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3-(4-Tetradecyloxybenzyl)-4H-1,2,4-oxadiazol-5-one (PMS1062
or I) can probably act as a PLA2-II inhibitor on the acute in-
flammation model, but its highly lipophilic character could
prevent it from being biodistributed effectively. In this work,
based on a molecular modeling study, we have proposed a
model that may provide compounds retaining both anti-PLA2

activity and specificity while becoming active per os. More-
over, molecular dynamics and energy minimization enabled
us to characterize the lowest-energy complexes of each de-
rivative. Energy balances taking account of the conforma-
tional energy changes of both partners, along with the drug–

Introduction

Phospholipases A2 (PLA2s) constitute a superfamily of
intracellular and secreted enzymes catalyzing the hydrolysis
of glycerophospholipids at the sn-2-position, resulting in
the release of fatty acids and lysophospholipids.[1] PLA2s
are involved in pathophysiological processes by producing
arachidonic acid from membrane phospholipids, a phenom-
enon giving rise to the biosynthesis of various types of pro-
inflammatory eicosanoids and lipids. These include prosta-
glandins, leukotrienes, thromboxanes, metabolites of oxy-
genated arachidonic acid, and the Platelet Activating Fac-
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protein interaction, were performed, and were further com-
pleted by single-point computations of the contributions of
solvation/desolvation to the binding. The ordering of the re-
sulting energy balances was found to be fully consistent with
the experimentally ascertained ordering of affinities inferred
from the IC50 values. The essential role of an indole group
partaking in cation–π and hydrophobic interactions, together
with the CaII-chelating oxadiazolone ring, was highlighted
for the best binding compound.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2005)

tor(PAF). The involvement of PLA2s in cellular prolifera-
tion, apoptosis, and in some cancers has also been sug-
gested.[2]

The most widely studied PLA2s to date are a low molecu-
lar weight (14 kDa) secreted PLA2 (sPLA2) and a high mol-
ecular weight (85 kDa) intracellular PLA2 (cPLA2).[3] Nu-
merous other PLA2 activities have recently been reported,
implying that PLA2s are much more diverse than previously
anticipated.[3] Secreted PLA2s were initially divided into
three main groups (I, II, III) according to similarities found
in their primary sequences.[4,5] With the recent cloning of
several new sPLA2s, this family of proteins has now ex-
panded to encompass ten different groups.[6–12] Among
these, secreted nonpancreatic PLA2 (snpPLA2) was iden-
tified as a 14 kDa group II enzyme, calcium-dependent at
millimolar concentrations, which preferentially hydrolyzes
phospholipids in negatively charged form.

A pivotal role of group II PLA2 in inflammatory pro-
cesses has been demonstrated.[13–18] Regulation of these en-
zymes could therefore be essential against inflammation,
which has prompted a search for specific inhibitors of
group II PLA2s vs. group I (pancreatic PLA2s). The first
synthesis of nanomolar inhibitors was reported in 1996 by
Lilly.[19–21] Our own group is actively engaged in the search
of inhibitors preferentially targeting nonpancreatic over
pancreatic PLA2s.
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This has led us to the discovery of our lead compound

PMS1062 (I), which possesses a micromolar IC50 value
(Figure 1).

Figure 1. Chemical structure of PMS1062 (I).

Its structure presents three features: a) a negative moiety
binding CaII at the active site (we found that the oxadiazo-
lone ring, as previously described in other antiinflammatory
drugs,[22] was able to play this role), b) a phenoxy group
targeting the hydrophobic residues Phe5, Leu2, and Val30,
observed in proximity to the CaII binding site in the X-ray
crystal structure,[23] and c) a paraffinic chain of 14 carbon
atoms, introduction of which had previously been shown by
us to be optimal for PLA2 inhibition.[24] Furthermore, the
presence of this paraffinic chain has analogy in natural
PLA2 substrates. In vitro tests demonstrated this compound
to have both anti-group II PLA2 activity at a micromolar
level and selectivity for nonpancreatic over pancreatic
PLA2. In vivo studies, however, revealed it to be active by
intraperitoneal administration but inactive per os, probably
due to its high lipophilicity, with a partition coefficient
(logP) of 7.1 units. Reduction of logP therefore appears
necessary to provide an orally active drug. While a straight-
forward process consisted of a progressive reduction of the
aliphatic chain length of PMS1062, the consequence was a
drastic decrease in the activity or even its complete disap-
pearance.[24] The design of compounds retaining both anti-
PLA2 activity and specificity while becoming active per os
constitutes the objective of this study. To this end we re-
sorted to a combined approach using molecular modeling,
chemical synthesis, and enzymatic inhibition assays. Con-
sideration of the crystal structure of PLA2 in its complex
with (4S)-4-[(1-oxo-7-phenylheptyl)amino]-5-[(phenylmeth-
yl)phenylthio]pentanoic acid (OAP) shows the presence of
electron-deficient (Arg, Lys), aromatic (His), and aliphatic
(Ile, Val) residues as potential ligand recognition sites in the
vicinity of the CaII binding site.[23] We therefore designed

Scheme 1. Reagents and conditions: a) CH3CN, K2CO3, Br(CH2)nBr, reflux, 5 d. b) NaOH, EtOH, 0 °C, 1 h. c) 1a–f, DMF, room temp.,
3 d. (d) NH2OH HCl, K2CO3, EtOH, reflux, 18 h. e) PhOCOCl, Et3N, CH2Cl2, 0 °C, 1 h. (f) PhCH3, reflux, 5 h.
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and subsequently synthesized and tested a series of deriva-
tives of PMS1062 based on this model, each containing an
indole ring connected to the phenoxy moiety through a
paraffinic chain of variable length (n = 3, 5–8, 10), to evalu-
ate the optimal distance for the best activity. The indolyl
moiety was chosen for its propensity to partake in cation–
π,[25] as well as π–π and van der Waals interactions.

In future studies, the nature of this linker and that of the
terminal aromatic group will both be modified in an effort
to enhance the inhibitory potency further and to decrease
the lipophilicity.

Chemistry

N-(ω-Bromoalkyl)indoles 1a–f were prepared according
to Dehaen et al.[26] (see Scheme 1), by monosubstitution of
dibromoalkanes with indole. These bromo derivatives were
then condensed with p-hydroxyphenylacetonitrile in the
form of its sodium salt to form intermediates 2a–f. The ni-
trile functions were converted into amidoximes 3a–f by
treatment with hydroxylamine, and addition of phenyl chlo-
roformate and subsequent heating gave the substituted ox-
adiazolones II–VII (Figure 2).

Figure 2. Chemical structures of II to VII.

Results and Discussion

The lowest-energy structure obtained by Molecular Dy-
namics (MD) for the complex of PMS1062 with PLA2 (Fig-
ure 3) was used as a starting point for the design of the
indole-containing analogues. In these analogues, the paraf-
finic tail of PMS1062 was replaced by N-indolylalkyl chains
bearing variable numbers of methylene groups (n = 3, 5, 6,
7, 8, 10) (Figure 2).
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Figure 3. Representation of the most important interactions occurring between PMS1062 and the binding site of PLA2 as derived from
molecular dynamics with Accelrys software and the cff91 forcefield.

Figure 4. Representation of the most important interactions occurring between II and the binding site of PLA2 as derived from molecular
dynamics with Accelrys software and the cff91 forcefield.

Eur. J. Org. Chem. 2005, 2747–2757 www.eurjoc.org © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 2749
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Figure 3 shows the contribution of the paraffinic tail, in-

volving interactions only with the side chains of the ali-
phatic residues Ala18 and Val30. On the other hand,
though, there is also proximity of additional aromatic and
aliphatic residues (namely, Phe5, His6, Leu2) to the phen-
oxy ring, together with that of the cationic residue Arg7.
Therefore, in an attempt to gain further stabilization by tar-
geting these residues, we replaced the paraffinic side chain
by an indolylalkyl chain. The choice of indolyl moiety was
motivated by its propensity to partake in cation–π interac-
tions,[25] as well as π–π and van der Waals interactions.

The structures of the most stable complexes obtained
from the MD approach are presented in Figures 4, 5, 6, 7,
8, and 9, for compounds II–VII, respectively.

Figure 5. Representation of the most important interactions occurring between III and the binding site of PLA2 as derived from molecular
dynamics with Accelrys software and the cff91 forcefield.

Figure 6. Representation of the most important interactions occurring between IV and the binding site of PLA2 as derived from molecular
dynamics with Accelrys software and the cff91 forcefield.

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjoc.org Eur. J. Org. Chem. 2005, 2747–27572750

The energy balances resulting from the modeling, to-
gether with the experimentally measured inhibitory potenc-
ies, are listed in Tables 1, 2, and 3.

Table 1 shows in vacuo energy balances obtained with ε
= 4 × r. Eint represents the value of the inhibitor–protein
interaction energy, δElig and δEprot denote the variations of
conformational energies of the inhibitor and the protein,
respectively, upon passing from the uncomplexed to the
complexed state, and δE is the sum: Eint + δElig + δEprot.

Let us denote the values of the energies of the protein
and of the ligand after energy minimization in the absence
of complexation by E0prot and E0lig, respectively.

We denote the energies of separated protein and ligand,
as extracted from the lowest-energy MD frame, by Eprot and
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Figure 7. Representation of the most important interactions occurring between V and the binding site of PLA2 as derived from molecular
dynamics with Accelrys software and the cff91 forcefield.

Figure 8. Representation of the most important interactions occurring between VI and the binding site of PLA2 as derived from molecular
dynamics with Accelrys software and the cff91 forcefield.

Elig, respectively, and the total energy of the corresponding
complex by Etot. Then:

δEprot = E0prot – Eprot

δElig = E0lig – Elig

Eint = Etot – Eprot – Elig

Table 2 gives related energy balances after single-point
Poisson–Boltzmann calculations of continuum solvation
energies on the same structures as in Table 1. The values of
Eint, δElig, δEprot, and δE1 were now recomputed for the
corresponding structures with ε = 4.

Table 3 reports the same energy balances, now carried
out on the best structures obtained from MD with ε = 4
instead of ε = 4 × r.

In Tables 2 and 3 (with the effect of continuum sol-
vation):

Eur. J. Org. Chem. 2005, 2747–2757 www.eurjoc.org © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 2751

δE1 = Eint + δEprot + δElig

In these two tables, Esolvprot and Esolvlig denote the con-
tinuum solvation energies of the isolated protein and the
ligand, respectively, after in vacuo energy minimization in
the absence of complexation, whilst Esolvtot denotes the con-
tinuum energy of the complex. Then:

δEsolv = Esolvtot – Esolvlig – Esolvprot

and finally:

δE2 = δE1 + δEsolv

In the indolylalkyl derivative series, compound III (n =
5) shows the strongest inhibitory potency. Its IC50 of 5.0 μm

is equivalent to that of the lead compound I (PMS1062)
(IC50 = 4 μm), but its partition coefficient (logP) of 3.8
units has decreased by 3.2 in relation to I (logP = 7.1). This
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Figure 9. Representation of the most important interactions occurring between VII and the binding site of PLA2 as derived from molecu-
lar dynamics with Accelrys software and the cff91 forcefield.

Table 1. Energy balances (ε = 4 × r) resulting from molecular mod-
eling and the experimentally determined inhibitory potencies.

Cmpd. n Eint δEprot δElig δE IC50 ₍μm₎ IC50 ₍μm₎
hGIIA pGIB

II 3 –71.3 4.3 8.7 –58.3 70±0.1 �100
III 5 –60.3 0.5 6.7 –53.1 5±0.7 �100
IV 6 –60.7 0.5 6.7 –53.5 15±0.1 �100
V 7 –59.3 1.3 7.9 –50.1 14±0.2 �100
VI 8 –60.8 0.4 4.9 –55.5 11±1.2 �100
VII 10 –63.5 1.3 6.0 –56.2 8±1.8 �100
I –68.0 0.4 6.7 –60.9 4±0.4 �100

corresponds to an increase by a factor of a thousand in its
solubility in aqueous phase. Compound II (n = 3) has the
smallest inhibitory potency, 14 times smaller than that of
III. Increasing n to more than five first results in a decrease

Table 2. Energy balances (ε = 4) after single-point Poisson–Boltzmann calculations of continuum solvation energies, together with the
experimentally determined inhibitory potencies.

Cmpd. n Eint δEprot δElig δE1 Esolvtot Esolvlig Esolvprot δEsolv δE2 IC50 ₍μm₎

II 3 –122.1 8.8 8.7 –104.6 –338.2 –21.8 –385.1 68.7 –35.9 70±0.1
III 5 –129.5 5.5 8.1 –115.9 –344.3 –22.5 –385.1 63.3 –52.6 5±0.7
IV 6 –121.0 9.9 8.1 –103.0 –346.7 –22.3 –385.1 60.7 –42.3 15±0.1
V 7 –128.2 6.3 12.7 –109.2 –354.2 –22.4 –385.1 62.3 –46.9 14±0.2
VI 8 –130.1 6.4 12.9 –110.8 –354.2 –22.7 –385.1 62.6 –48.5 11±1.2
VII 10 –132.8 7.8 10.6 –114.4 –343.7 –23.9 –385.1 65.3 –49.1 8±1.8
I –130.9 9.9 9.1 –111.9 –349.0 –23.6 –385.1 59.7 –52.2 4±0.4

Table 3. Energy balances, now carried out on the best structures obtained from MD (Table 1) with ε = 4 instead of ε = 4 × r, together
with the experimentally determined inhibitory potencies.

Cmpd. n Eint δEprot δElig δE1 Esolvtot Esolvlig Esolvprot δEsolv δE2 IC50 ₍μm₎

II 3 –115.6 2.9 6.5 –106.8 –367.1 –24.3 –409.0 66.2 –40.6 70±0.1
III 5 –121.6 2.3 7.5 –111.7 –373.3 –25.3 –409.0 61.0 –50.7 5±0.7
IV 6 –113.2 2.4 7.7 –102.9 –374.0 –25.5 –409.0 60.5 –42.4 15±0.1
V 7 –119.2 2.6 5.9 –113.1 –363.1 –23.2 –409.0 69.1 –44.0 14±0.2
VI 8 –122.6 0.2 5.7 –107.2 –373.0 –24.3 –409.0 60.3 –46.9 11±1.2
VII 10 –127.4 9.7 9.6 –117.6 –365.8 –25.9 –409.0 69.1 –48.5 8±1.8
I –128.4 0.2 8.9 –116.6 –366.9 –23.1 –409.0 65.2 –51.4 4±0.4
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in the inhibitory potency (IV: n = 6; V: n = 7), followed by
real increases for n = 8 and 10, which is not surprising for
compounds reaching the same level of lipophilicity as I.
Therefore, the combination of both IC50 and partition coef-
ficient clearly point to derivative III (n = 5) as the most
promising in the series.

All compounds are anchored to the active site by a bi-
dentate interaction of oxadiazolone with CaII, occurring
through the extracyclic oxygen atom of the carbonyl group
and the nitrogen atom close to it. In all compounds, the
phenoxy ring has stacking/van der Waals interactions with
Phe5, Leu2, and Ala18. For compounds II–VII, the extent
and nature of interactions of the indolyl group depends
upon the linker length. For n = 3 (Figure 4) this ring only
partakes in a stacking interaction with Phe23. For n = 5,
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(Figure 5), the indolyl group partakes in simultaneous inter-
actions with His6 (parallel stacking), Arg7, and Val3. For
n = 6 (Figure 6), it stacks in a T-shape orientation over
Phe63, while the NH2 group of Asn1 stacks above its five-
membered ring. For n = 7 (Figure 7), the indole ring has a
T-shaped stacking with His6 and enters into van der Waals
interactions with Arg7. For n = 8 (Figure 8) it interacts
through the electron-rich cloud of its five-membered ring
with the NH2 group of Asn1 and is also engaged in a stack-
ing interaction with the benzene ring of Phe63, although
the interplanar separation (4.4 Å) is longer than standard.
For n = 10 (Figure 9), it makes a cation–π complex with
Arg7 and participates in a van der Waals interaction with
His6.

The energy balances given in Table 1 with ε = 4 × r do
not show any correlation between δE and the experimen-
tally measured IC50 values. Thus, even though compound I
has the greatest absolute value of δE, consistent with it hav-
ing the lowest IC50 value, compound III, with a pentameth-
ylene spacer, ranking second best in terms of experimental
inhibitory potencies in this series, has a δE value smaller in
magnitude than the longer chain homologues with n = 8
(VI) and 10(VII) methylene groups. This indicates the inad-
equacies of performing energy balances with an oversimpli-
fied representation of solvation effects. In contrast, the en-
ergy balances in Table 2 show a striking agreement with the
ordering of biological data. Thus, the absolute values of δE
decrease in the sequence:

III (n = 5) � I (PMS1062) � VII (n = 10) � VI (n = 8) � V (n =
7) � IV (n = 6) � II (n = 3)

while the IC50 values increase in the following sequence,
indicative of decreasing affinities:

I (PMS1062) � III (n = 5) � VII (n = 10) � VI (n = 8) � V (n =
7) � IV (n = 6) � II (n = 3)

The only inversion in these two sequences concerns com-
pounds III and I, but it bears on extremely small differences
both in δE (0.4 kcalmol–1) and in IC50 (1 μm). The ob-
taining of such an agreement is satisfactory in view of the
approximations involved in this approach, which uses only
single-point computations of Poisson–Boltzmann solvation
energies for the most stable minima of the MD procedure.
Such agreement may mean that compounds II–VII, dif-
fering only in the lengths of their paraffinic connectors, can
be differentiated by the extent of overlap of their indole
rings with their target PLA2 sites (Val3, His6, Arg7, Phe23,
Phe63...), as well as by the variable amount of solvent expo-
sure of such residues in the complexes. The need to include
the solvation effects is illustrated by the corresponding se-
quence of δE1 values, as found before accounting for δEsolv:

III (n = 5) � VII (n = 10) � I (PMS1062) � VI (n = 8) � V (n =
7) � II (n = 3) � IV (n = 6)

in which I is ranked third rather than first while the relative
affinities of II and IV are inverted. Nevertheless, among the
designed compounds even prior to accounting for solvation
effects, III (n = 5) is the one endowed with the largest mag-
nitude of δE1.

Eur. J. Org. Chem. 2005, 2747–2757 www.eurjoc.org © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 2753

The energy balances given in Table 3, in which single-
point computations of the solvation energies are carried out
on the selected MD frames with ε = 4 × r, give a ranking
of δE values fully consistent with the corresponding ones
from Table 2 and actually identical with the sequence of
experimentally determined inhibitory potencies:

I (PMS1062) � III (n = 5) � VII (n = 10) � VI (n = 8) � V (n =
7) � IV (n = 6) � II (n = 3)

The need to include solvation energies is here again
shown by the inconsistency in the corresponding ordering
of δE1 values in their absence:

VII (n = 10) � I (PMS1062) � V (n = 7) � III (n = 5) � VI (n =
8) � II (n = 3) � IV (n = 6)

Conclusion and Perspectives

We have previously reported[27] the design and synthesis
of an oxadiazolone derivative, PMS1062, possessing a 4 μm

inhibitory potency for group II PLA2s. Its logP value of
7.1, however, prevents its per os bioavailability. This has
prompted us to design novel derivatives that should be
equivalent to PMS1062 in terms of binding affinity but with
reduced logP values. This was done in this study by replac-
ing the long paraffinic chain of PMS1062 by an indolylalkyl
component of variable length (3–10 methylene moieties for
the alkyl group). Variable-length connector derivatives (n =
3, 5–8, and 10 methylene groups) based on the results from
molecular modeling were synthesized. Their in vitro inhibi-
tory potencies were experimentally measured as described
previously.

In this series, compound III, with n = 5 methylene
groups, was both computed and measured to have the high-
est PLA2 binding affinities. The essential contribution of its
indole ring in stabilization, through cation–π and hydro-
phobic interactions, was highlighted by the modeling stud-
ies. Compound III, furthermore, has a logP value of only
3.7 units, below the threshold value of 5, above which bi-
oavailability[28] is hampered. As such, compound III ap-
pears to be the most interesting for future developments,
and so we are currently evaluating the impact of incorporat-
ing an additional CaII-chelating group into III, which
should enhance both PLA2 binding affinity and solubility.
The results will be reported in due course.

To have reached the same ranking of affinities as deter-
mined experimentally after accounting for solvation is cer-
tainly encouraging, in view of the fact that the ΔGsolv values
obtained by the Poisson–Boltzmann procedure were derived
only from single-point computations on the best frames
from MD. This may signify that the relative affinities of the
designed compounds, differing only in the lengths of their
paraffinic connectors, are modulated predominantly by the
overlap of their indole rings with their target PLA2 sites
(Val30, His6, Arg7, Phe23, Phe63...), and that the use of ε
= 4 or ε = 4 × r in the course of MD could partly mimic the
structural effects of solvation on these aspects. We intend to
attempt to refine the energy balances in more general series
of derivatives by resorting to the polarizable molecular me-



F. Heymans et al.FULL PAPER
chanics procedure SIBFA,[29] recently used in conjunction
with the Langlet–Claverie methodology for continuum sol-
vation[30] to investigate the binding of inhibitors to metallo-
enzymes.[31,32] There is ongoing progress in the incorpora-
tion of continuum solvation models in the course of energy
minimization or molecular dynamics,[33,34] and we plan to
use these in future studies.

Experimental Section
Molecular Modeling: The molecular dynamics computations were
carried out with the DISCOVER (Accelrys) software.[35] We used
the 2 Å resolution X-ray crystal structure of hsnp-PLA2 complexed
with micromolar inhibitor OAP[23] (PDB access code 1kvo). The
computations were carried out on the 70 N-terminal residues of
PLA2, and included the CaII ion of the active site. Restriction to
these residues was supported by the X-ray structure, which showed
all drug–protein interactions to take place exclusively in the N-
terminal part. The ligands were constructed with the Builder mod-
ule of the Accelrys package,[35] with use of the cff91 forcefield. To
derive the atomic charges on the oxadiazolone fragment in its an-
ionic state, a Mulliken population analysis was performed follow-
ing an ab initio Hartree–Fock computation with the 6-311G** ba-
sis set and the Gaussian 98 package.[36] Energy minimization and
molecular dynamics were performed in the absence of explicit water
molecules. Two different protocols were carried out for each com-
plex. The first was with a distance-proportional dielectric screening
(4 × r), and the second was with a fixed ε of 4. Throughout the
simulations, the protein backbone was held frozen, while the side-
chains, the CaII cation, and the inhibitor were relaxed. Manual
docking, followed by a preliminary round of energy minimization,
was performed by use of our computer graphic facilities prior to
molecular dynamics. The latter used the same protocol as de-
scribed.[37] After 5000 fs initialization steps at 300 K, 100 steps of
molecular dynamic calculations were performed. Each was done at
300 K during 5000 steps of 1 fs. The resulting structure was sub-
jected to conjugate-gradient energy minimization and stored. All
100 structures are characterized by an ionic bond between CaII and
the C–O oxygen atom of the oxadiazolone ring. The search for the
best conformation of the uncomplexed protein and inhibitors was
carried out by the same molecular dynamics protocol. Solvation
energies of the selected minima were computed using the Poisson–
Boltzmann procedure with the Delphi software.[38] The solute and
solvent dielectric constants were 4 and 80, respectively.

Chemistry. General Methods: All materials were obtained from
commercial suppliers and were used without further purification.
Thin-layer chromatography was performed on TLC plastic sheets
coated with silica gel (60F254, layer thickness 0.2 mm, Merck). Col-
umn chromatography purification was carried out on silica gel 60
(70–230 mesh ASTM, Merck). All melting points were determined
with a digital melting point apparatus (Electrothermal) and are un-
corrected. IR and 1H NMR spectra confirmed the structures of all
compounds. IR spectra were obtained in paraffin oil with an ATI
Mattson Genesis Series FTIR spectrometer, and 1H NMR spectra
were recorded in CDCl3 with a Bruker AC 200 spectrometer with
hexamethyldisiloxane (HMDS) as an internal standard. Chemical
shifts are given in ppm and peak multiplicities are designated as
follows: s, singlet; d, doublet; t, triplet; quint, quintuplet; m, mul-
tiplet. Elemental analyses were obtained from the “Service
Régional de Microanalyse” (Université Paris 6 – Pierre et Marie
Curie), Paris, France, and were within ±0.4% of theoretical values.

N-(3-Bromopropyl)indole (1a): A stirred mixture of 1,3-dibro-
mopropane (58.95 g, 0.25 mol), K2CO3 (11.8 g, 85.5 mmol), and

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjoc.org Eur. J. Org. Chem. 2005, 2747–27572754

indole (10 g, 85.5 mmol) was heated to reflux in acetonitrile
(200 mL) for 5 d. The solvent was removed under vacuum, and the
oily residue was dissolved in EtOAc (150 mL), washed with water
(2×75 mL), and dried with magnesium sulfate. After filtration, the
organic phase was concentrated in vacuo, and the crude product
was purified by silica gel column chromatography, first with petro-
leum ether and then with 5% ether in petroleum ether as eluents
to afford 1a (12 g, 40%) as a colorless oil: 1H NMR (200 MHz,
CDCl3): δ = 2.16 (m, 2 H, CH2), 3.12 (t, J = 6.09 Hz, 2 H, CH2Br),
4.15 (t, J = 6.3 Hz, 2 H, CH2N), 6.41 (d, J = 3.15 Hz, 1 H, Har),
6.94–7.15 (m, 3 H, Har), 7.24 (d, J = 8.30, 1 H, Har), 7.53 (d, J =
7.63, 1 H, Har) ppm. 13C NMR (50 MHz, CDCl3): δ = 30.46, 32.60,
43.83, 101.42, 109.19, 119.42, 121.00, 121.56, 127.91, 128.62,
135.72 ppm.

N-(5-Bromopentyl)indole (1b): This compound was prepared in a
similar manner in 52% yield (yellow oil). 1H NMR (200 MHz,
CDCl3): δ = 0.81 (m, 2 H, CH2), 1.46 (m, 4 H, CH2), 3.23 (t, J =
6.68 Hz, 2 H, CH2Br), 3.95 (t, J = 7 Hz, 2 H, CH2N), 6.39 (d, J =
3.00 Hz, 1 H, Har), 6.93–7.23 (m, 4 H, Har), 7.52 (d, 1 H, Har) ppm.
13C NMR (50 MHz, CDCl3): δ = 25.42, 29.24, 33.29, 45.94, 100.91,
108.16, 119.12, 120.84, 121.26, 127.59, 128.47, 135.72 ppm. IR
(neat ): ν̃ = 3052, 2937, 2863 cm–1.

N-(6-Bromohexyl)indole (1c): 46% (green oil). 1H NMR (200 MHz,
CDCl3): δ = 1.36 (m, 4 H, CH2), 1.70 (m, 4 H, CH2), 3.28 (t, J =
6.50 Hz, 2 H, CH2Br), 4.03 (t, J = 6.90 Hz, 2 H, CH2N), 6.39 (m,
1 H, Har), 6.95–7.16 (m, 3 H, Har), 7.26 (d, J = 8.53, 1 H, Har),
7.55 (ddd, J1 = 8.18, J2 = 0.82, J3 = 1.27, 1 H, Har) ppm. 13C NMR
(50 MHz, CDCl3): δ = 26.09, 27.69, 30.01, 32.50, 33.67, 46.13,
100.91, 109.26, 119.15, 120.91, 121.30, 127.69, 128.52, 135.86 ppm.
IR (neat): ν̃ = 3052, 2933, 2857 cm–1.

N-(7-Bromoheptyl)indole (1d): 72% (green oil). 1H NMR
(200 MHz, CDCl3): δ = 1.30 (m, 6 H, CH2), 1.70 (m, 4 H, CH2),
3.22 (t, J = 6.75 Hz, 2 H, CH2Br), 4.02 (t, J = 7.05 Hz, 2 H,
CH2N), 6.39 (dd, J1 = 3.12, J2 = 0.70 Hz, 1 H, Har), 6.97–7.16 (m,
3 H, Har), 7.26 (d, J = 8.18 Hz, 1 H, Har) 7.55 (d, J = 7.06, 1 H,
Har) ppm. 13C NMR (50 MHz, CDCl3): δ = 26.75, 27.90, 28.11,
30.06, 32.56, 33.79, 46.24, 100.83, 109.27, 119.10, 120.87, 121.25,
127.68, 128.50, 135.85 ppm. IR (neat): ν̃ = 3053, 2931, 2855 cm–1.

N-(8-Bromooctyl)indole (1e): 71% (orange oil). 1H NMR
(200 MHz, CDCl3): δ = 1.31 (m, 8 H, CH2), 1.82 (m, 4 H, CH2),
3.38 (t, J = 6.80 Hz, 2 H, CH2Br), 4.10 (t, J = 7.03 Hz, 2 H,
CH2N), 6.50 (d, J = 2.87 Hz, 1 H, Har), 7.08–7.28 (m, 3 H, Har)
7.36 (d, J = 8.00 Hz, 1 H, Har), 7.67 (d, J = 7.66 Hz, 1 H, Har)
ppm. 13C NMR (50 MHz, CDCl3): δ = 26.75, 27.91, 28.47, 28.92,
30.06, 32.59, 33.85, 46.21, 100.75, 109.25, 119.04, 120.82, 121.18,
127.65, 128.47, 135.82 ppm. IR (neat): ν̃ = 3052, 2930, 2854 cm–1.

N-(10-Bromodecyl)indole (1f): 90% (yellow oil). 1H NMR
(200 MHz, CDCl3): δ = 1.22 (m, 12 H, CH2), 1.74 (m, 4 H, CH2),
3.30 (t, J = 6.80 Hz, 2 H, CH2Br), 4.07 (t, J = 7.02 Hz, 2 H,
CH2N), 6.47 (d, J = 2.90 Hz, 1 H, Har), 6.99–7.31 (m, 4 H, Har),
7.63 (d, J = 7.49 Hz, 1 H, Har) ppm. 13C NMR (50 MHz, CDCl3):
δ = 26.67, 27.86, 28.44, 28.94, 29.10, 29.94, 32.55, 33.74, 45.99,
100.59, 109.11, 118.87, 120.64, 121.00, 127.44, 128.36, 135.70 ppm.
IR (neat): ν̃ = 3052, 2928, 2853 cm–1.

{4-[3-(Indol-1-yl)propoxy]phenyl}acetonitrile (2a): A solution of
NaOH (0.2 g, 5 mmol) in EtOH (10 mL) was added dropwise at
0 °C to a solution of 4-hydroxybenzyl cyanide (0.70 g, 5.26 mmol)
in EtOH (10 mL), and the mixture was stirred at 0 °C for 1 h. The
solvent was removed in vacuo, and the residue, dissolved in DMF
(15 mL), was added dropwise to a solution of 1a (1.00 g,
4.02 mmol) in DMF (15 mL). The reaction mixture was stirred at
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room temperature for 12 h. The solvent was then removed, and the
product was taken up in AcOEt, washed with water, dried with
MgSO4, and filtered, and the solvents were evaporated. The residue
was purified on a silica gel column with 30% dichloromethane in
petroleum ether to yield 2a (1.1 g, 91%) as a pale yellow oil: 1H
NMR (200 MHz, CDCl3): δ = 2.17 (m, 2 H, CH2), 3.54 (s, 2 H,
CH2CN), 3.74 (t, J = 5.74 Hz, 2 H, CH2O), 4.26 (t, J = 6.56 Hz,
2 H, CH2N), 6.40 (d, J = 3.10 Hz, 1 H, Hind), 6.76 (d, J = 8.40 Hz,
2 H, Ph-H), 6.96–7.06 (m, 3 H, Hind), 7.11 (d, J = 8.40, 2 H, Ph-
H), 7.27 (d, J = 8.02 Hz, 1 H, Hind), 7.55 (d, J = 7.68 Hz, 1 H,
Hind) ppm. 13C NMR (50 MHz, CDCl3): δ = 22.67, 29.63, 42.55,
64.26, 101.22, 109.20, 114.96, 118.12, 119.28, 120.92, 121.46,
121.97, 127.99, 128.54, 129.05, 135.80, 158.31 ppm. IR (neat): ν̃ =
2249 (CN), 1611 (C=C) cm–1.

{4-[5-(Indol-1-yl)pentoxy]phenyl}acetonitrile (2b): 75% (green oil):
1H NMR (200 MHz, CDCl3): δ = 1.37 (m, 2 H, CH2), 2.17 (m, 4
H, CH2), 3.52 (s, 2 H, CH2CN), 3.79 (t, J = 6.35 Hz, 2 H, CH2O),
4.26 (t, J = 6.94 Hz, 2 H, CH2N), 6.40–7.57 (m, 10 H, Har) ppm.
13C NMR (50 MHz, CDCl3): δ = 22.61, 23.44, 28.70, 29.86, 46.10,
67.58, 100.87, 109.25, 114.93, 115.86, 118.18, 119.12, 120.86,
121.26, 121.57, 127.71, 128.48, 128.95, 129.06, 135.80, 158.58 ppm.
IR (neat): ν̃ = 2249 (CN), 1612 (C=C) cm–1.

{4-[6-(Indol-1-yl)hexoxy]phenyl}acetonitrile (2c): 85% (yellow oil):
1H NMR (200 MHz, CDCl3): δ = 1.35 (m, 4 H, CH2), 1.65 (m, 4
H, CH2), 3.53 (s, 2 H, CH2CN), 3.80 (t, J = 6.30 Hz, 2 H, CH2O),
4.02 (t, J = 7.01 Hz, 2 H, CH2N), 6.40–7.57 (m, 10 H, Har) ppm.
13C NMR (50 MHz, CDCl3): δ = 22.77, 25.71, 26.71, 29.02, 30.16,
46.25, 67.80, 100.92, 109.35, 115.04, 118.27, 119.19, 120.96, 121.34,
121.63, 127.78, 128.58, 129.05, 135.93, 158.77 ppm. IR (neat): ν̃ =
2249 (CN), 1612 (C=C) cm–1.

{4-[7-(Indol-1-yl)heptoxy]phenyl}acetonitrile (2d): 61% (orange oil).
1H NMR (200 MHz, CDCl3): δ = 1.30 (m, 6 H, CH2), 1.69 (m, 4
H, CH2), 3.55 (s, 2 H, CH2CN), 3.80 (t, J = 6.38 Hz, 2 H, CH2O),
4.02 (t, J = 7.02 Hz, 2 H, CH2N), 6.40–7.57 (m, 10 H, Har) ppm.
13C NMR (50 MHz, CDCl3): δ = 22.69, 25.81, 26.84, 28.90, 28.98,
30.08, 46.26, 67.84, 100.79, 109.27, 114.96, 118.18, 119.08, 120.85,
121.22, 121.50, 127.69, 128.46, 128.96, 135.85, 158.74 ppm. IR
(neat): ν̃ = 2248 (CN), 1612 (C=C) cm–1.

{4-[8-(Indol-1-yl)octoxy]phenyl}acetonitrile (2e): 70% (yellow oil):
1H NMR (200 MHz, CDCl3): δ = 1.25 (m, 8 H, CH2), 1.69 (m, 4
H, CH2), 3.54 (s, 2 H, CH2CN), 3.81 (t, J = 6.41 Hz, 2 H, CH2O),
4.01 (t, J = 7.03 Hz, 2 H, CH2N), 6.40–7.57 (m, 10 H, Har) ppm.
13C NMR (50 MHz, CDCl3): δ = 22.73, 25.86, 26.86, 29.06, 29.10,
30.15, 46.31, 67.95, 100.78, 109.31, 115.00, 118.21, 119.09, 120.87,
121.23, 121.50, 127.72, 128.50, 128.98, 135.88, 158.80 ppm. IR
(neat): ν̃ = 2249 (CN), 1612 (C=C) cm–1.

{4-[10-(Indol-1-yl)decoxy]phenyl}acetonitrile (2f): 70% (yellow oil):
1H NMR (200 MHz, CDCl3): δ = 1.21 (m, 12 H, CH2), 1.68 (m, 4
H, CH2), 3.55 (s, 2 H, CH2CN), 3.84 (t, J = 6.50 Hz, 2 H, CH2O),
4.02 (t, J = 7.10 Hz, 2 H, CH2N), 6.40–7.57 (m, 10 H, Har) ppm.
13C NMR (50 MHz, CDCl3): δ = 22.72, 25.90, 26.93, 29.11, 29.15,
29.22, 29.33, 30.17, 46.31, 68.02, 100.75, 109.31, 115.00, 118.20,
119.07, 120.86, 121.21, 121.47, 127.72, 128.50, 128.97, 135.87,
158.83 ppm. IR (neat): ν̃ = 2249 (CN), 1611 (C=C) cm–1.

N-Hydroxy-2-{4-[5-(indol-1-yl)pentoxy]phenyl}acetamidine (3b): A
mixture of the nitrile 2b (2.50 g, 7.86 mmol), hydroxylamine hydro-
chloride (3.00 g, 43.2 mmol), and K2CO3 (6.00 g, 43.5 mmol) in ab-
solute EtOH (100 mL) was heated at reflux for 18 h. The salts were
filtered and washed with hot absolute EtOH (2×30 mL), and the
filtrate was concentrated under reduced pressure. The residue was
chromatographed on a silica gel column with CH2Cl2 as eluent to
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yield the amidoxime 3b (2.4 g, 85%) as a viscous yellow product.
1H NMR (200 MHz, CDCl3): δ = 1.43 (t, 2 H, CH2), 1.71 (m, J =
7.1 Hz, 4 H, CH2), 3.31 (s, 2 H, CH2–C=N), 3.81 (t, J = 6.28 Hz,
2 H, CH2O), 4.00 (t, J = 6.9 Hz, 2 H, CH2N), 4.39 (s, 2 H, NH2),
6.39 (d, J = 3.12 Hz, 1 H, Hind), 6.74 (d, J = 8.60, 2 H, Ph-H),
6.98–7.16 (m, 3 H, Hind), 7.07 (d, J = 8.60 Hz, 2 H, Ph-H), 7.28
(d, J = 7.44 Hz, 1 H, Hind), 7.55 (d, J = 7.13 Hz, 1 H, Hind) ppm.
13C NMR (50 MHz, CDCl3): δ = 23.55, 28.83, 29.95, 36.71, 46.20,
67.55, 100.92, 109.27, 114.72, 119.16, 120.91, 121.31, 127.67,
127.73, 128.52, 129.87, 135.85, 153.28, 158.09 ppm. IR (neat): ν̃ =
3496, 3391 (NH2), 3180 (OH), 1663 (C=N) cm–1.

N-Hydroxy-2-{4-[3-(indol-1-yl)propoxy]phenyl}acetamidine (3a):
64% (yellow oil). 1H NMR (200 MHz, CDCl3): δ = 2.17 (quintt, J

= 6.30 Hz, 2 H, CH2), 3.32 (s, 2 H, CH2CN), 3.75 (t, J = 5.70 Hz,
2 H, CH2O), 4.27 (t, J = 6.58 Hz, 2 H, CH2N), 4.41 (s, 2 H, NH2),
6.40–7.56 (m, 10 H, Har) ppm. 13C NMR (50 MHz, CDCl3): δ =
29.71, 36.71, 42.65, 64.24, 101.20, 109.25, 114.75, 119.29, 120.93,
121.46, 128.01, 128.08, 128.58, 129.94, 135.83, 153.22, 157.80 ppm.
IR (neat): ν̃ = 3493, 3435 (NH2), 3207 (OH), 1661 (C=N) cm–1.

N-Hydroxy-2-{4-[6-(indol-1-yl)hexoxy]phenyl}acetamidine (3c): 80%
(yellow oil). 1H NMR (200 MHz, CDCl3): δ = 1.34 (m, 4 H, CH2),
1.71 (m, 4 H, CH2), 3.31 (s, 2 H, CH2CN), 3.80 (t, J = 6.26 Hz, 2
H, CH2O), 4.04 (t, J = 7.00 Hz, 2 H, CH2N), 4.41 (s, 2 H, NH2),
6.40–7.56 (m, 10 H, Har) ppm. 13C NMR (50 MHz, CDCl3): δ =
25.66, 26.66, 29.02, 30.10, 36.65, 46.18, 67.64, 100.84, 109.27,
114.71, 119.14, 120.885, 121.26, 127.50, 127.70, 128.49, 129.85,
135.85, 153.25, 158.16 ppm. IR (neat): ν̃ = 3493, 3381 (NH2), 3223
(OH), 1661 (C=N) cm–1.

N-Hydroxy-2-{4-[7-(indol-1-yl)heptoxy]phenyl}acetamidine (3d):
84% (yellow oil). 1H NMR (200 MHz, CDCl3): δ = 1.31 (m, 6 H,
CH2), 1.70 (m, 4 H, CH2), 3.32 (s, 2 H, CH2CN), 3.80 (t, J =
6.39 Hz, 2 H, CH2O), 4.04 (t, J = 7.04 Hz, 2 H, CH2N), 4.39 (s, 2
H, NH2), 6.40–7.56 (m, 10 H, Har) ppm. 13C NMR (50 MHz,
CDCl3): δ = 25.90, 26.90, 28.95, 29.10, 30.14, 36.72, 46.33, 67.82,
100.83, 109.31, 114.77, 119.13, 120.91, 121.27, 127.45, 127.73,
128.52, 129.87, 135.89, 153.36, 158.28 ppm. IR (neat): ν̃ = 3495,
3386 (NH2), 3199 (OH), 1663 (C=N) cm–1.

N-Hydroxy-2-{4-[8-(indol-1-yl)butoxy]phenyl}acetamidine (3e):
62%, (yellow oil). 1H NMR (200 MHz, CDCl3): δ = 1.26 (m, 8 H,
CH2al), 1.65 (m, 4 H, CH2al), 3.31 (s, 2 H, CH2CN), 3.82 (t, J =
6.33 Hz, 2 H, CH2O), 4.02 (t, J = 7.01 Hz, 2 H, CH2N), 4.39 (s, 2
H, NH2), 6.40–7.56 (m, 10 H, Har) ppm. 13C NMR (50 MHz,
CDCl3): δ = 25.89, 26.87, 29.13, 30.16, 36.72, 46.32, 67.87, 100.79,
109.31, 114.74, 119.10, 120.88, 121.23, 127.53, 127.73, 128.51,
129.86, 135.88, 153.30, 158.26 ppm. IR (neat): ν̃ = 3495, 3387
(NH2), 3208 (OH), 1663 (C=N) cm–1.

N-Hydroxy-2-{4-[10-(indol-1-yl)decoxy]phenyl}acetamidine (3f):
89%, (yellow oil). 1H NMR (200 MHz, CDCl3): δ = 1.21 (m, 12
H, CH2al), 1.70 (m, 4 H, CH2al), 3.32 (s, 2 H, CH2CN), 3.84 (t, J

= 6.37 Hz, 2 H, CH2O), 4.03 (t, J = 7.01 Hz, 2 H, CH2N), 4.39 (s,
2 H, NH2), 6.40–7.56 (m, 10 H, Har) ppm. 13C NMR (50 MHz,
CDCl3): δ = 25.95, 26.95, 29.19, 29.37, 30.19, 36.72, 46.35, 67.97,
100.76, 109.32, 114.76, 119.08, 120.87, 121.22, 127.42, 127.74,
128.51, 129.85, 135.89, 153.35, 158.32 ppm. IR (neat): ν̃ = 3487,
3346 (NH2), 3234 (OH), 1663 (C=N) cm–1.

3-{4-[3-(Indol-1-yl)propoxy]benzyl}-4H-1,2,4-oxadiazol-5-one (II):
Phenyl chloroformate (0.38 mL, 2.97 mmol) was added dropwise to
a solution of the amide oxime 3a (0.80 g, 2.47 mmol) and Et3N
(0.52 mL, 3.71 mmol) in CH2Cl2 (50 mL), cooled in an ice bath.
After stirring at 0 °C for 1 h, the solution was washed with water
(2×25 mL), dried (MgSO4), and concentrated in vacuo. The resi-
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due was taken up with toluene, and heated to reflux for 4 h. The
solvent was removed with a rotary evaporator, and the crude pro-
duct was chromatographed on a silica gel column with CH2Cl2 as
eluent to yield the oxadiazolone II (0.5 g, 59%) as a beige solid;
m.p. 134.4 °C. 1H NMR (200 MHz, [D6]DMSO): δ = 2.18 (m, 2
H, CH2), 3.79 (s, 2 H, CH2CN), 3.85 (t, J = 5.98 Hz, 2 H, CH2O),
4.33 (t, J = 6.65 Hz, 2 H, CH2N), 6.43 (d, J = 2.87 Hz, 2 H, Hind),
6.90 (d, J = 8.43 Hz, 2 H, Ph-H), 6.96–7.14 (m, 2 H, Hind), 7.21
(d, J = 8.43 Hz, 2 H, Ph-H), 7.32 (d, J = 2.87 Hz, 1 H, Hind), 7.46
(d, J = 7.98 Hz, 1 H, Hind), 7.54 (d, J = 7.54, 1 H, Hind) ppm. 13C
NMR (50 MHz, [D6]DMSO): δ = 29.42, 29.84, 42.20, 64.57,
100.68, 109.65, 114.71, 118.94, 120.47, 121.05, 125.72, 128.12,
128.61, 130.01, 135.66, 157.70, 159.31, 159.86 ppm. IR (KBr): ν̃ =
3474 (NH), 1796 (C=O), 1717 (C=N) cm–1. C20H19N3O3·1⁄8 H2O:
calcd. C 68.32, H 5.48, N 11.95; found C 68.33, H 5.62, N 11.72.

3-{4-[5-(Indol-1-yl)pentoxy]benzyl}-4H-1,2,4-oxadiazol-5-one (III):
Yellow oil, 65%. 1H NMR (200 MHz, CDCl3): δ = 1.4 (m, 2 H,
CH2al), 1.7 (m, 4 H, CH2), 3.78 (s, 2 H, CH2–C=N), 3.82 (t, J =
6.2 Hz, 2 H, CH2O), 4.07 (t, J = 6.9 Hz, 2 H, CH2N), 6.40–7.56
(m, 10 H, Har) ppm. 13C NMR (50 MHz, CDCl3): δ = 23.48, 28.71,
29.88, 30.59, 46.13, 67.55, 100.88, 109.22, 115.08, 119.11, 120.87,
121.26, 123.84, 127.68, 128.48, 129.85, 135.80, 158.37, 158.71,
160.95 ppm. IR (neat): ν̃ = 3192 (NH), 1777 (C=O) cm–1.
C22H23N3O3·1⁄8 EtOAc: calcd. C 69.17, H 6.26, N 10.52; found C
69.23, H 6.40, N 10.33.

3-{4-[6-(Indol-1-yl)hexoxy]benzyl}-4H-1,2,4-oxadiazol-5-one (IV):
Beige solid, 84%; m.p. 112.3 °C. 1H NMR (200 MHz, CDCl3): δ =
1.34 (m, 4 H, CH2), 1.71 (m, 4 H, CH2), 3.65 (s, 2 H, CH2CN),
3.78 (t, J = 6.20 Hz, 2 H, CH2O), 4.02 (t, J = 6.99 Hz, 2 H, CH2N),
6.40–7.56 (m, 10 H, Har), 8.40 (br. s, 1 H, NH) ppm. 13C NMR
(50 MHz, CDCl3): δ = 25.62, 26.62, 28.94, 30.07, 30.56, 46.15,
67.67, 100.83, 109.28, 115.05, 119.11, 120.87, 121.25, 123.84,
127.72, 128.49, 135.85, 158.60, 158.76, 161.20 ppm. IR (neat): ν̃ =
3092 (NH), 1761 (C=O) cm–1. C23H25N3O3·½H2O: calcd. C 69.00,
H 6.50, N 10.50; found C 68.95, H 6.38, N 10.36.

3-{4-[7-(Indol-1-yl)heptoxy]benzyl}-4H-1,2,4-oxadiazol-5-one (V):
Brown oil, 40%. 1H NMR (200 MHz, CDCl3): δ = 1.29 (m, 6 H,
CH2al), 1.72 (m, 4 H, CH2), 3.70 (s, 2 H, CH2CN), 3.81 (t, J =
6.37 Hz, 2 H, CH2O), 4.02 (t, J = 7.03 Hz, 2 H, CH2N), 6.40–7.56
(m, 10 H, Har), 9.90 (br. s, 1 H, NH) ppm. 13C NMR (50 MHz,
CDCl3): δ = 25.85, 26.88, 28.92, 29.02, 30.11, 30.65, 46.30, 67.86,
100.82, 109.31, 115.15, 119.12, 120.90, 121.26, 123.77, 127.73,
128.51, 129.89, 135.88, 158.46, 158.90, 161.08 ppm. IR (neat): ν̃ =
3198 (NH), 1768 (C=O) cm–1. C24H27N3O3·¼H2O: calcd. C 70.32,
H 6.71, N 10.25; found C 70.58, H 6.98, N 9.92.

3-{4-[8-(Indol-1-yl)octoxy]benzyl}-4H-1,2,4-oxadiazol-5-one (VI):
Beige solid, 52%; m.p. 86.8 °C. 1H NMR (200 MHz, CDCl3): δ =
1.23 (m, 8 H, CH2), 1.68 (m, 4 H, CH2), 3.64 (s, 2 H, CH2CN),
3.78 (t, J = 6.41 Hz, 2 H, CH2O), 4.00 (t, J = 7.06 Hz, 2 H, CH2N),
6.40–7.56 (m, 10 H, Har), 9.00 (br. s, 1 H, NH) ppm. 13C NMR
(50 MHz, CDCl3): δ = 25.84, 26.83, 29.07, 30.13, 30.56, 46.28,
67.89, 100.76, 109.30, 115.06, 119.08, 120.85, 121.21, 123.79,
127.72, 128.48, 129.88, 135.86, 158.61, 158.84, 161.19 ppm. IR (nu-
jol): ν̃ = 3098 (NH), 1765 (C=O), 1740 (C=N) cm–1. C25H29N3O3:
calcd. C 71.59, H 6.92, N 10.02; found C 71.58, H 7.14, N 9.94.

3-{4-[10-(Indol-1-yl)decoxy]benzyl}-4H-1,2,4-oxadiazol-5-one (VII):
Brown solid, 48% yield; m.p. 74.8 °C. 1H NMR (200 MHz,
CDCl3): δ = 1.20 (m, 12 H, CH2), 1.69 (m, 4 H, CH2), 3.68 (s, 2
H, CH2CN), 3.83 (t, J = 6.37 Hz, 2 H, CH2O), 4.02 (t, J = 7.03 Hz,
2 H, CH2N), 6.40–7.56 (m, 10 H, Har) ppm. 13C NMR (50 MHz,
CDCl3): δ = 25.92, 26.93, 29.15, 29.24, 29.35, 30.18, 30.62, 46.34,
68, 100.75, 109.32, 115.12, 119.08, 120.86, 121.21, 123.74, 127.74,
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128.50, 129.88, 135.88, 158.51, 158.93, 161.13 ppm. IR (KBr): ν̃ =
3159 (NH), 1794 (C=O), 1718 (C=N) cm–1. C27H33N3O3·¼H2O:
calcd. C 71.76, H 7.41, N 9.30; found C 71.63, H 7.48, N 8.90.

Biology. Materials: Fatty-acid-free bovine serum albumin (BSA)
and pancreatic PLA2 were both purchased from Sigma (St. Louis,
MO, USA). HGIIA PLA2 was prepared as described by Dong et
al.[39] The fluorescent substrate for PLA2 assay, 1-hexadecanoyl-2-
(10-pyrenedecanoyl)-sn-glycero-3-phosphoglycerol, ammonium salt
(β-py-C10-PG) was obtained from Molecular Probes (Eugene, OR,
USA)-

PLA2 Assay: The PLA2 activity was evaluated by the method of
Radvanyi et al.[40] with β-py-C10-PG as substrate (2 μm final con-
centration). PLA2 was used to test the potency of various inhibi-
tors. We have shown the specificity of this assay for detecting secre-
tory PLA2, since the cytosolic PLA2 was not active on substrates
with a pyrene group at the sn-2 position.[39] In a total volume of
1 mL, the standard reaction medium contained: 50 mm Tris-HCl
(pH = 7.5), 500 mm NaCl, 1 mm EGTA, 2 μm substrate, fatty-acid-
free BSA solution in water (0.1%) and 6 ngmL–1 of pancreatic
PLA2 or 1 ngmL–1 of synthesized PLA2. The fluorescence (λex =
342 nm and λem = 398 nm) of the enzymatic reaction medium was
recorded for 3 min with a spectrofluorimeter (LS 50 Perkin–Elmer)
fitted with a xenon lamp. The reaction was then initiated by ad-
dition of CaCl2 (10 mm, final concentration). The increase in fluo-
rescence was continuously recorded for 1 min and the PLA2 activity
was calculated as described by Radvanyi et al.[40] When used, the
inhibitor was added to the reaction medium after introduction of
BSA. The activity was expressed in μmol of fluorescent β-py-C10-
PG hydrolyzed per min. The standard error of the mean of three
independent experiments was less than 10%. This allowed the de-
termination of the IC50 values (concentration of inhibitors produc-
ing 50% inhibition) of each compound.

Determination of logP: The partition coefficient (logP) of 3-(4-
methoxybenzyl)-4H-1,2,4-oxadiazol-5-one in n-octanol and a phos-
phate buffer (40 mm, pH = 7.4) containing 15 mm NaCl was mea-
sured and the result was found to be 0.33±0.04 logP units. The
contribution of oxadiazolone was deduced from this value, by use
of the hydrophobic fragmental constants system published by
Rekker,[41] and we found that it represented –2.1 logP units. Fi-
nally, the partition coefficients (logP) of all described compounds
were calculated with both the oxadiazolone logP and Rekker’s
hydrophobic fragmental constants.
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