONH), 7.09–7.42 (m, 16H, 3�C6H5,

CONH), 5 (s, 4H, 2�Z CH2 ), 4.15–4.39 (m, 3H, BzlCH2, CHa),
4.06 (m, 1H, CHa), 3.05 (m, 2H, Lys CH2

e), 1.06–1.83 (m, 9H,
LeuCH2

b, CHd, Lys CH2
b; g; d), 0.7–1 (m, 6H, Leu 2�CH3)

2 25 C35H44O6N4 0.71 (2)
0.92 (3)

162–170 �15.2 8.08–8.36 (m, 2H, 2�NH), 7.5 (d , J ¼ 7.1 Hz, 1H, CONH),
7.08–7.4 (m, 16H, 3�C6H5, CONH), 4.74–5.1 (m, 4H, 2�ZCH2),
4.12–4.38 (m, 3H, BzlCH2, CHa), 4.01 (m, 1H, CHa), 3.07 (m,
2H, Lys CH2

e), 1.18–1.68 (m, 9H, Leu CH2
b, CHd, Lys CH2

b; g; d)
0.68–1.05 (m, 6H, Leu 2�CH3)

3 30 C35H44O6N4 0.68 (1)
0.8 (2)

173–175 �11.1 8.39 (t, J ¼ 5.8 Hz, 1H, BzlNH), 7.95 (d, J ¼ 7.9 Hz, 1H, CONH),
7.12–7.44 (m, 16H, 3�C6H5, CONH), 6.98 (d, J ¼ 8.4 Hz, 1H,
CONH), 5 (s, 2H, ZCH2), 4.04–4.42 (m, 4H, BzlCH2, 2�CHa),
2.63–3.09 (m, 4H, Lys CH2

e, PheCH2), 0.89–1.82 (m, 15H, Lys
CH2

b; g; d, Boc 3�CH3)
4 27.5 C35H44O6N4 0.65 (1)

0.79 (2)
155–157 �14.1 8.33 (t, 1H, BzlNH), 8.14 (d, 1H, J ¼ 8 Hz, CONH), 7.06–7.39

(m, 17H, 3�C6H5, 2�CONH), 4.99 (s, 2H, ZCH2), 4.06–4.42 (m,
4H, BzlCH2, 2�CHa), 2.72–3.03 (m, 4H, Lys CH2

e, PheCH2),
0.85–1.88 (m, 15H, Lys CH2

b; g; d, Boc 3�CH3),

Table 3: Analytical data of benzylamides of dipeptides

Compd. Yield
(%)

Molecular formula Rf M.p. (�C) ½a� 20D
(C ¼ 1, DMF)

1H NMR (DMSO-d6) [p.p.m.]
––CH2Bzl (benzylamide) (d, 2H)

5 88 C19H32O2N4�CH3 OH�1.5 H2O 0.12 (2)
0.1 (3)

amorph. �5.0 4.29

6 94 C19H32O2N4�CH3 OH�H2O 0.1 (2)
0.09 (3)

amorph. �15.2 4.29

7 32.9 C22H30O2N4�1.5 CH3 OH 0.14 (1)
0.11 (2)

84–87 �11.1 4.28

8 23.7 C22H30O2N4�1.5 CH3OH 0.19 (1)
0.18 (2)

amorph. �14.1 4.28

Table 4: Inhibition of fibrinolytic and amidolytic activity of
plasmin

Compd. IC50 (M)

Fibrin S-2251

5 0.0018 n.i.
6 �* 0.01
7 0.002 n.i.
8 0.0019 n.i.

n.i. – no inhibition was observed in maximum concentration (0.02 M)
* – compound in concentration 0.0002 M decreased complete lysis time twofold

in comparison with that without inhibitor but in concentration 0.02 M formation
of clot was not observed



37 �C, then the reaction was stopped by the addition of 0.1 mL of 50%
acetic acid and absorbency was measured. All examined compounds were
not inhibitors of thrombin in the concentration range tested.
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