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A collection of 2150 druggable active sites from the Protein Data Bank was screened by high-throughput
docking to identify putative targets for five representative molecules of a combinatorial library sharing a
1,3,5-triazepan-2,6-dione scaffold. Five targets were prioritized for experimental evaluation by computing
enrichment in individual protein entries among the top 2% scoring targets. Out of the five proposed proteins,
secreted phospholipase A2 (sPLA2) was shown to be a true target for a panel of 1,3,5-triazepan-2,6-diones
which exhibited micromolar affinities toward two human sPLA2 members.

Introduction

To optimize the chances of developing new drugs, academia
and the pharmaceutical industry have developed numerous
strategies1,2 to identify both interesting targets and ligands at a
high-throughput level. Among the many possible scenarios, there
is an increasing need to characterize the target(s) of a known
bioactive ligand. First, a hit/lead can be identified by high-
content screening (metabolic pathways,3 in cellulo,4 phenotypic
screening5) or serendipity,6 but target identification is required
to guide its optimization. Second, addressing both potency and
selectivity of a known ligand is increasingly addressed in an
early lead optimization phase. Selectivity within a target family
(e.g. GPCRs, kinases), toward proteins unrelated to the main
target or even antitargets, currently represent strategic informa-
tion for lead prioritization.7 Third, ligand libraries8 focused on
new molecular scaffolds become available from academic or
commercial sources for high-throughput screening. However,
whether this new chemical space overlaps target space is
unknown and prioritizing the most likely targets of such new
libraries might be of interest in order to make a decision
regarding their purchase.

The experimental determination at a precise molecular level
of a molecular target for a given ligand is still a cumbersome
and difficult task. Many directions may be followed going from
simple target screening to various “-omics” strategies.9 Regard-
ing the huge chemical space covered by all druggable targets,10

computational approaches may help to prioritize the most likely
target space to cover. Browsing compound libraries to identify
ligands of interest and subsequently selecting their cognate
enzymes/receptors as top priority targets to investigate is, for
example, a simple and straightforward strategy. However, it
requires a significant overlap between the real target and targets
with known ligands and therefore might fail for orphan
receptors. Experimentally determined or computed binding

affinity fingerprints11-13 may also be used to prioritize target
selection. This approach is, however, heavily dependent on the
diversity of experimental data (targets and compounds selected
for deriving the binding affinity matrixes) and restricted to few
protein subfamilies. Mathematical models designed to fit target
space with ligand space by means of 2-D and 3-D descriptors
have also been described14,15 and been proven to recover the
true targets of known ligands, but their utility in prospective
studies still needs to be demonstrated.

Last, serial docking of ligands to a few related targets can be
used to select the binding sites that look the most complementary
to the ligand of interest.16,17 Surprisingly, high-throughput
docking to protein binding sites has rarely been used to address
the problem of target identification and prediction of putative
site effects.18-20 Although it uses the same paradigm as ligand
screening (predicting the most likely ligand-target interactions
from molecular docking), docking a single ligand to a target
library is more difficult to setup than classical docking of a
ligand library to a single target.

It first requires an annotated target library for which binding
sites have clearly been identified. We therefore chose the Protein
Data Bank (PDB)21 for that purpose since it contains high-
resolution 3-D data. Customizing a reliable target library from
the PDB is, however, far from being trivial because of the
extraordinary heterogeneity of this dataset. One of the key issues
is to automatically detect the most interesting binding sites either
on the fly22,23or from the 3-D coordinates of bound ligands.20,24-26

Then, binding sites must be analyzed in order to keep only those
able to topologically accommodate a ‘drug-like’ ligand. Several
collections of protein binding sites have been described re-
cently.20,27,28 Only two of them (Binding MOAD26 and sc-
PDB20,24) discriminate between druggable (accommodating a
drug-like ligand) and nondruggable (accommodating ions,
solvents, or detergents) binding sites. In the current study, the
in-house-developed sc-PDB target library20,24 was chosen
because both protein and active site coordinates have already
been processed (addition of hydrogen atoms, removal of solvent,
and catalytically unimportant ions) and are ready for docking.

Second, one should automate the generation of input files
(3-D coordinates of the target and/or of the cognate binding
site; docking configuration file) for a large array of heteroge-
neous targets, which is much more difficult than setting up a
reliable set of coordinates for a ligand library. Notably, protein

* Corresponding author. Phone:+333.90244235. Fax:+333.90244310.
E-mail: didier.rognan@pharma.u-strasbg.fr.

† Bioinformatics of the Drug, CNRS UMR 7175, Institut de Biologie
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and binding site 3-D coordinates should be prepared automati-
cally and suitable for docking by removal of any additional
molecule (solvent, ion, and cofactor) not essential for ligand
binding. We have chosen the GOLD docking software29 for two
main reasons: (i) it is one of the most robust and accurate
docking tool in our hands;30 (ii) it only requires a single
configuration file (gold.conf) whose distribution over a target
library is easy to automate.

Last, the annotation of the target library is desirable in order
to facilitate either target selection for screening or postprocessing
docking data according to enrichment plots. We already reported
an automated annotation procedure for PDB entries resulting
in the definition of several attributes (e.g. EC number, protein
name, species, resolution, thermal factors, and ligand) for each
binding cavity.24,31

In a recent report,20 we demonstrated the proof-of-concept
of this inverse screening approach that was able to recover the
known target(s) of chemically dissimilar ligands with up to 100-
fold enrichment over random picking. Herewith, we describe

the application of inverse docking to the identification of the
most likely targets of a panel of new drug-like compounds
derived from a scaffold-focused combinatorial library. To the
best of our knowledge, this is the first report of anin silico-
guided target identification for drug-like compounds. The
simplicity of the approach makes it particularly attractive for
prioritizing a few targets for experimental validation and is
therefore a good complement to experimental target identifica-
tion strategies.

Results

Virtual Screening of the sc-PDB Protein Library. A
collection of 2148 binding sites extracted from the Protein Data
Bank has been screened by high-throughput docking to predict
the most likely targets of five compounds representative of the
herein presented combinatorial library (1, 5, 16, 29, 36; Tables
1-3). In the sc-PDB dataset,31 a target is defined either as an
enzyme from the PDB with a unique EC number, or a
nonenzymatic protein with a unique name according to our
previous annotation of the database. Differences related to
species, isoforms, or mutations are thus not considered in our
classification scheme. For each of the five investigated com-
pounds, a target was selected if it fulfilled any of the three
following criteria: (i) 50% of target entries present in the sc-
PDB were scored, according to the average GOLD fitness score,
among the top 2% scoring entries; (ii) two entries of the same
target were scored in the top 2% scoring entries; (iii) the average
fitness score for all entries of the corresponding target was above
50. This selection protocol afforded a final list of nine enzymes
(Table 4) which collectively describe the targets which could
accommodate the triazepandione chemotype. Out of these nine
targets, four (aconitase,D-amino acid oxidase, lypopolysaccha-
ride 3-R-galactosyl transferase, hypoxanthine-guanine phospho-
ribosyl transferase; Table 4) were not further investigated
because of either a lack of therapeutical relevance or the
impossibility to proceed with an inhibition assay. Five remaining

Table 1. Structure of 1,3,5-Triazepan-2,6-diones1-26

compound R1 R2 R3 R4

1 H H H CH2Ph
2 H CH2Ph H CH2Ph
3 H CH2COOCH3 H CH2Ph
4 H CH2COOtBu H CH2Ph
5 H CH2COOH H CH2Ph
6 H CH2CH2OH H CH2Ph
7 H CH2CHO H CH2Ph
8 H CH2CHdCH-COOtBu H CH2Ph
9 H (CH2)3-COOtBu H CH2Ph

10 H (CH2)3-COOH H CH2Ph
11 H (CH2)3-CONH2 H CH2Ph
12 H CH2CONH2 H CH2Ph
13 H CH2CHdCH-COOH H CH2Ph
14 H H H iBu
15 H H H CH2NHFmoc
16 H H H CH2NH2

17 H H H Ph
18 H H H iPr
19 H CH2COOtBu H iPr
20 H CH2Ph H iPr
21 H H CH2Ph CH2Ph
22 H H H CH2-âNaphthyl
23 H CH2COOtBu H CH2-âNaphthyl
24 CH2Ph CH2Ph H CH2Ph
25 CH2COOH CH2COOH H CH2Ph
26 CH2COOtBu CH2COOtBu H CH2Ph

Table 2. Structure of 1,3,5-Triazepan-2,6-diones27-34

compound R1 R2 R3 R4

27 H H H CH2Ph
28 H H O-CH2Ph CH2Ph
29 H H OH CH2Ph
30 H H H CH2-âNaphthyl
31 H CH2COOtBu H CH2Ph
32 CH2COOtBu CH2COOtBu H CH2Ph
33 H CH2Ph H CH2Ph
34 H CH2COOtBu H CH2-âNaphthyl

Table 3. Structure of 1,3,5-Triazepan-2,6-diones35-39
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targets, estrogen sulfotransferase (EST), methionine aminopep-
tidase (MA), secreted phospholipase A2 (sPLA2), purine

nucleoside phosphorylase (PNP), and thymidine kinase (TK)
were finally retained and predicted to bind at at least two out
of the five screened compounds (Table 4, Figure 1). Figure 1
indicates which PDB entries have precisely been selected by
each of the five compounds. Compounds5 and 29 were
predicted to be rather permissive for three targets (Figure 1),
the three other reference compounds exhibiting a strong
preference for a single enzyme (TK for compound1, MA for
compound16, EST for compound36; Figure 1).

Synthesis.The general synthetic approach to 1,3,5-triazepan-
2,6-diones has been described previously.32 Briefly, the 1,3,5-
triazepan-2,6-dione skeleton cyclo(Xaa-gXbb-CO)33 was con-
structed in four steps by cyclization of simple dipeptide-derived
precursors (Scheme 1). The synthesis involved Curtius rear-
rangement of N-protected dipeptidyl azides prepared from the
corresponding starting dipeptide Boc-Xaa-Xbb-OH. The result-
ing dipeptidyl isocyanates were treated withN-hydroxysuccin-
imide to affordN-Boc protected succinimidyl carbamate de-
rivatives as key intermediates. The Boc group was selectively

Figure 1. Averaged fitness score of sc-PDB entries for compounds1, 5, 16, 29,and36. PDB entries are ranked by decreasing GOLD fitness score.
Target entries selected for biological evaluation (see Experimental Section) are indicated by up-triangles (estrogen sulfotransferase), down-triangles
(phospholipase A2), circles (purine nucleoside phosphorylase), stars (methionine aminopeptidase), and diamonds (thymidine kinase).

Table 4. Predicted Targets for Compounds1, 5, 16, 29, and36

target rate, %c

target EC numbera Nb 1 5 16 29 36

aconitase 4.2.1.3 7 43 29
DAAOd 1.4.3.3 2 50 50
ESTe 2.8.2.4 2 50 100 50
GTf 2.4.1 2 50 100
HPRTg 2.4.2.8 6 17 33
MAh 3.4.11.18 5 20 100
PLA2i 3.1.1.4 8 25 13
PNPj 2.4.2.1 6 83
TKk 2.7.1.21 5 80 20

a Enzyme commission number.61 b Number of sc-PDB entries describing
the target.c Target rate: Percentage of targets ranked in the top 2% scoring
entries.d D-amino acid oxidase.e Estrogen sulfotransferase.f Lipopolysac-
charide 3-alpha-galactosyltransferase.g Hypoxanthine-guanine phosphori-
bosyltransferase.h Methionine aminopeptidase.i Phospholipase A2.j Purine
nucleoside phosphorylase.k Thymidine kinase.
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removed by treatment with trifluoroacetic acid (TFA) and the
resulting TFA salt cyclized to the 1,3,5-triazepan-2,6-dione in
the presence of diisopropylethylamine (DIPEA). Treatment of
cyclo(Xaa-gXbb-CO) with NaH (5 equiv) and various electro-
philes (3 equiv) (method A) afforded dialkylated cyclo-ureas

24, 26, and32 in yields ranging from 50 to 82% after silica gel
chromatography (Scheme 2). Alternatively methods B and C
allowed selective monoalkylation of 1,3,5-triazepan-2,6-diones
at thegem-diamino urea nitrogen (e.g.2-4, 19, 20, 23, 31, 33,
34) in yields ranging from 25 to 94%. Compound11 was
synthesized in seven steps from3 (Scheme 3). Thetert-butyl
side chain of3 was removed quantitatively by treatment with
TFA to afford5. The carboxylic acid function of5 was reduced
to the corresponding alcohol in 50% yield by treatment of its
mixed anhydride with an aqueous solution of NaBH4.34 Swern
oxidation of6 gave aldehyde7 which was engaged directly in
a Wittig reaction. Reaction with (tert-butyloxycarbonylmeth-
ylene)triphenyl-phosphorane afforded8 (70% yield for the two
steps) as a mixture ofE andZ isomers (Z/E ratio ) 1:6). The
hydrogenation of the double bond yielded9 in 97% yield.
Further removal of thetert-butyl group by treatment with TFA
led to the corresponding carboxylic acid10 in 55% yield. The
optimized preparation of the amide11 featured reaction of
compound10 with Sieber amide resin, i.e., 9-Fmoc-aminoxan-
then-3-yloxy-Merrifield resin35 (whoseN-Fmoc protecting group
was removed by treatment with a mixture of DMF/ piperidine
3:1), followed by cleavage with 10% TFA in CH2Cl2. The
desired compound11 was obtained in 68% yield, after purifica-
tion by flash column chromatography. Similarly, treatment of
acid 5 under the same conditions afforded amide12 in 74%
yield. A fraction of tert-butyl ester8 (E isomer) was treated
with TFA to provide13 with R,â-unsaturated carboxylic side
chain in 54% yield.

1,3,5-Triazepan- 2,6-diones Are a New Class of Secreted
Phospholipase A2 Inhibitors.Preliminary binding assays were
performed using a starting panel of nine compounds including
the analogues screened by ourin silico protocol (1, 5, 16, 29,
and36) plus four other compounds (14, 28, 33, and37) which
were physically available at the time of the experimental
screening. For three of the five predicted targets (human EST,

Scheme 1a

a (a) EtOCOCl, NMM, THF,-20 °C, then NaN3 in H2O; (b) toluene,
65 °C, then HOSu and pyridine; (c) TFA, 30 min; (d) DIPEA, MeCN.

Scheme 2a

a Method A: NaH (4 equiv), RX (4 equiv), THF, 48 h; method B: KF/
Al2O3 40 wt % (10 equiv), RX (1.5 equiv), CH2Cl2 or THF, 24-96 h;
method C: NaH (2 equiv), RX (1.5 equiv), CH2Cl2, 24 h.

Scheme 3a

a (a) TFA; (b) NMM (1.2 equiv), THF,-20 °C, iBuOCOCl (1.2 equiv), 25 min, r.t., 5 min,-20 °C, NaBH4 (3 equiv), 20 min, 50%; (c) COCl2 (1.5
equiv), CH2Cl2, -20 °C, DMSO (3 equiv), then DIPEA (6 equiv), 5 min, r.t.,; (d) (Ph)3PCHCOOtBu, CH2Cl2, r.t., 2 h 30min, 70% over two steps; (e) Pd/C
(10 wt %), EtOH, r.t., 16 h, 97%, (f) TFA, r.t., 30 min, 55%; (g) BOP (1.05 equiv), HOBt (1.05 equiv), DIPEA (3.15 equiv), Sieber resin (1.5 equiv), DMF,
r.t., 1 h 30min, CH2Cl2/TFA (9:1), r.t., 40 min, 68%.
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Herpes simplex type-1 TK, AM), no inhibitory potency could
be detected among the nine tested compounds even at high
micromolar concentrations (not shown).

One target (PNP) gave ambiguous results since a single
micromolar inhibitor (compound28, Ki ) 8 µM) could be found
for PNP fromToxoplasma gondiibut none for the human PNP
(data not shown). PNP was therefore discarded for further
studies.

Last, we tested the nine above compounds for their potency
to inhibit the enzymatic activity of several human secreted
PLA2s (sPLA2s) at 10 and 100µM. These initial enzymatic
assays showed that several compounds inhibited to a different
extent the catalytic activity of human group IB, IIA, V, and X
sPLA2s but had no effect on that of human group III sPLA2
(not shown). Interestingly, the different compounds appeared
more potent on human group V (hGV) and human group X
(hGX) sPLA2s. On the basis of these assays, we then tested a
total of 38 triazepandione (Tables 1-3) compounds at 30µM
on group IB, IIA, V, and X sPLA2s. All compounds showed
only weak or no inhibition on group IB and IIA sPLA2s (not
shown). Conversely, several of them were clearly inhibiting hGV
and hGX sPLA2s (Figure 2). At a defined threshold of 70%
inhibition, 13 compounds (3, 4, 10, 11, 13, 19, 20, 21, 23, 25,
26, 31, and34) inhibited hGV sPLA2 whereas six compounds
(8, 10, 13, 19, 20, and32) significantly inhibited the enzymatic
activity of hGX sPLA2. Four of the best compounds (13, 19,
21, 26) were further investigated and found to inhibit both hGV
and hGX sPLA2s with IC50 values around 10µM (Figure 3).

Discussion

Identifying the possible target(s) of a new chemotype is
rendered very complex by the quantity of different screening
setups that have to be addressed simultaneously. We herewith
propose a simple and straightforwardin silico-guided strategy
aimed at prioritizing the most likely targets of compounds
sharing the same molecular scaffold by systematically docking
a few representative compounds to a set of druggable binding
sites of known X-ray structure. When applied to the novel series
of 1,3,5-triazepan-2,6-diones, a restricted set of targets could
be prioritized, out of which two distinct human sPLA2s were
demonstrated to be true targets for this new chemotype.

It should be acknowledged that, out of the two compounds
(5 and29) which enabled us to select sPLA2 as a putative target
in our computational screen, only compound5 presented some
inhibitory potency for hGV (Figure 2). As a matter of fact, out
of the eight PLA2 copies present in our target library, no entries
described the experimentally identified sPLA2 targets (hGV and
hGX). Indeed, hGV sPLA2 has not been crystallized so far,
and only the crystal structure of apo hGX sPLA236 was available
at the time of thein silico screening and thus was not stored in
the sc-PDB database. All entries describing various isoforms
of sPLA2 in release 1 of the sc-PDB20 were for porcine and
bovine group IB sPLA2s and for human group IIA sPLA2. For
human group IB and IIA sPLA2s, no or only weak inhibitory
potencies could be measured with compounds5 and29 (data
not shown). For instance, compound5 had no effect on human

Figure 2. Inhibition of hGV (panel A) and hGX (panel B) sPLA2s
by compounds1-39at 30µM. hGV (40 pM) or hGX (20pM) sPLA2s
were preincubated for 15 min with each compound, and the enzymatic
assay was initiated by adding3H-oleate-radiolabeledE. coli membranes
as substrate.55 Results are representative of at least three independent
experiments.

Figure 3. IC50 values for compounds13, 19, 21, 24, and26 to hGV
(panel A) and hGX (panel B) sPLA2s. hGV (40 pM) or hGX (20pM)
were preincubated for 15 min with the indicated compounds at various
concentrations, and the enzymatic assay was started by adding3H-
oleate-radiolabeledE. coli membranes as substrate.55 Results are
representative of three independent experiments performed with two
different batches of compounds.
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group IB sPLA2 while it inhibited only 25% of hGIIA sPLA2
activity at 30µM. However, the corresponding carboxylic esters
(compounds3 and4), although they are also modest inhibitors
of hGIIA sPLA2, are much stronger inhibitors of group V and
X sPLA2s (Figure 2). When the best inhibitors (compounds13,
19, 21, and26) were screened back against the sc-PDB target,
sPLA2 was also recovered among the eight selected targets for
two of the four compounds (Table 5). Therefore, our compu-
tational approach to deorphanize a compound series although
not perfect is more likely to succeed if (i) several compounds
describing the same chemotype are screened bothin silico and
experimentally, and (ii) multiple entries describing a family of
proteins are stored in our target library. Possible misdocking
arising from either particular ligands or active sites are thus
statistically minimized if a series of congeneric compounds is
docked to a series of congeneric binding sites.

Although the inhibitory potencies of our current triazepan-
dione compounds are still relatively modest on hGV and hGX
sPLA2s (Figure 3), these compounds appeared to be true
competitive inhibitors.37 First, we monitored the rate of alkyl-
ation of His46 at the catalytic site of hGV sPLA2 byp-
bromophenacyl bromide37,38 in the presence or absence of
compound19 and found that the presence of this compound
leads to a significant increase in the half-time for inactivation
of the enzyme by alkylation (not shown). The most likely
explanation for this result is that binding of compound19 to
the sPLA2 catalytic site slows down the alkylation reaction by
steric hindrance, as previously demonstrated for several sPLA2
competitive inhibitors.37 Second, we found that this compound,
when stoechiometrically complexed to hGV sPLA2, decreased
its binding affinity for the M-type receptor target,39 an effect
which is likely due to a steric modulation of the sPLA2-receptor
interaction (Boilard et al., manuscript in preparation). These
findings appeared in accordance with the a posteriori docking
experiments described below.

The predicted binding mode for two of the best sPLA2
inhibitors (compounds13 and19) to the catalytic site of hGX
sPLA2 (Figure 4) explains fairly well the observed structure-
activity relationships (Table 1). First, compounds presenting
carboxylic acid or ester moieties at R2 were the most potent
inhibitors since these groups are able to coordinate a catalytically
important calcium ion of the binding site (Figure 4). The
triazepandione core is embedded in the catalytic site of the
enzyme, similarly to a known series of indole derivatives
exemplified by indoxam.40,41 The triazepandione scaffold is
proposed to bind with two slightly translated binding modes
depending on the nature of the R2 substituent at N-3 (Table 1).
Long chain carboxylic acid and esters (e.g. compounds8, 10,

11, and13) can directly coordinate the catalytic calcium ion at
the vicinity of His46 and Asp47 (Figure 4) and place the
triazepandione in the center of the binding site, the urea carbonyl
moiety completing the prototypical heptacoordination of calcium

Table 5. Predicted Targets for Compounds13, 19, 21, and26

target rate, %c

target EC numbera Nb 13 19 21 26

MTAPd 2.4.2.28 5 40
AChEe 3.1.1.7 6 33
CS1f 1.14.11.21 2 100
MIFg 5.3.2.1 4 75
PLA2h 3.1.1.4 8 13 25
PNPi 2.4.2.1 6 16 16
tK j 2.7.4.9 6 16 16 33
TSk 4.2.1.20 13 46

a Enzyme commission number.61 b Number of sc-PDB entries describing
the target.c Target rate: Percentage of targets ranked in the top 2% scoring
entries.d MTAP: 5′-methylthioadenosine phosphorylase.e AChE: Acetyl-
cholinesterase.f CS1: Clavaminate synthase 1.g MIF: Macrophage migra-
tion inhibitory factor.h PLA2: Phospholipase A2.i PNP: Purine nucleoside
phosphorylase.j tK: Thymidylate kinase.k TS: Tryptophan synthase.

Figure 4. Predicted binding mode of compounds13 (A), 19 (B) to
hGX sPLA2 (modeled from the pdb entry 1le6) and X-ray structure of
the inhibitor LY311727 (C) to hGIIA sPLA2 (pdb entry: 1db4).
Compounds were built and docked as described for compounds1, 5,
16, 29, and36 in the Experimental Section, with the exception that
both axial and equatorial positions were allowed at substituents R3 and
R4, as recently exemplified by the X-ray structure of compound21.32

The main chain of sPLA2 is traced by red helices, yellow strands, and
white loops. The ligand binding site is delimited by a solid surface.
sPLA2-bound compounds13and LY311727 (green carbon atoms) and
19 (cyan carbon atoms) are displayed along with the neighboring protein
side chains (white carbon atoms) and the catalytic calcium ion (magenta
ball). Except for above-described carbon atoms, the color coding is as
follows: nitrogen, blue; oxygen, red, sulfur, yellow; phosphorus,
magenta.
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(Figure 4A). The preference for hydrophobic substituents
(isopropyl, benzyl) at R4 could be explained by the presence of
a hydrophobic cage (Ile2, Leu5, Val9, Pro17, Tyr20, Met21)
that nicely accommodates the R4 group (Figure 4A,B). For
shorter chains at R2 (e.g. compounds3, 4, 5, 19, 23, 25, and
26), a direct coordination to calcium is still possible, however,
with the consequence of shifting the cyclourea closer to the
hydrophobic cage (Figure 4B). In addition to the above-
described hydrophobic and metal interactions, all compounds
are proposed to H-bond to either Phe26 and Gly28 main chain
atoms or His46 side chain (Figure 4). The proposed binding
mode recalls the experimentally determined X-ray structure of
hGIIA sPLA2-bound indoxam derivatives (Figure 4C) for which
a very similar coordination of calcium through a long chain
carboxylate/phosphate moiety and a shorter amide substituent
are also present. Aromatic substituents (phenyl, naphthyl) fill
the previously described hydrophobic cage as for the herein
described triazepandiones.40,41

The observed selectivity of triazepandiones for group V and
X sPLA2s may be explained by the possible interaction of the
triazepandione core with Leu-5 side chain, a residue specific to
these two sPLA2 subtypes. Hence, group IB and IIA sPLA2s,
for which no significant inhibitory activity could be detected
for any of the herein described compounds, present a Phe-5
residue that would clash with the cyclourea in the currently
proposed binding modes. It should be noticed that Phe-5 is
precisely the residue demonstrated by X-ray diffraction stud-
ies40,41 to explain the preferred binding of indoxam derivatives
to groups IB and IIA sPLA2s (Figure 4C), by edge to face
aromatic interactions with the indole ring of the synthetic
inhibitors.42-44

The exact value of thein silico screen is unknown since it
would require assaying both all predicted active and inactive
targets, which is unfortunately not feasible and is the basic
justification of a computer-guided target prioritization. We
cannot exclude having selected sPLA2 for wrong reasons.
However, the very stringent target selection procedure and the
explanation of structure-activity relationships for triazepanedi-
one derivatives (Table 3, Figure 2) on the basis of predicted
docking modes (Figure 4) render this hypothesis very unlikely.
Random picking would produce a target rate for sPLA2 of
0.37% (eight copies out a total number of 2148 targets) while
our in silico guidance selected sPLA2 because of much higher
predicted target rates (25 and 13% for compounds29 and36,
respectively). Of course, the proposed target screening method
is far from being perfect since it still generates more false
positives than true positives as a classical ligand-based screening
would do. There are in fact no reasons why a target-based
screening should be much more accurate than a ligand-based
screening provided that the screening engine is the same
(molecular docking). Explanations for generating false positives
in docking experiments are numerous.29,30Of particular concern
here is the possible inaccurate modeling of protonation and
tautomeric states which have been fixed for a particular entry
but are known to be ligand-dependent.

The current screening of five compounds on a database of
2150 active sites is fast enough (total of 64 cpu-hours) to be
applied to any orphan chemotype for which targets are to be
discovered, or to identify additional targets (e.g. mediating
putative side effects) for existing leads. Meanwhile, our col-
lection of active sites has been updated24,31to reflect the current
status of the PDB and now contains a total of 6415 druggable
active sites. It is, however, still straightforward to screen, notably
since molecular docking is easily amenable to parallelized data

distribution. However, due to the current target selection
procedure based on enrichments in individual targets, proteins
for which a single copy is present in our library are going to be
missed. As predicting binding energies cannot be simply used
to accurately rank complexes because of the known weakness
of current fast scoring functions,45 alternative ranking of targets
(e.g. based on interaction fingerprint similarities46) or ligand
efficiency47 have to be developed to recover single-copy targets.
One could also imagine enlarging the collection of available
binding sites with 3-D models obtained by comparative model-
ing to X-ray templates.48 Last, additional pockets calculated from
either holo- or apo-enzymes23 may open the possibility to search
for allosteric regulators and not only for competitive inhibitors
of ligands registered in the sc-PDB database.

Conclusion

The 1,3,5-triazepan-2,6-dione scaffold is a novel contribution
to the drug-like chemical space that combines two advantages:
easy accessibility by parallel synthesis from the corresponding
activated dipeptide precursors, and efficient distribution of five
diversity points in a constrained pharmacophoric space. A first
in silico-guided attempt to match this new chemical space with
existing target space led us to identify human group V and X
sPLA2s as targets for the new chemotype. Interestingly, these
two sPLA2s and other members of this emerging family of
enzymes have become attractive therapeutic targets in a number
of inflammatory diseases including asthma, rheumatoid arthritis,
atherosclerosis, and septic shock, as well as in different types
of cancer.49-54 Many different potent competitive inhibitors have
been developed against the inflammatory-type human group IIA
enzyme,51 and some of these inhibitors or derivatives have been
found to inhibit also human group V and X sPLA2s among
other sPLA2s.41,55,56Although our current triazepandione com-
pounds have modest affinities for sPLA2s, they appear to be
selective for group V and X sPLA2s and thus are interesting
lead compounds to develop in order to design more potent yet
selective inhibitors of these particular sPLA2 subtypes that may
be more important than group IIA sPLA2 in various human
diseases.51,52,57,58

Experimental Section

Chemistry. General Procedures.THF was distilled from Na/
benzophenone. CH2Cl2 and cyclohexane were distilled from CaH2.
Thin-layer chromatography (TLC) was performed on silica gel 60
F254 (Merck) with detection by UV light and charring with 1%
w/w ninhydrin in ethanol followed by heating. Flash column
chromatography was carried out on silica gel (0.063-0.200 nm).
HPLC analysis was performed on a a Nucleosil C18 column (5µm,
3.9× 150 mm) by using a linear gradient of A (0.1% TFA in H2O)
and B (0.08% TFA in CH3CN) at a flow rate of 1.2 mL/min with
UV detection at 214 nm. Optical rotations were recorded with a
Perkin-Elmer polarimeter. IR spectra were recorded on a Perkin-
Elmer Spectrum One in four scans with an ATR (attenuated total
reflection) accessory.1H NMR and13C NMR spectra were recorded
using Bruker Advance DPX-300, DPX-400, DPX-500 instruments.
Mass spectra have been recorded using a MALDI-TOF apparatus
(BRUKER Protein-TOF) and an ESI-TOF apparatus (Bruker
microTOF).

(6-Benzyl-1-methyl-4,7-dioxo-[1,3,5]triazepan-3-yl)-acetic Acid
Methyl Ester (3). Cyclo(Phe-gSar-CO)1 (120 mg, 0.52 mmol)
was dissolved in THF (6 mL) under Ar. Methyl bromoacetate (74
µL, 0.78 mmol) and KF/Al2O3 40 wt % (755 mg, 5.2 mmol) were
then added, and the mixture was stirred 96 h at r.t. under inert
atmosphere. Dilution in CH2Cl2 and washing with H2O afforded
the organic layer, which was dried over Na2SO4 and evaporated.
The crude residue was purified by flash column chromatography
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with ethyl acetate as eluent to yield3 (39 mg, 25%) as a white
powder. C15H19N3O4, white solid, C18-RP-HPLC (A: 0.1% TFA
in H2O, B: 0.08% TFA in MeCN, 0-100% B, 1.2 mL/min, 20
min): tR ) 11.45 min; IR(solid):νmax (cm-1) ) 3286, 3182 (NH),
3027 (Csp2), 2922 (Csp3), 1750, 1681, 1638 (CO);1H NMR (300
MHz, CDCl3, 298 K): δ ) 2.81 (dd,J ) 9, 14.4 Hz, CH2Ph, 1H),
3.13 (s, NCH3, 3H), 3.36 (dd,J ) 4.5, 14.4 Hz, CH2Ph, 1H), 3.73
(s, OCH3, 3H), 4.01 (d,J ) 17.8 Hz, NCH2, 1H), 4.17 (d,J )
15.7 Hz, NCH2N, 1H), 4.35 (d,J ) 17.8 Hz, NCH2, 1H), 4.58-
4.64 (m, NCHCO, 1H), 4.65 (br., NH), 5.45 (d,J ) 15.7 Hz,
NCH2N, 1H), 7.27-7.36 (m, H-Ar, 5H); HRMS(ESI): m/z:
calculated for C15H20N3O4: 306.1448, found: 306.1436.

7-Benzyl-3-(2-hydroxy-ethyl)-5-methyl-[1,3,5]triazepan-2,6-
dione (6). Acid 5 (410 mg, 1.41 mmol) was dissolved in THF (20
mL) under inert atmosphere, and NMM (186µL, 1.69 mmol) was
added. The solution was cooled to-20 °C, andiBuOCOCl (222µL,
1.69 mmol) was added. The reaction mixture was stirred 25 min at
-20 °C. Salts were quickly filtered at room temperature, and the
mixture was replaced in the-20 °C bath. A solution of NaBH4
(160 mg, 4.23 mmol) in H2O (5 mL) was added. After 20 min at
-20 °C, the mixture was allowed to warm to room temperature.
Dilution in ethyl acetate was followed by a workup with brine.
The organic layer was dried over Na2SO4 and evaporated. The crude
residue was purified by silica gel column chromatography (CH2-
Cl2/MeOH/AcOH 95:5:1, v/v/v) to afford6 (196 mg, 50%) as a
white powder. C14H19N3O3, C18-RP-HPLC (A: 0.1% TFA in H2O,
B: 0.08% TFA in MeCN, 0-100% B, 1.2 mL/min, 20 min):tR )
13.34 min; IR(solid):νmax (cm-1) ) 3397 (NH), 3279 (OH), 3023
(Csp2), 2918 (Csp3), 1644, 1620 (CO);1H NMR (300 MHz, CDCl3,
298 K): δ ) 2.96 (dd,J ) 8.3, 14.3 Hz, CH2Ph, 1H), 3.23 (s,
NCH3, 3H), 3.42-3.53 (m, CH2Ph, NCH2CH2, 2H), 3.71-3.81 (m,,
NCH2CH2, HOCH2CH2, 3H), 4.42 (d,J ) 15.7 Hz, NCHN, 1H),
4.70-4.75 (m, NCHCO, 1H), 5.40-5.45 (m, NCHN, NH, 2H),
7.38-7.48 (m, CH-Ar, 5H); 13C NMR (75 MHz, CDCl3, 298 K):
δ ) 30.40 (CH3), 33.94, 48.01 (CH2), 52.08 (CH), 57.64, 58.91
(CH2), 123.11, 124.80, 124.98, 125.41 (CH-Ar), 132.60 (Cq-Ar),
154.38, 166.10 (CO); HRMS(ESI):m/z: calculated for C14H20N3O3:
278.1499, found: 278.1475.

4-(6-Benzyl-1-methyl-4,7-dioxo-[1,3,5]triazepan-3-yl)-but-2-
enoic Acid tert-Butyl Ester (8). Under inert atmosphere, CH2Cl2
(0.5 mL) was introduced in a flask. Oxalyl chloride (57µL, 0.65
mmol) was added via a hypodermic syringe, and the mixture was
cooled to-20 °C. DMSO (91µL, 1.29 mmol) was added, and the
mixture was stirred at-20 °C for 10 min. A solution of alcohol6
(120 mg, 0.43 mmol) in CH2Cl2 (1.5 mL) was added dropwise,
and the mixture was stirred at-20 °C for an additional 20 min.
DIPEA (450µL, 2.6 mmol) was then added. After 5 min at-20
°C, the mixture was allowed to warm to room temperature. H2O
(10 mL) was added, and the system was stirred at r.t. for 10 min.
Extraction with CH2Cl2 (4 × 25 mL) provided the organic layer
which was washed with KHSO4 1 N and brine. The organic layer
was dried over Na2SO4 and evaporated to give the aldehyde7.
Formation of7 was followed by TLC, and the compound was
directly used in the next step. (Ph)3PdCHCOOtBu (244 mg, 0.65
mmol) was added to a solution of 7 in CH2Cl2 under inert
atmosphere, and the reaction mixture was stirred at room temper-
ature for 2.5 h. The reaction was quenched by addition of water.
After separation, the organic layer was dried over Na2SO4 and
evaporated. The crude residue was purified by flash column
chromatography (AcOEt/cyclohexane/AcOH, 1:1:0.1 v/v/v) to
afford Z-8 (18,6 mg, 11,6%) as a white powder andE-8 contami-
nated by (Ph)3PO.E-8 was isolated after selective precipitation of
(Ph)3PO in Et2O and subsequent filtration. Evaporation of solvent
yielded pureE-8 (93.5 mg, 58.2%) as a white powder. Global yield
of the reaction was calculated: 70%,Z/E ratio: 1/6. C20H27N3O4.
Z isomer: C18-RP-HPLC (A: 0.1% TFA in H2O, B: 0.08% TFA
in MeCN, 0-100% B, 1.2 mL/min, 20 min):tR ) 15.85 min; IR-
(solid): νmax (cm-1) ) 3281, 3211 (NH), 3070 (Csp2), 2919, 2851
(Csp3), 1705, 1683, 1645 (CO);1H NMR (300 MHz, CDCl3, 298
K): δ ) 1.46 (s, (CH3)3, 9H), 2.80 (dd,J ) 9.3, 14.4 Hz, CH2Ph,
1H), 3.09 (s, NCH3, 3H), 3.35 (dd,J ) 4.5, 14.4 Hz, CH2Ph, 1H),

4.36 (d,J ) 15.6 Hz, NCHN, 1H), 4.45 (br., NH), 4.53-4.59 (m,
NCH2CH, NCHCO, 3H), 5.24 (d,J ) 15.6 Hz, NCHN, 1H), 5.83-
5.87 (m, CHCHCO, 1H), 6.12 (td,J ) 7.1, 11.4 Hz, CH2CHCH,
1H), 7.24-7.36 (m, CH-Ar, 5H);13C NMR (75 MHz, CDCl3, 298
K): δ ) 28.14, 34.28 (CH3), 38.43, 45.86 (CH2), 56.27 (CH), 61.53
(CH2), 81.09 (Cq), 123.98 (CH), 127.31, 129.00, 129.31 (CH-Ar),
136.18 (Cq-Ar), 143.12 (CH), 157.20, 169.89, 189.05 (CO); HRMS
(ESI): m/z: calculated for C20H28N3O4: 374.2074, found: 374.2069.
E isomer: C18-RP-HPLC (A: 0.1% TFA in H2O, B: 0.08% TFA
in MeCN, 0-100% B, 1.2 mL/min, 20 min):tR ) 15.18 min;1H
NMR (300 MHz, CDCl3, 298 K): δ ) 1.46 (s, (CH3)3, 9H), 2.80
(dd, J ) 9.0, 14.4 Hz, CH2Ph, 1H), 3.07 (s, NCH3, 3H), 3.35 (dd,
J ) 4.8, 14.4 Hz, CH2Ph, 1H), 4.36 (d,J ) 15.6 Hz, NCHN, 1H),
4.13-4.17 (m, NCH2CH, 2H), 4.55-4.60 (m, NCHCO, 1H), 4.75
(d, J ) 1.8 Hz, NH, 1H), 5.24 (d,J ) 15.6 Hz, NCHN, 1H), 5.82
(td, J ) 1.4, 15.7 Hz, CHCHCO, 1H), 6.71 (td,J ) 5.4, 15.9 Hz,
CH2CHCH, 1H), 7.25-7.34 (m, CH-Ar, 5H); 13C NMR (75 MHz,
CDCl3, 298 K): δ ) 28.08, 34.60 (CH3), 38.27, 43.38 (CH2), 56.27
(CH), 61.31 (CH2), 80.89 (Cq), 125.05 (CH), 127.31, 128.98, 129.35
(CH-Ar), 136.15 (Cq-Ar), 143.69 (CH), 157.09, 164.89, 169.83
(CO); HRMS (ESI): m/z: calculated for C20H28N3O4: 374.2074,
found:374.2071.

4-(6-Benzyl-1-methyl-4,7-dioxo-[1,3,5]triazepan-3-yl)-butyr-
ic Acid tert-Butyl Ester (9). 8 (110 mg, 0.29 mmol) was dissolved
in EtOH (20 mL). Pd/C 10wt % (20 mg) was added. The system
was stirred for 16 h under hydrogen atmosphere. Filtration over
Celite yielded9 (105 mg, 97%) as a white powder. C20H29N3O4,
C18-RP-HPLC (A: 0.1% TFA in H2O, B: 0.08% TFA in MeCN,
0-100% B, 1.2 mL/min, 20 min):tR ) 15.33 min; IR(solid):νmax

(cm-1) ) 3270, 3020 (NH), 3066 (Csp2), 2973, 2934 (Csp3), 1722,
1711, 1686, 1674, 1646, 1630 (CO);1H NMR (300 MHz, CDCl3,
298 K): δ ) 1.42 (s, (CH3)3, 9H), 1.77-1.82 (m, NCH2CH2, 2H),
2.21-2.26 (m, COCH2CH2, 2H), 2.78 (dd,J ) 9.3, 14.3 Hz, CH2-
Ph, 1H), 3.13 (s, NCH3, 3H), 3.31-3.37 (m, CH2Ph, NCH2CH2,
2H), 3.42-3.47 (m, NCH2CH2, 1H), 4.25 (d,J ) 15.6 Hz, NCH2N,
1H), 4.40 (br., NH), 4.51-4.56 (m, NCHCO, 1H), 5.23 (d,J )
15.6 Hz, NCH2N, 1H), 7.24-7.32 (m, CH-Ar, 5H); 13C NMR
(75 MHz, CDCl3, 298 K): δ ) 24.38 (CH2), 28.07 (CH3), 32.23
(CH2), 34.52 (CH3), 38.56, 48.25 (CH2), 56.47 (CH), 61.85 (CH2),
80.55 (Cq), 127.28, 128.98, 129.32 (CH-Ar), 156.48, 169.89,
172.51 (CO); HRMS (ESI): m/z: calculated for C20H30N3O4:
376.2231, found: 376.2210.

4-(6-Benzyl-1-methyl-4,7-dioxo-[1,3,5]triazepan-3-yl)-butyr-
ic Acid (10). 9 (48 mg, 0.13 mmol) was dissolved in TFA/CH2Cl2
(1:1, v/v), (1 mL), and the reaction was stirred at room temperature
for 30 min. Solvents were evaporated and afforded10 (22 mg, 55%)
as a white powder. C16H21N3O4, C18-RP-HPLC (A: 0.1% TFA in
H2O, B: 0.08% TFA in MeCN, 0-100% B, 1.2 mL/min, 20 min):
tR ) 11.52 min; IR(solid):νmax (cm-1) ) 3301 (OH), 2946, 2923,
2853 (Csp3), 1686, 1613 (CO); HRMS (ESI):m/z: calculated for
C16H22N3O4: 320.1605, found: 320.1618.

4-(6-Benzyl-1-methyl-4,7-dioxo-[1,3,5]triazepan-3-yl)-butyra-
mide (11). Sieber resin (0.084 mmol) was swollen in DMF and
rinced twice prior to use. Removal of the Fmoc group was achieved
by treatment with a mixture of DMF/ piperidine (1:1, v/v) (1 mL)
for 20 min (repeated twice), followed by washings with DMF (×6).
A solution of10 (18 mg, 0.056 mmol), BOP (26 mg, 0.059 mmol),
and HOBt (8 mg, 0.059 mmol) dissolved in DMF was prepared
and added onto the resin. DIPEA (30µL, 0.17 mmol) was then
added, and the mixture was stirred at room temperature for 1.5 h.
The resin was filtered, washed with DMF (×4) and CH2Cl2 (×4)
and dried under high vaccum. Cleavage by treatment with TFA/
CH2Cl2 (1:9, v/v) (1 mL) was performed at room temperature in
40 min. The filtrate was collected, and the resin was washed with
CH2Cl2. The solvents were evaporated. The crude residue was
purified by flash column chromatography (CHCl3/MeOH 10:1, v/v)
to afford 11 (12 mg, 68%) as a white powder. C16H22N4O3, C18-
RP-HPLC (A: 0.1% TFA in H2O, B: 0.08% TFA in MeCN,
0-100% B, 1.2 mL/min, 20 min):tR ) 9.55 min; IR(solid): νmax

(cm-1) ) 3334 (NH), 2934 5Csp3), 1630 (CO);1H NMR (300 MHz,
CDCl3, 298 K): δ ) 1.82-1.89 (m, NCH2CH2, 2H), 2.19-2.24
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(m, CH2CH2CO, 2H), 2.79 (dd,J ) 9.0, 14.5 Hz, CH2Ph, 1H),
3.13 (s, NCH3, 3H), 3.32-3.41 (m, CH2Ph, NCH2CH2, 2H), 3.51-
3.58 (NCH2CH2, 1H), 4.19 (d,J ) 15.7 Hz, NCH2N, 1H), 4.54-
4.59 (m, NCHCO, NH, 2H), 5.26 (d,J ) 15.7 Hz, NCH2N, 1H),
5.38 (br., NH2, 1H), 6.29 (br., NH2, 1H), 7.24-7.37 (m, CH-Ar,
5H); 13C NMR (75 MHz, CDCl3, 298 K): δ ) 24.76, 32.13 (CH2),
34.59 (CH3), 39.20, 47.98 (CH2), 56.10 (CH), 61.64 (CH2), 127.34,
129.01, 129.31 (Cq-Ar), 136.19 (Cq-Ar), 157.93, 169.87, 174.94
(CO); HRMS (ESI): m/z: calculated for C16H23N4O3: 319.1765,
found: 319.1768.

2-(6-Benzyl-1-methyl-4,7-dioxo-[1,3,5]triazepan-3-yl)-aceta-
mide (12). 12 was obtained from5 according to the procedure
described for11 in 74% yield. C14H18N4O3, C18-RP-HPLC (A:
0.1% TFA in H2O, B: 0.08% TFA in MeCN, 0-100% B, 1.2 mL/
min, 20 min): tR ) 9.00 min;IR(solid): νmax (cm-1) ) 3287 (NH),
1635 (CO); HRMS (ESI):m/z: calculated for C14H19N4O3: 291.1452,
found: 291.1456.

4-(6-Benzyl-1-methyl-4,7-dioxo-[1,3,5]triazepan-3-yl)-but-2-
enoic Acid (E isomer) (13). 13was obtained from8 (E isomer)
according to the method described for the preparation of10 in 54%
yield. C16H19N3O4, C18-RP-HPLC (A: 0.1% TFA in H2O, B: 0.08%
TFA in MeCN, 0-100% B, 1.2 mL/min, 20 min):tR ) 11.42 min;
IR(solid): νmax (cm-1) ) 3279 (OH), 2924 (Csp3), 1698, 1661,
1607 (CO);1H NMR (300 MHz, CDCl3, 298 K): δ ) 2.78 (dd,J
) 6.5, 14.1 Hz, CH2Ph, 1H), 2.90 (s, NCH3, 3H), 3.05 (dd,J )
6.9, 14.1 Hz, CH2Ph, 1H), 4.07-4.12 (m, NCH2CH, 2H), 4.24 (d,
J ) 15.8 Hz, NCH2N, 1H), 4.80-4.86 (m, NCHCO, 1H), 5.58 (d,
J ) 15.8 Hz, NCH2N, 1H), 5.80 (d,J ) 15.7 Hz, CHCHCO, 1H),
6.30 (d,J ) 3.2 Hz, NN, 1H), 6.70 (td,J ) 4.9, 15.7 Hz, NCH2CH,
1H), 7.16-7.34 (m, CH-Ar, 5H);13C NMR (75 MHz, CDCl3, 298
K): δ ) 33.85 (CH), 36.62 (CH2), 49.51 (CH2), 54.50 (CH), 61.29
(CH2), 122.49 (CH), 126.66, 128.52, 129.88 (CH-Ar), 138.51 (Cq-
Ar), 145.12 (CH), 156.49, 167.32, 171.10 (CO); HRMS (ESI):m/z:
calculated for C16H20N3O4: 318.1448, found: 318.1433.

(1-Methyl-6-naphthalen-2-ylmethyl-4,7-dioxo-[1,3,5]triazepan-
3-yl)-acetic Acid tert-Butyl Ester (23). 23was obtained from22
according to the method described for the preparation of3 in 38%
yield. C22H27N3O4, white solid, C18-RP-HPLC (A: 0.1% TFA in
H2O, B: 0.08% TFA in MeCN, 0-100% B, 1.2 mL/min, 20 min):
tR ) 19.02 min; IR(solid):νmax (cm-1) ) 3286, 3208 (NH), 2923,
2852 (Csp3), 1737, 1655 (CO);1H NMR (300 MHz, CDCl3, 298
K): δ ) 1.44 (s, (CH3)3, 3H), 2.97 (dd,J ) 9.1, 14.2 Hz, CH2Ph,
1H), 3.14 (s, NCH3, 3H), 3.52 (dd,J ) 4.7, 14.2 Hz, CH2Ph, 1H),
3.85 (d,J ) 17.7 Hz, NCH2CO, 1H), 4.16 (d,J ) 15.7 Hz, NCH2N,
1H), 4.27 (d,J ) 17.7 Hz, NCH2CO, 1H), 4.60 (br., NH), 4.68-
4.72 (m, NCHCO, 1H), 5.46 (,J ) 15.7 Hz, NCH2N, 1H), 7.35-
7.49 (m, CH-Ar, 3H), 7.73-7.83 (m, CH-Ar, 4H);13C NMR (75
MHz, CDCl3, 298 K): δ ) 28.04, 34.68 (CH3), 38.44, 51.47 (CH2),
55.80 (CH), 62.84 (CH2), 82.30 (Cq), 125.94, 126.38, 126.93,
127.64, 128.34, 128.84 (CH-Ar), 132.56, 133.49, 133.54 (Cq-Ar),
157.66, 168.93, 169.84 (CO); HRMS(ESI):m/z: calculated for
C22H28N3O4: 396.2074; found: 396.2082.

(5-Naphthalen-2-ylmethyl-4,7-dioxo-octahydro-3a,6,8-triaza-
azulen-8-yl)-a cetic Acidtert-Butyl Ester (34). 34 was obtained
from 30 according to the method described for the preparation of
3 in 29% yield. C24H29N3O4, white solid, C18-RP-HPLC (A: 0.1%
TFA in H2O, B: 0.08% TFA in MeCN, 0-100% B, 1.2 mL/min,
20 min): tR ) 15.29 min; IR(solid): νmax (cm-1) ) 3275, 3203
(NH), 3061 (Csp2), 2975, 2925 (Csp3), 1740, 1673, 1650 (CO);1H
NMR (300 MHz, CDCl3, 298 K): δ ) 1.44 (s, CH3, 9H), 1.88-
2.19 (m, CH2, 4H), 2.93-3.01 (m, CH2Nal, 1H), 3.56-3.68 (m,
CH2Nal, NCH2CH2, 3H), 3.74 (d,J ) 18.1 Hz, NCH2CO, 1H),
4.42 (d,J ) 18.1 Hz, NCH2CO, 1H), 4.73 (d,J ) 2.1 Hz, NH),
5.78 (m, NCHN, 1H), 7.39-7.45 (m, H-Ar, 3H), 7.77-7.82 (m,
H-Ar, 4H); 13C NMR (75 MHz, CDCl3, 298 K): δ ) 22.36 (CH2),
28.03 (CH3), 29.69, 30.86, 38.64, 45.57, 46.08 (CH2), 57.44, 68.65
(CH), 2.12 (Cq), 125.83, 126.25, 126.23, 127.61, 127.68, 128.47,
128.68 (CH-Ar), 132.49, 133.52, 134.09 (Cq-Ar), 159.45, 168.07,
169.41 (CO); HRMS(ESI): m/z: calculated for C24H30N3O4:
424.2231, found: 424.2220.

Virtual Screening of the sc-PDB Database.A subset of the
Protein DataBank21 comprising 2148 well-characterized binding
sites (release 1.0 of the sc-PDB)20 was screened to identify putative
targets for 5 compounds (1, 5, 16, 29, 36; Tables 1-3) representa-
tive of physically available triazepandiones. Automated input data
preparation for the GOLD 2.1 docking program59 was achieved
using an in-house perl script as previously described.20 For each
entry of the sc-PDB database, initial PDB coordinates of the protein
were converted to TRIPOS mol2 format60 while adding all hydrogen
atoms, using the SYBYL 6.91 package.60 Ligands were built in
SYBYL starting from the X-ray structure of the 1,3,5-triazepan-
2,6-dione2.32 Compounds were ionized manually at their most
likely ionization state at pH 7.4 and further minimized using 100
steps of steepest descent minimization using the TRIPOS force field
and finally saved as 3-D mol2 files. A GOLD configuration file
(gold_auto) was defined for each sc-PDB entry, including the
absolute path of the corresponding protein mol2 file and the 3-D
coordinates of the active site center deduced from the coordinates
of the cognate ligand. Fast virtual screening settings were chosen
for launching a separate job per entry. Fifteen independent jobs
were submitted, and the average fitness score for each PDB entry
was saved in an ASCII file. In the current study, 32 processors of
a SGI Origin3800 supercomputer were used to screen the full
database in ca. 2 h (total of 64 cpu-hours).

Preparation of Recombinant Human sPLA2s.Recombinant
hGIB, hGIIA, hGV, and hGX sPLA2s were produced inE. coli as
described previously.55 Recombinant hGIII sPLA2 catalytic domain
was produced inDrosophilaS2 insect cells as previously described
for human group IID sPLA2.55 The detailed protocol will be
described elsewhere.

sPLA2 Assays for Inhibition Analysis. sPLA2 assays were
performed using radiolabeledE. coli membranes as substrate as
described.39,55 Assays were carried in a final volume of 300µL.
The binding buffer was 100 mM Tris, pH 8.0, 10 mM CaCl2, 0.1%
bovine serum albumin. In these assays, the inhibitors were first
preincubated with sPLA2s for 10 min in 100µL of binding buffer.
Two hundred milliliters ofE. coli substrate (containing 100,000
dpm of 3H-oleate labeled phospholipids) diluted in binding buffer
was then added, and the reaction was continued for 15 min at room
temperature. sPLA2 activity was stopped by addition of 300µL of
a solution containing 0.1 M EDTA, pH 8.0, and 1% free fatty acid
bovine serum albumin. After centrifugation at 14000g for 3 min,
supernatants containing the hydrolyzed phospholipids were collected
and counted. The concentrations of human sPLA2s were adjusted
to ensure hydrolysis rates within the linear range of enzymatic
assays. Results are expressed as percentage of residual inhibition
of sPLA2 activity at the indicated concentration of inhibitors or as
IC50 values. IC50 value is defined as the concentration of inhibitor
that decreases the sPLA2 specific activity to 50%.
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