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degradation of biologically active lipids. Enzyme inhibitors may exhibit analgesic, anti-inflammatory, anxiolytic, and
antidepressant activity. Importantly, blockade of FAAH does not cause undesirable side effects of direct cannabinoid
agonists. Due to that fact, its blockade became an emerging strategy in the treatment of several central nervous system
(CNS) and peripheral diseases. The development of novel effective FAAH inhibitors became a key focus in drug design.
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| 1. Introduction

The fatty acid amide hydrolase enzyme (FAAH) belongs to the serine hydrolase superfamily. It is involved in the
degradation of biologically active lipids—endocannabinoids, e.g., anandamide and 2-arachidonoylglycerol—or related-
amidated signaling lipids. FAAH activity is considered to play an essential role in the development of certain pathological
conditions 1. Enzyme inhibitors may exhibit analgesic, anti-inflammatory, anxiolytic, and antidepressant activity.
Importantly, blockade of FAAH does not cause undesirable side effects of direct cannabinoid agonistsl2. Due to that fact,
its blockade became an emerging strategy in the treatment of several central nervous system (CNS) and peripheral
diseases WIAEIAl The development of novel effective FAAH inhibitors became a key focus in drug design! &I,

Computation resources are widely used in the examination of various properties of medicinal compounds. Quantitative
structure—activity relationship methods require building mathematical or computational models to find a significant
correlation between the structure and the biological activity of certain groups of substances [8l. These approaches
quantitatively correlate the relationships between the chemical structure alterations and respective changes in bioactivity.
Their usage enables us to optimize the properties of currently used chemicals and predict various parameters that refer to
the biological activity of untested and sometimes unavailable compounds (€.

| 2. QSAR studies performed on FAAH inhibitors

Unfortunately, there is minimal information about the structure—activity relationship studies performed on a series of
different types of fatty acid amide hydrolase inhibitorslZ! . Kasndnen et al. synthesized a series of meta-substituted
phenolic N-alkyl/aryl carbamates. They later submitted these compounds into the 3D-QSAR analysis, which revealed
some interesting structure-activity correlations, e.g., the presence of a meta-substituted phenyl ring positively influenced
the biological activity of these compounds . Zhao et al. constructed a pharmacophore model for FAAH antagonists
based on 21 typical compounds available in the literature. It contained four essential features—two H-bond acceptor units,
a hydrophobic part, and one aromatic ring unit. This model was successfully applied to the prediction of the activity of 55
compounds!¥. Later, Han et al. decided to evaluate a series of 26 novel oleoylethanolamide derivatives using the CoMFA
method 9. That provided information about the desirable and unfavorable modifications which can be applied to enhance
or decrease the biological activity of these molecules, e.g., a long aliphatic carbon chain enables the molecule to reach a
green region of desired steric interactions and increases its potency. The paper published by Lorca et al. described a 3D-
QSAR study performed on a series of 90 reported FAAH inhibitors that shared a common structural pattern—pyrimidinyl-
piperazine-carboxamide moiety. Structure—activity conclusions obtained from the contour map analysis contributed to the
designing of new compounds that showed promising predicted activities . Recently, Zieba et al. published a study
performed with the use of QSAR. This study was conducted on a series of FAAH ligands containing 1,3,4-oxadiazol-2-one
moiety, designed and biologically tested by Patel et al. [12I[13],

| 3. 1,3,4-oxadiazol-2-one as FAAH inhibitors

Among the diverse scaffolds utilized for the development of FAAH inhibitors, 1,3,4-oxadiazol-2-one has gained recent
attention in the development of serine hydrolase inhibitors, including FAAH [ZIL31(14][15]



QSAR studies performed on the series of 31 fatty acid amide hydrolase inhibitors, containing 1,3,4-oxadiazol-2-one
moiety, led to the formation of the CoMFA (Comparative Molecular Field Analysis) and CoMSIA (Comparative Molecular
Similarity Indices Analysis) models. The obtained models were characterized by good statistical parameters: COMFA Q? =
0.61, R? = 0.98; COMSIA Q? = 0.64, R? = 0.93. The CoMFA model field contributions were 54.1% and 45.9% for steric and
electrostatic fields, respectively. In the CoMSIA model, electrostatic, steric, hydrogen bond donor, and hydrogen acceptor
properties were equal to 34.6%, 23.9%, 23.4%, and 18.0%, respectively. These models were validated by applying the
leave-one-out technique, the seven-element test set (COMFA rPggiset = 0.91; COMSIA regr.set = 0.91), a progressive
scrambling test, and external validation criteria developed by Golbraikh and Tropsha (CoMFA r2, = 0.98, k = 0.95;
CoMSIA %, = 0.98, k = 0.89) 12,

As the statistical significance of the obtained model was confirmed, the results of the CoMFA and CoMSIA field calculation
were mapped onto the enzyme binding site. That provided information on the contribution of specific moieties to the
biological activity of these analogs 12!,

3.1. The CoMFA fields evaluation
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Figure 1. The CoMFA fields projected on the most active compound from the training set. The steric interactions (left part)
are presented as yellow and green plots, while electrostatic properties (right part) are represented by red and blue fields
[12].

In particular, in the case of CoMFA fields, examination of electrostatic properties revealed red plots surrounding the 1,3,4-
oxadiazol-2-one moiety. This highlights the importance of heterocycle, highly electronegative substituent in this area of
each ligand. Due to that, compounds containing aromatic substituents in this position (characterized by more
homogenous charge distribution) were less active.

Steric properties are visualized as green and yellow plots. The first one represents regions where bulky substituents are
considered to influence the activity of the compound positively. Analysis of steric contour maps, viewed on the compounds
from the training set, revealed that high-volume moieties, e.g., aromatic rings, are generally more desired on the opposite
side to the 1,3,4-oxadiazol-2-one moiety. Thus, providing these regions with an additional 5- or 6- membered ring might
positively influence the binding affinity. It is worth noting that molecules containing small-volume substituents attached to
the 3rd position of the mentioned earlier heterocycle do not reach the green region of favorable interactions and are
characterized by a lower biological activity.

3.2. The CoMSIA fields evaluation

Steric and electrostatic plots obtained in the CoMSIA modeling are in good agreement with the generated CoMFA fields.
However, their contributions were relatively smaller than in the previously performed examination. In the CoMSIA study,
two additional contour plots are generated—hydrogen bond donor and hydrogen bond acceptor.
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Figure 2. The CoMSIA Fields projected on the most active compound from the training set. The steric interactions (left

part) are presented as yellow and green plots, while electrostatic properties (right part) are represented by red and blue
fields (121,

Hydrogen bond donor fields are represented by cyan and purple plots. In this context, cyan fields constitute favorable
interactions, which means that hydrogen-bond-donating groups in these regions positively affect the molecule’s binding
affinity. Purple marks indicate plots where H-bond donors are generally not required, and their presence results in the
compound’s biological activity decrease.

A large plot showing favorable H-bond donor properties is located in the neighborhood of a terminal aromatic ring in our
reference compounds. Hence, providing these structures with another amine or hydroxyl group might benefit the ligand’s
binding affinity. It appears that another contour of this type is present close to the 1,3,4-oxadiazol-2-one ring and oxygen
atom from the enzyme’s Ser 241 residue. This suggests that the examined area is essential for a binding of a ligand.
Moreover, it is believed that introducing another hydrogen-bond acceptor group might positively influence binding affinity
and the compound’s biological activity. Interestingly, the same oxygen atom from the carbonyl group (1,2,4-oxadiazol-2-
one moiety) of a ligand is involved in other H-bond contacts with lle 238 and Gly 239. These residues, along with Gly 240,
form an oxyanion hole—a characteristic structure responsible for the stabilization of intermediates derived in the enzyme’s
activation process. Introducing another hydrogen bond donor in this particular place may positively impact the
compound’s biological activity.

When studying H-bond acceptor properties, magenta isopleths represent regions where the presence of hydrogen-bond-
accepting groups will increase the biological activity of a compound. In contrast, such groups are not desired in fields
encompassed by red plots. In the case of compound 1, a bulky isopleth indicating H-bond acceptor properties is located
in a terminal’s phenoxy group neighborhood, which means that generally speaking, H-bond acceptors are desired in this
area. Thus, providing the structure with more electronegative atoms that can act as H-bond acceptors will positively
influence the ligand’s binding affinity 22

| 4. Conclusions

Both constructed 3D-QSAR models were derived from a modeling set containing 31 compounds. Moreover, they were
evaluated using the same statistical methods, including the leave-one-out technique, prediction of plCso values for an
external group of compounds, scrambling stability test, and additional external validation criteria presented by Golbraikh
and Tropsha. Obtained results stand for a high statistical significance of these models. The CoMFA and the CoMSIA
contour maps provided enough information to understand the structure—activity relationship and identify structural features
influencing the inhibitory activity. In particular, these compounds interacted with other residues, such as Gly 239 and lle
238, that seem to be essential for inhibitor binding. The examination of the electrostatic properties of established models
revealed plots referring to the desired electronegative groups, surrounding the 1,3,4-oxadiazol-2-one moiety. This
highlights the importance of heterocycle, a highly electronegative moiety in this area of each ligand 22,

The, analysis of steric contour maps, displayed on the compounds from the training set, revealed that high-volume
moieties, e.g., aromatic rings, are generally more desired on the opposite side to the 1,3,4-oxadiazol-2-one moiety. Thus,
providing these regions with an additional 5- or 6-membered ring might positively influence the binding affinity.
Examination of hydrogen bond donor and acceptor properties contour maps revealed several spots where the
implementation of another hydrogen-bond-donating moiety will positively impact molecules’ binding affinity, e.g., in the
neighborhood of the 1,3,4-oxadiazol-2-one ring. On the other hand, providing the structure with an additional moiety that



would act as a H-bond donor in the neighborhood of the terminal phenoxy group may positively influence the molecule’s

properties (121,
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