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Abstract—The present work demonstrates that the 1,3-diazetidine-2,4-dione nucleus is effective as a scaffold of serine protease
inhibitors. Compound 1 displayed high activity against human cathepsin G and a-chymotrypsin (0.39, 0.69 nM). Compound 6

exhibited 0.85 nM inhibition of human chymase. Compound 10 was a selective inhibitor against human neutrophil elastase. # 2001
Elsevier Science Ltd. All rights reserved.

Introduction

Serine proteases take part in various physiological as
well as pathological processes and are hence important
and interesting therapeutic targets. We have investi-
gated a new class of inhibitors of human chymase,1 one
of the chymotrypsin-like serine proteases, which is
involved in the generation of angiotensin II from angio-
tensin I2 and activation of precursor interleukin-1b.3

Screening of our compound collection led to identifica-
tion of 1,3-diazetidine-2,4-dione 1 as a chymase inhibitor
(IC50 4.0 nM). We then examined biological activities of
1,3-diazetidine-2,4-dione derivatives against other serine
proteases and found 1,3-diazetidine-2,4-dione deriva-
tives to possess high activities against bovine pancreatic
a-chymotrypsin, human cathepsin G and human neu-
trophil elastase. However, little has been reported about
the biological activities of 1,3-diazetidine-2,4-dione
derivatives. We describe herein the effectiveness of the
1,3-diazetidine-2,4-dione nucleus as a scaffold for inhi-
bition of serine proteases including human chymase.

Chemistry

1,3-Diazetidine-2,4-dione derivatives were prepared as
follows (Scheme 1). Isocyanates 3 were prepared from

the corresponding carboxylic acids 2 by the Shioiri
method.4 Compounds 1 and 4–9 were obtained by
dimerization of isocyanates 3 in the presence of 1,2-
dimethylimidazole.5 Dimerization of ethyl isocyanate
gave compound 10 in the presence of SbCl5 (Table 1).

6,7

Results and Discussion

First, we investigated the inhibitory activities of 1,3-
diazetidine-2,4-dione derivatives against human chy-
mase (Table 1).8 Compound 6 exhibited excellent activ-
ity (IC50 0.85 nM). Generally, N-benzyl derivatives
showed high activity against human chymase (1 and 4–
6). However, N-aryl derivatives 7 and 8 are less potent
than N-benzyl derivatives, and N-alkyl derivatives 9 and
10 are not active against human chymase.

Next, we examined inhibitory activities of 1,3-diazeti-
dine-2,4-dione derivatives against seven kinds of serine
proteases. The results are summarized in Table 2 toge-
ther with the above data with respect to human chy-
mase.9 Compounds 1 and 7 showed higher activities
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Scheme 1. Reagents and conditions: (a) Et3N, (PhO)2P(O)N3; (b) 1,2-
dimethylimidazole, CH2Cl2; (c) SbCl5, CH2Cl2.
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against bovine pancreatic a-chymotrypsin and human
cathepsin G. It is noteworthy that compound 10 was a
selective inhibitor against human neutrophil elastase.

The above results (Tables 1 and 2) suggest the following
with regard to the inhibition mechanism of 1,3-diazeti-
dine-2,4-dione derivatives against serine proteases (Fig.
1):10 (1) 1,3-diazetidine-2,4-dione nucleus docks at the
active site of these serine proteases and one of the N-
substituents of 1,3-diazetidine-2,4-dione is located at the
prime specificity site S1 of a target enzyme and deter-
mines the selectivity against serine enzymes; (2) the
active site serine hydroxy group in the enzyme launches
a nucleophilic attack against one of carbonyl groups of
the 1,3-diazetidine-2,4-dione nucleus and consequently
an acylated enzyme is generated.

The primary substrate specificity of human chymase is
Phe and Tyr.11 This agrees with the results that N-ben-
zyl derivatives 1 and 4–6 display high activities against
human chymase (Table 1). The primary substrate speci-
ficities of human cathepsin G (Phe)12 and human elas-
tase (Val, Leu)13 contribute to the improvement in the
potency of compound 1 against cathepsin G and the
selectivity of compound 10 against elastase (Table 2).

Finally, we tried to determine why the 1,3-diazetidine-
2,4-dione nucleus is effective as an inhibitor scaffold14

for serine proteases. A typical b-lactam compound 11
was prepared as an analogue of 1 (Table 3).15 In spite of
structural similarity, compounds 11 showed no inhibi-
tion against all serine proteases presented in Table 2
(IC50>10,000 nM). Further, compared with the chemi-
cal stability of each compound in sodium methoxide, 10
mM solution in methanol, compound 11 was much
more stable than compound 1.16 These results suggest
that 1,3-diazetidine-2,4-dione nucleus is much more
reactive than azetidine-2-one. As presented in Figure 2,
large differences of potency between compounds 1 and
11 can be ascribed to the reactivity of carbonyl groups
against the active serine hydroxy group followed by
generation of a hemiketal intermediate (a transition
state 1), and the facility of N–O bond cleavage (ring
opening) followed by generation of an acylated enzyme
(a transition state 2). The transition state 1 (TS1) is
mainly controlled by electronic properties of the car-
bonyl carbon atom of compounds 1 and 11. On the
other hand, the transition state 2 (TS2) is chiefly affec-
ted by ring strain of each compound. We then calcu-
lated strain energies of the four-membered ring,17,18 the
LUMO coefficients and atomic charge of the carbonyl
carbon atom of compounds 1 and 11 (Table 3).19 Table
3 suggests that the ring strain of 2-azetidinone 11 is the
same or more favorable than that of 1,3-diazetidion-2,4-
dione 1 for increasing reactivity. However, the results of
the atomic charge and LUMO coefficients show the
opposite tendency. Judging from the potency of com-
pounds 1 and 11, the electronic property of the carbonyl
carbon atom of 1,3-diazetidion-2,4-dione is considered
to lead to high activity of 1,3-diazetidion-2,4-dione
derivatives against serine proteases, namely, TS1 is
speculated to be the rate-determining step in the inhibi-
tion reaction.

Conclusion

The present work demonstrates that the 1,3-diazetidine-
2,4-dione nucleus is effective as a scaffold for the inhi-
bition of serine proteases.

Table 2. Potency of 1,3-diazetidine-2,4-dione derivatives against seven serine proteases

IC50 (nM)

Compd Chymasea a-Chymotrypsinb Cathepsin Gc Elastased Thrombine Trypsinf Plasming

1 4.0 0.69 0.39 100 72 39 2900
7 140 2.4 2.3 230 2300 200 nah

10 na 740 740 58 5600 39,000 na

aHuman chymase.
bBovine pancreatic a-chymotrypsin.
cHuman cathepsin G.
dHuman neutrophil elastase.
eHuman thrombin.
fBovine pancreatic trypsin.
gHuman plasmin.
hNo activity. IC50>10,000 nM.

Table 1. Potency of 1,3-diazetidine-2,4-dione derivatives against

human chymase

Compd R Isolated yields
from 3 (%)

IC50 (nM)

1 C6H5CH2 70 4.0
4 4-MeO-C6H4CH2 42a 2.0
5 3-MeO-C6H4CH2 20a 2.3
6 3,4-OCH2O-C6H3CH2 20a 0.85
7 4-Me-C6H4 90 140
8 3,4-OCH2O-C6H3 42a 48
9 EtO2CCH2 62 nab

10 Et 18 na

aIsolated yields from 2.
bNo activity. IC50>10,000 nM.
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Figure 2.
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